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FOR.EWORI)

Ttb tro volumc pubtication fu dedicatei to Graham Goudig ar at&!t colscrhtionist wio adivcly
supportcd thc Crccodilc Spccialist GrouP and othcr Foglams to coDricwc thE *otld's bioric divcnity.
ciata- tccr-o intcrcsrci i! .rocodilc farning i! thc catly 1yl0B an4 ovlr thc ncr &cadc and a ba4
hr dcwlopcd Meitlad Holdi.gt Crocodilc FatD ir Lat, Papur Ncw Guinca (PNG), intotlc latgEst
cocodiliaa ranching opcratioo in thc worlC- Not conlcd solcly to Ealc tf,e farE a Ellancial 3uc.ass'

Grabaa also madc it i corscrration sucaes& Ir the latc 1980s, \Yhcn thc PNG SorerDdctrt terminatcd
its Eoritoring progran, ratf,cr thaa cootinuc collcaing vild c88s withour lrcwiry what ibpact that
harrEsr rv.s badng or tf,c parcdl populations, Crth.d agreld ao undcrwritc thc amual rcst ccnsus
progal! for tf,c habitals that soppti€d cggs to MtiDlard Holditgr Gr"l'"h ttawlcd videly to l€arl
wLat tbc co.serntion status of crocodilcs was in othcr counEic$ snd also *iat husbadry tccbniques
*rrc bcing ulcd otr other ctocodilc farhs. At thc tiEc of hi^s dctth ir Odobcr 1989' Grah,m rvas a
vicc Ctairmatr of thc csc ad en€rgpticaly hclping thc cbairmar ley out lhe work of thc gtoup.

Thc two vohbcs of tlis Ih.OcEEDtrlGs arc a rccord of thc presr ations and ditoBsiors that ocaurcd
st thc 9tf, Worling Mcrtitg of thc Crocodilc SF.ialist Grcup in l,ag Papua Ncw Guin€a, 19 to 21
octobcr 1988. thI -anu"iiptr arc u-e"icvcd and uedited- Tbc cSG PRocrEDrNcq by delirdtioq
alc rc.ords of what occurrcd at lhc trt€.tin& Ttcy are ndt todes fi[.i *ith 6tticlat that *€te
ciitiquc4 cditc4 rcvisr4 ad polishcd subsequert to thc mc€titg Apart ftom prcparfug a tabt of
cortaa6, cut-and-pasting captio$ to Ggoran conpiliag thc anidcs alphabctictly by author' ad
numbcrirg thc pagcs consccutivcly, thc papcrs arc publishcdjust thc say thcy wcrc aubnitted For this

rc{roq thcy rppcar i! a \,"rricty of form{B and typcfacas. F. WaFe King lrss Daiagiig cdito..

Thc opirio8 cxprcs€cd hcrcitr arc tf,o6c of thc irdhidual autf,oB and ar. not thc opirdons of rucN '

Thc World Corlcrvatiotr Union, or its Sp€cic.r Surdval CoEmissioD"

ruCD{ - Thc World Cotrs€rl'rtior Uiior *.s fouded ir 1948, and ha! it! hcadquancB itl Glar4
Switzerland; it is ar indcpcddc htcrMtioul body who6r deDb€r6hiP c.dprise6 statca (irrcspc.tiec
of thcit political and social systcEs), govcrnmc dcpartmcots, and Pri tc itstihrtiong as wEll ts
idrcrnatio&l organizatiola It tepacsdb thosc who lne conccmcd ahut Ean's modrtcation of tf,c
mtual cnviroDmcrt thoug! thc tapidity of urbaa ard indGtrid dcvelopncrl 6nd thc crccaslE
oploitetio! of thc carth's natual rcsou.ls, upon which rcsr thc fourdaaio$ of his sunival. IUCiTS
niin purposc is to proaoto or suppo( acio!-wbich wil c'surc tlc Pcrpctuatioa of uitd latuc and
ratural rcaourcr6 or a lrbrld-*idc basis, aot ooly for their intrinsic cultural or s.ic i6c valucs but also
fd tbc long-tcrm €coromic and social vElIarc of E.nLind.

ThL obticdivc caa bc achicved tbrough acirc co$€ffetio! programs for thc visc use of alural
r€sourcas in arcrs \thcrc thc flota and fauta atc of Panicular import6rcc a|rd wharc tlc la !(apc i5
espeialt bcautifit or srdting; or of hjsloricat, cl|ltutal, or sdcatiic sig 6canc.. rucN bclicvcs that
itraiEs can bc acf,icrcd do6t cficdircfy by htcrnational cfro i! coopcratioo with otler intarnatiolal
agcacics, such e! UNESCO, FAO, 6nd UNEP, ard iitctnatioral o.gani2ations, such as World witlc
Fud for Naturc (W$/F).

Thc mbsion of ruCNs Species Sur.ri\d Connissioa (SSC) i" io Fcvert thc cxtin tiod of specics'
sub6pcciar, ad disdetc populatio.s of faula and f,ora, ihercby Efitaidry thc gEtrctic di€rsity of tho
tiving rerourccs of thc plrtrcL To ca.ry out its missioA thc SSC rcli.s ol a &twork of orcr 2,500
rcluatccr profcssionals *orldlg Lhrcugb norc thatr 90 Spccialist Groups ard a largc aumbcr of aftiliatc
orgnizatioas, rcgional rcprcsc ativts, ,rd co!6dta.ts, sc-attcrcd th.owh rcatly cirry coutrty of thc
wld



SUNN\4ARY OF THE MEETING

**ffifrffi|tr{#,iff mHffiffi H,iili*.n#to ttrc Ecetirg booti'g todsttss, chcctiru flight scf,cduler ;-d";;;*d;F#; 
".T_:_.T,T-p i-r".f"r audiovisual ;d cooputcr ara" _aGi,i..=,rJffi..#i",1""*couErucd to anctrd !o details a[d to olErcoEc a yadcty of problcns r-bat Jcn"a a U".- 

.
spootrrcously. Thc succcss ofthc 9th Worh
cuorls ot G.aha.E ard rhe trl"r.r-a goy*"qffdDg 

wa6 dircdly aariburablc to tic utstirtitg

^ l,nor to aftiviog in papua New Cui[e , mosr irtemadoDal anclde€s p,ei"g tiroug!

:*3_ffiri.illfi:ry.n::,,m;mr*qm,:r""iu.,ffi1*a:,torlxia .4otos| srudy. Tbc ficldtrios v,cre hostcd b, thc Ouc.lsbnd Nalioaal pa*s ard Wildlifcscrncc (QNPWS) and Edward tuvcr Crocodile Farm_(ERCF). Spcrial rh""t . arc duc rhc stafi5 oftarsc two orsarizariou, cspcciary o,s. rau,ie r. rapri" tqNiw-i) ; iili,J".,bt i"J ir*crt,woo not ooty hardled aI arr^rgcEcors for rLc trips bur atso tooi"i r.agi"g io-Ai;-f.i-r-y

,. - . Thc 9th Working McetiEg wa! oDcr Iyir-"o31..*y'g,--{pd;";;';ffi '*,::T;;f;"1'"ff"'Hr'r-ffi 
F"ffi iT#:",'+.cgsrcrc4 A rotal of 34 prcs€n arioas werc oadc a thc ocetine n J*ith #;;;rd t,riesc trlo volumcs. Four additionat DaDeE al

ard c,trc on thc aserda b;;ilh #ff1#-:p-ffl 
in rhe voluhcs' p'pen which wrrc $b.ittcd

oot rn*a tl" 
"""h.aiJ;i ffi;H.ffiJiffi 

tccausc" at lhe last mbut., tlc aulhors could

TUesday, 18 Octobei:

AfterDoor - rcgisr&tio&

Wcdrcsdry, t9 Odobct:

Gl)o - Rcgi*Iatio!-
0*m..-Of6.i,r lvrlconc by.flm yct WaiE, papuaN€w Guinea ErvirorDcnr and CouervauonMidisrcr, ard Cra.han coudie, Maidad HotdiDgs.. A.nnoullcclDeds
093) - Uj|{) - Rcpons oa rhc coucr?atior status of crocod a[s.IrJ)-1:} :m-L| l [cL

f$ : il# : F"f,Xff#1ff#FH.*,".,'
r&{} - 2Zm - Rc.eprion party at Maial;d Holdirys farn.

Thursday, 20 Octobcr:

0&m - lL{5 - Rcpods or 6mirc,/raftb.
rl45 ' l3:m - L;c[-- 

-- -ru 'qt'dDg ptosra'6s'

li#:S#- iff; 
'"Eaftscmc prcsram'

2o.ql - Ujo - CSC busi&sr n€rtiD&



Fridan 21 Odobcr:

6dlo - l:xn . Wo.tshop o! programs that satisft thc rcquircncrt! of CITES Anicb M(a)

ard 3; Bernc tnd Bucno6 Ailca Criteri&
113)-I}$0-Llllch.
1:}:m - 18:3 - RcPorts on aahanccs in ctocodilirn tcsrarcf,.
18:30-Zlm-Dinlcr.
20:O - 22m - Audiovisu.l prcscntado .
2em - 2a30 - Clo€€ of thc 9th Vr'orkitg Medin&

Saturday, 22 Odobcc

Dcpdturc fot poot-E.tting dcldtriF.

Folowirg lhc oc-ctir& dany panidptnt! trav€lcd to Adbulti on thc Scpik Rivcr to panicipatc

in a hclico4cr survcy of crocodilc trcsts i! tf,c stc. thai is Eoritocd alrurly to rcd& thc imPtct of

cggh,lvcs! Othcrs visitcd Tari il! the highttn& atrd srtcs ftar lac.

Ar $c bu.in6s DcrtirS hcL{ lhc et! [gof 20 octobcr, tbe CSG chai.ma!' Professor F'

waFc Kiry a!rcr|ncad that thc group *otld uadcrgo a rcontaoizatim in odcr to- malc it EorG

rasporsiw io thc accds of Ecmb€.s ard govcrtndts. A Stccring CoEdittc! wil bcappoitrlcd to aid

tf,c chairnan aad advisc ou all aspects of thc *ort of tf,c grouF Thc Stcttitrg CoEmittcc wiu bc

cohpocrd of rcprc,rcD(atilrs ftom cach of thc frc crocodilc produciry gc%taphic le8iq'l'a'hic4
e"ia eustt"li" 

"oa 
O""""ir, Cc ral a.dSouthAscric4 and NortiAEcrica ad tho Caribbcaq a

rcprasctatiw for thc hidc ard Ecat tn& ard onc for a tradc Eoritoritg orgtnizatioq PIos thc
duirnaa aad rlcputy c.bairnar of iic csc. h so fsr ar pcstblc, lcgiooal codccms will bc &lcgatcd
to thc rcgional rcprcscntatiir,r and tadc and tradc Eoriroriry cofi.lrrs dclcgitcd to thos€
rcprc,lcdarivai of tf,e Stcctilg Coesittec. Thc dairnan aPPobtcd Dr. Jotr Hrrttoo' Dr.l,aDric
Tapli!, ald Alan Woodwld an ad hoc comBittcc to rc.ommcd ttc namcs of p€oplc \vho might

scfi,€ as vica chairmct" At thc do6ing s€csior thc dtcrnoor of Fri&y,21 Ociobc., thc ad hoc
coDmittc€ subEittcd a list ofsterriDg Col'rmittcr loEiDcls to tic cf,airmatr for hb coGidcratiod lr

kccpiDg with ruCf.f/SCC proceduras on appointmats, thc chairDan tc.citld thc lfu of nooincas
torir tic aa roc -nUaci ald wil rcvicw n fot po6siblc ac.cptarc or sodifcatioo" Thc chairnaa
thcn *ill psss his rccoEmcndatioos otr to thc Chairsaa of tf,c Spc.ies Suvivrl Codmissiotr for x

se.conrl rcv'rcs ad 6aal appoidtncDt. Rarlcr |!tr cEbartass pcoPlc $bo Eight -ba!€ bcca ronitatcd
but lot scL.cic4 thc tamcs of thc roEilc€s wrrc lot arroutrccd aa thc ncrtiry.r

Bytf,c ead of thc *orl6f,oP on thc doitling of21Octobcr, thc fo osd[g cooscnsus had b€cr

rcachcd oo thc pocitioa thc CSG should talc at thc lcd CITES Codftrencc of ttc Partica:

CSG POSNION ON AFRICAN ANNUAL H(PORT QUOTAS

r Raacbiag propocals wiU bc supportcd if thcy coatan soEc data or tf,c wild poPul,rrio$' pro{itlcd
rraitriirf dcpcnas oa egg collcaior r[d ! Fogram !o Eoritot thc wild populuion Thc
naugencri sc.henc stould spc.iry thc calcfEcnt/draitlgc arca aad indiratc rhat a suitablc
food supplt i! t\ailablc.

. ttarvtSry wiiA d,rcoale dLcdly wil bc supportcd only if Eorc data arc avaihblc' tiata which
darit 6c sizc of aninals halrsr.d ard AoD siat atcas, and how loag thc haflcst wil ron
(cg" titc pcriod, ycarty, forcvcr). Ttcp should bc a timc limil or .try rild ha'lq* D'lcss
bard data aro aseilabla It is swas&d that harisrts bc lihitcd to bclt hidcs lcas thar 55 '!r'
wi&[ to Drotcct thc addts.

1 thc mcmbenhip of thc stecritg coDEitlc. eEs auoonccd iD thc volumc 8' JanuEy-Matcl 1989'
issuc ofthc CSG NEwsrErER.
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ID ttc clGirg s€ssjor or rtc cvcairs of21 C
crdor$rg t[c FAo progra.E ir Indoncsia: 

'ctobcr' tic panicipants Passcd tlc foroctitg rerolution

RESOLUTION OF THE ruCN/S

""...'d,ahi;il;f ;.i%'ff f; I^:l:f,,"J.o%.,H:*
Recogdziog.ttc,ailic.I iDpo.nalrc! of thc curleot FAO_pHp- A projcd h Liatr Jala, .stabli!.d by aD arcrar 'srccmcnt b€tsicd thc cover.Deot of ld.".i.i",-a,t. u"tiiltlil""i,_a 

",a.--_ Agrcrltuc orgaDizrtio!, to dcvctop .hc crocodilc i,,a*ry 
"" 

**-"i""Tf".U.Jr*r(crogDJzng thc hdorc,siaD O@odvh.t Dd;,

"-- ?-ir..:'"".i-tt" nliJ-ffi #rff"Ht Hff,f40d) 
sldls Fr vcsr adoplcd bv thc

K€{ogru2rrg tlc urgcat rced to arcst rhe dcclirc oJ c'_;codile populatioos itr lriar Jaya and ro curtadcurrcd ilcgal rradc, ad to promorc susraincd urir_tiori 
"f 

u" cr*1il*jolriJr* O.ococDt ot t[c rEoirla
Rc.ogni?i,g-Conf. 52i aaipi"a ry rc Coot",-*o of tb€ pani"" ro CITES in Buero. Aircs ,o t9E5,rcquDrig modtoriDg of t[c staEs of. .!d rnde ltr, sp€ci..s tra8fcned froD Appcdi,I ro,."-*ffi ff ;tff.itffi il1,ffi ff f#,rJfl *,*l;ffi ;*,
----_ a? P.:p* Nacuirc4 19 to 2r OLoDcr l9ss,Kc.oBT 

.rds rfc colToncd prct4i"g of Ouco4ttrr pi,,** ^a Crn ayn , ,"va.sui,r.a. sji'srDrougtrour hi.r Ja,,a provircc. Irdones4 by approvcd expo.tcrs abidilg by tlc folowirg

i lvitt.cspcct to the currc aDrual crpon quota of4,000 C. pororw.fits, onlyslils
,, _,_. ..".*-"s rGrq iacrcs (_25.416457.-; b"iLly;&i;i;ffi;-, 

*
rr. htlrpuD.pttrctrsc priccs wil bc sct by rhc drontt 

"f 
lrd;;-*|lL ax crocodilc ati!! export"a *U * iaiom.A ty irA-aoif-iffi4 *o-r"us"frc t"g"

. - al rccoe.Ecndcd by CITES;
rv. pucnasrng wilt be supcrvis.n b.pptued govcmEcrr o6ciak andv. purcbasin- g opcrationr, rerords,;a 

"o", 
.ir"*.it 

"a'iilftit 
doaitored bv tr.Cov!.trEcnr of Indon€sh in accordarcc with CITES p"*"dl;;tf;;r*"4lf,i! shoutd be dooc in coopcrarioo *tt O" afo.eneolio-o]j-oi?;#ilbl

Funhcr 
lr.osd&-dar thc con.irui,g ilrcgd trad€ h qocodire srd6 froD r.dodc.ia aod madfolddctrimJltar cficds.srcr*ing tic.cion, ,r !..pcn at d by cnEs partie,, EaiotairiDc
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SOUTIRY

ThiE paper updates culrent kDolrledge on the population atynahics of
estuarine crocodiles through a reanalysj.s of Long,_tern census alata
frod the liverpool-Toukinson and Blyth_cadell river sysrems in the
Northern teEitory. The approach taken is sinilar to key factor
reg'ressj.on analysis, where annual variations in abundance of
population clasEes are exanined ret_ospectiveLy in retation to
density-dependent and density_independent factors.

Trends in hatchling (<2 feet) and non-hatchling (>2 feet) nurbers
ltere exatnined separately because of extrene differences j.n their
size and nortality rates. IJatchling productLon rras indexeal by their
relative density, and the annual exponential rate of increase
suDrarised the population dynanics of non_hatchlings. Antecedent
or past density lras used to index density_dependent processes, anat
seasonal rainfall. and vater depth were used to index the level of
available vetland resources.

The trend€ in hatchling densi.ty rere unstable. and narked by
variable high ahplitude and high frequency fluctuatj.ons. fn
contrast. the trends in don_hatchling density were retatively
stable. The liverpool-Tonkinson systeE is characteri.seal as a lolr
density increasing population (average !=o.08 p.a.), anat that for
the Blrth-cadell a hlgh density fl.uctuating population (average
l=o.0o p.a.). closer exanination of trro najor populatlon classes



ltj.thin the non-hatchlings (juveniles, 2-5 feett sub-adults and

adults, >6 feet) revealed iriportant dynanical differences bet een

the trdo populations: all non-hatchling sl.ze classes increased in

density over tide except juveniles in the Bl].th-Cadell systen,

lthich decreased over tine.

The density of hatchlings in each rl.ver systen shorred a tlght non-

linear relationship sj.th rrater level (tiue lag=5 nonths): hatchling

production increased lrLth increasing vater levels up until mean

rrater Level, but collapsed thereafter. That trend nay reflect

flooding 1o6Ees, and/or the noveuent of a 1ar9e proportion of

breeding females out of the study area to nast in ephederal

lretl-ands created by ftooding. Hatchling density aLgo increased ltith

an increase j-n the density of potential breeders (indexed by

crocodiles greater than 5 feet).

Tlte rate of increase of non-hatchlings in the high density Blyth-

cadell system vas correlated positively uith antecedent seasonal

rainfall (tiEe IaF12 uonths) and previous hatchlj.nq production

(tllde La9-6 Donths), and negatively lrLth antecedent density (tiDe

lag=6 tottan.r. The overal l  regresEion explained 93.08 of variat ion

in the census data. and host of the neEative density effects nay

derive priDarily fron processes affecting juvenile crocodiles. In

contrast the lo$ densj-ty Liverpool-Todkinson systen sholred no

correlation with previous density, but a Dore narked effect of

antecedent seasonaL raj-nfa1l and previous hatchling production. The



overarr regression exFlained 81.71 of the variabirity in the census
data. spatial. (loveEents) and terporal (survLval) effects are
confuEed in these anaLyses becauEe nortality and eDigration could
not be differentj.ated. Houever, both hay be inlrortant coDponents
of the population dtnamics of estuarine crocodiLes.

The negative density-dependent effect detected Ln the Blyth_cadell
population is here labelted fiprovLEionaln until compensatory
processes can be denonstrated by independent study. Only one out
of three statistical tests detected density_dependence in the atata,
the other trro suggest that the correlatj.on vas spuriouE. Key factor
analysis hence could not provide concluslve evidence of
conpensation or density-dependent processeg j.n responEe to a
reduction Ln nunbers. Itowever long-tellr census data are necessary
co generate cornpensatLon hl.potheses to test by experitnentation, and
to assess the iDportanca of envi.ronnentaL variability to population
stability, We conclude that the future hanagenent of estuarine
crocdiles, parbicularty sustained-yield harvesting, nust be based
on a sound knolrledgre of cordpenEation procasseE, and Dust aLso
consider the effects of environu€ntal varlability on nuDbers.



TI|IRODUCTIOII

the estuarine crocodile crocodvlus pSfgEgC i5 a valuable ltildlife

reEource. The broad ai.ns of their rnanagenent in Australia are

conservation arld colitrol: rte need to conserve theD in general yet

at the sale tine reduce their nutbers for pubtic safety in areas

irhere risk to peopLe are intolerable. Another possible long-tern

al.to is sustained-yielal harvesting (webb g! gl' 1984, llessel and

vorllcek 1986) ' lthich haE the potential to provide econodtc

incentives for conservation of habitat and a productive outlet for

the control of problen aninals. Both could involve substantial

reductions in nunbers in certain areasr yet lte do not kno{ hor'

populations respond to such treatDents. Populations could either

conpensate for redovals by increasing survival and/or fecundlty

rates. or removal couLd be a totally addj-tive Process'

The ain of thig paper iE to re-exaDine existinE lonE-terD census

data on estuarj,ne crocodiles, to update current kno!'ledge on their

population dynadlca, and to assess it'5 utillty in providing

relevant knotledge and preaictlons for future scientific

Danageuent, such as sustained-yieLd harvestinq. The approach and

analyses are nothing nev. Hessel gE gl. (1981, 1984) ' Iiebb gE q!'

(1984), and uessel and vorlicek (1985, 1987) present conprehensive

altalyses of parcE of ttle sane data, and Nichols (1987), and llines

and Abercronbie (1987). dlscuss coDpensation !,ith respect Eo

population nodels and llanaqleDent of Arnericah all-j-qators' we siDPly



provr.de a different perspectlve lrhich lritl hopefurry reinforce the
proposal, in the second paper for further research into the
population dynaDics of estuarine crocodiLes.

The Dethod of analysis is sinilar to key factor regresst on anatysis
(Iitorri.s 19G3q,!), where annual variations in abunatance of

populatl.on classes are er{abined retrospectively in re.Iation to
density-dependent and density_independent f actors. It iE basica_l.ly
a crude life-table approach develolred to study nortality agenrs in
the spruce budlrorn. the technique is suitable for insects because
they have discrete generations and hence nortar.ity facEors vhich
operate in a lirear sequence. However, variations of this
regression technique have beeD applied to other taxa, parErcularlv
vertebrate r,i ldlife.

XEEEODA
Data Base.

?he data are annuaL spotlight counts of g. porosus in the
Liverpool-Eonkinson (L976_19g3; n=8 years) and Blylh_Cadel I (Lg74.
1983; 1=19 years) river systers. The Eurvey uethodology and data
are sunnarised in l{ess€l e! el. (19S1, 19a4) Messel anal Vorlicek
(1986). A1I annuaL counts uere standardLsed to relative densities
(nu&bers per kil.betre of river), and for years rn vhich there lrere

bore than one survey, the Dean lras used. Crocodile size vas
estieated on those surveys and is used as an index of age in
further analyses, although the relationship between size anal age
is extrehely variable and hence generally unpredictable (webb et



Al. 1983). For size-based cohort analyses, relative densit ieg of

aach sj.ze class rrere corrected for visibility bias using the

correction factorE developed by Bayliss g! CI. (1986) for

crocodiles in the Adelaide Rj-ver. The generalisation of those

correction factors iB unjanol'n, hence the analyses are only a fi.rst

approxiDation.

Var iables in  thr  ln6dal

A. DeDendent variable: rate of increase,

The exponential rate of increase is used as a dl.rect and concise

suDnary of crocodiLian population processes (Bayllss 1987).

(bl,rths - itsatbs) + (lErLglltLoD - origratlo!)

3ulvival t f€outralltt .!f.ots + alisD.raal qffect!

Rates of increase nere standardised to annual rates (r D.a.). A1I

data are suutrarised in tbe ADDendix.

B. IndeDendent  war lables!  Factdrs that  rnav af fact  rate df  ih l : r -aasa-

To use an archaic but fauil-iar dichototny, there are tvo classes of

regulatory nechani5tns that toay affect the dynarj.cs of a population

and ultLuately itE abundance, These are (RoyaDa 1977):

1. Densitv-dependent effects. The source of rrcornpensatiottrr .

Survival and/or fecundity rates decrease as density is increased.

or  r=



I

2. Densitv-independent ef fects. Factors irhich operate independently

of density. e. gr. lreather.

The tvo classes of regulation are not hutual:.y exclusive. It is
useful to point out here that the a.bove classifLcation of
population regrlati.on has been critically revieeed by CaughLey and
Xrebs (1983), Lrho Euggest trro nen classes - extriDsic (=lidit ing

resource) and intrinsi.c (=self) regulation. Caughley (19a7) further
suggests that density-depandent and density_independent terninology
is confusing, hovever it is retained here for convenience.

Antecedent densitv.

We use antecedent or past denEity as an index

co&pensatory processes. whether they are Lntrittsic

nechanist0s, or a combinatj.on of both.

o f possible

extrinsic

Envlronnental factors.

There are Dany envirorutrental variables that couLd affect the
population dynarics of estuarj-ne crocodiles, but only tgro are used
here - Itater level and seasonal rai.nfaLl. seasonal tenperaEures are
hl.gh and regqlar, and the poEsible effects of variations in
salinity are asEurled to be conpounded !.ith the effectE of eater
Level. The driving variable in Australiais rret-dry tropics is
seasonal rainfall, lrhich has high teuporal anal spattaL varlabillty
(Taylor and fullock 1995). seasonal ralnfa].t and water deptb are
used to index the level of available resources, such as the extent



of wetland habitat for nestinE and the

supPly,. but the precise nechanislnE

crocodile productivity are unknoxn.

quantity and quality of food

linking those variables to

Seasonal, ralnfall data (october to April) for the years of survey

trere obtained fron the Bureau of UeteorologDr, using ltiLinginbi as

the reference station for both river sy6tens. The nean rainfall, for

Uil ingilbi ln 1983 was 1159 un (!=55 conplete years), and was

highLy variable with a standard devLati.on of 1315 nD (27.2t).

Water level data for the Liverpool (cS 8230237: 12o 32i, 133o 53')

and Bllrth (GS 824oo2t L2o 27t. L34o 42') rivers were obtained fron

the Polter and water Authority of the Northern Territory. Water

level is expressed as nean Eonthly naxitnun stage for the !,et season

perj.od. Uean l'ater level for the Liverpool River iras 7.12 n a

2 .20  D (3O.9* ) r  and tha t  fo r  the  Bty th  R i .ver  10 .03  m 12.62  s

(25.158). Both ! 'ere highLy varlable, reflecting variable Eeasonal

rainfaLl. AI1 Eeasonal rainfall and water level data are sutmarised

in the Appendlx.

Itteasurernentg and tine laos.

Rate of increase, neaEured over an interval of tLne, is centred

instantaneously. SinilarLy for seasonal rainfall and water level

effects. Because rate of increase ltas ueasured betlreen tlro

consecutive dry season density estlDates, there rrere effectively

tlto tl'pes of rreattler effects - antecedent (tiDe Lag = 12 ldonths)

and iDternediate (tiue lag = O) seasonal {ater level or rainfall.
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Fj.gure 1 outLines horr all ueasurenents were nade, aDd demonsarates
tlde lags.

RESUL!A

Trends in nupbers.

Flgures 2 g-E shorr the trend in relati.ve density of hatchLlngs and
non-hatchlings in the lJlverpool-Tonkinson and Blyth_CadelL rivers
respect.ively (average annual exponential rates of iDcrease, !, are
indicated on each FLgrrre). phe Liverpool_Tonkinson systen has a lol'
density population lrhich is Lncreasing, the Blyth-Cadell has a hi.gh
density pot ulation vhich is fluctuating but not increasing. The
doninant trend in non-hatchtings of each population is only
revealed after tha 'rnoisy'r hatchling data are renoved. Hatchling
nunbers are characterised by variable high anplitude and high
frequency fluctuations. in contrast to the rerativery stabr.e trends
ln non-hatchl.inq nuDbers. The dynanics of the tvo extrene size
cla€ses are very dj.fferent. and hence lrill be analysed separately.

PLgurea 2 g-h are nore detailed exahinatlons of tr.o bajor size
classes nithin the non-hatchlings i the 2_6 foot altd greaEer than
6 foot Eize clasEes. Those tto cLassas are referred to as the

JuveniLe non-breeders and sub-adult and adult potentlal breeders
respectively. The increasing trends in density over Elrle irere
sinilar except for one iDportant difference: in the high denEity
Blyth-Cadell syEtetd the density of juveniles d.eereased over tiEe.



Fignrres 3 a-q illustrate the variability j-n seasonal rainfaLl and

conconitant fluctuationF in geasonal rtater level ilt the Liverpool

and Blyth rivers for the duration of the study.

RelationshiDs

Hatchlinos

Fj.gmres 4 a-b short the relationshlp betlreen the relative density

of hatchlings and internediate seasonal rrater level for the

Liverpool-ToEkinson and Blyth-cadelL rivers respectlvely' and !,ere

fitted by eye. sinilar patterns rrere obtained using rainfal-l, but

the trends were not as distlnct. of the trdo ' nater level is the

proxinate i.nde! of hatchLing dynanics. The trends are non-linear'

and clearly iLlustrate that hatchllng recruitnent increased with

increaslng seasonaL $ater level uP to oean rtater level, declininq

at lrater levels above the nean. The shapes of the tlro curves

probably reflect hydroloqical differences betteen the tvo rrver

systerlsr the Liverpool-Toukinson systeD uay be lore prone to

fLooding because of its narrover catchnent. The relationship is

difficuLt to interpret because spatial (rnovenent) and tedporal

( fecundity and survival) effects nay be confused. The rapld decline

in hatehling nunbers could reflect floodinq losses' and/or

alternatively the novenent of a large proportion of breeding

feDales to epheloeral- nesting habitat outside the survey area.

HatchlinEs produced in ephet0eral wetlands nay not be detected

unless they rnoved into the llnear survey area, possibly as a larger

s ize  c lass .
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Ilatchling nulbers v6re also related to the nunber of potentlal
breeders, lndexed by the relat.ive density of large crocodiles (>6
feet). We aEsuue that qenerally the nurrber of hatchlings proatuced
rncreased lrith the availabilty of potential breeders, until nest
sites or spacing behavi.our becaue liriitinE factors. For excepcrons
to that assunptions see l,tesEel gE glg (1984, pp. r23_L24). Fi$rres
4 q-q sho!, the reLationsbip betrreen hatchlinE density and the
densl-ty of large crocodilee in the Liverpool_Toinkinson anal Blyth_
Cadell, rivers respectively. Ihere vas a strong linear retationship
in the lriverpooL-ToDkinson systen, suggesting that nest sj-tes uere
not liDiting. fn contrast, the hiqh density Blyth_cadel.t systed
sholrs a !,eak asrrnptoting trend, suggegting that lrhilst nesr siteE
Day be liDiting the conditlons for nesting ray be varj.able.

The tlro k€y f,actors for the production of hatchlings irere variable
water Ievel, possibily indexing the quantity and quality of
breedlng and nestLng habitat, and the nuDber of potentLal breeders.
These regression results are su@arised in Table la.

Non-hatchlLn('s

In the hiEh density Blyth-Cadell systeD there nas a significant
negative coEelati.on between rate of increase and anteceatent non_
hatchling density. A neer regression nodel vas constructed I,hereby
non-hatchling density rras entered as trdo 'independent, variables_
iuveniles and larger crocodj.les. uost of the reLationship betveen
rate of increase and non-hatchling rras expLained by luvenile



croqodilesi the juvenille 
"ir" "aa"" 

rras a signifLcant entry into

the new regression, large crocodiles vere not. llosever, antecedent

seasonal rainfall and the previous years hatchlinE production also

influenced rate of increase. rn the Liverpool-Tonkinson systen

there $as no correlation betireen rate of increase and non-hatchling

density. Holtever, rate of increase vas lnfluenced largely by the

previous yearrs hatchlinE production and antecedent seasonal

rainfaLl, and the effects of those variables !,ere uore marked than

in the Bl.yth-cadel.L syEteu as suqgested by the reqressron

coefficients. fhese regression results are sul darised in Table 1b'

Cohort analvsis of the Blvth-Caalell data

The results of the prevj'ous seqti.on suggest that most of the

dynauics of high density estuarine crocodile populations nay be

infl.uenced by the density of juvanil'e crocodiles, a finding that

warrants nore detailed exaDination. The standing age distribution

is usually used in fisheries analysis to estimate total nortality

rate (Z) via the log-linear decline in age frequencies ' The

analysis is often used to arque that rate of increase is zero'

Hovever, a log-Il.near alecline occurs rrhether the population j-s

increaEinq, decreasing, or stable (caughley 1977) ' Because of

unstable age/8!ze dlstributlons in both crocodile populations (see

previous sections). gtanding dlstributions rrou)-d not tell uE nuch '

Hence ve use the teEltoraL age/slze dlEtri'bution to estlnate total

annual Dortality rate (g) of juvenile crocodiles (l'e' the decrease

ln nurbers, transforDed to natural logarithDs, betlteen the 2-5 foot



and >6 foot size class). nff aata ,ere corrected for size-based
visibil i ty bias and are surrlarj.sed in webb C! AL. (1994). Total
DortaLity rate in this analysis is referred to as rloEs ratef
becauEe tebporal and spatial effects are confused: it is inpossible
to differentiate nortality fl:o![ enigration irithout indepenalent data
on crocodile uoveleDts.

Figures 5 e & h coDpare the tenporal loss rate of juvenile
crocodiles for the lJiverpool-Torkinson and Blyth_caatell River
systenE respectively. The 1ow density Liverpool_ToDkinson syste!tr
has a significantly lolrer juvenile loss rate than the high density
Blyth-cadell systeb (annual exponential rateE of a=0.55 and _1.t6

respectiveryi t=2,94, gt=L7, p<O.oo1). that result reLnforces
earLier analyseE suggesting that popuLations of crocodites at high
density nay have density-dependent regltation of nuhberE crerivinq
priuariLy froD processes affecting the juvenile c1ass.

Regression anatysis was also used to detenined key factors
affecting juveniLe loss rate for both populatj.ons, and the resuLts
are suuarised in table lg. Because Z is an instantaneous rate
centred between an interval of tire. lt has the sane time Lags to
rate of increase, The loss rate of juvenile crocodiLes rn the
Liverpool-ToEkinson syste! lras only veakly (ts0.10) related to
antecedent Eeasonal r,atar level (tiDe 1a9F12 ronths): as r.ater
levelE increased, juvenile loss rate increased suggresting dispersal
rather than hortality. In the Bll.th-Cadell systeD juvenite LoEE



L

rate Lncreased as non-hatchling density increased (tiDe IaE=6

nonths). A6 for rat6 of increase, a new regreE Etion nodel \tag

conducted differentiatinq non-hatchling crocodiles into juvenLle

and largie! crocodiles as riDdependentr variables. ltost of the

relationshilr betlreen loss rate and non-hatchling density l'as

explained by the density of juveniles thenselves. Juveniles rrere

a significant entry, larger crocodLles r'ere not. The density of

larger crocodileE are only r,eakly correlated to the dynaDics of

snaller crocodLles. Although these analyses suggest that juvenile

crocodiles nay predoninantly regmlate their o!.n dynamics. re are

cautious. The resutts nay sirnply reflect the tining of surveys,

and r,hen lrore than one survey vas conducted per year, the Loss of

inforoatj-on thlough averagingi.

Confugion of spatial and tenporal effects

the confusion of nortatity and dispersal effects applies to the

production of hatchlings, the rate of lncrease of non-hatchlinqs,

and the loEs rate of juveniles. In an atteupt to clarify possible

moveDent effects the densities of juvenile and large crocodiles

rdere correLated lrith antecedent and interDedlato Eea6onal rainfall

and r,ater level. Antecedent effects have an 18 Donth tine Lag,

intenediate effects a 5 Donth tiDe lag. There were no sigmificant

correLations in the Liverpool-Tonkinson data. Honever, in the

Blyth-cadell Eysten the alensitles of juvenile and large crocodiLes

lrere correlated uith intennediate seasonal rainfall. and

internediato and antecedent seasonal rrater level respectively. The
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short 5 Donth tine lag suggests dispersal rather than survLvat. The
results (Tabte tq) sholr that as interhediate seasonal rainfaLl
increased, the density of juvenile crocodiles increased. In
conErast, as both antecedent and interr0ediate seasonal water level
rDcreased, the density of l-arger erocoililes decreased. suggesting
Dovenent out of the study area. Why juveniles respond positi.vely

to seasonaL rainfall and Iarger crocodiles negatively to seasonal
lrater level is unknolrn. Clearly, there iE a conpLex tanEte of tiDe
Iags and intercorrelations of variables, and therefore no ctear_
cut conclusions can be hade !,ithout an independent study olr
uovenents. RegardLess, spatial dlrnanics (Dovehents) appear fust as
urportant aE teDporal dynalics ( fecundity and survlvaL), as
suggested by l i{essel e3 gf. (1984).

