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FOREWORD

lte tc,o volufics of ttir PRocEDrNcs are a rccord of thc presontatiods ard disculsio!6 tlat ocorrrcd
at tho 10th Wo.tiry Me.ti4 of &c Crocodilc SFcialist croup i! cairc{vilc, Florid4 [J.SA.B - n
April 1990, Thc Drnulcripts arc uorcvic*cd and uaciitcd. Ttc CSG pRocEEDFrcs, by de6nitio!, ate
rcrords ol whaf ocoErcd at thc ncatilg. Ttey arc not tom€s 6lled sitf, atticlas that vcrc ditiquc4
editcq revisc4 ard polishcd subd€qu€rt to thc m€€tiD& Apart froo prepariDg a table of coracnaE cuF
and-p'.iing caf'tions to 6gurcs, coopilirg tho articlas alphabctically by aurhor, .nd mberiry thc
pagc,3 coDrcautivcly, thc papcrr arc publi6hcd jusf thc way ahey nc.c subofutei" For thir rcaso!, thcy
apFar in a rariety of fornaai asd typcfacc,L Jamcs Pcf,ran Ro6s v.s thc managirg cditor.

The opinions oercss€d hercin arc thosc of t[c individual autbora ard are not tbe oDitrions ol ruCN -
The World C.oDseryarion Udoo, or it! SFcics Survir"l Coomissioo.

ruCN - Thc World CoDr€ryatio! Udion wa5 foud€d h 194E, ard has its hradquancrs in Clrn4
Ssitza.la!4 it i! an indcpcodent intdnafional body who6c ncmbcship conpriscs sratsi (irrcsFctivr
of thcir political ald social systeEs), gwcr!f,eDt depanEeots, ard privatc iDstitutio8, ar eEll as
inG.natiodal o.ganizatiol4 It rqrrascats thola vho arc cofteraed about Ean's modiificatior of tle
utural elvirotrme througi tbc rapidity of utbat and industrial d€v€lopaent ard thc €lc€ssive
exploitatioD of the earth's trdural resourccq upon wiich rest tha foundatioos of his suwir"al ruCNs
main purDosc is to promotc or support actiod which will ensurc thc pcrpetuation of wild traturc and
latural rcsourccs o! a *orld-wi& basiE not only for &eir intriDsic cultural or scicntific valucs but also
for the lorg-t€rE economic and social welfarc of maatiod.

Thfu objcrtivc can b€ achicEd throwh aditr co.servation progra.ms for the wise lsc of mtural
Esourc€s in arcas *icre the flora and faula arc of panicular importancc and *hcre the landscape is
€spe.ialy bc{utiful or strikhg or of Lisrorical adtu.al, o. scientiEc aignificancc. ruCN b€lievcs that
its aim! can bc aclievcd no6t cficdirely by itrtcrtrltional efrort in coopcratioa wit[ other international
.gtcir., such a! UNES@, FAq alld UNEP, and htcnr.tional o.gadzariolj, suc! a6 Wo.ld Wid6
ftmd for Naturc (nWD.

Thc mission of ruCNs Specics Survival Comnirsion (SSC) is to preve[t the crcincioa of species,
subsFci€s, and discrete populatiols ol fautra and flora, thcreby daintaitiDg the gqrcdc diversity of the
livirg .csourcas of thc planct To carry out its niisio!, tic SSC .elie,s on a detwork of ov€r a5m
voluntc€r profclsiolals worling tbrough morc tban 90 Specialist GrouF atd a large duaber of affiliale
@garizations! rcgional rcprcscatativc,r, ad co!6ulta!t5, scattercd throwh &arly evcry couatry of thc
eorld.





montEor ] .n cove!
t  rons Arqen a  w l t a i![

Alej andro I/ARRfERA
Boulevard  Pe l legr in i  31  OO

(3000)  -  San ta  Fe
ARGENTINA

The nor th  o f  ou !  count ly  i s tlre southeln l imtt of the
geograph ica l  d is t r ibu t ion  fo r  two spec les  o f  ca j .mans
h j .s to r ica l l y  overexpto j . ted  e i the !  lega l ty  o r  11 l ,ega l l y ,  We
are  ta . l k rng  about  ca iman la tL ros t ! i s  and Ca iman yaqare .
The d is t ! ibu t lon  area  fo !  C . Ia t i ros t r rs  (Apend i ;  I  c I fES) ,
invo lves  lhe  prov inces  o f  MiE iones ,  Cor r len tes ,  Ent re  R j .og ,
Formosa,  Chaco,  Santa  Fe,  Sant iago de I  Es tero ,sa l ta  and
Ju juy ,  up  to  32  south  La t i tude.  Fo !  C.  yacare  (Apend ix  I I
CITES) the genelal alea is coincident bui j-t seerns .o .r.rr.
a hj.ghe! concentratlon in the area of the count.ry noE 9otn9fur ther  the  30  south  La t j . tude.  Any l ray  i t  i s  poss ib le  tha t
in  many p l .aces  o f  th is  p rov inces  ,here  these spec ies  were
commo!1 ,  they  have to ta l l y  d isappeared.
Even though r t  does  no t  ex is t  any  popu la t ion  s tudy  as
regards  th is  fac t ,  j . t  i s  obv ious  tha t  the  numer j .ca ]
le l rocess j -on  o f  the  Argent ine  ca imans has  becone drarna t ic
in  the  l -as t  yea ! ,  a l though j .n  cer ta j .n  a reas  fa r r l y  abundaot
popu la t i .ons  o f  one or  o the !  spec ies  can be  fo ind  as  C.
la t j . ros t ! i s  in  Chaco and Santa  Fe o !  C.  yacate  in
Cor r ien tes ,  in  p laces  tha t  a re  no t  v is j , ted  by  hunters
e j . the !  because they  do  oo t  know the  p lace  or  due to  i t s
d i f f i cu l t y  t .o  a r r i ve .
A l though fo r tunate ly ,  the  i l l -ega l  t rade o f  bo th  speqres  up
to noli i .s very not encouraged due to the i.;creasing
app l ica t j ,on  o f  CITES a t  wo lLd  LeveJ . ,  i t  iE  a lso  a  fac t  tha t
Che caplures continue in the forest, and thj,s couLd get
lrorse with lhe pernj,ssion of guota€ to export skins in
border ing  count r ies ,  wh j .ch  cou ld  d i rec t  a rgent ine  p toduc ts ,
due to  budgetary  and s t luc tu ra l  d i f f , iqu ] , t ieg  in  puOf ic
agenc ies  to  cont lo l  e i the !  fu r t i v ism or  f ron l ie rs .  In
add i t ion  to  th is ,  ! , ,e  have Ene cons tan t  mod i f i ca t ion  o f
hab i ta t ,  favored by  the  lack  o f  mass ive  carnpa igns  o !
in fo lna t j .on  as  regards  impor tance and po ten t l .a l i t y  o f  the
!esourqe.
I t  i s  mj .n j ,ma l  the  benef j . t  tha t  carmans b l ig  to  locaL
inhabi.tants because. even though thei! neat i; edibLe and
tas ty  1 t  i . s  no t  a  usua l  d ish  in  the i r  d j ,e t  and as  reqards



the i r  lea ther  the  re t r ibu t ion
not  a  marke t  p l l ce ,

l s  min i .ma l  because there  is

Sunming up  \dhat  haee been aLready  ment ioned,  we can say
tha t  j . f  th is  p resent  s i tua t ion  goe€ on ,  f t  i s  h i .gh ly
probable that the popuLat.ions of caj.nans in ArgenErnaqont . inue be lng  exp lo i ted  t i l l  i t s  near  ex t j .ngu i  shnent ,
benef i t t ing  on ly  a  fe i { ,  and w i thout  any  p lo f i t  fo r  w i ld
popu la t ions ,  toca l  inhab i . tan ts  o r  the  count ly .

I9ORK PROPOSAL

The management  o f  an j .naL 's  1 j . fe  under  the i r  d i f fe len t
moda l i t ies ,  i s  in  gene la1  the  most  feas i .b le  a l te lna t ive  toensure  the  prese lva t ion  o f  these spec ies .  In  no  l ray  i t  w i l l
be  feas ib le  to  keep end less ly  les t r j , c t ion  to  th ;  use  o fi { j ,Ld  fauna,  wh i le  a t  the  sane t ime,  hu f tan  needs inc reases .
Th is  p rogramme proposes  a  management  a l te rna t ive  fo r
ca i rnans  wh j .ch  cou ld  be  de f roed as  "SeLf_repopu.La t ] 'on  byRanch ing  w i th  mon i to l ing  o f  popu la t j .on  ienaency , , .  I ibas ica l l y  cons is ts  o f  j .den t i f y in ;  ca imans popu. la t ions ,
evaLuate  them wibh  j .ndex  o f  re la t j . ve  densr - ty  and appty  theRanch j .ng  Sys tem,  lep lac ing  to  the i r  e iv i . ronment  a t  Lposs ib le  spec imens a t  n ine  nonth  o f  age,  non i to r rng  theinpac t  o f  th is  exper ience on  the  popu la t ron  underd  iscus  s io . ! .
A_progranne like the one proposed in based on the a\dareness
of the actual pogsible avaitabil, i ty of neans and people,
and what lt 1s even more inpartant, the potential. use thatis  go ing  to  be  g iven t .o  the  in fo lmat ion  go t ,  in  such sensei t  must  be  consrdered tha t :

1  )  Due to  i t s  ac tua l  vo lume and the  popu la t lon  s ta tuE i t  i s! ld icu lous  to  th ink  o f  a  d i rec t  exp io i ta t ion  i "o . . " r " r " ,hunting) in Argentina.
2)  I t  i s  no  poss lbLe to  s ta r t  Ranch ing  works ,  der iv lng  f lomthe bbg inn j .ng  e99s  to  the  mar l<e t ,  because,  on  the  one handlre do not know the effects of thj.s pract.i.ce on ourpopulations and on the oth6r hand ,e come fran a situati.on
of, obv j.ous populatlonal depression.
3) Evldently we cannot begin a Ranchlng and repoputationwork that enbraces the whole countrv.
Pron what we have mentloned above j.C arises that theprogranme must define study areas that can be handled inthe provinces. consj.derj.ng different types of habj.tats and



gpec j .es .
The choi,ce on the working areas is essential for thesuccess of the progranne aDd nust cor!es;;;; ;o cer!.arncnaracterigt ics :
- )  They  nus t  no t  bd  very  la rge .
- ,  r ' ney  nus t  have  de f ined  l i n i cs .
- ) During flood season
covereal. 

s Eney nust not be cornpletely
-) Durj 'ng dly seasans, lhey must have some waler.- )  rhey nusr accounr on caiman,s p.p" t ; ; r ; " ; - ; ; i .  ar . .  .no.-)  There nust  be a kno,r ledge ot  . .p.oa"" i io"  , i -af , la 

" r .u.
- )  the  p lace  mus t  a l low the  coun t lng  o f  an ima ls .Ten samp.Lingr pLace€ have been chosen up to no, in the wholecount ry  ( lwo each prov ince)  w i . th  very  i i i i . " l . , t - "u "au . " "and charac ter is t i cs .  our  purpose is  to  have ] .n  eachsampling uni.t an amount of about seven 

". 
;;; nesi_< rr-^have-a  na t iona l  ro ra l  o f  70  ro  rOof ,  r i .  ; ] " . ' ; ;  ; : ] ' . : : :sha l .L  be  g iven by  the  sur face  tha t  must  by  cove led  to  f ina lsuch anount  o f  nes ts .  As  ear the headwa..,"-"i ""ril,:;'lii:,"",1:::r:,:::ir.:i.;'.:

surface of 5 krrr of lerroth and another one .f-sJiuao ,irr".(San ta  Fe )  n i t h  a  su r f ac ;  o f  45  kms .
The  p rog ran  sha l l  be  ca i r i ed  ou t  i n  such  d i f f e ren t  p lacesas  the  es te ros  de l  I be ra  (na rshy  l aod  o f  I be ra  )  i nCor l i en tes ,  t he  i ra te l shed  o f  Sa lado  l j ve r  i n  San ta  Fe ;  t hecutv,atels and the head,raters of cualeguay river in EntreRj.os and the_ in. l-and lagoons, and the dry r iver bed ofBelmejo r iver in Chaco aid Formosa.

GENERAL METHODOLOGY

the.  se l  f  - repopu la  t  ion  program has  th ree  l re l I  d i f fe rencra tedwork  L ines  tha t  never the less  nus t  ha tmon ize  per fec t ty  weL land EhaE can be  rough ly  de f ined as i' I  )  Mon j . to r ing  to  evaLuate  Ene popu la t ion  tendency .2 ) ̂ Nest idenrj.flcation ."d .;e"-;;;;J"ar'in-r=""ii. ,""" 
",influence of the monltorj,ng alea.

i l -1 . :1 t - :n : . "  
hatch lng and cont roLted nu l tu l ios  of  tne lustDorn  up  l o  t he i r  f l ee ino -



1 ) In order Eo monitore the populations j,n lhe chosen
sanpling aleas, night counting shall be carried out ir ith
high poeer l j.ghts from a small boat durj.ng three
consecut ive  days  in  each a lea  and the  in fo rmat ion  sha l , l ,  be
recorded acco ld in9  to  the  charac ter is t i cs  o f  the  p lace  as
an j .ma.L  per  I rnear  k i . Iometer  !n  (cu l ren t ' s  f  lo r r )  o r  an ima ls
per hectare in lagoons o! marshy lands. Envl,romenc
tempera ture ,  water  tempera tq le ,  d i rec t ion  and speed iness  o f
w ind  and I19h cond i t ions  sha lL  a lso  be  recorded.
When poss ib le ,  the  s ize  and spec ies  o f  the  an ina ]s  sha lL
be lecorded.  Two v is i t s  each yeat  sha l l  be  car r ied  ou t  to
each area  o f  the  sampl ing ,  one j .n  Novembe!  (Decemoer  to
oEner  one In  Feb luary )  March .  Before  beg inn ing  l r i th  theplogramme In the months of September/October we are going
co make a  prac t rse  v ts i t  in  o rder  t .o  de f ine  the  observaEron
c i !cu i  t .
2 )  When mak ing  the  f r l s t  v i s i t  fo r  non i to r ing  in  each  a rea
Ehe oes ts  sha lL  be  ldent i f ied  i .n  , rha t  ! , re  sha l l  ca lL
" in f luence area"  o f  mon i to r ing .  th is  ineans  lha t  they  mugt
be wj,thin the alea in guestion, or near enough to nake anj,mpact on the counted populatj.on. when rnaking the second
v j .s i t  eggs  sha l l -  be  ha lves  ted ,  nark ing  them by  nesc  anO
reco ld ing  the  amounts  o f  eggs ,  da te  and exac t  p lacement  o f
Che nes t .  The harves ted  eggs  sha l ]  be  moved in  p las t i c
bowls  and sha l l  be  pro tec ted  f rom excess ive  tenpera tures  up
to  the l r  a r r j . va l  to  the  prov lnc j -a l ,  RanchLng s ta t ion .
3)  Each prov ince  sha l l  have a  ranch ing  s la t ion  i .n  wh ich
e99s ha lves ted  fo r  i t s  ha tch ing  a t  30 /32  C l r i th  a  humj .d i ty
o f  95? sha l l  be  rece ived.  The jus t  born  an j .ma ls  sha l l -  be
marked by  nes t  and shaL l  l i ve  in  c l lmat ized  env i ronmenE
wi th  a  tempera ture  grad ien t  o f  25  C,  to  33  C.  Feed ing
thall. be given ad ]j.bitum three tineE a !,reeks and shaLl
cons is t  o f  meat  and bov ine  v iscera ,  r i ver  f i sh  and
convent iona l  baLanced food fo r  carn ivo tous .  add ing
v i tamins ,  n lne raL  supp lements .
When go ing  lhe  second yea,  to  the  sanp l ing  a lea  ( f i rs t
v is i t ) ,  the  feas ib le  ind iv idua ls  sha l l  be  f reed rn  the
exact point of harvest. In this moment the cycl-e begins
agarn .

GENERAL PURPOSE

As a codcl,usion a program lj,ke thLs must ansver this Enree
essent ia l  gues t ion  s :

1l ls the .anching helpf,ul to lecover cairnan,s populations?
2)  I t  i s  poss ib le  to  der ive  to  co ,nmerc ia l  

-  
c i ranneLs apercentage o f  the  harves ted  eggs?

3)  I f  so ,  nh ich  is  the  percentage.  tha t  a l lows tg  exp lo i t
caj.mans, keeping a rate gf population recoverv?
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Exogenous Vitamin C for Captive propagated Altigaeors

Perry IJ. Litt le
Division of Agricultural ScienceE

p.O. Box 2088 - SHSU
Euntssvil le, TX 1134I

INTRODUCTION

Vi tan in  C (L -ascorb ic  ac id )  i s  syn thes ized 1n
sufficient amounts fo satisfy tshe needs of rnost non-
primate animals, yet it is generally included in the
d ie ts  o f  cap t j . ve  a l l iga tors  j .n  ra ther  la rge  amounts
(McNeaEe and Joanen,  1981;  S ta ton ,  19gT)  .  the  more

primj,t ive species of birds (call j.formes, Anserifornes,
etc.) have been shown to synthesize vitami.n C in the
kidneys whi-le sorne species (passeriformes) produce the
vitamin in Ehe liver only. ye! a few species appear tso
be unabLe to slmthesize the wiEamin at all (Chaudhuri
and Chatterjee, 1969 ) .

Most f ishes appear to sl 'nthesi.ze vitamin C, but some
cannot. Channel cat.f ish, salmon, and trout require the
add iC ion  o f  ra ther  h igh  1eve1s  o f  ascorb i .c  ac id  co
prevent scolioEis and Lardosis. (Halver, L972; Lo.qe:-L,
1973)  .

Ibowledge of the vitanin C requirement in the diet of
the  aL l iga tor  and/or  the  ab i l j -hv  o f  lhe  a l l . ioa tor  E .o
slmthesize this vi.tamin is relevant since ascor-bic aci.d
functions i.n collagen slmthesis and may contribute !o
better quality hides. Ascorbic aci-d has been shown co
fu I rc t ion  in  the  fo rmat ion  o f  p roco l lagen and is
nece€sary  fo r  tshe  b iosynthes is  o f  co l lagen and
carti lage, t issue fortnaEion and repaj.r and calcif ication
of  bone { t i tn  and Love l l ,  1978) .  Ascorbate  has  been
reported to be the reducing agen!, involved in the
hydroxylation of prol.j.ne and lysil le in the formatj.on of
collagen and cartiLage (vtiLson and poe, 19?3).

This study was undertaken to determine the need for
supplernental dieEary vitami! C when all igators are fed a
d ie t  cons isc ing  o f  var iouE an inaL by-produc ts  and
minera ls .

Materials anal Methods

Th i r ty - two a l l iga tors ,  ha tched in  August  198?,  were
tsaken from Che wild at the J. D. Mulphee wildlife Refuge
near Port Arthur, Texas on October L, L9S1 . The animals
!'rere kept together j.n tsemperature controlled pens at the
Sam Houston State Utiversity poultry Center. they were
fed ground frozen nutria during the adjustrnent period.
On December 4, 1987, they were individual.Ly tsoe-tagged,
weighed and measured (total lengtsh and heart.-girth) and



distsributsed randomly inlo laJo adjacents pens of, equal
sizer 16 animal.s per pen.

The 8'x16' concrete floored, p1l&ood enclosed living
quarterg were apportioned into equal dry and wets areaE
witsh a water depth range of 5-10 cm in each pen. The
water temperature in eaqh pen was rnaintsained at. about 30
alegrees CeLsius by circulating ! 'rater tshrough pipes from
a Lalge gas water heater.

A  basa l  d ie t  fo rmula ted  f rom a l l -d ry  p rocessed
nutsrientss (Table I) mixed witsh water tso nake a stiff
dough was fed  w i th  nu t r ia  un t i l  the  an ina l -s  were
gradually converted Eo the 54 percent crude protsein
formulated dlef.

Tabl.e I.  Composit ion of the basal die!.

Ingredientss Percent

Blood neal
Dextrin
Dicalcium phosphate
Feather roeal
Fish neal
ce1atsi-n
Mineral mi.x (Jones
Poultry by-products

Sodium chloride
vitsamin pre-mix

Total

& FoEler )
meal

10.0
6 .0
3 .0

30 .0
10 .0
2 .5
2 .0

30 .0

0 .3
7 .2

100 .0

Prehension and deglucition of this tl4)e of feed by
alLigators presented a problen. A workable solution was
found by mixj,ng the dry powder - like feed wich water !o a
sgiff-t louqh and pressj.ng its down oo a tray lhen cutsting
i! intso smaLl bitse-sized squares and pil ing ig upon the
tsray for feeding. Animalg in each pen rrere fed the gane
dry weights of feed. About 2 hours after feeding a1l the
water was drained from Che pens, tshe area cLeaned and
fiLLed wiEh warm freEh erater.

on ,fanuary 26, 1988 ten (10) alirnals from each pen
were picked at random and were checked wieh a ful, l"-
length dorsg - veniri,cle x-ray for evidence of skelegal
abnorrnaLity. .tanuary 28, 1988, aL1 ani,mals were weighed



aod measured as before and 3 m1. of blood waE drawn from
the _heart for analyEis. The animaLE were then placed on
their respectsive experj.mental diets. AninaIE in Den 1
received the basal diets (Table I) while those in ;en 2
were fed the same ba9a1 diet plus added ascorbic ac-id at
1,000 rng/kg. The leve1 of ascorbic acj-d added was ecrual
tso the vitanin C presents in a commerciatly prepared
vitamin prenix sold to all igato! farrners in tne region
(Table rI) .

Table II. Cornnercialty prepared vitamin premix sold to
aLligaEor farrners in Ehe region less vitanin C.

SPECIFICATIONS TJNITS

Vitamin A
Vitamin D3
Vitamin E
Ri.boflavin
Pantothenic Acid
Niaci-n
Choline Chloride
Vitamin B12
Folic Acid
Biotin
Pyr j.doxj.ne H!'drochloride
Menadione Soalium Bisulf i-te
Thi.arnine Mononitrate

1 ,800 ,000 .000
200 ,000 .000

5 ,  000  .  000
1 ,000 .000
2 ,160 .000

4 .  s00
86 .433

90 .000
20 .000

1 ,000 .000
4 ,  283  .  000
1 ,  000  .  000

5 .  000

T n

mg.

mg.

mg.

Fed ats 1.2t of tshe diet.

the animals were weighed and neasured as before on
March 4, April 15, and ifune 1, 1988. The sa$e animals
tshaE were  x - rayed and sampled  fo r  b lood ana lyg is
init ialty qrere again x-rayed and thei.r blood sanple€
anaLyzed again a! tshe lerminalion of the study. At this
ti-me, the tip€ of the tailE from 5 aninais in each
treatment were excised alld frozen in Liquid nitrooen for
hisEological cornparisons.

Analysis of variance using the general l inear model
procedure  (S ta t i s t j -ca l  Ana lys is  Sys !ens ,  1979)  was
applied Co all daua at lhe 95 percents confidence level.



Duocans Multipl-e Range Test' wag uged a9 a means
separatsion procedure.
ReEultg aDd DiscugEioD

The data obtained unaler the condieions of tshis study
showed no ev idence tha ts  the  Amer ican a l l iga tor
(A1 l ioa tsor  miss iss ipp iens j .s )  benef i tged in  any  way by
the additj-on of L-ascorbic aci-d at 1,000 mg,/kg tso a 54
percent  c rude pro te in  d ie t  cons iECing pr i rnar i l y  o f
processed anj,mal by-groducts. There was no significants
t l i f fe rence in  v i lan in  C b lood p lasma 1ewels  o f  L -
ascorbj-c acid 9uplrleneoted all igacors over contsrols
(Tab1e III). One may conclude tshat excesg vj.Camin C is
readily removed by the kidneyE and thae al]j.gatorg are
probably capable of, slmthesizinq sufficient vi tamj.n C to
maintsain a relati,ve hemeogtati-c 1eve1 of the vitamin 1n
the blood or that this particular diet contained hj-gh
enough 1eve1s of the viEanin that it did noC becone
1itnitsing to all igator growth and development. the
la ts te r  i s  no t  l i ke1y  E ince  losEes o f  aEcorb j -c  ac id
activity due to processing tsechniques of animal by
product feed ingredientg is known t'o be excesEr.ve
(Hi.l.ton et aL L977 ) .

Tab1e  I I I .  Mean  p lasma v i camin  C  leve fs  o f  a l f i gaco rs
as affected by supplenentation with vita$in c.

Treatnents t /28/88 6 / r /88

nS, /d t - - - - - - - - -

control
Vitamin C 2 .2500

1, .9429

Higco log ica l  exan ina t ion  rewea led  no  norpho log ic
expresEions of a vitsamin C deficiency as described in
man and guinea pigs (Fo11is, 1958) in any of the animals
obgerved in  th is  ges ts .  Exanp leE f ron  spec imens
exhibited in Figures 1-4 shov, no morphol,ogic abnornali tsy
in the connective tissues of the vertebrae of all igators
fed diets wiEh no added viEamin c.

The skelegal radiographs showed no evidence of
laralogis or scoliosis in any of the 20 aninals x-rayed.
There !,rere no abnornalit ies detsected io any of lhe



i n !e rce1 lu1ar  gubs tanceg such as  co11agen,  os teo id ,
alentine or vascuLar endoCheLium. There vrere no
differenceE in the skeletal structure of anv of tshe
animals x- rayed at tshe beginning (Figure 5) o-r at the
end of the study (Figure 5) .

Awerage weight gains, heart girth, and tsotal lengtsh of
all igatorE were not significantly different over the 125
day experinental. period (Tab1e fV). Tables V, Vf. and
VII show the average wej.ghts, total body lengfh, and
hear tsg i r th  respec t j -ve1y ,  a t  the  var ious  da tes  o  f
neasuretnent, There was no indj,cation of elevated plasma
cho les tero l  and/or  t r ig lycer ide  leve lE  o f  an ina ls  in
thj.s experiment as reported by Hil.con et aI., (197?) in
vilamin C deficient salmon fish (Tables VIII and IX).

table IV. Mean treartsgirtsh, botsa1 length, and weiglrt
increase over the 125 day experimenfal peliod.

wft

Vitami.n C
23 .1r

1306.96

- - - - - - - - -cm- - - - - - -

8 .14

Table V. Mean weight of
supplementation with vitalrtill

a1 l i 9a to r6  as  a f f  ec ted
c.

by

Treatmenb L/28 /88 3/4 /88 4/ !5 /88  6  /L /8e

Control
Vitamin C

4 '13 .94  '144.AA 7 !96 .41
450 .31  520 .80  10?  5 .07

10



Tab le  V I .  Mean length  o f  a l l iga torg  as  a f fec ted  by
supplenentation witsh vitamin C.

Treatment L /25 /88 3/4/88 4/ rs /58 6 /7  /88

control
Vitamin

56 .894 1) ,  .081 80 .500
80 .700

Table vII. Mean heartsgirtsh of all igators as affected by
supplementation with vitsanin C.

TreatmenC 7/  28 /48 3/4 /88 4 / ls  /ea 6 /L  /88

Vitamin C

Table VIII.
aE affected

13.8000
27.0 '7  33
20 .520014 .4661  1? .4333

Mean blood plasma
by suppLetnentatsion

cholesterol of all igabors
of vitafi in c.

Date r /28 /85 6/L /88

Control
Vi.tami-n C

96 .630
109 .430 205 .000



Table-IX. _ Mean blood plasma triglyceride of all igaEors
aa affected by supptementation $rith Vitanin C.

Treatmenl 7  /28 /88 6 / t /  88

Control
Vi.tanin C

t ng /d l - - - - - - - - - -

50.750
52  .1 IO10.193

These findings appear tso indicate tbats captive reared
alLigators do not require an exogenous supply of vitamin
C ats tshe 1eve1 provided (1000 rng/kq) in this experiment,
and tend tso supports the hl@othesj.s lhat all igators can
slmthesize sufficient Vitarnin C endogenously or that the
basa l  d ie t  used in  th ig  s tudy  contsa j -ned su f f i c ien t
leve ls  to  meet  the  needs o f  Eh is  v i tamin  by  the
a l l iga tor .
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F io .  1 .  TX 5633 ,  a l l i ga to r  fed  no  v iCamin  C.
Transverse section of a tail vertebra. The Large whit.e
space at top is tshe spinat cana1. The spinal cord is
the dark ell ipsoid structure. Below the canal is the
cart.i lage nodel destined to become the body of that
vertebra. At horizontal rrhite arrows are growth plates
which fonn the ventral- part of the vertebral body. The
ts i -ssue sur rouna l ing  the  ver tebra  is  c rosE-sec t ioned
musc le  t i ssue.  Note  Ehat  the  car t i laqe  is  s ta ined
deepty basophil ic with henaroxylin.

! l & ! i .  x  z 5 -
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Fra .  2 .  TX 5531-  Th is  i s  the  area  a t  Lhe le fE  wh i te
ar ro i r  o f  F ig .  1  a t  h igher  reso lu t ion .  The car t i lage
ce11a are developing nornal1y. They becorne ballooned
and are penetratsed by vessels. Ab oblique arrow heads
are nornal and abundant osteoblagtss. At vertical arrow
head is an ogteoid sealn. Reerytshing is normal.

H&E,  x  180.
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Fio .  3 .  TX 5548,  a l - t iga lo r  fed  no  v iEamin  C.  The
pictsure shows the lower part of the carti lage nodel
degtined Co becone the vertebral body. Convelsion of
carti lage into bone is well under way. The degenerating
carti lage ce1ls are pale, the ce11s enlarqe and become
penet raeed by  b lood vesse ls .  Bone is  fo rmed by
osteoblasts (in front of arrow heads) . the osteobtasts
are abundant and nortnal. This is a normal pictsure.

H&8,  x  180.
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Fio .  4 .  TX 9460,  aL l j -ga tor  fed  no  v i tamin  C.  The
picture of the vertebral body shows plenty of bone
t rabecu lae .  Under  po la r ized  l igh t ,  these t rabecu l -ae
exhibit normal absorbance of birefringent l ight: the
collagen in bone is normal. This is a nornal picture.

H&8, x 110. polarized l ight exposure.
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r : : : l l l  . . 1

previously fed n- ubria
o f  lwo  a l l i ga to rs  made  (1 /26 /gg )

a



Eig---..1q - x-ray of the same two auirnals shown in Figure
5  f iade  l6 /L /a8)  a t  Ehe t 'e rmina t ion  o f  Ehe tes t .  A
tl.pical all igator from pen l fed the basal diet wiEh no
added vitanin C. A bt4)icat animaL flon pen 2 fed the
basaL dier with added L-ascorbiq aci-d.

19



Sp€c1a11z6d Equlpuen! end Technlquos
U3cd ln Alll.tecor llanet€Dent end Research

BY:

Jimle UcDanle1
Gane and Fresh Wager Fish Co@ission

620 South l{erld1an Stleer
taLlahassee, FL 32399.1600

AND

Llndsey Hord
Cane and lresh Water Flsh CoDrtrisslon

3991 Sourheast 27 Court
okeechobee, FL 34972

Allltators occu! lr! hebicals that are often inaccessl.ble and inhospirable

to oan and theli irarl.ness and ablllty to subDerge when threatened necessitates

the use of speciallzed equlpoent and rechniques Co caprule CheD. The pulpose

of chls presetrraclon is co fa.ol11artze che reader l,lrh soBe of che rechniques

and equipDenc used by the Florida ca-me and Fresh Water Fish Coenis€l.on

(Co@ission). Alchough nany of che tools and techniques rre use ate also used

by crocodlllan bioLogists lrotldwide, we trope sone of oul. nodificaci.ons l'ill be

of use to oth€rs.

AIRBOATS

Alllgators lnhabit nost netels of the staCe, ranging frotr shallow energenr

oarsh co deep open !'ate! lakes and livers, However, nuch of an alligator

biologistrs €fforcs are concentrated in shal low rate! and eoetgent oarsh.

Outboard oocors and t)rplcal boats requhe at leest 24 inches (61 cn) of

unvegetated rater to operate. Atrboats, on the oche! hand, requlte vircually

no iraEet depth end can tl|atrsit dense eo€lgenc Darsh Chat lrou1d be virtualLv



lopassible to en oulboeld.

Alrboats cone ln tlro basic q.pes, elther Detsl or flberglass hulled l'lch

an autonotive o! eilcraft tlpe engine, Itu1l lentth norDally verles froD 11-1g

feet elth the €:atreDe beLog 36 feet (11 n) long, tel.r-engine !ou! boats operatint

in che Everglades that can traasport 40-50 people. The pulcheser of an airboat

shoulal oatch the hul1 and engine Eype, huII lengrh, horsepolrer, anal rittint co

his needs. Pr ices range froo g1O,5OO for a 12 foot f iberglass bost l r i rh a 150

hp al.rcrefc enSine and r!sj.1er to g18,5OO for an 18 foor flberglass hull r'lch

a 300 hp airclafc englne and trailer. l{etal hu11s are gen€lal1y nole expenslve.

Posslbl€ optlons that Dey iDcrease your efflcleacy a!e: po1)|ne! botcoos

. 
(decrease drag),  tool  boxes, t l in tabs (boa! haddl lng),  sprayers (decreese drag),

hou! neter,  tachoDeter,  grass rake, bi lge purlp,  engine cowl lng (engine cool ing),

seat covers, dlop axles ( loading and unLoadlnt) ,  suboersible clai let  l ights,

electr ical  our lets,  dual bacter ies, battery swlcch, large capaeicy fuel  tank

( 4 0  g a 1 . ) ,  a n d  d u a l  s e a t s ,

SOURCES

Apache Airboals
700 N. E. 4th Street
Okeechobee, FL 34972
Ricky Lightsey
8L3/763-2326

Hoffnen Airboats
Inverness, IL
Dick HoffDan
904 /726 -7  677

Coobee Alrboacs
P .0 .  Box  570
Lake Haoilcon, FL 33851
Janes Conbee
8L3/439-52s8

ailboars unli[lted
Rt. 5, lox 1115
Bainbridte, CA 31717
9L2,/246 - 57 60

ELECTRONICS

IrrCercoDs

l'e pridarily use alrboats to conduct night-Iight sutweys, however, lhe high

nol,se level prevedls notual conveagatlon betueen the drlver snd passenger.

Intercons ate used to overco[e thLs paoblerr. glthout an interco[, tlro skl.lled



persons are needed, one to opetate the boat and on€ to collect deta. t{l,rh cho

use of .m lntercoo, the boat operator can elso coLlecE &!a and transDlt lt !o

the passenger, rho ls requlred only Co recold the data. two types of itrCercoEs

are in une by CodDlssion alligator blologlsts. The nosr coDEon is a slandald

ailcraft intercor elth allcrafc headsets. fhe prirary nake and Dodel ls a Telex

TC 200 lntercoD. tlrc TC 200 comes fton the fsccory with a voice acclvatsd

lntercon, however, lre flnd thal rhe engtne nois€ continuousLy acllvates th6

i.ntelcou. Therefore, our radLo technicians corwett th€ TC 200 to a push to talk

incercoo by lnstalling a PT-300 push to talk swlcch, nhich pernlts coDDuolcatioll

only r.hen the ssitch is engaged. To coEpleo€nt ch€ inrercoo, tJe use tr,ro nols€

atEenuacint Davey Clark H10-40 headsets. Addiclonal passenger headsecs can be

added by purcheslng expanslon nodules floo Te1ex. The cotal cosc of lhe intercoo

syscem is approxieately $700. Less expensive cooponents are available such as

che Sigtronics Model SPO-20 lntelcon, which cosc $160 versus 9225 fo! the TC 200

and heads€ts such a6 the Telex D-950 rhich cost 9100 each versus rhe tl10-40 r'hlch

cost 9214 eech.

Ih€ second tlape of iotercon ls an FI{ radlo lnlercom which is available

through electronlc and radlo outlets. A tlro radlo set can be purchased for

approxinately 970. ltowever, lt does tlot cooe wLEh noise attenuating headsecs

and consequently nust be uodLfied by lncorporaclng the ear speskels into coEDon

noise protection headsets. Tbese systeDs are bettery opelaced but can b€

convelted to operate fton th€ boac,s electrical- systen by a radio/elecCtonlcs

technician.

A wide variely of aircraft lntercons can be pulchased through nany avlation

eleclronics supply codpenles.



LORAN

I,RAN is a navigetlonal aLd used in the U.S. pri.Eatlly fot coaslal

navlgation. lt has recently been edopted for eeroneutlcal use anal ls being us€d

lncreaslngLy in land navlgaclon. Th€ LoRAI leedout csn be ln LORAN nuDbets or

laticude and longitude. Ite use lt for aeriaL tlans€cls end nest locations lrhlch

can be tlsnsferred to a nap uslnt latitude and longltude. lJe use a larlne nodel

which costs ap?roxf i lately $600. Aviat lon nodels teneral ly cost beBreen $1,500

and $3,000. Int€nded pulchasels should lessarch I,RAN tbeory and pelforEence

befole purchesing e speclflc nake or node1. l{any oakes and ood€ls of I,MN er6

currently avallabl€ thlouth darlne o! allclaft eleclronlcs suppllers,

Addit lona11y, a "Clobal Poslr lonlng Sysc€n,.  (cps),  ur l . l lz lnt  setel l i tes ls

slaled to coDe on-1ine ovet the next felr yeafs, Ite CpS ellL Likely replace

lrMli and be avaiLable an)nrhere lrilhin lhe ctocodllians, range.

Radlos

Radios ale used !o co@rmicat€ betlr€en boals end ailclafC, boet-!o-b9at,

and boat-to-truck o! oth€r glound stations, Ite pri.Darily use ladios to dlrec!

egg coli.ectlons fron a hell.copter. One or fi.o airboets equipped rith al.rcraft

corparible radios gleat ly faci l i rare egg col lect ions. We use barcery operared

porcabl,e radios equi.pped with aircraf! headphones on boats thet are coDpati.ble

tith exlstln8 eiicraf! radlos, ,hl.ch ello!. the allclaft pilot and observer co

calk ove! the altcraft tadlo, to ocher alrcraft, conclo1 towels. co each othe!.

and to the collectlon boat v1a a singl.e redlo. The only liniration we have

encountered is that oul portable radios have lldited llfe balterie€ lrhich are

not capable of excended use. Consequencly, conn€cclon !o the boac,s electrlcal

sysren sould be very ben€f lc ial .

Addllion4lly, one-eay redlos ale used to reley Lnstructions to collection



boets equlpped i'lth an Lnexpensi.ve tlanslsloi radlo that uLl1 recelve radlo

signals r,lthln the alrciaft frequency band. I,trls redlo ls evailable through

local eleccronlcs dlstllbutors for about $15. poltable allclaft frequency bend

radios can be purchased lhlouth aircraft electronlc suppllers for approxiDately

9400-$500 (Kenny RLce, Fish and WildlLfe Coop Unlr or Alan tfoodlrarat, Connlssion).

CAPTURE EQUIPXENT

Live Csptule

ID the course of vdrtous sludles,

rangint in size froD hatchllngs to larte

lechnl,qu€s $e use .

ic is necessary to capcure alligators

adult naL€s. the folloelng are vslloug

S!elSb-b9.9&S*- - Snatch hooks consisr of {eighred rreble hooks acteched ro

a restrainlng 1lne whlch are chlown over an alligator and snatched inlo ics hid€.

The aLllgacor ls subsequently pul1ed in and subdued. The slze of rhe hook and

Line should be nalched ro the size of the alligators to be captured.

Addicionally, snatch hooks can be used in conjunctlon l,rith a rod and reel for

lonter distance and rhe abi l i ry to play (r1!e our) a larte al l lgato!.  A

lidLlatio[ !o using snacch hooks ls chet rhe hook ray peflecrale and cause a

wound, Snalch hooks can be purchased fron fl.shing tackle outlets.

S!g!gg. --wire srurles atcached to a restrai.nint line and fascened co a pole

are used to capture alllgslors fror a boet. thls [erbod requi.les approaching

th€ alligato! sc€althily aod placing the snare over its snout and around lcs

neck. Tte r€strainidg lln€ 1s then pulled, ehlch lighcens the snare, {hich

detaches frod rhe pole. nr€ alligator can take out line , be played ( tired ouC) ,

pulled to the boa! and subdued. IJ€ prlnarlly use locking snares, shlch have a

nechanisn chat preve[ts loosenlDt the snale l'hil6 tenslon ls belng applied.

consequentLy, these can be us€d i.n conlunction r'lth a float attached to the



restralnlnt llne \.hich does not have to be held or eccached co lhe boa!. LocLlnt

snares cen also b€ sec ac cralrls and culvelt openints.

l,lumhw Traos. - -l{urphy traps are basically locklng snares used at a bait

station (ATIACH}'ENT L). the advantate of sec snaies is that the capture !6:rr

does not have to reDaln at che capture s!te, A proper set-up sill e1low the

snaled alligetor to back off into the ,ete! and subEorte co alreit !.t€ capEols.

A Eodlflcetion of the standard Murphy tlap ls che {lgggl4g_!!g!pby (A1an

Woodnard, Coddisslon) nhich can b€ set ln !.eter, rhich greatly enhances the

trap's effecciveness. Sneres can be purchased flon Ra)mond Thonpson, 15815

S€coad Place West,  LJrnneood, I tashington, 98036,,U.S.A.,  telephone (206) 743-

0783, or ocher crapplnt suppLiers.

Ptlstron lonEs . - - Pilstloo tongs ere codronly used by horp€tologist f,or

handling snakes. chel! rlgld construction also uakes lheD useful in cepturing

aLLigators up to 35 inches (91 cn) font.  Pi lscron tongs conslsr of  a tubular

alunLnuD pole wlrh a plier-like attachnent on one end and a squeeze crigger on

the othe!. The pllers ale clanped dotrn on the alllgalols aeck or tall atrd it

calr be lift€d !o the hand or dlopped 1n a c6llection buck€c. fongs are avallable

lhfouth Pllstroo Tongs, Inc,, Folt Sdith, Alkansas, for approxinately $40 for

a 48 lnch (122 cD) Long tong.

gCggh_89-le!. - -An aninsl resClalnc noose pole can be used to capCule three.

co six-foot alllgators. These poles are dade \rirh a heavy cable on poles fou!

(1..2r)  to 12 (3.5i !)  fe€t long (Ketch-Al l  Codpany, San Diego, CA).

!!gX!99!t. --Sna11 harpoon darts o! heads are aLso used !o caplure alllgaaors

over eighE feet (2.42D,. lhese darts ar6 s[a11e!,  1.5 inches (3.75cn),  ln Ledgch

than the heads descrlbed !n the harvest haeoon, but are [ade 1n the sene

fashlon.



Harves! Capture

le!-jgglg. - -Set hooks conslsr of a balted flshlng hook arrached ro a

restraining llne. lhe lescrainlng lLn€ can be actached to e flxed poinc or

f1oar. The balc ls suspended above che eate! at a helthc dlctaced by rhe

incended al l lgator 's size. Balt  selecgion should be besed on the aniEels norraL

p!ey, hoeever, we hewe formd thet aged beef or po:.k lung sorks v€ry rre1l. Th€

consistency of the lung a11or.s it to float ohl1e aging increases the bai! scenc,

provldlnt gr€ater attlact1on. Additlonally, a floeting balg cen be thloirn out

!o a car8et aninal.

Tlte restrainj.ng llne is ettached to the suspenslon device uslng a nethod

that rill allo!. the alligator to pull the llne free, We have used clothes ll.ne

pins, rubber bands, tape, and norched sticks, IlIe restlaining 1ine length ls

detetuined by the situatlon, honeve!, enough llne should be provlded !o a11oo

the al1l.galor co subserge and lle otr che botton. Baired hooks nay aLso be used

in conjunct ion with a rod and reel.

ll€lpggqg, - -llarpoons ale used prinariLy ro cake alligarols at ni.gha by

slealthy approach. Halpoons ale especially effective when a nuDber of specific

slzed alligatots need to be collecred. We use a harpoon conprised of a d€taching

head const lucced of 3/8 Lnch (9.5 Dn) diareter stainless steel rod apptoxinacely

2 lnches (5 ctr) Long, a dliver consclucEed. of L/4 inch (5.4 bn) stalnless steel

rod appro:. l . rately 3 i .nches (8 ce) long, and pole const luc@a of I /2 inch (1.3

cn) gelvanlzed pipe o! 2.25 lnch (5 cn) diadecer wood doweLint approxlnarely tO

feec (3 d) long (ATTACHIENT 2). If wood doreling is used, lreighc should be added

to the harpoon ead to enhance halpoon penetralion. tte harpoon head is atcached

!o a restrainlng line lrith a short tentth of sceel cable. T}le restrainlnt lines

length should b€ sufflclent ro al1on rhe a11lgaror to sink co rhe bocton and be

str.ong enouth to pull lt to the surface and subdue iC, AddLcionally. a fl-oaC

?5



16 usually atcach€d to the end of lhe restralning llne. Colnonly, e tellon (4

liter) slze plasllc contalnel ls used- Hosever, the line can be atteched co the

bon of lhe boac and lhe boat,s weighc used co cire the alligero!. [o soulc€ of

co@ercially conscnLcted harpoons ls available.

&e!gg!i.e&g. --Bantsllcks or pore! heads are priDarlly ussd by dlvels co klll

sherks ot othe! flsh by dlscharging a firealD cartrldga upon contact. Ite have

found tha! th6s€ r'eapons also can be very effectlve fo! k1IIing alllgacors.

Bangstlcks ere eval.lable !n a varlety of plstol, rlfle, and shotgun cellbers.

we reconmend eithe! a .38/.357 tragnuo to .44 nagnum pl.sEol ot .12 gEuge shotgun

callber. Cautlon nust be exerclsed ohen uslng a bangstick: they should not be

dischatged above the rater,s sulface. Although no benufactuler approved

bangstlck ls offeled for use on alllgators, chey can be purchased through dlvlng

equlpnent shops for 940 ro 975.

DATA COIIECTION

Length l{€asuaedent

Lentth deasuleroenr of alllgalors can be acco[pllshed by incorporatlnt e

tape neesule lnto a nartor glove llr a boerd and applylnt fibeltlass resin over

th€ tape. SDal1€! alligacors can be oeasured using such boelds lrlth a rlghc

antle boald on the end. The a11lgator ls then stretched ou! alont the boald by

holding lts snou! agal.nst the rtghc antle boatd and pulling lrs ra11 our along

the lape Deasufe. StDllally, larger alligatols cen be meesuled u.sl.nt a tape

reasure lncorporated inco a longer boald. lte often do Chls in conjunclion !ll.!h

our rei.ghing epperatus.



warghing

ll€lAhlnt of large alllgacors is accodpltshed by a nuDb€r of \.eys &pcndhg

on the facilitles availeble. A scaffold can be erecred at relatively perDAnenc

si.ces. The sceffol,d j.s us€d ln conjuncClon i.ith a chain hoist, rdeighing boerd

(ATIACHUENI 3) and coDblnarlon of sprlng scal€s. Fiv€ hundled pouod (227 kg)

scales are the lelgest \.e hawe been able to acqulte. CorlsequeatLy, w€ not-Dall.y

use l or 2, 500 pound scales to lreigh laige aLligators. Sprlng scales Dust be

attached by a Dethod the! allons lhen to pulL straltht. pulling ac an anSle l'ill

ceuse \relghing error (ATTACHHENT 4). Another Dethod conslsts of a I,OOO potrnd

(454 kg) belance scele ln conlutrcr lon wich a 12 fooc (3,7 d) long, 2 foot ( .6

D) nlde board. 8oth of th€se nelhods lequire a Lalge boat or glound slte. l,arte

elligators can be s€ighed h a relatively sEal1 boat using 2 to 4 bathloon tlrpe

scales in conjunctlon \ri.th a lrelghing board. A cape Deasure can be incorporated

ln the lreighlng board for neasuring total and snout-ven! lengrhs. Sdaller

alllgacors can be efflciently lreighed 1n a bag or sack and suspendlng fron an

aPPropl lace sPrlng scale.

Spring scales can be pulchased fl.oD For€stry Suppty Co, 205 W. Rankin

Slr€ec, Jackson, l {S 39201.6126 o! Ben l . teedoirs,  Inc,,  p.  O. Box 80549, Arlanta

(Charnblee),  eA 30366 or olher sclent i f ic,  e:rgineerlng, or forestry supply

cotrpanies.

I.1I SCELLqI{EOUS

l{arsh Eoatds

we often find oulselves havLng to waLk in places noc intended for hu[ans

co t lanslc.  In locacions l r l th f loat int  Cussocks, dense energenC or f loacing

vetetatlon, [uck soll, or other locatioos lrhele the substrate iril1 Doc quire

suPPort a person's w€i.ght I.€ une nalsh boe!& ehich ale aonstnrcEed floo 1 inch

a



(2.54 cD) thlcL, 6 to 8 lnch (15 co 20 cn) i t1de, and 5 to 8 feec (1.E to 2.4 r)

long boalds. Additlonelly, short roPes are attach€d to both end€ for transport

and letrleval. lte boards cen be Placed on th€ lntetrded Pech and rill, tn treny

cases, suppot! a person's weighc. lle usually celry tlto ldentical boaEds and ley

one in flodt of the och6!.

CONCLUSION

Crocodlllan resealch and oatrateEenc proS!:uls lequlrs sPecielized equlPnent

and techn!.ques to gather dats o! ensule successful harv€sts. In Flollda, ree have

found thac standardlzatlon of these techniques and equiPnen! is virtually

iEposslble because of th€ \.lde varlety of alllgato! hebitac cyPes. As e r€sult,

\re have Dodifl€d nany existlng technlqu€s end develoPed ne\t ones !o achleve

alligacor nanagen€nt and resealch objectives. Alchough ou! equlPnent and

techniques day be only appllcable to Flolida setLands, we hoPe thls dlscusslon

wiII stioulate you! interest ln crocodilian caPcule cechnlques and equiPEenc.

If you have questlotut o! coulents retaldlng sny Portlon of this

presentatlo4, pleese contact arrY

b€ able co answer you! que6tl,ons

the Comlssion's biologists. fhey should

refer you to soneone who caa.

of

or

E
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XETCH-ALL COMPANY

PRICE LIST OF REPLACEMENT PARTS FOR KETCH.ALL POLES

Cablcs complcte - with Spring, Ba & plastic Unit PriccUnirs

ea,

ea.

For J fi.
For 4 fi.
For 5 ft.

Slandard

Extension Polc

Polc

Fo r4 to6 f t .
For 7 to 12 ft.

(Abovc Cablcs arE Complatc and Rcady to lnstall)

Other Rcplaccmcnt parts for Ketch_All polcs

llocking. Dcrice - with Cag., Balt Bearings, Washcr & SprinS(dcsignarc ifJor Srandard or Exrcnsion Fote).
Tooth Cuard (fils all polcs)
Releasc Kn_ob- - with Washcr {dcsignata if for Standard
EXrCnSlOn POIC)
Head - corn-plcte with Hair Guald, Lock Ring and
(dcsignaie i f  for 7 lo 12 ft.  Extcnsion pole)... .  , . .
Hand Crip (dcsignat. if for Srandard or Exlcnsion

e 4 . . . . . . . . . . .
e 4 . . , . . . . . . . .

s 8.50
2.70

5.40

16.25

1 t .70
c .

Set Scrcw

Polc

$10.00 labor plus parrs
l2 .N  "

- SEE REVERSE SIDE FOR PRICES ON KETCH.ALL POLES, ETC. _

REPAIR CHARGES

Chuck wilh Lock Ring (fo. Extcnsion potc onty)

On Standard Polcs
On Exrcnsion Polcs

Notc: Wirbrropcr carq rhe Kctch-A pole will givc longand useful servicc; howcv€r. wilh continuous
lT:l1l *o,!?lq T*,ronalty othcr parls may nccd rcplacin& lr is usualtyadvanragcous to rhc
::11.-,._l:r"l1:! lh"."cccssary parrs and make his own rcpairr, or Ketch_AI Comiany wi bcglad ro malc rcpatni for labor plus pans.

( f .o.b. San Dicpo)

sD.6 i
t6.00
tE.00
18.00



bBffiFa?ll
2537 unNaf,srl'iva u!
ritlPff;"?3i!"3#l1t"q

PRICE LIST e!&q!rye&!rap!t!:L.19_8!)

Units

-e3.: :'

Description O ,'....11:i"l'li:"*",

4 to 6 feet
/  t o  l 2  t e c t

Standard Kcrch-AII

Extension Ketch-All  Pole

3 feet
4 fcer
5 fcct

s  51 .20
60.00
65.50
8 t .50

I r0.c{

6 t . 50
-17.0()

15.00

Polc

ca.

pr.

Purchaser\ Name

9- x9" x
6 "x6 -x

l lrge or Mcdium

30- Ketch-All  - Al l  Purpose Tran ,. . . . . . .
Ke rch -A l l  -  Rodenr  T rap  . . . . .  . . . . .  . .

Lea lhc r  P ro tec t i on  C loves  . . . . . . , . . . .
a rn ' l  1

O Priccs , 'n rhis Shccr i irm rULt- : .+ 1986
; thereaflcr subjed lo Chrngc without Noricc -

l0q0 Discounl on Orders of Szl0O_00 or more
Shipping Charges will be prepaid and charged ro Cusromer
California Sales subjecl to Sales Tax
Foreign Sales payable in U.S. Ddltars

_ SEE REVERSE SIDE FOR PRICE LIST ON PAR'I,S _

ORDER BLANK

Individuals may usc this Form- ordcrs obligatinS Municiparities, states, Federal Govcanments. etc.-fifiD.firrrE|T''E'rfizeo-iorrrr--

ORDER NUMBER

To: Ketch-Alt Cornpany:

pleasc furnish it.ms a! checked (at cuffent prices)

DATE--

Ship to

Address Streei Addrass

City & Srrtc
Phone (

7ip---------= Ciry & Srare Zip-

O 
(Pkase fumish St.eci Address for Shipping)

Aurhorizcd Signaturc Tir lc
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Airboat Speclficatlons

EOLtr

To be latest cottonrnouth design or equivalent.

!gtgl![: 13' 5.

Transon rr ldth: E i g h t y - e i g h t  i n c h e s  { 8 8 r } .

Sldes: tnenty inches (20.) at mld-shtp.

transoo Beight: torrest point needs to be not Less than
Elghtoen ldches (19.).

1.5 Color: Camouf,lage ot Dark cleen

1.6 Deckr Eave hinge stolage alea $ith

I.7 l t taterial:  ?he hulL ei l l  consist of

tro (2) locklng

Iayers of rroveo

f !anes.

poLyester-fiber
glass !ate!1al.

1.8 Botton: Consist of no less than four (4) layers
. st l ingers thi l ty-seven i.nches (37") outsi.de usiDg

by four-inch ({") fur,

1.9 j i : tg9g: Corls isr of  three (3) Iayels of polyesrer-f ibergtass aC the
gidesi no less than four (4) layels in the chines.

l.1O tHUt{ PoltaneE: Shall be fastened to the botton of the hull l,tth poLldnet
faaten€ls. I|he polyne! shall extend fron ttanso[ forward t{elve feet
(12r) and a teo-foot (2, ,  piece attached to that sheet fo$rard.

2.0 ErcurB

2.1 Renanufactured O54O Lyconing, no l€€s than 2dO horse power to include
all  acc€3sories, airclaft startet, benall ,x, nagneto, carburetot, f ly
,heel and flade artestot.

of l lat t  four (4)
f ive- i ,nch (5- )  quartet

3 .0

4 .0

5 .0

aIE ltsE

Stainless steel exhaust headels si th stal ,nless steel exhaust f lex !o
erlt ebove tran!'on.

ALTEtrIASOR

Delcot not less than 60 ataps rith internal exciter.

PIDP

Seventy-four inches (74')  instaLled to be no 1e9s than one lnch (1.)
belov top of transon.



9.0 E[@TB SIITD

9.f. uotor nounts EhalL be nourted at five points uslng one lnch (1") and
thlee-qualter (3,/{) squale tubing not less than sixteen (16) 9ua9e

EACIBIC 'GI. POTO

llEG TrIlI

to be aounted uoder enginei not less than 30-9aUon capacityt intarDal
fuel  guaget coast guard approved.

RlCClrC

All oelaL rolk plineil ,Ith epoxy prloer and flnlshed coat. ehal1 be
poLyurelhane paint ( I igh! green) .

natcr ial.

sEt?lfc

Trio seats in line - !ea! operator bottod seat to be treLv€ Lnches (I2')
above [agnetor paslrengea seat to be foruarrl eight inches (8') loser.
seating to be elected on tless design f!@ engine stand to deck bulxhead
(no legs or bracing froo seal ing truss to f loor frod englne).

SEATINC SAll|D IqTERIIL

ShaII  be one-half  tnch ( l /2 ' )  and thlee qualte.  {3/4) -E! ' l t  galvanized
tubing.

6 .0

9 .0

10 .0

10 .1

1r .0

r2.0 ctrttFt 9trg.

12.1 sbau, ba noirnled on llght siale of seat.

12.2 Control, paD€l in6ttloents shal1 lnclude bendix al.craf,t starting switcht
toggle srltch fo! btlie putrp, toggle sri.tch fo! davigatlo. lightst
toggLe sultch fo! elecllic fu€I Pulgt fno"'$ay toggle $ritch lor electllc
lrh tabt toggle svitch fo! lntelnal. huu. Light.

!2.3 Coattol panel guages shall include tackooete! ttlth hou! oete!,
mcchanlcal oil plessuie, nechanical oi.1 tenpelatule vott deter.

13. O NI,.IG TIO| I.IGET'

13.1 coast gualal  apploved l ights instal led.

lt.o ffi3 SEE!-@F ClAra

l,l.l Cablc dounted at contlol panel 3ha1l 90 to the
ahut-off valv€ at carbnreto!.

carbureto! to r lch-lean



15.0 E.ECTrIC EItd POIO

15.1 llo lees thln 1,,800 ph-ouu.et througb sld. of, boat.

16.0 EACIIIC tnIX IAB

16.1 Inctal led oD !ea! blanson in lhe c€ntet of  the huII .

17.0 I.Iet

L7.1 Hourted unile! ope!a!o! floor.

l8.o lccEsRlre Pmr.E

Shal,l be lounted fo! opelltor,s rlght foot using natlnc clble antt
t rot t le l Inkage.

19.0 Pt@ mtD

To b€ constructeal oC 3/l a.d I/2 EltT galeanized condult. Rear gualal to
hav. 3/4- l ich (3/4.)  hopps. A11 J-bars shatt  be one-half  i t rchlL/2. |  ,
not oole than foulteen inches (14i) apalt on !ea! of hopps. J_bals
extend forl'ard to fron! of englne flame of ptop gualit ls coveied rlth
trro lnch (2')  x fout inch (4") selded lJ i le and felded ln place.

2O.O AIIDBTS

Shal l ,  be tro feet (2 ')  by fou! feet (4,)  al l fo i l  design of t {etal ing
alutinuu flll rith urethane foan fo! support. Rudalels shalL haye
adjuslable t l ln tapst ruddels shal l  pi .vot on nylon cont lol .

21.0 gfEllrc

Contlol ar[ shall  be.t operator,s hard (uslog latest deslgns), cable
glving full luddet coDtlol.

22.0 stcrca @torxltcttt

Tno (2) storrgc codpartdents Located under lhe t o (2) seaEs.

23.0 SEXI:I

23.I Shalt b€ o! f iberglass constnrction ulth vlnyL upholste!, including
arletnal lalD covers.



FOR YOUR INFORMATTON

Any Eontlon of brand naner or auppli€rr of .qqlpD.nt &scrlb.d ln Gh6
attach€d Lnfoltleltonel packegc do€s nor rept.a.ttt .ndors.r€nt by th. Flolida Ce|!.
and 8r€sh Waga! Ftsh CotiDtsslon. An:/ such na!.a or suppllalt a!:c pa.s6nc6at

nr€r€ly to tdcntlfy rh€ ry?6r of €qulpr.nr th.r corlslssl.n b!ol.ar.r. hav€ foulrd
luitabl€ for Ch6la eorL.
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TIIE STATUS OF CROCODWUS POROSUS IN TI{E SOLOMON ISI.ANDS

H. Mcas.l
Udversiry of Sydrey

Sydocy 2006 Au5tralia

and

F, lvrf,trc Khg
Florida MEcum ofNatural Hisrory

cair€6villc, Florida 11. USA

INTRODUCTION. Uotil 19E9, !o systematic survry of thc aaltwatcr crocodilc poptlatioos in the
Solomotr IsLr& had b€c! uadertaketr and \,€ry litdc wEs knowtr about the status of the sD€ci€s itr thos€
islands. Duriry 1988, Melvin Boltotr was girrr a coEultancy by FAO wit[ terEs of referince which
idclude&

'L review thc q'rrcrt situation *,itl rcgard to cocodilc utilizatior i! thc Solomotr Islards.

2 a&ite otr Eethodolog for cooducing suncys of eocodilc habitats ard EoDitorirg
Gocodile populatioDs.

3. leview legislativc asp€cti of clocodile utilizatioa

4. a&is€ on implications and requirede s under the CITES.

5. advisc oo feasibility of crocodile faming including amongst others, econonical/socia.l
viability, potc ial site{ hrnding imptications and ecotogical sustainabiliry of crocodile
rcsout@s.-

Boltotr rcportcd to FAO in Ftcld DocuDelr No. 1, TCP/SOI//6753, May 1988; 'A Feasibiliry
StudyofcrocodilcFarning;SolomonIslada'Thoughhc*93o y able to tsit a fcw areas in tf,e
islaads and malc selcctcd spodight suacys os four eatcrways, h€ was ablc to corlectly conclude:

"Itcsc s€le{ted swvcyE talen t ether \dth Iocal repo(E erport figures and the fact that skin-
huntiDg ir row b€ing conduatod i! tbe mo6r rcmote provi[cls alt iDdicate i€ry low ltunbets of
crocodila6. Evideady, howcvcr, ttcy are still vcry widcly distribute4'

Aeong his ae€oEmcrdatiors x,€ae:

'Inposc a tcmporary e.:eon baa fo.3 ]€ars"

"Locate suitable arcas ard crcourage the idea of socodile sanctuarics ir support of thc
ralchilg s€letnc (c.& ku'i lagooa).

'Cafiy out r%ular spodighf coutlts !o nodtor trcods ia crocodile nunbcrs.

Establish a small but etrcicnt'farm'at Mamara spccifcally desigted to utilizc the ofral rcw
bcirg p.oduced'
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Itr July 1989, the s€rior autho. sas giw! a'no fcc' co.sulta&y by tlc CITES Secrctariat, eith
thc tid. 'Sustairablc utilizatiod of thc aalteetcr crocodilc Ododvhlt to&tus in lhc SoloEo! Islads.'
Th€ objcdiiEs *Erc:

To assisr the Goveltrm€nt of thc Solo'Bo! Isldds h astablishiDg tic conprchc8ivc
lalagpmcnt platr for tf,c spccies through.

'i) a ficld sunry of thc disriburion atrd status oI thc saltwater cocodile in tho Solomoa
Isla A, ard

'D a! a66crsEcrt ol thc cfcds of thc otrlcDt reloitatiotr od the wild population.

To prepare, if app.opriat€, a p.opo6al to transfcr thc populatio! of thc SoloEon klards from
Appctrdir I to Appctrdix U otr b€haf of t[c CITES Partiar.'

Tbc 6eld suwry was madc during the pcriod 26 July-8 Septcmber 1989 - sc. sailiq tiEes i!
Appcdix I. It was a.@plex and udsually difticult op.ration. The junior auttor paid his oq|' fare to
AusEalia atrd assfued the scrior author with thc sutaey, at no fcc.

Ttc prca€nt papcr prcscDts ttc .csults, cotrdusiors a[d recoooeadations resulting ftorn the
sn.wy.

METHOIN. Thc survcy mclhods for repGatablc light spodiglt ccnsusing of cocodilc pnpulations are
given ir ddail itr Moroglaph 1 of'Suncys of Tidal RiiEr SystcEs itr tte No(hem Territory of
Autralia and Their Crocodilc Popttlations.' llris publicatioa is onc of 20 monoglaphs on crocodile
3urrrts by M6sel atrd c!-\rorkcrs ad publishc-d by Pergamon Prcss. Sim! th€ Solomod Islads
crocdile suw€y c/as ooly conc€rsed {iti trumber, size dass, and distributioo of 6ocodilc6, it was rot
€ssertia.l to mcasure a.d record a numb€r of parameters usually recorded in a survey. State of th€ tide,
amounl of bad. expo6c4 water salhity and tcEpcraturc werc donitored. Salidty ncasucments
irdicrtc whcthcr thc aquatic habitat is a fteshwater systeE o. otlerwGe. This matter b of idporta(€
as it gcncrally dctcrEitrqr the suitablity of thc partiorlar watefi/ay as a potcDtial brcedirg arca - sce
Morograph I, pagr 1m,

No.Eally, with a tram of ttree, $fleys are eade al a speed of Z) to 30lor per hour ard co!€r
fton 40 to 100 td pcr righa bcforc thc tidc risar and thc aEoutrt of exposed ba* deceases to less
than 60 co Dalirg it hardlr to i€e thc crocodiles, Thia dcfnitcly is not the clsc ro lbc SoloDod
Islands, Tho Nmbcr of s/atcreays \rhich arc both wo.th*hilc suwcyi.g atrd arc suweyable arc few
and ltslla.lly scattcrcd wi&ly. Thcy nosr oftcn arc vcry short bccause of hills or Eou,rtains irland" Just
gEtting to important docodile habitaB oftc! teke3 dorc than 24 hoEs, ard a day or two lindiag and
&gotiating \vith thc tradiaiolal landowncrs of thc arc4 but thcn only 15 Di.utos arc.equted to survey
it, pcrhaF 25 tE i! all

O! r luobcr of oc(ssioDs a dugout ca8oc or a 3m aluminum dbghy wit! two paddlen w?l
uscd to suvcy sEa lagoons. Err! with a 6m canoc and a 9.9 horsepower outboard motor, surlEying
spce& w€ro pabi ly slow. lagools witt dangqous coral racfs aDd narrow strcaEs wittr rumcrous
stlbm€rgcd obstacles prcclu&d suwcting at bigh spcr/& suncy spec& on evcn rclativ€ly dcar
*atcrvaF EErc oftcn very slow whctr the canoc carncd 3 to I pcople in additio! to tle 3-Ba. suwey
tcan; 2 surEy lcahcr6, vilagc chiefq traditiond ladot Ders, aad hunters, aI iDsisling on beiDg
pr€sdrL

RESITLTS. Thcsc arc Frsc cd ard disorss€d scparaaely for cach of lhc gcrcral alcas sulvcycal

L TcEoto ProviDcc (Sant C.uz Islads).

Doiry thc dghts of 29-31July 1989, tlc followiag waterways lJrrc suflieyed (Ior zlro stanilg
poiDE sc. S.rra Cnr Isbrd+ Ncndo Islan4 1:50,0@ s{llc Eap, shcct 10/165/16):
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Lucdoada Bay ard Rivcr
MatiDi Ilgoon ard Lale
MblaEoli lrgoon
Tepiai tagootr
Re.f (Alamboi) Island

Lotrgitude
15959.6E
IASTTE
ft646.6 E
L66"0d2E
166Vt.aE

ktitudc
(14635

r47.6'S
(r43.6'S
1f46.4'S

r427S

Midstream distalccs sufi€ycd ard the trumtrcrs of crocodiles sighted \rere:

LurEoaada Ri!€t
Luldoatrda Bay
Crcct A' at lm 55 on
LlraEoa!& RirEr

crcd 'B' ar to 32 on
LJemoan& Rivcr

Creet 'C' at bn a9 or
Lucdoanda Riv€i

cr€€t 'It ar ld L8 o!
LucDoanda Rivcr

[umbcr sighred
2
0

0

0

0

o

tE
2A
22

05

05

OJ

MatiDi kgoon
Mafimi LaIe p€rirnetcr

2z6
z0

Mblamoli Ilgoor
TQiai I4oon
Rccf Islaad Lagoon

0
7
0
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Shorcliac distsnce,s survcycd wcrc suct greater. Tlough thc suweyable distaacca app€ar
sdall, it csscdtially rcprcscDtr all ofttc surecyablE aililablc habitat in tbe systchs" Ody Matimi Late
whic! ii ftcaf,vaie., ald Lu€ooanda Rivr. ald thc {rects ir LucEoan& Bay, which havc a large
fteshwater oow, contain good crocodilc brcldiry babitat.

Thc sizc clssses of thc 10 aliIrals sighted wcrc: 1(H), 1(2-3), 1(34), 1(5{'), 1(7-8),
4(EO<6'), l(EO), whcrc H stands for 'tatcblirgs' altd EO sra.n& for ,cycs orly.' EO are ttose
aaioals for which a sizc estinate could rct bc obtairc4

A sli& of a (fu') (rocodilc wEs sighted on thc northcm b€ach of Luemoaa& Bay. Morris
lrub4 nc,r Matioi Llcj had 5 haachlings ard 42-3') aaimals in a pea. In additioo, w€ sighted and
Deasured 11 ftaahly salted cocodilc sldls froE admals ranging il size fron 

" 
to 7 in length. Matimi

klc 19as shot out jusr prior to our surrEy,.ev€d thoogh tic sldls wcre less tha! the mininum siz! aad
apparcntly ilcgal utrder Fc6crl SohEotr Islads law.

Ttc abovc rcsults spcat for thcms€lv€s" lt appeats that we viewcd a remnant population otr
thc vc.gc ofcrtitrdior. Ircal pcople rcportcd thaa creek etrtcring Graciosa Bay and strcams or the
trott! coa6t of Ncsdo Island oftc supported sub6taDtial Gocodilc populatioDs, but tlesc were shot out.



Bot! Utupua ard Vardtolo Islaa& of thc S.nra Cruz group in Tcdotu Provircc arc also
trom to co aio roEc crocodibs (hudcrs hayE rrcrndy shipFd bides fton thcrex hoecr,€r, habitat
therc i6 lcss €dedsive thatr od Nendo Islatr4 Wc c,rrc unablc to obtah uarlportation to ard ftod
thcsc islan& within a rcasonablc timc framc and thus could not survey tbeD.

2. Malira (Sar Cristobal) Provitrcc.

DuriDg thc trights of 7-9 August 1989, thc folowitrg watcnrays *crc survclcd (for z€.o startirg
poirG sc€ Sar Cristobal t50,000 scalc Bapq s[e€6 1O/l6Ln, LO /l6l/L\ and 10 /1A/B).

Naluraghcna Passagr bgoon
Marau I6lard kgootr
Maror Bay arca

Nasuraghcna Pasagc lagoon
Mar r Islald llgood
Marcu Bay arca

nuEber sighted
2
0
2

f.olgitu&
161'14.9€
ftam3E
fiL"n2E

ladtu{tc
1(P475S
1tr48.9'S
1f28.l',S

Midstrcam distancqr su.r,€yed atrd thc rumbcrs of crocodiles Bightcd wcrc:

td
32
53

L4.6

The 23.1tm sutl€yed represerts the bcst rcnainilg crocodile habitat on Malira Islald a!4
acco.dirg to local huterq qocodiles are rarely seetr elsewhere. Gcnerally speakin& Malira tsland
contaiEs only marginal babitat for c.ocodile$ Saili.ug tiEe to and from the wid€spr€ad areas surveyed
was Z hr 30 mia.

Thc size classes ofthc 4,'in.l. si8lted s/etq 1(+5), 1(5{'), 1(7-8'), ad 1(8-9'). One (3a')
crocodile was bcitrg.-aptivcly rcarcd on Malaupaha kla[d of the Thee Sisters Group of islards. Vy'e
alchored at MalaupaiDa and exrEined tc/o frc6hwatcr swamp nestbg arcas od the northem esd of the
islald. Thc swamF x,€re Eocrly dry .nd no old ncsta *rrc sightcd

No suitablc aachonges exis otr Malaulalo or A.li'ire Islandq the two othcr iilard ir thc Three
Skrcr8 group. Nonc of thr traditional latrdown..s o. elders of tbese islalrds werc preseDt (they were
away oo Ulawa Islar4 somc 50 t n di$arr) *hcn ec visitcd Malaupaina Islatrd ad w€ were inlormed
that Ali'itc Island had b€€! cloccd by police for inr$rigation- Habitat otr all thee of thcsc islands is
rcry oarginal for crocodiles. Storiss about large populatioos of ciocodiles od Ali'ite Islard Eusl
rcdair ju6t that, hea$ay, util confroed.

3, Malaita Provinc!.

Doring thc dghts of U-14 August 1989, tf,e fol,owing watererays were suweyed (for z€ro
startiry points scc Maiaita L50,000 scale nap6, she.ts9/16l/5,9/161/6, ?.r.d9/161/10)l

Taba Rivcr arca
Mara Masitc Passagc
ktc Korca
Si'ua RirEi

l,oqitude
161 .rE
161"85E
1j'"?63E
L6ti.4E

Latitude
927.45
yzt.4s
r3.1'S
917.9'S

MidsFcam d;stalccs and thc mbers ofcocodtles sichled were:



Mate Masitc Passagc
TaLa RirE , tm 0 to 24
Taramatr Cre€L at tln 1.9 on
thc Tatra Riicr, tm L9
!o 5.0

Crccl bchhd Marihotc Isla.n4
Im 0,7 to L4

HuIo River, tt[ lJ to 35
Marrfi Macro Charn4 lm
2J to 59

Su'u Horihori C.eeL, tm 4.9
o'n Maatili Ma€ro Ct|..ncl
to tm 6.7 whcrc it
cotraccts witi th€ Huro
Rivcr

l:lc Korca pcrimeter
Si'ua Rivcr

0

0
1

0
5
1

lb
ns

3,1

o:7

1f

73

dumbci sighted
0
0

Totd 0.7

TaLa Rivcr, Taramata Crcdq latc Kor€4 and thc Si'ua fuvc! provide crccllc crocodilc
babitat W€ sltrcr&d Eo6l ofthe b€st cocodilc habitat tttowu to peoplc on Malaita and where
rcportcdly there used to be laryc ciocodile populations. Tbe odd crocoalile is sightcd sporadicaly itr
ttc Darginal habitat wtich domidates th€ wateflr.ays of Malait& Sailing times to thcse are usually loDg
and as *c foutr4 lot ftuitful Kwaimbaita River oD the castord side of Malaita was,reported'to lEve
<rocodilcs ir good numberc. Ndai Islatrd was aBother such area We were uDable ro *it rtr€D.

The size class€s of the 7 animals sighted *€re: 2{2-3'), 1(67), 1(7-8), 2(EO>6,), ald 1(EO).
Ooly in lake Korea did *e sight a small range of siza dass€s It app€ars that oo thc island of Malaita
*€ were viewiDg a wry sEall rerLnant populatiotr, rapidly approaching od8ctioD"

Al thc Tala River, bunters prcscdcd stitrs of3largc qocodiles fot sale. SliDs also haw b€€n
scrt iD rccat Dontls ftoh thc Si'ua Riv€r arca. At Elioae vilagq ofr the MaIa Masilc CbaDneL we
vie$/Ed 11(+t) crocodiles ir captivity. thryx,€re i! exccllc cordition The villagcrs told us that in
1986 they capturc4 U[c4 atd at. th€ mothcr. thc cggs itr het nest r€rc takcn atrd batched and the
U Lcalfhy aniEals camc ftoE the,sr" Thc vilagcrs 6tstcd thcy otrly hu cf,ocodiLs i! tbc Febmary-
Msrch dc,stiDg period- Ttcy *ait uatil the nest is built; thcD sufiound t[e dother and n€st with a stale
Icncc. The molher b thcn ldlled and eater- The eggs arc tatel for hatchi!& h Fcbruary 1989, three
femal€a wcrc ldlcd i. this fashior- Norc of their eggs hatchcd. A more effectivc method of destroyirg
thr crocodile r€sourcc is di6cult to ilnagiac.

4. Ilabel Pr@ircc.

Durirg &c dighrs of 1620 Augusf 989, the folowiDg *aterwa),s vcrc survey€d (for starting
,cro poh6 s€c Sarta Ilabcl t50,m0 napr, she.ts 8/159 /1 ed 7 /L:A/tO)l

I4ngitude Iditudc
Baravalg Pas6agc atrd Ortega
Ch"nn€l arca

Havi Bay area
Vcrao Bay arca
Gbahimhobo lslard

69:BAE
ltlz).4€
L*lltE
158 3E

73.4$
r37.9S
738.dS
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Dist!&ca su.r,EFd ard lumbcrs of crocodilc6 sidtcd slrc:

tD rumbcr siqhtcd
Baravalc Passagc and Oncga
ahrnn.l

Loghai River at tD 3.9 o!
Ortcga Chatrcl

Nalihc Crccl at lm 6.4 otr
sar Jorgc Islard sidc of
ftcgr Cbamcl

Tutsaliu RiEr at l'3 2.4
oo Baravalc Passagc

Toutoro Riler at kn 25 on
TutEssiu Rivcr

Kokoibut! Rivcr at lm 3.1
o! Toutoru Rivcr

Ravihi Crclk at lm 3.1 on
Toutoau Rivcr

Kabbud Crcct at lE 1.7
o! Baravatrc Passagc

Havi Bay and its.iecl of
0J tD at tm 45

SutuFda Crccl at t r 27
oa Havi Bay

Malasu Crc€k at lm 4.0
on Hari Bay

Ghabirahobo Island kgootr
pedm€te.

Vcoao Bay
Ogasa B.y at tm 02 on
Vcnao Bay

Hulaghi Bay at lE 13 on
Vdao Ba,,

Ctccl ' .{alh25on
Vcrao Bay

0

0

1

1

U

0

0

1

0

0

2

I

0

0

9.0

L1

1 1

0.6

13

1.0

5.1

1.8

0.9

LO
4.L

L6

0.9

L1

Totd 53

Sada kabcl Isla4 lite Malaita, contains oocrly margiral cocodilc habitat, althowh .
lumbcr of thc rivcrs abdc haE good to €ncclcdt habitat. Pradicaly aI of the ctccks a.nd rivcrs have
a largr il0ow of frashwater.

Thc sizc dasscs of tf,c 21qo.odil€6 sidted wrrs ?(I{),3(2-3'), 1(34'), 1(55),4(EO<6'),
a(EO>6), ard l(EO). The l5 cro@dil€s sightcd in chahiralobo Lagootr co.stitute a sEall but
inportant populatioa probably rcsultiog ftom a sirylc pair ofbrccdirg adult clocodilcs. wc sighted
ttc b. y slidc of a (910') crocodilc b€twecn the lagootr aod tbc sea"

Thc rcEaiDder of tb€ .e,sulb itrdicale a ridely scattc.ed reDnant nu.Eber of crocodiles.
Ar Kia vilagq s/c vis*cd 3 trtchlirg! cipturcd i! Gbr.hirahobo kgoon 6nd 1(34') ard 1(+

5') aainalr caporc! ia ttc Allard],cc Bay arca"

5. Westcm Provilca

A- Chois€ul wc $hrcycd t\,o saEple arc.r itr choiscul cbosen by a koocrtedgcable hunter,
during the ligtns of 23'24Augusr O89 (fo. ze.o staning poidtr scr Choiscr L50,0m scalc dapg
t\*ts 7 /157 lr.d 7 l15t lql
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O& llarbour area
Ndorolo RiiE and
l,elerygahna Llet arca

Longitudc
1571&6'E

t5t9.6E

l,atitu&
72UlS

rr9as
Di*aaccs surrcyerl aad numbers of crocodiles sightci wcre:

Oala Ha6our
Ve!&lc Crcck
Kasu River
Oala Rivcr
klenggavana InlEt
Ndoroko River

0
0
0
0
0

Ln

1J
05

3,0
L7

rumbc. sighted
2

Total 14.4

Tbe amourt of remainiDg suitablc, available qocodile habitat or Chois€ul appca* ro oe very
limitd ad cvca that is disappcaring quiclly as Eorc and Eore ger&rs are pla.ded along tf,e
rratcrraF. Thcic arc a fcw bmckirh fuooos iolad fton the sea which havc dif6cult acccss aad are
rcpo.t€d to co[tair a f€w remaiairy crocodiles We visitod onc of thesc durirg the day but lr,cre
unable to survey if al ghL A 2 m dogout canoc *ould have to be dragged h to surey it. This would
mt ttc a iafc operatioq especially ifa largc docodile did i!.habit thc lagoon.

It is apparcd that the salt$"tcr crocodile is or t[c verge of disappcariag ftom Choiseul ard
that *€ viewed two of the remruEt ones. Both of ttres€ (&9') a.dnals were sighted duing the day. We
also vict|d 3(3-a) docodilcs iD captivity at Kcal4 taletr ftom thc lagoo! on t_he m.amed island
a.f,oss froE Arariti oa Vaghena Islatl4

B. Vella lavcla. We srtvcyed one area oo Vela tavell4 requ€sred by the Minister of Natural
Resourccs. Ngolosoli Clcclg draiaiog tle ticrnat area od Vella Lar€lla into paraso Bay, thc Bay and
thc vilagc ficsbwater lagoor wcrc sun€,€d oE ttc dight of 5 August 1989 (for zero startitrg poiDts s€e
VcIa lavcla t50,(m scab nap6, shert 7/156/11):

foagitudc
L56"392ENgolodoli GccL area

Ngoto6oli Crccl
Para6o Bay
Vilage Irgoor

Iditudc
737J'S

number sighted
0
0
0

Distanc€ sorrc!€d atrd mtrbers of qocodiles sightcd wcre:
tB
LO

03
Total 7 I

\rrlagers liviDg on thc lagoon ncar t[e mouth of Ngokosoli Creek reported sighting a larye
ctocodilc h thc vilage lagoo4 a bclly slide lcadhg ftom Ngokosoli Creelq ard tf,e taling of a d,og aDd
chictem by thc crocodile, They also rcponed the lilling ofa lctrtale crocodilc and its 'outrg some 4
],cars ago. We viqrcd wiat may ball bcro as old b€[y slidc but could not confum it.

Thc w.tcr temperatuc of frarhwater Ngokosoli Crect was a high 3-f,C and a high sulfur
snell prerailed- Thc streae (.n oDly.bc negotiated by $r\rcy caloe for one ka upstream bccaGe of
rapid shoaliDg and evcl this ca. ody bc dorc witl safety at high lNatcr. Thc s&cam is heavily ftiDgcd
with cocodut atrd sago pals3 and thc arca is un&r i ersivc cdtivatioa. Thc vilagc lagoon, also
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idtcDrcv ftirgcd witt p"l-s sas suriEycd at nighr usitg e small dwout canoc. No qocodilcs wcre
sightci h,y u3 a6d r€ cen oDly condudc that thc vilag. lagooa k visited oc.asioraly by thc odd
rcmlatrt crdilc ir ihc arca-

Wc wrrc told tiat other arcar on Vclla lavclla wrrc rcDorted to havc evea fewcr cocodilc
thrn thc Paftso Bay arca

C. Rcndoea Thc two sD.ll isiand ftcsheatcr latcs ard thc tsro lagoons od Renard Covq
Mburara Bay, wcrc survcycd on th€ nidt of z/ Awust 1989 (for zc.o starting poiDt! sec Rerdova
150,000 sc.jc dap., shcct 8/15710):

Renard Corc
Irngitu&
'.Jr21.7E

lrtitude
833.7S

Tnis arca had bccD visitcd by BeldeD Pitu i! 1986 whe! hc took soEc 20 crocodiles ftoE thc
lalc,r. He dr.larcd ihat hc aaw'trlrdcrous' crocodilcs largc atd soal, especia.ly in thc largcr of tte
two lal6" We rere told by locai! that tu onc had bccn hurtiry i! the area sbce his visit ir 19t]6. they
*cre wrong somcoac had dcarcd the large lale of crocodiles, somctimc before our arrival.

Distalcas surlEy€d and lumb€is of crocodilc sightcd wcrc:

Flrst lagooa
Sccod lagootr
falgc latc
Soall lalc

Total 3.0 11

Thc sizc classcs of the 11<rocodiles sighted *rrc 6(H), 2(2-3'), 1(5-6'), 1(EO>6'), ard
1(Eo).

Udortunately, thcrc arc few &esltwate. lales, such as the abovq ard mary of these have beer
cleared of crocodiles. Note that sui,cy of such lakes is a di6cul! matter. Access to lhcm is often
throug! lougl, $[aEpy, ard d€rse terain ard cithcr a sEall dugout catroe or aluDi.u|r diDghy must
bc caraicd itr and ou!

Rcldoit r Islan4 lke mo6t of thr SoloEon Islands, contains only marginal habitat for
.tocodil,ai StrctEs appcarirg oo thc oap arc usully shon and urnavigable. kte Ratra oo the
southe.lt Ftrir6Dla ofRcDdova is reponcd to have hrd crocodilcs. No suitablc atrchorages exist in the
arca and acccss to tic lalc is ulusualy difEorll Wc ate uuable to say whcthe! or not hunters trar€
clcared thc crocodilcs ftoo this area

D. Tctiparc. B€cau!€ of rrfortcd docodiles itr the sdall lale at Tavara on Waugh Bay, the
latc rld bay pErc surEycd oa ttc nigha oI28 August 1989 (for zcro starting poiit see Readoi.a
t50,0m s[,b Eaps, sh€et 8/1tl10).

ltn
0.9
l3
05
03

lumber sighted
0
1
1
9

l,lgitudc
lsrnE

lltitude
8r4L8'STavlre Lalr

Tavara klc
Waugh Bay

Distarccs sultryed arrd Nmb€rs of .rocodil* sighred *crc:

tn
1.0

uusbcr sightci
0
0

Total

46



Tar€ra Laj(c has good habitat for crocodilqs, thoogh thc presenc€ of nnEcrous worteis od tic
surounding cocorut plattatioD could account fo. thc zcro coud This is ar cisrllent lale for
co$ideration for r.stockiDg rritf, socoditcs.

