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CROCODILE SPECIALIST GROI]P

The Crocodile Specialist Group (CSG) is a worldwide rctwo* of biologists, wildlife managerc,
govemment ofrcials, independent rcsearchers, non-governmental organization reptsentatives, farmers,
traders, tanne6, manufacturers and private compames actively iNolved in the consenadon of
crocodilians (Crocodiles, Alligaton, Caimans and Gharials). The Group opemtes under the aus?ices of
the Species Survial Conmission of ruCN. The CSG provides a network of experts to assess
@nseri,:rtion priorities, devel@ plans for research and consenation, conduct suveys, estinate
populations, Fovide lechrical information ard trainin& and to abaft conselration prograns and policy.
CSG also assi$s monitoring intemational tnde ard identifying products. The CSG work closely rYitl
CITES to promote srstainable us€ aIId intematronal trade that benefits rc conservation of cocodilians.
The Group is headed by ils chairmaq Professor Harry Messel, and maintains ofiices in Gainesville, FL
USA. Working Meetings ofthe CSG are held every two )€ars.
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FOR.EWORD

Once agair CSG members have coN€ned ftom around the wodd to adalress cllrrenl ugent consen?tion
issues ofdocoalilia$. This meeting lr€s deliberately located in S.E. Asia to highlight the high dir€rsity
of crocodiliais and the severe threats facing them ilr this rcgion. Rapid economic development,
includidg an inGnse interest itr crocodile farming and trade, provides us with drc opponunity to ensure
that use of crocodilians in tlie region is $rstainable and provides consemtion benefits to the wild
populations and thei.llabitats. At this meeting Fe have seen the benefits derived from higblighting one
sp€/cies, Tomistoma schelegelri, which has re$rlted in ftnding ard an intens€ srrvey efort. We a&
coDfident lhat we calr now change the consenation assessment of this species from Data Deficient to
Endar€erEd. This is the Ir€y the CSG $orks, identify the pmblen, conduct the research, prcvide tlrc
information 10 direct plicy and consemtion action. We express our geai thank to out frienals in
Singapore and throughout the region for providing the venue and pladord ard the vital supFon on which
ouf eforts rely.

Prolessor Harry Mess€I, Chainnal CSG.

SUMMARY OF TEE MEEIING

About 140 CSG members convened in Singaporc between 14 and l7 July 1998 for our biennial
\rorldwide meetiDg. The facilities and armngements of&e meeting hosts, Singapore Reptile Skin Trade
Association, werc impeccable and panicipants were quickly made to feel comfortable among Singapore
slgscrapers. Th€ meetirg w€s opened by Dr. Ngiam Tong Tal! Director, prinary production
Depafirnent, Mnishy of National Developmml after welcoming comments by Mr. Koh Choon Heong
representing the hosls, Singapore Reptile Skin Trade Association, and Professor Messel. Chairnllt ofthe
csG.

The wo*ing pan ofthe meeting began with a series of Fesentations on rccent work on forrjrtoma in
Sarawah Sumata and Kalinaitan, follo!'ed by vigorons discussion by Frticipants. In lhe aftemooq
colleagues iiom China presented results and idonnation on the rapidly developing situation lhere and
Gerry Ortega ofthe Crocodile Farming Institute gave a comprehensive descriptior of lie many admnces
rnade witl th€ captive population ofthe Philippine crocodile.

The meeting corfiflted i high gerr with a session detailing the newly recognized problern of s:ub.
lethal le\€ls ofpollution affecting rcproductive hormones in alligators. The recent similar phenomena
observed in l-ak6 Griffn, Florid4 wele described and in discussion the possibility that such efiects might
be widespread i! both wild ard captive situations *?s presented. That aiemoon a series ofpresentations
on world trade detailed the c1rrrent deFessed state of the crocodile skin na*et and led to a discussiol of
lrorc acti\€ meas.rles CSG might take to promote the consenation \due ofcrocodilian use _

The combination of indepth papers and er.lensive discussion continued the following day widr
sessions ewluating reinttoduction as a consemtion tool aIId more presentations on tle sitoation of SE
Asian crocodiles. Quite striking contmsts b€tween results of {€introductiotrs obtained in difierent
situalions and by ditrercnt workers were rcpoded. Therefore each particular situation should be analyzed
rigorcusly. An introduction to general pdnciples of rcinUoduclion progams bry Pdtpal Soorae of the
IUCN Reintpduclion Specialisl Croup provided a r"luable fi'amework {or discrssion. New information
ftom Cambodia and Vietnam ard an upalate on the situation in Thailand fiflher brcadened our
rmalerstandiqg of the need for conservation action in the r€gion to hamess the energy of al:veloping
comrnercial intercsts to ensure consemtion ofwild croco&lians.

In a special sessiorl panicipads used the ruCN crileria to re-ajsess lhe status of SE Asian species.
Nel/' infornation ar€ilable on Tomistoma as a rcs!7t of the aclivities promoted by declaring this species
our 6rst pliority in 1992 wEre eBluated and the meeting concluded that the cone c1s1^t\s for Tomistoma
was Endangered. The orrent e\,aluations of crocodilians in the Asian xq were confrnae/l. Alligator
sinenis, Crccodybs siatnensis and. C. minilorensis rcmain Criticatly Endangered. and C. polosus, C.
johfisoni and C. noweguirede remain l,ow Risk of Extinction. Howevet it was noted that c. polo.rrs



may be Endangered in many pans of jts range, but is secure in Austr:alia, PNG and Indonesia. This led
to a detailed discussion of rhe applicability of ahe cdteria to longlived species like crocodilia$s.

On the final day oftlE meeting Val Lance chaired a session on physiologic€l basrs of reproduction in
captivit and gave a comprehensive review of2o-years res€arch. Additiona.l contibudons on the recent
mycoplasm dise€se outbre.ak in St. Augustine Alligator Farm and ressrch on captive husbandry in
Queenslard lounded out this useful practical session ard again prompted erlensive discussioo, Afrer a
brief closure and er?ression ofthanks to the orgranizen, participar[s went on field trips to the Heng Long
lannery and Lng Koan Hung Crccldile Farm where again they received the generous hospitality of our
Sin9pore hosts.

Papers published in this volum€ include those presented at the meeting, exlended abstiacb of seveml
posters disllayed at th€ meeting ard a number of reler€nt papers slbmitted by authors who were uiable
to attend. As custonurt for CSG Proceedings thes€ are prcsented as they werc submitted by the authors
without review or corection aad serve as a rcadv soulce of ournt and new information on docodrlia!
rcs€arch management ard consenadon.

Perran Ross. Exe&d!€ Offrcer CSG. Ma$ging Editor l4d ftoceedngs.
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The Status of the False Gharial
(Tomistomo schlegeli MueIIer) in Sarawak
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National Par}s and Wildlife Office
Sarawak Forest Department
Kuching, Sarawak

Johnson Jong
Jong's Crocodile Farm
P.O Box 670
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INTRODUCTION

Though lnown for over a c.ecuy as rruseurn specimens, the ftlse gbariat Tornistorrra
xhlegeb, Ms rcnnirrad, somewhal of a nrystery in tems of its dishibutioo ard abundanc€. A
ctyptically coloured and secretive Aecies, the inacc€ssibility of its swampy habita nukes it
dificult to d€tect, while its non-aggressie disposition does not betray its preseuce by conflict
with busuls. There bave been no cn€ys in SamrEk dsrcted exclusilety to the species,
although Cox & Gombek (1985) ircluded it it their gercral survey ofcrocodiles. There have
been few field zurve1s sinc4 partty b€cause tav€rsing T. schlegeli ha}idixbboth difficult and
time coooming. Lack ofid€rest cor d also be caused by the species having no local orltural
irlportflrce nor any significaft economic talue (the skin is not traded loc€ty). Tlnls the
distribution and strtus of T. scuegeli in Sua] ak i! yet to be propedy docutrrflte4 and the
species has received litde attention despite its listing among Sanwak's protected wildlife
(Anoq 1990).

DISTRIBUTION

the historical distribution for the fals€ gharial uas frorr southeastem Chir4 Thailand and
Bunn4 Peoinsular Malals4 Surnata and Bomeo. Its qJlreot distibution in Malaysia-



Indodesia incfudes a srnall portioo ofPednerlar Malaysia (Tasek Bera), east€f,n and southem
Suuntr4 and the island of Bomeo (Sebastia4 1993). De Rooij (1915) Iisted Sadong aad
Muka in Sarawalg and Singkawang, Pontianah Banjarrusi4 Lake Iamuda (?} Kapuas Rivo
aod Muara Tebeh (=Teweh) as localities for tlre species in Bomeo. Sebastian (1993) added
Ifutai National Park', Gurung Palung (smounding swanp9, Tanjung Puting and Danau
Setarum (Kapuas) in Kalimartan. Cox & Gombek (1985) reported that in Sarawak, frlse
gharials could be found in the upp€r Rejang; Tutuh, Suai, Tisak, Set€rap, Kelauh and Dor
Rivers and the Ens€ngei Baki River. Sebastian (1993) added the lowv Baram River, foag,an
Bunut and N-{aludam swamp forest to the Salalv"k list.

If plotted on a map of Borneo, many records le within a geological stratun larown as the
Kuching Zooe (Figule l; r"an Bernmelen, 1949), which follows the northern edge ofthe anci€nt
Sunda Shield (H. Hazebroek, pers. cornm.; Ilall and Blwdell 1996). this zone ccerds
tlTough weslem Sarax"k into West Kaliourtan in the vicinity oftlrc Danau Sentarum (Kapuas
Laket, th€r:l @rves in a northe€sterly direction to enclos€ part of the ulu Barito and utu
Mahakam. .?1 schlegeli lvs been reliably repoded from most of these sit€s apaft Aom
Singkawang, the Grlurlg Palung area and Ta4iung Puting National Park. The sum of tiese
rccords seems to rcflect a formeriy continuous, now tragmerted disributi gn for Tomislot ra i
Bomeo. ilr int€rior wetlards.

Firsthand rcports tom west€rn Sarawak 8re rumerous, most ofthern Aom swampy tributaries
ofthe I-upar and the Sadong Rh'ers, srch as the Sg.' Eruengei Baki (Fig. 2; Table l). Tbis
vegetationrhoked tributary ofthe Sadong, meand€rs ftrcugh peat swarnps fo! about 2G25
kq oft€n obstruct€d by floating rnats ofvegetation. Cox and Gombek's (1985) ordy sighting
ofthe species occuned in the &uengei Baki, where one ofus (EL) reconfirmed the stiistenc€
ofthe species druing a 1996 srrvey. In late Mad\ 1998, residents of Kampung Ensengai
Baki related 6$1hand sighti€s of T, schlegeli, d'eAf.trte the permaner* lowering ofwater lsvels
by two metres, beoause ofa recqt drainage ploject.

Anoth€r recqt reood of T. schlegeli odgirEtes from a site near the to*r ofEngkelili (1" 12
N, 111 " 40 E) and in the Sg. Tisat also a Lupar tributffy. In Augus! 1994, at Sg. Runjilg,
E'lgkelili, two adult false gharials were sigbtod, and about two weeks lato, a threemeter
fenale was captured aJ her nest by Sarar"k National Parks and Wildlife statr (ading and
Stuebing; 1997). In the Sg. Tisak on Cbdsftus day, 1996, an lban woman bathing at the jetty
ofa log pond was seized (probably by a Crrcdylus porosrzs) and killed. H€r r€rnains werc
found the ne){t day about one kilometer upriver. Several clals after the incideff, an
apFoximately 3 m long T. vhlegeli fvr/]alq vth 20 partially dweloped eggs, lras caught on a
hook and killed in rwenge for the wornan's death. Its stomach was found to contain a srDall
amourn of human rernains (nose, lips, some hair). The most rec€nt localiry in Sararak is was
reponed in Aprt 1998 Aom the upper Sg. May€ng; a tribut ry ofthe Sg. Kakus (M. Gun4
pels. coltm.). A compilation ofthe most rec€nt infomation on the distnibution ofthe species
in Sanwak is civen in Table 1.

' Alparendy ar error (R Blouch, p€rc. Colnm.)
' sg. = sungi (river)
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Cox & Gombek's (1985) records of T. schlegeli ftom the lower Baram in the northw€st,
includhg the searcnal lake, Loag;an Bunut (also mernioned by Sebastiarl 1993), arc doubtful.
and rr|ay represent either small non-viable populdions, or l"grants, in sluinking pockets of
habitat. A visit by one of us (EL) in 19% could not confirm its existenc€ there via dirccl
zurveys, and cornrnerns &om local people were vague. Both ofthe Mukah records are based
on old rmrsanm specimens, one tom the Sarawak Musorm and De Rooij's from L€id€n.
There have been no reports of T. schlegeli frorn the Mukah area for suny yean (C. Tyller,
NPWO, pers. comm.). Thoe are few reliable reports of the species occrming beyond the
Maludam River near the Lupar River. The only recerf confmed brcediog population of&lse
ghrxials from qstern Sara*ak exists in the above nentioned Sg. Mayeog.

Table 1. I,ocditiej fot Tornistona $chlegdi in Saiaryak

Ircdity/River

Sg. Enser€Ei Baki
Sg. Kerang
Sg. Seterap
Sg. Kelauh
Sg. Dor
Sg Runjing
Sg. Tisak
Sg. Mayeng (Kalos)
Sg. Mukah
Loag,atr Burut
Sg. Ba&rn & tdb.

1,6
6

Sourte* Strtus*' Corrm€[b

B Mults and juveniles
Aduh caught and released 1997
Crocdlltls porosus !.'ewnt
Croc@lus poroats pre*m

Nesting femalg two adults
Croco.rlus porosus presrrr't
Flying fox zurvey
Extirct?
Cr ocdylus poroslrs V esrLt
Crocdylrs porosls prffit

B
B
B
B

c

' I t

I
I
4

6
1 '
)

2

t f =DeRooij, f9l7; 2 = Cox& Gombek, 1993;3 = SurvEF by lading, 19%-97;
4 = Lading a4d Stuebing; 1997; 5 = M. Gunal (!ers. comm.); 6 = 1998 survels

*'r A= Cjo4fumed sighting; B= Reports by local people; C = S€cod halld reports
(pres€bc€ doubtfiD

EABITAT

The majodty ofrecolds of T. scdegeli mSuawak axe from peat swarnps formed in the interior
tributaries ofrhe Sadong lxpar and TatadKakus rivers. Vegetation is composed ofa giart
spff,ies of P@dorus, andthe river chamels are often blocked debris 8rd by large 0oating nats
of Hagaoa nalalwa, and now with srotic wato 1r1'acinth. Based on the irtensive ishiug
practiced in these cotree-colou€d dv€rs, fish evideftb rernain erfenely abudatrt. Fish species
barvest€d from three ivers with lolown populations of T. schlegeli are li*d inTabh 2.

Fo! oesting areas, aotrditions obs€rved at the Sg. Ruojing nest suggest tbal forest cov€r is an
important feature ofnesting areas. Unlike C poroats, T. schlegeh apparendy avoid the su1
and ifgiven the opponunity, choose to rcst in the shade wher out ofthe water.



IYESTING

In July, 194, a farmer near Engkelili, Sarawak 0' 08' N, 1 I I " 39' E) was cleatiog a plot for
wet ric.e and came upon a Tmislorrra schlegeli guarding a mound ofleaves and other ddris on
a bank of the sg. Rutliiqg. Details of this rcst bave b€en repofi€d elsewhue (,ading and
Stu€bhg; 1997), but the basic fedures will be mentioned h€re. The n€st u,as construct€d
under an approxioBtely 5 n high canopy in distubed pelt swamp forest ar the base ofa tre€

Trble 2. Fish speci€s of economic signilic$c€ in thrce rivcrs w\qc Tornistlrrr4
rc[rqgdi is known to occur

Species

Clwvaq.
Chqva striqt4
CycLrcheilichtlrys qogon

Hqt rpq la macrolepidota
Helosk rra W.
Hemibagns qp

Blau
Udun
Bo€ng
Acloog
Biavan
Baug

Sc. Sg. Sg
Elsclgei Kcraq Setersp
Brki
+++

++
++
+

++
t 'l_

+++
- i +

++
++

+++

L'ldcrobrachhm, rosenbergii Udang galah (pnwn)
Osph'onetrrus gourutti Kalui
Osteocult/s sp. Bantak
Oxyeleotrisnqm<trota Betutu
Ptttttits collingwodi KQrat

Rab<n'a qp. Eueluai

Wallago sp. Tapah

about 2 m ftom the strearn bark about 1 m above a snall strearn. The nest mat€rials diff€red
fronthx of C. poraws, because oo grass was used ad the rDain @t€dals were dry leaves
and woody debris. The &ls€ gbarial oest uas not built as a isolared mound oike rcsls ofeost
C. porara), but was colsuqted at tbe bas€ ofa &e€ in relaively deep slude. This situario4 if
h plor'€s coruistent, may mean that the heat genention and dissipaion charatl€ri$ics of Z
schlegeli ne,F,ts difer siglificady from thos€ of C- poross lests. The Sg. RDqiing nest
reseurbled thar of a megapode (Megqdius cxtntiingA seen on Pular Tig4 in Sabah The Z
rcNegeli c\tct. sxze was 16, and after the eggs were r€orcrcd in mid-August the relarivety
docile fenale l,as captu€d by statrof the Wildtfe Section ard trdDfened to Matang Wildlife
Cedre near Kuchitrg.

The Jorg Crocodile Farm on the outskfuts of Kuching, Sarawak ciur€oly holcls 39 false
gharials, most of which were obtained trom tnbuuries of the Sadory River, ircluding the
Ens€ngei Baki, Keraq(an) and Sinunjan. Sweral males have been in captivity for 30 yeaxs,



while several of the fernales have be€n kept for about 18 years. Irtuestirgly, Tontisonto
schlegeli, w\ke CftEdyluspolo$ar cao b€ kept in mixed groups (size and age) with minimal
aggressive irteraction.. This diFerence in captive animals may imply differences between the
two species in the wild in t€f,ms ofsocial irteEctions and terdlorial defense.

lnthefuoarlte T. schlegeli have survived well and have been observed courting and mating.
Ofa total offve nests ov€r the last four yess, all have be€n conshucted ), between May and
July (19 197) by a single pair, a 2.6 m female and a 3.2 m rrnie. Nest construction
commenced about six months after the farm enclosure was modified to simulate conditioru
se€n in the 1994 Engkelili nest. Eggs were subsequently laid in four ont of five nesting
atternpts, with froo| 12-23 eggs p€[ nest, but only one hatctrling was produced. The reason for
the low fertility is not lnown, afthough the relatively young age ofthe male miglrt be a &ctor.
The hafcl ing thaf was Foduced grew to a lgrlgth offl crn in approxiflat€ly one ye3r.

L,EGAL STATUS

Tomisloma schlegeli 1s listed as a Protected Sp€cies uoder Schedule tr of the Sarawak State
W,ldlife Protection Oldinarlce (Anonymous, 1995). Uder this regulatio4 no p€rson nuy
'ltrutt, kilt captug se4 otrer for sale impon, oport or be io poss€ssioo of the live animal
fophy or fl€sl/organ e)(c€pt und€r an acrordance with the terms and conditions ofa lic€ns€"
issred under the Ordirunce. Tbe pemlty is a 6ne ofRMl0,000, and imprisonmert for one
year. Lic€nse fees to o<polt o! to hold h captivity are RMl0.00/head4/r. Expofi of I
schlegeli alfo rqwres, CTIES ctrdfication.

TEREATS

Hunling

Fals€ gharials are not as likely to b€ hurted as C. polo.rr.r, as the skin olrelttly has little value
in the local market. tlatcbling or jwenile I scl/e6elr used to be sold ho{e!€r, in the Balai
Ringin area. Cox & Gombek (1985) rerurked that the trade aJ that time probably nnnbered
'1ess tban teo anirnals '. It was probably srbstantially more than that the4 and p€rhaps even
oow. Only careftl surv€}l atrd coopention fiom local people can shed light oo this. The Jong
AIm k€€ps a s$staffial oumb€! of I &hlsgeli :ol,Aer licgol€ obt,i'rfd 2045 yea$ ago from
the ulu Sadong are4 possibly trorn the Sg Ens€ngai Baki and the Sg. Kerang.

Fishing

Cox & Gombek (1985) ergres^sed concern over interuive fisling in rivers such as the Ens€og€i
Baki. Fishing is cari€d out via the use of deep selonbet rrets W to 30 metres in lengtll which
are cormody op€ned acro$s main dver chamels or mouths oftributaries. thes€ rcts €r$irely
block a channel and if the villagers r€port that lll:o;crats T. schlegeli are drowned as a r€$lt.
The ,€&d net takes advadage of tidal fluctuations, an though less likely to trap an aduh Z
schlegeli, cclid, tq juveniles. Some fshermen regard false gharials as a rnrisanc€, hlling



them and discarding the carcasses. Othels will release the animals out ofa superstitious belief
that crocodiles should not be distuM. Ilatcl ings are not as likely to be release4 howwer.

The use ofpesticides for fishing has occurred in rec€nt years near Sedar! vltin T. schlegeli
habitat (A Fong; Pers. Conm.). this practice has not been directly linked to any decline of Z
sc egeli pop,iations,htt the lotrg-t€rn effects could be s€rious.

CONSERVAIION

Until htensive survqs in Sarawak prove otierwise, Tonistot a schlegelt sfuitld be regarded
as tlreatercd. From the most rec€{t spotligh s.rveys and intervie*s witb local people,
densities offalse gbarials s€em nth€r low, though a&nittedly the animals arc always dificult to
detect. A rnatter ofgaat conc€rn for long-t€rrn suryival T. schlegeli po4tltions is the impatt
of land developrned on pe3t swamps ad thei associated rivers in Sarawak. The nain arca of
concon is specifcally the axea &om Seriatr to ElEkelili. Existing govemmqf laflts still codain
mall forest res€rves, but tll€ r€rnainig areas are likely to undergo dw€lopm€nt for agdculMe,
and drained via the construciou oflorg; parallel chamels. Z scllqeli populations oristing in
pdvatd held lands (mostty under narive tide) Inay Ac€ a blsk future as we|l shce marly p€at
swamps are now targeted for cotN€rsior to oil palm plafltdions.

Cuneoily, there are no giazstted parks or protected areas lying within the cale distribution for
T. schlegeli m Szra\\zk The Maluriam Wildlife Sanctuary (8,700 ha), wh€re T. scuegeli lrtzy
occur, has been on the propos€d list for ser€ral years, but as of earty 1998 had oot yst been
gazetted3. This proposed Sanctuary may, in &ct, lie outside the areas historically having the
W$t density of T. scuegeli in Sarawak.

To reiterate, most ofthe areas wherc T. schlegeli I&s ti*oically been abundar* are ur ikely
candidates fur protectio4 sinc€ they already frl under oth€r categpries ofland us€. A multiple
use arfingemel$ is probably the best solution to this tlilesur4 involving aclive maDagemqt
fshing practices.

Coosiderable consen"tiod efon has beqr underway during the last few y@rs, to promote
legislation to discou€e all forEs of hrmting in Saxawak. Unforhtatety, species slch as
Tonislona schlegeli will b€n€fit more from guidelines on sustainable us€ of resources and
wise land use, rather than a ban on killing. The disappearance offalse gharid habitat nust b€
halted, followed by ivofu€mmt ofboth gov€rnm€nt and local corrnuoities in rnanagemet of
this unique wildlife resource.
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The False Gharial (Iot inoma schlegelA in S\ ^tra
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3Dircctorate-Geaeral ofForest Prot€ction and Natue CoDservatioD, Manggala Wanabaki Blok VII Lt. 7,
Jalarta Pusat Java. hdotresia

Abshaci

The False Gharial (Tomistoma schlegelii) i.t one of the world's least-known
erocodilians and is considered to be globally endangered. This paPer presents the
results of a lesearch proiect undertaken from 1994 to 1996 to assess distibulion,
abundance and ecologt of the species in Sum1ffa. The species is cltfte ly distlibuted

from North Sutata to South Sumatra Provinces, with 4n ^ol^ted population in
Lampuhg Proince. Eistorically, the species occarred in freshwater ecosystent
throughout most of eastem Sumatra, and its cwrent distributiort represents a range
decline of some 30-40o1. Local people repolt a decline in distnbution and abundance
owr the last 30-40 yeart, coinciding with increasing loss oJ nesting habitat and hunting

for the skin trade in the 1950s-70s. It has always been considered that the species

occafted irl low densities. The highest recorded densities (0.21/lan atd 0 26/Ion) wete

on the Merang Ri'ver (South Sumatra Provitce) and Berbak National Park (Jambi

Province) lespectively, where bteeding populations w*e confrmed to occur'

Tomistoma schlggelii was found to forage and nest in at least two Jorest categories it1

Sumatra, peat $lamp forest and lowlahd seco dary folest. Nest and egg dimensions
are presinted. O7 iigttiTc*"", egg mass is almost double that -of every other

croidilian species. Th" globol ruCN ttotus ofthe species is Data-Defcient, b'tt withitl

Sumatra the species may be considered to be Endangered or Citically Endangered'

Itrtroduction

The False Ghaial (Tomistoma schlegeli, is one of the world's least-Lnown

crocodilians, and is listed as the fifth-highest priodty species for conservation action by

the IUCN-SSC Crccodile Specialist Group (CSG) (Thorbjama$oo 1992) Originally
widely <tistributed in South-East Asi4 the only populations are now- known from

Sumata and Kalimaltan (Indonesia), Saxawak ard Peninsular Malaysia (Malaysia)'

The formal status of the spe.cies is 'Data-Deficient' under the IUCN (1994) citeria'

Sebastian (1994) receutly emphasised the treed for clarification ofthe curent status and

distdbution of the species.

Lr 1994 the CSG initiated a project to assess the conservation and management needs of

T. schlegelii. Wildlife Management Intemational (WMI) agreed to co-ordinate a

cooperative research project on the species on behalfofthe CSG with fimding from the

Gl;bal Guardian Trus! sTvII, the German Leather Indusky Association (Intemationaler
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R€ptillederverbard-IRv), CSG and the Asian Cormervation and Sustainable Use Group
(ACSUG). Additional staffand resources were provided by WMI.

With the largest remaining populatious thought lo exist in Sumata and Kalimantar
(Cox 1987), research eforts were dir€cted at Indonesia. A co-operative project was
initiated with the Dire.ctoiate-General of Forest Protection and Nature Conservation of
Indonesia @HPA), which has identified Z schlegelii as otre of the most endangered
clocodilials in Indolesia (Ramouo and Raharjo 1993). Fieldwork was resEicted to
Sumatra in order to maximise the amount of informatioo obtainod &om a single, large
area.

The aims of the project were:

. to locate arcas with breeding populations of T. schlegeliit

. to obtain a broad overview ofthe curent and historical distdbution, abrmdance and
statlrs of T. schlegelii in Sumatra;

. to conduct suweys fot T. schlegelii iniver systems in eastero Sumatra; and

. to collect as much additional information as possible ort the eaologJ of T- schlegelii
itr Sumat4 including aesting biology, morphometrics and scalatioq diet, histodcal
tade and local beliefs.

This paper describes the results of the ploject, undedaken ftom 1994 to 1996.
Conservation and m:r:gemeD:t of T, schlegelii in Sumata is discussed,

Study ar€a

Sumah4 the secoud largest island of Indonesia (after Kalimantan), extends fom
5o40N, 95010'E (norttrem tip ofAceh Prcvince) to 5o55'S, 106o0OE (south-eastem tip of
Lampung Province). The island is divided into eight provinces (Fig. 1). Westem
Sumata is dominakd by the Badsan Mountain Ranges, a large chain of mountains
which extend from the northem to southem tips of Sumatra. ID many areas of western
Sumat4 only a narrow stip of coasbl plain separates the mountains ftom the Indian
Ocean. Riven in westem Sumata are relatively short, rccky and drain west into the
Iodiar Ocean. In coutast, eastern Sulllata is dominated by large plains of low
elevation, charactedsed by loDg, meandedng rivers which drain east into the Malacca
Stait. Mudflats and extensive matrgrove systems dominate the eastem coast

The climate of Sumatra vad€s coDsidcrably due to its varied topography. Average
annual rainfall is 2500 mll], but ratrges iou 1500 om (some areas ofeastem Sumata)
to 6000 mm (west of the Barisan Mountains) (Whitten €t a/. 1984). Eastem Srlmata is
chancterised by a poorly defined wet season lasting 7-9 months (October-April) and a
dry season lasting 3-5 months (May-Septembet). Mean aanual tempemtures in easterr
Sumatra range trom 23oC to 3l'C and mean annual relative humidity is 85% (Whitten
et al. 1984), Itr eastem Sumatra there is usually one tidal cycle per day, but can be two
po day during neap tides. Tidal range can be up to 5 m in some areas, but is highly
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vadable; tidal influence extends lvell upstream into totally ftesh walet a\eas (Hadr et al.
1977).

Methods

Field suweys were couducted in Sumatla fiom 1994to 1996. In 1994, preliminary field
trips and interviews wele conducted in Sumatra atrd East Kalimantan Province @amono
1994). In Malch 1995 a trip was made to South Sumatra Prcvince to ascertain
fieldwork logistics and identiry areas for rcsearch (Bezuijen et al. 1995a). Two
extensive field trips to Sumata were undertaken from August-October 1995 and July-
October 1996 (Bezttijen et al. 1995b, 1996). Fieldwork and methods are described in
Bezoiie(L et al. (19954 b, 1996) and are summarised below.

Interviews. Interviervs with fishemerq fonner crocodile hunte$, Foresky officials,
reptile skin tradcrs and clocodilo farms werc a key source of inforlnalion. Prcvincial
Department of Forestry records of T. schlegelii sightings werc accessed. A
comprehelsive interview (consisted format) coveted T, schlegelii distribution (cunent,
historical), abudance (changes in number and size stucture over time), taxonomy
(diffelent colour forms), uesting biology, local customs and beliefs and historical trade.
Interviews were cotrducted in all provinces of Sumatra and infomation was obtained on
a total of27 river systoms. Histodcal atrd curent distibution was defined as records
prior to I 990 and after (and including) I 990 respectively.

Szlveys. Surveys for T. schlegelii were conducted on ssveral river systems in eastem
Srunata, by speedboat or canoe using a spottight 02 V battery) or torch (6 V battery)
respectively. 'Eyeshines' were assumed to be T. schlegelii unless they were within a
few kilometes of the sea and in blackish lvater, where they were assumed to be
Crocodylus porosus.

Capture, morphometrics, scalation and diet Attempts werc made to captw€ all
irdividuals sighted. Scale counts and morphometric data were recorded. Stomach
conterts were removed following Webb et al. O982). To aid with analyses of li
schlegelii stomach aontents, fish and crustaceans were collected from the Merang River
in South Sumatra Province, Incidental obs€rvations of mammals, reptiles and
anphibians were record€d.

Nesting biotogl. Sidecreeks and mainsaeam bauks wele searched for nests. Nest
dimensions, uest habitat, clutch size and egg dimensions were recorded. Where
possible, one egg ftom each nest was opeDe4 preserved and enrbryo age estimated.

Habitot quantifcatior. To quadiry the foraging and breeding habitat of T. schlegelii,
forest q?e, stucture, dominant ttee species, river lengJh, depttt temperature, salinity
and pH were recorded on most rive6 surv€yed,
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Results and Discussion

Histo/ical distribution in Indonesia

In lndonesi4 the species is known historically Aom Sumatra and Kalimantan. The
species was fomrally described from Kalimantan by Muller (1838) and later Boulenger
(1889), and the first Z schlegelii wasbro\ght to the Zoological Gardens of Amsterdam
in 1890 (de Lange and de Rooij 1912). There are no histolic r€cords &om elsewhere in
Indonesi4 except for a museum specimell with the coll€ction locality as 'Java',

although the sperific locality is unhown (Strauch 1866, as cited by do Rooij 1915).
Stauch did not see any oIr Java (de Rooij 1915) and it has never been reported there
since. Mountain ranges and oceanic isolatiotl may have prevented dispersal to other
Indon€sian islands (e.9. the Nusa Tenggara island chain east ofJava).

In Sumatrq T. schlegelii has only been reported from provinces on the castem side of
the Barisan Mouotains: Acei! Jambi, Lanpung, North Sumatra" Riau ard South
Sumatra Provinces (Fig. 2). Most historical rc.c.ords of T. schlegelii are from the central
and southern prcvinces ofJambi, Riau aqd South Sumatra (de Rooij 1915, de Lange and
de Rooij 1912, Sudharma 1976). There are no records west ofthe Barisan Mormtains in
West Sumatla and Bengkulu Provinces, as this mountain lange probably prevented
dispersal ftom eastem Sumata, It is unlikely that the spe.ies has ever occurred in
western Sumatra.

Pdor to the 1950s, T, schlegelii appea$ to have occurr€d fiom south-eastem Aceh to
Larnpung Province, ahnost the sntire length of eastem Sumatra (Bezuijet et al. 1996).
A sighling i! Aceh Province by a Foresty ward€n in 1993 was the most northerly
record reported (Bezuijen et al. 1996). A record from the 1960s in North Sumaba
Province near the border with Aceh Province indicates that until 2G30 years ago, T,
schlegelii occurreA in uorthem Sumata. If the 1993 r€cord from Aceh Province is
coofimred, this would exteud the historical (and possibly culrent) range by
approximately 400 kn oorth. There are no mormtairr runges exterding to the coastal
plain in southem Aceh which might have r€stricted dispersal, and it seems possible that
the s?ecies may have occu8ed in southem Aceh Province. In conhast, a narow coastal
plain is present in northem Aceb, bounded by the foothills ofthe Pusat Gayo Mountain
Range, and it seems udik€ly that the species would have occuned this far nolth, due to
a lark ofupstean, freshwater habitat,

ln Kalimantan. thorc are histodc records Aom Central. East and west Kalimantan
Provinces, wherc the spe.ies appeaB to have beeu widely distributed (de Rooij 1915,
Flazier and Manuborgs 1990).

Cufteqt distibution in Indorlesia

The o y known breediDg populations currendy in lndonesia are in eastem Sumata and
central, e-astem and westem Kalimantan. Thqe are unsubstantiated repolts from the
early 1980s ftom north Sulawesi (Thorbjamarson 1992), although the occrlrrence ofa
breeding population on the island seems un.likely, given its isolation Aom Kalimantan.
There are no records ofthe species from Java and the Nusa TEnggara islands.



ln Sumata, post-1990 rcports of Z schlegelii were rccorded ftom local fishermen and
othe$ ftom all eastem provinces: Aceh, Jambi, Larnpung, Nodh Sumatr4 Riau and
South Sunatra @ez]ijer. et a/. 1996). Seventy-eight records of T. schlegelii werc
rcported by interviewees (24 pre-l990 and 54 post-l990) @ezuijen et al. 1995b,1996).
The majodty ofpost-1990 records were tom Jambi (26), Nau (11) and South Sumata
Province (8). R€cords of I schtegelii sig}ljrn1s in Sumata held by Asiar Wetland
Bureau-Indonesia ar€ ftom fuau (8), Jambi (5), South Sumatra (2) and Lampung
Province (1), ofwhich 10 are p!e-1990 and 6 are posrl990 (AwB-Indonesia Database,
September 1995, unpubl. recods). Records of T. schlegelii obtained by other
rcsearchers are most commonly from Jambi, fuau ald South Sumata Provinces (J. Cox,
FAO-PHPA Crocodile Resource Managerrent Project unpubl. dat4 Muin and Ramono
1994, Raurono 1994, S€bastian 1993b, 1994).

Curierrtly, T. schlegelii is thought to occur from south-eastem North Sumstra Plovince
to southem South Sumatra Province, with an isoLated population in Way Kambas
National Park in Lampung Province (Fig. 2) @ezuijen e, al. 1996' Sebastian 1994)'
which probably represents the southem-most extent of the species' current range in
Sumata. The fiIthest west the spe.ies has been recolded is the eastem foothills of the
Balisan Mountain Rauges in West Sumata Province @eaijer. et al. 1996), which is
probably the westem limit ofits range in Sumata.

Based on a slmthesis ofthe above information and by compadng the approximate areas

encompassed by the histodcal and current lauge (Fig. 2), it is estimated that the

distdbution of T. schlegelii in Sumatn has contacted by 30-40% in the last 30-40
years. Jambi, fuau and South Sunatra Plovinces are the stongholds of the species in

Sumatra.

Status in Sumatr.t

The IUCN-SSC status of I schlegelii is 'Data Deficient', due to insulficient
infodration to enable au assessment of the global risk of extinction, based on ruCN
(1994) criteria- This situation is largely unchanged on a global basis, but data from

Sumata indicates that the species may meet the IUCN criteria for Endangered, and
possibly Critically Endangered within Sulnatla. Data fiom the surveys oonfirms the
high priority listing given by the CSG to the species:

. there has been a documented decline in the distribution of X schlegelii in S]J'J].afJ|a
over the last 30-40 yeals, dudng which the species' total range has contracted by an
estimated 30-40%:

. there has been a documented decline in the extent and quality of habitat for I

schlegelii a Stt'jLatla h the last 30-40 years;

o the nfrmber of mature individuals and subpopulations within Sumatra has declined
in the last 30-40 years;

. T, schlegelii pop,Jlations within Sumatra and Kalimantan arc sepamted by mountain

ranges and ocean and may be isolated ftom each other.



Abundance in Sumatra

Prior to the 1950s, the species was considered relatively abundart by former crocodile
hunterc. Therc are no quartitative data to indicate the speaies' historic abundance, but
interviews with fishermen and former crocodile huntels suggest they have always
occured at low densities, although this may be partly because I s chlegelii is r]:otlnr\own
to folm large aggregations ard appea$ to be a particularly shy crocodilian. De Rooij
(1915) folmd th,i T. schlegelii was 'not rare' in Sumatran riveE and Muller (1838)
stated that it v/as 'fairly abundant' in Kalimantan.

Surveys were undertaken on l0 rivers and their tibutaries in Jambi, Riau and South
Sumaha Provinces in 1995 ad 1996 (Table 1, Figwos 3 al.d 4). Tomistorna schlegelii
vr'ere recorded on ody two dvers, in Jambi and South Sumata Provinces. The highest
mean density of Z schlegelii rccorded &lding surveys was 0.26 individuals,4cn oll the
Air Hitam Laut fuver in Berbak National Park (Jambi hovince) in 1996 (Table 1). No
T. schlegelii were rccorded during spotlight surveys elsewhere in South Su1natrq Jambi
or Riau Provinces (Table 1). However, suwey conditions were not ideal on several
occasions (e.g. high water levels afrer rain). Local people reported that T. schlegelii
occurred at low densities on all l0 ofthese river systems.

Table 1. Spotlight survey results in South Sumata (SS), Jattbi (J) and Riau @) hoviaces,
SlrrnaFa, 1995-1996. Results refer to fonErozd tcrlegerti tmless rnarked with'+' (Crocodyhs
porosrs). ES = Eyeshine. Ahl = Air Hitaln Laut Rive! and Simpang Melala Cleek (Berbak
National Park). Btg = Batang Eali River. FIom Bezuijen er 4l (1996).

Yr River (lsn $rveyed) Prov Size classes (ft) ES Total Densiry

2-3 34 4-5 5-6 >6

95

95

96

96

95

95

95

95

96

96

96

96

96

96

ss
SS

SS

ss
SS

ss
ss
SS

ss
I

J

J

R

R

3

5

1

5

21

7
'7

2

10

2

0

0

0

0

7

0

0

0

0

Melzlg (045)

Meraq (46-66.5)

Merang (0-45)

Merary (4666.5)

Medak (G53)

Medak trib's (321m)

Irlan (0-160)

Kepatryaae (G16-5)

BeDu (0-38)

Afl (0-27)

Btg (325-465)

Alai (4-9.5)

Tes; (o-la)

Kubu (26.5-34)

- l

0.16

0.34

0.04

0.49

0.03

0

0

0

0

o.26

0

0

0

0

The Merang River (South Sumata Province) was surveye.d in 1995 and 1996.
Spotlight-court densitios otr the Merang River ranged from 0.04-0.49 individuals,4<m.



In the downstream section ofthe Merang Riv€r (km 045), densities were lower in 1996
than in 1995, but in the upstealll section,.wcre higher in 1996 than in 1995 (Table l).
The overall densities of Z schlegelii seat along this river (sections combined) were
0.21,4sn in 1995 and 0.18,4sn in 1996. The Merang fuver is tidally influenced along
kn 0-45, where banks are offen clear ofvegetation and the mainsaeam is more than 30
m wide, Foviding good survey conditio$. Atong kn 46-66.5, the banks are densely
vegetated and often only sevenl metes rvide, and survey conditions are poor. The
survey dansities preseDtod here provide an index to population fluctuations, nther than
an indication of absolute population size. Caution is rcqufted when interpreting these
data, due to the low numbers. One other survey of the Metang fuver was conducted in
1990, by J. Cox, whq recorded the same density of T, schlegelii along km 0-23
(0.04r<n) as that recorded along km 0-45 itl 1996 (Tables I and 2).

The few data with which to compare the above densities are unpublished records or are
included in the results of brcader crocodile surveys, and do oot present specific
densities of schlegelii- Tlte raw data fom these reports have been extracted and,
where possible, tho specific densities of Z sci legelii calulated. Table 2 summarises ,i
schlegelii dansities recorded in other oocodile surveys in lndonesia ard Malaysia.
De\sities of T. schlegelii recorded by other researchers are of similar magnitude to those
in Table l, and most densities appear to be low. Irnnediately apparent is that the
highest densities of T. schlegelii are ftom three locations: the Merang River, South
Sumatra Province (highest overall density of 0.21 T. schlegeliilkm in 1995), the Air
Hitam Laut River, Jambi Province (highest overall density of 0.34lkn in 1990) and
Danau Sentarum National Park, West Kalimantan (0.12lkm in 1994) (Tables I and 2).

Table 2. Summary of Z scllegelri densities recorded by other researchos during crocodile
suveys in Indonesia and Malaysia. Al =Air Hitam Laut River, NP-National Park. CK, EK atrd
WK{entraL East alld West Kalimantan Provinces, SS=South Sumatra Province. Es=Eyeshine
(assiu$ed to be T. schlegelii for this summary). Km = total kilooehes surveyed.

Locrtion Survey d.te No,I
schleselii

D€na Source

Sumrtra

MeIary River (sS)

Medak River (SS)

Lalan River (SS)

AlIl (Berbak NP, ,

Kalimrntrn

several dvers (EK)I

s€veral dvels (CK)'

DaDau Seqtarum NP (WK):

Sarawak

S ? 9 0  I

2 (ES) 36 0.06

J. Co& i! litt.

J. Cox, in litt.

J. Cox, in litt.

J. Cox, in litl.

Frazie! & Matu$ongs (1990)

Frazier & Matubongs (1990)

Frazier (19t4)

22.75 0.04

Sep 90

Sep 90 2

Oct90 7

Aug-Sep 90 5

Sep-Octgo 19

Aug94 6

150 0.01

20.5 0.34

156.8 0.03

802.5 0.02

51.9 0.r2

Jul-Sep 85 3 102 0.03 Cox & Gombeck (1985)
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'Total suryey length derived by adding aI km surveyedby F &M (1990) except for 'Tidal-Matrglove

NWa habitat' (assumed to be unsuitable habitat for z scilegelt . 4xES in East Kalirnrnta! werc
ass'JE&d ta be T. schkgelii for this cdculatioD"

'4xES v,/de assuned to be I rcrl€geli for this calculauon. All si'( crocodiles were seeE on a 7.6 hr
spaD of one river (=0.79 cocodiles/km).
3All3 T. schlegelii \xerc seelr o! a 13 km span ofone n.,er (4.23 T. tchlegelii/krt.

Tomistoaa schlegelii is a species which appea$ to occur at lolv de$ities tbrcughout its
cunerf mnge in South-East Asia. The highest recorded densities are from tbree river
systems in Sumatra and Kalinantan: the Merang and Air Hitam Laut Rivers (South
Sumaaa ard Jambi hovinces) and Danau Sentarum National Pa* (West Kalimantan).

Nestilg biolog/ and habitat

Brceding populations were located on the Merang River (South Sumatra Province) and
confrmed to exist in Berbak National Park (Jambi Province). The presence of a
breeding population in Berbak National Park has previously been noted (Atnoso€dirdjo
1993, MacKinnon 1982, Silvius et a/. 1984).

Sixteen sites where U schlegelii tests werc ples€nt o! had be€tr present wele examined
in 1995 and 1996 (Bezuij en a aI.1995a.1996). All except oDe site had been pleviously
locatod by rcsident fishemren and were shown to the survey team. Fifteen sites werc otr
the Merang River aad one, a site Fom the early 1970s (shown to the team by the
fishedEatr who originally located it, and which no longer contained any tlaces ofa nest)
was on a tibutary of the Medak River (South Sumatra Provirce) Only three sites
contained intact nests with eggs. The fifteeD nest sites on the Merang fuver were &om
the following nesting seasons: 1996 (n'= 2),1995 (t=7),1994(n= 1), 1992 (n= l)
and 1987 (n = 4). Nest iofomration ftom seasons prior to 1995 was supplied by local
fishermen. Of the sevgn nests ftom the 1995 nesting season, six were intact whetr
located by fishermen and 6v€ contained eggs, although all five had beel predated when
visited by the survey team l-5 weeks after discovery by fishermen. One site contained
an unfinished nest (scratching9.

Tomistoma schlegelii is a fteshwater, folest-nesting species. Nest sites on the Merang
and Medak Rivers were in peat swamp forest. Repo s ofjuvenile T. schlegelii and
nests fiom local fishermen on all othet river systetns surveyed were in lowland
secondary forest, a widespread forost category distinct from peat swanp forest
Structual diffelences between these forcst types was quanlified. Peat swamp forest v/as
characterised by the presence of well-defined peat mounds along the banks (fomred by
gradual deposition of organic matt€r arouad tree roots), poody-defined rivel channels
and a ml,riad of short waterways adjacent to the mabstearn, low pH and very low
elevation. This fotest category was only recorded on th€ Merang River and Air Hitam
Laut River (Berbak National Park, Jambi Province). Lowland secondary forest was
characterised by well-defined river charmels and river banks, absenc€ ofpeat mounds,
dry land adjacent to the river channel (i.e. few waterways adjacent to the mainstream), a
higha pH and higher elevation. This forest t)?e was temed 'secondary' as virnrally all
folest visited had been logged at some time. All river systems wele freshwater
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(although some were tidally influenced) and all interviewees st ed T. schlegelii
inhabited freshwater.

The I 6 nest sites had the following charactelistics.

. All were situated at the base ofa large tree on a distinct peat mound (Fig. 5). Nests
were made ofpeat and were compact.

. Nest sites were direcfly adjacent to (fifteen sites) or 100 m away &om (one site) the
mainstream, surounded by a system of small, shallo$/ sideqeeks (Fig. 5) with a
mean depth of 0.4 m and mean length of l8 m in July 1996 (n = 228). All nest sites
wele within 2-4 m ofa waterway.