Overall stochastic hodel

Figure 6g and b gumarLses al1 results, and illustrates that,
regardlegs of possible density-dependent effects in the Blyth_
cadeLl systed, the general dynanicE rrere sirilar for both
populations. (Percentage standard deviation of density variation
in each size cLass are indicated above the data points). Hatchling
density was extrenely variable because of itE strong relationship
vith variable lrater level. The density of larger crocodiles !'as
relatively dynauic, nost likety reflectinE dist ersal about the
linear study area. Caught betireen the tlro are juveniLe crocodLles
vhose nurlbers were relatively stable. They therefore lay be in a
strategic position to coDfer stability on overall nuobers. itesset



1 7

and Vorliqek (1986) qonclude the saue, and aptly cal'Ied this size

cla6s the rrbott leneck'r, (part icularLy the 4-5 foot sLze class).

spurlous densitv-dependencv

fhe preceding key factor analyses appear very encouraging' The

Etrong negative correlation detected bettaen rate of increase and

density, and betr.een juvenile Loss rate and density, surely nust

indicate the existence of conpensatory Dechanisus to a reduction

l-n nunbers for the Blyth-cadell- population. unfortunately life !,as

not neant to be easy' Figure 74 & b represents a hlPothetical

correlation betrreen rate of increase and dengity enanating from

non-independent data subject to randoD saDpl-ing errors, and

deDonstrates that a signiftcant negative slope is the expected

result. Ilence the null- hlt)othesis for a test of density-

independence j-a not a slope of zero' but a negative slope' The

harsh reality is that density-dependence (=compensation) can never

be demonstrated reliably frot[ annual census or life-table data

alone. ReEardl-ess, there are nany statistical tests lo detect

trprovislonaL( density-dependence (Poll.ard, Lakhani and Rothery

198?): that is, if the test results is positive, then density-

ilependence i5 assuDed cautiously untiL it can be demonstrated tith

independent data or experinentation. we used ttlree tests to search

the Blyth-cadet l censuE data for tprovisionall density-dependence '
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Fig:ure 8g illustrates a hlrpothesis of density_depenatence lrhere
juvenile Loss rate (A) changes over tine (U.!> Z!, because of the
tire trends in the density of juvenile and Iarge crocodiLes. Figure
8! & I coldpares the slopes of the regression l ines (Z,s) of alL
conplete tebporal size dlstribution data for crocodiles betrreen 2
and 7 feet ronq for the r,iverpool-ToDkinson and Bryth-cadelr rivers
respectively, The dependent variable is ^u.ubers of crocoaliles
(transfoned to naturaL logarithDs) in one foot size caregories.
The anaLysis excludes hatchlings and crocodiles over 7 feet in the
BLyth-Cadell riverE: and that for the LLverpool_Tonkinson rrve!'s,
hatchlings, 2-3 foot and greater than ? foot loDg crocoaliles. the
Lndependent valiable is crocodile sLze. Each size class nas
corrected for size-based visibility bias as outlined in the nethods
secElon, and the data are sunnarised ir Webb qE aI. (1984) as
erocodile year claEses frou 1.3 to 5.3 years old (truncated at
L983). Covarj.ance analysLs shows that, for both rlver systebs, the
slopes of aI1 eohort regressions rrere not gigniflcantly different
(Liverpool-Totrkinson: g=g.557 t dE=3/L2; BLtrth_cadell: E=0.934,

9,1=5/23r, suggestihg density-independence. TI.e reason for ttte
unusual depressed frequency pattern of crocodiles in the 2_3 foot
size class for the Liverpool-Toulinson rivers is unknown, but uay
reflect tha absence of that class frou the river systeD at the tiEe
of survev.



t9

Test 2: VarLev-cradrdell test

uorris (L963) suggested that lf the sLope of the regression betteen

EL1 and n!was signiflcantly less ttlan one, then density-dependence

nay exist. The nult h)rpothesiE is a li-ne irith a slope equaL to one.

Fiqnrre 9 illustrates- the uorris null h!4rothesis. Hoi.ever, because

both lgEt and Ng are subject to randon saDpling errors, bost slopes

are 1e9s than one. varley and Gradirell (1953) therefore suqgest

using tno regressions (!!!*, vs. gg and !! vs EL1r. and provisional

denslty-dependence is accepted onLy if (a) both slopes are

significantly lesg than one, and (b) both are on the gane side of

unity. Thls is tha nost conservative density-dependence test

(vickery and Nudds 1984) and has a high rejection rate' A g-teEt

shoved that both Elopes vere siEnLficantly less than one

(gI-3. Lo3, i l4-r/ 7. e<0. o1 ; !2-3. 045. 4€=1,/7, e<0. 001), and Provlsional

density-dapendence is therefore accepted, for the slyth - cadell

popul-ation.

Test 3: Randonisation test

This is a distribution-free likeLihood ratio test, using the

observed correlation coeffici,ent betveen rate of increase and

density to defina the null hlpothesis. The test i3 described in

detall by Pollaral, Lakhanl and Rothery (198?), and f.aiLed to detect

density-dependence in the Blyth - cadell data.

llence ve have tvo failures and one pasE, based on three different

statistical tests for dens ity-dependence . ThoEe results are
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aubiguous. Even if all three tests had passed, density_dependence
can only be regarded as ,rprovisional,r until verified by independent
data: it i9 posEj.ble that a positive result can be alerived froto
density-independent processes (polrard, Lackhani and Rothery 198?) .

DIACUgAtott

The results of these analyses generally support previous published
lrork on the population dynaDics of estuarine crocodires ( ltes'et
C! e.1'. 1981, t9g4r webb e! eL. 19s4: ltessel and vorlrcek L9g6).
Hatchling production rras extreDely vari.able, j.n conceft lrith
fLuctuating seasonal irater level and the effect that thaE Day have
on the quantity and quality of breedinq and nestingr habitat. uany
vertebrate species exhibit varLable recruithent in relation to
environnentaL variabil ity (Ni.chols 1976), and thLs lay also apply
to crocodilians (Fogarty 1974, Joanen and lrtcNeasa 1975, Nichols
1987) ' Frooding of nests of both the A'erican allrgaror and
estuarLne crocodj.le varies vith water leveL, and may affect nesting
Euccess (Nlchols 1992, Hines gg Af. 19G8, .roanen :.9G9, webb € af.
1977), Iarge crocodiles (>G feet) in both river systerBs also
exhiblted sotne tebporal instability, nost llkely reflectj.ng
dispersar betveen epheuerar and pertlanent vetr,ands as a resurt of
variable seasonal laater level. In contrast, and trapped between the
tlro dynaDicar extre'es, irere juvenile crocodir.es rrhos. nulobers
exhibited overall stability. JuvenileE had high rloss,r rates
(e.igration or nortality), and that rate ,,as graater in the hiqh



atensity Blyth-caderr popuLati;. All analyses suggest that

estuarine crocodiles at high density lay exhlbit density-dependent

nechanisDs of popuLation regulation, uostly edanating fron the

juvanile class. Hence althougth the rate of increase of non-

hatchlings nas a furlcti.on of seasonal rainfatl and the production

of hatchlings, crocodile5 uay not be at the conpl-ete Dercy of the

weather. Nonetheless, we could not denonstrate conclusively the

existence of density-dependence and hence con-pensatlon responses

to a reduction in numbers. Two out of three statisti.cal tests

failed to detect 'rprovisional" density-dependence, and hence tlra

test results were aDbignous. we cannot ignore the possibility that

the negative correlation between rate of increase and density found

for the Elytsh-cadel1 population nas artefactual, and that the

observed trends in crocodi.Ie density Day sinply reflect the

cumutatLve effects of environmental perturbations (via a randoD

lralk nodeL) .

It j.s aluost inpossible to verify density-dependence lrithin a

series of census data rithout lndependent study. For eEtuarine

crocodiles, such str.rdl.es are lacking, and that is probably tlte bost

sigmificant deficiency in our knowledge of their Population

dl,'nanics, particularly t ith respect to sustained-yLeld harve6ting.

The follotting paper suggests a Dore rlgorous approach to the study

of estuarino crocodile population dlmaDicE, called experitlental

[anagenent. We conqlude, horaever, that long-tern census data are

necessaly to generate tight conpensation hlrpotheses to test by
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ex!'eruentation in the flrEt inEtance, and to assegs the ib!,ortance
of eDvironmental variabillty to population stability. These
conclusions are supported by other studies. !.lessel g! eI. (1981),
and r{esser ard vorr.icek (1985), suggested experinental hareests of
juvenile estuarj.ne crocodiles because of their high LosE rate
Nichols (198?) suggested that experi'ental sclence anat nanageuent
should be integrated as a neans of irproving nanagernent through
better knolrredge on popur.ation dynanics , Nichors (19a7) aaldresses
also the inportance of environnental variability on life_history
paraDeters in populatLon rnodels of the A[erican alligaror.

Both coupenEation and enviroruental variability are r&!,ortant
DanageDent considerations. We cannot have sustarned_yield
harvesting unLess polrulations cotnpensate for renovaLs. Even if
coupensation is denonstrated, environnental variability has the
potenti.al to lower yields. Although the present debate on
harvesting centres on coDpensation (Anderson and Burnhad 1976,
Caughley 1985), the conventi.onal theory of harvested popu.Lations
(Schaefer 195?, Beverton and Holt 1957) ignores environdentaL

variabilLty, Beddington and ay (1972) suggest that harvested
poPulatLons take Longer to recove! frotn envaromental
pertutbatLons, lorering potential yields. That conctusion is
generally supported by eDpirical- observations froD fishe_ies
reEearch (Doubleday 1976, SisseniAne 1977, gtaples 1986), anat ha€
recently been deuongtrated for red kangaroos (Caughley 1987).
Ilor,ever, depending on the the nature of the conpensatory response,
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opposLte effects nay occur (!tay gE-eI. 1.979, Shepherd and Hoi,ood

19?9, gorr,ood c! gl. 1979)' Ife Euggest that the future r0anaEeb€nt

prospects for estuarine crocodil-es in Australia, particularly

sustained-y j.e1d harvesting, depend on research lthich address the

problerns of coupensatLon and the likely inpact of environnental

variabil ity on potential yielda.
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Table 1. Key factor rogresgion analyse3 of estuarine clocodi, le Dopulatj .oD
dynanica i!  the tr ivelDoo1-ToDtlnson (1975-83) aDd B1yth-Cade1l (19?4-1983)
riv6r 3y3teos, Nortbert Terri to!y.

Live!pool-Tonkinson Blyth-Cade11

H=f {IL) : lon-I inear but
polynonial not ! i t ted

H=-1 .12+4 .95c6
(R2  =62 .3 t ,  P (0 .02 )

l l=-2.9+0. 9{L-0.004IL,
( R ' ? = ? 2 . 5 1 ,  P  (  0 .  0 0 1 )

H = f  { C 6  )  :  n o n - l i n e a r .  b u t  P ( 0 . 1 0

{b) [on-hatchl inq rate of increase

r= -0 .85+0 .15H+0 .000?RF r=0 .58 -0 .3  ?NH+o .0211+0 .0002RF
(R2  =81 .  ? * .  P (0 -05 )  (R r=93 .0 t ,  P<0 .001 )

(c) , luvenj. le Ioss rate

z=0.04+0.08rIJ
(Rr=45 .9* ,  P (0 .10 )

z= -3 .35+1 .49NH
(R,  =72 .01 ,  P (0 .001 )

(d )  Spa t i a l  e f f ec ts

Nore ,  bu t  see
z aDove

cz -  e  =0 .97+0 .153 IRF
(R ,=60 .71 ,  P (0 .01 )

C5=1 .15 -0 .031 l r l - 0 .  044 I IL
(R ,  =72 .3 t .  P (  0 .02  )

svobols used

ll  = relative density hatchli .nqs (kD-1 river)
NII = !elative density non-batchlings (kto-r r iver)
cr-6 = lelat ive density of juveniles (kE_r r iver)
c6 =.elative density of adult aDd sub-ai lult  crocodiles {kh-1 r iver)
gIJ = antecedent {ater leve1 {f laxiduo nea! annual stage. n)
II |L = internediate {ater level {roaxinun nean atlnuaI stage, n)
RF = antecedelt seaso[al raitrfaLl (October-ttay, !r0)
IRF = internediate seasonal raitrfal l  (October-Uay, otr)
r = anDual expohentj.al rate of iacrease non-hatchlings
z = annual exponential " loss" late of juvell i les estinated fron teDpolal size
distr ibution.
R2 = percentlge exDl.ained gariance of regressi.on equation



34

ADDeatdin. Suotlary ot .lata used in analyser.

Year lJater RainfalL Rate of
increase

III C r  - 6

Ir iverpool-TobkiDsoD River3 ( 19?6-1983 )

197 5
7917
1978
r919
1980
19  31
1982
1983

9 .32
1  . 89

5 .19

5 .90

LL52
1093
115  0
992

L326
r026
385

-0 .02
-0 .01
0 .04

-0 -20
0  . 01
0 .13

0 .11
0 .35
0  . 26

0 .50
0 .21
L .20

7 .44

1 .39

i . . 59
1 .50
1 .8?
2 .04

1 .11

o .99
L .23
r . 2L
1 .34
r . 69

0.3 r .

0 .28
0 .4  5
0 .35
0 .38
0 .48

Blyth-cadel1 Rivers { 19?4-1983 )
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Fis 3a-c RAINFALL AND WATER LEVEL VARTATTONS
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Fig 7a&b CHANGE tN DENS|TY vs ANTECEDENT DENSIIY

Nrttr/

/  N t

'  'Loc"(N'-)/,)

(DENsrry)

RANDOM SAMPLE VARIATTON



Fig 8a

43

JUVENILE MORTALITY TEST USING
SIZE,/AGE DISTRIBUTION

TEMPORAL

oz

ul
TL

J

zr* t

^cy'stzE
DENSfTY- INDEPENDENCE Zt.t = Zt

oENSfTY- OEPENOENC€ 2t*t) Zt

LIVEBPOOL- TOMKINSON

DENSITY- DEPENDENCE

BLYTH - CADELL

6.0

5.O

40

6.O

5.O

4.O

3.O

2'O

'1.O

1974 0
1975 r,
1976 a
1977 l
t978 o
1979 .

a
IJJ

=

z

-)

3.0

2.O

COHONI BORN

t.o

co8oRT aoRN
1976 0
1977 .
1974 A

1979 ̂

1.3 2.3 3.3 4.3 5:3 1.3 2.3 3.3

AGE (YEARS)

4.3 5.3



Fig 9 MORRIS NULL - HYPOTHESIS

DENSITY- INOEPENDENCE

DENSITY- DEPENOENCE

sLoPE .'t ,;fixreaceer t o
SLOPE<I L)

SLOPE < 1

N r*r



45

FIE FOPUIIITIOI' DNruICA OF EAIUIRI E CROCODIIJES. rI. E:PBRITTEXTAIJ

xtIIAGEtaEtS! Ilt rEIpA, ttORTI QUEE!|ALNTD.

P. Baylisg

Proceedlngs of the 9th Working l,teeting of the Crocodile Specialist

Group of the Species SurvivaL CornrnLssion of the Internatj.onal Union

for the Conservation of Nature and Natural Resources. October 1998.

Lae, Nelr cuinea.



4 6

aurotlRY

The flrst paper Ln this series highLighted the Laclr of basLc
knovledge on the population dynarnics of estuarine crocodiles, and
predicted that it lrtil. be a significant iepedinent to their future
nanagenent.. fn thj.s paper a research progran is proposed to
ovarcobe that deficiency. and is based on experinental nanageDent.
Experihental Danageuent viess research and naDageEent as
conplenentary processes: the essential dynamics of a population are
Learnt opportunlsticalLy through an experihent centred on the need
to nanage by renoval. We propose to use that concept to inEeqrate
a disciptined study of the pof,ulation dl.naDics of estuarine
crocodiles lrith their day-to-day nanagedent at Weipa, a reDoEe
nining tor.n in north eueensland, We plan to investigate the biology
of possible conpensatory processes through detailed studies of
reproduction, survj.val and uoveDents in tanden vj.th a carefulty
controlled reduction j.n nun|bers. At the end of that study lre vill.
assess the future roanageDent options for estuarine crocodiles in
QueeDsland, particularl-y the econonical and biological feasibility
of ranchi.nq.

II|ERODOCItotf

The estuarine crocodile is

rrhich shares the tlaterlrayE

a large and potentiaLly dangerous aninal

of northern Australia lrith large nulbers
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of people. Its future conservation in nany areas !ril1 depend on our

capacity to actively Danage popuLations whose nu[bers are

controlled in one lray or another. population control i6 sinply

harvesting under another nane and denands the sane understanding

of population procedses and responses to harvesting. our present

knovledge of populati.on processes in crocodiles is lillited despite

the Dany oEportunities irhich exist worldlride to integrate

sclentific experiDentati.on lritb practicat nanageDent (Nichols

1987). This paper exabines the rational-e for an experinental

approach to population nanagement and sets out the frauerrork of an

experiDental harvest proJect in northern eueensland. The project

aims to provide precisely the integration of science and DanageDent

which Nichol6 (1987) has caLled for fron crocodiLe biologists. I'or

an interesting discussion on wildlife nanagenent as scientif ic

exlteriuentation, readers are referred to a paper by John ltacDab

( 1 9 S 3 ) .

ll,!s of PgpqlrtloD tt.lag€oeDt

PopulationE are nanaged !,ith one or uore of three princi-pal aiDs

Ln nind (Caughl-ey, rg77),

1. Conservation! denEity is increased or ualntained

through DeasureE such as regRrlatory actions and habitat

conserwation.



2. eontrol: density is

aninals or nanipulation of

4A

Ionered through renoval of

habitat.

3. llarvestinq! anibals are explol.ted frorn a

on a sustainable basis usualLy lrith a vLe!, to

or Daxinizing biological or econoDj.c vields.

populatioh

optilnlzing

Control and harvestLng are t!ro. sides of the sane coin, LDpoEing
sinilar iupacts on the population but differing in the enal_product
they ain to aehieve. control neasures Day aill to reduce a
population to the lowest lewel possible in specific areas, ignoring
the inpact that very lolr population levels nay have on the econoDic
yield fron the progranme. A harvest prolrraruBe, on the other hand,
vLII usually denand that the population is haintained at a
noderately high level. alloiring a substantiaL and sustainabte yield
to be taken. In practice, nost control prograllDes becone exerctges
In sustained-yield harvesting, whether that rras the original
intention or not.

The present [anagellent of crocodlles in eueensland revolves around
conservatj.on and control neasures, !,ith sustained_yield harvesting
a future option under active investigatLon. The need for control
of crocodile nunbers in sou6 parts of eueensland is not at issue.
What does need to be addressed is the scientific frauesork on which
a progradDe of control or harvegting Ls to be constructed and the
tneans by lrhich we can naxinize the conservation benefit floni.no
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froD a Danagebent progranDe. The latter question tlas been addressed

broadly i,n terns of the geographlcal and social contexts of

crocodile nanaEeuent in eueensland by Taplin (thls proceedings).

The focus here is on the neans by lrhLch lre can best advanca our

understandlng of crocodile population dynaBics, given that a

control- programe offers opportunities for a broad range of

EcientLf ic investigations.

Colp€Dsatl,o! procqsses atrd populatioD [atlaEe[€rtt

There are trro fundalental principles of popuLation and harvesting

dynalics (Caughley, 1995). These are:

2 .

If soue aninaLs are reDoved frou a population, the

fortunes of the otherE vitl be enhanced, and their

fesundity and/or sureivaL rates rditl risa to egEpCEgAEg

for the renovals.

If the rate of renoval is too high, the population vill

be uhable to conpensate and !.iII slide tolrards

extinction.

Most people would agree with ttlose tt'o deceptively siDpl,e

princj-ples. Dl.sagreelentE Eight arise over the €eg and stren<rth

of conpensation, lf any, which nay be triggered by reEovals in

specj.fLc populations. Caughley (1995) identif led three possj.ble

forns of conpensation - couplete, partial and zero - rrhich nay
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differ in strength and in the rray they are Dediated utthin the
population.

1. Conplete conpensation.

Here, conpensation is absolute. Nubbers lril1 average the

saDe, year after year, lrhether the population is

harvested or not. RenovaLs do not affec! the population

size unless they exeeed the extinction threshold rate set

by the aninals naxinu! rate of increase.

fihile this appears

dangerous to disDiss

unlikely Dodel-, it noutd be

as silply theoretical. Aninal-s

such aE snall nabnals and birds nay exhibit codplete

con!,ensation. Anderson and Burnhan (1975) arqued that

this uodel applies to uallards in Norlh Ameri.ca. such a

finding has the potential to change cautious uanagenenr

practices because of the unavoidable conclusion that

hunting does not affect nuDbers. Thus reg.utations such

as €easons or bag linitE becone uDnecessary, Holrever,

Anderson and Burnhan r s conclusion uas based oll
statistical inference fron uncontroLled data (band

returDs) and needs to be verified through lndependent

study.

2. Partial Conpensation.

an

it



.

Under partial conpensation continued reDoval at any

intenEity reduces populatlon size beloir the unharvested

densLty. Resources per head of the reduced population

increase because there are fe\rer aninals. Concobitantly,

fecundity and survival rates riEe, generatinE a potential

rate of i"ncrease that vould be realised if renovals l'ere

ceased. Up untiL uaxiuum rate of increase, the greater

tbe reductLon in nu.ubers, the higher the potential rata

of increase. Iihen the potential rate of increage equals

t-he rate of reDoval, the population stabilises at a

Io{er equilLbrium density. If the rate of renoval axceeds

the population's Daxj-mun rate of increase, the population

slides toirards extinction. Figure 1 outlines the

essential features of padj.al conpensatj.on. as

exenplified by a sinpte loEistic nodel

3. zero conpensation.

Under the zero collpensation nodeL, harvesting Dortal.ity

is conpletely additive. PopulatlonE do not compensate for

renovals by either reduced natural uortality or increased

fecundity. zero cobpensation is tlDified by the additive

nortality nodel, rrhich Lgnores ttle effects of fecundity.

This uodel is described in detail by Nichols (19s?). The

Dodel assunes that there is no i.nteractiot!

(=conpensation) between naturat (n) and harvest (h)
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nortality rates, and tha! total bortallty (z), acros€ aLl
popuJ.ation elasses, is at first gLance partLtioned thus:

r=h+ !

Hovever, the t!r'o nortality rates h and !! are noE
independent. If_ retnovals ceased, llatural roortaLity rould
i.ncrease because aninaLs that rrould have been renoved are
noi, at risk fron natural agents. HencE !,hen both Eypeg
of nortality are olrerating tooether there is conpetl.tion

between then because an ahinal can only dia once. sirlrply
adding h and n gives an estinate of z which is too Larqe
by the arount of overlap in the venn diagraD in Figure

2, the product rrr.' The correct relationship is given by

r= !+h_ !h

Ricker (1959) found that in Daking use of this
relationship there is no need to assu.De that the raEes
of harvestlng and natural nortality are prolrortlonal

throughout the year. Hence, the relationship holds if the
tlro rateg act consecutively or concurrentl.v,

Ihe nodeL roay apply to coDponents of a popul.ation, such as eqqs,
j-n which !'e night expect no conpensation to occur unless there is
further eEg-laying after a harveEt. For exanple, a tlT)lcal and
erroneouE argument goes like this _ natural egg. los€ rs 75*,
therefore 75t or a large nunber of eggE are potentially harvestable
nithout i'pact on the lrir.d population. The farse assunptron is ttrat
there is independence betveen natural and harvest DortaLity, and



the tlro forls of nortality are interchangeable. As !,e have

deronstrated, this cannot be. The correct vaLue for z of the

reDaj.ning wild population is 0.94 in the presence of both agents

of nortality, not zero by replaclng h lrith n.

of the three cornpenEation rnodels, partiaL and zero coDPensation are

the tnost likely fot1E in crocodiles and are the Dost irnportaDt as

they require very different approaches to rnanageuetlt. A populatLon

that exhibits zero coDpensation but is Danaged under the assunption

of partial conpensatj-on rlay easiLy be overharvested. on the other

hand, a population that exhj.bits partial coDpensation but is

harvested under zero coDpensation assumptions liay be significantly

underutilised. For gane harvest nanageDent that uay be of little

iDportance, but for efflcj.ent coElercial utl-l.ization of a vildlife

resourca it nay be very inportant. To this we can add the

conplication that. dependinE on the nature of the industry, if

population gror.th rates are less than discount rates of interest,

then the r[oEt econornical option for harvestlnq nay be to exploit

the populatj.on to econoni.c or even biological e).cinction (uay

1975). Hence questions of compensation and DaxiuuD rate of increase

are central to decisions about future nanagenent oPtions for

crocodiles. Despite this, conpensatory responses have been

denonstrated convincingly for only a handful of ltildlifa species,

adonEst rrhich crocodiles do not figure largely. Tha reagon for this

Day be found ln the predoDinance of observational studies of

crocodiliaDs over Danipulative studies, exenplifi.ed by the tl'o



basic approaches to popuration dynanics - key factor anar.ysis and
experiDentation (Xrebs 1995) .

Kev factor attalvs s

Key factor analysi; is basically a Iife_table approach vhich
exaDrnes, retrospectively, year to year chanqes in the alensity of
different crasses vithin a population in reration to factorE su.h
as age (e.9. the rife-tab1e), populatr.6n densi.ty, predation rates.
rainfall, teuperature and other environnental variabies. It al.Ds
to identify the 'keyt Dortality agents lrhich have a Dajor inpact
on population fluctuations froh year to yeat. It also provides
e€tidates of the variatioD in ihpact of:ifferent nortality factors
as a function of population density. By plottlng nortality rates
against density we can Eearch for possible density_depenalence in
the population dynauics of a species, and hence speculaEe upon the
exj.stence of coDpensatory processes. Unfortunately, Lhe regregsroD
teshnlqueE used for testing density_delrendence can do little nore
than generate lrorthwhile hypotheses for further field
invegtigation. The techniques suffer fro! air. the llnitations of
correlative analyses in lrhich densLty provides only an index of the
regulatory lechanisllsr underlying population processes, lrhether
these are intrinsic to the populatlon (e.g. spacing behaviour),
extrlnsLc (e.g. t init ing resources), or a conbination of both.
furthednore, deEonstrating density-,lependence in a series of census
data is aruost inpossibre because of saDpring varr.ation and the



non-independence of successive Eeagureuents of population change

(see Bayliss and Messel, this proceedings).

over and above these statistical and inferential problerns, houever,

key factor analysis can fail to reveal cruclal details of

vertebrate popuLation dlmanics because nost populations shov little

change under natural conditions. A costly and laboriously

constructed life-table for a population Dore or less in

nequilibriutrn [ay reveal little about its population dynanics.

wbether Euch equilibriun studies run for 5 years or 50 years is

lrrelevant because onLy the equilibriuu state variables can be

Deasured. The eoDpensatory forces contributing to the dyDauLcs of

the population rehal-n hidden. To study changa you need change. If

r,e are lucky ue nay be able !o follo!, the consequences of

environrnental perturbations such as bad weather, or peopla-induced

perturbations such as a kno$n harvast or the cessation of an

intensive harvest (as hag happened rrith estuarine crocodiles) .

llovever, even these opportunities are likely to be of ljrited value

because u€ redain coupletely dependent on undisciptined correlative

data.

Bayl"isg and ltessel (these proceedings) use a forn of key factor

analysis to exaDine population processes in the estuarlne

crocodile. The results are certainly interesting and contaLn all

sorts of lntriguing inplications. Horrever ttle analysiE cannot

deuonstrate convincingly the existence of coDpensation because it
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is the lrrong E-gIt of data. It can only poiDt uE in the direction
of testable hlTrotheses amenabLe to experinentaL investiqation. To
take our understanding of crocodite population dl,naDics into realDs
vhere the processes operating in harvested or controlted
popuLations can be understood, we need to start Danipulating
populations rrithin an exE,ertdental frauegrork.

Exberinentation.

An experiueDtal approach to investigation of populatLon atynatics
can provicle direct tests of conpeting conpensation hypotheses and,
if designed carefulLy, ean reveal the folrn and strength of any
coDpensation detected. The approach 1s baEed on disci;lined data
fron carefulLy constructed trials in which crucial factors
j.nfluencing population processes are controlLed ext eribentally.
Forenost anonq these is the density of the population itself _ a
factor over rrhich lre can exercise considerable control by direct
nanipulation. of course, a wide variety of extrinsic facEors such
as weather variables inpinge upon experinental systens and
introduce aDbignrity into the results. Nonetheless, through
appropriate use of controls, treatDeDts and replication the
influence of extrinsic factors on the experinental systen can be
estiDated and separated out f,rou the treatDent response Eo soue
extent. ExperiDentati.on provides no perfect solution to the
probLeus of population dynarics, but it doeE offer better
approxi.Dations to the truth than are Likely to energe fron purely
obEervational studies.



IBE IEIPI EXPERII{EIT.IIJ IIAVESA PNOOEC!

The opportunity to Lnvestigate the population dynaui.cs of the

estuarj.ne crocodile fro! a ex!,eriuentaL fraDevork derives fron the

socialogical problens Eurrounding crocodile tdanagelent in north-

rrestern Cape York, their key conservatj.on area in Queensland

(!aplin, these proceedings). The Queensland National Parks and

Wildlife Sereice plans to establLsh place a proJect r,rhi.ch

capitallzes on the need for active nanagelnent of the interface

between crocodi.les and people Ln Albatross Bay (site of the Wel.pa

to!.nship) to advance our understanding of the population dynauics

of exploited crocodile popul-atj.ons. Its principaL long-ten

scientific aiDs are to Deasure the response of a crocodite

population to a harvest reqitle and, by providing estj.nates of the

annual yieLd that the population can sustain, to define rnore

clearly our optlons for future active loanagedent of crocodiles

throughout the State.

fn the short-terD it lrill aiD tot

f.  identify

conpensation.

and quantify the forD aDd strength of

if any, that is triggered by a harvestt
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2. design and irq,Lenent an effactive nonitoring systeu
to Deasure the iEpact of renovals in terDs of percentage
offtake and recovery rate,

3. Daximize the conservation benefit deriving frob the
harvest by using theb as breeding stock for farns anal
zoos, thuE sulrporling the 'rvaLue_added,r philosophy of
crocodile conservation (Hines and Abercronbie 19aZ) in
Queenslandt and

4. gain nelr insights into the uovenent patterns, habitat
utilization, repraductLon and nortality of crocodiLes.

Our expectations of this proJect are realistic. The ej.nimuu
achievable resuLt is a clear Deasura of the response of a crocodile
population to a harvest regine, and a stri.ng of insights into
little-knolrn detalls of crocodlle biology. These al.one iriLl. be
sqfficient to chart a path for crocodile danageDent in eueenslatrd
in the short-tern. over and above theEe, honever, are opportunitLes
to reveal the way in lrhich conpensatory processeE are nealiated in
the population, through inpacts on survivorshi.p, reproduction and
uovenents. It is not realistic to expect that a aletailed
understanding of these couplex procelrses lrirr energe without an
enornous abount of work. NonethelesE, the project proviales an
excellent opportunity to carry these studies fon ard anat better
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deflne the questions to be asked and tbe neans by \thich they can

be addressed.

Experinental desi-qn

The study area takes in the Albatross Bay dysten at weipa and the

Port uuEgrave systeD sode 70 Lln to the north (Figure 3) - see

Taplin (this proceedings) for a broader perspectLve on the study

area. The t{ission, Pine, EDbley and wenLock rivers are breeding

systerE, thi]st the ney and Pennefather rivers are non-breedingt

hl4rersaline systeEs. The Mission and Pine rivers are subjected to

heav)' recreational use, and contain the highest densities of large

crocodlles close to waipa (Table 1).

Removal strateov

We plan to undertake an unselective hareest of non-hatchlj'ngs in

proporCion to their representation in the population. The reasons

for using thj-s strategy inj.tially are outlined belolt.

Intenslve past hunting has undoubtedly created unstable

sjLze/ age distributions, introducl,nq the Potential for

variable reactiva tine 1a9s irighin the population

treat[ents. Ihese nay confound colrparisons with the

d!.naDics of controL populations. we have chosen to

laintain the existing slze/ aqe structure after the first

harvest through proportional renoval. because lte do not

knor, that the stable size/age distribution thould be.
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Honever, the size/age structure should

towardE lts EtabLe fort! and r'il1
qnharvested stable size/age structure.

continue to nove

differ froE the

we uish to ide;tify the cohponents of rate of increase
!,here co[penEation, if any, is being effected. Renoval
of juvenil.es. sub-adultE and adults provides the
opportunity to study compensation processreE in both
Eurvival and fecundity rates.

fn terDs of the experinent succeeding, it is safer Eo
'rget a hittr before atteuptinq a rhoDe run(. Hence, as a
first Etep. lre need to understand ttle baEics before re
dive into the cornplexities of selectLve harvest
stralegi.es. civen point 2 above, the effects of selectlve
harvest (Eex and/or size) can be rnore easily inferred
fron an utrselective harvest than vice versa.

EgEs and and hatchlings are not Lncorporated in the
harvest at this stage because this lrould. siDulate faileat
recruitDent, the effects of lrhich probably Iinger thlougn
the life expectancy of a cohort. That rrould confounal
rnterf,retation of experilental results for the non_
hatchl.ings. ft is not loglstlcally possible to include
it as an extra treatoent requiring further replicates.
Nor is it necessary because such studies have beeh



conducted in the Northern territory (Webb el aI. 1986).

In additlon, continued hatchling recruitnent niLL act as

a fsafety bufferr. for the population during the currency

of the exlrerinent.

5 . A reuoval regihe lrhLch j-gnores the need to ltarvest Large

crocodiles as part of a cont-ol progranna fails to

address one of the central prob!.erog of crocodlle

Ilanagrenent in populated areas (Taplin, this proceedings) -

Treatnents

An inj.tial large reductlon is necessary to:

1 . reduca the treatuent population Co a density lrhich ig

lolr enough to generate a high rate of inqraase, inproving

the chances of detecting coDpensation responses given the

expected neasureuent probLens t and

[iniuize the perj.od of tirne necessary for the treatrnent

population to settle to lhe nev reduced equllibriurn

density elth the chosen harvest rate.

The renoval treatDent iE taitored to the fact that ve do not knorr

either lhe DaxiDun rate of incraaEe of the population or the

potential. carrying capacity of the systeu. The reuoval lreattnent
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rri.ll consigt of an estirnated 50* reduction in densrty on the
Mlssion and pLne Rlvers providing tiro raplicate systens. against
i{hich the EDbley and lienlock Rivers wilj. providE replicate controls
(Fig. 3). Allolring for the fact that popuLations are stit l
recovering frou past hunting. the nost opti.iEtic carcurations
suggest that a sot reduction is needed to detect statistically any
co.pensation responEe in rate of lncrease, if it exiEts. After the
ini.tial reduction, the aDnual rate of increase lrill be neasureal and
that incre[ent iri].I forn the treatnent ha!.vest rate, At present ne
do not have absolute estinates of population size in each treatnent
rrver. llorrever, results of a helicopter survey in ltay 19aa suggest
that a total 0f approxiDatery 100-150 non-hatchr.ing€ rrirr. need to
be be reDoved initlally (Table 1). The annuaL trarvest ro foll.ow
should abount to onry 15-20 aninals assu.ing crocodiles exhibit
generous conpensatlon at 1Og p.a. The prelirainary estaDates are
very 1o!, and cast doubt on the capacity of the systen to support
any large-scale industry requiring a sustained high level of
offtake. The essence of the experinetrt, houever, is to detenine
rrhether these initial optj.[istic estj.Dates are grossly rn error or

The study !'ill, have three basj.c colnponents (Fiq. 5). Survey work
witl colibilre spotLight and helicopter surveys to estiDace change
in popuration size fro' year to year aDd arso the size structure
of the population. These data !,iLl be used to deternine the size
and conpoEition of the harvest frou year to year. ReDoval of
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juveniles and sub-adult crocodlles ltitl be concentrated into the

October-Deceuber Period of each year to take advantage of the very

restrieted tidal regiDe in the region. RelovaL of largle crocodiles

vlll be spread throughout the year, particularly the dry season,

to allola adequate tine to trap these lrary anitlals. A key conponent

of the survey and renoval- progra!0ue vill be a detaiLed

investigation of the relationship between spotll'ght counts'

hellcopter counts, and crocodiles actual:.y present in the syste!.

catch-per-unit effort and index-nanipulation-index estiDates during

the harvest operation vill provide revlsed population estinates

frorn lrhich harvest calculations can also be revised as necessary.

The bovenent study lrlll focus on radio-telernetry and tagging

studies to identify novenents within and betveen rivers and rLver

systems. Ttlis conponent ltill assist i.n separating local effects of

the harvest on gurvivaL and fecundlty fron dispersal effects. It

a'il1 provide invaluabl-e insiEhts into the scale on whi.ch crocodile

ttlanageltrent ln the region has to operate, especially the 9ca1e of

llovenents undertaken by tratura nale and fenale crocodifes. lt !,il'l

also clarify pattern6 of habitat utilization of crocodileg of

different sex and size - an isEue of crucial iuportance to the

deEign and nanagenent of areas of protected habitat about ehich we

knon very llttle at present. The uovenent study alone provides an

oustandlnq opportunity to filL one of the biggest gaps in our

knolrledge of crocodile biology in Australia.
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The third conponent of the study, revolving around nestrng. wiII
address asflects of the reproductive biology of estuarine crocoaliles
whlch have not been exadined praviouEly. fn particular, the hatweEt
of crocodiles across a lride range of sizes (ages) and tiles lrlll
allov detailed analysis of reproductive naturation and gonadal
cycles, based on our existing experience rrith laporoscopy on live
aninals (Taplin and Libpus, unpubrished). Together vith r.nfo''ation
of Doveuent patterns of nesting fenale crocodiles in the swaDplands
of the Weipa peninsula and Tentpole creek, and assessltettls by
helicopter Eurvey of nesting effort in the experinental anal control
sysEeDs, the nestinE studies lrill fil.l a najor gap Ln knowledqe.

PotentiaL proble&s

Felt people lrould argue agaiDst the need to rnanage poputations
experirentalty, Instead the focus usually shifts Eo j.ts
practicarit ies (e.9. Ar.r.en and l(irknood 1976 0n vhares). we should
not slrDpathise with these conplaints if lre advocate harvesting or
coDtrol as Danagenent optlons for species lrhich are rongf-rived,
have a slolr po!,ulation grorrth rate, and deDonstrate little
reElliencE to habitat change: crocoatlles fit this bltl.

certainly the experinental

Anong these lre can identifv

project l.iLl encounter Eany problenE.

the folloninE;

TiDe lags in

schedules to a

the response of fecundity and survival
reduction in nrubers. The paper by Bayliss
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atrd Uessel (this proceedings) suggests a 12 [onth title

lag betlreen a change in density and a detectable response

in rate of increase, but 1t Day be longer because

dispersal effects could not be differentiated in that

analysis. opportunities itill exist to extend the

experftdent if are aletect the baginnings of a del-ayed

respon9e.

Accuracy and precision of density eEtimates. Iile need to

account for the possibility of variable catchability and

sightability bias over tiDe, and achieve a standard eFor

of approxiDately 1-2* on estinates of density. Index-

nanipulation-index and catch-effort anal-yses provide

first approxinations of absolute estinates (to liatch

aEainst offtake), to be refined further by nark-

recapture. Replicated boat and helicopter gurveys can

provide density estinates with the desired level of

precision.

InLtLal harvest rates !!ay be set too high. we will use

the observed rate of increase after tbe first yearrs

reduction to 6et the treaerent harvest rateg. Hovever

these nay have to be refined if treatEent populations

shov a contiDual alecliDe or fail to equillbrate.
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confusion of spatial and tenp-oral effects. The novenenE
study lrilt involve radio_teledetry and intensive nark_
recapture of crocodiles in alL treatnent and contro]
areas to tie dovn this probleu.