E Other Arcas Sailcd Tq But Food Not Worth Suveyi.g We *rrc givca tic namcs of
Gocodile hurters iu thc New Georgia Group of idands who wc co aded for sugg€stcd areas to be
suweyc4 This iclded rc ncw areas *'orth suri€yiD& but did alow us to vicw four g'ouF of capti\€
crocodiles wiich the olr|rers, id d€spcratioD, hoFd *ould prwide the nuclerx for four crocodi[ farms.
The placs aad individuab virited werc:
, HoDbupcl(a - K. Yalata ii a hidc atrd Blell d€aler who buys crocodile stin6 browht to hin
from lvesrer[ Provitc€ dcas ard sp€cially from aroutrd thc New Georgia Group of islaads" Wc
sightcd his 10 captiec ."iq"l., 7(2'3),1(34,), and4+t He is hoping to use rharc as a tourist
attlactroD-

Nu6a Hopc - Sac Ola is an eldcrly and Lno*lcdgcabtc fo.mer cocodilc hust€r whq six years
agq rerognizcd tfat thc ciocodilc resourcc a|as di.sappeariry rapidly in the SoloEon klands. He
obtaircd eggs froE tf,c wild.nd rcarcd ia c.privity 46.7) and 1(7{) crocodiles. wiich *cre ia
excellcrt codditiotr He also obtaind froo thc wil4 ir 198q [GD, a|1d 7(]4') admats. He sratcd
that 6ocodilc6 wc.c dow sighted only sporadically aad usually tjllcd by individuals sightiry then. He
srated that suveying would provc unrewarding

Mborcho - Romld Davis, a ciocodile huoter ir tlis arca, had two captivc crocodile4 1(5{'),
ad 1(7-8'), both in excellent condition His arca had b€etr shot out and siace tbcrc no longer were aay
docodiles to hu , hc gaic u,r a 12 giugc shotgun to retum to Bcldetr pit|r

PcaiB, Nggatokae Island - Geffty Natc showrd u5 t[e lj socodile,s hc and his fathcr were
raising for a crocodile farming op€ratiotr- D.. Coli! McQueen of the Vet€rinary Division in Honiara
originally etrcorraged them in tlis undertaling All 15 animals wcre in good coodition ard a new
erclo6ue was beirg €rcctcd for them. TIie r:,(+t), 1(5{'), and 1 (67) a.d,rats had all beer obtained
ftoE tbe Russcl Islands. c€frry staled that soodiles *€!e row rarcty sighted ia the arca of
Nggatokae Island ad that it was dost uriik€ly that a.oy would bc sighted during a surrcy. He said he
wished hc could tell us othcrwis€. This *Es why they bad to obtaid thei gocodilcs ftoE the Russell
Islands, which they did h $a?.

Apparcrtly, only a widEly s{attered reEDart number of Gocodil€s .emain in the Wesrem
Provinca

6. C€ntral Provim!.

A. RusscU Islalds. We surve'€d the otrc area h the Russell Islandq where it was believed lhat
a small rcmnant populdiotr of oocodilcs stif existe4 evcd though the area had b€etr heavily huded
duriDg 1 E ard 10 qocodiles shot therc.

kl.c Tataq Modoluon rrh'4 w"s suvc,€d od tbe night of l Septsob€r l9E9 (for zcro
sraniry point sc. Russ€U Istads tt),od) scale daps, shect 9/159/1):

Lalc Tatac
Lngitude
159d0558

lltitude
9()85S

This lalc provcd to codtaiI! thc second b€st populaaion of crocodil€s thal e€ cncoude.ed itr
our sulr/cy oftf,c Solodrod Islands. Tte, qocodilas sighted alorg the 15 km perincter of the lske
were ilr thc followitrg sizc dasscs: 18(E), 1(&7), 1(7-A), (EO<6),4(EO>6'), ad z{EO).

Hutrtirg of Gocodiles on thc lakc durirg 1988 could account for thc abscncc of ttc (2{) size
classcs

B. Florida Islads Arcas worth suneying for cocodilcs atc few od the Florida Isla.n&.
AccordiDg to Pcte. Beat4 ar old timc cocodile hurt€r on thc blands, the best reEaidirg arca was
Utuha Prssagc with a numbcr of small creels ruoaiag ilto it. Our dayrinc suvcy of thc arca rcvcalcd
that thc Dain dclt draiairg tlc Passagc lad a vilag. oo it Therc *rrc gar<leas along thc dcc\
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upatrcaf oI thc EaDgrovc s€diotr" Wc wcrc plcnsantly surpriscd whetr xrc survcy€i tle arca on thc
tright of3 S€ptember 19E9 (for zcro startiag points se.c Florida Lland6 t50,0m scale maF, sheet
9lrfi/2)l

Lorgitudc
ftTl&4'E

ktitudc
9045Utuha Parsaga arca

Utula Passagc
Tambfi Crcct aa LE 0.0
on Utuba Passagc

Knidi Crt.L at ln 9A
or Utuha Pas6age

Midst caE di.stamrs survet€d and nunbcrs of crocodile sighted sere:

LE trunrbcr sighted
9.9 1

050

1.0 2

Total

Thc sizc clas:cs of the 3 animab sigbrd wcrc. 47-8) ard 1(&9).
It i.r irtcrestiDg to lotc that \rc spotrcd mo.c crocodiles b Centlal Provircc tha! in any othcr,

erccpl for Guqddc&al

7. Guadalcanal Provincc.

Duri.g the nighb of 4 6 and ? Septemb€r 198q we survcycd tlree areas (for zero staning
poiDa! scc Gradalcanal t50,000 Eapg shc.ts 9/10 /r1\ 9 /l@ /A, Md 9 /Kn /$)l

11.4

ljkoro l-agood
lauvi taSoon 

'

Mati[a-warclau area

l.I<oro lagoo! F ideter
Iarvi kgoon pcrimctcr
MaliM-warelau area

dunbcr sighted
0

92
0

Longitudc
160p36'E
rtr?3.gE
ff(r€3E

Latitude
934.1'S
9P53.1,S
9P49.81S

Distalc.s suvryEd ard noEban ol crocodiles sightcd were:

fo
OJ
9a
J.J

Thc lumb€r and sizc drarer of thc qocodilas sighted in l,auvi kgooo *crc 9(H), 31(2-3),
L0(34'),1(+r),1(>7),)6(EO<6'), 4(EO>6 ), ad 10(EO). Thc 43 pcrccnr of rhe aaimals rhat cor d
not be approachcd to allory an accuratc sizc estimatiot rcsultc4 firsq from thcir beiEg vcry wary, which
cou.ld bc accourted fo. by thcir continurd hultbg a!4 s€cot4 bccausc thcrc verc floatirg Eats of
grass along thc lagoon shors which could not bc pcDctrated by a sEall dirghy atrd kcpt us away ftoo
the aninal& l,awi Ilgoon tumcd out to b€ tbe last Dajo. sooDghold of thc saltwatcr crocodile in the
SoloEor klald&

Thc tx,o olhet arc.s survcycd on Guadalcanal produced r€sults simila. to thcse fourd olr mo6t
of th€ othcr Solomoa klands - do animab fouad or orly 6caftcrcd rcmratrts ofa ford€r population
foond"

Wo siShtci captiw ali!|ais otr Cuadalcanal at threr places. Ch. es Rickon has 1(ru')
cocodile ar Kopin vilagc; Betikama High School rcar Honiara has 1(910') docodile; ard Beldcn Pitu
hrs 54 crocodil€s itr thc foloeiDg sizc dasser: 14(2-3), 21(14), 6(+t),
11(5i), ad 2.(G7).
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Drsct ssloN.

,q" Habitat. Gcrcrally spcalir& thc hatritat for cocodilcs i! the Solomon klands b at bcst.
margitrai, Thcra alc rc encDsivc c,Etiands ard few loag EcanderiDg rilcrE thc p.ef€rrcd homc of the
saltwatcr crocodile, a6 thcrc are h Papua New Guirca and Australia" Most island riirrs and cf,eet6
dse ia thc stecp hils and nountaiDs inmediately behind a ra'tow corstal fthge ofvcgctation drd a3 a
conscqueftr ale unusually short. Becausc of h€avy railIall the input of froshwater L high ad the
rivcrs, cree\ ad sprirys are normally ftesh dowa to *it!i! a fcw hudrcd Ect€rs of thlr mourns.
Somc of thes€ providc good habitat fo. crocodiles and the alluvial soils are exclllcnt a!:e€s for rillace
garde8. Fanncrs ucat thc crocodil* as itrEin and quicly clear them ftom the area. rMth an anlual
huma.d lropulatio! growtf, of over 3 pqccat, pressorc fo. use of fertilc soils is grcat Thc crocodilc hrs
urue of tro cnancc lor sutvtv{l ltr such arces.

Ttc coasts of Dost of thc isla.nd.a i! the Solo6or Islatrd cbab arc ftinged by coral rcefs, arrd
maay shalloq maagrove-fritrgcd bays contair ruoerous patch recfs as !rcII. For crocodilc.s, this is
formidattle tcrrai!.trd is uscd wheo thcy arc excludcd from morc fa\rorablc a.€as or l,hcn travellinr
iom one arca to a[otbca.

Thowh thc Solomon Islads lacks erceDsive fteshwater swamDs. it does harc a $na.ll number
of fteshwatcr or bracLbh lalcsr often shown oa oaps as bgootrs. Tteie are touad ou smalt islaadg
soDe 50 to 1m E from thE scashore' or up to 2ln idand or ttc larger islads. Access to these lales
cd bc vc.y difrodt. Thcy are oftc! &aided to thc sea by rery small creel(s. Thcse lakes app€ar ro
nw provide the last havctr of refugc and breedirg areas for the rcmainbg cocodiles ia tbe loboon
Islads. U ortuately, there are oDIy a few of thesc lal@s scatleied throughout the island chain that
are rcmotc etrough trot !o b€ Degatircly iopaded by rcarby villagas. Hutrters are also well ac,are of
thc lakes, as arc hop€fuI 'ciocodilc famc.s who obta;n tlEir docodil€ stock hom th. lakes. Most
have bccn dcared of docodiles or arc s€v€rely deplet€d-

B. Status. It is appare that there remai.s o y oDe sarall real populatior of saltwater
(rocodiles in tl€ Solomor lslaads; l,auvi Lagootr or Cuadalcaral The no( rwo largest populations are
in l,ale Tatac in the Russell Islands add i! Chalirahobo l,agoon on Sa.nta Isab€I.

In 6eparate lobsrs in th€ Tablc below e/€ show thc du'lbcrs and sizs classes of crocodiles
siCt€d in Lawi Irgooo, i[ lake Tatag in Chahirahobo t agooo, ard tbose foutrd ilr all other localities,
and thc to{al& Tho6c sigbrcd ir other localities cotrsisred of a nudbe! of suagglers - the widcly
scattered $rnivitrg.eDltaot ota oace helthy population Sadly, the ctocodile rcsourc€ ofthe SoloDoB
Glan& csscatiauy bas becl dastroyed

Numbcr of Crccodil€s

lruvi Ghahira.hobo Tatac Other l,ocalcs To(al

2 - !3L3539
(0.fi.9 n)

3-4' 10 1
(0.9-1.2 n)

4-9
G2-1Jn)

(15-1.8 n)

(1.&21d)
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(>zIqI

EO<6
(<1.8 E)

EO >6'
(>13 m)

1610EO

n15

Aaothcr *ay ofviewing this is showtr ir thc Teblc below where wc have divided thc aaterways
sutwyed ilrto enclos€d lagoou (virtuaUy ftcsbc,afer lates), saltvratcr lagoons with op€oings to thc sca,
ri\,€i! and arccls (Eo6tly ftcsf,wate.), atrd saltwarer baF ad chr'lcle Thc nuobe. of these survcyc4
distance. surrc,,E4 and nosbcrs of c.ocodilas sight€d ir th€6 i! shov/D also.

Nurb€i Distamr (k a)
surrc,€d

Crocs sighted

Etrd6cd hgoonr
Saltwater lagoons
Riiras and crccls
Bays aad chamcls

10
8

T
m

1 l3 t
7
8
9

m3

47.7
815

Totd 17J.0 t77 4\

Ovcr 86%, 153 out of 1Z of the crocodiles werc sighted in the freshwater lagoons and from
the Fevious Table it is cvided that aldost aI (f4) of thesc werc sighted in three lagoors osly. Of rh€
fl crocodiles sighte4 41 werc hat.hli.g., denoted by tie subscript figtlle i.n thc Table aboi€, and
evcry otrc ofttass hatcbling6 werc sighted h thc etrdos€d &eshwater lagooDs. Not one was sighled id
the 30.iveG aad creels sufl,e'c4 Eary olwhich had exclllent breeding babitat. The,sc watorwa's had
b€.r .<.€nti.lly clcal(d of brc€dirg stocl abd ody srragglcrs rcEaidcd.

It i6 Ft[ap6 surprfuing that 7 arimals wrrc sighted in the saltwater lagooDs ard 9 in the bats
and cba![cb, Ttcsc arcas arc aorDally used by idmatulc socodilcs tnat the large breeding animals
cxcludc, wil trot tolcratc ia ttc brceding arcas, or th€y aro a.trinab noviry AoD ooc area to arm{her.
Thc aumbcr r€ fotrd i! these are$ i! probably i icatirc ofthc huding pressure itr the breedidg
arcas in ftcshwater lagmns aad rirprs aad crccks. Note also the few animals sighted in the (47)
classe,s. Though Me,rscl ha6 poiDfcd out rcp€atedly that tbc.c is a severe biological 'botderccl' for
ariEals i! tlcsc sizc classer f,'hich rcrsally would ac.ourt for thcir scarcity (for iDstancc, s€e tlre
populatioD Eodcl i! Modograph Z) of hb suvcy s€rics publishcd by Pcrgamon Prcss), tte populatioDs
sightcd in tlc SoloDo! Islalds are Eo saall that it rould bc slrprising of this was so here. It is litely
that a numbcr of ttcse animals are includcd in the thrcc EO classcs"

Onc ney asl whal ftadioa ofthc cocodile corrailritrg Labitar wBr sun€ycd by u5, It is
difrcut to araw. this with prccisio!- AlEo6t aI of thc arcas, wbich Ltrowlcdgeabl€ hunters felt were
worth suw€yin& wclc suflcycd

I! thc c.sc of ctrclo6cd ltgoo.s, some 80 percent of tlos€ worth surveyi[& v,€re surveyed.
Thc 6amc appli.6 for saitratcr lagoou, although tlclc wrrc maay norc which cou.ld harc bccn
suncycd, had local tuatcn and idabitarB lot statcd cEphatically that thc arca had bccn cssentiatly
clarcd of (ro(odilcs, Wc p.obably did lot $rwcy Dor. tha! a fcw pcrccrt of suweyablc brF a.rd
chan&La Sirce ody tdnnart stragglcr crocod;Ies rcrraiD, one might occasionaly bc sighted in almost
atry bay or cvc! thc opcB sEa. Uddcr thcsc circumst&cc! all tinds of concdio! fadors - dcpctrdiry
oa an iadividual's imaginatior - clr bc applicd to ttc dumbcr of crocodilcs sigtrtcd durbg tf,c course
ofthc aunry.
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Because oI thc lew animals vE cdcountq..4 usiDg statistical eeaDs to gain atr estimatc of thc
adu.l ludber of crocodiles in thc SoloEor lslands is Wc belie\re that there Eay be
arothcr frc,shwEtcr lagoon or t*o c4uiv6lent to Gbahirabobo or Lalc Tatac that wBs rot surlcyci, but
tlerc c€rtai!.ly is not anot!€r cquivEle to kuvi LagooD. Basfd or suvcyirg cxperiencc in Australi4
wr can gsrerously assume that th€ sighting ftactioD for crocodilqs in thc ercloscd lagoou l{as only 5t)
pe.ceDt. Itr additioo to cov€r the ursurveyed waterway\ the number of cf,ocodiLe,j see! i! tbe saltc/ate!
lagooE, and riiErs ard crcclE caa bc libcrally nultiplied by 10 atrd that of tbe bays aDd channels by 20.
Ttfu producca a'guesstimate' of [2(153+42) + (10/) + (1m) + (z!d)l = 720 crocldiles, a5 a maxiEun.

It should agah be srr€ss€d that, other than i! the sDall eacloscd lagoors, thc rcmaining
af,ocodil€s arc widely scaftered throughout t[e somc 9O islands of thc chah ad Lhc chancc of
brelders meltiDg dust be sdall

C. 'Custom Crocodiles' At s€veral locatiors during tiis $rvet we were told by local petple
that thc rcalon we {€rc aot Endirg Eany crocodiles war b€caus€ tles€ were'custod crocdilcs'which
caa oaly bc scca by a fw traditioaal SoloEon klandcrE that tbe crocodiles were the.g but that wc
could not scc theE. Siglifidnrly, these coBmerts .lwaF c.Ec from villag€ft and not froE local
crdilc huDters. If the ability to s€e docodil€s is a trait unique to 'cuslomary islanders' thar the
lcad€rs of t[c survoy tcam, vho co[cctivcly havc 40 ycars cipdiclce studyiDg 17 of the 25 tecogDizcd
spccic6 ard sub6pc.ics of docodilians iD dorc than 15 natiooE du.iDg which they have cersuse4
captuic4 and handled dorc tha! 1m,0m [rr cocodiliaDs ard haw cxamiftd orcr 1,000,000
crocodilian hides, havc su.ely eamed the right to s€€ atry crdilcs customary or rot.

D. Numbcr oI Cfocodiles ia Forncr Tines. How daDy cocodiles were there in the Solomon
Islads in former tides? ode will never know for certain because, as elsewhere, ro previous systeBatic
suvcy ofthe docodile population bad beeo carri€d out. Furthormor€, ir former timeg recortls of
qports of crocodile slios wer€ no! maintained and cven in rcccnt timcs records hare been sca.nt. We
.rc this coap€lled to rely upon bformatiod provided by former and presert day crocodile hunters. It
is ditEcult to a.6s€ss thc reliability of such bforEatiod othet than by obtaining it from many hutters on
difrcrcDt blands, This we di4

Thc folowing broad pidurc cmcrges" App:ready thc ('(rodile, evetr though it, alotg with thc
sharlq app€ars oD thc ratioDal cEblcm of tic SoloEon Islands, has b€eD looked upod gpdc.aly as
rrrsi! ard trcatcd as sucL Thus whcn Australiaa cxpatriatc hunters, who b€come wcll acquahted
*itl thc Solomon Llards dudng t!€ secod rio.ld war, startld shooting Gocodiles i! tlc late 1950s and
durbg the 1%& and early 1yl0s tlcy wcrc w€lcoEcd. Many ofthc oldei hudets atld grudes who
helpcd us witf, tic prascdt sufl/Ey, *orftcd gladly with thc expatriatar to help shoot out thc Gocodilcs.
One of the MastcB of our sunryvessel Harry Maeata, was one such itrdividual who helped. otr all
the islad! rc suri€yc4 the mme of DeDnis Rorne caEe up timc ald time again as one of the
cxpatda6 shooteis, Frcddic Forsythe Ka,€ was anoth€. nam. which was meDtiooed Every ore of tf,o
irdigca€s statcd tiat tle crocodilc resourc! had bcc! largc ard could be gauged by tf,e fad that h the
195G ard 19@3 thc hurtcrs obtairc4 otr avcragq 4to5 stils of IargF arinals eacb night. od som€
nigLt!, thcy ob{aine! as l|raoy I20 largc admals. Duirg thc Fcsedt sorvet only i! lanrvi l,agoon did
we sight a few largp aniEals ard beausc of thcir l|rliDers ody one could be approachcd-

Apparcndy, ev€r ttowh the majority of thc habitat for socodilcs ir tbe Solomor Islands is
narginal thc populatioa siz! was largc ard dust havc talc! a i€ry long time' Ecasutcd iD cenrufles, to
icacL thatsiza We are unablc to say morc than pcrhaF it w'! a latge as the crocoalile populatior of
Austftli4 bur lcs3 thatr that of Papua New Guinca. we camot substa.ntiatc this estimate fiuther.

E Protectivc Measurcs. By the nid-19?0s, thc r,rluablc crocodile .esource had bccn scverely
deplered aad tf,e expatriatc hu crs dcprn.d- Thc indigeoes howEver, cotrtitrucd to hutrt tie aDimal
both a3 vcrmir that occa3iodaly attacled humanE lgE dogs, and chickenE and becausc crocodile hide
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Ficls PErc higL Thcy provided ialuabtc supPlcmcEta.y frrnds for individuals ofa local lutaistetrcc
ccodony. _.-By iht tidc, India, AuEtrali4 alrd papoa Ncrv Guiaea had rccogized thc daagEr of losing
:le.croc{iq atrj tTt stcF to implcoeat naragemmr ptaq enruriog ric survival of til sp.aer ala
lncu€EnaDar utrrrzatior otr a sustaircd icld ba!i& The solomod Islands was at this timc is the thro€s
or rahing indcpcadefta ad did mt foflow rhc lcad of Indi4 Aust ali4 ard papua New cuirca. Thc
glipg €ontinue4-*ithout gncral rccogaition that a valuablc cconomic rcsour; *as bciDg d€st oycd
Evctr as larc as 1982, an ryatriatc hutrtcr el6 r€lcodcd to hclp clca, the lcmainirg o.-L clo"oal"*
Hore!€r, iD 197e legi5latioo v€5 cnacted to p.ohibfu tf,c export of skis snaller O"i SO 

"- 
*ia. io tl"

bclicfthat it Eiqlt h€lp protcct rhc crocodilc resourc.. By a[,o*irg tbc adult breeders to b€ tillcd ofr,
it did thc oppo6itc.

Ia the SoLomoa Islaads, crocodilqs.rc goup€d rith 6sh i, tlc F,shefiai Ad of 1972 TLh, is
defilcd as.'ary aquatic -in4 ehcther piscilc or dot and includes...crocodilc aad tuttlc, and youlg
aDd €gga thcrcof ...."

Regulafiot 10 of thc Act colr.s crocodiles and in ql7 was cLargcd to rcad:
'Ary persod who s€lls or o(pos€s for sale-a.ny crocodile or crocodile skia the bcllv width of
whicl ir less tian 50 centimeteB..ltall be guilty of an offence...,"

'Prolidcd ttat thi! rcgulation shall tut apply in rclatioo to a.ny crocodilg o. skid of ariy
crocodilc..re.rcd h a hrm liccnsed under any Regulatioas....'

As far as x,€ ha@ been ablc to aacertai., thie,cgulation had aot bcen eaforced. Tte cxpo( of
skiu ol cocodiles of dl sizls tater ftom th€ wild ha\r'c bccr, and codinue to bc, sanctioncn. Aiaay
rate, sincc saltwater cocodil€s do not stan bre€dhg Untit they arc at least 2 m (iemalcs) to 3j m
(nal€s) loDg a.d have a bcly width of 45 (d, crfo.cedert of tbc Iegislatiou would ensurc t[at txe
crocodil€s breeding resourcc would bc s€verely depleted - as it has been _- and p€rhaps, fmally b€
totally dcstroyed-

_ F. C.ocodile Sti! Erports. Mr. youicti Talehara, MaMging Director of Horiuchi Trading
gTeary_o{ Tgkyq Jary'l tindly supplicd figures for cro-al*t i.po.t"a Uy U" company from rhe
Solomod Ida.ds - sc! Tablc bclow.

Mr. HcEy ka, Pri&ipail Corsrr%tio! Ofnccr of thc EnviolmeDt and Coos€ryatiod Divisiotr,
Solonotr Islarjs Ministry of Natural Resourccs, provided the folos,iDg figurcs fo. the crpo.t of
crocodilc sti!3 froE tlc Solomotr Islads:

Belly itrcte.i
1985 4163
1986 4350
1 1 6445
1988 47n

SruE of tte blolmatiod supplied by Mr. Talehara and Mr. Isa iodic.r€s that Eoriuchi
Trading Co. bas bcetr inponiry rowhly oic haff ofthe.f,ocodilc stj!3 e4|orted froE th€ Solomotr
lslands. Fllntc.morc, the Talchara Tablc iadicares that t[e lumb€r of idport€d stins *ith bellv
widt!6 20 irchcs o grearcr (> 50 d) has de.rcascd boo 63 i.n 1983 to ?a ir 1988. Tbc 1989 6gues
could bc abcrralt sincc hullers c/€rc cocouraged to gct crory stis they could thi! Fa.. At sevcral
p|acc4 duflng t[c corrsc ot our 6utvcy, wD rcra r[clcomed becaus! villagcrs bcliei€d *€ had coEe to
clcar out tlc rcn'ining fcw ctocodilcs

Value (S.Lt)
10,405
10,873
!1cp3



Cmcdthts pdo&$ hidrs inportcd &om thc Solomo! Islaads by Horiuchi Tradiag
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. G. Crocodilc 'FarD6' .nd Ralchirg: Duriq tlc coursc of tf,e surrcy, c\rry opporturysms
tal€d to visit crocodilc 'farm&' Tbcsc l2 so callcd farEs conrai&d fron I !o 54 ,ni-,i. eacL Thc
lusb€r ard size claascs of the captivc adnals s€€[ in cacf.farn'arc given il thc Resul6. The Teble
bclow shows thc sizc classar a[d total captivr crocodil€6 s€cn

Capti!€ Crocodiles

Sizc in Fe€t
(octers)

Nurbcr of Crocs

Eatchlirg

(0.6{.9)

34'
(0.e12)

A

+!
(12-15)

ft'
(1513)

(1.&2.1)

111

_- _ , CfTFS lefi.R captive propagatior as inle$ive matragedeat under captive conditioos which
r€liably will produce ar Flgercratior (secodd gEreralio[) &oDr parents born o. hatched in captivity.
Such an operation which prodtccs ofrspring from parcrts bred itr captivity is defucd as i.farm.,
gry._d.p *Id 

"!91e88! 
or,ou.g ftom tie wil4 ror froD caprive parertq for rcarhg h captivity

is defacd as a 'rancL' FarDs arc clo6€d-g,clc o!'e.atio!s indepeadeat of tie wild popubtlons, white
ralchcs arc opc!-cycle oFatioDs &pendcnt on *ild eggs or youag.

Ttcrc is no viablc aocodile farE in thc Solomon Istatr& rt thc present time atrd thcre |s
urlil@ly to be o|re n.less a Euch Do.e profc6siolal approach is taken. Oae or two, or cven 54,
intmatllrc alimals docs not coDstitutc a docodile farm. It tales 8 to 10 ,Ears for a fcmale aDd 15 to 16
years for a Eale Cpor"nr to reac! b.eeditrg sizc. Nole of tic c€ptive arimals seen ia the,farms, had
bred in captivity, and siDce mtre of the.farm, cnclosutei contaidcd pools sufrcieatly largc aad &cp
(> lJ tn), it ir ullitely tlat thcy evcr wil b.ccd udcr t[e qrtrcDt husbandry coaaitlons. nc cxisting'farE6' ca$ot c!€r oFEratc as ralches sircE, wi&out a hcalrhy wild populatior, ncithcr cggs nor
hatclding caa bc collcacd &on tlc wild for stoctiag the rafthcs.
- Prartic.Ily cvcry hop€frrl crocodilo falmcr x,€ spolc to €xpr€ssed great interest in Gocodile
farDi[g alrd waDted Eorc idoroatior ot it Tbcyscrc eost alrdous to comdcrcially farm thc very
rcsourc€ wticl so many of tleE as hurtcrs bad bclpcd to d€stroy id thc wild. Most of them expressed
so..ow at not haviog rcalizld wtat iEpad tleir hortiDg was havirg

Elrry "oEmercially succes.sful crocodile cnterp.isc ia tbe *orld depends to a ryi8g degce
upoa rourism and/or ranching. Lauvi kgoon is thc o!.ly sitc i! the Solomod Islar* wlicl in OJ uear
futurc '.nigb! wirl propcr prolcctioo and eEcctivc Eanagcaett, bcco8e a tourisD/ra&hing
eoterprirc. Otbcr lagoon sitcs wil rcquire stdngcnt protectiotr for at least 5 to 10 yca.s b€fore th.ir
popu!.tion6 *ill bavc r.covsed sufrcicdly to allo\r ary sustained yicld cxploitatio!- HowEver, this will
.cquir€ c.rcful amual chcckiDg bcforc atry anima& arc taLer.
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H. Concluions atrd RecoDmedlatiotr&

1, Crocodilca i! thc Solobon Islad! havc bccl ard stiU arc gcdcrally looLed upo! as \,€rmi!, and not
as a valuablc rcsourc€.

2" Thc crocodilc rcsourcc of thc Solomoo klatrds has becl severely ileplcted aad oDly. very sBaq
$idcly scatteft! rcEDant population rcnains

3. Unlars urgcot and staict meariuncs arc talcn to proted thc spccicE thc salt{,-atcr Gocodilc may soon
bccoE€ cdiftt in tf,c Solomon Islaads

4. Thcrc i5, af prcsc4 ao commcrcially viable crocodilc farm or ranch b thc Solomon Islands ad this
wil rct clanga unlcss immcdiate actiod is talea oow to cooserve the wild populatior-

5. Ttc rcneiriDg crocodilc rcsourc! is so sdall that a crocodile raffhing proposal b out of thc
qucatiod for e lllDbcr of ycnrs,

6. There do€s not erisr id the Solomon Islan& any efrectivc legislatior to protect and cors€rvo the
crdilc.

7. Fcw Solooor Island€rs, with thc cxceptioo of the cocodilc huntcrs, are awarc that thc crocodilc
populatioB arc so drngarously dcplet€d

We recoeEetrd tlat:

A" Thc wild crocodile populatioa of thc SoloEotr Islatrds rcmaiDs or Appcndix I of CITES.
B. A total cxport bar o! crocodile skios of all sizes and from all sourccs itr the SoloEoa Islar&

iEncniatcly bc cstablishcd atrd efiedively iEpledeDted. Suct a ba.n sbould remain in effecr
for aminim m of 5 yca$, after which it should bc rcviewed.

C. A permare ban o! stins taken &oo thc wild, whooc bely widtl is greater than 45 cm should bc
impoGcd to proted thc b.eedbg stocl.

D. The Solomo! Islald ce[tral govcrnmetrt and provhcial authorities imm€diat€ly comm€nce the task
of educating the public about tie vital importaice of conservirg their latural resouces :rdd
national heritagp, irdudiDg {rocodileq for the tutore benefit of tleir citizlls.

E, Thc ccntral aad/or prwircial govcmments lind some way to protect and corr,enc tie r€mrining
socodilc rcsourcc. We rccognizc tlat ia thc Soloood Islalds, wildlife belongs to the
traditional landowncr, but if the *ant rasourc! is to b€ saved the gor€rsmeits must 8l1d a way
of codvinchg thc landoercE to proacct thc wild populations atrd their habitats. Spccial ar€as
such as thc ftcshratcr lagooos should b€ given prioritt co8idelation.

F, Thc gwcrDEcDts discouragc taling crocodilas from ttc wild to stock so called 'farms' which are
ulilcly m bccomc cconomically viablg clcrpt as a tourist att actio!.

G. Thc statuB of thc crocodile populatioDr i.n Ilwi ard Ghatiralobo kgoo[s, and i! lales Tatae,
Korr4 atrd MatiEi atrd those i.n Renard cove b€ noaitorcd annually.

Actnwlcigcneats

Thcrc arc Eany agcDcieq organiatiods, a.nd p€oplc to Galrk ald without who6c help the
clceediDgly cooplex and diffiqrlt suwey could trot har€ b€er codpleted, Fust G the CITES Secretariat
which laborcd hanl to raisc t[c t|nds for a survey wbich it felt v,as urg€nt ad long ov6due. Sccord i3
tte soLomon IslaB& Minislry of Natural Rcsourccs e.hich *holeheartedly encouraged the suftey. wc
sil.acly thart cach ard cwry onc of thc nuEcrous i.dividuals h thc dozcDs of placls wc n€ye4
though tl.jy arc siEply too Eary to daEc individualy.

For thc e irc sDrvcy perio4 thc suvey ship, thc 'MV Meoor/, bad the followirlg staft

Master - Jots Jobrso! Hiru
S€@rd Mastcr - Harrt Marnata
Eogh€€r - Debcrer Foli
C.cw - George Waletofg Silvaror Dodq Johs Sorova and Ludavico Albcn
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Ew ti.6€ ildividuals sailcd tle rEss€l at right tbrough rccf st ewn waterg orcr thou$rd6 of
hlod€terg sithouf an ccho sourdcr o. .adar, rcaairs a dFtery to us. perhaps thc traditioral woodet
sajLlilg t4isDan ehich Harry MaEata had boutrd to thc uF[rcr Ea$ of the rcssll bad somcthiDg to do
c,ithil Ia pas giH to him by hi! fattcr many ycars ago and haj stood ttis incrediblc sailor in good
stead evcr sidcc"

Gcrry Whcw€ll Corlcriatioa O6ccr in thc Midsfry of Natual Resourccs, in addition to
b€iDg the adive rcprcs€Dtativc froo tic Minisfry, fi'sr aded as a.survey-lcamer obG€rvctr atrd soon
mastcrcd thc basicsofthc iltricatc techdquc ofdocodile suveyirg. He i5 ihe oDly iddividual in tlc
SoloEon Islads today who sf,outd b€ ablc to carry or tf,c firture tas! oI oodtoriry the cocodile
populatiotr& Srn.on Dioko ir now a wcll-traincd survcy caroc driver and paddler. Hals Wag&r, *€ll
tnwtr naturopd[ froE Sydn€y tept us it good hcaltf, wit! his prcparatioBs of cxc€llent SoloDo!
kladr fruit ad \€grtabl€s durins thc last tc,o w€cLs of the survcy.
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ApFndix 1.

SriIog Tlm.r To &rd I'roD Surrcy AI€€s

SANIA CRT,Z
Sat 29 Jul - l,ata - > Dcdu on Ncldo kland by caroq 06fiI09m hr
Tue 1AW - Lr|emoatrda -> llta bt canoc;06304q30 hr

MANRA
Sun 6 AW - l(aonasugla -> Na MWl4 Star Harbori (1745{930 br
Tuc 8AW - Na Mugha -> Marar Islard Bay;070G0030 ht
Wcd 9 A g - Marau Harbor -> Manawai Harbor; (B10{850 br
Thu 10 AW - Mana{ai Ha6or - > Tawarogha .> Malaupaina Isla!4

Three Sisters Group;0m(X)830 hr ad 090G 1250 hr

MAI.AIIA
Fri 11Aug - Malaupaina Islad .> Apiq 01fi)-0800 br

Apio -> Taha Riicq 100GUm ht
Sat la Aug - Taha Rivcr - > Apio; 19f-2058 br
Sun t3 AW - Apio - > Su\p€inc Bay for klc Korca; O71t0835 hr

Su'uFinc Bay.> Ahonawai 202L2135 hr
Mon 14 Aug - Alenaesi .> Apio; 062G065 hr

Apio - > Rutaorea; fil39104{) bi
Rutaorca -> Rohioari in WaisGi Harbor: U05-125 br
Waisisi Haftor -> Si'ua Bay; 82G1}() br

Tue 15 Aw - Si'ua Bay - > Talatali 0300'0715 hr
Talalali -> Auti; 0830-094 hr

SANTA ISABEL
Wed 16 AW - Auki -> Irleghia 00m4805 hr

lrlcghia . > villagc aear Potofa'a Cre*;085(H910 br
Potofa'a Crccl .> Kael,alga; 0925-1000 hr
Kaoeaiga -> Kaipito Rivc8 1025-1045 hr
Kaipito Rivcr -> Kacvaiga; 1UG1250 hr

Thu f Aug - facvaiga .> Irlegb4110G112O ht
L.lcghia -> KaevaDga; 195S2110 br
tiacvarg -> Kia; 22l&1430 hr

Fri EAug - Kia -> gavi Bay;161tr17m ht
Sun z) Aug - Havi Bay -> Imautu Bay; 083G1005 hr

Inaulu Bay -> Hulaghi Bay; r05t1130 hr
Mon 21Aug - Hulagbi Bay -> Kia; 063fi960 hr

Kia -> Andti Vaghcna klan4 Choiscul 11G1610 hr

WESTERN PROVINCE
CHOISET]L
Moo 2l AW - Arariki -> First Unaamcd covc north of A.ariB 1640-1655 h.
Tuc 22 AW - UrraEcd cov€ -> KealE 06.{} m5 ht

K.ala -> Ruraval 1(Bt1040 hr
Rurarai -> Oala Harbouq 1630-1650 hr

Thu 24 Aug - Oala Halboor .> Posarae; OdlO-OR0 hr
P6arac .> Ndo.oto River; 0815-0845 hr

3h r

6b r
2 hr 30 nia
5hr 40 nin

12 hr z) nir

1b t
thr 40 Eir
1br z) Dir
1k 15 nin

5 min
3br 5dir

z) nid
z) nir

4 br 15 mitr
50 dir

8hr 5ei!
20 min
35 min

z) Dit
20 Bit
20 min

15 hI 50 nid
50 nin

t hr 35 aitr
35 nin

2 hr 55 mia
5hr 10 nin

15 Eid
3tu 5din

5 Di!
20 mio

th r
30 ni!
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VELLI IAVELI.A
Fri 25 AW - Ndoroto Rircr .> r Iengri; 04fl!640 lu

Liengai . > Paraso Bay; (85G1060 hr
Sar 26 AW - Paraso Bay -> No.o, New c.o.gia; lEfll0}z) hr

Rf,NI'OVA
Sun z, Aug - No.o -> Mbun|lu; (b20{900 hr

Mbu.uLu - > Rcna.d Colc, Mbusana Ban 1045-1220 br

TETEPARE
Mon 2E Aug - Rerard Colc . > Taedr., Waugh Bay; 0655-0810 tr

Tarrr4 Y/augh Bay -> Mburutu, Redov4 200G2Zm hr

GHXTX)
Tuc 29 Aug - Mborutu .> cizo; 101G,1t35 bt

NE'TV GEORGIA
Wcd 30Aug - Gizo -> Noro;640-1t:}5 br

No.o -> HoEbupelo; 1145-m hr
HoEbuFta -> Nu3a Hope; tjtul5zJhr
Nusa HoF.> [eDi 163G1930 hr

Thu 31Aug - ncmi -> Mbarcho; 050G0810 br
Mborcho - > Patutii"a; 0925-1010 br
Patudva - > MbtuaDa; 1015-1210 hr
Mbisuana - > Mb.tuna; 1UG1250 br
Mbatura -> Peav& Nggatokae lsla.nd; L335't53O br
Pcava -> Yardha, Russe lslands; 1605{055 hr

RUSSELL ISIANIN
Fri 1 S€p - Yalditra -> l.outr, t,oulr Istatr4 (ts30-085 hr

Loua -> Kaclcrg& A.lokan Isla!4 085tm0 hr
Kaclcrga -> IaI(e Tatag Momoluon islald ; 105G1105 hr
MoDoluon Idand .> Yandhr; 2t3r?2L0br

FIORIDA ISIANIXI
Sal 2 Sep - Yardira -> Mboromole; U&0715 ht
Sun 3 Sep - MboroEolc -> Siota; O9{5-{D50 hr

Sbta - > Utuha Passagc; 100G1m5 hr
Utuhe Pasragc .> Sal€saF; 14(x1.1450 br
SalcsaF - > Utuha Pa&ragc; 1530.1620 hr

GUADAICINAL
Mo! 4 Scp - Utu.ha Passagc -> Rerc; (BoG. mbr
Tuc 5 Sep - Rcrc .> Manitaralu;063&D15 hr
Fri 8 Sep - Manitaratu -> Mbarandc; f40-0730 br

Mbaraade -> Honiare 0815.1030 hr

4 hr 40 ditr
40 nin

6h. 25 lnin

2 hr 40 nia
t hr 35 nin

thr 15 nir
2hr

5hr 25 Eitr

2 hr 55 ni8
thr 15 dia
2h,

3 br 10 dir
45 nitr

thr 55 Ein

1b. 55 nin
8 br 50 Ein

Ibr 5 lriD
15 min

8 hr 45 nia
5 nin
5 ein

$ nin
50 Eir

2br 45 dn
5 br 30 nir
2 hr 15 rdiD

Total Sailiry T.rmc 178 ht 40 Eir

Total Drsalcc Sailed
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AppcDdh Z

L&t ot Lo.alld.s lDrticatcd by Nuubcltd Arroflr or thr Maps b trigucr 2{

1) NENDO ISIAND, fata - 26, July, 1-5 August
2) Dcdo Statio4 n ar Narggu - E-31July

Reef Ilgoon
Tepiai Lagoon
lvlblaDoli l,.goo!

3) l6rd Howr lsland - 28 JuIy
Lord How€ Islad lagoo!
Matimi Lale

4) Luenoam& River - 31Jdt-1AWus
Lucmoalada River
Othcr rcafu rivers

t MAXIRA ISL{ND, Kira Kira - 6 Awusr
6) Xaonasugba Halbout - 6 Awust
7) Na MWba Archoragc . &8 August

Nasuraghcna Passagc and lagooa
8) Maran Island (mar 16?OA€, lf.$.gs) - &9 Awust

lrgoor behind Marau Idand
9) Malau Island (rcar 1613('E' ffi1s) - 9-10 August

Muraera Bay
Maro'u Bay
Unnamcd bay atrd stream behhd Marau Isla.od
SoaI...-aed lale or Marau Islard
Maaawai Harbour

10) THREE SfSTERI| ISLINDS, Malaupaida lslar4 Su,uta,ara'a Harbour - 10-11August
U[[ao€d ilterior salt Darsh

11) MAIr\ITA ISIiND, MaIa Masite Pa$agc, Apio - 11-12 August, 14 August
O) MaIa Mrsikc Passagc, Taha River - O-13 August

Taba rivrt
TaraEala clcak
Huro crect
Su'u Hofiori dc.L
Maarfi Macro Channel
Maarili Pacna Cha.ntrel
Mara Masiko Passagc

'3) Su'uFisc Bay, klc I6.€a - 13 Awust
14) Waisisi Harbour, Rof,irari vilagc - 14 AWUst

Hauatcni latc
lt Si'ua Rivcr - 1,L15 Awust

Slua Ricr
16) Talafat vilagc (oppositc Laulasi) - 15 Awusr
17) Auti - 1t16 Awusr
A) SANTA ISABEL ISLAND, Thousaad Ship Bay, telcghia - 16'17 August

BaralElc Passagc
Ortcgr Challel
Thlmasiu river
Toutori rivE
t(ol@ibutu riiEr
Raiihi.ivcr
Kataburu riwr
Nasi'tc.rect



19) Xia . 18 Awusr
Z)) Havi Bay - 1&4 August

Havi Bay
SutuFda crcrl
Mala$r cacct

21) Ghatiranobo Glsnd - 20 Awust
cbahinhobo lslard

22) Hulaghi Bay - 2G21Awust
Vcaao Bay
Hdaghi Bay
Ogala Bay
Utrnamcd bay

3) CHOII;EITL ISIAND, Veghcna Islaud - 21-22 Awurt
24) Keaia klad IGal4 Rorahboko klan4 Ruruiai O& Habour - 22-Z Awusr

Oala Haftour
Oal€ Rircr
Kr$r RiEr
Vandcb qad

25) Poearac - 24 Awusr
26) Ndorceo Ritrc. - 24Zt Awurt

Ndoaoto aiver
27) SEaI urDaDed latc ofr ToBggoa Channcl de3r SaDbe PoiDr - 24 Auglst
28) VELLA L{VELIA ISL{'ND, Liargi Vilrgc - 5 August
,) Pararo Bay - 25-26 August

Paiaso Bay
Ngotosoli creet
Unnrm.d lagoon near villagc

30) NEIV GEORGIA ISLAND, Noro - 27 Aug st
31) RENDOVA ISLAND, Mbusalr Bay, Huntsuzu Cove (Remrd Cove) - 27-28 Awusr

Unnamcd saltwater lagoors
Ltgc u[ramcd &asbqatcr latc
Snall ulraned &cshiEter lakc

32) TEIAPABE ISLAND, WaWh B.y, Tavara - 28 August
WaWh Bay
Unumcd ftc.shwater lalc

3) RENDOVA IIILAND, Mbuuku (Ughele) - 2&29 August
34) Gf ZO ISI,AND, cizo - D-30 AuSust
3t NgW oEORGIA ISLTND, HoDburela Islard - 30 August
5) Nus! HoF . 30 Awust
t/) \/"lru Harbour, neni - 30-31Awust
38) Mbarcho LIan4 Mbareho Vilage - 31An$st
39) Patutiva vilage - 3f August
,O) I{bisuala vinag. - 31Auglst
41) Mbatura - 31 Augnst
42) Nggatolac trlan4 Pca\6 . 31Awltlt
43) PUSSELL ISLANIN, Mbanika Isla!4 Yaudina - 1-2 Septcmbcr
aO A.bfan Isla4 IGel€Dga - 1 Septcdbcr
4t Momoluon Idrd - 1 ScpteDber

Tatac ktc
46) FLORIDA ISIANDS, Nggela Pile klan4 Sal€sapc - 3 Scptcmbcr
4? Nggcla Sulc ad Nggcla Pile Islandq Mboromole - 14 S€ptesber

Utuhe Paa6aga
Kirighi dttr
Trabac.hi.ivct
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,A) GUAITALCANAL ISLAND, Re.c . +5 Septcdbcr
1"-"-g"oa rivcr
Uforo lagoor

49) MaDitaraku - 5{ ScptcEb€r
Darac Bay
Passagr bctwees Datrac Bay ard North-Wast Bay

$) Iawi kgooo - &7 SepteDbcr
Iaur/i kgpoo

51) Mbarandc. 8 ScpteEber
9)tloniar - ?-E Jnly, &14 Septcmb€t
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F o o d  p r e + e r e n c e  a n d  f i s h  a t r a c t a b i l i t y  i n  y o u n g  N i l e  C r o c o d i l e .

r .1orpurgo,B. ,  Gan-Shouel  Crocodi le  far l l | ,  Isra€l

B v a r y a h u , 6 . ,  a n d  R o b l n : o n ,  A .  ,  D e p a r t m e n t  o f  A n i . n a l  S c i e n c e ,  F a c u l t y  o f

Agr icu l ture,  the HebreR Univers i ty  o{  JeruEalem. POE 12 Rehovot  76lo i : ,

I s r a e l .

Introduct i  on

F i s h  i s  E o n s i c , € r e d  t o  b e  a n  i n p o r t e n t  e l e m e n t  i n  t h e  d i e t  o +  y o u n q  N i I e
C r o c o d i l e s  i n  n a t u r e  (  C o t t ,  1 9 6 1 ) .  O n  c r o c o d i l e  f a . n s ,  N i l e  C r o c o d i l e 6
a r e  l L s u a l l y  { e d  a  m e a t  m i x t s r e  c o n t a i n i n q  + i s h ,  b E e f t  a n d  a  v i t a , n i n s  a n d
mineralE supple,n€nt (Hutton, 1947t La(rance & Loveridge, 198E,.
A  d i E t l n c t  p r e f e r e n c e  e x i B t  + o r  l i v e  + o o d  ( P o o l . e y ,  1 9 6 : ) ,  a n d  y o u n g  N i l e
C r o c o d i l e E  e a t  n o r e  l i v e  + i s h  a n d  + r o g s  t h a n  s l i E e d  i n e a t .  C r o c o d y l u s
j o h n E t o n i  p r € { e r r e d  d e a d  } h o l e  { i s h  t o  c h o p p e d  + i s h  (  u l e b b  e t .  a I . ,
1 9 8 3  )  .

I n  t h e  p r e E e n t  E t u d y  b y  u s i n g  a  c a + e t e r i a  e x p e r i m g n t a l  r q g i m e n ,  t h F
pre+erence +or +our di f+erent tyFes o+ +Eec, was deterrnined:
1 .  L i v e  f i s h t  2 .  D e a d  { i s h t  l .  A  E h o p e d  m e a t  n i x t u r e ;  4 .  L i v e  c h i c k e .
I m p o r t a n c e  o f  n o t i o n ,  f r e s h n e s E ,  c o l o r ,  E i ! e ,  c h a p r  a n d  p a r t i c u l a r

s p e c i p s  o {  { i s h  r { a s  t e s t p d  a s  t o  i t s  a t t r a c t a b i l i t y  + o r  t h e  N i t E
E r r c o d i  I  e .

A  f l o c k  o f  5 O O ,  1 3  m o n t h  o l d  N i I e  C r o c o d i l e s  a t  t h e  E d n - S h m u e l

C r o c o d i l . e  + a r m r  w e r e  u s E d  f o r  t h i 5  e x p e r i m € n t .  T h e  { l o e k  w a s  n a i F t a i n e d

in a round 75 n:  er indot .1e6s chanber in  which the n iddle area a67Z) wat

cove.ed wl th water .  Water  te,nperature N/as contro led at  l i l .C.  L iSht  waE

p r o v i d e d  o n ] y  d u r l n g  f e e d i n g  t i m e s .  F o o d  a t t r a c t a b i l i t y  { a s  e x a m i n e d

L t s i n g  a  t w o  c h o i c e  € a f e t e r i a  p r e + e r E n c e  t e s t  (  R o b i n r o n  e t .  a l . ,  1 9 B O )

w h e r e  f o l l o { i n g  e a c h  o b g e r v a t i o n ,  t h e  f i e l d E  o +  . a o o d  F r e E € n t a t i o n  w e r e

1AO. rotated.  The fo l lo | , | ing +eeds wEre asEayed!  L ive { ish,  dead +ish

i b o t h  o r n a f t e n t a l  { i s h  o +  t h e  C i p r i n i d € ) ,  l i v e  n e w l y  h a t E h e d  b r o i l e r

Ehicks and chopped neat  r i th  a v i tamines anct  n inere ls  supplement .  Each

{eed was tested when pai red to each of  the otherE,

?0



Four repet i t ions o+ each pair  rere conducted in randome order.
F o l l o * i n g  t h e  t e r m i n a t l o n  o +  t h i s  s t a g e ,  t h e  s a m e  e x p e r i n e n t a t  d e s i g n
y{as used ln order to deterf i ine thr rolr  o+ freshness, Eize, cotour and
s h a p e / s p e c i e s  a E  d e t e r n i n a n t s  i n  f i s h  a t t r a c t a b i t i t y .  T h e  f i r s t  t h r e e
factors were exanined by using cotorect ornanentat Cipr inids of :_A Ein in
r e n g t h .  I r |  t h e  + r e s h n e s s  E t u d y  { r e s h  d r a d  + i s h  { g r a d e  A ) ,  d e a c t  { i s h
E t o r r d  i n  O o C  + o r : 4  h  b e f o r e  p r e s e n t a t i o n  ( q r a d E  B )  a n d  f i s n  s t o r e c ,  a t
- :OoE +or a week and defrosted before prEEentat ion (qrade C) wer€ used.
F o r  t h e  f i s h ' E  s i : e  e f f e c t  w e  u s e c t  f r e l h  d e a d  t i s h  s c a t t e r e d  t o  " s n a l l . ,
(?-A cn) and ' ,big, '  (A-15 cm) si :e group6 were used. The color effect waE
e x a m l n e d  u s r n g  t y r o  t y p e E  o {  o r n a m e n t a l  C i p r i n i d E :  R e d _ o r a n g e  ( c o l o r e d )
and black-gray (dark).  The e{+ect o+ the species types was derermrned in
a  c a f e t e r i a  t e s t  u s i n g  d a r k  C i p r i n i d s  a n d  d a r - k  T i l a p i a s ,  D a t e  w a E
a n a l y z e d  u s i n g  t h e  n o n - p a r a m e t r i c a l  M a n n - W h i t n e y  L l _ t e s t  ( S i g e r ,  1 9 J 6 ) .

I n  q e n e r a l ,  l i v e  + i s h  w e r e  s i g n i f i c a n t t y  p r e f f e r e d  t o  a l l  o t h e r
+ e e d .  D e a d  f i s h  w e r e  t h e  s e c o n d  c h o i . c e ,  w h i t e  L r v e  E h i c k s  y r e r e

t o  c h o p p e d  m e a t  ( F i g .  1 ) .

F r e s h n e E s  p l a y e d  a  s i q n i f i c a n t  r o l e  i n  { i s h  a t t r a c t a b i  l r t y  a n d  a 5  i h e
g r a d e  d e c l i n e d  s o  d i d  t h e  p r e + e r e n c e  ( F i g s .  : , 1 ! 4 ) ,  T h e  c r o c o d l l e s
p r e f e r . e d  " s m a l l , '  t o  " b i g ' ,  f i s h  ( F i g .  S )  a n d  c o l o r E d  t o  d a r k  ( F i g .  6 ) .
C i p r i n i d s  R e r e  s i g n i f i c a n t l y  p r e { E r r e c t  t o  T i t a p i a ,  h o k e v e r
preference ' / ras not  im,nediate ly  demonstrated e, r i th in thE f i r5 t  mlnule DLtr
+ o L l o H i n g  s e v e r a t  o i n u t e €  o f  c o n s u n p i i o n  i n e t e a d  { F i E .  7 ) .

D i s c u s 5 i o n

T h e  c r o c o d i l . e E  p r e f e r r e d  f i s h ,  b o t h  t i v e  a n d  d e a d  t o  c h i c k s  o _  l r o L r n d
m e a t .  S i n c e  + i s h ,  b u t  n o t  c h i c k s  o r  g r o u n d  , n e d t  a r e  p r e s e n t  r n  t h e
c r o c o d r l e s  n a t u r a t  h a b i t a t ,  i t  i s  p o € s i b l e  t h a t  t h e  p r e + e r e n c e  { o r  f i s h
i s  t h e  n a n i { e s t a t i o n  o +  a n  i n n a t e  a t t r a c t i o n  { o r  t h i 5  + e e d  ( n c F a r t a n d ,
l 9 A 7 ) .  | l o t i  o n  E e e n e d  t o  b e  a  E o m p o n e n t  i n  t h e  + i s h  a t t r a c t a b i t i l y .  s i n E e
t i v e r  j r r k i n g  f i 5 h  E e e n e d  t h e  c h o i c e  { € e d .

7L



The ground oeat  , ras the teast  prefe. red.  Thj .s  iE in  accordence wi th
Webb et .  e I .  (  1983) obsErvat j .ons of  Crocodylus jhonstoni .  In  an
exper inent  where qro l rnd lneat  } | i th  v i tamins and n inera lE supolanent  was

c o m p a r e d  t o  f i c h  a n d  c h i c k s ,  n o  d i { f e r e n c e  i n  g r o * t h  . a t e  a n d  g e n e r a l

appearence of  lhe crococt !1.es wa6 noted ( l4orpurgo et .  a t . ,  in
preparet ion) .  Thusr  the value o+ work invested in  the Iaboreo, . rs
p r e p i r e t i o n  o f  t h E  € r o u n d  m e a t  i s  q u e s t i e n a b l e .

The { reshnesE o{  the dead +ish af fected tnnediat ly  pre{erence anct  the
c r o c o d i l p s  a l l w a y s  p r e + e r r e d  t h e  f r e s h e r  f i s h .  T h i s  a g r e e s  w i t h  p r e v i o l r s

o b E E r v a t l o n s  b o t h  i n  t h e  n a t u r a t  h a b i t a t  ( C o t t ,  1 9 6 1 )  a n d  i n  € a F t i v i t y
( D e - V o s ,  1 9 4 : ) .  A s  + o r  t h e  n a t u r e  o +  c u e s  b y  w h i c h  t h e  c r o c o d i l e  d e t e c t s
the { reshnessr  {ur th€r  Etudy iE needed.  As Hut ton (1987) has

deinongtrated I  the crocodi les prE+errec,  f ish of  a sui t ;b t€ 6 ize {or

i ,nmidiate s l .d l lowing ovEr the larg€r  ones.  t4hen presented wi th dark

C i p r i n i d s  a n d  T i l a p i a s ,  p r e { € r e n c e  { o r  t h e  C i p r i n i d s  w a s  d e m o n s t r a t e d

{ o l l o w i n g  t h F  t i r s t  + i v e  m i n u t e s .  S i n c e  t h e  T i l a p i a s  b a v e  h a r d  b a c k
+ r n s  a n d  t h e  C i p r i n i d E  a r e  c o f t F l p t l y  s n o o t h  i t  i s  r e a E o n a b l e  t o  a E s u n e

t h a t  t h e  c r o c o d i l e s  p r F f e r  t h e  l a t t F r  t o  t h e  f o r m e r .  H o h e v e r ,  i t  E e e m s

t h a t  t h e  c r o c o d i l e s  h a v e  n o  m e t h o d  t o  d i + { e r e n t i a t e  b e t w e e n  l n e  . _ w o

E p e c r e s  a n d  t h e y  h a d  t o  + i g u r e  o u t  t h e  l o c a t i o n  o f  t h e  m o r e  a g r e e a b t e

f i E h ,  w h e n e v e r  t h e  f i e h  L r e r e  p r e E e n t e d ,  T h e  c r o c o d i l e s  j . n  t h e  p r e s E n t

e x p e r i m e n t  H e r e  a c c u s t o m e c l  t o  T i l . a p i a s  a n d  o r n a m e n t a l  E i o r i n i d E  w h i c h

w e r e  p r o v i d e d  t o  t h e n  o n  a  r e g u l a r  b a s i s .  S i n c e ,  t h E  r a t i o n  o +

o r n a i n e n t a l  C i F r i n i d s  u s e u a l l y  c o n t a i n e d  f t a n y  c o l o r e d  s p e c l m e n t s  d h i l E

t h a t  o +  t h e  T i l a p i a s  o n l y  d a r k  d n e E ,  i t  i s  p o E s i b l e  t h a t  t h e  € . o c o d t l e s

l f t m E d i a t e  a t t r a c t i o n  t o  c o l o r e d  C i p r i n i d 5  o v e r  d a r 1 . "  o n € E r  { a s  t h e

n a n r + e s t a t t 6 n  a +  t h e  p r e v i o q s  e x p e r i e n c e  a n d  t h a t  t h e  c o t o r  E e r v e o  a =  a n

a E q L ( i . . e d  c L r e  f o r  t h e i r  a b i l i t y  t o  d i f + e r p n t i a t e  b e t r e e F  C i o r i n i d s  a n d

I i r a p i i s ,  t h i E . u e  w a 5  l a c k i n g  w h e n  b o t h  t h e  C i p r i n i d E  a n d  t h e  T t l a p t a s
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: o1 - :o5 .  19A2 .
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?RANS PORTATION AND ARTIUCIAL INCI'BATION
OF A}'ERICAN ALL]GAIOR ECCS

Rlchard D. Moses and Robelt H. Chabreck
School of  Foresrry,  wi ldt i fe,  and Fisheries

Louisiana StaEe University Agricultural Center
Baton Rouge, Louisiana 70803 USA

Absttact.  -  -Ona hundred twenly-eight Arer ican alLigato!
(Al l igatot rr ississippiersis) eggs l 'ere col lecred and i icubaced co
Cest the effecls of four incubat lon nater ials and rransDortat lon
oeChods on hatching success. The four nes! naler lals cesced were
oarshhay cordglass (Sparr jna parers),  maidencane (panicum
henito')on), grass hay (paspajun notacon), end sphagnum peat
(sphaglun sp. ) .  No di f felence in harching iouna amoug
the nest nater ials.  Slxty-foir !  eggs were rransported cushioded
(10 cn foan lubber under rhe cransporrar ion concalner) and 64 vere
transported nodcushioned (no cushioning under the txansportat ioo
container);  no dl f ference in hatchint success was found bec\, ,een
lransportat ion nelhods. Thircy-rwo eg8s rrete col lecCed to tesr
Ene er lec!s ot weE and dry incubat ion units on egg harchabit i ty.
Hatching success did nor vary bet\reen the incubarion unics.
Severty-eighc eggs were col lecred on 5 d.ares ar biweekty inrervals
dul ing- the incubat ion period to resc r ine of col lect ion on egg
hatchabi l i ty.  Harching success of al l igaror eggs did not ai i iar
among col lecCioa dates.

Al l igacor farming is increasing in Louisiana as an economic
veoture. In 1986, 14 corDnercial  fams were operat ing in che srace(Sheldon and Joanen 1985).  By 1988, rhe nunber of co=runercial
fatrls had groi,rfl co 64 and further expansion of the industry was
expecced (La. Depr.  Agri .  1989).  A major problem for con:nercial
opelal ions is obraiaing hatchl ing al l igacors fo!  use as growing
stock. In the pasr,  al l igaror farners nainrained breedi ie
a l l i g a t o r s  i n  e n c l o s u r e s ,  c o l l e c r e d  e g g s  f r o m  n e s c s  , r i c h i ;  r h e
encLosures. and arci f ic ial ly incubared che eggs co produce growing
stock. Maincenance of breeding al l i tators is expensive and laoor
incenslve. In 1988, Laador.nels begaa to col lect eggs fron nescs
of oi ld al l igarors and Co sel1 then to aLl igator fainrers ( ta.
D e p t .  A g r i .  1 9 8 9 ) .

Several  studies have been conducted on art i f ic ial  incubsrlon
of al l igator eggs (Chabreck L97I,  1978; Fetguson and Joanen 1982;
Joanen and UcNease 1975, 1971 ,  L919>. Srudies have dealc wlth
col lect ion techniques, incubarioD tenperatures, cenperature
dep€ndent sex deterninaclol l ,  and col. lect ion t iee.
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Advantages of art i f ic ial  lncubat ion lnclude lhe el ininat ion
of natural  losses and pledat ion (Pooley 1973, Blake and Lovel idge
1974, Chabreck 1978),  aod el ininar ioo of l reacher related moltal i ty
(Joanen and McNease 1977, Chabreck 1978).  Addir ional ly,  rear ing
young alligators in concrolled environments reduces hatching year
nortality as conpered to that expell.enced in the \ri1d (Joanen and
McNease 1979).

Stud:.es do nor aglee on the prope! t ine of egg co11ect ior. .
Pooley (1971) reconnended eatLy egg coltecr ion. Conversely,  Blake
end Loverldge (1974) indicated lhac col lect ion shorr ly aftet
laying had a det l inental  ef fect on harching success conpared to
later egg col lect ion. Chabreck (1978) concluded char che hatchins
rate of al l igacor eggs could be naxinj .zed by deLaying egg
col lect ion unci l  the fourth l reek of incubacion.

Tlre objecCives of rhis scudy wele to derelline che effects of
di f fereot incubaclon mater ials on hatching success of alLigator
eggs, to test the effects of cushioned and noncushioned
llansportation oil hatching success, !o evaluate lhe effects of
t i roe of col lect ioi  on hatching success, and to detelnine i f
di f ferent types of incubatols inf luence hacchlnt success.

The authors are glateful  ro pelsonnel of  the U. S. Fish and
I, l i ld l i fe Service for assisrance during rhe invescigarion,

DESCRIPTTON OF STUDY AREA

All i tator eggs for this srudy l rere coLLected on Lacassine
NacLonal Wildlife Refuge (I-MflR) in sourhr.resrern Louisiana. The
refute contains a 6,478-ha flesh\raler i[poulrd$enr referred ro as
Lacassine Poo1. Eggs rere col lecced f loe the norrhe!:n port ion of
Lacassine Poo1.

SeLect ive, cornnercial  harvesring of al l igarors is conducted
on the refuge under scr icr legulacions. Al l igator harvest ing was
resumed in 1983 after 32 years l r i th no halvesr.  In thaE inreran,
the al l igator populacion increased from an escinared 500 to 10.0OO
individuaLs (Brown and Yakupzack !983:27).

The 30-year (1951-1980) averege annual temperarure fo!  rhe
area (soutbr irest dlv is ion of Loutsiana) uas 19.7 C with l lonchly
nean tempetatures ranging fron 10.2 C (January) ro 27.8 C (JuIy).
Mean cemperatule for 1988 was 19.0 C, \r i rh a mean 1ow rempelat l r le
of 7.1 C in January and a mean high cemperacure of 27-5 C Ln
Augusr.  l , Ionthly temperalules fot  lhe study period were l4ay (22.3
c) ,  June (25 .3  c ) ,  Ju i .y  (27 .1  c ) ,  and Aususr  (27 .4  c )  (usDc 1988) .

The 30-yeat (1951-1980) avelage annual preclpicat ion for rhe
sCudy area was 145.6 cru, wlch nean oonthly precipl tat lon ranging
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f ron 8.8 cn (ocrober) ro 16.2 cE (July).  precipirar ion for 1988
l'as 145.8 cD, and Donthly ?reclpiCation for the sCudy D€riod was
M a J  ( 7 . 3  c n ) ,  J u n e  ( 1 6 . 4  c o ) ,  J u t y  ( 1 3 . 2 6  c n ) ,  a n d  A ; g u s  I  ( 8 . 5  c . i )(usDc 1988) .

The cwo r0ajor plan! connuni.ties ln Lacassine pool ale lhe
emergents and floating- leafed,/sub!0ergenCs . l{aidencade and
bulltontue (Satittatia Tancifolia) ale lhe oost abundanc specles
i.n_the_ emetgent cotrmunity. Other emergents include spikerush
(E-Teochatls spp. ) , warerhyssop @acopa spp. ) , giant c;rgrass
(Z-izaniopsls fri7aceae, and pennlvort (HydrccotrJe spp.)
(  Carbonneau 1987:7) .

ETEODS

Nest l fater lals and TlansDoltat lon Studv

Egg Col lect lon

Al l igato! eggs nere col lected on July 1, 19gg fron nests on
LNIJR, Nesrs nere locaced by ael ia1 searches of rhe Lacassine pool
and narked by dropping a nark€r at rhe approxinare nest locacion.
Nests were rhen locared by ground searches fron an airboar.

Fou! nesrs were locared and 32 eggs vere col lecred from each
nest.  Eggs were selected from various posir ions in. lhe nesE and
clacked eggs wele not selecred. Each egg was narked. ro indicate
the upl lght posi t ion as deposiced in rhe nest (Chabreck 1978).
The eggs fron each nest wele randomly separared inti: 2 groups of
16 eggs each. The 2 groups lrere placed upt ight tnro sefaraie
lletal contalners (1.30 L) containing marelial renoved fr;rn rhe nesc
to cushion and stabi l lze the e8gs. Thus, 15 eggs frod each nesc
ttere placed into one of 2 contalners, with approxinacely 10 cm of
nesC nater iel  placed beBreen each clutch.

Tlanspottatlon

Eggs nere clansporced fron the Lacassine pool in an airboaE
and transpotred 160 kn by a covered 1/2 ton pickup rruck co
l-ouisiana Scate Universiry, Bacon Rou.ge, on che s;oe day as
col lected. one of the conrai .ners nas cransporced on a 10-cn thick
foan rubber pad (cushioned) and the orher vas rranspoired r i lhouE
padding (Doncushioned).  Transpoltal ion from lhe coi lecr lon sire
Eo Bacor Rouge took apptoxinately 4 bours. Upon arrival, eggs
weie stoled overnlght in a tempelature contlol roon at 32 C. Ttle
fo11oolnt day, eggs wele separated inro groups as described later
and placed in iacubators.
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Incub4tloll l{sterlals

Four incubatiolr decerlals nele tested; narshhay coldgrass,
naldencane, ttass hay, and sphatnum pea!. Ilarshhay cordgrass oas
col lected f lom al l igacor nests found in bracktsh narsh on rhe
Rockefel ler Refuge (ca. 30 kn sourh of lhe scudy area).
Maldencane lras collected ftom narural nests a! lhe same time egAs
wele col lected. The grass hay had been baled at the LSU farn,
Baco[ Rouge, Louisiana the previous year and stored in a dry area.
The sphagnun peac riras uncur, long-fibered peac purchased fron a
codsercial source. Malshhay cordglass arrd maidencane xrere nolst
aC the l iee they \rere col lected. They wele further noistened wi lh
narn tap l rater fron a aist- t) .pe spray boCtle before being used for
incubation nediuo. crass hay and sphagnun pear were dry when
obtained and rere thoroughly saturated by soaking Ln \dater
apploximately t hour before belng used as incubacion nedlun, The
sphagnum peat had a high 'rarer holding capacity and excessive
rdate! was reooved before !h€ peac nas placed alound rhe eggs.

Idcubetlon Contalners

Eggs were incubated tn pLast ic corrtainets (30 x 30 x 15 cm)
each f icted t ' i th a wooden l id co help slow evaporar ion. l , tarer was
pLaced 2 co deep in the conralnels !o provide noisture. A 2.5-cn
Chick l rooden board l 'as placed in rhe bol lom of each container Eo
keep the eggs above \rarer.  Moistened nest narer ial  ,as Dlaced Eo
a depch of 10 ml l  under dnd IO nrD over che eggs.

The 16 cushj.oned and 16 noncushioned eggs fron each cest ,rere
divided into 8 groups of 2 eggs eaeh. The 2 eggs from each group
lrere placed in separate plast ic mesh bags (10 x L0 x 30 cnr) ihen
placed in separate incubat ion containers. Bass nere labeled to
ident i fy nesc and Dethod of cransporracion. ihe 8 concainers ,ere
sepalaCed into 4 ttoups of 2 replicarions each and 1 group rras
assi.gned to each of rhe 4 nest ing nacerials for test ing. The
reroaining cushiooed and noncushioned eggs were divided and Arouped
in the sane manne! and placed in rhe saoe 8 conrainers so rhar
each container held 2 eggs fron each of rhe 1+ nescs.

Incubatlon

Eggs wele incubaced in Loe cenperatule iacubatots (preciston
roodel 81.8).  Ihe incubators ! 'ere equi.pped l ' ich a sol id srare hear
proportionint circuit ro achieve seTlsirlve Cenperalule conCrol (+
0.1 C).  locubators i rere equipped tr l rh a circulacl .ng fan ro
ploviale even air disrri.buCion lhroughout lhe chanber and to assure
tenpelature unifoftity. Mercury Eaxlnu&-mininud lhernomelers i.rere
placed in the incubacors to Lndl.cate temperature and Co j.ndicate
nechanicaL failure of the inCernal temperature themometer.
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A11 eggs nere lncubated in low Ceepelacure incubators at a
constant temperature of 31.5 C and checked t!'ice weekly to ensure
thac proper noislure (decernlned by visuat obsef iar ion) l 'as
maintai.ned. Llhen the nest nacelia1 was drying lt uas apparent
l,rhen tbe 1id \.as renoved floo lhe incubatlon conlainer. fhe
sutface of che lrest Daterial oould be light in colo! and appear-
dry and blict1e !o the touch. Nest naterials were danpened as
needed lr iCh a dist- type spray bott le.  Ar the escinated l ine of
hatchint, approxinately che third neek of August, eggs lrere
i:lspected at 2-day intervals and young thar had hatched wele

Date of Col lecr lon Study

A study ras conducted to deternine if tine of al_ligetor egg
col lect ion inf luenced hatching success. Ti ,ro nesrs were locareo,
adjacen! to a perlnete! levee of l -acassi!1e pool.  Eight eggs were
randonly collected fron each nest ac cwo-\,reek lnrervals for 8
weeks. Eggs nele collected on 1, 14, and 29 JuIy afrC, 12 arrd 26
August 1988. The eggs vere n€rked, cushioned, t iansporced and
incubated as previously descr lbed. The 16 eggs f ton each
collection perlod Fere incubated in lhe sane container tn sphagnun

Incrbarlon Onlt Srudy

Eggs were col lected on 1 July 1888 and sere marked,
transported as previ .ousLy described, and placed in incubacion
unl ls.  Two tLpes of incubarl .on units,  a dly unit  and a wer uni! ,
nere tested. The dry untr was a lon tenpelalure incubaror
(Preclsion nodel 818),  and th6 l ,ec unir  I ras e hunidirv chamber
(Corwi lon model E-15)- The dry unit  had no free warei  in rhe unit
and che air \rilhin che chamber l,/as nor hurnid. The wer uni.t
c irculated f lee \ra!er,  and rhe air  i th in rh€ chamber ras
saturated witb moisture so that the huridi ty ' ras maincained ar
1 0 0 t .

Thi l ty- lwo eggs rrere placed in the 2 r)?es of incubators.
Sixteen eggs fron each of 2 nests wete landonly setecred, and 8
eggs f !o[  each nest l rere placed in each type of incubet ion uniE.
lncubat lon containers eere siei lar co chose previously descr ibed.
No cove! \ras placed on conlainers in the wer unir, bur incubacion
concainers in Che dry unit \rere eovered wi.!h a lid to naintain a
high noiscure level uithtn the co[taj.ner. Eggs were incubared !n
sphatnuxo peat at a coosranr renperatule of 31.5 c.
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RESULTS

Incubatlon llat6r{e1s and ttansoortatlon Sttdv

N6sts and IncubatLon ltatelials

Thi l ty. f i ro eggs fron each of 4 nescs were incubated in 4
dif ferenc incubat lon dacerials,  and hatching !a!es xrele conpaled.
Of che 128 eggs incubaced, 82t hacched. The Nrnber of eggs
harched did nor dtf fer among oescs (F -  0.5172; 3, 21 df;-p -
0 . 5 7 4 )  o r  i . n c u b a t i o n  m a c e r i a l s  ( F  -  2 . 2 6 3 i  3 ,  2 1  d f ;  p  -  0 . 0 6 8 )

Table 1. Nueber of eggs hatched froD each nesta accordins ro
incubarion narer lals.  Eggs col lected I  July 1988 on Laca;sine
National Wildl i fe Refuge, Careron parish, Louislana.

Incubat ion Marerials

Nest
Nunber

Spartina Panlcun
patens hemitomon

Sphagnum Nes!
sp. Mean

Paspalur

t"
2
3

llean

6
5
7

8
7
7
7
7 ,3

8
8
6
7

6
7
6
6
6 .3

5 .5
7 .0
6 .O
6 .8
6 .5

"Thi"ty-tro egts were lncsbeced fron each nesc lrith g eggs in each
incubat ion nate! ial .

Cushl.oacd vs. Noncushloned

fhe 128 eggs used for rhe incubarion darerial studv \re!e also
used for the cransporta! ion study. Stxcy-four .gg" 

""rutransported cushioned and 52 of rhese (81.3t)  hetched. Ihe orher
64 eggs lrere transported noncushioned and 53 (82.8t)  hatched.
Data analysis showed no diffelence in hatchabiLity beclreel1 eggs
crarrsported cushioned and noncushioned (F -  0.205; 1, 21 df:  p -
0 . 6 3 8 ) .

Collectton Date Study

Seventy-eighc eggs for che collecrion dace study irere
coll.ected at 2-week intervals for 8 \,reeks beginning on I JuIy

86



1988. fhree ferclle eggs did not harch and in 2 of rhese enbryos
eele dead before the collecllon date, thus their death could n;c
be att t ibuted to the clne of col lecr ion. Wirh only 1 ferci le egg
not hatching, i !  ls obvious tha! col lecr lon dates did noc
inf luence the hatchtng rate. Because of the si [ i lar l ry of
hacching success anong col lectton dates, dala were not cesred
s t a C i s t i c a l l y .

Incubarion Udit Study

Thirty-cwo eggs l,ere i.lcubared ! t et and dry incubation
uni ls to delernine i f  the unirs affecCed egg hatching success.
Sixteen eggs were incubated in each unir .  Fourreen egts hatched.
ln che wer unic and 15 eggs halched in rhe dry unir. tecause of
the siml lar i . ty of  hacching success between unics, di f ferences ln
hatching success nere noc resced stat i .scical ly.

DISCUSSION

Incubat ion l la!er lals

Nes! matealals used for this sEudy included oarshhay
cordgrass and naidencane, r 'h ich are conmon nes! oater ial ;  in lhe
wi1d, and txass hay ard sphagnun pear rhich ale incubarion
natel ia1s readi ly avai lable ro al l igaror farrners. Chabreck (1971)
lndicated that olganic nater ials are besr for art i f ic iat
incubat ion nater ial .

Hatchlng rates did noc differ anona lhe 4 nests or the 4
incubat ion narer ials used in che study. However,  eggs in grass
hay and ioaldencane had a 90.61 harching ra!e. Oggs in narltrtray
cordg?ass had a 81.3t batching tate, and 68.8t of  rhe eggs halched
in sphagnrid peat. fhe halching rale tn che sphagnun peii was
affected by the high nulbe! (10) of faulry eggs. whether che eggs
lrere infert i le or lhe enbryos i rere ki11ed by excessive moisCure rn
sphagnun peat ar the onseC of lhe study couLd not be deCermined.
However,  eggs incubaced in sphagnun pear ro lesc dl f ferences
becueen i .ncubat lon unlts had a 90.6t hatchin8 race.

Differences in drying tine aDong Earshhay cordgrass, grass
hay, and naldencane nere not observed. Ttret! Fater holaline
capacicies appeared equal,  and Ehe incubaEion meter ials re;uired
noisrentng abouc Ei i ice each Beek. SphagnLn peaE held more
Eoi.stule, held i t  longe!,  and required noisceninS only once eaco

Care shosld be taken when using s?hatnun because of irs high
traCer holding capacity. If an excessive aDount of wate! is
Present, the er0bryos Eay not ploperly excha[8e resplrarory gases
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and lrey dle. WlCh prop€r iretoess, sphagum peac ]'i1l not contain
surllus irace! tha! can be squeezed fron che naterial.

Felguson (1981) reporred that the sclucture of the al l igetor
egtshell is not very porous at the lide of laying. Ihe lack of
pores increases shell stleogth, prevents damage as the eggs are
dropped in the nesc, and helps prevent dehydlacion of rhe eggs.
As incubacion progresses, extr insic acidlc degradat lon of lhe
egtshel l  increases che shel l  porosi ty.  The increased porosiry
a11ows fo! che exchange of respiracoty gases and water vapor from
the enlalging alllgatot ernbryo. Fertuson scared that thls nay
explain why alll.tato! eggs artlficially lncubated oithou! proper
incubation nediu$ failed to hatch or died \rhen abnolnlally coucir
eggshel l  did noc al low the baby al l igator co escape from- rhe lgg
( F e r a u s o r  1 9 8 1 ) .

Cusltloned vs. Noncushloned

Pooley (1971) suggesced thar Ni. le crocodi le (Crocodylas
nj loclcus) eggs be cushioned durinS cransporcacion. He
reconneoded chat tlansportatlon containers be placed on a bed of
dr ied grass 30 cm deep. lhe 128 eggs used for the incubaclon
dateriels study lrere siei.Iarly handled and placed in
transporlat ion containels that were transported cushloned and
noncushioned. The cushioned eggs rrere cransported wtth a 10 cm
fosr rubbe! pad unde! lhe cransporration container fron the time
they l€f t  the nest unci l  teaching the laboracory in Baton Rouge.
The only padding the noncushioned eggs received was from nest
rnater lal  renoved froo the nacural  nes! at  rhe t ine of col lect ion
and placed in the concainers. This natural  nes! nacet lal  was used
in cushloned. end noncushioned contalnets and uas placed becneen
clutches to protec! the eggs aDd prevenr excessir l  drying. one
hundred and five of 128 eggs hatched t'irh alnosr equal harching
lates in eggs froo each transportal ion merhod. Stacist ical
anelysis indicated lhat cushloDing as provj.ded in chls study ras
not effect ive ln increaslng rhe hatching rale of eggs.

Col lect lon Dates

Prevlous studies indicaced rha! egg collection after the
fourch week produced the beEt harchj.ng success (Blake and
Loverldge 1974; Joarren and McNease 1975; Chabreck 1978).  However,
Chabreck (1978) reported Chat adequace harching resulcs could be
oblained from early col lecr ion i f  ploper col lecr lon mechods nere
used. Later studies by Ferguson (1981),  Joanen and l4cNease
(1981),  Feltuson and Joaoen (1982) also fouod rhac eggs could be
col lected early i t t  the incubat lon perlod with acceptable harehtng
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Eight eggs were collected fron each of 2 nescs durlns 5
col lect ion periods; however.  l  nest had only 5 eggs che 1;sr
col leccion date. ?tree fel t i1e egts ala not hat ih and only 1of
these could hsve been affected by lhe r lne of col lect ion. IC was
col lecced 1 Ju1y. The ocher 2 fert t le eggs rhar dld not hacch
ttele colLected 24 August, aDd the age of the dead enblyos revealed
that death had occurred in the second or rhlrd week of
developnent,  which was 5 to 6 \reeks pr ior to che col lect ion dace
(24 August).  No di f ference was found in harchinS success between
eal ly and late etg col lect ion. Ho\,rever,  we fol lowed the
reconmendations of Chabreck (1978) and nalntained eggs after
col lect lor in Ehe posit ion as found in rhe l lesr.

Incubdrlon Itnlts

fhi l ty- two eggs uere col lected 1 July 1988 !o tes! rhe
effeccs of wet and dry incubat ion units on egg harching success.
The eggs were collected flom 2 nests trith 15 ;ggs renoied from
each nest. Egts rrele incubaced la sphagnun peii. fhe wec untt
provlded hlgh hunldlry (100t),  aDd rhe incub;r ion narertal  at id nor
lequlle Chat water be added du.ing the study period to keep rhe
eggs fron drying. The free lraler tn the bottom of the inc;batlon
containers in the uet uni . t  dld not lequire ref iLl ing. The
incubation naterlaL in the dry unir requiled that 'iter be addeo
bitreekly even though egg conrainers rere covered to decrease
evaporat ion. Free warer in lhe botton of the incubarion
contalners in rhe dry unit  had to be ref iLled evetv 2 Feeks
because of evaporaEion. Fourceen ferr i te eggs in i t re uec unic
hatched and 15 fert i le eggs in rhe d.ry uni. t  iarched.

.  . I f  "  
I : re:  nunber of eggs is being incubared. a wer uniE

woulo grearry decrease Che workload because biweekly noisrenins oF
lncubation darelial is noc required. Ho\revet, a 

".'. 
;"i; ,;;-;..

be available !o lrost farners, and if a telperature concrollei dry
loon is used, i t  !s idperat ive rhat proper noj.scure be maincained
in the incubation nedlun. Oprimu.n ooisture level was nor
quant i f ied, but e:<cessive noisture nay be nore danaglng to eggs
than inadequate noisture.
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A conparj.gon of 3 survey Dethods for estiriating rel,ative abundance

of rare crocodil ians

Tinothy c. orBrien

Dept. of wildLife and RanEe Science

118 Nelrins-Ziegler Ea11

University of Florida

Gainesv i l le ,  FL  32601

INTRODUCTION

Night count surveys are used videly to census crocodil j.an

popul-ations. Night counts are used for relative abundance estinates

and for actual populatlon estinates (l.Iagnussen et aL 1978; uessel

1981;  o 'Br ien  1983;  o 'Br ien  and Doer r  1 .986) .  o ther  tne thods  o f

surveying include aerial day and night counts (Graham 1968t Parker

and li latson 1970), aeri.al counts of nests (McNease and Joanen 1978) ,

daytine surface counts and counts of basking anilla1s (Thornpson and

Gidden 1972). Each af the above nentioned nethods has its own

advantages and di.sadvantages. Problelrs invol.ving costs, logistics,

and anatytical interpretation nust be lteighed in deciding the best

Dethod to use.

Although niqht count surveys bave been successfuL, alternatj.ve

techniques are noterrgrthy. Nj.ght counts are burdensone for trildlife

personnel. accustored to rdorking with diulnaL species. Daylight

counts are !!ore convenient but Eay have problens lrith visibility
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of aninaLs that nove away froD the nater edge to bask. Daylight

aerial counts can cover larqe and inaccessible areas in a shor!

tiDe perlod but lay be expensive 1n uore redote parts of the sorld.

In vierr of the advantages of each nethod, this study was

developed to cornpare surface day and night counts and aeriaL day

counts for surveyinq crocodil ian populations' I considered the

all igator population in North carolina as represantatiwe of a 1ou

density crocodiLlan population. North carolina is the northern

liuit of the all igator' range, and densities ranged froll 0.15/hl,

in the southern part of the state to 0.o75/kn (O'Brien and Doerr

1936) in the northern Part of the range.

UETHODS

Survey routes lrere established in 2 areas of the North

carolina coast (Fig. 1): 10 routes in the southern part of the

state and 4 routes in the central Portj'on. The l-4 survey routes

consisted of 3 river, 5 lake and 6 estuarj.ne routes ranging- in

length fron 5.5 to 16kJr. survey routes rrere established arbitrari ly

to: 1) uge routes rtith knovn presence of all igators based on prior

surveys and 2) to clu0p survey routes for aeriaL counts. Each

estuary and river route was surveyed tvice lrith each nethod. Lake

routes were surveyed tvice by air but onLy once by gurface day and

night eounts because of tine and access constraints.

Aeriaf, surveys nere nade in a Piper super cub fron

approxinately 90 u alt itude and at a sPeed of approxiDately 130

lo/hr. Height and speed tere checked every 2 Dinutes to assure

consistency. I counted vlsible alligators and recorded gtart and

Btop tines for each survey. Air surveys ltere gonducted betveen 0900



and 12oo on 4 days froD 17 - 23 Aprj-L 19s0.

surface day counts and night counts for a gj.ven route nere

conducted on a single day and used similar procedures. I used a 3m

flat-bottoned johnboat \rith a 9.9 hp outboard notor in all surveys.

The boat uas operated at 10-15 kr,/hr dovn the midd]e of a river,

or approxinately 100 D fron the shoreline of a lake or estuary.

Tota] tine of each survey depended on route length arld averaged 1.3

hours. Day counts began between 0900 and LL00 and night counts

began t hour after sunset. A l2-voLt, 200,00o candlepover was used

on night gurvays to detect eye reflectj-ons of alligators. Day and

night count surveys ltere conducted froD 24 ApriL to 14 May 1930.

Data analysis conpared tbe 3 survey netbods using Loglo

transforDation of the density of observed all- igators as the

dependent variable in an anal-ysis of varianee nodel (snedecor and

Cochran 195?). The 10910 t-ansfornation vas used to reduce

heterogeneity of variance. The design treate survey nethod and

lrater type as closs-classified factors, wilh survey routes nested

lrithin vater tlT)es and lrith repeated neasurenents on survey routes.

The data set lras analyzed as a whole, partit ioned by nater type,

and partitoned by survey nethod. In lhe overaLl nodeL, factors itere

tested uging the appropriate Dean square, deternined by

partitloning the conponents of variance, as the erlor tenD.

coDpoDents of variance vere also exauined. ALl data analyses used

procedures of the StatisticaL Analysis Systen (sAs 1985).

RESUI,TS AND DISCUSSIOX

survev ltethod combarisons

visibil i ty vas considered excellent under alL conditj 'ons



except rrhen aerial counts were conducted on riverg travergj-ng

vooded areas. Here, canopy c]osure over ttater ocqasionally nade

observation diff icult or iDpossible.

An average of 0.15 (range 0-0.63) aLligators/\olroute/survey

sas obgerved on aerial countg, 0.047 (range 0-0.50)

all, j .gators/lcn/route/survey on surface day counts, and 0.29 (range

O-1.86) all igators/kn/route/survey (Table 1t Fig. 2). Although

survey routes were selected to nininize the flequency of 0-

observations, 36* of aerial, 52* of surface day, and 3ot of night

count surveys resulted in no all igators being observed. Zero-

observations tended to be Paired for repeated observations on

individuat routes, reducj.ng nean nurober of alligators abserved,

lrithin route variabil ity, and the abiLity to detect factor

differences using F-Tests.

Analysis af variance indicated no significant differences

(P>0.05) in observed all. igator densities for the 3 nethods, and no

signiflcant differences (P>0.05) in all igator densities for the 3

nater types (Table 2). The conparison of survey nethods by lrater

tlrpe (Tab1e 3) shoved no significant differences in al ' l igator

densities (P>0.05). the conparison of vater types by survey nethods

(fab1e 4) also shorred no significant differences in all lgator

densities.

slEnifj,cant differences (P<0.05) in density vere detected for

survey route and for the survey rethod by survey route interaction

(Table 2. 5). obserlted all iEator densities atere Eignificantly

different betlreen survey routes on rivers, but not on lakes or

estuaries. varl,abi}ity betlreen route within !,ater t)Pes accounted



for 3?t of the total sul! of squares (Table 2). indicating high

spatial, heterogeneity in afligator densities betveen routes lrithin

vater t)rpes. The survey nethod by survey route lnteraction

accounted for 42t of the total- sun of squares and j.ndicated that

rithin certain routes. the survey rnethods yieLded different

results. Day surface counts on estuarine routes vere extrelely lov

coupared to other nethods. Niqht counts on lake routes nere very

high coupared to other Dethods (Table 5).

