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FOREWORD

This volume is a reco.d of the pres€ntations and aliscussions that occurred at the 8th Working Meeting of
the Crocodile Specialist Group ill Quito, Ecuador, 13 to lti October 1986. Its publication was supported by
contributiols flod Professor Harry Messel alrd the University Fourdatiotr for Physi(s, Uni\€rsiry of
Sydney, Austlalia; the crifiis Wildlife Conservatior Fud of the University of norida Foundarion,
GaiDesvile, U.S-A.; al1d Jacques Irwkowicz of Soci6td Nouvellc France Croco, paris. The opinions
expressed hereitr are those of the iddividuals identiied alld are not the opinioDs of the Intemational Union
for Conseflation of Natuie and Natural Resou.ces o. its Species Survival Commission. phil Hall was
sciedtifrc atrd managing editor, Rhoda Bryant was copy and style editor.

The Intemational Union for CoDservation of Natuie and Natural Resouces (IUCN) was founded in 19€
and has its headquartels ia cland, Switzefland; it is an hdependent hte$ational body whose membership
comprises states, irrespective of their political ad social systems, govemdent departments, and private
institutions as well as international orgarizatiotrs. It represents those who are cotrcerned at man,s
modification of th€ natural ervironment through the rapidity of urban altd industrial development and ahe
excessi\€ exploitation of the earth's natural .esources, upor which rest the foundations of his survival.
IUCNS main purpose is to promote o! support action wbich will cnsure the perpetuation of wild nature
and latl,ral resources otr a world-wide basis, not only for thet idtrinsic cultural or scientific values but also
for the long-term €conomic and socia.l w€llare of EaDkird.

This objecti\€ can bc achicved tfuough active conservatior programs for the wis€ use of natutal r€sources
in areas whcrc the flora aad fauna are of particular importance aad where the laidscape is especially
beautitul or striking, or ofhistorica! cuttutal, or scientfic significarce. IUCN betieves thatlts aimJcan be
achievEd most eff€ctively by iatematio&l effort in coop€lation with other international agencies, such as
UNESCO,FAO, and UNEP, ard idternatiolal organizarions, such as World Wild Fund fo! Narure (WWF).

Tte missiotr of IUCMS Species SuIvi!"I Conmiesior (SSC) is to prevent rhe e,\tinctior of speci€s,
subspecies, and discretc populations of fauna ard flora, thereby maintaining the genetic diversity of living
r€soruces of the planet. To carry out its mission, the SSC relies on a network of ove! a0O0 volurteer
prof€ssionals working through 100 Sp€cialist croups atrd a large dumber of afliliate organizations, regional
repres€ntatives, and consultants, scattered through nearly every country in the world.



SUMMARY OF TI{E MEETING

The 8th workirg Mcethg of the IUCN/SSC Gocodilc specialist Group (csc) w.s coavened iD
Quito, Ecuado!, from 13 to 18 October 1986. thc meetilg $,as hosted by thc Pontificia Universidad del
Ecuador and tle Furdaci6D Natur4 and *ould dot have be€n possible without tle tireless effolts of Drs.
Eduardo and Ara Cristina Asanza who hatrdled local arratrgeBcnts' ard urEercus university studetts who
assistcd with .egGtration ard opcratcd tf,c audiovi.6ual equipmeot used duri4 thc sessioas

The mectirg rrBs oped to anlodc adively iovolved ia crocoililian conservatioa or fatming. Morc
than 60 participants regisered for the meeting aad delivered a total of 48 papers atrd audiovisual
presatatiois otr tbe status of crocodilian populations, EaragEEcnt Problems ald succcsses, legal alrd
illegal trade, and tf,e latc6t lesearch de\,€lopmerts; 17 of the papets were submitted for publicatio! and
appear beloq/ (sac Table of Code s).

Dr. Jutio Ter5tr Dutai, Rector of thc Podtfioa Udiversidad catolica del Ecuador, opcned the
meetilg at thc uiv.rsity and w€lcldcd thc participalts. AdditioEl erlcodiag coEments were delivered
by Sr. Manuel Kalabadsg Dircctor of thc Direcci6n Nacional Forcst4 Midisterio de la Agriqilturt y
Galaderfa; Dr. Tjittc de Vrias, Director of-tf,c univeisiqts DcparbeDt of Biolos6 Sr. Roque Sevil4
Pr€sided of thc Fudaci6o Nahua; ald Dr. Luis Romo, Prasidcit of thc CoEolidad Ciertific Ecuatoriata.

Folowirg two daF of sassions, tlc participa*s traveled by glane alrd boat to LihoDcoche where
tq'o days qcre spelt obset?ing thc Melaiosuchus zad Caiman populatior b€itg studied by Eduardo
A$rza. The fnal v.,orkiDg scssioo, thc busine,rs meetirg was hcld on the Orellana floatitg hotel during the
return tlip to Quito, A sufisary of tte busircss s€ssrod deliberatioa! follows.

Pr,tsuc,{TroNs

Pubtication of Commcrcial Voludc otr Crocodilc Bioloqv and Conscivation. Althougl the CSG mcmbcrs
had aglccd to co ributc to a commcrcial volumc or crocoalili:tllr at the 1984 workilg Eectin& and a
lunber had siglcd agreemcnts with tlc publfuher,60 oft[c chapte.s still had not beetr submitted despitc
thc dcadlinc haviog pa3scd ltootbs ago, Thc chairmar iadicatcd that thc chaptcrs that had bc tufted ir
would be retuned to the autiors or codpilcd into a spccial volume to be publish€d ir thc ruCN selies on
crocodiles.

csc Ncwslctter. Tha dcdbors col''metrdcd the format ald curredcy of the Ne*sletter, atrd recotndetrd€d
tlat Pctcr Brazaitb aud Myna Waranabc contiluc to scrw as cditors. To ease the work loa4 lrhr Brisbi.r
was asted to scrvc a5 assistrnt cditor for bBiaess mattds

cataloElc of Aicric.n Aenhihians and Repdle,!. thc chairoa4 *ho had just become thc rditor of thc
crocodifiar accour(s in thc Catrlogqc of AEcricar Asptibiau aad Rcptilcs pubBhed by tie Society for
thc Study of Adpbibians and ReptileE asked if any pcoplc prcs€ were working otr accoutrts. Rccords
ftoo the previous editor w€re hcompletc ard do lot indicate who has be€n asked to write accounts.
Several membeis indicated thay lrcre writing accou[ts ald provided a list of prioi assiglments.

F\ADnAIstr{c FoR CSG OPSRATIoNS

Thc co6t of CSG operations such as publication of thc Nes,slctter, postagc ard telepho4e exp€nses,
and travel has b€en bomc by the chairEan's ard cditods ofEccq hoq,e!€r, assistatrce is ne€dcd. Ir addition
thcre aie othd costs dot prcsendy biDg col€re4 such as travel assistafte for getting students and
members ftom tlopical nations to mcedjrgs, and firrdiDg for spccial projects. Following some discussion
thc deebers agc€d that, provided the Group's ethic.l standards remained high ad uclbpromise4 it
was appropriate to ask the idtcrnational hide trade to cotrtribute to support of the CSG. It was
recoEdeBded that a furdrailitrg committee be appointed.



RECOMMEI\'DATIONS TO THE CITES SECRETARJAT

Transfer of Mle Crocodile Populations from CITES Appendk I to Appetrdix II under an Annual Ouota.
Tte Eembers we.e unadmolls in opposilg Ea.nsfer of any crocodile populations flom Appetrdix I to
Appendix n without supportiDg data to justi& the tlalsfer. Support was expr€ssed for removal of quotas
from alry natioD that, by the time of lhe 1989 CITES Meeting of tle confereoce of the Parties, has dot
developed the ma.trageEedt ald monitoring piograds promised at tle Bueaos Aires meetidg. However,
the csc also recogrized thc neod to assht fitio.s in &!€loping ald iDrplemedtiBg monitorilg a.Bd
ra.nching programs to replace thc quotas. John Huttoa pointed out that wildlife of6cials i|l mal1y Aftical
natioDs do not know what data are n€eded to justi& downlistiag of crocodile populations or how to
getrerate tho data. As a rcmcdy, John Hutton drafted a,

PROJECT FOR THE ASSISTANCE OF SADCC MEMBER STATES I'TTH CROCODILE
MANAGEMENT AND UTILIZATION

Introductlon

The Mle crocoalilq Croco4t&JJ nr:loft?6, occurs itr suitable babitat tbroughout the sADcc
(Souticrn Africa Derclopdeat Cooperation Conference) rcgron and frequendy com€s into conflict
with logitimate human irt€lests. E)deEshb husa! fata.lities have beea reported frod Malawi,
Mozambique, a.dd ziEbabq€. The lewl of this coallict is ircreasiag which refl€cts, at least itr part,
the recovery of ciocodile populatiors fiom over-cxploitatiotr itr thc 1950s. In se\'€ral SADCC
couatries cocoaliles arc trow sulfidendy numerous to be a valuablc natural resource pronoting
cotrs€avatior"

For 20 years Zidbab$/e's *rld cocodiles har€ supported such a hafi€st. Eggs collected
frod the wil4 hatchcd ad thc youlg crocodile raiscd for thcir slins. In 1985 this itrdustry eamed
apFqimatcly U.S. S1,000,000.00, all ia forcign erchaagc, atrd prolided a conspicuous iacentive for
the co$crmtiod of wild docodilc tropu.latioDs. The stcces of this policy rcsulted in Zimbabwe's
crocodiles bcing dowDlistcd ftom 'endangcred' Ulder CIfES (Convention on Intemational Trade
itr Endangered Species of Wild Faulra ald Ftora), allowi[g unrestricted tmde. A similar, largcly
untapped potertial fo! socldilc utilizatior exists ir rcighborirg states.

Frvc otter SADCC couDtlies (Botstmd4 Matawi" Mozambiqe, Taazaai4 ad Zambia)
have, either throwh sADcC or the clfEs forum, irdicated tiat thcy idtcrd to u4dertale
crocldilc utilization. In 1984 an 'Aiic.n propo6al' was presented to the 5th Meeting of the
confcrcnce of thc Parti€s to cITEs by Malawi suppolted by 5 otler Afticrr cou ries ard a
coEsultancy report, askiag that thc status ol tf,e crocodile be moved ftom Appendix I
(E dargcred) to Appcndk tr (Tbrcatcncd) - thc prcrcquisite for utilizatiotr. Only certain
populatioDs r^l€re do$rlisted and a! eq,ort quota sfsted 1va3 adopted. Botswana did dot request a
quota at the timc (it h,3 sidc! doft so b'y pGtal vote) but the othcr SA.DCC courtries !€ceiicd
quotas as follows at thc CITES meetig ia Bucros Aires: Mala\ti (500), Moz.ambique (1,000),
T,n?inia (1,000), and zarnbia (a000).

Quotas arc duc to bc rcvicwcd ia April 19a7 and supportidg data *ill be rcquired.
Menber coutrtlieB have fcw rcsourccs to aLdicate to submi.6sioDs of thc type requircd for
dowElisting of species by the CITE-S Parties, ard a second round of quotas is aaticipated. THs
shortagc of rcsouccs rcquirc6 &at SADCC statas wishing to iddate sustahable ciocodile
ttilit tioo bc assisted ir some of all of the following arcas:

a. Pre-feasibility studies (harustidg pot€dial of wild populatiols, ploductiotr optioDs);

b. Policy a.d lcgislation (adaptation of legislative and institutional framework to allow efficient
and controlled utilization):



c, Feasibility studies (identification of potential productio! sites, cvaluatiotr asd quanlification of
the factors iDhereot in utilizatioq productioa plans aad a workiag docuoeot);

d- Intertrational rcquhemcnts for trade (t[c resea.rch and &afting of cnES submission\
documeltalion and taggiDg);

e. CaDsus add rBoditoring (tecblic€.I advicc for the derimtion of sinple and aPprop.iat€ scheEes,
uairing of local Eaapowcr);

i Tecbdcal aspects of cocoalile propagatiotr h captivity (pl'nf,in8, extensioD, mallagement
training); and

& Marketidg;

ProoammG

The progranmc is divi&d into two parts:

1. Fcasibility, poli.t and preliminary suveys (3,b,c, aad d abwc).

2 ImpleEcrtation - technical assistarce with captive propagatio4 ceusus and modtodlg ald
narkctj.0g (ef, a.d I abovc).

Thc 6rst part of the prograEme L desigled to give €ach coutry a clear hdicatiod of its
optiotrs, a policy for utilizatioD, a plalr foi its ilrplementatiotr and ar ur€quivocal document for
subhi66ion to CITES bcforc April 19E7.

The seco[d stagc is irtcldcd to uatsfer techni.:l skils witlia the SADCC rcgior to result
in a coordioated icgional productiod ard marletilg systed which is efiicient add $rstaimble,
togetlcr with a systcn of monito.ing.

Proslamm. dctails

1. Fcasibility, policy and preliminary surveF

As a gcdcral pridcipal cgg co[ection and'farlrirg" *ill yield dore skins than qopping of
wild ciocodilc,r, but thL advantage ca! be ofrsct by the cxpense of suc[ factors as food 6upply or
idtial capital investEeut. Thc choice of a utilizatioD strateg/ requires a ilctailed i. estigation of
botl crocldilc abuadance (exploitatio! potential) and propagatiod potential. Folowing t-his, f?td
sites, the availatility (and ecodoEi.s) of the supply of food a.nd c,ater, tte suitability of the
cnvirorEdt and thc aldlability of oa|ragpm€ skills will bc assessed

It is neitlcr simplc aor inerpcnsivc to c€lsuri c.odilc populatioo!, but the problems
dltst bc facc4 Ir thc'AAican proposaf ooly Mozambique and Zimbabwe sub6itted tecent
ccEsus data ard that for Mozaebique v/"as idadcquatc to allow disciimination betw€ the
utilization optior* Id this part of the prograrnfic prelimidary $rvcys will be carried out r$ing any
€xistilg databas€, dtical localities wil be idertified ard the requLcment for census and
moditorirg urder PaIt 2 e$s€ssed.

Assista.dcc *ill bc given ia the formulation of a clear Gor€rnoeat policy oD crocodile
o:rrugement a.nd on the tequned institutional framcworlc Private hvolveEre ilr exploitation
tiually leccssitates c!trtiolling lcgislatiotr- Goverament invohBmedt may requke tbe
establshment of a managing body with respoasibility for revolviq fulds, forcig! exchange oftters



aid the Eainiag of maragedent and otlcr manpowcr. Tte requir€d safeguards will be built into
the policy.

Bas€d o! tho recomdeoded magnitude of exploitatioD, preliDrira.ry utilization plars wi[
at this stage, allow €conomic asscssm€dt ard prediction.

When covemdedt is saGfied that it has idedtified a Ea.Eag€me scheme suited to its
aspratiols, the cor€ct subEtssioBs and uadertaldlgs will be Eade to edsure problem-free
iotematiora.l trade. ?reliEilary marketiDg suggestions will be made.

2. Implemcntation.

The tecblical input rcquircd in implemcatation will vary betw€€n cou(ries depeiding on
existidg skils and Baragemedt poli+ lt is cnvisaged tLat detailed structural and management
plals wil be provided wherc private etrterprise is lrot c*cDsi!€ly iavolved. Evcr whcre plivatc
,nvestEent is paramount, GorctlDe s will ioitially find it ade'antageous to plodde extensio!
scrviccs of thc kind fourd ia Zimbabwc. E4'cricncc has shown that eren with good facilitieq the
success of docodile utilizatiotr depeads on the quality of manageEent. Ma.urgemcnt tlaidng wil
be provided withitr thc SA.DCC rcgion.

IIr almost all circumstanccs ttc rccessary 6urveyirg ad monitoring wil strah fully
committed wildlife budgets The rapid identiicatiod of c.a$3 priorities i! Part 1 will be follo'r,ed
up by detailed sunoys to provi& baselirc daia and correction factors on which subsequent simple,
inexpcnsive donitoring will be based Loca.l stjls wil bc crcated as appropriate.

The expertise required i! this proglamme is available witth SADCq principaly within
Zimbabw€.

John Hutton abo plep.red a budgct for this prot os4 birt it is dot irdudcd herc.'

Transfer of the Botsq,'ana Nrle Crocodilc Pot'ulation from CrIES Appe it I to Appendix n under an
Annual Ouota. Thc CSG submitted to the CITES Secretariat a lclgthy citiquc of the rcport Botsq,ara
suboittcd ia support if its postal pctition for trarsferring is Mle crocoditre population to Appendi{ tr under
an annual quot4 which the CrTES Scdetariat sumdarized atrd tla.nsdittcd to the CITES Partics as:

'Thc Group will opposc the proposal udil thc Covemment of Botswana certifics to the CITES
Parties t!at:

a) it has liEited alld will codtiduc to libit tlc cxploitatiod of the Okavango crocodiles to the
col€ction of wild eggs and hatcblilgr;

b) it has and will clrti e to ban tf,c crploitation ofwild crocodiles over 2 metels in ledgt!, except
fo. problem docodiles that tlrcatd hrdans atrd lir&stocb

c) hy protccting from dl exploitation g€ographicaly *idesprcad populatioc in Eatiooal park ard
wildlile rcserves, it will conserve the biotic diversity of tlre Botswana crocodiles at a level that will
allow thcm to pcrforE th& natural iractioa in tle ecosystcm;

d) it wil astablish a prograltmc for oodto.ing (ccnsusiDg) the status of cocoalile populations
similar to tlc progra.Edes of Zimbab*t and Papua New Guinc4 atrd

. Fo[@inCtn CSO nc.tint thi! prcpG.l € flnd.n by Wond ]tildlit. Fund U,S-A" .!d . meting of wildlil: oflicial6 frcn
SADCC atioB w onEncd in gaar., Zmb.br!, !trdct John Hlttonb t.id6hip prior to th. Ily 1987 Mccting of rhc
confcd.. ot ti. P.niq to ctTEs in on.m, cam<L.



e) it will ioplem€nt a marking s'st€m for l€gal crocodilc hides and products, ...

If tlese tf,ings would bc agrccd and implcdcntcd by the CoverD.Ecnt of Botswala, thed the cSG
could rpport tle dodifed proposal.'

Prior to notirying the Parties, the secetariat tra.nsmitted the cSG coddents to the Botswana
autho.ities, *ho rcsponded $/ith additional iDformation oa items a) atrd b) abovc. Howrvcr, they indicated
ao plans to develop monitoring or hidc tagging programs, items d) and e) r€spectively. After corsidcring
the comEcnts of thc various Panic6, tle CSG, aad thc Goverlmert of Botswatrq the CITES Societaiat
recommcnded that thc Partica support tte petitioD- As a consequercc thc postal votc Fobably l,il
approve Botswana's petition.

RcDort on thc Conscrvatioa of tte Indon€sian Saltwater Crocodile Pogulation- Thc bdoncsian populatiotr
of Crocodlhat pontut \'3 trarslerred from Al4,endix I to Appcndix tr at tf,e 1985 CITES corference ir
Buclos Aics. A copy of an Indorcsian goverDmcnt rcport on tle prograd for consefling thc saltwater
cocodile in lriatr Jaya was reccived ftod thc CITES Sccretariat. Ttere w3s too litde t'imc to traDslate tic
rcport into Erglish beforc th6 CSG mceting so the frtl conte[t of the report w?s aot a\,"ailable for leview
ad discussioa by tlc Group. A tr"andatio! ia cxpccted to bc aBilable doring 1987.

PARMING AND RANCHING

Interest in farming atrd ranching croco,lili'm continues to grow worldwide. The CSO supports th€
dev€lopmed of tl€sc establishdents, but captive productiod of cocodilian hides and meat docs not replace
thc dccd to colscrvc thc spccics id thc wild- A! statcd id Anidc IV(3) of CITES govcr !g trade ir
Apperdix II spccicq cfions sf,ould b€ madc to '... mai(air that speci€s throughout its rangp at a l€irl
condstent with its role i! thc ccosysteds in which it occurs ....' h ordcr to accomplish that, *ild
populatiod tiat arc 6ubjcd to ha cst lrust be rigorously Eanaged to aroid over €xploitatio& and
populatioDs throwlout thc iangc of the spccics stould be totally protected in national parks aad wildlife
sanctuaries in order to prcse c gedctic divclsity,

CagcfooA Richard Luhoorc rcporicd on a prclimidary proposal to rarch crocodiles in CaEcroon and
indicated that hc would keep tle CSC informed as the project developed.

Philippincs. UncoDfrmcd rcports clKamiDg attempts by &e Rcpublic of the Philippines-Japan Crocodil€
Farming hstitute to obtain Crdodyl8 novdcguin"de for stocking its farE id Puerto Pritucss4 Pala*a.r
Isla!4 wcrc rcdca/Ed It was &cided thet letters would b€ sent to apFopriale authorities ir the
Philippide.s e,qrcssirg thc CSG's conccm oier thc possibility of escaped farE stoc& r€suldtrg in the
establishment of atr cxotic spccics ofcrocodilc into ttc Philippin.s. In addition, Mctor Odons eill visit the
Palawa! farE withi! the next two modtts aad $ill rcport back to tf,e CSG.

Eeg!b!a& Ttc chairnan rcportcd od c,Dcodl4 a.utur farms being establishcd ia Honduras. Thc oair
farn is bchg dcvclopcd by a catde rancher ard slaughter house operator, but a study commrssioned by
World Ba* is exp€{ted to advocate aalditional falm!.

Bolivia. Th€ chairma! rcportcd on cfrorts to de,|t'lop Caiman rv.are farms in Bolivia. Bolivia.n law
.equites all caiEan hidc tantrc.s to operate hrms to lessed the pressure o! the wild populatiotr ftom the
crport of 50,000 o! Dorc hidcs. NoEc of the talrnels farEs wEre anytlitrg more than trahrrl pords ard
lakes with no supplcmcntal feeding or otier irlens € rBa.lagedetrt. However, ooe of the tauers G
plalni[g to establish a c.iE.n farE that would utilize the offal fiom a nearby slaughter house. Io additioo,
one true farm operated by a hcavy cquipment import€r apparetrdy already exists.

Colonbia. A farm for Caimat cmcodilus has bcen dcvclopcd by Mo errey Fore.stal b Sambrano,
Colombia, Reportedly additional farms have been establthed in other parts of thc coirntry, but details .re
lackids.



CESSATIoN or BARRAMLNDI NETTING IN THE I{rvEit-s oF I(AKADU NATToNAL PARK The CSG received a
letter froh tle head of the Aust alia's federal national park scrvicc rcpoititrg that the decision had beetr
made to closc all th. rivcrs in K..kadu Natiodal Park to baramurdi rcttiDg. The closore will be phased iD
over a penod of montbs. The Group decided t[at in the light of IUCN G€rcral Assembly Resolutiotr
16/26 Consen'ation of tha Australian population of the saltwater C'o.adile (CtucodyhLt pororu.r), the
chailma4 should qdte to appropriate govemment officiais in Australia to coigratulate tiem oa tle closue.

TAGGFG oF I{tDEs rN INTERNATIoNAL TRADE. Greg Mitchel indicated tlrat all hides Eoving i!
irtcmational comEerce should be tagged with locting, tamper-proof tags,like the ones used by Papua New
cuine4 the U.S.A., and Zinbabw€ !o idedtily legal hide exports, The universal use of tags o! legal hides
would be an iomcose aid in regulati4 intematio@l trade. Folowing the discussion, the CSG approved a
lcsolution oo taqging:

WHEREAS, th€ importanc! of afiring tamper-proof tags to legal commercial crocodilia.d hides to
distingrish thcE nod ilegal hidcs is widely rccoglizc4 and

WHEREAS, ser€ral countries have succ€,asitlly implementcd hide tagging proglams; and
WIIEREAS, data (such as numb€t of crocodilia.s harvesled amually, ski! sizq trade routes, aDd

cau ries of origir) generated by a hide taggirg prograE are of great utility to proper
Ea,lagaEetrt of wild crocodilian populalioDs.

NOW THEREFORE BE IT RESOLVED, that the Clocodile Specialist Group ass€mbled on the
o&asion of its 8th Worting Meetbg in Quito, Ecuadot, 13-Ul October 1986, leclmmends
that a uriicrsal taggi.ng ststem, idvolving tampcr-prooq serially nu.tllbered tags ilsoibed
with couotry of origin, bc implemcrtcd qorldwidq a.ud

BE IT FURTHER RISOLVED that countlics of origir cstablish a monitoring proglam in order
to E.i aitr pcrDa.oert recor& of all tags i3suc4 esp€cially wit! rcspect to sizc class of
crocodiliais harv€stcd

CSG AcTtON PRoGRAM FoR CRocoDILtANS. Plofessor Messel reported oo tbe dced to produce a! action
prograE for crocoalilian conser tioa itr crhich the Fojccts arc priority ratrk€d. At the last meeting the
Group agreed to produce such a prograB for the SSC, but Eost members had rct submittod regional or
latiotral Fojects to tle cbaitman for inclosion ilr the overall progra.b. Followilg ilraher discussio4 the
CSG m€mbcrs aenewed theia comrdtBent to produce an actioD proglad.

INTERNATToNA! AulcAToR AND CRocoDILE TtADe ST!Dy (IACTS). Ted Joan€n asked tie Group to
endorsc a contiruatiotr of &e IACTS study. DuriDg the s€ssioli od thc second day of tle meeting ia Quito,
Dod Astlcy had bEoduccd thc pcoplc *to compiled thc threc parts of the study of idtcnatioD.I uade in
classic alligator atrd docodile bely hidcs; Cinctte HedLy of TRAFFIC U.S-A.., and Richard Lumoore of
the ruCN Consc atiod Monitoriig Ccntre, Cambridg€, UiC, and Tom Milliken of TRAFFIC Japa!.
Each of these iDdividuals presentcd thci portion of thc studt but tle papers wele not subditted fo!
publication in t$s volume. The CSG gave a vote of confideice to the authors of the thca studi€s atrd
agrced by resolutiotr that thc IACTS suwey should b€ codtinued

WI{EREAS, the lntematioml Aligator and Crocodile Tradc Study (IACTS) has produced
valuablc data oD irtcmational tiaale in classic alligator alrd crocoalile belly hides; ald

WHEREAS, the data produced by IACTS L useftl for maragEment of clocodilian populatiors;
ad

WHEREAS, the U.S. Fsh and Mldlife Servic€, rhe Louisia.na Departdert of Wildlife and
Fishcries, tle Florida Game and Fresh Water Flsh Comrnissio4 ald the Texas Parl6 a.!d
Mldlife Department provided fitrancial support of thc IACIS.

NOW THEREFORE BE IT RESOLVED, that the Crocodile Specialist Group on tle occasio! of
its 8tl Working Meetilg in Quito, Ecuxdor, 1}18 October 1986, recommends a



contiruatior of the study and of its soppolt by the various alligator producing states and
tDe u.5, t6D and w curle serqce,

INIERNATIONATL CoNGRESS OF HeRPETOITOY. Rcnc Hodcgger d€scribed plans for the lst lDtcmatioDal
Congress of Herpetology iD 1989, 6nd indicatcd that CSC members should participate. Hc aitd Romulus
Wlitakcr are oa the otga.dizi.ng comoittec. Topics relevat to the CSG are on the agenda of the congress.
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PRODUCTION EFFICIENCY AT CROCODILE REAR]NG STATIONS
INZIMBABWE

JJvl. IluttoD

D€parhent of Natronal Park and Wildlife Management
P.O. Bor 8361 CaEc\f,ay, Hararc

INTRODUCTION

zit'lbabw€ recognizqs wildlife as a reoeEabl€ resourcc and beli€ics that conscrvatron is encouraged
whe! the r€sourc€ is used for the beocfrt of the peoplc wlo lirr witt it (child 1fi, 19&7). This philosophy
is illustrated by tle sustained-feld utilizatioa ol the Nle cocodile (C/ocodJhls nilotiaat) ia wbicn, for m
years, cocodile eggs have beed coll€cted &om thc wild ad hatchc4 ad tha hatcbli4s raised for their
skins on licoscd rcariag statio$ (Blalc 1yr4 198q Bbb and Lor€lidge 1971 Shwedick 1979, Child 19tr/).

Ttis exploitation is controlcd by thc Department of Nationa.l Parks aad Wild Life Manageacat (the
Dcpartbert) to which statio!3 are obligpd to submit monthly stock retums plus carals and maps which
record egg colection data.

Sinilar captirc propaptio!, bascd or thc crqloitation of wild eggs or hat.l'lings, is being or has b€en
tdcd cls€whcre aad is commooly recoEEcdded as a coDservation stratery for developing countlies (e.9.,
Meded 1981" Holan& 1987, Wlitaler et al 198t. Hoc,cve!, Maglulsotr (1984) made a number of
obselvations perti,leat to the farmilg and raachirg of crocodiians and concluded that, particularly for
spccics with poorly valucd hide, captiro propagation is udikcly to bc as cconoEically viablc as controlled
hurtiag.

A stloag arguncnt c5n bc madc to tlc cffect that rcariDg i5 lsually preferablc to huntjlg where a
specics has a classic hidc (Hutton and Child submitted ms.), but this largely dep€nds on €stimates of the
emciency that can be achieved id capti€ propagation. Frgules coEdor y quoted for the success of
hatchiry ad rcariry of crocodilcs id Zillbabwr arc drawu ftorn a preliminary alalysis, made itr 1t5, of
€ach rearing station's retuns (Bla.ke ard Loveridge 19t. This paper updates Bla.ke alrd lr!€ridge (19t
and leports od the production aad efficiercy (lercentage of fertile eggs resultj.Dg ia saleable bides) of
Zimbabwc's crocodile rcaridg statiors from the irceptioir of retum forms until August 1986.

METHODS

Zimbab!?e has fivc well cstablished crocodile rearing statrons: Kariba Crocodile Farm (Kariba)
established 1961 Bilga Crocodile Fard @inga) cstablbhcd 1967, Spencc/s Crcek Clocodile Raoch
(Spencc.'s Creek) astablished 191, Sengwa Crocodile Ralch (SeDga Mouth) cBtablished lyt a.d Rokari
Gocodile Ranch (Rokaii) astablished 1981. Each of these is currendy producjlg hides fro6 a mixturc of
faraiag aad ranching. Statio.s are allocated p€rmits to collect eggs ftom cocodiles wbich are othelwise
fully protected thrcughout Zidbabwc (Huttotr 1986). PcrDits carry a number of starrlard conditions
hcluding tle .equLeme that statio$ keep a stock rcgister and ftom thL bakc a drontlrly returD to tle
DepanEctrt. After egg couectio! and hatchilg they also subEit egg rccord card! and maps showiDg the
locality of mch na,st. Stock rcturns are available, in one form or alother, si.Dc€ 1965; records of egg
co[€ctiod silce 1971 (Appendix 1).



The data in these recor<ls were ettractcd to gi!€ information on hatchilg and subsequeot rea.ri4
success. As ald ind€x of the ca.re wilh wbrch each station cobpiled retu!trs (prior to 198t a comparison was
made of the total oumber of crocodiles which hatched acco.ding to theil cgg record cards a.nd Eonthly
stock returos.

The DepartEe , in terEs of Zimbabwe's commitme to CITES, is required lo issue a special permit
givirg details of the sizr, value aad origin of each export coDsig!.Eent of crocodiles a.trd ttreir products.
These permits, togpthcr qdth monthly stock retu$q were used to provide i.formation on thc lumber of
hides being produced by each statior"

RESIJLTS

E InforEalloD froD rtturI forrrs.

Montlly retun foros were stadardiz.d ia 1978 (Apperdix 1). Before this tley t"tied gready i! the
aEouat of irformatrotr ticy continucd Thosc fton BiDga alloP acqrtate assessment ofhatchling mortality
ftoDr 1968, wher€as similar iaformatiotr can orly b€ exract€d ftom Kaiiba after 1978.

Itior to 1985 the difference betwcen the numbcr oI hatchlilgs recorded or egg crrdr alrd donttly
r€tums was consistendy bdow lEo at l<2rib4 Binga and Rokari, but large (up to 15V") and vaiable at
spcnce?s creek and seDgwa Mouth (there should have been no diff€rcn@). Spcnceis cre.k and Kariba
commoDly rctumed a la4p percedtagp of incomplete egg cards (up to 2970) wf,il€, by conEa6t, tf,ose iroE
Seogwa Mouth w€re ahvays coEplete (Huttor ard BrcDnan 198t.

b. Number ofwild eggs colected and dlscarded

At prcscDt, only the crocodile popolatior of thc Zambezi Valey is exploited. Eggs arc coll€cted from
three sub-populatrods, tlat of tf,e upper Zanbezi Rii'er ald its tdbutaries w€st of La.ke Kariba, that of
La.ke Kariba ard its i!flowilg dvcls ald that of thc lower zadbezi River dol,nstreae (east) of Kariba
d.m. Prior to 1985 the quota of wild eggs givca to any station never e)(ceeded 2500 and was commorly lcss
(Fig. 1). Thc total numbcr of eggs rcEovcd ftod thc c,ild rosc sharply in 192 a.nd 1981 whetr the two most
rcce stations were opcncd IIl 1985 alnost 1,1000 egg! were collected ftom app.oximately 300 nests. The
dajority of these egg! (827o) lnere collected ftoE kke Kariba (Fr& 2).

By tradition, ody good eggs have counted agairst quotas a.od because cggs wbich appcared ioiable
were discarde4 tie total numbcr of eggs handled was greater tia! that col€ctcd for idcubation. Betwecr
1982 a.d 1985 tle percentage of eggs discariled by soEe stations lose to alnost Z)% (Fig. 3) while the
mean rejection late was 14J%. The slsted has now been chaDg€d so tlut all eggs count against quotas
which have bee! ;lcleas€d by 1096 to comp€Esate Ooqo is t\c Eear inviability ratc at LaLe Ngezi
Zimbab\r€ [Hutto! 1984]). Is 1985, tle first year of thc new system, the mean rate of rejectiod fell to 737o,
but aea.n ircubatiod stcc€ss renaircd high (883% in 1984 and m5% itr 198t.

c. Eggs fr'om captive slock

Kariba has bcen collecring eggs ftom captiit br€cdiog stock sifte 1974 Spencer's Creek since 1976
and ir 1985 6ll frve statiotrs obtailed eggs itr this way (Table 1). It is notable that in 1984 Sperca!'s Cr€€k
obtaircd 2185 eggs ftoE caprie br€sdiDg stock ald orly 711 fro'r the wild popllation.
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& Hstchlng success.

ceneraly, shcc 1979, reariag statio* bave achiercd 80-m96 success when hatchitg wild eggs (Fi& a).
The avcrage over tf,c period 1981-1985 was 89%. At Kariba (wh€re most breeders a.e F2) the hatching
succcss froB captivc stoct has bcca si4ifica:rdy lower thar that of wild eggs, but this has Dot beetr the case
at Spenc€is Crcel where most brecdcls ha!€ been talen ftoE thc $ild (w' coxen matched pairs sigDed_
ra.k tcst, T = 25; tr - * p < 0.005, ald T = 155; tr = 9; p > 0.005,.espectiiely).

c. Relrhg succrss.

i-Eatcubg! . lte qua.ntity alrd quality ol socoaliler rviving to tle end of their first ,car has sho$l gcat
variatiod both *ithin ad betwccn statioD3. Mortality otr the most succ.ssfi statior (Bioga) ha3 ranged ftom
5-55% ir conseqdvc ycars cfiile, prior to 1986, Spcnclis Crcck had losles coDsisterdy gr€ate. thatr 30
ard evcd su.ffered a total dic-off ia 1983. Howeiq, siac! 1983 four statiols have achiei€d losses below 20%,
and tbrcc are contiaually improviag (Fig t. The awragp do.tality of all stations cnmbiftd duriBg the
pcriod 081-1985 was 282%, h the 6rst 8 Ino hs of 1986 hatchling losses havc beeB less tlla! 87o o! all
statiors except Kadba whcre it has bee! ilordinately W Q3%). At Speucer's Creek there has beetr a
spcctacular rcrcIsa.l of the tredd with only 51 of 3314 hatcbliigs (15%) havbg died.

It k mtable that mortality is s€ssoM.lly variable. A large. p€rce age of tie remaidrg hatcbliD$ die ia
SepteEber, at tha cnd of t[o cool seasoA thetr itr Feb.uary piior to the cool seasotr or NoveEbe! whetr tle
ret hot seasor is a&€.trccd (Fi& O.

ii. Rearhr sto& - On four statiors oottatity of rearing stock (rEarlirys 6rd oldei) has been colnmonly
below 596 pe. amum. At Spclcels Crcck, however, it has beeo as high as anongst hatchlings (Fi& 7).
Thc ovcrall mcan mortality in tle p€dod 1981- 1985 was 33%.

L Hid! producdon

Tbe proportioa of viablc eggs resulting h saleable hides ha3 varied gready betweel statiols and on
soEc it has bccn conristcrdy low. Duriag thc two year pcriod $e1984 the four establ,shcd stations
e)eoncd 6192 hides and a frl'ther 696 livc arimals of cropping sizr. Bidga produccd 43% of tle total a.ud
only Birga ad spcnclis crcck managcd to barltst 10m oocoddes eacL year (Table 2). As soEe 8000
fcrtilc cggs *crc availabl. to stations b cach of ttc ycars 19&1982 only about 437o were actualy hatchcd
aDd raised to cropping size. I! 1981 4EZ hides w€re exportcd. As an average of approximately m00 viable
eggs were collected ia each of the years 1980-1983, eficiency had riscn to about 547o.

DISCUSSION

Thc informatioa subEitt€d by soDre stations has bee! considerably bett€. lhan that from othcrc.
Simplc tests of "reliabilit/ show that reclrds ftom Binga and Rokari have a.lways been reliable and those
ftom Kariba were rcliable after 19?9, while tho6e of sengwa Mouth and Spencc/s Creek w€rc difticult to
iftcrprct bcfore 1985. As a rasult oI this analrsis, rccord-kecpiDg is beilg aore strictly controll€d. In
addrtion, egg cards lave bclr siEplifie4 they wele long aDd tedious to use i! the 6€ld atrd much of their
idormation was of dubious va.luc. The acqrrate marking of rcst sites otr maps is idpo(art for
maragemedt atrd has beed idlroduced. Wtetr only viable eggs were count€d against quotixi dere *as :rn



N6WA HOUTH
KARI

BIN6A
c lo

4l

:< t

SPENCERS CREEK

1970 1975 1980
YEAR

'1985

Figurc 4. Haaching suc.css of wild cggs on €ach of thc frvc rcadlg stations.



100

80

F

E

:

t:t .rv
z,
J

n

SPENCER'S CREEX

ROKARI

KARIBA
SEN6WA I'1OUTH
8r{6A

1915 1980
YEAR

Figure 5. Ar at perc$tagc hatcbliDg mortality o! each station.



F
J

( x t .
o r
=

s

DEC FEB APR JUN AUG

Figure 6. Mea! monthly Eortality a.EroEg hat.hlings ftoE 1959 to 1984;
( tl-----.----a ) ard t /ith Spencc/s Creek oEittcd ( o-----------.{
hterva.l.

data from all stations combined
). Vcrtical bars = 957o confidence



10

L
=

=

)<

F

(5
z.

s

50

40

tn

SPENCIR'S CRTEK

SEN6WA I4OU TH

ROKARI
K A R I B A .  E J N G A

1980
YEAR

1985

Frgurc ?. Annual perc.dtagc rcariDg itoct mo(ality or cact station.



l1

iacentive to discard eggs, the viability of *hich was utrcertain. IrcIlicieocy, tlercforc, may have beed
introduced at this earlicst stagc of !!c leadng process. As trote4 thc ovcrdl rate of rejectioa of eggs fell
troa l4.5Vo to 1.4Va 

'ta 
r\e frst ycar that ti€ new quota s)stem was iitroducc4 and it is hoped that thts

improvedert will be sustahed.

T[c current overall quota of 14000 wild eggs is likely to continue lrntil th.rc arc better data or thc sizc
and dynaDrica of thc Zambezi Valley crocodilc populatio!. Howcver, the durober of captive b.eediag sto&
is stcad;ly id6easi.n& ApproxiEately 300 femahs har€ beetr 'put aside" and are due to br€ed in tle aerd
five ycars. Alttough it is unlikcly tf,at all of thesc will be selected for breeding, Sp€nclis Cr€€k already
produces ovcr 2000 eggs while each of the other statioDs has the poteitiat to lroduc€ 1000 eggs from
captivE stock, It is thercforc rct idconceit€blc that within fi!€ years all stations wiU be producilg 2000 of
t[eir olrn cggs.

Blayc (1n4, D82) has descrftcd egg collectiot aad a similar. srsteh cortinues, though aircraft are
inciea.singly used to 6nd nests. Eg83 arc usually colle.ted after 50 days b€cause, though ncvcr vigorously
teste4 it appcars that collcctiotr in tf,. 6rst few weel3 aftcr layiry causes hordiMtcly high eEbryoaic
Fortality, Hmvar, tf,c time of collcrtioa *ill also allect cfiiciadcy 4 as suggestc4 hcubation strongly
bflueaces the subs€qua growth of hatcbli.trgs (Huftoa 1987; JoanaD et al. 198?). Ea y colection add
sub6cquent contolled incubatioa is favored, but dillicutt to achieve iD thc wild. While cggB are spcnding
757a of their iacubation under !at!ra.l conditiols it is uDlikely tlat hatchisg succ€ss better thaa 90% cr! be
regularly achievcd Thc early collection ard controlled incubatior of €ggs frod captive srock is being
encouraged. It is too early to say if any station has mastered the successfirl raising of hatcbliDgq but the low
Eortality recorded on some stations itr reced ycrrs is encouragi.ug

Thc ultimate causc of death is geaerally diseasc (Foggin 1987) aid a! ttcrc is a considerable v.riation
ir its occurre&e alrd sc@rity, d€petding od diEatq daragcrBcat, cgg itrcubatioD, diet alrd housitrg it is
clear that thcsc factors play a oajor role in its developEent alrd that severc losses are a oaaifestation of
poo-. lustadry. As not€4 mortality is scasonal, bei[g at its gleatest at t]e cdd of the cool season (Fi& 6)
ard the inordiately higl[ loss of .'in'l< arc Spcrc€16 Cleel has gereratly bccn attributed to thc siation s
altitudc which" at 900 E, is in thc Aost zoEe. Thc exceptional succ€ss of Spcrcels Cleek ia 1986 is
uadoublcdly duc to tbe coDstruc.tion of heatcd pels for hatcblings ald a change itr earagcE€nt which
resoltcd itr gleady improv€d husba.ndry.

Whatewr the prcd€tertrli,riIrg factorE disase has seriously affected tlc viability of crocodilc faming
in Ziobabc/e and larg.ly accourts for thc fact that cflici.dcy has beetr less than 50%. Io additio! to the
ecoromic coDsideratiorE the.e are crhical objedio$ to a systenr of colserEtion and man€emcrt ir which
largc Duobcls of anieals succumb to diseasc (Foggin 1987).

Cursory c-nination is ercWh to show that the riatiod itr succest bctw€.! statioDs is Eorc rclated
to pcrsomlig than tcahrclory (though therc is scope for techaical iEproi€ll1e!!) a.[d that cfticiency has
bce! udrecessarily low od some statioDlt. In order to iEprovc the industry's performancr, in 1985 the
Departedt and tle Crocodile Farders Association togcthcr adopted midmrm saandards for each stage of
the rcariDg proccas and any station which does trot achieve these may suller a leductioa ia its quota of wild

"SSt. PluI" and Lorcridgc (1971 ildicatcd rhat thc cf6cieocy of tic rearing Focess lras i.nvers€ly
proprtiodal to tf,c aumtrcr of cggs collcctad and it host bc doted that stations €ncoute.iaq scrious
rearing problcEs havc usualy.equestcd rcduccd quota3 for themseh€s.

lccorqing to the -iEimum standards it is acccptable to ha!€ a hatching failure of 15% of fe.rile eggE
i5% hatcblilg dortaliq atrd 5% mortality ofyearlirgs atrd older. Id fact, wi& a heightcned appreciation of
the _iEportalcc to tratcb.lhgs of consistcrtly high tedperatur€s, togcther with improvcd tcchnologr in tlis
rrel4 rt |s qpectcd that hatcblirg losses will fall bclow 1070 {,hilc there s€ems to be tlo need for rcarinc
stocl Eorra.liry ro €xcced 196,
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Frod lossca in thc ftst 8 montls of 1986 it is clear that four of th€ fii€ statioos arc alr€ady s€t to
achieve this eleected effcieacy. Karib4 which has lost more than 30% of its hatchlings, has expcrienced
atypical.oditions an4 in atry case, has reccdtly t!€en sold to the operator of Rokari.

h codclusio4 r,ith recedt improvemeots ilr ma[agedeDt atrd small chaiges in technologf it is not
uffeasonable to expect ttc wild harvest ol 14000 eggs to produce atr annual crop of 9500 hidos at an
effoercyof7i .
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APPENDX 1

Rrtum ol Rccords fioE Crocodlle Re.rlng Statlons

Permits issued to statrors betq€er 1965 and 1970 required them to submit monthly returns to the
Direclor of the Depmtdent codtaidng: (a) nunber (with datc and place) of cggs talea or crocodilca
capture4 O) the lumbe. of crocodilas whicf, had die4 ad (c) number of cocodiles slaughtere4 divided
idto thiee size classcs.

In 1969, 'Crocodile Egg Record' c.rds were in&oduced to bc complete4 or a volu ary basis, at th€
tide of colleclio!. These cards r€cord a rumbcr oI phisicr.l chalactelistics (c,9 thc dcpth of the fust egg
distancc of thc lcst ftod l*atci, tlc ,mber of fcrtile and irfertile egg!) alrd also tle succcss of i[cubatio!"
Itr $r/L a clarrse eEs added to permits rcquirilg that these cards be kept ia.€spect of all dests ftoE which
eggE wcrc collccte4

After 1969, the collediotr of live alimals was no longe. permitted and the permit format was altercd.
Holders wcre rcquired to suboit, by thc 15th of each llonth, a retum ,n .€qlect of the precedidg motrt!
givirg dctails oe a) dbcr of eg$ collcctc4 b) r6ber of cggs hatchc4 c) number of crocodiles
slawhtered or sold i,t eithe! €e or size claases, d) other adjustEents to du:abers (escape, etc.).

Ir Ju.de 1978, Form 245 "Return of Reptiles' was introduced and subsequent montb.ly retums were
made otr this. These forms lecorded &c ruEbei of hatcblings, rearirg ard brecdhg stodq thc number
*bich dicd or wcrc croppcd aad thc numbcr of eggs co ected and hatched. Reference to nrootlly rcturds
was dlopp€d ftoE permits, ad from 1978-19E4 tleir conditior$ read:

"a) Id resp€ct of any nest ftod which crocodile eggs are collcctc4 a 'Crocodile Egg Rcc.rd' card wi b€
kept.

b) Thc holder of tti6 pcrnit shall submit witf,h 30 days of tle expiry of this perdit, the followilg
idformation h resp€ct of eggs .emoveal

(i) the trudber of eggs removcd cach montb
(ii) aumbcr of crocodiles hatcf,ed ftom eggs remove4
(iii) codpleted egg car&.'

C.ocodil€s w€re divid€d itrto agc classc6, de6.ned as: a) hatchlings: ftoD hatchirg to one year, b)
rcariDg stock onc tEar and ovcr, stock beiag rcarcd for skiDs, c) b(eediry stock ,nin.l retained for
display aud egg productioo- Thcsc deEDitio[s harr b€en retaincd. Hatchlings arc trarsfercd to lealirg
stock ir Dec€mbct each year, shordy bcforc ftw cggs hatch.

h 1982, Fo.m 245 was replaced with thc Sorm of Register aad Return of Aiaphibia alrd Reptiles"
which most bc kept otr the rearilg station at all times. The top copy is returned to tho Def'artment each
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Tablc 1. NuEbc. of eggs produccd by captirc brccdiDg stock oa Zlrbabwc crocodilc rcaring statioos.

Ycir

L974 9n tn8 LC79 1980 1981 1983

Kariba
Binga
Spence?s Cr.ek
Sengwa Eouth
Rokari

4A 581 565

1199 134L L494

310 62 505

1895 flq LT29

375
249

2185
580

21 8 476 fr3

558 35

534
619

2123
611
213

Table 2. NuEbe! of hidc6 eld livc crocoalilcs exDorted betsr.! I Januarv 1983 asd 3l Dccedber 1984.
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NI
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CROCODILIAN RESEARCH IN THE NORTHERN TERRITORY. 1984.86

Grrhm. J.W. Webb

coDseflatio! coEdissioa of the NortLem Territory
P.O. Box 496, Palmclsto!, N.T. 0831. Austra.lir, and

G, Webb Pty. LiEite4 P.O. Box 38151, Wi!&llie, N.T.
0821, Australia.

A sigEificant research effort irto croco&liais has been undertaketr in the Norttera Territory of
Australia o!€! lhe period 1984-1986. It has involved collaboratioa between the Conservatio! CoEmission
of the Nortlgm Territorf ad the stafr atrd stuahdB of a lumtrr of Universities. Hidights are
suoEarized below:

1. EMBRYOLOGY

Research into crocodiliar eEbryolog, was undortaken in orde! to ihprove the succ€ss with which
crocodilian eggs could be ilcubated ald to ilcrcase thc "Iitrcss" of hatchlings produced through artficial
hcubatio!-

L D.scrlptiv. EDbrlologt

Mark Fcrgusoo s (198t comprchcDsire rcvicw of qocodilian embryolosr combin€d data on
Crccodyus potutat and. C johnstari cmbryolog/ obtaincd in the Nortlem Teritory witf, detailed
iDformatior oa.lr&rrtor rrir.rirsr?prirnsr:r obtained ir l,orid^n4 (aJso sce Ferguson 19&7). Techriques for
retlievirg docodiliar .rnbryos from eggs haw b€cn desciibcd by Webb and Malolis (19f4. Heaphy
(1986) examircd and described tte qttaneous papillac aad a seri€s of dorsa.l orgals ir the skin of c'
iohnstoni aad. C poroflrs embryos a.[d hatcblilgs.

lL Egg FuDctiotr

Yolk lotatior, opaque baading ald thc fiuid charycs which tale place within crocodilian eggs have
beeB liDkcd togcthcr in a model of docodiliar cgg i]nctior (Webb et aL 198?b, c). The effects of rotatiig
docodilian eggs have also bcer cxamined (Webb et aL 1987c). Prior to opaque banding eggs cnn bc
rotated witlout iftreasirg mortality (tle yol& wil rotate withir r]e €gg, bridging rhe embryo back to rh€
top) and after about 18 days incubation at 3fC they car also b€ rotated !.irhout i.ncieasiry mortality (tbe
cnlarging alla.ntofu floats up th.ough the 'olL and car still act as a rcspiratory organ).

IL Egg C'heblstry

The fust detailed a&lysis of the chedistry of ciocodilian eggs was uaderta.l€n (Marclis et al. 1987).
fhere Boq, cxists a large body of bas€line informatiol which ca.n be used to determite $teth€r o. not
deiciencies in tle chemistry of captive taid eggs occur.

16
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l% Embrf onlc M€trbollsm

Detailed studies of tle ftetabolic rates and respiratory physiolog of C. jotrrrroni eggs ard to a lesser
extelt C. prror$ eggs have be underlaler by V/bitchead (198?4 b). These provide guidetircs for rhe
selection of artficial incubation regimes.

y. Embrfolic D€v€lopme Rate

The rclationship bet*tcn cmbryonic developmed rate, total incubation time aDd ircubarion
temperature bas beetr quadifi.d.lot C johnsto i aad C.poro&r (Webb et aL 19aTa).

vL S€! DcterElnation

Embryodc de!'elopmcnt .ate has b€cIl 6hos/n to be oore closely associated witl sex determidation
than is ilcubatiotr tebpcrahne per se. with both C poror&r and, C. iohnstoni, the lelationship between
incubatiod etrviroDmedt a.dd sex deterEination has bcen quai i6e4 ald a series of switch experiEents with
both specics have quantiEed the eEbryonic stages at which sex is inlluedced by t€mperature. With C
iohnstani, ia(j.ea6i&g incubatiod teEperaturc witlin the frrst four da's is sufficieat to efrect thc sex of
offspriDg (Wcbb ct aL 1987a). Rcsearch into the h.btolog/ of the developing gonad is urden ay at the
Uni€rsity of NS.W. (Michel Beal), add the histochcEistry is now beiag resoarched at Macquade
Udivcrsity (Jea[ Joss, Alrerica C\rff). Thc &relopment of thc pituitary, which appcars to be iqvolved i.!
sex dctcrDimtioD, i5 beirg studied at the Udleisig of New Eaglard (Martin Dilon).

vi|. Etr€cts of Itrcubrdon Enrdronment

The relatiolship betw€ar hatcblirg siz€ and ttc amouat of resiilual yolk hatchlings contair is a
filnc'tiod of cEbryonic dei€lopmcd rate. F:rst dcvclopment (high idcubation teDrp€ratues) giies smal
hatihrirg. with abudalt residual )olt - slow deldopment gives tle r.verse (Webb ct al. 1987a).
Itrerin;n'ry re$dts ftor,r studias cr.reddy utdcr$ay idicate that post-hatching surviorship and growth ia
C. potosut ^ dC johastoni arc both partly depeaden! od itrctbatiotr conditioE, as has becd dcmonstrated
tot A, mitsistfi,piends by Ted Joallctr. A method for estimating the amoud of residual yolk floE tie
dimeisio8 of a latchling's aMomcn has been dcscribed (Smith a.!d Wcbb 1986),

viil. Th€orctical E4rlar.tlob for Tempc}lturr

witl post.hatchitrg gro*th a'rd sex each being inllucnccd by incubation temperature (or rate of
eDrbryoEir developncdo, thc scx determini[g mc.h,ni.F could frIlctioE to ersrue maledess was only
4focaled to emtryos cDdow€d wirh rhc poteltial for fast gro\rrl aad la4c sizc withi! tle egg. This
hypothesis world p.€dict thc opposite rclationship between irc{batioo teEperature and sex iu turtleq
wherc fcmales arc usually bigger than males, srhich itr fact occlri.
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2. ECOLOGY AND NAT{JRAL HISTORY

L Revtervs

CompleheEsir€ rcvie*B of the ecology a.od population drnamics of c. po.onlj a'.d C. johnstoni were
preparcd as supporting data for thc managemeot plans for both species (CCNT 1986a, b).

il. S€r Ratlo and Surrrtvorshlp lD C. joh.Dstoni

Anthody Sdith iB currerdy codplctilg his PhD (Australian National Uniicrsity) on the ser ratios add
s|lwival of racruits withi! tie wild populatio[ ir the McKiElay River arca"

lil Popularior DFanlca of C. johnstodi ln Kati€lire corg.

Hawey Stockwell i! ilrto tle second ycar of h6! study of the C. iofirstod populatiotr in Katheriae
Gorgc and the results to date irdicate grcady rcduced growth rates, reduced addt siz€s and reduced
.e.ruitment in comparisod to the c. jolrnr,ord population ia the McKinlay River area.

l% Popula{o! Modele

TLc dFaDics of the McK.day fuvcr populatiotr of c' iolN oni w€rc iDcorFo.ated i.nto a computer
sitnulatiod dodel (Snith ad Webb 198t, and scnsirivity tests s.crc cari.d out to ideari& rhe prioriti€s
that shodd bc giv€tr to the DeasrlreEedt o{ differedt vaiablcs. Sunivorshipr sstimateq dassically the
hardest to mcasurc, are the o[es tbat most cfort should be co[centrated o[.

v, A St Ddrrdlzed Approoch to Studyfug Crocodlllatr PopulatloN

Wirh the bcn€fits of hi!&ight, Webb ard SEi& (1984 cxaEined ar approach to studirg crocodilia.r
natural history and population dynamiG ihat wodd Baxidizc the Earagcmcot iDformalion obtfied. They
r€cogriscd three levels of erolution that should bc addr.ssed ftom tle very 6tart of a study: 1. Rate of
increasc - is thc popu.latiotr stablc, idcicasing or de.reasb& 2. A concise suErnary of life history processes
wbicb allows estimat* of fccuadity, survilral by agc and sizr, dispers4 scx ratio and at least some of the
sourccs of variation i! each; 3. CompeDsatory populatioi de.t,ni<ms such as density-deperdence.

3. HUSBANDRY AND FARMING

l. Pai{sltolog/

In collaboration with the Nortlcm Terrilory DepartEcnt of Pri&ary production, a major ellort has
been expeDded h isolating aad identi$ing parasites in captive and *ild C. Jbtr nttoni and C. potosus.
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ll. Husbandrt Res€arch

A oajor husbandry rescarch piogam is bcing initiated by the CCNT with inteDsive raisi.og facilities
aad a full-time veterinarian to liaise with the qocodile farms. A solar water heating system was tested
duri.ng 1986 as a mcans of providing C. porofi$ hatcbli.dgs with waro water, but without exorbitant
electricity charges. Suflivorship amoDg C. pororur hatcblilgs hcreas€d as a cotsequence.

4. C. POROSUS EGG IIARVEST

As part of the program to ra(h C .pororur throwb an egg harwst program, a major study of C
parorur rcsting was undertaked i! botl tf,e 198485 and 1985-86 scasols. The results of this study,
codbitrcd with data already in existe[ce, will allow qurntficatiotr of time of @stiDg, tie exteat of lro.tality
itr tle fiel4 ald ttc acoEomics idvolved i. collectir{ eggs ftoE thc 6eld" EcodoEic asscssm€dts to date
irdicate that thc cost of hat.l'li.S p.oduccd fro|n wild collcdcd cggs sdll b€ about half that of those
produccd b captivity. Thc iEpact oI egg haftqsts to &tc app€ars negligible (Webb et al. 1986).

5. PHYSIOLOGICAL ETTECTS OF CAPTURE

SoEc largc ciocodiles caught i! tlc wild hal! died immediately aftcr captorc, ard it was considered
possible that such deaths cluld bc the rcsult of e)c.erne er(haostion. A study of tle effecB of capture or
blood chcnistry was caricd out with the iaported expertise of Al Bclrctt (Udiversity of Califorda),
Roger Seynour and Darc B.adfold (University of Adelaide), add it codfrEed that cxtlcme rcspLatory
acidosis arosc in larye qocodiliais tbat had b€€ll sEugglirg (Bonnett et al 1985, Seynour €t al. 1985, 1986).

6. HABTIATS

Floating dats ofvegctation, upod which c'.ponx6 tra3t, arc begin ng to colsolidate tuw ttat bullalo
hbcr6 are beilg rcduced. Ar additional facto. ia sooc arcas has b€etr the sF.ad of Mimosa pigm (IlIl

ct al. 19{m.

7. MONTTORING RESEARCH

The Udversity of Sydney have carried out spodight sun€ys in tte southern Gulf o! Carpeataria
(Messel et al. 1986) and the Victoria Ri\rcr (Mc,rscl upubl. data). Monitoring res€arch canied out by
CCNT is discussed ir dore depth by Webb ct al. ($a7a), Bayltss et aL (1986), Bayliss (19&7) aad
Choquenot and Webb (1987). The maitr aleas of study havc bc.!:

i. Oualti&ilg rates of population ir6casc;

ii Obtaining habitat specfic co.rection factoK for relating relative deDsity indic€s to absolute
delsities;

iii. Devcloping helicopter survets as aa alteaative to spotlight sun€ys;

iv. Obtaining a correctiotr lor nest couats to total population size;
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Devcloping a more accurate means of estiEati.Eg clocodilian sizes in spodight counts;

Conthuation of the loog-te.m monitoring of some Afi.hem Ilnd Rii€rs.

oI the impact of ha-rvesting.
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POPUI"ATION RESEARCH ON CROCODILES IN THE NORTIIERN TERRITORY.
19&L86

Grahao€ J.W. Webb, Peter G. Bsyllss, !trd S. Cha i€ Manolls

Colscrvatiod ComEissior of thc North€m Territory, P.O. Box
496, Palrerston, N.T.0831. a.od G. Webb P+ Limite4P.O.

Box 38151. Wioacllic. N.T. 0821.

Witti.n thc North€m Tcritory of A\r.sldaliq O@odtlut iolnstorri (thc Australia! fr€shwater crocodile)
a\d/or Crocodylus porostts (the estuarirc o! salteater crocodile) occupy most if not all coastal wetlands,
regaralless of*hctler thcy codaia Aesh or salidc *rter, or are under tialal i!fluedce or not (CCNT 1986a,
b). Thc wctland habitats iangc AoE opcd coasditrc to dcrsely vcgetated swBmps, ftoE long mcail€ring
tida.l r €fi with exposed mudbaDks to pcrcfiia.l strcaEs ir ro.&y cscrrpme[ts and scattered flood plain
billaboDgs. The e)deIrt of all \r,cda[& is saongly iD.oucaccd by scasor . particularly by floodiDg durjlg thc

Ttc divErsc habitab ocrupi.d by .rocodilqs i! thc Nolthcr! Territory Esle quartifrcatioa of the
aLstributroo altd aburdancc of bot[ spccics difEcult. Survey metlods need to be habitat specfig ard the
nusbers of alimrls or dests counted using dilferent ltetho& may nced to be standardtzed agai$t each
otler, or corrected to rea.l nodbers (absolutc densities), depending otr the hatragcment problems being
ad&esseal Wlcrc thc proportioa of large crocodiles in the populatiod is chargiag as recotcry contitues, a
lcw set of t€riabl€s rc€ds to bo account d fo4 the visibility of largc atd lmall docoalil€s is lot necessarily
the same due to sizc itsclf ard to size-related efiects of wariness (Baylits et aL 1986).

This papcr sumraarizes thc re$rlts of a scrics of investigatioDs aimcd broadly at relining survey
nethodolog/, rd clad&ing thc rclatio.ship betw€rn rclatirc delsitias ard absolute densiticg particularly
with C. porrrur. It addrassas Mcsscl's (1986) ciiticisEs of our 1984 estidatc of the C. pororu populatioo
(Webb et al. 1984) ad quartifes the rates of t opulatior growlh that hai€ occurrcd sircc the mid-190's ilr
various habitats. Prelimillary data on thc iEpact of ha €sthg c. porofils €ggs from the wild are prescdtcal

IIABITATS

Habitats occupicd by C..poromr alrd c' join$oni i! tha Northe.! Territory are $Emarized on Frg. 1.
Thc majodty of C. porassr arc cittcr id tidal rivcrs contaioing saliuc $ratcr during the dry season (8, C, D),
or ir coastal flood dair charn ls, tilaboogs and slr,anp3 @ 4 G, H), no6t of which contair freshvater
througbout thc ycrr. Wctlan& upstrcad of tf,esc, ircluding ricr chanacls id rodry escarpndts (I) or or
upstlea.E flood plains (r, which ofter r€ccde to chaiDs of bilabongs duiing the dry seasoq co ain mainly
C. iohnstoLi. Tbe t*o spccies overlap ilr da.ry rieer systems giving recogdizable zones of sympatry.

The aburdarcc of C. poroslr habitats ir tte Northem Tenitory s€s estimat€d on a regioml basis
(Fig, 2) tom 1:100,000 rdap6 6upplemented with aerial photographs and bformatior from helicopter and
light ailclaft su.veys (Webb ct al 1984). A di6tinctiod $ras Dade betw€en tidal rivc$ wherc C poro$6
w€rc lno*n to breed rcgdarly (major breeding) ard thosc where breediag was !.o.l(trowr or irregulat
(mioor breediry). A distiactiod was also made bctw€en eainstr€ams, secondary 6ceks (repr€sentod by
doublc lin€s on the daps and gcnerally less thar 100 m wide) a{d tertiary creeks (r€presented by single
li.rcs on tle daps a.trd up to 2 tm long).

Notwithstatrding the erroB irvolv€d id any such assessmeDt of habitat availability, ttre results vary
sigrificandy ftoln thosc us€d as the basis of a C. porosar total population €stimatc by Messel €t al. (1981)



Figurc 1. Sclcaatic reprascntatiod of Northcm Tcrritory Ectla!& ocdrpied by crocodilcs. Dotted lin€s
irdicatc clcvatcd land aBd croqs-hatched lincs arc fteshnaler swamps. A, freshwater billaboags behiad
bcach lio€s; B, a tidal river pcrcEating into elevatcd lar4 C, a tidal river oeanalering ovcr a flood plain; D,
reEnalt of a dcra&rirg tidal rii€r that ia3 bcconc ailteE E, tidal f,ood plai! deek with ro lrcsherater
idput dudng ttc dry seaso!; F, isolated 0ood plain bilabong; G, spriry-fcd ftcshwater sw€mp adjacctt to a
tidal river; H, isolated sectiors of a! old maandcring river oo longcr opca to the sea ard contaiDiDg ftcsh
water aad often ooatirg rafti of vrg.tatioD; I, ton-tidal upPer reaches of a river dnining rodry cscarpmeu;
J, I scrso[ally flowitrg mainstteam channcl tlat has dumerous ie'shwatcr bilaboigs associated nith it
(aft.r Wcbb ct al. 19&7).
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and Messel (1986; Table 2). They did not sp€cifcaly estiBate the ahount of freshwater swa.Ep or flood
plain chalnel but recogtrised it as C. porarzr habitat and guessed tlat tle population there v/as 20% of the
thcir .stimated tidal populatiod.

As ca.tr be seea flom Table l, the r€gions otr Frgure 2 have vasdy differ€nt p.oportions of differcnt
habitat typ€s. Some regions have extensil,e brecding habitat and little non-breeding habitar, whereas otlers
have the revelse, These dillcrcnces are summarized otr Tables 3 ald 4.

In the Victoda add Pcll.w r€gioni wbele the Eean adual rainlall is the lowest in thc coastal frirge
(Fig. 3), there is Eidimal breeding habitat for C pororrr. Thcse areas never cootaited high d€nsities of c.
porarlr in the past (Webb ct aL 19&l), ad cannot be expected to do so irl the future. Thc sugg€stion that
ovcr 100,000 C porosus vete talcn ftom the Victoria River a.lonc (Messel et al. 1984) c-a!.not be
substartiated. thc total hawest of c' poranrr sldrs tolr the Nortlern Teritory dlllilg the period 194546
to 1971, l'as about 113,000, ard a r€lativcly $rlall Foportion of these came ftom thc Victoria River (Webb
et al. 1984).

rAII CROCODII.ES" VERSUS'NON.HATCIILINGS" IN POPT]I.ATION ESTIMATES

The e)(ert to which "youDgof-the-year" should be irdud€d or excluded froE survey data pertahitg to
crocodilian populatiorB depetrds on the exeDt to which they c€n be recognised ia sr:rvep, the level of
moltality bcilg exp€ri€nced at the tide of rvcy, and the populatior statistic beiug addressed (tg!a!
p9!s!aties-!iz9 or ra!e!.-ol&gl@),

With C iohnstoni, hatching octus in a six-*cct pulse at tte start of tf,e wet season (NovcDrtrer-
Deccmbcr), and lrortality is approxidatcly 88% dudng the ftst )rar (Smitf, and Webb 198t. But tf,;s
ocors almo6t crclusively dudng thc fiIst w€t s€asor\ with sodc 507o mortalig withid tte fust t$,o mont!:
(SFll', unpubl data).

By &c folowing dry seasoD, when spodight survcys ara cotrducte4 ,yo!_ng-of-tic-year, are a! iltegral
part of the populatio! age stlucture (Fig. 4). Tbeir probability of surviving is the same as tlat of older sub-
adults (Webb and Snith 1984; Sdith and Webb 198t, and id spotligh counts (which arc often carried out
frod a vantage poiat on tlc edge of a bilabong) tley ca.tr.trot be rccaglised. There is ao logical reasotr to
€xclude thed from cstimates of lhe total popularion size based or dry scasol suwe]s, tror from analyses of
Iat€s of rccoverv.

with c' porDrur, hatchilg occurs floE March to September, and pcals itr April-May. Most spotlight
suwcys are corductcd bctwccr Jure aad Nol€mbcr of thc same y€ar (ir thc dry s€ason), wher hatcblilgs
atc dosdy 3-4 dontf,s ofage, but can rargE froDr 0 to 9 months of agc, h the Blyth-Cadell River S'.stem,
81% of the auEber of l,oung-of-thc-year" estiEated from dry scason spotlight su!!€rs wer€ represented as
l year olds thc following year. They have !ig[91 p.obabilities of suviviig tha! do older sub-adutt year
da$cs Cfabb t. Dcletirg theE from estiEatcs of thc total population size otr the basis of'low
suwivorship' is simply oot supportcd by the data. They arc a siglific.rt but highly variable segment of thc
populatio! and at least the aeaa nuaber of hatchlbg should be iacluded in reports of the total population
ci?E

When assessilg rates of population incr€ase with C, porofi$, greater stability will result if lhe
hatcl iDg size dass is delete4 ard only non-batchliDgs a.re consideled (Fig t. This is because the number
of hatchlings reduited hto the poputatiotr each '€ar varies witf, the extert of nestilg alld eEbryodc
l'lo(ality within nests. Withid Northern Te..itory ri!€rs, exduding hatcbliDgs has the efiecr of increashg
the amual rates of rccovery by about 1.47a pcr year, vrhile rcducing the standard erlor of that estimate by
about 0.1% (Table 6; see below).



Tablc 2, A conparison of two cstidatcs of Cftxodtlus porotri habitat availability in tle Northertr
Territory of Australir. MS - mairstleaE; SC = secondary crceks. 4' th€ 1000 km of upstream
fteshwatei chanrcl cstimated b'y M€ssel et al (1981) €quat€s approxiEately to the escarpmetrt cha&el
of vr'ebb et al (1984).

Category
Webb et aL Mas.sel et al.
(1984) (198L 1986)

coasdire
Coastal s€coldary creek
Tidal rir€r Eajor br€edi0g

(MS+SC)
Tidal rircr dnor brccdbg

(MS+SC)
Flood plain channel
Bcarpmcnt "r'rn.el
Fr€shwatcr swaop
Tcrtiary ciccls

AZ72 km
1238 kDr

1992 *n

: - -

21755 km

2A2.Lkn

1m0r km

4325
l8l
5t4

km
kn
tm.

cks



Tablc 3. Regiors of th6 Nortlcm Territory (Frg. 1) ranked accardi.ng to the amou.nts of
breedhg and non-breedbghabitat lot Cacooha pootw withitr them. Ra* 1 = lo*,cst
a.ud 10 = hislesL

Brccdids Notr breeding

Swamp F/Cbannel

victoria
D'Jv
Darwin
Melvile
Cobourg
Arlhed
Gove
G!oote
Ropcr
Pellcw

1
10
7

9

2

2
7

10
3
E

7
lJ

1J
5
6
3
9

10
1

8
1J

310
2L

59
86

92
t4
?8



Table 4. Areas of thc Nortf,cn Territory (Fig: 1) raDled ac.ordirg to rle abudda.dcc of all
brccdirg habitat (rad 1 = bighe6t). wletr huttets wdc qu€stioned about th€ densities of
Crocodyh.rs potosut that existed in the late 1940s, at the start of commercial huntibg; they
idcntilicd 15 high delsity (6-12lkE), 10 m€diun deDsity (1-5lkn), and 17 tow dersiry areas
(< 1/km) (Webb et al. 1984).

Historical DcDsiti€s

Bre.di[g Nou-breeding Higl Medium Low

Arnh.m
Cobourg
Da.win
Daly
Ropcr
Govc
Grootc
Mclvillc
Pellew
Victoria

10

U
7

5

3
2
1

1
2

9
9
6

2

5
2

I
2

1
1
I
1

2
2
2

3
2

Tablc 5. Thc rclatiostip bctc,r6 agc ard the probability of being rcprcscnted itr the nver
thc folowhg ycrr for Oocoa),tJj porosr.n itr thc Blyth-Cadcll River system betwee! 1974 ard
19&l (data &om Mcsscl ct al. [1981" 19841 ad CCNT as a&lyzcd by Webb ct al. [198a]).

Intcr.ral
(years) Mea! Matilrum Midmud

334.3
4+53

0.81
0.69
0:79

056

131
1,03
1.(B
0:79
0'80

05
030
0.60
036
0.n
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Flgurc 3. Mcas annual rainfall (nm) ir tlc Northcrn Tetdtory (1873-1984).
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RATES OF C. POiOSLTS RECOVERY

Wher tlc Nonbem Tenitory huoduccd protecti!€ legislation for C. poro$$ itr 191, the populations
had been intersircly hutrted sbce L945-4r, Nd the adult populatiod was reduced to a wary r€mnant.
MthiD the frst 2-5 years after protectioq ruEbg!! increased rapi<lly ia breeding ar€as (because recruirs
were Bot being haflested), although the average size of itrdividuals lJas small. Id somc remote breeding
areas tlis itritial ircrease occurcd plior to protectio! (Fig.6),

Spodight sur€ys carrGd out by ttc Udversity of Sydrey, the Conselvation Commission of the
Northera Territory (CCND aad other orgadzations we.e initiated after tlis initial hclease, and thus tle
alalyses in Table 6 refei to ratcs of recowry ftoe thc Eid-l97o's to tle dd-1980's - they underestirlate
the rccovcry of lutrbels that occurcd bct*!e! protectiot and thc mid-l970s (Fig. 6).

Tlcsc ratcs of .ecovcry are ba3cd on spodight courts alone ard ate oot corected for the chaagiag
size stnrcturc of thc C. porosus popdatio! (scc bclow). All regiols fiom whid tiere are surrcy dat4
indicatc a positivc ratc of populatio! iftrcasc .sorg notr-hatcblings - cl€n low deDsity arcas such as Pellew
(see Flg. 2). Wlcn all docodil€s wcrc co[sidcrc4 tf,e Ropet legion was tf,e only orte ehich did not havc a
similar positiv€ rate of itrdcalc. It showcd a 21% adual deci€ase betw€cn 19?9 and 1985 ltwo spotlight
surv€J6 only; an aalditioaal suircy ir 1986 was by helicoptcr, a.dd harcbliDs a.rc rct d€tected), which was
attrr'butable to t[e la& of hatchlincs courted itr 1985 in one side 6eek of the To*!s River (28 i! 1979i 0 in
1985).

The exporc ial ratcs of increasc are geacrally highcr id tie 'lon-hatcblirgs" than in 'all crocodiles',
ard the mea.u rates fo. all area3 cohbired arc 8396 p.a- (all 6oco&les) ard,g:lEo p.^- (non-hatchlings).
This is uiequivoc.l cvidetrce of an crqalding population"

THE IMPACT OF IIARVFSTING C POXOSTIS EGGS

Dudlg tie 1983-84 scason a prelinin"ry one-&y hanest ol C. pomsut eggs (994 eggs) nas
uidcrtakea iD the Adelaidc River. Howevcr during the 198+85 ad 198r,36 C po.osus nestirg seasors,
axpcrimertal hafiEsfs (35f atrd 3470 egg6 rc6pec-tively) w€re udcrtaketr withi! pafis of tbree rilrr systeEs
do.c to Datwin (FibnLr, ReyDolds, Adelaidc; Fig. 2), Eggs fton a.tl Ecsts wcre itrdividually nlebercd ald
incubatcd |ladcr cootrolled conditioDE ad the pGt-hatcf,ing gro*t[ and survivorship of a[ resulting
hatcblilgs (itrdividualy numbcred by mudlatirg a ttrowr s€querce of tail scutes), is now being monitored
withia thc crocodilc fams. Tte poct-hatching pcrfororaacc of thcs€ individuals ca.n bc corr€lated with
dctails of i[dividual cggE Dests, babitats ard iNubatiod conditioDs.

All dcad cggs were opcrcd and the eebryos \rcre |ls€d to detemitre whether death had occurrcd
beforc or after collectioo As a coDsequcnca, the dortality withir each area up uatil coUcclion could be
quantified (Tablc 7; data &oE thc 1985{6 nesrilg seasod arc dot yet fitly .!a.lfzcd).

Harvestilg eggs at an ca.lier stagc of anrbryonic developmc was partly respoDsible for tL€ reduced
mortalitics compared to qdld idcubatioD, but sub,statrtial losses itr tlc 6eld sdll occurreal Ttasc q,ere du€ to
flooding overhcating ad whai appearcd to be asphraia sithin sodde!, 6uddy d€sts.

The irrpact of rcdrciDg hatcl ing rccnritEe by han estiDg eggs could be expected to be detected id
$e ' $@e class the fouowirg ycar. Spotlight suiveF withitr thc acccssible parts of all areas hawested
indicatcd !o major dedirc ia ounbers, which is consistdt *ith lle view that harvests of eggs wiU result ir a
njlimal impact or tlc sizc of l^dld populario.s (Webb ct aL 19Sa, $SD. This approach to harvestiag a
wild populatio! i: atypical, as thc gencrat aid is usually to reduce d€nsitiqs to erdract a sustainable yiad
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Flgure 6. Total populatiotr estimatcs of Ctr.odylr.rrporfiur (excluding hatchlings) within tie Blyth-Cadel
Rivcr systcd as determircd frod corrected spodight coll.[ts (dot!). Thc dashed lin. r€prcscds the
codputer sinulatiotr of popdatior p.edictcd backwards to 1971 a.nd fofl.ards to 190. The healy lire
applics a dcrsity{epcsdcrt mortality among juicniles. Ttc tlia linc doc.s rct apply dersity-depend€rt
mortality, but assumes tarvc.*iEg Lad codti cd up until protcction, and that !o juveniles were i! the
populatios at that tiE€.
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Figurc 7. Rclativc dcasitica of Crocodyhts poroflL, iD flood plain chatr,tcls (fin ss-Reynolds Rivcr qatem)
in which cgg! were harrcsted and rct han€.sted (1984-86). Nut:lb€rs refet to the nu.mb€r of eggs hareested
duri.ug a paiticular nestiog scasoo. open &cles iddicale deDsilies *ith orc cf,annel excluded (see te)a).
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Table 6. Exponedtial annual rates of incrcasc of Crocod,rrd porosur id 6ajor rive! systeEs withid the
Nolthem Territory bet$€en the mid-1970s 6nd mid-19806. A.naltses rre based on spotlight counts
and/or h.licopter coEts st€odardized to spodight counts. Origiral data ftod Masscl ct al.
(1981,1986), Webb et al (1984), ad additional udpublished $irvey r€sults from CCNT and ANPIryS
(Bayliss 1986). Rates are calculated for aI fiocodiles CI) ard with hatchlings exdudcd (NH); Rz is
explained variatrce; 'r" only tvo surcys, regressiod alalysis iEpossible.

All Crocodilcs Non-Hatchlings

Area/Riret Years (N) R2 R2

DALY
Ddy 1ca-86

MEAN

198486
198,186
gn-6
198486
MEAN

rEIS-8/.
LC72-g
Lyf2&4
19D&
1972-84
MEAN

r97&U
gn-u
tgn-u
19na5
19n-U

195-n
tc15-79
L97rU
r975-U
L97rU

1976{6
1975&4
1974.86
1981-83
195-83
ln5.U
MEAN

(4) +0.104
+0.104

+0.40
+0.130
+0.055
+0276

+0gn
+0.18
+0.13
+0.016
+0.181
+ 0.103

+0.098
+0.051
+o2s
+0,9n
+0.096

+o24o
+0271
+0.016
+ 0.040
+0t,9

+0.054
+0.089
+0.(n
+0.m1
+0,c8
+0.143
+0.093

+0.103 0.95
+0.108

+0.038 0.01
+0.140 0.03
+0.035 0.74
+0276 0.70
+0,122

+0.089 094
+0.110 055
+0.L?1 034
+0.039 0.10
+0.181 0,73
+0.111

+0.153 0,14
+0.056 0i9
+0213 0,4
+0.058 0.64
+0.114 0.91

+0.n8 0.81
+o.nt 039
+0,002 0.00
+0.04,5 0.14
+0.135 037

+ 0.039 0,71
+0.@1 036
4.004 0.00
+0.001 0.00
+0.05 0.9
+0.153 0.98
+0.091

0.05

DARWIN

ReFolds
Adelaide
Mary

MELVILLE
A.oalta!angoo
Job'rstolr
Bath
Doagau
Tr!ganoo

COBOURG

W. Aligator
S. Aligator
E. A.[igator

ARNIIEM
Kibg
All-l.liSht
Goodadccr
Majarie
Wutwoij
Livcrpool-

ToEkilrsot
Nungbulgarri
Blyth-Cad€U
Crab
Ngaa&dauda
Glydc

(3)
(3)
a
(3)

0.01 Ns
0.03 Ns
044 0.01
OJO NS

NS
NS
NS
NS

0.10
NS
NS
NS
NS

NS
NS

0.01
NS

NS
NS
NS
NS
NS

0.01
NS
NS
NS

0,10
0.05

(t
(4)
(4)
(o
(t

0.96
056
0.74
0.03
0J3

0.10
NS
NS
NS
NS

NS
0.05
NS

0.01
NS

NS
NS
NS
NS
NS

(3)
(4)
(10)
(8)
(4)

o93
0.99
027
0.&
057

0.74
039
0.06
0,18
038

0.45
0.44
0.00
0.00
o.92
0.78

(4)
(3)
(8)
@
(7)

(10)
(8)
(a)
(3)
(3)
(4)

0.05
NS
NS
NS
NS
NS



GOVE
Darwaftnga
Habgood
Habgood Ck
Baralmilar
Cobolpa
Goromunr
Cato
Peter Jobn
BurungbirinEg

ROPER'
Liflnc! Bight
Tocds
Roper

PELLEW
McArthur
Wearyan-

Foclsche

1975-8/
ln5-U
1975{/
1975{/'
rn5{4
r975-84
L975-€/'
195-84
191544
MEAN

lCl9.6
Lg79-gj
19Tr{6
MEAN

1919.85

1v79-&i
MEAN

(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)

+0.729
+0.081
+0.001
+0.096
+0.(t5
+0.006
+0.015
4.018
+0.096
+0.053

+0.061
-0,110
-0.015
+0.0J1

+0.055

+0.035
+0.(x5

+0.080
10.013

+83
4

0.89
0.89
0.00
0.89
0.83
0.06
025
0.03
052

NS
NS
NS
NS
NS
NS
NS
NS
NS

+0.1:
+0.095
+ 0.001
+ 0.096
+0.091
+0.050
+0.101
4.004

+ 0.086

+0.9n
+0.0()6
+0.017
+0.(83

+ 0.054

+0.m|
+0.038

+0.093
!0.o12

+9.7
40

0.90
0.m
0.00
049
0.93
0.82
0.92
0.01
0.65

NS
NS
NS
NS
NS
NS
NS
NS
NS

(3)
(3)
(3)

0.94 NS

(3)

(3)

0-99 0.10

NS0.3?

MEAN OF ALL AREAS
(sE)

9bp^
(D



Table 7. Rcsults of thc cxpetrncntd Creodylus porosus €gg ba.vest in 198,1-85 comparcd to resuhs for wild ncsts ir two
of the sa.6e areas id tlc 1980-81 scaso."

Melacca Melacca Adelaide
FiDniss-

ReyDolds
Finniss-

Reynolds

Season
wild or haflest
Nests examided
Eggs exandrcd
Eggs hatched (%)
Eggs infertile (%)
Eggs damagcd (7a)
Eggs failed

r. 'm 
Eeld (%)

2. 
'tal^bratory 

(%)

1980-E1
wild

18
917
35.6
9,4
0.6

9.4

198485
harv4t

t9
959
803

0.8

9S
5.6

198+85
haft€st

22
1025
9.2
7.9
0.4

17.9
t4.6

1980-81
wild

L195
8.2
5.0
2.4

62.4

1984-85
harvest

1533
45.7
5.4

.0
m5
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(C.ughley 1yfD. PopulatioB at equiiibrium arc ofton reduced by 3C50% (degending od the hawest
dodel uscd) to achreve maximum sustaircd-yield

Id the Flllriss-Reldolds area (Fig. 7), somc cha.oaels we.e harv€sted and others were not. A-nal'sis of
vaiarcc of density [etrds b€twe€n han€stcd and utbrrvested areas (fable 8) showed no siglfica off€ct
of harvest (the time by experiment idteractio! was aot signilica ). There was a siglificad three-fold
diflerence ia thc densitics betweetr thc barvested and unharvcsted a&as (Fig. 7), wbich itrdicates that
harvests we.e corcentrated in the flood plain chaoaels witl ttc highest deasities of crocodiles. A.D increase
ia the nurbcr of >6' aaimals ia 1985 (Fig 7) was largcly due to inc.rcased nuebels of >6' adtla.ls in orc
harrcstcd cha.Dnel but tf,is eff€ct was tivial (tide by size class bteractiod E?s lot sig!ficant; Table 8), ard
ulrelated to the harv€st of eggs.

h tle Adalaide Rivcr, no local cotrtrol was available atrd so the Uve4,ool-ToEkinson data s/ere used
as a contlol of soits. This populatioa is within a tidal bre€ding system (as is the A&laide) and had:

1. Similar don-hatchlirg deDsities b€tween 19?7 atrd 1979, well bclore the cgg harvests, (Fig. 8); ar4

2 A positic ratc of idcf,ca6e after 1yn-79 (fi& E), as did the Adelaide River.

The Bltth-cadell slstem, which has bee! su$€yed more regularly, was rejected as a control because
its rate of ircr€asc was closc to zcro - low€r tiar that of tle harvested populatior.

Bccause of tle dorc elcelsilB survey data, a.nalysis of covada[ce lJas used to test for differeaces itr
dcDsity treaals over tide (Table 9). No 3iglifcart differerc€ in the average e4,onential rates of ilctease
(a.ll cf,ocodilcs) between the two populatiotrs could be alenonst ate4 regarauess of size class (Table 10),
ildicati.ng lro major eflect of the harvast (as is obvious fton Fig. 9).

Tale! togcthcr, ttc 6orvcy rcsults ftom tlc Adclai& a.dd Emiss-Reynolds areas i.ndicate tf,at some
7,981 eggs wcrc collcctcd ftod 162 s/ild ncsts {,itlir 140 kE of Daida with ao signficant impact on the
wild populatio|s. Morc data ate deeded to qua.stit subde or loDget-term eflects, a.nd the study js
codtinuing; but rcsults to date arc coDsbted vritl Fcdictions of a minor impact.

FLOOIIPRONENESS OF c' POROSUS NESTS

A detail€d altal]sis of ftrood mortality anorg eggs collected to &te is cuready beirg uDdcrta.ken.
Melacca Swamp (our main monitoriag arca for C pororur n€sting), is the least 'flood-prone' of the areas
curready under studt and dortality due to ooodiDg was oodelled over tle period 1960{1 to 1980-81
(Wcbb €t aL 19{Bc). Thc rcsults ;ndicate flood losse,s ranging from 0% to 50% per annum, depending otr
the pattem of annua.l rainfall (Eca! = 26%); this indicates a total dortality of betwcer about m7o ard
70 ot EW per War (mean - a'6Vo). The degee to which itrdividual nests are prone to mortality due to
flooding is largely unpredictable, due to the equally uaprediclable timing atrd extedt of wet season rains.

Our random egg haflcat (scc above) did not appcar to have ary Eajor impact on the populations, and
for ecooooic ard safety reasonq thc main citeria for all efficient harvest in the future *ill be th€
accc$sibility of nests to collecto.s, and tle Nmber ofdests available at the time of collectioll. By leavidg a
ran<lom sanple of @sts (those that are haccessible for a vadety of reasons), and by concenEating the
harr€st at tbe peal of nestir& the impact shoold be less tha.d that currendy experierce4 Attempts to
ircorporate a predicted probability of chbryo dortality (due to flooding orerheatiDg predation etc.) hto
the curent harvest strate$f, may weU prove to be cosdy and cosmetrc.
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Tablo 8. Anallsis of variancc of snall (2{) aad largc >e) &ocodflu,t porosw dersity tleds bctw€cr
flood plai! chrrncls that atc harvested for cggs (t!aahc!t) atrd thosc that arc unf,arvested (conuol) itr
tle FDaiss-Reynolda Rivc6 ststem, 198,L86. Rclativc dosities arc traasfofined to mtural logarithms.
'" thii idte.actior tes8 ihc cgg-hrrvcst rrspors€. NS = not signficrrt; E = experime[t (tleatment
and co rol); T - time id y€ars. Flood plain chrnnck arc heated as replicatcs (N=4).

Source dl Sig!ficance

Hafl.st-unhan€st (E)
Trme (f)
Size-dass (S)
E.T'
T.S

Rasidual
Total

5.49
058
0.45
om
0.o3
0,17
031

TL15
1879

16.&
0.88

0.03
0.03
051
0.45

P< 0.001
NS
NS
NS
NS
NS
NS

5.49
0.4
o-45
0.01
0.01
0.r7
0.15

1
2
I
2
2
1
2

o
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Fig[tc 8. Relativc deasities of lotr-hatcblirg Aocodylr8pororur in the Adelaide and Liv€rpool-ToEkilsor
Ri!€rs, 19761986. Clos.d cirdes indicatc data fto6 Messel et aL (1981. 1986) and oped circles indicate
data fioE wcbb et al (1984, udpubl &ta).
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Figurc 9. Rclative &nsitias ol Crocodll(t porostlt t tf,c Adelaide (h'Ivcsted) ad Lierpool-ToEkilson
Rit'cr (urharvested) st6tcEs. Numbe.s refer to thc numbers of eggs har.qrsted id a pa.licular nesti.Dg
seasol Closed circlcs iddicatc suwcys by Mcsrcl ct aL (1979b, 1981, 1986), ard opcn circles are solvcys by
tie CCNI. Liles iDdicate the a!€mgc cxl,odential rates of incrcasc derived by lircar regr€ssiod anatysis.
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Table 9. A summary of aa aDalsis of covaiiance be$teen Ctucodylus potosus density trends in the
Adelaide Ri'ei (eggs arc harvcst€d) ard the Liv€rpool-Tom-kinsotr Rivers (eggs aie ullarvested),
197&1986. Densities are t&.Dsforded to latural logaritbas. 'Slopes' test significant diflerenccs
between the averagc ar.nual expodedtial rates of hcrease (.). NS = rct sigrifcant.

Source F-ratio Signfica:rced.f.

Slopes
IDterc€pts

1.11
L/12

0.01
0.90

I.!s
NS

Table 10. Exporcntial annual rates ofitrcrease ofcroco4furporoslr populations in the Adelaide and
live4rool-Tomlinson fuvers, {,ith standad crrors (SE) of the slope ad sigEificanca of the rcglession;

Rivcr Sizc Clast r (P.a, SE Significance

Adelaide All
HatchliBg

>6'
Non-hatchling

All
Hatchlirg

> C
No4-hatchli!g

p <o.LO

0.055
0.065
0.031
0.099
0.054

0.054
0.108
ofim
0.090
0.039

0.011
0.021
0.0L7
0024
0.014

0.021
0.094
0.015
0.cm
0.009

Ur€rpool-
TomliDsor NS

NS
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ESTIMATING CROCODILE TOTAL IINGTHS

Estimating the total leagtbs of clocodiles sighted durilg spodigbt ald helicopte! courts expands tle
inforEatiotr contained itr survey results, How€v€r, many factors allect the abitty of aD observer to estimate
the sizc of a crocodile acculately (Maglusson 1983), ard the precision of such estimates has rarely beed
quantified. Choquenot ad Webb (19&7) used a calibrated camera to o(amine the accuracy of two
expedenced observers (Frg. 10), and fouad tlat oae (Obsewer A) was eratic ovcr all sizc class€s when
coEpared to the other (Observer B).

Obsewers a.lso vary in tle consistercy witf, which tley.stimate tie lengtbs of the same cocodil€s, i.n
the samc arcaE as fourd by Messcl et 61. (1981). Fo! exallplg wbe! we e.\.Eired data fto6 re-surveys of
thc samc f,ood plaitr cta.nncl with tlc same ob6erver, oD six separate oc.asiorq duling the same nigbt a
signiEcrlt relatiodsbip vas fourd bctwern thc Nmbcri 012"6' and >6 croc.diles sighted (Fig. 11). These
&ta sugge6t that aninals in ttc 2.6'catcgory on orc sulvcy wcrc placcd s/ithh the >6' .ategory id
alotlcr, bccausc of randoo error i! astirdatitrg lcrgths.

The same type of variatiotr occurs i! data collected by diffe.eDt surwy teams. Approximately th€
same aumber of crocodiles arc sigfucd at the samc time (fabb 11), but the siz€ estiEates a.od proportiors
of'eyes onl/ can vary significandy (Table 12). In the Adelaide River (1984), the CCNT survey t€ams wer€
apparendy dore cautious ir allocati.og leagtls to crocoanes srghted - they were dore likely to place an
alimal within the "eyes oo.ly category (Table 12).

Thcre appears to bc no simplc solution to thc Foblom of standardizing obs€fl,er lergth cstimateq
becaus€ in additior to variable precisioa and accuracl ther€ may be dlift with observels who are not
legulatly sighting ald catching cocoililcs" A calibratcd camcra tecbnique (Choqu€not ard Webb 1987)
could overcome soEc of thesc problcms, and hcrits fufihar ir!!6tigatiod.

h the interil'r, cautioo deeds to be eercised itr the ettert to which length estimates are ircorporat€d
rtrto boLil cotrclusiols about short-tcrd chaDgcs i! tle sizc and agc strucnue of populations. The sig
estidati[g procedulc is i!.hererdy inacluate, ard long-tcrE data arc n€.ded to separate variability due to
observers ftoE tlat due to real .h'ng.s in the structlre of the populatioD-

CORRECTION FACTORS FOR SPOTI-IGIII COI]NTS

Spodtht coudts providc precise relativc dcosity iodicas wbich can be used to moditor populatron lates
of itrdearc, but thay arc i!.hcrcrdy idacalratc (Baylirs 1984. A.nimals arc usua.lly mirsed oE survels a.nd
deviatiotrs ftom absolutc deosity is terded visibility bias. correction factols which can be applied to
relatir€ density indices are needed to:

1. Sta.Edardiz! rclatiic dclsity indiccs for aay sizc-rclatcd bias id sightability, x,hich could alTect the
stability of the iodcx over time (if the ar€rage size or level of warircss is ilrc.easing or decreashg)
or in dilfcrent arcas (where tlc size or earircss of idividuals vari€s);

2. Adjust the relative dcDsity i.Edices i! habitats wherc tlere are diflerent p.obabilities of detection,
to alfold comparisod;

3. Co.rect relative density ildices to absolutc dersities for estimating the total population size.



OBSERVER ESIIiAIEO IOru LEXclrl IFEETI

Figtnc 10. A comparison of spotter estiEat€d sizes (to tlc ncarest half-foot) atrd those cstimated from a
photoglaphic metlod (Choquenot aad Webb 1987) fot Crocodlhts porosus sighted durtug spodight suveys
in the Adelaide Rivcr. AI photoglaphs were analyz€d by the same person HorizoDtal lines are thc Ecals
and ranges; bores are one stadard dcviatior (SD) od cither sida of the mean; trumb€rs are the sample
siz€s for €ach half-foot catcgory. Valucs abovc thc brokcr lidc indic{tc an obscrver is orlrestimating the
sizc of crocodiles sighted.
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Flgutc 11. Nudbcrs of dificrcnt.iz!d Crocodyfus porotus sightcd owr 6vc scssio!3 iD a flood plaid cha$el
of thc Fmniss Riwr (uppcr); ard thc rclatioqhip bctc/Ea thc truEbcr of 1-6' (Y) alrd > 6' (E ciocodiles in
thc saEc chauel 0Nr€i), Y-r85 - 0,95X (r'=0J8, !-5,p<0.02t.



Tablc 11. Retati€ dcEsitics of thrce tit€r systems su$eyed independendy by tle UDircrsity of sydley
(Us: Messel et al. 1986), the Cotscrvation com$issiod of the Northerd Teritory (ccNT), a)ld
Australia.n National Parks ald Mldtife servic€ (ANPws). Abo preserted is the linear regiessiotr
equatioo for these data- ''' = hatcl ings excludcd.

Relarive Dersity (km-l)

CCNI-ANPWS US Ycar Ril€r

27la
02m
0.116

L9U
1985
1985
1984

2ffi
o
0.145
3.114

Adelaide
McArthut
Weat',al-Foelsche
East Aligatorr

calibratiotr Equation

US = 0.P1 + 0.955 (CCNT-ANPWS)
(R' = 1.00, r=4p<0.001)

Table 12 The size distlib,ttion of Cmcodtlus potosa sigfucd ir two ildepcrdelt spotligbt surl€ys of
the Adelaide River, at thc samc timc of,€ar, ir 1984.

Messcl et aL (1986) CCNT (upublished)

No. %%

80

10
48
59
44
96

14

630

121
8.9

11.1

9.4
7.O

E2

60

105
19
64
18

9n

11

626

9.6
5.8

16.8
12'6
lo2
125

Lt:t
1.8

Hatcl i.ogs
2-3',
,4',
+9

Eyes odf
C johnstoni



I. How Pr"clse aI€ Spodlgbt Couds?

Replicated $froys of C. pordrns in tidal riveN and flood plaiD channels show high precision (fable
13), evetr with a 6oall number of saEplcs. This precisiotr was even Eabtaiaed dudng sessions i[ which
tags ll€re harpooned idto thc ciocoalil€s b Bood plair chamels (Fi& 12).

2. Relathg Sporllght Coutrts to Absolute NuDber3 ln lldal Rlv€rs atrd trlood plaiD Caanrels

Bayliss et al. (1986) estimated the total population of C porous within three sec[ions of the Adelaide
River using a mark-rccapture tc.bniqug atd obtaircd a prccise estidate oft[c total population size. They
thea quantilild Ecan sightiog fiacrions reer in spodight surveys h cach of the tbre€ areas Cfabb 14).

Morc rcccady, thc saoc dark-rccapturc tccbdquc r,rs uscd to astimatc the tota.l population of C.
iohnstoai abd C porosrls in two bolat.d sacrions of flood plaia ct'".net wiich lrrrc bordcred by 0oating
mats of lrgctation; sighting fiactions were derived in tlc same way Clablc 14), Additional correction
fafiots tot C iohnstohi in, isolated flood plain bilabong devoid of lloating vcgetation c,€re de.ived ftod
data iD Webb er al, (1983b).

3. Rebring Spotlght CouBts to Helicopter Counts

Spodight sul€ys tavc ottcr lrajor liiritations bcsi&s inlerent visibility bias, They are tidc-
coDsumirg; expeoshr, oftcn dangclous, and Eore im!'ortardy, are restlicted to babitats that arc accas,sible
by boaL There arc largc srcas of crocodilc habitat in tlc Northcm Territory tlat havc not bcen surveyed
due to poor or impossiblc boat acccss. For C..porlrsnr, halicopter suveys ara much c[eaper a.nd less tima-
corsumiog tial troat suveys, yct tley provide an iadex of deisity that relates to that obtaincd by
spodighting (Bayliss et aL 1986). Helicoptd coutrts are similar to sporlight couds ia tidal drcrs witft largc
€xposed Eud-banlE but ir tidal sidecieeks ttey are alDrost double that of spotlight cormts, and herce
rcquile a differc calibratioa equatiotr (Table 15). Thus, helicopter $[vc]s car be uled to dcrive dificrent
calibntioa equatiou for spotlight coults it diffetent habitats. For cxample, spotlight cou s in tidal side
cf,eeli iecord or y a small p.oportion of thc total popd.tiotr id such ciecks (Biy'iss er al 1986; 35%) dlre
to stteam sinuosity (Flg. 8), and thes€ problcms are largely overcoEe by aerial sunry.

Hclicoptcr survcy tccbnhuss arc also bciDg dd€loped tot C. iohnstoni, (,ttbj&. is Eor€ alifficlrlt to scc
iom the air), and thc rc$its arc also suamarized ia "table 15. The C. jotfistoni calibratiotr equatioD i!
p.erini.ary ald will bc reincd with additioul data from survejs i! 1986.

The validity of the equations relati.ng hclicopter counts to spotligbt coudts derived i! the Adelaide
Ri\ar c,€te testcd itr a low dersity area in 1986. S€ctio$ of thc McAnhur Rivcr wcre sun€ved bv
helicopter ir Sept€Ebcr duriDg high ad low bank e,eosure, atrd thc cJibrated helicoprer 

""*; 
q/"r;

compared to spodight couats id the same atea (fabb 10. E!€a though tle relative dcnsity was one-twclftl
that i! thc Adelaidc Riv€r, tle calibratiod equations rrc.e applicablc. Subs€qucntly, tlrce uajor river
syste&s (rcEainder of tlc McArtlur, LiDrmen Bight, Wcaryan-Foelesche) atrd 25 coastal q€ck in tie
so.uthcrn Gulfofcarpe aria vrcrc survelrd ovcr a two day perio4 at balf the cost of spotlight suwerlr and
ta.kfug ooe-sixth the time. (Surveys i! less r€mote arcas catr be sun€yed at one-quarter the co6t of sp;dight
surlEys.)



Tablc 13. The precision of crocodylus porosts and C jo,lr$ori spodight coults in differeEt habitats.
Data are ftom: 1 = Meslel ct al. (1981); 2 = Baylisr et aL (1986); 3 = CCNI (unpubl.). "' itrdicates
precision mcasured or scssioos wherc tags were being h.rpooaed i.nto the crocoaliles; DS =
dowDstream. US = uostfeam.

Habitat Mear N S€ssions sE (in Co)

arrth:
Blyth' .
Adelaide'

Crocodyhts porosus

Mainstlcam, tidal, DS
Mailstrca.E, tidal, US
Mairstrea.Dr, tidal DS
MainstreaE, tidal Us
SidecrckE tidat DS
Flood plain chatucl No. 1
Flmd phin chaDrcl No. 2r

Ctocodlus iohnstoni

Flood plain chaarcl No. 2'

55-66
3942

88

30

2A-n
15
2
2
2
5
1

1.t:31
2.0-4.t

0.6

93

Adelaidf
Adclai{cz
Finniss:
Firnissr

7.r

Tablc 14. The ncatr probability (p) of sightiag crocodilcs or 6podight $rlvcF ir difiereDt habitats,
with the correctiod lactors (CF) needed to adjust relatirc dersitie6 to absolute densities. Data are
&om: 1 = Bayliss et aL (1986);2 - wcbb ct al (198b); 3 = CCNT (uapubl. data).

Habitat Yeat CF

ArielairteI
A.telaider
Adelaide-
Adelai{e1

Finntss

Cocodyhts poms s

Trdal dowDstream
T,idal upstream
Maa[ Eairstrca.E
Tidal; side creek
NoFtidal; flood plain

chrrftl No. 1
Non-tidal; Ilood plain

cha.nl'el No 2
Mean lon-tialal; llood

plain channcl

Crocodlhls iohnstoni

Noo-tida.l; flood plain
chalrcl No. 2

Noa-tidali biflabongs;
do floatirg lcgatatior

1984
1984

1984

1986

1986

0.66
059

035

0,64

051

151
1.69
1.60
2.M

1J6

1.96

1.76

1986

1978

o-44

0.66

z.n

1J1
rvrcKnrbf
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Figurc 12 Nunbcrs of cocodiles sighted in t\vo flood plah chansels in the Fi!triss River duriDg a mark-
recaptue expcrimcnl (scc tcX).
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Figurc l:}. SchcEatic rcpreseDtatiotr of *btlighting in a daiEstrcam tida.l rivEr (eft) aad a tidal side creek
(right). Gocodil* that arc a colsiderablc distslce from tlc boat crn be louEted as er€shincs if thev
subm€ryc bcforc thcy tal€ trcco rcachcd. In side cterts, cf,ocodil.s usually submergc close to tle surucy
boat beforc bcing dctected-
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Tablc 15. SuEdary of equatio[s |lsad to standardi2c hclicoptcr couats to spotlight counts. Data are
fto6 Bayliss et aL (1986) and urpublished survey re$dts ftoft the CCNT. Equatioas wcre derived by
linear .egressio! a!a!,sis; S = spodight couDts, H = hclicopter counts, Ba:rks = number of bank
survey€d bY helicopter.

Habitat Bads Tide Equatio! Rz N Signfic.nce

Ctucodlus pomtus

Tidal
Tidal EaiDstrcam 1 Ncap S=3.18H 0.96 8 p<0.001
Tidal side crects 2 Ncap S-0J5H 0.99 4 p<0.001

Cocodthar johnttoni

Nor-tidal 1 5=64.8+ 0.76 37 p<0.W1
739H

Table 16. Colrparisor bctweetr helicopter counB cour€ltcd to spodiglt cowts and actua.l spodight
.on B of Crocodtlut porosw a d C. iolustorri i^ a se('iotr of the Mcirtiur River. EquatioDs usedto
coatBrt tle helicopter courts to spodight cluds for hth (spring) and low (dcap) tidc bank exposures
s,€ic &riird i! thc Adclaide Riitr (scc Tablc lt. Data reler to non-hat.hlincs ody.

Ba* Erposurc Methods C.pansus C. johnstoni

L.w
High
High

H€licopter A
Helicopter A
SpodiSht 2a 3



SPOTLIGHT

HELICOPTER

60

€+o
o
2
uJ
)

flzo
G
tJ.

HATCHLINGS MEDIUM LARGE

(2-6') (6-10')

SIZE CLASSES

VERY EYESHINES
LARGE
(>10')

Flgltrc 14. Propodo8 of hatchlirgs, 26, >6', ald cyr,shiacs sigfucd i! spotlight and hclicopter sufleys in
thc McArtiur Rivar, a low drrsity !rcr-



The size classes of clocodiles scen in helicopter surveys ir tle McArthur River suggest that the 'eyes
onl/ fractio! seea ir spotlight survejs i! thi3 rilu should be apportion€d to the greater !ha! 6' category
(Fig. 14), which are presusably bore wary of spodights.

Although there are ad!€ntagcs in spodight survers (e.g., a more accurate assessment of tle age-size
st.uctue of th€ population, aad the proportion of anil:rals that are hatchlilgs) helicopt€r surveys are cost-
effec-tive xrd providc most of the idordatior recessary to determire r€lative distlibutiotr atrd abundancc
pattemE alld to assess long.term tr€nds in thc duEbers oI notr-hatchlilgs. A furtler advartage is the
ability to improve the p.ccision of a populatio! itrdcx rapidly by replication at a rcasonable cost.

Future lesearch will involve i$the! refincdcrt of the helicopter census t€chnique for both C poro$6
a dC. iohnstoni, and on calibrating Cpororqr n€st couats by helicopter to estidates of absolute Gocodil€
numb€rs i! habitaB that arc impossible or dilficrlt to suft€y by spodight or helicopte! (e.g, de[sely
t€g€tated freshwater s*"dl's).

4. Relati4 Absolut Numbers b Flood Plain Chanftls atrd Tidal Rtvers to Nest Numbers

Dnrilg thc 198.4-85 and 1985-86 *!t s€asons, intensive surr€rs of C. poro$$ rests we.e carried out in
parts of thc Adelaide, Finniss a.rd Reynolds Rivers. These same areas were sureyed bf, spotlight in 1984,
1985 and 1986 and h tbrcc areas the total populatio! of C. pororrr was e.lrimated usirg the correctioDs iD
Table 14. Accordingly, a relationship *,a5 dc*€d betweeD rumbers ofnests ard thc rotal population size
(Tabb 1n.

The lcsults irdicate that thc nesting female portion of the population i"aries fuo'n 43qo b 7j.gVo of
tle total populatioD, with a E.ean l?J.nc ol5:7qo (6J% for non- hatcblings). This perceDtage h tum crn be
used to estimatc thc total population of C potosus h brcrding areas qrherc n€sts can t'e counteal.
PopulatioD EoditoriDg ot Aligdot nissisti?i.nsis ia lruisiar4 where aestitrg femalas reprcsent 5% of the
populatioD, is ba3ed solely or corrcctilg dest counts in thL fashion (Joaler ard McNeas€ 1980.

Nest courts may also be a trtore accurate index of the adult oocoalile DoDulation h areas where
females arc wary or where they rcside outside of r[c ac.essible oailsrleams. Foi example, Messcl et al.
(frlgb) counted 3 (roc!&l€s gteater tlar 7 in length i! spodight counts withh thc Ulerpool-Tomldnson
Ri!€r systeo io 1974 yct there were 38 dests ia otre seasod ia tf,e sa.toe area (M€ssel ;t al 1981). As
Eat[rity is reached at 7{' in females and >11, in maleE therc slEre at least some 40-50 crocodiles >T in
tf,. system although only threc *crc sighted (soEc c,crc no doubt *ithir the "eyes o t/ c.tegory).

5. Sa.ddart zirg for Sir. to Spotttght Coutrts

Latge C. porosw are Eore wary than saa.llcr orcs (Webb a.ad Messel 1979), and have loc.er
plobabiliti€s of beilg sight.d in spodight sllr!€ys (Bayfiss et al. 1986). This tterd was as appareat 13 y€ars
aftcr protectiotr (Bayliss et al 1986), as it was 4 tEars after protectiotr (Webb and Mersel 1979), and tlus it
does not appear to be totaly explicablc or thc basis of learncd behavior adong the older crocodiles whicb
expeiienc€d hualing prior to plotectior (<1971). Itceased size appears to bc hhereatly associated with
ilcreased wariress i! c' pororur CIable 18).

Withitr rccovEring ppulations, where the mcan size of hdividuals is increasing with time, size-
deperd-ent wadrcsr causes alr hc€asingly pronouaced negative bias in density indices. For exanple, if 105
&ocodilcs were sighted i! a tidal rier i! 1975, and they wcrc composed of 100 3.4' ard 5 7-g, crocodiles, it
would indicare a total popularion of (}9 ffable 18; (100 x 130) + (5 x t,?1)1. If itr 1984 rhe sam€ number of
idividuals (10t was sighte4 ir Eay superficialy app€ar tlat the latc of .ecovery had been zero. Evetr if
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Table 1?. The telatior3Np bctwc.r dumbcrs of Crocodrlus pomtus nests Dadc durirg the 198+85 and
1985€6 Bcsting seasors a.nd ttc total populatioD in the samc arcas. T = total ausbcrs of crocodiles;
NH = loo-hatcb.lilgs; CF = corrcctiod facto.s fo. adjusting nobbcr of nests to populatiotr sizc.

Yeat Habitat T NH Nqsts T NH

Adelaide

Adelaidc

FiDrils

Filniss

Mcar

1984 Mailstream
32.G820lb

MaiDsheam
3ZG8a0 rE

Flood plait
.lt,nncl nO. 1

Flood plai!
ctunnel do. 2

518 398

504 372
1985

1985

1985

153

1.n

26

10

t7.9

2LS

72

17,6

762

m

70

72

m

Table 18. The probability (p) of sighting C'ocodyn r pomrur of differeat sizcs ia spodight cormts, as
qualtificd in the Adelaide River iD 1984, 13 yca.s after protectiou (Bayliss €t al. 1986). Sizes refer to
total length estiEated id tcct. The corrcclior factors (CD are the values needed to corr€ct cou.nts of
dilTerert sized C ,oron6 to absolute aurdbcrs.

Sizc P

+5
55

7-A
&9
9-10
10+

0.69
0.75
o.n
0n
0J3
057
059
0.47
033
0.15

L44
t34
130
131

1.49
r:tl

3.08
654
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the trIlmbers sighted were corrected wittr a siDgle correctiod factor, the ratc of recovely would still appear
to be zero. However, if tie popr atiod struchfc qBs rort codposcd of 40 2-3, 30 ,ft, 20 G7, 10 &9 atrd 5
10'+ crocodilcE thc rcal popolation would be 177 [(40 x l3) + (30x 131) + (z) x 1.49) + 10r2.13) + (5
x 6.54)1, .!d therc would be a positive rate of increase (+2iEa p.^-).

Becausg of the errors bvolved in rstinating sizes (s€e atlove), our m€an auual rates of populatioE
irciease (Table 6; +83% p.a. for all qocodrles ald +9.7 p.a. for rcr-hatcl'linqs) do not accoult for tte
cha.oged size structure. Hencc the real ratcs of iftrcase are bigher tha! ttose giver or Table 6.

6. The Ailelalde Rlrcr - A Test Case

Altf,ougL hdicc6 dcrivcd froE spodight counts caa be u6€d to moDito. tErds ia rumben, they are
bherertly ilaccurate - not all ciocodilcs arc counted. Ttc urcoudad population falls into two categories:
those witf,b thc arca $tvej€d that s,c!e not sighted (see above), for whatever rcaloD, a.nd those i.r areas
a.isociated with the oairsbe3m tbat w€re not surveyeal

I! the Adelaide River systeo (Flg. 1t, 50 km €ast of Darwin, C poronr occupy a variety of tidal aud
non-tidal habitats, some of which can be r€adily surveyed by spodight and otiers which cannot. On Fig. 16
the total populatior siz! $/ithb the Adelaide fuver i5 cstiEated ia stages, using approp.'rate correctron
factors for differed habitats. Th. stages i.ncorporated i.!to ttis estimate are:

1. Spotlight cou,16 id 1984 (CCNT, urpublished data) yielded 80 hatcbl;'gs atrd 514 non-hatchlings in
the daidstream aiid its majo. side creek; similar results were obtained by Messcl et al. (1986, 60
hatch.liags aad 542 non-hatcl'lhgs; a-c od Fig. 16).

2. Using the general aall1stream corection factor (1.60) bet$€etl rclati!€ dersities ard absolutc
dclsitics (Tablc 14), tf,c,sc sighted iadividuals gi'c a total populatiod estimate of950 aniIl1als (1Zl
hatcblidgs ad 822 nod-hatcliirys). Usiag conection factois in Messel et aL (1981), sidilar
trumbers (95 hatchlings and 889 no!-hatchlings: tota.l = 984) are derived (d oE Fig. 16).

3. Ho*ever, sepa&tc corK^tior factors are ncedcd for upstream, dowDstrea$ a.nd side creek (Table
14), and whe! thesc arc xpplicd to thc spodight coun6 it irdicates a popDlation of 1133 individuais
(e on Fi& 10.

4. CompLtely excluded ftom t s estimate G the Fpulation which exists year-rourd ir Melacca
SqEmp (Fig, 15), a hcavily vegctat"d wctlatrd which catrrct bc surveyed by spodight. Usitrg rcst
counts (22 in cach of 198+85 and 1985-86) as ttc relativc deEity iddc)(, and corec-ting them with
the mcan conedion (f.6) derived h Table 1?, an additional 387 anidals are indicated; this
ilrcreases the total populatiod €stimate to 1520 (f on Fig. 16).

5. I! addition to Mclacca Swamp, the f,ood plaias of the Adelaide River cootaiB sode 150-200
permarent atrd semi-perdaftrt billabongs ard ninor swamps. In 1986, a sample of th€se was
survetcd by both hclicoptcr (106) and spodight (ZO). Wten these indices were corrected to
absolutc dcDsitic,s, it iolded atr additional 80 animais, inccasing the total population estidatc to
1600 G on Fig 16).

6. In addition to th€se habitats, there arc large ruEbers of sdall tertiary crccks whicf, are
hacccssible to sutr€y boats alld which were not surveyed by helicoptcr, a.od additional upstr€am
billabongs (that co[tai[ c' porofl4 atrd in at least one case desthg adults) which were not included
in our survcy. Thus 1600 rcprescnB a corser%tivc cstimat. ol thc total population of C poro$ts
within the Adelaide River srstem alone.



Figorc 15. Thc Adelaide River sFt.d. Numbers are rivcr kilomctcrs from tle mouth.
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Frgure 16. Numbcr of Oocodl.,J poronrs ia thc Adclaidc Riw' ststcm: a, hatcblhgs sightd itr spodight
sun,El r; b, noGhatchli.gs sighted h spodight $rlvcF; g total number of C. pomsu.r siehted in spodight
slliaeysi 4 populatio! estidate usiog mairstteam corcctio! factors (see tod); q popolatiotr estiEate usi.Eg
appropiiatc correcton factors for upsllcam, dowDstrcam, ard sidc dc.tr habitats; f, population estimate
accouatiDg for C. pon nlj ia rious billabotrgs outsidc of the mairstrea$; & total populatiotr estimate
includitrg c' poron r i! Melacca swamp. Shadcd bars idicatc suilJEy data ftom M€ssel et al. (1986), and
uashadcd bars arc survcy data fioE if,c CCNT.



THE SIZE OF THE NORTHERN TERRITORY POPUI.ATTON OF C. POXOSUS

Webb et al. (1984) deri&d a couervatirc estimate of tle Northern Teritory C porond population of
30,000 hdividuals, aad guessed tlat the real population was doser to zl{1,000 whe! the full extent of
ulsurgeyed habitats was ta.ked into considcntio!" This estimate was coasidered an o\€r€stimate by Messel
(1986) a.d Mcsscl ct aI. (1986), yct we had corlsistendy used corscrvativc corection factors:

L COaetl!rc. Tleo cstimates of tie absolutc de8ity of C. ?or"nJj ou the coast were obtaincd; ode
bctwrer Darwitr and the Mdoria River (0.09/tm) ard one around the coast of M€lville Island
(038/kDr). Ncither arca i4lud€s the b€st brecding arcrs for C. potosus (Table 4), ard tlus a
mean of tle two astinatea (014) is probably more lealistic thar th€ lower value (0.09) used by
wcbb ct aL (1984).

Z Coastal Sccondarv Cre.ks. Coastal secodary crccls bctwEd Dsrc,i! and tlc Victoria Rive. were
suvcycd by helicoptcr ard thc counts wcrc corrc{tcd to absolutc densities (257/t :r). The 1238
td of coastal secondary creck irr thc Nortf,cm Tcrritory was composcd oI 638 scparate c.eekE
with a nean leagth of 1-9 lE, which assumes a mean total population of about 5 cocodilcs pcr
creek.

3. Mai.|r Brcedina Tidal Svstems. MaidstreaEs (1587 kn) and sidecreeks (405 !s; 207 creek) were
lumped itr our previous estiEate, and give! the l'leaa relatic density of3.16 crocoaliles sighted per
km dcrivcd ftom surveys This wa6 th€n multiplied by a consen"ative correctiou factor (133). Th€
mca.d dailstrca.lr corrcdion factor is cl6cr to 1.6 (Table 12).

4, Sidecr€€k Conections to Br€€dina Tidal Svstcms. In rcality, t[e probability of sighthg crocodiles
il tidal sidccrcets is lower tha! in eidc Eairstrcams Clablc l2), and witiin the Adelaide Rivcr
cor.cctioos for this urddcstimathg bias i rea3cd the populatio{ by 19%. A similar correctiod is
applicablc to other majo! brceding s,6tcms, yet it war rct uscd id our 1984 estieate.

5, Mino. B.€edinq Tidal Svstems. Mainsrread! (3185 tn) alrd secoddary cr€eks ([a0 k!r; 717
ciccks) were lumped is oul previous estilllat€' aad giiEa tle oear lelative defiity of 0.21
crocodiles sightcd p|cr to derived from survels. This war thcn nultiplied by a conservative
corrc.tiotr factor (1.41), Tf,e real corectiotr factor is probably doser to 1.6 (Table 1Z), plus ar
aalditioral corrcctioo is sceded for sidccf€€ks.

6. Ftood Plain Creeks. Ir thc origidal c,stimate, 1291 kd of flood plaia channel $"s givcd a rclative
density dcrivcd ftom sf'odighr corlnts ir 105% of ttc babitat surlrycd (5.60 crocodiles sigbted per
kE). Ttis wEs nultiplicd by a correctiod factor (15O bascd on rcsults frod a tida.l syEtem. The
mean corrc<tion factor reccndy derird is 1.?6 (Table 12).

7. EscarDrncnt Channels. Itr thc origitral qstimatq rhe 534 km oI flood plair chamel werc nrntiplied
by a .elatir€ den6ity of 0.60 and a corrcction faqor of 153; ar absolute density of 0.92 per km.
Duc to the phtrical chdaderistics of thesc ctar&ls, the corrcctior factors applicablc are plobably
bctw€€tr thosc of the upst e€s tidal a&as (1.69) aad thosc of sid€ cr€eks (286).

8. Fresh$,Eter swamgs. Altio[gh some areai of 's*amplatrd' rrere recog scd within tle Nortbcm
Terdtory patchcs of fteshwater swamp with high deDsitics of C. poro$Jj aests arc more lestricted
(Magtrussor et aL 1978). No estidatc for this Fropulatiod was made in our origiMl estimat€, but
gi!€n the nulbers Dow .stimated i! Mclacca Swaop alorc (*7 C pomsus), t\e total populatiod
witlid such habitats iu the Northem Territory must be in the 1OOO,S.

9. Te.tiary Creeks. The 8223 teiiary creek i&ntfied are a.d unknow! qua.ntity with regald to C.
poro$d. Some of these cieeks are corEpletely dry at low tide atrd others recedc to pools. Withit
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major b.eeding tidal rivers such seeks (12t6 *€re recogdsed) harr a high probability of
containilg crocodiles, but along the coast alld in lo{, de$ity areas they do not. No estihate was
made for theE.

10. The Captive Population. As of June 1986, there a&re A32 C. porotus it captivity itr Australia.

The above cstimat€s do Bot account for thc idcrease in the wild population that has occured owt t!€
last t*o ycarE noi doas it accourt for thc many bodies of watcr trot itrcluded on 1:100,000 maps - 30,000 to
210,000 r€s a conscreativc cstimate of the C. po.oiur populatiod in 1984.
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RADIOCESIIJM LET'ELS IN A POPUI,,ATION OF
AMERICAN ALLIGATORS:

A MODEL FOR II{E STUDY OF ENVIRONMENTAL
CONTAMINANTS IN FREE.LIVING CROCODILIANS

l. I2hr Brtsbtn, r.

Satrl'nah River Ecolo6/ Laboratory
P.O. Drawer E

Aike., South Cajolina 29801 USA

ABSTRACT - Studics of tle distributio4 fate aad potcrtial iEpacts of edviroolde[tal coltasinants r€quire
a thorough kaowlcdgc of the basic ecological relatioashipa, Doveme s atrd behavioK of the target
o.gadsms. Altlougl crocodi]iars havc bectr littlc-studied in tlis rcgar4 the codilual release of
radioouclid€s ard other coDtadila.Ets into elemcdG of global clculatioD, suggcst that even populations in
rcEote r.gionE Eay now be significaldy iEpacted- A.o cxample is gi!€d of a study of a populatio4 of
AEericrn aligators ibhabiting a rese.voir which ha3 received low-levcls of radiotuclide coEtamination from
ar operatiig ruclear productior reactor, The principle radioduclide of coacem was the gamma-emitter
radiocesium which l5 krown to coacentratc priEarily in skeletal muscle. By estioating the population
number and sizes of individual alligators present in the reservoir ard then det€rmiling radiocesium
corceatrations of selected individuaL, tic rosidcnt aligato. populatiotr (n = 12), was calculated to
repr€seDt aa ar€rage livc-weight biomass of 1.9 kg^4 e.hich lflas 3% of thc total biomass/ha of all "nin,k
studied itr the res€rvoir. When combined with previously publirhed cstimates made for otber codpoderts
of this same r€sc'loir, these calculatiou ia&cated th^t 9% ot rh. radioccsium resided ill the abiotic
codpore s (scdidents aad water coludn), Of thc radioccsiuo estimated to rcsi& *,itlia the biota, only
0.470 was locatcd withi! thc adrnals, atrd of this &actio!" only 05% was found i! the biomass of tne
alligator populatiod, Trophic-le!€l corcedtration or biomaglificatiol of ladiocesium does not appear to
occut ir Drany aquatic vertebrate food *rb6 and tlc few determinatio[s tlat wete madc oa'aligators
sugg€sted that radioccsiuid colccdrations i! tf,eir biomass (iocan = I pci/g liir weight) were lower thar
those of sev€ral of their prey species. A number of featutes combine to male radiocesium an ideal .tracer,

to study the prhciplcs ard pathways by which eany classcs of ewironm€trtal conta.Erra.nts may cyd€ and
becomc corccnt ated witti! crocoaliliar populatiois. Hou,€l€r, ilorc informatiod is sti needed for age-
specfic clanges in body radiocesium coderts and for rates and patterrs of cootamilatrt uptake under
lratur3l corditiorF!

INTRODUCTION

The catastrophic accided at thc Chemobl nuclear power statio4 itr the Sovi€t Udor has served to
underscore the potedtial for global cnviro nental cont.nitr^rior to occu fouowilg sucf, atr evert, with
signiEca.nt co[tamilant accumulation a4d iEpact occurriag eraa ia regiors far remo!€d ftod tle sou.rce of
cortaEriran! .elease (Medvedev 1986). Even though Eany csocodiliatr populatioE are located in areas
tlat arc far .emolrd frod iadustrial dcvclopmcnt, thcy ca! tro longer be alsused to bc icc of long-term
cbrodic contaminaqt iDput ftom a variety of solrces, as a result of global cycliDg pathways. Wlile global
a$nospheric fallout of radioactive materials has bccn of padicular concem in this regard (Comar 1961, th€
same pattrways a.nd mcchadsms day also b€ respoDsr-ble for thc distribution of other classes of
coataminants such as pesticides or heaiy metals (qay er aLlyl4). Becaule oftheir terdercl to persist id
natual food webs atrd to cause localized €cllular/tissue damage in target organisds for maDy years after
release, Eary radioouclides ar.!.of special_codccra as eavironmental stressois (Table 1). Radioc€sium,
iadudirg tbe isotopes of both rJcs and D'CE are of particular concern trecause of (1) its ubiquity in nost
enviromental releascs assocrat€d with both duclear weapotrry and the luclear power idustry (2) its

60



6 l

E . -  V Q Q Q

t i t i E

>r r! F 66i
o  o o x  5  x

E I  :E  c  e  : 9  l i g  d

E F 5E E E d€ i€ E

v i 4 i , i a a a t " t 4

t t

f idoo<

€
L=.^EegE=-qF E : qi ; E"

E

; - - - vd6dN.o-
; ' 9  !  I  A  3  g  R

. : 6G
G. t< ;

EE!-2
^g€-a^ :agcsaFS' .o8
9tsbTez+-)
? : : : ' -> :6
5 5: :  iS :  i

z<

=fr

3.E.E
' 6 t A

F" ''Et :

A J

>E

a

: '



62

relatir€ly loDg half-life ard thus teldency to persist ir the enviroDseDt for cxtendcd periods of timel (3) its
tesde y as a gabda-€mitt€r to causc etrensive ccllular/tissue damagc orce incorporated hto an
orgardsm's biomass, aud (4) it5 tende(y, as a! aralog of potassiud, to accumulate i! highest
concertrations in skeletal Duscle, {,hich would be the tissue 6ost Lik€ly to be consumcd by man or other
heterotrophic orgalisms ir thc food web.

Extelsive studies by seroral authors (e.&, Jeakias and Fendley 1968) halr sho*tr tlat radiocesiud ard
otler radionuclides ofted tcdd to corcertrate at unusualy trigh lcvels i! tle bodies of ftee-living wil<tlife,
folovilg depGitior as falout &om tle atnospheric testhg of nucled wcapolls. This has been showd to bc
pafticularly true in regions of trutdetrt poor soils $rh as tie arctic trrdra (Hanson 1966) o! thc
southeastem coastal plails of tle Udited States (Jenlids and Fen<tley 1968). Ia such ar€as, fa.llout-
deposited ladioduclides form a relatively greate! portior of the total soil trutrietrt pool ai"ilable to the
i€getatiotr of latulal coo.iouditics,

The basic prirciplcs for studiDg thc cyclirg aad accumulation of radioouclides ir thc environaetrt
have beer developed witlio ttc discipliae koown as radioecolosf as desciibed by Whicker ad SchulE
(1982) . Much of thc work ia tht field however, has been de!€lop.d on tf,e basis of laboratory studies and
has sEongly emphasized hoocotlcrmic organisms, such as doEcstic livcstodr, which figure prohincrdy in
the food wcb of man. As pohted out by Brisbid ct al. (1986), studies of contaEina,rt cyclitrg and
radio€cology have receiled practically ro attedtior i.d the world crocodiliar lit€ratue.

It is the purpose of this report to describe the basic desigtr and preliEinary results of a research
proglam aioed at studying thc uptake atrd cycling of radiocesium in a populatio! of A.dericatr alligators
(A igator nististippiensit) inhabitiag a resclvoir whic! rcceilald n&otruclide .eleas€s froo aa operating
nuclcar production reacto. oi€r an cxterdad period of tiDe. ltis also tle pEposc ofthis.eport to ose this
particular study to cva.luatc the app.oaches atd methodologr/ which oight bc used to study otler o.a$ples
of environdcntal contaminatioo in othcr oocodilian populatioB througlout the v/orld.

MATERIAIS AND METHODS

This study was conducted itr the Pord B rescnoir (Fi&^D locarcd or the Udted States Department of
Erter8J/s Sava@h fuv€r Pla (SRP). Tha SRP i5 a 750 kmz Duclear production and .esearch facility of th€
UDited States Departme of Ener$r alrd is locatcd ir portions of Aike!, Allendale ard Barnw€ll counties,
South Carolha" This arca has b€etr closed to public accesr sircc 1952, providiDg the residcrt population of
Ai[eriaan alligators wit! fteedom ftom poaching aad matry otler folEs of disturba&e. Detailed
dcscriptions of this site drd it6 rcsidcnt alligator populatioD havc bcer !'rovided elieqrherc (Murphy t98l;
Brisbin 1982; Bdsbi! ct al, 1982; Seigel et aL 1986). Thc Podd B resenoir fords parr of thc SRP'S par pond
rcadvoir srtstcE rrhich has, since thc ca y 1960's, provided a clos€dloop systeo of cooliDg watcr for one o!
aore of ttre SRP'S ducl€ar productio[ leactors. Pod B was formed il! 1961 by iEpourding a naoral stream
water course, wbile at t[e samc time dirtning water to the idpou[.lmenr from the site's R-leactor complex.
Itrput fiod the R-rcactor lrls discodinucd id 1964 a.od since that tida hydrologic itrput to the resefloir has
beeIr ody Aom diect lairfall and subsodacc glou.ndwater seepage. Although the sudace area ald otie!
phlsic€.I characeri6tie of thc rcservoir vary slighdy in respoDse to balatrces of precipitatio[ atrd craporation,
the lale is approximately 87 ha in surface area aa<l has 9.0 km oI shorelirc. Maximum depth rcar the dam is
122 m. The lalc has nuaerous sballow colcs which arc heavily vegetated with dacrophytcs in contrast to
ttre lrore opca dcep€r waters in the ceitral pan of thc lake. The majority of the lake's alligators are
genera.lly fourd withitr 10-20 m of tlc shore i! the shallowe! 6ore vegetated areas (Fig: l).

Betw€cD 196G1964, the heated emuents frol|i tbc R-lcactor wEre codtamhated with varying amoudts
of several radionuclides \rhich rc$i.lted from dir€ct inputs from tle reactor itself ard le3lage from a faulg
fuel elebcnt storcd at the reactor site (Albcrts et al. 1979), Radionuclide inputs to Po[d B
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duli.og this period loralid abB$ tgAom Ci of tririud, t5o ci of a7Cs, tz ci ea"h of {Sr, aad 16,16Ru
and lesser aloounts of wCo, a#vPu aad other ttansu.ra.dc clcmctrts.

Measuablc quantities of eost of thes€ radionuclidcs, panicularly radiocesium, can still be foud itr
both abiotic and biotic compolents of the Pond B .eseraoi €cosystem. Since tle time of reservoir
formation, the waters of Pond B have tended to bccome trutrietrt-poor atrd relatively acidig as is typical for
natural freshwaG. s,steds of this region. Thjs ia rurn has tended to produce a'situation favoiiag high
codcertration factors (coBcentratiotr in biota/cotrceatation itr water) for radiocesium fwlicker et al.
1984). Ttis, in conbhation with the gcrcraly low cation-bidirg caiacity of rhc soils ard sediEetrrs of
regio! (Brisbia .t al, l974ai Wlicker ct al. 1984), has tcnded to eDlatrcc the continued recycliug of
radiocesiuE ard oti€r radioouclides into tle biotic coEpoDedts of ttre resenoir.

MuQhy (1981) descdbed the alligator populatio! residedt ir Podd B i! the late 1970's as iftluding
sevcr.I adulfs of bleeditlg siz!. Although oo evidercc of reproduction vras fouad at that time, Murphy
predicted that the subsequcnt lcproduction of tf,esc aniEals togcthe. with the tikely dispersal ofjuvcnile
alligators to Potrd B aloig thc ca[al co![ccting it to thc maid portior oI Par Pond (Fig. l) should eventua.Iy
result in the cstablishdent of a viablc breediog populatior of alligators ilr this reservoir.

Populatio! truobers of alligators wsre estiEatcd i.tr tle prese study by night-time e1.c-shine census
techniques (Wood ct al. 198t. Ceasus duises were made ftom an airboat with the entire shoreliae of th€
reservoia beiDg corrred each nigbt that a ccnslrs was conductecl Shorclincs were celsused ftom a distance
of approximately 50 o dtlough the size of the resewoir penDitt€d the identification of ev€n juvenile
alligators at a alistalce greater than the maxiduE $/idth of fte reservoi!. Cersus cruGes, \ehich took
approxiEately 1.0 hrs to complete, were corductcd or Ju,te 16, 17, 18, July 1Z 18, 19, August 5 and
Septedber 17, 1986. Each alligator that *?s located was approachcd as closelt as possible in order to allow
estimation of body 6izc. Very small admals wcre captured whcneitr possible and mark€d with tail scutc
clippings in order to prevcnt duplicate idedtfi€tions of the sade irdividuals. Following the last census
cuise, recor& ftom a.ll cruises wcre coDbined iD ordcr to estimate the marimuE nusber of individuals
that vrere likely to be pr€sent i.d thc res€rvoir, In this proccdure, locatioB of alligators oD differcnt cruises
were compared witl rcspcct to body size and location ia tle resenoir, A strong teddercy was show[ for
Eost adEal6 to be associat€d with sp€cfic locatiotrs aloig tlc shoreline, thus facilitating the
differertiatiod of iddividuals atrd prcvedting duplicaic coutrtidg. Body size estimates, expressed as total
body le[gth to the nearest meter, \rcre converted to body weight estiEates usirg l€ngtl-weigfu regrcssion
cquatioDs prese ed by Chabreck alrd Joaler (1979).

Body-burde$ of radiocssium werc detcrEined by procldurcs simila. to t[ose descibed by Brisbi! et
aL (19R). Ia tlc prasent casq body burdeE were dcterdiued for hatchling alligators in a lead-shield€d
viole-body coutrtiry chambe. with a NaI CIh) cr)stal deasuriry 102 cm in height ad 152 cm il' width.
Hatchlings werc rc,strai&d itr plastic tubes and placed so that tlc center of tlcir body was ceitered
ihEediately above the cr}6tal detector. Gamoa cmissions were alalyucd on a Canberra 8m mdd-
charnel pulsc-height a&lyzer, a.nd coutrts accurnulated duing a 2OOO sec counting period were comparcd
with same-day trct counts from a.d aqucous phalrtom of sihilar body dze and conliguration to the alfigator.
Body burdels of ladiocesium were crer€sscd as pci/g of q,holc-body live w€ighr, Alrhough no aligators
havc y.t beeD captured which could not bc counted itr t[e prcviously desc.ibed equipmenl tie
deterEinatiotr of radiocesiu-E co[tents for larger individuals (> 15 m) would require €ither sacrifice and
whole-body homogenizatiou tcchnique,s (BrGbitr aid Slrith 197t or, if a[igators wcre to be kept alive after
radiocesium detcrmitratio!, altematiie connfing tecbriques codld b€ adapted usirg portable field gamoa-
coultidg €quipmedt 5imilar to that described by Raboa aad Johason (1973) ad Wright and Spticha.l (198)
for use wit! deer and feral swine. Itr usitg this field cquipment, the thick skin of large alligtors would
require tbe use of correction equatiors desclibed by Srriblilg er. al. (1986).
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RESI'LTS

The eight census ouises produc.d a total of 42 sightings of alligators (rangc = 3-9 sightings/cruisc).
Ar additional four sightirgs were madc beb&cr cc.sus aruiscs while cotrducting otler researcb activities at
tic reservoir. Of tbe,l6 sightiags, 3 were ablc to provi& a size estimate for the alligator observed. Eight
of t!. sightirgs induded tlc hard-c-aptue ard positirc identficatioa of one of three hat.l'linl6 foutrd in a
cove at thc Bortlem eBd of the rcservoir (Fig. 1). Thcsc hatcbliigs l,€re always found ir close proximity to
ole aaothe. ard probably rcpreseoted a cohort which hatched froo a dcst in that area in 1985.

Takcd togcttcr, tho ccrsus Guisc data idicated that ia additioa to the three hatcbli.Dgs, dne other
alligatols lcsided ir tia Pond B rcservoir, ircluding three adults whose sizes suggested that they *ere
potcrtially rcFoductilr Clablc 2, Fi& 1). Applicatior of lcDgth-r,eight rcglession equatio$ indicated that
thcsc alligators rep.cseltcd a total estidat€d biornass of 1612 kg or atr avcragc of 135 kg/ha for tle cntire

whoL+body burdcns of radioccsiuE for tic tbrac hatchliDg alligators, as deteridi.ded on Juuc 17 a.!d
18, 1984 w€rc 12.68, 1533 and 11.61 (Ecan = 421) po/g livc $/EiSht. Applyirg this value to the total
alligator bioEass cstiEatcd for the rcservoir indicated a total irr€ltory of 0.0244 Ci radiocesiumAa for
the Pod B alligator populatioD. Thi6 valuc crrs then combbed with previously publishcd radiocesium
invcntory cstimates for otf,cr biotic al'd abiotic coEpartdcnts of the reservoir, and with prelimidary
i entory data reccndy collected for watedowl (prircipalty Ahericar coots (Fulica aneicana) a\d nng-
Aecked &rcks Q4rthrw colorit), aad largenouth bass (Mraoptaras sabnoides) (I^ble 3). These comparisons
iddicatcd tf,at larr than 0.6% of thc total hvcntory of radioccsiud prcsent itr PoDd B w€3 found id tle biota.
ApproiEately 99% of tf,e radioce'siu.E was fourd in thc acdidcrts, with mo6t of the resainder beilg ir
thc water colurn ofthe rese oir. Ofthc radioccsiunr fouad itr tie biot4 99.6% was incorporated into tte
biomass of thc macrophyes (Tabb 3). Of tlc total ili€dtory of 3.9 Ci radiocesiu.d^a for.dd ir the
aaiaals, oaly 05% vas iacorporated into alligator bioaass. Thc inildtory of radiocesiue in thc alligators
was lorcr thsn that of ary othcr biotic comporc studie4 alt[owh it w6s of thc same g€rcral o.d€r of
magiitude as aslinrated for be lic gnstopods and watcrfowl The radiocesiue im/entory ir thc alligaton
wari nearly two ordefi of dagritude less than that found i! tle largcltouth bass ard bdthic irvertebratc
comEudty oI the reselvoi..

DISCUSSION

Thc prescot status of thc Pord B a.lligator populatio4 as detcrDincd by thc census .eported here, is a
lcasonable @Gcquer@ of thc status rcported by Mu.phy (1 1) who fouad '11 alligators, i[dudilg
scvcral largc adult5, itr Pord B itr thc carly-Eid 1970's. Sincc tf,csc carlicr surveys, therc haee bec! several
krosm deaths of latge adult alligators itr Pond B (Murphy 1981; Brisbir ct al. 1982; Seigcl et al 1986),
possibly as a consequer@ ofAeromonas lqdmphita infections and suess (Brisbin 1982). These, together
1vith thc probabl€ dispelsal of jurrdles ilto Pond B iom the adjacent North Arm of Par Pond, as
predicted by Muphy (1981), would produce a populatiotr age structurc similar to that fourd itr this study
CrabL 2).

As i uscated by tle study rcpo(ed hcrc, th.r€ arc a number of quabtities which are difFcult to
cstihate acquately i! tle proalss of calculatiq the total stardiag ciop ofa conta.DriBant such as
radioc€siur! in a populalioD ofwild ciocodilians. E.rors in estimating th€se qua.ntities will uadoubtedly
idtroducc errors of varying dagdtude into the 6nal invedory'calculatioas ald hence day iDllue[ce the
fi.nal conclusions srhict arg dra*!. Chief among th€sc factors is the alilliculty involved itr capturing and
accEatcly estimatirg lhe al€ragc radiocesium tlody burdetrs of large adult crocgdilials. Itr fact, tro such
€stisates have yet b€en obtaiaed for the Pond B alligator population" and all estimates of biomass
radiocesiur:r coacedtratio$ tlus



Table 2. A-Eerican alligators censt'sed duridg the summ€r of 1986 on the Polld B reservoir of the
U.S. Departsent of Energ/s Savar.nai River Platrt.

Alligator No.a
Estimated Total

Lcrgth (m)
Estimat€d Live _

Body Weight (kg)b

1
2

5

7
8
9

10
11
12

2.44
1.45
tm

o37
024

1.00
t25
2.44

t25

55.m
9.90

n50
0.10
0.11
0.08
3.60
1.30
5.@

55.90
5.60
5.60

Total = 161.20

b

Allbators arc nuobcr€d is scquclcr, according to thair locatiod along the rcsen/oi! shorclire,
procceding dockwisc frod thc point of reaclor efilueat iDllow, ai indicatcd ir Fig, 1.
Calculated from t[e length/weight rcgrcssior equatior for wild aligators (Chabrect afll Joaned 1979).
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had to be bascd od thc avcrage of those valucs obtaircd for thc morc casily capt8cd a.nd hasdled hatcblings.
Siace aligators shift thcir diet ftoE a largely iDsect/i$€rteblate to a vertebrate pley base as thcy gow
largc., thclc is thc possibility that lJright-specfic radiocesiun body burdcrs may cha.Dgc with agc. However,
as will be discussed latcr, data from other spccGs such as fish-eating birds (Brisbh et al. 1yB; Donrby aDd
McFarlare 1t8) a,ld snal€s feeding on aquatic vertebrates (Brisbir et sL 1t4b) ftom tbjs saEe rcsclvoir
srsted, illdicate that pledators in $e higber trophic lcvels of vdtebrate food webs do aot tend to shovr higb
larcts of radiocesium biomagnficatrod. Thu.s, radrocesium conce ratioD leirls in the bioEass of the larger
adult alligato$ is probably not signficandy grcatar and po6sibly cor d ercn bc loqcr thatr those reported
here for the hatchlings.

Anothcr possiblc source of haccuracy itr the calculatioo of coDtamiDaat statrding clop L the field
estimatiod of thc 6izes of bdividual arinalE asd the use of co.rect .egression clefdcic s to Fedict body
*eights ftoln 6eld qstieat€s of lcdgti. Murphy (1981) has showl sigdficalt dificrcrcca betwre! the
growtf, pattcrD! of alligatoB i!.habitisg differcol rcgio.s of the Par Poad .cselvoir systcE, 6rd if thclc
diffetcrces producc corrcspondidg diffcrcnccs ia Lrglt-\v€iglrt rclationships, tle r"alidity of using lelgti-
'lvrigbt rcgre$ion coc6cictrB derivld from populatio[s ir another part of the specics rangp (e.g,,
Chabrcck aad Joalco 19/9) dlst bc qucstioncd urtil !€rificatioo c5lr bc obtained with aaual lcngth-weight
data from individuds ftod ttc Pond B popolatiod itsclf.

While certain quantiti€s in a cotrtaminalrt iri€ltory calculation nay be more dilficult to estimate for
crocodilians tha,t othe. spedcs, othcrs may actually trc easicr. Estimatior of alligator numbers, for
example, particrlarly ir a situation such as Pond B, car aldost certaidy be performed more accurately
than cnn tha citimation of populatiotr rmbers for such biota as fish or benthic hvertebratcs. The
population estimate of 5434 for largemou& bass in Pond B, for examplc, was based otr 747 rtlark-
rccapturcs ard had a 95% coDlidclcc iitcrva.l of 35897279 itrdividuds. In terlns of thc arcragc
weigbt/irdividual bass (mea! = 255 g), this leprqseots a deviation of about 470 kg for thc total bass
population biomass. This is oorc than trpice thc total biooass cstiDatc for thc eatirc rascrvoir population
of eitler alligatoG or wat€rfowl (Table 3).

Daspite thc factofi disclssed abor€, it is udikely that any of the idaccuracies invohed in estimating
tlc iN'cdtory/distn'butior of radio.esiild ir the Pod B aligators would altcr the b6sic corclusion of thG
study - nainelt that colcentration levek of lhis isotope ia alligator biomass are relatively low compared to
malry other sirecies a.nd/or coEpl|rtllents i! ttc reselvoir (Table 3), and that, above all the total amoutrt of
rclcascd radiocasiu.o wbici is trow codtaiaed in tte alligators is idfilitesimally small (Tablc 3). To bc surc,
populatio[ dclsitics of alligators itr Podd B (mcan - 037mi of shorcline cersused) arc low compared to
sodc other alligator populatiod wtosc dcnsitics can rargc a! high as 64 aligators/di elsrwhere in South
Catolina (Ban 1974) or 58/Ei id Florida (Ecan fo. all statcs - 5,25-5.64/ni ia lSTa aid LCn,
respcctivelt Chabrcct 1919). Howser, cvctr if thc a.lligator population dcGity, and hcncc total standiry-
clop bioDass, wE c ioccascd loGfold to approximate thc high€st deDsities reported i! thc litcrahr&, thc
alligators i{ould sdll rcprescdt le,ss tiaa 03% ol the radioccsium invcntory in tlc biota and less tbaa
o.NLVo of t\e tota.l bi€ntory in tbe reservoir. Morcover, tbe calculatio$ presented here for the
perccatage cortributior ofaligators to thc Podd B radiocesiuE idrcrtory (Table 3) arc likely to repres€rt
an ovcrcstiEatioo sincc oo data ude a ilable for sevcral biotic coepodeats of the rascrvoir-tutably
turtles and &h othcr thar lrrgcEouth bass. Ttc radioccsium id\crtory i! thc rescnor's catfish
(Ostcichihycs: Ictaluridac) may bc a panicula.ly important omission in this regard.

Thcsc fadiags cnphasiz! the importancc of concomitant ecosystem sodies of physical factors such as
the chedistry of tte sediEcnt/c/at.r interface, for understandiag of the distributio!, fate add effccts of such
released conta.Ebants. Ho\revcr, while physical forccs may hdeed be of orcrwhcLming importancc it
detcreini[g the rates and pettcr6 of radiocqsium distribution s/ithin the reservoir, tf,e importance of tbat
shall part of thc tota! idvcrtory which docs indccd come to co aminatc wildlilc such as alligators, should
not ttc undcrestimated. As atr etrdangered speci$, ma.dy lcgal issues preseddy relate to the stat€ of w€ll-
being of alligaton in thc southcastem United Statqs. Thus it is erd.emely iDportant, and in somc cases
legaly Eandate4lo elaluate tlbse factors which lcgulat. the fate and ellects of such codta.oinants in thcse
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aniEals-even lhougb in terD$ of the total €cosystem and/or biot4 the total amount of contaminalt
irvolved may be relath,Ely minor. Indee4 the rise of envirorEental consciousness in the Uaited States and
much of tle developed worl4 vJas oftea first focused by cotrcerdi over co ar:riizrtrt lelels in just such
predators at higher trophic levels of thc ecosystenr. I-ercls of p€sticide residues in birds of prey alld fish-
eatiDg seabirds, for exalaplg have always beir ooe of tie foremost causes of edvLoBmental concem since
tle first publication and societal impact of S.ilc!! Sllilg (Carson 1962).

It c.dot be emphasized too stroigly, hoecvcr, that a.ny study of tte ecological cyding ol
radionuclid6 or ary other environdental cootamidalt in a popol.ation of alltators or other legally or
politicaly aisible' spccies must include conside.ation of contaoinant distributiotr and movement withir all
biotic and abiotic coEpartmenB of the ccosystcm. In the case of the Potrd B alligator population, for
o.ample, lhis mea.Ds that, i! additior to studias of sedimeDt atrd water chernistry radioccsium cycling ilust
also bc studicd ir thc populatioDs of fisb turde,s, waterforvl .nd othcr species that may fonn an importad
part of the alligators food ba!c. kerious studies by B.isbia et aI (194) ha\e siowtr that America.! coots
contain tle tighcst body burdens oI radiocesium of ajry of the coddon sp€cies ofwaterfowl found ia the
PoBd B rescrvoir, ard sincc thcy are eitemely abu!d.d, ard lelatively slop moving these coots may form
alt itBporta$ ited in tle diet of lcsidcnt aligato.s. Coots airive ia the Par Pond reservoir system in
Octobe! ard depart for norticrl b(.cding groudds the folowing sFi!& Duirg th.i! wilter stay on the
rcs.rvoir, thcsc Urds iNrcase in radioc€siue coBtert ultil Dcccmbcr, Jaruary and Februaly. Thercafter,
a prccipitous dcdinc itr radioc€sium content occuls as thc birds which had b€en resideit at the site oove
rcrtburard ard arc replaced bybuds th4 had wintered further south atrd thus had not had atr opportuity
to accumulate elevated body burde* of radiocasium. Thus, the intale of radiocesium by alligators feedilg
on these waterfowl would be gleatest itr ttc mid-wiatcr months-a period of tilre wher Drost alligators are
probably 1ea5t likely to bc feeding actircly bccausc of cold temp€fatures. However, as indicated by
Murpty (1981) tlc irpnt of heated.eactor enuents itrto parts of tlc Par Pond reseivoir system has
created a cordition itr l'hicl somc rcsident alligators Bay indeed redain activc ard fceq as confiaed by
field obsen"ationE ev€s duridg thc colde6t widar months. This in turo, would cxposc alligators to the
intale of radioccsium ion feeding olr coots, at thc tihc of ycar when tte radioccsium coDtedt of tlese
birds was highast. Itr tle Pod B rcscrrc4 howcwr, the lac& of such theroal irput wodd probably
prcvctrt sucb ar occrr.eac€ since few if ary of the alligators rcmfi actiw aad feeding during thc colder
Dodths (Brisbid et aL 19&2).

The idl€atory approach to cont'rin,nt distdbutior itr atr ecosysteE such as Pond B, is based upotr
thc structure of the ecological pFaEid of standing-crop biomass and ultiEatety tbe cootamiMnt itse4 in
r"rious Eophic levcls. In terss ofkg ofbiomass/h4 thc biomass pyramid of Pond B (Table 3) is sihilar to
sevdal of tho6€ desc.ib€d by Odun 0gn) for a Edety of both aquatic alrd telrestrial ecosystcms. As
Eeationcd prcviouslt how€ver, the principlc of biodagrification of the contamhant tbrough succcssively
higher trophic leveb does lot sccE to hold for tie Pond B ecosr,sted. Thc highcst weight-specific
radiocesiud colccrtratio.s arc shown by na(ioplytes atrd scvc.al of the potdtial prcy species of aligators
(invertebratcs, bass ard wateifow! Table 3).

Bcsides the ilventory appIoacl, a complete understandirg of codta.lliDa.rt distributior and qcling
rcqrrhcs a ldowledge of tumover ratcs *ithia botl populatiors ard the bodies of individuat orgadsns.'ffiile 

no such studics havc yct becr p€rformed with docodilia.!$ studies of bioelimination rates of
radiocesiud ir captl! snakes (Statod ard Briebitr 194) agrce wEll with calculations reported by Rcicblc ct
aI (190) for othd poikilotf,ermic vertebratec Togctlcr, these predrct that .adrocesium half-lives of
auigato.s of larger body sizc (> 2 d) would probably be c)dredev loDS atrd complete €limhation of tle
isotope following c€ssatioD of cootasiDart itrput, might require several years or longe!. Such 'phrsiological'

turtrover ft*es as dcscrib€d by these authors and deterEided uadcr laboratory conditioos, may difler
signfic.aady ftom 'ecological' tumol€r rates which quantiry the rates of elimination under &ee-tving field
conditiors. As shown by Bag,haw ad Brisbin (1984) these ecological tufirover rates hay be as ouch as G8
tiEes lodger thatr laboratory-dctcrmined physiological tumo\,Er rates for tle same sp€cies. Studi€s of
conlaminan! tu.rnor€r rates urder field conditioli, howeve!, arc oftetr diflicult to uldcrta.kc sincc thcy
requie the multiple recapture, whole-body cour ing and release of give! individuals (Fe ley et al. frfD.
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The case with which individual hatchling aligators could be repeatedly locat€4 lecaptued and whole-body
couted qritholt apparedt uaduc stless or harm suggcsts tf,at these may bc among the most appropriate of all
organisms in Po{d B for studies of radiocesiuE tumo\rcr ratcs urder field corditions.

The g€neral pridciples €stablshed by the Poid B alligator study hav€ application for studi€s of many
forms of eDvilodmedal contaminars besides radionuclides. Studies by Oay et al. (1974), have indicated,
for exa.Eplc, how studias of radio@sium in c,aterfowl catr provide a better utrderstarding of the
co amitratiod of tlic same birrL with heavy oetals. Howei€., oDly gamma-emitting radioisotopcs such as
radioccsiun car bc easily quadificd in whole-body biomass without sacri6ciBg afd/or tissuc biopsy
Focedrrcs. Such gamEa-edittcrs arc tlus ideal for tcstirg hypothcscs concemhg cyclhg and uptale rates
jll individua.l org?.trisEs as descib€d above.

Ftna]Iy, lcgardlers of whatc\lEr cont.hi'.nt may b€ involvc4 tlre ultimate intetest of contasina.dt-
cycling studias to tiosc cbargcd with tbc corscraation and \r€l-bcing of wildlifc, hvoh'ca th. possibility of
di.ect haid o. damagc to tbo6c orgaDisd3 in whosc bodics tf,c contamilatrt may come to reside. To datq
thcre has bccr no evideacr of either so[ratic or genetic damagc to aly of the alligators or other orgarisms
studicd iE Pod B. Hovcvcr, thc pote i.l for i&rcased lcvck of ewirodrcdtal contamitratioD as the
rc$lt of possible futlrrc accidents aad/or othet inadlrrteat rcleases of radiotruclides oo either a local or
global scalc, suggFsts stbngly that evetr though co[taminatiotr levels Eay prcsendy be low and apparently
incoDsequential to thc orgnisns involved, studr€s of the patterns of elological distribution and cycling
dFamics of contaEitrants in such ecosr,stees catr bc iEporta. to the futurc well-being of many forms of
wildlife iD geaelal alrd clocod;li'n( ilr particular.
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PREDATION OF ALLIGATOR NESTS IN OKEFENOKEE SWAMP NATIONAL
WILDLIFE REFUGE. GEORGI,I,. U.S*I.

R. Howard Hunt

Departmeut Herp€tologl
Zoo Adanta

Atlanta Georgia 303|5, U.S3.

ABSTRACT - Pr.dation of rc 6lligator nesrs in Cliesle! ard crand prairies of the OkefeNkcc SwamD is
discussed Itr 11 a.sting seasoDs 16% of moditored lests $irvived predatio4 Black bearc (Urr{t
@nenicarli) and rac.ooDs (Proqon lotor) r'€f,e rhe dajor consumers of alligator eggs. ThLty-nine perccnt
of female alligators guarded their nests ftom hunat;ntrusioD ard 58% of tlese rests survited DredatioL

INTRODUCTION

Across its ratge the Aerica.u alligator (Alligator misissippiensir) exhibits som€ deg!ee of dest
toading behavior but predators of alligator eggs still manage to sigDfic&tly alfect lesting success. In
coastal South Carolim lac.ooDs destioyed 11.170 of 1f clutches late i! thc incubation period (w,ikitrsotr
O83). Or Roclefeller Reftge L.uisiaq Joanen (1969) rcpotbd r 1.65 (N = ,t4) loss of dests to
raccoo!! and fouad that prcdatior occurcd usually at thc cd of tlre scrrcnth wEek of incubatioD with
raccooB maling mdtiplc visits to the nest molrnd udil all eggs {ere consum€d. Id a No(h Florida study
437o of 35 nests vrcle Fcyed upon pdInarily by raccooDs (Deitz ard Hi&s 1980). The highest recorded
prcdatior rate rras in the Okdenoke€ Swa$p Nariolal Wildlife Refugg Gcorgiq wherc pre&tors
d.sboyed.6Eo of rcsls (MeEer Lyfn. Ilerc I rcport otr dest pre&tion and identig pr€dators ia rhe
Okcfcnokee Swamp.

METHODS

The study arca of Chesser alrd Gratrd Prairies is atr aquatic macrophyte marsh containhg thousanals
of t ce islalds. A boat tlail cod€cts the prairies with sweral fishing lakes aad in normal rainfall years is
&vigablc by motor-boat haffic. Twelvc h of this boat trail and its iatersecting alligator trails wele
explorcd for rcsts. Sea.rches for trests werc couducted on foot or ftom paddle ciaft.

To idediry pr€dators of eggsr soEe nests w€re moditorcd wirh s€t cameras; Kodal Instamaric X-15
cameras with Eousc-trap shutter leleases wcre Eori.dted o! stakes ald cottr€cted to the nest EouDd with
threa4 Distubance to thc dorlld tripp€d tle cara€ia ard a single photograph recor&d cach iacideat.
Udess the irtcgri9 of the mouad was disturbed by prealators, eggs a.rd.gg chamb€rs rx€re rot cxamitred.

Wler possible, nesti!8 feroales werc ialentiFed by a9pical scur€s. The nest guardiag behavior of
famalos was detcrmhcd by approa.hiig their ncsts; those hissiag or lungiag at the intruder were
coBidcr.d to be guardi[g Bests; thosc preseat but not displayirg defensive behavior toward humans, were
considered dot to bc guardil.g lests. 'Guarding" as d€6ned hete does rot necessarily dea! that fedales
avoidirg humans will aot guard n€sts from otler predators.



RF,sULTS

Eighty-€ight percelt ofnesting starts occured from 20 June to 30 Jurc. Ir 11 lcsti.ng seasons (1976_
1986) 83 rcsts were located witlitr 200 m of tle O km uail thrcugh Chesset and Grald Prari€; prcdators
destroled ?0 nests (Flg. 1). Frfty-niae petcent of a[ rc'sts and 4270 of sests donitored with cameras were
pleyed upod before 10 July, Because of this eatly p.edator activity 45% of dests i.o Grand Prairic and 3970
in Chcsser Plairie were first discovercd after predation.

Nclllilgs - Typicalt ncsts wcrc consaucted itr tlc interior of sdall (< 100 sq m) tr€e islands or at the
periphery of large (> 100 sq it ) tree islads. Od laige trce ida.trds, Bests were often at tlc base of a t!ee.
Two or more alligator uails coDlected rcsts with holer, potrds or boat t ails. Twenty_onc rcsts i! Chesser
Prafie scre loetcd within 3 m of boat trails or ponds more thaa I m ir depth and thes€ deeP-vtater rcsts
had a predation

CllatdigC-Bclafle! - Nerts of alligato.s not gulrdirg ftom humans had highu pr€dation rates tlatr o€sts of
guardirg alligatoB. I! Grad Praidc oDly otrc !€st was guard€d ard prcalators des[oy€d all except orc
rcst. h Chesscr Prairic rg96 of nests were ulguardcd with a predatiotr rate of 867r; gBarded nests had a
prcdatiot tat ot 39 . Altlougb lralc aligBtors ( > 3 d l! total length) wcre ftequcndy observed near
fernales nesting ilr deep water, only two rrcrc obsen€d itr possible guarding po6tures: one hissed at me n€ar
a rcst which had beetr p.eyed on atrd the otler lutrg€d atrd hissed at me rcar a pod of t\ o day old aeonates.

Nes!-repgi! - After predrtions some damaged nests stil contaided viable eggs; often a small cycamtion
cxposcd thc upp€r eggs with tle uormd rctainirg oost of i$ lttass and shape. In 17% CN = 12) of nests
pleyed otr before 10 Jult feEalcs Eado cfiectilE repain. Duriag tf,is carly iftubatio! period all nestitrg
females crawled ovcr thcir Ecsts and us€d thcir fect to scoop Eore plart haterial over nest mounds. Thus,
thc same activity that addcd mass to undaDragcd dcsts also rcpaircd ncsts da.Eagcd by pr€dators. Rcpcatcd
or dajor structural damagc to trasts was Eot usually rcpalcd but otr 6 July, 19?8 a feEale ir Gr.nd Prafie
scooped a small amoud of r.st datcria.l oibt two wholc eggs after her othcr eggp had been con$m.d ir
rcpeatcd prcalatiotrs. Duritrg d€st rcpair shc uscd her mouth to remove whole cgg shclls from the mound:
set ca.Eeras photognphed two other females engaged id siDilar behaviot. Nests which had bee! edrptied
of viable eggs by predators usually contaircd a few scattered egg shells but somc apparendy intact nest
mounds co aidcd wholc egg shels ir the cgg chasb€r.

EfEdalqs-aicig! - Set camera photogaphs iddtified pre&tors in 16 itrcidents of ncst prcdatio[ One rcst
was destroyed by rice rats (Oryttnys palusttit), t'to by raccools, four by raccooDs aBd bearE and nbe by
bcars.

Eady i! tie nestidg scason bcars, iududing sows witl cubs, w.re commoDly seeD wadrng in shallow
water ne:lr nests. Although al1igator6 wcrc rot observcd defending nests from bears, otre set c:lmera
photographed an egg coDsuEing b.ar wit[ extensive neck wouads. Bea$ usually consumed all eggs durbg
a singlc vi6it but sodetirnes they made rep€atcd visits to oourds.

Ir Grald Prai.ic a rcst damagpd in daylight hous by a bcar, q,as repaired by thc aligator then filnf,er
damagcd by raccoons ald bca$ oa threc successii€ nights urtil a.ll cggs r ,€re consumed. Bcals sooetimes
left whole egg shells at tle rcst sitc but usually ody sEall ftagEeIrls of shel remaircd. Typically, dcst
Eoutrds damaged by bear qere massiv€ly cxcavatcd and levcled to the depth of the cgg chanber.

Before the beginning of thc ftstirg seasod, laccooDs exqrvated holcs ia old aest debris ad tley
prcyed on acsts tbroughout thc iftubatior period Set camera photogFphs idc ified raccoons excavating
nests and colsu.miog eggs during both dight and daylight hours. Typically they exclr?ted holes idto th€ egg
chamber and drained eggs by .emoving one end of the egg. Usualy €ggs w€re rot coasumed r! one visit
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Figure 1. Predatiod rates of nests in Okefedokee Swadp, Georgia. A = nests with tutle €ggs; B = nests
rcat de€p water; C= repailed iest$ D = uaguarded ueitq E J guarded nests; F = Chesser prairie; c=
Grard Prairic, Total predatior rate ofTO ncsrs = 8496,



and raccooD! rctumcd over a pedod of several days to coasuae the rcmaiader of tbr alligator cggs.
Raccoons also cotrsumcd tudc aggs itr the mound.

Tirdes oftetr laid eggs ir alligator rcsts and in thc process they eroded the EouB4 crackcd alligator
eggs alrd exposed alligator eggs to sunligbt and opportuaistic prcdators. SeieIrteen pcrcrnt of alligator
dests co ained ole or mo.e clutches of turde eggs ard bad a predatioD rate of 83%. Set camera
photograpbs takcn b.forc 10 July identfied Florida red-bclly turtlos (C"hryraiF n€aron) on alligator [csts
dudlg rigbt and day'ight hours- orc alligator ncst wa3 da.Eaged by c. relrori l^r;tg Wr on andtl
Juae ald 3 July, 1986; tle tudes deposit€d €ggs iDside the egg cavity exposilg several alligalo. cggs and od
4 aud 6 July, rice tats bit through the shells ol thc cxposcd eggs. By 29 July all aligato. ald tude cggs in
t-his [cst w€rc dcstroycd-

Ncsti.ng aligatorg including tho6c dot guarding nas$ frod hufia$, attaclcd hrrdes (.awling on their
rnoulds. O! otre occasiotr a! alligator lugcd wiih opdr mouth at thc gravid turdc; amth.t desting
aligator bit a! sscapilg C. re&orri but did trot crush the turde's shell

DrscttssloN

Black b€ars $,ere respoDsible for the dasshe a.nd ea y nest predatiod i.n the okefeaotee swal]rp. At
tie shallow-water nesting sites tf,ey could easily evaale female alligators defending tieir n sts. Althowh
oDIy two t'lalc alligators wcrc ob6c cd in dcfcnsivc po6tues dcar [cst sitcs, it is pcsible tf,at the
DoveEc[t of large terito.ial Eale's i! the vicinity of deep-watcr rcsts inhibit€d b€ar adivity. Dccp watcr
nigLt also be ar adrartagc for fcmales defending nrsts ftoD bears. It has beln suggcstrd thai alligators
sce humals as facsimilcs of bcars (Dcie aad Hidcs 1980) ard that an alligator gpardbg a nest ftoe
humans will abo guad ftod bcars. Guarding alligators werc Eore stccessfid itr hatchilg lests a'rd
presumably more succcssfii in ttwartirg ptcdaton of eggs, but sode nod-guardidg aligators cvidendy
defended acsts Aom bears; becaus€ bears usually consuded all eggs in oBe visit it was assumad that atr
alligator vas &fcdi.ng hcr dcst from bcars when ttc bear Eade several visits to consmc all eggs. A
Florida study showed that gsardiDg alligators imdediatcly attacked sEa.ll prcdator dodcls but delayed
scrioris attack otr large pr€dato. rnodels (Kust all and Kusfna! $80). Hueans aid b€ars ar€ th€ odly
predatorc ablc to serioosly tb&atcD tlc nestiry aligator. For a female alligator ad adult black bcar is a
forEidable opporert a.nd if her Dcit defcnsc rcquircs cldact *ith thc bcar she conld bc iljured. such
agglessivc cotrtad could also after her b€bavior id suce,r.sivD c[couaters with bears ard pcrhaps with
huoans. GuardiDg alligato.s that arc attacLcd or stra:sed by humars leam not to guad (Kusbls! ald
Kushlar 1%0) and soEctimcs a .idglc ircidcrt c,[ produce this behavior (Joaaer ard McN€asc 1970).
Ncstirg alligators cncoutrtcrs with aggre$ive bears could havc the samc eflect. It is abo possiblc that the
b€ars which massively prcy on acsts ir crald Prailic havc had such cn€Esivc ncst raidhg creerience that
fcw alligators c€n tbwart their egg coDsudiDg habit.

In d€fensc ofoests ftollt taccooos, alligators Bcch to diffcr ir behavior. Ir lruisiala ar aligator was
presclt at her ncst but did aot dcfcnd it ftom a raccoon (Joared 1969). In Ftori& aa a.lligator not
defcdding hcr dast from hurans did deferd ftod a raccoon (Dcitz ald Hines 1980).

Raccoons are not a lethal threat to an adult alligator alrd c.n not usually coosur:re a.ll rggs in one visit,
but they ate succcssftl i! prcyirg or dests. Itr the Okefenokee some raccoons leam to raid lcsts ftoE tbeir
moth€rs - s€t cameras identified fcdales with youtrg prcyiDg on aligator eggs. Othcr raccoons probably
follow famili"t scerts to n€st mounds. RacaooDs ine{perienced in locatiDg alligator eggs but cxp€rienced in
locating o.de eggs by scent corid bc rxpectcd to occasiomlly cross a! alligator moulrd ard lhd both the
fa.Eiliar turde eggs and the urfadiliar alligator cggs.
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Tudes laying cggs in lest moudds can alfect predation of alligalor cggs. Ilr Flo;d4 Nrtles have
dam?gcd alligator deits, excavatiDg the Eour4 dulhing eggs aad depositirgipowerful scrnt package for
predators to locrte (Deitz and Jackrod 1979, Kusblan ad Kusblar 1980). -ertainly, exposue of alligtor
eggs by tultl€s Eake,s the cggs vulterablc to opportudstic predation. In a SoutL Caroliaa study, 4.2-% of
alligator nests were used by rodedts wit! !o impact on eggs (Wilkinson 1983). In my studn howJver, after
C. eltoni damaged. oae lest the *poscd eggs were destroyed by lice rats.

_ Turdes dawliry or a ncst mouDd dight be easily thwarted by the guardilg aligator. DieE ald
IajLlod (1yr9) rc[|orted two gravid, dead C. nelroai lear nest doulals but rhe heary shcll of C. natroai ia
Okefenokee bas an excellent cha&e of c,ithta.ding lhe plessurc of a fe'alc alligator's ja and t*tlcs ca,,
employ othe! escapc st ategies, such as burrov,/ing i o the doutrd or assueiry a statidry postuc when
corfroded by the guarding alligator.

Nests lr,iti -i"or alamagc werc cfrcaivcly repaircd by some Okefenokee alligators; douils vrere
.estorcd ard oq,osed cggs vrerc rcburicd Repair bchavio. should bc aa advaatagc t6 aligators rcsting ir
arcas of iDteDsc prealator activity but becaltsc n.sts can be targctcd again by the same predator and trccause
othe! pr.dators can bc attracted to thc scert of brokcd €ggs thesc rcsts .emain odremely vulnerable to
predatior Ir tf,is study, prcdators evcDtually destroyed all repaired dests,
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CLASSIFICATION AND POPUI"ATION STATUS OF THE AMERICAN ALLIGATOR

Ted JosdeB and krtf McN€as€

L.uisiana Dcpartncdt of Wildlife and Fisheries
Grand Chcdcr, l,ouisiara ?0643

The Eidangercd Spccics Act of 1973 rcquircd that thc U.S. Fish atrd Wildlife Servicc cat€Sorize tle
Amcricir alligator QAAga@ nissirn@iensis) into tbtee basic classficatioDs throwlout its rangc ir the
sou(heasteE Urited Statcs: e[dange.c4 tbrcatcrc4 or tbtcatcled due to similadty of aPpearance ff
(S/A)1. Thcs€ categodes simply dcsiglatc thc gcocral populatior statuB of the adEal in .€latior to iLs ratc
of recovery. Geocrally, thc cndaDgErcd status iddicatcs s low populatioD withi! a gcogBphic area;
whcreas, the threateDed statt6 iddicat* an incrcasiog populatioa well on its way towatd r€corery
Tbreate&d duc to siEiladty of appeataac€ inaLcatcs a rccovercd population ldportant factors which arc
colsidered iD malilg a status det€rEinatiotr includc: habital eva.luatioDs; gor€rnme rcsearcl!
managcmc , ard enforc€meit p.ograms; ratual Eortality factois; utilization; thc adcquaq of regulatory
Ee.h,ni.os; ald misccllancoB otlcr factors.

Alligator6 arc cuncltly cla$iied as thr€atercd ia 5.8 petcent of lheir iangp, as endangcred id,E.9
pelcclt of their rangg and as recov€!€d i! 453 pcrceat of tleir range (Table l). The historic strorghold of
the atligator b for practical purpoces the tJ perccnt of thc r.rgE presetrdy classiEed as theatered S/A
(recovsed) or lbreatercd. CLairi6catiod status rcvicqE arc periodicaly conducted by tle U. s. Ftsh and
Mldlife Senice, usually as a ra$lt of statc pctitioDs to chaDgc thc l€gal status of the alligator. The
collectiotr ol biological iEforEatiod pertairirg to status reviec,s has gready enh:aced Eanagemelt
capability for thc aligator.

sitrcc thc ruCN/CSG mecting in Caraca3, ve&zuela in 1984, tf,c U. S. Fish aad wildlife servicc
rede.$sificd t[c biological statu of the a igator in olly ode statc. The etrtire State of Florida was
reclassitred to tbrcatened S/A, etrectivcly returaing management authority back to the State (Federal
Register Vol. 50, No. lD,20 Juse 198t,

Most reccndt a rangcwidc dclistilg for the American alligator has becn proposed (Fedelal Register
vol. 51, No. lot 2 Jllnc l9u6). A 6nal rule if approi!4 s/ill coDlolidate the classficatiotr status of all
Americatr a.lligators, throwhout the .ange, to the spccial category of thrcatened due to similarity of
appca$ncc. ThL historic actiotr formally rccogdzrs that thc popdatiou staos of the aligator i5 id€ed in
great shape.

POPTJI,ATION STATT'S BY STATE

Tc! states cotrtain alligators in a[ or parts of tL. 3tate. Ilr gcneral aligator populatioas ate inoeasitg
tbrougbout the range. Arcas or tlc ftiDgcs of the ra'rgp generally havc stable populations ard calnot
biotogically harbor high delsitics, characteristic of states bo.dering ttc Gulf of Mexico.

!g!i!ig!!. Thc 1985 coa.6tal marsh population, wher€ nqst coutrt i.ndices were used to calculatc population
levels, w6s projccted to be 468,000, a l4.l% itrcrcasc ovcr thc estiEate for 1984. watcr lelatls alfect the
degree of lestin& a factor which must bc colsi&rcd whe! dalirg aDllual populatiod estimates based on
tr€st tralsects (McN€ase and JoaneD 1978). Nest count estimates bave shown an annual ioc'ement of
approximately l0.l percedt sirce idtiatiotr of the survey id lq70 (Joared et al. 1984). In areas of the state
where the nest count method is not feasiblg sta.ndardized dight courts were conducted alotg established
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tiansect lilles. Night coud data wcre the! applied to populatiod modeliDg. lauisiana persoor.l surveyed
3 dilfeleDt ateas of tf,e state id 1985; tralsects corcred a total distarce of n7 Eiles. Allicators Der nile
averaged 6.4, slightt belo\r the rangc-wide average of 7.06 for the sa.Ee ycar (Chabreck Fk1. licltease
ad Joaler (1978) reported available alligator habitar within Loui3iara coastal marsh€s comprise 2.9 lrillion
acres; Taylor 0980) reportcd stat.wide alligato! habitat for tron-marsh as l.l million acres.

4gfida - Florida poNlatiotr tretrd monitoring is libitcd to annual oight-light surv€ys rutr od s€l€cted areas
scattcrcd thloughout the state. Scve[tecn areas were $rveyed h both 1984 ard 1985; 8 sho*ed increases
alrd 9 dc6eas€s. Me3n alligators per ftile couited along all sllr!€y routes was 163 i! 1984 ald 16.5 in 1985.
However, rrater lei€ts we.e lower iD most parts of the state in 1985 (A. Woodwar4 p€rs. coad. 1986).
Aligator night coud data collected prior to 1977 and compared to night count bformation collected
betw€ed 1977-81 show idcreases in nuabcrs of alligators obscrvcd pcr mile. Ftorida la}es averagcd ll.9
alligators pei dilc prior to 197 and 8.8 pcr dilo ftom g7-8L Ia coEparisor, Flo.ida mallhcs averaged
ll,3 per Ddlc prior to 1gt ard 133 per dilc from 197-81 (Federat Rcgistcr VoL 49, No. 1Z), m Jure
1984.