UnstabLe age/€ize distribution. Our unselective harvest
of non-hatchlings in controL and treatDent Day offer soDe
rngight into how the size/age distrLbution is reacting
to harvesting. This nay prove to be the biggest probten
and nay require longer than 3 _ 5 years to solve.

If envirouental variabiLity is extreDe over the study
period atld overshadorrs the influence of density on
population processes, then the experinental effect uj.ll
be Dasked by this. control systetls offer the opporCunity
to reDove secul,ar effects, but this uay be linited by
differences in habitat quality and the age structure of
the populations. We assune that the treatuent and control
EysteDs are Dore siDilar than different, and lrill respond
co environDental perturbations in sinilar fashj.on. We nay
have to extend the tiue period of the experiDent if
annuaL environeentaL variability is too high, or unstable
size/aqe distributlons introduce varLable responses to
treatDents.
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Regardless of these difficuLtles, the experiEental approach and

this project offer better opportunities to advance our

understanding of crocodj.Ie biology in Queensland in areag central

to population manageDent than any other approach lre Dight adopt.
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Tab le  1 .  F i l s  t
cla3ses in the
Estinates are

!our  s ize
to be leooved.

apDroxiDatiotr of clocodile nuobers in each of
exDeiibertal r ivels, ard the nuDbe! that need

derivei l  fron the Uay 1988 heLicoDter survey.

R ive r 0bse!red
nunbe!s

C o r r a c t e d
nunDers'

50t
reduction

:.laxi:oun
annual
resoval2

IIISSION R. TREATUENT
sra11 < 6 '

I l ed iuR  5 -10 '
La lge  11 -15 '
V s r u  I  

" Y d .  
, 1 q  I

31
23

1,0
4 8
2 0

31
23

I O

3
J
2
L

Total 9494 1 8 8

PTIIE R. TREITI{ENT
sna l I  (  5  '

La rge  11 -15 '

TotaI

l 8

6
0

16
32
L2
0

3 8

6
0

I
2
1
0

6 050 120

overa l I .  t o ta l
treat$ent

308 L 6

EfBIJEY R. COIITROI'
Sna l1  (6 '  25
Llediun 2-10' 4
ta lge  11 -15 '  10
ve ry  l a rge  )15 '  4

20
8

0
0
0
0

0
0
0
0

T o t a l 8 8t 4

SEIITOCX R. CONTnO!
SnaL l  (6 '
I lediun 2-10'
La lge  1 .1 -15 '
ve ry  l a rge  >15 '

Total

55

6

LL2
104
t2

0
0.
0
0

0
0
0
0

237 414

overal l  total
control

28!

1. conversion for helicopter to spotl ight counts of non-hatchlings is about
1:1 for bolh banks i!  the study area (Bayliss and Taplin, unpublished) .
Therefore conbined helicoDter counts fro|! r iver Eainstreah and t idal creeks
are c3rlected to estiDatys of absolute nuebers using a cotservative
spott j .ght cor.ectio! facto! o! 2.0 (nean of upstrean. alol{nstreaD and t idal
s idec reeks .  f roD  Bay l i ss  1997) .
2, The cei. l iog for oaxieun late ot iDc.ease ot noD-hatchlings is set at 10t
p.a., the observed rate estiDated for recoveriDg populations i!  the Northern
Telri tory (febb e! a1. 1985). Actual observed rates ot i t tcrease after
reduction, aDd heDce treatnert halvest rates, are expecteal to be ouch lowel
than this.
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Fig 2. ZERO C0MPENSATIoII - AoDITIVE HoRTALITY i '{0DEL

VENN O I AGRAI'I

S = PROPORTION SURVIVING

h = PROPORTION TIIAT I ,{OULD OIE IF THERE HERE NO I. IATURAL MORTALITY

n = PR0PoRTI0N THAT | ,JoUL0 DIE IF THER€ l , lERE N0 HARVEST l4oRTALlTy

hn. CoI4PETITloN BETIi IEEN Tl{0 TYPES 0F MoRTALITY

Z = TOTAL MORTALITY

S . 1 - Z  w h e r e  Z  =  n + h - n h
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N A T A L  P A R K S B O A R D  P O L I C Y  O N  C R O C O D ] L I A N S

David x. BIaXe,
st .  L t rc la 3936

1 BACKGROI'ND

c/o atal P!rk6 - Board crocodlle centr€'

Na!.l, south Alrrca'

I t  ls  general ly  accePted thac rhe crocodl le  1s:

a)  a l (ey conponent  in  6any aquaElc ecosysEeds;

b )  a  v a l u a b l e  n a t u r a l  a s s e !  a s . '  s o u r c e  o i  h l g h  g r a d e

] e 6  c h e r ,  1 f  t ' ! s e 1 Y  e x p r o t t e d i

c )  a  v a l u a b l e  l o t r r l s t  a r E r a c c l o n  a n d  l s  o l  l f t o e n s e

s c l e o c l f i c  l n t e r e s !  a 3  c n e  o n l y  s u r v ! v l n B  o e o b e r  o f  c h e

i ."g 
". ir*. 

Archosaurian SrouP of repll les'
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3 .1

NATAI PARKS BOA,R' CEXERAL

C r o c o d l l e s  ! ! ! l  b e  c o n s e r v e d  1 n  a l l  a p p r o p r t a r e  N a r a I  p a r k s  B o a r d
a r e a s  a n d  o n  a I I  I a n d  a n d  t n  a n y  q a c e r  € o  h l c h  c h e  B o a r d  i s
d l r e c c l y  r e s p o n s i b l e  f o r  ( h e  c o n E r o l  o f  r h e  q l L d : . 1 i e  a s  a  r e s o u r c e .
C o n s e r v a c l o n  o f  e i l d  p o p u l a c l o n s  a s  a p p l l e d  1 n  r h l s  s e c c t o n  s h a l l  b e
d i r e c t e d  E o e a r d s  . h e i .  l o n g  c e r E  s u r v l v a l  a n d  u r i l l s a c l o n .

T h e  B o a r d  s h a l l  a p p o l n r  a n  0 f f l c e r  t o  s e e  r o  r h e  c o n s e r v a c l o n  a n d
managenent of crocodi les 1n Naial  and che developoenr of a vtable
c r o c o d l  L e  i n d u s  c  r y .

3.3 Ihe Naral  Parks Board !1I l  sr! lve ro educare. Ehe DubItc as !o che
b l o l o g i . c a L  a n d  e c o n o o l c  v a l s e  o f  c r o c o d t l e s  a n d  r n ; o  d o t n E ,  a 1 6  c o
couoleracr rhe sr lgoa the crocodl le ha6 ln rhe nlnd of rhe publtc.

3 .4 The Soard l i l l  co8pLy r. lch lncernat lonal cr l re. la suggesced for rhe
conservat lon and oana8eaenr ot crocodt les rhere rhts does noE
conf l lct  olrh specl i lc local requlrenenrs aod see ro !r  thar these
scandards are nor Ioeered by other taternattonal ly lnreres.ed
p a r t l e s .  I t  e l L I  c o o s l d e r  a p p L l c a c l o n s  f r o B  a p p r o p r i a c e  f o r e t g n
Sovern[enr agencles in Afr lca rho requtre NlIe crocodl les for
iescocklng deplet€d areas of rhe specles, foroer ran8e.

As a EAnageoeot aurhorl ty under rhe CI1ES Cbnvenrton Eh€ Eoard vi l l
loplerenl CIIES re8'r lat lons rela! lng ro crocodl les,

4 . t

IJIILISATIOII AND EI'IITING

The Soard el I I  no! aurhorise !he harvescln8 of oi ld crocodt les in
Board areas unless chey are saclsf led char such reEovals are
necesga.y for solnd oanageoenE purposes.

4 . 2 Any harvest lng of et ld lal .d eggs ! ! l I  be srr tcCly conrrol led and 1n
a c c o r d a n c e  q l t h  c h e  c r l l e r l a  L a l d  d o l r n  i n  s e c c l o o  4 . 3 .

4 . 3  T h e  h a r v e s  c  l n g
lssued by che
q u o E a s  f o !  a n y

o f  r i l d  e S g s  1 n  a n y  a r e a
D l l e c t o r  l n  r e l a c t o n  c o  a
8 1 v e n  s e a s o n ( s ) .

e t L l  b €  o n l y  b y  p e r o t i
pre-d€ ce.61n€d quo ca or

4 . 4  T h e  h u n c l n g  o f  c r o c o d l L e s  t o r  r e c r e a l l o n a l  p u ( p o s e s  e l l I  n o r  b e
p e r E i c E e d  1 , n  B o a r d  a l e a s ,  e x c e p t  l n  a r e a s  z o d e d  f o r  c o n r r o L l e d
h u n c  1 n g .



Research oo crocodl les ! l I I  be according ro rhe overal ' - l '  research

o . i i . y - . r  . r , . 8 o a r d  t n  a d d l c l o n  t o  d o r ! E o r l n E  ! i l d  P o p u L a c l o o s  a n o

i . " . " ' . f " " . a . e  E h e  s P e c l e s '  b l o I o 3 y ,  1 !  q i l l  6 0 n l E o r  l h e  p r o d u c t ! o n '

p.o.u"s ing and oarket l ( l8  of  the crocodl le  lndust !v '

B.ESSARCA AXD !()NITo8ING

@TfiE&CIAL CROCODILE FATTIITG

6 . 1

6 . 2

codoetc la l  crocodl le  farEs ! , '11I  be encouraged'  bul  lhe l r  nusber t i l l

i " -  r r i l . .a  lJhere thel r  act iv l t les are dePendenc uPon the EourLsc

The Eoard u l t t  lay dosn regtr la t lons fo!  rhe estabLlshoedt  and

.""" r i *  
" t  

coorerc la l  crocodl le  farEs '  such cooderc la l  crocodi te

; ; ; -"rr ' i i  ip. i i i "  tv pernlr  Issued bv Ehe DLrector ehrch-el11-be

"" i1"".  
-  c iodl trons al  t . ta ao"n bv the Board froa cloe Eo lrne'

such fatus r l l l  be requt led lo:

6.2.I  ptovtde the Board vl th such icforral lon aod stat lst ics o

iheLr oPerat lons as t !  dey lequire;

6 . 2 . 2  p a r t l c l p a t e  l n  t h e  l n t e r p l e i a E i o n  o f  E h e  v a l u e  o f

crocodi les and ot approPrl ; !e asPects of thelr  blology

co the general Publlc '

PROBLH CAOCOD1LES

Any probler crocodl le ca9Eured or descroyed ?l l l  be deal l  ! lch as

i o l l o o s :

c r o c o d l l e s  c a p t u r e d  b y  B o a r d  P e r s o n n e l ,  t l  n o r  r e q u l r e d , - f o r

; ; ; ; ; ;a i ; ;  ty the roara, ' , i r l  b;  ofrered for sate co cosoerciar

crocodl le farre.s;

crocodi les desEroyed bv rhe Board Personnel qi I I  
-b^e -disPosed 

oi  ac

E h e  d ! s c E e t l o n  o f  e h e  D t r e c t o r  s u b j e c c  c c  S e c E l o n  l u ' r ;

lhe Dlrecior oay lssue perdl .ca for Ehe caPiure or destrucr lon df

caocod!,1e3 there they a(e a threac to hu an l l fe aod/or scock add

B)ard pe(sonnel are ' rcable !o deal ei th che sl tuaclon;

7 . 2
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crocodl les destroyed or caprured wlchouc a perbtE because chey ,ere
a rhrea! !o huDan 11fe and/or sEock, musE De surrendered co !he
8 o a ! d :

a I I  s u c l l  c r o c o d i l e s  d l l  b e  d t s p o s e d  o f  a s  1 n  S e c r l o o  A ,  o r  l n  r h e
c a s e  o t  d e s t r o y e d  c l o c o d l l e s  a i  r h e  d l s c r e r t o n  o f  ! h e  D i r c c c o r
s u b j e c r  r o  S e c r l o n  1 0 . 2 .

DISPOSAL OF {ILE CROCODI1AS8 .

N l I e  c r o c o d l l e s  f r o d  r h e  B o a r d  a r € a s ,  e i t h e r  , i I d  o r  r e a r e o ,  q n e n
avai lable for resrockiog o. sale $111 be dlsposed of !n thefol lor lng rays:

8 . I  s c o c k l n t  a r e a s  u n d e r  l h e  B o a r d r s  c o n t r o l :

8 . 2  d l s p o s a l  c o  o l h e r  n a r u r e  c o n s e r v a E r o n  o r g a o l s a r l o n s  1 n  s o u r h

8.3 purchase by che Natal  crocodl le far[els subject to rhe cl i ter lal a i d  d o e n  l n  S e c r l o n  l O . ! ;

8.4 purchase by crocodt. le farDers and orher agedctes oucside Nara.tsubjecc ro the cr i lerta latd dorn 1n Secrlon I-O.tr

8,5 suppLy ro olher forral  conaervat lon aulho1111es 1n Afr lca forreslocklr iS purposes as latd dorro in Sect lon 3.4;

8.6 by such orher rGan6 as the Board 6ay declde,

IITETNATIONAL SABEDING BIIIK - {oN-IlIDICBtrous sPEcIEs

9.1 The BoaEd s111 offer facl t l t les or fact l tEare
c r o c o d l l l a o  s p e c i e s  ! n  c a p c l e t r y r  e t ! h  a  v t e s
rro[ exi tncr lon.

the rearlng of other
to safeguardlng the&

9.2 In rhe case of harchltngs betng aval labte froo che breed!ng baokalready esrabttshed ar rhe Sr L;cia Crocodlte Cuo".. ,  i i .y , rrr f  l "
held or dlsposed of as fol lows:

9.2.1 sul lable nucbers to be held Eor breedlng and dlsplay aE
rhe Sc Lucla Csocodl le Cenrrel

9.2.2 supply Co orher for l la l  conserva!ton aucho. l ! ies r ' l
Atr lca for rescocklng purposes;

9,2.3 sold ro olher agencres or crococl l . Ie farEs slEhr.n
Afr lca:
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9 . 2 . 4  o f f e r e d  L n  e x c h a n r e
oay consider holdlng

f o r  o c h e i  s p e c l e s  t h a !  r h e  B o a r d
for exhlbic or breedtng purposes.

to R.STENTIOT OP CROCODILES Ol' CBOCODILE SKINS

10.1 Sublect to 8.6 l {ve Nl ie crocodl les ei l l  odly be nade aval l .able for
retent lon ln capclvl ty ehen rhe Board ls sar lsf ied rhar rhe ul t lnare
r e c l p l e n E  i 3  c a p a b l e  o f  c a r l o S  f o r  c h e  a n l a a l s  b o E h  u n d e r  p r o p e r
sclent l f  lcal ly and aesthet lcal ly accepcable condlt ions.

I0.2 Perul ts for exgorr ot  retent lon of crocodl le skl trs lJtU only be
j.ssued to persons who aie oanaglng and codserviog the resources, rho
a.e reglslered r l th rhe Board and ol .rh uhose operar lons rhe Boald ls
sat!sf led, or to peEsors nho have acqulred 6klns froB reglstered
crocodl le producers, or co persons eho have acqulred sklns troo rhe
Aoard, oE to Llce{ced crophy huoters.

(Origloal  corpl led by t farden, Sr Lucla Crocodl le Cenrie,  AugusE
1 9 8 7 ) .
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CROCODILES HELD AS PAII'I, OF TlfE

INTERNAI IONAI, BREEDING BANK
Davld x. Blata, c/o Natal parks Board crocor:ltle centre.st .  Lucla 3936 Iata l ,  south A! ! rca.

D w a r f  C r o c o d i l e s  -  O s t e o l a e n u s  t .  t e t r a s p i s

S i n c e  t h e  e s t a b l i s h m e n t  o f  t h e  b r e e d i n g  b a n k  a t  S t  L u c i a
Crocoal i fe Centre in l9i5 the l ,olding was rea|,ced to two males
bv 1984.

In 1985 c,ne |} 'ate was placed on indcfrnite loan to the
Port El izabeth Mus eurn as they hefd a natu.e fenale. From
this fenale, a cl.utch of eggs \ iras obtained in .19g6 which were
unsuccesslulLy incubated. In t982 j9 egqs were obtaj.ned but
only. two hatched. It  has since b,ren established that this
was due to the fact that the female was rerrovecl from the n:r1e
when she was consialered gravtd, with tf-e resul.t  tbat most of
he r  eggs  were  no t  f e r t i l i sed .

In  June  1988  tw r  fe r€ . l e  Dwar f  c rocod - r tes
con1merc la f  c ! . ocod i l €  f a r f t  (C r^ocwo t . l d )  i n
fema le  N iL  e  caocod i l es .

w e r €  o b t a i n e d  f r ( J r n  a
g x c h a n s e : o f  t 7 o

2 .

T h e s e  f e m a L e s ,  e a c h  c .  1 , 2 r l  i n  ] e n g t h ,  w e r e  i n t a o d u c e d l  t o
t h e  i a l e ,  c , 1 , 7 m  i . n  l e n g t h .  T h e  m a L e  p a o m o t l y  a t t a c k e d  t , o t h
fenrales and after one day they haal to be separate4.
Unfo.tut ' lately the snal]er ie lnale al ied as a.rrsul t  of  he:.
!njur ies. The lenaining fenale is being helal  id an adjacent
pen unt i l .  i t  is considered the nale wi l f  acceDt he!.

Lo.,g Snouted C.ocodi les -  Crocodylus cataphralctus

The holding is currer. t ly two adult  nralesj ,  one adult
anal s ix two year o_r.ds. Ihe femate and cne tr la le ar.e
p a i r  r n  c r l e  p e n  w i t h  t h j  o r l e r  r h a l  e  L n  t h e  a c l j a , c e n t
a l l . w  s ! r m u l : . t i o n  b e t w e e n  t h e  n a l e s .

f enal e

p e n  t o

Unfort luatefy since l9?5 onty or le laying has ta_ker:  place.
This wir :s i r !  the 19t,r /at6 s: .ason. Fror:  this layins r t  hat,crt i . ras
w e : e  o b t a i n e d .  I n  e a . l y  t 9 a 7  t o u r  h a t c . l i n 8 s  s u c . , ) m b . C  t o
f o o d  p o r s o n i n g  a n d  o n e  t o  o t h e r  ( a u s e s .  T h e  r c m a t n i n :  s i x
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a r e  d o i n g  w e l l  a n d  a f t e |  t h e  c u r r e n t  w i n t e r  w i l l  b e  n o v e d  t o

an extelnaL pen.

I n  o r d e .  t o  s t i f i u f a t e  l a y i n g ,  t h c  a r r .  h o l d i n s  l e n  w r l 1  b e

conc.ete 1ined. to give : . !  permanently deep pond lcurrent

drou.qhts have meant a s;evere drop in thlr  ' : ,?, t  er t3ble anC th' :

pond. ir  being leduceal to puddles),  as welf  as sFray systems t ! ,

s inulate rai"n during drought perioals.

Ceneral

while t ihe breeil ing bank has oi ly had Linited suc. 'ess to alate,

i t  is holed inprovedt holdj.ng pens w'i l l  i : laLuc e r,uccessful

breed,ins.

_ r  a - - . 1  l o R B  t L -  h . l d i - , -  r . , . _  w e r . )  - n c l u C e d  i : l  I r : e  q u b ] i c

area and have proved an ini ,erest in6 draw ca! 'dr most pubi lc

b e i n r a  u n a w e r e  o f  o t h e r  . i p e c i e s  o t  c r c c o d i l e s  i i  A f r i c e .  T h " l

crocodi les woulal  appear to be una!_fected by thi :"  nove and i i

s h o u l d  n o t  a f f e c t  t h e i a  b a e e d i n g  c a p a b i l i t y .
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SIATUS OF TI{E NIIE CROCODIIE I]I NATAI,

SOUTH A-FRICA - AUGUST 1988

Davld (. Blak€, c/o fatat palks Boardl crocoall].e centre,
st. IAci. 3935 Natal, south Alrlca.

'1 
. la<onomy

1. 1. CIASS - Rept i l ia
1.2. oRDm - Crocodyt ia
1. l .  FAMIIY - Crocoatyl idae
1.4. SPECTTS - Crocoalylus ni lot icus lauient i  t?6i
1.5. CoMMoN NAIIE - Nite Crocoit i te

Status

2.1. Vulnerable
2.2. Threat to Survival

The nain thleat to survi.val of the Nile Crocodife
vrithin Natal is cohpetit ion with huoan ir l terests.
These take the ford of a g?owing human population
whose land use and raising of dlornestic stock preclude
crocoali les being tolerated in waters in their ar.eas.
other thl-eats to their survival are recreational
usaee of watets as well as conmercial f ishing.

Poaching woulal also apFear to be a bigger threei to
crocodiles ir1 Natal thao was consj.aleredl in the past.
There is evialence of organi€edl poaching for trade in
crocodli le proaiucts foi use by n tDangas .(tr ibal

doctors) rather .:hal1 j.n skin. Thi.s tradle is being
actively investigated by the Natal parks Boarit,s
Investigation Branch and it  :s hoped to break it  in
the nea! future. The dleloandls of n,Dansas can be net
by supplies ffoio conhercj.al crocodli .-e faf lns.

2.3. Survivaf
outside the roain areas of Natal such as Nduru cade
Reserve and Iake St Luc i.a where it is afforaled fu1l
protection, i ts chances of survival are ninirnal.

Dist i ibution

Sparsely d.istr ibuted throughout n,lrth-eastel:n l :atal frcn
the Mocanbjque border in the no.th to the Tugela River in

3.
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the south. oda individuals lray occur fulther weat anal
south, eslecially duri.ng the surEler raj.ns when they tendl to
lDove over flooaleal coastal ereas anal u! ffoodled fivers.

PopuLation

Crocodj. les are wialeLy scattered throughout noithern Natal.
An accr.Eate estjrate of the population is diff icult.  The
dajor popufations occur in the NduEu Came Reserve anal in

the Iake St lucia Systen.

In an at'ledpt to estillate the polulation, arllrual aerial

coruts have been Eadle over a nuEbe! of yeals. A nueber of

factors inf luence couts. In the case of St l ,uc ia the Dajor
problen is the distribution of fleshwater in lans arorlnd
the 1ake, to which crocoali les l love as the salinity of the
lake increases, daking aerlal corxlts d.ifficult.

counts for various areas of Natal aae tefLected undier

Alpendi.r< A. From these counts the estinated lolulation of

clccoaii les in Natal is citca 4 000. This estinate is

based on the fact that nost crocoali les colurteal fron the air
are 2 nretres or rnore !n le4gth and that there is an
equivalent juvenile polulation. This is basedl on tbe
hig'hest colurts achieved to date. I lon 1988 night counts
have teen i.ntroaluceal which wifl be used. to colrelate aerlal

c ouits .

Cormercial Use of ' ' l i ld Populations

There is no official cotrmercial use of wild. populations

except for the oaldl problel! crocodli le which is captured and

soldl to clocodli le farners. As stated, theae is a trade in

c?ocodile proalucts fo! Dedic iJral purposes frorD poaching.

It j.s hoped. to lut a stop to this poachirrg and legitiDze
the tradle ilr proaluc;a with sulpIi.es :ioE co@erc ia1 fards.

A proposal aLoes lj.e befoie the Natal Parks Boaril for the.

col.Lection of eggs f ioe the St Lucia Sysree. This

lroposel is ba:1eaL on the ?ational use of a resource thet is
a,nnuafly wasteal alue to non-hatching of eggs or lredstion



and/or d.estilctiolr of bat(
vrashe.i out to sea. rhe.;:1tff";":ff;.:HT;".H1::, 

",eggs could. be rel laced by realing a p+lcentage of
hatchlings for restocking purposes if  conside!eai
nec essary.

5. Crocodile Farrine

There are currently six codmercial crocodil ,e famers inNatal plus the St lucia Cr,ocodile Centre. These farrnersoperate inde!endentl.y fron the crocod.i l .e polufation within
Natal, stock havi.ng been obtained in the oaiu froB
Zinbabwe anai Botswana. Ihe oald lrobleln crocoaii . le is solo rothetn btr the Natal parks Boarai as well es hatchLings aealedby the NatBl pa?ks Boarit at the St fueia CrocoaifJ centre.
The fams and their stock holdings are shown ulder
Appendix !.

l lh i le crocodi les are protected throughout Nata1, g?owing
huEran interests are a constant threat.  Unless sDecif ic
ronser-at_on measures are taken anai crocodi les aa" aLo,r* tohave a cohnercial  value, they face ext j .nct ion outside the
naut reseaves.

A new pol icy i l1 reslect of  c lo
and accepted by the Natar 

""";:":::;.T"IT"f:ru: 
*"

been brought into force in 19gg and should. Ie;d to the
conservati.o4 of the crocoaii le within those areas co4trol led
by the Natal perks Boarii.. ft 1s hoped that the Kwazulu
Goverdre[t wil l  accept the policy in respect of the
crocodiles fal l ing r.uaer their lrotectioir.

Ihe policy covers al l  asp.cts of wiLd lopulations as welf
as co@trercial crocodli le fanls. I t  also covers aspects ofuti l isation of wild polulations, although such aslects Eaynever be introduced!.
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II{E ROLE OF CROCODILE RAIICEING IN RI'RAL DSVEI'OPUTNT

uelvin Bolton, wooalbury Fartn' woodbury Road, us 142 via
Yeppoon, QId 4703 ' Australia.

As olght be expected, $he!e fundLng fot c locodl le ProJec!s

ha9 been dade avalLable through lhe tr'ood and Agriculture

Or8anizat ion of the Unltei l  Nat lons lhe long lerro objeel lve has

been !o inprove the r.elfare o.f PeoPle in the thitd Wotld' Th13

oay also apply to fundln8 under gone bl laleral  a8leenenls and

lt  i6 slSdif icant in that i t  tends to place Ptolec! operal lons

1n e di f feredt perspect{ve than nlght be lhe case i f  orre i tele

rorklng ni th a idrrowea, purely sclent i f lc object ive'  Ihls

paper pu11s togethe! sone thoughts on aaochlng the preseo!

connercial  s?ecles and i ts role i rr  rural  developoent in lhe

Third wor1d.

t€ Papus l€u GirEa E<Ped€lrce

It  1s oea!1t lwerty years slnce the ldea of crocodl le raoching

ras f i rst  taken sel lous1y ln Pl lG (Do*nes'  1971).  By the early

1970s GovelnEent extenslolr  rorkels tere asslgt lng vi l lagels !o

set up siEple petrs and poo13 and rere dlstr ibut lng booklets on

horr to rear crocoal i les for the value of their  skins. I t  17ag

hoped lhat the beaef i ts of lhe nelt  pol icy rould be lhreefold:

the status of the tesource sould lnprover earnings fron the

industry vould Locleese aod there oiSht be social  betref i lg ia
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counter lng the urban d. i f t  f roo vi l lages that could provlde
l i t t le or no paid edployoent of any othe! sort .  The lchede
att tacted truch lntelest in papua Nera Gutnea and overseas,

Tbe reasona why thlngs did not r .ork ou! eot l rel ,  accoral tng
!o plan have been quite yelL alocu.oented (Bolton, 19g1, Eolton A
Laufa, 1982, Eol lands, 19g7) and l t  is now gerlersl ly knoi.D that
re had to shl f t  lhe e[phasls of the plan so as !o gj .ve large
conDerclal  farEs a nore centraL role. Thig led to lhe ptesetrt
s i . tuat l .on in shich the Dajor l ly of  v i l lagels choose !o sel l
youdg crocoaliles shortly afler captule auil trost of the rearr.ng
19 carried out 1n tr.o latSe hol<lings ehtch use poulUy offat a9
crocodi le food. This is a successful  ar lang€Eent insofaE as the
villagers earD nuch oore oorey yilh Less lttpact on the
crocodi le populat iong and the resouEce l . tseff  ls evl i lent ly in
fa! bel te!  shape th6n i t  ras in the oid 1970s (Eouands, 1987).
lbe var lous t lade controls haye been descrlbed by Fol lands
(1987) but 1t  oay be rnent ioneal here that the size restt lct ions
{ere int loduced only after the vi ._l lagers haal seen for
lhengelves that the legislat ion *ou1d be in thel t  otq
ir t tetegts.

t}le questiod lhat not' arlEes 1s ,hethe. lhe Nee Cuinea
Eodel c6r or should be copieal overg€alr .  To ausrer thls 1t Fi lL
be useful to congialer l.hat dight have beed doae iD ptrC If there
bad been ao large poullry fa.ns because lhat 1s the case iE
ae9elal Aftlcan and Asla! counttleg f,here crocodile ranchiltg Ls
being considered. f t  ls al .so t lue Ln othe! parts of lhe South
Pacifi.c 6nd it is 9t111 coddron !o hea. people e:prels the
bel lef  tha! crocodi les ate best reared by uaDy people each
keeping a snall nuhber of crocodi:.es l'hl'ch s111 be easy !o
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feed. So, r i th hlndsight,  l t  is wolth laklng aBother look a!

tbe reasons why s[al1 vi l lage pens Fele ge[era].1y t lo!

€uccesaful ln PNG.

t|e ll.dtatlolrs of vt-Ua8e PalEs

Apart froo human and soclal factors there r|€re difflcultles tn

provl i lLng al l  lhEee of the baslc requi leDenls of the crocodi les

thenselves -  gate!,  l .at [ !h and food. In gone circudstancel I t

can be qulte lDpract icable !o keep Yatet ln earth Pools ?i th

only sde1l Danual puDp.r. on parts of the Seplk, fot examgle,

laater levels counonly f luctuate by uP lo ten oettea and lhe

soi l  ig porous. Plast ic 11ne!9, old duSout csnoes and Eann-off

o{1 druns rere al l  t r l .ed but the l lo i lat lons are obvious. The

probleu 1E coDpounded by lol' tenpelatules even 1n the South

PecifLc. Soa11 voluDes of eater ale usual l t  at  aEblen!

tenperature by the early hours of the llorlllng and lhis catr be

7'C or nore belo$ the lenperaEure of the large sater bodies

rhere l r l ld l  c locodj. les spedd the night.  Thls alnost certainly

coat. ibuted !o the lncidence of diseese. Where deePer Poo1s can

be provided lhey rL11 hold heat for longer but large rater

vol[ne6 pf,esen! otber danagenent probleEs if the scale of

opera!1ons ls not paoportLonal !o the vork and cost of

aaiatainLdg the nater.

The ideal, froD a cost-beaefit point of vler, tould gee[

to be to heat the pools at nlght aDd allor theE to watu la the

sun durllg the day. This ca.r be ellanged elth a coEbination of

e soler heet lnS syst€s aDd a vel l -gentLlated Sreenhouse

sErsogetreat but s back-up systeD sl tb electr ic l ty nould be ar l

obvious edvantage for co1al, set days and it i,s difficult !o see



hor.  any of thls could be sioply and cheaply se! up in aeDoEe
v111ages.

Thla ls not to euggest that evelyth1ng else was tr leal .  rngon€ sl tuat ioar, ,  fo!  hstance, bolh ,ater and teEperatule
problens oight have beer solvecl  , rL!h soDe sort  of  f1oat1n8 cage
arrarlgeDent in lakes or backvatets but lnnovations neeal !o be
developed and tested before the Deeals becoEe presEing. There ls
st l l l  scope for experloenlal  rrork at this basic leve1. To take
an extreoe exaDpl.e; 1t  ,as recedt ly reported tha! t t .o youdg q.
porosua [ore thal t  doubled thei !  pel .Sht i !  three [onlhs r l thour
accesa !o a.ry j .ater a!  al l .  They Fete kept ln a deep rubbish
pl l  ni th a conciete slab cover.  I !  I .as coDstant ly rarn anal
huEid aDd ras srarDlng sl.th cockloaches - ,hich rhe crocodiles
preaulEbly 1Lv€d on. (}{c.queen, 19gg. pers. coDn.).  , fht1e thts
dat have no pract lcal  appl icartor at  al l  l t  does shoe that
condit ions for successful  rear inS Dlght be.eached froo
ent lrel .y dl f ferent slar l ing polnts.

Ult ihately,  Siven that ealer ani l  tedp€aatures aae at
leaat adequate and that Elock is avai lable, the scaLe of
opetatlons rr111 be deterDinad by food sqpply. And, unless there
is a nutr l t lonal breekthrough, this neans a supply of high
qual i ty ploteln. l te l (nor thar proreana are species specif lc anat
hatchl in8s do seen to trake raplar grosth on iDvertebrate ar iets
auch as cockioacheg and prar.Es

bas ro be used. rh€ n.""rorr.rr]]t.]l'::T:::.:"::.::"::::"
categot ies:

- flshing or hunting priDar{ly foE clocodl.1e food
_ bteediDg f lsh or other antnals pr l l rat i ly for crocoal l le food_ col lect ing Feste f lotr  aba!tor ls,  canderies, hunl ing o!
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othel o shore acl iv l t ies

- colLect lng raste f lon offshole

In Papua lilelr Guioea 1t sas e:apected that nost falos sould be

Euatained by th€ first optlon - f15hi!8. Flsh are abundant ln

the crocodl le habitats of PNC ard often lhe catches are surplus

!o the eqds of the people. The problen ls that f ishlaS is no!

conglElent and theie are t lDes when i t  Ls inpogsible to use

lels.  Inconsistency is a fatr i l ia!  feature of f lshing every*hele

atrd ia naoy countrles there ale never any flsh surplus !o hurtall

needs. Eunt ing foa crocodl le food 1s eveir  less l lkely !o be

auccessful  and ln at leagt one lnstance has actual lv threatened

another vl ld11fe resource.

I t  l . t  aonet l [ea auggested thst f ish or other aninsls,  such

an Sulnea plgs, be bred to feed crocodl les but lhe econonlcl t

aeen to ge! overlooked. I f  one 1s able !o produce htgh qual i ty

plotein then 1l  u6ualLy dakes oore sense lo produce a saleable

Deat so lhat feediag clocodi les becodes a gecondary concern.

olre proposal lhat lvas put forward for external aid l 'as !o breed

qual l  for c locodlLe food !

UslnS reate frod an existlDg gource Ls ideal but in lhe

absence of poultry farns suppLies of raste protel ,n are

8eDera11t scatce. the biSsest abattolrs and canEeties are

likely to have a blood and bode or fl.sh Eeal plant and the

lnvesttreat lneritably puts a prlce on any alterDalLve use fot

the rasle. fhe smalle!, rural slaughtethouselr often have an

lt legular o! eved seesonal output and there 1s veay 1i t t le neai

fron a cos or a pig that can not be sold for huogn consurnptlon.

fn PNG, coopaled t.ilh auch of Africa aad Asia, there ls ro
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sbortage of proleid but even here lungs, spLeens and stor lachs
can be sold at th€ slauShlerhouge door fo! :  nore than 1! IJoutal
be eise to pay fos crocodi le food. An except ion 19 the blood,
nhich usual ly ruos !o seste. Blood, coaSuleted vi ih l fue, ls
v€11 known as a good food for ptgs, but,  to th€ author,s
knosledge, j . t  fu not being useal for tea. lng crocodt les.

The f inal  possibl l j . !y,  co11ecl lng f lsh l .aste f lon
olfshore, has enolEous poteot lal  but t l t  pNG l t  proved
sulpr laingl t  dl f f lcul t  to reaLlse. pra*n traslers operal lng in
the PapuaD culf connonly lake rwo to fou! tomes of flsh as bv_
catch for every !o re of ptaEns. For econooic reasons the
t lar lerg cair  no! br lng this arhore as crocodi le food so i t
iould have to be col lecled f lod lhe l ral . lers at sea, f t  ras
eat idated tha! this soulal  be,orth alolng for a blg crocoal l le
farD Localed nea! the halbour but there Fould be a tlro oontl
of fseasort  and a dlsturbinS nuobea of thlDgs that coulal  80
l ' rong. In Aaia trash f ish day be easier to recover but i , t  dal /
not be regarded as taash. I teae sre cer lainLy parts of Asia
nhere f isherDen r. i th cast-netsl , i1 l  voak a1I day for a catch
that eould be trealed as,ubbish ln pNc.

Ilte recovery of flsh by-catch froD offshore oight haee
gupported a large, central ised reariag scheDe such as is
Presently based on poultly farns but 1! rroulil oot have helped
Eo rear clocodl les i !  scettered eiuage holdings.

tre ldesntaSes of Centrdlfued Rearing

Cedtral ised reat j .nS

convenlentLy located

has very clear advanlage€ and if food 1s

oea! a torD lhe adeanrages nultiplr. There
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l.s Llkely to be electr ic l ty,  ski l led labour,  lo! .er coDstrucl ion

costs, technicai  expert lge and al together easler circnEstanceg

fot runnlltg a buslae3s. Moteove! current reltearch on ctocodlle

husbaddry ls llkei.y to increase the benefl,tg of goPhiaticatlon

throuSh techniquea guch as controLled lncubal ion'  set

deter[ l .nst lot l  and possibly hornone t leatnents. As wel] . ,  lhere

Bay be opportunlties to oake ooney fron toullsts and fro[ lhe

sale of Eest that lhe heal lh auchori !1es can aPprove. I l  i3

also easler to see.tbat c locodi les ate kept and ki l led hunanelt

Ln a s[all lluDber of latge farns.