. Nest sites were in mostly shaded areas, with all nests in shade at least 50% of the
day, and 13 nests which were in shade 80-100% ofthe day.

Three oests were intact and contained eggs (l in 1995 and 2 in 1996). Nest height (top
ofnest to bottom egg) was 33, 37 atrd 59 cm. Nest basal diameter was 1.2-1.4 m and
the bases were 1 m above water level. Egg and ernbryo dimensions are suumarised in
Table 3.

T.ble 3. Surnmary clutch data fo! 3 intact nests and dimensions of2 semi-intact eggs from a
Fedated nes! Merang River (South SuEatra Province). Measulemeds are with t standatd
deviatiod (range, tr). TCM=Total Clutch Mass, NT-Nest Temperatue, EI{I-=Embryo Head
Length, EA=Estimated Age ofembryo (days). From Bezuijen €t d/. (1995b, 1996).

Egg lery& Egg widt! TCM NI EHL EA
(nn) (El[) G) 

oC (Dm,
Ncst Clutch Egg mass

size G)

1 Ce6) 34 244!13.11
(22r-276,

F32)

98.15!2.73
(92.30-t04.82,

*=32)

97.19!1.89
(94.7GrO2.06,

F29)

102.a3ji2.44
(97.63109.45,

n=34)

96.44,95.11

64.99!t.12
(63.01-67.90,

a=32)

63.39!0.70
(61.82-&.82,

F29)

64.8510.67
($.n-66.00,

n=34)

57.67,55.46

8300 31.8 t3.23 24-25

6692 32.4 34.39 52-53

8759 3t.4 35.88 57-58

2( '96) 29

8 C95) 3s

23t!4.67
QLs:236,

278!'.82
(2s3-29s,

tF34)

5 ('95) kedatedrast

The nesting data from Sumatra are similar to data collected by other researchers.
Witkamp (1925) recoded tblee T. schlegelii nests in fteshwater swamp forest on
upsteam tributalies ofthe Mahakam River in East Kalimantan Plovince. Nests were on
dry dver banks 2-3 m above the v/ater and between thin saplings alld modeBte-sized
tlees. Tivo nests were within 500 m ofearh other. Nests were 1.2-1.4 m diameter,0.6
m high and contained 33, 34 and 4l eggs. Intemal nest tempelatures w€re 3l'C (n = 2)
and 33.5"C (Witkamp 1925). Witkamp (1925) measured the dirnensions of one egg as
103.5 om diameter,6l.5 mm width and 206 g mass, and noted egg mass to be almost
double that of C. poros4.r eggs rcceody measuled by another researcher in the regiotr.
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Habitat, proximity to a strearn and dimensions of a single T. schlegelii nest in Sar". ak
described by Lading and Stubing (1997) were similar to the nest sites on the Merang
River, although the Sarawak n€st was located at the edge of a rice field. Clutch size and
egg dimensions were notably smaller than those recorded on the MeBng fuver.

Of sigrificance is the fnding that mean egg mass is alnost double that fo! every othe!
species described by Tholbjamarson (1996) within the Order Crocodylia.

Nesting succ^s

The most significant natrual factor affecri.g T. schlegelii egg mortality on the Merang
River appeared to be predatioD by noD-indigenous v.ild pigs (slls tc,'qfa). Five of seven
nests (717o) &om the 1995 nesting season on the Merang River had been predated by
wild pigs. Nests had been pulled open by pigs and eggshells were strewn around the
site when visited by the suryey team. The extent of nest flooding is unl(Ilown and no
flooded nests werc reported by any of the fishennen interviewed. Habitat loss and
modification by fte is probably a significant factor i!flu€lcing the availability of
nesting habitat for T. schlegeliii extelsiYe areas of swamp forest in eastem sumatra
were bumt by human-induced fires in 1994 and 1997.

Hll:rnan pressu"es

The habitat utilis€d by T. schlegelii is also exlensively utilised by local people Fishing
and logging are the two pdmary human activities within T schlegelii habitat. Most
river systems in eastem Sumatra are populated and forest areas adjacent to waterways
are regularly searched for fish and hltles. All river systems surveyed except those in
Berbak National Park (Jambi Province) had been logged at least once and all were
fished to some extent, including the uppermost, remote creeks. Tomistoma schlegelii is
widely rccognised by local people as having little economic value and is not usually
detberately captured or hunted. Local people in most rivcl systems surveyed were
familiar with the species and consider€d it to be harmless and shy. Huma!-induced
mofiality of T. schlegelii listed by interviewees was incidental drowning of young
individuals caught in fish traps an4 at two rivers in Jambi Province, occasional egg
coosumption.

Trcdition and local calnre

There is a diverse range ofcultures and socio-economic co[ditions at legional and local
scales in eastern Sumatra- which would need to be identified for conservation of Z
schlegelii ot specific river systems. Fo! examPle, in South Sumata Province, a unique
system of river ownership exists ('lebak lobang'), whereby local heads of villages
gather once a year and bid, on behalf of their village, for exclusive fishing rights to
sections ofa river or a whole river. At a local scale, fishemen on the Merang River
have pdvate agr€ements as to where each fisheman may harvest fish, h[tles and
snakei. Such agreements vary on n€ighbouring rivels. Tributaries or sections of a river
are often fished by a farnily, and the feeling ofcommunal support is strong.
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Other

Information obtained on the diet, morphometrics and scalation, local beliefs and former
sk)ttade in T. schlegelii is swrunarised below.

Diet. Base.d on interviews with former qocodile hunte$ and fishermen, T. schlegelii
has a broad diet and is not a specialist 6sh-eater. The most frequendy reported food
items by interviewees were monkeys, wild pigs and snakes. Birds, othcr marmals and
reptiles were also listed. Stomach conteDts werc removed from six wild T, schkgelii
(total lengths 66.6-190.0 cm) captured on the Merang fuver and included shrimp and
Pandanus leaves. At least two stomach contents contained numerous nematodes.
Galdikas and Yeager (1984) observed a T. schlegelii predate a Crab-eating Macaque
(Macaca fasciculark) in Tanjung Puting Reserve (Cental Kalimantan Province) and
noted that the local people in the Reserve Saditionally used macaques as bait to catch li
schlegelii. MnlIet (1838) stated the diet of T. schlegelii consisted of fish, monitor
lizatds (Varanus spp.), waterbirds and mammals.

Molphohetlics. Fiom 1995 to 1996, morphometrics and scalation was r€corded from a
tolal of70 T. schlegelii (55 captive and 15 wild individuals, all from the Merang River
in South Sumatra Province except one captive individual fiom the Alai fuver in Jambi
Province) (Bezuijen et ql. l995qb,1996). Snout-venl lengths ranged ftom 32.4-188.8
cm. The largest individual measured w8s a nesting female caphr€d oD thc Merang
River (total length 343.0 cm). The largest Z schlegelii sigftd was estimated to be 4.8-
5.2 m (16-17 ft), on the Memng fuver in 1995 @ezuijerL et al. 1995b).

Scalation. TwerLty pattems of precaudal scalation were recorded frorn 70 individuals.
Thity-six individuals had a single precaudal pattem ('Type l',Be ijen et al. 1996),
and the remaining individuals had 'Types 2-20'. Nl T- schlegelii except the single
individual from Jambi Province were from the Merang River, tlus no conclusions can
be infered as to geographical differences in morphometics and scalation that may
9XtSt.

Local beliefs. No specific local beliefs were associated with T. schlegelii anLongst
interviewees. Some fomrer hrmters used chanting and pray€r prior to hunting to ensule
a successful crocodile hunt. Specific beliefs are associated with C/ocodyltu porosus.

Historic skin trade. T\e majority of crocodile hunting in easten and souih-eastem
Sumata was in the 1950s-70s. Crocodyhts porosus skins were ofhigher value than Z
schlegelii shins and all former hunte$ agreed Ih,i C. porosus skins lvere of better
quality. Hrmters sold T. schlegelii sk)ns for about half the price of C parosr skins.
Tomistoma schlegelii is still widely lecognised as having litde commercial value and no
evidence of commercial hunting of T. schlegelii was recorded. Specimens are
occasionally caphued i! fish traps and sold by fishernen to clocodile farms, who keep
them @izuijen a al. 1996, Webb and JeDkins 1991). Cox (1990) notes that skin tadels
relate the preseuce ofosteoderms in the ventral scales of T. schlegelii as the rgason for
its low economic value, although the species lacks osteoderms (King and Brazaitis
l97l). The large size of the vental scal€s (relative to crocodilo species with smaller



ventral scales e.g. C po,"osr.lJ) may also contibute to the low economic value @razaitis
1987).

Conclusions

l. In Sumatr4 the largest temaining populations of T. sehlegelii are in Jambi, Riau and
Souti Sumaaa Provinces, where the species is widely distibuted, althongh plobably
in low densities.

2. The primary threats to the folagiDg and Desting habitat of T. schlegelii i east'J!
Sunatra are outight loss of nesting habitat (logging, fue), modificatiou ot
distubance of nesting habitat (logging, fishing, regular human dsitation of nesting
aleas, motorised boat activity) and egg predation by wild pigs. The extent of nest
flooding is unloown.

3. RiveN with the highest recolded densities of T. schlegelii and which are confirmed
to suppolt ble€ding populations are in Berbak National Park (Jarnbi Prcvince) and
the Melang River (South Sumatra Province).

4. Berbak Nalioml Pa* is the only prctect€d area in eastem Sumatra which is
curently know! to hold a viable breeding population of I schlegelii. T}re tlor4
fauna aod managEment roquirements of Berbak National Palk is well-documonted
(e.g. de Wulf 1982, Giesen 1990, Santiapillai 1989, Silvius et al. 1984) alld a
Aamework for maaagement and research thus exists.

5. Tomistorna schlegelii also occurs in Way Kambas National Palk (Larpung
Province). However, given the widespread deforestation, clearance of river bank

vegetation and inteDsive fishing in the Prcvince, this population is probably small
and isolated.

6. The Merang River is not protected and is currently under a logging co[ces$on'
From 1996 to 1998, km 5040 of the dver were logged to within 250 m eith€r side
of the river Qndonesian law prohibits loggiog any closet); this is the section where
the majodty of Z scrleger'i nests were le-corded. Upon expiry ofthe logging lease'
the Indonesian GoverDrlent rvill decide the rive!'s future.

7. Prctectiol of some viable breeding populatiors on selected river systems may be the
most effective iuterim and lotrg-tenn method for eusudng the loog-term
cooseryation of the species This stategy would need to incolpoBte upst&am'
fieshwater forested areas with suitable breediog habitat.

8. A harvesting program involving T. schlegetii individuds or eggs, and which
provides dire.t financial incentives for local people to protect foraging and nesting
habitat, may be a! effective lotrg-telm conservahon strategy.

9. Most areas iohabitdby T. schlegelii re also utilised by humans and aonservation
will only be possible with the support and involvemerf oflocal people, as has been
suggested for conaeryation in Danau Sentarum National Park, West Kalimantan
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(JeNLes et al. 1995, Jeas€n et al. 1995). The socio-economic conditions of local
people liviug on a river with a breeding poplulanon of T. schlegelii would need to be
assessed.

RecommeDdations

10. Conservation of T. schlegelii in Sumata should focus on river systems in Jarnbi,
Riau and South Sumatra Prcviuces.

I l. The following st"ategy is lecommended for optimal use of conservation firnds for
the species in Swlratra.

. Annual spotlight and rcsting surveys on selected river systems. These will
provide baseline data oD population size, stucture and fluctuations.

. Formulation of nanagement plans for seleoted rivers which are curendy not
plotected. Manag€ment plans should be specific to each rivq and describe and
identify: data on distributiorq abundance and rcsting of I schlegelii', ttrde ts to
foraging and nesting habital; existing socio-economic conditions; local attitudes
towards the species; optimal methods for protection of nesting and foraging
habitat.

. Identification of other river systems which suppod breeding populations of I
schlegelii,

12. Annual surveys should be conducted il1 at least one repres€ntative river syst€m in
each ofJambi, Riau and South Sumah"a Provinces. Bas€d ou the data collected from
1994 ta 1996, recoEmeDded rivers are: Air Hitam Laut River and tributaries in
Berbak National Park (Jambi Province), Teso River @iau Proviqce) and Merang
River (South Sumata Province).

13. Bas€lin€ suweys should be conduqted in Way Kambas NatioBal Pa* (Ldrpung
Province) to assess thg status ofthe species.

14. Nesting and foraging habitat for T. schlegelii in Berbak National Park is secure.
Aside fiom annual surveys, no active management of the species is considered
necessary at this time.

15.It is recorunended that the Merang River be given high priority as a site fo! a
m:nagement plan for T- schlegelii, fot lhe reasons listed below,

. Baseline data on densities and nesting now exist ftom 1995 and 1996.

. lJntil rccent yeals, the river has been subject€d to relatively low levels ofhuman
disturbance; most oth€r rivers in the region bave beon extensively bumt, cleared
or fished.



. Local people on the Merang Rive! are intqested in the species and possess
exte$ive lolowledge on T. schlegelii- They have indicated their interest in the
conservation ofthe s?ecies and were involved in field wo* in 1995 ard 1996.

. As a result of the project, the Provincial Ministry of Forestry is aware of the
conservatio[ significance of the Merang River for ]1 schlegelii. Prelimilluy
discussions on conservation of the species in the Province were held with
Provincial officials in 1996 (Baz'rijen et al. 1996).

. The river is ooe of few remaining in the north-east r€gion of the Province vrith
peat swamp folest and which supports a variety ofother thrcatened fauna.

. A iegional conservation stategy ircorporating atreas near to the Merang River
has been produced (see bglow) and a ftamgwork for cotrservation aheady exists.

16, The intemational importance of th€ mangrovg and swarnp forest ecosystems of
eastem Sumatra has been recognised for many yearc. Regional socio-economic
conditions and land uses have been described (e.g. Danielsen and Verheugt 1990,
GOI-World BaDk 1995). A regional sEateg/ for int€grating conservation and
development of forested coastal wetlands in South Sumata and Jambi Provinces has
recendy been formulated (Davie and Sumadja 1997, GOI-World Bank 1995) and is
centr€d alormd Beftak National Park. The Senbilang River catchment (east ofthe
Merang River) is proposed for ptotection as an extension of Berbak National Park
(Davie and Sumardja 1997). The proposed €xtension currently does not incorporate
the Merang River. A formal prcposal to National authodties describing the
conservation valus of the Merang River for T, sehlegelii nd proposing that the river
be incorporated in this regional strategy may be the optimal method for initiating
conservation ofI sciJegelii in Sumatra.
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Fig. 1. Sumatra. Dots
represent prcvincial capital
cities.

Fig. 2. Histodcal & curent
distribution of Tozrrston a schlegelii
in Sumatra. ? =a single 1993
sighting from Aceh. ? ? =
populations may still occur in
southem South SumaFa Province,
A single population is lsrown from
Way Kambas National Park,
Lampung. Dark shading represents
the Barisan Mountains.
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Peninsular Malaysia.
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AbstIact

As part of the management plan for Tasek Bera, Malaysia's first Ramsar site,
spodight sulveys for Tomistoma wele conducted over 12 nights in the
swamp and suuounding rivers. No ctocodiles or "eyeshines" were sighted
in 92.8 km surveyed. Local residents reported commercial hunting of
Tomistoma for skins in the late 1950's and early 1960's, where all sizes were
taken ard the population greatly reduced. Nests have not been reported in
recent times, although historically they were seen along the barks of the
Bera, Jelai and Tasek Rivers (but not in the swamp itsel0. Sor.e Tomistoma
still occur in the swamp, but are seen infrequently.

The loss and alteration of large tracts of forest habitat due to logging, oil-
palm and rubber plantations may have hindered the recovery of
Toflistoma after the hunting period. The area has also seen a large influx of
people living and working in the area over the last 15 -20 years, with
recreational activities becoming popular. Fish poisoning and netting of
some watelways still occur.

Several tributaries of the Pahang River in Peninsular Malyasia reportedly
co\tai\ Tomistomd, ard nests have been reported over the last 5 years.
Tomistoma and C. porosus may occasionally be hunted for meat in these
areas. Extensive surveys are needed in Peninsular Malaysia to confirm and
consolidate the scattered reports of this species, which is clearly endangered.

Tomistoma (Tomistoma schlegelii) at Tasek Berz',



INTRODUCTION

The Malayan False Gharial or Tomistoma (Tomistoma schlegelii) is a large,
slender-snouted crocodilian growing up to 5 m in length; it is considered to
be one of the least known of all crocodilians. The Species Survival
Commission of the ruCN has ideniified it as a crocodilian species with the
highest pdority for research and conservation action (Thorbiarnarson 1992).
Histodcally the species may have ranged flom south-eastern China through
to Indonesia. Tomistoma is now thoueht to be confined to Indonesia
(Sumatra, Kalimantan) and Malaysia (Peninsular Malaysia, Sarawak) whele
it is found in the freshwate! upper reaches of rivers and swamps (Sebastian,
1994). The species is thought to be extinct in Thailand.

Tomistoma is currently listed as 'Data Deficient' in the IUCN Red Data List
(ruCN, 1996), due to the lack of information. Published infolmation on
Tomistoma is meagre and scattered throughout the literature. In Peninsular
Malaysia, Tomistoma have only been confirmed frorn a few locations: The
North Selangor Peat Swamp Forest (Butler 1905, Itentice 1990, Sebastian
1994), Pelak River (Boulenger, 1896) and histodcally, the Tasek Bera
Swamp. The Pahang and Setiu River Basins and the Southeast, Jemaluang
and Beriah Swamp Forests are all possible sites where Tomktoma may exist
or areas of unconfirmed reports (Sebastian, 1993). Tofiistom4 ale now
legally plotected throughout Malaysia but there have been no systematic
crocodile surveys carried out in the Peninsula.

Tomistoma surveys were undertaken at Tasek Ber4 by Wildlife
Management International (WMI) under the auspices of the ruCN
Crocodile Specialist Group. These surveys were conducted in conjunction
with The Tasek Bera Proiect and had the following objectives:

. Assess crocodilian species presence; histodcally and currently.

. Assess the status of species: their historical distibution and abundance
(in relation to habitat types) relative to their cullent distribution and
abundance.

. Determine habitat conservation priorities for Tomistoma and identify
cuEent or potential threats.

. Collect information on breeding status and reproductive biology if
possible

The Tasek Bera Proiect
The Tasek Bera Proiect involves the development and implementation of a
management plan for Malaysia's first Ramsa! site: the freshwater swamp
ecosysiem at Tasek Bera (Lake Bera). The proiect is being developed @
Wetlands International - Asia Pacific (WIAP) in coniunction with the
Institute of Advanced Studies (IPT) of the University of Malaya, and aims to
integrate wetland conservation, reqeation and ecotourism. The initiative



will be carried out with the Pahang State Government and involves the
indigenous people of the aleal the Semelai.

Duling the initial stages of the project, numerous flora, fauna and
hydrology sulveys were being conducted to provide information for the
development of the management plan. The core zone of the Ramsa! site
covers 26,000 hectares and includes the lake, surrounding swamp and
lowland forests. A furthe! 22500 hectares is a buffer zone compdsing part of
the catchment a!ea.

Study Area
Tasek Bela is a large alluvial peatswamp forest situated apploximately 100
km east of Kuala Lumpur in central Peninsular Malaysia (Fig. 1). It consists
of a dendritic complex of meandering tracts of swamp folest some 35 km
long by 25 km at its widest point, though each arrn of swamp may only be a
kilometre or two wide. The swamp covers over 60 square kilometres
between areas of raised lowland forest. Water flows into the swamp
throughout the year and it dlains northward through a single confluence,
into the Tasek River, which in tuIn drains into the Jelai and Bera Rivers.

Duling the dry season wate! is lestlicted to a single naFow channel which
flows through the healt of the swamp folest. The wate! is usually less than
1.5 m deep at this time of the year, but the channel is intersPersed with
many deep, wide pools or lubuks. Channel width is usually between 3-7 m,
but widens into an open lake at the northern end of the swamp uuhich is
approximately 3.5 km long by 500 m wide.

The most common habitat, which occupies two thirds of the swamp, is
peatswamp forest, composed of Eugenin trees with Thoracostachyum sedge
fringing the waterways and forming an understorey. This forest type
dominates the dendritic arms and waterways of the southem swamp. The
northem reaches are dominated W Panda us clumps and Lepironia tePJd
beds which make up the remaining thild of the swamp errea. This habitat
fringes the open lake which is dotted with mar.y Pa danus islands.

The wetlands of Tasek Bela are surrounded by dry lowland Dipterocalp
forests, characte sedby Dipterccarpus a\d Shorea tlees. Most of this folest
has at some time been logged, cleared or altered, and very litde (if any)
primary folest lemains. Large kacts of this forest have been cleared under
the government's Federal Land Development Authority (FELDA) scheme,
which develops and allocates large oil-palm and rubber plantations to new
settlers. Such schemes have resulted in the isolation and enclosure of the
wetland of Tasek Be!a, leaving only a small strip of dry lowland forest of
aboutlo 000 ha, surrounding the swamp.



METHODS

All fieldwork at Tasek Bera was carried out ove! 2 weeks (26 June - 11 July
1997) using local guides and boat drivers.

Sutveys
Surveys were undertaken at night ftom a 4.2 m fibreglass boat, Powered by a
15 IIP Yamaha outboard motor. In some survey units, the moto! was not
used and the boat was paddled. Spotlighting procedures followed that
outlined by Messel et. aI. Q987). A 12 V spotlight or a 6 V 'DolPhin' torch
wele used, depending on the width of the stream being sulveyed. Fou!
naqow water holes, of varying lengths (100-400 m), were surveyed by foot
ftom the banks, using torches

Interviews
Interviews with local residents were carried out to assess local knowledge
on various aspects of TomistomQ. Most interviews were conducted in and
around the 14 villages of Tasek Bera (Fig 2) and the maiority of interviewees
were known to have had dealings with Tomistoma at some time. Most of
the people residing at the swamp had lived in the area all their lives and
were only familiar with the Tasek Bera region.

A standaldised questionnaire (Bezuijen et al. 195b) covered current and
historical prospectives on: species plesence, distribution, abundance, nesting
biology. hunting and trade, and other information. 'Recent sightings' of
Tomistoma were classified as those which had occurred in the last five years
(ie trom 1993-1997). AU pre1993 sightings are referred to as 'Historical

Sightings'. As Tomistoma sightings are quite well known throughout the
community, 'Recent sightings' of the Tomistoma also include secondhand
information: that is, reports made by the interviewee who knew of
someone else who had seen a Tomistoma.

Mapping
Broad scale habitai t}?e was recorded for vegetation adiacent to the
navigable channel running south-north in the Tasek Bera swamP. Channel
depth was measuled and width estimated visually every 2-3 km. DeePer
waterholes, or lubuks, were recorded with the aid of a Garmin GI'S 40
Global Positioning System. Lubuk depths were rneasured using a weighted
cord with 1 m graduations. Local names fo! the lubuks wete recorded and
the width and length estimated. Water temperature and pH were measured
in a number of locations thloughout the swamP.
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RESULTS

Surveys
All navigable waterways within the swamp, from the Jelawat Bridge to
Pathir village, were surveyed twice over 8 nights (57.4 km). A further four
waterholes, the Tasek and part of the Jelai and Bera Rivers were also
surveyed (35.4 km) over 4 nights. No crocodiles or eyeshines \ /ere sighted
during any of the spotlight surveys (Simpson et al. 799V-

Interviews
A total of 19 people were formally intelviewed from 8 villages (or areas) in
Tasek Bera and the surrounding region (Simpson e, al, 199n. A\ additional
number of people frorn the villagers of Kuin, Benal and Bukit Gegerish
reported that their village had no infolmatio\ o\ Tomistoma. Most of
those questioned had spent their entire lives at Tasek Bera or in the region.

Recent Siehtines

Twelve reports of Tomistoma were lecorded within Tasek Bera and
associated rivers to the North ove! the last five years (Fig. 2). Sightings have
occulled thloughout the swamp from Jelawat village in the South, to the
Bera River in the North. Most Tomistoma were seen in the deeper waters
of the lubuks, and where the size was known, they were estimated at greater
than 3 m long. Large individuals were said to dive immediately on being
seen. One exception was a small individual (< 1 m long) seen basking on a
log. Usually 3-4 sightings of Tomistoma are reported from the Tasek Bera
region each year.

Historical Sightings

Sightings of Tomistoma plior to 1993 were repolted by 16 of the 19 people
questioned, with nine of these people being involved in some form of
hunting. Of the people interyiewed who were over 50 years of age, most
had been directly involved in hunting o! had personally see\ Toflistoma
in the Tasek Bera region during that period. Some interviewees reported
seeing "many" Tomistoma in the 1950's and early 1960's, with all size
animals being reported (hatchlings to animals 6 m long).

The greatest number of reports came from the Tasek, Jelai and Bera Rivels
directly to the Nolth of the Tasek Bera swamp (Fig. 2). "Many" Tomistoma
were seen along these rivers, and were reportedly found all along the Bera
River from the Tasek Bera swamp to the confluence with the Pahang River,
a distance of approximately 50 km. Within the swamp itselt the majority of
sightin-gs occurred in the nolthetn half, from Benal village to Pathir village



Saltwater Crocodiles, Crocodylus polosusl were also reported flom the
Tasek Bera area, mostly in the 1930's and 1940's. Only two old hunters had
see^ C. porosus in the region. Most reports came ftom sightings made by
the parents or grandparents of intelviewees. Saltwater crocodiles have not
been reported in the region since the 1950's.

Nesting

Thele were no historical rcpofts of Tomiston a nesting within the swamP
itself. All historical nests leported were found outside the Tasek Bera
Swamp, on the banks of the Tasek, Jelai and Bera Rivers. Numelous nests
were sighted prior to the 1960's, but reports since have been sporadic.
Nesting was said to occur all along the Bera River, on the banks of the dry
lowland/secondary forest. Of those interviewed (n=19) the latest sighting
was of an old flattened nest in 1980, in Lubuk Perah, off the Tasek River.

Nest and egg descriptions were similar to previously published repolts flom
other regions (Bezuijen et aI. 7995b; 

-1997, Ladr^g and Stuebing 1997).
Interviewees reported nests to be composed of leaves and small twigs raked
into a mound, 30-60 cm high and about 1 m in diameter. Clutch sizes were
reported as 15 - 30 eggs, each approximately 10 cm long. Nests were rePorted
to occur in the dry season, from June to August. Females did not defend the
nest which was usually within 20 m of the river. Wallows or deplessions
beside the nest were not reported.

Diet

Tomistoma was reported to eat a valiety of Prey items, including fish,
mouse deer, dogs, pigs, snakes, monkeys and stones. One old hunter
reported that all Tomistoma caught greater than 15" in circumference
lapproximately 1.2 m longl had stones in their stomach.

Hunting and Trade

Tomistotna were commercially hunted for their skins over a 3-4 year Period
from approximately 7958-1962. Hunting occurred in the Jelai, Tasek, Bera
and Serting Rivers (north of Tasek Bera), as well as the northern readtes of
the swamp, from Benal village to Pathir village (Fig 2). ftom those
interviewed, it was estimated that up to 750 Tomistoma may have been
taken from the Tasek Bera Swamp and the surrounding rivels during lhis
period. Tomistofi4 may have also been taken by hunters who were not
canvassed in these intewiews.

The majority of Tomistoma were repodedly caught using a Pointed sti& 30
cm loqg which was baited, usually with fish or pig, and attached to a length
of dried lattan vine. The bait was set 15-30 cm above the wate! edge. After
the crocodile had swallowed the bait and swam off, the floating vine could



be tracked dowa and the crocodile pulled to the surface with the pointed
stick lodged in it's stomach. This method usually caught crocodiles larger
than 1.5 m long. Teams of 2-4 professional crocodile hunters used this
method and worked during the dry season. Hunters mostly worked the
Tasek, Jelai, Bera and Serting Rivers and did very litde hunting in &e Tasek
Bera- swamp itselt whele the Tomistoma numbers were too low to produce
gooq retutns.

Villagers also catght Tomistoma on an opportunistic basis, catching them
by hand, in fishing nets or spealing them. Most of the opportunistic catches
occurred within the Tasek Bera swamp and continued infrequently afte!
commercial hunting had ceased.

Tomistoma of all sizes, flom hatchlings to 6 m animals were caught, killed
and sold. Animals greater than 1.2 m had the belly skin takerL while
smaller animals were sold whole or as holnback skins. Most of the
Tomistoma caught came from the Tasek, Jelai and Bera Rivers to the North.
Within the swamp ploper/ the number of crocodiles caught during the
huntinS period from 1958-1962 was estimated at 2G30. By the end of 1962,
Tomistoma numbers were greatly dirninished (in all size classes) and prices
were low, blinging an end to sedous hunting in the Tasek Bera area.

Skin prices varied durirg the period of hunting, but generally the plice for a
belly skin was RM2.00-3.50/inch After the main hunting period, the price in
the mid-1960's increased to apploximately RM5.00/inch. Smaller crocodiles
up to one metre in length could be sold whole, and would bring prices of
around RM15.00.

A Tomistoma skull was inspected at Papak village which had been obtained
from a fishelman about 20 years ago. The skull was 61.0 qn long (Head
I€ngth), which, using regression equations derived by Bezuiie\ et al. (7995a,
b), equates to a Tomistoma with a total length of about 3.76 m (124).

Tasek Bera Swamp
The navigable swamp channel within Tasek Eera measures approximately
20 kms from the Jelawat bridge to Pathir village. Channel width is usually
between 3-7 m, with the depth usually less than 1.5 m. The wate! level at
Tasek Bera during the field tlip (26 June - 77 Jrlly 7997) - the dry season, was
quite low. The standard water depth scale at the Tangung Kuin Jetty (Fig. 2)
measured apploximately 80 cm for the duration of depth measurements.
The water level did rise to 110 cm with rainfall in the alea during the last 4-
5 days of the trip.

There are 38 deep waterholes, or lubuks, which intersperse the dry season
channel from the Jelawat Bridge to Pathir village (Simpson et at. 1997).
Nine of these ale !n the open water of the northern swamp. Most of the
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lubuks in southern part of the swamp, from the Jelawat bridge to Benal
village usually measured less than 3 m deep. Those lubuks from Benal
village north to PatN! village were usually 46 m deeP. Lubuk sizes varied
but were usually 100-300 m long, although some measured only 20 -30 m;
lubuk width was between 20-100 m.

Water temperature was lower in the faster flowing areas of shallow channel
(26 C) than in the deeper lubuks (27.5 - 28.5 C). Water pH was the same
throughout the swamp (5.5).

DISCUSSION

Tasek Bera
The population of Tomistoma at Tasek Bela and in the Tasek, Jelai and Bera
Rivers has been clearly reduced over the last 40 years, and only a few
individuals may remain. The commercial hunting of all sDes of
Tomistoma for the skin market was the most obvious reason. It aPPeals
hundreds rather than thousands of Tonistome may have been removed
from the region during that peliod (i958-1962), but such losses Probably
represented a large proportion of the population. Very few animals
remained after the commercial hunting had finished in 1962. The sPecies is
now legally protected and in coniunction with very low densities, is not the
subject of deliberate hunting in the area.

The loss or alteration of the natulal habitat throughout the area is a factor
which threatens the recovery of Tomistoma populations. The remaining
dry lowland forest at Tasek Bera has been subjected to varying degrees of
clearing and alteration. Forest has been logged to varying degrees, and
subjected to shifting swidden agricultule. The large oil-palm and rubber
plantations of the and Federal Land DeveloPment Autho ty (FELDA)
schemes further isolate the swamp. These schemes result in la!8e tracts of
forest being cleared for agriculture and 8leatly increase the Potential fo!
feltiliser run off whidr can impact on the swamP in many ways.

The increasing number of peoPle to the a!ea, through toudsm and FELDA
schemes, may also impact o\ the Tomistoma's ability to !ecove!. An
inclease in the numbe! of powered recreational and fishing boats on the
Bera River has occuded ove! the past few yeats, with ver cruises
in$easing in popularity. The increase in human activity since the main
FELDA settlements in 1983 has also resulted in an increase in fishing
intensity, especially netting and poisoning of ttle Bera Rive!. These fishing
activities are leal threats to Tomistoma and the aquatic fauna generally. The
use of tladitional loot poisons (which have a limited effective range) have
been o;vershadowed in recent times by the use of Pesticide Poisons and
cyanidqbased industlial chemicals. Such chemicals indiscriminately kill
and affect all aquatic life forms. Fish netting occurs frequendy along the
Bera Rive!, with large nets stretched acoss the rive! width. These catch all



sizes of fish, restrict the movement of Tomistoma, result in individuals
drownin& and may decrease food availability.

No Tomistoma wele seen duling the surveys, but information from
villagels indicated that some individuals are still present in Tasek Bera.
These have been infrequently sighted ove! the past several years, with most
reporting large animals greate! than 3 m long. It is probable that there ale
only a few individuals which are seen as they move within the swamp. The
report of a smatI Tomistoma may suggest successful nesting somewhere in
the legion, within the last 5 yeals or so. It is possible that breeding still takes
place, although clearly infrequently. All previous nesting lepolts indicate
that the lowland forest of the Tasek, Jelai and Bera Rivels provide suitable
nesting habitat for Tomistoma, although no nests have been reported in
nearly 20 years.

Peninsular Malaysia
Information obtained dudng the Tasek Bera surveys indicate that
Tomistoma can still be found in t butalies of the Pahane River. The
Department of Wildlife and National Parks (PERHILITAN) at Temerloh
have four Tomistoma in their minizoo. One was confiscated flom a
fishermen in 1995 from the Jengka Rive! (Fig. 3). The 3 others were
obtained since July 7997. Two small individuals came from Tasek Chini,
while the other from another tlibutary of the Pahang River (Fig,3).

lnformation from Menchupu village (nea! the Rasau River) indicates that
all sizes of Tomistoma (as well as C. pmosud are frequently seen at night in
the Rasau, l€par and Pahang Rivers (Fig.3). The Luit and Rompin Rivers
were also said to hold populations of Tomistoma. Batin Kandol of
Menchupu reported seeing Tomistoma nests during the dry season on the
banks of the Rasau and Lepar Rivels 4-5 years ago. A 40 kg [estimated at 2.4
m longl Tomistomc was caught in a net in 1996. The lower jaw was
examined and the dentition noted as 4/15 (Simpson et al 7997), in
accordance with other descibed Tomistoma specimens Oordansky 1973,
Bezuiien ef al. 1995a). Tomistoma caught as incidental catch in fishing nets
in the Rasau River area can still be reportedly sold for RMs/kg, but during
the Chinese festive season prices can reach RM40,/kg: Tomistona (a d C,
porosus) are sometimes hunted at this time.

The Tomistoma surveys at Tasek Bera were the filst such surveys to be
carried out in Peninsula! Malaysia although Tomistoma have been known
fiom the Peninsula fo! more than 100 years. Histolically leported from the
Perak, Pehang and Selangor Rivers (Fig. 3) (Boulenger 1896, Butler 1905),
Tomistoma have only been recorded from the North Selangor Peat Swamp
Forest ln lecent times (Prentice 1990, Sebastian 1993). As the curtent status
and digtribution of Tonistoma within Peninsular Malaysia is unknown,
comprehensive surveys are urgently needed. Tomistomo may still be under
some hunting pressure in some areas. 

40



ACKNOWLEDGMENTS

This field trip was jointly undertaken by staff of Wildlife Management
International, Wetlands International-Asia Pacific and the Malaysian
Department of Wildlife and National Parks. Clawford Prentice and his staff
from the Tasek Bera Project in Temerloh provided enormous helP.

Teacher housing was provided at the Pos Iskander school while we worked
in the area. Our sincerest thanks goes to Stam, our boat driver, and his
family who allowed us to'take over'their house at Pathir village. Mr
Rapiah bin Muda and the staff at the Temerloh PERHIIJTAN minizoo
allowed us to catch and measure their Tofiistoma .

Funding was provided by the Asian Conselvation and Sustainable Use
Group (ACSUG), Wetlands International-Asia Pacific (WIAP) and the
Crocodile Specialist Group, through a donation flom the Chicago Zoological
Society.

REFERENCES

Bezuijen, M.R., P. Cannucciari, W.S. Ramono and G.J.W. Webb. 1995a.
Project Tomistoma. Field Trip to Palemban& Sumatera Selatan,
lndonesia. 14 March - 3 April: Trip Report. Wildlife Management
International Pty Limited.

Bezuijen, M.R., P. Cannucciari, S.C. Manolis, Rhiza, Samedi and B.K.
Simpson. 1995b. Field Expedition to the Lalan River and its tributaries,
Souih Sumatra, Indonesia, August - October 1995: Assessment of the
Distdbutiory Abundance, Status and Nesting Biology of the False Gharial
(Tomistoma schleSelii). Wildlife Management Intelnational Pty. Limited

Bezuijen, M.R., P. Hartoyo, M. Elliott, and B.A. Baker. 1997. Project
Tomistoma. Second Report on the Ecology of the False Gharial
(Tomistoma schlegelii) in Sumatera. Wildlife Management International
Pty. Limited.

Boulenger, G-A. 1896. On the Occullence of Schlegel's Gavial (Tomistomio
schlegeli) in the Malay Peninsula, with remarks on the Atlas and Axis of
the Crocodilians. Proc. Zool. Soc. No. XLLI. 62&633.

Butler, A.L. 1905. The eggs and embryos of Schlegel's Gavial (Tomistoma
schlegeli, S. Muller). J. Feder. Malay. States Museums. 1 (1): 1-2.

Iordanskv, N.N. 1973. The Skull of
anct .l'arsons, 1.5. (bos.). ttrorogy
Academic Pless, London. 539 p.

the Crocodilia. Pp 207-262 Irr: Gans, C.
of the Reptilia. Vol. 4, Morphology D.

41



IUCN 1996. 1996 ruCN Red List of Threatened Animals. Baillie, J. and
Goombridge, B. (Eds.). ruCN Cland Switzerland.

Lading, E. and R. Stuebing. 1997. Nest of a False Ghadal flom 9arawak.
Crocodile Specialist Group Newsletter. T6 (2): 12-73

Messel, H., G.C. Vorlicek, A.C. Wells and Gleery W.J. 1981. Surveys of the
tidal river systems in the Nolthern Tellitory of Australia and their
crocodile populations. MonograPh No l The Blyth4adell river system
study and the status of Crocodylus porosus in tidal water\^/ays of northern
Australia. Methods for aralysis, and dynamics of a PoPulation of C.
porosus, Perg?r o^ Press, Sydney, Auskalia. 463 P.

Prentice, C. 1990. Environmental Action Plan for the North Selangor
Swamp Folest. ABW/WWF. Malaysia, KL.

Sebastian, A.C. 1983. The Crocodilians of Malaysia. A Review. Pp 1-15 In:
Clocodiles. Ploceedings of the 2nd Regional (Eastern Asia, Oceania,
Australia) meeting of the Crocodile gPecialist GrouP., ruCN- The Wolld
Conservation Union, Gland, Switzerland.

Sebastian, A.C. 1994- The Tomistoma, Tomistoma schlegelii, in Southeast
Asia, a Status Review and Priorities for its Conservation. Pp 98-112. In:
Crocodiles: Proceedings of the 12th Working Meeting of the Crocodile
Specialist Group, Vol 1. ruCN-The World Conservation Union, Gland,
Switzerland.

Simpson, 8.K., A. Lopez, S. bin abd Latif and A. bin mat Yusoh. 1997. Proiect
Tomistoma. Reporl on the Malayan False Gharial ('fomistoma schlegelii)
at Tasek Bera, Peninsular Malaysia.

Thorbjarnarson, J.B. 1992. Crocodiles. An Action Plan fo! their
Conselvation. ruCN, Gland, Switzerland.



o
Figure l. Tasek Bera Swamp and associated northern rivers
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Figure 2. Sightings of Tomistoma and associated villages at Tasek Bera
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Preli.dinary surveyg of Palugtrine crocodile6 iD KaliDanta!
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Abstsrac!

Thr'ee species af pafusErine crocodif ians rePorxedl y occur in
Kalimanxan (Indonesian Botneo) : Crocodyfus raninus, an apparent
Bozrtean endemic, C. siamensis, and Tomistona schlegeli i .  A fourth
specjes, C. porosus, afeo inhabits freshwater r iver systefis, but is
more connoalfy known from caastaf habitatg, and was aox a focus
specjes j .r l  chis sLudy. Torni stoma schlegelj i  a, ' ld C. siamensis are
considered highest priority species fot conservation actian by the-
IUCN/SSC Crocadile Speciafist Gtoup (CSG). The most recenx evidence
o f  c .  ran inus  i s  a  j uven i ]e  spec imen  coTTec ted  ca .  7878 .

surveys were conducted in twa phases during 1995 and 7996 as
part of a joirt  Snith;anian Inexitut ion (SI) -Indonesian Insti tute
af Sciences (LIPI) z:esearch project. I4ain objectives elere to
dacument an exxant popufation of C. raninus and oceurrence in xhe
wifd of C. siamensis,' and xo obtain gpecimen seties for taxonomjc
study. Specimens of T. schlegeli i  ar?d c. porosus/ and data on
distr ibution, ha.bitat ajad nesting of a7l fout crocadif ians, were
coTTected on an opportunist ic baeis. At evafuaxion of poplt l-at ion
status vas nat a project objective.

In f995 a wifd popuTaxion of c. siamensis was contitmed in xhe
Mahakam River system of East KaJ- imanxan. Two individuafs of a
raninus group ctoeadife were examined an a farn in South
Rafimanxan, and Xigsue obtained fram one. Phase 2 1n 7996
emphaslzed eearches for C- ranious in xhe Arat and JeLai riwer
sysXems of CenXraf Kafima'lXalj., the general area edrere the raninus
grodp individuafe were said ta originate, but yieTded no ewidence
af the epecies. Mahakam surveys produced additionai specimens of
c. siamensis and inspections of xwo active T. schleqeli i  nests, one
on land and xhe oxher on ffoating vegetatiat. Three nests with
spoiTed cTutches were aTso attt ibuted to T. schlegeli i .

Nidhf .. trnfa in pl pvct fakes and riwers of West and Centraf
Kafimantan taxaljng 199 km were Likely comprornised by fTooding
(d=o.oJ/krt). The anTy eyeshine recorded was fron a juwenife T.

schlegeli i  and an aserl j .ned C. porosus. In East l<afimantan, eighx T
schlegelii juveniTes were tecorded frofi Sungai Kedang Rantau
(d=0.11/kn). captive T. schlegeti i  were frequentTy encountered at
the viTTage l"e;ef (80 individuais at 20 sites), and iE obviousfy
the corfuon pafustrine crocadifian of Kafimantan.

wetfand sixes apptaised to compEise critical habitat for
pafustrine crocodiLiaiA in Kal"inantan are described and recon'nended
f ^ ?  F ^ n ) 1  ^ r ^ r a ^ r ;  ^ n
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IatroducCion

Kalimantan (Map 1) is a region of special interest for
crocodil ian researcl al1d management. Four species: Ct:ocodyius

c ren;ntiF . a. Fiamensie ar\d Tomistoma schfegeLij  have-been 
recorded, the most of any area in the Asia-Pacif ic region. The

presence of two species (C. siamensis ar'd T. EchLegeli i)  in high-
prlori ty need of status surveys according to the IUCIi/ssC Actlon
i,tan fo-r crocodif ians (Thorbjarnarson 1992) , and a third l i t t1e
known species, C. raninus, 1ed two of the authors (Ross and cox) to
formulale a research proposal- addressing a suite of biological and
conservation problems.

The main objectives of the ptoject were: 1) to document or
disprove an extant population C. rani ' lus and confirm the occulrence
in Ehe wild of c- siamensis; and 2) obtain specimen series of whole
animals, skulls and t issue gamples for taxonomic study. specimens
o f  T -  sch iege f i j  and  c .  po rosu l ,  and  da ta  on  d i s t r j bu t i on ,  hab iEa t
and nesting' and other ecological aspects of al l  four crocodil ' ians
were collecLed on an opportunist ic basis, Asse6einent of population
sEacus  was  oucs ide  Ehe  scope  o f  t h i s  s tudy .

Grant money obtained by Ross through the smithsonian
Insti tut ion al lowed the proposil  to be submitted to the ReEearch
and Developnent centre for Biology (Pusli tbang), a division of the
fodonesian Insti tute of Sciences {LIPI) .  After discussions vrith
LlPr and Pusli tbang off icials. the proposed project was revised to
faci l i tate f ieldwork by expandj.ng the duration of surveys to two
seasons or phases, and was 

-approved. 
Prior to the start of f ield

work, Kurniati  agireed to join the project as a co-inprenenlor on
behalf of ] , IPI and Museum zoologicun Bogor (MzB), and arrangements
were made for col laboration wiEh the CITES Managerdent Authority in
lndonesia: the Directorate GeDeraf of Forest Protection and Nature
conservation (PHPA) , Ministry of Forestry.

one of the most intr iguing aspects of the research involved
attempts to document survivl l-  oi C. taninus. Conmonly referred to
as th-e Borneo crocodile, the species was init ial ly described as a
pa-Iustr lne variant of Crocodilus biporcatus cuvier (= crocodylus

lorosus Schneider 1801) from the type series of a skull  obtained
trom the Banjer (=Barito) River in ie:e, and a juvenile preserved
in atcohol, col lected betneen l-836 and 1844 by Diard from the
Pontianak area of west 1(al ihantan (Mli l ler and schlegel 1844). The
scries is denosited at the Nationaal Natuurhistorisch Museuan,
l,eiden (RMNH) i Tvro addit ional specimens attr ibuted ta C. raninus
are known. One is a skull  ostensibly fron "Borneo" in the American
Museum of Natural History, New Yotk (AMNH) . The other is an
alcoholic juvenile col lected by w.T. Hornaday, and is housed at the
Museum of domparative zoolory, Harvard Universixy \ l4cz). The only
d.ata associaGd wilh the juwenile specimen is "Borneo, Hornaday",
but l t  was l ike1y collelted by him in 1878 while col lecting
orangutdns j-n southern Sara\,/ak (see Hornaday, 1885) .