Advantaqes and Disadvantaqes of the 3 Methods

There ara several logistical and biological considerations

that nay j-nfluence the choice of survey rnethod appropriate for a

particuLar situatj.on. crocodil ian behavior, season, agency

resources, and babitat differences nust be considered when choosinq

a nethod.

Sulface day counts require the least equipment and are the

nost easily schedul-ed. Although highly desilab1e froh a logistical

vlewpoint, there are nany o-counts (521 of all surveys) associated

rith surface day counts in this study. This suggests that

all igators nay be fess visible durj-ng sulface day counts than

dqringt aerial or night counts.

Several explanations for reduced visibil i ty exist. All igator

activity chanqes seasonally (snith 1975) fron priDaril-y diurnal

patterng early in the geason to prinarily nocturnal in late sPrinq

and guElner (Hagan :.982). Duri-ng the day, all igators Day readily

terninate basking if the sky turns cloudy or when body tenperatures

approach optiDat leve1s. Alligators in the I'ater are Dore difficuJ.t

to observe fron the qround durinq the day because of surface
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reflection fro[ the sun and because of the lorl profile usually

exiibited, fhese congiderations suqgest that season, tine of day

and veather conditions are crit ical in schedul,ing surface day

counts.

Aerj.al counts and surface day counts are subject to nany

siDiLa! problens. ActLvity patterns and lreather shouLd be

congidered vhen scheduling aerial counts. zero-counts durj.ng aerial

observations (36t) nere not significnatly different fron O-counts

during night counts (301), indicating that visibil. i ty is

satj.sfactory j.f the all igators are active. Aerial counts have a

distinct f inancial advantage of beinE capable of covering larEe

areas in a ginqle f,light and are advantageous when a large sanple

is reguj.red in a short tine period. The aerial- count is nost

effective in open Farsh and lake habj.tats and least effective in

svanps and bottonland hardvoods vhere canopy cJ.osure can block

visibil i ty.

NLght count nethods are preferable because they lrork in all

habitats and colncide uith the nocturnal aetivity pattern of

crocodj,Lians. Eye refLections are excellent targets at night,

visible at long distances and in situations vhere the aninal night

otheFrise go undetected.

Desidn considerations

Because thig study t as conducted j-n areas of very Lo!,

aLllEator densities, the resuLts nay not be apP)-icabl.e to

couparisons of Dethods for censusinq nore abundant PoPulations.

The lov densities and large betlreen-route variance observed in this

Etudy uade Lt diff,icult ta detect differences due ta nethods.
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Although the choice of Dethod gives sj.uilar results in thj,s gtudy.

higher densitLes and Dore uniforr0 distributions of crocodilj.ans

t0ay result in differences in census nethods. Experiments sueh as

thls shou.Ld be replicated to detemine if census Dethods are

sensitive to the density and distribution of tarEet populations.

A second consj.deration for establishing qensuses of

crocodilj.ans is the deteroination of the nuhber of survey routes

and the nuuber of replicatj.ons per route. Bay]iss (198?) recomnends

that 'rhen conducting surveys to determj.ne relatj.ve abundance,

precision of estinates is especially ihportant. Assuning a

repetit ion on a single route costs approximately the sane as

conducting an additional survey on a new route, the deciding

factors becone the cost of establishi-ng a nev route and the

reduction iD warj.ance resuLting fron repeated neasurements versus

additional survey routes. An anaLysis of the cotlponents of variance

(Tab1e 4) for each survey nethod shoi,rs that the betveen route

varj.ance conponent (var ( Route fwater Type] ) ) tends to be nuch hiqher

than the \rithin route variance cotlponent (var(Error)) for lov

dengity populatj.ons. The ratio of bet\reen route variance to within

route variance is 6.5:1 for aerial counts, 3:1 for day eounts, and

5.4:1 fgr night counts. Because there is nuch less vari.ation t ithin

than betveen routes for each nethod, little is gained by repeatingr

gurveys on the sane route unLess the cost of establihing a new

route becones prohibitive.

This point is i l lustrated by deternining the sensitivity of

the standard error (sE) to changes in the number of routes and the

nuDber of repeated leasurenents on routes (Snedecor and Cochran

n



L967. pp 531-534) . sE is calcuLated as the squareroot of

var (Route l lfater type])/r + Var(Error)/nr, \there r=the nulDer of

routeg and n=the nunber of replications on a route. sE falLs

draDatical-ly (! ' iq. 3) in response ta increasing the nutnber of

routes surveyed by any of the 3 Dethods. The reduction in SE due

to replication, hovever, is relativeLy insignlficant at any of the

levels evaluated. For exanple, 10 routes surveyed 4 titles at night

(4o surveys) re5ult in a SE of 0.236. but 14 routes surveyed onLy

once a t  n igh t  resuLt  in  a  sE o f  o .212 (F iq .  3 ) .  The cos t  o f

developing a new route Dust be very high before it becobes

economj.cal to consider repeated surveys on existing routes as a

lray to increase preci-sion. An oplinaL allocation of sanpling

effort, therefore should attetnpt to daxitoize the nunber of routes

surveyed in order to baxinize the precisj.on of the survey.

coNclusroNs

1. No signif, icant differences in observed alLigalor densities tere

detected betrreen 3 survey nethods lrhen conpared over 3 vater types

or nhen conpared by water tltte.

2. No slgnj-ficant differences in observed al-l j 'gator densj.t ies vele

detected betlreen the 3 ltater types lthen cornpared over all survey

Eethods or vhen codpared separately by each uethod.

3. significant differences vere detected in routes atithin ! ' tater

type, suggesting a high degree of spatial heteroqeneity j.n

alLigator observations.

4. signlficant differences nere found for the survey Bethod by

route interaction, l-ndl.cating that !0ethods may perforn differently

in dlfferent habitats.
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5. NiEht count surveys nay be the best choice of the 3 Eethods if

behavior, ease of observation, and non-zero counts are considered.

Aerial counts are best for surveyi.ng large areas rapidly and for

surveying open habitats.

6. when surveying lolr density crocodil ian populalions, the nuDber

of routes surveyed should be uaxiEized and the each route should

be surveyed only once.
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table 1. ltean afl iEator density, range, and numler of surveys (N)
for aerj.al, surfaae day and night counts on rivers, lakes and
estuari,es.

Survev Uethod

Aerial-

Day

Niqht

water Tvpe

River

Lake

Estuary

Range

0.o  -  1 .  02

o .  0  -  0 .80

0 .0  -  3 .  00

0 .0  -  1 .86

0 .  0  -  0 .87

N ltean

o .14

20

36

o.  13

0 .30

0 .  13
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fable 2. Analysis of variance of the
densj.t ies using aerial. surface day
river. J.ake, and estuary habitats.

logrc transforned alligator
and night coun! surveys in

variable

Water Type

Route (water Type)

Survey Uethod

Survey Hethod x Route (Water T).pe)

TotaI

1 .804

L .444

r .979

o.744

0 ,  108

F-valuel

L3 . 422

2 . 5 7

F-tests are calculated usj-ng Water qrpe vs. Route(Water Tlrpe),
Route (Water Type) vs. 8rror, Survey l. lethod vs. Route(Water
Tlt)e), Survey Method x Route(water Tl'pe) vs. Error.

P  <  0 .0001
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Table 3. AnaLysis of
densities by
counts.

River

variabLe

survey uethod

Route

survey }lethod x Route

Error

Total

Lake

variable

survey Method

Route

Survey l,lethod x Route

Error

Estuarv

va!iabIe

survey Uethod

Route

survey l{ethod x Route

TotaI

variance of the Logro transforDed alligator
\date! tlrpe for aerial, gurface day and night

d .  f  .

1 0

u. s.
o.  o89

0 .046

l { .  s .

2. r52

o .924

o .  590

0 .  102

F-vaLuel

- ^  ^ - 2

0 .40

F-Value

3 .L2

1 .34

6 .803

F-Value

0 .  64

r .02

LO . 622

0 .7 t2

1 .138

1 .121

o .  106

F-tests are calculated using survey Method vs. Survey Method
Route, Roqte vs. survey t{ethod x Route, and Survey l.lethod x
Route vs. Error,

P  <  O.  OOoL

P <  0 ,  05
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TabLe 4. AnaLysis of varj,ance (lncluding estinates of variance) of the
logro transforned alligator densitj-es by survey Dethod, for
river, lake and estuary habitats-

AeriaI

variabLe

liater TlDe

Route (Water TlPe)

fotal

Surface Dav

variabfe

Water T)pe

Route (viater Type)

Error

variabl.e

Water r!T)e

Route (water Tlltr)e)

Error

Tatal

d,f, t{.S. F-valuer Valiance Estinate

2  0 .066  0 .  05

LL L.32g L3.922 var (Route (water
T lFe)  )=  0 .  617

L4  0 .095  Var (Er ro r ) -  0 .095

27

d.f. u.s. F-value variance Esti l late

2  0 .664  0 .42

11  0 .806  5 .983  va r  (Rou te  (wa te r
TYPe) )=  0 .410

9  o . l - 35  va r (E r ro r )=  0 .  L35

22

1F-tests are calculated using water
Route (Water TYPe) vs. Errol.

"  P  <  o .ooo l

"  P <  o .o1
'  p  <  o .  oot

l{. s. F-value variance Estinate

0 .954 9 .61"  var  (Route  (water
TYPe)  =  0 ' s32

0 .099  var (Er ro r )  =  0 .099

Type vs. Route (water TYPe) and

c l - r .
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Table 5. l{ean
waEer

survey ltethod

Aerial.

Day

Night

density
tYPe.

of aLl, iqators

Rj-ver

0 .13

l.D) by survey

Lake

o .19

o .14

(per nethod for each

Estuary

0 .13

0 .044

0 .2 t
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ABSTRACT

A captive population of tttelanosuchus niqer uas studied in
northern Bolivia. fhe feeding status of the population lras
evaLuated both by quantity and quali ty of the food. Data on
reploductive biolog"y and grolrth were colLected and conpared
vith data fron literature about l{elanosuchus niqer and ather
spec ies ,  and  ana lyzed  to  eva tua te  the  success  and
perspecti.ves of the prograrn.

IIIIRODUCAION

Crocodil ians include some of the rdost valuable and heavilv
lraded species in international- con$erce because of thei;
high quali ty skin, this Ied to lrorldwide species depletion
and  ex tens i ve  i l l ega I  t rade  ( cask i  &  Hen Iey  I9d8 ) .  AE  the
peak tine for the denand of these goods i; the 1950s and
1960s, nunerous species becane endangered (Hen1ey 1989),
I'lelanosuchus ligeg anongr then.

Eunting of llelanosuchus began in Bolivi.a in 1942 (lteden
1983 t  c i t .  by  K ing  and  v idez -Roca  1987) .  I t  i s  es t i ha ted
that an average of 585 skins of Uelanosuchus (cainan) and
Caipan crocodilus (lagarto) were extracted each day between
1940 to 1955 fron the Beni plains in Botivia (Claure I9a6) .
In 1951 the Suprebe Decree No.05912 established a mr.nlrtum
sj-ze of 2.1 n for cairnans hides and prohibited hunting of
the specieg fron 31 JuIy to 1 January (Kj-ng and Videz-Roca
1987). Nevertheless. hunting conti-nued. A niniuum of 31691
cainan hi.des Lrere exported between 1978 and 1985 (Claure
l-986). Recently (1.990) an ' ,EcoLogical pauser was declared by
the covernnent of BoLivj.a, bannj.ng aI1 wildl- j . fe trade. we
hope that this nev governhental guideline wilt  be enforced
with strong actions and heavl. sanctions against the illegal
trade.

Knolrledge about tr(elanosuchus is not very good. The bost
conpl.ete work about morpholog-y, physj-ology, ethology and
ecology of the species has been done in peni (otte 1979).
Meden (1953, 1981, 1993) reports on sone aspects of i ts

TEEDING, RIPRODI'CTION AND GROIi'I8 IN CASIIVE
Uelanosuchus nioer

Luis F. Pacheco A.
Universidad Uayor de San Andr6s

Cas i l l a  9541 ,
La Pa1

BOLIVTA
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distribution, ecol-og'y, norphology, growth and parasites.
Information about i-ts di.gtribution and conservation i,s
reported by Plotkin et aI. {1983). l{erron (1985) provides
nore recent infornation about status, qlo\rth and spatial,
relationships of the Peni populations. King and Videz-Roca
(1947) nake the nost recent revielr of the population status
in Bolivia, and there iE a report about the nanager0ent of
the gele@SgebfE popuLation at the hacj-enda (El Cainanr, the
farn nhere this study took pl.ace (croves 1988).

The nain goals of this L'ork uere to get sone infornation
about the reproductive bj.ology and grovth for l{elanosuchus
!!igCE. The study had to be conducted in captivity because of
the Loitt population densities in Bolivia which wogld require
too nuch tine and budqet to get sone infornation. The
captive nanagenent of crocodilians for conservation and
connercial purposes is very iDportant vorldnide at presen!,
so the importance of these data for the conservation of
llelanosuchus is high and !riI1 be useful for future captive
rearing progralls and conservation efforts.

sruDY ansA

The study area j.s Iocated at the Hacienda rrEl cainanr,
which is a colrnercial purpose farn situated in the
departnent of La Paz, in northern Bolivia. The clj.mate is
sinilar to rnost tropical regions of the ahazonian part of
Bolivia, so it is siuilar to the ge.te4ggggbgE natural
habitats clirate.

The farn had, at the time of the study (Novernber 1988 to
september 19a9), f ive pens (Table 1), and a total population
estinated at 130 adults and subadults and a nuidrer of
juvenil-es aDd hatchlings vhich chanqed sharply during the
gtudy. These changes l'iJ.l be described in the results.

Table 1. Description of the pens.

Pen Iot. Area Pond area # cairnans TL range

r  1 .5
r r  0 .87

I I I  0 . 9 5
rv 200
v 0.40

, 1 . 5  -  J . 5  m

T I J  <  1 n
3 . 5  -  4 . 2  n

Ha.  0 .25-0 .75  Ha.
Ha.  0 .35-o .50  na .
Ha.  0 .35-0 .45  Ha.
u  L4-30 r0
I la .  0 .003-0 ,40  Ha.

30

2

Notes.- Pond area is described as
olt t-he season.
** this nunber changed during lhe

a range because it depends

tine of study.

It rya9 not possible to catch the cainaDs in pens I, II,
and III, because of the big size of the ponds, the big size
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of the caiDans and the l-ack of help. so both the exact
nunber of anirnals and the sex ratio are unknovn. The nunber
of aninals j.n each of lhese pens lras estinated by spotlight
counts during several nj.ghts and the nurnbers given j.n
Table L are the naxiltuD nunber of aninal-s ever counted in
each pen. Al.so the TIr uas estirnated by estinating the length
of the skuLl (St) and/or the distance betlreen ahe anterior
corner of the eyes and the tip of the nose (HL), and
transforning these data to total Length by the equations:

thrtrl (1)
f  nml  (2 )

TL  =  -67 .45  +  8 ,39  SL
TL =  105 .28  +  15 .69  HL

These relations have an
accordi.ng to the ,rtt. test

(Pacheco, not publ-. )

r :0 ,99  and s ign i f i cance to  99 ,5  ?
o f  S tudent  (Sp iege1 1969) .

The tlro caiDans in pen V are. naLes and were separated
because of their large size and their botential- danger for
the other caimans (uonroy, pers. coDrIt l .).

Pen I is the I 'breeding pen", although pens II a.nd III  have
both adult caimans.

Pen Ms never cfeaned up, not even changed the rrater.

T{ETIIODS

The feedj,ng Etatus vas evaluated by the food quantity and
qualj.ty Eiven to the cainans at the farm. For ttre juvenites,
special attention rdas given to the quantity of food
consutned. For this purpose, the food vas rreighed before
being offered to the cainans and the renains were veighed
the day after, duri.ng three nonths. A witness quantity of
food was left to the sane !.eather conditions, but out of the
reach of the cainans and other aninal.s, to test the weight
loss or gain of the food attributable to lhe lreather, which
vas considered in the calculation of the food consurned. It
was not necessary to do this for the adults, because they
never left any food. The weight (W) of the caimans of pens
f, II and III lrere estirdated by the equat_ion (3):

l oE  w  =  1 .0753  +  0 .0029  T I J  ( 3 ) (Pacheco, not pu-bl. )

This relation has an r=0,97 and significance based on thef tn  s tudent  tes t  o f  99 ,5  ?  (sp iege l  1969) .

The da ta  to  bu i ld  the  equat ions  (1 ,2 ,  and 3)  r {as
strengthened vith data fron specinens colLected in Bolivia
by Jose !,obao Tello (JTB 233, JQB 234, JAR 235, Jtg 236, JTB
237. a'ld JIB 238), studied at the Florida uuseum of Natulal
HiEtory ln cainegviLLe.
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The reproductive success qras eval-uated based on available
data from past years (Eiven by the caretaker of the farn),
and data collected during the reproductive Eeason of 1998-
1 9 8 9 .

For the grolr'Ch study, the cainans were narked by clipping
one or tuo dorsal tail scales (Bustard and Choudhury 1981),
and the following [easures taken: body Iength (BIr) frou the
tip of the snout to the anterior end of the cloaca [nn],
total length (TL) frod the tip of the snout to the end of
the tail [nn], and !,eight (w) [g]. ueasures \rere taken in
Novenber L98a, February 1.989, and Septenber 1,989. The 1989
hatchlj-nqs lrere not Darked until they reached 7 Donths of
age. This study lras seri.ously affected by the high nortality
of the juveniles, but the data are good enough to draw sone
preLininary conclusions.

REST'LTS

a. Feeding status.

The estimated bi.omass of adults and subadults (caimans
fron pens I, I I ,  and III) vas 6762 K9. The food offered was
about 200 Kg per lreek (slaughterhouse renaj-ns, r 'ed meat and
occasionally f ish) at the beginning of the study, and 450-
5o0 Kg per \reek since June L989 (alDost only f ish). This
neans 2.95* of the body nass per lreek at lhe beginning, and
6.65 - 7.39 t of the body nass l-ater. usually the cainans
renaj.ned very excited and visited the feedinq station long
after the food had been fini.shed,

The cajJ0ans rere seen catching fish (rrhich live in the
pond) and trying to capture bj-rds (casmerodius albus, Jacana
iacana, and AEtsiEqe anhinqa) which visit  the pond
frequently.

The init ial biouass (uay L989) of juveniles was 7443 g
(fifty L989 hatchlings, seven juveniles fron 1988 and one of
unknorn age). The final biomass (Septenber 1989) vas 6640 g
(34 hatched in 1989 and 1 of unknovn age). The average
quantity of food consumed lras 7 * of the body Dass per lreek,
ranging fron 5.1, to 8,3 t of the body na99 per veek. The
food offered consisted alvays in fresh red meat, although
sj.nce April-, a light trap vas put in the pen. about L5 cn
above the uater leveI, for about 4 hours each night, to
attract insects, but thj.s light trap did not lrark properly
every night,

Besl-des the insects attracted by the light trap, the
juvenil.eg, except the oldest (830 nm TL) uere seen catching
ingects during the day and eating frogs and toads



( Leptodactyl idae and Bufonidae) !,hich lrere provided by the
observer (dead or alive) or catched by thenselves al,ong the
shorel-ine of the pond.

The farn is located very far fron the urban areas (see
Study area), The food for the cainans was provided unti l
1987 fron the relrains of the slaughterhouse. the cattle vas
sacrifi-ced at the ltacienda and transported by plane to the
consune centers. Since 1988 the cattle is brouqht alive to
the cit ies, so the food becaue scarce and ver; exDensive.
Red meat is provided (vhen available ana in suaLl
quantities) by the slaughterhouse of the Hacienda 'rE1
Dorado( (part of which is ,rEl Caidan() at Bs, 2.5/Kg (about
0.8 SUS/Kg). Fish is provided by the people at Bs. 0.75lKg
(about  o .24  SUS, /kg) .

Neither the adults nor the juveniles are ever given added
vitarins and ninerals.

b. Reproductive biology and success.

Data froh past years rere provi.ded by the caretaker, Mr.
Rolando Monroy, and are described in labLe 2:

Table 2. Data on reproductive success frorn years
prior to the studl .

Year f nests Eggslnest (Averg.) Natality.*

t-983
t-9s5

64 ,7
7A ,O
ro ,2

37

34 7T ,L

In 1987 tvo nests uere found and of an unknown nurnber of
eggs, only 12 hatched in 1988 (ltonroy, pers. cornm.); seven
of those cai&ans sti l l  survived in Novenber L988. but died
in June 1989.

The nest building occurs sone days to near a nonth prior
to the egg laying, lthich occurs betrireen rniddle October to
early Decenber; The incubation lasts 93 to 95 days and the
hatching takes place fron late January to early ltarch
(Tab le  3 .  )  .

Seven nests r,ere found in 19S8, six of them (A to F) in
the 'rbreeding pen'r (pen I) and one (nest c) in pen II. The
eggs of all but the nest c r,ere collected by the caretaker 4
to nore than 20 days after laying (tabLe 3), and j.ncubated
in an artificial nest bqllt up by hinself. E99s .froo nest c
vere not touched until the hatching tine, when we had to
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renove them fron the nest because hatchj-nE could not take
pLace, because of the nest naterial eonpactation. The
hatch l ings  sere  voca l i z ing  f ron  ? :OO a .n .  to  5 :30  p . to ,  bu t
could not hatch. Just after the eggs uere retnoved frorn the
nest, hatching began. For alnost all nests, hatching
occurred lrith a felr days or even tvo lreeks betveen the first
and the last hatching (eggs froD ttle sane nest): The nests
found during the study are described in Table 3.

Table 3. Nest characteristics and success.

A
B

D

F

19Ox15Ox55
22O\.22Ox6O
180x180x5O
190x190x5O
180x1-70x5O
180x170x5o
17 0x15Ox47

26-Or.
05-N*
t 0-o*

?

oi-o
oa-N

35 /4
23 /  4
4t,/2
3e /  12
38 /3
35//O
37 /L

04 -N*
10 -N
04-N*
04 -N*
04-N*
08 -D

L0

Notes.- Ne=nest; D and d=dianeters at the base Ic!tr] ;
h=height fron the ground to the top of the nest Ic! l ] ;
L.Da=egg layinq date; Et=totat nurn-ber of eggs; Eb=eggs
broken; Coll t .=date of egg collection; Ha.=number of hatched
eggs ;  F .H .=da te  o f  f i r s t  ha tch ing ;  L .H .=da te  o f  Las t
hatching; N= Novehber, D=Decenber, J=january; F-february and
M=urarch i *=data provided by the carelaker.

The eggs are vhite and the shell
six eggs are provided: 47 x 86i 49
52 x 92i 52 x 93. OnLy one egqr

is rough. llleasurenents of
x88 ;  50  x  88 ;  5 t -  x  89 t
was veighed (just before

The average hatching success for nests A to F (the
incubated in the artif icial nest) uas 15.6 t, and 70,3 A
the nest c (fron which the eggs uere not renoved untj-I
hatching tine). lrost of the eggs fron the artif icial-
rrhich did not hatch contained onl-y decodposed naterial,
a few of tlten contained dead enbryos. A1l. the eggs
hatched frot0 the nest c contained conpletely developed
enbryos, it night be possible that these eggs had
dauaged during the collectj.on.

eggs
for
the

nest
only

not
dead
been

A11 but the nest D received sone kj-nd of protection by the
fenaLe, they stood near the nest (5 to 20 n fron it) all the
tide for 2 to 4,5 tlonths. Except fenal-es of nests C and c,
all the other fenales attacked nan uhen aDproached their
nesEs.

The tenlrerature in the nests (in the egg chanber) was
recorded for sone nests and as uany tines as lras pogsible
and/or the feuale a]Lowed. The resuLts are described along
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with neasurementg in the artif icial nest in Table 4l

Table 4, Average ternperatures in the egg chamber.

Ar t i f .AcFGNest

Avg. tenp.
Std. dev.
f  o f  obs .

2a  , 5  24 ,59
0 ,9  3  0 ,55

11  11

29  , 25  2A  , 4a
o ,25  0 ,53

30 ,14
L .2A

tl.

The Table 4 sholrs clearly that the tenperature in the
artif j .cial nest was higher than those of the nests built up
by the fenale cainans. The variations in the egg ehadber
teDperature were also greater i.n the artif icial nest, as is
shown in Fj-g. 1., where the tenperatures of the nest C, the
artif icial nest, the environhent tenperature and the water
tenperalure in the pond at a depth of 5 cn are conpared.

- Env, T, --F Pen | (water)

Fig. 1. variations in the
nest, one of the natulal
water temperature in one of

--x- Artit. nest ---e-- nest C

tenperatures of the artif icial
nests, environnental temp. and

the ponds at a depth of 5 c!ll.

c. Grosth.

The cainans hatched in 1989 vere lleasured and narked (in
Noveuber 1988) at the age of 9 nonths and Eeasured aEain at
lhe age of 12 nonths, after lrhich they died. Sotle of the

r 1 <

Temp. o C



hatqhLings of L989 lrere neasured, but not narked just after
hatched (age of O nonths), and neasured and rdaried at the
19: "f I roonths,. Finally. the two juveniles of unl<nown age
(the only tuo cailrans older than one year born at the farD)
were neasured and uarked in Novenber l9BB, and onlv th:t
oldest, nuDber 09 (the other died shortly after the first
neasurehent), uas neasured again 3 and 10 nonths later (see
Tab le  7 ) .

The average, standard deviation, naxinuttr and ninilrun
neasurenents for body length (BL), total length (T!) and
lrei.ght (W) of the individuaLs of knovn age are given in
Tab le  5 .

Table 5. lteasurenents by age.

Iileasurenent 0 Months 7 Months 9 l,lonthg 12 l,lonths

BIJ [u!o]
std Dev.
I'laxinun BL
Uininum Bt
TL [bn]
std Dev.
Maxrnum tL
Ui-ni.num fL
w tlrl
std Dev.
Itaxr-nun W.

L3L ,42
3  , 07

135 ,00
125 ,OO
243 ,6 l

8 ,86
30o ,  o0
266  ,  OO

75  ,6L
t -3 ,  15
93 ,  OO

L78 ,24
8 ,  83

205 ,00
L50 ,  00
36 '7  ,27

t9  , 92
422  tOO
325 ,  OO
1 .30 ,59

24 ,30
186 ,00

L82 ,11
7  t 74

193 ,00
t -70 ,  00
4O4 ,7L

431 ,00
37L t  0O
2 t -0 ,00

43  t 75
29O tOO

189 ,  14
a  , 47

203 ,00
1  79 ,  00
4L5  , 29

2 ! , 78
44'7 , OA
383 ,00
223  t 29

46 ,4L
288 ,00
152 ,  00l l i n i nun  W.  57 ,50  75 ,0O 1GO,0O

Based on
t'he average
(Tab le  6 ) :

Tab le  6 .

the data presented
increment in BL,

IN

TL
Table 5, we can calculata
and !,reight for our sanple

Average increnents in the neasurellents,
consi.dered by age.

Age Totaf average incrernents I
uonthE BL TL weidht I

Average/nonth
BL TL weight

0
?
9
0 -L2

46 .4
4 .5
6 -4

57  . 7

s4 .6

L31 .7

54 .9

L47  .1

2 .2

4 .8

L2 .L  -  7 .4

The differences between the iltcrenents in TL and BL are
attributed to individual diffarences in the BL,/TL relation,
and the different sanple size for the different age classes.

The data for the tro juveniLes of unknor,.n age are
presented l-n Table 7t grosth data are presented only for the



specj.rnen nunber 09, because the other one (S/N) died shortly
after the first neasurenent. Increnent/nonth (I/no.) ia
given in [nn] .

Tabl.e 7. l,leasureuents for the of unknown

Nunber BL l/no. I /no .  w I /no .TL

s/N
09 :

Init ial
3 Donths
10 nonths

1000

2100
11 .0  2139  13 .0

367

4 .8

798

875

The average grorth in TL for the first 12 Donths of age is
1O.9 Dtn/nonth, very sirtrilar to the average groeth of cainan
nunber 09 (unkrown age) , at least for the first three nonths
after the init ial neasurenent. Based on thig apparent
regular grolrth, we can assune that this individual (09) had
been groving an average of 11 hb/nonth. Then, if -we iake the
average TI, of the hatchllngs (283,5 nm) ve could expeet that
an average aninaL, vi-th an average growth rate vould reach a
lenqth of about 812 nlm i.n four years, so ou! individual
nunber 09 miqht have been four years oLd, and the otber one
(S/N) niqht have been 3 years otd.

DISCUSSTOIf

The diet of both the adults and juvenj-Ies seem to be poor
in quality, at least at the beginnj.ng of the study,
nonodiets (only fish or neat) do not fulf i l l  all nutrit ional
requi.renents, and usual.]y lack A and D vitanins, and
ninerals, special-Iy Ca (Whitaker et a1. 1979).

The quantity of food offered to the adults at the
begj.nning of the study (2-95 Z of the body nass per veek)
rras poor. The quantity offered later (6.65 - 7.39 t of the
body masE trter week) lras within the tinits suggested by
Joanen and UcNease (1987) of 5 t of the body nass per ireek
plus vitauins, and 10 * (Groves 1988). ye! this diet lacks
vj.tanins and dinerals sugEested. Likeuise we have to be
cautious about the esti.lrated bionass of cainans at the farD,
because ve do not knov the exact nunber of aninals (see
Study area). We have aLso to consider.the unkno\dn allount of
food catched by the cainans in the ponds, even if i.t i9 not
large.

The quantity of food consuned by the juveniles (7 i of tlre
body nass per lreek) is very poor conpared vith the amounts
guEgested by other authors, 25 * for the first year and 18 *

tL1

juveniles



for lhe second and third year for Allidator llississippiensis
(Joanen and l{cNease 1987), 20 * for llelanosuchus 4ige!
(Groves 1988), and 24 - 34 t of the body nass per lreek for
Caipan Crocodilus (Rodri.guez 1989). But as stated above, the
juveniLes uere always fed in excess, this neans that the
juveniles alrrays left sone food. Eogever rre have to consider
the food catched by these cainans (specially insects and
anphibians) rdhich could be a great supply of food for them
and also a better source of vitanins and ninerals than the
red neat alone.

The egg laying period found in this study coincides lrith
that given by Eelron et aI., ( in press), lrho report eEE
laying occulring in October in Peru, and slightly differs
fron that given by Uedern (1963) vho says that Uelanosuchus
lay eggs frou septenber to Novenber in Bolivia.

Nest sizes are sinilar to that found by Herron et al.. ( in
press) 22O x 190 x 50 cm, but different fron the 150 x 80 cn
s ize  repor ted  by  Hag lann (1902) ;  c j - t .  by  Ueden (1953) .  The
egg sj-zes given by the sane author (52 x 86 - 56 x 9? tl lml)
are alnost sihilar to those found in thj.s study.

Herron et al. (in press) report a incubation tide of 88
days, 'rhich differs only slightly frolt ours (93 - 96 days).
Meden (1961); cit. by Vasquez (19a1) reports a j-ncubatj.on
tine of .52 - 93 days; we never found such big range.

The reproductive success in years prior to the study lras
irregular (Table 2), lr ith hatching rates ranging fron 10.2
to 78 i, and the nortallty of those cainans lras near 1O0t
(only two aninals older than one year vere found at the
beginning of the study). This problen continued lrith the
L988 hatchlings, all of lrhich died before 15 nonths of age.
It al.so affected the l-989 hatchlings: fron 55 batched fron
January through March, only 34 gurvived by Septeuber 1989,

observations during the collections of eggs fron the
nests, and the higher and nore variable tenperatures in the
artj.ficial nest nhere the eggg 'rere incubated, suggest that
the irregular hatching rate in years prior to the study and
the year of study itself couLd be attributed to iDproper
nanageuent of the eggs during both the collection fron the
nests and the incubation. One proof for this hypothesis is
the fact that nest c (froE lrhich the eggs lrere not removed)
had higher hatching success.

The grorrth of the UgleEggggbgg (L.1. cbldonth for the first
four years) at the fart! is poor conpared !,ith the growth of
other species in captivity, CrocodiLus uoreleti reaches a TL
of 105 cn in three years, (Hunt 1980), this l leans an average
of 2.27 qt! per nonth. Joanen et al. (1987) observed that
Allldator uississiooiensis reaches a TL of 933 - 1041 cn in
12 Donthg and 1035 - 1181 cr in 18 nonths, For gEgggdylgE
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acutuF, Rodriguez and Rodrigmez (1999) reported an average
groq.th rate of 2.2 culnonth for the first 1ez days of f if;.
Rodliguez -(1989) reported a growth of 2.03 ntvday, about G.1
cm/Donth for cainan crocodylus.

There are fe\r data about the groreh of felanosuchus niqeri
data of a caj.nan lrhj.ch gres frbn 90 cn E6-llE-6-Tn 

"",r",Iegs ls provided by Dowling & Brazaitis (1966), cit. by
[eden (1983); this neans about 2.2 cn/nonth,

Data fron another aninal are as follovs:
Sep t  1977
Uay 1979
uay 198 L
Jan  L9 I2

TIF55. 9 crtr
TIF79. O cu

Water telrperature was 19 - 24 "C (lfedem 1983); this neans an
increroent of about 0.4 cmlnonth.

,Otte (L972) _ separates ltelanosuchus niqer in size classes,
grvrng a Daxitrulr tota.L length of 49 cn for the L year
speci.nens, a range of 50 - ?9 crn (TL) fa.r 2/3 ,earspecrhens, and 80 - 109 cn (TL) for 3/4 - 5/5 ,eatspecimens. These data support the eslinate of 4 years for
the  ind iv idua l  nuhber  09 ,  in i r . ia l l y  o f  unknown age.

- In Peru, wild xelanosuchus ranging in size (b;dy length)
frorn 25 cn - 116 cn showed an average gro\,rth rat; in body
tength (BL) of 8.6 cnlyear (this neans O,TL cn,honth), uit i l
f_ange 5 .5 .  to  12 .0  cm/year ,  l rh j -ch  is  0 .46  to  1 .O cn , /honth
(Herron, in press). Then, our data of O.49 cn/nonth (BL),
ranging fron 0.21 to 0.67 cnlrnonth for the one yearj.ndividual.s, and O.4g to 0.53 cnlnonth for the four year
individual are near the lower l init gj.ven by Herron,s
obserwations.

The nortality and lorr grolrth rates night be attributed to
the poor food quality and quantity, and to the Lack of
hyg ien ic  care  bo th  o f  wh ich  cont r ibu te  to  iL lness
propelsity. Bacteri.al infections, I ike EglEele.Lta can
destroy a_ captive rearing program by reducing growth races,
skrn quality and increasing nortality (crocodiles as a
Resource for the Tropics L9g3).
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INTRODUClION

Crocodi le farming in Afr ica and in nost other countr ies
s t a r t e d  1 n  t h e  m i d  ! 9 6 O ' s .  A s  t h e  p o p u l a ! 1 o n s  o f  w i l d
c.ocod1l lans cont lnued to decl ine through over-
e x p L o i l a E i o n  a r d  h a o i t a t  o e s ! r u c r i o n ,  f a f f r r n g  a n d
ranchlng became an acceptable fom of ' r t l l ls lng a
vaLLlable natural  resource. Inevi tably too, because the
l e a t h e r  L n d u s t . y . e q u l r e d  r h e  m o s t  v a l . u a b l e  h 1 d e s ,
narely of crocodylus porosus, c.  ni lot icus and AlLlgglg!
rnlsslsslpolensls,  the major proport ion of the research
effort  focussed on ecological  studles and management
prograrnmes designed to safeguard these chree species.
and, over the years, lnto al l  aspects of husbandry and
capt ive propagat ion. Some lnpaessive technologlca.L
advances have been nade in this f , ie1d. aLso inDo.tant
m a n a g e n e n t  r e l a r e o  a s p e c t s  o f  l n e  s p e c i e s  b i o - c h e m l s r r y .
physiology and behaviour.  There 1s now aval lable an
iopaesslve vol ,une of data contained in nunerous
sclent l f lc Jou.nals and in three books that have been
publ lshed 1n .ecent yea.s. There is no doubt that the
Crocodi le Special ist  Group, th.ough the hoLding of nine
m e e t l n g s  l n  s e v e r a l  c o u n c r i e s  o v e r  r h e  p e r l o o  1 9 - 1  r o
1990, has nanaged to generate conslderable .eglonal
input and enthuslasn into many avenues of crocodl l ian
research, and the numbe. of delegates attending this,
the loth CSG neet ing is proof of that.

S c r a c e q ! e s  C o r  E h e  I 9 9 O ' s '  o r g a n i s e o  o y  r r e  A m e r - . a i
Al l igator Farmers Associ,at ion at Tainpa, Flor ida, in
February 1989, was afso a ve.y l rnportant ni lestone in
crocodi l ian conseavat ion.

Howev;r,  i f  one analys;s the research f indings and
reports that have appeanecl in recenr years, rne bulk of
these are conce!.ned with and favour capi la]  intensive,
hiSh technology, hlgh product ion commercial  farming and
narket ing strategies which are p.edo,nlnant l .y First  ! /ortd
A g r l c u l t u r e -  S n a l 1 ,  c a p l t a l  p o o r ,  1 o e  L e v e l  t e c h n o t o g y
or subsistence farning projects,  which are mainly Third
v o . l d  A g r i c u l ! u r e ,  h a v e  b e e n  l a r g e l y  n e g l e c l e d .
My vi ,ews on this \nere re- inforced when Ln a let ter dated
19 January 1990, P.of, .  Wayne King {.ote that a paper I
had p.esented at the 1st l ro.klng Meeting of the
C r o c o d l l e  S p e c l a l i s t  G r o u p ,  h e l d  l n  N e w  Y o r k ,  M a r c h  1 9 7 1
hacl beeo ident l f led as one that should be lncluded and
t iansLated hto Spanisir ,  for a conpendlum on crocodite



farnlng to be made avaitable for the 1OO or so new fains
that are Lrnderway h Cent.al and South Amerj.ca.

My presentat lon for thls wo.kshop has been vrr l t ten fo.
: i ' : - 3 s ! 1 r 3 n t .  f $ T e r s  . L l v l n s  1 n . e m o r e  r e s l o n s ,  p e r h a p s
w 1 l n o u !  e - r e c t r i c l ! y ,  f e f r i g e r a r i o n ,  i n c u b a t o r s  a n d
cont lol ]ed envl.onment rea.:ng units,  or the benel i t  of  an e a r o y . v e t e r l n a r y  l a b o r a l o r y  a n d / o r  k n o w l e d g a b l e  p e r s o n n e l
: :  ! ""9. r? advlse on husbandry and management p.obtens. Inr a c r ,  1 t  ! s  a n  u p d a t e  o f  t h e  I 9 ? 1  p a p e r  r c r o c o i j l l e  R e a r i n a
and Restocki .nc' t .

L.  LOCATION OF A CROCODTLE FANM OR RANCH.

Vhen select lng a s1te, severa] lactors shoutd be
consldered.

1 . 1 .  I / ' A T E R

f . 1 . f a )  T h e  v o l u m e  o f  w a r e r  a v a r t a b l e  r h r o u g h o u c  t h e  y e a r ,
especrat-y o-;Er clcoushr perlocis.  Th. di" ; ;" ; -  ;o ' ; i ; ;
\ rater to the ponds, or v ia l . . igat lon f t rrows. wneiner
a bo.e-hole, a windf i i l l  or mechanical  pump is requlred
a n d  t h e  r e t a t i v e  e f f i c l e n c y  a n c i  c o s t s  o f  i n . s " . y s t " r i .

I . I . ( b )  T h e  s t o l a g e  c f  e a r e .  s h o u l d  b e  c o n s r d e r e d ,
l , rovtsron ol  ceservo.Lrs oc supply lanks can oe
rmportant and ln the event of fal lure of punipina
equipnent such a reserve suppty nay prowe-vi iat- lo
the hea_Ith and survlvat ol  the stock. A systen ofrecycl lng water nay be pract icat {hereby w;ter punped
Irom a alver to storage tanks is gravi t : /  ied back
t n . o u g h  t h e  p o n d s ,  d r a i n e d  i n t o  a  s e r i e s  o f  i n t e r _
c o n n e c t e d  w e I l  v e g e t a l e o  p o n o s .  o r  r h r o u g n  4 n  a r e a  o fnarurar swamp back to the source of suppty.

1 . 1 . ( c , )  l r a t e r  g g g L L l I  s h o u . L d  o e  l n v e s r r g a r e o .  s d m p r e s
s n o u r c l  b e  t e s t e d  f o r  s a l i n r t y ,  a c r o i t y ,  e f f l u e n r  f r o mi n d u s t r l a l  o p e r a t i o n s ,  a g r l c u l t u r a l  p ; s r r c i d e s  a n d
r e r t ! t i s e r s .  o n  f o r  c h e m l c a l s  t h a r  m a y  b e  u n d e s  i  c a b l ef.om natural  mlne.af spr ings. Rlwer ;ater that f towsrron:rn area densely populated by hunans and l ivestock
may wel l  be contaninated. Samples should Oe sent forbacter ial ,  analysis.

t ,  I  .  ( d )  l { a ! - . r  c I a . i ! y  i s  a l s o  a  f a c t o e  c o  b e  c o n s i o e r e o
e s p e c l a l l y  r f  p u m p e d  d i r e c r l y  f r o m  a  r i v e r  c a r r y i n g  a- neavy sl t t  Load srralghr to rhe ponds. Aparr f ;om-rhe
manaSement probtens of not belng able to see the
: i?: !d: ]"r ,  o.  pe.hajs f lnd dead anirnats ln rhe water,poo.rs becone nore dl f f tcul t  to clean, and plpel ines
become clogged wlth sl t t  anct studae. This 'p; ; ; i ; ; -ca.
be el l rninated by drawlng water fr ; rn a wert  crose io

so that warer punped percolaces !hnougn thesand o. mud and is thus f l t tered. F11te.ed bed; ofgravel,  or pumping water into sett t ing tanks ; ;y b;requlred.

126



2 . EFFLUENT DISPOSAL.

|OOD SUPPLY

2 . ( a )  L i q u i d  E f f l u e n t .

In renote sparsely populated areas the dlschaige of
Iarge volumes of contamlnated water faom crocodl le
ponds back into a r1ve. system may not be a p.obtem.
On lhe olher hand 1n sone locat i t ies i t  could Dose
a  h e a l t h  p r o b l e m  r o  h u m a n s .  T h i s  a s p e c t  h a s  b ;  o e
invest lgated and discussed with off lc iats of lhe
departments concerned wlth water affaias. and heaLth
before the proJect 1s bui l t .  Provlsion oay have to be
made to. the bui lding of ef f , luent t .eatment dahs.

2 .  ( b )  S o ] i d  E f f l u e n t .

Apa.t  f rom wate. f rom crocodt le ponds, there 1s sol ic l
ef f lueot frorn food processing. Offal  dlsposal pl ts
a.e recommended for thls purpose. (see Fig. ) .  They
a r e  a n  e f f i c l e n t  a n o  i n e x p e n s r v e  - r e t h o d  o f  d e a l i n g
with this problem, as opposed, for,  instal ]ce, to fuel
buaning inclnerators.

2 .  ( c )  U t i . l i s a t i o n  o f  E f f r u e n t .

As prevlously mentioned the provlslon of a ser ies oi
shal low eff luent dans fo. the disposal of  waaer r :ch
rn nutr ients dlrecr from rhe crocodite Donds has
adwantages. First ty,  because Large votunes can be
disposed of.  by evaporal i .on. Secondly,  these ponds,
when stocked wi!h f1sh, can produce substant iat  and
regular harvests of f resh. f lsh foi .  the crocodi les.
Thj.rdly,  al te.  f i l ter lnA through natural  wett_
wegetated ponds, thls water can be re_cvcled.

3 .

The econonic v labi l i ty  of  the proJect  depends !o a
Ia.ge extent  on the avai tabi l i ty  and regular  source of
g o o d  q u a l l t y  f o o d .  ( S e e  s e c t i o n  o n  D I E T ) .  T h i s  f a l t s
lnto thaee categor ies:

Red lYeat i Donkeys, horses, mufes, goats, w11d gane etc.
F l s h : Freshwater,  maalne and taash f lsh. deeD-frozen

f lsh etc -

!99!! I l :  Day-old chicks and morta. l i t ies of adutt  bi .ds
from f,oul try tarms, poultry condemned for human
consumptlon etc.

The cost of  food, must al_so inclucle transport  and/orq e e p  f r e e z e  c o s t s  p e .  K g  l h a t  i s  p u . c h a s e d  _  b o n e  m e a l ,
carcass neal or v l tanj .n supptements i . f  these are to be

costs sholrld take into account that 40 - 45 Kc of fooct
1 s  r e q u l r e d  t o  g r o w  a  h a r c h l l n g  u p  t o  c u l l i n g  s ! z e .
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Crocodi le hatchf ings do best at  30 -  34.C foa naxlmum
grouth and beLow 2OdC growth is nlnlmal.  Thus the
locat lon of the proJect ls most tnpo.tant and l f
avai lable, temperature data for the proposed area
should be studied careful ly.  t ' / inter tenrperatures and
ihe durat ion of cold or cooler weather,  ihe lncj ,dence
of frost,  and prevai l ing v/1nd force and chi l l  factor
are of part lcular importance.

5. REARING PONDS

6  . 1 .

CLII4ATE

Type of  pond

Gene.af  of f lce

The type of rear ing ponds to be bul l i  depends on the
nature of the soi ls and the avai labi l i ty of  bui lding
mateaials.  Natural  eal th dams are sui table wheae the
s o l l  t y p e  i s  o f  c l a y  o .  h e a v y  l o a n  B i t h  g o o d  w a t e r
.etaining prope.t iesr and these dans are inexpensive
to bui ld.  In sand areas i t  may be feasible to use a
heavy grade oi  plast lc l r . lgat ion sheet ing, or a
c e m e n !  L i n i n g  t o  s e a l  p o n d s ,  b u t  i n  s h a - I e  o r  s i t e s
r i lhere underground rock fo.mations are :ound, .emei:
d a n s  w i l  I  b e  r e q u i r e d .

5 . 2 .  S  i t i n g  o f  p o n d s

The ponds shoul,d be sLred co receive lhe maxrnum
alnount of sunshlne, pal t icular ly over the winter
months. The dlrect lon of Local prevat l ing wlnds
should be taken Lnto account and the dralnage of the
poncls 1s lnportant.  I f  these a.e bui l t  on a sloping
hl lLsl .de dralnage is far easie. than i f  lhe g.ound is
level.  The dralnage systenr must be eff j .c lent as i t  is
not desirable to at low water fouled in lhe ponds !o
stagnate near to the aearing pens.

6. BUILDING REQUIREMENTS

I n  o a d e a  E o  m a i n l a i n  u p  E o  2 O O 0  o r  m o a e  c r o c o d i l e
hatchl ings l t  is useful  to have lhe f ,o1lowing:

A structure of about 4,5 m x 3 m x 2,1 m for keeping
of records, storage of drugs and as a general  of f lce
for the olener of nanager.  A toi let  and wash basln is
bui l t  adJacent to the off lce.

6 . 2 .  R o o n  f o .  f r e e z e r s

A  s t r u c t u a e  o f  3 n x  3 n  x  2 , 1  m  f o r  h o u s l n g  x
paraff ln.or gas operated deep freeze uni. ts of
10 cu.f t .  capaclty each are useful  for storage
fresh frozen food.

LA
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6  . 3 . Food Prepa.at lon Shed

A slml lar s ize structure buit t  over a 3 x 3 m snooth-
plastered concrete s.Lab wtth the f toor sloplng to a
central ,  Claaln whlch acts as a food paeparat lon shed.
This 1s open on one slde and thls and the door should
be f ]y-screenecl.  The dralnage pipe sunk inro the
centre of the f loor can be ted to undergaound soak
pits,  but p.eferably to eff luent dans stocked with
f1sh, and into which eff luent from rhe hatcht lnc Doncts
is afso drained.

In this shed, sawn off  logs, or robust cutt ing bl .ocks
a r e  n e e d e d  a n d  w o o d e n  c u r ! i n 8  b o a r d s  f o r  c u c E i n g  o n
and to serve as feedlng trays. Heavy duty butcher. ,s
steak knives, neat saws and machettes are used to
process anlnal caacasses, poultry and f1sh. Hooks
suspended faom a roof beam are usefut for hancinc and
s k l n n r n g  c a r c a s s e s .  c u t  u p  f o o c t  f o r  i m m e c t l a r i  e i e o i n c
l s  p a c k e d  o n c o  t h e  f e e d - n g  r r a y s .  E n e  r e n a i n c t e r  o a c k e a
l n t o  p l a s t l c  b a g s  f o .  f r e e z i n g .

6 . 4 .

A fourth bui lding fo.  the storage of loots,  f ish
n e t t i n g  e q u i p m e n t ,  c u r b o a . d  m o t o . s .  s o a d e s  e t c .  i s
a L s o  u s e f u l .

These bui ldings can be const.ucted of cement btocks
and good vent i lat ion via wlndows and ai .  b. icks is
necessary. Roof ing can be corrugat6d asbestoF or i ron.
reeds or g.ass, or aLternat ivel ,y the ent lre conpl,ex
c a n  b e  c o n s t r u c t e d  o f  b u s h  p o L e s  w r t h  r e e d  w a l l l  a n d
roofed with aeeds or palm leaves.

6 - 5 .  L a b o u r  f o r c e
A ]abour force of three v/o.kers is needed for the
preparat j .on of food, actual feeding, pond malnlenance,
f ishlng and gear.  maintenance etc,  fo.  thls numbe. of
anlrnals.

6 . 6 .  O f f a l  D l s p o s a l  P l t
This is a stmple but effect lve way of c l isposing of
unt anted offal  i .e.  the intest ines, rumen anci stomach
contents of Laage a.r l lmals,  skul ls,  hoovesr poul!ry
feathers, f ish heads and lnnards. This unit  (Ffg. 1 )
shoutd be si ted at ]east 1OO m dtstant f rom the iood
processrng area or neaaest ponds and serves the
purpose of deal lna with dl .sposal of  of fal ,  a.r ld
eLinlnates f l ,1es a.r ld the odou. of.ot t inc mater ial
f r o m ,  f o r  e x a n p l e ,  a n  o p e n  p i r .  T h e s e  u ; i ! s  c a n  b e
made by r .rs ing pLast ic o. rubber refuse bhs i f  the
reacry-made f lbre glasmodels are not Localfy avaifable.
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RECOMMENDED TYPES OF REARING PENS

7 . ( a )  S L n g . l e  u n l c  c e m e n t  r e a r t n c  D e n
An hportant.equlrenent Ls that the poots should be
at least 60 cn 1n depth, otherwlse the watea becornes
too hot l .n surnme.,  The poot f loor should be stopeal
towards the draln out l .et  pipe, to faci t l tate cteanine
and washlng ai{ay of uneaten food pafr lc les. Ictea.I Iy
the out let  pj .pe shoutcl  be 10 cn 1n dlaneter.  with a
stopcock outside the enclosure, so tbat the pool c€n
be cleaned and ef ipt led both eff lc lentty and quj.ckty.
I t  is essent i .al  to place a screen 1n the drain oloe to
p r e v e n E  c . o c o d l t e s  e s c a p l n g  o c  f r o m  b e l n g  s u c k e d ; u !
of the pool dur lng cteanlng. Afte.  some t l rne.
sragnai l t  ponds nay becone di f f lcul , t  to ctean because
of the r lch groyth of algae on their  s j .des. Hard_
brlst le scrubblng brushes are needed to dlsloclge this
groleth. Snal l  amounts of coppe. sutphate 1n the water
w111 help controL algae, l f  used regularty.
The ent ire pond and apron of the enclosure must be
snooth.Ly plastered to facl l l tate cteaninc. I t  ts
u s e f u l  t o  h a v e  a  v / a t e r  s u p p l y  p o l n E  c l o s ;  C o  e a c h
pool f rom lvhlch a hosepipe can be 1ed to pressure_
sp.ay and clean the ent ire poot and i ts acron.
An r.mportant par!  of  the deslgn is a part ly_subme.ged
and gentLy-s]oplng Iedge, some 45 cm in w1dth, a.ound
the perimeter of the poot.  thj .s p.ovicles a sha.t fow
rest lng zone for the crocodl, Ies a]rd aI]ows easv access
into the water,  Thls ledge 1s a-tso rmportan! in that
the crocodl les rest there when feedinS, al ]c l  i t  a lso
prevents thern scraplna the1. bel l ies and daftacinc
t h e i r  c l a w s  o n  e n t e r i n g  o r  l e a v l n g  E h e  p o o l .  T h ;
anount of space afound each pool is calculated to
affow ample basklng roon foa each aninaf,  ancl  an area
ot shade nust l tkewlse be providecl.

I t  i .s advlsable !o .oof,  ove. the ent lre pen with w1.e
nett1n8, or cr lss-crosaed strands of,  w1re, agalnst
predato.s.  The wlre nett lng sldes of the pe;s shoutd
not be Larger than 1 cn nesh, othervr lse hatchl l .ncs
w i l l  r n j u r e  t h e m s e t v e s  b y  t r y 1 n g  ! o  c l t n b  r h r o u g i  r h t s ,
Young cfocodl les can cl l rnb vert lcal  wire nett in;  with
ease and wi] l  escape un.Less Ehe enctosure rs ei iner
aoofed or i ts s lde wa.L]s stoped inwards at an ancle of
2 O o .  A  s k i r t l n g  b o a r d  ( p l a n k l n g ,  s h e e t  1 . o n ,  t t ;  o rp l a s t l c  s h e e t l n S )  p l a c e d  a g a l n s r  t h e  w l r e  n e i t i n g
f l .ush w1!h the f loor p.events then from clrrnbing uf)
ttre fence to a height, a.rld lhen dropping back o;to the
concrete befow.
These pools are useful foi sunrner because ttrev can b€
scrubbed ctean and because the volume of waler used 1s
sna1].  Normalty they need only be enpt ied, cteaned
and .efl]Ieal every thtrd day ejld there 1s no wastage
through 3eepa8e.
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The main dlsadvantage is that cement 1s a cotci  surface
in wlnter and caocodl l ,es ul ] l  be prone to resDl.atorv
a1lments. r f  local.  winre. nlght lemperatures'of th;"w a t e r  o r  o f  t h e  a l r  a r e  I l k e l y  t o  f a i t  t o  t h e  7 . 2 ; C .
thls type of pond would not b; sul lab]e. Care musi u"
exercised whi le cleanlng these pools,  to avold a
crocodite inJu. i . -ng t tsel f  by fat t lng lnto the emptyp o o t .  S e e  F ! 9 . 2 .

7 . ( b )  T r i c k l e  s y s t e m  c e n e n t  r e a r l n g  p e n
The advantage of thls systen is that dur lng hot summe.weather,  when crocodi les are feeding at thelr  maximuinc a t e .  s m a l l  u n e a r e n  f o o d  p a r t i c l e s ,  f a e c e s  a n c l  u r l n e .a r e  n o r  r r a p p e d  i n  l h e  p o o ] .  T h e  c o n s l a n t  d r l u l l o n  o fl n e  p o n d , s  w a t e r  e n s u r e s  a  l o w  b a c t e r l a  ] e v e l .  T h epoot 1s drained and scrubbecl c lean weekty, as is l t ree n t l r e  f l o o r  o f  t h e  p e n  w n i c h  i s  s m o o t h l i  p f a s t e r e O .'rne enctosure embodles lhe sa,,ne design requlrements ass e e n  1 n  F 1 g ,  3  .
The pool should be ci .cutar or cone shaped, at Least50 cn deep at the edges and 60 cm fn trr i  centre. enearthenware bend of 10 cm in di .arneter is sunk f tushinto the cent.e of the f1oo. and into this f i is ar u b b e r  p l u g .  I n  t h i s  a  5  c n  d i a . n e t e .  h o t e  i s  b o r e d .l h . o u g h  w n l c h  a  6 6  c m  t e n g r h  o f  p o _ y r h e n e  p i ; e  _ ; - - 'r t r t e d  v e r t l c a t l y  i n L o  t h e  p l u g  s o  ! h a !  ! r  c d n  b epushed ln or pul led ou! as required. A wire mesh
shieLd is f , t t ted ove. the top of this outte!  pioe top.event the escape of smalt  crococl l les. rvater is i .ac o n s t a n t l y  i n t o  ! h l s  p o o I ,  c ! r c u l a t e s ,  a n a  i s  s i o r r o n e aout a! the sane rale as Ene lnf low-
It  1s he]! ' fu1 to attach st.1ng w1.e handtes to the.!rbbe. draln plu8, so that i t  can easi ly be pul led ou!when the pool is to be ct ,eaned.

7 . \ c )  I s o l a t e d  e a r t h  r e a . l n A  p o n o  p e n
These are tdeal,  foa use in cl , i ,nates (here low wintert e m p e r a t u r e s  a r e  l i k e l y  r o  c a u s e  r e s p i r a ! o r y  ! I I n e s srn lne young anlnals.  Earth pools are easv and cneaDt o  b u i t o  a n d  a r e  a  ' n a l u r a l ,  n " o i . " .  * n . . " ' " " o " . " | i " i
can be pIanEed. s|nalI  I ive f ish introctucect,  

" i i i "  

-- '

lnsectsr f .o8s and other creatures att .acted to thedans w111 be an impo.tanr actct l t ion to the diea anl-hea. l th of the crocodites.
Du. lng cotd weather the crocodi les wlt t  burrow intothe nudbanks and thus survive nights of hea!,y taosts.Because of lhei .  bur.owlng capabi l l t ies i t  1;
: l i g i : * ! .  t o  p r o v l d e  a  s r r i p  o f  r a n d ,  4  m  w i d e ,
oeEween the pool 's edge and the bounalary fence. fnis1s pa.t icul .arty important 1f  t i re poot r i  s i tuatea ai-the botton ol  a hi t t  such that i ta louer bank isart i f1c1al ly.  bur l t  up. Where pools are excavaled on at e v e l  s l t e  t h t s  p r e c a u t l o n  1 s  n o t  n e c e s s a r v .  T h e- crocodl les bumow lnto the bank above normir water
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1eve1 and may lunnel beyond the fence 1ine. Nornat ly
thls w1l l  not natter s ince the burrows wl lL be wel, I
below grouncl Level,  but 1f  the pool stands on a hi l l
s lope the 1owe. fencel. lne shoutd be burled deep
enough to lnteacept the burrows.

The enclosure fence should be of !  cn dlaneter mesh
nett lng for young caocodiLes, bur '1ed !o a depth of
I  n,  to exclude burrowlng predato.s.  Because these
peds are a oatural  habltat ,  blrds may becooe a
nulsance, el ther as a threat to the crocodl l ,es oa as
food competl lors.  The pens lhecefore snou. ld be
roofed, for which a broacl-mesh gr ld made of 14 guage
wlre is sul tabIe.

In areas wheae the so1l is porous or sandy the f loor
of an earth dan cart  be sealed l ,1th concrete or ptast lc
lr . lgatton sheets. A Layer of earth conceals this
a . t i f i c i a L  ! 1 o o r .

Draldage ls ef lected by a centra.I  pipe and the water
s i p h o n e d  o u t  a s  I n  r h e  p a e v l o u s  s y s t e n r .  T h e
dlsadvantages of earth danrs are that they requl.e a
larger volume of water to af low fo. seepage, ard
.equ1.e mo.e maLntenance. Earth dans cannot be

a  s y s l e m  o f  c o n s t a n i l y  c r r c u - a t i n g  w a - e r  l n e y
e v e n t u a l l y  b e c o m e  f o u l e d .  p a r t l c u l a r l y  d u r i n g  h o t
weatbea when f ,eeding rate is at l ts maxlrnunr.  Ideal ly,
one shou]d have only half  of  the avai labLe number of
pools occupled at a t1ne, so that they caJ| be used in
aotat lon. In thls system, the anlnaLs calr  be moved
to fresh pools when necessary, leavlng the 'usedi
poofs to be drained and aLLoued to dry out and bake
in the sun. After a period of rest lhese wi l l  be
clean and ready for use aga1n. (See Figures a and 5).
When the caocodl les are to be renoved from a.n ea.th
daln they wiI I  prove dl f f l .cul t  !o capture \r l th a hand
net slnce most wl l l  take aefuge in their  bufows. A
slmpLe capture method ls to nrake tubea faom 1 cnr mesh
wire nett lng about 45 crn in length whlch are f i rmly
pushed lnto the buFow entrance and thelr  bases Dacked
around wj. th nud. The tubes are t i l ted upwards at a
sl lght angle ancl helcl  1n place by prop-st icks. The
pool ls then dralned cordpletely and when the crocodttes
venture out,  they can be easl ly caught.

7 , \ d )  D o u b ] e - U n 1 t  C e m e n t  P o n d  S y s t e n

?hls system (See Flgure 6) was found to be the most
eff lc lent for management plr iposes. A naJo. advantage
1s tnat wlth t lvo ponds, they can be dralned and
ref l l .1ed on al ter.nate days, whlch 1s less stressful
to the crocoCll les whlctr  soon ]earn to move over to
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the ful l  pond when the other sta.ts emptylng.

Secondly,  the lnf towlng rater may be colde. tha.r |  ihewater 1n rhe ponds, so that by movlng to the fuI Iponcr,  the crocodl les are not subJected !o a sudden
chanSe ln tempeaature whlch 1s harnful .

Thirdly,  the design al1ows for normai dralnage ofponds, but the f loor of the pen stoplne towa;ds the
lowea sect lon wheae the overf low sklm welf€ are setlnto the concrete, al ]ows for better hyglene. The
ent l .e pen can be f t ,ooded so that the indlvidual
p o n d s  o v e r f l o v /  o v e r  t h e  p e r l m e t e .  I i p  a n d  g c e a s e ,
r a c  a n d  o 1 I ,  i s  s k i m m e d  o f f  t h e  s u r f a c e  o f  l h e  w a c e r
a.r ld the ent lre pen f foor hosed do\rn and cleaned.
?h1s imp.oves overal t  hyglene and reduces the
incidence ol  eye lnfect ions and fungal infect lons.

Wlth the gentty sfoped access area, the crocodites
can energe easi ly from the pond, and thls reduces
the . lsk of in ju. les caused by ,pi l in8'  when a
w o c k e r  c o m m e n c e s  s c . u b b l n a  r h e  e m p t y  p o n d  t l o o r .
r n e  a n L m a . r s  a - t s o  d o  n o r  a t r e m p t  r o  j u n p  o r  c l t r o
one ove. the other to escape from the pond. ap r 3 c t ] - s e  t h a t  r e s u l t s  i n  l n j L r . i e s .

Anothe. advantage is that dur ing cold weather or a!n1ght,  heavy transparent plasttc sheet ing can be
overlald on a f .amewo.k or potes ove. one ol  theponcls,  about 30 cm above the surface. This ralses
the- temperature considerabl,y and afso provldes
shelter f rom cold wind and eain

Note also that as wi lh rhe othe. uni ts,  the corners
a.e rounded and this reduces the tendency of
hatchl lngs !o fo.m pl les.

HAICI{ERY DESIGN

The hatchery nust be sl ted a eood ct lstance f .om the
rearlng ponds to avotd rne oanSer of ct isease cFans_p o r t e d  b y  f f 1 e s ,  a t t r a c c e d  E o  d i s c a r d e d  e g g _ s n e t l s
i i ! - l l  ! r1".  to fooo rn ihe pens. rr  must- iave a sunnyaspect and be si tuated away f .om footpaEhs and roadsror the reason Ehat developj.ng embryos are sensrt ive
ro vlorat lonr and undue dlsturbance near nesrs cErn



cause prenatuae hatching.

The hatchery of L1 n x 10 n i .s sui tabLe for
a c c o m n o d a t l n g  2 5  c l u t c h e s  o f ,  e g g s .  ( s e e  F i g . 7  )  I t
c a n  b e  c o n s c r u c t e d  o y  u s r n g  1 2  c n  d i a m e t e r  p o l e s '
s p a c e c l  a t  2 , 5  m  i n c e r v a l s ,  b u r l e d  E o  a  d e p t n  o f  I  T '
w h ! 1 e  p r o l r u d r n g  a b o v e  a r o u n d  t o  a  h e i g h t  o f  I ' 8 5  m .
calvanlsed wi.e 4 mm dlameter ls nal fed around the
franeerork of poles at roughly 30 cn levels between the
f loor al ]d the roof as a frame f ,o.  chlcken or bl .d mesh
( 1 . 5  c n  d i a m e t e r  l r l r e  n e t t l n g ) .

The wlfe netthg ls bur ied to a depth ol  60 cm around
the pe. imeter to exclude burrowing predators, and t led
r o  t h e  g a l v a n l s e d  w i r e .  A l o n g  t h e  r o p  o f  t h e  p e r i m e t e .
f e n c e  a  3 0  c m  s t r i p  o f  w l r e  n e r t i n g  p r e v e n t s  c r o c o d r l e s
froin cl lnbing out and escaping. I t  may also be
necessary to use r l , re cr iss-cfossed over the hatclrery
to exclude avlan predators.

The gates, 90 cm wlde anal
openlng at a height ol  60
the hatchery is lnspected
e scap 1ng.

about t  m 1n helght and
cn, can be lel t  open when
wlthout . isk of hatchl lngs

If  desired, the passaSeways nay be roofed ,r l th 70%
shade cloth, reeds, or paln leaves to provide shade
and shelter dur ing rain fo.  pe.sonnel checklng and
\ralklng ,r l th i .n.  Du. lng heavy rains and storms each
n e s t  s h o u t d  b e  c o v e r e d  o v e r  w i ! h  a  s h e e t  o f  p l a s t i c ,
c a n v a s ,  c u b b e r  m a r  o .  s i n i l a r  n a l e r l a l  e . a .  e m p t y
fe.t lL lser bag to prevent excesslve nest f loodlna
and loweaed nest temperatures.

The hatchery ca.r  be constr l rc ieC by using pLasl ic
s h e e r s ,  s h a o e  c I o r n ,  a  c h r c k  l a y e r  c f  c ? e d s  . .  t r c r . b o o .
o r  p o l e s  i f  w l r e  n e t t l n g  i s  n o t  a v a i l a b l e ,

9. LOCATION OF NESTS AND ECCS

9 . ( a )  F . o n  a  b o a t ,  c r o c o d l l e s  n a y  b e  s e e n  p l u n g i n g  o f f
the r iverbank or from lake shore at the approach of a
boat oa the sound of a motor and the sl te 1s then
invest igated.

9 . ( b )  C I a w  m a r k s  a n d  s c r a p e s  o n  l h e  r l p  o f  c h e  r i v e r -
bank caused by crocodi les emerging or enter ing watef
usual l .y lndlcate nest s l tes during the breeding season.

9.(c) walking along a r lverbank o. lake shore, crocodl les
may ei ther be found ]ying up owe. nests,  8ua.d1ng thern
from neaaby, seen rralklng or running off ,  or heard
crashing through the undergrowth or splashlng lnto lhe

9 . ( d )  N e s t  s l t e s  a r e  g e n e r a l l y  c h a r a c t e r l s e d  b y  a  b a r e
p a l c h  o f  s o 1 1  ( f o r  h o l e  n e s t i n g  s p e c ! e s 1  s u r r o u n d e d  b y
f lat tened vegetat lon. The surface soi l  is sonet lmes
found to be molst,  may have a strong odou.,  or lnpr ints
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Tapping with one
s u s p e c t e d  n e s t  n
eggs buried. Tr
dlst inguishable
surroundlng subs

However at color
femal,es may hav€
away rne grass c
1t becones more
rnetal ,  aod, such
and 4 mm in di.ar
P r o b l n g ,  l h e n  ! .
beneath the sur l
whethea 1t 1s a
thls method sav€

r claws |nay be seen.

s f lnSers on the surface and over a
y indlcate wheiher there aie 1n fact

reveabeaat lon above the nest 1s
aon the more sol1d, densely packecl

al  nest l .ng sl tes where several
l a i d  c l o s e  l o g e r h e n ,  o r  h a v e  s c r a p e d
vegetat ion sonre 2 -  3 m ln length,

i f f icul t  to locate the eggs. Here a
s 1s used 1n weldlng, some 40 to 50 cm
t e r  i s  u s e d  t o  p r o b e  t h e  s o i l .  B y
ping gent l .y on any obstruct ion
ce one carn quite easi ly dist lnguish
r o t  o r  a  c l u E c h  o f  e g g s .  E m p l o y i n g
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especlal" ly i f  t t
involves a cons:
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hatching and th€
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is wastefuf.  tac
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Co1lec t ion shoul
cooler hours of
I f  a nest has t(
do so as quickf)
the hot sand oi
the transport  cc

or cause prer latr ,

Each egg i,s nar!
! i p p e d  k o k i ,  b a l
was posit loned j
be placed at an
n e s t  s o  b o t t o m .
Each eAg remowec
poalt ioneci wlthc
f inal . l .y incubat€
found in the nes
l,ncubated accorc
lhen easler to c

- caoaklng aounds

c o  c o l l e c t  e g g s  s o o n  a f l e r  b e r n g  l a i o
Jou.ney back to the hatchery

--.ab1e dlstance over rough roads.
l v a n c e d  s t a g e  o f  : n c u b a t l o n  r i ^ e - e  : :
1 e  d e l i c a t e  i y s t e r  o i  o l o o o  v e s s - l j
i I t  . u p t u r e .  E x c e s s i v e  j 0 1 t i . n g ,
can also br lna about pienature

e crocodl. les have a poor su.vlval

is seldom possible to determine when
v e  b e e n  l a i d .  a p a r t  f r o m  o e s t r o y r r g
tch to examlne i ts contents and this
3ver lhe foi . lowing p.ecaut ions shoutd

prefe.ably take place du.tng the
1e eaaLy morning oa late afternoon.
ce opened durhg the heat of the day,
as posslble. Avold placing eggs on
xposed to the sun and pack them lnto
talneas, then lnto lhe shade as soon
LOnSed exposure can ki l l  the embryo
3 hatching-

1 o n  i t s  u p p e r  s u i f a c e  w i l h  a  f e t r
fornr or non-toxic pen to show how i !

the nest.  Some eggs nay be found to
:ute angle, alnost vert ical  to the
I top should be ma.ked accordingly,
end nalked 1s careful ly packed and
f rotat ing 1t,  t .anspo.ted and
1n the sane poslt lon as 1t was

. Each clutch ls kept sepaaate and'181y. Vt led hatchtnS coftnences 1t ts
termlne fron lvh1ch clutch the
rne, and thls el la inates the
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unnecessary disturbance of dlggtng up other eggs
that may not yet be fu] l  term a.r ld ready to hatch.
Also, so that i t  is easie. to calcul ,ate when aftea the
f l rst  hatchl lngs eher.ge faom a part icular c lutch, how
nany days the renaining eggs should be lef t  befoae
manua.I ly openlng these to assist  then io hatch.

TRANSPORT OF EGGS

Corrugated cardboard boxes, plast ic crates, wooden
boxes or polystyrene boxes are a1I sul table for egg
co] l ,ect1on. The lat tea type have the advantage of
belng l ightweight,  ! /ate.proof and maintain the eggs at

the boxes must contain slaaw, dry grsss, oa even
leaves, .ushes or aquat lc vegetat ion gatheaed near the
nest sl , te onto which the eggs are careful ly packed a]1d
wlth lhick padding bet, i reen each layer and between
lndividual egSs to cut down on movement or denrlng i f
eggs rol l  a.ound inside the box. The packtnA can be
l l b e r a ] I y  s p r i n k l e d  w ! c h  w a t e r  u n r i l  a l m o s r  s o g g y  : o
rnaintaln a high humidl ty 1n the box du.1n8 transport .
Al ternat lvely eggs may be packed in sand irom the iest
b u t  t h e  , / e r g h :  o f  a  i  r I L  b o x ,  : h e  d - : s c a n c :  : !  : a y  ' r a v e
t o  b e  c a r r i e d  f r o m  t h e  n e s t  s i i e s  i c  a  v e h l c 1 e .  b o a r .
c a n o e  o a  o t h e r  c . a i t  i s  n o t  v e r y  p r a c t i c a t .  A l s o  l h e
vlbrat ion during vehlcular or boat transport ,  causes
the sand to shi f t  leavlng the eggs to rub one against
another,  a.r td baeakages or dented eggs are the resutt .
O n c e  p a c k e d ,  e a c n  c o n l a i n e .  w l t h  a  s e p a r a E e  c l u r c h
nust be clear ly ma.ked! and a note of the dale of
col lect ion a] ld clutch size reco.ded,

For transpo.t  by vehi.c l ,e i t  1s essent ial  to 1ay at
least a 30 cnr thick layer of dr led grass or sln11ar
padding as a nattress on the back of lhe vehicLe io
cushion the bumping and jol t ing of t ! .avel ower rough
roads o. terrain. The boxes too should be f l rntv
wedged ).n posit lon. I f  necessatY with packlng bei! . /een
them to prevent movement of these.
Shade i .s again rhporrant and a vehlcle canopy is
useful ,  or cut,  weff- Ieafed branches may se;;e the

I t  l s  o b v l o u s l y  b e r t e r  ! o  r . a n s p o r c  e g g s  b a c k  t o  r n e
n a l c h e r y  a s  s o o n  a s  p o s s l b l e ,  b u c  r h i s  l a r S e l y  d e p e n d s
on prevai. l lng tenperatures. Suj. tabty packed eggs can
be lranspo.ted by alr ,  boat or road foi  severai  davs.
but when the tnterna] air  lemoerarLrres of the tran;port
boxes fa] l  to and betow tbe ?a-3OoC teve1, the.e i ;
l lkely to be a hlgh mo.tal l ty of  eggs.
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t 2 . PRE-INCUBATTON PROCEDURES

When the eggs have been transported to the hatcherv.
and before art j . f lc ial  lncubat lon starts,  the fol lo iv inqprocedures should be fol l ,owed:

1 2 . 1 ,  A  n e s t  . e c o r d  c a r d  f o r  e a c h  c t u t c h  o f  e g g s
c o l l e c t e d  s n o u l c t  b e  p r e p a r e d .  r e c o r d l n a  s e i i a r  n u m o e r .o a c e  c o r l e c t e d .  t o c a . L l t y  a n d  c t u E c n  s r z e -

12.2. The eggs from each clutch cot lected shoutct be
careful ly examlned for the fol lo1,tng: the number ofp i e . c e d ,  d e n t e d ,  f t a t t e n e d ,  r o l t e n  a r  c r a c x e a  e g l s ,
Rotten or addted eggs can general ly be derected b_yodou.,  a glazed o. dlscotourecl ,  opique, or greytsi l ,
btue-green shetf  cotou.at ion, or beCatrse f l l -se" eggiwetgh less than nea. l thy eggs, or because rhe con;;nrs
o r  c n e s e  s u s p e c t  e g g s  w n e n  g e n t l y  s h a k e n ,  a r A
o b v i o u s L y  f u l t  o f  t i q u i d ,  1 n  c o m p a r l s o n  t o  h e a l t h y
egas. HeaLthy eggs develop an opaque \ ,rhi te spot ;nthe upper surface withln aa hou.!  of  being l ; i ;  i i - 'they aie fert l te.  Eggs, or some of the eigs exanlrned
rn each clutch tha! do not show this spot-;ay be
considered to be infert i_Ie. Thls whtt ;  spo! extendsI a c e n a l l y .  a l ] d  f o r n s  a  c o n p l e r e  O a n O  t V  a o t u c  a  a a y s ,a n o  c n r s  b d n d  e x p a n d s  L l n r  r -  i -  : s  f  e " . .  " 1 . _ 1  - i9  -  1 0  d a y s .

I2-3. Record de;ai ts of the number of da,naged or suspect
e g g s  o n  t n e  n e s t  r e c o r d  c a r d .  A t l  c r a c k e d ,  p i e r c ; d
or rol ten eggs shoutd be removed f .om lhe clutch to beincubated because lhese wi l l  go .ot ten in the nest an;apa.t  f .om attract ing anrs anct var ious insects,  ca!contamlnate and spoi l  heatthy eggs, part icurar iy i fthey leak f1u1d onto ourers 6er6i  in i , , .  v"" i""""  i " .""rgrowrhs may devetop and sp.ead. arso s""."  * ; i ; ;  ; ; ; .*harnful  to heal rhy esss.

13- ARTI EICIAL NESTS

! i / i r h 1 n  t h e - h a t c h e a y .  a r t i f l c i a l  n e s E s  a r e  e x c a v a ! e d1 n  l n e  s o 1 - r  i n  p a r a t t e l  r o w s ,  a l l o w l n g  a  f o o r p a r h1,5 rn,wide.between rows, and spaclng ;ests I  ;  apart .A  n e s t  c a v l E y  o f  4 5  c m  t n  d l a n e t e r  t s  a d e o u a t e .  1 . " "for targe cturches and shoulct  be d"8 t ; - ; ' ; ; ; ; ;  ; ; ' 'about 50 cn. The esgs are then burted in tn!  saneposrt ion as found and .emovecl f .on the witd ne;; ; .Packlng eggs one tayer on top of the other att ; ; ;  fo.ana pronotes humidl ty.  The solI  shoul.d be osmp enouqnco squeeze a handful  into a form. The ctepEn a; ; ; i ; ; 'tne top layer should be burled betow the ;urfa;e 
' - ---

depends. on the sol t  rype. In heaw roan ."  
" i .V. 

.n.Vshoutd be 15 Eo 20 cm deep and tn f tne r lver 
" . i . rO 

:O "
! o  4 0  c m  d e e p .  I t  t s  a d v l s a b l e  1 f  p o s s r O r e  t o  b u {rhen ln the same solt type as was f;uid h the wii;.
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A sultabl .e nest telnperatu.e range is ln the.eglon of
280 to 34oC at an average depth of 30 cn. Thla shoutd
be checked at lntervals.  In the early norning anci at
two-hourly inte.va. ls ih.ough the day t i1 l  dusk- Froo
these temperature .ecordlngs i t  w1lt  be posslble to
establ lsh whether soi l  should be renoved, or addecl
over the nest s i te to achleve the deslr .ed nest
t e m p e a a t u r e . a n g e .

Each nest s l te must be ldent i f led by 1ts ser lat  number
arld preferably date of col , Iect iod ancl c lutch size as
wel. l .  Thls 1s essent lal  so that the p.ogress of
individual.  c lutches can be monltored e.g. the date on
which hatching comnences, as some eggs irom a ctutctr
may hatch earl ler than others, some prematurely,  whl lst
otnels may requlre up to an addit ionaL 14 days of
lncubat lon. ceneral ty,  once hatching commences and theh a t c h l i n g s  a r e  s e e n  t o  b e  n o r m a l ,  ! h ;  n e m a r n l n c  e s c s
a r e  n o t  l e f t  r o  r r c u b a c e  r o r e  E h a J |  I O  o a y s .  I i  t h e _
hatchl lngs a.e premature (1,e. wlth extended abdomens )the remaini .ng eggs may be lef t  up to 14 days, af te.
which period they a.e manual ly opened and;houtd
suavive even i f  st i t t  premature. Often perfectty
developed unhatched crocodi les becone entangted ,r i th
the unbi l j .cat cord wi lhin the egg and are unabte to
h a t c h  o u t ,  o f  t h e  a c t u a t  s h e t l  m a y  b e  a b n o . n a t l y  t h i c k .
l ]nless these eggs are opened the young wit l  pe. ish.
In areas of tow summer rainfa_t l  or ove. drouAht periods
i t  ts advlsabte to check the moistu.e contena of the
so1l of  one or two sarnpte nests weekly.  I f  necessary
che nests can be spr inkled hr l th wate. unt11 the sol ]
around t l ]e eggs is sui tably danp foa i t  1s essent ial
to nraintain a hurnidj .Ny levet in excess of 80% andp r e f e r a b L y  h i g n e c .  T h e s e  l n s p e c r r o n s  s n o u l c t  b e  o o n e
e i t h e c  i n  l h e  e a r l y  m o r n i n g  o r  t a c e  a f c e r n o o n .  I n  f a c c
even i f  the young are hea.d croaking in a nest dur inc
the heat of a very hot day, rather teave them ancl r : ;en
o p e n  t h e  n e s t  w h e n  i t  t s  c o o l e r .
As lncubat lon progresses, che egg sheLts ,nay crack
: I . : n " t y : t y  a n d  p i e c e s  n a y  p e e r  o f f .  p r o v l d i n s  r h en e s t  s o 1 . l  t s  s u l t a b l y  d a f l p  l h l s  ! s  n o t  h a r m f u t :  s h o u l d! n e . s o l l  b e c o m e  d r y ,  r h e  i n n e .  r u b b e r y  s k i n  o f  r n e  e c ew l l l . h a r d e n  a n d  a d v e r s e - t y  a f f e c !  h a t c i l n s  

" " . ; . ; ; :  

- " '

uneo out eggs sho\r ld be Enoroughly l rected Eo soften

The incubat lon period and nest tempe.atuaes vary fromone specles to another.  For the Ni le crocooire'_ l rom8 4  -  9 0 - d a y s  a t  2 a o  t o  3 z r o C ,  o n  a v e c a g e .  r h e
s p e c t a c l e d - C a ) . m a n  _ O  -  9 0  d a y s  a t  2 g o  t o  3 2 o c iA m e r i c a n  A l l i 8 a l o c  6 5  -  7 0  c t a y s  a t  2 8 "  t o  3 4 o c .  B u l
:nl  pe.1od of lncubatron depends on weather conct l t ionsand nest temperatures, and lncubarron may thus extendfoc up to 7 to ta days beyond the normal_ Derlocl .
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I f  a f te.  co l lect j .ng newly 1a1d eggs lhe normal
lncLlbat ion per lod lor  them elapses,  \ r l thout  any s lgn
of  hatchlng,  the nest  should be v ls i ted rwj .ce c la i lv
a n o  r n e  s u r f a c e  g e n t l y  p a t r e d .  T h l s  a c t l o n  o f t e n
tr lggeas a response faom the young who then comnence
croaking of  ye lp inS to lndlcate that  they a.e ready.
The soi l  is  then sc.aped away and the haichl ings
pl .aced lnto sui . tabte conta iners and renoved t .on lhe
hatcheiy.  The reason for  lh is  1s that  othef  nests of
eSgs not  qui te .eady,  may a lso be st lnulated to c .oal
and when dug up are found to be paenature.  Eggs that
do not  immedlatety hatch may be covered over  aealn
a ' r l d  t h e  p a o c e d u r e  r e p e a E e o  o v e r  s u c c e s s l v e  o a y ;  u n E i I
e i ther  they do hatch naturat ty ,  or  need !o be manuat lv
opened.  Thr ,s  is  the .eason why nest  recoro cards.
.ecordlng dares,  numbers natchect ,  and rhe number of
eggs renain lng ln  each cLutch,  are essent la l  to
management.

No at tempt should be made to break the umbi l icat  cord
o f  a  h a t c h l i n g  s t l l I  a t l a c h e d  t o  t h e  e n p t y  e g a _ s h e l t .
T h i s  c o r d  w i l l  s o o n  d r y  o u t ,  b e c o m e  b r i t t t e  a n d  s n a p
o f f  o f  i c s  o l j n  a c c o r d .  A f t e r  o p e n r n g  a  n e s r  a _ I  c h e
egg shel ]s ,  rot ten eggs or  dead enbryos nus!  be
renoved f rom the hatchery as wel l  as soi l  i rnDrecnated
w i : h  f l u i d s .  : o  a v o : d  d - : r a c : . n d  : n s F c L s .

I n l t i a l  t r l a l s  i n v o l v i n g  c o l L e c t i o n ,  t r a n s p o . t  a l r d
a r t l f l c i a l  i n c u b a t i o n  o f  e g g s  a s  d e s c r i b e d ,  . e s u l t e d
!n a hatchidg success of  76,62% ar .d wi lh  exper ience a
hlgher  percentage shoutd be feasibte.

14.  POST I {ATCHLINC CARE

Hatchl lngs are nornal ly  kept  for  at  least  24 hou.s
befo.e being p laced in the rear tng pens,  and then only
l f  the umbi l icus has cornplete ly  c tosed and the cord
has come avlay c]ean]y.  Any that  may be premacure
( s h o w n  b y  t h e  e x l e n d e d  y o l k  s a c )  a r e  r e t a i n e d  r n r . i l
such t lme as the yolk  sac has been absorbed and lhe
u n b l I l c u s  c l o s e d .

I t  is  advisable to malnta in these newly hatched animats
in a d.y roon or ,  i f  1n an outdoor enclosure,  lh is  must
be predator  proof ,  and at tow for  sunt ighr  as wet l  as
a.r t  adequate area of  shade.  Newty hatched and young
crocodi les tenct  to  for .m pi tes and death by suf focai ion
connonl ,y  occurs i f  too many are p laced 1n one aaea.
Smaf l  conpartments houslng a naximun of  AO to 30
hatchl lngs e l lminates th is  hazard,  ancl  a lso makes i t
easier  to  grade the crocodl les ln to s ize Sroups.
Hatchl lngs f ron young f ,emales may only me,sur ;  A5 cm,
wht ls t .  Iarger- females Iay lng b18ger eggs can procluce
.r4 cm . tong ot  r  spr inS.

The f loo. of  the post
clean as posslble and

h a t c h l l n g  a r e a  s h o u l d  b e  k e p t  a s
tho.oughfy rasbed w1!h a strong
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solut lon of Potasslun pernanganate or '  chlor lne ancl
scrubbed al ter renoval of  each group of young, as
unbi l i ,cal  lnfect ions are a cause of mortal l ty of
newly halched yolrng, As a precaut lon the umii f lcal
area of each hatchl lng can be sprayed wlth Cent lan
Violet aerosol when they cone in f .odr the hatchery.

POST HATCHLING I,IORTALITIES

Mortal l ty of ten i .s refated to enbryo devetopnent
causecl by too Lol l ,  or too hlgh tenperatures durtng
incubat ion. I t  appears to .un in cLutches anct
heredltary factoas may be responslbl ,e.  Eggs lncubated
at hlgh tenperatures of 35oC and over may ,roduce
hatchl lngs wlth arched or Iateratty twisled sprnes,
spl .a]  tal tst  stump tai ls and Jaw defo.rni t les. ert  i r
lhe farner has cottected wl ld laid eggs atready in an
actvanced stage of devetopnent,  f ron nests inadeouatelv
c o v e r e d  b y  s o 1 1 ,  h e  h a s  t i t t l e  c o n t r o t  o v e r  t h e  

- p r o g e n y

faom these e8gs.