G€oraia - A 1986 aligator populatioo survey iadicated popllatioa incf,cases arc occurring in bost of
Georgia. Ar analysis ofpopularioa trenrls by couaties showed that 64 s,crc incxeasi!& 39 lr€Ie stablq atd
none were decrcasiag The 1986 e,stimate! increased ftoE l to as high as 5% when comparcd to tle 1984
slrvey. A total of 2,117,701 a6es of alligator habitat *as reported i! a 103 couDty area (S. Ruckel, p€rs.
conm. 1986). Georgia personncl surveyed 12 dillerent area! of the state b 1986, transecting a total dista&€
of T.8 niles. Alligators pcr mile avelaged 85, w€ll above the ralge-wide av€ragc of 2.06 i! 1985
(Chabreck 986).

leg! - Texas aligator popuLtior trcodE in getrelal rcdaitr stable to increasiDg. A€rial lest counts i!
coastal countica indicatc ar astimated population of orcr 150,000 alligators occlrring oD thc Biddle atrd
upper coast. Additionalt sizablc populatioq rxist in the enessive iDland alligato. habitaq howellr, the
relatit€ eagIritudc of tf,is inland populatior rcDiaiEs to b€ aletereiie4 Night count surveys h 1986,
covcring 196 oiles, iadicatcd an ave.agc of 4.08 alligatoi6 per mile. The coastal marsh of teffeison Coutrty
exhibitcd the highest populatioD trcrd &ra witl a bigh of 70 aligators per dile. Average density i! the
220,000 adcs of upper coastal dalsh as Ecasured by 1985 aad 1986 aerial nest cou[ts r^,as 6l alligators per
100 aqes.

Rclativc abundance of.lligators as Eeasured by Aequcnct of sightin$ b 80 Texas counties withi! tLe
bistoric aligato. rarge in To..s varias from legular sightilgs i! 46% of the counties to occasioral sightiDgs
id 5% of ttc colrlties to rare sightitrgs i[ 23% of the counties, Ir tlose same counties ove! tLe past five
ye5r5, biologists cEtimate that alligator populations arc inceasing ilr 33% of the coufties, dccreasing in
t6%, and '-Ch'naed in 37%. Population tlelt(ls l/crc uD}nos! i! l47o of the counties. Changes in Texas
aligator habitat silce 1984 arc aot Drcasu.able. Solne coastal marsh continues to be lost to subsidetrcq
drainin& ard spoil ac-tivity, while rescrvoir coDstnrction has ccated additional inlard habitat (8.
Thompson, pcrs. comm. 1986).

Sotrth Carollna - Eight South Carolina coulties (297o) vcrc ieported to havc ircl€asing populations out of
28 counties cortai .ng aligato$. Incrcascs wEre e,stimated to b€ 2-5 pcrccd. Nineteen coudics (68%)
r€ported stablc populations CI. Murpht pcrs. comm. 1986). The b€st habitat is associatcd witi coastal
impouadmcdts ard marshes, codprising apf'roximately 100,000 acrcs in Georgetoqn, Charlestor, Colleton,
a.!d Beaufolt Coulties. Tf,e ne{ tier of coulties inlatrd represe droderate to high aligator dedlities atrd
a signficaat amoust of habitatj particularly in Bcrkl.y and Jasper Couaties. The amount of suitable
alligator habitat dimirishes rapidly ftoB tlese couDti* to thc fal lhe, with geaeraly isolated ponds
supporthg limit€d tru:rbers of alligators. South Carolina reports approxiEately 250,OOO acres of alligator
habitat statewide (T. Murphy, pers. comm. 1982). Most nesring (8470) occurcd in sev€n ri!€r tlrainages.
Thc &airages in order of highest lest coutrts were S6dtcg Cooper, Comba.hee, Sava.Dna.h, Ash€poo, Pee
Dee, alrd South Edisto R ers (Wilkinson 1983).
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Joaretr (1976) foutrd that ceftain ec.logicl.l fcatures may cxist ia orc t,?e that may trot exist i! thc same
habitat g?€ just a few miler away. Itr the coastal oarshes of Iruisiana, irfetspersioa of latrd/water ratios
ald also *atcr levcls wcre two importa.nt factors tlat must be taked into considoratiotr whcD cvrluating
a.Uigator habitat. Probably ttc best examplc of this in L.uisiara are some deDs€ solid stands of panrtcrm
I&mitomon \ihic\ provide little or tro opcn \{ater, rc habitat diversity, aad very poor alligator nosting
Inbitat. However, other Partcna Drarshas hterspcrsed with podds, potholes, ard oper lakes provide some
of thc file.st n€sting f,abitat to be fouDd on tlc Louisiana coast.

hlaad lales, both man-Eadc ard latural possqs.s r"aryiog degrc.s of a igator populatio$. Importalt
factors that musi bc considcred Efietr evaluatitg thcsc ateas as alligato. babitat are vegctatiw cover atrd
*later depth. I:les *hich sccm to proddc the b€st alligator habitat aie tf,ose which haw some open
fteshwate. marshes attach€4 or those which have vegetative cover etedding ftom the shoreli[e out into
the opcr qatcr arcas.

F csbratcr s\{lrEps a(achcd to larg€ rive! sjrstems or lalcs probably provide the largest si.ngle habitat
type withi[ thc ralgc of tf,c alligato.; hower€r, thcy posiess thc loc,est alligator concedtrations wheD
coEparcd to thc otLcr labitat typcs. Thc .xceptiotr to this would bc s*aEps which pocsess inbcddcd opcn
ft€shwater marsh6 of sizcablc acreagc. Geaemllt rilerijoe swamps lack the ploper interspersion of
vegetativ€ covcr aid lald/watcr ratio of tf,e coastal marsh zolre or iDlatrd lal€s, Riverine systeEs are also
kno\{/[ for &cir extremes in seasodal water le!€l fluctuations alory with extretne cu[ents.

Ttc amomt of alligator habitat (wedaads) reported by 5 states are p.eseated in Table 2 Although any
wetla.nd habitat ha! tlc pot tid of beiDg used by aligatols, thc ftcqu.dcy of use varies co$i&rably, Salt
q,atcl ma$hes, large deep ope! watcr lalcs, ard large ricrs ir Luisiana have be€n fourd to be used only
occasionaly and only by tbc adult scgmcnt of the populatior. A carcfirl rcview of tf,e differelt habitat types
along $ith a betler uaderstardirg of thcir valuc to alligators is of ihe utrdost importatrce b the
Eanagement of a resource. Wetla.uds in thcmselves do not quali& as aligator habita! but .ather thc tluc
estimatc of habitat suitability must bc Ecasllred by studi.g wedal& which possess distitrctii€ ecologiel
f€aturcs ald comparing these characteristic c.ological features to existirg aligator popu.lations.
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TABLE 1. Alligator Classificatiod Status by Stat€ . Septemb.r 1986

Number of Cou$ies

State Ttreate&d S/A Endargrred Threarened Total

Mississippi
Alabasa
Noth carolila
Tcxas
AJkarsas
Oklaloma
Georgia
l,ouisia!a

South CaroliM

Perccat

74

))

2J

3
I

8l

55

A
74
3
I

w2

&
2a

2l
63
64

26

5.8

2n

44.9

ml

453

TABLE 2. Amilable Aligator Habitat Reported lor Fivc states

Stat€
Habitat
rt"e ACreage

Louisia:ra

Flolida

South Caroli$

Texas

Georgla

4900,000
u00,000

3,600,000
1,200,000
1700,000
200,000

100,000
150,000

D3,$O
3,328,M

5,824,m

Coaltal marsh
Idard c,Etland'

Fresh nalsh
PerEa.detrdy flooded woodcd swamp

Iates
Rivers and sEea.ms

Coastal marshes and impoundmeuts
Inlaad wctlaadr

Coastal matsh
Inlalrd wEdatrd*

Undassified s/etlaad

' S*amps, lakeq pondq ri€rs and strcams, dalshes, leservoirs.



FEED FORMULATION FOR ALLIGATORST AN OVERyIEW AND INITTAL
STUDIES

Mark A- Staton

Dcparlmeit of Poultly Sciercc
Unir€rsity of Ceorgiq Atheos, Georgia 30602

L Ixhr Brisbir, Jr.

Savsn rah Rivcr Ecllogy Laboratory
P.O. Drawer 4 Aike4 South Caroltua 29801

GlDc M. Pesd
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Uoivcrsity of Georgi4 Athc8, ccorgia 30602

Tbc fcrdidg of alligators Q4uigsor nittitiryiensit) by lrcars of a luEidodally ba.larccd pcletizcd
fee4 produccd with co eational feed ingrcdicnts a.Dd fccd dill tcchnology, would offer oaay adva*ages
to the aligator faEdDg idustly. Such a produd could bc prcpared il numerous locatio8 ald at alry tiEe
of thc year, tlos iE!'rovitg upoa thc cu.rent practicc of rclyiag oo locally and/or scasodally available feed
such as animal carcassrs, 6sh, and/or Ecat scraps Erpcucs aad ope.atilg probLEs asso&tcd niti
freezer storagc could bc avoi&d. Thc nixiag ofvitaniDr, tlacc miderak, and fccd addilives codd bc done
oorc accEatcly ald tlorooglly tlrough thc usc of Eodci'r fccd oill tecbnolog ttat is curcrtly praGiccd.
Most idpoitardy,tic nutrieat co rDt of thc food aad thc outritioa of thc a.lligatorg could bc more
effe.tirrly clnt olled

MaDagilg tha nutritioo of atry aniEal r€quircs a fair uderstandilg of th. nutlitioaal rccals and
versatility of thc sp.cics ir qucstioD. Unfortulatcly, bforrratiou otr thc rutricdt lequiremc[ts of alligators
is scarty at bcst, ad tle ability of altators to utiliz! trutiients in practical fe;dshffs has re&ircd
Factically do attedlio!. Pilot studics barE indicatcd tlat alligators cLo grow oo rations composed of
practical fecd iigrcdieats Cf. Joa&r, L. McNease, M. Statoq utrpubt.). Growt\ howerer, was slowcr aril
*ith poorer fced convcnioa t[an for aligato.s fed a dict of Druri^ (Mwastor co]W) C5rca!!. a
cotrvcltioDal lccd sourcc for alligato. farEisg is tlc Uditcd Statcs. Fulthc! studias aiEcd at -^ti.g
practical fecd forEulatiotr a r€5lity in tf,c aligato. ildustry havc now beca initiatcd- Thc objcctiv* arc: (1)
to fo.Eulate a practical, cost-€fiecdvc mtion fo. thc fccdilg of alligators h farnilg opctatiols, (2) to
dctcrEin€ thc most eflectiis aad practica.l physical form in which to use such a ratio!, and (3) to devclop a
feedilg FograE makidg optimal usc of thc lation. Il! order to Ec.t &ese goalg a number of basic issuc,s
dust bc coEsiderc4 as dbclsscd bclos.

TIIE NUTRIENT REQUREMENTS OF ALLIGATORS

Thc basic nutricnt groups i. thc diat of any spccies arc proteiD$ carbohydrateE lipids, vitamins, and
Bitrrrals. Thasc Dut'icDts Dust provida the cscrry and raw Balerial required by lhe orgalisE for
lraintcna.dcc, growtb, aad/or reproducrior Eaerry is raainly derived froE carbohydratcs, proteiD, a.nd
lipids, whereas thc lutlicnt classes which coEtribute to the stiuctural needs of the orgaaisd ar€ dairty
proteins, Therais, and lipials. It is itnf,orta.nt to lotc that the coaposition of these rutri€n! classes (e.&,
amino acids itr ploteins, fatty acids i! lipids, spccfic vitamins or Ei.nerals, etc.) Eay be just as iEportarr as

E4
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the total amou[t of €ach of thc nutrieDt classcs i,l thc total ratioD" Furthermorq the ratio of the nutrient
classes or nutriedts to aach other b a major con5ideratioD. For epmple, thc p.oteh:e[erry ratio atrd lhe
calciua:phosphons ratio are hox/n to bc kcy nutrition l charactcristics of thc dicts of those spccies that
have bee! sufiicie[dy sN&ed. Rcquiled autricrts hust bc idedtified ajrd thc Einidum, optihud, and
maridum amount of each required nutrient Bust be established. Possibl€ irte.actions betweetr outrieds
must also be consideaed.

It is possible that some outricnt rcquirclrcdts and iDtaractioE6 among autlicnts can bc rc.lonably
anticipatsd for alligato$ fiod data o! other specics. Ofspecial iltelest are the camivorous fishes because
of their silrilar dietary babits atrd poinothermic Mturc.

Furaly, it sbou.ld bc lotcd tlat, as for otlcr spccics, thc rtdad rcqulcmcrts of a.lligators will ch!.nge
with age aDd seasoE" Foi cxadplc, osi.ng data ftom Couko! and Hemandcz (1983), it catr be estimated
tlat thc wciglt-spccift dctabolic ratc of alligators ale.t€ales approximately telfold ftom the time of
hatchitrg u[til reachiDg bawest agp. Thesc salre authors demo.strated that blood glucose levels of
a.lligtors change seasooallt c9Etr whcn tf,c adimals \rerc nrahtaiaed at a coDstalt teDp€ratu.€. Such
variatiot$ iD blood glucosc Day allcct appctitc ald food consumption, and it may bc ncc.,ssary to vary thc
nutrient conteot of the food durhg pcriods difcring id consumption patterEs.

The followirg disc1lssioo describc's the major diotary components in relation to what is knowtr
concemidg the outlie requireEents of alligators.

L_ggrbglidleltg - Conl6on ard Hcrnald.z (1983) corrccdy poirt out that alligators, like all other
e{ant gocodiliars, are camivoras and that irgastion of plalrt clrbohtdrates itr the Mtural environment is
dirisal for this spcci6. Thi! Eay occor, for cEdplq e.hile cor3uding prcy to qhich plads harr adhered
or il wlici uadigcstcd plarts rcdai! in thc gast oirtartinal ttacl Coulsod and l{€maddez 0983) also point
out tf,at of a N.Ebcr of carbohydEtas fad ctrpciiEcntaly to @id'aas (Caiman creodihrs ctocodih/t), oaly
glucorc war abcorbcd *ith othci morodacctaridcs, disaccharidcs 6Dd polysacchadd6 bcing utra.ssiailatcd.
(Funf,crmorc, as will bc discussed later, Coulson and Hernandcz (1983) reported tlat arirgators were
unablc to utilizc protcir of plart origin). Thcsc conclusiors appcar logical bccausc of t[c camivorou.s
habi6 of ciocodilia$.

The appatcrt ioability of crocodilians to utilize carbohyahates ard proteins of plant origin led to t-he
gcretal avoidancc of grains aarl otf,ar ferdstufis of pla origid id attempts at feed formulation for
aligators. Obviously, it qould be s,astefirl to indu& iogr.die(s which could dot bc utilized iD a diet.
Ncvcrthelcss, Aom a p.actical standpoint, it would be higl y desLable to i.oclude sorDe carbohyd.ate in
crocoaliliar ratioEs. Ca$ohy&atcs arc considercd lo b. the lcast eJrper$iv€ enefgf sourc-e ia practicl
liiqstoct ratioG, and thcy l,os3as birdirg propcrtics which daLc tlcm highly desirable h manufac'tudog
various forms of pclletizcd ratiois, such as srmi-Eoist pctfoods (e.&, Drochner and Muler-Schlosser
1980). This is especially importast to alligators siic! their jaw structure llalcs it unlikely that they can
cfEcicrdy usc a meal forE of dic| Funhcrmorc, when fe.cding aligators, it is likely that soEc of the fecd
would be dragged irlto water or perhaps eve! be fed to the aniDrals ilr water as a routine practice. Tbe
prcsence of a good bilder would prevetrt the feed from rcadily disrolving and thus edance its utility. It
would bc Eo6t dcsirabl€ to use a bh&r whict could also scw€ as a nutrient source,

It is noterorthy that othcr camivorous sp€cies, such as salmonid fish and cats, are able to utiliz.
dictary plart carbohydratc itr fornulatcd fccds (c.9. NRC 198; Spa.nnloff a.dd Plartilow 1983). Pot
cromple, altbough lhere L ro known dietary carbohydrate rcquircment for the domestic cat, commercial
cat foods containidg ,lO% or Eonc ane rell utilized (NRC 198). Ca.rbohydrate utiliz tion may not be as
eflicietrt iD carnivorcs as ia omaivorcs. HowerEt it is sulliciert to allow itrclusior of carbohy&ates in
amounts which contlibute signficandy to cnergr cont€nt aad biddiog chaiacteristics of such feeds.

It i5 l(trowtr that the utilizatiod of a{bohydratc by Dornrally-caraivorous sp€cies is eDhalced by h€at-
treatnrent, a commo! process i! fecd-manufactuirg. Such heat Ueatmeat may enhance the dutrieDt value
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of ingredieds cootairing ca$ohy&ata fo. alligator feerl fornulation as well It i.6 also how! that
ilcreasing the codplexity of di€tary carbohydrates has a acgativc ellect on its availability ro carnrvorous
speci€s (Spardof snd Plalrtikow 1983), H.ncc, if alligator feeds arc to include carbohy&ate, care will
rccessarily need to be tale! iIr indudirg thcm,

Lbqleh - As carnivores, alligators utrdoubtedly hai€ the ability to metabolize largc quantities of
dietary animal p.oteiD. Beyond the basic rcquirenreit of dietary proteh for maint€nalrce, g!o$/t\ and (as
adults) for rcploduction, p.oteitr is eitler ex.f,etcd or brokcr aloqln to c$bon skeletoG atrd coaverted to
glucosc/glycogcn or lipid for storagc. Fccding protein above the maintcnalca, growt\ and rcproductive
requireoents is wastcfuL This is of partiq ar practical idtcrcst sitrce protein is the Eost expersiva
compon.nt of formulated latiotrs, ard thcrcfore, calori€s supplied by protcin arc more expensive tlan tlose
ftom catbohydrates or fat. It is thus esse[tia.l in cost-effccti,c f.cd foroulatiotr for a.lligators to determinc
thc amouat and aEitro acid cohpo6ition of dietary ptotei! which $ill optieally meet rcquiiements, and
mcct tic requir.Fcnts for dr€igr and glucosc *itb fccd-grade fats atrd c-arbohydratas wtea er,cr possiblc,

A major qrcstion to bc affwered in alligator proteitr rut itiod is thc fe.cdiag value of protei8 of plant
origiA It ha6 bcer repo.ted that alligators ara uablc to digast proteiDs of vcgctabL origia (Cot son and
Hema$dez 1983). A! with carbohyd.ata! this scems plausiblc duc to the carnivorous fecdirg habits of this
species. Howelrr, othcr camivorous species such as cati, dogs, and salEonid fth are readity able to utilize
plant protein. Becausc plotcir sources of veg€table origitr arc frcqucntly less expelsive tha.o animal by-
products, bccause there are masy Eo.e fced irgrcdicnts of plalt origin, .!d bccruse plalt-based plotcins
may contaid aDriEo acids i! abutrdance which ale lackilg i.n prot€itr sources of aaidal origi!, it would be
higbty desirable to add feedstuffs of vegctablc origins to tte list of iigredie s available to the alligator feed
fornulator. Thi6 topic deservcs further rcse&ch.

Ll&tb - Coulsor and HcrDandcz (1983) poiit out ttat dictary fat is r€adily digcstcd b'y aligarors. It
is probablc tiat aligators haw a balic dictary rcquircmert for lipi4 at lcast for a sourcc of glyccrol and
essertial fatty aci& Ir fact aligators grow qEll on ratiors low ilt fzLt, ard thosc grown od solre high fat
dict! Eay dcvElop a'fattt livcr" cl[ditiol (CoulsoD, p€rs" comE), Frorr a oanageme stadpoio! it is
also iEpodant to keep fat at low lcvcls id tf,c dict, sioce fat ftom food diagged iito n'atcr may make
deadry ad sanitatiod of tarks itr which aligators arc grown more ilifictlt (T. Joa.deq pers. comm.).

Flod thc staadpoint of co6t, it would b€ dasilable to itrdude as much fat i! the diet as possible, within
thc constraina listed aboiE and assuming that it is cffrciently used by thc aridal ard tf,at it docs not
prescnt a problelr i! Eaaufacuring tf,c food" A less crpcrsivc cdcrry sourcc such as fat should be use4
whencrcr poGsible, to spare thc usc of more expelsivc protcir. It is interesting to note that aaother
camivorous species, the domestic cat, has beetr hown to utilizc over @ dietary fat utrdcr cxperimeltal
codditiors (NRC 1 ). Such levcb corld not be coDsidercd i.B Facricrl dicts for a number of rcasors, but
it do€s suggcst that the metabolisd of at lcast somc camivorous spccics are well adapted to high lcvcls of
dietary fat.

Perhaps ever dolc important thalr thc adourt of fat is thc composition of fat fed to arimals,
particu.larly canivorous specias. Carnilorcs frcqucldy rcccivc adequate €ssedtial fatty acid levels in tf,eit
rlatural diet, ard some spccies losc thc ability to syathasizc thc esledial Ectabolites (e.&, for catg scc
Rivcrs ci al 1t5; RiveB and Fraltel 1980). Essetltia.l fatty acid dcficicncics are moct litely to occur i.tr
aniaals maintained ovcr loag pcriods of timc. Slncc alligators arc routilcly farEed for up to ttrcr ]€ats,
essedial fatty acid trutlitioa oust be ad&csserl" Vcry iDlrorta.ntty, Gartrett (198t has rccendy suggested
t\^t Crocodtlus porosus lequir€s a dictary souc€ of loog chah pobursaturated g3 fatty acids. Gamett
(198t cilas rcports that qocoaliles fed orr'er crcoded pcriods of timc oa pork meat dcvelop a dcrmatitis of
ublno\'[ ctiolog/, which could result hom an essedial fatty acid deficietcy. Thus additiod of soEe long-
chaiD polyEsaturated y3 ard/or !6 fatty acids to alligator .atiols at somc lalel may be vital. It is
i.nterestiDg to notc tf,at Hah€r (1976) colsidcrs th. fatty acid compositiotr of dietrry fat to rank secold only
to amitro acid composition in terms of importaacc id fomrulating drets for cultivated warmwater and
coldwater fish sDecies.



!.!t@!!! - Thc vitrDid ncc& of alligatoN havc bccr thc subjcct of sooe corccm ald rcscalch.
f.arcr (1982) and l-arc! et al (1983) havc discusscd thc ihportarcc of Vita.Ein E i.[ alligator rcproductivc
pelfolmalrce. Coulson and Hemandez (1983) point out that a dietary source of vitamitr D or €xposure to
sudight for sel€ral hours a day is treeded to allow for nornal bone formation.

A vitamin prcmix cunendy ar?ilablc to alligator farm€rs (Mcl.I€ase add Joalen 1981) has been used
successfirlly for a dunber of yrafi. The recoltlmelrded us€e ler€l of this pre$rix is 05 to 1% by wcight,
when added to m€at ratiors such as nutia, cf,icken, or 6sh. It is important to poitrt out that such deat
rations consist ofas much asfitoTS wateL Thus, tf,e prerrix is actuallybeing fed at levels of 1 to 47o on
a dry Batter basis. This reprcsc[ts a! cxcessive raago io utilization which is probably counter-productive
lrom a cost staidpoi[t. Otler questions also arisc coocemidg the dille.eac€s bets€etr usilg tlis premix i!
a dry ratioa rathcr tla.u witf, a Ecal For cf,aEple, whal is thc dificrcdc. bctc,Een the etdogenous vitamin
codcnt oI thc mcats bciog lcd ard thatof rations composcd ofpracical fecdstufh? mat cotrtribution do
gut miqoflora lnalc to thc o.\lrfall l,itamin rcquircmcnt of thc animal? Arc ritaoins Aom the premix
utilizcd cqualy whcn fcd with a',nct fclrf (Lc" rncat) as nith a forddatcd fcad?

Pilot studi€s ard oqreri,''enta.l *orl rcported hcre have used t[e vitamir predix at 1% of diet, but tbis
diet, as forEulataq corsistcd priEarily of dry Batter 0ess tnaa 10% water by a.dalysis). TLis is a
coffiderably lo{€r ratc of vitamir supplahcrtgtio! thaa is currcady used with lresh Deat. It is trot trowlr
to what extent tf,ese differences may have iallueac€d results to date.

5. Minerals - Ilfte (1982) ad larce ct aL (1983) havc studied thc rolc of some trace minerals in
aligator rcproduction Howevcr, thc trace mileral rutritio! of growijog alligaton has rcceivcd little
atteltiod in thc literaturc. Thc miaianrm ard m.rimllm lcvcls of nincrals of both micro- aad
dasooutdeat status must be coosidere4 Until specifrc studica arc amilable, realonable gddclidc6 .rn bc
alraqll ftod two solrlccs: (1) thc mincral contcnt of coomoo prey items in the natural eDviroment, alrd
(2) tie mioeral requiremenB of otler anilna.k, particdady cardvorcs. Neither of these approaches is
*ittout problcEs howercr. As wil be disc1|ssed subsequcsdy, for exa.Eplg tlc a.dounB of calcium a.rd
phosphorus i! tle dict, errr at levcls substartially bclow tiose pr€sent in nutria carcass, sigtrficaldy afrect
colsumptior arld growt! pcrfordarcc of alligators offe.ed diets co aidng dilfering aEounts of these
minerals.

Usc of a tracc mide.al predi)(, as curtcddy addcd to ratiols for othcr domcstic spccies, lray bc
advisable urtil the oincral rcqlircmcdts oI aligators harc beed filrtlcr studied. We have included a trace
diDera.lpreInixitrdictsofthcsccotrde4rerime.cportedhere,arditispossiblethatiBusere$ltedinthe
improved lood conrersioa tatiog as *ill bc discusscd latcr.

FEEDST(AFS AYAII,ABLE FOR PMCIICAL FEED FORMIJLATION

The availability of a lorg aad diverc list of ingrcdiots is desirable for feed formulatio! purpGes.
CurcEdy, thc list of ingredicrB a ilablc to thc a.lligator fccd forEulator must bc lcstncted to feedstrdfs of
alimal o.igi[ (e.9., Tablc 1). Graiu ad other ingr€die[ts of plar{ origi[ ate not hcluded beeuse it is
presumed that thcy would do! be effe.tively utilized by alligatorq as discussed prcviously.

Expansion of tHs list r /ould bc an iEportart codribution to the pra.tic€ of alligator feed forEulatioD.
Casei& an anidal-based iagredient is excluded from Table I becausc of its relatively high cost. How€rcr, it
Eay be useful in sda.[ quartities, 6iice it is an c,ccellent p.otcir sourcc aad offers somc biadiag
characteristiqs. Casein has bcc[ uscd ir cxperim€n6 dcscribed herei!, ald appareBdy is well utilizcd.

It should be dotcd that tf,e availability of nutrieDts in ary feed is not €qual to thc gross levels present,
Such availability ries accoldiDg to spoci€s, ingrediert, trutlient, aDd tle plesencc of other i.ngledie[ts ia
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thc diet. Nutrient availability is a subject which shodd rcceilc colsiderablc att€ntioD as the ,ractice of
alligator feed fomulation becoEes widespread.

PRACTICAL RATIONS AND THEIR USE IN TIIE ALLIGATOR INDUSTRY

Alligators ate apparedtly able to ilize diets with high lelEls of dietary protein (e.&, dutria Eeat
coit.ins al,I,roximately m% proteir!). Howel?r their ability to usc dietary carbohydlate and fat, as rot€d
abo-v1 ! in qucsaioD. The parccntage of protcin coutd perhaps be lowercd by ilrcicasing fat ald
crrbohy&ate levels, as allowabl€ by nutritional managerial ald manufacturing constrahts, Net€nheless, a
high protei! di€t ol at least 50{0% appears probable. The di.tary !'rotei! requiremeat of the youDg of
maBy fish species, for cplrplq q.,cds figo OnC 1983). Such high protein di.ts are amenable to
peletiziDg by tlc oa.usion proccsg *lhict is currcatly used in aaaufacturiog feed for crayfis\ 6s\ ard
other aqua.tic 6pccics. Otrce the adonDt and coEpo6ition offat and c{rbohydrate, ifany, that can bc added
to the diet atrd e6ciedy used by allipto.s hare bccn rcsolve4 the ovcral ler€l of the major dutricd
classcs ill the diet can be fir@d" With rcgard to thc specifc compositioa of Dutrient classes, the mircral
cortaDt of tbc diet atrd the fatty acid conposition of dietary tipid appcar to be the issuas still Inost id
questio& Past expericncc, the lesulB ofstudies to dat€, and expc.iEents plan&d for thc ncar futu.e would
appear to be sufiicieft to sugg€st workiig vitamid and aloino acid compositions for a coEmcrcially viable
product which would be useful to the alligato! itrdustry.

IACILITIES FOR TIIE SII'DY OF AI,LTGAIOR NUTRITION

Sp€cia.l facilities w€rc corstruct€d to allo\r cont olle4 captive sntdies of aligators through their first
12 Eoaths of life. Hous€d i! an iD$tated buildirg sidee! tanlE constructed of plywood aad liaea wfth
fibcrglaig wcrc laid out in four rows of four tants cacb- The tark wcrc raised oniuppors such that they
werc apgoxirnately thirty inchcs ftoo floor lcvel

Each rolrl colsists of four rcctalgular tark providiDg a total livilg area of 10 to 12 squar€ feet (0.9 to
L1 squarc Eeters) per talt. This living area was apportiorcd ilrto a dry area (13 of area) aad a wei area
(23 of area), nith \r,ater levcls .anging from 4 to 8 of.

Beneath cach row was a rrscrlrcir for water which s|as recirculatcd throurh the four tank. Watcr ir
tle rcservoirs was hcat€d wit[ a l5OO watt hcari.rg cleDrent ro a remperaturJwhich wEs cotEolleal by a
tl€..ngstar wi!! a,.elo!c s€Esor subdcrgcd i! the warc!. A pump, placcd itr tle reservo4 was opelatcd by
a cloct-controlled switcL. ward watcr was puEpcd to tle a.lligator taDk otr a regulai basis. A rctum lide
caried ovcrllow water b".L to tie heating res€rvoir. Ttc teDperaturc of &e water in which tbe alligators
were locat€d was sct and mahtaided relati\€ly corstant by adju$ing tle thcrmostat, The ftequency of
puej operatioD varied acaording to the room temperaturc, ranging froE 10 to 18 btenzts (Zi ninutes
€ach per 24 holrs) induding pcriods when rootn air temperature fcll as low a3 3.yC. Ttis arraDgcE€nt
was 6ucce6sful in Eaint'ining tc'p€ratu.r6 gercrally between2f a\d,3tc ^ g.^a perceatagc of tic time,
atrd avcraging approximately 29"fC (sce eperioertal s€ctioD for data). Watei templraore was monitorctl
by a therooEetcr submerged ir rle watcr of cach tar}.



PRELIMINARY STUDIES

The following t*o crpcriEcnts havc used tte facilities descibed above to provide preliEinary data
rele!-a.Dt to the developmelt of a feed for alligator farmin&

I. FEEDING TR]AI.S TO EVALUATE TIIE EFTECTS OF SI]PPLEMENTING
A DRY IORMULATED FEED WITH VARTOUS $DTTIVES.

Introductlon

Sitrcc the latural dict of alligators coDsists of a rclatilrly ldgc proportion of plotciD" wc initially
foc{scd on this asp<rt of tf,o dirt. Prclirnioary analFcs (fabb 2) indicated that trutria Deat was
apgcimately TOqo !troaei\ oo a dry mattc. basis. Just as important, howellr, was thc amiao acid
c&position of thc protch to bc fcd. Thc aiiro acid codposition of diets uscd i! this study *crc arrived
at by taigetirg thc adino acid balaffe ot (1) outria (2) aligator eggs, (3) 6sh nuscle (folowidg th.
'balaaced amirc acid mi:curc" of Codson and Hcrnatrdcz (llx3)), since alligators are knoftr to glow well
on dicts of 6sh (McNease ard Jo6ncD 1981), and (4) chickcD egg; which b codBidered to b€ a protein of
high tritional r€luc for a wide rrriety of r€rtebrates. An attempt was Eade to forDulate the feed such
tlat the adiao acid compositioD, as a percetrtage of protei!, matched at lhe least tle minimum for the
saEe anriro acid in one of these four protei!& The calculated aDino acid composition of this diet
(d€signated as 'basal) is compared with that of thesc rclcrcncc protcid sourccs in Table 3. Ir dost cases,
the ta.geted midmum amino acid lcvel was ercecde4 and oDly h tlc case of trt?topha.r wa.s the lerel less.

The basd diet (Dict 1-1), was thc! l'lodifed by tbe additio! of a Dumber of nudents i[ order to
assess tlc cfiects of th€ir supplcmentatior (Tablc 4). Lrsidc ard Ecthiodirc w€rc 6clcctcd bccausc [hey
are ge[erally co[sidercd to bc tle first and secoad limitiDg amirc acids in the lations of t aahtronal livc-
stock species, aid becausc sFthetic forms of thase amino acids are commercially availablc at priccs ard in
qurltitics which nale thcir ircl sion in liwstock ratioDs ioutinc practicc. Ltsire (Uqo) *as ^dded*2qa
of diet @ict 1-2), ad DL- EctLio [e at 1% (Dict 1-3). Diet l-4 consisted of both 2Vo additioMl lysine
and 1% additioml Ectlionine abolE tieir rcapcctive levek in the basal ratio!-

Calciuu aod phosphorus arc gcnc.ally Eaidtaimd proportioual to cach othcr in formulatcd ratiors
and hercc arc dLcusscd togctler hcrc. Thc levels of thesc mincra& in the b63a.l diet elceealed the
rcquircme s for all othcr spccies during thcir pre-adult gros'th pe.io4 and in fact, exceeded the amourts
normalll. found in coEfiercial ratio4, railing tic possibility that hth lcvels of tbcs€ dircrals night
bchaving dclctcrious cficcts on food utilizatiod and growth p€rforEancc. For eEmple, it is wc known that
bigh calcium levcls lead to decica5ed food co!$rmptior aad gro*tl in broilcr chickcrs (scott et a1.1982).
Fu.thermore, high leveb of calciuE may have a! irlibitory cffect od etrclg/ utili?atio! (e.&, Cheig et al.
1949). For this .easoq thee additional diets were fomulatcd. These three diets started with Diet I-4 as
ttc conEol, a.rd containcd addcd Ca/P (Diet 1-t, added fat (poultry oil) (Diet 16), or both (Dirt 1.7).

M€thods and Mrlerlals

Hatchlitrg alligators were obtaiDcd ftoD Rockefcller wildlife Refuge itr Louisialra 2 to 4 weets after
being hatched by anificial itrobatioa Body wcight variation was considerable, varying from 49 to 117 g at
thc tide the experiEcnts werc beguq approximatcly 4 to 6 oEal(s aftcr hatchiry. Thereforg the a.nimals
wqc scparatcd accordiDg to sizc ranlq into two block of "sEa.["' (aW- = 76.6 g) and'largc' (avg. = 952 S)
anirtrals. Tbirtcen small aaimals and 10 largc adEals wEre then assigned to each of t1f,o tank (s€e



descriptior of facilities, above). The t*! tanls were tlen nndomly assigled to 8 trcatmeEts leprese Dg
c'eeritae a.l alrd codtrol diets.

Water teopemtues rarged betweeu 25.10 ard 31.8C, averaging 23.4"-30.fC for all talks. Room air
temperatures var:ied froB 8.9' to 283'C, while air teaperatures withi[ the tall were much Eor€ constan!
rargiag from 25.f to 30,0'C (oeaa - 27-4"C, n = 16). Ta-oks were cleaned twice pcr wcek, after fecdings.
Wat€r ill tle hcatirg reservoirs *as chalged ard tf,e reservoi.s dcaled approxidately et€Iy two week.
Dtring the brief period ni/h6 the tank were beirg dcarc4 alligators w€rc exposed to rooE air
reEperaaurcs.

Alligato$ werc fcd 3 times pe. week. Food offere4 or a wet-weight basjs, represented 25Vo ol t\e
averagc body wcight on a wee*ly basis, i.e., 833Vo per leeding. Fo. forEulat€d diers, "wet *cighl basis"
nreeot a 50:50 dix of thc fonoulated diet a{d watcr. Sincr dutda meat contaircd sigdficantly morc thaa
fi% sratet (626 to 76.0qo, z - m.6Vo, B = 48), alligators fed otr experimentel rations acually rcceiv€d
Eoie dry matter of food par fccding tha,l did thc controls. It is impottalrt to point out, however, that Ntria
fed id cxccss of the amoutrt used hcrc h.as bee! .qrottcd to rc$it id gout (lvlcNease and Joanen 1981;
Coulson and Hern adcz 1qB); tbis coadition lp6s dot a problern ir tlc cur.nt study, despitc tlc higher dry
datter coDsurptiotr by cxpcrimental diet trcatmcnt grou[,6.

The asoutrt f€d was adjusted approrimately e!€ry 2 to 3 wceks after body eeights were takeq in
order to mai ailr thi! feedirg rata Fo. purposes of ca.lculaling the amoudt to b€ fed, tle averagc wcight of
all "sdall' a.riEals and of all "large' animals was us€4 across treatm€nrs, This uddoubteally slowed the
g.owth of the fastar growiog treatmeit groupq somewhat, and therefore mrrowed thc differeaces in
trcatDeat effects. Thc *tight of food offercd and of food not co.suned was aho recorded at each fecdilg

At the beginning ot the cxpcrim.nt, alligators \{crc fcd mitures of first 12 aDd thcll 21 of t[e
Eoisteoed cqrerihertal diet;Ntria, respecti!€ly for 4 fedilgs .nd 5 fc.dingE respectively. AftcI these f
days of feeding alligato.s i! the e,xperibaltal t eatmeat groups !/rrc codpletely *raDcd off of aay nutria
and sere beilg fed solely the experimcntal diets.

Individual weight! of cach aligato$ werc rccorded at the bcgiDlirg ard €nd of the expcriDrcnt.
Weights of 6 selectcd i[dividuals ftom each taD] *€re recorde4 6s wel as the total weight of all ttre
animals in thc ta.o.ks. The six largcst alligators ftoE each ta.rk, amorg the largest itr that tank, *€re chose!
otr the basis of their appa.cddy succrssii acceptance of their e).pcrimedtal quarters atrd diet. The feeding
trial lasted a total of 79 days. Wcight data rec..ded over thc pc;od ol the feedibg trial was used to assess
growth performarce.

Rcaults and Dlscussior

Weigbt-gah data for aligators dairtained on tie experiEertal diets and nutlia are showtr ir Tabl€ 5.
ADalyscr of riance idicatcd tha! growth rasponses dilfcrcd significandy ber*ccn diets (F = 3286, df =
15, p < o.GmL aEd F =2.87,dt= 95,p < 0.001" for tall arerage and individual w€ighrq rcspectively.
Results are gcBerally similar, whetber coEpa;sors are Drade on the basis of tle arerage *eigfu for each
ta* o. the arsage of all 6 hdividually recorded rrcights pet taDL The basal dict v/as the ltlost successfirl
h tlat it produc.d glowth not sig!ficadly diflercat from t'hat of the Dutria-fed alligators for the six
selcctcd itrdividua.ls ir cad tanl. Diet 1-2 bcst approached tbat of the basal aLe!, but sirce it wa.s rot
superior, therc appeared to havc beea oo ad ntage in addidg lysiue to the diet. Addilg Eethionire
dcpresscd gro*th significartly ir mos! cases, as did the additions of calciuE a.nd phosphorus (Dietj 1-5 ard
1-4. Additio! of fat (poulay oil) to raisc tie enerry levels similarly did not .esu.lt itr signfica ly improwd
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Table 6 summarizes food coEsudptioa a$d conversioD. On a wct wEigbt basr.5 alligators atc a grcater
pcrcedagc of thc trutria diet than tf,e formulatcd ratioDs. This day have resulted from difEculty ill
iagestiag the formllatcd foo4 $rhich q,as ftequeDdy walk€d-ovcr 6nd packed-doq,n by tf,c alligato$ *hich
ate first. The dod best-codsuded diet (basa.l) was the experiEedtal diet which supported best growth.
Feed conversioas for nutria meat were siglifcantly better than tlose of the formulat€d ratiors. The latter
*Erc all siEilar i.tr value, with the ercrption of thosc containing added crlciuE and phosphorus.

Ifc,e acccpt tlat cqual growth ca.tr b€ Eairfaided o! either nutria or thc basal diet, at the dry Datter
feediog tewls uscd ia this operiment, it would tate approrimatcly 2.? (1.80/.66) times as much dry Batter
oflormulated ratior as that of lut iato achiew ttat equal gros/th- siDce nutda ca.rcasses, on a dry matter
basiq are substantialy morc orpcrsivc tha! maDy cotBmoDly used admal by-goduct fe€dstufis (Tablc 7),
thh 27:1 Eargitr aay not be a barrie. to the famer, who c,odd benefit froB the Eally advaltages
associated with a dry formulated feed Ncycitielcss, to suggest that the basal diet be used as a basis to
fonrulatc a coE$ercially viablc fccd for tlc aligator iddustry b higbly premature. Mary qucstioas BUst
bc arswc.ed ia ordcr to "rcfi[c' forEulated fee& for alligators and achierB salisfactory f€€d consumption,
convcrsioD, a.d growt! rcsporscs. one such questioD is add.essed i! tle de{ exp€riment.

TI. TTIE EITECTS OF DISTARY CALCIUM AND PIIOSPHORUS ON TIIE GROWTII OF
ALLICATORS

htroducttoD

RcsulB 6om Expcrimqrt I, as reportcd abovc, shoE€d a growtl depressioa rc$itiry ftom the
addition of calcium (Ca) aad phosphorus (P) to tlc dicts of alligators. Ho*€ver, the levels of these
diderals ir dicts of that eq,crimcnt wcrc much higher than thosc used in feeds for other livcstock specics.
Sincc many of tf,e aaimal by-product fccd ingrcdicnts coDsidercd to be of potertial ure b alligator feed
fordulatior contai! relatively largc asourts ofthese tdilrerals, itis esse[tial to determine tf,e rcspolsc of
alligatoB to a rangc of dictary calcium atrd phospho.us. Thc ptes€dt cxpcrimcrt vrEs iritiatcd to (1)
determirc to what odent aligator gro*t\ feed consumptioa, aad/or feed utilizatiod arc a.ffected by
dietary calciM ald phosphorus, (2) to irdicatc *hat levels of ca ard P are appropliate for alligator diets,
atrd (3) to determine whether tle optimal Ca:P ratio for aligators is 21, as for most alimals.

Mat.rhlt and M€thods

Proc€dure.i uscd id this aspcriDrcDt wcra sinilar to tho6c followcd ir Experimeat I, with the following
exceptio!!. Ninc or tcn alimak wErc tept in each tanl, and aDimals were tro loDgrr classrfied as large or
small Body s,eight !"riatio! was colside.able (94 to 3219), but an aftempt was Eadc to clsrlre tlat the
raagc of variation and tf,e averagc body wcigLt of alligators i.o crch tatk was similar (al€rage = 193.0 g,
raDging ftom lm,+1992 g). A.nidals ftom Experioent I were us€d. Each tr€atmcnt group contained
approximately the samc ousber of animals from cach of thc tr€atEcrt goups of Expetidelt I itr order to
equaly distlibutc any rcsidual cffccts ftoE those prcvious trcatmc s. Durilg thc cousc of thc twch€
wcek experiment, body weights of each animal c,crc recorded at 4 w..l htervals. Average ta.Dk water
tebpcraturcs rangcd froE 29.f to 303"C, whilc miDiEuE a.rd maximurn recorded temperatures were 5.4'
atrd 33.2'C, rcspectively.

Ir this .xp€riDeot, diets t*€re dix.d with wate! such that lhc dry fccd conpris€d 50 to 5870 of the
food oflcre4 P.ior to iditiatilg the experirneDt, all alligators wcre fed fo. approxiEately 6 wecks on a diet
comisting of approximately 75qo tttia aeat ud 25Vo exra lean beef fortified with vitamins. Most
alligators us€d itr the curredt experimedt had eaten a moistened meal (iu Experimeat I) ard it was possfule
to'wea.a" tle alligators ftom the meat or o e4crimental diots after only four feedings. Alligators were
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fed tfuc€ times per week, and tank were clea.o€d after €ach feediDg. Water and air teEperatur€s were
sibilar to those in Experimeit I.

Diets with a protein conte ald amiao acid balance simitar to that of the basal diet of ExperiEent I
were fordtlated using iagrcdients witl low lerels of Ca ad P Clable 8). celath and c.rboxyEcthyl
cellulose were each added at 2% of dict as a bindc.. A source of pota5sium (potassiuE c_arbonate) was
added to raise tbe calculat€d level of potassium in the diet to 1%, sitrc€ this was approximately the level
found in nuria carcass (fable 2). A tracc Dfieral preDix, formulated for use in poultry rations, was also
added to di€ts h tfis cxpcriment, as opposed to ExpclimcDt I.

Ratiors w€re formulated so that Ca and P lcvcls r€ric4 as sho$r in Tablc 8. This nras accomplished
by addj.Eg different amounts of feed gade dicalciud phosph3l.e (21% C\ 185% P), deflourimt€d
phosph^te (32Ea C4 lSqa P), sodium phosphatc (22% P), ard limesrone (38% Ca). Satrd was used al a
6[er to mailltaill the isoca.lolic a.ud isonitrogenous status of tle diets. An alligator vitamh !'reBir w?s
again added at lqa ol diet otr a dry Eatter basis. Poultry oil was added to raise the cttcr gCract to
apptotia t ly 5E .

Results aDd Disculsion

Data otr food consumption, food coDr€rsion, mortality ard growth are sunroarized in Tables 9 alrd 10.
During the filal four weck pcriod of the 12 w€ek study, food colsumptio! alrd Fowth decreased
&amaticafy in aI treatment groups. Thc causcs for this are unc€rtain, but we believe they are not due to
Ntritional insufEciency, ard that the gderal rasults dastribcd here are valid and usefnl iD feed
fordulatioL Wc bclievc data lor thc sccood trodh of thc study to be mo6t reptescatative, as the animals'
corditiod had not worscaed by this tihc, ard ra\r, Eeat had been completely rcEowd fiom the diet scvcral
weel6 Mo.e.

Analj,ses of r"datrcr iddicated dillererccs adorg Ecatlrcot mean q,€ight gaiDs for the total 12 c,€€L
study (F - 6.40, df = 11,p < 0.(n) 6s s,cll as w€ek 5-8 (F = 8.01, df = 11, p < 0.01). Aligarors rccciviDg
Di.tz-L (LEo C4 057oP) grew signiEcantly better thar did those receividg other diers during week 5{.
Gen€rally, grofil dedeased as the percentagc of tlese rainerals increased or as the ratio of Ca/P departed
from 2i1.

Drring tle first two mo bs of the study, alligato.s at b€tr',ees (A.9 6d y2Vo of tte food ofercd to
them duriDg aly ole Eortb" There is tro apparent rclationship bctwee! dict ard food conversion Iascad,
diets which were coDslDned most tcnd€d to resuft in iacreascd grontf, performaace.

It is noteworthy that the fecd coNersion cxperienced dudrg tlc initial two !'eriods of this study was
substantially better th.! that in ti€ previous fe€diDg triel (Brpciimeot D. The rcason for tht improwment
cotdd havc bcen the deciealed Ca/P lctEts used ir thts diet, but thc cD!.rccd fced efrcien.t may abo hat€
bccd a result of the dinclal modificrtions desgibed abovc. Thc cxact rcasotr o. .easorE may bc left for
latcr rcsearch, but the resultr of tLis cxper;ment hat€ importatt ifiplications lor the developEcnt of a
comdercially viablc formulated feed for t[c aligator iddustiy. As ,roted previously, thc basal diet of
Experiment I on a ba3is of f.ed clst/unit of body weight gai4 bordocd on ecoDomic viability. Tt. feed
elliciencies rcported here represeat ar impror,emert of approximately 3396 o!€r thosc itr Experime l.
Likewise, gro*th od Diet 2-1 *as approximately 33% better thar tlat of Diet 2-6, which is the diet of this
expcrime{ which most resemblcs that ofthe basal diet of Expe mcnt I.

Helrcc, the nutlient p.ofile of Diet 2-1 of this orl)oriment is closer to that which might serve as a guide
for atr attedpt at a codmcrcially feasible .atio!. Nelertheless, it should be pointed out that nutria deat
was convcrted to alligato! body nrass (in Experiraent I) tttore efnciendy than were diets ir this cxperimed,
agai.n by a factor of about one-third.



SuEmar'y

Tbis report discusses and resctrchcs some of thc basic nccds for ma.kiag corvcntional fced
formulatioa aad maaufacturc a rc6lity itr thc alligator industly. Althougb information aboot the autdtio!
of a.nd h6nufacture of feed for other spedes may bc lseful thc udque nature of crocoalilians cf,eates a
need for carefully planaed rcscarch- of prinary inporta.trcc is tlowledgc of thc dutricrt lcquLcmcrts of
alligators as w€ll as the ability of therc rcptilcs to utilizc outricnts io commercial fcedstufrs. It would also
be of great r€lue to the alligator fe.cd formulator, foi a hri€ty of rcasons, to expatrd the list of feedstuffs
Dow available for alligator rations.

Ar iaitial attcmpt rvas dade at cbaractelizi.rg the Dutrient profile of lutria dcat ard alligator eggs.
This idorEatioa provided guidelinc6 for fornulatbg a basal diet subscquendy used i,l experiments to
investigate the efiects of rarious fo.ms of trutrient supplemcntation.

In tlese feeding trials, a total of 13 foroulat€d ratiors x,€le used. Diets were formolatcd itr order to
allo{, comparison bctwc Ecatricnts nAic! lrolld als*cr epccific autritiond quesdons. It was found that
thesc questioDs could be arsw€red by cxamiriry growth &ta after about tbrce Dorthq ard feedjng trials
we.€ restrided to approximately that tiDe period

ID tle ftst feeding trial (Experiment I), a high protein diet was formulated *,ith an afiido acid balance
derived from tle amiao acid compositioa of nutri4 ft\ alligator egg; and chicken egg protein. It was
determircd that addirg lysirc (2% of diet), nethioniae (17o), or both lc$Jtcd b poorcr gowth
performance. AddiDg calciun and phosphorus to a diet already higb i.o these dnerals rcsulted i! poorer
growti as wcll Adding a sourc. of fat (loultry oil) to diets did not rcsult itr sig!fica:rdy imFovcd growth.

In thc sccord fccdiag trial (ExpcriEent 6), the efie4t of calciurn aad phoq)horus on grofih
performancc ard fecd corr,€rsion !ra3 studicd furthcr. A bast dict q,ith 3r aEiro acid conpositioa sinilar
to the bcat-pcrformirg dict i! B.pcridcnt I sas formdatcd with fecd iagrcdieots low ia calciuo aad
phosphor$" Dictary lclEls of calciuE ald phosphorus e/crc hcrcased ty adding radous sourccs of tf,ese
mine|als. A tolal of six diets $,€rc. fordulated in this melrcr ard *crc Eairtaia.d isocaloric and
isotriftogcnous. Prelimhary results iadicate tlat the amouats of calcium ald phosphorus ir the diet did
allect glowtl perfonnalce. Alligatois fcd a dict containiry 1% calcium and 0S phosphorus grew b€st.
R€sults also suggested that the ratio of Ca:P should be daiatai&d at 21.
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Table_2. Aaallses of auria carcass (excludbg pelt alrd viscera) alrd homogenates of whole alligator eggs,
excludiug shclJs Samples ofDutria (n=m) and alligator egg (n=4) homogerates werc pooled *a *"lyoa
id duDlicate.

Nut iedt Nut ia A.lligator Egg

Gcncrd

Ash (t
Etle! Extract (%)
Total Lipids (7o)
Crude Proteb (%)
Crude Fibd (%)

Mi!erals

Cltciur (%)
Phosphonis(%)
Sodium (%)
Potassiun (%)
Chlorine (%)

19.(B
8.,16

10.44
m57
0.18

5.44
.t0.80
49.14
425L
0.(b3

6.03
3.4
033
1.03
032

NAl
NA
NA

N{

I .q.nai,.sis not available.



Table 3. Partial 6di!o acid analj,ses of protci.u ir lutri4 fish, aligator egg, chicken eggt and tle basal dret
of Experimenl (D.

% ofProtcb i!-

Amino Acid Nuuiar Flsb'z Alliptor Eggr ChickcnEgg3 BasalDicta

Argidtrc
Glycitr€
Serire
Htstidine
Isoleucinc
Leucrlc
L'sina
MethioDitrc
Cystirc
Phcdylalrlirc
Tyrosi!e
Threooiae
Tryptophan
Valirc

5.14

5.10
353

853
9.42
NA5
NA

2.@
4.60

3.74

3.4
?.08
5J0
2.6L
5.lE
7.13
832
038
03E
4.18
651
3.75
1.81
5.13

5.91

952
4.48
5.14
921

11.00

NA

L.75
7.11

4.43

6.1
5.7
3.4

9.1
7S
13
L2
53
3.9
42
1.1
7.1

6.40
324
7.&

4.98
830
7.07
3.4
2A
4.m
4.Q
4.98
L.44
6.47

] ny 
"""ly.i" 6yatotpi" i,r 6N l{C1 22 hrs 10f in vac!o).

: From Coulsotr ard Hernandez (1983).
: F om NeshciE" Auslic, a.nd C-ard (19?9).
: By calculatioD-
) Analyscs not availablo.
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Table 4. Experident I: Experimental alld cortlol diets- composition atrd cdculated aratysis.

Dict

Ingredients
1-L

(Basal) 1-5 L-6 1-81

Cas€ia
Blood dea.l
Flsh EerI
Feathe! meal
M€at & Bone deal
Podtry BP meal
Carboxrldetlyl

Cellulose
Vitamin
NaCl
Lysir.e,S'Vo
DL Methionine
Gromd Limestone
Pbosphate, Dical
Poultry Oil

Calculat€d Analrsis

Moisture (%) 2

Protela (Vo)
Ether E*ract (%)
Crude Fiber (7a)
calcium (%)
Available

Phosphorus (%)
Potassium (%)
Chloride (%)
Lysinc (Va)
Methioni'r (7d
cYstiDe (7o)

m.0
25.0
15.0
10.0
n.0
10.0

15
1.0
0.5

19.6

14.7
9.8

9.8

19.8
24.8
14.9
9-9

16.8
9.9

19.4

14,6
9:l

165
9.7

15
1.0
05
2.0
1.0

18.6

14.O
93

15.8
93

15
0.9
05
1.9
0.9
1.4

18.8

14.1
9.4

16.0
9.4

0.9
0.5
1.9
0.9

3.0

18.1

135
9.0

153
9.0

15
0.9 1.0
05
1.8
0.9

3.0

15 15
1.0 1.0
05 0J
2-0

: '

6.9
?1.8
4.9
1.1
3.0

1.8
05
o.1

12
0.9

6.8
7r.9
4.8
1.1

1.7
OJ
OJ
6.9
t2
0.8

6.9
72.O
4.9
LL
3.0

I:7
05
o:l
5.4
2.2
0.8

6.8
72.r
4.8
1.0

6.6
69.1
45
1.0
3.9

6.6
70.0
7.6
1.0
2.8

6.4 74.0
6'7.1 699
7.4 8.5
1.0 0.2
3.8 6.0

L7
0.4
OJ
6.8
22
OJ

2.L 1.6 Zt 3.4
0.4 0.4 0.4 1.0
0.6 0.6 0.6 03
65 6.6 63 6.6
zr 2.r 2.0 a/^
0.8 0.8 0.8 n/a

; Nutritiodal crntcnt by analysis; Control Diet (Groutrd Nutria Meat + Vitanrils).- Fed oq a wet weight basis as a 50:50 mit witb *atcr; 7a moisture for diets 1-7 on a wet weight, as fe4 was approximately
9.4qo.



Tablc 5. GroEth rcspooscs G) to dictary trcatm€d as conparcd by Dutrc:r's multiplc rargc tcst. Mcals
with the sasc supcrscript arc Dot signifrcandy differctrt.

Diet T.catEcnt
Tank

Arprage
Ave.agc of

6 ltrdividuals

1-8 Nutria

Basd

Basat + Llsbe (Lys)

Basal + Methioninc (Met)

Basd + LyE M.t

Diet 1-4 + Ca, P

Diet 1-4 + Fat

Diet 1-4 + C4 B Far

1055r

%*

94.14

8354

85533

69.65

83.04

60.f

12,5r2
BL91
D42v

u.4
elA
E8.44
rM.623'4
79.L4
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Table 6. Consumption aad food codversion (tanl totals) fo! the "post-weaning' period (da,,s f-79).

Treatmelt

Cocuaption (g/wklaainal)

Dry Wt Dry Wt

1-3
14

L-6

1-8

Basal
Basal + L),sinc (L)r)
Basal + Methiodne (Meo
Basal + Lys, Met
Dict 1-4 + Ca, P
Diet 1-4 + Fat
Diet 1-4 + Ca, P, Fat
Nutria

a2
253
u.0

25.L
253
B2
D.l

3.1?
3.m
3,r7
3.:24
4.q

5A

r.82
L72
1,82
1.86

2.t7
3.00
0.6

t3.1
11-8
11.1
113
11.?
113
10.8

'gfoodintale/gbodyc,€ightgainonwctwrightanddrywEigbtbasisoffeed;bodywEightinwetweighronly.
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Table 7. Priccs of coEmoDly used a.dnal by-product fe.d ingrcdierts ard clEmcrcially arailable ground
nutria bcat.

S/pound

Wet Weighr Dry weigbt

llutria -- HigqJ
Nutria - I-ow'

Blood Meal2 ̂
Featf,cr Mpalz
Fish Meal'
Mcat and Botrc rylcal'
Pottltry BP Mcal-

053
033

0.185
0.067
0.166
o.w
0.lffi

0.16
0.10

o.L62
0.063
0.153
0.090
0.100

: Assuoes 3070 &y matte!.
z Atlanta prices, Eeedltltb" laflraty n,19€f,.
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Table 8. Expcrimcot II: compo6ition of cxperimental diets.

24

Inar.Edl€nts (% of Dl.t)

Casein
Blood meal
Feather meal
Poultry oil
Gelatir
Vitalai! p.emix
Salt
Chromic Oxide
Potassium carbonate ,
Trace niaeral premix'
LArginirc
dL-Methiodrc
Dicalciue phosphate
Sodium phospbate
Delluori.nated phosphate
Limestonc
Sand

Nutrients

CalciuDr (% of diet)
Phosphorus (% of diet)
Calcium : Phosphorus latio

,6 ,6
n.7 n.7
17.8 L7.8
4.0 4.0
z0 2n
1.0 1.0
05 05
05 05
0.1 0.1
0,1 0.1
0.1 0.1
0.1 0.1

3.00
0J0
6:1

.6
n3
17.8
4.0
2r
1,0
OJ
OJ
0.1
0.1
02
0.1

- ?.8
10.0 3.4
13 0.1

n.7 nJ n:l
1?3 113 1?3
4.0 4.n 4.0
2.0 2.0 2n
1.0 1.0 1.0
05 05 05
0J 05 05
0.1 0.1 0.1
0.1 0.1 0.1
02 02 02
0.1 0.1 0.1

3A
-05
L0 53
2.4 - 42
6.6 55 33

3.00
r50
21

2.6
8.8

1.00
05)
2tL

150
o15
2.L

150
I
1.2t1

2m
1.m
2t1

I rlace rnirclal prgnix provirtcs (in nglkg dieQ I M\OUa;z,IlO,15&,FeSo4,T{2O,200; FeCO3,
83; CUSO4 29; Ca CO'Z L5.
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Table 10. Average body weight changes in aligators ofI€rcd dictary lewls of calcium aad phosphorus
over a 12-w€ek period, as compaled by DEcrn's multiplc rurgc test. V6lucs sha;Dg tlc sanc super-
script are lot sigrficantly different.

Average Body Weight Gai! G)

Vo Ca P Weets 1-12 Weeks 5-8

050
015

1.0
OJ
15

1.0
15
15
2.O
3.0
3.0

,4
z-5
2-6

nL3\
\09ry
L$.P3
2L4.[2
16333
t2*3

rc0.01
77l2
m.f

.62
74.*
76.?



GEORGIA'S COASTAL ISLAND ALLIGATORS,
VARIATIONS IN IIABITAT AND PREY AVAIL{BILITY

JaDes L TaDarack

306 Parkersburg Road
Savaira\ Gcogia 314{)6 U.SrA-

ABSTRACT - A protectc.d coastal alligator populatiotr on a Georgia barrier islaad was studied by capture,
tagging altd !€capt|'Ic dcthds to dctermirc thc moveEcot patt€ms of diffcrelt siz€ alligators. Prey
availability r,as dctcnnidcd to bc a Giteria for movelreat to and ftoE ftesb, brackish and salt watcr
habitats. Watcr lclll flrturtioDs wcre evidcrt i! all habitals. Alligator de$ity was highcst in fiashwatcr
ponds durilg wifier den:riag and basti[g s€asotrs Bmckish areas wcrc cxploited by alligators 1 to 2 m ia
total body length ad tidal salt Earshes q,€rc Uscd by alligato$ r|orc tha.u 15 m total body length.

NTRODUCTION

The Georgia coastal zole has sce! a drarsalic huEan populatio! iacreasc in the last fltccn ycars.
Uddelstandi[g tle habitat uses ard edvironEental plcssures placed otr existing Amedcatr alligator
Q4lltSator mitsistippietsis) popu.latio[s could hclp govermc plamcrs and privatc alclelopers ftob
destroying the anilials Datural habitat ad lalgcwidc coridols. Ln coastal 6rea! of Louisia.oa, Joalrell aad
Mdeasc (1972a) reported that 4037" of tle estimated aligator population coutd bc found id frash mffsh
habitat,30.270 id irtcrnedi.tc marsh habitat, ard 285 ilr b.aclish marsh habital America! aligator
movcmcrts havc bcc! dcsdibcd ttrough taqgipg and radio telcmctric studies in Florida (Goodwia ad
Marion 1979), Louisia& (Joanen atrd MNeasc 190, 1972b), ad Tcxas (Sloitl 1980). However, litde was
knowr of a.lligator mo\€ments a.od habitat pleferencc witbitr the coastal zone areas of Georgia. From 19?5
the Americatr alligator of Ge.rgia's Atla ic clastal arca has been the focus of studies spoDsored i.n part by
tle AtlaDta Zoological Socicty ard the Department of l{crpetology, Zoo Atlanta. This lorg term study
conca iated or the subaddt a.lligator populatios cDdemic to Wassaw Islaad. Additiodal obseriations ard
data *E c collected froE sa raa.h Rii€r Natioral w;ldlife Refuge; Oatlan4 Skidawat o*sabaw,
Blackbear4 Litde St. Simor's atrd Cunbcrlaad ldaads. I hcre leport data related to Georgia's coastal
islard Aiderican alligator population dynamics, rangewide Eowme s, prey aiailability trd cll,iroDaental
pressures.

STUDY AREA

The prirciplc data collccted duliDg the study period froD 1 Jutre 1975 io 1 Octobcr 1986 came ftoir
wassaw Islard Natiotral wildlife Refuge's Americatr aligator population endemic to thc 1,012 high Itound
ha of creat wassaw Isladd (Fig. 1) ad its surrouniling cstuary bordcrcd by odiEgsel River, Wassaw
cleek, New Cut to Salt Pond Shoals, and wassaw Sound. wassaw Island was formed from a typicrl sand
sharing development of dun€ ridges bcgimirg during tle Holoc€uc Period, Sti[ under the samc wind and
wave actiotr today, tie island ii slowly chalrgidg as the beacblront erodes from the north edd ard exposes
the forcsts i.n that area to a pourdiDg surf whose powerfiil currents sbilft atrd dcposib sands on the south
end of the isladd where emergent plaBts and forests rebuild thc ecos)stcm. Great Wassaw Islaud cotrsists
mainly of a virgi! forest of live oak, slash pbe, mixcd haldwoods aad beach dure communities in
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i?rious stag€s of developmert. Interio. pords u,€re formed as strdes ard sloughs were isolated by new
beach ftont du:re ridges. Some ponals retair fecdd cieckt to ihe tidal marshes allowilg for excess drainage
of rairwater aDd incoming salt water on spriDg tidas associated with full and new moons. These shallow
brackish pon<ls rcmaia rclatively clear of veg€tation snd do lot fluctuate as lapidly as tle fr€shwate! ponds
or tidal cieeks alrd serve as a scasoDal nursery arca for striped mullet, tarpoD" sbriEp and blue ciabs. The
brackish ponds are Cedar Po!4 fed and draircd by the Cedar Creek branch of Mill Crcelq Otter Pon4 fed
and draircd by Mil Creek; Dike Pon4 fed alrd draiaed by Crooked Crerk; ald Beach Pon4 which has
uodergorc several ch"algcs 6iace 1970. Beach Pond was atl isolatcd hte.io! freshvat€r pond fed by lainfal,
but duiiDg a storE ia the winter of 1970, the bcach dune c/as crod€d aad salt water illtrosion bcgan fo.ditrg
a channel for daily tidal idlu]( This corditioD rcE6ircd udil 1982 when anotter dune ridgc formcd and
isolated the t*llvc year old estuary formitr8 a b'ractish pond witl intelEitte lelEls of rainwater add
occasiotrai spring lides cesting the dure ridge.

Beach Pond is basically a shallow pan and susc€ptrAne to drought coditiors, Eud .racking and
brow:ring of rcgetation- 'Ite raided ftesLq,atcr ponds arc the oestiDg and N$ery ar.as of the adult
feDales and theh hat.hlinqs (Frg. 2). Thc largcst, thc 18.2 ha Flag Por4 is vcgetati!€ly chokcd *ith < 35
n high cattails, wild hibiscus ald Deedle grass. cuardcd froh thc sca by a 10 D high dure ridge, Flag Pond
is tu$elcd witi gator trails and dotted with de!s. Bordcring mcado*s and willow trees are uscd by decr
and by herons dtd egrets as dcstirg arers. Nortl Ott r Potr4 TeaL PalDretto, Ushei ald South Ponals are
thc remaiaing fteshwater habitaG. Becatse fteshwatcr podds arc subject to oc.asional rtrought coaditions,
no large ftesbwater fisb species cxist on Wassaw Island The salt marsh estu.ry $rrounding creat Wassaw
Island G nearly ?57o of the total refuge q'EteD. Floo&d aad &ained tlr,ice daily, the ma$hes are $$ject to
!r€a.n tidal charye of 2.3 m and spring tides ralge > 3 m several timcs a year.

Fo! tle purposes of this study, alligators $ere located priEarily at Eight usitrg 12 volt head ad hand
held lamps and captured by halrd or witl wirc-[oosc pole6. On.r capture4 each alligator was taggcd id the
*cbbirg betq,ccn digits witb a Number 1 size National Band and Tag Co. 1005 monel steel stamped tag
(Fig.3) a.dd a rumcricd codc was purched tlrough the last four lows of double dorsal caualal sofes and
the first eight siigle do$al cauilal scutcs (Frg. 4) using a coding hethod dcscribed by Bustard and
Choudhury (1981). larger aligators bad Ha3co Compaiy dctal tag6 afiixed to tle fust single caualal scutc.
Fo. ideatification by obs€natioD, tlrce or more colored rhgs were placcd though the purded holes and
whcn read from aderio! to posterior thc cololed drgs iadicated the ranking capture of a ccrtair alligatof in
a desiFated habitat of a particular year.

The following data were recordcd from each capture:

Head I$gtl (HL) . straight lirc distance betweer prcEaxilla and
6upraoc4ipital poitrts

H€ad l'idtl (HW) - shaight lirc distarc! bet*Een quadratojugal
poidts

Total Body L€Dgt! CrBL) - stlaight li.!c distance - preEaxilla to
tail tip

Body cirt! (BC) - cnormferenc€ olbody posterior to front limbs
Tail I€ngh (fL) - straigbt li.oe distaDce from vert posrerior to

tip of tail
Body Temperature (BT) - cloaca readhg
Atu T€mpelature (AT) - anbie
Water Temp€.ature(WT) - pod4 pool, creek, etc,
Groutrd Temperature (GT) - surface temperature
Habitat l-oc-ality (HL) - c.& potr{tsite
Time of Capture (time) - 24 hour strstem

A printed data shect *as dcveloped for field use (Fig 5).
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Figue 3. Examplc of m.tal tags applicd to *cbbiDg bcte.ecn digits.
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Figurc 4. Pun.l codirg ald harking techniquc usilg thc posterio. four duodo.sal caualal scut€s ald the
atrtedor cight silgle caudal scutas (c.9. the scutes wit[ puached holes indicate thc nurbcr 1986).
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Each alligator captured was giveo a 6le code ideltdicatio! and plotted o! a[ aerial photo Dap to
donitor and chart movement pat!€ros. The file code was identicd to the ring color code system used itr the
caualal scutcs. Thc habitat (Designated Irtter Abbreviatio[), ]Ear of capnira, ra*ing oldcr of captrrc,for
example:

F8G3 - 3.d irldividual captuled ia Flag Pord ilr 1980
MC7&1 - lst bdividud captured in MiU Creek in 1978
NO8&10 - lfth ndividual captDred ir No(h Otter Pond in 1986.

Alligators were .1,\si6ed by size using tle followiag formula"

srzeTBL C!c$I!cr$s!
Hatcl irgs Neolate
Jm-lm Juveni lc
lDr -25m Subadult
Adult brccdirg siz! fenalo ( > 2 m) A.lpha felna.le
Subdominatc malc (25 - 3 m) Beta Malc
Dominatc male brccder (> 3 d) Alpha Malc

REST]LTS

Porrulation Dvnamlcs - From obsenatioas Eadc ir 1975 a.ud 1976, a popDlation .stimatc (j.ocluding
Deonates) of 50 plus or dinus 50 individual -4. ,n nrisrippr'€rsir w?s made. The bleeder adults were not
deliberately disturbed by attempted captlre and ody two Alpha femalos were captured when thcy hld
vacated their te.ritorial liEits. Four Alpha Eales ar€ cieditod witi the courship aad mating of the ten
know[ brc€dirg atrd rcsting A.lpha fgdalc adults. T]rac Beta males, scxually mature but physicaly
utdelsize4 v,,ere captured alrd oftctr sho*ed woutr& !fiich could havc becd thc rc$rlts of 6gllti[g and
tcldtolial aggrcssion. Bcta malcs wcrc dot obscnrd i! thc ftrsh water Ironds after mid May, thc clEtsbip
timc tablc, aad remaincd ia the tidal marshes uatil the tall derriDg season.

The largest segme of ihe populatiod consistcd of subadult fcmalcs ard males, juvcnil€,s atrd ftoftte6.
Nests and trconates wEre never guatded ftoE buma.as by the fesales on Wassaw Island. Howerer, kDor,D
rrestilrg was successfirl 70 of the time and hatching rates wore average or above otler study areas.
Predation atrd loss of hatchlirgs b€cause of winter kil atrd drougfu wErc thc glcatcst inJlucdccs id
population dt!a.6icr. As lrould bc oea.cte4 ycars of high oastirg de$ity and successful hatching pushrd
the astimated islard alligator populatiotr to 300+ iudividua\ aad whcn aasting and succa,rsfirl hatcblilg
slrvival wErc low thc populatio! cstimatc pas &oppcd to Zn individuak (Fig. 6).

Populatlon Dliperston - TtD 1976 and 1977 obscrvatioa suweys of the early sprirg cE.lgiDg Wassaw
Island alligatori ftom tlcir rvidtcr dcDs cstablishcd that thc raside popularion (ovcr wiatcrs) in thc six
freshwater poDd! ofted aleDncd communally witl brccdcr fcmalcs aad their olfspring includiDg rconates,
juvcniles, aad s6all subadults up to 13 d in leqth. Othcr goup basking areas showcd co&entrations of
subadult alligators capable of digging tleir ow:r deis, but dc! sha;lg shodd [ot be ruled out. These large
gloups, rangitrg in siza from L5 to 2 m of basking subadults vrere localed around small gator pools id Flag
Pond- Groups of 20, 22, 29, ard 31 alligators vere obsen€d ol1 several occasiors whed suitable cotrditions
prevailed. Alpha and Beta males and breeding size feDales witl !o apparelt offspring ofteD basked siagly
on matted grass, floatiDg logs, ad living tree trunk.

As sprirg tcmpcratures rose atrd pond waters i!6eased the prcy rasourccs corsisti.lg of ins€ct lawae
and adults, mosquito fisb ampbibianE aad small lizards, tle pod of Deonat* $ould rctur! to thc oursery
areas chose! by tle female tle previous fall after the hatchi!& Most nurscry ar.as wrlc shallow deadows
with varied vegetalioa for camoullagc. Juirniles with sibling leoDates were usually guarded as part of thc
pod as was cvident i! 1979 whe! the Pal(detto rcsident female PF-1's 197 and 1q78 hatchlirs formed oue
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pod. Other po& sepaiated ot wcre kcpt apalt by tlc guarding female. Ushc.\ lcsidcnt fcnalc UF-1's
198 juveDilcs rclocated to othcr ponals whcn thc 1981 lreoratc pod took o!€r thc durscry arc& Thc samc
type of pod separatioas occurred in 1984 whcn tlc 1983 traollate pod tool ovcr thc nursary erca as 1981
juveEil€s wrrc recoiBred h Otter Pond. Flag Pond fcE le FF-3 rcsted suc4essfrrly itr 1978 and in 1980 ald
the dispersal oftlc 1978 pod {,as cvidc fiom thc du.sery arca"

Envimnmcntal and T.Eitorial FY€ssur$ on Juv.nll$ .nd Subadult Allisators - Juveniles ad subadults
Badc up tlc pcriphcral rasidc s of all ftqsh-water po[ds a! loDg as adequatc {ater levels atrd prey were
aeailablc. Thc 'pcdphcral' areas of tle fteshwatcr ponals wcrc gcnerally floodd low-forcstcd areas
commonly rcfcrred to as orredlow areas of pon&. ltcsc lloodcd rwamp-like areas tad !o gato. holcs or
large de!s. Somc sda.ll dcrs cxcamtcd by subadults werc probably uled by lomadic iadividuals morc than
as permarent type dens. The capture records iidicatc a largc turnover ir peripheral inhabitants and js
lnost likely attributable to the tria.l aad crror period experienced by rangiDg subadults. As codlmcd by the
tagging projcct, $rbadolt! ralgc ftod thc wintcr dcn aad spring basking area.6 itrto pcriphcral habitats of
freshwater subadult populatiotr would lclocatc iDto ttc braclisi poads.

Prey.Ata!!ab!!i!L - Braddsh poarlr lack availablc gey uitil the high spriDg tidc6 of latc April or clrly May
wher thousands of fiiger size roulet, sdrl sbrimp, bluc crabs aad evea tarpotr cntcr tbrcugb tidal clecks
ald becoDrc strarded until the folodng fa[ spriry ti&. Growiog rapidly on thc Ntric rich bottod oftlc
b.acldsh pods, |!esc prcy rcsourccs proddc thc proPer size food sourcc strd qua ity for juvcDilc ad
subadult coastal aligato.s vrtcrc ro frcshwatcr 6sh soorcc is availablc, The importa.ncc of thc brac*ish
poads as thc ccological niche eqrloitcd by subadult alligatoK was clElirmcd by tie 91 captures of 65
differest alligators in the four bmc*ish pord habitats.

Further subadult alligator captures coDfrdcd t[cir ocrasioaal cxploitatioa of tidal poolE slowhE and
surf edgc for crabs, schooling fish and de.4 deposited bottonr spccias that v/ere wasf,ed lshorc ftoE
commcrcial fishing trawlcrs. Dudtrg onc tcr-&y pcriod in 19n, tc,€nty itrdividual alligators ftolll 1 m to
1.8 h ir sizc w.rc located fcediag in pools along a orc milc strctch of the boneyard b€ach" Ovrrall 32
alligator capnEes took placc or thc Barri$ Beach habitat of Wassaw Islad. Numcrous otlcr track
siglLtings od tha bcach c,€re reponed duriDg tle study period.

Tdal Marsh Exploltatlon - Marsh sightings of aligators began each spliDg r rith the arrival of Bcta roales iD
mid-May. Bcta htle #1 \r€s captured heading toward thc Drarsh ncar tf,e south larding on 22 May 197,
Pr€suDably too large at 23 d CIBL) to bercit ftoE the finger size prey availablc in thc bractish poDds,
this atrd othcr large subadulb and Beta malcs rcmaitr in the tidal oarshes urtil fall cooli.ng tcep€raturcs
dictate their retum to *irtcr alcEs in ficshwate. pond eDrbanlEenti Beta malc #2 \,as captoftd h TcaI
Pold oll 5 ScptcEbcr 1yl9, four days after a huricarc had passcd though plummcting teeFatures and
rcilling tbc poDds, Beta malc #3 lras captured iD Ottcr PoDd Crcek after rctumilg ftom thc tilal malshcs
od 10 NovcEbcr 19D.

Further idormatiod ad obssvatiotr of alligators iIl tlc tid4 zodc bagan with thc captDras of subadults
feedirg olr stripcd dr.llet (Mugil cephahlt) whi&. school by thc thousands out of the moutf, of Mll Creek
duri4 outgoing low tides. Or 30 Judc atrd 2 July 1yl8, two subadult males, MC'78-1 ard Mg/8-Z lr,crc
captured while feeding ir thc shallow shoals fo.med by tidal dcposik Six ro cight subaddt ard adult size
alligators wErc srctr by their red cycs which rcocctcd off of haad held lights scvcrat tincs duli.og rle
summer \r,hcu below average tides occuircd. E ClcEcly low tidas can ocqlr due to E€sterly winals, moon
and sur aligpm€nt, or as a combinatiotr. Thcsc lo*€r tid.s nearly seal off tbe draiBage from Mi[ C.eek.
Alligators were obscrved at dght and early morning positioniig thcD$elves in shallow passages to*ards thc
olcondng current $/ittr their doutls 2 to 5 cd agape. As a school ofmullet would swim througl the smal
channcl alligators would jerk thcir [cads rapidly sideeays i! an atte[rpt to catch tle frsh. Mu[ct could be
sectr juEpiDg frantically and turniDg a.ouad ia the aEbush arca. Vcry few catches !.crc observc4
slggesting a Iow p€rce age sucac-ss rate evetr witiiD a colfr,ted arca. MC78-1 continued trtilg to capturc
oncoming mullet as I approached uadhg with my headlamp and pole. The violent head jerkirg motiors of



the a.lligator madc noosilg erremely dil[cult ald several att€Dpts v/cre r€quircd beforc succe-ss was
achieved.

During 1980 and 1981 it bcca.Ec [torc and more apparcnt that thc five prcvious years of dghctiEc
scarcles and caplure successcs of thc wasraw Island alligator populatiotr had setsitizld the freshwater
ilhabitilg alligators, They begatr reacting to lights by quickly sinking aad/or rctul[irg to de[s. At th. erd
of the 1980 res€arch pcrio4 flo differe alligators had becn identified on Grcit wassaw Island-

Tbirtcer Dig[ts during Jun€, July, ard August, 1981, were spert observitrg a igators ir tle saltsrter
6eeks atrd the adjacc( Earshes. Eig[ty-seveD sigbtings of alligtors werc rccoralcd. Tte str6llest eEs
estimatcd at 13 f,, the largest 3 m. PaEollirg the lrarshes dudlg spriry tid€s at night stit! a 100,000
candle power hald-hetd lamp, I observed only scattered hdividuals in the maia boatiry cLaaael of
odingseq \Passaw and Romerly creek. As noted p.eviously, six to eight subadult alligators had beed
observed at the Eouth of Mi[ Cre.k duliDg separate low and high water obelvatioDs snd eight to 13 large
subadult alligators in the winding tlrcc tn of lavigablc Mill CreeL

Another obscrvatior atterBpt re!€aled thc most sigDficant fceding behavior to date. To prc!'e thc easc
of acccss to ard ftom Mill Crerk, rry assistant ad I canocd out of Otter Potrd Geek oIr an hcoEing spring
tide iato the tidal maishes. FroE thc end of Ottcr Poo4 a oar.ow but distitrguishable 4) m trail comect€d
to a small linger charrcl of Mill creet- lbe tide bcgaa recrdiag as I reachcd decpcr ard widcr chamels.
Mullet were obsaricd pushing a.trd plowilg throwh the Spcrrma marsh grass to*'ards deaper e/at€r ftom
tle surfaciag mud flats. Mollct were see! and could bc heard jumping from the shallow marsh bc<is
to$ards the dver chalrlrel. Sciped Eulet a hcrbivorous ard debitivorous fe€diEg frsb" peDetrate bigh Eud
0ats for Ntritious deposits of decayiry vcgctatio!, ard grazc od epiptt'tes and epifauaa frod marsh glasses
ard othcr subsEatcs (Coliis 198t. As v,€ apploached thc 6rst subadult aligator, wc fourd that it had
positiorcd itselfperp€ldicular to tie marsh cdgc witl its slout slighdy percbatiDg the first grass stalks. Its
Drouth agape, body and tail angled do$h and out i! decpcr watd, the alligator balanc€d itscf agaiDst the
outgfig qirrent. Mullct w€rc ob6ervcd pushin& plowilg; ard judpilg out of the highe. grass cove.ed
Drud llats past the alligato!'s position. Th. aligator slowcd no hcad sidc-jc*ilg motior bcforc
submcrgirg at our approach. Six Eorc alligalors &om 15 m to 3 n (TBL) were observe4 a.ll ia the sallre
darsh edge positioo. The largest, an Alpha sizr male, had positioncd himsclf at thc mouth of a small
&aiaing dbutary acf,oss from Mullet Cleek iDtersection with Mill Creek As his vridc hcad bddged the
narrow chao.del mullet pushed through the glass edge of thc channel some jumping clear of thc watcr
direcdy over the head of tle a.lligator. Witl oD.ly a slight head-jerlg atr Alpha siz! male caught a 30 cdr
dullct at Eidbody. LiftiDg his head dear of the water, he tossed and rolled the dullet into positiotr for a
head-first s$€llow. Tbc alligator, wbicb barrlly moved otccpt in hcad positioo, rcslmcd its originzl position
ard was Dot ob6c.€d capturing aaother 6sf, for thc det hour, a! mullct continucd jo.mpiDg and cscaping
ftom tlc small chaaacl by ttc alligator at a ai-;.:"u"g rate. No otf,er hcad jerk were observ€d at ihe
timc. Ar hour aftcr tlc capturo a.nd fccding sequeace, thc tide bad dropped below t[e surrounding high
Earsh alrd no Dullet were see! Eoving loE?ld the deep wator cf,ar&l for 5 hinutcs. Ttc alligator
submerged and did not reappear. No morc alligato$ llele seetr itr tle short distance we tra!€lled to tte
mouth of Mill crc€k $r'herc it coDnects with Wassaw Souad. Tbree bou.s later, rcaring low tidc, four lrrge
subadults approachcd thc shallow shdls of Mill Creeb Esch positioned itsef agaiGt thc currcnt in a
shallow passage. Mullet, schoolidg towsrd thc soutr4 could bc sccn ard hcard by the hundre& as they
jumped and sw6m tbrough the oudlowbg narrow passagca. Sootr lapid head-jerking was observed with tv/o
a.nidals each succcssfuly catchitrg a dullet,

Beginnj.Eg i.! 1981 aDd coDtinuilg though the 1986 research pelio4 marsh boat trips \vere attemptod
during tle nig[ts of ful alld lew moons. Particular elIort vras nrade to capturc subadult a]ligators in Mill
Creck ia articipation of recoruing preliously tagged individuals frod interior habitats. During tle
nuderous 6arsh cxcuisions !ale! ftord 1981 to 1986, the receding spring tide fecding behavior was
.egularly obsewed.
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Ranae*ide Mor€m.nt - The main ad\,"abtagc of perea.rc[t taggng a'rd doKal caudd scutc puich codas is
thc abiliry to recapturc tlc Earkcd alligatots at any timc in thc future ald bavc posith€ identfication for
coDpariag data. The proje.t.d ht?otlesis fton carly obscrvations of lhc Wassaw Isla.ld alligator
populatioa was that possiblc bigratory patterrs higlt cxist for corstal island aligator populatiors and tlat
in search of prey, subadult aligato.s e/ould cooditionally lcarB the frcshwatcr pond! of thcir wirtcr dcEs
and move irto bradish ponds atrd clErtually ido tL. salt Earshes and returtr agab to tbc ftcstwatcr
widte. detr site itr a cydic tJ?e pafteru. Early cvidence ofraDgcwidc movrEcnts camc Aom thc 9l captures
ofjuvenile aad subadult alligators in the b.actGb pord habitats. Barrier bcacl rlsc by aligatora scarchirg
for cabs, achool fisq and washcd.ashorq trawlcr-tilled mariae animals also vss cvidcrt by thc 32 beach
capture lecords, and fnally thc additiolal capturc iuforEation rcrca.lcd from thc tidal marsh cryloiters.

The presence of Beta malcs in tle tidal marshes is most lkcly attnb .d to two factor$ one,
territorialig of Alpha males forcing them Aom suitable habitat in fteshc,atcr pords; .trd sccodly, the
uDsuitablc prcy i! thc shallow bractish porrls. Thc smallcr, 1J to 25 s subadult5 that male up the
majorig of marsh sightilgE beuent &om the prcy rcaouicca availablc i! an oth?ffisc margiul or
udprefcncd habitaL D',ting 1984, S't-5 (15 n), F8a 2 (136 n), FT7-1 (1.75 n), Ird O79{ (Laa n)
we.c all captuled itr Mill Creek FZ7-1had beca captur€d in four dificl.lt f,abitat localcs sincc its initial
captuc in Flag Potrd itr 197. S77-t F -1 alrd F8+2 werc all initially capturcd io ftesh*ater ponds. O79-
6 was captured h the bractish Otter Potrd ilr lyD. Hcre rras iaccasiug cvidence of tlc usc of the salt tidal
zonc as ar ecological Dichc important to &c growth ald sur{vability of a coastal island Amrricar aligator
populatioD- Durirg 1985, D85-1 (1.62 m) was captured i! Mi[ C.eelq firthcr Buggcsting a prcfercftc for a
Iarger prey sourcr over tlre smalle! source provided ia the braclish cnvironmcnt of Dikc Pond. This past
scasod (1986), MCr&l (207e) was lccaptuled ir the Mill Crcek tsr:butsry of Mu.Iet GccL Bccatse cight
years had passed sincc MC?8-1's iaitial captufe, it is possible tbat the tidal darshcs plovided an amilable
food souce acctssary to bridgc thc gap for laigc subaddts ard Beta males until a surtablc fteshwater
habitat could bc fou.nd.

Inna Dlstance Recoverles - Fcdalc S7.2 (1 E TBL) c,as ftst captured h the peliphcra.l southe.! etd of
South Podd and was captuied agaid (} days latcr otr thc South Eid Beach (straight lile distalc! 6J kn)
rvitl juEpitrg cactus spines impaled h hcr stid fron crossiDg the tlalsitioual dute ddgc habitat. Ite
greatest distancc collrcd by a recaptured Wassaw allgator was rccorded id tha 1980 study 6c6son. B8G1
fcnale (1J m TBL) was captur€d a.rd taggcd od thc cedral bsr.ier beach of Wassaw Islanil Fifteen days
later a.u enployc.c with the South CaroliM Wildlifc Services capturcd the same tagged alligator as it cossed
a alilt road 1,6 km west of the beach on Hiltotr Hea<l Island, South Caroliaa (straight line distaace bctween
capture sitcs was over 50 krr). In 1982, 082-1 (1.25 m TBL), originaly caught in Otter Potr4 w?s
recaptu.ed thrc€ mooths later by thc Georgia DepdtEent of Resource6 on Wilmirgtor Islatd (total
straight lirc distanc! travcllcd s/Es 12 km). Atrother alligator captucd itr Ottcr Pond i! 1982, 082-9 (0.91
m TBL), $l's @captued in 1984 usilg a fap gatc tiap dcvclopcd by.dC. Pool€y ir Natal South Afric€"
The colored pbstic rings ir the dorsal caudal purched scutc6 a.lcrtad a Talali Islad Rsidcrt to his dcw
guc,st in his pri te cadilh pord TLis aligator (082-9) had moved 13J straight lidc !(d fron iB origiDa.l
captulc sigLt t*o years .arlier.

The recaptrirc lccord for dalry individual Wassa$/ alligators shows a limitcd distamc covcrcd whcr
recapture4 However, tLe isla:rd's complcx aad varicd habitat zodes are compad and clo6r. Thcre is
stlong eviderce of ra.sgirg behavior in search of adequate habitat a.nd proper size Fey availability. Tabl.1
lists recaptues {,ith habitat changes alrd the covcrcd distarcci

DISCIJSSTON

The barrier isla.nds of Georgia's Adaitic coast offer a variety of habitats that arc cxploited by diffcrc
size alligatols. Od Wassaw Islard neonatcs, juveniles, and ever subadults wcre obscrv€d cmcrging from
the comEulal wi er dens of adu.lt aasting females. The adult ma.les ald thc rcmaining subadults
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hiberMted from Decambe! to Maich in scparatc dcrs. All winter deDs $,cre ir the frcshwatd babitats. By
eslablGhing the locatiod of tte Wassaw Islard alligator popdation ir the frcshwater habitats Erhen they
cmerge from the wht€. alens for baskin& tleir rDovcmeats rvcrc dcterdined from t[c cnpturc data.
Neoaatcs prcyed or amphibiars, Eosquito 6sh, insects and other artlropods that c,€re aburdant in the
flooded matsbes of splirg ald fall. Gator holcs as rcported previously (Meyer l97t 6ervc as the last
fteshwater souces on tle barrier islads. Dominate males atrd females capture prey that coees to alriD.k at
tlese water holes (four dcer carcass€s and orc skuU with aligator tect! marks wEre found durtlg this
study).

The Eovcmcats of alltatorr of Wassaw Islatrd werc attlibuted to sotrral factors. Fluctuating $ater
levels h fteshwate! pon& harc prcvcntcd thc successlul estabtsLDre of fresh*atcr 6sh tbat are alailable
throughout a Eajority of thc alligators ra.ngE (Ncill 1971). Thc seasonally abundant 6sh and crustaccals ir
brackish habitats oD coastal barrier isla.Dals were used as the primary food sources for jwcnile atrd < 15 d
(TBL) subadult alligators. Subadult aligators obscri€d otr the barricr bcach itr tidat pools left by the
reccding tide alemonsbated a fecdiDg Eethod of raliry c,ith opeb jalJs tblowh thc loos€ sald at the
bottoE of the pools for locati[g ald capturing bluc crabs. Carriotr feedirg on 65h and clustaceaios
deposited by wave action aft€r bcing throwa owrboard frola conmcrcial trawiersr rlar also obsened
among tbe barrie! beach dlligators- Subadult aligators > 15 E (TBL) alrd Bcta malcs explofued thc tidal
Barshcs foi larger prey such as striped mullet. By blocking or coEstricting the c*it arcas of feeding aad
schooling dullet, alligators wErc ablc to snap at tf,c conccotrated fisir, incrcasirg thc possibilitics of
capture. The Nile crocodile also e)ihibits a feeding bchavior for mullet species at klc St. Lucia iD Natal
South A.frici" Pooley ad Gans (1976) .eported that cocodiles cooperatc by fondng a seEi-cicle whcre a
cha.D.rel eEpties and the crocodile,s catch the iDconiDg 6sh as they pass through the raals.

Ttc capture ad tagging of the subadult alligator populatiod established owr the ten year study pcriod
tbat the coastal alligato$ wcrc forcld to adapt to rcv habitats ajrd that some food sources required
ilcreasingly dore sopbisticatcd capture tecbniqucs as thc alligators matued. TLe demaarl by the
ircicalirg hl'mar populatiotr for more wateitoft alrd coastal islard prop€nies will incvitably causc
additional strail otr the residedt aligators, EnkratiDg idividual aligatorc fiom the Wassaw populatiod
bave 6lrcady bccD rc.apturcd ia human rcsidentid areas wherc llew decp water habitat was derElopcd

Huma! populatiotr prcssurc6 on thc coastal islands are €xpected to conthue into tle oext cetrtury.
GoverlmeDt plalnels a.ud privatc dei€lopeis should set aside adequately protccted rcsting and lursery
areas so tlral tle ilcreasiry alkator populatior wodt becomo a d.ngerous conflict to the new huBar
residcnts. However, caro must also be ta.ken not to dcsEoy ilc coriidors and brackish systems necessary
for the 6oveme[t aDd su]vivability ol tle subadult aligator populatiou of Gcorgia's Atlaltic coastal zoDc.
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Table 1, Reclrded Habitat Changes of Wassaw Islald Subadult Alligato.s.

Identity Code
Origiral
Captu.e//Date

New Habitat/
Rccapture Datc

Distaocc
Cove!ed

nG2

sn-2
Beta Male #1
s7-5
FN-L

Bnt
BTI4
B7t-16
vta-z
t79-r
t79-2
o'79-6
u79-10
IJ19.LL
NO8&7
NO8G11
NO8G14
u81-1
F8L1
F&f2
D85-1

Island hterior 25-5-76

South Pond 28-67
Island Interior 22-5-7
South Pond 25-5-77
Fl^gPo\d7-Gn

Barrier Beaci 1G7-7
Barrier Beach 17-7-7
Bariet Be ch?*1-TI
Palmclto Pord 55-
Islald Irterior 11-5-?9
Island Interior 04-7-79
Otte! Pond O2-&79
Usher Pond 068-79
Usher Podd 14-8-79
N. Ottc! Podd 2&8t0
N. Otter Pord 2&8-80
N. Otter Pold 2&8-80
Ushet Potrd 15-9-81
Flag Potrd 21-5-84
Flag Pond 30-5.84
Dike Podd 267-85

SouthPo 28-4-7
Barrier Beach 1&7-7
Otter Pond 23-8€4
Barier Beach 11-5-n
Wassaw Creek 28-7-84
MiI Creek 306-84
Ccdar Pod 0G9-78
N. Oftet Pord 11-9-78
Mi[ Crcck 27€-84
Otter PoDd 1}.9-86
Ccdrr Pond 02-679
South Pond 264-80
Barricr Beach 15682
Wassaw Crcck 20-?€3
South Pond 11{-79
Mi[ Cr€ek 10-1G&l
Otter Pond 29-8-83
South Pood 0G7-84
Ottcr Pond 29682
Soutt Pond 28{-80
Ottcr Pord 26?{5
Otte! Pond 29-&€3
Sou& Pond 21-7{4
Mi[ Crcek r-&&l
Mill Creek 1+1G85

1.8 km
48 kd
1 .1h
6J km
0.7 kE
55 *,:r

0.6 km
1J ko
0-8 km
1.6 km
63 kE
3.4 km

02 kri
1.4 km
1.6 kE
1.0 km
0.1km

0.1km
1.6ld
2.4 km
13 km
2.6 kln



TTIE CAIMAN OF TIIE PANTANAL: PAST, PRESENT, AND FTJTURE

Pctcr B$t5ttls

Dcpsltmc of Hcrpetolog/
NewYort ologic.l Park

Bron)g New York 10,160 USA

The Padanal is a complex region whic! lics ir lhc basin of the Rio Paraguai b the Braziliar statcs of
Mato cros6o alrd Mato Gro6so Du Sul. Thc regiotr is apprqisatc$ rm,000 kn", and is largely composed
of pelr,lanedt swamp, scasotral swamp, galery forcst, Eargiaat scrub, savaitoah, and semi-deciduous forest.
Thc Padta.tral fo! the Dost parl i6 Lss thas 100 m above sea tevel Thc cliEate rangcs ftod €dcme
drought to raiDfal h cxcqss of l2m m,)r, wticb fals^bctwccn Dcccdbcr ad February. TcEpcraturcs may
range ftoo uearly 0" C in lhe dry season to o\,cr 40" C during lbe raiDy scasot. while eDdemic species are
widespread, they are few ir lumbe!. Tte Par atral caida! o. Jacare, bettar krol,tr 8s tle Yacatc caima!,
Caimarr crocoilih$ yacate, is the ody crocodilian which iDbat its thc Pa aral propcr (Meded 1983, Pralce
and Schallcr 1982, Schalcr .nd Crawhaw 1982; Flg" 1).

Because the hide of tL Yacarc caima! bears widcr flank rcgions (Eg.2a ?n; the portions Eost ofte!
used ir thc manufaafirc of Fodu.ts) than the othcr raccs of cniEa!, it ha! bccn thc horc desirable q)ecies
ard thc daiDstay of the coEmeldal caiman lcathcr tadc. In the United States aloIre, tle cairna! hide alrd
product tradg which iacludes thc Yacarq amouitcd to ovcr ten lnillion dollars i! declared valu€ for the
6rst niae mo bs of 1986 aad included 355560 itens. Cainaa ski$, itrcluding Yacarc, Eakc up at lcast
tbree-quarters of thc estimated 15 to 2 Eillior crocodilita skiDs in a.ntrual woild tlaale. Howevcr, Yacare
only occur i! soutlem Brazil casterd Bolivi4 nortleastern Argpntin4 Uruguay a.Itd Paraguay (KiDg 3nd
Brazaitis 1971 Brazaitis 1973, Mcdcm 1983). Paraguay ad Boli/ia are tlc major sporters of Yacare
hides (HeEley 19?9).

Yacare caiBatr arc lisled undd Appcldix II ulclcr CIIES and as aa eddalgsred spdcs under tf,e
U.S. Edarycrcd Spccics Act, a.rd arc ba$rcd ftolo tie U.S. t ade si[c€ June, Lno. I^ Lql and ia 94
KarlheiDz Fuchs, in rcD-scicotilic iDdustry trade joumals (Fucbs 1971. f974), dcscribed scvcral nccs of
Yacare caimar (C. c. panguayewis, C. c. narogtossoensis) at nornen tutd.rn. They *rre added to the
che!&lirt of cocodiliars by werEut! aod Merters (1977), and wcre sub6cqucddy icpudiated by Mcdcd
(1983), Fran ad BeHcr (1983), ad M6j€i and Ros (iIl prcp). Although these C. c, pcarr synoq'ms
were oot adopted €s valid subslrcciss, crcmpt froE ttc addrngcrcd d,3sncariod of thc USA, ttc names
were incorpo.atcd hto tf,c 1983 o6cirl CITES Idclti[catiotr MaNaL Today, prompted by irdustry
prcssurc and &c taxoDodic corirsion which har b€.n raisc4 ad which could bave serious ramfications on
tle Eranag.Ecnt ard coEcrvatiotr of the spccics, the Yacarc caiman, particllarly populations from Brazil
Paraguay, and Bolivia, arc thc subj..t of itrtcnsivc taxorcmic alrd populational investigalioD. At this tiE€,
the specics codtinues to be ba$cd froe U.S. tradc. AnticipatiEg thc posliblc a\Eilability of large Nmbers
of Boliviar and Brazilian Yaca& suls in a diEatc of reLr(ed cootroh and fuelcd by tle reccnt irfirsion of
verczuela! 'baba' (c. c. .rocoaiir) skins idto thc darkct, thc crocodilian ski! leather trade lautched a
Eajor fashiod caDpaig! to pronotc cfocdilia! skid produds ir 198G1987.

Thc Yacale of the Pa.nta.ral is higNy subj€d to aay increased demarcls for Yacare hides. Yacarc
populatioDs h Brazil, which arc totally protected u!de. kw 5197 sircc 1967 (Fuler and Swift 1984) largely
hhabit tlc Paftanal a region bordercd by Bolivia aad Paraguay. Despite complete protectioq Brazilian
Yacarc havc historicaly b€rl takcn ilega[y ir largc numbers by Bolivia! ad Paraguayar tladcls.
Uqfortulately, ilcgal hudilg practiccs ofteD takc placr during pcriods when ttc animals arc most
susceptible to dlastic depletion Ardmals co4tcgate in audbcrs in seall shallow catde watcring ponds
during the dry seaso!" Although areas may be rcmotc atrd inaca''s.sfule du-ring the wet season, such ponds
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a.rc easily accessible by truck durilg the dry scasoL Light &craft caa also laad virtually aaywhere in tf,c
Pantalal to pick up ilegally talc! skins, atrd fly dilecdy out of the country to ports i! Bolivia ard Paraguay.
Femalcs with young are particularly sDsccptiblc, in tf,at lodc fcEales arc attendiDg young iD small e.sily
accessible nurEery potrdi during the headly huDted dry scasod (Ci!t!a 1981 Cra*shaw and Schaller 1980).
Tbe effectof thes€illegalhudtingpracticeso!thePastanalcaimanis evide .

In cooperatiotr with tbe Instituto Brasileiro dc D€senvolvinelto Florestal (IBDD alld l,'g Isla.nd
Udve.sity, New York, atrd with tle support of WWF-US-A- and the New Yo.k ologiqd Society,I visited
thc Partaral h OclobcrAovcdbcr 1985 oa a cusory preliEiaary survey of Yaerc populations Areas
previously surveycd by Schalcr ad Cnwshaw ia Octobcr 1978 rlere rc-assesscd. Populatioos wEle
sabplcd ia a transcct of the Pantalal frod rcrth to aout\ and west to tha Boliviaa border. Although tlc
results are rot condusivc, based on the vcry short $rvcy perio4 ttcy arc irdicatrve of the crrreft situatron.
Few a.nimals fourd were larger than 12 to 1.8 E i! lelgtb, corsiderably sda.llcr thar the 2.5 m to 2.8 m siz!
potential for the species. Ia most populatiotrs of adults sanrple4 asd observed by Brazilia! biologists,
males ofte|r outduober feBa.lss 4:1. Itr oae poa4 ooc fcaalc doldrated a pond contaid.ng over 30 males.
Ir codrast, a s€x ratio of t1 was trot uncoEmo! ir popi atiols of sub-,adult admals lcss tha! ode Eete! iD
length. AloDg one 14 *m stretc.b of road bo.dered by seielal cattle po!&, Schaller ald Crawshaw (1982)
estimated a Yacare population of ?r00 to 3000 a,rimals. b October 1985, qe found the po*ls to co$aitr
bctwca 25 to 50 anidals, and tlc cdile strctch to codtain fcwcr t[an 500 to 600 admals, nainly ia locally
protected isolated pools.

Althoug[ poachers also take anacond4 rpotted cats indudiDg jaguar, plus ottcrs aad tapirs, they
ftequendy operate 'n.l"llelged Poachers arc well equipped ard \pcll orgariz€d. Ercn when
applehcnde4 thcy often escape impr;sonment and have fines and the value of confscated skitrs leidbulsed
by tle hide buyels. New roa& for a dcr€loping touri* Eadc arc opcning othcrwise inaccessiblc rcgions,
Brazilian wildlife authorities are doiog aa exeoplaryjob itr attcbptilg to stcE thc flow of illcgal skiDs, but
tley arc worting uader dilfcult conditiols with liftle Doney, poor judicial support, add litde cquipmcdt.
Onc officcr coDlided tlat he had crled ofi ar attact on a kaown poacting operatiotr whcd he realized bis
me! had a.n avcrage oftbrcc bullcts pcr pcrsor" Lardocbcrs, cxccpt for a bravc few, do rct ilterfcrc with
poactrirg udess the poachers talc cattlc or salt storcs.

Ttc futurc of thc Yacffc ir tha Paltr!4 as {cll as thc cconomy of tiis udque regio4 could be
permanendy edanced hy the souad ma.lagcbcnt and corscr tion of tlis important wildlifc natual
r€source. l,andowners as well as s€velal gor€rrmell agercies havc begrl to devclop pilot projccts *hich
wotild utilize the protcctcd wild populations as a basis for cai,lla,l ranchilrg opelatiois. The local fishiag
indusay, atrd t[c devcloping toudst uade nay bccomc positivo complcEeatary industri€s. Effective
colservationlmyliclotoDlyitrlawcnforccmc,buti{arawarclcssbylocalpe.plesidthePaitanalthat
tle p.otectiotr of t[e wild populatio  particula y ncsting fcdalct caa rc,sult id a rencwabla "c!sh .rop' of
yormg aaimals for Braziliaa caiman raachcs. Such an industry has a loog way to go. To bc ccodoroically
feasible, a rancted caiDra.u must producc a total cstidatcd rctum of about $200 in hidg Ecat, bonc, a.d
tourist rcvc tas. Hide dcalcrs pay only U's. 15 to S10 pcr slid. Thus, the ilegd trade must be stoppe.d iI a
new ranchiry industly is to prosper. At the prescDt time, ratrchidg efrorts are i.tr their iDfancy (Lumoore et
al. 1985) and range ftom se.ious busircss investraents and the developmerf of state of the art husbandry
tech.dqu€s, to opcratiotrs such as Esre seen ia Miralda in Mato Grosso du SuL There, wheD it was lcamed
that Blazilia{ authoritics may olca a huntbg scason, a Dew dgn was crected itr aaticipatio& Dambg the
lanch'cairnan ra!ch"' Wletr I asked wherc the rcaring arcas ncrc} thc reply was, Thc whole raach. wlreo
the time c!me,s, wc wil lill all of the wild ones."

The loDg telm futEe of tf,e Padanal Yaca.e, and perhaps tbe €codoIny of local peoples, Eay best be
sen€d rct simply itr estimating tlc cxtent of the endemic Yacare population ald bar,€stitrg it to its
maximu!, but in daling provisiotr for and supportirg thc growth of a new Brazilian hdustry which
encohpasses thc matragemenl atrd co$eflation of the wild populalioD, ralrchi.n& taldrg 6shir&
darketilg and tourism. Such atr hdllstry might v,€I be of inftritely g:eater long la|lge b€Defit to malry
more of the Brazilian people add hay bettcr pr€scrvc the P6nta&l caiman.
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A COMPARISON OF SIZES OF CAIMAN IN HTJNTED AND NON HUT\TTED
AREAS IN TIIE BRASILIAN PANTANAL

Renato Cintn
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c.P.478, Manaus, 69000, AM, Brasil

ABSTRACT . Siz€s of hurted cai$aa (based on snout-vetrt length of conliscated skils) i! thc Brazilia!
PaDtanal were compared witl sizes of admals ia a:r uDhunted population. There is a siglificaat difielerce
betwee! tlre si"r distribution of skils of huted aliorals add sizls of anilllais available in the unhunted
populatroa. The hu crs show a clear preference for caimans larg€r tlan 80 cm snout-vetrt l€ngth.

INTRODUCTION

The Paraguayar caiman (Caiman yacare) tu ybe the dost heavily exploited focodilian m tle world,
but we kDow almost Dothing about the effect of hunting otr populations of this specres. we can howev€r,
get an idea of the sizes being hunted from the siz€s of corfiscated skins.

Th€ aim of this paper is to presedt data otr the size of caidatr beirg hurted in the Brazilian Pantanal
asd codpare these with data of sizes of animals in an uihunted population.

METIIODS

I studied the caiEans alolg the traDspantanql road in the Muoicipality of PocoD6 (56' 59 west, 17 16'
Soutl). TLc Partanal is a larse area (100,000 tI!") of scasonal swauplard ir soullwarteE Brarl

Duriog the dry season the caiman form large conceltrations in natural and artficral pools alorg the
road. Itrdividuals (200) of differcnt sizrs and both scxcs wcle raDdolrly captul€d ard Eeasured.

To get ar idea of the size of caiman being hunted, I measured a random sample of skins confiscated
by IBDF (the Brazilian wildlife agcn9, near the Bolivia! border. I measured 95 of the approximately 600
skias that they had confiscated.

Because the hunters cut around the rreck and in front of the vent it was impossible to measure snout-
vent (SV) length diectly. I estimated the snout-vent length and th€ distance between the front aDd back
legs in entire skins. Unfortulately, I had no entie skJns of Cailnn yacaru and so I estimated the
relationship based on 61 entire skins of the closely related species, C?r'r,rar oocodihts, which werc
confAcated by IBDF of Manuas. I used the following equation:

sv= DBL+ 1 .75
0.49
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where DBL = Distance berw€en front and back legs; (1.75 = a and 0.49 = b values ofthe Iinear regression
of DBL on SD made fot Cainair ctocodihts skiis (r = 0.94).

REST]LTS

There is a sigdlicant dillerence between tlle size distribution of skins of huDted aDimals and sizes of
animals available in tle unhunted populatior (Fig, 1).

It is unlikely that the sizes of animals in the hunted population are larger than animals in the unhunted
population. Therefore the hunters are showing a clear preference for caimans larger thar 80 cm snout-vent
length.

This small sample suggests that the populations are not being reduced by the huDting. However, the
only valid way to detemine the effects of hunting is to directly suncy the hunted population. This is not
being done ir Brazil. In a postal survey of the 14 IBDF ageDcies, Rebeb and Duarte (1984) recorded 8,622' crocodiliads among 31,165 reptil€ skins. And Duarte and R6belo (1985) recorded ?6,880 carnivore skins
just ir the IBDF office ir Rio de Janeiro, but they were not sure if these skins come ftom the rcst of
country or due to r:rore eficient confiscatiod io that state. Even the indilcct method of assessing the sizes
of huntcd skins has Dot been used in Brazil, since the study by Rebelo and Magnusson (1983). Most skins
of crocodilian aDd other wild life confiscated are destroyed with minimal or no clocumedtatioD. Just the
IBDF office in Manaus will burn about 3000 Cai an oocodihtt skins. Although there are IBDF Projects to
rcgister tlle confiscated skins of endangered species, it is not well controlled and organized by each regional
agency, and the data is not available to the Scientfic Comoudty.
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ABSTRACT. Betwccn Juae 1986 and May 198?, a sun€y of thc species and distribution of Bolivia's
caimans vras conducted iacluding rough estisates of relative abutrdance of both species and habitat,
species utilization and status. Preliminary results suggcst tlat as a consequence of comDtercial huding for
their hid€E Curndz latitutnis A D idfilediate dalger ot exiactioni Melanosuchus niger is more wialely
distributed but also is i.tr daager of erdiaction; and Caimaa yacatc rema;as eidely dist buted despit€ being
badly mismaraged. Paleoflchus palpebbsus and Paleotuchus trigonatus are not commercially huted and
rcmaia locally abunda.dt. Utiliztion of the caiman resource and the status of wilcllifo corsenration in
Bolivia is reviewed. To address regional consen"ation probl€ms, tvro resolutiors are of!€red for
c.dsidcratior at thc 6th Mcetirg of ttc CoDfcrence of the Pa{ies to the CI:rES in Ottawa, Canada, 12-24
July 1987.

INTRODUCIION

This sorvey of Bolivia's cailM.os was undertalen at the request of ttre CITES Secretariat, alrd
coDducted u.trder the terms of a formal Cotrvenio (= Memorandua of Understardirg) between the
Secrctariat, on behaff of CITES, ard thc ceDtro de Dessrollo Forestal (CDE, o! behalf of the
governoedt of Bolivia. vida Silvestrq Parques Nacionales, Ca2a y Pcsci (= Wildlife, Natiord Parkl
HuntiD& ard FishiDg) is a departdent of cDF. The Bolivia! sun€y is part of a larger, tripartitq regional
effort, dimcd at dcveloping ald iEpleEeating a compreheDsive proglat[ for conservilg tbe caimars of
Bolivia southEestem Brazil, and Paraguay, The immediatc purpose of thc suftty war to vcri9 what
species of caiman occur ia Bolivia and to detereine the o.act distributioD of each. This infori1atiod will
enable the goverDment of Bolivia to assu.e that its managem€rt autho.ity issues CITES country of origin
export permits solely for species of caiead tlat are found in Bolivia.

ID additio4 the survey is the first phase of an effort to de\€lop a progam that monitors the impact of
hide exports on tlle wild populations as required undcr Document 6.2 of the Buenos Aires Conference of
the CITES Parties. During the surve, populations of caimans were identified which could be studied in a
secold phase of the project to document tle ecology ard tratural history of each species. Data from those
studies will provide the scientfic base upon which a program for the conservation manageme and
sustained utilization of the caiman resource can b€ built, thereby satisfying Doc. 6.2
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METHODS

Thc spccies and subspcies of caimaas dilfer io color, morpholog' of tic skull, ttr€ Dumbers of scales
on alifferdt parts of thc bodies, and ia various biochemical atlributes. Itr order to veriry the specific
characteristics of Bolivia's caiDrals, it *as rccessary to collcct alrd preservc vouchcr specimcn$ which could
be used lrot oDly by the presed tescffch teaE, but $hich d.so *!uld be available to other researchers, who
Eigtt wisL to v.riry our fi.ndi4s A! thc speciocns ftom tf,c tripartite study ir Bolivia, southv,€stern
Brazil and Paraguay, arc bcing shippcd to tho Florida St tc Muscud (FSM)I, Gai&sviltc, Florid4 U.S"A..
In thc FSM, the morpholog and biochedical charaderistics of thc vouchcr spccimcns will bc sodied by a
single tea& of researcherc, thercby minidiziEg differcnces that might iDadlrltcntly be j.ltroduccd if
specimens from cach of the threc countries of origilr wele studied by separate tcams of rcsearchers. When
the study is complete, all the specimels ltrill be deposited i.n thc slstematics research collectioDs of datural
history EuseuEs, where they will bc alailable to firtue researchcrs. At least 50% of the specinens will be
aetumed to aatural history ouseums in the cormtries of origin.

The e*ert ard suitability of potcdial habitat at most collecting sites $e!e exploled dudrg thc &y, but
colecting was doD€ at aight whed caimaDs are Itrore casily loc.ted by their cyeshine reflected iB the beam
of a spodigf,t. Evcry cfrort was Eadc to collect specioeDs as LuEancly as posiblc; smaller specimens were
c-aptucd alive by land atrd largcr spccimers were kiled instaldy by shootirg thcm ia tlc brain" Spccimens
captued alivc were cuthaDizld by lcthal iDjectiod. Specideos smaller tha.d 1J m total Lryth usualy were
preserved whole, while larger specimels usually wrre flaycd (with attached skuls) after being measured,
weieh€4 and soicd. All spe$:iens were iadividually tagg€d ard preserved in 107o formalin. AJter
shipEent lo the FSM, all the specideDs wEre Eansfencd to 60 isopropyl alcohol. In the liel4 d.ata were
reco.ded otr the exact locality wherc cach spccimcn was collecte4 as were data on habitat. Bloo4 livcr,
he6rt, musclc, and skid dssue samples werc collected ftoE apploximatcly 2096 of thc specimels aftcr they
vr€rc euthaaized but bcforc prcscnatioD" Tf,c tissues werc dried for later biochcdical analysis. Data f.om
thesc aralyscs will daracterize tle variou! taxa ard populations ard compleme tle data frod the
Dorphological studie!. A total of 3 vouchar spccimenq hides with regiodal locality dat4 *€rc cotrt ibuted
by bide buyers, and 2 additio$l spccimcrs cnm. ftoo illegal hides, frorr knol^,|l localitics, scizcd by CDF
forcst guards.

Attempts were made to estihate the sir-e and/or dersity of selected $ild populations by counting the
number of caimans, e.9., the aaidals seen or rellected eyeshine, seer! per krDr of rir€r or lagootr shoreline.
Some ri!'ers atrd lagoons were suflicieady small to allow both shores to be scatrncd from a boat io
midstreaD. Other ril€rs ard lagoons had mudbank o. rockbars that prcvcnted close approach to one
shorc ot wcrc 60 widc that only otrc shote could bc scanncal. Por tlis rcaso!, populatior densitics wrrc
cstimated oo tbe bssis of km of shorcline ratier thsn lm of ifttr. By virtuc of tleir trarrow|rcs5, roa&idc
borrow pits and drtch€s arc ar cxccptio4 thcir popu.lations arc estimated on thc basis of km of ledgth.
Haviry tro largc scale map6 or acrial photographs of thc particular watcrwayE w€ lactcd ac. latc mca.n! of
measuriDg thc distances cowrc(L As a coDscqucncr, thc-sr fitrdiDgs ale prcsc cd solcly es a .rude idex of
aburalance and not as incodtcstable ccDsus figures.

Habitat types were quatrticed by mcaas of aerial transcclE ic., recordirg how long it toot each major
habitat type to pass tle wiDg 6trut of a Cessna 185 llying apploxidately 140 ![ above the ground, aDd thetr
usirg those data to estieate total {vailable habitat.

Bolivia b so large and has so much poteltial habitat that it would be irnpossible to sample ercry
population of caimans with 5 years of effort, much less with only 6 nonths in the field. Faced with thar
reality and the concurredt deed to uacovetcd every spcctes of caimad that occurs in Bolivia, the survey team
made an elfolt to collect specidens from Dpstream, dorM$tream, ard in between, in every major river
syst€m, and from every lale regio& network of marshes, and principal wetlands compler If unexpected
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taxa or nausual populatiotrs w9r€ uncovered iD these samples, addrtional collections were made it the
particular regiotr and i{ sunounding drahage sJ6tems.

Illegal cocaiae opemtions 6ade collecting impossible ia some regions and diflicult iD others - ia
S€pteDrber 1986, Noel Kempff Mercadq Dicctor of the Salta Cruz de la Sierra Zoo, and two companions
were kill€d whcd they studbled onto a cocaine exractioa operatioa id the serlada Huaschaca of easterD
Santa CIuz Because of these illegal operatiorg it *!s not possible to collect exteDsively i.n the Chapate
region (th. lowland portion of the Departm.nt of Cochabamb4 aad adjacent portiols of the Depattdent
of Be!i), iivolving tle upstrcam scctioDs of tte Mainore d.ainage. Collections also were not as c)detrsivE
as desirable ia the upper Beni river drainage (in southweslcm Bcd).

Idtcrviews witl caima! hunters, hidc buyers, mtrchers, a.trd klowledgeable local residents provided
Dluch valuable data on tle distribution ard natual hstory of l€rious caieals.

F, wayDc Ki.ng a.[d Fred c. Thompson (Florirla Statc Museum, Gaine.svilc, Florida U.S.a.) ard
Car1o6 Alvarez and Dante H. Vidcz Roc-a (CD4 SaDta Cruz, Botvia), begau the survey oI| 14 JuDe 1986 iD
the ce ral and eastem regio8 of the Department of SaBta Cr and cotrti[ued fieldwork in the northem
and southeft r€ioDs ur il latc July. Thompson ard videz surveyed south through the Departnedts of
chuqujsaca ald Tarija durhg thc last I,eeL b July. Ki!& Thompso!, aud Videa sulv€yed north into the
Deparbents of Beni and Paldo id August, ending there on 28 Seplember. Jos€ Labao Tello (Maputo,
MoaEbique), who was conducting a surwy of the felids of Bolivia on behaff of CIIES and CDF, assistcd
the caimar sulley teas in Beni and Pando in August and SepteEber. FroE 7 to 2l Janualy 1987, King and
videz resuded the suvey in thc DeparhcDts of Bedi aBd La Paz, ard were assisted briefly by Mario
chalapa Zapata (CDF, Betri Tliddad).

Finally, &oD 18 to 26 May 198?, tbc fu[y tanrded alrd ftrished caiman hidos in the warehouscs of thc
six licdscd members of the Asociaci6n de Iadustrirles de cuelos dc saurios (AsIctISA) v.,ere inventoried
by King Videa Pete. Brazaitis (N€w York zoological Socicty, Brolx, Ne*, Yort 10,160, U.S.A.), Juan
villalba-Macias (TRAFFIC/Su<tAmerica Montevideo, Uruguay), ca.ldido Pastor (CDe Cochabamba),
and Heriberto Cardozo (CD4 Sada Cruz).

REST]LTS

Shce morphological and biochedical alalyses of all the spccimens collected ia Bolivia ad Paraguay
hale rot beed codplete4 and the Braziliai specimeu are only now bcing collectc4 the results rcported
here are to be coDsidered preliniaary. Ideatilications night changc whcd thc anal)6es are clmpleted- In
additio!, apart from using the speofic name Cairan cmcodilus t?thcr thallthc sy!.onyr Cainan sclemps,
thc romcrclaturc uscd in thL report folloq,s that used by the last revisor of South Amcricar caina.Ds,
Professor Fedcnco Medem (1981, r9$) in recognizilg

Caiman cmcodilus &irna s1758\-
Caiman oocodilus apapoia8it Medcm 1955
Cailnan oocodilus chiapatiur (Bocnurt 1876)
Caiman docodilus crocodilur (LiDnaeus f58)
Caiman oocodilus fitscus (Copc 1868)
Cainvn lotirostis (Da\rdia 1802\,

Cainan latiottris chacoenrir Freibelg and Leitao de Car!?lho 1965.
Caintofi htirottrit latircstb (Daudin 1802)

Caiman lacarc (Dandin 7802).
Melanotuchut niger (Sptx L&5),
Paleosuchtls palpebrcfl$ (Cuvier 1807).
Palcosuchus uigonatus (Schreider 1801).
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Wermuth ard M€rtcrs (1961, 197D, King and Brazaitis (1970), Groombridgr 1982), and Werduth
ad Fuchs (1983) t eat C. rocaft as a subspccics of C oocoa?xr, but virtualty !o justification ;s gii€D-

Scbeidt (1E28), Doroso-Barros (1974), and th. last rcvisor of the caima6, Medcm (1960' 1981, 1983),
rccognized it as a full sp€cies ard described its dbti.nctive mo.pholog/. while he did Dot Ptopose
sepalaling it as a full species, Densmo.e (1983), showed that tierc was more evolutioMry distance betw€etr
ylare and the other sub'spccies ot C. ctocodt'rlA than therc E?s adong those other subsPecies, evidencc
which tcnds to suppod scparatioD as a spccic!.

Medem (1983), did not co$ider Caimatt crocodilus matogtossoiensb dnd Caiman uocodifus
paqguayiensis to be recognizablc subspecies. Morphologic.l aad biochemical anallsas of tle speciEens
collected by thc Bolivi4 southwcstem Braz4 ard Paraguay surie)s Eay ptwe matogrostiensis a'.d
panguayiensis tobe good subsp€creE but wc arc fouowing Mcdcm udil the analyses havc beett completed.

Spccl$: Itr his 1973 sunry of thc crida.ns of Bolivi4 Mcdcd (1983), conlilEcd thc Prcsclcc ofc' loaiortr:t
lotimsttb, C yacaE, M. ni*er, P. palpebosus, a'id P. tisona&ls Frgs. L'r. Though Bolivian ofticials have
issued CITES couDtry of oigin perEits fo. tha cxpott d c. c. crocodilus hidcs, Professor Medem did not
fitrd this taxo! i! Bolivia. He did repo.t it (Medem 1983), ftom upstrcam tributaries of tle Rio Madre de
Dios in Perq ad suggested hlbridizatiot betw€rd yacat€ and oocodilus should occur on thc upper and
middlc rcachcs of the fuodc Madrc dc Dios upstream ofthc ro h^,€stem borde! of Bolivia. The present
survey largely conlirms Prcfcssor Medem's lmdilgs.

Caiman lottotnis = overo and Caim5r del chaco. The Oi'ero is the ltrost critically cndangered
spccies of caioan in Bolivia- Although Medem (1983) rcported thrs species from loc-alities i! both the
Paraguay drainage (b tle Paraguai aad Pilcomalo dis.s), and id thc A.b6z!n &ai[age (itr thc Itetez, Sarl
Mtuel MaEorc, Bcli Ortho!, and Pilay riitrt, he fourd it so etrdangered that it $?5 Poorly ktrown et€r
to thc professional caiEatr huntera. Thirteen yea$ latcr, the speoes has bectr pushed so much closer to
eninctiod ilat, despitr our visitirg dost of the localitics rcportcd by McdeD, thc Boliviar survcy tcams
oDly fould thc O'/rro i! thc Pilcooayo riwr (Fig 1)'. However, the teatrs did encou er a few caiman
huntcrs ard hide buyers, who krcw thc overo alrd tcportcd its prcscnc! ir the ltclez, Mamorc, ard Bcdi
rivers Evcry onc statcd it was eircmely raic. Otrc buycr rcpolted tlat the Overo uscd to be abundant in
the Paraguai rircr, alrd occu.re4 but was nel€r nunerouE in the Itencz To illustrate his statcmcnt, he
rcportei that Z) yrars ago, a shipm.nt of hides from the Itenez would indu& approximately one Overo, c.
lar'rortir, hide for €very 5,W l,agatto, C. yacan, hides, In recent yeats, he has lot seen even one overo
hidc ftom thc Iten€z By 19?9, the species had bccolre crdangered itrArgentina a5 well. Fitch ald Nad€au
(1979) suft€yed rhc Argcati.dc Depaftrents of Mburucuy4 sa.n Miguel, alrd concepci6r of corrie €s
foutrd 1:o0 C, jrscan, but on\y 2 C lztirosttis (0.16%). They repon that Oicro hides accounted for 2570 of
ttc commcrcial hidcs sold bccause thc hurtcrs sowht out thc spccics for its more valuablc [idc.

ID Bolivi4 tbe habitat of thc Ovaro coDsist! of tilE E oSow lakc'5, aDd lagoons v/ith abundant
emcrge or floatingrcgctatiotr sloDg thc batrk. It occ1lls togctf,cr with C.yactrc. Il scems to Prefer quret
water habitats- The species is too crdaDgercd to determine whether ol not there was any habitat
partitiod.ng betwecn it and C. Jucare as has been observed h Argentila (Nadcau and Fitch 1980).

Thc species aL€ady b coddetcially extinct itr Bolivia; hultcls ard buyers aldost never sec it and the
species canaot support any further hunting pressure. Clearlt it deserves thc plotectioo afforded by its
placem.nt od CITES Appeadix I. If effolts are not made soon to corsefie it, in few ,€ars it will becohe

'Inhj.19g/rqottroCIrESonTllESITUATIoNoFTHEWILDcATs(FEUDADINBoLTIAJ.LobloT.[onist.*.nly

rtpant caimd tdi8'il sbdng 6nnon in thc ltonan6, San P.blo, a*t Manuripi !iE6.n<t itr rh.laltc ar Pucno Suae Wc
hl* .Enin d rhc a?.cincs h. 6ll.ct.d fon rh* l@lirie and th.rc arc no c. lrrtortir anong th.n. HG rtcord. .pFr.nrly
aE bed on hbidcntifi.d P4l@s.r6.



Figtttc L Caimar latimstis disEibutior in Bolivia" Tbc opcndot ( O ) irdicatcd by drcw !t bonoD of
msp is thc siDglc loelity whctc thc spccica lrEs foudd id tic p.cscnt $|rrrcy. Solid dots ( a ) arc localiries
ftom Medco's 1973 suivcy (1983Map 8).
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truly cxti.nct in Bolivia- If tlal is allowed to happ€n, Bolivia will have lost a valuable economic resourcg its

caiman species with the secotrd Elost valuable hide.

Caiman yacare = Lagarto. Tbis spcdes L found throughout thc Bolivian Departments of Beni
Pando, ard Santa Cruz, ard the lowland portiohs ofchuquisaci" cochabamb4 La Paz, and Tar;ja (Frg 2).

It occurs itr viltualy all permanent *'ater habitats in both thc A.6a2oo aad Paraguay liver drainage basins;
rivers, streaes, lagoons, o$ow lates, ponrls, swa:ops, marshcs, ald cven somc roadsidc ditches. It G oost
plertifirl where quict opetr watcrs provi& the mature Lgartos with sPacc for courtship and territodal
displays, atrd ar abuadance of cdcrgent and floati.[g vegptation along thc shore provides protective cove!
foradutts and youg. The vcgctatioE atlo prorides habitat for iascc.ts, snails, Gogs' add snall6sh.s which
are the prcy of yourg laganos, *hile the open watcr ptovides habitat for latger fishes. Medcn (1960,

191) reported sirlrilar habitat preferences itr Paraguay and ColoEbia. The species is not abundant h fast
water or wate! that lacl6 the vegetatrv€ col€r. This is particularly evident in thc large rivers where it is
possible to travel for km without seeiig the eyeshinc of a siDgle lrgarto.

At the prcscdt tilre, the kgrarto i6 thc Bolivias spccies most hcavily huntad for its hide. Ot€r the last
decadq it has supported alr a.trual lcgal etQolt ttadc of hides ftom 50,000 to 200,000 Lagartos, atrd an
added illegal Eadc that b.ings thc tottl exports to ar cstimatcd 400,000 Lagartos a year. As a conscquence,
though rralcs of the species leach a total length of at least 25 m, and fcmale.r leach 1 8 m, tlc i€st majority
of kgartos encoultdcd ate small, usually less t[a!t 125 m total lcngtl.

The breeding s€ason of Lagarto raries from regiotr to region hfordatior gathered on this survet
indicatcs that ilr thc rcgion of the upper Itcncz rircr in eastem Safta Cruz, Lagarto court and mate from
septeEber to Novedber, build ncsts alrd tay eggs itr Novcmber strd December, though occasionally somc
lay as lat€ as February. Howcvcr, thc $rvcy data also suSSest that ir the lo\+Er reaches of thc Bed river i!
northem Bolivi4 kgarto ncst csrlier, ftom August to Novcmbe.. Without fixiDg al1y particular regio4
Mcden (1983) statcs infordatrod he leccived suggc66Iagafios lest fiom thc cnd of August to Norcmt€r,
philc in the upper MaEorc river of ccntral Bolivi4 Lovilek (1980) raports Lgstto rcst from No!€mbet !o
DeceEber.

Metanoskhus niger = Calm![. Mcdea (19&)) reports husti.lg of the Caimar in Bolivia bega[ in
1942. "fens of thousanals of hide6 wcre exported b€flr.,ae! lhes and 1961 wh SuPreme Declee (-
Presidential Decree) No. 05912 cstablished a minimum l€gal size of 2.1 m in l€ngth for caima! hides ad
prohibited a[ huntiDg of the species from 31 July to 1 January. Despite this Presidedtial regrllation, tens of
thousands of additioaal hides of all sizes, taken throughout thc year, have beed exported, both legally and
ilegaly. As a consequence of this uncontiolled exploitation, the Caimar is i! danger of eninctior iD
Bolivia. The species occurs throughout the lowlaods of Bolivia (Frg. 3), but itr most localitres its ruobe.s
have bc.[ d€cimatcd or it has totaly disappearcd" whilc it rcnaiDs as widely distributcd as it was duliDg
Medem's 1973 survcy, thc prcscnt suwcy teaEs did not c*o.0E.tc' Melanosucltu nearly a! ofte! as Medem
did. ODly i! a very fcw localitiat mo6dy quict l,Btcr habitatq is it sufficicntly aburdant to cnable thc suraey
te.ss to etrcourlcr Eorc thar ooe or two spccimcE, uslla.lly iur€niles or subadult+ i[ a aigbt. Hurtcrs arc
still findiDg a few relatidy untouched populations in rcmotc arcas - in August 1986, 927 s6hed and &ied
Caiman hidcs \lcrc seizcd by CDF guards on tle Rio Aperc Dorthwest of Triddad, Beni after thc silglc_
engine airplane carryiag thc cootraband hides ciashcd ard was abandoned by its oPerators; and in May
1987, orc dealer ir Beni was alleged to have 8,400 CaiEar bides ready for shrpment to illegal buyers in
Paragoay. such occurelccs are becomirg lcss frequent as tle specics continues to slip roward cxtilction.
The Caimaa is the sccotrd most eDdatrgered crocodilian in Bolivi4 ald wi[ follow thc o!€ro, C. Iartt?Jl''i,
to commercial extinction and then to actual extinction if existing conse!%tion laws and regulations are not
enforced soon.

Huaters and tanaers wcrc questioncd to detcrmide what size Caimans attaincd in the past. The
largast hidc measored by a ta$er in Trinidad was 5.5 m, whilc onc ia cochabamba reported 'cars ago
having receii€d one bide in excess of 7 n long. Most agrccd that any caiDrar over 4 m total length was
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Frgutrc2' Caimai yq.sc distributioo io Bolivia Erdo6cd ltds ( O) alc localitic,s wbcrc thc spccicr *a.s
foutrd during thc prcsat $rwy. Solid dots ( O ) arc Localitica fro; Mcdce's 1973 survcy (1983:Map 8).
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Fig$e3. Melsnosuchut rtler distlibutiod in Bolivia. Opeo stars ( f ) arc localitics ehcrc thc spcoes c,!s
found duriDg thc prescit sunrcy. Solid strrs ( * ) 'Ic localitics &or Mcdco's 1973 survcy (1983:Map 8).
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unusually large. Today, any Caiman owr 2 tn total lengtl is "big," and ones approaching 3 m are virtually

Today, the Caidratr occupies much tle same habitat as the Lagarto, c. )scar?, rivers, streams, lagoons,
and oxboiv lakes, that have a well-i€getated shor€line. They tead to be most frequeEt in situatiols which
provide a$ expa$e of quiet, open water id addition to tic i€getatitb cot€r. Data produced by thc survey
do not dariry whether or Dot Caima! and lagarto occupicd somowhat difTere habitats prior to thc;
d€cimation by hide-huaters.

CaiEans call tEar-roun4 but are mole i,ocal during mati]rg seaso& ID eastem Santa Cruz, matilg
tales place froE Septeober to November. NestiDg occuls shordy afte! matin& and nests caD bc found
frod December tfuough Jaruary.

Paleosuchus palpebtusus = Cocodrllo, ard PaJeorrcrut trigonails = Cocodrilo and C.lmatr rcgro.
These two spcci€s are discussed together, becausc the two are confirsed by hunters and layaen alike,
because their habitats and otler aspects of their ccolog/ in Bolivia arc similar, and bec-ause neither is
heavily hu ed.

Botl species of Cocoddlo occu widely through noltheru Bolivia, but ouly P. patpebron{ is fourd i!
ce lal ard southcastcm Bolivia (fi9s. 4 and 5). Howevcr, their distributions are disjunct and l|ot
conlinuous, They arc founrl in largc irers aad 3E6ll strcams (see Valzolini ard Gomes 19?9:206-208),
They are fourd at aight along the strctches of shore that are alevoid of floating atrd emergcd vegetation.
They sit €xposed otr baie sand, gravcl, or mud bar*s, or shelter tleDselves behitrd pilcs of dead tree trunk
add limbs. Not one was found among the living plalt cover. So consistedt was this choice of didohabitat,
tlat as soon as it was possible to detcrmire iI a particuiar eyeshile emanated ftom a palch of greer
vegctation or from a bare baDk, we cluld predict $heth.r or not it was Pareor, chw or Caiman.

Bottr species of Cocodrilo possess largE osteoderDrs ia their belly scalcs. This healy derEal armour
malcs thc hides esscntially \rortlLless as leather. Hidc dealers ia Bolivia do not buy the hides, so normally
huters do not kill theE. A tery faw ara tiled by mbtaL, but thcre is !o coDccrtcd hunting pressule on
these species. As a corsequeocc, all arailable data suggrst thcir populations and distributions are
utrdimirished, except near citics whcle they have lost habitat to urban sprawl.

Habitaa Dist.ibution: Nearly two-thirds of Bolivia lies itr lowlands occupied by kopical, subtropical, and
teEperate forests atrd sava&as (Fig: 6). wlile the present Burrcy, and the 1973 survey by Meden (1983),
demonstrated that caimans occur tlroughout thc lowlatrdE the geatest numbers occur in the habitats of
the Bed Plain that stretchcs fiom Puerto Heath aad thc Madre de Dios rirer of northen La paz
DcpartmeDt to lhe.Huanci.aca and Negro highlaads of castem Santa Cluz Deparrment (Fig 7). The Beni
Plair's 100,000 km'of savamas ald 171,81 km'of foresrs male up 25% of Botivia's area.

Prior to bebg hu ed for their hides, Bolivia's caida.[l probably lived i! cvely p€rmanent watersource
in the lowladdE ard temporarily occupied other habitats durilg thc *€t seasoa, Eliaaa Flores (1986)
consereatively cstimates that perlr3lert water habitats, lales, rivers, and streads, occupy 5,812 kn2 of rhe
Boliviatr lowlards, but provide6 no estimate of seasonally flooded habitats. Dudng the presen! survey, more
than ?00 km of aeial tlaDsecb wcre flowu in the Dcparhent of Beni, in ar attempt to providc atr
indepe[deDt estimate of wedand habitats. For purposes of the traDsects, all habitats were $ouped intol

C = curichi (a small, p€rmaneft water lagoon, wilh eKersive vegetarion, usually an oxborv
Iafte formed whetr tle river cbarged chamels)

F = hardwood forest (othe! thatr gallery forest), usually rain forest
G = galery forest borde.irg a river or stream
L - lagood or lale with a large expanse of opetr water (pefttancnt warer)
P = palm savafin
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Frgre 4. Paleon/chus prlp.bt$ttt distribution id Bolivia. OF! triarglc! ( A ) atc localitics wbcrc tbc
speci_cs szsfou'd dudng t[c prcscdt srrrvcy. solid Eia'gr* ( A ) arc tocariiiE-froo ]rcrcn's rc73 survcy(r9B:Map 8).
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Frgorc 5. PaLostrchus tigonat$ distribudon b Bolilir. Opca squarcs ( O ) arc loca.litics whcrc thc
sp€cics v|as found duing tlc prcscdt 5urwy. Solid squarca ( I ) rrc locrlitics iom Mcdcd's 1973 surcy
(1983:Map 8).
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Tropical Rcgioa
A. Tropical lowlards
Subtropical Regiod
81. Subtropicrllowlatrds
BZ Subtropicrl valey lards
83. Subtropicrlhigblalds

c.
84. Subtropical Andes
Tcmpcratc Region
C1. Tempcrate lowlands
C2 TeEperate valley lands
Temperate highla s
C4. TeEperate Aldes

c3.

Frgure 7. ceneralzed ecological zoncs of Bolivia (adapted from UMueta 197t. In Bolivia, the grearest
numbers of caimax arc found ia the wctlanrls of tlc Bcri Plaia B1-



Pt = pantauo or marsb usually C)?e/rr marsh (permanent water)
R = river (permarcnt wat€r)
Sw = w€t sava.nDa, seasobally flooded (seasonal habitat)
Sd = dry savanna
Strm = streams (usually permanent water)

Ttese transects were not randomly selecte4 but rather were llow:r between Trinida4 SaDta Ana,
Reyes, and Versalqs (Fig. 8) in routr to colecting localities. None of tle transects crossed the lale regiod
of Dorthcentral BeDi. Itr addition, unless suDliglt leflectiDg off thc watcr could be scen through the
leafcover, closed canopy forest obscued the presence of siEall streams. As a consequ€nce, llhiL the
transects are broadly refleclive of the relative abundance of habitat types, they undoubtedly uider estimate
year-round *etland habitats itr the Beni atrd should not b€ treated as a statistically rigorous sample.

Thc tla.nsects suggest that perDranelt redard habitatE year-round habitat for caimans, occlrpies
apptosiE,.ately 8 , ot 62310 kmi, of tf,c area of tf,e Beai Plain @9 9). Seasonally l,et habitat occupies
M addition,i nVo, or 73AS 1t '. Ttese proportioas are Dot typical of thc &icr areas of tlc Boliviar
lowlands in Patrdo, Santa Cruz, Chuquisaca-aad tarija. If it weri, the entile 659,149 L|n2 of Be4 Pa.ndo,
northcrn La Paz, and Saat^ 9r\1 tbc 60% ot Bolivia occupic.d by tle Ar]razo! basi! (Flores 1986), could
providc a total of 151,6(X kltr" of ycar-rourd habitat for Bolivia's filr spccics of cai6aD.

Not all the pelmaneot wetla[ds are utilized equally by tlc cailraDs. As indicated abov€, C. ,latiorrnlr,
C wcore, al.d Melanostclrur are most frequendy encountered in babitats that provide both oped expaDses
of quiel water aid vegetative cover near shole; the two spccie.s of Paleoflrcl|r.J are most frequent in rircrs
and str€ams where the banks are barc and cor€r G providcd by dead logs and brush piles. Much of thc flat
Bed Plain fiIs witl water dud.lg the Novcmber to May rainy s.ason; savannas llood and rivers rise 3 or 4
m. The elcmtioll at Trinidad is approxidately 160 n, ad at Riberalta, 440 km fi$ther north (downstleam
in the Amazotr Basi!), the elevatioD is 6till about 145 nr, The falliDg .i!€! levels expose great expa$es of
mud atrd sa:r4 leaviDg thc Orcro6, Ilgartos, and Caiman with litde o! Do coler ilr which to hidc. This has
to bc one of ttre reasons that all species of caimars arc scarcc i[ thc largc drcrs. A second reason is tle
rivcrs ale casily hurtcd Hultcrs told tLc sulvcy tcaEs that tlc major rivers esscitially have becr huded
out for morc than a decade.

The extcnt of aiailable permaa€Dt habitat, coupled with a small breeding sizc and rapid attailiaert of
sexual daturity, is udoubt€dly what has alow€d Bolivia'E Itgarto population to sustain the level of
exploitation to wbicb it has been subjected That same itrtensivo level of exploitation, dilected at the larger
ald more slowly maturing Caiman atrd Ovqo, has .csulted i! their cDdatgermedt.

Thc scasonaly Booded habitats alloe caibals, particularly thc Lagarto, to I'love floltr oDe drairagc
q/stcD to atrothcr ard to colodzc all suitablc pcrmalrclt watcr habitats. The headwaters of Ealry of
Bolivia's rivcrs arc ooly scparatcd ftoo other ricrs or froo latcs by short distalces of scasonally fLoodcd
habital For cxample, thc hcaalwat.rs ofthc Ipurupuru river, a triburary of thc Machupo rivcr flowitrg itrto
thc lt.tr z, is separated from thc diddlc Mamore river by about 2 km of seasoMlly wet savarna and
scattered qtrichis (vcgctated or6ow lalas).

Similarly lhe Ncgo rivcr, a tributary of tf,e Bedi river, is scparatcd from the Benicito, a tributary of
the Yata rivcr, by scasonaly flooded habitat. The sama is true of the Satr Malth river aDd the Paragua
dver; atld evea thc Guapore riwr, a tributary of thc Amazo4 and several tributaries of the Paraglay liver.
Nume.ous other examples could be cited.

Populatiotr Detrsfales: Of thc thrcc commercially exploited spa.ies, Melano rchus, C, latircstds, and C
'acate, only th! lattcr species, ihe Iagarto, \pas cncountored sumciedtly often to allow any cstimarc of
population densities.



Figure 8. Aerial traDsccts of habitats in the Beni. Thc Galscc! rourss radiatc out from Trinidad; ro.thcast
to Versalles on thc Itercz Rivcr; nortf,w€st to Santa A.[a on the Yac0ma River, dear its cor lucnc! wilh the
Mamorc Rivec and west to Rcycs, rcar tf,e Bcni Rivcr.
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The following gstiEated densities of Lagartos, C. )ucate, wcrc etrcountered during the preserf suri€y.

llLga'l.o, C lacare, arc not endangcled in Bolivi4 but iherc is aDplc cvidedce that tlc rcsowce is
sullering severely ftom lack of conscrvation managehert.

The Lagarto were more abutrdant itr quiet watet embatnnc s and la.kes oagos, lagunas, curichis, aad
aroyos) c/ith v.gctati\€ cover, and *ere telatively scarc! in aovilg *ater situatioDs that lack coi€!.
However, nowicre ia Bolivia, in any tlF of babitat, did the sufley teams dcoulter populations of
Ilgartos as dense as tley are in parts of the B.aziliar partalal, or as densc as C. ctgcod rl' populatrons alc
in Vcncztcla.

coastal venezuelan popr ations of C. c. cro.oililus reach dcnsities of 02_196.6 per km of shore (Seijas
1986), In illaDd riverine habitats i[ Vcrczuela' densities of 252 per tm are loun4 with a range of0.7 to
150.0 per tm, and in quiet lagooDs an avaragc dcnsity of 23.4 pcr km occuis, with a rangc of 8.0 to 455 per
km (Gora a aad Paolillo 986). In addition, largc adult! orcr 15 m total length aclou[t for betq/€en 14%
an.d AVo ot the Vcnczuelan populatioDs (Staton and Dixon 1975, At'aizaguena 1983, Seijas 1984,
woodward a.nd David 198t, while lalgp adults comprisc Do more tian about 3 or 4% of the populations

scct by tle Boliviar $rvey teams. C. )'acdte reach similar delsities in Protected habitats in tle Brazilia.d
pa$tal'al (pers. comm. fton P. Brazaitit NYZS, atrd P. Clawshaw, IBDF), blrt whete they are intensively
huated i! Brazil, C c. crocodr?td populatioDs coDsist largely of aaimals less tlar breeding srze (Magnussod
1980,1982).

In the rivcrs of Pe.q c. crocodirt6 populations have dersities of from 0.68 to 9.0 per km, and adults
ovcr L5 a account lor 3 of the total (Moya et al. 1980; Vasquez 1981).

Thc dillercace betwee[ Bolivia ard Vcnczuela ard Bradl is not in tie biology of the animais. lt
refl€cts tLc total lact of corserr"ation maragpmcnt of the caimar rcsource ilr Bolivia (sec Resouce
Utiliatio& ard wildlilc l,aw. below) - rct a siDglc spccics ofwildlife is professiora[y managcd ir Bolivia.

Ercrywherc the survey teaos wc ir Boliv4 wildlife oficialE caimatr hunters, tanchets, atrd locrl
citizcB told them about somc lagoor" curichi, or river which rcputcdly was swafiling with lagano. Thc
teafis visircd a numbcr of thcse celebrated localities, eithcr alone o! is the company of the persod who
originally claimed therc was a glut of Lagano at that site. Not one of these locatties contaioed a larg€,
d€nse populatioD, ald rct orc supportgd a high percentage of large adult arimals. The discovery that the
population was rot as largc as bclic\€d always surprised thc pcrson who origiially told us about it, and it
iftvitably proopted him to regalc us rpith a story about yet arother location with a m]'tlic€l horde of
I-agarto6. This was rot a deliberate cffort to Eislcad the te.m members. Rather it resrilted from thc
widesp.cad public misconccption that Bolivia-s wildlife is cadlasly abuudant. That city dwcllers might
believe tf,is is dot surp;sb& but it is distressing to lhd hunterq ranchers, alld especially q,ildlife ofEcials

R.sourc. Utilizatio!: Wbile large caimars of all five species were encountered duriag the presedt survey,
tbc vast majority of populations cansistcd of juveldles ald subadults. Ttis is the dilect result of Bolivia-s
poor managcmcrt of th€ caiman resource ard lack of enforcement of existing wildlife laws. As noted s€ver
years ago by Freeman ct al. (1980), ilegal hunting for admal skins and the ease of circumiEntiDg la{,s are
theatening ttc fulure existence of Bolivia's wildlifc and park ald is a direct result of the failurc of the
crntro de Desarrollo Forestal (CDD to impleme conservatiotr legislatiod atd programs. wildlife, bolh
plant and animal, is viewed solely ia terms of how much rnoney it win yield tbrough short-term exploitatio!
(Frccman ct al. 1980) and not through maaageDe for a sustained utilizatioD. Th€se goblems cannot be
olercome until a professiodal cadre of wildlife alrd park planncrs, managers, aod administrators is creat€d
withi! cDF (Frceman ct al. 1980).
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Figure 10. Siz! classes of l.agatto, Caiman yacaE, flank han€sted lcgaly in 1985 ald 1986 as represe ed
by a samplc of 16000 firly taaaed dyed, and glazcd hidcs i! thc waretouscs of rhe six ta.EDcrics of the
Asociaci6n de Industda.l€.s & Clleros de Saurios. A nank consists of the soft strip of hide startila
imocdiately urder rbe chlr 6nd exrcrdiDg along the Deck over the froot le& alongside ihe trun-k bctweei
thc bony dorsal (back) ad ventral (bely) scalcs, tader tle hindleg aad eading just behiDd the cloacal venr.
It is tle hide Eost flequently flaycd ftom the Lagarto, accouatilg for mole than two-thirds of all
ciocodilia.n hides cnt€rirg intematiolal trade each year. Thc arrow indicates thc sizc flanl oroduced bv a
15 ir Lagafio, the ni.ihuo size allowcd undcr Boliviar la*.
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Hard biological data on Boliwaa C, lacae are aot available, but data on C. crocodi&lJ sugg€st that
femal€ Lagarto should reach serual daturity at about 13 m total lcrgth and an ago of4years (Stato! ald
Dixon 192 Magnusson 1982). Most adull ferrale Lagartos are aroutrd 1.4 to 15 m, ard a maximua total
lelgth is about 1.77 m (Medem 1983), Males, if not ki[e4 wil grow to dore tlar 2.0 m total length, and
som. $,i11 excccd Eore thar 25 h. bgafio car bc maaaged for a sustained harvest, by protectitg the
breeding fedales. Without that plotectio!, females will be lost, productioD of cggs and youtrg will decline,
alrd thele will be litde lecruitdent ilto the adult populatiotr to leplace the admais killed for their hides.
Sirce therc is such a size difiercncc bctwccn scxually mature femalcs anal males, limiti.ng the hudt solely to
hgartos morc tlar 15 m total leqtl results in hanesti.ng 6osdy malcs.

In 1961, SuprcEc Dccrcc No. 05912 prohibitcd tle hunthg of Lagartos less than 1.5 m in total lelgth.
In 1962, SDpreme Decree No.0598?, reallirmed that minilrunl size a.nd also dosed the hunting season from
1 May to 1 October. Eve! tlough sinilar minimum sizes and closed seasons have beed realfirmed
repeatedly by Sup.eme Decree No. 08063 of 1967 (the closed seasoa *?s shifted to 1 July-31 DeclEber)
and trum€rous Ministerial Resolutions sincc theq there is virtually no enforceEent of the size limit or
doscd 6cason. Huding ta.kes place opportunistically ttroughout ihe year. As a coDsequenc!, the br.eding
populatiod has beetr decimateal Mo6t Lagarto ha\€ beetr eliminated from the easily accessible largc rivers,
alrd large popdatioDq e\,€n of small Ilgartq are foutrd oDly i! the more imccessible o$ow lakas and
marshy lagooos. the species survives becausc a few females manage to reach sexual maturity, to bree4 to
Foducc cggs, and to coddbutc to thc [c:c gencration beforc bebg killed lor their bides. That tlis has
happ€ned is evident Dot only is the age/size structure alrd density of the wild populations, blrt also in thc
size of animals being killed for tleir hides.

The inl€dtory of flished l,agarto hides (i.e., hid€s that have bcon tame4 dyed, aod glazed) i! tbe
warehouses of the six tarrtreries of the Asociaci6n de IDdustriales ilc Cucros dc Saurios (ASICUSA),
provi&d data on thc sizls of tagarto hides harvested itr Bolivia wit[ perEissioa of CDF ofiicia.ls (Frg. 10).
Each tannery supplied tf,e inventory team witl a aletailed list of thc sizls a.nd Nmbers of hides it had in
stoflge. To codirm tf,c accuracy of thc list, thc tea.n, without prior corsultatior with thc taDncry
persooael sclecled clultc4 and measu.ed app.oxiDrately 16,000 hgarto 06 s,7% of tha total hidcs.
The couats ald dca$'redcnts werc thed che{ked against the compa!y's reco!& to rmcovel a[y
discrepancies-

A 1.5 m l,agarto, the minimum legal sizc under Boliviar law, felds a llank approxinately 80 cm in
length. N€arly two-thilds of the Lagarto hides, 65%, ar€ less thar legal size (Fig. 10). The smalost flanks
rEeasuled oD.ly l(} cm, the equrvalent of 72 cd kgarto. This is strong €videtrcc that the lesource has been
glossly mismanaged" Allowi.og the harvcst of such small-siz€d Irgaltos assures tlat the brcedirg femal€s
are dest oyed atrd ahat the rcproductirc potential of the *ild populatiols wil continue to decline.

At thc prescnt time, C. ycote is rot a! cndargcrcd species in Bolivia, Tbe species still occurs
througbout the coudtry h crcry suitable habital The killiDg of under-sizcd l,agarto has severely damaged
thc rcsoucc by aI but eliminatiDg the brcrdiog adults. Howevcr, the widespread presescc of juveniles
ildicates successful lestilrg is occurriD& Ir additio4 35% of the inve oried hides werc flom Lagartos
larger than 15 m, and the largcst flalks wcrc 14O cln in lengd! the equivalent of a 2.5 m I-agarto. Clearly,
if existing laws goi€rning thc killbg of Lagarto $rerc cdorced, there are suflicie nurnberc of largc animals
to tebuild thc brceding population withh a fcw ycars. Corr\'€rsely, if laws arc lot eDforccd a.Dd if
prog.€ssively smaller sizcs are kille<l for their hidcs, the Lsgarto *ill become endangererl.

Lack of active cors€Fation management not only has hurt the Lagarto, C ),acare, it has endangered
the Ca;B.a\ M. niger. Suprede Decres No. 05912 of 1961 prohibited t-he killirg of Caiman, M zi8€r, less
t-had 2.1 m h total length ard 6ct a closed s€ason betweed 31 July and 1 Janualy. That size limit aDd dosed
seaso! (adjusted to 1 July-3l Deccnb€r) has been reafimed in rumerous laws and regulatiols to the
Fescnt time. Neve heless, Caiman of all sizes arc killed throughout the year. Sircc the Caiman reaches
sexual Eaturity at between 2.0 lt! and 2.4 m (Medem 1963, Magnusson 1982) and atr age of about 5 ,€ars,
but they are killed at a much smaller size, thc hajority of Caiman are killed before they can coatribute to
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the ne,n generatioD" With tle breeding adults gone, the M 'tijcr populatioB have crashed alld the species
is i! daiger of e)cilction i! Bolivia.

M. 'tt8€r is on Appendix I of CITES so intemational commercial trade is prohibited. Enforccment of
this prohibitiod would alloviatc tie pressue on tiis species alrd allow its populations to recor€t. Itr
additioE, if the harrcst of lagarto, C. ,scan, wfle limitcd to lalge hides as rcquired by Bolivian law, it
rrould ease eDforcement. CDF stall would oily halr to clcck thc purchas€s ard holdings of a fcw dozen
hidc buycrs and tlc six tamerics, not €very hunte. in the field. Commercial hunters do lot huDt for sport.
They huDt fo! moDcy. If they crnnot sell thc bidas tf,cy goduce, they will trot spend the money alrd time
kiliDg Cainin or urdersized Lagarto.

Bolivian Wildlif€ Lsw: In Bolivi4 wildlile clDsenation problems resolt as much ftom official aon-feasancc
as it does from non-compliance by the legal hide industry.

Unlikc poachers alld sBugglers, thc ASICUSA rrcEbcrs operate opeBly - - their hides are checked by
CDF olficials b€twee! the purchase froE the hu cr and arrival at the ta&ery Aftcr tfrirg, Bolivia law
rcquires that they be chccked agai! in Cochabadba bafora cxport. ffiile a majority of ASICUSA'S present
boldings of Lagarto hidcs are under lhe legal size lidit, these hide.s, most of wbich were acquircd in 1985,
have beed validated by CDF. NeverthelesE the ASICUSA tadners recogdzc that thei. future depends on
better Ea,lagcment of tlc Lagarto lcsourcc. To that ed4 they halE pledged lot only to abide by alt wildlife
laws, brt voluntarily to put idto practicc ncw proc.dures that wiU assist lhe Paiti€s to CITES, tle CITES
Secr€tariat, and CDF in i6pledebtjDg the Couvention in Bolivia. To do this, tl€ ASICUSA members must
be allo\r€d to operate lega.lly.

The iaventory disclosed that ASICUSA has o! hard thc fmished hides of more than 109,000 Lagartos.
These hidcs wcrc purchase-d and tarne4 b part, unde! thc 1985 erport quota of 100,000 established by
cooperatic agrecmc bct*EcD CDF and CITES, and in part, under thc 1986 cxport quota of 50,000
astablished by the Prcsidcnt of the Republic of Bolivia undcr SuprcEe Decre€ No. 21312. Yet, in 1986 and
1987, thrce sepaEte utioDal dtuectors of CDF i[egrly 6old Bolivia/CffEs country of origin enport
pcrEits in thc aEoudt of thc annual quotas to hide er.portets ir Paraguay. Sincc thc ilegal perDits wcre
for thc total aDrounts of the quotai, ro additional pcrmits could be issue4 thereby dcnyiry ASICUSA
tantrers the opportunity of exporting their legnl hidcs to idtematioMl marketr. Sevelal of the ASICUSA
rncmbcrs harc morc tf,a:r U.S. S1,000,000 ilvested h 1985 and 1986 hides. Unless they are allowcd to
recoup their iovestmedt by selling these legd hides on the intehational market, they will go out of busiuess.
However, the illegal sale of CITES peldits to Paraguay compani€s Lad an effect far betond its imm€diat€
ecolodic idpact od ASICUSA. By providiag a ready oudet for poached hides, the illegal salc of the
perDrits morc thar doubled the NDrber of Lagritos killcd, and it sarctiooed and encouraged t[e tra$-
natioDa! do\rcmcnt of illegal wildlife ploducts itr violation of CnES.

Bolivi.an Suprcmc Dccrcc No. 05912 of 2? Octobe! 1961, that set minimum si7r limits and a seasor o!
the hurtirg of t garto and Cai4an, also prohibitcd tte dport of raw hides of these two spccies, and
alloeed o y the e4|ort of crusted (= semi-tansed) atrd linishcd (- fuly tanned, dyed, ald gla2!d) hides.
Sccietarial Regul"ation No. f8225 of 29 Marcl 1966 prohibited the expolt not ody of mw hides but also of
mlsted hide,s, thereby only alowiDg exports of fuly taDftd hides, a only by licensed tafiers. Mi.nisterial
Resolution No. 279/2 of 10 May 192 codirucd thc prohibitiotr of exportatio! of ary but fmished Lagarro
aa<l Caiaan hidcg as did Ministerial Resolutio[ No. 14316-74 of 14 May 1974. Other resolutions fixed a
tax on every Lagano and Caida! hide tan&d and cxported. Still later resolutions allow thc fmished hides
to bc axported solely by membels of ASICUSA. It should b€ noted that, with few exceptions, Bolivian
general law prohibits monopolies. One of only two o! three exc€ptions iorolves wildlife, so outlawing all
exports of fully taaned, dye4 ard glazed caimaa hides except by ASICUSA members is entirely legal and is
desigled to stimulatc coGervation and developEeDt by assuring that legitimate tanne$ providc the sole
market for legal hides and i.n turD makc thc only exports. This was most reccntly reaffirmetl ill SupreEc
Desee No. 2812 of 27 Jurc 1987, which probrtitcd all wildlife exports for a p€riod of threc years, except
for atr annual expo( of 50,000 Lagarto hides by merEbers ofASICUSA.



wlen ASICUSA mcDrbers arc not allowed to export their legal hides, it l|ot only violatcs Bolivian
lan5, it also puts ASICUSA at an economic disadvantage since the illegal opelators do rot pay the cost of
tanlrbg, dyeing and glazing thcir hideg aarl do not pay taxes on those hides. Faced with thL safttioncd
ill€gal tradc, it is little woader that the drcmbers of ASICUSA have traded ia undersized hides. Any hides
rct bought by ASICUSA are bouglt by ilegal dealers ard shippcd to Paraguay.

Ttcsc problems rrere recognizcd i.d ttc Rc.solutior containcd in Conf. 5,2 from the 5th Meetirog of the
Confere[cc of tle Parties in Bueros Aireg AtgcDtiDa, 22 April to 3 May 1985, which stat€s that '. . .othe!
cou.trtries arc taking advantagc of thc ccodomic atrd linarcial weaknesses of thc Bolhiar authorities in
cacouragiDg. . .illegral trade. . . .' Hocrevcr corrcct its intcd, Cod. 5.2 did not corected the proble'r. As
mertiorcd above, ASICUSA membels har€ not beetr able to cxpot legal hides 6inco 1986, becaus€ three
former natioMl Di.ectors of CDF sold to ilegal dealers i,l Paraguay sulficient Bolivian/CITES coutry of
origiD export perEits to cover the entic 1985 ald 1986 quotas for the amual export of ligarto hides,
Be{ause of this cooti[ued sasctiotrilg of ilegal wildlifc tradg in October 1986, the Standibg Codmittcc of
CITES recodmelded that the Parties to the Convention tro longcr acccpt Boliviat export permits.

Wlilc this actio! by tle Stading Committoe is urderstanalable, its bair allect ll€s to penalize
ASICUSA, the only legal tauers aad e4)ortcrs of lrgErto hidcs, atrd leavc thc illegal bu,€rs with a corle!
on thc caima! resou.ces. Priot to the October 1986 decisio! of the Sta-nding Coomittee, Supreme De.ice
No. 21312 of, Junc 1987, had prohibited dl wildlifc exporG for tbree years, crccpt for thc cxport of 50,000
Lagarto hides by the nedbers of ASICUSA. Tbe action of the Standing Col]lmittee cut ofl lhe only legal
mettrod ASICUSA members had to recover their investmests in 1985 aDd 1986 hides and left the trade in
the hasds of illegal buyers.

.fhc illegal trade in Bolivian hgatto hides actually ircrcascd in volume folowing the 1985 CITES
ConfereDcc itr Buedo6 Ai!e6! ard 6cems to have hcreased 'et agaid after the CrTES Statrding ComEittee
recommended closiDg dowlr aU Bolivia! oeorts, Today, v/ithout export penoits of ary kiD4 Boliviar c'
Jracart hidea and M. niger hidas arc bciag flowtr aboard snal airylaEs to Paraguay, where they are
e*portad to Europe aad Asi4 prinarily Fiancg Italy, ard Japar" AlEost aay day of the l/€!k radio
conv€rsations betwccn hlntars otr outlying ranches and iuegal buttrs i.n Trinidad and other towDs i! the
Beni can be heard disclrssing the curant pric. of hidos beilg paid ir AscuDsion. Reports lcccivcd from tie
6eld on 1 July 19&7 idicate that poachiq of Lagarto and Caima! is at an all time high in southwest€m
Brazil despite .nmmcrcial hunting haviig beeo outlawed in Brazil in 1967 when l€i No. 519 caloe i.nto
force. Tbe rampalt illegal hunting is thc dircct result of illegat hide buyers openting in Bolivia aad
Paraguay. The rced for coisereing caimals has reached crisis ler,el in southern South Amenca.

Thc opdatirg p.iociple behild CITES is ht.mational coopcration so tlat importilg latioD3 do rot
provide markets for wildlifg o.po cd ilcgaly fioa its coulltry of oligiD" Without that c@pcratio!, ao
ratio|r crtr protcct atrd propcrly managc a wildlife rcsource es yaluablc a5 \riLl socodilials. I! tbc case of
Bolivia, CITES failed to uphold that priaciple.

RecognidDg th€ role played by CDF omcials in the illcgal wildlife trade ilr southe& South A6eric4
the Partias to CITES passcd Rqsolutiod Conf. 52 o! IoplemedtatioD of thc Convention in Bolivia, which
requircd a 50 reduction in Bolivia's wildlifc creorts (scc elso Doc. 6.20,C from the 6rh (Ottawa) Meeting
of thc Conference of the Parties to CITES). Whetr rhe sale of Bolivia cluntry of origi! CITES permits
coBtitrued to be sold to a compatry in Paraguay, the Standing Committee !€commend€d closure of all
imports flom Bolivi4 and alerted the Parties by Nolificatiolr No. 413 of 28 November 1986. However
correct tlat closurc might be, it lailed to act against the primary source of the illegal trade, Paraguay, the
imioediatc buyer and transshipping utioD, atrd France, Italy, ard Japan, the ultimate market an<l
destiaatiod. Bolivia playcd a $pportive role i! the illegal tradc by $pplying the CITES perairs rhat
allowed companies in Paraguay to ship iuegal hides flom Paraguay to buFrs in Europe and Asia. By
Iailiog to implement the CoD!€Etioq Paraguay played an active rol€ in illegal wildlife trade, not only out of
Bolivia, but also out of Brazil antl other nations in Lalin America. CITES mtst do mole to stop the illegal



La

trade into aad out ofParaguay, thalr simply urging Bolivia's, ". . reighboring countdes to co-operate to tle
naximum of thoir ability in the control of the illegal tJade across the! borders , . . .' [Rcsolutio! Codf. 5.2]

Ir additioD, Fralce, Italy, ard Japan dust start prcper implementation of CITES by no lorger
alowing importation of illegal wildlife expolts ftoe Paraguay aad other illicit shipping points. By De6ec
No. 18.796 of 1975, Paraguay banaed:ll comncrcial huding atrd cxport of native mamEal1 birds, reptiles,
and amphibians. CITES Notification No. 25 of 13 Octobcr 1982 inforEed all the Parries to CITES tlat
Paraguay Prcsidentia.l Dcccc No. 18.796 allows thc import of wildlife products for Eanufacture and re-
export, and CITES Notficatiod 388 of 7 May 1986 a&ised that Deeee No. 13806 of 17 Fcbruary 1986
specifcally allovrs te export of sho€s madc lrm Boo cottsltictor a d Eunectes skins. However, thc
importatio! ard re-exportation of other CITES listed specics, iadudiag all Gocodili,n(, would requL€
CITES elport permits ftom the country of origin and CITES re-export perdits from Paraguay. CITES
Notficatiotr No. 225 of 13 Octobei 1982 ma& it dear that Paraguay offrcials have aot issued CITES export
perhits or re-export permits for codEercirl purposes fi.! 29 July 882. The.efote, CITES oflicials in
Franc€, Italy, and Japan hew that shiplnellts of raw or crusted lagarto hidcs (not matrufactured items)
cover€d by Bolivia cauntry of origin permits and shipped from Paraguay (without CITES re-€xport permits
froE Palaglay) werc illegal. YeE each of these nations allowed the importatiotr of such shipments duriDg
the past 2 years.

The Panie,s to CITES necd to tale sangtions against Palaguay, Frarcc, Italy, and Japan u il those
oalions effectively iEpleeert thc Convelliorz

Ia an e,fiaordiiary dcDroDstration of bis determination to breah tLe patteu of illegal activities that
has hindered i$plemeBtatiod of CITES in Bolivia, Victor Paz Btenssoro, t-he P.eside of the Republic of
Bolivi4 agreed that thc CITES Secretariat could place an expatriate cxpc itr CDF for a period of two
years to orelsee sI CrTES opelations (see CITES Doc. 6.m). That orpatriate specialist will develop and
idplcment Dew proccdues for .cgulating wildlife expolts and will traitr a cadre of administrative alld
enforceEcnt pcrson&l to opcratc thc program. Though the present adEidstratiotr of CDF has pledged
support for the progam, atrd the edtire opdatio! wiu be urde! the adeiristrative control ol tle lational
Director of CDn should ary problcE arisc, tf,c specialist wil be able to speak directly to the Pr€side .
TLis ildividual is expcclcd to begin wort in late 1987. Once this specialist is in place, iDlpleEentatioa of
the Conventiod in Bolivia should occur rapidly. Few other sovereigd aations have so dramatically
demonstrated a willingDess to comply with the requirements of thc Convention by accepting aD expatriate
to oversee its CITES operations.

However, Bolivia camot properly impleDent tle Coovel|tiol! as lo[g as actions by the Parties alrd the
Staadirg Committcc discourage legal trade ftom Bolivia aad farcr illegal trade by codpaiies opelating itr
Paraguay. Udtil the ASICUSA taDners can lcgally cxport tleir hides urder CITES, they camot providc a
barket ir Bolivia for legal hides from professionally rdanaged colscmtion programs. Tbe Parties to
CITES must recognizc Bolivia's CITES cxport pcrmits when, and only whe4 ttcy covcr shipments of futly
taDne4 dya4 ad glazcd C. )ucar€ hides from ASICUSA t nners.

ASICUSA hcmbcrs har€ coopcratcd fully witi the CITES survey tea.6s ir de!€loping a seri.s of
procedures that should rssist thc Pani.s to CITES itr identiryhg bgal exports from Bolivia and illegal
€xports ftom rcighboridg trations. Thesc procedures arc de66ibed in the resolutio! app€lded to the end
of tlis leport, a rcsolution offered for discussion altd possible approval by thc Partias at thc 6th Meetiq of
the ConfereDce of the Parti€s itr Ottaw4 Canad4 12 to 24 July 1987,'

' This 6 d.b.r.d .t l€tr6h !t rhc 6rh Mcding of rhc cdfcrc of rhe P.ni6 to cIIEs i! orl.w, c!@d4 12-a July 1987, and
ault..l h R.elllion De. 6.19.1 *tri.h lrgcd al P.tii* ro $Engrh.! th.i. .ffoft to @ntel .nipncnt. oa CtTEslisr.d s?ei4.

3 V*t or Irrc orccro c@na by rhh ddat @lutio. EE i.clsd.d in nelutior De, 620.1, 9Fparcd .nd submnr.d Dy .n.
o!nd6 of th. lldn Anction rnd cdbb..n rgid, {d 4ptud .t ih. 6rh M.cting of thc coofcrcne of rh. Plrii4 ro cITEs
in OnM, Clnsds, U-A July 1987.
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sun€y tead was tryilg to accobplisb, accepted the teae demb€rs i.nto their midst (and ocaasiodally irto
thei! homes), proflered logistical support, and supplied much valuable irfoimation.

LITERATI]RE CITED

Ayarzaguena, J, 1983. Ecologia del caina! de atrteojos o baba (Caiman oocoan6 L.\ en los llaaos de
Apure (Vcnezuela). Doiiara Acta Vcrtebrata 10:1-15.

Densmore, L. 1983. Biochemical 6nd immunologic.al systematics of tlle Order Crocoalilia. EvolutioDary
Biolog' 16i397-465.

Do[oso-Barros, R. 1974. Co ribucion al CoDocinieDto de los Cocodrilos de Botviai' Caiman racan
zedemi. Boletin Soc. Biol. de Concrpcio! 47:131-143.

Fitc5, H., ard M. Nadeau. 1979. Plogress rcporti A.n assessEert of Coiman latircstis a\d Caiman
ctocodilus lacarc irlofthem Argcntiu. R€port to the New Yort ological Socicty. Xerographed 7
PP.

Flores, E. 1986. Pages 39-59 in D-q.. Scott and M. Carboneu eds. A Directory of Neotropical Wedands.
IUCN Cambridge asd IWRB Slimbddge. xii + 6&l pp.

Free8an, P., B. CrosE R. RaD.nery D. Harchadlq G. Hartshorq G. Simmonds, aud J. Wiliams. 1980.
Bolivia: State of the Envirotrment a[d Natural Resources - A Freld Study. xiv + 83 p.

Gorzul4 S. and A. Paolillo. 1986. ll ecologia y el estado actual de los aligatoridos dc Ia Gulyana
VcnezolaDa. Paqcs 37-54 in Crocodiles: Proceedinls of the 7th WorkiDs Mectins of the Crocodile
Specialist croup-of tbe Species Survival Commissio-n of thc bterratiooaiunion f6r Conscn€rion of
Nalurc and Natural Rcsouces. IUCN PubL New Scries ISBN2-88032-3061, F.viii + 446 pp.

Groodbridgg B. 1981 ruCN Anphibia Reptilia Red Data Book, Iud. Uniotr Conserv. Nar. Natuial
Resources, GIan4 SwitzerlaDd, Pt. 1:fii + 426 pp.

King W, and P. Brazaitis. 1970. Specie,s identification of commercial crocoalilian skins. Zoologic.a 56:15-
70.

Irviseh J. 1 0. The reproduction of Cai,nran oocodilus jacae i Central Bolivia. Society for thc Study
of Aiophibians ard Reptiles-Herpetologist League Meetings, Milwaukee, Wisco$si4 6-10 August
1980. Absr!acts:30-

Magnusson, W. 19m. Distribution of caiman within the Parque Nacional da Ama26nia (Tapaj6s). Report
to the Instituto Brasiliero de DeseavolviEeato Rorcstal IIBDF), Brasilia. 27 pp.

. 1982. Biological aspeds of the conservatiotr of Amazoniaa crococlilians in Brasil. Pages 108-116 i"-Crocodiles: 
Proceedirig of thc 5th Working Mceting of the Crocodile Specialist Gioup. IUCN

Publiclrion NewSerieiISBN 2-8032-209-)C 409 DD. 
-



M

Medeq F. 1960. Notes otr tlre Paraguay caimaa, Caiman yacare Daudin. Mitteiludgen aus dem
Zoologsche! Museum itr Berlj^. 1129- 142.

. 1963. Osteologia craneal, distribution googaphic y ecologia dB Melanosuclrus tt8€t (Spix)----'iCrocodylia, 
elligatoridae). Revista Acad. Colombiana Cicncias Exactas, Fisicas y Nat. 12:5-19, 10

pls.

. f7f. Biological isolatioa of sympatric species of South Aserican Crocodilia. Pages 152-158 ,h-Gocodiles: 
Prolceediogs of rlc Flrit woddnd Meeting of the Crocodile Sp€cialist Group. IUCN Publ.

New Selies Suppl. Paper 3?1-191.

_, 1981. los Crocodylia de Sur Aaerica: l,os Crocodylia dc Colombia. 11-354.

........_. 1983. lrs Crocodylia de Sur A.deic -ztLnl.

Moya lbaiez, L., R. Pezo Dlaz. aad L. Verdi Olirarcs, 1980, Observaciones preliminares sobre la
Bioccologie del Lagano Blaaco (Caiman cacoMus L.) cn la Cucfta del Rio samiria- Pages 107-12)
,r T. Guti6rrez Goizaleg c/. Sciinario sobre FroFc6s dc lnlrstigacion Ecologia para efMarcjo de
los R€cursos Natumles Retrolables dol Bo6+re Tropical Humedo. Direcciol Gercral Forestal y de
Fauna, Peru. viii + 261 pp.