Dedpite the existence of museurn specimens, confusion long
reigned regarding the unequivocal identity of this palustr ine



crocodile. fnclusion of one C. potasus atld two C. sialnetsjs skulls
among Mri l ler and Schfegel 's s1mt14)ica1 series of f ive specimens was
the principaf reason. l i  a992 the confusion was resolved by
desj"gnation of the Diard juvenile from Pontianak as the I 'ectotl 'pe
a t  c .  raa inus  Mu l l e r  and  sch lege l  1844(Ross  1992) .  I n  add i t i on  to
dist inctive skull  morphology, squaination vras amended to include a
ventral pattern that places the species in a "large scale" group
122-2'7 tra.Lsverse rows) of crocodif ians l iden 1992). The taxon was
therefore "resurrected't as a val id species, and to date no attempt
has been nade to refute i ts status.

aethodE

series of specimens for taxonomic research were aesembled from
animals whose origi in was considered indisputable. l4osE juvenile T.
schTegefi i  and c. siamer1sjs were obtained fron holding cag'es at
vi l tages and huts in the imnediate vicinity of crocodile habitat.
One specinen, a juvenile Tomisxofia \ iras hand captured on a night
survey. Addit ional C. sjametrsj,g material was obtained from rarrch
stock in Balikpapan that. originated from the Mahakam River system,
East Kalimantan. col lected individuals were pithed and preserved in
15* formalin, then transferred Eo MZB, where the preservative
solution was replaced with 75? ethanol. Tomistoma Echfegel- i j
skul ls were collected where made available by Iocal residents.
Distr ibul ion records were accepted for species in r iver systenrs
where captive individuals or skulls were observed, and where wild
individuals were sighted or captured.

Interviews were conducted with owners, managers and staff of
most crocodile farns in Kalj .rnantan, and with persons professingi
knowledge of crocodiles at the town and vif lage level .  At captive
locations informati-on wa6 sought on species present, numbers of
6tock, ag.e groups, origin, and breeding actiwity. A separate
standard procedure waE foIlo!,/ed at the vi l lage 1eveI, where
questions were asked regardjng Ehe nufi iber of species present,
discribution by habitat t ] tpe, historical and current abundance,
exploitat. ion patterns, and nesting biology/ecology. During Phase 2
a laninated sheet of Crocodyfus photographs showinq neck and body
squamation without writ ten species names was used to assist
identj. f icat. ion of species by informants cit ing local names.

N igh t  coun ts ,  conduc ted  p r imar i l y  ! o  documenc  spec ies
occurrence and obtain speclmens, fol lorated standard methodologY. A
bright beam of t ight was projected afong the surface of lakes and
waterways, with part j-cu1ar care taken to cover shorel ine indentions
and 'cu1-de-sacs'. The observer scanned from the bow of warious
vessels: speedboats equipped with 40 h.p. outboard motors,
ketint ings (narrow wooden vessels powered by shalLow longrshaft
propelleis) and, less frequently, from small boats and p?ddl-ed
iarnpans. Unavailabit i ty of targe scale maps precluded calculating
preaise distances of some surveys, part icularly in West Kalinantan'

Morphometric data was collected from l iwe animals by direct
neasurem'ent of total length and ventral squamation. In addj ' t ion,
35 nm fihn and Sony Hi-8 mm video \dere used to record dorsal



lateral and ventraf scale patterns. Clutch data were recorded wlth
a  t r i p -Le  beam ba lance  and  ve rn ie r  ca l i pe r6 ,  accu ra le  Eo  w i th in  I  g r
and  0 .2  mm respec t i ve l y .

Gfobal Posit ioning Systen (GPS) coordinaLes were taken for
vi l lages where intervievrs were conducted, nest sites, survey
!4ral4)oints and crocodile eyeshine/capture points. Coordinates of
important map points !. tere also recorded to assist speedboat
navigation when tsravell ing wia the sea between river syslems.

Regul.tsE aud discuE8ion

Phase 1 f ieldwork in Kalimantan was conducted frorj.  20
september through 13 Deeember 1995. Most crocodile farms in
Kal-imantan were exanined for species present and to col lect
morphological data. Information on the purporced origj-n of stock
was used to plan for intensive surveys i!1 Phase 2 of selected river
systems. As t ime a1lowed, r iver journeys were undertaken to vi l lage
holding faci l i t ies in the interior of west, Central and EasL
Kalimantan provi.nces to col lect specimens and addit ional data on
occlrrrence. rn conjunction with these excursions, niqht counts and
daytime assessment of habitat were conducted in lakes and rivers
where crocodil iarls were said to persist.

Phase 2 activit ies were carried out fron 17 July co 21
septemler .1996. The research team was joined by Frazier for
surveys with KurDiati  in west Kalimantan. On the basis of Phase 1
results, priori ty was given to searches for C. taninus in the Arut
and.telai r iver systens of Central Kalj-mantan and the Kapuas River
system in west Kafimantan. Continued investigation of c. siamensis
i; the central Mahakam River of East Kalimantan was carried out by
cox and focal counterparLs Eo ful ly documenE the occurrence of a
breeding population, aod to col lect data or1 basic breeding biology
and ecology. Incidental observations on T. schfegeTii,  including
nesting biology and ecofogy, were rnade as t ime and l j-mited funds
perm i t t ed .

Species aceounts

ctocodyLu' siafrea'ig

Historical distr ibution of c. siame''sis was untif  recently
considered to be the mainland Southeast Asian countries of
Thailand, cambodia and vietnam (Groombridge 1982), but skulls from
.lava (Ross, 1992; Ross et a-I. 1995) suggest that the range extended
at least to that island. Unti l  1992 C. sjamensis was reported as
virtuafly extinet in the wild, but a substantial extant popufation
(several thousand?) is now kno\tn from Cambodia, refimants of ca 100
each persisc in vietnam and Lao DPR, as do a few individuals in
Tha i l and  (Ro66 ,  1998 ) .

I i  1990, an unusual 2 m captiwe crocodyTus was photographed
at Muara Ancalong in the t ' tahakam River, East Kalimantan (Frazier

and Matirrbongs 1990) . Although ventral squamation data was

unawailable, the dorsal characters were consisteot with c'
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siaJnensis - T\ro years later, juvenile C. siamensis were docunented
on farms in Easi Kalimantan, and vTere reportedly acquired as smaff
juveniles from the central Mahakam (cox et a-2. 1993).

Morpbology. During Phase 1, morphological dala were recorded
from 42 captive specimens that originated fron the Mahakam River
systen. Most of these \4tere farm stock at C.v. Surya Raya,
Balikpapan, but nine were juver1i les (sevet! of which were examined)
from wii lage holding faci l i t j -es in the central Mahakan, and deduced
to be offspring from at least two, possibfy three or more breeding
crocodileJ. Fufl squanation data was obtained from 28 captive
individuals using Hi8 video. Tai, l  scute cl ippings were taken from
che same group for DNA studies. An addit ional f ive aduLt c.
siamersis (from totat stock of ca. 15 individuals) v/ere
nh-rddra.had ^i P 'T' Al as Watu Utama crocodile farm near:
Banjarbaru, South Kalinantan. origin of these animal-s is less
certain, but purported to be Central Kalinantan.

Table 1. Morphometric eomparison of mainland Southeast Asj-an and
EasL Kalimantan c. siamensis - Measulements include
astandard deviation (range,n). Mainland data are ftonr
Ross  (  1990  )  .

sample
Transwerse ventral

scale rows
Transverse throat

scale rows
Basal caudal
' i  r r a d r r l  . Y i  i - 1 r

Mainland
SE Asia

East
Kalimanta1l

( 29 -33 ,n=14 )

32  -7  l L . 23
(30 -35 ,  n=35 )

50 .3  11 .49
f  4 q - q ?  n = 1  q l

ur -,  
" t . r ,i 47 -55 ,n=35 )

yes  (n=15 )

yes  (n=3 5  )

In the East Kafimantan sample, the nu$lcer of cransverse throat
scale rows, of which c. siame.asjs exhibits the highest nunicer of in
Crocadylus, and the number of transverse ventlaf scale rows,
t lpical of "small scale" Crocodyfus were very similar to those from
mainland individuals sarnpled by Ross (1990) . Small dif ferences in
the two data set6 are piobably due mainly to variat ion in sample
size. At1 35 individuats fron East Kalimantan frord l thi-ch ventral
data vrere recorded showed median basal caudal irregularity as
repo r ted  by  B raza i t i s  (1973)  .

No c. siamel?srs sku11s were examined in Kalimantan, buE few of
the sub-aduft and adult captive individuals showed the extrene
raised squamosal r idges characterist ic of mainland ani.nals in
Thailand ;nd Vietnam iRoss, pers. obs.), altd many did not clearly
exhibj-t the unigue l ight coloration of these ridges '  These
characterist ics a-re ontogenetical ly inf lueoced, and further study
is required before assessing the importance, i f  any, of these
observat-ions (Ross 1996) .

The .  cha racLer  daca  se ts  c ]ea r l y  show,  however ,  t ha l
indivi-duals inspected in East Kalimantan during Phase I are
morphological ly 

-consisEent 
with c. sjamensjs known from mainland

50



southeast Asia (Thailand and vietnam) (Ross, 1990; Ross, unpubl '
data), and ind,ividuals in Kafimantan examined by Cox et af. (1993) '

oecufiedee ia the witd. ResulLs of a recent crocodil ian
survey in the Danau (=Lake) Sentarum area? Kapuas River system of
west kal imantan, included a photograph of an unusually patterned
juvenile crocodyTus (Frazier, 1994) . Interviews with vl lLage
residents in the Kapuas drainage, in part icular Danau Sentarum and
vicinitv, showed nb indication of c. siamensis inhabit ing this
la rge  r - i ve r  sys tem.  V i sua f  i nspecc ion  o f  sEock  a r  t he  P .T .  c ipEa
Khaiustist iwa Mandlrl  crocodife farm outside Pontianak also fai led
r ^  a r i 6 l . r  . h ' /  6 r r i . l a h ^ a  ^ f  i - l- -  - -1e  spec  l  es  .

From informaLion in reports by Muin and Ramono (1994) , Frazier
and  Ma tu rbong ' s  (1990)  and  cox  e t  a - l .  ( 1993) ,  and  a  wea l th  o f
information prowided by Messrs. Tarto Sugiarto (C.V' Surya Raya)
and l^rel]y Mikawang (P.T. Makmur A.badi Permai), surveys in East
Kalinant;n were conducted in areas of the Mahakam River system
where wild C. siamensis was reporLed !o occur.

At Sungai (=river or stream) Bongan in the lakes region of the
central Mahakam (Map 2), Mr. Safeh, a former crocodile huDter and
supplier of C. siamensis juveniles for capLive breeding, guided-the
su-tey team to geveraf sites where young and nests of "buaya kodok"
(frog- crocodile) ,  as c. siamensis is commonfy referred to in the
region, were said to have been harvested.

Four juveniles (59.5'80 cn total lenqth [Tr,] ) being reared by
Mr. Saleh in october 1995 reportedly came from nearby Danau
Belibis. This is a larg'e1y owergirorirn, shallow (dry season depths
of ca. 1.5 m) lake thai is fr inged with f loating mats of reeds
Phraggites sp., hangtLrana Hanguana mafayana aod ,eetsia hexandta '
oense, boggv vegetatlon restr icted an unproductive search for nests
to the outer edge of the lake.

Another reported area of C- siarne'rsis breedingi habiLat, Danau
Tanah Liat, is aonnected to sungai Bongan by a 2 km channel . Thls
relatively isolated lake is densely fr inged with Eafl '  hanguana,
reeds, and broadleaved thickets draped with f ianas. Idater hyacinth
Eichhornia crassjpes occurs as patches in open water and is braided
in the f loating fr inge. since its introduction 20-30 years aqo Ene
aquatic weed has apph'ent1y accelerated grovrth of the fringe and
constricted the area of open water by almost half.

Danau Tanah Liat has some non-f loating shorel ine where c'
siamensjs were said to occaeionally bask. A large individual
reportedly destroyed a bu-iru (rattan f ishtrap) ca.. tv/o months
eail ier, about thJ sane t ime another vi l-1ager, j-nterviewed at this
1ake, cfaimed to have seen a large crocodlle f loatj-ng in the water'
Although more than LOO bulrus w-re placed in the f loating fr inge,
no rep;rts were received of young crtcodites hawilg been trapped-
Furthirnbre, juveniles and alt iva nests have not been observed for

several years, suggesting poor nesting success and/or recruaEnenE '



Two evenings were spent conducting spotlight sulveys by pe.rahu
(paddfe caooe) in Danau Tanah Liat, but no crocodile eyeshine was
obsenred (see Table 5) .

At Danau Mesangat viI lage, i .n the Kedang Rantau tr ibutary,
residents reported C. siarLensis to be fair ly abundant in the
adjacent overgrown lake system (Figure 5) . A 73.5 cm TL juvenile
captured in Danau Mesangat about 10 days earl ier was obtained as a
locali ty voucher for MzB.

'_'^-mation indicated that C. siamensf3N T  L ] I V U : j I I  T L U D L

preferred permanent marshlands aod small isolated lakes, vi l lagers
in the vicinity of several large shallow lakes bordering the
central Mahakarn reported that C. sjalne4.sjs also occurred there.
Kampung (=vi11age) Melintang residents said juven.i les obtained from
Danau Melintang were released in 1986 or 198? after being informed
that iL was i l legaL to keep them. At Kampung Resak tqTo captive
juveniles were said by the ow!1ez: to have been captured at nearby
Danau ,fempang.

CrocodyJus siameneis was said to occur at Danau Sekentalg, and
uninhabited lake that can be reached by foot from Muara Bengkal on
sungai wahau, and several 6ma11 lakes or narshlarlds ( including
Danau ceddang), associated \dith sungai Keteng, and acceseed with
diff iculty by perahu from Danau Padam Api. Due to t ime and funding
constrraints none of these sites were investigated.

At least some of the captive C. siameneis observed at
Banjarbaru reportedly came from western r iver systems of Central
Kalima4tan (Kasan, falm caretaker, pers. colhm.). surveys there
during Phase 2 in the sungai Kotawar-ingan and sungaj Jelaj
drainages found only anecdotal evidence of palustr j-ne Crocadyfus-
Three to four lolal names \^rere used to described resident
crocodil ians, anong them "buaya kodok". In East Kalimantan the
name is referable only to C. sjame.l?sjs, but based on varying
descript ions and selections of species photos during interviews an
central Kafimantan, the exact species is less certain. rn t l le
Sungai Barito drainage, informants at several vi l lages claimed that

"bu;ya kodok", which as described resembles C. siamensis, occurred
in the area. At Karnpung Bu)rui on sungai Al.u, a tributary of the
upper Barito, residents said "buaya kodok" was kno!'rn to inhabit
l akes  and  r i ve rs ,  buL  fas t  seen  f i ve  yea rs  ea r l i e r .

In west Kalinantan, rtbuaya kodok" was reported to occur in the
southern river systens ((etapaltg area) by a former hunter at Kubu'
He cited catchint two of these crocodilee in 1982 at sultgai Pinggan
in the Gunung l-alung area, and said that the species lives in
freshwater l-akes. Irr other areas of west Kalimantan, in part icular
the Kapuas River systen, lhere was no mention of "buaya kodok"t
howevei, several 

-reports 
were received from vi l lag'ers of a

freshwater CroeodyTis referred to as "buaya katak" (toad

crocodilE) . this ciocodile was frequently described as aggressave,
dark colored, ar1d dist inct from C. po-rosus. On other occaslons'
'buaya katak" was reported from large coastal t ivers, sometimes 1n

b rack i sh  cond i t i . ons .



Ne't i ' ,g - In addit ion to Danau Belibis, where successful c'

Eiamensis n;st ing is inferred as recently as 1993 by the capture of
smalt juwenifes in 1995, Danau Tanah Liat was also claimed to be a
nestin-g area for crocodiles, presumab.ly C. sian?ensis (Craeodyfus

porosu; was said to be formerfu sympacric Ehere wich C sianensis,_but 
the former has been reportedly extirpated for many years) '

Nesting habitat was described by Mr. saleh as f loating mats ot

herbaceous vegecation, j .ncluding hanguana and sapt-Lngs, found
in l : r . l  f r dm rhF  f r i nde  ue  cou ld  no t  reca l l  t he  mon ths  when  acE ive
ne6ts were seen.

Mr Saleh also reported that Danau Pekah, a smaller lake S (?)

o f  Danau  Tanah  L iaE ,  i nd  connec ted  by  f f oa t i ng  maEs  o f  vegeLac jon , -
was another good C. sjaf le]],si.g nesting atea. Many years i ]ad
elapsed, howe:]er, since he last visiced this secluded site'

The other C. sial l ,ensi '  breeding locali ty recounted by the
informant was Danau Panan near Resak v11lage. The lake was said to

be a former hunting locali ty surrounded by forest and smaller
fakes. Mr. saleh said he not 

-hunt'ed 
C eiamensis for i ts skin for

the past decade or so due to 1ow prices and protection by
gower:nment regulatj-ons. Juveniles were no fonger pursued, he said'

but were occasionally found in bubus.

Another formel and renowlred hunter, At'dullah Rahnan, was
intelvievred at home in the distr ict center of Muata Kanan' He

hunted in the central Mahakam and further afield from r94g/r949
un t i l  t he  1980s .  Mr .  Rahman  repo r ted  Eha t  C .  s jamens is  p re fe rs

open lake habitat and eommences nesting during August / september '

N-ests are reportedly consttucted on f loating mats in lake fr inges
and permanent mixed herbaceous swanp.

Danau Mesangat, northeast of the central- lakes region in the

Mahakam, is a di ierse mixed swamp woodland interspersed with open
pools and hez:baceous associatr ions. Floating mats of haDguana,
ieetsia hexandra, ThoracostaclTyum sumaEranurn and sc_Zeria spp'
sedges exhibit a patchy dis€ribution. rntroduced Eichhotnia
cralsipes co.rers *o._t of ihe otherwise open water surface Local

f ishermen said C. siamensjs nests exclusiwely on f loating mats of

herbaceous vegetation. cfutches began to be laid in August or

septenrlcer, buf october was the bestl ime to f ind eggs as most, i f
not alf,  nests were f inished by that t ime.

A nest with a part ial clutch of rotten eggs (MKI'I  001) was

shown to the survet team it1 October 1995 (Tabl-e 2) '  Egg size

appears  too  sma l l  f - o r  T -  sch fege l i i  (Bez r . ! i j en -  e t , . a f  ' ,  L995 i  T '

sLLlegeTii section this report) .  Although welf within the range

for cJptiwe c. sjamensjs i-n Tha.i land (Youngprapakorn-, in l ixt ')  '  C'

!" i""u'" ""tt""t 
be rejected because egg Jize is also within the

iange of this species (webb et a7., a9'7b; cox, l-985) '  .  Furthermore'

evidence- af c. parosus in sinifar upri"ver habitat, in Kalimantan
(e.g. Dainau Sent-arum, sungai Bila) wis found in this study'
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Further investigation of nesting in the Danau Mesangat and
Muara Kaman areas was carried out during 1995. Local f ishermen said
the previous year that they could guide survey personnel to C.
Fiame']sjs nests on f loating vegetation from July through October,
but the only active nest6 6hown during our fate August return
proved to be T. schTegefii - one inforinant at Danau Mesangat opined
that our searches may have been too early because high water levels
had not yet receded to prompL nest building. Local residents were
requested to report any active nesas fouod oo subsequent forays in
1995 to counEerparls in Samarinda and Balikpapan, but no response
was recei-ved.

ConserwatioD. without intensive surveys ernphasizing
population monitoring, i t  is diff icult to infer much about the
current status of C. siamensis in the Mahakam. Considering the
apparent extent of suitable habitat in the central Mahakam,
probable lack thereof elsewhere in Ehe river system, and Lhe
impressioal that our interviews yielded information on most sites
inhabited by the species, the population i6 roughly estirnated at a
maximum of a few hundred ildividuals.

The occurrence of a lr i ld populatlon in Kalimalttan is of major
importance to crocodil j-an coDservation. The ir sjtu biology of
crocadyltis siamerTsis and its ecology are poorly known, with fev,/
studies of i ts natural history available (Kimura, 1969,. Smith,
1919 ,1931) .  The  ma in  popu la t i on  o f  t h i s  spec ies  i s  i n  camicod ia ,
where continued poli t ical instabil i ty make6 it  exceedingly
diff icult to conduct f ield research. Peripheral populations in Lao
PDR and vietnan appear similar in size to the one in Kalimantan,
but prospects for research and conservation are uncl.ear. By
contrast, the Kal- imantan population occurs in an area where study,
protection and management is currently feaeible

Trade in C- siamensis has evidently cea6ed in East Kalimantan.
Although- small cluscers of captive anirnals were examined at sungai
Bongan and Muara Muntai, area farm owners ackoowledge the protected
status o-f the speci.es, and report they no longer purchase wild
stock. Observatlons by the survey team of faim stocks in Balikpapan
and Samarinda supported this claim. The greatesc threat to the wild



population is habitat degradation and disturbance '  Tntensive

?i;hing !,r i th nets and traps, and to a lesser ext-ent, f ires that

."uup i"t""" wetland habi€at in t ines of severe drought, are the

mai! causes for concern -

A fortunate aspect of l ive juvenile trade ln-Lhe recent pasE

is that a breeding i-rucleus, and if  eventualfy needed, a potentiaf

founder popufation, is secure at c.v. surya Raya- in Balikpapan'
iot.f  

"td. i  
of 37 gubadults vrere obtained directly from the central

Mahakam as small juweniles (T. Sugiarto, pers. comm ), and are

separated from potential ly hybridizing C- potoeus

About half of the 15 c. siamensis reared at P'T' Alas watu

Utama near Banjarbaru, central Kalimantan are adults'  A pair of

them reportedli  nested in January 1995, but no hatchll lngs were

produced from t clutch of 30 eggs (Kasan, pers.. comm.' l  -  To assure

itre tto.og"treity of wild populations, c. siamen3is reared at

aanj arbai] shouid be isolated from c. poro,sus. conmlnal stocks at
p.t i  u.k .t .  Abadi Permai outside Stmarinda evidently incfude

frylr ids, some of which are adult size. species there should be

slgregaiea and al l  suspected hybrids cutled' .The. 
practice of

mi; in; c. sjamensis and c. porosui in common pens has been etrongly

d i sco i raged  (webb  and  Jenk ins ,  1991 ;  Ross  e t  a7 . ,  19961  '

conservation of known breeding areas in the central Mahakam

al-so merits priori ty. There is pressing need to- l ink Danau

tutesangat, and ;ddit io;al sites associated with sungai Kedang Rantau

as corif irmed, with nearby Muara Kaman str ict Nature Reserve {62'500
ftil . iftl. degtaded rnix6d swamp is the only protected area in the

;entral Mahak;n and a probable oesting area fot C' siamensis A

strict nature reserve 6f ca. zoo,aao ha (Perairan sungai Mahakam)

frir 1""" proposed for the region to conserve dist inctive lake

ii iuitrC. sir", ip forest. and thJ rare freshwater dolphin oteaelfa

brevirostr iE (MacKinnon, 1996) . The reserve nay require re-

classif ication to reflect t 'he economic dependence on f isheries of

1oca1 communit ies, but the lakes region is one of the most

iapo-t".rt  freshwaier wetland habitats in Kalimantan, and the

;;;;"; ; ;  oi uie"ainq c. siamensis underscores an urgent need for

consefwation acti ,on.

Development of a management plan for C' .  siamenqis in East

Kalimantan ;hould take into'accouni the "classic skinrr commercial

value of the species' Harvestss of eggs from wild nests' rearlng'

and eventual t istockittg of a percentage of offspring may p-rowide. an

"i i . . t i .r" 
local inceniiwe to protect wild breeders and nesting

i i .". ,  u. well  as a mechanism th;t contributes to quantif ication of

popu la t i on  s ta tus  (Ross ,  e t  a f . '  L995 ) .

At present rnost individuats removed from the wild population

of C. sj-arnensjs are small juveniles accidentafly cau-ght in bu-bus

ii . i t""- funnel traps) , l .6a ry loca1 vi l la-ge-rs for f ishing'

Alt i f iciaL incubation of eggs and release of farger young may

r;;; ;""; survivorship in trtei ira, but safeguards against potential

a;i;i i;t ti tr'" urird population ihroush ei situ hvbridization are
a  p re requ is i t e  (Ross ,  e t  a f . ,  L996 ) .
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In 6jtu managehent must also conlend with more general
confl icts in habitat use by local communit ies and foraging
crocodiles. An integrated approach that decreases pressure on
overharvested f ish stocks by enphasizing development of alternative
sources of income may ult imately provide Lhe moBt effective
protection for C. sia]nensis in the wild.

C. .raitjlus

Durlng Phase 1 no crocodiles identif iable as C. raninu,s were
observed on crocodile farm6 or in holding faci l i t ies in west,
CeDtral and East Kalimantan, Interviews of vif lagers, farrn
personnel and others iD these provinces yielded no j-nformation
specif ical ly referable to C. z:anil lus -

In South Kalinantan, however, a visit  by Cox in Decentcer 1995
to P.T. Alas Watu Utama crocodj. le farm in Banjarbaru revealed two
individuals that were identif ied, on the basis of ventral
sqfuamation, as ranjnus group crocodilesl (Ros6 eC a-2., 1995) . These
crocodiles were captured, photographed (see Fi$-rres 1-4), sexed,
and measured for total fength and ventral squamalion- Tail  scute
tissue samples from the male \^rere obtained on- a subsequent visit  by
Kurniati .

Tab1e 3. Measurements of two captive ranjnus group crocodiles at
P.T. AIas Utana, Banjarbaru, South Kalimantan. Total
I a h d r  h  i n  h a l - a , c

length
Sex Transvefse ventral

scafe rows
Transverse throat

scale rows

1-a 24
23

9
d 3'7

Farm staff were repeatedly and careful ly questioned regarding
f h e  ^ r i d i h  ^ F  F h F < F  ^ r ^ ^ ^ ; i l a c  r r h A  - : 1 6 F : L a r

adamant that Lhese anj-mals \dere obtained, separately over a two
year peri-od, frorA a loggingi canp foreman posted at or near
PaDgkalanbun, Central Kalimantan.

The female was reportedly received in early 1991 as one of
f ive crocodiles in a group that included Leto C. poz:osu9 and tvro C.
siamensis. Mr. Kasan recalled that the unusual crocodile measured
53 cm TL when it  was received.

T h a  m ^ l a  r a n ^ ' r - a d 1 \ '  ^ r r i w F d  i n  1 q q 2  ^ s  n F r -  o f  a  S e c o n d
shipment, again hand-carried by the foreman, that included 22

" _  i h F  r i m F  ^ f  h I r . h : s e  l _ h e  c r o c o d i l eJ u v c l l l l E L . P v L w E u . .

' taxa of Tndo- Paci,f ic
ventraf patternt raninus,

crocodyfu, Lhat exhibit " large scale"
mi'jdorensis, novaegaineae and johnsoni.

56



neasured 33 cm TL. It  has since died {Moelyono, farm manager, jn

-Zitt .),  apparently fron wounds inf l icted by othef crocodiles, and
has  been  p rese rved  as  a  who fe  sk in  (Ross  e t  a f . ,  ) -996 ) .

Our currenl taxonoroic knowfedge of C- raninus requires
examination of cranial sutures to posiLively ideotify the species,
because the only whole speclmens known are srna11 and inadequately
preserved, and Comparatite DNA studies of taainus group species. are
lackinq. Even so, identif iable morphological characters (a'e'

ventral squarnation and post-occipital pattern) have been used to
predict t tat C. raninui cfosely lesembles c. mj]]dore_rrsis and c'
n ^ \ . 2  a d t t  i  n a 2 a  l D ^ c d  l  q q n l

One interview durlng Phase 2 suggested that C. raninus, or a
^ r ^ - ^ r r i  l a  ' a n '  e i m i  l : r  f ^  i f  m : 1 /  h c r e : s t  i n  t h e  l t i l d .  T h e

information wis received in July 1995 from Mr. Janain, a former
crocodile hunter and trader, at Kampung Pandulang, Sungai
Kotawaringan, Central Kal"imantan. He recognized four t)/ tr)es of
crocodilei in the sungai Arut/Kotawaringan syeten: T. schfegel- i i '
which he referred to is "buaya sapit", a common loca1 name for the
specie6; C. porosus, or t 'buaya toman!',  a nane that refers to the
species in aieas of central KalimanLani C- siamensis, al luded to as

"_buaya kodok,' ,  al1d correctly selected from the photo sheet; and

"buaia saIak", for which Mr. . tamain picked the head/neck shot of
the ianinus group crocodile, and the fess dist inctive body photo of
c. eianensii  - " iuaya sa1ak" was said to formerly inhabit sungai
sebingit,  but may now be locally extinct.

DNA anafyses of the raninus group individuals at Banjarbaru
may  be  i ns t rumen ta l  i n  spec ies  i den t i f i ca t i on ,  a l t hough  th i s
.eq,rir"" a conparaEive seri is of material from C. mindorensjs and
C. 

- 
nowaeguineae (north and south coast popufations of the latter

due to differences in morphologY and reproductive biologY; cox,
1985 ;  Ha1 l ,  1989 ;  Ha11  and  Johnson ,  1987) .

To'nistoE,a EchTegeTii

common ly  re fe r red  to  va r ious l y  as  Ehe  fa l se  gha r ia l ,  f a l se
gavial, at ld i"talayan false gavial, Tamlstoma schfegefi i  is one of
Lhe most taxonoir ical ly dist inct yet leasL known crocodil ians'
Historicafly, the speci?s was widely distr ibuted in southeast Asia,
but is eur:rently reported only from sunatra alld Kalimantan,
peniosular Malay-sia 

-and 
sarawal (Ross, 1998) . rts long hefd

i 'Endangered" stalus (Grooft icridge, 19s2) was recently revised by the
IUCN to  '  Da ta -De f i c i en t '  ( IU ( IN ,  1994) .  The  spec ies  i 6  o f  spec ia l
concern to the CSG. In ag94, "Project Tomistoma" was forned to

coordinate an assessnene of conservation and management needs of

the specles, and has undertaken f ield stsudies i l l  peni 'nsular
I ' talaysia and sumatra. To not assist this effort while conducting
ctoc-odyTus studies in sympatric habitats of Kalimantan would have

been  neg lec t fu l  on  ou r  pa r t .

observations were nade on captive and wild T' schiegefi i '  and
data collected on the ecology, relproduetive biologlt and status of

this species. In addit ion, a representative 6eri 'es of whole



specimens and skul1s was assembled, primari ly Lo assist studies of
va r iaE ion  i n  geograph ic  i so la tes  a f  T -  sch fege f i i -

Occurrence in the wiTd- Captive ?- schfeqefi i  were observed
i-n wil lages of al l  three provinCes where f ieldwork was conducted
(West, Central and East Kalimantan). Eighty individuals were
recorded, usually singtes or pairs, ranging from small juveniles
(55 cm TL) to adufts >3 m TL. Most of these (47) were found at

Kampung Batanbang in DecenLber 1995 on a circuit of tr ibutaries in
the Barito River, Central Kafimantan (MaD 3) . Proof of ?.
schTegeJ . i i  ( cap t i ves ,  sku l1s ,  d i recL  6 igh t i n ; s )  ,  o r  repo r t s  o f  i t s
occurrence by loca1 residentg, was found throughout al l  nine areas
of reconnoitered river systems I upper Kapuas, Kendawangan/Balaban,
Simbar, Pa&ran, Air Hitam Kecil ,  Jelai/Berais/Mapam/Bi1a,
Kotawaringan/Arut, Barito and Mahakam).

Almost aI1 captive animals were naintained in semi-submerg,ed
crates at the l i t toral of watera/ays, usually adjacelt to f loating.
residences of vif lagers and tow-aspeople. Some had obviously been
reared for many months if  not several years. In the Kapua6 eystern,
vi l lagers surmised that captive T- schlegeTii would eventuafly be
sold to i t inerant traders for glands and skins. This may explain
why relatively large stocks were reared in two vi l lages (4? at
Kampung Batambang in the Barito; eight at Muara Aoggalam in the
l4ahakarn) , although apparent length j-n captivity suggested that
Erade in the species had ceased 2-3 years ear1j.er. Most of the
other individuals were said to be keDt exclusiwefv ae oets or
exh ib i t i on  cu r ios i t i es .  The  spec ies  appears  su i cab le  l o ;  t hese
purposes, owing to i ts more docile characier, compared to sympalric
CrocodyTus, and peculiar appearance.

Captive ?. schTegefi i  were frequently reported to have been
acquired as incidental catch (usuallv smal1 iuvenileg) in f ishinq
neEs or bubus. Some evidence of pursuif wa6 s;en - a juvenile wit i
a spear wound, a prepared skin, and a skull  with a mortal bfow from
a parang (machete) - but the intensive fevel of f ishing in many
waterways visit .ed, ald lack of commercial dernand for T- schfegefi i ,
lent credence to much of the information.

In the Kapuas River systen, T. eehlegeLii  was observed at
three vi l lages near Danau Sentarum Wildl i fe Reserve. At Kampung
Meliau, another vi l tage in the vicinity, local guides said that ?.
schTegefi i  occurred at Danau semati. This is a smal1 lake fr inged
!,rith fl-oating pandan Pandanus 6p. that usualfy anchors during the
dry season. No crocodil ians were sj-ghted on a night spott ing
circuit of the f looded lake. Tomjstoma schl-egefi i  was also
reported to occur at Danau Lintang (part ial f loating pandan
fringe), and to be sl, ' rnpatric with C. porosus at Danau Merbong
( swamp forest border). Sungai Leboyan, a known locafity for ?.
gchTegeTii (Frazier, 1994) was said by Kanpung lvlel iau residents to

1 '  E ^ h l a d a l  i ;  i n  i h a  , , h h 6 r  r A . ^ h A c  . + r , i n d  t h a  d . \ /

season, but disperse to adjacent swanp forest when flooded.

surveys were also conducted in remote tributaries of West
Kalimantan that are part of the proposed 150, 000 ha Muara
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Kendawangian Nature Reserve. The area was recently assessed as
importanL for conservation of mangrove, freshwater a-nd peat s\damp
foiest, and unlike al l  other exist ing and proposed reserves in
1o!,7tand Kalimantan, 'rnot threatenedrr (MacKinnon, 1996). Sungai
Kendawanga:1 and sungai Balaban showed moderate - serioue habitat
disturbaice from logging and intensive use of waterways and
adjacent lakes for f i ; t inq. Tomistoma schTegeTii was seid by local
reEidents to inhabit the r ivers, but no crocodile eyeshine was
recorded in either systern (Table 5) . sungai Air Hitam Kecil ,  a
pandan and hanguana fr lnged smafl r iver that wends through peat
'""..p, 

t"" alsJsaid to hirbor the species, although -none had been
seen in many years. The lower and middle reaches of thi6 narrow
tributary hiw,i been seriously disturbed by recent extraction of
t inlcer. A oight count there t ielded no eyeshine (Table 5) '

intact habicat far: T' schTege-Zjj  was

found in tr ibutaries of 
-Sungai 

.felai bordering West and centraf
Kalimantan. sungai Mapam (Fig. s), and its upriver branch' sungai
Bila, comprise perhapJ the least disturbed habitat in the system'
-a. large ?i schTSgeTii was sighted during the day on an excursion up

the Bifa, and a 5ma11 juwenile was captured on a night count in the
Mapam under f looded co;dit ions. Nesti were said to be easily found
in s$lanps adjacent to Pondok Palas in the middle Mapam' An
informant at Kampung Buntar, sungai Berais, sugigested that ?'

sehTegeLii was fair ly ptentiful in that fengthy, narr-ow tr ibutary'
Mr. Nrfan estirnated thai 1o-20 individuals congiregate during the dry

season in a section of deep channel from BunEar to che confluence
w i th  the  Je la i .

In addit ion to the many captive r- sehlegeTii observed j 'n the

Barito River system of Ceniral-- Kalimantan, substantial anecdotal
arria"tr"" of the- species' occurrence ltas col lected in the Arut and
Lamongan riwers in the western part of the province ' Reports of
captuiee i1l 1995 near Rampung Pangkut, and recent nesting at Daoau

eair and Sungai Jampau wert related to the survey team' Tn the lower

r.eaches, su;gai sebingit was said to be good fat T. schJ-egeli i '

Tanjung Puting National Park (3OO,4OOha) in Central Kalimantan
was ltot 

-suiweyed, - 
but is reported as a! important area for ?'

si i l igel i i  and'c. porosus in K;t imantan (MacKinnon, l-995), with Lhe

formei species falr ly abundant (Abdul Muin, pers' conm' ) '

Habitat. Infornation from interviews and observations of

individuals in the wild indicates that T. sel l- lege-l j i  is broadfy
distr j ,buted in the fowland river systems of Kalimantan' The

species was most often encountered, or reported- to occur' 1n

.ir.g! j-. l t  freshwatet tr ibutaries and stagnant - lakes, usualfy

"ss56iated 
with peat swanp forest. waterways and lak€ margins are

ivpi"- i lv fr ingel wi-th pan-dan- hanguana associations No information

r,ra-s rece-ived Juggesting that I.  ;ch-lege-l j j  occurs in brackish or

saline waters.

croeodyTus sjamensis is slmpatric wj ' th-? . sch-leEre-l i i  in the

central Mah;kam river syslem, buC evidence of habit.at part i t ioning

"i.  
rr]gg..t"a by informants famil iar with both species' These were
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afmost invariably experienced hunters v/ho said that T. echTegel-i i
is found in lakes, streams and rivers, while c. sjamensjs is more
likely to be occur in static environnents: permanent herbaceous
swarops and fakes.

NesEing. During Phase 2 faut T. schLegeLii nests were
inspected, and one other, freshly raided nest was attr ibuted to the
species, A11 nests were located in the central Mahakarn except one
in  a  cap t i ve  fac i l j .Ey  a t  Tengk i l i ng  Rec rea t i on  Park ,  no r th  o f
Palanqkaraya, Central Kalimantan.

Hatching data from these nests (Tab1e 5) and information from
interviews in west, centraf and East Kalimantan consistently
indicated that the neEting period for this species is from July/
August through october. This overlaps the lornal dry season in
East Kalimantan. affording land ne6ts the opportunity to avoid
floodinq in nost vear6.

Three t l t)ee of negting habitat were noted:

1) Mixed freshwater swamp. composed mainly of f ire-cl imax
herbaceous vegetation, mostly in f loating mats of grass,
sedge and short fern. Includes patsches of trees, standing
deadwood and thickets.

2) secondary forest. Lowland tropical rainfoxest dissected
] . ' a '  c m : l  l  c f a : m c  - n A  I  ^ d d a . l  f ^ ,  l : r d a  r r a a <  i h  r h a  h ^ . t

n , ^ r r n ^  r r a d a f . r i ^ h  i -  f r h i ^ : l  l l

3) Peat s\ramp. Nests constructed at tree bases on peat
hummocks as degcribed by Bezuijen ec aL for T. 6ch)egeii i
n - a r i n d  i n  S ' r n a r r a  l l q q q  r q q 6 )  e  K a l i m a n c a n

nest site (MKM 005) were heavily draped it ith l ianas.
surrounding herbaceous vegetation was hanguana, sedges
and wacer  hyac in th .  Sub jec t  to  f lood ing .

Table 4. T -  sch iege f i i  nes t  da ta ,  1996 .  On ly  nes ts  i n  t he  n i l d
included. NR=Not Recorded due to di-sturbance of nest from
eqq  co l fec t i on .

Neat
code Habitat

Height width
(cm)  ( cn )

Distance
co waler

(m)
Material

MICII 003 Secondary
forest

135  -155  a t
base

N / R  N / R

leaves & twigs,
^ r . r r - l i n a r l

clutch chamber

Leersia & fernsMKM u u 5  !  l o a E t  n g  m a E s
i  h  hF r f i ^nFn t

s\tamp

006 Peat swamp
mound/forest
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Nes t  MKM OO3 (F ig .? -8 )  was  l oca ted  aL  0o32 '20 '  N  115041 '49 r  E
on 24 August 1996 aE the edge of an overgroMr channel. The site was
mostfy overhung wlth small trees, and the channel overgrow! wit i l
water hyacinth;nd Leersia grass with f looded thickets nearby' The
egg chanber was l ined with f inely speckled, orange-white clay, that
wi. l  conspicuously different than the other nest mateLial '  A taif
g.oon" r ls presettt on the nest top. Although no adult was seen
durlng examilnation of the nest, waler nearest the nest was recently
disturbed. About 3oO m aqtay was another nest (MKM 004) that had
beelt active a month earl iet, but since raided by a wild boar (spoor
preserlt) .  A1l that rernained of the clutch were egg she11 fragxnents '

Nes t  MKM oo5  (F ig .  9 )  was  l oca ted  a t  0o31 '01n  N  115o41 '40 ' 8 ,
a16o on 24 August 1995. The mound was a soggy nass of decaying
herbaceous wegetation constructed on a f l imsy f loating mat The
informant assunred the species to be C. siamensjs, because ?.
schfegeTii was said to nest exclusively on tand. No reports of
fJ-oating T. lchfegeTii nests r irere received during the study, and
noDe ar; known frJm the few studies of the species in the wild.

Nest MKM OO5 (Fig, 10) was focated at Danau Ngj-bun
(eoconpassed  by  Danau  Mesanga t ) ,  Oo32 ' I s t t  N  116o41 ' l - 2 r  E  on  26

Aug:ust 1995. Tl ie informant luas unsure of the species but said that
only c. s-iarneasjs nested in the area. Eggs had been translocated
sewlral weeks prior for art i f iciaf incubation in wood shavings, but
none were al ive when inspected later in the day.

Data for al l  clutches examined are presented below:

Table 5. T- schfegeTii clutch data frori Kalinantan, 1995 '
Measurements are with standard deviation (range, n) . cluLch
temperatures not recorded. Hatching fol lowed incubation at 30oC'

Nest
code

Clutch Egg mass
(9J

Egg length
tmml

Egg width
(mnl

Hatchingr

MKM 003 32

MKM 005  23

MKM 005  27

188 .219 .81
1165 -2a4 ,

n=24)

I8 ' 7  . 2 t9 .48

n=15  )

209 .5110  -43
(L95 -238 ,

n=25)

\ \74  -213  ,

93 -1 r4 .00
(83 -3 -100 .0 ,

n=29)

92  . 8 !3  - 22
(88 .3 -101 .3

n=20 )

97  . 4 !3  - 52
(93 .0 -106 .5 ,

n=261

{88 .  s -101 .5 ,

60  .  010  . 78

n=29)

59 .8 r0 .87

n=20 )

61 .  810  .  83
(59 .5 -53 .0 ,

59  . ' 7  lA  . 59
15a .7 -60 .e ,

1 -2  / LA

central
Kalamantan

eggs
dead

in fe r t i l e
&/or dead
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Nesting information collected in other focali t ies ( i .ncluding
addit ional r iver systems) suggest that T. schfegefi i  clutches are
conmonly predated by wild boar and monitor l izards. One wonan in
the Sungai Arut area told of f inding a nest the year before and
taking the eggs to eat.

canservation. Tomistoma schlegefi i  has apparently declined in
al l  provinces of Kalimantan, although elder hunters assert that the
species was distr ibuted in relatively 1ow abundance (compared to
CrocodyTus) prior to lhe commencer0eot of hunting in Lhe late 1940s
(A. Rahman, Ibrahim, saleh, pers. comft. ) .  A broad yet thin
distr i-bution across freshwater habilate complicates the logist ics
of ecological/biological regearch and conservation of Lhe species.
The apparent preference af T. schfege]i i  for smal1 secluded
waLer\rays, often choked r,r i th f loating veqetation and in f lood
stage, nakes direct population studies evelt more problematic.

Challenges to conservation and nanagement are also compounded
hw i  n re rs i  we  r r r  i  I  i  ze l  i  on  ^ f  \ r h :  l -F f  hv  _ . .41  commun iE ies  .
Freshwater habitats were heavily f iehed in a1f areas reconnoitered.
Vil lagers in the lakes region of the cenEral Mahakam, Je]ai and
Danau sentarum areas cited overl larvesting (declining size of f ish
and total catch) as the main threat to their economic l iwelihood.
combined with severe drought and forest f ires in L997, roany
vil lagers in the Dartau l4esanqat area are said to have turned to
gold mining in the Mahakan headwaters to generate basic income (T.
a , , d i  - r F ^  h a r c  - ^ m m  )

The  low  sk in  va lue  o f  T .  Bch iegeT j i  (Bezu i j en  e t  a f . ,  1996 )
hinders employnent of a commercial ut i l ization strategy to conserve
the species. Inabil i ty of T. schiegeTij harvesting to conpete with
ocher land uses probably means that any effective strategY to
conserve remaining habitat wil l  have to rely on coll l lnunity
development interventions that generate alternative means of income
(to reduce the pressure of intensive f ishing and loggit lg) ,  and

perguading government authorit ies to set aside key areas of habitat
fron extraneous, non-renegrable development gchenes.

conclu6ions

A wild populac lon of crocodyTus siamensjs was documented in
the Mahakam River system of East Kalimantan. Based on recent
capture of sma11 juveniles in Ehe vicinity of reported nesting
areas, a breeding population wae i4ferred to exist as recently as
1993. considering the apparent fack of hunting for skins, breeding
crocodiles very 1ike1y persist in the central Mahakan,

The possibi l i ty that c. siamensis observed by Frazier and
Maturbongs (1990) and cox et a-1. (1993) may have originated fron
farms oL other faci l i t ies 1n Java or mainland Southeast Asia \,ras
d i sp roved .  As  no ted  i 1 l  Ross  e t  a f . l l - 996 ) ,  t he  h ]4 )o tshes i s  tha t  t h i s
population was translocated through 16th or 17th century ttade is
unlikely for several reasorts:
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1) . several, evidently endemic, local names exist for c'
€iamensis in the Mahakam River systen' I f  this

, . - -  -  F r ^ n . . - r  ^ r  : - - ' ^ d r r - f i ^ r  C O m m O n  n a m e s
P u P u f a L f u r r  w a s  a  v r v u u e L
should reflecE such a Phenomenon.

2) . Evidence is lacking that early traders in the region
transported crocodiles, either as a commercial i tem or
tr ibute (Andaya, 1981) .

3) . Historical distr ibution of C. eiamensis in the Mahakan
and possibl-y other adjacent r iver sy6tems, some
comprising diffe.ettt  watersheds, is reagonable from
znaacncanhi e natterns of freshwater f ishes (Inger and
ch in ,  1952 ;  Rober t s ,  1989)  and  P le i s tocene  sea  feve l
variat ions in the Sunda region (Inger, 1966; Uiibrove,
1949) . The paleozoogeography of the Sunda region is
crit ical to understanding current, and possibly
rFl i .r-,ral dis1-ributions of crocodiles and othel fauna
(Ross  e t  aL .  1996)  .

Although the project accumulated substantial anecdotal
evidence o{ c. siamensis in central Kalinantan, and to a much
lesser degree from southern west Kalj 'mantan, the species could not
be confirmed outside the Mahakam river system. Proof of a wild
oopulation in centfal Kalimantan would further strengthen the
ii-ketihooa that C. siamensis in Kalimantan j 's natsuralIy
distr ibuted. River systems in Central Kafirnadtan are effectively
isolated from those io East Kalimantan by the Meratus mountains '
wild presence of the species in both watersheds would otherwlse
have io be explained by mult iple, exogenous introductions.