Likewlse, a high p.oport lon of embryo fai lures , iav be
a t t r l b u t e d  ! o  t o v /  n e s t  r e m D e r a r u r e s  a s  w e  a s  h u ; i d . : . , .
Levels and the impo.tance of incubat ing w1:hin ihe
recoftnended range - part icuta.ty safegua.ding againsr
sudden f luctuat ions of temperatures, cannot be over_
empnasised,

16. STOCKING RATES

The.e is usual ly a tendency on co.rnrerclat farms to
over-stock .ear ing pens. This teads to greater
conpet i t lon fo.  food, an increase in f lg i t lng and
9 : l l y i l g  p y  l h e  s r r o n g e r ,  n o r e  a g g r e s s i v e  r n d i v r d u a r s ,
w n r c n  l n  t u r n  . e s u ] E s  r n  a  g r e a t e r  n u r b e r  o f  i n J u r r e sand eounds €nd possibfe sources of wound lnfect ion;.
A louer,  oa sensible stocklng aate aesul, ts 1n a f toreeven-grolr th rate pea crocodlte,  but most important isthe fact that the overal l  health of t rre croi :oaf: .es isof a hi.gher standard th€n in an ove.crowded pen. Thusdlsease paobfens aae reducect anO ttre symptorns easierto detect,  as are inJu.ed aninals in a- s;atfer gr-up.
Joanen and McNease (1929) a.Iso comment that careful
attent lon nust be glwen to keeping stocking clensl t ies
: . , . _ : " 1 :  r e v e r , - 1 . e .  n o  n o r e  l h a n  o n e  a r r i s a r o .  p e ru , 3  m '  p e r  a n l m a ] .
F o r  9 1  n i l g . t i c u s  o p t n i o n s  d i f f e r .  B ] a k e  (  1 9 7 4 )conslcrers that each young of the year shoufd havea v a r t a b t e  a  n l n l h u m  a f e a  o f  0 r o 9  r n ? .  A f t e r  a  v e a r .u , l a  m ' .  V a n  d e r _ R i e t  ( 1 9 9 2 )  p r e s c r l b e s  a  s t o i , t  i n c

. denslty of 0,56 nr,  per €nlmat.
The stocklng denslt les as clescr lbecl  for types of oensrecomnended herein for c.  

" l lg j lscg 
were iouna to ue

l4o
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An advantage of houslng young stock tn inci lwidual pens
from 5 !o 8 m apa.t ,  as opposed to poncts adJacent io
one anothea, is that there 1s }ess danSea of an
infect lous di ,sease spaeading rapldty from one pen !o
another,  The cteaning of pens, the staess and
disturbance when captur inS s1ck, ln jured, or s ick
aninals for grading puaposes and transfer !o other
pens, ls much reduced.
But 1n. the plannlng and deslgn tayout of t t le .ear ing
pens the cost factor has of couase got !o be considered.
Even so, there shoutd be addit lonat pens at loweci for
inlensive care of stck, in jured or weake!,  aninrats.  no
m a t t e r  w h a t  o v e r a l l  l a y o u r  ! s  d e c i c l e d  o n .
I t  is essent lal  to naintaln a registei  of  nunbers of
a n i m a l s  p e r  p e n ,  i n c l u d l n g  m o r t a l i t l e s ,  a n d  a l s o  t o
keep track of numbers and movements when anlma]s are
size graded during the f i rst  yea. of grovrth.

The dlet,  growth and nut. i t ionat requi.enents of rhe
N i l e  c r o c o d i l e  h a s  b e e n  r e p o r t e d  o n  i n  n u n e r o u s
p L b L i c a t l o n s  d n d  c n e  o i e t a r y  d e f i c r e n c l F S ,  o j s e a s e s
a n o  e r r e c r  o n  g r o w t h  . e p o r t e d  o n  i n  s o n e  d e r a r . t .
T h e . e . a r e  b a s i c a l l y  t w o  c l a s s e s  o r  s l z e  g . o u p s  o fciocodl les for the conmercial  tarme. to be cbncerneO
about.  These are:

. a ) - H a t c h t l n g s  a n d  u p  ! o  t h e  1 , S  d  s l z e  g r o u p
r e a d y  f o r ' c u l t l n g  a n d

b) Adult  breedlng stock, or those anina.Is in
e x c e s s  o f  2 , 5  n  i n  r o c a l  l e n g t h .
In the naturat state the f1.st  g.oup subslst  on aqual ica n d  s n o r e - I i n e  i n s e c t s ,  s p t d e r s .  s n a i t s ,  l a o p o t e s ,
i i : q :  t l d  f l s h  r r v .  L a t e r .  t a k r n s  c r a b s .  s n r r m p s  a n dprawnsrrrogs and f lsh as yeI.L as some of tne sml: . ter

AduLrs.on the other hanct reqLrire a much .Larger vo_une
or tood and tn nature wou-id take a grealer percenrage
of f lsh, c.abs, .ept l les, bircts aj lo maJnmals _ froms m a l l  t o  q u i ! e  l a r g e  p r e y .  I n  f a c r ,  a  c o n s i c i e r a b t e
c n a n g e  r n  d i e t .
For the commerciat falner who may house uf,  to 3OOO _5 O O O - c r o c o d l t e s  1 n  c a r e g o r y  ( a )  j . !  t s  a ] m ; s t  ! m p o s s i b l eEo oola.rn. or even approxtmate t l re dlet and volume ofrooo nonnral  Ly eaten by chese young anrmals. seve.al  ofus nave t . ied vaalous kinds of lnsect and ] lght t raps,
: l :, I1:l-:9T:yh"! unsatlsfac!ocy resurrs. r6e rarslsca.r_a oreedrng of nealu/orms, crrckets, f resh walersnarls,  f roSs such as platannas, f lsh etc.  are a] lscnef ies lhat have been thought of f rom l tme to t1me.arr are tabour lntenslve, and at best ! , ,outd be a
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vaLuable dletary addltl.ve to feedl.|1g a few thousand
hatchl ings -  but neve. by $e18ht be suff ic ient to feed
a laage populat lon al l  year round.

Sorne crocodi le farmeas are fortunate ln that they l lve
alongslde lakes, . lwers and pa, ls \ i rhere f lsh can be
readl ly har.vested or where f lsh can be farmed. Others
l ive 1n aaeas cl inat ical ly unsultabfe for f lsh farmlne
:rnd are lnus depenoanr on art i f rc lal  foods. In thls
category are lncluded poultry in a var iety of forns.
Day-oId chicks, brolLers, adult  fut ly feathered or
plucked blrds etc.  Usualty the nortal l t les fron
poultry farms - cul ted hens or deep f ,rozen chlckens
that have exceeded shet. f  l1fe.

Secondly,  var let les of comnerclat ly avai lable sal t
water f lshes can be purchased faon t ine !o t ine froo
the faige. distr lbuto.s,  at  falr ly .easonabte Arices.
But,  I lke the poultry industry,  the suppl les are
]1kely to be seasonal and cannot be rel led upon.
The third category ls that of  red meat,  which inctudes
h o r s e s ,  d o n k e y s ,  b e e f ,  g o a t s  e l c ,  T h l s  i s  a t s o  n o t  a
Suaranteed supply,  usual l .y the most expensive food to
buy and deep freeze facl l i r les for butk consienments
m a y  b e  n e c e s s a n y .  O t h e r w t s e  E r a n s p o r r  a n d  L a b o u r
ccsts can be very high mereLy to process a srnai!

Most of ihe commerclal  farmers f ,eed a butk diet or-
poul!ry -  and lnclude a certain amount of of tal  such
as lungs, oesophaegus, spl .een and donkey meat.  A few
h a v e  a c c e s s  t o  v e n l s o n  b y - p r o d u c r s ,  b u t  t h r s  i s
nonnal ly low A.ade food.
Nut! : i t ional def lc iencles result  f ron these diers. The
most frequent ly encountereci  belng calclum cief lc l ,encies
from feeding a mono diet ot  chicken, I t  ls also
doubtful  whelher adults extract suff ic ient catclum from
chlckens alone foa egg product lon and calclun in sone
forn shoul,d be added.
Bone meal oa carcass meal whlch is inexDenslve and
c o m m e r c l a l l y  a v a l l a b ] e  1 n  2 5  k g  b a e s  h a a  o e e n  f o u n o  t o
be sat isfacto.y.  Lack of catclun in the cl let  may only
becone apparent 1n young stock towarcls t l re end of their
f , l rst  yeaa and is often i raeversibLe. Conrnon synptoms
are permanent poster i ,or paraLysis,  k lnking of the spine,
uner 'en growth of the Jaws, and f ,a: tu.e to recenerate

Another '  Frobfem frequent ly encountered is gout.  Thlsj ,s often caused by overfeedlng.rno encounteaed more
conmonly during the winter months. I t  ,nay be caused by
fatty fooals -  some breeds of pouttry seem to be
palt lcular ly fat ty or f rorn o1ly f1sh. I t  1s
aecomfiended that fat shoulct be cut from red neat
poftLons when feeding to crocodi les.
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Coulson and Hernandez (1983) descr lbe the metabol ic
depression that occurs \rhen temperat l raes fal t  to below
20oC. The aninrals then cannot synthesize protein
eff ic ient ly.  Gout ensues, normatty seen as pa.alysis
of the 1lrnbs, enlarged or distended t lmbs and dlgi ts,
and unless food 1s withheld unt i l  the aninat recovers,
a n  a c c L m u l a t i o n  o f  u f a t e s  c a n  b e  c t e p o s l r e d  r n  t h e
kidneys and lolnts leadlng to organ natfunct ion,
locornotory di f f lcu]t les, and eventual ly no.tal i ty.
Bloat is very sln11a. and no food should be offe.ed
unt l l  tne antmals .egaln a nornal appearance.
l l t / a l l a c h  a n d  H o e s s t e  r 1 9 6 a  . a p o . t e d  f i o a t a l i t y  o f
a] l1galo.s fron steat l l is.  In al l  cases the cause was
attr ibuted to low vl taf i in E content in the diet
compounded by the presence of a hiah percentage of
Iong chain pofyunsatu.ated fatty acids o. rancld t lsh
o i l s  i n  t h e i r  d i e t  o f  s n e l t ,  a  r n a a l n e  f i s h  s D e c i e s .
T h e y  f o u n d  e v l d e n c e  r h a -  . a n c i o  o r  u n s a r u r a t ; o  f a r r v
a c i d s  o x t d r z e  v l t a n l n  E  m a k r n g  ! E  u n a v a l l a b l e  - o  t n ;
anlnaL. Vitanin E has the funct ion of Drevent inc
o x l d a t l o n  o f  a d i p o s e  t i s s u e .

L a n c e  e r  a I  ( I 9 8 3 )  a r e  o f  r h e  o p l n r . o n  E n a !  a s  _ n
other aninals fed dlets of marine f1sh. .eDroduct ive
f a r l u r e  a l m o s c  ! n v a r i a o l v  o c r u . s  a r d  r h i s . s
a t t r l b u t a b l e  ! o  a  L o w  v i t a n i n  E  l e v e l .  T h e v  D o s t u t a t e
L h a r  a n  a n j . m a l  t h a r  p . o o u c e s  a  c l u t c h  o f  r o  - , 1 o  e e g s
each welghi.ng approxlmatety 60 g in one night,  wou.Ld
have to nobl- l . ize a considerabte arnount of v i tamin E to
en€u.e embryonlc survival  of  the ent ire ctutch.
Seve.e vi tamin E def lc iency is fair , ty comnon in
c . o c o d i l i a n s  h e l d  i n  z o o l o g i c a t  c o l l e c t l o n s .  T w o
p a l r s  o f  M o r e l e t s  c r o c o d i l e s  C .  n o r e t e t l l  h e t d  a t
Atlanta zoo lalled to proouce-iTEETE-6ffi utiL taken
o f f  a  d i e t  o l  n a r i n e  f l s h  ( H u n t  t 9 8 O ) .
McNease and Joa,.ren (1981) .epo.ted that a var ietv of
q u a l i r y  f o o d  i n  t h e  c l . i e t  i s  b e r t e r  t h a n  a  n o n o o i ; t .
And that f ish a. lone oay not be sui tabte for a hlch
d e g r e e  o f  r e p r o d u c t i v e  s u c c e s s  t n  a l l i g a r o r s .
one of the quest lons to be answered is {What is the
dif fe.ence 1n patat lbl l i ty and nut. i t lonat value
between deep-sea, nar ine, estuarlne al ]d taesh wate.
f ish species?n In warious tr lats conducted, i t  was
found that a deep-sea f lsh known comnie.c:attv as' s n a l l - J a c , ( s ,  w a s  c o ! a . l L y  u n a c c e p t a b l e  r o  a r i  s i z e
and age classes of crocodifes. Even though the anlnals
we.e deprlved of any food for.  sone days pr lor to the
t r i a L s .  Y e t ,  o t h e r  s p e c l e s  o f  ' s a t t w a t e ; ,  o r  ' n a r i n e ,
and/or estuarlne f ish species such as muftet,  grunter,
pe.ch, kob sl inger etc.  were very acceptabte. (See
P o o l e y  1 9 8 2  )  .
A marlne species known in the commercial ,  t rade as'Hake-no. 6 '  was readl ly eaten and obvlously acceptabte
to al l  s i ,ze and age classes of crocodl les.

143



l l /hat of  f reshwater specles? Is there any dl f fe.ence 1n
nutr l t ional val ,ue betrreen the va. ious indlgenous specles
!n our lakes and r1ve. systems? Apparent ly the.e 1s,
for accoidlng to Blake (1974) an analysls of the naln
food (vundu) a catf lsh ( ln Zlmbabwe ) Heterobranchus
lons1f111s sho*ed 1t to be extrenely Low 1n vl tamins,
especial .Ly vl tamrn A. The fLesh was found to have a
h r g h  f a t  c o n t e n !  w h i c h  l n h 1 b 1 t s  t h e  a b s o r p t i o n  o f  f a t
c o n t e n r  w h l c h  l n h i b i E s  t h e  a b s o r p t l o n  o f  f a t - s o l u b l e
vl talnlns, such as A, D, E and K. Thls sugSested that
the hlgh lnci .dence of enter l t is on Zinbabwean farms was
caused by a low nutr i t iona. l  diet  and consequent lack
o f  a e s i s t a n c e  t o  e o t e r l t l s .

I n  R e  i  c h e n b a c h - K ] l n k e  ( 1 9 6 5 )  c o n t a i n e d  i n  B r a k e  ( 1 . 9 7 4 ) ,
nent ion is nade that a lack of v l tanin A can inhibi t
the act ion of the tear glands from producing the sal lne
wash which normal ly lubr icates the eyes and nasal
passages of some rept l Ies.

I n  o t h e r  w o r d s  v r h i t s t  a  d l e t  o f  f l s h  s u c h  a s  c a t f l s h ,
t1lap1a, t lger f ish, mudflsh and kapenta nay be suitabte
for growing out young stock, f lsh are not sui table for
adult  animals. Behler and Joanen (1980) also commented
that a change ln dlet f rom marine f ish to an equal
dlxtu.e of f ish and a sma]l  na.sh aninal,  Nutr la,  pius
a mult iv i tanln mlneral  addit ive dramatlcal ly increased
f e a t l l l E y  r a t e s  o f  C h t n e s e  a l I . L g a E o r s  u n o e r  s t u d y .

Several  workers have conrmented on the inportance of,
nlaintal ,r l lng young stock at high temperatures e.g. 1n ihe
30 to 32oC .ange. In control led rea. lng units or open
ponds where anlnals ale ly ing on a col ,d substrate such
as cement,  rheie temperatures may fa11 to as low as 2OoC
ove.nlght!  problens are bound to occur.  Food lntake is
Sreat ly reduced. The act lon of certaln dlgest iwe
enzymes and body metabol ism is impa1.ed. Digest ive
disorders generalLy lead lo a loss ln condit ion and
quite frequent ly to a suscept lbl t l ty to bacter lal  and
even .espiratory lnfect lons, part lcula. ly i f  tempe.atures
f luctuate conslderably between nlght and day.
Anothe! problem encounteaed 1s that of  nutr l t ionaf toss
of l rozen foods th.ouSh lncorrect feedlng methods. In
this case red neat was frozen 1n large blocks 1n open
containers at nlnus 3O.C. Da11y a bLock of neat was
removed, thawed unt1l  suff lc ient f ,or a meal coutd be cut
off  fo.  lhat day's feedlng, tren lhe block retu.ned to
the deep f .eeze, and thls was repeated loa several  days.
The outea layer of meat was freeze buaned. The loss of
blood and f , lu lds was considerable al td af, ter some six
weeks of lh ls pract lse, seven-month-otd a.r t lmals
developed paralysls of the hl .nd 11nbs, a bunching of
nuscfes over the lowea splne aj ld 1n severe casesr arching
of the spine, Death occurred from drornlng.
The slck anlnals .esponded .apldty to lnject lons of
vl tamln 81 and paralysed anlnals regalned the use of
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thei .  l inbs- I t  is reconnended that a] l  f .ozen food be
packed 1n strong plast ic bags to retain f lu ids ancl !o
avoid faeeze bu.n, that food should not be thaweal
qulckly by lmmerslon in hot water -  a process that atso
leaches out nutr lents and the use of fans to thaw fooci
is reco.rmended. Part lal ly f rozen foocl  shoutd of cor,rase

As Foggin (1981) and others have poinred out p.otonged
u s e  o f  a  m o n o d l e t  i s  t i k e l y  t o  l e a d  t o  d e f i c i e n c l e s :
l ly personal reconmendation is to leed a diet of  SO% red
m e a t  i n c l u d l n g  l i v e . s  a n d  h e a r t s  i f  a v a l t a b t e .  2 5 %
poultry and 2594 frsb,.  r^ 'hol .e day old chlckens a.e
recomnended for young slock and easity manageable pieces
of bone lor adults,  Ca.e shoutd be exerclseci  wlth r ibs
and these should be chopped into sna]t  sect ions as thev

s w a l l o w )  n g  p r o b l e n s .
tr ied tbe ,al l igator premix'  reconmended by McNease and
Joanen (1981) the fol towing is the fornuta. Added to
the food at the fate ot 1%:
S p e c  i f i c a t i o n s

Vi tanr in E
Ribof lavin
d-Pantothet lc Acid
Niac Ln
Chol ine Chlo. ide
vi tanin Bt 2

B l o t i n
Pyrldoxene Hydrochlor ide
Menadione Sodium tsisul f l te
Thi.alnine mononit .ate
I n o s i t o l
Pa.a-Amlno Benzoic Acid

Ethoxyquin

Per  1  ] b .
1 ,800 .000 .00  usP  u

200 ,000 .  oo  I c  u
5 . O C O . O C : - . i

1 . C 0 0 , 0 0  u c
2 . 7 6 0 . O 0  c

4. 50 cl.l
8 6 . 4 3  G M

1 . 3 5  M C
90.00 l lc
2 0 .  o o  M G

1 ,  O O O .  O O  M c
4 . 2 8 3 . 0 0  l ' l c
L . C O O . O 0  M G
5  .  O O O . 0 0  l l c
5 . O O O .  O O  M G

4 5 . 0 0 0 . o 0  M G
5 , 0 0  c M

Any crococt i te  farmer w1] t  know that  h is  aninals  .esDond
to l1ve prey such as f .esh f ish,  wl th t remendous
entbusiasm. Hatchl lngs 1n par t lcuta i  can be induced to
commence feedlng more easLIy by feed. ing I j .ve prey tnan
o y  p ] a c l n g  c u t  u p  o c  m i n c e o  f o o o  a c  E h e  w a t e c s  e d g e .  I )
/ r ' y  m i n d  t h e  l r i n c l n g  o f  f o o d .  w h r l s !  l e s s  l a b o L r .  i i r e n s r v e
l n a n  c h o p p i n g  t t  u p  i n l o  s m a l l  p i e c e s .  o f  c o n r e c !
p a r t r c r e  s l z e ,  ! s  n o t  s a l l s f a c c o r y .  T h e r e  i s  a
consrderable loss of  f lu ids,  the animals tenct  to  t ra,nDle
i t  and then cannot  p ick 1t  up.  I t  a lso c.eates a
g.eate.  deal  of  foul ing,  c .eates nrore work ln  mainta lntnc
p--n hygiene and consequent ly  can tead to bac te r i ; i  

' ; ; ; - - - '

c l lsease Drobfeos -

There 1s an argument  as to the mer l rs  of  feect j .nc Dout l rvp l u c k e d ,  o r  w h o l e  a n d  c o m p r e i e r y  f e a t h e r e d .  C ; ; . ; i ; - - ' '
compact ion cern occua f ron accumulat lon of  featheas
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whlch belng l ight do not afwaya pass easi ly through the
s y s t e n ,  b u c  t h t s  h a s  n o t  y e t  c a u s e d  p r o b l e m s  ! n  m y

feed sna1l anl tnals l .1ke .abblta and gulnea pl .As has
surp. is lngly not been lr ied on any scale and thls would
be a valuable addlt lon to any dlet.  Presunably though
these animals a.e conmerclal ly too valuable to feed io
c . o c o d 1 l e s .

However when one consldeas the cost today of an adult
f e m a l e  c r o c o d i l e ,  l h e  f a c t  t h a t  s h e  o n l y  p r o d u c e s  o n e
clutch of eggs annua11y, that the eggs may al l  be
i n f e r t i , L e ,  o r  t h a !  s h e  d o e s n l t  L a y  a t  a l ]  b e c a u s e  o f  a
d l e t  d e f ! c i e n c y ,  E h e n  t h e  f e e d l n g  o f  r h e s e  a n i m a l s  n a y
not be as expenslve as 1t seems.

Flnal ly,  l t  seems lhat of  al l  the pfoblens tha! can occur
1 n  c o m m e r c t a l  r a r m l n g  o f  c r o c o d i l e s .  o u r  I a c k  o r
understanding of what const i tuies a balanced diet is
paobably the avenue requir ing the nost research. I !
also seems that as ln nature where al l  s lze g.oups of
c . o c o d i l l a n s  f e e d  o f f  a  w i d e  v a r i e t y  o f  o . g a n i s m s ,
c a p t l v e  a n i n a l s  r o o  s n o u l d  b e  f e d  w n e n e v e r  p o s s r o l e  r n
the sanle nanner.

18, FOoD PREPARATIoN

I n  p r e p a r ! n g  f o o o  i !  r s  i n p o r r a n L  - o  c e d u c e  - -  L o
pieces that can be swal lowed withou! di f f icutty.  La.ge
f, lsh should be cut lnto elongated .athe. than squa.e
pl,eces since the bones can cause damage du. ing swatlowlng.
Sinl lar ly,  Live whole f ish shoutd not be too 1a.ge les!
the dorsal i lns cause drmage to lhe .ept lLe's throat and
gul let .  Befo.e deep freezlng large f lsh shoutd be
scaled and gulted, their  heads and f ins removed and
washed before belng deep f .ozen. The heaais and I lvers
a.e excel lent food but feeding of intest lnes and othe.
lnnards is not recomrnended.
Al l  food must be comptetely thawed out before feedinc
a] ld surplus, or uneaten food must never be re-f .ozen;
since repeated thawlng pennlts bacter la to mult iply
rapldly so that eventual ly the crocodl les are being fed
bacter ia- laden contarninated food.
The concrete slab should be hosed down and scaubbed \r1th
ha.d b. ist le broons after food processlng.

A sprhg balance ls useful  for welghing food and a record
book for recording lhe date, prevaj, l lng a1r tenperatufe,
f l rass fed, pen number, percentage wastage, and remaaks
ts moat lnportant.

19, FEEDINC

The nost
- food that

deslrable method 1s to est inate the amount of
each 8r.oup lvill consume at each neal. bv
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establ ishing a regufaa patte.n, feeding at the same t ime
each day, i t  becones easler to calculate how much 1s
required, part icular ly when lhe nass fed, and anount
wasted per pen 1s weighed and recor,ded. The crocodl. tes
Oecome accustoned to the rout lne and food is then
consuned whl1e st i l l  f resh. In the hot surnmer nonths
crocodi les w111 feed dalLy, but feedlng .ate wlL] stacken
off  torards the onset of the cotder months when
temperatu.es start  to f luctuate each day. I t  is then
wise to start  reducing the feedlna frequency a..rd
quadt i t ies fed unt l l  food 1€ .equlred perhaps only eveay
second or thl fd day, according to locaL cl tmatlc
condit lons. Gene.al ly young crocodl les !r1I t  refuse fooct
when the air  o.  water tenperatu.e fat t6 betow 60oF
( 1 5 , 6 " C )  a n d  i t  i s  w l s e  ! o  d l s c o n t i n u e  f e e d j . d g  r h e n ,  a s
cearaln enzy'nes necessary fo.  dlgest ion are not act ivated.
Even in m1d-sunner sudden cotd spetts may occur and at
these l lnes i t  ls not worthwhite offe. inc food. o.
t .y lng ro coax tnen inro feect lng unri l  t ie weaiher.  wa.ms
up again.

During hot \ , /eather condit ions i t  1s p.efe.able to feed
1n the late afteanoon o. evenlngs, af ter the animafs
have basked, their  body tenperatures are raised, and they
wi 1l  be hungry.

T h e  u s e  o f  f l a t  p l a n k s ,  o r  s i n i i a r  i e e d i n g  b o a r d s  r e s u t t : s
in l .ess wastage of food, cuts down on rhe anount of
uneaten lood lhat remalns in the sand, gravet or g.ass
verges of the ponds, which soon becones contaninaied, o.
el imlnates the p.oblem of spreading food out onto the
not cemented perineter of the pond, which is obvioustv
a n  u n d e s i r a b l e  p r a c  c i s e .
When feedlng, the boa.ds should be spread around thepool pe. imete. (up ro 8 to 10 indlwidual boards) so thatlhe crocodlfes do not have to cl lmb over one anothe.,  orc o i n p e t e ,  b l t e  o r  f i g h t  u n n e c e s s a r i l y  t o  . e a c h  i t .
Because.of the more rapld evening Eenrperalure drop 1nw i n l e r  i t  n a y  b e  n e c e s s a r y  r o  f e e d  a E  a n  e a r l - e r  h o u r
or tne al ternoon-

fn cemented ponds the aaea wheae food is laid out shoutd
be cleaned and sc.ubbe<i daity and any uneaten fooci
renoved faom the water with a handnet,  whl1e in the earthponds, i f  these a.e stocked wlth scavenger f ish, lh isp r o b L e m  i s  s o l v e d .

REAR]NG AND HYGIENE

Young crocodi les are moae del lcate lhan ls general ly
real.lseal and a thorough knowtedge of thelr Eehavi;;; andrequlreoents under capt lve aat l f lc lal  condlt lons isessent laf  1f  reaalng 1s to be successfut,  Ma.|ry dlseasesymplona are easl]y overfooked 1f the observer ts notram!,r ,1ar with the normal behaviour of caocodrles uncter avarlety of condlt lons. I t  ls essent lal  to know how thev
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normal ly walk!  swin, bask, thermo- re gulate ,  s leep and
feed in relat ion to the t ine ol  day, the ai .  and water
temperatures, and du.1nA cold condlt lods, raln and at
nlght,  and how thelr  behavlour may change at dt f feren!
seasons of the yea!.

The no.e t l rne the owner or f tanager spends observlng the
anlna]s, the greatea are his chances of successful ly
.ea. ing them. He wiLl  soon oot ice that f fom a clulch
of eggs hatched, sone lndividuat s wl l l  be agSressive,
otheas less so. Others may be shy and sohe extredelv
t i m i d .  T h e r e  n a y  b e  a  c o n s l d e r a b l e  d i f f e . e n c e  i n  s l i e
range, The grovth of sonre wi l l  be .apid, lhe major i ty
at a fair ly eveo rate and that a few hardly grow at at t t
and may be classed as runts.

The regular grading of.aninals lnto slze ctasses is
lnportant to el i in lnate unnecessary bulty ing whlch can
Lead to slunted g.oeth of the weaker animals. iut  1t
must also be bo.ne in mind tha! the young a.e extrenety
s e n s l t l v e  t o  s t r e s s  a s  f r o n  l o u d  n o i s e s ,  s u d d e n
dlsturbance, excesslwe movement and act iv i ty in r :heir
p e n s ,  a n d  e s p e c i a l l y  f . o m  h a n d t l n g  a s  l n  c a p t u . e  f o .
measurlnS, gradlnS or movlng to other quarters.
An advantage is to train staff  , rho work dai iv with the
anina]s and who by experience Learn io recosnlse aor
i n s E a n c e .  r n e  a p p e a r a n c e  o f  n o . r a -  f a e c e s  f i o r  r e a r r n v
a n l m a f s ,  a s  o p p o s e d  t o  d i a r r h o e a  i n  s i c k  s p e c i m e n s ,
Who da1ly prepa.e the food into port ions of sui iabte
slze, ensu.e that the food is fresh, rhat uneaten food
is remowed fron the ponds, and that water 1s chanced
regutar ly ard rhe ponds scrubbed cIean. rne enpnisLs
should be on observing str lct  hyglene to the exient of
using only one scrubbing baush oa broon and the same
feedlng boards per pen. AIso using footbaths containing
a strong dlsinfectant at the door to each oen to
e l i m r n a r e  r h e  p o s s r b i l i r y  o f  c . o s s  t r a n s f e r  o f  b a c - e r l a .
Even wlth the str lctest of  hyglene procedures, young
crocodl les are st l l t  suscept lbte !o a va.1e!y oi  ai leases
and dlagnosls is often dl f f icutt  and onty Learned by

It  is recodlrended tha! staff  should becone thoaouchlv
aquainted wlth rhe antmal 's lnrerna.L anaromy co OE a6Leto disthguish between healthy and cl lseased organs. I flne.e is a veter lnary or palhotoglcal  taborato;y,  o.  i f
contact with a veter inary off tcer in the region'1spossible,.samptes should be despatched for ;xaminat lon,
or.  the veteainaalan consulted. ALso that anlmats foun;freshly dead (not f toacing in the waler) should beautopsied. The nerhods reco,nnended are those out l lneclby Verseput (1986) and are as fol fows;

2 0 . 1 .

2 O , I . ( a )  S t e r l I e  S a n D l e s .
1. These should be taken es soon as trre carcass has beend l s s e c t e d .
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2. They shoul.d be taken with ster i le fo.ceps ancl
scissors. (Ftanlng of the instruments just befoae use
w i l l  s u f f i c e  )  .

3.  The speclnen size shoutd be about 5 x 5 x 2 cn.
4. The speclmen shoulct  be dropped tnto a ster l ]e
contalner and the container lmnedlately sealed.
5. A sepaaate containe. must be usect for each orcan

6. A sepa.ate set of  instruments shoutct be used for
lhe stornach and the intest lnes as these wi l l  become
contaninated with gastro- intest inaf conten!s.
7 .  T h e  c o n t a i n e r s  r n u s t  b e  n a r k e d  w i t h  t h e  c a o c o c l i t e , s
ident i f icat ion, the date, the organ ancl nane of the faam.
8 .  S p e c i m e n s  w h l c h  a r e  n o t  s e n t  o f f  i m m e d i a t e l y  n u s t  b ek e p t  i n  t h e  r e f r i a e r a t o r  u n t i l  d e s p a t c h .
9. I f  the specimens are to be sent a tong distance they
s h o u l d  b e  p a c k e d  i n  i c e  i n  a n  i n s u l a r e d  c ; n t a i n e . .

2 0 . 1 . ( b )  F o r m a l i n l s e d  S a m p t e s
B l o c k s  o f  t i s s u e ,  n o  t h l c k e .  t h a n  t  _  2  c n  s h o u t d  b e . u t
from the o.gans r i th a sharp kni fe and piaceC in viats
of a 10% forma.I in concenirat ion wirh waie.,  and the
sanples nust be comptetely immersecl.  The viats or
c o n t a r n e r s  m u s t  a l s o  b e  s u i t a b t y  l a b e . L t e d .
For furthe. deral ts on nethods of rear lng, hygiene,
nutr l t lonal requirements, the col lec! ion anO' freparat ionof labofatory specinens, cornnon ai lments, Aisiases andr r e a t h e n t s ,  r e f e .  t o  B l a k e  ( 1 9 7 4 ) ,  F o g g i n  ( 1 9 8 7 ) .  J o a i e na n d  M c N e a s e  ( 1 9 7 9 ) ,  F r l e d l a n d  ( 1 9 8 6 ) ,  F o o r e y  ( 1 9 s 2 ) ,
V a n  d e .  R i e t  ( 1 9 8 7 )  a n d  V e r s e p u t  ( ! 9 9 7 ) .
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2 L . \ a ) BIqOMMENDED D]SINFECTA}ITS AND DRUGS.

2 1 . ( a ] 1 .  l , ] o u t h , .  P a t a t e  I n f e c t l o n s  a n c t  F u n g u s
L u g o r s  I o d l n e .  s p f a y  o n  w i t h  p l a s t l c  a a r d e n  s p r a y  o r
Chloranphenlcot 5% gent lan vlote! aerosol.

21.(a)2. l lounds on Adult  Animal.s
coop6iE-T<iliE-'6iT--Ii6iiEiiE ve se rab re o I l, o.L eo
.esins, germlcidal agent).  Ca.r l  be sprayed on from
d l s t a n c e  u s l n g  p l a s t r c  a a r c t e n  s p r a y .  o r  w o u n d  O l t
( c o n f a i n i n A  c h l o r a c r e s o L  O , 5 %  M / V ) ,  

-

2 1 .  (  a )  3 .  T r e a t m e n t  o f  W o r m s
P a n a c u a  I O %  ( H o e c h s t )  c o n c a i n s  f e n b e n d a z o l e .  D o s e
a t  1 m 1 / 9  d _ l  w a t e . / p e r  k g  f o o d  x  3  c o n s e c u t l v e  f e e d s /

2 1 .  (  a )  4 .  C o c c i d i o s i s
ESB' 

-E6Ti6GEwder 
(  c iba-ceisy )  contains 30% sutpha_

c h l o r o p y r a z i n e .  D o s e  1 , 5  A / k g  w i t h  f o o d  x  3  d a y s ,  o r
nrr.x rn warer as per instruct ions.

2 1 ( a ) s V i  r a I  H e p a t l t l s E n t e r l  t l s D i  a f h o e a ,  R e s p i r a r o

T e . r a n y c l n  S o I u b I e  p o w o e r  ( p f i z e .  c o n t a l n s
oxytet racycf ine hydro-chtor ide 55 mglg.  Mix powder
wi th food 500 f ig lkg x S days or  mix 1n wate.  as oe.
d l . e c t i o n s .

2 1 . ( a J 6 .  V 1 l a n i n  D e f i c r e n c l e s
A b l d e c  d r o p s  { P a r k e - D a v l s t  c o n t a l n s  v i r a n i n s
A s O O O l u ,  D , 4 O O O l u ,  8 1 ,  1 n g ,  8 2 ,  A , 4  n g , 8 6 ,  0 , 5  m g ,
n i c o t i n a m l d e  s  m s ,  a s c o . b i c  a c l d  5 c  m t l m t .  U s e  a ;
d i r e c  t e d .

2 1 ( a ) 7 .  O p r h a l m l a  ,  E y e  I n f e c t l o n s /
ch I o ran-FE;i1i;r754-itE--E;;ii an v r o I e ! - a e ro s o 1 s p r a v(CAPS) o. Chtoranide ohtnent (contalning 5%
chl o.anEEenlc 01 ,  15% sutphacetamld and 15OO iu
vi tajnln Ag. Use dal ly.

2 ]  ( a ) 8 ,  S k i n ( F u n g a l )  t n f e c r i o n s
ee roi6T-c n i6i6iIEifEE r-lee n-t 1an v iore c spray.
Dlslnrect pon.t  water wlth potassium per.nanganate
1 0  p . p . n .  o r  C h l o r i . n e  a t  4  p . p . m .  9 !  C o p p e ;
Sutphate aT-10 p. p.  dr.
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Funnel a_l lowi.ng
f l i es  access
on ly  to  p i . t

Fibre  g lass ,

rubber  dome.

F l i es  en te .  t h rough
no les  under  c  i  r cu1a .
11d

Doorway  o f  15cm
d iane te r  t h rough
wh ich  o f fa l  i s
d ropped .  Rubber
f l ap  i s  used  to
sea l  i t .

Ground

3 0cn

1Oc  m

2m

i
I
J
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s m o o t h  c e m e n t e d  f L o o r

L

e.-
q-

o-

l l t l l ' lh l  4qq l l l l l l l

.iiiiiiiiiiiiiiiiii:.i:.:.i:.:.:.:.:.iii:.

:.:.:.:.:.:':.iiiiiiiiiiiiiiii:.iiiii:.e:

F i g u r e  2 ,  S i n g l e - U n l t  C e m e n t  R e a r i n s  P o n d  ( P 1 a n  V i e w )

P e n s i z e g x 6 m  ( 5 4 0  s q . )  P o o l  s l z e  7  x 4 n  ( 2 8 o  s q . )

Incl ined 45 cn wide smoothly plastered ledge. Pool

depth of 50 crn to halfway up the ledge. Shade of .eed

screens o. 7096 Z.een shade cloth supported on a frame

x  7 5  c m  o f f  t h e  f l o o r .

ow = ove.f low weir,  so tha! oi l .  or grease can be f lushed

off  the su.face water via the drain Dioe to whlch 1t Ls

connected undeag.ound.

V l n d  s c r e e d  o f  r e e d s  x  2  m  i n  h e i g h t .

Stocklng denslty = 1OO hatchl inas to the aAe of 1year.

Perinrete. fenclng of L cm dianeter wire nett ing, .eeds o.
p o t e s .

Note that co.ne.s have been el . iminated to prevent p1l1ng.
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-*_S..5'-. An. example of a rearina pono made
Iron bush po.Les,  wi th a nuci  ponu dno
suost fate.  NoEe chat  there is  no ct ry ,
oasklng area for  the crocodj , .Les,  ano nosnacre 

_provlded.  The wet ,  nudcly condl t ions
a i e  i d e a l  f o .  a  b u l l c t  u p  o f  b a c L e r l a .
r n e r e . l s  a  h l g h  t n c l d e n c e  o f  d l s e a s e  a n om o r t a l l C y  l n  p o n d s  o f  t h r s  c y p e .
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rr./ORK PI-AN FOR CRoCDILIAN mANACEmENI

DURING 1990-1  995

IN OR ISSA, IND IA

1)a
R.  L .  RATH. ,  L .  A .  K .  S INGH-  AND S.  KAR-

lCh i . f  , l i l d l i f "  ' J ra rd6n,  Cr issa '  31  5-Khdrabe l ,a  Naga! ,  Ehuban6soat
or lssa '  Ind ia -751 001 .

'Regsarch  o f f  1c .s  (u l l , ld l i fa ) ,  s t r i i l i pa l  T i96r  R6s€rv6 ,
Kha i . ! i - f ,ash lpur '  0 ! i ssa '  Ind ia -757091 .

'Research  o f f  i . ca !  (u t ld r i?e) ,  a /o  ch  j .e f  J i . Id l t fe  i ' Ja !den,  c r i , ssa ,
315-Kharab€Ia  Naga! ,  thubanesu,q ! '  0 ! i ssa ,  lnd ia -751 001 .

A '  5T  R  A  CT

In  pu rguanq6  to  th6  b load  gu ide l i nas  o f  a  f l a t i ona l  Ac t i on
P lao ,  t h6  p !6sen t  u ro l k  p lan  fo r  t h6  e ta t€  o f  Or i ssa  h ! .gh l i gh ts
thg  p r  i o l l t  i 6  s .

I iTT R OD UCT ION

Th6 c rocod i l ian  nanagam€nt  p log la f ine  ln  lnd ia  uas  la  unched

f i ! s t  in  tha  s ta t6  o f  o rLgsa uhe le  aL l  th€  th lea  na t ive  sp€c ieg

s t i .L l  accu l l sd  ln  th€ i . r  na tura l  hab i ta ts  i ,n  1974.  The th ree

spec ies  ar€ .  th€  char ia t  ( !3gb!L l  qanqat icug) '  the  mugger

GC""€-94-C9 -tr-l!g!.Ilg) and the €stuaaino crocod 1.1€ (St.""d"ltC

-p ry ) .  Th6 hab l ta ts  uh ich  ! re !e  ldent i f  ied  f  o !  the  oanagaDent

o l  ghas la l  q r€86 Ln  the  r i ve !  mahanad i  and fo !  tha  Es tua l ln€

srocod lLe  { r€ !e  in  tho  as tuar199 o f  r l ve !9  B lahnan i  and Ea i ta !an i .

The Egsos ia tEd ganc t ta ! les  q r€re  the  Satkosh ia  Gor96 Sanctua ly

(?95 eq .kd . )  and th€  Bh i ta l lan lka  Sanctuary  (672 sq .kn . ) '

!99p6c t ive ly .  I i l uggets  u rsae knoun to  occur  in  severa l  p laces

but E gyst€tDatis statuc gurvey uas not conduqted. Th€ Hadgalh

Sanqtuary  (1  91  sq .kn . )  ovqa t r j .bu tary  o f  l i ve r  Ba i ta lan i  oas

id€nt j , f igd  to  fo l r l  the  major  as€a fos  nugg33s.  In  du€ cou lss

the  S io i t ipa l  T lge !  Res€rv€  (2?50 sq .km. )  o i th  i t s  pe lenn ia l

r i v6r  syg tBns  has  eosrEed as  the ,Da in  muggg!  a rea  ln  th€  s ta t€ '

t6



The conserva t lon  approach uas  to  min in ise  losses  o f  egEE
and hatch l inqs  and rehab i l l ta te  juven i l6  c rocod i l iana  ln  th€
iden t i f i s  d  p ro teq ted  a reas  (Bus ta ld ,  H .  R .  ! !  F .A .O. ,  19?S) .
Th6 capt l , vE rga ! ing  uo i ts  ! r€ !o  loca tgd  a t  T ikarpada,  Dangna l
and Ramat l r tha  fo !  the  gha! ia1 ,  Egtuar in6  e !ocod119 and nuggE! ,
respec t lv6 ly . .  F roo  19e l  the  un i t  a t  T ika lpada hae e lso  b€con6
a nugg €a-p  lod  uc  lng  qn i t .  F rom 1976 capt ive  breed ing  p log lamme
fo t  a l l  th€  th t :e€  gpec ies  ur6re  lauochgd in  phased n lanne!  a t  the

Nandankamn B io log ica l ,  Pa lk .

S IT UAT IOII - (n,lERVlE|l'

1 .  p rq tec t lon  o f  remain ing  popq la t ion  and hab i ta t !

ThE in i , t la I  popu la t ions  o f  d i f f€sent  e locod i l l .ans  in  os l9so

uretlEi

Spec  i e  g

G ha r  i a I

mug9Et

(S ingh '  Kar  and Choudhusy '  1986)

Y  6 a ! Locat l .on  Adu l t ( I r l rF )
19?5 Gahanad i .  A  (222)
'l 975 fi lahanadl 1

1979 S i r l l1pa l  v  i l t  ua  l l , y

1977 Bh.  Kan ika  34

Suven i la  T  o ta l

??

ax-t inct .

64  98Es t .Croc .

The s ta te ts  U i ld l i fe  (p ro tec t ion)  RuIB,  19?4 ls  enac ted  in

l lne  ! , i l h  the  p lov is ione o f  ths  ! i fd l i fe  (pso tec t j .on)  Ac i . ,  1972

of  the  Govgrn l leo t  o f  Iod la .  Th€ le fo rB,  a l l  th rE€ gpec i€s  a le

t8eat€d  E9 Schedu lE- I  gpes lEs .  g r€a t ion  o f  the  spEc ia l

c locod l l iao  sanc tuq l ies  aod the  launch ing  o f  the  coneeavat ion
gsheme 96n€aat9d  gseats r  auaren€3s and be t t€ !  P lo tec t ion  tg  a l 'L

th6  Ep€c les .  The b€et  p ro t€c tgd  ep€c lEs  and hab i . t l t  ErE th6

nugge ls  in  S imt l lpa l  u ,her r !  'p to jec t  T ige ! r  l s  ln  opeta t ion .

ThE ls tuE!1n6 c loqod i lee  a le  uE l l  p ro tEc ted  in  Bh l ta tkan ika  bu t

u i th  o f f  6nd on  hqdan-based conf l i c ts .  Both  :1n i l lpa l  and

th i ta rkan lka  are  Danaged ?o !  f  l tE l  e lgva t ion  f loo  thg  s ta tus  o f

aanctuariee to natj.onal paake. That shal'1 vilt!ally €liminats

nan-croqod i , l€  conf l iq t  f lom th€  l in i t s  o f  thEse pro tBs ted  a lea9.

tn ths Satkoehla Golge sanctuary and tho adjoinlng !lver f i lahanadi

gharlals havs ne oote baeo kll lsd and the habltat plsssur€s hav€

been legu la tsd .  
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2.  REbu i ld ing  na tura l  popu la t ions :

l ] J i ld - la id  eggs  u ,e !e  co l lec tsd  and incubated  in  ha tchery

3Et -up9,  th€  yourE c locod i r ians  ue !6  leared  in  sLmula ted

natural qondltigns and urhon attendEd a LEngth of about '1 .2o

( reduced to  60c .n  fo r  mugg6s)  thgse u ,Ere  36hab l l i ta tad  in  thg

iden i i f le  d  p lo t€c t6d  a leaE.  The fo l lou , ing  I 'n fo rmat ion  le

an updato  o f  Kat  (1  989) .

Eg g-so  urc  g Young-sourcE
ReL€asB o f  vounq

P laceSp€q ies n O 3 .

G ha r la l Ganda k
(B tha ! )  ,
Narava ni-
Ka l i (Nepa l ) , .
t rhaoba I ( t { .P . ) '
Capt iv6-
bre6d ing  a t
Nandankanan.

Tan iLnadu,
Capt  1ve-
breBd ing s at
N.  kananr  Rana-
t  l l tha  '
T  l ka tp  ada.

ll|ugg 6!

Est .c roc .  Bh i ta lkan ika ,
Ca P t lvE-
breedLng a t
N.  kanan.

R . maha nad i Ql0-

R. inahanad i  f 53
R.Budhaba fanga  99
R. , Jes t  O9o  72
R .  Kha i r i  67

To ta l  591

Riv€! sy gtgrng
in
Bhl ta !kani ta  

' l  
,050

T i ka !pada  '
Kate!niy a-
shat (U.P. ) '
N.kanan.

pgr lod ic  d too l to r lng  o f  the  tE IEasEd c !ocod i l lans  hav€

b€6n qas l ied  ou t  i .n  mahanad i  and Bh i ta l ian ika '  Regu lar

rDon i to r i ig  o f  ths  ouggets  i s  car t ied  ou t  ln  S imi l ipa l

(Sagar  and S ingh,  1990) .  Dur i 'ng  1988 Janua ly  25  gha!1413

and 433 ss tua ! in€  c locod i l6e  u ,e rs  countEd in  the i i  !Bspec t ive

re feased hab i ta te .  Th€se lnd iea to  a  s igh t lng  success  o f  4o5f f

and Ao,A{ t  reeP€ct lv€Ly .  The s lgh t i t€  la t€e  fos  mugges in

51o l1 ipa1 havg langEd t ton  12 .1$  ln  ! 'Budhaba lanqa th roqgh

34.7$ Ln s.ul€et D€o to 71.6{ ln E Khalri accolding to fihlch

1990 !6eor t  e .

T ami lnadu ,
N .  kanan  t
Ra oat irt  ha '
T  i ka rpa  da .

Dang na l
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The p tasent Btock  o f  s leqod l l ians  in  capt lv l t y  a re

aa  fo l l o l re :

-@!.ie.s
N.  kanan

T i karpada

Dang oal

Ramat lrtha

T o ta l

B ! eed ing
f e i B l e g

m a 1 6 g

G har la  f

' E
12

l l l !aqer

.18

89

109
n9,

10

Est .Crocod i l .e

l 3 >

Th€ Eta tE o f  Or lssa  no  no !€  ob ta ios  i t s  Eupp ly  o f  6993

or  young c rocod l l lans  f !o t !  ou ts id€ .  Capt lvg  bresd i t€  haa besn

Daln ta ln6d a t  a  nodsEt  leva l  kaep ing  1n  Pace ur l th  the  re leEse

lEqu i temEnts .  search  fo r  add l t l ' ona I  e l t63  fo r  r61€ase o f

ghar ia l  and rnugger  1s  main ta ined.  Th6 s ta te r  hourBvs ! '  do  no t

have any  o th€r  s i , te  fo !  the  le leas€ o f  es tuar ine  c locod i le

beqause o?  thB very  gpeq i f l c  nang love  hab i tE t  lgqu t l i sment  by

the  90ec i69 .  Ths  Bh i ta !kan ika  sanc tua ly  i3  p lopoggd to  be

sx tended f lom th€  B lahdE n l -B  e i ta ran  i  as tua t ies  to  th€  mahatEd l

e |s tuas i69  urhe ls  an  arsa  o f  mang lovE hab l ta !  13  be lng  dEc lased

a9 the  Bat lghas  Sanctuasy .  Th€ 6dd i t ion  r8ay  o f fe r  scops  fo !

the  grou th  o f  the  ex is t lng  Popu la t ion  in  Bh i taskan i la '

l, la lqraf bro€ding ot ghaslal reeuFed in 1984 aftB! a lapsg

qf  ov€ !  t€n  yEarg  in  l l vg r  lbhanad l .  S igh t ing  o f  younE nugg€ag

in Sioil ipal and lttrahanadi indicatE thai th€ species have

!eset t l€d  in  thEs€ hab i ta ts .  N€et ing  inc idence in  Bh i ta !kan ika

have incseag€d ovEa the  y€a lg  f lon  91x  nes ts  a  ysa l  t 'o  ovB!

tqn  n€ets  and thg  popu la t lon  o f  the  eg tua t ine  qrocod i l€  have

lBqovErEd ur91 I .  Co l l6c t ion  o f  u r l ld - la id  eggs  havE been g topped '

fo r  a l f  gp€s  iE9 .
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The  s igh t l ng  s l l ccassgs  havB  been  pa l t i cu la l r l y  Lo ! ,  f o r
ghar j .a l  (4 .5 ia )  and nugger  in  r .Budhaba lanqa (1  2 .1 t r ) .  rhe
s i tua t ion  fo r  ghar ia l  i s  r0or6  complex ,  thE sanc tuary  incLudes
on ly  about  30kn o f  thE r i ve ! ,  the  s t re iches  o f  the  l i v€r  u rh j .ch
can fo lm good juveF l i . l ,e  zoneg a ! .  ou tg ide  the  l in i tg  o f  the
prEsent  ganc tua ty ,  the  ganc tua ty  6xpea ienc6e dLs tq tbances  due
to  nav iga t ion  by  la rge  eou i t ty  boats  End f i sh ing ,  and f i sh ing
ac t lv l t ies  in€ lud ing  r i ve i -bank-canp iog  a te  mgrg  ou tg id6  th9
sanc tua ly  thug proh ib i t t iog  any  fu l thar  ex tens ion  o f  the  t im l ts
o f  th€  €x ig t ing  sanc tua ly .  A f te r  dec la la t ion  o f  the  Banctua ty
in  19?5 de t l imBnta l  f i sh ing  prac t icEs  l rese  s topped and o the ,
f  o l rns  o f  t rad . l . t iona l ,  f i sh ing  fo !  l i va l ihood uJas  t :egu la t6d .
BEnboo rE f t ing  th fo r jgh  th6  ganc tuary  u ras  sons idered nogt
dEt r lmenta l  and havB b€6n s topped.  lnsp1t€  o f  the  bes t
poss ib le  pos i t i ve  6 f fo l ts ,  ghar ia l  rehab i l i ta t ion  in  | l tahanad l ,
i .n  th ig  pa ! t '  i .e . ,  th€  pa l t  dourns t leam o f  H l lakud Reservo ] . r
have rBsu l ted  ur i th  on ly  L iD i tBd guccssg.  The fu tu le  o f
ghar ia l  re0 |a ins  to  be  expe! idented  in  the  ups t !€an o i  H i rakud
and in  ths  Brahmani  r i v€ ! .

Ths  manag€o€nt  o f  S j .n i l ,1pa .1 ,  have com6 to  a  dec j ,e ion  to
rEk€ a  1a9t  re lease o f  15  muggers  in  r .Budhaba langa in

thE iour lgm zone.  Rs lease o?  rnugger  in  th€  Satkosh ia  Gorg6
Ssnctuary cannot bE continu6d fulthe! b€eaus6 the rEl6aged

ouggEre  h6ve sEt t led  ure l l  in  an  o the lu ise ly  des i .gnatEd gha l ia l

sanet (Fry .  Insp i ts  o f  the  pressnt  regu la t j .on  o f  cap t ive
braedl,ng p! ogaafilt|s th€re i9 a standing pot€ntlallty of
p loduc ing  10U l l v6  year l inge  every  year .  The fu tu !E  !6qu i r6 -

m€nt  fo !  the  specLesr  there fo tB ,  i s  to  loca te  a l te rna te

re f€ass  g i tEs  o !  avenues fo t  channe l ing  aoay  the  capt ive
br€Ed ing  paoducts .

fn



Theegt rp l ine  e locod i ls  do  no t  c lea ts  a  p rob lem o f
.p len ty r  in  capt iv i t y  because r ! i . ld -1a id  eggs  arE oo t  so l lEq t€d

and capt lve  brsed i r€  lesu l ts  hav€ no t  been encourag ing  b€causg

of  the  u ,a  n t  o f  i |a l€  c rocod l l€s  (Ka! ,  ' l  989) .  0n  the  qont ra ry '

the  prob l€o  a f  rp lan iy '  ln  na tur€  l ,e  o f ten  h lgh l igh ted  in  the

DresE b6cau9€ o f  tnu l .gance csocod l les r  appea l lng  n6a!  v i l lages

outg ld€  th6  sanc tua ly .  Th19 has  resu l tgd  Ln  sq€nes ln  tho

Sta te  Assenb ly .  Ths  fo l lou ing  l l . s t  shou,s  tha  type  o f  c locod i lE

neurs  in  thB Loca l  Ianguage n€ l rs  papg!s .  ThE L is t  fo r  th€

oe l iod  conce lned ,  L .€ . ,  DEcembe!  1987  to  Ju lv  1989 '  i e  on ly

guggestLve and not co|nplgte because ule have not mad6 a gystedtatic

su lvqy  o f  a l l  the  foca l  n€os  paPEle .

DatE

DEc.21 '87

Aug. ' l  8 '  88

Aug.24r88

Neu ispaoe t

Prejata nt !a

P!ajata ntla

P rajatant!a

Prajata nt !a

ThE s i tua t lon  u ,  i th

uas lan t9  cont inqa! ion  o f

attendanqe at nuisa nce

l_Vlg_g!,_ r'9'! s
hurnan-k i11

hunEn  and  ca t t l €  k i l l s

ca t t l e  k i1 l s :  s !oc  nena  cE

sevBn  human  k i l t s  end  seve la l  ca t t l e
k l I Ls . . . u rhy  comme!c ie l '  f a !m ing  no t
tak6n  up  as  snv igaged  in  o l i g i rB l
p l an . . .Rs .4 .35  c l o res  spen t  s i nce  1975

in  3 -mon thg  seve la l  hu f l an  k i l l s  and
4-pa i l s  ca t t l €  k i1 le . . . pEop le  to
levolt i f  nuisanqe qroc not kl l l€d

c  toc -menacB

h uiE n-k j . l .L (? ish erman )

i n  one  y6a ! .  15  human-k i 11s  and
sevEra l  ca t t16  - k  j , l I s

au tho r i t i ,Es  " ! , o ! ! i edD because  o f  t oo
many  q ro  cod  i 16  s .

!egpec t  to  th€  es tua ! ine  € !ocod i lE

as t ivE ' rab i ia t  manaEai l€n t  and

crocod iLe  9Pots .

s6p .01  '88

sEp .18 '88

sep .29  t  eg

oc t .u l  |  88

Prajatant!a

P!ajatantra

Sambad
P !ajata ntla

ganbad

t7l



MANAGEMENT PR IOR TT TEs

. Ghalia I (!4blis.S-e.!g-4&,C.9)t

-g]Li.g!j i !.g 1. Inlplov€ nranagenent of the Satkoshia Golge

Sanctua !y  fo !  qontLnuad b !egd ing  and

Act ion  1  .1  .

eulv iva1 of  ghar ia l  ln  mabanadi  dounst !eam

Hirakud Re servo i r .

Supgoa t  t h€  p !6s€n t  psoposa l  und€ !  rP lo iEc t

E lephan t  Schgoer  to  p romote  the  sanc tua l y

as an El,epha nt !69etve. This uri. l l  snsur6

inp lovsd  con t l oL  and  dEnag6nen t  o f  t he

l i v€ r i ns  h6b  i t a t .

Commsnca  !esea lch  to  h igh l i gh t  t he

g ign i f l can t  o6 t l ' and  6cosys tam in  the

Sa t  kosh  i a  Gorge  t ! ans - Iahanad i .

REs tose  the  o !191n61  d  Ls t !  I  b  t l t  i on

pa t t  9 rn .

As  a  t6sea lch  p ro jec t  ! e16ass  and  mon i to !

gha r i . a l  l n  t h€  mou th  o f  Daodhara  na l l ah

in  H I l akud  Rese lvo i !  u i t h  necessa ly  hab i ta t

i np !ov€Ben t .

3@.9 1.2.

E! !g !  2 .2 .  Conduct  eurvey  o f  ! .B !ah$an i  to  loca tg

poss ib le  re lease  s r t  E9 .

P romote  cap t i ve  b leed ing  a t  T i ka rpada '

A l l ange  an  adu l t  r l a16  thas ia l "

Take  uP  caP t i vE  b l sed lng  as  a  rese6 !9h

p !q jEc t  t o  h igh l i gb t  ho lDona l  I eve l s '

e i . gn i f i qance  o f  v i t a .n in -E  th6 !apy  and

imo loved  sap t i ve  b lg€d ing  !esu l t s '

-49 .3g !  3 .3 .  fn i t ia te  !6s€a lch  p log laome in  Nan ' lankanan

ae  in  Ac t  ion  3 '2 '

ThsrEfore ,  backed by  3 t long lesea lch  inputs  ghar ia l

le leasEs sha l l  con t lnu8 in  f ' l ahanad i  and o thar  su i tab le  l l verg

by  ob ta i ,n tnq  rE leaseab le  g tocks  f rom capt lv€  brsed ing  a t

Nandankanan and T lkalpada.

g9i-e,!.ic,e 2.

Act ion  2 .1  .

-g}j.4.s 3.
.&,3.i99-3.1 .

.&,9.19.! 3 .2.
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2. musser (gg!v 1uo El5jrig):
-q!,j-ec!!xg 1.

Act ion  1  .1  .

.&!.!9.n 1.2.

l | ]a in ta in  rgene poo l  lese tvesr  in  thE ! , i l ,d
in  a t  Leas t  th ree  p lacEs.
S j . tn i l ipa l  T ig€ !  R6s6rve :

-peliodicaJ.l,y moni,to! the status of the
rshab iL j . ta tEd popu la t i .ong in  r i v6  rs
Kha i i i r  UJss t  oeo and Budhaba]anga.

-R€ l ,eas6 up to  15  ou€gs!s  Ln  ! .Budhaba la-
nga .

SatkoEhia colge Sanctuary (trtahanad i) r
-mon i to !  the  s ta t r jg  o f  th6  genera ted
popu la t l .on .

Conduct  survey  in  Koraput  and ra lease
Juven i . lBe  in  su i . tab le  r€eervo i !s ,  back6d
! , , j . t h  a  s y s t 6 m a t l c  f i o n i t o ! 1 n g  p ! o g ! a $ f t E t .

J m p t o v e  o n  t h 6  ! e s u l , t s  o f  c a p t i v 6

b ! e e d i n g .

I n i t i a t €  ! e s e a r c h  p l o g ! a m m 6  s i m i ] a r  t o

Act ion  1  .3 .

Ac t i one  3 .2 .  and  J ,3 .  (Gha r i a l ) ,  a t

Ranra t i l t ha ,  j andankanqn  a  nd  T i ka lpada .

f i on i . t o r j . ng  o f  ! 6hab iL j . t a !€d  popu l ,a t i ons  L r j . i LL  assume
s ign i f i canc€ .  Th i s  u i l , L  be  ad junc ted  u r i t h  ! 6hab iL i t a t i on
in  Ko lapu !  and  l esea lch  p log ramme fo !  be t te r  resu l t s  f l on
cap t i ve  b rg6d ing .

3. Estua!ln€ cloqadile (Srcggjy. lCg porosus):

Objec t iv6  1 . I op rove  th6  l eve l  o f  ranage f ten t  o f

Bh i ta r l an l ka  sa  nc tua l y  fo r  b6 t t€ !

habltat !e storat ion.
pu rsue  the  p l | opo€a l  t o  nanag6  Bh i ta rkan ika
as  a  Na t i . ona l  Pa !k .

GEnera tE  a  9y9 t6 f i  t o  be t te r  a t tgnd  i h6

ca l l €  lB l a t i ng  t o  ' n ( J l sanc€  s rocod i l es r .
Deve lop  a  l e l€van t  un l t  und6 !  t he  manaq6m-

En t  o f  t h  i t a r  kan  i ka .

Launch  a  canpa ign  on  l ga rn i . ng  to  . I i ve

again urith s loc od i lgs r .

34act iv.g 2.

!bJgc t ive  2 .
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ed ucat ion

th€

and

estua ! ine  qsocod i l , s ,  hab i ta t  managernent ,  pub l i c

ggneratlng publ,ic aupport shall assurD€ irnpolta nce.

.A.*.U@5&.L .4.@r-U!s.e-s e4er.l$.E'
Admin i s t ra t l v€  and  f i . nanc ia l  app rova l  o f  t hB
b load  gcheme and  th€  annua l  p lan  1990-91  .

UORK SCHEDULES

Th€ urosk  p lan  ln  ths  above lnc lude th !e6  broad aspec ts t
( i )  habt ta t  nErnag€ment ,  ( i i )  research  fo r  mon i to r ing  and

copt ive  breed ingr  and ( t i i )  hand l ing  Inu isancB c rocod i le r  ca l l€ .

A11 th€ge aspec ts  E le  no t  neu bu t  hav€ be€n oa in ta ined a t  a  lo ! ,

key  du l ing  ths  1  980s .  Any  Ef fo l t  to  qu lcken th€  pac€ o f

progross  o f  any  o f  thes€ aspBcts  sha l l  lequ l rg  add l t iona l

I :egou lc€  in  te rmg o f  nan po{ ,e !  and f inaoce.  l vgn  to  take  up

!€96a!ch  p !og !a8 !mes f lesh  rBc lu i tments  hav€ to  bo  made because

the  €xpe l lsnced lesea lch  pe lsonne l  o f  the  s ta tg  a to  nou,

6ngaged i .n  lEsearch  on  broade!  aspBcts  o f  u r i ld l i fE  managEmEnt ,

and a  t im6 ly  lequ is l t ion ing  o f  th€ i r  s€ lv ices  ?or  c rocod i l ian
qrqrk  19  o l ten  a  p rob fen .  The!s fo te ,  thE t j ' ne  echeduIBg

ind ica ted  be fou ,  depend la rgeLy  on  u l t ina te  adrn in is t ra t i ve

sanc t j ,on  fo l lo l red  by  f  i ,nanc ia l  a l loca t icns .

Y-sc.r -gss&r
1990 2nd ,3 rd

4 th

19S l  1s t

4 th

1 .2 . ,2 .2 .
3 .3 . ,3 .2 .

1 .3 ,  ,2 .1  .

FTMNCIAL IMP L  ICAT IONS

The aspec t  o f  lmp lovements  in  hab l ta t  t tanagement  ie

hand l€d  by  the  l r i ld l i fe  u r ing  o?  th6  Sta tB in  d  phased f ianne! '

In  p ! inc lp le  Gove lnment  o f  Ind ia  have a lso  suppo l ted  the  moveg

of  th6  s ta te  govs lnment  ln  th936 rEga lds .  A  spgc i f i c  nant ion

is  l squ isad fos  the  o ther  l t s l t l s  undEs the  u ,o tk  p lan '  Groes

f inanqta l  rsqq i tBments  a !9  as  fo l l ' our9 .
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1 .  SuEvey  o f  n€ t l l  hab i ta t s  f o r
tehab  i l i t a t  i on  o f  gha r laL
ano  nugg  e !  r

2 .  mon l to ! i i g  o f  nE  naq€  d
popu la t i one  o?  c ro iod  i l j a  ns  r
7  a !ea9  fo !  5  g6asonE.

3 .  Exp6 ! l , t non ta l  ! e1€ase  and
mon i to l i ng  o?  gha r ia l  i n
DEodhara  (  up  pe r  H i rakud )

4 . ' . j r  et la nd Bcoloqy atudv in
Sa t  koeh  l a  Gorg -  Sanc iua ry

5 .  Cap t i v6  b reed  i ng  lDp lov€nen t
s !Uo  l€ t3 .

6 .  l . i r r i . ssancE  c !ocod i l e  con t !o1
inc  1 !d  i ng  pubL ic  educa t i . on

To ta l  du r  j . ng  1990-1  99S !

Rs.30 ,000

7 ,00 ,000

3  ,  00 ,  000

1  ,  20 ,  000

1  ,  00 ,000

J  '  ) U ,  U U I J

Rs.  1  6  ,00 ,000

S U  M MA R  Y
O! i s9a  have  a l l  t h ! 6e  spec les  o f  I nd ian  c rocod i . L i an6 .

Du ! ing  19709  the rE  u r6 rE  €  gha r iaJ .e r  9B  es tua r ine  c rocod i l sg
and  ve l y  i . ou ,  popu la t i ons  o f  muggs r .  By  the  beg inn j .nq  o f  1990
1r050  es tua l l ne  c locod i l es ,  6 tE  gha ! i a l s  and  F91)  r r l uggE3s  h6y6
be6n  ! e l eas€d  Ln  p ro tec t6d  hab i t a t s .  : oLLec t i on  o f  eSgs  f ! om
na tu le  hav6  been  s topp€d  and  cap t i ve  b reed ings  have  b6€n  kep t
a t  a  Loq ,  k6y .  YB t ,  f i g  €s tua ! i ne  c locod i l s ,  tEC Shar i . a l  and
21-6  '  mugger  a r€  ava i l ab le  aE  cap t l vB  s tock .  S igh t i ng  guccese
?qr  rE l€asEd  c locod iL ians  have  l anged  f rom 4 .5 f ,  l ou  fo !  gha l i , a l
t o  34 .7 -71 .6 f ,  f o r  mugger .  The  !a te  fo r  t hg  es tua r ing  e rocod i te
i3  40 .0F .  B load  [ ! anagemen t  p ! i o ! i . t i €9  hav6  bean  id€o t l , f l ed :
( i )  i r np roveoEn t  Ln  ths  o lde r  o f  hab l , t a t  marEgErnen t ,  ( i l )  su rvey
o f  n6q ,  a€ lEase  s i t €s  fo r  gha l i a1  and  mugge ! ,  ( i i i )  pBr iod i c
t r t ga i to r i ng  o f  se l€a5ed  s tqcod i l l ans ,  ( l , v )ExpEr imen ta ]  re tease
and  mon i to ! l ng  o f  9ha r la1  i . n  mahanad l  ups t !Ban  H i rakud  !Es€ lvo i r
(v) str.rdy to highlight Satkoghia Golg€ Sanctuary as an rnpot:tant
u ,e tLand  sanc t l a ry ,  ( v t )  s tudy  to  improue  cap t i ve  b leed ln€ ,
( v1 l )  genera te  pub l l c  suppors  nea !  Eg tua ! i nE  c rocod iLe  hab l . t a t
t h ro lgh  pub l i , c  6duqa t lon  and  hand l i ng  Inu l sance  c locod i l €9 ' .
A f inanc ia l  requisement  o f  Rupees Six teen Lakhs is  Bnv isaaed for
aspeqts  othg!  than habl ta t  managenEnt ,
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EFFECTS OF NEST A]ID ECC CHARACTERIST]CS ON SIZE
AND EARLY DEVEI,OPI.IENT O!, MERICAN ALIIGATORS

Dena M. Schulre and Robert  H. Chabreck
School of  Foresrry,  Wildl i fe,  and Fisheries

Louisiana Scare Universiry Agriculrural  Cenrer
Baton Rouge, Louisiana 7OBO3 USA

Abstracr.  -  The effecrs of incubacion tenperarure, egg
wohune, and nescing habirat on tengrh, ,eighr,  and 

".*  
or" i ." . i . ""

al l igator (AL_l lgator .nississ. ippiensts) naccnt ings and on lengrh
and weight of 13-nonch-old alLigators was derer.nined. l "rean
rncuoaElon renperarure di f fers by habirar and ,as highesr in 1ow
narsh-nesrs and louesr in high narsh nests. Variables mosr highly
cortelated with nean nest cemperarure we!e egg voLune, clurch

anbienr rernperacure, and nes! voLume. {ean eqs volune
o f  l e w e e  n e s t s  u a s  l a ( g e r  c h a n  c h a c  o f  h i q h  m a r s h  

" " . . "  
l i a  1 . "

marsh nests, suggesring rhar older,  targei females selecEed levee
nescing habirar.  

-Harchl ing lengrh and weighr l rere posir ivel ] .
related to egg volu.ne and incubacion cenperalure. Egg wolurne and
incubat ion renperacure,rere reLarect co nesaing habicai  ana nest
r ichin habirar.  Al l igaror size ac L3 monEhs ; f  ase di f fered bw
n e s E ,  s u g g e s c i n g  c h a E  g e n e c i c  f a c : o r s  a l s o  i n f l u e n c e  g r o w : h  i : l
a l l igarors. Fenales 'ere produced fr .om eggs :n.ubacei at  to,
cenperatures and atpeared to be handicapped by a iarge amounr oi
absorbed abdominal yotk thac hindered rheir  nl t i r i :y"ano increased
lheir  r .ulnerabi l i ry ro predat ion

_ Several  studies of tenperarure sex dererninarion (TDs) in
rept i . les revealed rhat incubarion lenperarule is ofren inf luenced
by the nicrohabirac chosen as a nesr sice (Ferguson and Joanen
1982, L983; Webb and snirh 1984; Standora and Spoci la 1985).

.  SEudies conducced by Ferguson and Joanen / to82. L98j -nd.
Joanen ec al .  (1987) cooprise rhe only publ ished research on TSD
in the Al ler i .can al l igator.  Their  experiDeors ,ere conducled in
bra.ckish n.arsh; hosewer. addicional research is needed in orher
a r e a s .  s i n c e  a l l i g a r o r s  o c c u p y  a  w a r i e E y  o f  v e c t a n d  h a b i E a E s
( N e i I 1  1 9 7 I : 1 9 7 - 2 0 5 )

.  . .  The gbject ives of our scudy l 'ere Eo invescigaEe nesring
habitat  of  al l igators in a freshrarer narsh and to aetermtne rhe
effects of egg and nest characrer isr ics on hacchl ine sex and
gro!, ,ch.

The aurhors are grareful  ro personnel of  rhe U. S. Fish and
It i ld l i fe Sereice and Lacasslne Land Conpany for assisrance
provided.
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STI,DY AREA DESCRIPTION

The study was conducted on Lacassine Pool,  a freshwarer
impoundment on Lacassine NationaL Wildlife Refuge tn sourhuestern
Louisiana. The refuge consists of 12,869 ha of marsh a.nd warer
bodies, and Lacassine Pool \ ras cleated by enclosing 5,478 ha wirh
a low levee. Dense, energenc stands of naidencane (Panicun
henito/;,o'r), butLtonaue (sag iccar ia latc if o lia) and spi.kerush
(Eleocharis spp.) dominated che marshes. Large open ponds were
present and contained undervater and f loat ing plancs.

Avelage nonchly temperatures for the study period l'ere June
( 2 7 . 3  c ) ,  J u l y  ( 2 8 . 4  c ) ,  a n d  A u s u s t  ( 2 7 . 6  c ) .  T h e  3 o - y e a r
(1951-1980) average nonchly temperatures for rhese nonrhs l 'ere
J u n e  ( 2 6 . 7  c ) ,  J u l y  ( 2 7 . 8  C ) ,  a n d  A u g u s t  ( 2 7 . 5  C )  ( U S D C  1 9 8 5 ) .
Average nonthly precipicat ion for the study period {as June (17.0
c r D \ ,  J u I y  r I 0 . 2  c m ) ,  a n d  A u g u s t  , 8 . 5  c m ) .  T h e  J 0 - \ e a r  a v e r a g e
nonthly precipicacion for the same nonths ras June (10.7 cn),  July
( 1 5 . 2  c n ) ,  a n d  A u g u s t  ( 1 3 . s  c n )  ( U s D c  1 9 8 5 ) .

I , I i th in and bordering the pool,  3 habitats on {hich al l igacors
c o u L d  c o n s t r u c c  t h e i r  n e s t s  r e l e  d i s r i n g u i s h e d ,  i . e . ,  1 e v e e ,  h i g h
marsh, and lov nalsh. I le used the cerns high marsh and low marsh
to desct ibe dry marsh and \rer marsh, respect ively.  Ferguson and
Joanen (1982, 1983) used the terrn "wec marsh" ro descr ibe habi iac
" w h e r e  t h e  b a s e  d n d  c e n t r a l  c o r e  , e g g  c a v i E y ,  o f  c n e  n e s E  a r e
al- \ tays very moist" .  TFica11y, lol '  marsh is rer ier and noc f i f f r
f f l o u n r )  T h e v  I < F d  : . .  . - . n  ' . l r v  r p  . . j l  4  . : ^ i  -  -

" \ . there the base and centraL core of Ehe nesr are noE so noisr ' '
Typical ly,  high narsh is dr ier and f i rner than tow marsh.
A d d i c i o n a l l v .  E h e y  d e f i n e d  a  l e v e e  a s  a n  " e i c h e r  d r c i : L c d - L y  o r
naturaLly raised area of dry ground, frequent ly beside a canal,
where lhe nest base is on fiftr dry ground and lnhere rhe nest
contains ouch less moisture'r .  Their  caregorizat ion of nesr ine
habitats \rere used in our study.

METHODS

Six al l igator nests were monitored and included 2 levee
nests, 2 high narsh nests, and 2 low malsh nesrs. Tenperacures
\t i th in nests were r0easured si .ch onega Type T thermocoupLes and
hand-heId diSital  thermordeters (Onega 450 ATT Ehennocouple
?hennometer).  Thts equipmenc ut i l ized a copper -  cons ranran al toy
and had a. resolut ion of 0.5 C and of + 0.8 C nich +
O.1t readings. Fichin each nest,  5 Ehermoco;ples i r 'ere posici i ;n.d
around the eggs ac the fol lo l , ing locacions: one was placed aE the
b o c E o r 0 - c e n t e r  o f  E h e  c l u r c h :  o n e  a c  l h e  E o p - c e n E e r  o f  E h e  c l u c c h ;
ooe on the north side; one on che easc side; one on the south
side; and one on che lrest s ide.
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T e n p e r a r u r e s  w e r e  n o n i c o r e d  i n  1 2 - h o u r  s h i f c s ,  a L c e r n a E i n s
frorr noon to midnighc and midnighE co noon shifEs wirh 2a hour;
bedreen shifrs.  Therefore, nests were nonirored 24 hours out of
every 72-hou! per iod. Dul ing each 12-hour shi f t ,  incubat ion
temperarures uere recorded three to six r ines, and rre acrernDced Eo
obEain at leasr one reading every a hours. The nesrs \rere
nonitored ove! a period of approxinarely 60 days during
incubatiol1.

Oo 14 August 1986 eggs \rere rernoved fron nest 3, beeause rhe
yec udhatched young could be heard calling fron rhe nesr during
the previous shifc. Eggs were lenoved fron the reoainins five
n e s E s  o n  1 5  A u g u s c .  T h e  e g g  c a w i c y  w a s  p a r r i E i o n e d  w e r c i c a l l v
into quadrants cor lesponding wirh norch, east,  south. and wes!:
each quadranr I 'as divided horizonta|.y into an upper and tot e,
layer.  Thus, each egg caviry consisted of eisht secr ions or
u n i t s .  T h e  e g g s  o f  e a c h  u n i E  ' e r e  p l a c e d  i n  J  p l a s r - i c . m e s h  b a e .
and each bag was ragged to idenri fy rhe s€ccion of rhe egg cawity.
The bags wtth egss ! 'ere placed in 40-t  nerat containers ; ;d were
cushioned and eowered pirh nest oacerial  for t ransporrar ion ro che
la.boratory.

_ At the laborarory rhe lengch and , idrh of egBs {ere neasured,
ano cne eggs were relurned ro che necal conrainers, coveled lr i t t ,
i [or 'st  nesr marerial ,  placed in a tenperacure,conrrolLed roon, and
held at 32 C unt i l  rhey harched. The vohr] le of each egg ,as
calculated fron lengrh and widrh measuremencs using lhe equarior
f o r  w o l u e  o f  a n  e l l i p s o i d  ( J a m e s  a n d  J a n e s  1 9 7 6 : i j 1 ) .

Length (r ip of snouc !o r ip of EaiI)  and,neighc of harchl ings
,rere 

.  
rneasured, 

-  and harchl ings l rete indiwidual ly r3gged in che
ir 'ebbing of each hind foor wirh snal l  monel tags. afproxtnarery
once each week during che hatchina period, young hacched rhe
previous week were t lanspolted co a comnercial  al l isaror farn ano
brooded unt iL chey reached a size lhaE pernirced aciurare sexing,
i .e. ,  a total  lengtb of approxinarely 63.5 cm (Joanen and McNeale
1 9 7 8 ) .  [ o s t  h a c c h l i n g s  h a d  r e a c h e d  a  s i z e  ( 5 3 . 5  c n )  E h a c  € . 1 l o v e o
rel iable sexing by Augus. 1987. On 20 November 1987 al l
al l igators in rhis scudy vere weighed and measured, and
individuaLs less chan 53.5 cm oere larer dissecred and sexed in
the Iaboratorv-

Eqq Nurber and Size

Clutch size in rhe six nests var ied fron.. ]2 !o +5 eEss (nean
-  1 7 . 3 r .  { e a n  e g g  v o l u e  l a n g e d  f r o m  4 1 . 8  c m )  q n  -  2 6 t  i i o m  n e s c
5 co 70 cm- (n -  14) from nesc 2. Mean etg volume di f fered anong
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n e s r i n g  h s b i r a r s  ( F  -  4 5 9 . 2 2 . ,  1 + ,  9 0  d f ;  p  <  0 . 0 0 0 1 ) .  M e a n  e g g
voltule fron htgh marsh nesrs was snaller rhan mean egg volure fiom
1ou marsh nests, and m€an egg volume fron levee nesrs was larger
than dealr  egg volume fron ei ther narsh nest.  Addir ionalLy, mean
egg vorune di f fered anong individual nesrs by nesring habitars (F
-  3 1 8 . 6 8 ;  4 ,  9 0  d f ;  P  <  0 . 0 0 0 1 ) .  M e a n  e g g  w o l u n e  a l s o  d i f f e r e d
a m o n A  i n d l w i d u a l  n e s E s  ( F  -  3 4 6 . 3 1  2 , 9 0  d f ;  P  <  0 . 0 0 0 1 ) .  T h e
six nests contained 224 eEgs arLd. produced 141 (52.9*) healrhy
hacchl ings. UnforrunareLy, cags were losr fron 102 harchl ings
before sexing and f inal  neasurements, and furcher idenri f icar ion
ras not possible.

T n . , ' h r i i ^ n  T a n n a . . F , ! r a

Mean incubat ion tenperarure di f fered by nesring habicar (F -
1 0 2 . 4 2 ;  2 ,  5 2 2  d f t  P  <  0 . 0 0 0 1 ) .  { e a n  i n c u b a . i o n  t e m p e l a r u r e  w a s
highest for low marsh nesrs, inrer inediate for levee nescs, and
lowest for high marsh nesrs. Mean incubarion cemperarure di f fered
b y  n e s t  ( F  -  9 I . 8 2 ;  5 ,  5 1 9  d f ;  P  <  0 . 0 0 0 1 ) .  H i g h e s r  n e a n
lenperacures were found in nesrs 3 and 2, resDecriveLv. rhi le
I o w e r  t e m p e r a c u r e s  d e r e  r e c o r o e d  f r o m  n e s r s . ,  . .  L .  a n o . .
resPect ively.

In one correlacion anaLysis rhe onty wariable highly
correlated with nest renperarure by hour by nesr was cLurch size
( 0 . 5 6 1 5 3 ) .  I n  a n o c h e r  c o r r e L a r i o n  a n a l y s i s  l h e  v a r i a b t e s  m o s c
highly cotrelated , ich mean nesi:  ienperaEure bw ies. aor i : ,e
e n t i r e  i n c u b a t i o n  p e r : i o d  w e r e  e g g  v o  l u r i e  ( 0 . 9 2 2 8 ; ) ,  c : u r c r l  s i : e
(0.82354) ,  mean ainbienr lemDeracure by nesc for lhe enrire
i n c u b a t i o n  p e r i o d  ( 0 . 7 0 6 1 4 ) ,  a n d  n e s r  v o L l . l . 1 l e  ( - 0 . 5 0 2 9 8 ) .  T h e

.variables most highly correlared ir i th mean quadlanc rernperarure oy
quadrant \r i th in nest fo!  Che ent ire incubarion period l 'ere egg
v o l u n e  ( 0 . 9 1 2 2 5 ) ,  c l u r c h  s i z e  ( 0 . 8 0 1 2 0 ) ,  a n d  m e a n  a r n b i e n r
cemperature by nest for rhe ent ire incubat ion period (0.68264).

Size of Hatchl inss

I ' lean length of hacchl ings fron slx nescs ranged froro 21.5 cro
(n -  23) froo nest 5 to 24.4 ctn (n -  20) from nesr 3. Mean
h a t c h l i n g  w e i g h t  r a n g e d  f r o m  3 1 . 9  g  ( n  -  2 3 )  f r o n  n e s t  5  r o  5 5 . . ]  s
(n -  20) fron nesc 3. Harchl ing lengrh was nosc srrongly
c o r r e l a t e d  w i r h  h a r c h l i n g  r e i g h t  ( 0 . 7 0 7 1 1 ) ,  e g g  v o l u m e  ( 0 . 6 7 1 7 4 )  ,
and mean nest temperacures during the enEire incubat ion period
( 0 . 6 5 3 3 4 ) .  I n t e r e s t i n g l y ,  e g g  v o l u n e  r a s  s c r o n g l y  c o r r e L a c e d , i t h
mean r lesc tenperatures during the encire incubarion period
(O.92287> and wi.rh hacehl ing $eighc (0.92245).  HaEchLing weight
'tas also highly correlated l,rich &ean nesr rernperatules during rhe
ent lre incubacion period (0.86973).
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_- ,Yean hatchl ing lengrh di f fered among nesring habirars (F _
I 5 5 . 3 9 ) ;  2 ,  9 8  d f ;  P  <  0 . 0 0 1 ) .  T h e  l o n g e s t  h a t c t r l i n g s  w e r e
produced in 101' marsh nesrs rirh a mean incubarion ttrnperature of
32.5 C. Uediun-sized hacchl ings w€re produced in levee nesrs wlrh
an average renperarure of 32.I  C. And rhe shortesc hatchl ines
were produced in high earsh nesrs rrr i th a mean lncubacion
ter0perature of 30.7 C. Addir iona1ly,  nean length of hacchl inas
d i f f e r e d  a n o n g  n e s r s  e i r h i n  n e s r i r g  h a b i r a t s  ( i  -  t 2 . 5 a ; 3 ,  9 i ' d f ;
P < 0.0001) and quadranrs wtrhin rests by nesring habicar (F -
2.79| '  40, 98 df;  p < 0.OOOr).  l , rean harching len;rh di f feled
sl ight ly anong incubarion renperarures (F -  5.31: l .  137 df:  p -
0.0227),  but lhe grearest di f ference lras among nesrs of or igin (F
-  4 7 . 4 5 )  5 ,  1 3 7  d f ;  p  <  0 . 0 0 0 1 ) .

|{ean harchl ing ' reighr di f fered anong nesring habirars (F _
1 9 9 . 1 4 ;  2 ,  9 7  d f ;  P  <  0 . 0 0 0 1 ) .  H e a v i e s r  h a c c h t t n e s  w e r e  D r o d u c e d
f r o m  I o ! ,  m a r s h  n e s E s .  m e d i . m - s i z e d  h a c c h l i n g s  f r o m  f e " e e  n e s c s ,
and l ightesr harchl ings fron high marsh nesrs. Add. ir ionaltv.  meaE
l 'eight,  of_hatchl ings di f fered aEong nescs wichin nescing hat ica.cs
( F  -  3 4 . 5 6 ;  3 ,  9 7  d f ;  p  <  0 . 0 0 0 1 ) ;  h o w e v e r ,  n e a n  h a c c h l i n g  v e i g h t
did not di f fer anong quadranrs ' i rhin nesrs by nesrins habitac:
M e a n  h a c c h l i n g  v e i g h c  w a s  a l s o  s L i g h c L v  a f f e c i e o  o y  i i c u b a c i o n
t e n p e r a t u r e  ( F  -  L 4 4 ;  1 ,  1 3 6  d f ;  p  -  0 . 0 0 7 2 ) .  b u c  w a s  m o s r
a f f e c c e d  b y  t h e  n e s r  o f  o r i g i n  (  F  -  8 . 2 3 ;  5 ,  1 3 6  d f :  p  <  0 . O O L )

Si"c at Ase 13 Monrhs

[ean length of juveni le al l igacors fron ihe six ies:s a! L_]
to 14 nonths of age ranged from 64.3 cn (n -  21) tront nesr 5 co
94 1 cn (n -  6) f ron nesr 3. yaxinum juveni le lengrh ras 109.2 cm
and ninimun juveni l .e lengrh ,nas 46.L cn. Mean iuw;ni le weishr
ranged. fron 982.8 e (n -  21) from nesr 5 Eo 2924.5 A t^ -  2;)  f ron
l test.2.  l r laxinun juveni le weight vas 4162.8 g and minimun juveni le
w e i g h t  w a s  4 5 3 . 5  g .

MeaD juveni le lengrh ar 13 ro 14 monrhs of age di f fered among
n e s t i n g  h a b i t a t s  ( F  -  4 8 . 5 2 ;  2 ,  4 5  d , f ;  p  <  O . 0 0 O t ) .  T h e  l a r e e s c
individuals Fere produced fron Io! !  marsh nescs and shorter
individuals t'ere produced froro tewee and hiAh marsh nescs.
respect ively.  Mean juveni le lengch also di i fered amons indiwidual
n e s r s  w i t h i n  n e s t i n g  h a b i t a r s  . F  -  - . 2 - ;  3 ,  - 5  d f ;  p  -  O . O l O t l
but nean juvenile lengrh did nor diffe! by quadranrs \riEhin
nest in8 hablrars by nesc.