In sufi0ary, !o atrsser the question: shoulil lhe PNG Bodel

of ranching be copied ovetseag? the al tgl 'er seeds to be a cleal

ryesr but one should l rot  be too optfunlst lc.  To ansser the

questionr rhat $ould ve have ilo[e in the absence of poultry

farns? ve should probably have ! ! ied to exploi t  lhe offsho.e

f ish potent ial .  Fai l lng rhat we Ehould have h6d !o fal1 back on

a careful  select lon of snal ler posslbi l l t les'  perhaps conbj.ning

sone of the food soulceg such as abattoir  blood I ' i th f iab ag

available. but lhete t'ould have beefl far fewer crocodiles in

capt lv i . ty and 1t oay have beel ldpossLble to Pelsuade vi l lagers

to accept sone of the present leSislat lonr notabl. t  the 31ze

tert l ictLons. There are lnpl lcat l .ons here fot  c locodl le

conservat iol  and fof,  CITES.

nn.hltg d Corraed'atiqt

The lalrs of latld tenure aud 1ega1 riShts e1!h legard !o

rildllfe vary froo 90t tradttLorr81 ottnelshlP ld tbe South

Pacif lc !o alsos; total  state codtrol  ia so[e Aft icsa and A3ian

couDtr l .es. lut  lD rost cages l t  19 ProbabLy true to say thet
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clocodi le survlval  depenals nainly on the people who share lhe
renaining habitat .  fnternal ioaaL t lacle restr lct ions alo Do!
aoften thelr  at t l tudes to crocodi les. there have been sode
L' lpresslve, even spectaculat,  recove!1e!,  of  crocodi le
populat ions since i t  becane unprof l table Co hun! for sklns ( the
Rlf l  Val l .ey lakes of Ethiopia ale a notable exadple) but
crocodi les and habltar ln other places a.e i lwindl lng largely
becau€e people ate not prepaled !o tolerate then. SoDe people
€at lhe eggs or,neat vhIIe others just re8ard ctocodl les as
rorthlessr dangeroug yedoln- Jn auch caaes a posit ive inceDtive
to value the lesource oigh! be a nore effect ive conEelvat iou
rreasrEe than preventlng the etport of skias. Ranching can
provide that lnceDtlve Lf lhe expecrar lons ale real ist lc but 1t
atrould be recoStrised lbat the doalels have been establlshed by
countr lea that have part iculal ly favourable circu[stance3.

tre I'llerlratlons] Resporse

Thtee yeats ago fndonesj.a and a nunrber of AfElcan countr j .es
were able to dovnl ist  their  crocodi le populat ions subject !o an
anDual quota being a8leed unaler lesolut ioa Conf.  5.21. Ihls,  1n
effect,  recognised lhat theiet 'ss at learrt  a prLDa facle case
for pelni t t ing a l ln i ted traale. But rhe procedure la1d down by
Resolut lon Conf.  5.21 i .s r . idely regarded a9 a provlsloDal ot
te&poraty deasute and the earl ier cr l ter ia (Besolut ion Coaf.
3.15) ale st lL1 held as the stanalalal  and the ul t iDate goal.
Thie ls a fine ideal; if oDly ir can b€ achr.eveal. Ihe
subDlssioDs flon Zlnbabre and Augtlalia sele basecl on years of
autvey rotk anl involved funds, resoulces and experlise IJhlch
ale just no! arai lable lo Dost Thlral  World countr ies, And ehele
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food suppl les are also l ld l t1ng and niLl  l lo!  support  a large,

organized.es! id8 scheoe then ranchlng ts 1ike1y !o conEist of

a col lect lon of sdal l  eatelpr ises based on rhetever sort  of

food happeos to be 1ocal ly avai lable. In terDs of a nat lonal or

even paovinclal  econoDy 1t oay nevet be siStrLf icant.  The value

of thls level of  ranchlng l lea i !  the fact that a lagoon, a

lake or a st lelch of r iver Dight be oanaged as a crocodl le

l tanctuary as long as l t  i9 ! .ot th i t  to rhe 1ocalg. 0f  course,

odly governnents calr ensure that village people get a falr deal

bu! in lernat lonal opportunit les can at leas! Eake this

p o 8 3 i b 1 e .

There ls a f inal  opt iorr  tha! sone countr les mighl wish ro

coDalder in order !o overcooe feed consttaints and that ia to

et(tend lbe cedtralised rearing !,yEteo beyoDd naliotlal

bouddat ies by export ing halchl ings. fhere are r . l l l ing buyers iD

industr ial ised counlrLes I ' i rh a big capaclty fo! .ear ing

crocodi les. I f  this sort  of  t rade becooes prevalen! l t  could be

nore dl f f icul t  !o regulate lhatr  sdal l -sca1e ranchin8 for skins

urrde! a quota syslem and Lf l t  rere to result  in a signi f l .cant

eupply of capt ive bred anlnals then l t  could even be couDter-

paoductive ln terd€ of, conseivlng the l'ild anlnal in lts

oaturaL envllon$ent. It seens teesonable to conclude that

raDchio8 can play e part both la ruEal develop[ent altd

clocodile conservatlon but ln so[e calren 1! [ay have to be

quite a soal1 pa!t. llakLng the dolrt of the opportunltl.es rill

require very detailed proposala fto[ the courltlies colcerned

aod speclflc, flnely-tuned resporures frod ldternatlonal

corsetYat lon bodlet.  Quotas, t loubleso[e as lhey rre, appear !o
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be unavoidable as long

lhe congervat lon sceoe,

as SoalL Eanching operat long aEe pa.t  of

Aclaiorledg@rts

the author e)apresses

L!d, for fundinS his

his grat l tude

p a r t l c i p a t l o n
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INTRODUCTION

The crocodi l ia l ls of  Brazi l  have long been the subject ofconsiderable scientif ic and commercial- interest. 
-ihese

ii:::9"^!lr:- !l1ck caiman !-1el-anosuclrus 
"it;;; 

-ah; 
";;;;caiman caiman sc +erops sclEi66FiTi€=r,friiE'.;i;";;;;."

I:f+9, -!l: broacl-nosed caiman caiman 1atirostris, tne aw-awart
cal.man L-arman sc+erops scLerops, the yacare caiman caimanvagare, _ Ene broa(l-nosed caiman Caiman I at iros tr is, EhEjw-caiman Paleosuchus palpebrosus Eid-TFr.areoFugnus palpebrosus and the smooth_fronted caimanPa+eosuchus Jriqo. naII---FE-b-1ack cainan ana uioia_ snouteacalnan ale l lsted under Appendix I of CITES and asEnoangtetect Species under the United States Endangeredspecies Act. while, the yacare caiman is l i ; i ; ;;;;;Appendix II of CITES, it is also 1isted as 

"n 
..d.no...aspecres under the U.S. Endangered Species Act.

Wlt'h the exception of paleosuchus, a1l of the Brazil ian
:1-l::i_h?:-. !: "torica rI!-EEEi-iETiizea uv ii," 

"ioii" 
-r.pti 

r"reaEner lnctustry. Today, the corunon caiman and the yacare
::: i i"_T: rhe mainstay of the crocodil ian skin induitry.rJarge nunbers of caj-man skins, estirnated at perhaps up to amilLion a year, particulally those of caiman-vacaie. 

'
conrtnue ro be raken from Brazil in vi5fEEl6n-iE-iEiionat
!,ri ldlife regulations. The comrnercial iruntinq oi i i i--ra'i ldl i.fe in Blazil has been fannea sinJJ j-Ji""irv-igez
under Law No. 5917.

Under the CITES Central South Anelica Cainan Study, fieldqlulies (Phase I - 8razil) comnenced in .rune tgeZl' ihefield.team included peter Brazaitis ( fnternationa:. 
---

Coordinato!), ceorge Rebelo of the fnstitulo Nicionaf ae
::=gylsis cra Amazonia (INPA), and CarLos yanashita of thernsE.rtuE.o BrasiLeilo de Desenvolvimento Floristal (IBDF) whoarso acted as counrry coordinaror. ii.ra-"p"iili"ir"-i"a",
Phase I wele complered on 18 Novenber 1987.' ih;-i;; 

-

continues investigations in the eastern ana norttrein regionsat the present rj-me under rhe sponsorshi; 
"f' 

woiiJ-iiiiarit.Fund/Traffic U. S.A.

I.IETHODS

Over 5,250 kn erere covered during the survey (!, igure 1.) J.nthe -states of Ac!e, Amazonia, eoias, nondonia, r,I ito cio".oanat. Mato.crosso do sul. Nine main i iver 
"v"i6*"1-zo--'ElrDularres, and associated wetlands were 3urveved.rncructlng 49 Iocalit ies more than 5O kjn apart. 

- 
Surveys wereconducted by boat ar nighr,.utilizins GiEi"rp. Iia'iilnintensity spotl ights, a! w61r as by truck and by foot durLngthe day and at night.



t02

The team made evely effolt to complement and continue
sulveys by the Bolivian and Palaguayan field teams, as well
as previous surveys conducted by Federico Medem (1983).
Localit ies rrithin suggested caiman habitats vrere selected
frorn the l iterature, past experietce of the fiel-d team, and
aelial and land naps. Sites on the upper and lower leaches
of main rivers as welJ. as sites in between were visited, as
well as associated lowland areas. For conparative purposes,
sites suggesting poor caitnan habitat i,rere also surv-yed.
Nunbels and species identit ies of crocodil ians, sj.ze
classes, sex, preferred habitat characteristics and seneral
ecological information were noted. Tine l imitations
precluded the making of definit ive population estimates, but
every effort h/as nade to observe leLative population
densities bethreen sites. specific transects i.rere conducted
in twical habitat situations in each regj-on. Travel lras
planned to rnaximize the visitation of sites durlnq
comparable envirorunental and climatic conditions.-

The tea[ encountered an estinated 15,000 to 25,OOO cainan,
representing all of the endemic species, during the sulvey.
Over 1,500 skin and blood sanples were collected for
biochemj.cal systetnatj,cs studies. Caimans are regularJ.y
eonsumed by local peoples and extensively consumed by
r^rolkers in gold rnining opelerations. These sources provided
additional study natelials such as tissue, stomach contents,
parasites, gonads, and intelnal olgans fo! pathology
studies. A11 animals were photoglaphed in the tield and
morphological dala were lecorded.

For purposes of this repolt, the taxonomic structure follows
Medem (1983 )  .

RESULTS

POPULAIIONT

Tables I indj-cates the population densities, total nunbers
of anirnals, and ntulbers of aninals per kilometer surveyed in
11 reg ions ,

Population densities ranged flom .34 aninals per kilorneter
in the state of acre to 30 aninafs per km. on the Rio
Sepotuba j.n the state of Mato crosso. On the surface it may
appea! that populations of yacare cainan are extlaordinarily
high along the Transpantanej-ra in the reqion of pocone rn
the state of, Mato Grosso, often reported as the highest
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concentlations in the pantanal. Crawshaw and SchalLer
repo-lted about 200 animals per km in 1982; er""i i i i" l cr"traano ranashrta observed E animals per km in 19g5, this Eeamsurveyed 17.1 animals per km in 1t82. At the tine oi tnerares! survey water leveJ.s i,rere at the lowest, animal
concentrations erere at thei! highest, and ponds suiveyea

::;i:;:"t"u 
the onlv najor water sources ii the surroindins

Tab1e II indicates the total ntunbers of aninals and sizecLasses for 14 Localit ies irhere transects were conduclea.

By
to

and large, nost individuals encountered \^,ere in the 90 cm1.5  n  s ize  range.

Fj-gule 2. indicates the size class conposition for anexample rlver population observed in R;ndonia ana riqure :.
_rnctlcaces the ally season pool population observed neir

Table_III indicates the sex ratio of anjrals captured in 13localit ies during the survey.

Caj.man populations are generally depleted in Acre andreglons Ln Rondonia. yacare caiman populations havedeclined,in many regions and are at ieist l i iuie--in others.'rne specles can be found in varying population densities rn
i?:! "l::: 

where sulrable habitit exisls. srnatr aveiagesaze, extleme $rariness, and l-arge nunbers of nales niqht ber-norcarols suggesting that caiman populations have been
::l1ol:ry abused vrith emphasis on the taking of females ar aElme wnen they are nost vulnerable.

Black cainan poputations '.rithin the study area indicated thesPecres !o_be seriously depleted. Howeve!, the studv arearres.rargely in the southeln l inits of the lange of lbespecies. The main range of the species in s."ri i  i" 
-" '

presently targeted for study.

Pl91d::noyt:9 caiman populations are also depletedcnloughout _the study area, and are under hunling pressure asa source of food. Much of the species range in Biazil hasyet to be surveyed.
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DISTRIBUTION:

Figule 4. indicates the present distl ibution of yacare
cainan Caiman vacare in Brazil (vertj.cal l ines). Spotted
area lndicates the reported distribution of qonunon caiman
Caiman s. sclerops. l.re noted in the field a plobable zone
of integration between the comnon caiman and yacare cainan
in a zone which loosely follolrs the Bolivia/Brazil border in
the north, eastvrard through Acre and nolth to Amazonia al-ong
the Rio Madeira and Rio Abuna in Rondonia, based on jan,
paCterns and qeneral r0orphologry.

Caiman vacare is found in southwestern Brazil from the Rio
Abuna in Acre and the Rio Madeira in Rondonia. southward
thlough western state of Mato Grosso and lLlato crosso do SuJ.
to the Palaguayan border. The northern linits of the
species lies approxinatety 150 krn north of the northern
border  o f  Bo l i v ia  and Braz i t -

Caiman s. sclerops is largely restricted to the drainages of
Ehe Amazon river system in the study area.

Figure 5, indicates
help accoulrt for the
sclerops and Caiman

the dilection of river f lows lrhich may
present distl ibution of Caiman s.

I49gI9 in Brazil.

Melanosuchus nioer is aLso restricted to the Anazon river
drainages in the study area, rrith the southeln Limit of the
range placed at Pontes Lacelda in the state of Mato crosso.
The eastern l init appeals to be the Rio Tocantins as far
south as Peixe in the state of coias.

Distributions fo! other endenic species h,i lt be given at the
conclusion of f ield studies i.n notthern l:eqions. Hovrever.
Paleosuchus is not endemic to the pantanal proper.

SYSTEMATICS AND MORPHOLOGY:

Figule 6. and 7. indicate the gradation in jae, palterns and
skull-shape of Caiman IBggIg and Caiman s. Eslglglg in
Erazr], rn the stualy a!ea, AIso indicated by the dotted
line in the viqinlty of Pocone and Cuiaba is the line of
demarcation suggested for Caiman c. natoqrossiensis and
caiman c. crocoditus uy ruEtrsfis-, 

--I3JZf-EiE- 
w6Ifruttr ana

Fuchs (1978), We also surveyed the legion of southeln Mato
Glosso do Sul where Caiman c. yacare and Caiman c.
na toqross iens isareEEl -a to -ovEr la ! - ind is t r lbu- t ion . rn is
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team could not f ind any gross morphological evidence,
:1"1-lgl.. lt1l or.ecological condirions, or geolosicai basisto suppolt Fuchs, (1971, 1974) Caihan 6rocoii.fus 

-iuUspecific
desiqnations for caiman endemic to-EiaZfT.---ii-Eact, most ofthe. demalqation regions ar:e under common :.e.re f" 

-oi -iat",

during much of the wet season each year. alochemiaii u"..y"of tissue samples fron these regions and examination of allof the study naterlals frorn the-three 
"J""lii".-,iii", 

.".""ynay further clarify these questions.

HABITAT AND ECOLOGY:

ft is-estimated that the entire range of yacale caiman rnBrazil- occupies approximately SOO, O6O stuiie-t ., 
-"?-rn:-"i,

about 175,000 ale composed oi pantanal, -i 
l i" iu.iei-iraoitat.

l?tlt ic-ortunon calman and yacare caiman inhabit a qride variar!,of habitats and are quick to occupy man_made tralitats.--iJ,
:?:l-d^br?!l- i? veqettred .,,a,,on-ii3sEi;til-i.;;;-;;;;'
rlvers, seconalary livels and streams., flooded Iolrland andlorests, roadside ditches and canals, ox_bows, LaiqJ anasmall lakes- and ponds, cattle ponas i"a--"ii""ri" ]--il"i.""r
:!l: ir:_ to be. the- preferred haLirar. eirirer spec:.es- may oeEounq sympatrically r,rith black caiman and paleosuchus. rho.are genelally not found at elevations .lorrd-Zio-ii:- 

-"-'

Black caj.man appears to prefer large open slovr moving riversand ox-bow lakes with peiipnerar vegetat.ron. we found thespecies in eraters nith-a pil as low is 4.5.

I1.1. Ig&gS-UgI!" tliqonatus !,as Largely an inhabitant oferacK $raEer streams, ke did find the species in roadsj-d.eponds and white water rivers in regioni where Ufi.f. 
"it",and forest stle.rms were common. --ialeosughus ;; i;;;;.".appeared to occupy large and small open-IliEEsl-6f te-fr-in rhesarne locallt ies as Caiman.

HUNTTNG AND 
"*r*o*]ilJ 

pREssuREs:

I l IegaI hunting in south central Brazil is irell olganized,!,rell funded, and $ridespread-

l: l:: i !, 1?.: is rapidty onsoins as welt as pressures fronrncreaslng huran populations.

Tlg::"_-!: indlcates regj.ons of intensive gold mining whelerarqe quantit ies of nerculy are being aumied inro riversystems in increasing anouit=.
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CONSERVATION and IV'ANAGEMENT:

IBDF, INPA, EI{BRAPA, FUNDAPAN, SODEPAN, plivate Landowners.
state and locaL goverlunents all arg cognj.sant of the present
threat to Brazif 's cairnan populations and are strivirt toqevelop a comprehensive plan for the management and
conselvation of crocodil-ians. To date, no conprehensive
plan has been developed nor is in p1ace. This-teatn,in
collaboration with private interests and conselvation
organ iza t j ,ons  in  B laz i l ,  aod  WwF/Tra f f i c  U.S.A. ,  i s
as6isting aII agencies and parrj.es in developj.ng a
comprehensive managenent and conservation plan. That plan
includes the protection and managetnent of lhe wild
populatj-ons, controtled uti l ization through captive
husbandry proglams, and the development of a cornprehensive
industry irithin Brazil to maximj-ze benefits frorn the
util i .zation of the cainan wildlife natutal resoulce for the
people of Brazil.

Phase I studies continued in the Anazonian reqions in Brazil
r^rhere -the main populations of Brazil 's endangared species of
crocodil ians occqrs, commencing in Decernber iggg. rl is tearn
wishes'to enphasis that any conservation and mangernent
prograrn for the uti l- ization of caiman in Brazil nust include
and be based on data genelated flon studies yet to be
cornpleted in northern Blazil in conjunction with data from
studies compteted to date, and the biochemical systematics
scudres now ongoing. While the present surveys are largely
cursoly. and are not neant to be definitive unto themseiveS,
they do serve to target species and aleas of concern and
scj.entif ic interest for mole complehensive and definit ive
!esearch.
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sEX DISTRIBUTION OF gglqe! vacare

S t a t e

R o n d o n i a
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B r a s  i  l e i e / R i o  B r a n c o

G u a  j a r a  l , t i r i n

R i o  C a b  a c a  I
R i o  P a r  e g u e y
R i o  J a u r u
R i o  S a n g r  a d o u r o
C u  i  a b a
T r a n s p a n t a n e i  r a
V i  l a  S e I a

S U I  F a z e n d e  N h u m i  r  i  m
F a z e n d a  S a o  V i c e n t e
F e z e n d a  P r o m i s s a o
R i o  N e g r o

(CAPTUR.ED ANIMALS)

IN THIRTEEN

P r o o o r t i o n

AREAS

l ' la I  es: Fema I es

4 !  I

I , , lato Gros50 do

5:o
l : 1

4 : O

4 : O

T a b l e  I I l .  I n d i c a t e E  t h e  p r o p o r t i o n s  o f  m e l e  t o  f e o a l e  q g L l 3 - a
v a c a r e  t h e  t e a n  e n c o u n t e r d  d u r i n g  t h e  c o u r s e  o f  t h e  g u r v e y .
A n i f i a l s  w e r e  i n  t h e  9 0  c n  t o  l . S  m  s i z e  r a n g e .  A r e a s  i n  A c r e  a n c t
R o n d o n i a  a r e  r i v e i  s i t u a t i o n E ,  a E  a r e  t h e  R i o  C a b a c a l ,  p a r e g u a y ,
a n c ,  J a L r r u  i n  l . 1 a t o  G r o s 5 o ,  A l l  o t h e r  e r e a s  a r e  d r y  s e a s o n  p o o t €
a n d  r o a d  s u r v e y s  o f  r o a d E i d e  p o n d E  a n d  o o o t s .
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F i g u r e  3 .  ( E O l i o t l )  I n d i c a t . .  t h e  B i z .  c l . r 5  c o i P o s i t i o n  o f  a  d r v
s e a s o n  D o o l  o o 9 ! l . t i o n  i n  t h e  P . n t . n . l .
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Abstract. The analysis of growth is an important component of many studies of
crocodilians both in the wild and captivity. Although reptil ian groMh has often
been considered to be indeterminate, this is most likely an artifact of abbreviated

longevi ty  under  natura l  condi t ions.  In  capt iv i ty ,  many rept i les  inc lud ing
crocodilians, may live long enough for growth to eventually approa(n an upper
asymptote. The 4-parameter Richards model des€ribes sigmoid asymptotic growth

and was fit to data from the literature for Allioator mississippiensis. Growth in
alligator body weight could not be analyzed with the Richards model be<ause oi a
lack of adequate data for larger individuals. Th€ Richards model did however
provide an adequate description of growth in total body length. Both the Richards
and the widely-used von Bertalanffy sigmoid model described the growth of €aptive
male and female alligators equally well. Inthe caseo{wild alligators, however, the
Richards model explained significantly more variation than did th€ von Bertalanft
model. In these analyses, values for the Richards curve shape paramet€r were tower
than that predicted by the von Bertalanffy model and suggested more accelerated
growth shortly after hatching under wild conditjons. Thu5, the description of
alligator growth with fixed-shape sigmoid models, such as the logistic, Gompertz or
von Eertalanffy curv€s, may not be warranted because of the failure of the
assumption of constant curve shape to hold a<ross treatment groups. Although
analysis with a fl€ribly-shape sigmoid model offers many advantages over the use of
simpler growth models, many growth data sets do not possess the charactedstics
required for use of these more complex methods. This is parti(ularly true with
regard to th€ need for measuremenG from older known-aged animals as they
approach final asymptotic body size orweight.
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Introduction

The process of growth is of basic importance to the survival and later successful

reproduction of all cro(odilians in the wild state as well as to applied interests that

are dir€cted towards the captive propagation and/or production of hides or meat as

commercial products. Under all circumstances, vigorous growth is generally

accepted to be a reliable indication of an individual's (or population's) state of

health and well-being. Body sizes and weights are usually easy to quantify, even

under field conditions, and growth data is therefore on€ of the first and most

common forms of information colleded in both field and/or laboratory studies of

crocodilians. As a result, growth data has been frequently used to assess the

importance of various expefimental treatments in a variety of disciplines. Growth

responses have been used for example, as criteria for evaluating the responses of

crocodilians (and in some cases their populations) to differen(es due to sex

(Mcllhenny, 1934), nutrition (Arvelo and Robinson, 1986; Staton g! ql., in press),

captive-rearing techniques (Joanen and McNease, 1977) Joaner et al., 1981),

microhabitat variation in both the wild (Murphy, 1981) and captivity (Joanen et al.,

1987), and annual climatic variation (Fogarty, '1974).

A major drawback to the analysis of growth however has been a lack of

appreciation of the data requirements associat€d with the use of available methods

forthe statisticaltesting of hypotheses from raw data. Time-seriesdata such asthat

des(ribing body weights or sizes at spe<ific a9e5 are often particularly prone to

artifacts which may be introduced as a result of the use of inappropriate methods

for statistical analysis and/or inad€quate experim€ntal design White and Brisbin,

1980.). As point€d out by these authors for example, the size or weight of a given

individual organism at time t, is not ind€pendent of irs corresponding size or weight

at time t-t). Under these conditions, standard regression techniques may result in

the calculation of deriv€d growth parameteB (€.q., asymptote, slope of a linear
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regression etc.) with confidence intervals that a.e unwarrantedly narrow. As a
result, there would be a tendency to claim significant differences In growth
betw€en treatments more often than would bejurtified.

This report is designed to survey and desffibe the major forms of growth
analysis that either have gr could be used for crocodilians. In making this surv€y, an
emphasis will be placed upon methods that genefate param€ters that could be
useful for testing hypotheses of the types that may be of interest in studies of
crocodilian biology. tn particular, r€cently developed te(hniques based on the use
of the flexibly-shaped Richards sigmoid model (Richards, 1959; White and Bfisbin
1980; Srisbin et al., 1986a; Erisbin et al., .t986(; Brisbin et al., 1986d; Brisbin et al.
1987) will be used to analyze published data for the growth of both wild and
captiv€ Alliqator mississippiensis. This r€presents the first time that th€se
procedures have been applied to the growth of a reptile-

Materials and Methods

The division of growth into determinate vs, indeterminate patterns is of
fundamental importance to understanding the role of the growth process in the life
history af individual organisms and it also provide5 a basic means of classifying the
methods available for growth analysis. Nowhere among the higher vertebrates
however, is the need for clearly delineating th€ cha.acteristics of these two
subdivisions more important than in the case of reptiles. White it is generally
accepted that mammals and birds, almost without exc€ption, reach a defined
asymptotic size and thereafter cease to grow, this is seldom assumed to b€ the case
for reptiles. Rather, it has frequently been contended that most amphibians and
reptiles, like many of th€ lower vertebrates, continue to grow throughout th€ir l ives
(e.9., Pop€, 1961; Duelman andTrueb, 198S.). lt is important to consider however,
that white many reptiles may inde€d continue to grow throughout a period of time
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equal to or exceeding their normal lifespan in the wild, these same individuals,

when maintained in captivity, may live much longer, show a decrease in growth rate

and approach an upper asymptotic limit of body size and/or weight at ages which

would normally be well beyond their ecological l ife span (Bellairs, 1969; Haltiday

and Verrell, 1988). Thus,, in many cases, the designation of reptil ian growth into

determinate vs. indeterminate categories may be an artifact of l ifespan realization

and particularly may vary according to whether free-living wild or captive-reared

individuals are considered.

It is important to realize that €ven growth which approaches an asymprore

will continue, by definition, to show increases, albeit to on increasingly small

degree, th.oughout the individual's lifetime. For purposes for this report however,

growth data sets which can be satisfactorily described with asymptotic models will

be classified as determinate growth a5 oppos€d to cl€arly indeterminate growth as

des(ibed for example, by linear and logarithmic models.

Given the above distinction between determinate and indeterminate growth,

the methods which €ither have or potentially coutd be used to analyze the growth

of  crocodi l ians can be grouped in to  three genera l  categor ies:  (1)  d i .ect

measurements of size-at-age or age-at-size, (2) indeterminate linear or loglinear

regression analys€s, and (3) determinate non-linear, in particular sigmoid, analyses.

Each of these categories requir€s varying degre€s of data set completeness and

sophistication and concomitantly requires varying degrees of assumptions to be

made about the nature of the underlying growth processes which produced the

data set being analyzed.

Direct measurements of or size-at-age or age-at-size, are the most simple of

thc available methods of growth analysis. They make the lowest demands in terr, rs

of data set complexity and require the fewest assumptions to be made concerning

the underlying growth process€s. On the other hand, these methods also orovide



t21

the l€ast amount of information for testing hypotheses concerning factors affecting
growth. These methods are wid€ly us€d by agriculturi5ts and mosr commonty
involv€ the direct measurement of the sizes of all individuals when they attain a
specific age. Often this ag€ is chosen to represent the time at which the animals are
harvested and/or sent to market. As such, these measurements have oroven
particularly applicabre to the evaruation of arternative means of captive productron
of animals for meat, hides or oth€r products (€.g., Joanen and McNease, 1977;
Joanenetal., 1981; Staton etal., in preis). A variation of these procedur€s consists
of miasuring the ages at which a given size is attained. Again, particutarty
meaningful sizes may be selected-e.g., the size at which reproduction first occurs.

Because the data generated by these methods are measured empirically, they
may be compared with simple parametric statistics with no assumptions b€ing
required concerning the nature of the grcwth process which brought the individual
to the observed size or weight within the observed period of time. On the other
hand, since observations are recorded only once for ea(h individual, no information
is provided concerning the path or trajectory by which the growth process reached
the observed point, and potentially important information may therefore be lost.
As pointed out by Pasternak and Shalev (.t983) fo, example, poultry which attain a
given body w€ight in a specified time by a concave-upward shape of growth curve,
ate more efficient and consume less total feed than other birds which attain exactly
the same weight in the same amount of time. but do so with by a less concave or
more convex-upward growth trajectory. Such differences in efficiency would be of
obvious importance to the €conomics of the production of crocodirian oroducts for
market and emphasize the importance of obtaining the most complete information
on growth that is av,rilable.

L inear ,  loq- l inear  and non- l inear  growth analysea,  un l ike the d i rect
obsewations desctibed above, require body sizes or weights to be det€rmined at
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morethan one period of time for each ind ividual or treatm€nt 9roup. Asexplained

in detail by Srisbin et al. (1987) such growth data sets may be either longitudinal,

cross-sectional or mixed, depending on whether the same individuals are measured

more than once over time. Differen<es between these types of data sets place

important constraints on the type5 of analyses which can be used.

Of the three forms of regression analysis, the linear and log-linear forms are

based on the assumption of indeterminate (non-asymptotic) growth during the

time period over which data has been collected. While this is almost certainly an

erroneous assumption over time p€riods approaching the lifespan of the animal, as

discussed above, reptil ian growth data collected over shorter time periods may

show significant fits to either lin€ar or log-linear regression models (e.g., Arvelo and

Robinson, 1986). Th€ shorter the time p€riod over which growth is measured, the

more likely a linear model will be able to successfully approximate the data.

Noniinear asymptotic models, although more demanding in terms of data set

requirements, provide the greatest amount of information concerning the growth

of an organism throughout its total growing period. As mentioned above, the

application of su(h models often suffer from a lack o{ sufficient data points later in

the growing period as asymptote is approached. In addition, the more formidable

math€matica and statistical procedures associated with the analysis of such data

have often prev€nt€d the use of these procedures by many investigators. However,

recent advances in the development of personal computing devices and the

increasing availability of user-friendly statistical packages for the analysis of

n6nlinear data (e.9., procedure NLIN of SAS, 1982) have now made procedures for

the analysis of such data more generally available. Of all forms of asymptotic non-

lineardata analysis, sigmoid models have proved the most relevantto the grorvth of

vertebrates and have been used to describe the g.owth of a variety of reptites
(Schoener and Schoener, 1978; Frczer and Ehrhardt, 198S; Bjorndal and Bolten,



t23

1988) including alligatoE (Chabreck and Joanen, 1979). Sigmoid growth analyses
will thus form the focus for the remainder of this reoort.

Sigmoid crowth Models

Until r€cently, most all sigmoid analys€s of growth were based on one or more
of a series of fixed-shaped mathematical models. Ricklefs (1967) described a
graphical method for setecting the particular fixed-shape model which best
approximated the data to be analyzed. Nearly a decade earlier however, Richards
(1959) described a single iigmoid growth model which could, through variation in
the value of a "shape parameter,, (m), generate most all of the commonty-used
fixed-shape sigmoid model1 Thus for example, when the value of Richards m = 0,
0.667 or 2.00, the Richards model becomes the monomolecular, von Sertalanffy or
loginic grolvth models resp€ctiv€ly, and when m approaches a value of t.OO the
Richards model becomes the Gompertz model (Richards, .1959). As the numerical
value of m chang€s, the shape of the sigmoid model is altered, with the ooint of
inflection (the time of most rapid growth) occurring progressively later in the
growing p€riod as m increases (Figu.e l). When m = O (the monomolecular model),
the point of inflection oc(unr at the time of birth or hatching, and growth rate
oecaeases exponentially throughout th€ entire period of postnatal growth
(Figure 1). Later modifications in the formuration ofthe Richards model (Brisbin et
al., 1986c) and the development of procedures using this model to statistically t€st
hypotheses concerning growth (Whit€ and grisbin, lggo) have addressed several
p.oblems that had hithertofore been associated with its use (Davies a nd Ku, 1977;
Zach, 1988). In particular, the rate-parameter (K) hasbeen replaced in the growth
equation with the parameter T, the inveae of the proportional weighted mean
growth rate. which, as express€d by Richards (1959), "...probably represents the
period of development as well as any other figu.e derivable from an asymptottc
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function." This transformation has improved convergence characteristics of the

model and has provided biological reality and meaning to the interpretation of the

parameters derived from the analysis (Brisbin €t al., 1986a; Brisbin et al., 1986c;

Brisbin etal., 1986d; Erisbin etal., 1987).

As demonstrated by White and Brisbin (1980), th€ most realistic estimation of

confidence intervals associated with parameters derived from use of the Richards

model, are obtained through the use of the process error form (i.e., growth in size

or weight (qrydt) is expressed as a function of increasing body size or weight).

Howev€r, such studies require longitudinal growth data sets in which the same

individual is measured and/or weigh€d repeatedly until final asymptote is attained-

often a period of several decades in the case of most crocodilians. Asurveyof the

published growth data available for the American alligatof (Brisbin et al., 1986b)

revealed that insufficient data of this kind was available for this species, particularly

in the wild state, and as a result, data was analyzed in the present study using the

integrated form of the Richards model, as modified by Brisbin et al. ( 1986c):

w, = [a,,--,- (a,,-., -*:- ̂ ,) -" (+ (-.,)]'-- (1 )

where: Wt and Wo represent measured body weight or length at time t and at time

t = 0 (i.e., hatching) respectively, A equals final asymptotic weight or size, and T and

m respectively represent the length of the total growing period and the Richards

curve shape parameter, as described by Ri€hards (1959) and discussed above.

Equation (1) was fit to growth data, entered as measured altigator body

weights and/or total lengths at known age5, using procedure NLIN of the Statistical

Analysis System (SA5, 198:). ln conducting this procedure, Wo was entered as an

observed value--b€ing calculated as the average of all published values surveyed for
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body weight and/or total body length at hatching (i weight = 0.590 kg; n = 39;
Ar thur ,  1928;  Mct lhenny,  1934)  ( i  tength = 0.296 m;  n=42;  Ar thur ,  1928;
Mcllhenny, 1934; Ditmars. 1936; Duffy, tgO3; Fogarty. 1974). Th€ parameteE A, T
and m in Equation (1) were allowed to vary and values which minimized residual
sums of squares were recorded as indicating final asymptotic length or weight (A),
the time required to approximate asymptote fl-) and the path or trajectory (m)
taken by the growth curve in attaining asymptote (A) in T years.

The above ptocedure was considered to represent the "complete,, model and
was then rep€ated with the constraint m = 0.66; (the .reduced" modet). By s€tting
m=0.657 in  Equat ion (1) ,  the Richards model  is  t ransformed in to  the von
Bertalanft model as used previously for many analyses of reptil ian growth (e.g.,
Fabens, 1965; Schoener and Schoener, 197g; Frazer and Ehrhart, 1985; Halliday and
V€rell, 1988), The increase in residual sums of squares resulting from use of the
reduced vs. th€ complete models to analyz€ the same data set was then evatuated
with an F-test as described by White and Brisbin (j9gO). Asignificant F-ratio in this
test was taken to indicate that the parameters (A, T, m) g€nerated by the Richafds
model described the growth data better than those of the von Bertalanffy model.
This procedure was repeated for each of the four mare-femar€/wird-caDtive alioator
growth data sets.

A igator Growth Data
The Richards growth model analysis was applied to a data base of published

values describing growth of the American altigator, as obtained from a ieview of
the published literature on this species (Brisbin et all, 19g6b). The references useo
included 4 and 18 refer€ncc sources providing data on the growth of freeJiving
wild and captive-raised atligators, regpectively, as follows (numbers following
hyphens indicate the number of individuat data points contributed to the analvsis
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from each source): wild orowth data: Mcllhenny (1934)-101, Duffy (1963)-7,

Fogarty (1974)-4 (total = 112 data points); caotive orowth data: Anon. [N.D.l-1,

Ditmars (190712, DitmaB (1910)-2, Boulenger (1914)-2, Schmidt (1919)-1, Arthur

(1928F14 Barbour (1928)-2, Oitmars (1936)-5, Angel (1942)-1, Cook (1942F1, Bothe

(1948)-9, Brandt (1948)-2, palmer (1952)-3, Austin (1962)-2, Dowling and B.azaitis

(1966)-1 l ,Nei l l  (1971)-2,  Coulson eta l .  (1973F2,Joanen eta l .  (1981)-10 ( to ta l  =  72

data points). Each data point used consisted of either total body tength (m) and/or

total body weight (kg) measured at a known age (express€d as the nearest 0.Ol

year). In addition, because of a lack of actual measured data points for older

alligators in the wild, 2 additional data points were added, consisting of the

estimates made by Chabreck and Joanen ('1979) for the predicted total body lengths

which would be attained by wild male and female alligators in Louisiana at the

times that they pr€dicted, on the basis of the von Bertalanffy model, that

asymptotic :izes would be obtained (80 years and 45 years for males and females,

resPectively).

Literature data was classified according to sex, with the designation

"unknown" being used for all cases where the literature source did not specifically

the sex of the animal measured and/or the animal was too young to be reliabty

sexed by external characteristics. Data for immature animals of unknown sex were

included in the analyses of both sexes. Animals with body lengths greaterthan 3.1

m that were not identified as to sex were classifi€d as males be(ause of the tow

probability that any female alligator would exceed that I€ngth.

Results

The results of fitting alligator growth data to both the Richards and von

8€rtalanft sigmoid models are summarized in Table 1. Data for growth in body

weight failed to converge to both the Richards and von Eertalanffy models more
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often than did data for growth in body length, which showed convergence in a I
ofthe cas€stested.

Even in those cases where body weight did converge, biologically unrealistic
parameter values were often produced. particularly in the case of the Ri€hards
model where the only conv€rgence of body weight data produced an unreatistically
high estimate of an asymptotic body weight of 399 k9 being attained by captive
males in only 3.45 yea6! Even if these €stimates had not been so obviously
unrealistic. the inappropriateness of this data set for such a sigmoid analysis would
have be€n further indicated by an unrealistically high m value of 18.i. As exptained
by Fl€tcher (1975) large changes in the value of m above the range of 4.0-5.0 will
r€sult from relatively minor shifts in th€ actual shape of the resulting sigmoid curve-
-specifically the amount of {inal asymptotic size which has been achieved when the
curve's point of infection occuB. Thus, these larger valu€5 of m can serve as "red
flags," warning ofanalyseswhich are ina ppropriate for the data set being used. tt is
interesting to note that analysis of this same data set for captive male body weight.
with the von Bertalanffy model, produced biologica y realistic parameters
indicating the attainment ofa body weight asymptote of 118 k9 in 20.2 yea6. The
meaningfulness of the results produced by this von Bertalanfly analysis must be
questioned however, in light of questions concerning the ad€quacy of the data set
for such sigmoid analysis as indicated by the failure of the Richards model to show
conv€rgence. The parameter estimates produced by the von Bertalanft model for
captive females must be viewed in the same light and were even less biologically
realistic Oable 1).