Nadeaq M., ad H. FitcL 1980, An asscss!rctrt of Caimaa latiosnis a'.d Csiman qocodilus ya.aE 'tn

lortiem Argentina: Fitral rcport to the New York Zoological Socicty. Xcrographed fl pp.

schdidt, L 1 . Notes on South A.Ecrica.l! caimans. Field Museurn Natural History zoological series
D.2n5-23r,

Seijas, A. 1984. Estihaciorcs poblaciomles debabas (Caimsn crocodifu.r) ed los Llanos OccideDtales de" Vcnezuela- Serie laformls T6cricos DGSIIA/IT/165 Ministerio d;l Aribiente y de los Recursos
Naturales Renovables. 23 pp.

. 1986. Situacion Actual ale las Poblacrones de Babas y Eabillas (Corin an crocodi&r) etr la RegioB-----Norte-costera 
de verczuela. Pages 28-33 t, Crocodiles: Proceedi.lgs of the 7th working Meeting of

tLe Crocodile Spccialist Group 
-of 

thc Species Survival Commissioio of the Intemation-al UDion for
Conserr"ation of Nature aad Natural Resources. IUCN Publ. New Selies ISBN2-88032-306-1. )o(viii +
4146 pp.

Staton, M., ard J. Dixon. 1975. Studies on the dry seasoa biology of Caimar crocodihts crocod us fuom the
veaezuelan llaoos. Memoria de la sociedad de Ciencias Naturales La Salle.35t237-%5.

, and 197. Breedinc biolo6/ of the spcctaded caima.n, caiman crocodilus crocodilus,'m t\e----'rr'cnczuild' 
llarcs. U.s. Dc-prrtn;t of thc Interior, Frsb ald Wildlifc Service wildlife Rescarch

Report t1-21.

Uazuct4 Q. 1975. Menoria Explicativa: Mapa Ecologico de Bolivia. Midsterio de Asuntos CaEpcsilos y
Agrop€cuaiios, l,a Paz :1-312.

vanzolili, P., a$d N. comes. 1979. Notes or the ecology ard growth ofAmazonian cainurs (Crocodylia,
,{ligatoridac). Papdis Avulsos de Zoologia 32i21r276.

vasoucz Ruesta. P. 1981. Bascs bio-ecol6sias Dara el Maftio de los Allicatoridae etr Jenaro Herrara'(Requena-Pcrf). 
Thesis for the title oflngeiicro Forestai Universidadl'Iacional Agaria La Moljna,

Peru. 205 pp.

Wermuth, H., asd R. Mertens. 1961. Schildkoten, Krokodile, Bruckenechser. Gustav Fische. Verlag
Jeua, )ofli + 422 pp,

. ard . 197. Das Tieneich 100ro(vii-174.



_, ard K Fucbs. 1983. CITES ldendficarion Maroal. Secretadat of the Conv€ntior or Inremational--lfe4S 
i' Endangered spc.ies of wild rauaa and nora, L*"""q 

-sur.iiLo. 
v"r. :a-

306.001,002.001 asd Vol. 5:L3O6.001.002,00f.

Woodward, A., and D. David. 1985. A study of thc baba (Coiman qocoditr.r cfocodrft$) population oo t}e
Hato Piiero in Venezuela. Unpublished xerograpbed repoft ro Hato piiero, 12 f,.,4 figures,4 tables.



DRAIT

NESOLUIION OFTIIE CONIERENCE OFTSE PAI(IIEI'

Inpl6. .dor ofth. Condlion tn EoU{,.

RECoCMZING th. conc.n for intcmtidd conplianc @ttrcl .xPNd i! &el ion Coni 3,0, .doPicd at lh. third nctring
of rh. confcEn@ of rhc P.ni6 (Na D.|hi 1981);

RISPoNDING to tha 6ll fd Bolivi! to iDplcn@t hd.ft criclt MPly {ith th. FquiEdcna of ln. Con@ntioa $ oti.in d itr
Rslurion Coni 53 .dopr.d .r rhc fifth m@iiDg ol rh. co ccne of th€ Pani* (Bend Ais 1945), ircllding a &dlction of
wildlif. crpotu to 50% lntil or tn. poPubtion aad d th. .diern rtll inpa.. studis he b@n @mPL!.d, rnd b.n.gcncnr

NOTING rhai, as indidtcd itr Doc, 6.m IdPlcmcntatid of lhc coMntid in c.n in cosntiiG, Pr9arcd by lh. s.fttariati
Bolivia hs not b@n .blc ro .fdthrly idpLndt lhc Coe ioq dcsPii. .uPPon ftm ihc higr!6t l4l5 of rh. it5 G@tmcnq

CONSIDERING $ sine tnc ftftb @tins of th. codtcilc of th. Pani6 @u..od Aid 1985), rhe G@nndt of Aolivia
rFlrcdly h- m!d. ldlnini.tntic cbrngs in iie wilillifc .tcncy in t otinling cfton to buitd ! CITES Ptognm .nd.nfoc its

ACKNOWLEDGING tn t, in ?.rri.l fultillncnl of Conf. 5-X tEPuLti@ $er5 ol eio.$ 8nd fclids he bc.n ioiti.t.d !.d.r 3
cooFnriv? rgencst bcrgq Eolivi.'. c..t!o dc Dc8.ftlo focul aEd th. cFEs s..-ntiar;

BELIE'gINC th.t .gF.irg to uili4 rn .r$tirtc .p.ci!ts! ..1..i.d by thc crrEs s.cr.ti!t, to Nisr i! rn! d*loPncnr of a
CTTES ptlgln i. a d.nonnntion of thc dcaitc of thc G@nn.tt of Eolivia to comply fllly vith rhc P@isions or tnr

RECOCNIZING th.t Bofivian law o y !.!!rits thc hlnii^A of ltgtno (Caina^ td.d> hoa rh.d 1J n in total lcngth, wnicn
yiclds r &lly oi honb&k hidc of th. enc lcngrh d rwo flant hidq 80 o ot aot in l.dgIh;

TURIIIEI RECOCMZING rhat Bolivid Le ?Fhibit. rhe dPon of @ or @st.d (' &Ei-tad..d) did.n hid6, .nd only

P.mirs th. cryort of fioi-thcd (. rul9 t!on.4 dy!d, ard gl.zcd) eitun hids and hid. prodlcts by d. ol th. tix nnnc6 bcloiging
lo rn. Asi&i6. d. Iodusttiala dc cles iL s.urio6 (AsIcusA);

APPIaIJDINC th. dccisior by ASICISA d6bc6 io 4i!t th! P.niq to the @Mntion to ialcntify lcgal crPolts of c.idn [ide
frn Bolivi. by irdclibly .r.npirE tn tlEe .id. ol thcir hi<td *i$ ln. n.m. of ih. tltncry thtt Pd.s<l th€ hid.s .!d by
h&ing thci. CTTES Fdilt d .{on shiPncnb snili.d ud *3ldl by thc Sdilt! Gdn€nlc & Surci!..e, I Sei* onPtnt
rP..ializing in stoE @ntrol;

AWARE rhat Bolivh mmt iDpkD.nt CrrEs !nl4 rh. P!ni6 to tn. Coitrtion acri€ly.lPPon n5 cfiont by dcsing . ry to
shipncnts of hid.. .xportcd in enttunrion of Bolivi.n I.w ard CTTES tgul.tioni

TIIE CONFIRENCE OF 1IIE PARI'IES TO TEE CONVENTION

RECOMMENDS lh ountrie reiving *iLllifc -d wildlit Pldocrs frcd Botivi. sue iirl .r.h sniPi.nr i5 @nP.ni.d bv
CTTBS .rpon Fmits e rcq!i..d lnder th. poisio6 of thc CoNlnrio4 ltd in lh. .@ of eiffit hidcr, a .n .ddirion.l

!u.Edt.c rbrt rbc sbiPd.nr @ lcgaly .x!on 4 th. inPoning tuiid 3h@ld:

1).[@o y fi. .ntry of finLn.d ( * fully Ld.d, dr€d, lnd d4d) 6ind hide ..d hid. Ptoducrs,

2) only if th. shipm.ot nr5 b@tr c.ni[.d and slcd by th. Saidta G{!a.al. dc srMill.nce, .nd

3) only r n 6 shippcd bt 6. of thc D.db..3 or tnc Asi&i6n <lc Inttsttiat6 de Cu..6 dc sacn6 (ASICU&{).

EXIIORrS ncighboring @uturi6 rot to.!td doL.s in illcC ldlif. b op.Fla op.nlywithi! lhci.jutbtlidiod; and

T RGES rh. Panis ro th. ConE tior rol lo .r@udgc illcgal tndc by an@ing imPon6 fom d.!lc6 in ill.gal wildlif. arcm n.lios
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Table 1.

Wetla.ud
Bank or

Shorclhe
Estimated dersity

/km of sbore
Size Range

(in n)

Bed dver, aboie
Cachuela Espcraua

Beni ri€r, do\r'lstream
flom Ribcralta

Yata r €r, a tdbutary
of the Beni

Itcnez rir€r, near
Versalles

Mud b..*5 witi soIne
oi'e.balging rcgetatiotr

Bare mud aud logs

Balc Dud & well vcgetated
ba[k & floatirg Dats

Wcll legetated

0.0

0.1

0.0

0.75

0.5-1.1

03-05

San Pablo river, upstreaE Bare mud & well
portiod ofthesan vegetatcd bank
Miguel/ItonaEas river

Ipurupuru river, a tributary Or€rharging i€geratior
of the Machupo river flowing

1.5 1.0-15

ilrto the It ez

Ibaro rii€r, h vicidty

Yapacani !i!€r, a tributary
of the MaErore

Bare oud

Bare aud & sand

<0J

15

2'55

03-05

03-1.0

0.6-1.0

0.6-2.0

Embalnent off the Itenez Well !€gerated
. er, upstleam from Versalles & Iloatiig pla.uts

Embarde ofrthe Paragua Wcll i€gctated
river, atnbutaryof & floating pla{s

J.

L.

M.

N.

tie Itercz

Laguna Concepci6D" wcst of
Sa! Jose dc Chiquitos

Lago San Josc, rcar Ribeialta

Unna-med lagoon, off the Mamme,
upstreao from Santa Ana

Arroyo Biajo, a curichi off
the MaErcre

Well r€getated
& floaiing plants

Well rrgetated

Well r€getated
& Iloatilg plants

Well vegetated

4.0 0.6-1,0

o.r2.0

1.2

L0-1.2

'70.o

1.0

L.25



Table 1 Contiaued.

wetla!d
Ba.D.k or

Shoretoe
Estimated density

/km of shore
Size Range

(id E)

o.

P.

o.

Yag,an, Dorth of Ascension
de Cuayaros

sa.B Miguel reservoir, near
San lg[acio de Velasco

Roadside borrow pits rcar Rey.s

Roadsidc ditchas *it[ pcrlalient
water n.ar Tdridad

Wc[ rcgctatcd
& ooatilg plants

well vegetated
& floatilrg plaatr

well vegetated

Well vegetatrd

0.4

02

15

1.0-15

2.0

1.0

0.&15

A. throwh H. arc rivcrine loca.lities llit! 0owing rarer; I. tbrough K are sha oq quict water cmbayme[ts
off the Eaitr chaDlel of the river; L. though O. are oSow lakc6 a.trd lagoons forderly broadly comected to
the !ir€!, but row slighdy s€parated; and P. tbrough R. are dan-made wetlanals. Mthitr each of these
categories, tbe localities are listed roughly ftom the trorth to the south.



GENETIC PATIERNS AND THE CONSERVATION OF CROCODILIANS:
A REVIEW OF STRATEGIES AND OPTIONS

I. Lhr Brlsbin Jr,'and Mara A- McDonald','

'Sal?nnah River Ecologj/ l,aboralory

Aikeq South Carolina, USA, 29801

ZDepartmert of Zaobg
Uni€lsity of Florida

Gaincsvile, FL 326U

ABSTRACT - Recc devclopmeds id tf,€ field of ecological gerctics arc d€scribed ald the literaturc is
reviewed with respect to studies of crocodili^n!. Thc devclopment of starch gel electrophoretic techiques
has govided a relatively simple deatrs of surveying levels of genetic variability in both captive aad wild
populations atrd also for determinirrg the degree of genetic relatedress betweea populations. Applications
of these tech.dqoes to progams of captir,€ propagatioo aid the matragement of wild docodilians are
discussed. Of particular iderest ale tecb.dques for determining paternity i.n oixed captivc breediag groups
ald idedtficatior of racial or geographic origins of tddividual admals. PositivE corelations between levels
of gedetic variability aDd the general vtor and rcproductive output of hdividual animals of several sp€cies
suggest tlat elec!.ophoretic genetic surrcys could help to suggest w?rJrs id which these traits could be
optinized ia both captive and wild populations of Gocodilians.

INTRODUCTION

Recent ad%nces ir the field of population genetics ha\€ provided a number of useful techDiques for
the maDagem€d and coGervation of both captive and wild populations of various species (Manlo\.c et al.
1975, 1t6; Selander 1983; SDrith ct al. 196; Johns et al. 1977; Smith et al. 198; Chesser et al. 1980;
Chamb€rs and Bayless 1983; Hads et al. 884; V.ijenhoek el al. 1985; Meffe 1986). Tbe use of horizontal
starch g€l elecFophoresis, in particular, has provided a m€ans for rapid atrd inexpensive assessbedt of thc
degrcc of genetic relateddass bct\\,cc[ populatiotrs. It has also provided a Ecans to assess both teaporal
alral spatia.l pattcms of genetic r"riability (Chesscr et al 1982). Tlis informatiod caD thc!" itr hrr!, bc used
to dcterdioe the sdent to which plograrN of captive propagation may have altered the daturally-occu-ing
patterns and lewls of geretic variability of wild populatioDs.

The purpo6e of this report is to briefly summaize the genetic idorBation currendy available for
crocoaliliaDs and ther to examine the idplic.tio$ of lhese studies lor both captive propagation and
managsment of wild populatiofs. Filst, howcvcr, it will be useful to leview the basic principles behhd the
mullilocus approach to biochemical analyses of population gcnetic parameters.

BACKGROT]ND GENETIC INT'ORMATION

Crocodilians, like most sexually-reproducing organisms, rcceive two copies of each cbromosome and
therefore two alleles at each gene locus, one from cach parent. If the alleles received from each parent are
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identic.al, the i.ndividual is 6aid to be homozygous for that particular gene locus. If dilferent alleles are
rcceived from each parent, dre individual i6 said to be hete.ozygo$s, and the locus is describcd as beiag
pollmorphic. It should bc remcmbere4 howEver, ttrat ir the case of allelic dominarce, it is possible for
both a homozygous dominant aad a heterozygous i.ndividual to be phenotypically identical from the point of
view of er4ertral phlsic2.l appearance. Under such conditions, it would not be possible to direcdy determine
the f.equency of the various alcles h the population on the basis of o.ternal phenog'pes alonc, sincc the
eq)ressions of recessive alleles could be 'loasked' by tle dominaDt phenotypes of heterozygous hdividuals.

In such srtuatiols, tcchaiques such as starch gel electrophoresis are of key ioportance; by
demoDstratiEg the prescncc of the gerc producb of othelwisc phenotypicaly recessive all€les as
codominar{s, in hctcrozygous individuals, such procedures provide a means of dilectly quantirying th€
frequency of altemative alleles withi! populatio! s3lnples. The determiDatiou of such gene frequenci€s
thus provides the meais by which hypotheses concemhg gerctic relatedless betweea populatrons may bc
tested statisticaly (Chesscr 19&)).

LITIRATI'RE REVIEW

Oaly tlree crrrent publications provide inforEation coacemhg levels atrd patterDs of gcnetic
variability i.n cocodilians and all of these papers deal with the American alligatot Q4 igotor
mirrr:r&ppi.arir). Gartsidc ct al. (19n) repolt from southwestem I-ouisiana, while MerIzes et al. (1979)
provide similar hformation for alligators from the Everglades National Park itr Florida. Adams et al.
(1980) provide thc oEly direct comparisons of alligtor populations from tbree drffetent parts of the species
iangc, providi.Eg genetic data ftom alligators itr South Caroliua, Lo).ahatchee National Wildlife Refuge in
Florida ald from the same gcDcra.l rcgiod in southwestem lruisiana as that studied by Gartside et al.
(197). A codparison of gene ftequcdcr.s calculatcd for the I-ouisiana aligalols iadicates close agtecment
bct*€er thc lesults from these two studie.s nhich wele conducted indepetrdeltly at differedt laboratories.
AdaEs et al. (1980), for examplc, rcport a frequeDcy of 0.7 for tie common all€le of lactate
dehydrogcnase-2 whilc Gartsidc et aL (197) report a comparable \alue of 0.81 for this sade allele from
Louiliala alligators, This suggcsts that the llse of elcctrophoresis call produce results which are
comparablc atrd indepetrdcntlyreplicablebetweeolaboratories.

In every case where gene frequercres have been compared between alligator populationE the
populatiors in question have bee! found lot to share a common gene pool TLus, M€rzies et al. (1979), is
comparing their re,sults with thosc publish.d earlier by Gartside et al. (197), found that tlc Eiugladcs
a igator population was gcactically dillcrcnt from those of southwestern lruisian4 as desciibed by thc
lattcr autlors. siEilarly, Adar$ ct al. (1980) rcpo.t tlat cvery gcne locus cxamilcd ir thcir 6tudy tbat bad
a frequcocy of 0.15 o. grcat€r for thc altarnatc ralc allcle, shov,,ed a statislically sigtrifrcant spalial
hetrrogencity. For o(ampl., Chi-square testi.rg of couit data for the allele frequencrcs of lactatc
dehydrogciase-2 showed that differedccs in gctrc frcqucrcics bctwced thc ttiec alligator popul.atiots could
Dot be accounted for by chadcc variatio! alotre, tlcreby hferring that the tbree populations in questio! did
not share a commor gene pool (Fi& 1).

Even though all wild alligator popolations that have been studi€d so far havc bccn found to be
genctically different, the ov€rall degree of gcnetic dirergence betweeD populations is relatively small
(Adams et. al. 1980). Multi-locus electrophoretic data can be used to quantiry the degree of genetic
divergetrce betweetr populations tlrough the calculatiotr of one or more bdic€s of genetic separation. The
calculation of Rogers' hdcx of genetic distaDcc (Rogerc 1972) by Adams et al. (1980), tor exa$ple,
revealed tbat values quantiryiDg lhe degree of genetic separatiod betweetr alligator populations (range:
0.018 - 0.081; Fig. 2) werc aI relatively low in comFrisotr to similar values for conspecific populations
which may raage as high as 0.15 (Selander aud Johnsod 1973; Avise 1974 1976).
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Table 1. Comparisons of literature values quaddrying levels of genetic variability in populations of the
American alligator in the southeast€m Unit€d States.

Populatio!
Numb€t

Average
Proportionof Heterozygosity
l.ociwhicharc per lddividual (II)
Variable (P) (12 S.E) Rcference

Southwestem
l,ouisana

Florida:
Evcrgadcs

Natiolal Park

Florida:
Lda!atchee

National Wildlife
Refugc

South-central
south carolha

I
n

0.06
o.014

0.021 (3 0.024)
0.012 ct 0.004)

Gattside et al. (197)
Adams et a.l. (19m)

44 0.045 0.0086 (! 0.016) M€Dzie,s et al, (1qD)

2l 0.19 0.02 (a 0.m6) Adams et al. (1980)

n 0.19 0.034 (! 0.006) Adans et al. (1980)

- Several different indices may be calculated to quantify a.dd comparc the overall degree of gEnetic
variability witli' ard berweer species popdatiors. Ttcse indicls bclude p, the proDortio' of all loci
examined which ate variable (i.e., show more thaa one allele) and A- thc average number of alletes per
locus (Adams et al. 1980). Probably the mosr usetut ildex of overall gcnetic variabitity, hower,cr, is tt, ile
average hetelozygosity p9I itrdividual. H lepresents th€ population average of the Dumber of heterorygous
loci or.r the total possible loci assayed per bdividual. Heterorygosityi then, L distitrct frorn p, w-hich
mcasurc6 the potedial rariability at loci in tle populatiod sample4 whethcr or Bot these loci are
hcterozj€ous for ary hdividua.l. necause statistical procedures ari arailable for calculating confrdcnce
limits foJ estimates_of hctero4gosity (e.9, Nei .nd Rotchaudluy 1974), rhis index is particularly useful for
colnpafilg levels of genctic vaiability bet$tcn populatioDs

A comparison of dl aidlable values for H ard p which ha!€ bcetr crlculated for alligator populatiors
are prcsented ir Table 1. As pointed our by Adams et al. (1980). values of H for aligator popularions are
quite low i[ comparison ro rbose of other troFmammaliar &rtebrate species (Nevo f9f8, livo et al f983).
l,€lPodi (D7a) and Seladder and Johrson (1973) indicate thar heter;zygosity values typicaly range f.on
0.05 to 0. 1. All alligator berero4€osiry va.lues arc below rhe lower lim ;f rUs .a"ge l"iafte i,). ft-o*ever,
Adans er at. (1980) poirr out that mosr of their p idues for alligator populations Cfabte 1) are wirhi! lhe
.ange q?icaly rcported for other ve(ebrates (0.1-0.2; Avise 1974). Tb; form€r authors suggest that tlG
obsewed pattent of relatively high P valuqs io combiration with low values for H, would bc reasonable for a
species such as lhe alligaror wirh a large geographic range and limited gene flow betweea popularions
(rerrdring in a higber P), in combinarion with a large body siz€ and relatively saall breeding ioiularions(which typiry species wirh a relatively low H). Thestdata need ro be interpreted with sorne caution. H and
P arc trot indepetrde[t of one adothcr. H is also sensitive lo other variables not traditionally standaralizeal
among electrophoretic studies, such as the tlpe of cr.rymes assayed, enzr!|c functiod ard molecular size
(Johnson 1974, 1976i Warq 197?). As an cxample of probtems that may arisc in inrerprcrariods of
comparisoDs ofgenetic variability across studies, Simon and Archie (19g5) demonstrated that subsampling
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eazlEes ftom a study of 38 loci in tle milkfisb, Clt anos chanos ' ptodnced a rangc of hetcloz:€osity values
frofi 5.6 to 11,4 . Ttesc values i[clude tle differ.rccs ir means betvtectr vertebratcs and iftlrtebrates
found h Ne@'s (1978) arulysis of 227 species. Tbe.eforq IIe recommend compatisons across studies be
madc for a standardized set of loci.

For the plcscnt, r,e must rely on H, P, atrd A as the trcessary ildices of gedetic variability withiD and
ac.oss populations, ard leep iD mind that coDllictiDg hypotbeses r:ray be the result of aitifads itr our ability
to mcasure variability accurately at this time. The pros and cons of supplemadary, compleme ary o.
codradictorJ hypotieses to €xplain thc obscrved pafterDs of gerctic r€tiability itr allkator populatiols have
also beea discussed by othcrs (Gartside et al. 1977; Mcnzi€s ct al. 1t9), These hj?othcses ircludc genetic
'bottlen€ckiryl ard genetic &ift during pcriorls of low popiatioa mbers, c rironme(al grain, and
dilcctional selectio!, all of which may help to explai.n tte obselved pattelns of gerctic variability. Mor€
informatlon codc€ming loag-terd pattems of gede f,ow betwecn alligator populatioDs js neede4 bowevet
before thc rol.s of such hypotheses can be propc y dmluated (AdaEs ct 61.1980). To complicate thc issu.
firther, low levels of hctcrozygoaity Eay bc chaiacteristic of somc taxa, but may bc thc rc$ilt of populatioo
bottlcneckirg for others. The cattail gplrus 4prrd is homo4/gous for a.ll 10 loci ctamiDcd (Mashbun et al.
19?8), latgEly be.ause of its clodal mcthod of rcproductiot" on the otlet ha!d, thc lorthem clephatrt scal
(Bonrc[ and Selander 1974) crcperiencld a drastic population reduction at the tum of thc ccDtury. They
hal! now rccovcred id popu.latiotr trunbers, but still show tro gerctic Eriation at the 24loci examhed- The
cb.etah.AcinonJx ibaits,(o'Brietr et aL 1983, 1985; waFc ct al. 1986) also sho!6 litdc gcnetic variation,
atrd this has beetr attributed to atr unobscrved bottleocck since thc Pleistocetre, Thc low levels of
hetero4€osity ir boti of theso mammaliaa oramples may be the resuh of the real or infcrrcd botdcneck,
with proloEged recovery predicted by populatiotr gen€tics thaory, (Nei ct al, 197t, or, alteraately, they may
be a lesult of the demographrc strat€gres of thcrc particular species. sibley and Ahlquist (h press)
sugg€s! with their data on birds, that some groups show slower lates of moleculnr evolution, Thcse slower
rates seeh to b€ correlated with longevity, later age to 6rst reproductioD, a.rd fevrcr ,oung produced per
leproductic €ffort. Thcsc demographic factols Eay feed back into the overall ge[etic \rariability of the
spccics as a wholc, lesulti.lg i.n fcwc! butations being incorporated per generation, and corscqucntly, lcss
geDetic variability (Gilpin atrd Soule 1986), If this is thc casc, ther species like tte alligato. Eay have
atways had low lerels of heterozygosity ard havc adapted to the low variability througb denographic
factors, such as dispersal.

what this mcar! is tLat there arc mal'y factors idluerring genetic variability, ard nu.Ecroll! c/ar,s that
gerctic variability c.n influence thc succass of a species (Ncvo 1978). We have little usdeNtanding of how
the orgaaization of tle genome inlluetrces the long-tcrm survival of a species, which itr turq inllu€Dcts the
short-terE gEtr€tic variability (Meffe 1986). We dc€d tDore basic lesearch ill natural populatior stntcture
alrd effeds of geietic variability on tle viability of populatioEs. A morc thorough urdcrstandilg of gercme
organization - such as tlc iolc of htrols, regulators, EaDsposable clemcnts atrd lhc likc - *ill make it aasicr
to comprchcnd the diffcliDg stiatcgies spccies employ in responding to tieir environEcrL Wc concu $/itl
policies bas€d od efforts to remaia consewationally conscrvati@; that is, cllorts should bc rtladc to r€tai.D as
much geaetic variability as possible, rcgardlc.as of hov, basic our tcchuiqucs arc, until we a.c better able to
urdcrstard thc inlluencc of gerctic variability otr thc health and survival of thc species being naragcd.
Additionaly, we lllxt alrE rs keep i! bind that oulbreedirog depressioo may be as problematical aj
inbreediry depre,rsion (Templeton 1986; see bclow).

Atr examitration of the levels of heterozfgosity calculated for all availablc studies of alligators (Table
1) suggests ttat vrhilc thcre may bc coDsiderablc variation in the degee of heterozygosity showr by
dnerent aligator populations, there is a broad gercral oicrlap of the 957o confideDce btervals (+ 1.96
s.E.) about ttese estiErates, and iudee4 tle dagritude of these conlidence inter ls may thees€lves show
considerable vaiatio[ Part oI the diff€remcs ir the sizes of conlidebce intervals about cslimates of
heterozygosity for alligator populations may bc duc to differcnces io the techniques uscd in thcir
computation. Adams ct aI (1980) used standard pararoetric statistical procedu.es to calculate their
coddeice li6its, (but see Archie 198t wbile Gartside er al. (1977) used the method of Nei and
Royclaudhury (1974). Nev€rtheless, the data for heterozlgosity pr€s€ cd by Adams et al. (1980: Table 1)
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suggest that the alligators from thei! south c"'. olha saople may have had a significaitly higher levcl of
average genetic variability tha.n thos€ frod lruisiaDa.

APPLICATIONS OF GENETIC STLTDIES

As discussed earlicr, gedetic sMies oay have direct application to two 'oaitr aspects of co'cer's lor
-ocoaliliar conservatioa: (1) ma{agcment of wild populalions, and (2) de'etopmenr oi programs of captive
propagalion. Tle preseDt ard possiblc firtue co libutioos of studies usi.Eg starch geielectrophoietic
teclniques will tte discusscd for each of these arcas separately.

Mamgement ol Wild Population$ A Bodel for the applicado! of genetic studics to the malrageEctrt of
ftcc-livilg wildlifc populations is provided by Madove ct al. (i97t alrd Sdith et al. (iq8), for
maragement.of tl9 wbi-le-taihd deq (Odocoiteus iBinianus), As poiated out by thcsc autlors,
electrophoretic studies of blood aa<l/or tissue samples ca!, tltough tre calculation aad comparison ol gene
frcqueocGs across spacc aad timc, belp to dcfirc firnctional matagcment uaits ia terni of popula-tior
cohorts sharing coEmon gcne pools. The defiritiotr alrd delineation of such Eatragelre[t rmiis 4 of
course, a critical prerequisite for devisirg Da[agcment plalrs for a species across its r-aage of gcographic
occurencc. As an exadplc, the failure of nesting popu.lations of loggerhead sea turtles (Caretta careraj to
share a comdon g€ne !'ool bet*€cn coast6l barrier isla.ods of So;th Clrolina and ceorgia (Snith ei al.
1978), indicate,s that htensil'e rdirlagcment efforts d€sigDed to belp this species o! orc island would
probably have little or no .ffect on ucsting populatiors on sobc othef islaDds in the same southeast region.
Similai a4um€nts may be made for banageEent programs designed for cocodiLian populations which are
a.lso cobprised of sparialy discietc genetic udrs, as itlusFated btFiguc 1.

_Arotlc_r- lotcntial value of gcnetic studics for tlc managedcd of wild populatiols lies i! thc
pgssibility of d,cnti&idg so-€lled'Ilrarkc/ genes whichoay help io idertify the ra&j or geographic origin
ofiDdividuals found in captivc collectio$ or confiscated through law enforcement activitics. rn the casJof
th€ thr- -ec illigato! populatiors studicd by Adams ct aL (1980), for examplc, electlophoretic ltuaries of tbc
blood from a confiscated aaimal found in a shipmeat illegaly destilcd fo; export might lev€al the presencr
oI the .'nco'mon alele of p€ptidasc-l, which ir fo.'od ia 16% of the Florida aU;gatorr, tut wlich t absent
fror' the populations in sourh carolina or r.ouisiaru (Fig 3). This would indica:tc a Florida oririn for the
lpgcine.n ia questiot if these v,,ere the only populations under consideratio'" Obviously, the us;tuhess of
this tecbdque will be iicleased io proportioo to the trumber of diffe.ent populatioa units tbat car be
surveyed ftom. droughout tte spccics raige. It should also be redeBbcred, however, that in t_he example
citcd abolr, 84% of the Florida ani'als could .'ot bc separated from those flom the oti€r two statcs on tne
b?sis of thr peptidasc-1 system alore. lbug the greatci the nuraber of electrophoretically variable Esre'sthat car be derrlooslratcd for a givcr specicq the more likcly it is tlat tffs procedure wil bc ;bb to
positivcly ideatify rhe population of origir for a givea individual

Fi&lly, as demonstrated by R],oan ct aI (1981), the prccise for6s of management and harvcst
schsmes which Day be proposed for a gi!€n spccies c€.n signficatrly altcr boi.h its pitterns and lercls of
gctr.tic variatility ard tlereby aher the roles of any factors rclated to tlis variability as discussed ia this
repon. Such po6sibilitias must bc bordc in dind wher dcvisilg baragement schemis aad quotas for the
$staised-yield hawest of species such as thc AEerican aligator (Nichols et at. t9Z6). bf paiticular
:on:ern i! t-hir regard would be the possibility rhat improper hamsr scbemes niiht, tb;ugh the
inadvertent alteratior of population sex ratios and/or age structure, reduce ellecrive po_oulation size and
tler€by increase the probability of a rcducrion ofo\€rall generic variabiliry (Rynan er al.'1981; cilpi! and
Soulc 1986).

Progrrms for Caltirc Propagation: The gcrcral application of geEetic studies to the captive propagatio! of
eidangereal speci€s have beetr outlircd by Chesser .t al. (1980). While specifc examples chosiu by tlese
authors arc taken from the zoo lite.ature on captive-breedilg populatioN of ungulates and lield studies of
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the genetics of whit€_tailed deer, dany of the getrerai principres presented are arso applicabr€ to the capti!€
propagatioB of docodilians. A generalized breedi_og scheme has bectr proposed by rhese authors, wiich
would preserve Eaximum arnou[ts of gedetic va ability in captir€ beeding populatiolN. This schemc
dosely mimics.the gercral procedues by which Drost species of crocodilians are_cuffently being bred in
€ither zoos or ir ,oole 6pecialized farniag operations - da'ely, thc maintenancc of relati'ery smill closerl
breeding populatiotrs id which the losr of gedetic va ability and fixatiotr of rare aUeles would occur at a
relatively rapid rate. In order ro avoid deleterious efiects of tle hbr€eding depression that may occur i.r
such situations (RaIs ct al. 199), brccding stock should tten be exchaaged between zoos or farms to
h(f,ease or]lbr€editg. Such outbreeding should oclur at pulsed iDtervals, which are determhed by thc
times at which ihe grcatest ret€.sa.l of tf,e deleterious effects of inbreediDg &pressiou can be achiered.

In selecting brc€ding stoct for exchange, profitable use caa be madc of electrophoretic genetic
profil€s which x,ould iDdtuate which matirgs would produce the gearest increase b orerati hctero{gosity.
As wil bc pointed out later, therc is eddencc that signGca increases b general vigor, viabijt a;d
reprodrctilc orrtput car be cxp€cted to bc associate! with pairings that Earinize tevels of feiero4gosity ir
tle offspring (Mittoa ari crant 1984). Ir order to realizc tf,es€ goalj, Che,sse. et al. (1980) 

".ph^i"" 
tl"t

th€ aclual choic€ of animals as breeders should be made at rardom, witlin th€ guidelinss suggestcd by
electlophorctic g€detic plofrles. Ir larger brcedhg groupE such as are ofter mahtailled id comI'lercial
cocodiliat fanaing opcrations, dlowiag aaimals to selcct thcii o\r,[ Eatcs allours { closcr approximation of
some of.thc sclectivc forces which Eay bc opcrative in wild populatiols of the samc spccias. Tle
preservatiotr and cxchalge of ftozcn semea betwecn institutions (Ano!. 1980) can also oroduce a oulsed
outbr€cdilg which cran couteract tle effects of i.nbr€eding depre$siotr"

Starch gel electrophoretic studies catr also be of ieportance in helpirg to evaluate tle degree to which
captirb b(ecdbg p.ograas have been successfi. in apploximatiq the levels and patterns of geaetic
variatility actualy found h wild population& Thus, the fact that reduced lerels of hercro4gosity may be
fouad- in certain captive br€edilg groups need not neccssrily be a cause for concern - pariicr:larty if the
gE!.tic su.veJ,s of Buccessfrt wild populations of thc same or closely related species should also releal
similady rcduced lcvcls of hetcro4€osity. I{ for example, a genetic survey ofihc few a ilable captive
Chidcse aligators C.{rlsutor r|'e,tfl9 should lcvcal low heteroztgosity valucs of O.OO5 - 0.010, this fact id
its€U-*oild not neccssarily bc a cause for conccm sidcc it has aow bcer sho$! that vigorous atrd viable
populatioDs ofsild AEedcan alligators Dray have hetero4€osity levels that are not aay hiigher (Gartside et
al. 192 Menzies et al 1979; AdaEs et al. 1980t Table 1).

. Stillaother potential application of genctic analyscs to captirc brecdiDg programs lies in the ability of
sucb studieE ulder appropriate corditions, to iderti& tho6€ individuals which arc actualy sirirg offspriig ir
large mixcd bleeditrg groups. Such irlormatioa could be of geat practicat value siace it would allow ibe
idcndlication of troo-breeding males whicL could t[et bc rcmoved ftom such breeding groups and either
disposed of or traasferred to otler breeding gloups wherc the social structurc or other fictors night permit
tbem to start mating ald produciry offsprilg As in the case of idcntifyilg uD}rown individuals as to racial
or gcographic o;gin on thc basis of ctectophorctic profilca, tha probability of successfully usiog this same
tech.dqrre to identi$ paterdty will be ;Dcf,eased in proportion to the [umber of eiectlothoretically
detectable riable gcue loci that caa bc identitied- A total of ten variable gene loci ha\€ already been
deEonsaated for thc American 6lligator usi.ng starch gel electrophoresis (Ganaide et al. 192 Adams et aL
1980) and wlile the demorstratioa of morc variablc loci would bc helpfu! uscfut pateftity hlormation
could now be collected i! appropriate situations, with thc use of ooly those ten rariable eene loci *hich
have alrcady been demonslrated for lhis species.

. Fiylu_9n€ of tle bost €rcitidg and potentially useful aspects of electrophoretic gonetic surveys of
captive brceding pog ations lies ir the fact that certain lraits related to lhe maximization of reDrodu;dve
output 6nd the mai enarce of hcalrh and vigo! have been showr to be posiri!€ly correlared wirh increascd
lerels_of genctic variabiliry in certfi enviotrmedts (Mittoa aad crani 1984; ;Iendorf and Leary 1986).
Sigdificrnr .elatiorshiF have been foutr4 for cxample, betwee! genetic variability ard higher reproducti!€
rates (Smith er al. 195; Johls et at. 19Tj), higher growth iates (Singh and uros D?t) and inclcased
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levels of aggressior aDd dominancr (GartcD 19O. Thcsc studics suggest a pattcrn wbicb, if it holds for
oocodilians as it has bccr shol,! to hold for other sPecies such as shellfish aad deer, could Fovide a means
for making effectiir decisioDs concemirg the selection of brccdiDg alimals for either captive matings,
release and rastocki[g irto wild populations, or tnnsfer betweetr wild populatioa subuaits. The
iEplications of these genetic studies fo! tle captivc BaDagement atld propagation of endangered spccies id
a g€neral sense have been disctssed by Chlsser et sL (1980). A.lterBately, if populatiotrs arc so snall liat
there is no hope of avoiding hbleeding deprcssio4 tlen the only recourse v,rculd be to force tlre population

tliolgh a controUed bottlercck i! ordcr to purgo it of deleterious allelcs, as was dode for thc Speke's
Gazellc Cfempleton and Read 1983). Morcover, if cocodilials atc predrsposed to sttodg populatrotr

structuri.ng at local lelds but populatiotr mixing at tegiodal levels (Fig. 2), lhen programs attempting to
cDla[ce outbreeding raay result in outbrecdilg depression, whcrc coailapted geBe complexcs arc brokea
up, to the detriment of the locally adapted population (Alstad and Edmunds 1983; Templeton 1986).
Stmch gel electrophor€sis caa belp us decide which stratery to follow in our conservation efforts.

As illuctratcd by the toregoing cxabplcs, the najority of gcdctic atudies lelated to tlc matragcdcnt of
wild populations ad captiw propagation ha\,r Doi tet dealt diectly with crocldilials. Howevcr, thosc
gerctic sur!€:,6 that have bc.ca uadcrtalen witl the Amcricsr alligator i[dicate tbat this spacias and thus
possibly otler spcaics of docodilials as wcll can ako be proitably studicd witl thc use of statch g€l
clecrrophoresis, usirg blood ard/or tissuc samples which can b€ coUcrtcd witi litde or rc risk of harDr to
tle aaimal iavoicrt The collection of such gc&tic information from largcr numbcrs of iudividuals aad
from additioral species of .rocodilians could Dot only contributc signficnntly to the wise managcmcd,
captirE propagation ard consenation of such crocoaliliar species themselves, but could also provide
valuable data *hich could hclp to bcrease our gercral understanding of the population genetrcs of many
kinds of $/ildlife species tb.ougbout thc q,orld.
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SIJMMARY

Limnological data wele gathered kom 7 Paleosuchui ttigonatus localities, 75 Caiman cncodihts
crocodifus localirjes, 6d 1 Caimon crocodilus (Uanos subspecres) localities. The mean tcmperatures (c),
coDductivities (MHOS) atrd total catioDs (ueq,/l) wcre U.,4/6n/493, 29UaA5/215.8, and
32.a/ ,6/1.052,2r.sFctively. I{ydrologicr.l &ta were processed for 27 Crocodylut intetmedius loczlilres
and 16 P. nigonatus localities Mean amual rainfall ('rE) 6dd runoff (r!n) werr- 1.El/7!A and
4422/1,441 re.sp.ctfuely. It is suggcstcd that tiese correlations indrcate ccological rclatioDships befireea
habitats and crocoaljlians. Limnological and hy&ological data are easily obtainable, and could be applicd to
suncy pla:r-r:ing ecological studieE 6ite selcctior for leiatroductiors, aud etrviionmental impact ass€ssme .

RESUMEN

se recolect6 infonoaci6tr limnol6gica 7 loca.lidades de Paleosuchus ttigot,4'no, 15 de Csimsn
crocoilihts crocoilihts, y 1 dc Caima^ crocodilus de Llanos. Los promedios dc tcmperaturas (C),
coductividades (MHos) y catioDes totales (ucq/1) tucron n-4/6.6/493, A1/48,5/?j,58, y
32.4/125.6/1,0522 respectivaEe e. Informaci6n hidrol6gica tue procesada para 27 localidades de
Ctoco4'lus tntennedhu y 16 de Paleostchus trigonatut. Las promedios de lluvias atruales (mm) y
cscurri$ieDtos aruales (bm) fueron lJ97/7?A a d 1422/1,441 rctpeaiezmente. Se sugler€ que estas
correlaciones indicar r€laciones ecol6gicas cdre h6bilats y ctocodilidos. La informaci6n linaol6gica e
hi&ol6gica cs facilnente obteaiblq y podrla ser aplicada cn iNenta os, estudios ecol6gicos, selecci6n d€
sitios para reirtroducciones, y evaluaci6n de impacto ambiental.

INTRODUCTION

In Venezuela government and non-govemment orgdzations are working otr a conservatioo progfitm
ofthe Orinoco crocodile (Crocodylus intennedius), and oa a smallcr scale for thc Americad cocodile (C.
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aclrrr). An expe.iEental harvest has bectr carried out *ith the spectacled. ca;Ilzn (Caiman cmcoditur).
Thc two other species of crocoaliliaE, Schneialeis Emooth-frodcd. c?itman (paleoruchus ni}onatus) ard,
Cuvier's smooth-froted c ia ^ (P. palpebtosns) zre poorly knjw!.

Effective danagement and corservatiod plals for cocodilians lequile kDowledge abou! the
geoglal)hiral distributioDs and the ecolory of tle species under consideration. I! Venezuela awith a surface
arca of aldost 1,000,000 km2) therc are no records of any crocodilians being prcsent in ?2Zo of the coutry
altlough mary such areas probably codtain crocoalilia! populations. This implies that €x€nsire *.*ryi"g
of crocodilians is a lesearch priority ir the short terD. Hoscver, t_raditional surveying teclfriques oeei
time, morcy aDd,people. In this paper we present some preliminary data on limnologicat and bydrological
+ar9ct:r,rstiF of the habitats of tlree species of crocodiliau. The rcsults suggest that soae eisily
obtainable data may h€lp to defme more precisely thc habitats of irdividual ctocodiliaa soecies. ard thus
facilitate survey planaing and otle! lelated studies.

MATERIAIS AND METIIODS

NomebclatuE - MedeE (1983) recogtiz€s the eristcoce of various demes in the subspecics C. crocodil\s
docodilus arld discusses the unpublished rcvision tlat was begun by the late l(arl p. SchEidt of the Chicago
Natural History Museum, who had iDleaded to des.ribe tte form from thc Llaaos of VeDezuela ald
Colombia as a new subspedes (C. c, humboldri). Gorzula (1980 Dotes that there are dmeretrces i.n behavior,
populatiod stlucture, population drlamics and average size of adults betwccn c. focodTus ftom the Llaros
add the Venezuela! cuaFtra. Itr older to distinguisb betweetr what are most probably two distirlct
subspccies, in tlis paper C. cmcodifus tro'r tha Venezuelan Llaros is referred to as C. c/ocadilur (Llanos)
a d C. croeodihat frcoVetrezuela! Guayala as C. c. crocodilw.

Study Slt€s l|trd Umnologr Data - Sevetr \r/ater $mplcs of P, fiionarur habitat werc collected at diffcrcnt
sitcs i! tf,e cran Sabana ad Rio Carrao (FiF 1), Frfteer wat€r saroples of C. c. crocodilut habitat werc
takeE ftom the El Mantcco area (corAla 1978) a,ld itr 6reas to the southwest of Oudad cuayana (Fig. 1).
Water samples were taket fron C. crocodifut Aanos) habitat at se!€n sites in the Venezuelan Llanos in
the ralch€s (Hatos): Masaguaral a.Dd Tcrccay (Fi& l). Detaited localiry dara (name, g€ographical
coordinates, altitude in meters abov€ sea lelel, date and tiltle the samples were taken) are given L the
appeudb.

Superficial water sampl€s were taletr dircctly into 0.25 I plastic bottles. The followiDg measureroeErs
and determitrations were card€d out i! t-he field: ai. a.!d rrater temperaturg pH and co;ductivity. For
bbola-tory analyses the samples w€le filtered through membIane ilters or precoEbusted glass filtels
Caolini et al. 1983).

Hyrlrologlcaf Dats - The exact locatiotrs of 27 C. intemeiliut loeditiei, and 16 p. tiAon?tu loca.litics rl,bre
obtficd ftom Ayarzagncna (pe!s. comm.), Fitzgerald (pcrs. comn.), Franz er aI (68t, codshalt (19%),
Gorzula a.!d Paolini (1986), Ludlow Ge!s. coBmr, Rado aDd Busto (1986), Sequias (p€rs. comn.j,
Taphom (pers. coEm.), and dilecr observatioDs by two of us (tT atrd SG).

G€ographical coo.didates and elevatioDs vere calculatcd froo 1|100,OOO ad L2'OOO scale EaDs of
Ven€zuela (MARNR, 1979). Catcbnent rreas aboiB the locality were calculated Irom maps of scales
11,500,000 to L25,000 depending otr thc sizc of rhe rh€r bash.

Rainfal ard runoff data was raken fiom COPI-ANARH (1972) and the EDELCA dara base. Flow
rates were estimated by calculation from the existing data for tbe .ive! basin o! interpolated from data for
adjaceDt basia!.



RESULTS AND DISCUSSION

Umnolog/ - Table 1 shors thc mean iducs and standard d€viations for the eight paramcters that were

measured for habitats oI P. tri8o atut, C, c. ctocoitilus a d C. cmcodihls (Ua os). Thc limnological results
for iadividual localitics arc gir€t h the appcDdil

Apart from pH, the data for all other Paramcters lcPantc out into thr.c disti.dct grouPs' showiDg only
s6all ovcrlaps i! the statrdard dcviations of3 of the irdividual cations (ca+ +, Na+ and K+).

Apart from a si.Dgle low "a]Jr'e of pH 4.2 for P, niSondiu ard a dlgle high value of pH 93 for C.
crocodTu.r (Llaaos) the ralues for all tbree crocodiliars arc in tle same general range from pH 5 to pH 7.
Ho*ever, tbe acidrty of a body of s|ater may bc due to ole or more iadepeDdeat factors. An increase iD
cations usually results in a tcdercy towards a higher pH, but a.n incease in CO2 will lower the pH. Thus,
i! e@loscd bodies of watd it day b€ impotta to takc otl€pn codceottations into acaoudt. Itr rive.s and
streams ttat drain olI ftom forested areas or peat bogs (such as ia the Graa Sabana) high conccdtrations of
orgadc acids *ill also lower thc pH (Folster, pers. comn.). Ttus, fo! tlis paiameter frrrther samPling may
charyc the iDitial picturc.

The difiereoccs in ncal temperatures of thc tbrec crccodilian babitats may be pardy explaitred by the
effe(l of atr altitu&fiI gradiert in tlat the localitics for P. mSoratur are Ljghlaid sites from 450 to 940 m,
whcreas all the other localitics arc below 300 m. It is intdestiDg to Dote that Maglussor et al. (1985)
report that P, arSoratur in adazodian forest habitat construct rcsts witl tle egg chambet next to an actii€
termite Eourd. Metabolic heat from the te.dite Eoutrd incubates the eggs. If thrs strategy is used by P.
,dgorratus't southcm vcnezuc4 it would explaitr the prcs€Dcc of this spccics at alidost subtropicrl
altitudes. The majority of the tedperatules for C. a. cTocodilur were measured at night whea the bodias of
\r,ate. werc cooling whereas ttose for the other fito docodiliars wele measued during the day (see
appendix). This probably triascd dowrwards thc tempcraturc{i for C, c. crocodilns habitat. Thc
tcmpdatures of staiding *atcr (bgooDs aad potrds) shos, glcatcr diumal riation whetr cohpared to
rivers. The adjaceDt vegetation caa also aflcct tcmpcratrFc, and small rivcrs ir forcsts will be cool€r than
similar sized rivers itr savatrtras at thc samc altitude. Thetefore, altitudc should not be tegarded as thc only
fador that alfects the water t€mperatures of ctocodilian habitats.

Figuc 2 shows the relationship b€twe total catiols and conductivity for the thtee crocodrlian
habitats and an additional 17 dvels frod the venezuelar Llanos ard venezuelan Guayana. Total cations
a.re proponioral to thc conductivity (r = 042). It should bc trotcd that, although all of ttc P. tigonanls
habitats that pcrc analy2ld arc rivers whe.eas most of tf,c Caintan h^bitals arc lagooDs, the two c. c.
crocadirt$ habitab that are flowiDg watc! (Yururri a Il Dewelta) fal wel witlitr thc limrological raDgc
for thc lagoor locdities for that subspcdcs. Likawisq thc \alues for two samples sitcs on the Apure river
ar€ witbid thc upper rangc of thc values fot C. cmco h8 0laDos). Il appears ttat the lidnological
diffdedcc! arc lot a case of flowirg vcrsus sta.ndiig water.

Tlc dajority of tte data reported hcrc l,erc frod sallples taken during the rainy seson frod Jude to
ADgusL Howeve., conductivity aDd catioo concetrt atioDs in the Oriioco aDd caronJ rivers may inc€:;e by
a factor of 2 durirg thc dry seasotr (Paolini et aL 1983). A siDrilar effect is seen in two out of frve Llanos
lagoons (Table 2) sampled duriry February aid June.

The goupiDg of thc linnological characteristics of the habitats for the three crocodilians could bc
explai[ed by the basic gcolog and geomorphologr of lhe thr€e study areas. The cran Sabana is ar atea
which rtrains off of an old cro6ior $rface of Precambrian quartzites dominated by sandstone tabl€-
mouDtaiDs which rcach elerations of 2,800 m (Schubcn ct al. 1986). The $ate.s which drahs of! of these
tablc mountails aic acidic and *ith a lrry low coocellratiotr of cations (Grupo Cientifico Chimanta 1986).
The venezuelan Llanos is an alluvial flood plai.n that receives rutrieit rich waters from thc VcueatclaD



Ifthe distributions of the tlree clocodilians were simply due to biogeography ard if the linmological
chancteristics of tleir habitats have l|o dire.t ocological relationshiF thetr one would trot expect to findany
one of thes€ cocodiliaDs outside of the defued geologic.al areas. Th4 however, is Dot the casc. p.
ftSoratr hrs beer reported flom the Llanos ia rhe Rio Cinaruco (Godshalk 1982). This river (Figure 1) is
exceptional in that it6 head waters are palm swamps withir thc Orinoco llood plaid ald that it does lot
receive waters from the ADdes. The limnological chncteristics of the Charuco arc within those values
that are characteristic ofP. trgonan$ labitats itr the Crar Saba! (Figure 2), Thus, two differeat gcological
ard g€odorphological situatioDs hlic giien ris€ to livclr with the sase limnological chrracter;stics atrd the
same crocodilir! is found in bot!- within tl€ lowla$& of thc VeDezuelan Cuayalra both C. c, ctocodittt,
a^d P. nigonatus o.c1rt over tle same gercral gcologic.l area, a.Dd havc also been occasionally found to
occur sympatricrly (Gorzula ad Paotini 1986). I! the latter situatioDs it is not kno*! whether this is a
perm:rneft o. a se:tsotral phenometron. This suggests that therc is a! ecological relationship between the
limnological characteristics of the habitat and the crocodiliatr that occurs there.

Hydrolog - Tables 3 atrd 4 show the individual, maximud atrd ninihum elevations abovc sea leic!
catcbEent arcrs that drain down to the loc.lity, alaual rabfa[ anrual runoff, and estimated flowrates for
C. intetmedius ̂ \d.P. trigona&r habitatr, respectively. MeaDs atrd staldard deviations are givctr for.airfall
atrd runoff.

It ca! be seer that, apart from a silglc cl€r'atiotr of 300 m, thc localities fo! C. intetmedhls ̂ rE at very
low elevatiotrs otr tle Oridoco floodplai4 whereas P. rrSeratur shoes a wide altitudinal range froa 50 -
1,340 m.

Catchme areas ard cstimated flowrates for the habitats of botl species are somewhat i.nconclusire.
Although it seds that C. inteniedius o.a$s in 'larger dvcrs,, *€ do dot have sufficient hformatiotr to
separatc which localitie.t reprcs€Dt resided bicedilg populations from tlose that arc merely used partially
or seasotrally by ildividual croaldilas. I! thc casc of P. tigonat J nrany (if not a[) of tf,e localitics may b€
of'su4,hs" maleq with t[a true populations baing itr side .tceks. Studies in the Manaus arca by
Magnusson (pcrs. comE.) show that P. ttgoran r idhabits ssall forcst streams.

With regard to rai.nfal and rutroff thcre 6eems to be a reasonable degrec of separatior with c.
irrermed'r localitics being in areas of somewhat lower railfal ad much lower rutroff.

CONCLUSIONS

-.__ It ir showl i! this paper t\at P, tti*onatus,C. c. ctocofihts 6aal C. doeodilar (Llarc6) habitars Eay bc
diffetentiatcd on the basis oflimrological characreristic+ and tlat p. 'llDnao$ a a.C. intennedius hauLt^ts
Eay be separatcd od tf,e basis of hydrological characteristics.

The limaological data prcscoted in this papc! may bc gatbered dlecrty, quickly ard eclnomiclly is
th,e field (water tedperaturc, pH and coductiviry), or obtai{ed h,y the laboratory analyses of s6a[ easily
obtainable watcr samples (Ca+ +, Mg+ +, Na+, K+ atrd total cations). The hydrological data presented in
this paper may tre calculated ald/or interpolated ftom cxisting maps and water r;sources data rhat, in
Venezuela at least, are readily arailable. In the c-asc of tf,e hydrologic.al data the principal limitation is the
knowledge of the exact locaJities of tle crocoalilians, which greatly restricts th€ us; of tlemture sources of
locality informatio4 bec-ause many authors gi\E only iaprecise data. The data are not tnlnerable to
urocotrtrollad subjective interpretations duling collection and subsequent hanipulatioq and the informatio!
is sciertificaly defeisiblc ard repeatable. For this papei l,c were uiable to asscmble sullicieDt data with
regard to the a$ual hydrological regime of th€ rivers under consideration, but on the basis of the general
hformation that exists for the Lla:ros (Zinck 197?) we codid€r that tl;s could bc an essential parimeter
for riverine crocodilian species that are hole-aestcrs. Additional geomorphotogical and surface warer
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descdptors such lui permarctrcc, relief, grai& slope aad drainage clunnel deDsity for rivers and their
\dleyE ard pcroaredce, ftequency atrd area for poncls, lagoons, la.kes and s*amp (Laut et al. 197D, which
are also easily obtainable fioE cxistirg thematic cartography, could also applied h this O?e of study,

If, as it is suggpsted in thh paper, these arc rcal cnrrclatioDs bctwEer limDological a:d hy&ological
charact.ristics of both chaaaeled ard enclosed bodics of water and thc docodilian species that idlabit thed,
a srstem of classi&ing cocodilia! habitats based oa lidltology and hydrolog/ would have several applications
itr managcnelt a.!d conservatiotr:

1) Hy&ological and relei?)rt geodoqrhological data could be gatheled and processed prior to
survcyilg a.dd used to establish the arcas tfat should be gicn prionty.

2) cedsuses could relate densrdes to mcasurable physiol ard chemic-al paraDetels, which i.d
turn may hclp ir explaining differcdcls i! populatro[ dFamics, carrying capacity, etc.

3) In the case of plax for rci.Dtroduci.ng a ipecies iuto areas where it is assuned to have
occurrcd prcviously thc optiEud sites could be more easily selected.

4) A concbc lnowlcdgE of thc liorDlogical and hydrological requircments of crocoatlian
spedes would clable erNiroDmental impact asscssmcnts of large scalc w:ttcr rcsoritcc
projeds, sucf, rs dams and camlizatioos, to be made.
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Table 1. Ph),sio-chemical paramcters of lhe aquatic h^bir,ats of Paleosuchus trigontaa$, Coinnn oo'odilus

crocoditus ;d caima, c;oditut (Llanos). The mean values with tleir standard deviations ir palenthcsis

are sho\r.o, dccpt for pH whcle the maximus and mideum Qlu€s are given.

mgonaa8

Caiman- Caimatr

(LIanos)

Water tcmperature (C)

PH

Conductivity (MHOS)

Tot6l cations (ueq,/1)

Ca+ + (ppm)

Mg+ + (ppn)

Na+ (!pn)

K+ (ppd)

Number of samples

2,.4
(0.34)

42 - 6.7

6.6
(20)

493
(le2)

0.26
(0.12)

0r7
(0.0t

0.41
(03)

0.48
(0.23)

1

a.l
Q.6e)

5.2 -1'o

485
(13.3)

215.8
(n.8)

1.16
(1.0t

055
(031)

1.89
(0.e6)

L.L7
(0.83)

15

32.4
(1.51)

51 -93

125.6
(s4.9)

L,0522
(735.1)

(10.56)

296
(1.56)

16.O7
(L1.8)

425
(208)

7
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I1!':_?.,,:Ylg.jly:en dry seasotr (FEB) ard wet seaso! (JrDr) h pH and conductiviry (coND) in
lagoo.trs unabrred by C?nvn tocodilus (Llaaos) ir Hato Masaguaral, Estado Gua co, Vcnezuela. ihe
samplbg darcs (DATES_) and hous (TIME) are showr along with watcr tehperatures (WATER) and air
tempelatures (AIR) in C.

Lagoon Datc Water AN pH Con<1.

PrestaEo #09

Prestamo #14

Plestamo #19

AIta Vanega

El Guacimo

z,FEB L986
14 JUN 1986

ZZFE! L9
14 ruN 1986

N,FEB 19
14 JUN 1986

22 FEB 1986
14 JUN 1986

22 FEB 19A6
14 JUN 1986

1725
L4X

4.0
31.0

33.0
32.4

32,5
32,4

32.O
303

6.6
6.8

93
93

9.0
6.6

6.1

95

2&
215

271
100

7A

1755
MM

4.0
32.O

?ai
31.0

4.0
34.0

1810
1,$5

1903
1459

1235
1539

2J.O
34n

30.0

28.0
33.0 140
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Table 3. Hydrological charact€ristics of dvers with Crocodrr! s intemrcdius, d\iag ltc name of the locality
(LOCALITY), geographical coordinates (COORDINATES), eleration above sea lerel in nletcls (ELEV.),
catcheeot alea tlat drains to the locality (CATCHMENI), mea! annual lainfall (nm) id tlc catchmcDt
area (RAIN), meatr anDual ruroff (nm) ir the catchmeat area (RUNOF9, ad the estimated flovnate
(o3/s) of tlc rivc! at the locality (FLOW).

I-ocdity Coordi.nates Elev. Calcbment

Orinoco 1
Oitloco 2
O noco 3
Caura 1
Caura 2
Cuchivcro
Gualiamo
vcntuari
Cinaruco 1
Ci[aruco 2
Capanaparo 1
Capanaparo 2

Apule
Manapire
Raba'lal
Guarico
Camatag!a
chngua
Portuguesa
Gulnarc
cojedes
Camoruco
Tuorpido
Bocon6
Tinaco
Sa.u Cados

0624N-6?11W
0837N-6214W
0755N-6434W
0737N-6453W
0623N-645W
0?20N-6549W
tr/04N6547W
0415N-6625W
0634N{845W
(b32N6814W
0656N-6TttW
0656N-6807W
0?02N-?110W
08{nN6811W
0751N-6611W
0819N-6?10W
0856N-624W
0948N-6654W
0856N{?55W
0815N{ruW
0&zlN-6808w
0900N-6825W
0922N-6845W
08571{-6950W
0847N-6952W
0926N{825W
09z)N{833W

MA]flMUM:
MINIMI'M:

MEAN:

q

5
10
10

150
35

100
70
60
,()

125
45
,t0
45

105
300
70
)J

44
60

110

130
100
105

1,123,000

48,100
4,85
a5m
6,350

3407

5,U5
LTN
M,8m

53,2Q
7,2fr

18,450
7,865
1,815

slw
6lxo
7,&5

fis
393

rft95
1,2fi
L,96

1,12:|,0m
,:

2,550

2,950
2,950
\4n
2,44
3,150
1,950
1,950
1,800
1,800
1,900
2,m0
1300
1,100
1,100
1,100
1,150
1300
1,600
7,m
\/n
1,700
1,700
IN
1.200

1,100
l\ICl

644

9% 33,000

1,800 1745
2,W 1r8,l0
1,135 5X
1,135 4
rJ45 1"180

45 50
405 70
185 105
185 m
40
780 L3n
100 23
300 r75
300 75
3@ 17
510 50
510 840

1,035 230
510 130
510 10

1,035 A
1,035 55

510 N
510 32

2,040 33,000
1m10

STANDARD DEVIATIONI

300
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Table 4. Hydrologicrl character;stics oflivers with Paleo cltus tigonatut, giviDg the name of the locality
(LOC{ITY), geographical coordinat€s (COORDINATES), elevation above sea level in merers (ELEV.),
catchmellt area that drains to the locality (CATCHMENT), mear aDDuat rainfal (da) itr the catcbment
area (RAll9, Eean annual runofl (mm) id the catchment a.ea (RUNOFD, and tle estimated flol,mte
(m3ls) of t.he rive! at the locality (FLOW).

L.cality coordinates Elcv Catcboe Runoff FIow

Cinaruco
Uruyen
Cuyuri
Botatramo
Ia Escalera
Ca.rrao
Kukeoa! 1
KukeBad 2
Yuluarli 1
Yuruani 2
Jaspc
Yureba
Pu naEe
Baria
Mawarhu!a
Yagua

't2-??

0542N{226W
0613N-6105W
0652N-6052W
0554N-615W
0614N-6247W
M55N-6lZlW
0455N{112W
0458N-6115W
0503N-61(mV
M56N{106W
0403N-6601W
0325N6618W
0105N-6615W
0050N{612W
0332N6646W

MAXIMLM:
MINIMUM:

MEAN:

50
€0
110

fl,7N
155

31_16A
7560

)

5,060
3,015
1,480
1 244

2l

1,930

u5

31,160

j

1,800
zm
2,000
1,600
3,m
2500
1M
e000
4000
2,000
r,850
2,ffi
3300
3,000
3,000
3N

3300
r"600

591

185
1.,60

750
750

1,@
1,660
1.610
1,610
1610
1,610
1,610
1,680
1,610
\7m
\m
1,610

L,TM
185

1,44L
453

105
8

14
180

0.25
400
?a
155
75

1.1
z

100
70

150

740
0.25

100
1340

450
am
830
830
840
9,10
130
100

STANDARD DEVIATION:

150
150
1A

1,34

T
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APPENDIX

Raw Dats for Locdttl.s nnd Physlco-ch€mlcal ParsmeteE Used ln This Paper.

lNamc of localit]a geographic coordirates; elemtron abore sea level b meters; date; hour sample taled; air
tedperature (oc); water t€mperatute (oC); pH; conductivity (MHOS); total c-atiors id ueq,/1; Calcium
(Ca++) i! ppm; MagDcsium (Mg++) ir ppm; Sodium (Na+) in ppn: Potassium (K+) h ppe. For
Caiman oocoalilus croco.lifur those lagoons that rrcre letter coded in Goflula (1978) hal€ the corrcsPonding
code irdicated in parenthesis.l

Paleogrchus ttigonantsi

RIO YURUANI: 05057N{1OW; 8?0m; 08 AUG 1985; ?? hours; ai. ??; water 23.0; PH 5.7;
conductivty 3.7; cations 3.4; Ch++ 0.11; Mg++ 0.03; Na+ 039; K+ 03?. RIO YURUANI:
0507N- 6104W; 870n; 04 AUG 1984; 1745 hourq ^tu 2L.7i watet nsi pH 58a coDductivity 4.1;
catioDs 37.9; Ca+ + 031 Mg+ + 0,16; Na+ 0.16; X+ 032 QUEBRADA DE JASPE: M55N-
6106W; 940ri, (X AUG 1984; 1515 hourq .it 233; wat€r 22.2; pH 6.1; codductivity 6.0; cations 41.9;
ca+ + 038; Mg+ + 0.06; Na+ + 0,19; K+ 037. QIJEBRADA DE IASPE: 0455N-6106W; 940d; 08
AUG 1985; ?? hourq ai! ??; water 225; pH 6.7; cotrdudivity 7.6; catiois 763; Ca+ + 0.23; Mg+ +
0.14; Na+ 0.75; K+ 0.83, RIO CARRAO: 0615N-6249w; 450n; 01SEP 1984; 1000 hous: ai. ??;
e,atet 2-7i pH 4,2, conductility 115; cations 36.0; Ca+ + 0.12; Mg+ + 0.14; Na+ 0.?3; K+ 033.
RIO KUKENAN: U55N{612W; 830q 04 AUG 1984; 0950 hour$ air 23.6; *ater 22.4 pH 5.2;
conductivity 53; catioDs 405; Ca+ + 039; Mg+ + 0.08; Na+ 0.5; K+ 032 RIO URUYEN: 0542n-
6226Wi 4808; 16 JAN 1986; 0920 tours; air 26.0; water 22.q pH 6.2; coBductivity 8.q catioDs 773;
Ca+ + 0.22; Mg+ + 0.01; Na+ 1.03; K+ 0.81.

C aima n c rcc odi lus c roc o (mus :

KM 15 SOUTH EL MANTECOT 0714N-623W; 290m; 05 AUG 1985; 2004 hours; air 25.0; water
28.0 pH 65; conductivity ??; catioDs 122.8 Ca+ + 0.T2, Mg+ + 0.29; Na+ 0.45; K+ 1.70.
CANAOTALES oAGOON 'I): (mN{231W; 2a0n; 31 ruL D84; 2150 hours: ai! 26.0; watcr
28.q pH 63 coDductivity 38.0 cdions 151,7; C5++ 0.6q Mg++ 0.60; Na+ 1,5; K+ 053. EL
MURO: 072!N-6229W;260m; 31 JUL 19E4; 1800 hou.q air t0; watd 33.0; pH 52; cooductivity
33.0; carioDs 156.0i Ca++ 0.41; Mg++ 0J4; Na+ 1.86; K+ 0.40. EL PILON (LAGOON'X):
0721N- 6231w; 280n, 31 JUL 1984; 2115 hou.s; air 24.0; *atcr 295; pH 6.0; conductivity 33.0;
c.tioDs 161.6; Ca+ + 0.74; Mg+ + 0.92; Na+ 0.8q K+ 0.,10. LA ATA.RAYA: 0717N6n8W;2$n;
31 JUL 1984; 1705 hours; air 26J; watcr 34.0; pH 7.0; coduclivity 315; catioDs 166.8: Ca+ + 0.45;
Mg+ + 03; Na+ 256; K+ 0J5. EL ZAMURO: 0719N622AW; 260d; 31 JUL 19&l; 1730 hour6;
air 265; q,atcr 3,q pE 5.9; conductivity 23.1; catiols 1?0.9; Ca+ + 0.34; Mg+ + 0.06; Na+ 2.28; K+
1.95. RAJA IZQUIERDA (IAGOON'F"): 0n2N{230W;280d; 31JttL 1984;2220 hours; air
235; watcr 27.?; pH 5.8; conductivity 420; catiotrs 1845; Ca+ + 0.41; Mg+ + 0.20; Na 3.17; K+ 038.
RIO YURUARI: 0720N-6229W; 2$q 37 TW 1984; 1745 hours; ai n5, watcr 24.5: pH 6.5
conducrivity 45.5; cations 190.1; Ca++ 0.72i Mg++ 0,74; Na+ 1.78; K+ 0.62. L{PA MATAL
(I-AGOON "E"): 0ZrN-6231W; 280n; 31 JUL 1984; 2130 hours; air 23.5; water 28.5; pH 5.8;
conductivity 9.0; c.ations 1982; Ca+ + 055; Mg+ + 0J0; Na+ 2.44; K+ 0.92. RaJA (IA6OON
'F): 0722N{230W 280n; 3r JUL 1984; 2205 hours; air 24.0; warc. 28.0; pII 5.6; corductivity 42.0;
cations 2125: Ca+ + O.44 Mg+ + 0.18: Na+ 3.70; K+ 0.62. fA DEVUELTA: 0720N{231W;
260n; 31 JUL 1984; 1820 hours; ai! 235; \ratcr 26.q pH 6.4 clnductivity 4?5; caitons 2?2.9; Ca+ +
0.93; Mg+ + 0.82; Na+ 23; K+ 0.4?. CAICETA lr\RGA: 0?17N{234W; 250n; 03 AUG 1985;



2038 hours; air 24.0; water 31.0; pH 7.0; corductivity ??; carios 25.5; Ca + + 2.21i Mq+ + O.rE: Na +
1.06i K+ 1.94. 4 KM SUR KM 70:0808N-6257W; looEi 1l JAN 1986; 1430 bou;i a; ??i waler
30.0; pH 65; conducriviry 98.0; cation 321.2; Ca+ + 2.16; Mg+ + 0.81; Na+ 207; K+ 222. 5 K],1
SLrR KM 70: 0808N-6257W; 1006; 11 JAN 1986; 1445 hours; air ??; watcr 27.0 DH 6.1: conductivirv
9.0i cariotrs 337.8; Ca+ + 3.44; l.(B Mg+ +; Na+ 0.29i K. 2.69. RIO YURUARI: O7i0N_ 6229W;
260n; 02 JUN 1985; 1612 hours; air ??; water 28.0; pH 6.9; coaductivity ??; carions 395.3; Ca+ +
3.19; Mg+ + 0.9; Na+ 2.39iK+ 221.

Csiman crccodilut (l,la os\.

MASACUARAL ALTA VANEGAS: 0840N-6838W; ?5n; 14 ruN 1986; 1459 hours; air 33.2: warer
34.0; pH 6.1; conducrivity 78.0; carions 537.1; Ca++ 1.64; Mg++ 0.72; Na+ 4.36; K+ 8.02.
MASAGUAXAI EL GUACIMO: 084ON-6838W; ?5m; 14 JUN 1986; 1539 hours: air 33.0; water
34.0; pH 6.6; conductivity 140.0; cations 690.7; Ca++ 2A; Mg++ 1.91; Na+ ?,14; K+ 4.3?.
PALMA MOROCHA PRESTAMO 19: 0840N-6838W; ?5n; 14 JUN 1986; 1405 hoursi air 303:
c,ater 31.0; pH 6.4 codductiviry 100.0 cations ru.4; Ca+ + 3J9; Mg+ + 327; Na+ 5.m; K+ 3.27.
PALMA MOROCIIA PRESTAMO 09; @t0N-6838W; 75m; 14 JltN 1986; 1436 bours! ai! 32.4i
water 31.0; pH 6-8; conductivity 95.0: catiors 8812; Ca+ + 330; Mg+ + 3J4; Na+ ?.49; K+ 3.89.
PAfMA MOROCIIA PRESTAMO 14: 0840N{838W; 75ta: 14 JUN 1986: t42O hoursi aL 32.4:
*ater 32.0; pH 9.3; conductivity 215.0; carioos 1,640.0; Ca+ + 7.50; Mg+ + 4.48; Na+ 18.85; K+
3.03. IIATO TERECAY 0t 0800N-675w: 65m; Z) MAY 1985: 1555 hoursi air ??: ware! 34.0: DH
?3; clnductivity ??: catiors 2,448.4; cia+ + ,!'69i Mg++ 531; Na+ 15.82; K+ 5.53. HAiO
TERECAY 02: 0800N-6836W: 65m; 19 MAY 1985; 1100 hours; air ??; water 31.0; pH 5.?;
conductivity ??; crrions 3,769.4; Ca+ + 26,15; Mg+ + 1J0; Na+ 52p; K+ 1j7.
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Uatil recently, the commerdal utilizatlon of crocodilian ski.s was I'let exclusively by hunting viild

crocodilials. The decline itr *ild poPulations due to over'hudting alld habitat destruction alerted

conservationists tbtowhout thc globc. Thcy canpaiged agaitst thc use of cocodiliar products. Politiaally

active conservatiotr organizations suc.eeded utionally in sctting up souad conscrEtion laws. Or an
i[ternatiorat front CITES was set up itr 1975, t[us bringing to halt a]aost a[ trade in Appendix I species
betwccr party latiors and sodewhat controlling the tradc iolume ofAppcndix n sPecies.

The world*idc demand for thc dassical crocodile skins, such as Oocoayrw nilotia$ a d crocodylus
porosus sh;fted to Caimar skin! alrd Presscd difiere$ agcdcls to de6.ue the term 'ctPtive bred' to CITES
at the San Josc mcetilg in 1979.

At the Delbi de€titrg of CITES pa ies in 1981 the term 'ralching was introduced, whercby
populations of species in Appeddix I which would beDefit ftom ranching could be traDsferred to Appcndix
n. na"chiag is defi"cd as the rearing ir e coBtrolled enviroDmeat of sp€cimeu talcn from the *ild, for
tle purpose ofthe trade. Thc rarchiDg scheEe must be beleficial to th. wild PoPulations and the products
nust be narked to be easily distinguished fron producs of othcr populations of tle same speoes ir
AppeDdix I.

At the Buedos Aires mccting of CITES panics i! 1985, aioth€r more liberal measure for trade in
qocodiliar products x,a! introduced" This was the settirg of quotas for each coudry wishitrg to tradc i! a
spccies, i.n conjunctiotr with an approved matragement plat

Besides crocodilian products ftom ranchiag enterpises atrd frod the quota system, there are now
ski6s (e.g., Alli?ator mittisti?t'entis) available from hawestiag qstcmr. compated to the earlier figures of
rlc hidc tlade' the number of croco<liliaa skins origiratirg ftom legal sourcrs is stil relatively smal, brt the
tretrd is i4rcasiDg

The question is open to debatc. Should we as cons€watiotrist6 support this i[cieasing tretrd or sbould
we still work agaiost commercial utilizatiotr of a[ crocodilia! products - i.e., camPaign against the usc of
crocodilian skins in the farhiotr trade? Looking at tbis emiaent query wc must keep ilr mird that there is an
ccological ard a! economic aspcct to it.

Od the ecological sidc it is kao$,n that crocodiliars are aa important part (foodchains, species
diversificatioo, habitat forrring) within all ecoststems tlcy o ginally live in. TUs blluence lemains tluc for
all artifrcial op€rations - c-aptive breeding and/or farohg for gedetic enlancement _ and harvesting systerds.
crocodilian farmilg does not require forest cleaniig planting or alien plants and lhe use of biocides. The
intimately associated €conomic aspect is the crucial point without considering it, all our efforts to save
clocodiliaDs from becordilg extinct witl be h vain. we !o longer catr depend merely on th€ goodwill of the
peoplc livilg ir the tropics among crocodilia.tr5 to urderstand our ethical cfforts'to sal€ crocodilians', but we
must accept their wilingness to utilise crocodilians as a source of their legula! income, siEilar to their
revenuc from wetland fishedes, oabfishing hunting and plant har,,€sting. Hopefully the Conventiotr on
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Wetlaads of hternatioml importaDc€ (Rsmsar CoN€dion) \dth 40 coBtractirg state parti€s wil provide
such bercfits not only through fishcry and tiEbcr productioD, but also flom crocodifa! harvesting.

Crocoaliliao elploitatiotr utrd€r sound ElurageEedt criteria o. under int€matio&l contlol, such as
provided by CITES for quotas can reducc ccoaomic pressure fo! wetland recladation. This will assist itr
lhe codservatioD of othe! species.

All legal doc.dilian cxploitatiotr is overshad€d by widespread and we olgadzed poaching and
smuqgling of products. The elforts to iDternationally control such developments must becomc cnlorced
(CITES). Dcspite tlat last fact,I consider it csscntial for lhe sorvival of all cf,ocodiliaDs tbrougtout thc globe
that their products should be tladcd withb strict national and intcmational lil:rits ard codrols.

To retum to tte title quesrioni How do *€ a.os*€r thc consuee! qucstion abut the tradirg of'etrdangErcd crocodrlians' without bias? Nairely, I could say by availing orrseltes of ar o.celleDt
opportunity for a closc coopcration betwecn thc corscrvationists and tle tladcrs, perhaps in tle beginniDg
with tte mediatioo of colserwtion agcncies.



This paper sumnarizes tbe progress made ia crocodilia! Eanagement withia Australia duriry the
period 1985-86. It deals with both th€ Australian fteshwater crocodile, Ctucodthlt iohnstoni, aad t\e
estuari[e crdilc, Cacodttut poroslls. Both species ste formd within tlc tllce dorthcm States of
Australia (wcstcm Australi4 Qucc$land and the Northem Territory), where lheir matagemc is the
responsibility of tf,c rcspeclive State Mldlifc Scrvices. A Federal WildMe Scnicc (ABlraliatr National
Park alld Mldlife Scflic! - ANPWS) is rcsponsiblc fot cocodile malrageocnt $,ithh Fcderal Natiooal
Parks (ircludiDg Ikladu National Park h the Aligator Rivers regon of thc Northem Terlitoty). ANPWS
is also the desiglated authority ulder cITEs and is responsible for rcgulatilg the idport and exPort of
oocodiles, or Foducts derh€d ftom them.

Australian policy oa datters to do with crocodiles and other wildlife is coordilated b the CouDcil of
Nature Conscnation MiDisters (CONCOM), and its supportiDg comdittees, which itrclude representati!€s
from all wildlifc seflices witliB Australia.

AN OT'ERVIEW OF CROCODII,E MANAGEMENT IN AUSTRALIA 1985.86,
WITII PARTICULAR REFERENCE TO THE NORTHERN TERRITORY

Anthony Thomas

Directo., CoDse.r,atiotr Codmission of the
Northem TcEitory, P.O. Box 496,

Palmc$to& N.T. 0831.

CITES LISTING OF CROCODILES IN AUSTRALI,I.

Crocoqlus johnstoni hlkted onApp€trdix lI of CITES. The Atistlaliar population of C.poto$6 was
on Appendix n until 1979, whcr the world population was sbifted to Appendix I (with the excepliotr of the
populatiotr being utilized in Papua New Guinca). The dctailed proposal to ha!€ the Australiad population
of C. pororur replaced od Appendix tr lor the pu4)oses of matragemedt (Webb et al. 1984) was stroryly
suppolted by the SSC Crocodile Specialists Gioup, tbc IUCN Geftlal Assembly and finaly by thc
bembers atteadiDg the 1985 meetr[g of tle parties to CIIES in Buenos Aires. The Austlalian population
has row becr rcplaccd or Appe ix tr, and appropriatc amcndEerts havc been madc to tlc schedulng of
c. porrr8 withir the Federal legislatio!. Australia has complicd with thc rcquircmcnts of Resolution 5.16
of CITES regardiDg trade i! ralched produc{s aad thc intcnded mcthods of product ideotfication have
b€€n approved

APPROVED MANAGEMENT PROCRAMS

Under tle Australiar wildlife Protectio the export
for commercial purposes of products derived from wild crocodilians ald other nati€ wildlile is subject to
detailed daragem.Dt progIams beiDg formulated by State Aut-horities and approved at the Fedelal level.
Permits, but Dot app.oved Eanagcmcnt programs, arc requircd for the commercial export of products
derived ftom captiw bred arimals. Ma,xagement programs for both C../bftnrloti aBd Cpoton$ within the
No hem Territory havc beer refined duriDg the 1984-86 period and hav€ now becn submitted by the
Northem Territory Minister for Consenation to thc Federal Midster fot Arts, Heritagc and tlc
Eovironment (Septenber 1986).
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CROCODILE MANAGEMENT CONT'ERENCE

UDder the auspices of CONCOM ad the CoDservation Commission of the Northern Territorv. an
intemationally attended conference on cocodilian management was held iB Darwin on 13_1g Januarv
1985. Panicipants came from eleven counuies (Ausualia (?4); hdia (3); Israet 0); papua New Cuiaea (4)l
SouttAfrica (1); Thailaad (3); Udted Stares ofAEcrica (t; Uaited Kiqdor! ii]);Vi".":ueta 121;Zaiti(1); Zinbabw€ (tl and presented fifty-one papcrs. Thc enphasis of the conliience wss o! rhe ways in
wbich ctocodilian populations car atrd are beirg succ€ssfrtly Eanaged i! diffelent parts of the q,odd - the
techiiques *hich have b€etr developed the probleas that have becn encountered and overcome and the
rese?rch advarces that harE b€en made, parricularly i! reproducrive biology, embryologl,, monitoring
methods, popularioo rbodellbg ard crocodiliaa farminC.

Th!_conference allowed full ard op€a debatc ofboth the backg.ouad researcf incorporated iBto the
successful Australian submission to CITES ald thc datagcmont ptograms being dereloped for both C.
porosus and C. johnstoni withi! the Northem Territory. It also allowed i.ntcmational oarticioants to sec the
wild popu.lations ot C. pom s in both lidal ald fteshwater swamp habitars, aad to partic;pate in some
zrspccts of the C. pororus nesting rcscarch itr frcshwarer svramps.

The proceedings of the confereoce arc to be published (late 19g6) in a bard_bound book entitled:
\'I|lglif: YlarTqeEeft grocodiles aad Alligators.. Ir contaias 51 chapters subdivided into ten parts, each of
whic! d?< *ithr specific asp€ct of crocodilian coiservatiotr and managemert lpart I, world 

-Crocodilians;

l_a.!II, Gocodiliar M3lagemeat Programs: palt III, Crocodile Managemcnt and Iddigcnous peopl€; part
IV, Studying Crocodilian PopulatioDs; Pait V, Public Educatioq part trl, Capturing Crocodiliaas; iari W,
Understarding Clocodiliatr Behavior atrd Te'pelaturc Regulatiod; part \{Ii, 'farrning, Crocoalians; tart
Dq Crocodiliatr Stios; Part & UrderstandiDg Crocodilian Eggs ad Embryosl. Ii is hop€d that the
compendiuE of cioc.dilia! oanagement ilformation cortaincd withh the boof w I be of assistance to
pcople attcmptitrg to Ealagc wild clocodiliar populatioDs throughout tic $o a

FATALIIIES

- - C.4o.o${ hat€ been responsible for two severc maulings and three fataliti€s i! Ausualia durilg 19g5-
86. Sugt' attack highlight tle public safety factor iNolved wit[ c.]roro&_,r coDsenation alrd ma&gement
in Dorthcm AusEalia" UDless the public pcrclptioa of thc wild C. pororus populations is enhaaced in
lmcbrony witl tleir increasing numbcrg soch attack reprcscd a very rcal t!.eai to the exisrencc of high
de$ities of the specica ir the wild Public satety ard public €ducatio! about crocodiles arc essentill
rcquisites of crocoalile maragerneDt p.ograms ir lorthcrn Austlalia

If miaor incidents are igDored there hait now been scveD fatal and tiree Dcar-fatal attacks caused bv
c. po.rorur in Northe.u Australia siacc protection (Fi& 1); one itr westcm Australi4 six in tbe Northern
Territory and three h Queensland. Of there ter, seven involved peoplc swimmiDg itr areas that contai! c.
porpfur (thc others ocqlrrcd whelr peoplc were *rashing beside a billabong wading o! the edge of a swamp
add canoeing). Frve of the attacks iBlohed people who were loca.ls and &e otht five wele either touris;
or recert resideDts from oiher parts of Australia" selen of tbe attacks resulted from voluntarv actions
which *€rc unnecessary wlereas tbree arose in the course of necessary work activilies. Alcohol
consumptiotr prior to the attack, which may have dampened lormal caution, was involved in four of the ter
attacks.

Fatalities caused by crocodiles arc tragic aad represent a rcal threat to public tolerance of high
densities of wild cocodiles. Howei€r, tiey invariably result in Australia-widj rnedia coverase about
cocodiles a'd th€ir consenration, which is a positive sid€-effect. Hundreils of thousands of to'rlts from
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Frgure 1. Thc locatiors *terc scrious attaclG by c. pon 'lr on pcople have occlrrcd since Protcation (in
r9fp-14\.
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the souther! states visit the no.th atrnuallt ailal such media attention creates 'crocodile awareness" among
tDem.

CROCODILE FARMING

The Edward River Crocodile Farm iD North Qu€ensland is trow exporting skins, and the thee farms
within thc Northern Teritory arc expccted to begi.n .xportilg by the eIrd of 1996. Fusbaadry research has
continued to iEprovc hatchling survival witl C. porosus, a d at lreast {Va $jrvival flom hatcbiDc to
slaughter is now attailable. The approxiEatc number of docodiles lrai.ntain€d id caDtivirv within ;ach
Stale ;n Australia is summarized i! Tablc l: the total capritr populatior is some t9,220 crocodies.

Tablc 1. The approximate nutlbers of socodilcs c|rrrently nahtained ia captivity withio thc three
northcm States of Australia-

State C- potosal C. iohnstoni Totals

Westem Australia
Northem Territory
QuecDsland

TOTAIJ

x
4,232
5,876

8,593
470

49
12825
6346

1O,I44 9,076 19,U

HIGHLIGHTS OF THE CROCODILE MANAGEMENT
PROGRAM IN THE NORTHERN TERRITORY

1. ManagaDeDt Programs

. - Formal m_amgemeot prograDs for c. pororzr (CCNT 1986a) and C. rbrrrrront (CCNT 1986c) wirhin
ibe Nonhem Tenitory have been subEiue4 and addiriotrat supporting inforoation on tle biolog and
history of mallagemcrt for both spccies has been prepared (CCN"f i9S6b, d). As outlined etse*,here
(W€bb €t al. 1984, 19&r, both prograns make provision for raaching based on the coltection of eggs (C,
jolt tstoni .aad. C, pomstt) and hatcblings (oDly c. ioinsrorr), followed by i.ncubation aad raising withii-three
commcrcial ciocodile farms.

2, Public Educattor

The public education program within tle Northem Territory has continued with the aid of brochures,
posters, a television adveltisement, school talks by raDgers, atr educational slide kit and 'no-swimming;
signs which feature a crocodile. The m€tal sigDs ard a miniaturized !€rsion made into a 'sticker', ca! boai
be purchased by the public as souverdrs. A high profile media interest in c.ocodiles has been encourased
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as a means of dissemiDating information about crocodiles mtioDally. A recent one hour documentary
cntitled 'Living with Crocodiles" E?s produccd as part of the public cducatioD program. It is made
a ilable to schools, clubs ard isolatcd cohmunitirs.

As is often thc case with daDgerous arimals, mcdia attentiotr reachcs a Pcak *her there src serious
isteractioN betscetr C. poloflis aad pcople. Public respotsc ia the Territory to three serious atta& on
people duriag 1985{6 (indudiDg l fatality) has beea botl calin and rational.

3. Public Safety

withir the Northelu Territory,'probled' qocodiles are broadly deliDed as:

L Crocodilas within scttled are5s or areas of priority rccieatioaal usc whete that recrratior is
inconsistcnt \dt! the lisks associated witl havirg CPototrJr presenq ar4

Z Arimals which are attacl.iDg stock ir pastoral areas (CCNT 1986a),

During thc pcriod July 1984 to Junc 1986, ?1 problcm a.ni6als w€re reraoved from tic wild ald
relocatcd itrto tlc Gocodilc farms. Of tlese, t €nc ftom Dafl ,i! harbour, makiIrg a total of 354 remol€d
from therc since protectiotr ard a total of 451 rcmoved frod the wild thtoughout the Northcm Teritory
since DrotectroD.

4. Harvess from the Wild

DuriDg 1985, 1335 C. johttstotri eggs wcrc harvcstcd from ttc wild within the managcment a&as
delined in the Managpmdt Progran (CCNT 1986c). Thc hawest vss c€rded out by Gocoalile fatmers
under tf,c supcrvision of tlc coDservatroB Commissiod of the Northcm Territor] (CCN[). Managem€nt
arcas wcrc suneyed before (198t ad after (1980 thc hareasts.

Collecrions of wild C porosuJ cggs have been restricted to research exercises canied out by CCNT
6taII aDd colsultants withi.o 140 km of Darwb. In lhe 1984/85 season, 351? eggs were halvested atrd itr the
1985/86 season 3470 eggs were han€sted. The areas harvested have been surveyed by spodight antrualt
a$d preliminary alaltsss indicate the impact on wild popul.ations is legligible (see Webb ct al. lthis voluae]
for details).

5. Crocodll€ frnns

Tlere are tlree crocoalile farms withid thc Northem Terntory As of 30 Junc 1986, crccoalile Falms
N.T. Pty. Limited co aiied 2830 C, pomtut a d3n4 C. johns,oni. During the 1984/85 and 1985/86
rcstitrg seasoDE 8 aad n C, porofi.tt ncsts were made od the farB. Oocodyhtt johttstoni nesti\g n
captivity incrcas€d from 15 Dests i! 1985 to 32 ir 1986. lhc oth.r t*o farms are curletrtly building facilities
to house c.polrrlrJ breedil1g stodg which should bcgh breediDg by the 198788 seasod. Stock at btaba
Crocodile Farm on 30 Juac 19 e.|'Ie 999 C. potosus a\d 3t'07 C. iohnstotti, At Janamba Crocodile Fafm
stock wele 394 C. polo,rrr a!.d Lm4 C. iohnstoni. Thea additional c. porofi8 nests are made alnually i!
captivity each sea6otr at zooq which contaia atr additiooal9 C.porovs aad 8 C, johnttoni,

No skirs or other docodile products have yet beetr sold from the farms, and they arc curredtly stocked
to capacity with problem qocodiles. Skin sales will begir following approval of the management programs
in lato 1986.
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Figlre 2 Lc-ations of some of thc Eajor rive! systcms *ithitr the Northcm Territory.
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6. SuweJat atril Monitoring

Thc locatioDs of some of tlc major dler systeds witli! tle Northenr Territory are sho\rn on Figure 2.

L Ctocod\Ius iohnstoni

A!.nual spodight surisys in €ach of thc C,iotnrtoni danagcdeDt areas have beer caried out itr 1985
ard 1986, and a detailed analysis of the impact of harvesting is und€r.&y with data from 1982 to 1986.
Prelimiaary resuls (Table 2; CCNT 1986d) ildicate rc maior elfects of the harv€sts could be detected;6331
eggs and hatchlhgs wcre ha.n€sted ftoo tie arcas includcd h Table 2, yet thc sighted population iddeased
from 2859 to 3316 aaimals.

Surveys

Ilten"al Eggs Hatcl illgs lrst

Table 2 Prclisinary data on the impacl of bariEstirg crocodt'lus johnstoni eggs ald hatcblings. Data

bcludcd dc ftoE bolatcd pools ard scctiols of oaistrcam io which the dtire area was survcyed beforo

and aftcr haftrst6. Fnst survcyE werc in 1982 or 1983 a'rd thc latest surwys in 1985. Nu:obers hari'Estcd

are accudulated totals of cggs atd hatchlings.

Fr:tniss/Reyaolds
Finniss/ReFolds
Upper Da.ly
I-oere! Daly
Baiaes
l,ower Victoria
Lov/er victoria
Upper Victoria
wictbam
wickham

TOTAIS

198'85
198'85
1983-85
1983-85
1981.85
198385
198'85
19t]2€5
1982-85
1982-85

196
108
503
64
272
152
180
318
L6
I

81

985
1117
3l
123
81
480
7t

1BL7
396

434

:

m7
89

450
494
421
318

1i5
1m

?67 3684 2159 3316

Ctocodylus jolnstoni E ^ dillicult sp€cies to survey by spotlight because many of the areas they occupy
r€cede to small isolated pools iD tle dry season. Helicoptcr suvey oflers a viablc altcmative to spodight
counting (Bayliss et al. 1986), and in 1985 all areas surveyedfor C.iohnstoniw spotlight $/ere also su eyed
from helicopters.



li. Crocodtlus oorosut

_ During 1985 a.nd 1986, spotlight suncys have beer c_arried out by tie CCNT in tie thre€ rter syst€ms
from which egg s,erc collected (Adelaide, Findss and Reynolds) and in a series of rivers from whici eggs
were not collected. In additio4 helicopter suveys \rerc carried out i! some rivers. These data;
discus-sed by Webb et al. (this volume), but arc also suomarized in Table 3 (19&t data are included for
comparisor). Additional spod;ght surveys *,ithi.n the Norrhem Teffitory (1985-86) have been carri€d our
by ANPWS and Mess.l et al. (1980.

Ttte.3 Dinllies olc poro-rus rccordedjn spodtht courts carried out h major river systems 1985_86 by
CCNT, ANPWS' ald Messel er al. (1986)', with the results of 19fj4 surlEys for comparison. Deisities aio
rrmtc.s of C-poror6 sightcd per kiloEerc. subdiidded into .all crocodiles' (f) aad ,&r-hatcl,lhgs" (NIr.
"" indicatcs f,elicoptcr survcy coircctcd to lpoalight couots (no hatchli[gs arc accouated for).

Lg84 1985 1986

T NH. T NH T NH

Adelaide
Blyth-Cadel R.
Daly R.
East Alligator R.'
Fimiss R.
Liwrpool-Tomki.so,1 R.
Lirnrlrcll Bight R.
Maty R.
McAfthur R,
Reynolds^R.
Rope! R.:
To*Ds R."
Wear,'an-Foclsche R.^
WeataFFoelsche R.'

2i2
4.00
L.94
4.05
3.14
2-79

155

io

r.96
2.03
2.49
359
3.7)

o.L3'
154
024
4.93

0.49
0.12
0.14

259
5,65

2.14
3.25
2.93

2:K

oa

0.22
4.9

0.15

L41
L8
2.62
4.65
3.93

241
353
L94

3.09
2n3

155

o.tt

o.u'
13
02r
5.M
r52
0.49
0.12
0.14

z6
2.49

zm

5.21

In 1986, hclicopter 6rd spodight cou[tl q,sre caricd out in riters of thc southern Gulf of CarDentaria
as a rheck on thc previously dcrived calibration between ihe two methods (Bayliss et al. 19g6). Th; results
(Webb et al. [thx volume) ftlly suppo(ed the tlse of the Adelaide River catibrations i.E the Gulf of
Carpenta.Iia.

Nest corrtrts appear to bc the oDly rsable index of th€ populatioa sizc itr heavily v€getated freshwator
$vamps, and correction facto$ have now bectr deriwd for lelatirg nest counts to absolute numbers of c.
poro$lj (s€e W€bb et al. [this volude]). These ildicatc one nest is the equivatent of 17,6 c. porosus (15.5
notr-hatcltings), or that 5.7% of lhe poptlation in breediag areas are nesting females. This wlue is alnost
identical to that foutrd withAlligator mississ@iensit id l,ouisiaaa (Joanen altd McNease 198r.

Rates of c. pororur population i.ncrease withia thc Norther! Territory have beeD calculated lor all
rivers in which survey data spatr tbree o! more y€ars (Webb et al. lrhis volume]). The mean rate of increase
is +8370 p.a. for all crocodiles and + 9.77, p.a. for notr-hatchlings.
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7. Resesrch

A variety of lesearch prograEs od crocoalil€s arc baing utrdertaketr in the Northerd Territory by the
CCNT. The studetrts ard staff of various Universities and othcr i$titutio$ lAustralia! National Uaiversity
(ANU); N.T. Depannent of ?.inary Produdion (DPP); Macquarie University (MU); Udversity of New
South Wales (UNsw); Uni!€rsity of Nsw England (UNE); Univelsity of Maschester ClMan) and the
Udve6ity of sydney (Usyd)l arc also carryilg out rescarch on qocoaliles i:r the Northem Territory and
the CCNT collaborates with t[esc workels in cvery possible way. The major research programs listed
below are discussed h more detail by Webb (tlis volumc):

1. The effects of iicubatior crvirouent on hatchling scx and post'hatchitrg survivorship and
gro\rti is both C.iorrrrront ad C.parat6 (CCNT; ANU: UNSW);

2. Embryo Eortality itr c.porosur trcsts (CCND;
3. ceneral embryolog/ of crocodiliars (CCNT; UNE; MU; UNsw; UMan);
4. Faclors alIecliry gro*tl ard survivorship of C. jolusto i aad C. porotus 'tn captivity (CCNT;

DPP):
Paiasitolog h wild atrd captive crocodiles (CCNT; DPP);
Population dyna$rics of cJbrtnrtoni in Katherine Gorge National Park (CCNT; UNE);
Ratcs of populatiod recor€ry of C. porosut aad C. iohnstoni in the wild (CCNT; USyd);
The impact od wild populations of harvcsting C johnstoni a''d C. porostts cggs atrd/or hatcbli.ogs
(ccNr);
Improved methoals for quad&ing thc distdbutior ald aburdancc of C.poroiur aDd C. johnstoni
h tidal and non-tidal wedand habitats (CCNT) (see webb et al. lthis volume]).

WESTERN AUSTMLIA

Thc Kimberley region of Westem Aostralia remairs onc of tlc most rcmote areas of mrthem
Austlalia. It ilcludcs much ruggc4 rocky coultry, asd i.n ttc 1981 census had a total hodaa populatio! of
19,296, aboui haff of which was in the four major towns (Kutrunurr4 Wyndham, Derby, Broome). Relative
to the Northem Teritory asd Queeislaa4 opportunities for interactions betweer people ard c'ocodiles are
much reduced.

At WFdhaE, on thc Ord Rivcr, C, porontr alc prcscat and arc accaptcd b'y thc local rcsidcdi as a
toodst atEactioD" Tharc arc no coE6ercial docoalile farEs in Westem Australia, althoug! a facility that
cate$ to tle tolrist itrdustry by haviDg oocodiles od display js loc-ated at Broome, adjacent to a large,
priiatcly o\rmed nature park. lt contains 9 C. iohnstoni a d 8 C. porosus (Malcolm Douglas, personal
comauaicatioD). At prescDt there are no majlagemeDt plass to utilize either species of clocodile withir
Westem Australia. Thc total captiir populalion of crocodiles in zoos and private holdbgs within Western
Australia is 13 Cirinsloni a d C.pomsw,

Tbe We6tem Australian DepartmcDt of Colscrvation aDd Land Management has rec€dly produccd a
public safety brochurc €ntitled Take Care in Crocodile Areas,' which warls agaiDst swimming in areas that
contaid c. porosuJ and givcs helpfll hhts about what lgll to do itr areas that codtain c. polosxr. They are
also erecti.ng 'Do-$rimming' advisory sigDs ir some areas.

The construction of a largc dam on thc Ord River has provided new habitat for C. jolrrstoni and a
survey of onearea (i! 1979) rcyealedlcfn C.johnstoni (Burbridgc 1987). Spotliglt surveys of C,porona in
lidal rivers of the Kimbcrley region were carried out i.D 197 (Messel et al. 1977) ad 1978 (Burbidge and

5.
6.
1.
8.

9.
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Messel 1979), and, in conjunction with the Unive$ity of SydDey thcse areas have now been re-sunelrd
(1986).

Tha detailcd resulh of the 1986 c. pom$J survc)s are in preparatioa for publication, but itr general
terEs there was a *S% iacrEzse in tle number of non-harcbliDgs sighre4 and the proportion Jf krge
qocodiles (6) hci.ased from L6Eo to 39 (alr increasc of approximatoly 144% i^ thjs segaent of the
population). Annual mt€s of populatior iacrease were approxim ately +3.1Ea fot non-h^tchlings, + 0.2% for
all docoalil€s, and + 11.0% for 6' cro.odiles (Burbidgr, persodal commurdcation).

Relati€ to the Northcm Terrfuory thcrc is considerably lcss tidal and non-tidal habitat suitable for c.
porosr in Westem Australia (Messel et al 1981), aad the total population there is thought to bc about 2500
non-hatchlings (Burbidge, peKonal comrnunication). Apart ftoE thc 1986 surveJrs, there has been no new
research effort directed at either species of crocodile in Westem Australia duriDg the 1985-86 period.

QI'EENSLAND

1. MaDagemeDt Progr:ams

Queeislard National Park aad Wildlife Service is currcnjly prepariDg a plan (ONPWS 1986) which wil
address tle conseflation and mauagement of both C, iohnstoni a^d C. porosus withitr eueenslatrd. Itr the
frst irstaN€, the emphasis will be aloost exclusively on C. poroe|s. There ale no immediate proposals for
ran_ ching $ild polulations of either speciqs or for harvesting fron the wild, aad the plar $ill deal odensively
with tle lationale for hrndling "probleE" C. Jroron{, the rcgulation of currcut falms withitr the Stats, the
facilitation oJ crocodile farming tlrough captie br€€ding from wild-caught aad captive-reared parental stoclq
aad the ded\,?tion of strategies that vrill allow sustained-ield harvesring of wild populatione in the turul€.
Public educatiod with the tbeme that 'livi[g with crocodiles is arl acceptable propositiod, is atr integral part of
Ilc Program.

For the purposes of crocoalile coDservation ?rnd man gemen! the Statc of Oueenslatrd has been
subdivided hto regiotra of hig\ meilium ard low cooservation \aluo' (Fig. 3). This codcept tal€s inro
accouat the quality of c. poroflr habita! both generally alld for nesting and the extent to whicb habitats ard
docodile poprlatioDs are allected by agricultuie, human density pres.sureE natioual park, Aborigiral
reserves, tlc fishing irdustry etc. (QNPWS 1986; Taptin 1987).

l. Public Educatlor

An idomratiotr brochlre edtidcd 'Crocodiles in Quccnslald' has bccl produced for distributiotr to
school chil<lrcn al1d tourists, It provides gcneral idorEatiod otr both species atrd higblights activiti€s that
should be avoided ia areas that contain docodiles, Crocodile vJarning sigEs, ir combidatior *ith a 'no-
6wim]mming" advisory sign ha!€ been erected in clocodilc meas wherc peop[ are likely to swim. Newspaper
and dagazilo articlcs about clocodiles are lsed to promote public awareness.



Figure 3, Broad rcgiors witlin Queenslaad *ith Taplio,s (1986) asses.sdent of C. porosus coEservalron
valuc: H=high; M=E oderate; L=low. Areas in rquarcs are wlere survcys have beer c?rricd out b€tweer
1985 ald 1986.
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3, Public Saf€ty

lntenctioEs betwccr .rocodiles and people along th€ east coast of Queensland pose scrious
matragemcnt problems. Reports of problem socodiles are coomon in this regio! aDd they are assessed aad
id1€stigated c"se by cas€ by tle QNPWS. c.rcraly, only C, porosus ovcr 2 m long are couidered a'problcm,' and where possible thesc arc caught ali\,€ atrd molrd to zoos or crocodile farms. Between April
1984 ard September 1986, 1?1 probled c. porarzr repo.ts, hvolving 217 wild crocoaliles *Ere rec€ived.
Eighty-cight percrdt of these .epolts were from tlc heavily populated aast coast. Id all 22 problea C.
poroflr have been removed ftoE the wild siftc 1985 as part of tie trevr problem crocodile codrol program.
A.n additional 182 C. porosus a\d 2n2 C. johnstoni hale been redorcd as establishEert stock lor the
developing crocodile farms since protection.

Public $fety issucs crme to a bead ir Quecrslatrd when, id separate incidents, two women wcre talen
by C. poro$a *ithh 2 lronths, The fust fatality wa! followed by a sttorg public teaction" Some rcports
indicated that 20-50 clocodilcs wcr€ killed in the Dai lec River, where thc attack occurre4 but it now
appears somc dclibcrate exaggeratiotr may have bccn iavolve4 A coroncr's inquest idto tle death of this
woman is t€t to be held. Some crocodiles were reFolteally shot a&.r the secoDd attacL, but no coDfi.Eation
of these reports i6 aeailable (&e co.oner's inquest was held withia two weeks).

4. Suveys and Monitoring

Spodight suneys werc coductcd by QNPWS i[ four ri\,rrs within thc south.rn Gulf of Carp€ntaria
(Tabb a). In a[ ln C. potosus !9erc sig\te4 26 of which were 'young-of-the-year.' There is a scarcity of
nesting habitat and midmal recruitment ir tlese nv.rs.

Spodight survcys were also corducted io the Port Musgrar€ regiotr of North Quecnsland in November
1985 aad rivers further south h the Gulf of Carpedtaria i! 1986. Some of the samc areas had b€en survcyed
itr 1979 by Mea,lel et al. (1981), and thus rates of r€covery could bc qua fied (Table 5).

5. Crocodile Falms

Tlere are curcndy two cstablGhed cocodilc farms ia Queeoslaad onc at Ed*ard River oa weste.rn
Cape York PeniDsda, a.d the other at Rockhampton otr thc cetrtral cast coast of eueensland- plans for a
third major farrn rorth of Cairns are cu.rently lmder review. The Edward River falm was originally stocked
wit! juvcniles talen from thc wild a.nd is now a dosed breedilg farn with 53OO c. poraflJ. Nesti[g in thc
1985/86 season tesulted i.n 103 nesti, alrd both 5kins and c.ocoalile Drcat are trow being marketed alrnually.
The fard at Rocklumpton had L5 Cpororur lests during the 1985/86 ssson anal has a total stock of ztOO C.
poroers a\d L70 C. iohnstoni. An additional 176 C. porotus a d lI C. johnstoni arc maidtained i.n zoos
within the State. Thc total captive population is thus about 5876 C, porosut a dO\ C.iotfistoni.

6. R€search

Rcsearcb programs beilrg urde aken in Ou€cdsland arci

1. Tbe distdbutiotr and abuDdarce of c. poru&r, and C. io,irnstoni rcstitrg habitats ir eueensland
(aNPws);
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Tablc 4. Dcdsitias (Nmbets sightcd pet kilometer iD spotlight cods) of crocodiles iD rivers u/ithir the

#;;;;;-;ith" *.tlJ'" c,ir of Carpcataria ir Juaclulv 1e86 (QNPws 1e8O r = "dI

crocodiles', NH = "troD_hatchliDgs'.

C. iohnstorri

River km T NH T NH

AIbert
kichhadt
NorEatr
Bynoe

124

183
16

0A o.r2
0.0? 0.0s
0.42 03
02r 02r

0.05 0.05
0.88 0.47
0.67 0.67

Table 5. A clhparisotr of spotliglt coults of C.pototur carried out h 1979 (Messel et aL 1981) 6nd 1985-86
(QNFVS 1986; Tapli4 unpublilhcd data) h Nonh OueeDslald" Dctsitic6 are expr€ssed as total docoaliles
sighted (T) alrd as rcn hatcbtidgs (NII) pe! kilometer, as ate the annual rates of population incrcase (r in %
p.&). MS = mainstream, SC = sideceeks.

Ly19
De*tty

1985-86
Dersity r(% p.^.,

Nver kE T NI{ l(m NH T NH

wedoct (MS)
Wenlock (SC)
Tctrtpole creek
Ducic Rir€r
Dulhuaty Rivcr
Namaleta Creck
Nassau River
Staatcn River
Duck Creek

Meatr

42.O
t43

o3
9.7
r7.9

12,'1
145
731

327
4.49
2.18
1.98
0.74
0.n

0.v

2!7
r38
2-92
ts7
1.70
0.78
0:r2
0.n
037

4T

N5
3z,0
15.4
13.0

119,6
63.0
65.8

4.18
232
8.00
3.03
4.81
L46
1.68
1,16
0.18

z1a
1.81
5-tz
2At
2-q
1.6
1.09
0.83
0.12

+8.1 +5,0
-25 +03

+10.1 +9.4
+5.7 +7.0

+16.0 +6.0
+11.1 +11.1
+11.1 +5.8
+m.9 +16.1
-10.0 -15.7

+13 +5.0



Continuation of_a lire ye3r' study of the population dynamics, gro,*th and reproductive biology of
C. joltnstoni ta the Ly.r.d River (QNPWS);
Investigation of reproductive sratus of C.poro.rur tbrough laparoscopy (eNpWS);
Diseases of captive C.poronrr at thc Edward Rh€r Crocodile Farm (JaDres Cooi Uliversity);
Hacbatologf of captirE c. porosus ^ the Edward River Crocodile Farm (James Cook
Udrcrsity).
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SOUTI{ AMERICAN E)EORTS OF CROCODILE SKINS
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Carlos Roxlo 1496/301
Molterideq Uruguay

9UMMARY: TIis work preseats a partial aBalysis of Soutl Americaa crocodilian skin exports generated
from trade staGtics duriDs 1980-1984.

METIIODOT,oGY

This 6tudy is based on statistics provided by t[c Mldlife Tladc Monitoriig Unit (W,IMU) and fron
rccords made availablc through the TRAFFIC (SUDAMERICA) office. Thc ilfordarion i.lcluded in this
wolk refcrs to exports of sldns or flank, SiDce rccords in kilograEq mefers, or other measules such as
piecas or tails were lot available, it consequcntly was impossible to speciry *ith accuract the numbers of
the cotrcemed specimens. I rnust mal(e cloar that lhe dara herein are Dartial in that thev fail to accoutrt for
the majorily of illicit, unregistered exports.

TNTRODUCTION

Id lyB thc Conventiod od btemational Tradc of Endaagercd Spccies of Fauaa and Flora (CITES) was
drafted. This treaty e ercd into force iD 1975 when Uruguay becaEe the tc h coutltrt to bc a sigd;tory.
Since the4 93 countries havc ratifi€d the CITES agreemedt making it the world's ltrost successftd
international consemtion/envilomeatal treaty.

ElEry onc of the Soutl American countries are signatory members of CrIES, al|d by vitue of that they
are committed to apply the rul€s of the treaty. These irdude, amoDg othefs, to provide the expon, re_
cxport atrd import peuDits for the species ircluded h tle thec CITES Appendices. AIso, signatories nust
preseot allual reports to thc S€cretariat Gcrcral tlnt must detail the exports aad impoits performed
durbg tiat year. Despitc the Seoetariat and managem€nt authorities effora, the application oi CftES is
stil Dot satisfactory The tradirg of fauna ard tlora rc{chcs udmagiiably high lcvels and many couatries
lack thc ncccssary neaas to perform proper controls. Being conscious olthjs r€ality, the countries of our
region propse<l duriug the First Americlrl Semilar or CfrES Application in 1983, the need of having a
TRAFFIC of6cc thar would help obtain bctter application of the Conventior through the monitoring of
r€giodal commJrc€ that would permit dctecrion of treaty ensions ald illegal exports. With the apploi; of
tle TRAFFIC Network aad supporr from the CITES Scsetariat and the WorlJWlaffe funa 6ViVg, Oe
first ard only legional olfrce of thc TRAFFIC Network, TRAFFIC (SUDAMERICA), was established in
Montevideo. In this first Far ard a half of adiviries, TRAFFIC (SUDAMERICA) has dctected numerous
problems and has made recommeldations to the govemments to irnprove th€ir controls. The richdess and
varieq ofneotropical fauna and flora have originated a comEerce as variable as themselves. Reptiles forE
the substanrial pan of this trade, both for th€ir skins and as pets. Howe\€r, the latter elemeni does not
el€d approach the volume of thc fomer. It is for that reason that this paper focuses on skin exports.

The nain species of South American herpetofauna affected are 'boa constrictor" (Cobrntror
co6rr'cror), "lagartos o tejus' (7irpr',rarrr,s sp.), ald pracricaly a[ caiman sp€cies, the objecr of the anabsis
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ir this paper. Every species of tle ordcr C.ocoalilia aie included h tle CITES Appendices. The positiod
of the South Amcricar spccics are as follows: Ctocodlh$ safils, Melanosuchus nige4 Caimon oocodilus
apoporiensis, and. Caiman latirostir, are in Appenalix I and therefore their trade is prohibited. All othcr
species a.trd subspecies of caiman are in Appendix II and therefore their commercc is allow€d but Eust bc
adjusted to the established coditions of CITES rcgulations.

SPECIES INCLT]DED IN TRADING

It can be conlirmed that tle Solth Amcricar species of tie family Alligatoridae comprise the major
part of thc skitr tnde. The cxpo 5 of the followilg spccias w€rc r€corcl€di Caiman oocodilus (\nclndiag
tbe subspecies $ocodilus, flscut, Md Warc), Caima latircstis, Melakosuclrus niger, ̂ ad Paleosuchus
palpebtutus. Also, exports of Crocodylur ac tus a\d Auigo,or mississ?prirruir were recorde4 but these
probably are misidentificatiotrs as thc export country appears to be Paraguay.

EXPORT COTJNTRIES

The export coudries of rccor4 itr accordadcc with cach spccics ard sutrpccics are:

Caimaa oocodilwt Coloobi4 Ecuador, GuyaD4 F ellch Guiana, Palaguay, and Peru.
Caiman c. crocodilust Argcntin4 Bolivia, ColoDrbi4 GuXana, Paraguat ard Venezuela.
Caima $ocodilus ftsatsi Colombia ard curiously Haiti'.
Caiman oo.odilus lacae: ArgeatiDa and Paraguay (also Brazil atrd Ecuador, but only 5 skins).
Caimaa latimttit| Colombia alrd Paraguay.
Melanonlcltw niger. Boli,via"
P al e otachut pa lpeb rcfl $i Colombia.
Aligatormississiwiensis: Paraguay.

EXPORTS

Table 1 represents tlie export data for the pcriod I98G1984. Thesc data are ftom thos€ includcd h the
aDnual reports preserted by thc cxport couatdcs (ard in some qrses .e-exporter ard iEpolters) to tbe
CITES Secr:etariat, ard coDrpiled by the World Trade Modtoriog UDit (\4TMlt).

CONCLUSIONS

Thcse data must bc co$idered.as partial siace most of the skin exports are made illegally. Therefore,
thcy do rot app.ar in the ofrcid records of tlr exporter countdes or the importcr coudries, but they catr
point to some basic cotrclusions:

A) The lack of technicia8 atrd spccia.lists itr the r€spective oflicial agencies in charge of the enforcement of
CITES iEplementations to faunal trade is evident with the appearance of mistaketr id€rtificatioas. Is

I A.toldi.g to W. Kir& thc ttani.n @rnr wE tHxton6 of hidq frcm rh. fonc. Holr and Wonhcn r.nncry in pon-au-pnnc.,
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D80 t98l D{n 19&3 l9&l 198G1984

CITES APPENDD( 1

Caimaa latituttris
Melanosachus niSer

Crocodylidae spp.

CITES APPENDD( II

Alligatoridae spp.
A igator missitsi/,?iensis
Caiman ctocodilus
Caiman c. ctocodilus
Caimar c. futats

P a I e ofi .tc hu s p a lpeb ms us
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M,t2,
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a.991
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6?3,49 $4,A3 54V75 393 4m,84 \593,8v

particular, identificatioD of the subspecies of Caiman qocoililut is quite uncartaii, ald becausc of that
surely deriv€s tle alteratioDs registored in tle period.

B) The trade of species included i! Appeddix I is rcgistcred uDril 1983, which is wholly forbidden" This
irdude6 exl,orts of skiis and lilr admals of Cai'nan tai'rortr:r &om Colomb4 a country where thjs species
does not occur. Something siEilar happeDed wit[ the Paraguayrn exFolts of Crocod)td ac!tur to Italy
(2940 skins in 1980 ad 2,91 in I98l).

C) Also, in regard to crcpolts of species ott AppcDdix II, tf,ere app€ar some rccords that do dot coilcide
with the distribution of ttrc specias. Tf,c most glariDg crample is that of 4M sldns of Attigator
,i r:rflinppi€,trir from Paraguay in 1983.

D) The application of iDternal laws, as wEll as the CITES regulations, are not satisfactory because
otherwisc thqc would trot app$r rccords of expo(s from coultrics that have forbiddeD such exports. Thc
most rcp.esentative case is Paraguat where firll prot€ction has existed for all species of nati\,e fauda shce
1975, eien though it is one of the Eain c4)orte$. This fruther shov{s that eDforcement of Iegal
implemertations in lhe importilg countrics, mainly Japan and ltaly, is defrciedt; otherwise, tley should not
accept e4)orts frod a coudry thar has repeatedly hfo.med the CITES Secretariat, and through it aI the
Parties to CITES, that i! has rct issued any CITES export permits in the past five yeaB.

E) Numorous eq,ort count es have not ever forwarded an annual r€port to provid€ compalati!€
statistics witl those issued by import coudries. For exampl€, I can dertion what is occurring in Guya!4 a
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coutrtry I haw just visited. The oflicially dedared expons for 1984 total approxiEately .$,000 skins Eore
tlan those stated by ilrport cou ries.

As a gercral conclusion, let mc statc positivcly that thcrc are a series of edcouraging signs toward
reaching a b€ttcr application of legal idpleoertatio.s to proEote a ratioDal use of such an importa(
uatulal resourc€. The lact tf,at each day more coriltrics are adf,€ring to CITES provides a progressilely
representative importatrcc in tlc intelnatrotral arera" Added to ttc combitred efforts of the Secxetariat,
membcr coultrics, TRAFFIC Networl oflices, ard the Wildlife Trade MoDitori.Eg Unit (WIMU), such
irscasirg coop€ratior wil iDduce positive cffects despite the afoleEeDtiodcd problems. Certaidy, thc
project bcing pcrformcd by thc Sccretariat of thc Cori€ntio4 dirccted by Dr. Wayne King, is the most
irllportallt of those etrcouraging sigDs.
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Thc objectivc of this report is to preseDt the r€sults of atr i ,€stigatiotr durilg the years D84 and 1985 itr
Monrevideo, Uruguay. Uru$ny was tle tedh country to ratify CITES, and consequently has the hodor of
enforchg thc Convedion.

By virtue of the landlocked situatior of Paragray, Uruguay grarted that coutry some port concessioDs.
Thcrcforc with cotton, penuts and somc othcr products, Paraguayatr €xportels bega[ to use the free zones
atrd the Uruguayad ports to export p.oducts derived from fauna For seleral reasons such activities l,erc
dlf[cult to documeIrt. HowerBr, piti the inauguration of the Democratic GorendeDt in l98t thc
Di.ecci6n Nacional de Aduanas (thc qlstoms scrvice authorig), took a senes of deasures to avoid past
ir!cgularitiar.

Id October 1985, 6,000 peccary skins (Mammali4 Tayassuidae) of Paraguayai origitr consigned to the
Germaa Federal Rcpublic were seizrd b'y Uruguaya! c$toms oflicials. Since tlat date I aE posit € that
additio[al such shipmeats have lot passed customs. Hower€r, custods authodtics remain permanently
alert, silca a n€w illegal skins cargo can be tried to pass at atry momert.

Due to Eeasures taken by Japan" as a consequence of dcalings betEeen CITES and TRAFFIC
(JAPAI0, the trad€ of iuegal crocodilian skir$ froo Paraguay seems to have becr redirected to Siqgapore
sinc! th. end of 1984. I thant( tle Direcai6n Nacional de Aduanas de Uruguay vcry much for its
coopelation i! allowiog oe to obtair irforEation on shipmc s that wer€ clrrying caimaa skins.

In closing I presenr tlc folowiDg table !o illustrate tte r,oluee reached by the i egal tlade of these
rcptilcs.

PARAGUAYANS EXPORTS OF CROCODILIAN SKINS

In trarsit through Montevideo, 198,t1985

Spccics Quantity Date Destination

Caiman oocodilus
Crocodytus spp.
Caiman .rocodilus a\d. Tupinmbis

Cainun cmcodilus a[d Tupinambi!
Crocodlhtt spp.
Caimon yacare
Crocod/ut

1&$ ks
32[ ks

2!.581ke
L5m ks
3,979 kg
1300 kg

10,000 skins
3l3m skils

%/04/u
8/08/U
n/6/u
20/n/u
m/n/u
2slt/u
8/08/8s
2/t0 /8s

JAPAN
JAPAN
JAPAN
JAPAN
JA?AN
JAPAN

SINGAPORE
SINGAPORE

Source: Ollicial records of the Direcci6n Nacional de Aduanas del Urusuav.
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FORE\ryORD

This volume is a supplement to tte Procledings of tle 8tf, Worting Meetirg of the Crocodile
Spccia.list Group (CSG) ia Quito, Ecuado!, 13 to 18 Octobcr 1986. It contai.rs two papcrs tlat
were preseded at that meethg but w.re dot publish€d in the Proceedings volune (ruCN
Publications New Serics, 1989, ISBN 2-88&12-968-D.

PublicatioD of this volu,le was supported by coutributiods flom Professor Harry Messel ard tle
University Foundation for Physics, Udr€lsity of sydrcy, Australia; tie Nixon Grilfis Wildlife
corseflation Fund of the Udversity of Florida Fourdatio!, Gailesvile, U.SA.; atrd Jacques
Lewkowicz of Socidtd Nouvelle Frafte Goco, Paris. Tle opiniols expressed herein are those of
tle irdividuals identified atrd are not tf,e opinions of the International Union for Consewatiod of
Natue ald Natual Resources or its Sp€cies Suflival Corni$iolL Phil Hall w.s sciertific €ditor
a[d malagiDg cditor, Rhoda Bryant was copy a'rd style edito..

The International Union fo! CoDseriation of Natue and Natural Resourccs fiUCN) was fourded
in 1918, ard bas its headquarte.s in Gla.n4 Switzerlald: it is alr hdependeEt irtematioml body
wbosc medbership cosrpriles states, irrcspectirc of their politic.l a.rd social systeEs, gor€mment
dcpartrrcnti add privalc irstitutiors as well as ;nte.oatioml organizations. It represents tiose
who are cotrceried at Baa's hodficatior of thc natrral etrviiolmctrt through the rapidity of urba.u
and irdustrial dcvelopment and thc e,xcessive eploitatio! of the earth's latll.ral rcsources, upon
which rest tle foundations of his solvil"l. ruCliPs Eair purposc is to promote or support actior
which wil elsure the pcrpetuatioD of \rild raturc ard ratual rcsources on a world-wide basis, not
o!.ly for thcir htrilsic cr tural o. scicntiic valucs but also fo. the lodg-tenn ecododic and social
*€lfarc of dar.kird

Ttis objective caa be achieved through active co{selvatiotr proglads fo. thc wte use of latural
resourcrs in dcas where the 0ora and faoDa arc of p6rticular idportalce a.[d wherc the landscape
is especiallybeautitul or strildng, or ofhistoricat cultural or scicdific sigDificarcc. ruCN believes
that its ains ca,l be achieved most effecti!€ly by i.nterDational effort ia cooperatior with otler
iatematioaal ageocies, such as UNESCO, FAO, ad UNEP, and irtertrational oreanizations, such
as Vr'orH Wild Furd for Nature OI'\IF).

The mission of ruCNs Species Suraival Comriission (SSC) is to prev€nt the extinction of species,
subspecies, atrd discrete populations of faura and llo.a, thereby EaintaiDing the genetic diversity of
ttre living rcsources of tlc plarct. To crrry out its mission, the SSC relies on a network of over
4000 voluDteer professiom.ls working tbrough 100 Specialist Groups atrd a larg€ nrmber of
a.ffiliatc olgarizatioDs, r€gional repr€s€ntati€s, and consultants, scattered througl nearly every
cou.dry itr the world.
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THE DISTRIBUUON OF CROCODWUS POROSUS AND

CROCODWT]S JOHNS?ONI ALONG TYPE 1 TIDAL WATERWAYS
IN NORTTIERN AUSTRALIA

AND
SURV T OF TIIE IJPSTREAM NON-TIDAL SECTIONS OF TIIE ROPER

RIVER. 1986

B. M6s.l, G.C. Yorltcct( (dec€5s€d), WJ. Grecq ard I.c. Onl€y

DeDartment ofErvirormcdtal Physicg School of Physica- 
Uritttsity of Sydden NS.w. 2!06, AusEalia

AESTRACT

This paper discusses ia geteral terms th. distlibution of CrocodJha I'orosw a d c' iohnstotti
aonq fvpe i rial watct wafs ia northern tustralia. Tlc idportant Type 1 tidal watcrways are

classiEefiato four b.oad grlups or the basis of their distributional diagams, ard each group rs

;ht*e t terns of tf,i -oau ot c Potatur populatior dynamics developcd jn previous

i,itti""tio*, Altemativc habitat, crocodiltiatcraciong exdusioq aad loss€s are tle key features

io ttc uodentaading of thc distributior"

Rcsults are also Prescnted for the first survcy carried out on tht trod_trdal sections of the

Rooer *ver uostrcam'froE the Ropcr Bar at km 1453. Otr 7 km of waterway suweye4 3(}7 c

toltroni werc sightert aad only onc C poronr' which was just 0.? kE up from the Roper River'

INTRODUCTION

Ir Motroglaphs 1 to 19 and tle two w€stem Australa RePorts fsted in tte pres€

oublicatioq wJ documentc4 analyze4 atrd disclssed the detailed r€sults of tlle 6rst systematc

iuney, siace settleoe* of the coniineat of some 100 northern Australian tidal watelways aild thei!

crocodile oooulations. Ia this paper we assemble for the ftst time ard dlscuss gercrally sample

distrsutioni diagrans for all tie_nore important T}?e 1 tidal systeds surv€yed" We also present

tle rcsr:Its of a 1916 survey of the extrede upstream, aod_lidal sections of lhe Roper Riv€r slsleE

(Mouographs 12 and 19).

Ir the htroduction to MorDgraph 2, we eEphasized (also see M!trographs 1' I' atrd 19) that

thc analvsG of tle numbcr, distribution, and size structure of crocodiles sighted during the gercral

sunem of northem Ausualiatr tidal slst€Es indicates that ose of the 6ost imPortaot Paraneters
charactedzing a tidal waterway is its salinity profile and that the profile ard- habitat g?e idage oae

-otl"., mly 
"pp""t 

,o largely detcrmire-de suitability or otherwise of the.tidal waterway for

Ut""*g, r".tlg ;a t"ari4i we also gavc a detailed descriPtion of th€ oodel that we der€loped



fo! tlc dyEaraics of C. pororar pol,ulatiods and which erabled u3 to accouut in a consist€nt tashior
for the results \re obtai[ed for sodc 1100 tidal systcms in trorthem Austlalia. Ia this Eodel wE
pointad out that the tidal waten&a)6 of northem Autralia lnve bec,r cl,.qiFed accordinc to th€ir
s.liri_ ty signarurca i-oro Typc I, Type 2, a.ud Type 3 sj5rcms as showD itr Figrre I (sec piges 10G
los,l,Ionograph 1). Typ€ 1 systcns arc the mai! brceding onet ad aon-Type I systeEs ar€
usuaily poor don-breeding systeds. It is the T)?c 1 systeEs ald the fteshwaiir bilabongs alrd
scmip€rmatrcnt and pcdranant ftesh*ater swamps associated r'ith theE which account tbr the
Eajor rEruitdent of c' pororlr; the other systeEs contribute to a lesser deglee, and they dust
**ry &ry.9 largcly upoa Typc 1 systcEs and their a$ociated ftcshwatei complexes for the
provision of their ciocodiles. No&Type 1 slsteas also soEctimes harr freshwaier coaolores
associatcd with tlem but tlese arc normally quite miror.

. Thc ilf-o_rmarior sumfiarized h Figure 1 is of great importartce for tte utrderstaldi.Eg of the
dFamics of C porosl.' populatioDs. Ir Type 1 s,6tcms some // of the crocodiles are hatcblinss.
whcleas in Typc2-3 ststens tlis igure falls to 14% and i! Tytr c 3 srstems down to 4Zo, showi!;;
ltuch q:crcased hatcf,liog rcctuitmeat ia aor-Typ 1 systcms. I! 1}?e 3 sysrcms the perentagJof
crocodilcs ia the hatcbling 2-3', ard 3-4' size dass€s conbined is sonc it%, wherias ia TVoe 1
stst.Ds it is at Last 52%. Od the othe! hard the pcrccntagc of cocodiles ia tle ;4-5, size jasses
is some_ 39% ia Type 1 s,6tcns alrd 7370 on Type 3 sysiems. Some ?97o of the noa-harcliling
crocodilcs arc sighted on Type 1{,aterwaF ,rd 217o or uor.Type l waterwafs.

Ho*wcr, as Eertioned abovg we corccm ourselves, i! tf,k pap€r, with thc d;stribution of
crocodiLs i! tie morc importa.nt Tne 1 s)Etems onty aad refci lhe readcr to the series of
MoDographs for a coEplete t eatmcdt of all tidal $/ater*?ts su.veyed- Though thc results for
evcry Tnc 1 sFtcDr suweycd wcre a[alyz!4 discussc4 aad accouated for oi tle basb of our
p-"p*ttp 

T*9 h rlc_ relelzr! Mooogaphs, at no stage have sc browht togerhd sample
distdbutio|r't diagrass for each of rhe more impo.t:ltrt T'"e 1 tidal warcrways suncyea-in
lorthar! ABtrali4 so that they could bc compared easily ald to see what satieat feaores they
have in coaoo!" Wc do so ill ttis papcr.

. On pagc 4r{) ol Mo&graph 1 we stated that ttc cstablshmed of a Univclsity of S}dney Eeld
statio! al _Urapurga on thc Roper fuver uould rot only allow us to monitoi the'rivei (see
Molograpbs 1? alrd 19 for the lcsults) but would also perEit us to carry out lald-based studies of
its long noo-tid.l Feshwatcr sectiolr abovc lricbhardt's Rop€r Bar. The Roprer River Systeo r
ooc. of thc-largest ard best Tytr'c 1 tidal watcrways in rorthem Austlalia. It;ot only has a long
davigable fteshwate. sectior, ftod about kE 70 to Rop€r Bar at km 1453, but also has a number
of scdions betwcetr km 1453 and kd 353.0 which arc survelable by small boat anat vrbich can be
reachcd by bush t ack. Th€se sectioEs of tle rivcr are bcyond t_hc tidal limit ard consist of
iEtermittcd waterholes. Between tlem |he aany brandes of the river are ulually dry dudng the
dry season- Sporadic C pororur were tr€lieved to occur aid the more olentiful C ,oftarroni were
tnoflr to occr in thc permased waterboles. but !o systemadc nighr spotligbt survcy had beeD
carded out of them. Mrny wild claims (pe.s. codm.) ha!€ beer made about tle 'tu"&"d", of C
potorrr id tiem. ltus ve decidcd to survey the larger upstr€am waterholes and obtai, direct and
quartitative evidcacc for the rclative abuadances of thc two species on tie lrod-tidal sections of
Lhis lorg ard i[rponar( waterway.

- _ Wort roTs fg thj Roper Ststem, from its mouth to Roper Bar at ks 1453, are give! ir
MoDoglaph 15. Thc additioua.l 18 work Eaps covering the scctiors betwcetr km 1453 a.nd Im 375
arc preseEted in Figu.es 2 to 19. A helicopter was used to veriry ald inoease the accluacy of the
lDap,s pr€pared ftom aerial photogtaphs (see Idroduction to Mooograph lt and to find the best
track itrto tlle waterholes to be surveyerl. TVo Toloto Lald Crujsers, a 12 foot dilghy with a 9.9



hD outboatal motor, and oui standard sun'cy and camping gcar were us€d for thc surveF which

wirc carried out durhg the period 7-15 July 1986.

RESIILTS

Samplc disttibutioral diagams for 20 of the dorc idPortant TyP€ l tiid systems $fi€r€d

are takc!'directly ftoo thc rcdvart Monographs aad are shovn in Frgule's z) to 50 .Soail 
Type 1

srstcds. such as the Goomadccr (Monograph 5)' and s,slcms witl ooly a tew crocodlles rema6rng

il tlcm-harc bcen onitted An cr.mple ofthe latter is tle McAlthu River System (Morcgtapbs

13 ad 19).

we $ ,€\,€d sh lacoots oD the upstr€aE ron_tidal scctiotr of the Roper River as follows: kE

r453-1@Zk; m1.G&J,kn zx2-i4L5.b 2s25'26?.0, tm 3185-3354' plus a sidcceek of 0 6

km ard ks 3492-3525. 'ILcsc acctrons atc showD oD thc work maP6, Figures 2 to 19 Itr Tables 1

to 7 lrc gir€ the rcsults for thc Digfu sPotlight sEvcys of tlc individual lagoots ald show the sizc

"ttoct 
r"i 

"ituatioo, 
-a o,t-t et & C. lonnitoni i|lghted- C PoDn6 arc not shoq'o-in tlre Tables ?s

Jy.*'d-alvll" Aght"d during tire coursc of the s n€yE ard tbrs was a 5{' arinal at km

1,16.0, only 0.7 kE above RoPer Bar.

DISCUSSION

Dlstributlonal Dlagams

Itr nort!€f,! AusEalia, TWc I tialal systcEs loifrally mcander through coastal floodplains'

ot 
" 

larc fatge ata;"agc tasii,:, ana uva a f"ury freshwater hput duriry the ll€t seasoD_ Tbe

iolo* a"o"*]"a Uut .iaains sufdcielt ai tlc ary seasor Proglesscs to ptcveDt tbc salinity

upstrean (though noviag uFtteam gladually) ftom nsirg above the sea vaier \?lucs Eeasured a!

,i.' i"u'J t#.v","- i".i puec" iclcros Mooograph 1). Ttere arc exceprions' iowerer, for the

4p. f syst"-" i" ilc oottt-"i"*- Xi-Uot"y us*lty rur through ru88Ed gorges ald fault lin€s' It is
alsi to be aotcd that najot Tnc 1 systeEs oft€n codtain tron_Typc l waterq'ays as well The

ralaide 1t'tonograpts : La 6), U"ctp*t (t"lorographs 7 and 18), and Roler (MoroglaPk t2

""J 
fpi Sfit ." 

--" 

"*.tlcat 
examples of such systetns- Such Eatters s€le discl,ssed itr Chapter 9

Jfrt i.i"pl i, *l*" 
"ff 

thc tidi systeo mailstreans wcre classfied according to tleir salinily

sig!atures.

Orc might be tempted into believing that the distrfuutiooal patted of C' poto56 along aI

rw" i Ual i"t"t*ov oiainstreams shoud be essentiatly sinilar' As wil be seen by inspecrior of

# ai"triUrt"r"f diagraEs in Figores 20 to 50. ttrG is not tbe case Therc can be considerable

variation &om oae Tlpc t slstem to anoti€r; however' lhe sbapes of the varioLs distributional

p"tt"*" npp""t o fufl ioto four lathei broad groupq with consrdcrable overlap between (hem We

have grouped thc z) oajor TyPe 1 systeos as follows:

Group I

Blyth-Caden
Livqpool-Tomkinsor

Group3

Prince Regent
Roe

FigiN,2l
Frgs-22-24

Fig.43
Fie.44



Mitchell
Glerclg-cai!dner

Goromutu

Group 4

Fig 45
Fi& 46
Ftt'- 47
Fig. 48

Fl&5
Fi9s.37,38
Figs.39,40
Frg.41
FrS. a

Atr acceptablc dodel for tic dynamics of populatioDs ol C, porofi8 must be ablc to account
for tic salie featu&s of thc distlibutional paltc.t of thc aridals sidte4 as suomarized in the
dktributioDal diagrams for aach rit' system. In fact our model as described iD Monograpbs 1, 1g,
11 and h tie IrEodudion to MoBograph 20, grew out of our €ndeavors to €x!'lain thc imponal!
featlrcs of atr evcr ilcicashg database, $mnarized by tlc dist ibutional diagrams for the tidal
lit€r systcms sulr€t€d- It is thus sot surpri6irg that our model can explaitr the mair feaores of the
dGtributional diagrami not orly for T}?e 1, but for don-Type 1 tidal systems a! well

Ttc 6lst cdtical b(erl-tbrcugb towards dcriving our sodel q/as achieved wher we foutrd that
we could classiry thc tidal .ivcr s)6tem6 ir dorthem Austdia by then saldty profi.lcs a!4
surprisinglt t[at the sizc structure of thc ariEals sigbted ir tlcm ried as shown in Figure 1.
Aloost coDctriendy with that came the start of cven morc $rprisilg .esults conccming the
mbsirg crocdil$, dow summarizcd and dci€loped ir our dodel as follows:

1. It appca$ tnat thc populatiDg of no!-Typc 1 systchs (hypersalirc or parrialy
hypcrsalidc coa3tal ard non-coastal eatcirays) results dosdy from the exclusion
of a largc fiaCiot of thc sub-adult crocodiles toll Ty!'e 1 s],ste6s and alry
ftcshwater compl€x.s associated $,itf, th€m. Aduft cocodiles appear gelerally to
tolcratc hatcbling 2-3', atrd sorrctimcs crBn 3-4' sizcd arocodiles i[ th€ir vicinity
(but not alwaF-thcy soEetimcs cat thcd" pagc 43 Monogaph 14-or kil theE,
pagc 3t Monogaph 1), brt not larger crocoililcs Thus once a oocodile reaches
thc 3-4' and +t siz! classes, it is likely to be challeiged idcreasirgly dot onty by
crocodilcs ncar or i-o its oq,! sizc class (pagcs 454-458 Monograph 1) but by
crocodiles in the larger siz€ class€s ard to bc €xcluded ftod the area it was able
to occupywbed it was smaler. A very dynamic situatio! plevails witf, both adult!
aad subaddts beilg forced to move betcreetr vadous componelts of a system and
bctwee! systemr. Crocodile intelactio[s or aggressiveDess betw€en crocodiles ia
all size classes inceases arou.rd October-duri[g thc brccding seaso! (page 445
Monograph 1 and page 109 Monograpt 18)-a!d exclusions, if aay, normally
occur atouud this perio4 A substadial ftaction (-8070) of the subadults, mostly
in thc 36' size classes but also idcluding immature larger crocoililes, are
eventualy €xduded from the rive. proper or are pr€dated upoD by largcr
crocoaliles.

2 Of tlo6e qocodiles that have been exclude4 some may talrc refuge in fteshwater
swasp areas and billabodgs alsociated with the *aterway ftom which ttrey were

Ducie
Rope!
Daly
Adelaidc
Victoria

GrouD 2

Murgenella
East Aligator
South Alligator
West Alligatoi
Wildmar

rw l !
w.26D
Fig. 30
rlgs- Jr-JJ
Fr$.34,35

oid
Glyde

Frg.49
Fig.50



exclualed or ill thc wate$'ays' notr-Type 1 crcck if it has a,ry. Others may tlavel

alonc the coast utrlil by chaft! (?) they liad a non-TyPe I or arothcr Tlpe 1

wat;wan hower€t, in this laEe! c:sc they may again be exduded ftom it. Others

Eav ro ;ut to sea ald possibly peris\ pcrhaF becnuse of lack of food. as they

"t" 
tinclv rb"uoo, or"t"t ou edge feedcrs, or they Eay bc talc[ by shark. Those

Endinq-aon-Troe 1 svsteos, or associated frcshcater coBplexes, &cquent these

"t""",-*hi"h "i 
," ti"ti"g stoclgards, for varying periods until they reach scxual

Eaturity, at which tiEe they e!&avor to retutu to a TrtE 1 breeding system'

Sircc a targe Factiod of tic oocodiles sighted h notr_Typc l syst€d6 dlrst be

derived fton Typc f systcms and their a3sociatcd fteshwater complexes, they arc,

as seea ir (l)';bovc, Fedomiraltly subadults h the:3 sizc classes or just

aaturc adulis fuap +:1 MonograPh 1). Both subadults ard just mature -adr ts

micfit anempt to icturn and !o be forccd out of a qated Ea-uy times bcfore

6niuy bcing-succcss6rl b cstablishilg . terilory i! a Typc 1 ststem or in -ils
assodttcd &eshwatet coEplex Crocodil€s Eay havc a honing irstiact (this

iEportart poiDt requircs firrtler study), and cvctr though a ftactroD of cocodiles

nav finallv rcturn to and rcmair ir a Type 1 Estetr or ir its associated fresh$ater

conptex, tlc ovcral sub-adult nu.obers mbsi.trg_prasumed dead remah higL and

appcar to bc at lcast 6G70%.

Noroaly, thc fteshwate! complexes (swamps and/or biuaborgs) associated with

tidal svst-eos arc fouad at the iermhal sectiors of small aad largc crcck runaiag

iato tL nain watclrray, or at the tcrdiDal scctioas of the mainstleam(s)'
Ttouri tbis alrffratii? habitat is usualy rtry limited in ettetr! sPoradic (add

soraeEmas c*eosilt yearly) nesting does take Placc on it. TLcre ale, howevet,

several lairly extensivc ftcsh$atcr cooplcxcs assocrated with Type 1 tidal systeEs,

aad ttcsc arc ihporta as they Eay act both as reariag stocLr"rds atrd as

brccdiag systems, jost as thc Type 1 watcr*ay docs itself. Examples of tlese arc

tlc cry;e-Ri\rcr ;tf thc Arafiita swamp (Moiograph 9), tle Ali4tor negild

fuven with thcir rctlaa<is (MonograPhr 4 la, ald 19), ard the Daly, Finaiss'

Rcl'nold& ard Moyle Rivcrs with their w€daDds (Nlotrograph 3). Not ooty ca!

thc loss factor, which appeaE to occur dudrg the exclusioB stagE. be c\Pecred to

be lo{Er for movcde s ilto and out of swamp areas associated with a Type 1

eatersay, tlan for dovcaedt idto and out of coastal tud-Tt?e 1 s,$tems, but the
loss of [csts duc to floodilg can arso bc cxP€cted to be lass. we have obselved

nc6t6 made of floatilg 8!a55 canc malr h the Daly Ri!€r Aborigitral Reselve area_

Tbus .acorEry of tbc-C. ponsut population oa Tne 1 tidaf wate.ways, with

substartial associatcd fteshwater complexcs' caa bc expectcd to be fastc! tian on

otler sr,tstcEs (pagc 445 Moaograph 1, Page 98 MonoglaPh 14, ald also sce
imoonarr resuls for tle 1984 rcsurvev of Aligator Regior ald Adelaide River

systems appeariog in Monoglaph 19 whcre w. !€rified this Prediction).

lbougl thcrc arc widc fluctuations, espccially altor "dry wet' scasols whco tle

a.nimals are conceutrated into the tidal waterways' it appcats that as the number

of largc crocoaliles ia a tidal waterway iucreascs' tlere is a tendercy for the

auabir of subadults ia the 3{' size classcs to d€scase or increase margiaally

ody. This delsity depeddent behavior has a,r important beariig on the rate of
population growt! aad on thc size structue of the population.

Aa importart alld remarkable fact becomes evident h Type 1 tidal syst€ms if orc

cxcludis the 3-4 siz€ dass and focuses on thc 4_5' ard 55' size classes only'

Regaralless of how largc the recruitment nay be, t!€ nunb€r of aliDals sighted



itr t[c 4-t ald 5-6' sizc classcs seees to rernain esscntially constant ot i.Dcreascs
strowlyo.Iy. Thus a major bottlerect occu$ for thcs€ sir! classes. It is as if t ;e
alc a defitritc numbcr of slots fo. these alrimals od a glcn river systea, ana that
the nudbcr of these slots iacreases slowly only_if ir a.ll 1"ote esoeAuW ;c
rc$dts for rhe Blyt[-Cadell and LivcrpoolTonkiDsoo *r"r*"y. to lvloooJuoL
I atrd ] and rhc 1984 r€sulB for rhc Alligaror Region a[i Adclaide-R_irer
systems_ appcaling itr Modograph 19). Thc clocodileJthcmselvcs appcar to bepriEanly-rcspoosible for thc very heatry loGses of about 70 % that occur ia r.hc
proccss of Eying to sequc ti€sc slots or to ilarease tieo in nuaber.

6. If ode colsiders a group of 1OO of the sub-adult crocodiles itr a TyDe 1 tida.lgystelt without a substaltial fteshq,atcr coEplgl associated wit! iq oae L expca
soEe 80 to be cxcludcd ftom i! at lcast 6&.?0 of rhe origita.l t00 to end' urrnir.i.g-presulr€d dea4 lcss t[an 15-m to successfuly eslabfsh terrirories ; td
system witlout having to leave 4 ald the rcBairdcr oight eveatr.rally also returr
and esttlish a territory espccialy a,fter becomiug se.irally ."*". fl" *r"
Mture of this 6attc! is such as to prcdude prcciic figurcs, ad thcy must be
loolcd upolr as broad estimares or.ly; ho*cver, dcrail-ed study 

"f "* 
."."ft"

(Mooograph 18) rcw iadicares rhat thc Bjssirg-prcsun"d d""d iir*" i" ft;i;
bc in €xces of 70. For systcns with subsralUa t""for"t", *rpic"o 

"""""ijt".with t!eE, this 6gure is liLely ro be coDsiderably less

7. Wtc! tharc b a.E errclusioo from Type l sysrems of sub.aduh admals. !'ostlv 3-6.
in size bul also includitrg iEEature largcr aninals, this takes ptace Eairly in the
brcadirg scaso4 rornalty com_Eeocilg 

"ro*a 
ScptdUr-o"toti _J

apparcldy lqrnng thowhout the wc! scasoE" Aay in0ux of aainals i.n the 36;
alo/or largcl|zc classcs appea$ to occur EaiDIy in tbc early dry season and to
oc 

,coopretcd lr tie June-carly seprcEbcr pcrio4 bur Eay h sode ycars be
cat[er.

8, Aftcr a singlc'&yqcf season thdc is a substaltial influr oflarga arld sometiEcs
3-6' ariDals, forccd ou! of frcshv|atcr conplereq into tlc tirlil watemays aad
th6c are sighted durirg June-July sunr'cys. SurvcF aadc b Oeober-NoveEbcr
ot _t!c s,adc year usually reveal a sutrstaatial dccrease in the numbcr of 3.6.
ard/or largc a.ainals sig[ted; however, the aumber of large alirlals sichred
soEctiEes rcmains higher tlar previously, ard heucc a nu-*. of rle ue*Iarse
arEiaa do rcr rcrum from wheft! they came. Tbese aaimals appear successirl
in enablishi.Dg a rcrritory oD thc waterway, and ir could bc the c€ters,av ftomqAich they had origi.oaly trcen exr:luded Tbe 'dry wet, l?rialio! ir tle nunber oi
admals sighred-aplears to be supcrimposed up;n the variatioos normally iouJ
luri!€ surveys followiDg usual wer seaso[5__which geDerally resu.h in extessive
uoodrog or t!€ upsrleaE sectioos of thc ridal waterwayE. Harchliog recruitEcrt
on tlc tidal *ate /als is gercraly g:early e!trancea ari.irg ,a.y l,ei *aso* tui
appcars ro bc gready reduced h Eajor s\r,an p habirat. Tti revene appears ro be
truc ounng oormal or h€a\y wEt seasols.

."- ,I: \"y . 
F: Tderstalding.of thc disrributiona.l diagrams-&e where, the hoq rhe why, and

Irle wded-B cotrtaucd esscdialy b the eight points of rhe dodel Rive! above, a.ll centercd in one
way o! arother, arouid ttre Eattcr of cocoalile habitat, ideractioDs, exclusions, ard losses.
Co^n:rd:l tt_: e,rsgltinn{"bcll shapcd, distributions ofthe ridal systems shown in C..upi1ngs. ZO
to ,{,3\and34). In the case of eacl of these waterways, nesting appears to occu. dgely on
the midsectiors of thc waterway-either otr th€ brackish a_nd/or cariy iiestrwater 

"ections. 
frc



positiotr of the pc.t of tbc djstsibutio4 tlat is thc m?an distimcc upstream (pagc 333 Monogtaph
1), v6ries for each siz! da.$ aad is rougl y idr€rsely proportional to sizei tle mea{ distalce
upstleam of thc hatcblirg pcal is greater thaa that for 2-3 sizcd crocoililca: id tur!, the mcar
distafte of 2-? sizcd crocodiles is greatcr tha! that for (34') cf,ocodiles. The peal ii usually stil
ouite distind for the +t sizc clars, but sometimcs is not so evidedt for the 5{' size class ald
jpecially aot for larger qocodiles, whicb, for the Group 1 systems' apPear to bc more cveDly
distributad atong t[e.ivar. on thc basis of thc interactioDs add e:clusions discussed h (1) abol€,
thcsc distributioaal diagraEs are casily urdelstan&ble. Thc gradual shifting of thc dfuributional
pea! aloq,!5trcae, of ctocodilcs i[ tle 2-3', +t ad 5{' sizc cla.ascs, oay be un&rstoo4 at least in
parg oa tte basis of tlasc ctocodilca beiDg on th€ir v/ay out of the river si6tco, as thry are forced
gladualy doftrsttcaE by the large. crocldilcs, which are more eve! y distributcd aloDg the nver

systcm (page 34 MonograPh 1). Hol,ctcr, thcrc arc Eodirying fcatues idposed upor this
geaeral picure, tbc oost iEporta$ of whicL is tLc availability of 6lte&ative habitat to \rhich the '

6' aaimats may bc cxcluded .athc! tla! b€itrg forccd out of the ricr rystem totally. This
alterlativc habitat for the Group 1 srstcrns Eay coffist of small ftcshwater swamps' as or the
Adelaide and Rop€r Systcm$ or of troFTypc 1 6cctr, as in the case of tie Adelaide (Ft& 33),
Ropcr (F1gi //), Livcrpool (Frgs.22 and 23), alrd Ducie (Fig' 2t; or the limitcd cxtreme upstream
tidal and ao&tidat rcctiolrs as on thc Livef,pool-TomkiDsot (note sPecialy the Tomtinson) a.d
Blyth-Cadcl SFtcds. For both of thasc lattcr systcds \r'e have sf,own thc distlibutional diagra.ds
f; Jury and Octobcr-November sullrcF i! ordc. to higb.liglt thc fact tiat cxclusiois of anitrals i.r
the 3{' sizo clasi€s appca$ to sct ilr with thc onlet of tbe brccdidg s€asotr atourd Oc-tobet (see [Z
abovc). Nole particula y in Egule 20, for the Jutre 1982 survcy of the Bl1't\ tie :+t animals od
thc river mouth scaiou, apparendy oa their way into ttrc rir€r sl,stem.

The surrcyablc lcngth of thc tidal bcshwatcr scctio! of cach of thc Group 1 systcEs vaies. It
can be small as ia thc cases of tlc Bbth-Ca&U (about 5 km), Livcrpool-TonliDson (about 15
kn), and Ducie (nil) or latgc as ir tle cases of thc Roper (some 70 kd) ard Adelaide (sone 70

lmj. On a map, the oo*tidal ftcshwater sccao! caa appear to hc very loDs in fact usualy nuch

Looger thar thc tidal secdon HowevEr, gcat cautiod is nccdad whell studing dve! systcms on
lu.straliaa maps. Bcyond thc tidal liEit, thc rivcrs usually coDsist of hterditte waterholes witl

sectiors id bcfircdt wtich arc dry duriag thc dry seasoa. Wc iliscuss a swvey of thc upstream ron_

tidal scction of the Ropcr System latcr iD tik paP€r. Exaaioatioo of the distributioDai diagraEs
for tle Group 1 sy6tcE! shos,s thc drcp in C Poto$6 numbers past the midsectio! of the
maiDstreaDs. This dcacase b C Porasu.r nu.lrbcrs is particdarly sttiting in the cnses of tle loDg
croup l tidrl qEteds--thc Ropcr, the Daly, thc M.lotia, ard to a lessct deglee for the Ad€laide.

If onc i5 abte to p!oc!.d beyod thc tidat limit (as wc did oD the Roper), the sightj.Eg of C'
porantr tr€comes sporadic otly, ad th. sightilg of C. jotnstoni be.omcs .osdon. - It {/as otr tle
adelaide River h 1fi (pages 39 ald 40 Morcgraph 3), that thc surprising siShtings of c.

lot r$roai or the tidal salt*atet sections werc rccoiled for the first time by ts and w?s thetr to be

rcpeated many dncs over by othcr tidal systems (scc Pags 459 Monogtaph 1; pages 19 ard m
M;Aoglaph page 16 Monogtaph 8; pagFs 25, 58, 59, ard ?9 Monoglaph 12:, P ges m,30, 61, 2
and Ao Ivtloaogiaph A; pages 30, at zL aad r1o Monogaph 16; pages 56 ' 57 , 71' 2 75' nd n

Monograph d). 'fhis evidenc! supports the second point ir the hPothesis we 6rst put forward in

198 Gage 20 Monoeraph 2):

"Could it be that all stages of C. Jb,ftNroni ca.n iodeed tolerate saliDrties higher
than thosc in which they have heretofore beelr foujrd? Is it thetr the crse that tle
scarce obsen'ations of C ioltutoni itr tidal livcrs rcflect exclusion by C. poro.tttt

rathe. tha,l atr irtrinsic irtolerance of saline cotrditioDs?"



Our pr€dictior about C Jblrrrto i being able to toleratc salinitica greater tha! those of fteshq/ater
was abo provcn corred *hca Taplia and Grigg (Sdeacc 198L,212t10{5-l}{f0 discovered liDgual
salt glrds both itt C porosr aad, C jottnstoni.

. The shale ofth€ distlibutional diagra.bs for the tid6l ststcEs shown id Group 2 (Figs.36 to
42) arc strikingly differedt &om tlose for Group 1. Ur.like the gcrcraly bell-shapad distriburions
for the Gloup 1 slstems, thosc for Group 2 arc skewed Lcavily torards thc ups;eam freshvratcr
scctioDs of t[e_watcrways. These *atdways are all ia the Alligator Regio! a.ud har€ ouc thitrg itr
common-c&eUedt a.ltcrnatilE habitat on their upstrcan sectiorB, in the form of substaatial
ft.eshwatcr ss?m!'s Gcc point [4 abo!€ ir our modcl). TLc distributioff show, to r/Bryilg dcgrees,
sigDs tbat thc mca! dista.ncc alov,nstreaE of thc p€at of the distributiotr l,aries tor eich-size ctasf
rougbly inversely proportioral to sizc, anal hercc irdicate that somc of tle admals arc b€inc
forccd_ downsucam and Fobably out of thc waterways. I{owc!€i one caa plaiDly see the iaput o}
aniEals i! sizc classes Z+5' or thc e)('eEc upstrram scdions of the East Aligator (Fig 3, ard
thc South Alligator (Fig. 39)-notc csp€ciaily Nourlalgic Creclc Onc can scc a-simil;;*r"..
for all sizc dasses oIl thc Witdoan SyrtcE. l'h€s€ ,ni,rtr ca]l only code from tf,e upstrcam
swamps that ad both as breediag aad reariog arcas

. Thc ghape6 oftlc distributional diagra$s for the tidal systeEs in croup 3 Frgs.43 ro 4e) are
quitc similu to tho6c of Group 2, but tie reasons for them being so are quite difilreat. Nonc of
thcs€ systcms, v,ith the clccptiotr of tlc Wcnlocw.(Fig 44 has fteshwatcr sv/"aEpc of aay rmporr
ulrst eaf,. Thc WeDiock docs hav€ sodc fr.shPatc. swasp (sce page 85 Mo;ograph 16) and
perhaps could be ildudcd ir Crcup 2 6s easily as in cmup 3. I,1 t[e csscs of tlc princc Regcnt
Gig:, a3),,ttc..Roc (Fig. aa), rhc Mirchel (Fr& 4t, rlc cleaelg (fi& 46), and thc Goromuru @g.
48), thc distributio!3 arc all skewed upstreall b€.auc suitablc rcsting habitat is essentially aI
locat€d oIr t[c upst €am scctiols. For thc cxception of the lryerlo& ald GoroEuru, the
dowDrt&am sectiotrs oI the croup 3 wateMys have either wide bays, rocky gorges, ald/or
turbuleat watds. Orc shorld note that for thc watcrwaF ir Group :, onc agaia sies thc strlfting
dowDstr.aE of thc distrr:butional peal wit! ircrcrsing size clas$ Excelledt examples of thc
idportatrt @lc that a&emati'/e habitat catr play fo! cxduded aaimals in tle >4' size_classes cal
bc scen i! Figorrs 43 alrd 44 for the Princc Rcgcnt and Roe Ststems respectively. The North and
South A.Es at thc mouth of thc Prirc Rege show that sohc 95 such anida.ts c,€re sighted itr
thed ard ttat Crcck6 A to F at thc 6outh of lhc Roa S'stem held a [u.mber of excluded-aaima.ls
as well

- We grouped ttc Ord atrd clydc Systcms separately into croup 4 (Figs, 49 aad 5O), because
thcy do rct quitc 6t a,ly of thc otler gloups, though their distributional diagrams are interprct€d
casily. I$pectior of tte work dal,s for th€ Ord System (pagc 321.328 Modograph 1t shows that
tle Ord System is not quitc like any other ttat w€ survcy€4 Its zero poi.nr is to the nonh of
Adolphus Island in the East Arl't of Cambridge cu.If ad it retairs its gulf-like featurcs until km
40; thereafter t-he ricr begins to mca.ader. Betwee! km 12 and 20, to tle east of Moujlt
Co!,lectio!, there are tbrec creek which provide alteraativc habitat for :.3-4 animals excluded
&om th. upstreaE breeding sections ol the Ord- Move tle crocodiles of the three crecks to th€
dghf otr the distributional <liagram, and you cou.ld be tooking at thc diagrad for the Bbth Systed
with siEilar reasodsg pcnaining ro tbe distriburion

Thc Gbde Rivcr (see pages 108 ad 141-145 Morcgraph 18) dlaiDs the Arafura Sw"mp, and
the Goyder Rier rutrs into tie swajdp. It is a uiique slstem ard ode of the most importaDt for the
udderstanding of the drramics of the poputarioa of C. poro&r on the northem Ar!.h€m Land
coast. lbe Swalrp acts both as a brceding and reari.Dg ar€a a-lrd appears to hold aniEa.ls exdudcd
from TD€ 1 sys!€ms to the \i€st of it, such as the Blyth-Caden, Liverpool-Toml.jnson, aad
Goomadeer Systems (see pages 100-158 Monograph 18). Thsre appears to be codtiDui.ag



dovement of these admals to and Aod tles€ ststcms, and rbc Glyde Rivc! is tbe conduit into and

out of thc ArafrJra Swadp. Th. dbtributiodal diagram (Fig. 50) red€cts tlis beauliftIly, whcre one
qotcs a peat for tle aliBa& at lhe Eouth of thc Glydc and 3 pcak at the uP6trcam-svamp en'L

Mitror lcsting takcs placr on thc Glydg but the aajorilt of 6nimals sightcd otr fu arc likcly to come

from thc swamp or elsewhere. Note tf,a latge lumbcr of Eo animals, plobably new animals

enterilg the ststeE.

Surv€y of NoB-ddaI S€cttoN of thc Roper River

Thc 7 km of upst'cam lagoods surveycd alrd spodighted or thc RoPer River bcteeen tm

1453 and tm 353 corstitutcs 37Vo of.6e total upsueam dist.nce; the rcmailder is la4ely

trumcrous dry r€tclcoulsas. TabLas 1 to ? rcrcal a hcaidy poPulatiotr of C iohnttod on t\c

uDstrca.ld notr-tidal sectioos of thc Ropcr Rivcr' Our suveys of the Roper ir 1979 revealed the

6$t C joll troni, on lhc km 8G85 scctioa of thc mailstreaE (!age 66 Morogtaph 12) ad

betc,€crthis and tf,c Ropcr Bat at km 1459 at lcast an additional34 C Jbit$oni as *'l! 2sz7 c

poron8 c,€rc 6ightcJ" D-uring tle 1985 survcy of thc Ropcr, tie fust c' Jbltnrtoni was sightcd otr_Oc 
tm SS-10O scctioD, a"d thcrcafte. at lesst a furthcr 41 c' ioltrutoni were sightcd on thc tidal

scctiotr to Roper Bar (alt isolatcd C. ioh^ttoni was ia fact sighted or the.kE,45_51)- sectior)'

Nlletc.l c. Jrorond wEte sigfucd otr thc samc secloag of the maidsueam inhabited by ttre c'

iohnttoni.

The &aEatic chargc in thc rclativc abuldadc! ot C, Po,l6tts altd C' Jo't'utotd betr'cen th€

ti<tal seaioq of thc oaiosuea.o itameiiately bclow RoPcr Bar and thc non-tidal scctron abovc it is

sc€d by exaEining Tablcs 1 and 7. Ot tle 14.9 tm secton immediataly above Roper Bar, 73 C
johttttoni !/,ere silhtcd aad o"ly oae C' PotDsq bctscm Lm 1453 ald km 353 oo the 77 km'suwcyed 

abovc the lar only that oae C pomsus *as sigbte4 whcrcas 3O7 C iohnstoni wete

conated.

Otr pagc t of Monograph 12 wc Dadc thc stateEcdt that throughout our s rvers of thc

northern iustralian rivc* vE idvariably havc fourd tlat tle density of C. Poto$6 plummets as

soon as tle ftcsbwatcr scctios of riwrs arc rcachcd. We intimatcd similarly or p€es 334_335 of

Moiograph L Ar we hayc seet, this is a*sentialy so h tf,e c?se of the Grc p 1 tidal- systems' but

ia the-casi of the nor-Gioup 1 systcEs it ccltaidy is aot so. What one c'aa say is +at for tfose

tidal systcms rct tcrmilatilg ir ftqshx/atcr swamp6 but bccoming a.series- of btemitte

watcrhiles, tic dcnsig of C PoDtt$ is cssc ially z.ro otr thc nod_tidal sectiors of the *atcrway'

A word of caution should be intcrpolated h€rc. The fact that do C. Poto$4 arc at prescd

fould oD thc up6tream Roper do€s not nec€ssarily meaa tlat there nevcr wer€ siglificalt dumbets

of C. rororrJ o{ such scctions. W€ are lookiDg today at a depleted populatlon' ard one hundred

years agq when the population was much high.r on $e ridal secdoG, it is possible dany Eore c'

po 
"i 

i.J" pushid- up into the non-tidal sectioos. The same wanhg applies to tle

interpretatior oi the distibutrols or dost othcr systems as \\€ll. Thcy rc0ect severely dePleted

popu.Lations in maay cases,

The delsity of c johnstoni siShted in the six waterhol€s GectioE) surv€ycd varied

considerably, from 2.1/km on tle km 2()7.0-28.1 sectiotr (Table 2) to 7.0/km or th€ kn 349 2-

352J odc. The overall density for the six waterholes was 4.0/km. The waterholes otr lle upstream

Roper River arc couing uder ircreasiry tourist pressure, aad we fourd definite evidenc€ of

po;chitrg for c,r'ottt6,ont, using bait€d hooks, on the km 207.G28.1 waterhole.



l0

Food supply, in tf,e way of sEall fish and sp€cialy fteshwatcr toftles, appcrred pteatifirl in tle
waterholcs suweycd, Barra.Druldi vrcre lo\rhcrc to be seel and not a siDgle tourist that *E met
had bccn sucrcssfiil in catching ode. One nonders at thc iesource plandrg that alows the
dcstrodiod of such atr exreEely yaluable tourLE a6sct as baflalru.trdi whetr only a few individuals
benefit ftom this dcstruction. The vratcrholes do rct appcar to provide very $ritable babitat for C.
poron6; however, thcrc is one exceptioo, aad that is thc dowlstread portiotr of Rcd Lily Lagoo4
LE 3AJ-3354. At km 3185 thcre is subgtantial ftcshqater swaEp which appeared to provide
€xcelert habitat for c' porarar. We were cowhccd that if C. porc$/J v./a! to be found od the
exlreEe upstrcad scctions of tha Roper Ri!q, thco this c.as tic area. On 15 Jdy 19g6 we
chaner€d a hcl.icopte. so we could carly out carci low lercl $rweys of tle swardps, looLing for
sigDs of C.Poro$$ a.rd specidly for old rcsts. Nonccms foud.

THIS WAS, AFTER 16 YEARS OF SIJRVEYING, OUR FINAL CROCODII.E SURVEY
IN THE NORTT{ERN TERRITORY.
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TABLE '1

ROPER RIVER' KMi45.3"160-2, JULY 7' 1986

iv - n vecerero* rvrw - rN vEGeTATIoN lN walER ov-oNMUo lM-TNMUD
SWOE - SHAILOW WATEF ON EOG€ MS - MIOSIFEAM EO - EYES ONLY

T.bk I
iriJlo or c ,o*-or oo.,.a in an lia cLs..d sirqtro! on updram R6r< n'€ orc t5J1 c

ii#i,iiltJ a t.in:o * iMlud.d in r.bk. N*hshlins d'nn(v ii ' 3 km

TABLE 2
ROPER RlVEn, KM207.&228.1, JULY 8-9, 1986

ii - in veceriroN vlr,v - rN vecETAnoN N warEF ol'r-oNMUD rM-INMUD
SWOE - SHAIIOW WAIEN ON EDGE MS - MIOSTREAM EO - EYES ONLY

T.bl.2
i;;; or c nrd@i tDdr.d i. *n tia cLs.nd dion on up{ts Roo€ Ri€ Non h'tchlin'

SEE |r{ FEET
(neIrcs)

NUMAER
OF

cRocs

SITUATION oasEavEo
FEEOING

OM IM swoE MS

HATCHt-tIG

(464.9)

@!tt.2)
2a

(1.2.1-5) r 9 1A

5

(1.&2.1)

(>2.1)

a

EO 7 5

SIzE II{ FEET
(netrcs)

TUMAER
OF

cnocs

s|Tuarotl ossEavEo
F€EDINGtvlw o{ll IM swoE MS

HATCIIUI{O
2\t

(0.649)

(o.91.2) 1 1

Q.2-t.s)
1 5 1 5

(1.tI.8)

(1.e2.1)

EO



!4

TABLE 3
ROPER R|VER, KM236.2-241.s, JULY 10, 1986

SITUATIOT{
- - _  

I

OASERVED
FEEDING

i

IV - IN VEGETATION IVIW - IN VEG€TATION IN WAIEB
SWO€ _ SHAIIOW WATER ON EOGE MS _ MIDSTREAM

Nunbd of C. ,/.ldori rDdr.d in ab rE ct - rd rnaion

OM_ONMUO IM_ I | l lMUO
EO - EYESONTY

q uDdd toFr Rivd. Non-hr.n[n!

TABLE 4
ROPER R|VER, KM252.$267.0, JULy 11, 1986

SITUATIOI{
OASERVED
FEEDING

IV-INVEGETATION IVIW - IN VEGEIATIOTI IN WAiEF OM_ONMIIO IM-]NMUO
SWOE - SHALLOW WATEF ON EOGE MS _ MIDSTFEAM EO - EYES ONLY

Nrmb.r .f C- /tora6^i sro&d in *h ii& drs .nd .n!{ion on ugqEn Rop.r Riv.r, Non-h.t htins



IABLE 5
ROPER RIVER, KM318.s-33s.8, JULY 13'14' 1986

SIZE IN FEFI
MS

(0.91.2)

i"gi".j$'$^t'* vrw - ,N VEGETATToN rN wA r€F oM-oNVLD M-rNMUo
Srvoi - lieu-ow *nren ot EDGE vs - vtosrREAM Fo-EYEsoNlY

[10'li*l 
" ".,--, 

'"."* { 4n rG dsind i'rdtion on upir.- RoF Riv6 a sids*k

i,iii.ii"i *is''".o.a .irrg . td.r d's"e or 17 e rn Nor'h'rchri'3 dd{tv 6 4 4 rm

TABLE 6
ROPER RIVER, KM349.2.352.5' JULY

iYi",iil'S^".." ,v,w - 'NvEGETA-roN rNwaTEq oM -oN MUo rM -rN vLD
siryoi -iierrow wnren or EoGE Ms-MTDSTREAM co - EYESoNL'

Ii'0,1"* 
"t " 

;.^^.,', .*".d h *h si& ds rnd 3nv.'io' on uonraF Rop't Ri4' Non-h'cririn!

12 ,  1986

fruMSER slTuAnot{ oasERvED
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TABLE 7
OVERALL UPSTREAM ROPER RIVER, JULY 7-14, I986

IV -IN VEC€TATIOI{ IVIW - IN V€GETAIION IN WATER OM_ONMUO IM-INMUD
SWOE - SHALTO\{ WATER O{tI EDG€ MS - MIOSIREAM EO _ EYES ONLY

Ndb.r or c. '/oi6rai sp6(d in ah rir. .L3 tnd si.uion .n uor'@ Ro*r Rivd froh knl45.l.
O.. tl51 c' pa'M :'j!nr.d { knl15.0 nq i.ctu(H in rrbrc. TMt dEh.c .u*.y.d r3 72 rn,
rildina I r6-hdchli.a ddny o14.0/rh.
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2
f

IYPE 3 SYSTEM
DENSITY 0.4/KM

H + {2-3',) + \3-4'l > 11%
. >14'5') ' 73%

TYPE 2 SYSTEM ".
OENSITY 0,5/KM

H '  14Yo
H + (2-3') + (3-4) > 33%

> (4-5') = so%

TYPE 1 SYSTEM
OENSITY 1 ,s/KM

11 = 27o/'
H + t2.3',1 + 1.3-4'l > 52%

> (4'5') = 39%

1 0  1 5

OISTANCE UPSTFEAM (KM}

Frgulc L Typicrl dry scason satidty profilcs for the tbrce types of tidal liver systems ocdtdiog m

td noaa i 
_aassiliatio" 

6cheoc' In a DPc 1 systeio t-hc sali.orty dccleases stcadil^y as onc

Foglesses up6Ecao ftom ttat of seacrater dcasured a! ttre mouth of the c|at€ls'ay ('35"/oo)' In

Loi""t, io a fyp. : 
"ftam 

the saliaity increascs steadily as otre Progles5es uFtlcaE' Typ€ 2

s'stcEs fall somewhcrc betwccn 'I}Pe 1 and T)?e 3 ststeEs and tcdd to show hyp€rs'lide

tcddesci€s as thc dry ssson progresses (pagcs 100 aad 101 Morcgraph 1). As slowa above, the

doa-hatclding density ad siz€ sttuctue o! the crocodila3 sigfued jr the tf,rec kh& of qstems

diEer strikingly (Iable 921. pagc 419 Monograph 1).
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Figure 3a Distributio6l patlefi of Cmcodylus prostts ol1 the Adelaide iD July 1yt, SepteEbet
1 , September fr19, atrd July 1984 (ftom p, 100 Molroglaph 19).
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Figurc 3. Disfftutional pattcd of socdilcs or thc dainstrcaa of the Vicroria Riv€r System in
AWUst 1978 (from p. 34 Monograph 2).
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Frglrte 38. DisaibutioDal pznern of Crocodylus porosut on the East Alligator River i,l Octobe!
197, Ju.oe 1978, Augost 1yl9, atrd July 1984 (ftoo p. fl9 Monograph 19).
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(froE p- 180 Morcgraph 19).
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197, July 1yE, August 1yD, ald Jrny 19&l (fio6 p. 181 Motugraph 19).
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November frl9 (ftom p. 89 Monograph 16).
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SUMMARY RESI'LTS OF SIJRVEYS OF TIIE IIDAL WATERWAYS
IN TIIE KIMBERTE"T OF WESTERN AUSTRALIA

DIJRING IIIE YEARS D77, 197E AND 19E6

E M6s.L C.C. Vorltc.k, dG. W.ll!' WJ. G|tcr dLC.Orley

DepartDart of Etrvi.onoental Ph)Bics, School of Physics
Univctsity of Sydrcy, NS'w. 2'(n6, A$aalia

rrd A..d Burbtdg! snd PJ. Fu[€r

Wcstcrn Austsaliaa Wildlifc Rcsearcl Ccltcr
Dcpartmclt of Co8c!'ratiod alld Il[d Malagemcnt

Occar Rccf Roa4 Woodvalc' Wcstem AusEalira"

ABSTRAC1

SoEc 50% of thc importalt Cncodyfus Porotlls habitat i! tte Kimberley of w€stcd

Ausralia was survcycd for O" ttst ti." auriog th" yca$ 1yt and 11/8. In 1986 wc r-c-surwlcd
nost of thc tidal systcos first survcFd in 19t ad 19?8, alrd id additiotr surrq€d tle 203 LE of

tidal systcms io tlc wast ArE of C;Ebddge Gulf. A dow but importtnt rccovcry al4'ears to be

od thc way on thc still rcaotc tidal Yatctc,syB of thc Kidbcrlcy.

Thc rccovery on thc Otd ad Gle@lg Syste6s diDics that of lhc tid'l- waterways or the

aorthera Arnhco'Laad coast and ir undelstood od the basis of our PoPulatior dynal:rics dodel for

C. aomsu.r but a aumbcr of i!triguitrg qucstiols rcEain Aicr alr irt.i/'al of 8 ycatq both of thc

i"it"." 
"oa 

oo *icf 
" "--tatOing 

aeidty taca tfan shat wEs fourd Pier thc Systcds wcle tust

"L**a 
W oi io fc?8. Tb" orr-tcr ot (S-6) aainals sightcd redaircd dosely the samc or

a"*"1".iC'uo*"*. tr" uumbcr of largc aaimais sightcd ess€nlialy doublcd in boih cases Tte

.atio of (3{')/argc asidals delrc.sed as Pr.dicted

The Princc Fredaiick Harbor and Princ€ Regpnt Systeds show a slow but importa

rccovcrv. Oo thcse svslcEs, with theit rcr_Type rcaring sto'ky6tds ncar the mouth of the

i"i^tir-, oo, o.rv lL thc icnsity of non-hatchlings iddca3ed but the Eb€r of largc animals

f"" 
"l-*t 

GU"a' Thc.atio of i3-6)/largp aninals also fcll as prcdicted' our populatioa

dynadcs Eodel is ablc to accoult for thc rcsuhs ad itr facl prcdicted such a fuding'

Ia 198 wE gavc ,n cstimatc fo. thc numbet of non_hatchlirg C.potosr 'emaidiog i[ tlre tidal

c,atcrc/ays of thc-Kimbetlcy id wqstern Australia. Out estiEate ther ras that a daximud of 2'000

ooa-tatcblirys remaiacd- What about our estinratc trow? A total of 978 doo_hat'hli'qs were

"ign"a 
oo tf,c ;SO.l t- ot tialal waterc,ays $rrcyeal T[b yields an estinatc lo-r- thc actual nrnb€r

of-non-hatchlings of bctweetr 1J41 ad 1,66?, at thc 95% confdcnc! le!€l'- W-e cstlTt: that wc

h"* oo* .rrt*i"d *-" 67 of the importa!! qocodile habfuat in lhc Kimberley Ttis beiog thc



casa, tha cstimate for thc total aotr-hatchlitrg C. poronr populatior itr Wcst€rtr Aultlalia is
bctwc.n 2,3@ and 2,488 'niF,l.. Jt is to bc coEparcd *ith tlc somc 1m0 ariEals rcportcdly
tak6 for th.h skins around thc Adniralty Gulf area aiotc' duri4 the period 19631%5.
Protcction for C. ?o''rur sf,ould codti re, for it ir nol, al4rareot that rccovcry of the population
dust be m€sured in decadcs.