No evidence of a wild C. taninus population was found in this
study, but resulcs of - incerwiews suggest Eh-ree palusErine
.roc6dil ians have inhabitsed (and nay persist in) the sungai
Kota\rari,ngan/Arut r iwer system of Central Kalimantan. Alf
crocodil i in populations theie hawe apparently declined in receot
decades, but laait ional surveys may serve to clarify species
composit ion and provide insighL on ecological relaLionships'

If  the raninus group individuals observed in Banjarbaru did
indeed originate trorn ttr l  wlld in Central Kafinantan, then their
idenriLy al c. raninus is highly probable. crocadyfus nindorensi5
is a possibi l i ty due to iLJ f; i i ly proximate southern l irnit  of
distr ibution ( islands N of sabah) , but c. nowaegtt ineae is far Eoo
extral inital,  unless the species was introduced. This is unlikel-y
as intra-archipelago shipments of juveniles (none of which are
known to have arrived in Borneo) began only in the labe 1980s'

DNA anafyses of t issue sanples are needed to cfarify the

taxonomic relationships of the three crocodyfus gpecies 1n

Kalimantan, in part icular the identity of the ranjnu's group

individu;ls and if t inity of the disjuncL C. siamensis population
with thoge in nai-r l land southeast Asia.
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Totnistona schlegefi i  was found in afl  reconnoitered river
systerns. Although trade for skins and glands has apparently
ceased ,  numbers  o f  T .  schTege f i i  con t i nue  Lo  be  he fd  i n  v i f l ages .
This species was the common crocodil ian encouotered in surveys of
freshwater habitat, but i ts ecological requirements remai! poorly
understood. In the upper Xapuas River, T. schfegefi i  was sympatl. ic
with C. porosus, and with C. siafnensis in the Mahakam. Although
there is pressing need for fo1low-up studies to provide addit ional
data on distr lbution, abundance, breeding biology and ecolog-y, ?.
schLegeli i  in Kalimantan is evidently not Crit ical ly Endangered, as
defined by IUCN (1994), and is more appropriately categorized as
Endangered or Vulnerable.

Several areas that were appraised to cornprise crit ical habitat
for Che species merit fornal protection and active management
programs .

a For C. eiamensjs: Danau Belibis, Danau Tanah Liat and
sections of Danau l4esangat in the central Mahakam are fair ly intact
and apparently represent crucial habitat for C. siamensis. The
species l ikely inhabits nearby Muara Kanan Strict Nature Reserve,
but this nixed swamp of trees, thj-ckets and herbaceoug vegetation
has been degraded by sewere burning in recent years.

a For ?. schfegel- i i t  Sungai Mapam, Sungai Berais and Sungai
Bi1a, which are minimally-moderatel-y disturbed tr ibutaries of the
Jelai r iver system in Weat and Central Kalimantan. The relatively
Iarge numbers of captive aninals observed in the middle Barito in
Central Kalimantan suggest that this area may contain inportant
habitat for the species, although exact locations renain unclear.
Danau Jeras and snal1 lakes associated with Danau Sentarurn (West
Kalimanlan) and Danau Mesangat (East Kalinantan) are lakes with
iatact -mininally disturbed peripheral vegetation where T-
schTegefi j  was confirmed present.

The e4tire central Mahakam warrants Drioritv in Kalimantan for
tu tu re  i nves t i ga t i on  o f  C .  s iamens is  ana  I .  sc f t I ege ] j i .  The  mosc
e)<tensive inland area of palustr ine habitat in the four provinces
is found in this heavily uti l ized lakes region- Vast areas of
freshwater swamp are found in Central Kafimantan, but large areas
are being converted for a huge rice production scheme.

Much of the information obtained on palustl ine crocodil ians in
chis study came from local informants famil iar with crocodiles.
fheir reports often constitute important anecdotal evidence,
especiafly where coosistency among informants is shown, a!:d \,\rhere
sources are forner hunters well -experienced with 1ocal crocodile
populations. In the absence of writ ten records and reports, such
knoi '1edge is valuable for gauging former distr ibution and status of
crocodil ians in Kalinantan, a]1d for comparieon with curtent
observations and conclusions. Anecdotal evidence from prel iminary
surveys over an innense study area helps lay the groundwork for
more inteneive future surveys by identifying key sites, support
personnel, t ining and logist ic considerations that save substantial
t ime, effort and l irnited funds.
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Night counts of crocodilians in i{e6t (WK), Cenrral
(EK) Kalimantan provirces, !995-!996. Ts=Toiniseoma

CP=Crocodylus porosus. CS=C. sianensis. *= assumed
cP. E=tratchllng. .I=juvenile . A=adutt . Eo=eyes onty.

{cK) and East

TS. o= assumed

Date Star!/end kn !I J EO Density

s. Kapuas w( TslcP

S. Sibau

1 0
t t 2 0 5 t ' 4 8 "  E /

2 A

0 0 0 3 , 5 5 "  s

2 0

0 0 4 5 ,  s 0 '  N
1 1 2 0 3  0 ' , 3 9  "  E

1 6 4 9 ' , 3 1 "  S  1 5

2 5

7

4  - a

(c i !cu i t )

5  ' 1

{c i rcu i t )

3

o o 2 9 , 2 o '  6  3

1 8 - 8 - 9 6 rslcP

TS/CP

cs?/TS?

D. Termabas WK

WK2 5 - A - 9 6

2 A - a - 9 6 s. Belaban

2 A - A - 9 6 s- simba!

22-9-95 D. Pengemlcung

ltK

TS/CP

2 4 - 9 - 9 5

5 - 9 - 9 5

6 - 9 - 9 5

D- Basaufaut

D. Tanah Liat

D. Tanab LiaE

m



start/end km E .r Eo Denslty
coordinates surv'd

1 6  - 9 - 9 6

2 9 - 9 -  9 5

1 3 - 9 - 9 5

1 1 - 9 - 9 5 s, Air gitarl' wI<
CK

D. Bel ida-
s. Bef ida-

S. Kedarg

s. Mapam

wK/
CK

vtK/ Ts
CK

Ts/cPlcs 2 0 5 0 ' 0 3 n
1 1 0 o 5 8 . 0 8 n

\ \ o o 4 4 ' ! 2 n

t16.43 '  23h

2 0 4 2 !  3 A \
1 1 1 0 1 0 ' , 0 5 "

2 . 4 7 '  5 9 '
1 1 0 0 2 3 ' , 5 3 "

2 . 5 4 '  5 7  '

4 2 . 5 1 *  4 . o 2 4

1  6 1 . 0 . 1 1

0 . 0 3

T 1

s
E /
S
E

s

s
E

s
E /
s
E

s

s
E

7 2

3 2

11



tl

Pangka lanbun

Banjarm?sin

Sandakan

Samar inda

a l ikpapan

a--.----221 kn

l tap 1. rsland of Borneo sho'ring major featut:es.

DSWR 9  \

Vru"

a
9,

'72



N

/i ""'"'""

- (

L i a n g B u a y a

aM.Kaman

D . l a l l . t t . a t c
t-' 

"'o "-! ..

'9o
Srm! r l nd t

M . M u n t a i

\
A . l l b l s

0

Ba l l kPaPan

0 50 knr

t tap 2. Mahaka$ Ri.ver sysLem. East Kalimantan,



r. Batilap /

N

Ketapang

115 E

Map 3, Barito Rive! sysrem ' Centlal KalirnanEan '



Figlre L Dorsal view of ca, 1,8 m fL nninus group crocodile.
P.T. Alas Watu Ubma, Baniarbaru, Kalimantan Selatan"

Laleral view ot 1,4m fL raninus group crocodile ls

?.T. Alas Watu Utama, Banjarbaru, Kalimantan Selatan.
Figure 2.



lignre 3. Ventral view of 1,4m IL faninus gaoup crocodile.
P.T. Alas Watu Utama, Banjarbaru, Kalimantan Selatan.

Irigure 1. Dorsal neck view of 1 .4 m IL rcninus group crocodile.
P.T. Alas Watu Utama, Banjarbaru, Kalimantan Selatan.
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Fignrre ? - T, schiegeJji  n"sa at
Danau Mesangiat, Eas:
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ABSTRACT
The Chinese Alligator (Alligaar inensis) is restricted to China and is generally

considered one oftbe most endangered crocodilians ilt the wodd. Since the 1970's,
Chinese Govenment has paid high attention on the conservation of Chinese Alligator
and carried out a mnge of efective measures in succession to stretgthen the
management of Chinese Alligator lyith considerable achiwements being nrade.
However, the wild population of Chindse Alligator is still on the verge ofextinction and
it urgeltly needs much concerns from national and intemational cooservalion
corununity. With the fast development of national economy, the activities related to
impod and export, falming maoufacture and utilization of crocodilians and their
products in China become more and rnbre frequently. It is ofgreat significance4or the
protection of global crocodilians to enhance the conservation and managemed of
crocodiles in China.

INTRODUCTION
China locates in the eastem part ofAsia and westem bank ofPacific Ocean with a

total land area of 9,600,000 square kilometer. It is a country with both coastline atd
land border, wh.ich are 18,000 kilometer alld 20,000 kilometer in length respectively,
.neighboring 15 cou!|tries(e.9. Vi€tnam) with 6 countries(e.g. Japan) to its esst and
southeast across the sea.

China is divided into 33 provincas, autonomous regions, municipalities anrl special
administrative region. According to the census in 1994, the population of China is
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L1985 billion (excluding the population ofHongkong).

With vast territory and diversified natural ervhonment, China is one of the
countries in the world with the most diverse varieties of wildlife resources. There are
6,347 species of vertebratq accounting for over 14% ofthe world tolal, and 32,800
species of higher planl taking up over 12% of the world tolal. Aftong the wildlife
species listed in the appendixes ofCITES, 1,700 rve.e found in China.

CROCODILES IN CHINA
There are three crocodilian species ever known to be occuned in China. The

Saltwater Crocodile(Crocodyhc porons) and the Malayan False Ghz;al(Tontistona
rcregr??) once lived in south coast region ofchina. However, Both ofthem have not
been found in China since 1922. Only the Chinese Alligator has foriunately survived to
now. Since 1993, many species of crocodilians such as Nile Crocndile(Crocodllus
,i/olicus), Siamese Crocodlle(Crocodylls sian?rr,t7s), Mssissippi A)ligator(Alligator
misisspiensis) and Saltwiter Crocodile have been introduced or re-introduced into
China for fafming, educalion or tourisn purpose.

STATUS OF CEINESE ALLIGATOR
i . DISTRIBT]TION

The Chinese Alligator is lhe most endangerd ol the world's 23 species of
crocodillians (Groombridge,l982; Thorbjarnarson, 1992) . The species is a r€latively
small crocodilian with a maximum length of approximately 2.5 m (Wang C.L., pers.
observation ) .ln Chin4 local people uses the na|ne Yangzi E ( means Yangzi alligator)
or Tu Long ( means muddy dragon ) to designate th€ species. The local name indicates
that the alligator was onc€ widespread along the Iower Yangzi river valley. It was
recorded in the allcient Chinese books that the Chines€ Allicator distributed denselv
over the middle and lower reaches ofthe Yanglzi River in thJllth century. Howeveri
with the dramatic climatic change and the increase ofthe human populatioq the range
ofchinese Alligator was sharply shrank to the lower reaches ofthe Yangtzi River in the
l9th century.

From the beginning of this century to 1960's, due to lake drainagg land
reclamation, use of farm chemicals and exc€ssive capture and killing the habitats of
Chinese Alligator had been destroyed very seriously, resulting that the population size
declined year by year and its range continuously decreased. The investigation
conducted in the 1950's indicated that irs range had been shrunk to the area ofjunclion
ofAnhui, Zhejiang and Jiangxi provinces. The surveys in the 1970's and early 1980's
documented an even greater shrinking ofthe range wilhiD the three provinces. In recent
years, the wild Chinese Alligator has not trace in Jiangxi province and hardly to be
found in Zhejiang province. It seems that the renaining wild population is almost
confined to the counties ofJingxian, Nanling, Xuanzhou, Langxi and cuaDgde in the
southem arq of Anhui Province and sporadically distributes in the smal! inigation
ponds and reservoirs. In addition, small number and sites ofchinese alligator are also
reported as being found. in Wuhu and Ningguo counties. In lowland habitat nonh
towards the Yangzi river small alligators are still reported in Maanshsn and Dangtu
counties ofAnhui province. For example, in 1995, an adult male alligator was found in
village ofMaanshan (see figurel ) .
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In Zhejiang provincq a small number of alligators remain in Yinjiabian village of
Changxing county . The village became a alligalor reseFe in 1979. In August 1982, on€
male and one female alligator were captured iiom this village and sent to the rese e.
As no survey in the reserve, we do not know that how many individuals remain in the
6eld ahhough the habitat is very nic€ to allig.tor. Huang et al ( 1987) reported that
alligators were captured h Huzhou and Anji counties from the 1970's to 1980's, but
now no reports of alligators are from the area. fie Changxing forest bureau staff
guessed the alligators had erdrpated in the area-

In fact , most alligators are found in agricuhural field or in isolated reservoirs in
tree farm, The tkee principal habitat types are riv€rine and swampy arcas ,low-
elevation agricultural villages5 and agricultural and tea falm villages up to 100m above
sea level ( Watanable and Huang, l 984 ) .

2.ABIJNDANCE
Alligators are extremely secretive and hard to count. Nght spotlight counts reved

a small number, but many may be hidden in dens and not visible. Some ofthe best
information curently avalable com€s from local residents that live around the alligator
ponds. Chen Bihui estimated 300-500 slligators remained in th€ Arhui National
Chinese Alligator Nature Reserve based on suwey with Dr. watanable in l98l (Anon.,

l 99l ) . From then to now, fi ve investigations were made in ANCANI, Zhou ( 1997 )
presented these results: wild population number was estimated 378-421
individuals,40T-463 individuals, 690-740 (including i50 alligators released liom the
breeding center) ,674-747 individlals and 667-740 individuals in 1985, 1987, 1990,
1992 aad 1994, respectively. In 1997, the ANCANR estimaled that the total wild
population within the Reserve was decrqsed to about 400 animals. However, therc are
no firm data oll the status of the wild population, for example, their ag€s and sex
( Thorbjamarson, 1992) .We need to funher and systematic work for confirme these

population estimates.

ln our view, the marn factors led to declining of the remaining wild populalion are
as follows.

l- Loss ofhabitats.
The Chinese Alligator lives in one ofthe most human dense area. From the late

l6th century to the early 20t! century there was a large migration of people from the
north into the lowland Yangzi r€ion (Huang,l982;Chen,l990,Thorbjamarson and
Wang, submitted to Ortr<) , and many alligator habitats have been developed as the
agricultural land. In fact, these areas are norv under cultivalion (Watanable,l982) -
Today, habitat is still being lost. From the 1950's to the 1980's, it was estimated that
lhe total area of lakes in China was reduced by I I %(Scott, I 989). The reserve consists
of small ponds set in a natrix of valleys cultivated with a wriety of crops, mosdy rice.
In a few areas, protected sites consist of small reservoir in low hills cover€d by pine and
tea plantations. The land-use right within the ANCANR doesn't belong to the
management authority of ANCANR. Such situations have brought gleat pressures to
the conservation and management work of wild populalion of chinese AlliSator.
Though many ofthe alligator's former habitats, which can be used for reintroduction,
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have been developed to establish the factories and mines or developed into fam and,
ANCANR is unable to stop those activities. From the viewpoinl of the local
govemments, the first problem is to strongly develop their economy so that the people
are able to make a good living as soon as possible. Irom the viewpoint ofANCANR, it
is impossible to irnrnigrate the local people (ov€r I million) to other places, and it is
unrealistic to ask the locai govemments stopping their developing activities l}r'ithout any
compensation. In a[ areas, the pdncipal contradiction between human benefit and
alligator conservation is increasing because ofhabitat loss.

2. The low initiativ€ oflocal people on consewation .
The habits ofpreying on the domestic poultry and burrowing the dams and banks

of rivers, ponds and reservoirs make the local people considering the Chinese Atligator
as vermin. They do not like to see its population increasing and its te.ritory expanding
to their productive lands. ln addition, the fact that the local people can not get the
economic benefits fiom the conservation ofchinese Alligator also hampers tle smooth
implementation of the conservation and management program

3. Habitats destruction .
The lo$s of natural vegetation throughout eastem China has also exacerbated

periods ofdrought and flooding. Flood and drought force alligators to move overland
where they easily cap$red or killed ( Chen, 1990 ) .In dry werther, the famers always
use the water of some ponds u,her€ the wild individuals inhabit to irrigate their crops.
This undoubtedly wili dafiage the surviving envirofinent of alligator, and evell run out
of their food animais. For example, only about 20 individuals remained, and 80
individuals were died ir Shuming village oflangxi county becaus€ ofdrought in 1987
(Zhov, 1997 ) .The alligators were not tolerated by local people because they prey on

domestic animals. (for example ducks) and their bunowing interferes with the complex
water control strrctures that are vital for rice cultivation.

4. Envirooment pollution .
Most ofrivers, ponds, reservoiN and lakes are polluted by the fast development of

the industry. Such pollution and the wide use of fertilizer and insecticide in the
countryside are detrimental not only to the reproduclion and survival of Chinese
Alligator, but also to its food animals. In additior! since the snailfever ever occured in
southem Anhui Province, the chemical matter which was used
to kill the snails also polluted the survival ofchinese Alligaror.

5. Financial difficulty .
Due to Iacking offunds, lhe reserve authority is unable to carryf out conservation

programs such as monitoring and reintroduct;on. The fuDds allocaled by the central and
provincial govemments each yea. are so lirnited that they are not enough for the
nomally ruDning ofthe reserve.

LEGISLATION
China acceded to the Convention on Intemational Trade in Endangered Species of

Wild Fauna and Floral (CIIES) on April 8, 1981 and Chinese All;gator is on Appendix
I ofthe CITES at the time China acceded.
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^,. 
E*lt^,n 1972, the Chinese Alligaror was lisled as class I prorected an;mals by

Lnrnese uovernrrent. AJlea{ ards. it was listed as class I special protecred animals
under the Law ofWitd Animals protection ofthe peopt"," n"p"Ufi" o'f Crun" g.;ji;ro
:fect 9.n _l Mgrch 1989. In additior\ the exotic .nimals spec;es tisted in Cifei
Appendix I and Appendix II are ajso included in the list of China,, ,p..;ut o,ot."tfwild animals in I99l by rhe Ministry of Forestryb**", 

""nr" 
i. S"; f;;J;;;;;

rrD, ,n accordance wjth the law. ln other word. all the crocodile species imp;ned inro
China are managed as state special protecreal animals 

"na'"ont 
offiJ lu 

-tf,!

conse.vatron depaiments at various levels in Chna

CROCODILE FARMING IN CHINA

. . In China , it may be permitted to raise the native or exotic crocodiles !f a farm has
lid:llllj "1tr*. 

farmins rechniques and enoush tunds because china las aaoprea
lfl"l1{"t *onorny poticy and rhe governmenls can not inrerfere rhe operations of ararm ll,rts actrvrtres sar'sq, with the requirements of international conventions and
oomestrc laws At present. nearly 60 operations are involved in lhe farminc ofcrocoo es wlth a totat stock ofabour I4.000 individuals Majority of lhem is locat;d in
the provinces of sourh and cenrral China. Most of the 

"ipriLfraa "."oaifo 
ar"Chinese Alligator, Siamese Crocodile, Saltwarer 

'Crocodile 
anJ Nile

Crocodile According to our anallze, lhere is a trend lhar more and more fafins in(tuna wtt engage in farming ofexotic crocodile species

,,.. 
The farming of Chinese Alligator staned ar 1929. ln oder to prevenr rhe Chinese

/xflgaror.rrom extroctron and protecr them by captive_bred method, the firsr crocodile,jTl 
f 

-'.l"i*lh. C:nter for Breeding Chinese AJiigaror (ARCBCA), was ser up inxuanzhou cry by Anhui Provincial Govemment. Since 1993. several zoos, farms andtounsm companies have€ngaged in raising exotic crocodile species for the exhibition orcornmerctal purposes. So far, it is only one .

Crocodile farm in China, ARCBCA which has registered at the CITES Secretariat
as a commercial captive breeding operation.

The main species domesticated in China are as follows.
I. CHINESE ALLIGATOR

^ ̂  ̂  Nearly 50 unils are involved in farming ofChinese Alligator wirh a total stock over6.uuu anrmats rn Chjna Many a lot have succeeded in breeding ARCBCA is the largest
one and Zhejiang. Yinjiabian Chinese Alligaror Farm(ZyCAi ) i. frrg", o". ioo. 

'fi,"

rormer has a stock over 7.000 alligators and the jatrer has a stock oimore than 200.
Aho$ ail ofthe original stocks ofother farms, zoos, gardens and research centers in
China come from those two farms, especially i?om the ARCBCA.

I. I. ARCBCA
This farm is situared within lhe ANCANR lr was esrabl;shed in 1979. soeaificalv

fortreventing Chinese Alligator becoming exrinction rtrrougn farrning oianj r"searci
on rr rt was a Jornt project between the SFB and APFD. and mainly managed by theAPFD-

Two hundred and twelve heads oflive alligators were collected from the wild asthe foundation stock by ARCBCA ar the time of its €stablishment. It succeed; ;
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produciog Fl generation in 1982 a d F2 genetatjon in 1988. At present, ARCBCA
covers an ar€a of IOO hectare with 3 big and 2 small breeding Ponds, more than 10
rearing ponds, an incubation building, a hatchling care bdlding and a hibemation
building. ln order to collect tunds to maintah itself, ARCBCA has allocated and
transferred 714 'ndividuals to 42 zoos, farms, gardens and research centers, and oPened
itseifto public for $ldlife education and tourism. The data it Table I shows the total
egg production (Fl only) and the fertilily and hatching rate of animals incubated
through to hatching. The production ofF2 generation eggs is summarized on Table 2.

Tabl.l. Reords of Cnin s. Allisalor.!g nrodlcdon, f.nilily end hatchi.g Bcs atARCBCA

Tolal Eggs
Clurch Sizo

Fenility R le(yd Hatching

1982 l0 224 22,4 65.6

1983 t2 264 22.0 88.9 58.?

19E4 20 501 25.0 90.4 a3.l

1985 30 409 26.9 90.5 90.1

1986 29 601 90.4 E2.0

1987 37 1045 28.0 84.0 92.4

1988 t219 29.0 91.9 ,5.0

1989 34 955 2E.0 92.\ 94,0

1990 942 27.7 95.4 E5_l

l99l 35 90t 25.7 80.0 90.2

t992 42 1145 27.3 86.2 9t.0

t993 tza6 24.7 85.1 90_5

1994 69 1659 24.0 85.2 92.3

1995 45 987 21.9 9t.2 9 t , I

I996 6l 1440 22,9 92.3 85.0

1997 90 z53l 28.1 E9.8 90.4

634 t6629 26.2

Table 2. The F2 Clt.csc auigaor egs prcduction, fenility and hlching rates at ARCBCA.

ToblEggs
clulcl si?,

r€dility
Rare(7o)

Hatching
Rare(%o)

l98E 25 25 96.0 88.0

1969 143 2a_6 9 t.2 42.0
t990 109 27.3 49.7 76.1

1991 219 24_3 42.6 7t .4
'1992 l0 ?64 26.4 44,9 73_4

l9t3 t 2 351 29.4 90.d 70.2
't994 30 709 23.6 85.1 86.0

1995 22 540 24.5 46,7 47.2

t996 40 9 1 9 23.0 81.9

1991 62 l 6 t 0 26.0 73.4 86.6

Toral 185 4613 24.9
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After twenty years' developments, ARCBCA not only has possessed the capability
of annuajly producing thousands of hatchlings and satisrying with the domestic and
intemational demands for live Chinese Alligator, but also can provide enough
individuals for tuture reintroduction.

Horever , ARCBCA still faces many difliculties: As the tanning t€chniques ofthe
skin of Chinese Alligator have not been developed , ARCBCA is unable to collect
enough ftnds from the commercial util;zation ofthe captive bred alligators to maintrin
its operatior and carry out the reintroduction program; thousands ofannual hatchlings
have become a hea\ry burden and broughi great pressures to ARCBCA; due to financial
difiiculties and lacking of habitats, they are unable to retum their captive-bred alligators
to the wild to release their burden. Such problems have made ARCBCA being in hobble
where they can not further develop their captive breeding stock and retum the alligator
to the wild. In a word, they are in urgent need offinancial and techdcal supports iiom
the intemational community for exparding their farming scalq tanning alligator skins,
implementing reintroduction ard monitoring programs.

1.2 zycr',I
ZYCAF was set up by the villagers at Yinjiabian Village in Changxing County in

1979. Its size is 0.69 hectare lJr'ith a building for accommodat'on and hibemation, 2
breeding ponds and several mising ponds. The original stock was ll wild adults, of
which 8 adult died before 1982. In 1984, one olthetwo adult females began to breed in
captivity. In 1997, the F2 generation was bred at ihe farm successfully.

In general, ZYCAF adopts a method olnature breed;ng that is different from that
;n ARCBCA. The eggs are hatched in the aliigator's own nests just like their nature
environment. ln addition, ZYCAI feed alligators with a kind of ball-shaped fodder
which is cheaper and better than fish and frog and they find out that the growth rate of
the alligators who feed on the above fodder can increase from 5.22 cm to I 6- I I cm per
year. This research result will provide the scientific basis for reducing tbeir food costs.

ZYCAI has draffed a reintroduction program aims at re-establishing a wild
population at Zhejiang Changxing Chinese Alfigator Nature Reserve(ZCCANR), but
we are worry about that ifthey can collect enough funds to implement it.

2. SIAMESE CROCODILE
Three operations are involved in raising of Siamese Crocodile. Ajl the original

stocks were imported from Thailand under the authorization oICITES Management of
China. Among ofthem, Fujian Fuzhou Aofeng Crocodile Park has imported 1320 iive
individuals in 1998, Heilongjiang XnA Crocod;le Farm has ;mponed 300 in 1998,
Guangdong Panlu Xangiiang Wildlife Safar; Co., Ltd. imported 1,000 in 1997 and will
import 3,505 in 1998.

3. NILE CROCODILE
HubeiGuangshui Yinhua Mississippi Alligator Farming and developmenl Co., Ltd.

has been approved by CITES Management Authority of China to inport 2,500
hatchlinss ofN;le Crocodile from South Africa in i998.
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4, SALTWATER CROCODILE
Six units have b€en involved in farming of Saltwater Crocodile since 1993. The

total odginal stock is more than I,OO0 anirnals. Among of them, Shenzhen Wildlif€
Safari imported 160 individuals ftom Thailand in 1993 , Hainan Dongsharhu Wild
Animal Garden imported 60 Fom Malaysia, Guangdong Zhuhai Baitenghu Tourism
Development Company imported 100 individuals tiom Malaysia, Guangdong lanyu
Xanejiangvildlife Safari Co., Ltd. imported 260 from Thailand in 1997, cu;gdo;g
Dongguan Tianbao C-rocod;le Farm imported I 70 from Singapore in I 997, Guanldon!
Panlu Xangiiang Wldlife Safari Co., Ltd. has imported 22 from Mataysia in 1998 an;
Fujian Fuzhou Aofeng Crocodite Park has imported | 80 from Thaiiand in I 998

5 MISSISSPPI AILIGATOR
Hubei Honghu Bohua Chinese Softshell Turrte Farm Co., Ltd. imDorted 50 liv€

Mississippi Alligators into China from United States ofAmerican in I996 and intended
to import more than I,OOO in the near future.

REGULATION OF TRADE
According to the Law of Wild Animal protection, hunting and hlling of class I

state special protected animals is prohibited except for the purpose ofscientific research,
taming and breeding and exhibition, when a special hunting permit must be obtained
from the SFB. Hunting and killing of ciass II state special protected animals is
p.ohibited except a special hunting permit has been issued by the provincial
cons€rvation agency. Ove.r the past ten years, no live Chinese Alligator has been
allowed collected from the wild. The domestic trade, transport;tion, farming,
manufacturing and utilization ofall the crocodilian species must attach with the relevaii
permits or obtain the authoriation document from the SFB or the provincial
consewalion agencies China is a pan) to rhe CITES and the sripularjons ofilTES are
applied to the import and expon of any kind of crocodiljan specimens in China. In
addition, China adopts a more strict measure which import ofCITES Appendix II lisred
s_pecies should ako apply to the people's Republic of China Endangered Sp_ecias of
Wild Fauna-and Flora Irnporr and Expon Adminiskarive Ofiice (CITES Man;gement
Authority ofChina) for an import permit.

MANUFACTURING OF CROCODILE PRODUCTS
There are several manufacturers involved in importing crocodile l€ather and re-

exporting its products such as wallet, watch belt, handbag and shoes that made from
such leather in south China

TRADE OF CROCODILE
The domestic trade ofcrocodiles and their products is limited. Most ofthe trade is

confined to the live individual and frozen meat. As mentioned abovq about 840 live
Chinese Alligators have been sold to around 45 unjts by the ARCBCA and ZYCAL
To the alligator meat, only two restaurants were permitted to sell the foods made ofthe
me3t olchinese Alligaror liom May 1998 by SFB. Until noq th€ a igator skin has not
been developed as acommodity and no skin or its products have been put into markets.

The intemalional trade on live crocodile, crocodile meat,leatherand its Droducts is
in a large number As we menrioned above. over 9,500 live crocodiles have been
imported or are intended to import into China. From 1997 to present, 34,450 kilograms
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FiSure l. The r.cords of rcprodlcrion ol d. Fit'3 Chir.e AatEalor in ANCANR

Th€ stalls of the w'ld Chinese
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iiBurc 2. The recotds oicrplil. ircu&red ,alchlincs flon rh! witd eC$ collccred

The status of th€ wild Chinese
Alligato/s captive breeding

1987 l9E9 1990 t991
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Although the wild alligators esper:ally that in special protected sites have been
protect€d by ANCAN& the popuiatior doesr't i.crease significantly and it is facing the

I
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trend of decreasing or exiinction. Thus, expanding special protected areas,
.ehabilitating habitats and carrying out the reintroduction and restocking program of
Chinese Alligator in the reserve is ofgreat urgency.

2. ZCCANR
ZCCANR was set p in 1982, locates in Yinjiabian Village. Changxing County,

Zfiejiang Province Its s;ze is 122 heciare, including 0.69ba for the breeding center
where is 140 individuals. ZCCANR is funded by the locai people and Zhejiang
Provincial ForestD, Department .

ZYCAF is situaled within ZCCANR and coordinates its work. However. no
alligator has been found living within the reserve since 1982. According to irs plan,
ZCCANR ll use its captive-bred individuals to restock its wild population. The main
problem faced by ZCCANR is still the flnancial difficulty. In our view, it will be relative
easy to implemeot the restocking program in ZYCAI because ol the high initiatives
held by the local villagers.

Considered the circumstances of these reserves, one of key factors that may
determine the ability of alligators to survive in these areas is the presence of islands.
Small islands provide a terrestrial retreat that buffers the alligato.s to some degree from
human impacts. It is very necessary and importance to reconvert agicultural areas back
into alligator habitat.ln order to resolve these problerns, further studies on the status of
alligator is required to establish berter conservalion strategy. It is very useful to make
the international cooperation on the scientific program such as WCS and us will make
systematic investigations of population ecology of Chinese alligator. The project will
address the current status and distribut'on ofthe wild populations and idendry suitable
alligator habitat tha! could be used in reintroducr;on or restocking programs, and land
use by GIS . These irformation are bas;cally and necessary for alligator corservation.
Dr. John Tho.bjarnson will present our researcb plan in detail on behalf of Eastern
China Fornal University, Anhui Province Department of Forestry and WCS. In
addit;on, reserves are not funclioned very well because of lack financial support and
tmined workers, and i is very d;flcult to resolve the cortradiction between wild
populalion and the economic benefits ofthe people farming and agricultural land that
surrounds and encroaches on the alligator habitat because of no enough financial
suppofi . We bope that international organization will provide financial suppo'1 for
CHnese alligator conservation

RESEARCH
Research on Chinese Alligator in China has been don€ lor several decades by many

scientists and institutions and a great deal ofachievements have been made in the fields
olhistorical distribution. physiology, morphology, anatomy, ecology, captive breeding,
nulrition, diseases, conservation and management. ARCBCA and Anhui Formal
University are ihe main research institutions involving in studying the alligator.
Considering the dangerorN situation faced by the w;ld population ofChinese Alligator,
ajoint suNey program among WCS, APDF and Eastern China Formal University has
been approv€d by SFB in 1998 and will be conducted from this year.

TRAINING
Ten years ago, a traininS delegation organized by SFB, APFD, Anhui Formal
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University and ARCBCA vidted Thaiiand and accepted training on farming of
crocodilians at the Samutprakan Crocodile Farm and Zoo Co., Ltd. In 1997, another
training delegation organized by SFB, A?FD and ARCBCA was invited by Dr. Webb
and attended the training course on conservation, management and farming of
crocodilians ar his Wildlife Managefient Intemational in Darwin, Australia. Meanwbile,
D.. John Thorjarnarson gave the shon training course !o local researcher ofANCANR,
and will continue to give a threes weeks oftraining course in July and August 1998.
This year, we have been invited 1o attend this meeting for exchanging experiences.
Mr .wan Ziming w;ll be lounded to visit Thailand for leaming on the conseMtion ,
management and farming ofcrocodiie after the 14th Working Meeting ofCSG. Such
training and visits have helped or will assist Ch;na a lot in its effort to conserve and
develop Chines€ Alligator.

DISCUSSIONS
Through 20 years hard work, a great deal of achievements has been rnade. The

people conservation awareness has been greatly raised , the illegal cases reiated to
poaching of wild Alligator have almost vanished, the farming t€chniques of Chinese
Alligator have been successfully developed, the captive stock ofchinese Alligator has
inc.eased to about 8,000, the crocodil€ fams have the capability ofproducing at least
2,000 hatchlings of Chinese A.lligator each year and more and more farrns, zoos and
iourism corporarions are interested in farming ofcrocodilians.

However, there sdll exist many difllculties and problems. The wild population of
Chinese Alligator has begun to decline again , its nature range has a trend ofgradually
decreasing, the local people doesn't like to protect the wild population, the
consefvation agencies are lacking of surveying and monitoring techniques and
equipment and unabie to control the lands, water and foods of the majority of the
habitat, the skin tanning techniques have not been successfully developed and the
crocodile larms can not collect funds from comnercial utiiization of captive-bred
specimens ofchirese Ailigator to support the conservation ofthe wild population and
to compensate to the local people for their loss which are caused by the wild Chinese
Alligator, aod the smuggling ofcrocodiles and their products haven't been thoroughly
controlled .

Based on above situations, in order to enhance crocodilian conservation and
management in Chira, the following actions are be;ng considered to take

l. Further enhance the awareness of conservation and strongly encourage the local
people involving in the conse.vat;on program oaChinese Alligalor.

Tbe conservation cource will be held io various schools so that it can make more
and more people understanding the imponance ofcorsewation through the ANCANR
instruction. In addition to that, it is important to add value on alligator. In case the
alligator has been developed as a commodity with relative high commercial value, the
people will actively and conscienliously protect and develop the alligators lived in thei.
Iands.iust like prolecting their owr property. At the same timq it will also undoubtedly
attract a great deal of farmers to participate in the conservation programs such as
farming, resrocking and reintroducing of al gator and brings financial benefit to the
people concemed. In our view, only by relying on tbe local people can we tully protect
and develop lhe wild populat;on. So, once the condilion is ripe, the villagers within the
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reserve will be encou.aged to engage in above activit;es by the conserv?tion agencies.

2. Prevent the exotic crocodilians from escapjng to the wild.
Many crocodile experts are wonling about that jt will be detimental to the

survival ofnative Chinese Alligator ifthe exotic species ofcrocodilians escap;ng from
the farm to the wild. We think that tHs may be a problem. But it seems easy to solve
through strengthening the farming management, limit;ng or forb'dding the farming
activities in the nature range ofChinese Alligaror and conlrolling the scale ofcrocod;le
farming industry As everyone know, due to the cold weather condition. the exotic
crocodiiian species except the Mississippi Alligator may not be able to survive in the
wild at the nature range ofChinese Alligator In addition, all ofcrocod;lians species are
managed as China's special protected aninals and the actidties related to crocodile
farming are well controlled under the conservation agencies at various level Even if
they escape to the wild, the farmer has rhe legal responsibility to capture them from the
wild in accordance with the related provisions ofthe Wild Animal protection Law.

3. Funher stfengtben the management ofimpod and expo( ofcrocodilian.
Though some illegai cases ofsmuggling ofcrocodilian and its producrs have been

invesligated and prosecuted, there still exists smuggling phenomenon in south China In
order 10 crack down the illegal smuggling act;vities on crocodilians, a specia! national
suNey on the farming and utilization ofcrocodilians and the;r products organized by
CITES Management Authority ofChinawill be conducted by the cons€nation agencies
at various level. Ifa dealer or farmer couldn't show related Dermits and documents- it
wi l lbe invesl igared and prosecured Ourpot icyisrhaloncei ihasbeenfound, i twi l l  be
seriously handled in accordaoce w;th rhe provisions of Chinese laws and CITES. In
addition, a reglrlar communication system is planned to be set up between the CITES
Management Authoriry and the Customs to enhance the exam;narion of permits and
imponed and eyported goods and rmprove rhe capabjt i rv of idenl i l , ing witd anrmats an;
their p.oducts.

4. Furlher promote and strengthen the internalional cooperation.
The following fields are in urgent needs to be strengthened by international

cooperation: reintroduction (restocking, surveying and monitoring) program of the
Chinese Alligator, tannirg alligaror skin program and intemational marketing of
alligator products

With the kind help ofDr c.ahane and his colleagues, Anhui provincial Foresrry
Deparrment has drafied a management prog.am for conservation ofChinese Alligator
(see annex l). We s;ncerely welcome everyone to d;scuss abou!;i and any pragmatic
and working suggestion would be highly appreciared. Nevenh€less, it sbould be
emphasized that such solution nrust fir in with the realities oflife in China. Once the
management program is passed and gel the financial support at tbis meeting, it will be
implemented soon.

Due to lacking ofthe skin ianning techniques, t|e skin ofChinese Alliqator have
not fofmed a commod y and lhe alligrror farms are rrnable to collecr fi.rnds io supoon
the conservarion prosrums concerned Thus. one ofthe urgent tasks ar presenr i ;  to
deuelop tlre lnnning as well as orher lechnrqucs as soon as possiLle through
international cooperation.
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CONCLUSION
China. as the wodd s largest developing country. is restricted by its less advanced

social. economic and technical development. has hundreds of endangered species
awaiting for ils special protection, will be difficult to allocate more funds to suppon lhe
conservaiion ofthe wild population ofChinese Alligator. In addit;on, Chinese Alligator
is the common herirage of all human beings and it aiso ought io be cared by the
internat;onal community We would like to take this opportunity to invite all olthose
who are really concerned w'th the conservation causes ofchinese Alligator, including
researchers, conservatiol professionals, farmers, tanners and ;nternational
organizations. to support for and panicipate in the programs mentioned above.

Since ARCBCA is a open tourist site, we hope rbat it will be built a world
Crocodile exhibition center with all species crocodilians in the world by exchanging live
crocodil:ans and iheir specimens wirh d;fferent countries
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ANNEX I

A MANAGEMENT PROGRAM FOR CHINESE
ALLIGATOR IN ANHUI PROVINCE

(Drafts)

r. SPECIES SUBJECT TO MANAGEMENT
CIass: Reptilia
Order: CrocodyJia
Family:Crocodylidae
Species Alligqlor SinerJis (Chinese Alligator)

2. PROPONENT AND SUPERVISORY AUTEORITY
Anhui Provincial Forestry Department, the People's Republic ofChina
No. 53, Wuwei Road, Hefei, Anhui, China.
Telephone:+86-5 5l -267 5320

+86-551-266 1287
Fax: +a6-551-267 5320

3. INTRODUCTION
Chinese Aliigator is currently restricted to Anhui Province ofChina and is gercrally

considered as one of the world's most endangered crocodilians. There are only about
400 Chinese Alligators living in the wild and about 8,000 kept in captivity in 1997.

Chinese Alligator, also called land dragon, was included in Category I ofthe State
Protected Species in 1972 and listed in Class I of State Special protected species under
the Law of Wild Animal Conservation ofthe People's Republic of China enacted in I
March 1989. Capturing and hunting of this species is prohibited except for scientific,
taming and breeding purposes, when a special hunting permit must be obtaircd from the
State Forestry Bureau(SFB, fo.mer Ministry ofForestry). The farming and commercial
use of the captive-bred alligators are permitted, when related permits or documents,
such as impo.t and export permit, transportation ce.tificate and dealing and using
permit, have been obtained from the SFB.

This program is developed in accordance with the provisions of Law of Wild
Animal Conservation, the Regulations on Management ofNature Reserves for Forest
and Wildlife Type and the Rules for Implementing the State Law of Wild Animal
Conservation in Anhui Province. Its aim is to further conserve and develop the wild
population of Chinese Alligator and its habitats and actively save this endangered and
endemic species throughout the Anhui National Chinese Alligator Nature
Reserve(ANCANR).

Prior to this program, the Anhui Research Center for Breeding Chinese
Alligato(ARCBCA) was set up in Xuanzhou city in 1979 and the ANCANR was
established in 1982, by SFB. The administration of ANCANR is coordinated through



ARCBCA. Great achievements have been made in conservation ofChinese Alligator by
those units. The awareness of th€ local people within ANCANR for conservation of
Chinese Alligator has been greatly raised and the illegal cases telated to poaching of
Chinese Alligator have almost vanished; the farming techniques of Chinese Alligator
have been successfuliy developed, the captive stock ofChinese Aliigator in ARCBCA is
about 8,000 and the ARCBCA has the capability of producing of at least 2,000
hatchlings per yea. .

However, the.e still exists many problems. The wild population increases very

slowly , the distribution area has a trend ofgradually decreasing, the local people is not
positive to protect the wild individuals because they can not obtain benefits from the
protection ofChinese Alligator, the conservation agencies are Iacking of surveying and
monitoring techniques and facilities, it is unable to control the food and water of the
habitats by conservation agencies because the lands and water belong to the local
people (including tree farms), the techniques on utilization ofcaptive-bred specimens of

Chinese Alligator have not been successfully developed, ARCBCA can not collect
funds from commercial utilization of captive-bred specimens of Chinese Alligator to

support the conservation ofthe wild population and to compensate to the local people

for their loss which are caused by the wild Chinese Alligator. The present program
encompasses a range of strategies through which those problems can be gradually
solved in five to nine years.

4. AIMS AND OBJECTIVES
This management program is developed for the purpose of further protecting ofthe

remaining wild populatiofl of Chinese Alligator and its habitats, saving this most
endangered species through releasing the captive-bred individuals into the wild to

restocldre-establish the wild population following IUCN guidelines and further raising
the conservation awareness ofthe local people through bringing economic benefits to
the local people .

The management program seeks to realize the following objectives in five to nine years:

l. Strengthen the conservation of remaining wild alligator aod its habitats, enlarge it
through restocking projectl

2. Rehabilitate the nature habitats ofalligator and re-establish several wild population

through reintroduction project;

3. Enlarge the re-introducing population through ranching project;

4. Enhance public conse.vation awareness by creating employment opportunities on
farming/reintroducing of Chinese Alligator for local peoplei

5. Summarize the mature experiences on conserving and enlarging the wild population.

5. LEGISLATION
China is a party to CITES and the Chinese Alligator is on Appendix I of CITES

The provisions ofCITES should be followed while implementing this program

All of the existing provincial and national regulations, rules and laws related to the



conservation of wildlife are available to this program. Moreover, any activity related to
the k;lling, trade and commercial use of wild individuals are forbidden.

6. MANAGEMDNT OF TIIE RESTOCK
ANCANR covers five city and counties. including Xuanzhou, Guangde, Langxi,

Jingxian and Nanling, with a totai area of433 square kilometers. The using r;ght ofthe
lands and water surfaces within the reserve belong to the local people. The main
habitats ofthe wild alligator a.e smali reservoirs and ponds. No alligator has been found
in the rivers and iakes. There are thilteen key protected areas where the wild alligators
concentrate in. Each spot has less than 20 wild aliigators. AII of those areas ls
monitored by the staffofthe reserve.

In order to implement this program, a survey on the wild alligators will be
conducted. When the range, number, age and sex ofthe wild alligators are clear, the
reserve will select more than 20 distributing spots for restocking ofthe wild population.
According to the survey results and other related research achievements, ARCBCA will
release captive-bred adults into the above distributing areas to enlarge the existing wjld
population It is recommended that the sex ratio of I :3(male:female) in each spot would
be appropriate. Those spots will be looked after and monitored by the staff of the
reserve.

7. MANAGOMENT OF THE REINTRODUCTION
Considering that the present distributing spots ofthe wiid alligator are limited and

the local people should obtain benefits from the protection ofthis endangered species,
ANCANR must call for the local people and related state-owed tree farms to be
involved into this reintroduction project. The related local people and tree farms who
would like to take part in the reintroduction project should provide ponds, foods,
manpower and other necessary facilities to this p.oject. As a compensation means, the
reserve will provide necessary techniques and captive-bred alligators and the Anhui
Provincial Government will provide certain sum offunding, to the local people and tree
farms.

The spots used for this project should be selecred by ANCANR, where they are
suitable for the living of wild alligator. In order to prevent their escaping and to
facilitate the management of the reintroduced alligatof, the iron net will be erected
around the ponds at the first year when the reintroduction project conducts. The related
local people and tree farms should sign contracts with the reserve and the contract
should make def:nite each other's obligations and responsibilities. In general, the local
people are responsible for the care ofthe reintroduc€d alligato.s and their habitats. The
recommended sex ratio ofthe reintroduced alligators is 1:3. Four individuals wili form a
group. About 10-50 groups of captive-bred alligators shor]ld be released into selected
ponds and reservoirs every year and the gtoups released into one pond or reservoir
should be decided by the conditions ofthe area.

8. MANAGEMDNT OF TI{E RANCHING
In order to ensure the reintroduced population increasing quickly, the ranching

program should be introduced. When the reintroduced females lay their eggs in the wild,
the eggs will be collected and incubated by ARCBCA in time. ARCBCA witt be
responsible for the raising of the hatchlings until they reached 3-4 years old. Then,
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releases some of them into their original habitats or other places depending on the
circumstances of the habitats. The ARCBCA should pay additional fee to the local
people for the eggs laid at their lands. The data related to the nesting, eggs, fertility,
incubation. hatchlings (number, sex), mortality, etc. should be recorded in detailby the
local people and ARCBCA.