F-tests comparing analyses with reduced vs. complete models indicated that in
the case of body l€ngths of .,vild male and female alligators, the use of the Richards
model resulted in a highly significant reduction (p<0.001) in the residual sums of
squares vs. th€ u5e of the von Bertalanft model to analyze the sam€ data sets
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(Table 1). There were no such rig n ificant differences, however, in the case of either

captive maleg or captive females. The values for the curve shape parameters

produced by the Richards analysis of the captive alligators (m = 0.499 and 0.318 for

males and females respectively; Table 1) were much closer to the set von Bertalanffy

value of m = 0.667 than Were the comparable values for wild alligators (m = 0.150

and 0.047 for males and females, respectively; Table 1). Thelowermvaluesforthe

wild growth Gurves indicated that in comparison to the improved fit with the

Richards, the von Bertalanffy model tended to underestimate the growth in length

of wild alligators between hatching and above 6 years of age, and then tended to

overestimate growth at older ages as asymptote was approached betwe€n g-lg

years of age (Figure 2). However, no such differences occurred in the case of the

growth ol captive alligators (Figure 3)-

Discussion

The analyses reported here indicate clearly that growth in total body length of

American alligato15, and by implication other species of crocodilians as well, can be

described by nonJinear asymptotic sigmoid models. The failure of data for growth

in body weight to converge and produ(e biologically realistic parameters in most

cases, was probably related to the lack of sufficient data for whole body weights of

known-age older adults near asymptote. In the cas€ of wild males for exampre, no

data are available for body weights of animals old€r than 19 years of age, even

though substantial increases in body weight were stil l occurring at that age (Figure

4). This was probably the result of two factoB. First, alligatoE cease to grow in

body length long before they stop increasing in body weight, and secondly, the

pracical measurement of body weight is much more difficult o't larger individuals

than is the measurement of total body length, again contributing to a lack of

sufficient asymptotic data forthe former.
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The greater reduction in residual variance by the Richards vs. the von
Eertalanft model was not unexp€cted. In-every case where th€ same data set is
analyzed with a fixed-shape model which is part of a .,nested" series of models
within a parent curve, the parent curve (in this case the Richards model) will always
produce a residual variance that is either less than or equal to that of the fix€d_
shape model. This is a mathematical necessity as long as both models converge to
normal solutions. The fix€d-shape and Richards modelswill only perform equally in
reducing residual variance when the value of the curve shape parameter produced

bythe Richards model exactly equals that of the fixed_shape model. Inthecas€of
the present data for example, the residual variances of the Richards and von
Bertalanffy models did not differ statisticalty (although that of the Richards was
always lower) in the cas€ of the captive animals whose shape parameter varue5 were
closer to that assumed by the von Bertalanffyr than was the case for the wild
animals. In the latter case significant diff€rences were indeed found between the
two models. Thus, the more the value of the shape parameter of a Richa rds a na lysis
diffeB from that assumed by a specific fixed-shape model, the more likely it will be
that the Richards model wilt provide a statistically significant reduction in residual
variance. In makinq these comparisons, however, it is not a question as to wheth€r
the Richards or von Bertalanffy (or any other fixed-shape model) is "b$t" at
reducing residual variance. Although the Richards model will always be the "best"
in that regard, it will. whenever the data set is appropriate, actually !9!9Eg the
fixed-shape model as its shape parameter value approaches that assumed by the
latter. The von Eertalanft model, for example, !! a Richards model with a shape
paramet€r of 0.657.

s€veral prerious studies using fixed-shape models of reptilian growtlt have
compared the fits of more than one of these models to their data. Th€ythus have
undertaken in a preliminary way, the sam€ type of evaluation which was oerformed
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more thoroughly here with a single analysis using th€ flexibly shaped Richards

model. Comparing the fiG to one or more fixed-shape models limits the choices of

"best fit" to only those particular models chosen for study, while use of the Richards

model allows for th€ selection of any shape of sigmoid curve-including those which

may be intermediate in shape between the various fixed-shape models. An m

value of 0.25 for example, would indicate a curve shape interm€diate between that

ofthe monomolleculaf (m=0) and von Bertalanffy (m=0.667) models, and no

fixed-shape model is currently available to describe such a pattern of growth.

Attempts to compare the fits of several fixed-shape models to reptilian growth

data have produced conflicting results and confirm the findings reported here that

the assumption of a single constant shape of sigmoid growth curve across species

and/or experimental treatment groups is almost certainly unwarranted. Schoener

and Schoener (1978) for example, found that the logistic modet (m = 2) described

data for growth in size of Anolis lizards better than the von Bertalanffy model.

Frazer and Ehrhart (1985) and Bjorndal and Bolten (1988), however, found that the

von Eertalanffy model described the grorrvth several of body size parameteB of sea

turtles (Caretta caretta and Chelonia mvdas) better than did the logistic model. The

results of these latter studies ate therefore more similar to those reDorted here for

alligators and suggest that there may be a tendency for reptil€s with larger body

sizes to show gro\,vth curves with shap€s defined by lower m values (0.050-0.667)

than smaller sp€cies. Nevertheless, the results reported here would caution against

the assumption of any single curve shape as typifying growth within a species since

the growth curve of the alligator alone varies in shape from m values of O.O5O to

0.0657, depending on whether wild or captive g rowth is being considered.

The tendency of captive alligators to show body tength growth curves with

lower m values than those of their free-living wild counterparts suggests that early

groMh of the captive animals is somewhat delayed in comparison to that of free-
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l iving individuals. Th€ find ings of Brisbin et al. ( 1986a; i 986b, 1987) have suggested
that in such cases, the higher m values of the captive grovrth curves may be the
result ofsuboptimal conditions or stress during the early part of the growang period,
as compared to free-living wild conditions. This may not be un.easonable when it is
considered that the maiority of captive growth data used in this sruoy were
collected in the early tgOOs (e.g., Ditmars, .lgO7; Ditmars, tgt O; Ditmars, .193G) when
the technology for captive ptopagation was not neatly as advanced as as presenfly
the case. lt would be important to now tepeat these analyses when comprete
grolvth data sets become available for alligators raised under more advanc€d
conditions of housing, feeding and general captive management (Joanen and
McNease, lg77; Arvelo and Robinson, .19g6; Staton et al., in pr€ss). tt is important
to note, however, that despite a slow€r,tart in growth, captive male alligators
actually approached their final a5ymptotic size in less time than wild mates (T = 14.0
v3. 21.4 years respectively; Table 1). Th€ wild males, however, eventually grew to a
larger asymptotic size (4.i5 vs. 3.10 m respectively; Table 1). The asymptotic tength
of captive males, which was actually lower than that estimated for captive femal€s,
i5 probably another indicator of inadequate conditions for exoression of maximum
growth potential under captive conditions. practical problems and risks associated
with the restraint and measu.ement of the larger males probably also contributed
to th€ lack of sufficient data to accurately estimate asymptot€ (no data was
available for males over 24 years of age in this tr€atm€nt group).

s€veral factors combin€ to suggest that quantitative comparisons of individual
growth paramete6 between treatment groups (White and Brisbin, t 98O) would not
be warranted here. Comparisons between male and female growth parameters for
example are contpromised by the fact that the same data for juveniles of unknown
sex were included in both male and female analyses. Despite this fact, however, rne
curve-shaped parameteB for mal€ and f€male growth curv€s differ€d by as mucn as
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three-fold (0.150 vs. 0.047; Table 2) within the wild treatment group alone. This

indicates the strong influence that later growth can exert upon the determination

ofthe overall growth curve shape-even when early growth patterns are otherwise

identical.

The use of body length estimates from Chabreck and Joanen (j979) for wild

male and female alligators at ages of 45 and gO years .espectively, undoubtedly

improved the ability of the Richards model to estimat€ asymptotic sizes in these

analyses. Although these two estimates had been obtained by these authors

throuqh the llse of a von B€rtalanft analysis, any bias that may therefore have

been introduced must have been minimal since it was precisely these analyses of

wild growth data that differed the most from the von Bertalanffy curve shape
(Table 1). Th€ parameters A and T, as produced here by the Richards model

however stil l closely approximate the findings of Chabreck and Joanen (1979), who

report that wild male alligato6, "grow fairly rapidly for 20 years"--an age which

dosely approximates the project€d length of the total growing period for wild

males in this study (T = 2'1.4 yeaB; Table 1). Similarly,these authors found thatthe
growth of  wi ld  females dec l ines cons iderably  a f ter  age 10,  again c lose ly

approximating the results reported here by the Richards mod€l (T= 12.3 years;

Table 1).

When the Richards model is used however, further comparisons between

treatm€nt gfoups can also be made with resped to the age at which the gro\,vth

curve's point of inflection (time of most rapid growth) occurs. (wh€n the von

Bertalanft model is used, the point of inflection must always orcur when body

w€ight = 29.6% of asymptote and is not free to vary.) Inthe case ofthe Richards

analyses presented in Table l, growth curve infledion points all occurred early in

the growing period at ages ranging from at or slightly before hatching (wild-
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females) to 1.45 years (captiv€ mares). In both sexes, the €ffect of captive-rearing
was to delay the age at point of infl€ction by about one y€ar fo, each ofthe sexes.

Eecause variable curve shapes are permitted, the Ri<hards model can also
allow the detection and quantification of differences in the ages at which particular
subasymptotic sizes are attained, even when the data sets in quegtion attain the
same asymptotic sizes in the same lengths of time. This is because, in the
reparameterized Richards model used here, m (curve shape) is fr€e to vary even if A
(asymptote) and T (growing period) remain conrtant (Brisbin et al., 19g6c; Brisbin et
al., 1987). The rate at whi<h such subasymptotic sizes are attained may often be of
more biological and/or economic importance than the attainment of asymptotes
pg! se. As in the case of other domestic livestock and poultry marketing operauons
forexample, few cro(odilians on commercialfarms are ever kept until asymptote is
achieved. Rather they are usually marketed at,om€ smaller body size, depending
on vanous economicfactors. Similarly,the population dynamicsof wild crocodilians
are much more influenced by the age at which first teproduction occu6 than by the
attainment of asymptote and in actual fact, probably few wild crocodilians ever live
to reach final asymptotic size. The accurate assessment of growth curue shape is
particularly important In thes€ assessments since in many cases, a9e at first breeding
seems to be more closely related to the attainment of a minimal body size than it is
to a specific chronological age. In the case ofthe American alligator for example,
females seem to become reproductive when they attain a body length of about l.g
m (Bellairs, 1969). Th€ Richards analysis for wild femal€s (Table 1) would predict the
attain ment of th is size at about 6.4 years of age, about 0,5 year later than wou ld be
predicted from the von Bertalanft analysis of the same data. Although these
estimat€s do not differ strikingly, it is possible that various factors could stress
growth and th€reby further alter growth curve shape (e.g., Brisbin et at. 1986a;
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Brisbin et al., 1987), and only analyses with the Richards model could detect such

changes.

Finally, no assessment of the use of the Richards or any other sigmoid model to

analyze growth should fail to mention the demands that such analyses must make

on the quality and charaderistics of the data 5et5 to be analyzed. Aspointedoutby

Brisbin et al. (1987) and Leberg et al. (in press), many data sets do not warrant

analysis with such complex models because of inadequate coverage of the entire

growing period (e.9., Figure 4) or because of biases in ways in which the data has

been collected. As has been point€d out for the analysis of growth in body weight

by wild male alligators in the present study for example, an analysis using a fixed-

shape sigmoid model converged to seemingly realistic pa.ameter values ev€n

though an analysis with the more demanding Richards model Oable 1) indicated

that the data s€t was probably inadequate to justify such an estimation pro(edure

(unless of course there were an q pligli reason to presume a specific value for curve

shap€, which would seldom if ever be the case). Under such conditions where the

use of the Richards and/or other non-linea|' sigmoid models cannot be iustified by

the quality of the data base available, simpl€r methods of analysis such as linear or

log-linear regr€ssion and/or parametric analysis of directly observed size-at-age

values should be us€d. Within the limitations described above, :uch simpler

methods of grovt/th data analysis can often permit more meaningful conclusions to

be drawn concerning the process of growth than would be the case with the

application of models with u nwarrantedly g reat com plexity.
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Diagrammatic representation of a family of sigmoid growth curv€s

such as would be g€nerated from the Richards growth model by

varying the value ofthe Richards curve shape parameter (m) across the

vafues ind icated.  When m=0,  0 .67,  or  Z.O the curves are the

monomol lecu lar ,  von Ber ta lanf fy  and log is t ic  s iqmoid models ,

respectively, and when m approaches j.O, the Gompertz model rs
produced. A and TA represent the parameters quantifying asymptote

and the tim€ required to feach asymptote (A. and T from Equation (t ))
respectively.

Figure '1.
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Figure 2. Growth curves for wild free-living male and female American alligators,

as described by the Richards (solid line) and von Bertalanft (dashed line)

sigmoid models. Growth curves were generated by substituting

parameter values for A, T and m, as given in Table '1, into Equation ( 1).
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Figure 3- Growth curves for captive-raised male and female American alligators, as
described by the Richards (sotid tine) and von Bertalanffy (dash€d tine)
sigmoid models. Growth curves were generated by substituting
parameter values for A, T and m, as given in Table l, into Equation (1).
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Figure 4. Body weight data for freeJiving wild male American alligato15 as a

function of incr€asing age. Attempts to desffibe this data, with

nonlinear sigmoid models, failed to produce convergence to biologicalty

meaningful parametervalues Cfable t).
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INTRODUCTION,

Of  the  c rocod i l i ans  fou t l d  i n  ve te :ue l . ,  r l e  r re r , , ? r . i r : ,  , . J i , i i . i / )
cJAcgL i -U t  i s  t / t e  spec ies  n ' i t ! t  t he  p i c les t  o l s t r tDL t r  ! . , i  . 1 r ,1  : t . .
gaeatest abunclat1ce.

I n  p r i n c i p l e ,  t , v o  s u b s p e c i e s  t h a t  j n h e b i t  t . h c  . L r ! / r . r , .
recogt l ized: L-2,._SLA99Li-LUS - and ,a., ,c . .  . - f ,u,_t_c.!Js, IAs, i r -- .a - ! . i .  ,s
tr ldespread in the Hici-Vastern and gsster i  L i , t r1. .s : i / r , : l
lotr land€ of juayane. The seaond ore is- restrrcael l  t . .  t !1e al- : : .  je

l laracaibo Easin and the yaracLiy , i i \ ,er r , i . re4ler,  / ! r i ' . : .  , . - ,  t .
S e i j a s ,  1 9 8 6 a )  ( f i S . 1 ) ,  N e v e r t h e j s s s .  s o r ) E  J ! t / r 1 r / - - :  f , - o n s , . 1 : : -  - , r i ! r
the populat ior ig of Cayitan in the Guayane Fe9/orr , : . " , -r t ' , : ' . , . . : j , ,J i  - ,
s u b s o e c i € s  d i f f e r e n t  f r a n  t h e  p r e c e t i n J  a t l e s  ! A o r : u ! a .  l : . r , :  :  i
Tal  ler scbre Conservaciot i  Ce 1a eabet s/ l  t /e/?g_-u-r i  - . . ,  ) .

I n  a n y  c a € e ,  t h e  p c p u i a t i o n  o f  t h e  | i d - F e s i e . r 1  L  t . i l l L - . s  F " , :  . j , r  J
the Otre ihiah ha6 Suffered inrense t7 'r t1 '  t  !1!-  l : fesl : i ] .g r . , , : ,  .  i_, i i
- c , . ' r t i e 9 .  7 h i - r  p r e s s s r e  f ' a s  e p p j r e n t l . v  b e e n  s 1 g t 1 1 f i c e n r . ! y  a r a l r a /
t h a n  t h e  o n e -  t h e  F c p u l a t i o n  t : 1  , 1 u a y a n a .  t  a i e . . . - . i j  ; ! ,  a .  _ , . i , : r
a u t h o r s  ! 6 0 r z u i e  a n C  P a c l i l l c ,  t : 1 6 6 j  i  g t l t - .  i . a \ | . -  : ; t i f . j t { : t .
t h o u g h  n o  e v a l u a t . i a n  c f  t h e  , ' d 4 t 1 i  ? . t t , t a  . : f  r ! 1 i s
rveveirr re ress,  .4, ; ;y t i ;  i  n;  p;  ; ; r . i - i r  i i i " '  t " . - r  

- i ,n"r '  
u l - t i r . , , . : r ; . , , : i . j

o c c u f e d ,  n o t  c t l l !  i n  G u a y a n e  b u t  t t l  t h e  5 o ! t , t \  . . .  - , i  ' :  i ; , r .
M e r a d e i b o  a s  o e j i .  T h e  n o s t  i i y ' j e ) y  c - - s  t  i  / r , r  t  1  c r , . s  . f  t i 1 e  : / . r . . , s
t t o u l d  b e  f r i ! 1 i d a d  e n d  C c l o n b i a ,  . g s p : r . f  r - 1 . : j . l _ ! ,  ; a , s ,  : l r . : , :  - , . -
a n p l e ,  d u r i n g  1 9 7 9  a r l d  i t 9 0 ,  : - : 0 , 1 i 5  . i n O  l . : r .  i r 3 : '  c , r ! r ' d ,  . t , t r , .  , : . r ' j
V e n e z u e l a  N e r e  r e g i s t i r e c i  i t 1  t ! 1 , -  i D t e r ! 1 a t i ( \ D : t l  t n a r t , , t t  t t l . a , t ! t , :
C a l d w e l 1  ,  1 9 6 6 ) .  t A i i _ ,  i t 1  s p i  l e  . : f  t / , . : .  a  l a s , : C  : i e n ! c c : / r  : , . . : r  t .  ! : i  . : a
ahe be?lnt l i t lg of the sel , ! . r t r€s .?r. .C r,1):an !r : .s Lr!  r i r , rd. i , t  . r i i ; i r .  t . i  ,
, h e n  t , h e  , / e l r e z u e l . 1 t 1  S t e t e ,  a h r c u l t ,  t h e  t i i t l j s t r ' t  c f  - / r f  ! , r ,  r !  r ' . -
ntent and Retleeable Nat,Jral  qesout.c9:- .  (  t t tAi?NF. f l r f  I  i : :  _: !  r ; ,  :  .
a o b r e v i a t i o t l ) ,  C e c i d e C  t c  d e c l a r ! -  e D  : . \ o e r i r e n t z j  - i c - . : : , - ,  r . , ,  . , i . '
I ' l a n a g e n e n |  O f  t h e  C a y n a n  c n  l r i \ . a t e  p r o 1 e r ! : t a  ; i - i  f r , r .  : ; . . r . , . :
: r tJ ie-s of ipa./re,  Bjr inas, por-Ct l ! r t r , : l - .1 ar la,  i ' . : . : : : - t -r . : .  al ia l
G u a y a n a  R a g i o t l  o f  B o l i 1 l a r  s i 6 f e .

S u c h  C e c i s i o t l  H a s  6 a s e i  o n  ! i f  f e r e i i . r \ . : l 1 r r l t 1 , . - r ' . s
t h e  M A R N R  o t 1  t h e  s t e t e  o f  t h e  E i l d  r o p * / . 1 ! , , , , , : : r  , r  a h - :  . . r . , r j : i r : .
f A e s e  i D d i c a t e  t , t i t  s a r i ,  E o F u t a t j c r s  c . a r i a  a : e  r . i ! , n . . ? i . :  F . -
p l a i t e d .  A n d  v h a t  i s  e v e n  n o r e  i i l p a r t a n t :  i t  ! / r a t  f  i i l ! . .  - .  :  i : . - '
s c r e n t i f  i c  a n d  . - e c h n i c a l  i n f c r n e t i c t i  e y i - . t l d ,  h / / r r c l  , . : : - r s  f ' : r s ,  ; i : , r -
t l le elaboaaXiot i  of  a t" tanage et lz p-. ,grtm of t / :€,  . .  ?$orrr- . . . ,

f ^ e  s t n o r i L . s  c f r r e  , o t  t n l y  f r o n  . ! h ! . r  , 7 : s : r i b t / f  i : r n  j - i . . : -  .  " , i . .
C4j! !3J! Gents (  t lebb et al . ,  t9.e3, for . ' | :anp tc j ,
4?.! . .s-s-f . :€j .p__!_e4:c-! . - :  (MurDhy, 1977, icr-  . ! \ena j , . , ,  r . j , , .  r :  ! :1r,  . r  t -
t i a l l ) .  a x t r a p o l a t e d  t o  E h e  n e , 4  p r n g r r q ,  a ' r . a  t x : . . +  j  . t :
sear,ch on 93j- I l3-A_aaagol) , lgs_ i t t  t . t1e ,  i . : . / r : rs , ieqr i / r  . r j .s,c j l i , . .
r n  G L t a y a t r a .  a b o u t :
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-  t ' l a t h e n a t , l c 3 l  n o d e l s  o f  p o p u i e t i o j l  d ) , t 1 . r h l 1 a s  c r i e ! 1 t e c  a o A ' e r d s
c o m n t e r c i e i  u t i  I  i  z a t i o n  p r o g r 3 ; n s  I  D ' A r , c i . i a ,  i  9 A l  )  ;
-  R e p r c d u c t i v e  B l c l o l y  i P ) v e r .  B l a n c c ,  1 9 7 4 :  S t a l : o t i  3 t 1 i  i i . c D ,
1 9 7 7 :  G o r z u l a ,  1 9 7 ! ) :
-  M o v e n e n t s  e n d  u s e  c t '  h a b l L a t  1 n  a e r n t s  c r  - " i : e  c / e s - : e s  i G a - : L t i a ,
c p . c i t .  )  a n O  i n  t e r n s  o f  s e x  3 n d  s e a s c r  i S t i r c r ' '  : r 1 c  D i .  o t 1 -

-  F e e d i n g  h a b i t s  1 n  t e r n s  a r  s ? - - e  c i 3 s s e s  i n o  s _ e . ? - s o r 1  (  3 t 3 t c ; i  a n d
D  i  x o n ,  1 9 7 5 ) ;  a n d
-  E c o l o g i c a l  b a s e s  o i  f o a c  p r e f e r e n c a  i G o a - _ g 1 a ,  c p . c 1 E :  j e r l - t s

. - - -  t ,  - . , . - , , -  -  - , , ) T J ,

Add iE iana l  l y ,  1n  v tew  r .  : ne  -? / i na -c r  - r r e /  - ' I s j pce r , r ^ . 4  c t
species wlth a high cannerci i l  \  elue s!J/: : :s i_!pC9.8!j !-L-?.J!t! !S
and  C .  l n te rn ted ius ,  a io rg  w i th  : i d \ . ences  i 11  ahe  aeahn ia re -q  o t '  - r , r :  r  r l

? h o . n a - 1 a .  1 . a  l  t , a r  c r n . - /
( G r o o n b r i d g e ,  1 9 3 2 ) .  T l l i s  F n e n a n e n a n  . a ! )  E u t d e  ; - / r a  J ( , - c r i i )  l l r e
canservet ion of ahese .roga7es i i?rd :13 gao-.ysle/rs al , ' ! :w c:cui1i
( P a l h i  s a t l o  e t  a 1 . ,  1 9 7 3 ) .
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EVOLUTION OF THE PROGRAM.

The  dec i s ion  o i -  t he  Gcve rnnen t  i n  1992  e i  l ! - t / i t i g  t h2  ac \ne ra l3 l
u t i l i za t i on  o f  t he  CeynaD r s  p - i r a r c ! / . . ' 1 )  l npo rEen t  s i . , ce  i t  i n -
p l i es  the  acknow ledgemen t  tha t :
t  )  The  c losed  season  oec la rea  cu - i . g  ' - he
conYen lenx  neasu re ,  s lnce  Ehere  a re  111o i
t i ons  recove red ,  reach ing  l eve l s  a f  s i gn
the  c losed  seasoD ras  noa  su f f i c i ena  tn
ind i sc r i n ina te  hun t i ng  end  t ra f . f  1c  c f

2 )  The re  a re  no  reescns  to  con t i nL te  .ne
g row lng  connerc i2 l  vaTue  o f  f hg  sk ' r r  Jds - ,
nent of the resouace.

c1t 1 at ls i l13t t |1:  pt)pt- t  l i -
i f i c a n t  e b u n d 3 n c e :  b u t
. . r C e a  t a  a r c 1 x  a a n a  i  r ) u e d

^ a c ' ;  / .  i  t \ ,

A conpara t i ve  ana lys i s  o t '  t he  Pesa l ! t . i cns  e l l i c i i  i r  i e ' J  t l i a
u t t 1 i : e t i on  seaso / r s  c f  1983 - i 953 ;  i 9€7 -1 -a ;a ,  a t l d  t h .  - - i i e  r he t
ru ies  the  19a8-1989  - . -aa -con ,  i r - r  t he l r  f  ! 1 t1d3 r ' t en t i  7  : i soea t : r  : i 1d  t r t t l j
the inpl ications on Lhe -q.vstenr /,qg:roerae and en\. ircinent, . . /se.,-s,
r esea rche rs ,  gene ra l  . t Lb : i : .  ce  .  1 t  i n "  . . t t 1 t ! 1+1 le  J r ) i , '  : , : - ? . . / J : ' aJ
of the degree of developnent ef l t te a3ynan Fra:tran it l
Venezue I a.

RESOLUTION No. 445 (Decenber 14. t982):

|  )  Es tab i i she€  the  expe r j t ue i ta l  . hz r " . t e .  c f  i : h i s -  seasc4 .
2) The nanagenent takes lace ai pri \ ,?t:e propert) '  i t1 \ 'cur L't3t1cs
s ta tes  anC in  Lhe  s te te  c f  So l i \ , aa .
3 )  T l l e  g ran t i ng  o f  l i aenges  re  a j l i s  ann i i t i c l - " : 1  rn  a / - . e  r_9 - . r / l t s
frcm technical Reports nede by off icers ai the l ' lARl' tF.
T I l p . A o . r r <  1 n . l ' t d a  ^ ^ . t , 1 . ' 1 ^ ' 1  . r  d a ! a .

genera l  cha rac te r i - sa i cs  c f  t he  i l ab i t a t .  p t  3c t i . es  3c ioD t ! "d  fa t -  ahe
pron tc f ; i on  anC conse rva t i c t l  c f  t ne  spedres  end  a the f  g lne ra i  da te
o f  l ega l  cha r3c te r t  such  Js  F ropeaa )  EauEdr r t e : ,  l cag r -1D t  t c . 1 l
I oca t i on ,  e t c .
4 )  The  U t i l i za t i on  Quo te  tO )  u j l l  os - c i ?73 te  be fnee / t  : y  and  ! : . :  o f
t he  es t i na ted  popu la t i an  f c r  eac l i  p r rpea t \ . .
5 )  f he  u t i l i za t i on  i s  baseC c !1  the  l l a r ves la  c f  i t 1 . j i ' . ' i d ' - t a l s  ̂ . hase
to ta l  l eng th  i s  equa l  o r  g rea te r  t hen  i . t  n  Kh1c l1  co . respc t lCs  ta
adu l t  na les  (C Iass  IV  sensu  Aya . :egU)na ,  tP fC) ,  a l t h .ug l t  1Q {  o i
t he  to ta l  ha rves t  can  be  an ina l s  whose  to ta l  l eng t t i  ?s  bg : l r ' ge ,
1 .2  n  and  1 ,7  n .
6 )  The  nob iT i za t i on  o f  t he  by -p roCuc ts  c f  t he  t ' t e rves t
d i rec t  au tho . i za t i cn  oh  the  aa r t  o f  i he  t lARNR.  a -s  r {e7 l
tann ing  o f  t he  sk  i  ns .
7 )  The  expo r t  o f  ras  o r  se  i - ra : . /  ! - k  i / - ' s  ; s  p roh ib l t ed .

I ' l i t hou t  C i sc l a i n i ng  t he  mer i t s  e f  t t l i s  f i r s t  c f f i . i e l  . e t u l r t i . t 1 ,
1 t  p resen t s  se r i ous  t hec re t i ca l  and  p rac t i ca l  l i n i i : r t i c t l s ,

( l )  G i ven  t ha t  t he  t eahn i ca j  r 4pa r t s  a re  a f  e . \ c l us l ve .esoc t l -
s i b i l i t y  o f  t he  MARNR,  ; o r  i ack  o f  su f f i c i an t  hu  an  a r , d  l ) ! t a t i a

c  / c s e d  s e a s c / ] .  3 D d  t l l - -
i a i a .  r  r . r i . . , 1 r i  n a i , r a -
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resou rces ,  r t  i s  r , o t  poss . ;b le  . t , o  a t tend  such  en  ey tens i ve  ahdconp l l ca ted  aaea  as  the  one  cove red  by  the  p rog ran .  .Acdeo ,o  En lsi s  t he  fac t  t ha t  t he  Reso tu t i an  j s  pu 'b t i shed  i i  D i c . r l e r  end  thet ! t _1 , !1 -za l i  on  .  ac t i v i t y  . goes  f ron  Januar ) ,  t s t  t o  e i r i j  so tn .  Thus ,Enere  t s  no t  enouq l l  t i ne  f ' o r  t he  e , l abo ra i i on  and  eva lua t i an  c fthe  repc r t s .  These  reasons  Tead  t c  an  underu t i  j l : i c ton  o f  t heresource  and  to  the  ob ta in ing  o f  t oa -qua l i t y  p roduc ts .
(2 )  As  to  the  techn ica l  repo r t  i n  i t se j f ,  no te  tha t  t he  oh tyua r tab le  on  popu la t i on  wh ich  i s  eva tua ted  i - s  Ehe  ebunaance .

: i  - - ] l ' , 1 " ,  ? l  on l v  t he  .ep tu re  o f  i t l d i v i dua ls  i n  s t i t e  r v  be ingpern lEced ,  t he  cha rac te r t ze t i on  a f  popu la t i ons  acco rd ing  to  the i rre la t i ve  canpos i t i on  i s  no t  denanded  o r  ca rT jed  ou t .  Th ts  on l s_s ton  can  be  t rans ja tec i  i n t , o  the  g ran t i ng  o f  I  r censes  onp roper - t i  es  where ,  f o r  exanp le ,  t he  re ie t i ve  Z 'u rdan"e  o f  t hesetno l v l dua t s  t s  t n fe r i a r  t o  t he  va lue  c f , e .  ass . i gned ,  f he  s i t ua_t i o t l  t hus  de6c r ibed  teads  to  i i t ega i  
- ' i i i i i i i s  

by  seneunsc rupu lous  use rs  i n  o rde r  t o  conp le te  ahe  , - t t i  l i : a l i on  quo ta ,
(3 )  The  use  o f  t he  Tc i .a l  Leng th  , "  uu r iu i l .  t i - guu r "n . r .  

" r .exc lus i ve  ex t rac t i on  o f  aCu l t  ma iZs  th rcugh  cne  su i i equen t  j n_
spec t i on  o f  t he  ob ta ineC sk ins ,  i s  | t o t  p iac t i ca t  a ie -  t o  t he  h ig l ipe rcen tage  o f  an ina l s  , t i t h  anpu ta t . i ons  a f  t he  ta iT  (up  k  eg r ;  . \ f
t he  

popu la t - i on ,  ca r taya ,  1gE7) -  The re fo re ,  lD  1s  no - re  rea l l s t i c
to .nake  re fe rence  to  the  gody  !_eng th  ( f t uz : l e_c loaca ) .

- (4 )  I n  _ the  Caynan  popu la t i o t l  o f - cuayana  tne  i nJ l i ; aua i s  w t tn  a
1t-u!" .of .  developnent IV reach sat'alter body si.; ;  ulan theirequ - t va ten ts  1n  the  L lanos  reg ion ,  f o r  t ^ /h i ch  adu l t  na ies  i nEo l i va r  cou ld  noE  be  l ega l l y  ha rves teo .
. .  . l h?a"  d i f f e rences  pose  se r ious  p rob lens  fo r  t he  anagene tcMode l  based  on  ' s r ze  

c lassgs  ,
Ho t4  to  gua ran tee  the  sou rce  o f  s -k  i r - .  o f  sne l l  s i zes?
H.o t4  to  avo id ,  i n  o the r  words ,  t ha t  i nd i v iCua ls  i ,  a  sEaae  oadeue l .opnen t  I f f  be  ha rves ted  i n  t he  L lanos ,  and  th ; t  t he  s / (7 / l s
?bta,in?d be traded in cuayana for subsequent prese/tratro, a-<
ProducEs  ob ta ined  1n  the  Reg lo t l ?

As  a  consequence  o f  adn in i s t ra t j ve  and  i nspec t i o t t  vo ids  suc l las  those  p resen ted ,  t he  i f aRNR i s  l eao  to  exc lude  B ; l i va r  S ta tef ron  the  caynan  Managenenc  A rea .  f h i s  s iLua t i an  i t i l i  pe rs l s t - . - ,

I !1 this resolution inportant elernents of contral are added, suctl
as  the  ob l i ga t i on  o f  t ranspor t i hg  the  sk i t r s  de r i ved  f ron  che  t l a r_vesc on each property to e Center for Storage and Supervlslon ofthe  HARNR.  In  these  cen te rs  the  Mob i I i : a t l on  C lea rance  ce r t i f l -
ca tes  a re  g ran ted ,  i n  o rde r  t o  en te r  t he  sk ins  i n  t he  tanne . tes ,

Requ is i t es  a re  re i t e ra teC ,  such  as  che  , . e r i f i ca i i o t l  o f  t he  oqner_sh ip  o f  t he  l and  and  aux i t i a ry  e tenen ts  . r .  i i r i na ia ,  -<uc l l  asnaps - ,e labo ra ted  
.by  ,Na t i ona j  Car tag raphy ,  i n  t , e i .OOO-  

"Lu !e .  
vhe reoou t lda r tes ,  roads  dnd  bod les  o f  wa te r  t n  the  .anch  i rZ  , , rq rauxea .

Deeenber 29
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Unfortunate I y , nuch
reg is te red  aC Ieas  t

o f  t he  na t i ona l  ca r tog reph ic  i t l f a rna t i . t j  i 4as
25  yea rs  ago ;  r ' t h i ch  renders  i t  obso /e ie .

On  the  o the r  hand ,  i t 1  t he  Reso lu t i an  the re  a re  Do  n ta jo r  ccnaep_tua l  changes  o r  nod i f i ca t i ans  i n  t e r f i s  a f  t he  Hana l  i ; " g  L i . i de l :  be_s ides ,  t he  fau l t s  a l ready  nen t i ohed  fa r  Reso lu t j an  t t o .  44s  1 t1po ln t s  ( 1 ) , ( 2 )  and  (3 ) ,  na t  an i y  a re  i n  e f f l c t  a r r i | r g  
" , r "  

a t -  e , ss -eason- ,  bu t . t hey  a l so  became accen tua ted  by  the  e r ,e r  
-g ro :u tDg  

n tn_ber  o f  app l i can ts  fo r  Managenena  L j censes .

l l . 1 . . , 1 :  r . ^ , .  - t he  NARNR,  because  o f  t he  imposs ib iT i t y  o f  ca r r y inso .u t  _ the  f i e ld  eva lua t i ons  and  techn ica l  R :epo r t s ,  and  ca  avo tod^ec la r i ng  a  C losed  Seasoh ,  has  ap ted  fo r  ess ig t l i t l g  u t i i j za t i onQuo tas  th rough  popu la t i on  dens l t : /  es t j naLes  i n  te rns  o f  t / 3 te ra rea ,  ca l cu la ted  by  i n te rp re ta t i o t l  and  ana jys i s  o f  t l . t e  1 :Zs .oo t )cnarcs -

? i22  - r " l ? . ,  . an  un tes ted  enp i r i ce l  qua ta  a f  1SO.oL1O 3n tna ts  j i 1
oeve loD f ien t  i n  Ehe  L  ra ros  S taCes  o f  . 4pu re .  Ba r iDss ,C,oiedes and portuguesa, is f ixed by adntinistratir.  rr. i i .r",  E.2chp r l va te  e€ ta te  has  a  spec ia l  quo ta  no t  g rea te r  t han  7 r ;  a f .  ahe  es_t rna tec l  popu la t i oh ,  as  h /as  p rev ious l y  i i a i ca tea .  

-  -

I n  Tab la  I  t he  va r iab les  o f  g rea te r  i / r t e res - t  t f t l i ch  s ) ,n tnes tze  thetendencies of the Caynan progran fro tge2 unti l  lgeb, are snown,
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TABLE 1

Progran of Carkan crocaditus s
fhe venezuelan

i n c e  1 9 8 3 .  ( f e w  v a r i a b t e s ) .

1 9 4 5 |  9 4 71 9 4 3 1 9 8 4 1 9 9 8

t ,  Geographic area

2-Li ,censes requested
LlCenses authori  zed

3. Nunber af Caynan
auxhort  zed (x looo)

9.Hobi l  ized sal  ted
s k l n s .  H e a t  u n i  t s 1 0 2 , 6 4 9  1 5 2 ,  A 4 5

6 4 , 4 5 6  ?

1 1 556 3 5 8
1 9 7

743
304

4 .  Q u o t a  a l  t o c a t i o n  ( F ) 7 - 1 2

5, Jncone (as/caynan)
to Venez. State

6.Harvest ing Cost

7, Hunters , fncane

S. Pr i  ce on the ranch
1 0 0

t 3 , 9 7 4 5 .  2 3 2 3 5 .  6 9 1 4 5 .  3 1 1 5 3 . 0 3

1 5 0

t 5 A

.:00 | 200

2 , 2 1 4
2e, 780

3J9
1 7 8

3AO

l O . M i h i n a t  N e t

(  fhousands Bs)

a.  Lando*ners
D. Loca 1 Huntdrs
c . S t a t e 24

1 3 , 5 0 0
4 ,  5 4 0

3 9 , 3 7 5  t , 4 2 5 , O O O
t  o ,  aao  22 ,50a
3 , 6 0 A  6 ,  A O O
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|AAL€ 3

Sone recent research underxaken in Venezuela
about Caynan. ( tga3 - 19aa)

Caynan as a source ot foad
a) For Hunans
b )  F o r  A h t n a l s

G u t t  e r r e z  (  t 9 6 4 )
B e l d a  ( 1 9 8 4 )

Reproduct i  ve AioTogy in the
Mt d- l /estern Ll  anos R o d r i g u e z  (  1 9 8 4  )

Cartaya ( 1987 )
ASABABA (In press )

G r o w t h  o f  h a t c h l i n g s  i n  c a p t i v i t y
as a funct ion of  densi ty  and d iet

Rodriguez ( 1984 )
Cartaya ( 1987 )
ASOAABA (In press )

P o p u l a t i o n  s t a t u s  i n :
a) Guayana Area
D) Northern Coast Area

G o r z u  1 a  a n d  P a o l i l l o  ( 1 9 8 6 )
s e  i  J a s  (  1 9 8 Q a  )

Census neahods
Rivero Blanco ( 19AS )
o a v i s  a n d  F i t . g e r a l d  ( n . p .  )
C a r t a y a  (  1 9 A 7  ,  1 9 8 9  )

Populat ion Dynanics F i  t z g e r a  1 d  (  1 9 8 7 .  1 9 5 8 )
c a r t a y a  (  1 9 e z ,  t 9 3 A )

Structure of the Llanos
l roodward and Davis (  1985 )
S e i j a s  (  1 9 A 6 b )
Fi  tzgera I  d  (  tgA7,  198a )
car taya (  1987,  19AA )

Feeding ecology in the Ltanos Fi tzqera I  d (  t988)

Evaluat ion of  harvest i  ng seasan R i v e r o  B l  a n c o  (  1 9 A 5  )
C a r t a y a  (  1 9 8 7  )
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The  ph i  l osoph ica l ,
Caynan Managenent

po  1 i  t i  ce l and  adn in ie t ra t i ve  changes  tha t  t he
undergone  s lnce  1 !8e  a re  an j fes ted

- . . ! '  , Tha ,a rgan l : a t i on  o f  a f  1  sec to r s  I  i n ked  t o  t l l e  r esau rce .tn t s  has  .bee l  ach leved  i n  p r l nc ip le  tn roug i  t nZ -es lab l i shnen t  o iDwo  assoc ia t l ons ,  one  a f  i ndus t r i a t  i s t s  t z - i t c i n j , ' Z iZ  ano the r  oneror the breedins and conseruation or i ie cayiZn,' t\ ' i-oseael, bothnon-pro f i t  o rgan i  za t ions  -
tne rounait ioi- i;;-;;;:;;; '  

//1ese assoc7ations proncte and spansor
( I,N?AFAUNA ,- r.. ilZ-Z'pZl'i "n'Zi!o'.Lit, "7lZ,,ti".ni,,7,]i.i,r r\l,l,,,il?c tpa l  conse rva t l on i s t  j ssoc ia t i o r , s  o f  Venezue id  ccnve rge
t1u,?:!9aN: BraMA, FUDENA, st/cN and tt sette)- uil"ihe iv.ARNR, .rspernanent  spec i  a l  gues t .