Ou.rsu.lts po6c a audbcr of irtcrc6tirg que,stio.s, esperially about thc paucity of hatchlings
and cocodilca id tlc (2-3) sizc dass sightcd duriag tf,c 1986 survey. Thc dumbcf, of la4c
ciocodiLs sigfucd inceaicd by a factor ofabout 3. Codd can dbalisa by tlcse animals be olc of
tie rcasons for thc sdall hatcldjlgs and (t3) nuiabcls sighted?

INTRODUCTION

Dudng thc ycars 192 ad 198 x,€ systcnaricaltt sEvcycd ald chartcd thc lrajdty of thc
largc Kinbcrlcy tidal rir&r systclrs Grr$. 1 a 2) and iivcdtoricd Crccodyltrt poftsus in r}lem"
Thc ody sig!ficalt arcas lot survcycn in tho6c Fars {,E c thc Walcott h.lct-Sccurc Bay arca and
tlc Wc6t Arrt of Cambddgc Gulf-wit[ thcn associarcd tidal livcrs. Dudlg 1986 wE lcaulvcycd
Eo6t of the systcmr w€ had doDc ir 197 aid 1978 ad sunrcyd thc tidal systems of tlc Wcst Arm
of Canbridgc Grrlf for thc 6.st tine.

The fouowilg tidal systcDs of the Kidberlcy i! Westcn Aust alia w€re suvcycd by us:

CaEbridge Gulf
Ord River Systcd (East Arm)
Wcst ArIn
Sclels C.crt at t n l25
Forcst RivEr at tE 15.0
Caral Crc.k at lm 16.0
Ptrry Crcct at ko 18J
Kng Rivcr at tm 35.0
DDrack Rivcr at tm 61.0
Pcntcco6t Riv€t at tm 620

Pon Warrcndcr
Ial'lcy Rivcr SFtcm

WalmcdyBay
Mitcbell Rivcr SysteE

P.incc Fre&ricl Harbor
Hutrtcr Riv.r Systcm
Roc River Systcd

St Gcoigc Basia
Priacc Regcnt Rie. q,stca

Georgc Watcr
Srlc RiYer
Glcrclg Riv€r Systed

t4?tt\ 1r+5r|'F

14"24',S 12!42'E

Iatitudc

15V3'S
15"11'S
15"17S
1t18S
1ylts
1y2(rs
1f30s
155
15:'7S

15"02'S
15'08'5

1f58',S
1t48S

L.ngiMc

12glCE
128'06E
12ao8€
\8ilts
1?80/',E
12f08E
12f0tE
1j,rfi'E
1275t'E

1f,4's 124.49'E

?l"?3',E
Ds2rry.

t2A"N;',E
1,4.42E

The coordirates showtr are thosc for the kd 0 poiDt of thc $/ork Eaps girrn i! Monographs 15 alrd
x.
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Thc sufl/rys of 1986 esscatizly witrd up our 15 yEar FogtaE of sFteiraticaly sutrcirg ald

"hrrtion 
orcr tbo tid.l 

",ntems 
ia nolhcra Australia atd snr'tying 3rd hvcnloryiog thcir ctocodile

oooulaions. Thc rcsults of this work havc appeared it a series of 19 Monograpbs publishcd by
ijrganoa Prcsr (aad t*o reports publi6hcd by lhe wcstem Australia.n GovcrDmetrt on the lyt

aad 1978 survcys).

Tf,c worL $fi.marizcd vcry brG0y in thc prcscnt Pap€r covers the survcys of 1yt, 1978 a{d
19{36 and *ilt appear iD d€tail;! MonoSlaph 20, a spccial loluec dcvotcd daiDly to tidal systeEs
iD thc Kinbcdcy of W€stctn Australia

Ttc $rflEys of tho maior tidzl sFtcns b tbc Kimbcrlcy carricd olrt iT 197 ard 1 w€re
imDonalr uot iust b€caule wr wrra ablc to alc€rtain thc sta$s of C.Pot"flr in thosa sFtemE but
wJ" nore i-portatty, it n63 results &oE th€sc suwcrrs tbat Provid€d a dudbc! of the basic id€as
about thc dynaEics of C.Potot6 populatioD3.

WLrd thc 1977 ard 1973 survcJ6 rcrc cardcd out il the Kimberley, rrc still did not have a
nodel for tlc dyaaoics of C. poros,s populationq in fad data &om thc frt sutl€y of thc Prifte
Rcgclrt RivEr Syatco Fovidcd uswith o!! of thc 6rst du.s for our Eodel On page 47 of Report
24 c,r 6taleal:

'Itc distbutioa of crocodiles in tlc larger sizc classes ir thc mai! Rivcr 6nd its
qcrt! k simils to that of a badly dcplctcd poPulation, €xclpt for the alEost
comptctc abs€rce of larSlr crocodiles acar thc mouth of thc Riv€t Clable 8).
Ttc disttibution of tbc sizc dassrs in SL Gcorgc Bash Clablc 7) is ia stritiug
cootrasL Hetc thc dajotity of ctocoditrsr 3ccn w€rc grcater than 12 km long
iachrdiag 28 ovcr 1A m,'

Our rcsurry of Prince Ragctrt i! 198 thct! lcd us to Ealrr tLc folowidg statemcats oIt pagrs '
ald 28 of Rcport 34:

'If ona compatcs thc auobcr of ctocodilcs seco ia 197 ald 1yI8 for ttosc (reek

survq'e-d in-both ycars, thcir thc 72 iacluding 10 hatcbling, q9 !9 F ".-pg4with i5 itrcludidg 25 batcblingt. Thc tc! 1yt batcblhgt wouf4 if they $rviecn'
bc h tho tro!.tat ilings woul4 if thcy survire4 bc in thc ton-hat'hltng !!1 by

rr8 so thc ?2 ctocodilcs of 9Tl ztc d@' to be comparcd *ith 745-50
crocodilcs remaining il 1 . Thuq therc is cddencc fot consi&rable hortality
ard/or cmigration in t[is populatior. Cooparirotr of lhc trueber iu cach sizc
class indicates tbat this occurs [ot ooly id thc hatchling but in the 3 to 4, 4 to 5
ad 5 to 6 foot size classcs as rarll Thc decrcasc aEourts to 317o ard is similat
to that foutd by otre of us (HM) in E,any othar river systems in rortbem
Austr"alia""..,

"Eenidation of ilc sizc stsucturc of tic crocodilcs observcd itr eacb of the north
aad soutl arm creels (Iable 4) Fovides cvidedc€ for a aajor iryut of sEaI (2 to
6 fcct, 0.6 to ffi 6) ;d ht8! (>6 fe€t or 18 m) ciocodiles ftom thc Prirce
Regcot mai'strcao and its crcck. Thc sEall crocoaliles which aPpcar to haYc
m;d hto thc Basin crcek complercs arc in the 4 to 5 feet (12 to 15 m) ad 5
to 6 fed (15 to 13 d) classes ald appcar to be aLEos! eveDly distntuted aEory
rhe Eash crccks, with perbaps soEe hdicstion of a low.r delsity fifibcr away
ftom thc River moutlt '....



'Ibc Princc Rcgcdt Rivcr and St. Gcorgc Basia, a: a wholg yiclded 189
crocodilqi, tli' of which wcrc nod-hatcblings. Ttc combimtio! of a rivcr nhicf,
pror/idas rc6titrg habitat uFstrc€m ard latgc ma'lgrorc bLocr.s at its 6outh ir
uniqug ald firtticr study of tf,c systed aay lead to a bcttcr understarding of
EovEmdrt pattcms in thc Salt-wdtcr Crocodilc.'

'It b undoubtcdly tho aristdcc of th.6a arEs which lcads to thc ulusually high
Foportion of largc (>6 foot ot L8 d) comparcd to sdall (2 to 6 feet, 0.6 to 1.8
m) docodila3 in thc Princc Rcgcnt Rivcr systrE The ratio is 5418, equiqleot
to 69, whc.cas thc mcan ratio for all ri\icrs countad inAustraliais?7% (Mess.l
d al $r/8b). It is poGsiblc tbat is otb.r riv€f, systeEs wLerc siEilar Eargl:ove
blo&s do trot c8ist thc largc cocodilcs Eolr out to sca and a proportiolr perisb-'

Aad or pago 36 of tho sarno rcport:

'On6 intcrrstirg diEcrcEcc bctc,rcn somc Kiobcrlcy rivcr syBtcds ald tho6c ia
AmhcD Illd hr3 cmcrgcd ftotn orr ahrdies" Soac Kimbcrlcy drus havc
cdc!3irc arcar of Ealgrorlr-lincd tidal crccls rcar thc Douth of thc Eair
$rcadiDg' riEr. This is esF.idly eridcat i! thc Prilcc Rcgcdt Rivcr, ard to a
somcwiat lcalcr ardc[t, iD tfc Gbnclg Riv6, but they also occur i! thc On4 Roc
ald l,awlcy Rirrcr systcns Exocpt itr ttc caa€ oI tf,c Las,ley thesc malgrovc
bloclG harc lu'rbcrs of largcr crocodilcs livilg in thcm wbicl havc mowd hod
thc nah river wicrc thly batclcd. F\rrtbc. study of thc relatiorships bctwr.r
thoso aolding areas' aud t[cir breedirg rivB3 say giv! cluca to thc doi'€rrcot
patlcrns of C. potoJur, sircc io llost Artrhea l,a,rd rivcB tlcrc arc rot suci
'holdilg arras' a,ld many docodild doviDg dowDstrcaE al,patotly lcalc thc
rivqr systan cEtircly.'

Ttcsc tcaarLs aic to bc conpaftd with a nuEbct of thc Eajor point! of our Eodcl giwD latcr ir
this scction and *i[ bc sec! to bc vrry ouch b keQirg witL ttcE- But Eore oI this atror,

Aaafyds of thc !u[bcr, distribution and sizo sEudure of crocodilas sightcd duriDg thc
Scrcral luvrys of rortlcl! Australiar tidal systcms hdicatc! tlat oDc of tf,c do6t iDportad
paraEctcrs chanctcrizing a tidal l,.atctfl'ay ir ils sahity pioflc. The Fo6le and habitat typc
imago @! anothcr ald appcar to larg.ly dEtcrnirc tho suitablity or otiarwisc of &c tidat
w"atcrflBy for brc.din& rcstirg :ad rcariag. It vas i! Monograph t o$ thc Goomadccr aad King
Rivcr SystcdE tbat wc fust .l'..iffcd dhc tidal rircrs ard cIccls or thc no.them Arnhem l.atrd
coasdhc .oughly idto thrcc dificlcrt typc€ of q,atcrways (also s.e pages 10G 105 of Morcgraph 1).
Tl;s .|.<iFc,rio! plalcd a critical rolc ir thc uiravEling of thc dynamics of populatioos of C.
izor?r4r (*pc.ially scc Modograph.s l, 5, 9, 10 and 1.1) and is givcn by (see Fi& 3):

IYPE 1

Nordally, t[es€ arc tidal riler systci'! dc,lrdering througi coastal ooodplains and bavirg a
lrajor ftcshwater input dudng thc t,ct scrso!- Howcvcr, in tlc lcmbcrlcy thc rivqs oftea rult
tbrough ruggcd gorgc,s and fault lines. Thc frcshwatcr iDllow dccrcascs but rcmaiD $f6cicn! as
thc &t scason progrcssrg to prornt tf,c salidty upst cam (thowh progressilg upstreaDr
gradually) fiom rising abovc thE B€a water valu.s dca$rcd at thc mouth of the syrtem. S'stems
usualy nDrring tbrough coastal f,oodplairs baw good to excclledt rcsting habitat ald could be
cxpccFd to havc good lecruit:rert poteDtial The Blyth-Cadcl Ri@rs Sr6tcE (Morcgaph 1) is
orlc of thc bc6t cxamplcs of the Typc 1 systeDs ol the KiEberley k usually morc liEitcd add tlos
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thc rc.rurtrrcnt potcitial of thcsc ststci$ is d4dcas€d accordirgly' Tbc Or4 Ro€' Princc Regcnt

ald Glcaelg riv; Systcos at. cxamplcs ofType l qatetwayr i,r tbe Kidberley'

TTPE 3

Tldal *atcrwayr whid ako havc a latgc ftc'lhe'ater i4ut drdlg the hcighl of thc wet seaso&
but h wlich tic ftcshwatci irput dtoF.apidly w h rhc ots€t of thc dry scasot' Thcsc watetwalq

r,li"l u"ortty t 
"" 

tlo"t suwiyabte ti,nglts aaa otcl have dired opcriDgr to thc aca' arc typifred

by saliddcs'that, durirg lhc dry sea5o4 atc abovc tf,osc measurcd at their doutis ald that

ilacasc with iaccasing-distancc uptmam-tlry are hypcBalhc ald becooc hcrcasiDgly so as thc

dry ;; pt"g*"*. Nasting h-abitat in sucb systcns is dirinal or rcn-exisle A[ Mg[t

Crclk (Motrosaph 5) was givca a! an cxaEplc of such a3 systcE: mo6! of thc coastal creeks

.ur*v.d o" ti Jrurl* coest of thc Gulf of carycltaria ako fal hlo rhis ca'cgpry (Morograph

a), fu lhe KEbcrlct, ?oro6u crc€ts (Prilcr Frcdcrict< Hatbor) i5 a TI?c 3 systeE-

TITPE2

Tldal systcns v,hich fall soEsrhcrc bctwee! Typc 1 aad Typc 3 abovc ad tha! tcrd to show

hvocrsalinc 
-charactcri*ics 

as thc dry saason Progresses. Such systeds uualy harE gpod lo poor

o"rtl* l"litrr -a .quit"l"ot rcsuild.at polcrrial dcpcding upon hol{ closc thcy ate io Type 1

* f a6ovc. ft ffuaict RitEr i.n Prilcc Frcddicl( Haftor is a Typc 2 systcd'

It wil bc ac.d (sc. Fig. 3) that cach of thesc t.hlec systcE typca has its owB chtradctistic typc

of salinity eadatioD.both lo t"sp""t of d-" of y"* and distarcc upstrcaE, ald tlat tf,e $lidity
c[aradc;isti6largcly dct rditrc thc nahnc of tf,c systcD' The salility profilc of a qatem Eay be

said to bc its o*" itlq* 
"ig.tutc 

A rircr srstcE Eay bavc dultiPlc sigDaturat odc for its

oaiastrcan and thca othcr dificrci sklaturas for tlc (fceks ard side crccks'

Thc Eodcl {Aich wr ha\,E built uD and bave bc€tr rcfniag (sec 'sPccially MonograPbs 1 aT d

18), as oorc data arc obtaircd, not ody cnabLc.s us to sccoolrt ir a coDsrstcnt fashion for thc va3t

storc of field ob6crvatiotrs aad rc'sults ws haw accumul.atad for soEc 100 tidal raterwaF m

northcm Aufalia but dso clablcs ||s to ltrcdict succc'ssfirlly rcsults crp€ded olt futulc individual
sorvcys- Thc llodcl tuls as follows:

L Thc tidal sate aF of northem Australia havo bees classified accorditg to thcir
salinity sigDatura3 irto fyPe 1, TypG 2 and Typc 3 systcns sho!/E it !i9 3' 'Iype

l systcos-arc thc oain brccdiag onas ard aorTypc l systcE! are usrrall- y poor or
m*brcedilg tystees. Ir b thc ryPc 1 systcEs the &cshPatcr billabongs ald
scmipcrmarcot ald permadc[t frcshwatcr swr.EPs :lssocratcd wlttr lned tn:rt
accouat for thc najor rccruitoc of C. PotoJta; tbc other systeEs contribute to r
lcss6 drgec atrd thcy Eust usua[y deP€d largely upon Typc 1 sysleEs atd $cn
associatc-d frcstrato comptcxcs for tte Provisiotr of thcit crocodilcs' Nos-'IlTc
1 systco aLo so&etiEes havc ftcrheater coEplexes a.ssociated *ith thco but
thcsc atc trorEally quitc dinor.

2. As hdicatcd h Frg. 3, out rcsults show that il Type 1 systcdr somc '% of thc
crocodiles sightcd arc f,atcbling (of which sodc 50 arc torEally lost bctweea
Juac of oac ycal aad June of the nctr, pagF 394 Morograph 1), wh$eas in-Type 3
systcds dowtr to 47o, shoerilg a much decf,e.scd halcl iDg redui@cnt ir ron'
ilpc l systcEs it is at lcait 52%, On th€ other haad the p€rcentagaof ciocodilcs
;" il" it+fl 

"ize 
c.lasses is sode 39% in 'IyPe 1 s),steEs and 7J o! Typc 3



sr6teEs. SoEe 79qo ot t\e lon-hatchlirg crocodilcs :rc siChtcd od TVDC 1
whtcrwaF ard 217o o! non-Typc 1wllcrwayr (pagc 4f9, Monograpf f). 

-'

lle rclatiwly fcw largc, aad more &cqucrt small frcah*ater bilaboncs aad
scEipcrEarcDt a.d pclEarcD! frcshwatcr swamp6 associated with' ridal
watcrw:ryE arc l:nown to coltair C. por*w blt barc rct bcc! irlv&loaied
3FfcEaticaly, cf,crpt itr a fcw cas6. Thc accuratc clctt of tbcino!.hatchli_ac
C.porwrg populations is urtnw!. Balcd upon thc fact that thc ruobcr of hG
ftesbsatc! swanp ar€a* with ruhctrntial ncrcnnial warcr (uormaly lgrdcrhg oi;
rfiEr caa.trlals), tn- rorurehAustnlia i5 vcry liEircd_pobap6 l(|0 kmz DaxiEo.o_-a!s upon udrt.d obsdvatioaq wc catimatcd rhat i! 19t9 thc rc!_hatchlirg c
pofon r populatio[ wrs less tb.a! 20% of thc doFhatc hg populatioa sighrc-d i!
tidal systcns. Wc mor belicvc that thc 2O% figue c,a3 ar;vcrc6ti."t" iLfC79--
a! ur${ al }€3r a&sociatcd with onc ofthc ,&ia* $rf senlotrs on lccord. Is thc
Xinbcrlcy thcrc arc ycry fcw ftesh*atcr sramps or trillaboag

It appcaB that tf,c pop',|'.ing of uo&Typc I syElcDA (hypcrsali& or panialy
nypcilairrc coagal aod no!.coastel c,Elcrwrys) rc$r.lts no6tly &om tbc enlusio[
of a largc Faction of thc sub-adult crocodn; froE lyF 1 systcE6 ad ary
&6hwarcr coEpteEs associatad with rhca. Adulr ctocodiles appcar rcacralh ti
tolcratc hat.hlins, (2-3') ard sonctirner cae! (3-4) siz. J6-aitt io ri"i,
viciniiy-but tror alr|ay* thcy soEctilrca cat thcm (pagc 43. Moro6aDt 14) or
LiI thcn (pagc 33l, Morogaph 1). krgcr csocodics-arc *t ,of"i"ri.d- rt*
mcc a crocodilc rcachcs t[c (]a) aad (+t) sizr .r,".ea ir b litcty to bc^n.n.ng.d Ecrcasugly not only by crocodil€s Dca, or i! its owr sizc dass (oaaas
454.458, Morograph t) but by aocoditca i! tf,c largc sizc class€s" Ir is thu3*ti.fety
to bc anctudcd ioE thc arca it nas abb to occupy wica it ras snalcr. ,1. r,ery
dynamic situatioa prcvaik with bott adults ad ;Ladults bcing forccd to noi
bcts,€6 var'ioo! conpondts of a syslco ard bctvrcca sysicns. croj e
r!|craeotrlt or aggrcasivcncss bctrtcn cocodileq ir aI sizc classcs ircrcascs
dourd OctobcF-durilg- thctrcrdiag scaroa (pagc ,1,|5, Monograph 1 ad pagc
19,.Mq9*p! E) 

""J 
cxctusions, if ary, lornaily o""* 

"ro*a 
iU, poioi" 

-e

substutialtactio! (-80%) of thc sub,adults, Eosrly i! rhc (3-6) siz. ctarrca but
also indudirg irDnahr& largc crocodilcs, is c!€ntualy exftaci fton tte rivcr
Fopci o. 6 prcdatcd upo. by lzrgcr (focodila{,

Of thosc c.ocodilqr tb.at lave bcln crcludeE soEc may talc rcftgc ir ftests/ate,
swlo! gcal a4 binaboigs associqtcd with thc *atcrq,ay ftom which t!ry wcrc
excluded or iD thc watcrs,a',rs ro!-Typc 1 cscets if it ha.c any. Others nav navel
,.loog thc coast u il ry "laace (?) they 6ad a non-Typc i or aaotter'tlpc t
watcrway, howEver i! tbis lanq cale rhcy Eay again bc cxcludcd froa it; ot_bers
Eay go out to sea ard possibly pcris\ perhaps b€causr of lacl of food. as rtev
arc.l,argcly sha.llow r,atd oa cdgc fcldcis, or rhcy nay bc talca by sbarfs ftosl
DndrDg Eod-Typc 1 systcmtr o. asrociatcd ftcshwatcr complercs, &eouc[t these
arca, which ad l: .e€rilg stod(yard& for r/aryirg pcriods riatil they rJach scxual
aalnrty, at which tiEc thcy cndeaibr !o rctum to a Typc 1 brccding sJstem.
SiDcc a largc fradior of r.hc crocodilej siglt.d in ron-Tfo r systems-m;t bc
dcrrvcd Eoo llypc 1 systelrs and &eir a.6sociatcd freshvratcr comDlcxes" thev are.
a.6 seen in (2) .bovc, prcdonirardy suFaduhs in thc (23') sizc j; nature ;ddb
dighl atteapt to retun to aad be forccd out of a systim Ea,ly tidcs beforc
Elally bcinq succersfrrl i.! esrablishiry a territory in i rypc 1 sysrcm o, ill irs
assoc!*ed treslwatcr coEplcx. Crocodiles Eay havc a booirg irstincr (this
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iEDortant poirt rcquircs hllt[er study) ald cvcl though a &action of-'rocodiles--Jv-f""ffy-*tt 
- ti -a rcaail ia a typc r system or ir its associatcd fresh!'ater

cooolcx thc olsrall suFadult ouEbctr ii*ing-prcsumcd dcad-rema[ DrgD

and;ppcar to bo at lcart 6G70%.

Normall* in thc Northcra Territory, th. ftcsiwatd codpl€lcs (s*amps atrd/or

l;ffrtuoo6l 
"*ro"i""a "io 

tidal qstcEs, alc fouad at the termilsl scdiors or

.-"rf 
""iLg"..rL" 

."Utg inlo thc Eai! crat'iray, or at thc tcrnhal sc,c'tior

of thc 6aiEsttcaE(3). Thoug! $k altematig habilat t!| uliutlly vlry uErtcd ltr

;;;;p*"dL laal ."nctiics ercrsirc ycarlv) lesting does tale placc oo.it'

Thcrc art bo$evcr, sevcral faitly crclsivc frashwater corDplex's aesocrated wrtit

iir" r d"r systcms aad thcsc arc important as they Eay a€ botb as rcaiirg

"t'o.fr.ta" 
*a a! brccdirg s]'stcms, iust as ihc D?c I vraten/"ay clo€s rBc-&

Ex.molcs of thcac ar€ the Gly& Rivct !/ith thc Arafi[a swamp (Morrogra?h v)'

thc ei;rat* n"gio" nitttr *itt tt"it *eU^a" gnro"ograpbs 4, 14 ald 19)' and

thc Dai. Fl[nias, Rcvnot& and Moylc Rivcn with thcir e/ctlards (MonogaPh 2)'

Th. #s fh"".,'"rbi"h apF"'s to o""* durhg tbc.xclusi'od3 ttq'q" F
cxpcctcd to bc lorEr for movrdetrts ilro ald out of swanP arcas assooated cT tn

" 

'wp. 
f *"t".*.y, tbe for movcmelt ilio ard out of coastal mn_Typc I

"yatifu 
rn r*" lri *s duc to flooding car also bc expcdcd to bc leas' r#c

ilt" ob6cntd ocsB Dadc of doatiog gass crnc mai3 i! the DaIy Rivcr

,cboti;"d Roa"l|€ ar"a. Thus rcco'cry oftf,c C.poms(r population aadTypc 1

tiaat iata*ays, rith sutstaatiat asaociatad ftarh*aret conpqcs (or-with lar. ge

noa-fvoc r *aicr*ar assoUatcd v,ith thor), ca! bc 'qcecd to bc fastcr thatr

on otlcr systcns 19agc +fS, llonograph l" Pi8! 98' Monograph 14-atd al!9 sec

iEoortart r€sults for ibc 1984 rcsurvcy of Aligator Rcgro! ald Adclarde ror€r

sxtcms Monoqraph 19 whcrc w€ velfic-d this prediction)' Ir the Kidbetlcy,

dJ*"io -.-pt i". are formd only in the cambridgc culf area ard do not

ocqrr to ary cttaat od thc lorth w€st coasl

Bc-causc of thc -&% cxclusioa and at lc$t 6G?O% loctcs of sub-adult crocodilcs

&oE 'IlTc I systcE! ai thc,' procc.d tordrd s.xttl sarudty' lhclc appcars !o

havc biia on- sigdficaat sustaircd id.tcasc in tic rctr-hatcl iog C potosur

-JU- * OJ*-. 5m LE of lidal catcrwaF moriroted in thc Madngtida

iea of nortiera eustralia si4c tlc comlrclccdclt of our sFtcoatic suvcys rn

ffll, a pctiod of tcn ycats (Modo4laph A). with thc crcplion d tlc Gl'"dc

Rivct, thcsc valcrways havc ooly frashwatd complcxes tss{'cratcd wtn olem'

Thoucl thcrc appcaE to havE bce! !o sustaiDcd sigdifica.[t inqcase h tbe

aunit ot ooo-latctti"g crocodilel sigbted on thc tidal c/aterways of l^he

rtIJotia. 
"r"" 

siocc il.r surucys st;ed in U?4, thc sizc structuc of ttc

-i-aE sicuca appca$ !o havc bccn chalging slowly Notwitlstauding

"ub6t-tid-no"t-,ioo", 
th" rali6 of snau (2-6) to largc (>6') ard ('6) to larg?

a.ui6ats wcrc deccasing on tbc Blyth-Cade& nay havc bcen dcseashg on- lhe

LitrrDool-ToElllsoD: ald wcrc dcdeagng olErall on thc tidal waterways ot tac

Ivfan;agriAa oonitoriag arca. Ttus t[ere was sode iddicalio! of tle

coEhclcement of a slow r€col€r] PhaS€.

Fo. the 861 &m of tidal watcr'r'ay5 of thc Alligator Rcgion with their substadial

freshwater coEDlet€s, and thc Adelaidc River System' ilere was sFong evrdetce'

as of Julv fa.i, tiat an iEportan! a.nd susrained rccovery c'ils underway' as

pledidcd in (O above.
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Though thclc alc widc 0ueuarionr, arpccia.ly aftcr.dr7 wct" lca5ors whcr rhc
arimab ate coaccalratcd irto lhc tidal watcrways, it appears that a3 rhc lumbcr
of lsrga qocodilcs i! a lyF 1 ridal waterway i&rca3cs, therc is a teudcncr for
thc ouabcr of sub-adults L ttc (16) sizc claslcs to <lcccasc or incteasc
Eargiraly mly. Thur rhe toral Dumbcr of (3{) ad largc aniEals siglrcd
appcars gctre.ally to bc holding stcady or itrdc€sirg sLowly ody. Thir dclsity
&Ftrdcd recruitmd! has an inporlarf bcarirg oo the ratc of population growti
ard oIr thc sizc structurc of tbc populatioa"

Whctr a stcaiy statc is .eachcd in a 'rccorqcd' populatio4 the ratio of (3-6) to
largr aninaL night be coDsidlrably lc6s tbatr o!e.

An iEportant aad rcaarlablo fad becmas evidetrt ir T}?c 1 tidrl watclc,ays
(ptic[ arc rot ovcdy csbaustcd alrd od tic road to.ccorci) if oac cxcludcs thc
qa') sizc clasr ard fo@!c. or thc (+t) 6rd (5-6 ) sizc ctasscs only, Rcgardlcss
ol how largc rhc rc.ruihcrr lray bc' thc rurrbcr of a[inaL sightcd b tl; (+t)
ard (56) sizc .t"..cs sclns to rcmain cssclrially "oq.F"r or hqpas€s sloc,ti
oDly, Thus a major bo0lcocc& occurs fo theso sizc classcg It is as if tlcre arc a
&6nitq lruEbcr of thc6c slob ir(rcrsc6 slowly only-if at all (aotc cspccially the
r€sults for thc Blyth-Cadcll aad Uvcrpool-Tootiason *atcnals ia Monograpk
1arld 1Il ald ttc 19E4 rqsults for thc Aligator Regio! ard Adelaide-Rivc.
systeee Morograph l9). Tf,c ctocodiLs thcmsch4ts appcar to bc FiInadly
rcapoEiblc for tf,c 1Ery hcait lo6scs of -70% that occur in thc proccss of trying
to scctrc thrsc slot! or to iacrcasc thcm ia nurnbcr

If ono corsidcrs a group of 100 of tic sub-.adult crocodilca in a Typc 1 tidaf
systco without a substaltial icshwarcf, codplcl associatcd with it, onc caa expcct
soEc 80 to bc crcluded &om it, as lc-ast 60-70 of tlc o.igiut 1m to cd- up
Eissiig-prrsumed dca4 tars than 15-20 to succcssitly estabtsh teritorics o;
thc aFtcfr without haviDg to lca\,€ it ad tic rcEaiader night cveaoally ajso
rctum ard c*ablisi a t€f,ritory .,ip€cialy aftc. be{oEing s€mElly datule. Thc
wry natorc of thir rnatte. is such as to p.ccludc prccisc fgt|rcs and they Eust be
loolcd uF! aE broad c6tioat€s oDly. I{osEvcf,, dctailcd study of our re$Its
(Moaograph 18) now ildicatcs tiat thc hiising-prcauEcd dead 6gllr. is liket to
bc itr c*cas of m. For systcds with sub6trltial ftestwatcr complerc,s or large
doE-]rypc 1 watciwaF associatcd witl thcn, thfu figurc is litcly to bc
corsidcrably las!.

Whea therc is aa exclusior frod TlTc 1 systeEs of sub-adult atinals, mostly (3
6') id size tut also includiig iEmaturc largcr animals, this tales place rraiDly in
thc breediDg scaso& trorDrally cobmcrcing aroudd Septerrber-Octobcr aaal
apparcDdy lastirg througlout tf,c wct scason" Any iEdu of ariEals in the (3-6)
ard/or largc sizc dass€s app€3rs to ocqn mairly i! tbe early dry season and to
bc completcd ia thc Jude-caily Septchbcr pe.io4 but day be earlier iB some
ycar6.

A-fter a sirglc'dry *€t'seasotr therc is a substantial idlux of large and somctimes
(3{') .ni6.t., forcld out of Eeshw.atcr complc&s irto thc tialal rvatcra,avs alld
thesc arc sigbted duIiry Jute-July survcys. S-urvcls nadc in October-Nouember
of tlc ramc year usually .cvea.l a iubstartial dctreasc ia thc ruober of (3{')
ard/or la4c .Fim.l< sigtred Horever rhe nubber of ldgc arimals sightc;
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lomcliEcs rcEaiD3 highc! thal Prcvioudy and hcnce a [urbcr of thc dew largc
ani[oals do tro! rctum ftoa wbctrcc thcy caEc- Thesc admals appcsr succcsslul
ir catablishirg a tcrrnory oa ttc watcd'at; it could be $c aatcts'ay &od-which
thrt had bc; originalli cxcluded Thc'dry wcf riario! i! the nuDbtt of
aliEals sighted appcars to bc suF imposcd uPoa lhc variatioEs lorDary rout(l
duri& surv€v! followi4 o6ual wEt scasors-sAich gcncraly rasult r[ cxlensivc
lloodig oo tIrc upsrrcan ser-lior6 of thc tidd watcr*ays. HatchliDg resuitdcnt
m tfc Ertat watcrrrays is g"lcraly gtcatly eohaftcd duriDg 'dry wrf sctsols hr
ap'pcats !o bc geatly rcduccd i! major seraEp babitat. Tbe rcvclse appcaB to bc
Eut dtdng rcrmal or haaly c,Et sca3ots-

On thc balb of tf,c abolE dodcl w€ oadc thc fol,owilg statcmont otr page 61" Monograph 19:

Turth€rdorq odc sould pcdic aly rccolcry oo maay of thc tidal watcrwaF ir
(hc Kimbc'lcy of Wcstcrtr Austnlia to bc siEiltt to that fouad h thc Maniagrida
arca Iac tidat *:rcrc,sys thcrc arc mocdy dcvoid of ftcshc/atar compleres of any
co4€Sucsc!. howwei lhc Glcoclg and thc Prilcc Rcge4 SFtc6s have cdcDsilt
fypc : systcos-sinltar to thc Coboutg CoEplex-at thcir moutf,s and thrsc
-ight hcli kclp thc cxclusio! and/or 1065 factor do*D- we suncycd th€se tidal
*rrcro,ayr i" rSrn ana re'le (Wra- Rcpons 24 .d 3a) a.nd a rq3ut.tty ir the -ncar
futulc could thlolr futthq ligft on ourmodel aad allow ftfihct rcfiacEcrt of iL'

T[c 1986 sutvcys of tho Kinb€ cy tidsl sr6tcm3 wcr€ c.fiied out by thc row ttandat'f
Udrctsity of Sldlcy Crocodilc lcacatclt tcrm ald slr.ff ftou tho wastcrn-Austrrlial wldlifc

nascarcL Ceatcr, Otpartorcnt of Colscrvatio! aid Ilnd Malsgceent. Thc cbar-tlr-r'€ssel tle

ry1g. piscear was uscd for thc 1986 slrvcys ard wEs cicw€d by Mr. Pctcr Satori (Mastcr) ard
dri;"e-lru-o l\dr. warrF Braithwaitc wEs tLcir yourg aad able assista ard also PatticiPatcd
ir thc suwcys. Thc Udiw;ty of sfdncy rcseatch v.ssel !!g SirE ![g!Scl vas tr6'd fo' thc 1yt

aad 19/8 surrcys. Dctlilr about stafi a.nd.rcw for t[csc latter sulv.r6 are givcn ia Monograph 20'

NESI,LTS

Staadard survcy octlo& as laid down h dctail ia Chapter 2 oI Monograph 1 werc xsed for

tLc spotlight survcyr. sumEary r€sults for cach of thc tidal watcirays surecy€d in 197' 1978 ald
1986 are sto$t ir Tables 1 ald 2

In ordcr to obtaid an estimatc for tic uumbcr of C, Porcrzs there ate in thc al'stems w€
surrcvcd durinc 197. fts/8 and 1986, wE havr tatcs the rcsulB for thc l,awley ald MitchcU Ri!€r

iy"t"L tot rgi'2, 
"ai"a 

in thc resulls for thc salc River suvcyed in 1E7Il and thed added in the

iJutr" fo. 
"tt 

O"'"y"t -" wc surrt'€d in 1986. Thc resule are showtr ir Tables l ard 2 undcr the

headirg'OVERATL KIMBERIEY-'LATEST SURVET.

N€xt, id ordcr to sec how grcat the rccorcry i! thc Kimbcrlcy has bc.n sincc the 197 atrd

l suwayq we toot( lhc latqsiof the 197 or l surveys for cacb of the systeEs-lesurveyed
durinc 1986 aad artded thc rcsults for thcsc togElhcr. We lhan added togetbe! lhe 1986 rcsults for

Oe saac systens" ftc rcsults for tlis are sho$r in Tables 1 and 2 uoder lhe he'ditrg "oVERALL
KIMBERIEY-RESIJRVEYED SYSTEMS ONL!". The &tailed rcsults, including &e

distibutioDal diagraEs ard Euch othe. ralcvant data ald discsssiod arc appearing in MorcgtaPh
m-
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h Tables 1 ald 2 *c haE al6o ircludcd rcsDll! fo! sotrc idl,ortant tidal s'steEs id the
Nonbed Tcritory, so that tha rqsults found for thc Kinbcrlcy 6ystem! could be comparcd with
thcrr. For coeparilo!, w€ chosc thc Blyth-Cadcu SybtcE, oDc of thc best Typa 1 systcsj od the
lorthcm ArnhcE Land coasl aad a systca wbicl rc uoderstand id soDc dctail (see MoDograph 1
and l). Wc sh@' rc6ults for Norcdbc! 195 aad Oatobcr O83 surlrys i! ordci to deeoDsrratc
h@ in-an cxcellclt Typc 1 ststelt'" rct [aving substarfial frcshvrater coEpLes or aajor do!-Typc
1 rcarilg 6todg,!r& aalociatcd with 4 orc caa harc good .csuitmad year aftir ycar (!ic
Morcgraphr 1 and 18 for morc dctaiLs) aad yu aot fud the drBity of rca-batctrliDg ciocodilas
inrcasilg. Aftci a p.riod of 8 Frr! only the sizc stnrchrc of thc animals sightcd appcatcd to
cbangc. A! ttr dunrbct of largc aniEals incr€rlcd tlc aunber of aliEals in the (36') sizc dasscs
dccrcascd We atso shos r€sults for tic Goomadeer SFreE (Mooograpb l, 5 and ld) wiosc szc
is clo3c ro thar of tf,c Gletrelg.

Thc thiri $arcrway v,E chosc to coBparc with was thc Adelaidc Rivcr System (Mooograpbs 3
and -191. Tti6 lrge systcm i6 oDc wiich L sho*ing a sustaincd and dajor rccovc.y. WJ givE
rcfl ls for tlc July 197 aad Jdy 1984 survcys Orc ahodd note thc big iacrcasc in the nunbci of
largc adrrak sightcd and tbc apparcnt coastarcy of thc nunbcr of aniraals sighted ia the (3{')
size dasscs. Thc Adcliadc Systca ba! a rrhbcr of seal &csh$atcr coEpl€xes associatcd with it,
ald iaportadtly d Nmbe! of large rod-Iypc 1 (fcck qrtcms oo its moutf, scctioos, c,hicf, function
as rcriing stockfards"

Thr ldgc McAnhur RivEr SystcE is thc fourtl systaE choGca for cohparison (Mologlaphs
13 sd 19). It b alt aEijlc of a vffy lrrga syrtcE i! criich tlc c.]rorwur population is ncariog
.daustiod with Iittlc hopc of rccovcry as lorg ai coEEcrcial nct fshing for barramundi ij
pcnnincd or Eu4h of t[c watcnmy. Ttc dq,lctio[ of C.porprur o! that SyEtcE contiruas tirowh
tbc &owtritrS of gocodilas h baramudi ncE

Wc Lavc also irrluded ra6ults for tidal sFtcb.6 i! two broad gcographical ar6as so as to b€
abtc to codpsrc tf,c ovE all Kinbcrlcy rcsults with thasc. Rcsults arc shown for the Adelaide rlus
Aligato. Regioa (cicludirg thc Wildman) for thc yra.s 1yt a.d 1984 (Monoglaphs 3, d fa-and
19). It k in this largc rcgion, wi& its clcclcat Typo 1s/aterways and aasociated ftesh/atci
coEplce,r tbat onc ob'sclv€s what appca$ to be a defnitc iccovcry, Rsults arc also give[ for thc
Maaingri& arca, which idclud€s thc tidal sFfaEs on the lorthctu ArDheD Land cossr, from tie
Goodadccr in thc wcst to thc Blyth in tic casr (Mo[ograpts ! 5 ad A). Ttc rccovcry for tf,e
clcdl.n. TyF 1 sFtems in thii arca is mucL l€ss dcfiitc and i! prob.bly cvidenced by ttc alow
chenga in thr sizc coElnsitio! of the .niEals sigtrtcd ratler ttaa aa i..reasrd de!6ity of non-
hatcr'lin$.

DISCUSSION

Wbat ca! wE say about rccovcry oo each of thc Kimbcrlry Systelts survcFd? Bott the Ord
ad Glcdclg Systemt damonst ated thcir ability to mitrlic the Type 1 tidrl s,st€ns on thc notthc!
AmheD Ilnd clast (showtr in Tables 1 aad 2) eveo tloogt they should trot havg witt tlcir largc
!o|!-'I}tr'€ 1 rcariq stockyads. Aftcr aa intennl ofcight years, both ofthcsc Systams cnd up with
a BoGhatcUidg dcEity le,ss thatr *hat was foudd whqr thc Systc&s werc fust sllrvelEd by us itr
1978. Thc truDbc. of (3-6) aninals sighted ledain€d closcly t[c same or decea3€4 howcver tn€
lll.lrb€r oflargc a.dmals sigbted essdtialy doublcd itr both ca.scs. h Modograph Z), ]/€ e edup
our discnssiotr of the Ord Ststem as follows:
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Wc sum uD out analysis of thc ovcraD rcsults fot tbc East Arm of CaabridgF
d"lr-G 6.J nr*. i;r!cm' by starilg that *E rcoain bafil,ed W a "i'"'lbcr of
Doinrs. whv lhc aloo6t trcgligiblc hatcflilg and (2-3') ctocodlc coud dur|lg lDc

iSS6 surrev? 13 tLc doublirg of thc ouEbcr of largc arimals or tbe systcD-

betwcca 1978 aDd 1986 reqtorsiblc for tbb throwh the decharisE ol

o-;Oamf Ard why bthc cscc[e 'Iypc l Ord SysteE bcbaving as if it was a

TvDc I svstca or thc mrthcta Arohcd Land coa3', but udik' those systeDs' ttre

oA h^'a[ cxc€llcit lor-TyF 1 ctc€k systcE at its Eout\ much lite the

Adelaidq to ad a3 .cadig stod(yatds for a[iEals excludcd frod thc maiDsacas'
Ard thcl tletc is the !!ri largp [o!-lypc 1 west Ard of caniridge Gulf w-birh

is siEDle o|rc Ltgc rcaring slockyard for anidals cxcluded ftom ttrc ord' why

ta- tL ftteF ;l*i- aid/or loss facor of ?3% otr ttc ord? we leavc the

scarch for aisc,Ers to thas€ bs.in'ri.g qucations !o our succcssors. Petbaps 40 to

50 ytals helcc they wiU fud a ooa'tatcbliag de$ity of 5'0/l(m oD the or4

consi*iag lr4ely of aninai! in sizc dassrs ( > 6)?

And for thc Glcnclg s/r 6dcd up eith lic statcdcnf

Thc Glc&lg SrBtcE Itith tha Badcc Iapcdidcnt L a smell- cxccllcdt systda'
which at 6rit sigbl apPcats !o havc cficcllcDt rccovcry PotTri+ Howcvct' a5 wc

hwc sec!, rhis poadtial \riU takc sc'/ctal dcsdcs to bc rcslize( as lI uc cases or

thc tidal rFtcEs o! tf,c nonhcrn ArEhcm Iand coasl

Aft€s thc 1yr8 suflly, qr bclievcd that rccovcry on thc Glcaclg SysteE-r'ould bc

suci lilc that on th; Pdffc Rcgcnt, with its Noftl ald south ArEs" Howcvct'

this wa5 dot to bc- The Nortb ad South Aro. adcd as Eajor rcaritg stocayards"
fot aainals exclurled ftoo thc Pri[cc RegFnr Eai!3trcaE" and thc trurlDer or

".in.k siqltcd ir rheD ircreascd froE 4x) plus 42(>6') i[ 1978 to 55(h')

Dlus 9(>e) aninals itr 1986. We lhouglt tlat thc cquivalcnt of lh' Nonhsouttr
;v-" & Oi ptio"" n g*t would bc thc Barlc! IEpcdiment lor the Glcne,lg aDd

that therc would bc a sub6taltial iaccasc of aainats sighted or the lEpcdi!rclL

Tbii did lot ocdr and qE do trot lnow why Flftcc! crocodiles wcrc dghtcd or

thc Imocdidctt i! rI8 ad agBir 15 i! 1986. Thc mystcry dccPcts whctr orc

coasid;rs, is additio!, thc rcsui! for Pridcc Frc&rid Harbor with thc Roe' aud

tfo nit"! rt"aoi* rfarbor c.ccts A to F Tf,csc ctccts havc a surveyable
lcDah of 24.8 h. Thc Ctcets havc a sur"eyabb leagth of 190 km' As w€sawrl

thctction u princc Fredfficl Htrbor, Crcets A to F act as rcariDg stockyarG
fot admals cxcluded ftod thc Roc a thc oumber of non-latchlirg cf,ocodiles

si,Ot"d io O". i"o"""ta ftom 26 in 19?8 to 56 for thc 1986 surtEy Agai& why

al?ot -*" of tf,c docodilcs excludcd froo thc Glcnd use the Barlec

ImpcdiEclt as a rearing stockYard?

Thc Pritua Frcdcrict Harbor SystcB" with t[c Roc, Hultcr ald nod-Typc l-Harbor creeks

a to i;t"LJ *.i. t 
"fa 

favc prcaicca Thc dclsitv of lhe sighted rcn-hatchlings.in'aeascd

S-Oil"rlv t". Grc !o 2-5kD for thc ovE all s'5rco ad-therc was a Bajor."ll"qc iD rhe size

"olo*i66'o 
e6 66 '.i-rk sigbt.4 Ttc ra.io (li'),/latge Otoppea boE 3J for lyt to 19 for

1986. lrhL Syslcn with iis rcadrg stockyards in Princ! Fred'ricl Harbot rs turcuo rg as

orcdiced ald t rcI o" thc road to iecovcry. Its rccovcry is alitr to that for the Adclaide Syst€m

shocm h Tablcs 1 ad z

Similar rcdarks apply to tle exccllcut Prircc Regctrt Sf"!"t .*-Uq I dose i! size to the

nAaAa. sy"t"* fLigf-thc delsity of &!-hatchliDg crocodiles sigbted doublcd betw€ct 1978



alrd 1984 it is still ooly 12/to ald it Eust doublc agaia ro approach tf,c Adclaidc for noa-
hatcldilg numbcrs. Oa thc ottcr han4 thc sizc compo6ition oftic ciocldil* is such ttat thc (3
6)^rrge.atio fctl tod L2 to 0.7 bctcnrn 1978 aad 1986, vhcrcas on thc Adclaidc tlfu rauo was
otrly doqlr to 12 id Jdy 1984. A fcw decadcs hcdcc should src .xc€lle[t truEbcrs of larqc
.rocodil€s oa thc Plitrcc Regpat SFtem.

Itc reearls wc lnad! oD pag! 131 of Momgraph 18 fo! &c tidrl systeol in the rorthcrn
Arnhch Lard coast apply with equal forcc fo. thc tidal systcds of tle Kinbcrlcy. We rcmarkcd
tf,at a majot sustaiicd idcrcrsc in thc nueber of (3-6) ard largr cocodilcs, and the changc itr
popolatio! stucfutc iom a doEiDalcr ia the lumber of (16) to a Dajor dominancc in the
auabcr of largo aniEals p.cscat L irlcrcady a slow ald vcry loEg trrD proc6s. During tlis
pcrio4 thdc is a! €xc&dingly scvcrc sotirg our proccss lc6l ting i! orly a small iactioll of highly
succ€stul .nin.l. sorviving: Results for thc 'OVERALL KIMBERLEY-RESURVEYED
SYSTEMS ONLy suppon this vicw. 01€t an intcFal of 8 to 9 FarE thc dersity of &e adnali
sighted iftrcalcd ftoE 12/h to L6/l@ orly ard thc (36')/argc ratio dccrcascd ftod 2.? to 13.
It has bc€r 6ati!&irS to lotc how succcssirl our population dFaEics Eodel fof C. porura has
bcc! ir Lelpitrg to analyscs tic suwsy rcsDlts for tf,c lGmbcrley. It has alocr€d us to discuss
EcaliDgfrrlywlat har bcan obs€Iw4 cvet though naay (wh/ qucstioor stil icEai!. One of the
iEportent oac. rclatcs to tic peucity of tatchlirgg and (2-3) c$codilar sightcd on thc Kimberlcy
SFtcD during th! 19E6 survc)4r Thc dat!.r ir pcrhaps best srFnar;..d 6y ou dicussion of this
Eattcr for thc Prircc Frcdcric& SysteD i! Monograph 20:

Our 1985 $rrvcy of thc P.itrcc Frcdcri& Hr6or S],stcm yicldcd d stlalgc pi€urc
i! rclation to tf,c auobcr of h.r.tlings ald (2-3) aniEals sightcd" Nltrc
Latcilil9 \rerc obscrvrd o! thc Hrbtcr Rill€l atd orly onc on tic rcaairdcr of
thc Priocc Frcdcri& Ha$o. SystcE. A total of onv 12(2-3) aDiEaIs w€rc
obgcrvld Wlat happcncd? As shall bc seca Iatcr in tli.6 Modograp4 thir
obccrv*ion Frallcls our rurvcy rc$dts for tlc othcr tida.l watcrs/aF which wc
surqicd ir tlc Kiobcrlcy i! JuI}.AWu3t, 1986-a piucity fo hatcbling aad (2-3)
aaimals oa cac[ of ttc Eajor systcrrs survc]rca Could this bc rclatci to thc
obdcrvlfion, viich c,E shall diacuss sho.tly, ttat tie nurabcr of la.gc aniEals
.ightcd tad silcc gfn 16 it possiblc ttat hatcl iDg
rc.iuitdcrt wEs h fact Euch highcr, bot tiat t[c hatcbling and (2.3) aninals
\rr.c candbalized by thc hcraasilg truDbcr of largc aridals? O., for sobc
rca3on, had thc two prcvious net scasoB oa tb Roc.Hu$cr Systce.s becr poor
dasthg se€soDs? Sonlc inditad soppott for this latter viav day bc provided by
thc 4134) aaiEak 6ightcd (scc Tablc 2O.630). Thcsc aaioals would have
rcsultcd ftoE resting duriDg thc 19{G1981wrt seaso& However, aote ttat tlc
dcsting success od tho Huder appcars to hatc bccn about thc same i[ 1986 as it
r"as it 1qt FurtlcrEorc the wet s€5so1 of 1985-1986 was 'dlj/ until the rcry
bcavy raidall at th. end of January. Thb causcd widcsprcad and hcavy flooding
ir ti€ Kimbcrley. Most [.sts laid d,ovrtr is Januart wera rct likcly to havc
$uvir€d- I{on'cvcr, n€sts laid dow! after that stould havc becn succe,rsfirl. The
c,rt s€asod of 198+1985 r|as rclatirrly &y and ticlc was litdc flooding ia thc tirtal
watcrflats ofthe Kidbcrlcy, It should harl b€c! a \'cry succcssful dcstilg scason
with litde or no loss of dcsts due to flooditr& Thcn why so few (2-3) anina.ls
sighGd i! 1 ? thls th! o\,€rall d),stery rcmairs!

The .c,sults in Tables l and 1 demolstratc that when l,c lirst sulcycd the tid.l r €! sfstcEs
in the Kinberley, durirg lyt ad 1 wc wcre dealing with badly &pl.tcd popularions. Il1
W.stem Austlalia hultirg prcssurc od C..poromr wss particdrrly high duilg the early 1960's 6Dd
by 1969 thc spccias had b€come nrc. C.lroroirzr wltti lot plotectcd until April 1t0, by which tide
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coE6crcial Luting had bccomc oncconodic- Piotc{tior follov€d in the Nonhqtr Territory i!

in2-;d 
" 

a","1 .fo.'t-iEport ba,r oD .iocodilc Foduci3,wss- declar'd { fc loryomr:tr
cooto--t tat"t tio ."-i y""t. It was thL bar that cEcdivrly stoPpcd hurtitg lbtoEghout

e"gr"f.ia. n" 
"pca* 

Us now had sotrc 16 ycats to re@trct, but a5 we bavc sceo, this recovcry is

;-.dlt 
""1" 

ii its c*ly prtsc ard completc protcdiotr must cotrlhuc to bc accotdcd io thc

spcaics.

In ly/8, h Raport 34, wE ga1/9 as cstisatc for thc numbcr of aon-hatcl iDg C' Pototta
population in Westertr Au6tralia is bct*€ctr 2,300 and 2,488 adEals'

Oo oocp 433, Mo[ogaph I wc also madc rstimalcs for thc nubcr of non-hatcbling

socoaU: rfoaiaing ia tte Kinbetlcy i! 1t8. we sralcd t[e fo['octi!g:

'Wc bclicrc tbat we *aninrd iorc than half ot thc bctt'r C' Pot"sur babitat in

tlc fCrnUcrtcy. Ia tlc 573 tca surveycd' 898 ctocodilcs wcrc-sigh- tcd of w.Ud
z7' wrc hatiIi4F. Thc 6?1 nod-hatchli,g vicld a delEfty of li4---9tu
cstioatc for thc aiual nu.Ebcr of oon_hatcblings Prcscd' ar thc 95% coofide'cr
lelrlk !04&1,152 A$umi4 that tio Iru, c. of noa'tatchliags which vould bc
siottcd i! |hc ;ca. trot su./ryEd is also 6n ctc obrair loqEr ifrils of 11n'24:
fi tfc nuotcr of noFbatcbthg! rcoaiairy ia thc lcEbcrley as of JuIy 1918

Odc ca! cd.od tii6 cstiEatc (of say 2,500) almost without lidit if onc carcs to
mab *hat wc fc.l would bc ultasoDabb assumptiots.'

It i! obvious thai w! scre ovatly glncrous \dth this cstimatc of 2J00 tnd tiat thc 6gurc of 2'000

wE cav! in RcDort 34 cl85 clc€I to thc corrc{t iggr. for 1lt8 Thc 6gure of 2,500 lod-halcltlirg

--o6dil* l" ,ii egtt" for 1986' I! is o bc conparcd with thc somc 3,000 admab reportcdly

i"L"o 1or thgir .u;. around thc Adoiralty Gulf arca aronc, dudng the period 196]1165 G'ers'
conm. Faticr SaDz, formerly of KaluEbutu Missiod.
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TABLE 2 This Tablc was prcpared using thc rcsults given itr Tablc 1 a.nd gioups thc cocodilcs sighted idto thc
inportant srzc classes shown. 50% of thc EO size classes wcre distributcd to the (3.6'siz. dasses ard thc
r€mairdng 5070 to tic 26) size classes. fHs weights tle distribuuotr heavily in favor of large! socodilcs, which are
kIroqlr to trordally be the Eo6t wary. Wtred tle EO b an odd aueber, thc biar is also givcn !o thc (26') sizc
classcS.

Su.rvcy Q3) (3{)
Larse (h)
(>6') L5rC"

CAMBRIDGE GULF EAST AXM . ORD

July ?8 179
July 86 153

WESTARM

L4 L7 118
88

30
61

3.9
1.4

July E6

EAST-WEST ARM

July 86

PORT WARRENDER.IAWLEY

12 '

A7 159 tl? 1.4

J j ! . i yn38111
hrly TI 44 lj 1

WAIMESLY BAY-MITCHELL

JulyT/ 50 8 1

PRINCE FREDERICK HARBOR ROE I',,{INSTREAM AI{D CREEKS

17
m

9rs
10 2.0

30 11 2J

lttlyTT l35 Y I
Awust 86 15E 1 9

PRINCE FREDERICK HARBOR CREEKS

106

19
30

11 43

July 77
August 86

ROE SYSTEM

Jt'l! T7
Awust 86

HUNTER SYSTEM

lxly17
Awust 86

4l 15 7
25

18
67

L2

176 52 4
2 r4  l r c

66

22
2a

3.7
2-0

o
59

L t7
92

7
r.4



TABLE 2 cont.

sulvcy rota.rs H (2-3) (36) frry tr;

OVERALL PRINCE FREDERICK SYSTEM

rdyn 4 $ 4j 88 25 3J
August 86 zT3 10 12 164 g7 1.g

GEORGE WATER SYSTEMS SAIE

Ju l y?8312oS

BARLEE IMPEDIMENT

Ju l y?8151 I t 33 .7
Augrst 86 15 6 g OJ

GLENELG.GA]RDNER

tuly78 193 T2 33 6A m 3.4
Augrst 86 lA m j4 ! 25

OVERALL CT.ENELG A}ID BARLEE

July 78 m 73 33 19 B 3.4
Augut 86 89 m 80 g LL

PRINCE REGEIVT SYSTEM MAINSTREAM AND CREEKS

tdyn  74$441  8  5 .9
July 78 92 3t I 3j t3 za
August 86 gt 3 4X 41 1.0

NORTH ARM

J1 t1y77961$170 .9
July 78 62 m 2 2\ 19 Lr
August 86 85 5 3 33 44 o.a

SOUTI{ ARM

Ju l v7334 lo t : L . z
Ju l y78355 t68o3
August 86 15 6 12 47 oJ

OVERALL SYSTEM

ltJlyTT 146 E 5 ?s 38 2-r
July 78 u9 56 14 65 ;; L.2
August 86 247 S .t2 132 O-7

,t
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TABLE 2. coot.

Suvey
largc (t6)

Totals H Q-r) ('6) (>6) Larsc

OVERALL KIMBERLEY . LATEST SURVEY

T10118&6 1W I 2a 554 396 1.4

OVERALL KIMBERLEY . RESURVEYED SYSTEMS ONLY

Tl or18 79 M 1ll 351 131 2.1
1986 A12 38 25 4X 379 13

BLYIE - CADELL - Moaoglaphs 1 ald 18

Novcdbcr 75 353 50 106 183 14 13.1
Octobcr 83 354 73 95 151 35 43

GOOMADEER - Monoglapbs 1,5 and 18

Augv t756n f l 285
Junc 83 63 Z4 5 2 12 7.8

ADELAIDE - Monographs 3 ad 9

htlyn 477 48 24 264 81 33
July E4 @2 6 n8 4 12

MCARTHUR - Monographs 13 and 19

May 79 A $ 13 12
Scptclrbcr 85 I 2 14 11 21 05

ADEIAIDE + ALLGAToR RECToN EXCL. WILDMAN - Monograph 19

July & Oct.7/ 1055 111 45 600 299 L0
Jt Iy 84 1648 145 AL 737 651 1.1

MANINGRIDA AREA - BLYTH TO GOOMADEER - Monographs 1 and 18

July-Sept,76 651 121 1O7 AI 82 4.2
Juc-July 83 1045 34 189 393 1A 3.2
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FOREWORD

Tbis volude is a sp€cial publicatiotr of thc IUCN/SSC C.ocldile Specialist Croup, TLe papers in
this voluae orighaly were preprred as chapters id a volume on ciocodiliars wbich was to be
co nercialy pubfished" The memb€rs of the CSG 6rst comrritted to producing the commercial
volume at the ?th Workiag Meeting in Caracas, Venezuela, io 1984. Ttat commitment was
renew€d at the 8th Working Mocting b Quitq Ecuador, in 1986. UDfororately, conllicting
responsibilities preveated Eany of the authors ftoE meeting their obligations to the publish€r on
schedule and the project had to be abatrdoned. Rather thaa sclap public-atiotr of the chapters that
were tumed in or time, most of the authors agreed to have their papers published h this special
\olume in tle CSG Proceedings series.

Publication of this volume was supported by cotributions from Professor Harry Messel aral the
Urdversity Foudatior for Pb,sics, Udiversity of Syddcy, Austlalia; the Nixon crilfis Wildlile
Con6ervation Furd of the Udversity of Florida Foundation, Gainesville, U.SA; and Jacques
Lewkowicz of Soci6t6 Nou!€lle Franc€ Crocq Paris. Tte opinions expressed herein are those of
tte hdividuals identified and are rot tte opinioDs of the Inte.uational Uriotr for Conserration of
NatEe and Nafiral Resourccs or its Specie,s Suivival Commission. Pbil Hall vas scientfic aditor
ald dan€ing editor, Rioda Bryant $,Es copy and style editor,

The Inter&tiond Union for Consorvation of Natu.e and Natural Resouccs (IUCN) was founded
h 19,18, ard has its headquarters i.tr Gla!4 Switzlrland; it is atr indepedent htematioMl body
rfiose membership compris€s stateq iuespedive of their political atrd social systems, govemll'ent
departments, and private institutiols as well as intematioaal organizations. It repres€nts tlose
who 6rc corcemed at man's modilication of the natural environnelt through the rapidity of urbar
atrd iidust ial developrredt a[d the cxcessive eqrloitation of the earth's natural resourceE upod
{,hich rcst the foundations of bis survival ruCMs nab purpose is to proEote or support action
which will ensure the perpetuatior of wild natuc atrd natural rosources on a world-wide basis, trot
only fo! their intriisic cdtulal or scictrtfic values but aiso for the long-terE economic a.nd social
*elfare of Dralkind

This objectilc car be achieved tbrough active co.scrvadon p.ogams for tle wGe use of Datural
r€souces in areali where the flora arld faula are of particular idportatrce atrd where the ladscape
is cspccially bcautifirl or striking or of historical, cultural or scientific significance. ruCN beliel€s
that its aims c.! be achieled most effecrively by international effort in cooperation witl other
intemational agencies, such as UNESCO, FAO, ard UNEP, ard intematioMl organizations, such
as World Wild Fudd for Nature (WWn.

The missioq of ruCIfs Spcci€,s Survival conBiision (ssc) b to prevent the odfftion of st€cies,
sub€p€cles, and discrete populrdoN of faura and flora, thereby maintahbg th€ gen€tic dir€rsity of
the living rcsouces of the plaret. To crrry out its mission, the SSC relies on a network of over
2,000 volur{eer professionals workj.Eg through 1m Specialst Groups and a large nuDiber of
aff iate orgad?ations, regional represe atii€s, and cor6ultants, scattered tbrough nearly €rcry
courtly in the v/orld.



POPULATION DYNAMICS OF THE AMERICAN ALLIGATOR

claruce L Ab€rcrombie, lll

Woford Colegc, Spartalbur& South Carolina
Ftorida cooDcrative Fish and Mldlife Research Unit,

Udv.;sity of Fbnd4 Gaircs/ille, Florida

Va ty ofvaDttles, satth th€ fteache& vadty of vanlttes' aU is vaDity'

Eccleslastics Ir.

INTRODUCTION

The rccessary titlc of this chaptcr suggcsts more vadty tban I would.Prefer to lof:s 
To

u.ni" *iit" i L iot r"-Uat with iha tun;ricatr Al]igalor" Indee4 modem. research jndicates

t-fla..oG r"f"it" 
".oetic 

honogeneiry ledans et al. 1980), the beast varies io demographic-dJy

;-."-""ii*""" f"i'ohcc to ptaL-ard perhaps &om year to year' That is to say' alligators

.t iJ" ..iofit." trc Lt*al historia-o's fear of generalizarions To nale Eatter worse' I am not

;;?#i";;d;i ;;; about anv single'Faic "supshof of an allisarot poPulatiou at dme ti
',ti"f"*.i" 

"-i"" " 
avnamic 'no"i"' Juet t, r-r, , r+n seens in&ed tbe heightof vadry ln

i'J". *Jiii'or* 
"t"iat 

I Personally know about alligators focuses rathet.trarrowlv on Florida

-i-"1". aia f 
"a-it 

ttat evin for these populatioos I caffot offer decent ufe tables' duch less

exoressioos of detsity dep€ndem!. Neverth€less' scicltiEc igDorarcc abou(.aliga(ors rs lot

;;;-;;; a;."'* aie kaown quite wcll eoough' ard these facts n€cessarilv eotail seseral
dl.o-uohi" -*"qo"o""". I shall teview tbcsc factE aDd I shall evea l€nture in soEe rnsl, ces

i. ..."-J," u"*"aii" -*""s of available data" sti4 I hate to prodise more thatr I can deliver'

-i'f" - L" ,jif"*"i ,i les, I would have called this chapter 'Aligator Ufe Eistory: Meditations

;;;-" ;;;;";frt*ap.L*.' n* -v g.*'al stratigv is rather simple l shall exanine the

aliaator litcraiuri for rele rlt lile'bstory dala" supplcEenling lhi5 informatroD [1lh oDseMbons

:Jil ;;;i; ii..ia" I 
"ru 

attempt to establish broad ranges for \alues of several

imoortan! demosaphrc parameters This will petmit s€Ei-idormed guesses about wbat manner

"r 
i.."*"-Uti" [*l ,tJ augutot .*t b". Io otler words' ny essay's objective is to employ what

i" f,".""-"iltJaflg"-s whil'e speculatirg on matters wbich ale trot y€t understood ltr-particular'

;;; ; il;;A;i -y nind three presintlv uranswered quesdoff' all of co.oslderable scientific

*a i"-""-J .fOn.i"ce: what are a$gator survival rates? How do alljgators respond to

"r,..",;"^"i" 
a"*i-,y-t ,lod boo, -" uttigatoit populations alfected by d€mographic cataslrophes?

in-"io-t-uLit 
"r 

thi ourser thar t can do lirtte more thaa merely raise tbese iDreresting quesiiotrs.

il;*;, . .i;t; reaalers thirkiog about them because you all will b€ the folk eventuallv to

work out the solid alswers.



. Actualy I would have beetr unwilli.ng to attehpt even this modest task *ithout considerable
assistance, bui. forru.narely, alligator biologists have been very willi.ug to share their time a.Ed
r$rgbts. Coleagues r.bar come rea<lily to mind are Tommy Hi.nes, Terri Jacobsen Mike Jendngs.
WaFe Xin_ .-e, Wendell Ne4 JiE Mchots, Jane packard, Franuir percival, David Scotr, Dave
Taylor, Phil WilkiDsor, and AIatr Woodward. The mos! creative advice came, of cou$e, from
Paul Moler-whed he could tear hiaself away from hG etemal pusuit of the noble
Ps-eudobrunchus. The wdting of this essay was partialy supported by a faculty research gra:rt from
Wofford Colege. A!4 tually, I need publicty to tbad< th; Span;burg SouO Carotini r_Uart
ror sellllg a word processor that even I corjd a.fford.

DEFIMNG RANGES OF DEMOG&{PHIC PARAMETERS

. The traditional first clrt at alligator population dlramics has been to esrabtish a population
size structue and to i.nt€rp.et that structEe by way of groM_h rales into a life table (Nichols et al.
1976b). In Florida we hai€ bee! derencd ftoDr rtrat approach by r*o basic difEculdes. Ir is, ro
begin witb, exc€edingly hard to determiae a populationi-size strucrure. The general Dloblems in
night-light counts ar€ wel tnown (woodward 1978. Magrusson 1983, Wood 

"il. 
rgei), -a 

"u"oif those problems were entirely sohr4 the counts could provide uo bformation on tne
deoographically crucial sex ratios. Understa.ndably leary of n;gbt counts, aligato! Earagers have
focused i$tead or hal,sst structures. Urforo;rely, how;r, tarvests ire g"o"."Ul Ui*"a
agaiEt some siz€ classes (Hbes 1979, Taylor and Neal 1984). Futherinore, Flor-ida observations
:Ygg-1t ttat harvest is aiso seriously bia€d by se4 a poinr amplified by ieguson and Joanen
(1983).

The saddest note it, of couse, that determinifg a size structure js tle basier hall of the lif€_
table battle. Within tle D€x few years histological tech_dques for alligaror ase determirc wil
probably be develop€4 but !'resently it is ro tun at aI ro 6gure gro"rh .ut."i Itr Ftorid4 for .
example, \l'e have learned that gowth rates vary from urea to ar"u. 

-witlio 
u givetr ar€3, they vary

from year to year. Within a single arca-year, they vary from microhabitat to'microhabitat. Alrd
whet1 all obviow space, time, atrd habitat mriables are codtrolle4 growth rates appear !o vary
stochastically from gator to gatorl

All of this reinforces my reluctance to infict atr cDpirical growth curve upon an observ€d
population structure (tlough you really sbguld take a look ar Taytor and Neaf [19S ]).Nevertheless, there is a very real seose in which limited, certain tnowledge about grofih tells us a
geat deal coo{erning the demograplic nature of alligators. A ;dy-hat;ed aXigaror is
approximately 25 cin ir length ard xreighs about 50 g. tf it is a malq a harcbling can evenrua.lty
grow to be oie,f 4 m long and oay increase its weight by I,m%. Femdes ate sig"rt"""tty 

"-utt"i;nevetbel€ss, they seldrln attain reproductive iaatijrity ar Druch less rhan 2 m (a'bout :S igy. rfis
etraordinary ircrease ftola hatchling to adult siz!, a well-knom fact, providei u."*o""_tty n -
jumping-off point fo. atr anallsis of aligator d€mog.aphy.

Let !s consider a hypothetical alligator from mrth-centml Florida, where climate clictates a
65-mont[ (abofi 2!0 day) gros,irg soasoB. Itri€stigations in Florida indicate that age at maruflry
Ls.not Decessariiy coNtatrt a6oss a given populatio4 and it certainly is not the same tLoughout the
alligators entire range. McllheDry (193t speculated that females misht mature in 6--2 veals.
Although a specialy fed captir€ garor was observed to lay eggs at under i years of aAe (\f,rbMorrh
1971), I am reluctalt to b€lieve that wild aaiEals successfi.rlly nest ar ages Iess thar-tle S-tO years
suggesrcd^by Chabrcck and Joa!€n (1979). At tte other erfieme is ihe l8_plus,eais given by
Fuler (1981) for North Carolina a.nimals, a fi$re echoed by Jacobsen (pers. co--) for al;guto.s



in nutritionally impoverished portions of the Florida E\€rglades. I shall evedtually retum to this

ace- at-maN;ty q;esdoq buifor now let us simply assume that a hypothetical female aligator i!

nirth-central Florida baE at atou.rd age 12 oeoglh about l 9 m)' just reached reproductive

adulthood. II we grant he! medbelship in a sumerically stationary population" rhen she caa do her

l"rt io ."iot"i"iig the populatior's itationary size if she produces in her lifetime-exactly one

inuatte. thut tiuesio"c eiough to begin her own reProductit career' To see bow she Eight do

rhisilet us consider a siople model of our newly matured female s lifetime ptoducdon lf D is the

o<pecten nunber of daughtcrs that will survive to b€gi[ theil o\{u reproductive careers, then

(1) D = (Y) (N) (P),

where Y is the expccted trumber of ycara befolc out rcwly_matured fcEale 'hcs or-becomes

reoroductivelv senilel N is the expected rueb€r of hatchling daugbters oor female will produce

uoou"ltv u"too 
"tt 

y y.-l ad P i5 the probability that a give! hat"l'ling dawhter-{ill survive to

bech her own reproiuctive carcer. (Dedographers erill trote that what I c'I D would io

coiveotionat nootion bc R[0], the D€t reproductii€ ratq calcr at€d i! tenns of Dew reprod[ctii€-

are lenalas rather thar Latchliry females. Futlermore, I have chosen tle DoDstatrdatd approach

oiaaalyzing tle net rcproductivJrate rather than the fitrite rate of ltreas€, because the fomcr is

crlcuhtb i a more casily explained manner from the alligator data wc Possess)'

Each factor in t!fu simplistic equatiod is actually a combinatior of many demograPhic

paramJers. l,et us ther€forc'disst t Equation (1) a,rd irdicate apparently reasonable ranges for

pammeters varuas.

Y: Expccted Years b€tc,eer Maturity atrd Sercscenc€ or Deat!

l€t L replesent the probability that a reptodudively mature female- li!€s ftom ore yeat to ihe

nen. Clech;cafy the d;mographer would prcfer to talk about l-[t], whicb would represed age-

spccific sur"i*.siip b.t*cetr ag. t ard age t+1. Fornrnatelt sucl precision is probably rct

oiacticallv imoortaat. Gibbo$ ard ScEtitsch (1982) harc deEonstrated that Eortality id large

imvdirl ortlei renains aDproximatcly constaat oler tinc, aad examiaation of Florida harvest size_

class ratios suggesa that-tie same may bc true feEale alligato$, at least over the ftst.10-15 years

of maturity. Ii-any case, tte curren! altgator literature does not suggest important devialions fiom

**t-t 
"i 

rlt 
"*ii*t"Up, 

so f shall sinplily rhc demographic equaiioDs atrd replace Lttl witi t-he

sinsle Dara.Eeter L). Convilcirg eslimare"s fot L do not abouDd" Nichob et al (19764 b) suggest

aa-aooloxuate vaiuc of 049. Taylor ad Neal (1984) believe that survivorsbip among adult Dale

gu,oi. i" ,Uo* o.nS; these authors recogliz! tlat femate mortality would b€ lowcr'- Informal

;bsewations on radio-telemctered admals suggest to wilkilson (pcrs comm') tlat adult female

survivorshig may be ia tho neiShborhood of0.95. Giwn this admittedly sketchy iDformation' it Eay

aot tre u;so;bb to assume iDitialv that adult survivorship is in the 0 85- 0 95 range tdong

fcmalc alligators.

To calculate a! alligato/s potential rcproductii! yeart oDe must coasider not onl- y mortality

but also senescence. Thc timi of ooset doubtless variea across iadividuals' aT d in any case

seresceat cffects are not neccssarily sucldca (Ferguror and Joanetr f983) Webb et al (1983b)

suggest that fomalc allgator senescerce occu$ betwc.n 'lO and 50 years of age' Table 1 gves

ex;cted ..otoducti". liietimes CY ia the cquation abole) for newly matured female alligators with

"uio* 
noi tu*l"orslip. ages to maturity' and ages at senescetrce' Fron lhis table it is clear lhat

ooless 
"oou"l 

survivorsiip-is very hig\'thc nunber of yeats betrlteo expected malurity and

oo"ccd 
""*.""o"" 

is ietativa! ;uch 1es5 iEpo.tant than mortality h determinbg Y'

F\Itiermorq it also appean that Y is likely to lie betweer about 6 and 18 )ears'



Table 1. Expected Rcproductive Liferimes

survirc.ship
Age at Age at Expected yeals

as adult (Y)

0.85
0.85
0.85
0r5

0.90
0.90
0.90
0.90

8:73
9.20
9.36
9.49

13.80
15,91
17.2r
1950

4
45
50

if-ity

40
45
50

intnity

4t)
45
50

inlinity

12

:

t6
12

:

12
9

0.95
0.95
0.95
0.95

6.03
6.12
6.15
6.15

N: Ex!'ected Annual Production of Hatchlirg Daughters p€r Mature Female

To avoid g€tti.ng fancy, I shall express the comple"r parameter N :rs

(2) N = A) (E) (H) (D,

wiere tle various e$ratiot codponents are as defiaed below.

R: Annual NestiDg Probabiliry. R exprcsses the probability rhat a reproducrir€_aped teEale
nests r! any giver yEar. Field research h Louisia& suggests values rangiot be$eea 0.& and 0.68
(Cbabreck 1966, Joaren ard McN€ase 1971, lCB, 1n5, ln6} Worii"g oriA arimats ir a
thermally altered reservoir (Par Pon4 Sourh Carolira), Murphy (1%1) b€rcv1d the proportion of
females oesting lr€s less than 37a. Wilkinson (1983) reponi Jbour ZiSZ, fo, the Sout[ Carorina
coastal plain. All these values are considerably lower than estimates report€d for Crocoalvlus
+Ltqtiqrs.(8?.e%; 9lalan 1968) aad e. iohmioni (m%t webb et at. ies:a;. reinups 1us
interspecfic variatioa i6 a frrnction of diff€riry ererry budgets ard of more rigorous metabolic
:equne.nents ir the.alligato/s teEperate lange. ID ttar consection it wouft be partic,rlarly
irterestiEg to asceltain the perc€nt of adult female garors tbar oest in certaio sublropicaj Florida
habitats. But for tle])res€lr let us simply agee th;t, fo, aligarors j_n general, the pioportion of
adult females ne,sting is probably betw€en 0.2 and 0.7

, E: Probability of Nest Succecs. E is tte probabitiry lhat any given nest escapes predation,
fiooding etc, and hatches Agair, field research presents a bewildeiing array of values. Metzen
(197l) reports nest success of 10%. This occurre4 however, in area of biavy black bear infestatioa
and is probably about as unusual as the 90% success which car be observed some places, sone



vears. i.tr Florida- Presumably more typic.al arc lhe 48.3% and 742 suc€ess rates reported by

io*.r *a St".r" (rgSa) fo; two G;rgia locations. Dietz and Hiffs (980) gl're 67 9% for

Oraaee La.ke. Florid;. The rate at Rockcfeller R€firge, I-ouisiaD4 ;s about 83qa Qoanea 1969)'

in Soitt Caroliaa it is approxinately 70% (ffilkinsotr 1983; this sourc€ reports the proportion of

nests fton *lict at least one egg hatched). Discounting tte somewhat ab€rrart findings of

Mctzetr (197), one migbt cotrdude that values for E typic.ly lie betlrEen 03 and 0'7'

H: Hat.hling. per Nest. H is tf,e erpected rudb€r of livi.og yourg that a lest will producc,

civen that tf,e nest-is;ot destroved. ot€r thc years. a great de.l of informatiou has becn collected

in alligator clutch sizc and fertility. Representative data od these factors are rePorted in Table 2

below.- Wtere possible, iDlormation ftom geographically proximate areas was combinod; I had to

calculate some of the figures below ftom other types of stadsdcs presented b lhe crt€d work'

Even i! "successful' nests, tlere are vatious reasons that not atl fertile eggs hatcb, ald

tfterefore calcllations based oa percent fertility overesdmatc tte lumber of actual hatchlings on

tle oth€r ha.sq difriculties ia feld obscrration usually mear that reports of hatchlirgs actualy seen

tenal to unalercstimate productior. I shal largely neglect tlesc faclors atrd assumc that H,

production per successfi nest, is somewhcre beirted 20 atrd zl0.

n Propodor of Hatch Female. F is the Foportion of livin-g hatcr't"gs that ai€ female'

Most information otr alligator sex tatios seeEs to foqrs ol aaimals beyond the hatchling stagp

lForbes 1910. Chabeck igee, Nctots und Clob.cck 1980, Murphy 1981, Murphy and Wi&iason

isSZ winj";o r9B). Earlicr. Ferguson a.nd JoarcD (198) reported a reasonable sa$ple of

Louisiaaa na'st hatcilng productioi as 80% fcmale. On the other ha.d4 Taylor (pers comm)

believed the sex ratio in a-lorth l-ouisiana system was dose to 5G50. Id Flori'la v.|e hai€ observ€d

iddividual pods with nearly all imagiaable sex ratio6. My subjcctiv€ evalnation--is tiat our

oooutation-lwide latchling cohorts ari ao more thar 6096 fenale-_and may be siglificartly less.

3iice atlicator cender is det€rdiaed by carly ircubation tempetatures, it is entirely possible that

lut"ltiog-t t t"-tio" .uy diffet substa.ltialy bry geographical atea Nevertheless, by microhabilat

ncst-sit;ebctio4 laing females crn cxerdse some "choicc" over lhe gender of their offspring aad

arsuments haic be; tese{ed (Fergusor 3rd Joaner 1983) for the likelihood of female-skewed

haichling produaion in numerous habitaB. Therefore, despite field suggestions tiat-geader iatios

may not-be so de6nitely ste$c4 I shall bow to FergusoD's greater expertise aad state that F

probably lie,s bctween 0.6 ard 0.8.

P: Probability tlat a hatcbliry Daughter Survir€s to Reproductive Age.

ElBrt in simplest form, this parametd ilus! involve the glo*th and sur''dval rates of immature

animals. We shal modcl it as

(3) P = S..M

where the equatio! componeDts are ,s alefiaed below.

M: Time of Maturity. M is the expccted dunber of years betY'/een hatcbling ani- att'infretrt

of reproductive maturity by female alligators. This paramet€r has already been briefly disc8sed

abovi; indicatioDs are rhat iit Dos! alligators it lies b€rll/een 8 ald 16 years.

S: Average ImBature Survilal. S is the 'average" 
Geodetric mean) artrual survival

probability for Lmature fcdale aligators trtween ages O aDd M years.- -(Recal. 
that tle

pooetric neaa is aecarsarily equat to-or less thatr tle atithm€tic mea!.) Our 6eld work in central

Florida suggests that approPriate values Probably lic bet\reetr 055 ad 0.?0. Tbs very rough rangp
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matches reasonably well with tle S_value of 0.61'0.62 derivable from the aligator poPulation

aodel of Mchols ei al. (1976b). Orc should note that S ircorporates hatcbling-year survi l which

ulder some citcumstarc€s may be extremely low.

Sunmary of Suggested Parametor Values.

At tlis poilt we ca.tr expr€.ss D, the eipected lifetime productioD of daughters that reach

reproductive age, as a furctioa of the 7 parameters alefin€d abovel

(4) D = CY) G) (E) (H) (D (s"M).

If ere restlict our an lysis to a stationary Population (ia which D is 1.0 by defilition)' thea we can

lix alv 6 Darameters ard obserrc what valuc the severth' "&ee' paradeter, must tale h Table 3 I

Iist pieviousty suggesca raDge's ad range midpoints for aI paramcters. I also-idic-ate thc !"lue

.."i o"ru 
"i"t 

i-ot U t t 
" 

-if 
it were left ftee and all other parameters were 6xc-d at tlrcir nid'

rance-\raltes.

GROWIH AND SURVWAIT
THE DEMOGRAPHIC POWER OF PARTICIJI,AR PARAMETERS

We slbulil rote that when 'ftc€d', all paradeter \€lucs fall outside suggested ianges Some
(e.!.. Y a.od H) sccm biologicdly u.orealisdg ard others (R, q F) arc logiclfy iBpossible This

ilicates that we have in a;osc 'uoderestimated' the dFamicr of a stable alligator population:

the varmiats survive bctter, mature faster, lay more eggs' or Produce more females tha, lJe had

thought. But oui sidple model tells us hore than this: it catr also point out whith parameteft ate

denigiaphielly mosl inportadt. To addlass this matter of importarcc, we should inquire how

.uct fata-.tei afecs thi value of D when all other panm.lers ale held constant' .We c5n s€e

fromi3qtatioa (4) tlat the effects of Y, R, E, H, and P aie lineaii charyes in thevalu€s.of these

pat -eters *itt pioduce oDly proportional changes i! D Table 3 (above) clearly shows that nooe

Lf these p*u-eie.s, -lsidirid Jone, or be realstictlly expeded to bave a value high enough to

offset G vahes estimatcd for othct paramete$__atrd thereby maintain a viable alligator

Dooulatio!- Furlhermore, et€l when a[ these paraEeteis are taketr togetter, the situatiotr is rct

teatlv inoroverl. For cxa.Eple, hold s and M at their suggested mid_rang€ values, but allow Y' R,

L n -a r 
"i-utt-*".ty 

io assuoe tbcir maximua values suggested as plausiblc by Table 3 D

is tnia cslculatcn to be 1.00. This oeans, of cou$e, that lhe exp€cted lifetide production of

maturiBg daugLters has just reachei tlte barc daiit€nance lelEl. Forthermore, in real gator

oooulatioas. it is certainlv not 6ulficietrt to ru! during lormal yeats at mere maintenalce! As we

lhall eventually discooer, demogtaphic cabstrophes (such as complete one''€ar nestin- g-wipeouts)

are not Eco@ttron. Thetefort(since years witl surplN production higl edough to balance $rch

catastrophes appear to bc l€ry rare and perhape physiologically inpossible), lo:g_ tern

aenographi" success *ould require D to stard at a cushioned lercl substartially above 1'0 dudng

typical years.

Now, for codtrast, set a]l the li.neat para6ete.s (Y, R, E, tI, ad F) at lridr€nge-and alter ody

S and M, the oonlinear parameters, to their most favorable suggpsted vahes D is tbed c'ldrlat€d

to bc 3.27, a lgure greatly €xccedbg the productrod requiled for population mahtenaace'

The major clemographic poht of tlis tedious exercise concerns go'rdh ard surviid lf female

allisators hdeed requie a subsrantial nunber of yea$ of mature (evidence is strong that they do),

tle; h a stable or Lcreasing populatioo. the average survival of even the immature age classes



Table 3. Parameter Ratrges.

Parameter and
Abbreviated definition

Suggested
range

Mid-raage
value

Value if
left free

Y, expected repro. lifetime
R, probability of nesting
E, probabiliry nest hatches
H, number of hatcblhgs
4 proportion of hatch fenale
S, at€rage immature survival
M, years to reach maturity

6-18
0.2-03
0,3-0.7
m-44
0.&0.8

0.55-0.70
&16

E
0.45
0.50
30
0.1

o,625
12

124
2.61
0;ra

6)

2.48

must E quitg high (Woodward er at. 1987), Futbcrmore, rhis requireEent for high sureival
c..!not bc obviated by increases ir dutch size, Dcst surviva! or perceni female: these tarameters
simply d,o trot have the'pusch'to mate up the a$gator demographic deficit.

ALLIGAToR INSTARS: TURTSER RAMIFTCATTONS OF GROWTH AND SIZE

_ Knowledgc about ailigator siz€ alld glowth rates has thus led us indirectly to the coftlusion
that $irvilal even among juvenilcg must be rather high. Furtherdore, tlete is atrotler
d€mographic l€sson to be learned ftoE this matter of size. A newly hatched alligator is otre of the
smaller vErt€brate predators in a Florida wetlands slstem; after it matures, it will be tle largest.
frT_o i.y -E utrr€asonable to r€pr€sert .lligators of all siz€s by oDe simplstic d€mographic
model CoD6ider, fo! examplq the qucstion of populatiotr respoDse to changes in d€nsity. Simple
patterls of deasity-dependelt populatioB growth hai€ often b€en trodeled Oy tti lanltiar
Verhulst-Peatl log;stic curve:

(t dN/dt = N(1- N,4<)

Aclording to this eqrab'on, the rate of p€r capita population increase decreases linearly as density
approaches a 'c-arrying capacit/; the operative mechanism is usually assumed to be some form of
intraspecfic conpetitior. E\€n the intro wildlife textbook admit that the model will rcquire a few
mitro. patches befo.e it can be applied to any actual poprlatiol But *itl gators the pr;bbms are
more &all cosDretic one might in fact ask whether it ma]es sense to ule this model at all when
talting about alligatox. How, for examplq should otre express the d€nsig of a natural alligator
populatiotr? Number of admals p€r hectare? Meters of adnals per hectare? Kilograms of
anil,rals per hectare? All of these sugg€stions souad rather foolish, sirce it js dot realisd; to think
that hatcblirys aad adults compete direcdy for any importar{ limiting resource.



Of course it is Possible to rework Equation (t for alligators. One would b€gin b€ redeEning

&nsity (anrl thereby the units of K) as sose sort of effective srze_structued codpetilion detsity

1c6[ it ED):

(6) ED =

BIG old gator size

hatcuing sizc

BIG old gator siz€

u(4y) f(t ,1" dy,

hatchling size

where ED is that wcild effective dedsity, a(Ey) is tf,e effect of an ariEal of size r on ar animal of

siz. v. ard (x) is tle deDsity of a.dmals of siz€ L Unfortuately, EquatioD (O is mosdy a play-like-

vou-iaow-calcu.lus cxDressioo, largely uselcss for at le3st two reasons. First, the purist gator

Liotgi"t. *U a"--i iotegration over ar lcast one mme v'ariable siace efiects doubde$s differ by

sex Ld secon4 realists *[ point out that we do tlot have .ay idea about what nuebers to Plug
ilto the relatively simplc cquation alteady offcrcd.

Nevertheless, practical Problems ald pseudo_mathematics asidg therc is a Poht, of sorts, to

EquatioD (O, I! r;;i!ds u5 ihal anigatorc of differeut siz€s have dlfi€rent eco-'l€mograpLic effects

upoo-a"d-c affer""riy affecrcd by-other alligators ofvanous diff€rent sizes: asalligaton grov{'

ti"v 
"n*gu 

Or;t .""tod".t status. Fortunately, there is a styBticaly elegart (ardc'lclrlus_ ftee)

crai to state a[ this. Assolic of tle old_tide Floridt crackers say, "At some point tley got to stop

feing tig lizards a"a 
"tart 

b€ing little gators.' The simPlicily of this expressior is a.!'pe"li'g and I

beliir ihe basic idca is 
"ot 

inaccu.atc. GroEt[ rates of young orangc I*e alltators dccline

util tte animab are about 35 ycrr old and 85 cm lon& 'Iher tlere occurs a lohceable,

statistica y sig!ficrnt upturn in gtowth orcc more. Webb et al. (1978) discolered a sinilar

situation ia p:ung esoairne crocodiles (Crocodvlus porou$, ard it is temPtiig to spediate on the

)ifc-history 
"igliicaoce 

of these upturns. Matry predatorE exploit prey of basicall-y constatrt size

Oroughout tleir live't. Otr thc other hand geueral isometry of head-to-body leneth.ratios in

croco-rlilians suggests tlat ttcy are a&Pted to takc increasingly large prey as they themselves glow

longer (Dods;ltt. Such adaptations could halc at least two consequetrc€s. First, as an

"Jit"t* 
-"tut"., it bccones ablc to exploit new food resouces uaavailable to one_time

-io.titots. Perhaps this is tte case wit! our Oralge IlLe gators. As youngsters tley may

compete to sone dcgree cdlh 6sb otters, hcronE s'ateBDales, etc. But when the gators gEt big

*ougb lp.rLpu O;" t gi* arouad the groxth flex pint of 85 cta), tle former codp€trto's ale no

tongei so imporra*--exccpt pcrbap6 as e.asional !OU!Cc! of food!

Seco!4 thc exploitatior of differcnt sizld prey by diffelent sizld alligators presumably serves

to partitioo iood reiources. Wlile we need not €rec with Murphy (1981) tf,at such panitionidg is

thi factor which directly pcroits high attigators &nsitieg we should at least rec'gnize that

iatraspecfic gator competi&n is structure.d to a degree by 6ize. con6€quentry, the dext s€'tion of

this essay wilt co*ideithe relationship betwsen structued codPetition ard demograpbrc events

such as the nore or lcss completc loss of a l,eat's hatchliDg productiod.

ONE.YEAR NESTING WIPEOUTS

My discussion of alligator dcNity dependetrc€ wil neccssadly begb by consideliDg- what (if
*yttiog; l"ppe* whetr the density of yculg alimal5 is altcred. I talk about juveiil gators
t.i"*J i" .bio" Florida systems we haw bcen able to cormt accurately the nuBber of nests
coostructed; thus v€ have a deccnt idea about the size of a hatchli.ng cohort. I do oot thinl we cln
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do,as well with adult admals; rather, I believe that study populations are likely to contaitr far more
alligatois than cowertional dight-count ilvestigatioDs nat hdicar€. For example, exDerrmental
harvest oo Oraage Lafte, Florid4 has renoted substa.nrialy mo.e l-n ptus adnds tlan we
believed *€r€ preseDt-and has not appreciably altered the night-cormt structure. Ther€fore, let us
descend ever so briefly ftoE the rarefied heights of specrlatioa and coasider nests ard hatchlios,
subjects wc artually kaiw sometli[g about. Authorities agree, for examplg tlat f,oodbg car be a
@ry .eal,problen (Eilqr et aL 1qi8, Joa.nen 1969, Joaler et al. 1974. At construction time, the
cc €r_ of the egg chamber itr Flori& gator Bests is characteristically less tiar 70 cd above the
water lei€L The incubatiotr penod (about 65 dajr) runs rery al4rroximarely from I July rhough 31
Augrst. Thus a 1-m rise id water level5 during th€se mo bs (some of Florida's iaiaiestj caa
droYll._nost of the- year's egg produdio! in a give! c,etlands system. Nesting effo has b€er
carefuIl. y moditored _o! lales Jessup (central FloridE a comparatively uEarag;d water system)
alrd Okecchobee, a few Boating rcsts atrd le!€e rcsts hatche4 but mo6t of tle-vear,s Droduction
wEs-dcs&oyed- Or-Lalc Jersup (nhere 5G150 oesB arc usually co[stlucred) absolut€ly no
hatchlitrgs_ were produc€d. Furtt€rmorq higb *ater i" not the gator.s only $tential weather
ploblem, for in some teats, ir certaitr habitats, etrremely &y coditionr may also cause the aear-
€nti.e loss of a hatchliDg cohort (Hides et d. 1968, Hines pers. comm). 

'Iike 
floods, droughts

appear particllaily to affect the youtrge. age dass€s.

Wc do Irot ktrow how oft€n floo4 drought, or otler population-exti.sic factors induce such
cata3tloptic mortality, but cxrminatioo of Florida weathei data suggests that one-year wipeouts
are-not extre.miy uncorrlmon. Thlts w€ day wonder how a.tr aligat; populatiou might raspond to
such evcdts. To bcgin wit\ we must ad&it that it is largely meraphorical to talk abo-ut ,population
rcsporse'-as iltl€ popiilatiiD pcr se poss€sscd a hoEeostaiic adustnr€nt dechadsD irdep€ndent
ofttre biologr of its individual m€dbers. Rather, \r,c should i[quile how a particlrlar hyDot_heticnl
aligator ndght be afiected by the abscnce of, say, a yea/s harcbling coho(. n".ott .v iru.e-e"r
aboie that some resouccs are partitioned by aligator sizr, To rhe degec that ttj.s Dosition is
strictly rali4 tle absencb of one cohoit si?r da.ss sbould exen relarively ittle cffect upon a:rimals
of other sizls-snd the populatiod *ould trot respood h any clramatic way to a on"-y"* o,ip"orn.

Of cou.s€ aly statement of absolute size-class itrdep€uderce would be sidDlistiq atd I can
imagine two. Oy no-rneals Eutualy cxclusi!€) ways in which alligator6 might respond to a ooe-year
wipeout. First, it is po6sfulc that rcst failure in year t learrs mature females more eoable of
reprodu(1io! in yeart+1. This could occur for oaDy reasoos. If, tor example, ajl ncstine iites are
floodenbefore layiog begins, ir is possibte thar a feDaje night resorb her eggs. Furtherm-ore, even
y n9ptcted nests wE e delrroye4 fenales wonld exp€dd less etrerry in nest attenda.Ece and
hatchling protcction. Prcseddy I have no evial€nce that these phcnomena actualy ocaur; it i!
ucertain thai eoerg/ savings would be vcry significad, and iD ary case ir is reasobaLlv clear thar
clutch si2€ (at leasr) does mr increas€ in Florida wedand syslems io the year following'a wrpeout.
But tbere is.also aloth€r possibility. A giver femalc migbt be on a -physiot%icaj sch;de" to nesr
la yerr landlo b€ quGscclt the re{t year. Iu that case, energr recoup€d_becaule ofnest failure h
year t dight increale tf,e probability that the female *ould reproduce in,€ar t+1, Indeed it does
appear that the percentage of females nesting ncreases somewhat after ;year of c_atastroDhic nest
Dro(ality. But I do nor have the dara to tesr rhis possibiliry statisricrly.

. A secod possible respor$e to catastrophic mortalitywould be increased growtl rates @oDg
anidals in age classe,s adjac€trt to rhe one thar was destroyed. kt Ee simpti& jusr a litrte.
Suppose that ro alligators \|J€re hatched ia y€ar t. Ther hatcNbgs produced ia yiar t+t woutd
elter a systeD \aca of yearlings that night have competed with tlem for scarce resources. Tht1s
they might grory faslcr, and some could attain reproduaive siz€ ahead of.scheduje".



Five mther sticky comments should be offercd about tlis second proposed sceaario First, if

compeosatory gowth actualy occurs, it would probably affecr nost dlecdy tlose aninals hatched

tl" i""r ut"t-tf" *ip"out. Howevcl, one would expect the "bercfits" lo bc Passed itr diluted

qudrtity on doqn (aud possibly up) the age pltanid

Seconrl, if he/she *€re not cateful, a systems theorist Eight look,at our cohpensatory

scena.rio aad say, "Ihe trumber of arimars w5s reduc€d at year t' Elen if you mature the t+1

tatcltincs a wdL yc6r hstcr than mrdal you still won't get atry coopc$atory teproduction for

"i'L""r-ro 
,o 12 years. For tcchtical reasons, feedback delayed tlat long (proportioml to

ccreratior iime) do€sa't do you much good; it is hthly likely to destabiliz€ the system'- This

Lt*y utUe ouiection is defe;ted by tlc aidple fact that feedback is aot delayed very much at all'

Coosidcr the populationk reproductive capacity The ftst iEPact (on the total lumber of

breeding-size fin_afes) of a ycar_t wipeout oight bc exPect€d at, saf, year t+12 lowewr, 
that is

iust aboit thc sarne tioe tiit oae might expeat fast_gtowing t+ 1 animals to begin their accelerated

reploductfie years.

Thir4 although couiderablc tid€ and Eoney have bee! ctp€nded- i! FIoJi'la to t€st

expcrimentally tle possibility of compeosatory 8lowth aDroDg s'ild hatcblhgs' tbe results bal€ b€en

ialndusivc dfter a.nd Ab€rcrohbG 19€7). Ttis i5 Dot surprisiDg. For ohe thing. it is e)(I€mely

difrcult in Fiorida wetlands systems to achrevc reasonablc contiol over envirorse[tal turiation:

€tr6neous v8iablcs cat up one's degreer of fteedoE! More important, the growth cxp€fiment

may not llave run tong enowh yct. Most of tte Florida gtor folk b€lievc that comPcDsatory

ccoo,O fif ir oout.) 
"":uU 

lc leasr lnportant ia tlc &st ycals after hatcl ing Alimals hatched in

iear wioeout + 1j lvould al't ays havc a aac{ ' size class j st aboi€ them-unless they grew mto

it! (He;e for satc of argument rt neglect iatra-cohort growth-rate tia9ility, which relders the

idea'of p.c-cisely ."p-it" siz" classas- something of tn ab6tractio!)- That asset would not be

oarticularlv taluablito small alligators, which coEpete for food with fisb' waiersDal(es' atrd wbat

iave you. 
-Rather 

it would beclEe sigriEcalt aftei t-he ,oung aligators had gtoEn to tle siz€ at

\rhich thcil only important competitors would bc other gators. In othrr rPords, there are sound

"-togi""f 
."u"i* io 

"usp""t 
that most compensatory grofil would be delayed bcyond the frst

,bar or two of an alligator's lifc.

Foutb, you will note that I have dcalt exdusively v/ith compensatory gtowtt and have mt

mentioned colpensatory suwival Tbat is becarEe I belicve tiat direct compensatory $rdval is

unlitely to occur ia aay.il:rporta.ot degrec (and sc. webb ct al. 1983b)' Thls ilnot because freld

rese6rct has fail€d to dedonstratc compensatory survival (of c.utse it !g! faile4 but given thc

difrculties in estimating wild crocodiliar survival rates, who would have expected otherwi!€?)'

Instea4 it L b€c.usc 
"i 

tt" p"iot f camot ei€! Spess how tbe pr€sence or abserce-.of year_t

hatchliags would dnectly affeci the survival probabiliry of otber alligatots For- young alligators in

*oi""f fi";a" habitats, food is the obly demonsEabty important tesource lhat is mediated by

i.lJt" f"ot ttat somc authoritics-- Thorbjamarsoq pers. comm.-would deny that ercn food

."roni"". 
"t" 

mealingfuIy related to wild'alligator &nsities). The absence of an otlerwise

adjacent year-class milht allow more food_-but how many young alliSalors would die-of causes

reiated t; tact of food-in any c!se? It is my opinion (admittcdly subjectir€' but based od some

c"\Delience with wild and ca;tive arir:rals) that thc rcspoos€ of youT g crocodilians to moderate

f;d dcprivation is stu[dng not stanation or even ill health" Furtlermore, it seeEs to me thai tle

chref reipoose to more sJvere food deprivatioa is__ more stuating. Of course it is important to

note thai compensatory growth has dinogaphic effects on reproduction somewhat similar to

thos€ cau6ed 6y 
"o-pl,oi"to.y 

survival. Suppose a set of animals glows rapidl.y add attains

reDroduclve Eaturiw in M - r yeats iDstead ;a thc usual M 'tars. Theo the population receives

reproductirr benefit 
'fton 

thosc aninals cxpected to die betweetr M _ 1 and M yea$' Consideriag

the problem a bit more exPansively, wc might say that the cfrecdve reproductive lif€time is



e*ended,by one-year, (At this particular poht, demogaphers might question my easy alecisiod to
examire "D" rather tlur If the abore sp€culatio"s ar" 

"o.ri"t, 
ileo ooe jf""t j u oesting

wip€-out might b€ the temporary reducrion of generariotr_time. ft" poo,rfut oo-*ia"
cons€$rerces of this would €{end some*hat beyord the additior of one reproduciue yeai to a
cohort of fehal€s.)

Ffitb, I wodd likc to point out that all Ey speculatiotr on compeDsatory gowth is basically
hencumbcred by statistic.ly !?lid data (Hines a-od Aberaonbic r9&f. e.od icorla ato Ue UaaqroDg about the survival business.

CONTINUNG, MORE BI.ATANT, SPECT'LATIONS ON DENSITY DEPENDENCE

_ Sia.e I have already stretched tle available gato! data pair.firly thin, theie seems little reason
why at ttk poitrt I shoult rcr openly br€al eftLely the fetiers of ieal information aaJjust prarn
guess about alligators. First, I do not believe that gro*r[ or surviwl is signfica ly de;dent ordensity for aDrp+ &uch_uraler I meter (webb it a. reeat; howerer,iensity iter'ations tnatcoDcertrate mixed size classes into do6e proxidity may result itr eanibalirn petaney and
AbercoDrbie 1 l). Nor am I colvirced that density alteratiors (at le\€ls induced' bv moaerate
har!€st or routincly obceriEd under natural coddirions h the 6etdi afiect large adult aligarors n
any im_ portalrt.nray (Hines andAbercioebie 19&7). For aninals of intermediate size, hoJever, the
situaqol nTy be,ve.ry di{ercnc i: a long-tem siable population, there may b" u .*Joor *A7-growttr tlottleneck for olderjuvcdles and subadults. I hate reported tle gr;wth slol^,aLoqln above.
1njl, futhdeore, preliminary Ftorida studies (Delancy 

""i 
ato"ro-'ti. rS86i i"dicat ftat(Nicbils er al. f96b not wirhslandiDd tlis may be the size class Eost sever;ly affected by

caDnibalisn-

I do Dot ktrow how such a subadult bottleneck Eight inpact malc alligatms. Or the oft
han4 it is losn:ble to argu€ that ary eEects would bc airnograpti"atty inetJuant. Research has
rnocated_ttrat some rrdividual Eales Eay bar€ very loDg reproductive lifespaos (Ferguson a.Dd
Joatren r.*tJ,. U, year atter y€ar! oDe or two ofthesc loog-liled 6ales ca breed a larre number of
!:late-s, 

ttcn,th: p.rase:ce of maay males wil not be ciitical to popr atioo -aint"*i"r- rt*, ti
::e: 

a 
-rcw 

s:tbgdrllt dales occ.siotraly male the transition to datur;ty, rhat could be sufficient; or
at lerst, suctr rs Lhc assuEptioo of Dale repioductive \Elue under which we in Florida havegenerally operated. On the ottcr haa4 tie proportion of successfirlly daturing males could be
Eorc iDportan( tha! our Florida research has usually assuEed. AJligator precipulatory pairing
behavior_i: ofter quire Fotracted. since in certain climates ttere is ointy a iestriciJiiie penoc

!-lIlnF,lI* *"ttu" _r"d"spermalogetresis coincidg a sidgle nale nai be t;r" to-t.""a onry uvery xm(ed number of feEales: ttu5 a shofiage of adult males corjld result in reduceal
reproductioa (Wilkirso., p€rs. comIn.).

-._.-Whatarcr 
the reproductivc iD_portarcc of males, the fate of maturing females is certaidy a

srgDrncanr deDroglapbtc question. I belicve that n€ar-adult fel'1ales may be linited fron breeding
by the presence of dense age/size cohor6-abo!€ thed-atrd that the rehor?l ofolder fenales nay
ucrease the percenrage of the youoger anlnals that Dest. For example, owr four years, 122 female
:uxgators ra€€r ttra.D l.E e $€re relroved flom Orarge Lake (about 5Om ha; north-cs ral
Florida). Although this nunber exceeds by about 25% the naxinum number ot oests ol"eruec ,n
any pre-tcst year (aad nest observation is known to approach 100%), to date absolutely no
decrease in number of @sts has oc.lrred (Hines aaa iUroo-tie'is87, t;J;d" 

'p*".

comm.). Florida researchers are urcertaitr at this poilt how densiry alr€rations may ha\c a.ffecteal
rcstirg though we are reasonably surc that the liniting factoi is nor physicai ftstrEg srtes



l:|

(Woodward et a.l. 1984). Perhapc de$ity teduction blcats the g!ol*'tl botdeneck atrt allows pre-

;duft femal€s lo reach matwe size more rapidly. Could such a mechanism oPerat€ fast enough to

explain the maintetrance of nesting effort throughout the Orarge l-ake experimental harvest?

Id;:uitively, at least, this seems ur.likety, PerhaP6, t[en it is po6stule that removal of largc females

ftees up 
_some 

sort of'socia.l space", thereby allowi4 smalle. aDimals to br€ed and dest (see

Fcrsuso! and Joa.!e[ 1983). lf this latter sc€natio wcie cotrect, then wbile lesting per se might be

.";itui""4 
""toa 

fnt"ltiog produtriou would be expected to decease. After a[ Ferguror and

Joanen (r9&) show that younget aligators often Producr only small numbers o.f eggs; these
autlors also 

"tate 
that s-aler femalcs day ,rot evcn be reproductively synchronizli with the

malcs sp€rm Foduction Od Orange lale casc neitf,er mear clutch size nor feltility showed any

decline ioloping 1981, 1982, or 1983 harvest6 (over which a total of 93 adult feBales were talen).

Ho*ever, in the summer of 1985 (after the 1984 harte6t), very modest r€ductions in clutch si?r and
perc€nt f€rtility were roted.

All tiese obsorvatioB tempt olc to believe that the initial rcsponse to r€duced female dersity

is an ircrcase in tte breeding pcrccntage of large adults. Coatinued removal of fully mature

females may evcntuatly rasult ia early r€quitmelt of smaller animals to the r€producrii€ ranks' At

the pres€nt tide, howevet, I would counsel agairst unciticrl acaeptanc€ of such assum- - ptiot sime

the brange bke orperimcnt is far ftom codplete. Futthermorc, the 1985 data should be receii€d

with parti-cular caution since tley were gathered after a siege of v€ry dry sp.ing weather_which

may iave afrected clutch size and fertility quite indepeBde[dy of density or- haflest. In other

*oidg ics alt hurd to figute. And like other bits of bformation on alligator dersity dependeace,

the Oraryc Ilte iGight must remxid for Dow just one more tant'liing clue that sa!qell!!!g hust-

be gping o!"

CONCLUSION

Frod Mclf,e y (1935) into the sixties, zoologis* seemed cinfident that they ['new atrout the

biolos/ of the atligator. But, as additio@t hatd data were collecte4 the realizatiotr of ignoraDc!
grewl Daspite -u"b 

""I*ble 
research (particularly the field observations of Joanetr and the

iaboratory sMies of Fergusou), aligator population dynamics remains a m,5r€ry very. partially

unrarrbd- Furtlermore, it is highly probable thar ovet the coming decades, alligators Qike other

wiU be subjected to inci€ssing commercial exploitation. This q'il ptesent both
probleos and opporturities. Elcn in our iglolance c,E know that alligators are slov.'_matudng'

Lng- lived aninral$ As suc5, they can rot bc exp€cted to iecover rapidly from seriou werharvest
fik;srhite-tail deet (or possibly fast-matuiDg sp€ctadcd caioar [Staton and Dixor 19t, Rebelo

a.trd Magrussor 19831), and gator er.ploitation should thercfore bc coducted with coasiderable
caution" Or thc other han4 sohc relati€ly safe harvest strateges haiE beetr suggestc4 and
r€rcnues generated by these harvcsts cra help fimrce long_term, if modqst, res€atch giG\,nd
Aberco;trie 19&7). in the preset assay I havc tried to itrdicate areas in which hvestigation would

b€ especially idportat*. Particularly, I bclieve we need to know more about the groMh and

survival of fedaE afigators betweer 1 atrd 2 metcrs. We should also determire more about ttre
p€rcentagEs of r€rious sized feoales that suc.essfully nest, and we n€ed to discover how all tlese

iactors v6ry with density. Except foi orc or two poteatial techmlogical breakthoughs Gnch as a
precise histological techdque for age deterEinalion), tlEse next steps will be slow atrd €xpetrsive'

Fortunately-and on tf,is, I b€lieve virtualy all aligator lesearchers will aglee-the work will al\o

bc firn"
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THE FORENSIC IDENTIFICATION OF
CROCODILIAN HIDES AND PRODUCTS

Petcr Braralds

Assista Curator,Ani[ials
New York zoological Park

Cetrtral Park Zoo
850 Fifth Avenue

New York, New York 10021-7095

INTRODUCTION

The coDsemtion ard aanagement of wildlife, including crocodilians, is usually based upon

an assessme of the status of endemic populations and ttose factors which have impact upon the

suvival of tle spccies. Adi€rse factors may oftetr bc rcgated by maniPulating the habitat or the

maleup of the species populations, or by ptot€ctitrg tle sp€ci€s ftom,-outsid€ o-r unnatural
pressuris which may be detrinental in thensehcs or may ampli! tle efiect of oth€r legati\€

?actors. Tbe latter Eay be achieved by the eaactment of local national or internatioaal laws which

limit or Fohibit the taki.ag or utilizatiod of tle spccies for Pelsonal or commerdal purposes'

wfib biolodsts add otle! scientists may deiae tte ecologrcal or €nviroDmental probl€Bs'

legislatoff may be called upon to enact lhe legal solutions, while law enforccEent autho'ities are

chlrged with enlorcing and judicaling conPliznce. The effectiveness of wildlife cocenration a:rd

maaige-eot prog.a-s i" continge upon tle htegated workirys of all three. The ability of t[e

forensic scientist, in applying scientfic fact to the legal problens which arise, is often an importalt

catalyst.

Crocodili.i. pose unique ptoblems ir conservation, managemc ' and x'ildlife law

enforccEcot (Brazaitis 1984), and to thc forensic hcrpctol Gt. Of the 21 traditionaly recogDized

species fouad thrcughout tf,€ tropi@t ard sub_tlopical r€gioDs of the world, 15 or more forms may

bi exploited conraerciatly. They provide a Eajor solrcc of raw material and a sigdficant

econornic basis for tf,e world exotic leather hdustry. The trade is estimated to utiljze about 15

millior sLias annually, three quarters of which irclude skins of South Americar specres A large

ruaber are taker illegally itr dolation of mtional wildtife regulations (HeBley and caldwel 1986)'

Harvest quota$ sizc limits, or regtonal protections (Fuller ard Swift 19&1, Grcombridge-l98z) day

ftequently be disregarded. These constitute the major q?es of violations in additioD to the

contrabatrd trade io endargercd specres.

The htematioml tlade ir crocodiliaff is regulated under the Convention on the Int€mational

T.ade in Endatgered Species of wild Flora ard Fauna (ClTEs) promulgated in 193, and h the

United states, tradc ir regulate.d under th€ kcey Act of 1900 (amended 1981) and the Us'

Endaqered Speci€s Act which was revised in 1 to imPlemelt CITES regulatioDs Uder U'S'

ta*,, violatioos may resuft itr simple scizure of goods for imprope! docuseatation' de al of



inportatiotr" torfeiture of goods, civil p€nalties or prosecution under Ielony charges. Lacey Act
holatiods Eay result j, peDalries of up ro U.S. $20,000 ald up to five years impriso;enr lor eact
count charsed.

lh€ amount of illegal tradg if we c.Dsider all tlp€s of violatiors as constituthg an tegal
tralsactior, appea$ to be idconsistc with tLe o(eDsive arao.nt of national aad iniematioaal
regulatiotr- This may, ir part, bc due to tte fact that mo6t stjrs are ta.ker from wild populations
etrdemic to poor or developing countries, which may be rnder edormous econoniJ o.essures.
Such coudries may be least able to afrord odedsive management or law e.forceme ;rogrms.
:e-crn4 

hi.d:s and Irroducls.may be shipped aDd re-shipp€d rhrough ma-try ports and counrdes
oerore air*1ng at rrnal desturations and markcts. Ttird. closely related spedes from differeot
origins Eay be difricdt to disti.nguish ftom €ach other in rheir processed forn. mole skios or cur
l,t ll:*" "f *t" 

ftom. differelr.species-or races of difi€redi origins Eay be nircd iD tanning
sbi-pprD& or utlimarety during rheir manufacture irto products, Last, wildlife authorities often fin-d
it dif6cult to tlace individual skins or the skins combiaed on Foducts back to their aative sources
as nearly all such skilts lack ideatifying mark o. tags. Authorities may need ro rely on erporr or
re-export docuE€trts which list numbers of skins of d€,signated species. Oulv skins of tle
American alligror bear idividuat-idertirybg tags which must remain alExed to rh; hjde rbrougb
txe t'nn'ng process and up to the tilne the hide is nanufactued into a product.

Thc problems are exaceibated when wildlife autto;ties, cor&oated with tte unpopt ar task
o[ having,to eoforce foreign wildlife regutadons, are beset by pressues fron tlose whj view tie
stnct appticatioo ot regulatiols which alIect comDr€rcial trade as obstacles to fi€e ent€mrise. The
natio-nal debl dcfrcits ia foreig! tradc and weakening nariotral ecooomi€s all may be giviu priority.
Wildlife law enforceEeDt budgcts may be the 6rst to sulfer for lact of finaacial irpport. The
a\te[t.to- which forelsic teclhiques are applied i,l developing prosecutiois -ry b"--"
paiicularly restdcted.

Fcw published manuals exist *hich dea.l witt the identiication of crococlilials, rhei! hides andproducts (King ard BrazaitG 1971b, Bra2aitis 1yB, Brazailis and KiDg 1984, Fuchs 1974. Wermuth
aDd Fuchs 1978. r98); yel rhe avaitabiliry of biologicaly accuate m;uaL is most imDo(art for
fe trlini"g of wildlile offrc'rs who must apply rhis iDformarioD in day ro day fietd i$,esrjgatioDs
rllolvrnga wrde assorrment of slins ard producrs\ each with its own pecutiar problems in species
roenuDciluotr. 

-sode comEercrally spoEored Dranuals have ooly served to compourd rh€
proDreEs or eDlorceme.t by prese ing taxa based on comEercial Earedal often oi unlnown
specr.fic origi$ Cuchs 194, Wermuth and Fuch! 1tg, 19g3) .ather than scientifically accedited
study material. A number of taxonodic citatioDs which hare been includ€d wiL;ut broad
scientific peer review ha\€ dra*n considcrable criticism from the sci€ntific com-uaitv ff.a" -a
Behler 19ti3, BrazaiG and Kiog 1984, Ro$ and Mayer, pers. comE.).

. Standard taxa- providing the basis for the i&ntificatiod of crocoititian., their hides atrd
p.oducts, a.nd the basis for U.S. law enforcement effort$ are presented itr Brazaitis (19Rb,
G,rooEbridge 

.(1982), KiE-,g. and Braza;tis (1971), Meden (198{ 19$), wermuth (195j) and
wernutn ancl MerteN l l)-

Common nades, local nativE dames, and the coldmercial qomenclatue for clocodilia6 de
qlT-n. itr Fucbs (194), Fuchs and WermurL (978), cloombridge (1982), King aud Brazaitis
(1971), Brazaitis (ly/3b) a.d Medem (1%1, 1983)

. _Curretrr srarus of wild popularions and disrribudoos are pres€nred in croombridsc (l%2).
ry Plgceedbes of rhe IUCN Crocodite Sp€cialist Croup anJ r-he Bujletirs and Nedtetters ot
TRAFFIC, the Wildlife T.ade Modiroridg Unit of IUCN.



l,€gal protecrioos are giled itr Fuller and Swift (1984 for !{in American .countries,
croo-tiriage (rS82), TRAFFIC buletiDs and.newsletters and it the Us' are published regularly
in the fedJal iegisier by tbe U.S. Fish and Wildlife Service. The Federal Regiser also regularly
publishes changps ia foreign *ildlife regulations as wcll as chatrgcs in enforcemedt policies'

An oveflicc, of ta$irg tecbliqucs ad hide processiug is present€d by Fuchs (udated) and
h WilsoD (192E 1929).

Cst€gorles of Comm€rctol Sklns ir Trade

The marragr itr wbrch raw crocodrlian slons are prePared prior to processing is determined by
the a.moud and body location of usablo skia on the particular species irvolve4 the use to which it
will b€ put in the matrufacture of products, tle prcfereoces of the Eark€t Jor whch thelroduct is
itcnded aa4 ia some iostances, the customs of the hunter who procucs the skia froo the admal'

The For€Elc Emmiratlon ofwlldlif€ Products

wildlife and wildliJe producls generally e ef or leave the Udited states through certain

desiqna@d Dorts abrch are italfed wirh agents aad insp€ctors of tlre U.S. Fish and Wildlife Senice'

Iovo]ces, nanifests aid customs declantions pertaiiitrg to wildlife shipmedts are rcferred to

wildlife ilspectols who may el€ct to malc a personal iaspection of the shipE-€nt hadequate

documentaioo, disarcpancies bctwe€! thc couatry of origin and tte kno\{'n distribution of tle

"oecies 
listcd oi the ptesenc€ of a spedes which is go$sly similar to a Prohibited endangered form,

iay result in rhc shipnert being refilsed enlry hto the coutry or it Bay be- detaircd-for firther

"oli""tloo. 
,L raa&m sampling of the coftents of tle shipm€ Bay tf,en be talcn fo! forensic

examioation. The examination nay be made by train€d agcDts or ixpectors within the service, or

items maybe prese ed to an inalependent foredsrc ctaldine.. Givetr the thousa*ls ofdollars ofteu

lnvolved L shipmens of wildlife productE umccessary delaF and damagp to the detained items

are avoided

I! tle interest of objecrivity, forensic examircK should be deprived of all ktrowledge of the

oligils aDd species citations hloicld for the items, the names of the compades-or owtre-rs involved

uoi qeoe.alv the eneot of tle itrvestigatioo. Identifrcatrols must be made solely on tLe basis of

the ibsica.l widcncc presented. ThJ examirer shor:ld bear ia mind that his or her corclusions

-rrJt t"O"c o"ty tlo"" h"ts which havc been physically determircd aad which can be substantiated

and preseateal without resereation ir any fuh[c court proceedi!& ThuE although the o€mircr

may^betieve the chancreristics displaye.d oo a pair of sho€s sugg9st a lattrcular race -or subspecies,

his;xaminatior must be dcf.nitive and rcly only or positive characteristics. There is litde room for

subj€cti\€ illterpretatioD" If, bascd oa ths cxaEitret's iepon' a violatioa is cod6rme4 the enniner

."! tt* b. off.a 
"p"" 

to makc a comprehcnsii€ itsPediotr of thc shipmc and aftilary

ddrmeats, ad nay later bc called upon to tastiry as to his findiags. Comlo!'- commercial atrd

scientific aames invoie4 skin sizcs relative to tle lengths colttmonly attaiDed by the sp€cies in life'

origiDr cited and acJual distributiotrs for tL. species iNolve4 ty?cs of tanMge, staE- !s and other

."i*iogs, 
"tt 

may bc scrutinized atrd compared to howr statiards for- poTrbl.e a9ditiotral

supporllg evidenc-c. The role of the forcrsic e;€miaer i3 to ptovide the ubiased screnrific facts,

,rliii,n f"-l^ determined to the bcst of his at'ility, tlat wil elucidate tle legal contentions
(Brazaitis 1986b).



.!0

Itr the Udted States, various state laws mandate that AEeric2n aligators be skiDred and shipped
with differeat small portioc of skid left attached to h€lp distiDguish tle hafl,Est year in whichlle
skil was talcn. A oueber of countfies are adopting similai skiming r,ar.iations into maragemenr
protocols.

Most cro.oalilians are utilized as whole belly skins which are sold by the piece or by the bely
width. They aro skiDned in the traditional manner, discarrling rle hard bony sofes of$e Uac4
dorsal ncck and ta4 ard f€et. Thc lcmaining commercially dcsirable portior includcs the skir of
the lowEr jaw ard throat, belly, complete qdth as much fall skin od each side as possible ard as
much of the rcntral and lareral portions of r-he rait as possible (Fi& r A).

An altematc method of shnri.g produces a 'homback.' By tlis method, the admal is skimed
via a longtudhal did-r'ertral iDcisiotr which pteserves the neck, back and a.nterior dorsal tail
scalatioa (Fi& 2). Native crafts ftom West Africa and Latin America as n/€ll as aoderate oualitv
products produced or marketed in Japa! ard southeast Asia utilize hornback skins.

Akhaugb Melanosuchus riger is skimed in rhe Uaditional maflrcr, rhe tanned ad finished
skirs may often be cut up idto scctions a[d sold as throah, chasts, belli€s, girdles and tails, as x,el
as whole stiDs, by tlrc pie.e or square aeasure (Fi& 1 D).

The rarious races of spectaded caiE,aa. Caiman crccodihts 6 y dtl\et be slirned in the
taditiodal ma'llter, or only the flart regioDs may be taker (Fi& 1 B). Flanks include the softer,
le6s ossiied sLin b€tweeD thc front alrd rcar limb6 atrd the dorsal atral r,ertral scales. Occasionallv.
lle tw9 qllfs are lcft joircd by the skin of the gular aad pclvic regions, The tail is cur #
immediately po6t€rior to thc v€nt and is discarde4 atong witl the nid-ventral belly regioa. More
ofteA eacl flank is shipped as hdepedent piecrs packed in buadlcs. Hajf taared crusis as well as
tanned and filished caioar llank may be shipped directly from South Ardericar tanrcries to
malrufactureis arourd the wortd. Flark may be iavoiced aad sold by the piece or by the square

_ TgtallnlT.6q and averagc lengths for crocodilians are given in Brazaitis (lyBb), King ad
BrazaiG (1971), and crgornbldge (1982) The leryrh of tte flank ski!, ftom axilta to groin lFig
3$, may be used as aa index in detcrmiring tle approxinate size of the animal from-rphich the
flank was_Iaken, ani may help to distinguish tle fla* 6lirs of largc sp€cies from those achieving
only small to hod€rate leagtbs. For caiEa!, this straight Iine mea$llement froE rxilla to axilla
apprdiDratos 22 of the totat leqgth of the aninal. Thus, a flalk length of zlo cm would indic{te
it was taken ftom an adEal about 182 cn ir total leDgth. ConpanbG fhnk proportions may be
us€d to -approximate lergths for raccs oI C. crocoilihts, M, niger, a d Altigrto; mbsisstpienrk
(Brazaitis, in prep.). Hide grading by quality, stirning merhods, proportional amounts of usable
skid for difiere qtras of cocodilia.s and irethods of neastring cornmercial skins are gi!€n in
Fuchs (uldated) and Vau Jaa4veldt (rl[publ.J.

_ - Scraps and trimmings are small piec€s of skir ftom al1y sp€cies, rvhich may remaiD after whole
skins, fla.Eks, etc. are cut up itr the marufachue of products. Scraps may be in the form of crust or
completely tanned aad finished skin. Scmps are oftetr sold bf, weight (Fig. 1 C).

The Sp€ci€s ldentlncatiotr of Crocodiliatr Skitrs

Tte id€ntificatior of crocodiliaa bides and products r€li€s largely otr the deterEination of
goss morphological characteristicE although more sophisticated biochemic.al metho& of



idedificatio! are cutently urder hr€stigtion. Figure 4 shows the regiois of body sslation

referred to i[ the followiag identfication procedures ard keys. Figure 3 shlws the scale

coaEguratiors ard pattens at various body tegions. Nuobers of scale-rows, scale induriols in

certai body rcgiols and the shape ard atrangeme ofs.ales day be defnitii€ in themselves or itr

coDjunction with other characters.

Thcro are two basic chatactcristics wbich seftt as fu4dame al diteria ir the identficatiou of
(rocldiliais in lifc, as stiE6 or hides, or as madlactured producls, ltese ate thc pleseice or

abseac. of irtcgume ary sensc organs CSOS) on the body scalatiotr (Fi8. 5A' B), and the

presencc, compdsition' degcc, or lack of bony plates or osteodcrEs in tlc vcutral body sslatior

(Fis. O.

Onlv membcrs of thc fasilies Crocodylidae ald Gavialidae have integuaentary sedse organs'

All memLrs of tie faoily Aligatoridae lack IsOs otr body scales. However, all docodilia$ bear

ISOS oo various pottions ;f the head. while having a single ISo oa each sc,le is ttre gpleral rul€, as

marv as two !o 6ve may be foutrd on t'edral scales. Whetr pr€sent, ISOs car be found (ln lhe

atrterior Diddlc portiot of rhe body scales in livilg aaimals, a:rd ia all forms of processed skiff alld

producls.

osteoderms (Fi& 6) are body Plates which occur in parts of the body- scalation of aI

crocodilia.ns. Howiver, as a diagostic tool, w€ only consider tlose osteoderms which occlr in the

vertral regions of the throat, pectoral add bclly scrlation" There are,tr|lo typ€si codposrte

osteodemri *hich are Eade up;f two or thec sutured plates (Ftg. 6^{) such as those foud in the

en r^ Cait ,an, Metolotnchus ud Polconcfuu, ad single bone osteoderms such as those found
Ya tbc genera Alligaor, Crocodtf&t a\d Ostcola.mus (Ftg- 6C. D). Shaviry 4'! processiDC

eotards Oe ability to determine the prescncc and tyPe of ventral o6teoderms ia hides ad

product6. While proccssilg may change the tefure and thickness of tle skitr atrd scalatron, the

iorn of the sslct-and tlcir relatronship to each othcr remaias the same. APpendix I gives a key

for the identfication of commercial crocodilian Lid* and slios based on body scalatioa' Although

thc key focuses on whole belly s&itrs, thc s.ale morpholo$/ may be applied in tte idetilication of

flall(s,'cut piec€s of s&in and Easufactur€d products prcaented ir commercial trade. In doing so,

it is oi utmost impo.tanco to d€termine the specific My legion ftom {'hich tle skj4- repJesented

on the product has bc.en tafetr €ig. 3l The key is adaPt€d ftom (Brglitis 193a' bt King ad

Brazaitis (1t3) and Ross ad ioqs 1t4). Tho morphology pr€seated in this paper reflects the

dassic i&ntitiry chatacteristiG of the spccies involved

Typ.s of Crocodiltalt Protlucts id Traale

Clocoditiatr producls commotrly foutrd in trade irdude drie4 salted, o' raw untanned whole

skins or skin parts; partialy tanlcd s&ins tcloed 'crusts' (Fig. 12 C); ftrlly rarftd and finished

whole hides, portioos of hidcs and trintmi.ngs ftom matrufacturing procedures; manufactffed

oroducs: ttooiv skios u.[d skuls; aolehy irems ald curios. Manulactuted products and ta ed

iki* nay be_oi-odetate or high qualiiy commcrcial manufactue, which are widely cxporte4 or

of poor quality native cra&. Nortlty iterns, curios atrd troPhy skins are usually of native craft ard

""" 
Lrgay dit""t"a at the local couumer or toudst, although i.n recent years such iteds hav€

found i salcs market ia low ircome shops alrd stleet vendors itr the U.S' and Europc.

Manufactured products include hatrdbags, shoe$ waletE bclq aftache cases aod small pieces

of luggagc, watchb;ds, key casas ard billfolds Ttcsc Eake up lhe bulk of ari ecoBomic basis for

tle crocodile leatler trade. Ouality commercially tanned ard processed bides ard products are



gencraly characterized by their soft supple leatherE uniform coloratior a.nd tc\ture. ard car.tri
worxmalship combircd with polished metal fitrjngs

. -- Quality hadbags alid other items aie fabricated from Eatched paDels of selected be y skin,
*hile gussets aad hido panels are match€d wirh sections of tai! neck or sclected leg skia (Figs. 3,
a.[d 7). France, ttaly, SwiEerlard ard Wesr CerEany are rh; ceur€rs of quafiry fiUcatLg a
tanling of crocldilia[ ski& In generaj, highest quality or 'classic, siins are used in the
matrufacujc of t[€ h;ghest pdced products 'I:he,se are fron spccies whici lact or have poorty
der€bped bony ptates or osteoderms i! thc venual areas Tlrey produce soft supple leather ard
har€ scale. parleros which are aesrbetically pleasibg when proc;ed. Hig y Tesha;ie classic
specres r'dude ttr€ Ame',.a antgatot A. mississi?tiarrir, Mle Gocodile Crorodyhrs niloticus,salt.
water -co.odile Ctucodyhts poDrur, New Guinea socodile Oocog,hu novaeguineae novaeguineae.
l,{orelet'l gocgdne Cftcodytw t tqeteti, rie Siaees€ crocortite Cmcoiytus si^.ne,Lr,s, alld
ftequetrtiy ttc black caiman M. nrg"r and r.hc broa d-snoted cai,man Caimon litiostk .

.. 
Sboe..6A" *d-y TadeAom ,ou.Dg ciocldilians with small scales. Scraps or tdmml[gs are

otier used for toes, heels ard strapn-ajthongh enlire shoes are commonly composed of pieces of
xant s&.Ds ot caEatr C-. crDcodrTw (Fig. fB and C). Mosr qualiry cainao shoes are manufactured
tn ltaly lioE the wide flatrks of yacare ca;aw Caimaa .Tocodilw Jracare, Ta.ned and finished
Y.-arar_ c{anl!< may be stippd from Bolivi4 which have ftequently been taker froo admats often
lilled ilegaly in Brazil (Hcnley and Caldwel 1986).

- Ouality t ilfolds! l'diets, desk setsl etc, are made from neclg tbroat flall al(l tail sectiors of
blact cainan (Frg. rD), A.Ecrican aligaror a.Ed caiman. Two to fou, bely skins ofjuvenile dusky
caima Caiman ctocoditus f$c:rl-r, often shipped from Colombia in disrigard of minimuto size
limitatioDs, may be lsed ia tic malufacture of a single s.allet ard are se\rn ;de by side on a wallet
ot bilfold.

Most belts are composed of small s.iaps of skin (Frg. lC), usualy caimaa calefrjly ilatched
to corceal tie seam6 and backed *ith steer learher. The ieams bctween pieces in quality betts are
rvdl Eatched. The forensic examiner mrjst have a rborough knowledge of scale coon!*aiio* f.on
crocodilian body- regions. ard must caretuIy sgutinize the produi iI a species iienrification is
golng ro D€ poA.srble on sucb iteEs-

. Watchtands are geoe.a]ly cohpo6ed of scraps or trinmiDgs (F,ig. 1C) of aearly a.try 6p€qes,
but primaily of caiman C. crocoAkr.

rn- rec.lt ye€rx, softer body portions of the heavily ossifie<l meabers of the speci€s c.
arocqlus ,h^w bcieasingly been ured in the nanufacture of better quality products. South
Americatr skins ar€ shipp€d to South Afric., Japan and Southeast.qsia ard are oit; docuEentect as
elglnic true crocodile specie6 after matrufactulc irto products. Many are Eisleadi-ogly sold to
visitilg tourists as wcll uoder the Eame of the familiar cndeoic speoes.

Figure 2 shows thc g?ical 'hornback" look of products manufactued in Southeast Asia and
Japan. Thesc are not truly native crafts, although tfey do trot refle€t quality commercial
manufacture. The skins are rct well tamed a.nd teod to be bard and sooewhaiinllexible. tatler
thar d;sdaying tle ventral portiols of the crocodiliar as the foql poh! of ftonl a.nd rear panels, tle
cfffse back scrlation of ar animal skinned tfuougb the beuy is the prominent fearure. The bony
keeled dorsal scales prcclude bunishiag and finishh& thus the back scrles are left dull while the
remainder of tie skir is finished to a high gtoss. Spccies most often us€d includc caiman C.
socodilus, tjc..salt-water qocodile C. poron,r, Johnston.s (j:ocadlJe Crccodytus johnsont, the
SiaEese ctocodile c. ridrnersir rnd infrequ€trtly, rhe Malaya.n false gavial lorn istima scnfugeti.



Nati€ crafts rellect the opposite traits of qu6lity products. Native crafts generally utilize

locat tauing daterials and can be identfied by tlei uneved "haldness' due to hani processing

atrd incorsisient tides spe at vatious 6tcpc in thc tar.nidg process. Maay sljns and producls are

left itr bleached-out tr€utral totres. The unev€n supplercss atrd thrcknes6 of the leather, combircd

with disregard for conbolled tanning chemistry, preclude the uilorm absorption of. dyes' The

effcct whe; dyed is a blotchy unclbD appeara&e. Litriigs may bc of similar poor quali- ty dodestrc

leatlcrs while bordcrs and seams may be xJrapped with lcather thongs. Latches ard fasten€rs are

usually ol leatler as s,ell. Holes in skiDs may simPly bc plugged wit! a Slued_on Patch A n mber

of rep'tilc species Eay be combined with crocodilials; favorites bclude p'thor (Boida€)' EoEitor

lz3d avar'a"idae) ;d sca tutle (Cheloniidae). while rcatly any species of cro€o'lilian may be

utilized in native crafts and sold locauy, A.&ican spccies and products ftom westem Aftica have the

widest salcs distlibutiod and arc oftetr presedted to the forensrc examiner for identficatior- Thes€

itrcluale thc west,c.fricalr dEllf (r(rnd'le otteolaem s tet rspis, *est A&ica! slender-snouted

$ocadrJe &ocodyh$ calaphmchrs, and the N e crocodile Crccodl,rrti,oticur'

Chrr?c'aerhttca of FEqu€ntly Utill,€d Sp€cieg
As They ComBorlt Appe$ otr M.trufacturtd Products

The dvarl (::ocadile Osteolactnrr t€ltsrpir of w€st Aftica is often used ia the production of

Door oualiN Datrve claftc such as haadbags and carrying cases. Its llalk are distinctive ard are

oftsa pronlently display€d otr products. Tbe spccies has ISOS' and"in addition has large keeled

scales_arranged in a random fasUon ir a field of creased skin (Fig. 3F )' The charactcristic ouchal

cluster on G back of the lrelk (fig 8c) is made up of a goup of foul scales arranged in a square'

ventral scales are arraliged in 18 to 22 trarsverse ro$5. The belly slin is e*€nsiwly ossifled,

containing sbgle osteodcrns (Frg;6C) ald is not easily dye4 shar€d thb or decalcfied ir t'ming

Products;e idfi, oftelr bleached itr color ard ft€quendy ar€ left in treutral tones or sometimes

dyed black or rerl

Tle Nile crocodrle, C. nitoti(xll', a.ud the west Aftic-ar slender-snouted oocodile' C

cataphncn&,bo& o.tv itr trade ard bear ISOS. While some populatiols of Ml€ crocodiles do dot

bear osteoderms in the veatral s.alatio& others do. The'se lafter animals coatain poorly developed

but diagnostic small clliptical ostcoderns ir the gular or Pectoral regioas of the skin (Fi& 6D)' ln

cr)rt?f;. C. catapnnctus f,as ctrelsive totnd osteodcrms itr nearly all of the venhal sc-ale'c_ These

osteoderms caa 
_be 

dearly seetr as flattened hard rcflecdons uader tie sudace of the glossy smooth

sslc's ia tamcd stins ani Earufacturcd ptoducls (Frg| 6c and D) and as largcr hard bory plates i!

aatiw oafts.

Base plates and gusset poltiors of handbags may conrair tail poftiors which $nf"V tia-

rentraf rows of irregutar scaljs extending cau&d ftom tbe cloaca (Fig" 9D), characteristic of the

Siamese crocodilc C, ti4tte'rrir. The spccies lacks rcDtral osteodeftds but has ISOS.

Irclusion6 of en a scalgs b€tween the ro*s of scal€s on the vental anterior portioD of the tail

are diagnostic for other species of crocodiliats as well' ard are often foutrd under careful squtiny

or shois as well as largci items. Trlrsverse ventral itrdusions with Isos (Fig. 9A) id€diry the

sub-candal tail skin of Morelet's locodtle C. moreleti.

The tail skh of Otaodll/J 46ttl!J, the Adericatr crocodile, ca'r be ide ified if thc inclusions

are restricted to tie lateral portioos of the tail as ia Fg. 9C (Ross and Ro6s' 1t4).



. ._ft.,4 skiD of black cailna! M. r€?,' is equaly ideDtifiabte. Althougb rhe inctusioos are
$mdar to thos€ of tie MoreleCs crocodil€, lhe black caiman lack ISOS-

Irregular swirliDg trails fourd ot! tic -ventlal scales, includirg the tail scalas of mary
Gocodilians tbroughout the worl4 *€re ooce thought to be charactcrisic ofthe Orinoco croco< j,
Cro.ody_tus a!!:.rny4:\t (Fig.5C). They are, hower€r, produced by a parasiric n€matod€ of rtre
ge s Capillatia (HJ.loneg pcrs. com_m.) and arc not diagnostic,

f*Y l9-"do1 Gig. aA) Eay aiso bc diagnostic for certaitr spccies. Nuchals are oft€nprom|neauy drsptatrd on nativc cra_fted as w€ll a3 poorly hatrufactued homback products (Fig 2)
-l1q homtack .Lj".. The square bloct like ruchat fornarion Fi& 8C) of O. k'rasp,r, th€ w€st
African dwarf crocodile, is unique, ad co biDed with the presen-cc ofventral ostcjderrns, tSOs
a.nd flanks corrposed of randonly arranged teeled scales in ; fieH of soft cre^"d skj" (Fi;its) ;s
diardostic

.A l|/!.ical Crocodytus a\chal d$ter (Frg, 8A), combiaed with connective scales so as to form a
coitiruation of lhe dorsal scrles (Fig, 8E) idendfies c. ./,rftrrori. rhe Jobnsro_tr,s Gocod e. Tbe
tla.Dl<s are coEposed of uDifor6 rcws of routrd scales similar to dose in Fig. 3Fl. tSOs *e pro"ot
as are wcll developcd ventral octeoclerns.

The truchal formatioDs of the wEst Africar slender-smuted Gocodile (F!s. 8n and th€
Malaya! l<c gaviat T. scrrlegtli (Fg 8D) are similar. howettr. rhe for.e. spe;es la" ueonal
osteoderEs while tle la[er does trot-

"-,fg:rr[*:t{ls\.tdctviatissons.rialslasnoterte,edFadeintoa:ryyears.perhapsitsnourd De noted that il does trave a nucbat foroarion siEilar to lornirtoma and C. cariphracns,
however it difiers in having tlliform rows of square or h€xagoaal flank scales as 

"pp"""Ji. 
-""a

or oval Ilanl scales.

.^, 
fr. dl1o crocodite., C. porosus, which he a Epiczt Oocodfhrs luchal formation (Fig

{rA) Eay sometimes be idenriFed by tlre lackofpost ocripital scalatiorl (Fig.4A). Ir addirion,'rh-e
specrcsfacrs lrotral osteoderEs and has flant scrlarior arranged itr udlorm leEgth rows simiJar ro
Fig. 3F . There are 30 to 35 tnnsveNc ventral rows of scajei. Tte skio of thiispecies proauc"s
the 6.oest of ciocodiliar leathers.

Ttc duchal clusters of mcmb€rs of the gcnus Caiman a d Melanosuchus, as well as l.
rytsltnlp.rcyt are..dislidclive (Fig. 8B). Hov/ever, tle family Alligatoridae displays otter
c&uaqensucs as we[

- - MeDbers oI the family Aligato.idae may be separared froE other cocodiliaDs by their total
Iack of body ISOS. ISOS are restricted to thc head ;dy. Although nost alligarorids (ave ventrar
osteoderms, rh€- Americar aligaror usualy has ody poorly deve-loped siud! osteoaets in rlepeqorar and Drrdventrat regrons. if at a.I (Fig. 6C ard D). The surface of tLe skin assumes a smootl
lTrsb^whco_ 

talicd" Tbe scrr_rem-aining from rhe ll[rbilcus itr rhis species remains thoughour lile
as a bre network of Geas€s (Fig. 7), a-od car usualy be s€en trear rhe top of at least one face panet
on Erger purses ard handbags.

. Tte black clirntan" M. rter, differs in having a cooposite square ost€oderm in nearly all of
the-vertral scales (Fig. 6A). The suface of the venual skiD js higl,ly polishe4 smooth, unpitted
atrd sodewhat inJlexible. Like atl allgarorids, ir lacts body ISOi Tie inctusions betvecn rneventral scale ro\rs unaler lhe anterior tail are defuitive (Fig. 9B). Tbe flaa(ls are composed of six
to eight ro$s of large, rour4 poorly keel€d scales. ajternating wit_h rows of smatt scahl 1iigs. roC



atrd D). Marufactured iteds include handbags, wallets, billfolds' metr's sho€s, attache ca\es and

desk too accessories. The skh of the species is oftetr too valuable to be sold itr small Pieces (Fig'

1D). Most skirs originate ftom Bolivia but tley arc talen fron neighboring couatries.

Coimot also lack body ISOs erd haw largp, squate, composite bony osteoderms h the

rcntrat selcs as do the black caima.D, bul difier id that whea ta$e4 tle bely scales disPlay deep

suhce pittiDg (Ft.68) itr gpical glossy 6diahes. Caiman may bc ta.Ened to a hig[gbss fidsh or

"" 
.""a" ft" L"""g" 6"i"h... Osteodcrms are clearly visible or tle inside ard outside-sufaces of

the skin (Fig; 6A ;d B). Bonbc fnishcs tsually producc a wrbHing effect surrourding a raised
"bunotr' oa the oulcr surface of t€dtral scales.

The rcnhal scates of c, ,afifftir, the broad_snouted caimar' show cxtensive surface pifting

fFic. 68) when tanftd. The tru. is wide, ad is often used as a whole belly skh. The flaik scales

arJcoroiosed of a sbglc row of rcctargulat large keeled scalcs, folowed by one or two alterdating

ro*s of iarge rectaagular and sEa[ b€td-likc scate's (fig 10A a:rd B). There ar€ ro tailinclusions

the conpiite rcntral osteodetds take Plocessing w€ll Unlike Products ftom ot[er memb€'! of the

caidan group, products day feel soft ald mo.e coopressible to lhe touch.

The most coEmody utiliz€d crocodilians atc the raccs of C, crocodih$ of Soutt America,

exceDr for lhc Rio Apaporis c ifi.an Caimaa c- aPsPoientis. These animals are closely 'elated a'ld

widely < stributcd. The stitrs ate collected tlrouglout South Ameriaa from a multitude of regions'

Skins-a$ nixcd duridg tami4 and are shipped as mixed specics to consuming aod mamfacturing

coudtries. Raw skiDs ;c a&o shippcd to tallnerics in Italy and Fratce, wherc they sgah are mixed

and r€-exDorted to other countnEs. Mo6t slins are uDEatked and arc often taten in violation of

national wilrtlife regulations which often i.nclude hfiest limits ard size limitatioDs.

wtile it is relatively easy to distitrguish tle dark raw skirs of the yacare caima\ C',c' yacarc'

ftom tbe yellow greco skix of thc conmol caima4 C c. ctocod:/8, or tf,e drsky unicolo-r skin of

c. c.&rctrr, tantred but usfinishei blcached stiDs, .Dd ta:racd aad finished hides may bc difficult to

seDiate or a subspecific lel€L AI lacl se$ory orgars, all have surface pittbg (Fl& 68)' aU have

eieosirc coopositc square vc ra.l osteodcrms (Fig 6A) a.nd rcrc have !€trtral tail hclusions is

such as thoae foud in the black cainran.

They do differ in flaat scalation. Wtile black c-aiDan has six to eight rows of alternating smalt

aad latgi roud uolceled iciles (Ftg. 10B abd C), thc yacare caimar has fla*s cosposed of three

to frve rows of rould neatly unlccled scales seParated b'y 'chaiD_liko" iqtcrscales (Fig 11) The rows

arc largely uniform ia lo[gitudinal atrangeftent.

c- c- cmcoa h.s, tlle common caiman, usually bears a row of enlarged strotrgly keeled oval

flant sc"lcs, fo[oc,En by ooe or two scries of or€l keeled scalcs separated ftod each other in a

field of soft skir creasas containing snall roond scrles (Fig. 12).

We do not include the fuo Apaporis criEad c. c. apdPdnl?t$it itr tbis discussion as the species
bas alrcady beeD largely extirpiten by commerciali@d hunting and is [o longer fo nd in

i e$ational trade.

The dusky caiEait" C. c.tlsct/s, is similar to the comdon caiman' exc€pt the flank lows tend

to be uniform io arraagement atrd are separat€d froIa each other by a sedes of smal bead_like

scales (Fig. 13). Juvcnile dusky caimaDs ate ftequendy taketr frod colomaia uider the 1 2 d size

limit and 
-are 

tanncd into u/allets. As thany as four belly skins may be used in a single men's r"Iet'

Maay arc sold as curios ard novelties and originate in Mexico' Colombia and Patrama.



The wide flarks of the yaczre catma\ C. c. yacaft are the most often utilized. Flark scalatior
is usually composed of four rows of round or oval poorly kecled scales separated by a c[ain ]ike
pattem of creased skin and snal scales (Fi& 13). SiDgle shipmenrs of wo to rhree thousaad whole
fl.nt( a.re not utrcoDrmon, alld arc not diffrcu.lt to idetrti&. How€ver, when caiman skia scraps are
pieced together and fastened to steer leatle!, only the deeply pitted surface of the urde;lying
ve ral osteoderms is available to Eake a d€termination. In this ose, the only identfication whici
may be made is that it is a member of the family A igatori&e and of the genus Ca'zan.

. The gelus Pa&oracrrur rarcly is found in any appreciable nurbcrs i! commercial trade, ald
thetr only as shrfied curio6. Belly sc-ales are the oo6t e*ensi€ly bone4 vith composite
osteoderms tiat ov€rlap successive scales to form a! imp€rvious armor, which males comnercial
processing ureconomical. Ventral scales are in 18 to 24 trarsv€rse ror /s.

CrocodiliaD Skln Reproductions

- With_ the risirg cost of quality qocodilian skin, a trumb€r of techniques have been ateveloped
for reproducing geluiDe crocodilian stid patterDs on dom.stic leatlers;d phstics. Th€ fesults
have be€D nroderately successfirl h that, ijr so6e caseq tbe species from whicl rhe type was taler
is readil_y_ idcnlifiable on the artficially matrufactured product. to the rmtraiaed examiaer,
artficid sLi. may be mbtaken for rlc genuine produd. Chemical o. spcctroscopic ,!al}sb nay b€
us€d to detcrmine tlrc ?rcsence of plastic coroporcnts. Ho*cvcr, atificial products ar! rehtively
eary to separate ftorr theL geouhe counterparts ifa few basic principles are kept in nind.

Domestic leathers which are embossed with docodilian prhts are done so from prepared
sta-mps or molds. ThuE tie scale pattems are rep€titiv€, ard body regions ale oft€n djspli€d with
boE regions they are not associated with il life. Cr€ases between sc.les and iunctures lack the
yttra-firc deta4 rui_ queness and individuality of rlitrcreot living aniDals. Booy s.ales, expecteat to
be hard and uyieldin& such as dorsal ald nucbal scal€s, are often as soft as surr6,,"aiig scales.
Exalrination_with a [and lelrs often reveals pock marks atrd blisterirg on the surface of the_product
as a_lesult of hi_gh tedperatuie lrolditrg processes. Tuming small pieces of surface date;al may
result in an odor of bumiag hydroca.bons, indicating plastic, rather tha.n the odor of burnhg
k€ratia such as hair or feathcr.

Thc ldentlllc$tion ofcrocor llaD SkiDs by Btochcmlcst Technlques

The biocheEicrl ide{tiEcatiotr ofwildtife is ir its iBfancy. Howcver, systematics investigations
i[to the molccular idenrification of crocodilia$ have beed carried out od lbod (D.os-ore O83y
aad meat a.od blood (Joaner, pers. comm). Forersic biochemical investieatio; are underwav
under lLe joirt auspic€s of th€ New yort Zoological Society. t ng Istand Udversity a-ud Wort;
Wildlife Fund (USA). Ar overview of the application of curJnt biochenical techniques rs
presetrted i! Brazairis (r986a). A bibliography of the applications of forensic scietrce i.n witdtife
law ertbrcement is giv€o itr Wiisoq 19?8).
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APPENDIX I

Key to the Identtttcation ofwlole Raw, Crusts' Tarrcd and Ftnished Skitrs
(.daptad from XIng and Bmaitk 1971, Br"&"rltls 1973b).

1. u)
b)

2. a)
b)

3. a)
b)

4. a)

b)

). a)

b)

6. a)
b)

7a )

b)

o

8. a)

Ventral scales witf, idtegunentary seDse orgats (=ISot (Fig;' 5A) ....... ..........................2
ve ral scalcs lackilg 1506 ......---------------. ........ ........ 10

osteoderms (Fur. 6) prescnt itr ventral sc.les, at least h Pectolal regiors ........................3
Osteoderms absod from all v€ntlal scale r€glols . '................... 6

Ve ral scales iA 22 to ?/ transverce rows..................,.,.,.',,,,,,,,,... .......Crocody1us iohnsoni
wntral scalas itr 5 to 32 ttaDsverse 10$6 .... ... ...................... ... ................. .. ....4

Ftart legions (Fig. 3ts) adjacert to tfe ve ral bely region colrPosed of soft creased

skin contaidag few ra:rdomly located wcll dereloped keeled scales.
Osteolaemut tetasp*

FlaDL regiotrs adjact to the \Eqtral b€ly rcgion cornposed of round o{ oval weli

developed scalas which ate aranged ir more or less otgadzrd rows (F g 3F') ......... .5

Vedral scales in gultt, pectoral a.dd nid-be[y add subcaudal tail regions containitrg
large rourd oste.derms (Fl& 6C).......................................,...,,....... Crocodyhtt catsPhractus
Veutnl scales ilt pectoral ard some mid_vetrtlal scale's with feeble small eliptical
osteoderms (Ftg. 6D)..... ,,,, . .........,,,., Crocodytus niloticlls

Arterior subcaualal tail regions lacking scale incIusions.............,.......................,,................ 8
Anterior subcaudal tail scale inclusioDs present (Fig. 9) ......---------. .,'.,,.,.........--.7

Scale iaclusions enediag ftom the postenor vctrt, Eedially through the fust several
rowsofsubcaudaltailwho.b(Fi8.9D)...............................,..,,,.......Crocod)iussiamentis
Sele iac.lusions on thc lateral portiod of tf,e a erior taq extendiDg across onto the
ve ral and mid-vedtral tail rcgio[s Fi& 9A) ........ ------------...., -,Ctocodyfut morcleti

:3:-:::::-*::-.:-:-1"-1:.'..':-:::::":::l!lil@.li;;;;;;
Flant scales (fig. 1, t adiaccDt to belly scales square o. hc'agonal in sMPe........... ........

cavialis gangeticut

b flanl scales adjaccnt to b€lly scales round or o1€l in shap€ ............. .. -----............. 9

9. a) Ventral scales in 24 or f€w€r tratr$€rse rows...... ...........................,..Tomistoma schleSeli
b) venEal scales in 24 to 26 transverse rcws.....,,,.,..crocodtlus novaeguineqe novaegutneae'

'''''........,.,........ Crocodt|us mindorcnsrs

c) Veatral scales itr 26 or Eore traDsverse ro\*s ..... .......-.-.,,,,,..,, Crocodylus intemedius Q5-24)

:::::::..::.::::::.:::..:::::..:.,:,:.::....:...........,..,.,:'.:::.:.....::.::..:...:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.it:3t;:;;::w-8
Crocodtlus poroflrs (30"33)



!0

10. a)

b)

11. a)

b)

P ^ )
b)

13. a)

b)

No ost€oderEs presedt in b€lly sc.Ies, or au osteoderm compos€d of a sitrgle bone (Fig.
6C, D).............................. ....................11
Osteoderms preseft in belly scales as a composite borc made up of at least two sections
(Fic.6A).......................... ....................12

UD$ili.cal.sc": pres€Dr ir all sizes, app€adry as a aetwork of fine creases @ig. ?);
vc!trai scales ir 29 or Eore Ealsverse rows........... ...-_-_---Aligator mbsissiooiinsic
Unbilicrl scar absetrt, ve[tral scales h 4 or fewe r :CIns.........,................,<ttigalor'iincnsis

Ventral scales lack $rface pitti!&......-.---..--_.-_--_-............................................... Ll
Surface pitting pres€nt (Fig. 68),,.............................. .................14

Subcauda.l tail inclusions preseDt (Fi& 9B); flank scales as ilr Fig. 10B, C; lentrals in 25
or more rows................... .....--.---..........,,.....,,.,,Me1anosuchus niper
Subcaudal tail inclusions abse , b€ly scales in 24 or less ro*s .......................,..............-:.---

..........,,,,,....... p a I e osuchus p alpebtu nar,
........... --.. --.. P o.leosu chut trigo natu s

14. a)

b)

Venual collai s.ales (Frg. 4) trot mticeably cnlarge4 comlosed of a double row of
scales; belly scales b 2630 transBrse rows; fla.lt scaladoE as i_tr FU. 10A'8.....................

.........,,,.................---....Cai man latio sris
VeDtral colar- seles greatly enlarge4 esp€.ialy mid- ventrally, composed of a single
ror of scales, belly scal€s in 2+z7 tra.lsverse rows ....................t5
Fl"ak scalation as h Figure 11 ........,..............,.,......... ,.,.........----...,Caimaa oocodih.E ,acare

15. a)
b)
o

Flank scalatioa as in Figure 12 .,....... ........ Caimaa docodilus &&odihrs
FIaDk selatioa as in Figue 8 ................................... ..............,.,...Caim,M crocodilus fuscus



!t

Fieurel..{. Fu[ bclv 'crusr' tadred sfi!6 olcairr'aa crocodilus. Crusts ate partially tarned and
ar! ua6nished. Tbc teatlcr et this poirt b bleachcd wbite or ta.[ and is softeNd. B. Flanl skins
are qrt ftoE the sidea of crocoditials, usoaly caiman' a.ud iacludc ponions of the upper froDt atrd
rear legs,as well as tte base of the tail tnd part of the lowe! jaw. C. scaps or trimEings are
Dieces ;f finished or crust skitr vhich remaitr after flarks or whole skiDs ar€ cut up for matrufactue
itrto products. D. Black caiman skios are often cut up ard sold as thoats (0, belies (c), girdles

G), and rails (ra).
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Figue 4. Body regions of crocoiili,'q. A- SNC - single caudal !,e icil$ DC - double caudal
verticils; D - doGal scales; N - nuchal scaleq PO - post occipital scales.
B. SC - sub-caualal scal€s; CL - anal opoding or vent; V - veltral scales: CO - colar; G - gular
regron.
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Frcure 5. A. Arrd,s show rnteg@entary sense orgars (lSOs) foud otr rle body scalation of

-t-t"i. 
"i 

O" i"-rt * Crocoivlidae -a c""iaia"". venkal or belly scales are depicted

af"-"--"t*fft. B. lSOs as seer itr life al1d on hides and products Multiple- ISOS on r€ntral

;;f,.-*;;;i;"";or Multiple Isos are oot diagnostic for anr sgecilc species c

ijifi",;;;;d t"duced bv the borirg of a parasidc renatode (capPilaria) which bav be

seen on th'e ventral so.tes of maly crocodiliars from rould tbc world



i6

Figure 6. -d _ Arroqts indicatc compositc t\ro part t€ft.al osr€oderEs tytical fot Caiman andMcl@totrlchus ts ieved from the flesh side of a 6j&hcd skia. B. fwo p# venrJ osieoaerns otCaiaan. Arowsjldicare surfacc pittiDg b the fiDished sk C. ar"oo ioAi*t, O" i-q" -ooaosteoderDs tourd m the beuy scjles of Crocod]rts calaphtucnl, as riewed ftoa the fleJ siae of
q: Fbbd 

(Lirr D, Larye arross in&cate snall elliptical belly osreoderms oi Ci"ay8,trIo!'ct/s as seel ftoi'l the skin surface.



figula 7. Arroir6 irdicate thc &twork of 6rc crcase6 whicl remaiDs as aa uibiliol scar (U)
throughout tle life of-4l&8otor mississippientis. Thc scar is usually seen dear the top of the ftont
paael of quality handbags oade ftom this species. It is diagnostic ir conjuctioa $1th the absence
of ISOS.



Figure 8. A. Nuchal clust€r (See also Fig. 3.) q?icjl for Eost Cacodytus. B, Nuchal cluster
typicAl of Caima and Melaaotucht$- C. Nuchal group ![,ical fo( Osteotaemus te'.arpas. D.
Nuchal group typical for Tomistoma. E. Nuchal group typical for Oocodytus iohnsoni. ito? tlLe
similarity of tic anterior scales itr the nuchal group to those in A; however, they are coatinuous
*ith the dorsal scales and are tightly sutu€d together to form what appears to be one contiguous
mass. F. Nuchal goup typi.d of Crcco4lus catsphtucttls.
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Fique 9. subcaudal tail s€ctiod immediately posterior to tbe vent showing inclusioos of scales A'

rr?il""cti- with lsos, subcaudat tail inclusioos are sbowu ocrupying the lateral and vetrtral

oortiois of thc anterior tait which is characteristic of Cftrodyhts moreleti' B Tail indusions

:rvf''lr{f* u"t^^u"n* rt,get whicb lack5 tSOs. c. Irclusions Phich are confned to tle lateral

6i reqions, wDic.l tor ooc;dv&r ac!,tjJ. D. Mdvcatral series of inclurions e*erding fron the

veot titouch tbe 6t"t seueral rocs of scales are typic,Jlot Crocodttus siamensis
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Figure 10. A aDd B. Flant scaladon gpical fot Coimn tat](.ostris A. Illustrateal. B. Io life. C
and D._ Ffant scalation typical for Mctanosuchw n€?r, compodeil of at least five rows of
altematia.g sSaI and_large routrd, poorly keeled scalas. C. Noie atternatiDg rows of large and
strall scales illustrated. D. In life-



Figure 11. Flank scalatiot qpi.3Jfor C. ctocodilut tacarc. A. Diagred.a atic. B. Raw dried skin'

c. Ta!rcd atrd fitrished skitr. D. Id life (jur€nile).
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Figure 12. Flanl scalationFic l tor C, crocodilu, crocoitilus. A. Diagrammatic. B. Ralv dded
skid. C. Crust tanned skin.
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Figure 13. Flank sc-a.latioa !tr,i. l lor C. crocodilus flscus. A Diagrammatic. B. As b life-
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INTRODUCIION

_ . The common o! q)ectacled caiman is a species complex whose trxonoEy is i[ a confusect state.
lrin1triry for Tanageh€trt ard conserration coosideiatioag rather rlan f* io-"""r"t..ia
i\tstficrdon,l,/e 

fouow in.tl'k chapter rle remrinotog], of tlle Rcd Data Boof, AUCr.r rgSZl, *ltre th"DtnooJat (;oimtn oocottitus-wirb four [ominal subspecies \C. c. apapoiensis, C. c. crocoaitus, C. c.
rtrscas, aI.d-C, c. lacare (Kiry ard Brazaitis 19?1; Brazairt UZ);. fvfeaen (fS8il di""o"r"a,he
validity oftlis usage and .rgocd r\at Caiman scbop, should be ;;plied to tbis'iooi. f_it"*i." l"rec.Eni'€d c. c.t rczr as rwo djsrirct_sub,sp€cies (f.rs cus alld. chiap;ius), aad gu" n tt 

"p"o". 
.,ut r.

ro C. c. lacar.e (Medem 198), Two addirional subspecies C c. maaiwsstmi an C. c.paragua! tis haw beea ircluded in arother checklist (Wermuth and Mert€;lyfD. HowEver, rhe
original descriptiors wer€ based or comnercial hid; (Fucbs ffa; ana m use'of Oose na:aes
should b€ supprq$ed (Frair ad Behler 1983)

Nurnerous works on C- crocoditut have been ,published' in Latin Aherica as interral
manriscripts of governiaent organizations ard as th€sos of miv€rsiti€s. Duc to tle dilEculty in
obtainiog such mat€rial we have beetr select € and llave cited orly tiose that *€ consider contam
data or concepts of particular worth. cil€n Medem,s (1981, 1983) erdersive treatmed of South
Am. €rican socodilians and their literature, we have restdcted oul r€view itr gede.al to publications
of tbe last two decades.

.rb rub i pledrt sore tudor r sdjrd M&i!@d slr.d
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GEOGRAPHICAL DISTRIBUTTON

The common caimar occurs ftom aboul latitude 16' 20' N i.n Central America to latitude 34'

00's in South Amedca. Off of the mainland it occurs naturally on th€ island of Tlinidad and

Tobago. Feral populations 6re qstablished in lhe Lanier SwamP itr tle southwest of +e Ida de
pio*-r CuUu: Vatoia rCTO), ad i.n the State of Flori& (USA) as far rcrth as latitude 26' 40' (King

ard Xra.kauer 1 6. Ellis 1980). I-n itr€ accou ! of subsp€cies we list thetn in order of occurence

ftod north to south.

C. c. trtcur ratges ftod the Pacifrc drahage of the states of Oaraca and Chiapas itr southem

Mexico (Alvarez del-Toro 194), through Ce ral Aderica into lortlwestem South Aderica' Itr

Mcaragua, Costa Rica a.nd Panama it is foutrd h botl Pacifrc ald Caribbean lowlands (Budowski

and VJ[aa 19?6, Dhou and statotr 1983). I! northwestem South Am€rica it occurs to the west of

tle Andes as far south as Machala in the Gulf of Guataquil in Ecuador O4edern 1983) The

subsDecies o.ietrds east through the Caribbean draiMge of Colombi4 in the Cauc-a and Magdalena

bas'Urs, into the Maracaibo b;in'of lontrwEstern Venezuela (Medem 1981, 198), and along the

Caribbean coast as far as th€ Rjo Yaracuy (Medem 1983). The taxonomic relationships of the

most eastem population with c. ctocodlut alory the rest of the venezuelatr Caribb€an coast is rct

clear (Seijas 1986).

C, c. crocodilus 
'ts 

6e frost widesPread subspecies and Inay Ecll be a comPosite Medem

recoclize the cxfuteoce of 1€tious demes in this subsp€oes aad thscusses the unpubtrshed revision

that-was begrmby the late K P. Schloidt of the Chic-ago Natural History Musc"nt Tle subspecies

occurs to tle east of tle Andes into northern South America in V€nezuela, Ourana, Surinam'

French Guiam, Colombia, Ecuador, Peru, tle Amazon basin in Brazit' ard the islands of T'ilidad

and Tobago (ruCN 1982; Medem 1983).

C, c. apapoiensis h hli('xa only from southesstem Colombia along a 200 km sttetch df the

Rio Apaporis (Medem 1981, ruCN D82).

c. c. )acate, which is regaded as a tull sp€cies by Medon (1983), occurs in th€-Ll'nos de

lfojos regior in the southeast-ern tributariqs oi the Amazotr in Bolivia (rivers Bed, Mamore ard

t'laire d! Oios), ia the adjacent Mato Grosso region of Brazi! and south-ward-tbrough the

Paraguay (Parasa) River basin of Paraguay and Borthem Argentina (IUCN 1982' Medem 1983)'

HABITAT

C. crocodtlur is found in a wide range of aquatic habitats ftom sea level up to about 500 m'

represeding tjie 24' to 1:P isothern (Chirivi-Galego 1yB), and excePtionaly up to 80O Dd
(cotzula atrd Paolillo 1986).

C. c. aPa?oiensis

This subspecies is found in quret waters and lagoons of tho upPer alld middle Rio Apaporis'

Medem (1983i Dotes that the water temperature of the lagoons wh€re they occnr is warmer (25 to

28 c) ;han ihat of the adjacent bodies of water (2f to 2t C) occupied bv Paleosuchus
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cenenl desGiptions of the habitat of t[is subspecies have b€en given for numerous authors
(Medem 1981; Ranos et al. 198L ruCN US_2, corzula ad paolilo-1986). Habitat B?€s have
!.,.r *Tnbl*,.O"parcnt.and rcmporary lagooffr ponds, late,s, reservoirs, hydroelcjric dams,
oxDow raxeq uood plains, qujer water, bodics of water iD flat laads with sandy beaches without
plants, borow pits, flooded savannas, 6avanna! modulatcd with dikes, horiche ard palm s*?Eps,
swamps. marshes, brackisb waters in mangrove swa.mpi the loEer areas of forest striams, flooded
torest, rii€rs, river meanders, mudbanls at the bend of rivers, the mouth of braach creehs, shallow
waters eith a gr_adualy slopisg shore ard many idets, draimge ditches, carals, ard sometimes in
dvers uear to falls and rapids.

_ -- ..Climatic-_data halc been reported fo. some ar€as (Ramos et al. 1981, Ouboter and Nantroe
1984) and iddicate that the hab,d,at of C. c. crocodilus ilr Venezuela is cha;acterized by a marked
dry sea.o! for 

9: first fcw montls of rbe year. Raaos et al. (1981) plovide rinnoblli data for
or€ sre ln tne vetrezueha Llaros showing water temperatu.es ftom 26 to 3@ C, ph ftom 5.? to
75, alrd low cotrceltiation of miqerals and nurdents, ispecially calciun, -ugn..ir-*, *ooou.".,
phosphorus and oitrogen. LiDrDol ical data for 15 C. ;. ooc;ditus tocatiil; aad j pateosuchur
t igonaat lo.Aines hdicated that Coiraz inhabirs waters rhat are less oligotrophic tha! those
Y:!.-l: dp]*f occrus (corzula et at r9a9). rhc mear tempe.aturJ fCj, con<tuctivities(MHOS) a4 total carioos ( eq,4) *ere 2nt/2.:.4. 4BS/29.1, a"a tt.e7:z.a'.""peciiv"ry. n"
raDge. ot r.atues for cooductivity, sodiur, potassiu.m ald total catioDs fel idto two distinct
groupings. The ftnges of values for tempcraturq pH, calciun and magt|esium overlappeal only
slichtlv-

C. c. crocodilus E occasiooaly slmpatric *ith other sp€cies of crocodilians, but thjs may be a
seasonal phenodercr (Valrzolini a.d Gorbes 19?9, Meden 1981. 1983i MaFussod 1982. 1985;
Gorzula-a[d Paolilo 1986). Irs preserr dry disrribulion may be in parr due-to irs expansron top*:.. *o.:"^l*C..j^:9":9ili:n sry{:€: ar9 cdiDct or severely depler€d due ro commercial hunting
(Duon ard SroDr 1977. Medem.1983). Human interv€ntioq rhrough lbe crearion of reseryors,
o.:l3. s ard _3!a$ bas ravored th€ expaEion of this subspecies by th€ Geatiotr of new habitars
(Dixon and Sioni 19rt, Magnussotr 1985, corzula atrd paolillo 1986j.

C. c-firrctrs

. Com^pared ro lheFevious stb6pecies c. c,Jlucus is oore coasral. exledding only up so6e large
nvcls in Colombia ard Ecuador into rbe low lyi.ng alluvial ptains. Its babitat h; be;n de{crib€d as:quiet rpaters, swamjrs, lagoons, dams, rneanders of targe rivers, small streams anal creeks, stormtide
inierbeaches, lowlands, bracljsh wate! mangrove swamps, saltwater, and ponds on offshore islands
(Chirivi-cal€go 1971, 1973; Atvarez del Tor-o 19?4, Meiem 1981, i9S3; iUCN rSAfie-ijas ryE6l.
Chiviricalego.( 1971) oores that lhe.specimens collected in saltwater habitats show flaking of the
9:.:"1 :q".. wlere sympatric wttb Ctucodyus acurur, this subspecies occurs ia low numbers
Q?jas 1986). In areas where C acutur has been hunted out C. c. fr^rcu.r has inaded the former\
niche (Meden 1981, 1983; Seijas 1986).
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C. c-yacare

ltis subspecies has beer described as hhabitirg opcn watersr marshy savanl4 la.kes, lagoods,
roadside borrow pits, ard rivers (IUCN 19&2, Scha.Uer and Craq,shaw 1984 MedeE 1983). It avoids
salt or brackish *aters (ruCN 882). Although &e gercral habitat is similar to that of the
Venezuelan Llaaos with a distitrct dry season in the latter half of the ,€ar, therc is also a marked
cool period ftom June to September duri4 which the air temperature Eay fal to f C (Schafer ard
Craw6haw 1982).

Altiough this subspecies occurs ir two separate river basins, the wstersbed is low (about 400
tn aborr sea levcl). Medem's (1983) g€ographical gpneralities idicated that the flooded relatively
open plai* of the Llanos de Mojos, the Mato Grosso ard lhe Pantanal form a conti rud of
habitat that is ocrupied by this subspccies. This habitat is d;stinct from the loqdaud forest habitat
of C. c. crocoditus b ths adjacelt Adazon regior. C. c. lacarc i t\e largest subspeci€s attaining
lcngths of betweed 2J to 3.0 m. Il is interesting to note tlat tle deme of c. c' crocodifur whrch
iDhabits the [ano6 of veDeaEla ad Colombi4 and which the late K P. scb.didt had intended to
describc as a distilrct subspecieE C. c. hmboldti (M.dea 1983), also attains largc sizes (uP to 25
fr\,whercas C, c. crocoililus in southem venczucla are signiEcandy smaler (Gorzula 19a7)

POPUI.dTON DENSITIES

Problems related to the ccnsusing of caimans have bcen dfucussed by Maglusson (1984 $84)
ard others (Gorzula 1984, 198?; Goizula atrd Paolillo 1986). Thcse authors have proposed
techniques for estimating siz,e during such surrcys (Mag[usson 1983' Gorzula 1984). In most
sullcys, with the exclption of the Vedczuela[ Llanos where caiDa.ds coacentrate into well defined
bodies of watcr duriDg lhe dry seasot, it is rct l<nown whetf,€r the poPriatioDs are pardally or
totaly migratory Thc pla.rdng of surveys with regar& to factors such as tidq weather a.[d phases
of the mootr is based od the irdividual experience of the res.archer. It is not knowtr what
proportior of the true population has becn coonte4 The surveys are fte$teddy oot repeated ard
densrties are erqressed as nu$bet p€r unit area of gcrcral habitat, but do not take hto account
within babitat preferences of thc caisa.n. Additionaly, few workets report the age- or size'
strucrue of the population, In spitc of thcsc problems, tf,e surveys corducted over tf,e past ten
years or so indicatc that C. croaodTas rs still a codmon sP€oes in many areas.

The majority of su eys h?Nelr"et\ of C. c. c|rodihts. Itr liverhe habitats observed densiti€s
ia difereDt countries are surprisi.ngly utriform. Ia Perq densities of 6.6 caimar/km of shore have
bccn reported for the Rio Mairia (Morlcy ald Sanchez 1982) and 9.02 caiman/km of shorc for the
Pacaya-Samiria Natioual Rasene (Verdi et 61. 1980). In ti€ Co€sewijne River in Surinam Gbstn
(1983) observed deDsities fiom 0.7 to 19.0 caima!/km of river, tle densities beiag higher near the
mouths of largc side creeks aad ol sections of the river bodered by largp opetr swahPs. Mean
observ€d dcnsities \vere 33 caiman/km of river duri.4 ihe wet season atrd 6.41caimau/km of rircr
durilrg the dry season. In thc sa.me atea tle overal density has b€en estimated at 53 caidan/ha of
habitat (Ouboter ard NaDhoe 1984). In the vcDezuelan Guayana for dverjre habitat and la.ke
shore a Eeatr de[sity of 252 caihatrAm has b€etr leported (Coratla alrd PaoliUo 1986). In the
venezuelal Lla[o6 Statotr atrd Dixotr (197t calculate-d densitie6 of 130 caimatr/ha of lagootr
dudlg the dry s€asor, Ayaraguena (1983) r€ported 80 to 150 cailra.[Aa of lagoon for siEilar
conahtrons and Marcellidi (199) observed a meatr value of 63.5 caima!/ha of lagoon. CaiDaos in
this area disperse over the floodcd sar1a.noas dudr1g the Ect s€ason atrd populatioD densrties for
gross habitat (irdudiag dry land) harc b€,en repo(€d as 0.17 caidan^a for a 78,000 ha ratrch
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(1.yar?agtena 19Ar, O.21 for the same rarch (D'Andlia 1980), 0.19 for a series of ranches covelirg
a-total area of 233,800 ha (Seijas 1986), and 1.114a for a 7t0OO ha ranch (Woodward alld David
198t. Itr modulated savanllas itr the saoe area dry season dersities were 3.1 caiman/ha of water
sulfacg droppidg to 1.6 caimanAa in the wet season (Ramos et al. tggl). For lbe Venezuelan
Guayana ole study (coflula 1978) €stimated densiries of tm cninaD^a of lagoon dudng the dry
season a.d 10 caim.-atrAa of lagood during the wet season. Subsequeot rei:tts for tlis regroa
(Gorzula ard Paolilo 1986) esriEat. ar overall dersity of 6.64 caiaraa/ha of lagood or 23.4
cnin.nAm of l€ood sho.elhe.

^ .. P9p-rllliois 9f c. c. futau alotg tlc northem coast of Veneanela have be€n surveyed by
Seijas (1986). In lacustrine habitars a mean deDsity of 5.8 caima,rAm of shoretine l,as reported
for 144 km of lalc sho.e wherc C. c. tud6 occurs alorc, but oDIy 25 caiEar/km (itr 45.3 km of
lake shore) wLere ttey were sjmpauic atrth Cnxodytus acuas. LikeUse, in riverhe habitar
dersities were higher (7.1 caioaa/kn alolg 143 Lm of river) h habitats where C. 4crdr war
absent than *he!e they were sFnpatric (15 cainanAm atong 86.9 kDr of river).