9. ROLE OF RELATBD ORGANIZATIONS
The ANCANR is responsible for the communicating with the local people and tree

farms , signing contracts of reintroduction program with local people and farms,
conducting technical instruction and administration of local people and farms,
monitoring the development trend of the wild population and compiling the annually
report on implementing ofthis program

The ARCBCA is in charge of providing captive-bred aliigators to the ANCANR
for restocking and reintroducing projects, incubating eggs and raising hatchlings and
juveniles from ranching project , organizing and holding training seminars on farming of
alligator for local people and tree farms and developing the techniques on using of
captive-bred alligator .

The APFD is in charge ofcoordinating the relationship betlveen the reserve and local
governments, drawing up or approving the programs on protection and utilization of
Chinese Alligato., collecting funding from intemational community and related
government agencies and grganizations and providing funds for implementing this
program. To some extent, the possibility of success of this program will be mainly
depended on the financial suppons Aom the international community.

IO. EDUCATION AND RESEARCH
In general, the publicity and education work on conse.vation ofChinese Alligator

has been made great achievements over the past 20 years. In the future, most of the
publicity work will be focused on the alligator's commercial value for the purpose of
encouraging local people and farms interested in farming of alligator and directly
involving in this program. The final goal is to make them regarding the aliigator habitats
as productive lands and to ensure them gaining economic benefits from this program-

The previous research mainly focus on the biology, ecology and farming of
alligator. The future research work should be focused on the development and
application ofmonitoring techniques, reintroducing techniques, the best density for wild
population, commercial farming and utilization captive-bred alligator, raising up the
rate ofnesting. fertility and hatching and reducing the monality rate ofhatchlings.

The foreign crocodile expens are encouraged to involve in this program with their
research progranl, funds, equipments and techniques.

I I. MONITORING AND RBVIBW
All ofthe remaining wild population and the reinroduced stocks and their habitats

should be taken care and monitored by the local people, tree farms and the reserve. If it
is possible, the radio-tracking device and GIS may be used for monitoring pafi ofthose
individuals The reserve should identiry certain areas as the contracting place for its
staE These staff are responsible for the technical instruction to the local people on
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rehabilitating, restocking or reintroducing project, designing the food type and amount,
monitoring on wild population, collecting the eggs and other related works The staffof
the reserve should submit their working reports to the reserve t ce a year. The reserve
must summarize the work what they have done at the middle ofa year and submit their
annual implementing report to the APFD at the end ofa year.

When this program is completed, the reserve should prepare and submit a repo.t
on the impiementation ofthis program and the proposal about the future management
and monitor work to APFD and related funding organizations, and the APFD should
formulate another one management program for the cotservation of those restocked
and reintroduced populations and their habitats based on the situation at that tirne . The
funding organizations and foreign experts are welcome visiting Anhui Province to
instruct and inspect the implementation ofthis program.

I2. MARKET FORECASTING
Chinese Alligator seems to be internationaltrade as pets, tourist display or intemal

trade for meat. skin and possibly medicinal use ,such as fat, oil ,bones.

Another is tourism benefit. ARCBCA and the wild populations are located an easy
day's drive from China's largest city. Very close by in southern Anhui province is the
Yellow Mountains, a destination visited by hundreds of thousands of Chinese and
foreign tourists per year. A good organized tourism program will generate a lot of
money for ARCBCA as well as for local people.
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INTRODUCTION

Itl 1935, Karl P. Sohmidt, cumor of herpetolos/ of the Field Museum.ofNatual

Hrt".y t;ci;ug;;iscovered the rh ippine crocodile in the island province of Mndoro'

thus, it was named C/ocaa'fus mindorensis

In 1982, forty leven (47) yerrs after its discovery, Chadel A Ross of the

SrnittBonian Institution estimated its remaining wild population to-be between 500-1000

matured individuals. That repon alarmed the govemment $tdch t'orced- rt to propose a

;il,h", will halr the rnarch of the twJ endangoed species of crocodiles (C
'mifuorensis 

and, C. porosus\ ocaunfury in the country to extinction

Finally, on August 20, 1987, the Crocodile Far!ftE Institute was cr€ated with a

sant-in-aid and technical cooperation fiom the Japanese Government thrcugh the Japan

ilternationat Cooperatioo Agency (ICA) lr has two{2) main objectives:

PEILIPPINE CROCODILE CONSERVATION
(Comprehetrrive Report)

by

GERARDO V. ORTEGA' D.V.M.

l- To cotrserve tJle two endangered species ofcroaodiles in the Philippines; and

2. To prcmole the socio-eoorcmic well-being of the local ̂corununiti:s 
throuSh-' 

itl l"u"toprn*t 
""a 

inboduction of a suitable crocodile farming technology

On March 4, 1988 the project (CFI) officially opened and hired its personnel'

PH{r TPPTNE SITUATION; CONSERVATTON CEATJ,ENGES AND
OPPORTUNIIIES

The Peopl€ and the Eovironmert

The Ptrilippines is rot or y home to 950 :petie-s anq- sub.s!:cies of birds' 233

,o."io and 
"Jtli*i"s 

of mammals, and 240 spe{ies -of reptiles' it is also home to 70

riil"i iliitoi"*' r"ruioti.y of these people at" livittg b"low the povertv -line with a per

;;; i"J." or $i,ssi.ts p€r anrum- Four million people are believed to be

unernployed.
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With the country's economy itr bad shape, many of the poor, unemployed and
destitut€ Filipi[os ar€ forced ad will be forced by circumstances to expand tieir use of
nsture. As a consequence, people are now ensroaching and will be encroaching on the
forest latrds and wildlife babit ts for purposes of livelilood. They engage and will be
engaged in hunting, illcgal trade of wildlife and its by-ptoducts, illegal logging, slash and
bum fanning and cyadde *6 4r"rai1s fisf ing in order to survive.

On the other han4 migplaced and environmentally non-fiiendly industries are
aggravating the Pbilippine situatiotr. -

The results of these p€rnicious activities are devastating. Thirty h€ctares of the
Philippine forest cover are being denuded wery thtty fiinutes (or 3,720 hectares a day).
In the plovillce ofPalawa! alone, 954 hectar€s of its nangrove forest are b€ing exploit€d
every year. The number of wildlife sp€cies in kmediate dang€r of extinction is now 189
including the Philippine docodiles. Not surprisingb, the Philippines is arnong the top l0
hotspots of most eodang€ted ecorystems in the world.

Sixty three years (63) ago when Kad P. Schmidt frst discovered the Philippine
crocodile in Mndoro, a vsst rumber of Philippine lakes, rivos and marsh lands were still
terrning with crocodiles. Howwer, shortly after the Second World war 0945), hunting
and poaching started to diminish their number due to its valuable hide.

Crocodiles io the Pbilippines have poor public image. They are being viewed
negatively in almost all levels ofthe sociEty. LocallyJoown as Drwa'a, they are beli€ved
by rural folks to b€ b€are6 ofbad tidirgs and in thc league with the dark forc6 of nrtule.
Thus they arc oftetr rcferred to as asnwang or witches.

Tbeir aggressive rra ure and dinosaur-like appearauce did not endear them to the
populacc. Reported cases ofproblem crocodiles attackhg h8pless victims have reinforced
this superoatural beli€fofthe rural Fople. Crocodile hunter are €ven being revscd and
viswed as extraordimry teings in possession of a$tlet gr qting-atting alld gifted with
courage and skill- They are very popular 8od sdddred iqdividuals whose slaughter of
crocodiles are consider€d heroic acts and ao exernplary service to the commuoi8

Crocodil€s are &lso the most maligned ard ridiculed animals h the Ptrilippines. ln
the Filipino culture, orocodiles or tultqn aro always associated with corupt gove.nment
ofhcials, greedy busims$neq polic€meq highr"ay p8tmlrne4 tax and customs collectots,
and selfish athletes. Itr gercr8l, conmon Filipinos Exe urconc€med and iqditrercnt about
theiI fate. In totality, oocodiles are regarded 8s us€less creatu{gs - a vermin.

Resclrch and Devclopmetra Ch8lleDgcs

During the early days of the projec! everyone was goping in the darlq the level of
hrowledge was very minimal in tefms of socodilia biotory, physiologr, anatomy snd
patlplos/. The tecbnical staffwere inexperienced in terms of capturil& handling and
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husbandry. There was no deep understarding about the mission aod vision as 1o how the
two objectives ofthe project can be translated into reality.

Crocodile sourcing was another big challorge. Crocodiles 8re scattered in
difercnt parls ofthe archipelagq and the extent ofits current distribution is not very well
known. Survey qrd trapping activities a.e often hindered by the prewailhg insurgeaoy
situatio! in the habitat arcas.

The propriety of introducing crocadile fanning in the Philippines while many
Filipinos are sutrering from the complex social problerns 8nd are dying due to protein
deficiency and malnuffition i8 a very sensitive issre. An 8ppropriate apFoach must be
carefirlly planned so as not to add ine{t to injury.

To summarize, the causes and solutioru to research and dev€lopment problems 8tld
challenges are:

PROBLEMS CAUSES soLUnoNs

l. Soutdng and acquisition endangarcd eecics, pesce ApFop.ialr tsap de!'Elol|ient intetNified
ofstocf and or&r, ttrd hsbitat co!- traFing ocliviti€s and r€goliation l,o aoquite

vclsiotr ald drstucliotl Fivatc crocodilc collcdion in ftvor oflbe
gorgrtlrtrent giaed Fople's suppott

2. lccbrical blow-how m prior training acqqisilio! oflt&tlocas 3trd lil,crafirrc,
dev€lotrnent of iditutionsl lid€ges and
forcign tlalnin8E atld t clEical cxchangc
re*oreh aad decrvatioar

3. locirl acc.trability

{. hlttartcracy

Strtus rtrd Distribution

. Strtuc

ncgSrivr Frcaption

cirElrilous burraucntic inza charga th! pohr ofvicw ofh,rraucrats 8!d
8.i! O.ir !| lport

iDtclsivc idormtiod ard cdrcalion aod
.onouni.ation @C) in fi-n€dia

Credylus nindorensis, found only in the Philippines, is the most higbly
endangered crocoditian in the world todsy. No large population i8lflown to exbt in ofle
area. Therc remain only minor pockas of babitlt itr which C. midorcnsis efists todly,
and none sppears to be protected. Isformed estimstes ield a maximum of 500 animals
held in captivity ard ia the lvild- The wild EiilrEls are scatt€r€d in Mindanao and a few
otber blan& in the Southern Philippines. The species is ltuted in Appendix I of CITES
and is considercd endangered by the IUCN - The World Cons€rvalion Union (Messel et
81. 1992, Ross l9E2).
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. Ililtoricd Dirtributiotr

Ctudylus mindorensis h8s been reported to have thdved in Northeastem and
Cent$l Luzor! Samar, Masbatg Mndoro, Negos, Busuang4 Jolo' and Mndamo islands
(Ross 1982) (s€€ lrig. 1 ).

. Crrrctrt Distributior

Based on the acquisition record and inicrrnation gathered by CFI, C' mindorcnsis
is stiu plesent in the followi4 areas: Mndoro (Naujan l-ake), Mindanao (Agusan Marsh

and Liglrasan Marsh), Buzuanga (Dipuyai River), and Tuguegano (Fig 2)'

In all ofthese areas, MndarBo has the most rumb€r of crocodiles (N=227), note

tlnt in Mindoro only one (l) speoirnen was obtaiaed which is indicative of its degr€e of

erdaraement in thi; ishnet provhce wbere it was 6rst discovercd (Ortega and Regoniel
1993), Ircal resideots are now encroacbing in trke Nauja4 Odeotal Mndoro'

In Busuanga, two dv€rs, Dipuyai ad Bqsusng4 still contain crocodiles Orc C
nindorensis vas 6tgIf. in Dipuyai River and several others have been observed by local

residents. A local informaflt reported seeing sone small crocodiles farther upstream in

Busuanga River. Two crocodiles we,re also observed near old Busuanga port (1989)

ahhougi these have not beeo caught. The upper Busua"g River dries up into isolated
water iools locatert inland. Ia Barangay Sto. Niio, where Dipuyai River mouth is located,
a C. i dorensis was caught in 1989 but escsped:"-It was estimated at 2-3 m long'
Another C, m dorensis was Urouefit to CFI on Mey 3q 1991 fiom an ares called
Bogtong. The crocodile was cauglrt by the crew ofa fishiag boat wbich happened to pass

Uetie€o t aho islaad and the Dipuyai Riwr. Sigirtings have also been reported in

Labangan River on the eastem portion of the Buzuanga island (Regoni€t Poltilas et al'
1993): In Tuguegatao (northem Luzon) one specimelt was reportedly displayed alive in

the prouinciairnJseuol (Rami{ez pers com.). Verbal repor! hav€ it that -scarce and
isolated population may still be present in the North Sisrra Madr€ Nah|llal Park h Isabela

MlaD, pers corn., 1995), Cagayar river system (Tugas Pers com., l995}ihe Maqyan
itdtagi l.tature Park in Occidental Mindoro @iaa pers com., I 992), nog River in
Negroi islarq riguassr Marsh, and in srmll lakes ard rivers of Mndanao (Ortega 1998) '

The absencc of report of siglrtings in fonnerly lxlown habitats of C' mindorensis
may indicate two things: that its population is swerely depl€te4 ad tbat it's hardly
noticed or it has gone extinc't ah€ady. Although lew efforts arc being €t(elted to surv€y
all the knorrn habitats of C. minfurensis to draw a morc acourate pictue of its ptesent
state. Two very recetrt surveys doae in Agusan Marsh itr MildEt|ao yielded tregative
reflllts, although it has b€en codrned duriag the fust survey (year 1994) that C
mindorerrsis is iohabitiry the marsh. This was after a live aduh specimen was seen on
exhibit in the provincial capitol grounds ofAgusal del sur bdore it died.
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Srnctuuy Identificrtion rrd E tablishment

Since the incaption ofthc project h 1988, ssaciuary estsblishment has always been
a part of the over-all strategy of the Crocodile Farming Institute. Surveys of potential

sanctuary sites have be€n undertakel. kke Manguao, a &eshwater lake in Northem
Pslawaq has. b€etr thorouglrly studied for its potential and a final proposal has been
submitted. The political leadership of the munieipality of Taytay is appreherNive aod the
locsl residents Er€ opposed to the propos8l. The proposal fiiled because of very poor

social acc€ptability.

h 192, ihe CSG r€eommended that renewed eforts be rude to establish an

innovativ€ crocodile sanctu ty f6 C nindorensis (perhaps on a snall offshore island) and

ore for G porosns. Tbis rnay leed to be done in cooperation with the Integrated
piotected Are.8s Sfstem (IPASj progpm and may need to emphasize wedands fauna in
genera! rather than crocodile alone. It would result h *safe" populariols of these

&o"oa[o io tl" l" 4 and could in the long terD' form a base for their ramhing by local

DeoDl€. This matt€r b most ug€nt becsus€ of rapid human population goq/th and

iestruction ofwetland habitats rc€ded for crocodiles and other wdland fEuna

The Asusatr Marsh wiich is believed to be the best smong the last remairdng
habitats has finally been included in the IFAS progam oo Octobcr 31, 1996 However'

the msrsh is beid dectcd by the grorying consunity ofManobo tribal peoale- residing in

the narslL ilegslloCgi!& dounstrean effeus of mining; ilegat fisling, wildlife poaching

and tradin& &oCJtO seeding; 8nd slash and bup farming Tbe Protected Arcas

Managemdt Board of Agusan Mrrsh Wldli& Safftuary aod its Foject mana8flrcnt has

been irgEaiziag the community and educating them about conserrztion and susttirEble

utitizafJn. wiih oe idention of.eventualy d€signaring a c€dain portion of the Agusan

I\,Ia$h wildlif€ sarctuary as a crocodile manageruent zorc, tho CFI bas conducled two

systemaric spotlighting suveys in the Msrsh 0994 aod 1998)' However, both survevs
yiaa"A ouda* to,rlt. Ini€r,"iews w€re conduct€d with the community of Manobo
-ribesm"n 

iho a.e t""iding iruide the rnarsh. Most oftheir vedal accouds did not 'eveal
,o*t 

"ightingp, 
io"t".d ii aates bact to tew decades back The most reced itforrnation

howev€r] is t&i itr Novenber of 1997 thifty sh (36) eggs of unknown crocodile species

wse collected from a nest by a Matrobo tdbesman for food

Liguasan N{a$h in Cotabato otl the other h&!d h8s afi'vays been under the confol

ofthe M;o Islaqlic Lib€ration F ont (MILF), a sec.ssionist SrouP' Much ofits original

ar€a has been corryerted to agricultural laods snd much ofthis khd ofdevclopment is still

expepted to happ€t. there was even a proposal to drain the marth atrd.conved it into an

,giicuttu.f *i'"coootic zone for rebel renrnees. Despile this' C' nindorensis atd C'

poroors are still beliwed to b€ srrvivhg in tbe arca.

The Crocodile Specialist Group (CSG) in its recommendation already doubted the

oossibiliw of finding even small viable populations as they cont€nded that the ooly

lemaining crocodiles- are single individuals scattered alo€ the coast such is also the
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indication of the initial gurvey rcsults and the data gathered by the CFI based on
acquisition records. But despite thiq CFI is determind to aggr$sively pursue habitat
surveys and the ev€ntual sanctuary establishm€nt.

INIERVENTIONS

A. Csptive Breedine

Duriag the Workshop on the Prospects ald Future Strdtegy of Crocodile
Cons€rvation of the Two Spe{i,ff; (Crocdfl{s nindorercis ard C. porons) Occuring
io the Philippines in 1992, the author justified the captiv€ breeditrg strateg ofthe cFI
projecl to wit:

a. Crocodile populstion esp€cisly c' ninfurensis is npidly declidng due to the
indiscrinrinate 8nd expading use of trature brought about by the growing
scattered bunan population ov€r the archipelago;

b. It b imprectical to colserve crocodiles in all parts oftle Philippines where tllere
is aheady ao o<istiag coqflic{ between hurnaos and crocodile$ and where there
is peace and order problem. Crocodiles were oollected 8s bre€d€f,s befor€ th€y
fac€ loc€l e'dinc'tiot|' B€caus€ st the rate it's going and if no remedy is done
then exioction is inevitable;

c. Conserving thern in the whole arclripelago b€xtremely dificult 8nd o'?ensive;

d. P€ople qltrst fiIst be iDforqred End €ducated ia order to rercne the prwailing
attitude or 8t least srY8y their belief before they cao be tanght hort to live
harmonioudy with the socodiles; atrd

e. Hence, captive breding is the most practical altemative and probably' the ooly
option left.

In response, the CSG o.perts headed by Prof Messel reconmended the following:

Ulder normal circunstances the removal of breeding adults &om dcpleted wild
populations to stock s &Im is to be discouraged, because it depresses the reproductive
rare oftle wild population and slow its recovery. However, it is wrong to leave the small
nrcle{s ofbre€ding sdults in areas where thcy are being killed by local people and where
their habitat b beiog converted to dc€ terBc€s. It would be foolish rct to place them in a
captive breeding prograrn wh€re its survival is guaranteed 8nd where thcy can €odibute
to a consewation progtam. t$afroljing C. nit dorensis in the wil4 beforc re3l protection
cin be sccorded to them in reserves or sanc&nries, would probably have resulted ir the
6nal extinction ofthe species in the Philippines. To save the C. ,nitedorentiJ, th€y had to
b€ taken fibm the wild and placed in conditions whete they cau brced successfully and
where the young can snrvive Itd flourish until restoc&ing is possible (Messet et d. 192)'
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Messel et al. further recommad€d thst the acquisitiol of additional C'

mtdorensis be @rfiE{ted uotil $loh time thai a safe sanctuaxy is €stablished for them m

the wild.
ln response, recommendations were actively pursued which resulted to the

u.quiSJon oiiaAAoo"f C. mirdorensis stock. By 1994 CFI was able to acquire a total of

twi-6undrea and rtrirty five (235) crocodiles (Tab. 1). CFI since the! stopped acquidng

itJaif."-tlt"" Ut""d- stocks trave beea breeding regularly 8nd sub-adults are alteady

"i"rir*, 
u"""a. Howev€r, it murt be troted that ooly 4.6% (n = 1l) ofthe total number

"ifoia",ioo 
stocks direcdy catDe fiom tbe n'ild while the rest are fiom private

ini[""tl- Al* 
""tce 

the ctassification of the age distribution of foundations stocks'

Swecty four percent (n=175) are hxcblings aad juveniles'

Table l. Yeady acquiJtrLon ofC. mindarensis (Sumiler 1998)

1987 1988 1989 l99O 1991 1992 193 1994 1995 1996 t997 Tolal

$alchling
luvenile 9

Sub adult (F) 2

Sub adull {l,l) 5
Bre€der (F) 1

Breeder {14) 1

$M

2
2
3
2
I

7
6
I
2
5
3

5

1 5

8

3

3

89

85

1 5

l 5

1 7

1 3

t l

37 29
31 30
7
2
34
71

1  -5

235

Using all the availabte mature foundation stocks, CFI wal able to breed thqn

succesfrrllyiesulting to th€ stqady increase in captive population (Table 2)'

Oftheodginalfouodationstockoftwohuldredandtbirtyftc'eightyfourperc€nt
oftbis (n=198) are still alive.

To date, forty four perc€nt (n=88) of the above medioned stocks are already

breeders.

l 018
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Table 2. Population increase of C. midorentis from 1988-1997 (Sumiller 1998)

ffourfrEo CFIBFED 'OTAL
No. lilodalities

ol heads No. 96
H.ads No.
Lrve ol heads

llo, Modalllies
ol heads l{o. %

Morbli0es
N0,

Heads
% uve

H€ads

1987
1988
t989
1990
1 9 1
t*2
t993
1994
t995
1996
1997

Tolal

I

2

I
5

7

3
3

38 1280

2
I

58

71

157 117t

1
2
2
2
26
30
24
40

19
74

342

I E
l
l 0
25
87
64

5.56 17
10.00 t6

26
132 50
3.52 t32
2N 192
4.00 18{
3.t7 207
130 203
1.46 2@
1,18 197

197

5.00 t8
1200 r34
705 305
382 S8
5.63 520
746 622
7S 79
5.35 976

5.56 17
l t . r  r  1 6
6,06 3l
246 58
690 255
5.69 497

522 727
6.99 E25
7.33 99
393 1173

1 1 7 3

18
1 8
33
70
292
427
505
767
87
1078
1247

7

137
197
t09
155
t60

248

. Thc Breeding Perfomancc

The 6rst succBsful bleeding was recorded in 1989 when seven hstchlings emerged
fiom dnety two eggs. Ever sinc€ thst time eggs and hstchlings were already being
produced annually \r,ith varying rates ofsrccess (see Tab. 3). Fr's produc€d in 1989 are
now classified as breeders. It is expected thrt F2 generatiol will be produced vcry soonl

Tab.3. Anoual captive breeding results 1988-1997 (Sumiller 1998)

Fetll3la Mean llo.
Ftnale Laid BE€ding 0ulch Hard ing of Fertility ..---_!4!!!g_ Yearly
Pajrcd Eggs Rate Sze P€rBr€eder Eggs N,o. % No. % SlJrviwd

1988

1989

r 990
1991

1992

r993
r991
1995

1996

1997

I

7
t0
19
l5

24

22
26

I t00.@ 21

5 7t.43 18

4 10.00 24
12 63.16 29
13 85.67 38
12 52.17 28

20 83.33 22
16 72-73 25

20 9031 29

21 80.77 27

2f 1 4-76
92 25 25-20
94 ?0 30.99
352 24i 63.82
191 359 75.00
331 246 58.46
446 320 69.56
397 320 74n4
571 451 75.16
573 415 70.58

0 0.00 0.00

7 10.32 13.33

14 30.00 47.92
135 50.70 73.21
209 61.00 88.66

98 37.72 78.99

155 {8.42 59.97

160 46.74 54.99

253 g.5l 82.94

248 61.06 86.72

0

I

4

l l

1 0

t 3

12

ToiaVM€:n 121

Mlan eJduding 1 988

83 14.12 26
71.24 27

3368 2409 5539
61.57

1280 4005

44.5
60.67
67.41
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The very high breeding rates and the inherently low hatching rates (mean 5l7o)

compared to the reiatively high fertility (meatr 697o)should be mted' On- the overall, in

the tfI, the captive breeding rf.rformall.p of C. mindorensis is very much lower than ttrat

ofC. porosns wbich has atr av€rage fenility rate of si:cy eight perccnt (687o) and a mean

hatching rate of seventy fire p€rcent (75%).

The matter about th€ low hetching rate is the biggest challenge that CFI needs to

solve. Thus, there is r need to investigate the stages ofedbryonic d€ath asit may point to

some incubation frctors or incr.rbation.techoiques being employed. It cluld be the quality

"itn" "gg 
itt"ff Msrais et al', (1994) pointed out t}at the quatity of th€ egSs is afiest€d

rnainly blfactors associated with pareqtal agg geletics' ard nuffition

. Ere€diog Frcton rnd Behaviours

:r Brccder Cl8$sificttio!

C. mindorensis brex/rers are classified based olr the length alrd weight of

individuals.

Table 4. Prodsctive b'reeder size (Sibal et al'' 1992)

f4ate Length (cm)

flale Weigtf {kg)

female Lenglfi (cnr)

215

48.4

198.25

Note: The $nalle$ rccord€d female to lay egg had a totsl l€ngth of 155 cm and e

lorfy weight of i5.2 kg. Its male pattnet had a total length of 156 cm And 15 6

kg. body wcight.

+ Brceding rstio

Gen€rally brceders are paired at a one is to one (l:l) male to fetnale ratio

Comnnrnal b-reeding is trot vety successful due to thcpeculiar aggressiveness ofsome

bre€ding mal€s, These crocodiles are basically solitary or monog-amous bre€ders At

present'young bre€dets, sub-adrlts and.iuveoiles are maiotaioed in conmun8l pens to

get us€ to this social enYironm€ot.
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3 Ptiring and compatibility

Very critical to the suc4€ss ofbre€ding C. mindorensis in aaptiity is rhe careful
selection of breedsrs to be paired. A pairing plan is prepared way ahead the onset of
the breeding period. Pairing is based on origin and physical characters such as length
ard weight. As a rule, the msle should be bigger and besvier than the f€male. Ages
are unknown since they sre stocks from the l,ild. Pairing is uslally done on
Nov€mber to December except for aggtessive breeders which arc paired very late in
February. hcompatibie psirs resort to fighting especislly during the erfire breeding
season. Fighting usually occur during courtship, nesting and post nesting. Injuries
susiained are usually very serious and may result to death.

= Brecding period

Under normal weather colditions breeding sesson in Palawan is between the
month of February and October (Figure 3).

+ Breeder Acclim8tizstion

Breeders acquired by the CFI did not readily breed upon pairing. This is true to
both wild and caprive crocodiles. It took approximately l-2 yeats before they bre€d.

= Brceding rate (paircd females rs. nesters)

It ranges from 40-100o/o breeding rate or a mean breeding rale of 70%.

:? Clutch lize rrtrge

l8-33 eggs per clutch or a mean clutch size of26.

:+ Fecding !!d supplementation

Breeders are fed twice e week (Monday and Thurday) 8t 3% bo& weight.
Feed qrpe laries from fisl1 chicke4 beef, po* 8nd carabeel F€€d allocation is
supplemented with vitamins and oyster shell.

= NestiDg

In addition to existing vegetstion inside the pens, nesting materials zuch as
bamboo grass, leaves and ric€ straw sre introduced in ranuary (Sibal, 1992).
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. Incubrtion

Proper egg inqrbation is very vitsl in captive operstions. The harching and
survival rates of Crocodyrrrs mindqensb eggs 8ftiffl,€lly ircubated at the CFI ar€ showing
poor results compared to wbat has been achieved by C. porosr,s.

A retrqspective study on ihe efiect of diferent incubatio[ temperatures on the
hatchi[g and survival rales was undertakeo. A totsl of 1,470 viable or fertilized eggs were
ircubated in ditrerent temperatr.lre seuings fiom 30oC to 33"C. Results showr i'l Tabl€ 5
reveal that the highest hatching rate was attained at 30oC while 8t 32oC, tlle stwival rate
of hatcblings was consist€ntly high &om the third to the twelfth monti of observalion
(Sumiler 1998).

Table 5. Hatahing aod survival rates of C, mitdarensis eggs incubated in ditrerent
incubatioa temperatues (Surtiler, 1998)

ln ubation ldual lno.r.
S€flinq ('C) Temperalurc ('C)

H"rd'i'E lgg!:gjSElltr:-u5g
Rale 3mos. 6 mos, 12m06.

&de Eggs
lncubated

Eggs
Hatched

30

33

Otier factors which can irfluence hatching and survival rates are:

1. Quality of eggs which is basically influenced by parental age, genetics, and nutdtion
(Maftis et al. 1994);

2. Incubation facto$ (humidity, temperature atrd gas exclnnge), techniques and
ma0agerne ;

3. Resring technique/nanagem€nt especially after six months - Huttou (1984 Pointed
out that the growth and $rvival of hatchlings for the first six morths of life is
influeac,ed by the incubatior temp€rahfe at which they were incubated;

a. Species idiosyncrasy - hheret$ to the lp€cies; and
5. Puely genetic relsted - in the case ofa group ofbreeders from Bacolod lthich had a

coosistentb high fertility rate and a very low hatching rate.

lo relation to the incubatiol perforrnance of C. mindorensis, @ns€rvative
measurcs are now being undertaken to improve it like supplemeoting vitamins and
minerals to all the feed allocation of crocodiles, stdct feed quality control, proper water
tnansg€ment, improving oo incubation malsgemcttt, he*ing the rearing tanks especially
during cold rnonths, and giving special attettion to poor perfomhg brceders.

29.97 t 021
30.95 t 0.3i
32.10 10.31
32.91 ):023

78A1 81.37
62A2 78.n
53.57 91.90
47.97 73.90

7934 7239

78.28 71.68

91.32 85.98

73.90 72.01

366
406
311

224

189

214
129
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To further investigate the problerL an embryonic stagitlg study will be undertaken
this year to determine the diflered embryonic ages of modalities so that o<temal factors
which could have directly influenced embryonic deaths could be pin pointed and conected.

*srulidity *lfater banagenent
*r,rutrlrlon
*Pal.ring/conpatili.Ii!y
*Age of, breeders

G E N E T I C S

i8reeding & selection

419. 4. rrlad of factors affectlng the success of breedlng and incultation

. TemperatursDependentSerDet€rmilstion

Elsven out of22 known species ofcrocodilians showed evidence of temperatuG'
dependent sex delermin4tion (TSD) (I-ang 8nd Andrews 1994). Coher atd Cans (1970)
spec'ulated that TSD may be universal in crocodilians, in contrast to turtles and lizards.

This fact pronpted CFI lesearchers to s.rbject the C. mindorensis to TSD analysis
- in relation to the above mentioned incubation temperaturs study. Preliminary d8ta
garhered from 586 crocodiles which were subjected to different inqrbation temperature
s€ttings showed evidence of TSD. The lower the temperature the higher lhe number of
f€rnsles, snd the higher the ternperah.rc the higher the rumber of nales. However, there
is a probability that the much higher temperature (3a'C) codd also produce females
resulting to FMF (femate-male-female) patt€m (s€e Table 6) similsr to related studies in
C- Woslts, C. johrrstoni, C, niloticus, ad Cumar. crocodiles. Due to tlle risk of wasting

Grtile eggs il high tenp€rature (34'C), incubEtion of eggs 8t this s€tting w8s discoursg€d.
Liw C. m dorensis hrtcl ings are more valuable than knowing the rcol effect of high
temDeratules.
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Table 6. Effect of dif€retlt hcubation temp€rature on the s€x distdbutioo of C
rzindorezsis (Sumiller 198)

lnc!balion
Sening

LtualTemp Number ol
Reading Cro(s SF:Ed No. %

("i) {9
30 2996 t 0.33 40 39

31 30.99 I 037 220

32 31.99 i 0.32 255

33 32.91 t 0.32 69

34.08 I 0.05

202 92
167 65
710

22100

1

t 6

88

62

0

3
8
35
90
0

. Re{ring

f{Nry eq C. ninfuruqis hatclrlings were reared in water temp€ratute regulat€d

rearing tanks. The hatcblilgs were randornly distdbuted to thr€€ (3) ffeatments wilh tt[e€

(3) replicat€s havhg teo (10) heads ofhatchlirgs €8ch.

Treatment l: wat€r tempentlre regulatd at 32'C with
continuous flow ofhot urdter supply

Treatrent 2: water temperaturc r€gulated &t 32C with
htarmittent flow ofbot water supply

Tr€tm€nt 3: Gortrol

Initiat data gBthered sho$'ed that animals reared ia Treatmelts I and 2 grew faster

thar the control (see Table 7). .

Table 7. Initial and final measurerrens of crocodile hatcNi4s reared in water

temperature r€gulated lanks(Lagada 1998)

tl TtAL 3 t'lofllHs
l1 T2 T3

tuy vi"gttl (S)
Tdd Lenglh {sn)
SndI v€rn Fnglh (cn)
Head

117 241 94
42 45 33
20 22 16
664

&6451
26 27 26
12  12  12
414

. Stmkin8

A total ofninety one C. ntitdolsfrds batcilings (8 months ofage)tanging from 230

to 880 grams in body weight or 44 to 68 cm. In lengths - were subjetted to diff€re
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stocking deruities. The group was divided into srnall-medium size ctass (mean BW : 300)
and mediumJarge size class (meao BW = 530) before they w€re distributed to rearing
tarks ofdifferent stocking dersities (see Table 8).

Table 8. Mean body weiShts of crocotliles reffed in diferent slookitrg
densities(Sumiller, 1998)

Bvv G
3@
300
300
300
300

mZ
5
5
8
t 0
1 2

6
8
1 0
1 2
1 5

1
1 0

6

9 Eusbstrdry supporl

The animals were fed with ninc€d ecat fortii€d with vitamin and rninerals They
were kept in fiberglass ta[ks which were always clesred the day aft€I fe€ding The
lids of tire pens were covered witb sacks and heat bulbs wer€ plsced Fovided to
increas€ the tempentur€ ofthe tatk-

Initial results show the following:
r Growth rates were high at lowar ad higher stocking dcnsities (10 ad 5

aniuuls per sq.m.) for the mediumlarge group (Table 9).
r For tlose teateA in to' stocking deusity (3 crocodiles per sq'm'), the

€nvironment Fovided ltre space for one hatchling to display terrhodal instinct
and dominant behaviour re$ ting to the killing ofal its pen mates.

r Growth rrtes riere high at hi8fier stocking densities 00 8nd 12 animals per

sq.m.,l.

Table 9. Average growth tates of alocodiles rearcd at difereot stooking densities
(Sumiller 1998)

lrirEis fuimal' Ave. P€rcenl Ave. Percer,t MmaL lninils Ave. Percenl Ave Percenl

oer tank Dern2 Bt!{q) Increls€d ll(cm) lnseded p€t hnk per m2 BW (gllEE€ql!.llll-lncrcased

4  3740  O  67 .3  1  6  541039  56  14

itEDtut'l-uB6E

658 r054
8677047
ro b 620 12
12 r0 860 62

Sll^tl--l'lEDlUl'l

8  640034  55  17

10840035v11
12 10 490 68 58 16

15 12 550 83 59 18

67 15

62 6

t 8

Td* flcF

tr7



. Nutrition

Studies were undertalren to investigste the feed and autritional rcquirements of
Crocodyfus m darensis. Anong the studies wer€l

l. The growth performance ofc. mindolensishatcblmgs utilizing mixed feed rarions

Hatcl itlgs were assigned to four dietrry treatments such as combiaed pork and
chicken heads, carabeef and chicken meat, pork and obicken meat, and pork and
canbeef Re'sults itrdicated that conbitred chiclcer mea and carabeeflikewise pork and
carabeef siglifcantly yielded beaer te$lts considedng the total length of the C'
nldorensi hstchlings. However, no significant ditrerences in weight gain of C
ninturensi$ lrltctfifigs fed with difrer€ff feed combinatio! were found- Therefore, C'
mtufurensis hatcNings-can utilize feeds effciently given diferent feed combioations
(Zsbala 198).

2. Protein requilemeot of C. n furensis h$crni'J'gs

C. nindorensis hatcl"rings averagit8 71.5-180.9 grams body weight were used
ad fed di€t cootaining 50.97% arude prctei! Feeding period and fecal coll€ction
lasted for sweu days. Results rwealed an average of95.94% Fotein digestibility ofc'
nindore$is latohlings. The digpstible protein requirement for C' m dorensis
hatcNir8s was 48.98lo. Thereforg fornDlating feed for C midtrensis b"l*lings
shonu ;ntain at l€ast the required value to ssdsfy the protein requirement of C'
nirdoruEk h8/,clfittgs (7'ab.la 1998).

3. Determination of the pr€.senc€ of amino acid ta C- minturet6is m€at usrog paper

chromatography

R€$Jts showed that C. ntfulensi| t\d s,sllrlple has only eiglrt kinds of arnino
acids. These are thd: phelrylslaning norleucine, leucine, isoleucine, methionine,
norvaline, valirc, and alanine. Etbaool and water as on€ solveat rtas used and buta[ol,
ac€iic acid and nater as the other solverf. Further study is recomrnended with
emphasis on procedures to be adapted (Zabala 1998).

4. Delennioatior ofdlc minifium vitamh requirement of C. mindorensis l*chlings

Sixty (60) C. mindorensis hatcblings were used and fed with po* for ten
month6. Results twealed thst tlose hatct iogs 8iv€n 8 diet with vitanin supplement
of0.5% feed weigtrt had high€r body lteight gain coopar€d to those fed diets without
vitamins- ard with vitanins at the rat€ of 1% atrd 2P/o fd werght throughout the
feeding pedod. HatchlitrSs f€d diets ofo.s% fe€d weight had consistendy highe' total
length compared to othe! trestmetrts. The difierenccs b€fi'veen tteatments with
regards to body weight and length were significant.

l l 8



Based on the body weight guy C. nindorensis hatcblhgs should be given

vitamins eariy in life. The minimum amourf of vitami! that can be giv@ is 0 5%
(which contains 1,575 I.U. Vit A 450 I.U. '/it. D3;0.525 IU Vit E aod \rlt B-

complex with higher amount of Vit. B) of feed weight when given the \'L strength

as the brand ofvitaoins (Zabala 1998).

6. Confirmatiotr of the presence of pepsin ad trypsitr in the C mindor€nsis was done'

Samoles of stomach contents and ftces were examined and found to have pepsin and

trypsiq in the body of C. nindorensis (Zabla 1998)'

? . Observstions on Ming behaviour as displayed by C' mindorensis hetchlings and
juveniles

Obs€rvatiol was limited to 128 hatcblings 8sd 72 iNenile C' nindorensk crocodiles

were given feed allocation of 37o of their body weights ald fed three-.times a week'

M;6;i"; srch as aggressiveness il feeding running rnd hiding. when the

caJater is approrcbing aod o'til"rl'aitiog fot food to be plar€d in f€eding troughs

l"eru oUt tu"i. Mostly-the aninals will ru5h to gst to th€ feed 8rd inunediately rstum

to the water where they will fnatty eat the food Some ue shy feeders that tend to

no* ,tor"ty tootatds the food location where others are taking in their feed Juveniles

hustle toward the M. Mostly the sggressive ones are the bigger anirnals The

oreaLi. ones 
"riil 

just wait until tlere is alyrhiag left some late.moving animals were

observed to grab ihe food protruding ftom the moulh oftios€ who have alr-eady taken

their food. A-$'elldoorment€d ac.cout of tbe fe<leg bdraviour of C' minfure"sis carl

O" of gt 
"t 

impodaoce as Ar E3 the cooa€rvstion md mamgem€nt of the animal is

*n""ti"a. f:no*fuagr on feeding bebaviour would complemeot the analysis ofdata in

studyitrg ihe variou aspects of.the aninal (Abab 1998)'

8. Feed Conversiotr Rste bY Clsss

The fe€d coowrsion rste of C. mindore,rsis hathclings, juveniles, sub-sdults 'rd

breederswerestudiedinig92.Itwasobserv€dthathatchlingshadthehighestaveiage
iCn, foaiog ratq and intske rste as compared to the oldl crocojill As.rhe animal

ages, its fiintak" Oecreases thus the lower FCR Physiologicslt lhe-bigger the animals'

iie sto""er ttre basic rnetabolic tate (BMR) th&t i5 why they feed less i! terr's of amount

and &equency.

. Discss€s rtrd Clioicrl Csscs

A totat of 96 clidoat cases involving the C' minfurensis were Loled fom 1987 to

1997. Of the tota! 40 eases were traumatic in nature' 5 metabolic (runt synirome)' 1

nutritional (calcium ddciency), l0 congenita! and i6 derrnaiologic' The overall mortality
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raie in clinical cases had been placf,d at l4.sayo (14 out of 96). Most monalities in
patients involved those with congenital lesions (n=7) aod malnutrition (n=3).

Tiauma aases u$ally involved lacerations due to fighting with ody one case
€xhibiting skull ftacture. Lacerations were sutured close when possible. In some cases of
d€nna.l lsce.atio!y'abrssior which present problems in their closurg the wounds were left
to grarulate. Skitl closure was previously done with unabsorbable suture. Since 1995,
however, cyaooacrylate adhesive had been utilized witi relative success.

The runt hatcl ings were prwiously treated individusly with parenteral
admidistrEtion ofmultivitamins. As of 1997, howwer, ideatified runts $'ere now routinely
rgregated and plsc€d in tsnks provided htemittently with wrfm water. This therapeutic
regimen appeared to have produced good resrlts as of writing. Other cliaical problems
observed in hatchlings were that of the golf bal yolk syndrome. Still others included
congenital anomrlies, e.g-, incomplete closure ofbody cavities! cleft pal8te.

It was inte.esting to rcte that dsrrnatologic csses hav€ not been encountgred in
rec€nt past even without any distinct charge in managemerf. It was quite possible tlEt
these dermatologic cases had been due to poor conditions observed in their previous
locrtions srd which hsve been improved ilr their present locatioo.

Majwity of C. nitdorensts mortalities belonged to the bstchlirg ct8ss as illushated
in Figure 5. Deatfu in this class were often caused by thermzl stress and steatitis arnong
othe$. In relstior to this, the runt syn&ome h hatcliings had been speculated to be a
form of chronic thefmat stress. Juvenile mortalities bad also be€n tefltstively diagnosed as
steEtitis and thermal stress. On lhe other hsn4 bre€der aod sub adult monalities wsre
most ofter due to trauna incurr€d dudng figbts.
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{roral:351)

Fig. 5, Graph showing the mortalities ofC. mindorensis from 1987-1998 (Aquino,
1998)

It was notewonhy that neclopsy ofrunt monalities h lhe rece past revealed no
intestinal palasites. An also notable inding was that other anatomical anornalies often ran
concurrent with cleft paiate cas€s. In fact, necropsy of two cleft pElate mortalities have
revealed unpaired kidneys.

Treatment Studies

a. Use of cyanoacrylate adhesive for skin closure iz Crocqrl$ mindorensis ard, C-
porofls

The use of cyanoacrylale adhesive Mghty Bond6t) in skin closure in tlree (3)
Crocodylxs mindoret sis and two (2) C. pqosus of varying age was relatively
successful. Keloid formatioq handling time and stress due to handling was
reduced. No adverse effects were noted. Howwer, since efficacy could only be
ev&luated through ocular inspectiorg the degree of success could or y be
approximated (&uino 1998).

b. Surgical removal as treatment for unabsorbed yolks in hatchlings produced at the
CFI

Thineen (13) hatchlings (7 C. mindormsisl6 C. polosrr) presented to the
Crocodile Clinics Unit fiom July 1995 to De{ember 1996 were tentatiyely
diagnosed with golf ball yolk syndrome. Their yolks were nugically removed and
examination of the yolk sac contents rcve{.led blood clots, congea.led or petrified
yolk either in combination or alolte. Out of these cases, eight (8) patients (3 C
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mindorensis; 5 C. porosus) stccessfully recovered fiom the surgical procedure.
The synd.ome was thts sp€culated to be caused by physical obstruction- Other
possible factors such as infectiol and trauna were also comidard (&uino 1998).

SPECIES IDIOSYNCRASY

During the cource of captive breeding of Philippine crocodiles, peculiar behaviour
and reproductive characteristics were observed. Some ofthese are:

l. IncompEtibility

Although this also happens in sa.ltwater croco dileg Crocdylxs mindorensis ha,te
exceptionally high incidence of fghting resu.lting io t aunatic physical injuries and
deaths (Table l0). There is a marked increase during the pairing and strn ofthe
breeding sqson when bre€dsrs are stsning to adjust to each other.

Table 10. Number of cases of aggression alnoog br€€ders which rcsult to
wounding and death (Sumiler 1998)

No. d Paired No, ol ke3

&E€deB TrauriEtc lhunds Deaih

Perceitage

{$)

1993
r991
1995

1996

1997

24
22

22

26

8
t0
1 4

0

0
2

3

2

34.78
41.67
63.54

53.54

51.54

The occurrence of such behavior had no specific period oftime. It rnay hsppen
dudng counshiA dudng nesting, and post nesting. Females are usually the victims
although there were isolated ca6es of male victims.

Husbandry practices beitg done to deal with the problern are the following:

a. Females are first intrcduc€d to the pen &t Gw weeks More the intoductior of
the rnale to allow to estsblish her own terdtory,

b. Tc€th are sometimes cut by filing.
c. FightiryAncompstible pairs are irDmediErely separated before serious injuries
, occ-tlr.
d. Victims are treated and allowed to recupef,ate before they are 8g8in paired.
e. I-ate pairing
f; Separation ofbreeders Efter the breeditc season
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2 . Multiple nesting or <double clutch"

Peculiar to this sp€cies a.lso is the cas€ ofmultiple nesting behaviour obs€rved in
some pairs. Clutch sizes do not vary very much. However, fenility and hatching
rates vdied wherein it raas observed that the 6rst clutches of eggs have higher rstes
of hatching over the second clutches.

Tsble I L Ca6€s ofmultiple nesting (Sumiler 1998)

oulcn 9:c Day! F.rtiilv tulc lhlchino &L
ld 2nd Id zndNo. %

t99t

1992

1991

t994

1995

1

t 9

24
22

5.25
657

134

l3r

r35

1 3 5

29
24

1 0
23

24

2A

79

1 5 1

135

4,17

9655 &rm 7&57 *.@
875 €0.87 8.a1 7AS7

1@ 79.17 9565 42.11

9583 8929 91.30 72.6

The second clutch is oonn8lly laid five to six months after the ftst clutch.

3. Eole nestitrg strd decoy mound ncstiDs

Another form of idiosyncrasy of tNs species is hole nesting and decoy mound
nesting behaviour displayed by at least four (4) aclive fenale breeders. Three females
were observed 6rst forming theb mould nests before laying their eggs in I hole dug-out of
the loose soil in their pens. This diversionary tactic fu b€lieved to be their natural dsfense
mechanism to protect lieir eggs-

Table 12. C. mindoleruis females which displayed hole nesting behsvior (Sumiller
1998)

tio. ol qgs F..l$ty ilo. Halchab[tF.maL S tlo. 9tvtudtu!.