^. _!.!. rhe reatization ot' the i wARKsHop ON CaN€ERVATIIN AND HAN_o.\1,\"- ol 
,rrr- CA|MAN JN vENEzuELA (Ju\y lsis), arld the effectivero t  l aw up  a f  i t s  dec ls rans  ind  recannenoea jans . -  

-  - .

The nos t  re levant  recannendat ions  and conc lus ions  are :

.__ r . )  fo  eva lua t ,e  the  po ten t ia l  o f  a ther  a reas ,  hav ing  i t1  n inCE h e I  r  e v e n t u a I  i n c o r p o r a t l I

z;!:;;:.;,:i" ;";;:;i17:::i:z;"ii.ln1,,E Zff,ii.,i ""ii?i,"!""1.ix1i",,,i27!
2 ) To denand as reoLp r e s e n t a n iii i i) t rZZ t, i ZZI' E :;Z,i? " X: rf :,i.t.Z", " ", i, ;.,i\\i "In Zi,xhe  caynan  and  i t s  hab i ta ti"i"oiZ','E'i"7JZ.',3i.12i'"1;,,H",i,|'Z*itj,!1,,J o..Xlo.,:i:',,).?';

.  3) To denand as requisi

i,,?a:,;i,,-,2"v4\"ii,".F\x;"i:7 iE."i:":",i"3,"27'ZX;.i''7,1i,lii!i,,
4 )  T o  i n i t t a t e  a  p l a n  f atro\ .of_the "",""it|"i zii'"i: fr27"7:1:i7tl7:;..1"r|"" Ltp rnd con-

"ort'ot,IZ "1:E:2""r'|7 
ut i t i zat i on- qiuoti" ii 'tZii" or ttic reteti\.e

"^  
-? . )^  _1"  lo :1 t  i  \u_e  the  u t i  t i za t lon  o f  the  resource  ba6ed on  the

i7i:^i:2i.!+,:\i,il| z7z,,,2i:Z'""i,"12!.Xi;1",,i";;1ji2;;7,;";i,7i";:;;,.hes,e wi t t  
l1y_g -1,  . r r9r_r lZntat  ani  , .p ipulZt  i  ot r -  .nu.) . "" r .

. . - . ,_ l  to  .qes t .gn  a  RESEARCH pnoea ln  t "  . i " ie r -a i i  es tab t ish
fl:^?:A lt;i3Z|":?' 

"i' 7i,,1 E:i:ixi: ", un i- t " 
-a.nzj 

oi" ac t i v i t i es

??,!iii':3!ffii8,!i7: "|,.1J.'JZ,'7:;"2::;i:,?i.z.z?,,,22.i,,,,)!f,;,;,-
scr tu t ions  in  the  sub. iecE-  a^nc i  wh ich  

" ' i i t  

- i . '  
th l " " " . re r r r t , .auDnorl ty for v4n12rJ172 6.on ty  be  the  adntn is t ra t i ve  : i1 ;1 r " r [ i l t  

-  rh ts  wav the  MARNR t4cu tc
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9)  The  i ndus t r j e l  sec to r  nus t  t r y  t a
u t i  1 i  za t i an  a f  a l l  by -p raducxs .

1O)  The  i np lenen ta t i on  o f  f a rnax ion
p rog rans  an  techn lca l  esoec tsJ  as  , re l l  as  e
abaut CITES.

: c l 1 1 e \ , e  a n  c p t 1 l u u n 1

I I I .  R e 6 a l u t l o t l  ^ t o .  6 A  ( S e p c e n b e r  1 2 )  , . / h i c h  r e q u l i t e n  t h e
| 9 8 8 - 1 9 A 9  U t i  l  l z a a i a n  S e a s o t l ,

e i c l  p e t ^ n a t 1 e t 1 t  a r a i  n i  n g
S e n t  t l a r  f o r  o f f i c l a i s

I t  i s  t ru l y  s ign i f i can t  t . ha t  a t l  r ecannen ia t i ons  f c r  u la ted  tn
the  I  Workshop  rena in  fo rna l  l y  es tab l  i shed  i n  the  Resa lu t i on
( Reconnendat i  ons 1 through '6) and the other recomnendat1ous on
the  i np lenen t i ng  o f  cou rses ,  e t c . ,  have  been  accep teo  and  a re
be ing  worked  on  fo r  t he i r  execu t i an ,  Fa r  exanp le ,  ahe  f j r s t
cou rses  on  tec l l n i ca l  f o rna t i on  t ra in ing .

Such  changes  resu l t  f r an  t , he  co i t l c i dence  r f  t he  fo l  l o t / i ng  e ' l en ts
I. SCIENTIFIC.
A  be t te r  know ledge  o f  Caynan ,  spec ia l l y  i n  t he  L lenos .  poss i t ) / ) ,
as  a  resu l t  o f  t he  g row ing  i n te res t  i n  Caynan ,  nuch  re 'ea rch  r s
tak ing  p lace  (Tab le  2 ) ,  wh ich  feed  the  t " t a t l egenena  p rcg rem.

2. CONSERVATIANIST AND CULIURAL.
The  dec ided  pa r t i c i pa t i on  o f  t he  conse rva t j an i s t  soc ie i i e -q  o f
Vahezuela in the proposal and/or acceDtance of the conser', ,at ian
node l  based  on  the  ra t i o t l a l  naDagenen t  -no  Ianger' ' pao tec t i on i s t  -  o f  t he  r ' / i l d l i f e  resou rces ,

s. socloEcoNauIc.
a)  The  t rans fo rna t i on  a f  t he  na t i ona l  econc tu i c  node l .  t / h i ch  has  a
tendency ta Civersify, t^/ i th an aacentuated indepenCence fr2n1
t rad i t i ona l  sou rces  o f  i hcone ,  such  as  o i l ,  bas i c  i n i usx t  y .  ecc .
The  ecanon ic  and  a l i neh ta ry  po ten t i a t  c f  t l l  Td l i f e  i s  rec .g r j zec ,
I t  i s  es t i na ted  be tveen  66 ,OOO and  t2d ,OO0 i , l e t r i c  f o !1s  c f  an t l ua l
an ina l  mea t  f o r  t he  yea r  2 ,DOA,  t \ , h i ch  i s  equ iva len t  t o  5 -9 .X  c f
esX tna ted  dones t i c  consunp t ion  fa r  t he  sane  yea r  ( ! 1ARNR,  tgd t ) ,

b )  The  rea l i za t i on  a f  t he  p ro f i t ab i l i t y  o f  Cayn tan  nanagenenL ,  o t1
the  pa r t  o f  l andawners  and  i ndus t r i a l i s t s .  Th i s  i np l i es  ahanges
o f  a t t i t ude  i n  rega rd  to  t : he  resou rce :  (  i  )  F ron  casue l ,  c i . -
cuns t ,an t i a l  use r  he  becones  pe rnanen t  use r - tuanager ,  i n  ena loJy
wt th  t l l e  ca t t l e  ec t i v i t y ;  ( i i )  The  i ncone  ob ta ined  f r cn  a  p rope r
ha t l d l i ng  o f  t he  caynan , / t i 11  no t  be  na rg ina l  bu t  s i gn i f i canE ,  sus -
ta ined  and  pe rnanen t ,

4. POLITICAL.
The internal reorganization of the MARLIR tahicl l  teeds ta ,rne crea-
t lon of the NATIONAL FAUNA OFFICE. Relatiot lshios becone nore 1n-
Lense  anc !  Lhe  exchange  o f  i n rc rna t i o t l  on  l l anC l ing  pa j i c i es .  -a t c ,
w tEn  Ene  conse rva t i on i s t  soc ie t i es ,  w i t h  t he  i ndus t r i a l  i s t  i  i nhed
Xo  the  resou rce ,  i i t h  ca t t l e  and  ag r i cu l t u ra l  p raduce r i ,  g jEn
sc?er t t sD€  and  the  genera l  pub l i c ,  i n tens i f i es .



Al though  i t ,  i s  t rue  tha t
peafecX developnent of
llanagenent Progran of the
deserves the confidence
sc t  en t , i  f i  c  connun i t y .

there  w i  71  a lways  be
any progran,  l t  i s
Caynan Cainan crocod i

obs tacTes  i n  the
a lso  t rL te  tha t  t he
1_!S in \/ene:ue I a

fron our country end t he  i t l t e rna t l ona l
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CROCODILE I{ITIIGE}IBNT

PROBLEXg, POLTCIES

r!, tt|Do Eltll t

AND PROGRESS

1. TNIRODUCTIOI{

E f fo r t s  t o  Danage  the  c !ocoa l i l e  resou !ce  i n  I ndones ia
a re  be lng  focused  i n  the  !a !  eas te rn  p rov ince  o f ,  I r i an  Jaya
(ves te rn  ha l f  o f  t he  i s l ana l  o f  Nee  Gu inea ) ,  vhe le  the  g rea t

naJo r i t y  o f  t he  coun t ! y ' s  c !ocod l l e  s tocks  ex !s t '  o f  t he
fou r  sp ;c les  vh l ch  occu r  I n  Indones ia ,  t he  t vo  con toe l c ia I1y
lnport lnt ones a!e found 1n r! ian Jaya: glgggd.!. l .gq
no iaequ ineae ,  t he  ende [ i c  Ne t ,  Gu inea  f reshva te r  c locod i l e ,
altd q. p94g!g. the saltvater o! estua!Lne croeodlle '
The r;t te! spe-;I;s j .s vldesplead thloughout other islands of
the  Ina tones i :n  a rch ipe lago ,  a l t hough  ev iden t l y  ex t l rPa ted
ove !  nuch  o f  t tE  l ange .  Bes t  s tocks  l ena ln  i n  l l i an  Jaya ,
and  to  a  fa r  l esse r  ex ten t ,  I n  t he  ad jacen t  Ha luku  i s1ands .

Ton ls tona  sch leqe l i i ,  t he  l t a layan  Fa lse  Char laL ,
appears--E--iurvlve in protectei l  a!eas of sunatla and
fa i i nan tan  (McK lnnon ,  1982) ,  a l t hough  aPPa ten t l y  i n  1ov
nunbe !s .  Because  o f  ven t l a1  os teoderDs  the  sPec leE  la
econo [ I ca l l y  unsu i tab ] .e  fo : .  r ea r lng  and  b leed ing .
None the lees ;  ove ! -hun t i ng  fo !  sk ins  (a t  app lox iDa te l y  40 t  o f
value conpared to g. pg!-ggg. [J. Jong, pers connl )r along
e i th  hab i ta t  conve ls lon ,  appea ls  to  have  caused  dec l l ne  i n
abundance  an i l  d l s t ! i bu t i on  o f  t h l s  e luE ive  Epec les .

C .  s ianens i s ,  t he  S iaaese  c rocod l l e ,  t r ay  Pe ls l s t  l n
freghua'er sr.anps ; i  Kalinantan (GlooEbridge, 1982), but
th i s  rena lns  to  be  con f l l 0ed .

ove! vast aleag of sua[g and lot, landl ! Ive! systena ln
I r l an  Jaya ,  c rocoa l l l es  !ep !esen t  t he  on l y  i uned ia te l y
avallabfe legoulce fo! econo!1c alevelopnent. Need altd
potential is gleatest In the nost leBote lovlands, | . ,hele
ienalnlng st!o;gholds of c!ocodlLe populatlons can be found,
ana t  t he  ;ene f i t J  o f  deve ) .opnen t  t eas t  f e l t .  I n  add l t l on  to
the  fundaDen ta l  aapec t  o f  Eus ta lnab le  u t I l i za t l on ,  t he ie
s tn i l a r l y  ex l s tg  nu ih  po ten t l a l  f o r  soc lo -Po l l t i ca l  bene f l t 3
such as vtLlage incon; genelation, earnlngs nanagenent --

even  enhanced  po l i t l ca l  s tab i t i t y  o f  so t re  co t lDun i t l es '
coDgequently, thl project has taken on a vlde scoPe, and
elth €he fundlng lesoulces at hand, a t l tnely and unique
opportunlty 13 afforded to integlate conEelvatlon and
deve lopnen t  ove !  a  conE lde rab le  pa r t  o f  t he  P rov lnce .
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2. utNloEt{ENr lrHg A!'D POLICItg

^___- I l : ,  DI lecto la te  cenera l  o f  Fo lest  p lo tect ton and atureconservar ton (pHpA) _ covetnnent  o t  rnaor , " . i i - i i io i i  ana t ic!  o o o  a n c l  A g r l c u l t u t e  O l q a hfunal  grant  -  
p i " , i i i ia .^ i i " tSat lon (FAo) ,  through a t rur t

cooper i ted 
" inE"-6" i i i " , l t1" : : " , - t iP:ng '9 ,  

sover ;nent ,  h3ve

J:::::91': rnaustrv - -i! i !r;;;:, i"";n." r.: l:.: i ;:; i : .*:t";:
ndEcD lng  l npu ts  f ron  GOI
conpr tn in ta i y  p ro ; ; ; ;  " ; ; ! . " re  De l r l g  con t r l bu ted  th rough  a
L rocod l res  i n  r r i an  Juuu , , . uo t l : - : : - _Endangered  spec l ca  o i
and  p ro jec t  p ropo"a r "_ ' I . * , , r l r npo ! tan t  pzepa ta to ry  su ! ' r eya
j*y::r rrrgr ;il---.';;;i;'"r,iiilr"."",li"_ ;;i;"'::ffiit | r n rEaKer ,  suk lan  and  ga r tono ,  1985) , -  l he  cu r ren t  FAo_?Hp- {P lo lec t  l uns  fo t  t h lee  yea t
tvo veat  

" * t .n= io i " i r - *  ; I ; i i : .  - l t t  the need for  a t  lcast  abeen app!oved ii 
-ii,,iIrpii'iiiil"l3li3il;r.i.i"l;i.::"."""

2.1 Ff,O-pt{pl plor.et ObJact tvc!

Based upon the adreeuent beteeen FAO and pl lPA asp::=:lt9d in the pl.an of 6peratlons, princilfe o-ij""ii.,r"" o:Ehe  p ro jec t  a re  to :

A )  Es tab l i sh  a  c !oco i t i l e . l anch tng  and  fa rD lng  i l r a tus t l yln  r r lan Jaya,  pr inar l tv  corrs is t lng 
" i  " - - r " i i . i * "J t  i io rarnqpens and lanches at  th ;  v i l tage iu" . f ,  " i . - - i ip i iv ' ,  

younecrocodt tes_ to  connerctar  fa ins 
- r i , . i .  - - tn ! i " - i .n  

beeconoD lca l l y  l ea red  to  des l red  cu l l i ng  s l ze .  
- - ' - ,

.  B )  p rov ide  techn ice l  expe t t l se  te la t l ng  to  c loccd . i l enusDanatry, lncludlng, lrhe
Dreec tng  ven tu res -  

re  i eas lb le '  t he  p loDo t lon  o f

C)  Regu la ! l y  Don t to ! -  v t t d  popu la t l ons  o f  t he  E roc rocoa l l l l ans ,  resu l t ;  o f  eh Ich .  a re  to  be  used  t . , g .  
" " t t i ng

nalvest  quoras)  ro  assure, - tn" t ,  i r , . - - rJJ I i r i i ' r i r . .u" t r rsoeve loped  on  a  sus ta lned  y le ro  Das ls .

-  D )  p rono te  Eu la l  deve l .opnen t  by  ensu ! Ing  tba t  v l l l aEe_
;: l ; i .:;" ' i i":,u::"ui;:;" I i ::1"" ; rarr srire-'Ji i i io"t 'v
119gea. . to ir,.--u.i!iit "l!'"r"lIi*!li"",.ii,.i jr.ilillli
coope la t1ve6 are  to  be  es tabr r .gned.

-_ ,  _ - l l - ,R .y : "e  leg is la t ion  regu la t lng  c locod11e sk tn  t radeano  tanch lng / fa la ing  ope la t i onE .

F )  AsE ts t  t he  a leve loDhen t  o f  p locess lng  and  Da lke t l ngo r  rnoua t l y  p !oduc ts  to  ob t ; i n  uax lo in  econon i "  
- ; ; r ; ; ; ,
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2.2  oov . lnnrn t  Po l l cy  rnd  ou la la l ln . .

2 .2 .1  Po I .  P IR

Deve lopnen t  o f  t he  c locod l l e  resou rce  i n  rndones la  1s
env i s loned  a l , ong  the  I I nes  o f  Po la  P IR ,  l oose ly  t l ans la ted
aE r rPa t te ln  o f  Pe  op le  -Edphas  l  zed  Rear ing " ,  o r  a  peop le rs
en te lp ! i se  sys ten .  de r i ved  f l on  fo res t  p lan ta t l on  hanagenen t
i n  Java  ( IPB ,  1986 ) .  As  F igu re  2 .2 .1  i l l uE t ra tes ,  t he
indug t r y  l s  t o  cen te !  a round  es tab l l shnen t  o f  l ea r l ng  and
breed lng  fa rns  kno t rn  as  ' nuc le l ' ,  vh i ch  have  so le  r l gh ts  o f
expo r t ,  Nuc le l  a le  supp l l ed  v l t h  c rocod i l es  f ron  sub -un l t s
te rned  ' p lasnas r ,  \ r h i ch  a le  a l so  expec ted  to  l ee r  and  bEeed
c locod l l es ,  f he  th l rd  and  nos t  bas i c  l eve l  l s  a  ne tvo l k  o f' co l l ec to ! s r  t o  ca tch  c !ocod i l es  fo !  f o ! va rd ing  to  p l . asnas
and  nuc Ie l .

P lasnas  a le  i n tended  to  supp ly  co l l ec to l s  l , l t h  t oo l . s
such  aE  to rches ,  ba t te r l es ,  ou tboa rd  t l o to rs ,  f ue l  and  pen
cons t !uc t i on  equ ipDen t ,  1n  add i t i on  to  ac t i ng  as  a  p ! i nc ipLe
fo l ce  beh ind  eE tab l i shnen t  o f  v i l l age  coopera t i ves .  M in inun
p l l ces  pa id  to  co l l ec to l s  a le  to  be  f i xed  by  the  gove rnnen t .
A l though  no t  ye t  f o lna l i zed ,  Rp .  100  (USD .05 )  / cn  to ta l
length is becotnlng the g9 Egqlg nlnlnun.

The  Po la  P IR  deve lopnen t  pa t te rn  reEenb les  l ndus t l y
s t ruc tu re  l n  Papua  Nev  cu lnea .  Nuc le l  a re  rep resen led  by
coD[e !c la l  ! ea !1ng  and  b reed lng  fac l l i t i es .  P laana  un l t s
a re  3 l [ I l a r  1n  concep t  t o  [ l d1 - l anches  ( see  Ho1 lands ,  1985) ,
and  co l l ec to lg  pe ! fo lb  an  i den t l ca l  ! o1e  as  v i l l age  ho ld lng
pen  ope la to rs .  Bhe le  i s ,  houeve r ,  t r uch  no le  enphas ls  p laced
on  lea l i ng  and  b reed lng  a t  t he  v l l l age  l eve1  than  Ln  PNG.
go6e  o f  t he  g rea tes t  d ravbacks  and  d i f f i cu l t l es  l e la ted  to
i rdue t l y  t l eveLophen t  (e .9 .  f eed  supp l l es ,  , a te r  ava1 lab l1 l t y
and  uanagenen t  p rac t l ces )  a re  be lng  encoun te !ed  a t  t h l s
1eve l ,

2 .2 .2  L l c rn !  l ng

Indus t l y  deve lopnen t  a long  the  l i neB  o f  Po la  P IR  i s
l egu la ted  by  a  Eys teD o f  s l r<  pe rn i t s :

G)  t ra ln  and  dep loy  a  tean  o f  I ndones lan  coun te rPa l t s
in  the  sk i l l s  o I  c !ocod i l e  husbandry ,  non i to !1ng  techn iqueE,
en fo rcenen t  o f  t l ade  regu la t i ons  and  p ro tec ted  a reas
nanage$ent.

Rear ing  and  B leed  l ng

Cap tu re  o f  L i ve  c rocod  I  l es

l lanspolt of Llve Crocd l les

cu 1L l. ng4 )
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Tlanspor t  o f  sk lns

5  )  Expo l t

Each  o f  t hese  pe l f i i t s  l s  135ued  th rough  the  o f f i ce  o f

l egu la t i on  (e .g .  t l anspo l t  o f  l i ve  c rocod i l es )  a !e  o f ten
de lega ted  to  i eg ! .ona l  and  p lov lnc ia l  PHPA (Ba la l  and  sub -
Ba la i )  o r  reg lona l  f o les t r y  (Kakan ' rL1 )  o f f l cea ,  os tena ib l y
in  o rde !  t o  exped l te  p rocess ing .  The le  appears  to  be  scope
fo !  f u l t he !  s t ; ean l l n tng  o f  l l cens lng  p !ocedu !es  and  fo r lE t .
as  ee l l  as  poss lb1e  decen t l a l l za t l on .  I n  t h jE  rega rd  a
lev iev  l 3  scheduLed  be fo re  the  end  o f  1988 .  Fu l the !
conpu te ! l za t l on  o f  a  l i cens ing  reco lds  sys ten  and  t rade  da ta
co l l ec t l on /ana lys l s  r r i l l  a f so  be  s tud ied .

the  D l l ec to ra te  Genera  I  -

3. HONITORINO RESULT8

seve !e  dep le t  1on . o f  f o renos t  codce ln  v l t h  l eqa ld  to
caocod l l . e  exp lo i t a t l on  th roughou t  I a lan  Jaya  lE  the  heavy
Plessute on the bleeding conponent of the Populatlons of
bo th  c locod lL lan  spec les .  Th tE  iE  espec la l l y  3o  cone ide r ing
that devel.opnent of the crocoil l le Industly ln Ir ian Jaya
dependE.  fo r  t he  fo reseeab le  fu tu le .  on  l a rge  nuDbe ls  o f
young  Eupp l l ed  f ! on  s i l d  popu la t l on5 .

3.1 Mub.!a[o-Rou!fr.r gy!t. !

A  va r te t y  o f .  f l esh ra te r  hab l ta t s  have  been  n lgh t -
sulveyed ln the Ha[belano-Rouf fae! !e91on. Unfortunately,
detaj, led uaps or aerlal photos ale lacklng for trany Eulvey
locales and thls has cotrpl lcated lntelpletatlon of
obselvatlon data. Hoeever, ae!ia1 nesting surveyE, t lade
recolds andl exallnation of contlscated sklns have helped to
fo r t l f y  [ on l to l i ng  da ta  In  th l s  a lea .

P I {PA .  Those  re la ted  to  l oca1

The  tesu l t s  o f  p !ev lous  and  p !  o  J  ec t  - conduc ted

Don i to r l nq  su l veys  o f  c locod l l e  popu la t i ons  i n  I i l an  Jaya
are  d l scusse i t  l n  a  sePara te  pape !  (F raz le ! ,  1988  )  '
A  su l r [ a l y  o f  t he  concLus lons  l s  i nc luded  he le ,

su r f l c i a l  c !ocod i l e  non l to ! tng  5u l veys  have  been
concen t la ted  l n  t h ree  ! ! a in  l eg ions  o f  I ! i an  Jaya :
1 )  t he  Manbe lano  -Rou  f  f ae !  ! l ve !  sys ten i  2 )  assoc ia ted  l akes
and  t i da l  l i ve rs  i n  t he  ges t  and  Eou th  o f  K inaan  IB Iand i
and ,  3 )  a long  the  sho le1 ine  ana l  l n f l os ing  l i ve rs  o f  B in tun l
Bay. The Manberaeo -Rou f fae! comPle)a is a pl iaaly
stlonghold of 9.. E-9yg-gg4"q.C.3C. vhi.1e Klnaam IsLand can be
legaldeal slni lal ly for g. p9I9E!9. All  of these reglons, as
vell  as othels not yet tholoughly resealched, have been and
ale irodelate-to-heavlly hunted. 9.. pg!-g-e-SE-poPulatlons
eithin Bintuni Bay appea! to have uadelgone sone of the nost
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?he te  a re  s t rong .  Lnd lca t l ons  tha t  q .  po rosus
3 : ! i 19 t f . n : - .  have  been  se l i ous l y -  d ln in iEhed  th ro ;ghou t  t hereg ron .  I f he leas  L  i ve  c iconEE l tu te  app rox lna te l \ ,  

r p tu !e .da ta  shoeed  Q '  6o rosus  to
su l veys ,  

" i e ; i - - ; ; ; ; ; ; ; ' . . . ' u ' , o t  

pen .s tock  i n  one  a r i a ,  nes t
e;i";';;t;'i;;",";:;;I;_;l;. ;:;3i:ii::"",:5.,iiji"l,.lli.i;
__  . I n i t l a l  n lgh t  coun ts -  and  ae t i a l  su l veys  have  beenconducted In the Hanbetanc!ocodrre t.uii"i ".i i! i l '" "i i l l.: 

"ln.iirS*oil '. ini,inilr.i j;'ii'iq"3;'"{I,,* :ii*ri",r;:j:ijr,ii!",:litj!F::"::ildepteted.  rhts tentat ive- 'e i " , i ine-" i r ' . - ' ! " i i i i t "a by
: : : i j : ; : : : "  

assessnents  f ron  aer ta  hunters . .a i i  o rher

::::l:iir-*Xi""**ff :=*o.ii;.::i:l;"i::"':iHiI"fi :.:iii.::sone  a teas  exh ib i t  ve rv  Io i r -popu la t i on  fe * , " f ,  
- ?J .g .  

t hera lgest  t ! tbutary  o f  t ie  eou! ia i r  . "a- l ro- i i - i i .  J !_1. r . . .aErrbutar ies have y ie tded onty  3  observat io i l  i i ' . l l i .o t  t ro
: : : : : ]on"  du! tng severat  hours of  ,ur , r .y i . -  

- - .s i i i i  
o .n" ,roca les  appea!  re l .a t  I ve lv

te .s .  ano l i re i -  
" ; ; ; ; ' ; ; ; ; i t  

un touched bv  heavv  exp lo t ta t ion

t:":,:L:j . :.2-.ii."iii!J)i;" ";5,':; ::iff:::. I::l::. .?zo .o -x1 - roDe t !es ) .  Ae ! i a1  nes t  su l veys  i ; - ; - ; ; ; r : ; ; ; "  
" r " "

o t  t he  Hanberado-Rou f fae !  l eg ion  have  i "a i " . i " i - i i " i - i i . " t t ngpopu la t i on  Ieve l s  v l t h j . n  aoDe .  a leas  a re  on  a  pa r  e r thneal thy leve ls  observed tn  the ecolog i " . r i i "  
" i r i i l i  " "p ix

reg lon of  netghbor tnc paDua t {es cu ine j .  i i  tJ - i i ru- iy  t r , " ts i zeab le  c rocod l l e  ooou t i t i . ons  l eha in  l n  re ro t .  a r rd - . .  ye tunexproited snanps ind headvare!s . l-  .  i"" i ! l-  
--si l l" . .  

ihEhe  
.  absence  o f  ca l cu lab le  aen" i t i e . , - - - i i i ; . n . ; ; ; ; i ; ; ,  : lex19 t1n9  obse lva t i on  da ta  t l on  nany  su rvey  l oca t i ons ,espec laL l y  sc toL l  ana l  oxboy  

. l a rea ,  v l l l  have  to  re l y  on  atu tu te  s l t e -by_s  l t e  h i s to ! i ca r  coDpa ! l son .

-  O f  pa t t l cu la !  conce rn  though ,  a le  l eg iona1  c rocoa l l l e
: I l l ,9 .+ tndicat ihe rhat  .nean s iz!  or  , r ia- i i ia .J- i i  r " t r ,specLes  has  bee r t  d roDDind  l n  l ecen t  yea rs .  Th l s  iE  coup lea le I th .  

,  t he  oUserva t ton  i ha t  t he  ha l ves t  pe rcen taqe  o fDreedlns-s lze h ides haE renatned ' . ror i . i i i . t  i l i - i i J i=r ,  i "oec r lne ._ , - ,Reco lds  i nd l ca te  Ena t  1n  a  : -g lg / I97g  sanp le  o frq , r zo  s , . l ns  (5 .4$  c .  oo_g9g !g )  I  . , r . r "g i -  
-  

" i ; ; .  
o fc. ooroEus hrdes ,ral ri- 

-EEiEei 
b"tlyriJi; irr.iiJ-tcswrt

il:i:,qirrAi:-n.".*@niii'i""li":;';:"!:r,,;;:CF",i:"rl*i
: : : : , b :1 .9 -  ha rves ted .  a  recen t  sanp le  o f  , t 25  con f l sca ted

;*.iil:li::ir:.."**"=+#ii;#.'.lili::ili,'l,;ft .ffi ":;
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3.2 f ln . rn  l r  l rnd

t he  cu r len t  p lo jec t ' s  en t l ! e  se t  o f  K inaan  c rocod i l e
popu la t ton  da ta  gas  de l t ved  f ron  an  l n tense  r l ve t l ne  su rvey
o f - t t aa f  l l ve rs  on  the  r res t  ana l  sou th  o f  t he  i s tand  du l l ng
Ju l y  and  Aug 'us t  1988  ( s .  F raz ie ! ,  M .  s l 1v i us ,  l n - . p rep ) '
N lg i t - su rvey i  cove !Lng  an  es t i ! 0a ted  306  k l r  ( sone  l ep l i ca ted )
ana  aay l l g t r t  t l ave1  y j . e lded  425  and  15  c rocod l l e  s lgh t l ngs ,
lespectlvely, of vhlch 159 sele ldentlf led as q., p9!-9.g.gl i- '
No  t l l d  q .  novaequ ineae  ee re  recogn ized  du t l nq  the .  su l vey
but this 

_ggecies 
iras Ueen obselved in Elzeab1e nu&bels in

ho la t l , nq  pen ;  a t  seve la l  l oca t l ons  ove !  t he  eas t  and  sou th  o f
t t re  i s i ana  (S .  F !az ie ! '  unPub1  da ta ) .  I t  I s  I l ke l y  t ha t
C .  r rovaequ ineae  PopuLa t ions  a !e  concen t ra ted  1n  l n te r l o r
t l eshua te !  ssanps .

calculateA density values (bag€d on estL[ated survey
!ou te  l eng th )  l anged  fEon  0 .18  to  4 .?  c rocod l l es / k to  ( f l on

courses  o i  22 .6  anA  3 '4 /6 .6  k^ ,  l espec t i ve l y )  '  l l oeeve !
a leos t  66  pe rcen t  o f  t he  to ta l  k i l ode t res  (by

su l vey ) ,  ove !  t he  va ! i e t y  o f  ! i ve !  s i zea , -  y l e lded

" .ocod1 i .  
dens l t y  l a t l ngs  o f  l esa  than  2 .o , / kn '  H igh

t l ens l t i es  (>3 .0  c locod i i eg . / kn )  occu l l ed  ove !  on l y
app lox lua te l y  8 .4  pe l cen t  o f  t he  su rvey  k l l one t l es '  Age -
gtructure obaervatlons indlcated that at least 43 pelcent

o f  t he  c !oco t l l l es  re te  ha tch l i ngs .  Year l l ngs .  Juven l l eg
an t l  adu l tE  (1 )  accoun te i t  f o r  ! 2 ' 1  ,  1 ' 4  and  0 .23  Percen t  o f
the  s lgh t i ngs ,  ! esPec t l ve l y  (a l t hough  3  add l t l ona l  adu ] ! s
ve re  s6en  au i tng  aay f fgh t  t t aveL ) .  The  l ena ln ing  42 '4
pe rcen t  o f  obge iva t l ons  se te  c1a5B! f i ed  as  "eyes -on l y [  (Eo )
l l ocoa t i l es .  The  !e la tLveLy  h igh  pe l cen tage  o f  Eo  c locod l l es
sas  o f ten  a l t t  f l c i aL l y  h lgh ,  s teD t r tng  f ron  sub -op t j . na1
sulvey condlt ions o! operatlons unde! t ine const!alnts, but
I l ke l t  i n  pa r t  due  to  hun t l ng  p tesau le .  f he  ove ra l l
i lplesEion though eas of a depleted adult conponent of the
popu la t l on .  NaEh ,  Nash  and  I r vaB to  (1984)  l eached  a  s lD i l a r
cotrcl.uE 1on.

Thele vas evl i lence of heavy plessule on the b}:eeding
segnen t  o f  t he  c rocod l l e  popu la t l on  a t  Pu lau  K lnaan .
F!equently obgelved at the Bouths of t ! lbutary ! lvers, even
in areas reoote f lo8 huean sett lenent, t 'ete poles vhich
loca1 iniolnants saial sele used to set baited hooks fo!
ca tch ing  c locoa lLes .  Th l s  ee thod  se lec ts  fo r  l a rge !  s i ze
(1 .e .  b leed ing  s i ze )  i nd l v lduaLs .  Seve la l  sen i -pe rnanen t
huntlng canps se!e slghted along Eang!ove-lIneal ! lvel
cou lgeg .  An  l nspec t l on  o f  t r ro  such  s l t es  l evea led  gco reE  o f
c rocod l l e  baneg .  seve la l  sku l l g  f l on  b reed lng  g i ze  an l f i a l s
sele leasuled !an91n9 ln length up to 55 cn. Thele ale no
s i l d  gk tn  da ta  f ron  th l s  reg ion  to  ana lyze  acco rd lng  to  age -
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1.3 Blntun l  Bry

l t os t  o f  t he  hon i to r i ng  da ta  fo r  B in tuE i  Bay  comes  f l onaDEecen t_ ! - suEVey  reg ine  conduc ted  a " . i "e - . - sJ i i " i i i r  r regrK .  l r n rEake ! ,  t n  p reD) .  App !ox ina te ty  . l , ze  
- [ i - . . J i  

, r , r . .cou l ses  and  bay  l ho re t i ne  
-  _  ve ie  n  I  f i l t  _J i t . , r eyea  .a  Eo ta t  o f  183  c !ocod l l es

g.  novaequrneaer-" . i " - 'J i i r , t i lnc lud lns 58 g '  p ; !osus and 59

^ .  ^  
t h l r  su rvey  !eg ine  i nd i ca ted  se ! l ous l . y  i l epLe ted  bu l i be l so r  g .  po rosus  th loughou t  l a lge  expanseE 

-oe  -A tn iun i  
eay .seve la l  ve l y  Leng thy  scrocod1 le -i...i;;:;'", 

:-";:"i!.. *"'i".i1ii, :::::liiJ",.il:ru-xD. :  0 .017 crocodl les, /kn;  
.60 kn :  o .o i6- i .J iJ i i i i "zr r l .t lEn  the  excep t l on  o f  one  r  xn  su l vey  tha t  l ncLuded  a  sna l loxbov  l ake ,  a tL  o f  t he  a l

under  2 .0 ,2 in .  
- r l ; i t . ; ; ; . - : : i l s  P loduced  c !ocod i l e  dens l t i es

,r2_ctocodrjes d;;i;;^=;, :::: i :":*. l;:: i l l , i i !r,*lo"r.i".Sprevious survey of Bintuni Eay. ri,.t .."uit"-ii 
"i-o.jgg!3!foens i ty  ra t ins of  0 .41 c !ocodt iesz i r .  

-  
i i - i i . - . , l i . l i i t t= . .  . ro a t a  t s  E e g a r d e d  i n  t h i sverv sir i l i r  io. l i ' " .J! i i i r iSi l i i l '  then the outcone 1s

Regard less  o f  hou  the_  i l a ta  a !e  i n te rp le ted  though ,
F; ".t""ifr-"""1' " ;fl i:' "l l*L: y f t"'"a "" ii Jo' " iipliiiilr,i. "t i "occu r !ed  i n  aEeas  ,11 " r .  

t t i l l - 3 f  t he  poPu la t l on  has  even
undisturbed i"i-- iiJJi= njiili. ..iii"lir"!',". ;li;il:::
B:: : . . :?r i ) .  .  Ar thoush habi ta t  ross r . - . . i [ " in i i . . ie i ins  r . ,tr.rnEunr Bay, the tonediare cause of . ;.;i;[;;-i"-ll i.oo r r"nunbers ts  dore l ikery  a t t r i .butab l ;  i "  

- . i . " . : r r i i t  
i ie i .  "ou,  i  n9che  receh t  su rvey  l oca l  i n fo lean ts  revea lea l  t i r a i -  l i f egaL

: I t :_! : "d"  conr ihues to ensase rocar peopi ! - ia J" i ia. . "" . r . .rn tact, nost canoes observed ,.r" 
' . i i"a -ri l fr- -iJrpoorr".

gone loca l  hunte ts  see& re lscarcrry_or .."..aiiJil i;l*i:; :;.:.11ff::9":,:T,;i"::::
. t l , :h.  : "99 of  nany unsucce. , r" i  r , "n i ine-. i i iJr i i ! . , . . i i rnt . r "v r r . [ "p robab ] . y  con t l nue  to  ope ra re  on  an  oppor tun i s t i c  bas i srn  Ehe  absehce  o f  o rhe r  e ionon tc  I  n . "n i i ; ; ; : ' -  

- ; ;  
i  ! "  , o .