Ir the pantanal area of Brazil Schaler a.d Crawshaw (1982) courted a tot l of 2,368 C c.
,a.de in borrow pits along a 14 kh stretch of tle Tra.Dspantanal Highway. They €stimated that
this figure rcpreselted 75% of the toral population.

POPT]LATION STRUCTT'RE

The sMies tiat have beetr rnade to date of thc population structue of the sp€ctacled caiman
have been of size structue, rather tllan age structule, of pogiatioDs of this specie;. R€sults of ten
such studies a.rc sho*1r in Figure 1. Sirce certaia auth;rs did not incluie hatctrlbss iD their
amlysis, we llave eliminat€d &ta for hatchlirgs &om those reports that did so. It sho;d atso be
rcted that, duc to the high mortality that Day occur i! hatchlings, these percentages may vary
gready witlitr a givetr population in a short period of time. Likewise, auifors raried in which
pirameter wui us€d to express size, usi[g either the snout-vent lengt[ or the tola.l tetreth of the
animals. It order to facilitate a dlect comparison between the use of both parameters 

-two 
scales

bave b€en give& ooe fo. the snout-vent lenglh in mm and the other for the total length in m.
Slatotr ald_Dixon's (19t regression of y = 23997 + L85{X was applied in order to calibrare
tle two scales.

l..i 9r.o4 gsrerali t ycarlings of rhis species reach a snout-ient lergth of approximately 200
DJn (Cbidvi-calegos 1971, Blobm 1973, Rivero-Blanco 1974 Statotr;d D'on :rE:/S. Bn:
Gora a 1ql8, Vcrdi et al. 1980, Medem 1981, AyarzaeGna 1983). FeInal€s reach sexual harunry
as, or slighdy before! they attait a snout-lEllt ledgti of 600 Dtm. with the exception ol cerrarn
cases repo_rted by Medem (19A7\ tot C. c. spaponcnsis, females do not grow largei tlru.E * sooot-
vetrt length, of 900 mm. Males possible reach maturity at a larger dze than females dq but anain
substa ialy grcater maxiEum sizes. Thus for the size frequco.y histograms of the Venezuelaa
Uaaos population (Fig 1: A B, C, D ard E) the first sizc class shim (class II indirduak)
represent the no_!-hatchling immatuie frortiotr of the populatioq the secotrd size class shom (class
m) r€present all of the sexually mature femalos of the populatioD and tle shaller mature males,
aad fhe tlird size class (class I9 repr€s€nts adult males. AII of these populatioDs harr suffer€al no
sigDificant hurtidg pressue for at least tetr yea$. In spite of differint methodologies beirg
emplot€d they show reasoaably sirEilar size structures, especially with resp€ct to th; €bss IV
gol!i9n. The Braziliatr Pantaftl population of C. c. Wste sodied by Schaler ard Cra*$haw
(1984 Fig. I F) is shown witt four size classes. The 6rst two represent non-hatcbling subadults
(class U), tle third represcDt addt fcDrales and subadults dalcs (aass IIt), ad the foritt are tle
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Frgure 1. The 6izc structuc of nilc poPulations of Caim@t c,ocodifut ' Ai Vedczuelao Uanos'
o:otutes N - 2Lg A\?,rzaiE,I, l9f,l); B: veBezuelaa Llanos' visual size estimates, N = 296

iivarrad*a fgS0fr i Veiezuelaa Llanos, visual 5i2! estimates, N = 8,185 (seijas 1984); D:

V"o"^"lt"o u-*. 
""pn 

tes, N = 174 (stator and Dixotr $r/t E: verczuelaa Uaros, visual size

cstimates, N = a,ti0 (Wo"d*"ta -a David 1985); F = Brasilian Paataral , vislal size-estinates'
fq = 63Z (ScUler a:d Cra{,shaw 1982): C = Velezueltn Guayatr4 capturcE N = 119 (Gorzula

1q78): H : Brasiliar Alnazolas, visurl siz! estidates, N = 112 (Magnusson 1982)i I = Suriaalr'

"f;i "ir" ""ti-"t"t 
N = 213 (Glastra 1983); J = surinam, captures' N = 3' (Ouboter and

Na.Dboe 19B4). SVI- - strout_\,€nt le.gth ir filn. TL = total lergth in E'
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adults Eales (class I9. It has been already pohted out th^t C. c. ,acare shares certfi
characteristics of its geDeral ecolog/ with the Venezuelan Llanos d€me of'C. c. crocoditus. It i
thus- a.n addi- tional curiosity that the 'acare caiInar population studie4 which was probably ulder
mod€rate if trot intense hunting pressure, should show a population size structue with a mrrkect
similarity to ttose of the Vedezuolan Llaros populations.

The populatioas of c. c. crocodilur studied in the Veaezuelan cuararu, Brazil and Sudnam
(Fig. 1: G, H, I, J) are Earkodly different is size fr€quency distnibution from those of rle Lreo6 or
Padanal, but agaia fairly similar b€tweetr themselv€s. In these cas€s tle three size6 classes sho$!
were arbitr-arily- chos€n to illustrate the gErcral trend of the loptiation stucture, ard do not
correspotrd to the classes II, m and \tI. AII fou_r popul.atio.s were reported to be, or ha!€ beeD
rec€[dy, utrder slight to heavy comdercial huntilg pre$ule. Ho$€ver, corzula,s unDublished
follow-up of the El Marteco population for some fourteen years after a total tuntiae'Ua. *?s
eiforc€d suggest that this size structure is normal of C. c, crocoditus, atle.ast h the V;nezuelan
Gua]€.na.

REPRODUCIION

- _ A16-*. have gederally concluded that rle sex rario of C. crocodihls populatiors rs Xl,
dtbowh in soEe d.ta it seems that rhis mighr not ne.€ssarily be so (Corarla ig7& OuUot", -a
Na.nhoe l9&l). The fact t_har males attab larger sizes .esults in markcal differcnces iu sex ratio
withh crrtain size classcs (Statod and Dixotr fyls, Schaller and Crawshaw 19g4 Aya.rzaguena
1983). E*ernal s€xuaf dihorphism has beeD e)€mhed by Ayarzagueu (198:1 wlo slowea tUt
female C. crocodr'llr havc proponionaly larger and more'rouaded-ey€s. L general feroales start
oreeorDg wDen t[ey rravE reactred a total ledgth of 1.14 d. HowErE!, Chiviri-Galego (1971)
repo(_ed a breedi.Dg female c. c. t/Jc|lJ of 1.08 m. The basic breediDg suaregy of rhis-species is
that of a houlld builder that rcsts durilg the mid wet seasoq producing lounglt tbe beqinning of
the dry season.

Cqutship and matine - In the Llalos and paltanal at the edd of the respectire clrv seasons
caimans ar€ cotrce rated h smal permarent bodies of \rater. Although thesjaggregations are of
a passrve n:ttule due to envto[metrtal factorc, there is evideace that c. aocodr.rltj do€s r'rake actrr,€
bee,ri"g _aggegatiois (Schaler ad Cra*shaw 19Aa Ouboter ard Nanhoe 1934). Br€€ditrg
behavior has been observcd in the llaaos from March to August (Stato! and Oixon iOeZ; ana in
tle lantalal fro|n JuIy ro Deccmb€r (Schaler and C!awshawl982). Courrship irvolves ju,nplng. a
bodzontal tail display, a verticat lail disptay. head slapping and tail slappiag latvarei ael roro
1974, Staton and Drxgn L9n, Ayarz giena 1983). Voc,ii""tions play itd; ;, tro palt in the
coutshij of Llanos caiEatr (Statod ad Dixod 1977), Nibblitrg by the f;nale of rhe aale,s iower
mand;ble and- mutua.l rcck rubbiry have b€€tr ob,sencd duriog pri-coitus (Afvarez del Toro 19?q
Staton_aDd Djxon 1974. Copulatory posirion may vary accordiry to the deptl of water where it is
carried out. Tbe Eale is usua.lly on top of the female but one case was observed where the female
was on top of the male (Staton and Dixon 1974. Coputation lasts f.om four ditrutes to half an
houi (Alvarez del Toro 1974 Staton ard Dixoa 192).

I&$UA - Nesting i.a c. crocodtlnr has beer reported from August to October in tle Llanos (Statotr
alrd Dixon 197, ad in rle mouth of the Amazon during May and June (Best 1984). c' c. /rrcurbreeds all year rouad i.n Colombi4 but with a peak of ne,stbg activiB ftom Januarv to March
!Yr*h 1?81, IUCN 1982). C. c- yacan nests berween Decinber and Aprit (Cr;wshaw add
Schaler 19m). Caimans used the material closest to the nest site for construction (a.harez aet foro
1974). In the Lla.nos nests constructed in open sarann a werc ot paqnlum iascicu,fa.un, ald those id



Gorrula sDil Seuas 51

or near to gnllery forest were made of leaves, Mgs ard soil (Staton and Dixon 19T1). Nest sizes of
C.c. crocodilut n t\el)a.nos have been reported as a dea! drameter of b€tween 80 and 110 cn with
a height of 40 to 50 c1tr Eivero-Blanco 1974), and as a meatr lelgth of 117 cm, a mear width of 104.5
cm ad with a n€an height of 445 cm (Stator a!d Dira lgm, N€sts of C c. yacat€ average 1:14 x
1l'7 cm ,rd 405 on height (CraEshaiv and Schaler $m). A silgle nest of C. c. apapoiensis wlt\
tetr eggs has beeo found (Mcded 1981). Clutch sizc6 in c. c, ctocodrTu ry from 14 to 40 €ggs with
a mean about 29 (Rivero-Blalco 1974 Staton and Dixon 1977). Id C. c. Jtrcur smaller clutch size
from O to 32 egg! have beeo reported (Alvatez del Toro 1t4 Medem 198L ruCN 1982). c. c.

Jracare Foduccs large. clutd sizls of 21 to 38 in Brazil (Crawshaw and Schaller 1980, Schaler and
c€wshaw 1982) ad 23 to 41 in Bolivia (mcatr 33.6; rucN P82). clutch si"r may d€ped in Part on
the size of tte fema.le. Eggs arc ellipticat to routr4 white, hard sh€lled and rugose. Eggs of c. c.
aryporiensis freaswed 6 x 6A Itrm (Medem 1981). I\ode of C. c. crocoalihts in the Llalos aitraged
64 x 41 Em and wcigbed 60 g (Rir€ro-B1arco 1C74; Statod and Dixor 1qfD. Eggs of this subspecies
in Suritram are more elolgatc (Ouboter atrd Nanhoe 1984). C. c./ascur eggs have becd reported as
beilg from 63 to m mm bng, 38 to 41 dD wide and weighirg 40 to 45 g (Medem 1981). Nest
teBpcratwes llas bccr Ecaslrled ftom 25 to 32 C with a mean temperature itr the order of 29 to 3tr
C (Blobm 1 , Stato! and Dixod $rt, Crawshaw and Schaller 1980, Medem 1981). Incubation
p€riods are from 70 to 90 d46 i! C. c. .tocoa76 (StatoD and Di@n 197D ald 75 to 80 days in C. c.

f$cllr (Alvarez dcl Toro 1yl4). Sevcral authors hal€ observed that tte feilale regularly atteads and
guaids the rc,st site dudng the incubation pcriod (Blohm 19R, Crawshaw a.nd Schaller 1980,
Ayarzagten 1983) snd Aharcz del Toro (1974) also observed rest attendarcc by tle male.
Hatching is acloDrparied by vocalizatioa of the youg (Staton a.Bd Dixon 1yt, Gorzula 198). The
female, sometiEas with the help of the male, opens the nest and escorts the you[g to thc water
(Alvarez del Toro 1974; staton and Dixor 197; Craq,shaw and Schallet 1980). The fenale nay
carry thc youDg b her mouth (Al\€rez del Toro 1t4), a.d there is e\,idence that shc may aiso assist
hatchiry by cractiig eggs op€n itr hcr mouth (crawshaw atrd Schaller 1980). Hatchi.ng in tle
Venezuelaa Llaaos occurs frod October to Dec€mber with a pea! in November (Staton atrd Dixon
197). Peak hatchiDg iD tte Bra.alian Pantaml takes plac€ in March (cra*shaw ard Schaler 1980).

Postn€sttns p€rloil - A.fter hatchilg tte young stay together itr disc€te pods (Ah€rez del Toro 1974
Staton atrd Dimd 197, Gorzula 1t8' Medem 1981, Ayarzrgrlella 1983, Romero 1983, Out'oter and
Nanhoe 19&1, Gorzula 1986). Single sex pods havc bc€n reported (Ouboter atrd NaDloe 1984), and
po& of mixed ages have also beer observed (Gorzula t961. 44t1 e"l-"". defend po& in response
to d;suass cals (Staton and Dilon 197, Corzula 19r/8, Staton 1978, Romero 19a3, Ayztzqten
1983, Ouboter and Narloe 1984, Gorzula 1986). DefeDsive behavior by the adults rarges fiom
displairg to outright attack. Thc defeddi4 adult i5 not necessarily a pareat (Gorzula 19'18; Gorzda
and Paolillo 1986). Althowh thc pods geaeraly stay near ttc rcst site, pods with a fenale id
attctrdafte have beetr obscr@d undergoiag migration (Ayaflagiena 1983, ouboter atrd Nanloe
1984). Pods may stay togethcr for a ycar aad a half before dispersiDg tesultitrg iq the fenale
broediry dudng alternate yeats (Gorzlla 19?8, ouboter and Nadhoe 1984).

GROWIH

The few studies on gowtt rate itr wild populatiois have beetr of C. c. c.ocodilus (Frg,2),
corzula (198) used darl-recapturc data to produce a growth cuwe for a population of spcctade-d
caimars iniabiting the savaora lagoo6 in the Venezuelaa Guayana. It was €stiDated that calma!!
ieach a total length of sligbtly less tf,atr one rneter in six years. It was also shown tiat caimans less
than two ycaK old gtew steaalily du;ng the whole year, but t[erea.fter the gro*th rate slowed
during the dry seasoss. In an exceptiona.lly dry yeat there was tro growth registered id five caimatrs
wit[ total lengths of betw€eD 0.90 and 1.20 m, *hereas durilg a wet year two cainans witiitr tiis
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size range grew sol'le ter centimeters each. Ayaragliena (1983) uling size frequency brstoglam
a&lyses produced a similar growtl culv€ for caimans in the V€nezuelan Llaros. Ouboter and
Nadoe (1984) ushg mark-tecaptule data for a populatioa of sPectacled caimaas in Surinam,
denonstrated sigtrificantly faster gro*tl rates. Caimans were estimated to reach a total length of
rcarly 130 m in f € years. They suggest that the differeaces in growth !ate, compared to that of
caiEans in the Venezuelan Guayarq were due to food availability.

Thc ttrce studies of glowti rate ir wild populations show growth rat€s of betw€ea2.o ̂ ad 2.6
cor/Eonth during the first yeai of life. The{€ re,sults are similar to tie gto*th rates of hatchlbgs
tept under captive conditioDs (Rivero-Blarco 1974 Ro&iguez-Arvelo and Robinson 1986).
Hopever, Rivero-Blanco (1974) leport€d some exclptiodal growth rates for hatchlings that reached
lergtls of bet$,eetr 55 and 60 cm ir tcd montbs.

FOOD AND F'f,EDTNG

Although over much of the rang. of C, crocodilus thete have been no dotailed studied of diet
alrd feeding stratcgies, it nay be said that th;s sp€des diet, a5 b othcr 6oc.diliars, is very varied
ard deperd upon the siz€ of the hdividuals the season of the year atrd the specific chancterGtics
of tle habitat s,here tley tive. Hatchlings aad juvenilas fee-d mainly oa bvertebrates, itrs€cts
(priftipaly Col€optcra) beiag the major food items. Juvcnil6 ald adulLs aiso feed on $ails,
shrimps aad 6abs (Dooo€o-Barros 1965, Chiriei-Galegos Lgn, ly73t Nvar.z del Toro 1q74
Staton and Di(on 195, Castoviejo et al. 1yl6 Gorzula 198, Vaizolid aad Gomes 1979, Seijas
ard R mos 1980, Verdi et al. 1980, Medem 1981, Oubote! and Nanhoe 1984). Ir subadults a.dd
adults vertebates progrcssively acquile mo.e importancr, induding aot only fishes atrd othcr
aquatic wrt€brates, but also terrest ial species (Medem 1981; A&arez del Toro 1974).
Camibalish has also becn ieported (Stator ard DixoD 195; Schaler and Crawshaw 1982) a.d
feediDg oD carriod (Statod add Diro! 191.

The Eriatiors i! diet that harc b€en demonstrated by differe stuahes, incluclrtrg tlose
carricd out h loc.lities that are rolatively rcar to each othe! (Cashoviejo et aL 1976, S€ijas ad
Ramos 1980, 1983), nay be hterpreted as beiry due to differences itr faunal
conposition betwea localities, rather than due to the food preferencrs of sp€cific Populations of
caima[s. The iEportaffe of each food itelr, therefore, depedds principaly upoa thc rclatirc
abuadaacc witb whicl it occurs in tle locrlity. For example, the commotrest fish fourd in tho
stomach contetrts of caiEan id a Venczuelan Llanos locality (S€ijas and Ramos 1960), corresPond
precisely to the most abutralatrt spccied that iDhabit tf,o6c vatcrs (Ramos et 6L 1981). Gorzula
(1978) indicated the importance of a.duraDs i! tle dlet of caina* il the Venezuelatr Guayatra
dudry tle rainy seaso4 wheo tlrcse anurals are aburdadt. Snails and crabs are importart ir
caiman diots in areas where thcse bvertebrates are very common (Alvarez del Toro 1974, Medem
1981, AyarzagteDa 1983).

Feedilg strategies and fe€ding behavior have rcceived litde attentron in the literature. our
observatiors ard thc literatue suggest, as a boad g€nerality, tlat the common caman exploits
shallow waters and tlre narrow littoral ftbgcs of eiensive bodres of water. Some types of feeding
behavior have been dcs.dbed ir the literature, AyarzJag].tc0^ (Ayaflag(re\a 1983) distinguish€d the
folowing feediq strategies: lying in ambush fo. terrestrial prey localizatioa of prey by the sounds
that the prey speaies produc!; lying in wait for prey, prircipaly tuhes, that atlile by chatrce at the
site where the caiEan is. schatler and Cral*Bhaw (schaler aad crawshaw 1982) descdbe
additional strategGs, among *tich there is o[e rrlere the caimans 'drive', usiag their body and
tad fish towards the shore or rnto shallow waters nhcre captue is easiet. Amblshiry atrd actieely
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hurting of prey on dry land has also be€n observsd (Medem 1981; Alirrez del Toro 1974,
Ayarzagriena 1983).

PREDATION

Nume.ou admals have bec! indicated as nahfal ercmies of C. crocodihls Oable 1). The
stages of life ir which the sp€ctacled caimaa is 6ost srsceptible to predatiotr are the eggs ald the
hatchlings. The goldea tegl.lrEAr4 Tuptnanbis nigopundatus, is impticated as the mist senous
predator o_f eggs in the Velrearclatr Lla{os (RivEro-Blai@ f9j4, Ayarzaglen 1983). Here and itr
other localities other real or potertial pr€dators of eggs i4clude tle crested caracara (potlbon|
plunqts), the crab-eating f<tx (Cedocfon tho s), ad the raccoon (progon sp.; L€itao de Carvahlo
1951, Alvarez del Toro 1974 Riverc.Blaft! 1974 Gorzula 1978, A)€rzagiena 1983).

Abong &e prealators of hatchlilgs ard juveniles are soEe sp€cies of fish (Alvarez alel Toro
1t4) ad aquatic birds such as the maguary srork (Earenws magrari), rhe 1|fiencan wood stoll
(Mycwia afilica/''a), r\e:at,;^t stotk (ldiru nryctetia) and th€ white rccked hercn (Aritea cocoi.
Captive arimals have bc€n obs$r,cd to eat hatchlh9 C. crocodihts (Gor la 19ryg, Medeb tggl),
wiich suggeats that mary animals would be predators of hatctrling cainaas if given trre
opportunity.

Pledators of adult c.iEan such as the Orircco crocodile (O@odylus intetmedius), t\e
American crocoatle (c. acunlr), the black cailra! (fferar osuchur nig'r\, arrd the iaf|/rar lpantheru
oncc), have becn extermidat€d olEr nuch of their forner ranges.- perhaps the Jost inponanr
predator oflarge spectacled caiEatr (apart ftom man) in tle prc;nt day is A e zrtacutd^ (Eunecas
zrairlr; Staton anal Dilon 1C7t Medon 1981, 1983; Ayarzagfena 1983, Lopez-Corcue;a 1984).
MedeE (1981) cites thc case of a 205 m 1069 spectaded c-im"n fourd in thJ stomach content of
an alacodr, and Lop€z-Corcuera (1984) published ar old phorograpL of a siEilar case.

ACTIVITYAND BEIIAVIOR

Annual acaivltv cvcl$ - In the Veaezuelan Llalos (Statotr and Dixon 1971Ayarzagd€na 1983), the
]/eaezu:4 gyyara (Gorzula 1978), Sl,'imm (Ouher and Nanf,oe 1984), and tte Br;Xan
Pantatrai (Schaler ald Crawshaw 1982) the population etholos/ of c. crrcr;r./ur is characterized
try dry season cotrcentratioa atrd d;spcrsal id the lahy season. lt has bccr desciibcd above how
rcproduction is linled to this cycle. In some areas o. in exceptionally &y years caitan nay
ae.stivate by burowiDg into the mud of drybg tagoons (Staton and Di:on 1fr5, Dixoa aad Sioni
1977, Meded 1981). In other arcas the dry season conceatrations of fish are a sicDficant food
re,sour_ce that iq oeloited by the caimaa, arrd rhe dry season is rhus a period of acrivi-ty ad gowth
(Schaler and Cra$shaw 1 2, Ouboter ard Nanhoe 1984). StatoD arJ Dixon (197t ;b6erved riat
in thr Veaezuclar Llanos dry seasou concodratio! comnenced ir January aad 

""a"a 
i" foty, *itl

!,ea} corcentratiotrs i. March. Caimans Aequ€ntly retumed to the same dry season refirge iagoon
itr consecuti!€ y€ars i! the Brazilir.tr Pantanal (Schaler and Crawshaw 1982), but iB some-instatces
males morc to lagoons up to 9.4 tm away. ln geEeral, females moved less thatr exDected and
subadults moved more tha! expect€d, ln Surfuam (Ouboter and Nadoe 1984) dry se_ason hone
ranges from 11 to 35 ha *€re obselved in teleEetry studies. Caimaas in Surinam disDlaced uD to 3
ko in tie rainy searcn. h thc Venezuela.n cuayana (corzula l9?8) cainaDs migrate to tempo.ary
lagoofi duriry the rainy season. Ttese lagools were used by th€ sar:re caim-a[s on successie
yeafi. SiDgle night foragiag migrations to small poot6 for ftogs were also otrserved dudng the rainy
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Table 1i Pre&tors of the can on cai'man Csima aocodilus.

Scientfic aa.me Common name Life stage Source

PISCES

Eopliat macrcphthalmus
Settusobnus sp.

Lepidoseus Uopius

REPflLIA

T pinambis

ca6sh
Pirada

Hatcblingr
Hatcbling!

Hatchlings

Mcdcd 1983.
AyarzagiieIla 1980;
Blohm 1YB.
Ah"rez del Toro 1t4.

nigopt0rctatus Golden tegu Ecs

Hatchlilgs
Adults

Hatcblings
Hatdlings
Ad ts
Adults
Adults

Juveniles
Hatcliings
HatcbliDgs

JweDiles
Juve les
Jweniles

HatcbliDgs
Egg!

Ayarzagnena 1980;
Rile.o-Blanco 1t4;
Staton ad Dixon 197.
Alvarez del Toro 194.
Mederr 1983;
Ayarzagnena 1980;
Staton ajrd Dt.otr 1975;
Lopez-Corocra 19&1.
Medem 1981.
Medem 1981.
Medem 1981.
Medem 1981.
MedcE 1981.

corzula 198.
Alvarez del Toro 1974.
Ayarzagtena 1980.

Gorzula 1978.
Statotr and Dixotr 197.
Gor7ln^I98:
Rosero 19&1.
Ayarzagicna 19m.
Ayarzagiicna 19m:
Rivcro-Blanco 1974.

Ayarzagiena 1980;
Gorzula 1978;

L€itao de Cai,allo 1951.
Medem 1983;
Alvarez del Toro 1t4.
cla*sbaw ad Schaller 1980;
I€itao de Carvablo 1951.
Alvarez del Toro 1974.
Med€m 1983.
corzda 1q78.
Cra*shaw ard Schaller 1980.

Ewwckt muinus

Atehat lnbiotts
Phrtnops geqoan*t
Mela osuchus niger
Crocodtkts aalbat
Cmcodylus interfiedius

AvES

Heterocnw mqicanus
N@ora nlcticore

Myteio ameicano
Eurznwo maguari

Buteogalut unrbiti4go
Poltborus pla$cut

MAMMALIA

Cer&E on thous

Procyon spp.

Feli, padalis

Sur scrcfa
Cebus 6p.

Irdigo snale

Matamata
Side-nc& turdc
Black caiman
Caribbean crocodile
Orinoco crocodile

White-dccked heron
Tiger-bittertr
Blad-ciowned !ig[t

heron
A.oerica! wood stork
MagMri stork
Jabiru stork

creat blact hawk
crested caracara

Crab-eating fox

Raccood

Coatimundi

Ocrlot
Jaguar
Domestic pig
Capuchir nonkey

Hatchlings

Eggs

Eggs

Juveniles
Adults
Hatcblings
Eggs
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seasotr in ttris area. In addition to seasonal migrations "forced migations" by cairaans from areas
uder heavy hutrting pressure by ma! lEi'e been registered itr Colombia (Medem 1981).

Dlel actlvitv cvcl€s - In the Venezuclan Guayana and Surinam, c. croco.litus 'ts essentially a
noctumal species and basking during tle day has b€en observed only inftequently (Goraia 1978,
Ouloter a.sd Na!.hoe 1984). Ho*€ver, in many other arcas basking is a normal part of ti€ daity
activity pattem of this species (Aft,arez del Toro 1974 Staton atrd Dixon 197t Marcss 1976,
Marcelini 1ql9, Schaller atrd C.awshaw 1982, Ayarzagdeaa 1983, Seijas 1986). Itr &e Venezuelan
Llaros a bimodal cycle of bastirg has been reported by several authors. The two dodes correspond
*ith thc mordng rGe a.nd the late aftemooa &op in air tenperature. This behavior is assuEeo ro
be thermoregulatory Marcss (1976) ob,scre,€d early morniDg basking folovred by a second p€riod
betir,e€n fl00 and 1800 hours. Marcellini (cited ir Medem 1981) recorded pea.k morning baskhg
activity at 0900 hours followed by €ven gleater basking activity from 1600 to 1800 hous. The
proportion of caimars basking at ally one time did not excecd 36% of the bigh€st nunber counted
durirg aight surv€'s, StatoD ard Dnon (19t shop€d rhat the Eatked bimodal basking activity
observed in April bad virtually @ased by May. Ayarzagfena (1983), however, observed rhar bimodal
basking activity did oclur during tte wet season on sunny da)s during periods of sevedl dals vrithout
rain, but was abs€nt on raiay or cloudy days. The baskhg behavior of hdividual adnals has not
beon followed.

Gorzula (1978) recorded mean cloacal t€mperature ot n-27 C (sd = 0.88) for caidaus in
savanua lagooDs itr the Venezuelar Gua)'ana. Staton ad Dixo! (197t fould that My
temperature of caimans during the dry season in the Vedezuelar Llanos ranged ftom Z5j to 33,0"
C (mear 30f C), witl thc highest temperatuies occurriDg durbg late afternooD. Diefenbach (1f5)
showEd that preferred body t€mp€ratures ia laboratory experime s ranged ftol! 285 to 36.? C
and were sizc dep€ndert. Ouboter ard Nanhoe (1984) demonstrated a similar phenomercn in
wild caught caimans i! SuriEam.

Spcctacled caimatr ofter dive in respoDse to a predator such a! man and day stay under the
water up to 80 mir (Cor-zula 1q78). Su.h divirlg is accompaded by bradycardia (cauDr and cans
1969, Ganick ad Saitr 1974).

Social bchsvior - C. crocodilut is a territorial species. The incidenc€ of stub.tailed individuals
iftreases with size i.lr populations in tbe Vercarclan Uanos, the Venezuelan Guayan4 aDd
Surbalr ard is prqsumably the result of intraspecfic fightbg (Statotr and Dixoa 1975, Gorzula
1yl8, Ouboter a'ld Nan-hoe 1984). How€i€r io the Braziliar AEazod rcgion there was no
corrclation b€tweetr idcidcKe of damage ard the size class of the individuals (Magnusson 198t.
Tcrritodal behavior has beea observcd in the VeDezuelan Llatros (Stato! ald Dixon 1975). The
residerrt caima'r dGpla,,s to the intruder by tail-fl,sqin& Inflequendy tle intruder may reply with a
similar display. Usually such iiteractions result ilr the intruder fleeiog or being chased out by the
residert. Territoriality has bee! demonstrated hdLectly by corzula (1978) who displaced marked
caima.lrs iDto sinilar lagoors that contained caimans. In 15 of 18 such trials caimans rctumed to
the original lagooD where tley were fust captured. In tlree irstarces the caioar remained in the
lagoon where they had beed displaced. Homing up to 2.4 km was r€corded. On otr€ occasron a
caiman was recaptured while homiug a.nd it was concluded that the caiman had waited until the
first rai.ny dght to effect its r€tum.

C- cmcodifus has paired throat and cloacal musk glanrls. Cainraa often release 6usk upon
being captured (Gorzula 1978). Musk squeezed from the throat glands of a hatchling and mixed in
the water elicited a strarge swihmiag resporse in the nixed pod fton which ir had been captured
(Gorznla 1986). Musk is not always gesent in these glanals, but !o correlation between or other
factors has yet been desciibe4 nor has a.ry fulction for irusk yet b€en proposed.
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Ayarzagcena (1983) produced alr ethogram for c. ctocodrTtu. He a.lso listed three non-vocal
and eight vocrl souDds as part of the rcpertoire of auditory signals of thG species. He consid€red
the thrce non-vocal sourds (palnada dG cabca, gelser nasal aad ci$quido) to have territorial
and threat firdctions. Six of the voca.l soudds Oramldo, mnqulilo, pqjldo grave, pqiido aggdo,
pqiido ateruado a.nd aviso de pelgro) were produced exclusively by adult cxidans. The two
remaid.ng souads se.e the 'distress' and 'co act" cills of hatcblings.

Teritoriality ard social hierarchy in the spcctaded c";n.. are undoubtedly maintained by a
l'ery complex s€ric6 of visual, auditory a.nd chemical siguls HolPever, most ots€MtioDs of
caida! behavior havc to date beetr either lidited to special situatio!$ such as daltime observation
of dry scason concetrtration of caimauq or harc i olved huEan/caiman hteraction" $rch as
capturi[g hatchlingE ald observing the respo$e of adults. ltese brief insights itrto tlre behavior of
the spectaded carman are far from providing a comprehersive understandirg of the codplex
iltraspedic coddudcation of a caitia.d comeunity
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CROCODILE MANAGEMENT IN ZIMBABWE

J.l{. Hutton and cJ.T. Child

Departurert of Natioral Park and Wild Lile ManagcEent,
P.O.Box 8365, Causewat Harare, Zimbabwc

INTRODUCTION

The Nile Crocodile Crocodtlus nildicits Laurenti 1768, is the only crocodile native to
Zibbabwe. Though witth tte tropics, Zimbabwe s dimate, and as a le$jlt tle distribution of
croco<tiles, is strongly influerc€d by altitude (Hutton 1984). prior to 19OO the rarge of the
Gocodile in Zimbabwe was not documenteq but tie alriDral Fobably occurred along a[ pereEnial
ard Eany arrual .ir€rs below 1800 m, with .eliable breeding below 9OO m. Despite a high level of
crocodile/huaaa c!trflict, this ratrge bas trot b€ea gleady affected by Zimbabwe's burgoorlrg
populjtion" Nulbers *cre markedly redtced ir the 1950s, but hai€ reco!€rcd and attloug[ tlere
lus beea some loss of habitat, qocodrl€s have beftfitt€d ftom the Drolileratiod of dams. In
particular, the coDstructior of kke Kariba deated particularly favorable condiriors for crocodiles
at tle time whetr tf,eir nudb€$ were pois€d to recov€r as a result of Dew conseflation policres.

The Department of National Parks and Wild Life Managemetrt of Zimbabwe (hereafter, the
Department) recogri2ls wildlife as a reftwable natual rcsource ard considers that conservatiotr is
encouaged when the resouce is used for the ben€fit of &e people who live *ith it. It is
impracticnl to attempt to 6aleguard a specics though legislatiotr alrd law enforceEent unl€ss
people are at l€ast tolelant towarals it. This is especially true of a large predator like tte Nile
crocodile {hich $riously co$petes with legitimate human interests. Al&ough Don-consumptiv€
uses may be prefere4 there is not always a choice and benefits catr often o.ly be tealized through
the aarketbg of animals o! their products. Tlis philosophy towards tlrc conservation and use of
wildlile is well ilhstrated by the susraircd-ield utilization of c. nilofid4 in which, for 20 years,
eggs haro been collected frol]r the {dld atrd hatchli[gs rai.6ed for their slitrs on licensed rcamq

Uafortunately, in Zimbabwe and elsewhere, managedeat of tle Nile clocodile along thcse
lines has bcen haEeercd by politics, C. a|/rdtc6 is classficd by the IUCN as \ulnerable'
(Groombridge 1982). Trade id its products lr5s restricted \rhea C. nilotiars was Dlaced oD
Apperdix I of CITES pdor to the acceptaNe of rhe Beme Crireria' (CITES Conf 1.L r.2 ard 13,
1976) for fisting delstilrg or transferring species b€tween apperdiccs. ManyAfrican parries ro the
Conve(io! questioned tl s classification and at least four, including Zimbabwe, eatered a
reservation against it, An inability to trade in the species would have represented a major setback
for its consemtioq with every likelihood of irreEistible demarals for the o,termination of
crocodibs outside protected areas. The success of Zimbattwe's policy of conservation through
utilizatiou led to the country's c' niloar'cr.rs population beiag ack-nowledged as "out of darger" and
tratrsferred from Appeudix I to Appendix II of CITES in 19$ (CffES 1984). This was foltowed,
in 1985, by its dowdisting ilr 9 other countriot each ageeitrg to an anual export quota.



This chapter describes the colse.vrtior of c. nirorr'crrr in zimbabwe and for completeness
iacludas information or thc admal's biology, its conflict with humans and the history of its
exploitation, its present utilizatiotr (togethe! witl aseociated legislation and tednologr) atr4
perhaps most importantly, the presert status of the wild populatiotr and its respons€ to
exDloitatior

IJFE HISTORY

The life bistory of c' nr:rofr'car is markedly affccrcd by thc crviroD.medt. I4 Zimbabwe,
hatcblings measure about 03 m total leigth (TL) and grow at a rate largely depetrd€nt on
tempcratuc. Puberty is more inllucacci by siz! than age. Females mature at approximately 2.6 m
TL wbich has beetr rccor&d as taling ftom 8-30 yea$ (Hutton 1984), Females rarely exceed 3.2
m TI. but males longer tha! 4 m TL are common and individuals greater tftatl 5 m TL have beea
recor&d froo the Zambczi fuver in recant ycars (M. Ellerdent pers, comm.).

courtship and matidg occur h July ad carly August (coot-dry seasod). Nest chambers are
excavated ard most clutches laid in late Septembe. (hot-&y season).

Both clutch aad egg size increase with the iacreasing agc and sizr of the fedale (Hutton
1984). 'Ite average clutch size oI tle bke Kariba populatiotr is 45 (Blake and Lveridge r97t.
AltlDugh d€pedclt on tedperature, the incubation period i5 about $ dal6, duriag which most
females rerrla,lr in nest aftendarcc. Incubatio[ teitperatutes also aletermirc the sex of embryos
(males at high t€mpeiaturcs) and as a result, the sex ratio of the population (Huttoa 19&7b).

The e{ent and causes of rcst failue vary b€tr{eer| localities, but losses car be I W E nEo
Efiere incubatiol temp€ratur€s are suUoptimum. Ir wEro arcas prealatiotr is usually the largest
singlc factoi accouating for losse. At Ngezi predatioa d&taged 40qo over TO rears (Huttotr 1984).
The main mtural preiator is the Nile monitor yaranus nilofr'cu.

Hatchiig usualy tales place in Decombor (hot-wet season) and is irvariably assisted b!, the
fedale.

Juveniles are highly susccptiblc to predatio! until they reach 1.2 m TL which ca! tale from 3
to 8 years. Ir cool localitieq where gro$th is slow, jlrvedlc mortality becomes a botde-neck to
population glowth (Hutton 1984). Ir warmer localities' where nest succcss and juvenile
suvivorship are higb, tle reprodudivc potcntial of the sp€cies begs some form of density-
dependent regulatioL Though there are fe!, data from the wild, the i.ntra-specific predation of one
size class by aiother;s implicstcd b thc rcgulato.y process. Cannibalism is comlroa i[ captivity
a.nd ecologic.l separation of size classes has beetr recolded in some wild populations. The hode
ranges of adults and their offspri.ng (< 1.2 itr TL) coincide, but arc completely separate ftom tlose
of larger jur€dles sld subadults (Hutton 1984).

As a result of the \arious environmental factors which allect life history processes, crocoalil€s
are denographrcally most successfirl in areas of Zimbabwe below 600 n (Fig. 1).

Nile Gocodiles are opporonistrc pr€dators though their prey target size incr€ases with body
size (cott 1 1, Hutton 1987a). l,arge masdals conprise the main diet of gocorliles larger than
25 m TL ad in popdated areas this may lead to the dcath of people and their livestock.

l(l
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MANAGEMENT

Pgrrp€etiyg - There has always been conllict bct*€en ciocodil€s and rural people dep€ndetrt otr
natural water suppli€s for tLeir domestic and li€sto& needs, but tlis has intedsified since the
19,10s wheD huaa.tr Dumbers entered a phase of exponertial iacrease. zimbabwe has no traditior
of crocoaliles or thei eggs being us€d as foo4 but their desbuctior ha.6 always bcen viewed as a
service to tf,e community. Orighaly this hutrtiry probably had litde effect on eithe! cocoalile
auebers or alisdbution" However, soon after thc Secird World War thc cnDlmercial hide huntj.Eg
oIC nirotclr commenced. This pealed in tle 1950s, bringing mary acc€ssible populations to tle
point of e(irction (G. Hall pers. c.E!l.), At that time, Zidbabq/€'s docoaliles \rcrc orly
protected witlitr NatioMl Parks which covercd less than 57o of the country aad cortaided litde
habitat suitable for the animal. Udprotected populations were affected badly by uncontroled
exploitatioD" For examplq few large crocodilc.s survived aloDg ttose reaches of the niddle
zambe2i which are aov,/ subdelged by Irte Kariba (c. child unpubl. data).

As a result oI thc Wild l,ife Conservation Acg crocodiles filst received a measure of legal
protectior tbrorghout Zinbabwe b 1 1. At tle same time the foundations c'ere laid of th€
presed Parts and wild Life Estate vrhich rcc-og z€s six clasies of protected are| in.clu.des 12.7
of Zidbabre ald has substantral !'rime crocodile habitat. Mainly due to the control of skin
huntirg ciocodile nudbers respotrded imEealiately.

Althowh cocodiles occu! virtually thoughout ZinbdbwE, tle couitry is divided by a central
watershed which s€paratcs thc two daid river basiDs with crocodile habitat b€low 600 m. It is
thcrefore coNerie to consider that tie recorrry took placi in two distinct populations, one h the
loltieltr Zambezi basi& the other in the southern Save/Limpopo basiD - better kltoc,! as the
lowveld (Fig. 1). Tbere are iEportalt physical and developmental differences b€twe€n the two. The
zambezi valey has poor agricultu.al pot€ntial and is poorly developed. Tho Zambczi Rirct is
perennial and a 300 km section was flooded by thc coBtruction of the Kariba daro id tle late 195Os.
Tbe resultast lale and mo6t of the renaining rittr are part of tle Park and wild Lif€ Estate. By
corEast, the regior of thc Save ard a$ociated rivers supports a dense hunan population. l-arge
areas ar€ irrigated ard virtuly the only urdistu$ed .rocrdile habitat occurs as rclati€ly short
stretches of the Sa!c, Rutrde aad Mwetr.zi Rivers itr tfte Goaare?-hou National Park (Fig. 1). AI
rivers ia tte area are amual and alttough they previously had large perennial pools, many of tlese,
esp€cialy in the €ast, f,ave been modfied by impoudmenq irigatioo ard te$iltad siltatiod. The
crocodile populatiotr in this area is lqstricted by its dry seiuion water requiiements atrd may have
always been nud sDraler tlaa tlat of thc Zadbezi. Uafortunately, alttougb most undesirable
interactiols between hunais ald crocodiles occu. in the lowel4 the Zanbezi populatiotr has the
greater harvestiDg poteotial.

As recorded by Zimbabwe's newspapers, at least twenty persons wEre killed by socodiles
duriag the pcriod 1982 U[til 1986 (Huttoo 1986). Itr addition, many deprftations on liv€stock w€re
reported to the Deparhetrt's problem animal control utrits which respond to all serious crocodil€
Foblems by capturiDg or, oeasionally, destroying the offelding animals.

Ba!!o!ah - The Parks and Wild Life Act of 19?5 broke with traditional *ildlife legislatioa i! A.frica
and ir addition to consolidatiry th€ presert system of protected areas, it effectively confened
olllerslip ofoost wildlife onto the lanalholder. Mechanisms exist to prev€nt abuse, but i! gpD€ral,
landowners have tle discretion of using their wildlife as they dcem best and all benefits from such
use accrue to tlem di tlere are !o state hufing licenses or coutrtry-wide hutiry seasors (Child
197). The rationale behind thh legislation is that the people best able to cons€rie s,ildlife are
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those on whose land it occu$ and that their motivation for doins so is bcreas€d with al1 economic

The possibility of a sustained-yield han€st ofc n oi'cus in Zimbabwe was first coosidered in
tle ea y 1960s, whea ciocodile populations c,e.e begirlniug to recover and ca s for their co rol
were becomidg difficult to resist. The 6rst pcrmits alowing crocodile rearirg stations to exploit
the Lale Kariba population were issued in 1965.

It was argued that crocodile rearing statioDs would provide atrd make codspicuous an
€conomic inceDtive to maintai! ZinbabwE s wild crocodile populatiols a.trd this has proved to be
the crse at the policy-making level. ID 1985 hide ard liie sale6 eamed Zimbabwe the equivalent of
almost z$1 milliod in foreiF excha.ogc, trhile Sp€nce!'s Creek Crocoalile Ranch (one of th€ two
statioDs which has visitor facilities) eatertaided approximately 40,000 toudsts. As a re$jlt,
cocodile welfare is a coDsideration when new developbeDt is planned, If tlG was not tie case,
matry prime crocodile breeding sites *ould have disappeared by default already.

Unfortuately, despite its b€trefit to the national atrd local economies, tte indusfy offe.s little
direct adr€ age to the pcopl€ of the ZaEbezi who hatc croco&le neighbors, a.nd rcn€ to people
in tle lou,!€ld. Every year rusercus ciocodil€s and their eggs arc destroy€d in the loc/vel4 while
i! 1984 humaff dcstror€d over 38 crocodile nests alorg th€ uppcr Zambezi Ritrr (R. Oeo pers.
comm.). Although litde infoldation is available, it app€ars that the Zambezi nests were destroyed
by fishing coonunities (usually fishing ilegally) i$ retaliation for net damage. Perhaps oore
scrious for tie crocodile populatiod in this arca is the entanglemedt and death of adult crocodiles
ir netE though hadequate data arc available oD tle magnitude of this problem.

Clearly, rural comdoaities should be invohed ia Zimbabwe's conser tiotr policy, but
providhg them with a taDgible betefit is mt simple. Crocodile eggs are delicate and tleir
collection by largely uneducated rural people has been allowe4 but has proved unsatisfactory.
Suggestions tlat statioa! should pay for eggs have been lesisted where the crocoalile resouc€ is on
land witt commural tenure because the b€defits would not direcdy accrue to those most involveal.
In 1985 a number of peoplc along the wo$t affected strctches of the Zambezi River were
employed by stations to act as "wardebi," locatitrg and protecting dests for their collectors ard this
schenre shorrs promise. To tacHe the probled in th€ lo\$,e14 two lew rcaing stahons ale
plamed one of which is to be rutr as a co-o!,erative iD a poor Communal Area (former Tribal
Trust area in which all land is conmunally o\r:red) wit[ a high populatiotr of crocoaliles and other
$/ildlife.

Mag sson (1984) made a number o! obsereatioDs regarding the captive propagation of
docodilials atrd concluded tlat, for species with poorly valued coomercial hide, such as Cai,aar
crocodifus, neilhet latding (wh€re adults are kept for the production of eggs) noi larching (where
eggs ale collected from the wild) is likely to be ecnnomically viable. UnfortuMtely, the impression
was givea that the valuc of crocodile farEirg ard ranchiry is rlubious ia all cLcumstanccs. In fact,
with sp€cies which produce high quality 'classic' hideq rearing is usualy preferable to the hunting
of wild adsals.

CoEhercial readry stations ilr Aflica are pdvat€ly flrnded and impirge little on limited
gor€mm€nt wildlife budgets. Capital hveshent in realing facilities creat€s a commitment to
sustained-yield hawestilg perendial cdploym€nt and honesty i{ trade. If conecdy manage4 a
harvest of eggs will ield many dorc skibs thar a harvest of live a]ridals (dortality of wild eggs and
juveniles ca.lr exceed 9570 aad the killing of adults erodes r€productive capital) and aDy distake i.n
the level of exploitaliotr is less dangerous vh€r€ €g8s are being utilized. Hide size atrd quatity crn



be controled or reariDg stations and, where stins are 'stor€d" as live a.oimals, advartage can be
tatea of short-tenr1 market fluctuatiois.

The importance ol rcarhg statio$ i.n displayiig tte economic value of ctococlile consenation
must agair be suessed.

!&ch@!g - The lrechanics of utilization arc simple. wild crocadiles and tleir eggs are protected
throwhout Zimbabw€ by a spc.ial statutory Iistrunent which makes it ilegal to 'injure, wilfiily
distub or redovc the egg of atry crocodilc; or hutrt or rcmove any crocdile' e&ept by special
permit awailabb Aom the Departmeat (Hutton 1986).

Egg collectio[ permits are currendy issued to only frve commercial reariag statioDs. These
produce skins ftom a mixture of ranching atrd farEin& As troted above, two new stations are
planned to utilizr thc lo*cld population.

Persits for wild eggs are issued annually on the basis of each statio!'s rearing success in the
previous y€ar. Overall egg quotas are set by the Departmedt usidg data ftom monitoring of the
wild population, but thg Crocodile Fa.rmers Association ol Zinbabwe (CPAZ), in a s€lf-regulatory
role, recoEmerd! i[dividual quotas for its members. These ar€ subj€ct to the DepartdeDtt veto,
but are usually accepted

It fu not idtedded that captiib productiotr should replacr the wild hari€st. ODly ftom
biological rccarsity, based on population dooitoriDg wot d wild quotas be reduced. Ho\*ei€r,
Iarming allo'rs statioos to expa.nd beyodd the limit imposed by quotas,

Perhits cary a mber of standard cotrditiols which include the requirement that stations
submit modtlly stock returns ard crrals as well as maps recording egg collectiod infonnation
(Hutton and Brcnnaa 1985). Statio8 also have to dale amilable to tf,e Department, for
restocking purposes, a numbcr of juvcailcs of 1.2 !r TL equivalert to 5 of tle eggs collected
(juvcdil* of this size appear to be ftee of interspecifc predation). In reality, for a rmber ofycars
tle Department has taken orly a fcw of thc,lc Gocodiles, dosdy for research. The wild population
is large Claylor, laneridge, and Blake urpubl. data), nating r€stocking atr unnecessary (and
uapopular) optioa. NerE ttelesr, the "5% requirement' is retaitred.

The sport hunting of a limitei nurber of large crocodiles, cspecially on private lar14 is
coDsidered to hal€ a coDAcflatiotr value and is p€rmitted.

Ia accordaacc sritl Zidbabwc's obligatio[s to CITES arising from its succcssfirl 1983
proposal to do*nlist the species, all crocodil€s sd thcir dedvative"s lrhich enter international trade
are darked with unique ta$ idefiirying tleir clultry of origh ard their legality.

R.EARING INDUSTRY

So6e technical aspects of crocodile production have been pres€nt€d (Blake 19?4, 1982), but
ideas and tecb.nolog/ are iB a condnual statc of fl!i(, tleing as 6uch iDlluenced by personalities as
scienc€. Tbe following summarizcs the rearing procf,,ss as it sta s today.

Egg collection - Blale (194 1982) has describcd egg collection wherc nests are fould with a
prob€ and the eggs recor€red with great care. A similar s]6tem contiaues, but aircraft are us€d
i.rGeasingly to locate nesting fcmales.



Eggs fu|e usually collected after 50 days because, though ne\,€r rigorously tested, experi€nced
collectors hold that tle probability of embryonic mortaliry is highesr ir eggs tifred duriDg the first
few weels after layilg, However, although late collection has the advantage of allowitrg inviable
eggs to be distinguishe4 by the time of collection a lnrge proportion of nests har,€ be;tr lost to
predation. Early co ection would allow tlese eggs to bc utiliz€4 In additio., there is mountidg
evidedce that incubation co.ditions stroagly influenc€ the sub's€quent growtl and survival oi
hatchlings (I{utton 1987b). Under these circlnstaDces, early collectior c/ould ha!€ advadages.
Sodc sridoDs, a{icipatilg this possibility, are alrcady lifti€ rhe eggs of captive stock shortly after
ovipositioa (before tle edbrto has attached to the shelt membrares) and artiicia.Iy incubating
them for the fiill I,€riod of development.

Because of ttre i?st arca over which wild eggs are co ected it will rcver b€ possible to obtain
them witf,in a few hours of laying but this may not be as critica.l as commonly believed. Although
floodiry oI Zimbia's Luangwa River Becessitates that eggs are collect€d early, within a few weeks
of layitrg in 1985 hatching 6uc.ass was 85% (C. Beulas pers. comm.). Further iavestigation may
show that earlier coll€ction is practical in Zimbabwe a.B4 if so, it wiU be eacouraged.

Until 1985 th€ quota of eggs giver to any statio! never exc€eded 2500 ard was coltlEoEly less.
However, ;nviable eggs did lot c.unt agairst quotas (Hutton ald Brednan 198t. From 1985 aI
eggs counted against permits and to cornpensate for lhis quotas were increased by $qa. As a
result, the mear percentage of eggs rej€cted as idviable, which had risen to I45V| by tg8r',
lrndediately Lll to 7.4c%. Incubation success did dot decliie (88.8% in 1984 and 90.5% in 198t
ard thus it appears that eggs w€re morc efficieotly selecred.

Jncubation - Broadly similar ircubatiod techlologr has evolved on each statiotr. Eggs are packed
in moisteaed i€rmiculite or sand witiilr st]rofoam boxes (Blake 1982). These are saacke4
approximately 30 cm apan, ou woo&n shelves i.n a room in which, by various means, tle
temperatue is maintaircd betrcetr 28o alrd 34o C. Experierce has sbowr that hearirg is easrer
atrd more accuntely controlled thar coolin&

lvith tle exception of one or t!*o rotably poor seasons, since 1979 the rearing stations have
regularly achievEd 80-m% success wheo hatchitrg wild eggs (Fig. 2). The a!€mg€ harch over the
period 1981-85 was 897a. While eggs are spendiDg most of tteir hcubatiotr udder dahnal
conditioDs it is unlilely ttat befter success car be achieve4 Under the presert system, preose
temperature cotrtrol is dilficult atrd short term extremcs are pre!.ented by tie verdiculit€ or s3Dd
used ai packin& Orte statioq pl,nning to artificidly ircubare eggs for their flrll term to inlluence
hatchling survival has built a simple, iaexp€rsive, but hore efficient incubator b which hatchiry
succers has been bctter thaD mEo (R. lawe pers. codm.). This incubator compromises a small
(10n'), weU ilsulated rooE which is plaster€d aad etramel-painted for hygiene. The eggs are
stacke4 without packing medium, irr shallow plastic trays. A high humidity nay be mainaaired
either by a co itruous Ilow of, or stardin& water. Temperatu.es are Draintain€d within 0.5oC bf, a
fatr heater with a sensitive thermostat. It seems litely tlat a.ll stations will eventually switch to a
similar desigd atrd opt for early coll€ctio[

E4lgh!!g - rlr'hetr wild eggs are collected it is comrlon for the embryos wirhin a si4le clutch to be
at difrerentstages of der€lopment (Pooley 1969, Huttotr 1984) atrd hatcblings, if allowed to energe
undisturbed, may do so over a period of several days or ev€n *€eks. Blake (1974) considered that
the 'croaling" of emerging hatcblings stimdated deighbodng €mbryos to hatch, bur Magnujsou
(1980) disagreed. Some stations prudetrtly isolate bo)cs of "croalers' to avoid prematrlle hatchin&
otlers leave them amongst developing clutches.
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Id€aly, hatcblilgs which emerge unaided are washe<l and to€ clipped iq a clutch specfic
sequedce. Each clutch is plac€d b a dry coDcrete pen or plastic tray of approximately I Dl , within a
hygienic, well vedtilated room whele hatchlings ale allowed to 'hardea-off for 2+zE hours at 34.C.

Assisted hatchidg is dorc urder strict hygienic cotrditions. preaatur€ hatchlings with poorly
resorbed yolk may require odended "hardedng-ofP. Th€y are kept dry except for a shora daily
swim ir clea!, shalow watet dosad witl tetlacyclirc at 20 lng/. The holding alea is disinfected
daily.

Care of hatchlings - The quartity ad quality of ciocodiles survivi.ug to the ead of tteir ftst year has
show! great variatiotr bot! betweetr ard withia stations; mo.tality or the most successirl station has
ranged from S to 55qo in colsecutii€ ycars while on the poorest station it has becn consistently
gleate: th:rn {q. a d wzs l@% in one year (Fig 3). TLe average ftom all statioas duriog tli
pedod 1981-85 was 2a.2%,

- Hatchhg crocodiles are r€ry susceptible to hadlig and other stlesses as Gamett (1983)
clearly dedonstmted witl Ctucoilylus potosus. Though unquartified, the following are considereal
to c:Iu$e strcss, contributing to mortality on Zimbatrwds statiois: uosuitable teirperahlrcs. Door
bygiene, o,eraowding, rougb handtin& poor size gading (resulti.ng h a doninance hierarihy),
iDadequate attertior to routide ir feeding and dcaning ad poor nutrition.

Mortality is dearly temperature related. More hatcblings hare di€d in September, at the ed
of tle cool season, thalr id February, immediately prior to tle cool seasoD, or Novembe! when tie
hot s.,"$n-;s well advrnred (Huttod and Brenna! 198t. Low cool s€ason te$peratures suppr€ss
appetite, digestion and gro*th. Heating of Fnds c.n substantially reduce -o.tatity aad i-oease
food intake and gro*tl (Blale a.nd Loveridge 1q7t.

All stations appreciate tiat they have a temp€rature problem ard have tacHed it in soEe pay,
some by covering the pens ar Dight, others by puDrpiry water, which never fals b€low l8o C, direct
from Lale Kariba" Udorturat€lt it is trot certain how effective tlese efforts ha\€ beeE Dccauso
statiols ha\,E usually urderestimated the optiraum tcmperature fo! glowth (IIutton ard Brenrar
198t. The ouly hatcniry rearilg sFtem with precise teaperatuo controi is that at Spence/s
Creelq the most teDrp€rate statiotr, which has pens iacorporating thermostatically codrolled coal-
fted heating.

Edremely high temperatues also stress crocodilos, aad death is recorded as occuninq ar
tempcratur€s approacbing 40 C (Hutton and Bre$ar 198t.

It is deal tlat, although tle ultiEate cause of death is usually dis€ale, temperahFe or other
stress is commonly the pred;sfosilg factor and a great number of deatbs could be avoid€d with
appropriate maDag€ment.

Enclosure detign is by no DreaE stiudardized on stations, brt small, outdoor, concrere pers,
approxiEat€ly 3m', each with a saucer-shaped pond holding 50 hatct ings aie curreBtly plef€rr€d
to larger pens holding 2r0 to 300 aniEals at the same aleDsity. Tempelatures are nore easily
regulate4 hygiene stricdy maintained ard disease contloled in small eDclosues. Insulatins the
concr€te of the pool and coverilg pers with black plastic sheetirg, when tle ambient temperiture
begiN to fa4 can Baintah high remperatures ar light (Siziba 198t. Oveiheating dulilt fte day
call be pre!€nted by artificial shade. Feediig ad cleaning routines are strictly mahtained. pens
are best cleaaed and ilisidected after every feeding a.d alwa)s refilled with clean borehole or
purified *ater.
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Hatchlin_ - gs are moved into these pens in early Ja.nuary after the "hardeding-off period. They
are gladed ilr March/April before the onset of tbe cool seaso!, ard again iD October, when the new
hot season is lxell adva.nced ard before tley are moved to dew accommodatiotr. pens are tlen
sterilizld \rith fornalin atd sua-bated for as long as po$ible before thc rcn seasofs hatcb.lhqs are
introduced

ENirodoeDtal cirmbers, of a similar kiud to those successfully r$ed. atith Alisator
mistbsippiensis in folisiaDa (Joanen and MNease 19?4) are currently beilg testei at
temperatures of 34"C by a member of the CFAZ and the preliminarv results arc nore
eftouragiDg tlan tiose recorded from Australian crocodiles utrder sidilar co;ditioDs (Webb et aI.
1983).

Experierce has sho*! that irr€sp€ctive of ttre quality of facilities, iufornatior ard eKersron
seflicas, the raisiDg of ciocodiles requires stringeat managemedt.

Care of rerring stock - Ou four starions, oortalig amoDg rearing stock (yearlirgs and older)
conmody has been bclow 5 pet anntn- O! tle coolest statioA howelcr. iearins stock
dorta.lity has beea as high as asoryst hatchtin$ (Fi& 4). The orcral mean nortald h rbe
pcriod 1981{5 was 33%.

_ Blale (1974) descdbed the \ariety of pens us€d for r€aring stock. Each dasign has proved
adequatq but a double condete pond results in ar e4ual distribution of animajs aad a ninioum of
shess dr.Eing clFenin& Adjac€trt podds are draine4 deaned atrd reiled olr alternate daJ,s ard the
docodiles are thus rci€. detried access to $ate.. Corncls and vertical sides are aroiae4 orat
pond! with a saucer-shaped profile are coDsidercd most elfectiv€, As witl hatchlilg pe!s, a mosaic
ofsha& is provirled- Separate feeding pladorms arc being built on some stations. 

-ILese 
allow the

ciocodile to rctreat into a trough of shallow *ater with tteir food, preventing codaminatior of the
main pond. At least orc station bas completely conqeted the ar€a arourd Donds. others mahtair
a surround of closely cropped gass.

Somc statiorB havc €artt 'firishing' poBds, but the beli€f that ttese Dromote better doltt!
thar coftrete peDs has still ro be verified. However. eafll potds are 

-inexpemive 
and wbeo

properly maDaged do not appear to be l€ss suc.€ssfirl thar those of concrete. If manasement is
madequate, !6cient cioppidg is difiicult aad problems of hygicne. burrowiag and escapi nay be
etrcountened.

Fcpdinq - Blalc (1982) noted that the diet of captive crocodiles in Zimbabwe is virtually restricted
to kape\ta (Limnothtista mrbdoa), a sardine-like fisb, a.nd game meat (particularly elephant) ftom
controlled hunting ard on-going population reduction exercises.

_ _ On mosl statio$, Aesh kapenta is favored for batchlings. Wlere only red meat is f€d,
deficiency syndromes sooa appear and a supplem€nt of vitamins, crlciud, trace elements etc. is
alwals added, oftea in tlre form of &ied kapenta. Cootinual monitodng of food quality is
eDcouraged, ard some statioDs even supplement kapenta with calcium, trace ebm;nts and

- As noted by Ma€lussor (1984), the politicnl climare of Zimbabwe has cbanged and the
human population is rapidly growiug. Adlough the financial justfication is uatike! to cha;rge,
social pressures against the contitrued feeding of uocodiles with ga.he meat are anticipated and
alteraative sources of protein are being er.aEired. One established station is diversilyins lnto
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ostrich ploduction for hides (for the luxury leather trade) and deat to maiDtah crocodil€
productioD, another is experideatiqg with the large-scale productior of bream fuy (nqpia spp.) ta
vulxs.

Additional stations will only be allowed if, in addition to other lequireme[ts, they can show
&at they have access to atr adequate a.ud reliable source of food.

Di!99s9 - Disease has affected seriously tle viability of croco<lile farming in Zinbabwe ard the.e ale
€thicrl objecdons to a srsted of coNervation and managcnent in which large numbers of animals
succumb to disease (Foggin 19&7). Tte fact that there is considerable variation ia the occurrelce
and severity of disease b€tw€ farms depetdiig on climate, manageoeat, €gg incubation, di€t and
housing suggest that these factors play a major role itr thc dcvolopment of disease and tliat sever€
losses are a secondary madf€statio$ of poor husbrndry.

The mair caus€s of death are major itrfectious disease sFakomes indudiig bacterial
sepuctrli^ (Aercmonas aad SahnMeIa sp€cies), viral hepatiti! and coccidiosis. Runting the
causes of which are unknovrtr, usuallt leads to death and is a severe problem on some stations.

L€,ss important syn&omes have beer calsed by po. virus and firngal infectiors, parasiteg
over-feediry and dietary rlefrcieacies.

WLile disease prevetrtioo th$ugh improved husba.u&y is being elcouage4 disease
Ueatme redaiDs impodart and although considerable work on this subj€ct has aiready been
dode o! rearing stations (Foggid 19aD norc research is requiled a'rd planrcd.

Croppinc flavinq and curing - ZiDlbabi{,e c.ocodile hide is darket€d in codmercial udts based oa
the width of the beUy alrd by tradition admals have beed slalghte.ed whed about 1.5 m TL and 30-
35 cn bcly width (BW). Hol,cltr, the optimu$ size for cropping depends on a combinario! of
productiol ard marketing factors and has b€er as low as 25 cd BW. All stations crop by shootitrg
tle required a.oimals in thc head with a 22 short bulet. To ensure quality.ontrol the CFAZ
encoEages a standaralizred skin preparation based on iatematioml practices. After washiog the
backkia is removed ahcad of that od the bclly and each L thoroughly cleaned before curing in wet
salt. Skins are the[ gra&d measured aad tagged before beiDg rolled and stored in a cold room
prior to expo( (Van Jaarsveldt 1987).

Efricienc,\r - I[e proportion of incubated eggs which re$ t in saleable hides has varied greatly
betweed 6tations and on solae has bcer cotrsiste ly low. As an example of the efficiency of the
industry in receat yearq it is notable that of the average total of 9,600 eggs available to four
stations in each of tle years 1q78 llatil 1982 only 3360 (3570) were successfrtly hatchcd 

"nd 
raised

to dopping 6ize, and of these 43 w€re on one statior. Id oider to improve this p€rformance, iD
1985 tte Departmert a.dd the CFAZ together adoptcd minimum stardards for €ach stage of the
reari[g proc€ss atrd alry station *hich does not co$isterdy achi€w these sta.Bdards may be
pemliz€d by haviag its quota of wild eggs reduc€d. An immediate improvement *as reco.d€d ir
the edsuilg 1985-86 season witi oDly onc station falling short of requiremeats. By 1987 an
efficieacf of 657, is anticipated ard by 1990, with 6ore eggs from captive sroclq the five existing
stations should be producitrg 15,000 hid€s per arlum.

All crocodiles atrd theL dedvatii€s lue marketed to b€st effect under the ausDices of the
CFAZ.

R€search and o(ension - The hdustry is provided *ith exte[sion services by the Department
(which has a full-tine crocodile specialist) atrd the DepartmeDt of Veteritrary Services. Howewr,



recoEEcddatio t are often bascd or experience ratf,er tlan rcaearch, Research has bggn
hamp€red by a shortage of fimds, a lack of experimental facililies, the remoteness of stations and a
lack of scientfic expertise on tle part of station danagement. Rece ly' thc CFAZ has provided
centr.l experimedtal facilities, itrcluding cight heated Fns fo. hatcblings, atrd two stations
presedtly hai€ managcrs with scientific trainiD& Critical ptoblems have beea i&dtilied and a!
etreDsive rcsearch progla.m is undcrway. Thie includes intqstigations hto the efrect of incubation
on subsequetrt growth and surviva! the effect of stress on growth and susceptibili9 to dis€as€,
patiogedcity to disease, nutritioa aad the dasiga and tlermal dyra$ics of enclosures.

EtrTE(TVENESS OT MANAGEMENT

Resoonse of witd oooulations - The aost heavily exploitcd populations are tf,ose of l,6ke Kariba
aad the upper Zambezi fuver bct$Eeo thc late al'd the Victoria Falls, but the bruf of i$r€as€d
egg collection ir recent years has been bome by the Kariba population fton which a total of 11,273
eggs Ecre rcmoved in 1985 (Fr& t. As a result suney and monitoriag has fo.1$ed on this
population. ooly about 8% of the za.mbezi below tle lale is erploited altd there are virtually no
census data foa tlis strctch of water.

Frod viftual erdfftio! in the 19506, crocodiles itr the upper Zadbezi increased until, by 1971,
tley bred h suficie nuntbcB to suppolt t[e collection of about 2,m0 eggs cach year. This was
not necessarily the maxilnum number of eggs that could have beer remove4 but reflected the
ceiling of ode station's quota- F.om a pcak of 1,94 iD 1975, tlre number of eggs recoveted had
fznel b't 4% to 1^3f,5 (ot wtich ,5 had been dos&oyed by hueaDs) by 1985 despite inteDsive
searchiog. The declinc is due to the ucontrolled cipalsiotr of settlement and fishiog oa the
zambiatr side of the river. The Department has accepted that, with thc €xcrptrod of a few small
colonies within major tributaies, this populatiod i.6 severely thteatened and some of the remahiog
animals are being captured and mov€d to rearing statrons.

v€ry littlc is known about crocodiles alorg the z^mbian shole-line of Inke Katib4 but on thc
zimbabwe side oDly thdse itr the eircoe w€stem headwaters ar€ seriously affected by pressues
ftol'r 6shidg atrd settlemed. Most of the redainitrg shore-line llas well ptot€cted socoalile habitat
and controlleal 6.Aing Arlual acrial and spodight suvels corducted since 1q75 suggest that the

Irpulatioo numbcrs somc 30,m aninals, 1000 ofwhich arc adults (Taylor, I-overidge ard Blale
lmpublishcd data). Ilr ib p.esert 6tatc' mouitoritg does not givc ary indication of treddq maiDly
because there is tro good corrrction factot fot the effect of fluctuatioDs id late level on the aomber
of animals seer- Howcver, it is clear that tf,c populatiod has risen to its Present level in the 5
yeals siice tfte la]e 6lle4 whilc being exploited for most of this period.

Aerial surveys are rapid ard sidple, but only give ar index of the number of largc Gocodiles in
atr area. Correctron factors for the size structure of a population ar€ established ftom spodigbt
couds, the acdract of which is commolly considered dubious (Huttotr 1984). As a coosequetrce,
any demographic response to utilization may not b€ detected for several years, until they arc
re0ected as changps itr the nusbers of largp juvenile ard adults. Because the Preseat system of
Eonitorilg doca aot show trends, some concem has been expressed about tte doubling sirce 1980,
of the lrber of eggs collerted ftom the lale a.od the fact that all areas outside Matusadona
National Park are now regularly cxploited (Hutton and Brellra.o 198t. Howel€r, as ooly about 300
ftsts are beitrg raided for eggs each yaar, while census data hdrcate that tlere are 1000 adult
Gocodiles, it has also been $ggcsted that the populaliotr may still bc tader-exploited atrd the quota
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set by the Departmed too coaservath€. As detailed below, the ilformation rccessary for modeliDg,
prediction and impror€d ba.Dagement is b€itrg sought as a matter of priority.

Monitorina and resea.ch - As pafi of the Deparhent s monitoring efforts, statrons hav€ beetr
.€{uired to submit infordation on the fate of el€ry clutch collected since 1 9. Udfortunately,
although there is some importart irformation of clutcl size and the aumber of nests in broad
localities, these recorils allow no measure of natural predatron and collecthg efEcieu<y, uor do
thcy girr tbe cnct locdity of aests. I! 1985, after tlalysis of aI tlie available dat4 the systed of
letums was altcred a.nd stations arc low helping Sathet this informatior

It has already b€en not€d tllat direct census and monitoring of population nu.mbers has also
beeD of limited value. As a lesul! c€tsus and sufty tecbaiques are being researched. Itr order to
gain €mugn irformatron to measure and monitor the size structure of the PoPulatio4
radiotelemetry rs to be used to establish dovedent and dispersror patteds a.nd capture_recaPture

arc plaflred to providc correction factors which can be appted to eliminatc bias
inherent id differed forms of $i1€y.

Rcccd rcsearch into the dyra.Eics of a Nile crocodile population has id€ntificd the critical
data lequired bcforc exploited popdatioDs c€.tr be model€d atrd the demographic effects of
difrerc cxploitation r€gimes Fedicted (Hutton 1984). Togcther with tf,e University of
zidbabwe, the Deparhent i.s now directing rescarch towa.rals obtaiDing info'rmation such as
gowtt rates, size and agc at maturityi sex ratio, proportioa of females breeding each year,
reproductive succcss atrd size-specfic monality ftom Lale Kariba cocodiles.

CONCLUSIONS

crocod e managpme ia Zimbabwe is bascd on tte pragDalic philosoPhy that, particularly
with species $.hich conllict with mar, utilization can lead to conse ation. Tbis haa proved to be
the case. Crocodile trumben have dimbed siff€ the end of udconuolled hunting in the early 1960s
aDd it is now estimated that there are more than 30,000 qocodiles in Lal@ Kariba aloft. The
ecouodic benefrts of utilizatiod have proved particularly iaportant where emotire coaser/'ation
a.od developEent issues have becn argucd.

As a rcsult of.ecc rcscarch hto the dynamics oI ciocodile populatio.s, it has beea poasible
to male some predictiors as to the level of eploitatior which would bc sustai.nable ir a populatiod
of a giver size alld age structurc. UnfortuDately, dospitc ct$iderable exp€ndituc of lesources,
accurate measrrremeBt of tlese paraEetcrs for larger populatioDs has proved elusive, lhus
requiring that maragcmeDt remaid both cors€rvative and adaptive. More research is bcing
focused on ccrsus tecbaique.q particularly with respect to factors which affect apparent age
structucs, sucl as size-speciic dislrcrsion.

Even wful uti$zation, Zimbabwe s burgconhg populatiotr threatens to dePlete tle crocodilc
rcsouce udess more obvious benefits are made availablc to rural communities which coexist with
tle animals, More edphasis is being plactd od this asPct of manag€ment alld in one scheEe
cooperatr€ rcaring statiois are planned.

The iddustry has been largely dependetrt on ine,p€nsive meat ftom game cropping, ffiile
thc use of gade meal is likely to leDain economically justifiable, social pressure agaiEt its use is
a.nticipated and alternative food souces are being hvestigated. To allow rcadog statiotrs to
expand and to bulfer them Aom unlavorable egg quota decisiotrs, th€ keepilg of limited c-aptive



breeding stock is beirg €ncouraged and it is expected that foo4 rarher rhar tie a ilabitiry of eggs,
will limit the size of tbe hdlstry.
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FOREVYORI)

Backgrouid data for this paper haiE been derived from the IUCI,{ EnvLonm€ntal Law
CeDtre's 'Iidex to Species Mentioned in Irgislation'. This Index \rhich has beed maidained since
l forms a part of ruCNs Envilonm€ntd Law IDformatiotr System. Its purpose is to assist ir
ascertaining the legal status of spccies and higher taxa mcntioded i.n intemitional apreemors or
natioMl legislatiotr. To datg over L500 i emational ad national law ilstrument tave beea
analyzed for inclusiod in the Idderc

CoDsiderable efrorts are sadc by ruCN to obtah otr a rcgular basij coDies of lesislatio! ftom
coutrtdes throughout the world. Norctheless ir is recogdzed rbat gaps stitLexist in ihe collection.
Aslh-etcld ofcobservation legislation is rapidly evolving it is diffiiult to track rapidly choges n
legislative proeisions. Therefore, .lthough e*eDsive, the data cited in this DaDei ari not totallv
comprehensi!€. Rather rbe aulhors iDtend to provide an illusrratii€ orcrview of natjooal a.nd
;.Dte atioDal law which concem ciocodili'N.

D BACKGROUND

kgal protection fo! Gocodiles G a r€ce phenomenon. It has come o y after the rea.lization
that wide scale exploitation of crocodiles fot profit was resulti.ng in the esermhation of a valuable
retrewable resource. In thc pas! cocoililes wEre almost el€rJ rhcre either simply ignored by
natiotral law-or list€d as pest or @rmin speci€s whose destruction was encouaged at alitiies aad by
any deans. In other words, the taking of crocodiles was completely unrestricted.

Crocodiles were also ignored by tle earJiest irtemational wildlife codventions. For eiamole.
the lrDdon Conventior of 1933 (Convention Relati!€ to the preservatioD of Fauna and Fbr; in
Thei! Natural StatE did not i.nclude ciocodiles in its A[!ex of protected species. Nor w€re they
listed id th€ proposed amendsents to tlat ADnex which was put forward at a Cotrfer€rce i!
Bukaru ia 1959. Furtlermore, noae of the lists of species to be protected established ir pursuance
of the Western Hemisphere Convertiod of 192() (Conventiotr on Nature plotection and Wildlife

' Nol.: Tb. vi4 dptlsd in rhis Fp.r aG th@ of th. authoF and ato rot rNrily Fpr*nt tn@ of IUCN.
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Preservatiotr in the westem Hemisphere) mention ary species of Crocodilia. In fact, the only
refer€rce to crocoaliles ir early intemational law can be seen ir the Africrn Convention of 1900
(Conv€dtion for the Presc atiotr of wild Arinals' Birds and Fish i! Alrica) which was never
ratified an4 therefore, acver ca.Ee hto force, a.rd which urged Patties to destroy the eggs of
c.ocoaliles.

Dudng the 196Os it becLme evidedt that thc cureot rates of exPloitation could wel r€sult i4
at leas! the commercial e{inction of s€t€ral sp€des. This realization crme ooly after several
decades of unfettcred exploitation of crocodiliars ia Latin Alde.ica atrd onc to two decades of such
exploitatiotr itr A.frica a'rd Australia,

Protective legislatior followed which applied mosdy to cosserclal hlll{i.og; it g€rcraly
provided for tle licetrcirlg oI socodile hunters, the establishmed of closed s€asors and tie

determination of a mininum size uader which crocodiles could not be taken or their hides sold.

Sigaficantln the Aftican Conventioo of 1968 (Africr.u Convention on the Co$ervation of

Nature and Natural Rasources), listed crocodilcs for the first time b an internatioMl irstru$ent as
species the taling oI which lras to be r€gulated by &e ConEactitg Parties.

Since thcn, the aloost uaiversal legislative trend has b€en tos'ar& in(reased protectioa for
ci:ocod.ilia!5. Iu maly cormtries, since lrcre exploitatror regulatiols were seed to be clcarly
irsufficient to pre\,ent a trther dcdirc ia populatiols, coEplete Fotectior became the rule. As

this was still llot sufficied, domestrc ard intemational tra& prohibitions were irtioduced through
llatiotral lcgrslatioD. Fiaally a cooprehcasivc idternational systcm for tle control of trade itr

witdtife aad *il<tlife produclB co!€rirg intcr .lia" all sp€cres of ctocodilians wls established whcn
the Conventron on Iltematiotral Tra& itr Endangered SPecies of lnld Fauaa and Flora (CITES)

was adopted in lqB.

Another conventio& the 1979 Mgratory Speci€s Coaee[tlon (Corvedtion on the

Conseriatiotr of Migratory Species of Wild Aaioals) lists the gharia.l (Gavtolit 8dn8?t cur) as a fuly
protected endargpred sp€.ies ald the estuarine crocodile (Crccodtlut porosus) as a species
requiring intemational coop€ration for its conservatrod a.nd management.

Consequently, unr€sticted comnercral exploitatior of wild populations of crocodiles trow

belongs to the past. PoachiD& howEwr, remains rife in many areas and gaps ia enforcement of
dational alld intenational l€gislation c.nti[ues to pose problems. As cortlols tiSbteq howeve!,
sewral countries *ith remaiabg relatilely hcalthy ctocodrle poPulatiols are now tuming to
'tanching' as a more rational form of exploitation. That is to say the rearing in a co rolled
environment ofhatchlilgs collectcd from the wild or obtaircd ftom eggs so colected- Examples of
such ranchmg schqtrgs ca.rr be foutrd iD PaPua New Guinea and Zimbabwe. In order to meet

consewation cotrcerDs these operatio$ require prohibitiotr or st ict conFol of talhg of aduhs in

the wil4 regulatioD of taking of eggs or youtrg, atrd a system to eD$ire that only ranched specimer
may eder trade.

This pap€t provides a.rr overview of legislation curendy ilr force for the conservatiotr of

crocodiles,-with najor sections devotcd to etractmetrts covering the plohibition or restdctiod of
takiry atrd trade i! thase spccies siace modem legal provisions arc alsost entirely limited to these
tvvo approaches. Habitat protection for the specific purpose of preserving crocoaliles is rarely a
bgal ;equiemeDt, and a final s€ctioat of lhis paper is devoted to a review of the few existiDg legal

Drovisrons available for the conservatiod of docodile habirat. This is c€rtaiDly a! area ir

consewation legislatioo which requires further development.
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II) TAKNG

Crocodiles are no longer ignored ia legislation" In almost all countries of tleir ragc,
.rocoaliles are either frrlly protecte4 or partialy protecte4 i.e. they Eay oDly be ta.ketr under a
permit or license systcm. They are bartlly ever still listed ia legislation as vcrnriD, although this is
slill the casc ir Madagascat, for example, pursuadt to tie terms of a 1961 decree which reEails i!

A) cetreil|l (herderv

l) Full PIot ctlon

_ In,m-I lurisdictions, crocodilia.n species enjoy 6111 protection with legal prohibitions against
the taking of qocodile6 for commelcirl or sport purposes. Indee4 there is a reasonable match
between those clocoaliliau speci€s considered 'e argered" in the ruCN Red Data Book ald those
which are giv€n firll protectiol

However, full protection is ,rever absolutc. It is u3ual for exc€ptions to be idcluded withid
legislatiod alowing talilg for scientifc rasearch or educalion purpo€€s and for self-defense or
d€fense of,property. For er.amplg it is stadard in Africatr legislatiotr to provide for orceptioN in
the casc of protectior of livestock. Sincc crocodiles po6e obvious safety probleras, it is clear that
l€gislative provisiotrs c,ill exist for the destntction of nuisancc individuals. Ttis aDDIies eirn ro
eadarger€d species such as (C. poro&r) as is provided for in t[e 1984 amendments to 6rll
protection legislatiotr in Queenslan4 Australia. Finally, although tle eff€ctiveaess of firll
protectiin ftod l'ting varGs froDr jurisdictioo to juisdictio4 it has been uaiusalty recog zed
that tlis protection must be r€bforced by tmde controls if cfforts to improve the cods€rvation
status of Gocodiles arc to succeed.

2) Panial Protection

Ia ccrtain jurildictions a system of partial protection for crocorliliaa qrecies has beetr established
by law. One exasple may be seen ia limit€d exceptions for sport huuting such as for Oocod]rrrr
niroficrrr ir Ethiopia or for C. poasus or Cncodylut palurtir h Sri Lal*a.

Asother example may be seen in the iNtitutiotr of oper a:ril closed seasors for commercial
e4loitatioD, or fo. mi mum size lioitations for such exploitation. Ir Nicaragua, commercial
liceNes are requir€d and there arc size Iimits for taling, e.g. hiriErrl:r lergth of four feet. Ir
other judsdictions, ainimue bely widt! has been established as a coidition for taHns. This v.as
the cas€ as carly as io 1958 in the legislador of Oubangui-chari (at tle time a Frencipossarsior.
rcw the Cedral Aiican Republic) where a liEit of 25 cm !v6s s€t. Current examDba include a
lirrit of 5 cm ir the Ivory Coast atrd Zair€ with l5 a for C. nilotia$ and Crccollltus @taphracals,
and.50 cmfor Os6olaenus tetaspis.

In a sDra.ll rumber of cases irstead of settbg a minimuE size to protect j$€Diles, legislation
establshes a maxihu.E size to safeguard the br€eding poteDtial of mature individuals. Atr e)(ampl€
can beed seen in the 1972 legislation of the Solomor Islands where the export of oocodiles ard
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gocodil€ ski.s, tle bely-widtl of which excee& 50 cn, is prohibitcd elcept for the skiDs of
cocodrl€s rea.red in a crocodile fann. Papua New Guirca's legislation also provides for the
prohibition or restriction of ta.kis& po6session disposal or exportation of crocoaliles b€low a s€t
size. Pursuad to this legislation a maximuo width of 51 cm was imposed in 1969 for sP€ciEers in
trade. Althoug! in thes€ two cases the actual taliDg of oversized specimens does not seem to be
prohibite4 the fact that such specidens c.nnot be sold or expolt€d provides a lack of iacent e for

such taking

Thc tcrdercy to s€t sizc limits received the support of Africaa delegations at the Flftl
coDference of tle Patties to the cITEs convention h Buedos Aires (APril 1981 as the submissioB
prese ed by Malawi for the tralsfer of C. nitoticrs ftom Apperdix I to Apperdix tr made it dear

that youdg and b.e€ding socodiles would dot be hurte4 with controls b€iDg instituted in regard to
the lengt! of the crocodiles allow€d to be hareasted

B) Sp€cific Examples

Ia the folowhg paragraphs, ar indication is provided of tf,e coveragc of crurent national
legislation in Aiic., tropical Americ{ and in Asia ald the Pacific coaccmed with the taking of
crocodiles.

1) Afric.

The legal status of all threc spccias of Afiicatr docodiles - C cataphn tus, C, nrlotitus aad o.

tetaJpiJ is the saloe wherercr more than onc q)ccies occurs itr a patticular count+ Although
thcre are exc€ptiols, full Fotectior is usuatly giten to crocodrles in cou ries where populztio$
have beer seriously depleted

a) ExaftDles of Fu[ Protcclion ksislation

ADgola
Bedin

BurkiDa Faso

Bulllndi

cedt al Africar Rep.

Espt
Ethiopia

callbia
Ghana
Liberia
NtCeria

Hudting Regulations of 1957.
ordonnalce porlant .eglemc ation de la protection de la
nafiire et de Lerercice de la chass€, 1980.
lai porta.rt ifierdiction de la chasse a I'elephant, a
1'hippopotame et all crocodile, 1979.
Reglement{tiotr de la chasse et de la protection des esp€ces
arifieles, 191.
Oralomance portemt plotection ale la faune sauvag€ ct
reglementant l'exercice de la chasse, 1984.
De.ree 1059 of 1984.
wildlile Conservadon R€gulatioDE 1yl2 (Note, hoq,€ver,
that spccideos may be taken uader a supplementary gaoe
licrnse).
wildlife Cons€rvatiod Act, 197.
Wildlife Cooserv'atior RegulatioDs, 1971.
Decisiotr oft[e President, 1978.
Endangcr€d Species Decr€€, 1985.
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! De6et portatrt code de la chass€ €t de la protection de la
faune, 1967.

i Io the two provinces where c. nrTorcar (the o!.ly crocodilian
spcci€s in South Africa) stiil occurs, Natal and the Transvaal,
fi{l protection is provided by provincial legislatiod (Natal
Natu.e Colservation Ordi[a[ce, 1974, TrMsvaal Nature
Co.servatioa Ordinance 1983). There is rc r€leva.nt fedelal
legislation.

: Wildlife Corservatiotr (National came) Order, 19?4.

I Fauaa CoDseri?tion Act, 1961.
! Arrete fi)(ant la liste des animaux des classes A, B, et C,

1983.
: Arretc deterEiaart les admaux int€gralement et

partielleDrcnt prot€ges prews par la 1oi, 1983.
Crocodile Act, 1968.
Modalidades de Caca 1978.

senegal

Soulh Africa

b) Exampl€s of Partial Protection L€pislatiod

In several Africad jurbdictioDs, ledslatioD exists which alloq,s for c.ocodiles to be taten urder
a game or coEmercial licelse. Although such huDtirg laEs are stif id force, ir several of these
countries hu$ing bals hale been instituted pursuart to regulations urder the legislation. Several
exa.eples follow.

Ivory Coast Commercial taliDg ii regulated by the Arrete r€glement la cha.sJe des crocodiles et
var:rns dars u! but comm€.cial 196Z with Drhimum width set at 5 cm. Howcver, ad ovetall
hu.dting ban was established by order in 1974 and arotler 1974 order required that hunting rifles aud
hultirg licenses must te deposited at local district offices.

tsfllya: c. ,trTott?rr G tsted as a game sp€cies which may ody be take! uader licens€ (Wildlife
CoDsenatior and Mauagemeat Act of 1t6). Hosever, Legal Notice No. 12) oI 192 banrcd all
hunting until further rctice anrl cancelled all hrmting licenses.

![ali: Pursuant to the OrdoD.rarce portant institution d utr code de la chasse, 1969, cocoal.iles were
classifed a.s gam€ species that may only be talen by holders of hunting Licenses, with a bag limit of
3 aniEals per year and per licence holder. However, recendy aa overall hunting ban was
establish€d by Decre€ 35 PGRM (date uDavailabl€).

lllgig!: Crocodrles were listed as p€st species by t[e Loi fixant le regilre de la chasse, 1962. An
overall buntirg ban was, however, instituted in 1964 for a perio<l of two ycars. This ban was
subsequendy ercended se\€ial times u il a permarcdt hunthg bar was establish€d by de6ee i!
1972 In additioq on the occasior ol a future revisiod of tle Hunting Act it is inrended to upgrade
thc Nile crocodile to firlly protect€d status oettcr of the relevant autlorities ir Mgcr to the
EnvironEcntal Law Centre of ruCN, dated 19 SepteEber 198t.

Sg!q3lb: Under the Fauna (HutrliDg) alrd Forest Consenatior Act of 1969, the Nile ciocodile
codd ody be taletr by hoLlers of supplementary ganre lic€nses. There was a maximum bag limit
of two specimels. Ho*ever, a complete bar on tlc hunting of all wildlife was established by Act
No. 65 of $rt.

In other Alrican countries the takiag of crocodiles is autlorized rmder licencc. Examples includo:

Taa2anta

BotswEda
Cameroon

Cotrgo

Malawi
Mozambique
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Ugatrda
zafte
Zafibia
zimbabwe

cl Examples of Crocodiles Listed as Pest Species

Madagascar

: Ordonnance-lor portart creatrotr de 1'office Rwa.ndais du
tounsme €t des parcs nationaux, 1913.

! Wildlifc Coosewation Act 1972.
! Presewation of wild Alidals Act, 195.
! Ordoma[ce reglementant la Protection de la fautre et

I exercrse de la chasse, 1968. Under te.ms of this laq aI
tbr€e spccies of cf,ocodiles arc listed as predatory species.
They nay be tilled at all times ia inlabited and faniag
arca.i The use of firearms to Ell oocodilcs ia such arcas is
limite4 howcl€r, to holders of !€lid bunting lic€oses
(De6ee No. 79-139 of 1919). Irl game marage&ent ar€as
crocodilcs arc ganre sPecies and may o y bc take! by
holalers of spccial liceises.

! Frsh ard Crocoaliles Act, 1951.
i Li poriant teglemcdtatiotr de la chasse, 1982.
I National P6rk and Wildlife Act, 3.12.1968.
: In Zimbabwc qocodiles are protected along thc Zamb€ze

Rive. and its tributari€s up to 20 tm upsEealB of their
codluefte (Statutory i.strulrenl718 of 1980). They nay bc
hlled elsewhere by holders of gtme lic€nses. Rsting
stations have treen establshed for the purposc of commercial
exploitation. The harvesting of wild laid egSs to supply these
stations is to be strictly confolled on the basi6 of a quota
srsteD for thc consemtron and ma.lagement of crocodrles.

Rwanda

Sierra L€ore
Sudatr
Togo

: Decret rcpartissaat etr trois catagories les oiseaux et aniEaux
sauvages vivants, 1961.

d) Incomoletelnformation

The ruCN EnviroDmcntal law centte does no! hold legislation materials concming
crocodiles from Cha4 NaEibia or Swazilard Ia addition" i.[ a few other courtries, bas€d on
information amilable, the legpl situation for crocodiles is urcleat For eiamplq in Gabo!'
crocodiles were not DrcntionA in thc Wildlife Act of 1960. A new Wildlife Act was adopt€d ir

1982, but ita impleme[titrg rcgulatiols haw tet to be approved. A tempo.ary ban on all huntillg
was proclaimed-by a Decree in 1981, This was rescided for small game (uspecfieqb qecie€ ir

1982. Ilr Guhea Bissau uDdet the Regulamento dc cac4 1980, tle taliDg of crocoaliles by sPort
hu ers is probibite4 but it is apparently tle case that commercial hunting is autiorized" Fhaly'
in Maudtalria the Hutirg Act of 19?5 prohibits comEerclal hunting of a[ species but oth€r

taliDg is not covcrcd.

2) Tloptcal Amerlca

Witlia Tropiel Aaerica, mary cou$ries hai€ now instituted overall or comderdal hultiog

bans which provide conservation benefits to crocodiliaas. bformation is plovided itr the folowing

secrion about the jurisdictions $r'hich ha!€ itstituted such bans arld tlerealter a tleatment of the

legal status of patticular topical Ame.rcatr crocodilian sPecies is provid€d.
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a) Overall Hunting Ban

Colombia : Decreto 1608 of 198 provid€s for oDly subsisrence huntiDg,
pedirg otfrcial fisting of ga-de sp€cie.s.

: Dccrcto No. 18796, 195, prohibits all huding of iddigercus
e'ildlife.

I Deceto Supremo No.934-7!AG, 1qB, prohibits Io. an
iadefinite period of time all non-subsistenc€ huntiDg i! the
region of La Selva (i.c. thc Aioazoda! lowla s).

: AII !€rtcbrates exccpt 6sh have bc€n protected from hunting
as froE as early a6 1953 pursualt to Govero[ent Order
utrdcr lry No. 9.,ff11 of 1935, There 4 howevet a very short
list of excepted game species which are specfied in afiual
hunting otders- No crocoalilials ha!€ been listed as cxc€pted
galnc spccies.

Paraguay

Peru

Uruguay

b) Commercial Huntinq Bans

Brazil
Costa Rica
Ecuador

i Act No. 5197, 1qt7.
: Act No. 6919 of 1983 and Decr€to No. 15273A of 1984.
: Decreto No. zl{l7 of 19&) which prohibits coamercial hunttug

of all reptiles.
: Lyde Caxa 1951.
! Dedcto No. 625 0f 1yt.

Mexico
Nicaragua

cl Soccies bv Species Analvsis in Tropical America

Al I igatot nis s itsippie sis

This specias was iaitially classifred as ea<laagered throughout its range in the Udted States
ard its taling was Fohibit€d under the Erdang€red Species Act of 1yB. It has now recovered in
matry parts of its ra.ngc as a result of Federal ard State protection. Special nrles were developed as
a coDsequetrce to allow controled exploitation ir those states where populations had sufEcieatly
recoveleal Iruisiana, Texas aaq nost recendy (198t, in Florida (50 CFR, f.42).

Tte species is also protect€d by State legislatioL The legislarion of Florida (Flodda Wildlife
Codi Tide 39) is particulary interesting. Statute 37266 indicates that a Iicense is rcquired for
deali4 in or buying a igatoi skir5, Staote m&5 I'loii'des that the retail sale of alligators
requires a permit and that the sale of stuffed baby aligator is prohibited. Statute 39-25-07 regulates
tle operatioo of alligator fari$ and the harvest and sa.le of alligatols from such farms. It also
legulatcs thc sale of alligator meat. Statute 39-25-03 controls th€ taking and disposal of nuisarce
alligators. This may be dolre orly by a designated age Fappe. of the Florida catre and Fresh
Water Commission. The qualiEcatiors ard solectiotr of the trappers and the rules governing these
operations are laid dow! ir regulation. Fi.EaIt Florida legislation provides rhat alligators lawfirlly
obtaiaed outside the state Eay o y be im!'orted i.nto Florida under pemit. The tating posscssron,
buying or s€lling of ary aligator, crocodilq black caiman or tteir n€sts or eggs or any parts thereof
requires a permit ard is subject to regulatior.
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Belic&

gl

C. c. .rocoihhlt a dC.c.lascat

These are fully proteded inl

Costa Rica
Panama

i Dccrero 15mA of 1984
! Rrsolucio! 2-80, 1980,

The species also benefits from protectiod in those cormtries *here overall or coomercial
hunting baas are in force @razil Ecuador, Mexico a.ud Peru).

In other jurisdictions it is listed as a giame species which may be hunted uder license and

accord,ns to certai! size restrictioDs.

coloEbia

Guya.la
Trinidad & Tobago
CuateEala

Nicaragua

i Rcsoluciod por la cual se reglametrta la caxa de la babilla en
todo cl tcritorio nacional, 1973.

: Fisheries Regulations of1 .
: Cons€ft?tioo of Wildlife Act, 1958.
: Reglame o sob.e la caa de largartos, 1955 (which also

proirdes for closcd seasons).
! By Adeinistrative Decision of IR.ENA, the Wildiife Agcacy,

miBiEum sizr four feet itr length-
I Resoluciod por la cual tengase como oicial la lista de

animalcs de cd.a que er ella se indica, 190. Ilr addition,
Resoluciotr No. 445 ot 19A2 established an experimental
programme for the managemelt of the sP€cies id ce(ain
regoDs.

! Wildlife Protection Act, 1981.

: Decreto SupreEo 16606 of 199.
: General hunthg ban.

No protectrve legislation exists in Suriname and Fredch Guyatr4 fidally no informatioa is

available from El Sak?dor or Hotrduras.

C, crccodilus apapoiensis is fully proteded in:

crlombia I Resoltcioa por la clral sc reglameDta la c?za de la babilla en
todo el tenitorio lacioDat 1973.

C. .rocodih.t locarc ts ftrtly protected i!;

Bolida
Pa.Iaguay

In ArgeDtida this subspecies is p.otected by federal law. This law, howerer, ooly applies to
irfer-proviftial and i emationat commerc€ (Act No. 2.421 of 1981 and impleme ing
regdations, ir paiticular, Dccreto No. 691/81 of 1981 and Resolucioa No. 144 of 1983). Itr
Argentina, the right to rcgolate tating is c.!.6titutioDaly vested i.n the provincrs that may, if they so
wish, adhere to the Fede.al law. To datc lone of th€ Fovi.nces in the range of this specres have
closen to do so. flrus, hArgpntin4 the protedbn of C- c-lacare temains govemed by provircial
legislation for which no inlormatiotr is presendy a ilable to IUCN.

Itr Brazil lhe species also reccives protectiotr under the comoercial hunting ban aoted abov€.
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Ttis species is fiily protected in:
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Caiman lstimsnis

i Decreto SuFemo No. Lffi' of m.6.1979,
i Portaria of l:}.5.19?3 listilg protected endangered species.
i Under the orcrall buDtiDg ban.
: Urder a.Dnual h&ting orders sinc€ 1958.

Itr Argentina tle situation is the safre as fot C. crocodihlt ya.an.

Melanosuchl8 niger

This species is fully protected is:

Colombia

Fr€nch Guya.[a

It is protected from
Selva regioa of Peru.
Regulations of 1966.

Bolivia
Blaril
Paraguay
Uruguay

Costa Rica
Domiaicaa Republic
Ja.maica
l.iicaragua
Panama

: De{f,eto Supremo No, l(ffi of 1879.
: Resoluciou por la cual se establece la !€de para la caxa de

alguas espccies de caimaftq 1969.
! Arrete fita lt pour lc Dcpartcment de la cuyane la liste des

especes aninules protegees 1975.

comDiercial hulting i.lr Ecuador and Brazil and is fr y protected in tle
It Day bc taken llldcr license in cuyam pur$Dnt to tlre Fishcries

Paleotuchus palpebosrLg aad Paleosuchrls triguatus

These species are irlly protected in:

Bolivia I Decreto Suprenio 16606 of 1yD.
Colombia I Resoluciotr por la cual se vede la caza y el comercio de los

productos de dos especies de la fauna silvestre, 1970.
Surhame
Venezuela

: Came ResolutioD, 1q70.
: Resoltcior no. 95, 199.

It also berefits ftom protection in Brazil and Ecuador udder comDrercial huntiag bans ald in
Peru in the Seha rcgion. They may be tale[ urder license in Guyana pursuant to the Fisheries
Regulation of 1966 a.d are ulrP|otecteal itr Frenc.h Guyana.

Crocodylus aa7lars

The soecies has full orotection in:

BelizE i
Colombia :

wildlife Protection Act, 1981.
Resoluciotr por la c al se €stablece la veda para la c za de
algunos €species de caimaaes, 1969,
Dedeto 15273A of 1984.
Decreto de Veda, 1978.
The Mldlife Prot€ction Act, 1945.
A€uerdo No.1 1983 (IRENA).
Resolucion 2-80, 1980.
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Ia additioo, C aczrls enjoys protectitc itatus in Mexico sinc€ coddercial hurtiig is

p.ohibited by thc overall coEmercial huding ban ard it b er@mpt ftom sport husting under'current 
aD;al hudting regulatiots. h Peru the spccies was listed as a prot€cted eudangered

species by Ministerial RasolutioD itr 197 .nd benefits ftoit the huding ban itr th€ La Selva region

e. octt'as rcfrreins listcd as a ganc rpecias in Guatenal4 alttowh a closed seasor has been

declared. It is probably unprotected in El Satmdor, Hai4 Hotrduas and Cubq from where ro

r€ceat iniormatio! has b€cD maalo available to ruCN.

Oocod/ut in@medius

Th;s spe.ies is fu]ly protected ir the two count ies where it natuially occursi

USA
USA-Flodda

Colombia

: Er&lgered Sp€cies Act' 1973.
: Florida Wildlife Codq Chapter39-27
i Resolucion por la cual tengase como official la lista de

rninrlcs de caza que eo ella se hdica, 190.

: Resoluciotr por la cual se establece la veda para la caza de
alguaas aspecies de caimanes, 19!9.

i Resoludon No. 95, 1979.

Ctocodyh/s narcletii

I Wildlife Protection Act, 1981.
I Iry General de Cax4 190.

Tlt;s sp€.ies is fuly protected in;

Belizc
Guatemala

In Metico, it is also protected pursua{ to the gFderal commercial huntirg ban and nder

a;rnual hunting regulatiors for sport huating The species is considcred to be unprotected in

Hotrduras.

Creod!tus rtombiler

No information is available ftom its ooly range state, Cuba.

3) Asta and O€ Prctf,c

For this region it is more colveni€trt to provide a specres by species anal,ses of rel€vad legal

provisions.

AlliSalor sine tis

This species is frrlly protected in:

China : Order Stictly Prot€cting Certain Wild Animals, 1983'

CtucodYlut iohnsoni

Th€ species is protected in all tbree Australiaa jurisdictions wh€re it occurs'
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Northern Territory

Queensland
West€rtr Australia

i Utrd€r the Wildlif€ Conservatiotr Ordinance. 1962
6uperseded by the Territory Park a.ud Wildlife
CoDservation Ordinarce, 1976.

i Fauna O.der in Coutrcil 1974.
: Under the Faura CoG€natioo Act, 1950.

Crocodttus novazgtheaz mhdorensis

No hformatiotr L available from rhe oDly country in its lang€, the philippircs ard the sub-
species is presumably unplotecteA

Crce o dy lus n ov aagu ina a e n ov ae gu i neac

This sub-species is protectcd in Indonesia order the Fauna Regulations of 1nB OgjS/3tD.
How€ver, it may be taken under license ir Papua New Cuinea under the Crocodile Trade
(Protection) Act, 1974.

Ooeodrlus paltt.tnis

This species is protected iD.:

Bangladesh : Wildlife Prescrmtior Act 1yB,
Mldlife Prote.tion Act, 1972.
As noted iu a survey of gal[e laws and regdations in Ira!
publish€d by the Department of tle Environmert - undated.
Natiodal ParLs and Wildlife Protection Rules. 1974. Taldns
of some species authorized lrtrder license. Ir nay be]
ho*ertr, that the species has beetl giver firll proteclion since

India
Iran

Nepal

Palistan

- Islamabad

- Balucbstal
- Azad Jammu and

Kr.6hmir

that date.
: Huding comes uader State jurisdiction. AI States ard ihe

Islamabad Capital Terdtory give firll protection to tie
specres.

i Wildlife Protectio4 Pr€sermtio!. Conser tiod and
Management Ordinarce, 199.

: Wildlife Protcction AcL 1974.

: Azad Jammu ard Kashmir Protection Act, 1975.
- North-West Frodicr

Province i Wildlif€ (Protection, Preservation ard ManagemeDt) Act,
t95.

- PuDjab

- Sitrd
Sri Lanla

: Pmjab Wildlife (Protection, Plesewation, Cooservatiotr and
Maragement) Act 1974.

I Shd \4]" dlile Protectiod Orditrarce, 1q7Z
I Fauna aad Flora P.otectiotr Ordinarcq 1938. (But it may be

hunted under a special lic€nse).

Crocodyh$ Dorosrlt

This species is protected in:

Australia
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- Nortlrcm Territory

- Qu€s.sland

: Protectcd since 1971 rmde! thc wildlife Co.servatrod and
Control Ofdi,u,rce r962-rn4, repla.ced in 1976 by the
Tenitory Park and Mldlife Conservatron Ordinarce,

: Protected since 1974 ud€r tle Fauna Conservation
RegulationE 1974 atrd th€ Fautra Order in Cormcil of
D.8,M4, T\. degee of protectiotr was slighdy relaxed
rccendy as a resolt of aa 1984 amendment to tle Fauna
Colsermtioo Act 19?4. Pursua to tbh amendment, a
p€rso! is no longer $ilty of an offedce wher hc kills an
cstuarinc ciacodilc itr the belief, olr reasonable groundE that
the arimal has cause4 is causing; or is likely to caule j.njury

to a pcrsoD"
: Protected urder the Fauna Conservatiotr Act, 1950, although

hitially listed as uprotccted. Tte species became protected
by notice in 1t0.

i Wildlile Protcction Act, 193.
i Mldlife Protectiotr Act, 1Yl2.
: Fauna Regulations, 1980 (1980/716).
3 Protecte-d h Baluchistan urder the Baluchistatr wildife

Protection Act, 194.
i Faua ald Flora Plotectiod Ordinafte, L3.198. Siagle

specimens may, howcvcr, bc tale! by holders of special
Iicelse3.

- westertr Austalia

Banglade,sh
India
Indoaesia
Palistan

Sri Lanla

The spccies day be taken un&r licensc in Ma.lapia (Protection of Wildlifc Act, 1972), Papua
New cuinea and tie Solomon Islands.

It appeats to b€ udprotected in Brurei, the Philippines, Thailar4 Vanuatu and Viebam,
where ro idordatiotr has been ma& arailable. IIr Burma the specres ;s unprotected but the
issualce of hunting licenses for all spccies of game has bcen ofticially supeuded since 1958.

Crocodtlus tiamensis

Tte spccias is protecled in Indoncsia ulder the Fauna Regdatiors of 1978 Qne/3n). Il'ts
ulprotected in Thailand and Do iofo.dation is alailable for Democratic Kampuche4 Laos aDd
lfretnam.

Todistoma tchleeeli

The species is proteded in:

hdonasia ! Fauta Regulation of 1978.
Ttailaad i Ministerial Regulatiod of 1982.

It is listed as garne spccies in West Malaysia (Protectior of Wildlife Act, 1yr2) asd js

apparendy utrprotected in Sarawak and Brunei. No iDformation is available for Sabah.

Gavialis ganseticus

This species is protected in Bangladesh urder the Wildlife Preservation Act, 1973, in India
wildlife Protection Act, 1E 2, ad Pabstan in aI the provinces whe.e it cot d occur, Azad Jammu
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ald Kashmir, Baluchistan, Punjab and Sin<l. CIhe relevant tel(s are the same as for c. pa&rrni).
Most probably Fotected in Nepal but do recent information available.

IID TRADf,

A) Backgroutd

A3 noted abovg it has become evideat in thc past selclal tEars tlrat trade cotrtrols are needed
to supplement restrictions on takirg to help consena ciocodilian species. Howev€r, €ven the best
legislation controlling trade is difficult to etrforce wh€n the coodercial value of wildjife Droducts is
high. To preveDt poachh& rhe mo effective procedue has proven ro be tbe cootrol of;ossession
and lrade b protect€d species and lheir parts and derivar 16.

The geat majority, if not all, legal tods protectilg oocodiles prohibit or otherwise regu.late
the salc alrd export of hides. wlere commercial hunting has b€.€n banne4 domestic Eade and
exports are alio prohibited- Braz4 Costa Rica, Ecuador, Mexico, Mcaragua, paraguay, Uruguay,
all prohibit such tra& and exports (one erc4ptio4 Nicaraguq altows limited domestic trade in C.
crocodillts prodtt ts). Othcr €xamples can be seen with India and palistar which ha!€ Drohibited
almo6t eatirely commercial etports ofwildlife ard wildlife producrE inctudhg crocortiti..<. These
prohibitions are often relatively recent having b€en made necessary by the continued deterioration
of the consgrvatioa status of tie specie6 concsmed.

- A! evolution in legal Fotection can be 6ecn id t[e Indian example. The Exports (Codtrol)
Order, 1962, allow€i the export of docoalile hiales on a:r ad hoc basis witlio limited ceiliass. Thii
was followed by tle Expolt Trade (Cotrtlol) Order, 1968 *hich ban&4 hter alia, the eiort of
cr-oc4ile sLil: but alliwed the oporr of live crocodiles. Fiaaly the E4|ort Trade (Control)Order
1979 ha3 prohibited tf,e cxport of a[ wildlife ard wildlife Foducts with erfi€mely limited exceptions.

EDforcement is, in principle, easier *h€n all trade and elports are probibited than when some
limit€d trade remains authoriz€d. In the latter case there is a n€ed to ensule that tides enterinq
trade were obtained ftom legaly taken specimeos. This lsually .€quires fairly sopbisricatel
enforceme techaique6.

Traale restrictions are becoming more common in legislation and Dray concem the minimulr,
or oaximum, size of specimens that are allowed ro enre! trade. Udersized or oversized skix mav
tlen.be seized and conliscated at all stages of tle tra<ting operation iocludiag possessioq transpori
t.nning, sale aDd expoft.

Alotl€r systedr, called the 'regbte/, is broadly u6€d in Africi. Holders of game liceises or
commercial hutrting permits hust maintaia a register on which th€ characteristics oathe arimajs tlat
haw beeo talen must be recorde4 e.& siz€, as wetl as the date and placc of the tali.ng. A certficate
of lar:ful possession is delivered to the licensee upon presentation of his register forlach specrmen
so recorded. The certificate must accompatry the specimen through every tra.nsaction up to the stag€
of final procersing or export. Export pe.mits may only be delivered to hol&rs of suci certficates.
The poss€ssion of specimens without a certificate establishes a presumption of uda*{ul trossession,
Prosecution ard confiscation Eday, tlerefore, follow.

Tbe Drost soptisticated trade control syst€m is the tagging system. pe.haps it is because it is
so sophisticated that it has been litde used to date, A! example mav be seen in the Ceutral
Aiican Republic uDder the Ordodrauce r€glemenranr la chasse aux cr;codiles et la collecte des
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peaux de clocoalil€s, 1969, pur$a.nt to which crocodile hides ca rot be transported or export€d
without a tag.

But the mo6t hter€stirg atrd effective exaEple is that of the Udted States witi legard to
trade ia hidqs of the Amei.a a,Jig tot (A. mistissippie si'; 50 CPR 17.42).

In tf,o6e U.S. statcs where the takiag of aligators is authori2ld urder federal law, hiales must
be tagged by the State whcrc the talhg bas octrrfted with a non-c.rlodiblq serirly Dusbered tag.
The tag Dumb€r, lengtl of 6kir ald date ard placc of tating are rccorded by thc Statc. Tags
ca.Drot be remoi€d without dcstoyi.ng the tag atrd d,n.ging tle hide. In additioq aI persoDs
eryaged in tnrsactiols i.u crocoalile slins must hold federal p€nrits, ttis applie6 to sclletE buyers,
tanneK, prccessors arrd exporters, This sJ6ted enstres that orily legally taken specimens €nter
trade. It seeEs to have worled wcll aad will be used as a model by CITES which will soor contrcl
trade itr hide6 of C. r ot,flr' and Cpororur under a quota sJsteE.

The cortrol ofthe export of protected species and their products albcit essential 4 however,
in$flicient to c1rrb illcgal tralfic as lotr8 as controls are not applied by importi!8 countries.
Inde€4 it has prorcn to b€ tie case that urlawfuly obtaiDed hidqs could be easily smuggled out of
coudries of origin and may then be imported la*trlly iato couatries of destiaation.

The problcm wa6 recogDizcd ftst in intcrDatioDal hw itr 1qi8 by tf,e Afticaa Convcatioo
which made it ma.lrdatory for Parties to erercise import codtrols or endangered wildlife. This was,
however, lidited to A.frica and could not idvolve the major impodng cluDtries. Tterc remaine4
tlereforq the need for importing countlGs to dwelop legal ard i$titutiodal mechanisms to
control the lawfulness of tte export of tle goods thcy wcrc idportiDg"

Tth erremely imovati€ approach itr idternational law was spear-headed by the Urited States
tbrough its licey Act which was origiMlly adopted early io this c! ury. Under that Act, it is illegal
to import into the United States speomens taken or expofted itr violation of the legislation of their
country of origin. The Act iditially ody applied to ma:nmals aad birrls. It was extended to cover,
intcr al4 reptiles in 1969. In additioq thc US Fcddal Endangered Sp€ciesAct of 1qB provides for
the listi[g of eddangered spcciqtr both dooestic ald foreig& the import or export of which is totaly
prohibit€d.

It was felL howewr, that a codprehcnsive control of x,orld trade in *ildlife could not be
achieved *ithout an ideEational conrcntion.

B) IDtaratlonal Coopcratior Througb CIIES

1) Bsckground to CITES

As early as i.n 1 3, tbe need for a global trcaty to control intematioad trade in etrdanger€d
species had be€tr recogliz€d- 'mat year at the ruCN Geacral Assembly in Nairobi a resolution was
adopted ca.lling for the conclusion of "an hterdatioual coavention oa the regulation of export, transit
and import oI rare or threatened $rildlife sp€cies or their 6ldrs ard tlophies' Eesolution no. 5' 8th
IUCN Gercral Assemblt Nairobi, septenber, 1963),

Almoct ter 'ears later, or M6rch 1 19R, tf,e ton of tle Convedtion on International Trade
in Edalgpred sp€cies of lvild Fauna and Flora (cITEs) was ofricialy adoptcd at a drplomatic
coderence ia Washington By December 19&5 th€rc were sorde 91 Contractitrg Parties to the

93
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Coni€ltiod from aI regions of the World. The objective of the Conventior is the protection,
tbrough internalio&l cooperatior, of c€rtain species of flora and fauaa against over-exploitation
through intemational [ade.

The Cotrventiotr coftaiDs ro r€strictiols as to the ta@nomic groups which ca! be made
subject to its rul€s. A'1y ariDlal species, *hether vertebfate of iriErtebrate ard ary pla.trt species
oay, therefore, be listed provided it meets tha nec€ssary 6iteria. The sp€rGg or higher rarq ro
wbich the CoNention applies arc listed in tbree appcndices Listiry criteria and trade controls
vary ftom orc appeodix to the othcr. AI crocodilial speci€s have b€€n made subject to tle telms
of tle Cotrventiotr.

Thc most impo.ta provisions of the Co*ention are tlose which institute srrict trade
coatrols for listed speci€s. Tte system is based on cooperation tretween e4r,ortiug ard importing
coudri€s as a Eeans to crlsure, though strict contiols er@rcised by inportiry cou ries, that
specimcDs from exportiag coutries have not b€ctr illegally expo(ed. For that purpose the
Conveatior provides for tle desigation by each Party of a Managedert Autholity to issue exporr
or import perdits atrd of a Scienti6c Authority to advise the Man€eEcnt Authority otr the
scientific soundrcss of proposed exports arrd iEports.

CITES also golrrns relations betwcen panies and nod-party states 6itrc€ the convetruon
requles that imfort peraits be issued for tlre ihport of Appendix I species ftom uon-paties aad
that no ;mports of specimens ftom non-parties be accepted by parties if tley 6re not accodpaded
by docudeds equir€lent to CITES e)eort p€rmirs.

Appeidix I to the Conveution lisrs species threatened with extitrctior which are or may bc
affected by trade. No oeort of specimens of such species may take place ustil ar €xpon permr
has beer gatrted by the relcvatrt authority of the State of export. No 6uch persit may be issued
u ess:

- A Scientific Authority of the state of export has advised that suc! export will not be
detrimental to the suvival of that speci€q

- A Malagemetrt Autlority of the state of exports is satisfi€d that the specimen wa6 rot
obtained in contrate ion ofthe la\rs ofthat state, atrd

- An inf|ort pernit has been gra:rtcd for tle specimetr by the releurt authodty of the
state of import.

In additioq no import of spc.im€Ds of Appeidix I sp€aies may take place until atr import
perEit hai been grade4 and no such peimit may be issueal uriless:

- A Scie fic Authority of the state of iEport has advised that the import will be for
purposes which are not detrimedal to tle survilrl of the species concen€d, ald

- A Mar€€ment Aut[ority of thc state of import is satisfied that the specimen is rot to
be used primarily for commcrcial purposes (Artides II.l a-lrd m of the Convedtion).

A general exccption is provided for speciE€ns oI Appendix I species that hat€ b€en bred in
captivity for commercial purposes. Such sp€cimens arg for the purpose of the convetrtion, deemed
to be spccimens of spe.i€s included in Appedix tr and the provision regulating trade itr such
speciDlen6 desctibed b€low arc therefore applicable to tieo (Art. V[.4). The Confe.etce of the
Parties to tbe Conve ion has idterpreted the expressiotr 'bred in captivitF iD a restrictive sense.
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Specimens brcd iD captivity must be borne from parerts already h a cortrolled ervirotuient at tle
time lPh€u tteil offspring wEre corceived- (Res. Coaf. 2.12, 2nd Meeting of the Conference of the
Pa.rties, San Jos€, Costa Ric4 March 1979). Thus sp€cime$ bornc from €ggs collected from the
wild could mt qualify as 'bred ia captivit/.

As a result of tbese requireme s, no coEmercial iltrports or eq,orts ofAppendix I specimens
may be authorizEd by the Parties. As to specimels which may 6till bc traded (e.g for scientific or
educatioa purposes) a system of int€matiodal coopcratiod has rcw beelr established as importin8
statcs can no lotrger ac.lpt spcaimcns without ogort permits &od thcir courtry of origin and
e)eortilg states cannot ir6u€ cxport permits if alr import permit has not b€en ganted beforehald
by the importing statc.

Appeddir II to the CoN€ntion lists species "which althowh not n€cessarily rcw thr€atercd
witt cxti.nctioD may becomc 60 unless ttade in specimets of such species is subject to stnct
regulatioo in order to avoid utilizatioB ircoEpatible witl their survival" (Atticle tr,2(a)). It nlay
atso list species whicb, bec{use of their siEilarity of appearance with ltsted specics' need to b€
brought urder eflectrve control. This provision is designed to prevent illegal trade in specimens of
tisted sp€cies under thc laee of unlsted speci€s which they ttray superficially .esemble (Article
n2&).

The export oI specimels of Appedix II species requies the prior issuance of €ur expo(
perEiL Export permits may only be granted if a Scientific Autnority of tte state of export has
advised that such cxport will nol be detrimental to the surv €l of the sp€cies and if a Managedent
AutLority of that state is satisfied that the specimetr was not unlawfuIly obtaided. (Art. fva. In
additio4 the import of a AppeBdix tr specimen r€quires t[e prior pres€ntation of an export permit
(tut. rv.4).

Thc maitr fr.hction of Appcdix II iE therefote, to eDsure that ooly lawftly obtained
specim€ns are d(poned add subs€qu€trdy importcd. Hcrc again' b€cause of tle requiremed for
importiDg counties not to impon sp€cimeff that are not accompaded by a.n erport permit, the
obligations of the parties coocemed are mutually r€iDforcin&

App€ldix II ]isting has, ia additio& aaother important tulctioD: Article Iv3 of the
CoNentior r€quires exporting paniqs to modtor dport permits and actual cxports of Appendix II
specimens. Whencver, as a rBult of such monitorilg a Scieatific Authoriry determine6 that ttre
cxport of specimeDs of a spccies should be limit€d in order to mairtair that sPecies at a level
cordstent with its rolc in the ecosystems itr whict it occurs aBd *ell above tf,e lovel at phich tlat
species might b€c@e eligiblc for iaclusion in Appcadix I, the Scietrtfic Authority must advisc tle
appropriate MarageEert Authority of surtable de6sures to b€ talen to limit the glant of export
penni(s for spedmens of tlat sp€cies.

Finally, Appendix Itr lists sp€cies Dot hcluded in tle other two appendices, wbich have been
lGted by individual parties to ensure tf,at no q)ecimens of these spedes will be imported by other
parties if tley ate aot accompanied with valid export permits from tleir coutrtries of origi!.

Appedices I and II may be ameDded at biarNal Eeetisgs of the Confererce of the Parties,
or betw€en Beetings by postal vote, by a two-thirds majority of Parties present atrd votirg.
Amendmetrts to these appendices enter iito force q) days a.fter the alate of thcir adopliotr.
Ameadee s to Appetrdix ltr are made unilaterally by the Party concemed by sidplc aotificatiotr
to lhe S€cretariat. WheD tle amcadmeat to Appedices I and II comes into force it lales €ffect for
all Partias including those who day have voted €ahst it except for those Parties that have €ntered
a reservation withia 90 days of the xdoption date. Res€rvation6 day ody be bade at the time of
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adhesior to the CoarcDtioD or at the time when a n€w species is listed on aa Appendix to the
Coiveatio!. Parties that have made reservatioDs id resp€ct of the listitrg of a species are aleemed
!o be rcn-parties ir relatiotr to tfade in tle species concemed. Reseri?tions may be withdrawn at
the discretiotr of the Parties tlat hare e er€d them. Once a reservatio! had beer with&awn ir
candot be reiDstateal

Tle Confcrcnce of thc Parties also makes recommeddatioDs for improving the effectivcn€ss
of the Conventiotr. Recomme latiors of the CoDfercrcq although Bot bilding in law haw played
a i€ry idporta.ut rolc iB the iEplemedatior of the Conventiotr as ttey are gercraly readily put
into cfrccr i! the Parties. R€comm€ndatio.s have so far aaldresscd a wide range of subjects ftom
an agreed ioterpretatioD of certai! provisiors of the Convention such ai the term 'br€eding in
captivit),' notcd above to the development of criteri4 iddudidg tatrchitrg' cliteria, to the use of
stardardizrd CITES permit forms. They provide a loeals to give guidaNe to Parties on Ddy
aspects of the iEpleaedation of the CoN€ntion, to fiI gaps i.n the Convention and to develop
gradually a commor CoNEntion implementatioD poucy.

Mentiod should also be made of th€ Co[veltiotr Seoetariat which plays a]r essential role as a
watchdog for iDtacdoDs ald as a liDl bets,ren Parties. The Secr€tariat, inter alia, seri'lccs
meetings, prepar€s reports, sends dotificatiols to Parties on matters relatirg to the implementatior
of thc Coniention ard advises the Coafer€oce of the Parties on the listiDg aDd delisting of species.

Coreraqe of crocodilians Under CrES

The following spcies or sub-species of ciocodilians were listed or Appendix I to CITES at
the Washingtotr Codcrence ir 1973;

Alligator mitsbsipiensis
A. sinensis
Caiman crocodilus apapoiensit
C.ldirost is
Melanotuchut nige,
Crocodlhtt catapfuactut
C. intemedius
C. moQletii
C. nibliars
C. noe azguineae mindorensis
C.pslustis
OtEolaemus tetraspis
Tomistorna schlegeli
Gavialit gargetialt

All other sp€cies or sub-sp€cres were listed oa App€ndix n where they appear as 'Crocodytia

spp.'

Follo*iag the entry into folce of the CoN,€ntion in 1975 the Coaference of the Panies
adopted several changa! in tle list of crocodilia$. Two species were uplisted from Appendix tr to
Appendixlt Ctocodylus acatrs ̂  d Crocodylus porosus.

C. addur was trarsfened to Appendix I itr two stages. Fiist, the poprlation of this species itr
the Uaited States was moved to that app€Ddix at ihe second meeting of the Conference of the
PartGs (San Jo6e, Costa Rici, 1979). Subsequetrdt the third Eeeting of the Conference (New
Delhi hdia 1981) deaided to trar$fer to Apperdix I all other populations of the species.
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C.pororur was also transferred to Apperdix I at the secoad meeting of the Conferonce of the
Parti*. This changp affect€d .ll populations of the spedes except the popolatioa ilr Papua New
Guinea which remaiftd fisted on Appendix II.

Several species or populatrols havc also been aloqdisted.

l. mirririlppirrrir was transferr€d ftod App€ddix I to Appedix n at the sccord meeting of
thc Conferetrce as a .esult of the r€covery of tbis species in thc Udted states.

the zimbabq,e population of C, niloticut ,rns tlaisfetred to Appedix Il by the fourth
meetiBg of the Confer€nca (Gabolotrq Botswar4 1983). However, this transfer only applies to
ralched specrmens. At tle fifth Me€ting of tle Colfererce (Buenos Aires' 198t seieral Africad
States r€que6ted the Codfe.ence to aglee to tle Eaisfer to Appetrdir II of their populatioDs of
Nile crocoaliles. The Cotrfeletrce agreed to these transfer subject to annual export quotas. The
quotas adopted by tte Conference are as follows:

97

Cameroon
Coryo
Kenya
Madag,ascar
Malawi
Mozambique
Sudar
Udtcd Rep. of TaEania
za.6bia

m
1000
150

1000
500

1000
5000
rcm
2000

To idplcdent tlii decision a taggirg system, similar to th€ orc used itr the United States for
A. n tskippiensis, has now b€en dereloped by tte CITES Secr€tariat The parties concem€d
receive iom the S€cretanlt a nulb€r of plasdc tagr conespoadj.ng to tleir quota. The tags are
marked with the word CITES, the lettcrs NIL to i&dtiry the species, a twoletter couutly code, a
two-dtit reference to the ye.r ard a serial nutrber. A tag must bc alfixed od each hide entering
tlade. Furthermorg importing ard exporting countries ate tequested to mention trade iu all
specimeDs so tagged in their amual rcports to tlre CITES S€setaiat. This slstem was scheduled
to become operatioDal at the end of 1985.

As noted above, c. pororur *as tr3nsfened ftom Apperdix II to Appedix I ir 199, excePt
Ior the Papua Ncw Guinea population" Thc frfth me.ting of the Codcrence id 1985 decided to re_
translcr to Appcdix tr t[e Australiar tnd Idorcsian populations of the spccies, The decision
r€gardirg tho Australian populatiotr was talctr otr the basis of a ranc$tr9 schcEe which is beiry
developed in that country. Ttc decisior relating to the hdone.sia populatiotr was made subj€ct to
an export quota of 2,000 hidas per year, A taggilg system ide8tical to the one applicable to tle
Mle Gocodile will be used exc€pt that specimeDs will be identified by the letters POR itstead of
NIL.

It should also bc mediorcd thal certaia of the Cotrtracting Parlies have entered formal
resermtions to the lisdrg of qocodile-s i'l the CITES Appetrdices a.nd heace w€re ablc to avoid the
provisions of the Co*rrdon for trade id those sp€cres, Matry of the'ie tes€t\ratio6 were
subsequendy withdrawn, bot sone still remain:

- A geDeral reservation was e ered by the Umted Kingdom olr behalf of Hong Kong in
regard to all reptile species. It was subsequendywithd$wn.
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- C. cataph4atrt

Zambia ard Autria (which arDourccd it would treat the species as an Appeodix I and
not Appendx I species), France aad Italy, ftoth subsequendy withdrawr).

- C. nilotia.B

Botswan& Sudan and Zaabi^ and Zimbabwe, Frarcc ard ltaly, (botl subsequently
*ithdra*n).

- C-porotus

Japar, France, ltaly, Fed Rep. of Germany aad Switzerlaad (aI four subsequently
withdrawn).

Arstria which had indicated that it will treat the species as being on Appendix II and not
AppeDdix I to th€ Convertiod.

- C.siamensis

Thailand.

2) Shid€r Nstlonal lloplemcotstlon Measurca UEd€r CITES

a) Intemational Trade

CITES provides for a detail€d permit slstem to control trade ir endang€red wildlif€. In
additioA howcver, the right for hdividual Parties to tak€ stricter natio[al deasures is ajso
provided for in the CoNention (Art. )gv.l). Sercral countries wirh iidporta markers had alrcady
tate! stricter measrues before the time the Conventioa eatered into force, others have availed
tlemselves of this possibility subsequetrdy. The Udted States as mentiorcd above have €nacted
legislation (Endargercd Species Act of lqB) which provides shictel measules for sonre species.
Bor eta pl€,, C, crocodilus tacrre is on CITES AppeDdix II which alows for cortrolled commercial
trade. Ho\r'cvcr, it is lGted as'erdarger€d" ud€r the US legislation which prohibits tmde in
sp€.ies so dcsigmted.

Anotf,er fruther example caa b€ seen in the lae of Australia (The Wildlife Protection
[Rogulation of Imports 'rd Erports] Acq 1982). Sectior 37 of the Act requires import permits for
trade id CITES Appendix tr spccies, r hich goes beyond the requLem€nts of rhe Convenrion.
Import permits shall not be grarted if an export p€rmit had uot been issued by a relelant authority
of the country of erpfi. In additio4 the specimea i! t ade must ha!€ been tater in accordanct
\eith atr approvcd managpmert progam, that is to say a plograEhe approved by the Australia!
relevast Midister. In other $,ords, Australia will refuse impors if it does not approve a
maragement p.ogras6e for the sp€cies in an exportiDg coudry. A mamgement programEe is
defiued by tle Act as @aning a progtamme for the protectioD, consedatiotr or management of
arimals.

FinaUy, it is useful to conside. the situation for the implem€ntation of CITES within the
European EconoDdic Commudty (EEC). For tle Member States of the EEC the impl€me ation
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ofCITESisgovemedbya.oEECRegulatiotr(No.26/82ot19a2)wlirchfordsari.nt€gralpait
of th€L domestic legislation.

Thc purpose of the rcgulation is to e6ure tiat all Memb€r States apply the samc rul€s as
regards Ea& in CITES sp€cimers with ttird countries. Trad€ betw€€o meEber states is
uffestricted for CIIES App€trdix II specidens.

The legulatio! co ains a nu&ber of measures that are stricter thaa those provided for by the
Conr€ntior.

- TLcre is a gcncral requireEent for iEport pcrmits for Appendix II species, Issuarce
oI the permit prior to tle grantirg of an export pcrait, as wolld be the case for
Appendix I spccihens is, honever, dot neccssary. Import p€rmits may, fo! ilstaBcq be
issued oo the co[dition that valid export docufiea$ are present€d togcther witl tle
import permit at the time of import.

- Certaio Appeldix tr species are treated as Appeodix I species. Ttey cannot, as a
result be impo.ted lor primarily commercial purposes. No crocodiliaDs beloig to tlis
cat€9ory.

- Ccrtaio other Appendix tr species, iacluding atl Appendix tr crocodilians are made
subjecl to stricter coaEols. The irsualcr of import peroits is id this crse subject to
conditions which may go beyond the provsions of the Cotrve io!. This embles
mrmagement authoritrcs itr thc connuaity to take due account of the actual
codservation status of the species or population cnnclmed a.o4 for hstaft€, to declirc
to gla a-n import permit for Appendix n specimens ftom an endangered or depleted
species or population.

b) Domestic Trade in CrTES Spccimens

CnES only deals with tte coDtrol of ihports ald expo s. It is dear, however, that a
prohibitioa of dodestic trade ia Appendix I specimens, sinc€ they cadrot be imported for primarily
corDoercial puq,oses may considerably sUergtlen thc enforcement of the Conirntion.

Yet there are strll few examples of legislatiotr which specificrlly apply domestic tra&
prohibitions to CITES sp€.ihcDs. Orce again an example oa be 6eer id the US Eadatrgered
Species Act which prohibits the salc, ofier for sale, or tar$port itr view of a commercial activig of
endaDgered wildlife. But although the US Endangered Spacies list contains ma-ry of the species
listed under Appendix I to CITES, the two lists far from coiacide.

The only legislation known to completely prohibit domestic trade in CITES Appen<lix I is tle
1982 EEC Regulatio!. Under Article 6 of this instrudent trade iD CITES Appendix I specimeDs,
and in specimers of species which have been giren by the Regulation tie sarne status as Appendi\
I species, is prolibited throughout the ComDr!trity. In addition, tic sane restiction applies to
spccies listed otr the otier CITES App€trdices when they have beed irtroduced into the
Community ir violatiotr of the R€gulation.

I
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I1} IIABITAT CONSERVATION

As has been not€d in the introduction to this paper, speciic habitat protectioD measur€s for
crocodrl€s are rare. Of course, crocorlile habitat is preserved incidentally by mearrs of aational
legislatior for the establ;lhhent of dational parls add other prot€cted areas. At intemational level
crocodile habitat may be protected througl de.siglations for protected areas uftler Conventions
such as the Cotrvention or Wedards of Internatioul Importance Especially as lvaterfowl Habitat
(Ramaar, 1t1), the Convention for tle Pr€s€rvation of the World s Cultura.l a.dd Natnal Heritage
(Par4 192) or under protected areas protocols to tte UNEP Regional Seas Codveltions.
However, irl all these cases coaserration b€tre8ts for crocodilia.Es are hcidcntal rather tlan direct.

The oaly regolatiou lao*:r to be particularly focused upon the conserv.ation of crocodile
habitat pertai!.s to Crocodylus aa!tus tntieunited States. Under the US Endangercd Species Act
an area of'critical habitat' has bee[ desiglated for this species (s€e 50 CFR f.9t, Th€ area is
fo. tle most part iDcludcd witlin th€ Everglad€s Natiodal Park. Pursuad to Section 7 of the Act,
aI Fedcral Ageacics must ensurc tlat actron whi.h they autf,orize, frrlrd or carry out does rct
result itr the destructiod or dodificatiod of this cdticil habitat of tle endatrgered species as
deterEined by the secetary of tlc lderior.

The cdtical habitat cotrcept represents a major innovation rd conservation legislation which
should be proEoted for applicatiod elsewb€re

v} CONCLUSIONS

lhere has becn ar cvolutior h rcc€d r€ars ir thc trcatmert of crocodiles under national and
hternatiou:l law. This orcrvi€w has shoq,n a st€ady morement in legislation from indilfercace or
hostility to the speciqs to partial p.otection and then more recedtly to fitll protectior for socodil€s.

Although there are exceptionq it is rarc to find jurisdictions whid still consider cocodiles to
be pest species uBder law or which fail to regdate at 6ll the takiry of qocodiles. h aI regions
wh€re crocodiles occur, 6&ingent protcction measures are now tle rule, in recognition of the
precarious coDseir'ation status of oary spe.ies and ir light of the value of ciocodiles as a resource.
The ow.view haE how€ve., showr ihat atromalies ilr legislati!'e provisions still exist frod
jurGdictio! to jurisdiction

Nevertheless, elperience ha3 show! that even stringent protection is mt eaougl givea the
imcntives for poaching aad he[c€ the Eost sigdifici.nt legal der€lopme for the conservatior of
crocodiles has beetr the intemational tlade controls implemented by the 1EB ConveBtioa oa Trade
in Endangered Species (CITES), The success of the CITES system for cocodiles iaay be seeD itr
the development olrarchiry operations for these species. Ranching schemes ilprop€rly managed
may be s€ed to provide for sustainable utiliation of a renewable resourc€ in accordance with one
of the main objectives of the World Conservatiotr Strategy. In practice there have beeu alifficrilties
with rarchiry operations, but certairly tLe corcpt catr b€ seetr to b€ a step in tle right dLection
for tle long-term conservation of crocoililiars and other species.

Fitraly, it has been rcted that litde effort has beed made to provide in legislatior for the
coosermtion of crocodrle habitat. This would appear to be tle next area for attention in the
€volution of prot€ction measues for crocoalile speci€s as ultimately th€ survival of crococliles aad
other *ild species will depend upoo the mainteDance through law of their habitat areas.
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ID 1950 Fcdedco M€ded anived b Colombia and set about studyiag thc 6ocodilia!5 of tlat

coultry. By thc time of his death in 1984 Fred Mcdem had contributed sigdificantly to studies of al

soecies of South Americaa cioctdiliats (Mc(GE 19814 1983), Howevcr' he vdll probably be best

r;errbered for his pioaecriag work on tbe gclr.us Paleosuchus. when I started-studying

Pateosuchtls 
'ta lyTg t\e gtouad work had been laid aad any basic idormatior I coarld trot fmd h his

Dublicatiors Fred Drovided in correspondencc. Ttis paper is largely a review of thc literaturq most

;f which was writtcn by Federico Meilem. I! is udortunate that Fred could dot wdte it himself l

af, also gratefirl to Andy Ross who provided much literature not aEilablc itr Brasil. The work was

fioa.uced by the tnstituto Nacional de Pesquisas da Amazonia and by grafi au,lrber 40J055/83 from

tle Braziiiaa cons€lho Nacro@l de Desenvolvimento Cientifrco c Tecnologico to w E'

Maglusson.

NOMENCLATT]RE

Biochemical atulrsas (De!&aore 1983) support tlc status of Pdteorrciut as a distinct genus

within the Aligatorime. The probleds associated *ithPaleosuchus noBenclature are compl€x aid

have be€d det;ted by Mook and Mook (1940). Howel€r, sitrcc Medem's (1958) revisioa tlere has

beeD almost uaiv€Nal acceptancc of lbe n mes Paleosucfuat oiSonan$ a d P paryEbrosus for $e

two South Americar specie's of d*arf caima*. The only modem poilt of contedion i,s ihe

allo<Atiol o|la.aretingarnotcrtrt€t sPir to synodyEy with one of tle species ol Pale61lchus The

woe soecrmen of J. m-oscfifet was desuoyed durbg world War tr. Hot+e\€r, the desciiption of I

^i"i*, X accompa.nied'by a figure of a croco<lilian with a snout shape similar to that of P'

argrnoi*. vultt*i1ral8) coasidercd t moschiler to b€ sytrotryEous with P Palpebmsus.based oa

th; descriptior *hich specfically mentioDs four rows of dorsal scutes b€t\r'een the hind l€gs'

Mcdeo (i958) coasidercd I. motchilo to be a composite, the descdpttonbz*d on P' Palpebmsts
anrl the iguri Uased on a P. a8on4ars, ard so synotyaizzd I. notchifer *ith P. .ttigonatus 

The

sFonomy-wortd trot be importait elrcept that.r. mosclttlet was described from Bahia, atr area which

fas 
"cverat 

co"nt-ea r?orts of P. ttigonotus (Magnusson 1987). For zoogeographic reasots I

agee q,ith Vaillant (1898i :Jnatt. mosciiler A a ql..oaym fot P. palpebrosus. Also, Muler (1923), a

"rt"ia;"t 
fu-iti"t o,i'tl Oi species ofPaleosachu.r, identfied and catalogled the q?e specimen as P'

palpebrosus.



Medem (1983) considered Seba's plat€ 10t Figs. 3 and 4 of th€ specimen on which Scbneider
based bis descliption ofP. t8orraur, to represent the spedes vte now call p, patlabrosu, but did not
suggest that the aames of the t*! species be switched. In the intercst of Domenclatural stabiiitv it
may b€ neces$ry to desiglate a neot ?e for Schneide!,s Crocodifus trigonaats .

MORPHOLOGY

Species ir the g€nus Pareo$r.rr6 are amorrg the smallest of the Crocodilia. Medem (1981a)
elcouder€d male P. rrienat{ up to t:16 cd snout-veDt leDgth (SVL), however nrost adu.li nales
are in the size rango 75-90 cn SVL. Febales reacb about ?5 cm S.!4-. Few data are available for P.
palpebrusus bltl it is gcn€raly coasid€r€d that ttrey rnatrue at smaller sizes thaa p. trigonatus.
Meden (1981a) r..ods mab P. patpet'rotus up b m cm SVL and females up ro 68 cm SVL.
Psleosuchus teAd to h^ve short tailE at least in conpadsotr to C4imar crocodih$ Narznl-[ arLd
Co6e^s 1979).

Distiffti€ featurcs of tle skul arc the lack of distioct suFaremporal fossae (snall fossae are
present in j$€nile A r,'rgorurr,r), 8 teeth itr tbe premaxil4 a.rd the lack of atr interorbital ridse.
Tbrc€ bones form a plate over the orbit and alnost obscure it when tle skull b viewed from aboie.
Lhe shape of tlc skutl of P. tiwatus ts t\at of a getreralized ciocodiliaA bt p. palpebrcsus has a
high smooth 'dog-like" sh l (Medem 1958, 1981a). Some individuats harc body charicteristics ofp.
pa&€ir"rur but head shape atrd color of-P. arSpnarur, Medem (1q0, 1981a) coasidered rhesc to be
hybrids. The best fcahre to distinguish betwcen skulls of the two spccics is the rclative sizc of the
e{emal mandibular forame[ Id P. nigonaa8 tlle maxillum width of the foramen (measur€d
pcrpendicular to the lolg axis) is equal to or greater than the disrance froE rhe fora.oen to the
inferior edge ofthe argular. The widtl of the extemal ma.ndibular foraEen is less thar tle distancc
from the forame! to the inferior edge of the angulat i p. Wtpebr.ostlr.

The skins of bolh species of Paleoflrchus are heavily ossified, the bony osteoderms of the
icnl€_r, dorsuo ani tail bdry so closely juxtaposed that the arimal atmost app€ars to be erclosed in
a shell. Al_ gae_adhere to the slins of both specias in captivity, and i! some natunl habitats (Meden
1958), giviq the auinals a greed color. Medem (1981a) giv€,s the sizes 6rd merisrics of individuals
of each spocies collected i4 Colombia.

The etr ol Paleotuchus arc a rich broq,tr color, Med€m (1981a) presents mary color plates
of €achrp€.ies. Adrult P. psllEbrosrs ha|'e erceDsive dark pigdeDt on tli venual surfales a:rd light-
brolrD 1'T4.. Ad\rlt P. trigonants have dark heads and gercraly lack pigmenr or tte ventral
surface. the dorsal surfac! of the head behird the eye* is light yellow in juveniles of each species
(color phologra_phs ;n Meden 1981a). Other asp€cts of coloration are variable asd nor very
distinctive (Meden 1958).

._Tt_e 9n! gtler crocodiliatr geDus with deep-browr eyes, heavily-armotred d.in, heavily
ossified palpebrals, ajrd smal adult size is the Africat (rc{jcd,ylifLe Osteolaemrr r?tarpir. Too little
is knowE of the life histories of either gedus to *?rra.nt speculation or the reasors for this
morphological corvergeace but it may be significalt that the distdbutions of both seucra ue
centered on areas of Eopicai raidoresl.



DISTRIBUTION

Poteosuchus ttigonatus occurs througbout the Amazor and Orinoco &ainag€ badns and the

coastal rivers of th€ fucc G|uianrtr.. P. palpebmsus occurs over essentially the same range aDd

extenats south across the Braziliatr shield to the Rio Patatra and Rio Paraquay drainage basios lt

also ocdrs i.tr th€ Rio sao Fraftisco dtairagp basitr of the Braziliatr states of Bahia a.trd Minas

Gerai6. Medom (1983) givcs detailed localitt records. Tho records for P. tiSotra&r (Aruana ad

Balia) soutf, of tle Amazotr Basir given by Medcd (1983) arc ptobably €rotreouri (MagBrxisotr

and Yaoakoshi 1986). In Vcaezuela P. tt8ota&t is largely rqstrict€d to the soutter4 forest€d

regions whereas P. patpebrotus occ!$ extensively over tie norttem 'llanos' areas of the Rio

Oridoco &aimgc (Gorztia 19a7: Figs. 2 arld 3).

Despite beiDg synpaEic over largp areaE the two spe.ias of Paleosa.hus te rar-ely syntoPic'

In wat€r Lodies in-which they are fouad together otle specres is usually comEon and the other rare

(Med€d 1967, 191a). Tte ftajot habitat for P. uigononls appea$ to be sDall forest streants

ilr{edeo fe7, Oixoa et at, 197, Magnussor 1985) andP-palpebrctus tat-ely occurs itr that habitat'

i! the ccntnl Amazotr Basi! l. ParPertg$a is foudd aost coEmonly in irurdation forests around

the hajor rivers a.trd Iales (Maglusson 1981. On the Brazilian shid4 P. palpebtutus,oc.cxtrs t\

strea-i lioed by gatt ry forests that rua thougl sa!"tna (Rebelo aad l,ouzada 1980. Much of the

corfixioa that lurrouads thc ecological distributio.s of the two sp€cies stems ftom the fad that it is

difrc:trlt to *ork itr small rainforest stlealos and gallery forest. Most observations (as distiact from

occurrcdccs) of Paleosuchut are rnade aroond large watcr bodies with easy acccss by boat'

Individuals, especially largp males ad dispelsing ju!€dles, are often found in such sioatiins but to

date there is no evidence that either specics aormally brc€ds atoutrd larye water bodies. l-alge

rivers and lakes arc dormally thc major habrtats for C. cmcoililus, Melanosuchus niSer and

Crocodthrs intetmediut. Meden (1980) suggested tlat tie occurrence ot Paleosuchus,s sn,me

habitats in Colombia ircr€ascd after the larger, conmercially more valuable species' h4d beer

eliminat€d b'y overhuntin&

Much mote work neeats to be dooe on thc ecologicrl distributions of the species of

Paleosuchue, es{f;,cially P. Palpebtustts, b'J[ czte must be talen to e%luate habitats for the presence

of both s€rcs, n;sts and juveniles, Spotlight survep from a boat as are used for most oth€r specres

of cocodilians are probably of littlc tsc for evaluatitg populatioN of Paleoiuc,ur. Gorzula (198?

sulcests lhat the water bodies in whic! P. tSot alrr occurs are chemically distitrct ftom those in

wfch C. cracodtrt$ ocaur6, so liEnologica.l variables nay be useful for distinguishirg habitats'

FOOD

As with otf,er crocodilianq Paleosuchus sp€cies eat a vaiiety of vertebrate atrd iri€ttebrate
prey. Medem (1981a) lsts the stomach contcrs of Pskosuchut ta\en ir a variety of habiiats itr

boiombia Vaazotini aaa Gomes (1qi9) gile stomach cootents oIP. ,tSott.tur taked in Brazil' asd

Ruesta (1b81) dcsoibes tle stooach co;terts of 3 P. niSonaus ftoa Petn Large males of both

species occasionally eat otler crocodiliaDs (Medem 1981a).

In the c€ntral Amazod Basin P. nigonatus eats more tere'strial llrtebrates than 6ther

cf,ocodif,',n. of similar sizqbut P. palpebtu$ls eats sinilat foods (nainly invertebrates and Iish) to

c. crocodilut al.d M. niger iB the same size raDge. Mammals and soales are taken l'lainly by large

P. msotrtA $/ith 6)(€d home ralgps (Magnussotr et al, L9SD T\e dLet of P. pqlperrusr in savantra
galtery forest has not b€en studied.
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REPRODUCTION

_ Y"d"p (1981"), Pixon ad Soini (1974, Ruesta (1981, 1982-83) and Magtrusson et al. (198t
havc dcs.ribed nests ofP. !rr8orarr6. Ruesta (1982-83) also d€sd:b€d thc;mbryos. The rcsrs
found by Ruesta and by Dixon and Soini i! Peru were located 13 S€pteEber ard 14 August-3o
Novcmbcr, respecliiely. lte n€st ford by Medem itr Colombia *ras located 13 February and had
well devcloped embryos. Magnusson et al (198t foutrd nests ir the Malraus area betwecn Auqust
l'ld JTurty: Egg layilg apparentty occlrs at the end of the &y seaso! and hatchi.ng ar-the
beginniDg ofthe wet season. In the Manaus aioa P, atonarur ftequedly make their n€sts beside or
on top of termite mou.nals which elerate the tebperatues of the €ggs above tlat wbich they would
ot-herwise attain (Magussoo et al. 198t. Medem (l98ta) ..nd Ruesra (r982t3) give €gg
dimetrsions. P. '|:8onad6 has bee n bred h the Cincinari Zoo (Jardine 1981).

Mederr (19l1b) recorded a aest of P. patpebmsu,t foutrd h galery forcst in Colombia 1
Noverrbe! 1967, *hich hatched ia Deccmber. Anoth€r nest fourd in tle s3se area, but i[ a slightly
more exposcd site, iad reccdly laid eggs 8 August 1970. Thar nest had a temperature of 31"C ;t
2.a dcpt\. A ttird rcst was locatcd among four s6all trees on an clevated Eoudd of earth
forned_by dry canals, 3kn ftom a p€rdanent c€.n4 i.n Awust 19?8 (M€dem 1981a). Nest and egg
dimension3 of th€ tlree Dests are giveD by Medem (1981a). Reb€lo and f,ouzada (r9Sa) found
hatcNings near a nest in Jwe-July in the Reserva Biologica Aguas Emendadas on t_he graziliaa
Shield but the age of tLe rcst could aot b€ determiled, Marc Hcro (p€rs. comm.) encou.ntered
h dfi,€ P. palpebro s 13.2 cd and 142 cd SVL in rhe Rio Negro in October 11i85, indicatilg
Desdng i! tte early dry soaaoo. The limited data coupled witf, the geat climatic aad geographical
mriatiol lthitr t\e ft'dge ot P- palpeb.osus hakes generaliations about its nesting seasou(s)
presendy inadvisable.

Meden (1981a) reports iil detail the captive reproduction of a female that hc considered to be
ahybidbetweetJ, P. palpebosrs 6nd P. ttigonanrs. The febale was mat€d by a p. palpebroru, and.
laid her eggs 2? September tgn. P. Wbebbstlt has atso becn bred in the nio braade o,
Albuquerque (A. Dale Belcher, pers. comm.).

. _ Medem g97lb 1981a) gives incubatiotr periods of 9Gp ad 147 da),s for p. patlabrorar EW
incubated adficialy at $dable teapcratures. Ruasta (1982€3) rcportea iuco-pi.te lrcutatioo of
P.lrigonants eggr alt3f 3 months but the eggs had been aoved and the fi[al incub;tioo temperature
was not gired- Jardine (1981) reported an in.ubatior period of 11411I] &ys for eggs of p.
fiSorarr ircubated artificially at 29-31.C. The data i.n Figure t hdicate that rhe mrmal incubation
period of P. ttigonatus i the Ma.naus area is itr excess of 100 days. This is longer tha.o the
ircutation periods reported for all othe. alligatoriaes and most other crocodilials (MagNsson
ty79\.

PARASNES, DISEASFS AND PR.EDATORS

Nothing is known of th effects ol parasites, diseases a.ad pr€dators oE populations of
Paleosuchvs. Magnusson (198t reports mriation in tle fre4uency of parasitism by rcDratodes and
leeches in dilTelent habitats in Ardzzonia and Me&m (1981b) tists intemat palasites found iu
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Paleosuchus in Colombia. Meden (19814 1981b) r€ports attacls by tabanid flies on admals
restrained oa shore near the baDts of rivers during daylight hollls.

There are !o reports of diseases in'riild Paleosuchus and tle only confirEed pr€dators of
Pahosuchus are man, anacoddas (Eunectet mwinw) and other crocodiliaas (Meden 19g3).
How€v€r, jaguars (Panthem onca\ regularly eat C. ctocodifus (Medem t98la) ald olher repriles
(Louise Emdo.s, prs. comm.). There is ao r€ason to beli€ve that they do not also eat
Ptleos chus. Th. only large P. nigonatus (approx. 65.:o SvL) that I havc found dead wis eatetr by
^ laryp .at (P. onca ot Felis concotor). It is likely that the cat killcd the p. rrhorr.tlj as. aDart ftom
a conspecfic, tf,ere are no other predato.s i! rhe area that are likely to be crpabte of killing a large
P, tiqonatus dose to w atef,.

Most of the Dests ot P, ttigohatus I studied h 1983 and 1984 werc destroyed by predatols.
However, I trelieve the high rate of predation may be related to irferfererce with tr;tl while
measuring temp€ratules. None of the dests studied ilr 1982 which were all dGcover€d late iE
ircubation, sufrered predatio!. Ruesta (1981) a.Ed Medem (1983) list probable rcst predarors of
Solrtt American cocodiliaa but, apart ftom humans, no predators bave b€en caught itr tle act of
lobbing Pakotuchus !.e.*s,

DEHAVIOR

Litde is kaown of the behavior of either species of pateosuchus ald they are not good
cardidates for b€havioral research as they are duc[ more shy in the presencc of humans than iost
cocodilians. My coworl€rs a.nd I have caugbt one female p. trSonaar several times id a shallow
stream i.[ front of a nest with incubati.ng eggs, and tracks in ftont of another nest indicate ihat a
feEale was in atteuila.oce. We havc oever been attacked when opcdng nests but tave noted altered
behavior by fedales associated with hatcbliDgs. Tv,ice fehales have left their refuses and
approached us when we were c.tchiDg hatcblilgs near nests and oa otr€ occasiou a femdJ, which
\{as accompanied by a hatchli[g goup ard that had beeD noosed arouDd the bac& legs, chased us
out of the strqun. We have not ob6en€d aggressive behavior towarats hu.Eans by p;teosuchw ,a
atrJ otlcr situation. Medem (1981a) descdb€s aggra*sive b€havior by ^ czptjqe feazle pateosuchus
defending a r€st ard Gorzula (1984) describes having his inllatable boaa su* by a p. rrSorarw
which responded to huma! initiations of hatchling C, oeodilus c^s.

AII succ€ssful nesls irl my study area w€re opcrcd by a crocodilian and femalcs with hatchliog
groups were fou.nd in front of four recetrdy opercd nests. Ore nest, co.ltructed in tle home ruse
of ar adult male but far from th€ rormal area of activity of any female, was fouad recently openJd
ard the hatci.liry gloup was accompanied by the adult oa.le. No fedale was found ir th€ area
despite i eGive searchhg A feEale (64 o:r SVL) had been caught at that site the Fecediry
Auglst but no female had been seen tlere before or after so it seens likely that tle male opae<l
tle trest and released the youDg Eggs ir some dests itr tle Maraus area are encased id hard
terEite worki.ngs by tle end of iftubation (MagDusson et at. 1985), Nesr op€ning by ad adult is
probably essential for successfirl hatching of those eggs. More detailed obsenations will orobablv
show Paleo$ahw to hat€ the same .ange of rcst-guarding, rcst-openiDg and hatchiry-defeose
behaviors found i.n other crocodiliars

Aft€r _healy rai^ P. trigonatus are often foutrd ia rapids or small waterfals; sittiry
perpendicular to the cunent with their mouths opeD" the lower jaw submerged ald tle upprer jaw
atove watcr level. I a$ume that tley are foragir& but I hai€ no eviderce of what they catch with
thh techdqu€,



SUGGESTIONS TOR TURTIIER RESEARCH

Much remaiDs to leam about tf,e ecologres ofboth spc.ies ot Paleosuchus. It is obvioB that
the habitats of each difier, atrd that the habitaB of both are different ftom tlose of other sympatdc
crocoditars blrt just which differences are cdtical €maios coDjecture. Reasons for habitat
segregation could idcludc compctitioA prcdatioD, and behavioral ad physiological ailaptationa. To
dificrcntiatc the effects of thes€ faclors *ould requie large scale experiments, though areas m
{hich syEpatric species har€ been cliEinated by overhunting cot d serve as unplanned
manipulatiors.

P. tiSoratus may diffcr ftoo other crocodrlians in its thermal biolory becausc tempcratues is
its main habitat are moderate, relalively invariant, atrd opportudties to bask are liDrited. Zoo
animals could serve for the study of the efiects of temperature od digestion aBd metabolic rate.

Field studies will halE to focus on populations rather than presercc/ab'scrce data as has b€en
the pattem in the past. Presence/abserce data have nised some interesting qu€stions but to ilate
have been of limit€d use ia providing answers. My as yet unpublished studies iadicate that P.
tSenatu havc sEall home raDges (of tlrc order of 50G1000d shall stread) al14 if the same proves
';Itoe fot P. palpebosus,lolg term studies of popolatiod dynamics, reproducton ard habitat usc
could be done on markcd populatioDg simply alld at low cost, Comparativc studies of populatiods
of P. palpebftsut living on ttre hig\ cold plahs of tle Brazlia4 shield, flooded forests of the
Amazon system and the lowlald floodplains of the Orinoco system would be particularly
interesting Small implalted transmitters could orucome many of the problems aisociated wilh
dilicult habitats aldd the wariness of the species Basic data on diet are lackiog for P. palpebrcsus
oeer most of its range atrd most of thc data otr the diet of P. t iwaus are fuom a few localities.
Stomach coaterts could be collected by non-destructive mears (Taylor €t al. 1978) in paralel with
other sodies.

Schmi& comnented i! 1924(:20) 'Il is ode of lhe curiosities of zoologicrl col€ctirg that so
litde is kno\ d of the habits and d;stribution of these species (PaleoucAns)'. siry ycats later we
know only a litde mo.e of thcir diltributiors atrd we have advanced very litde in studies of their
habG. They remain 'oae of thc most intcrestiog probleos in South American zoolos/ (Schmi&
19?r;212\.
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GR)V{[H OF Crocodylus po,.o.flis IN THE WILD

IN NORTHERN AUSTRALIA
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INIRODUCIION

The ma;n data on glo*th n t\e,vild of Crccodylus ]rolarur i! tf,is chapter come froE three
€xended experimeds within the former Sydney U ve6ig-Norttem Territory covernment Joint
Crocodile Research Project. A1l tlr€e have bc€r reported on separately previously, but oul aim in
tlis rcview i5 to look at tle data as a whole, and rearalfzc it to obtain the most idormation possible
oa aspects of goqth of Cpon srr. The first €xperiment iflolved a captue-recapture study of 254
individuals on the Liverpool-Tomkinson Ri€r System (Molograph D; a multiple regression aodel
was fitted to ttis date (Webb et al. 1t8) to derive growth curves aatl to exarnine variables afrecdns
gro*th. Eight aaieals 6rst captured bet*€€n 1973 and 1975 were recapturcd in 1983: soroe of the;
haviDg been captured two times Feviously. These dara also provided valuable iDformation (Chapter
2 Monograph 18). The secotrd experiment was carried out by Mag sson (1q8, aad several pap;rs)
and he studied by capture-recapture tecbniques the grofil of C. po.orar up to L33 days, agai.n by
fitting gro*th curts. Tte third experiment (Chapte! 8, Monograph 1) involved thc capture oi
hatcblings on the Blyth-Cad€ll River Sysrem (some 30 k-!r ro the east of tle Liv€rDool-Tomkinson
SysteEr) in 1978 and recaptures ir followiag 1ears.

Thowhout tlis chapt€r wE shal b€ referring to Monograph 1, which is but one of a series ol
19 publ;shed by Pergamon Press betweetr 1979 aad 1986 (M€sscl et at. 19?9-1986) aDd reporting
on the lengthy C.pon rrr studies by Messcl and his collaborators. We restrict oursehEs to growti
of C. porosus only. In Cbapter 2 oI Modograph 18, on which the pr€sedt chaptcr is based we
codpated these grolr,th rates with tlose of other crocodilia.ns. Ir seeking to urd€rstand tle gro\rth
rates presented ir llis chapte!, w€ arc udortunately lackiDg quantitati€ data on an importa{
piece of i$formation-the food availabitity (or, at least, the relative food ardlabitty) on the rivers
considered at different times of the 'ear, itr differert yea rmd or atry differences in food
availability on differert rivers. The ability of crocodilials to suvive in a very low growti situatioo
may be ilusEat€d with an example giv€n by Dera'iyagala (1939). H€ quotes rhe case of two
hatct hg C. prron$ (hatchirg total length arourd 30 cm), ode of which was kept itr a tub and the
other itr a small natural pold (witl access to a wild diet). The animal in the tub di€d after 2 years
at a ledgth of o.ly 35 o'1, whereas the one in tle pond had attai[ed a length of about a meter after
only 10 montbs. An exampl€ of the effect of feediry on growtl dray b€ taken from our o*T data.
A hatcbliDg captured at SVL 16.4 cm on the dowGtr€am Liverpool was recaptured after 3 months
on the Tonkirson. Its SVL had changed by only 03 cDr atrd weighr by ody 5 g, which G essedtially
ao grofih over the period. This aaimal had a skewed jaiy which presunably ilterf€red
coDsiderably with its ability to catch food ite!$; it was very thin otr second capture. Other
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exr.Drples of v€ry low growt! over 3 modths of the dry seasor were se€n on the upstream Bltal (see

Parr i). Thc dilferences ir growth berween Demniyagala's two animals were probably due to a

number of factors, the availability of a proper diet possibly bcing a major one. How€v€r' givetr that

tle a:rimals can survirc for so long itr an essedially no growth situatioq it is cle3r that attebpts to
j.rterDre! variadoos of gtowih asotrgst \tild populatioos are fraughl witl difficulties' esp€cjaly

when so da.ay oecessat dzta are eilher unavailable or ltry dilficl t to obtah. The results in this

Chapter obtained from rccaptures or€r lelgthy Periods c€n be suggpstive only. ard there is need

fm snaller scaie experineors to examioe Particuiat points.

To avoid coDsta rcpetitiot, all growth rates referred to in this chapter are saout_vent leDgth
(abbreviated S\|I-) ratqs. Udits of groq,t!, il not explicitly state4 arc ca/day For con\€rsior

ietwcen head length (HL) atrd sIlout-v€trt letrgth (SvL), q,e haie used the same equations as used

by Webb et al. (1t8:j88). Other conrcrsions (e.g., SvL to total length, TL) may be obtained ftom

Webb ard Messel (19?8) who also garc references to other morPhomedc v'/ork on C'Poto$,,r' AII

uc€rtainties quoted ar; stadard deviations (n-1 method). Diflerences betweeD means are tested

by using the t-t€st.

PARI 1. EMBRYONIC GRO\ITH AND POST.HATCHING GROWTH I]P TO 133 DAYS

1.1 Ebbryonic Growth

Esddates of growth rat€s for embryodc c Po.o$ls may be obtarned from data gi_i'etr by

Dera.dyagala (189) for aridals in Sri l,aDka a by MagnussoD and Taylor 0980) for aninals itr

Arnh; lr"4 nor'thern Australia. The data are idad€quate, but we have tri€d to look at the

lidited available alata in a dumber of wa,s. The results are sot clained to be aT y more ttrar
j.ddication6 of embryonic growtf, rates. The egg siz€s reported by Deradyagala are consistent witl

tf,e egg sizes reporied by webb et al (197); for 22 a€sts tf,ey r€Polt mean egg lengths raDging

fron72 cm to s.r cln, ad Deraniyagala's nests l, u, and III have mear cgg lengtls of 7 4 cm' 7'9

cm, anal 83 cm. fne ;res of hatcllings ate also coDsistefi (soe Table 1). In fact, the mca! HL of

17 ."i-'t. in table LVIII of Deradyagala is 4.8 i 0.2 cm, to be compared with 4.6 cm (rc er!o'

limit given) as the mean for 5 ftsts Siven by Webb et al. (1C78). (Ho*ever, tl€r€ can apparertly

be great mriation in egg a.dd hatchling sizes; results from Edward River crocod e farlijD north

au-ecbad.lustralia appear to show tLat small feEales vield snal eggs and smal hatcblbgs (G'

crigg p€rs. comm).

We shall Dcil' examirc the available data on embryonrc growth ard derive some €stiEates for

their growth rates, Th€se can only be iidications, however, because the lelgtl oI incubatiotr ca.n

uary leatly, ftom some 80 to 1m da)s' Nesls laid late in th€ &y seasotr develop more slowly

becaJse of the cooler teoperatures, a.rd there.arc indications from field observations that so!1e

late rcsts may aot hatch at all. Detailed studies are required for embryonic Fowth ud€r different

t.Epelature regimes in the freld.

Deradyagala gi€s tie followhg lecords for embryos fron Nest n (da,s ar€ €stimated da]s

after laying,'alowing 97 dals for iNubation; he suggests, however, that the hcubation was by no

meals normal).

3748 f i n
8.1 11.9 fl.o 29.4 ! 0S

t r=1  n=1  n=1  n=4

Days
Tota.l length (co)



Table 1. Examples of sizes or harching of C.pororrr from Amled llnd, northern Australia (LiverDool-
Tomldnsod Rivers Systcn) ad Sri Lanla (Deraniyagala 199).

Nest
Ag€

Sample S\/L kn$h Weight Processed

Myeeli 1 4il 14.1 ! 0.3 3O.0 I 0.7 83.0 a 3.4 - Z d^rs
Removed from rcst
after hatchiEg 43.76

Myeefi 2 46 lj.6 ! OS 29.6 ! 0.6 't4.5 ! 4.1 - 2 dats
Remo!'ed from nest
after hatchi.ng 16.2.?6

My€eli 3 50 r.8 I 0.3 D.9 ! o.S 69.6 ! 3.5 - 2 days
Removed from nest (a9 annls)
after hatching 18.4.76

Liverpool km 475 15 1i.7 ! O.i Di ! t2 8L2 ! 5,7 - 2 days
Artilicial nest f3.76 (14 annls)

Adas Creek , 26 14.9 r 0.3 32.O x 0J 82.8 ! 2.1 - 6 dals
Artificial rcst hatch€dr
6,2.n

Billabong Morngarde 11 13.4 i 0.5 28.8 1 1.1 59,2 ! 6.0 - Lday
Creek
Renmved from n€st
after hatching t!.4.76

Liverpool 822 14.1, ! 0.4 29.9 a 0.6 632 ! 7 .6 11-13 da's
Artifcial nest hatched
30.4.16

Toml.jnsotr B,l8 8 8.6 r 0.3 29.1 ! 0S 59.8 1 6j 1-10 dals
Artificial nest hatched
T.436-10.5;t6

Tonkinsoa kD 68.5 9 1,4.4 ! 03 3O.8 1 0.7 7j.I ! 1.5 - j days
A ificial rest hatched
19.2.71

T12 Tomkinson 29 14.9 ! 0.2 31.7 r 0.5 92..7 ! 4.2 -.7 days
km 53.9
betereen +9.6.74

Tlj] Tonkinson 14 14.0 ! 0.2 29.9 ! 0.5 8't.4 ! 4.5 - 7 days
km 59.7
tPltfleea +9.6.74



M.s*l dvo ic.k

Table 1. cont.

Sample svL
Age

Processedkngth Weight

T14 Tomliison
kd 65.1
b.t1''ecn 21-4.6.74

D€raliagala Nest I
tutifrcial

Deraniyagala Nest II
Artificid

Dera.dyagala Nest IV
atificiar

Liverpool 1975
hatched May 4
tutificial

145 ! 0.2 31.0 r 0.5 92.8 ! 2.8 - 7 days

11

14.6 ! 0.2

135 ! 0.6

30.1 a 1.0

29.4 ! 0,5

30.4 r 03

?33 !L4

m2 ! 6.1

78.8 I 6.3

79.4 x 3.6

64:7 ! 4.8

0

7 days

1. :Ihe description 'artiliciz.l uest' meals that the eggs wcre renoved from a ratural n€st and incubated iD alr

artificial rcst.

This showE a TL gowth rate for thc 37 days bcfore hatching of 0.3'4 cm/day, which gives an SvL
rate of 0.17 @/day (using ar approximate convcrsion factor of 2); Ncst m gives 0.15 cm/day for
37 days before hatching. Dera.niyagala states that bis aniltlals were iftubated at temperatures
$,hich lluctuated daily bctweet, add 3OC.

Flod Table 1 of Maglusson atrd Taylo. (1980) we may also obtain some estimates for
cmbryodc growth ratc& Tley git€ measrrlenents for two s€ries of embryos talrctr froE two
dilferelt dcsts; tlc Scries I lest was ircubatad at a mean 2.yC lo\rer thr.tr that of Sedes II (2a 5"C
against 31.fC). For the Serics I anidals one obtaios, ftom the 51st to 86th da, an SVL glowth late
of 0.15 cm/day ard for the Seri€s II arimals a.n svl- growtl rate, frod the 49th to 86th day, of 0.155
co/day. To obtain thcse results *€ have used a conversio! factor of 4.01 between snout-ved ard
hcad l€ngth ratqs, silce ftting of thc four pairs of strout_ve and tead length valucs i[ their Table I
to a straigLt lide gives SW = 4.01 HL - 3.7, with coefficiert of determination 0.91. If nE regr€ss
the total lenglh against head length for all tie animaLs b Table L\'[I oI Derani]agala' ther we
obtain TL = 8.3? HL - 1053 (coeffcient of detcrdiuatio! 0,910. Ifw€ uso the cont'crsion factor 0.4{l
giren ia Appendix I of Webb ad Messel (198) for converting between the snout-vent length ard
total length (for their sdalqst class of aliEais; they do not consider embryos), then wE obtain a
conversion fador betweetr snout-l€dt lengt! groMh rata and head lengtl gowth rate of 4.02'

When comparing Deraniagala's rcsdts with those of Magdusson alrd Taylor, one must bear
in mind possible variations in incubatioa period discuss€d already and differetrces in tempelature.

Magrusson ad Taylor give a'!l HL (Series II) of 3.74 cm at 86 dars, whereas Deradpgala
(using bis ages) has anil'lals of 80 da)s witl HL of 42 cm, Plotting of Deraniyagala's head length



measurements agairst age for Nest tr gives a good fit to a straight lile between 26 and 81 days (8
poi s, co€fficicnt of dotermhation = 0.99), with an S\aI- groeth rat€ of 0.2O cd/day (usirg 4.01
to convert) compar€d with 0.155 qn/day for th€ Series tr alrillals. If the Series I head l€ngths are
plotted against age, a good fit to a stra;ght line is again obtaircd bet\oeeD 9 and 86 days (8 points,
coefficient of aleterminatior 0.95; the 28 day value is omitt€d) with a.n average SVL growtl of0.17
cd/day. Taking the Nest tr ald III gro*ths oi€r the last 37 da]s, ode obtai.as ftom the head
lengths an S\4- ratc of 0.13 cm/day (sodewhat less thaa that obtained from the total letrgti
change), iidicating that there may have b€eu a slow-down in gro*th near hatchiDg time for these
two nasts (though the data arc perhaps too limited to draw such a conclusion). If one loo*s at Ncst
I and calcdatcs the averag€ SvL growth over the last 25 dayq fu is 0.15 cm/day, coEp6rable cdth
the Nest II ajtd Nest III rates over the last 37 da]s, Ttus, ar SVL growtt rate of between 0.15 ard
0.20 cm/day cor€ls the range of resdts, with the vadous uncertainties mentioned previously, for
the 80 or so dals before hatching occurs.

Webb et al. (1%3) pre,sent some fruther data on dev€lopEedt of c. porosr embryos, givitrg
equations relatirg age to snout-vedt length atrd head length (both exp.essed as ratios of egg length)
for a 3OC incubation. Ta.king a meatr egg length of 8.1:| cm as given for their sanple, the data in
their Table 1 indicdes SVL growth ratc of 0.18 cm /day (62- 82 days) usilg rhe SVL coeffici€trts
aad.o.n cn/day (M2 days) using the head lergth coetrrciefi! (and conierting as previously).

1l Hatchling crovnh up to 133 DaJs

Mag isson (198) cairied out a study on hatchling growth up to an age of |3 days by mca6s
of capture-recapturc methods. He has pres€lted (Magnusson ard Taylor 1981) a near gro*tl
rate for these animals duling the *et season (modth!) for tLeir first m &ys, obtaining an S\4, rate
of 0.09 cn/day. Sidce each ardmd in his study \ras irdividualy marled ard some were captured
up to frr€ times, much might bc learned by enrniniry thc individual gro*ti records. ThG will also
allow eraminatiod of variations of initial gro*tl bet"€€n animak ftom d.ifierent nests. Nesrs are
ideutfied ir Table 1.

h Table 2 we give the individual growtl recorals for thc three animals that wele captured four
or more times; all clme ftom the Myeeli dest. We also p.esert ia tecords A to H, ilr Table 3, SvL
growth records over difierent Friods for anidals from various trests. The identfication ntmbers
of each ciocodile are gi!€n 60 that progress of particular crocodiles c€lr be followed. The best
record is for the aridals &om the Myeeli I swamp (records n, 4 c). Comparisoll of the growth
ftoir G37 da's and frol'1 O-qi days sho*s little differedce ir averag€ rate, despite the 0-96 day
perio4 including a0 days of dry season glowth (of course, r€ry early in the dry seasoq tlere is no
sha4r tramition fton wet seasor to dry season conditioas). The 0-65 day average is higher than
the shorter and longcr period awragg as is also showtr for the three i.ndividuals in Table 2, a[ of
whoE show ar itrc.eased rate oI gowth from tleir 37th-65t1 day. Alriltlal 1.1{B also shows a
slighdy higher rate of gro$th fron its 0th-65th day rlan ftom 0th-35th day.

The highest rates of growtl (record C) are the 0-53 day growtis of adnals hatched at the base
ald released at km 23.4 on the Tomkimon River. The alemge gro*t! rate is 0.126 a 0.m1 with the
highest rate beirg that of 1415 at 0.158 co/dat alnost double the rate of the slowest growirg animal
ia this group. Ttis high go*'th occurs at the ead of the w€t season. Record E shows growth rates for
these admals from their 53rd to 8hd day, and tle rates for 1404, 1406, ard 1.()7 har€ &opped
considerably. The growth over this pcriod is all in the dry season.



The lowest avelage rates of growtl are from a goup of animals that were raised at the base
and then released iato the Liv€rpool River at km 47.3. The go*1h rec.rd D is from mid_May to
mid-Jutre and so is an all dry seasoB gro$'th rate. Ttrese admals may be comPared wilh those in
record c, whose wet s€asor glowt! or€t a corr€spotrding agp spaa is up to four times higbcr.

webb et al. (lcfD gai€ r€$lts for thre€ nests (TI2, Tl3, Tl4) on the Tonkinson River, all of
which hatched in June 194. The initial sizas for tf,e sufliving hatchliDgs ftom these rcsts 6re given
ir Table 1. (It shorild be rcted that all the standard errors h tiis reference were calcdated
incorrecdy aad are genqaly too sEaI.) Mean daily SvL growrh rates of th€ hatcfilingr fronr
tlese nests *ere 0.06, O.O5 and 0.05 cn/dan rcspectiraly, for p€riods of 69' 63, ad 52 days. These
goll,th.ates arc all ir the dry season (a[ periods endiDg mid-Au$$t) ard may be codpared vrith
reao.ds, C, D, and F. Tte dry season growth rate over tlc same age hterval is agail codsiderably
less thatr the w€t season one. Magnussoo aad Taylor (1981) also conrpared tle wet seasotr growth
rate of hatcb.[.ngs with tles€ dry season rates and found that tley w€re siglificaldy higher.

Additional ilformatioD on early growth may be obtained ftom data od recaptures of some of
the anidals ftom the Liverpool 1975 nest (see Table 1). Five of these a.linals were tecaught after
spending 1&21 &ys in the wild and thcir s\4- mea$ growth rate was 0.086 a 0.021 co/day (period
of glowth ftom 6th to 26th day). Three othe. animab recaught after spending from theL 6th to
zxh day in thc field showed an av€ragp growth rate of0.058 cm/day. The growtt p€dod for these
adlnais begins id lrid-May and so is a[ dry seasor growth. The initial gro\rtl rates uP to tle 26th
day arc comparable with the purely wct season early grosth rat€s.

The growth rates of Rccord C (Inea! 0. cm/day) are not far below those that vte have
obtahed for cmbryodic gro$th rates and p€rhaps reprcscdt an upper limit to the idtial growth rate
of C. potosut.

13 Bllth-Csdell Hstchlhtg Study

Further information oa early growth of C. pomss eay b€ obtained ftom our capture-
recapture study or the Bltth-Cadel Rivers Systcm. A large Nmber of hatchlings of I/arious ages
were captured in mid-Junc 1978 a.dd recaptured in late Septcmber 198. The results (MonograPh
1, Chapt€r 8) shol'| tlat the oean rate of gro*th of all hatchlin$ over the 3-notrt] Friod (all dry
season) qas 0.030 a 0.013 co/&y. Bccause tlis sample include's hat"l'li.g. ofvarious initial ages,
caro should tle exercised wh€d compariDg this with the most comparable previous lesultE those for
tle TomkiDson T12, TB, ard T14 nests of 194 discusscd i! the previous section.

Growth rates on the CadeU and Blyth rivcrs are alrnost tf,e 6ame dudng the dry seasor
Males ilr septemb€. 1978 wcrc biggcr tha.n females. There was ar iDdication tlat male hatcblings
grow slighdy faster thatr female hatchlings duing the dry seasoo.