100.0
1000
00

t 1
9
0

1 l
9
I

18

2 l
25

132

134
395

r995
1995
1995
1998

t2
l3
z l
22

8125
100
88

9l s7
6923
4,76

21Tobl
Mean
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4. Corgedtal anomsly

A p€culiar congenital aromaly w-as particulady observed in tle progenies of
breeders from Bacolod City and Negros Occidentat. Ilstchlings were roticed dying few
days after hatchhg. Necropsy results reveal iacomplete closure of thc hard palates
technically known as "cleft palate". F€rtile 8s ftom the sarne clutch which failed to
hatch also reveal the s8me farsl abnorm8lity. Thes€ palticular group of breeders are being
subj€cted to vitsnin srpplenentation study.

INFORMATION, EDUCATION AND COMMTJNICATION STRATf, GTES

Many Filipinos vierr crocodiles negatively. In promoting their cons€rvation and
sustainable use, it seems that negativity rules. But the good thing b that CFI capitalizes on
all these rcgatives. The ohallenge lies in nrming thern into something positive.

Along thes€ lhes, CFts IEC program have made importad headways in €ducating
the public about the real characteristics of crocodiles and their €cologiosl atrd economrc
itnportarce as well as disseninating appropriate informatio[ about the ac'tiviti$ and
objectives of the project.

Since 1988, the Institute has produced and distributed at le3st 225,000 prioted
infontratioll matedals such as brochu{es, postgs, calendars, cardg profileq and periodic
fepons. The qua*erly ofrcial publicatiotr CFI Nes|s-was distributed to researeh and
gov€rnment institutiotrs in the Pbilippines and abroad. Starting 1998, CFI News and
Research Buleth (s biatuual publication) will be circulated every July 8trd Jsruary in
place ofCFI News.

Video docurnentaries in En8lidl and Filipino for adults and childrsrL slide
presentations i! Eqlbh ad Fdipino not to mention ladio plugs were also produced. Two
plws were produc€d iu cdordination u/ith the Philipphe Broadcasting System. They 8re
still being aired fiee ofcharge in 25 radio stations sll over the courtry.

Press releEs$ about CFfs activities and accomplishments are also witten aegulady
for the media. CFI enjoyed en€nsive cov€tage in the local, nstional aod international print
and kosdcast medir these past years. Popular TV shows and influ€fiial TV networks
have also featured the Foject in th€if progrsrlls.

In Palawaa the Philippine glocodiles consdvation Foject site, IEC carnpaigns are
being e*ensively done. Numerous iaformalioa campaigns have been conduoted in
crocodile-inhabited arees and schools all over Palawan ther€by educating teDs of
&ousands ofPalawefios about socodile cons€rvatiotr and the CFI projecl. Alnost all of
the south€rn ard the northem nurnicipalities accessible by land bave been covered. Ooly a
handfirl of island rnuoicipalities reoains ureached.
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And ifthe padial result ofthe survey on the impact ofthe infotm&tion campaign is

a.!y indicdio& the indPact has been positive Based on tabulsted l'348 questiot[8ires of

"triae*s 
aoa ternotret" all over Palawan, 95.7vloof the tespotrdents agreed that crocodiles

should be 
"onserved,83.53% 

answered tiat thcy support CFI'S conse!'vation efforts'

82.49l" repli€d that there has beeo a positive change in the way they poceive crocodiles'

and 91.25% said thtt tiey liked the information canpaign'

IFC campeigns were crnducted in other psrts of tie aourtry as well They

consisted of viioJsfide presentations' leo-tur€$ orl crocodilian myths' facts aod fi8ures'

-J op* i"t" places witi commudty tel€vision were given CFI documentary 6lms lor

ouUti"'ui"*ing. filipioos in other pans oflerzon and the Visayas and the Mindanao areas

i"i ittf"-.ai"a 
"i"*r.a 

throush dre ri-media- radio, television and print'

Based on CFI experience' wary hnrn1rr beinp can be convertcd into b€lievers of

-o p"ffi it **"t""tion grveo dentifically-backe4 economioally-sound reasom why

and how nan and crocodiles mutually beneft &om cosdsteoce'

Also part ofthe IEC Fogram is panicipation in tradl--,9 P-iy 
fain as well as

other exhibiis. CIII has b€; partiqpating in the Emusl Philippile Travelnart of the

O-.rtt-t of Tourisdr 8s pErf of the Palawan delegation sioce 1991 A CFI booth was

atl r* 
"i 

rft" 
""""toas 

during the past arnua! Agro-Iqdustriat Trade Fair of the City

of Puerto Princese ma*ing its aity fiesta arld foundatiol anniversa4y

celebrations.

Moreov€r, sinc€ 1995 March 611 is declared Crocodile Conservation Week in
puerto pri"cesa'City. This amual sevenday c€lebration is made possible by Resolution

ffi;! 
-;;; 

ty 
"tle 

city GoYerDment of puetto ptin"to in supPort of crocodile

co .rr,ation effoi't". Essay nrriting aad pabtiflg cont€sts' conservation-quiz slpws' open

lo"te ;J a.^t""trud*; of crocoOite'haadtiag and restrainilg techniques are some of

the activities dudng the week-l-ong festival-

The misinformed and the udnformed usually thbk crocodiles are ferocious and

dangerous becluse oftheir relatively ugly ard fearsome visage So how do you make a

croJo<ne 'appenling?" Use a mascol A irocorlile nsscot can take the edge (or at least

**" p"rt oiitl oeirc urual preconcoived negative notiols about crocodiles b€cause it is

i*A"fb, nuggubb -A fimny. The use of mascot coupl€d with extensive and imens|e

IEC carnpaigns=is proving effeclive to the project CFl experiences showg.lhat corfrary

to the common notion that oascots 
"." 

CiitO tn g adults also very weu id€ntified with

Crokee probaOly not only through the excitement aod enjoym€ot of their children but by

f*tiog i c-[.. tf*ulf, the eyes of the child in them. It app€ars a cuddlesome albeit

quite big (202 om t8[) felloer is hard to rcsist.

Crokee is being given maximum public expoglle The-mascot w-as introduced to

the school children ofpuutto ptln"e* during the proruotional activity 'crokee Goes to

Schooh". Cff has algo identified ftstivEls, holiday cel6rations, lowu fiestas' 8nd other



Crokee is being given maximum public exposure. The mascot was introduced to
the school children of Puerto Princesa duriog the promotional activity.Croke€ Goes to
Sahools". CFI has also identified festivals, holiday c€lebratioos, town fiestas. and other
com€rvstion-related activities where Crokee can play a part. Thce appearanccs are
expected to endqr Croke€, the mascot, and ultimately the real crocodiles to ihe public.

Free lecture-guided tours around the Institute for tourists, studerts, academiciam,
teahnocrats, govenrment employees and top brass, media persons, polilicos, diplomats,
oth6 VIPS and c€lebrities are also conduet€d yesr round. CFI is open to the public tom
MondEy to Saturdry.

Before a tour cotunences, visitors are briefed about crocodile conservation and
sustainable utilization and the CFI project to rnake their experieac€ substantive. Exhibition
and lecture rcoms were put-up and video documentaries are shown to visitors before rhe
aclual tour.

Promotional materials like streamers and billboards are also prominentty displayed
on slrategic locstiom. CFI believes it is not enough for domestic ard for€ign tourist to
"just see' arocodil€s. ln many battles to combat o.tinctioq 8n inforrned public is indeed
the strongest weapon.

T8king advantsge of teachable moments aod opportunities is preached and
practiced by CFI. One excellent example is CFIS ,,toilet humor', hformation campaign.
Crocodilian farts relsted to excretory and rqrroductive orgsn furctions are pres-nted,
tastefirlly ard humurously.

The increasing number of guests who visit CFI amually have made it a musr-s€€.
For tfie past five years tow, CFI is probably the No. I tourist destinslion in palawal the
Philippines' Last Ecologicel Frontier, averaging more than 40,000 visitors annually.

ANNUAL NT'MBER OF CFI VISITORS
Yeat Number
I98? 6y
1988
1989
r990
l99l
19n
1993
t994
1995
l 9
1997
TOTAL

6,993
24,X4
13219
21,139
25,&4
31,567

42,611
63,596

mstt

But more important than the numbers is the fsct that all CFI visitors are educated
about crocodiles and the CFI proje€t. The result ofall these activities is a significant ris€ in
the lwel ofpublic awareness and appreciation ofthese much maligned and misunderstood
species.
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POPUI.ATION PROJECTION

The future of thfu conservation endesvor is geatly dependent on the number of
crocodiles as a foundatiol stoch that aan be s€cur€d and produc€d in captMty. It would
thus be belpful to visualize the future and explore it by forecast.

A forecast is hereby attempted to project the Crocdylus mirdorensis population
to s€€ if there is a good future. This forec.st will be based nuioly on thr€€ major
assumptions: the aurrent trends of captive breeding hypothetical standards, and the
projeeted schedule of maturity ofpot€ntisl female breeders.

ln addition to the existing populatior of female breeders, new pot€ntial female
breeders were identified and their year of se,\ud maturity and reproductivity were
projected. These female breeders ard potential breeders were utilized as the basis of
comput8tion for projecting crocodile production as thsy produce eggs lrhich in turn will
be wed as production indicator (s€e Table l3).

Table 13. Projected fernale brceder population (odsting + pot€ntial breeders)

Year l,lo. of Females

1996
1997
1998
1999
2000
zo01
2002
2003
2004
2005

4 t
49
105
l4 t
157

221
237

Two breeding standards were us€d: the pres€ft statrdard or 'CFI Trend" and the
hypothe{ic8l standsrd or'Target Strndard". Obviously the'tFI Trend" will be based
entirely on records of CFI experienca, vNle the hypothetical stardErd ot "Target
Standard" is the ide3l which CFI is airing to attain (Tsble l4).

121



Table 14. Brelding standards

Pranes l4e CFTrcd TargdSbdad

Breedng Rae
outi Size
Fstility Rde
lHcHi[ty Rde
tur/i\rd Rde

71.24
27.@

44.n
67.41

m
30

80

80
qt

Breeding factor (B) for both standards were derived using the following formula:

81=B,xC,xF ,x t l . xS ,

This simply means the hatchling index per female breeder. Thereforq CFI Trend
would be 3.56 and 12.00 for Target Standard. Using this breeding factor (Br) ss a
multiplier, populatiol was projected annualy bas€d o[ the projocted female breeder
population (Table l2).

Ex. Anrual crocodile production = Br x numbq ofbreeders

Therefore, for the period of eleven y€rs (1995-2005) if aI available breeders will
be utilized productively, it is projected thar CFI will be able to attain a total C.
mindorensis population ofltzQ usiog the Tr€nd ard t8-768 usirg the Targ€r.
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Table 15. Crocdyltrs mindorensis pop$lation projeation from 1995 to 2005

Breeding Fador Prcieded Productio.r
llo. ol &e€d€B Trcnd Targel Trcnd Tae€l

1995
1996
1997
1998
1999
2000
2001
2002
2003
2@4
2005

4l
69
r05
141
ls7
173
189
205
221
237

3.56

3.56
3.56
3,55
3.56
3.56

12.096
r2.096
12.096
12.096
12.096
12.096
12,096
tzm6
12.096
r2.095
12.095

93
t{5
246
374
502
559
516
673
730

841

312
492
828
1260
1692
1884
2076

2460

2844

Toral 5-370 18-768

Population paojection based on Trend which is actually bas€d on the poor bre€ding
performance of C. nindnrensis is very conservative. Because of thig there is a strorg
tendency to surpass the Trend beaause ofimproving husbandry praclices as can be Foven
by the production renrlts of 1995-1997 (Table 16 ).

Table 16. Crocodylus mindorensis corrpu*ive production perfonnance (Actusl
rs. Trend and Target)

Y€( ilq d &€dEs Trcrd TaWt Ltd

This result ofthe forecast is highly encouagirg. It promises a new hope. Giveo
the proper suppon and cooperation by the Philippine Gov€mment and its people, the
Philippine oocodile may oace again bouace back and tbdve in some of their former
hsbitats.

41
ls6
1S
1g7

93 3t2 160
146 492 A3
2t6 W 248
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FUTI'RE PLAI\IS

. Comprehemive Rcserrch strd ManrgeBent PLNtr

Obiective;

To orgalize a conc€r:t€d efort towards the conservation and management of
Crccdylw ninfuen$is both in captivity (farms, private collectiors, zoos, and research
institutions) and in the wild.

$!spe.sf .WeruAeliv4ie!:

1. Register/Invedory aI crocodiles in captivity i.e. fams, private callections, and zoos
at natiooal and iftemationa.l level;

2. Establish a national wo*ing committee wbich will tackle matte$ and coucems about
its farming conservation managemeirt, and resesrch and development;

3. Est8blidl a criteria" nt€s and regulations 8bout ac4uiring crocodil€s for vanous
purposes i.e. sciertifc researcb, collectio& exhibitio4 and others in relation to
related laws, ordirunces, and sdmidsttatioo ord€rs and policies; and

4. To s€rv€ as an advisory body to the Protected Areas and Wildlife Bureau of the
Department ofErNirotroetrt and Natural Resources on rDsttgrs and concerDs related
to crocodile msnsgem€oL

. Estrblishment of Cmcodile Sanctuary

Obiective:

To cons€rye crocodles in their natural habitat pref€rably in dedar€d protected
areas.

Scopc of Activities:

l. Coduct population surveys;
2. Conduct ssilctuary srdtability ass€ssoent;
3. Cotduct infoflnation and €ducstion canpaigtr to promote tlle social acceptsbility of

crocodile sanctuary establislm€nt;
4. Cotrduot cornmunity organization and public relation works;
5. Seore the approval ofthe project from the Protected Ar€ Management Board ofa

panicular prot€ct€d are4, ad
6. Re-stock and rtro[itor aod m'nage the oocodile population in the sarctuary.
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. Vcrilicitiotr Survey 8|ld Actud Erbitat Surveys

Obiective:

To veri&/codm the pres€nc€ of remmtrt crocodiles in their h8bitsts based on the
historical atrd curr€lt sites.

Scope of Activities:

1. To once again ved$ tbe presence ofcrocodile sightings in their known habitats;
2. To confifm curent verbal reports about the presencr of crocodiles itr some lesse!

lnown habitats h tl|e coudryl
3. To come up with a sci€nt'lfic system ofreportirE achlal sighhgs;
4. To sulisy al1d rssess the viability of habitat arcas with confirmed cmcodile

PoF atio[ 8trd
5. To propose an action ald nanag€ment pla! in viable habitats.

. Rcgfutrrtion of 6ooo4t ns minilorensis * o, Con[erciNl Specics

9bidi4e:

To register with CITES as a cosoerci4l captive breeding operation for
Crocdylus minbensis uPon the productioo of Fr geleration h captivity.

Jusifcatioru:

1. CFI as a research 8d captive brcediog facility has beert Foducilg the species since
1989:

2. Tbat pure F2 gentration will soon be produced using F1 brceders;
:. fUt iustainable utilization of C. mindqensis as a commercial species uill help

€osuie species coniervation in the coustry as it will €trcoutage people to participate
and support projccts with environmental and economic importance;

l. Thar projected population wil only be attained lf C. ninfurensis zte farned out;
ard

s. That a cerrain ftaction of captive bred will be used to restock sanctu3ry/ies to
restore wild population.
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CROCODILE CONSERVATION AND DEVELOPMENT IN VIETNAM
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lntroduction

Sustainable economic development is a political imperative of the Vietnamese
Govemment and an ever-present reality that characterizes the Vietnam of the 1990s.
Indeed, one of the principal motives, that stimulated the Govemment of Vietnam to
accede to CITES in 1994, was the desire to trade legally in captive-bred specimens of
Appendix l-listed crocodiles. This paper describes the present status of crocodiles in the
wild, crocodile breeding facilities and measures for the protection and development of
these resources in Vietnam.

The Crocodile Resource

Two species of crocodiles - the saltwater croc'dile (Crocodylus porosus) and Siamese
crocodile (C/ocodylus siamensi9 occur naturally in Viet Nam. In the past the saltwater
crocodile occuned mainly in coastal estuarine habitats from Vung Tau to Kien Giang
Provinces in southem Viet Nam, and in Con Sao, Phu Quoc lslands. This species is
greatly feared by people who flsh in the rivers and swamps. Overhunting and habitat
loss have resulted in a serious decline in the numbers of C. porosus. According to
hunters and local people the numbers of this species in the wild are less than 100
animals. Crocodylus porosus can exceed 4 metres in length. Females deposit 25-50
eggs in a nest constructed of dried and rotten gEss and leaves. The saltwater crocodile
is regarded as endangered in Viet Nam with only a small number of solitary individuals
remainlng in remote forested areas of Uminh swamp.

The Siamese Crocodile (Crocodylus siamers,s) is distributed in suitable inland
freshwater bodies in southem and central Vietnam. This species is common and
distuibuted in rivers and deep streams that persist through the dry season. The species
concentrates in deep lakes and ponds such as Lac Lake, upper Krong Pach Lake
(Saclak Province), crocodile pool (Khanh Hoa Province), Crocodile Swamp (Songnai
Province). This species is abundant in Vietnam. lt has been estimated that
approximately 200 animals still occu[ in Tayson Lake and about 2000 in Lac Lake.
Although is seems as though Crocodylus s,bmers6 continues to exist in the wild, the
pressures of an expanding human population and the associaied loss of habitat have
seriously affecled the distribution and population densities of this species.

Both species are believed to persist in areas of suitable habitat within protected areas in
southem and central Viet Nam (Figure 1), however the exlent to which these areas
receive adequate protection and the level and manner of management that is being
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applied the by the Forest Protestion Department is unclear. Populations of both species
of crocodiles in Viet Nam are under considerable and increasing pressure, especially
given the transitional economy of the country as it develops into a free market economy.
Populations in the wild continue to decline due to hunting for meat and export of skin.
Suitable riverine habitat is contracting as a result of logging, urbanisation and vegetation
clearance for plantation forestry and agriculture. The conservation of wild populations of
C. siamensis and C. porosr.ts and effective management of crocodile breeding farms has
become a problem for Viet Nam that requires the development and application of policies
and strategies for effective implementation of CITES that are tailored to suile the social
and economic conditions that characterise Viet Nam.

ln '1985 a group of 100 Cuba Crocodiles (Crocodylus hombilei were imported into Viet
Nam as a gift from the Cuban Govemment. Because of the absence of any single
facility capable of housing these animals, the Govemment of Viet Nam distributed the
animals to different farms for breeding (Hanoi Zoo, Saigon Zoo, Da Nang, Ca Mau and
Nha Trang). The housing facilities of most recipients are poor and are not suitable tor
breeding lhis species and the surviving specimens originally imported remain as solitary
animals. Nevertheless, several establishmenb (e9 Dong Tam Reptile Breeding Farm
and Salgon Zoo and Botanical Gardens) have managed to breed this species with the
natjve C eamensis to produce hybrid progeny. Although Saigon Zoo has retained all
hybrid progeny which are presently on public display, the reported presence of hybrid
animals on some crocodile farms (Gozula, 1997) is evidence that some hybrid
specimens have been distributed among the network of developing farms.

The view expressed by Gozula (1997), that there is little likelihood of these hybrid
crocodiles escaping and becoming established in lhe wild and representing a lhreat to
the conservation of existing populations of C. s,anensis, is supported. In the unlikely
event of escapes from crocodile farms, it is exremely unlikely that the escapee animals
would survive being captured or killed by local people. Furthermore, the majority of
crocodile farms are located within ready commuting distance from Ho Chi Minh City.
None appears to be located in close proximity to areas where C, siamers,s is known to
Dersrst.

ft is not clearwhether any specimens ot sia mensishhombiferhybrids have reached
reproductive maturity orwhether these hybrids are mature but sterile and thus incapable
of producing second generation progeny. However, it is very important to document the
present distuibution of hybrid animals on existing crocodile farms parlicularly from the
standpoint of managing the future development of crocodile farming in Vietnam,
particularly if the Govemment introduces a re-stochng prcgram to augment wild
populations of C. siamensis. The responsible authorities should undertaken a survey to
identify and document the presence of hybrids and isolating them at pure C. s/amersis.

The Crocodile Farming Induslry.
Commercial crocodile farming in Vietnam is restricted to the warmer and more humid
climate of southem and central Vietnam fTable 1).
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Table 1. Crocodile Holding Facilities in Vietnam

FaciiitV Location Quantity
Ca mau town
Thot not
Can tho town
Tay ninh
La nga
Bui Van Do
Song Tam
Vinafor
Thu Duc
Suoi Tien
Sai gon Zoo
Binh Quoi
Sam Sen
Can gio
Thanh Thuan Farm
Truono son

Ca mau
Can tho
Can Tho
Tay Ninh
Song Nai
An Giang
Tien Giang
Song Nai
Song Nai
HCM City
HCN4 City
HCM City
HCM City
HCM City
HCM City

Buon Ma Thuot

40
44

100
244
344

30
10

332*-
400*.
30"'
20

25 (C. porosus)
70*.
30

*** Breeding farms

Captive breeding of crocodiles in Vietnam is a relatively recent phenomenon and
undoubtedly reflects the transition of Viet Nam lowards a free market economy.
Crocodile farming, as curenUy practised in Viet Nam is broadly similarto the farming
model that has evolved and applied universally by all countries that breed crocodilians in
captivity. The development of and dependence on family operated "satellite farms" as
ancillary rearing and/or breeding operations is an adaptation that provides immediate
revenue. This management strategy has the added advantage of precluding the large
amounts of food species that are required for commercially efficient growth of farmed
livestock. There is a thriving trade between farms in live hatchling Crocodylus siamensis.
Specimens command as much as USD100 each. Breeding farms regularly dispose of
hatchling crocodiles io these continuously-establishing 'satellite farms". The
development of this farming system in Viet Nam and neighbouring Cambodia appears to
have been heavily influenced by the system that operates in Thailand.

The future devefopment of the reptile (ie Crocodylus sianensis and Pylhon molurus
biyitiatas) breeding industry, particularly if the structure that is evolving is retained, has
the potential to produce large numbers of specimens - well in excess of the quantities
able to be consumed by the intemational market. The commercial viability of reptile
farming relies of maintaining a high unit value for the product that is being marketed.
Over - production will undoubtedly result in a reduction in the unit value of the marketed
produc.ts. In keeping with the political priority of lhe Vietnamese Govemment to achieve
sustainable economic development, the industry, in collaboration with the Forest
Protection Department, must address this issue through long-term strategic planning
either to limit overall produqtion of commodities or develoo new exDort markets for a
broader range of prcducts.



ln January 1998, at the request on industry representatives, the Ho Chi Minh City office
of the FPD convened a meeting of interested reptile breeders for the purpose of
assessing the feasibility of forming an industy association. At this meeting, the decision
was taken to establish the Association of Vvildlife Breeders of Vietnam in April 1998.
This decision represents a positive move by the industry and one which, if developed
and constituted correctly, willplay an important role in promoting a responsible approach
by its members to the commercial use of wildlife resources. This will, in turn, advance
the long term commercial sustainability of the reptile breeding industry. The association
plans to develop a strategic plan for breeding industry for marketing products in accords
with the principles of sustainable economic development.

Conservation of crocodile in Vietnam

The crocodile popuiation in Vietnam is under considerable pressure The number of
animals in the wild declines yearly due to hunting for meat and export and habilat loss by
logging for plantation and agriculture. The conservation of crocodiles in the wild and
management of crocodile farming management in Viet Nam presents a problem
conceming policy and strategy of nature protection in Viet Nam. Nevertheless, the
Vietnamese Govemment is committed to protect and conserve natural resources in
general and crocodiles in particular.

Legislation and Administration.

The conservation and management and management of wildlife in Vietnam is the
responsibility of lhe Forest Protection Department (FPD) within the Ministry ofAgriculture
and Rural Development (MARD). Viet Nam acceded to the Convention on Intemational
Trade in Endangered Species of Wild Fauna and Ftora (C|TES) on 20 January 1994.
When acceding to CITES the Govemment of Viel Nam nominated the Forest proteqtion
Department as the CITES Management Authority and two Hanoi-based research
institutes as the CITES Scientific Authorities of Vietnam - the Institute of Ecotogy and
Biological Resources (IEBR) and the Centrc for Natural Resources and Environmental
Studies (CRES) ofthe Vietnam Nationat University.

There are several separate legal instruments by which the Govemment of Vietnam
regulates the use of native wild plants and animals.

. Govemment Decree No.77 of 29 November 1966 on Forest Manaoement and
Protection and Management of Forest Products

. Law of 12 August 1991 on Forest Protection and Management

. Councilof Ministers Decree No.18 of 17 January 1992 on the Management
and Protection of the List of Precious Plants and Animals.

. MARD Circular No.13 of 12 October'1992 on Guidelines for lmDlementation of
Ministers Decree No.18.

. Govemment Decree No.62 of 5 January'1995 on conditions for Trade and Non
- Trade in Precious Plants and Animals, Their parts and Derivatives
(Commodities)

. MARD Circular of 5 February 1996 on Guidelines for lmplementation of
Govemment Decree No 62
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. Prime Ministerial lnstruction No 359 of 29 May 1996 for the Protection and
Development of V\'jld Plants and Animals.

. FPD Official Notification No. 280 of 25 October 1996 on Capture and Use of
Group I and Group ll Plants and An;mals.

The present legislation available to the CITES Management Authority is considered
adequate to regulate the crosodile farming industry. Both species of crocodile native to
Viet Nam are classified as Group I precious species under the Council of Ministers
Decree No.l S of 17 January 1992. Ar cle l l l  of Decree No.18 prohibits hunting of Group
I species. Section lll of FPD Circular of 5 February1996, (which jmplements
Govemment Decree No.52 of 5 January 1995), prohibits the export of Group I species.
This export prohibition is reinforced by Section lV of the FPD Official Notification No.280
of 25 October 1996 which prescribes the conditions underwhich Group I and ll animals
may be farmed. lt ppvides for the FPD to permit the use of these species for
development. All oiher uses require the permission of the Minister for Agriculture and
Rural Developmenl. The FPD appears to possess the authority to inspect facilities
(Article lV of MARD Circular No.34 of 12 Ostober 1992 refers). The FPDis required to
register wildlife breeding farms, issue each establishment with a stock record book and
conduct inspections of registered facilities. However, the FPD needs to implement a
standardised system of record keeping and enforce compliance among wildlife breeding
farms in Vietnam.

The breeding farms are required to accurately record inventories of new stock (eggs and
birlhs, acquisitions and disposals). The responsible authorities should control and
monitor rclevant documents, stock records and livestock. The CITES Management
Authority of Viet Nam (FPD) and the CITES Scientific Authorities (IEBR and CRES) are
responsible for moniloring and controlling all crocodile farming activities. These
organisations also cooperate in applying measures to protect the resource in the wild.

Domestication of crocodile.

Crocodile farmlng has the potentialto make a signific€nt contribution lo the Vietnamese
economy and "domestication" of crocodiles commenced during the French colonial
oeriod for the oroduction of crocodile leather. The fisherman catch crocodiles from the
wild and raise lhem in cages and pools. Crocodiles were kept as 'backyard' animals.
Private holding farms became popular in South Vielnam, especially in Mekong Delta
area and crocodile slocks reached more than 2000 animals. Consequently many of the
present-day tarmers have acquired some expen'ence oil produstion, hatchling, nursing,
feeding, leather production and marketing. These activities will form the basis for a
future commercial industry. In this respect, itwill be importantto harmonise exploitation
and conservation.

The Govemment of Vietnam places high priority on the conservation of nature in general
and crocodiles in particular The Govemment has promulgated regulations and decrees
for habitat protection, prohibition of hunting and trade in animals from the wild. As
mentioned above the Govemment of Vietnam conducted a meeting of crocodile farmers
and interesled reptile breeders. The meeting provided a forum for the exchange of

r39



information on captive management and production of reptiles, as well as establishing
close cooperation between scieniists and farmers.

Vietnam has established a system of protected areas which has developed from 87 sites
in '1986 to more than 100 in 1997. Eight of these sites provide important wetland habitat
and prolection for crocodile populations (eg Yok Don NP, Cattien NP, Krong Pach NR,
Sa Thay NR, Tay Son NR, Lak Lake NR, Ca Mau NR, Can Gio Culture Park).

Natural resources are viewed by the Govemment of Viet Nam as playing an important
role in the sustainable economic developmeni of the country. Accordingly, the
Govemment of Viet Nam has adopted a policy of harmonising exploitation and protection
of crocodile resources. The crocodile raising in South Viel Nam is developing and
increasing income for local people. Viet Nam acceded to CITES in 1994 and desires to
tlade legally in captive-bred specimens of C- slamersis according to the provisions of
CITES. For this purpose Viet Nam must enforce relevant legislative requiremenG for
breeding farms to maintain detailed records of farmed crocodiles. The breeding
operations must comply fully with the direction to supply information on lhe operatjon and
livestock and satisfy all the requirements of CITES. Viet Nam should ensure that a
strong positive relationship between crocodile farming and conservation of wild
population is established and maintained. For instance, the crocodile farming industry
needs to be strictly managed to ensure that produclion systems are restricited to pure C.
s/bmeas/s such that farmed stock can be used as a sourc€ of animals that is able to be
used in any restocking program.

Remarks and recommendations.

Crocodylus porosus a d Crocodylus siamersis are known to persist in Viet Nam in areas
of suitable habitat. However both species are cunently listed in the endangered
category with a high priority for conservation action.

Crocodile farming in Viet Nam is still largely in developmental phase and many
operations have not yet achieved captive prgduction of crocodiles. However crocodile
farming facilities in Viel Nam are generally good. ln the near future Viet Nam will prepare
a document to reglster selected captive breeding operations with the CITES Secretarjat
in accordance with Resolution Conference 8.15.

. Viet Nam should develop, for consideration bythe CITES administration, a proposalto
undertake population surveys to assess the status of both species of crocodiles in
areas of suitable habitat in South and Central Viet Nam.

. When registered with the CITES Secretariat, the CITES Management Authority of Viet
Nam should ensure that all registered operation comply with CITES requirements and
that a system of regular inspections is implemented.

. Viet Nam should collaborate with intemational institutions and organisations in
obtaining information, technology and funds for develop lhe potential viability of
crocodile economy in Vietnam.
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Curretrt Status of Crocodile in Cambodia itr Captivity and itr the Wildr

Nao Thuol, D€puty-Director of Filberies;
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Abstract

The Kingdom of Cambodia is home to two endemic crocodile species, the
Frcshwater uocodile (Crccodylus siamensis) aJ]rd, the Saltwater aocodile (Crodylus
poro*s).'fhe former is still present in the wild in 14 provinces all over the couotry and
is widely bred in captivity in 8 provinces along the rivers and esp€cially ill and around
the Tonle Sap Great lake- Whereas, the latter iDhabit the estuarine areas far from
human settlement. It is thought to be nearly to extinct with few specimens being
sighted in the coastal areas.

Wild qocodile conservation is hampered by the lack of awareness among local
communities and other stakeholders because of the long run civil war that caused
overall poverty in the country. While Freshwater crocodile faming the majority of
which are small scale develop rapidly because of its economic viability in the early
1990s.

Srnce after the general election in 1993, Carnbodia has acceded to several
ifiemational conventions, especially rccendy last year to CITES. At the mean timq the
local market is saturated which may atrect futue devclopment ofthe country as woll as
the national economy.

This coutrty paper prese[ts the status of crocodile consgrvation in Cambodia
and higllights the marketing problem of farmed crocodile skim and deriwtives that
carupt be exported arising ftom the country's late aacession to CITES- It also rcquests
the on-going assistance ofthe CITES Secretariat and coopention of inlerested Parties
to enable the Government of Cambodia to develop the necessgry .u[derstanding
technical and administ'ative capacrty.to discharge ils obligation as a Party to the
Convention-

l@csl&!

Carnbodia is a low-lying country located almost entirely in the catchmeot area
ofthe lower Mekong basin. During the monsoo4 the Mekong feeds into the Tonle Sap
Great Lake causing the flow of the Tonle Sap to revelse. The Mekong4rcat lake
system creates a vast iDland water bodies compdsing numerous rivers, lakes and
permanont potholes cxtcnded into flooded forests, grasslan4 ricefields and swamps
(Anmed et al., 1996).

I Contribtrtion to the l4th working Meeting ofthe crocodile specialist c'roup in Singapor€, t4-17 July,
1998 
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The inladd \iater bodies of Cambodia especially the Tonle Sap Great Lake are
famous in fish production in Southeast Asia (Bardach, 1959) which constitutes a good
soulce of feed for crocodilian species to inhabit permanent lake and flooded forest
around the Tonle Sap Greal Lake and along the Mekong fuver as well as in the upland
water bodies in the mountainous regions borderilg the central plain-

Two species ofcrocodile are endemic to Cambodia: th€ Siamese or freshwater
croc'odile (Crocodylus siafierais) and the Saltwater crocodile (Crocodylus porosus).
The former is still largely distributed in the wild around the Tonle Sap Great Lake
region and along the Mekong fuver. They are also being largely bred in caprivity in
many provinces around the Great Lake. While the latter is reportedly to inhabit rhe
coastal and estuarine areas far ftom human settlement in Koh Kolg govince. Chu Ta
Kuan, a Chinese obseryer to Cambodia in the 13th century appreciated the natual
resourc€ rich ofthis country including qocodiles (Siam Society, 1992).

Cambodia began domesticating croaodiles since the loth century, a little bit
before the Angkor time. The Westem Mebon ruin of crocodile pen in the Baray
reservoir in Siem Reap province is a legacy. But commercial crocodile farmings were
operated in around 1945 dudng the French colonial time. However, this business could
not develop very much because tha government had not issued any speaific strates/ or
plan for development

As a result ofpoor management, crocodile population has been exploited to the
brirk of its sustainability and became enda:rgered until nowadays. To consewe
crccodile from being over-exploited and beiog extinct, and to contol crocodile
farming the goverDment has issucd the Code of Fisheries and regulations during the
1940s bringing crocodile under conselvation-

Affer the collapse ofthe Kbmer Rouge regime, the Fial-law no. 33 of9 Ma&h
1987, confnes the management and conservation of crocodile under the responsibility
ofthe Fisheries Department ofthe Ministry ofAg-iculture, Forestry and Fishedes.

2. Crocodile Colservation Elforts

IIr the past crocodiles inhabit nearly every important water body ofthe aountry.
Mady places and v€ter bodies were named related to qocodile existence and its
activities. In the Great Lake and along the Tonle Sap ver, one has to be cautious when
fishing or navigating.

As human settlement developed, habitat encroachrnent alld hunting put more
pressur€ on qocodiles and put them to the brink of thek home range. As the skin
busin€ss increased, crocodiles were hunted heavily and became endangered resulting
from poor management that has been paid to this keystone species.
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To deal with the decline in crocodile population and to protect them from being
over-exploited and extinct, the governrnent has issued the Code ofFishe.ies during the
1940s to strictly prohibit indiscriminat€ crocodile exploitation.

During the genocidal regime of the Khmer Rouge, all fisheties management
activities were abolished. There was a totally op€n access nature for all iesouces
without limit. The then Khmer Rouge govemrnent appointed many groups of fishers
with the only appointed duty to fish to supply the then farmers'cooperatives. It is
wonhwhile to note that, during that time, no one could gel access to fishing unless they
faced death penalty.

The Fisheries Fial-Inw enacted irl 1987 is one step back to crocodile
conservation in which it is stricrly prohibired all activities related to catching crocodile.
Article 19 defines clearly the need for permit to establish crocodile faIm and article 18
strictly Fohibits catching selling, trarEponing ofcrocodile and 3 more endangered fish

species unless sp€cial permission ftom the Departrnent ofFishedes is provided.

Also with the concept of qocodile and other wildlife conservation, Cambodia
aftended the Earth Summit in Rio de Janeiro in June 1992 and ntified the Convention
on Biological Dive$ity on 29 February 1995. Ac..€ssion to the Convention on
Intemational Trade in Endangered Spe{ies of Wild Fauna and Flora (CITES) on 2
October 1997, rcpresents a fifther expression of the Cambodian Govemment's
courmitment to coDserve its natural biological diversity and manage its components for
sustainable use. For conseladon re:rsort' on the lst day of November 1993, King
Norodom Sihanouk promulgated a Royal Deqee designating prote{ted and mulh-
purpose use areas encompassing rnany ofthe procodile distribution area However, tlds
Royal Decree left many crocodile habitats outside the protectod zones.

In additiotr to thc effon undertaken by tlle Govemment side' clocodile farmers,
with the leading activity ofthe author in 1995, have united and formed the "Crocodile
Farming Developorent Association of Cambodia"- Furftermore, they have conunitted
to contribute a rcasonable amount of money to undertake surveys and rcgular
monitoring activities. h addition, they are willitrg to keep 3 to 5% of their productron
to release back to thg nabral habitats to co ribute to the conservation of the sPecies in
the wild

3. Presert Status of Crocodile Populatior itr Cambodia

Although the Departrneqt ofFisheries, as the goverulert authority responsible
for the management of crocodile in Cambodia, employs qualified biologists, no
scientifically-based quantitative survels have been undefiakel to determirc the s|ze
and distribution of either species of crocodile in Cambodia. The absence of scientific
d,l.!a on Ctocodylus siarzensis in Cambodia has treen due principally to the more than
two decades of war and intemal conflict that has characterized Cambodia since the
early 1970s. Many regions of Cambodia where Crocodylus siamensis ar.d Ctocodylus
porosus are believed to persist have been unable to be surveyed by govemment
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officials because of the Khmer Rouge. Even in more recent years, when the territory
held by the Khmer Rouge guenillas in Cambodia became contracted to the northwest
oflhe country near the Thai bordel it remained ur$afe to visit many areas because of
the danger of detonated unexploded ordinanc€. The political imperative of the
Cambodian Govemment to manage and use its fishery resources for the benefit of tlle
Cambodian people and economic development of the country has dictated that
available resources within the Department ofFisheries be allocated to developing and
managing commercial fisheries. These financial resources have not been adequate to
underfake research and other management-related activities on crocodile in the absence
ofany legal export tade.

3. I Distribtrtiott of Crocodylus siarE tsir in the wild

Historically, Croco$tlus siamehsis occwrcd in ar€as of suitable fieshwater
habitat throughout Cambodia, neighboring Thailand, Lao PDR and Vie&ram. In rec€nr
years, specimens rcsembling the species have been found to occur in the Indonesian
province of East Kalimantan on the island of Bomeo (JeDkins, 1998). The identity of
utimals identifred as Crocodylus siamensis rcpoied in the literature as occuring in the
lrdonesian archipelago requircs filnh€! study and clarification.

Although there are no scientific ddta otl nurnber ofcrocodiles in the wil4 th€re
ale many places of suitable wetland habitat remain ard it is widely known among rual
fishing commrmities and regional fisheries officers that Crocodlius sianensis is
present in many of these locations. Many sightings ofjuvedle animals are reported to
provincial fisheries ofrcers annually by fishermen. Based ol advice information
obtained from mrmerous sources, Thuok and Tana (1994) concluded that the species
persists in remote arcas in about fourteen (14) provinces (see table I ad figure l).
Many ofthese areas coincide with the extensive netwo* of Fotected areas (see figure
2) that have been established in Canbodia in accordance with the Royal Decree no.
126 of I November 1993 on Creation and Designation ofProtected Areas. The present
siz.e and trends ofthe populatior is not known. Nevertheless, Croco@/zs siamensis is
regarded as an endangered species in Cambodia which must be studied to ensure that
this resource is managed properly and conserved. The proposed rcgistration ofselected
crocodile farms and the development ofa legal export fade in skins and other products
derived ftom farmed. Crocodyltts siamensis, withir. the ftamework of CITES, will
provide the nec€ssaq. economic and political incentives for the Govemment of
Cambodia to invest in field studies and monitoring for the species conservation.

The Department of Fisheries has obtained the commitnent of the Crocodile
Faming Development Association of Cambodia to allocate fimds for undertaking a
srwey programme of a wild populations as a fiIst step to establishing an oFgoing
monitoring programme. Revenue obtained from the legal export of famed crocodile
skins will provide the necessary financial incentive for the industry contribution.
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Table 1 Distribution aod Estimated Number of Crocodvlus sian znsis itr Cambodia

No. Provitrce Estimated
numbers

Eabitat types

t Stung Treng 3.000-4-000 Sekong and Sesan regions
2 Battambfis 1.500-2.000 Flooded forest in lots no.1-2-3-4
3 Siem Reap 1,000-1,500Flooded forest in lots no. 1-2-3-4-6-

7.
Kompong Chnang 200-300 Flooded forest in lots no. l-2-3

5 KomDons Thom 150-200 Seine Strgam Resion
6 Kompong Speu 150-200 Triangle rcgion of 3 provinces

Pursat Koh Kong and Kompong
Speu

7 Pursat 200-300 Flooded forest in lots no. l-2-3-4-5-
6.

8 KomDons Cham 80-100 Fishins lot Do. 2
9 Kampot 50-100 AJ ongvil, Prck Krieng and Stung

Kach
l0 Koh Kone 300-500. Mondol Sevma district Kbal Chhav
1l SvaY Rietrs 4-20 Komoons Trach river
t2 Kandal 10-20 Prek Phnouv
13 Kratie 80-100 Chhlong
t4 Preah Vihea 2,000-3,000 Swampy areas near Thbeng Mean

Chev

According to the ioformation given by people from Koh Kotrg provinc€, some
Salt water crocodiles TCrocodylus porosu) te sttll inhabiting the coastal and estuarine
areas of Koh Kong p.ovirce. Apart from the wild population, 4 bezd of Croco$iw
porosus werc brought to Siem Reap Crocodile Farm for rcsearch as well as tourist
attraction and education pwpose'

3.2 S'5nts of Ctocodllus Jrorr4zrir in captivity

3. 2. I Backgrourd
Cambodia has begun domesticatiog crocodiles since the lOft century as it is

provEd by the West Mebon ruh (crocodile peo) ia Westem Baray- That was Fobably
the rearing ofa small number ofcrocodiles for leisure by the then King's daughtor.

Before 1970, qocodiles was farrned by a number of fishers in and around the
Tonle Sap Great lake, especially in Siem Reap, Battambatrg and Kompong Thom
prcvinces. But at that time, this kind of industry has be€n lateft because of the
authority's neglect. So far, there is no adequate information about crocodile laising nor
are there specific raising strategiss and policies for crocodile raising development and
managemert (Thuok, 1993). 
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From 1975 to 1979, when the Khmer Rouge took o{f the power, all pdvate
businesses were then prohibited. All crocodiles werc then gatlered to put into 2
collective farms, the largest one in Siem Reap province and the other in Kompong
Chhnang.

After the enactment of the Fisheries Fiat-Law in 1987 and the free market
economy of the comtry was settled down in around 1988, the priwtization of the
production sector was promoted with considerable haste and private sector involved in
all scales of crocodile farming began to expand rapidly. ln 1989 and 1990, the
increased market demands for crocodile resulted in extremely high value of new-bom
crccodiles - a one monlh old baby crocodile commanded a value of USD2-300.
Because of its feasibility atrd profitability, faming of crocodile becarne very popular ill
many commrmitiss esp€cially the communities surrounding the Tonle Sap Grcat lake
afea,.

The total number of crocodile faErs in Cambodia in 1997 is 429, the majodty
of which are small scale. The total rumber of breeding stock is 3,179 head consisting
of 2,128 addt females (about half the number of females are still very young) and
1,051 adult males (lable 2) with a yearly production of 13,165 offsprings in 1997. The
number of hatchlitrgs produced per year is expected to increase considerably as long as
the actual rearing slock (6.940 sub-adultsj re3ch reproductive maturity.

Ratanakom (1992) classified the crocodile farming in Cambodia i o 3 classes,
according to number ofcrocodiles kepq the size ofthe farm and management.

C/ass .1.' Snall scalg small number of crocodiles kept in earthen or concrcte
ponds or wooden cages. This class is the majDrity and maybe caUed ' family farrfng"
because ofthe small size and small number of crocodiles. There are around 386 small
s€ale fams in CamMia scattered along rivers and around (even in) the Tonle Sap
Great Lake. Many Cambodian villagers living along rivers keep l-2 pairs ofbreeden in
an arca at the back of thetu houses. Family scraps and fish from the dver and lake
provide a good source offood- Fish are either caught or purchased at a low price. Some
fishermen who live on floating houses or boats prefer to keep crocodiles in wooden
cages that float beside their houses or boats. In January, during the dry seasor! adult
crocodiles are tlansfett€d inlo wooden enclosures on dry gound for mating, ngsting
and egg-laying. They are retuxned to the floating cages with the onset of wet season
rains when the water level of the lake rises and inudates ttrc surrounding low-lying
land.

C/a,$ 2.' Medium scale, 20-70 animals kept in collective concrete pords. These
farms are often located close to rivers or streaEN. This class of fams applies more
sophisticated farming methods oft€n usiog enclosures which f€aturc a ooncrete pond
and concrete or wooden fenc.es. Crocodiles ale housed together in social pond with l:2
to l:3 male-female ratio. Nesting materials of sod brought from the natual habitat are
provided for nesting- There are 25 farms ofthis class.
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Class 3: Luge scale farms tpically comprising a large area and number of
crocodiles ofmore than 100 animals. The breeding stock is kept in consete enclosures
witl concrete ponds_ Nesting pens are provided with sod and decomposing vegeration
brought from the natural habitat. These farms hatch crocodile eggs in artificial nests
that imitate natual conditions. During the nesting season, eggs are collected early the
day after laying and re-buried in the artificial nests. There are only lg farms of this
class.

3. 2. 2 Breeding Performance in Captivity

Adults qocodiles are kept in social goups for breeding. The male to female
ratio is gen€rally I : 3, although some falmels keep animals as separate pars m
concrele or wooden enclosures. The water depth of each pond varies from 0.5 to l.j
mefes. Courtship commences in early Janua4y and may extend to late March-early
April.

In captivity, Clocodylus siamensis reaches reproductive maturity in 6-7 years.
Upon attarning rcproductive maturity, ioitial clutch sizes contain few fenile eggs. The
number of eggs and percentage of fertile eggs increase with the age of female until a
mcan clutch size of 30 is reached. Under favorable mnditioq reproductively matue
females are capable ofproducing up to so'eggs arnually.