Mean juvenile I'eighr ar 13 to 14 nonths of age di.ffered anong
n e s t i n g  h a b i t a c s  (  F  -  3 5 . 5 1 ;  2 ,  4 5  d . f t  p  <  0 . 0 0 0 1 ) .  T h e  h e a v i e s E
individuals ' , rere produced fron levee and low marsh nesrs, ,hi te
I ighter individuals were produced fron bish natsh nests. Mean
juveni le veight also di f fered arnong individual nesEs Li thin
n e s c i n g  h a b i r a t s  (  F  -  4 . 1 1 ;  3 ,  4 5  d . f i  p  -  0 . 0 1 1 5 ) :  b u t  n e a n
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juveniLe weight did noc di f fer
nest ing habitats by nest.

s igni f icant ly by quadrants r i thin

f lon every nest i {as signi f icancly
Hatchl ings produced f lom levee
and 5 erere al l  fenales. The sex

l n c u b a E i o n  T e n p e r a c u r e  a n d  S e x  o f  A l  l  i g a c o r s

T h e  s e x  r a t i o  o f  h a E c h l i n g 5
dif ferent fron che expected 1:1.
nesc I  and the hlsh nsrsh nesEs 4
rat io for hacchl ings produted f loo levee nesc 2 was 11 nales: :
f e o a l e  ( 8 . 3 1  f e n a l e s )  ( C h i -  -  1 6 . 7 ,  d f  -  I ,  P  -  0 . 0 0 5 ) .  L o w  n a r s h
nesc 3 produced hatcbl ings ich sex rat io of 7 nales: 1 fenaLe
( 1 2 . 5 t  f e m a l e s )  ( c h i -  -  4 . 5 ,  d f  -  1 ,  P  -  0 . 0 5 ) .  A n d  1 o \ , , '  m a r s h
nest 6 hatcht ings had a sex rat io of I  nale: r+ fenales (80.0t
f e n a l e s )  ( c h i -  -  5 . 4 ,  d f  -  1 ,  P  -  0 . 0 2 5 ) .  M o r e o v e r ,  t h e  s e x  r a r i o
of al l  hatchl ings ploduced fron the si>. nesrs conbined was 32
m a l e s :  5 5  f e n a L e s  , 6 3 . 2 1  f e m a I e s , .  q n i c h  ! ' a s  s i g n i f i c a n t l y
d i f f e r e n c  f r o m  r h e  e x p e c t e d  I r I  , C h i "  -  5 . 0 8 ,  d f  -  I ,  P  -  0 . 0 2 5

Character ist ical ly,  tenperarures of nale-producing quadranrs
lrere < 30 C only up to 1.2! of  rhe incubarion period. They ranged
f r o n  3 0 . 1  C  c o  3 3 . 9  C  f r o m  8 . r . 2  r o  9 1  . 4 2  a f  E h e  i n c u b a r i o n  p e r i o d ,
and they trele > 34 C fron 2.5 ro 15.8r of che incubacion period.
More importancly,  for maLe-producing quadianrs, rhe r0ean pelcenr
f lequency (n -  15 quadrancs) of t ime spent incubacing lras 0.2r ar
3  3 0  C ,  r a s  8 9 . 8 $  a t  3 0 . 1  C  r o  3 3 . 9  c ,  a n d  w a s  1 0 . 0 t  a c  >  3 4  c .

T c m n c  / ,  r ! !  r a  c  ^ F  € a n - r - - - / ^ i  - i -' q q !  ]  | | g  9 u c L ! a l ' l :

0 . 0  c o  4 2 . 0 t  o f  t h e  i n c u b a E i o n  p e r i o d .  T h e y  r a n g e d  f r o n  3 0 . 1  C  r o
3 3 . 9  c  f l o m  5 8 . 0  t o  9 8 . 7 t  o f  t h e  i i n e ,  a n d  E h e y  w e r e  >  3 4  C  f r o n
0.0 Eo 10.51 of rhe r ime. Moreover.  for rhe female -  Droduc ins
quadranrs, Ehe oean percen! frequency ,  n -  28) of c inre spenc-
i n c u b a t i n g  w a s  1 5 . 5 8  a t  <  3 0  C ,  8 1 . 7 c  a r  3 0 . 1  C  ! o  3 3 . 9  C ,  a n d
1.01 at > 34 C. AIso, rhe nean incubarion remperarure of nesr
quadrants with oales sere produced at an awerage incubarion
teoperacure of 32.8 C, r 'h i le females uere produced ar an average
incubat ion cempelacure of 37.2 C

DTSCUSSTON

Ess Number and Size

Levee nests contalned large! eggs than high narsh nests anc
p€rhaps lon'  darsh nesis,  but too few eggs *ere measured in lo\ t
m a r s h  n e s r s  t o  a c c u r a E e l y  a s c e r t a i n  E h e i . r  s i z e .  W i E h i n  n e s E i n g
habiEaEs. egg volune of levee nesr 2 Eas greacer Ehan Ehar of
levee nest 1.  Fo! 1ol '  narsh nests, data \rere col lecced only fron
nest 6, and no conparison coul,d be made of Chat habiEac. For dry
narsh nests, egg volutre of nest 4 was larger than that of  nest 5.
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Fersuson (1984) and Ferguson and Joanen (1983) reporred a
relat ionship be&reen age of rhe fenale al l igaror and clucch and
egg size. They nored rhac young (< 15 years oId) females laid
smal l  c lutches of snal l  eAgs, middle-aged (15-20 years) fenales
laid large clutches of large eggs, and old (> 30 years) fenales
laid snal l  c lutches of very large eggs. Chabreck and Joanen
(1979) reported a posiciwe size-age relar ionship for Louisiana
al l igators. C1utch and egg size, therefoie, are indicacive of aee
a n d  s i z e  o f  t h e  n e s t i n g  f e m a l e  S i n i l a r l y ,  W i l k i n s o n  ( 1 9 8 5 r 5 3 )
reporced a posit ive reLat ionship betveen rhe aver:age egg size.
clutch volune, and body length of femate al l igarors in Sourh
CaroI ina.

Our f indings indicate rhar a relar ionship may exisc between
nest ing habitat  and age and size of rhe nesrine fenales. OLder
a n d  l a r g e r  f e n a l e s ,  i . e . ,  f e n a t e s  i n  p e a k  r e p r ; d u c E i v e  c o n d i c i o n ,
may be select ing levee habirar for nes. ing. Other sr,rdies (Joanen
1969, Deixz and Hines 1980, and lni lk inson 1985:49) reDorred thac
l e w e e s  v e r e  o f E e n  u E i t i z e d  w h e r e  a v a i t a b l e :  h o w e v e r ,  i a r b o n n e a u
(1987:18) found no levee nescs in his srudy area, {hich incLuded
9.08 kro of levees ac Lacassine N\{R.

Several  researchers in l ,ouisiana o{cl lhenny 1935:39, Joanen
1969, Carbonneau 1987: i8) ha.re docurTren.ed :he pror. inaL Loca. ion ot
t h e  n e s t  E o  t h e  f e n a l e ' s  d e n .  T h u s  ,  ' , n e s i  s i i e  s e l e c r i o n '  i s
dependent upon the type of habiEar the fenale selects for her houre
tange. Levees are general ly associaced ' i rh deep-varer canats on
l,aeassine NUR, and large femares may be rhe only fenales rhar are
abLe co survive in deep-\racer habirar.  Snal ler fenates lhar
occupy chis habitat  nsy soon be el ininared. Large male al t igacors
are knor 'n to inhabir  deep-ware! canars (Joanen and McNease, 1972l,
and Rootes (1989) reporEed thar large nales in canats ofcen
consune other al l igators as large as 2.1 n long. This {ouLd
explair  why snal ler females are nor inhabir ing deep-warer canats_
Canal habicac provj .des an abundance of prey but appears ro be
under-uti.lized even by large fenaLes at Lacassine NI,IR. Faccors
thac l lay be l i roic ing rhe ur i l izar ion of rhis habirac are che
gteacer vuLnera.bi l i ty of  al l igarors ro harvest (Rooces 1989) and
disturbance by large nale alligarors and hunans.

S i z e  o f  H a c c h l i n e s

Hatchl ing length was affecced by nesring habirar,  by nescs
\r i thin nest ing habiCacs, and by quadla.ncs wirhin nests by nesring
habiEats. Addit ionalIy,  harchl ing lengrh was sl ighcly affecced by
incubat ion cenpe.alule bur was pr imari ly af fected by nesE of

Anong individuaL nests, nesc 2 had rhe largesr egg volune,
fol lo l 'ed by nests 1 and 6. Nescs 4 and 5 concained rhe smaltesc
eccs .
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origin.  Hacchl ing l 'e ighr was also affected by nesring habirai  and
nests idi thin n€st lng habttars,  bur not by quadranrs pi thin nescs
by aest ing habirats.  Al though, hatchl ing weighr was oore affecEed
by incubat ion tenperarure rhan was hatchl ing lengrh, rhe nest of
or igin had rhe gleacesr affecr oo harchl ing weighc.

Hacchl ing lengrh and weighc dtf fered among nest ing habiracs.
Lol '  marsh nests produced rhe longesr,  heaviest hatchl ings; lewee
nests produced hatchl ings of incernediare lengrh and Feighr;  and
high narsh nests produced che shortesr,  t ighcesr harchl i ;gs. This
relaclonshj.p nay ref lect a correlaEion berlreen nean incubat ion
cenperature anal nesti.ng habirar or nean egg voluoe and nestlng
habitat .  Inreresr ingly,  egg vo1u,"0e was srrongly corretared lr i rn
nean quadranr lemperarure and harchl ing veighr.

l , I i th in nests 1 and r.  chere as no signi f icanc di f ference ir l
hatchl ing lengch by quadtanr.  Howewer, rhere were sisni f icant
di f ferences in harchl ing lengch by quadranE in che reiainins -
n e s r s .  N o  d t s c e r n i b l e  r e l a c i o n s h L p  o r  E r e n d  w a s  f o u n d  b e c s e e n
nean quadrant teoperature and hatchl ing length. Ferguson and
Joanen (1982, 1983) teported thar wirhin 5 nests nonirored in r lLe
f ie1d, heawiesc harchLings 'ere obcained wirhin nesrs from low
tedperatutes, whi le l ightesr harchl ings rere produced at high
tenperatures. In our scudy, harchl ing .reighr did not di f fer
signi f icancly by quadrants ! . i rhin rhe nesEs.

For che four desrs rr i rh suff ic ient egg dara (nests l ,  2,  4,
a n d  5 ) ,  h a . c h l i n g  ' e i g h t  r a s  o o s i c i w e l . r  c o r r : e i a c e c  , i : ; 1  e g g
woLume. The highesr mean incubarion remperaiure 

"" .  
,u". i i .a r ." .

the nest hawing the largest eggs, and che 1o6esr mean incubat ion
cernperarure \ras recorded fron rhe nesc having ihe snal les. eggs.
However,  because of l in ired sanple si .ze,.rhe relaEionshiD fo;;d in
our study beEween egg volune. incubaEio.,  ."rp".u.rrr" .  uni
hatchl ing Beighr certainly I ,arrancs furrher scuay.

Size at Aee 13 Monrhs

Mean lengrh and lreighr of juvenite al l igarors a! L3 ro 14
months of age di f fered among nesring habitars and berreen nesrs
wiEhin nescing habiracs, buc did noc di f fer anong quadranrs Firhin
nests by nescing habitats.

_ Juveni le length by nest fol1o{ed rhe pactern of hacchl ing
length and wetght.  The longesr and heawiesr hacchl ings
subsequent l .y were the longesr and heaviesc juvenifes ar 13 co L4
months of age, l rhi le rhe shortest and l i . thcesr harchl ings becane
the shortest and l ighcesr juveni. les.

Moreover,  { i th in rhe group of nesrs (nescs 1, 2,  and 5) rhat
had idencicaL nean hatchl lng lengchs (23.5 crD),  i r  is inreresr ins
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to note lhat rhe heaviesr harchl ing Sroup becane rhe lonSesr of
the luveni le group, the group of nedlun weighc harchl ings became
incernediaEe in lengrh, aad rhe t ighcesr harchl ing group becane
the shortesr of rhe juveni les.

Incubal ion TemDerature and Sex of A11i?ar6rs

The tenperacule rhar ploduced nales differed from Ehe
tenpelature chat produced females. Males isere produced ar an
average incubacion rempelacure of 32.8 C, and females were
p r o d u c e d  a c  a n  a v e r a g e  i n c u b a c i o n  r e m p e r a c u r e  o f  3 L 2  C .

Ferguson and Joanen (1982, 1983) reporred Ehar levee nescs
(34 C) yielded L00t ma1es, high narsh nests produced borh males
and females, and 1ow marsh nescs (30 c) produced alnosr al l
fenales. Tn out study, nales rere produced from rhe warBresr
nests; ho\rever,  the waxDest nesrs included f i ro lov narsh nesrs and
one Levee nest.  Alrhough the rwo levee nesrs ,ere sini lar in
several  respects (e.9. located on rhe same slope of the sane
I e v e e ,  s i n i l a r  i n  s i z e ,  m a d e  o f  l h e  s a n e  n e s r  m a r e i i a L .  e r c .  ) .
i n c u b a t i o n  l e n p e r a r u r e s  o f  n e s c  I  w e r e  c o n s i s r e n E l y  l o r e r  r h a n
t h o s e  o f  n e s r  2 .  O n e  d i f f e r e n c e  b e E v e e n  E h e  E i r o  n e s c s  w a s  e s s
w o l u r n e .  w i t h  n e s E  2  h a v t n g  c h e  l a r g e s r  e g g  v o l u n e .  r h i s  w o u i l
support  the idea chat embryonic meEabol ic heac is a concribur ing
faccor of incubarion .enperaEule within nests.  I f  lhe meEaboLi;
heat of the enbryo was conrr ibut ing io the incubarion iemDerarure.
ahen large eggs generai ing ihe most hear,  and uLi imateiT larse
f e n a l e s  I a v i n g  I a r g e  e e A s .  , o u ; d  p r o d u c e  n a  t e  h a c c n L  i r e s  .  f h  s
r e L a t i o n s h i p  c e r E a i n L y  r e q u i r e s  E r r c h e r  i n v e s : : g a r i o n .

In our study, rhe sex rar io of hacchl ines nas 63.23 fenates
S i m i L a r l y ,  F e r g u s o n  a n d  J o a n e n  ( 1 9 8 2 ,  1 9 8 J )  i e p o r t e d  a  s e x  r a c i a
ac hatching of l  nale:5 fenales (83.3* fenales) in rheir  srudy
area. A sex rat io skewed tooalds fenales ar harchins I ,ould be
expecced in Ehe Anerican al l igator.  because male tracihl :nes
apparent. ly are produced from egAs incubdEed ac a sm.lLer iange or
nore stable tenperacures rhan females.

Int€rest ingly,  lhe sex rat io of sub-adutr and adulr
al l igatols l ras reported ro be skesed heavi ly ioEards mates (37s
femaLes for alL size classes conbined; 

"  
- .AfOl ac Lacassine trruR

(Rootes 1989).  This furcher supporls rhe cheory by Schulce (1989)
thac female hatchl i  gs conraio nuch absorbed yolk,  are Less
act ive, and are heavi ly predaced che f i rsc year afrer hacching;
trhiLe male hacchl ings are nore acr ive and are becrer able ro
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SUMf iARY

CrocodvIq !  gaLuq! ! i s  uJe !€  con6:dered tc  be  6x t inc t  in  the

peaenn ia l  u ra te ls  o f  5 im i l i pa l .  ' t l ge !  Reserve  by  19e0 .  The  te r tes i ! i a1

and aquat iq  hab i ta ts ,  encompass ing  an  ar€a  o f  2750 sq  km,  a re  unds l

ac t ive  conserva tLon manag€ment .  s ince  1973.  Aetureen Ap! i1  198 ' l  and

February  1990 a  to taL  o f  238 capt ive  learsd  juvgn i l .e  muggE!s  hav6

been le leasBd Ln the  Rese lve ,  ou t  o f  99  muggers  re leased j ,n  ! i . ve !

L "udhaba langa ,  12 .1 :1 ,  exc lud ing  u i ld -b red  ha tch l ings  a !e  seen  a t

p !€ ,s€nt .  lo  r i ve !  ;es t  Deo 34 .7 ' .1  o f  72  re leased a le  seen Lr i th  sone

uJ iLd-b red  ha !chL :ngs .  In  r i ve !  hha i r i  (F i9 .  ' l  
I '  u i l . e re  25  nug l€ !s

uJ€ le  re .Leased in  Apr i I  1989 a t  Ransagudar  16  u ie !e  seen a f te r  44

ureeks  ur i th in  a  s t re tch  o f  900 mt  ups t leam and 1400 mt  dourns t leam

the po in t  o f  !e leaBe.  S igh t j .ngs  ure le  on ly  I  to  3  du l i .ng  the

monsoon(F ig .  2 ) .  The  fu tu re  p lan  fo r  nugge !  in  S im i l i pa l '  i nc lude

( i )  a  las t  le lease in  r i ver :  Eudhaba langa in  January  1991 '  ( i j . )

legu la !  mon i to t ing  o f  the  ur i . Id  popu la t ions '  ( i i i J  con t inuat ion  o f

capt iv€  breed ing  p logramne a t  Ranat i , l tha  fo t  tesearchr  educa 'u ion

and  to  mak6  ava i lab16  juven i les  fo r  !es tock ing  e lseuhe le .
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I  NT R O D U C T  t  O  N

lhe  5 j .m l l ip t r . l .  T  lgor  I toco lvo  ie  ono o f  tho  e igh toen T  lgo !
i tos { r rv09 to  snsuro  p ,€ !ps tua t lon .  o f  tho  t lger  in  i t6  t r t rd i t lona l -
scosys tsm.  Ths  P lo jec t  T ige !  u ras  launched  in  Ind ia  in  19?3 .
Tuo  y€ars  la te r l  i n  19?5 ,  the  c rocod i lo  ccnseqva t lon  p ro jsc t
u ra  s  launched in  tho  e ta te  o f  O l issa  6s  a  par t  o f  the  jo in t

e f fo ! t  o f  the .  cov€ !nment  o f  Ind lo ,  U .N.D.p .  ond  F .A .O.  o f  the
Uni ted 'Nat ions .  .The mugge!  nanagemsnt  p lo joc t  u ras  es tab ] lsh6d
at  Ramat i r tha  1n  ths  ou tsk l l t  o f  S imi l ipaL  T lger  nss6rv€ .  I t
op6 la ted  undeB thg  d i roc t  superv is ion  o f  thB F ie Id  01 !6c to !
o f  the  T lge !  R9ag lve .  , l t . th6 t  t lme mano!€ f ton t  01 '  muqqs l  {6
natura l  hab l ta ts  ! r6 re  v lo l r€d  fo !  Hadga!h  5a  nc t  ua ly  and S imi l i -
pa l  T lge !  Rese!v€ .  Th€ p !esent  pap€! ,  ovs !v ieurs  the  maneU6n€nt

snd Don l to rLng o f  the  muq!€r  c rocod i lo  G:ggg$!S pa lue t r l s )

1n  S in i f i pa l  T igEr  REsErve .

STAT Il5 IN 1 979
-  

The S imi l ipa f  h l f l s  f  o r rn  on€ o f  th€  Ino€t  r i ch  u la ts r -shed

qroqo.o f  tho  0r lEEE 8 io t9 . .  Tho rnaJor  Poroon lu l '  ! i vo t  eyo torns

cons i i tu ts r  Budhaba langs  in  the  noathr  Khadko i  and Kha l t t -

thqndE.n ln the north-ueotl t l ,o ei, oeo in tho eouth-u,ost'

SEIand l  ln  the  squth  End East  Oeo qnd SahJo ln  the  eas t .

Re6u l ts  o f  esrv€y  condustsd  in  NovEm' rber -oecEmber  1979 had

indlcatail that the tiugge! had viltualLy becomB Extlnct ln th€

Sin i l lpa l  T igEr  Rase lvE a !e6 .  The exac t  tBasons fo !  thE

ext inc t ion  g f  muggsrg  f lom S lmi l j .Fa I  ue te  no t  c1€a! .  Hou ievc l t

tha '  survey  pas ty  had taken no te  o f  adversg  fac to rs  l i ke  ( i )

f t sh ing  by  u3 lng  exP loE ivee and nyLon ne ts '  ( t t )  f i l e  in  the

Div€r  bankE ?oro ing  nes t lng  e i t63 ,  and ( i i i )  na tu la l  e f fec ts

o f  ac t l , v i tLe3 o f  o r i ld  boar  and moo i to !  l i zo lda '
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C,IPf IVE TJRTED IIJ6 AT ,RAIIIAT IRTHA

Ramat i r tha  ls  loca ted  on  the  banks  o f  r i v€r  l i l )a r l ' t -
Bhand in ,  1 .5km ues t  o i  Nat ionaL l l ighuray  no .  6 .  The nsarss t
loun 1s  Bar lp6dA(1  00k 'n ) ln  tho  earn . r  d lE t r l c t  l tayurbhcnJ .
A l rpor ts  e t  Ca lcu t ta  and Bhut langgura !  a re  2BOkm End 3OOkn,
r€spsc t iue ly ,  Neases t  mi lkBt  l s  a t  Jash i ,pu ! ,  4km auray .  The
p lace  e iper ienceg  up to  155cm annuaJ .  ra in fa i f  and  a  temperoru !e
lange o f  BoC ln  December -Janua ly  to  41  oC 

1n may.
The  fac i l i t i es  ava i lab le  inc luds  ( i )  o l l g  €gg  ha tchery ,

( i . : . )  one gBt  o f  tan  ha tch l inq  p€ns- -  each ur i th  a  conc le ls
pooI ,  measur i r€  2 i2x0 .3m { , t th  1m u id th  vegeta t€d  bask ing  Iand
aIL  E!ound,  ( i , i1 )  ons  s€ t  o f  tuJo lve  ysa ! l ing  p6na,  oach hoJ .d tng
about  361000 l i t res  u ra ts r  over  E  su l face  ares  o f  32  sq .m.  and
hav ing  baskLr ig  a leaa o f  1 .5  to  2 .o rn  u , id th  s .L l  a lound,  ( i v )  ono
b!6ed ing  ExcLosrJ !€  u r i th  land over  974 9q . l l | .  and  ua t€r  over  191 0
sq.n .  and ho ld ing  over  2 .263 o i . l . J . ion  l i t ree  ura ter  in  th roo

Poo ls  o f  O.826,  0 .233 snd 1 .189 nr11 l ,1on l l , t ,o rs  €onnoctsd  ur i th
nar rdu  channo ls r  (v )  t rL ro  u ra to !  pump houe€.s  on  th6  ! i v6r  bank ,
(v i ,  t ! ,o  ua t6r  tanks  u , l th  ho ld lng  capas l t l se  o f  1 r45r000 l i te ls
and 40r000 l i te rs '  (v i i )  ong smal l  labo la to ly ,  (v t l i )  four
ha l l , s , ,  Bnd ( l x )  e levon ree ident ia ]  bu l l .d ings .

Tho  cop t l vo  b rooc i l f i J  p !o0 lan rmo  uos  s ta l t sd  u i t h  yL iung

$ruggore  b louOht  l n  phasoo  f ron  tho  Taml1  Nadu  Fo r6s t  Dopar tnen t

and  l l l ad las  Crocod l l e  t i ank .  Cap t t ve  rqq r lng  u ,6  E  coomBncEd  ln

19?9  and  f i r s t  b la€d lng  took  p lacg  i ;  19e4 .

Y oar T ota 1 Total 5 u ! v i .  v. a I
E9E S hatch  L lng  s Numba!s lfron

egg s
it f lom
hat  ch  I ing  s

1984

1986

1947

1988

20?
79

110
110

1.4

1.0?

54
51

45.4

45.4

74"7

.  eu.0

26
74
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.  l r r r r . l r x t  t . l r o  l | i , ! L  t u ro  Vo , r r u  , t r  ( r . r i . o r ,  o t . t . r r r | t l r ) n  l r l vu  t ) o r rnpa rd  to  i l r p l r Jvod .  husb . r r rd ry  cond i t l ons .  l o r i od i c  hea l th
chsckg ,  s tudy  o f  oach  n ro r to l i t y  t opo r t  and  app roac ;  t o  r sc t i . f yphy  s i c . r  I  d6 fo rm i t i ss  i ' l t
revealecj possibr.o 

",.,r.rjl,. 'r"ilrtl";::::":: 
ti:i l.;i:"i:i l""'

supp lsments  u rdre  uscd . rnd  surv ivaL !a t€s .have O"r "  , ro "or lo .
Iho  n ra in .supp l ,q rncn ts  u ru ,  ( i . )  a  n r ino ra l  o " r r_ r r " - rn  ,nu  .
p ro l )o r t ion  o f  30-359 psr  K9 o f  pork  fod  to  b roc . i ing  aduLt6
on(  ouror  j r . rvon i loo ,  ond.  ( I i )  ono 500mg os t6co lc iu i  tag : ,e t
fo t  E tesy  juv6n i ]s  ove ly  1S day€.  In  o lder  to  imp love  lne
la t€  o f  fe i t l l i t y  o f  eggs  and the  ha tch ing  suacess ,  bg fore  the
1990 brBed ing  seagon v i tamln-E hav€ b€eo ad tn in is ta !ed  a t .a
doog o f .  1 t00m0 pgr  odu l t  fo r  ton  doys .  Tho brooc l lng  group nouqonEt l , t [ r t6s '  tu ro  maIs6  and four  fona les .  Dut : ing  1906 r ,ne te
! ,e ts  up tg  13  adu l t  feara les .

.  _0 th6r  
asp€c ts  o f  resaa lch  a t  th€  capt lve  brood ing  center

a re r  (1 ;  t6 ! ! l t o ry  occupa t lon  in  !o la t lon  !o  EL l  pha9e9  o f
b !Eed ing  to  d rau  a t ten t ion  to  spac io_ tempora l  con t ro l  m€asu!e9
os€ded to ,hu&an ac t iv i t ieg  ln  a  mugge!  sanc tua ly ,  (1 i )  9 lour th
end sur r i vo l  o f  young muggere  l i v ing  in  E l .mu la ted  na tu !6L
cond i t ione  r r l i th  the  group o l  b reed lng  adu l ts ,  snd  ( i1 t )  gox_
ra t lo  1n  mugge ls  u rh6n eggs  a !e  incubatod  in_s i tu  unds !  shad6
and und€r  d i rec t  sun l j .gh t .

I tLsT, rC l ( lN l i  t t i  ' ;  I in IL  t l ,AL
Th lse  r i v€ !  gys toms have boen usod fo !  the  res tock ing

ptogramrne.  ThB€e.a !e  ! i v0rs  0udhabo langa,  u jos t  D60 and Kha i !1 .
S lnce  ths  na tura l  popu la t lon6 had v l r tua l l y  becom€ ox t inc t ,
the  a t tgmpt  u rag  to  !69 toqk  u l , th  an ioa lg  f rom any  pa l t i cu la !
geogtaph ic  leg ion .  Thoro fo lg ,  a11 le foases  havs  boan ur i th
Dugg€r9  d i rec t l y  p rocured f lom thg  s ta tE  o f  Taml l .Edu o !
produced th rough capt ivo  breed ing  o f  Tami lnadu s t ra ins  a t
Ramat i r tha  and Nandankanan.  There  Ls ,  hour6ve! ,  a  poss ib i l l t y
th r r t  e t ra ine  f rdm d i f fb ren t  loca . l l t les  ln  Tan i l ,nadu h6ve 9o t
mixed lq r  Ina tu la l  ser loc t ion .  to  p lay  t ts  ro l€  th lough o f fsp l i_
ngs  or  the  les toc l<ed muggers .  19 l



OLt  o f  tn .  to taL  238 nunb6!  o f  mugge!6  !61€as6d,  94
urero  brou0ht  f lom Tan l lnadu,  12  f ro ln  Nondank3n6n capt lvo
b lsed lng  p lo jec t  and 132 f rom tha  Ramat j . l tha  pra joc t .  Ihes€
havo b6en te leased ln  t i vera  0udhdba lurEa (99  noe. ) ,  l ] J€s t  Doo
(?2  nos . )  and  Kha i r i  (67  nos . ) .  The  de to i l s  o f  re le i j ses  a r€ ,
as  fo l lours .

Dt .  o f
ra loa  ss

R 1v o!,/  P lac s Ln
STR urhslg

.  ! e leasod

5tock  f ron  To ta l
urh lctr no s.
p lacE re  I6a  sod

5ex.WF ScutE
c l ipp  thg
usgd

t81Apt .1 I

'85may Z6
'  Jun.U9

r€6 Nov.30

.87Dec.6

. r  B oFEb.  24

.8gApr .24

.90Feb.  0  B

'R.Buclhabelanga

.  n .uJgst  Doo

n.  Uo ot  Doo

R.  B udha ba lang a
Jambu b  r idq  e

R.UJest  D6o !
PEtabl,l rurl lE

R.Kha i t i s
REnsag udE

R .  Kha l !1 r
KuI tap  u !

TN 60

TN 18

rr 26
TN 16

RI  39 1J

L4 ( ry.r 1,:,1
R4 ( f omale )

L5

12NK

8/10

1 /11

10/32 ' | 5  (  ma le  )
R6 (f ema le )

RT

RT'
to ta l  238

Stoqk .  NKr  f {ondonkanant  RTt  R. rna t is tha ;  TNt  Tami lnadu '
S€x l  Er  fgmolo i  .mr  mo l€
SEuLo c l lpb lnu  cUdo on doub l 'o - rou  tq I I  uho l l s t  L !  Ia f t ;

R t .  r igh t i  d tg l t3  3 '  4 r  5  and 6r  the  3€ ! !a I  numbo!
,  th€  eautos  on  lg f t  o r  r lgh t  countsd  f ron  boh ind  to

o r
f ton t .
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INdI , ITT JR INC f IESULTS FRUIN 'R IVER KHA]Rt

AI l  r i v6 !s  i .n  S lmi I lpa l ,  havs  rap i ,ds  do t t€d  ur i th  s r la l t
r t ro tchso  o f  dosp  poo ls .  Tho3r i  doGp poo la  have  fo lmed the
Ina in  t€ r rL to r ios  o f  !ho  !eh .b1 I l ta t6d  muggBre .  Becauss  o f

rocky  na tu le '  the  r i vs rg  a !e  unss i tab ls  fo r  nev iga t ion .

LJa Ik ing  a lqng tho  banks  ls  goneEaLLy d i l f i su l t  becEuea o f

th€  t6 r !a in .  F ! ! tho rmo!6 ,  bEceugg  o f  e  h lgh  cancon t la t l ( Jn

o f  tho  t i ge r  and  e lephan ts  mon i to r inq  sxpod l t l ons  h rv€

aLurays  p lescn ted  r i skE o f  Encounts r l ,ng  u l th  thsss  ao i r ruLs .

!u r ing  th9  monsoonr  f - rom June th rough oc tobar  g round l6eches

arg  innumslab le .  UndEr  guch c i l cumetancs8r  i ton i to r ing  hcs

bE6n keot  l im i ted  to  a  g t lE tch  o f  1okm ln  s ives  Kha i !1 .  F lom

the po j .n t  o f  muggqr  le leas€ tha  s t !&hes  are  6km in  tho  dourns t lean

and Akm in  the  ups t faam.  ThE r iver  ban l  hae been marksd a long

both  thB d j . lec t ion  a t  eve ly  100 met res  in te rva l  u i th  inc leag ing

nungta fs .

Count ing  o f  mugge ls  have been dona by  Ua lk ing  aLong the

banks  dur lng  thg  poak  knoun houte  o f  bask lnq  dur ing  the  dav .

At  the  t lne  o f  p repara t ion  o f  th ls  !6Por t  da tE on  legu la !

non i to ! lng  !16r€  lEco iv€d fo !  44  ueek9.  Thera  ruere ,  in  a r i

ave laqo.3-4  obEerva t l 'on  days  €ve ly  t !6€k .  No obeo lva t lon  cou ld

be leco ld€d du l lng  th€  ureoks  - :  € tad ' i ^€  Ju ly  241 Sept€mb€r  11 ,

0c tobe!  02  and-  oc tob€!  30 .  Ra in fa l l '  du lLng tho  s tudv  per iod '

mEaeur6d a t  Uppe!  Ea lha  Kamda in  ths  Eouth  and Ramat i l tha  in

thE nor th -ures t  o l  non l to r jnq  zone (F1g '  1 ) ,  tuere  252cm and

166cr r r  r i spec t lvo ly .  The q f l rb ion t  tompEra turs  du ! jng  ths  E tudy
r_41oC a tpgr iod  ranged ovEr  4 -41uC a t  l Jpp8r  Bqrha lamdE and 9

Ra mBt irtha.

our tng  the  f i i s t  u , l€ek  o f  mon i io r ing ,  tha t  i s '  25  Ap! i I

to ,O1 t l ]ay  198d the  nunbe!  o f  nugge ls  e igh tgd  !an96d f ro |n  2  to

11.  On ly  1  to  3  | I |u99E!9  ! ,€ !e  s igh t€d  du l ing  the  monsoon

pg l iod  o f  2s  :u ty  to  25  Octobe!  1989.  Ths !€a f t€a '  the  la tes

oi. sightlng !,6re bstter. Dtlring the 44th ueAk' beglnninq on

the  20 th  Febtua ly  up to  ' t5  nuggg le  u rs lB  g lgh ted  ou t  o f  thg  to ta l

25  3s l .eased on  24  APr i l  1989 (F ig .  2 ) .



of  16

a le  as

, lJ i th !s€p€ct to

mugg€rs  s  j . gh tod

fo l l ou ,s  (d r .  2g

tho  p laco  o f  re lease ,

du ! i ng  t l r e  44 th  u6c  k

Feb lua l y  199U. ) .

t he  l oca t i . ons

of mon ito r j .ng

U i . s tancB  f rom the
p luco .  o f  r u l ooso
Ln  n ro t  o ru

N l m b e l g  o f  n u g g € r  g i g h t o d

UfJ gE lou'r l  dOUrnU! rur.rm

0 -  1  00
't 00 - 200

200 -  Joo
300 -  400

500 -  50u
600 -  700
700 -  Bou
800 -  900
900 -L000

1 000 -1100

1 200 -1300

1300 -14 00
1400 -  boy ond

(  r . rp t  o  4000 rnoLors)

1

0

0

t .

0
)
n

n

0

0

0
n
,|

0
( l J P ! O  I r U U U  I n O t O f 9 ,

o
1
n

n

1
U

n

0

0

T otal
.  I  nudb ol:o

( f  so 'n  100  -  900  ' r o t ,6 rs )
I  nos .

( f r c i rnO-1+a0m. ) .

A f ta r  ihe  ? l !s t  t sn  Donthe  o f  re leasa 16  o f  ths  25
(64S)  n rug9ere  ro to r lnsd  ! r1 !h la  q  a t re tch  o f  2 .3km - '  900m

ln  the  upgt !€ao and 1400n ln  ths  dou ine t rean.
p lgv ioua lsqo lds  o l  movemont  o f  mugge lg  back  ln  th6

q l ld  q ro , thoso q f  ( l )  one 170c tn  young tha t  noved ovet  1 .sk tn

Ln n lno .nontha ,  (1 t )  t ' !o  nuqgoro l  56 .9cn  6nd 54 .3c tn  long

uh ich  movEd over  1O.Bkm in  1B months ,  end ( t t l )  sevan o f

eight muggers conflning to a stretch of 3k0t ln s post-felaase

duaation ranging frorn 3 Dohths to 4 yearg. Thsss msvg|nantg
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r . r f  a !  to  a  lako  l rab i ta t  in  i ) r i s$a  (Achor jyo  and l i lahapat la ,  1928,
S in fh '  1985) ,  r i vo !  t i l oho l rsd l  ln  t , l ro  So ios i l lo .Gorgo 5 ,onc t .uary
(S ingh,  1983)  and rLvo !  Kr l , sh . r r  in  Andhra  prddssh (choudh, r ry
and Bus ia l :d  ?982)1  36spEq11ve ly .  The da t6  f rom Kha i l i  in
S i rn i l ipa l  T l .ge !  n€se!v6  a la  fo !  a  much la rger  numbE!  o ,  n (€ge ls
and the  don i to r ing  uas  dono cont lnuouo ly  f t .o rn  Lh , .  d t | to  o f
l s ls€rao .  A  lou ,  ro t€  o f  s igh t ing  ln  ths  s tudy  oroa  dur inu  Lhs
monsoon InaV bs  bscaugs o f  mov€ment  o f  the  juvsn iLsg  in to  u l€
gma. l , l€ !  t rLbuta l les  6nd c ro€ks  to  avo id  the  cu ! !an t  o f  ths  mdin

. !1 \ io r  End fo l ldu  tho  movonset  o f  p !6y- f tsh ,  3s  hovo baen
9uggEst€d  fo !  s im i la r  movements  o f  ghar ioL  (Bus ia rd  snd S ingh,

A iompa! ison  o f  th€  da ta  on  novef l ren t  o f  mugg€! ,  lndB!
d i f fe renc  s tud ies  c i ted  in  the  above,  u l i th  thos€ o f  ghar ia l
(Bus tard  and S ing t - t  1983t  S ins jh ,  1985. )  suQgost  a r ,ua  ou"  o f  these
tuo  syEpat r l c  spec iesn  mr .Lgge ls  move less .  I t  1s  t ru€ ,  ho luover ,
tba t  the  f i rs t  feu ,  ueoks  o f te r  re leass  Ls  a  ru rand€r j ,ng  or
€xp lo ! lng  phBss .  fo r  bo th  the  Bpec iss .  The  6bsencs  o f  9  o f  the
25 l t tuqge!s  !s leased 1n  r l vor  Xha i , r l  ind lca teg  tha t  th€s€ navs
th i . f ted  oq t  o f  thE s tudy  areE o l th€r  du !1n9 the  in l t la l  .€xp lo r lng
phase.  o !  dur ing  th ;  d tDnEoon f loodg.  Soon o f te !  the  monsoon
urs  had rEpor tg  about  t l ro  Juven i le  nug.g6rs  thq t  en te lsd  a .  v i l laqE
pond s i tua ted  c lose  on  the  banks  o f ,  and ge t t ing  f looded ur i th
ura te ls  f !  on ,  t i ve !  Kha i l i  a t  about  4Skm do l rns t reom f l :on  ths
po in t  o f  !e lea9€ .  ThE muggorg  had  re tu rned  back  to  th6  r i vo r
b€ fo lq  more  in fo r ; l r t ion  coq ld  bs  co l lec ted  on  thee€.

The.  socond ro leess .  in  r l vor  Kha l r i  uJcr  6  conductod  du ! lng
Fabrua!y ,  ths  8 th ,  ' l  990  u ,1 th  42  j t i von l lea .  A f te r  one mon!n ,

i2  (76 .1 f . )  o f  the  juvsn l lge  u ,e r€  locaL iEed U i th in  a  s t !6 tch  o f
2km o f  th iJ  po  j .n t  o f  le lea9e.
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s IGIIT tNG nEc,ORD FR tJfII IITHER R IVERS
(January  1  990)

In  r i ver  BudhabaLang3 a  to ta l  o f  99  mr_r j 'gers  huve been
re leased  be tuJ66n  1B Apr iL  1961  and  05  Dec6mb€ l  19g? ,  T l re tve
of  thoso aaB s i .U l r l rod  u t  l ) ! saunt ,  The J .c . :caL ions  o f  thess  o !s
o t  . l a r l bub r i dg€ ,2 ,  douns l r o . j , I  r o  b ] . . i dUo3  1 ,  l j . r I I du !ha :3 ,
Chha ta  da rha :  2  and  f i l an i k ida lna i4 .

l n  l j . vo r  Ues t .Deo  a  t o ta l  o f  ?2  mugge rs  havg  b€en
roLeabed  be tu ,oE l  25  may  . l  9BS End  24  Fsb rua ly  , l  9Bg .  Loca t i ons
knoq ,n  fo !  25  o f  t hes6  a r€  a t  T lnad iha  (6 ) ,  mankoda-da lha  nea r
Sapagha !a  f i e fd  (4 ) ,  €hhuagada  (? )  and  pa tab l l  b r l d i ! e  (B ) .

Compa !6d  u i t h  th6  da ta  f rom (ha i r l . ,  U rhe re  71  .E f  o f  t he
re .L€ased  muOgors  a !e  s igh ted ,  t h€  da ta  fo !  Budhaba langa  (12 .1 f r , )
and  Ues t  D6o  (34 . / t { , )  a !B  l ou .  Navo r the loss ,  ha tch l i ng  muggess
have . .besn  e igh t6d  i n  t he  l a t t e !  t u ro  r i vo r  eys t€ms  sugges tLng
tha t  t he  re l ] ab i l I t a t6d  huggo !s  havs  s€ t t16d  dou rn  tB  r }3 tu t .a l
b reod ing  1n  51n111pa1 ,  T l qE !  n€so l va .

FUIUNE PLAN FOR MUGCER IN  S IMIL IPAL

1 .  The r€  s l l l ,  be  no  fu r the r  re laaso  i n  r l ve rs  I ] Jeg t  060  and

Kha i ! i .

2 .  ,  t n  r i . v€ r  uudhaba langa  15  j uv6n iLos .u r i l l  bo  ! s ] oo66d  1n
tho  l os t  u rook  o f  J t rnuu ly  1991  .  Th l s  u11 j ,  cons t l t u t s  t he

Ias t  re lease  o f  cap t i v€ - r€a red  mu !ge r  l n  S i r l i l i pa l ,  T igs !

HESe lve .

3. .  T .he  u l ld  popu la t ions  in  a1 I  the  l j . vers  s j ,L l  be

to  a9s€ss  thB t rend  €v6ry  yea ! .

4 .  Round- th€-y6ar  mon i to !1ng u iL l  con t lnue fo r  the

conduct€d  in  r l ver  Xha l r l ,  u r l th  baso canpe f lom

mon i t  o  red

re l6a s€ 3

Kabatag hai

and 3enab 11 .

5 .  The capt ivs_b!Eed ing  un i t  a t  Ranat i l iha  sha l l

un t i l ,  the  Sta t€  Gove lnoont  dsc ldEe o the ! | ' IEa .

o f  cap t l , ve  b !€Ed ing  u j . l l  bB supp l i6dr  uJhen no t

S lmi l . ipa l ,  fo r  re lgas€9 E lseuhe lg  ln  th€  e ta ts
purposeg to .  b€  dec ided by  the  Govsrnment .

6 .  [ tes€arch  and €ducat l ,on  ac t iv i t l€s  a t  Ram: l t l l tha

co n t  lnqe .

co ot 1n ue

ThE p  roduc t  3

!6quL led  f  o !

sha 1l
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!U IT I l ]ARY

Cloqod , /1us  pa l ,us t ! i s  ! r . , ! €  cons id€ r ! sd  to  b€  Ex t i nc t  i n
l ha  pe !enn iaL  u ra te r s  o f  9 i n i l i . pa l ,  T j ge !  Rese rve  by  1990 .  The
te r res t r i . a l  anc l  aqua t i c  hab i , t a t s ,  encompass j ,ng  an  a ! ,Ea  o f
2?50  sq .km. ,  a !6  qnd6 ! .ac tLv6  consc t l va t l . on  mensgemen t  s1nc6
' l  9?3 .  Be tu roon  Ap l i L  1981  and  FEb lua ry  l 99O a  t o ta l  o f  238
cap t i v€  ! 6a ! sd  j uven i lE  mugg6 !s  havs  been  r6 l eas€d  i n  Ene
Regorv€ .  0u t  o f  99  muqge is  re leased  1n .  ! i ve !  BudhabaLanga ,
' l  2 .1$  excJ .ud ing  u i l d -b led  ha tch l i ngs  a !B  s€En  a t  p !es6n t .

I n  r i ve r  U i€s t  Deo  34 .7 f i ,  o f  ?2  re leased  nuggere  and  u , i l d -b r6d

ha tch l l ngg  a !e  96on .  I n  r l v s !  Kha i r l ,  u rh€ rE  ! e16as€s  have

be6n  mqde  s inc€  Ap ! i 1  ' l . 989 t ' 11  .6 f l  a ro  seen  u rhen  ! spo l t s  Las t

cam€ in  .  Du ! i ng  a  tho lough  mon i to r i ng  ov6 r  44  u r6ekE ,  ou t

o f  25  mugge l :g  l e leaeed  a t  Rangaguda  io  s i . v€ !  Kha i r l  16  y  o r . rng

on€9  cou ld  s t i l l  be  9€€ r l  u i t h in  a  s t l e t ch  900 f l r  ups t l eam and
' l 4OOr i  douna t !eao  thb  po in t  o?  re lease .  Du ! i ng  th€  monsoon

s igh t i ngs  u r6 !e  f l on  1  to  3  mugq€rs .  Th€  fu tu l s  p lao  fo !

ougge r  i nc l ude  ( i )  I as t  r e foase  1n  f anua ry  1991  ,  ( i l )  r egu la r

| t t on i to r i ng  o f  t he  pop ' r l , a t i ons  1n  the  ' r i l d '  ( j , i , i )  con t l . nua t i on

o f  t h€  cop t l vs  b ro€d1ng  un l , t  a t  l l o r ra t l l t ha  fo !  l ea€a rch ,

educa t l on  and  supp l y  o f  cap t l vE  r sa !6d  j uv€n1 I€s  f c r  . es tock inq

e l s€ ' r he !6 .

AC  K  N  O IX  LEOG E  ME NT  S

L ts  a r6  g !a t s f  u . l ,  t o  a r r i  f i ! .  C .  Dash '  I fS  (F ' r i nc ipa l

Ch i€ f  cons€ l va to !  o f  Fo !es t s ,  o ! i 33a )  and  5 ! i  R .  L .  Ra th '  I F5

(Ch io f  u l i ! d I i f e  uJa !den ,  0 r i ssa )  f o !  t h€ i !  suppo ! t  t o  t ha

u /o rk  rE ld tEd  to  Dsqger  msnaqenon t  and  !6soa lch  j n  5 im i l iPa1

T i ,gs r  Res6 !ve .  Th€  S ta te  Fo les t  D€pa l tmon t  o f  Tami lnadu '

bdsas  Crocod i f s  Sank  and  Nanc lankuoan  B lo log i ca f  Pd rk '  ' r i ssa

have  EuppL igd  u9  u i t h  | l t u ig€ lg  fo !  ! €a r  and  !e leass  pu rPos€3 '

: ! l  eov lnd r l  Tudu  and  S !1  86 . l snd l s  t l l i i ha  o t c  havs  ca t ! i ed  ou t

|nos t  o f  l r s  caP t i v€  l ea ! i ng  and  pos t_ r€J '€45€-mon l to ! i nq  u ro !k '

! esp6c t i . vE ly .  SE i  S .  D .  Rou t ,  l l | . gc . '  UJ t l d l i f e  Techn ic ian  hag

he lpod  l n  cao t l v€  husbaodry  and  da ts  ana lys lb .  A l ' l  o the r  s ta f f

o f  t ho  Rea€ lve  have  Ex t€ndsd  the l !  suppor t s  du t i ng  ths  s tudy '
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I i  E F E R E N C E :,

echa r j yo ,  L ,  N .  and  5 .  t i l ahap . r t ! a .  19?0 .  1 .191u16  01 .  t he  ccp t i ve
m3rsh  c !ocod i l e  (C !ocodv  1us  ga  I us t t l s )  i n t o  i he  u i l d .
I nd  i i r n  Fo ! ca te ! ,  104  (5 ) : 3B5 .

0us l J rd ,  l t .  n .  and  L .  l l ,  K .  : , i ngh .  1983 .  I l t ovoneo t  o f  u i , ! d
! h3 r i e I  6av ioL i s  qanqe t i c r r s  (Cn ro l i n )  i n  ! i vo !  t r l r heo r , l i ,
d r i s : r o ,  I nd id .  i J ! i t j . sh  : ou rnaL  o f  l l o rpe to l oqy ,  6 (U ) :
287-291 .

! - h d u d l r L r ! J / ,  I l .  u .  a l x l  l t .  L r .  L j u s L d j a d .  1 9 B 2 .  L t e . L o c l < i l | J  r , u , ! L j d !

c1 , - r t : . r d : . l u  u r , r cu r l yLus  ! u tuuL r i s  ( Lusson )  i n  A | | dh ! ! L  I r Jdo5 l r ,
eva lua t i on  o f  a  p i l o t  De l ,€a9€ .  J .  Bombay  ns t .  H i s t .  Soc . ,
( z l z ra -a t )> .

S i f f l h r  L .  A .  K .  1 tb3 .  dbs6 rva t i ong  on  t h€ , t | ov€m€n t  o t  t uo  cJp t i vo
rea t€d  muggo !  c rqcod i l , es ,  C locodv lus  !e , j ! gq4g  L6 : j son
u ih€n  I : e tu !n€d  to  the  uJ i l d .  J .  Bonbay  na t .  l l i . s t .  Soc . ,
ed (1  )  r85-90.

5 in9h ,  L .  A .  K .  1  985 ,  cha ! i . a l ,  popu l . a t l oo  t ! end  j . n  Na t l ona l
Cha .nba l  Sanc tua ry  u r i . t h  no t6e  on  rad io  t rack lng .  : rudy

Repo r t ,  D€c .  1985 .  C rocod l l o  Ros€a l ch  Con t l e ,  uJ i l . d I i f 6

I n6 t1 t ! t o  o f  I nd la ,  ydo !abod .  167+v1 i1  pp .
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CROCODILE

THE II4PACT OF FA3.!{ING

FARMING IN SOUTH AT'RICA -

TECHNOLOGY ON PRODUCTION ETFICIENCI

G.A.  S .n i t h *

Departme[t of Anj. lral Science

Universj.ty of Pletoria, pretori.a 0002

Republic of Sour.h Africa

. t  M : 7 :  i  e i

P.  O .  Box  414

Bo tha ' s  E i11  3600

Repub l i c  o f  Sou th  A f ! j - ca

the  N i l e  c iocod i l e  ( c rocodyLus  n i l o t i cus )  ,  ? , / h i ch  i s  i nd igenous  to

Africa and Madagascar, used to i lourish i .  ia:ge nrxlber.s from t5e

Cape  o :  ccod  Eope  no r thwards  i .+ -c  ?3 las i : : r € .  Th r . : g j . r  i t e  l / ea rs

the  c :occ i i i e  poou-La t i ons  i n  A f r i ca  du in i f ed ,  l : r ge l r  because  c f

manrs intelve$tion. Ir ' ,  
"artai.n 

areas where Iarce numicers used to

roam only a few animals may be found today. It  ls estimated that

the total wild population of the Nil.e croccdiles h South ;_fr ica

today nutt lbea about eight thousand irdiviCua:s, a i j .gure lrhich

includes the populations within protecteC aleas such as the

Na t iona l  Pa rks .

In South Afl ica the populatj-on of Nife crocodi. les !s cn Append.i:<

I  o f  C I?ES and  p ro tec ted  by  p rov inc ia l  l eg i s la t i on ,  p lospec+- : ve

and present clocodile fa!fters are the!efore not permitted to

*Coordinators: Crocodil j .an Study cloup of Southern Afrj .ca



halvest e99s,

F L ^ , , ^ h  I  h 6 . 6

a t  p lesen t ,  no

ha tchL ings  o r

r a n +  i  1 6 .  r r a

Plogranmes rn

Crocodil-e falnj-ng as a

popula! j-n South Afl ica

plesent. the industly as

with a l imited ounbe! of

broodstock fo! conmercial pulposes.

p ro lec led  i n  t he  w i l d  l he re  a re ,

mo t ion  to  res tock  any  a reas .

cornEercial venture has howeve! becohe

!ri.th about 25 farms bej-ng opelated at

a whole is hoireve! st i lL in i ts infancy

h i  J o c  l - . a i  n d  n . / L a + a 7 r

Numbe! of crocodvlus

south Afl ica during

n i  I ^ r i - " .  h i , , l a c narketed f lom

1 9 8 9

Y e  a ! Nunbe! o!_ hi .des malketed

1979  -  1984

1985

1985

1987

1988

1989

0

5 i 9

1 8 8 4

4 5 2 3

crocodiles greae init ial ly inPorted from zj.nbab!,e and late! from

Botsnrana \".heie, according to the cITES classif ication, these

repti les \tere l isted as Appendix 11 aninals. The lack o!_

su i tab le  s tock ,  n i t h  resPec t  t o  bo th  ha tch i iDgs  and  b looCs tock

has Lately become a najo! Plobfem fo! farmels. The demand by ltew

entlants, who are obliged to Purchase caPtive bled stock f lon a

few of the exist ing fams, has caused p!ices to rocket'  The

price of breeding fenales has iDcleased f lon about uS 5225 only



f ou r  yea rs  ago  to  an  excess  o f  S3800  a t  p resen t .  Fa tch l i ngs  up

to 3 nonths of age that \ irere sold for S19 a few yeals back are

no l r  repo r ted  Eo  seL l  we l l  i n  excess  o f  S75  each .

the data presented in Table 2 reflects the t imes !,rhen fams where

estabLished indicating that, ! ,r i th the exception of three farns,

development took place nainly during the last decade. plou thj.s

Tab le  r re  p resen !  s j . zes  o f  Ehese  :a r :ns ,  w iCh  rega rds  to  the

number of breeding females, can be deducted. Fourteen of the

:a rms  a re  a t  p resen t  l eg i s te red  ' r i t h  c ITES n i th  a  f i f t een th

application being processed at the noment.

Time of establishing the faln and the cutlent numlet

of females

a a l n s  e s t a b i i s h e i

Yea! Nunber of

farns

Cumulati . /e Nunbei Cumulative

1975  -  1980

1985  -  1989

1

2

13

I

I

3

24

460

1 :0  7

392

450

1829

2227

I t  i s  o f  i nEeres t  t o  no te  the  d j . ve rse  backg rounds  o f  t he  peop le

investing in or r,/ho is involved !r, i . th the management of the

crocodile falms. lhei.r primary activit ies may be as medj-ca1

docto!s, propelty develope!s, bakidg technologist, persons



involved in the building j.ndustly, gane, pig or poult ly fannilg,

fruit,  vegetable or suga! cane production. Vely often their

experience in tbe various professions o! industl ies ale tef lected

in the clocodi.1e fams n,i th which they ale involved.

Consequently, the technoLogy employed at the various farns'day

diffe! substantialLy. the faqls fulthe! diff ,e! ! .r i th respect to

the extend that tourisn is uti l- ized as a source of levenue, some

realizing a highe! income :rom tourism than frorn the ploduction

unit. f ir  develoDi.ng the present productioo technology. tro broad

approaches are no\,, being established:

P . imary  p roduce rs ,  i r i t h  t 5e : :  own  b rooCs tock ,  rea !1ng  the i !

ha tch l i ngs  un t i l  s l augh te r  o r  se l l i ng  them to  o the r

Produce rs .

Secondary  p ro iuceas ,  r / ho  buy  ha tch : : rgs  :o r  t : e  sc le  ou : t rose

- €  r : i  c i  r d  r h a 6  F ^ r  - ' r 1  I  I  n d_ ____- . ,  ?u r ;oses .

Special ization of thj-s nature nay cont! ibute si.gnif icantly to the

success of the industry in the future.

The managetnent approach and the lechnology enpioyed by the

primary produce!s nay dj.f fer substantiaJ.Iy, an aspect which is

^ f r a n  F A F I a - + - ? r  i h  + h a  ^ F ^ ^ r t ^ + i ^ F  - F F i - i a h - . ,  ^ F  l - F a  a F . a r - r i c a

Examining che different farming dethoas edployed at these unj.ts

u



BROODSTOCK ENCLOSURES

A nale to femal.e ratio of rouqhLy 1 to 5 is favouled on most

farns. Some bloodstock enclosules ale desiqned to accohmodate

one male with an avelage of f j .ve fenrales, I 'hi le others nay house

ouly two females with one na.Le. Other farms have vety 1a!ge

enclosures uith as nany as ten males and f i f ty o! more females in

a single enclosule. There are diffelent schools of thought as to

irhich of these approaches ate the ideal. No compalative data is

however available from rhich rel iable conclusions can be drai/n ot1

i h . i  r  r F 6 r ^ . l r r . r - i  r r .  - a . a 6 r n : n - a  n ! l ^ ' , d h  c , , n h ^ r ' o r l  i a ! ,

s c i e n t i f i c  e v i d e n c e  i t  d o e s  s e e m  a s  i f  a  h i g h e r  c o n c e p t i o n  r a t e

n : v  h F  . h i F r - c . i  : -  - r a  - L -  d a . :  - r  o :  r : l e s e

enclosures is of palamount importance in order to prevent naLe

dominance, thus excluding certain maies f !on t te breed:. !g plocess

w i t h  a  r e s u l : a n t  l o w e r  p e r c e n t a g e  o :  : e r a l e s  1 a ! , ! r 9  : e : ! i l e  e g c s ,

a factor which add :o the numlcer o: ncnria, / i : rc resi ie. is : : r  i ie

e n c l - o s u ! e .

The desj.gn of the enclosules va! 'y lr i th some beilg a single pond

w i th  conc rece  enc losed  Iay ing  a reas ,  each  1a lge  e : l ough  :o r  o r :e

female to entet at a t ime, q/hi le othels are mult iple ponds with

nesting aleas of soft sandy stl ips well above the water l ine,

Sone eoclosures may be t.otal ly functj.onaL while others nay be

beautiful ly landscaped oatula1 aleas wit.h watertal ls and

cascad ing  ! , a te ! .  f t  i s  o f  i n te !es t  t o  no te  tha t  con l ro l l ed

r . , r r i e -  ^ . i - i v r r w  \ r e  r ^  m : - k e d  e f f e c t  o n  t h e  f e f l a f e s .

I ! !espect j .ve of the choj.ce

al l j ,nals ale propel ly tagged

of enclosure i t  is essential that the

and the fenalers nest site identi. f ied

N



so that accurate lecords can be kept of the fenalers leproductive

Table 3 Fenale record card

; icubated 3at . !ec

r a ! k s / s c a r s :

OEigin of  Ferale:

s r z e  ( : o t a i  l e . g c h )

M



Without plope! lecolds i . t  is possible that a celtain fenale may

con t r i bu te  no th ing  a t  a l l  t o  t he  p roduc t i v i t y  o f  t she  un i t ,

without the falnels even knowino.

At present the fo11owing situation preva!1s in the breeding

units (Table 4) .

fable 4 Reproduc t i ve  e f f i c i ency  du ! i ng  the  I989  -  1990

h , a a d  i  n d  c - . c ^ -

Fa!m

Nunber of

females

in  un i t

int erva I

Nunrber of Nunlcer of

h atchl  j .ng s

feanalei

index

c

D

130

732

300

1 .9

100

55

14

2

2AA 2

4 / 8 9

*Female productivj.ey index = Nunber of l latchl ings / number of

Fenales keDt

INCUBATION MANAGEMENT AND TECHNOLOGY

A11  the  p loduce rs  a re  mak ing  use  o f  a l t i f i c ra l  i ncuba to rs .  The

eg:gs ale lemoved 1{ithin 24 hours of Iay, .r la.eC into hatchr-ng

contaj- lels, be it  baskets or boxes lr j . th ve!:nicul i te as the nost

popula! incubating mediun. Incubatols vary from fair ly prinit ive,

yet effective systetns to very sophist icated ft icro-plocessor

coatlo1led uniCs within rhich tenperature is naintained at 31 +

al



0.1-C and Rg at 909. Though vallous falruers expetienced p!ob1e6s

with incubatols in the past with hatchlng pelcentages valyi.ng

between 0t and 701, lesults seem to be nole plonising ar present

w i th  the  ave lage  ha tchab i l i t y  o f  +  751  w i th  the  1989-1990  ha tch .

Tab:.e 5 Hatcbing eff iciency during 1989 - 1990 hatch

AATCHI,ING YANAGEMENT

The  success fu l  rea r ing  o f  ha rch l j . ngs  w i I I  be  de re rm ined  by  the

naoagenent and Dutri t ional progralunes to which the young reptj. les

a te  sub jec ted .  Fa rmers  a im  ro  s laughce r  s :ock  a :  e j . gh t .een  Eo

twenty fou! months of age but due to a lack of proper recolds at

mos t  f a lms  i t  i s  d i f f i cu l t  t o  quan t i f y  t he  Cegree  o f  success

achieved in this respecl {TabLe 6) . A general gronrth period of

24 - 30 months seedrs to be a norm.

Falrn

Nunber of

nes ts

Ave number Ave hatcha=

t

Nunber

o f

B

c

D

100

1n
2 50

2402

117  5

93

2!B



Falln Range (months)

c

LA-24

Table 5 l ime lequiled fo! hatchliogs to leach slaughter length

o f  +  1 ,35  me te !

The  t l ea tmen t  o f  t he  ha tch l  i ndc  : c  . 7^ -  1 r  however  be

crucial j .n orde! to shorten the rearing perioC, The apploach

adopted does however va!y substaDtial l ly between fards.

While some entelprises place hatchlj .ngs in water irmediateiy

a f te r  ha tch ,  o the !s  keep  the  ha tch I r . i g  d ry  :o r  a  few  days  to

"ha rden  up ' .  Food  i s  o f t en  w i t hhe ld  : o r  r he  5 : : s r  _  -  10  days  o f

:he i !  l i ves .  These  p rac i i ces  na . /  a : : : c t  : j l e  ? t ta l : t . , '  o :

c rocod i l es  s ign i f i can t l y  ' r i t h  a  d lamat : c  a : fac :  on  the : - r

subsequen t  g ro \ " r ch .  No  sc ien t i f i ca l l y  based  daca  on  the  p ro i s  and

con ' s  o f  t hese  p rac t i ces  has  been  loca ted .

The effect of hatchli t lg pens must not be undeaestimated. :!  has

been shown with val ious other sDecies that qlouD size and

populal i .on density may effect the perfolmance of animais in an

i n r _ . h < i v .  i r F i l -  < i d n i  F i ^ : n r r ! '  f ' h a  n r a . 6 n r  , , l - c i d n c  ^ f  r . . r i F a

enc losu res  d i f f e !  d rana t i ca l l y  i n  shape  and  s i ze ,  whe le -as  no

consistent norm is bej.ng used rrhen j. t  comes to group numbers o!

stockj.ng deosity. fn genelal a norh of six lepti les per slfrare

mete! unti l  6 months of age nay suff ice. Some unj.ts uti l ize

cj. lcula! bui ldings \dith holding aleas of 8 neters in dianreter and
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a sulface to vate! ratj .o of 1:1, using heated wate! to conlrol

t empera tu re .  O the rs  use  1a rge ,  spec ia l l y -des igned  bu j .Ld ings ,

capable of acconmodating several thousand hatchlings unde! one

roo f  w i th  app rox ima te l y  150  l ep t i l es  pe r  pen .  Sc ien t i f i c

evidence on the optinal group size and/or stocking density for

NiLe crocodile hatchLings aod tearing stock is lacking.

Most of the producers str ive

the grorir-oul unj.ts at around

d l F . -  l _ h F i r  r F i ' j n d  q t ^ . k  / ) u t

9 - 10 rnonths lrhere they are

nay have a signif icant effect

to naintain the tenperature within

3 l -C .  The re  a re  some Droduce ls  who

inco  open  aa r  camps  a t  t he  age  o f

kept untj. I  cu11ed. This practj-ce

Eea t  i s  genera ted  by  means  o f  eLec t r i c  f an  hea te l s ,  wa te !  hea ted

by  coa l ,  d iese l  o r  e lec t r i c i t y  and  hea t  exchange  pumDs.  :he  ccs :

e : fec t i . veness  o f  t he  va r ious  scu rces  mus t  be  ccns :de ! :eC .  t houch

l ' - a '  6 : \ ,  h a  f h a  ^ h r i n : 1

n o t  .  b e  o p t i m a l  w h e n  g r o w t h  r a t e ,  f e e d  c o n v e r s i o n ,  s l o c k i n g

dedsity and heat i ig costs are taken into coosid.e!at ion.

!ab1e 7 Running cos! of heating the reali trg uniis

l leat source

coAt

DIESEL

ELECTRICITY

Heat E:<change

(Cen t .  kwh



Although most producers ai ln

age  o f  18  to  24  mon ths ,  i L

h a i  h d  : + + . i . 6 . 1

RECORD KIEPTNG, TAEGING AND MARKING

Growth pelformance can only

ale PlopelLy tagged. This,

on l y  a  few  ha tch l i : r gs  be ing

makj.ng i. t  rmpossible to

pe ! fo rmance  on  the  va !  i ous

producers who were ma!king

at slaughtering thei! stock

seens  as  i f  t h i s  ob jec t i ve

a t the

nol

be Ronitoreal accurately i f  hatchlings

unfortulrate].y, is seLdom done lr i th

tagged  by  Ehe  p roduce rs  aE  p lesenE,

describe and evaluale the gioerth

fards. Results obtained f lom t!.o

their hatchlings are presented in

Table I  Glowth performance of tagged hatchl ings

Fa!n L e n g E h  a t  9 0  i a y s  o f  a g e  , m l l l

Ave!age

3  4 8

Longes t

530

Wj.th regards to females, the situation i .s very much the sane. If

fet lales ale not indivi.dually tagged, nests cannot be ploperly

identj. f ied and it  is then dj-ff icult to l ink nests to specif ic

fena les  i n  consecu t i ve  yea rs .  L ink i ; 19  haech l i ngs  to  fena les  to

moll i tor fert i l i ty and hatchabiLity is often j.dpossibte.

zAL



Those fenales that are malked ale usualLy marked ir i th nunbeled

Auss ie  ca t t l e  t ags  nade  o f  p las t i c .  Un less  g rea t  ca re  i s  t aken

lrhen applying the tags, they do oot stay on fot note than a yea!

o r  ewo .  The  Ioss  o f  t ags  con t r i bu te  to  poo r  reco rd  keep ing .

NUTRITION

n F a  : \ r r i l : h i l i f v  ^ f  h F ^ + c i h  i .  h a - ^ h i F d  ,  a r i ^ 7  l i h i + i F d  F ' ^ + ^ ?

! ,r i th sources diminrshing every year as moie crocodile farrnets

e : r te r  t he  i ndus t r y  and  was tage  i s  be :nq  m in i f t i zed  o r  be tEer

uc i l . i zed  bv  the  o the r  i ndus t r i es .

O n l y  a  f e w  f a r i n e r s  h a v e  a c c e s s  c o  a  l e g l t l a !  s o u r c e  o f  r e d  n e a ! , ,

F h a  n : i ^ r i l - v  ^ f  a h F c r h r i c a c  h - i n d  d a h - F . l a F r  i r r '  ^ h i - l z a 6 <

: c  F ^ ^ . 1  c ^ ! , r - 6  a ^ . e 6 d t r 6 n ' 1 ! '  t s h o  . r i 6 r  ^ F  - - ^ - - , l i  1 .- -  - - - - - , - - : s  on  any

? a f t r , c u _ a :  - e P e f , c  ,  e : 1  . i L , . .  -  i  r e a c :  - l '

ava i l ab ie  i n  t he  a rea .  Due  to  the  l -ac l<  o f  su : f i cLe . t  . r o te in

soulces in cettain areas, farme!s have to travel fulther to

collect calcasses 9ai.tb some farmels sendil lq vehicles as fa! as

120 miles !o coLlect even moderate loads of Dlotein.

In situations vhele an actual diei i .s cohoiled i t  mav consist of

a nixtule of muscle and l ive! with some ploducers including fr.sh.

A typical diet vith tbese ingledj-ents \".ou1d have the foLLowi.ng

. . n n ^ e i t - : . F  i e  . - a < F F + a ,  . .  T a b l e  g .
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Components s

Bone  mea l

Beef muscle

Liver

F i sh  (e .9 .  C1a l i as

F ish  mea l

qarieDinus )

Cooked starch

Minefal and vitamin mix

2 ,00

50  , 30

5 ,00

7 ,84

3 ,00

Conpos i r i on  on  d :v -maEte r  bas i s

Clude protein

aa !

Cal s i.ulrr

( M J .  k q  - )

( r )

( t )

(s)

(s)

45 ,00

Table 9 Typical diet fed to hatchlings and juvenile clocoit iLes

We ale at present conducting t l ia.Is lr i th r*i Ie clocodiles using

n'et and dry diets rr i th protein levels of be+,ween 45 and 4g?

on a dly-matter basis. In these d!ets cooked mal.ze starch is

uti l i -zed as an enelgy source with seemingly satj .s;actory results.
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GENEIAL

At presen€ sone of the farms are situated in areas rehele wate! is

scalce, tempelature extlemes ale unsuitable for clocodile falming

and availabi l i ty of plotein is a l i l r i t ing factor. Othe! factors

such as disease control, i l regular glading of the growing

hatchlings and rearj.ng stock as ne1l as ineffectj .ve managernent

plocedures have negative effects on the overal l  productivity of

the  un i t s .

when lhe productivity of the units is measured in Cedns of the

nunbe! of hides narketed, a distor:ed f igure may be obtainea aue

to  the  facE  Lha t  new eneran rs  a re  a t  p resen r  re :? ing  heav i l y  on

ex i s t i ng  p loduce rs  fo r  s tock ,  I t  i s  a l so  poss ibLe  Cha t  ex i s t j . ng

p roduce rs  a re  re l y ing  on  the  sa .Le  o f  s tock  to  ne r r ,  en t !an ts  and

i r .  r h . r a F d r a  n ^ f  - w - l ^ i r r - -  ^ r  ; o ! ' 6 r ^ F i r -  m : - r a - . - -  - --  - , . :  - : F O r _ - U : l r r : e s

f ^  r h c i  r  . 1 r l  I  a v . a h r

Many falrne!s are also reCaining animals for futule breeding

projects or mereLy as an investment. AlL these factots nave

contl ibuted !o tbe inclease in the price of lrve anlmal-s whj.ch

has been so dramatic that i t  is no\d virtual ly imDossible fo! r iew

entlants to ventule into this type of farminq 'r i thoul substantial

f inancial backing.
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CONCLUSION

Despite the fact that mole than 916 n has been invested in the

South African industry in recent years, the industry is st i11

vely l inited $rhen measuled in terms of hide output. ploduce!s

wilL have to become more refj .ned in thei! faln1ng methods lr i tb

!espect to husbandly techniques anil general. sound nattagetnent

p r i nc ip les .

Better comrnunicatj-on amongst the different produce!s and the

sharing of knowledge could enhance the development of clocoaile

farmj.ng i.n South Africa and the profi . tabj.I j . ty of the individual
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Pe l le t i zed  a l l i ga to r  f eed :  an  upda te

Mark  A -  S ta ton

I ' l a i  n land  Ho ld ings  p ty .  L td .
P .  O-  Box  196 ,  Lae ,  Papua  Ne l i  Gu inea

Larry Mcfleas€, Leisa Therj.ot, Ted Joanen

Rocke fe l l e r  w i l d l i . f e  Re fuge ,  R t -  I  Box  2OB
crand  Chen ie r ,  Lou is iana ,  USA

INTRODUCTION

The  daveLopmen t  o f  p rac t i caL  feeds  fo r  f a rmed  a l l i ga to rs
(ATT iga to r  /D i ss j . 5s ipp iens i s )  has  been  the  ob jec t i ve  o f
resea rch  conduc ted  a t  o r  sponso red  by  Rocke fe l l e r  W i ld l i f e
Re fuge  fo r  many  yea rs  (McNease  and  Joanen ,  t 98 l ;  Joanen  and
McNease ,  1985a ;  S ta lon ,  1988 ;  S ta ton  e t  a l . ,  l 98a ;  i n  p ress
a ,b , c ,d )  -  Un t i . l  r ecen t  yea rs ,  v i t am in -supp lemen ted  nu t r i a
( l , l yocas to r  coypu)  has  been  cons ide red  the  bes t  g rac t i . ca l  d ie !
fo r  t he  l a rge -sca le  feed ing  o f  aL l i ga ' t o rs  under  i n tens i ve
cu l " t u re .  I n  a  p rev ious  repo r t  (S taLon  e t  a l - ,  i . n  p ress  a ) ,  a
de ta i l ed  ana lys i s  o i  nu t r i a  mea t  t 4as  p resen ted  a long  w i th
a I l rga to r  aesponses  to  the  supp lemen ta t i on  o f  nu l r i a  mear
w i th  a  semi -p rac t i ca l  and  commerc ia l l y  p repa red ,  pe l fe t i zed
a l l i ga to r  f eed  (Eu r r i s  l ! i I I s  &  Feed ,  I nc -  ,  F rank l l n t on .  LA ) .
In  these  s tud ies ,  exceL len t  g rowth  was  ach i .eved  w i th
re la t i ve l y  h igh  l eve l s  o f  supp lemen ta t i on  (50 -70% o f  d ie ta ry
d ry  ma t te r )  o f  nu t r i a  mea t  w i th  the  d ry  d ie t s -

The  Bur r i s  M i l I  p roduc i  i s  now in  w idesp read  use  as  a
feed  supp lemen l  i n  t he  a l l i ga to r  i ndus t r y -  Neve r the less ,  l he
ava i l ab i l i l y  o f  a  comherc ia l l y  p repa .ed  d ie t  l " l h i ch  can
prov ide  the  to ta l  nu t r i t j . on  o f  f a rmed  a f l i ga lo rs  i . s  s t i l l  a
h igh  p r i o r i t y .  The  expe r imen ts  repo r ted  on  heTe  were
conduc led  i n  an  e f fo r t  t o  y ie ld  i n fo rma t ion  q rh i ch  cou ld  l ead
to  Lhe  improvemen t  o f  commerc ia l  a I I i ga to r  f eeo -
Spec i f i ca l l y ,  we  de ta i l  a l f i ga to r  responses  to  mod i f i ca t i on
o f  l he  p ro te in  and  ami .no  ac j . d  compos i t i on  o f  t h j . s  d ie t -

METHODS AND I1ATERIALS

Anim,als--end.-hQgsin9 - - - - T hese exp€ r j.me n ts h/e re conduc ted
a t  Rocke fe l l e r  l . l i l d l i f e  Re fuge ,  Grand  Chen ie r ,  Lou is i . ana ,
using pens and feedi ng/cLeani ng procaduras which hava been
previously described (Joanen and McNaase, 1975; 1977; Staton
e t  a l . ,  j . n  p ress  a ) -  I n  each  expe r inen t ,  twe lve  tanks
containing aLli .gators r{ere assigned to each of four diets
such  tha t  t he ie  were  th ree  reo l i ca tes  oe r  d ie t -
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AI l  expe r imen ts  were  conduc ted  w i th  a lL iga to rs  u rh i . ch
o r j . g ina ted  f rom eggs  tha t  were  a r t i f i c i aL l y  i ncuba led
according to methods described elsewhere (Joanen and l ' lcNease,
1976 ;  l 985a ,b ) -  A t  t he  i n i t i a t i on  o f  expe r imen ts  I  and  I I I ,
a l l i ga to rs  were  6  mon ths  o ld  and  ave raged  595  and  662  g  body
we j .gh t ,  respec l i ve l y -  Exper imen t  I I  was  conduc ted  w i th  6
week  o ld  a l l i ga to rs  ave raq ing  1O8  g  body  we igh t  a t  Lhe
beg inn ing  o f  t he  expe r imen t -  The  th ree  expe r imen ts  Ias ted  I ,
18 ,  and  I  Beeks ,  respec t i ve l y .

Q ie - i -S ' .  - - -1n  exp€ r imen t  I ,  Eu r r i s  l 4 i l l s  45e  p ro te in
a l l i ga to r  f eed  (desc r i bed  i n  de ta i l  i n  S ta ton  a t  a1 . ,  i n
p ress  a )  was  fed  e i t he r  as  a  to ta l  ra t i on  oa  s rJpo lemen ted
w i t h  me th ion ine  (DL -me th ion ine  as  O .2Jk  o f  d i e t ) ,  l y s i ne  (L -
l ys ine ,  O .9 ! l  o f  d ie t . ) ,  o r  bo th  me th ion i .ne  and  l ys ine  (O-2  and
O-9 t  o f  d i e t ,  r espec t i ve l y ) .

I n  Exper imen t  I I ,  t he  Bur r i s  I ' t i L l s  452  p rod rJc t -  was
mod i f i ed  by  sL rpp l .emen t inq  w i th  a  h igh -p ro te in  p remix  (Tab Ie
l )  t l h i ch  ra i sed  the  p ro le in  compos i l i on  o f  t he  supp lemen ted
d ie t  t o  54% o f  d ie t  v rh i l e  ma i .n ta i . n ing  me th ion ine  and
isoLeuc i .ne  compos i t i on  (exp ressed  as  a  ge rcen tage  o f  p ro te in )
cons tan t .  Bo th  the  452  and  54% p ro te in  d ie t s  we .e  then  fed
la i t h  o r  w i thou t  f u r the r  am ino  ac id  supp lemen la t i on -  The
resu l !  o f  l hese  ami ,no  ac id  supo lemen ta t i ons  was  to  ra i se
meth ion ine  conLen t  by  O .4?  o f  d ie ta ry  p roLe in  and  i so leuc ine
con ten t  by  1 .O% o f  p ro te i n -

Tab le  L .  Exper imen t  I I :  H igh -p ro le in  supp lemen t  used  to
ra i se  p ro te in  con ten t  o f  t he  45% p ro te in  Bu r r i s  l l i l l s
a f l i ga to r  f aed  to  542  -

In9  red ien  t

F i sh  Mea l
Feather Maal
E lood  nea l
I soLa ted  Soybean  Pro te in
Ge la t i  n
Cystei ne
DL-ltethionine
Pou l t r y  Fa t
carboxymethyl cel lu lose
Vi tami ns
Potassir.rn Carbonate
Sod ium Ch lo r i de
Traca  M ine ra l  P remix
Se len ium Premix

37  -AO
la .  90
13 .40

9 .90
a.oo
o.30

a.  oo
2 . O O
t .oo
o-  50
o ,50
o  .20
o-05
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I n  expe r imen t  I I I ,  a  Eu r r i s  f , l i l Ls  56% p ro te in  a l l i ga to r
feed  was  tes ted -  The  con t ro l  d ie t  cons i s ted  o f  t he  b }end  o f
nu t r i a  mea !  and  the  45% p ro te in  Bu r r i s  f , t i l l s  a l l i . ga lo r  f eed
cu r ren t l y  used  i n  the  a l l i ga to r  i ndus t r y .  The  55% p ro te in
p roduc t  was  feed  e i t he r  as  the  so le  d ie t  o r  supo lamen ted  w i th
e i the r  ch i cken  l i ve r  o r  a  p iem ix  (Tab le  2 ) -

Tab l ,e  2 -  Exper imen t  I I I :  Con t r i . bu t i ons  nade  to  56% p ro te in
exper imen ta l  d ie t  by  a  p re f t i x  used  as  38  o f  d ry  i ng red ien ts .

I ngredi ent
Con t r i bu l i . on  to

Expe r imen ta f  D ie t  (%)

Isoleuci. ne
Potassium Ca rbonate
Arg in i . ne
vi tami ns
Tau ri  ne

o.4
o-6
o-9
o .6

I n  a l l  e x p e r i m e n t s ,  d r y  d i e t s  w e . e  u s e d  b y  a d d i n g  { ^ r a l e r
( 5 O %  b y  u r e i g h t )  p r i o r  t o  f e e d i n g  o r  m i x i n g  w i t h  t h e  m e a t
c o m o o n e n ! .  l d h e r e  n e c e s s a r y  t o  e r e a L e  d j , e ! a r y  t i e a l m e n E s ,  t h e
a n i n o  a c i d  m o d i f i c a t i o n s  d e s c r i b e d  a b o v e  w e r e  m a d e  b v
d i  l u  t i o n  -

RESULTS

Fx!.el i ' Iel l&,1. ---The greatest source of variat ion tn
a l l i ga toa  p roduc t i on  c r i l e r i a  was  tha  pa r t i cu la .  t ank  i n
wh ich  a l l i . gaLo rs  were  .a i sed -  D ie t  d id  no t  s ign i f i can t l y
j . n i l uence  a lL iga to r  pe r fo rmance  in  th i s  expe r imen t "  The
e f fec t  o f  me th ion ine  on  feed  conve rs ion  and  o f  l ys ine  o f  f eed
consumpt ion  app roached  s ign i f i cance ,  and  i t  i s  poss ib le  tha l
such  e f fec ts  u iou ld  have  p roved  s ign i f i . can t  i n  an  expe r imen t
- f  l ^ ^ ^ a .  ^ i , . r r i ^ ^

ExQ-e-ci.OejLl_l l .  ---Protein levels was the single factor
i n f l uenc ing  a l . l i ga to r  p roduc t i on  c r i ! e r i a  i n  Lh i s  expe r imen t .
Ga j .ns  i n  body  we igh t  and  to ta l  l eng th  r Je re  s ign i f i can t l y
improved  by  i nc reas ing  the  p ro te in  ]eve ]  o f  t he  d ie t .  The
in f l , uence  o f  p ro te in  l eve l  on  feed  conve rs ion  app roached
s ign i f i cance  (p>O.063) .  S ign j . f i can !  d i f f e rences  be teJeen
tanks  d id  no t  ex i s t  as  i n  t he  o rev ious  exoe r imen t -
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Exre.r, im,e=nl -Ll- l .  ---The control diet, consist ing of the
45% Bur r i s  a l l j . ga to r  f eed , /nu t r i a  mea t  b lend  suppor ted  g rea t l , y
super io r  pe r fo rmance  compared  u r i . t h  o the r  d ie t s  (Tab le  S ) .
Th i s  l ^ |as  t rue  desp i te  the  fac t  t ha t  consL tmp t ion  o f  l he
con t ro l  d ie t  was  s ign i f i can t l y  l ess  than  o the r  d ie t s -
However ,  q ,as tage  o f  t he  aema in ing  d ie t s  was  apparen t .  Hence ,
consumpt ion  and  feed  conve rs ion  da ta  many  no t  be  re f l ecE  Erue
cOnsumpt j . on -  Oesp i te  feed  was tage ,  f eed  i n take  o f  a l l i qa !o rs
in  th i s  expe r imen t  d id  no !  appear  to  be  res t r i e led -

TabLe  5 .  Exper imen t  I I I :  Pe r fo rmance  c r i t e r i a
as  i n f l uenced  by  d ie t s  cons i s t i ng  o f  t he  nuL . i a
p ro te i n  Bu r r i s  M i l I s  a l l i ga to r  f eed  o r  a  Bu r r i s
P ro te in  a l l i ga to r  d ie t ,  f ed  as  the  so le  ra t i on
supp lemen ted  as  shown .

o f  a l  l  i g a t o  r s
neat/ 452"
14iL Ls 56%

O T

Die t

- -  Ga in  i n  - - -
Eody ToaaL
l.,Je ight Length

Dry l"la t te r
Consumpti ,on

Dry  Ma t te r
Feed: gody

We igh t  Ga j .n

7432
2726
3 4 5 D
2 8 0  b

4 1 0
56

.  oo1

l65a
1 0 6 b
I  l 9 b
l 1 3 b

L26
5

.oor.

1 1 7 4 3 b
1 2 2  5 a  b
1 1 3 6 7 b

I  O 3 8 1
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1  . z A b
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t - 3 0
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453  Bu r r i s /Nu t r i a

56U +  Ch icken  L i ve  r
56% + Supp lemen t

- - - - - -  l , t ean  - - - - - -
- - - - - -  sE t t  - - - - - - -

ANOVA P>F  (  O ie t  )

D ISCUSSION

The  d ia ta . y  p ro te in  requ i renen t  o f  a_ l l i ga to rs  i s
appa renE ly  g rea te r  t han  45 "<  o f  d i e t .  S taEon  e !  i I .  ( i n  p rese
b . )  repo r ted  a  d iges t i bLe  p ro te in  requ i remen t  o f  . 12 .5 -48_7% o f
dry matter - or approxi.mately 4A-54% as manufactured. f ience
the  54 -56% p ro te in  d ie t s  o f  expe r i .men ts  l I  and  I I I  r ou ld_3ppear  to  saL is f y  l he  p ro te in  requ i re .nen t .  These  . ro !e j . n
Leve l3  a re  s im i l a r  t o  t he  o ro ta in  con ten t  o f  t he
commerc ia l l y -used  b lend  o f  Bu r r i s  . 15% aL l i . ga to r  f eed  rnd
nu ta ia  mea t ,  bu t  t hese  man ! fac tu red  ra t i ons  d id  no t  suDoor !
pe r fo rmance  equ j . va len t  t o  t ha t  pe l l e t / nu t r i a  mea t
comb ina t i on .  Thus  o the r  f ac to rs  accoun t  f o r  t he  l ack  o f
pe r fo rmance  o f  a l l i ga to rs  fed  the  h ighe r  p .o te in  manu fac tu red
d re ts -  I n  t he  p resen t  exp6 r imen ts ,  man j .pu la t i on  o f  am ino
acj.d levels did not aesuLt in improved perforhance- Only
with the protein doficient diets of experiment I did the
effect of amino acid supplementation approach sj.gnif icance.

!9



Fur the r  re f i nemen ts  o f  c r t r ren t  f eeds  and  feed i .ng  me thods
a re  apparen t l y  needed  to  have  comp le !e ,  cos t -e f fec t i ve
nu t r i t i on  to ta l l y  supp l j . ed  by  pe lLe t i zed  feeds -  pa r t  o f  t ha t
improvemen t  may  be  expee ted  to  resu l l  f r om nu l r i t i ona l
i l np rovemen !s -  O the r  f ac !o rs ,  however ,  i ne lud ing  managemen t
and  manu fac tu r i ng ,  a re  su re  to  be  i nvo l ved -  A f te r
ad jus tmen ts  i n  p ro te in  l eve t  -  w i th  co r respond ing  a t ten t i on
to  ene rgy  ( see  S ta ton  e t  a l . ,  i n  p ress )  -  improvemen ts  i n  t he
method  o f  p repa r ing  and  o f fe r i ng  the  feed  appear  to  ho ld  the
g rea tes t  p romise  i n  ach iev ing  the  goa l  o f  t o ta l  nu t r i t i on  fo r
op t ima l  pe r fo rmance  ! { i ! h  commerc i .a l l y  p repa red  feeds .
Recen t l y ,  i t  has  been  re l i ab l y  r epo r ted  (O -  Bu r r i s .  pe rs .
comm-)  l ha t  a  g roup  o f  f a rmed  a t l i ga to rs  fed  exc lus i ve l y  | ^ r i t h
the  454  p ro te in  8u r . i s  a l l i ga to r  pe l l e t  have  ach ieved  g rowLn
equa l  t o  t ha t  o f  o the r  f a rmed  aL l i ga to rs  fed  any  o the r  d ie t .
The  d i f f e rence  be tween  th i s  f i e ld  expe r ience  and  expe r imen ta l
resu l t s  repo r ted  he re  and  e l se$here  appears  to  l i e  i n  Lne
manner  i n  wh ich  the  d ie t  was  o f fe red .  Comp le te  feed ing
fa rmed  a l l i . ga to rs  w i th  pe l l e t i zed  d ie t s  t hus  seems  ach iavab le
in  the  nea r  fu tu re -
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I ' l a r k  A -  S ta ton ,  B r ian  Veanon ,  c reg  l ' 1 i t che11 ,  Ra lph  S igap

ma in land  Ho ld ings  P ty -  L td  -
P .  O .  Box  196 ,  Lae ,  Papua  New cu inea

Process ing  Y ieLds  F rom Farmed  Crocod i l es
Crocodylus porosus and Crocodylus novaeguineae)

From Papua Nela Guinea

INTRODUCTION

Over 3OOO sal.twater crocodiles <Crocodylus porosus) and
11OOO f reshleater crocodiles (Crocodylus novaeguineae) were
harvas ted  a t  t he  t4a in land  Ho ld ings  c rocod i l e  l a rm in  tha  l as t
12 months- Because of the quantity of hides and meat that we
produce ,  we  seek  to  imp .ove  ou r  me lhods  o f  p lann ing  cu l l s  t o
meet cash fLow requirements and market needs- To develop
such  p rocedures ,  i t  i s  necessa ty  to  p red i c t  t he  amoun t  o f
marke tab le  p roduc t  ava i l ab le  f rom l i ve  fa rm s tock ,  somet imes
many  mon ths  i n  advance .  Th i s  repo r t  ou l l i nes  one  app roach  we
have  recen t l y  used  to  ach ieve  th i s -

14 ETH ODS

Dur ing  1980-1982 ,  . eco rds  o f  t he  s i ze  ( to ta l  l eng th ,
I i ve  and  sa l ted  be l1y  w id th ,  body  we igh t )  and  g rowth  o f
thousands  o f  c rocod i l es  on  the  fa rm were  co1 lec led -
Addit ional dat.a on t.housands of animals t, lere obtained during
cu l l s  o f  t he  pas t  yea r -  t ^ l e  have  used  random samo les  (Tab le
L )  o f  t hese  daLa  to  deve lop  spec ies -spec i f i c  p red i . c t i . / e
re la t i onsh ips  be lween  leng th ,  u re igh t ,  and  be l l y  w id th (s ) ,
w i th i . n  l he  samDfe  l im i t s  de f i ned  be low-

l l ea t  p rocess ing  y ie lds  were  de te rm ined  fo r  a  to ta l  o f  44
C- navaeguineae and 36 C- porosus. Immediately after
skinning, the heads, feet and viscera t,tere removed to produce
a  "d ressed  ca rcass ' ' .  The  Legs  were  removed  a t  t he  shou lde rs
and  h ips  and  *e re  no t  f u r the r  p rocessed-  The  rema inde r  o f
the dressed carcass eras divided into tai l  and "upper body
( t c rso )  po r t i ons  be fo re  debon ing  and  de fa t t i ng ,  Ta i l  g i r t h
l. |as measured al the base of the laiL a! the point of maximum
diameter, usually 3-4 scale ro!{s from the rsar edga of lhe
h ind  l eg .  Desc r ip l i ve  s ta t i s t i cs  o f  t he  samp le  a re  g i ven  i n
TabLe  2 .