Results on hatcblidg movement suggest that hatcblitrgs move preferably to clrtain mid-
sectioDs of the Blyth River, ard hcnce it was important to checl whether hatcblings remaiaing oD
particular subsections of tlc river showed dilleritrg BwT gains. If they dr4 ttrc[ the hovement
might be hterpreted in terms of tle hatchlings seeliDg a Inore adequate food supply. One of the
problems faced in tbis consideration i.6 ttat of small sample number. By exaeidng tle rat€s of
new *Eight to old wcight, l,e found that there vrere no sigrificant dilferences b€twe€n growth oD
dillercnt sectiors of the river, over a period of dine l'lontls which included tle wet seasol
However over 3 montls of the dry season the brackish nidseaion of the Blltl shoqed significlrtly
higher meall body weight gairs tlar t]e upstread freshwater sectrons. The diffcrences are
probably related to food supply.



Table 2. Capftre hbtories oI threc hatcblilgs from tle Uverpool-Tonkinson Rivers System. Alt hatched
from a datr|ral nest otr Marc\ 4, 19'76.

Animal l35o
Age (da].s)
sla(cn)
Rate (cd/day)

Animal l3TO
Age
sw
Rate

Animal7394
Ag€
sw
Rate

0.093 0.061

112
0.106 0.118

m.r
0.047 0.031

0
13.8

0
t4.l

0
14.7

131
22.5

96
219

96
27.0

65
m.5

94
210

19.116.5
0.073

19
15.3

0.063

0.080

35
17.5

0.045 o.01'7

Is his thesis Magnusson (1978) fits a curve to records of anilMjs up to 133 days old. He
found that a parabola gave a better fit to the data tlutr a sEaight lhe alrd that the growth curve
also pr€dicted a rate of0.031cor/day at 120 &j6 (w€ll into the dry season).

TLe largest growtt mtc over the 3.dorth dly s€ason period on tle Bbth was for atr adllal
that vcrt from 19O to 24.7 S a rate of 0.061 cm/day. As d€scribed in Chapt€r 8, Monograph 1,
glowth on the &eshwater section of the Blyth was particularly slow. Several admals only gained
betw€en 0.4 co and 0.7 cd ia the perio4 corresponding to growti rates rargiDg from 0.004 to
0.008 cm/day. Examinatiotr of MagNsson's growth records over dry s€ason periods shows that
admal L3?0 grew only 0.6 cd iom mid-June to mid-July (0.0f cn/day).

Record D of Table 3 shows a m€ar dry seasor growth rate (0.039 cn/day) for youlg aninajs
consooant with that found od the Blyth-Cadel Systcm (0.6 cn/day). Animal 1:}Z0 sho*s a mean
rate from its 65th to 131st day of 0.030 cm/day ard animal t]9a has the same rate ftom its 65th to
94th day,

To examirc further the relatioDship betw€en growth rate and Sr4. the change i! S\I- over
the Smonth &y scason period was regressecl against thc iritial S for arinals Ooth male and
female) that remained o! the km2G35 section of the Blyti River (wc have selected this secuon to
oBit the slow growth freshwat€r sectiors). The slope was 0.20 (standard erlor 0.1), showing a
sligbt upward trend of growth late with size, but the coelficient of dctermination was only O.O8 so
one should tteat the result $ith care. From MagDussod.s results fo. the wet seasotr one might hale
expected a clear doqtrward trend h hatchling glowth wirl bcreasing idirial SW (and heace
increashg age), though wc did note previously some evidence for an idcrease b groi{th with age
for soDre of Magdulson's ani,lals up to 60 dat6. The possible discrepancy here could perhaps be
utrd€rstandable in the fo owing way. During the wet season food availability is higher tlalr dudrg
the dry and is rct a reslrictive facto! on gro*th. Un<ler the harsher conditions of the dry season,



Table 3. SVL growt! ratas of adimais from some of the nests in Table 1 for various perio'ls measured

h da],s after hatching.

RECoRDA c(5-37) days
Myeeli 1 Nest

ln 0.073
1362 0.071
1i6't o.u4

RECORD E

1404
\M
lq1
r41i
Mea! 0.058 a 0.022
AII dry season growth

RECORDF 0-96 days
MYeeli 1 Nest

5382 da)s
Uverpool kn 47.5 N€st
Released on Tomkinson
0.083
0.oT2
0.041
0.038

0.075
0.o74
0.081
0.083
0.(b7
0.076 t 0.006

0.0&1
0.083
0.080

13t0
Li89
1394
7403
Mean
All wet seasotr growth

0.094
0.080 r 0.008

0-(37-39) days
Myeeli 2 dest
0.085
0.(B5
0.122
0.100 ! 0.019

RECORD B

13L6
1i44
(}48
Mean

1360
1364
wo
139L
1394
Mean

AII wet season gtowth

RECORD C

1404
1145
TM
1407
1410
1414
1415
1416
1418
Mean

RECORD D

1486
1492
1506
1514
1510
1517
Mcall

G53 days
LivEpool kd 47J Nest
Releas€d or Tomkiison
0,t
0.18
o.13i2
0.109
0.1:]8
0.081
0.158
0.132
0.134
0.1 ! 0021

40 days are dry season

RECORDG G65 days
Myeeli 1 N€st

1358 0.0m
1ffi 0.0815
1i10 0.098
1394
1396
1403
Mea!

0.083
0)w
0.098
0.0m I 0.010

Almost all wet seasor growth Almost all wet seasor gron4i

RECORDH (}.&2 dars

1}52 days
Livcrpool B22 Nest
oft2'
0rA7
0.t26
0.gla
0.053
0.053
0.C89 ! 0.0l:}

1404
L446
t447
Meatr

Liverpool km 47.5 Nest
Released on Tomlinson
0.111
0,111
0.085
0.102 ! 0.015

Ajdost all wet season groEthAll dry season growth
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Table 4. Examples of gr^o\itl on the Liverpool-Tomkinsotr Rivers StsteE o!€r htervais which are
mainly in tle dry season".

Mea[ SVL grofih
(^/a^9 Interval (da's)Sex

1 .H

3. 3-4',
4. '4'
5 .H
6. 2-3'
7 .H
a. 2-?
9 .H

F
M
M
M
F
M
M
M
M

0.050
0.054
0.0355
0.0357
0.038
0.024
0.054
o.o32
0.05n
0.0552
0.447

146 (tD
1s2 (s1)
n4 (n)
255 (145)
D4 (n)
118 (36)
%3 (4e)
174 (4r)
387 (151)
n0 016)
11? (3t

a. Tle numbcr of wEt season days itr the inteftd;s shovm in palentheses.

hoscvcr, food ac{assibility may be greater for larger adlnals. In thfu way arimals that are larger at
the start of the dry season may be able to cope better in terms of food sowces ard so grow faster.
Further, all analysis of weights id June of aDinals that suvived to Sept€mber and those that did
not show€d that the initial weights of survivors was siglincandy bgher.

PART 2 COMPARISON OF GROWTH IN THE WET AND DRY SEASON

2.1 Irtmduction

In northem Australia the year is divided hto distinct wet a.trd dry seasons (Chapter 3.
Modograph 1). As has already been stated by several authors (Magnusson 198, Chapter 8-
Morcgraph 1, Webb et al. 1978), thero are considerable differences between tle growth rates of C.
pomrur or€r the wet s€ason and or€r tle dry s€ason. It is suggested in Section 8.5.4 of Monograph
1 aDd by Webb et aL (198) that increased abund.rnce of food sources is the main reason for higher
growth dudng the wet seaso!" in contrast {dt[ the view of MagNsson (198) who sugg€sts that
t€mperature and/or salinity are tlre major factors involveal

OuI purpose here is to review the previous data ald present some fitther data. The
dbcussion is also uecessary as a prelude to later sectiors. In Parts 1.2 and 13 w€ have already
mentioned the idluence of wet and dry 6eason od early gowtl of hatchlings. Ideally one f,'ould
like to have a continuous sedes of me:tsrrlemedts, at say one dontbly idterva.ls, for a serie,s of
admais living in tle wild oie. a trumber ofyears. Unfortonately such &ta wouLl he very alifficult,



if not iftpossilile, to obtain. To work on the rivers during the wet season is very difficult 3nd
r€captur;lg animals over successive months would become increasingly difficult due to iricreasing
liaiiness. For these reasons the main data available comprise caPtue-recapture records over
perio& nornally involving a mixture of wet and dry seasotr periods.

Arother factor to he bome ir nind iu looking at data which exterds over a number of years rs
that coiditioos r€levant to groMh oay well vary from year to year. For etample, we may have a
particularly heary wet sqtson one year atrd a pailicularly dry orc the follo*iag year- The
availability of food could wel be different dutisg the two wet seasons atrd duriag the following dry
seasoDs. The 1978-1979 wet s€asotr was a particularly dry orc and glo*th rates betw€en mid_1978
and mid"199 obtained on tk Blyth-Cadell Rivers System (Chapter 8, Morcgraph 1) could be less
than normal on those riers. Availability of vaious food species may also vary over the years and
on different rivers itr different ways. With a.ll tlese vatyrng lactors affecting i.nterpretation of
dmereDces between vret ard dry seasoa gtowtl rates of animals i.d the wild, one must tal€ resrilts
on a particular ri\€r at a particular period as a guide oDly. In the folowing we have attempted to
obtain estimat€s of $'et and dry seasotr grofih rates by carefirl e,tamination of capture_.ecapture
recor<ls for aaimals over the period 1973-1980 on the Liverpool-Todkinson and Blyth- Cadel
Riiers SJrstems. The approach to *€t-dry season growth in Webb et aL (198) has ccttain flaws
which aie discussed ia detail in section 2.4, pagc 39, Monograph 18.

11,

22 EEmples from the Liverpool-Tomklnson Syst€m

Examples i ustratiry dry and wet seasotr glowth may be gleaned from th€ caPtute'recapture
records on t}le Li€rpool-Tomkinson Syst€e. They are pr€sented h Table 4 and we shall discuss

The simplest description of growth over an interval (AT, days) involvitrg both wet season
(ATw) and dry seasor (ATn) periods is to assume linear groi{th (at difTerent rates) over the two
p€riod!. Ler a (crn/day) a;d U (on/day) be the growth ntes ovei the wet and dry season
respectrvely, The changp iu S\/L (ASVI. cn) over AT is given by A.S\/L = a ATw + b ATD.
Such a model has of course a very artficial sharpDess in tlle boudary betweed the two seasons.
Following W€bb et al. (1978) w€ take the wet season as extendiDg from December to APtil (151
days) and the dry f.om May to November (214 dats). Days 1-120 ad 334-365 are wet season and
days 121-333 are dry seasor The coefficrents a ald b wil also depend on th€ age of the crocodile
To ilhstlate tbis approach we take the example of animal 9 in Table 4 that was captured thr€e
times on the Liverpool-Tomkinson system over the p€.iod of approximately one year. Over a
period of 38? days from aid-dry season (day 180) to nid-dry season (day 202) the gowth rate was
0.0527 cr,/day, From day 85 to day m2 the Srowth rate was 0.047 cm/day. Use of these results
gives a = 0.091 cm/day and b = 0.028 cio/day when substituted into the equation above. Tbis is
the ody example (besides the adimals of Tomkinson rcsts T12, T13, T14 to be discussed sho.tly)
we have on the Liverpool-Tomkinson Systea of an animal caught tkee times within apProximately
a year and so allowing calculation of a alld b as above.

If an assumption is made about the magnitude of b then estimates of a may be made. These
estinates car be a rough guide only, especially whe! oae recalls th€ artificiality of a sharp boundary
b€tween the wet and dry s€asotr and that the gro\rth rat€ probably varies over the \t€t season 3nd
over the dry season. However, by assuming various values for b, a range of values for a day be
obtained. Consider for example alimal 2 from Table 4 and taldng b = 0.03, we obtain a = 0.10.
Any lower value for b would give a high€r \alue fo! a and vice_versa. Taldng b = 0.05 gives a = 0.06.
This aDidal is of 79 cm leryth initialy, in the middle of its second dry seasor\ and a rat€ of growth of
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0.10 cm/day or€r tie idtial part of the folowilg wet seasoll would be a rate comparable to that of
Magnusson's und€r m day old animals durirg the wet seasoo (part I ).

The group of hatchlings from the Tomkibion rests Tla Tt}, T14 (see part 1.2) gives rates of
growth orcr approxioately 2 months of thc dly seasotr and tlen over the ne{ year (see part 3.2).
These Eear rates are both about 0.(b co/&y. This €xampl€ is out of lirc witl thc r€st of the data
ant ihe rearor for this is not cl€ar. Possibly th€re was a higher food supply otr the rel€vant section
of the Tomtialod that year tha.a is usual duling the dry seasor

23 Thc Btlth-C.delt Study

.:'h:_Blyth-Cad€ll caphre-recapture study idtiat€d in 1978 (Chapter 8, Monograph 1) was
sp€cfirrll- ydesigDed to tlrow light on the qu€stion of wet and dry season gro*t! .atei ttutci,ti"g
were initially c.ptured id June, the! again in September fuiving a dry season glo\ltl rate) add then
agah itr thc folowing June. On tle Blyt! Rii.cr tf,e overall average dry season ratc was 0.030,
fiom SepteEber to the folowing Jutre it was 0.053, and ftom JuDe to Jule 0.048. Calculation of a
wet seasor growth rate as ia Part 22 gives a rate of 0.073 if wc use the Juae to June rate ard O.(t0
if we tse tlc Scptember to Jutre rate. Simibr crlculatioDs for the Cadell results lead to rates of
0.084 itr both c.ses. In this we hale assume4 of course, that the av€rage rate over tte dry s€ason
periodoutside the Jujre to September int€rval is also 0.030 in both the frst aad s€cond yea.r. Ifit is
in fact lo*er (as app€ars lilely) thetr the m€an rate over the wEt seasou will be large!.

tt 9d -b":. plrbncd to obtaitr a gro*th rate over the a[ida]s' secodd dry season by
recapturfug in Octob€r 1r9, but ercaordiuary cirqi$stances (Chapte. 8, Morcgraph 1) nr€ant
that only 4 gros'th records could be obtaircd for this. The rates ovet some 4 montbs of the seconcl
dry se-asor \*rre 0-01t 0.015, 0.005 (inalet and 0.008 (femal€) Cfabb 8J"8, Monograph 1), with
ovelall ll€an 0310. Tte sample is so smafl tlat it b hard to corclude nuch but we nly perhaps
tale th_ c figue-ofo.o1o as an estillate of dry season gowti rate ir the second year, on ihi ntyti_
Cadel Rii€rs, ildic-atiry decreasjlg growth rate with age (Chapter 8, Monogaph 1). This figure is
low€l tlan the 0.03 used m the calculations of wet s€asod rates above. If one uses the 0.010 in the
abovc calcl ation for all dly season dats i.d the secotrd year, one obtaios wet season rates of O.(t9
o! th€ Blylh a.dd 0.091 o! t[e Cad€ll. civer that tie grov,/th rate probably decliGs witl the
progress of the dry season and with age, w€ may tale the wet season growth iate as beiag in the
rarye_O.07 to 0.10, which agair is comparable with the idtid wet seasoD growth of MagnussoE,s
hatchliDgs.

Ir October 1980, 11 aninals were !€captured on the Cadell Rit€r. These will be discussed u more
detail in Part 4 (fabb 11). However, t[ey do throw sol'1e turther tighr or differences between w€t
ard dry season gros,th .ates. Mmc of the aidmals werc rccaptured ir June 1979 ad so w€ Bay
calqdatc for tlem an ayerage growth rate over a 480-day p€riod which includes 151 days of wei
seaso4 all tlese admats were at least one ye6r old itr Juae 1979. For the 6 males tle averarc
growth rate was 0.0195 ! 0.0042 cs/day (range, 0.012-0.023) ald for the 3 feBales it was 0.0137-a
0.W21o6/d^y (0,0124.016). For the dal€s, if we allow no groMh ar aI over rle dry season
component of the r|{}o'day interv4 we obtain a wet s€ason growth rate of0.081cE/day. ffwe tale
tte figure of 0.010 cm/day tlat wc ha\,€ just obtaircd froln the ,une 1yl9-Octobe. $r/9 caotures.
the wet seasoa growtl rate beomes 0.042 cm/day. For t[e femaleg the same calculations give
ratcs of 0.045 

".ui 
0.08 cm/day. The sam!'le size is of course small but rh€ r€sults appear to

itrdicate, esp€cially if {re allow a second and t}ird dry season growt_h rate of 0.01 cd/day;that tle
growth rate fo! both nales and females oi'er thei sccond complet€ wet season is considerably less
than over ttcir first complete wet season. Further discussion of wet aDd dry season growth;ates



Tabte 5. Sizes olmale atrd female crocod es at various ages as preahctcd try equations (t and (6) of
Webb et al. 1978'.

Agc6 (years) fiL((s) Sw ((m) TL (cE)
Annual rate

h feet (SVL; cmlday)

MALE

FEMALE

0
05
1.0
L.5
2.O
25
3.0
35
4,0

4.6
8.0

11.0
13.7
16.0
18.1
19.9
215

4.6
7.4

10.6
(}.0

t7.o
18.6
19.9
2 t l

ti2
253
36.0
45i
53.6
6.9

72,9
Tt.8

24.6
34.5
43.1

57.0
625
61.4
1rs

24.0
52.9
75.O
94-l

111.1
.1

,392
150.7
160.7

23.O
51.5
71.9
m.0

104.9
118.0
129.0
138.9
\o3

11"
19"
7e
! f
3A
4',2:

53'

11"
1'8'

2II',
3',5'
3'10"
a!

410'

0.062

0.048

0.038

0.029

0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

0.058

0.044

0.033

0.025

1. HL detutes h€ad length SVL denotes snout-lBnt le4th ad TL denotcs total lengtl. The total
lengti was calculated ft;m thc snout-vcnt length using equations frorn Appendix 2 of w€bb and Messel
197b. The annual growth rates are ,.lso showll. For consistency with webb et al. 1978 we have in this

Table taken 1j).2 cia as tle SvL od hatchiry ftther than t:|.9 cm whrch was used i.! Part 3.4 The figure
of 13.2 cm is obtained from HL using the equations on page 388 of Webb et al. 1978, as are a[ SVLS in

thi.s Table.



Tablc 6. Mear SVL growth rate6 of hatchlings for tho pcriod froE June, 1978 to Jutre, 1979 on the
Blytl Cadel and Blrtl-Cadell Riv€rs, Abstracted from Tablo 8.5.7, Monograph 1.

Blyth CadeU Blyrh-Cad€[

RateRate Rate

A[ hatcblings
Ma]e6
Females

0.0483 ! 0,0065
0.0502 r 0.0046
0.0432 ! 0.0019

0.0530 a 0.0033
0.0530 r 0.0059
0.05?0 i 0.0017

0.0441 i 0,0063
0.0495 1 0.0052
0.0,161 a 0.0079

46
33

6l
4L
m

9
3
6

Table 7. Possiblc S\.L (cm) of hatchling hatched on February l for two differeat sets of growth rates
(see text, pait 3.4).

Day oumber
Feb.1 M6r.21 Apr.30 Jur.9

32 80 1A 160
Jul. 19
m

Aug. 28
2q

Oct.7 Nov. 16
240 320

Upper Rate
lower Rate

13.9
li-9

781
163

22.7
79.2 m.4

.7
21.6

24.7
z2-8

3t)J
24.0

32-7
25.2



Parts 3 and 4. Il is iDtelesting to sp€culate what the gowth iates of c. Pomrur i! the wild night be
in area3 such as Papua New Guirca or Bomeo where otre do€s aot have such a narked dry-w€t
season dlff€rence as i.n nortlem Australia I! the absencc of a harsh dry season, coDsiderably higher
aDnual growtl rates tian de<ribed here migfu be expecte4 esp€cially for smaller animals.

PART3 GROWTH OF C.Potorut OVER THE FIRST YEAR

h order to sllow comparison of growth rates ott differont riErs over the first year of life, we
have calcutated gowtb ratqs for arimab that remained or the Liverpool River atrd those that
remaincd on the Tomtiqoa Rir€r over thcir 6rst yeat. This will a.lso allow compadson *ith tle
rates (Chapter 8. Monograph 1) aheady obtained fo! the Bt 't[ and cadell riw.s. These rates mav
a.tso be compared with tlose givcn by the growtl curve (table 5) and obtailed in a much less
direct fashion (Webb et al. 198).

3l Tomklnsotr Hatchlings

Itr Part 1.2 \ve referred io the initial growtl rates of arimais fron the tbree Dests T12. T13,
T14 on the Tomlinsor i.n Jude 194. Twenty-two of tlese animals vere recsught h July 1971 and
their average growth rat€ 0!6r a pcriod of soDre 30 &ys ftom mid_Augusl of 1974 was 0-060 !
O.OO5. This rate is about tf,e same as theL idlial growth rate over some two modths itr the 19?4
dry seasoD, aad does not show the usual doclirc frod the initial glo*th rate that was observed with

3.1 LiverpoolHrtchlings

T\,enty-three hatcbliogs (includi.ng 12 mates and 11 fcDrales) were captuted in the mid'dty
season of 19rB and recaugLt oae year later. The overall mear gowth rate for thcs€ a.nimals vas

0.054 r 0.006 (raryc 0.043{.069). For the males it vas 0356 r 0.006 (range 0.0qru.069)' for the
femal€,! 0.050 i 0.005 (ra.Dge 0.Oa34.058). Niae hatchlings wer€ similarly recaptur€d over the 1974-
195 period. Tle overall avcragc for these admals was 0.054 i 0.008 (6 males,3 f€males). The
rnean growth mtes over the two periods are idedtical. The larg€st growth late for atr animal in the
later period was for a male whose rate vras 0.074 the s,lout-i€ lcbgth increasirg frod Z).1 to 46.4
cd. The lowest g!o*t! was for a fema.lg 0.045 cm/day; its saout-vent length chargiDg fton m.5 to
373 crn. Taking atl 32 animalt the gro\r& rate was 0.054 r 0.007 cm/day (0.056 t 0.007 for Eales,
0.050 ! 0.005 for ferrales). The interval bctweetr r€caPhres ranged between 3't0 aDd 370 days with
most being witlia tie rargp 35&55 days.

To hvcstigate whetLer there w€re any alfierences in growth rates aloag the river (saliaity
gradien0, the admals were gloupcd i.nto \arious intervals between km 20 ard lm 60 (non'
fresh*ater section). The sasple is admittedly sdall, but there was ro iddicatioo of any differences
h tte hatchling near glo*th owr a year &pcadent on tleir positiod otr the brackish section of
the riwr. Mo,st ofthe animals werc caught witlitr a kilometer or so oftheir first capture positio$
ald one rtray assume tlat tley sped most of the year alotrg the sade stretch of river. These tesults
are consistent with tlose of Webb et al (1yl8), who fourd position alorg the brackrsh s€ctiors of
the river to be ar unidportant variablc. The results are also coDsistent with those obtained for thc
Blyth River where tbe.e appeared to be ao difference itr 8ro*t! ovei the fitl )€ar betwEen the
bmckish and ft€shwatcr s€ctions (tlough there was ovor the tbree dotrtis of dry season groi{th).
Magnusson (1C78) and MagNssotr alrd Taylor (1981) aiso foutrd oo dependerce of growth on
salidty in a somewhat limited salinity regime.
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aninals that spent their initial gowth period ir the w;t season. Of tbis sarlpl€. 12 were males
(0.061 l 0.005; rang€ 0.054-0.0?4) and 10 were fedates (0.0585 I 0.0040; raog; 0.052-0.063), and
there thus was Do signficant alifference itr the malc-female growth rates, though the female rate
was, as usual low€r. Tte mear inte al betweetr caphr€s was some 3zto days. Twenty-one oth€r
aniEa'ls were captured ia eid-dry season of 1973 atrd recaptued some 3rc da)E later in 19?4. The
average gror{th rate \ras 0.054 I 0,009 cro/day (8 mal€s, 0.063 1 O,OO71, range 0.0524.071; t:}
f€males, 0.049 l 0.005; range 0.9J8- 0.056). The femate growtt rates of tie 1973-1974 s€asor are
lo*€r thatr tho6€ of the 197,f1975 s€ason. Ttis difieretrce is ir fact signficaat at the 0.012o level
Sinc€ tle Brale rates orcr the same t*o tEals are much the saee, it is hard to uderstand this
difrerence.

If,e growtl rates for hatcblitrgs on the Uverpool-ToDlinson s),stem .alculated itr thjs direct
fashior are in good agleeE€trt with those prcdict€d by the gro'*,th cur!€ (Tabl€ t,

33 crowth Ov€r the fhst Yrar on DtlfereDt River:s

- Ia ChaplerS of Monograph 1 it was sho\r|tr that growth over th€ fiist year w'5 somewhat higher
on th€ Cadell River thatr on the Blytl Rivcr, itrto which ir rurs about 20 kd from the mouth of the
Blyth. The saEple on the Cadell was oDly small how€!€r. The Liverpool-Tomkinson Riers Slstem
lias some 30 km to the west ol the Blytt-Cadell Rivers S'6tem and the Tomlinson rutrs into tle
Li!€rpool about 20 km from its mouth (Monogaph lt. By the end of the dry season rhe Cadel is
sligltly b(ackish at the upstream limit of navigatio! by survey boat, whereas tle Blyth is flesh;
likewise tie TohkirsoD is slighdy brackish, wher€as tle Uvc4ool is ftesh at the upstreaE ler€l (see
Monographs 1 and ? for fitl det3ils on thc salinity regimcs of tlese ri€rg. The two rirEr systems
are thus somewiat similar, the Blyth coresponding to the Liverpool ard the Cadell to the
ToEkirson. Now tiat l^l€ hat€ obtained separate growth rates for th€ Liverpool ard Tomkllrson w€
can make some comparisors of groqth rat€s,

Because most of tle hteflals for the TomljDsor recaptures arc about 32() alaJs compared with
35G360 dals for the Liverpool aad Blyt-Cadell recaptures, tl€re is a slight upward bias (due to a
higher p€rce agE of wet seasoa) is the TomkinsoD rates. This may be corr€cted by usirg the two-
rate model discussed itr Part 2 Tating a dry season growth rate of 0.030 or/day, one finds that the
Tonttinson rates for 360 days are some 2 lower than tlrc rates over the :l4O da),s given in part 3.2.
It is these correctcd rates for the Tomkirson which we Ule ir our comparisoD5.

Becaus€ of thc small sanrple size for the growth ovel the fust year on the Cadeu we shall not
ildude the Cadel in the comparisons here; as we hatr already said, the rates of go*th on the
Cadel were higher tlan on the Blyth. the mea-n yearly ratcs otr the Blyrh were 0.050 ] 0.005 (r =
33) for males and 0.(X3 t 0.008 (n = 13) for females (Table 85.7, Monograph 1). Th€ \,?rious
rates are collected in Table 6.

Thc mal€ growt[ rates otr the Liverpool ald Tomkinso! rive.s ar€ not significartly different.
lhe female rates are signficandy diff€r€nt (at 0.17o level) if we use the 197}1q4 resulrs for rh€
Tomkinsotr but are not different if we use the 1t4-1975 results for tle Tomkinsod.

Comparisors of the male rates on the Tomkinson wit-h those on the Bllth give resr ts that are
higbly sigtrificaft (at o.mIqa bvel). Comparison of the rates for feaales on the Blyth ad
Tomkinson shows that the 19?+1975 rates are highly sigdificxntly dillerent (ar rhe O.01Zo tevel), but
tle 19?3.194 rates 6re trot.



Comparisols of male rates on thc Lil'erpool with those on ttre Blyth show the difference to be
sig!ficant at the 0.1 level. Tte female rates also differ significasdy at the 1% level.

The results clcarly iadicate hiSher gro*th ir the first yeat on tle Livorpool atrd Tomkinson
rivers thar on the Blyth. In fact, the laigest growth tate od the Blyth was 0.060 cm/day, for a male,
which is about tle mea! Eale gro*t[ rate on the Tomkitrsod (the rat€s or the Uverpool_
TomkiDson systero are also mo6dy higher tha! o! the Cadel, though the auebers in the Cadcl
sasple are only smal), Therc b also a shong itrdic{tior ttat malas grow b€fter on thc TomkiDson
thar oo thc Lherpool; for fcEalc€ the pictue is conplicated by th€ disparity bet$r€r thc 1q&
194 atrd 197,f195 growth ratas.

3.4 Rarg. of Sires Amorgst Hatchlirg Crpturls .trd Amblgultlei

Besid€s the caphre-recaptute recortls, wc also have amilable many hud&ds of silgle
captures and much day be learned from the sizc s8ucture of the populatiod at a gi!€n time of
year, Is thfu sectior we shall usc all a!'ailable information to conside! thc lange of size that a
hatchlidg may ai$rde during its first dry s€llso!. Beq|use of tie pocsfuility of erors itr
dea:iuremen! we only tatc example,s of size and glov/th that ate paralleled by at least one other
animal, These sizcs oay tie! be correlated with thc growih rates w€ hav€ been clrsidering a,rd
the poisible times of hatchitr&

Nestirg of c. poo.rur ir rc.thcm Atstnlia (webb et al. 19n; Maglu3sod 1gl8) is stat€d to
take place trct*eeD November and May, duriDg the wet season. Incubatiotr peliods vaty between
80 a.nd 100 days. Normally, ttougb duriag the dry season hatching can talrc 6uch longer (or as
medtioned itr Pait 1, it may not €r''en occur at all) bccause the tedperatue is lower. If a nest is
laid on tle €arliest possible alate, say l Novembei, then the eggr could be expeded to hatch atou$d
1 February. If laid at tle end of May they would probably hatcl no soorcr tha! 1 September' R.
JerkiDs (pels. cone.) has found a riverside rcst ia the Alligator River region which l'J6s laid down
b August. This is exccptionaly early (ot late) atrd we will use the November alatc itr out
discussioDs. It i.6 u!}dow:r whether any eggs ftom such aa August nest would hatch.

We tust conside. aninais hatchiog early i.d tte par. Animal 1406 (record H, rabb 3)
hatchcd or 19 March wit[ an SVL of 14.5 cn ard byJore t had an SvL of 23.6 cm. Iflr€ assume
that an animal with compalably high growth rate had hatched oo 1 Febluaty witf, ar SvL of 13.9
cm, we may Dake some calculatioos of the range of naximum sizes possible ove. the yeaL The
figure of 13.9 has be-en adopted for the SvL on hatching; si.uce the meall of tle means in Table 1
for hatcl i.ngs s 2 days old is 13.9 i 0.43. Considering 6rst the upper ratrge of glowt\ w€ talc a
mcatr glowth to the end of tie wet season (30 April) of 0.1 on/&y. One hatchling; c.ptured on
day m5 (24 July) and recaptured or day 351 (17 De@nber), had a deaa growth of 0.05 cti/day
(the SvL goiag fiod 23.0 to 303 cm). W€ may thus tale 0.05 cin/day as a possible rate over th€
dry season, leading to the predicted leugths shown in Table 7. Taking a low€r rate for growth
during the w€t seasotr of 0.06 cm/day and dutisg the dry of 0.03 cm/&y lle obtalr the lowcr
g.o*th rate shown ir Table 7.

Exrmination of our captule-recaptue records reveals the followi4 examples. Al aaimal
(Blyth River) caught otr 2 Jule (day 173) had atr SvL of 25.1 oo. A Itoup of animals was
captured otr the Blyth River aroutrd the eBd of October (day 300) with Svk tallgillg ftod 29 to
315 cd, in agteemetrt with the uppe. size suggcstcd ftom an a.nimal trom near 1Fctruary,
Alimals were caught on the Goromuru Rive! ir 1971 arouad day 280, with an SvL of 31.1 and
31.5 cor. Itr late September (day 269) 1978, an adilnal was caught otr the Cadell River s/ith an S\4-



of 28.0 cn; a! animd wirh the same SVL was caught ir late August on tle Tonkinson River.
Atrother animal with atr SVL of 18.5 cltl od day 112 (late April) had an SvL ot3Z,7 c6 by d^y tO
9! th! iglt ryar. II we allow aa initial growth rate of 0.1 om/dat thetr this ardmal hatched in early
March. With tlis 6ame sort of gro*t! atrd a hatchiog in early February, it seei$ *e could have a,l
addal with arl SvL of 33 cm by the eBd of November. After examinidg latc hatchling glo*tt we
sha]l look €aia at the question of hajdmum hatchling sizes late in the dry seasod.

We low corsider tle lower sizc rarye of hatchlings later itr thc &y season atrd atteEpr [o
relate this to the latest possible tiftes of hatchi!& Amoryst the Blyfh-Cadell captues of late
Octob€r 194 (around day 300), thcre were 3 hatcblings captured on rhe upstream Blyth River
(aroud km 42) with SVll of 16.0, 165 ad 165 cm. Somc othcr animats in thc rance of 17.0-18J
cn were also capturcd at this tiEe. Dudry the SepteEbcr 1978 captureB or the sami river slstem,
the smallest aaimal caught had a.n SvL of 17.l orr. So in 1974 orc harl adma.ls 1 cm (S\4-)
shorter ooe donth later. As we hare discussed earlier, some very low gowth rates occurr€a ove;
the Ju.ne.september period on tle upstreas BI]'th itr 1978 (see Chapter 8, Motrog.aph 1). If we
assura€ that thc mea! initial rate of gro*tl of the late October 1974 hatchlidgs was 0.06 co/day
(i.e., the same as the initial rate fo! the Toolinsotr T1a Tlj|, ad T14 nesrs) atrd that their initial
SVL wEs 14.0 cm, thetr a 165 cm SVL conesponds to alr age of about 40 days, a wirh a normal
iacubatior period of 90 days l,c obtaiD a date of mid-June for tlc layitrg of the n€s! which would
b€ a late ne6t. A longer than normal incubation period (as would be higbly likely dulitrg the cold€r
dry season montis) ard a lower growth ratc vrould of cou$e push the datc firrtler back. pushilg
laing back to the end of April (tle end of the wet season) ald assuming m rby incubatioa, wc
would obtaiD a.r age of 90 days for tic 16.0 cif hatchlirg corraspoding to a mear growth rate of
0.92 @/day, a grost! rate tiat seed! possible after oo:nination of the Blyth-C;del capture-
recapture data.

Atr admal tiat had ar SVL of 16.0 cm i.n lat€ Octob€r and grew at thc average rate of 0.05
oE/day over the next year would by the foloveing October have au SVL of 343 ;. at a rat€ of
0.04 cn/day lt would have ar SlfL of 30.6 oE. Thus tlere could tle alr overlaD itr sizes in the late
dry season of arinals bom early that same year or bom late in thc dry season of the previous y€d.
It is possible tlat i! our assignEeDt of animais to tlc hatchling class for calculatingihe Lhe;pool
and Tomlinson growth rates *r hat€ erred, itr that the alrimal is actually in its second dry season.
Srrch cases, ard tlerc would o6ly be a f€w, would have tle effect of lowering tle Eean growth rate
since growth wer tle second year of life is slo*'Er (s€e later).

Anothe! way of coDrparing growth on the two ri€r s,6tems is to compare the dzes of the
admds in the secodd J€ar, in nidiry season. On the Blyttr-Cadell System the largest rccapture had
an SltI- of 42.0 cm, with serqal otteB over 40 cm. Examiution of the LiverDool-Tomkilson data
reveals several a.nimals in mid-July with snout-!€nt lengrls around 46 cm, and nuDbcts betw€en 42
cln and 46 cm. It is also hteresting to note that one of the Blrth October 1979 captures, f53, which
had an SVL of 41.8 cin ia Jiilre, had only 425 cE ir Octob€r. These observatiors agai! indicate a
higher growtl rate oa the Liverpool-Tomkirson systeE.

PA-RI4 cROWTll OF SMALL (3{',0.9.1.8 In) C. rdorut

In this pan *r re-o.amine the growth records for admals after their first year otr the dver
and up to the fourtl year. This maill purpose again is to look for differeaces between differeat
ril€rs, For admals larger than 2-3' (0.& 0.9 n) it is impossible ir somo cases to be ceftain of an
admal's agc, a-nd this uicertainty increases with ag€. However, amongst the capture-r€capture
recorals on lhe Lir€rpool-Tomkinsoo System there are a nu|lber of tripl€ capturcs where animals
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were caught in tbrce successive years, a.nd i[ thes€ cases we know much !ro.e about the age of the
alril'lal. These triple captures of animals h tte wild prodde very valuable dat4 ard we have tried
to male fir1l use of them.

4J Growth from Second to Third Yerr otr th. Llyerpool-Tomkinsod System

The capturo-recaptuc records show B admals that sp€trt their second yetr oa the Live4,ool
Rier. Tte svl, growth rat€s for thcse idtia.lly 2-3 animals from mid-dry seasoa to mid-dry

A[ ariE6ls: 0.038 r 0.007 (n = !}, rallgE 0.029{.050); Males: 0.039 t 0.007 (n = 7,
ra.Ege 0.031-0.050); Females: 0.036 r 0.006 (n = 4 ra.Ige 0.029-0.0aa).

As expected tLe growth rate for mal€s is higher ttan tlrat lor female6, though trot sigaificandy.

There v,€re 3 anihals that spent their second year on the Tom-kitrson River from mid_dry
seasotr to mid'dry seasotr ajrd were idtia.ly ]3' a.litnals. The grotth ratcs for these a.nimals werei

AI animals: 0.045 r 0.006 (Ir = 3t4, tange 0.0&t0.059); Ma.les: 0.fi5 ! 0.007 (n = 8,
rargc 0.03-0,054); Femal€s: 0.045 r 0.006 (tr = 26, rangc 0.084{.059).

Iaterestiogly, tf,e male ard female rates otr the Todkir$oD ate identicrl The hatchling glolrti
rates for males ard females over the odc ye3r p€riod 1t4-19?5 w€rc also very close.

The ave.agp time ;nteri'al betw€etr thesc TomkiDsod rccaptures b ody 3,m days, soEewhat
short of the average frrll yerr htcrval bctweetr the Livcryool recaptures. To enable a comparisoo
of these rates, we day correcl the Tomkitsotr rates by alsuling a two rate Srowth ovel the year
(see Part 2.2). If lre assume a rate of glo\vth of 0.02 on/day (the mear of 0.{B for the first dry
seasor a.nd 0.01for the s€cond dry scasoq see P3rt 23) during thc dry season compon€nt, then we
ca! calqtate that tic ratc 0.045, over 340 &ys, repr€sents a rale of 0.043 over 365 dals. We may
tate th€n tle corrected Tomkinson atrtrual rates as:

A[ admals: 0.043 t 0.006 (d=?'4); Males: 0.044 I 0.007 (n = 8); FeEales: 0.043 I
0.m6 (tr = 26).

The male ratcs arc dot sigtrGcaltly diflcrcrt bctweetr tf," Liverpool ard the Tomkirsoq thc
female rates are srg!ficantly dillereDt at almost the 1% letBl From thc equalions ia the Srowth
paper (see captiotr of Table 5 ) we catr calculate the mean rate of go*th of admais ftom 15 to 25
ycals to coopare with the direcdy c2lculated rates above, 0.043 (dales) alrd 0.038 (females).

42 Gronth froE tte Third to Fourth Y€l! or tie LlvetTool-TomklNon Startem

E) aDriration of the c-aptue-reqrptu.e recotds rcveals 21 cases of admals that are likely to b€
goiry &on tlcir third yeai to their fourth ,€ar (did-dry season to mid-dry season). som€ are
defitrite cases b€cause they are dple captues; in a few cases the initial sizes may be a litde large
(the two largcst aaimals we have iadurled had Svl6 of 58.8 cd and 60 cm). The toean SVL
growth mtes were:
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A[ aninal$ 0.m16 ! 0.0072 (n = 21, range 0.0184.044; Males: 0.0337 I 0.0049 (tr
= 5, range 0.026-0.038); Fenales: 0.0309 : 0.00?8 (n = 16. raDge 0.0184.04?).

The time Intorval for tliese rates is (365 1 2t dals.

Six of the females on tte TomkiDson included {bo!e are triple capture.s tf,at we d€finitely
kno$. are gohg ftom their third to fourth year. Thc mean rate for these (over approximately 340
days) is 0.024 1 0.010 (Iange 0.01& 0.(X7). Thus the male gro{/tl rate is higher, but not
signilicandy.

Unfortunately the [unbers of animals which spent the year oE olre pafiicular river are
insufficient to allow any compadson of the Liv€rpool aad Tomkinson growth rates. Ttre equations
fton Webb et al. (198) predict the followidg values for growth rate6 ftom 2.5 to 3J years: 0.033
(nales) and 0.024 (feEales).

43 T\ o Year Growth Rabs lrom fhst to Third Year on th€ Uverpool.Tomkiosotr Syrtem

By sel€cting ftom triple c-aptures and 2 year spaced caph[es we calt obtain a mean SVL rate of
growtl ftom the hatchling to thc 34' (0.9-12 n) stage over a 2-]€ar period froltr Eid-dry season to
mid-dry seaso1 There are 19 such cases ftod the whole Liverpool-Tomkinson Estem, with tbe
i erval betw€€d recaptures rrrying bct*€etr 675 and ?40 days. The dean growtl mtcs over txe
approximately 2-'€ar irterval are:

A.[ animals: 0.(X4 I 0.007 (n = 19, range 0.081-0.050; Males: 0.046 ! 0.006 (d -
11, ra[ge 0.0&l-0.056); Fenales: 0.0a2 r 0.0fl (n = g range 0.0340.052).

Thcse rates may t€ compar€d with tio€€ calculated using tte equatiors of Webb ct al. (1978),
calculatilg from age 05- 25 years; 0.049 cin/day for malss a.qd 0.0,t4 cor/day fo. femal€s. The
rates predicted are i.! good agreeacrt *ith the direcdy calculat€d rates. In Table 8 wE give the
individual recor<ls ofgrowth ofthe 11 triple captures ircluded in the above. It will be seen that the
growth rate over the second )€ar is od average only 607o of tlat over the lirst year.

From tte 19 t$o-y€ar spaced captues we can ab6tract some ilformation on relatirr growths
on the Lh€rpool and TomlinsoD livers. The samples are very small unfonunat€ly, but the results
are in support of eadier results itrdicati.ng a r'igl'er go\rth rate on tie Tomkirson. For male
arimals oB lhe Liverpool, the mean go*th rate was 0.0434 t 0.0021 (tr = 5, range O.(Xl-0.046).
Or the Tomlinson there werc 2 msles with mear 0.0528 (0.049,0.0554. For femates ou the
Urcrpool tie mear rate v,,as 0.052 i 0.0018 (n = 4 range 0.03434.68a). On rhe Tobkirson it
l,as 0.01t89 I O.m26 (n = 3, rarge 0.0473-0.0519). Idterpretatiod of rhese differences is
complicated by the facl that the Liverpool captur€ intervals la.nged from 718 to 739 dars, whereas
tle Tomkinson iaterv"als rang€d ftom 675 to 703 days. As we shall novr show, ercn when this is
compensated for, tle strong indicatior is still that the gro*tl rate is higher on the Tomkinson. We
again use the silnplc rnodel froa Part 2.2. We take a two ,€ar glowt\ alowing 0.08 orrr tie wet
seasotr ard 0.O2 ov€r the &y season. Orcr 730 da),s (302 wet,428 d!y) this gives a meaa rate of
0.045. Over 675 da]s, witl 55 fewer dry s€a6on days, \,e get a rate of 0.047, so the shorter interval
has litde effect on the a\€race rate.
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4-4 Grorrlh tlom Secord to Fourth Year or the Liverpool-Tomkinson System

By selecting ftoE triple crptur$ and 2 year spac€d captures wc can obtain a mea.tr SvL rate

of growtf fto;thc 2,f Q.6i0.9 d) stage on the Uverpool-Tomkitson syrtem - The i erval
beti,eea captues vades froE 666 da,5 to 730 dayE with tte majority of intet\'"als being aromd 680
da's. The mean growth rat€s are:

All aninals: 0.0368 t O.(xhl (d = 21, range 0.025{.047). Males: 0 0380 t
0.00?6 (n = 9, range 0.025{.047). Females 0.0358 ! 0.0053 (! = 1Z raagp
0.0?8{.0,16).

U ortulately th€ sa$ples are too small to permit any corclusions about iifferences between
Uverpool ali Tonkinson growth rateE tlrc najority of the animals b€ilg from the Tomtjffon
River.

h Table 9 wc give the hdividual histories of the tdple captur€s irduded h the above animals'
The e{uations itr w;bb ct al. (1978) give lal€s of 0.038 for mates and 0.033 for females for growth
ftom i5 to 3.5 rcars. The male-female dilferences are dot sig!ficart' though as llsual the male
.ate is b.igher.

Table 8. Captue histories of alidals caught o,l the Liverpool_Tomkinsotr Srstem in thei! first year

ard rec.prued ir lbeir sc.ond and third yca$'.

Number Sex Initiaf SvL lst year rate svL 2nd year rate Findsw

15M
30M
94M
95F
98F

103 M
184 M
a2F
noM
3 / 9 F
351 M

25.4
25.O
23.O
2t0
24.0
225
as
a).0
2.n
29n
275

o.047
0.059
o.M2
0.054
0.(X3
0.053
0.059
0.053
0.061
0.056
0.970

42.4
46.0
445
40.0
39.0
41.0
43.2
s.2
42.9
48.1
45.1

onzz
0.0n
0.031
0.017
o.av
o.932
0Jy2
o.042
0.039
0.038
o.042

50:7

55.9
4.2
51.6
53.0
57.7
52,7
563
60.9
59.1

1. Tae rates ofSVL growth arc also girtn (thc intcrvals tlct$€ed captures vary b€tweeo 337 and 371

days).
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45 cmwth Raa€s ofAtrtmats up to 6' (1.8 n)-Liverpool-Tomklnsotr Strrtem

_ I! Table 10 we_p-reseat some inlerestiDg growth recor& for admals up to 6' (1.8 ro) b length.
lte ages of oost of tlese aniDrals is ucrrtair !o wittrin a year. We shall oow commetrt on some
of tlese gro*th records.

- Animal-37 e$$its a very high growrt ratc lor a noa- hatchling over a Zycar period, going
fiom a total length of 1.0 m to 1.81 E ovcr the pelioil Because of a t& abnormalitv;oted on bottr
captur€s, ttere is no questior that th;s \/"s the ssme admal bot_b tiEes. Its mear slowth rare over
2 years matches that of mary hatcblirgs in their fusr year. This ,niFal could cJnceivablv be 1j
years old or first capture ard so had reachcd 1.8 n (6) at age 3J years. Alinal 291 exlibirs a
glowth rate tlat is not Druch lowe.. Tte two males 451 and 517 exltibit a nean rrowtl of 0.030
om/day over what is probably their fourh t€ar of growr-h (fton age 3.5 ro 4.t. Atrieals 124, 176,
17,.and 195- hale rcry drnih' mear growth rat€s of arorrd 0.036 cm/day owr a 2_year pedod
which possibly is fion th€ir third to fifth '€ar on tle ri?r (age 25 to 4.5 years). So it 4.5 years
they have an SVL of 80 cin, which is in agreement witl the gro*th currc.

4.6 BMh Octoh€r 1980 Re.aptur€s

h October 1980 11 animals (7 males, 4 feEales) w€re recaphred of the origiaal a;rinals of
1978; tte rnihals were very difficult to approach and this was all that coutt be cawhr in th€ tim€
a ilable, Summary histories of the animats are given in Table 11. Sincc a[ the; anida]s had
bee! captured in Scptember 1978 l,€ cnn c.lculate 2 yeat SVL growth rates. For all animals it is
0.032 l 0.m5 cm/da$ for the males,0.033 i 0.004 om/day, ard for the femal€s,0.029 ! 0.06
cm/day. Th€ largest rate was 0.040 cn/day for a male, atrd the lowest 0.022 cmlrlav for a fema.le.
Thes€ rates may be compared with those for animals for which *€ calculated lyear growth .ates
itr Sectioa 43. The rates arc less tlan those on the Liverpool-Tomkinson system. Thi nale rates
difrer at the 0.017a level 6trd the female rates at tle 17, level

'Though tf,r sahple of anioals on tie Blyth-Cadell is Euch smaler rhan for the LilErpool-
Tookidson, it i<_iaterestin& by looking at indiiduat exaniples, to comparc the etremes of griwth
otr !19 Li€rpool-Tonlinson ad Blyh-Cadell rivers spt€ms. The targesr arimals captured ltOtland 18f) od the B\tb-Cadell s'stem in Octob€r 19e0 had a! SVL of 50 @. Within a month or
so, ttreir ages may be estimated at 32 montl!. Two r€ry comparable admals froo the Liverpool_
Tohldlson systeE (1 male, 1 female) of similar age had SVI-S of arounal 63 cn, a;r<l thcrc ae
Eany examples of adma.ls of the same age witi SVl,s betweer t ard 60 cE. The sEaII€st male
captured (1631) otr the Blyti-Cadell s,'stem had an SVL of 43 cm ajrd total le4th 87 cm, so it has
trot reached th€ 3-4' category 'ct. This admal is at l€ast 28 hontbs old ard mai be comoared with
6! admal from the T14 1974 TonkinsoD Nest which had lie samc SVL at some lJ months 6oth
admals were hatched 

"rou.nd 
Jul|e-July). Agair vre see that the glowti rate, on al€rage, appears

to be gleater oi the LilE.pool-ToEkinsod system than or the Blytl-Cadel system a.nd tlat, as *€
have already discu&se4 the confident attribution of ar ag€ to a given animat mor€ than a year old
is inpossibl€, especialy if the a.nimais are ftom different systems. In Octotle, 1981 we Eanageo ro
r€capture one of the 1978 hatcHiDgs, a femaie, and at the age of at least 42 month\ its SVL l'as
orly 49 cm. Use oftle growtl curve (Fig.3) h webb et al (19?8) would giv€ aa SVL of67cn at
42 donths. SoEe discussion of these alrieals recaptured on tle Bbth_Cadel itr October 19g0 has
already beer given b Part 23.
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Table 9. Capture histories ofanimals caught on the Liverpool-Tomkinson System in their second year

and recaptured in their third and foufth years'

Number S.x Inirial s\/L lst year rate S1'l- 2nd,€ar rate FrndSVL

35
40

262
301
3t'7
318

355

M

F
F
M

F

F
F

42.5
39.0
5.0
x.0
39.0
37.5
36.0

5
31.0
55

0.0431
0.0868
OT4B
0.0436
0,0376
0.040
0.(X18
0.0445
0.0533
0n524

58.7

51.0
50.9
52,0
50.9
50.0
5r.4
48.9
542

o.vt4
0.0195
0.t249
0.0252
0.0338
0.0251
0.02/0
0.0466
0.0297
0.0184

8.2
593
60.2
59.4

58.2
67.4
59.0
60.4

1. The ratcs of SVL gro*th arc also giten (t!e intervals betw€ caPtues average around 3'() 'lays'

with 378 the loagast iatcrval and 335 the shoncs9.

Table 10. Gro$'th recortls for admal6 up to 6' (1.8n) ir leDgth oD their final captur€ A[ anima]s are

ft om the Liverpool-Tomki$on Slstem.

No. Sox Initial svl- fi.nal SvL Period (days)Rate

7
TN
7M
345
696
696
695
681
vt3
33t)

110
IU
165
116
tn
195
8l
451
5t1

M

M
M
M
M
M
M
M
M

49.0
52,O

&.o
58.0
56.0
48.0
46,5
65.0
725

87.1
n.5
80.7
Tt.4
82.8
813
14.4
78.6
753
82.r

0.0518
0.0351
0.055
0.0388
0.0356
0.036.1
0.0380
0,0467
0.0300
O.U?9I
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Table 11. crowtl bstories for 11 hat.h]in{s first captured ir June or S€ptemb€r, 1r8 and recaptured
ia Ocrober, 1980 or t[e Bl]t!-Cadell Ri!€rs Systee. Rates are c6/day.

Sex Capture SvL Rate CaptuIe Rate Capture SvLSvL

1637

1758

a.l

2r.o

m.1

17,4

8.1

m.0

19.5

18.4

11.r

.5

24,8

0.033

0323

0.045

o.o12

0.019

0.006

0.tB

0.016

0.022

0.034

o.024

o.012

0.0m

0.016

0.00?

0.057

0.054

.2

s0.0

25.2

212

43.O

18.0

,18.0

m.2

46.O

B2

2L7

45.O

203

46.A

4t5

39.0

0.t22

0.&8

0.04

0.066

1617 M Juae 78

June 78

June 78

June 78

June

Sept. ?8

Sept.78

Sept. 78

Sept 78

Oct. 80

S€pt. 78

Sept. 78

Oct. 80

Sept.78

Oct. 80

Septl

Oct. 80

S€pt.78

Sept.

Oct. 80

Sept.78

Oct. m

June 79

Jure 79

June 79

0.048 June 79 38.8

1626 F

163L M

M

F

1644 M

1656 M

Oct. 80 41.5

June 79 34!)

Oct. 80 45.0

JUf!e79 39.0

Oct.80 43.0

Oct.80 50.0

Oct.80 45.0

0.072 June 79 37.O

0.057 June 79 35.4

0.068 Jure 79 X.2

18L6

I8L1

1818

M

M

F

0,0r2

0.018

0.013
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PART 5 GROWIII OT LARGE ANIMAIS

In October-November of 1980 ald 1981 a number of admals caught originally bctwcen 1973
and 1976 on tie Liverpool-ToEkinson system were recaptured, providing valuable information or
tle growth of C. pororur after the third year, i.e., for thc agas where the data were very limited
before. Iu Table 12 we givc thc capture Hstories of these anioals a;rd also thc averagc late of SvL
grmrth b€tq,ecl ftst 6trd last capture. Itr Table 13 lre Sive the siz€ at the erd of each year calqiated
usiag the grorth curves in webb et al. (198); for laryc a.nimals we have us€d thc 65 cm maxioum
head lengti curve for dateE and tic 51 cor Eaf,imolo head length cuve for fedales; we have also
calculated the )€arly g.owth ratcs.

It day be seen in Table 12 that for males, 0.025 co/alay seems to be about the average
growth rate ov€r the frst selen or so years of life (491, 382, 454 1418! 1059). From Table 13 atrd
assuming .! initial SvL of 13.9 cE (see Pan 3.4), we see that tle growth cuve of Webb et aI
(198) pledicts ar average SVL growth rate of 0.037 cm/day over the fiIst seven yea.rs: a Egure
which is too high whcr c!6piued with tf,e spccfic emmplas. Both adnals 491 aad 454 are from
the June 194 ToEkinson nests atrd so are lnouln to be 72 years old. Use of the growth curw for
large males (the 65 cra case) x,ould predict that their S14- should be aroud 110 cm which ir mllch
higher tharl tlese two eramples ad also tlan that of382, about a year youngpr.

Animal 25l merits attetrtion Between its first two c.aptures! about a yeat apart its growtl
rate was 0.030 cm/day. Over the ae-rt six ycarq betweetr the 194 and the 1981 captures, lt
averaged 0.021 co/&y. According to the gro\vt! curve, an animal *ith an SVL of65 on should b€
some 3 years ol4 and 60 by October 1981 animal 251 should be some 10 yea$ ol4 with ar SVL of
126 cm (53 om c-ase) or 131 Cra (65 cm) crse ilstead of the 122.0 cm fourd. 'Ite q5 cd case also
predicts, betweetr the 4th ald 10th year, alr average growth rate of 0.02t cru/day, which is failly
close to the observ€d value of 0.021 cd/day.

Thc two fcdales lecaptured ia 1980 aad 1981 (a38 aad 148) also dcscrve comment. Anidal
438 has ar SVL of 77.4 cm at an agc of some 65 ,pars, again somewhat less thaa that predicted by
tle growth curves. Aninal 148 may be taker as approxiEately 25 yea old od first captue
(according to the grofih curve) atrd so has an SVL of 110 om at agc approximately 10 'ears itr
good agreement with the 51 cm curve for females.

Animat 1418, one ofMagnusson's 19?6 hatchlirgq at 55 years, has an SvL of 69 ctn, which by
the groryth culve should bc the SVL of a 3 year old. Hos€vel, a5 we have seer ia Part 43, there
are examples of aainals that show gowths up to tleir tlird year in line *ith that predictci by the
glo\rth curve.

A.limals 176 and fi (s€e Table 10) both nales ftom the Livc.Pool have SvIr of about 58
cm in July 19?3 a.od about 83 cm in Jurc 1975. It is easily withitr reason that these animals hatched
in June 191, ard thljs at the age of 48 montbs halt svlr slighdy larger than that of 491 which is
sone 88 montbs olil (One wonders if possibly 197&1981 was rct such a good penod for growth.
siace wE are comparing the Blyt!-cadel ad Liverpool-Todkinsotr s]stems for different y€ars, it
is possible the years or the Btyth-Cadel were bad ones for gowth. Howe\€r, the compadsons of
the Uverpool and the Tomkirsoa i.r Parts 3 and 4 are ove! the same years atld there are
differences.)

Sohe otter iadividual growth records for larger animals over the period 1973-1t6 may 6lso
b€ exaoircd. oae female (359) chalged ftoh an sVL of 80.0 to 107.0 cn over a 22 modh Perio4
giving the high average rate of 0.&0 cm/day (cdculation fto6 the head length .!3nge gives an
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Table 12. Capture histories of admals recaught on the Liverpool-ToEkiDsoD Rivers System rtr
October. 1980 ad Oclober. 1981'.

Arrinal
Capture

Sex Dat€
SIT- Capture
(c-) Date

S\/I- Captur€
(c-) Date

SVL Rate
(cd) (,a/day)

49r
251
n2
4X
454

1418
148

1059

M
M
M
F
M
M

M

17.8.74
16.8.74
4n.74
2.8.74

16.8,14
17.3.76
x.4.73
4.7.75

15.5
65.0
18.4

18.9
14.9
60.0
A5

. 't.75

?5.7.75
21". 5.75
1.11.80

24. 135
LL- 5.76
27.8:t4
8.10.81

38.3
753
38.8
71.4
39.6
zz.0
72.1
Tt5

23.r0.8r
13.10.81
1.11.80

6.10.81
8.10.81

22.10,ar

82.0
122.O
86.0

0.(n5
o.022
0.0D
0.024
0.024
0.0n
0.017
0.{D5

90.9
69.2

110.0

a" The rate sho*:r is that betweea the hitial add fhal caDtur€.

Table 13. Growtf, of l6rge oocodiles calcutated using the equatiors of Table 1 of Webb et al. (1)a

Age ()€a4) HL (cn) Sw (cn) TL (cro) Tl(fe€t) Growth rate

MALE 4.O
5.0
6.0
7.0
8.0
9.0

10.0
11.0

4.0
5.0
6.0
7T
8.0
9.0

10.0
11.0

.0
2a:7
312
33.6
35.8
37.8
39:1

2I.1

25.4
n.3
29.1
T:7
32.2

?8.5
88.8

.4
197,3
1t5.7
1,3.4
130.6
lni

7L.6
795
86.8
935
9.7

105J
110.8
115.8

1622
183.3
m3.0
22L.2
23a.4
2542

9.O
242.7

L47.3
t63-2
tn.9
19L3
vB.8
215.5
226.1

s',4',
6',0'
6'8'

1'10
8',4'

8'10'
93'

4'10',
5',4'
5'10'
63'
6'8',
1',1'
1',s',
7v

0.028
0.026
0.0245
o,a23
0.021
0.020
0.018

o.0215
0.020
0.018
0.017
0.016
0.015
0.014

FEMALE

a. Foi males we have takea the 65 cor malimum h€ad length case; fo! females the 51 cm case.
The a.lnu"l gro*{h rate (SvL' ci:r/day) is also sho*!" S€e Table 5 for symbols.



SVL rate of 0.03? co/day). This is a lery high rate for a largc a.dmal, especially a fedale.
Alother feoale (1070) grew flom atr SVL of 103 to 114 cm (0.024 cm/day) over a 460-&y period;

arothet (401) gew ftom 107 to 114 ct:t over a year (0.019 cm/day). The 8!o*th of t*o Iarg€ males
(ca ed A and B) has aheady bcer detailed in webb et d. (1t8). Another record of a large male

is that of 365, *hich chang€d in svt- ftom 149 to 160 cm o€r a 292-day pedo4 giving a rate of
0.039 cm/day (hor?ever calculation ftod the head length chaige giiss atr SVL rate ot o.Cn w/day
and shows that caie Eust b€ taketr in hterFetiDg SVl,s derived ftom HLs, €sp€cialy for big
a.Ei,aals).

Ia Table 14 l,c show the captue histories of 8 admals recaugbt itr Octobcr 1983, of aniEals
first cauglt in the pcdod 1n}195. Silc€ the groEth rate slows with age atd the glowth rates in

Table B are obtained by avcrages over a longcr period (910 ,tars i,' most cales) tlan those iD

Table 12 (7-8 yea$ in most cases), we s,odd expect the rates in Table 13 to be somewhat lower.
Ttis appears to be the case, though the sample is of couse very small. We shall row comment on

some iadividual eses of particular hterest.

Anidal q31 was 3.44 m lodg on initial captur€ ad q,eigled 163 kg. Otr recapture some 8 years

latel its lensth was 354 m ard its weight was 154 kp With such a large animal deasurem€nt
u&ertahty can t!€ large, but it is clear that tte alrimal has hardly grown ov€r thc &year petiod The

wright loss is perhaps attrsutable to the fact that lhe initial captu€ was in July, reasooably early ir

ihc dry season, whereas the r€captwe was at the eDd of OctotJer, dear the end of lhe dry s€asod.
The food supply app€ars to b€ b€tter ovcr the wet seaso4 alld one would expect the aninaf s

condition to be lower at the end of tle dry season than at the start' A frEther complicatiag factor is

that tle 1981-1982 and 198'1983 wet scasoDs we.e 'd4/ ones' atrd therc may trave tteen less thar
the usual sulDly of food" Go@ratly sPeakiry, it does app€ar that sode large animals app€ar to stoP
growing, whcreas otie$ continue to grow.

Aaisals I'1 and 318 are both fcEales and shos dra$aticaly th€ va.riation in growth rates

that catr occu add that \r,erc erbphasized. The brands on both these animals *Ere cle'r dd

uMfibiguous. FeEale 1j}1 w!5 cawbt as a hatchlidg i! 19,'3 and rccaught in October 1983 with a

leogth of 2.52 m alrd a v,eight ot 57.2Lg. FeEa.le 318 was caug[t as a ?-3' animal in 1973; most

likely it was a late hatchling in 19?2 but it day have bccn an early hatcbli.rg in 1973. On rccapture

318 was 1.&7 o h length a.nd 19.1 kg in weight; its weight eas ode-third that of 131. S€ehg the two
a.dInals side by side it was hrrd to b€lieve lhat 318 nas tf,e older admal. Female 81 look€d ir
vcry fae conditioq wtereas 318 Eas itr poor corditioni of coursg it is possible 318 *as diseased ir

WorreU (1964) preseds itlormation about a large C.Ioasut kept in ^ ?ro. Tbc aninal *?s

approximately Z m o;ginally 6nd for 6 years glew at an SVL rate of 0.040 cd/day (at aPPaready a
uaiform rato) a.ud then slowed averaging ody 0.010 cm/day over tle foloving 16 yea The

latter Irowth ratc js hatd to intcrplet as tle ariEal may have stopped gtox'ing at some stagE.

However, the late of 0,040 crr/day Aom aPPro)omately its fifth to eleventl year is high. The

animal of course is in a state of captivity alrd is pre$ifiably always well fed; hol*'ever, the 6gure

i.ndicates a possible grovti rate for a large animal, oae that is higher than most of our observadons
i.tr the wild. At an age of approdmately2? yca$ the aaimal was about 4.9 m h leagth. Animal 251

is 2.4 m, witf, a:r age of probably 10 years, in comparison with this caPtil€ animal which was 3.7 m

at about 12 yea$. We also have tle cases A and B of Webb et al. (1978), one of which showed no

appreciable growth oru 33 yea$ a.nd anoth€r (B) wbich averaged 0.011 cm /d^y wet 2,3 yeats

(;ery similar to Wortell's rate over 16,tals). Thjs admal (of total ldgtl 4.0 E It feet) was
astimated as 20-24 years old.
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Table 14. Captue histolies ofanimals recawht on the Liverpool-Tomkinson Rivels System in
October 1983. Th€ gro*ti rate showr is thar ber\|€en the initial a-!d fmal caDrures.

AniEal
Capture Srr'L Captue

Sex Date (c-) Date
SVL Capture
(cm) Date

SvL Rate
(c'a) (cmlday)

IU 23.8.73 23,0 \7 . 7 .75 57 ,7 2a.t0.8 105.0 0.022

Also recaptured 2.8.?4 with SVL of 43.2

517

131
318

M
M
M
F
F

17.9.73 39,0 15.7.75
29.8.74 n.5 25,7.75
2asi5 171,0 1970.A3
193.73 n.0 2i.7.75
16,9.73 .0 24.7.75

62.9
82,r

1ti0.0
63.5
58.2

25.10.83
29.10.83

25.10.83
2410.43

111.0 0,0m't27.5 0.016
- 0.003

1 .5 0.0n
93.5 0.016

AIso recaptured 17.8.74 with SVL of 50.0

1019 F
2 $ F

2L7.75 m5 n1235
49:B A.O ?,]]10.A

u!
106.0

20.10t3 m.0 0,08
- o.42,

In W.bb et al. (1978), tlere is a disclssion of tt?icd marimum sizes reached by C. potostn oa'
different river. For males, they estieate (from hu.nters' reports) 42-5.0 m and for females, 3.2-3.7
m (though some male specimons are kaowl to excled 6.0 m). Cott (1961) iD discossing the
matim]tm s;zE, ot C. niloticus quotes (also ftoit shooteis' reports) 4.0 to 4.6 m as the average for
large crocodiles shot i! an area ia C€dtral Afric€, with specimens up to 6 m. Ia other areas animals
up to 65 meters have b€en taken. Webb a.nd Messel (1978) report a reliable measuredeDt of a c.
polorur specimen of at least 6.15 m, and less reliable reports giv€ l€ngths over 8 m. The gpical
maximum size rcached by C. nilotiqa aad C. puonls do not appeai to be all that difierent. Frod his
data, Cott takes it as evident that thc maximu[ siae attinedby C. niloticus differs widely according
to locality, ir ageement witt the geftral opitriod amolgst hunters (quoted by Webb et al. f978) tiat
the typical daxinum size of C. pomsar males varies in dilfereDt river s)stems and regions. This
s,ottd lit in with our results for eaiy gowtb which appear to hdicate alifrerences b€tweeB river
systeEs. Hor,€ver in attempting to alrawiblerences about difrererces ofgrowth oflarger admals on
difiere dr€rs, one ftrlst at ays remember that th€ animals calr and do move between rive! slstems.
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STATUS AND CONSERVATION OF C/ocodyla.r poro.n$ IN AUSTRALIA

Hrltt Messcl and c€orge C. Yorlicck (dec€rsed)

Department ofE ironlreirtal Physics, School of phlsics,
Uni\€rsity of Sydaey, New South lvales 2O06, Australia

F9-Iowrg very severe exploitariod for the skin tJade duriry the 1950's and 1960,s, the
Austrdi"r polulation of Ctocodyhts potostts ,Izsvery severely depleted by the start of the 1y0,s
(Bustard 1970, Me$sel pers. obs.). A total import-expolt ban on crocodili skins and products by
the.Federal corenm€lt in 1yl2 effectively eded the peliod of intelsivc exploitatioaihough this
had aiready happened h many areas due to aumbcrs beiog too low for €conoEic exptoitation.

In 1971 th€ University of Syddey Crocoalile Researc.h Group commenced its study of C.
lrorofid in mrthem Australia. The re.sults of this leDgthy ad erd;lsive study hare aDDeared ia
nunerous publications_ covering tle ph]siotory, nestin& gmwt-b' norenent, nor'tatity ana
population structure and status of C.pororur o.i€r much of the northem Australia! coastline.

A.n importalt aspect of this work has beeo the development of slrtematic suney Eethoats to
enable the rumbels of C. poronr.r on the tidal *aterways to be cstirnited and the carrvins out of
survets usi.Dg-rhese merhods over a p€riod of years ro nodror rbe chalges in rhe populationl le futt
descriptiod of the survey merhods used and of the rroject s aims uray be founrl in Ciapters 1 and 2,
Motrogapb l, Messel €t aL tC79-1986). In rhis ctaprer we ooly summarize rhe resr G of soEre ten
years of tright-tine crocodile sunrys, involvitg wel over 70,000 km of dver trarcl, ard cliscuss the
results.

_, ?riringlh. e period 1Z-5-1979, usi.ng a research vesset as a floating base, some 100 tidal systems
(Fig. 1, aad Figs, 1 to 9, Chapter 9, Monog.aph 1) were surveyed slstematically anal Batry of these
were surv€yed dore than once. Ia the Northem Territory 3,98 tm of tidal waterways were
survey€d; io Westem AusEalia 5? tm aad in eueensland 643 km. Ttte d€tailed results of th€ stuatv
and the_-aralyses of tiese results appeared in a series of 19 Monographs (Messel et al. tfl9-1986i
and 2.Westem AusFaliaD Reports (Me$s€l et al. $rt, Burbidge ;d-Messel 1929) and a series of
speci"list papers, Int€Dsive lopularion sufl€)s and studi€s were cortinued dudng 19m, 0g1, 1982
and 1983 on some 330 km of tidal waterways centered on tle Liverpool-Tomlinsoi aod itvtl,CaaeU
Rivers Syst€ms iD lortheru Arnlem Laad and otr some 593 km of associat€d altemati;e habitat.
These relatively_udistu6ed water*ays constituted our populatiod dlnamics a.od status monitoling
systems. In addition Ngandadauda Creek and the clyde River with its associated Aralura SwamD
were resurveyed twice itr 1983. Duing June-July 1984 we resurveyed the 861.2 km of tidal
waterways ilr Var Di€men Gulf which hcludes the Adelaide and Alligator RegioD River Systems
gq _&e- Cgbourg ConplaL In September-October 1985 the lrajor tidal waterwiys of the southem
Gdf of C,arpentaria were resurveycil All th€se latt€r survejrs are analyzed in great detail in
Monographs 18 aad 19 (Messel et aI. 1929-1986) aad were described ia tle populition dynamics
chapter.
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The results of our suncls ard studi€s have allowed a picture of c. pororrr population
dynamics h northerd Australia to be d€veloped alrd this pictue was Fesented in soBe detail in
our chapter od populaliotr dynamics. It enable6 us to account in a corsistent fashiotr for the results
of the surrcys alrd to predict results to be expected on future $wer/s. The results also etrable us to
male a.n assessment of the ot€rall status of Cporo$lj in no.thern Austral4 atrd of the prospects
for recovery of the populatioa. ManageEent implications of the rcsults and population model are
discuss€d also. Tle preseutation here is lecessaily very much abb(eviat€d and the reader G
referred to tle 19 Monographs and 2 R€ports for a wealth of supportivc detail.

STT]DY AREA AND METHODS

SlsdifEg - Figures 1 to 9 i.n Chapt€r 9, Monograph 1, €lable the locatio.s of all water*?ts
surver€d to be ascertained. The approximately 100 waten*'ays sun€yed extcnd ftom the Sale River
(124"36'E, 15'58'5) at the top of Cape York Peninsula ia Queersland. The only major area of
coastal Cpororar habitat iaadequatd sanpled is the castcm coast of Cape York peainsular.. The
waterways of thc Northem Territory har€ been mo6t thoroughly srrveyed, most of them havirg
been slrv€yed at least twice. Each of the Monograpbs (except 1t deals with the waterways of a
particular area and, basides the rcsults of crocodile corlti giv€s details of salinig and tertperature
p.ofil€s, tidal patterDs, rang€s and delays a.d fringiry riversi& rcgetation. Color photographs in
€ach Motrograph illus&ate the nature of tlc watclways. Detailed river work maps (of atl
waterways survetEd) with Eileages are collated itr Monoglaph 15 aad show chaonels and
mvigational ha2rards such as rock bals and sard and mud bars. Figur€s 1-6 in our population
Dtramics Chapter h the curr€nt \,olume siow Ee monitored are4 th€ Alligator Rivers Region
aad the Adelaide Rfuer in dore detail.

Survev Methods - The methods used for surrcyillg ridal rircr s'stems and rheL ciocodile
populatioDs arc descdb€d by Messel (1977), M€ssel ei al. (198) (also see fo! firl detaib Chapter
2, 4 5 of Mo{ograph 1). Particularly, it should tre rcted tlat ttese bcthods do not rccessarily
apply to non-tidal s'stems or swaEp habitats.

Night-time spodight counts ar€ normally codducted from two modfied 5.5 m work boatq
eacl with ttEce or four stafi menbe.s. A 35 m dinghy qitl a 9.9 HP motor t used for surveys of
upstream arcaE billabongs .nd small coastal creek. The stafi members iDdudc a spotter, &i!er
arld recordel/davtator.

Clocodiles car be located as the tapetum of their eyes rcflects light and appcars as a red glow
itr the bcam of tie spodight. Couds cln proceed whe! the tide leaves 60 cm or more of erposed
bank (Plate 2.1, 1, Monog.aph 1) od the se.tions to be surver€d. This meaDs suneys must
mrmally be carried out s/ithin 23 hours of low tidg depending upou the tidal pattern. Most
Gocoaliles are spotted in the shallow wat€r at the edge of the ri!,er; surveying wheo > 60 ca of
barl is exposed assur€s that a F,'.in.l nllmber alc missed because of s€ieenitrg by rcgetation.

The locatiotr (!1m m) ofeach crocodile spotted is recorde<l. Whenever possible, the animal
is approached to within 6 I'l and its sizc is estimated by aa erperienccd observer, who also notes its
situation on the batrk or in the water. Measu.rements are also made. at 5 km intervals. of air and
water tebperatur€s, salidty ad light level

The suvey methods outlhed i€ld a distribution of crocodil€ numb€rs and size classes for th€
tidal system. The questio! then is: what rclation do tlese Nmbers have to the actual dusber of
crocoaliles on the slstem? The Blyth River cdibration survey study was idtiated in 1976 to gain
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somc ilsight into this difiicult question (Messel 197 and Monogaph 1). Two 10 km calibratioa
sectiors s€re suveyed 204 tiae6.

It was shown in Monograph 1that, providiry surveys arc dade when EB : 60 cn, in the
manner irdicate4 there is [o statisticaly signficant v6riatioa in the ftactrotr of docodiles cou ed
on suveys Inade dudry any time of the night alrd ao signficant variation b€tweetr suweys madc on
iicoEhg or outgpirg tides. It was furtlter show! that there is do consistest statisticaly siglificatf
variation between sulic!,s carried out duridg diffetent periods of the dry se6sod-

Ir Monograph l, it sms also showtr that tha estimate for the actual number of crocodrles
presedt otr the riv€r is apProxidated by thc e,rprassioa (aN t b 10, where N is the dumbcr of
ciocodrles sigbed oI! a siDgle sEicy (N to bc > 10) atrd the coefficieots 'a' (tf,e invdse of the
alcrage fraction of crocodiles cou{ed) and t' hal€ alifferent values for thc various size classes,
a.trd b irclud€s the coDlideoce level factor. values of a and b are given in the acconpanyiry Table.
For instance, for roD-hatch.lhgs the implication i $* 95% of obser tions would fall ir the
intetval (1.64N t 2.01 lO ad 9% of the observatio.s in the interval (1.64N : 264 19. For
simplicity of i$terpretation, a difiereff€ betr€en two couuB will be caled sigEid.zrt ^t I\e 95%
(9V") Ievel if the two counts do not ol€rlap * t\ei 95 (99Ea) .!,!.frden e limits. These
coefficieDts were derircd oa the basis that the counts were wE[ described by the binomial
distributior" Full details may b€ foutrd id Chapter 5 of Morcgraph 1.

1J9
1.49
752
t64
159

ab

159 1.89
1.49 1.68
r52 1.73
r.64 2.01
159 1.89

b

2.49
2.21
224
26
2.49

RF,sT'LTS

The picture of the dynamics ot C. Imrost t that has emerged froB our stu&es ad {'hich is
prcscnted itr our earli€r cbaptcr o! population dyra.Eics, shows that whcr discussing PoPulatiotr
ircic6se or alecreases, it is usually esse ial to considcr not only results for ildividual waterways, but
also thosc for broad groups of tialal wateii/ays. We wcre able to show in Moaographs 1' and 9 to 11,
that a decrease in crocotlile lldbers in a TYPE 1 trdal watetway rced trot rccessarily inply that tle
populatioD of C.poroslrj is decreasiug The decrcase may only imply that a fraction of the sub_adult
C. porosus l.as beetr €xcluded ftom thc system by breediry adttts. Fultbermore, the surviving
fractiod of the errcluded sub-adults could gfte rise to a i.lcrease in populatiod aumbers itr adjacedt
TYPE 2 a.d TYPE 3 $atcrwayE ard they could in due course retum to the TYPE 1 system.
Because C.polffar is krovtr to tlavel loog distarces (webb ald M€ssel 1978), it is necessary firsl to
consider smal geographic subgroups and thed larger gloupings of tida.l walerways coverirg broader
geographic areas, if one is to appreciate Ge overall .h.ngcs occurriry in the populations of c.
porr,nat. The tidal waterways coDsialered iB each Monograph noroally form a natual geographic
subgroup and th€se oftea contain a mi*urc of TYPE 1, TYPE 2 and TYPE 3 systems. For ifftance
those in Aohem, Buckinghao and Cardereagb Bays form such subgloups. Id particulai it shonld be
realized that repeated sufl€ys of just orc part of a waterway catr be !€ry liltited I'alue because of
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s€asonal adjustmerts thar occur ir the distribution of arimals od a complete watervray, as well as
movemetrts i[ and out of the waterway.

In Table 1 we pres€nt the following results up to the ead of lqD for each survey of the tidal
waterwar/s of the Nortlem Teritory Wostem Aust alia and eueetslad: the number of C
pomrur sighted within each size clai; the mijstrea.d distance survcye4 density of don-hatchlidgs
sighted ard the 95%' colfidencE level for tlie estimatc of the actual numbei of nor-hatchlincs
present. Also shown is the broad dassificatiol of tidal waterway.fypE as deternined by rb;
salility signature of the wat€flray. It usually does not i$dude the oftetr differiag TypES of the
waterwa/s sidecr€ek; the dominalt TYPE only is dormaly given. All cocodiles whose size class
could rot be deterEired posiriEly (rhe EO, EO > 6' a:rd EO > 6, ctasses) have beer luDoed
tog€ther and shown in l-he EO size class. Wheo it is n€carsary ro allocare these crocrdilei to
r"rious siz! classes it is probably best to use the scheBe outlircd in Table 3 in the poDulation
Dlnairics Chapter.

Our restilts for the tidal waterwals of the Nortlem Territory are preseated in the same
sequedcc as the _Modographs. We thetr group ard sum tle results for the latest survey of each
waterwa, according to TYPE 1 (a.nd waterway whosc TypE has a '1" itr it), TypE 2_3 (anv
wat€rway whose TYPE has a "? but Dot a "1, ir it) and TypE 3. Tte sumni4 of these rhree then
ields tle overall results for the Northem Territory. 'Ite pe.centage wiicb each size class
constitutes of the total nudber of C.Iroron r sighted is also shoen. NerC, *E Dresedt the overa.ll
results for subgroups of waterwa)^r, grouped according to geographic proxinity. if,Iererer possible,
*e show resolts lor tle 1975 and 1979 surveys so that iacreases or otherwise in DoDulatio;size for
tle geographic areas concemed may be examitr€d. Finally the latesr survels (up io ihe ead of tg.fe)
of the tidal waterways of the Nortlem Territory are gathered and suramed fo, the four larse
geographic areas:

1. culfof Carf€atariq which covels tidal saterwa]s ftom the eueeEsland border of cove (Figs.
5 to 7 Chapter q Monogaph 1).

2. North Arn-hem t 14 which covcrs the tidal s'stebs from the BurmgbidnuDg Ri!€r iD th€
€ast to tie Kitrg Rive! il' the west (Fig. 5 Chapter 9, Monogaph 1),

3. _Darwia €ast$ard to the Cobourg Penilsula itrcludirg Melville Island waterwals (Fig. 4
Chapter 9, Monograph 1).

4. Darwh westwarq ftom Port DarwiD to the Victoria Ril€I near the Wester! Australia.D
Border (Figs. 2 and 3 Chaprer 9, Monogaph 1).

The total ,rumbcr of Cpo.osur sighte4 ro the end of 1979, o! the 3,997.6 midstr€am km of tidat
waterways surveyed ia thc Nodem T€rrirory was 5,47a of which 1,293 we.e hatchlinss. Since onlv
some 5070 of hatchlings survive from June of their first ,tar to Jurc of the 

"oig"Ut 
A.+.r,

Monograph 1), they should Dot be ilrcluded in ary estimate of the viable population. 'ie therefore
usualy gi!€ densities ard estimates for tle actual nunrber of crocodiles pr;sent for the non-hatchling
dTsT gd_l: On,this basis the orerall density of th 4,f9 non-hatcblitrgcrocodiles sighred is 1.0A;
atrd the 95% co idence levcls for the esrimate of the nurnber present is (;l2 f6,984. this figureaod
corr€ctions rlrade to it for water*a!'s which \r€re aot surveyed is discussed later, as are tle results for
Qu€e.slard ald Westem Australia.

_- te_d€D:ty firy1q Lo/km is of very lioired wlue, for rbe densiry of non-harchlings sighted itr
TYPE 1.ard non-TYPE 1s)steBs is quite differenr. Otr the 2,r?5j km ofTypE l tid; *"rerwa,,s

r'!€y€4 the deDsity of t-he (4,491-1,197 -) 329a noo-hatcbtings sighted was 1.5Am whereas on
lhe TYPE 2.3 and TYPE 3 ststems ir was 05/km and 0.4/km resp€ctivety.
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The size class structure of the ctocodilians sighted ia the TYPE 1, 2 ard 3 systems also varies
(Table 1). However, it should be cnutioned that there ca! be coasiderable overlap ard hetgidg
between the sJrstem TYPES. For irstalce large TYPE 1 tidal waterways such a.s the Adelaide and
Lilerpool River systems contain TYTE 2 to TYPE 3 systems as well. If these wer€ subtracted
ftoD the systems, the difference would be further exaggctated. Table 1 also shows th€ P€rcentag€
which each size class constitutes of the total llumber of crocodiles sig[ted. Thus in TYPE 1
slstems some 27% of the crocodiler siShted are hatcblings, wheteas itr TYPE 2_3 systems this
figu.e fals to L4!% a d TyPE 3 rystems do\h to 4%, showing a much decreased hatchlidg
recruithent in tron-TYPE 1 systems. In TYPE 3 systems thc percentage of docodiles in the
hatcl'lin& (2-3') and (3-a) siz€ da3ses combined is some ll whereas in TYPE 1 systems it is at
l€art 52 . On the otter batrd the pcrccdage of crocodile6 i! thc > (+t) siz€ class€s is sooe 3974
ill TYPE 1 systems and 73% in TYPE 3 sFteds. These pe.centagcs do not tale i.oto accoutrt the
EO clsss wbich amou.trts to lO%, 16% and 16% for TYPE 1, TYPE 2-3 and TYPE 3 ststems
rcspectively, However sirce largp crocodiles a.re usually more *ary thaa small ones fiVebb and
Mess€l 19?9), ary correction would tcrd to ayaggerate firther tte dillerences betw€en the TYPE 1
ard roa-TYPE 1 system!. Il is likely that tlc differelce b€tweetr thc figure of 10% for the EO size
class in TYPE 1 s)5tems ard 16% for !oD-TYPE 1 slsteEs i5 accounted for by the fact that tlere
is a higher ftaction of large docoaliles id tron-TYPE 1 systems than in TYPE 1 systeras. These
results for size class structue i.ndicate tle utility ard iEportallc€ of our classification of waterwats.

Ir Tables lA snd 18 of the Populatior Dyna.ioics Cf,apter wc give in tle saEe format the
results of suveys since 1yl9 in tle modtored ar€a, and in tf,e Aligatot Rivers Region a.nd the
Adclaide Rive.. Tablc 2 of this Chapter gives tte results for thc resuneys ofthe waterwaJs ofthe
Gulf of Carpentaria carried out in 1985. For convenieace, tle earlier results for these latter
svstcms are reDeated in Table 2.

POPTILITION STATUS

197q Esfimatc for the Norlh€rn Tcritorv - On lhe basis of the suftejs carri€d ou! up to and
irduding 1979 s,e estimated in Monograph ! Chaptet 9, the total population of C Potosta i1
mrthem Allstlalia. We nowreproduce that estimate and tle basis for it.

Of the 3,99.6 midsEeam tm of tidal w'atefl.ays sulveyed itr thc Northen Territory in 1979,
54% (An55 km) q,ere TYPE 2.3 ad 2% (8&,.? tm) were TYPE 3 syst€ms. In makhg
corrections for tidal *atcrways Dot surrcye4 odc should usc the deGity apgopriate to tbe
sraterway TYPE, becaus€ as we 6aw in thc Results secion the densities arc quite different bctween
the dilleredt TYPES.

our e6timate of the surlE ?ble distances of tidal waterwal's not sun€yed systematicaly ir the
Nonhem Territory is as foliows: 

km
Melville and Batlust Islands 330
Westem Australiatr border to Gove nO
cuuofcarp€nta;a 50

ffi

sirce practically all of these watervays are non-TYPE l syst€m$ many being dilficult to e €r, ald
also silce we had a very large sample of non-TYPE 1 waterwa)\ it 1\as thought not worthwhile
cndearoring to survey tlem. Dudry 192 one of the authors (HM) had survet€d most of the
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waterwa's on Melville and Bathurst Islanals which wEre omitt€d thereafter, and it was fourd than
that tlese waterways coutai.ned even lewet C, porosus than those tidal waterways on Melville
Islatrd chosen for more intensive study (Mouoglaph 6).

The shores of tle coasdine amountilg to soEe 3200 km were rot surlEyed either for a number
of reasons. Flrst tlere is the dsk to life iavolved iD trying to do sq secondly, olr each occasion that
we harc surveycd long secdons of bals ald iolets at corsidcrable cost ard danger, w€ havc sighted
eitler no or orly sporadic C pomrur. Tlough the de.sig of C. poroflr alotrg the shores of the
coastlire Eay have bcen gleater in blgone days, it is aloost degligible at present and must be
consi&rably less tnaa 0.1/kE (sec Monograph 9). The reasons fm this are probably ma!y. Ttre
aore importa.nt a.re that therc arc so few CPorosrs and that they appear to dislile waves intersely
(see Appendix A 1.2 of Monognpt 1; wave action or the northem Australian coaatlirc is high
during much of tle dry season). There is also litde vegetation to provide cor€r alotrg the long
stretches of sandy and rocky foreshores.

In each tidal waten,ay surveye4 the survey boats proce€ded as far up6tream as depth of water
wodd pcrdit. In thc case of non-TYPE 1 systens this constituted a much higher ftactiotr of the
overall water*ay than in the c-ase of TYPE l s,stems which have more eEensive dninage courses.
I[ most irstarc€s in non-TYPE 1 systems, the ax$eme upstream sectiors have no vrater in theE
near low tide and thus theL omissiotr yiel& aloost rcgligible error in the estimate for thc actual
number of C.pororrr I,re6cnt or the system. The case ofTYPE l waterwaJ6 is mor€ coEplex, for
he.e t[e waterqay cowses Eay have troFndvigble (by survey boat) ftesh*ater s€ctions greater in
lergth thcn thc surveyed sectiotrs. Ttese are usualy bcyod the tidal limit and ofter colsist of
htermittent waterholes *ith iatervcnhg scctions which arc dry doriDg the dry season. C, porosus
b tno*:d to inhabit the lr€shwater sections but its density is smal. On these sectioB of the
watenays C. iotutstoni appears to be the main spccies (Monographs 4 3, 12, 13 ad 16). The
Rope. Riv€r is an exadple of such a river system, as are the McAithui, Adelaide, Aligators,
Pdnc€ RegEtrt, Mitche4 Ord and Victoria Rilri sptems. A pointed out itr Chaptet 6 of
Monograph 1, ia our discussion of the distributional pattem of c. polanrJ, the Nmb€r of c.
po.on6 sighted ht he fteshvrater sectio! of tte Blyth Rir€I falls quickfy and drastically as orc
proceeds furtler upstread. The same phenom€Don was discussed again at some l€ngth in
Monograpbs 10 and 12, where it w6s cautioned that care must be takea when comparing non-
hatchlitrg C.porosr densitias of ore water$r'aywith another. By itrcluding long fteshwater sections
orc ca.n bring dowr the density figrre to very low values. For iastance on the Roper River we
found a rcn-hatchling density of 1.14/kn The dcnsity of the 20 non-hatchlines sighted on the 68J
kE of fteshwat€r sectiors above km 85 was only 03.*ril. DuriEg the calibration surveys on the
Bllth River, the average density of non-hatcl ings sighted on the first purely fteshwater (kn 40-4t
scction was only 1.Vkm compared to at least 27&m for thc whole riicr system. The density falls
rapidly as one procc€ds upstrcam of km 45. On the basis of tle above discussion, one cotid
p€rhap5 add some 1,000 km ofTYPE 1 river distaice to the a175.5 lm survej€4 but th€ density of
C. porotw on ttese unlnown seclioDs is udikcly to b€ nlore than 0.2/kn. During lqz we
sj,stematically surveyed waterholo after waterhole o! the sectioos of the Goyder River upstr€am of
the Goyder dossing atrd sight€d only 2 C. porosus. me coyder River runs hto the Araiua
Swamp which is knowr to be orc of the few largc remaidrg freshwater swamp areas in trorthem
Australia.

The relatively few freshwater swaEps both large and smal itr the Northern Territory ale tdolxtr
to contain populatiols of C, poro$l', but these ha!€ dot been inventoried systematicaly ard tle
presenl eldeBt of the populations in them remains unlnown. However, from the mary casual
observations already made, we believe it is likely to prore to be considerably less &an ?O% of the
population sighted in tidal river systems.
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or the basis of the above ald $,ith due reservations being aadq our generous estimate for thc
number of sighthgs of non-hatchling c. port$rJ i.n the No.th€rn Territory *bich were omitted from
our tidal ri!€r survey is:

UDsurveyed tidal wat€rways (660 kllr x05An) 330
U[sunEyed fteshwater sections of TYPE 1

5Y6tet$ (1,000 lD i orAm) N
Unsu@yed foreshores of coasdinc

(3200 kE x 0.05/l(n) 160
Freshwater swampq tatitg m7o of the lumber

sigbted b tidal systens &6

$2n

If one applies the s3se confidencc limits fot lhase 1J26 non-hatctrIings as we have for our srirveys
(this procedure for the assu&ed 836 non-hatcbli.ngs i.a freshwater swamps is dubious, but is as valid
ar sssudption as any other at presed!) tlen &cre could be &l.I,een \424 ard 2,582 non_
hatclrti.lgs additional to tte 6,72+6984 dcrived ftom the suvep, Ttus using (4,179 + f,5% =)

5,705 non-hatcblings, thete could be between 9204 ad 9,5m rcn-hatcbling C Porosus m tbe
Northem Teritory as of October, 1q19. We feel it would r€quirc ubrealistic assumptions to carry
this figure much above 10,000. We etln r€tait some doubts about the marimus figure of 10,000;
it EayllEll be a substantial ovcrcatimate. Otr the other ha.d4 lr€ do feel tf,at oDr estimate of 6n4
to 6,984 is a reliable lower onc for the actual numbct of non-hatchling C.Polttrr, for thb 6gure is
bascd upoD carehrl and s)stematic observations made over a period of almost 5 yeaB alrd some
50,000 km of watentay travel

West€m Australis in 1978 - Ttdal river srsteBs in the Kimberley were chosetr for survey by the
Departde of Fisheries atrd wilallife, westem Ausualia (Messsl et al. 1977, Btfubidge atrd Messel

rD). It is be[eved tlat the majority of tle largF Kimberley tidal waterways were surveyed; the
oDty sigdificafi areas not sufi€yed ate the Walcott Idet-Secute Bay area and tle West Arm of tie
Cambridge Cu[, with tleir associat€d rivers and creek, It is also believed tlat small populatiors
occur ir such areas:ui the mouth of the Drysdale Rivcr, Commooly, small coastal d\€Is a.nd
cteeLs itr thc KiEberley have short $rlct?ble tialal sections which are termi.nated by roclry ledges
and ofter by waterfalls.

We belic\,€ that we d.n:ned more thaa half of the bctt r C. porosu habitat itr thc Kidberley.
Ir the 5r.3 kE surlcre4 898 cfocodiler werc sighted ofwhich 22f, wcre hatchlings. The 671!oo-
hatctlbgs ield a de!5ity of 13/tl'l and the estimate for the actual number of non-hatchlings
gesent, at the g5 confdeDc€ lelel, is l04a-L152. Assuming that the number of non_hatcbliDgs
which would be sighted id thc arcas not surieyed is also 6?1 \le obrain lower liGits ot2,127'1n5
for tle number of ron-latcblings remaining h tte Kinbcrley as ofJuly 19?8. one caa o(end tiis
estimate (of say 2,500) aimost without lieit rf onc cares to da.ke what we feel rould be
unreasonable as$imptioli.

Ouceldalllbj4g - A sample of four major tidal wat€n*'ays on the *€st coast of southern Capc
Yo!& Pedtrsula' which wcre *troq'n to havc cortaided sollle of the b€st popolations of C. Pototls
duriry the 1950's aDd 196Os, was chosen by tie QuceEland National Park and Wildlife service
for survey. In addition the Polt Musgratc area, contaidfg what is believed to be the best
reEaidDg tidal waterway habitat for C. porosal in Queenslan4 a.nd the Escape River oE rcrti_
eastem Cape York PeDinsul4 w€te also chosetr fol suriey. As s€en in Table 1, the tesults for the
Po.t Musgravc area ard the other areas F€re qurte differe . Wlereas the no!_ hatchlitrg detsity
was 1.8/km for the 241.0 midstream km surveyed on the Port Musgrave wat€rways, the non_



hatchling d€Dsity for the groups of waterways oa south-w€stem Cape york peDiDsula (359.2 k[r)
was only 0.4/kE surveled) is o.g/ktrr and ttre estinate at the 95% coDlid€nce lel€l for the actual
number of non-hatctlings present is 945-1,043.

what estinrate can one mate for the numb€r of aor-hatcbling c. pororur in overall northem
Queeosland? The le4tbs of the remaiairy waterways o! the map6 look largc, but most of the rivers
have relatively short navigable sections, Mthout ciryitrg out firrthei surveys one catr only male a
broad estirnate: it would b€ surprising ifnon-hatchliig C.pora.rzs densities on them were as high as
the 0.4/&E we foud for the soutlem wate.valts sufvclEd. ErliDg oD the geDerous side, we estrmate
that there ale Fobably a 6rrthe! 2,4m km olwaterways dot survet€d. Ushg a non-hatcbling density
of 0.4/km this would yield a further 960 ooodiles which q,ould b€ sightcd. On tlis basis, th;
estimate at the 95% confdence level for tle actual number of nor-hatchliq crococliles pres€nt,
usiDg the (606 + 9160 =) 1,566 r€lue, is a488 to 2,6,{8 or say 3,000. HowevEr, without further sun€ys
one is uuble to substantiate this lumb€r.

Nofihern A$tralia in 1979 - We trow have estimates for the pogiations of non-hatchlilg C.
pororur itr the Northem Territory tte Kidberl€y of Westeh Australia asd trorthem euc€osland.
However o y the figures for th€ tidal waterways surveyed lnay be deemed to b€ reliable; the
remainder are probably upper limits ard may be owr-estimated considerably. Wit[ this warug
in mhd our upper estimates for the non-hatchlilg C.pororu.r poptilatiors were:

Northem Territory
The Kinberley
Nortlem Oueensland

10,000
4500
3JEO

15J00.

:Drv Wct' S€ffons in €stimatins ponuletlor status - ,Dry wet, seaso$ phy a trry important lolc
ia the dt|ramica of C.pororur populatiorq atrd it was the codtinuing of the surveys after 1979, in
the monitoring area" that allo*€d us to urai€l th;s as *e desciibed ia our poDulation Dvnamics
Chapter-s€e Tables lA and 18 of the same Chaprer. By a ,dry weC we mean a wesr season which
has considerably less tha! the usual adount of .ailfall and thus does lot qive rile to enensrve
flooding oI tle tidal upsueam sectioB of thc waterways. Thc wer season;f t9?&tyl9 was ar
exceptionally dry orc and tho6e of 1981-1982 and 1982-1983 were also dry oues. As is evident ftom
the Tables, there \ras in frt9 atr incrcase in the number of sightiag in the tidal waterways, right
across the Northem Territory. At the time we interpreted this inciea3e as a sign of the expected
rerlwry of the population. Now, however, we believe this ifterpretatiotr may hav€ b€€n too
optimistic To account for the rcsults itr our monitorirg area, the only reasonable expla.Eatiotr w€
ate able to givq which i6 ia accord wit! the otxenations Eade durinS tle 1979, 1982 and 1983
sun'cys folowing 'drf wet' seasons, b that the Arafi[a Swancp is actitrg both as a breeding systed
(during nomal wet season p€riod!) and as a rearing stoclcyard of varyiry extent, fo. sub-adult
crocodibs Aom Amiea Bay in the east to the King Rir€r in tle west. Tte Bltth-Cadell Slsrem ls
a very iDrportant compodent of this. During a severe .dry wet' season as itr 19?8-1979, the warcr
lei€ls in small atrd large swamps fall drastietly and crocodiles inf,abiting these have ro choice but
to leave. Ttey ca.r only retu& to the tida.l watcrways, both TYPE 1 atrd no!-TypE t, ad tlis th€y
do--as they did ia Lyl9 and 1982, Many aainals frequenting t[e altemati€ freshwarer habitar
must haw coEe froE TYPE I tidal brccding ststems and heace, as tle swaEps dry, some of the
sub-adult animals pr&ably retum to the tidal s,st€m from whence they orighally camg the o&ers
apparendy have to frequert non-TYPE 1 tidal E/stems-even though temporarily--until they (u go
back to the swamp rearilg stockyard or a TYPE 1 slarem. Some of the retumirg larg€ aninals
appear suc.essfiil ir establishing a territory for themsoh€s (ard perhaps a few of tle 3.6' aninals
also); the others appear to be excluded '€t agaiu- atd specialy the 3-6' and sub-adult large



a.drnals-on the commenceme of the breeding season. Wten the next 'dry wet' arrives lif there
has beea the usual wet season(s)], Iarge ald sometimes 3-6' animals again are excluded from tle
swamps. a.nd the d€glee of the process hust depend upotr just how'dr/ the w€t seasor is-upoo
how much thc swlrdp water levels fall. The whole proc€ss is superimposed upon the normal
exclusion and re-eatry of admals which takes place in usual years and which accounts for most of
the sub-adults sigbted h non-TYPE 1 systems. Thus, whether 'dry wet' seasonE arc the proxiEal
factor iDvohed or not, they are clrtaitly associated with the major hfllxes of large and soEetiEes
3.6' animals sigbted oa the tidal caterways during sun'cys aade in June-July, after a 'dry wet'.
Thus'drywets' appear to play a very importadt role h the dynamics of c.potorut populatioDs.

As we have sai4 tho inlloxes of latgp atrd sometimcs small anihals itl 1979 $e!e in fact a
general phenomenon on the tralal waterways of tle Nodertr Territory Clable 1). It v,as especialy
malked on the Eat€npays of the Alligator Region (on the WildeaD, fo! exasple, 21 largc animais
llere sighted in Septembcr, 1978 a.ad 56 l,€re sighted i,l August, 1979). Both these systeEs halB
fairly encnsivc associated fteshwater complcxcs. Incf,ea6€s also occurred on notr-TYPE 1 systems
with litde associated fteshwate. complexes, for eample on the TYPE 3 waterways of the
Milhgimbi Complex tte trumber of animals > ,f5' iacieased ftod 29 to 63 betweetr 1r5 and
19?9. Ir the latter c.ses tle ed-ak could oaly have come flom furtier afield (in the Milingimbi
case, from th€ Arafifa SwEmp via the Clyde Rivor). A icry interesting exceptiot to the geleral
pattem was the waterways of Amhem Bay. There was do i{cxease in the numb€r of largc adfials
sighted between 1n5 and lng, and tlis could be coalected with the relatilE lack of swamp
associated with this whole area ard th€ sodewhat wetter clirnate tlere.

1jl8 Ihda& - Our esdmate of 15J00 for 1979 was base4 as discussed earlier, on couts carried
out ir a year when most crocoalilcs were concentrated iuto th€ tialal waterways. Our allowance for
the auebels i! the relatively scarce swamp areas was very likely too generous; it is hard to ktrow
with certaiDly as systematic and reliable surveyiEg of such freshwater habitat has not be carri€d
out e*elsively a.d usua.lly requires metiods quite different ftom those applicable oo tidal
wateruays. In Odobcr, 1983 *E suracyed the largest remaidng open body ofwater b the Arafrra
Swamp (the old A$fura bilaborg) and siebted 70 a mals including 32 26', corceutrated irto its 2
km. TaliDg i.nto account the few remaining op€d water billabongs ald low water level in th€
sw6op, we esti$ated z(,0 as a gen€rous upper limit to the Dudber of crocodrles in the swamp at
tlat time.

Our r€sults in the rnonitored area betvr€ca 1979 and 1983 (see Tables lA and 18 of the
Chaptar oq Populatioa DyDamics ard the 'Ovcrvie*' paper in Monogtaph 18) gave no r€ason for
modirying the $r/9 estimate by much to obtain the 1983 populatior.

Though there appears to have b€en no sustain€d siglificadt iscieale ir the number of noD-
hatcbling crocodiles sightcd oa the tidal wat€ruqs of the Maningrida area siDce our surveys
started in 194, thc sizr structurc of the a.niEak sighted appears to have been chargirg slowly,
Notwitbstatrding substantial lluctuatioas, the ntros of smal (2-6') to large e6), and 36' to large
animals was deceasing on tle Blyth-Cadel, may have beetr decreasing on the Liverpool-
Tomlinson ard was decreasi.ng overall on the trdal waterways of the Maaiagrida mouitoing area.
Thus there was some iddicatiotr of the coEmetrcemedt of a slow recovery phase.

Itr the case of thc tidal waterways of the Alligator Region and the Adelaide River System, we
werc able to show €opulatiotr Dytrardcs Chapter), as exp€cted froh the I'1odel an importa and
appareatly co inuing recovery was underway; that the Ad€laide River System was recovering
faster tha.n tte ri!€rs ofthe Alligator Region. The tidal *aterways in the Aligator Region idicate
the potential for recovery , at a €tc equal to or even better tla! that found for the Adelaide
System. Ho$,ever, at present too many crocoaliles are being kiled ia fishing n€ts so the potential



ca$ot be realized util the commercial net fishing for barramundi is hatr€d in these rivers, all of
which are in AustaliJs Kakadu NatioDal Park. Restoration of habitat after eradication of the
feral water buffalo will also aid thc full recovery of the population Ooth ia the Aligator Region
and the Ad€laide River). The Adelaide howev€r does uot have the proteation of beiag in a
national park.

The present results for tlie 787 km of tidal waterwals resurveyed in the south€m culf of
gar-penlaria_ (Table 2) sho*s that the C. porosut population itr this area remaids as severely
depleted today as it was in 1979. There has beea no sigdfca$ cha.ge in this population, tu*€ver
there is so6e hint, ftom the snallcr Nmbers sighted in tle TYPE 3 cleeks, that it is droppiig
even lowcr. There ca! be litde hope for thcse populations in the southea culf if baramundi
netting in the dea is not severely cutailed. Ei€n the C.poroslr popdation in the Roper River
Slstem is ir great danger, if netting is allowed to cotrthue well upstreaD--to the km 61-5 point.
TbG eisulcs that tle major fraction of the C.pordmr poputation in thc Syst€m is within tle ;ttitrg
limit (see Fig. 12.31 Monograph 12). If the Rope. Srstem is deplered then there $,ill be fittle hope
for thc lory term survival of the remlraat C.porof,rs population in the other tidal systeas in the
southem culf of Carpentari4 such as the LiDme4 TowEs, Yiwapa ard Nayampi nearby. These
slstebs depend to a large degree on aniEah excluded hoE the Roper System. They caarot rely
on adimals excluded ftolo the large McArthur System, for it is already as depleted as they are.

During the past tlree dry seasons we have resriri€yed solne 2,111 km of tidal $,aterways ia the
Northem Territory as follows:

1983
1984

tm

Notthem Arniem la!4 Madngrida area 4F,2'9
Aligator Region - Adelaide Rir€r Systems
alrd Coboulg Complax 51.2

southem GuIf of Carp€daria 787.0

\111.1

This cotrstitutes more than 50% of the somc 4000 tm of tidal watereays surrcyed to tte erd of
1979 i[ the Nortiem Territory.

On the basis of the data we ha\E gath€red otr our resurveys betrre lqg and 1983, and
during 1983, 1984 and 1985 we cll now update our 1980 estimate for the noa-hatcbling Cporat$
population in the Nolthern Tenirory (Chapter 9 Monograph 1). Keep in Drid that such a large
podon of tle hatcl ings are lost cach year that they are lot a good indicator of population tren&.
Halchli!_ g rumbers may insease dramatically during the hat"hring seasotr a.nd decrease durirg the
rcst of the year; th€y are also very variablc ftom year to l,ear, If a census were taleD later in the
year aftlr hatry hatchlings have been lost, the same population would be small€r. This is why
crocodiliaa aonitoring programm€6 all over tle worl4 e.g., Nortl Amcric4 India, A6ica, focus on
non-hatcblings. Our 1980 estimate \r€s 10,000 rcn-hatcblings and alowi[g for the recovery of the
population or the Ad€laide ard Alligator Rivers we fould in 1984, we f€el rhat estiEate might be
increased by up to 20 percent, perhaps to a figule of some 12,000 non-hatchtin$ Dow. One cannot
be more plecise about such atr estimate.
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Tbe probability of t!€ Cpototrs popdatioa! i[ the Kimberley of western Australia recovering
orcr a period of sel€ral decades is fair, especially in the George Water, St. George Basin, Roe-
Hunter atrd Ord Ri\€r waterways wlEre barramurdi Det fishidg in th€ dvers is bilrimal and thcre is
Iro destructrod of oesting habitat by feral water buffaloes. We will b€ resun€ying areas ir W€stern
Ausua.lia i! 1986.

Tte ssse caDnot bc 6aid for ltlost of the tidal wateNays in nortlem Queenslatrd, €sp€cially ill
thc light ofour resurveys of the southem GulI of carpentaria. In these, the detsity ofc.Pot"flli is
probibly already at dangprously low levels and lcctuione is midmal. Barramundi net fishiag
which is alloq,Ed ia the rivers is rct ody quicHy exhaustilg tlre rapidly dwindliag barramundi
resoulce but is &o*dng a substa(ial fraction of the few rcmaining large C. potonff. It is likely
that, with tte exceptiod of thc Port Musgtavc are4 the populatiotr of c. Poto$rs in northem

Queerslaad is still falling ard is well on the road to exhaustion.

MANAGEMENT OF TIIE C.pototut POPTIdTION

What are the managchedt iEplicatioEs of oru results? We are not managemelt authorities,
but arc a\*€re that a multitude of factors-some of thea political-m$t b€ taken into coDsideration.
For example, for rcaaoos based on public safety, Austaliatr society could decide lhat all water*'ays
utilizei for business ad/or pleasute or *'lich had setdements rcar them, should be deared of c.
porosus nd tjle C, pomsus sbould b€ allovT€d lo exist and pqhapc recorcr, only id a mber of
de,liglated parks ad/or reserves uscd fot scieDti6c and/or toorism Purposes (we have suggested
soEe su.rtablc ateas in Chapter 9, Morcgraph 1, p. 439). Such a decision would result itr the
removal of c. pororur from many of the waterways rn norttrem Australia and could have far
reaching ecologic.al coosequence6, fta.ny of which probably could not be foreseen beforehand.
Based otr €xadples from elsewhere ia the worl4 we know that the remo\al of a predator from the
top of a complex food chaid catrtlot occur without soroe Eajor consequelc€s. Th€ Austlalia.n people
would have to decide wh€ther the u!.hiBdered enjolnent of the waterwa,s of rortiem Australia is
worth the risk of possibly dGastrous consequenc€s to tle whole ecolory of the waterwa]s. The
6shiry iadustry b one gloup that readily springs to Eind as a possible suffercr.

or it might bc decided to encourage the establishm€at of a commercral c. Porosus skin
itrdustry based upon the wild population. Since some ?0 of the 3{' animals are lost-and these
are the most valuable oaes commercially-ore is tempted to betie\€ that lheir renoral beforehard
would yield a rnluable resolrcc without harming it. But one aust proce€d with extreme cautioo
bcfore embarking upoD such an entorprisc. UddoubteaUy the exclusio! drd/o. loss of some 80%
of tle '6' animals is atr integral part of the vital process of sortiDg out the successfuI from the less
su.cessfirl or sorting out thc stronger ard more domitant comPoned of the populatiod
Removiag a gica ftaction of the populatio[ might i€ry v,EIl rcd|ol€ the strotrger coBponent and
thus over thc long terd set the population o! a de.tining corits€. We siEply do not krorl/ On
pagp 15 of Monograph 1, *'e propos€d in 19814 critical experiment to test thc effect of femoving a
gien ftactioa of the (36') C,poDsus population ard Fopos€d that some 25 to $'% of the Q4')
anidals be removed annually for a period of 4 to 5 years frorn tle dowDstrea.d sectlons of the
Adelaide River to scc what elfect if any this had upoD the popdatiotr in that .iver. For the
experiment to be mead.agftl one had to monitor the population charges on alother set of conEol
tidal waterways in wLich thc c.poroslr populatiod remained untouched. The University ofsyd.ley
financed the costty monitoriog of a control group of waterwals for 4 years and thrs work has Dow
b€en codpleted successfuly. Though the propos€d experimet had very important raEificstiorrs
for the n,n.gemcnt atrd ra.nchiag ot the C. porosus tesource, do lhatrcial support had b€en
fortlcoming, ftom releilant authoiti$, fot the otler half of it. Tbe original oPportunity has been
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lost, but the experiment still must be doie (though at nuch greater cost) so that iEporrar!
Earagement decisiors ca! be made or ar adequate data base.

We have already beatiorcd two r€ry iBportart factoN alf€cting aiy possible C. porcsr
recovery, that cr! be iD.fluerc€d by correct mrnqgene . The first of tlese is prevention offurther
destruction to habitat by the feral water buffalo and a program to allow iecovery of akeady
damaged habitat. The second facto. G the conthuing loss by <Lo*niog in fishermen s nets of
hunalreals of lalge crocoaliles per year (see Monoglaph 1:437-438). Some of these nets :ue set
legaly. Our results show that over 80% of the 35' rnin.l( are exduded from manv T!'pE 1
*aterways and that this exclusion also invohes large a.niEalsi tlat r-here is grear a.nd continuiDg
horcment of these animals itrto and out of the riv€r ststems. Allowanc€ of det fi.hing ia or at the
mouths of dvers, specialy tle TYPE l waterways is c€rtain to reEole an importad component of
tle Iarge animals and could well grsure tlat the population in those waterwEys never recov€rs or
even declines. For irstance, we believe that the decrease ir the number of large animals sighted otr
the West Alligator and Wildldar Rive6 show! itr Table 9 of tle populatiotr Dyramics Chapter is
probably due to the codinuing heaq conmercial net fishitrg in those rivers. The total lack;f ary
recovery cwer six atrd a half )rars in the v/aterways of the southem crilf of Carpentari4 described
earlier, is also urdoubtedly due to cortinuitrg net fishi6&

Uddo[btedly econoEic ard political consideratioos are iavolved in arriving at a r€asoMble
coEpromis€ in relatiod to the matte! of comm€rcial let fishing i! tidal wateiwa's. We haw no
desire vrhateiEr to becom€ involved i! argume{ atio! about it. At the very minidum it is
suggested thal all ret fthing be defirit€ly phased out over a period of two years in ri,ffs itrcluded
in nationa.l park (it is still legal to set rcts i.n thc tidal waterwalE of Katadu National park). The
coDtinuedloss of very valuable large docodiles in the qu€st for the rapidly dwhdliDg barramundi
resource should be stopped.

Crocldile farming should be encouraged ard remo\,"I of eggs ftod tlle wild from aests which
are k rowt1 to be flooded during lhe January-March pedod night be coDsidered od certain selectcd
tialal waterwaF. Early Novemb€r nests or March-April late nests mu.st not t'e robbeal. Because of
tle heaty losses of hat.hli'gr and 3-6' a.nimals, we feel that release of such animajs ilto TYPE 1
sl4sted6, except ir c.ses of i'€ry depleted systemE is pu.rely cosm€tic ard a waste of effort. If
r€stocking is to be considered thetr TYPE 2-3 or TYPE 3 systems ard lreshwate! complexes
shodd be uses, atrd only:4' size dasses sf,ould be released. E!€ll ther, manv ulce.tainties
remai! about the success of such a restoc&hq Dolicv.
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Table2.NunberofcPdmJl/Jlightedwitni!eachsiz.classontidalwaieNaysofihesouthernGutfofcarpentariaduring
light-tino spotlight suwclt cnried out duiiry 19?9 ard 19e6.

Ststen

Nunbcrs h siz€ class

H 2-3 3-4 +5 5-6 6-7 >1 EO
95Vo

TYPE

MONOGRAPH 12
LiglEer Bight

Mzy 19
Oct. 85

M^y '79

Oct. 85

Nayampi
Oct. 85

Roper
May 79
Sept. 85

Yi apa
M^y '79

Sept. 85

Ma!gkurdurrungk'1
May '19

sept. 85

MONOGIIAPH 13

May '19

Sept- 84

Fat Fello\rs
May 19
Sept. 85

Galileo
Mzy 79
sept. 85

M^y 79
Sept. 85

Faraday/Daq
May ?9
S€pt. 85

McAithur
May 79
Sept. 85

1 9 1 1
3 1 4 2 1

3 8 3 2
4 ' 7

1 Wt3 0.1 2l- 9
fia Ln3 02 t- 59

55 28
2A

1 6 ' , 7  7 2
1 1 5 9 2

3 1 5'12 05 3+ 54 2
'1 3 5',12 05 35- 51

439 67 41 39 34
405 44 r34 43 52 31 34 77

3 1't.9 0.3 5

2i 2.8 12 4n-549
30 2.a L4 55+6fi

9
5

4 2 3
1 1 3

14.6 0.6 9
14.6 0.3 5

2
0

6.5 0.3 2
6 . 5 0 0

4
5

1 1
1

A.4 0.1 4
3 34.4 0.r 5

I
I

11.0 0.1 l
11.0 0.1 1

0
0

8 . 0 0
8.0 0

3
0

1 6.4 0.5 3
6 . 4 0 0

2 0.o4 l
. 2 0  0

2 A 2 3 6 4
4 8 2 1 4 7 3 1 5

5
9

8 232.6 0.1 35- 5',1
1i /32.6 0.2 6t- 89

Treat witl caution as this nuDber probably includes c ir,ltulont.



ECOLOGY OF C/ocodylusporonrs IN NORTHERN AUSTRALIA

Harry Messel aDd G€orge C, Vorlicek (decased)

Departdetrt of Environmental Phlsics, School of physics,
Udversity of Sydney, New Soutl Wales 2!06, Australia

Much of the iriormation which follows was obtained duri[g th€ 15 year study of Oocod),lus
pororrr 

-ia norttem Australi4 by rarious researchers of thc University of Sydn€y Crocodile
Research croup.

Cpo.orur raDgcs ftoln Sri lnnka ard the west coast of Idia through south_east Asi4 across
to the Philijpines and do*n tlrough thc islands ro New cuiaca and rcItheirl Australia (Fig. 1).
The species is regarded Generaly) as that (rocoalilian which most reaalily ta.kes to the sea
(Ditma$_1910, Slrit[ 1931, Lot€ridge 1945, \rr'ermutt 1964, Neill 1971, cuggisb eE W2. Bftz?iltjs
1973) and its wide disFibution is atrributed to aa abiliry to Eale tong sea jo;eys (Wernuth 1953,
Nei[ 19?1, Brazaitis 1973, Webb atrd Messel 19j8). Irs repuration for sea iravel is based on
sightilgs at sea (Homaday 19?6) ard ol tle appearance of individuals wel awav ftom ktro\r,n
populations (Nei 1971). A 3.8 t tuale C. potosus was fouud at ponaDe, Eastern Caroline Islands.
sone 1360 km from the searest popularion (AI€r 194), whil€ a j.2 n nale wit_h a telemew
transmitter tra\€lled 130 km, of wldch 80 km *as along tle sea coast (Webb a.nd Messel lg?8).

The speci€s reaches the southemmost limit of its range itr Australia (Fig. 1). Here it is
Tstridgd t9 the coastal regions of the far north in Westem Australia, Northern Territory aad
Queensland (Cogger 195). It occurs priEarity in rivers as far upstream as tidal blluence extends_
but is found also in s$mps {ftesh and sait), bilabongs, lales and noa+idal rivers uD ro 150 kE or
moie, iDlard (Messel pers, obs.). Crccodtfus johnttonj, Ausrralia's ouly etrdemic sD€ci€s of
crocodile, or€rlaps the r a4e of C. pomus in besh water ard also can be iouad ln the iattwater
sectiors if tle density of C.prforur is low (Messel et al. 19&1986, 1:459).

. The_two species can be easily d;stinguGhed: the snout of CJblrirroni is narrow i_o comparisor
to that of C.poDrur.

The habitat in A$tralia for C. porogr is gederally much &ier and more inlospitable than in
wetter areas of Asia like Papua New cuirca, Maiaysia and Burma. Swar:rp as habitit is much less
signficfft tban it is in Papua New Guinea for exajrple.

HABITAT

_ M€ssel et al. (1978-1986) give detailed d€scriprions of rivers surveyed froE rhe Kimberley
regon itr Westem Australia to Cape Yo.k Peninsula in eueenslard. Taylor (1979) preseDts a usefirl
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classification of habitat types found otr the coastal ri!€rs in the Northern Territory and $€ trow gr\€
this, with soEe additional habitat types.

Lower Manqrov€ - This habitat is characterized by long slopilg bants of soft mud, witl mangrove
species the only riverside vegetation. Such habitat is found in the dowDstream sections of all rive$.
Salinity itr these areas is betw€€tr A zn.d 35'/oo,

Floodplsin - Floodplain is characterized by open plai$, abutting the dver, of the grasses
Ischaemum illosum ear. austale,Impemto cylindrics \w, major a\d Coelorachit rcabelioides,
and/o! tle sedges Cwnls spp. aad. FimbitElit spp. SmaI manglovBs /icennia maina aad
paperbarks Melaleuca acaarbdes sometimes form a sparse li.ne along the rivEr edge. This habitat
occurs in dormsirearn sections of all rir€$ studied (salinitla 20-35"/oo) ad is ofter associated with
lower Drangrove habitat.

gDlgj4elgg!! - Upp€. mangrove is charaderized by strand conmunities in floodplain or spane
Earglove arqrs. The comrnunities are commonly composed of palns Co,rphe elata, fefis
Acrostichum speciosum, and t\e \incA De i Eifoliala a d. Flsge aia indica. River banks h this
habitat may be steep wiih a substrate of firn mud. This habitat occurs in tle upper reaches of the
To!*iDso4 Liverpool and Cadel Rivers (salidt]a 0-2f/oo).

Frcshwater Swatrlp - This is characrerized by f!€shvrat€r s€€page. Swaeps, with water depths
ranging &om 10 to 300 cn, cotnmonly codair the lrtelaleurat M. dealbala, M, teucadeniba, M.
iidiflora, the sedges Baumea mbiSinoso aad Scitpus sp., ard water lilies N)rnp, aea gig.mtes,

Fresh*ater swamps often alrain hto &e main river by way of small cre€ks. lhe area of
swamp may dtastically reccde during the dry season.

tr'loodpl{in Biltabon8 - These are beside tf,e river and fll from eithcr abDormally high tides or
$'et s€ason rains. They often contain brackish water aad may dry out completely during the dry

Eucalvpt Forcst - T s is characteri4d by the presenc€ of ste€p earth bank, lined by sparse forest
ot Eucawtus hiniala ^\d E. rcnadonta with aa understorey of the broad-l€av€d grasses
Hekrcpogon spp., Coelotachis rotlbellioiiles, atdmemedt ausnalis. Few plants are fouad at water
level atrd no margoves are pr€sent. This habitat is founil on the upper reaches of th€ Liverpool
and Blyt! Rive$ (saliuitla 0-5'/oo), for example.

Ssnd-Phrasmltes - This habitat, fourd for example, on the upp€r reaches of tlre Liverpool Rive!
(safiaity 0.5./oo), is characterized by sandbank, Abutting these ale arcas ot Phmgmites ka*a,
Aaadia arliatwnnes and Pandanus aqualiclLJ.

Emosed Shorl Communities - This category is a catch-al for the many dry exposed habitats, oftetr
with sharp relief, found trear tle coast and including beaches, rocky foreshores, clifis and rocky
areas arouid cleets.

Webb (19rlD gives a geleralized descdption of the Li\€rpool Rir€r S)6tem, which exemplifies
many cha&ctedstics of TYPE 1 rivers (see salinity dassification below).

The river car be divided into tidal and rctr-tidal sections, The non-tidai section flows through
the rocky ArDlem Land plateau fo! some 120 km. The river here is narrow, contains fresh, cl€ar
water and flows mainly otr substlates of rock or sa[d. The river may expand into swa.mps, which are
Wic \y lia.ed. wrtb Pandarrw, papf-rbark (Melalalca sp.) ard €ucary?t forest. By tle etrd of the dry



seasoq water flos, may cease and the riwr can become a string of isolated water holes. Saa.ll
numbcrs of C. porosr are found in this fteshwater sectioq of the iiver. Individuais are darker in
color tlan tho6e ftom thc tidal section; some are black on the dorsal surface. This habitat is dore

W;czJ of C. johnstoni, the freshrater clocodile; the interaction between the rvro sp€ci€s has not
becn studied in detail @ut see Messel et al. 1t8-1986, 1-3, 16 ad Webb et a.l. 1983).

Ir the Liverpool River, the demarcation bet*eer tidal ald non-lidal sectioDs occlrs at the
edge ofthe esc{rpment. The ba.D.ks of thc tidal se.tioa are mainly mud. They are lined with either
mangrove forest or floodplain glasses and scdgFs. Thcre arc two tidal cydes per day ald tidal
ra.dge iB about 3 m. The later in the tida.l s€.tioa is usually saline and some 20 km upstleam
appears to be a drow&d river v6lley; tle river course 6xed by geological structure. Further
upstream, the rii'ei meanders tbrougl an odensive floodplain and there is continual erosion of one
bsn! atrd deposition od the other.

During the wct seasoq the non-tidal s€ction of the riv€r receires the ruaofr ftom a large area
of the escarpBent. Water levels rise atrd there is usually widespread Booding of the tidal section
ard a fl$hing of salile water from thc river. wc have recorded esseDtially fresh water at the
Liverpool River mouth in the \}€t seaso[

with the cc,ssatiod of raiq tidal inlluence odends back up the rivcr aad a sa.lt wedgs gladually
moves upstreaD, By the end of the dry season the water is brachsh at tie upper limit of tidal
influence. Most Cporosur are in the tidal sc.lion of river.

Thc habitat types descdbed are very much gercralized. Itr other riv€rE the ploportiotr of one
to the other may chargc considerably. For example, the tidal sections ofth€ Woolen (Messel et al.
197&1986, 9) and Kng Riveis (Mess€l et al. 198-1986, t are drov.ird river 1?lleys into which the
upstleam non-tidal sectiors draic directly, i.e., there is virtually tro meandering flood plain river.
ID Atraharatrgoo Creek (Messel et al 1q78-1986, 6) otr M€lvile Island, there is Do sbarp
dcEarcatior betwee! tidal and non-tidal. As one mot€s upstream tle ewilotsent gradually
changes ftom margroves ard orud to Pardarls and paperbart. In addition, large areas of the
bank are composed of fteshwater swamps. Id rilcrs like the Glyde (Messel et al. 1 -1986, 9, 18)
the tidal section peters out in a massive area of freshwater sws.Ep (the Arafura Swamp), into
which dows a fteshwatcr river, the Goyder. This latter river r€sembles the upstr€ad fieshwater
bilabongs of the Liverpool River. h the Mary River, tle c€ssation of wet s€ason rajiq ard
subsequent dring leavc6 large closed Ilooded plab bilaboltgs and only a very minor flowing
crcek, h thc Buckingham River (Messel et al. 197&1986, 10), thc dcdarcatiotr betw€en tidal and
loIl-tialal sectiors of the river is sharp, a largc difr face.

SALTMIY

Analysis of the n|lmber, distribution a:rd size structure of crocodiles sighted duling tlie
general surr€ys of nolthem Australiar tidal systems ltrdrcates tlBt one of the most iftportant
paraEeters characterizilg a tidal waterway is its salidty profile. The proflle and habitat g?€
image one another atrd app€ar to largely determine the suitability or otherwise of tle tidal
waterway fo! breedingt nest ?rnd rearing. We roughly classified the tialal livers and creek on the
nortlernAfilem Latrd coastlhe hto tbree dilferedt types ofwaterwals. This classilicatiotr pla),s a
citical rolc in thc ruravelbg of the drlalrics of populations of Cporoors (especially see Messel et
al. 197&1986, 5, 9-11) a.nd is given by:



TYPE 1 -.Tidal dver systeos meanderi.ng tbrough coasral floodplains and having a heaw
freshwater i.nput during the wet se:lson. Th€ freshwarer inllow decreases but renfis sr.focieat, as
the.dry season progresses, to prevent the s".lidry upstrea-m (thougb progressirg uFtream
gradualy) froa rising abovc ti€ s€a water ralues Dreasued at the moutb of the sftem. such
systems usually have good to excellent nestirg habirat ard could be expeaed to have good
r€cruitment potential. The Goomadeer River System was classified as such a systea (Messel it al.
1978-1986. 5).

TyPE 3 - Tidal waterways which also have a hcavy fteshwater input duri.g the height of the wet
season, but in which the fr€shwater input rlrops rapidly with the onset of the dry siason. These
waterways, which usually hale short surveyable lengtts atrd ofted direat openiags to thc soa, are
typified by salinities *hich during tle dry s€asoa are abot€ those measurjd at ih€ir mouths and
which increase with inceasitrg distalce upstr€am - they are hypersaline and become iacreasirgly so
as the dry seasoE progresses. Nesting habitat h such systeBs is minimal or rod-e)ostent.
Recruitee potenlial is also usually low or do[-existent. All Night Cr€ek (Messel et al. 1978-19g6,
t is an exaDrple of such a sr item; most of the coasta.l ci€ok survercd on tle southem coast of the
Guff of Carpentaria also fall into thi! caregory (Messel et al. 19?8-1986, 13).

Igfil - Tidal systeEs which fall somewhere between TypE 1 and TypE 3 above and which rend
to show hypenalin€ charact€ristics as the alry seasotr p.ogresses. Such systems usually bave good
to poor nesting habitat aad equivaleat re.ruitment potedtial depctrdi[g upon how close they are ro
TYPE 1 or 3 above. The Kiry River (M€ssel er al. 1qS-1986, t ana D;ngau Crecl on Melville
Islatrd (Messel et al. 197&1986,6) are exanples of such qatems.

It wil be se€n that each of thesc tiree ststem tt?es has its o*11 c[aracteristic type of salinity
vadatio4 both in respcct of ti$e of y€ar 6rd distance upsrrean, ald rbat lhe saliniry characteristics
largely determitre the natule of the sj/steE. Flgure 2 shows typical dry season salitrity profiles for
the thrcesystem types. The saliriry profile of a systeE may be said tobe iB o*" ualqui Sg"atur".
A larje river sJ,stem- mayiave nultiple signatures, one fo. its mairstream and diflerint signatures
IOr |tS Creeks itnd subcl€e*s.

CLIMATE

Rrtnfall - The climate shoqls t{,o distidct seasons, Tte lvet'scason (Nolrmber to April) is
associated witt the nortt-q,€st moasoon. Ihe .dq/ season (May to October) is a Deriod of
idr€quent or ro !ain" It resulrs ftoo a more trortherly e)dedsior of arricyclonic weatbei pawerns
across tle- Australian continent during the widter montls. During the ,&y' season, south-east
trade wi.uds of up to 30 k rots ate prevalent over tle study area.

As ar example of climatic vadations over a year, we gi!€ some data for the Blrti-Cadel study
area (Messel €t al 197&1986, 1) shere tie most e{ensii€ populatior studies bave been carried
out. -M€an annual pr€cipitation is 1,141 mDr at Maningida and 1,143 nn at Milingimbi. Seasonal
raidall distribution and number of raindals pcr nonth aie sholv[ i.r Fig. 3.

A heavy build up of cumulus cloud occuls ir October befor€ the monsoon arrives. Durins the
wet s€ason, the rivers often flood for pedods of up to seleral weeks. pea} flooding usualty dcurs
tt€tween Jaruarv and March.



THREE TYPICAL SALII{ITY PNOFILES
IiI THE ORY SEASON
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Figurc 2 Typical dry sc.son salidity Profil€s for the tlrce types of tid.l systems occurrilg in the
classification scheme described in the tci.



MANINGRIOA MIUNGIMBI

3
=

3z

E
J
F
z

-{
Fz

s

g
I

s

=
I

H
I
E

=

Frcurc 3. Mear aanual rudber of laioy days' raiDfal rcginc's' ne:! telative hudidity aad dean

-iximu- aod ninimus tempcratures at Manirylida and Milinginbi o€teorological stations,

which are adjace to tbe study ar€a.
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Temperature and Humiditv - Seasonal fluctuations in relative humidity ald mean maxim m and

minimus monthly temperatures for wcath€r statioN at Malilg da and Milingidbi are also
itlustrat€d id Fi& 3. Ir the study area, temp€ratues renain high tbrowhout the y€ar. High

raiDfal and heavy clou4 common during the i^'ef s€aso!, Produce high huEidity and less€r

exEemes of teEperatute.

T$entv-four Hour Tempemturr Measurcm€nts _ Twe y-four hour temperatllre profrles of the air
(f n above ground), water and subsEate (expose-d nud 1-2 cm dePt!) rPere m€3sured 32 km

up6lream ftom lhe mouth of tte Blyh River (ia an area having the high€st deasity ot C. pomsus).

T;mperatures we.e r€corded at hourly iltervals dling four seasons (Figs. 4_6; note that substrate

temperatues are not shovn).

Durirg t[e vtet seasoD, the water temperatures remain consta ,30!1'C. Duriry the dry

6eason, water temperatures steadily fall util they reach about 2tC during June and July (however'

water tcdperatures as low as 21.9C wete iecorded at kE 45 in JuIy 1976)' begin to rise agai.n and

slowly aptroach 26"c in september and 2yC h october' water teEperatures sligldy lag air
temperaaures. Air and subitrate temperatures also showed diumal and seasonal changes. Night

teEp€latules dow[ to 1Z7C were recorded dudng the dry season.

Considcrable variatiot ia both air ard itater t€mPeratures may occut over a few daj6. on 14

JuDe, 1976 (Fi& 4), an ad water temp€latures fluctuated between m'AC and 254"C'
resp€clively. By Jrmc 21, after a cold sdap, air temPeratu.es had Iallea to between f'24'C, while

tbjtemperature of the water had dropped to around 24"C. Similar lluctuatioDs can be seeo otr the

temper;ture profiles for 22 ard 25 Septemb€r, 1976. The large diflerenc€s afte! ddidnight betveetr

air a.dd water t€mperatures car give ilse to heavy fog on the upstreain portions of the rivers

NESTING

c. porona deposit thet €ggF in a moutrd dest which may be cotstructed ftom a variety of

vegetabt debris, *itl varying proportions of mu4 dirt o. ev€n s..nd. The vegetable debris'
including leal litter, rushes, roots, stick, reeils, glasses, often living greer matcriais as w€I a's dead'

Floodplaio nests are usually constructed principally of t\e gass Ischazmwn australe,ea,- illoslot'
if aviabb. The feet aad iail are used to scrape up vegetation ard tlle mouth is also us€d The

rcst is comracted atrd talcs one to se\eral nights to colstflct. V€getatioa atrd soil ftom an area

up to ?0 mz iE rated together. On completiotr the dest ofted has drstinct tail groove across tle top'

Typical dime[siotrs of a ncst are 05 m higb, a.dd 1.6 m in diadeter.

Nest srtes ate typicaly sclccted close to permanent *ater. with the e)rception of nests

coDstructcd in large ;small fr€sh'mter swamPs, off flom the dowDstream high saliniry sections of

the *ater*?ys, or on upstrea& swamps ard/or bilabongs, all tle other nests appcar to be

construcred on those se;ions of the waterway which are brackish by June or July, witl salinities
around 1 to 10 parts per tlousaral Thes€ scctions are of coutr completely ftesh duriEg the wet

It rs not clear why th€re ate Bo nests on the do*nstleam Eoutl sectioN of tidal rir3rs Nests

in swamps have the griatest chance of suvival and swasps mDst be coDsidered oPtidal habitat for

nestillc.
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Figure 4. Twenty-four LouI tcmpcratuc profrlcs of thc air (1 m above groudd level) ard wator.
Tomp€aatures wcre recorded at hourly intervals. All measurements wcr€ tal€d at kDr 32 upstream
on thc Blytt Rir€r (except November pro6les which u/€re tatett at 16 3.6) duringlgTs andlg76.
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Frcurc 5. Tw€ltJ'-four hour tcmperatutc pto6lcs of the ait (1 m above gound \i€U^atd 
water'

;:;;;;".;;;;-'ded ar hourlv htervab' All mcasureme s were taler at km 32 upstreas

o" thc ryt ni'"t a*iog 1976 andlgn '
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Figure 6. Tventy-four hour tebperatote ptofiles of the air (1 Dr aboit groud lewl) ad water.
Temperatures wcre recorded at hourly intervals. All measureme s were taken at km 32 upstrcaar
otr tf,e Blyth Ri\€r durilg ffi8 ^ad lW).



Webb et al. (197) desciibe a aumb€r of nests in the Liv€rpool-Tomkinson area. Nests were
built i.[ opeo grassplain with no shadc or prot€ction, beneatl sma.ll shrubs \pith only little
protectiod ftom the sua or win4 beneath dense 6brubs aBd in forests atrd swamps where they werc
almost continualy shaded and protected ftom witr4 or oo oac side of a forest where tley were
completely shadcd dudng some pan of the day ard eitlet protected o! exposcd to prcvailing
winds. Mo6t nests are built otr a ricll, blacL, floodplah soil. Riversid. rcsts are not found ilr
dargrove forcsts. Most arc o[ co&ave bank where tf,e river comeB dosc to or abutts the
adjacent floodplai!, or otr tle ooodplai! behind the drangroves. Oft r,as locd€d od sardy soil in
the upper rcachcs of the river and the remainder w€re In swasps. A coDsideablc part of most
Dests was soil tle vegetatiod being dixed with wct mud during corstruction, The adult sometimes
packed mud otrto tle nest after the eggs hadbeea laid Nests i.a swadps s€rc or a peat-lik€ tangle
of roots a,rd debris which formed thc swanp floor. This substrate is spongy and the nests were
built agai[st, or do6e to , large ttees (U6ttzJly Melaleuca sp.), the roots of which providei a stable
fou*latiotr,

A.s,sociat€d wit! mo6t aon-swamp nests are a number of wallows; tf,e adult will often lie in
these. On occasio[ tte female can be seetr lyi[g over the aest. FeEale C. porDsrr ia tle dld do
[ot appear, i.n lortherl Aulualia" to defed their dests against approaching humans and usually go
straight to the river vrhed approacteal

Egg layi.og probably tates plac€ sooIr after the completior of the dest. Eggs are dcpo6it€d ir
a cavity withirl the central area of tie nest mound. The eggs ale lald itr rapid successioD, the
crocoalilc ofteD using her rear legs to guide theE ilto the chamb€r. No egg lay€ring is apparent.
On completioD of egg layitrg the op€niDg to the nest cavity is cor€red over ald packed dol^i! The
egg cavity is usually decp, with a distance of about 20 cm b€tween the top of the nest and tle top of
the eggs. Nests vdtlout eggs are rot rl[coEmor a.nd are rot uderstood. Some of these nests are
small with no permanent wallow, whereas others are codplete ard i.n aI rcsp€.ts r€semble nests
with eggs. Some may be fourd adjacent to nests with eggE suggpsting that tliey are soroe tt?e of
"test' nest. Othe.s arc not associated wit! Bests contaiairg eggs. The more likely explarations are:

1. They arc madc by arlolesccnt C,poror6, ie., 'practice' nests

2. They are false starts where colditioDs at the site were trot suitable lor completion or
charges in wcather stopped nest construction.

3. They were inteDaled for eggs and abandorcd becrusc of humar or oth€r disturbalrce.

TVo ri.nusual nests were found otr the Liverpool River (Mcesel pcrs. obs.). Thc first dcst wai
constlucted of grasses and sand only and the eggs w€re depositcd just below the sudace, or thc
side ofthe Dest. Some of the eggs wcre showing, About a kilometer fiuther upstream a secoBd
stlalge nest was discor€red. Rather tha.n colstructiDg a mouD4 this felrale had dug a.!d
depoGited her eggs itr a chamber ir the black soft soil. OnIy a $aail adourt of grass was piled over
the chrmber.

C. potosur eggi arc hatd-shelle4 white atrd de!€lop an opaque ring of heavily clacfied she[
arou.nd the middle oI tle long axG ofthe egg if the embryo is alive. This provides the cmbryo with
its vital supply of cnlcium. Egg numbcrs average around 50, with 9picrl weigt4 length and widtl
of 110 & 8 cd atrd 5 cd respectiwly. Some trests, howev€r, contain thy €ggs, a\craging aroudd 65
g. Sma[ Iemales may build small rcsts and lay small eggs.

C. pororB nesting is essentialy a lret season activity, possibly tliggered by risirg
temp€ratuesr however, late aestitrg in the March-April period, after the peak of wet seasotr



floodi!& is coEmoD. Courtship and mating begin in the late dry seasoE (September to November)
and probably occur thtoughout the wet season; the timc between Bating aad egg laying aay be
four-six we€ks. Nest construction and egg-layirg Eay occor bet*een November and Mat with the
p€ak beiag ia the Jaruary-February ad March-April periods. TIle latest nest we have fould lpas
laid dowr sometime in June. The ircubation period is temperature depended ard av€rages
around 90 dats. Intemal nest tebperature vary diurnaly (Webb et aL 1977), $ith mean daily
tcmpcrahres varying ftom ZfC to 3yC, depetrding od what time of year tle trest is co.struct€d.
Nestiog still iacubati.ng at the begiming of the dry seasotr have lorrer temperatures. Temperatlre
of ircubation influetrces tle proportion of hales hatching the higher tte temp€rature tle higher
tte proportion of males.

The feEale apparently remains near and guards the nest for l'luch of the incubatioa period
ard will repair any damage, The female does not attetrd the nest conti.nually for the entire
incubation perio4 but ftequendy leaves it for short htelvals. She assists the hatchlings by opening
the nest (which sometimes has a hard-baled ert€rior), probilg with the srcut and digging wirl
fore and hidd limbs, in respoce to their crlling within (a hiel pitch€d nasal 'gn- an"). The
hatcLlings usc thc crlurcle, a p.otruberaoce on tle etrd of the end of the no6e, to slice thcir way
out ofthe egg.

At least som€ adult C,porosr remain in the water with glouped hatcblitrgs (a 6echc) for up
to and possibly dore tha.u two norths but creche formation is appatendy the exception ratler tiar
the rule in nany rivcrs of nortlem Aust alia (Messel et 61. 198-1986, t32), a.nd may vary with
river type and pa&ntal age. In 1979, we fourd seve! ciecbes on the Peter Jolu! Ri€r (Messel ct
a.l. 1978-1986, 1t34) and only two otr the Goromu.u (Me$el et al. 1978-1986, 11:11). Coutd it be
that tle young feEales do mt provide parental c.are and only do so graduallt as they get older?
Sifte the badly d€pleted c. polo$r populatior in northom Austalia would have a dajority of
young parents tlis dight accouDt for tbe lack of q€che foflnation itr mary cases. Age dependent
pate[td bchavior has not b€en reponed before aad *ould be dimcdt to explah. Ho*ever, to
date no alternativc explaaatioa has been fourld. (Parental care could also depend oa the
popdation densig, with Inore clre ocqrrridg at higher densities.) The breeditrg agc for males
night be a minirnum of 12 years, alrd for fedaleq 10 year6, though females as yorbg as ? y€ais
have nested otr farms apparendy (Grigg pers. comm.),

Magnusso! (1978) reports sone experiments on hatchling vocalizatioa ard conclud€s tlat tlere
is litde doubt that hatcbling calls group hatchlings itr field. He suggests rhat, ia the absence of an
atteditrg adult, dispersal of hatcblings may b€ an advantagc.

A high proportion of nests are lost due to v.rious factors. Thc mair losses are due to
fioodirg ofnestE with subsequent &owtring ofthe emb4/os. In some areas up to m% of nests crn
b€ destrot€d by flooding, Predatiotr otr C.poro$rr eggs docs not appear to be sigrifica.nt. Moaitor
lizards app€ar to b€ the lnain pre&tor, wittr wil<l pigs aiso occasiona.Iy destroying n€sts and eatilg
eggs, a! do native rats. Aboriginals stil a]so ta.kc cggs as a traditional part of their diet. Bi.ds tale
a toll ofjust-hatch€d hatchisgs mafirg their way to the water.

A firlly succ!$sful n€st may be defined as ode id wbich each of the 50 eggs producc ore
hatchling in the river at hatch.ling time. Nests may be successfrt to varyi.og degrees because of many
differeat causes; some of tle eggs may be brokeo, otlers destroyed by predators; eggs may not be
fertile oi tle nest 6ay be inundated, kiling various fractiors of the eorb.yos, dependilg upon the
Ilood level. Undoubtedly floodirg causes th€ gr€atest full or partial loss of nests. Howel€r, the
ftaction which are lost in this fashion various from vear to vear and ftom one river to anoth€r.



Or dver systebs (Messel et aL 197a-198f, 24, 4 13 ard 16) where it is sodetimes possible
to cstisate the miaimum number of ne6ts frod *hich the hatchlings s€re derived, the loss factor,
ftom eggs in tlc n€st to hatcb.[.trgs in the river, appears to be in excess of m7o. lt is at this stage of
the rcquitncnt cycle vrhele tle major lo6scs appear to occrr. once hatchlings are in tle river,
loGses appear much lcss alrastic soEe 2970 over the mid-dry season, folow€d by a further loss of
some 31% over the eBsuilg lirc months (Table 8,4.1, Messcl et al 198-1986, 1).

Candbalsm of hatcblings is also a[othe. factoi that cluld bc important (Messel et al. 197&
l9E6,14143\, and would be dcrsity depctrdrnt, one tting is certai!, howeve!, ard tlat is that
oajor fiooding leads to thc cat6strophic lo6s of nests and in those years hatchling r€cruitDent car
only come from freshvrat€r swamp dests and late March-April riverside nests. were it not for the
long nesting period ftoo early November to mid Aprq it is uDlikely that C. potorur would have
suflived for long on the northem Aroiem Laad coasdine. In areas such as Papua New Guinea
with much more exteDsi\€ swamp habitat, the situation is different.

The proportion of adrlt fedalc population that nest annually is poorly hown. There is
cviderce to suggest that some females do rot n st each year (Mcssel et al. Lq7A-1986,latln-DA).
I'here is also so4e evideff€ tiat a small proportrotr of wild fcmales may nest twicc ilr any one
season (Webb et { 1983) aad this had alrcady beea suggEsted by Messel et al, (lCielg ,18:122).
Could it bc that food supply is the proximal factor involved and tlat it is the conditioD factor of the
females wbich &termi.nc! whethcr shc rcats otrce or twic€ annually, or not at aq and wh€n the egg
laying occurs?

TLerc are still a gleat many questions to be alswercd otr nestirg and unaloubtedly these
indude the har&st oDcs. On the Bb't[-Cade[ and Li'Erpool-Tomkirson River SysteEs, which
har€ b€en studred for more than ten )€ars, therc are a number of ptr,ling questions (Messel et al.
1E78-l9ta6, I,7, 18). For example, i:r the early to mid-seventies most hatchliry re.ruitdent
occurred on the Liverpool; since 1976 roost has occurred on tie Tomlinson. The habitat has dot
altered and both rivers appear to have almost the 6ame trumber of large alimals. Fulther, a
relati€ly dry w€t seasor" *ith littlc or do flooding is not invariably followed by heavy hatcblhg
rccruitdent (see our Chapter on Population D)'namics of C.por"nu).

Webb et aL (1983) exaEine nesting in a perennial, somewhat elevatc4 freshwater swd:rp
connected to a meanal€rirg tidal floodplaia rircr and in perennial floodplain riv€r channels wh€re
floatiDg oats of vegetatron overlie fteshwater. N€sts are consttucted on lhe floating mats.
Considenble attcntior is paid in that paper to embryo mortality aad its causcs, as well as to tlie
detailed structue of the vegEtatron"

Habitat required for ncsting by c. poton8 has beetr descib€d by MagFusson (1978, 1980a) a$d
he has also discussed hortalig of eggs (19&2) and crechc formation (1980b).

FEEDING

A study of the food items tal by 289 hatcbliDgs a.nd $nall cocoaliles has been made by
Taylor (19?9), who developed a dethod of lemoving stomach contents ftom these crocoililes
without sacrificbg the a.dim.ls (Taylor et al. 198). Her studies indicate that tle food iteds of
hatchlidgs atrd small cocodiles predordinaftly consist of cflstacea (crabs ald shimps) with
snaller proportions of spid€rs ..ud vertebrate6. She also fouBd tiat qocod;lcs >4 in lengtl ate
signifiolly more bir<ls and ftamllrah tlan crocoaliles <4. She suggests that the dret of Cpo.o$lJ
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reflects the local availability of prey - ar apparent eiceptiotr was the absence of fish and fiddler
crabs in the diet of C.po.orrr frod habitats where these a.dmals are abuDdart.

Her suggested explanation for tle surprising absence of 6sh the diet of hatctring. and
small ciocoaliles is that id most instaDceq these size classes are not suficieutly agil€ to caprure
surface 6sh.

Observatio.s on the Blyth-Cadell system (Messel et 6\.l978-tsff,,1:Chapter ? show€d fish
being taten by juveailes ard matry attempts being made to catcL them. Most of Taylor's aniaals
were <1.0 rd in length alrd tnost of the Blyth-Caalell observatioDs were fo nin.l( 1.0-1.2 m in
I€ngth. Undoubtedly C.porosr becodes more adept with age at catching fish- The t?ical way
for qocodiles up to +t to catch prey c,as by srapping sideways or by ,archlunge, feeding. Id the
archlunge Bethod the crocodile arches its body alld then lmges straight forward at colsiderable
speed.

lffger juveniles (>1.2 m) tale atr increasing audber of rcrtebrate pr€y. In the rircr, bn&
ard mammals are dot as abutrdant as crabs atrd prawns, a.dd must be specfically hunted. Tle
b€havior associated with huating has beetr obse ed a ruetr€r of times ard is the same as
sometimes dported dudng aftacks otr dar (W€bb et al. 19?8).

The oocoilile sightE or hears a drsturba.oce Fom a distaace ard move tov,nrds it otr the
$i ace until it appea$ to sight the piey. It the! orGds it6 head tovrard it, dives and s*ims
underwater to where tle prey wE!. The head usually emergcs just in front of the prey. If the prey
is a bird moving along the edge of the banl the crocodiles ederge where tle prey was when the
crocodile div€4 ie., they do not seed to be able to anticipate lateral mo!€ment of the prey.

Frequeady, thc prey escapes *hetr th€ head emerg€E howetBr, if it do€s no! the cocodrle
eitLer lunges forwar'd with the jaws agape or snaps sidewise.

A comnon method for capturing small 6s\ employedby C. porons , mlengt\ was often
obsefled fo. a 3-4' individual li/ing dircitly across ftom the research vessel at kE 3t on $e Blyth
Rivcr (Messel et al. 197&1986, L453). The socodile swam within inches of the bank, against the
ruaning tidc, so tiat fsh passed betwee! it ard the badc The tail was used to block the Dassace of
tbe fisb, aDd nould curl quickly itrwards towards the banlq the hcad woutd swiag sinjtaneJusly
tol{Brds the balrt ard sdap at the fish. Usually, several attempts are dade bcao.e a successfij
caph[e. 04 oiher occasionE the docodile simply swam alodg the ban] against the tide, with its
Eouth open aad sDapp€d at fish as they ratr irfo it.

Adults appear to show opportudstic selectivity in tleir feeding habits. The normally attack
a.q'thing over a given minimur size. The typcs of pley foutrd or reported i.n adult stomachs are
birds, snakes, lizrrds, tu.des, fisb, large crabs, other crocoaliles, walabies, bulfalo, c_attle, and
virtually aay manmal which comes d€ar the wate/s edge. Flying foxes are reputed to be a favorite
delicacy and w€ have often fourd crocodiles in the mallgoves beneath flyitg fox colonies (Messel et
al 198-1986, 2:color pl^te 2.17, (5t&). Large qocodiles may be crmibalistic ad hatcblings ard
small juveriles have been fouad in their stonachs (Mess€l €t al. 1978-1986, 14;43).

C. poronn also appear to have a predilectiod for magpie geese (M€ssel et al. 19?g-19g6,
tchapter 6, O. In Appendix A13 of Messol et al. (198-1986, 1) some opportutristic obsenatioDs
od crocodile f€edirlg arc described. A 6-7 crocodile was observed to leaD out of the wat€r and
catch a mulleq a 3-4 m crocoalile was observed to carch and kil a I m shard Other irel1s lhat hav€
been observed beibg taken include eels, mangrove snakes ard cormorants.



Feealing $'as observcd to occur during the day and at night, the qocodiles feeding whetr food
was available, on both rising and faling tides.

Edensive niglt-tiEe obserations of feeding during survet/s of crocodile nu&bers led to no
oMous lelationships betweeD €Nironmetrtal variables and feediDg. Ttere was aa indrcation that,
on the sections where Browth appeared to be slower, there s,as more activity dir€d€d tor,ards
catching food itcms, O! these sa.me s€ctions the !,ercentage of small ciocodiles sighted feediDg is
t{/icc that of [at.hlin$! probably iddicatilg odly that $iall crocodiles requirc more oi the small
food iteEs such as Draqlts.

DISTRIBUTION OF ANIMAIS

Movemcdt of aniDrts will be discussei al6o in the chapter on c. porotls population
dynamics. Here we characterize brief,y g?ical disttibutions of c porotur on lidrl waters. Each
motrogaph in tlc series by Messel et al. (198-1986) includes histograms of the distribution of
night-tine sighthgs atorg tle waterway, for each sizc class.

Webb aad Messcl (1978) discussed tle d;stributional pattem of ctocoaliles on the Blyth-
Cadell Rivers Sr6tcm h a preliminary fashion aad referrcd to the trear rcrEal Oel-shaped)
distdbutiomt pattem of hatchliqs and 2-3' docodiles a.roulld the nest sites. They also teferred to
tle firther dowls&eam movemetrt, relative to the !€stillg site, of the !,|r and +5'sized cocoaliles
and conduded that tlcre nerc inany factors which could presuEably affect movement and
dispersal pattems of both addt a.d jw€dle c. pororus. The results obtaiftd frod the B!'th-
Cadel study (Messel et aL $rt&1986, lchapter 6) demofftratc that those crocodiles which do
remair ir the river system are distributed along it b a quite definite fashion. The position of the
peat of tie distributior (mear dista.nce upstream) varies for each size class a:ed G rougbly inr€rsely
proportioral to sizer t[€ meatr dist2rrcc upstrqrE of the hatchling pea.k is greate! than that for 2-3
sizld Gocodiles; i{ turn, the mean distarce upsttea$ of 2-3' srz€d crocoalil€.s is gleatet than that
for }zt crocoalile6. Tho peat G stil quite distinct for the +5'size class but is not so evident for the
5{' sizr class ard specially not for larger crocodil€q which appear to be mole evenly disdbuted
along the river.

As $,c show incontrovertibly itr our chapt€r on c.potofiu population dlnamics, some 80% of
crocodiles in tle sub-ad0lt classcs ate lo6t ftom the Blyth-Cadel Rivers System. We also shory
that the sanc occurs ia othcr TYPE 1 river systcms O4essel et al. 198-1986, 10-12). On this basis,
thc distributional pattem of crocodilca in size classes: (2-3) is Eore rcadily utderstood. The
gladual slifting of the distributioul p€ak do*Etreard, of oocodiles in the 1 4, 4-5' and 54 siTa
classes, day be urderstoo4 at least in part, on the basis of these crocodiles b€ing oD their way out
of the river system, as they are forced gradualy downstr€am by the latge crocod es, which ale
oore eveDly dtstr$uted along the river system, the lotrg distance movers of Webb atrd Messel
(198) are also easily explained; they are presumably largely (but not solely) that fraction of the
respective size classeE wbrch are forced to leave the river - hence the indeasilg uunber of long
distance movErs with inc,reasiEg size of sub-adults,

Food supply atrd salinity, which appear to be closely relate4 undoubtedly also play a role, for,
as Taylor (1t9) has sho'r!, the diet of cpoross changes as the addal increases in size. whether
or trot food supply add/or salinity are the proximal factors hvolved, it i5 a fact that the peak of the
distributional culi€ appea$ to be centered around the brackish sections of the river, especially ia tle
changeover zone from salt to fresh *atcr. O! the B\,tl River, this occus on the km 30_35 s€ction.
Normal end of thc dry season salidties otr this s€cdotr aie close to 1f/oo. As soon as one reaches
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the fteshwater region of the river, typifie<l by the frhging dverside vegetarioD, the dubber of
crocodiles sighted alrops drasticaly. This is the normal situatior lor TypE 1 rivers. Howeve., if
there is odensive swamp adjoidng the uppe. reaches, the density lnay in fact increase. Examples of
such rivers are the clyde and tle South Alligator. Where tiere are exteDsir€ swamp arcas there is
major movcments between t[c se/amp and tidal rivcr (Messel et al. 19?8-1986, 4 14, i8. r9); Jerldns
and Forbes l98t as the dry seasoa progresses.

The distdbution on sholt TYPE 3 systeEs is usually even. Ir the Chapter on pogrlation
Status and ConveKation we will give detailed inforEation on the densities on aaimals ou the
vatious $aterway TYPES.

Not many $uall docodiles are seen in the wide opea moutl sections of rivers where there is
rough watel ard wave actioa. Tley appear to dslike rough water.

SALINITY TOLERANCE

DuriDg the coursc of the docodile suvey Fogral]r of the Uni\,€rsity of Sydtrey matry
observations of c. poro$* i[ water considerably more sdine that seawater have been made. The
highest reading to date is ?S/oo, where a (+5) c. poron8 was sighted (Messel et al. 1978-1986,
Ul:140). Messel et al (19&1986, tscction 73) give dctaih of mary more ob6ervatioEs of docodiles
of aI sizls, including hatcb.lings, in hyf€rsxline *laters. Thesc field observations indicate tlat c.
pororur are able to tolerate very higt salinitias but plobably for short periods ooly. The discot€ry of
liDgual salt glands iD C. porosr Cfaplin ard c.igg 1981) rer€aled the nechanism for renova.l of
excess salL It is, howe!€r, still utrclear whether prololged exposure to high salbities will increase
mortality, especialy b hatchlilgs. M€ssel et al. (1t8-1986, 1:376) describe the observation of a
nusber of hatchlilgs (r - 11) h salidtics of up to s(F/oo, but a re$jrvey three *€eks later showed
only two (oae in 50r'/oo salility). It is unklrolln whetla the missing aairnals had died or moveal out
b€cause of the hyp€rsalidty. To test tie toleralce of hatchlings to very high satiditieE 20 hatcliings
were c3ptured on the Tomkinsor River, measllle4 marked and release<l on Mrmgardobolo Creek it
!9 253 otr July 19. Mrmgardobolo Creek rlrails inro thc TomEnson atrd is highly hypersaliae
(Me$sel et al. 1978-1986, 7). Dudrg the general r€$r!€y of the Liicrpool SlsreE on Octobs 19, no
hatcl ings were sighted. The thinteen aon-hatchtincs sighted *€re in tow ti& satinities l€rying froa
387oo to 58/oo. No batcblings were sighted on tle Liverpool ad Tomkinson Rivers on eitEr side
of Mwgardobolo Creek for selrral km. A fiftler exhaustive search for hatchlinss was made bv
Laurie Taplitr (see below) itr NolEnber. Otr lhe night of Noveeber r! a female haichlbg Ilo. 18li
was rccaptued at km 21.9 oI1 the Tomkinso! River, This meant that it had trat€lled a djstaice of
(1.2 k{ ftom its release poht. lt was ia excc ent conditior It lhus appears likely that of the 12
hatchlings, all.€xcept one wcre piedatcd (most unlikely) or perishert because of the hth salinity.
OII rq:qts difrer frgn those of MagnussoD (1978) who suggests that hatchliry motality is not
atrected by high salinitieq howe!€r, it should be nored tiar bs results lrer€ obtaincd or *aters which
were not htTErsalide.

A mark-recapture study by crigg et al. (1980) od thc Tomkinsoa River shovred little sigtrs of
distress in hatchlins tftat w€re in salt water for periods of up to 4 months. Howeror, tbe salinity in
their study area only varied from 25-34'/oo add so was Dot hypeAaline.

Taplin (1982) characterizes C. pororur as not only a remarkably efficieat osmor€gulator but
also tl|e most euryhalirc reptile lnowD to date. At both e s of the salidty spectrum, C. po.orur
appears to al€pend oD its food intake to cohpensate Det water or sodium loss.



METHODS OF MOVEMENT

M€thods of Locomotion - webb (197, gives a desdiption of molhoals of movement used by c.
po.orlr. Thele ar€ follr l'laitr oDes; sv/immi.!& higb walkitrg the belly rut, altd the galop. All
!/cre recoglizcd by Colt (1961) b hi! eagEificent study of tte Mle crocodile' c. nilotiau.

when s*inniog, the iont al|d teat legs arc held b€side the bod, a.nd the complete post_

sarial body moves ir successive undulatiots. In the water, crocodiles often drift with the legs
haiging dowr aad the tail gerdy sweepi.ng fron side to side. If disturbc4 the rcgion of the body
behiad the head may suboeige and the hiud feet are spread out. From this postute they can
rapiaUy submerge, backwards.

In the high walk the body i6 held off the goutrd except for limbs aDd tail tip. The linths move

toward each other on one sidg while tiey separate on the other. crocodiles car'run" usilg the
same basic high walk stafte. The tracks of a high walking ciocodile are aLsdnctive.

The belly run or slide is typielly used whetr moung ftbm a barl into the wat€r. Using

eravity,6nd as Cott (1961) pohted out,'thc polished ventral 6hi€lds...like the undercarriage of th€
sleigh', tley slide do*r the banh using the hind linbs to proPel them. The tail sweeps ftom side to
side as they move, and ir soft mu4 lhis is much like swimmirg; it lealcs a characteristic track.
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A MODEL FOR THE POPULATION DYNAMICS OF Crocodvhu porosus
IN NORTHERN AUSTRALIA

HanT Messel and ceorge C. Vorllc€k (d€ceased)

Depa.tEertofE ironmetrtal PhFics, School of physics,
Udvemity of Sydaey, New Sourh Wales 2006, Australia

INTRODUCTION

In our chapter on the population stattrt of Croco,tJtus porosrls ia nortlem Australia *e
d€scribe tle survey methods used in modtoriq the populations and describe bdefly rhe history of
tle sun€ys. More than 100 tidal river ard creek ststems were surveyed ar least orc€ betw€en 1974
and 19?9. Itr soEe cas€s tle survels hav€ been continueal over a period of ten yeais.

InteDsive population surveys a.nd studi€s were codinued dudng 1980-19g3 on sone 330 km of
tidal q,aterwsys (Fi$. 1-3) c€ntered otr rhe Liverpool-Tontinsod ;d Bblh-Cadell Ri!€rs Systems
iD northem ArEhem Land ard on some 593 km of associated altemative habitat. These reLtivelv
ul9jsjurq?4 walerwaF consrituted our populatior dFa.mics and sratos monitorilg slstems. I;
additioa Ngandadauda Crc€k and the Glyde Riler with its associated Arafura-SwaED w€re
le-sullE €dtwice in 1983 (Figs. 1,4-t. All th€se latter suwels are a:ratyzed h great d;tail iD
Messel et a.l. (1YD-1984, 18).

_ The te$ilts of our survey and studies have allo*€d a picture of c. polonlr population
dFamics in northe.n Australia to be developed, and this picture is plesented in somi detail. It
enables us to account i'l a consistent fashion for tle results of the $fveys and to predict r€sults to
be expected on futule surve'5.

One- implicatiou of the pictue was tlat lecovery of the crocoalile population should occur
more npidly ia areas where the TYPE 1 lii€rs (see poi]lt 1 in tte population nodet) have closely
associated extersive fteshwater coEplexes. One of tle best such areas remainine itr nortlern
Australia is tle Aligator Regio4 where there is the largest concentration of f:jT.i t C. porostts
systems in northem Australia. For this reason the waterways of tle Alligato. Region ard the
Adelaide River were resuveyed ia July 1984.

_ The Adelaide, East Alligator South Alligator, West Alligator, and Wildma:r River S,stems
and Mugenella Creek- all TYPE 1 s,.srems (Fig. 6)--wefe tust sysrematically surveved in 1yt
(tle Wildna! i! 1978) and then r€surveyed in 1978 and again in ig?9. lust io the oorth of the
Aligator Region, the largest assemblage of TypE 3 watenmys in northem Australia-the Coboug
Com_plex corsisting of the lamaryi and Mininini Complexes and Satrwater C.eek-were surveyea
fo_r the fust time ill 1q79 (Fig. 6). Our results and discussions of tle surveys were pr€sented itr
Meesel et aI. (19?9-1984, 1, 3, 18) for tie Adetaide Ri€I Slstem and Messel er al. (1979-1984 1, 4
14) for the Alligator Region River Slstems and the Cobourg Comple& Detailed descriprions of
the watervrays were given in tlos€ cirations also a:rd full work maps in Messel et ai. (19;9-
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Figure 4. ceneral area map showidg thc tidal $,aterw-a'r of the Miliqinbi ComFlex ard
Casdereagh Bay.

5(9
F

F

g GLYD€ INtfT
t t /

f,
E

5
s

E

I

z
J

=

7
3

1
2
5

?Htz
a 3-.,
3^r

V,2
I

n@"1v

E
=
tz
t-

d

\<
9

I

z
2

Io

I
:

=

-

.l
=

6 R

Ero

c9

NGA'IDADAIIDA CREEK JOIIiS WI'TH

I
=
Lr{

-

E

,4
=
6

. I+IIIE STAR I.A.IDING .
(NIxGAj-At.A SETTIEI'CNT,

mtsrTtA cffiK

'cneex 
lr u,r 9.7 lcneer B oN IHE BLY RIVER

I

=
G

a

3
E
2a

3
2
?
=

NIMGILA CREK

s

=
2

NCIIIIDAIIAI.IDA CffiK _ 0a 29,9

CEK\



I I O O L E I l  R I V E R

LYDE R IVER

rFl€t LAo rnt6tMl i4€i\G

f --------ii iG
d'YDEr css[s

I'IIIE STAN LAOII1G ATO

, ut{llsllllls

6OYDER R IV IR

F-STFi

Frgurc 5. Thc Gbdc-Araira aldd coyder Area3.



ADELAIDE RIVER

I{I  LDMAN RIVER

I{EST ALLIGATOR RIVER

SOUTH ALLIGATOR RI VER

i . /
i  EAST ALLIGATOR RIVER
i

. . . . . .  LIVERPOOL RIVER

=TOI' IKINSCN RIVER
CAIELL RIVER

BLYTH R IVER

s

\

Figure 6. Geoelal area map showing rivcrs and clceks or thc Cobourg Peninsula add tle Aligator
Regiotr. The dotted rrea shoEs the Cobourg Margrove CoEplex which is one of the largest in
AusEalia.

s
f\-/e
thrD

PB
fre= GLYDE R rvER
f r==
3!s



1984, 15). The results ald aDalysis of the J ly 1984 surveys is presented itr detail i! Messel et al.
(1E79-1984,19).

Our approach in thjs chapter is to present the model we have developed aDd describe how the
results obtained In the Mani.Egrida Eonitored area aDd A.lligator Rive$ Region fit the model.
Ttis of cou$e is a soaewhat circular process, sisce the dodel was derived partly ftom
corsideration of these re$i.lts. Other €vidence is also presented to support the basic ideas of the
model.

We believe tiat tle construction of a matlematical model of C. pororur populatiotr dynamics
would be prematute at tbis stage. There are far too ma.try uacertainties itr values for basic biological
para.meters to allow a sensible predictive model. Exabples of such urcertahties include: percentage
of mature females in a given population; percentage of mature fenales oestilg; variability in nesting
h differ€dt '€ars ard different dvers; detailed urd€rstarding of tenitorial requirements ard so on.

RESIILTS

As we describ€ ir our chapter on population status, when discussing population changes it is
essential to consider results for broad gloups of waterways as well as tlose for irdividual
waterways. Itr Table 1A we presetrt results for each survey of the tidal waterwals of tle monitored
area from 1974 to 1983, The table is in ou! standard fonBat, which is descdbed in the Results
section of tle chapter on Population Status, and the reader should refer to this.

Id Table 18 we presedt the results for al1 sun€ys car.ied out itr the Alligator Regiotr,
Cobowg Complerq add Adelaide River, in the sane form as Table 1A. Tables 2 and 3 are
obtaircd using Table 1A, and hightigtrt a number of salieot featores of the data fo! the Bbth-
Cadell and Liverpool-Tomkiusod Rivers Systeds. Ia Tables 4 and 5 we show summary results for
the number of crocodiles sighted in the hatchling; small (3-6'), ard large size classes durilg the
gereral night-time surveys of the major compotreats of the Blyth-Cadell atrd Liverpool-Tomkinsotr
Rive$ Systems. The more import t size classes are the 34'),large, and >3'. I erprctation of
small atrd non-hatchling numbers can be distorted teaporarily because of variations arisbg from
tle itrput of 2-3 animals after a heavy hatchling reduitment year. This \,?riation appears to soon
alisappear once the a.dmals reach tlc ;34' size classes.

Table 6 gives suddary results i.n the different size class€s for the waterways of Rolling ard
Jutrction Bays. Table 7 does likewise for each of the major compotrents of our Donitori.ng area
and for their combined total. Table 8 gives the results for the suneys of the maio altemative C.
prrorw habitats associated with the modtored area. The leader is asked to spetrd a few nitrutes
looking dow:r the columns i.n Tabl€s 4 to 7 bcfore proceediry. Table 9 for the Aligator Region
and Adelaide Ri!e! Systems has been obtained usiag Table 18 aDd presedts the results itr similar
forDr to Tables 2 and 3, with the sightings grouped into important size classes.

We draw attention to two important points when considering aad comparing the .esults
sho\x! in the Tables. The flrst lelates to the matter of erroG in size class estimation. We
discussed this matter h some detail in Messel et al. (1979-1984, 1:80,335, 389 and 18:117) and
refer the reader to these. The second matter concerns the importance of compaing results for
equivale survey seasoDs; that is, br€€ding versus breedirg and don-breediDg versus non-breeding
periods *henever possible (M€ssel et al. 1979-1984, B:124.12r. For exaf,ple, October,November
surlE)s should, if possible, be codpared with other October-November surveys and not JuEe-July
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Table 2A. B\tI--CadeI Ri\€rs System. Table for the Blytb-Cadell Rivers S'stcm showidg various size
class groupings".

Survey Total H 2-S h 25ft 2-6 ft Z6ft 16 ft
(s) (L) (M)

S:L M;L

O.t.
1 Nov.

23 Sept.
4 Nov.

11Apr.
3 May
8 Jone

16 Sept.
23 Oct.

10 Jutre
12 Sept.

10 Jutr€

4 Oct.

9 July
19 Oct.

25 June
6 Nov.

15 JuIy
26 Oct.

z8 177
230 16 169

242 13 172
231 14 L1l
232 25 796
257 212
2: 22 158

76 W 82 221
76 W 61 2r7

77 3Zl 72 N
n 333 88 215
77 55 108 215
TI M 105 2t4
77 M 112 2!M

?5
30
42
41
44

4t)
44

74 *7 89 28 12 2y2 6 2LL
75 39 50 263 4 A9 14 183

2ZL 23 L6L
78 432 t73 2t9
7a 39 $5 2N

55

119

46519

80

253 t 167 6.8 4.5
m4 9 ln 5.2 33

81 366 16 /A
81 315 72 119

67 163 3.r 2.4
39 E4 5.1 33

s2 4tx 1x
82 347 ltl

50 160 5.2 3.2
35 151 7.0 4.3

a3 65 157
83 354 73

Major floodiag
45
a

No flooding - driest wet on r€coid
123 251 91 87

n0

€.7 35.2
m.6 r.1

92 6.8
t4-4 10.6

18.6 t3.2
165 12.2
9.3 7.4

70.7 8.8
10.3 7.2

9.6

5.2

1.4400 249

196

160

8.2
7.0

3.6

5.06l

Heary floodhg
67
64

Dry w€t - mino. floodilg only
16 106 m5
164 72 191

Dry w€t - miaor flooding only
/2r a7 25a
217 64 26

" The 2-3', 34' ald +5 size classes are glouped together (2-5') and the size classes abo!€ those ltr
aaotler group (25'). We hal€ also gouped rle crocodiles sighted into small (2-6,), nedium (3-6,) and
large (26'). Also shoih are the ratios small/large and medium/arge. This Table was obtained by
using tle data gii€n in Table 1. See caption to Table 3 for division of the EO crocodiles amorg the
various size classes.



Table 28 Liverpool-ToEkinsoa Rirrrs System. F4uivalent Table for the overall UvErl,ool-ToEkinson
Rivers svstena

Survey Total H 2-5ft :5ft 2-6k
(s) :.6 ft

(L)
16ft
(M)

SrL M:L

18 July

25l,.,d^y
Z7 Oct.

27 Sept.

16 July
19 Oct.

15 Oct.

2ltrty
5 Oct.

12 June
16 Oct.

l July
13 Oct.

224 19
Major oooding

L44 65 169 40 130 4.2

n 245 40 1A % 16 39 160
n m 56 118 y 141 X l4

43 4,r
5.9 5.6

3.9 3.5

2.t 1.9
23 2.1

7a 37 137 65 156

No flooding - driest wet on record
109 117 152
101 y3 1X

0 LI]

79 515 A
79 355 161

't4 t4r
58 r20

80 a5 71 88 t73 51 12, 3.4 2.4

81 26
81 254 34

Heavy flooding
145 85 176
134 86 166

54  1332 i
54 1i3 3.1 25

az $7 193
82 3U 144

Dry wet - Einor flooding orly
161 t1i T7
13.5 105 flr

Dry vret - minor flooding only
217 94 257
rn 87 219

61 fia 3.1
69 155 2.5

2.7
2.2

a3 432 121
833 'n63

54 r74 4.8 32
45 t42 4.9 32

a. Note tiat th€ 1976 survcy shows 68 (EO) crocodiles sighted atrd 34 of these wcre taled to be larye.
This is probably too high a figure for the large asisals. A'1 idtensive r€capture programme was calrieal
out in 1975 thus Ealing many more animais lDore wary the! normal, Most of the animals ialolv€d in
the recapture proglamme scre small. It is thus jikely that the tflre ratios for 1976 are soEewhat hisher
Lbar those showD.
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Table 3A. Summary Table showitrg for €ach su\EJ of the overall Blytl-Cadell Rivers System rhe
number of docodil€s in the sbe class€s indicated'.

Survey
Date

Kilometers
Total H :2ft 23ft :4ft 25ft >6ft :7ft Surv€yed Density

Oct.

1Nov.

23 Sept.
4 Nov.

11Apr.
3 May
8 Jure

16 Sept.
a Oct.

10 June
12 Sept.

10 Jure

4 Oct.

9 July
19 Oct.

25 Jutre
6 Nov.

74 87 89 294 217 70 12 9L9

3.1975 353 50 303 L97 114 4t) 14 94.9

16 a2 26
76 3t)7 61 246

n 3/7 72 255
17 333 88 245
Tt 5 108 257
Tt 3M 105 2a1
Tt ffi 112 248

185

Major flooding
95 45 %E

166

't3 9
14 '7

25 1r
24 13
2. 10

v2.o
92.0

y2.o
92.0
90.5
90.5
m.5

m.5
90.5

94.5

2.89
2.6179 29

185 15
185 88

23694
180 94

194 110
184 103

25
30
42
47
44

2.77
2.66
2.U
3.10
2.14

2.86
2.70

3.62

3.02

3.2,
2.70

18 432
78 39 155

119

244
$ 21 tl

23 12

79 65
No flooding - driest wet oD record

342 251 154 91 55

81 r92 115 61 32

35

80 400 17 92.9

90.1
49.2

91.9
y25

91.8
92.8

81 366 16 290
81 315 72 243

H€ary flooding
m4 1$ 67 37
16 101 & 39

m
18

82 408
82 34'I 111

Dry wet - didor flooding only
n2z /J1630667
2X 193 1A 72 39

Dry wet - Dri.nor flooding odly
308 2r0 142 8? 50
81 186 113 64 35

19
2.96
2.55

15 July 83 45 157
26 Oct. 83 354 73 L9

3.
3.03

a T he EO (elE renection only was seen) ctasses ha\E beeu added t ether in each survey ard 50% of
these have been distributed equally among rhe 3-4', +t and 5-6' size classes; the remaining 507o have
been distributed to the 26 sizr classes with 1/3 being allocated to the 6-7'size class ard 2/3 to size
class Z?. This weights the distribution heavily in favor of large crocodiles, which aie known to
normally bc the most wary. Wlen thc EO is an odd nusber, the bias is atso given to the large size
classes. For 1974, all EO Gocodiles were put in the 27 siz€ class.
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Tablc 38. Equivalent Table for Livcrpool.ToEtinsotr SFter

Survey
Date

Kilometres

Total H >2ft 23ft :4ft >5ft :6ft >?ft Surveyed Density

18 July 76

25M^y 77
nod, Tl

2?Sep t .78

16 July 79
19 Oct. ?9

15 Oct. 80

2 July 81
5 Oct. 81

za

2A5
u

152.5

145.1
'l:/34

14L4

150.0
14L.1

14l,6

140.6
141.1

13'I

1.41
L39

L39

1.51
1.38

159

1.64
1.56

t9

40 19
L7

m

Major Flooding
2N 1?0 103 65 4

x5 79 142 76 9
r72 165 121 54 25

1 r78 lX 65 40

No flooding _ dnest wet on record
26 2t5 168 r17 14
Lg4 1?8 1K 93 58

24 173 fia 88 51

HeavY floodilg
N 178 122 85 54
nn rg7 lz) 86 54

Dry wet - mitror flooding oBlY
n4 a5 112 113 67
z4o ta 166 105 69

Dry $ct - minor floodirg onlY
311 U 151 94 54
264 187 13 87 45

515 249
355 161

295 7L

1.94
L30

22n
r.81

35

35
38

30
29

12June 82
16 Oct. 82

l July 83
13 Oct. 83

256 26
254 34

$7 193
g 144

432 121
3n 63

t41.L
141.1

L4t1
141.1.
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Table 9. Sightings on waterways of var Diemar Guffa.