: : : l : : i l g  ba t ted  c rocod i te  hoo , ( s  ye le  f l equen t l y  ehcoun te le i tou l l ng  the  su l veys  (R .  Fh . t t ake r ,  pe rs  con i ) .

3.,!  Othcr lEaag

L in i t ed  c locod l l l e  9u r \
:l::: oi -rria;-;;;;:-- ;i;;:"""::;:"o::" ;:li"::;:dl: ;:H;r . rve!6 and.  tuo large takes-a1ong tn .  ror iJ - i " r iJ i l r i  er . , . .vere car ! ted out  tn  ear ty  1 ;88.  

- - ; ; i " ; - - i ; ; : i ;  

" . . ": : : : 9 r " r l y  h lgh  and  6 igh t j . ngs  ve le  p led tc tab l y  l ov  una te rt t rese sub-opt iua l  condi r ion; .  pran l  
" i is i - - i i  iJ iu .n  

"o; l ; : : . : t * r  
to  co l rect  oote def in t t ive 

-a . t . - in  - i iJ . ,n" . ,
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A 2o -25kn  n igh t  su rveJ  du l i ng  May  1988  o f  a  r ' l ve r
segDen t  Ln  the  As laa  reg ion  o f  sou the ln  l l l an  Jaya '  sa id  to
be  one  o f  t he  Las t  l ena ln ing  na te luayE  in  the  l ose !  l eaches
vhere  c rocodL les  cou ld  s t i 11  be  encoun te led ,  d ld  no t  y le ld  a
s ing le  c locod l l e  obse lva t l on  (Runba la ! ,  1988  ) .  Th l s
re ln fo rced  Eepor t s  t ha t  t he  a rea  has  endured  heavy  hun t l ng '

Dur ing  Augus t  1988 ,  an  es t l na ted  19okn  o f  t he  Maro

R!ve !  vaE  su l teyed  1n  th lee  consecu t l ve  n lgh t - t tme
sese ions .  Th l s  r l v i r  i s  heav l l y  t l a f f i cked  and  has  su f fe led
cons la le rab le  hunan  d l s tu rbance  a long  i t s  banks '  A  to ta l  o f

i i  crocodlles (? ldentlf led c. !9-Ee-sc-1-g.9Be.) uere-obaerved
du ! ing  the  su l vey  ( s .  F laz le r ,  M .  s i l v l us ,  unpub l  da ta ) '
i t r i s  

- y ie f t l ea  
a  ve ry  1ov  dens i t y  va lue  o f  0 ' 084

c rocod l l es , / kn .  Ove !  such  a  l ong  span ,  t l da l  cond l t l ons  ve le
evc r  chang lng ,  sh i ch  ceE ta ln l y  I n f l uenced  ( l ove le ' l )  t he

nunbe t  an6  6ua r : t y  oe  obse tva l i ong .  Neve ! the les5 ,  t h i s

r l ve r  appearJ  to  have  undergone  se r lous  dep le t l on  o f  l t s

c rocod t -1 ian  popu la t l ons .  Fu r ihe rno re ,  i t  l t ou ld -  appea !  t ha t

c .  Do rosus  h i s  been  a l I  bu !  ex t l l pa ted  i n  t he  r i ve !  based  on
-he;;-;; ; ;vatl  ons and local accounts (e.g. the sulvey gult le

pledicted that no g. Pg.!€!! l l !L vould be observed)' Thele sele

io.iehi ing- naae in EIiIEs-t several houls of sulvey travel
rhen  i he  !Lve t  beca l re  1nc leas lng l y  t l da l  1n  cha tac te ! '

{.  THE ILLEOI', 8KI!{ fRADE

The Baln ob6tacle to developnent of a sustainable
c rocoa l l l e  l ndus t r y  con t i nues  to  be  the  th r i v i ng  i l l ega l
t l ade  i n  c locod i l e  sk ins  f , l on  I ! 1an  Jaya  to  o the !  na t i ons '
Th l s  1s  des tab i l l z i ng  suPPI ies  o f  young  fo r  rea !1ng  and
b leed lngven tu les ,  dap le t i ng  l ocaL  popu la t i ons ,  c lea t i ng
soc ia l  dLscon ten t ,  unde !& in lng  l egource  nanagenen t  ab i l i t y ,
and  deny lng  the  coun t l y  f u l l  expo r t  va lue  o f  i t g  resou lce .

4.1 Dlducad LGval and gallourDtaa

coop i l a t l on  and  i n te lp !e ta t i od  o f  c rocod l l e  sk ln  t l ade
data ateduceil  to orlginate f lon Indonesla is leported by
F taz le !  ( 1988 ) . varyi,ng skln data neasu!es and the natu!e
of claddesttne t lade lende! acculate analygla an exceedingly
co[plex !ask. Hlninun atrnual t lade fron tndonesla (and by
ex tens lon  the  g lea t  na jo ! I t y  f l on  l ! 1an  Jaya )  i s  es t i [ a ted
a t  sone  15 -20 ,000  sk lns ,  [ og t  o f  vh i ch  appea ls  deE t tned  (a t
Ieas t  un t11  l ecen t l y )  f o r  l a l ke ts  1n  Jagan  and  s lngaPo le .
r t  i s  en t l re l y  poss tb le  tha t  s t zeab le  un lepo t ted  t ra t l e  a l so
ex l s t r  v l t h  add l t l ona l  coun t !1e3 ,  pa ! t l . cu1a !Ly  non -Par t y
c ITEs  s ta teE  in  the  As Ia -Pac l f I c  reg lon ,

rnl.t Ial ly consldereal, a LeveL not truch ln excess of,
20TOOO sk lns  ge r  anDuo  1s  no t  ve l y  vo r ! l 3one .  A ! te !  a l I ,
nelghboring papua Nes 6ul.nea, vhich featules the sane
c rocod t l i an  spec ies ,  s le l l a r  hab r . t a t  and  app rox ina te  s tocks
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: : , I . j : l  Jaya ,  .  -has  in  receht  yea ls  expo! ted  sone 25 ,OO0vr . lq - -harve9ted  sk lns  per  annun (J .  wr r i ro t  un lu i -  aa ta t .Hoveve! ,  papua Nev Gu inea ls  . i r . " t i " ! i ! -p rJ i l i i rne  .n .

F;ii";:,i:;::'":"u.;ii;:;:. i;,,i:; iili:;;#i,,ii:it;*jt r on  I r l an  Jaya  rena ins  c i
l:::g1,s..s: 

-i.iiii"."' "l:;:::i:i":? iil,:'g:.::,;5;:",jjil
, .1 : : i I .s"  far  royards revers ins ;h. - ; ;d ; ; ; ; , ' . i i lno . ,oep .Le t l  on .  Fu r the rno !e ,  ucgnposi te t . .a" ' i i l " l - i , ; l i1:  iRR'?: : late]v s0t  or-cutrent
irresar ones) r" un"ui" ;; ';:-j;:;J.i: i i ' , i l i i i ,JE,ti; j l; l l l
nanageroen t  ab l l l t y  l eda lns  se1 re re i y  n in ie red .  

- - - - - ,  - -

{ . 2  Con t lo l  U . r ru ! .8

4 .2 .L  Cu l l l ng  o f  Non_ ! . ! l ou .  En t . t t ! l r . s

__ -  . , .B : th  con t to l  o f  i l l ega l  t l ade  and  a teve lopden t  o f  and
: : lT i f : "9  - c !ocod i l e  en te !p ! r ses  eo r . r ra l  appear  to  be!a .c r r i t a ted  by  suspens ion  o r -  cance l ta t i on  o i - i i l . n r . "  n " ra
: I  l l . t :  shov ing  t l t t l e  o !  no  i n te res t  t n  c rocod i t e  r e l , r . .pa r t i cu la ! l y  ones  eh i ch  appea !_ to  be  f ! on ts  to .  i r f "e . i . j l i i
l l " -o, t le: .  .such rraders ci i ra rr : .ery o.- i i i " -" i . i iv=i l i .  o"to! ._ rne ,  f te td ,  as  the i !  cover  o f  . " ; i " ; ;  ; ; ; - . ; ; ; i ; ;  i ; : . " . " .y9:r19 D9 renoved. geE i ousr i*.iy r.iEiii--i,""'"iii l"i.Iii: '::"::l:i:":.lll l.;"i""liil i

4 ,2 .2  l uc t l on r  o !  Con f l r c r t . d  gk ln ,

Recen t  expe ! i ences  u i t h . se i zu les  o f  i l l egaL  c rocod j , l esk lnE  In  t r i an  Jaya  i ndc!ocodire inao=l,v--i ia';; i ::::,.: i""r::I i l ;:ff:: i f : l :
l : : : l l : .  yourd be s isni f rcant ly  pror ; i ; ;  

- ; i '  - ; ;J ia, i . , . "  
.ocu t ren t  po  1 l  cy .

Bu reac la t l c  p rocess ing  de lays  have  o f ten  1ed  to  sx tnililiiii;""'iii"r':3ii;"g.ili;ml;"!' *i: 
-;ii::j;i."i.;iii

nucr r r .g rea ter -  
-benef i t s  you lo  resu l t  i f  con f isca ted  sk lns

: : :1 -o ,D.  -so td  by  in te !na t lonaf  auc t ion .  
-  - i i . i - - i i i " ro r .n t

sanc t loned sa les ,  eh lch  l rou ld  rnc iuae 
- - i i i e  , " . ! iu r . " "

caEa logutng  and grad inq  o f  ,  sk ins ,  vourJ -  g .ne i " te - - i ig t . .p ro t l tB  than recenr  v in ; ind  b tds ,  in  
"aa i t i i i " i l - i i . . i i ns  "

s lgn i ! l can t  add l t lona l  sor i rce  o f  levenue.  I f  a  po l t lon  o faucEion  proceeds cou ld  be  avarded i . - - ' i ppr . i ln i i i i - " io . . . .P o l  t c e  o t  o t h e r  e n f o ! c e n e n t

::.,: -"". :n i"p".i.,i- iilliii,"!'iii"iii," ili:":i:l?".tji:lIEo e-rfectivelv perfold rhe auties eovii i lea 
- 
uv-JJiii i i"i,r.rrto !  E h e l !  p o s t s ,



{ .2 .3  c ln tna  En!o !c !e !n t  l r l l t t rnc l

L 9 8 6 . Par t i cu la ! I y  d lg tu rb lng  ras  a  d i sas t l ouE  schene  to

Enfotcenent o! crocodl. le lavs ls in lalge Palt nade
dL f f t cu l t  by  the  vas tness  o f  l he  c rocod i l e  p toduc ing  a rea  l n
I r i an  Jaya ,  an  even  l , i de r  snugg l i ng  conP lex ,  and  l eg ia la t i on
(e .g .  I np res  Nuhbe r  4  t 19851 )  vh l ch  p roh ib i t s  i nspec t l on  o f
i nne !  l 9 land  ca !go  v l t hou t  ev ldence  o f  con t raband .  Th l s
dec ree  se tves  to  speea l  bu reac la t i c  p rocesB ing  o f
congignnents, but p!eenpts t l luch needed spot checklng
operac lons .

None the less ,  a I !  an t l  sea  ca rgoes  nay  be  e f f l c l en t l y
exa l l Lned  by  t ra tned  sn i f f e !  dogs .  I t  has  been  p roposed  tha t
a  sna l l  t aaE  o f  dogs  be  t ra lned ,  i f  necessa ry  u t i l l z l ng
p roJec t  f unds r  t o  a l s t s t  p lo jec t  en fo l ce tsen t  ope ra t l ons  i n
sus lec tea  cen ie rs  o !  c rocod l l e  sk in  snugg l i ng .  s t111  to  be
' ro r i ed  ou t  a re  acqu is ! t i on  cos ts ,  t r a ln ing  a l t d  ca le
lequ i renen ts '  ana l  coun te lpa l t  a t t achnen t .  r f  f ound  to  be
reJsonab ly  econon lca l ,  can ine  ass l s tance  cou ld  add  a  nev
c l l nens lon  to  e f fo l t s  a i&ed  a t  con t !o11 ing  i l l ega l  t l ade '

4 .2 .4  En fo l ceden t  ope la t l ons

Fo l l ov lng  an  tn l t l a t ! ve  by  the  PHPA D l rec to ra te  Gene la l
i n  consu t ta t i 6n  n i t h  1ag  en fo i cenen t  o f f l c i a IE ,  j o in t  f i e l d
opera t l ons  ( ! ' o res t l y /  P rov !nc ia1  Po l l ce , /  M i l l t a ! y )  ! ' e !e

l;unched tn late March to alrest persons lnvoLved 1n
o rgao ized  hun ! i ng  and  sk in  buy ing  schenes ,  and  to  se l ze
s t6cks  o f  sk ln3 ,  supp l i e6  and  equ lpnen t  ! e la ted  to  c rocod l l e
hun t  1ng .

InL t ta l  e f f o l t s  ve re  focused  on  the  Manbe lano  R lve !
sys tea ,  scene  o f  l nLe l r s l ve  p roJec t  f l e l d  9o !k ,  and  uhe le  an
a la rn lng  l nc leaae  l n  hun te !  ac t i v i t y  has  been  no ted  s ince

pu lchase  soDe  15 ,000  Iex ia t i . ng  s tock ' ,  sos t l y  b leed lng  s i ze '
c rocod l l e  sk ins ,  eh i ch  ve re  a l l eged  to  be  the  l esu l t  o f
e i t he !  v t l l age  rea ! l ng  e f fo ! t s  o !  t l ad i t l ona l  euba ie tence
ac t l v l t y  (1 .e .  nea t  f o !  l ocaL  conguD l t t i oa ) .  F le ld  su l veys
ana l  l n te l v lesE  v i t h  a  va ! i e t y  o f  1oca1  o f f i c i a l s  and
v i l , l age !s  shoved  unequ ivoca l t y  t ha t  no  such  E tock  ex l s ted .

ft ras fulthe! apparent fron the PlaceDent o! 1a!9e
quan t l t i es  o f  sa1 t ,  ba t te r l ea  and  canp l .ng  equ lpnen t  by
celtain unsanctloned entelptises that the sche[e vas a
th ln l y  d l sguLsed  hun t i ng  e f fo r t ,  t he  Eca le  o f  vh l ch  vou ld
se r ious l . y  dep le te  a lea  c locod11e  Popu la t i ons .  The
D1 !ec to ra te  cenera l 'E  re fusa l  t o  Endorse  the  schene  and
appea l  t o  p rov lnc la l  au tho r l t l eE  fo t  aEs lE tance  has  been
lns t l unen ta l  l n  dea l l ng  f1 !n1y  and  ev i f t l y  v l t h  t he  c ! I315 .
The  l esu l t l ng  f l e ld  en fo tcenen t  ope la t Ion  vas  i n i t l a ted  none
too soon, and eajo! danage to renalnlng l ' lanbelado clocodile
stocks has been averted. Although Eone i l legal skin buyels
lehaln active ln the river systen, nany have retleated f lotr



t 76

the  f i e1d . -  The  e f fec t i veness .  o f  l ecen t  ope la t l ons  has  DeenDo ls te !ed  by  a  c  IaDDdoyn
c rv rL ian  a i r c la f t  i '  tF -o " - ! ! :  

unau tho ! i zed  use  o f  non -
suPpl ies 

" .a- . i " " .ar i . '  " , i i i . .  

t t " " "not t ing of  sk in  buvels ,

Enfo rcenen t  ope la t i ons  ue re  ex tended  in  Juna  raa .to  the  suno-s l ru  v l l l i qe  
_a rea  sou th  o f  t he  na ln  . " . ; i I i : : :j .n JayaylJaya Eeqencv -narr it -itl-ve:;':;;i;,"":l_ 

:;"::i::,:n::"";:' l:":l i,::;::io E l l e !  s u s p e c t e d  c e n t e l s  o f  r r t e g a J .  t l a d e .

4,2.1 C€nt !o l l .d  f lunt r .ng

.  Enforcernent operat_tons eay ptovlde lnhedtaternE,rovenent  e l th  rhe . i l tegat  t lade p i i ,ur i r ,  
- - i i t  

i l , " r "ur"t ha t  t he . .  c rocod l l e  l esou rce  i s  cong ; r ved  on  a  fonq  te ruDaEis,  there 1s a orouins . . "1 i ; ; r i ; ;  i i i " i  i l i j i ro. r"acrocod i le  hunt ing  uou id  ac t - .as  a -  
"o^p i . r . " f - - to - " i x is t ing3; i : i l t : l t " t"?"vide a var ietv ot nucrr o".a" i '  uJi"rr t" ,

" , ." . -  
11,^^: ' "P]t :"  i1r"9: l - ! !aders.bv pavins substanriarrynrgner .  pr i .ces ro  tocat  f ,unters .  r r l ;s ; i . ; i i . - ; ; | " i "  ,oura

: : : i_-!:  be _ outconpeted Decause p!tces leceiveat f lorr_rngapo!ean e iddteben are_ 20_4or  r i " . i - - t t i i - - i " i i_ . , " ru"na lke ts  i n  Japan ,  Eu rope  ana l  t he  USA-

2 )  Losa  o f  t he  na joE l t y  o f  t r ade  eh l ch  S i .ngapo tecu ! ren t l y  enJoys  you ld  enc
rEs  c r rEs  teae rva t i ons  . " ' o : t t l : - ! l : !  

coun t l y  t o  recons i ' l e !
and  poss rb l y  

- ; ; ; ; ; ; ; " ; . ; ; "  s ' '  po rosus  and  c '  novaequ lneae ,
the r ndonesian';;;;; i i;"i;:::l l i. 

t"utnt a''d lnvestrenaJn

. __  . . 3 )  Lega I l zed  expo ! t s_can_be  t axed  t o  gene la te  r evenue
: : : , a l : _  

gove lnBen t ,  p i r t  o r  vn rcn  n rgh t  be  p toyed  back  rn roEnpA to r  l e9u la to ry  and  mon l to r l ng  
" c i t . r r I t t . l .

- - -_ - - : l  ?y - .o " t ro l t l r l 9  a  s ign i f l can t  sha le  o f  i t s  c locoa | t l eexpo l t s ,  I ndones  l a  uou ld  h ipover on voll .al narkets. 
ave enhanced prlce negotlat lng

-_ - ,  5 )  H ighe r  p r l ces  to  l ocaL  p roduce ls  (hun te la )  vou l . c l  i ntu rn  l nc lease  the  va lue  o f  1the-rrkerihood ir,".-iiiy"ir il',iii"Hi!rliri'lilr?linti;.111
: : : : :  f . .  I ong  te lu  bane f l t  ( , ' va tue_added  conseEVat lon , , ) ,Loca r  peop le  uou ld  ye  I ccaccess rir rity t. 

- -"iil.iii!.il!39, n'll!' 
.il'"iin"jii"ri}t'i;oet lv€  behef l t  f loD the i !  hunt lng  sk t1 l .  gy  iE" i i r ' i i q  

"n . t
Ene,  governnent  i s  [o !e  !esponsrve  to  the i t  needs  and hunteE_gathe le !  L t fes ty te ,  they  s i rou ld .be  . . ; ; - ; ; " ; ; ; ; ; " - i l  J i ta i "gDy_conserva t lon-o ! len tea  res t ! l c t lons  f . .g . - -p io t " " t i in  o tDreed lng  s lze  c rocod i les  )  -  .  !h is  youtd  6e  i " i i i " i . "o  l vp !o :ec t  s ta f ! ,  eho v t l l  enphas lze  

" r ! -a . i " r . i i i i i - i i i .  tn .



neu  po1 lcy  1s  des igned  to  d l t ec t l y  bene f l t  l oca l  peop le '
f l t h  t rue  suppor t  and  nu tua l  t l us t ,  v i I l age rs  cou ld  be
e f fec t l ve l . y  l ; vo l ved  as  gua ld lans  o !  t he  c tocod i l e  resou lce ,
a  !o Ie  t t h l ch  PHPA o !  t he  p roJec t  a l ' one  canno t  p lac t l ca l l ' y
pe l fo rn  ove !  such  a  vas t  ana  d i f f l cu l t  a lea  as  the  l ov lands
o f  I r  l an  Jaya .

5  )  ca le fu11y  con t l o1Led  hun t l ng  13  an  en tL le l y
accep lab le  nanagenen l  s t l a tegy  to  the  c ITEs -  sec te ta r i a t ,
v i rose  p r i nc lp : .e  conce ln  1E  lus ta inab l ' e  u t i l l za t i on '  7 f
. occes i fo l l y - i . np lenen ted ,  t h ig  vou ld  supPo t t  I ndones la ' s
p loposa l  f o i  re iaxed  In te rna t l ona l  t l ade  res t ! l c t i ons ,  I t h i ch

in  i u rn  vou ld  a l l os  the  coun t r y  g lea te r  f l ex ib i l t y  i n
nanag lng  l tE  c !ocod l1e  resou !ce .
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1 .2 .5  tnhu t rn t  I t  Ek ln  Pu lch t r t  P l rn

A  feas ib iL t y  s tudy  o f  t he  po ten t i a l  t o  buy  ! ' i l ' d -

ha l ves ted  c rocod i l e  sk lns  d i rec t l y  f ! o ! t  l ocaL  hun te l s  uas
conp le ted  a t  t he  end  o f  Ap r l l  1988 .  A  recen t  f o rea t l y
g radua te  and  enp loyee 'o f  t he  s ta te  onned  fo res t l y  en te lp l i se
inhutanl I I  acconpanied FAO and Folestry Depa!trnent
counte!palts to l !o3t vI l lages in the ] lanbe!arno Rlve! reglon'
Th l s  a ! ;a  i s  t he  uos t  app rop r la te  l oca t l on  i n  t he -p lov lnce
fo r  expe ! i nen ta l  sk ln  pu i chas lng ,  aB  geog laph lca t l y -  t t  i s
nea ! l y  a  ' c l osed  sys ten t ,  t hus  fac i l l t a t l ng  con t ro l  ove r
o r i g in  and  t rove ren t  o f  c !ocod l l e  5k ins .

Mee t ings  ve re  he ld  v i t h  v l l l age rs  to l  1 )  eLuc ida te  the
a i [E  and  advan tages  o f  t he  buy lng  p1an ,  ana t  2 )  so l l c i t  l oca l
reac t l on  bo  the  requ i red  conse t l g l l s  t ega rd tng  conse rva t l on -
o ! i en ted  res t ! i c t i ons .  These  have  been  deve loped  In to  f , ou !
ca tego ! i es :

1) Accaptancs gf I  ha!v.!t  quotr, uhlch sould be
deterDinedl by the FAO-PHPA p!oJect, baEed on aPPalent
c !ocoa l l e  popu la t i on  s ta tus ,  qua l i t y  and  avaL lab i l i t y  o f
habitat, and l lnibal neeals of local. people;

2l A..u!.nca thrt l l lagrl !kr,n buy.!! vl1l not b.
lacclvad. vi l lageEs nust agree to refuse such buyels anal to
!epo l t  t he l !  p !esence  to  l oca1  au tho r l t l . es  o !  P roJec t
pe tsonneL ;

3 )  on l y  ! k l n !  a r r l u r l nE  10  l nchq r  (25 .4  cn )  t o  18
lnch.r (45.7 c!) el! . I  b. hrlvaltai l ,  in orde! to plonote
plotection of, breeding stock ln the si ld and leselve young
fo !  rea !1n9  ven tu les  and  popu la t i on  l ec lu i t aen t .  I nc lden ta l
ex t ra - I lD i ta l  ca tches  (e .g .  l n  f l sh lng  ne ts i  hun te r  e l ro rs )
nust be gur!eodered to enf,orcedent personnel.

4) l9:.. thrt no hookr elll b. ur.d to hunt
c locod l l aa .  Hooks  6e1ec t  f o !  Dea l i un -s i zed  and  l a lge
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c !ocod i l es ,  and  thus  pose  acoDse lva t10n  o f  c locod  i  I e  s tocKs .
s lgn i  f i can t  t h lea t  t o

In  add  l  t  1on ,  i t  na \nents eh-r ch J,iiii'i t' ii,l-/"3i,::gi:i':i:i":".:::i;| :;t;:l:;
:e .s .  

po la  prR pa! r tc ipat ton) .  xoveve i ,  
- ; " ; ; ; i ; ; :  

iener r ts
: : : 1_ .1  1 "  pu rchas ing  shouro  no t i va te  v l l l age rs  to  tu t the rsuppor t  pro]ect  a tns {e_9.  const ruct rng 

- .6 i i ! " i ion 
p.n,

; : : ; : , :g i :n". .e,  and, as aeenea teai iui i ,  
- . i t ! i i i " . "u,rne

-  Pena l t i es  fo r  non_conpL lance  u l t h  these  !es t ! l c t l onsnave  been  d l scussed .  Mo la to r i a  appear  the  nos !  e f fec t l vel reana  to  demons t l a te  the  
, se t i ousne ! ; - ; i  

- ; ; " ; ; ; ; s= .on  

"n "
ag reenen t ,  vh l l e  ! e tapa r t l c i pa i l on  i ; - - t h "  ; ; ; ; l l t 19 .  

oppor tun l t v  ro !  f u tu re
cond l t i ; ns  ,ou ia  

_ . . i . - - j , l ng  scheDe .  V lo la to ! s  o f  t he  above
p!rvjreeea. t.,--l r"i ig.l i3ji"tn.j i"u.i in"l: i....: j  l ;:,1t.;
T?l j l ! :  Ad_inter ip proJect  en?orce""" i  .p. i . t i i iJ  ,oora u"
I : "T : !  . l  o f f end ins  v i l l ages  as  ye t  an  

"a i i t i on i i - t n . . n t i , r "Eo  suppor t  t he  con t l o l l ed  pu tchase  schene .

Du ! ing  the  cou rse  o f  t he  teas ib i l . i t y  s tudy ,  a  de ta i l edes t " l na t i on  o f  t he  Log is t l cs .  and  ope ra t l i g  . o l i r -  I i . , o f . , . av tEn  such  a  ven tu re  vas  acn levec t .  I nd l ca t l ons  a re  tha t  anoveral l  quota for the Hanb€
1 : g go. _-'s, ooo -"i 

r".- ;:;":;il;. """;;L "ri.']3ro;";i5 .j;:3:
: : : : : l : Iy-b"  sustaintbre,  and t i  . " r " io i iv-" j i l t_ i rot"aroca r ry ,  t he  a t tached  cocoura iven i,a"..-i..ii..i"::.:n:i:'i l ':!lt!E"u'jilIji. '""'

.  .  AsEuD ing  cu r ren t  l n te rna t l ona l  na l ke t  p ! l ces  Eena tnsteady, and that the harvesso t n)20)iix- ii' ;;;"!,'i);): -:;ii.:"1'i::,;i,.1":::::,.i:i::
u !  4P . .  r , uuu  -  5 ,000  pe r  

- be l l ) . e i d th  i nch  cou ld ; ; . ; " i ; - ; ;rocar huntels.  Horeove! ,  three_t lered pi i iJrr"J i i i  i !  i i r . rua.sEandard doensradins for  craaes 2 and 3 ' ; ; ; ' i ; - in ju iJ i i rnt"r"Eo !o !e carefuL ly  hunt ,  D lepale and p.u. . i r . ' i f rJ i r . . . r r r r " ,tnus s tgn i f tcant ly  tnprovt ;9  the vatue i r  i r , . - r , " i i r "J i . -

::*.:if i:ii"iiJ,i'!lititlii;.:n;.::tt':: j.i,,fl ;'i:li";, :.n.?:euch_of thls p!oftt can be cyclei t"to go""i; i."i ' . i ..r jo.r"rraneeos (e .  g ,  en fo !cenent  .Donltorine, -"i i i ie.-"iiJi.i i i. iJlll i! ;, "li::.i i: 
"il l i l i: i: l: : : . :_: f  .proJect opelartons 

" i , rra u" ' la"qi" tJ iv i , i i i l i  "" . .rAu:aEsrarance is  phased out .  s rnut tan jous iy l  iJ i i - i r i . . .patq to . IocaI  v l t lagrrs  uould resul t  fn  .n  
" "o i i "J l - in ! . . . . "1: :"Il l"ss flou skrn saleE, and 

".y 
,.ri '-r".i-ir,j i 't"r.,c tocoa l l les -  than a t  p resent  eou ld  need to  be  huntea t .ro leove! ,  fa t r  p r rces  oake poss ib l .e  t t . - . i " . i i on- i r  J i : . t_g .

s:3f.::!1y::, another lraporrinr stared .u:."i i"J..o i 
-tn! 

rlo_snpA p loJec t .  Th ls  eoutd  represent  .  
" " i i  

-  
i ;p io i " r ; ; ;  

" " . .Ehe very  lou  cu l ren t  p r tces  ana l  un fa i r  bar te r  agreenentE by
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gougg le l s  and  theL r  n ldd lenen ,  uh l ch  o f ten  resu l t  i n
neg i i g fb le  bene f l t  t o  l ocaL  v l l Lage re  and  v ia leep read  soc la I
d  IEcon ten t .

The proposed lt l l i ted halvest l tae vell  lecelved by
vl l . lagers th;oughout the Ma&beramo. fhe essential need fol
l es t r t c t i ons  appears  unde ls tood ,  and  v i l l age rs  aqu iesced  i n
the i  J l l I i ngness  t o  f o1 loe .

Jo in t  p ro jec t , / po1 lce  ope la t l ons  du ! i ng  Harch  and  Ap ! iL
paved  the  vay  i o r  t r i a t  pu i chas lng .  A  P less inq  need  vas

seeen  to  In i l l a te  the  p lan ,  o r i ng  to  the  onse t  o f  t he  June_

oc tobe r  a l r y  seagon  vhenrhun t i ng  p ressu re  on  c rocod l l e .  s tocks
ts greatest. Palaatoxica1ly, huntlng iE l trost aDenaDle Eo

con€ro l  du r ing  these  1o9  va te !  non ths .  Med lud -s i zed
c rocod i l es  a le  d i rec t l y  encoun te red  by  hun te l s  and  can  be
se lec t i ve l y  Epeared ,  o !  so [e t i des  even  t l apPed  by  hand '

ThIE is t;  ;ha!p contlast to later in the year l then

c !ocod i l es  d i spe rse  v l t h  r iE ing  f l ood  na teEs  j n to -ad jacen t

i v i up  t " t es t s , -  she !e  i nd lEc ! i n ina te  se t t i ng  o f  hooks  1s
v1 ! tua l l y  t he  on l y  e f f i c l ; n t  hun t i ng  ne thod .  Th l s .P lac t l ce
l s  ve l y  t l eE t l uc t l . ve  o f  c locod i l e  s tocks  becauEe  i t  se lec ts
fo r  n ;d lu rd -s I zed  and  l a rge  c locod i l eE ,  t hus  dep le t i ng
IDpoltant bleedlng cohorts.

conceln r 'as exp!esgeil  regardlng the falrness of
pa raE ta ta l  pu l chas ing .  The  na jo r  n i sg i v ings  c i t e ' l .  r ' e re  tha t
i  nonopo l i s i t e  s i t ua t l on  vou ld  be  c lea ted  i rhe reby  p ! i va te
en te rp i i ses  a re  exc luded  f ron  the  gchene ,  and  tha t  pu rchase
pr i ces  dLgh t  be  un fa l l Ly  ae t .

rhege  fea l s  shou ld  be  a l l ayed  fo r  3eve la l  rea3ons .
Inhu tan i  I I  na tn ta lns  an  exce l l en t  nanage [en t  ' t i ack

lecolalr i  !no!eove!, thelr Intention fol Invol.venent has been
c lea !1y  exp lessed  f ron  the  s ta l t .  Ra the r  t han  an  i n te leE t
la r  oax iD iz lng  p !o ! i t g  f ron  such  a  ven tu le ,  t he i r  E ta ted
p ! i t r a ry  a ln  iE  to  a tab i l i ze  the  cu lEen t  se r l ous l y  d i s tu rbed
s l tua t i on ,  v l t h  pa l t l cu la !  enphas ls  apP l l . ed  to  sus ta ined
lesou rce  use ,  and  a  fa i r  sha le  o f  bene f i t 6  rece i ved  by  l oca l
P ro t l uce !s .

Most LDpoltant. Inhutanl I f  executlves ale anenable to
c lose  [on l to ! l ng  o !  t he ! r  pu l chas ing  ac t i v l t l eE .  The  va lue
of, this vl11lngness cannot be overenphaalzed. fhe [o!e
acculate ou! data on nu|!bei, sizes, speciesr and local
o ! i g ln  o f  c l ocod t l e  sk inE ,  t he  be t te r  t he  a ta t iE t i ca l
f eedback  on  the  g t ruc tu le  o f  l oca1  c !ocoa l l l e  popuLa t lons  and
t l ena l3  l n  t h€ l r  u t i l l za t l on .  Th Is  I s  a r t  l n teg la l  aepec t  o f
e f fec t l ve l y  aon l to ! l ng  the  c locod l l e  resou rce ,  t h l ch  Ls
also one of the eogt fundlanental anal plessi.nq needs of the
p lo jec t .  and  a  na jo r  expcc ta t ton  o f  I ndones ta  as  a  C ITES
s lgnatory.
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4,2,1 D! lv. t r  Ent . !9! l r .  Eurch.r  lng

o" t^nl : . t i : "1?,"1. 'o; i : 'F! :g.star t .  to contro l led pu!chasins
acceptable sorui io, i  

" l i r l t t to"u 
that  a hole 

" i ' t  
i t l i i i i i

t rade th rougho" i - "  l i i " - io  
o : - - - !o  oF"n  the  c !oc ;d1 te  sk ln

purchaslns. - 
r,. i i i i i i"nl i" i*rn.oou,l i jJ:. ir"";:: : 'oi j ; :

Deen  l ssued  t o  es tab l l sheq ,  c l ocod i l e  en te tp r i ses ,  v l t h  oneor  tne  Jayapura  conne lc ia l  en te rp ! i ses  a l so  a i l o l rea t  t opu rchase  sk l ns  i n  
"o r t h :T l . . I r i an  Jaya  1n  add i t l on  Eornhu tan i  I I .  Th iE  essenthlee sphe!es: - i ;  
; ; ;". ' ; : : . ' :Lut; i : ; :" *l : . ;". iJ; iL t:: i

so t rEhe ln  coas t  as  fa !  ees !  as  the -Asna t  a rea ;  2 )  souEoernr r tan  Jaya  f ron  the  Asna t  reg lon  sou th i  and ,  3 )  t he
; : l : " t t t " ,  

no l th  r t tan coast  and 
" " " t - .ou" i  o i "E lnara"a. t t r

so  tha t  t he  scheDe  1s -  ! a i ! ,  a l l  ex l s t l ng  caocoa i i l ereaE ing  en te !p r i 6es  t  i l t  be  e t l g ib le  ro  .o i i . I i - " i a ' i u r "n " . "sx lnE  i . n  t he  f i e Id .  Ho r reve r ,  
-  sk ins  nus t  be  so l .d  to  each

: t i : : : ' : ,  l i censed  expor te r .  sk in  puEchase  reE t r t c t i ons  u i r rror rov those out t tned for  rnhut ;n i  , i ,  
- .J i i i i j i i i  

" r r "
r rD l t s ,  bu t  Day  a I l . oy  fo r  an  i n l t i a f  pu rchase  s i ze  to ie rance
;:r"':;,:lf :l:i:::" lfu"lii*'. rn "oi':on.tr-J.,-,iir,'ii.."t,yadvrce  f rob  p .o j ! . t - r i " i i "  

p rov inc ia l .  goverhDent ,  and c l t i
exPor tezs  r i r i  u . - i . I i ! i "  

an  asEoc ia t lon  o f  buyers  and
penal t ies .na .upor i i ' i - i r " i3ur i l j .  oE'erat tonal  su- lder ines,

nu'"r.,".?li :; 
tl;"":i:.:'"a or opelation and ease or ltresal

:lp:::nr.;:. o"" &-iii ',o.'t";:::i i;;.;.":::,. ' l. i;_r:ii:?:{
Dy assoc ia r i on  nenbe ls  nav  a i s iE t  t r i  ; ; i ; - ; "9 " ; ; , -  f , i .  . r "ounoer  cons ide la t l on  i s  an  ; ssoc ia t l on  fuhdea t  poo l  t o  sponsoEsupe tv t so ry  pe rsonne l .  Thbenerrt or- "ii;-;;;;. ' ri,.i i i.r"li i i,"il i:,. '"n;iir";1,".1;reDoEe  sva t rps  o f  r r l an  Java  a te - Ia lge l y  unsoph ls t i ca ied  andeas t  l y  l n f l uenced ,  and  f r i ,accurarery ."""oiine "ili,'ll"i"rui5ui::iil,,,"::l:il:.1;l.frllioue  Ee tu rn  f zon  sk ln  sa le rvurne!abte to uei , , ! - iarJ i ' ; ; ; " . .11:" ; r :h"v are part l iurar ly

The ney skln purcha8e schene does calty the Elsk thatconcu t ten t  sDugg l l ng  o f  o lconErnue  unaba ted  1o .  oo " . f iT - l  
a r rd  unde ls l zed  sk tns  oay

sk in  buyer  
" " " " . "  t J - i r5 I i ; ;?1v- -? :  

exace lba ted)  bv  eas ie !
assoc ia t ion  

" f  
, " iU . i " - i l i . re  

p !oduc ing  areas .  Hoveve! ,  an
fo !  long- te le  r r " " " i i i ,  

- - " ;19  
!ose ther -  to  s tab i l i ze  t lade

grea le r  ln te rna t i " " i i "u " r . l? l . -even enhanc lng  P!o f l t s  bv
uerr.eventuate 

"; ;;" 
-;;;;: i i l""Bili i"i"ori.i i l. i i! l;""l l l

conrex t  t o  t he  i ndus t r y_ th r
exp lo r l a r l on .  L " .11no  

" r r \ r "? ! i n inq  

p lob leD  o f  uncon t ro l l ed
staee, rhe,"r,.""-JJ"u,i."'.i"iii.liiiil".:r:::l::::" .. .nt.