Records on l9A9-199O feed consumption and l ive body
|"|eights in pens, each containing severaL thousand crocodi. les,
have al lowed precise estimates of feed conversi.on and body



we igh t  ga in -  These  es t ima tes  o f  g rowth ,  comb inad  w i th  h ide
and  mea t  y ie ld  i n fo rda t i on  have  made  poss ibLe  p red i c t i ons  o f
f u  ! u  r e  p roduc t  ava i l ab i t i t y -

RESULTS

S j-re,Rel,ali.a-ns-hip.s- ---In terms of farm nanagemenE and
the  ab i l i t y  t o  make  s i ze  es t ima tes  f rom feed  consumpt r .on  ano
conversi.on data, we have found body weight to be the nost
usa fu l  ove ra l l  i nd i ca to r  o f  c rocod i l . a  s i ze -  The re fo re  we
have  ana lyzed  s i ze  re la t i onsh ips  i n  t e rms  o f  body  we igh t .
Tab le  3  shows  tha t  be l l y  u / i d th  (bo th  l i va  and  sa l ted )  ano
to !a I  body  l eng th  a re  quadra t i ca l l y  re la tad  to  body  oe ighL
w i t h i n  t he  l im i t s  o f  ou r  samp le .

Ta j . l  g i r t h  (TG)  } .as  d i rec t l y  re la ted  to  body  we ighE ,
Ac ross  spec ies ,  t he  p red ie t i ve  re la t . i onsh ip  was  TG :  23 .6  +
1 .O95 iBW (P<O.OO1,  R2=  .899 ) ,  where  ta i l  g i r t h  i s  exp ressed
in  cm and  body  wa igh t  i n  kg -

l- ' tp,at..-Y.ie-ld's. ---t '1eat yields, expressed as pe.cenlages of
body  we igh t ,  aTe  p resen ted  i n  Tab la  4 -  y ie lds  were  generaL ly
s im i . l a r  f o r  t he  two  spec j .es  and  sexes ,  bu f  s ta t i . s l i ca l l y
s ign i f i . can t  d i f f e rences  ex i s ted .  Some,  bu t  no t  a t l
d i f f e rences  $ re re  due  to  a  spec ies - re la ted  s i ze  d i f f e rence  i n
lhe  samp les .  Fo r  exampLe ,  l egs  compr i sed  a  smaL le r
pe reen tage  o f  body  u re igh t  f o r  C .  po rosus  than  C-
novaegu ineae .  Th i s  i s  a  func t i on  o f  g rea te r  body  s i ze  i n  t he
sa l twa te r  samp le  and  l he  fac t  t ha t ,  exp ressed  as  a  oe rcen t  o f
body  h ,e igh t  (B t ^ l ) ,  h ind legs  (HLp)  and  fo .e legs  (FLp )  were
sma l l e r  f o r  l a rge r  an ima l s  (HLP :6 -434  -  O .19 t xBW +
O.OO3*B2 :  P<0 .0O1 ;  R2  :  0 .388 ;  FLP  =  3 .744  -  O .2O2*BW +
O.OO5*BW2;  P<O.OO1;  R2  :  O .341 ) -  L inea r  reg ress ion  ana lys i s
o f  t he  o the r  y ie ld  c r i t e r i a  d id  no t  show a  s ign i f i can t
i n f l uence  o f  body  we igh t .  Thus  o the .  d i f f e rences  apoear  !o
be  spec ies  and  sex  re la ted -  Sa I tFa te r  c .ocod i l es  had
s l i gh tLy  l a rge r  t a i l s  and  more  ta i l  mea t  l han  f reshwaEer
caocod iLes .  ove ra l . l  mea t  y ieLd ,  exp ressed  as  a  pe rcenE3ge  o f
body  we igh t ,  was  s l i gh t l y  g rea te .  f o r  sa l twa te r  c rocod i l es .
Ac ross  spec ies ,  f ema les  tanded  to  have  p ropo r t j . ona te l y  l 3 rge r
upper bodies and more upper body meat than males-

DISCUSSION

Using the regression equa!ions deveLoped above, i t  j .s
poss ib le  to  de te rm ine  the  amoun t  o f  sk in  o r  mea t  o roducEs
ava i l ab le  g i ven  some know ledge  o f  t he  l i vewe igh t  o f
c rocod i l es  i n  a  pen .  However ,  we  do  no t  regu la r l y  we igh
crocodifes during growout as lhis reduces food consumption
and grogrth- Instead, bre can make use of or.1r records on feed
consunption and feed conversion to estimate average body
weight of crocodiles in pens, Using these estimates, the
potential yield of m6at and skins can than be calcuLaled-
For exampLe, gi.ven (1) a pen stocked with 3OO freshwater



c rocod i l es  w i th  an  ave rage  eJe i .gh t  o f  5 .O  k i l og rams ;  (Z )  d ry
mat te r  f eed  consumpt ion  o f  SOOO k i l og rams  ove r  s i x  mon ths ;
(3 )  d ry  ma t te r  f eed  conve rs ion  o f  2 :1 ;  and  (4 )  ze ro
mor ta l i t y ,  a  new ave raga  body  we igh !  o f  10 .O  k i l og rams  can  be
ca lcu la ted .  Based  on  an  ave rage  body  we igh t  o f  10 .O
k i l og rams ,  i t  can  be  es t ima ted  f rom the  equa t ion  (1999
samp le )  i . n  Tab le  3  tha t  3L -2  x  3OO =  9360  cm o f  sa f ted  be l l y
sk in  a re  ava i l ab la -  L i kew ise ,  f rom ave rage  y ie td  f i gu res  i n
Tab le  4 ,  i t  can  be  es t ima ted  tha t  3OO x  6 .55 :  1965  kg  o f
dressed carcasses can be produced.

S im i la r l y ,  i t  may  be  des i rab le  to  p rsd i c t  t he  fu t su re
marka t  va lue  o f  a  pen  o f  3OO sa l t v .a te r  c rocod i l es  ave rag ing
5 -O k i l og rams  body  He igh t  -  say ,  i n  5  mon ths -  Our  g rowth
.eco rds  sugges t  t ha t  t hese  an ima ls  wou ld  ave rage  8 -5
k i l og rams  ! . r i t h  5  add i t i ona l  mon lhs  o f  g ro r ^ r l h -  F rom Tab le  l .
i t  can  be  ca l cuLa led  tha t  an  8 -5  k i l og ram sa l tBa te r  c rocod i l e
wou ld  ave rage  29 -5  cm in  sa l ted  be l t y  w id th -  Thus  the  pen
cou ld  be  expec ted  !o  p roduce  app rox ima te l y  29 ,5  x  3OO:  A8SO
cm o f  sa f twa te r  beL l y  sk i ns .  S im i l a r l y  t he  3OO x  4 .5 :2550
k i l og rams  o f  l i ve  body  we igh t  i n  t he  pen  shou ld  (us ing
ave rage  sa l twa te r  y ie ld  pe rcan tages  f rom Tab le  4 )  p roduce
approx ima te l y  157O k i l og rams  o f  d ressed  ca rcasses .  153
k i l og rams  o f  l egs ,  581  k i l og rams  o f  bone- in  ta i t ,  372
k i l og rams  o f  deboned /de f  a t  t ed  ta i l  mea t ,  and  so  on .  These
ca lcu la t i ons  take  on  mean ing ,  o f  cou rse .  i n  t he  es t ima t ion  o f
fu tuTe  economic  re tuTns  to  the  fa rm i .ng  ope ra t i . on .

To  ensu re  gogd  managemen t  p rac t i ces  as  we l l  as  to
inc rease  . t he  accu racy  o f  t he  es t ima t ing  p .oceduTes  d i scussed
here ,  i t  i s  impor tan t  t o  ma in ta in  va r iab i l i t y  i n  body  we igh ts
as low as possj.ble. This has been done by segregatinE
c rocod i l es  acco rd ing  to  spec ies  and  s i ze  (O .5  kg  s i . ze  c lasses
fo r  mos t  pens ) -  I n  t he  fu tu re  i t  mav  be  ooss ib le  to
segTegate sexes -



Tab le  l .  Desc r ip l i ve  s ta t i s t i ca  on  samp les  o f  c rocod i l es
used  to  de te rm ine  s i ze  reLa t i onsh ios -

----C- novaeguineae--- ----C- poaosus---
Females lr lales Fehales Males

19aO-19a2 SAMPLE

Body Weiqht ( kg)
Mean  (N  )
Range
Std .  Dev .

To ta l  Leng th  ( cm)
Mean  (N  )
Range
Std .  Dev .

L i ve  ae l l y  l ^ l i d th  (  cm)
I'lean ( N )
Range
S t d .  D e v  -

S a l t e d  B e l 1 y
f, lean ( N.)
R a n g e
Std .  Oev .

].949 SAMPLE

Body  We ish t  ( k9 )
l*lean
Range
S td -  Dev .

Sa l ted  Ae I l y  W j . d th  ( cm)
lY!ean
Range
S t d .  D e v .

8.4 (97)  e -O(96)
o -9 -27  -4  r  -7 -26 .4

5 .4  5 .6

11A(97 )  1 .2 t . s (96 )
66-744 77- 165

27  -7  24  -5

ro .4  (  91  )  12 . " (eo)
t  -2 -27  -O 1 -  2 -39-A

7 - 6  9 . 8

135.  O(er  )  r37 .  . r  (  eO )
ao-191 76-213

wid th  ( cm)

29  (97  )
t4- 49

30 (96  )
\5 -47

9

37(  30  )

2

t l

33 (90 )

t2

36 t  29  )
2A-43

3

4 . j l  l o l  r r / r n )

_ -___7 .1 (  77  )____
- - - - 2  -  4 -  16  . 3 - - - -
- - - - - - - 3 .4 - - - - - -

- - - - - 27  \ 77  ) - - - - -
- - - - -  t a -  55 - - - - -  -
- - - - - -  -  4 -  - -  - - - -  -

- - - - - 9 .4  (  75  )  - - - -
-  - -  -  2  .  5 -25  -  O- -  - -
- - - - - - - 6  _  7 - - - - - -

-  - - - -  29  (  7s  )  - - -  - -
- - - - -  14 -  44 -  - - - -  -
-  -  -  -  -  -  -  7 -  -  -  -  -  - -  -



lable 2. D€sclipl ive
ussd to detglDite Deat

sCatigt ica o! saqrleg o! crocodil€g
ProcegginE yiel i ls.

---c. DOVaelJUi!€ae-- ----- C. porosus----
F€8a1ea Ualeg F6tlal6s ltrles

Body neiEht (kE)
x€aD (N)
Ralge
std. Dsv.

Eail cisth (cD,
U€a! ( l |)
RaugE
gti l .  Dev.

9 .5  ( 20 )
6 .9 -12  .  a

1 .4

35 .7  (  l , t  )
30  . 5 - {0 .  O

2 .7

9.7  (231
6 .3 -13  .2

2 .L

3s .6  (2 ,1 )
31 .5 -39 .5

2 .4

1 r . . 3  ( 26 )
7  . 5 -15 .3

2 .3

36 .  O  (221
31 .0 - {2 .0

: ' s .  s  (10)
10.  3 -21 .0

{o .a (10)
35 .5 - {5 .  O

2 .9

Aabl. 3. Reg!:e8sion equatj,oBs fo! tb€ lrr€dLctLo! of total
l6!gtb, I iv€ belly l . ldth, alat salt€d b€lty tr iatth froD l ive
body reight of ctocodil€s, Clocodylus uovagglriDea€ alat C.
porosus, vltbi!  salplE Ihits descrl,bed h Iab16 1.

Depe!al6!t
va!iablE P>F

-----clocodylus Dova6glit t€ae---

ro ta l  L€ rg th  ( c ! )  69 .7+?  .734 .B rJO.158rBn2  O.OO1 o .9Ga

L ive  Ee11 t  r i d th  ( cD t  L2 .2+2 .655 .81 -0 .052 .8W2 O.OO1 0 .96 ,1

sa]'t€d Belly rl,attb (cu)

19AO-19a2  Aarp ! .€  20 .5+1 .310 .8 r -O .O: ,8 rB r |2  o .oo l  o .a {?

1949  SaDpIE  12 .2+2 .aoo .B ' t t - o .o95 rBr2  o .oo t  o .9s4

-------crocodylug porogug_____

To ta l  L€ug th  ( ca )  ?9 .2+7 .OO9rBr -0 .11o .8 t r2  O .OO1 0 .966

L ive  B6 I1 t  r l d lh  ( cD '  13 .5+2 .273 r8W-O.O3srBr f  O .O01  0 .966

saltei l  Be11y ridth (c!)

EquatioDl

19aO-1942 gd!p16 21.6+1. o92.Br-0. o to.Br|2

1999 Sallr le 15.7+1.9OA.BW-o. 03{.Bf2

0.  oot

0  . 001

0.aa6

t Yarlable (ar ve boaly kg.



Tab le  3 -  Exper imen t  I :  pe r fo rmance  c r i t e r i a  o f  a l l i gaEors
as inf luenced by the supplementation of the 45t protain
Eurris l ' ' f i l ls al l igator fe€d |{ i th DL-methionine and/or L-
Lys i  ne .

Added
M e t h i o n i n e

I lJeek Body
l{eight cain

4 l , l eek
Dry  Ma t te r

Consumption

4 Wesk Dry
Mat te rF6ed :

Body t{t.  cain
Added

L y s i n e

- - - -  t  o f  D iE t  - - - -  - - - -  9  - - - - - - - -  g  - - - -

4974
4950
53aO
5096

5099
130

.  oo1

. 260
-o75

o.2
o
o

o.9

474
445
4e4
474

4AO- - - - - -  Mean  - - - - - -
- - - - - -  sE| t  - - - - - - -

a!"sya_!-> F_

Tank
Meth ion i  ne
Lys ine
l. lethionine X Lysine

.oo2

.  914

.424

-  o2r
. loa

. ao9

Tab Ie  4 .  Exper i .men t  I I :  Fe r fo rmance  c r i t e r i a  o f  a t l i ga to rs
as  i n f l uenced  by  the  supp lemen ta t i . on  o f  t he  452  p ro te ln
Bur r i s  M i I l s  a l l i ga to r  f eed  w i th  p ro te in  and  amino  ac ids
(me lh ion ine  and  i so leuc ine l  .

P ro te in
LeveL

?  o f  D ie t

AddEd
Amino
Acids

- -  ca in  in  - - -
Body Total
Weight Length

Dry  l l a t t e r
Consumption

Dry  Ma t te r
Feed :8ody

We igh t  ca in

- -  g  - -  - -  cm -  - - - -  s  - - - -  - - -  9 /g  - - -

-i.

+

------ t4ean ------
------ SEl.r -------

ANOVA P>F

Protoin . OO2
Amino Acids -349
Protein X Amino Acids .259

45
45
54
54

439
433
474
490

459

t47
150

307

220
22

7439
6452
7196

7151
r30

r  -43
r .20
I  . 30

1 .30
o -12

- 063. ool
-464

.601
-4o4
,9A2

m



laDl. a. Lt..t yl,. late (rs I
ClocoCylug !or'..9ul,nel. atd

P.!c.!taEs of boaly velght, floa
ClocgCylur porosng.

C. nova€qlriDeao
F.oal.. Ifrleg

--c. poaoauS--
tr€aal€s N.I.a Ov.rall

Dtessad Ca3gags

116g9
Slril legs
lor.le9s

ral,1
Eotal
!.l6at o!1I

Upper Body
lota]'
Uoat oDIt

total !.rort{

* t

61 .7  Gs .9L .2 ' 3

1.L  . .8 : '?
1 .A  2 .2 " .

zs.s zt . t ! ,2-
1 t . 9  13 .  a .  ' .

3  6 .9  37  . c3
tg . t  t s . r 3

g2 .g  z t .aL '2 ,3

t

66 .  1

2 .1

20 .5
13 . {

34 .1
18 .5

3 t  . 9

i

6 4 . 9

5 .2
2 .5

19 . t
: , 3 . 1

37  . 3
L7  . 3

3o  . 3

t

6 6 . 3

{ , 3
1 .9

22 .4
1 { . 3

37  .A
18 .5

32  . 4

'gigDll icalt i l i ! !€r€Dc€s (p<0.05) €rlst b€tt 'gea
- coD.bhatious.
:Siglif lcaltt aliftsrelcgs (P<O.05t .rist betv€eD
:Slgaiftcart diftaaelce3 (P<O.OS) erist b€tr€eDrD€boled ald delrttqal tail ud upp€r body Eelt

l€gs.

gpgci6a-:s€x

sp.cl€s.
g6teg.

orlyt aacludcs
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T h o r a s  S u a y n g h a o  -  S o u t b  C a r o l i n a  l | , i i d t i f e  a n d  l l a ! i n e  i e s o u r c e s
D e p a r t r B e n t ,  P . 0 .  D r a l { e r  1 9 0 ,  B o n n e a u ,  S C  2 9 4 3 f - 0 1 9 0

S O U T H  C A R O L I N A  A L L  I  G A T q R PROGRAT1 UPDATE

n n  A p r i  i  ! ,  L a e a ,  l h e  S o u t h  C a r o l  i n a  , J i  l l l  i i e  a n d  l l e r i n e
'  P r , i o . : f l  r

e " B l u a ( e  a n C  r e s o l / e  n u i s a n ! - *  a . . ! j e : o r  r o r n p l s i n ' - i .  T h e  p r c B r s : r
a l s o  o v e . s e e s  a n y  . o m m e . . i a  i  b u s i n e s s  i n v D t , / i n g  s l i i g s t o r E  : n d

r r  P .  r g . 3 m  . : L . : . - i v i r i : s .

l h e  3 i i ! : i t i r  i n  : : u r n  l a . . l i n a  h 3 e  m 3 : 1 e  f ,  r . e : r e : 1 . i : , r !  : . m e ! a : r
s - 1 : e  : : m i - 1 l  r r d e r  p r  r t e . r . i e n  i n  - : r -  j r e  ! r  ' - : r : - a :  : _
e v ' i n c t i r n .  T h F : ,  h a v e  c e 4 . v e . e d  t o  r - h e  p D i n t  / n = r e  F  1 . A ,  . e n s u s
e s t i m a r e d  r  s i : t e r r d e  p c p u l a t i - . : f  L 0 6 . 0 i l  r a i n e . j .  : r e
a l  l i g r ' - D r  u a s  f e c L a s s i f i e C  i n  i , r L y  

" f  
I ' r 8 7  a s  I  i  .  e  3  1  e  r  E , i  . - l  , . r  p  r ,  ! i

5 i m j  l a r i r T  r I  a p p e 3 r a n . e  5 : a , : e r i d e ,  P . i o .  . , , .  : - r a i  t i m e  r ' -  r a r
b e e n  : l e s E r r r E o  a E  : . 1 r a . 1 g e r e c  a . o n g  : r e  : o a c . .  r r :
i n l a n o .

l h e  r 3 n g e  t r f  i h e  a l i i 9 3 r a r  i n  i a u i h  t a r o i i i l a  i p r e f r : l
r r o m  r - h e  e o a s r -  i n 1 3 n d  r o  t h e  i a L  I  i i r e .  

_ i . :  
i 3 i i  l i : r

. : 1 i :  - :  " : F . i g : b l :  r c : e : :  i . 4  r i  - _ + : . i s
l h e  P i : : m c n r -  F h ] , . s i o ! : : F h i r  . . g i r n .  i F ! f . y : n ! - . r : '  

- : 1

- : : : : : ' :  r .  : j : : : :  ! :  - : i : : : -  - + . -  :  -  : - . :  :
a r r c i i : - = n  : : - a : : a i  u e ' , i s n c i s .  : b r u t ; a a . i  - - : . s "  3 . ? 1 :
: n p . ' - ' n d m E n t s  D n c - c  u s e c i  l . r  t  h  E  , r  l l  i  i  i  ,  a  t  i  :  n  :  a  r : : = .  5
h a . / e  b e e n  r p s ! D r e d  f  : : a  r r s €  3 s  ! s : r r f  r ' r :  i m F o i r n r m p n : : ,

: : +  . - - -  - -

r e s i i e n i  i 3 l  a n c i  . e s c j : t  l e v e  I  t E m e n r  : r  : c a 3 i - i  . : ? - _ . .  : : s . . . r : :
i : l ' : i r a : e , i  i , . r m o e f  5  c i  . e i , e e n  p € : - F l . !  : i : r  3 : . : a : : .

; r - i  . l . . e  9 , E _ .  :  r  p  i  i  : .  :  i  /  . :  n  +  i  -  j r  : r : i ! n : :  = . : : ; " : : - _  : = . : : i _ .
p r : o r ' - s  i u e  r !  l h e  r e : - u s a i  . i  a n i m a i s  t - a  E - - 3 . '  i i  : i e l .  . = !
i \ : =  o : r 3 : 3 m  i : r r D l + m e . : e d  ,  r : n : r ' : . : + r  . ] a :  = E :  : r  : : e 1 : : r : : - -

l h a  a : a s - - a i  P i a i n  a i  S o u i h  a a r o i i n a  h a s  b e - . n  , r i . l , l e ' l  - r . , i :
; i - _  l - ; r : : i -  _ . 3 i  ,  : : : : r : _ ? : : :  . : :

- : : e - , + s  J l . l  : , n .
- r - : i : r t s : : r

: | P . . p e | r v 3 n c n e 9 ' l t r . . ? . E m ' : ? + j ' ' j ' n e n 3 n 3 ' l 1 j ! r : :
: . 3 . : : : : i + o  3 5  . r  r i . e d : ,  : r . e  : j o r r : i F : : :  - f  : r : :  :  : : . : : : : : - . ;
p e . r n i t  a n d  f o r w a r d s  i t  l o  a n  a l l i g a t o r  3 g e n i ,  w n o  : F F t u r e s  a n d
k i i l s : h e  a n i m a l .  A l l i g a r o r  a g e r ! s  a r e  F r i / r . .  i i r r / i o u 3 . j
! c r k i n g  u n d e r  s p e c i a l  c o n + , r a c t  i r i l h  t h e  i , e p a r t r n e n r a ,  T n e . /  r e . e i v e
n n  E a l 3 . y  L ' u t  m a y  s e l  I  l h e  m e a t  e n d  a n y  D t h e r  p r o d u , r r s ,  e x c = F t i n g
t h e  h i d e ,  f r o m  t h e  a n i n a l s  t h e y  t a k e .  T h e  h i d e  i s  E . . i c i  b y  t h e



l e F a r l i n e n t -  , i  r , r  : C z  D t '  , : h p
g . ' i n e  i a  i h e  D e P a r t m E n !  3 n d

. r  i r : 3 r , r .  : . m p i a i n ! 3  n u m b e r e c i  5 , i i  i n  i 9 A 6  a n d  . i 5 8  i n  L j i g  i n
5 L . u i h . C a r o l i n a .  T h r e e  h ! n d f e d  a n d  s e v e n t y - 4 n e  , : t t /  a t i i g 3 ! c r s
w E r e  r a k e n  i n  1 ; 8 8  a n d  2 6 6  q e t e  t a k ? n  i n  ! 9 6 9 .  T h i s  l e c r p a s e  i n
. o n p l a i n t s  i s  p r o b a b t y  + - h e  r e s u t !  D i  t w o  t n i i t s s i  r h e  5 ; I
a l l  i A a l o ! s  r e n o v e d  i n  1 ? A g  , / e r e  n o t  p r e s p n !  t o  c a u s e  F r c b l e m s  i n
l ? 8 : _  a n d .  i . h e r e  , a s  m r r r e  p u b i i c i t y  a b o u i  ! h e  p r ! i g . a m  i n  1 . 9 6 e
u h i c h  p . o b a b t y  g e n e r a t e d  i n o r e  c o f i p l a i n t _ E .  I t  , i i i  b e  i n t e r e s t i n ?
t a  s e e  t h e  e t f e c t  t b a t  H , l r r i c a n e  H u g o  , i  L  I  h a v e  o n  i h €  n u m b e !  , i
: c m F i i i n t !  : h i s  t / e 3 . ,  : i . c e  3  g : r . C  . l e a t  . r _  c f  i : 1 ] e  a  t t i : - 3 - . f
h a . i i B ! . e s  o e e n  3 d v = r - : e i ) /  a i i e . t e d  . o t r '  t h e  s 1 : ! n ,

p r . e € " j 5  j ! i n g  i : c  ! h e  3 g s n l s .  : r : .  a h
t .  - {  g o i n g  : e  t n E  n i : J e  g r : a e !  3 n d



Frel i rni .n"rr9 r .)(r tes on the sLatLrs alrd corrseI, , - ,atr . t ]n ol  Canaatrr
l a t i F o s t r i s  i r l  t h e  S t a t e  B f  S d o  F ' a L l t o r  E r  a : i l ,  1 - 1 i r e , : t i o n s  o f  t h e
c a p t i v e  b r e € l d i l r 9 !  r e i 1 1 t r o d  c t i o n  a n d  m a n a q e f i e l r t  p t - o E t - a , , , "

LUCIANO m. VERDADE . l rrd ABEL LAVORE TIt

C e r r  t r o  I  | l  t e r  d e p a r _  t d m u ,  r u . .  L  d e
S i  l v e s t r e s  -  E s E o . l a  S L r p e i r ( r f
U r ' | i  v e r s i d a d e  d e  S a o  F " i L r l o
C I : E A S  -  E S A L O  -  I J S F  D r : F
E r  a r  i  l

: o o t e a r r t a  c  t s t r r " r q L 1  d E  A , r r m a r j
d e  A s r i c u l t L r r , R  " L r . r i :  i l e  O L r e i r o : "  -

( . 'a  jLF 1 ) . . .  :  .  , ru  r  - -  a : . r I;F

I  ntroduc t ion

The i i tL- r -Est  o l r  b | -L"e i j1ns t r road-s| .J lJ t { - - . ] - rcr1,na,r  l  C.n i io lam
l a t i r o s t r i s )  i l r  c " r p t i v r t , l  h r s  i r r c r - - a s e d  i r  t r r , i :  L  I  r i  t h € i  l E E t
g e a r - s .  I t  m a g  b e  d L r e  t o  b l . t t e r  a u J a r e r r . : ; :  o f  r e  l r r . r L l l . l r :  { r p r | | . r r f r
a b o l r t  t h p  6 r ) i v i F o F , n e n t " r l  p r o b l i _ . ' n . r  o f  t i r e  r o L  r t ; r ! .  ,  j . i , i l i [ , ]  l , h i . ,
r 1 5 L  o f  * E ' l i r i f l c t i o D  o l '  , n . r | g  j p e c i e E "  . l l 1 d  | r . )  r L r . : i , : i r  n r  , r { J r v
F r _ o c i u c t i v e  s P E c i e s  f o r  . 1  c r r t i 1 : a 1  m a r _ f , e t .  ! ] i 1 ) i : ,  r l 1 _ !  i  l e  i " r r - l n e j - s
h a v e  o r ' 1 1 . s  L r t i l i ; e d  t h e  a l l r E r a t o r - i ' : r r m  ' n o d . , ! t .  i  l  , l r . F p r t E  o i .  t h ( :
d i f f e l - e n c p s  b E t w e e n  b o L h  o f  t i r e  s F J e c i e s  i r  r E l a b i o r - l  b o  u u u !  s L : e .
g r o w t h  c a F a c i  b s !  E l ; i r 1  t e a t L l r e s  a n d  . o , n n e l ' E i i l 1  r r I u F .  ,  f t r r " i  i s s L r e
L : a n  b e  r e s p o n s i b l e  f o r  n r a n a g e ' I | e f t L  '  r s b . : l l , e , j .  i l ( ! , ] L h  o f  . :  t i r , r : L ! i ,
w a s t e  o f  r e s o u F c e s  d n J  d i . i c r L l c l i t  o r -  w i  l d l i i e  r r a n J g E , r r e l ] l ;  a s  ! t r . ]
e r o n o m i c a  I  c h o . i c c '  r r l  F , - a : i r -

Sta tus

H i s t o r i a l :  
- l h e  

h L r m a n  c o l o r r i : a t i o f l  b * r E d r r  i I r  B r  ; r : : r t  . r q  L : t r i . r  F ) t ; t r 1 1 ! ; L L : :
s h € l - e  a n d  S a o  F l _ a r ] c i l i E o / F a I . i { n a  r i v e f  q g s t e ' n s .  w t r , j , , r - E  l l r [ r  b 1 g 9 r ] : . t
c i t i e s  f . l o l o - i s h e d  a n d  m o s t  t ] f  l h e  p o p L r l " l t j i . r  9 r - i l ! , J  L r p .  T h l r  ! . r " i * .
h o w e v e r .  t h e  o r i g i l ] a l  d j . s t r l b | . l t i o i  ; : o n e  o f  t h E :  b r l j ) a , r - = , r c r l r c o f l -

I h e r e f o ) _ e .  b h i s  s p e E i e s  L t l r d e r w € : r 1 t  L h e  f ) , . r n b : r t  1 m p ; i c : h  c r . t
E r a : i . l i a n  h u f l e n  E o l o n i r a l i o r . r ,  I h e  h u n L  i r r d  t r . r : t r  i  t a t  i l i + 6 t r l r c . t i o n
w e r - e  t h e  c o n s e q L t e n c e ' s  t h e t t  b r o L t g l l t  L h e  s I ] F c t ( i s  L o  t h e  t h r e a b  o i
e ; , t  r nc t r o f l r  -  

)  
r )



Current !  Our cr t r rent  g; l l l -ves in  the St : r t jE of  Sao F;ur1| ]  h"1s b. :ern
t r a s e d  o n  n i g h L  c o | . r n t s  a i r r l  p e ( J F ' l e  a c c t ] r r n t s  i n  t h e  d i s t r i E t j ! i  o f
A n h e m b i r  A s L r d o s .  A a u ' - L r ,  L r , i e i r . q t  f t o c o e s  d t 1 c i  F r r . a c i c a b a .  W e  h a v F
f o l r n c l  g r o L r p s  f r 6 m  1  t o  1 5  a r l i . m a l s  i t ]  h . r t  i t a f s  l i r c t r  a s  o p e n
F i v e r s r  d a n s ,  r : 1 r _ q h e s  r  s r ^ r a m p s  a n d  e v e n  1 n  d e E " r r r b i l l g  F o l i i l $  r J , :
i r . l d u s t r i a l  o I  h u i n a n  { l r a i n E i s E : .  t / i ?  h " 1 v € r  a l  " j r : J  i r u L ! n d  E  p r n L r E - L e a l
n e s t s  w h i E h  l , e r - e  b h e  o r r l s  a v a i l a l r t e  m a t e l '  i a l  i j o  t l e  n l ' . s r r r i !
f e m a l e .  T h i . s  p r e ] i n i r l i \ r - r l  I  E . j  l t s  s h o ! , r  t h . . r  p ( ) t r 5 i h i l i h , t  o f  b h e
E p e c r e s  b e i r i e  c o l o r l i : e r t l  L f r  L h i s  n e F  h a b l t a t s  a  r i  . 1 c l < r p t i  g  i  L s e - t  f
r o  c n e  n e w  c o n d r t r o r . t E .  H o H p v e r t  i t  i s  l l e c { i l s s j a r g  t o  q u i : n t i F g  t h ( . .
p r e l : e n c e  o l  t h e  s p f r c  I  € : : j  r l r  t t r e l  e n v i r - o r x n € ] r ) b  ! n  t e r n € j  o F  r  l : e
P € p l r l a t i o r l a l  d q l r a m i E s  i r r  o r d e r  t o  t r a v e  a  . l r i c l r '  i v e  i r i e a (  t r , .  : )

C o n s e r v a t i o n !

T h e  b r o a d - s n o u t e d - c a i ' r a  i s  . i 1 1  e l ] d a n € L , r  , : d  s r r e c ! e s j  ( , , / A N I O L l N l  j
1 9 7 3 i  I U C N '  1 g 8 e  a l r d  B E R N A F D E S  e t  a t l i .  l q . r i ! i  .  T l r , "  h r L n t  r E
F r o h i b i t e d  r r  E r a : i l  b !  L i l e  F e c t e r , , i 1  t _ , r k  t \ t o ,  5 . 1 9 "  f , - c J f l  { ) 3 . 1 r 1 . 1 9 6 7
a n d  t h e  c a p t i v e  b F e e d i n g  i s  r e q L r L d L l ; e d  b 9  t h r :  g c . r v e r n n e n t " r l  , l  r , . c  r -  - - , , n , ;
N o s .  1 3 e / e g  f  r o m  { : ) 5 . r : J s -  1 9 8 9  a r i c l  a S ( ! , / B f : t  r - r  D n  e e . 1 : ) A .  t 9 A A .  T t r i l ,
r r r t e F n a t i o r ' ; { 1  t r - a d e  o l  i i . 1  p r r r { : t L l c  t i l r  r $  | . e f i r ! ; l : , . J  b . J  U t t - $ . S  , : I N G .
1 9 7 3 ) .

T h e  d e c r e , r 1 n r  o f  i n d r l l i r j r i , r l .  e . r i x i j j ! |  j , r t 5  p , , , - , n r  i .  L . a r | t  . L  : , r j  t : ! r j l
I  e c o v e l -  l i s  o f  b h e  E p e c i e . r  L  I  s o t r r € !  F  " r r r : i  ! r  $ { ( )  F . , i r . L 1 o  S t ! { t L ! .  H e :
h a v e  b e e n  t o l c j  t h e  . l r r F e a r  i r r g  L ) f  b i  r : r r d - : : | o L L t j { r i j - , : , i  i i . i r r
F i r - . r c i c . r b a  r i v e r ,  r l e ) r b  t t r  b t r e  L : i L 9 , , r t  b l j L ,  . , r j , t l l l !  r j r , | , !  n s  r r E  w ; i  [ L ? r
P o l  L r t  i o n  d e c r e e s e s .

T h e  h L o ' l t  q b j . l I  o c c L r r s  j . n  h h e  S t a t e  i n  d e s p i t e  i ) 1 .  t j t r t r  l . r w .  I t  i ! ;
n a 1 n . l 9  d o n e  d s  a  h E b b s  b 9  n r e r l l  f  r o , n  1 i  t  l r l , i  o r  r i t i d d l c  I  r  ? e . a r r . r
E o L r n t s !  w h D  | ( s e i  r i f l e s  i : o  l .  j l l  c " r i m a r r q !  : i t s j L r . i r : : : i !  L j , r i , , i f  r - j  E ! r , : :  i l r
n 1 9 h b .  I h e !  u t i l i : e  i h e  m e . { b  i t r  l i p r i i c  r i . i  I  ! l j i : h l r r i  

" r  d  r L . 1 t ,  i r  t h i j  s l .  r , l
3 | 5  a  g a . n e  l l - o p h r p .  l h e  f  e a l  d d o r , l a g e  o f  t h  j . 6  . 1 , : L i ! i , ; r l  D i r  r r i e
c a i n . l n  r e o a i r . 1 i r l q  p o p L r l : L L i c j r  i : . j t i l l  L r l r i , n o w r j r  t r r . r t  r , _ i  L { n d o L l b t ; 1 , J
c o n s i d e r a b l e ,  T h e  p r i v a b e  p r - o p e r - t j i € : s  h . i r v e  c t r i l  F r . o t e c h t i j n  i g ; \ 1 1 1 5 b
hLrntEf  s  besaLlse of  the s i : r rne l i {  c i  or-Jner-r+ '  r  | rc i  r - ra i r j i  rq  , :1 ! ! ; r  ,Lr f les5 o l
env i  ronmerr  baI  i lss l r r ls .

Direct ions of the catr t ive breeding, rei  nrtroduc t  j i  r )n,  alntdt indmrq€en,el l r l l t
Pr 09r- a,n

C a p t i v e  b r e e d i n g s  l . J e  a r ' e  c a r r g i r r g  o u b  4  1  t / e
P f o P a g e t l c r n  p r ' o s r a r n !  a i m i n g  d L  t h e  r L . i n t r o r i L | c t i
t h e  f u r n i s h m e t r t  o f  c . r p  t i v e  b o r - n  i r r r j : i v i J ( " 1 1 6  f o r
I ' r  1 9 S 9  e e  h a d  3 4  h a t c h l i n g s  i n  e  n e s t g  a t
P i r e c i c a b a .  F r o m  l 9 9 r : )  o n  w e  a r  e  9 c ] r n 9  r o  m a n q l g e

! f | . l r  - o l d  c a P t i v E
rrr  i  ) r  r i . r '  LLr|E -- ,r  rd

c d i f i r a f l - - f a r  o i l r | ' g ,
oL l l_  qLr i : \ l - tF t -g  1 r
tJ reeder  g roLrPs i r -1



i n o s t  o f  t h e  B r a ; i l i a r l  : ( ] o E .  r r o ( l g h  b h e  S n E i € _ : d " r c t r :  d o s : l 0 o t l r ' ] i l : o s
d o  F r a s i l  -  S f t r  ( F r a : i l i r n  : i o c i p t s  o f  r - o o e ;  )  r  c o r - r 3 i o e r r r . l q  c n e
d e m c J g r a p h i c  a l ] d  g e f l e t i c  a s p e c t E  o . f  t h F  c a p i . r i v e  p $ p L r l . ' i { t i { r n l ] r
a c c o r - d i n s  L o  F O O S E  e t  a l t i  ( 1 9 H 6 ) ,  A s r  n e r , r t r l !  l ; o  b t r € i  R n r r b i t ' "
C e i r s L ( E  f r o m  S i B t  t h e r - e  a r e  e 7 9  b r o d d - s n t r L r t ( 1 d - { _ - a i n a n  i r r  . a p u 1 y 1 i s
i D  B r a : i l  ( 6 C r  ' n a . L e s t  / r B  i e i n a l € i s  a r - i i l  1 4 6  i n c j e . t e r r i i n e t l ) .  O t h e r  1 A
arr i ,nal5 (9 ,ralps! 3 fprnaleE ,rrrd 6 i  nd€ltr- , r ,ni  nF{,1) ,nu! i t  t j le adcled
b e c a u s e  t h ( i g  w e r e  r o b  l i " j t e . l  b 9  t t r e  D e | r ) s u s .  F r D i r i  t ; h r g r i .  t o L a r l
n e m t e r  5 5  w p r r ?  b o r n  i n  c . l p t i v i t s  t a E t  q l " a r "

R e i . n t r o d u c t i o n :  l , J e  a r e  a t r i . r  L : a r - i - g i f r g  o L r t  a  s o r  v c a  o r  m o s t
a r j L r q L l a t e  a n d  p r i l J r i t g  p . l . r c f n : i  f o r -  t h e  r . l ] i n t l - o d L r c l i o r r  { t f  | i e
s p e c r e s  r n  t h e  S L a t e  o f  S a E  F " q L {  L 1 r .  t h i E  i : t l t d s  r r i c l r L d e r j  r . r . L r i i  t } ) e
a r l a l . s s p E i  " \ . d  J . : s c r - i p t r i o r )  o t ,  b r o t , i c  _ r f r i l  - r b i . , r i , i c  i i t . , s  i : . n r r r o r r . u r . r r '

F  t o  t h e  p n v i r _ o  ' . e r | b a I  i f l F ' ] r t  e v a l L r d t i 1 : ]  r  " , ( : : 1 j i , r  d  i J r t r  L n  6 Y S E L _  ? ,
L Y O N  {  1 9 8 0 )  .

l ' l a n a g e o e n t  p u r p o s e s :  T h e  e E D l l o n i c E r l  p o t r : r l t i a l  t : f

h e c e r - o g e n o l t s  1 1 1  6 o c i a l - e c o n o r n r i : a l  t e r - i n s .  l h i a  : : f ] | l E r
h r i sh l s i n d L r s b r i a l i . : e d  . q r e s E j  t L r  L  r d E r ' - i l e v i t r l o p i i i d

sr lo l r  Eed-Ei l  i  rnan i r . rc l -eagie! : 1 Dr : r  in : iDag€ l r r ipn t  , r j jd
P e l _ p e c  c  1 v e g . l l c ' w e v € - ' r '  i L . ;  s e o s r . a p h i E a l  . l i ! r L r  i f r L . r j

The avian Er-op of  t l . te  St i i l :E)  gener- ; r te : .  a  . f r - . r { t t  i t In !Lrr l  r j f  , j { : : t - . : ip : ;
d r l d  c l i s E a i _ c l s  1 1 1 ! - -  c a r , : , r , : i " _ , . r r  o f  ( : , r .  e r - r . 1 : 1  . , t , r {  r i e  i . i  d E r , l  t r  r  1 j r . J
t h e  p r o d L t t i v f ?  c l c 1 t r ,  d r r d  , n . : i . e  ! o L 1 n 9  i : t r i c l t : r r : r  r i  . , . 1 !  r r r r j . , r e r r r
l i n e a g e s .  T l j l E  i n " l t e r i a l  L : e r n  b F  o f f e r e . J  c n : ; L  f o o , t  : o  [ ; i c i
c a i m a n - i " 1 r m l 9 r ! ! .  i r " r  t h e r  

" i ! : j . n j . t 9  o f  " 1 v i . r | l - r = , ] r - { r e r r  I  L , r F i f i f l i r n f _ j  ! . r t
a l l i r  I l r  p r e s s ) .  l r h e r e  t f r e r  e  i e  r o  l e w  r o 3 r ,  i t r r r j  , i ! " 1 L l a b l e r  t h h :
b e s t  m a l l a g e m e n t  s g s t j e r n  p r - o t r t a b l s  i s  r e  i ] ] l r  L j d l . l c l 1 D n
r e r n t r o d u c t i o l 1  o f  t h e  s F e i : r e s  1 n  o a n s  ( € t v c l r r  r | l l , , c r  t ; h e  E o u . r _ .  o i -
a g l - i c L r l t u r a l - f a l - m E )  a r l c j  h g d I e l t : t r - i ( :  p { : r r { p r -  s t a { r  j . i l , r r , 5 "  r ; ( J  r e  , J i r , r r 5
l a t e r  t h e  p c i p L r l a L i o r " l  e j i E e e d i l s s  l : o u l d  b e  e r x F l o i  b . . r c l .  T , e  j l r e q L r d r E ,
m a i a s e f l r e n E  ! : g s t e m  a c c o r - d 1 n g  t c r  l . r c . r l .  . o n d r t r i ] l l E  l j r ] ( L J d  t r , .  . l
p o s E i b l e  L r c i l D o ' n i c  L r t r l i : " 1 1 ' i o r r  o i  t t r e  b r - L - . . r  - e r r { : r - ( e d - , : , 1 r , r i t i ,
t h l - o u g h  t h e  t r . i d e  o f  s l : i  ,  , l e , ! | L !  g o L , v i : F i r l : l l i .  l  r r i J , i n , l r r o  r l ] , i r l i E ,
assur- i r ' rE r  th  j .e  i , {as r  i ts  i :c I r15r . , : rvat io t ] .

A n g w a g '  r t  i s  i , n p o r t a n t  l c r  E i : r e E s  t h a t  s r r !  n c r r r c l  g  e m i . I r  l j  a , l , r n , r ( j j l ;
b e g t n  e { i t h  t h e  c a F t i . v e  p r - o p a s a t i o r ' r !  t r e s i d e s  E t r a r  L - t e r , n  c a p t j  ! v i t s
s t l r d i e s  a b o L r t  f e € d i . n s r  r e l ] r - o c t L r c t i ( : I r r  L r F j h , r v i i ) r ,  a r , l  ! , r r r r  u s ,  . 1 | r r r
I o n E - t e ) - a  l ' i e l c l  s t u d i e s  a l r o L ( t  e c o t o q s  i l n d  h e t r . r v  j ! : ,  f t r L :  i i , - : i t
o r l e l i  m l r ! : t  1 r , c t - ( ! , r s i _ :  t t l e  r ( P F r o d l . l { - l - i  - ) r  l ] t f . i c i !  j  ! : !
h . : r t c f r l i n g , l g o L r | 1 g  9 l - o ! ! i n 9 !  t t r r  o l r g h  t f r F  t r r ] t r : 1 | . : r ,  , - i  t  | 1 L r _ q t 1 l 1 e  f l : l n r : r t . e s ,
d e c r e a s e  D t -  t i f i c L ( b a t ; , f l E  e g g E  I B s ! 5 r  a n d  c o l - r - F l c L  a  i r n a l E  f e a ? d i t r q l ,

t l i€ ; l  l i r i rad-
c ' r r  r e E r -  v d  I  i  o r l

L ' r  q u i t

r  r rc  I  ude$ i r  | ] ' l
i l 9  i  1 c L t l  L L l l ' a 1
. r . l  { )p t f . 'd  i |Lr€t :l .  eg i ,ot . rg,  CoiseqL(ent i : lgr  bhEr m. l  Age' l ! r r r t  sgej  Let in  i ,o  b. :

b e  a  f ( n c L i o n  D f  b h e  f e a L L r r e  . r b o v e ] .
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V E R D A D E .  1 . . I ' 1 .  &  L A V O t i E N - t - l
c,cr-EaE;{-  €r  r -e l  FL{go! !  d . i
JaEal-e-de-PaP0--R,r | ' i i re- to (
F.rL(  1, r ,  [ ,  r  p)  - - i i - i .

r  i \ .  FctEnci ._ i1 d, . -  . - 'Fr i . t rE j .  t r - , t r1er to de
l f , r  o d u r : a e  f l v i r o l ; i  r t a  a l i f i ( + l r t i t c J L o  d o
Caiman lat i rost r_ is)  f ln  E:r t . - i i r ! r  , l r !  Sr io





The  Es !ab l i shmen t  o f  t he  F i r s t  Ma jo r  C rocod i l e  B reed ing  Cen te r  i n
Wes t  A f r i ca

WoI f  -Ekkehard  Wa i . t kuwa i t
P ro je t  C rocod  i  1es
Zoo  Na l i ona l  d rAb id  i  a ! l
01  B .  P .  932
Ab id j an  01
CoLe  d  r  I vo  i r e

I t  was  exac t l y  t en  yea rs  ago ,  i n  l t t a . ch  1980 ,  t ha t  t he  c rocod j . l e
p ro jec t  i n  I vo ry  Coas t  begao .  Th j . s  p ro jec l  was  unc ie r t , aken  under
the  au tho f i t y  o f  t he  M j . n i s t r y  o f  Ag r i cu l t u re ,  Wa te r  and  Fo res t s  ! o
conse rve  t t l e  t h ree  spec ies  o f  c rocod i l es  na t i ve  t o  I vo r y  Coas t  by
in teg ra t j . ng  the l !  i n to  the  econoo ic  deve lop rden t  o f  t he
coun t r y .

I  wou ld  l i ke  t o  g i ve  a  b r l e f  ove rv i ew  o f  t he  resu l l s  ga the red
du r i ng  f i e l d  r esea rch  and  by  runn ing  an  expe r imen ta l  c roc  f a ro
wh i ch  l ead  f i na l l y  t o  t he  es tab l i shnen t  o f  a  b reed ina  cen te r  i n
t he  Ab id j  an  Na ! i ona I  Zoo .

The ' compara t i ve  b i o l ogy  o f  t he  l h ree  spec ies  revea l s  a  c l ea r
sepaaa l i on  o f  t he i r  eco log i ca l  n i ches ,  r educ ing  i n te r spec t f t c
concu r rence .

C rocody lL r s  n i l o t i cus  p re fe r s  a reas  o f  l and  and  wa te r  exposeo  ro
open  s r - r n1 igh t ,  bask ing  oo  rocks  i n  r i ve r s  and  l agoons ,  and  l i v i ng
in  bu r rows  bes i . de  rema in i ng  wa le rpoo1s .  C rocody lus  ca tapb rac tus
p re fe r s  shaded  a reas ,  l i v i ng  i n  r i ve r s  unde r  dense  vege taL j . on  i n
Nbe  ra i n fo res t  and  i n  savanna  r i ve r s  su r rounded  by  ex tens i ve
8a l . 1e ry  f o res t .  Feoa les  re l y  upon  abandoned  l ea f  l i t t e r  nea rby
pe rmanen l  wa te r  cou rses  f o r  nes t  cons t ruc t i on .  0s teo laenus
te i r asp i s  p re fe r s  sna l l  s t agnan t  poo l s  i n  swanpy  a reas .  They  a re
noc tu rnaL  i e r res t r i a l  hunbeas  and  have  been  obse rved  f eed ing  on
la rge  anne l i ds  and  o the r  i nve f t eb ra !es .  The  f ena le  cons t rL l c t s  a
noun t .  nes t  s i d i l a r  t o  C . ca taph rac tus ,  bu t  o f t en  f a r  f r om wa t , e r
couages .

The  t yp i ca l  hab i ta t  o f  each  spec ies  can  be  founc t  a tL  ove r  Ene
d j . s t r i bu t i on  a rea  o f  c rocod i l es  i n  l vo r y  Coas t ,  bu t  w i t h  d i f f e renC
f requenc ies .  Th i s  neans  on  l he  o t l e  hand  thag  bhe  f requency  t , o  n ree t ,
a  ce r t a i n  c rocod i l e  spec ies  i n  a  g i ven  b i o tope  depends  on  t he
percen t ,age  o f  i l s  hab i . t a t  rep resen led  the re ,  and  on  !he  o lhe r  hand
Lha !  none  o f  t be  th ree  spec ies  w i l l  coop le te l y  Lack  i n  a  g i ven
a rea .  These  f i nd ings  have  been  ve r l f i ed  by  t e l eme t r i c  s ! ud ies ,

S ince  1981  nP ro je t  C rocod i l es r r  has  had  i t s  base  a t  t he  Ab id j an
Na t iona l .  Zoo .  Rear ing  and  b .eed ing  fac i l i t i es  have  been
cons t ruc ted  on  the  Zoo  g rounds .  Be tween  1981  and  1984  c rocod iLes
o f  t he  th ree  spec ies  where  ha tched  a t  t he  zoo  f ron  eggs  p roduced
by  cap t i ve  fema les  and  f rom nes ta  co l l ec ted  i n  t he  w i1d .

8



C.  n  i l o t  i  cus
C.  c  a  taphrac  tus
0 .  te t rasp  1s

C.n i loL icus

C.ca taphrac tus

wi.L d

44
88
34

z o o

r )
5 0

0

In  January  1990 ,  iL  was  de te rn ined  bhaL  the  zoo  reared  c rocod i les
had  reached  po ten t ia l  b reed ing  s ize .  The  fo rmer  w i fd  cap tu red ,
t^eproduc t ive  males  were  renoved f roo  bhe breed ing  enc losure  in
order  to  a1 low fo r  the  es tab l iahment  o f  Larger  b reed ing  groups .
These groups  are  nor i t  compaised o f  the  zoors  remain ing  breed i .ng
fena les  and  those  ra ised  in  lhe  rear ing  enc losures ,

11

sex
M

M
F
M
F

2.0  n
1 .7  n
2 ,0  n

'1  .3  n
1 .3  m

We hope  tha t  we  have  c reaLed ,  a  permanent  base  fo r  fu tu re
c rocod i le  conserva t j .on  in  l vo ry  Coas t .  I t  i s  ou r  goa l  to  p rov ide
o l f sp r j .ng  fo r  res lock ing  purposes  and  fo r  lhe  poss ib l .e  fu tu re
deve lopmen l  o f  j .  n tegra led  manage l len t .

I t  j . s  a l so  our  goaL  Lo  esLab l - i sh  a  ne twork  fo r  con t inuous  research
in  lhe  na l j .ona l  pa rk  sys te ros ,  tha t  wou ld  be  access ib le  to
in te rna t iona l  researcheas  and  p rov ide  t l "a in lng  and  educa t ion  fo r
I vo r iana  and  par t ies  f rom o ther  a f r i can  coun t r iea .

We wou ld  L i ke  to  sugges t  t ha t  t he  CSC cons ide r  t he  po ten l i a l  f o r
c rocod i l e  conse rva t i od  and  resea rch  i n  I vo r y  Coas t .  We  ask  f o r  bhe
suppo r t  o f  t he  IUCN-CSG in  ou r  e f f o r t s  t owa rds  t hese  goa l s  and
par t j . cu la r l y  f o r  I vo ry  Coas t  becoo ing  a  nember  o f  C ITES.  l , I e  i nv i l e
you  t o  cons ide r  Ab id j an  as  you  se lec l  LocaC ions  f o r  f u tu re
mee t j . ngs  such  aa  !h i3  one .
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ElTects of Blasting on Nile Crocodiles, Crocodylus niloticus.

P. A. I. Watson

Crocldile Geeb P.O. Box 178
Maidstotr€ 4380

South AJri.-a

10ti workiDg Meerirg of the IUCN/SSC Crocodne Specialisr croup.
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E'PECIA O' BLAAIIIIIG OII TIIJOIICUS

Nine yeals after entering the fascinating lror1d of
the Nil,e CrocodiLe, 1949 looked to be a year of great
proDise at Crocodile Creek.

72 adult, captive-bred, feDales ranging froD 2.4
leters to 3.2 neters, 10 to 15 yearg of age, r 'ere
likely to produce in the region of 2655 eggs. A1lolring
for 15* infertili.ty, a crop of. 2257 vlabLe hatchti-ngs
vaa expected, these calculations having been concluded
by Dave Blake and Tony Pooley independently.

Construction of the (N2) National Highway vas due
to couEence, i.hich lrhen coDpleted lrould provide
sp]endid viees of the farn, river and su.btropical
environs lrith iDproved accesEi and an increase in
touri.sm.

Everything i as about to go rrith a trbanqtr aDd so it
dld. Within 2 kiloDeters of th€ fan! on Uay 22nd,
Contractors detonated 1220 kgs of expLosive foltoared by
925 kqg, less lhan 1 km alray June 14th, and 2850 kgs
,tune 27th (in all 5270 lbs). By the evenj.ng of 29th
June 1989, 26 juvenile, fenale, crocodiles in 1 E to
1.2 n range were dead.

Our inmediate though! rras that local early-vinter
teuperatures coDbined lri.th a virus rras causing t'he
probleu. Deaths of this aize over the I preceding
years ranged fron 0 to 2 per annum average.

Blasting continued. By plotting a graph of deaths
and superinposing a graph of blasting dates, a pattern
energed indicating that blasting could indeed be
responsible. Inspection of, stock in open ponds
revealed the foLlor,ing:

1. Bite narks on javs and heads
2. Cegsation of feeding
3, Dilated pupils, no response to l ight stinul.!
4. ReptiLes extreDely skittish
5. Iate! reptiLes becane very sluggish and

lethargiq and renained in fixed locations day
or night.

6. Paralysis of one hind teg. After a l-apse of
a veek or so despite having been relocated in
a controlled envilodtent at J 32'C nini.DaL
feedingi occurred.

7. Qurlity of skin deteriorated, breaking
betneen segEents into septic lesj.ons.

8. Dehydration of body and apparent anorexia.
9. Loss of balance, inner ear rras obvj-ously

danaged, necks j.n spasll, sorre crocodiles
staggering Like drunjcs.

10. Pink to reddish discol.oration of the Ekin
under the crocodile belly.

11. Diarrhea in a nuDber of cases.
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Results of veterinari.an exaDinations and autopsies
of aniDals that died bettlree 22/27 June revealed
nothing. The reptiles appeared in good heal.thy
condition but vere suffering frortr a rsevere lack of
l i fe .  n

Subsequent detailed autopgies indj.cated:

1. Aerononus hwdrophilia ras isolated ft'ou
an organ.

. 2. Non-Specific except for hvperepia and
acute ulcerations of t-he gastric Ducosa.

3. Severe €gp:!!ge4ia lrith generalj.zed
abscessation, whj.ch lras subsequently
found to be Salnonella and concluded to
be a secondary pathogen that had entered
the body systeD fron the gastro-
intestinal tract as a resuLt of chronic
stress. At this point treatinq the
ent i re  a iL ing  s to ;k  fo r  sa lnon6 l la ,
involving, a fi.ve-day oral progran r.as
consj.dered, I rejected the idea as the
additional stress of handling reak
juveniLes vouLd have nore l ikely kil led
theu. Fortunately, this danagenent
decision nas correct as no further
Salmonella laas detected in autopsies.

By now, ve rrere convinced that blasting lras
causj-ng chronic stress in the crocodj.le populatj.on at
Crocodil-e Creek. Obviously one could not obtain an
order to halt construction of a National Road wi.thout
scientifj.c proof, so a study of

BIOOD COLLECAIOT IIID IIIAI,YSTA
{as ulalertataD by
DR. G. D. TEI'R}I.III

BIOIPGTCIE RESEIXCE CETTRE
ulrrvERarlY oF DIIRSNVTESTVILLE

xt3LE. R.a.A.

1o Dr. Thuman and his associates ny grateful
thanl<s for their dedication and scientific approach.
Dr. thurnanrs report follorrs:

very little infomation is available as to bl-ood
saDpLing techniques in crocodil,eg, and even less j.s
availa.bl,e for the blood henatoLog:y and cheDistry
values. A project !,as therefore undertaken to
establlsh a Dethodology of blood collection, and to
detertllne the nomal blood values of crocodiles.
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To deterDine noreal blood values, fi.ve crocodiles
vere selected at randon fron a group of trro year
crocodiles that vere ltoused under optiDal conditlons at
the University of Natal. These crocodiles lrere
accustoued to frequently handling and vere part of
grorth Etudy experi.lents.

To deterDine the effects of stress on erocodiLes-
five crocodiles lrere selected froD the affected tqo
yea! old group at t-he crocodile farB. Selectj.on was
based on signs of il-l-heal-th naDe1y, dilated pupils,
sluggish reaction to external stiinuli, and the presence
of diarrhoea in sone cases.

ErooD collrractrotr

Due to the hard, Leathery integuenentun of
crocodiles, palpation of peripheral veins was
unsuccessful and cardiocentesis vas selected as the
uethod of choi.ce. On autopsies, j,t vas noted that the
heart ltas situated centralLy on the nid-Line and
reLatively caudal to lrhat one vouLd expect in a baDDal.
The derDal plates in tbe crocodile nake a V-shaped
pattern on the ventral axillae region betveen t'he fore-
legs. Using the caudal nost part of this V as a
refereoce, the heare in juvenile crocodiLes (n = 10)
lras located on the nid-line and 5-6 dernal plates
caudaL to the reference poj.nt. At a later stage, adult
cracodiles (n = 2) nere bled by cardiocentesis using a
silila! Dethod, the heart rras a19o located 6 derDal
plates caudal to the reference point. The heart could
not be auscultated or palpated in any of the
crocodil.es. fn the uost enaciated sick crocodil-es, an
apical hearC beat was soDetiEes observed.

No cheuj-cal resistant lras necessary in tbe
juvenile crocodiles. the aniral i 9 j arrs were taped
cl.osed and then ttere held in dorsal reculbency, In
this position, they a1l- 1ay perfectly still during the
entire procedure.

Cardj.ocentesis in all aniDaIE !,as perfoned using
a Venojet ult i-sanple blood collecting needle (22G x
1t) and a Vacutainer Tu-be lrith or Pithout anticoagul.ant
depending on the blood tests required. Plior to
cardiocentesis the area lras disirfected nith a solution
of 58 chlorhexidi.ne in alcohol (Hibitane).

the needle \das inserted betrreen the denal plates
and dj,rected cranially at an angle of approxluately 45'
for about 2 sD, Once located, the dovement of the
nyocardj.un nas refl-ected to the needle conflning
cardiac puncture.



A voluDe up to 10 ul- of blood nould be rapidLy
lrithdravn fron all aniuals by this uethod. tha co;trol
Eroup shorred no adverse effects foll,olrj.ng this nethod
of sanpling and no pain reactj-on lras observed on
cardiocentesiE.

EETIATOI'CI

A11 reptiles possess nucLeated erythrocytes,
leukoqytes, and thronbocytes. For this reason, the use
of autouated lrhite-cell counters vill gi.ve spurious
results. The nunber of red cells can be approxibated
rrith autouated counters, but accuracy is best obtained
rrith the he!0ocftoneter and standard coutting
procedures. white blood ce1I counts and haenoglobin
lrere ueasured by nanual Dethods.

ltost Ronanonsky-tlT)e stains vi.ll give satisfactory
resu]tst Lugolrs, wri.ghts stain, Kleineberqer-Nobel.,
and Jenner-Giensa are preferred for perDanent nounts.
Metlrylene blue nay be used for non-pernanent, quick-
screening exaaination of blood filns. In this
parti.cu.t ar study, both wright's and Jenner-cieruas
stains lJere used. The Wriqhtts stain !.as Dreferred
rrhen exanining the red bl.ood ceIls, whilst the Jenner-
Giensa stain nas preferred for the differentiation of
irhite bLood cel-Is.

BTOCEEUISTRY

seru.D electrolytes !,ere deasured using the
folloirj.ng:

Sodiu! and potassium - Astra Analyzer vhich
eDploys ion selective eLectrodes.

Calciu.u - Cobas Uira Analser and the Roche catciun
MIB test kit.

Magnesium - atohic absorption.

Osnolality lras leagured usinE an automatic t0icro-
oEDoueter lrhich enploys the freezing point
tecb.!rique.

Glucose was Deasured usj-Dg the Astra Aralyzer and
the glucose oxidase nethod.

Lactate rras leasuled by the ltonotest vhich uses
'the enzldatic lw-Dethod.



Cholesterol ald triglycerides vere lleasured by the
enzylatic colorDetric test using the Boehringier
Uannheir Hatachi 737.

Total protein lras Deasured by the biuret Dethod
uEing the BoehrinEer annhein Hatachi 737.

Iactate dehydrogenase and Alkaline phosphatase
rrere tleasured by the rroptiDized standard Dethod'l
usinE the Boehlinger I'lannlreiD Hitachi 37.

Creatj-ne kinase vas Deasured by the kinetic t'v
teEt and the Cobas Uira Analyzer.

REAI'LTA

Under the nost enl-ightened conditions of captj.ve
hugbandry, a certain bj.as resulting fron the streEs of
captivity must be inposed on the Nile Crocodile. This
nay introduce artifacts into the data obtained in the
case of ltild crocodiles but lrould suggegt our figures
are accurate for farDed crocodiles.

Etl|Arotscr

The nean hel0atological values obtained fron the
control group (n = 5) are given in table 1. Fron these
val-ues it is apparent that the NiLe grocodile has a
very lo!, leucocl.te count (x 1,5 x l-oe l-1) in
coupari.son to naDnals. The haeuoglobin level (X 11,3 g
1-1) approxilates those values found in nannals. The
henatacrit is approxiDately haLf that of naumals (x
o ,25)  .

The red blood cell.s are biconvex, oval and with a
centraLly located nucleus, Reticulocytes,
polychronati.c juvenile RBc, and negakaryocytes nere
identified partisularly on the blood suears of stressed
aniDaIs.

th€ lynphocyte is variable in size but is
approxiuately that of the RBC. With the Jenner-Giensa
stain, the nucleqs is large and staing dark bl-ue. the
sytoplas[ is finely granula!; stains 1i9ht b].ue and
lrill so[etioes contain azurophj.lic and,/or hya].ine
inclusions. The honocyte contains a single, indentad
nucleus arld is frequently Large than the l]'[phocytes;
the cytoplasu is fiDely granular and stains light blue
to blue-grey.

the neutrophil is characterized by its usually
non-segDented nucleus vith scalloped edges i a
basophilic cygoplasn that contains basophilic,
eosJ,nophiJ.ic granules, and fibrillar strands.
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The heterophil is a granulocyle \rith fusifon, red
or fibril-shaped intracytoplasDic inclusj.ons or

granules that stain internediately betlreen those of the
eosinophil and those of the basophil. The nucleug is
eccentricall.y located.

The eosinophj-L has spherical, bead-like
eosinophilic glanules, the nucl-eus i9 pate bLue and is
usually centraLl,y located. The eosinophil Bay
degranulate i.n response to a systeDic disease process
rrj.thout Lysing.

The basaphil is coDlonLy obsert/ed and is
characterized by intensely staining dark blue spherj.caL
or rod-shaped granules.

The throubocyte is an elliptical ce1l that is
stlaller than the RBC. The cytoplasE stains a pal.e
blue. The large, dense, centrally located nucleus
stains a dark blue. The throDbocyte is capable of
phagocytosis of haene pighent, bacteria, and aDorphous
ce1lula! debris.

The plasda of crocodil,es j.s colourless but if a
blood is collected after eating, the plasDa nay be very
IlTraemj-c due to the higtr level of triglycerides.

on exatlination of the henatoloqy results fron the
stressed group the follolring uas apparent:

a) There was a lorrered WBC.
b) The haenogl-obin values rere lower than the

control- group.
c) The henatocrit tended also to be stightly

Io!,er than the control group.
d) A pronouitced decrease in the basophil coult

rras noticed in the stressed group.
e) the neutrophils in the stressed group vere

classified a9 toxic neutrophils due to the
exteDsive vacuolation of the cytoplasn.

f) Atntical donocytes vere present in the
stressed graup.

E) A generaL shift !o the right !,as apparent in
the stressed group.

h) In the red blood cells of the stlessed group,
anisocyCosis and nacrocytosi,s l.as present,
the RB crocodile also stained irregular,
nitotic figures and juvenile RB crocodile
were present.

i) There vas al-so a narked decrease in
platelets.
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IABLE 1

t|8llf Erll|alo&ocl vltltEg FRol| EEtt tEt
lso lllR oLD rsIIA cRocoDI&Ea (D = 5)

PTNAXETARA Ilf AD cTi

B-wBc x 1oe 
-1

B-Fc g -1

B-IIt

L&c - NeutrophiLs

D<c - Lynphocybes

Lkc - l{onocytes

IJ<c - Eosinophils

IJ<c - Basophila

DllfElertial l'tit6 c611 coults

( L€ucocyte )

5

5

5

5

5 11 ,  3

o,25

0 ,50

0  t 2L

0 ,  05

o t02

o ,22

o,37

t ,7

0 ,  01

o,o7

0,  05

0 ,  03

0 ,04

0 ,08

24  t 7

15 ,0

4  ' 5

13 ,3

23 t4

64 ,8

25 ,O
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!l3IJ8 2

colPtatsod oF EtlttAtoLoctcA! vAIJuEa
OETIIIi:ED 'ROTI TIB EEILfTT VS STREAAED

I|ILE CAOCODTT ES

PI.RAXETBNS CONERO& GROT'P
I

ATRESSED CROCODII,ES
L2 t4

B-wBc x 1oe 
't

B-Hb g -1

B-Ht

Lkc - Neutrophils

Lkc - Llonphocytes

Lkc - l{onocytes

IJrc - Eosinophils

Lkc - Basophils

AtlTrical uonocyteE

Feterophils

1 ,0  1 ,0

7 ,2  8 ,8

o ,22  O  t29

1 ,0

7 ,O

o t22

1 ,6

9 ,O

o ,24

Differ6ltial ltbite CElL Couats
(L€ucocyte)

0 ,  50

o  121

0 ,  05

o ,02

o t22

ot24

o ,  50

0 ,11

o ,  0L

o ,03

o  t 5 2

o,30

o ,02

o ,L2

o ,04

o  t ' 7  3  0 ,  3 5

o ,23  O  ,47

0 ,  01  o ,  05

-  0 ,  01

o ,02  0  .  04

0 ,  01

-  0 ,  0a

couuENTs :

Itacrocytosis
Toxic Neutrophils

+
+++

++ +
++
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attlE 3
XEII| AERI'II CIJITTICAL

IJUEA FROII EEII'AE:ir
ICUrE CROCODII,ES

BrocEu{ratnv
IIIO YEAI OI.D
(  !  =  5 )

PIIIIIEEER xN SD cvt

sodiu! D nol 
'1

Potassium D nol 
-r

calciut! D rool 
'1

uagmesj.u! rl uol 
'1

osnolality n nol 
-r

cholegteroL u rol 
'1

TrigLycerides n nol

TsP g -1

LD u ' r

ALP u 
-1

cx  u '1

clucose D DoI

Iactate u nol

cortisol n DoI

-t

-J

-t

5

5

5

5

5

5

5

5

5

2  , 97
o ,92

50 ,2

3 01-

64 ,2

2L7

<27

L ,4A

0 ,54

0 ,09

o,  o6
3 ,4

5 ,4

2 ,4

32 ,4

6 ,4

1

L4

1

5

10

27

33

15

30

TSP =

AI,P =
CK=

Total seruD Protein
Iactate Dehydrogenase
Alkallne Phosphates (Liver Danage)
Creati-nine Kinase ( Liver Danage)
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rtala {
coltPARlsol| oF XEttt cl,ll|tct! ErocEEuIaEn'y

VAI.UEA OBTITNED FROT,I 'IE COT'IROL VA
SIRBSSED CROCODILES

PIRA}IETER
CONTROI.GROI'P ATREASED

xx

Sodium n nol 
-1

Potassiun D nol' l
caLciun ! uoL 

'l

fagnesiu.D n rloL 
-r

osnolality D nol 
'1

ChoLesterof n nol 
-l

Trj.glycerides u DoI

TsP g -r

LDu-1
AI,P u 

-I

CK U. ]

clucose n uoL 
-1

Lactate ! loL 
-r

. 1

2  , 9?

301

64  t 2
2 \a

107.  8

5 ,  7  (A)

25L,a

6  ,2  (B)

o  ,92  (C ' t

69  , 4

74

437

sL8'7 ( D)

6 ,4

3 ,11

(A) Potassium
celLular danage
sharks.
(B) Cholesterol: Dr. Thurrnan init ially thouqht this
lras sigTri.ficant but Later discarded theie resrflts as oe
felt the rnethod of obtainj.ng this particular data coufd
be inproved.
(C) Triglycerides readings of 7,05 to 0,92 indicated a
lack of feeding.
(D) Creatine Kinase readings of 2Ia to 9lg7i This
fi.gmre was checked 5 timas and lras found to be corlecE.
A reading of 2OO/30O is sinil,ar in naDnats. In
antelope capture prograns if figures approaching looo
are recorded, aninals are released j.rnEediately fcr fear
of Etless related deaths.

readj.ngs of 3,8 to 5,7 indicated
sinila! to leveled found in stressed

2fi



EIOCEEI'IgIR'

The resuLtE obtained fro[ the control anina].s are
glven in Table 3. The suall standard devi.ations and
co-effi.ci.ent of vari.ati.on obtained for nost values
gupporls that thege re9u1t9 lay be taken to approxiDate
norDal. biocheDistry values for crocodiLes.

In the coDparison of the biochenistry values
betfeen the tvo groups the folloving lras observed j.n
the stlessed Eroup:

a) A pronounced lolr hl'ponatlenia
(  I07 ,  I  n  no l  I - l )

b )  A  h igh  h)Ferka len ia  (5 ,7  n  no l .  l ' ' ) ,
c )  A  lou  osno la l i t y  (5 ,7  n  no l  I ' ' ) .
d )  A  lov  cho leg tero l  (6 ,2  E  noL. I ' ' )  and

t r ig lycer ide  (0 ,92  n  no l  1 ' ' )  Ieve ls .
e) An increase i-n serum alkaline DhosDhatase'  

(437  u I '1 )
f) ,A Darked increase in ceratin kinase (9187
u l - ' )  .
S)  Lon lac ta te  leve l  3 ,1 -  (3 ,1  D no l  I - r ) .

DIACUASION
The generaL appearance of the red blood cells in

the stressed group is typical of vhat one would see in
a !0egai-oblastj-c anaeDia due to a foLvate/Vj.t BD
deficiency. This can be ascribed to the state 

-of

anorexia that vas present in the stressed group. This
can be further su.bstantiated by the lo!, senu total
lipid val.ue observed.

The wBc crocodile observations !,ere conEi.stent
nith that of a general stressed condition.

The biochernistry values obtained betlreen the tiro
groups were again characteristic of the tlrpe of values
one lrould expect in a group of aniDals exposed to
proLodged stress.

Blasting havi.ng ceaeed at this point the i]I
animals continued to die lri.th a peak irhen heavy eafth
vibrating equip[ent'ras operating in c].ose proxinj.ty
the farn, Further deatlts occurred durinq capture and
relocation to five separate localities. only three
further deaths occurred between october and Deceuber
1989. No furlher Dedicatj-o-r \Jas ueed, By 3l.st Uarch
:,99o a qonsiderable inprovenent lras observed in the
stock lrith only two exceptions. The reloaininE adult
fenale breeders that vere in poor condition looked
healthy and actj.ve.



cottc&usIox

1. The death of 123 Niloticus crocodiles, a1l-
feuales, (this is not significant for aII juvenj.Les on
the farD lrere fenales for saLe as breeders at a l-ater
stage) betreen approxitnately 80 centineters and 2,18
ueters \ras a direct result of bLasting !,hj.ch caused
chronic stress, thig debiLitated the systeu and
secondary infectiong kj.lled tbe anirals.

aggs
Hatchlings

2555

ACTUAL i
712 26*

9 .83

The nuDbers of hatchlinqs in the 1990,/91 and
1,991/92 seasons could weII be far under nornal
expectations.

It lras necessary to relocate, in 8 days, tsOO
reptiLes 80 centi[eters to 4 Deters over 5 farns 1OO to
9OO kiloneters froE Crocodile Creek. Our heartfelt
thanks to the noted Natal Denbers of tbe Nile Crocodile
Association and Crocovanqa for their help and
assistance. Education and tourist facil i t ies have been
cLosed, but ve hope to reopen then at soDe undetenj.ned
tine i!! the future.

Thj.E experience has opened up further examples of
stress in crocodilians lrhich lre intend to investiqate-

nECOUllEl|DArIol{!

tly strang reconnendation to consultants and
existing farDers is to be uindful of najor developnents
in the iEnediate vicinity of new or existing faros.

Watson P.A.I. 19OO rrEf fects
1OTH Working lteeting of
Specialist croup.

of Blastj.ng On NiLoticus"
the IV_CN/SSC Crocodile
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CROCODILE MANAGEMENT AND RESEARCH
IN THE NORTHERN TERRITORY: 1988.90.

Grlhame J.W. Webb, S. Charl ie Manolis
and I larvey Cooper-Preston

G. Webb Pty. Limired, P.O. Box 38151, Wimell ie, N.T.082li  and.
Cotrservatiotr Commission of the Nonhern Territory, p.O. Box 496,

Palmerston, N.T. 0831

In this paper we summarise the progress that has been made wilh crocodile
research and management in the Norrhem Terrilory since the previous Crocodile
Special ist Croup meeting (Lae, Oc[ober 1988).

MANAGEMENT PROGRAMS

Both species of crocodil ian (Crocodylut porosus and C.jornrtoaj) in the
Nonhem Territory are on Appendix lI of CITES. Crocodylus johnstonl has always
been on Appendix l I ,  whereas C.porosus was lransfeffed from Appendix II  to
Apperdix I in 1979, and t}le Ausrralian poputarion was transferre; back to
Appendix II afler the meering of lhe Panies of CITES in Buenos Aires (1985). A
limited experimenlal ranching operation was proposed (Webb et al. 1984; CCNT
l986a,b), which has now been tested thoroughly and deemed lo be both pracl ical to
operate and to have a minimal impact on lhe wild popularions (Webb ei al. 1989;
Manolis and Webb 1990)

ID line with lhe thrce-year review procedure ourlined (Webb et al. 1984), lhe
management programs were reviewed berween 1988 and 1989, and in January 1990
a new managcrient progmm, covering both C.johnstoni and C.pofoJar, was
approved by ANPWS (CCNT 1990).

The moniloring programs for bolh species continue, and the slringeot
regulatory system remains ulchanged. The new program expands the areas from
\rlhich C.porosut eggs can be collecred (originally restricted ro three river
systems), and esEblishes a[ overall limir on the maximum numbers of each age
group, oi each species, that can be removed from lhe wild, for any pu4,ose
(including problem crocodiles and research), each year. In ihe first year (1990)
these limils are:

Viable Eggs
Ha tch l i ngs
Juven i l es
Adults

C. porosus

10,000
400
400
200

C,  johns ton i

4000
6000
1000
200

Thc new managemen! prcgram establishes the flexibility needed !o extend the
cornmercial value of crocodiles back io landowneN, regardless of whether their
paldcular parcel of land contains nesting habitat or not. It is eavisaged that all
animals will be caughr alive and relocated to farms, atld that thc number of faEds
(curctrtly 4) will expand gradually - commensurarc with rhe availabiliry of srock.

L9



ATTACKS

Since Oclober 7988, C.porosus has been responsible fo, serious anacks on fout
people in the Northem Territory (Howard River, Daly River, Croker Island).
Ahhough none of these attacks was falal, they received considerable meora
coverage, and activated a small "anti-ctoc" lobby, calling for the "culling'' of wild
populations to reduce aumbe6 and improve public safity.

Overall, lhe respoDse from fte public was objective and ralional. It is now
widely accepted lha! crocodiles are an imponani economic rcsoulce, and culling
for lhe sake of reducing numbers per Je is not as desirable as the currcnr
management piogram, which aims !o keep wild populations high while selectively
harvesling limited numbers !o suppon fte industry in a susrain;ble way. There is
no doubt that the economic value of crocodiles in lhe Northem Territorv rs the
single most imponant incentive for having large wiid populations of C.po.osus
throughout lhe coastal wellands.

PROBLEM CROCODILES

..As pan of the public safery campaign wifiin lhe Nonhem Terrilory, ',problem,,
crocodiles are rcmoved from the wild and assigned to crocodile farms. Such
animals are broadly defined as those a!!acking livesrock, or residing in seftled
areas, ot areas of priorify recrcationai use where !heir presence constitutes a risk
to people (CCNT 1986a).

During 1988 and 1989, 278 probtem C.porosus were dealr wilh (146 and 132 in
each year respectively). Of these. 221 (19.sCa) were distr ibured !o crocodile farms.
52 (18.77a) were relocared in lhe witd, 4 ( l . , lqo) died at caprurc xnd I (0..17o) was
shor. Most of t} le animals came from Darwin Harbour (66.57r) and Gove (18_3qo).

. ?ur!g fte same period, 13 C.johnstoni were also rcgarded as ,'problem,'
atrimals, Four were relocated back into the wild, 6 died a! or soon after capture, and
3 were taken to a crocodile farm.

C. POROSAS EGG HARVESTS

-. TheC.porosus egg harve$ was again caried out largely by G. Webb piy.
Limited on behalf of the Conservatiot CommissioD. In additi_on ro the manasemenr
areas, which have now been harvested since the 1984/85 season, preliminaf,,
surveys and halvests were caried ou! in new areas. AttemDls were maoe ro aeacn
nests before significant monaliry occurred. bur of the 6497 eggs examined, 26.32,
were dead before collecrion. This is similaa to prcvious nesting seasons (2g.7Ea aad
25.0.Eo in 1986187 and 1987/88 respeclively). The majoriry of ;ggs coilected wirh
dead embryos had ei.her f'looded (>33Va) or overheared (>29qar. i; addirion, 6.52, of
eggs were inieftile (7.0 and 9,3Vo in previous seasons). Of the viabie eggs
incubaled, 90.570 produced hatchlings; incubation success was 94.8qo in 1986/81
and 89.3qo ia 1987/88.

Crocod.ylus porosus egg harvests have now been carried out as research
cxercises for 5 successivc sealons. To date, no significant impac! on lhe size of the
C.porosus population io harvested aleas has beei detected (Fig. l). For rnls reasort,
thc revised.managemel! program (CCNT 1990) allows egg harvesting in ne$r' areas
and the major research cffon will now be directed at th-oie areas. 
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Figure 1. Annual spotl ighr counrs of non-hatchling C.porosus in rhe mainsrream
of the Adelaide River, Nonhem Territory, have increased from around 250 in rhe
lele 1970's, to over 500 in the late 1980's. Yer berween 1983 and 1989, t l .{65 eggs
have been harvested from the DoDulalion.

C,JOENSTONI EGG AND qATCHLING IIARVESTS

Itr 1989, 1910 C.johnstoni eggs were collected from rhe Finniss and Reynolds
Rivers. Of these, 1625 (85.17o) were considered viable and incubaled. The
remainder were eilhcr infenil€ (2.97o), Vobed (1.1Eo) or de^d before incubarion
(10.8%). Eatchlings (N = 964) were distributed to the crocodile fa.ros. Ir addi.ion,
78? eggs were collecled from lhe Mary-McKinlay River for incubation
expe ments (see below): 524 halchl ings rcsuhed whose post-harching
performarrce under falrtr conditiorls is being moni!ored.

In addilio&
1989 (18 13 and

Arlalyses
negative impacl

C.johnstoni harchlings were collected from lhe f ield in 1988 and
3400 respectively). Mosr (79.4Eo) came frcm the Daly River-

of spotlight count survey dala (see below) indicale no signilicant
of the egg and/or halchling harvesls.

POPULATION MONITORING

Crocod ! l a t  j ohns ton i

Antrual spotlight surveys werc carried out in all C.johnstoni management
areas (CCNT 1986b) in 1989. Helicopte. suweys of most of these areas were also
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caried out, and preliminary analyses indicate lhat lhis merhod is a viable
allemativ-e to the time-consuming and more expensive spolligh! surveys. The
results ol the C.johnstoni surveys have now been analysed, and they are
consistent with their being a minimal impact of lhe harvests.

The Daly River is one of the main rive$ from which C.johnstoni hatchlir-gs
have bee! haryested. The river was subdivided inro 9 survey segments separated
by rockbars and ',vaterfalls (total distance = 196.3 km) aDd harvesting was
rest cted to the upstrcam 91.9 km and lhe downsueam 68.5 km; lhe centtal atea of
35.9 km has been sufteyed bur not harvesred.

o

f
z
J
J

3400

3200
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2t00

2600

2400

220 0

2000

1E00

1600

1400
19 19 t4  1985  1966  1987  1988  1989  1990
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Figure 2. Total numbers of C.johnstoni counted by sport ight in the annual
surveys of lhe Daly River berween 1983 and 1989.

Overall, the population of C,johnstoni in lhe Daly River has continued ro
increase (Fig. 2) regardless of rhe harvesr of some 866 eggs and 9627 harchlings
between 1983 and 1989 (Table 1).

Regardless of the annual varialion in counls, the exponential rate of
populatiotr increase (r) was positive in all 9 survey sections within the Daly River
(Table 2), although only i[ 3 (rwo harvesred and one noo-harvesled) did ir reach
significance aL the 5Eo level. The natural logaridlm of numbels sighted was
regressed against yea. io estimate r (the regression line slope)(Caughley 1980).
To express r as a tdean percentage change, the exponent of r was used
lperceotage change = (et- 1)*100]. Among the halvested sections, r varied from
O.34 (a 40% iacrease per year) to 0.02 (a 2Vo irlcrease per year), indicating that
different sections of the harvested population are increasing at vasrly differeDt
ra tcs .
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Table l. Numbers of C.johnstoni hatchlings and eggs hawesred from lhe Daly
River between 1983 and 1989.

Yea r Ha tch l i ngs Eggs

198 3
1984
1985
1986
1987
r988
19 89

Total

825

0
928

2297
1560
2700

9621

548
318

0
0
0
0
0

E66

Table 2. Annual
the Daly River. r
probability thar r

spotlight coun(s in
= the exponenlial
is due to chance.

7 harvested and
late of incrcase;

2 non-harvesaed sections of
SE= standard error;  P= rhe

S ec t iotr

km

3

31.0 l l . l

N o n - h a r v e s ! e d

t2
14.3 21.6

H a r v e s  t e d

567
22.0 18.9 39.4 t 7 . L  16 .5

1983
1984
1985
1986
1987
198  8
1989

171
240

203
220
303
195

0.0  2
0.04
0.65

tg'l

346
331
470
358

0.  19
0.04
<0.01

70
r09
112
229
383

0.3  4
0.05
<0.01

216 448 139 r72
233 400 95 283
r9'7 297 I 14 t77
199 263 r13 413
303 s20 91 303
422 567 165 423
275 393 150 330

0 .0E 0 .03  0 .04  0 .12
0.04 0.06 0.05 0.05
0.11  0 .62  0 .47  0 .08

205 95
l6:1
210 t32
2t0 206
201 t66
235 223
200 165

0.02 0. r r
0.02 0.04
0.34  0 .03

t
SE
P

Wheo harvested and flon-harvested sections are combined (Table 3), it is clear
that the populations irt both sections of river have increased significanlly since
1983; the tron-harvested population at approximately l2Eo per year, and the
harvesled population at l0 per year. There is almost cedainly interchange of
adDals betwee! ihe harvested and non-harvestcd populations, which confounds
detailed itrterpretation of results.
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Table 3. Exponential rates of increase (r) and their sla[dard
harvested and non-harvested sections of the Daly River. p =
is due to chance.

errcrs (SE) for
the probability

tlre
mat I

r tsE P

NoD-harves ted
Harves ted

Total

0.l l r 0.03
0.09 ! 0.03

0.09 1 0.03

0.02
0.03

0.02

Ia both harvesled and non-harvesled areas of lhe Daly River. lhe percenlage of
juveniles in the population (<l m long) has remained high, indicaring rhar
rccruitment has not been adversely affected by rhe harvisrs. ln lhe oriqinal
surveys 667. of all animals sighted had lheir sizes estimated. wheeas in rhe l9g9
survey, this had dropped to 36Eo. The reduction in rhe percentage of aoutrs suggesls
thar fte level of wariness among rhem may be increasing, rarher lhan their
numbers dropping. The number of hatchlings encounrered iD i9g9 was grearer
lhan in other years (Table 1), which is inconsistent with a siqnif icanl dealine in
fte adult DoDulation.

Tabte 4. Changes in $e size srruclure C.jornrronl populaaion in fte Daly River
berween the f irsr (1983-84) and Iasr (1989) surveys, ai reveated in spotl ight
surveys. ResulF refer lo the percettage composition of crocodiles th;! were bofi
sighred and had their sizes estimated (those sighred as ,,eyes only,, have been
i  gno re  d ) .