34_
L,trge

Large
(3-6') (26)Totals Hatchlings (2-3',)Survoy

ADEI-AIDE
July n
Sept. 18
Sept T)
July 84

MURGENELI-A
Oct. n
Juae "18
Aug. '19

July U

EAST ALLIGATOR
Oct. TI
JUITC

Au& '79

July 84

SOUTH ATLIGATOR
Oct. n
June 18
Aug. 79
July U

WEST AIUGATOR

4t7
381
t4
&2

24
8

I
16
24
L'l

18
l4
30
51

-.

1
15

2

9
2

16
34
60

,€
62
53
60

1
48
47
7

53
39
53
zz

9

12
17

53
L
'%

95
t73
198
z$

318
38
393
4tl

157
164
/t9

aL 3.:26
18 2J8

18 154
za !.22

69 1.06
75 097

101 0.57
14'7 0.53

2t 1.!3
56 0.79
44 2.r8

2r8 r.54
254 132

0.94
423 r,01

402
461

25
m
34
A

83
85
96

1m

264
211
1m
zn

50
6

1L7

154
175
159
181

78

47

4l
TI

2a

325
453

6

39

7.91
035
1.08
t23

L6
1:B
1.05
1.15

1.88
1.85
L2r

59
61
95

101
151
151

Oct.
June
Aug.
June

TI
7a
79
u

WILDMAN
Sept. '74

Aug. 79
June U

ALLIGATOR REGION
EXCL. WILDMAN

Aug. T)
July U

ALLIGATOR REGION
WTIH WILDMAN

Jule 18
Au& '19

July 84

2L
38
g

85

54
98

L45

63
116
116
85

169
13fl
1 t 1

118
r55
2:

638
744
851

7W

2
1006
1rn

n
n

Oct.
June

x5
w
549

1.33
0.92
1.18



Table 9. codtinu€d.

36:
Large

Large
(2-3') (3-6) e.6)Totals EatcblinSsSurvey

SALWATER
Aug.
J',ly

MINIMINI
Aug.

T)
84

79

a
25

11

10
25

n
44

6
1 T2

11 8

3 2.67
3 2.00

1 5.00
4 1.50

2 0.50
4 0.00

2 2.fi
3 0.67

0.75
1.38

J'rly 84

MIDDLE ARM
Aug. 79
J"ly U

IWALG
Aug. 79
July U

MINIMIM COMPLEX

6
10

Aug.
JulY

ARM A
Aug.
J"ly

ARM B
Aug.
July

ARM C
Au&
Juty

ARM D
Aug.
JuIy

II,{.I!{ARYT
Aug.
July

II.AMARYI COMPLEX
Aug. 79
July U

COBOURG COMPLEX
AW. 79

79
u

79
u

79
u

5
12

9
27

m
24

29 1.31
45 0.69

38

&

67

18

3
1

1

1.00
1.08

2.N
1.10

1.50
0.13

79
u

't9

u

79
u 7

20
8

o.D
0.40

1.00

1.00
0.33

July u



Table 9. cootinued.

Survey Totals Hatcblilgs (r3') (36)
Large
e6) Large

COBOURG COMPLEX
& SALTWATER

Aug. T)

Sept. & Ju[e 78
Sept. & Au& 79
July U

u
45
I

447
519

137
rfl

96
101

29

69
651

6
I 50

43

419
592

600
553
515
73L

592
559
sn

610
870

1.11
0.43

0.94
1.14

J,,Iy

AILIGATOR REGION +
COBOIIRG COMPLEX & SALTWATER

Aug. n 1102
Joly U 1373

ADEITC,IDE + AILIGATOR
REGION EXCL. WILDMAN

July& Oct. 77 1055

I
L45

45

72
121

78
106
181

107
181

23L
190
r7L

lm
tn

1125
\225
1648

1243
1380
rll74

111
L1a
169
t45

2'o7
r.61
1.10
r.72

1.65
1.06
1.19

1,07
1.16

ADEI.AIDE + ALLIGATOR
REGION WIIH WILDMAN

Sept. & Jutre 78
Scp t .&Aug .79
July 84

352
525
695

569
747

ASOVE + COBOURG COMPLEX
& SALTWATER

Sept. &Aug, T 1416
July U 1n5

a T.his Table was prepared using the tesults given ia Table 18 ard goups the crocodiles sighted ir o the

imDortant sizc class€s showD.
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ones. In the case of the 1984 Jun€_July surve)s of the tidal water',tr'ays in the Aligator Region,

results can be most meaningfully compared with those for the Jurle-July 1978 and August 1979

survevs rather than th€ Ottober 19?7 one. Howev€r, even in the case of the 1979 results,

coDsiaerable caution Dust be used, for the ]1918'7979 wet seasotr was the driest on record and

matrv of lhe animals that would have normally been in the assooated freshwatel complexes at the

rime of rhe survev were forced back into lhe tidal waterways (see Messel et al. 1979'1984:1. 4. 14

ard specially 18 where tbjs matter is discussed h detail). In the c-ase of Mu-rgen€lla-c,reek, the

"oo""ot "tioo 
upp""t. to have talrcn ptace in 1978 (Messel €t al. 1979-1984, 4:18 and 14:76)'

A MODEL FOR Tm DYNAMICS OF C.po.or'6 POPULATIONS

As stateal previousl, the model which we have built up and have been refining (specialy see

Mess€l et al. 19?9-1984[l and 18]) as more data are obtained not orily enables us to account in a

consistent fashion for thi vast stoie of field observations atrd results we have accumulated for some

100 tidal waterways in northem Australia, but also enables us to prcdict successfully results to be

€xpected on future individual sorveys. The oodel runs as follows:

1. The tidal watewrays of north€m Australia have been classified according to their salinity

sisnatures into TYPE 1, TYPE 2, and TYPE 3 slatems shown in Fig T (see our chapter otr ecology

o{ C. oorosts for more detail on this) TYPE 1 s}stems are the main breeding oies and non_

IYPE 1 systems are usually pool or non-breeding s'stems. It is the TYPE 1 systems.ard the

freshwate;bilabongs and s€mipetmaMt and permarent freshwater swamPs assocrated with them

which account for ihe najor ricruitnent of C. polotLt; the other slstems contribute to a lesser

degee and tley must depefld largely upon TYPE 1 $'stems and their associat€d freshwat€r

coiplexes for ihe provision of th;ir crocodiles. Notr_TYPE 1 syst€ms also sometirles have

ftesliwater complexes associated with them but these ar€ norBally quite mircr.

2. As ildicated in Fi& 7, otu lesults show that in TYPE 1 systems some 2'7' of the docodiles

siqhted are hatchlinqsiof which some 5070 are normally lost between June of one year and June of

rh? nex. Messel et il. 199-1986, 1:394), whereas h TYPE 2-3 systems this figure falls to 14% and

in TYP6 3 systems down to 4%, showing a much d€creased hatchling reduitment in nor_TYPE 1

syrstems. In TYPE 3 systems the P€rcentage of crocodiles in the hatchling, 2_3',. and .14' 
size

ciasses combined is some 11% wher€as i! TYPE 1 srstems it is at least 52%. On the olher hard

the p€rcentage ofdocodiles b the :4-5' size classes is some 397" in TYPE 1 srstems and 737" on

ffryg g q"t"-.. Some 79% of the non_hatchling crocodiles are sighted on TYPE 1 wat€nvays

and2lqo oD non-TWE L waterwalE (Mess€l ct al. 1979-L986' 1t419)

3. Thc relativety fcw large, and more frequeat smal heshwat€r billabongs and semiperdanent ard

permanent fteshwater swamps associat€d with tidal waterways are knovrn to contain C Porotl's but

iave aot been inveutoried systematically, except in a few cases. The accurate extent of their non_

hatchling C. polorur poPulations is unknown. Bascd upon the fact that the number,of large

freshwaier swarnp areis, with substantiat pereo o ia I wqter (normally bordering o)d river channels),

in northern Aust;afa is very limited-perhaps a{X) }mr maximum--and upon limited observations,

we estidated that in 1979 the non-hatchting c. prtonn population was less than 207, of the non-

hatcbling populatiotr sighted iD tidal s'stems. we now b€li€ve that the 20qo fi8ure was an

or"erestimatelor 879-an unusual y€ar associated with orc of lhe 'driest wet" seasoDs on record

4. It appears that the poPulating oI non-TYPE 1 systems (hvPersaline or partially hypenaline

coa$al ;;d non-coa$al ;a;erways) results mostly from the exclusron of a large fraction of the sub_

adult socoaliles from TYPE 1 slstems and any freshwater complex€s associated with them- Adult
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crocodiles aDDear qenerallv to blerate hatchlingE 2_ 3', and sometimes even 3_4' sized crocodiles

; ti.i' 
"i"irli" 

rr'it.., i''aro-tlev so."d.o 
"at 

them, Messel et al 1979-1986' 14:43, or kill

*.* frl,:lol, but not l-gei cto-diles. Thus once a crocodile reaches the 3-4 and +5' size

classes, ii is lilety to be chJleoged increasingly aot only by crocodiles near or in its owtr size dass

iv..."f., ul. tsfe-t9SO, r,+S++Ss; Uut by;ocodiles in the larger size classes and to be excluded

io- ile atea it was able to occupy whcn it was smaller, A very dynamic situatioD prevails vrith

both a<lults and sub-adults being-forced to move b€tlr/eed larious compon€nts of a system and

betweetr svsteds, Crocodile irt€tactio.s or agStessiveness b€tween clocodiies h all size classes

io"."""." ito*a o"tot"r-during the breeding ieasotr (Messel et al 19?9-1986, r:445 and 18:109)

antl exclusions, if any, norBaly o;cur arouod this period. A substantial fraction-(-80%) oI the sub-

aaufts, nostty in ttre i-O size classes but aiso iDcluding immature larger crocodiles' are eventually

excluded ftom the river prop€r or aie predated upon by larger crocodiles'

5. Of those clocoaliles that have bsen exclud€4 some may take refuge in freshwater swamp aftas

anal bitlabongs associated with tle walervray frod which they w€re excluded or in the waterways'

roi-iwe r-o*rc if it has any. others may travel along the coast until by chance they fiud a

non-TYPE f or another TYPE i waterway, ho*ever in this latter case th€y may agaitr be excluded

from it; others may go out to sea alrd possibly perish perhaps b€calse of lack-ofJood, as they nre

larselv shallo.t *aiei ou edge feeders or tbey may be take! by shark Those findiry non-TYPE I

"vsie^s. 
or asso.iated ftesh--water complexes frequed these ar€as, whlch act as rearing stocktatds'

for varvinc oeriods, udil tbev reach sexual daturity, at which time they endeavor to retum to a

TYPE i ieedbg systen. Sifte a largc fraction of the crocodil€s sighted in notr-TYPE 1 syst€as

must be derived irom TYPE l system; and their associated freshwater complex€E they ar€, as s€otr

in (2) above, predooinantly sub-'adults in rhe :3' size classes or just baLure adulls (M€ssel et al'

lei.f-reAf, r'i:9. Both s;tsadults ard just to;rure aduks migbt at(emPt to return and be forced

out of th€ ;yste; nany times b€fore tinally being successful in establisbing a territory in a TYPE 1

",ot". 
o. ln its associated freshwater conrplei Crocodil€s Illay have a boming instirct (this

iooo(ant poirt requres further srudy) and ev€n though a fraction ofcrocodiles bay finally returD

io'aaa t.-ui" i" a fWE I systed ;r in its associated freshwater comPlex, the overal sub_adult

numb€$ dissing- presumed dead-rehain high and appear to be at least 60-7070'

6. Nolmally, the freshwater complexes (swamps and/or billabongs) associated with tidal systems,

are found ai the te niaal s€ctions of small and large creelG running into the maln water'*ay' or at

th6 terminal sections of the mai[stteam(s). Though this alternative habitat is usually very limited

ilr erdent, sporadrc (a[d sohetimes exteDsrve yearly) nosting doe'! take place oD -it' There are'

however, several fairly exensive fiesh*ater complexes associated witb TYPE 1 ddal syst€ms and

these are importat as they may act both as rearing stockyards ard a5 breedilgs'5tems, jud as the

TYPE 1 waierway does itself.' Examples of these are the Glyde River with the Aratura SwamP

{Messel et al. 1979-1986, 9), the Alligator Region Rivers with their wetlands (Messel et al l9?9-

ig86, q, r+), -d tl" o"ly, Frnniss, Reynolds, and Moyle rivets v/ith their wetlands (Me:sel et al

iglglrsff.,'il, Not only cin the loss factor' which appea$ to occur during the exclusion stage' be

exoected to be lower ior aov€ments into aad out of swamp areas associated with a TYPE 1

wa:terway thar for movernent into and out of coastal rcn'TYPE l systems, but th€ loss of nests due

to flooding can also be expectod to be less. we have observed nests made of floating grass cane

,nats in tb; Daly Riler Aboriginal Reserve arca. Thus rccovery of the C. poro$lj populatior on

TYPE 1 tidal waterways, witfsubstantial associated freshwater complexes, catr be expected to be

faster than on other systems (Messel €t al. 19?9-1986, t44t 14:98 ard also see importaDt results

foi the 1981 resurvey of.lliigator Region and Adelaide Ri\€r systems appearing in 19 and

discussed herc later).

7. Because of t\e -80Vo exclusion and at leest &'1OEo losses of sub_adult ciocodiles as they

Droceeal towad sexual maturity, there app€ars to have been no sigDificant sustained iocrease ilr the



rcn-hatcbling C. po.orur popularion on the some 500 km of ridal waterways moniroreal in the
Maaiugrida atea of northem Australia since rhe comoencemelt of our systematic sunels in 1974,
a period of ten yeals (Messel et al. 1979-1986. 18). Wirh rhe excepiioo of tle Clyde niver, these
waterwals have only mhor freshwarer corhptexes associared wirh tb;m.

8. Though there appears to have been ro sustained significant increase in the number of noD-
hatchlirg crocodiles sigbted od the tidal waterwa's of the Maninglida ar€a siDc€ our sun€ys
start€d in 1974, the size structure of the arimals sighred appears t; have b€en cbanging slowly.
Notwitktandiig substantial fluctuations, the ratios of snal li-01 to lage 1>6), and 3-6, to large
animals wEs deceasirg otr the Blytt-Cadell, oay have bc€' aecreasin-g on the Liverpool-
ToEkilson aad was decleasing or€lall on tle tidal water*ays of tle Maniagrida monitoring irea.
Thus th€re was some isdication of the commerccment of a slow iecovery ph;e.

9. Fo! tle 861 km of tidal wat€rqrays of the Aligator Region, with their substantiat freshwater
complexes, and tbe_Ad€laide River System, there was strong evidence, as of Jdy 19g4, that an
rmporta.t and sustaroed recovery was urder*ay (as predided in 6 above).

10. Though there are wide fluctuatioN, specially alter dry wet" seasoEs when the animals are
concentrat€d into th€ tidal waterways, it appears that as the number of large crocldiles irl a tidal
waterway incleases. rhere is a terdency foi the number of sub-adutts in the 3-6, sie classes to
deqease or only ;nclease barghaly. Thus the total nubber of 3-6. ad large animals sighted
appears gercraly to be holding steady or onty hcrcasing slowly. This densiry d-ependent behavior
has an iDportant bearing on lhe rate of population gror{h ard on rhe iize'structure of the
population

11- -Whcn a steady state is reacled in a 'recovered' population, the ratio of 3_6, to large alimals
Dright b€ considerably less than one.

12. Alr idportant and remarkable fact b€comes evident if one excludes the 3_4, size class and
focuses on the 45' alld s{'.size classes only. Regardless of how large the recruitment may be, the
number of ani$als sighted in the 4- t and 5-6' size classes seems to remain essentiallv consranr or
only increas€s slowly. Thus a major bottleneck occuN for these size classes. It is as if there are a
dehnite number of slots for these animals on a giveo river system and that the number of these slots
only-increases slowly--if at all (note specially the results for the Blyth-Cade an<l Liverpool_
Tomfjnson *aterways in Messel et al 1979-1986, 1, 18 and the 1984 resuirs for the Aligaror R;gion
a:d Ad_€.lad9 River sJ,stems appearing in 19). The docodiles thernselves appear to-be prirnirity
respoDsible lor the very heary losses of =70 perc€nt tlat occur id th€ proc; of [ying to secure
these slots or to increase them in number.

13. Ifone considers a gloup of 100 of the sub"adult crocodiles in a TypE 1 tidal svstem without a
substadial lreshwater coapl€x associated with ir. one car expect some g0 to be eiduded from it,
at least 60'70 to end up missing-presumed dead-few€r rhan t5-20 to successfullv establish
rerritories on rbe sysrem withour havi.g to leave ir, and the remahder mishr eventuajlv ajso rrLurn
and eslablish a rerritory, specially alter becoming sexually mature. The viry nature oi rfus maner
|5 such as to..preclude p_recise figues and rhey must be looked upon as broad estimates only,
bowever detailed_srudy of our resuks (Messel et al. t979-1986. l8) n;w ind;cates rhar t_he missing_
presumed d€ad figure is likely to be itr excess of 70. For srstems with substantial freshwate.
complexes associated with them, this figure is fikely to be considerably less.

14. Wlen there is ad exclusion of sub-adult animals, mostly 36' in size but also includin{
irnmatur_e larger ardmalg this take! place mainly in the brcecling season, nornally conrreacini
around September-October and apparently lastjng throughout the *et seasoo. aay inllux o]



animald, in th€ 3-6' and/or large size classes, appears to occur mainly in the early dry season atrd to

be coEpleted in the June-earty september period, but in some years may be earlier.

15. After a single 'dry wet" scason there is a substantial influx of large and sometides 36' animals,
forced out of freshwater complexes, into the tidal waterwals and these are sighted during June_July
survels. Survels lrade in October-Norcmber of the same year, usually rcleal a substatrtial
decrease in the nusber of 36' and/o. large aDimals sigbted; however, the rnber of large animals
sighted sometimes remains higher thatr previously seetr and hetrce a trumb€r of the rcw large

animals do not ieturn from whence tley came. These aninals appear successful in establishing a
territory otr the waterwat atrd it could be the *aterway from which they had originally been
excluded. The 'd.y wet" variation itr the trumber of aniEals sidted app€ars to be supcrimposed
opotr the vaiatioDs aormally found during survep following usual \r€t seasons-which gederally

r;suft itr extensive flooding on the upstream sections of the tidal waterwals. Hatchling rccruitment
on the tidal waterwats is generally geatly eDhanced during "dry wet" seasoN but appea$ to be
geatly reduced itr dajor swamp habitat. The rei€rse appears to be true during rcrma1 or hea\y

DISCUSSION

Th€ Monltor€d Arca

The resulrs of our survels in our mositored area c€dered on Ma[ingrida have been essedtially
summariz€d in poidts 9 to 15 of our model and are discussed in detail in Messel et al. (1979-1986,
18).

Itr Fi& 8 we hav€ plotted, usind Table 8, the number of 3-6', larg€ and their surn, 36' plus
lalge, or :3' animals sighted on surveys over the past 8 years of the Liverpool_Tomkinsor\ Blrtl-
cadell, and the 4 waterwa)s of Rolling ad Junction Bays. The waterways of Rolling and Junction
Bays would not be surveyed every time the Bbtl-Cadel and Liverpool-Tomkinson w€re, thus
resultirg i! a number of bcomplete totals. These cases are referred to b the caption of Table 7,
and certain corr€ctions 6re suggested. The trumber of large crocodiles sighted on the overall
Systems dudag the surveys of 1976 was 83 and the number of16'admals wls 340. The aumber of
bot! 16' and large crocodiles sighted then essentiatly held steady or even declined slightly u{il
Juc-July frl9 when th€re was a dladatrc jump folowilg the 'driest wet" on record of 19?8- 1979.
In Messel et al. (1979-1986, 18) we discuss h detail where these additional animals may have come
from and show that the results are expli.able on the basis of their being forced out of the Arafrira
Swamp whlch was being used both as a breediDg system and a rearhg stockyard. By the time of
the June-July 1981 surveys the trumber of '6 animals sighted was back to almost the same figure
as in 19?6 (347 versus 340), whereas the number of large crocodiles remained at a higber lev€I, 113
versus 83. Obviously a aumber of the retutning large admals were being successful in €stablishing
a territory for thems€lves, probably in tle very waterways from which they had been excluded, but
many of their less successful rivals were )joining the ranks of the missing-presumed dead in th€

Focess. Then came the two 'dry wets' of 1981-1982 and 1982-1983. Again th€re was ad inllux, this
time of ?2 3-6' atrd 58 large animalsi 392 3-6' a d 163large animals (amazingly the number for
19?9 had been 162) w€re sighted. Agah a substantial fraction of the increase, specially for large
animals could only have been derived from animals excluded from the Arafura SwamP. In June of
both 19?9 alrd 1982, concentrations of la.ge animals were sighted at the mouth of the Blyth River,
showing that they were entering and leaving the System tlrough the mouth. By tbe time or the
Jurc-July 1983 surve's the number of large animals sighted had dropped to 125
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whereas the number of (3'6') admals remained almost constant (392 versus 391) Then came the

expected drop in numbe;s for the October 1983 survey when 350 3-6' and 106 large animals were

spotted.

Obvioosly only a telatively small number of additiodal 3'6' animals may have becd successful

in estutUOioj a tettitoty for ihemselves duriag the 8 year pe od: it is as if thire were a fairly

defmite numb'er of slots;r territones otr the 'mterwa,s for the 16' adEals and the number and

size of those slots caa vary depending upon a complex set of factors of which foo!-1pply is one'

Of course lhe 3-6 a matsutilizing tbase ia lgS3 were rot th€ same animals which lilled thos€ slots

in 1t6. superimposed upon this is the increasi.lgly aggressive bchavior of-the 'ninals as th€

October-Novenbei period approaches and the more aggressive behavior of the latge animals

towards the 3- 6' odes duliug the b(eeding season

The picture in the Ma.oingida area for the large animals is abng the same lircs'.ComParing

tle survel,s of July-septemb€r-196 with those of JuDe-July 1983 indicates that atr additional (125

versus S:! +Z Utge -;-als had or were well on the way to estabfshing a territory for-tlemshes'

study of Tabbsl 5, atrd 6 reveals that, as expecte4 tbose territories w€re in the TYPE 1

wate;/ays. On the other hatrd, sidce only 106large animals were siglrted durin€ the.October 1983

survey, ii is appareat tlat a nuaber of large aaimals which held a territory itr the July 1983 period

"ould "ot 
doio o""" the br€edilg season commenced Again orc must realize that orc is viewing

a Lighly dynairic situation: a largJ admal may be successful in holding a territory for only a limited

oeri_od. Even the largest aaimals nay evenrualy be deposed by younger and more aggressive ones'

ihis coothual batdJfor the eventual right to breed is documented for many specres The loss€s

itrlolved duri.Dg this process itr the case of cpoto.rur are startliogly high' and this includes the large

size classes.

A broad estimate for the minimum Percentage of 3-6' crocodiles which ar€ excluded and/or

lost from lhe llotritor€d area may be obtaircd by notiig (Table 7) that 340 3'6' atrd 83 large

aDimals were sighted during the July 1976 survey ald that the July 1983 suft€]s revealed 125 large

crocodiles only. Each of tf; 3-6' arinals of 1976 woul4 if they survived, be ia thelarge size dass

by 1983 alrd iedcr th€ minifium pcrcentage which have been excluded.ani/or.lost ^(minimum
bec.ause we have assumed that all the bcrease originated ftom the 340) by July 1983 is (340-

42\/2/0 ot 8V.. Aqain if we assume ttra! lhe 'dry wet' of 1981-1982 had concentrated back into

ou nonitored wate-rwalt rea'ly aI ot the surviving laree admals originaly recruited there..and

none origiuating from efuwhere--then ?6% becomes the estimate for the missing-Presumed dead'
-3-6' aninals (340- 80)/3tfr ot 76Eo)

obviously the exclusiols and/or loss€'s of animals in all size classes have to date nearly

eoualled lhe inDut. I! should be stressed lhat the large siz€ classes are included; that they also

sr-iGr substatrd;l exclusion ard/or loss€s for w€ klow from our recaPture work (see Messel et al'

19?9-1986. U]) that sone 3-6' aDimals do eater tle large size class and yet the overaU number of

large animals sigLted only i.acreases marginally.

In oraler to elimirate the valious possibilities :rs to whete the large number of apParendy

missing crocodiles could be, we sur','eye4 in t982 and 1983, all of the alternative habitat (such as

smal Joastal creeks and billabongs) in the aonitoring area that we could gain entry tq using boats'

vehicles, and a helicopter. This was a very expeasive atrd ti$e-consuning ex€rdse, but ode we felt

had to be done. ThJresults given in Table 8 show tlat the altemative habitat does Provide sodle

important rearing stockyar<ls ior both large and small animals, but tle number of anirnals involved

is i-a!l co-patel o tle hundleds missing (much more detail on the al,ternative habitat may be

found in Messel et al. 1q79-1986, 18). As Poiited out previously, the Arafura Swamp appears to be

the rnaia haven of refuge for the excluded crocodiles



RESULTS IN VAN DIEMEN GI]LF

In Tables 18 and 9 we have conbined tte rcsults Aom 192 to 1984 fo, the tidal warerways
surveye4 from th€ arlharyi Ri!€r in thc Cobourg peDinsula to the Aalelaide Ri\€r h Adass Bay.
The various combi&tions shown allow oDe to view the results ftom a rumber of rliffereat anglis
and to assers the recovery of CpoDrur in this b(oad g€ographicsl area of northem Aust alia. In
Figs. 9 ard 10 we have plotted, using Table 9, t[e results of the va! DieEen culf surveys in the
same maaner as in Fig. 8 for the monitored uca.

1. One point which stands out strongly foi €ach of the combi.utiotrs shown is the inllated number
of admals sighted during the July 1984 survey in the 3-4 size class (Iable 18) al1(l that this in rurtr
has inflated th€ 3-6'size class nuhber couir (Figs.9 and rO) aad the 3.6./large rario (Table 9).
These admals ir the 3-?F size class are the result ofthe exccuedt breeding season auring tle "dry
wet" of 1981-1982 and a large fracrion of th€n are uI ikely ro enrer tle t5. a_nd 5_6, size ctasses.
Exclu.li.g sucb-fluctuatioE\ which appear to level out rather quickly, the number of 3-6, animats
$gbreo troftdaty .emaras lafly constant (see Table 2). However, as we have accumulated more
and Drore dara, ir has become clear that il is the 45' and 5-6, size classes which p.ovide most of the
bottleneck and lhat rbe nec* size appears to remain surprisingly constant for a given tidal slstem.
rDls appears ro be as true tor the waterways of Van Diemen culf as for those in the monitor€d

2. Exanining the results in Tabte 18 for tbe "Alligaror Region plus Cobourg Complex and
Saltwater"--629.6 km-shows that the number of +5. plus 5-6 animats sighred dur;s the 1979 and
1984 surveys were 52 add 261 respectivety. Interesrirgty the nunber oJ (6-?.1 anjials positivety
roeorllleo was tb4 oD eacb survey,

_ ̂_- For the "Adelaide plus Alligator R€giotr wirh Wildman'-- 586.1 km_the +5, plus 5_6, counts for
1978, 1979, and 1984 were364,343, ard 3?6 respectively. Consideriog rhe errorsl _ofup roooe size
cla-ss-whicb can easity arise in s;7e class estimarioo. thisis an afta2ing-coDstancy.

If oae th€n adds in the results for the Cobourg Complex and SaltEater, the 4-5, plus 5{,
counts fo. 1q79 and 1984 become 385 and 404 .espectively--again surp singly co.stan; for the
861.2 km of tidal waterwals surveyed.

The saae exercise may be carried out fo. the Bt/th- Cadel ajrd the LiverDool-Tomkinson
Ri!!r SlsteEs, Eing Table 1A aod again orc finds a simitar coDstancy id the number of 4-5, plus
5-6' aninals sighted.

3. Though tbe duEber couDr for the zL5. plus 5-6'size classes appears ro remai! closely conslatrr
lrom survey ro equivalenr survey, this is not the case for large animals. Ooce tbe animals bave
passod through the bottletreck, their nuobers appear to continue to in6ease--in spite of various
and continuing losses wirhir rh€ir size classes as well (Table 9 and Figs.9 and 10).

For the 'Alligator Regiotr plus Cobourg Complex ard Sal$at€r"--629.6 tm_the numbers of
large animals sighted on the 1979 survey was zt4? whiie the 1984 survey yielded 519 la€€ aniEals.

. For .the 
'Adelaide_ plus Alligaror Region wirh Wildman -- 586.1 km--the nunber of la.ge

animals sighted during th€ 198, 1979, and 1984 surveys l'as 352, 525, and 695 respectively. And if



E E
- a @

,i1.9

. 6 v

5>
t"de.z

L €

R<

9E

p..9 9< FE
o i : b

: P t o

3t?

aea

o



i r?

o F 9
&i=.

; : - :

; ; €
:9 t

e E<
.:-E.9
;r€

J-: E
s_: €
i- Et
9 =  9

b? H
.E*:a
E99E

9  0 :a
EE*e
J.o (  i "
EE;€
< 8.$€
=S?s
. 'EeF

. !P!  !  6-

a5



nl

one ad& iD the Cobourg Complex arld Saltwater Creek, then the trumber of large admals sighted on

the 861.2 km of these tidal waterwa]s during the 19?9 and 1984 surveys is 569 and 747 respectively

4. As already poiDted out previouslt the 'dry wet" seasotr ol 1981-1982 apparentlv. resulted in

heary hatcbling recruitment and thrs in tum resulted in a high 3-4' aninal count during the July

1984survey. As has b€etr showtr during tle course of our letrgthy study otr the Blytl_Caddl and

Liverpool-Todkinsotr Rivers Slstems such fluctuations are soon smoothed out (Messel et a| 1979_

1986, 1, 18 and Tables 1A and 2). The heavy '4' ad$al count in tum inllated the 3-6' couft wbich

i.u turn halted the d€cieasing 16'/large ratio (Table 9 and Figs. 9 to 10). Furthermore, the heary

losses of large a.dimals thrcugh droq,nilg in barfamuldi nets s€t in the tidal wate ays of K'ladu

National Parl( aho leads to a! artificialy higl ratio. Some idea of the impact of net fishiog may be

eaiffd by comparing the rcsults in Table 9 for Murgedella Creek, where let fishiDg is trot allowed,

La tt" west augaio. nivet, where it is alowed- If commercial net fishiry was halted itr the tidal

water*ays of the National Part, one could be conlident that th€ ratio would continue to fall over

the lorg term. However otly tepeate4 carefu! atrd systematic survelK of the overall watelways itr

the area ca:r provide a long t€rm check on this liatter.

5. The deNity of non-hatchling crocodiles siglted dudng the 1984 resurvey ircreased h each of

the systems and areas (Table 1B). For the overal 861.2 km of tidal *"terways resurveyed, the
itrcrease *as from 1.5/km for 19?9 to 2.1 for 1984. This incr€ase is signficant statisticaly at > 997'

level of confrd€nce add importa.ntly tho hcrease is rct made up of increases id th€ 3-6' size dasses
(870 versus 610) onlt but th€re was aiso a large bcrease in the dumber of large animals sighted
(747 versus 569).

6. Along the waterways of the Alligatof Region, there has been rDuch d€struction of riverine

habitat by feral water buffato. Ttris is especrally so for the south Alligator and accounts for the

midmal hatchling recruitment. We b€li€ve that r€cruitment in the assoclated freshwat€r

complexes must piay an important role in the Alligator Region, especially for the South Alligator.

7. The total trumbe. of C. poroflrr siglted o! the 261.0 km of waterways conprising th€ Cobourg

Complex rncreased frorn 67 for the 1979 suvey to 76 for the 1984 one. This increase is not

statisiically significant and the density figure for the CoEplex increased from 0.:26 /Un to 0,D /knL
only.

Thus tle pres€nt results suPPort the vievr' that a srlstainable recovery in the C, Po,orllr
populatior is in progr€ss in the Adelaide River Ststem aad In tle tidal waterwa)s of the Aligator

iegion. Fu*hernoie this recovery is very much in accord with the prediclions of our model Th€

rec;iery is much strotrger tha! that found for the tidal *aterwa's in the Maningrida area. In Tahle

10, we have coEbircd data for 19?9 and 1983 from Table 1A for the 411.5 km of tidal wat€rways

monitored in the Madilgrida area, which encompass the Coomadeer, Liverpool_Tomkinson'
Bb'tl-Cadel, aDd Glydo Rivers Systems and various TYPE 3 creek in the area' aDd presented

these in the same form as the results showr in Tables 1A ad 9 Tlis theu Perrnits us to conpare

surrvey lesults lor the bonitored tidal waten*?ys In the Madngrida area with those for the 8612

km oi waterways bordering Van Diem€n Gulf. Comparing Tables 9 and 10 higilights imnediately
and strongly the difference between the regions. The explanation for the difference in recovery
rates is straightforward. Whereas the fteshwater compl€xes associated with the TYPE 1r?ten*'a)€
itr the Maiingdda area are scalt, atrd heice most of the animals excluded from the tidal syst€ms in

the area hadlittte choice but to leave the systems (and lat€r endeavor to return or to be killed if

tbey remained). In tbis proc€ss the losses in the 3'6' and large size classes are very high. on the

other hand, in the Alligator Reglon, there are substantial freshwater complexes associated with the

TY?E I tidal waterwa]s and many of the excluded animals take refuge ir thcse and they are used

both as rearing stocLyards and as breeding ststeas. In freshwater compl€xes there are maay more



places for qocodiles to hide from other crocodiles than on a dver with only two hank. The losses
:-:!:-:*: 

-dd 
l. 

.-pected ro be lower (see poirts 5 and 6 of our modjy -a ,u" ..-,..y *,"raster tban oq sysle.ns witbout assocjated hesbwater complexes. For the overau *€terwa]s itr theAligator Regiod we found that the €xdusion and/or loss iactor varied betwe." ll ii 62". .rhi"
latter higb figure caa probably be atlributed largely to the loss of crocodiles rhrougtr diowning ir
nets. Wcre it not for this, the figure would undoubtedly have been much lower a_a'd the .ecovery
more spectacular.

Fo_r tie,Ad€laide Rier Slstem, two important facto$ appear to come into play. Though
a:any of the former freshwater complex€s associated with the S)srem have teeo aesr'rofa Uy ferat
water bulfalo, rhe waterway has ir addition an extetrsi!€ (10i8 kB) srstem of _o.iv rYpe:
waterways on its do\*rrstream sectioE and hence whcn aaimars are elcludcd from thi breediag
sections th€y can take refuge iD these *ithout leaving r.he System. The exclusiotr and/or loss iactor
for tbe Adelaide Ststem wns only berween 3l and45%, c;mpared to th" gO to ml, o. .ore, ro,
th€ waterways-rn rhe Madlg da area fMessel er at. t9?9-1984, U:r27, 134, 155). Ttre hcrease
rrom oEry Ul targe animats sigbred oo tie Adelaide during the July I9Z surv€y ro 22g large
animals sight€d or th€ July 1984 one is the consequence ofihese smaller losses. 

'Given 
another

decade or two of protection, the Adelaide S'ste; may begi! approachbg it" io.rae.-aocoaife

Atr important implication of our results is that ir much wetter climat€s than northem
Australi4 with much rbore e.xeasive swrmp areas (such as New Guinea, Malaysia, Thailan4
Burm4 fo. o.ample) recorery coutd bc expicted to be faster, e"* *.ue[ ".iJJ.'t. uxo* 

"
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APPENDIX-SUPPORTIVE EVIDENCE

In this appeddix w€ sriomarize some of the data that Provides additional suPPo( for out

nodel. A ful ;ppreciatioD of course requires a compl€te reading of all the monoglaphs and their

analysis of itrdividual s].stems (a somewhat dauntiry task admittedly!).

THE 1979 HATCHLING INPUT ON TIIE TOMKINSON

A spectaculat illustratiod of the &a.Batic losses of small anisals may be given by considering

the fate;f the very large batcbling idPut on the Tomkinsoa River in 1979. In June 1979, 289

hatcr'li.gs q,ere sighted ;n the Liverpool-Tomkinson S)5t€m; 260 of these were on the-Tomkhson'

There wL aa incriase ia the dumber of 3'6' animals on the Tomkillson from 62 itr July 1979 to 85

in June 1982, which we believe was due to tle returB of some of the 19?9 hatcbling's to the

maias6eam ftom e{reme upsti€am sections, because th€y were now in the size class to be

excluded. By October Eany of these animals were gone ftod the s'st€m. Itr summary tte number

of 16' admals in the Liverpool-Tomkinson System was 120 in Octobd 1979 ard 142 in october

1983-the very larg€ recruitm€nt i.o 1979 had Produced virtuauy no r€sult.

RESULTS IN ARNHEM BAY

The waterwals of Arnh€m Bay (Messel et al. 1979-1984, 11) Provide turtl€r evideBce for the

losses in the sub-adult size classes.

ArDlem Bay, because of the relatively narrow channel leading into it' is atr enclosed system

with three groups of waterways (Group 3 has the Goromuru Rivet o y). Each group has a major

c. poroars b.eidiag riotr itr it, the Peter John, Habgood and Goromuru Rivers,-which car supPly

c. poroszs to adjacJnt waterways. Atthough we have m dfect evidence, it would be surprising if

tlere was no nrovement of CPotosut between the thlee grouPs.

we showed that there xas a sigaificant increase ir the Nmber of non_hatchliag, c. porosus

sighted i|t the thlee groups of rivers from the October 1975 to the May_June 1979 surv€]E and

h;trce that the populaiion of c porosra ia anlem Bay is increasi.ng Out see remarks on Amlem

Bay i! status Ciapter). However, the incr€ase is slow and there is strong eviderce fot codtinuing
heiry losses (disappearance) in tle transition frorr the 2_3', 3-4', atrd +5' siz! classes to the, : 5{'

size'classes. conpaing the number of crocodiles h the 2-3',3'4, and +5'size class€s for the

coobineal d!€rs ofArnheh Bay in October 1975 and the number ir size classes :5{' in May'June

1yl9 rei€ats tlat the loss (disappearance) of crocodiles in the tratsition from the 2- 3', 3-4' and +

5' size classes to size class€s >56' was some 887,

There was no increase in large crocodiles sight€d in Arnhem Bay in 19?9, which is against the

tretrd for most of the watertays survey€d irl 1979. The reasons for this could be ti{ofold: (a) the

climate is wetter in the Arnlem Bay area; O) there is only limited freshwater ${amp.



DISTRIBUTION OF ANIT{ALS

In our ecology chapter we briefly discuss€d g?ical distributions of animals alonc a TypE 1
water*ay and how this fitt€d in with the idea of a movemedt of larger size classes jor"osueu_.
Each slstem has of course its own p€culiarities ard we shall oori giue so-e examples, with
refererces for tle supportive dotails.

In 1979 we round for the overall Kalarwol River (Messel st al. 1979-1984, 10:28) that tle
losses of a.nimals was considembly less than in otber s'srems of similar R?e. The mirch lower
percenrage Eisitrg ;s udoubr€dly connecred wilh th€ fact fiar rie K"atafl;i River has a TypE 1
breeding, trorthern branch and a TypE 2-TypE 3 rearing stockyard adjoining ir (the Kalarwoi
mainstrean). Tbe subaduk clocodites displaced from the TypE f brieding section 

"eeo 
nor

travel o_ut ro sea fwbere a large fradion day perish) bur cal1 seek refuge in lhe;djoining TypE 2_
TYPE 3 mainstream. Since there is little or rc breediag on this sectir, rhere islikelv-to be less
competition between the sub-adult and adult size classes. The prese result also provides
addirional evidedce for ttre view that t_be high losses h the other TypE 1 systems are associated
wltb.tbe- sea DrovemeDt of C. po.onu from ore system to another. A similar mectrrnicrn also
applies for the Ad€laide River, as \re discussed itr the results for Vaa Diemen Gulf.

. The upstream seclion (km 73.7-81.3, Table 8) of the Tomkinson has a size class srrucrue
tpical of.a no.n-TYPE_ 1s'stem and appears to fuDdion as a refuge for larger admals €xclud€d
rroE tne Dreeong sections of tbe river. Tbe less desirable far upstr€am sections of the Li!€rpool
a.nd Bllth a.lso appear to frrncrion in the same way, with highei aumbers being sighred there itr
Octobe. survels (excluded fton main sections with onset oi breeding seasou)-thai in June-July
surveys (Messel et al. 1979-1984, 18:138).

Ttre sighting of a difrere size class structure on each lesurvey of TypE 3 sysr€ns (but of
cous€ alwa,s nainiy animals >4 ) fits in with rh€se sysrems b€i.g mainty inhabitid by rtrneranr
anrEraa that move rn aDd out olsuch systems.

_ Webb_ and M€ssel (1978) ctassified oocodiles into sho( ard long disrance movers. tn terms
ofour model the long distance movers are simply the crocodiles unaib to secure a territory anu
we also see why there is a! ircreasirg numbe. of lodg distance movers with increasing sizc of sub-
adults.

INJURIES, DEATHS, AND INTTRACTIONS

^During a- daytime suvey of the Tomkilson River id May 1975 a fieshly ki,lled.5, C. porosus
was fourd at km 22 ard was preserv€d. Tfris aainal bad bein captured, marked ana ieleaseo zyears previously. The dead animal had a distin€t pattern of crocodile te€th pu.rctures and was
presumably bitretr ro dearb.by a targer crocodile. During tbe dght-tine surviy of km 73.7-81.3
sefiron or ri€ | odxrnson River on 1 Nov€mber l9g2 (breeding season) a 7-8, freshly dead malc C.
poroslr was found lloating id the water at km 73. It appeared to be in'excelled co;dition and had
blood comidg from its lostrils-it was probably killed by a blow from a larger croco<lile.

. _ On th€ survey of the Cadel River carried out on 6 November 1982, a 7-8, crocodile was
s;ghred,at.km 45.9.(rhe breeding area) with a near leg that was almost completely torn off..
obviously done by a larger crocodile.



A 14' animal found drowftd i! a fisherman's rct on the wildnan River in August 1979 had

theremainsofthreesmallcrocodilesinitsstomach-possibledirectevidetrceofthecaDnibalism
which we strongly suspect is a major factor in C Potorur population d'nadics and delsity cortrol'

tn Julv 19$ oJtle Glyde tuver, tbe lower balf of an 8-9' crocodile was seetr floatiDg ln lhe river'

ls we aooroacbed, the carcass was attacked by a 9-10' crocodrle coDsidering the coocentration ol

larce q;odiles i.D tle Glyde a! this tine. it is quile likely tbat the dead animal had been kiled by

another and rhat we witnessed alother case of ca.ndbalism.

webb ad Mcssel (197D found that tiere was no significant inqease h injury fr€quency it

size classes up to 4-5'; howerci, in size classes above thb itjury fi€quency was ligb Tlis of course

6ts iB completely with our model

ADDerdrx Al.4 of Messel e! al. (1979'1984, 1) gives a number of examples of ob'servations of

territorial behavior aad rlisplays, itrcludilg a detailed accoudt of the interaction of two 3-4' crocodiles

over several montb i! 1976. A single example wi be given here.

At 1334 hs at kE 22, on the Blvth River, otr 16 September 1978, a 7-8' crocodile was sighted

baskhg on a gently sloping mud bank, near low tide. We were approacling it slowly in the survey

Uoat fo'ae.io get a itoiograph. When the survey boat was sodd 30 m€ters away, the crocodile

started to mo!€ iowarals thJwaier. Suddenly a G7 crocodile rush€d out of tf,e water ad chas€d

the 7-8' one, srapping at its tail. The 7-8' crocodile raced alory the dud bank ia a semicircular

oath into the watii, ith the 6-7 crocodile still chariDg it. By tbis time, tbe survey boat $?s only 2

io 3 meters a*ay from the 67 crocodile, which had its back arched well out of the water' As *e

aoDroached closer, ttre clocodrle blew a thitr stream of water from its nostrils into the air' We

"ifuA 
r"" tto siso of dt. 7-8' crocodile The 67' specimen gradualty subm€rged its back and jllst

the head was leit visible.

OBSERYATIONS OF CROCODILES IN MUD

Durbg tle night-tise survej.s many crocoaliles have been obsened buried in mud (M€ssel et

aL :lq'g.:.l/fu, r:Ch-apter 7). Often the nud is v€ry thin and Physiologicaly a crocodile iD 1nud is

like oDe io lhe water. Itr most instaftes only the eye"s, cranial platform, and snout are showiag'

The DhenoDenotr is also observed duri.ng daytide. After examidtg alrd disrnissilg sali.nity ad

temoerature as the reaso$, the only explanation for the behavior that we could thiDl of was that of

camoullage. Crocodileg bury themselves j! tlrud to hide from other crocodiles and so escape

teritorii interactioas. Thi same mecbanism is t[e basic explatration of the observation of

crocodiles on the ba (Messel ct al. 19?9-1984, tchaPter ?. We have often witnessed croodiles

b€ilg chased our on the baDk at dgbt by othcr crocodil€s.

DTSPERSAL OP HATCHLINGS

In J ae 19?8 aI hatchliigs on the B\th'Cadef System that could be caught were marked and

released. They w€re systemaiic-ally recapiured in S€ptember 1978 and again in June 1979 (Messel

et al. 1979-1984, 1:Chapt€r 8). A fen' r€caPtur€s of the same aaimals were made i[ Octoh€r 1979

fMessel et al. 1b;9-191i4, Lihapter 8) and October 1980 lMessel ot al. 1979-1984, 18:Chapt€rt'

ia" pu,,"- tbat emergis is again that of sooe animals hatdly loovitrg at all and some moviog

ta.p'distauces. Lookig at the 11 r€caPtures h October 1980,3 animals on th€ cadell were

reclpturerl within 200 m-etels of their iniiial caPture as hatchlings. l,ng distance movenent is
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r€lated to food supply hut the number of male lorg distance movers is very significantly greater
tha! the ,umb€r of female lolg dista&e movers. Could inte.actions be g"uter-fo, .ale" uu.o u,
this early stage? The fact that th€ iiales had mor€ tail injuries than feiales supports this view.
Webb €t d. (19%) and Magrussotr (1978) girc firther resulis on hatchting dispers;i

RECAPTURES OF 1980, 1981 AND 1983

_-_- T!::" ..""p!lr": on the Liverpool-Tonkinsor Systen were of admajs iririaly captured in
12R-1?16: lhe details ar€ gi,er in Mess€l et al. (I919_I98/', 18:63{5 add itr ou, 

"hapre. 
oo

Gro\rth of C.potosus.. One-female (1:}1) stayed ia tle same area on the upstream Tomkhson for
tw! years and some tifie_aftrr reaching 4. Eoved !o the midsectiotr of thi Liverpool-+hrs agrees
ltlth ow trrodel. A Eale (517) was caprured at 5. size at km t9 on rh€ ToEkinsonjone rrar laler ;r
was at km 73 od the Totnkinson; eight years tater it was back at km 18. This js suqre:tive of the
animal being excluded to the non-breedirg_sedion of rbe Tomkinsor and returnifr when large
edough to_ establish a territory Aninal 184 (a nale) lxas captured as a hatchling on fraragalidbin
Creek atrd recaught three more times over a period of 10 lears; all captures wJre withio t km or
thc iritial cnptue. This animal is orc of the 10-15% we beli€ve datraie to establish a territory i.n
the ar€a r*here they were bom and rcver leave. Anirlals 3S2 and 1059 also hardly moved over aperiotl of six years.

CONCENTRATION OF LARGE ANIMAIS AT MOUTHS Or. RTVTNS

It is urusual to see concentrations of larg€ (or small) animals near the mouth of rivers. We
have seed it, lowever, on a few occasions, and these obsirvations are understandable in terms of
our picture of movement b€tw€etr the Arafura Swamp and th€ moditored area.

, 
O!,tle JUE€ 1979 sunry. on-rbe_Btyrh mairstream. the nuober ot targe animals sighred

rncrealed dramatrca|y tiom 15 to 40 and from 23 to 55 for rhe overall Blfh-Cadel Sysreo. For usit was. excitirg to see so many large animals; they were mostly concenrraied at the m6u*r regroo ot
the Bl)'th River and od the sidecreek of the downstrearir s;cdon of the river. Where had these
Trpt,coTe 

froT ang^yre rbey coming ilro rhe river or leaving it? Since they were not s,shred
durug tle Seprember 1978 survey. lhe evidetrce poinrs to rhese aDjmals trying t; gaitr eoEatrce to

By October 1980 most of these additional targe arimals were gone again. We interDret this to
mean large animals excluded ftom the Arafura S*€rnp after tbe ary wet of f9?8_1g9 were trying
to^enter the Blyth. Er.actly the same phenomeror occulred ir Ju.e 1982 after the dry *,er of 1981-
L982a 31(arge C. porotltt were sighted otr the km 0-15 section of rhe Bt},lh River and its siaecreefs.
ByNovember 1982 rbe Dl!,ll'l,bet otlarye .C. po.osus or rbe BlFh-Cadeli System had dropped by 15
aad the cledease occurred alnost exclusively o[ the mouth section,

_ In July $n9, ou the clyde Ri!€., w€ obsen€d 12 admats between km 0 and km 1.2 itr size
classes >4'. This was the first occasion we llad seen such a concenrration of C. porosus it a t*er
mouth. Tbese would be largely animals excluded from the Arafura Swamp and ilavine rbe river or
waiting to returL Because of this 19?9 observation we were expectiag a sinilar obserition ra futy
1983 af,t€r the "d.y wet" of 1981-1992, and so it rurned out. Furthe;ore, there w€re 19 animats
sighted on the kD 0- 5 Bouth s€ctior atrd the majority of these were large; 15 of tn" -i-ut" o"."
sight€d berweetr km 0 and 2, strongly indicating that ihey were either en-tering o. teu"injih" ,r"er



{itr fact the october survey indicates they were eatering the system) Three pairs of these large

irocodiles were sighted int;ractingl that rs. otre was in the water directly facing one up on the hant'

Further drscussion may be found i.n Messel €t al. (1979-1984' 18).

The targe iaclease j.a the Mihginbi complex (Messel et aL 1979'19&, 9) id 1979 also

suppolts the idea of movem€ out of th€ Arafura Swamp via tlc Glyde Riv€r'

Ile idea of molE6edt betweed lhe moditored area attd the Glyde River is rdade more

plausible by tfe sigltilg in 1976 h tle Miliigimbi Codplex of a 12' mal€ with a transmitter on its

iead that rvas originally caught at kd 49 on the TomKrson oue year earliet.

OBSERYATIONS WTIIi OTI{ER SPECIES

Cott (1961) rema.ked on the losses of sEall C. zt?ottcrrs between the ages of about two dd

fi!€ veals. crocodiles co itrto letreat h less desirable habitat and thG cry?tic b€havior has Probably
beeo force<l ou them 

-by 
6e habit of caDnibalism. studies of c. acltur ia Florida also bdicate that

a substantial fraction of sub-adult C. scunl' rcmaia uBaccounted for (J. Kushlaq 5tl Working

meetitr& Crocodile Specialist Group, 1980).



ECOLOGY OF TI{E AMERICAN CROCODILE, CROCODYLUS ACUTUS
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SPECIES IDENTI'ICATIONAND DISTRIBUTION

. . :h: "n"ll 
crocodle, Crcodytus acunLr, is a tare, relarivety tongtosEir crocodite

widely distrtuuted in the coastal regions of rhe norttern rc.-otropics. artfrouif irdividuals have
bee! reported historica.Uy to reach lengrhj of up ro 6.25 o lAlvarez del Tor-o 1974) and 7.0 m
(SchTidj 

191 Vedem 1981), tod^y C. acutus longer thatr 4 m are raie. ,ihe general
morphologicil. characteristics of the species have bein <lescribe<l etsewh€re (Mertens 1943,
Branitls L973), y€t becaus€ of sorphological sijrijariries witi rwo other species (Goco4,/ ,
mo etii aJ{d. Crocodtlus intermedilj), mitrdentjllcations of the species have noi been unconnon,

berp€rologisrs. FrequeDr past confi$iod among these and other New Wortd
clocodlllans bas created nigbtEarish problems for domenclatural revi€w (Saith and Smith 19??),

_ Asong a[ living crocoililians, c. ucuh$ bas the dost reduced and irlegular arraneement of
dorsal osteoderEs, usually with l1o more than 4 scutes h any of the t4-17 iontinuous 

'precaudal

srute rows (Ro-ss and lttayer 1983)._ The American crocodile is also unique in the degree of
cFvelopoent oi a median preorbital elevalion (MpE) o, the snouts of adu_hs atrd subadujts
(Brazaitis 19?3, Alvalez del Toro 1t4, M€dem 1981). Although the size and shape of the MpE
appear to vary somewhat geographically, ard some preliminary evidence suggests tiat its sze Eay
De sc\ually cllmorphrc (pe.s. obs.), the MPE i5 a coosisrenr ard disrinctive morpbolosjcal feature
a6org adults. Other speci€s of cocoaliles rlay harc an MpE, but oever as proroun-ced as rn c
acutus. The combhation of these two charactedstics, irregular reduced dorsal scutes aad the
MPE, is sulncient to distinguish C. acltlj from other crocodil€s, with the possible exceDtior ot C.
n o.e/e[i which has both characters devetoped to a stighrly lesser degrec. i{orelet,s crocoales are
best drstroguished frod C. dcllnu on rhe basis of ventrolateral scute intrusions on the base of lhe
tail (Ross aad Ross 1974).

The general distribution of the American crocodile includes both the Atla{ic and pacific
coasls of south€m Mexico, Celtral America, and Dorthern Sbuth Am€ric4 as well as the
Caribbe_atr islands of Cuba, Jamaic4 Hilpaniola aid the southem tip of Ftorida, USA. Th€ exacr
Iimits of th€ past and present maiDland distribution of the species ari somewhat codused due to a
lack of syst€maric survey worlq and the past mis;dentificado; ofspecies. This is esDeciallv true tor
the Atlantic coast drainage. On the Mexican GuUcoasr. C.rcfln; has definitely been recorded as
far north as Cozuinel Island (Field Museum of Narural Hisrory, FMNH i563). Bahia de la
Ascencion ard_Isla de Mujeres (Quintana Roo), and Laguaa de iatemaco (Vera Cruz; Ross and
Ross 1974). Literature accoutrts of C. aardrr north of Vera Cruz od the Gulf coast app€ar to b€
based largely on misid€nified C.morctetii,



The southernmost linit of C. oahls oD the Atlantic coast of South Aflerica is similarly

codhlsed. Specisens of the American crocodile have been reported lrom the Patia Peni$ula in

venezuela and on Trinida4 although the latter records probably represent vagant animals (Meded

1983). Large crocodilians are krown from the orinoco delta region (F. P-t'ier, s. GoEula, Pers.
comn.), bui their specific identity is not known. APParently, no members of the Crocodylidae are

found south of tbe Orinoco delta.

The limits of tle Pacific mairla$d dist bution are better ktrown due to the lack of congeners'
ard habitat limits to dGtribution. crocodiles have beetr r€corded from as far south as the Rio

TuEbes and Rio Chira h turthem Peru (Hofdann 1970, Medem 1983). Itr Mooco, the

dorthwestem liEit of crocodile distribution historic{ly was the state of Sinaloa (Ross and Ross 1974,
King et al, 1982).

The American crocodile rcaches the northenmost limit of its range in Florida, USA.
Altlough oDce fou:rd as far dorth as Lake wortl otr the eastem coast of Florida, the current
croco<iile distributioa now cent€rs on Florida Bay The present and past djstributiotr of crocodiles
in Flo'ida are reviewcd by Ogded (1918) and Kus an ad Mazzotti (1986).

Outside of is curredtty recognized n\gc, C- acuttls was also aPpatently found on the
Ba-hamas (based on pre-Columbiar fossils; Kitrg et al. 1982), atrd on the Ca,tnan Islands, where

specimens l*€re collected as recendy as 1939 (Graat 1940).

IIABITAT RELATIONS

Macrohabltat

The A.derican crocodile is tlpically found i$ fteshwater or brackish wat€r coastal habitats
including but not r€stricted to: the estua;re sectiors of rivers, coastal lagoons, arld mangrove
swanps (Alvarez del Toro 194, M€dem 1981). Although it is ptilcipauy a coastal species, C. acldlrr
is ecologically adaptable and is known to extend its distributior inland, especrally along the courses
oftarger rivers ard their associated w€dands habitat (Medem 1981). Irdividuals have been reported
at altitudes of up to 610 n in Honduas (Scbmidt 1924) and t2z) m h Mexico Eio Tehuantepec:
American Museud of Natuat Hbtory, AMNH 100534). The sp€cies also inlabits landlocked lales
of varying salinities: freshwater (schmidt 19a), brackish Crhorbjarnalsor 1984, 1988)' ard
hpersaline (Irchaust€gui et al. 1980).

The Aderican qocodrle is reg ffly foutrd on $[all offshore islads and atolls throughout its
range. On mally of these islanals adult crocodiles catr apparendy exist wit-hout access to freshwater,
although tho presedce of a fr€shwater soulce may be critical for the survival of hatchlings (see
T€mperature and Salidty RelatioDs).

The adaptability of C. ac!tus in terms of habitat requiremeBts extends to the use of disturb€4
or datr-made habitats. Although crocodiles are known to occupy man-made bodies of water in
Venezuela (Embalse de Pueblo Viejo, Embalse de Tacarigua; Seijas 1986b), and Panama (Gatun
Lale; Dugan et al. 1981, Rodda 1984), the Eost extensh€ ule of disturbed habitats is in southern
Florida. Od Key Largo, crocodiles coBmonly occupy borrow pits and canals. Ideed, vitually all
the nestilg on Key krgo (which accourts for some 30% of th€ total nestilg in Flodda) is dolle on
peat spoil banlLs created by &edging canals in rraigtove areas (P. Moler, pers. comm.). A smal
population of crocodiles also inhabits the cooling c{nal system of the nuclear power Plant at Turk€y
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Poht. Nesting has occur€d on several occasions in the spoil banks along the cooling caDals (caby
et al. 1985). Crocodiles are also knollD to occur in the cooling canal syst;E of anothir power plant
h Ft. Lauderdale (P. Mol€r, pers. comm.).

Mtcrobabitat, Activity and Movemerts

Within the broad defil1ition of C. ac!&r habitat outlined above, certaitr midohabitat features
stroDgly inlluence the distdbution of crocodijes ir any giver area. Crocodiles are principaly
inlabitants of shorelide habitatq preferring ar amalgam oi shallow and de.p ,rut". 

"r"ui, 
aoa tb,

basking or desting and aquatic or semiaquatic regetation for cover or hcreasei habitat
productivity. In additio! to micro- environmental featues, social facrors play atr imoorrar role in
deterEining crocodile distributioa Crocodije size, populatioD deosity, a;rd populition size-class
structure all probably interact with environmental facto$ to define the overall pattern of habitat
usage for any gi\,€n populatiotr. Aside from these factors, the preserce of humaas or pattern of
human activity may also modiry socodile habitat use. In mosi situations crocodiles are retiring
and avoid ar€as flequented by humans, For instarcq h Etang Saumatre, Haiti, a temporal habitai
segregation was noted with crocodil€s nocturnally eate.ing areas useal by p€ople during the day
(pea. obs.).

,. 
Because derailed inlorinadon oo mauy aspects of babitar selecrjo! is lacki!& rle foUowiog

discussiotr ce'ters oD som€ of the more obvious factors tbar inlluence crocod e aisrriburion and
activity. This iDformatiod is based primarily on work done otr thee docodile DoDularioDsi southem
Floridai Etalg Saumarre. Haiti;and caruo Lake, panama.

HatchlinEs an4:[uyer,ri!€s - Among nestilg Iemales (see folowing section) and .ecenrly hatched
young, 

. refrertrial habirar fearures are irhportant in definidg habitat requirements, as tbey
determrne wtrere trestDg c-an occur aDd tbe ry!'e of habitat into which the young are born. When
nests are located adjacent to suitable habitat for hatcLlings, the young may iemaio io the viciiig of
the nest for several weeks, months, or eve! years (Alearez dei Toro 1i4; Thorbjarnarsor 19&4,
1988; Rodda 1984).

, 
Id. Florid4 hatchling crocodiles frequently prefer to remain hidden in r€getation duriDg the

oay. usrbg sucn. iFeas iui marglove prop roots, shoreline ledges or beach \r,rack for col€r (ll!g
195b. Mazzotli 1983). Ir Panan4 Rodda (1984) fourd 10 and 22 nonth old C. acuas along
shor€lines Fotected from waves ard usually bordered by woody vegetatiou. Id these areas the
yourg, crocodiles were frequently seen ir floating mats of Hydilta. lr. Etang Saultratr€, Haiti,juvenile a"d hatcl ing crocodiles would spend moit of tte dry hidden in ro ot ;^ts oI conocarpus
etectur Oat grel' in shallow water Dear the desting beach€s. At dusk, the crocodiles woulcl leav€
their protected retreat sites and lrove to hore open shor€line habitats or floating algae mats where
th€y would forage (Thorbjarnarson 1984, 19SS). Juvenile ard hatchting cr-oco-diles in Etaag
Saumatre were Jnislly sedentary. Of 10 recaptures, 8 were foun<l at the original point of caprure
(mean interval 143 dala). Onejuvenile dispersed 1.8 km over 339 days.

-_ Wh€n the habitats adjaced to the trest are unsuitable for hatchlings, the neonates may
disperse alnost inm€diarely. Factors which may cause dispersal are pro6ably diverse, but are
kBo*a to ilclude wa\€ €xposure (Ogden 19?8, Mazotji t9S3), aoa 4ier"ai"e uqoauc
:"q9-o-"lb (Idchaust€gui atrd Ottenwalder pers. comm., pers. obs.). M;tti (1983) found
hatchling C. aodd woulcl tlisperse fron wave exposed nest sitis sooa aiter fatching, droving up ro
1.5 km from the nest in the following month. Lang (l9?t ald Ogde! (1978), ;orted ;imilar
results from thei! studies in south Florida. Movements were either along ibe s6ore or laland into



protecte4 i.dterior, shallow water habitats. In some cases hatchlings were noted to move overland
ior periods of up to 10 days $/ithout access to water (Marzotti 1983). The general pattern of

movements was iway from exposed habitats and into sheltered mangrove liaed creek. Hatcl hgs

flom nests a.long cre€k sites disp€rsed le.ss and teded to remain in the rcst area for at least one
year. Virtualy aI hatchling dovements werc noctumal.

Rodda (1984) ladio-trackcd a gloup of 10 month old (N = 9), and 22 nonth old (N = 1) C

adrlur alodg a shelt€rcd shoreline i! Gatul lake, Panama. Celsts wotk in the ar€a suggested that

soBe of the socodiles would remain neai tlEir nest for at ledt 22 mo[ths after hatchiog Over a
two-donth period the radio-equipped crocoaliles were fousd to remain within relatively restricted
home raagei. The 10 moath old socodiles moved witlin an average of 330 m of shorelide, and

sp€nt app;oximately 80% of their time withh a nanower core rarge of 200 m. The one 22 month

old itrdividual moved over 650 d of shoreline.

In the same study, Rodda (1984) examin€d a series of factors (water temperature, witrd speed

atrd dilection, sur or moon visibility and altitude, moon Ph?se, cloud cot€r, ard water lev€l) ia

r€latioD to actrvity levels. Crocoaliles were fouDd to ̂ mol€ signilicanlly less during moonlit periods

(ao clou<ls, moon more thaa hall full aad > 30o froD tbe hotizon) A drumal Pattern of
moveEents ras foudd u,ith activity showiry a sharp increase just prior to dusk' then increasing

st€adily until 0300 h- A srmilsr Pattem was troted fo! tle mean Pelcentage of animals at the
water's surface. Moveme s during the day (090G 1700 h) were unusuaL

Larger iuve le crocoaliles (add subadults) may e er a disp€rsal phase and move !i!ch more

than smaler irxdiriduals (see followidg s€ction). some juv€nile crocodrlos itr southern Florida are
known to disperse well away frol|1 tleir rcst sites (P. Moler, pers comm). One individual (845 cm
TL) noved i ninimum distance of 13.1 kE over 18 months from its point of origin at the Turkey
Point power station (Gaby et al. 198t.

Adr4t!-t!!Ls!bgu!f! - In southern Florid", Mazzotti (1983) reported that adult qocodiles sPend
oost of their time i! protected red mangrove (RliAhoru mangle) habitats. Over 757, of their
obsenations of adults were id inlard or protect€d coiEs characterized by deep water' often with
undercut banls (see Burrows sectiou) or orerhung by mangrove P.op roots. Some adults *Ere

also found to move to areas of high food availability such as actil€ bird rookeries.

Itr Etang saudatre, a bradjsh water take in Hai4 adult atrd subadult $ocodiles were found
to be sigDificantly mo.c abundant h 5 of tle 11 defioed lakeshore habitat t]res (conocaryus
finge, Coneaqru flats Sat comia flats, subdergpd forest, ard calal marsh), atrd were noted to

avoid two habitats (rocky shore with medtum and steep gradrerts (Thorbjamafiod 1984' 1988).
Tkec prillcipal enviroMental factors were consider€d to be important ir determiniog habitat use:

exposurc to waw actioq food availability ard the prescnco of nesting habitat. The preferetrce of

certair habitats over others was attributed id part to th€ availability of suitable aestiig b€aches' or
to food availabilityi a.n active h€ron rookery itr the subnerged fores! and the abundance of fish
prey speqes in the Coroca?t/r flats. Howevcl, for all habitats the degree of wa\€ exposure was
apparedtly tle overriding factor. Classiryirg lakeshore areas hy the degree of wave eryrosure,
ciocodiles of all sizr classes were foutrd id the highest density in protected areas (11.76/kn) and in
the lowest d€nsity in exposed areas (0.83/km) with atr interaediate value for moderately exPosed
areas (7.79/tn). A similar avoidarce of wave actiod was noted in adjacent Lago Effiquino (p€rs.
obs.) and has been reported for C.4c ats in Florida (P. Moter, p€rs. comm.), as well as for oiher

crocodilians (Cott 1961, Graham 1 8, Woodward and Malion 1978, Mess€I et al. 1981).
Considerilg tlat the crocodile's resplatory and vbual systems may be severely compronised by
wav€s, avoidit[cc of wave actiod is a very understaddable feature of habitat preference and
probably is a gen€ml attribute of habitat selectron among all clocodiiians.



A radio-telemetry study of adult crocodiles id Florida conducted by J. Kushlar and F.
Mazzotti (Mazzo(i 1983) determided that among 7 adult fenales (> 2.5 m TL) Birimum activitv
areas averaged 89 h4 ard d€monstrated seasonal shifts in range associated with the nesting season.
Main_ activity areas were located ia protected creeks or poads, but during the nesting s€ason
femal€s would mov€ to the dore exposed nest sites in Florida Bay. This study and others have
shown tlat habitat preference itr adult femaies is strongly influenced by the ar.ailabiliry of nesting
habitat. Females demonstrate an ircrease i! activity aid movemeuts during rhe breeding s€ason
(Gaby et al. 1981 Mazzotti 1983) which are ofted r€llected ia seasonal differences ir habitat
s€lection.

The two radio-equipped male crocodiles (2.3 m, 2.9 m TL) had larger activity areas (98 ha,
216 ha respectivel, bul did not ent€r the exposed Florida Bay to ary significant degree. On€ mate
was noted to hav€ a djsjuact activity range occupying a river site, ald interior ponds. One sray D
the pod region coiEcided with the activ€ nesti.ng phase of a colony of wood storks (,uycriza
am e i c ai a i M^zzotti 1983\.

. .Angtlea q?e of seasonal activity sbift lPas noted for C. zcxrrr by Med€m (1981) in freshwater
riverine habitats i! Colombia. Clocodiles vere repofted to leave the larger rivers iuring the wet
seaso! to avoid the swift qrrredts a.od move into lagoons or other inudated areas adjacent to the
mail1 liver course, Use of the main rieer cl'nnel was restricted pdmarily to the dry seaso!..

Seasonal activity shifts associated with drowht harB also been commented on by various
authors. Medem (1981) reports that C. aclr.rr wil bury itsef in the flud for peliods of up to 2-3
monlhE or remain ill burrows (see below) when its trormal habitat dries out. Similar accours
have been given by Varona (1980) for Cub4 Donoso Baros (1966) for Venezuela, and Casas anct
Guzman (1970) for Mexico.

No quantitative data exist describing daily liatiotr in activity I€vels in adult or subadult c'
ccun6. Although most data sugg€st that hatchling ard juvenile crocodiles are almost comDlet€lv
nocturnal, possibly to avoid diumal predators such as raptors and wading birds, adult doiodiles
are frequedtly actil€ durilg daylight hours. Various behaviors, such as basking (Ah"rez del Toro
1974), territorial defens€ ard Eating (Alkrez del Toro 1974 Garick atrd Lang t177, Inchausregur
et al. 1980)_ have been observ€d during th€ day. However, for adulrs as well ai juveniles, foraging
appears to be mairiy a noctumal activity (Alvarcz del Toro 1974, pers. obs,),

_ IDtcrmediate size-classes of c. a6un$ (large juv€niles- subadults, 1.G.ZO E total length) are
frequendy found in somewhat margiual habitars. Mazotri (1983) nored that crocodiles in ihi! size
range were often foimd isotated from the adults and hatcblings and to be locared h somewhat
inaccessble areas. caby et al. (1981" 198t obserred a higher per@ntage of juveniles and subadutr
(nqo of totd) iltrh:it,ersaliae warer tha! adults (5%). Ia Etang Saumatle subadult socodiles were
aorc likely to be fourd along exposed shorelircs, and id fact one such marginal habitat (sa!d-
grass-9ud) lvas a statistically "preferred" habirat for subadutts (Thorbjamarsoa 1984, 1988). In
coastal Haiti, juvenile and subadult crocodiles were more frequently reported from sma]l isolated
patches of habitat away fro6 bre€ding populations.

In the radio-relemetry study in Everglades Natioaal park, Florida (Mazzotri 1983), the one
subadult animal follor€d, a femalq was found to move more than adults, and to have a larcer
niniJ'lal activity range (262 h462 fixes), averaging 1.4 kn berw€etr fixes. In Etang Saumaire,
some subadults would also move considerable distanc€s. One subaduk male was found to have
shifted entir€ly across the lake, a shoreliDe distance of 221-d, ovff a period of 306 days.
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The dispersal phase of large juveniles and subadult crocodrles may be an int€glal part of the

populatior d''loamics ot C. acurui ard oth€r oocodilians' The populatior model proposed by

i,I;el et. al'(1982) fot C. porons may bave broad aPPlicabitity to othe' sPecies of 
"ocodilials'

"io"a"ffv 
C, o-tt *li"l is very similar in ecolog to C, porosus. The data on h?b-itat s€lectiotr

,na -o*-"o, tha! do e)as! fot C ac.tf|lt seem to supPort the preserce of disp€rsal and

segregation phases of largp juvedle ard subadult crocoalil€s at a time when tley day be corning

iDto territorial conflict witl adults'

Selr:€patlon of Size-Class€s _ In Florida, the sPatial segegation of crocodiles by size.'elass has been

;#ffi t" 
"tt 

tbt"" t"b. populatiois. As;oted aboi'c, Mazotd (1983.) rePorted intermediatc-

.ir"d 
".o*dil"" 

o,"." *t ftequently fouad togcther with hatchlings or aduits- In tbe cooling canal

"*i". 
ar r*kev pol"t, adrni, subidult' ardluvcaile ciocodiles were found in different habitaa'

with sesrecatioB talire place mostly with resp€ct to water saliDrty (Gaby et al' 1981' 198t 4

similar 
-seiesation 

has'beeD noted abotrg the crocodiles on Key Largo (P' Moler, pers comm )
where Dh;ic;l babitat stnrcture may play an importatrt role. The spatial segregahon of crocodiles

u" size'-a-ass dav reDresent a difference i.n the phJ'sical habitat requir€ments of diffelent sized

crocodit"". ot ii niy tefl""t soclal factors aod agonistic encormtcls betweetr siz€_classes as

proposed in tle Messel et al. (1982) dodel for C.potosus.

However, in other populations of C. aortut that have beea studie4 size-class seg€gation by

habitat tvDe is less clearlcut. In both Eta;g Saunatre and Lago E[riquiIo, h'tcbliog, iuvenile,
subadut';d adult crocodiles were all fould togpther in the sase areas (Tborbjarnarson 1984'

1988). In these situations. an bportant regulatory factor determinirg the degree (ot absence o0

sizc-class segregarioq nay be populatioo density. h may troi be a spurious fact flat size-class

segregatior ias-beel not* il i population inhabitilS coastal Eangtovc-habitar ill Florida, where

oo-ouf,rion density was tower lsee iopulation Ecolo$/), ad tbe available spectrrro of hahirats is

tiuter. Io the lacustriae crocodiie populatioas on Hispa:riola, geater crocodile densities and

iore timited habitat availability may result in a gteater degtee of size_class overlap h habitat

usage. At tle other extreme is the situatioa reported by Schmidt (1924)-in Lago TicaEaya,

Hoiduras, wbich had aa extemely high crocodile dersity with a total lack of small-juveniles' In

dlis case the e)dredely high dersity may have triggered density-dePeddedt poPolatiotr mntrol

measures which oay have lead to the complete exclusion of smaller individuals from the mam

populatror boaly, or mortality via mechanisms such as cannibalism. Schmidt does report finding the

i"-ui* of o r.i-l.s - c'ocodile in the stomach of a larger specimen, bllt under circumstances such

as tbese catrnibalism is diflicuit to disdnguish from scavergin&

TemP€raturc stril Sallnity Relations

Studies of the t€mperature rclations of c. ocrRd have primarily involved hatcl iDg (Mazzotti

1983) aad juvenile (LaD;19?9) crocodiles. Lang (19?9) noted that-underlaboratory conditions the

o'"iJ-.a i"av t".p*"iure of lastbg C acrrrui was sinilar at-night (28 0o Q and duriog the dav

izr.so ct. Uuior* ilidrlv elevated following fcedhg (dav 29 50 C' night 29 3u c) Testing for rhe

uppe, U-lt" of tUe..J tolerance in hatchlings, Mazotti (1983) found observable signs of heat stress

whetr cloacal temperatures exceed€d 38" C,

Under field conditions, Mazotti (1983) noted that hatcbling C. acra$ s€lected tlc coolest

alaitable rdicrohabitats duritrg the day' becoming active when surroutrding temperatures dropPed

to withh 10 C of the nicroh-abitat temperature. The resulting pattem of activity indicates that

hatclLlings seek out lhe lo\r€st available temp€ratures i! order to avoid heat stt€ss (Mazotti 1983)'



Io^::-1i:.-t"l 
oiTPs c acunlr asree with the hypothesis of Lang (1e75c) or c,ocodrtus asItrermoconlonners whose basrc rhermoregulatory strategy is to avoid rapid heating during the day.

No specific studies have examined the thermal rerat;ons of aduft c dorarr but, in cootrasr rohatcblings, adults aie \rell kno\it to bask, especialty during the noJg.. f"i" 
"fi",*.,1."".Baski.ng is usually. accompGhed by hauling out oa land, but ia *"""i1"." 

"Jt"ir.-t"r.""t.rurraorrar ls rcr ar€rlable. or a djlturbing human presedce is found, crocodiles will bask itr a highemeryent flolting postue itr the Fater.(Alvarez del Toro 19e, Ueaeu, D8flers. ots.).Cooversely,_drdrg.the beat of rbe &y adults are kDo*'ll to remair hidden i" a""p-*"t!. lerr-*del Toro 1974), or h cool shaded aquatic siruatioDs (p€rs. obs.).

At times crocodiles will renaj! on la.nd at dight, aad this behavior results in lo*ered bodytcDperatures(Cotl1961. cra.ham 1968. Laig 1f5cj. In Lago Enriquilo and Erang Saumatre, rtisDenalror sas rrequeouy noted i! respoase to irreDse wave action (!€rs. obs.), but iimav also occuru c:um water areas. Clocodiles on land have also be€n otlserved gaphg both during ihe day and
I 

nr{1,_an_actig_ considered by various aurhors to be *e.-o.e lriuto-'ry i" oature"talmrez ael'Ioto 1914, vjre'idge I9g4). Besides a temperatur€ regularion tu;ction, gap;"g _uy 
"l"o 

t" *"ato dry out the mouth tidtrg to control the groutr ol atgae or fung!'or to" d".'i.."t" uquau"ectoparasites (pers. obs.).

. The sali.trity relations of C. acu&s ar€ of obvious importame as the species is ftequently foundin.saline envir-onm€nts. A relarively targe lireraturc exisis oo rhe osrnoregul"ii"i 
"iL 

r"rr," _aother crocodiliaG.

.. .Mazitti (r9&) found crocodiles in Everglades-National park oclupied a wide range of
:fl'dll q-:s ti'_rs eer thorsara 1014). *n .ran sariniry varues varyins .i_.*i"i i"t*"* .i."cnsses l^aduts.l2.l ppt, sut-adults |2.6.ppt,.juven es m.t ppr) and rine of year (wiorer 12.4 ppr,
:l:ln^ J- -1? tt,. 

sumDr€r. r73 ppt. ard fal l5.r ppi). rhe seasonal shift ir miar saliniry wasassocrated $rln a populatiotr mo!€ towards the Rorida Bay during the spring and rbe greater useof inland areas during the fall when freshlvarer drs{trarge was ar its highcst. Average salinity forfemales (17.3 ppQ was higher than for males OO.s pptj a"a.ene"iJ?o-""-.-a"g?.il 
""" "rlesting sites in the higher saliniry Florida Bay regon.

^ Also i! south Ftolid4 caby et al (198t reported frding crocodiles in saliditi€s rarging ftom
9l:-f^l?:Tg 9T:l 

(1e82) observed rarcbr,ns< in warer;p ro 43 ppr. c"uy .i iir.s85) 
"r*noreo a srze-dass segr€gation by *arer sali.niiy wit! aduls more ftequenrly observed in iieshwater

areas (38Jzo of observadons). as oppos€d to or'ly 13 for juveniles *,i 
"J"arrt"lirr""" 

*..sEaxer $ze-dass€s bad a grearer readency to be fourd in brackish (53q,) or hypersalhc $aLer(z/"/rr. rne dean *"ter sarDiry for caprued juvenites was 25.2 ppt.

.."- l'J"li:_.i T!l, "..*,arioE, 
body size pla,ys .l extremely important role, hdividuals largerrnau z{,U g qItr rast ln seawater for lorc Dcriods without developing severe salt balance proble-ms(Ellis 1981, Mazzotti 1983). Adutr crocod es, with a r€latively ;all surfa* *"" i. ,"i"." ."ti",catr Fesumably r€ma;n in saliae wate. for eJdended periods. In Lago Eoriquillo, croco;iles lived io

l-l.-',:f.lg ! 19-80 
pp, ror.maoy y€ars prior to rhe hurricaoes of igzg ani rss6. H"*"*.,rr,1,"

:T-:-,1:.1",,:i-e .lTodiles would^perjsh as a consequence of the h!?ersaline water unless theyoapp€treo ro dEperse iDro oDe of rhe freshwater marsh areas that frilge the lake (Inchaustegui ardOttedwalder, p€rs. comm.).

.." The most crucial !,eriod fot C acrrtrr.r in terms of osmoregulation is the first year or two otlife. At small body sizes, a targ€ surface area to u"ru^" ,utio .Luii. i" u" i"-"".Jj Li""iry r".wate. flux in relation to body mass. Hatchling crocodiles under t"to.uto.y 
"ooaitiJo'. 

ao oot



maintain dass in tull strength sea water (35 ppt), ev€d when fed fish ad liD (Dunsotr 1970' Evans

and Elts 19?7. Ellis 1981). However, field observations indicate that hatchliDgs not only tolerate

salinities of up to 43 ppt, but under some orcumstances grow extremely raPidly in hFersaline

environmentslcarney 1971, Gaby et al. 1981). An extra-rcnal salt excreting gland ha5 been found

in the tongse of c. aflnls ar.d zil ctocodltus o.amined to date (TaPlb and Grigg 1981) But

usder nanial conditions of blood plasma salt levels, this ext.a renal excretory pathway apparently
plays little or no osmoregulatory iole 

'n 
C. acua$ (Dunsor 1982). Itr- the abserc€ of major

phlsiological adaptatioDs for life in saline water, Mazotti (1983) suggested-tlat osmoregulation is

aaonpGhea prinarily Uy behalroral means. The princiPal bchavioral nechanisd fo! maintaidilg

{,ater iabncels probably ilrin}ing brackish water made available ephemerally by rains-(Mazzotti

1983). Under laboratory conclrtrons it was found that small C. acurur maintained in salhe *ate'

will drink brackish wate!. Ovel a 10 day perio4 hatchlings we.€ foud to mahtaitr mass itr

seawater (35 ppt) if provided with fish to eat, and Placed in brackish water (4 Ppt) for one day Per
week (Mazzotti 1983).

Bumows

The constructiotr and usc of burrows or dens by C. aclrtus has been widely observed add

coBmented upoll tbroughout the spccies range; Ftorida (Hornaday 1904, Dinock atrd-Dimock

1908, Ogdea lb'D), Mcxico (Casas 6rd Guzmatr 1970, Alvarez del To.o 1974), Honduras (Sch$idt

194), Nicsragla (Camacho 1983), Coloobia (Medem 1981), V ezuela (Donoso B-arros 1966)'

Janaica 0- Gardck, pers. comm.), Haiti ard the Dominicad Republic (Pers. obs.). Burows are

used principally by adult ctocodilcs livi.ng ir riverirc habitats, although M€deo (1981) also rePorts

dens irom lakes ard maogove swaraps in Colombia" Other accounts of C. adrtus from lacustrhe

habitats indicate tlat qocoaliles do trot dig burro*s ia these areas, perhaps because of a lack of

suitable shoreba.Ek conditions or less seasoDal variability id water lev€ls (Etang Saumatre' Lago

Enriquillo, pers. obs.; kgo Ticamaya, Schmidt 1924)

According to Medem (1981), bunow c.Dstruction differs in relatior to habitat q?a Along

rivers or in lakes, burrows are excavated in elevated bank and haYe from oie to three eotrances'

In ma4rov€ $\?mps they are usually found in the Dost elevated areas uder the roots of

mangoves or dead trees, m crcn in moua<ls of decomposilg leaf litter. Varona (1980) repofi!

ftat L Cubq C. ac.t/s burrows hat€ an oval cdra.uc€, exposed at low tide, widening inwar& The

bufiow ascen<ls aad the roof of the terminal chalrber is above the water le!€L sometises even

with "vendlatiotr' hol€s to tle sulface. crocodiles are leported to e er a.nd leave the burrow head

lrst so the terminal chamb€r neeils to b€ latge enough to allow tbe crocodile to tum arori.ld.

Burrows can bc quite la.rge. otre burrow measur€d by Medetr (1981) along thc Rio Palenque

itr Colodbia had two edtrance tunnek (2.?5 m, 5.80 m in length), one above the water' tlle other

suboergp4 with a very large terminal chamber (85 n x 7.2 n). Ogd€n ($r/9) reported that itr

Florida-cocodile burrows tr€re often maidtained near creek bark nest sttes and were 3-9 m ir

ledgth with entmnces at or below the water line.

Bufows are probably used utrder various circumstaDces, as a refuge for resting and

thermor€gutation, an aestivation site for prolonged drougbt, or for protection ftom natural

Predators or man,



Habitat Relations $,tth Othcr Crocodilians

_ Over its extensive raDge in the northem Neokopics, C. aclnlj ovellaps, parrially or ertirely,
the ran-gc of fotj.I (and possibty five) (7ro.od'liaf.st AliSator mississippien;is,'Caiman uocoditus,
C,ocodJtus rtombife\ C. mo,etetii aad poesiry C. intetmedius. TheT ge of distriburioo overlap
isr l/i8stor, south€m Florida; Caiman, Caribbeart$inage Honduras-VJnezuela, pacific draiqage
Oa&ca, Mexico-southem EN do\ C. fiombife\ Cuba and the Isle of pine sf C. morctetii, Atlantic
drainag. southern Mexico-cuateoala; anal c. m,?rnedrr possibly in the icinity of tle'Orinoco
delta- Indeed, on a macroscopic scale, the only pars of the ra;rge of c. aattu; wh€rc lt is not
slmpatric with ano0er crocodiliar ale on the islands of Ja.m-aica aad Hispaniol4 and i!
DorthwesterD Mexico (Sinaloa-GuerrerQ.

Reports of ecological relations between C. aa1tu, a\d other crocortiliars are .€stncted
primarily to habitat partitiooirlg; ard in sone areas even this situation is codfused. Where C.
acutrr is slrnpatdc with another large, primaily fteshwater sp€cies, it is generally restricreal to
br-act ish water labitats, aad does Dor penetrate far into inierior, tuestl;a@r ;eas (A igator
(Kusdan.ard M'zlotri 1986), C. rcmbik. rcwdtach 1880; Barbour and Ramsdetr l9t9; Varona
.r:,oo)). arrnough txe s ua(ion wirh,.t/Igator is somewha! complicated by porenrial temperarure
linitatiors (Kushlan 1982). tA O)ba, C. rhonbikr is reporredtt behavior;Uy aom;"anr o,e, euen
farger C. a.!tus in capriviry fvarona 1966) and may actii,ely exchtde C. acatus from f.eshwater
habitats. Altl_olch C. ?currr raDges far up into freshwater rivers along the northem coasts of
Loromrrra and v€nezueta, apparerdy ne\,€r has been fourd far up itrto the Oriloco dver, habitat
or the large. heshwater c' intemediat Medeb1981\.

. , lo 
*noT wherc C. acuhts is sympatric with a smaller crocodilian, habitat use normally

ucludes a grear€r \,ariety offreshwater enviroDmedts. In Mexico. c. acri ur ranges well uDstream in
many of the larger ri€rs, and also was frequenrty fould in lakes (Alvarez det-Toro 1974). rn de
same areas, tie saaller speci€s of cocodilians are found principally in srnal str*uns, or swampy,
slow noving secfions-of 'ivers,(Caiman c,oaoditus), or ir snal! iurbid stre*g 

"r*,u.p. 
o. 

"*u_pyrzk::,(C. 
?o:!ti:t lt:atez del Toro 1974). _Similarty, in the Rio Atraro in colombia, Meden (1.981)

nlted a detrnrte habrtar segregadon existed with C. acrtur in the river and major tributaries, and
gal|n:] coifllr€d-t-o th: surroundirg swamps and smaller tributaries. A similar situation is presenrly
Iouod rn easlem Honduas (pers. obs). In oortbern Venezuelan rivers. Seijas (1986b) fouqd a broad
overlap in the habitat usage between c. dcut s atrd Caiman oocodilus. Iiwas ,rotej, however, tlat
in areas shere the two species w€re found together, th€ populatiod levels of'Ciinan werc
considerably reduced. Other studies have also fouud that in the recent absence of C act.a's, other
:locgdiligs 9ve exqnd€d into rypical c. acxrus coastathabitat C. morctetii (Beliz€; euidtana Roo,
Mexico; C. Abercrombie and M. l,azcaro-Barrero, pers. comE.), c. c/ocodirE (Colombia, Medem
1981; venezuela..Seijas 1986a). Medem (1981) and Setas (1986a) have poinre; our that r @any
bstances, lhe ecological niche expansion of Cdman aay be a direct result of the over-exDloitation of(he Elore commercially vajuable c. acualr populations.

REPRODUCTN'E f,COLOGY

T€rrltoriatity, Courrship and Mating

. Bas€d od studies of caprive docodiles in Florida (t ang 1975a, carrick aad t arg 192), and
obser%tions made on wild crocodiles in M€nco (Alvar€z del Toro 1974) and the-Doninican
Republic (Inchaustegui Ortenwalder, Robinso4 pers. cornm.) the breediag syst€m of C. ad{r.r is



Dolvsvnous. Adnlt Eales defend territories duri.ng the breeding seasoo, excluding other Eales but

oer';ittire females to enter for couftship Males are reported to interrupt tbe courtship activities

;f snalc; Deiglborilg nales (s.Inchaustesui, J-a.o$etrwalder, D.Robinson, pers comm )- Male

territorial defe-nse is coorpos€d of a seri€s of stereotyPed Postur€s, frequendy follo'red by actual or

mock fishtins. Territorial iftruders are often approached in a head'emergent, tail_atched posture

o;o. ; ficnrinc. Combat frequetrtly ilcludes lulges and chases. Following an agglessive

encounter. domiaant males commonly assnme a nised 'inllated postufe" (Garrick and Lang 197)'

Alvarez del Toro (1974) reported that, whetr encounterbg ore arottrrr' tenitorial mal€s would lift

tleir saouts out of the water, sDort loudly, aad spurt water tkougl theil mstrils ('darial geysetind'

of Garrick and Lalg 19??).

Inalfect evidence of a polygJDou dating system was also found in Etang Saumatre, Haiti

(Thorbjamarson 1984, 1988). Twenty-sevetr adult crocodiles were located in four distinct groups

aalu"e"t to tlr -ajo. 
".stirg 

beaches one month prior to the p€ak ovipositiod p€riod' The gloups

were well defi.ned during the da1 with a mear intergroup distaDce of 4.7 tl!, but at night would

breat up as iadividuals dispers€d along the shoreline. These groups were irfered-to be courtshiP

assemblages, and containei one largJ mab, and several smaller adults (presumably fedales but

oossiblv iicludbc subdoni&nt Eales). Th€ rDalefemale sex ratio of adult crocodiles captured in

tte 
"u-e 

at"u 
"lo.tty 

following thc oviposition period w?s 1:3. At the same tide, the

corespotrding sex ratio for atrother s€ctiotr of the lake, rcdoved ftom the nesting beaches, was

higHy;ab 6iased (5 nales:o fenalet asd hdicated that a certain ftaction of the adult male

population may have beea €xclud€d flom breeding

courtship and matbg are exclusively aquatic activities The main advertis€ment display of

male c. acuari is a series if one to tiree headslaps (Garrick and Lang 19?7). Courtship is usualy

initiated by th€ female, aad rypically consists of a somewhat stereotyped sequerce of behaviors

with females snout-lifting, swimming in slow circles around the male' or placing her h€ad on tl€

snout or back of the male. Males frequently rcspotrd to this activity by emitting a very low

frequency sound, term€d a sub-audible vibration (sAU by Garrick and Lalg (19t)' The SAv is

eivin fton a typical "head-emergsnt tail'archeall posture' and causes the water on the males back

io ag;tate ,rptrards i" *hat has been term€d a \tater dance'in alligators (\4iet 198r. Folowing

dre SAv ar; a fruthe! selies of behaviors that i$clude snout lifting atrd tubbiog, bubbling and

temporary submergences. Copulation is dode in shallow water ard usually lasts several mi'utes
(Lang 1t5a, Gar.ick and Lans 1974.

The role of vocal signals id the establishfielt of territories' atrd coutship h c. aclttlj i5 not

well understood. Garrick aad | "nE 09m teport€d no bellowiog in their study of captive

idividuals, but llerz/4 (9q noted one itrstance of a captive c. dcltars beUowilg-on land'

Alvarez clcl Toro (1t4) described bellowing in c. acun/s tn Mexico' noting that bellol 's are
prisarily hcard du;ng thc early nighttirre or mordng hours, and were more fleqlent dutidg the

corrtslip seasor 'Ih; belows are said to be answered by other males in the vicidiry A sihilar

account is give! by Medem (1981) for c. ac t!rJ, who also statcs that bellows can sometimes be

heard ln the afterDoon, atrd are audible from afar.

Alvar€z del Toro (1974) report€d that females are territorial towards one arother, but upotr

the approach of an adult male would snout lift and roar in an unusual fashion. varona (1980) also

hdicaied that ia Cuba nestitg females are territorial, atrd up to 54 may compete for one nest site'

Id otler pans of its lange, howeve., fedale C. Qcutlt ate appare ly less t€nitodal around the nest

site ard may n€.st colonialy or i$ small groups: Florida (Kushlan 1982)' Haiti (Thorbjarnarsotr

l9&1. 1988), Dominic.atr Republic (pers. obs.)



Mtnimum ReFoducdve Size and Br€eding EITorr

The minimuE r€productive size of mal.e C. a.atlr is somewhat problematical as estimates
must be based or size estimates of mirtrah copulatilC (and productug fedle cturches), or
€-oatomical ayaminariod.. A fiurter complicarioa is thar ;rdividual;may be ihysiologicajty narure,
our excluoeo ftom Dreedrng due to social ta(ors,

_ Medem(1981) reported a captii,€ 2.19 m toral leEgth (TL) male that mared with a 2.36 m TL
fedal€ in Colodbia. The resulting clutch, honever, was i;Ieriite aaa suggests that the lnale was
not yet sexualy Eature. Tte smallest reported lengths of matu.e -ate" 

"o-e 
fron Etalg

Saumatre, Haiti, where two males captured adjacent to the nesting beach€s durhg the breedini
season, and assumed to b€ mature, wcr€ 282 m an<t 2.88 m TL (Thorbjarnarsod 198a, 1986.,.

More data exjst on the size of sexually datur€ females based on aestinr individuals.
Nevertheless, _estiaates var-t considerably throughout tte range of the species, sulgesting that
nininal sizr for .eproductioa needs ro be treated as a popuh:ion paramiter, perhfrs reflecting
environEetrtal or geueric differences in groslb rates, and/or ige at sexual maturity.

Ahu€z del Toro (1974) reporr€d never tuding a reproducrive female less than 2.8 m TL.
Similarly. itr Cub4 tbe reporred midmum reproductive sizc of females is 2.?-3.0 tn TL (Varona
1980)- Hower€r, in other areas females are kno*a to nest at much soaner sizes. Kleh (192)
suggested 2.4 !t TL as a minimum repro<luctite size for female C. acutt' i easterd Honduras. In
Et"ng Saumatre, femalrs begin tr€sting at arourd 2.2-2.3 taTL, aad never attain lengths over 2.5 m
TL {Thorbjamar_son 1984, 1988). Based otr the growth rates froE recaptured iiaiUao*, tt 

"minimum reproductive age of females in Etang Saumatr€ is approximateiy 10 years. A similar
minimum reproductive size in lemales was noted for trearby Lae;Enriquitd @ers. obs,) as well as
in Jamaica (L. Gafiick, pers. cornm.).

In Florid4 Ogded (1978) estimated the total lengths of 8 c. ac!tur seen at nestinq beaches was
39 n,3.5_n,3.1 n,2.8 n (two nestt, and 2J m (rhr€e Dests; mean = 2.95 m). etio in Florida,
Mazotti (1983) esrimated midmun nesring size to be 2.25 n TL. and captured 6 femates ar nesrs
with total fengrhs of: 2.28 m,2.47 m,2.5j n,2.59 6.2.96 m, 3.08 m {dean = 2.66 m).

_ Estimates of breediry efrort (the aDtrual perceatage of adult females tiat rcst) have been
made for Jwo clocodile popllarion$ Everglades Narionaj park (Mazzotri 1983), and Ehng
saumatre (Thorbjarrarson 1984, 1988). Borb vatu€s were derived indire(ly from esrinares of lhe
roral adut temaje populatiod size, ard the kno\'.u numb€r of dests. The two DoDulatiotrs had
similar values: FToida'f2qat H ti $.8qo, and are comparable to published l,ti". f- odr".
populatioos^: l. lnturirsripi€rrE 68.1% (atttougl see Wilkinson (1984) ior a much lower value); c.
nibncus. Slqo (Cott r 1); 61Vo (BtoE,b.'g-et aL t9A2); a7,6/o (cmlal! 1%8); 63Ea (H\ttton
Ig84I and C. johnsoni, %Vo (Webb et al. lglirt.

Nest Site Sel€ction

. The American clocodiie r}?icaly lays its eggs ia a hole nest excavated itrto sanal o. soil n€ar
the waters edge. However, C. ac!tus appears to be one of the most adaptable of crocoalilians in
terms of desting requieBefts and has been known to nest in a variety oi situatiods. Tbe use of
soil o. mangrove peat "moudd' nests have b€en well alocumenteal i; florida (Campbel 1972,



Ogden 1978, Mazzotti 1983). Ev€n more noteworthy arc accounts that C' dclrtlr l,ifl make small

miund nests of scraped up vegetative litter. Under these circumstances tle females are report€d

io diq a shallow hoie i"to *li.l tre 
"ggs 

are lai4 then cov€led with leaf litt€r, grass or dead

branJhes, fororing a definite noutrd (aithough smaler in size thar the dest mounds made by th€

s\lroatic C. moiletii aad. Caiman cncodilus (Alvalez del Toro 1t4, Meden 1981) Howev€t,

r;iq'behavior has not been well documented in the wild and Probably Plays an insignilicant role in

oierall nesting €cologf .

The ecologicrl siglific$rce of hole versus mouad nesting was discussed by-Cjmpbel (1972)'

who retuted the phylogenetic imPottancc atbrbut€d to nesting mode described by Gr€er (1970,

reff). Campbefinotei lhat Botlnd rcsts are fou.ld dost frequently iT sPecies.that hlabit low-

lvinq areas. iwaEps and matshes. He Eent on to sp€culate that individual diffetences in nest

-ofrbo..tty *it*" u population nay rellect tbe Past n€sting cxPe ence of specific females

Perhaps of even gteater imPortant in defining rcstidg rnode is !!e timin- g 9f n:sti-ng in relation

to rabfall oi water level variation. True mound nesters (e.g. the Alligatoridae) tt?ically nest in the

rainy seasod, &equently during peal watet levels. Hole ftsting crocodrles normally nest during

oUoas ot fut"r water levels (i.e. tle dry season), with hatching taking Place towards tb€

Legi-oning of the iaiay season (see Timing of Nesting). Howev€r. wilh a hole tresting species such

*Z acrin 
", 

the teodency to ;mou!d" nqsts may be ar adaptive respo$e to Desting iD lowlying

areas where the probability of ltest flooding js high (see Clutch size, Fertility and Egg Mortality)'

The following sectioas will Provide accoutrts of nesting mode in two-cocodile po-pulations itr

verv different habiiaB lhe coastal lowlands of southem Florida, a.dd tle inlaad lales of Hispadola

Th; descriptions serve to hichlight some of the variability in Eest site selection'

SoqlLEhddg - The priicipal nesti.ng areas of C.ocutlu i! southem Florida are found along creek

t""t"j" 
"tpo."a 

o"ay biaches in Florida Bay, in man-made canal berms along the mangrove-

Ined Lay side of Key Largo, ard i.d the cooling canal system of the Turkey Poidt power plant

focder i978, Mazzoiti 1983, Gaby et aL 198t. Ogden (1978) noted a di!?rsity of rcsting sites in

i'lo-rida Bav. but that all trests were located b wetl drained soil and had a deep water approach'

ogdetr das:fied nest sites hto tbree major types which are, verbatim:

1. Open thickets of hardwood trces along the edges of 4 to 8 met€r wide' d€€p water

creeks v/ith vertical 05 to 1.0 m ma.l or muck barks.
Z Surroudded by varying amouds of hardwood shrubs and trees at the heads of narrow,

shefi-sand beaches.
3. Id thickets of sbrubby black mangrol€ (lwce, nia nitada) b.bind E.atl banks rising 15

to 30 cd above water.

In Ftorida Bay two basic nest soil suktrates a.e found: po.ous sard_shell soil, and marl; the latter

having a very iine particle size asd a high pelcentage of organic matter. The soil water contedt and

t""uttirt o*yg"" diif,r"ion differ widely between the two soil g?es and play a-sigdficant role in

determiling egg ph)siolo$ (Lutz ald DuDbar-Cooper 1984; see Incubation and Ne-st

Ervironment).

Ogder (1978) reported that 13 of 14 prisary nest sites investigaled had significant elevations
(rnouals) above tie suffounding terraiD. Tho elerations raaged from 9 to 65 cm (dean = 31 cm)

and were apparently not conelated with location or soil type. Matimum diaEeters of nest mounds

rang€d from 1.0 m to 4.6 n (nean = 24 E! N = 1a).



Eight of rhe 17 nests srudied by Mazzotri (1983) in Florida Bay were classified as 'mound,
dests. 

.Duri!,g th€ course of this study subterranean flooding was found to be a major source of egg
mortality. Under these cLcumstances $ounding may be an adaptive featuie re<lucing thi
probability of trest floodhg (Mazzotti 1983: see Clurch Size, Ferrility an; Egg Mortality).

In five lests deast$ed by Lutz a.trd Dutrbar-Cooper (f9g4), the meaa depth to the top of the
€gg clutch $as 33.5 cm. The correspondiag depth to rhe bottoE of tbe clutch ar€raged 51.0 cm.

Crocoilile lests on Key I,algo alrd Turkey point are locatcd itr mangrote peat berds creat€d
during-the constructior of canals (Caby er al. 1985, p. Moler, pers. co--.i. ffr. U..." are
generally elcmted *€ll above water level where ttre probabitiry of ;esr tloodins is usuattv minimal.
9n Kel Largo the nests arc tronnally situated i! rhe open sua alrhough sicraj uesi srtes are
located under a low caDopy of mangrove.

4iqp44l_ ola - The nestirg biolog' of c. oc!&r has beea srudied itr the Dominican Republic by
Inchaustegui er al. (1980). a.Ed h Haiti by Thorbjama$otr (1984, 1988). TLe Daioriry ot rhe dara
l-rom these studies deals with clocodites in landtocked lakes: Lago Enriquillo in rhi Dourrnican
Republig aad Etang Sau$atre in Haiti

. C.rocodilcnests !n Lago Enriquillo are located primarily h raised, sandy baDk on two of the
three largest fulands in the la.ke. Additional nestiag areas are foudd in several sanaly to gravelly
beaches situated around the lale's p€rimeter. Mo6t aesting beaches are located in we &abed
saidy soils situated adjaceat to calm water areas protected from the h€quedly intense surf that
r€sults from tlr easterly trade wiDds (6 of 7 Eajor nesting beaches, peri. oSs.). Courtship and
m4ting were obsen€d to take place itr ode of these cal_lr-water refugd (Irchaustegui et al. i9g0),
and presusably a sinilar situatior exists in th€ orber arcas. Wirh a r€cenr rise b lake level (about
5 m h 2 years following hurricades in 19?9 and 1980), crocodiles shifted nesting beachgs as the old
sit€s b€crme irurdated. Horxever, i! most areas nesdrg has coDrinued in adjacent, higher, sites.
The combination of suitable soil conditions with ar adjacent catn-warer refujr:ur was iufficiently
limiting-r. to lead to colonial rcstj!& with some beaches having 20-30 oest; AI d€sts il1 Lag;
Effiquillo are hole-q?e nests.

. .I1 .Etl"g Saunatre which has no large islads, nesring is coDcentrared atong 6.6 klr of the
uninlabited eastera lakeshore (Thorbjarnarson 1984, 1988). N€sts are usually locited in elevated
saddy areas that were forme. lale shoreliles, Aequently on cora.lliferous Um;storE outcrops that
eKetrd dowr to thc laleshore. _These arcas provide a well drail'ed nesting substrate, a deep war€r
approacb. and usually a! adjacent calm-water refigium on the bJ side of the limestone
outdopping. Mean nest distance from the lakeshore was 27.5 m (range Z-47 m, N - 31) and
height above the lale averaged 1.2 n (ralge 0.&2.1 !!, N = 3I)- fift;en of 25 (9:tqq active
crocodil_€ nests were located in or adjacert to form€r charcoal maliDg sites used in the past by
local villagels. These charcoal sites provided a s€mi-open area in thi surroundinq thorn-scrub
vegetadon associatiotr with a friable soil/cbarcoal fragnint mixture. The use of foimer ctrarcoal
making sites ft:e_sling has also b€ln reported by Orrenwatder (pers. colnn.) in the mansrov€
swamps of rhe Rio Massacre, Dominican Republic. However, in this situation ihe charcoal areas
are raised Eiounds and rcpreseor the most elevale4 well drained siles ava;labte.

. In Etang Sauoatre, nine ph'sical paramerers were measured at crocodile n€st sites (Table 1).
A.stepwis€ disrri.fiinant anallais was performed amotrg 15 trull sit€s (chos€n randomly, dtrance ro
lakc li\ed at 5 m). aDd 15 nest sites t|sitrg 7 lest parameterc (height above lake, ;il molsrure,
percent shrub/tree caropy cor'€rage, p€rcent grass coverage, percenr l€af litre! coveragq height of
woody vegetation, and distance to n€arest tree), The anatysis indicated that onlysoil rioisture was
inportad in distjoguishing nesr sires (meaD 6,6% water by weight), from nu siies (20.3Vo warer; p



< 0.01). Percent shub coverage was significartly higher at du sites (p < 0.05)' but was

correlated qith soil moistur€.

Nests in Etang Saumatre ar€ hole'g?e nests with do mounding rotable. The nest excavation

is argled diagonally back ilto the soil. Mean pe.Pendicular dePth to eggs was: clutch top 24 1 cm
(SD 4.7 cd, N = 13), and clutch bottom 37.9 cd (SD 43 crr, N = 12). Mear ho-rizontal widrh of

the egg chamber is 32.4 cd (SD 4 3 co, N = 12). Because of a lower density of nesting females

colonial nesting was not evidedt as it is in nearby Lago Enriquillo. The gr€atest aumb€r of dests

fouDd otr any one beach was tbtee.

QlIgltreg! - Aspects of the rcstirg biology have also been noted in Jamaica (L. Garrick' pers

comm.), Cuba (VaroM 1980), Metico (Casas and Guznan 1970, Alvarez del Torc 19'14)' P ̂ ntu^

(Bred€r 1946, Dugsn et al. 1981), Honduras (Schdidt 1 , Klein 1977), Colombi4 Veoezuela ard

icuador (Meden1981, 1983). These accoutrts support the getreralization that c. acuttrs-prefers to

nest in sandy beaches, but is very adaptable and will nest in marginal ar€as such as gravel (Scbmidt

1y24. 1-Jvarcz del Toro 1t4), wet' duclry soils (Varona 1980), wood chips (L. Garric( pers'

colnm), or evetr malc small, mound_type !€sts from vegetatlve m{ttet (Alvarez del Toro 1974

Medom 1981, 1983).

A.lvarez del Tolo (194) descibed ^ W'Lcd C. aanls nest in Chiapas, Mexico as beiDg

located in a sardy beacb, beyoDd tle bare saad ftinge and usually rcar a shrub thicket. Ir Jamaica,

Ganick (pers. c-om6.) noted t\at C. ac!tus nests wer€ mousde4 and fouad ia sandy b€aches

located adjaceat to malglove swasps that provide habitat for the f€dale. Along rivers' nests are
positioned high up on baak in areas cleared by the female.

In Hoduras, Schmidt (1924) foutrd a oococlile Best in a gavel beach on ar island in Lago

Ticahayq and Klein (197) dentioned rests being located in saDdy river bars. Io Pamm4 C'

aantu.r nests have been foutrd i! a clearing on a small forested islatrd adjac€nt to Barro Colorado

Islaad (Dugar et al. 1981), i$ a small lightlouse clearilg itr a forested mainland penitsula also

""- 
scl (Rodda fssa), and ia opeq sandy river bars ir the Rio chucunague drahage (Breder

1946).

Table 1: Mean values of rirc patamctcrs fot C. ac7lttjs aests in Eta.ng Saumatre, Haiti' From

ThorbjamarsoB 1988.

N€st Paraaeter Mear (SD) RaDge

Distarcc to Lake (d)
Height abol€ Irke (B)
Soil pH
Soil Moisture (% water)
Shrub/trce Coveragc (%)
crass Cov€ragp (%)
Iraf Litter Coverage (7o)
Height of Vegetatior (m)
Distancc to Neare6t Tree (d)

n5 Qr.8)
12 (0O
62 Q5)
6.6 (3.1)

30.1 (14t
5.9 (5.8)

18.4 (8.6)
3.4 (0.6)
21 (Lr)

0G2.1

3.+L43
1G60
o-m
10-30

2n45
05-5.0

15
12
a
29
D
z7
n
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Nesdng Behavior and parental Care

Although Duva.l (197) reports an interval of g4-107 dalK between observed coputatior
1tl:ip.]J.:i.d T:,.9.- l 

caprive situatioD, most reporrs from o;her caprive ard witd popurations
urorQre tlar ouposrrrotr Io[oq,s courtship activity by 1-2 months (Alvarez del Toro 1i4 Garrick
_*1. 

I nl 
llT] YT:ll le8o,.Irchausks; er at. le80). cravid remales wir b€sin visirjng porenhal

:::j,.:,_._" _"1 
,,", 

T.*::ks 
prior ro layils (oeden l9?8, Thorbjanarson 1984,19e8). Tlese ea.rryqsrrs are usualty bn€t (tess thar one how) ard of i egular occunence a;:d proviie the femalesw*h rbe opportuorty to- Eak€ slallow exploratory €xcavations. The noctumal visits increase with

:::l:l_"y,f :T..1^",t9r 
oqposiriou ?pproacbes. and egg taiog r.Lsuaty foltows severar dsbts ofmore reDgrtry ltsrrs and rn$eased digging acriviry (OgdeD 1978). tn Ftorid4 d;ggins is reslricred lo

BlTll-,"-r y:"g'y *sr sites. 6ualy found wirhin 35 m of otre anorber (osd;n 1978). bur i!Era[g saumatre. where dore pote ial trest sites are available, excavations ari freq uent ly scatt eredamong-several sites (Thorbjarnarson 1984, 1988). Gravid fenales in bott rago'iari'quillo and
,Ej_-"s -:"-yj:-..:"i" iored ro hfrequeDrly drop rheir esgs premarurery *hn" ?ut.rAj-long rr.
:."iT,:"l:*c 

t9. 
"::, 

sires (bod lakes), or eletr i! the warer ( Laso Enriquiro). T!;riologJi orlDrs preEature oqposition i5 unclear,

,^- _ Nesting sites in Etang SauaBt.e arc reused regulaily, Forty-six percert of the nests located in1984 wer€ used tle previous year, r5 7" were usid privious io Ui:, aaa :SZ, ;." fL"a m
lpparently rcw sires (ThorbjarnarsoD 1984, 1983). Similar to rhe !i*"i;"i L 

";""*, 
l_"g"Enriquiflo, a risidg lake level sincc 1980 has forcld sone crocodiles o seek 

".* "*,i.JJ"..

, . Female"C. aoll]s ir Lago Edriquillo energe from-lhe *arer to De5t stonly alter dark (pers.obs.). Ooe f€lrale was discovered in rhe final siages of egg taying ar 23l5h 
", 

rZ i.i.*ry rvxz.
leraiteq !eb.av,_or.at o9:ervations or oviposition bfa 

"aptiG 
re,nj" *e." -;; iJ-;h_u"""Nauondrar& LoromD'a by pachon, Ramirez and Moreno (citcd in Medem 1981). Usira her hindregs In€ remale dug a lest cavity or L5 March ald tbe fo owjlg night bega! excavaLirig aoorher

11._i::-.-TT_o-,: g*h. once th€ -diggins was complete<l rhe ?enie reiained notioi,ess aroprne_ ne$ unr! egg talrg began at 0525h. Ovipositioa was accoEplished with th€ Iemale Dositioned
f:lj::90ly-:l:ilhe edge orrhe hore. 

-head 
stightry elevared, pecroJ,"et;;;;;J; 

"s",*,tDe grouid, and-abdomen arcb€d upwards. The first abdominai contractio; rasied 5 mrnutes.
:yrlS 

tne ne,C 2r mDutes,_I5 eggs were laid, rhe rilne inrerval berwe€n eg$ diditrishiDg from 5mrn. a, sec.. to 5 seconds. Eighteer minures after the last egg was deposiied, tle femje begarcovering the eggs wilb soil and IeaI liner, gradualty shaping a i6und 80 crn in ai"_",".. *a rO *,
lifl:..jl: y. ,pql?"ll q" fTal:J (2_36 n rL) tusr oesring artempr and rhis may parriauy
accounr ror rrre small clutch size (MedeE 198t).

Female c. actttur will remaiD in tlie vicinity of the n€st du ng incubation (Alvarez ctel Toro1914 Oedea 1t8, Thorbjarnarson 1984, 1988). In some aleas f"?"f." 
"r" 

."[rt"a io ucti""ryprotect dests' excludi'g other crocodiles or potedtial nest predators fro' the oest locale, lrexico(Alvarez del Toro- 1s74), Cuba (Varooa 1980), panaiEa (D;gan er at. 1981); altbough rl;- betavior
rs Edr\,ldually variabte. Tnolher areas females provide litle or no nest prorection: 

-Florida 
lOgden1978) and Haiti (pers. obs.). There is no evidence that males play any'role io aest aelense ,n ftewild.

. Dugar et al. (1981) obseryed an adult femal_e C. adrur protecting her aest by chasing away
::fl],ltr, f ]crq* 

Isuanas would dis up crocodite eg$ dulhg rhe co-*r*rio, oi 
"."r 

U*-*,,anc od lt occasloDs the crocodile seiz€d iguanas rreai her nest. The authors codcluded that thisoeoauor vas a drxure ot nest defense and Dredation.



Towards th€ ed of the incubation period, femate crocodiles will begin to mate noct]rnal

visits to their dests, laying th€ir heads atop the nest to lister for the r€lease calls of the hatchlings
(ocdetr and Sinsletary 198). Triggered by tLe grunts of the young, the female opeis the Dest

usiis her front ieet. Photographs of a wild crocodile openilg a n€st in Florida suggest that the

feE;e wi help the hatc iags emerge fton thei. eggs by gently squeezing the eggs bet*een the

tonque aod pa;te (Ogd€r ;d singletary $rB). Folowing hatching, the young are gathered ir

"-il 
clouoi ioto tl. 

-t"male's 
nouih, wbere they are cafiied in the depressed gtiar poucl! and

ter.ieito'Oe watecs edge. The feEale PhotograPhed in Florida (usitrg an automatic device)

carried a total of 34 hatchlings in 12 trips between the nest ard the watcr (Ogden atrd Singletary

193). Si-ilar nest openioc behaviof has been observed or inferred for c. ac!tur througho t tle

species raage 1,lfua.ei ael ioro 19?4, lncbaustegui et al. 1980, Meded 1981, Thorbjanarson 1984'

1988).

Itr some instances hatchidg is trot simultaneous for aI eggs and females may leave

unileldevelopeal eggs buned in !h; nest, retuming at a later date-to olen them (ottenivalier' pen'

co--.: pers. ob".i Maooni (1983) also noted tlat in Florida females may leave fully developed,

"o.utizioi 
eggs i" the o"st. Itr one case a fedale hatched a nest during tbr€c dsits over a four day

o"riod. 
'iof-aeo 

Enriquillo, female crocodiles may remair on land h shaded areas with their

tutchlioss. ot leaue then under vegetatior during the day otrchaustegui et aj 1980) This behavior

mav havi been related to the bypersalire la-ke water and resultant osmotic probleds for hatchiings

(pers. obs.; see Temperature and Salinity Relatiols).

The degree of materaal csrc for r€ceutly hatched c. tcutls app€ars to vary considerably

tlroug[out tihe species range. The results of most studies suggcst that the formation of distitrct

poa" 
-of 

youog La -*.-"t care of neodates is ninimal ia thrs species (Mazotti 1983'

ilotoi-"-*i 1984, 198& Rodda 1984). Howcver, under certain conditio$ the formatiod of

Dods mav be inJluenced by the babitat into which the youflg are born. In areas exposed to *ave

iction or ir hypersaline wat€r the dispersal of hatchlings i5 almost immediate -(se€ Habitat

selection, Activi& ad Mov€medts) and thete is virtually no group cohesion amo-ng the iatchlings'

Nevertheiess, in iome areas adult socodiles hal€ be€n seed in the viciuity of loosely gouped

harchling asscoblages (Mazzotti 1983, Thorbjamarson 1984). Alvarez d€l Toro (1974) reported

tlat ia 
-uexico, 

ha-tchli:rgs would renain glouPed together lear the female for several weeks

followhg bat"r'i.g. Horiercr, even in suitible iuvedile habitats ir sorthlorida and Haiti Pod
formatiin is also ipheneral (Gaby ot al. 1985, Thorbjarnarson 1984, 1988; P Moler' pcrc' comm )'
campbell (1973) noted that young c. acutuJ are relatilcly non-vocaj, alld this observ-atron llas been

suooorted'io rhc wilrt bv ob""."utioos made by Maz-otti (1983)' Id as much as hatchling

uoolit"tio* 
"...," 

to .ubtaiD group iotegrity, atrd/or coltmunicatiod with an adult, th€ Dan_vocal

nature of hatcbling C. aclu is another indicatior of lack of social cohesion ir lhe young'

The sceroilgly unreBarkable adoulrt of datemal Protectioa for hatchlirgs C' aatus rnay bc

a consistent chariiter of th€ species, or it 6ay reflect a rece clange i! behavior assocrat€d witi

human-related disturbance. Rald and Troyer (198,0) have suggested that in Gatun Lake, Panama,

Dast hunlbc has s€lectivelv €limi&ted adults that protect€d their youog FurtherEore' as

crocodilians-are loog lived anioals with recogntid learning ability (Bultard 1968, Webb and

Messel 1979), a diiioution ilr paieDtal care may also b€ a learred req)onse based oa past

"xperieoce 
*iih hu-a . Iddeed;some historical accounts suggest that a higher degree of Parental

care may havc existed in the past (e.9. Esquemeling 16?8).



Timing ofN€sdng

,.^,}:-f_*l31 f:-:odile, 
fouowing rte q?ical pauero for hot€-tresriDg species, oesrs dunog

:1",-11,::T:q-i l 
*,chins occurins nearrbe besinnils of tte rainy season. Ac.ordins ro rhegeneraxy accepred bt?othes( t[st presenrcd-by Cott (196I) fot C. nilotictts, oviposition during the(l-ry season reduces rhe probabijity of nest flooding. and results h the young inerging duri.ng atioe of inceasing habitat ard food ar"ilabiliry. Ho*ever, in C. aclrus tiere'e*ist" a co'oiae.aUt"

amounr.of variarioo in the rining of eggtaying itr .elation to ninfall p"tt;-. N;i; 
""-,regro$ hatc[ pr'or to $e begindng of r]e rainy seasoq and in or bers during the early ro mid_rajny

s€ason.. A sumnrary of C. aclaur trest tiEitrg by geographic area is presenrid ir Table 2. .A more
oeraled analysE awa(s hrtler iDformation on local Eesting patterns ard rainfal/*ater t€vel
schedules.

_ - fn Mjnco, and along the Caribbean coast south to Costa ?ic4 C, acunu oviDosits tiom
March,to May, rh€ eggs hatching during the firsr hau of lhe raioy seasor (fu""-aoeu'.is"hlniat
1924, Carr 1953, Casas atrj cuzmar 1970, AI rez det Toro 1974 A. Carr, L. Og.ea ieis. con-.;.
In Panam4 atrd tle Pacilic coast of Costa Rica and Colomb;a, cro.od e; renaio laiJ sonewnat
efflier, even rhough tbe raidall patrerns are similar (Breder ti46, Dugan er al. 1980, Rodda 1984,
_w. r rmmerDrar! pers. comm.). Id these area! crocodiles hatch prior to rbe idriation of the raros.
In.tle extreEely wet Choco region of pacfic Colombia where iittle seas."a uJuii* i, .ui"iaf
e)(rsls. crocodilcs apparently folow thc same timbg of nastilg (Medem 1981).

Table.2: Timirg of c. acurur oestiDg iD relatior to geographic area and lainfal pattcm. See text

Regron Timing of Nqstilg

Oviposition Hatchiag
Rai"y
Seasoa

Mexico:
Pacific coast
Atlantic coast

south to Costa Rica
Pacific coast

Costa Rica-Colombia
Ecuador, Peru
Cadbbean:

Colombia

Caribbeatr lsladsl
Jamaica
Cuba
Hispa:riola

March-May

March-May

Jan-Feb
Oct-D€c

March
April-May

March-April
March
Jan-April
Ap.il-May

June-AUg

June-Aug

April-May
Ja+March

June
July-Aw

June-July
JuDe

April-July
July-Aug

June-Oct

May-Dec

May-Nov
Ja.r-April

May-Nov
May-Nov

May-Oct
May-Oct
April-Oct
May-Oct



South of Colombia rainfall patterns clange &astically, becoming trtuch dryer with a rainy

season extetrding from Jatruary to APril. The cocodiles ia this region adapt accordingly and

ouioo.ir t.o. OItoUet t" December, suggestiag thal rhe eggs would batcb during tbe flrs( balf of

fte wet seasotr (Meden 1981, Fialos er al. Es).

Data are scanty for cocodile rcsting along tle Catibbean coast of Colombia and veBezuela'

which Las a typicd aaribbean weather pattem (rains May-OctAov). Itr Colombia' Medem (1981)

reDorts thar a:aanrs lests hatch in Apdl'May, but it is not dear to which Part of th€ country he is

reierring. The only sitc specific daturn is from lsla Salamanca wh€te a captive female laid on 16

March (Medem 1981), Inforsation frod Venezuela suggests that in most coastal areas C acutd

hatch ; April (Rio iaracuy) or May (Lago Maracaibo region) (A.8. Seijas, peis. comd ), but in

the arid region of Falcon statg tle n€sts of one crocodile population near Chichiriviche are known

to hatch ii late August or early S€pteEber. One nest at the Jatira Reservol was found in the

Focess of hatching;tr 28 August 1987 (A.E Seija$ pers. codt.) How€ver, in this arid-region the

oeak rainfall ;s in November-December. These data would suggest that n€stiEg in Venezuela

ioltows the genera.l Caribbcar pattera q,ith tle €xception of the Falcon regiou where Destiug i5

delayed, perbaps due to arid coditiols and a delayed peak in rainfal.

The islands of Cuba, Jamaica, and Hispaniola shale the tyPical Carfob€aa clioatic pattern,

ard herc C- acatus hal€ a nesthg schedule comparable to oth€r Ca bbean areas Ovipositiotr

tates place primarily during Marcb and Apri! and nests hatch during JuneJuly (Inchaustegui et al'

1980, Varona 1980, L. Gtrich pers. comm.), i.e.during the fllst half of the rain- y s€ason The

trota6b exception to tbs is in Etang Saumatre, Haiti' where nests are construct€d in late January

aad early fibruary, and hatch hta Ap.il'early May at the very beginning of the rainy soasor
(Thorbjama*on 1984, 1988).

In southeE Florida, a similar seasonal rainfall pattem exists, but croco'liles are delayed by

lo,, widter and spring t€mperatures and do not rest udlil APril_May' with the young hatchhg Juty'

Auqust (Orden i9?8-, Kushlan and Mazzotti 1986). Captive qocodiles in southem Florida that

o.i!"ut"a 
-fro. 

Jamaica follow lhe tyPical Florida rcsting schedule (ovipositing April-May;

G;ck and La.ag 197), iadicating that at least with respect to temPerature limitations timing of

nesting is €nviroimentally malleable.

Incubatlon ard Nest Env:ronment

Reported incubation perioals for c. actltur n€sts range ftom 80 to 90 days (Tablc 3)'althougb

in one artificiatty iacubated nest it was 107 days (Duval 197). The leDgth of incubation is

tedperahfe dependent, but und€r natural conditions nest temperatures appear lot to tluctuat€

gr"otly. Ot". u Z+ d"y p"tio4 Lutz ard Dunbar-Cooper (1984) found a dean daily temperature

iariatio" of 1.4 C ir a nest in southem Floritla. During a 30 hout int€rval, the maximum

teoperature fluctuatioa among 6 nests h Haiti was 0.y C (top of egg clutch), and 0.6" C.(botton;

Thorbjarnarson 1984, 19s8). Due to the thermal buffering effects of th€ soil, itr both studies

maximuh nest temperatures were reach€d at night.

AmoDg seven nests in Florida, Lutz ard Dunbar'cooper (1984) noted a trend of inseasing

nest tempe;abre *ith tim€. Mean nest tettrperatue increased from 30 9' C in lale May-€arly

June, to 
_3.3 

C i! early August. The nse in mean tr€st temp€nture was correlated with an

increasing tr€nd in mean ail tomperature.



- The study oflutz and Dunbar_Cooper (1984) atso examined gas exchange i! C. aflrftG nes6.In southem Florida crocodites nesr in tw; distinct 
"oii 

typ"s, ara U"e pt ysiJi..pJ". 
"f 

,fr" *itplay a! imporrant ror€ i! deremidtrg gas exchange characleristics of the rcst. Marr nests bave a
*."::,1.X 1{r:jl* y !n.,a,-.;rili"s.t19 zro o,icroas), a higher nean wa ti-""i.* 1zs.zz"Dy werg'rJ, and a lower o/.Xen atitTusio! (1.96 x 10 cm/sec at t5Z, wate. cooteir). Sani/sh€ltnests hav-e_a larg€r particle siz€ (0j-3.3 EEJ, a.bw€r. meiur wat€r conte at \I0.3Vo), alld a bi*eroryger diftusion (L51xt0 snlsec at t6qo war€r). Alrhough rb".oufrc *.." __" j"*_*tln tt"
::yj::L.1":^l*,1ln Tl" 

so gpes dehousrrated an iadease ir pco2, aud a decrease in pol

i.l,iilrr-,il llli;"j,li 
,o*€r potentiat for sa3 diffrsiotr resuhed h lowe-r po2 and hieher pcoi

. . Lurz and Dunbar-Cooper (1984) also aored a 15% decreas€ itr egg Eass (warer loss) duringrlcubatior. Soaewhat similar results were reported by Moore (I953;-wh. 
""**"","a,i,i, 

,r0".nordal coodiriom a clurch o[ crocodite eggs tosis &6% ;f irs mass by day zo 
"i 

fF*U",].r-

Table_ 3.. Reponcd egg itrcubarioa p€riods in C. aodr. Data ftom Alvarez del Toro (19/4); Varom (1980); Incand Kusblar and Mazofti (198d.

Location hctbation Period (days)

Cuba

Mexico
Domidican Republic

80-m
85
80
84

Table 4: Reported values of clutch size for c. acun r Nis tte number of lests eyadined. Data ftom Kushlar and(1986)i Lutz ard Dulbar-Coooer (1984): o'de.n (r97S); Medem (1981); BrJei Osa6;S.-h-,a, (r92+t, ro"huu.,.g(1980); Thorbjanarson (r98syi; ana etvareiael roro riozrt.

Ircatior
CIutch

N

Florida

ColoEbia
Patrama
HoDduras
Domidcan Republic
Haiti
Mexico

38.0
39.1
44

40-6t)
6
z2

23.8
22.5

3040

46
8

m
,I

1
80
14



Clutch Slz€, Fertility and Egg Ivlortality

ReDorted valu€s for clutch size in C. acltu (Table 4) range ftom lo{'s of 22 (Schdi& 194)

and 22.i(Thorbjarnarsotr D8a, D88), to high figures of 81 (Ogden 1978) and 105 (Med€m 1981).
B(remely large ctutches of eggs may be the result of more than one female ovipositing at the same
nest site (Kushlaa aad tvtazzotli 1986). This ilterpretatioD is supported by eviderce from- Florida

a.od Haiti where two clutches knoEn to hate been laid by different females $'ere laid ilr the same
nest hole (Kushlan ard Mazotti 1986, Thorbjarnaftoa 1984, 1988).

Clutch mass from ode nest in Florida was 5.2 kg (Lurz and Dunbar-Cooper 1984). Meatr
clutch ll1ass froE 14 nests ir Haiti was 2.18 kg add averaged 4.4% of adult female body hass
(Thorbjanarsoa 1984, 1988). Reported values of iadividual egg rnasses (early h incubation) are
dr3 g (Lutz and Ounbar-Cooper 1984), 97.0 g (Thorbjarnarson 1984, 1988) and 103.4 g (Duval

1977.

Mean egg diEelsions are more often reported id the literature than egg mass a.nd can be

llsed to bette; show tle variation i.n egg size. However, ther€ is not enough evidence to determine
if egg size raries with female srze, or betweetr populations. The largest reported mean egg
dimensions are from Panama (52.0 x ?9.0 md, N = 46; Breder 1946), a:rd Chiapas, M€xico (54 x
80 mdi Ah?rez del Toro 1974). Snatler eggs have been reported from Haiti: 45.4 x 76.5 mm
(Thorbjarnarson 1984, 1988), Cubat 42-47 x 73'81 mDl (Barbour aDd Ramsden 1919), aid
Horduras: 42-42.5 x ?0-t6 nn (scb$idt 192), 46 6 x 75.4 mm (Thorbjarnarson alrd vliet, unpubl.
data). Large eggs co ainiDg two €mbryos hal€ been r€ported from Cuba (Barbour aad Ramsden
1919), wheie on€ nest contained two twi[ eggs (100 x 50 mm) The embryos were apparendy well
formed and healthy. A sinilar twir egg has beed reported by Blohtn (19!A) lor C. intennedius ln

Egg fertility leveb (determhed by egg badiry) have beetr r€ported from rcsts in south

Floridaand Haiti. Udbarded €ggs could be the result of infertility, or garly embryonic failure ln

Florida, Krshlan and Mazotti (1986) reported 907, of 314 eggs examined were batrded. The
range of values for irdividual rcsts was 4610070, with odly orc n€st having fewer thatr 847,
ba:rded eggs. Ia Haiti a similar value of9'9% unbalded eggs wa! determhed from seven clutches
(ta'tee 1O.GlNVo ba ded) (Tborbjarnarson 1984, 1988).

Otber than egg fertilitt rates, nest hatcbing succ€ss ts idluenced by three e[vironmental
factorsi floadiDg, dasicc{tioq ard predatiotr" Ar increase in soil moisture reduces soil oxygen
diffusioD capacit (Lutz aad Dunbar-cooper 1984), as w€ll as that of the eggshel (Ferguson 1985).
Altlougl C. adn r lesG dlring the dry season, id areas where nests ale located in low_lying arcaq
floodirg may bc an ieportar{ factor in egg mortality. Itr the Florida Bay regio4 flooding dro{'ned
two of 17 (11.8%) of thc rcsts studied by Kusblan and Mazotti (1986), and pa*ially destroyed two
other nests. Floodilg wrui subtermaelrn and h€nce was not recognizable u ess the dests w€rc
excavated. It is perhaps signific$t that four of nhe 'hole' nests experienced floodidg mortalitt
whereas dode of the eight 'moudd'nests flooded.

In areas where female C. ac.fi6 h^1e access to higher, well drained nesting sites, floodiDg
mortality is usualty rninimal. On Key Largo and at Turkey Point in Florida, females nest in raised

spoil baak and the nests e,{perience little or no flooding dortality (P. Moler, pers. comm.). Itr

Etaag Saumatre, Haiti only one of 15 (16.7%) nests exaliined was lost to llooding and this was

due to excessive surface runoff from a nearby arroyo.



2JE

-_ Egg desiccation las been r€ported to cause €gg.mo(aliry i_n Florida. Mazotri (1983), tound
27 eggs from four different nests to have ,ir sacs, wUch according to Fergus", 

"rJlir"*,n OS8:lare indicative of excessive egg,water loss.

"..^^^i:1""9 lr_edarion 
is usualy. coEidered ro be the rnosr imporrant facror govefting oesrsuccess ur c. aclr6, lcw quanritatir€ estimares of predariotr rates are available. Kushlan andMazzotti (1986) reported rhar duri.g 197r-1982" rliEa of 99 clutches i" no.ia" *"r" o."a"t"a.Kaccroas \rroq)on btof) wefe rhc odly nest predators observed. Afthough Dugar et. al. (lg8r)

reported rhat nesrilg iguanas would dig up crocodile eggs. att other repo-nea rlsr pr.du,or. *.nammats: rrucyon totof, p. concdwm. Nasua nadca, Dusicron thous, con?panrs sp., Canb ,arans,
!!^?.!1i!: yctou:,- ?\d spirogate tuglrtilrons (Alvar.ez det Toro 1974, ir€de;'r98i,'iu_""r,o
lydr, Kusblan ald-Mazzoru f986). On Hispadol4 an island wilh a depaupcrate naomalian fauna
!::i,T.lyi..io,tIti 

induced), few narural Dest predators are fou;d atrd nests are raretyoeprec red or[er rlan by 6atr. A 0Zo narural predatiotr rate was found among nests in Eta_ug
Saumatre (Tlorbjanarson 1984, 1988).

DIET

The diet of C. acutus follo*s tle t\,Dical ontogerctic shift described for oth€r spocies ofqocodilbns (cott.t96-! chabreck 191, iaylor r9?9,-weuu 
", 

a, isail,- a.t"if."g ano lunenitecr_ocodiles f€€d primarily on aquatic and t€rrestrial inveftcbrates (Alkrez det to.oiglc, ueaen1981.-Thorbjartrarson,.1984, 1988) o!.snall fish (Schnidt lg24,-Alvarcz aef foro fet+;. Witfrncreasbg sl?4. crocodrles leed increasingly on brger lrrrebrate prey witb fisb b€;Dq rhe dominantfood item ravafez del roro 1r4. M€d€;'re8r, r;..bj*;;; i;4. t86t:- 
** *-

_ A$ong bjfcbling and juvenil€ c. acurur rhe most conoonly reported prey ar€ aquaric insects(Drctisidae, Hydrophitidae, Belastomalida€) add ttrel tarvae (Utit_tuiaa!1, 
'."J..1it"'tarr*-

j:Ll:1-y]1t-:*.. re81). rd Etans saugatre, Hairi irhorbjarna;i lgs'{'-reu;, tr"qomfia prey rrems flusbed trom t}e stomachs of hatchling crocodiles oess than 0.5 n TL; N = 8)
::.::::lbl:r:"j :j,: 

rtddter CJabs tuca beryenri, ::.s4 of prey nass), Hy-"".p"* r x.or,y,
an_^o^arrpbrpo4s.(25.U7,). ADoogjuveniles (0.5-0.9 D TLi N = 28), rhe principal irey were Uca
toz.r"/o Dy rbass), odonate larvae (1037r), and Col€optera (9.92,). Other frequenrly encountereAprey werer Aracrrnrda, Lepidoptera. ScolopeDd€ra. HlEetroprera, ard cerridae. Onlv 9.32, of thecrocodrres urder 0.9 m TL coDtaincd fBb q = qI prhcipaly srbal poeciliids (tun,a sp..Go,trbusia hispa iole). Othe! thatr fish tle only vertebraie remains founa i" iu*"it"i:.to-""1"wer€ one rurrfe (Prude.ryr decorata). Md utrndentfied bild reEairs.

_^ , Aharez del Toro (1974) reported that iu Medco, subadult crocodiles feed on insects
\belastoma, Dist.-us, Htdrophilus), fisb, frogs, snal turtles, birds, ard small mammals. Twosp€cEc crocod es Eentioned (l.t m, 1.2 n TL) had carfBh (Moilt,er,a), a dove (Zenaidun

:l-T::.?.*d, i.T:pd 
(pwande, taniseo in their srolnacbs. s,rsuaui c1o"oal". i" erangsaumatr€ (U.9-1.E ln TL; N = t fed princjpally on aquatic irv€rtebrat€s inclualirg oalonate larva€(353Ea W mass), Uca (j2.6%), and spider; (1i.5%), 

-but 
also took an inc."*frg'"r.G. 

"t 
tr.a.(17.77o; Thorbjarnarson 1984, 1988).

_^- -_l.*li:-'*"dll"r 
while primarity piscivorous, feed otr a variery of prey. Schmidt ( t94)reported tbat ooe f, m crocodije h Honduras conraitred a rurtle shell, remaias of a t.2_ l.J mcrocodile, and peccary hoofs. Besides rwo marine catfish, Ueaen lil8ry fouJ Aue."rrt. orPorracea snails in rhe sromach of a 3.17 m crocodile i! Colombia. Miaern (tpSD also-;enuonsobserving a crocodile eat a ntJe (podocnemi, te*yani). Nvarcz det.tot iiSla)-",;--"r;" 

"r,""



formerly ir,idespread problem of crocodiles eating domestic livestock i! Mexico - Based on a small

sampte of socod eJ in Etang Saumatre, fish (pridarily Cichlidae) ad btls r*'ere the most

common prey items. Adults were atso s€en to oat turtles and dornestic admals (dogs' goats;

Thorbjama$on 1984, 1988).

Observatiors otr fe€dbg behavior b EtaDg Saumatre itrdrcate that crocodiles use both active and

oassive modes of foraeinq. Jutenile crocodilcs were frequently seen at dght alory shallow wat€r

ihoreli.oes making rapiid-.idest*ipes at surface dirtubaffes. This aethod of foragiry probably

accounted for th; gh percetrtage of nor'aquatic iNcrtebrates in tleir dret. The Preseft€ of

odonate larvae in clocodile stomachs suggests yourg clocoaliles day also actively forage aDongst

subnerged !€getatlon aDd/or bottom sediments Cltorbjarnarsotr 1984, 1988).

Adult crocodiles in Eta.Eg saumahe were also frequently obsen€d h shallow water areas where

corcentrations of .icj.['dslci.hlatoma hatiensis, nbpie mossambica) w€re found crcodiles

were observed to .edain st;tiodary on the bottom, occasiodally makilg sideswipes at passhg fish'

Crocodiles also codcenrat€d uDder a herotr rookery during the birds nesting Perio4 ost€$ibly to

catch yourg that fall out of the Dcst (Thorbjamarson 1984, 1988). Meded (1981) -D'entions aD

***o.Jd lohiog t""boiqn" used by ciocodiles in colombia. Floaturg at the sufac€ with the

mouth partially op;n, the crocodile regurgitates saratl quadities of partially digested food The

foorl at_tracts irsl to tfre viciaity of the crocodile's oouth wer€ tbey are c-aught using mpid

sldeswiDes.

POPULTTTION ECOLOGY

Populatlon D€nsitv. Biomass. and siz€_class structur€ _ Published valu€s for .cr-ocodilian
ooout"ti"" a"*ity .-"ty re0ect true steady-stat€ populatiotr ler€ls, but tend rather to indiote the

Ltensity of past or preseot humaD exploitation of crocodiles. Furthermore, diff€renc€s in census

methodobry, and- habitat type frequently make interpopulation comparisons diflicult'

Nevertheleis, density values can be itformative, ard published figures are tabutated for crocodile
populatiols in southerd Florid4 Honduras, venezuela, and Haiti (Table t.

Density values from Ftolida are expressed i! units of time ald so are qot directlv comparable
to the otler figlles wbrch are calculat€d oo the basis of crocodiles p€r kilometer of shoreline'
Neve heless tle data for Florida indicate a very low densiry crocodile population.

The density values for Honduras (0.51/km) and veaezuela (1jzkm) are Principaly from

coastal lagoont aid dixed coastal habitats rcspectively, atrd represent populations severely

d€pleted by huntin&

The highest reported densities of c. acund come ftom laclstrine habitats. schmidt (1924)

reported an e*remely bigh crocodile density h Lago Ticamaya, Honduras. Etang Saueatre, in

H;4 had an overail crocoAb aeosity of e.:7to (including all crocodile size'clasres), even though
the populatron has bee! somewhat depl€ted by hunting and other human_relat€d aortality'

fxchding the expose4 rocky shorelircs avoided by crocodiles, the ecological densily in Etang

Saumatri was 9-6,/km. The clude alld ecological densities for crocoaliles over 1.8 m total Iength

were 1.0/km ad 15/kla r€spectively. Within lhe lale crocodile density varied between habitats'

ADrolg the major habitat subdivisions (with more than 1km shor€line) mea! densities ralged
from t high of 14.5,/kn (conocatpus fi,,ge) to 02/Lm fot the rocky, steep shore Sradiedt areas
(Tholb.iarnarson 1984, 1988),



ft:l:rjtJ#H'?ir*fties 
or wild populatiols or c acltur' sourcesr Mazzotti (1es3); Kleh (1ez); seijas (re86

Location
Sun€y
Method

Mea!
(R-r)

Habitat
Type

Ftofida,
Everglades N.P. boat,Dight

helicopter
(dav)
6xed wing
(dav)

boaFight

boaqaiglt
(dav)

boatpight

0.21/ht
(0.G0.40)

0s7/ht
(03&1.1t
0.63/\t

(0.0-0.9)

0J1ilkn
(0.G2.4)

r.s1/hn
(0.0&3.67)

63ftIn
{o.16-2r.2'

coastal
maDgrove

Eastem Hotrduras

Venczucla

Haitr,
Etatrg SaunMtr€

coastal
maDg!ove

Iake

A population €stimate was made fo. Lag! Effiquiflo, Domidcan Republic, baseal on nesting
levels reported by Irchaustegui ard Otterwalder fuers. comm), aad nesting effoit informatioa and
populatiotr demog:-aphic dara ftom adjacenr Etang Saumatre Cfhorbjarnalson 1984 rgSS). The
total adult crocoalile population *"s calculated to be 385-525 (bas€d o; 100_150 Dests adr ally), or
3.0-4.0 aduhsAm.of shore { cude_ delsity). Assumiag a similar population structure as in Eiang
sauEatr€, over"tr: - detrsrt1. (induding aI size_dasses) is estimated to be 18.9-25.1&m
{ rborblamarson 1984, 1988). Even usiDg thc conservative lowe. figure, Lago Enriquino would
Da!€ Lne. nrgn€st ctetrsty tor any C. ac&,ur populatioa kDowl1 ard among the highest reported for
atry specF6 or crocodde.

._ the most cooplete data set for C dcurd density in a variety of coastal habitats js that of
Seijas -(1986b) fiom Venezuela. Among 6 coastal livers, the ljghest mean densiry of crocodil€s
was 2.2/km (Rio Yaracuy, maximum subsocrioB density 3.5/km, section B). Of those areas ttrat
had. crocodilei_-the -lowest riveliae densiry was 1.0Tkm (Rio Ne!€ri). In mangrove swamp
habitats, crocodile densities rarged fton 3.67/krn (Turiamo) to O.Oglklrl (Cuarel. Tle only
dsnsity value for a freshwater reseroir $?s 1.02/ko

Crocodil€ biomass values have been calculated only for lale habitats i! Hispaniola
fTborbjarnar_son 1984, 1988). In Etang Saunatre, crude biomass was estinated to b€ 66.6 kg/km
shoreli&. E'(cluding hab;tars avoided by crocodil€s the ecological biomass figure was 101.7



kqlkm. Based on the above mentioned population estimate for Lago Enriquillo, Dominican

Ripublig cmde biomass in this lake was calculated to be 188.4-256.1 kg/km'

The size-class distributios of thr€e C. acutur Populatioas have been reported: Florida (Gaby

et al. 1985, Mazzotti 1983), easter! HoDduas (Klein 197)' and Etarg.Saumatre, Haiti

fThorbiaraarson 1984, 1988; Table 6). whereas tte ulues for Florida and Haiti represent data

of,ai!"a auri"g noctumai boat stweys, the Honduras figures a.e from com[1ercially haflested

animals and h!*e may be somewhat biased to*?rds larger individuals' and do not include

crocodiles less than otre Deter total length.

A large percedage of tle crocodiles sighted in Everylades National Park (469Vo) \rcte

subadults (1.5-2.0 m 'fL).

Although the 6ize-class limits vary somewhat, a smaller percentage of the Populatioo at

Turkey Poia:q Florida (183qa,721-7,gjr.'TL, Gabv et al. 1981) ant Etang Saumatre.(10. ?7o, 0 9'

1.8 r TL, 'ifrorbjarnarson 1984, 1988) were in the subadult sze range ln both these two

populatioos, a larger percertage of small crocoaliles was fousd: 56 3% Turkey Poiat,143qo Etang

Saumatre (less tlar 1.21 m ard 0.9 m TL respectively).

Among these three crocodile populations the pelcent composition of adults was sirrilar:

Eve,eladesa5'h,'fU[*ey Poist 25.07o, EtaDg Sawatte 15.7Vo. As the Etang Saumatre figurss

iacluie hatcbling crocodites a comparable figure to the Florida values for percentage of adults

would be soncwlat higbet. Seijas (i b) €stidated that only 35 of 293 (11.9 ) oflhe crocodiles

firchdinc hatchli4s) ;een ia Venezuela were adults. An ever smaller Percentage of adults (3'7%)

** oo,"i Uv c""i"t (pers. comm ) from a sa.Eple of 268 crocodiles captured b Jamarca'

SgLBglUg - Figures for C. acutus population sex ratios are availabte fot Florida, Etang Saumatre,

ffuiti, -a 
"*t"- 

ffo"duras. Among adult and subadult crocodiles captured in the Everglad€s

Natioaal Park, Mazzotti (1983) found a feEale biased sex ratio of 2.4:1 (N = 17) At the nearby

Turkey Point site, a sligitly male biased ratio (0.75:1, N = ?) was noted (Gaby et. al 198t'

Togetf,er these data suglest an o\eiall2i1 feBal€ bias€d sex ratio (Kusblar and Mazzotti 1986)'

In Etang Saumatre, the sex ratio of 28 adult and subadult qocodiles captured was 0_75:1'

Ircluding juv;nibs, the ovcrall sex ntio was still oale biased 0 69:1 (N = 54; ThorbjarDarson 1984'

1988) alth;ugh the difference was not fourd to b€ sigtrificat Oinonial test Z = 122)

Based on a samplc of 32 C. aculls commercially harvest€d in Honduras' Klein (192)

reported 14 females ald 18 nales (018:1). A larger sample of g2 witd captured crocodiles over

r.i3 n TL was sexcd at tle Hacienda El Tumbador crocodile farin in Honduas (King

Thorbjanarson and Vliet, uapubl. data). The dajority of cocodrles iB this samPle came.frod the

Rio A-guaa aad were corrpos;d of 4o.2% males, 59'7/o feaales. Although strongly female bias€4

this dilference was rot significartly differ€ .

GfO:4LBglgt - Published values of growth rates in c. ,clttds are mostly ftom the first year or

t",o of tif" gott" 1 -a bdicate that duriDg this period animals can gow extremelyrapidly Ove'

the first ser€ral nontls following hatching, glo\\4h rates a& very higb' and in some irstances (e g'

Florida) may exceeal 0.3 cm Tl/day, although the morc normal value for this tirne are in the 0 1-

0.2 cm Tl/day mnge (P. Moler, pers. com!r.).

Itr most populations the tritial rapid burst of gowth slows codsiderably in older hatchlings

and juvenites (H;iti and Panama 0.05-0.10 cm Tl/dar, but in Florida crocodiles up to 621 days

old have beer reportcd with mear gowth rat€s of uP to 0.134 cm Tl/day (Gaby et a1 1981)'



Table 6: Si"!-class distributiotrs of four C. acui{ populations. SC=Siz! clasE pp=perc€nt of
population. Refe.ences in text.

LOCATION

Florida Hodduras Haiti

Everglades NP Turkey ft

PPscscPP SC PP PP

0.50
o.75
1.00
1,25
150
1.75
2.M
225
2.50
2.75

6,1

4.2
z0

m.4
143

18.4
2.O
4-l

563

18.7

25.0

15

1J-
z0

2.0-
2,5

3.0

3.G
35

>35

m,3

0.3-
0.9

0.9-
1.8

0.6G
ta

1.83
10.0

> 1.83
.6

t4.7

1.&
2.7

>2J

10.7

5.0

62

1.6

Saiople
size 641649 447



Table 7: Report€d groPth rates of ftee-liviog juvenile c. acua{. Sourccs: Thorbjamarson (1988);
P.Moler (pers. comm); Caby et al. (1981), Ma.zoui (1983), Rodda (1984).

Iraatio[
Siz! or Age

Class
Mea! Growtb Rate

(c!n Tllday) N

Haiti

Panama

G3 montbs
0.!0.9 n
0.9-1.8 m

O-81days
G1?t days
0-621da,,s
G1? montls

O-10 monlhs
G22 mo bs

0.111-0.135
0.058
0,090

o,r174.2r4
0.158
0.1y
0.1t2

0.08&0.105
0o524,om

13
10
2

85
9

These latter dat4 from Tulkey Poinl may be considered somewhat anomalous in tlat tbe
crocodiles are iniabiting cooliry canals with elevated temp€ratures. How€ver, coroparable gol*th
rat€s in c. acrdlr have been not€d in other parts of Florida (Lang 1975b, P. Moler, Pers. cornm.).
The rapid gowth of Florida crocodiles is all the more renarkable as due to low winter
temperatures, crocodiles do dot grow dudng 4 mofths of the year (December-March, P. Mol€r,
pers. comm.).

crowth data from crocoaliles more than two years old ate scanty. Two crocoaliles in the 0 9_
1.8 m size clas.s ia Etang Saumatre grew at ar average rate of 0.09 cm Tl-/day (Thorbjarnarson
198a, D88). carrick (p€rs. cood) recaptured a 6 y€ar old crocodile (tagged when 58.? cm long)
that grevr at :ttr a!'e!age rate of 0.05 coa Tl/day over the interi'sl. A six year 11 tnontl old
crocoalile ftom Key l,aryo was 2.03 m TL (P. Moler, pcrs. comd.). This hdicates ar alerage
glo*th rate of approximately 0.08 cn Tllday.

!4g!q!i4 - Mortality in post-hatchitrg c. dcrrrs is higtrest dlring the frrst few years of life wh€n the
cocodiles are small and wlderable to a host of Fedators, or etrvironm€ al ProbleEs (e€ salt
balance, low tedrperature). Quantitative estimates of survivotship of hatchling crocodiles in
southen Florida iadicatc that mortaliry rates ry co$iderably from place to place. Gaby et al
(198t Doted that at Turkey Point, approximately 1170 of captured hatchlings survived at least one
year. ogder (1978) ard Lang (1975b) radio track€d a group of 17 hatcblings for periods of up to 6
weets. Ogdetr (198) r€ported that at least one half of this sarnple died during the course of the
study. on Key l,argo, based on recaptures atrd resightings of marked individua\ hatcbling
survivorship car be much higher and in sone years > 50% of the hatchlings may survive their first
year (P. Molsr, pers. comm.). Based on recaptuies from one cohort, an estimate of mi.imal
survivo$hip to 4 years is 25 . Howeve., hatchlitrg and juvenile mortality vary considerably from
y€ar to year, and these values eay repres€nt neal ma)omum survivorslup values (P. Moler,



Potential prcdators of young crocodiles are numerous alld include large wadingbkds (Ardea
hetudiat, Nlctico,ar nycticorax, C&tmerodiut d/rus), raptors (B teo magi,ottis, Heryetotheres
coclfifians, Eeterccnus m?jicanw) aad tnat nals (P.oq.on loto\ Felil pardalis, F. weidii, F.
iagoumndi, Canis lanans; Alvarez del Toro 1974, Itrchaustegui et al. 1980, M€dem 1981, Camacho
1983, Thorbjamarson 1984, 1988). Crabs (Calinectes sp,, Cadisoma guanhumi) have also been
observ€d depredating or implicated itr predatiod on hatchling crocodiles in Florida (Lary 1t5b,
Ogden 1978). Several speci€s of predatory fishes have beea rcported to €at small crocodiles
(Pseudoplattstoma fasciatut (Meden 1981), Lepisxteus nopiats (Camacho 1983)). Mazotti
(1983) nentions lemon shark (Negapion brcrircstris), snook (Centopomit u decimalit) a!.d.
tarpon (Megalops atlantica) as potential Mtural p|edatols of c. acailr b Florida coastal waters.

With increasing crocoalile size tle predators of c. aclltur diminish rapidly i! number. Other
than man, large qoco&l€s have few potentid predators. Alvarez del Torc (1974) reports that
jag.tar (Panthem onca) \an kil subadult crocodil€s and medions one instance of an addt jaguar
kiling a 2.5 m C, aalart, Medetu (L981) states that rear Isla Fuerte, Colombia, fatal attack by
*$ite sharks (Canhamdon carcranu) or adult crocoanes vTere not uicodDron in the past.

Mortality due to cannibalism in C. ac [lj is not ivell understood, but apparently occurs urder
certah circulstances, pa.ticularly i.n bigh density situations. In the fornerly dense C acunrs
populatior h Lago Ticamaya. Schmidt (1924) reportsd finding the remains ofa 1.2-1.5 m crocodile
id the storuach of a 3 E individual. He also reports a colleague seeilg a large crocodile eating a
smaller one. Varona (1980) citas Gundlach reportiag that large C. acntur will eat small odes.

Und€r certain circumstarc€s mortality of hatcbling or saal jui€dle crocodiles may be
dir€cdy related to environmeqtal factors. The cool winteru in Florida are frnown to limit growth in
seall crocodiles, atrd it is possible that short-terrn cold spells could caus€ mortality.
Osmoregulatory failure is also important itr some aieas. In at least one population, Lago
Effiquillo, it is the primary source of hatchliDg nortality (Inchaustegli et al, 1980, p€rs. obs.).
Ogden (1978) and Mazotti (1983) also mention hurricanes as potential factors in crocodile
mortality in southern Florida.
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PRESENT KNOWLEDGE ON
THE WEST AFRICAN SLENDER.SNOUTED CROCODILE,

Crocodylus cataphlactus CWIER lg24
AND THE WEST AT'RICAN DWARF CROCODILE

Osteolaemus tetraspis, COPE 186f

w' E. Waitkuwatt

Zoo National d'Abdijan, 01 B.P. 932, Abdijar 01, Cote d,Ivoire

INTRODUCTION

Very little has been published od the tbr€e crocodile species occurring in west Africa. This is
particularly true for the two species endemic to west Africa, the w€st dricaD lonq-snourcq or
slender"-snouted (',o.oAile (Oocodylus cataphructus, C\rier 1824) ard rhe wesr African srumpy,
broad-front€d or dwa crocodile (Osteolaemus tetaspis, Cope 1861). By contrast, for tle Nile
ctocodlle (C. nilotictLt, kulenti, f66), which ranges over the whole of tropical Africa. there is
much irfomatiotr a ilable from east and southerD Africa. This lacl of information on tle west
Alrican clocodil€ populations results from a number of factors:

- th€ lery secluded habitat of the forest dwellers C. catqphrucfiT and O. tetaspis, which
severclyrestricts field investigations;

- the evolution of national parks and the development of wildlife ma_nagement has been
comparatively slow in west African countries. This has b€en particularly the case in the
forest zones;

- The beuy skin of the west Aftican forest $ocodiles is less valuable for commercial
erploitation, this reduces the interest of the skin indusrflr:

- The size of west African crocodiles is tess spectaculir and rheir populatior densiry is
lower, so .educing their show effecr in .esefves and on tarins.

. . _ In essence this chapter tries to give a short overview on our present understanding of the
biology a$d ecology oI C. cataphructus a\d O. tefaspis, gathered by research€rs both on field
investigations i! west Africa and in captive-b.€eding in zoos otr several continents.

SPECIES PRESENTATION

- The 3 species of crocodiles occurring in w€st Africa belong to 2 genera: Tho getrus
Ctocodyhts rcr'esented,W two species and the genDs Osraolaem s represented only by one.

. Based. ol eycJ description of these species, given by Villiers (1958), rhe basic disringishing
characteristics of these crocodiles ar€ show[ in Table 2.



Table 1. Species of west AfricaD crocodiles.

Scientific Crocodylur

Laure!ti
176r

Nile
crocodile

Crocodile
du Nil
cullasse

Nil-
kokodil

Balnba
gbeman

CtocodJlls

cuvier
7424

Slender-
snouted
cIocodile

Crocodile
a dque
large

Panzer-
krokodil

Bamba
da Jan

tetmspit
Cope
1861

Dwarf
cIocodile

Crocodile
a front

Stumpf-
krokodil

Bamba
hmar

Englbh

French

German

Dioula

Table 2.

Species Crocodytus Crocodylus

snout length

dental format

nuchal scales

1-2/3 - 2X >
basal width

18-19 / 15

2 trarsve$e seri€s
1st 4 scales
2nd 2 scales

back bright olive/
bronze or dark green;
belJa pale y€lowGh

,t5 m*

2-2/3 - 3-1/3
X > basal width

n-Ia / $

2 tra[sverse series
lst 2 scales
2nd 2 scales

bach dark olive;
be[]4 bright yelowish
with dark patches

3-4 m

width

16-17 / L+15

3 transverse series
1st 2 big scal€s
2nd 2 big scales
3rd 2 very small scales

back black with 'cllowish
patches oD tail & jaw;
be[y: pale yello$ish with
many blackish patches

1.8 m

coloration

Maximum
length

' itr west Africa



SYSTEMATICS AND EVOLUTION

The crocodiles were frsl classified i! a lbe order Crocodilia by Gnelin in 1788. In 1766
Laurenti establjshed ihe species C. ritotcls. ld 1824 Cuvier b€came the first to distinguish a
second species m Afica, C, cataphrucdlr. It was only in 1861 that the speci€s O. tebaspis was
established by Cope. Another crocodile from Zaire was described by Scbriidt (1919) as
Otteoblepharon otbotti, Inger (1948) later arnultod thjs rcw genus a'd d€scribed this crocodile as
Osteolaemus otbomi, bvt since Wermuth and Mertens (1961) it has be€n regarded as a subspecies
of O. tetrospit, calTed. O. tetraspis osbomi.

The systeDratic classiicatioD of the three west African crocodile species is shown in Table 3.

Table 3.

Phylum
sub-Phylum
Class
Order
suborder
Family
subfamily
1st Genus
1st Species
2nd Sp€cies
2nd Genus
2nd Species

Chordata

Reptilia
crocodilia
Eusuchia
c!ocodylidae
C.ocodylhae
Ctocodtlus

- tebaspis

Accoiding to a theory of creer (1970), a[ Recent crocodilians derive from a hypoth€ticd
arcestor which built its nest by digging a hole in the ground. From this ancestor some Gocodilians
evolved itr such a way tiat they started to construct nround nests on the surface of the ground by
heaping up dead lea!€s ard rotting vegetation. In terms of their pattern of nest construction th€
two forest species of west Alricar crocodiles belong to this branch of evolutio!, whe.eas the Nile
crocodile remaired in the principal line, cortinuing to construct their nests under the earth.

GEOGRAPHICAL DISTRIBUTION

In contrast to C. nironalr, which is found all over tropical Africa and Madagascar, the range of
tho two other species is limited to the equatorial forest zones, centered in the tropical raio forest
around the Gulf of Guinea and the River Congo. Passing through the deciduous forest codring to
the galery forests in the Guinean and Sudanese savama, they ar€ found more and more rarely.
Table 4 shows the countries and ver systens from vt/est to east where their pres€nce has been
docunented.
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Table 4.

Country crocodyhts

saloum delt4 River GaDtbia
and its ttibutades
Sercgal-, Fal6d6- ard
Casamarce rivers atrd their
tributaries (PooleY 1982)

ro idormation available

tributaries to Riv€r Niger
Kourai SanLarani and Boa
rivers (Waitkuwait 1986)

Moa and Morro rii€rs
(Waitkuwait 1986)

Marq I-offa, St. Paul,
Mani, Cess, Sangwin ad
Douabd rivers
(wairkuwait 1986)

Baoul6, Bago€, Kank€laba vers
(waitkuwait 1986)

Baoul6, Bago€, Sassandra,
Ba6ng Nzo, Lobo, Cavala,
Ha!a, Menq N6ka, Tabou,
Dodo, N6!o, San Pedro,
Bandam4 Maraou6, Bad€nou
Solomougou, N4 Boubo, Go
codo€, Iringou, Kongo,
Kolo oko, Agn€by, Bia and
Tano6 rivers; Grand Lahou,
Ehri6, Aby, Tendo and Ehy
lagoons (Waitkuwait, 1986)

Como6, Black-volta, Bougouriba
rivers (waitkuwait 1986)

Black-Volta, Tano6, Bia rivers
(wairkuwait 1986); Densu, Pra, Mole,
white volta dvers, Obosum and
tributaies, Dwija and tributaries,
S€ne add tributarieA, Lake Volta
and lake lGinji (Pooley 1982)

saloum delta, River Gambia
and its tributaries
(viiliers 19564 b, 1958, 1959,
Pooley 1982)

no information available

Kouai, Sankarani, Boa
Bafing, Mafou rivers
(wairkurvait 1986)

River Joag at Magburaka
(IUCN 19?9)

Mad, Loffa, St.Paul, Mani
Cess, Sangy/in and Douab6

(waitkuwait 1986)

Baoul6, Bago€, Kan!61aba rivers
(waitkuwait 1986)

Baoul6, Bago6, Sassaj]dra
Ba6ng, Nzo, Irbo, Cava[4
Hana, Meno, Neka, Tabo\ Dodo,
Ndro, San Pedrq Bardam4
Maraou6, Badenoq Solomougou,
Nzi, Boubo, Go, Como€, Iringou,
Kongo, Kolonloko, Ag!6by, Bia
ard Tano6 rivers, Grand Lahou,
Ebri6, Aby, Tendo and Ehy
lagoons (Waitkui{ait 1986)

Como€, Black-Volta, Bougouriba
rivers (Waitkuwait 1986)

Black-Volta, Tano6, Bia rivers
offin and (waitkuwait 1986)
Bia rivers, other small forest
rivers, volta Lake (Pooley 1982)

senegal and
cambia

Guinea
Bissau

Guinea

Sierra Leone

Liberia

Mali

Ivory Coast

Burkina Faso

Ghana
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Table 4. (cont.).

Togo

B€nin

Mono and Oti river
Cromi€r 1ml, Waitku*€it 1986)

River Ou€m6 (Pooley
1982, Waitkuwait 1986

no information available

Gaji Yankari, Barkono,
Benue ri!€$ (Pooley 1982)

ftibutaries of the River Crcss
(rorni€t 1902 Abercrombie 1978)

Chari Aout, Aoukal6, Baryoran
ri!€rs, Lale Chad (Pooley 1982)

River Oubargui and tributaries
(Gournay pers. comm.)

Rive. Ogoou6, sma.ll coastal and
inland rivers (IUCN 1979, Pool€y
1980)

Oubangui, Sanga and other rivers
near to the Central African border
(Pooley 1982, rffaitkuwair 1986)

Dungu, N6poko, Uel€,
Oubargui, Zzire .ivers (Pooley
1982, Waitkuwair 1986)

ody in Lale Tanganyika in Luichi,
Matagarasi ri!'ers (Pooley 1982)

only iD rivers at the border to
Zaire and Cabinda (Pooley 1982)

Luapula, Kalungwishi rivers,
Lalcs Mweru, Mr€ru Wantipa
and Taqanlka (Pooley 1982)

Modo and Oti dvers (Wairkuwait
1986); Mare at Kini KopE (Tornier
1901, IUCN 1984)

Ouem6, M€ktou and Alibori
rivers (Pooley 1982,
wai*uwair 1986)

ao information available

River Sombreio near Abua (King
1955); more commor in forest
riveis itr central east, less
commod itr west (Pooley 1982)

near Douala, small rivers of Mount
Clmeroun (Tonder 1902, Pooley
1e80)

no hformatioo available

Birao region (Pooley 1982)

mangrov€s near Librevile, swamp
areas of Woleu N'tem and
Ogooue lvindo (Pooley 1982)

Oubangui, Sanga and orher rivers
near to the Central African border
(Pooley 1982, Wairkuwait 1986)

Subspecies O. r. osromi inthe
rortheast, lower parts of River
Zaire. Subspecies O. r. rerarytr
in the upper parts of River
Zale (Pooley L9a2)

only itr the Cabinda enclave
(Pooley 1982)

Nig€r

Nigeria

Chad

C€ntral Africar
Republic

Gabon

Congo

Zake

Tanzaaia

Angola

Z^mbia



Table 5.

BIOLOGY AND ECOLOGY

A codparativc analysjs of the biology and ecolost of two related specres living ir th€ same

€nviroEmi{ should show pa icular adaptations in terms of different habitat Prefetences, nesting

areas, reproductrve timing and b€havior, feeding resources, according to the different ecological
dch€s inlabited. h this way the two species coexist rather tlan compete withitr the ecosystem.
For this reasotr ode can find a situation of oDly partial comp€titioa reflecting the degee of the

relatio$bip between thc tc,o species.

gsbiigl . Table 5 shows the habitat preferences of the two crocodrle speoes indicated by hunters

and fishefinen h 60 villages ill the Ivory Coast in questionnaites conducted by Waitkuwait (1986).

Species Ctocodylus cataphwctus Otteoloemur te,asPis

uncovere4 bright water
covered shady water
swamps atrd swaEp folests
total trumber of answers

B (Bi%)
B (*3%)
14 (z33Vo)
@ (lNEo)

4 (6i%)
13 Q1.7Ca)
43 QrJVa)
@ (|NCa)

This table shows that C. cataphractus ptelerc to stay mainly ir the oped waters of ri\€rs, lakes

ot lagoons. O. tetvspis entets th€se only occasronally, preferriag swarnps beside the open water
syste;s ard water pools remaining ia periodic-atly flooded swamp forests. It remains in the vicinity

of slow flo*ing waters and calm bays, atrd stays i! burro\rs beside tho wat€rline.

These resr:lts are cotrfirmed by night_couats in difTerent biotopes of the Ivory coast
fwaitkuwait 198d, In the Como€ NatioMl Park situated in Sudanese savanna only 1O. tearaspri
iot every 15 C. cataphnctur could be found. In the Tai National Park id rain forest the crocodile
populatiotr of tle Hana River was foudd to b€ composed ot 95.5qo C. cataPhrucnts znd 4.5qo O.

iaiaspis. lntbe *agay National Park, a swaEp area separating two lagoons, all crocodiles found

on t[e actual floatilg vegetation Drat which constitutes th€ RhaPhia SwamP were O. tetrurP,,t;
whercas all C, cataphtucnrs observed ia this area were fouad in th€ *ater of th€ channels dug out
for the tourist management of the park.

Also, elsewhere O. tetaspis has been found in small water pools, often far away f.om the
nearest oDer water. Id tle interior of Como€ Natiodal Park it has been obsert€d several times in

the so caied 'mares,' where they r€maitr during &e dry seasot in self-made burrows (Waitkuwait

1986, cilbert pers. co[lmj. Similar observations have been made by Villiers (1956a) in the
Niokolokoba National Patk in Senegal. Tbis llts agair conflrmed for the Marahoud National Park

in the coitact zone forest savantra id the Ivory Coast (Waitkuwait 1986). Eved id the tropical .ain
forest in the interior of Tai National Park it shows this habitat preferefte. Up to 10 iDdividuals of
different age classes (juveniles, subadults, adults) hav€ bccn observed thtoughout the year itr the
same small water pools. They stayed there permanentlt some indMduals going on short journeys



and -returDing afteiwards (Waitkuwait 1986). It was found rhat O. rer.aryir walks around often in
the forest, especially duriDg the night or after a healy rainfall. Several times it has been observed
crossing tracks in the forest some km away from the dearest flowing wate. (Waitkuwait 1986,
Hoppe, Merz, Martir pers. comm.).

It has also beer obse.ved i.n wat€r collecting basins at the head of rain forest creeks (Boesch,
pers. colrllo.) and in baaana plantations situated oa low lying gounds (Gournay, pers, comm.).
Otre O. a€tatpi,r stayed for several years ir a vrell, the only water point, isolatod in tle c€nter of a
large oil palm plantation in the Ivory Coast (Maron€lli, pers. conn.).

Iu codrast to this in all tlesebiotopes C. coaaphructus has never b€en obsened far from warer.
It stays i.n all kinds of ri\,€rs maioly covered by dense, slBdy vegetatioD, and it avoids uncover€d
bright sunny areas. TXe conditio$ in which its q?ical habitat is found becomes more scarce as
one moves a*ay from rain forest to savanna, as w€ll as where the water courses become wider
(viuiers 19564 1958, Wairkuwait, 1986).

llest+9,:ixu9!98 As c. cataphmctus a'id O. tetratpir IivE in habitats cor€r€d by dense vegeration,
insolation - the normal souce of heat for oth€r reptiles - is reduced. One wouli suppose'that it is
for this reason both speci€s construct mormd nests of deaal leav€s and rotting vegetiiion collected
froro within a diaEeter of several m€ters. The mounds arc flat od two sides Lditeeply sloped on
the other two sides aDd have a furrow across the top made by tle female lyiag on ihe nest or
creeping o\,€r it. The nests are built in several stages. The femate uses fore ani tlnd limbs for the
constructioD- It i5 thowht that the decompositiotr of the vegetative materials of the Inouno
guarant€€s the heating of the egg chamber, necessary for embryo det€lopmeDt. This nest building
behavior bas been described h rbe wiid by Viliers (1956, 1958) and W;tku*?it (1982, 19S6), anA
'tr captive bre€din8 by Kjng (195t, B€ck (1978), Sims atrd Sidg (1978). and Tryoo (1980).

Table 6 sho\*s the nest dimensioDs for the two west African mound n€st builders as found by
Waitkuwait (198d in the wild.

Table 6 Dimensions of the dound nests.

Species CrocodJlus cotaphn hlt Osteolaemus tetnspis

height (cn)
leneth (cno)
width (cn)
sample

58.6 i 11.6
1i4.7 ! Xi
152.4 ! D.6
n = 3 1

os ! n.\
131.3 ! 19.3
1233 ! 50.2

- The siz€s of the nests seem to vary according to €nvironmental temperature which depenals on
the seasotr.and on the density of the vegetatiotr surrounding the lesfttdace. For this r;ason rne
size doesn't allow species classification of the nests. Tryon (1980) used damp hay as n€sting
material in captive breeding ol Osteolaemus and found thar rhe nest size vaded directtv to tbi
amount of added material. The nests at Forr Wo(h Zoo *€re tightly packed and urbaiion and
defecatio took place on rhe clutch and rhroughout the nesr mound. icichner (19?6) gave one
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Table 7. Nest srtes of mound nests.

nest alimensior for Orreoldemff of 91 x 61 x 41 cm' and Sims and Singlt (1978) described a nest 70

x 50 cm for tlis species.

Ne!L!itc-: In contrast Waitkuwait (1986) found that a species classificalioa of the nests is lossible
i66lto th" 

"p""i"..pecifrc 
lest site choseB by the female oocodile, as can be seen in Table 7'

Species Oo.odylus cataphrucals Osoolqemus tetraspis

Distance from water (m)
Height over wate! level (m)
Sa6ple

3.8 ! 22
1.8 ! 0J

169 ! /2,2
1.4 a 0.6

corresponding to theit habitat preferences, the two species also avoid- any competition in the

choicc of ;heir n;stidg areas. ]]he aistributlon of c. cataphractus mo'0J.d Dests was found to be

linear, following the riler bad(s, vhereas the dtstibutioa of Ort€olae'n ut nests was foutrd to be bi-

dimeDsional.

In 3 successrvc years ftom 1981 to 1983, 12 nests of C. cotaphractut were observed by

Waitkuwait (1936) alongside the Gabo River h the ilterior of the Tai NatioMl Park Table 8

shows the average drstance betv/e€n the rcsts.

Table 8. Average distance between C- catophractus aests.

Yea.r: 1981 L982 1983

distance (kn)

statrdad variatiotr (km)

sample (nests)

1.13

n=12

!0.49

1.66

r1;r2

n = 1 2

From the obs€rved variations of the distances between two nests, it can be derived tbat either

the females choose a new nest site every year within their territory or they change their territory,

or evetr that som€ females do not r€Produce 9very year'
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Itr 1982 and 1983, ody two nests were fould to be constructed on a n€sr of the previous year.

Km€pfler (1974) speculat ed that Osteolaemus r|'at use the same mound in succ€ssive years.

Nestfneleriod . Table 9 shows the period of nestiag act ities of C. cataphructus arld O. tehaspis ia
tle tropical rain forest of the Ivory Coast found by Waitkuwair (1981, 1982, 1985, 1986).

Tablc 9. Dates of rcsting activities.

Species Crocodylw cataphracfils Osteolaemut tetaspis

date of Dest construction

date of hatching

main rcstilg period
ir the year

April8 a 18 days

July 17 ! 18 days

Malch 21 to Aug. 4
over 1 d^ys/year

April 30 r 60 days

September 15 r 76 dars

March 1 to November 30
wet n4 d^ys/year

Nest constructiotr lor boti species starts at the ead of th€ dry seasod in the Tai forest whea the
dost of faller leavcs are available for the n€st moundhg so the subsequeDt nestiDg p€riod covers
priDcipaly- t\: season of high raidall. One can see rhat the main nesting period Jretches over a
lolger pedod of ti!!e for the O. tercqrir thaD fo! the C. cataphnctus.

High qrater levels in the small forest rivers durilg egg incubation and hatching seem to be very
impofta\t for C, cataphructus so that the female car remain itr water close by to guard the eggs and
hatchlings. wlereas in ri\€rs those conditiors are found for only part of ttre year, tle swampy
habitat.chosen by a retatprr offers almost all yea! round the aecessary hydrological conditions for
its desthg almost all the year. TLe main nesring period for both specie; has b-een defined as the
pedod during which 2/3 of all nests constructed p€r yeat c_a;r bJ observed (data based on the
standard-vadatiotr calculation), 1/3 of nests b€itrg codstruct€d outside this perioal accoraling to
climadc nuctuations o! to differeftes in tle individuat behavior of the females.