Eggs are incubated as separ-ate clutches under conditions that imitate natural
conditions. Usuallt in the early moming, after eggs are laid, femalx crocodiles are
t'ansfened to another pen and the eggs are collected and removed to the egg incubator,
being cdeful to retain their origLEl orientation itl the nest. Eggs are placed into 2-3
laye6 into a cavity, apFoximately 20-30 cm i{ide and 30 cm deep, fhatls excavated in
the incubating soil. Before placing the eggs into the cavity, a handfirt ofdry leaves and
g|ass are placed at the bottom ofthe hole. Additional dry leaves and grass arc plac€d orl
top of the batch of eggs before they are covered with a compacied mound of soil
approximately 15-20 cm high. Fach artifiaial nest is separated by approimately 0.5
metre-

Incubation occurs in artificial hatcheries which are basically large wooden pens
co. ntaining humus soil and decomposed vegetation_ This soil is approximately I lneae
higher than the surrounding glound. Fggs are placed into cavities that are
approximately 0.5 m deep and packed with soil into snall mounds. Incubato$ are often
fenced with barbed wire to a height of 1.6 metes. A canal approximately 0.5 metle
wide and 0.3 mete deep is dug around the hatchery to retain water duling the dry
se:tsoll,

Incubators are left open to natural sunlight from moming to noon. When it
becomes too hot, coconut palm fionts are placed over the incubator to form a roof to
shade the nest from dilect sunlight and reduce the temperature. Incubators are exposed
to rainfall during the incubation period. During the dry season, (especially in April) if
therc is no rain, water is spdnkled over the nest and in the canal that surrounds the
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incubator/hatchery. Sprinkling with water increases the moisture content of the rotting
vegetation and assists decomposition. Soil temp€ratures are monitored daily (every two
hours in Siem Reap Crocodile Farm) by reading the the.mometer that is permanently
inserted in the gound at the same depth as the egg clutches. The iemperature varies
between 28.5 "C during the first month of incubation (March) to 33 'C in April and
May.

3. 2.3 Eatching

Hatching tlpicatly occurs after 68-75 days of incubation. when ready to hatch,
the hatchling qocodiles are quite audible when the lest is approached. At this time,
eggs are excavated and offspring emerge, using their egg tooth to slice the shell
memb.ane and ther puncture the hard shell from the inside. Ila hatchling is not able to
punctue the shell and.emelge by itself, assistance is given by manually cracking the
egg-shell.

3. 2. 4 Neonate husbandry and management

A.fter hatching, oeotrat€s are washed and tansferred, as a small group of
approximately 30 individuals, into rparate (30 x 60 cm) wooden mrsery cages.
Deformed neonates and those that have not completely absorbed yolks are kept
separately and exposed to adequate sunlight, at about 31 'C, util the remaining yolk is
fully absofted

During the fi.st year, especially the fiIst two months, baby crocodiles of about
28 cm are very difficult to husband. They suffer stress ot shock when exposed to loud
noise, bright lighl, temperatue variation gr changes in their diet. Unde! these
circumstances, baby crocodiles tend not to eat any food for rnany dals - a condition
which leads to stunting in some cases- During the period of cool weather (December-
February), hatchliog crocodiles tend to eat litde because oflower body temperature that
results at this time of the yea!. To ovelcom€ this, many farms keep hatchlings in a
walm eDviroDment by heading them with charcoal fire stoves or where available,
electic lamps.

Since becoming opentional in the early 1990s, many Cambodian crocodile
fams, in the absenc€ ofa legal export tade in skins, have depended on the sale of live
animals intemally within Cambodia as a source of revenue. In 1989-1990 therc was a
high demand within Cambodia for live hatchlings ad a single animal \l'as valued at
USD250- Since that time, with increasing number of hatchling being Foduced each
year, tho market for live animals has become saturd&d. In 1997, the unit ralue of a
hatchling had declined considerably to USD20-25. This year again, with very limited
dernand the unit price still goes down to USDI5-18. Depending on malket deman4
hatchlings are sold within 6 months of hatching. Famels used to sell the majodty of
hatchlings Foduced each year - keeping only a small nurnber of "healthy'' animals for
raising drrough to breeders. Thereforc, the moiality was loq ranging from 0J.5o/o
during the first year. Some farmers have kept 50-100 head of hatchlings for fanening
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without experi€ncing any mortality. Among 200 hatchlings kept in Siem Reap
Crocodile Farm, fifteen animals died during the first year - corresponding to 7.j
Dercent mortalitv.

3. 2. 5 Feeditrg

Hatchlings that are fed with freshly-caught small whole fish (sometime live)
mixed with shrimps, exhibited increased grorth during the first 2_3 months after
hatching. The size offish is increased gradually, as crocodiles increase in size. During
the second and third year, crocodiles are fed daily with as many fish as they are able to
consume. By placticing this feeding techniqug many farms have recorded considerably
faster gowth lates. Under these conditions, young docodiles are able to reach 1.2 m
during the fi$t year - some even reach 1.5 m by the end ofthe second year. At the end
ofthe third year, the mean sizp ofthe animais is I.6-l.g m. Some soecimens exceed 2
m in length.

When the Govemment martaged the two farms in Siem Reap and Kompong
Chlmang growth rates were considerably slower with animals only reaching 1.5 rn long
after four yea$. This gowth rate was caused tfuough poor husbandry techniques which
resulted in large number of animals being maintained in over-crowded condition in
small enclosures.

4. Problems Encoutrtered

Regarding the conservation of c.ocodiles as was stated in the fishery law and
the RoFl Deqee on creation and designation of national parks and reserves, the
govemment faces a lot of difficulties in enforcing the conservation law because ofthe
lack ofawareness amoog local commEities and other stakeholders. In this ,esDecl the
govemment does need the panicipation of local comnunities to prot".t -d Lose*e
this valuable resouce. The communities also need some economic incentives from
their participation.

One ploblem arising from crocodile farming development is the lack ofreliable
export markets because Cambodia had just become a party to CITES for about 9
months and does not have export relation and experiences with any parties yet. This
problem may hamper crocodile farming development in Csmbodia in the firrure and
raay affect the people's livelihood as well as the national economy if skins and
derivatives could not be exponed soon.

The lack of qualified professiolals to conduct scientific researches and survcys
on crocodile in the wild as well as in captivity to properly manage this resource is a
second constmint to crocodile management.
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5. Conclusion

Cambodia has experienced more than two decades of war aod intemal unrest
which destroyed tremendowly all super and infrastructure ofthe counfy. Since the war
has ended, the national economy of this country relies mainly on foreigd aids and
international and bilateral or multilateral assistances. In addition to this, exports of
agricultural products is another source of hard currercy eaming in which expo( of
crocodile skins and deriEtives may contribute an importanl percentage in the fishery
sector.

Since after the 1993 llN sponsored generai election, this country has bee!
adhering with the intemational community and has participated in many intemational
treaties and conventions such as the Earth Summit, the Convention on Biological
Divelsity (1995) and the Convention on Intemational Trade in Endangered Species of
wild Faura and Flora (CITES) in 1997. Cambodia has been a Pafiy to CITES for only
about 9 months and as such has very litde understanding ofand no plactical experience
in implementing the provision ofthe Convention.

The CITES Management Authodty of Cambodia requests the on-going
assistance of the CITES Sedetariat and cooperation of interested Parties to enable the
Govemment of Cambodia to develop the nec€ssary &derstanding, technical and
administrative capacity to disoharge its obligations as a Pdty to the convention.
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Environmental Contaminants as Concerns for the Conservation
Biology of Crocodilians

I. Irhr Bdsbin, JI., Chades H. Jagoe, Karen F. Gaines and Joan C. Gadboldi
Savanmh River Ecology I-abomtory

P.O. Drawer E
Aiken, South Carolina 29802, U.s.A.

ABSTRACT: Historically, concems for the fate atrd effects of enviroDmental
contaminants have not been a high priority for those concemed with the conseflation
biology of crocodilians. However studies of other groups of vertebrates suggest that this
is probably a mistake. With advancing understanding of factors impacting crocodilian
populations, it is becoming increasingly obvious that contaminaDts can have significant
impacts upotr a number of these species. Therc are tlEee classes of environmental
cotrtaminants: mdionuclides, heary metals atrd organics, includitrg the estogen inhibitors.
Radionuclides are generally the least important in terns of their overall impact upon
global crocodilian populations. They are of concem only in certain localized areas such as
those surrounding Duclear industrial facilities. Healy metal contamination however
occu$ woddwide, and is of concem to many tropical populations of caimans and
qocodiles iDhabiting wetlands contarlidated with mining effluents, particularly those
associated with the extraction of gold and copper. Mercury contanination of alligato!
populations in the southeastem United States is widesFead alld may, uDdel some
conditions, limit the advisable consumption of alligator meat by humans in this area.
Concem for the global impacts of anthropogenic estrogen inhibitors is of great interest in
environmental toxicology today, and studies of the impacts of these contaminants upon
the reproduction of American a.lligators (Alt iSator tuississi?iensis) wele among the first
to documetrt the harm caused by these chemicals uPon fieeliving wildlife.

This paper sumrnarizes studies conceming the fate and effects of environrnental
contaminatrts upon crocodilians. This survey indicates a genenl lack of
information rcgardirg the importance of observed levels of contamimnts in both
individual animals and populations. such infomation is essential for predicting
how contaminants may be limiting population rcproduction or viability,
pafiiculady itr concert with habitat desfuction, over-harvest and other Iimiting
facto$. This survey also reveals the impoltance of having a thorcugh
undelstaoding of the basic ecology, behavior and natual history of the arimals
involved, with this being particularly important for predicting the role that meat
from some crocodilians could play as a Potential vector of environmental
contamination to the hurran food chain
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INTRODUCTION

Worldwide effofis to prcmote the coNervation and recovery of crccodilian populations
have historically focused on the issues of habitat loss and over-exploitatio[ Only
rccendy, now that some of these species such as the Ameican alligator have recovered
stable numbe$ and demogaphics, has it been possible to evaluate the possible rmpaqs,
that environmenral contaminants may also be having upon these populations_ This
situation is ilt shary contrast to colservation concems for other ver;brate predato$ such
as bftds.ofprcy. The tendency of many environmental cottaminants to bi;magnify made
studies in this area a primary focus of early efforts to halt population declines of these and
other avian species. Indeed concems about the global impacts of althropogedc
chemicals, particulady organic pesticides such as DDT, werc at the foreiront of much of
toda]'s elvircnmental movement (Ca$otr 1962). Subsequent management efforts based
on the barning or rcduction in the use of DDT and other pesticides risulted in dramatic
recoveries of many avian predators. It thus became clear that these contamina.D6
sometimes sorved as important limiting facton for such populations _ a lesson that has
obvious implications for the conservation of crocodilians today.

As our unde6tandiDg of crocodilian ecology expands, it has become clear that few if any
populations of these animals are immune from contaminant exposurc. Even in the most
remote babitats. crocodilians may be exposed ro globally distributed atmospheric
contaminatiol ilcluding radionuclide fallout, pesticides. pCBs or heary rnitals such as
mercury. Additionally, crocodilians living near point-sources of contaminant release such
as nuclear facilities, midng operatiorN or areas ofhigh agricultunl chemical use are
l.ikely to show elevated body burdens of chemical cortamination. What is notably lacking
however, is an unde$tanding of the impacts of these contaminants upon the individual
animals_and their populations. The unique phlsiology of qocodilians, which are laigely
tr oikilotherms but possess Inally unique attributes of homeotherms, makes it Darticularly
difficulr to predicl the impacls whicb conlamioants may have. by simply extrapolatiog
from toxicological studies of corunon laboratory species.

It is the pur?ose of this paper to describe the major forms of environmental contaminants
that may be of concem to crocodilians and thet conservation. We summarize the scarce
scientific literature in this field (Table 1) and attempt to develop some basic priDciples for
uude$tanding the impacts of environmental contaminants upon crccodilia:rs and how
these impacts may be minimized. Finally, we suggest dbectioos for fiJture rcsearch and
indicate the lreed to itrtegrate the results of such research with other studies of qocodiliaq
biology, conservation aDd management,

As indicated in Table I , the published information conceming environmental
contaminants and their effects upoD crocodilians is strongly biased towards the American
alligatof (Alligator mississippiensis), Of the publications located on this subject, 23138
(617a) concem this one species alone, and 14/23 (61Ea) of tle. wo d's crocodilian soecies
have no published ioformatiod at all in this regard. plainly considerable additional
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research still lemains to be done in this are4 partiaula y for those species found in the
Old World tropics.

CLASSES AND CIIARACTERISTICS OF
EI{I'IRONMENTAL CONTAMINANTS

Environmental contaminants of impodance to crocodilians may be grouped into tlree
categories (1) organic chernicals including the so-called endocrine di$uptors, (2) heary
metals, and (3) radionuclides. As will be shown below, substances in all of these
categories may share certain characteristics in the ways in which they may be transported
in ecological systems by both biotic and abiotic (phlsical) mechanisms - thereby
becoming concsrtrated to some degree in tle bodies oftop camivores such as the
qocodilians. However, these categoies also differ from one arcther in some impodant
ways and thus will be discussed separately.

Organic chemicsl contaminsnts are orgaric carbon compounds. They are more sirnilar
to the body's biological molecules than are either heary metals or ndionuclides. They
therefore have a greater tendency to becoma incorporatgd, often in inappropdate oi
harmfirl ways, into natural body ptocesses. For example, olganic contarninants that act as

endocrine di$uptols may mimic the actioru ofhormones and other regulato$ ofthe rates
and sequences ofiDtenal physiological processes. These di$uptive actions are often
most notable when they occur during embryonic or other developmertal stages whele
efects may linger long after the cornpounds have been eliminated Aom body.

Organochlorine chemicals such as DDT and its metabolites, particularly a.ffecting top
camivores such as bids ofprey, wete among the first subslanc€s to be identified as

etrvironmental contaminants impacting the natural world as a result of human aclivities.
This in tum produced a profound change in the geneml level of societal awareness and
concem for environmental issues (Carson 1962). Later, the American alligator became
one of the first fre€-living wildlife species for which field and laboratory studies
documented the effecG of organic chemicals acting as endocrine disruPtors upon the
embryonic development and hormonal control ofthe reproductive system (Guillette and
Crain 1998). As indicated by the cases ofthe birds ofprey and alligators oited above,
some organic chernicals arc highly resistant to enviroDmental degre&tion. They thus
may peNist for long periods of time during which they or their metabolites tend to
become biomagnified at higher levels ofthe food chaio-

The use of some ofthe most notorious orgadc contaminants such as DDT and
polychlorinated biphenyls (PCB's) has been barned in many countries including the
United States. Al&ough these chemicals were produced and relea$ed into the
anvircnment in significant quantities prior to the 1970s, the harmftrl residues aod
metabolites ofthese substances still persist in even the most rcmote pars ofthe biosphere
today. Moreover some ofthese subslances are still being used widely in some countries'
Thus despite an early focus ofboth scientific research and public concem about these -
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contaminants and their effects, crocodilian popu.lations in many parts ofthe world are still
l'ulnerable to their impacts. For example, Delany etal., (l9gg') 

-found 
that detectable

levelsofDDT, DDD, DDE, dieldri4 heptachlor epoxide, lindane and pCB,s persisted in
the tail muscle of Florida alligatoN in I 9g5, over a decade after the use of some of those
substances was banned in that state. Heinz et al. O99l) also found organocblorine
pesticides and PCB's in the eggs ofalligators from sevenl Florida lakls in 19g4 ard
1985. DDT metabolites and heptaEhlor epoxide were also found in the eggs of Morelet,s
crocodiles (Crocodylus moreletii) j\ all tfuee habitats surveyed by Rainwater et al. (1997)
in Belize. Io this latler study all eggs were collected ftom lagoons associated wrth areas
of agicdtural development - suggesting that use ofpesticides or herbicides lllay have
been a factor in the release and subsequent accumulation ofthese contaminants in tleqocodile populations ofthe area.

Eeary ntetql contamizazrr are globally distsibuted as a result of releases from a vanety
of sourc€s. 'lhese 

include mining and smelting operations, industrial efiluents, paper
prodlction, 

Eflincineration, agdcu.ln[al drainwater and electric power generation using
fossil fuels (Wotfe et al, 1998). Ofparticuiar importaace to crocoiiliaru il tropical
riverhe systems are point souces of healy metals froe areas of mining and extraction.
Brazaitis et al. (1996) discuss the potential fot the exposure of caiman populations to
Tllj -olllu"49l aosociated with gold mining in the New Wortd tropics. Bakowa
(1996) and Figa (1996) describe rcsearch associated with conoems for the potential of
capper mining efluents enteling the Fly River system of papua New Guinia to elevate
the healy metal contaminant exposure of aquatic biota inhabitlng this watershed.
Montague (1983) and Kula and Solrnu (1996) indicate that this river systen includes
some ofthe most import nt habitat for crocodile populations in this part of the world.

The heavy metal of greatest concem to crocodilians is mercury. Mercury enters aquatrc
food chains as methylrnercury which is ptoduced by microorganisms u"tiog opon
inorganic mercurjr accu&ulated in sedimentj and soils (Jackson lgSg; Woi-fe;t al. 199g).
For rcasons that are often not clear, methylmercury is particularly elevated in certain
geographic arcas such as the Everglades region of southem Florida (Ogden et al. 1974;
Facemire et al. 1995). In this region, studies of mercury in a.lligators Gve produced one
ofthe most exteDsive data bases for any single fom of environmental contaminant in a
crocodilian ( Delany et al. 1988; Hord et al. 1990; HeiDz et al. l99li Heaton_Jones et al.
1997; Yanocbko et al. 1997; Jagoe et al. 1998).

Some heaty metal contaminants, particularly mercury, are known to biomagni!, ancl the
highest tissue concertations ale found in the highesl tophic levels of food;hains (Eisler
1987;_Wolfe€t al. 1998). As a consequenc€ ofits pattem ofcontinuing bioaccunulation
over the lifetimeof even the longestlived orgaldsms, the highest levels of mercury
contamination of crocodilians arc invariably formd in the oldest aad largesr individuals in
the_population CYanochko et al. 1997; Jagoe et al. 1998). A combination oflong life span
and high tophic position thus combine to make crocodilian species one ofthe mosr
sensitive 'lvorst possible case" indicators ofhealy metal contamination in aquatrc
systems tbrcughout the wodd. Bnzaitis et al. (1996) describe the conuminaion oftwo
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species of South Amedcall caiman populations and their iiveine habitats dowlstream
from gold-minitrg opemtions in Bmzil (Table 1). The release ofmercury into these
habitats is the result of amalgam extractiol of gold-bearing ores, with contaminated waste
discarded back into the wate$hed. Mercury contamination has been reported by Mdm et
al. (1990) as much as 200 km downsteam from the nearest such gold-minitrg operation.

Rqdiooctive contamin4nts are a subset of metal contaminants, They are genemlly not
encountercd in crocodiliar populatiors at levels that would make them a cause fo!
coocem. To be sue, globa.l radioactive fallout from earlier atmospheric testing of nuclear
weapoN and accidents such as Chomobyl in the fomer Soviet Union have produced
trace signatures of these contaminants that still persist in biota throughout the wodd today
(Bdsbin 1991;1993). However the chief importance of these contaminants for
crocodilian populations has been to se e as i4 qilg tracers of ecological structue and
function in the systems in which they are found. For example, the longJived gamma-
emifting radioisotope cesium-137 has been used to show that Amedcan alligators have
one of the slowest Iates of contaminant accumulation and tumover ever documented for
a.oy l.iving organism (Brisbin et al. 1996). Studies with this same isotope have also shown
that io an equitibrium state in a contaminated rcservoir, fteeliving alligator populations
incorporate within their biomass only a minute amoudt (less than 0,002 70) of the total
inventory of this contaminant. Ir contrast, over 99 % of this contaminant is found in the
sediments and wate! column, with ooly 0.4 7o in all of the reservoir's aoimal species
combined (Brisbin 1989). These same studies also showed that the alligators did not
biomagnify cesium-l37 above those levels found in their pley, in contast to some othel
metals such as mercury. They also did not show a tendency to accumulate higher levels
ofcesium-I37 contamination with increasing age and size. ln this seDse their cesium-I37
contamination pattem was similar to that shown by yellow bullhead catfish (Ameiurus
,ataris) hhabiring this same leseryoir.

Radioactive contaminants are generally an environrnental concem only wherc their levels
have been increased by nuclear weapons tests, nuclear industdal accidents or spills. Most
all such sites are in the temperate zotre of the oorthem hemisPhere and the only one
known to involve a crocodilian has been the Urited States Department of E[ergy's
Savannah River Site (SRS) in South Carolina, USA. The American alligaton residelt on
the SRS have been studied exteNively for over 25 years (Murphy 1981; Brandt 1989;
Brisbitr et al. 1992;1996), Irng-term studies ofthe basic ecology, population biology,
movement and behavior and ofthese alligators have served as the basis for the analysis
and interpretation of the fate and effects of radioactive contaminalts in these same
animals @risbin 1989; Whicker et al. 1990; Brisbin et al. 1992', 1996)- These studies
have generally confirmed tiat the elevated levels of cesium-137 fouDd in these alligato$
have had no detectable negative effects upon their health or populatioo vigor. However,
as will be discussed later, under ceftain conditions, some individual alligators can
accumulate muscle tissue levels of cesium- 137 that would make hurnan consumption of
their meat an issue of potential concem.
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CROCODILIANS AS INDICATORS
OF ENI'IRONMENTAL CONTAMINATION

Contaminants such as organic chemicals or some heary metals which biomagift through
the food chain show their highest levels in the tissues ofthe top predatoN. In such cases
th€se animals may be used as sensitive indicators ofthese contaninants, occurence in
other pads ofthe environment. This principle resulted in the eggshell thinning ofbirds of
pley becoming one ofthe impo ant early waming sigDs ofenvironmertal contamination
with DDT atd other pesticides (Carson 1962; Anderson and Hickey 1972). Long-lived
predators rnay be especially important in this regard sinc€ their aontaninant burderu can
rcpreseDt integrated assessments oftbe enviroDmental availability ofcontaminan* such
as pesticides or healy melals over extended pedods oftime. As longJived top camivores
in all ofthe habitats in which they occur, adult crocodilians are also likely to show any
efects ofsuch contaminants. Indeed data for Amelj.c,an alligato:rs (Altigatol
nississippiercis) litring in Iake Apopk4 Florida were among the first to demonstrate the
impacts of estrogen inhibitors upon the reproduction ofa free-living wildlife population
(Gross et al. 1994; Guillette and Clain 1996; cuilette et al. 1996; cuiuetle et al. 1997).
In this case abnormally low alligator clutch viability (Woodward et al. 1993) was the fust
early waming sign ofcontaminant impact and resulted in the alligatot serving as an
important "sentinel species" in this regard.

Despite the above coDsiderations suggesting the appropdateness ofadult crocodilians as
indicato$ of levels ofenvitonmental contamination, a deg.ee of caution must be
incorporated into any efort to use these Fnimals in this way. Some ofthe basic
considemtions involved in selecting any individual species or group of species as an
indicator of environmenlal contamination levels have been suiDmadzied elsewhere
(Brisbin 1993). As indicated in that study, one ofthe most important ofthese
coEiderations is to determine whether contamination levels in the proposed species or
species goup actually correlates with contaminant levels itr other comDonents ofthe
ecosystem which it iohabits. Although this has been dooe for some species of vegetaron,
invertebrates and fish (e.g. Aaderson et al. 1973) such inforrnation has never been
collected for any species of crocodilian and can only bg assumed.

Finally, the value ofatry species as an indicator ofenvironmental contaninatioo depends
in large measure on the amount of basic biological infonnation and natural history, which
is available for it. Nowherc is this truer for example than in the case ofinfomration on
migratio4 movements and home range behavior, as pointed-out for exanple by Brisbin
(1993) in the selection aud interyretalion ofdata fiom bids as indicato$ of
enviroomental contamination. lvhile not as mobile as bfuds, adult crocodilians such as
American alligators can and do ftequendy move over extended distances (e.g. Brisbin et
al, 1996). However uder other conditions in othq habitats adult alligators may also
occupy rclatively small "activity ranges" (Goodwin and Marion I 979), and in fact
Delany et al. (1988) cite this characteristic as one of tle features which they feel make
alligators appropriate "indicators of local envitonmental pollution". Guilletle and Crain
(1996) provide evidence ofthe value ofalligators as indicatoN oflocalized contaminanl



uptake and effects. They showed that the impacts ofendocrine-di$uptof chemicals upon
the extemal genetalia of alligators found in the irDmediate vicirity of tle site ofa toxic

waste spill were more pronounced than in other regions ofthe same Florida lake. Plaidy,

movement data, such as that which may be collected through the use ofradiotelemetry
equipment, must be considered before the full meaning of any given contaminant level
can be properly intelpreted in any given situation, when dealing with aoimals as
potentially mobile as adult alligators.

EFFECTS OF EIWIRONMENTAL
CONTAMINANTS ON CROCODILIANS

From the point of view of conserva.tion concems, the importance of understanding the
uptzke and coDcentratioo of envircnmental contaminants by crocodilians relates to dre
effects that these substances may have on the individuals in which they may accumulate
Although such effec* are usually considered to be ditectly Foportional to the level ofthe

contaminant observed in the individual's body, such an interpretation is not always
staightforward. Co$ideration must also be given for example to the amout oftime that

the individual has been exposed to the observed level of contamination. An older adult

crocodile whose liver has been exposed to a mercury burden of 0.5 ppm mercury for the
past 15 yea$ fo! example, may have sufGrcd more ill efects ftom this contaminant th'n

a younger animal which had only recently anived in a more contaminated habitat and
accumulated a burden of 0.9 ppm mercury over a period of only several weeks Here
again, a thorough knowledge ofthe basic ecology, behavior and natural history ofthe

animals in question is essential.

With the above in mind, tie published world literatue offeN scant eviderce that
environmental contaminants have ever exerted a significant impact upon any crocodilian
populations in terms ofcausing dircct mortality. As will be discussed in more detail

below, what uequivocal evidence there is for conta$inant effects upon these reptiles
under field conditions all involves reproductive impairmen! and that mainly being the
iesult ofexposure to endocrine-disruptive organic chemicals. Moreover, beyond the level

of impacts upon individual orgaaisms, there is vfnrally no infomration conceming
populationJevel effects of environmental contaminants upon crocodilians.

The three major classes of environmental contaminants vary widely in the dege€ to
which they have been implicated as causative agents producing efects upon crocodilians'
There is for example, no evidence of any effects whatsoever as the rcsult ofndionuclide
contaminants accumulated by American alligato$ - the only species which has been
studied in this regad @dsbin 1989; Brisbin et al. 1992; Brisbin et al. 1996). Heary
metals however, particularly mercury, have been implicated as having possibly negative
impacts upon crocodilians in several pars ofthe world. In light ofthe above caveats

conceming the need for care in iDferring cootaminant efects without thorough

information on the alrimals' basic ecology and natural history however, some ofthese

irnplications of contaminant effects must be viewed with caution. News media for
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example, being awarc ofthe elevated levels ofmercury found in alligators frorll the
Everglades region of south Florid4 have described the poor body condition ofthese
animals as being a condition in which, .Mercury pollution may also be involved." @arr
1997).

Brazaitis et al. (1 996) similarly suggest tlnt mercury and lead conlamination resultms
from gold mining activities in Brazil may be negatively impacting caiman populationi
living downsteam from these operations. These autho$ admit thal, ,.The precise source
oflead contamination in caiman irr Brazilian gold-mining regions is as yet unkno\4n . . .,,
and that "The short- and long-tenn effects ofmercury and lead contamination and
toxicosis on crocodilian populations is yet uDlnown." However they then go_on to
suggest thal "it is rcasonable to assume that a serious threat exists to those species, well_
beingaodtothecontinuedviabil ityofpopulations,.... 'Whilethismayweilbethe
case, no mercuq/ contamination levels w€re even detemined for these caiman, being only
available for their pley and the sediments oftheir rivedne habitats. Under such
conditions the conclusion that these contaminants do indeed pose a.,serious threat,
would be difEault to substantiate.

Subsequendy, Bmzaitis et al. (1998) refer to this same situation and descdbe caiman as
being found "dying ofpollution . . ." in these areas. This study again confirms that
mercury contamination levels arg known oDly for the habitats and not for the animat5
themselves and that above all, 'the efect of mercury and lead on caimans is not known',.
They also suggest that 'bne can only presume that the metals are as detrimental to thes€
cytulT as to-h]!nans". That this is a poor presumption is shown by Wolfe et al. (1998).
This review of the scant litetatue available for the effects ofmercury on reptiles rcported
no effects of tofcity in snakes fed diets containing up to two orde$ ofmagnituae higher
levels ofmercury contamination than those which cause bebavioml and,/or reuoductive
impaiment in birds and mammels. CoDtr.olled toxicological studies are thus needed
before the levels ofmercury and other metals vrhich cause harm to crocodilians, can be
determi&d with certainty. Until such iaformation is available horrever caution must be
used in athibuting death or debilitation observed in given individuals.

In January 1996 a very large (total length 3.92 m) adult male alligator was found dead of
unknown causes in the Par Pond reservoir of the Savaanah River Site. Subseouefi
analyses oftissues fiom this alligator rcvealed wet-mass mercury levels of 3.4-g ppm
muscle, 33.55 ppm kidney, and 158.85 ppm liver. These exh"aordinarily high levels of
mercury conlamillation, particularly that in the liver, are the highest ever reported in the
literature for any form of freeJiving wildlife. They even exceed those leveis known to be
associated with lethality in controlled laboratory studies ofmercury dosage ofa wide
variety ofbird, marnmal, reptile and amphibian species (Hall l9g0; Wolfe et al. l99g).
Under these conditions it would not be uffeasonable to suggest the involvement of
melcury contamination in the death ofthis alligator. This conclusion is further supported
by this alligator's generally emapiated condition at the time of deatlq suggesting a geneml
weakening ofthe animal during what must have been a long-term chrcnic exposure to
this pollutant. In fac! this same alligator had been captuled and marked over 20 years
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earlier in the same reservoir in which it subsequently died. For at least two ofthose yea$
it carried a radiotransmitter corirming its continued residence in the reservoi which is
lno\xn to show elevated levels of mercury contamination in both sediments and various
foms ofalligalor prey @dsbin et al. 1996; Yanochko et al. 1997). These facts fiuther
strengthen the possibility that the death of this particular alligator may be the first
documented case of mortalig of any individual qocodilian likely io be the result of
environmental contaarin€mt exposurc. It is difficult to understand however, why many
other alligatorc have ilhabited this same rcservoir for tleir entire lives without showing
any apparent ill effects from contaminant exposue @dsbin et al. 1992; 1996). Neither
have any other alligators studied in this reservoir showed such extemely elevated levels

oftissue mercury contamiDatioD, although most ofthe ones which have been studied have
not been as large and thus presumably were not as old as the alligator which died

CYanochko et al. 1997; Jagoe et al. 1998).

The clearest case yet documented for the effects of enviroDmeDtal contaminants on ftee-
living crocodiliars has been the impacts oforganic contaminants on the rcproduction of
a.lligators in Irke Apopka Flodda USA. Field and laboratory studies of the reproductive
impairment ofthe alligators of Lake Apopka will be described fiuther in other papers in
thii volume. Briefly however it is importatrt to point-out that the pollutants involve4
which were largely pesticides fiom srmounding agricultural operatiors, effluents ftom a

nearby municipal sewage teatuent facility and contaminants fiom a major industrial
pesticid€ spill (Gross et al. 1 994), were largely endocrine disruptors which exert their
geatest inJlueDce during embryonic development aftei having been incorporated into the

igg (Crain et al. 1998). Heinz et al. (1991) studied this situation and concluded dlat, "it
did not appear that any ofthe pesticides we measued [organochlorines] were rcsponsible
for the reduced hatching success of Lake Apopka eggs." Neveltheless, current tbinking
based on a numbe! ofyea$ ofboth field and laboratory research bave still concluded that
endocrine-disrupto! chemicals, possibly involving synergisms between pesticides and
other contaminants such as PCB's, have been responsible fol the observed impacts on
alligator reproduction (Gross et al. I 994; Guilette and Crain I 996).

The expressions ofthese impacts upon lake Apopka alligators have been documented in a
varietfof forms. They include alteration of gonadal morphology and plasma sex stercid

and homrone levels (Guilletle et al. 1994i and Guillette et al. 1997, respectively),
alteration ofgonadal steroidogercsis (Guillette et al. 1995), and alteration io the size and

degree ofdevelopment of male extemal genetalia (Guiuette et al. 1996). Effects ofsuch

reproduaive impairment of individuals has also been exprcssed at the population level as

declines in alligator population densities and shifts in population age stuature
(Woodwatd et al. 1993). Subsequent to their documentation in the lake Apopka
alligators, simila! effeats ofendocrine-di$uptor chemicals have been found in other
reptiles such as turttes (Guillette and Cmin 1996), and concem has grown globally for the
possibility of similar impacts occuring in a variety of ve ebrate species including rnan'
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Crocodilians as Potential Vecton of Contaminants
To the Human Food Chain

Although there is a clea.r need for bettet infomation on the effects ofvarious
contamtEnts on qocodilians and other reptiles, there is sufficient data now to predict
dsks to humans thal consume crocodilian meat ftom contaminated environments.
Mercur-y, particularly in tle methylated fomr that accumulates in fish and wildlife, is
toxic to humans, with pregnant women aod yormg children being at particular dsk
because ofpotetrtial developmental efects. We estimated tlrc amount of alligator mear
that a regular consumer could safely €at per week (Table 2). based on publishied mercury
concentrations in alligator muscle and refetence doses (Rfl,s) for ingestion of
methylncrcury, as published by the Wortd Health Organization of the U.N. and the U.S.
Environmental Protection Agency (WHO 1990; EpA 1997). The WHO advises that 0.47
pg Hg per kg ofbody nass per day could be safely consumed over a lifetime. The U.S.
EPA has adopted a more stict standard of 0.1 Fg Hg per kg body mass per day. There is
still debate over the relalive medts ofthese standards (Egeland ard Middaugh 1997), so
we calculated consumption limits based on both standards fot comparison. The
calculations fot maximum amouts that could be cousumed per week assume (l) an adult
bod-y.mass of70 k9, (2) rhat all mercury in the alligator meat is methylnercury, (3) that
10070 ofthe ingested mettrylnercury is absorbed (\VHO 1990), and (4) that therc are tro
additional sources ofmethylmercury in the diet. Ifthe latter assumption is not tue, then
only lower amounts of alligator meat could be safely consumed. Likewise, ifthe body
mass of an individual werc less than 70 kg, a proportionally lower amout ofmeat would
be considered safe.

While many ofthe above calculations are based on average values, it is important to
recognize that individual animals in some locations can sometimes have much higher
mgrcury concentations, and thus it would be safe to eat far less meat fiom such
individuals. For example, a large alligator foud dead ia par pond on the SRS in 1996
had about 3.5 mg Hgikg wet mass in its muscle; by the WHO standard, it would be safe
to corNume only 54 g per week of this meat, while the more conservative EpA standad
wglld 4low consumption ofonly l4 g per week ofmeat at this coqcenhatiou. Also,
while the organs of alligators are seldom consumed, they usually contain far higher
mercury concentutiois than muscle (I{eaton Jones et al. 1997; yanochko et af,. 1997;
Jagoe et al. 1998), The liver ofthe alligator found dead in par pond in 1996 contained
159 mg Hglkg wet mass; it would be saf€ to consrune a mere 1.3 g per week ofliver at
this concentration usirg the ltr/Ho RfD value, and less than 1 g by the EpA standard.

Radiocesium in the diet ofhumans leads to inoeased risk ofcancer. This contamirunt
may be of potential concem to hrunans consuming crocodilians fiom areas with histories
ofradioactive contamination, such as the SRS in South Carolin4 USA. Although the
SRS is closed to public access and there is no alligator hunting, laxger alligators have
been shown to be capable ofleaving the site's boundaries and moving onto pulblic lancls
where they could be harvested as nuisance animals and their meat marketed fot humaa
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consumption (Brisbin et al. 1992;1996). To estimate the risk associated with consuming

alligators fiom the SRS, we converted radiocesium concentrations in muscle as reported
by Brisbin (1989) and Brisbin et al. (1996) to committed dose equivalents, using a value
of 1,35 x 10{ pSv/Bq ofingested radiocesium, as recendy published by Suo et al. (1997).

The Intemational Commission on Radiological Protection recommends that the total dose

fiom ingested radionuclides to the geneBl public should not exceed 1 mSv per year

flCRP 1990). Assuming no additional sources of radionuclides to the diet, we calculated
the amount of alligator meat ttEt could be aoDsumed ftom various SRS locations (Table

3). This table also includes data for a.rl alligator removed from a higbly-contaminated
seepage basin at the SRS in late spring 1998. By ICRP standards, it would be safe to

consume less tha! 4 kg of neat with this radiocesium concentration over the course ofa
year. In contrasl radiocesium levels in most alligators sampled at the SRS were much

iower, and goportionally higher amounts of meat could be safely consumed.

Finally, it is impoltant to rcalize tbat the individuals most likely to consume larger

amounts ofmeat fiom crocodilians such as tle alligators described above, would include
subsistence hunters and fishermen who would be likely to also take-in elevated levels of

the same contaminants tom other portions oftheir diet as well (Jenkins and Fendley
1968). Estimations ofthe overall contaminant risks to hurnans consuming meat from

crocodilians thus need to consider sociological and demographic factors for the target

consumer population(s) as well as the levels of contamination in th€ animals being
harvested for consumption.

ACKNOWLEDGEMENTS

The preparation ofthis manuscript was supported by fimncial assistance award number

DE-FC09-96-SR18546 between ttre United States Depaftirent ofEnel$/ and the

University ofGeorgia's Savannah River Ecolory Laboratory. W. Stephens, P. Consolie,

aod P. Jobns assisted with field shrdies. We axe particularly grateful to P. Ross for
encouragement and advice and for helping to focus the atlention ofthe Crocodile
Specialist Group upou aontaminant concarns in global populations of crocodilians'

165



LITERATURE CIITD

Arderson, D.W. &J.J,Hickey. 1972. Eggshell changes in certain North Amencan birds.
Pp. 514-540. In Prcc. XV Inremat. Ornithol. Congesi. E.J. Bdll, l€ider

Anderson, G.E., J.B. Gentry & M.H. Smith. 1973. Relarionships between levels of
Rdiocesium iu dorDinant plants and artlropods in a contamitrated stxeambed communify.
Oikos 24:165-170.

Barr, B. 1997. Everglades alligato$ thin. Description of a news article ftom the Miami
Herald of 4 June, I 997. Crocodile Specialist Group Newsletter I 6(3): 1 6.

Bakowa, K.A. 1 996. Acute 96-hour exposure of rainbow fi sh (Melanotaenia splendida
rubrostriatus) irLOk'fedi water (abstract). Sci. in New Guinea 2l:140.

Biltitrg, LJ. & R. J. Phelps. 1972. Records of cl odnated hydrocarbon pesticides levels
from animals in Rodesia. Proc Trans. Rhodesia Scient. Ass. i5:6_9.

Bovles, M.I. 1996. The comparison ofmercury concentrations ilr American alligator
(Alligator mississippiezsis) eggs from two sites in coasta.l Sourh CaroliDa. Bull. S.C.
Acad. Sci. 58:29.

Brandt, L. A. 1989. The status and ecology of the American alligator (Alligator
zzississrppienfls) in Par Pond, Savanaah River Site. M.S. Thesis, Rorida International
University, Miami.

Bmzaitis, P., G. H. Rehlo, C. yamashita, E. A. Odiema & M. E. Watanabe. 1996.
Threats to Brazilian crocodilian populations. Oryx 3Ot27S_284.

Bnz aitis, P., M. E.Watatabe & G. Amato. 1998. The cairnan trade. Sci. Amer. 27g:?0_
76.

Bdsbin, L L., Jr. 1989. Radiocesium levels in a population of American alligato$: a
model for the srudy of environmental contaminants in freeliving crocodiliana. pp. 60_73.
_In Prlleedings of the 8th Wo*ing Meeting of the Crocodile Specialist crcup. ruCN -
The World Conservation Union, Gland. Switzerland.

Brisbin,I. L., Jr. 1991. Avian radioecology. pp.69-140. In D. M. power (ed.). Currenr
Omitholog1/, Vol. 8. Plenum Publ. New york.

Brisbiq I. L., Jr. 1993. Birds as monito$ of ladionuclide contamination. pp. 144-17g.
In R. W. Fumess & J. J. D. Greelwood (eds.). Birds as Monitors ofEnvironmental
Change. Chapman & HaIl. l,ondon.

166



Bdsbia I. L., Jr., J. M. BemQr, L. A. Braod! R. A. Kemamer & T. M. Murphy 1992'

Irng-ten population studies of American alligators inhabiting a rcservoir: inilial

responses to water level dmwdoun. Pp. 53-?6. In Crocodiles - Proceedi4s ofthe l lth

Working Meeting of the Crocodile Specialist Group. ruCN - The World Comervation
UnioD, Gland Switz€dand.

Brisbin, I. L., Jr., K. F. Gaines, C. H. Jagoe & P. A. Consolie. 1996. Populatioo studies

of American alligators (Alligator mississiryi?nri, inhabiting a reservoir: lesponses to

long-term drawdown and subsequent refill. Pp. 446477. In Crocodiles - Proceedings of

the l3th Working Meeting ofthe Crocodile Specialist Group. IUCN - The World

Conservation Union Gland, Switzerland.

Ca$on, R. 1962. Silent Spling. HoughtoD-Mifflin Co. Bostor 448pp.

Clay, D. L., I. L. Brisbin, Jr., P. B. Bush & E. E. Provost. 1974. Patems ofmercury
coniamination in a wintering waterfowl commuuity. Proc. Ann. Conf. S.E. Assoc Fish &

Wildl. Agencies 32:309-3 1 7.

Coob R. A., J. Behler & P. Brazaitis. 1989. Elevated healY metal concentrations in

captive crocodilians. Proc. Annu. Meet. Am. Assoa. Zoo Vet. WR217:151.

Crain, D.A., L.J. Guillette, Jr., D.B. Pickford, H.F. Percival & A.R. Woodward' 1998'

Sex-steroid and thyroid hormone concenFations in juvenile alligato$ (Alligqtot

mississiryiensis) ftom contaminated aDd &fercnce lakes in Florida. Env. Toxicol Chem'

l':1 :446452.

Delany, M. F., J. U. Bell & S. F. Sundloi 1988. Concentrations ofcontamiEnts in

muscle ofthe Ametican a.lligator in Florida. J. Wildl. Dis. 24:62-66.

Egeland, G.M. & J.P. Middaug!. 1997. Balancing fish coosumption benefits with
melaury exposure. Scierce 278:1904-1905.

Eislei, R 1987. Mercury Hazards to Fish, Wildlife, and lnvertebrates: A Synoptic
Review. U.S. Fish Wildl. Serv. Biol. Rep.85(1.10). U S. Depaftnent ofthe Intedor'
Washington, DC. 90 pp.

EPA. 1997. Methylrnercury. CASRN 22967-92-6. USEPA Integraled Risk Information

System (IRIS) Substance File. Washington DC. (Available online at
http://wl'w.epa. gov/ngispgr3/irivsubst/o073.htm ).

Facemire, C.T,, T. Augspurger, D. Bateman, M. Brim' P. Conzelman, S. Delchamps' E'

Douglas, L. IDmon, K. Looney, F. Lopez, G. Masson, D. Morrison, N, Morse & A'

Robison. 1995. impacts ofmercury contamination in the soulheastem United Srates'

Water Air Soil Pollut . 80:923-926

to



Fig4 B.S. 1996. An investigation ofthe potentiat ofthe freshwater mus sel Microdontia
ahodotaefomis as abiornonitor ofheavy metals ir the Fly River systeo, papua New
Guinea (abstact). Sci. itr New Guinea 22:95-96.

Gross, T.S., L.J. Guillette, H.F, Percival, G.R. Masson, J.M. Matter & A. R. Woodward.
1994. Contaminant-induced reproductive anomalies in Florida. Comp. path. Bull. 26: l _
2,6,8.

Guiuette, L. J. & D. A. Crain. 1996. Endocrine disrupting contaminants and
reproductive abnormalities in reptiles. Commelts Toxicol. 5:3gl_399.

Guillette, L. J., D. A. Crain, A. A. Rooney & A. R. Woodward. 1997. Efect ofacute
stess on plasma conc€ntrations of sex and stress hormones in juvenile alligators living in
control and contaminated lakes. J. Herpetol. 31:347-353.

Guillette, L.J., T.S. Cross, D.A. Gross, A.A. Roooey & H.F. percival. 1995. Gonadal
steroidogenesis iz vito tom juvenile alligato$ obtained frorn contaminated oi contol
lakes. Environ. Health Perspect. 103:31-36.

Guillette, L.J., T.S, Crcss, G.R. Masson, J.M.Matter, H.F. percival & A.R. Woodward.
1994. Developmental abnormalities ofthe gonad aod abnormal sex hormone
corcentations injuvenile alligato$ fiom contaminated and control lakes in Flodda.
Enviroo. Health Perspect. 102:680-688.

Guitlette, L. J., D. B. Pickford, D. A. Crain, A. A. Rooney & H. F. percival. 1996.
Reduction in penis size and plasna testosterone concenhations in juvenile alligamrs
living in a contaminated environment. Gen. Comp. Endocrinol. l1l3242. 

'

Hall, R. J. 1980. Effects ofEnvironrnental Contaminants on Reptiles: A Review U.S.
Fish Wildl. Serv. Spec. Rep. No. 228. U.S. Deparhent of the hterior. Washiogto4 DC.
12 w.

Hall, R. J., T. E. Kaiser, W. B. Robertson & p. C. patty. 1979. Organochlorine residues
in eggs ofthe endangered Amfiican crocodile (Clocodylus dcutus\. Bull. Environ.
Contam. Toxicol. 23 :87-90.

Heaton-Jones, T. C., B. L. Homer, D. L. Heaton-Jones & S. F. Sundlof. 1997. Mercury
distribution in AnericarL ̂ Iig Iots (Alligator mississiryiensis) rnFlorida. J. Zoo Wildl.
Med. 28(1)t62-79 .

Heaton-Jones, T., D. Samuelson, D. Brooks, p. Lewis & M. Chisholm. 1994. Mercury
analysis in the eye and visual pathway of the American alligator. IIlvest. Ophthalmol.
Vis. Sci. 35:1514 (Abstr.).

r68



Heinz, G. H., H. F. Percival & M. L. Jennings. 1991. Contaminants in American
alligator eggs from Lake Apopk4 Lake Griffin, and Lake Okeechobee, Flolida. Environ.
Monitor. Assess. 16:'277 -285.

Hord, L. J., M. Jennings & A, Brunell. 1990. Mercury contamination ofFlorida
alligato's' Pp.229-240. Io Proc€edings ofthe loth Wolking Meeting ofthe Crocodile
Specialist Group. IUCN - The World Co[servation Unio4 Gland, Switzerland.

ICRP. 1990. Agedependant doses to members oftie general public from intake of
radionuclides, Pad l. ICRP Publication 56, htemational Commission on Radiological
Prokction, Pergamon Press, New York. 74 pp.