Juven i l e
(<l m)

Subadu  l t s
( l - 1 .5  m)

Adu l t s  Samp le
(>1.5 m) Size

Non-h  arves  led
t983/84
19 89

Ha rvested
r983/84
19 89

Total
1983184
1989

68.7 Vo
71.2qo

55.3Eo
65.2Co

58.28o
66.69o

28.97o
27.2qo

38.71o
32.8qo

36.57a
3l.5Vo

2.5E
r .67o

6 . l V o
2.01o

5.zVa
l . gqo

201
191

690
64'7

891
838

Taketr rogether,
the harvcsts have trol

the results flom rhe Daly
resulted in a populatioo

2l9

River demonstmte ulequivocally lhat
decline.



The results for all river systems monitored regularly by spoaligh! counts are m
Table 5. The meatr exponential .a!e of increase for all rivers is 0.050 ! 0.018,
indicating that (he popularion has been expanding at abo\rt sqo per year ove! the
period of sludy. The mea[ ratc of increase in the harvesled rivers (0.082 ! 0.015)
was grearer than that in fie non-harvestcd rivers (-0.031 ! 0.018), which suggests
that harvesting may have a positive effect on the population size,

Table 5. The exponential rates of increase (r)
joh^ttoni spotlight counts in harvested aDd
Territory. N = oumber of yeais surveyed; P =
chaocc .

and lheir standard error (SE) for C,
non-harvested .ivers in the Nonhem
lhe probabilily $at r is due to

River System Years r !sE P No!es

East Bai!€s River
Katherine Gorge
Mary River (D/S)
Moyle River

MEAN (Non-harvested)

West Baines River
Daly River
Finniss River
Mary River (U/S)
Reynolds River
viooria R. (D/S)
Victolia R. (Mid.)
Victoria R. (U/S)
Victoria R. (Pigcon)
Wickham River

MEAN (Ha.vested)

MEAN (All Rivers)

-0.002 ! 0.039
-0.084 r 0.03?
-0.014 ! 0.086
-0.025 ! 0.200

-0.031 ! 0.018

0.045 r 0.069
0.091 t 0.025

-0.004 i 0.071
0.048 t 0.051
0.075 r 0.1 13
0.154 i 0.085
0.094 t 0.055
0.159 r 0.040
0.084 r 0.047
0.070 i 0.066

0.082 ! 0.015

0.050 ! 0.018

N o n - h a r v e s l e d
N o n - h a r v e s t e d
N o  n -  h a  r v e  s t e d
N o n - h a r v e s t e d

H a r v e s t e d
H a r v e s t e d
H a r v  e s t e d
H a r v c s t e d
H a r v e s t e d
H arv e sted
H arv e sted
H a r v e s ! e d
Harves ted
H a r v e s t e d

E2-E6  3
80 -8  8  9
84 -E  8  5
84 -8  8  4

0.91
0.06
0.88
0 .91

83-88  6
83-89  6
83-89  7
84-89 6
84-89 6
E2-86 5
82-88 7
83-86  3
82-86 4
82-87 5

0 .02
0.96
0.40

o.r7
0.15
0 .  16
0.22
0.36

C rocod ! l us  po ro t4s

Amual spotlighr surveys werc carricd ou! in 8 rivers in 19E9, including those
from which eggs were harvesled. For each river or creek surveyed, the natural
logarithm (to the base e; ln) of density was plotled agaitrst years silce proreclion,
atrd thc slope of the rcgression line used as ar estimate of the exponential rate of
itrcrease (r). This was done in two stagest firstly using data up to 1988, which was
then used to prcdict a densily for 1989 (which can be compared with the observed
density) and then for all data up to 1989, which will now be used to prcdict a
densily for 1990.



Table 6. The expo[ential raie of incrcase (r) ard predicted densities for 1988 and
1989 using the data in Appendix II for rivers in which there have been more th:!n
3 suweys. In the few instances where no crocodiles were spotted in a panicular
creek, in any one year, I sighting has been added so lhat a logarithm value could
be compured. P = &e probability tha! r is due to chance.

Survey Area N Years P Pred. Obs. Total
Den. Den. 1989

Adelaide R. mainst.eam: 0-64.5 km 1
Adelaide R. mainslrean: 0-64.5 km 8
Adelaide R. mainstream: 64.5-117 km 12
Adelaide R. mainstream: 64.5-117 km 13
Adelaide R. sidecreeks 8
Adelaide R. sidec.eeks 9
Blyth R. maitrstrcam 14
Blyth R. mainstream 15
Blyth R. sidecreeks 12
Blyth R. sidecreeks 13
Cadell R. mainstream 14
Cadell R. mainstream 15
Daly R. mainstream 6
Daly R. mainsrream "l
Finniss R. Bullcoin 5
Finniss R. Bullcoin 6
Finniss R. Parj P j  5
Finniss R. Patj Pau 6
Liverpool R. Gudjerama Creek l1
Liverpooi R. Cudjerama Creek 12
Liverpool R. mainstream 12
Liverpool R. mainstream 13
Liverpool R. Maragulidban C.cek 12
Liverpool R. Maragulidban Creek l3
Liverpool R. Momgarrie Creek 12
Liverpool R. Momgarrie Creek 13
Liverpool R. Mungardobolo creek 12
Liverpool R. Mungardobolo creek l3
Liverpool R. Toms Creek 9
Liverpool R. Toms Creek 10
Reynolds R. Deep Hole Billabong 5
Reynolds R. Deep llole Billabong 6
Reynolds R. Horseshoe Billabong 5
Reynolds R. Horseshoe Billabong 6
Reynolds R. McEddy's Lagoon 5
Reynolds R. McEddy's Lagoon 6
Reynolds R. Noaklies Billabong 5
Reynolds R. Noaklies Billabong 6
Reynolds R. Welltree Lagoon 5
Reynolds R. Welllree Lagoon 6
Tomkinson R. mainstream 12
Tomkinson R. mainstream 13

71-88
77-89'7',l -88
11-89
77 -88
71-89
75-88
75-89
75-88
75-89

75-89
79-88
79-89
84-88
84-  89
3.+- 8 8
84-89
76-88'7 6-89
76-8  8
76 -89
76-88
7 6-89
76-88
?6-89
?6 -88
76-89
16-87
76-  89
84-88
84-89
84-88
84-89
84-88
84-  89
84-88
84-89
84-88
84-89
76-88
76-89

307

289

l l 3

4',78

l l

166

34

40

13

202

t7

10

19

2

3

3

51

39

59

) ) 9

0.042 0.05
0.044 0.02
0.063 0 .0r
0.064 <0.01
0.032 0.29
0.026 0 .29
0.015 0 .26
0.022 0.08

-0 .011 0 .69
-0 .009 0 .68
-0 .002 0 .89
-0 .007 0 .58
0.095 <0.01
0.093 <0.01

-0 .0s5  0 .58
-0 .035 0 .59
-0 .1  12  0 .63
"0 .065 a .6 '7
0 .035 0 .33
0.043 0 .14
0.048 <0.01
0_048 <0.01
0.051 0 .06
0.050 0 .03

-0 .082 0 .03
-0 .043 0 .?4
0.078 0 .01
0.067 0 .01
0.127 0.06
0.086 0 .  12

-0 .184 0 .52
-0 .1  I  I  0 .55
-0 . r40  0 .52
0.056 0 .76
0.149 0 .45
0 .218  0 .14
0 .187  0 .32
0 .183  0 .15

-0.122 0.31
-0.003 0.97
0.044 0.02
0.040 0 .01

1.99 4.26
4.2'/
4 .69  4 .82
1.93
l .  r2  0 .95
1 .  10
3 .87  5 . l 9

1 .41  1 .26
t .20
3 .00  2 .46
2 .84
3 .43  3 .29

' t . 36  8 .50

4 .36  6 .06
,1.8 6
1 .58  r .97
t .79
2.42 2.43

1 .90  1 .81
1 .97
0 .71  2 .50
0 .96
2.5',7 1.80
2.49
1 .09  0 .38
0 .08
0.40 0.6'7
0 .47
1 .74  6 .8  8
3 .79
1.56 12.25

t2 . t  l
2? .30  30 .00

5 .06  11 .60
7.79
2 .89  2 .57
2.9r
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Clearly (Table 6), the numbcrs of non-hatchlings seen in spotlight coutrls has
fluctualed gEatly from year !o year, aDd fcw of the areas thaf have been surveyed
receDtly (silce 1984) are showing a significalt increase ot decrease in deosiry.
The mean value of r, for all areas suryeyed by spodighr in 1989 is 0.037 ! 0.016 (SEi
rangc 0.218 to -0.lll), which is appreciably less than rhe mean derived from all
rivers which have beerl surveyed iD all years t0.081 i 0.008 (Webb et al. 1989)].
This indicates that the sample of rivers atrd creeks sporlight surveyed annually
were ones with relatively high densities of non-halchlings when lhe suwey
proglams were initiated.

The relarionship bet$r'eetr rhe densities prcdicled for 1989 (from data up to 1988)
and those rccorded in 1989 are on Fig. 3. Tte slope of the regression line
[LnDENSobs = 0-20 + o.g7LnDENSp.ea (R2 = 0.?4: P = O.OOOI) is ctose ro unity,
indicating thar lhe dala now available can be used to predict Inean results
reasolably precisely: it may trol be necessary to survey these rivers and creeks
annua l l y .

1 ,5

1

0

. l

F

z

z
I

-1 .5

LN PREDICTED DENSTTY (1989)

Figure 3. The relationship belween predicted and observed densiries for lhe nvers
and creeks snrveyed by spolligh! in 1989 (Table 6).

The major rnonitoring effon irr 1989 was devoted to a helicopter survey of l0 km
sadple segments, ia 70 tidal rivers aDd crecks, around lhe complele coast of the
NortherD Territory (betwecn lhe Westem Australian and QueenslaDd borders). As
poiDted out previously (Webb et al. 1990), C. po.osus is a highly mobilc animal, and
a total populatiotr monitoring program should ideally be based oo anoual samples
from a large Du6be! of rivers rather thatr dctailed surveys within a few dvers,
eactr ycar.
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In ordea that the extensive historical data base of spotligh! counls no! be lost
with the changeover to helicopter surveys, a procedure was adopted for
cotecting the spoll ight counls to helicopter counl equivalenrs (Webb er aI. 1990).
This meant that prior to lhe helicopter survey carried out in 1989, a predicled
result was available from |he historical data: in lhis case, a mean detsily of 0.635 !
0.066 (SE) crocodiles sighled per kilomelre (predicled ftom ,yea!' alone), or 0.599 !
0.042 (predicred from 'Year', 'Rainfall' and 'Halchling Densiry' using a mulriple
regression formula). The mean helicopter count from the sample areas was 0.666 !
0.084, which was consistent wilh lhe predicred result (Fig. 4). It is also constsrenr
with our assumption that the procedure used to correct lhe historical sporlight
coun! database to a helicopter count data base, had not resulted in grc,ss er.o6.
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Figure 4. The relationship between the mean
(helicopter count equivalents) and year. Values
correcling spotlight counls; ttle 1989 value is
rcgrcssioD line, using all dara, can be used to
for 1990 (0.676 ! 0.064 crocodiles km-r).

density of ooll-hatchling C. porosus
belween 1975 and 1988 were derived by

the firs! real helicopter count. The
predicl a mean helicopter count densily

Ttrese results can be used lo eslima(e rotal populatioD size. If ir is assumed tiar
over long pedods of rime lhe tidal poputadon represenrs a coostant proportion of
lhe total population, then the meao trend (rhe regrcssion line) should be a good
index of rhe rotal population size, This assumes that annual fluctuations rn me
mean deosity from year !o year (Fig. 4) reflect short-term changes in !h€
ploporlion of the total populalion visible in tidal rivers in panicular years. In
1984, the lotal wild populalion (hatchlings and non-hatchlings) was eitimated to be
at least 40,000 (Webb et al. 1984). As mean density has increased frorn 0.50 km-l ro
0.65 ka-l between l9E4 and 1989 (s 30% increase), the toral popularion in 1989 is
now esliEated as at le6st 52,000 C- porosus.2B



SKINS AND FLESH

During the two year period (1988-89) 2367 C. porosLt and 1543 C.joinsronj skins
$r'ere exponed frcm the Nonhem Territory, mosrly to Japad. A toral of 20,49? kg of
flesh was produced and retailed, dainly to the rcstaurant ttade. Most flesh was sold
itr lhe ldrm of whole calcases (Manolis and Webb 1990).

CROCODILE FARMS

Details of crocodiles held on the four crccodile farms in lhe Nonhem Territorv.
at 31 December 1989, are in Table 7.

Table 7. Numbers of crocodiles held on Nonhem Terrilory crocodile farms, as of 31
Decembcr 1989, according lo monthly repons.

Farm C. porosus C. johnstoni

Farm
Farm
Farm
Farm

Total

.1803
2566
lE t4

0

9183

t 41 l
7025

398
6707

15 ,60  r

B
c
D

At one farm, 6I C. porosus nests were laid during lhe 1988/89 season and 64
duritrg the 1989/90 season, and at another, ll nests were laid in each seasoll. One
additional C. poroJl,6 nes! was laid at a local Darwin zoo each year. Combing all
data, fot the 1988/89 season lherc was an average of 12.2 harchlings produced per
uesr. In 1989,23 C.johnttoni ncsN were laid in capdviry in one farrtr,  wirh an
additional nest at a local Darwin zoo; 6.8 hatchlings rvere produced per nest.

RESEARCH

The prog&ss made with valious resefich programs being undcnaken in the
Nonhem Territory is discussed briefly below. Most of lhis work has been funded
by the Northern Territory Govemmen! lhrough the Conservalion Commisiol of
the Northem Teritory, but o!her establishments are involved in collaborarive
programs (Macquarie University; James Cook University of Nonh Quecnsrano:
University of New England; Universiry of New Sourh wales).

1. Life histo.y strategies of C , johnttoni

Harvey Cooper-Preston's wolk on C.johnstotti life history strategies !s now
winding up. A considerable effon has been devoted to using growth lines in fte
leg botres and nuchal osteodems as morphological agc-iDdicators. This is by no
deans a straight-forward exercise, and it heralds cautiod for those anernptitrg to
use the samc method on other species. Her study is now able to use sarnples from
fr.atked C,johnstoni in the McKinlay River, recaught after l0 and ll years.

2Q



2 ,  P red i c t i ng  the  t ime  o f  nes t i ng  fo r  C . j ohns ton i

Smitn (1987) analysed time of nesring in rhe McKinlay River area, using dara
collecred in 5 seasons; h€ demonstrated that the median day of nesling (whicb
ranged from 13 August !o 12 September) could be predicred from the mean
maximum air tempen[ure in May - ftree oonths before nesting. His data also
allowed the mean day of nesling to be predicred from lhe same May remperatur€s.
In 1989, rnean maximum May temperature was 32.3oC, which predicted a mean and
mediurtr day ol nesling of 21 utd, 26 August respectively. The obseNed mean and
oedian day of nesring in 1989 (Fig. 5) was 22 Auglst 1989, indicaling a prediction
erroi of 4-5 days.

F
a-
z

l.l -
a a J

20 2s 30
DAY OF LAYING

Figure 5. Date of laying for 62 C.johnstoni nests localed ir the McKinlay River, in
1989. Day 5 = 5 August, etc.

3 .  Sex  De te rm ina t i on

Resealch conlinues into the histology, hisrochemistry and developmenl of lhe
gonad of C. johnsto[i  and C. polorar embryos.

The relatiolship between incubation temperature and sex in embryonic C.
johnstotti is different from that in most crocodilians: no constant incubatiotr
temperaturc produces 100% nales (Webb et al. 1987), even though 10070 males are
produced itr sotne wild nests. An obvious hypothesis which could explain this
result, is thit the mechanism of temperature-dependenl sex deterrnination is
sensitive to daily fluctualions in tempemturc as well as to the mean temperature.
This possibliry was tested in 1989 (Table 8).
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Table 8. The rcsults of
flucluating temperature.
trealments; excess eggs

incubating C. johnstoni eggs at three constatrt alld one
Individual clulches were split betweel the four
werc placed in the fluctuating temperatule trea[nent.

Temperature (oC ) 33

No. of viable eggs
Died during incubation (%)
Hatched- total (7o)
Hatched- trormal (7o)
Hatchcd- abnormal (%)
Mean incubation time (d)
Sex ratio (proponion males)

148

76.4
73.0
3 .4
75.8
0 .00

148
8 .8

9r.2
86.5

70.2
0 .39

151
9 .9
90 .1
80 .1
r  0.0
67.2
0 .07

t77
16.9
83 .1

9 .6
70.8
0 .4  r

The results indicate a series of temperature effects on harching success and
hatchling qualily. There was no significan! difference berween tha sex .atio from
ahe f luctuating (31-33oC; mean = 32oC) and co.responding conslanr rempe.arure
(32oC)- Although a possible influence of llucluating temperalurc per sz on sex
determination cantrot be toral ly.ejected with rhese daaa (i !  may need larger
fluctualions, or fluctuations around a different mean lemperarure), there may be
other reasons why no constant temperature produces 1002o C. johnstont mares. t
significant difference between field incubarion arld laboratory incubarion with
tiis species, is that in the field nesl lemperatures increase th.oughou! the
incubation period Ifrom around 28-29oC a1 taying to 32-36oC 3t halching (Smirh
1987)1. A sreadily increasing incubalion !empera(ure may be needed !o Lnouce
"maleness", as is suggesred a swirch expenmengs carried our;n the laboraro.y
(Webb et aI. 1987). Placing young, cool eggs into a high consrant temperarure
itrcubator (as is usually done) may also induce a degree of thermal shock, which
could iD lum affecr sex dererminarion.

4 .  P red i c t i ng  the  annua l  ex ten t  o f  C .  po ro r t s  nes t i ng

Usilg the accumulaled d^ta on C.porosus nesdng (1980/81 season lo lggg/89
season) from Melacca Swaop,40 km east of Darwin, ar arlempt was made to predict
the number of nests (containing eggs) made annually. from i variery of
environmental variables. The most accurate predictive relarionship was wirh the
Southem Oscillarion Index (SOD in June-July (Fig_ 6). The SOI is j measure of the
cyclic panem of air pressure movement across the pacific Ocean. and it is used !o
predict the onset of lhe wet seasod in nonhem Ausualia.

The SOI is correlaled wilh local air pressures and waler heighls, but neirher of
dese, as independen! variables nor in combination, gives as piecise a prediction
as the SOI. The amounr of unexplained variation is so little (Fig. 5) rha! ir is
diflicult to avoid rhe conclusion tha! female C.porosus ate risponding to
edvironmenlal conditions in June-July, some five monlhs befori the 

-onset 
of

nesling (Novembdr) and six months before the peak of nesting (DecemDer-
J  anu  a ry  ) .
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Figsre 6. The relat ionship belween rumbers of C.porosus rests in MeLacca Swamp
each year ( laid between November and May) and lhe mean June-Juiv Soulhem
Oscillation Index (SOI), five months earlier.

The SOI in June-July 1989 (+7.5) predicted rhar the 1989/90 season would be one
of ihe "bcst" ycars for nesting (prcdicred 27.5 nesls) since rhe study began. Up
until April, some 32 nesls havc bcen localed and ir is possible rhat a few more will
be made in April-May. That the predicted value undereslimated the real nesting
efion loay reflect random variation not yer accounled for, but ia is wonhy of note
thar durilg 1989 the water buffalo were eradicared from Melacca Swamp. There
has been a sEiking revegelation of open channels within lhe Swamp, and |his
season, for the first time in a decade, nests were being made in new areas. The
redoval of buffalo may have contribuled to the increased flesring effon.

5 .  Husbandry  resea rch  on  C ,  po ro tus  ha tch l i ngs

As reponed prcviously (Manolis and Webb 1989; Manolis et al. 1989), a series of
expelimenls have been undertaken on lhe factors that affec! growth ill newly
halched C.porosrr, wirhin the firsr monlh of life. The resulN indicate dislinc!
preferences lor cenain lood types, and slrong clutch specific effects orl lhose
preferences, and on the extetrl of feeding and growth (Table 9).

These same trials we€ uscd to lest a variety of differenr raising parzrmeleni,
atrd as a conscquctrcc we adopted a sEndard diet and f€cding procedure [32oC warer
tempeiatu.e; dght-fccding; constant sound (radio): semi-darkness: hide-boards:
75% wild po'.k me t + 25ok chicken heads: 2% calcium-phosphorus powdec 17o
multivitamitr supplcdetrt). With this procedure we then tesred one-day versus
two-day feeding, at five different ledperarures (Table l0).



Table 9. The percentage increase in
C,porosLr hatchlings fed a variety
feral pork Fish = marine fish.

gLr 1r ' 11. \ /,

l , u r r a l or r sn

body weight, within
oI different foods. CH

s

3 i l
P o  r k

lhe first monrh of life,
= chicken heads; Pork =

of

')r

Clu !ch Fish/CH
{k t"

P r a w t r Ch icken

A36
437
F40
M92
B1
F9

}t{t2
F19
F29

r ei.z
1  29 .6
-12.0  +
-  10 .4  k

J  O . J

3
53.4
50.6 t

l.
57.0
l7_ .3  2

21.2 L
30 .1  1
20 .2  |
39 .0  1
28.2 \

64.6
6 .0

11 .5

q
48 . I
13 .1
44.8
,r--,

- t 1 a

3
z
L

2
Atralyses of food conversion rales indicales fiar ih€ efficiency wirh which

hatchlings conven food wirh lwo-day feeding (mean = 407o) is greater than !ha[
with which they conven food with one day feeding (.28Vo\ ("fabte 111. f.urn orre ro
lwo monlhs of age the differences in colversion rates betweell on€ and lwo day
feeding were still very appareni (mean difference = 56Eo). At 32 and 33oC,
conve6ion rares wi lh rwo day feeding were ov€r two l imes higher than wrrh one
day feeding (25.9 a d 24.2Va versus I2. l  ^ad t I .3Ea for 32 and 33oC respeclvely.

6. Feading, growth and food conversion rrtes
o f  w i l d ,  j uven i l e  C .  po rosus

Although numercus studies have descdbed rhe types of prey taken by wild
crocodilians and the rates a! which wild crocodilians gro,", none have anepled to
quanlify the food conversion rates in lhe wild. We quantified growth rares. raaes
of feeding and food conversion rares for wild, jwetile C.porosu3 (30-120 cm TL)
in a ddal river (Adelaidc River) (Webb and Hollis 1990).

Results indicale that the mean corversion .a!e was 82.4qa $.e. g2,4Vo of lhe wet
weigh! of food earen was converted ro body weight). This is appreciably higher (2-
3 !i!des) than convercio! rates obtained for sioilar-sized animals raised in
captivity under conlrolled conditions. Wild, juvenile C. porosts eat much less than
fteir captive counte.pans (47a body weighr per week versus 27-27Va), blt $e rhe
food they eat fa. more cfficienrly (Webb and Hollis 1990).
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Table 10. Perceniage increase in body weighr and head length afrer one monlh,
for C. porotus halchlings raised under five lemperature regimes (see above).
Atrimals were fed eilher each day (lD) or every second day (2D). For 31 ro 34oC
each trcafinena consisled of rhe same mix of 5 clutches (13 hatchlings). Data for
30oC are from 4 of the 5 clutches (10 harchlings in lD and 12 in 2D).

10c % Itrcreasc in
Mean  SE

body weighr
M in .  Max .

% Increase
Mean  SE

in head letgrh
Min .  Max .

ID
?D

ID
2D

ID
2D

1D
2D

ID
2D

30
30

66.8
63.2

E9.3
47.3

/103.1  )
\ 93.3 ,/

86.1
7 t .7

85.3
E?.0

12.80
1.35

9.90
10.58

5.21

15.3  8
6 .10

17.00
7.', l3

13 .8
i 4 . 6  .

3 t .2
-1 .6

12'7 .6
92.3

t2'7 .0
100 .0

199.6
I19 .9

161  . 6
109 .0

12'7 .'7

21.2
20.r

19 .1

1 .07
r .35

0 .8  8
l . l 5

26 .9 ,  1 .37
25 .5  1 .12

25 .8  t . 14
24.2 0. '7'7

25 .5  1 .1 ' l
24 .9  0 .97

r '7 .3 25.9
11.3  26 .8

r9.2 30.2
13.2 25.7

39.4

-6 .4
3  3 .3

19 .5
20.7

16.7
1'7.6

14 .8
19 .  I

1 ? O  l l

32.t  l l
34.0
2',1.2

30.2

Table 11. Foood conversion rates (CR; percentage of we! weight
to body weighr) of C.porosus harchlings, wirhin the f irsr monrh
different temperatures, and fed eirher each day (daily) or every

of food convened
of life, raised at
second day (2

FC cR (7,)
Daily

cR (7,)
2 days

D i f f e r e n c e
( q .  )

3 l

Mean

27

29

28

61 .0
10 .5
44.5
43 .  I
46.0

4 l . l

44

38

40
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7. Use of development rates to predict hatching
da tes  fo r  C .  po roJ4s  eggs

In a previous study (Webb et al. 198?), we presenled a merhod of giving
unknown-aged C,porosus embryos a "30oC Age" (lhe age rhey would be in days had
they beeo incubaled at constant 30oC), and presenred development rale
coefficients for predictilg hatching dates at temperatures between 28oC and 34oC.
During the 1987/88 and 1988/89 we! seasons we tesled these predictions a1 32oC
with 152 wild clutches collected from lhe field when berweetr 2.I ald 93.0 days
(87.5% Iess than 40 days) of age [30oC Age; mean incubarion lime ar 32oC is 80.1 !
2.1 (SD) days (Webb er al. 198?)1. The developmem rare coefficienr used was 1.261
(Webb et al. 1987), which mcans rhar at 32oC th€ amout! of development thar rakes
place in I day is 1.261 times rhe amount rhar rakes place in I day at 30oC.

The results indicated thar smaller eggs lended ro complele lheir development
earlier than larger eggs (Table l2). Without correcdng for this bias, fte mean
erior between predicted and observed hatching dates was 0.72 days, which was
rcduced to 0.01 days afier correction (Table l3). The varialion aroud this mean is
expressed in Table 14.

Table 12. Correction factors to be added lo predicted dates of hatching, for C.
pofosus eggs, to accoun! for egg size.

Egg length
range (mm)

Cor rec t i on
( d )

67 .6-70.0'to.1-72.5

72.6-75.0
75.1-11 .5
17.6-80.0
80.1-82 .5
82.6-8s .0
E5.1-87 .5
87.6-90.0

-  1 .8

-  1 .0
-0.7
-0 .4
-0 .1
+0.2
+0.4

7n



Table 13. Mean difference between predicied and real days
clutches of \,ild C.porosus eggs before and afler correclion
standard deviation; SE = standard error.

of halching for
for egg size. SD =

S  e  ason Mean Difference SD
(d )

SE Range  No .  o f
(d )  C lu l ches

Uncor rec ted
87 l88
88 /89
Bo th

Corrected
87  / 88
88 /89
B  o th

0 .84
0 .64
0 .72

0 .11
-0.07
0 .01

1.9  8

2 ,18

1 .96
2 . tE
2.09

0.25
0.25
0 .  18

0.25
0.23
0 . t1

- 4 to4
-5 to8
- ) t o 6

- 4 to3

89
t52

63
89

r52

Table 14. Proport ion (Eo) of C.porosus clurches for which halching
predicted wiihin cenain time periods. For example, after corrcction
91.47a of clutches hatched within 3 days of ihe predicled da!e: had
dates been corrccted for eEg size, 92.lqo would have halched wilhin
Numbers in bnckets are cumulative to!als.

for egg size,
lh€ predicled
3 days.

Days Uncor rec ted Cor rec ted

0
I
2
3
4
5

6
7
8

18.4
29.6
27.0
t6.4
3 .9

0 .7

t .3

(  18 .4 )
(48 .0 )
(  75 .0 )
(9 t .4 )
(95 .4 )
(98 .0 )
(98 .7  )
(98 .7  )

(100 .0 )

15.1

13.2

1 .3
1 .3
0 .1

(15. r )
(50 .7 )
(7  8 .9 )
(92. r )
(e6.7)
(9  8 .0 )
(99 .3  )

(  100 .0 )
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An OeervLe\r of Alltgator Uanagenedt in Ftortda

E. N. Wiley, I I ,  FCFOFC, 520 S. Meridian Sr. ,  Ta1lahassee, FL 32399
Mike Jennings, FCFIiFC, 4005 Sourh t tain Sr. ,  Cain;svi l1e, FL 32601

INTRODUCTION
Since 1977, rhen che Anerican aLl igaror (Alt isaror mississippiensis)

eas reclassi f ied ia Flor ida f lon rhe federal  starus of endansered ro
threarened. che Flor ida Cax0e and Fresh lJarer Fish Conx0ission
(Conmisston) has established and supporred oanagerlent plograns thac
provide for linited consuxnpcive urilizarion of rhe alliaaior resource
oht le contr ibut ing co long rerm conserval ion object ives. Through
suscained'yield harvests,  Ierhal control  of  nuisance att igarors, aod
al l igator farning, progians and induscries have been deveioDed ,hrch
are coEnlt ted to rhe wise nanagenenc and susrained uci l izar ion of
al l igators in Flor ida.

The CorDnission's a1l igalor nanagenenr proglae, rhe Comtr ission,s
nuisance al l igacor conrroL progrE-m (NACP) and che al l igaror farning
industry funct ion as the necbanisn for ut i l izat ion of i tor ida,s
al l igator lesource. The Comnission,s al l igaror nanagenenr program has
inplenenced harwest st taregies which a1loq rhe uci l izacion of ; i td
al l igators at several  denographic leve1s including cot lecr ion of eggs
and hatchl ings and direcr harvesr of al l igarors > 1.2 n in lenerh.
t l te NACP serves as an effect ive mechod for Lechal reoowal of s;eci t tc
si ld al l lgators thar presenc a porenrial  lhrear ro hunans ot aomest ic
aninals.  The al l igator faf t ing indusrry,  in addir ion to capt iwely
Propagat in8 al l igators, ur i l izes ranched al l igacors Ehrougl Comnissron
prograns that perrnic rhe col leccion of eggs and harchLings from puol ic
and pr ivate eet lands. The purpose of rhis paper is co provide an
overview of these progran elerDenrs and to surrna.ize the associaced.
harvest or produccion leve1s.

TIIE COI{I{ISSION'S ALLTGATOR }IANAGET.IENT PROGRA.
An alligator nanageEenr progran proposal sas implemenred by rhe

Coonission in 1987 (David, FIa. cane and Fresh l , tarer Fish comn!. ,
unpubl.  reporc) fol l .owing che enacl l lenr of srare legislar ion rhac
establ ished an aLl igaCor harvest l icens€ and cae fee strucrure. 4s
oucl ined in lhe proposal,  monies generared rhroJgh comnercial
utillzatio[ of alligators suppotr nanagenenr prograns and provide
economic incentives for user groups ro becone acriwe i suppolt of
al l igator and vet land conservat ion issues. This concepc, whereby rhe
econoEic value of a wi ldl i fe resoutce is directed back into oweral l
nanagemeri t  and conserval ion has been rerned ' ,waIue-added conselwarron,
(nines and Percival  1987, Hines and Abelcronbie 1987).  The concepc of
value-added consereacion was fundanenral to che deveLoDinenr and
inplemenEation of che Conxdission,s al l igacor rutr"g.r" ' i  progr"r .
Currently this prograd is ln rhe early srages of growth and
developnenc, and, as a resulr ,  the overal t  benef ics of value-added
conservat ioo have not been ful ly reaLized. Some posicive effects,
hoeever, are being seen. Revenues generaled from license and rag fees
alleady serve as a oajor source of funding for nanaSenent prograns,
and the constltuency of users with a vested interest in conservatlon
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of al l igators and their  oet land habitat  is increasing substanclal ly

Operational harvest prograns, I'hich faII under the unbrella of rhe
al1lgacor tranagenenr progran, focus on 2 distincr deDographtc segnents
of al l lgator populat ions tncludi.ng al l igators > 1.2 D in len8th and
al l igator eggs and batchl ings. Harvest straregies are organized inlo
che fol lowing 4 progran cordpoienrs: (L) rhe har,rest of  al l isators >
I.2 n tn length frod publ ic waters; (2) Ehe col leccton of ai l ieacor
eggs frod pub1lc l ratels;  (3) the colLect ion of al l igator hatchi ings
floD public saters; and (4) che coLlection of eggs and harchlings and
the harvest of alligarors > 1.2 n in length fron privace Lands.

Harvesc of Al l tgators > 1.2 o fron Publ ic l taters
This progran component vas inplenenred srareside in 1988 on 25

publi.c wetland systens and expanded in 1989 xo 32 public werland
systems. Connlssion rules require that werlaod syscens or al l tgaEor
EanageDent utics (AMU) open to harvesr musr be t'conprised of specified
ret lands, lakes, r ivers or orher warer bodies that nay be reasonably
grouped for the pulposes of srudy, aoalysis or managenenr" (FIa. Came
and Fresh Water Fish Corod. 1989)

The nechodology for decernining sustainable harvesc lewels on A.t , tU,s
was deveLoped chrough experiBental  harvesrs cooducred on 9 Flor ida
lakes during the 1980's (Hines and Abercronbie 1987, Woodward er a1.
1987).  Results of these studies indicated chat approninacely L5i of
al l igators > 1.2 n tn length could be harvesred annual ly sichout
measurable inpacts on populat ion levels (TabIe 1).

Uslng experinental  harwest results as a basis for escabl ishinl
harvest levels,  Comnission rules Linir  harwesr quoras on each _\Ml i  Eo
no nore lhan 15t of lhe est i r0ated harqesrabLe populacion (Fta. cane
and Fresh water Fish Conn. 1989).  HarvesEabLe populaEion Levets are
est inated for each AMU based on annual nighc- l ighc sur, . /eys conducred
durtng May by Comisslon biologists.

Trappers are selected randonly each year fron alligator harvesr
perni !  appl lcat ions. In 1988, 5,855 appl icacions I 'ere receiwed, and
238 trappers rere selected. Incelest in rhe progran increased
substant ial ly as a result  of  publ ic i ty generared the f i rst  year such
that,  in 1989, over 20,000 appl icat ions i rere received for 228
avaiLable harvest perEits.  Fol lowing select ion, each crapper i .s
required !o conplece a Conniss ion- sponsored training progran pr ior co
issusnce of harvest petuits and hareest cags (F1a. cane and Fresh
Water Fish conn. 1989).

A $250 resident al l igacor trapping l icense (91000 nouesidenc) and a
950 trapptng agent 's LicetFe (for an assistant) is required for
harvest and possession of al l igators. Al l igacor halwesr perrnirs
authorlz lng harvest of  up to 15 al l igators > 1.2 o in lengrh fron
designated public i{acers and 15 nuxnbered barvesc rags, ro be atcached
to each alligaco! iEnedtately upon harvest, are issued ro each
lrapPer.

During the harvest seasor (Sepcenber 1 through September 30),
trappers are perdi.lted to take alligators 1/2 hour before sunse! ro
1/2 hou! after sunrise using leslllcted nethods that will secure a
lestlalnlng line co the aninal (Fla. caoe and Fresh Waler Flsh Conn.
1989). Experinencal harvest data suggest that the tiEing of the
harvest as r'ell as the hafiesc oethods direct hervest pressutes away



fron reproductively active fenales. Addtrlonal regularory controLs
alesigned to stlictly lnpede any illicit trade developing as a resulc
of let i r inate al l igator harvest inctude rhe fol loeing: (1) al l lgacors
dust be kiLled and cagged innedlacely; (2) a harvesr report fo!:! !rusr
be conpleted and acconpeny rhe alligator hide unril validacion (3)
hides nust be skinned according to specific skinning insrlucrlons
provided L' i th the harvest perni t ;  (4) a1I hides nusc be preseDred ro
the CoDnission fo! validation (validarion involwes inspeccton of hides
for conpl iance with skinning insErucl ions, applying a iederal ty issued
CITES lconvencton on International Trade ln Threatened and Eddancered
Species of Flora and Faudal tag in place of rhe harvesr rag, and
assessing a val idatton fee of 930 per hide);  (5) hides nusc be
val idated within 30 days of rhe close of the harqesr season; and (6)
al l . igator neat lntended for sale nust be processed ar a t icensed
proeessing faci l i ly ( I Ia.  Cane and Fresh Water Fish Coon. 1989).

Trappers harvested 87t (2,988 al l igarors) and 91r (3,118 at l igarors)
of the scatewide quotas in 1988 and 1989 respect ivety.  t {a1e
al l tgators were leported by trappers on harvest repor: t  forns ro
coroprise 70t of lhe harvesc in 1988 and 55t in 1989. The averase
I e n g t h  o f  a l l  a l l i g a c o r s  h a r v e s r e d  i n  1 9 8 8  a n d  1 9 8 9  w a s  2 . 3  m .

Egg Col lect ion from Publ ic Waters
In 1.988, the Connission conducted a pi l .oc al l igaror egg col lect ion

progran on 3 ret land systens. This pi lor study vas inptemenred ro
assess the operat ional feasibi l i ry of aurhoriz ing egg cot lecr ion on
publ lc \raters by farming indusCry represenraciwes .  The tesulcing eaAs
nele lrarrsferred to petuitted falos for artificial incubarion,
rearingr and slaughter.  The pi loc progran demonsrraced char proposeo
brological  and regulatory conctols uere adequare to moniEor egg
col. lect ion accivi t ies and ensure thar eggs col lecred froo che ! ' i ld
could be equitably distr ibuted to l icensed al l igaror farns for capt ive
rearlng. '

In 1989, che egg colleccion program \ras fu11y implerdenred under
CoEnission regulat ions governing the col lecr ioo of al l igaror eggs from
che wild (F1a. Cane and Fresh Ltater Fish Conxn. 1989). The ml.nber of
alllgato! fanDs pernitted !o receive eggs frorn the trild tr'as limited co
the f i lst  30 appl icancs meeting special  faci l i ry requirenenrs. This
Iinic 'ras establi.shed co ensure rhat enough eggs could be discributed
to each part ic lpat ing farn to oake !r l1d egg coLlect ions econonical ly
{orthlrhi1e for the farner (David, Fla. Cane and Ftesh Weter Fish
CorDn.,  unpubl.  report)  .

Studies conducted on Flor lda lakes fron 1981 rhroush 1986 fTable
3) tndicated chat 5Ot of rhe artnual producl ion of relacively dense
al l igacor populat ions could be harvested on a susrained basis
(Percival  and Jennings 1987, Hines and Abelcronbie 1987).  As a resulc
of lbese findings, Conmission regularions prohibic che annual"
col lect ion of eggs fron nore rhan 50E of rhe nesrs on any col leccton
area (FIa. cane and Fresh Wacer Fish Com. 1989).  Egg col lecr ion
areas are estabLished annual ly by the CoEnlsston afrer on-si te
lnventories are conducled by Conntssion biologists to assess each
area's potent lal  fo!  egg renoval.  Nest col lect ion quotas are
subsequencly decernlned each season based on rhe nunber of nesrs
obs€rved by Coorrission btoloSists during aerlal nesr surveys.



Regulatory guidelines faciLitate organized egg collections by
establishing 2 egg collectlon gloups and desigaating one indlvidual
for eacb group as lhe egg collection cooldinator (na. eane and Fresh
[ater Flsh Corm. 1989).  The egg col lect ion coordtnator reptesencs his
group in all aspecCs of directiog and conducti.ng pernitted actlvities.
OnLy licensed alligator farnets or their agents are f,erEirted !o
palt ic lpate in the accual col lect ion of eggs. The fol lor ' ing
regulatory requilenencs provide for btological and operacional conrlo1
during egg col lect ion act iv ic lesi  (1) egg col lect ions nust be
conducted und€r the supervisior of Cofinisslon personnel; (2) che
nunbe! of nescs opened cannoc exceed the coral  nest quoca; (3) al l
eggs fron each opened nest sust b€ collected; (4) eggs ousc be
presented for inspection and invenlory by Conrdisston personnel before
exlt lng the col l .eccion area; and (5) a fee of 95 per egg is assessed
for everJ egg retained by rbe parcicipanrs (Fla CaItre and Fresh l,rater
Fish Conn. 1989).  In the f i rst  2 years of operar ion, over 12,OOO eggs
have gone to alligalor farns as a resulr of harvest fron public
0et lands (Table 2).

Hatchl ing Col lect ion fron Publ ic i , Iaters
In 1987, che Comnission implenented a prograxn conponenr rhar pemirs

el lgible al l igator farners to col lecr al l igaror hacchl ings f lon pubt- ic
lraCeEs. Establ ishxnent of conservarive harvesr Levels for juve[ i1e
al l igators was based on research f indings that indicare rhis
populaEion segrent can vi thstand signi f icanr annual har. 'esr pressure
(Perctwal and Jennings 1987).  consereaciwe harchl ing col lecr iod
quotas were establ ished for each counry in Flor ida based on an
ewaluacion of U.S. Fish and ir i ld l i fe Serwice ' rrer land invenror ies (U.S_
Fish and l , l i ld l i fe Service 1982) and esr inaEes of associared al l igaror
occupancy rates (Neal 1985, FIa. cane and Fresh Water Fish Corun..
unpubl.  daca).

only l icensed al l igator farroels el iglble !o receive at l igator
hatchllngs fron the \rild and lheir licensed agents are pernitted ro
participate irl this progran. Hatchling quocas for each counry are
randodly asslgned to perriitted fams based or chetr specified
preference of colLect ion areas. Harchl ing col lecr ions are perni tred
fron Septernbe! L5 through Novenber 1. Addirional regularory concrols
over col lect ion act iv j . t ies are as fol lows: (1) harchl ings can not be
col lecced unt i l  af ter the CoEnission has conducted a Eoral  caDriwe
hatchl ing product ion invenrory on ch€ pernicree,s farn; (2) c ire
CoDnission nust be nocif led in advance of col lecr ion acr iv i t tes; (3)
hatchlings nusc be cagged inxnediaceLy upon capture tirh Connission
issued ireb tags; (4) a fee of $15.00 per cag is assessed pr ior co
issuance of hatchl i rg tags; and (5) a harchl ing col lecr ion forn nusr
be coripleced prior to leaving the collection site and nusr acconpany
hatchl ings unEi l  del ivered to rhe perni tree,s fatu (Fla. carne aDo
Fresh Water Fish CorDn. 1989).

After 3 seasons of al l igator hatchl ing col lecr ions (1987 rhrough
1989), hareest rates have averaged only about 40t of the annual
slalelr ide quota of 10,200 hatchltngs. Col lecr ion lotals lncluded
3,904, 4,062, and 4,415 hatchl ings io 1987, 1988, and 1989
!espect ively.

m



Alligator Manageroenr on Prlvate lands

- In 1988, alllgaror harvest prograns l'ere inplemented on private
lands tn F1o! lda, pi lor srudies on 2 prtvate ranches begi; ing tn
1985 provided rhe operar ional and biological  basis for c i i .  p. ig." .
conponent (woo&.ard er al .  1987).  The potenrial  benef ics frorn 

'

realizing value-added conservatton are probably grearest utder rhis
progran co&ponenr relarive ro other progran conponencs. Ic aLlows
participatlng landowners ro susrain dtrecC econonic benefits fron
retlands previously consldered a liabtlicy unless drained or alcered
for agricultulal, ittdustrlal_, or residencial develop[enr. These
posit ive econoEic incent ives for wecland conserwacion on pr ivate lands
can be iealized thlough tanchlng o! sale of access ro alligatot eggs
and hatchl lngs and harvest of  at l tgarors > 1.2 m in lengch (Woodward
e t  a l .  1 9 8 7 ) .

The CorDEission establishes harvesr quoras on private lands fo1lolring
evaluation of habirat inwenrories and populacion surveys conducced by
consulr ing wi ldl i fe biolo8iscs enptoyed by rhe landow;r.  To conducr
o! ver i fy habirat inventor les, aest and hatchl ing pod surveys, and
surveys of at l l tarors > 1.2 n in length, rhe wital i fe biolo; ist  nusc
oeec the cerr l f icacion requirements of The l , I i ld l i fe Sociecv (Fla. cal le
and Fresh r,rarer Fish comn. 1989,.  Quoras for removal of  egls anc
harchl ings represenc up to 50* of lhe observed nest ot  nal l rrr ing poa
lnveocories. Harvest quoras for al l igarors > 1.2 s in lenqrh
represenr up ro 15t of  the est iEared populaEion in rhis si ;e range.
- To ini t lare an al l i8aror managerDenr prograo on pr iwate 1ands, rhe
landosTle! ousr subnit  a l rr icteo appl icat ion which requi ies selecEron
of nanagemenc goa1s, harvest opr ions, and a ver i f ied at l igaEor habitac
inventory. Fron 1988 rhrough 1990, appl icanrs rere requi ied co orn o!
have under lease ar leasr 405 ha of al l igacor habicac ;n one propercy
or adjoining properr ies (Fla. cane and Fresh , , Iater Fish Co&n. 1989). '
However,  recelr t  changes in Connission rules r i l t  a l tow. in 1991_
pal l ic ipat io!  of  landoi. 'ners or ' lessees wirh a surveyed popular lon of
ac least 100 aLl igarors > 1.2 xn in length (Fla. Admin. t re;kLy 1990).
I f  che lando$ner neets rhe appl icar ion el igibi l i ry requirenents, cne
€oonisslon will lssue an Alligator l{anagenent prograll permic. To
harvest and possess al l igators, lhe perei tree or his desisne€s and
their  agents nust pulchase an al t igacor rrapping License i$250) andlo!
an al l igator t lapplng agenc,s l icense (S5O).

A harvesc period of Kay 1 rhrough May 30 lras esrablished for
alLigatots > 2.7 tr  in lentth in 1988. This hareesr period was
extended to July 31 in 1990. The. harvesr pel iod estabt ished for
f ! ] !e"t . r"  > 1.2 n in lengrh ras september I  rhrough September 30 in
1988 and extended co October 15 in 1989. Addir ion; l  rec.fatorv
requirenenrs for harvesr prograns on pr ivare lands incf iae: rr i
restr icted Eerhods of rake for aLt igarors > 1.2 n in lengrh; (2)
i tnrned{ate cagging l ' i rh Coenission issued hawesr t :gs; ( ! )  conpler ion
of harvest reporc for&s .rhich nusr acconpany hides ;r all rine; until
val idat ion; (4) Coxor0issiod val idar ion eirhir  30 days of rhe close of
lh6 harvesc season arrd paydent of a g3O per hide w;t idar ion fee; (5)
fee palaenc for egg colLeccton petui ts (92.50 pe! egt)  al ld harc; i tng
tats (97.50 per cag) pr io!  ro col lecr ion; (6) innedi; te ragging of
col lected hatchl ings; and (7) rdandatory t lansfer of col feciea iggs ana
hacchli.n_ts to alligaror fanns perDirted as eligible to receive !!g.
and hatchlings fioo rhe I'11d (Fta. cane and Fresh ltacer Ftsh Cons.



1989).  Eags and hatchl ings can be retained for capcive rearlng by the
landoener only tf he is licensed and pernitted as an alligator farr0
e1ltlb1e to lecei.ve eggs and hatchlings fron tbe vi1d.

Al.ligator d:rnagernent prograns \.ere impl€nented otl 7 properties
eoconpassing 29,543 ha of eeclands tn 1988 and 2! propert ies
enconpassing 54,346 h^ of rel lands in 1989, l rhi le 36 appl icattons
enconpassing 70,812 ha were subnitCed in 1990. The nqobers of eggs
col lected and al l lgacors > 1.2 r  in length hareested increased beBreen
1988 and 1989 (Table 4).  The nunber of parclclpanrs is expecced to
inclease again in 1991 and 1992 as longer harvest seasons and less
rescrlctlve applicaclon requirerients are inplenented.

NIIISA]{CE ALLTCATOR CONTROL PROGBr|I{
A pi lot  progxan cooducted duriDg 1977 denonstrated the eff ic iency

and feasibi l i ty of  lechal redoval of  nulsance al l igators by conrracred
private t tappers ( I l ines and l loodl,ard 1980).  Pr io!  to this pi lor
progra.E, nuisance al l igators trele relocated by connission personnel ar
Sreat expense and with l i i0 iCed success (Hines and l toodlrard 1980).  In
1978, lhe Coonission inplenented the nuisance al l igator conrrol
program (NACP) state\ride by contraccing approxim3tely 55 privare
ttappers for renowal of nuisance aLl igators under the superwision of
CoEnission personnel (Jennings ec al .  1989).  Through conxnercial
ut i l izacion of nuisance al l igators, NACP trappers receive stgnif icant
ecooonic letulns a'hile providing a valuable ser','ice at relacively 1oI'
adnintscrat lve cost to the state

NACP crappers are regulated by Connoission rules chac requlre
specif ic qual i f icacions including residency within the region of
o p e r a l i o n .  a b i l i c y  r o  c a p c u r e  a n d  h a n d l e  u i L d  a l l i g a c o r s .  d n d  h a v i n g
avai lable the necessary EiDe and equipnent (F1a. cane and Fresh tatet
Fish Cono. 1989).  I f  crappers meec quaLif icat ions, they nust enaet
Into a contlact vi.th lhe Coonission and annually purchase a 5250
l lcense to take and possess al l igators. In 1989, 45 NACP t lappers
rere undel contract and li,censed to harvest nuisance alligators
thlough pernics issued by the Co&nission (Jennings ec aI.  1989).

The operational activiCies of !hi.s progran are dlrecced and
coordinaced by Connlssion personnel (NACP coordinalors) in each of 5
regional of f ices. Hhen nuisance aLl igato! coEplaints are received by
CoEnission personnel in regional offices, inforEation on rhe behavlor
and size of the alligator along l'ith deglee of percelved threat is
recorded and evaluated prlor co lssuance of a harvest peroit. lf
CoDnission persoonel decerditre che alllgator ls a potential threat to
hunans or dorDestic aninals o! is creating a public safecy iazatd, a
harvesC perDiE is issued co a NACP Crapper reslding near the conplaj.nt
location. The harvest perotc allor^'s the trapper 45 days to rerove the
speclf ic nulsance al l igator.  As i r l  other harvest prograns, aLl igacors
dust be tagged iEnedlately upon capture with a Conniss j.on- i-ssued
harvesc cag. Withio 185 days of harvest and before hides can be
cransferred to llcensed hide buyers, NACP tra?pers nust have al1 hides
validated by the Coeoission and pay a 930 validacion fee for each hide
(Fla. Gal le and Fresh Water Fish Co.@. 1989).

Flon 1978 to 1989, the oumber of nulsance alligator conplalncs
increesed frorn 4,914 to 9,867 (woodward et sI .  1987, Jennlngs ec al .
1989) (Table 5). During this perlod, lhe nunber of nuisairce
al l lEators harvested increesed fron 1.871 to 4.230 r i th a nean of



2,655 raken annual ly (Woodl 'ard er al .  1987, Jennings ec al .  r9S9).
Woodward et a1, (1987) and Jennings er a1. (1999) dtscuss posslble
reasons fo! these increases nhich include huaan populacion glowth in
close proxlni ty to al l tgaror habitat ,  gradual i t rcteases in al l igacor
denslties, greater public a\rareness and acceprance of rhe NACP, and
lncleases in publ i .c perceprion of al l igator threa! in response to
rale, isolated attacks.

ALLICA1OR FARIIING IN F],ORIDA
Although alltgator farntng is noc adninisrered direcrly under the

unbrella of the Conmission,s alligaro! roarEgement prograro, the
industry plays an lnportant role itt the productlon, rearing, and
ut i l izat lon of al l igators in Flor ida. Licensed att isator farms are
perni t ted by che Coonission ro capcively propagare ai l igacors provided
they neec oodest faci l i ry and housing requirenenrs. Addir ional ly,  up
to 30 al l igacor faras rhich have ar leasc 186 n, (2,000 frr)  of
draioable rearing pens nay qualify foi a permir ro receive eggs and/or
hatchlings produced in rhe rri1d. For further regulatory requitenents
and escabl ishnent of col lect ion areas and harvesr quocas, refer !o
previous sect lons in this paper on egg and harchl ing col tecr ion froB
publ ic and pr ivate waters.

Addit ional al l igators fron rhe ' r i ld are avai lable ro farms rhrousn
ongoing research act iv i t ies. Since 1987, the al l igaror farning
industry,  has been supporr ing a scudy on al l igaror egg wiabi l i€y. The
U.S. Ftsh and wi ldl i fe Sewice, Flor ida Cooperar iwe Fish and wi ldl i fe
Resealch Unit ,  is conducring rhis research using eggs col lecred
annually fron 6 Florida I'erland systens. In rerurn for funding Ehis
project,  the al l igator farning induscry receives lhe haccht ings
produced f lon arci f ic ial l .y incubared eggs ar rhe end of each annuai
research period. Fron 1987 rhrough 1989, 14,187 harchl ings wexe
ploduced and subsequent ly distr ibuled ro al l igaror farns as a resulr
o f  t h e s e  a c t l v i t i e s  ( T a b l e  3 ) .

CurlenCLy, 48 farns are Iicensed ro capcively propagate
aLligators in Florida includi g 30 farns \.'hich are penoirced ro
receive eggs and hacchl ings produced in rhe i r i1d. Hisroxical1y,
statewlde product ion of juveni le al l igarors from caprive breeding
efforts has been lov (David, F1a. Cane and Flesh t laEer Fish Comlr
unpubl. repo!t). Ho\rever, rirh an !8* annual increase in rhe number
of l icensed fatus since 1982, expansion of exiscing farms, and
inproved incubation and husbandry rechniques, production has lncreased
fron 1,000 in 1981 to a currenr level of  abour 1O,0OO harchl inas per
year (Dsvid, F1a. ca.ne and Fresh Warer Fish Conn.,  unpubl.  reporr) .
As a result of ranchtng proglaos, che nunber of pild-produced
hatchlings placed on faros has lncreased ro a level of approxinacely
20,500 tn 1989 (Davld, Fla. eade and Fresh Wace! I ish Conxn.,  unpubl.
repolt) .  Harvest levels on al l igator farns have increased
substanCially ln lecent years in resporse ro these incleases in
luveni le stock (Table 5):  Thts r ieod is expecred to co$cinue over rhe
next several years as producrlon levels increase and nore harchtings
becone available froin l.'ild sources in Flollda and ocher sourheasce.n
states (Davld, Fla. cane and Fresh Warer Fish Corin. ,  unpubl.  reporE).

N



stn uARY
Though producrioD levels are expected to contlnue !o inclease

on al11gator farns in the near fucure, rhe nunber of nuisance
alligatols requiling renovaL and che nu.nbe! of wild alliqetors
avai lable for susEain€d coonercial  harwesr on publ lc lands is l i !0 ired.
The nunber of nuisance aLligators hafiesced annually I,i11 plobably
concinue to irKrease gradually as Florida.s huean population conCinues
Co encroach on alligaCor habltat, but !'rograns airned at infornlng and
educaCilrg the publtc oo hol' !o ltve witb alligarors could oininize
these incleases. The nu[ber of rild a].ligacors available fo! harvesr
fron publ ic t 'atels wl l l  probably stabi l ize berlreen 4,000 to 5,OOO
duri[g the trext few years as public I'atels sulrable for sustained
hawests become ful ly ut l1ized.

The a.roounc of private properry suirable for harvesr of wild
alLi tacors also ts l in i ted; however,  only a sna1l percenrage of rhese
lands ale cutrent ly involved in al l tgaror nanagenent.  As a result ,
chts relatively young component of rhe alligaror managemenr prograE
has the gieaCest gro\rth potenCial. l{ore rhan Clro rhirds of Flortda
!.eClands are under private o'rnership. As oore Landorners becoroe
farniliar wtth this prograr and recognize che value of alligarots,
part ic ipat lon and subsequent hareest levels shouLd cont inue ro

In conclusion, che coEnission,s al l igacor manageDenc prograrns and
the al l lgato! indusrry have denonsriated rhe ieasibi l i ty of  nanagrnA
al l igators to provide i rurediare and long rerm ecologicat,  aescheric,
and econonic benef i ts.  The high economic value of produccs derived
fron aLl igators should cont inue co st i rnulate broad inreresc in
nanaging ui ld and capt iwe al l igacors for sustained ur i i izaEion in
F1o! ida.
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Table L. Annual harvest of  al l igators > 1.2 n in lenglh fron
experinental  harvest areas in Flor ida, 1981 lhroueh 1989.

Year Nunber harvesced

1981
t982
L983
19  84
198  s .
198  5 .
1987 :
1988" ,b
1 9 8 9 " , b

350
319
277
27r

| , 172
L  , 242
1 ,015

836
1 ,059

' Experlmental harvest

b Expelirdencal harvest
prolocol of  stalelr ide

expanded froo 3 harvesr areas co t harvesr

included snder regulatory and operarional
harvest oo publ ic Lands.
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Table 2. Alltgator et8 harvests froE public \racers in Florida durint
1988 and 1989.

r98  8 L989

Nunber of egg colLeccion areas
Nesc col lect lon quota
Nuxober of eggs collected
Eggs retained by parcicipants
Hatch rate of retained eggs
Nurber of iesult ing hatchl ings

3

5 ,707
4  ,302

79$
3 ,410

5
296

7  ,884
82r

6  , 4 3 4

Table 3. Wild hatchl ing al l igators t iansferred to connercial  al l igator
farns in Flor ida as a resuLt of research acr iv lr ies.

S ludy

Egg and
hatchl ing Egc

viabi l i ty

Harchl ings
H , r . h l  i  n o c

colLected f ron eggs Harchl ings

1981
t9a2
1983
1984
198  5
19  85

2 ,037
1 ,308

50
0
0

732
0
0

4 ,682

0
L82

2 , 2 7 3
2 , 9 L 4
3  , 4 4 9
4 , O 1 5
4 , 4 0 0
3 , 9 6 4
5,10r

26 ,952

2,03r
1 ,490
3 ,1!24
2  , 978
3  ,449
4  , 415
4 ,532
3 ,964

3r ,634

t98l
198  8
198  9

Totals



Table /+. Alligator harvests fron privaCe lanats in
1 9 8 9 .

Ftor ida, 1988 and

1 9 8  8 1 9 8  9

Egg col lect lon quora
Nunber of eggs col lected
Hatchl ing col lecr ion quota
Nunber of hacchl i r lgs col lected
Harvest quota -  al l lgators > 1.2
Nurnber harvested - al . l igators >

n i n
1 . 2  n

length
in length

2 ,050
768
80
80

255
180

1 ,350
1 ,  L66

160
599
577

Table 5. Harvesc of nuisance al l igacors in Flor ida, 1977 throush 1989

gacors

Year
Conplaints Al l igators

complaint

19774
r918
L979
1980
1981
t982
1983
L984
1985
1985
t987
1988
198  9

749
4 ,9L4
4  ,639
4 ,O24
4 ,93L
5 ,L24

1 ,289
6  , 432
5 ,018
7  ,288

10 ,30s
9  ,867

53s
1 ,  871
L ,679
1 ,590
1 ,  871
2 , t 69
1 ,  871
2 ,201
3 ,O23
3 ,049

4  ,464
4  , 230

0 .  75
0 .  38
0 .35
0 .40
0 .38
0 .35
0 .31
0 .30

0 .  51
0 .  53
0 .43
0 .43

'  Harvests result ing fron lhe pi lot  nuisance al l igator conrrol  progran
inpleoenced in an 11-counry area in FLorida.

&



Table 6. Harvest of  farn-reared al l lgators in Flor ida, 1978 thtough
1 9 8 9 .

Year
Al l igators
Harvested

t 9 t  s
1919
1980
1981
t982

t-9 84
1985
1985
198  7
1988
1989

3 3 5
220

8 9
284
244
184
7 3 8

6 , 4 7 9
I  , 5 1 2

t 6  , 4 8 2



' the et lect of  hlgh tenperature and

s u r v l v a l  o f  c a p t l v e  l { l l e  c r o c o d t l e ,

cold season

increased day length on growth and

C r o c o d l l r s  n l l  o t l c u s  d u r i n g  t h e

i n  K e n y a .

L
A .  Z i  l  b e r ,  Y .

R y

2
D .  I l .  P o r p e r

the experlment took place at Manba ViI lage, a cr:oco(l i le farrn near l ionbasa,
K e n y a  a  d  c o r r c e d e d  n ' i t h  t h e  c o l d  s e a s o n  i n  K e n v a .

' l i ( )  n o n t h s  o 1 d  c r o c o d l t e s  w e r e  r e ^ r e , t  i n  s r o u D s  o f  r I )  a n 1 m . l s  e a c h  i i r  r o u n d
2 . 2  m 2  c o n c r e c e  p o n d s  w i t h  0 . 8  n  I r i s t ,  u a L i s .  r h e  | , , o r  c t o p e d  g e n t l y  t o i r e r d s
a  c e i r t r a l  d r a i n  o h i c h  w a s  1 5  c m  b e l o w  t l r e  l e v e l  o t  r h e  w a l t  b a s i s .  . r h e  f l o o r
i , a s  c o n p t e t e t y  c o v e r e d  t o  a  I e v e l  1 , l h j c h  e n a b l e l l  t h e  c r o c o d i l e s  t o  r a l s e  t h e l r
b o d y  a b o v e  t h e  o a t e r  o n l y  n e a r  t h e  w . t l s .  T h e  p o n d s , e r e  c o v e r e d  b v  a  r o o f
m a d e  o f  I :  I  r a t l o  o f  g l a s s  a n d  a s b e s t o s  v r h i c h  p r e v e l r e d  a 1 r  f t o ! . ?  b u r  e n a b t e d
d l r e c t  s o l a r  r a d l a t l o n .  A n  a d  l l b i t u m  f o o d ,  a  m t n c . d  n l x r u r e  o f  f i s h ,  c h l c k e n
a u d  r e d  m e a c  s u p p l t m e n r e d  w l t h  n r L n e r r t s  a n d  v l c a m l n . j  w a s  p r o v t d e d  o n c e  d a i t y
a t  s u n s e t  o n  r a l s e d  t r a y s  w h l c h  w e r e  r e m o v e d  b e t o r e  s u n r i s e .  A f r e r  r h e  r r a y s
i ' e r e  r e m o v e d  t h e  p o n d s  w e r e  d r a i n e d ,  w a s h e d  n n d  r e f i l l e d  w l t h  c l e a n  w e l l

l l r e  a n l m a l s  w e r e  r e a r e d  u n d e r  I  t r e a r m e n r s  ! , ' i r t r  4  r ( : p e t i C i o n s : -

A n b i e n t  d i y  l e r L t h  r l r h o ( c  h e . r i f s  ( I l a i c r  L e m p e r ^ c u r e s :  2 l ) c  l 2 . C )

A n b i e n t  ( l a y  l e n B r h  r r i r h  h e a r i n e  ( q i t e r  r c r n r ) e r a t , , r e s .  2 9 . C  -  l 4 ' C )

E x t e n d e d  d a y  l e n g t h  a n d  h e a r l n g  ( 1 . / ; r r e r  r e m p e r a r l r r e s :  2 9 " C  -  l 4 . C ) -

l .

2 .

I i e a t  i n g  0 . s  p r o v t d e d
1 I l e  d a y  w a s  e x t e n d e d
o p e r a t e d  f r o m  I  h o u r

i \ 1 1  t h e  a n i m a l s  w e t e
o f  t h e  € x p e r l m e n t  a n d
count€d and replaced
e x p e  r l n e n r a l  d e n s i r y .

b y  a q u a r i r n  h e a t e r s  p l a c e , l  i n  r  h e  c e n t r e  o f  e n c h  p o n d .
b y  t n o , 0 . 6  n  l o n g  n e o n  t l b e  h m p s  i n  e a c h  p o n d  w h i c h
b e f o r e  u n t i l  2  h o u r s  a f E a r  s u n r i e t  f o r  r h e  e n r i r e

de ighed an{l  rocal Iengrhs
a f c e t  2 ,  4  a n d  5  n o n r h s .

b y  e q u a t  s l r e d  c r o c o d i l e s

w e r e  m e a s u r e d  a t  t h e  b e q l n n i n g
Dear l  anlnals  were removed

in order  to nainta in the

T h e  r e s u l t  w e r e  a s  f o l l o w s : -

( a )  1 l r €  a e i g h c / l e n g r h  r a r l o s  w e r e  h i g h l y  c o r r { r l a t e i l  o l t h o u t  s l g n i f i c a n r
d i f f e r e n c e s  b e t l r e e n  t h e  r : e p e r t t i o n s  a n d  r r e a t n e n r s  1 n  h e a r e d  p o n d s ,  b u r
t h e  c o f l t r o l  a n l m a L s  h a d  W / 1 ,  r a r i o  o h l c h  v a s  s i g n i f i c a n e l y  s n . l l e r  t h a n
e x p €  c  c e d  -

r b )  E x t e n d e d  d a y  L e n g t h  h a d  n o  e f l e c r  o n grorth and survtvat,

Srowth and survlval .
u n h e a t e d  P o n d s .

( c )  t l e a t l n g  h a d  a  p o s i r i v e  e f f e c r  o n  b o r h
high€st nortal l ty vres observed nr the

2K

S ls r ' l f t can  t l y ,



T h e  a b o v e  d e m o s t r a t e d  t h e  r e 1 1  k n o w n  e f f e c t  o f  r e n p r a r u r e  o n  c r o c o d t l e s  a n d
r e t E l l e s  l n  g e n e t n l ,  b u t  t h e  f a c r  r h a r  e x t e n d e d  d a y  l . € n e t h  d t d  n o r  e f f e c r
g r o o c h  o r  s u r v i v a L  m a y . b e  a s s o c i l 1 r e d  l r i r h  t b e  t e e d l I s  h a b l t s  o f  N i l e
c r n c o d t l e s  u h t c h  a r €  a c t i v e , l u r i | ' g  d i y  a n d  n j q t r t .

' I h e  f u l L  r e s u l t s  o f  t h t s  s t u d y  w i l t  l j e  p u b l i s h e d  e l p s w h e r e .

L  A .  Z i l b € r ,  C l a l  C r o c o d i l e  F a r m  L r d . ,  M a n b a  V i 1 1 a s e ,
P . o ,  R o x  8 5 7 2 3 ,  t l o m b a s a ,  K e n y a .

Y .  Y o m - l o v ,  Z o o l o g y  l l e p a r r m e l l t ,  l e l  A v i v  U n i v e r s i r y ,- r e  
I  A v  i . v  t s r a e  L  a ) 9 9 7 8 .

3 .  D .  I ' 1 .  P o p p e r ,  N a t i o n a l  C e n r r e  f o r  t r a r l c u l c t r e
P . 0 . 8 o x  1 2 1 2 ,  E l r t ,  t s r a e l  8 8 t x l 0 .
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The effect of  s locking densiry on survlvat gror i , lh and body condir i .on of

capt lve Nl le Clocodi le,  Crocodi lus ni lot icus

( t )  ( 2 )  ( 3 )
Ar1e1 Z11ber, Dan M. Popper and yoran yoin-Tov

T\to months old Ni le Crocodl les, Crocodl lus nl lor lcus \rere reared rn rouno
c o n c r e t e  p o n d s  o f  6  m  r a d l u s ,  e a c h  d i v i d e d  i n r o  8  e q u a l  s e c c i o n s ,  u n d e r
4  d € n s 1 C y  t r e a t m e n t s  e l r h  C w o  r e p e t l t i o n  e a c h -  T h e  e x p e r i n e n t  v a s  d l v l d e d
i n t o  2  p e t l o d s :  -

Tha denslty l reatn€nrs rere as fol lors:-

( I )  I n l t l a l  d e n s l t l e s  r e r e  o f  6 ,  9 ,  t 2  a n d  1 5
nunbels I 'ere reduced by tOZ at the end of
experlnent Iasted t0 nonchs and rhe f inal
7 . 8 0  a n d  9 . 7 8  h d l v l d u a l s  p e r  m 2 .

tndlviduals per n2 and th€
each 2 rnonchs trrerval ,  The
d e n s l t i e s  w e r e  3 .  9 4 ,  5 .  9 I  ,

( b )  D u r l n g  t h e  s e c o n d  p e r i o d ,  r r h i c h  s t a r r e d  w l t h  o n e  y e a r  o 1 d  c r o c o d l l e s
t h e  1 n l t 1 a l  d e n s l r i e s  ' e r e  7 . 5 ,  1 0 ,  I 2 . 5  a n d  I 5  l n d i v i d u a t s  p e r  n 2 .

.  The numbe.s \re!e reduced as in experinent (a) and th€ f inal  densit ies
a f t e r  l 0  m o n r h s  r e r e  4 . 9 4 ,  6 . 5 7 ,  B . 2 L  a n d  9 . 8 5  l n d l v t d u a . L s  D e r  n 2 .
r € s P e c r l v e l y .

The bottom of the ponds sloped genrly rowards the cenEral draln and the
oater level \ rras kepr so rhat a radlus of 5 n i ras uarer covered. The ua.Lls
were 1.2 n hlgh and the ponds were covered by a sloping asbestos roof.
I" lat€r was suppl led rhrough taps at the cenrre and 

" i r i " t f""  
ar rhe water

pe!1meter.  Food, fresh mlxture of chlcken, f lsh and red near \ras provided
once dal ly ad 11bltun. I later remperature ranged bet,eeo 26 _ 34"C and alr
t€mperature 24 - 40'C and were equal tn al l  t rearnenrs.

The aninals f tom each tepet l t lon \rere sampled bt-oonthly.  T\renty f ive
animals l rere randomly raken, weighed and neasured for r ;ca1 tength, Dead
anlmals were rernoved and tecorded.

The results were as fo11ot"/s:-

rat los rete hlghly correlated without any signi f lcant
the repet l !1on and rreatnents.

2 . denslt les had no effeci  on grosth race during any of

no effect of  blonass on grorth rate durlng any of

The welght/ length
dlf ference berween

the above stocklng
the perlods.

S1ldlary thete ra€
the perlods.

3 .

a



5 .

4 . Survival  was slgni f icantty and negarlvety affecced by densiry duringrhe first cold season (4 nonths, J"ry _ ir."", l. i  
- 
r ss6t , 

-"6;, 
i i .crocodl les rere undet 8 nonths old.

: :" : : : " . .  
of  densi!y on survival  vas observed durlns the renainlns r6

T h e  r e s u l t s  s u g g e s t  r h a r  N t r e  c r o c o d l l e s  c a n  b e  s u c c e s s f u l l y  r e a r e d ' i t hro i l l  ef fects at rhe above densiEies and rhar Cenperatur€ has a clecerlnentale f f e c t  o n  s u r v l v a l  a t  h i g h  d e n s i r i e s  . r  
" . r "  

y . " . g  
" . " " . i i r " " ,

FuI1 resulrs of thls experl  ent w111 be pubushed els€where.

l .  A .  Z l 1 b e r ,  C 1 a l  C r o c o d i l e  F a r m s ,  M a m b a  V i l l a e e
.  P . 0 .  B o x  8 5 7 2 j ,  M o m b a s a ,  K e n y a .

3 .

2 . D. l t .  Popper,  Nat ional Cenrre for r4ar lculrure,
P . O .  B o x  1 2 1 2 ,  E 1 a r ,  I s r a e l  8 8 0 0 U .

Y .  _  Y o o - T o v ,  Z o o l o g y  D e p a r t m e n r ,
l e l  A v l v .  I s r a e l  6 9 9 7 8 .

Te1-Aviv Unlversi ty
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The el fect of  l ighr

body condit lon of

r€gine and renperarure on growth rare, survlvat and
young capt ive Nl1e Crocodi les, Crocodi lus ni lot icus.

By

( I )  ( 2 )
Ariel  Zl1ber,  yoram yom-Tov and

( 3 )
Dan M. Popper

T\relve groups of 8 months old crocodites were kepc for 5 monrhs 1n round2 .2  m2  conc re te  ponds  r lEh  0 .8  n  h igh  war f s .  rhe  p " "a " - t . i t . r " , . . "  e " " t r ystoped ro'ards a centrar draln and iurly covered b;;; ;";-; ;";  r"., . ,",  
"nr"i ,enabled the crocodlles ro lals€ their u.ay .t ."" ; t"";; ;".-;J" '"",.  .""waffs. Ar ad l lblrum minced mlxrure of chickens, f isn ana iei,near togetner

l1 j l , l :909 r .u  o f .vr tan ln  D per  r2 .ke r " .a  
" . "  " i r " . "J ; ; ; " - ; ; t i ,  on €xposed

: : : - . : : . :  
. . iy. ,  which l {ere placed in the ponds 

"fr" .  "" ;" ; ;  
; ; ; - . . , . """D e r o r e  s u n r l s e .  A f t e r  t h e  t r a v s

a n d  r € f t 1 l e d  a r i f " , - , -  
w e r e  r e n o v e d  r h e  p o n d s  t  e l e  d r a l n e d ,  \ r a s h e d

The anlnars were reared under 4 rreatrnents ( t  repet ir lons each) as fol-Lors:_

l .  C o m p l e t e  c o v e r  o f  a s b e s r o s  a n d  g 1 a s s ,  L ; t  a r e a  r a t l o ,  w h l c h  p r e v e n r e d  a l rf1oir ,  and a.Lloi 'ed direct solar radiar ion_

2 .  C o n p l e t e  a s b e s r o s  c o v e r ,  p r e v e n r e d  a i r  i t o a  a n . l  l i g h c  p e n e r r a r i o n .

T h e s e  t l ' o  . . " u . . u n . "  i n c t ' d e d  c o n t i n o u s  w a r e r  f l o w  o f  2 8 . 5 " c  _  3 t " c ,  \ r h i c hkept both \rater and alr  tenperature slni lar in both.

3. Exposed ponds wlth a conplere shade of plyvood placed 5 cm aDowe rhe r1mof the wa11s, enabfed al i  f low and part iat  i f luminarlon.

4. Exposed ponds enabted free air f lo{",  and direct sunl ighr.

Al1-the aninals rere vejghed and.tocal lengths Eere measured at rhe beginningof the experlnenr and after I  and-5 nonths. D""d ." ; ; i ; - ; ; r ;  renoved, counred
:*"1:: . ."0 

by equal s lzed ctocodires 1n order ro *. i . i . r"- i i " ' ""p. . , rn." . , . I .

The results l rere as fol lows:-

I : : i . i :1. .1 
resul led 1n signl f icanrly berter srowth and survival .  . rhe nexroest resulrs in srowth were obtalned froln tre; trnents t ;  ; - i l ' ; ' r "  rhls order.SlSnif icaDrly hlShest nortal iEy was obserwed urra"t  t r" . t . . r , f  t .

The above suggest that a comblnst ion of high temperature and direcr sorarl l lunlnat lon result  in l rnproved groorh and survival .

a0



T h e s e  r e s u l r s  c o n t r a d t c r  c o r u n o n  b e t . i e L
t h a t  d a r k n e s s  l s  e s s e n r i a l  t o r  o p t r m a r

Fu1l results of thls expertnent \r i t I  be

by crocodi le and a,t l iagtor farners
g r o e r h .

publ ished elserhere.
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The Relations Between the Growth of Weight and

Length Wlth the Exuvlatlons of the Young All i-

gators Before Hlbernation

Zhang Zhengdong
( Anltul Research cente. of chlnese All igator

Reproductlon, Xuancheng 'Anhui , cuna ' )

Huang ZhuJlan ( [uang chu-chi€! )

( Institute af Zoo\ogy, Acadenla Slnica' Beii ing'China'

ABSTRACT

This article discussed the reason why during the feeding

of the young all"lgators the gro!'th of body weight dj 'd not

sychronize wLth the growth of thelr total- length'

The reason for this phenomenon is exuviations' Before

hlbernatlon, there are trro exuvlations in the young chinese

Alflgators. At that t lne the groltth mode is a perlod of the

srolrth of skeleton and epidermj.s with a proninent j-ncreese

ln total length. lthile in the other periods a'e princi?afly

fo r  the  inc rease o f  the l r  body  ' ' l e igh t '

A batch of l4O young all- j.gators of '1984 was selected for

the prlmary inspectLon of their grc'tth in the early stage'

lvo maJor phenomena were found in thls inspection:

1. Durlng hlbernatj 'on' the bcdies of young all igators

stlt l  kept gro!,1ng slowly '

2. In the feedlng, we found that the cl-imaxrof grq'd th in

wej.ght and ln length were at lntervafs'!"

For the further clarlty of thls phenomenon' another batch

of young all lgators of 1985 was taken out as the materlal for

mlnute insDectlon on lhelr growth durlng hibernatlon' And a

report on thls result had been written out Ln 19A7:"'

Stl l] another batch of young all igators of 1986 was taken

out for the tr"8t5itX their grc"'Jth before hlbernation'

this paper wllL report t lre young a1l1gator's law of growth

and appearlng this phenomenonrs cause before hlbernatlon'

EZ



1 .

Materlal and Method of This Inspectaolt

Materlal: A batch of 108 young aLLj-gators of hatching

in 1968 vas taken at random from 5 nests for this in-

spec!1on.
Method: With the precaulron of avoidlng the differen-

tlation fron thelr birth orlgin' the material are

dlvided j"nto 5 groups according to their orlgj'naf

nes ts .  -hen feed,  insDect '  ' nd  measure  them sepa-

ratelyi make .ecord on the anount of food taken and

make weekly records on we.ight' on totat Length ' and

on the lengths of the trunk and the tall '

z.

Results

1. In all of the perlodlcal" measurements obtained nume-

r1cal val,ues ' !f accordlng to the veloclty of the body-weight

gxowth for crlterlon' then every group can be divided into 5

s tage s .

The increase's t-value test in weight and i 'n }ength' and

dates i-n 5 groups on 5 stag9s were fisted in Table 1 and sho'{n

contrastlvelY.
2. wlth the purpose of flndj-ng out the relationship between

the growth of the trunk and the tall on dl'fferent grot'tlng stages'

T.le measurements of the trunk and the tail lrere also l isted in

Table 1. But obvi.ously the growth of the trunk and tail was

irre gul-a r.

J. It was found j 'n the inspection that the young all igators

underwent 2 exuvlatlons before hibernation' But there !i/as a

variation in exuviun tlDe and dates of exuvlu|d process was also

dLffered ln every nest, hovever j ' t was common in all nests that

the exuvlun process was a process in notj 'on and al-l could be

divided lnto J stages.
1) First stage (free stage): At the first stage of exu-

viation the epldermis of the young all igators begin

to be loosen fron the understructure of the skin

and prepare to drop away' thls tj'me in appearance

there wag no slgn of exuvlun or there was exuvl-um

only 1n a fev places and a fevt crackages 1n sone



places. However the whote body turned lnto grey

colour and the colour was nuch deeper at the ioin-

tso f  the  sca les  '

2) Second stage ( l l  ourisl- -exuviati on stage'):

The elj-dermls 1flron the lower iaws
2i on the abdominal Parts of necl('

tn nk and taiL

Jt' on the 2 sides of neck' trunK

anr  ta i l

4r on the aL1 Parts of Limbs

ALI keDt cracking into snall pieces and exuvi-

a t ing .But  in  the  2  e  uv ia t i cns  the  th ick  bony  sca l -es

on the dorsal part e :uviated very late' the head

])one ciid not exuviat ' instead lt grew thicke' 'nd

larger' onLy exuviat'd very thin epidermls' The

young a l l iga tors  l i k  to  soak  in  water  w i th  exuv i -

ated skj-ns i loating round thetr' looked very much

l ike  grey  l , /oo l l y  ha i  g rowing  a lL  over  the i '  bod ies '

l) Third siage: This was the last stage tri l :h nost qart

of the body covered ilth a sheet of new skin' only

in a fer,r p'.ces ther we'e stl}1 some !'el1ralni: l9 er<l-i-

v ia t ing  c ld  sk in  a t '  ched cn  the  new sk in '  Th is  i : lme '

it might be said: ar exuviation came to 1:s ccm-

pL e t ion .
The dr tes  in  p roces  l ion  o f  the  J  s tages  o f  the  2

e).uviations on a1f t 1e 5 groups of young all ig2tors

were  l i s ted  1n  TabI '  2 '

4 .  ?ak ing  the  5  s tages  o i  g r  th  o f  the  young aL l iga tors  in

TabLe-1  as  base,  the  amount  o f : lod  ea ten  conver ted  in  every

weekrs  avereqe take- food quant i ' i es  and take- food ra tes( " reek ly

lood consurnptlon / body weight)' There were shown in Table l '

It can be seen that the val-ues ! :re variant i 'n all 5 stages'

' Di scussl or

1. Fron the values of weight and length in Table f it can

be seen c lear ly  tha t  s tages  f  ,1 l I 'V  a re  the  c l inax  fo r  the

growth of weight and stages 11'l 'y' are the clinax for the growti 'I

of ten€:th. And the grorvth of we-ght and length uere at intenal
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i ,r lth a regular order. It I 's because:

1) Not only a1I mean body weights in the 5 stages proved

in confornity wlth the above-mentioned law, but the

magn i tudes  in  t - tes t  ( rna in ly  i .n  I '1 I I ' v  s tages)  a l l

Proved dlstlnctlon existence.

2) In the values of the cl-imax of total l-ength increase,

the I stage of group No' 5 was the only exception

among the 5 groups. Because 1n that stage the cL-imax

of body lreight and total tength turned out at the

same tirne; as to the mag:dtudes of t-test (rnainly

in I1 ,IV stages) there was no difference only in the

stage II of group No.6 and in the stage ]v of grou!

No.2 .  In  s tage Iv  o f  g roup No.1  even though t  t  '

bu t  in  s tage v ,  t  t  , so  i t  inverse ly  p roved tha t

there  , / tas  ex is tence d is t inc t ion .  so '  as  a  who le '  in

a l I  s l?ges '  rhey  comp l ied  to  th i s  l ' 1w.
^  r .  -hc  . tso  ' ine  fo r  J  cL i rdax  o f  i l c reas ins  bcdy

weight started 24-52 days, 45-'1O'1 days, and 8C-1J2 days,wj.th the

feedlng of young al11gators. Conpared v/ith the 2 cUmax of 1984's

batch (2o-4o days and 84-91 days) the time relativel-y conforned lrith

each other. Being it l before hibernation' so there was no third

c l imax in  1984 '  s  ba tch . (1 )

J. Fron the observation of feeding' the tine-tnterval

between the 2 exuvlatj.ons before hiberiatlon varied greatly. The

longest t ine-interval lras 21 days ( group No.16)' whlle the shor-

test only 1 day, in which there was almost no inte.val aod one

exuviatlon iust continued on to the next. It was an exception.

(  see  lao te  2 . ,

4. There was a grest t ine dlstinctlon and with no law in

exuviatlon in every gToup of young all- i 'gators. It seemed

there was a law from the tlDe taken in the 2 exuwiations

nest. If the former was a long exuviation' then the later

a short one, otherwlse lt reverse. May be this phenomenoa

for to ad,apt the hlbernatlon of the young al'ltgators vrlth

help of seu-biologlcal clocl( make adJustment on secretlon'

Table 2)

each
that
ina
was
was

(  see



5. Table I proved: whether the stages \rere dj.vided according
to the increase of body weight (Table 1) or divided according to
the amount of food consuded by the young all igators, Eventhough
there was no regular formula, but as usual we can get ao appro_

Tab le  2 .

7, As nentioned above, we deened that before the coming of
exlvj.ation (including also a fev days at the beginnilg and in
the end of exuvlatlon), the growth node of the young all igator
was mainly for the lncrease of 1ts body weight. While durlng
the exuviation almost all the nutrit ions were used up for the
growth of a new larger spldermis and skeleton. So there was
l l t t le  inc rease o f  body  we igh t ,  and sonet imes ewen a  decrease.
But there was a rapiC inc!'ease 1n the tength of the young all i_
gators. T?rat vras why the gro,wth of body weight of the you]ls al-Li_
gator did not synchronize with growth of total lensth.

Reference Lit eratures

x lmate  resu l , t :  5  s tages .
5. ]f the total t ime of days

viations l isted in Table 2 were
in  Tab le  '1  

,  then the  to ta l  t rne
aDDroximately colncided with the

[1 ]  Zhang Zhengdong e t  a l . :
A l l lga tors  in  Capt lv i t y ,
217-222 (19A6)

l2 )  Zhane Zhengdong e t  a l . :
tors During Hibernati on.
16-20 (19e? )

i .n  the ,  per iods  o f  the  2  exu-
to be compared with the stages
of  s tage I I  , I  n  Tab le  t  ,
t i l le in the 2 exuviations in

The Growth Rates of young chtnese
Acta  Herpeto log ica  S ln ica  5( f ) :  I

The crowth of young Chinese A1liga-
Ac ta  Herpeto log ica  S i .n ica  5(J ) :
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IUCN/SSC CROCOOTLE SPECIAL IST  GROUP

l l o r kshop  on  T .ade  i n  C rocodJ  I  i an  P roduc t s

P r6sen ted  Sud f i a r i es  and  T rad€  S ta t i s t i c5

24  Apr  i  . L90

!0 th  wor  k  I  ng
Ga i  nesv  i

Mee t l  ng  o f  t he  CSG
l  1s ,  F l o r l da
Apn  I  I  1990
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l h i s  sec t i on  t as  sd i t ed  and  comp i  l ed  by  6 i n€ t t e  Hemley ,  csG
v l cE  Cha i rnan  f o r  Taade  Mon i t oa ing ,  And raa  Gask j  o f
TRAFF IC(USA) .  Kev ln  van  Jaa rsve td t .  CSG V i ce  Cha i . f i an  f o r
T rad€ ,  and  t n€  f o l  l o r i ng  ro . kshop  paa t i c i pan t s :

0on  Ash loy ,  Ash ley  Assoc ja tes ,  I nc . ,  un i t ed  S ta tEs
John  gache ,  Aus t ra l i a  C rocod j t s  Fa .ne . s  Assoc ia t l on ,

Aus t ra  I  i  a
Pe te r  B raza i t l s ,  Cen t ra  I  Pa l .  k  Zoo ,  Un . l t 6d  S ta tes
oave  0u r  l  and ,  John  G .  Mah  l 6 .  Co . ,  L l n  i  tEd  S ta t€s
0av id  Ha  i  r e ,  Un ' i  t ad  S ta  t e  s
Jon  Hu t t on ,  CSG V i cE  Cha i rman  f o r  A f r t ca ,  Z i nbab l {€
Nobu ru  I sh l  i ,  Taka ra  Tosusho  Co .  ,  L t d .  ,  . l apan
0 ie t r i ch  i e l den ,  Fede ra l  eepub l  i c  o f  Ge .many
Ted  Joanen ,  CSG V i ce  Cha i | .man  f o r  No r tn  Am€r i ca .  Un i t ed

S ta tes
R ' Jcha rd  Luxn1oo re ,  CSG 0epu ty  V i ce  Cha i r r an  o f  t r aqe

Mon l t o r l ng ,  Un l t ed  K ingdon
Greg  M i t ch€11 ,  Ma l , n l and  Ho ld tngs  L td . ,  paoua  Ne r  Gu inea
Tosh io  Yamanaka ,  CSG 0€pu ty  V i cE  Cha i r l ' 1an  f o | ^  T rad6 ,  Japan

CSG/  Apr  i  1  1 ,99O
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INTERNATIONAL CRocoo tL IAN SKIN  TRAoE:  TRENos  ANo  SoURCES

R I  cha rd  Luxnoor  e
CSG 0epu ty  V j cE -Cha i . r nan  f o r  T .ade  Mon l t o r i ng

C ITES annua l  rEpo r t s  g i ve  an  es t jma ta  a f  t he  i n te rna t l ona l  t r ade
lega l  l y  ca | . r l ed  ou t  unc le r  t h6  t e rns  o f  t h€  Conven t l on .  Tab ie  1
sho rs  t hE  n ln i nun  ne t  t r ad€  i n  c l ass j c  c rocod l t i an  sk i ns  ( i . e .
a  l  I  a l  I  j ga to r s  and  c rocod j  l es  excep t  ca inans )  i nd j ca teq  oy  c ITES
r6po r t s .  Th€  da ta  f o r  1987  i nd i ca ted  a  t o ta l  t r ade  o f  some
L l5 ,00O sk ins  rh i  l 6  t hos€  f o .  1988 ,  wh l ch  a re  as  ye t  l ncomp le t6 ,
show  a  t r ade  o f  a .ound  ! f 2 .000 .  Vh€n  t he  f u l l  da ta  a r€  ava i l ab l6
I t  i s  l l k6 l y  t ha t  t h i s  r t l t  r i s s  t o  a .ound  140 ,OOO c tass i c  sk i ns .
Th€  t o ta l  has  be€n  i nc reas ing  j n  r ec6n t  yeaas ,  and  hds  mo ie  o r
I  ess  doub led  s i nce  1984 .