Chronolopical order of r€produclive activlties . Available data are very sc:rce. Trvotr (19g0)
states that both s€xes of Osteotaemus m t!fe ar age fi\€ y€ars and thar courtship and nating o'f
captive Otteolaem s starts e1ery yea! in late November in Fort Worth Zoo. C'opulation pJaks
during March and A?ril. Drumning, neck rubb;Dg, and mal€ combar are describ€d as courtship
behaviour by Beck (19?A), Teicbner (1976, 1928) ad Tryon (1980). The tast autho, tound that
Osteolaemus lemales are uDrec€ptive ir lare April and €arly May. Nest building began in June
(T€icbner 1976, 1978, Tryon 1980), actual laying occurred 5 to 4? dals afrer moundte, 

-Waitkuwait

(1982) mentions that courtship atrd mating of C. cataphm&E i! Abidjar Zoo ia*es place in
February ad March. Actual ovipositior occurred between a few da]s and one week airer nest
moundinq.



Table 10. Clutch a.trd egg size.

Eeqs and lncubdtion - Just N the Osteolaehur female is small in size (about 1.50'f-60 n) in

co-putiso" oritl the c. cataphtucn$ femzJ.e (abofi 2.2 d), the same differen€e ir clutch and €gg

size has been found by waitkuwait (1986), as shown in Table 10.

Sp€c1es C, cataphnctut Oskolaaus tetra:pis

egg nudber per lest
egg lergth (mm)
egg diameter (mm)

16.0 a 7.0
855 ! 3.2
52.9 ! L5

10.0 1 4.0
89 ! 2,4
37.1! 1.2

The mear clutch siz€ shc'*n ^bove lor osteolaemls is consistent with data published by Greer
(197t. K&epfler (1974), Beck (r98), Wilson (19n), Hara atrd Kikuchi (1978)' SiEs and Singh

irsrai, rei"h;"' (lto. i9?8). a.Dd t{efeoberger (1981), gathered during captive breeding of this

speciis. Tryon (1980xoudd that the mean egg n'rmbet fot 25 Osteolaemut clutches was 13 28'

Iiata on eggr length ard diaEeter published by him are consistent with the data in Table 10.

Ir contrast th€ &ta on egg incubatron show no species_specrfic differeuces. The length of the

incubatiod period is detedin€d to b€ 100 ! 10 d^ys tot C, cataPh ctus a5 well as Ioro.-aer.atpis
(lvaitkuwaii 1981, 1982, 1986). Otl€r data on letrgth of incubation Period are available -from 

the

captivc breedi.lg of O. tettaspit: 84 days (Wilson 1971, 118 days (Hara and Kikuchi 198), 109

daF Cfrror 19S0), ald 84 days (Hefederger, 1981). Ircubation temp€ratures-rang€ b€tween 26oC

a;rd 34'C ia mound aests of both sPeci€s (Waitkuwait 1981, 1982, 1986), beiig constant ir each

nest (with daily flucfuatioas of less than o.yc) and about 5"C greater thar th€ ervironme al

t€mperature.

Frglr|.es 1 and 2 sho\t temperatue data gathered on a C. cataph ctut no'rnd nest in the Tai

Natio;al Park. The etrdogeDous heat ir coniunctioD with tle ilsulatiod given bv the nest wals

creates a brgely autotroEous microcoviroDEent. However, as shova in Frgure 1, the outside

i lueBces ar; rot completely cut ofT. A longternr drop ia the outside tempetature, as recorded iT

Jure and July, resulted also in a lowcring of the temperatue in tie !est.

O. letarpir was bred successhrlly in captivity at incubation temperatllres fluctuatiog between
25'C and 34;C (Tryon 19m) and 27C and 3y0 (Helfe erger 1981). The humiditv in mou'd nests

of both species was also fourd to remair constant over the whole incubation p€riod (waitkuwait

1981, 1982, 1986). Table 11 sho*s the percentage of dry matter in the nesting matedal.

Ir the air space of the €gg cha.dber tle relative hunidity was ther€fore almost always at

saturation poitrt.
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Table 11. Dry malter of idound nests.

Nest of V. Dry matter

C. cataphmadrs from forests
C. cataphmctus ftoa savaana
O- ,etaqir froE swamps

45,3
47.8
37.2

Hatchirc of the vounp and behavior of the morher . As for most of the crocodil€ species, ir has
also b€come apparent for C. catophnctus aJ'd, O. rcnospb that the mother crocoalile guards and
visits the nest during the whole ofthe incubation p€riod (King 1953, Tryon 1980, Waitkuwait 1982,
1986). On captive OJleolaamur it could be observed that the f€male sDedt uD to 50q, of her nme
on guarding the nest, that vocrlization aud aggessiven€ss. .*o ugul;st Earr increased (Tryon
1980, H€f€nberger 1981). Wild bteediag C. cataphractus femat€s were found ro be very shy
(Waitkuwait 1981, 1982). Crack develop€d on the eggs a.nd the young b€came vocal in answering
movements itr tle trest surroudings by croaliDg h€avily for about 1-2 days before actual hatching

The mother crocodile is alerted by th€ catling of the young and is stimulated to excavate the
nest ard to h€lp in hatching tLe young. For this she pick up the neonates partly emerged from the
egga, rolls them bet\reer h€r jaws until the eggshells bave been removed, and transDorts the
neodates is her mouth into water. This hatching process has been described by Tryon (-19g0) on
.aptive Osteolaemw m the Fort Worth Zoo a.nd has been observcd od wild C. cotaphtuctus alld O.
rerrorpi' (waitkuwait 1981, 1982, 1986).

After hatching, the mother crocoiile sta,s in tbe vicinity of the young to protect them.
Communicatio! is guaranteed by tlie vocalization of the young; Tryo! (1990) found the calling of
th€ young was not species-specific.

WaitlGwait (1982) observed that of the 1? eggs itr a wild C. cataphdrctus nest 2 eggs wEre
pr:dal:d, 10 hatchcd successtullt embryonic death occu$ed in two, ad 3 eggs were piobably
infertile.

Of85 Osteolaenus eW incubated at Fort WortL Zoo, Tryon (1980) found rhat 3? hatche4 39
were i.f€file, 2 co ained tuly formed bur dead embryos, 2 conraiDed tiving anomaties, and 1
coffahed twitr clocodiles. Table 12 shows the total length of neonate C. cataphrucn$ a d O,
t€taqrs flIr'aitkuwait 1986).

Table 12.

Species Ctocodylus cataphrcctus Osteolaemus tetaspis

total leDgth (mm) at hatching 315.1 ! 23.3 2D.3 ! 4.0



'

9!

>  l - 5

O N F O O \ @ F \ O m t f i \ N F O
r \ K \ N A ' 6 I N N N N N N O I N



= 9

3;

- ;

i E o

E3
l- ..

- l

N E
! r d

a

-._i-|F:--



Tryon found the mean total Iength per dutch of Osteotaemus h^tchlingt at Fo( Worth Zoo ro
be bet eel 216;l aod 242.5 mm . Captive br€d Orteolaem s neonates fieasured by Helfenberger
(1981) showed a total length of 19 cn.

feedins - Prcgessive differetrtiatior of the body proportions of the two species occurs during
gowtl. This furally results it ^d,rlt C. c1taphructus having a total length and a relative head and
tail lengthgreater thatr th^t of O. tet aspb. Ooe would suppose that this phenomenon of allometry
reflects difrerent specializations corc€ming species-specifrc nodas of huding and ra[ges of prey.

C. cataphructus de.|elops a slerder snout and a lorg tail, both of which are necessary for a rapid
hurting in water. The sl€nder-$routed qocodile preys principally on fish ard aquatic bilds. Its
large size also allom it to attack small- or medium-sized mammalq such as duikers
(Cephalophinae), rodents Eodentia), genertes (Viverrinae), monkers (Cororrrr sp.,
Cercopith€cidae), etc., which come to drink ia t[e rivers (Wai&uwait 1986). In conrrast, O.
retarpir has a stumpy, large snout ard a short tail which favor lald-based huntins id its swamDv
habitat. Some rare obscflalioos indicate thar it fe€ds ou amphibians, reptiles, amelides, crabi
and frsh, (Villiers 1958, waitkuwait 1986). Hatcl hgs of borh species seem to have the sade
feeding regime as c. ,rr7otic6 hatchlings, which was desc.ibed i$ detail by Cott (1961): larva€ of
aquatic inaects, tadpoles, etc.

E!C!!ie!-: In gederal, predation on c.ocodil€s occurs principally at the egg and hatcbliog level.
According to Waitkuwait (1982, 1986) the folowitrg animals in thc tropical raid forest of the Ivory
Coast are potential predatois against crocodile eggs atrd juvetriles: Nile moditor (Zarrnr6
nilotr'cur), otters (Luia maculico is, AorryE ca.peruit, water mongoose (Aflax Wludinos.ts), ttee
$tet (Nandinia binotata), gelets (Viverrinae), leopard (Pantheru pa us), gotden cat (Fetis aumta),
hetons (Egetta alba,Ardea purputea),ti'rds of prey (Accipirridae), and soft-shelled turrles (TtonJa
IruStar). Although predation has b€€n observed sev€ral times, it is appar€nt that the density of
predators in tropical lorests is too low to severely reduce the clocodile populatioD. The only
predator threatenidg crocodile populatiois in *'est Africa is, like elsewhere, maD, both through
commercial huati.ng and incxeasiagly through habitat destruction. As a consequence of human
bfluedces the west Africad crocodile populations are presently collapsing. Tbis was confrmed by
Ivorian hunters a$d fishermen fTable 8: Waitkuwait 198d.

Table 13. Fre4uency of Crocodiles in tbe lvory Coast according to hunte6 and fishernen.

Frequency
Crocodyhls Cmcodtlus

tetaspis Total

DOt Or no more occtrflng

less rare to locally frequent
frequent
Total number of answers

0 (oEo)
10 (123qa)
a Q6.sva)
9 (11j%)
0 (0%)

81(rNEo)

7 (8.6%)
14 (17.3Eo)
ss (6't.ev.)
s (6.2Ca)
0 (jEo)

81(lNVa)

3 Q.1Ea)
6 (7.4Ca)

@ (74.1Eo)
12 (t4.8qa)
0 (ovo)

81(100Vo)

n (Jqa)
30 (12.380)
tn (n.8co)

(r0ica)

243 (lNVa)



LITERATURE CITED

Abercrombie, C. L. [I. 1978. Notes on west Alrican crocodilia$ (Reptilia, Crocodilia). J. Herp.
12i260- 2-

Beck, C. 1978. Bre€ding the west Africar dwarf docodil€ at Memphis Zno. hrternatl. Zoo
Yearbook 18:89-91.

Cott, H. B. 1961. Sci€trtfic results of an bquiry hto the ecology and ecotromic status of the Nile
ctocod'le (C,ocodyhts nilotdrr) in Uganda and Northem Rhodesia. Trans. Zool. Soc. Lond.
291271-331,

Cuvier, G. 1880-[]24. Memoires sur les squelett€s des crocodiles.

Greer, A. E. 1970. Evolutionary and slstematic signficam! of crocodilian aesring habits. Natur€
2n,521524.

_. 1975. Clutch size in crocoaliliaas. J.Hery.9319-322.

Har4 IC, atrd F, Kikuchi 1978. Breeding the west Aflican dwaf crocodile at Ueno Zoq Tokyo.
Inte ad. o Yearbook 1ti:84-87.

Helfenberge!, N. 1981. Ein Beitrag zur Fortpflanzungsbiologie von Osteolaemus t. terrusps.
Herp€tofauna 1119-11.

Inger, R. F. 1948. The slstematic status of I\e cro.odile Osteoblepharcn otbomi. Copeia 1948:15-
19.

ruCN. 8rl9. Crocoalile Specialists Croup N€Fsletter No. 16:1.

_. 1984. Crocodile Specialists Group Newslener 3(1):5.

King, W. S. 1955. Stumpy docodile farm. Niger. Fld. 18:f1-174.

Knoepmer, L. P. 194. Faune du cabon (amphibiers et reptiles) 11- oocoalile$ cheloniens et
sauriens de l:ogooue - Ifido et du Woleu NTem. Vie Mjlieu 14:111,128.

PooletA. C. 1982. The status of Africatr caocodiles in 1980. Pages 7'l+28 in D,Dietz,F.W.
King ald R. J. Bryant, eds. Crocodil€s: Proc. sth Working meering Crocodite Specia[sr
Group. IUCN, Clan4 Switzlrl"nd.

Schmidl K P. 1919. Co ributions to the herpetologf of the Belgiatr Congo based on the
collection of th€ Americatr M seum Congo Expedition, 19@-1915. part 1. Turtles, crocodiles,
lizards ard chaEeleoN. Bu[. Amer. Mus. Nat. Hist. 39i385-624.

Sims, K. J., and J. Sing. 1978. Breeding the west Africa! dwarf crocoalile at Kua.la Lumpur Zoo,
with observations on nest constructiod. Internatl. Zoo Yearbook 18:83-84.

Teicbner, O. 1976. Breeding the west African dwarf crocodile. Metro Toronto ol. Soc.
Newsletter 8(3):4.



_. 1na. Breeding the west drican dwarf crocodile at Metro Toronto Zoo. Internatl. Zoo
Yearbook 18:88-89.

Tornier, G. m1. Die Crocoalile, Schildkdten ud Eidechsen vor Togo. Archiv f. Naturg. ?.
Jahrg.:65-88.

_. 1992, Die Crocodile, Scbildkittetr o.d Eidecbsen votr Kameru( Zool. Jahrb. Abbl. F.
Slstem. 15:66!667.

Tryon, B. W, 1980. Observatiors on r€production ir the west-Africa:r dwarf oocodile with a
descriptior of parental behaviour. SSAR Contributions to Herpetology No. 1.

Viuiers, A. 1956a. Ud crocodile nouv€au pour b Senegal, Osteolaemus rerarpis. Notes Afr.
70:80-81.

_. 1956b. Le Parc Natioul du Mokolo-Kob4 Reptiles. Mem. Inst. Franc. Afr. 48:143-162.

_. 1958. Tortues et Ciocodiles de l'Afrique Noir€ Francaise. Inst. Frarc. d'fr. N. Initiations
Alricaines No. XV Dalar.

_. 1959. Crocodiles de l'Afriqu€ Noire Francaise. Nature (Paris). 32a7:U6-131.

Waitkuwait, W. E. 1981a. Untersuchungen alr Brutbiologie des Panzer-krokodils (C.ocodylus
cataphtucfrrs) im Tai-Nationalpark ir der Republik Elfenbeinliiste. Dipl. Arbeit Uni
Heidelb€rg.

_. 1982c. InvestigatioDs idto the br€€diig biologf of the slender-snouted crocodile Crocodrlrrr
cataphrucntt. Pap€r contributed to the SPnposium ou Crocoalile conservatio! and utilization
and 6th working meeting of th€ Crocodile Specialists Group. Victolia Falls, Zimbabwe.

_. 1985. InvestigatioDs of tle b.eeding biology of the West-aflican slender-snouted crocoalile
Ctocodylus catapbactus Cnier, 1824. Anphibia-Reptilia 6:37-39.

_. 1986. Contdbutior e l'6tude des c.ocodlles en Aftique de l'ouest. Nature et Faune No. 1
Abidjan.

Wilson, C. 19T. Menphis o hatches west Africar dwarf crocodiles. AAZPA Newsletter
10(10):8.

273



ECOLOGY OF THE MUGGER CROCODII.E

Rom a|ld Zai Whitsker

Madras Crocodile Ba.nk
Madias, India

Dfstribution and Status,- The mugger rocodile (Crccoitytus pandmi) has a roughly
triaqular range. Id the west th€y are foutrd ir southeasterd Iran in the Sarbaz River where there
are probably fewer thaD 50 l€ft. Eastwards, itr Pakistan, their positio! is also precarious where
perhaps less thar 100 survive itr two or three localities itrcludirg a manmade lake and the Nara
Caral. The once famous captive groups at tle sa6ed Muslim shrine, Mango pir near Karachi now
consists ofjust a few individuals.

In Nepal tlere are small populations of mugger iu several of the tributaries of tie Ganqes
that cfoss the 'terai", the plains at the base of the Himalayar foothils. Tbese include the Karili
ia th€ west and tle Rapti/Narayaai which llows through Chitawan Natiomt park.

. In Bhutan there day have b€en a ferv mugger in the cold Manas Riv€r, but like the gharial it
is e{inct there now. In Babglad€sh are 5 irdividuals lividg in a sacred tark at Bager-har near

Sri Lanka las more mugger thar the rest of the subcontinent put together, mostly
concentmt€d in the two large National park, Yata and Wilpattu. There were atr estimated three
thousand hugg€r in Sri Labka in 197 but there has been no follow-up survey since th9n. Rapid
agricultural and iadustrial developmedt are putting mugg€r under the same pressure that led to
their extirpation in India.

In I6dia mugger were onc€ widespread and common, living in a wide raDge of habitats. India
has few fieshwater swamps aril the species nanepa/udrrr is not realy apFopriate. The mugger is
now rare throughout its Indian range but is sti found in vers, reservoirs, tanks (man made
lakes),jungle ponds, irrigation cha&rels atrd streans. The highest elevation recorded for a muggcr
is at 420 m in Corbett Natiodal Park. Table 1 gives a state by state breakdo*! of Eugger star; ir
India.

Historicql Record.- The mugger figures in Hindu mt'rhology and the local mlrhs of many
groups and tribes of p€ople in Iadia. Malara ;s the Sanskrit name for the mugger and is the
vehicle oflhe rain god varura. TXe mugger is the unlikely totem of rhe Mogi people in a pa of
Gujarat $here a live mugger hasn't been seen for at least two geuerations. The mugger is often
d€picted as b€ing the vehicle of the river goddess cangadevi, a benign aspect which ii a welcome
r€li€f from the usual deadly approach.



Whitak€r and Whitaker

Table 1. Mugger in India

Mugger in wild Eugger
th€ past now excludjng

hatcbilgs)'

Reariog Captive Release
projects mugger

Jammu & Kashsn
Himachal Pradash
Rajasttra.o
Punjab
Harayana
Uttar Pradesh
Bihar
West Bengal
Sikkim

TripuIa
Mizoram
Nagaland
Manipur
Orissa
Andha Pradesh
Tamil Nadu
Kerala
Karnataka
Goa
Maharasht!a
cujerat
Maalhya Pradesh
TOTAI-S

1
NIL
YES
YES
1'ES
YES
YES
l'ES
NIL
YES
?
,!

?
YES
\aEs
YES
YES
YES
YES
YES
YFS
YES

NIL
NIL
100+
NIL
NIL
100 +
100 +
m+

NIL
FEW
NIL
ML
NIL
NIL
V]o+
300+
2m+
100+
100+
NIL
100+
300+
100+

nm

300 +

100 +
100 +

YES 200+
YES 400+
YES 3000+
YES 100+'l'ES 50+
YES FEW
YES 1m+
YES 500+
YES

4850

I
50

::

:-

250
,t:

'-.

;
685

YES

";YES
YES

*Estimates ody
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Malara often appea on Indian temples as gargoyles and may be fused with rhe body and
Ieet of arcther aninal, t ?ically a lion. A srone crocodile devours a fish in one prominent carving
at th€ Sun Templ€ in Koqa.al, Orissa (Fi& 1).

TiIl rccent decad€s crocodiles used to iihabit temple tan_ks i! Kerale where they remained
urmolested ue!,er bothering humar bathe6. Similaiy, mugger were common h oost of rh€ Nortb
Indiatr dvers ard Kipling in his story 'Mugger Chat. males ironic refereDce to their cleansinq
presence ir rivers into which hundreds of humar corpses are still co.siped eacl week.

Today tie traditioDaly amicable relarionship between man aad ougger car rarely be
illustrated in Itrdia; mugger are too scarce. Ia Sri Lanla, ho*ever, there ar€ many places where
people bathe id "clocoalile hfested watels" without fear. The occasional attacks that occu have
in%riably been attributed to saltwat€r crococliles. Mugger aftacks may sometimes happen but
tlese are likely to be cases of bistaken ide{ity or Drispredation.

There were enough hide hulrtels and sportsmen with few reverent f€elings lor crocodiles to
reduce therr to shreds in the tust half of this century. By the 1960s mugger were only holding our
in a few resefves or very remote ar€as and in 1974 the total populatior of wild adult augger in
India was probably under 1000.

F€€dins Habtts and Rol€ in th. Envlronm€nt - As we have already indicate4 mugger are a
more "sociauy acceptable" species of crocodil€, some of which will routin€ly attack man.

Their food in tle wild has been lirde studied ard what is known is suomarized in Table 2.
D!trbar Braader (194 Ists animal remains which he found in mugger shot by hirn; men, leopards,
wild dogs, hyaenas, spotted deer, sambar, nilgai, four,homed aatelope, barking deer, mon_keys,
dogs, goatE calves, pigs, duck, stork, ard oth€r birds. The remains of maftmats and hard-bodied
insects are frequendy'recorded pardy because of the hair, hooves and chitin 1'hich are r€latively
€asy to det€ct. Remains of 6sh, frogs and reptiles are harder to s€e yet may form the larger part of
the mugger's diet in some areas and jn some seaso6,

One sample of 60 mugger scats collected at the rice-growing area of Vaktaramani, Taril
Nadu indicat€d selective hunting for rats during the period (May) rats must liv€ close to warer
(Table 3). Crocodiles car th€refore be unlikelt but effective agenrs of pest control.

In geaer4 th€ muggeis role itr nature is as master predator of its aquatic eavironment. Tte
implications of this lole to mar was described by Cott (1961) in a classic study on the Nile river
s]4stem itr Africa. 'Ihere, wherercr crocodiles were exterminat€d tle Tilapia fishery declined;
precisely the opposit€ of what {,as irtended by ridding the rivers of tLis Fedator. Whar was not
realized, howev€r, is that qocoatiles control the numbers of the voracious catfish which feed
predombantly on the eggs and yourg of th€ commercially morc d€sirable Tilapia.

Here in lndia such studies have been made. However, there is a made to o.der study aiea in
the form of Amalavathi Reservoir in Tanil Nadu. Stocked with the exori c nbpia mossatnbica i^
the 1950s it had th€ hiehest fish yield per acre ir $e srate and possjbty the eniire coudrry by the
1970s. Amaravathi has plenty of cormorantq turtles, otters and other fish predators including
crocodiles. It has south India's largest wild breeding popularion of crocodites whicn rs no
coincidetrce add certainly indicates the positive effects of crocodiles on commercial fisheries.

As master aquatic predator, the mugger helps raise g€netic quality by feeding on weak, sick
ard injured fish, birds and mammals. As a scava:rger the mugger probabty once ptayed a role in
keeping the ri\ers clean, feeding on hrunaa bodies and animals carcasses-
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Table 2. Food Item Fould in Stonrachs of or Observed Being EateD by Mugg€r.

Food Item Reference

Water beetles, water bugs

Winged termites, moth$ beetles

Snails, bivalves

Frogs: Rana

Fish, nbpia, Orcla, Mystus, Baga&u, eel

Saal<es: Ptyas, Xenochropis, Wpem

Birdsr Egrets, herons, kites, waterhens,
peacock, &dchicks, pigeors

Mammals: moEke% otter, dog, rats
(and see tc*)

DAbleU 1915

Authors, pers. obs.

D Abreu, 1915

D'Abreu" 1915

Various autlors & pers. obs.

Wlitaler & Wliraker, 1984

Authorg p€Is. obs.

Tablc 3. Conte(s ofscats Collected at Vakkaramari Ta.mil Nadu.

Prey remains 70 occuetrce

Fish sc-ales

Lesset bandicoot hair

Gerbil hair

'Waterstrates 
scales

Bird feathers

L0Vo

lnvo

6Vo

10vo

r|tb
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Small rDugger have been regularly observed feeding otr insects artracted to lights put over rhe
hatchling pens. They are agile and often catch moths add flying termitcs on the wing. Large
Dlugger have been obsorv€d catching monte].| dogs and brahminy kites. When pools are drying
out mugg€r aie seen to 'herd'fish by moving slowly sidewats and lockirg rhem off in small inlets.
The Drugger will gradualy shdtrk the ar€a until the fish start dartiry and l€apiig in panic. Many of
the fish try to escape via tle oDly opeaing available-tle opetr douth of the mugger-and are caught.

Like otler crocodiles a healtty Eugger may go for montls without food. Bccause of common
droughts ;! tle rauge of the mugger, it may have no access to food for long periods. But this cycle
of periodic drought is a dlaamic one for crocodiles, the Eost &amatic exanples of which can stilt
be obse.wd ia parts of Sri La*a- In and around Yala National Park h th€ south, most of the
tanks (man made lakes) dry up each year. Huge codc€ntrations of 6sh aie coDfmed to smaller ard
smaller areas which crocodiles sometimes walk overlaad consi<lerable distaaces to visit atrd gorg€
thedselves. This short, sudden surfeit of fish catr tide over the muggei for months to come if
necossary. Walking overlard is also a strategy to find water al1d the authors have found mugger in
dry thorny scrub jungle, appareddy headcd for p€rmanedt water daDy kilonete$ away.
Tunnelling is arother farorite mugger strategy to b€at the heat. Nircteen mugger tunl|els were
foutrd at Hiran Lale i! Gujarat one &ought year (19t. They had flattened enrrarce holes
averaging 75 cm a6oss and most were 2 meters to 4 meters d€ep. Stream dwelling mugger use
tunrels as year round residences, preferring embankm€nts witi heary root syst€ms.

REPRODUCAIVE BIOLOGY AND RESEARCH

S.egCLMglUdlJ.- FeDrale llugger of 1.8 meters lengths and others of 6 years 8 months of
age (2.2 m) havc laid fertile eggs. Ho$€ver, sdaller ard younger fenales (1.6 a, 41/2 years) have
laid iafertile eggs and are likely to be able to breed at the age ad size uader sope circumstances.

Timinp of Br€€dinp Season - The period between and including courtship, mating, n€sting
ard hatchling of young exr€nds from November to JuDe in South India, Courtship and mating
commence in Nor€Drber coincidiry with the north-east monsoon, nesting in February *ith the
begimiDg of the dry seaso4 hatchlilg with the height of the dry season and the begindng of rhe
soutl-w€st molsoon (April-June) (see Fig.2). Itr rcrthern India the breed;lg cycle tends to be
onc montl later. At Jaipur Zoo, Rajasthan from 1967-71, occurred between 26 June and 6 July.
In Sri Lanft4 June-July ,r€ r€ported as the laying months and August-September the hatclliDg
months for mugger.

T€rritortalltv and Dominance.- Altlough fightiag sonetimes occurs on the introduction of a
rlew individual in ar established captive gloup, mugg€r are fairly tolerant of conspecifics,
particularly dudry tle seasodal coDcertrations which occur in the dry season. During the breeding
season botl sexes beconre incrcasiryly territorial. The dominant male asse s his dominance by
swimming displays in the tail up' position, h€ad-slapping ard chasing and biting subordhat€
males, soBetimes onto th€ shore. This behavior has b€€n r€cord€d for males of other species as
wel, such as C'ocodlnr novaeguineae and C. riloar'crr. D Arbreu (1915) nored thar large wild
mugger '\rsua.lry' have shortened tails, some missitrg the terminal 9-10 segments. This is not the
case with mo6t wild Eugger observed today and could be a indication of much less frequedt
interaction (i.e. chasing and fighting) among the adults of once large and concentrated populations,

Roaring or bellowing has rarely been heard ir mugge. but it is reported itr the literature; this
vocalizatiod is likely to be a territorial sigal as it is in the American alligator.

281



wl tlker and Wiitaker

a

F

A- '

N
o\o

@ F

Fr

o

l q N

b e -
c!

oluE lr

clir:"::

xg
6 ' l
r-l -C

I t l

e r i \ O

D J / J . : \ '

t l
2

:42

O v \ C



Whilakrr and Wtilnk€. 283

_ A.rais€4 threatening posture, caled .slimming' by cardck et at. (1q8) is frequ€ntly observed
i.o captive juvediles and subadult Drales. The animal raises irs body by tuIy o.rending its legs,
sometides slightly compressing its body lateraly and br€athing d€eply. This is occasionally
hitiated 5y the approach of a.notler mugger to a favored basking spot but atso by apparenr
individual rimlry and seeEis to be an early manifestatiod of the establishment of sociaj hierarchy.
This posture is rarely used when conionted b,y an adinals (or hufttr), the most common thre;r
thetr used beiEg a raised forebody with opeu mout4 hGsing ad leapiDg forward if comerecl or
furtLer threateBed. A challetge4 subdominant mugger of either sex mat run or raise the head in
submission, often accompatryitrg tle sigal with a low, openrbouthed glrglirg sound. Other
behaviors observed i.n mugger which are possible social signals irclude .'a*!ing' snd .ear flappiog,.

Courtship and Maflnp.- Often a headslap by a male (which starts from the head up position)
sigDals approach and courtship. Male approacb to a female prior ro cor(shjp is usually in tbe tail-
up positioq with pobt€4 si4le cau<lal scales arched well out or slightly out oa rhe water.
Folowing a head slap, geysering may be obsen€d as described by carrick et al (1978)i ,a strcam
(spout) of water about 10 to 2O cn itr height restrlting ftom a release of air from the external mres
while the snout is jrst under the surface ofwate/.

- During courtship, circli!& bubble blowirg, raising and touching jaws is usually observed.
Figue 3 provides a summary of these behaviors.

F€males were obsew€d bubbling at times other than during mating ard it is perhaps a
courtship signaL Female mugger occasionally head-slap in answer to males as do,altigaror
mi$r:rnppr?nsir, and were twice observeal to roll ot€r in the water, exposing the b€ly as reported
by Cott (1961) for C. 't ot'iad.

- During orc courtship s€quence a fedal€ mugger was observed repeatedly mock biting the
mal€'s head. Wten the male nounts the female tle pair submerges, often surfachg a:rd
submergiq_ altematively. Mating progresses whil€ tley ai€ fully or partialy subEcrggo.
Copulatiod lasts from fi\e to fifteetr mitrutes. Durirg courtship and matirg a high degrei of
tolerance is showtr toward other animals. Adult females ard a sub-adult male were ieea circlins.
nrrdging aad itr htennittent phtsical cotrtact with a pail dudng courtship on several occasioni.
Courtship alrd Eating were alw-ays obselved i[ water tbough copulation o; dry h_od },as recorded
at the Jaipur ological Gardens. At Maalras Crocodile Banl a mal€ mouded and made reDeated
copulation attempts on a fedalc in tle act of nesting.

On several occasiotrs duriBg cou(ship tie throat glands of females i! the h€ad-raised posrure
werc briefly everted and Mthdrawl It is likely t[at th€ scent glands functiod in som€ attraction
and stiErulatory capacity during pre-matirg courtship. prater reported that the scent glands id the
throat ard vent secretes a brownish liquid *ith a musty odor. He feels that the secr;tion is most
activc during the mating seasotr and postulates that is release in lhe wat€r enables individuals to
find each other. Th;s sedetion has been observed as a wary brown substadce but seems to have
very little aletectable odor.

_ Dhamalumarsinbji (1947) nade the first observatioDs on breeding of wild mugger. H€
described tle tail up and head emergeat posture of the fernafe prior to copulatiJn. His
observations agree with those of the authors, includhg the subm€rying re-emerging cycle se€n
during copulation.

- lr$I!Isglctta!3!4igg-lar!!g.- The female digs a body pir with alrernate scraping of all
four limbs and the nest hole wirh alternate scooping motions of ti; hind limbs. Nest hoie Jigging
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nay tale 30 to 60 minutes after which the female straddles the hole aod lays her 26 to 30 eggs rD
about 20 dinutes.

After layin& the fedale may ins€rt both feet into the egg chamber and geltly push th€ enti€
clutch to the back of tle cavity of the Lshaped hole (Ftg. 4). For this narceuwe and while nest-
packiry the tait ard chest are used for support. She then begins a slow scratching with altemate
mov€lrents of her hhd legs, gently pushing sand j.nto the nest hole. Sand is scraPed over the nest
and periodically packed by treading with the hhd feet, tlen sh€ may statt tumiDg on her t€st,
naking a number of full circlas, completely flattening the nest area.

Dud.ng witd egg couection programs, in 6eld study and $fleys over 50 wild nests were
obs€rved. Tabl€s 4 ad 5 give some of the physical charact€ristics of the dests. Hole length
apparendy correspodded to th€ l€ngth of the female mugger's hind leg. In 6ost nests the soil at
the €gg cavity level was damp.

Ircations included artificial rese oirs without shad€, small densely vegetated str€ams, aad
tidal lagoons. At AEaravatli Reservoir the tIack of a mugger wer€ followed into a hilly scrub
forest ov€r 1 km from the .eservoir to where a 2.4 m female was found. She late! nested here but
usuccessfully, as the soil was too shallow. This unusual destirg behavior was postulated to be due
to the ercessive humar disturbuce i.n the area Oefore protectio!, m7o of the eggs were tak€tr
each season by herdsEed ald firesood colectors). At Adatavathi, nine out of elevetr lests were
situated otr slop€s facing €ast.

At Amaravathi Kilikudi atrd sathadur, trial nest holes were a corDdon featule near nests.
Mugger usually dig otre or more trial nest holes before mating the final egg chamber. At
vakkarameri a female was seetr makirg a trial nest it daylight al1d 2-3 trail rcst holes were found
for each nest.

Cl tch strd Ee! slzc.- Mugger lay 5-30 eggs; detaiis of clutch siz€s id differedt localities are
given in Table 6. Clutch sizes were similar id north a.Dd south Inahan trests. The average rizc of
3,10 eggs from \rild nests h south India was ?.7 x 4.7 cm and werghed an average of 121i gm, closely
corresponding to captive bred eggs measured at Madras Crocodile Ba* (MCB).

lncubatlon Perlod and N€st Tcmperaturc.- In captivity mating begiN about two months
befole the first egg laying, suggesting a developmental period of 40-60 days. Incubation of mugger
eggs averages about 2 Drotrths. Nest temperatures ir wild dests ir south India ftnged from 18C at
6 AM to 33'C in early afte.troon. In 1980 the overall nest temperature al€rage at MCB was 31.3"C
for the four modtbs of February - May.

Multlpl€ chtchcs Per season.- wheD doublc clutching was first observed at MCB in 1976 in
a 19 year old female (Nova) it was thought to bc exceptioml or ab€rrant behavior. Since th€n
ho$€\€r, tlle laybg of two dutches per season hns become the norm for 6 females. Table 7
itlustrates the details of the multiple rcstbg which occurred in 1979-1985. Clutch size and hatching
success were slghtly lo$€! ir'B' Dests. The mean distance b€tween A and B nests was 225 m,
while rcsts of differcnt females at€raged only 5 m apa .

Double clutchiry at MCB may be a result of tle combination of high temperatures and higb
feeding rat€s. Thclc s€€m to be tbree possibilities which migbt explain the phenomenon:

a) silgle nating with arrested development of second clutch
b) single mating ad storagp of sperm
c) double Batiry

285
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Cro codylus EIEUj!
EGG PLACEMENT WITHIN NEST

Figurc 4. Ttc female uses her fect to shift tle cgg clutch to the back of tie lest cavity.

as laid s h ifted
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Table 4. Data o! 50 Wild Mugger Nests b Tasil Nadu.

287

Hole
length (cins)

Hole
width (cns)

Distance Height above
water line (m)

Layer of sand/
eartl covering
eggs (cms)

35-56 22trS3r 10m:1m-2km 6.2:1.5-10 L95t1i-

Table 5. Soil Type and Shade at 59 Wild Mugger Nest Sites (% Nests).

cravel/sand

Urshaded

86

Sard Black day

34 17

Pardy shaded

7

lramy soil Husus

LO 1.7

Fully shaded

1
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Table 6. Clutch Sizes of Mugger Nests.

Place N
x: rangc

Satharur reservoir, Tamil Nadu
Amravathi reservoir, Tamil Nadu
Vattara.mari, Tamil Nadu
Kilikudi, Tamil Nadu
MCB (9 females)
Hiran Lakg cujerat
Powai Lake, Maharashtra
Jaipur Zoo, Rajasthan

TOTAL

5
11
3
3

49
2
1
5

ni77-35
3r: -35
32118-46
19176-21
24t 8-39
25
n
32122-41

79 | 8-46

Tabl€ 7. Number of Females Double Nested 1yl9 - 1985 (MCBT).

Nulber of females Total number of Number of females
double rcsted

6
6
7

3
6
9

15

15
12
m
n

'7

11
9

12
9

LZ
18

ry79
1980
1981
L9S2
1983
1984
1985
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Sporadic Eating of mugger is observed late in the s€ason (March/April) aad more recently a
second peak simibr to the De€ember activity has been noted. Wtrile th€ period of egg
development in first and single clutches app€ars to be about 60 dats there was an avenge of oDly
41 days betsveen fllst aDd secoad rcsts. Th€r€ is no evidence of double clutching in wild mugger
and indeed has not been obs€rved as a normal strategy 1a auy oth€r crocodiliar The implications
of double clutchi.ng for commercial famiDg are obvious, whether it could be of some survival rzlue
for wild mugge. is a matte! for coajecture. There may be a complex relationship between double
nesthg ard t€mpeiature d€termined sex (see Research); a strateg/ that could elhanc€ survivorship
of hatcblings durilg a d.rought year.

Protection of N€st.- Nqst defense has been observed both in the wild and h captivity. At
MCB nesthg femalas defended ncst sitcs atrd adjacant water areas alld engaged in t!.eat displala.
They oftetr thiashed their tails ftom side to side and made repeated serious charges at intruders,
both crocodilian and human. If undisturbed the female will spedd most of the incubatior time at
h€r nest and in tle water near by. One female fasted throughout ircubation, while other, young€r
females were less atteltive to aests aBd did dot fast. An MCB employec, checking earlymoming
n€st temperatures wlui attacked alrd badly bitten by a nest guardiDs f€male. Now temperatures a.e
recorded electronically.

The role of tle male mugger in nest attendance was recently observed at MCB. The mal€ C.
n/odbr takes part in dest exc-avatiotr and hatcbling transport as does the New cuinea crocodile.
Itr 1985 lhe adult male of pit 8 (Malara), i{as obsen€d excavating a nest, trarEporting hatchlings to
the watcr and excluding all of the adult feEales froE the viciDity (Fig 5).

Halchllnq. Release end Transpo of Younq.- The folowing observations were made on a
captive female at Ma&as Strale Park and q?ily activiry at a mugger dest upotr hatching.

A female was observed at 0100 excavatirg her rcst with her front feet and head, leading 6
hatchliogs to the pond 6 m away, and comnunicating with them by grunting. She later excavated 5
more young and they werc heard calling sporadicaly aI night. At 0900 th€ femal€ chas€d the
ke€per f.om the enclosure. She pushod hatchlings out onto the palm leaves outside the pool with
her sdout.

At 0950 the male was witl tfie hatcbliugs in the ltrain pond and the female i.n the adjacent
potrd. The female picked up a hatchlirg in her nouth and carried it to the main pond, shaking it
out of her Eouth where thc otler hatchlings, were grouped.

At 1010 she wcnt again to her nest (in resporse to the muted grunt of another hatcblirg) aad
dug with her front ard (less ofte!) hi feet. She moved dockwis€ ov€r her nest, sometimes
puttirg her nose ia and biting clods of €artl.

An egg was rcmoved with the jaws, jerked back, and gently punctured by the front teeth. The
hatcbliDg slipped idto the buccal pouch, squirmiryr. She brought it, tail vjsible betweed her teeth,
to thc potrd. It was observed that the hatchlings spent the first day almost entirely otr dry land.

At 1100 another hatchling was picked up at the trest by the female and brought to the same
spot rcxt to thc pond.

Cr€th€ Formation and Def€ns€ of Youne.- In ode captive group 13 hatchlings remaired in
the group o. 6eche initially formed by the f€male for two months. They stayed with the mal€ add
female for 12 morths th.otrgh the rcxt breeding season and no agglession towald the young otr the
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Egure 5. Male nugSer Earsponing young ftom rcst (photo: Jeff l-atrg)'
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part of eithervas observed. Croups of hatchlings were reported s€veral times by fishernen and
others ard wild creche groups of mugger hatchlings w€rc found by the aurhors at Kedarhalta in
Tamil Nadu, aDd at several places in Sri Lanka.

At MCB during capture ofhatchlings ftom undetected nests, mature mal€s. females and sub-
adult males will malrc repeated lunges and chafgcs out of the *ater atrd almost over the 1.5 m walt.
Wild mugge!, appareidy of borh saxes, responded to distress cries mimicked by us by approaching
leaving the water a{d cLarging.

_ . CoEcn@tion and a Fr ure for the Mussen- Realization that the mugger \las on its way ro
oblivioa o-n the- hdiln subcotrtinent came just in tiDr€. Surve]6 carried -"t be the ZootoEcal
Survey of Ind4 Bombay Natural History Society and Madras Snake park startled the
€nvironaental comEunity whetr results showed how few &ugger vrere actually left. South India,s
largest wiu bre€ding populatio4 at ADraravathi reservoir in Tahit Nadu, had a mere 14 breeding
females. The larg€st population in the tro b, at Hilan late in cir National park. had DerhaDs 20
breedi.Dg feinaies.

Tamil Nadu has taken the lead i! producing large number of captive hatched mugge. from
eggs collected at the wiid resrirg sires with perhaps 6000 eggs collected since 1977. Suriivar rares
of eggs and hatcblirgs have been variable but are soaewhere ill the r€sion of 30 to 60% from
avaiiable data.

Mugg€r from Tamil Nadu have been seDt to a nunber of states for restocking, an activity that
was_qlestioa€d ftom the stadpoint of mixing different g€ographic forms of mug;ir. However, ro
esablish and re-estabtish wild bree<ling populations was the fust urg€nt priority td ir nost cases
t-here wEre not evetr temda.at populations rem,ining at the restockitg sites.

Becarse. oJ the -lact of ilput on rhe field research and public relations side of mugger
conselvation it is getting more and more diftcult to find rcl€ase sites. In Tanil Nadq objections
floE tle State Fisheries Department, public Works Departmelt (dams) ard local fishernla have
effecrively blocked several restocki-og proposals. Arguments that mugger are good for commercial
I6nerres by eatlng predators and won t hurt dam maiatenatce cress are simply not support€d by
scientific studies atrd the right public education.

R€!€{rch.- The GovernEcnt rearing cenrers and the Madras Crocodile Ba_nl have been
erryiog out r€search on th€ mugger since the early 190s. Some of the basic fmdings have abeady
becn desdib€d but tlele are a number of other avenues of work not yet given much airing.

_ _ For exancple, mugger are now known to u5e the gaits described as the high wal( a_nd gauop as
do better krow:r species like the Nile crocodile. Recent work at the Madras Crocodile Banl has
demon$rated that the sex of the muggcr is determined in the egg. Temperature is the key factor,
as has been found for other oocodilians and maly turtl€s sf'ecies. In the case of the mugger,
higher temperature produce males which is reflected in the overall s€x ratio averaqes for tbree
years beeding at the Bank. Eggs laid ia the cooler monrh of February had 7qa malis, in March
3290 Aales a/ld those laid in April, &e hott€st month, 4SEa males. Continuing research will
eventually determirc the exact temperatures that produce males and females and the critical
period of ebbryonic development in which sex is determined. Other studies include behavior
analtsis and its relation to environmental parameters and the phenomenoo of double clutching.

Crocodile Manaeemcnl- But the entile FAO/UNDP and covernmenr inDut into clocodil€
coiservation in India was not only to halt the extinction of the species. Cons€rvation demands a
dPramic full circle approach to caling for wildlife, thafs when it becom€s management.
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Table 8. Captive Breeding of Mugger in India.

Whitak€r and Whitlker

I. ological Park Breeding siDce Total stock ieared

Ah.dedabad

Baroda

Badxerghatta

Goa

IndLa Gandhi Park

taipur

Kanpur

Madms Stral€ Park

Nanda:rlaaaa Park

Nehru Park

1960

1964

1984

1976

1983

1C7a

1960

1985

1975

1952

1980

250+

1

100

'!

150

300+

2

150

100 +

150+

II. Crocodile Roarinq Centers

Madras Crocoane Bank

Tikerpada, orissa

Silipal, Orissa

Hyderabad, Ardbra Pradesh

sathatrur, Ta$il Nadu

Amaravathi, Ta6il Nadu

Guidy, Tamil Nadu

Kukkraq Uttar Pradesh

tn6

l9g2

1983

198/'

1983

1983

1985

1985

TOTAI

1800 +

100 +

50+

50+

50+

50+

2

3300+
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Table 9. Egg Colection and Rearing Centers for Mugger in India.
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India
Year Numb€r ofeggs
comm€nced collected

Number of muggers

Hoganalal, Tamil Nadu

Amaravathi Tamil Nadu

Sathanur, Tamil Nadu

cuindy, Tamil Nadu

Gir, Gujerat

Hyderaba4 Andhra Pradesh

Netyar ard Parambikolam,
Kerala

Taroba, Malarashtra

Others

TOTAIJ

1976

9n

rn6

19Tt

rgn

79n

19n

1979

800+

7)m+

2!00 +

500+

1500 +

900 +

300+ (?)

2n0+

2n0+

5m+

1m0+

1500 +

100+

600+

500+

150+(?)

75+

50+

8700+ 4n5+
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Mugger are resources to be maDaged. There is a thoughtful but slightly unrealistic attitude by
a vocal segment of peopl€ living in tbe range of the mugg€r that crocodiles should not be farmed
or culled. Wtrat is becomi.ng more and more easy to demonstrate is that ihis attitude c& be
certain death to *ildlife species that compete witl or el'en seeln to compete with man ir any way.

Mugger have had little positive publicity. The only mystique suirourding tlem is that from
the hor.or stoies. They elicit fear ard loathiag ftod Eost people and are probably secoud only to
snakes ir lowtress oD the aninal popularity po[. Without soEe rcry strong economic (and Perhaps
secotrdlt ecologi.-al) motives to sa!'e ard propagate mugger, there is little [keliLood of drunming
up sustahed support for the cause, particularly here in Inaha. The harshness of livirg coditions
for several hundred milliotr people seeds to leave litde scope for worrying about the future of the
dugger. In fact it is red.rkable, a consrderable credit to the late Prime Minister, India Gandhi,
that crocoalile coDservation has received the att€ltior it has in India.

The merits of a closed cycle mugger breediag operation or a ranching scheme is beyond the
scope of this chapter atrd is discussed elsewbere. It is truc that dugger are ideal cadidat€s for
plopagating for skils ard by-products. A singl€ female car produce an average of m survivfug
ofrspring per year, each of which would be wortl Rs. 15m/- itr the third year. Thus a female
mugg€is aturual 'production" is worth about Rs. 30,000/- (US $2500).

The covemment of Tamil Nadu was given tle first go ahead signal for commercial farming
by tle Indian Board for Wildlife in 1982 but the projoc-t is not yet underway. \l/hil€ div€rgent
opinions rrill contitrue to exjst, no one can dispute the fact that the muggor has a better chanca
surviviag in large numbers as a maraged resource tlan as a generally urwelcome predator (Tables
8 and 9).
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STATUS AND CONSERVATION OF THE ASIAN CROCODILIANS

Rom and Zai Whitaker

Ma&as Crocodile Banl
Madras India

INIRODUCTION

TLe eight species of Asiaa crocoditi,nq have declircd drastielly itr numbers, especially in the
past 25 years. The story of their e*ermination is now into what couid be the nnal ch;Dter. Ot the
eight only the New cuiuea crocodile is srill fairly common in tle wild. Intensi!€ hide hunting
managed to shift the focus froE Africa to Asia ard then South America as eacb area dried up (Fig.
1). Often there has beetr a second or third rourd of mopping up where a second 'inferior gride ,
speci€s was available or $hen ledote areas were opeded- up.- Areas such as tle iiland of gomco,
now split between Malatsir, Indodesia and riny Brunei whiah stil contain la4e tracts of unsettled
la.n4_ have only fragments of once substantial Crccodytus porosts a i i\lzrd Tofiistoma
poputations.

There is litde accurate documentation of skia harvests ofAsian clocodili.nc but whar recenr
statistirs are available are giver ir Table 1 to put i.oto perspective what a profitable hdustry
crocodiles could-be for many indigenous peoples if used ai a properly managid resource. Ross
(1982b) asl6 a key question: ,How do we integrate a poticy dialing with; ardmal which is
potentia.ly dang€rous, disliked and lii€s in areas suitable for fish pon<is and dce paddy withour
complet€ly eradicating it"?

For the_puq,ose of this chapte!, ,Asia' i,! detmed as ra,ging from the mugg€r habitar of Iran
eastward to the Indoftsian border with papua New cubea.

TIIE ASIAN CROCODILIANS

Crocodyh$ palustris - Mtgger, marih crocodlle

. The mugger has the *idest ralge of any of Asian freshwater species. tr ;s highly adaptabte
and orcupies a variery of habitars including hil streams and salrq?r;r lagooo". to irao, pu*istao,
Nepal and Bangladesh there are very few left and with the exception of those in the f€w protected
areas there is little future for the mugger in tlese countries. If considerable effort wa;made to
rehabittate the mugger, combircd with stringent habitat protection and perhaps a commercial
motive in these foul countries, the mugger would have the chafte of natdng a lirnited correback.

Ia India the mugger has beed fitly protected utrder the Wildtile prorectioD Acr to 1972 and is
the subject of a conservatiotr prograE that began h 1t5. Nearly every state had at least a few
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mugger left by the early 190's but past hunting for skitr and meat, collection of eggs for food and
loss of habitat made the prognosis for mugger survival look grim

Now, a decade later, gove.nment efforts (in some cases with FAO/UNDP assistance and
private input), have secured a tutule for the mugger in Itrdia At least 17 dilleretrt zoos arld
rcari.lg centers in the coudtly have bred mugge! in captivity ard thousaads of eggs ha\€ b€etr
collectod froo the wild for captive hatching and reariag for restocking programs. Several
satrctuaries have been set up specilic€lly for mugger and one state, Tamil Nadu, has beea given
Central covernment approval to set up an experimedtal commercial ciocodile farm.

In Sri Lad<a mugger *ere common as recently as the late 1970's but were taking a batterilg
from itinemnt fishermea who netted them for the meat, discarding the skin. Large reservoir
popolations of mugg€r outside of the two largp National Park, Yala in tle south-east and Wilpattu
in the no.tb-west have been deciDlate4 particularly during drought )€a!s. Er€tr llow there are
tanls (man Eade lakes) on the periphery of the Parks in which 100 or more mugger can be seen.
Meanwbile massive development projects like the Malaweli Galga scheme in North Central
Province tale little trote of the importatrce of the mugger as ar economic resource nor of its role in
the aquatic ecosystem. Mugger will sureive in Sri llnla's National Parks but it will be unfortunat€
if nothing is done to ensule that th€y remais an integral part of the island's remarkable wildlife.
The Sri Lanlatr mugger population offers us the only chance to study an Asian freshwater
crocodile in what must be close to original population densities.

Cmcodylus siamensis - Slamese crocodile

Once reportedly commotr in pa s of Tbailand, tle Siamese crocodile's range extetrded to the
Indochircse r€gior ad parts of Indonesia (Kalimantan, Sumatra, Java). Today the only known
wild hdividuals survive at Bung Boraphet Resenoir itr Nalhon Sa\san prounce, Thailand rvhere
there maybe 50 left.

The Siamese crocodile bre€ds readily h captivity ard the Samut Prakan Crocoahle Farm nea!
Bangkok has over z),00. Here they have beer €rcouraged to hybridize with C. pororur though the
o\ller assures us that pure stock is being separately daintained. It has also been brcd in at least
two zoos in the United States a.nd at this tise captrvity seems to be wh€rc the species will remain.

Oocodylus porosut - Srltwater crocodil€, estuarine crocodrle

The saltwater crocodile has th€ *idest present ilay range of any crocodilian. Its ability to
swim long distatrces in the opetr sea allowed it to colonize alnost the whole of tropical coastal Asia
besides many ialand areas. The female produ€es large clutch€s of eggs aDd can be a formidable
defender of her nest. But th€ large size aad occasiotral man-killing tendency of big saltwater
crocodiles have vrorked against the species. In addition, the skin industry prefers the smaller scales
and larger surface area of saltwater crocodile skins to any other. More accessible to hudters thad
the inland freshwater specreg saltv,/ater crocodile populations were quickly reduc€d to remrants by
th€ mid 1 0's.

In the ext eme east of its mnge tle saltwater crocodile exists in safer numbers than most ot
the Asiar qocodiles. Australia and Papua New Guinea have both spent considerable money and
effort on managing thei! crocodiles aid it is paing off, particularly itr Papua New Guinea where
the million dollar skin industry brings money to th€ poorest districts with few or no other
exDortable resources.



Ivhibker and Whir.k r

. . Jusr over the bord€r from papua New Guinea is the Idar Jaya province of Indonesia where
:11, 

11, *",*,*.codles, are being rapidly_wip€d our for skia. rn a few rocarions. rDponampopulatrotrs sucb as ar the large, peniDsular isrand of p'lau Kimaam near Merauke in rhe southeasr
are receiving soEe protection. Froln here.wesrwa_rds to tndia, rhe situariou gets progessively
wolse. Probably the odiy significart populariotrs in rhe eirire remaidog area of'Asia arc D some
ot t_he more reDote idand areas of northeft Sumatra (for example Surgai Kuba, Riar provitrc€),
the wel Eanaged bre€dilg populations at Bhitarkanikasanctuai in Or;sa (Iraiuf *a iI p*t" 

"rthe Ardaman! a.rd Nicobars Oadia).

Areas like Saba! and Sarawal on the islad of Bomeo would seellr b be likely repositories of
::,T:.9f $.:id salrwater crocodite populariotr densilies bur unfortunarety it f'ooi'so. WoAa
vuoxre ruud sponsored surveys carried ou! in 1983 by RoE Whitaker ad in 1985 bv Jack Cox
T],"-,*,::1 lg.:.* 

d.*i,y Ggures of about 0.05 crocodiles per kitomerer of river suneyed bynlgit. Much ot re,ar€a suneyed was unin_habited a.nd still forested aDd contained habitat capab[
ot supporting much higber densities of cro.odiles. Hunring for skins is obviously rbe most
importart recent factor for the continued decline of crocodil-es 1"r., U* 

", "-ty 
L fasf theBritish covemm€nt had beer paying rewards for kiliag crocodiles "to enco*ug" aJ"tru"tioo ot upest".

Recomme,lalatiors for the rehabilitatiotr and ma:ragement of the saltwate! docodile have
beetr oficially made td the governEeds of Sabah ard Sa,awat @ast Malaysiai *Jioooo".i".
Proj€ct ploposals based on cocodile ralching and farding have b€en maae in the lopes tnat aid
agercies such as FAO/UNDP and USAID wil provide tundbg and expertise. Major 

'eiements 
in

the proposals include detailed surveys, establishmeot of reservJs, crocodile farninj researct, and
l_.1_!3T-".i?1,",-C In specitic, caseq such as Sarawal, ary ho'pe of brirging
crocod qs-bacf,-to areas r.n which they have loog been enhcr is lhked to pubuc reLriods and rbe
rormllg or ar ellectrlr crftodite control tead to deal ivith ttre occasional truisaace crocodile.

Crocodylus mindorcntis -. Phtlippirc cmcodile

Rerent surv€ys and studies by C.A. Ross and A.O. Alcala demoostrate the extremely alepleted
status of the Philippide oocodile. Hide hiding and Dow loss of habirat to agicukura deltpnent
are tle main reasons for the declirc. It is still found scattered ia snall-nunben in reaarning
suitable.inland labitak, daiDly on Mida.uao and the Sulu Archipelago. It is estloateJ, perlaps
optimisticrly, rbar lherc are 500 to l0OO left iu ltrc world.

. ls _RoT (P82a) note4 "conselvation of aon-essenrial wildlife resources is not given highpriority ir-tfre Philippires; a.ny conservariotr prograe which off€rs some possibititv # utimate
ul zal ionrsmorcl ikelytowitrsupport fro_m_t_begoverf tDenr. ,Atpresentt iephi l ippineprogran
tor c. mhdorensis coosjsts of a World Wijdti(€ Fund ajded projecl of rh€ Silimar Uilversi-0, Jhere
a small captive group at Duraguete City ale boiry bred to provide young for ,clease irr-p.otected

Ctocodylrlt novaeguineae - New Guinea crocodile

_-_-A four morth suwey of the New CuiD€a crocodile was carried out (October 1984 to February
l98t and over 15m kilomerers covered by boat in the interior of Irian Jila by Rom Whitaker and
nrs assKtants, Paul Sukatr of Indonesian Eavironmental Forum (WALHI) and Chadiz Hartono of
Dlectorate of Forest Protectiotr (pHpA).



Durirg the day vilages were visited to interview the People about crocodile natural hrstory
status atrd the ski| indust.y. At aight spotligbt surl€]s were carried out to assess relativ€ numbers
of crocodiles aad capture of a sample for measuring; marljng and release. visits wer€ made to
missiod stations and discussions w€re held with p€ople ftsponsible for rural develoPmedt itr Inatr
Jaya. Visits werc made to the maia cocoalile r€aring farms ard skitrs exPorters. A survey of the
trash fish resourccs was also caried out to det€rmire feed aQilability for crocodile farms. The
main crocoalile habitats that were visited and soweyed were:

a) Biar La.kes, Merauke Dist ict
b) Asmat Ar€4 Merauke District
c) Routraer River (Upper Mamberamo), Padai Djstrict
d) Bintud Bay, Manokwari District

In addrtion, thc daia to\*ns and other areas visited werc:

a) Jayapura
b) M€rakue
c) Fak Fal

It was fourd that crocodite populatio8 have been heavily reduced in the accessible river areas
due to o\€rhuding for skins. Howe\€r, deep iDland crocodile populatiors are dore stable,

Sone illegal killing of crocodiles and export of their skic continues. Irl general it was foutd
tlat the local huaters will respect laws but are induced by the stjr tradeK to organize perio&c
docoalile hunts. Most of the docoalile farms s€en i,ffe of a mediocre stardard ard only one
(S|yline ia Jayapura) had signficart runbers (15fi12000). So far very few skins of farm€d
animals are being exported.

Village hu ers aDd rural developers a1l expressed a keen interest itr pafiiciPating ir a
proposed crocorlile project. It was found that there is no other viable loag-terd altemative ro helP
$?mp-dwEling p€ople (about 100,000 of them) to earn a living with cash income. For example,
the smal-scale timb€r industry b the A$nat area provides orly a smafl renumeration (RP. 5000
(US $t per cubic meter or about Rp. 10,000 for a large tree) for the hard work of felling and
hauling logs along the river. The necessity of odractitrg timber rcar the river (in the abs€nce of
hauling machines) is ciusing rapid &gadation to thc ri€lba s. A manag€d socodile irdustry
could provide the Asmat villagers with Rp. 10.000 for onc baby crocodile, a wiset use of the forest
than removal of its timber!

It was found that the.e are sufficient trash fish r€sotrces (the by-catch of th€ shrimp trawlers)
to feed 20,000 crocodiles or more ir the towns of Sorong Jayapura aad Merauke.

It was r€commetrded that a ploject proposal be drafted to initiate a crocodile p.oject id Irian
Jaya consisting of three basic components:

large commercial farms at SoroDg Jayapura and Muauke
a network of village collection farhs alrd appropriat€ rural exteDsion work ard
a qocodile population monitorhg and research program to assure the sustainabiliry
of the hdustrv and conservation of the sDecies.

It was recommended that aid agercies be approached fo! technical and fmatrcial assistance in
impl€menthg this project. It was also recommended that the protection ofwild adult crocodiles in

Whirik r .nd r'Vhil.ke.

d) Kainana g) Soroag
e) Manoki{ari
f) Nabire

a)
b)
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Irian Jaya be given prioriry. The New Guinea crocodile wilt have a safe ftrure in Iriar Jaya if ir can
becoire a managed resource upon which a large number of econornic.ally depressed jeople are
depend€nt.

Tomistoma schkSelii - Mala]"ab (or false) gbartal

Otre of tle least kDo*T of all the 6ocod;ti,n.r Tonirroma is rar€ly seen itr the wild uloore
aJrd has only bred h capriviry ar tle Samut pratan Crocodile Farm, Thailand, Tomistoma ratges
ftom southem Thailald across to Bomeo and down into Sumatra.

Today Tomistoma is appar€ntly abseat froE southem Thailand ard onlv a few live oa
p€linsular Mala,sia. On Borneo rhe siruatioD nay be little better. On a recent crocodile survey rn
SaraE"l.for WWF-Mala,'si4 consultant Jack Cox saw lhree Tomistoma at only one location, the
Ensengai swal'lp system near Kuching. Rom mitaker found no evidence that lomritoza ev€r
existed in Sabah; fomrrromd habitats in Kalimantar ard Sarawak ar€ cut off ftom Sabah bv fairlv
high hill ard lnountain ranges. It is probabl€ that there are viable populatioas of Tombrina it
tGlima ar (Indonesia) but no su1€ys ha!€ ,€t been made.

-._ Sma[ nufbers ofj\rvefileli$e Tomistonla stifl appear at Singapore crocoalile ,farms. and it is
Iik€ly that th€ir origid is nearby Susatra which has never treea surveyed.

Gavialis gsrgeticus - charlail

_ . ThegLarid is one crocodiliaa that people acktrowledge as harmless to humans. But b€ing a
fisheater it is treat€d as a competitor. In 1974 the world gharial population, captive and wild, ias
estimated to be utrder 50. Now, ia 1986 it is over a500 due mainly to the effons of several State
Forest Departm€lls (see Table 2). The cove.nmedr crocodilian ;ehabiliration prograh, initially
aided by FAO/UNDP, ioirially concenrrated its efforts on saviry the gha al o"ficn'iootia f*e it
wEs on rts way out. Eien today th€re are apparently few€r thatr tw€nty adult male gharial both
captitc atrd wild.

The only large alea of protected habitat for the ghadal h India is the Narional Chambal
Sarctuary, cov€ring 600 river kilometers and rulrling through three states, Uttar pradesh, Madhya
Prad€.sh and Rajasrhar. The othe! gharial areas in India such as IGterniaghat h Uttar pradesh,
Sathkoshia corge in Orirsa and bits of the Son, Ke! (Madhya pradesh) ana other rivers uy v€ry
smau atrd in the long run, vcry wlaerable. There i5 a small population b Corbett National park
(Uttar Pradesh). Bcsides tte Chambal ia India, the otlei najor gharial poputatioa that is
rersonably secure is thar of about 20 adi ts in Chirwar Narional iarkGapti-N;ayard Rive4 in
Nepal.

Although it has been so far bred at ody one center, (in 1985 six n€sts were laid at
Nandaa&aaan Biologbf ?arlq Orissa) tbe gbariaf respotrds weit to captive rearing aDd growth
rates Drale it acceptable for comnercial farmiag or ranchiag. Considering the largJquantities of
fish gharial consume, it is cdtical that the €cotogicavecrnomic advantageJ of haviig gharial back
in the ver ecoslstems out'r€igh the disadvantages.
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Table 2. Juvedle Charial Released for Restocking Protected Habitat (r9r-1984).

Whn.k r lnd whn.kr

Shte/Country Number released

National Chambal
Salctuary

Sathkoshia corge
Sanctuary

Katerniaghat
Sanctuary

cbitawar National Park

Ken Sanctuary

Sotr Safttuary

Madhya Pradesh, Uttar
Pradesh, Rajasthar

Orissa

Uttar Pradesh

Nepal

Madhya Pradesh

Madhya Pradesh

83

50

3

2
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Alligator sihe'..Jis - Chlnes€ alligator

This small (under 2 m) aligatot wils odce widespread thoughout rhe eastem Dortioa of the
Yaai River basid. Thele is now little or no witd babitar l€fr ]or tbe Chinese j[saror and ir
srNives precariously in the midst of human agdcultue. Corcentrated in the Xuancieng regron,
the center of the alli- gatollsturr€nt raDge, smaller populations are found itr Zleliaag aaifhngau
Province. Watanabe ald Chu-chien (1984) estioate that there are about gfi)-50d w d alicators in
the Xuarcheng region and a total of 1500-2rOO Ooth on farms and in rbe wild) ir the couniry,

Chinese alligators depe4d on being able to dig exteasiv€ aleis to hiale ir and ro hibemate in
or€r *inter Eontls. Beiry docile ad fairly saall they ar€ frequently d;sturbed atrd nests
destroy€d by childrer and farmers.

. , The Chinese_aligator is the subjeci of selEra.l ongoirlg studios and captive breeding has been
achieved.at th€-,Chinese Aligaior Breeding Center Atrhui provirce (whJre 300 hatchlings wore
producad id 1983), Shaqhao o a.nd RocKeller Wildlife Retuge in the U.S. Emphasis on captive
breediDg is important to ensure the survival of adequate ge;etic stocks of thi species. .Ihe
establisb.Drent and eahtenance of wild reserv€s lor the Chinese alligator has very l;ldted rcopc,
but ur ess thes€ efrorts are made this interesting reptile will no blter be abb ; survive in the

SUMMARY

The outlook for tle Asian crocodilians is bleal jndeed. Table 3, which is made up in many
cases of v€ry approximate dat4 dramatizes their plighr. The Chinese altigaror, gharial ard Siamese
crocodile are all more aumerous in captivity than in the wild. The Ne; Cu;ea crocodile is the
orly speci€s that still exists in anything resembling "safe. numbers atrd only because of its origiMl
swanrp habitat rehaiDs difficult of access and unaltered.

Con:ervatigl anal Draragemenr approaches rarge a[ the way from India,s
pres€rvation^ehabilitation program to papua New cuinea.s Eanaeed ialchins scheae.
Ranching (that is, the collection of eggs ard/or youg for captive rearirg ard culling-.y can ue a
,lo.st effecti€ m€thod ofguaradeeing attentiod to habitat protection. Aslorgas it is piofitable to
tate fiocodiles from a swamp, that swamp wif be protected *ith e\€rythhg irit.

Itr gederal, two activiti€s are needed ia each of the Asiar couatries where ciocodil€s are
foud: (a) public educatioa and reassuance (which includes ar eff€ctive, mobile nusaace
crocodil€ catching squad); and (b) tLe setting up of maEag€me programs, if necessary with

"]rt.i 
t: h+. Indoresia has a special responsibiliry shce rhree of the eigha Asial species_Mala'"n

gharial saltwater crocodile, aud Ncw cuirca crocodile--are foud mainly h the Indonesian
archilelago and Kalimnntar India is f'arricularly responsibte for the continued survival of the
ghari4 China the Chinese alligator, ard Thailand the Siamese crococtile.

_D€monstratiry that (a) crocodile farmiag is a logic_al form of land use, (b) docodiles are
needed itr_aquatic ecosystem, (c) crocodiles are rarely dangerous to man, and le crocodiles are
€dible and goduce thc most valuable and durablo leather in the world will help piople accept that
we caDrot dhmisscocodili. These reptiles have beer denizens of the €arth foifUl_ rrittio" y.*".
Each courtry and indeed each s€t of cilcumstances may demand a novel approach to the probleD$
of accepting atrd living with crocodiles. But it ;s worth the effort. The_v"a.ious AsiaD crocodile
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Table 4. Breedilc results-Madras Crocodile Bank

!07

Mugger hatchliDgs
Saltwater crocodile

hat.hlitrg(
Caimatr

hatchli.ngs

t9'76

lgn

r91a

L979

1980

1981

1992

1983

1984

1985

30

50

399

Lg

a9

228

24t)

a5

74

30

45

34

60

TOTAL 18r' 16792
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programs are foreruDEers to what will hopefuly become an accepted profitable form of land use.
Man's fust domestic reptil€ is the crocodile.
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FORE\ryORI)

This volume is a suppleEeot to tlre Proceedings of tlc 8th workiEg MeetiDg of tle Crocodile
Specialist Group (CSG) in Quitq Ecuador, l:} to 18 October 1986. It contains two papen that
werc prese cd at that deeting; but were not published in the Proceedings voluae (IUCN
Publicatiors New Setie"l 1989, ISBN 2€8032-968-D.

Publicatioa of this volume was supported by cortributro6 ftom Professor Hary Mes.sel a.od the
Udvelsity Foundatior for Physics, University of Sydney, Aus[alia; the Nixod Griffis Wildlife
Conservatioa Fllnd of the Uaiversity oI Borida Fotddatio4 GaiBesville, U.s-d; ard Jacques
Les&owie of sociEt€ Nowrlle Frarcc Croco, Patis. Tbe opiniols expressed herein are those of
the individuals idcrtified 6nd are trot tle opimons of the Irt€matioml Unior for Cooservation of
Naturc aad Natural Resources or its Specias Surviid CoEiiission. Phil Ha.ll was scie fic €ditor
a.dd managing editor, Rhoda Bryant vas copy atrd style editor.

The Intemational Urion fo! CoBservatio! of Nature and Natual Rcsouccs (ruCN) was founded
h 19{8, add h.s its headquarters in Clan4 SwiEerla.r4 it is ar indepeadent iiternational body
vho6e membersf,ip coEprises states, irrcspecti!€ of their political and social systems, got€rnoent

and private institutioDs as wcll as intcrnatioml orgadzatrors. It tepresetrts tho6e
who arc coocemed at man's modricaiod of the natunl enviroDdert througb the rapidity of urban
and industrial developme ard the exclssive exploitation of the earth's natural r€sources, upor
wbich rest tlrc founalations of his .rft€.I. ruCl{s main Frpose i! to prodote or support action
which will esurc the perpetuation of wild oaturc and natural rcsorirccs on a world-wide basis, not
oDly for theL intrinsic cultural or sciedfic valucs but also for tle long-terE ecotroEic and social
welfare of manliad.

This objective ca! be achie\€d tlrough active co.serratior proglams for the wise tlse of natura.l
rcsouces in areas where tie flora aad fauaa arc of particdlar idportalce atrd where tle ladscape
is cspcciallybcautifirl or strikiag, or ofhistorical, cultual or sci€ntfic signficarce. rucN believes
that its aims call be achier€d most cffccti&ly by jrternational effort ia cooperalion with otier
ilt€matioml agErcies, such as UNESCO, FAO, and UNEP, and iftemational orga.uizatioas, such
as World Wild Fund for Nature (WWn.

The mission of ruCNs Speci€s Sulvival Codoissiotr (SSC) js to prevent th€ erdinctior of speoes,
sukpecie,i atrd discrete populations of faua and flor4 th€r€by maiDtabing the genetlc aLversity of
the living resource.s of the plaict. To carry out its dissiotr, the SSC relies on a n€twork of over
4000 voluntee! professionals working tfrough 100 Sgccialist Grcups and a large number of
alfrliate orgaaizationE regional lepiesedatives, and consultants, sc-atter€d through ftatly every
countly lr1 the world.





THE DISTRIBIIIION OF CROCODYTUS POROSTIS AND
CROCODYLUS IOHNSTONI AI,ONG TTPE 1 TIDAL WATERWAYS

TN NORIIIERN AUSTRALIA
AND

SIJR}'EY OF TIIE IJPSTREAM NON-TIDAL SECTIONS OF THE ROPER
RWE& 1986

H. M6sel, G.C. vo icek (dec€!sed), WJ. Grccn' d I.c. odley

Department of Environmcntal Physics, school ol PhFics
Univcrrity of S$oen N.S.W. 2006, Australia

ABSTRACI

Tbs paper discusses in ge[elal terms the distribution of Ctocodyfus Porosrts and C. joh8toni

alory Type 1 tidal water waF ir rorthem Austratia. The iEPoltatt T}?e 1 tialal watenays are
classfied into four broad gtoups or thc basis of their dGtributional diagrams, and each gloup is
explaicd ia terEs oI tie Eodel of C polttur popdatiod dFamics develoPed in previous
publications. Altemadvc habitaq cocodrle int€ractiolq exclusio4 and losses ate the key featues
to the undcrstalditg of lhe distlibutioD-

Results are also preseded for thc 6rst $fvey caried out otr thc ron_tidal secuons of tbe
Roper Riv€! upstleaE ftom the Ropc! Bat at km 145.3. Oo 77 kE of waterway surveye4 307 C.
johrrtori were srghted ard oBly oDe c. potou, v/hich was just 0.7 km up Aom the Roper River.

INTRODUCNON

Ilr Monoglapbs 1 to 19 and ttre two Westem Australia Repotts Lst€d in t]e presenl
publicatio., wc documented ana.lpe4 a.Dd dtscuss€d the detailed iesults of the first s,stematic
survey, since settl€ment of the co inent of somc 100 dotthem Austmlian tidal waterways aDd their
crocodile populations. In this paper i\€ assemble for the fust tiEe and discuas g€treraly sample
distributioaal diagrass for all the more isportad Tne 1 tidal systems suveyed. we also Fesent
the results of a 1986 survey of the axueme ups[eam, non-tidal secdons of the Roper River system
(Monographs 12 and 19).

In the introducrion to Monograph 20 we emphasized (also see Monogaphs 1, 18, ard 19) that
the a:raltsis of tle number, distriburion, a-nd size structure of crocodiles sighted duriag the general

surveJrs of lorthem Aristralian tidal s,stems indicates that one of th€ most idportant par?.Eeters
characteriziDg a tidal waterway is its salinity Fofile and that tle prolile a.dd habitat type iEage one
alother. They appear to largcly detcrEine lhe suitability or otherwise of the tidal wat€rway for
b'reeding nestirg; and reariry. We also gave a detailed descriptiotr of the model that we developed



for the dytraDics of C. poloJr,' populatio$ and which edabled u! to accourlt itr a coEsistent fashiotr
for the rc$ilts c,e obtained fo! soEc 11m tidrl syst€ms i! nonhera Austlalia" In this dodel w€
pointed out that tlc tidal wat€rways of norther! Autralia harc b€e! classified according to tteir
salinity signatu.es into Type 1, Type e and T}?e 3 systems as showr in Flgule 1 (sec pagas 100-
101 Morcgaph 1). Type 1 s],st€ms are thc maia breeding ones, aad non-Type 1 systeds are
usually poor nod-bre.ding systems. It is the Typc 1 systeDs atrd the fteshwater billabongs ard
seEipermaned ald pcrman nt ft€shwater sw?:ops associatrd with tleir wbich accouat for the
major recf,uitment of C. pororur; tle other systeEs contibute to a lesser alegee, and they must
usualy dep€d largely upor T}?c 1 systems atrd their associated frcshwater coEplercs for the
provisior of their cocodil€s, No{-Tlpe 1 slsteEs also sometimes hai€ freshwatcr complexes
associated witl t[em but thesc are dormally quite minor.

The info.mation sumoarizcd ir Figlra 1 is oI gleat imporlatce for the und€rstalldilrg of the
dynamics of C poror.r populations. Is Type 1 systems somc 2?7o of tle clocoaliles are hatcblings,
$,hercas itr Type 2-3 slsteEs tlis figule falls to 147o and ir Type 3 systems down to 47r, showilg a
ouch dedcased hatchling lecruitEe in tron-Type 1 systeds. Iu rype 3 systeds tlc pe.cedtage of
crocodil€s h the hatchlin& 2-3', ard 3.4' sizc dalsca combined is some 11%, whcr€as ia Type 1
systems it is at least t%. On the other hald the percedtage of docodil€s itr the:+5' size classes
G soEc 39% in Tlp€ 1 systeds and 73% on Type 3 systems. SoEe 7996 of tie non-hatchling
ctocodiles atc sigltcd od TyI'e l waterways ad 2196 od nor-Typc l waterways.

Hos,c@r, as mcntiorcd above, wc conccm ourselves, ir tiis paper, with thc distributio! of
crocodiles in t[c Eorc impo.talt Type 1 systems only and rcfer the reader to the scries of
Monographs for a completc trcatment of a[ tidal waterwa]B surv€]cd. Though the re$lts for
every 'I}?c 1 syst€d suveyed were arabza4 discusse4 and accounted for on the basis of our
populatior aodel ilr the rclcvant Morcgraphs, at Do stage havc we brought together samplo
di6trftutioral diagrams for each of tbc morc impoltarf Type 1 tidat waterwaJrs $rveyed itr
dorthcm Australi& so that they codd bc compared easily and to scc what salie features thcy
harB itr codfioD- We do so ir this paper.

O! page 440 of Mo@graph 1 lJr slatcd that the establisbment ofa Univ€rsity of Sydrcy 6eld
statior at U.aputrp olr the Roper Rircr would not ody allow us to monitor tle river (see
Modograph6 12 atrd 19 fo. the result6) but wordd also pemdt us to crrrJ out lard-bascd studies of
its loog nod-tidal icsh*ater section above LeicblaidCs Roper Bai. The Roper Rivcr System is
onc of thc laryest and beit TIT|c 1 tidd watelways in rcrtlem Australia. It not only has a long
navigable flesherater s€ction, ftod about ld 70 to Ropcr Bar at km 1453, but also has a number
ofsectioDs between ko 1453 a'rd km 353.0 which are sur€yable by small boat and which cad be
reached by bush track, These sections of the rier are bcyond tle tidal lisit ard consist of
int€rmiltent waterholes- Bet\recn tlem the many braffhes of the river are usualy dry during the
dry season. Sporadic C. poloslrj were believed to occu and the more plentifnl C. jolnstoni werc
krown to occur in the perhare watcrholes! but no slstematic dight spodiglt survcy had been
carried out of them. Ma.ny wild claims (pers. comm) have been Eade abour the 'hEdreals' of c.
por?sls m ticm. Thos s,e decided to sullly tte larger upstream waterholes and obtaitr direct and
quaditatiic evidence fo! the relative aburdarccs of the two species o! the nod-tidal s€ctions of
this lorg ard importatrt *aterway.

Work maps for the Roper System, from its Eouth to Rop€r Bar at km 1453, are giveD ir
Mooograph 15. Thc additional 18 work maps covering the sections b€tweetr km 145.3 and km 375
are preseDted id FigEcs 2 to 19. A helico!,ter was used to verify ard ilcrease th€ accuracy of the
baF prcpared from aerial photograpk (see Inhoduction to Monograph 1t asd to find the best
track itrto the waterholas to be surveyed. Two Toyoto Lad Cruisers, a 12 foot didghy with a 99



hp outboard motor, and our st.ldard survey ard camping gear e/ere used for the suneys which
werc carried out dlring the period ?-15 July 1986.

RESIJLTS

SaEple disfibutioMl diagams for 20 of thc Eore important Typ€ 1 tidal syst€ms surrcyed
aie talen dircctly ftoo the r.lemlt Monograpbs a.trd aie showr h Frgures 20 to 50. Small T}?e 1

systcm6, suc.h as thc Goonadea (Monograph 5), and s)steds with only a few crocoaliles remaidrg
in tlem harc bcetr ooitted. Ar exaople of thc latter is tle McArtiUI River System (ModogtaPhs

A and 19).

we suweycd six lagooos on tie up6tr6am non_tidal section of the Roper River as follos: kd

1453L(f':-km'41.o-M.7,km 2:2415,14 ?52l.267.0, km 385'335.8, Plus a sid€ccek of 0.6
km ald l(m 3492-3525. These sections atc shocd on ihc work oaps, Figures 2 to 19. In Tablcs 1
to 7 w€ give thc rcsults for the night spotlight surveys of the individud lagoons and show tle size

structurg situatio!, and n@ber of C. Jbrt ttloti sighted" C Polo$lj are not shov./|r in the Tables as

only onc aaimal was sighted duing thc course of the sul€ys, and tlis was a 5{ anim4 at kE
146.0, oDly 0.7 km above Roper Bar.

DISCUSSION

Dtstributional DlaFams

Ir dorthern Austlali4 'Iype 1 tid.l s'stems normally deander tbtoug[ coastal floodplainE
ofte! harr lalgp drainagp basirq atrd haiE a heavy fteshwatcr iryut during the wet seasor The

inllow deseases but ledairs sulficicrt as tf,e dry scasoD progresses to prev€ the salinity
upEtream (though noving uPstrcam gladua y) from nsing aborc the sea water values measured at
thc mouth of thl srtem (s€e pagps m-105 Morcgaph 1). There arc eiceptions, howcver, for the
Type 1 systems ir th6 dorti-w;si xiabertey usually rua through rugged gorges aad fault lines. It is

als; to bc doted that major Type 1 systcEs often contain non-Type l v,aterwa)s as well- The

Adolaide O{otrogtapb6 3 aad 19), Livcrpool (MonograPbs 7 alrd 18), a.!d Roper (Monogaphs 12

and 19) Systems a@ excelled examples ofsuch srst€Es. Such matters were d;scussed in C- hapter 9

of Motrograph 1, where a[ tie tidal s]stem Eainstreams wcrc dassfied accordiug to their salinily

srg!atures.

One dight be tedpted into betievi.Dg that the disttibutional Pattern of C Potoss along all

Type 1 tidal ;aterq,ay naillstrea.Es should be esseitialy si.lrilat. As wil be seen by irsPection of

ti; distdbutional diagraEs io Figures m to 50, tiis is rct th€ case. There c be co.siderable
varialion frod one Typc 1 system to a.aother; howev€r, the shapes of the various distributional
patterns appear to fall into fout tather broad goups, with colsiderable ovetlap betweer them lve

have grouped the ?0 major T,?e 1 s'stcms as follows:

Group 3

Prince Regent
Roe

Gmup I

Blyth-Cadel
Liverpool-Toml.inso!

Rigs,m,21
Figi.?2-24

Fie.43
Yry.44



Ducie
Rope.r
Daly
Adelaide
Victoria

Grcup 2

East Aligator
South Alligator
W€st Aligatot
Wildman

Ftg,z5
Flgr?5-A
FiC,30
Flgs 31-33
Figs.3,35

Fie 36
FiS. t,38
Ftgs.39,40
Fi& 41
Frg. A

Mitchcl
Glend-Gairrl.ner
Vr'cdock
GoroEuru

Group 4

Fi& 45
Fig.,16
Fre.47
Fig. 48

O.d
Glydc

FiS.49
FiS.50

An acccptablc Eodel fo( the dyraEics of populatioDs oI C. poto$/J dost be able to accoutrt
fo. the saliert featurc6 of thc distributional pattcr! of the admals sighteq ar $mmdized iD the
distributioda.l diagrams for €ach river systeE. Ir fact our model as dcsc.ibed in Monographs l, 18,
19, ad i! thc I roductiotr to Monograph Z), grew out of our eadeavors to explain the imporuar
features of aa cr,cr increasing databasc, suonarized by thc distributioaal diagrams for thc tidal
riwr systeEs survelcd. It is tlus llot $[pdsi!g that our Eodcl car explain thc naia featurcs of the
distnlbutional diagraEs not otrly for Typc 1" but for notr-Typc 1 tidal systems as wcll.

Ttc fi$t cdtical breal-through towaids deriving oljt lrodel was achievcd whelr wc foo.d that
wE could classiry the tidal rivcr ststems i! rorthcm Australia b,y ticn sataity profiles a;rd,
$rprisingly, tiat the sizc structue of the aliEals sighted in thed varied as showtr ill Figurc 1.
Almjst colclrreatly *ith that came the stlrt of er€Ir Eorc surprisilg re$ ts concenring the
ni(.ing crocodileE now summarizcd aad deleloped in our model as follows:

1, It app€ars tiat thc populating of rod-Typr 1 systed3 (hyfErsalirc oi parrialy
hyper$linc coastal and rca-coa6tal wateflvaF) re$lts mostly fro6 thc cxclusion
of a large fractioa of thc sub-adult crocoaliles ftoh Typc 1 systems and atry
frcshwatcr coEplcrcs associated with thcE. Adult ciocodilcs appear gederally to
toleratc hatcblitrg 2-3', .rd somctiDes eve! 3-4' sizcd ciocodiles ir thcir vicinity
(but rct alwaF-ttcy so|a€tim€s eat thcm, pagc 43 Monogaph 14-or kill them,
pagc 33 Monograph 1), but not latger crocodilcs. lhus oace a crocodile reaches
the 3-4 ald 4-t dze classes, it is likely to be challcEgcd increasingly oot oDly by
ciocodiles trear or ir its own size dass (p6ges 454-458 Morcgraph 1) but by
docodiles itr the largc! size classes asd to be €xcluded ftod the arca it was able
to occlrpy when it was sdaller. A r€ry dynamic situatior premils with both adults
ard subadults being forccd to Eove betweer vadous components of a EysteE and
batc,€er systemc Crocodile hteractioos or agglessive[ess betweer ciocodiles in
all sizc classcs ilrcreases arourd October-during thc breeding seasou (pagc 445
Monograph 1 ard page 109 Monograph 18)-ard exclusioas, if atry, dormally
ocolr around this period. A substantial fraction (€0%) of the subadltts, Eostly
ir the 3-6 sizc classcs but also including immature largcr crocodilcs, are
eveatually €xcluded ftom thc rivet propet or are pledated upon by larger
crocdilas.

2. Of tho6e crocodiles that bave becn exclud€4 some 6ay talc refugc in fteshwater
swamp 6reas atrd billabongs associated with lhe waterway flom which they vrere



5.

exclud€d or i.n the waterways loo-Tr?e 1 6eeks if it has a.dy. Others may travel
aloDg thc coasl until hy chance (?) tf,ey fird a notr-Type 1 or arottct Tr?e 1
q,aterway; however, in th;s latter case they may agair be excluded ftom i!. Others
may go out to sea and possibly Pcrish, pcrhaps becausc of lack of foo4 as tley
are laryely shallow{,ater otr edgc fcedetq or they may bc takcr by shark' Those
ErdiDg uotr-Type 1 slstems, or assodated freshwater complex€E frcquedt these
areas, which act as rearhg stockyards, for varying p€riods udtil they r€ach scxual
naturity, at which time they endeaior to renrm to a Type 1 breediBg srst€m.
Si8ce a l6rge ftactio[ ol thc cocodil€s sigfued ir rca_T]?e 1 syst€rxi mnst be
derived frod Type 1 systcms a[d tbeir associatcd frcshwater complexes, they are'
as scen il! (1) aborc, predonina*ly subadolts in the 23' size classes or just

Datue adults (page 431 Monograph 1). Bot[ subadu.lts a.nd just mature adults
might attempt to letum ard to be forced out of a system many times before
Elrtly being succlssful ia establishidg a teditory in a Type 1 system or itr its
alsociat€d fieshwater complex. Clocoaliles may have a hoDing irtstilct (t!is
important poifi requiies firther study), aad evetr though a fracdon of ctocoaliles
may firally retum to and ledain iu a Type 1 system o. in its associated freshwat€r
codplex, the orcra.ll sub-adult numb.rs dissilg-pr€sumed dead remai4 high and
appcar to be at least 60-70%.

Nordally, tlre ftcshwater complocs (swaEPs ard/o. bilabodgF) associat€d i{ith
tidal s'stem6 arc foutrd at thc tcrEidal sections of sma.ll a.od large crcekl rutning
itrlo the maia vaterway, or at the t€ndiral sections of the Bainstream(s).
Thougb thi.6 altcrMtive habitat is usualty very limitcd iD erdert, sporadic (al1d
sometimes creDsive y€arly) destiBg do€s take plac! o! it, There arg however,
sevelal fairly €rce[sive freshwater complexes associated with Tne 1 tidal s]stems,
ard thes€ are inportaat as they may act both as rearing stockyatds and as
breeditrg systeEs, just as tle Typc 1 wateretay does itscLf. E €mplcs of th€se are
thc Glyde River with the Araifa swanip (Monograph 9), the Aligator Regon
Rivers witl their wedaads (Morcgraphs 4 14, ad 19), alrd the DaIy, Findiss,
ReFolds, and Moyle tulcrs wit! their wedands (Motroglaph 3). Not ody can
the lo6s factor, which appcars to occut duitrg the exclusion stagc, be exP€cted to
be lo*€r foi moveEe s into and out of swamp ar€as associated with a TyPe 1
waterway, tltan for movcmeDt i.!to and out of coastal non-Type 1 systems, but the
lo6s of rests due to floodirg caD also be expectcd to be less. We have observed
rcsts dade of f,oatitrg grass caae nas in the Da.ly River Aborigiaal Reserve area.
Itus recovery of the C. poro$rs population on Tr?e 1 tidal wateitars, with
subgtaotial associatei Aeshwatei complexcq ca! be exp€cted to be faster than o!
otter sfstems (pagr 445 Morcgrapb 1, Page 98 Motuglaph 14 atrd also see
importalt resrilts for thc 1984 resurvey of Aligator Region a.od Adelaide River
s]rstems appeaing in Monogaph 19 whete we verfied tlis prediction).

Though there arc wide fluctuations, especially after "dry wet' seasons wher the
animajs are concedtrated into the tidal waterways, it appea$ that as the number
of large crocodiles ia a tidal watcrway increases, thcre is a tendercy for the
number of subadults in the '6' size daeses to decrease or i.ncreas€ marginally
oD.ly. This density dependent behavior has an impo alt bea.ring on the rate of
population glowth aDd otr the sizc structure of tle poPulatioa.

An importart a.dd remarkable fact becomes evid€nt i! Type 1 tidal systems if ode
€xcludes the '4' size class and focuses on the 4-t and 5-6' size classes only.
Reg&dless of how large tbe recruitmert Eay be, the nunber of aaimals sighted



ir thc +t ald 5.6' sizc classes seeos to rerrai[ css€ntially constant or idcea.scs
slowly oDly. Thus a aajor botdeacck occurs for tf,€se size class€s. It is as if tlere
are a defitrite mbcr of slo6 for thesc ariDals otr a give! ri\cr s,steE, add tha!
the number of these slots incrcases slowly ody-if at all (dotc especia.ly tle
result! for the Elyth-Cadell a.nd Ui€rpool-ToDkilson waterwals il Monocaols
I and 18 ald the 1984 resulr! for the Atligator RcgioD and Adelaide-River
systcEs app€adrg io Motrograph 19). Thc cocodilcs theEsclves aDDc.r to bc
prinu'ily rasponsible for lhe very hcavy losses of about m % that ;cu, in thc
proccss of trfing to secure thase slots or to itcre53c them in ntmber.

6. If ooe coDsideE a group of 1OO of the sub-adult ci:ocodiles i! a TyDe 1 tidar
systeE vitiout a substantial ftcshwater complex associated wilh ir, onsca! cxD€cr
somc 80 to bc cxduded Aon it, ar lcast 60-70 of ttre orisiDal lfl) ro end uo
6i<{"g-presuEcd dead. less than 1520 to suc.essfirlly estabish teritories on thc
systcm wittrirrt having to lcavc it, and tlc reEainder dight evc ually also r€tum
and establish a tc.litory espccially aftcr becoaing sexually matue. The vrry
nature of this Eattcr is such as to preclude prccise figures, aad they must bi
lootcd upor rs b.oad estiEates oDIy; howetEr, dctailed study of our results
(Mo&graph 18) trow iddicarcs that the pLsing-presumcd dead 6sulc;s li&cb ro
be h exccrs ol ru. For srstcms with substa.llial frcshwarer coEDlercs associatcd
with theE,lhis figUIe is iikely ro bc consid.rably lers

7. Wlc[ therc i! a! exclusior ftom Type 1 sy6teEs of sub-adult ariEals. Eostlv 3{.
in size but also i[dudirg immaturc Iarger aaimals, this rales placi naidy i! rtre
beeding seaso4 norbally cofimedcing arouad Scpteober-O*ober and
apparendy lasting tlroughout tlc wet sea6on. Aay inllur of animals iu the 3{,
and/or largc sizc dassas app€ars to occur eai y in t[e early dry seasor alld to
be .cohpleted in thc Jure-early Septenbcr period but may il some ycars be

8. After a siogle "dry wet' seasor there b a substantial iDllux oflarlc atrd sohetises
3"6' .niE't.. forced out of frcshwater coEplcles, into t.hc tidil waterways aad
thcsc ate sightcd dutitrg Jhc.July surveys. Surveys Dade itr October-November
of t[e samc year usualy reical a substa.ntial decrcasc in the jmber of 3-6,
and/ot larEc .ai61ls sighted; however, thc number of large adnals sighted
sometides remaiDs bigher tlaD p.eviously, ald bencc a number of the new larse
arirna.ls do aot letum ftom whercc they came. These animals appear successirl
i1 !'staqisblig a territory od the waterway, and it could be the nEterway flom
lrhich tley had origirdly b€er orcluded Thc dry wef variatiotr ir thc nudber of
arimals sighted appears to be superimposed upon the variations norDrally foutrd
quring sulveys followiDg usual wet scaso!:i-which geaera.lly result i.n exensi!€
oooding otr tle upstrea.D sectiors of the tidal waterwa)s. Hatchling recruitlr€nt
od thc tidal watcrways is gcnerally grcatly onbarced duriig 'dry wEa' seasons but
appcars to bc grcady reducrd in dajor swaop habitat. The rc\€rse appears to be
tnre dudlg normal or heavy wct seasoDs-

. Tte k€y to tlc understarding of the distributional diagrams-th€ where, the how, the why, ard
the when-is cortaircd €sse[tialy h the eight points of the model River abov€, all centcr€d in one
way or a!ot!er, around the mattet of crocodile habitat, intelactioDs, extlusions, aad losses.
Consider thj €ssentialy "be sbap€d" distributiois of the tidal slatcms showr itr croup 1 (Figs. 20
to 2.6, n, 92. aad, 34). Id the case of each of these *at€rwals, resting appeais to occur larg;ty on
thc mialsections of the waterway-either on the brackish and/or carly freshwater sections. The



positiotr of the pea.k of thc distr0ution, that is thc m€ar distancc upstream (!agc 333 Morcgtaph
1), varies for each sizr dass alld is roudy hvcrs€ly Foportiodal to sizc lhe meatr distance
upstream of the hatchlidg peak is greater thar tlat for 2-3' sized crocoalilosi in tur!, the mq|r
distarce of 2-3' sized crocodrles is gleater than that for (H') crocodilcs. The peal is usualy still
quite distinct for tie +t sizc clasq but somedmcs s not so evident for the 5{' size dass and
specialy not for larger crocodiles, which, for the Group 1 s)stemE appear to be aore evenly
distributed along thc dver. On the basis of thc itrteractioDs and exclusioDs discussed h (1) above,
these distltbutio[al diagrams are easily undclstardable. Tbe gradual shifting of thc distributional
p€al dowDstrc.m, of cocodiles in thc 23, +5' atrd 5-6' sizc classcE may be utrderstoo4 al l€ast ir
part, od the basis of th€sc ciocodiles beilg on tieir way out of the rive! system, as thcy are fotced
gladuafly do*lsEcao by tle largc! crocodiles, whrch are mor€ eiedy disttibuted along the river
system (pagc 334 Mooogtaph 1). IfowE\e!, thclc arc modirying features imPoscd uPoa lhis
geaeral picturg the most important of which is the availability of altemativc habitat to which the 1
6' admals Eay be excluded rather tha[ being forced out of the dvet systeo totafy. This
altcrnative habitat for the Group 1 systems may consist of small fteshwate. svramps, as on the
Adelaide add Ropcr s,,ste.ms, or of noa-Typc 1 cleeks, al in the case of t[e Adclaide (Fi& 33),
Roper (Fr& z/), Uvcrpool (Figs.22 ald 23), and Ducie (Frg.29; or the limited extrecc upstreaE
tidal ad non-tidat sediorB as oa the Liwrpool-TomtiDsot (!ote specialy tlc ToEkiDsod) ard
Blyth-Cadcl S]$eEs. For bolh of thcsc latter sj/stems we have shosD thc distributional diagrams
fo. July and October-Novembcr sun€F in order to higtligr,t the fact that eclusions of animals ir
the &6'size clr5s6 appc.rs to set rn with the ols€t of the brecding season arouad October (see Fl
abovc). Note partiqrlarly id Figuc z), fof the Junc 1982 sufley of thc Blytl, tle :+5' animals on
tf,. river Eouth sectio!" apparendy on their way into the livet system.

The surv€yable leryth of thc tidat fresbtate! seclion of each of the Group 1 systems t€rica. It
can be small as i! the cases of tf,e Bbth-Cadcl (about 25 km), Livcrpool-ToEkiDson (abou! 15
kd), ald DucG (nil) or largc as in the casas of the Roper (sode 70 km) and Adelaide (sode 70
tm). On a map, the non-tidal ftesh*ater sectioD cal appeat to h€ iery long itr fact usualy much
looge. thatr thc tidal sectioo. Howcvcr, gleat caution js n€eded whcn studyiag river slstems on
Australia! mapc Beyold the tida.l lidit, the rivers usually colsist of iatermittedt waterholes with
sectio's i! betw€en which arc &y duriig the dry season. We discuss a survey of thc upsuea8 non_
tidal seatior of the Roper system latcr itr this paPer. E:ranitratioa of the dGtributioml diagraBs
for the Group 1 sFterrs shows thc &op ia c' Porotur numbers Past the didsectior of the
mainstreaEs. Ttis decrease in C. poroor.r numbes is particularly strikiig in the cas€s of the long
Grcop 1 tidal systems-the Roper, the Daly, thc Victoria, alrd to a lesser dcgee for the Adelaide.

If ooe is able to procecd beyord the tida.l limit (as we did on the RoPer), the siglting of c
pororw b.comes sporadic onlt atrd the sighting of C /binstoni becomes common. It was on the
Adelaide River h 1qt fuag€s 39 and 40 Morcgraph 3), that tlc surprising sightings of C
joinrtori otr the tidal saltwater sectlons were recorded for the frrst tiEe by us and was then to be
rcpeated mary times over by othcr tidal systems (see page 459 Monograph 1; pages 19 and m
Monograph page 16 Monograph 8; Pag€s 25, 58, 59, a.dd 79 Monograph 12:, pages 20' X, 6L,'72"
ad 80 MoAograph 13; pag€s 30, 45, ?1, a!d 110 MomgraPh 16; pagas 56 57, 71,72' 75, atd 8t)
Monoglaph 19). This evidence supports the second pornt h thc hypothesis we fust Put forward itr
198 (page 20 Momgraph 2):

'Could it be that all stages of c. iohtlstoni caa ndeed tolerate salinili€s higher
than those in whicb they have heretofore b€€n found? Is it t!€! tle case that the
scarce observations of C johnttoni 't 

lidal;vel's reflect exclusion by C. Po.otlt
rati€r than an i.ntrinsic intolennce of salile conditions?"



Ou! p.ediction about C jorrnrlori beiDg able to toleiate salinities greater thatr tto6€ of ftashwater
was alsolroven corcct whetr Taplid and crigg (Sci.Dce 1981, 2121045-1ft7) discovered lingual
salt glands both irl C. poror$ and, C iolt tstoni.

. The stape of!!c distriburiold diagraEs for the tidal systeEs shown ia croup 2 (Figs. 36 to
42) are stikirgly different Aom ttose for croup l. Udike the gcDerally bel.Oapia distritutions
for the Group 1 system6, tlo6e for Group 2 ara ske$ed heavily towards thc upstream ficsbwater
s€ctioDs of thc wate.rwayj. ltese watenrarrs arc all in the Alligator Regiotr a.d har€ otrc thitrg ill
coomon-excelled altemati!€ habitat otr their up6tr.am sectioDs, id the forE of substaltial
ft.cshwater swanrps (sec poidt [3] above ia olII model). The dLtributioas show, to ryirg degrees,
signs that the dcar distalce do*:$trcas of the peal of tlc distributior varies for each size class,
roughly in1€lsely proportioml to sizq ad hcdce indicate that some of thc aaimals arc beilc
forced do\llstiead and probably out of the satcflays. How€ver onc c:n plai!.ly sce the inpur oi
admals in size dasscs Z+t or ttc c*leEe upstrea.D scctions of the East Alligator (Fig. 3t alld
the South Aligator (Fig. 39)-note €specia.lly NourlalgG Crcck- One can see a sinil'r occurrcace
fo. aI size classcs od the wildda.r System. These 6rimal6 can oDly come ftoo the upsucam
iwaErps that ad both ar beeding and rcaring ueas.

- Thc shapas ofthe distributional diagrads for tf,e tidal s',stcBs ia croup 3 (Figs.43 to €) arc
quite similar to ttosc ol Group 2, but the rcasors for thcm b€ing so are quite diffetedt. Node of
these systems, witi the exceptio! of tf,c Wentocw.(fi& 47) has fteshwatcr swalops ot ary import
up6t&am. The Wenlocl doas havc somc ft.shwate.r sw?mp (s€e page 85 Monograph 16) ad
pcrhrps could be irclud.d in Group 2 as crsily as in Group 3. In tie cases of thc irrince Regcnt
(Frg: a3), the Roc (Fig. aa), tle Mitcncl (Fre. at, thc clenelg (Fig. 46), ad the coromr:ru @9,18), thc distributioDs arc all stewcd uFtrcam bsause suitablc rcstiig habitat is essedti.lly all
located o! thc upstream scctioEs" For the cnccption of the WcdocL and coroErEu, the
dowbstraam sectiors of the Group 3 eatcrways have cithcr \ride bays, rocly go.ges, arolo!
turbdcDt vaters. Odc should note thrt for thc waterways in Group 3, one again sees the sbifting
dow$tream of the distributioaal peal *ith iacreasiog sizc dass. Excelent examples of thc
importaDt lolc that altemativc habitat can play for cxcluded aiimajs i! ttre :+5, size classes caa
bc sc.d id Frgures 43 ald 44 for the Prircc Rcge and Roe Systcms respectilEly. The North ard
South Arms at thc Eouth of thc Princr Regent show that sose 95 such aniDrajs s/erc sighted in
t[cm and tiat Crccls A to F at thc mouth of the Roc System held a Dumber of excluded animals
as wElL

We goupcd thc O.d and clydc Systeas separarcly into croup 4 (Figs. 49 atrd 5O), bccause
thcy do lot quitc fit any of th€ othcr gloups, though thcir distlibutiooal diagrams are intcrpr€ted
easily. bspectiou of thc work maps for thc Ord System (pagc 321-3?8 Monogaph It shows that
tf,e Ord Systerr is not quite like any other lhat wc su!€ye4 Its zeio point b to ttc rcrth of
Adolphus Islaad in thc East ArE of Cambridge culf aDd it retails its grif-like fearures uutil km
40; thelea.fte! the river bcgirs to m€aader. Betw€€d kl'l 12 ard 20, to the east of Mount
CoDrection, therc arc thr€e creek {hich provid€ alternativc habiat for >3-4 animals excluded
froB the upstream bre€di[g sedions of t[e Ord Move the crocodiles of the three creeks to th€
right oa t[e distdbutional diagrad, ard you could be looking ar the diagraE for the Blyt! Starem
with similar reasoaing pcrtahing ro rhe distributiod.

The clyde River (see page3 108 and 141-145 Motugaph 18) dlaiDs tbe Arafura Swadp, rnd
the Coyder Ri€r ruas into thc swar:rp. It is a unique s]stem and one of the most iEportalt for the
udderstatrditrg of the dynamics of the popo.lation of C. polo$u on the no.them ArDh€m Lalrd
coast, The Swamp acts both as a brc€ding alld rearing ar€a alrd appears to hold aaimals excluded
ftoo Type 1 systems to ttrc west of it, such as the Blrth-Cadel, Lherpool-Toml.jnson, aad
GooEadeer Systems (see pagcs 100-158 MoEoglaph 18). Therc appeals to be coDtitruing



movcdetrt of &esc a.dimals to ard from these systems, ald the Glyde River is thc cotrduit itrto a.dd

out of the Araifa swadp. Th€ distributional diagram (Fig; 50) reflects tiis beautifully, whcr€ ore

notes a pcak for the admals at the Eouth of the Glyde a.ud a Peak at tle uPstr€am swadp end.
Mircr n;sdng talcs place on thc Glyde, but the najority of arimals sighted otr it are likely to come
from the swamp or elsesiele. Note the latgp numbcr of Eo animals, probably new animals

entedrg the s),stem.

Survcy of No!-tldtl S€ctions of th€ Rop€r Rlver

The 7/ km of upstream lagoons survey€d and spodiglted on the Roper fuvel between km

1453 and km 353 constitutes !7Vo of tjle total up6trea.E distanc€; tlc remaiider i5 la€ely
nureloun dry watclcorEses. Tables 1 to 7 revcal a healthy populatiod of C iohnstoni oi t\E
upstream non-tiala.l s€ctrons of tle Rop.r Ril€r. Out sun€ys of the Roper id 1q79 rev€ated the

*st C. pnasan. or tle tm 80-85 sectioa of thc maiDslream (!agc 66 MonograPh 12) ald

bctl'cen this ald thc Rop€t Bar at kE 1453, at lcast an additional34 C iotnstoni as well asn C.
porasls werc sighted. During thc 1985 $trrcy of the Roper, the first c iornttoni was sight€d oa-the 

tm 95-tOO iection, aad thercaftu at least a fi[thcr 4L C. iohnstoni *erc 6*ted otr tte tialal

scctioD !o Ropc! Ba.r (a'tr isolated C iohtlstoni was itr facl sighted on thc km 45_50 section).
lfm€t..n c potorut were siglt€d od thc same s€ctiors of the maiEsaea.d inlabited by tle c'

Thc &aEatic chargc itr the relatrve abundaftc of c Pomsus ard c io,t6io,ti between the

tidal se.tiotr of thc Eal$tream iEmediately below Rop€r Bar a.od the notr_tidal section above it is

seen by exaEiling Tablcs 1 ad 7. Or the 14.9 km sectiotr immediately above Ropet Bar' 73 c'

iol&ttoni were silited aad ooly one C pot &tq betwccD kd 1453 and kla 353 on the 77 km

suveyed abova the Bar o y that onE C. potosus v/as sighte4 wherc.s 307 C- iohnstoni w.tc

courlteaL

on page 57 of Monograph 12 wc dade thc statcEent tlat thrcWhout oUI survels of tie

northcrn austratian rivers we i ariably haie foud tf,at &c density of c. Potot r plu.Emets as

sootr as the fteshwatcr scctios of rivers are reached We inlimated similarly on pagEs 33+335 of

Monograph 1. As we havc seeD, tbis is .sseDtially so ir the case of the Group I tidal- rystems' but

in tf,c-case of tte non-Group I systeEs it certaidy is not so. Wlat one car say is that for those

tidal systcds dot terminatilg i! fteshwater swamPs but becomirg a serics of intermittent

watcrholes, the delsity of C. potorlu is essentia.lly zero on the doB_tidal sections of the eaterway.

A word of cautior shotild bc bterpolated he!e. Tho fact that no C Po.osr are at present

foutrd ou tle upstr€ao Roper does aot neccssarily meatr that tiere never wele signfiraat nu:nbers

of C. oorosr.rs on such sectioEs. we arc lookiDg today at a depleted Population, aEd one hunclred
years ago, when thc populatior was much higher on the tidal sections, it is possible maay nore c.

po*t* *o" pushed up i.nto the non_tidal s€ctiots. The sase wardng applies to the

ifierpretation oi the distributrons oa dost o&el systems as well. Th€y rellect severely depleted
populatioDs in matry cas€s.

The delsity of C. iohnstoni sighted in the six wat€rholes (sectiors) survey€d varied

conside.ably, ftoB 2.1/km od thc kd ?0?.0-228.1 sectiotr (Table 2) to 7.0//km otr th€ km 349 2-

3525 onc. ihe overall density for the sixwat€rholes was 4.0/km. The waterholes on the upstread

Roper River are coding udder iacreasing tourG! pr€ssurq and we fourd d€fmite evidence ol

po;chi gfor c. johnstoni, using baited hooks, od the km 207 0-228.1 waterhole.



Food supply, ia tla tray of small fisb and specially icshwater turtles, appearcd plentiful in the
c,atarholcs sufi€yed, Ba.rla.Errldi wEle nowhele to be seea 6[d not a siqle toudst that we met
had bcca sucalssfirl in catchilg onc. Oae wonders at the resource pla.D.ring that allo*s the
destructio! of such a.d clt&mely valuable toulisrr assct as barramuddi whe! oqly a few individuals
be&6t fioE tf,is des&uctioD. The qatcrholcs ilo not appear to providc icry suitable habitat for C
porot J; howEvcr, there is one erccptioq atrd that is the downstread portio! of Red Lily Lagood,
Lrn 318J-3354. At kE 31[|i there is substaltial frcshwater swamp which appeued to provide
excelled habitat for C. porosrr. We w€re coavidccd that if C porof8 lrEs to be fourd on thc
cireme upstream sectiors of thc Ropcr fuver, the[ thL was tlc area. On 15 July 1986 w€
cbartcred a helicoptcr so w€ could carry out c?reful low lcvcl sueeys of t[c swamps, looking for
sigls oI C. por?rur a.!d specially for old nests. Norc \rB3 fourd

THIS WAS, AITER 16 YEARS OF SIJRVEYING, OUR FINAT CROCODILE SIJRVEY
IN TIIE NORTHERN TERRITORY.
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TABLE 1
ROPER R|VER, KMt45.&t60.2, JULY 7, 1986

IV_INV€GETATION IVIW _ IN VEGETATON IN WATER OM_ONMUO IM_INMUO
SWO€- SHALIOW WAIEF ON EOGE MS-MIOS'REAM EO-EYESONLY

N6bd of c..roil6.di.Do.r.d i. ah ia da dd litqioa oa up3r€d Rop.r Rivd. On (34') c.
pod6 sthr.d { knl16.0 no. i*ludcd in TrbL. Nd-h.rhlitra ddrny it..37*n.

TABLE 2
BOPER R|VER, KM207.&228.1, JULY &9, 1986

IV_INVEGETATON IVIW _ IN VEGEIATION IN WAIER OM_ONMUO IM_INMUD
SWOE-ST LLOWWAIEFONEOGE MS-MIOSTF€AM EO_EYESONLY

Nrot€ of c. jordr&, irdtrcd in ah riz. chs .!d .nu.ion on lptraf Rop.. Riv6. Non.h.tnlina

SIzE I}I FEET
(metres)

NUMAER
OF

cRocs

stTuanor OBSEFVEO
FEEOINGOM ti, swoE MS

HATCHIIXG

(0.64.9) I

(0.9-t.2)

(1.21.5)

(.r,.e) 5 5

(1.8-2,1)

a 3

EO f a
l7 2

9:'E II{ FEET ituME€R

cRocs

stTuaTtofl OESEBVED
FEEOINGOM IU SWOE MS

HATCHUTG

/.0.64.9) 2 2

(0.91.2)

(1-2.1.5) 1 5 1 5

5



TABLE 3
ROPER R|VER, KM235.2-24r.5,JULY 10, 1986

IV - IN VEGETATION IVIW _ IN VEGETATION IN WATER OM-ONMgD IM_INMUO
SWOE _ SHAIIOW WA'EF ON EDGE MS _ MIOSIREAM EO _ €YES ONLY

NrEba of C- irldot lOdr.d itr *h 3ie d:, .nd 3irdrion or upnrao RoF Ri6. No-h.Ghtana

TAELE 4
ROPER R|VER, KM252.5.267.0, JULy 11, 1986

IV _ IN V6ETATIOI,I IVIW - IN V€GETATION IN WAIER OM_ONMUO IM_INMUD
SWOE _ SHAILOW WATEA ON EOGE MS _ MIDsTREAM €O - EYES ONLY

Nlmla of C. ri.r6r.'i 3pdr.d in dh laa ds and 3nurion on upd6n RoD.t Ri*r. Non.hrGhti.!

s|ZE |r{ F€ET
(metrcs)

NUMA€R
OF

cRocs

SITUATION
OBS€RVED

tv tvtw Or'l IM swo€ its FEEOTNG

HATCIIUI{G

(o.64.9)

o+1_2)

o.2-1.5)

(1.92.t)

EO



TABLE 5
ROPER RIVER, KM318.+335'8, JULY.l3'14' 1986

-  -  - -  l
slruAlloN ossERVED IJl..xs' :'"si"':l ," Ii"r* 
"if.il swoE Ms T;i$x8-

M SWOE MS(metes) CROCS I tv I lvlw . 
oM n

HATCHUNG L , L 
- I

1 3 L i

tffi ii3^tltt;v:s;tJ5:";J:vun:'r"%--?Iy"K#-"'""
L'llii*."-:,*ltg';n'5;:,;y.ia"if:,'1'";'lf:'"1:1i"1'Ji'ff"5:f 'l';:'l .1:**'

TABLE 6
ROPER RlvER, KM349.2'352.5, JULY 12' 1986

SIZE IN FEET
(netes)

li#ti:^ti,;uvls;?J::"#'ei;Bv+l'r'%--?i*K'y-^""
IllL1 ., 

" 
ror".,., "*.0 

in a'h si& 'r's znd inu'i6n on uon'6 RoP'r Rivd Non-h.'hr'ns

NUMBERI slruATloN oesenveo
oF - ---r - -r- -l 

- -=: ;l FEEDTT{G
caics tv j rvrw J ott I rM swoE] Ms



, TABLE 7
oVERALL UPSTREAM ROPER R|VER, JULY 7.14, t9E6

SIZE III FEET t{UUAER
OF

cnoqs
SM'ATION

OESERVED
FEEDIIIGtvtw OM til swoE s

HAICSUl|G

(0.60.9)

a*1.2) a2 a1

(1.2-1.5)

o.rt.0) 3a 3 30

(1.921) 5

2

EO>a

€o 9 2

6 a6 2

lY*#lESfiilSUY:N ;'!J€:",4':i,'3Hl:1,OM-ONMUD IM- INMUO
& - EYES ONIY

Nub.rif c. Jar6r@, rpd..d ir.adr rir. chs sd ,nudon.6 urn6 Rop., Rivd from tht.j.J.
;fi;,.-1,:"ffiJ,tr 

""r 
rrr.16.0 rd in rud.d h rbr.. ro.d di''re sry.y.d *4 ?7 i;:
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TYPE 3 SYSTEM
DENSITY 0.4/KM

H -  4 Y n
H  +  { 2 . 3 ' )  +  l 3 - 4 ' l > 1 1 %

> la's'l = 73%

ryPE 2 SYSTEM 
.''

OENSITY 0.5/KM
H - 1 4 %

H + ( 2 . 3 ' l + \ 3 - 4 " t > 3 3 %
> {4 '5 ' )  -  50%

TYPE 1 SYSTEM
DENSITY I-5/KM

H - 2 7 %
H + 1 2 - 3 ' , ) + 1 3 - 4 ) > 5 2 %

> (4_5') = 399'.

1 0  1 5

OISTANCE UPSTREAM (KM)

YCure 1 lyeical.{.y s:asoo sr.lidty p.odlcs for the tbrcc types of ridal .iver syst€ms occurring in
the modefs dassification scheme. In a Typc 1 system the sa.lioity decreases steadily a! otre
progrcss€6 upstrcam ftoIn tiat of sean/atcl eeaslllcd at the moud of rhc water""y (-35o/oo). Itr
cont st, in.-a TXre 3 systeE thc salinity ilcleases steadily as otre progrcsses upslea-.' tlpe Z
slstems. fall so_mewherc betweel Type 1 ad Type 3 systeEs and iend to ihow hypcnaline
tcndencie6.as the dry seasor prog.esses G,ages 100 arld 101 MoDograph 1). es showa above, tte
aoD-Datchrr-og deosrty and sizc structuc of the crocodiles sighted ir the three kirds of s:6tems
difrer stikingly (rabb 9.2.1, page 419 MoDograph 1).
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Figure 32 Distibutiooat pstt tt of Oocod)hls Porosus on the Adelaide i! July 1977, SePtember
1978" Septembcr 1979, and Jdy 1984 (ftod p. 100 MonograPh 19).
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Frgure 43. Crocodilc distdbutiotr otr the Plilce Regent Riirr and the St. ceorge Basitr in July
1978 (ftom p.24, W"A- Report No.34).
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SIJMMARY RESI'LTS OF SIJRVETS OF IIIE I{DALWATERWAYS
IN TI{E KIMBERL T OF WESIERN AUSIRALIA

DIJRING THE YEARS 1977, 1978 AND 19E6

H. M6s.l G.C. Yorltcelg A.G. Wclls, wJ. Grt r ard LC. ODI€y

Departrcat of EnviroDdeiital Physics, School of Phjsics
U €rsity of Sydrey, N.S.w. z)06, Australia

.rd A-A. Butbldgc ard PJ.I'uler
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ABSTRACI

SoEc 50% of the iEportant Cncodyhls Porosrs habitat in thc Kimberley of Westem
Alstralia q,as sunE €d for the 6rst tiEc during thc years 197 and 1 . In 1986 we r€surr€yed
Eost of the tidal systcEs 6tst surveycd in 1yt ald 1978, ard in ad&ion surveycd the 2O3 km of
tidal systems ir thc West ArE of Cadbridgc Gu.f. A dow but importa.[t recor€ry apPeats to be

oa thc way olr tbe still rdroto tidal vatcrways of the Kiobcrlcy.

The iecov€ry on thc Ord and GleuclS Systens niEics tlat of tf,e tidal vaterwavE m thc

rcrthem ArlheD l,and coast and is undcistood oo thc basis of oul poputation dFamics nrodel for

C. poto$a but a altob€r oI iotriguing quastioas reoai!- Aftet an idterval of 8 years, both oI thc

Systens ead up *ith a non hatchling <lersity lcss thaa what v,as fould when thc srsteos w€re fust

surrcyed by us h 1 . The numbcr of (fi') alinals sigbted rcEaircd closely tie sase or
decease4io*ever the aumbar of largp anidali sighted essctrtially doubled in both cases. The
ratio of (36)/largF alidals decreascd as preahcted'

Thc Pdace Fiederick Harbor atrd Priace Regert sJsteds show a slow but imPortant
rccovery. On &ese systems, with theit rcr_TyPe rearing stodry6rds neat the $outh of the

maiDstrcao, rct o!.ly ha3 the density of trotr-hatcblirgr increased but the trumber of large aniEals

has almost ttebled. Thc ratio of (16)/largc .";-n" abo fell as prcdicted- Our Populatior
dFadics Eodel is ablc to accoud for the results ard ia fact predictcd such a fitrdin&

In 1E/8 we gave a! estimatc for the nuober of non_hatcbting Cpotorur remaining h the tidal
waterways of the Kidberley iD W€stem Australia. Our estimale then was that a maxiEum of 2'000

noa-hatcbliags reoained. What about our estimate !ow? A total of 978 don_hatchlings P€re

siglted or tle 7$.4 km of tidd waterqaF surveyed. Thjs yields an estimate foi thc actual numb€r

oanor-hat.hlings of betwee! U41 and 1.667, at thc 957o confidencc level W€ cstiEate that we

have now suft€jrcd some 67qo oI t\eifrporta',t rocodile habitat i.u the Kimb.rley. This behg the
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casc, the cstiEatc for thc total ooo-hatcbliDg C. poro$rr populatiod ia Vr'cstcm Australia is
bctwra 2300 ad 2,488 aDiEals" It is to bc codpared with tle somc 3,000 animals leportedly
tale! for their sldrs arouod thc Adniralty culf arca aLodc, durilS &c !'edod 19691965.
Protcctiotr for C. portn r slould continuc, for it is dow apparetrt that recovcry of tf,e populatiotr
must bc Ecasured in decadcs.

Oul rcsults 1106€ a nuDber of interesting questiors, espc.ialy about thc paucity of batcblings
ard Gococlilcs il thc (2-3) sizc dass sightcd durilg thc 1986 sut!€y. Thc auobcr of largc
cocodilq sighted ilcreascdby { factor of about 3. Conld camibalisn by thesc ajrimals be onc of
thc reasors fo. the sEall hatcbfings ard (2-3) aumbers sighted?

INTRODUCTION

Dudrg thc years lgt and 19/8 s€ systedaficaly sufl/rycd ard cbarted the majo.ity of the
Iargc Kmbcrlcy tidal riiEr ststclrs (Ftgs, 1 ard 2) aid hvertoried, Crocoqlus poroars i theE..
Th! odly sigficant trcas not surlcyrd b tho6c ycarr c,crc tle Walcott l{et-Securc Bay arca and
tf,e Wcst Arm ol Cambridgc Guf-with thcir associatcd tidal rivcrs Durirg 1986 wc rcsurvcycd
do6t of thc systems ws had donc i! fr, and 1qE and sunrcycd thc tirial systeus of the West ArE
of CaEbddgc Gutffor tf,c nist tine.

The fouowitrg tidal systens of tle Kirobcrlcy in Wrstcrn Aosttalia werc surveyed by u6:

C€nrbtidgc Gulf
Old River Systcd (East Arm)
Wesr Arm
S€lers Cleet ar Lnr 125
Fo.r6t Rivcr at *m 15.0
Calal Cree& at km 16.0
Parry Cr.at at &B 18.0
Kilg Riv€r at k n 35.0
Dura& River at km 61l)
Peltccoct Ril€l at lm 620

Port Warrendcr
lal,lcy Rivcr SystrD

WalmedyBay
Mitchel Rive! S]ster:l

Priacc FrcdcricL Harbor
Hultcr Rivcr System
Roc Rivcr SysteD

St. Gcorge Ba5ia
Pdnce Regeat River Srrstem

Georgc Water
salc River
Gle!€lg River SysteE

l5.as t2a.8,E

Latitude

1t03's
15.11'S
15.17S
15"US
15"185
Lv20's
1530'S
15365
15375

143'S

14?4'S

l.f02,s
1t08,s

1t58'S
15'48 S

Longitudc

1zrmE
1 T06'E
ur08'E
12f04'E
1AME
12A08'E
12f09E
'zTfl'E
1Zr5LE

125'53E

12942E

2faE

12AfX'E
12f42'E

Thc coordinates shom are those for the km 0 point of the wort maps givetr in Monograph 15 and
m-
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Thc suve)s of 1986 csscrdally wiad up oru 15 year prograa of slsteEatically surveying and
chartirg ovcr 100 tialal systeEs in nortlcm Australia ard sttdying ajrd invcdorting thcir docoalile
populatiols. The rcsults of this *ork hal€ appeared ir a series of 19 Moaographs publGhed by
Pergamol! Prqss (and two rcporls publshcd b'y tlc Western Austlaliar GoverDde olr lhe 19t
aod 19E surrcyt).

Thc c,ork suEEairzrd vart bdcfly ir the present papcr cove$ tic surl€F of 1yt, 1978 and
1986 ird {,ill appcar iD &tail in Modograph 20, a sp€cial volume devoted mainly to tidal systeDs
i! the Kimberley ofwcstern Australia.

Thc ab/rys of the major tidat systcms ia thc Kimbcrlcy c.ricd out ir 1Yt and 19 l\'eie
important lot just b€cause qE werc able to asccrtaid tlc sta$s of c.poron6 i.d tbose slsteEE but
cvcn morc importandy, it wBs results froE &€se surveys ttat providcd a numbu of the ba6ic ideas
about thc dynaEics of c.poloslrJ populatioDs.

whc! the 1qt ard l surrys werc carried out ir thc Kimbcrlcy, *c still did dot hart a
Eodcl for thc dyn sics of C. pon nlj populatio[s; i! fact data ftom tf,e 192 survey of thc Pridcc
Rege River ststeu Fovid.d lrs with o[. of thc 6rst clucs for our oodel od pagE 47 of Report
24 wc statcd:

'The distributio! ol ciocodilcs ia thc largcr sizc dasscs ia thc mai! River aad its
crc.ls ir rinil^r to thai of a badly depleted populatron, exccpt for thc almost
completc absedcc of largpr docoalil€s ncar tle mout[ of thc River (Table 8).
Thc distriburion of tlc sizc classes id st. George Bash (Table ?) is in striliry
codtsalt. Here the majority of crocodiles s€cr F€re gleatcr than 12I'n lor&
indudirg 2E ov€r 1.8 E.'

Our rcGurvcy of Prirce RegElt i! 1978 thcd led us to Ealc tLe foUowiq statcderts on pagcs z?
ald 28 of RcDort 34:

'If one coropares thc dusbcr of ciocodiLs secn in 197 and 1yl8 for tho6e ci€cts
surveyed in both yc€rE t[e! tic 72 includirg 10 h,tcblitrgg ate to be comparcd
lPi& 75 iidudirg 25 hatctlilgs, Thc tcn 197 hatchlirgr *oul4 it tley survive4
bc itr thc oon-hatchlirys *oul4 if they suwive4 bc in the non-hatdnisg class by
198 so thc 72 socldiles ot 19n $e tow to be compared tPith 75-5=50
crocodilcs rcmaidlg i! 1978. Thus, there is evidenc-c for cotsi&table mortality
aad/or eoigration ia this population. comparisotr of the numb.! in cach size
class ildicata3 that tlb occurs not only i! the hatchli.lg but it the 3 to 4 4 to 5
alrd 5 to 6 foot size dasses as well The alecf,€3se amouis to 31% ard is similar
to that fourd by one of lI3 $nr! ir many othci riv€r qatteds in northem
Australia'...

'Exa.Eination of thc sizc saudurc of the cocodiles observcd ir cach of tle north
'ld 6outh arE creek (Tablc 4) providcs cvidence fot a major input of sEaI (2 to
6 feet,0.6 to 13 n) and lalgc (>6 feet or 13 d) crocoaliles frod the Plidce
Regqrt mairstrcaD and its 6eelr Thc sEall ctocoaUlcs which appear to ha!€
moved into the Basitr crc€k complexes are in the 4 to 5 f€ct (12 to 15 d) and 5
to 6 feet (15 to 1.8 m) dasses and appear to be almost €vcdy distributed among
tic Basb creeks, with perhaps some hdicatior of a lowet deisity fultler away
iod thc River oout!.'....



The Princc R%cnt Rivcr ald St Geo.ge Basi!, as { *'hole, yielded 189
crocodilcg 13 of which rrrc roFhatchlings, The combiaation of a river which
providc6 trq*ilg habitat upstrcrm atrd large maagrove block! at its mouth is
urhuc, ard fuif,er 6tudy of thc system may lcad to a better uralerstardi.Eg of
EovcE.lt patterrs in thc Salt-srder Crocodile.'

'It k utrdoubtcdly thc distcrcc of these armr wiid lcads to the unusualy high
proportioa of largc (>6 foot or 1.8 E) compared to sddl (2 to 6 feet, 0.6 to 13
E) crocodilas i! t[e Prircc Rcgc Rivcr systeE" The lario k 5418, cquivale
to 69 , \rhcica! tf,c mea! ratio for all rivers coontcd id Australia is ?7% (Messcl
ct aL 1t8b). It is po€siblc that iD othcr riicr systeEs wherc aiEilar malgroiE
blo& do dot cri* thc largc crocodilB morE out to sca and a proportio! pcrish.'

Ard on pagc 36 of thc same rcpo(:

'Orc idtclc,stiDg diEelcIrcc bctvrcca sonc Kimbc cy rivcr systeras aad ttosc in
Amlce ll,rd hai cdcrgcd ftoE our studics, Soee Kirobcrlcy riwrs have
cxtcrsiv€ are:|3 of nrangrolr-lincd tidal ceeb rerr thc Eouth of tbe nai!
5rc.di!g: rivrr. This i! cspc.ialv cvidcnt i! tlc Plincc Regcnt Rii/€r, aad to a
toEcwhat lssse! exetrt, in the Glcnclg Ri@r, but ticy also occur iD thc Or4 Roc
ad l,awlcy Rivcr s!:rtcE& Exc.pt ia thc casc of the La$lcy thcse mangrove
bloc&g havc auobcrs of largcr .rocodiLs living in tted which have morcd ftom
thr Eaid riwr pierr they hatched FlEthcr study of tie rclatiotrshiF befi/€cD
thesc 'holdfug araas" and thcir breediDg rivcrs nay givc cluas to th€ mov€dent
pattarDs of C. porontr, silcc in Eo6t AmhcE lald rivers therc arc dot such'holdilg areas' aad many crocodilc6 Eovitrg dowlsrrcam apparcntly leavc the
rivcr sFrem cdtircly.'

TIEsa icaarts a.c to be coEpsrci with a nombc. of t[e major poilts of our Eodel givetr later in
this sstioa and will bc scclr to bc vcry much h tccpilg with ticd. But more of this a!o!.

A!r!,ris of thc Nraberr distribution ard sizc strucorc of .f,o@dilcs sighted durirg the
gcncral suficls of trorthern AusEaliar tidal sysfems indicatca tf,at oae of the most impoitant
parahctcrs characteridng a tidal \v,atcln,ay ir its salinitt pro6lc. Thc p.ofle atrd habitat typc
imagc ode anothc! ald appear to largely dctcrEile thc suitability or othcrwisc of the tidal
\|atefway for brccdir& dastilg and rcarh& It was ir Monograph 5, or thc GooEadccr and King
River S,,!tcEs, that we ftst .l.d6eal thc tialal rivcrs and creek oa tlc trorthcm Arnlem Land
coasdinc roudy iDto thrcc diffcradt t'?es of *aterwaF (also scc pagqs 10G,105 of Morcgraph 1).
Thi6 cla&sficatioo played a .ritical rolc in thc urawlling of the dynasics of populatiod of C.
potsta (espc.ia.[y scc Monographs 1, t 9, 10 aad 11) and i6 given by (see F1g.3):

TYPE 1

NorEally, thesc are tidal rivcr systcEs lrcard€.itrg tbrough coastal floodplairs and haviq a
Eajor freshwater itrput ddng ttrc wct seaso!. HoqEltr, i! thc Kimbcrlcy thc riveG oftes rutr
rbrough ruggcd gorgc,s ald fault liles. The ft€shratcr iliow dccreas€s but rcsain sulficicDt, as
thc dry seasoo progrcss€s, to prcvcot tie salirdty upstleam (though Fogressing upstread
g!adu.[y) ftod rising aboi! tie s€a water values deasurcd a! th€ south of the sfEteE. Syst€ms
lsualy ruDdDg througl coastal f,oodplaitrs havc good to cxcclert rcsting habitat atd could be
€xp€ct€d to havc good rc.luitment potential lbe Blytl-Cadcll Rircrs Ststes (Mooograph 1) is
ooe of the b€st examplcs of thc Type 1 srstems of tlc Kinbcrlcy is usually more limited 6rd tlils



the rec'uitmcrt pot€dti.l of thcsc s)steEs is de6ea3ed accordilgly. The O!4 Roel Piacc Rege
ard Gl€nek ri€r Systems are exaEplcs oI Type 1 c,aterl*sF in the Kimberley.

TYPE 3

Tidal watcreays which also have a largc ftcsf,wate. idput durisg the haight of the wet seaso4
but itr whic[ thc ftcsf,water irlput drops rapidy s,itl thc onset of the dry sc6so!- Thes€ waterwayE
piich usur.lly haw short srncyablc lcagths and ofteo ha!€ dircct openinSs to the se4 arc q?ificd
by saldnies that, dudng the dry seasoD, rrc atrovc those Eeasured at thcir mouths and that
idctcase with ircreasiDg distancc uFEcam-they arc hypersalinc and bccome ircr€asingly so as thc
dry scason progresses. Nestbg habitat in such syst€Ds is minimal or aotr-eriste . A[ Mrgk
Cr€ek (Monograph t c,as gil,ea as an cxaEpL of sucb a5 system; most of thc coastal cteel(s
suveyed otr the southcm coast of thc Gulf of Carpeataria also fall idto this c5tegory (Monograph
A). In thc Kimberley "Poro6us Crc.F (Pii[ce Fr€dc.ick Earbor) i! a lypc 3 sysrem.

IYPE 2

Tidal systeDs which fal soEcwhcrc bctw@n ryI|c 1 alrd lypc 3 aboic and that tetrd to show
hypersaline charadcrirtics as thc dry seasoo progrcssca" Suci syst€ms usually halo good to poor
!€stitrg tabitat ard cquivaled .ecruitlredt potcntirl dcpending upor bow close tbey arc to T}?e 1
ot 3 abovc. Thc Huater Riv€r i! Pdnc! Fradcrick Harbor i6 a rypc 2 systam.

It rvill b€ sccn (scc Fig. 3) that cacb of theac thrcc srstcd typ6 has its oer charadcristic typc
of saliaity variatioq both ir r€spect of tiEc ol ycar ard drstancc upsEcaE, 3nd that the salinity
charaderistics lsrBely dcterdirc tf,c naturc of thc syst€id. The sali.dty profle of a ststem l'1ay be
said to bc it5 orrE uriquc si$aturc. A ri'/rr syrtcE may have oultiple sigdaturcs, onc for its
oairstrealn and ttan othcr difierent siglatur* for thc cicels atrd side qeeks.

The model ehicf, l/r havc built up and havc bcld re6ring (s€c especially Mooograpb 1 ard
18), as morc data arc obtailc4 dot orly cnablcs u5 to accourt in a co$isted fashior for tlc vast
storc of 6eld obEEflatiorr and rasults we havc acormulated for somc 100 tidal wat€.ways it
llorticln Austalia, but also drables rs to Fcd.id succassfully .esults e|.pedcd on irture iadividual
6ru./cye Thc model ruDs as followB:

1. The ti&l water$/aF of rorthcm Austrdia have be.! .1,.<iF.d accordirg to their
salinity sigatrrG ilto lype 1" Typc 2 and Type 3 q/stccs sf,o*! in Fr& 3. Type
l systeos are the maid brceding orcs and !on-T$c 1 stbtems ara rlsually poor or
ron-b(eediDg slsteEs. It b thc Typc l systems the ftesh*atc! billabongs a.[d
s€dipcrmane ald pcrEalcnt ft€shc,ater swaEps associated with them that
accourt lor thc major recruitEeit of C.porara; thc ottrer sl'stems contlibute to a
lcsser degree ald they must usualy d€pend largely upon Type 1 s'steBs alrd their
associatcd frcshwatcr comploiqs for tte provision of thcir qocoalilcs. NoD-Type
1 system also sometimes harc ftcshwatcr complexes associated witL tled but
thesc .rc rorEally quite minor.

2 As indicated in Fi& 3, our rcsolts shos. that id Type 1 ststcms some ?% of the
socodrles srghtcd are hatchliigs (of which some 5096 arc dordally lost betwccr
Jure of one Jear aDd June of thc rci, page 394 Monograph l), whercas ia Type 3
systcms do*! to 47o, showiig a much descased hatchling recruitment in nolr-
Type I sfsteEs it is at least 52%. Otr the other haad tbe percentagc of crocodiles
id thc :(4.t) sizc classes is soEe 3996 id Typc 1 s'steEs and ?3Vo ot Type 3



systcE& Sooe T9 ot tbe non-hatcbling crocodiles arc sigfucd o! Typc 1
xrate.ways and 21 od trotr-Typc l r/aterways (Iragp 419, Monograph 1).

Tho rolarivcly few largc, aad more frequetrt sllall ficsbyatcr b labon$ add
rcmipcrEarcDt aad pcrnalent fieshwater s*aDps associatcd w n tidd
rEtcrwayB are l(lown to contain C. potosu, but haw not bcrd irvcdoricd
systcEaticaly, axccpt in a few cas€s. Thc acqrratc cttcnt of theit mn-hatchlilg
C.porfir.$ populatioE is uDkaorut Based upotr tlc fact tiat thc nuEbcr of la4c
ficshwaaet ss/a6p arca!, with substantial peremial watcr (turEafy bprdring old
rivrr cha!.[cls), h northcm Australia is vcry limiacd-pcrhap6,m tmz darinum-
-and upou lindted obsewations, wc eltinated that in 1ql9 tie ao&hatcl i.g C.
pororlr population rras less thatr 20% ol thc non-hatchlirg population siShted in
tidal systcEs. Wc [ow believc that thc 20% figutc was ar o\,8!.6tiEatc for 1yD-
a! lsusual ycar a$ociatcd eith orc ofthc "dricat c/rt' slasots o! rccord. In the
(idbcrlcy thdc arc vEry few iashwEter swamF o. billabongs.

It agpcsrs tbat tle populatirg of loFTypc 1 sistcas (hypcrsalire or partialy
hyp€isaliac coastal aDd mr-coastal \r'dlcrlvaF) rasulrs mo6dy ftolt thc exclusioo
of a lalgc ftaation of thc sub-adult crocodilas fioo rypc 1 systcEs and any
fta6hc6tcr cornpl€xa3 associatcdwiti them. Adult crocodilcs appcar gcdarally to
tolcratc hatcblilg!, (2-3) aod sooaimcs cla @{ sizc docodiles in thcir
vicinity-but not always: thcy sodctidca eat theE (pags 43, Monograpb 14) or
ldl than (pags 34, Monograph 1). Irrger docoalilcs alc aot tolcratcd. Thus
orca a Crodile reaches t[c (g) ald (,l.t) sizc d.assc6, it is litcly to bc
chalengcd ircr€aringt mt ooly by c.ocodilB ocar or i! its o$,n sizc cla$ (pagEs
4tt-458, Morograph 1) bur by cocorlilcs ir thc largc 6izc dars.s. It fu thur tikely
to b€ cxcludcd &od thc a.ca it c,as abb to ocorpy whcn it was $na.ller. A very
d,,nsiic afuuari@ prcvaib wit! both adults ad sub-adt lt6 bcirg forccd to l''ovc
bctwa.[ variors coEporcnts of a systcr! ard bet*€€[ ststcm& Crocoditre
iateractiong or aggrassivcacss bctoccD qocodiLd, in aI sizc cla$cs inclcasas
rrourd Odobcr-dudng thc brccdiDg scasoa (pagp 44t Monograph 1 ad pagc
109, Momgrapf 1tl) and c*chrsionr, if aay, nonnally oc.u arourd this period A
$hanti.l ftadion (=&)%) of tlc sub'adults, mostly h tf,c (3{) sizc dasscs but
also ilcludirg ilraatulc largr crocodiles, is cvcrtualy csclu&d &om the .iver
Fopcr or is Fa&tad upon by lrrgE (f,ocodil€s.

Of tho6€ crocodil€s tlat ha'/r bccn cnclu&4 somc Eay talc refrrge in ft€shwatcr
swsnp ar€€s and billaboDgs associat?d witf, thc watdway ftom which tley wcrc
cscludcd or ir ttc $/aterwaJts lon-lype 1 clcek if it has a.ny. othcls Eay travel
alorg tLc c!a!t lmtil by chance (?) they 6rd a nor-Typ€ 1 or arothcr 'Ilpc 1
*htcrwEy, howcvcr id this laftcr c.sc they day again bc cxcludcd ftod it; oth€ts
may go out to sca ard poss&ly p€iisb, perhap6 becausc of lack of foo4 as thcy
are Iargely shalow watcr on cdgc fccdcrs, or thcy Eay be takeB by sha*s. Those
flding loo-Tlpc 1 s:6tcns, or associated fi.shw"atcr coEplcxcs, ftcquent thesc
area, which act as rearing stockyads, for varyiig peiods until they reach scnal
maturity, at whicf, tiE. thcy erdcarcr to nctum to a l}pe 1 brecdirg ststelr,
Sidcc a largo ftacrion of the crocodile,s sigbted ia nor-Tpc 1 systeds must be
derived ftom Typ€ 1 systems and tt€ir associatcd fteah*ater coEplexeE they are'
as seetr itr (2) abovq predomhandy sub-adults in the (:3) size just Eature adults
ldght attempt to rctum to aad bc forc€d out of a system many times before
frnaly being succc,sstul i! estabtshirg a te.ritoty io a 'Iypc 1 srstan or in its
aisociitcd Aeshrater compler. Crocodil€s EAy hxve a honing iDstinct (tbis
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importa poirt .equires ftrther study) a[d cvcl tlowh a ftadion of docodilcs
day fitrally retum to and reEaitr id a T)?c 1 system o. in its associated frcahwatcr
codpl€x, thc oruall sub-adult lodbcls mi\sing-presumed dead-rchain high
ard app€er to bc at least 6G70%.

Normal.ly, in thc Norticrn Tcrritory lhe frcshwater codplexc,s (swamps and/or
bilaborgs) associated with tidal systems, are fourd at thc terminal s€ctio$ or
sdal aEd largc seel6 runding into the mailr water*?t o! at thc tcrainal section
of tho mailstrcaE(s). Though this alte.latir€ babitat G osually vcry liEited ia
er(ent, sporadic (ard soEctimcs cncEsive yearly) nesting alocs take placc od iL
thcre arc' howcver, seveial fairly erdersive fteshc,atcr coEplcres associated with
Type 1 tidal systems and these arc idportart as thcy Eay acl botl as rearirg
stoctyards and ss brcedi[g srstcsq just as the Typc 1 l|rateiway do€s itsell
Exarplcs of ti.sc arc thc Glydc River with &e Araftra S*laEp (Monograph 9),
thc Alligator Regiol Riv€8 with their *rtlaads (Modographs 4 14 arrd 19), ard
thc Daly, Fmis,s, Reynolds and Moy'e Rivers pith th& ncdads (Monoeraph 2).
lbc lo$ factor, whi.h appcrrs to occur du.ilg tbe erclusiotr3 stago, car bc
cqrcdcd to be loqer for mo!€DedB into and out of swarrp arcas associated with
a lypc 1 waterwat than for movcncul into ard out of coastal non-TFc 1
systcm!" Thc loss of trcsE duc to floodirg car also be expeded to bc lcss" Wc
bavr ob6cre€d dests Eade of floati.ng grass calc mats in the Daly River
AboigiEal RescrvE arca" Thus .c.owry of tbe C. /roro$lr poplatioa :ad Typc 1
tidal wEteFayE with subGtantial a$ociatcd ftcahw"atcr complexrs (o. with large
rcFType 1 watet?aF associated with thcm), can bc espccted to be faster tban
oa othcr syEtcEs Gagc ,145, Monoglaph 1, page 98, Mottograph 14 aad also scc
impo.tatrt .csults for thc 1984 resuvcy of Alligator Region ard Adelaidc River
systcEs, Moaograph 19 wh€ie wc verfied this predictior). Ia thc Kimbcrlen
ftqshc,ater complcrca arc foutrd only ir thc Camb.idge Gutf area a.nd do not
occrlr to any €xtctrt or tlc trorth wcst coast.

Bccaosc of tf,c -80% cxclusior and at lcsst 6&m% b6sc6 of sub-adutt clocldilq'
AoD rylc 1 sFt€dr as thcy procccd toward s.xual nratutity, there appsrs to
havc b€c! oa sigrd6cant surraincd iacrcasc ia the no!-hatchling C. polo$lj
popr ation or thc soEc 500 kD of tidal waterw"rys doaitorcd h tf,c Mairgida
arca of northcm Australiia sincc thc coEdcEccEcot oI our syEtematic survels id
19?4, a period of ted,€ars (Morogrdph 18). With the cxc€ption of thc clyde
Rivci, these watcrwald Lavc oDIy ftcsh$ater compl€rcs associated with theo.

Thougb t[ere appeaf to have bcetr no $rstaircd sig ficalt i,lcf,€ase in the
mbcr oI rco-hatchlilg crocodiles sighted on thc tidal i,aterways of thc

Ma.drgi& area sincc our survcys staned itr 1974, the size structure of the
admals sighted app€ars to havc beetr cha.ngirg slowly. Notq/ithstandidg
substandal fluduationE th6 ralioB of sEaI (2-6) to laryc (26') alrd (36) to largc
animais werc decrcasing otr tle Blyth-Cadct day have been decreasing on tle
Livcrpool-Tomlirson; and w€re deceasiDg overa.ll on ttc tidal wataways oI thc
Madogrida moritoring arca. Thris ticrc was somc halicatio! of tie
coEdclccEent of a slow recovery phas€.

9. For the 861 km of tidal waterq,ays of the Aligator R€gior with thcir substantial
Aeshwatcr complexes, and the Adelaide River StsteE, there l/as strorg eviderc€,
as of Juty 1984, that a.tr idportad ad sustaiftd recovery was underway, as
piedictcd in (6) above.
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lhough thcrc arc widc fluduatioDs, cspcaialy aftcr '&y s,rt' saasoEs wf,.tr thc
arimals atc codccdtratcd iaro thc tidal waterl'.a],5, it appears that aB thc mbcr
of largc crocodilas ia a Typc 1 tidal *atciray ilciaascs, thcrc i5 a tendency for
thc aunbcr of sub-adults in thc (3{) siu cla$€s to decieasc or i[dcasc
nargirany only. Thus thc total aumber of (3{') and largc alinals sighted
appcars gcrcrally to bc holdiag stcady or incrcasiag slowly only. Thi6 dcrsity
&pc!&Dt rc(.qitnest has atr ieportalt beariry o! the rate of populatiotr growth
and o! the sizc structEc oI thc population-

W!€a a steady statc is reacbed h a 'r.corrrcd' popdatio4 th. Iatio of (3{') to
la4p aninals ldght bc considcrably lcss tlar onc.

An iEportarr ard rqnarkable fact bccomcs eviddt i! Tr?e 1 tidal caters'ays
(which arc lot owrly exlausted and oo thc road to rccli€ry) if onc cxcludes thc
(34) sizc dass and foq.sas on th. (a') ard (5-6') sizc dass4 o!.ly. Regardlass
of holr laryc $c rccruitdclt lnay bc! the lumber of aniDals sigfued i! the (4-t)
arrd (fu') sizc classrs secEs to rcEair csscntiaily corstalt or ircraascs slo*ly
oDly. Tho! a najor botdenect ocotrs for thcs€ sizc classe,s. It is as if tbcre arc a
&6nite Dumbcr of thcsr slob incraasca 6lowly o y-if at all (note espccially thc
rcsolfa for thc Blyrf,-Cadel ard Livcrpool-ToD&i[sotr caterflays i! Monographs
l aiid 1E ad thc 19t]4 rasults for thc Alligator Rcgiotr ald Adrlaidc Riv.r
systeEs. Mooograph 19). Thc crocodilcs th(,olchrs appear to bc prilrarily
rasporsiblc for thc vrry hcavy losscr of =?0% tiat occur i! the proc€ss of tryirg
to sccurc ticsc 3lot6 or to incrcaie thcm in rmbet

If orc coDsidets a group of 100 of tlc sub-adult crodilcr h a Type 1 tidal
ststcE *ithoot a sub6tartial frcshwatcr compl€x associated with it, orlc ca! exped
sooc 80 to bc excluded &ol,1 it, as least 6G70 of tic origiaal 100 to cnd up
missiag-prcsoacd dcad, lcrs thar 15-4 to suc.€ssftly qstablish te.dto.Gs oD
the sFtem without haeiag to lcaw it ard thc rcnaidcr night cvcrtualy also
retum and e,stablish a territory, cspccialty aftcr bccodiDg sexually maturc, Thc
l,Ef,y na$rc of this datter is such a6 to prcchdc prccirc 6gorc5 aad they must be
loolcd upon as broad cstiEates oDly, HowEv€r, detailed study of our results
(Moiograph 1t]) low irdicate,s that tbe DissiDg-p.€suDed dead fgurc is likcly to
bc is cxccss of ?0. For systcns lrith subEtartial icsbwatcr compl€xes or la€c
lotr-Tyt c 1 ratclways associatcd lvitl thaE, thi6 fgure fu likely to be
c$lidcrably lcss.

wlca ttrcrc is aa cxclusior iom Tt?c 1 sl,stcms of sub-adult admals, mosdy (3
6) h size but also includ;ng inmaturc largcr adnab this takes place mainly itr
thc breciing seaso!, sormally comDcrcing around Scptcmbcr-october ald
appaready lasting throughout thc wct scasot" Aly intrux of atdnals in the (16)
rnd/or la4e sizc clarscu appea$ to occur mably itr thc early dry scasor and to
b€ completed itr the Judc-early Sept Ebcr pcrio4 but Eay be eadiet i! some

Aicr a si4lc 'dry rcd scasotr tlere i5 a substantial i lux oflaigc ard sodetimes
(3-6') animaiE forcld out of fteshwaicr coEplctcs into the tida.l water.rals aad
thesc arc sightcd during June-Jdy surr€ys, Surveys made in Octobei-November
of thc saoe ycsr uually reveal a sub6tandal dedcase in the number of (36)
and/or largc aninrals sightcd- Honevcr tle mber of largc aniEals sightcd

15.



somctiees rcmaills higher tha! previoEly atrd hcdce a number ol tbe ncw larac
aniltals do rot retum tod whctcc they camc. Thesc aaimajs afrpear succcssirj
in establishiDg a tcrritory on the eraterway; it could bc tf,e wate;v ftom whicb
they had b€€n origimly excluded, The dry wet, r,ariarion ia tli aumbcr of
n"i'r,als sighted_ap,pcars to be superimFoc€d upon thc variatioos normally foud
9*Tp .**l" followirg usual wct seasons_whid gencrally rcsult ln cxensirc
BoodiDg oo thc uf'str:eaE sectioas of the tidal wateriap. Hatcbliag recruitmcnt
on thc tidal wat€rw"ays is gcrcrally grcatly erbarccd duriry dry *ci, seaors but
appcars.to b€ glcady reduccd i! dajor $,amp habitat, Tb; rcverse appea.s to bc
truc duriag DorDal or h€avy w€t s€altobs.

On thc basii of thc abovE dodcl *€ madc the followiig statemeIrt on page 61, Motrograph 19:

Tunlrcrmorg oac would Fcdict any rccorrry on Eary of the ridal lJatcrwais ir
the KiEberlcy oI Wcsten AustrElia to bc .i-it,, ro that fourd io rlc Madn;da
a.€a Ttc tidal watctflay! thcrc arc oostly devoid of ftcshwatcr comolcxes oi aav
cons€qucncc, howc\,e! the Glenelg and the pridce Rcgedt Sr6tclis h;ve cne$ive'Iypc 3 sFtclrs-sinilar to tta Coboulg Codplcx_t thci. mouds atrd thasc-ighr hclp.keep 4c €rclEion and/or locs factd doq/D. We sun€]€d thcse tidal
:arcrways_rl ,19t7 Td 19t (WL Reports 24 ard 34) aad a resurvcy ir rhc ncar
future could throw fiuthcr light ou out oodcl and alLow furthcr refircEent of it..

-- . Try fy_ 
"y*y"_.f 

rlc Kinb€rley ddal ststeEs r,cre carried out by tf,c trow.sraldard,
UEversrty of Syd&y Crocodile Rcscarcb TeaE and st fr ftod thr Wcstcm-Austra.lian Mldlife
Re,scrr_cl Cert6, Dcparhctrt of Consefi,ation atrd Iand MaragemcDt The clarter ./Esse! tlre
{;C.. 

pilccan was Uscd_ for rf,c 19{t6 survcys a.dd was cicwed by Ur. fctcr Satori (Master) atrd
clclice Mufio. Mr. WaryD Braithwaitc was rhcL young aDd able assisrad ad a.tso participared
in thc surveys" The Univc.sity ofStdrey rcsearch varsd 1!9lgg Mgssc! was used f! fte rs77
atld 1q/8 surveti. Detaits about staff and (f,cw lor thasc laner survels arc given in Monograph 20,

RESI'LTS

_ Stan-tard suwcy metlo& as laid down ia <lctail i_n Chapter 2 oI Modograph 1 werc useil for
th€ spotrigi. sur'9cF surnmary results for each of the tidal watcrways sunr]e iAtm,t..6alla
1986 atc shocdt in Tables 1 ald 2

h order to obtai! a[ estiEatc foa tlc number of C. por?rrj thcrc are ra thc srsterrs we
sirwcyedduring 197, 1978 ard 1986, w€ havc tatca tle results for the l,awley ard Mitcbel River
S'stees for 192, added iD thc results for the SaIc River sUII€yed ir 19,78 ard then added in the
results fo. all thc systeEs we suvcyed b 1986, The r.sutts arc shosn in Tables 1 ard 2 under the
headiDg'OVERAI KIMBERLEY-IATEST SURVEY".

_-_- Nert in oraler to see how great thc recovery ir the Kimberley has becr since the 19?7 and
19?8 surveyg l'E took thc lat€st of tle 197 or 1979 suve],s for cich of the systeas ,esurveyeo
during 1986 and added the rcsults for these together. lvc then added together tie 1986 resuls for
the same systeos. Tbe rcsults for this arc showtr i.n Tables 1 ald 2 udd;ttc headiEg ,OVERAIL
KIMBERIEY-RESURVEYED SYSTEI\.IS ONLY". Tbe detailed resutts, taodiog tl"
disLributional diagams ard Euch other rclevaDt data and dilcussion arc appearbg in Modographm.
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In Tabtca 1 ard 2 w€ havc also inclurlcd rcsults for somc iEportalt tidal systeE in the

Northcrn Tetdtory so that the rcsults fourd fo. thc Kimberlcy systelrs cor d be cldpaled with

thco. For compaiisor, *c chosc the Blyth-cadcl SFted' orc of lh' b€st Typc- 1 systeds on the

noaf,em arancm Laad coast and a sygam which lrE utalcrstatd i! somc detail (scc Monograph 1

-a f8). W" 
"ho* 

toofts for NovaEbct 19?5 and Odobet 1983 suxl€y6 in ol'ler to deEoostratc
how ia aa cxcelleot lYpe l systcn, lot hwilg substaltial ftcshwater cooplexc6 or Dajor ror'Type

f rcarinr sockvatdt aslociltcd with i! one cat hare good rcduitEc yeat after yeat (sce

tvfooo-ioh6 f *a $ fot Eorc detajts) ad yct rct find thc dctsity of don'batc$ling socodiles
incrcairu. After a pcriod of 8 years only thc sizc sttucfure of the aliloals sighted appcared to

Oaflc. L thc 
"udber 

of brgp admals incicascd the ebcr of aniEals iIr thc (]6) sizc dasses
dcc!e-a$d" Wc also show rcsult for thc Goomadeet Sysrcd (Moro8laphs l. 5 artd U) whose siz!

is closc to that of the Glcnelg;

Thc thitd watcrqsy *€ chosc to comParc witb {t! thc Adllaidc Rivcr System O4omgrapbs 3

aarl 19). This largc systco ia onc {Aich is shosiDg a $Btaiocd ad 6ajor recowry' we giic

t""oft"?ot O" fnfv-OZ aad July a4 survcys. O[c should tutc the big incrcasc ia tbe oumba of

futg" -i-ul" 
"igtit"a 

-a rhc ipparut coosta*y of thc ruEbcr of 'niEals sighted in thc (3{)

.iri 
"r*,"* 

nI ea"uta" sysrcm has a rumbcr of small &rsls/atet complexe's associated wili i!'

-a;-p".t-Oy 
" 

oo-U"t of langc ooo-typ. t crcck systc4 o! its Eouth sediong which funcrioa

as rcarirg stocLtards.

Thc larg. McArthr Rivcr SFteo is tlr fouth systeE ch|o6€r lor coopariso.! O'lo&grapbs
rg -dlgi. ii i" 

"" "o-Plc 
of a tqy latgc systcs ir which lhc c' Potoflit populatiod is @ariDs

"rf.*mi "ith 
ftrb loic of rccovery as torg aa cooncrcial nct fiahilg for boradrundi is

ocJfttcd oo muci of thc_watcrvay. fhi dcpletion of C.Potott'6 on rhai SystcE cootinues through

ihc &owniag of aocortiles in batraEundi trcts'

wc havc also incbdcd resulti for tidal systcms h t'no broad geographical areas so as to be

ablc to codpate thc ovcrall KiEb€rley rcsults with tha!€' Rcsults are show[ for thc Adclaidc plus

ettigar* nlgioo ("t"U;og ttc Wildssn) fot lhc ycars 197, ad l98zt (Monogra?hs3,4' 14 ald

19).- It is i; tti" t tg" ."gioa with its excrlEnt Typc 1c'atc!*ays ard alsociatcd. ftcsheratcr

coioloes, ttat onc o6sc.rtc what appcats to bc a defnite rccovcry' RcsulB ate also givc! for the

MaDtAda area. which inchacs thc tida systcns oa the aorthcra AnLcm Iand coast, ftoE the

cooni&cr ia tiLc wcst to thc Blvth i! tlc casr (Modograpbs l. 5 'Dd 1{})' Thc rccorEry for the

excclcllt Typc 1 systsDs i! this arca is Duch tqrs dcEtrilc ard b probably cvidencld bJ th' dow

chaagc in ihe sizc conposition of tta asimals sigbted rathet thar aa iftic€s€d dersity of nod_

hatchlirgs

DISCUSSION

what car .lrc say about recovcry o! each of tic Kimberlay systeE6 surveycd? Both the ord

and GlcJc ivste'B'de-oosttated thtir ability to oinic r'he Tpc 1 tidal q/stem5 on tbe northcr

,crD!€6 L;d-coast (stowD in Tabtes I ard 2) evcl thowh riey sboold Dot have. with th€ir laryc

ror-TvDc 1 rcatiDq stockvard!. After an ittervat of eight years. both of lhcsc systeEs eDd up lith

" 
oo"Jl"r"ui"g a.*;ty tlss thaa what rras found \ther thc Syttees wcle firs! surveyed by us tn

ic7s. Th" oumbo or(16') a:rinals sighted remaiaed closely the sane or deceased' however thc

numbcr oflargc aaimaL silnea esscatialy aoutted ir both cascs. I! Monogaph 20, we €aded up

our discussioa of tf,c Ord S]steE 6s follo*s:



Wc suE up our alarysis of thc ovcrall lcsults fo! thc Easr Arm of Cambri&c
Guf-thc Ord River SystcD, by stariry that wE remain ba.frled bv a number 

-of

poitrtr. Wf,y tbc .brosr ncgligible hatchlilg ard (2-3) crocodile couat durinq the
1986 survcy? ts thc doublirg of rhe ruEbcr of larcc a.niEaj6 otr rhc S;tea
bctween 1978 ard 1986 respotrsibl. fot th\ tbrough the mccbarisE of
c.rtribdism? A.udwhy i! the exc€IcDt Tr"e l Ord S]6t€; bchavirg as ifit eas a
Type 1 ststed on tlc lorthcm ArlhcE Ilnd coast, but ualikc thosc svstens" the
Or_d, !g an clcellent los-Tylc 1 6cct( sysr€o at its dout\ .*n li&"- tt"
Adclaidq to acl as .earirg stockyards for animals €xcludcd from the maiEstrea.E
Ard then thcre is thc rc.y laryc notr-T,?c I We$ A.ro of Caobridcc GuU whicl
is simple oae largc rearing stockfdd for animals excluded &on G Ord. whv
thcn the lagc celllsioD aad/or loqs factor of 73 on t\e O:d2 Wc lealt rhc
scarch for aD6sE s to thcse falciDatiog qucslions to our succcssors- perbao€ z() !o
50 ylars hcicc tbey will 6ad a roa-harcblilg deDsiry of 5.0/kn on tle OrC
coir6istiag largcly of adbals in siza class* ( > 6;)?

And for ttc clcDclg wc cddcd up with t[c statcmc|tf

Thc Glcrclg SyslcE wirh thc Barlc! IrtpcdiEcnr b a sma[ cxccllert sv6lcE
which ar 615r sight appcars lo havc elccllcDt recolEry poreatial Howcvcr, as *e
harc s€c4 this potcntial wil take sevcral decadcs to be rcalize4 as in th€ cales of
thc tirid sysrcns ol thc nortf,crn Aruhelr Lard coasL

Aft€r th! 1yr8 surecy, v€ bclieved that recovcry od thc Glcnclg Systcm would bc
much liko tbat oo thc P.iscc Ragctrt, with its Nortl ard Soutf,,qrms. Howelcr-
this was lot to bc. Thc North ard South ArEs acted as major rcarilg stockyards
for ard,rals cxcludcd fro|n thc priocc Rcgcat aaiutreaa, aad thJnrmber of
aaimrlg sightcd ir rheo irscased froE 27(3{) ptus 42(>6) iD 1978 to 55(X,)
plus 91(>d) aaiEalr i[ 19{36 Wc tbough! tha! tlc cquivalcai of tlrc Norft jouth
Arlns- of thc Priftc Regcst *ould bc tLc Barlcc IE!,edidcrt for t[e Glenelg and
thar rhcrc wor d bc a substarial ilcrcas€ of anir:rals sichted oa rLc llnDediEcdt.
This did trot occur ard wE do lot tdow why. Frfteen iocodiles wcrc slghted on
thc IEFdiar.lt itr 1yl8 and agaia 15 in 1986. Thc Eystery dc.pcns ;cn oie
coDridcrs, i,t additiotq tla lcsultl for priffc Fr€derick Harbor witi tbc Roc, and
tbe Princc Ftedc;& Ha$or Creets A to F. Th€s€ Crccks have
leagth of24.8 kn. The Crccks have a sun€yablc leagth of 19.0 km. Aswesawia
rhc s€ctior on Prince F ederi& Harbor, Crcrk A 6 F act as rcarhr stock!"rds
for admals cxcluded froE thc Roe a.[d the nuEb€r of noFhatchlin-c crocodile-s
sightcd ir then iacreascd &om 26 i.u lgTB to 56 for tte 1986 sun€v. 

-Aeai!- 
whv

did.ot Eorc of the socodiles ercludcd ftoE rhc clenclg u"" tli g"rt""
lEpcdiEcDt a3 a readng stockyard?

. The Prirce Frcdcrict Harbor SFteE" with tic Roe, Hrltc. al'd ,od-Typc 1 Hrrbor Crcck
A to F. bchaved as ooe would havc Fedicted" The de!.6ity of rie sighted aor-iat"rrrinr increased
sig[ificady &oE 15/kd to 25kd for thc oi€rall System ard tf,erc c.ds a malor chaagi ia tne Jze
codposiriod of thc aridals sight€d Thc ratio (36)/largc drcppen ftom 35 fot tin rc tg ror
Ae.: Th lF,*.. *,h its rcariag stod(yar& id prilrce Fraderick Ha$or is fimctiodag aspredicted and is wel o! t[. road to rccovery Its recovcry is alh to tiat for thc Adelaidc Sftea
show! itr Tables 1 and 2

. - .S-iTilal reEark apply to the cceuert pridce Rege system which is clo6e id size to thc
Adelaide S),stem. Though the density of rco-hatclting aocoa es sighted doubl€d be$e;n 1978
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and 1986 it is still ody 12lon and it dust doublc agai! to approach -the Adclaitc for noa-

ili"tlti*'tit-U"* Oo thc ;h.r ha!4 thc sizc cooPositioa of the qocodil€6 is.sucb that the (9

flnar;ratio fcll ftod L:l !o 0.7 bctw€eo lql8 a[d 1986' whcreas or ihe A'lclaide tli6 ratro wtl

;;il-dil i; 12 i! JuIv 1984. A fcw dccadcs helcc should see €f,4clleot nunbers oi large

crocodilca on thc Prircc Rcgcdt Systcm.

Thc .cinarls wc Dadc otr pagc 15't of Molograph 1E for thc ridal-sFreDs ir-the dorthera

a-1"--L-a cou.t 
"pply 

wiii cqril force for the tirlal systcns of thc Kim-terlcy'- We rcmarked

that a Eaio. sustailcd iffrcas€ in the libcr of (3_6') ard large ctocodrtcq ard uc drarge ln

;;t;.-td*" frod a donilaffc in thc lunbcr of (3-6) to a Eajot doniran- cc in the

iilt"i J r.tg. -t-"1" Prc6crt is inhercatly a sloe atrd vcry loog term proccss .During this

"-r"C 
,tir" ii- 

"t*.aiigty 
scrcrc 3odrg our Proccss rcsuhiry h only a snall fraclion of highly

Ii;;fr,l- 
"rt-"I" 

surviviff ne'surrs fo; thi "ovERALL KIMBERIIY-RESURVEYED
lisreMs ol,It-i *pp"'t'ol" 

"i"*. 
o""' * i"tcro"t of 8 to 9 vca$, thc dcisitv:f t!: ni-als

SOIJ f.-."*a m-' i:/t n to 1.6/kn odlv ard oc (+e)/urgc rafo acqcas€d fr-om z? to 13'

iffi"-U."t at"ryitg a troac how ;c.aisfid our PoPrdation dl'n"Fics Eodel for C' Porpnr'r has

L"o a Uoi"o i,t i"avt"" tlrc suwcy re.sults for tbc Kinbcrley lt has allowcd us to dbqrss

i"-U"rruli frra u* Ulca obs€rve4'cves thowh Eary vh/ questiods still ren'i'r onc of the

i--p""it oi.t t"f"to ,o thc pnucity of hatcblirgs ald (23) cocodilcs sighted o-n the Kinbcrlcy

S*l".-a*;* ,r" igeo .utntys' rlc oaact is pcthaps be* sunoarizcd by our discussiod of this

Dattcr fo. tha I'rilcc F edericl SystcE i.n MomgraPh 20:

Our 1986 survry of thc Prilce Frcd€rid. Harbor Systeo yiclded a stlr'trgc picturc

ir rclatior to ti€ nusbcr of hatcblilgs a.d (2'3) anin.ak sigbrcd" }Ilnc
bat.ll;ncs wErc obsqrcd on thc HuDtcr Rivcr and only oac oo thc rcoainder of
Oc frifu frcdact Haibor SystcE" A total of oDly 12(2-3) " n"ts i1g!3

oh6crvcd what bappcaed? As shal bc scsr lat't h this Momgrapb tti'

ob6rnation patalcls our suncy results for tlc othcr tidal *rteflays wlich sc

surrcpa in ric xiaUelcy in July'A!8ltst' 19{}6-. Paucity-fo-hatcbli4s ald (2'3')

adnals oa each of thc 6aior systcb! suvcycd Coold this bc-rclalcd lo lhc
obeer\&tio!, which c,c ahalt dilcusi shoidy' that tlc dumt'er or btge- anrm- -€rs
siahted bad ioctctscd co8idetably silcc g7! Is it possiblc lhat hatchlilg
rc-cruitneat wa! in fact nucb ltighcr, but that the hatchlitrg ad (2'3) aninals
w€rc rn'ibalizcd by the i.Edcashg nulbc! of latgc aT iEals? Or,-for soEc
raasoD, had lhc two Prcvious q,ct rEasoo! otr thc Roe_Hsdcr systcms b€el poor

nasCag scasols? Sotle indirca suppon for this lattci view Eay bc Fovidcd by

tlc 4?i(34) aliEab sigfucd (sec Tabtc 6.630). Thesr- adoals would hai'e

rasultcd &on oesring during the 19tGl9B4 w€t scason" Hoqel€r' lote tnat $e

msting succass oa tle tllrtrrcr appears to have bcen about the sase i! 1986 as it

*"" dfstn, Futhermore thc rrct seaso! ot 1985-1986 was'd4/ until the v'ry

hcavy raiafali at the end of Jaauary. This caused widasprcad aad heavy flooding
in tle lcsbcrley. Mcst nests laid doEn itr January vcre trot likcly -to havc

survivcd. Howcve., ncsts laid dow! aftcr that should havc b€c! succ€srfr'L Thr

*ct season of 1984-im5 was rclativcly dry ard thcrc \rEs litilc tloodirg in thc tidal

watcrwals of tle lcEberley. It should havc bcetr a i'Ery succc6sful trlstin- g sca6o!
c,ith little ot 

"o 
to6s of tests due to floodiD& Thetr why so fcw (2-3') admals

sigbted id 1986? Thus thc overall ntatery rcmai[s!

ThercaultsinTabl€61aldldemorstlatetiatwheoll€firstsorveycdthetida'l'iversystems
U U" fio-*i[y, during 197 ad 1978, we c/crc d""Lg *iq badl-y dcPlered Populaiiors' In

wJ"i ,c,*il; l*tl"i prcssu& o! c Po,wt$ was Particularly higb dunng tbe -early 1960's and

Uv riOi O."p"a"" rua d--" rare. C.Ponanrs was not ptolcctcd uT til Aptil 1970' by which tidc
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codlrcrcial buntiag had trcome uaccoaomic Plotcctiod loUowed in the Norttcm Territory in
19?2 and a total cxport-import bar od crocodilc products $,Es dcclarcd by thc ComEo r,calth
CoverDm-€t latcr tie same ,&ar. It was tht ba! tbat cficdii€ly stoppcd hunti:tg thoughout
Australia The speciei has dow had soEc 16 y€ars to r€covcr, but as *! have seea, tnis recoviry is
dow still oDly in its early phasc and complctc protectiotr must continuc to be ac.ordcd to th6
spc4rc&

I! 19?q in Rcport 34, wE gavc as estimate for thc Nebcr of doa-hatchlinc C. ,orrrz,
populatiod iD Westem ALstralia is b€tween Z3OO ard 2'488 ,rlm.l..

Otr page 433, Monograph 1 pc also Eadc cstidates for tf,c nunber of nod.hatcblirs
aocodilcs rcnainiag ia thc Kinberley b 198. We stated tlc folowing:

"we bclicvc tbaf wc exasiftd morc thaa half of thc bettct C. Dora6 habitat id
tic KiDbcrley. Itr rlc 5r3 tn survcF4 898 crocodiles werc sighted of wbich
2Zl $jcrc hatcblitrgs. Thc 671 tror-hatchlhg icld a dersity of 13Am ad the
estimatc for the actual auEb€r of non-hat.lli.cs prescrq at thc 95 confiderce
level L 1,04&1"152 AsoEirg thar the numbcr of nod-hatch.lings which sould be
sightcd i! thc arca6 not surve),cd is also 671 rc obtaid lower limi,ts ot ZlZj-2275
for thc nudber of nod-Lar.r,fing rcmailitrg in thc Kinberley a! of July 1978.
Orc car odeod thb €itimate (of say 2,500) almost without limit if onc caies to
mate what e,e fe€l would bc oDreasodablc alsu.Eptiotrs'

It is obvious that wc wErc ovcrly gcrdous with thk cstimate of 2Jm ard that tle figulc of 2,000
we gava iD Report 3 \ras closer to th. corcrt 6gulc for 198. Ttc 6gue of 4500 ;od.bat.l'fi.g
crocodiles is tlc 6gure for 1986. It i3 to bc comparcd with the sodc 3,OOO aainals rcpotedly
ta.tcd for their .Li.. around thc AdEiralty Gulf area alonc, during the pcriod 196&1965 Gers.
coEE. Pati€r Sa!z, forEerly of Kalumbuu Missiod).
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TABLE 2. This Table was preparcd usrng ttrc rcsults givcn in Tablc 1 aad groups the crocodiles subted into thc

i-il--ist" a"** 
"lo*i 

3ogA oe tJgo tio clasics wcrc distributed to thc (36' sizr dasses and thc

i"l"J"-"lozl. iu ie ) size classqs. rus Ggns trc aist'loutioa heavily - favor of largpr croco'lil$' which are

ffo;ff;;;"i;; A; .oii *",y. wr"" o" Eo t aa odd number, the bias is also sivcu to iic Cu6') si2!

dasses,

Totais (2-3) (3-6)
Laqe
(> 6',)

(3-6 )
Large

Survey

CAMBRIDGE GULF EAST ARM . ORD

July 18 Y 
14

J!t86 1J3 3

WEST ARM

July86 lA

E{ST.WEST ARM

July 86 8l 3

PORT WARRENDER.I.AWLEY

l$ryn
AW st 86

ROE SYSTEM

July 7
August 86

HUNTER SYSTEM

July 7
Awust 86

30 3.9
61 1.4

118
88

t7
1

9 7.9
10 2.0

\7
m

17 43
42 25

t8 3.7
67 2.0

77

l.t 2J

159 ln 1.4

JulyT 38
Lty n 44

WATMESLY BAY-MITCHELL

r I i l yn508130

PRINCE FREDERICK I{ARBOR ROE MAINSTREAM AND CREEKS

l|l|tn 1i5 31 6
,tlust Se 15t| L 9

PRINCE FREDERICK HARBOR CREEKS

11 1

7 L 7
9 2

106

19
30

665?q
110

41.

2t4

47
59



TAILE 2. cotrt.

8'

Survey Totals (3-6)H Q.3)
Iarge (36)
(>6') Latgc

OVERALL PRINCE FREDERICK SYSTEM

Inlyn A
August 86 ZTa

GEORGE WATER SYSTEMS SAIE

81 7.9
88

T&
63 47
10 12

9 0.7

N 3.4
n2s

8 5.9
13 2.8
41 1.0

r1 0,9
19 1.1
44 0.8

13 1.?

47 05

8 2.t
54 L2

132 0.1

July 78

BARLEE IMPEDIMENT

July ?8
August 86

GLENELG.GAIRDNER

July 78
August 86

OVERALL GLENELG AND BARLEE

JuIy 78
August 86

05

15
15

1E3
14

208
1i9

74
92
E1

39
a
85

35
75

146
189

11
6

N

m

68
74

19
80

41

43

15
27
33

6
22

78

98

PRINCE REGENT SYSTEM MAINSTREAN,T AND CREEKS

Jljly77
July ?8
Aug!.6t 86

NORTH ARM

tnly n
July 78
August 86

SOUTI{ ARM

July 7
July 78
Auglst 86

OVERALL SYSTEM

July n
July 78
August 86

154
31 11

56 t4
512
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TABLE 2. codt.

Survey Totals H Q3) (16)
L.rge
(>6)

(3{ )
Largc

n ot78&6

OVERAIL KIMBERLEY. RESTJR}EYED SYSTEMS ONLY

Tl or 78
1986

BLYTH - CADELL - Mo&gaPbs 1 ard 18

No\€Ebe!75 353 50
October83 354 73

GOOMADEER - MonogaPhs :" 5 and 18

August?s 6
Jurc83 63 u

ADELAIDE - Monographs 3 a.nd 9

Julyn 477 48
July 84 fiz 60

MCARTHUR - Morcgrapb! 13 and 19

Ma,!19
Septembcr E5

ADELAIDE + ALLGATOR REGION D(CL. WTLDMAN - Monograph 19

OVERAII KIMBERT.EY. I,ATEST SURVEY

July & Oct.7
July 84

July-Sept.76
Jue-July 83

lIE1 59 8 1.4554 396

351
430

183
151

l7

2&
na

19 M 111
872 38 25

106
95

n

319 1.3

74 13.1
35 43

285
12 1.8

21 05
z8 15
/ € 2 1 4  1 1

29 2r
651 1.1

82 4.2
ra 3.2

MANINCRIDA ARFA - BLYTH To COOMADEER - Morographs I ald 18

1055 111 45 600
1648 t45 12L 731

651 12L 707 347
1045 34 189 393