, 1 .2 .8  D lP lo ra t l c  E f fo r t c

D lp looa t t c  i n l t t a t l ves  neea l  t o  be  d l l ec ted  to
gove rnnen ts  o f  t hose  coun t r i es  na in ta in lng  C ITES

iese tva t j , ons  on  Indones ian  c locod i l ' i an  spec ieE  to  ! ' i t hd lav

then .  Non-Par t y  Eeg lona l '  s ta tes r  f o l  eh i ch  I  nd tca t i ons
. i i " t  t ha t  .  i n i t ones ian  sk ins  a re  be ing  i spo r ted
(e .g .  f a iuan ) ,  shou ld  e l t he r  hono !  GOI  t ra ' l e  res t ! l c t i ons
o !  accede  to  c ITES r l t hou t  ! ese l va t i ons  on  Indones ian
c !ocod l l . i an  spec les ,  i n  o rde l  t o  e l i r n lna te  l t a rke ts  fo !

snuggled goodg.

! ' toet notable anong the Palt ies is the RePubIIc of

singapore, holding cITEs ;eservatlons on both q' pgIgslg and
g .  navaeou ineae ,  and  th l ch .  acco ld ing  to  s t l ong  . c i t cun -
;r.; I ' i ; t=; la;;; . ,  i3 the najo! init ial destination of

i i i ; ; ; i i y  t l ade i l  c !ocod i l ' e  sk lns  f ! on  rndones la '  sone  o f

thes i  ek ins  appea l  t o  be  p roce6sed  in  s lngapo le ,  bu t  t he

bu lk  a re  os tens lb lY  !e -exPor ted .

By vlthatlavlng its reselvatlons, th€ count!|  vould

L i ke l y  l ; ose  uos t  t t l dd le toan  p ro f i t s ,  bu t  t hese  aPpea l  t o  De

oo  th3  o rae r  o f  on l y  usD 1 -2 .5  n i l l ' l on  pe !  annum'  r t  l 3

a i i i i . o f i  t o  un i l e l s t : nd  vhv ,  l n  l he  l n te res t  o f  ASEAN

.oopu i i i r o "  ana l  , i t h  I nc rea i i ng  a i ra !eness  o f -  t he . rnan l fo ld
de t ; t een ta l  e f fec ts  s tenn ing  f i oD  the  I l l ega I  sk in - t rade '
s inqaDo !e ,  e l t h  econon ic  po i i c i es  gea !ed  tova lds  advanced
i i c r i "6 t . s l  an i l  se rv i ce  i nAus t l y  a leve lopnen t ,  con t i nues  to
p ro tec t  

- i uch  
a  con t l ove l s ia I  and  neg l l g lb le  bus lness

ln te res t ,  espec la l . I y  one  vh l ch  appears  to  ho ld  l l t t l e  l ong -
te !o  fu tu le  1 f  a l l oved  to  renaLn  uncon t !o l l ed .

r8 l

nadouRca utrt t zrfloll txD DEvll,oPl.{lllr

Plospec ts  fo r  sus ta ined  deve lop t ren t  o f  t he  c locod l l e
lesou lce  i n  l l l an  Jaya  a le  bo l s te red  by  Beve ra l  advan tagea .
ch le f  o f ,  vh l ch  a re :  s lgn i f i can t  reDa in lng  v i l d  poPu la t l ons ,
inexpensive construction anal labou! costs, andl evolvinq
nanagenent potentlal and technl,cal expert lse, I toveve!'  the
g ro f i t ab l l l t y  o f  a  suoo th l y  ! unn lng  l nduEt ry  i s  s t i l L  l n
aoub t  f o !  nany  asg l r l ng  en te lp t i ses ,  as  a  cheap  and  regu la r
supp ly  o f  f eed  Ia  e l t he !  I lD i ted  o !  unava l l ab le '  aE  ue1 l ,
cons t i a tn t s  on  gupp l i es  o f  f l eshna le r  and  young  c locod l l es
1n sone locations lrust alEo be ovelcone. Add to th15 the
appa le r r t  con t l nu lng  dec l l ne  o f  v tLd  c locod l l e  s to rks  p lus
tn te r !e rence  by  t I l ega l  t ! ade !s  and  the i r  suPPo ! te ! s ,  and
prospects beco[e Eole uncerta I n.
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5 ,1  R . r ! t nE  van tu ! ! !

F i gu re  5 .1 .a  shous -  l oca t i ons  o f  ex i s t l ng  andpocen t  l a I  cen te rs  o f  c locod lp !ov l nce .  r ab re  s . i . ; ' - ; ; i 11 i - t t " t i n s . "nd  b !eed ins  1n  t he
repEenDeE t9Bg .  A  d . " " r t o t r t ] i t  

apP tox lna te  s tocks  as  o f  0 l
enterp! tses,  i r . r i r 'a i " i - i j i i ion-an ' l  assessDent  o f  connerctar

3:i:i:;3;i i,';;;;:;i:d':;": ;:;i:;:i.i:,?:",1'g:*;:;:'
t rb l .  5 ,1 ,b  Crp t l . v .  C loeodt l .  g tocks  ln  I r l rn  i r ry r

Ente rDr  i  se loca t i on  l t  C .  p . , f  C .  n .  f o ta l

3 ,542  4 ,149

'240  -320

{59  459

4 ,72L  4 ,478

C.V. Blntang l, tas Jayapura

c .V .  S ina r  Asahan

C.V .  S i kovay  Jaya

P.  T .  gen tan i  Va1 ley

P . l ,  B ln tang  D la t  Dab la

L.  LO?

-80

0

I

297

-L20

2

432

2

-300

720

u .  v .  R t o h a

C.  V .  Ran t l

C .V .  N l  k r t ra t

C .V .  Jaya  Abad t

C .  Y .  T l i naga  K reas  i

c .V .  Hodan  Ba lu

Nab i re

B lak

Me iauke

go !ong

-400

385

260

I

1

-450

463

-520

818

3

-25L

-750P. T. Alan l{urnl Bahana

Po!estty Dept. /pHpA

rotAts -10 ,443  -13 ,3 :6
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5.1,1 , t ryrpu l r  A! . t

C.V .  B in tang  Mas  con t l nues , to  shoe  good  p log ress  v t thrcs rear lng operat tons.  
,  a cul l  . r  gsd-- i r i iJ i i r " "  , . "co luenced  tn  Ap r t I  bu t  Dos tponed  a t te r  au iu t  

- l 6d - - i . ,  
o ro " ,f o r  t he  conpahy ' s  t ann i i q

ln l t l aL  sk in  p rocess inq .  
-  pa ! tne r  t o  eva rua te  the  gua t l t y  o f

.T raEh  f l sh  feea l  f l om_ the  conpany ,s -o f f_sho le  p rayn rng
: f : : . : lo" :  appears tnsuf f lc lent  fo ;  i ! " i i "g- " i " i i )o io  n" .a .! - eeo  acqu iE  l t l  on  shou ldor aaardronai--;,.;i;;;: '13';:ir, ' i i lrl::r;i3:"1;".#:iH;;
ar '  anpLe suppry of  youno c!ocodi ie"  i i r " - i i . - i r i j  J i .  o" inqexper ienced. This ls  vartour iv re i i iea- i i  i i ! io l i .n""  o.
: : l l : : ! l 'g  centera by j . l  resat  _ buni  t  nq i " t i " i i rJ" l - i i i r " t r "" r
: : l=: I : l l : . ,  and conpett r ton f ron otr ie i  ; ; ; ; ; ; ; ; ;=- ; ;  y . ,ne.' Ine qual. l ty of ha!vested youDg also 

-n".O" - irpi i ,r.r.n..
project  personnel  v l I I  le . -assist ing- in-- i i i " -* i i i " ra lveophaslzins. through extensio" i.i"i"i" 

-it 
u "'iipoiEJrr". 

oacap tu !e  by  hand  ins tead  o f  spea r rng .

B in tang  Maa  has  cons t !uc ted  a  gepa la te  fac i l l t y  t o  ! ea !rhe Enal leat  of  i rs  crocodtr" .  i< i . i r - - i i t " i ' i l iq i l ,  r r I , :  l .rn addt t ton,  the nanaqers prun io uuird-- l -  i i i i l i l rv  . racont ro r led  env i ronnent  pens  io  rear  ha t ; ; i i n ;s  p i i i r i .o  t .o ,the ,env lsaged paga i  a r ;a  _ t r la l  egg harves t  (see  sec t lonr .q r .  I  p roJec t  consu l tan t  t r i -  conre ic i " f ' - " ' " -p " " t "  o fc rocod i l .e  rea ! in9  has  advraed the  
" " ip " ,v -  

i . i " .a  i i i=  iu r r "  n  asEate  o f  the  a r t r  des lqn .

. ._ -_  Long-es tab l i shed C.V.  S ina !  Asahan (nov  knovn as  c .V .s rna l  Asahan Raya)  haa shovn sone ln te res t  fn  
" * i inAI . r9  

r t "
: ; : : : l ir"3:* '  oi i i . , : ;  ! i9"n1'" r ixea 

- 'ourcJJ"-oi '  
you,,s

econonrc  p !ospec ts  ro r  t r " " t t i ^11- - i  
no teeor thy  Inproverent ,

li;# :i:;,:5, :;i:; ii;*. "1ff lllli:::" :::J:"i;;i:i",:3;,':
c .V .  Rep t i l l ndo  Eka_-_p ra ta t ra .  { f o r t re r I y  C .y .  B tn tangr r ra t ,  l s  expe r ienc lnq  d i f f i cu t t res  y i t h  su f f l c l en t  ua te r  anc tEeeo  to t  i t s  c locod l l e  s tas Balon . "a  i . i " r i . , -  , i j l t l l :  

rn  reDote outs ta t lons such
.contrasr, """;;;;;;l hil '*,::: 

no lonser in use. By
Manbelano noro, ' - - ! i i "  " l i . - ]19 io""u cons iderabrv at  Dabra,
lrovever, p. o" !" "t.--' i." 

- -i?:ll i 
: , &ain rearins statl.on.

feed for  ,o i "  t i r " " - : f ] ido ; , . t t " "o  
a lue to  lack of  auf f ic ient

!rod Ene Hanberaho 
"na 

na.t3l- '-  ,  
Moreovet'  the cost of f iah

soulc€ of  
"upprv i - - " ip . " . l " f l !v  

l " t t " " .  and lagoohs ( the onty
raree-Bcare i ; . ; i ' s - ; ; ; ; " ; " ioo : l? :n . i t 'u . "nd l l resu lar  for  ;
for  youhg 

" to . .a- i rJJ" - i i l '  
i -Pr rces pa ld to  a !ea v l l ragers

I:.n:_"n.. s,ooo'iuii-:r-i!,,i! '"ni'3li6i3oot?"ritlli l8, Xii;i:.ii;:rii. inl. il!:r*::Jrp;r,,$i"J:,iifi::*itff!
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Rp.  5 ,000 -10 .000  pe r  i nch  -  bes t  a long  the  Marnberano .
Cons ide r lng  the  s i t ua t i ona l  a l i f f l cu l t i es  o f  cen te !1ng  i t s
ope la t l onE  in  a  Ee t ro te  ou ts ta t i on  such  as  Dabra ,
c . v .  Rep t l l i ndo  has  nade  adn l l ab1e  p !og ress  ove !  t he  cou rse
o f  Che  las t  yea ! .

I t  haE  been  Eugges ted  tha t  sh l f t l ng  na ln  rea ! i ng
opera t i ons  to  Nab i re  o r  Jayapu la  n igh t  enhance  the  co [Pany rs
econon lc  p !ospec ts . Un fo ! tuna te l y .  ne i the !  l oca t i on
lea tu res  a  !ead t l y  ava iLab le  sou !ce  o f  cheap  feed ,  t hus
necess i ta t i ng  an  l ndependen t  f l ee t  o f  sna l l  boa ts  to  suPp ly
adequa te  adoun ts  1n  o rde r  t o  ope la te  coune lc laL l y .
Even  then ,  p ro f i t ab l l i t y  eouLd  no t  be  assu !ed .

c . v .  Rep t l l t ndo  Eka  Per tana  nay ,  hoveve r ,  f t nd  tha t  t he
f l ozen  f l sh  fac to l y  and  cannery  a t  B iak  can  p lov ide
su f f i c l en t  quan t l t i es  o f  cheap  feed ,  i f  no t  a t  p lesen t ,  t hen
ln  the  nea r  fu tu !e  vhen  expa i rded  p !oduc t i on  i s  an t l c iPa ted .
A  tho lough  feas j .b i l iCy  s tudy  i s  needed ,  l nc lud inq  assesanen t
o f  f ! e6h9a te !  sou l ces  and  po ten t i a l  f o !  a  gue ran teed  Eupp ly
o f  t ragh  f i sh . As  a  hub  fo r  f l i gh ts  !o  the  i n te l i o r  o f
no l the rn  I ! l an  Jaya ,  B lak  o f fe l s  a  conven ien t  l oca t i on  to
rece i ve  and  l ea r  young  c rocod i l es  f l on  a  nebvo lk  o f  v i l l age
ho fd ing  pens .

5 .1 .2  go lonE  Ar r !  P r l v . t .  En t . ! p ! I . c t

P ,T .  A lan  Murn i  Bahana  con t i nues  to  expand  the l !
f ac i l i t y  and  j . np rove  rea r ing  techn iques .  A  cu l l  o f  t h i rd
and foulth yea! anlnals vas begun in Late Febluary, By the
end  o f  hay  abou t  400  nos t l y  g .  novaeou ineae  o f  be l l yv ld ths
rang ing  f ! oD  12 -20  tnches  ve !e  sk inned ,  \ r i t h  so r l e  400 -500
cu l l ab le  an lna l s  sa l f l  t o  l eaa in  i n  t he  pens ,

c . v .  Hodan  Baru  has  co [p le ted  add l t l ona l  rea r lng  pens
a t  l t s  s l t e  ou tE lde  So long ,  bu t  iE  expe rLenc lng  an  ex tended
de lay  !n  ob ta ln lnE  a  cap tu re  l l cense  to  p rov lde  add l t i ona l
Etock. Hanagenent at the faciLity is of adequate standard,
although inproveil  f lushing of pens and renovaL of uneaten
food eoul.d 1tke1y enhaDce glorrth, Bhe entelp!lse cultentLy
!ea!E so|[e 250 g. p94!!9 and 3 C. novaequlneae, nostly
Juven i l eE  and  sub -adu1 tE .  I n  add l t l on ,  a  re la t i ve l y  La rge
alca has been enclosed fo! atteDpted breeallng.

5 .1 .3  so long  Oovc ln ! .a t  P . r !

5 .1 .3 .1  R6 . ! l nE  E f , f o ! t s

P !o9 !es6  con t l nues  a t  t he  Fo les t r y  Depar tDen t  c rocod l l e
faln in Solong, although at a slouer pace than expectetl .
Plevlous fundlng vaE apparently Insufftclent to conplete the
!ea ! i . ng  pe l r s  and  aux i l l a l y  f ac i l l t i es .  P lov i s ion  v i t h tn
thls and ner<t yearrs budget is needed to ceDent pen bottoin3,



connect  e lec t !1c l tv .
add i t l ona l  s tock  -

uPglade the ea te t  supp ly and  acqu i re

, 11 l. tay, euch of the current stock yas caught, nunbeteatby  s tanda ld  do l sa l  scu te  c l l pp lng  pa t te rn .  and  sh i f t ed  toconpl .eted.pens rn tvo operat i ; ; " :  - - i i - ; ; ;  
" i "J . iJ i  t t . t  

"ectoparas i t i c  nenarode tn ies ta t ion-  i "  ; i . ; ; ;9 - ; ; i y " !x  r r , "  o tsone c rocod i les  in  one o f  the  peng,  
-and 

iE  l i keLycont r lbu t lng  to  excess i .ve-  nor ta l i t y  
-and '  

fn ie r f i i  g rov tn
I i t l i :  rh is .  p lob len should be . . " .d i .a- iy  t i " iJ i ! i 'o t  . to . rco pens erth cenent bottons ."a u friqo-nf- 

- 
ia" i tv, tfposs ib le)  lout lne of  f rush lns .nd 

" . r ; ; ; i ; ; : -  i - i i rpr "  oepalas l tee has been co l lected io t  raeni r i ic i i ion .na- l ruay.

^ . , -_ . -111: -y" : : 's  counterpal t  budget  p !ov ides for  addl t tonal, 5u  vouno  c rocod l l es .  As  supp ty  Eources  l n  t he
: l :91"- ! " "9  reg lon a ipeat  uncer ta in  a t te lnat ive cot tect tonsrEes on serut  rs tand and Barer t . /Faoui  ; i i i ;s ;  JJ ! . "  

" r .belng arlanged. Shoutd the envisaged i levelophent by Ene8oro r tg  ca tho l i c  M tss ton  to  es tab l tE l i  . o f i " " i i " i - i " r , "  rn  t r , .Babo  a lea  o f  B tn tun i  Bay  p loceed  on  schedu le ,  a  fu l t he rsource or  youns could be ;v; i ta; i ;  ov '* , """ r i - i i  ur l  ieat .
.  -Aqu ls l t l on  o f  add l t i ona l .  s tock  shou ld  a1 lo ,  f eed  to  beplovrded at_ Ioye!  cost ,  s lnce =on.  z ,b-oo- i r - i i i .  i i i l .a i r " .nake poss ib te butk  feed cont ract ing v t th  t ; ; ; i  i i J r r . r r . . .B:9 !9 r  ye t  vou ld  be  fo t t t r a t ton  o f  a  buE inessven tu le  tou t i t i ze  s ide  ca tch  o f  rhe  so rong  _ r ; .  ; i ; ; ; ; ; ; ;  

- i i i o . . r y .
' I nese  posa ib i l . l t i es  a re  be ing  i nv6s t i qa ted .  

- - - -  - . . *

. ___ - - - .T . rpo f " l y  coo l  s to lage  o f  c rocod l l . e  f eed  i s  aLsoursentry needed. l t  oresjnt . .  r rsh-; ; ; ; - ; .  f i i i r , .J ia t ro.roca l .  na lke ts  in  the  ea ; tv  eorn lngs .  As  fa r i r  s toc i  p re fe rco fee.l tn late afernooni ana 
".,Jn i ngs f- r ili 

.r!Ji"i"no" 
to

: : : : " " ! ,  f l i es  and  s t i eu ta te -  bac te r i a t  g lo t  t h  i f  appo r r ronea l
: : : :  . rF:r  purchase.  ro a l revrate t i r " - i ioui . i i ' - i  

" r . r r
r t eeze r  has  been  pu rchased

ii::"*i;::"fi i;"i:';:ff::.".:!:"i5:::'jilr"ji":f i;:"!i!i
econontca l l y  l r t th  cons t ;uc t lon  o f  a  ua t *_ tn  t lpe  i r " . r . ,  o .. c o o l  ! o o & .  T h i s  t o u l d  a l l
rnence,  p robabre  cheaDer  

" l l l - , t " t "  

g lea ter  bu lk  pu lchas lng
stockpiri 

"ou"i"nti.i- ' i i .; i i l i j : u;:,;;rl.::"l l i ; i i i j .Jr::l eed  p t i ces  dec reaae  ua i ked r . y . .

5 .1 .3 .2  Husb .na t l y  Ra . . r r ch

Coop le t l on  o f  ex la t l ng  pena  and  acqu ts l . t i on  o faod l  ona l  s tock  c l l . l  a l so  -  pe rn i t  iEpo r tan t  f  eed  t !  l aJ . s  toDe-con . tuc ted .  A  po ten t ta l l y  abundan i  
- ; ; ; ; . ; - ; ;  

" i j l oa r r .: : : : . . .y .  exr.st  tn the f  orn or 
"nirr-  

-Ml.Jj" I l  "-rr , r . r ,
co l r t l nue  to  be  cas t  asav  by  sha rk  f f n  t i s t re rnen - i i ong  ther l ran  coas ts .  L i t t l e  t ;  kno rn  o f  t he  nu t l i t t ona l  va1ue ,
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s to lage  su l tab l l t t y  and  supp ly  cos ts .
j . trDedlate I nvestlgat 1on.

These  fac to lE  ne r  i t

A l so  o f  nuch  va lue  nou ld  be  l nves t i ga t i on  o f  d i f f e ! -
entlal grosth (9.. p.9!-9.9-S.9. versus g. novaequlneae) not only
s l t h  sha rk ,  bu t  t l ash  f i sh  as  ee l l .  and  i nc lud lng  l ndepedan t
exper lnen ts  on  va r lous  age  g loups  o f  f a ! ! r  e tock .  Depend ing
upon  the  ava i l ab j , l i t y  and  econon lca  o f  supp ly ing  p tavns .
t ! 1a l s  nay  a l so  be  ca r r i ed  ou t  on  ha tch l i ngs .  s tud les  1n
va r ious  coun t r l es  have  denonEt la ted  supe ! i o !  g rov th  and
inc leased  su rv l vo rsh ip  t r i t h  t h t s  f eed  sou lce .  I n i t l a t l on  o f
a  !esea !ch  p !og ran .  eDphas l21n9  e f fec t l ve  t l a in ing  o f
coun te rpa l t  s ta f f  l s  schedu led  fo !  t he  La t te r  ha l f  o f  1988 .
Shou ld  qua l l f l ed  AeEoc la !e  P ro fess iona l  O f f l ce !3  (APos )  be
Iden t l t i ed  (as  l n tended  in  the  P lan  o f  OPera t i ona )  and
app loved  by  GOI  fo !  a t tach rnen t  t o  the  p ro iec t ,  p r l o r i t y
pos t l ng  v i l l  be  g l ven  to  So long .

i r l t h  i t s  gove rnaen t  s ta tus  and  en thus ias t i c  s ta f f
i nc lud lng  a  un l ve !E l t y  g radua te  i n  b io logy ,  t he  go rong
gove !nnen t  f a ! t [  ! 9  s ingu ] .a r l y  su i t ed  as  a  !esea rch  fac i l i t y .
The regultB of clocodile husbadalry resealch vould be
expec ted  to  con t r i bu te  s ign i f i can t l y  t o  the  P ro f i t ab l l i t y
anal advancenent of the lnduEtly as a vhole in Ir ian Jaya.

5 .1 . ,1  8ou th . !n  l !  L rn  J l ya

Th lee  c !ocod i l e  aea r lng  ven tu !es  a re  nea r l y
ope ra t l ona l ,  t vo  o f  vh l ch  have  Ia lge -3ca fe  (>L0 ,000  head)
ta lge tE .  P rospec tE  i n  the  MeEauke  a lea  aPpear  l eas t
favou lab1e  o f  rna ln  tosns  i n  I ! Lan  Jaya ,  due  P l l na l i I y  t o
lack of f leshvate! and unceltalnty of anpLe anounts of cheap
p lo te in  on  a  tegu la !  bas i s .  D raebacks  a le  a l so  conpounded
by  v idesp read  11 le9a l  sk in  t rade  1n  the  a rea .

C .V .  N tkna t  has  cons t l uc ted  seven  ne t  rea ! l ng  pens
lnco rpo la t l ng  Inp roved  deE lgn ,  and  rebu t l t  nos t  o f  t he i r
exlEting penE. Although furthe! iuplovene.rts ln husbandry
techn tques  sou ld  ass l3 t  Che  p lospec ts  o f  t h i s  en te rp !1se '
nanageDent is nov of adequate standalal. Cu!!ent capacity 1s
about 2,000 head, vith plans to dotrble that i .n the nea!
fu tu re .  An  add i t l ona l  ve11  3hou1d  heLp  to  so l ve  ta te !
sho l tageE du r ing  the  d l y  season ,  bu t  t h l s  p tob len ,  a long
e l th  acqu lE  i t l on o f  f e e d ,  a l e  l l t i l t i n g  f a c t o ! 8 .
The  en te rg !15e  repo r ted l y  cu l l ed  323  c locod l l es  l n  Janua ly
1988 ,  bu t  i e la tes  cons ld le lab1e  l oss  o f  va lue  due  to
Epo i l age  be fo re  the  Ek lnE  cou ld  be  expo r ted .

c . v .  l ! l naga  K reas l  haE  coDp le tcd  44  rea ! i nE  pens
a t  t he l !  l a l ge  fa le  s l t e ,  and  ava l t  cap tu te  and  t ranapo l t
I t censes  to  beg ln  ope la t1ons .  cu r l en t  capac i t y  tB  L5 -20 ,000
c locod l l es .  The  pens  a le  ve l l - des igned ,  bu t  t he le  l ena lns
consialelable unceltainty that suff iclent vate! and feed can
be supplled to th€ fa!r!.
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C.V .  Jaya  Abad i  i s  t he  o the !  asp l r j . ng  cou re rc ia lc!ocodile enterE,rtse tn xerauke.. Ad.q;; i ;  i  i" ;", ; ; ; ; ;  p"n"!o_ !ea !  sone  510OO c rocodr res  i ave  been  conEt ruc tea l ,  e l t h
t : : : : . :9 expand to 2o,ooo. e""n . i  i i in i !" i  

- -  
J i  

.=I i rru 
n.capac l ty  v1 I1  !equ l . !e  surnount lng  f in i teJ - ia te r - ' "n i "  t . .a

; : : : i i : :  
nhtch s i rnt lar ly  af fec€ 

" i i  i r , . "J-- lonl l ln"  tn

5 .2  8 ! . . d  l ng

, . BI."qinS renalns an idpoltant goaL of induritryqeve ropden t ,  bu t  l t s  a t tEor tecinicii -",ia 
..i,iJil"?:::".i" ::::r,:;:"u.lL:'iil:::assoc la ted  v i th  auccess fu l  lear ing .  r ,o r  the  ne i i - i i tu re  r t

: : :19.-=: : r  nosr applop! tat"  io 
"o" [ inoi  

" i ] i . i i " r . . . . ,e
e ! ! o r t s  on  ensu r tnq  l he  o ro f i t ab l i t y  o f  r ea r i n f  o l . i " t f on= ,ehi te prepa! ins th i  s touiravor i  i . i  6.J"ai i i . ' " i r , i5=i"y o." .
: : ,9 :oTor"9 -by auendins resrocking p"r icy- ' to-" i !au. . ,  o !oeray  rn  fu l I ,  le tu ln  o f  lo t  o f  ;e : !ed  ; to ; i  to - I i , .  , r ra .Restock ing  is  cu l ren t tv  tn feas ib le  in  

- r .ny -  - . .  

"J "  
" i ! . " " " .  

,noteithstandtns the coits.and diff i;;tt i ;; oi- i i inJpo, 
":. 

r,s
l : : l :y:" i " :d and rarse anloars io 

-"" i i iu i"--r , j i i i i i ,  
rhe

i ? l : . t ay  o f  l e teases  canno t  ye t  be  gua len teed .  I f  say ,r r ve  pe !  cen t  o f  cu t l ab le  s tock  i an  l e  i . se tvea  to rb leed tn9 ,  t h i s  vou ld  ac t  as  an  l ncen t l ve  fo !  en te tp l i ses  toEerect  the i r  heat rh iest  ana .  tastes i  i r . r i " i " 'J i5 l i ,  . .at he !e fo te  qene t i ca f l v  n rono te  fu tu !e '  p iodu" I i J i "  t . o ,ob reed  i ng  e f f oE ts .

i , i r r . rc . I .  I l ! i : !  i r  Merauke i !0proved upon tast  yea! ,s
: ' 1 .^ : ' " '  ! . .  po losus  success  s l th  seven 

-ha tcn l inqs  
th fs!eDruary .  These ve le  Droduced t ro ;  . - ; ru ; ; ; ; ; -n " i i  ,n r " thave  been  Ea i .n ta ihed  a t  i he  roca t ron  fo !  t en  yea ls .  Shou ldEne  pa i !  aga in  na te  nex trear ized i  r  

- . ip i . - i ! . t i i l ' ,JEl l ; " ,  tH t lerv inotovenent can be

- .  - -  - . s e v e ! a I  o t h e !  e n t e ! p ! l s e a  h a v e  a c q u l l e d  s n a I l ,  n u n D e l sot  ev :dent ly  sexua l ly  . " iu re  
,  c .  oo f  9s-o€  

-  - io - - i i J . .  
i  r  9 .  t .Dreedtng  su i tab i l i t y ,  bu t  as  ye t -no  i i t in - i t v  i i "  f " i i " r ro t "a .

5 .3  V l l l rg .  L rvq l  D . [on l t r r t lon  Ho la l tnE par !

The renote  upper  !eachea o f . the  Ha lberano ( Ia tenbu lg)Krver  a lound paga l  v t t laoe  appea!  to  barbo t  one o f  the  Dost

5il* ;*:-.ryffi $:'i:til:i{.*i.:lti*:!*'iipT9Il i r ty to Jayapura vra ni  ss r  onaiy-dEi. i l "  
-r i i i i i j l  

"n"
vr r rage vas  chosen as  theptoJec t  sponso i . i "  

- l to i l i r  tn r ' l l aL  s l te  foE cons t luc t lon  o f
ope lacronaJ .  s tnce  Deceobe!  lSr ,no tu l l :  n " " t '  rn l t la t l v

Ene pens  uere  conp le ted
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du l l ng  ea r l y  1988 .  The  s i t e  nov  fea tu res  t r , o  Jo ined  pena .
one  ao r  50 -69  cn  young  and  the  o the r  f o r  70 -L00  c r l
i nd l v idua ls .  Youn i  c rocod i l e8  ve re  co l l ec ted  by  the
v i l Lage rs  i n  Ap r i l  vhen  r i ve r  l eve l s  f e11  unexpec ted l y '
f n  on l y  E i x  n igh ts  a long  the  Manbe lano  and  adJacen t
tr lbuta!ies, sone 280 clocodlles (131 c. Eg.! l l j :g!!) vele
co l l ec ted ,  so l t ed  by  s i ze  i n to  the  t vo  pens ,  and  chen  sen t
by atr to a Jayapula conlrerclal far!0 two teeks late!,

I n  keep lng  e i t h  p roJec t  a ins ,  a  coope la t l ve  has  been
eEtab l l shed  e i t h  ass l6 tadce  f ! on  the  !es iden t  Ge leJa
K ! l s t t an  Ina lones ia  (GKI )  n i ss iona ty ,  Fu tu le  sh ipnen ts  o f
I I ve  c locod l l es  can  be  ' f l on t  l oadedr  91 th  s to le  goods  f ! o t [
Jayapula ln orde! to save on t lansport costE. As of
septluUer 1988, r!o!e than 9OO young clocodl] 'es have been
sh lpped  to  Jayapura ,  f o r  a  ne t  p ro f l t  t o  Paga t  v l l l age rs  o f
>Rp .  16 ,500 ,000  (UsD  9 ,800  )  .

I t  i s  env iaaged  tha t  t he  Paga i  noa le l  o !  v i l l age - leve I
u t i l i za t l on  be  l ep i l ca ted  a t  o the !  reno te  s i t es  !n  the
Manbetano Eysteu, and evedtual ' Iy throughout t lajor croco' l i1e
p roduc ing  a reag  o f  I ! i an  Jaya .  f vo  add i t l ona l  p lo t s  have
6een conittucteal, at Barel i  on the Rouffa€! Rive! andl Faovi
on  the  van  Daa len .  Ba re l i  i s  one  o f  t he  I ' a l ges t  v i l l ages
( -350 inhabltants ) along the Rouffae! . Even though
d ls tu lbed  by  t l l ega I  hun t i ng  ope la t i ons ,  Ch is  ! l ve r  sys ten
appea lE  to  ho ld  cons lde rab le  s tocks  o f  c rocod l l es .  Faov i ,
on  the  o the r  hand ,  Ls  a  nuch  s tna l l e r  v l l l age  amongs t  no te
l i nL ted  c rocod l l e  hab l ta t ,  and  l i t t 1e  a f fec ted  by  ou ts ide
hun te l s  and  sk in  buye rs .  A l thouqh  the  a rea  Ls  reno te  aod
fev  o f  t he  res iden t !  aPeak  Ind lones ian ,  t he le  i s  a  tean  o f
recen t l y  pos ted  teach ; r s  and  an  s tL  t l anE la to r  vho
en thus i f s t i caL l y  suppo l t  t he  p1an .  and  v i11  1 i ke1y  P lay  an
j .npo r tan t  ro le  tn  coo rd ina t l ng  co l l ec t i on  and  on fo r \ . aEd ing
ac t i v i t i es .

f t  IE  l n tende t !  t ha t  l n i t i a l  sh lpnen ts  o f  c locod i l es
f roD  bo th  deeons t ra t l on  p lo t s  e i l I  be  fo l va ldea l  t o  t he
Fores t r y  Depar tDen t  rea r ing  fac i l i t y  i n  so long .  ToP  P t i ces
nay be 

-oai;tained 
for loeal colLecto!s by taking advantage

of vely reasonably priced cargo transpolt via fanena end
Btak ,  e l se  sh tpn ln t s  vLa  JayaPura  u t i l t z l ng  n l ss lona ry  and
caruita alrcraft 

-ale 
adequately econotl icaI to nalntain goodl

re tu rns  to  v I  l l age  co l l ec to l s .

5 .1  f l l r l  EgE  n r ! v . ! t

F le ld  su l veys  1n  the  Paga l  v t l l age  v i c ln i t y  o f  t he
uppe! Hanbelano hlve denonst!ated lhe potential Ior a
c6 i se rva t i on -o t l en ted  c !ocod l l e  egg  ha rves t .  P leEh ta te !
c rocod i l e  popu la t i ons  tena in  fa i ! 1y  abundan t  1n  l h i s  a lea ,
notvi thstairding a t laatl t ion o! egg gathe!l!19 fo! local
consunptLon. The ploposed schene rould be palt icularly
su l ted  to  conse rva t l on  obJec t l ves  as  enphas is  Ls  p laced  upon
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t he .dos t  expendab le  po r t i on  o f  c rocod l l e  . popu laE rons , .
I t  1s  l t ke l y  t ha t  t h ;  nunDe !  o f  nes ts  cu r !en t I y  exp lo i t edcan be _reduced,  vht le  achiev lng 

"  
, " . " " . . ' " i ' i t i6 i ._"" r ,conue lc la1  p !oduc t l on .

.  _ .  . Loca1  i n te les t  i n  t he  egg  ha rves t  has  been  s t i&u la tedby Blntang Mas crocodil .e larn ln Jayapura, r.hlch has
; :F:* i : :  

convel ted 
-p:"1! :y rncubators ' i ia- i !  . "n" i io" t rns

iiG"i{'!iii u."oii' :::l:l;.n:?""";i"*::':;"::. ft l3"3ilt han  ba lances  the  d ie ta rv  v ie ld  f ron  c rocod t l e -egg  ga the r ingand srnurtaneou'ry proviai i  ;  a i ; ; . ; ; ; i - ; ; i !n i i iu, iJ 
"oro.Dy,  conserva tLon-or ien ted  res t ! i c t lons .  

- - -p ig . i - - " i i r .gur "
nave.ag leed to  a  L tD i ted  ha lves t  an i t  s t r i c i 'p io te i i ron  o trena ln lng  ac t lve  nes ts .  The harve6t  v "u ia  t . - - i Jnauc teaa1on9 the l ines of those in p;p";-N."- 

-;;;""i-rrri i i i  
n.,,,"p roven ve .y  success fu l  (see  Ho l l :nds ,  rgee j  co i , - i i i ;o t  ana

9ly!?:__1s97, . .  Genolasani ,  1e88 )  inr"n- ' " i "" '  , i i i lu"  
"or e rn to r ce  b teed lng  f ena le  p to tec t i on .  Oap"na lng - -on  t t anu rnber  o f  ac t l ve  nes ts  l n  each  neE t lng  l oca t i on ,  i .  a "ny  
" "30t . r :1 .  ! .  harvested,  v i t r  enpi ras iJ  ; i ; ; ; ; ' ; ;  t i i " l 'n" , t .t soE t  I l ke l y  t o  fa i t  i f  1e f t  l n  t he  e t td :

WI th  conp le t l on  o f  t he  p loJec t  eo tk  cen te r  a t  paga t .
app !op r ra te  Des t i ng  a leas  can  l e  i econno i , " ; ; ; - i ;  i Jo i " ro . .and october ,  rhe harvest  adequarery  , ; ; ; ; ; i ; ; ;  i .  i i i i rou. ,and fo l tor r -up nest  tnspect ior is  ( io  

" ! .u . . - ; ;o ; ; "1 ; ; ' , r . r . "are -  a l l oeed  to  ha tchJ  conduc tea l  l n  l a te .  vo " " . l J ,  . nauecenbe ! ,

5 .5  sk tn  9 locq r8 lnE  .nd  t { . r ka t l nE

Recen t  dec rees  bv  the  M ln i s t r y  o f  T lade  requ l re  l ha tal t  crocodt te skrns ;xpol ted t ro i  
- inal i iJr i - ' i ! .  

" . r r_l lg i . i " .d- ( i : i .  eer  btue o i .crust  
" t .e"r . - ' - i i - i6 ig  J ipo." . r "vr r r  De tu r ther  requ i red  to .a t - ta in  the  f in lshed tpo i rs f rea)reve l .  on ly  one enre !br tse  1c .v .  B ln tan t  M_! i - i r ' I J i . " r r t ryp toduc ing  ver  b lue  and c rus t  

" i . r " "  

- - -o i " ! * f l i i  
e i . i i i v ,  o r t:gurpnent  i s  ln  p tace  andr rn tshed sk lna  tn  t t r .  . r . " - " f i l n rng  

unde!  uay  to  p ioduce
been gran ted  [ . r io i . r ] - - i . l l tu t " : .  o theE expor te ls  have
.pp"'"iti i -iipr"';; ';;:i '.,.;::l i"ii ' i i l!, 

*,il".."lnii,""lt tt
5.5 By-9loduct pot.ntlr l

S lgn t f i can t  added  vaLue  o f  t he  c rocod l l e  resou lce  canDe  leaL lzed  l f  by_p rod r rc t s  (
coul i t  be iue- i r i  ind- ' ! i i i l i - l : i l t "s  

and rard lns oPelat lons
arEeady_ar riana' ei i- u;;::; i : ' ; i :* l i i l ; . : : .r,":;*: l : t?:.":;
?;:1..  : : : . " : : -nt  plovlsionels.  in,ra*ar ia- i r i i - i . "- i l i . . r ,ooor v - u  J . J U I  o r  n o t e  C J p  D e r  k l l o g l a n  t o  I r l a n  s u p p l l e l E .Even_higher prlces vould be obtainable i n- i irr. iJ'Li"r, 

""I i_ll i l l  Ho"e- Kong ahd slngapole. Hoeeve!, unti l thesecount r teB e t the !  Jo tn  c i rEs  o ,  e ; ; ;  
-  - ; ; " . ; . , . - i i on"  

on