Cons i c l e ra t Jon  o f  t he  soec ies  i nvo l ved  sho rs  t ha t  mos t  o f  t h€
rnc reas€  has  been  a t t a i bu tab le  t o  sk i ns  a f  A l l i qa to l .
m  i  s  s  1  s  s  i  o  p  j  e  n  s  i  s  ob ta  t  ned  f r on  r i  l d  ha . v6s t s  and  aanch  i  ng  i n
Lou i s l ana  and  F lo . i da .  Supo ty  o f  C rocodv lus  n i l o t . j cus  has  a t so
lnc r€asgd ,  o r i ng  $a in l y  t o  t he  n€ r  sys tems  o l  anag€nen t ,
r anch jng  and  quo ta  schemes ,  i n t . oduced  i n  a  va f i € t y  o f  A f r l can
coun t r i 6s .  The  nunbe r  o f  Sk ins  o f  C roCOdv lus  pOrosL l s  haS  a lSO
incaeased  t o  a  l esse r  ex ten t  uD  to  a rounc l  1O ,OOO sk jns  f r om aanch
p roduc t i on  j n  Aus t ra l  I a  aad  t he  ouo ta  schen€  l n  I nc l on6s ra .
Caocody lus  novaequ iaeae  j s  t he  ma in  c l ass i c  sk l n  i n  t f aoe  and  t he
supp l y  has  re rna in€d  f a i . l y  cons !an t .

I n  ! he  1970s  t he  t r ade  ras  f l uc t l  h i ghe r ,  p robab l y  i n  t he  aeg i cn  o f
300 ,000 ,  o r i ng  na in l y  t o  t he  l a rge f  Expo r t  o f  C .  n j  l o t t cus  f . om
Af i i ca .  many  o f  r h i ch  en t€ .6d  Eu rop€  und€ r  t h6  t e rns  o f  t he
rese rva t i ons  he ld  by  ! t a l y  and  F rance .  These  , € r6  d | ^appeo  rn
1984 ,  and  ! he  resu l t i nE  r6duc t i on  i n  t r ac l e  can  c l ea r l y  b€  se€n  i n
Tab le  l .  Today  t he r€  j s  ve ry  t i t i l e  ev i dence  o f  j l j ega t  t r ade
in  C .  n r ' l o t i cus  sk i ns ,  and  t he  ma jo .  i l l 6ga l  t r ad€  i s  b€ l i eved  t o
oE in sk{ns of gj-lglgsgs and
As  ia ,

C .  novaequ ineae  f rom So l r th  Eas t

i radE in  Ca lnan  sk  ins  i s  ve ry  much  la rg6r ,  and  CITES annua l
ropo i t s  lnd lca t€  tha t  i t  ras  up  to  400 ,000  in  19Bg (Tab t€  2 ) .
thE  maJo . l t y  o f  th€se  came f rom Venezuq la  y i th  sna l  l € | .  quan t j i i es
f ron  8o l i v la ,  Guyana ,  Arg€n t jna .  Hondu .as  and  Co ' tonb ja .  There  i s
a ' l so  knorn  to  b6  a  subs tan t ia l  l l l eEa l  t rad€  in  Ca . iman sk ins ,
o r lnc ipa l l y  to  Sr 'ngaporE  and  lha i land ,  tak ing  the  to ta l  to
Som6th ing  ove r .  a  n i  I  l  iAn  S ( rns  a  / ea r .

CSG Ap .  i  I  1990
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UPOATE ON REGULATTONS:
Hor  ! n tE rna t i ona l  Ru l€s  a re  Chanq lno

Presen ted  by  D ie t r j ch  J6 l  dOn

In  1975 ,  r hen  t he  Conv€n t i on  on  I n t6 rna t . i ona l  T raoe  rn
Endange r ,ed  Spec jes  o f  t / . i  l d  Fauna  and  F lo ra  (C ITES)  en !e .ed  i n to .
f o r ce ,  f o .  t he  f i . s t  t tme  a l l  23  spec ies  o f  c rocod i l i ans  we re
a f f o | "ded  some  l ega l  p ro tec t i on  by  m€ans  o f  r o . t d \ . j de  t r adE
regu la t i ons  o r  t r ade  r . es t r i c t l ons .

o r {EJna l l y ,  C !TES  I  i s t 6d  18  t axa  j n  Append l x  I  and  9  t axa  . l n
Append l x  I I .  A t  t ha t  t ims .  Apo€nd i x  I  c rococ l l . l  t ans  rB re
c lass r ' f  t sd  as  spec ies  t h rea ted  r j t h  ex t j nc t i on  and  a re  o roh jb i t ed
l r om conne rc i a l  t r ade .  ApDeno i x  I I  c rocod l l i ans  cou ld  have  be€n
comr ' r e r c i a l  l y  t aade  unde r  a  C ITES  ' ,  I  l cens lng , ,  s ys ten .

0ver  th€  y€ars ,  C ITES has
rn  .egard  to  the  ra t . l ona lE  on
an  encoura9 lng  s lgn  fo .  C ITES
ways ,  j s  qu i te  ab le  to  ad jus t
c  r  acums!anc6s .

unoergon6 a  evo  I  u t . l  onary  p r .ocess
crocodJ I lan  u t i I l za t lon .  Th ts  i s
s ince  i t  shors  tha t  C ITES,  rn  some
to  chang  J r jg  po l  j t i ca l

! n  ch roao log j ca l  o rde r ,  t ha  f o l  l ow lng  j s  a  b r i e f  summary  o f
t he  C ITES  evo lu t i on  on  c rocod i l i a .  u t i l i za ! i on  and  t r aoe  t n
!he1 r  pnoduc ! s ,

r ) Son6  spec ies  aave  been  do rn l  i s t eq  f r an  Appead . i x  I  i o  I I
(A l  I  i qa to .  m  i  s  s  i  s  s  i  o  o  . j  e  n  s  i  s  )  and  o the .  spec  i  es  o r
pa | " t l cu l a r  popu la t l ons  hav€  been  up l  j s tEd  f r on
Append i .<  I I  t o  I  (C rocodv lus  acu tus  and  C ,  po rosus ) .
Spec i f i c  c . i t e r i a ,  a l so  ca l  l ed  t h€  ' ,  Be rne  C . i t e r i a . , ,
have  t o  be  f u l f t l l 6d  f oa  such  t r ans fe r s  and  re re
desc r i bed  i n  t r o  r eso lu t i ons  (Reso lu t j ans  Con f .  1 .1  anq
! . 2 )  adop ted  a t  t he  f l r s t  ne€ t l ng  o f  t he  Con fe rence  o f
t h6  Pa i t l es  (CoP)  o f  C ITES  i n  1977 .

A t  t h€  second  nee t t ng  o f  t he  COp  i n  Cos ta  R i ca  (1979 ) ,
t he  so -ca l lEd  " f a rn i ng , ,  r gso lu t i on ,  Reso Iq t . i on  Con f ,
2 .12 ,  was  adop t6d  regu la t i ng  ! he  conmerc ia l  E rads  o f
cap t l ve -b red  Append i x  I  c l " ocod l  I  j ans  as  re l  I  as  o the r
non -c roqod l l an  t axa  and  Jnq luded  na rk i ng ,  F -a
gen€ ra t j on  requ i ren6n ts ,  6 t c ,  Th l s  r eso lu t i on  was
fo l  l o red  by  o the r  r eso lu t i ons  a t  o the r  COps  (Reso lu t i on
Con f .  4 .  15 ,  6 .21 ,  and  7 .10 )  d€ f l n j ng  t he  con t . a t  o f
cao t i ve -b r€€d ing  ope ra t i ons  ( r eE i s t r a t i on ) ,  c . l t 6 r i a  t o
be  me t  f o r  ne l J  op€ ra t l ons ,  € t c ,
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t he  pa r t i es  a t  t he  t h l i d  COp  h€ ld  t n  N€ r  Oe ]h l  adop tcd
rhe  " ranch lng "  rEso tL r t t on  (R€so lu t . t on  con f .  3 .15 )  t ha t
l a te r  p€ rm l t t ed  coun t r ' l e s  such  as  Z lmbab re ,  Aus t ra l  l a
and  Jus t  r ecen t l y r  Eo t s rana ,  Ma la r i ,  Mozamb ique ,  and
Zamb ia ,  t o  sqbn i t  p roposa l s  t o  do rn l  i s t  t he i l .  c rocod i  l e
popu la t i ons  f . om Append i x  I  t o  I I .

I n  ! 985 .  ! he  pa r t l es  a t  t h€  f i f t h  COp  i n  Bo t swana
adOp ted  a  ' c l " cpp lng "  . 6so lu t i on  (Reso lu t i on  Con f .  5 .2 ! l
a l  l o r i ng  sp6c i f i c  c . l t 6 r i a  such  as  s ta tus  | " €po r t s  and
manage |nen t  p rog rams  ( i n  son€  resp€c t s ,  I  b€ l i ev6  t ha t
t hese  re rE  quEs t l onab le  c r i t l € ra )  t o  t r ans fe r  s6ve .a l
A f r i can  c rocodJ le  popu la t i ons  f r o l t t  dppend i x  I  t o
App€nd i x  I I .  A t  t h6  same  CoF ,  bas i c  | . equ j r emen ts  f o r  a
un i f o rm  mark i ng  sys te tn  we r .e  i n t r oduced  ( coun t r y  code ,
i den t i f  j ca t j on  nunbe . ,  yea . ,  e t c ) .

Las t  y€a .  a t  t he  seven th  COP,  t h6  pa r t i es  adop ted
fu r t he r  . 6so lu t l ons  a f f ec t l ng  c rocod j l i ans  and  t he i .
t aac le :

ReSo 'L ! i on  Con f .  7 .14  . eo laces  ! ne  " c roop jng ' ,
r eso lu ! i on  by  t ho rough l y  r ev j s i ng  t hE  o ld
reso lu t i on  (Reso lu t i on  Con f .  5 .21 )  such  as
pe .m{ t t j ng  no  res€ rva t j on  on  a  specJes  do rn l  i s t ed
u1de | .  t i e  - eSo - - t i oa ,  - eou ' - ' - g  a  cocJ ien !eo
Tanagenen !  sJ r veys  aad  s ta : - s  - epo r ! s .  e ! c .

Reso lu t ion  Conf .  7 ,12  .ecommenc ls ,  fon  the  f i r s t
t im€ ,  th€  ma.k ing  o f  I  i v€  cap t tv€ -b ied  and  h igh-
va lue  Append lx  I  spec ies  such  as  a  t r Ja l  na rk ing
sys t€m qs ing  codes  mic roch lps  jn  spec inens  o f
63y i  a  I  i s  qanqe t i cus .

Al l  o f  th€  abave  m€ntJon€d  reso lu t tons  can  b€  ob ta in€d
by  con tac tJng  thE IUCN/SSC t radE Sp€c ta l t s t  c roup ,  1725  Oesa tes
St l .E€ t  NH,  Su i te  500 ,  l rash inEton ,  DC,  20036 ,  USA.
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Presen ted  DY
G i  ne t t e  Hem l  eY

cSG v l ce  Cha i rnan  f o r  T ' ade  I ' l on i t o r i ng

The  rap id l y -g row ing  i n te rna t l ona l  t r ade  i n  c rocod l l i an  sk i ns

has  p resen ted  a  m ixed  p i c t u re  o f  i  l l ega l  t r ade  ove r  t he  l as t

t h ree  t o  f j ve  yea rs .  The  i nc reas ing  t r ade  i n  r anched  and  f a rmed

sk ins  has  b rough t  ' r i t h  i t  a  g row ing  body  o f  ' egu la t i ons  a imed  a t

con t ro l  l ed  ha rves t  ano  expo r t ,  v l h i  l e  a t  t he  same  t ime  i nd i ca t i ng

an  ove ra l  I  de regu la t l on  o f  t r ade '  The  capac i t y  t o  en fo r ce  and

mon i t o r  t he  expand rng  movemen t  o f  sk j ns  has  gene ra l  l y  imp roved  i n

the  p r i nc i pa  I  consum lng  reg ions  o f  t he  Eu ropean  Commun i t y '  Japan '

and  t he  USA,  wh i l e  r ema in i ng  woe fu l l y  vJeak  i n  mos t  o f  t he

p roduce r  r eg ions .  S ingapo re ,  an  en t repo t  coun t r y  and  l . / e l  l -

es tab  1  i  shed  t r ac l e  and  smugg  I  l  ng  cen te r  '  con t  i  nues  t o  unde rcu t

u /o r . ] d l , l i deen fo r cemen te f f o r t sbyna in ta i n i ngc lTEs rese rVa ! ] ons
on  t h ree  spec ' i es ,  c rocodv lus  po rosus '  c rocodv lqg  novaequ ineae

novaequ ineae '  and  ca iman  c rocod i  l us  consumer  na rke t s  a re

exp in i l ng ;p i o l y  i n  t he  Fa r  Eas t ,  no tab l y  i n  coun t r i es  t ha t  a re

no t  pa r t y  t o  C  ITES  such  as  Ta ig /an  and  Sou th  Ko rea  '

On  a  reg iona l  bas l s ,  r he  f o l  l ow jng  sumnar j es  no te  a reas  o f

' jmoo r tance  v / i t h  r ega rd  t o  cL l r r en t  i  I  l ega l  t r ace :

Sou theas t  As ia :  P robab l y  t he  mos t  u rgen t  p roD lem \ r i t h  r ega rd  t o

t r ade  i n  c l ass i c  c rocod i l i an  sk i ns  i nvo l ves  t he  smugg l i ng  o f  q '

pq lSgs  and  c .  novaequ lneae  f r on  l ndones {a  t o  S inqepo 'e  v /e l l -

i n I " n "n "a  t r ade  channe l s  and  s ' i ngapo re ' s  po l i c y  o f  non -

comp l i ance  w i t h  c ITES  nave  mac le  t h i s  t he  b i gges t  " b1ack  ho le "  i n

t he  c l ass i c  sk l n  marke t .  Cu r ren t  es t ima tes  o f  i l l ega ' l  t r ade '

based  on  cus toms  s ta t i s t i c s  and  f i e l d  r epo r t s '  i nd i ca te  t ha t  a t

l eas t  1o -15 ,  ooo  sK lns  a re  mov ing  f r on  I ndones ia  t o  s i ngapo re

unnuu f f y ,  ' , i i t h  a  nunbe r  o f  t hem even tua l l y  end ing  up  i n  t he

. : up .ne . "  , n " " ke t .  I ndones ia  has  recen t l y  nade  impo r tan t  moves  t o

s top  t ne  i l l ega l  f l o r  by  o f f i c i a l l y  bann ing  a l l  r ep t l l e  sk l n

t r ade  w i t h  s l ngapo re ,  aPParen t l y  caus ing  s i ngapo rean  t r ade rs  t o

beg in  expand ing  t n6 l r  ope ra t i ons  t o  ne ighbo r i ng  coL ln t r i es  I  i ke

ea iua  t ' t ew  ou inea .  un t i l  S i nqapo re  r i t hd raws  i t s  c ITES

rese rva t i ons ,  t h i s  p rob lem i s  l i ke l y  t o  con t i nue  and  v l i l l  g rea t l y

unde rcu t  I ndones ia ' s  bu rgeon ing  c rocod l l e  r nanagemen t  p rog ram '

S ingapo re  has  a l so  been l i nked  t o  r ecen t  ex tens l v  i l l ega l  t r ade  rn

ca  I  man  sk  l  ns ,

Tha i . ] andhas recen t l ydeve loped in toamaJo rsmugg l i ngcen te . f o r

Sg-l!g-D Srclg!| l l l ]S from South Ane|ica, p| imari ly from Brazll  and

ILLEGAL TRAOE IN  CROCOOIL IAN SKINS:  CURRENT PROBLEM AREAS



Paragqay .  I t  t s  €s t lma t6d  t ha t  a t  l €as t  75O,OOO ca t I nan  sK lnsye re  l npo . t ed  t o  l ha l  l and  l n  1989  (Lqxnoo re ,  p€ rs .  conn .  )  i  t ne
t raOe  naS  appa ren t l y  co f i n t i nued  i n  1999 .  Cus tOnS  s ta t iS t l cS
sugges t  t ha t  a  nqnb€ r  o f  t hese  even tua l l y  ended  up  on  t he
Japan€Ss  marko t ,  r h j l e  t he  6xpo r t  f r , on  Tha l  l and  t o  t he  US  o f
nanu fac tu red  ca inan  p faduc t s  has  p l cked  up  ma .ked l y .  Tha i  l and  i s
a  pa . t y  t o  c ITES  bu t  l acks  t eg i s l a t l on  t o  j l np temen t  t ne
Conven t  i  on ,

Jaoan :  Japan  has  mad6  j npo r tan t  p .og ress  l n  t he  l as t  t h .€e  yea rs
i n  t l gh tEn ing  l npo r t  t r ad€  con t l " o l s ,  l nc l ud tng  t he  r€nova t  o f  i t s
C ITES  r6s6 rva t Jon  on  g .  po rosus  i n  l a t s  1989 .  Ho rev6 r ,
con t j nu ing  s t r ong  t r adE  f r on  S ingapo .6  (up  as  much  as  40  pe rcen t
f r on  1988  t o  ! 989 )  and  Tha t  l and  a re  caus€ r  f o r  conce .n

A1 ' r ' i ca :  T rad6  con t ro l s  f o | .  expoa t  o f  N l  l e  c rocod i  l e  f r om A f r . l ca
to  Eu rop .  havo  lmp ioved  no tab l y  s l ncE  1994  when  F rance  and  I t a l y
d ropped  t he i .  C ITES  ress rva t i on  on  t hE  spgc j6s .  ! / h l  l €  En6 iE  qo
no t  app€a .  t o  b€  s j gn i f i can t  p .ob lems  i n  t h l s  t aad6 ,  a  number  o f
A f r l can  coun t r t €s  s t j  I  I  f a t  l  t o  nee t  t he l r  C ITES  | "6po r t i ng
aequ l renen ts .

Sou th  Ane r iCa :  BaaZ l  I  and  Pa raguay  con t l nu€  t o  Se rve  aS  t he
naJo r  cen te r s  f o r  j  I  l ega l  Ca inan  expo r t  ou t  O f  t he  reg ion i  bo th
ccun ! r r es  ban  expoa ts  o f  v l r t L j a l l y  a l l  t l l d l r ' i e .  p i cg ress  . aS
been  made  i n  Ca lomb ia  and  Venezue la  i o  t j gh :en  €xpo r !  con t ro l s ;
r n i  l e  so -ca l  l ed  ' s i ockp i  l ed ' ,  s k j ns  ccn t . i nue  ! o  be  exoo r ted  f r cm
A.gen t j na .

Mex i co i  Mex i co  rema lns  t hE  on l y  coun t r y  l n  La t j n  Ane r j ca  no t  ye t
pa | . t y  t o  C ITES .  ' l , q l  l - €6 tab l  i sh6d  l ea the r  yo rk i ng  cen t6 r s  and
c lose  economic  t i es  t o  bo th  t he  US  and  t he  EC  v i a  Spa ln  aon t i nue
to  f i ake  t h i s  coun t r y  an  j npo r tan t  sk i n  , ,  l aunde | " i ng , ,  can te r  f o r
c rocod l  I  i an  sk i ns ,  p r ima r i l y  ca . tman .

q - ! ! t  \ { l t h  t h€  boomJng  Expo r t  t . ad€  o f  bo th  a t t tEa to r  skJns  and
mea t  hav€  conq  i nc r€asJng  repo r t s  o f  abusg  and  smugg l l nE
a ! t ' emp ts ;  ho t€v€ r ,  t hes6  p rob lens  a re  t hqs  f aa  l aage l y
undocunc ln tEd  an< l  do  no t  ye t  app6aa  t o  be  s i gn i f i can t .

CSG/  Apr  i  ]  90
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.  Cu r ren t  T rends  i n  US  Conne rc j a t  Impo r t s
o f  C rocod i  I  i an  H ides  and  p foduc t s

P rEs€n ted  by  Pe t6 r  8 .aza  I  t  i  s
Cu ra to r  i n  Cha | "ge ,  Cen t ra l  pa . k  Zoo

Ca lman  c rococ l i  l u s  vaca re ,  t he  yaca re  ca jnan ,  con t i r l ues  i o
com ina te  a5  t ne  sp€c ies  mos t  i npo r tEd  i n to  t he  un i ! €d  s ta tes  as
rnanu fac tuaed  p roduc t s ,  desp i t 6  t he  f ac t  t ha t  ! he  soec res  r s
I  J  s t ed  as  €ndange fad  ! nd€ r  t he  U .  S .  Endange red  Sp€c  i  es  Ac t .  The
rac€  l s  f ound  p r i na r i l y  i n  B raz t l ,  Bo l Jv i a ,  and  Fa raguay  rhe re
6 l t he r  hun t i ng  o r  expo . t  i s  bann€d .

Tanned  as  t e l l  as .a r  sk i ns  o f  yaca re  and  Ca inan
la t i r os t r i s ,  t he  b road -snou ted  ca inan ,  hav€  been  smugE lEd  l n
l a rg6  numbe l . s  t h roL igh  Co lomb ia  t o  sou th6as t  As ja  and  t o  t h€
t l n i t ed  S ta tes .  Tens  o f  l housands  o f  yaca re  shoes  a re  impo r ted
d i rec t l y  f aon  sou theas t  As ia  o | ^  t he  same  shoes  and  s t y  I  es  a re
jmpo r ted  f r om I t a l y  r i t n  ; t a t  i an  l ab€ l s .  pFcCr_ rc t s  a re  o f t en  made
o f  poo r l y  oa  ba re l y  t anned  sk r -ns  and  a re  r i i s l ead jng j y  l abe ted
'genu jn€  a l l i ga t c r "  o r  ' genu ine  caocod j l 6 ,  and  a r€  so ld  o f i e r ]  a t
i he  sao6  p r i ces  as  genu ine  a l  l  j ga to r  and  c rocod i  l e .  g l  jm lna t i on
o f  sk i n  t agE lng  and  mark ' j ng  p i i o r  t o  t ann ing  and  p .oduc t
manu fac tu | "e  a i ds  i  I  l 6ga l  t r ade  and  hanp6 rs  w i  l d l  i f a  l a r
€n fo r cem€n t .

CSG/24  Ap r i l  1990
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MONITORING T00LS:  dos  FAR 0O vE  GO?
Educa t i on  o f  t he  u .S .  Consun€ r

P res6n ted  by  oon  Ash ley
Ash  I  ey  Assoc ia tes ,  I nc .

I n  1988 ,  A  coope .a t j v€  a l l  l ga to r  po in t - o f - sa le  na rke t i ng
| . esea rch  p ro j ec t  was  s ta r t ed  i n  t he  U .  S .  t o  6va lua t€  t he
e f f ec t i veness  o f  d j s t r i bu t i ng  i n i o rma t i on  and  p romo t i ona l
ma ts r  l  a  l  t o  t annErs ,  manu fac tu re r s ,  and  . e ta  i  l  €as  abou t
a l l i ga to r s  and  a l l i ga to r  p raduc t s .  Abou t  1 ,000  A l l l ga to r
8ook l€ t s  r € re  d i s t r l bu ted  t h .oughou t  t h6  l ndus t r y  and  on -s t ! e
eva lua t i ons  a t  noae  t han  50  re ta i l  s : o res  re r s  made  i n  l , t e r  yc r k .
Ca l l as .  Ne r  0a leans ,  0 r l ando ,  and  M iam j .  Th€  pa ina ry  goa l  r as  ! o
.each  re ta i l  sa l es  c l e rKs  rho  a re  i n  da i l y  con tac t  r i t h
po ten t i a l  cLJsEomers  f o r  a l  I  i ga ro r  p roduc t s  and  ! o  be t t ea  i n fo rm
!h€m abou t :

2)

3 )

r,)

1 )
2 )

6 )

l . ga l :
nq !  endang€ reo i
subJ6c t  t o  nune rous  s ta te ,  f ede ra l ,  and  i n to r ra t i ona l
r €gu la t l ons  requ i r i ng  t agg ing  and  annua l  l . ePo r t i ng ;
f a rn - ra i sed  on  t he  p roduc t  o f  a  gove rnnen !  r egu la ted
ha l v6s t  o f  a  . ene rab  I  € t  r esou r " ca ;
an  econon l c  i ncen t i ve  t o  ' t l anagE  and  conseave  bo tn  i ne
spec  I  es  anc l  i t s  hab i t a t ;
qua l ' j t y  p i oduc t s  r i t h  l ong  l as t l ng  va lue .

f r ee  cog  i  es  o f  t ho
ano the r  5 ,  000

thE  ava i  l ab i  l  i t y  o f  c l ass i c  Am€ l " l can  a l  l l ga to r
P rod | . l c t s ;
t he  regu la ted  r i  l d l  i f e  nanagenen t  and  f a r$  p rog rams
tha t  con t ro  I  t he  ha rves t  i  ng ,  p rocess  i  ng ,  and
o '  s t r ' oJ t  i  on  o i  a '  :  ' ga to .  o roouc t s :
t he  na tu ra l  h i s t a . y  o f  t ne  . ep t i  l e  and  t he  un iqu€
coase -va ! , ' o ' 1  sJccess  s ta - / ' :  aeo resea ts  t t s ro -g l

r n 4  . - r l  a  - e n e r a o ' e  , 1 a ! - - d -

aesou rc6 .

Easeo  on  t 1€  s i gn i ' i can !  sLppo r t  and  -esoonse  o f
manu fac tu r6 r s , r e ta l  l e r s ,  and  o the r  p roduc6 rs  i n  t he  j nous t r y ,  an
uoda tec t  ve i s i on  o f  ! ha  A l l i ga to r  Book l6 t  was  p roduced  i n  1989  and
i s  cu r ren t l y  be ing  d i s t r i bu ted  t o  a l 1  maJo .  U .  S .  a r kE ts  f o r
a l  I  i ga to .  o roduc t s .  I n  add ' i t i on  t o  t he  o r i g i na l ,  i t s  emphas i s
ras  on  t h€  f ac t  t ha t  a l l i ga to r  p roduc t s  r 6 re :

The cu . .en t  p .q jec t  l s  d i s t r ibu t ing  5 ,000
Lrpda ted  A l l l ga to r  Book le t  j n  th6  us  and  mak ing
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copJ€s  ava l l ab l€  a t  p r l n t l ng  cos t  t o  t anna t  s ,  nanu fac tu rq i s ,  ana l
. e ta l l € r s  r ho  ran t  t o  p rovJd€  book l€ t s  dJ rac t l y  t o  cus lon€as  rng
p rucnase  o l .  m igh t  puachase  an  a l  l  l ga to l .  p . oduc t .  i n  add l ! i on  t o
doub l  i ng  oa r t i c i pa t i on  by  manu fac tu re | " s  i n  t he  second  ed t t l on  o f
! he  book le t '  add i t l ona l  i n f o rma t i on  ras  i nc lUded  as  a  r6su l t  o f
t he  j n l t i a l  su . vey  t ha t  i nc l dued  ne r  i n f o .na t l on  on :

r.) I  ea the l . ;
d i f f e rences  be t re€n  a l  I  i ga to r  and  c rocod i  1e i
c rea t  1v6  n€ r  p roduc t s .

t h .  nex t  phas6  o f  t h6  a1 l l gao to r  po in t - o f - sa l6  p ro j ec t  , r i I I
be  t o  d€s lgn  l nd l v i dua l  p roduc t  t ags  t ha t  r l 11  p rov ld .  key
in fo rna t i on  t o  t h6  cus tone i  on  a l  I  i ga to r  managen€n t  and  marke t i ng
p rog ra lns .  A l so ,  an  i n te rna t i ona l  ed j t j on  o f  t he  book l€ t  i s
p l anned  rh i ch  l nc l udes  i n fo rma t i on  on  a l  I  f ou l .  o f  t he  p r rmary
c lass ' i c  c l " ocod i l l an  sk i ns  i n  t f ad€ .  The  i n te .na t l ona l  ed l t . i on
r i  I  I  b€  l n  f i ve  l anguages  and  d i s t r t bu t€d  f i r s t  1n  F rance ,  I t a l y ,
Eng land ,  Ge rmdny ,  J . : pdn  and  t h .  US  a3  \ i . t t  r c  l n  ! t t  h1d .
P roduc  l  ng  coqn t r  I  €s .

Th€  bes t  l ong - t e rm  marke t i ng  s t . a tggy  f o r  c roqod i  l  i an
Pnodqc t s  l s  t o  f i r s t  p roc luce  t he  h i gh6s t  qua l i t y  p roduc t s  and
then  hav6  t he  bes t  i  f n f o rm6d  sa les  f o r ce  a t  r € ta i l ,  Ove r  t tme ,
t hs  l " epu ta t i on  o f  t he  c l ass iq  p roduc t  i s  6nha .ced  and  t he  pub l j c
i s  be t t € r  j n f o rmeo  abou t  t he  concep t  o i  manag ing  c .ocoo j  I  i ans  as
rene rab le  na tL l r a l  r esou rces .  Th€  economic  i acen t i ve  t c  an .age
and  mark€ t  caocod i  I  r ' ans  can  enhance  e f f o r t s  i c  conse rve  bo th  t he
sD€c ies  and  l t s  hab i t a t .  Con t ra . y  t o  many  an ina l  . i gh t s
a rEumen ts - - t h l s  l s  r ea l  conso rva t l on .  Tha t  i s  an  i npo r tan t  oa r t
o f  t h6  nEssago  as  consun€ i s  becon€  more  Env l r onn€n ta l  l y  a raae  i n
the  f u tu re .  A  po in t - o f - sa le  ha rks t ' i nE  p roJec t  i s  a  use fu l  f l r s t
s t eg  t owa rd  t hese  goa l s .

CSG, /Apr  I  |  199O
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AUSTRALIAN CROCOOIL IAN FAFM SKIN  PROOUCTION

Pr6sen ted  by  John  Bache
Pres iden t ,  Aus t ra l  j a  C rocod i  l e  Fa rne rs  Assoc ia t j on

1o ta  I
1989

F l ,  To ta  1  %Var  i  ance

HATCHL INGS

l i  l d  Ha rves t
i a rn  E red

5695 14r83

5017r - +39 .  45

+66 .  42

S K I N  S A L E S + +

L229 1008 2237 518  1846  -17 ,48

NOTSS:

SW -  Crocody  I  us  po l^osus
FW -  C .  iohns ton i

'  Covers  !9A7 / tgee  nes t lng  season
+ Covers  !988 , / t ,989  nes t ing  season

!nc lL ldes  Aus t ra l  tan  r l  l d  ha iv6s t  ln  Ves !6an  Aus t ra l  l a
++  Inc lqd€s  €xpo f t  and  don€s t i c  sk ln  sa les





PAPUA NEI /  GUINEA CROCOOIL IAN SKIN  PRODUCT]ON
1988 -1989

P iesen !ao  oY
Greg  M i  t che  I  I

Ma in l and  Ho ld l ngs  L td '

c. nolaqqllL-!!3.e'

L  i  v€  pu rchases
(  ha t ch  I  i  ng  s /  Yea r

Egg  P roduc l  l  on

Sk  i  n  p  r oduc  !  l  on

TO TAL

L i v e  p i J r c n a s e S

(  ha t c  h  l  i  ngs /  Yea r

Egg  P roduq t  l on

Sk  1n  p roduc !  1on

TOTAL

F A R M

! i ! L D

F A R M

l ngs )

F  ARM

FARM

1500

r .1984

2500

3065

To ta l  f  a . n
es t i na ted  t o  be

CSG, /Ap .  i  1  199o

s tock  i n  P  aPua
appaox jma t6 l y

N€r  Gu  i  nea
42 ,5o0  h  6ad .

by  t he  end  o f  1990  i s
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A F R I C A N  N T L E  C R O C O O I L E  S K I N  P R O O U C T I O N
I  9 9 0 _  1 9 9  t

Pr  esen ted  bv
Jon  Hu  t  t on

CSG V  i  ce  Cha . i  r nan  f o .  A f | .  i  ca

A t  t h€  ! 989  C ITES  mee t i ng ,  Z i nbab re ,  h j t he r t o  t he  on t v
A f . i can  coun t r y  { i t h  a  C ITES  app roved  ranch jng  p rog .am,  r a ;
j o i ned  by  Eo tswana ,  Ma la r l ,  Mozanb jque ,  and  Zamb ja  wh i ch  . ece i ved
app rova l  f o r  t h6 ia  r anch ing  p ro ! I aaos .  I n  add l t i on ,  E tn l op ta
ob ta i ned  a  CJTES expo r t  quo ta  f o r  . anched  sk l ns  f o i  t he  f t . s t
t l n€  rh l  l e  Kenya  and  Mozaob iqu€  ob ta i ned  a  s€cond  round  o f
expo i t  q l l o t as  f o r  aanched  sk i ns  on l y .  on l y  soma l  j a ,  sudan ,  and
Tan :an ia  r ece i ved  exoo r t  quo las  f o r  r j  l d  sk j ns ,  Sudan ,s  on l y  Fc r
oae  yea .  t o  c l ea r  s t ocks .

P roduc t  i  on  o f  aanched
i  nc  reasa ,  wh l l e  y i l d  sk i ns

Un fo r t una t s  I  y .  expo r t
may  ac tua l l y  b€  p roduced .
a  t en ta t  i ve  p red i c t i on  i o r

sk i ns  jS ,  acco rd jng l y ,  expec !eo  t o
dec  I  i ne  na rk  €d  I  y .

quo tas  gJv6  I  l t t l e  i i d l ca t i on  o f  Bha t
The  f o l  l o r i ng  schedu l  €  i s  aovanc6o  as
expo r t s  f r on  A f i . j ca  i n  l 99O and  ! 991 .

P R O O I J C T I O N  O F NILE  CEOCCOILE  SK INS  I I I  AFRICA

Bo ts tana
E th iop ia
(enya
Madagascaa
Ma  I  a r l
Mo  z  amb I  qu€
Nan  J  b i a
Sou th  A f r  i  ca
Sona l l a
Sudan
Tanzan ia
Zamb i  a
Z J |r lbabw e

TO TAL

CSG/Ap | .  i  1  1990

Fa rm lRanch ! i  t d

00

00

00

00

2000
2 600
2500

0
2000

300
0

4000
0
0
0

3000
20000

r000

2500
300

2000
!000

8000
0
0
0

28000

34900  48700
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EXPORT QUOTAS
MEETING

FOR CROCODIIIANS
OA flI! CONFIRENC!

AGE.EED UTOIT AA
OF THE PARTIES

gltE sEvEMlll
IO CITES

! 990

CrocodvluE cataDhractus
conq|o

ClocodvluE n11ot1cus
CaEeroon
ConEo
Ethlopla

Kanya

!{adagaEcar

SoDalla

Tanzania

Clocodvlus Eorosus
Indonasia

Osteolaenus tetlasDig
cong0

500  u  600  v  600  v6 0 0  i t

t0o

1000
1000

2000

5oo0

3 000
2000

8800 r r
20 \,

6000  r 8000

6000

rr

t

40OO rt

500 !,

4000

3000

r

g

r

ranchEd spec1D6n9
ltlld halrrest
huntLng trophtes
j,lcludlng 2500 live hatchlinEg

Sourcei I&IFFIC BuLletin 11(2/3) Cualch 19901



A L L T G A T O R  F A R I . {  P R O O U C T I O N  I N  T H E  U N I I E O  S T A T E S

Presen ted  by  l ed  Joansn
CSG V i ce  Cha i rnan  f o .  No r th  Am€r i ca

Fa | "n6c l - i a i sed  sk i ns  d i d  no t  en tea  t he  Lou i s i ana  o rog ram
un t i l  ! 984 .  l ha t  yea r  app rox ima te l y  2 ,OOO fa .n - ra t sed  sR tns  we re
so ld .  l he  ave rage  s j : e  o f  a l  I  f a rn - ra j sed  sk . i ns  so ld  i n
LOu iS iana  s l nC€  L984  measu red  ras  4  f oo t ,  4  i nch€s  (N=69 ,944 )
r i t h  a .ange  o f  3  t o  6  f ee t .  Mos t  o f  t h6  Lou i s i ana  f a rm- .a i s€d
a l l l ga to l . s  t ' eached  na . ke tab t6  s i ze  i n  lEss  t han  t . do  yea rs  o f
ag6 .  Lou l s l ana ' s  1989  f a rn  p roduc t . i on  j s  6s t i na t€d  a t  SO.OOO
sk lns  a l onE  w i t h  a  25 ,000  r i l d  sk j n  ha rves t .  Lou t s i ana  s ta te
ha rves t  f r om bo th  f a rn  and  r i  l d  accoun t6d  f o r  77  o€ rcen t  o1 r  t he
U ,S ,  a l l i ga to r  sk i n  p roduc t i on .  The  ecOnon i c  va lue  O f  t h€  1 | i l d
ano  i a .m  ha rves t  t o  t he  s l a te  amoun ts  t o  abou t  s1g  m i l l i on
annua  I  I  y .

A l  I  i ga to r  f a rm  p .oduc t ron  rn
and  l exas  i s  expec ted  t o  J  nc reas€
fa r | l l  s k i n  p roduc t i on  f r om F ]o r i da
ave raged  4  t o  5  f e€ t  l ong .

Te ras  nas  j us !  app | . cx ,  r a !eo  t n
!988  aoo .ox  i  r a !e  I  y  2 .0C0  ^a  ! c r  '  :  - gs

Sk  j n  p  r cduc :  i  on  on  Texas  f a . : ns  r1 l  l
i i . < r  r i a 6  : n ' c c n

otner  s ta t6s  sqch  as  F lo r ida
r 'n  th€  nea .  fu tu re .  Th€  1 .989
fa rns  ras  16 ,389 .  Thes€  sk tns

egg  co l l ec t i on  o  r  og ra rn .  I n
re re  So ld  t o  F load ia  f  aa r i l s .
an to r  : i e  na rke t  i aa : f e

A  I  I  i ga to r  m l  Ss i  ss ' oo  j ens i s SK IN  PROOUCTION

L o q i S i a n a 50 ,  000

8 ,  000

20

75 ,  000
25 .000

F lo r l da

lexas

Sou th  Ca  ro  I

TOTAL

' i  na

FAR M

FARM
WILO

FARM

10! ,495  r .35 .  0oO

C S G / A o .  i  I  t  9 9 0
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MARKET PROOUCI ION ANO THE IACTS REVIET

p resen ted  by  oon  Ash . l  Ey
Ash  I  ey  Assoc  i  a t es ,  Jnc .

S ince  1987 ,  t he  goa l  o f  t he  I n te .na t i ona l
A l  l  i ga to r /C rocod i  l e  T raoe  S tudy  (  IAC IS )  p ro j ec t  has  been  . . r o
ob ta i n  a  be t t e .  unde .s tand ing  on  j n te .na t i ona l  c l ass i c
c rocod i  I  j an  ! r ade  and  eva lua tE  l t s  e f f ec t  on  t he  managenen !  and
conse rva ! i on  o f  c rocod i  I  j an  resou rces .  ,  Th rough  an  annua l
r6pon t  comp i  I  i ng  C ITES  t r ade  s ta t i s t l c s  and  i n fo rma t j on  f | . om
reg lona l  coope ra to r s ,  and  h i de  dea l€ r s ,  IACTS p rov ides  a  yea r l y
t r ade  ana l ys j s  on  pas t ,  p res6n t ,  and  f u tu | "e  c l ass l c  skJn  t r ade .

I n  t he  1989  IACTS annua l  r epo r t ,  m in jmun  ne t  t r ade  i n
c l ass i c  sk i ns  was  115 ,49 !  h i des  cased  on  l 9g7  C ITES  Annua l
repo r t s .  No  C ITES  repo r t  r as  . ece i ved  t ha t  yea r  f f om  Indon6s ia
and  t he  vo lL rme  o f  t ha t  un repo r ted  t r ad€  i s  as t ima ted  ! o  b€
30 .000 -40 ,000  c l ass i c  sk i ns .  t hes6  es t {na tes  co inc i de  r i t h  h i de
dea le r s  i n f o rma t i on  t ha t  t o ta l  c l ass l c  sk i n  t r adg  . i s
app .ox r 'ma t61y  ! 50 .000  h i des  a  yea r .  Th i s  l ev6 l  o f  t r aqe  r€na tns
a t  abou t  ha l f  o f  t he  es t ima t6d  t i ad6  t r en t y  yea rs  ago  (3OO.OOO)
and  abou t  one - th i | ^d  o f  t he  peak  t r ade  i n  t he  ea r t y  t 960 , s  , h1ch
nay  hav€  -eacheO 500 ,00O s< ins  a  / eaa .

i he  number  o f  c l ass i c  sk i ns  i n  r o r l d  t r adg . r i : l  r nc reas€
s ign i f j can r l y  i n  f 990  t o  more  ! ha l , 1  20O,OOO sk jns  pe .  f ea r .  And  a
: i . j r t he r  i nc | ' ease  t o  abou t  3OO.OOO h ides  i s  expec ted  j n  ! 991 ,
re tu rn j ng  ra r l d  t r ade  p roduc t t ' on  t o  t he  es ! ima teo  I 97O l ev6 l s .
i he  i nc rease  j s  due  a lmos t  en t i r e l y  t o  expandEd  p roduc t l on  o f
f a rned  and  l . anched  skJns .  A f t e l "  l , 99L  t h€  ra te  o f  expans lon  i n
c l ass iq  sk l n  p roduc t i on  , r i l l  nod€ .a te  t o  2S .OOO to  5O ,OOO each
yea r  and  rou ld  r e tu rn  t o  t he  eaa l y  60s  l 6v€ t s  o f  es t ima ted
p .oduc t Jon  a i  500 ,000  be t reen  1995  and  t he  yea r  2OOO.

Based  on  t hes6  f i nd ings ,  t h€  IACTS pan€ l  r econn€nds i

r)

3)

4 )

AI1  q rocod l I Ian  sk Ins  shou Id  b€  tagged .
IndonEs la  shou ld  inp rov€  i t s  hJd6  tagg ing  and  CITES
| "epor t  I  ng  sys tEm,
Japan  and  S lngapo ie  shou ld  d rop  the i r  C I IES reserva t jon
on  c rocodv lus  po .osus .  (No tE i  Japan  d rapp€d  t t s
.Es€rva t ion  in  la tE  1989 .  )
Praducer  cgun t r i€s ,  Eq ts rana  and  Sudan ,  shou ld  d rop
th6 l r  r€s6rva t lons  on  C.  n i  l o t i cus .
ThaJ  land  imm€d ia te ly  lmp l€nen t  a  hJde  tagg ing  and  t rad€
repo| " t i  ng  sys te ln .
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S lnEapo | . e  shou ld  reE l s t6 .  l t s  c rocod l  l €  f a rns ,  t n l t t a t e
a  h {de  t aEgJng  sys t€m,  and  Es tab l l sh  a  t i ad€  rgpo r t l nE
proceduae  fo r  c rocod ' i  I  1  an  sk  {  ns .

7 ) c ITES expo . t  quo tas  shou ld  on ly  be  approved
ad .qua t6  c rocod j  l e  nangenen t  p lans  (  l nc  lud i
su rvey  and  popu la t ion  mon i to r ing  components
b66n  es tab  I  i  sh  ed .
S t r j c t  en fo .cenen t  o f  nanaqed  r i  l d  harves t
shoq ld  be  i rnp len6n ted  to  bEt te r  p | ^o tec t  r l  I

f n 9 n
ng hab i  ta t
) ,  nave

| .egu la t ions
o  s locKs .

CSG/  Apr  J  I  1990
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page th ree

on i ted  Sta tes
AI l iga tor

Af  r  l ca

N i le  c rcccd i le

?apua \ew cu inea
Freshwater  and SaI  twa te r

I nd ones ia
Freshwa  !e r  and  Sa l lwa te r

ESTIMATEDIUMB ER 0F f"t lLO HAFVESTED

c rocodi 1e

30,000

r2 ,000

24  ,000

24 ,000
90 ,000

:R . \D  E  IOREC. \ST  : I  C : . rSS : :  S3 : IS

1990

r991

t99  2

?O1AL ?RADE

200,000-250 ,000

250 ,000-100 ,000

300 ,000-350 ,000

10  0 ,  0  00-  125 ,000

125 ,000-150 ,000

150 ,000-175 ,000

J. Oon Ashley

100,000-125 ,000

125 ,000-  r  50 ,000

150 ,000-175 ,000

Pro lec ted  i nc reases  i n  cLass i€  ha tqh l i ng  and  sk in  suppL ies  beyond  1992  i s
no re  d i f f  i . cuL t  becaqse  o f  va r i ab les  l i ke  fa rn  expans ion ,  haech l ,ng  success ,
nes t  f Lood j .n9 ,  l a r l l l  f a i l u res ,  t u ) r ta l , i r y  ra tes  an l  j . n teanac j .ona l ,  i eg r : l a t : , ons .
l l oweve ! ,  i f  na rkeC demand  and  h ide  p r i ces  do  noc  become a  d i . s i ncen i i ve  a f te r
l he  300 ,0C0  h j .de  annsa l ,  p rodqc t i on  p la teau  i s  reached ,  t hen  supp l i es  ! , i 1 !
con t i nue  t o  i nc rease  a t  25 .000  t o  50 ,OOO add i t i , ona l  c l ass i c  sk i ns  a  yea r
th lough  tbe  1990 ,9 .  f he  ea tL ies t  5OO,OO0 c lass i c  h ides  a  yea r  i r ou ld  be
p roduced  j . s  1995  and  the  1onger  v iew  , rou ld  be  by  the  yea r  2OOO to  reach  a
ha l f  n i l l i on  c lass i , c  ak ins  annua lLy .



GLOEAL HARKAi  PERSPECi  i  VAS:
JAFANESE MARKET IMPLICATIONS OF SPECIES

ANO S IZE  CLASS CHANGES IN  THE CROCOOIL IAN TRAOE

Presen ted  by  Nobo .u  I sh l i
Taka ra  Tsusho  Co .  L td '

Al  I  k inds  o f  c lass ic  c rocod i  I  j an  sk ins  a re  inpor ted  rn to

Japan .  The  to ta l  va lue  inpor ted  in  !989  fo r  c lass ic  c rocod i l i a

sk ins  and  h ides  ras  abou t  $uS 16  'n i l 11on .  Anong  these '  84
p€rcen t  o i  abou t  3US l3 '5  n l l l i on )  16re  f€ t  sa l ted  ra i  sk ins '

Th is  f i gu re  exc ludes  sk ins  o f  ca iman c rocod i  l us '

Mar  k  e !  Sha r€  bv  sPec  i  6s

Th€  l a rges t  quan t i t i e s  impo r ted  i n to  Japan  i n  1989  anong

cJass i c  c rocod i  I  Jan  sk l ns  \ ve rE  o f  C rocodv lus  nova6du ineag

novaequ ineae  (C .  n .  novaequ jn€ae ) ,  t hJch  i s  a l so  ca l  l ed  t he
' l a rge  sca le  c rococ l l  lE .  "  Thes€  co f i p | ^ i s€d  abou t  60  t o  65  pe rcen t

o f  t o ta  I  j  mpo . t s .

The  second  l aages t  quan t i t i e s  s  a f t e r  C '  n '  novaequ jnoa6

hava  been  C rocodv lus  po rosus '  a l so  ca l l ed  " sma l l  Sca l€

c rocod r ' l e . '  These  compr l sed  abou t  ! 5  pe rcen t  o f  a l l  j npo r t s  i '

i  939 .

i he  l h i r d  l a ' . ges t  quan t i t i e s  impo r !ed  re re  o i  A l  I  i ca !o '

m  I  s  s  i  s  s  i  p  p  i  e  n  s  i  s  (  Ane .  i  can  a l  I  j ga to r ) ,  r h  j  ch '  conp r  i  seo  abou t  l 5

pe rc6n t  o f  a l l  imPor t s .

Th6  f ou r t h  spec ies  i nPo r ted  t , as  C rocodv lus  n l  l o t l cus  (N1 le

c rocod i  l e ) ,  comp . i s l ng  abou t  5  t o  6  pe rcen t  o f  t h€  1989  impo r t s '

Ma rke t  sha .e  bv  o roduc inq  coun t r l es

tn  ! 989 ,  t h€  l a rges t  sha re  o f  c l ass i c  c rocod i  I  j an  sk l ns  camB

f ron  SJngapo r€ ,  vh i ch  s l rPp l  i 6d  abou t  39  pe i cen t  o f  t o t a l  r a r

c rocod i  l 6  sk l ns  i opo r ted  i n  Japan '  The  s€cond  coun t r y  r as  Papua

Ner  Gu ln6a ,  r h i ch  - supP l l ed  2O  Pe ' cen t '  The  t h i r d  l a | . ges t

supp l y l ng  coun t | " y  r as  t he  Un l t €d  S ta t ss  r i t h  L5  p€ ' can t '  r n l  l e

t h€  f ou r t h  coun t r y  r a5  I ndones la ,  r hJch  suPp l j ed  I  pa rcen t  c f  a l l

s k i ns  i  mpo r ted  t o  JaPan .

t n  f 988 '  Papua  Ne r  Gu lnea  \ r as  t he  l ead inE  supp l i e r  o f  sk i ns

to . Japan ,  t l t h  34  p€ . cen t  o f  t h€  mark€ t '  Th i s  r as  f o l l ovEd  bv

S ingapo re  Y l t h  28  Pe rcEn t '  and  t he  USA r i t h  abou t  15  pa rcen ! '



Farm€d  sk l n  vs .  r i l d  sk l n  supp l l as

sk  i  ns ,  i
t 6 rms  o f  demand
n  g€n€ ra l ,  t h€

V l l l d  sk l ns

F a . m e d  s k  i  n

and  t he
fo l  l o r l ng

use  o f  f a rm€d  sk i ns  v€asus  r i
po  l  n t s  shou ld  be  cons tda r€d :

exp€ rc t  i  ng  l 6ss  supp Iy  t n
con  I  n9  y6a rs
va r  I  € t y  o f  s  1z6s  (  I  a rge .  )
h  l  ghe r  p r i qe  t han ' f a rm€d
no t  d€pgndab  l e  f o i  s t ab le
nanu fac tu i  I  nE  sch€du  I  e
lmage  no t  so  p | . 6 fe fab le  { n
t€ams  o f  conse rva t Jon

s tab  I 6  and  su f f i c j en t  supp l y
s  t ab  I  e  pa  i  c€
l lm i t €d  s l ze  s€ l€c t . t on
haJo r  supp l y  sou rc€  f o r  f u tu re
ous  1  ness
lega l  I  r nage

Bo th  r j l d  anc l  l . aamed  sk i hs  each  hav6  advan tag6s ,  anc l
t h6  d€mand  f o .  bo th  t yp6s  va r l eg  d€p6nd jng  on  f ash . l o i r
ano  cus tomt ' r '  s  needs .

l l o reve r ,  i t  i s  i nc .eas l i g l y  d j f f  j au l i : : c  ge !  su i ; i c jBn t
supp l i as  o f  , j l d  sk i nS ,  and  j t  j s  6xp€c t6d  r : ha t  f e re r
and  f e r6a  r r - l d  sk i ns  r l  I  I  b6  ava i  l ab le  i n  com jng  y€a rs
to  i nee t  denand .  I n  add l t j on ,  h i gh€ | "  p r l c€s  a re
expEc t€d .  I t  i s  l l k . l y  t ha t  cus to rne . s  ( nanu fac tu l " € . s )
r l l l  b€  cons lds r i ng  more  u t J l l za t l on  o f  f a | . ned  sk tns  i n
the  f u tu r  6 .

i l o r  I  d  p roc l r r c t i on  vs .  demand

Cons ld€r lng  cu r rEn t  to ta l  ro l . l d r ide  p roduc t ion  o f  c lass lc
c rocodJ l lans  a t  apprax lmate ly  l50 ,0OO sk . lns  (accord tng  to  IACTS) ,
Japan l rnpor ts  about  50  p€rcgnt  o f  ro r ld  p .odqc t lon  as  ra r
f ia t€ r  I  a  1s .

B€s ld€s  ra r  ma !e r l a l s ,  t he rE  a re  hug6  numbers  o f
manq fac tu r€d  l €a the r  goods  nad6  f r om c l ass l c  caocod j  l  l an  sk l ns
rh i ch  a l " e  impo r t sd  j n to  Japan  p | . j na r l  l y  f r on  Eu faoean  coun t r t €s ,
pa r t i cu l a r l y  I t a l y ,  F ranc6 ,  and  F .R . .  Gg inany .

t n  add l t l on  t o  t h l s ,  l a rg€  vo lunes  o f  f i n i sh€d  l ea th6 r  goods
a .e  pu rchas .d  by  Japanes€  t ou r ' l s t s  v l s i t i ng  Eu rop€ .



! n  conc lus i on ,  r a  €S t l na ta  t ha t  apProx lma ta l y  70  Fa f can t  o f

t o ta l  r o i l d  p l . oduc t l on  o f  c l ass l c  c rocod l  I l an  sk l ns  a rE

cu r ren t l y  t aken  by  t he  denand  o f  Japan .  I n  o tho r  r o r c l s i  t h l t

o resen t  na t ' ke t  o f  c l ass i c  c rocod l  I  j an  SkJns  i s  va ry  f i uch

oepend€n t  on  a  s i ng ' e  na r (E t .

i / e  cons lde .  t h i s  i s  no t  a  pa r t l cu l a . l y  hea l t h l y  s i t ua t i on

fo r  t he  c rocod i l j an  i ndus t r y .  A l t hough  re  hope  and  r i l l  t r y  ou r

bes t  ! o  Keep  ou r . l apanese  marke t  s t €ady  i n  g ro r t h  i n  com ing

yea rs ,  r e  hav€  t o  avo id  t h€  [ a r ke t  b€ lnE  danaged  by  any  €x t i ene

mark6 t i ng  chang6s  o l '  novenen ts  by  Ex to rna l  f o r cds  s l r ch  as  an lna l

r  I  gh l s  ac t I v l s t s '

1 t  i s  r 'mpo r tan t  t o  no te  t ha t  Jaoan6se  consuhe ' s  a re  o€com lng

inc reas ing l y  sens j t i ve  and  conce rned  abo ' J t  na tu ra l  6nv i r onmen !

and  t he  conse rva !  i  on  o l  na tu ra  I  r €souaces .

l t i t h  t h i s  i n  m ind ,  r €  cons jde r  i t  ve f y  impo ' t an t  f o r  a l  l

oa l . t i e s  conce rn€d  r i t h  t he  c rocod i  1e  i ndus t r y ,  l nc l qd lng  bo th

p roduc lng  and  consun ing  na t l ons ,  t o  r o r k  t og€ th€ '  no t  on l y  l n

Japan  oL r !  r o r l d r l c l e  on  oos i t i v€  o romo t l ona l  e f f o r t s  a im 'd  a t

educa t i ng  t he  consum€r  t ha t  buv inq  caocod i  I  l an  p roduc t s  h€ lps

conseava ton  o f  c | " ocod i  l es  and  na tuaa l  r esou ' c€ t s '

CSG/  Ao r  i  I  1990
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GLOaAL MARKET pERSPECT !VES: .
EUROPEAN MARKET IMPLICAT lONS OF SPECIES

ANO S IZE  CLASS CHANGES IN  THE CROCOOTL lAN TRAOE

pr€sen ted  by
CSG V. tce

oepu ty  V ice  Cha i

Sk i r t  S izes

18-24  cm

Kev in  van  Jaa rsve Id t
Cha  l  r nan  f o r  T rad6

beha  1 f  o f
. han  Ph l l i ppe  Roggu i  I  l e | ^

A  sna l l  ma rkE t  ex i s t s  f o | "  ve r y  expens rve  sma . l l
l ea the r  goods  and  t o  so f t e  €x ten t  r a t chs : raps .
9ecea t  d i scLss lons  r r ! n  l €ao : , 1g  ra ! cas : , ep
manu fac  ! uaeas  i  nd  i  ca te  t ha t  p r  i  ces  a re  t oo  h i qh  bv
50  pe rcen t .

f h i s  s i ze  range  i s  Jnc reas ing  cons jde rab l y  j n  t he
rna rke t ,  as  f a rne . s  t ay  t o  ha . k€ t  sna l . l € r  sk i ns  t o
conba t  t he  h i ghe r  f €ed . l ng  cos t s  and  accomoda t i on
p rob lems  assoc ia ted  H l t h  r a l s i ng  l a rge .  an ina l s .

i he  i nc reas€d  numbea  o f  sk l ns  o f  t h . s  s l ze
marke t  make  f j n i sh€d  goods  v€ ray  expens i ve ,
sK rns  aae  needed  : o  nanu fac ! ! ae  a  f cnan , s
rhe reas  oa l y  cne  sk i a  i s  neeced  rhen  l a rge
a re  u5ed ,

I  n  ! f  a

as t ro

These  s izE  sk ins  a re  norna l  l y  i nc luded  tn  th€  25-29  cm rang6 ,  and  a l though  be t ts r ,  a rE  o f ten  a
S i ra l  I  oe rcsn tag€ !  o f  pa .c€ r .s .

34-40  cm

40+  &  uP

The re  a re  no t  enough  o f  ! hase  sK
marke tp l ace i  t h6y  do  d€mand  a  n l

Th6se  s l z6s  a re  a l nos t  conp lg te l
f i a r ke tp  I  acE ,  r . j t h  ! he  €xcep t i oo
a l  l  l ga to r s .

Fa rned  p .oduc  t .  on  o f  c rocoo i
a t t 6np t  l a  a t t €nd  t o  t he  f u l
. eqL r i r ed  sk i ns ,  18  t o  55  cn r ,
COnCen t ra tO  F r  i  ma r  i  1y  On  t ne
ranEe .

i ns  i n  t he
gne r  p r  I  ce .

y  ou t  o f  t he
o f  t hose  f r o i i  w i l d

EECOMHENDAT ION: I  i an  sk i ns  snou  I  d
I  . ange  o f
and  no t  t o
25  t o  33  cm s i ze

C S G / A p .  i  I  l 9 9 O





GLOEAL MARKET PERSPECTIVES:
U .S .  MAFKEI  IMPL ICA I IONS CF  SPECIES

ANO S IZE  CLASS CHANGES IN  IHE  CROCCDIL IAN  TRAOE

presen ted  by  Cav id  Ha i re

U .  S .  t r ends  j n  t he  usa  o f  c r ccod i  I  j an  sk i n  i n  t he  t as t  2Oyea rs  nave  t ak  en  nune  rou  s
to s ix years.  r ' .e,estern ; : : : " , : : : " : : ; ' : ; , ,?: : ; " : " : : : . l i i : :  """
sk ins ,  h j s i o r i ca l l y  f ocus ing  on  7  f oo t  an ima l s .  La te r ,  t hei  nduS t r y  t u r  ned  j  t s  : oCUs
Anerican ar I  isators 

""0 '" : : ' : : : " : : " .H";" : : " : :JJ, : : : ; ' : :1" , : ] ] 'ava l  l ab le  o the r  c rocod r .  I  l ans .  Bu t  as  p r i ces  so i r ed  f o r
a l  I  i ga to r s  and  o the r  c rocodJ  I  i ans  and  comp6 t j t i on  f o r  t aage r
SK lns  has  j nc reased  wo r l d r i de ,  t he  {ndus t r y  subs t j t u t ed  o the rexo t j c  sk r ' ns  j n  t h6  l as t  f ew  yea rs .

ye t  c roccd i  I  i an  sK ins  a re  s t i  I  I  , l sod  i n  t he  U .  S .  sk i ni r dL l s t r y  i i  on l y  a  on  s i na l  t - s ca te .  l he  sna r l e .  sk l . ns  e re  oe .  j 1g
! sed  by  a  9 .o , , / j ng  nunbea  o f  sk i t  l e c  l ea the .  a ra f t sman  o rodLJc r . c .c l ass j c  c i ccoq . i l j an  hancbags  anq  i , l a i  goods .  And  i r i e  sk j ni ndus t r y  uses  ! . a rned  sk i ns  as  we l  I  au :  h  j g l . ea  p r j aes ,  axcesssca r . r ng ,  and  bac te r i a l  danage  f oound  i n  some  fa rmed  sK tns  nasI  i n t i t ed  t he i r  g row th  t n  t he  . t ndus t r y .

CSG/Ap .  i  I  l . 990
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THE TRAOE !N  OTHER EXOI :CS:
rHEIR  EFFECI  ON THE CROCOO!L IAN MARKET

L i  za rd ,  Snak€ ,  anC l  Sha rk

p res€n ted  by  Tosh . i  o  yamanaka
0epu ty  V i ce  Cha i rman  f o r  T rao€  o1 :  CSG

Th6  s ta t€  o f  t he  mark€ t  f o r  l l Za rd  sk i r l s  i n  Japad  i n  1989
9 rea t l y  expanded  coDoa red  t o  t he  p rev ious  yea r .  The  t o ta l  va l ue, . as  appJ "ox ima !a l y  I . 9  t i nes  t ha t  o f  1988 ,s  f i gu re  acco r .o tnE  t oJapanesE  cus ton  s ta t i s t i c s .  som€  o f  t h i s  may  be  €xp la i ned  byp roduc ing  coun t r i es '  p r i ce  i nc reases  du r i ng  t ha t  pe r i od .  Fo rexanp le ,  t h6  o r j ce  o f  r l ng -maaked  I  i za rd  (Vaaanus  sa l va to r )  sk i nsl nc raaseo  i r o l n  g7  pe r  sk i n  j n  Janua ry  t 989 to  Sg - l ; l ; cemoer  anoi s  noH  abou t  5 !O  oe r  sk i n .

\ ea r  I  y  60  pe rce . r !  o f  : l
r ep t i  l e  sk i n  I  ndus t r y ,  came

-he  Japan6se  rep t  i  l o  sa
do rn l l s t i ng  o f  t r o  App€nd  i  x
(V ,  benqa lens i s )  and  ye l  l o r
conse . va t  i  on  po in t  o f  v j e r ,
do r . l  j s t i ng  cou td  be  bene f i c
on  v .  sa  I  va to r .

Za rd  sk  i  ns ,  t he  co re  o f  t he  Jaoanese
f . on  I  ndon6  s . i  a  du r t ng  ! 989 .

i n  i ndus t r y  , ou1d  t j k€  t o  see  t he
I  sp€c  j  es  o f  I  J  za rds ,  Benga  I  mon  i  t o r
mon l t o r  (V .  f l avesc6ns ) ,  F ron  a
th j s  j  ndus t r y  b6 l  i eves  t ha t  sucn  a .
j a -  1n  ! i a !  i r  r ou lq  l 6ssen  t he  ! r adE

The  i apaneSe  .ep t i  l e  Sk in  i nCus t r y  be t , eveS  i na !  ! f e
Japanese  gove rnnan !  i s  . o ! l  c reoa r  i  ng  t o  cooce ra !e  r i l h  a i egang ladesn  gove rnnen t  and  p rov jde  f und ing  f o r  add i t i ona t
i nves t i ga t i on  i n to  t he  popu la t i ohs ,  hab i t a t s ,  eco logy ,  and
b lo l ogy  o f  t hEsa  t r q  va ran ids .  \ r i t h  t h6sE  da ta ,  t he  Bang ladesh
C iTES  managemen t  au tho | ^ i t y  shou ld  be  ab le  t o  de te rm ine  i f  t he
!nese  t r o  soecJes  shqu ld  be  doHn l i s t ed  i o  Append i x  i I .

Py thon  sk i n  t r ad€  i s  ne la t i ve l y
cons tan t  p r j ces  a t  a  mod6 ia !e  r i a rKe !
us€d  p r i r na r i  l y  f o i  no re  casua l  r onan '
consL rm€ l^ .

s tab le  j n  Japan .  se t t i ng  a t
c l amand .  Py thon  sk j ns  a re
s  handbags  f o .  t h€  younge r

VJh i  lE  sha rk  sk l ns  a r6  no t  p roduced  i n  g rea t  quan t i t i e s  i n
Japan ,  t hesg  sk i ns  a re  ex t rene l y  popu la r  f o r  use  i n  handoags  f o r
t he  Japanes€  rna rke t  r h . j  l e  t . hey  a re  used  ma in l y  f o r  r a t cns t raps  t n
!h6  Eu ropean  maake t .

Sharks  a re  a  secondary  ca tch  o f  th6  Japanese  tuna  f l shery
and  a re  usua l l y  taken  on ly  rhen  tuna  a re  no t  ava i lab . le .  so  the re
is  ,1o t  a  cons tan t  supp ly  o f  sk ins .  F in . l shed  shark  sk ins
ava i  l ab le  in  Japan  have  an  es t imat .d  va lu6  a f  abou t  $10o ,  ooo
month ly ,  fo r  bo th  th6  domestJc  and  fo .eJgn  r . l a rke t .
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l n  conc lus l on ,  t he  t h re€  t yp€s  o f  skJns  oen t l oned  above  _
I  j za rd ,  snake ,  and  sha rk  - -  gsne ia  I  I  y  do  no t  a f f ec t  t hs
c rocod l l l an  mark€ t  a t  a l l  b€causa  t h6  p r j c6  S t ruc tuaes  aae
d l f f g rEn t  and  t he  c l ass€s  o f  consun€ rs  va ry  acco rd ing  ! o  t ncans
.a tE .  Tho  Japan€sE  rep t  l  l 6  sk  i  n .  j  nduS t r y  be  l  i  €v€s  t ha !
c rocod i  I  i an  sk l ns  and  t heSg  t h fEe  o the .  €xq t i c s  a re  f u l  l y
canpa t i  b  1e  i n  t h€  na | . ke tD lace .

CSG, /  Apr  I  I  1990



At  a  t l ne
ac t i v i t i es  i s
o ther  exo t  i  cs?

THE TRAOE IN  OTHER EXOTICS:
IHEIR  EFFECT ON THE CROCOOILTAN MARKET

0s t | i  qh  and  E  I  ephan t

P resen t€d  by  K6v in  van  Jaa l . sve ld t
CSG V i ce  Cha i rman  f o r  T rade

rhen  s ign i f  i  can t  g ro r th  in
l  nc reas  I  ng  P .oduc t  j  on ,  rha  t

Cracod  i  J  i an  f a .n  I  ng
rs  hapoen  i  ng  r i t h

ost r  i  ch

Cur ren t l y  l 0O  pe rcen t  o f  a l  l
con t ro  I  l ed  by  Sou  t h  A f  r i can
0u tshoo rn  and  ma jo r  shaaeho  I

K l€ i n  Ka roo  Landbou  Copo ras j
80 ,  000  sk i ns  pe r  annum:

os t r  i  ch  sk i n  t r ade  i s
f a r i ne rs  t h rough  t he i r  co -op  i n
d lng  1n  a  gO tswana  t anne | ^y .

f<KLK)  ! . ade  i s  es t {md tsq  a t

Marke t s

Sou th  A f  :  i ca
USA
Europe
iapan
Hong  Kong
ia iwan
S  i  ngapo re
Ao tswana

Es  t .  Sk ins

30 .  000

: .  coo
600

Buyers /
Ao€n ts

2
1

3
I

I

:

i 3

I t  j s  Jmpor tan t  to  no te
ac t i v i t i 6s  ln  th€  USA,
Eots rana,  and Tanz  an . i  a
cons fd€rab ly  by  20 ,00O

t ha t  i  nc reased  cs t . j ch  f a r r i ng
Z  i  r nba  b re ,  Nam lb ia ,  BopuEs rana .
cou ld  i nc rease  t h . l s  f i gu rE
inS toTy6a rs .

An adu ' l t  os t r i ch  p roc luces  an  av€ragq  o f  14  sq  f t  o f
sk ln .

Es t i rna ted  annua l  p .oduc t jon  Js  1 ,037 ,400  sq  f t  va lued
a t  t25 ,935 ,000  (bas€d  upon  an  avg .  o in imum o f  !3  sq  f t
pe i  an ina l  x  79 ,800  sk ins  per  annun  x  avg .  f i n i shed
lea ther  p . i ce  o f  $25  per  sq  f t  fo r  7O/ZO/LO grad lng) .



E l  e  phan ts

A l though  ou t  o f  t ] ' ade  due  to  the  reqen t  c ITEs
l i s t ing ,  i t  i s  ques t ionab l€  tha t  th i s  lea the i
jn to  t rade  in  the  nex t  t to  lo  fou .  yoars .

T rad i t i ona l  sourcE o f  supqLr :

A Dp  €nd  j  x  I
w i l l  come  back

Produc6 r

Z  I  nbabr6
Sou th  A f  r  i  ca
Nan ib i a

Marke ! s

USA

Europe

An ' ina ls /Annun Es t .  Sq .  Foo taq€

350,  000

80  kE  d ry  sa l t ed  h i d€  =  ! 00  sq  f t  l ea the r

unt i  1  ths  C ITES ban ,  6s t imated  annua l  P l "oduc t jon  was  va luec l

a !  55 ,346 ,500  (based  upon  314 '500  sq  f t  pe r  annum x  av9 '
f i n l shEd lea ther  p r i ce  o f  517  pE.  sq  f ! ) .

t { l t h  th i s  lea ther  poss ib ly  back  in  t rade  ln  1992 '  the
ac tua l  numbers  a .6  d j f f l cu l t  to  p red ic t  un l j  1  neY c ITES
r u l es  a re  adop ted .  ! i -  sho r i l d  b€  no ted  howeve r  i ha t  unde r

no rna l  annua l  Q rcc l Jc t : on  p rog rans .  t hese  p rev lous  numoers

cou ld  be  ' i n c reased  and  may  j nc l ude  o the r  ccun t r l eS .

Maak6t  Share

85*
1o i
5r

corboy  boo t  manufac tu re rs
sna l l  Iea ther  goods  &  luEgag€
smal l  l ea ther  goods  &  lL rggag6

CSG, /Apr  i  I  1990



r8E TRADE IN OTHER EXOT:CS:
TI{EIR EFFECT ON Tt{E CROCODTLIATI MARREI

Ostrich and Etcghan! Trade in th. USA

Presenled by Dave Durland
Joh!  G.  Mah ler  Co.

Due to the ulr iqu6 chalacler
see l l l s  go  be :es5  co l l l pe t i , t i oo  foa
nark€! lhan yoq might exp6c!.

o f  each  o f  bhese  l ea the rs  the re
consumer  do l l a rs  i - d  the  US

Crocod i l i a l r  and  6 Iephane  lea lhe !s  seen  l o  have  !eached  ap r i , ce  res i s ta r1ce  . l . eve l  i n  t he  US re3 te !n  boo t  marke l .  Th i s
l r r t ce  res i scance  on  ! , he  pa r r -  o f  l ehe  US congume!  s€ems  co  i ave
ino !e  impac l  on  c rocod i l i an  p roduc l s  Ehan  compe l i t on  w i . ! h  o the r
exoc1cs t .

El ephanl

Currsnl l larkec: The cullenl el€phanC na!k6t !s vsay
clouded by the recent CTTES ban on i.rtetnational
t rade  !n  e lephan t  p ro i l uc t s .  l l o reve r ,  sa les  o f
e lephan t  g roduc l s  i n  USA a re_s t l oog  eoough  Co
a.bsorb oresent'  stocks in thi.s countly,

l , l a r ke t  T :ends :  ?he  sca l c l t y  c f  ra?  maae :1a l  d ! . ve
p r i . ces  pas t  a  l eve l  ! . heae  vo iu ;ne  bus ioess  co l i l d  : e
done in the US. When elephant Leather agaiD
beco [ res  ava i l ab le ,  once  aqa in  th6  p r i cc  { i ] i  De  a
very inportant factor.

Cur rao t ,  Marke t :  Os l r i ch  i s  s t i l l  ve ry  much  in  demand
!,orldtt id6. Supply has not yct caught up ,r i th
d,6nanal. Duc tso thc rec.nt i l rouqh! sj. luation in
Sou lh  A ! ! i ca ,  i !  i , s  € rpec ia l l y  d , i . f f i , cu l t  now to
anaat market detnand,s. priccg ar. aalvancing,

Market i lcnds: Raachiog of oslr j ,ches is axpa!:d.ing i lr
South Africa. Flockg are also g!.or. i ,ng i .n o!h6E
pa l t s  o f  A f r j . ca ,  AusU la l i a ,  I s rae l ,  and ,  t he  US.
Substanlial producls f lon hhase na{sr a.eas are
sti l l  a nurnb6r of y.ars ar.ay, hot €ver.

CSG/Apr i l  199O
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INDIAN OROCODILE CONSERVATION SITUATION HEi OHT:
ACTION PLAN FOR THE 1990's

B.C.  CHOUDHURY

WILDLIFE INSTITUTE OF INDIA
NEW FOREST, DEHMDUN

INDIA

ABSTIIACT

Since the ilitiation oI Clocodilc ConscNarion p()jcct in tt75.

Tle populatioD of Iddia. CrocodiLian is on an incrcase. Ai,sencc oi
suirable Acrion Phn has hina.rcd in rhe nLnaB..rc.r onon(.d
decision naldng for rhe consciva(ion ot Indian Crocotitcs. .\c(ion
Plar lor the consenation mlnagcncnr ol ru rhrcc stccics or rndttrn
Crocodiles viz. Gayulr gxscticts, Croca.t\h6 parai$, c. rftljtti! :
!s becn proposed wirh r brjcl lis.u$ir!, on rhc prescrr srr(us or
each species in (ho counbv.



INTRODUCTION

Since the lirst meeting of th6 Crocodile Spccialist croup that dised rn alam od lhe ondangered

shtus of the *ocodilians in India (Honnegcr, 1971) .nd the last official status reporr presented in rhe 7th

*orking meeti.g of the CSG (Sjngh eL al. 1986), rhere appear io be a suddcn chango. both in c.ocodiliad

co.senatron approach and lttitudcs in lndia. Th.!c is an "illfounded fc.ling iow thrt thc Gharial (Caq?rr

8d'r8*,,tlrr ), Salt qater *o.odi,le (Gocotlyhs pororrr ) and the nDgge. (Cncodrhts poh$nis ) ue ^ll safe

and even surplus in rhe country.

With over thirty six Goler.nenl managcnrcnt qocodile rcaring ccnlrcs sl'cad adoss rhe counuy

(Fi&l), holdidg aboul 20.000 - 22,000 qocod;lcs, the leeling appeaG ro bc jusLified. There a.o cven debares

in the co$eflatioD cncles to .emove the l.dian docodili..s frod rhc schcdulc I list of the Wildlife

(P.otcdion) Ad t9?2, which tuw providcs thcn tolal lcgrl p.otcction. Thcsc loies n|!' .d!oc e that Indian

crocodilians be conmelcially hapcstcd . Wnh no guidcline or enen a slic guard srrarcey of trolccrion ro rhc

*ild lr.publion. foll.\liig jucr r. ,(t th!^.ning) rh. Govcrnmnr hrs ior hrcn rdc ro rilc .uy dccisron

on thn issue. Bur how safe irc (hc InJi.in do(xlilirds in .o.llrv?

STATUS OF THE GHARIAL

Thesc\ensmi l l  iso l i rcd * ik t  p f ! ] l r ion.r  ( ;hrr i t r ]  rc forrcd i . 's fgh:(  i l  r rLrs/ , r .  l i lc  incr .J \ , , i

m.nv fold by re-inttoduction. Th. sub-ddllt siTc ! rs\cs in ptut3cicd lrcr iI. r.crL(.d in(o rlie ir.ccuu!
grolp. l.creains nunbcr ol ncsrs lrc now bein.q 'cp.rred from chrmbll (Rro, t,r$), aj;wa (B!su pca

coft.), Mahanadi (Kar and Si'gh pe^. com.), wirh uiconfirnrcd repons ol brcc,tns iI rhc witd in Ramganga

(Corbe( National Park aurhoritiet.

The overau progreB. of Gharial re-inlroduclion into the wild onrinucs. From 116,r individuals

releas€d in 198410 1520 in 1986 (Choudhury and choudhuly, 1986), tho nunhc. so rn, rcloascd sraods around

2000 in 1990. While the srares of Madhy! Pradesh rnd Urta. Pradcsh still contiiue rhc relcxse trogr.dnes,
tbere appears to be do irterest by other gharial hahitat statc$pxnicul.rly Rihrr rid rhc No.th-casre.n slares
(in Brahnapura river sysren). Th. limired numbc. o{ wild habitars id rhc cangcs rieer srstcn cannot
pe.haps dow aeomnodate more Gharial. Thc lack of suney tor locatins slirable habiraB has created a
su.plus srocks in oprive reari.g GDties.

The silration appears even worse looking ar rhe nunber of Gharials rhar are bred erry l,ear.
Nandankanan prodlca over 200-250 caprive bred sharial, Madras Crocodilc Brnk lnd the Klkr.il Centr€ ar

Lucknow as w€ll as Banraghatta Zoo have also srarted breedi.g gha.ial. Ir is now expecrcd to breed in

aptivity at Tik.rpada, Orissa and Mysore zoo. where will all these go? A systomatic suncy of th.ec rivcr

systensi Gangos! B.ahmapufa a.d Ind$ pill heh loote places for aU Lhe sharirl now being reared in
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The Srgg.sred Action Platr for Gl'lrial

1. A gharial habirat sudey i! the Brahmaputra river slst€n on priority basis lo find suitabre

rehabilitalion siles ior the captivo gharial with tho objective of .esto.ing thc sp.cies lo its former

dktdbutional linils.

2. Helping nanagene.t authorilics of Gh.rial Slnctu!ry lnd Naliond Parks to draw up proper

nanagenenr p'an.

3. Helping Gharial brecd'ng/rearing ccdLrcs to nake furure llans tor .onscdatio. oricnted stock

,1. Helpi.g to develop 'alternarc livclihood' lor pcoflc who h.vc lost right ro usc riv*ine hrbnars tor

Charial co.senation.

STATUS OF SALTWATER CROCODILE

Tbe last tpo remai.ing habitats ot rhc cb.,4'rr /,D@ru ir thc lndirn nrrid Iand is now sarurarcd

with relcrsc. The Bhitrrkanika san.ruary hls becn rc(.ckcd wi(h ov* l:on srLtsrl$ crocodilc in i area

oi 176 sq. km. The Sundarb.n an nay (ill acconnodrte ! la.ge nu,nbcr oI thcm, unlik0 Andaman lnd

Nicobar Islands wheie thc exrrcmely mrrsinll csrurinc/mangrove habirar make\ it dilficulr li,r anv fulther

The m.n-crocodilc conflict is r*hxts rhc flx\i.run *nh !his s!.ci.s. ^nrhmrn .nd Nicob.r klands

and Orissr, bolh have reto(c{l ciscs. wilh Sundr.brn rkcrdv notodous Jt its rnrn ertin! tigetr, anDriiur

carnjvore'man conflid snuarion crnnot evcn be rhouj:ht or.

ln recent yed at least tour sub'adult c' poD J have been rcpo(cd rnd crlght i. the carte.n coarl

of lddia where they were looM to be cxti.cl. Docs this mcan, the lwo 'nlnrlan.l srllwalor crocodile babitat

are now over crovded?

In captivity, the prdr4r now breeds in Nrndanka.an and Dangahrl in O,is., Vishrkbaprranam in

Andlra PradesL Madras in Tamilnadu, Bhrgabarrur in west Bengal. and Kukrril in Uttar P,ndcsh. wherc

The SugSesled A.tion Plcn for s$ltartc. Crocodile

1. Con5ider bringing further hangrole arcas under tho Protected Arca Ncrwork ot lndia and seled

release locatiotrs. Areas in west coast havc ro be sulerd-

2. Minimise man-crocodile conflict situalion in thc lonB-tcrn intqcst of tho sfccics.

3. Manago Bhitarkanika S.nctuary .nd suirable locations in And.nli rnd Nicobar klaids as rhc

National Saltwater Go@dile R€servcs.

4. Cocider posible utilLation of the species under tural economy imprcvencnl progranne.

T9



STATUS OF MUGCER

Mlgser is perhaps nuch more *idely occtiiing now $an before. Followins Lhe protectiod sin@ 1972

and consenation prograohe after 1975 snall rennant populalions have re'esrrblished thd$lves. The b€st

eMdples are Ranthanbhore and Java resedoir in Rajasthan. The ofter shrcs where sild lopulations de

doing well are U(tar Pradsh, Gujarat, Oftsa, Andhra Pradesh, Maha.asbtr.. Taoiln.du, Klmrhka and

Following thc rcinboductiod of over 2000 c.ptilc r€arcd M!ggc6, (hk cxlrcncly rdaptive species l5

knom to have started breeding at Ieasr in 10-12 locarions.

It now breeds in captivity at le6t in 25 locations and tbo numbcr of ncsts (bolh ir aptivity and wild)

nry bc over 300 pcr yea.. Thcre are lkc.dy ovcr 12,000 juvcnilcs bcing rc..cd ir crp(iviry.

This has brought in x fccliig of loo m.nr- mlggcr rn thc couill-v. Looliig rt lhc rdaltibilry of the

spccies thele may still be wild habitat availablc in llmost aU stltcs for this spccics, In ovc.500 protected

arcas, thcrc arc wat- bod;cs as aho nun*ous n.n-nade rcscnons wirl'in Rcscnc fdesrs rhat can

!ccomnodare mugger.

Tte Suggest€d A(tion Pbn fo. Mugge.

r. Wild cgg hlrvcn'.g tor captivc hi(cling b bc sloffd by all slrlcs

2. States to suoey protccted aieas for rchlbilitnrion of nuggc.. (St.tc wisc oc{iod plln m.y be tbe besr

3. Each stal. to manage at least of,c modcl Mnggc. Rc*pc'. (An cx!'cn comnittcc of the Central

Govemnont io pr.pare guidc lines and hclp prcparc oanagcocnr tlan li'r such rcscru).

4. Th. Cont.al Covemmert co-ordinalo a rco-opcrative'intcrstlte surl,lus stocl disloslt .cintroduction

5. Fornulate eridelines and cortrol of cnptivc brccdi.s ior Musger. (Emrhrsizing on ohjcctive of eacb

captive breeding contre).

,A,CTION PI-AN FOR 9O'S

Siiglt el. al. (1910) proposed in 1988 an elaborate action plan for the Indinn docodiles. Thir has been

e*esively comm.oted by various agcncies. A gencral feeling of this action plar is that it is too b.oad based

ralher than prioriry specific. The prcscnt froposed action plan attompls to bc more specilic.

1, Tho Minislry of Envi.onment and Foresr, Covernnent of India has nl.cady ci.cularcd guideli.es ro

docodile prcSramne operating nates to stop collecling wild laid egg.s in an attenpt to nininise

aconulating stocks. Fina.cial suppon has aho becn provided lo makc room tor over crowded

stocks. States [ave b€en advisd to cerate additional roariig tacilitios whcrc rhc nocl(s cad b€ ntilzed

for educalional pupose.

A



2.

5. North-easre'n India and rhe Bohmaputrr rivq s$rcm ro be mnsidcrcd ns the prnrny a.eas for
c.ocodile conse*ation duling the 1990\.

Tie wildlife olfi.iais have bccn asked to sudcy watcr bod;es within prolecled Aracs and r.scre
forests for f.asibility oI furrher inrroduction.

A ci..ula. hd gone to stat€s to prcparc projeds rhat *ill loot ioto the trosl)ecr of'nuggo. oocodile
utilisalion' by tribals and olher ethnic groups who were fadiLio.ally rhc usc6 of crocodite-borh for
consumptivc and non-consunplion purposes.

States not operating a crocodilc consedarion prosramnc but havc considcrablc areas with (ocodile

habila|s aro to initiatc progranoes lor rcl,abilirarion of (ocodilc with surplus stocks fron orher
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DISCUSSION

A cursory look al rhe re-introduction lo..rbis (Fi8:) and thc in(cNi.g srcceslul brecding of rhe

re.in(roduccd slock in the wild ju(incs lhc p.ogdmmc ro bc rcrmcd as $trccslul' Howcyc.j wc llavc r

oplMty nany more c.ocodiles m.anl for rc-stocking lnd nor m y loclrions idcnrii:lcd whcc these opdle

nock car go. It .ppears hcncej rhc unsurvcycd wild arcas h.vc ro bc su^oycd imncdit(cty as atso the

slitablc habitar wirhin Prorecred Arcas should b. idcn(ificd rs c.!ly as posib1.. t his howevcr is nor withour

p(oblcms. In a populared counrry like Indir nan,rocodilc conllicr situarion cm become a c.nsranr probtcm

sincc habit.ts are shnred bv fc.ph, -ocodilc rnd Livcnock. Hrbirlrs wirbin th. fdccr.d i.0:s arc ako icr

ftce from danages caused bv nooding lnd *osnr oi nrsLiog lrens. A .csult .l rLjc.rli.n ol rilcr courcs

by consrucrion ot dan for irrigation, hydoclc(ric frojcct crc. dcrradcd rh. hrbi(rt qlalirr considqabh

Add€d to this also lhe fast dcvelofmcnr ol conhc.cial fish{rics on all }v or bodi$ *ilh vcry liulc conrroj

on the use of sdlable fishing gcar thar are de{rinctrhl ro othcr aquaric tdunr pose conrinuous rhrear to the

suFival of these endargored specics.
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Captlyo Clocodlle Fea!t!8/€!e€dl!S IDcatlo!! ln Indla (1990)
(lrcatloD Dab6t glvsD oD the lactls page)
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Fig - r. Cap(ive C.ocodilc Rearins/B.e€ding tocafi,n in India (1990),

(G = Gharial, M = M!ggc.. SwC = Salt waLcr (lrocodilc)
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Rehtroduction lrcation o! IDdiaD Crocodilials (1990)
. Locatior:s vihere Ldtroduced crocodilian haw bred iD the ]fild

(location names given oD the faci:rg page)
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fig.2 . Reintroduclion toQtnr of thdiun C.moditirtr 09ql),
(C - Chdial. M = Muggar, swc = Satt War* crocoditc)
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