Jackson, T. A. 1988. The mercury problem in rccendy fomred rcservoirc ofnortlem
Manitoba (CaDada): efeots ofimpoundment and other factors on the production of
methylmercury by miqoorganisms in sediments. can. J. Fish. Aquat. sci.45t97-121.

Jagoe, C. H., B. Amold-Hill, G. M. Yanocbko, P. V. Winger & I. L. Brisbin, ft. 1998.
Mercury in alligators (l lligator mississiryiensrr) in the soutleastem United States. Sci.
Told Elivi[.on . 2|3t255-262.

JeDkins, J. H. & T. T. Fendley. 1968. The extent of contarnination, deGction and health
significance of high accumulations ofradioactivity in southeastem game populations.
Proc. 22nd Ann. Conf. S.E Game & Fish Conllrr.22:89-95.

Kula" V.V, & G.C. Solnu. 1996. Summary rcport on the status of Crocodylus porosus
a\d Crocodylus noraeguizeae populatiols in Papua New Guinea. lo Proceedings ofthe
13th Working Meeting of the, Crocodile Specialist Group. ruCN - The World
Cooservation Union. Gland Switzedand.

Iance, V. A., T. Cort, J. Masuok4 R. Lawson & P. Saltnan- 1995. Unusually high zinc
concentrations in snake plasma, with observations oD pla$na zina concentations in
lizards, turdes and alligators. J. Zool. (Londo$235:577-585.

Maln, O., Pheiffer, W.C., Souz4 C.M.M. & R. Reuther. 1990. Mercury pollution due to
gold mining in the Madeira River Basin, Brazil. Ambio l9:11-15.

Montague, J. 1983. Influence of water level, hunting pressure and habitat tt?e on
crocodile abrmdance in the Fly fuve! drainage, Papua New Guinea. Biol. Conserv.
26:309-339.

Murphy, T.M. 1981. The population status ofthe American alligator on the Savannah
River Plant, South Carolina. Publ. SRO-NERP4 ofthe Savannah River F,cology
taboratory, Aiken SC USA.

\69



Ogdeq J.C., W.B. Robertsol, Jr., c.E. Davis & T.W. Schmidt. 1973. South Florida
Environ. Proj.: Ecol. Rep. No. DI-SFEP-74-16, 27 pp.

Ogden, J.C., W.B. Robertson, Jr., G.E. Davis & T.W.Scbmidt. 1974. Pesticides,
polycl orinated biphenols and heavy metals in upper food chain levels, Everglades
National Park and vicinity. National Park Service Marugement Repo , National
Technical Information Service, U.S. Depaftrent ofconmerce, Washington, D.C., 27pp.

Peters, L. J. 1983. Mercury accumulation in the American alligator. M.S. Thesis.
University of Florid4 Gainewille.

Phelps, R. J., J. S. Focardi, C. Fossi, C. Leonzio & A. Renzoni. 1986. Chlorinated
hydrocarbons and heavy metals in crocodile eggs from Zimbabwe. Trans. Zimbabwe Sci.
Assoc.63:8-15.

Porvari, P. & M. Verta- 1995. Methylrnercury production in flooded soils: a laboratory
study. Water Ai Soil Pollut. 80:765-773.

Rainwater, T. R, S. T. McMurray, T. A. Bargar & G. P. Cobb . 1997. Contaminants in
Morelet's crocodile eggs. Crocodile Specialist Group Newslefter 16(l):15-16.

Rhodes, W. 1997. South Carclina Alligator Report. ruCN/SSC Crocodile Specialist
Group Newletter I 6(l):20-2 1.

Ruckel, S. W. 1993. Mercury concentrations in alligator meat in Georgia. Proc. AI|nu.
Conf. S.E. Assoc. Fish W'ddl. Agercies 47:287-292.

Stonebumer, D. L. & J. A, Kushlan. 1984. Heavy metal burdens in American crocodile
eggs from Florida Bay, Florid4 USA. J. Herpetol. l8:192-193.

SurL L.C., Clinton, J.H., Kapla!, E. & C.B. Mebhold. 1997. 137Cs exposure in the
Marshallese populations: an assessment based on whole-body counting mea$uements
(1989-1994). Health Phys. 73:86-99.

Vermeer, K., R.W. Risebrough, A.L. Spaans & L.M. Re}lotds. 1974. Pesticide effects on
fishes and birds in rice fields of Surinam. South America, Environmental Pollution.
7:217-236-

Ware, F., H. Royals & T. Lange, 1990. Mercury contamination in Florida largemouth
bass. Proc. Arm. Conf. S.E. Assoc. Fish & Wildl. Agencies ,14:5-12.

Whicker, F. W., J. E. Pinder,Itr, J. W. Bowling, J. J. Alberts & I. L. Brisbin, Jr. 1990.
Distribution of long-lived radionuclides in an abandoned reactor cooling reservoir. Ecol.
Monogmphs 60:471-496.

170



WHO. 1990. Environmental Health Criteda l0l: Metlylmercury. Intemational Program
on Chemical Safety, Wo d Health Organization. Geneya. 144 pp.

Wolfe, M. F.,S. Schwarzback & R. A. Sulaiman. 1998. Effects of mercury on wildlife:
a comprchensive review. Environ. Toxicol. Chem. 17:146- 160.

Woodward, A.R., H.F. Percival, M.L. Jennings & C.T. Moore. 1993. Low clutch
viability of American alligators on l,ake Apopka. Fla. scientist 56:52-4.

Yanochko, G. M., C. H. Jagoe & I. L. Brisbin, Jr. 1997. Tissue mercury
concenuations in allig^ta$ (Alligotor mississrppiezsis) from the Florida
Everglades and the Savannah River Site, South Carolina. Arch. Environ. Contam.
"foxicol.32:323-328.

Z-ming, W., G. Chang-ning, W. Xao-ming, & W. Chaolin. Io press. Conservation,
management and farming of crocodiles in China. In Crccodiles - Proceedings of the 14th
Wo*ing Me€ting of the Crccodile Specialist Group. IUCN - The World Conservation
Union- Glaod. Switzerlaod.

1?r



Table 1. Survey ofthe rvorld literature describing the fate and /or effects ofenvironmental
contamrnants in crocodilians.
Species Location Contaminant Reference

I I i ga to r m is s is s i ppi ens is

A igaror sinensb

Crocodylxs moreletii
Crocodylus niloticu,

Crocodylus rhonbifer
Tonistona schLeglii

Florida (USA)

nonda (UsA)

Florida (USA)

Ceorsia (USA)
South Carolina (USA)

l
soudcaroliM 

I
Souti Carolina & nodda I(usA) |
South CaroliDa, Florida, & |
GeorEia ruSA) I
r,ousiam 1USrl I
China I
Bnzil I

I
I

Brazil I
I

Ftorida(usA) 

|
Florida rusA) 

I
I
I

ziDbabwe 
Iz:l

Merclq'

Metals & Organics

Orgadcs

Mercury
Mercury

Radiocesium

Mercury

Mercury

Zitc
Organics
Mercury & Lead

Metals & Orgadcs
Mercury & Irad

Organics

Metals

Mercury & Organics
Merals & Orgarics
OrgaDics

Lead
Lead

Heaton-Jones et al. (1994)
Heaton-Jones et al. (1997)
Hold et al. (1990)
Peras (1983)
Delaiy €t al. (1988)
Heinz et al. (1991)
Crain et al. (1998)
Gross et al. (1994)
Guillette & Crain (1996)
Guilette er at (1994)
Guiltetre et al (1995)
Guillene et at (1996)
Guil€tte €t al(1997)
woodward et al. (1993)
Ruckel (1993)
Bowles (1996)
Rhodes (1997)
Brisbin et al. (1996)
Bdsbin (1989)
Brisbin et al. (1996)
Yanocbto et al. (1997)

Jagoe et al. (1998)

Lance et al. (1995)
Zi-miog et al. (h Fess)
Brdzaitis et al (1996) |
Bn"iitis et al (1998) |
Vermee! et aL (1974) |
BrEz.aitis et al (1996) I
Brazaitis et al(1998) |
Ha[ etal .  (1979) |
ogden et al. (1973) |
StoDebumer & Kushlan I
(1984) I
Raitr$"ter er al (1997) |
Phelps et al. (1986) |
Bilhs and Phebs ( 1972) |
rtsessels €t al. (1980) I
cook et al. (1983) |
cook €,t al. (1983) |
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Table 2. Mercury concentrations in alligator meat in the southeastem Uni&d States, aIId
calculated weekly coNumption linits based on World Health Organization (WHO) atrd U.S.
Envirctunental Protection Agelcy (EPA) reference doses for mercury in food.

Adourtt that could be safely
Totd Mercury (mglkg consumed perweekotr a rcguler

w€t mass) basis Grams)
SaDrpliog IncatioD Mean Rarge WEO standard EPA standard

EvergEoes. i ronoa

Cental Floridan

Okefenokee, Georgiau

SRS, South Carolina'

Florida'

Florida"

Georgiad

hvefglades, f tonoa

1.30

0.43

0.19

1.08

0.61

150
465

1053

185

327

68 - 5t2

142 - 2000

7 l

38

4

258

45

80

t7 - 125

35 - 490

182.4

0.39 -2.92

0.1  -  1 .4

a dara from Jagoe et al. (1998)
D data Aon Delany et al. (1988)
c data Aon Hord et al. (1990)

d data Aom Ruckel (1993)
e dara from lteaton-Jones et al. (1997)

Table 3. Muscle radiocesium in alligators fiom the Savannah River Site, South Cadin4 USA,
with calculated dose equivalents to potential human colsumers, and maxilnum amounts ihat
could be consumed according to guidelines from the Intemational Co[u[ission on Radiological

data Aon Brisbin (1989); Brisbin et al. (1996).
P, Fleddeman Ders, comm.

Protecrion. All values expressed on a wet mass basis.

Sadpling Locrtion on the
Sav&nn.h RiYfi Site

Muscle
radioc€sium

(Bq s1)

Committed
dose

equivalent
if ingested
(msv ks- l)

Marimum copsumDtion
peryelr per week

F Area Seepage Basin

Par Pond mean, pre{lawdol,n

Par Poud mean, post-dnwdoivn

Highest value recorded, Par Pond

Irwest value recorde4 Par Pond

Pond B (whole body count)

20.2'

0.48

0.3'7

0.63

0.24

0.49

0.21

0.0065

0.0050

0.0085

0.0038
0.0066

153.8
200.0

17.6

263.2
l )  l . )

1 l

2958

3896

2261

5061

29t3
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ABSTRACT
All crocodilians exhibit temperature-dependent sex determination, in which the incubation
temperature ofthe egg dudng the middle third ofdevelopment, not sex-specific chromosomes at
f€rtilizatioq determines the iodividual's gender. Research suggests that steroid hormones have
the same efect as incubation ternperaturg directing se)( determination in these species. Todat's
environment contains a number of s]'nthetic compounds that mimic or block the actions of
steroid hormones, known generically as endocrine disruptors. These compounds are found in
pestiaides, herbicides, fertilizers and plastic stabilizers. They pe$ist in the environment and as
they pass up the food-chairg they are magnified and concentlated in lipids in animals. In
crocodilians they accumulate in the yolk and disrupt normal seFral development in the embryo,
resldting in abnomal gonads and morphology in the resulting hatchling. These compounds can
also have advene effects on other aspects of the phenotlpe including gol}th and behavior. The
utility of these compounds in industry is such that they will continue to be used. Thus, a basic
knowledge of how steroid hormones are normally involved in the process of sex determination
and diferentiaiion is necessary ifwe are to understand how these e;docrine disrupting chemicals
exert their actions and enable us to develop methods to protect the embryo.

INTRODUCTION
The suggestion that certain chemicals can mimic the action of estrogen, profoundly afecting the
cou6e of sex-ual development, emerged from studies of alligators, birds, fis[ and turtles in
natule. These chemicals include herbicides, insecticides, fungicides, styreles, polychlorinated
biphenyls, and penta- to lonyiphenols and have been shown to disrupt nomal endocdne
functions. This leads to aberrant development of female and male repioductive tissues and
results i'l decreased fertility or sterility. These effects are consistenr wirh alterations one might
articipate ifthe steroid hormone dependent processes that regulate these systems were impai;d
(Table l).
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Table l. Characteristics of endocrine disrupting chemicals

iGIqr,'rrous AND PERSIsT IN TllE ENvIRoNMENT
* STRUCTLIRALLY DISSIMILAR TO THE STEROID HORMONE MOLECULE BUI

0

BIND TO STEROID HORMONE RECEPTORS

eCigy strultlerrNc THE AcrIoN oF NATTIRALLY-ocCrJRRING srERoID

rTORI'IOI.AS ON ELOCKING NORMAL STEROID HORMONE-MEDiATED
DE\ELOPMENTAL EVENTS
ACCUMTJLATE IN YOLK
ACT DIIRING EARLY DEWLOPMENT
oprewo ourcoME INFLUENCING MORPHOLOGY (2'SEX CTTARACTERS AND

cnowrrl, prrvslor-ocY (STEROIDOGEMC ENZYME ACTIVITY AND
diiNisriiffm srrnon nonNtoxr r-s\Et-s), AND PRoBABLY BErIA'IoR
rrrecrivn er q-ow) DosAGEs r\?IcALLY FoIIND IN NATIRE
NON-LINEAR DOSE-RESPONSE CUR!'E
pnrsgrlr iN I'rrrURES AND MAY SYNERGIZE PRODUCING GREATER THAN

ADDITIVE EFFECTS
E)PERIMENTS WITH ESTRADIOL TNDICATE THERE MAY NOT BE A

THRESHOLD DOSE

,l demonstrated io Americao alligator
o demonsFated in red-eared slider turtle

In this paper we will rwiew bdefly the present state of-our knowledge ofsex deteminatiol

io,"n-"tr"t"', i'n general and in crocodilans'and other reptiles with TSD specifically We wil

Doiflt out that the hormones present early in development inlluence not only the t]?e of gonad

ih";ll f;; il ;.o the d.rifferentiarion of secondary sex stru*ures as well as the growth and

i"Lti"t oi,ft"j"t".ile and adult. We will end by consideing some r€cent discoveries of how

"nJocri"" 
air-pto.. may influence these processes and consider some issues that are of

particular concem to crocodilian husbandry'

SEX DETERMINATION IN \ERTEBRATES
ft 

" 
*.r"n model of sex determination and sexual diferentiation in amniote vertebrates was

n.JJ*f"t"a n 1947 by Alfred Jost. In mamrnals, birds, and some reptiles'.the gonadal sex of

,f," 
"rU,l," 

; fit"a 
" 

fej ization by the presence of-specific ckomosomes (Fipgre l)' In the last

Jecuae ,"martutte progress has been made at identifying the cascade ofgenetic events that lead
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a""-it"tiori in mamrnals. Development ofi testis is determined by the presence of

;i;;;;;;;";;, *o.e .p"cifi"uuv, the gene for testis-determining fador known as sR1

fo.,"t-al"t ining tegion Y (see Capei' 1996 and Gustafson and Donahoe' 1994 for reviews)'
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of"Sni *t" so-called "default" pathway is the developrnent of an ovary' In

mammJian sex determinatiorL SRf as well as other genes related to SRl' such as SOX' or SRI-

r]fit;'d lilc ;"""" and Dcr.t, may also be involved in the rnale cascade (daSilva er a/' 1996;

Zr"p*tit-"iii"isriiii" "t 
it.,1998). other genes important in the development of the
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male ard female phenoq?e are SF_1, o. steroidogenia factor l, which plays a key role in thegene regulation of several steroidosenic,enz,,rnes. and protein hormo n" <iilii, 
"t. , 

tgg2; Lynchet al., t993: Sher. e-t d1.,,1994), th; p4j0 sieroidogenic enzyme arorn",ir" lliso_orn;, _a ,f,.protein hormone Miillerian Inhibitjne Substance 1M1,g1, u groffh fu"tor_iikJ-hormone producedbJ the s€rtoli cerrs rhat causes the m-orphological iex dead'ofthe r',ari1i";uiau"t; 'n it" uuruo"",the Mtillerian ducts folm oviducts, uterus, and the upper vagina and tf," Woffu* ducts regress(Cate et q1.,,1990). Analysis indicates that Sfr._f is requirea ior steroiOog"nJ; . rnurn_a, unais expressed at the earliest stages of lrogerttal _"d_;" ;"";i"p;;;; "d;;;ion of the geneencoding SF-J results in newboms rhar lactcadrenal €tinds ana E iii iiiiL 
"t.. 

1994; Luoet dt., t994a Shen ?/ a/., 1994). Borh mate andfema.le 
".it;; 

;p;; JF._,t, with SRfpromoung upregulation of,lF-1 transcripts in males, while the absence oi.gRl iesults in agecr.ea:e of S.F-l^]n females; shortly afrer diferentiation of tf," S".toli 
-"Ai, 

and formation oftesticular cords, JF-1 expression persists.in.males but ceases in fem.f", Or" ,l 
"f, 

1994b). It isimportantlo note that sJr-.r is expressed io b.an una is ess"ntiuriorlt e Efi"ltion orururo nucteiknown to be important in reproduction (Iked a et at., lg95\.
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In temperature-dependedt sex determination (TSD) gonadal sex is not s€t by the geneticcomposidon inhedted at fertirizatioq but rather depends orithe incubation iemperature activatrnga genetically programmed sequenae of develoimantal 
"u"n 

. J-urinf a sleUfic period ofembryonic.dev€lopment (Figure l). Although til a"t".ri"-i, 
"ii"""sei 

Jr anottrer are stillbeing identified, some major faators in sex dJtermination in tSO ven"U.ate-s ,riay aso tctuae tf,esame or homologous genes as those identiffed in mammalian ,"* a"i"rrninuiion and gonadaldifferentiation. In the slider turtlq estrogen receptor mRNA is in higher abundance in the genitalridge at the begirming of the tempe.ature-sensilive period in eribryos ai a mate_producingtemperature compared to embryos at a female-producing temperature, but this panem ts reversedduring the temperature-sonsitive period (Bergeror er ,il, isii).- 
-it"rlady, 

there arcdevelopmental and temperatue diiferences in 
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alst iOution 
"ni 

uUuiaun"" of aadrogen
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receptor hRNA (T. Osborne and D. Crews, unpublished). In the alligator and the red-eared
slider turtle, there is an increase in ,9OX9 mRNA two-thirds of the way through the temperature-
sensitive period in embryos incubating at a male-producing temperature and not in embryos
inobating at a female-producing tempe8ture at any stage (Westem e/ al, 1998; Spotila e, a/.,
1998). This suggests that ,9OX9 is not dilectly regulated by temperature but rather has a
temperature-sensitive regulator controlling it either directly or indirectly. In the slider tutle, SF-J
has been identified (Wibbels et al, 1998) and its mRNA found to be more abundant at the
beginning and during the tedperature-sensitive in urogenital tissues of embryos incubating at a
male-producing temperature (A. Fleming and D. Crews, unpublished data). There appea$ to be
differential expression ofP45Oarom mRNA levels in the developing brain ofthe red-eared slider
during embryogenesis according to incubation temperature @. Willingham and D. Crews,
unpublished data); interestingly, there is no evidence ofgonadal exp.ession or P450arom whereas
it is evident irl the POAH during the temperature-sensitive period. Further, SF-1 rnRNA is
present at the begiming of the tempenture-sensitive rrindow in the POAH (A. Fleming and D.
Crews, unpublished data). A hFothetical se4uencc of the action of ternperature is depicted in
Fisure 2.

Figuae 2. Hypothesized sequence of aclions of inclbalion temperature. Iacubation rcmper:rtue inllue[ces the
expression of steroidogenic factor I (SF-l) which in orn upreellates the s\pression of the gene codrng for
aromatase, tlrc en4me cntical in 1}e sj.ithesis of eslrogen. Tbls estrogen in tum binds to the eslrogen r€ceptor
@R). Incubation temp€rature also has a dire.dy modulates the eryresslon of € estrogen rEceptor.

STEROID SYNTTIESIS DURING EMBRYONIC DEVELOPMENT
Steroids are not gene p.oducts, so ifsteroids are important in TSD, rhe mechanism might involve
diferential responses to temperuture of steroid-converting en4'rnes (which are gene products).
The biosynthesis of ardrogens and estrogens from cholesterol involves the action of sevem.l
enzyrnes, including hydrorfstercid dehydrogenases (IISD), reductase, and aromatase enzymes.
Until recendy it was believed that in mammals the fetal gonad was quiescent steroidogenically
until it diferentiated into a testis or ovary. In this scenario the hormones produced by the distinct
testes or ovaries then acted to sculpt the many ditrerences between males and females. It is
known that the testes develoD before the ovaries diferentiate. and beein to secrete testosterote
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(T) coincidentally with the ditrercntiation ofthe Leydig cells and preceding masculinization ofthe
urogedtal tract (Gondos, 1980; George and Wilson, 1994). Thus, it was believed that until
gonadal diferentiatio4 enzrmatic activity and steroid biosynthesis was similar between the sexes
0'y';levJich et al., 1977' George et ql., 1979). There is now evidence that gene expression and
steroidogenesis begins prior to gonadal differentiation.

Using reverse t.anscdptase-polymerase chain reaction (RT-PCR) to study the ontogeny of
expression of the genes encoding for four of the steroidogenic enzymes necessar5r for androgen
and estrogen production @+so cholesterol side-chain cleavage, 3p-HSD, P.rso 17cr-hydroxylase/C17-
20 lyase, and Pa5o aromatase), Greco and Payne (1994) report inc.eased dRNAs for these
steroidogenic enzFnes p.io. to gonadal differentiation in the lat, but only 3p-HSD mRNA was
present in some of the olzries examined, and the detection of transcript for the other erzymes
rarg when compared to ma.les. This suggests the characteristic low ovariao steroid homone
production results from the lack of expression of enzlmes necessary for androgen and estrogen
biosFthesis. Interestingly, both male and female rat fetuses express transcripts encoding 5a-
reductase @erman et al., 1995). In chickens, there is no sex diference in the abundance of'
transcripts ofthe gene coding for 17cr-hydrorylase prior to gonadal diferentiatio4 but aromatase
rnRNA is more abundant in putative ovaries compared to putative testes (Abi\awanto et dl.,
1996: Yostnda et dl. , 1996) .

In eggJayng ve.tebrutes, including crocodilians, the egg yolk is a rich repository of
hormones and their precursors @em, 1990; Brown and Nunez, 1994; Conley et al., 1996).
Further, all ofthe steroidogenic enzymes necessary to p.oduce sex steroid hormones are present
in the urogenital system of embryos of TSD species (Merchant-Larios and Villalpando, 1990;
Pieur et al. , 1 994a,b: Smith and Joss, 1 994; Thomas er a/. , t 992), suggesting steroid biosynthesis.
Standard histochemical methods have assessed the activify of3p- and l7p-HSD enzlnnes at the
begindng, during, and a.fter sex determination at both ma.le- and female-producing incubation
temperatures in the red-eared slider (Thomas et al., 1992). Male- and female-producing
incubation temperatures rcsult in different pattems of HSD aaivity io the adrcnal and
mesonephros during development. Significandy, reaction product is not observed in the genita.l
ddge at the beginning ofthe temperature-sensitive pedod at either inobation temperature, no! is
it apparent in the ditrerentiating gonads in embryos during tempe.alure-sensitive period; the only
activity detected in the gonad is observed after the temperature-sensitive pedod. This pattem is
also seen in the Olive Ridley sea turtle Melchant-Larios and Villalpando, 1990) and saltwater
crocodile (Smith and Joss, 1994), but not in the European pond tudle (pieau et at,, 19944b).
This suggests that in the red-eared slider turtle, tissues proximate to the gonad or elsewhere, such
as the braiq may produce steroid hormones at the beginning and during the sex-determining
pedod.

A large body of evidence fiom all major lineages of non-mammalian vertebrates indicat€ that
steroids play a pivotal role in the sex determination process. In particular, exogenous steroids can
override genetic and temperature influences and cause c4mplete and functional sex rcversal in
many fish, amphibians, and reptiles @ums, 1961; Lam, 1982; Witschj, 1959; Crews e, al, 1988).
E>.:tensive research in turtles and crocodilians indicate that steroid homones are the physiological
equivalent ofincubation tempenturq direating sex determination in these species.
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Female deteminqtion:
1) Estiogen and aromatizable andrcgens

produce females at a male incubation
remperarure.

2) Aromatase inhibitors block female
development and induce male
development at a female-producing
tempelature. Administration of

lntemal Environment

5) Estrogen etrect is dose-dependent.

Mdle delermindtion.
l) Nonaromatizable androgens produce

males at a threshold incubation
temperatue.

2) Reductase inhibitors block male
development and induce female
development at both threshold and male-

testosterone plus arornatase inhibitor at biased inobation temperatures.
female-producing incubation ternperature Administration oftestosterone plus
blocks aromatizable androgen-induced reductase inhibitor at rnale-producins
feminizarion. temperature results in femje hatchliigs.

3) Critical period for estrogen efect overlaps 3) Critical period for DHT etrect overlaps
withtemperature-sensitivewindow. withtemDerature-sensitivewindow.

4) Androgenic ligands masculinize via an
androgen receptor.

5) DHT efect is dose-dependent.
4) Esrrogenic ligands feminize via an

estlogen-specifi c receptor.

Figue 3. The physical stimulus of temperature is transduced into diferent concentralions of steroid homones
*hich in hrm dircct rhe sooal develognent ofthe embryo. The evidence depicted in dre ligure wls conalucted on
the red-€ared slider turtle.

Even before we setded on the red-eared slider as an experimental model in 1987, Jin Bull and
David Crews developed the hypothesis that the physical stimulus of temperatute is transduced
into an endocdne precursors signal that directs the sex determination process: specifically,
estrogens and their aromatizable stimulate the female-determining cascade and bhibit the male-
detemining cascade, whereas nonaromatizable androgens stimulate the male-determining
cascade and inhibit the female-determining cascade (Crews, 1996; Crews et dl., 1994). The
primary support of this hypothesis is summarized in Figure 3. Five ditrerent approaches have
yielded data that strongly suggest steroid involvement in TSD in the red-eared dider turtlg and
probably in crocodilians as well. ELg!, by using various metabolites, it has been possible to
identify rhe enzymes and prefered bios,'nthetic pathways for steroid production. These data
indicate that the l7p-HSD detected at the beginning and during the temperature-sensitive
window is an operational bios',nthetic pathway. Second, preliminary results with Jean Wilson
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indicate that T is present in the adrenal-kidney (mesonephros)-gonad (AKG) complex at th€
beginning and during the temperature-sensitive window, but not afterwards, in embryos Aom a
male-producing incubation tempenturq and is not detectable in embryos from a female-
producing temperatwe at these same embryonic Stages. f!i4!, use of specific enzfme inhibitors
indicates that both arcmatase and reductase are active during the temperature-sensitive window.
Fourtll enzyrne kinetic studies indicate that both axomatase and reductase are present during the
temperature-sensitive window and that reductase activity is higher tha.|l aromatase throughout
this period in embryos at a male-producing temperature. Eifth, simultaneous administration of
DIIT and estradiol causes the development of ovotestes, indicating that male and female sex-
determining cascades arc separate.

Although ovarian sex detemination in the red-eared slider turtle normally involves
estrogen, exogenous estrogens can be viewed as a toxicant if they are present in supranorma.l
levels during the period of embryogenesis that normally would lead to male development. The
red-eared slider turtle embryo is extremely sensitive to exogenous estradiol. For example,
experiments exposing turtle embryos to estrogens at incubation temperaturcs that produae only
male hatahlings, result in significant sex-reversal. At 260 C, a dose of0.5 pg (equivalent to 0.04
ppm) ofestradiol, or 0.05 pg ofE3 (equivalent to 0.004 ppm) produces a significant sex-reve$al
efect in eggs and at 28.6'C the effective dosage ofestradiol rcduces to 0.4 ng (less than 0.0004
ppm or 0.04 ppbillion). Thus, the red-ea.ed slider turtle model system has proven to be a
seNitive in viro indicator ofestrogens and their mimics in the environment.

SITE AND MECHAMSM OF STEROID ACTION
Without specialized receptors to detect their presence, sex steroid hormones or their mimics will
have no effect on the animal. Sex steroid horrnone rcceptors are located in the cell nucleus and
comprise a family oftra.nscriptional factors that bind to the DNA. There are multiple forms of
receptors for each steroid hormone, for example the a and p folm ofthe estrogen receptor (ER).
Typically these receptols arc localized in sp@ific orgaos such as the liver or the oviduct, as well
as in bone and skin and the limbic nuclei ofthe brain.

The affinity ofnumerous envi.offnental estrogens for binding ER is rr'eaker than the natural
sex hormone estradiol .rKora.h et al.,1988; White e/ a/., 1994; Klotz et al, 1996). However,
the biological responses produced by some of these estrogenic chemicals are equivalent to
estradiol, albeit at higher concentrations. For example, the sex-reve$al of turtle embryos
incubating at a male-determiaing tempe.ature with high concentrations ofthe hydrorylated PCBS
was equivalent to the efects of exogenous estradiol (Bergeron et al., 

'1994). 
Futhermore, the

induction ofvitellogenin in male ffsh carl be induced to the same ext€nt with estladiol or 1,000-
fold greater concentration of octylphenol or nonylphenol (Jobling ard Sumpter, 1993). This has
also been observed fo! o,pi-DDT and coumestrol (Pelissero el a/., 1993). These obseFations
suggest that even though ma.ny synthetic or natural chemicals with estrogenic activity have weak
ER binding affinity, they are capable ofproducing aatuty i,t riro that is similar to estradiol.

BRAIN AS TEMPERATURE SENSOR AND COMMUNICATION LINK TO THE GONAD
How does the embryo sense tempenture and how does this information get tmnslated into
signals that activate one genetic sex-determining cascade while inhibiting the other? In all
vertebrutes, including mammals and reptiles, there are tempenture-sensitive neurons within
preoptic area-anterior hwothalamus (POAH) (CabalLac et ql. 1967;Rodbad et ql. 1950; Heath
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et al- 1968)- In addition to being a master controller of thermoregulation (Satinoq 1995), this
same arca contams neurons cortaining sex steroid hormone receptors. Research with a variety of
TSD species indicate that when ternperature exerts its effect on sex determinatiorL the
temperature-sensitive period, and gonada.l differentiation are not efltirsly coincident. In turtles
the diencephaloo differentiates at the same time as the temperature-sensitive period of gonadal
development (Senr\ 1979), and Merchant-Larios (1998) has suggested that the signal for sex
determination is extragonadal and that the histological differcntiation ofthe gonad is a secondary
effect. In support this hypothesis, they repon that at the beginning ofthe temperature-sensitive
period the hypothalamus of embryos from a presumptive female-producing temperature has
higher levels of estradiol in comparison to embryos from a presumptive male-producing
temperatwe. Interestingly, and consistent with researah on other TSD species, estradiol levels
were not different in the gonads or serum between embryos ofthe male- and female-produchg
temperatures during the temperature-sensitive period. Sirnilarly, in the diamondback terrapir!
aromatase niRNA expression begins prior to the sex-daermining period of development in
presumptive females; these levels declhe until, at the end ofthe temperatu.e-sensitive period,
aromatase levels are higher in the bnin at male temperatutes than they are at female
ternperatures: administration of exogenous estradiol appears to depress atomatase exptession in
the brain at male incubation temperatures (Jeyasuria ard Place, 1998).

In vertebrates there are direct neural connections between the gonad and the hlpothalamus
(Crews, 1993), ard consistent with the hypothesis that the brain communicates tempenture
infomation to the gonad via this link (Merchant-Larios, 1998) is the observation of neural
inneration ofthe embryonic gonad in turtles (Merchant-Larios e, al, 1989).

TRAD]TIONAL TOXCOLOGICAL VS, ENDOCRINE DISRUPTOR PARADIGMS
Risk assessment paradigns are changing as we leam more about hormone-like chemicals (Figure
4). Lake Apopka in Florida has been a classic example of how environmental contamination can
affect reproductive development in alligators.

Traditional approach
. carcinogenic modgl
. mortality/acutetoxicity
. threshold
. additive effects

Endocrine disruptors approach
developmental model
delayed dysfunction
no threshold
synergistic effects

Figure 4. Diffe€nces in the hdices that rnark the traditional toxicological approach to dsk assessment and the
newly energtng approach for endocrine di$upting chemicats.

The resemblance ofgonadal and penile abno.malities of the American alligator in Lake Apopk4
Flodda (Guillette a al., 1996) to those described in mice trcated with the potent, synthetic
estrogen diethylstilbestrol (Mclachlar et al., 1980),led to detailed studies documenting that
chronic pollution by agricultural runoff exacerbated by a chemical spill of dicofol was the most
likely cause ofthe reproductive anomalies observed in the alligators oflake Apopka (Guillette e/
al., 1994). Dicofol and its components, have been shown to bind the ER ftom the Amedcan
alligator (Vonier et a/,, 1997), and therefore, may function as an estrogen in the alligator. Io
addition to DDE/DDT contamination, a variety ofother pesticides have been detected in alligator
eggs, including dieldri4 toxaphene, ciVtrans nonacl or, arachlor, chlordane and pp'DDD (Heinz
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et dl., 1,991\. Ex?osure of alligator (Guillette, unpublished data) and red-ealed slid€r tunle
(Willingham and Crews, 1998) embryos to concenhations ofthese compounds typically found in
nature result in anomalous reproductive development (Figue 5).
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Figure 5. Efect of exogenous liganals on sex determination in the rcd-earcd slider turtle, Trachenls scripta
e/zAair, showing p€rcent rei€rsal from each treatment All eggs incubated ar 28.60 C. Compounds w€re assaFd
alone and in combination with 0.0l|rg estradiol. Percent rei€rsal for negative (solvent only) control ad E2
control also sho\rn. Nunbers in bars indicate $mple size, * indicates sigificant re!€rsal rersrrs negative control
for compouds applied singll a indicates significa reversal versus positive control for compounds applied irr
cambination with estradiol. (fiom Wi[ingham and Crelis, 1998).

The diffculties in demonstrating a clear cause-and-effect relationshiD between endocdne
disrupting chemicals and reproductive anomalies arises from the fact that thi wrong yardstick has
been used. Environmental toxicological paradigns typicatly focus on high phannacological
dosage exposure to adult individuals resulting in mutagenesis, cancer and death as unequivocal
indications of contaminant efects. Endocrine disrupting chemicals, however, are characterized
by a delayed respoasg often measured in years. between exposure to low physiologically-
relevant dosages during sensitive periods of organ development in the embryo. Thus while
traditional toxicological paradigns require a clear causal relationship traceable from exposure to
the development of a canaer and deatl\ what we are conftonted with is functional sterility
resulting fiom the bioaccumulation of chemicals that persist in the environment at relatively low
levels. Two otier notable features ofendocrine-disrupting chemicals is the (i) synergistic actions
ofnatulal estrogens and their synthetic mimics resulting in reproductive dysfunction (Bergeron e/
al., 1994, l99a A'I.old, et al., 1997\, and (ii) recent evidenae that the concept of a threshold
dosage does not apply for endocrine disruptors (Sheehan et a/., 1998).
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Stnergislic qctions of hydroxylated PCB,. Synergism occurs when the eFect of two facto$
together is greater than the sum ofthef efects when given separately (i.e., greater-thal-additive
effects). Curent controve$y conceming environmental estrogens is whethe. they exhibit
slnergistic activity. A number of sldthetic compounds miftic estrogens, although with a lower
potency than natural steroidal estrogens (Soto el al,, 7994; Mclachlan, 7993; Korach et al,,
1988). When considered individually, these ahemicals may exist in the environment in
concentrations too low to be of concem. In combinatior\ howev€., low dosages of these same
compounds may act slnergistically to produce a strong estrogenic response. This low-dose
sJmergy was fint shown with polychlodnated biphenyls @CB$ using an iz yryo sex-reve$al
assay i[ the red-eared slider turde @ergeron et al., 1.994). As metabolites of other pCBs,
hydroxylated PCBS may exist in steady-state coqcentralions in aquatic environments, potentially
exposing wildlife to thef efects via direcl contact or tkough the food chain (McKinney et a/.,
1990). The application of some PCBS can act as estrogens ard override a male-producing
temperature and reverse sex presumably through thek action on gonad dete.mining genes. Using
the all-or-nothing nature of the response of red-eared slider turtle embryos to exogenous
estoger! we assayed I I cormon PCB'S (Bergercn et al ., I 994) Or y two of the compounds
tested, 2',4',6'-trichloro-4-biphenylol (3-PCB) and 2',3',4',5'-tetrachloro-4-biphenylol (4-pCB),
were found to have estrogenic activity as indicated by the production of female hatchlings from
eggs inobated at a male-producing temperature. It th€se instanaes only the high dosage
produced females complete with fully developed oviducts. The former compound showed 100%
sex reveGal at 100 pg or just below 9 ppm. In tests using mouse tissue, these same two
compounds show arl appreciable affinity for ER, due in part to their conformational properties as
hydrorybiphenyls (Korach €/ a/., 1988; McKirmcy e, al., 1990\. Because purified PCB
compounds are rarely found in the environment, we decided irr the second sedes of expedments
to look at combinations of the same PCBS. All eggs were incub ated at 27 .8 oC and received a
low (10 ;rg), medium (100 Fg), or high (145 - 190 pg) dosage of compounds. Some eggs
received a cocktail ofall PCBS except the two which caused sex reversal (3- and 4-pCB). Others
weie exposed to combined hydrorybiphenyls, again excluding 3- and 4-PCB. Lastly, some eggs
were treated with combined non-hy&oxylated PCBS with no evidence of sex reversal. Since we
knew 3- and 4-PCB showed estrogenic activity at the slighdy higher temperature, we decided to
try these two compounds at a temperature tiat produces 100% nales (26 "C). Both compounds
showed significant sex reversal at this temperatule. When combined 3- and 4-PCB si'nergized,
resulting in a signifcant iocrease in ovarian development at a dose of 10 Fg or less than I ppn!
whereas 3-PCB alone aod 4-PCB alone required at least a tenfold higher dose to show sex
rwersal. Exogenous estradiol produces similar results at a dose of 0.5 !rg, or .04 ppm (Wibbels
et ql..1991\.
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FigEe 6. Percent of female hatclilings at a tempembr€ which nomally produces l00o% rnales (26 oC)
following lreatment with two estsogenic PCB compounds in ethanol. Controls: lemperature-ethanol
alone; hormone- l0 }g esrradiol-l?p. PCB compourds: F = 2',4',6!tdchloro{-biphenylol; G =
2r,3r,4r,5r-tetrachlorc-4+iphenylol. Signifrcaft ssx rci€rsal is indicaled by . pO 0.03; *1 !F 0.003; 'ltr'

F 0.0001. Redrarm from Beryercn et al., 1994.

The concept of a lhreshold dosage daes not apply /or endocrine disruptors. Traditionally,
dsk assessments are founded on a carcinogenic model characterized by indices of acute
toxicity/mortality, the presumption of additivity of chemicals, and the existence for every
chemical of a thrcshold dose below which no adverse effects ocaur. Gaylor e/ al (1988)
suggested that this assumption does not apply when an endogenous chemical, such as a hormone,
reaches a sumcient concentration to cause ar effect. In such aases, the theshold for the
endogenous chemical is already exceeded and, therefore, no threshold dose exists for a mimic.
We tested this h]?othesis with the red-eared slider and demonstrated a biologically based dose-
response model for developmental toxicity. First, analysis of oul published data on the etrects of
varying doses ofestradiol at ditrerent incubation temperatures revealed dose-lesponse cuives that
fit a lvfichaelis-Menten equatioo. A power-analysis approach was then used to conduct a large
Q400 egg dose-response study designed to test whether the threshold hypothesis applies to
estradiol in tiis arima] model system, and to detemine whether the l\4ichaelis-Menten equation
can predict orgarismal response. This equation provided an ED56 of 5.0 with a 95% confiderce
limit of+2.0 ng (endogenous dose = 1.7 + 1.3 rtg exogenous dose = 3.3 + 1.7 rg) and an I =
0.90 for fit of the modified Mchaelis-Menten equation.. The lowest dose, 0.4 ̂ gl0 E egg,
significandy inseased the female Aaction by 11.4%. Ar important feature is that the curve
becomes increasingly more Iinear as dose decreases relative to EDro, reinforcing the failue to
find a threshold dose by an empirical fit. A replication of the study was conducted the following
year with similar results. The results indicated that both past and current studies of slider sex
reversal at arr organismal lwel (i) can be flt to a Mchaelis-Menten model of a single protein-
molecule interaclion driving a reversible procesg and (ii) rweal no threshold dose for chemicals
acting through the same mechanism. Thus it may be that even low environmenta.l concefltrations
of endocrine-disrupting, recepto!-depeldent chemicals will carry risk.
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CONCLUSION
As the complexities of interaction between genes, honnones and hormone recepto$ during sex
determination become better unde$tood, the di$uptive inJluence of man made compounds on
normal sexual development has emerged as a serious concem for cooservationists, ildlife
managers and crocodile farmers. Compounds capable of interfering with normal development
have beaome ubiquitous in natural environments and become concentrated by bioaccumulation in
natual food chains. LongJived organisms feeding at the top of the food chai4 such as
crocodilians, are particulady !'ulnerable to acaumulating heaty burdens of contaminants. The
studies reported and reviewed here indicate that while these compounds may not affect the adult
organisn! they aan be passed to the egg yolk where they are potent at extremely low doses in
disrupting normal sexual development.

Recently it has become evident that assumptions about additivity and thresholds may not apply
to chemicals that mimic the action of ligands important to sexual development. For example,
there is an increasing body of evidence indicating that minute amounts of xenobiotics present
during early dwelopment may not result in cancer and deatl\ but nther alter sexual development
such that the adult caffrct reproduce. Such sterile individuals occupy space and use resources
but cannot contribute to population golvth. Similarly, recent studies have demonstrated that
certain combinations of steroidal and nonstercidal estrogens and their mimics are synergistic
rather than additive in their effects. Finally, curent risk assessments for virtually all chemicals
except genotoxic carcinogens assume that there is a dose below which no adverse effects occur
(the threshold dose). In practice, the highest dose without toxicity is used as a surrogate for the
threshold dose. Assessing risk becomes more complicated, howwer, when a chemical mimics
the action of an endogenous substance important in development. It has been suggested that this
threshold dose $pothesis carmot apply to rcn-carcinogenic chemicals that mimic the action of
e[dogenous substances impo.taflt in normal development since, upon exposure, the threshold for
the endogenous substanc€ is already exceeded and, thelefore, no theshold dose exists for the
mimic.

The consequences ofthese effects to crocodilian conservation may be profound. In the best
studied example on Lake Apopk4 Florid4 low egg viability resulted in the reduction ofjuvenile
cohorts and the distortion of size class distributioN extending for many years afte. the presumed
causal event (Woodwatd el qL 1993). Even as the wild alligator population begins to rccover
from this setback (Rice, 1997), lesearch indicates that many of the surviving juveniles

demonstrate impaired gonad functior! abnormal hormone levels and ambiguous sexual
morphology (Guilette et al., 1994). lvhether these individuals will eventually mature and recruit
to the breeding population rcmains to be seerL but appears unlikely.

Crocodilian conserntion prognms worldwide have been established on sustainable use and
harvest progams (Ross 1996, 1997 a.). These programs in tum are based upon demographic
models and assumptions about reproductive effectiveness which determine harvest levels and
provide the basis for the resiliency of crocodilian populations to modest levels of harvest. If
subtle efects of biogenic compounds cause abnormal sexual development and impaited
reprcductive capacity, the foundation of these programs will be challenged. Crocodilian
populations which demonstrate more or less normal densities to superficial field survey, may in
fact not be reproducing.
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The consequences to crocodilian enching ard farming eforts are also obvious. If the subtle
effects ofcontaminants in the environment reduce either the quantity or quality ofeggs collected
from the wild ranching programs or obtained from captive breeders then the economic emciencv
of these programs will be compromised @oss 1997 b.) As the continuation of management ani
conservation activities is oflen dependent upon economic incentives from cormeroial harests,
both commercial and conservation inte.ests could sufer

Crocodiliar habitats around the world are associated witl drainages and watersheds subject to
intense human settlement and agricultura.l use, often with poorly regulated contaminant co;trols.
While hormone disruption in crocodilians is only reponed from a small number of localities in
Florida USA it seem highly likely that this problem may be widespread. As it is ur ikely that the
use of endocdne disrupting compounds aan be prevented, and as they are in any case highly
persistent in the envitonment, aDy .esponse to this new challenge needs to be based upon an
understanding ofthe complex biochemistry and physiologr concemed.

At the field level, we suggest that the viability of crocodiliar eggs may serve as a simple and
readily obtained index of potential endocrine disruption. While other factors may cause
occasional drops in normal egg viability, peNistent drops, associated with changes in the gonadal
ald penile morpholoS/ of hatchlings may serve as alr adequate monitoring mechanism. Such
parameten can quite readily be monitored in wild populations, ranch egg collections and captive
breeding farms. For the futurg as our unde$tanding of mechanisms improves it may be possible
to develop biochemica.l interventions which protect the developing embryo from hormone
disruptive effects. We speculate that it should be theoretically possible to treat ovigerous
females with compounds which bind and sequester hormone disruptors and prote;t the
developing embryo. A pannership between field conservationists, commercial producers and
researchers in relrroductive physiology wiu be productive to meet this challenge.
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Population Dynamics of LakeApopka's Alligators

Kenneth G. Rice, H. Franklin Perciva.l, Allan R. Woodward, aod
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Abstmct: Begiming in 1981, a major decline was observed in thejuvenile
alligator population on Lake Apopk4 a large fresh water lake located il central Florida.
Evidence exists that envircnmental contamination is partially responsible for this decline.
We examined clutch characteristics, viability, and population growth on the lake from
1981-1995 and observed partial recovery ofthe system. The total population of
alligators decreased until 1989 then increased through 1995 (P<001) Over the same
period, juveniles decreased by 95% thrcugh 1989 then increased by 480% (P < 0.01).
Clutch viability deqeased by approximately 80% through 1988 and then increased over
400% (0.l2 to 0.53) though 1995. Horvever, viability remained depressed when
compared to a rcference area, Lake Woodruff National Wildlife Refuge (Lake
Woodruff;P < 0.001). Lake Apopka alligato$ produced more eggs (P = 0.006) per
clutch than Lake Woodruq but clutch weights did not difer (P > 0.05). Lake Woodruff
ploduced more hatcl ings @ < 0.001) per clutch than Lake Apopka. While many
parameten associated with the alligator population on Lake Apopka remain depressed
when compared to relatively natural areas, signs ofpopulation tecovery from
reproductive failure are now evident.

INTRODUCTION
In the late 1970's therc was considenble interest &om the Florida Game and

Fresh Water Fish Commission (GFC) and the alligator industry to commercially harvest
both adult and early age class alligators in Florida. The GFC had instituted a nuisance
alligator program and had embarked on research to investigate the feasibility of
zustainable adult harvest on public v/aters (Ilines and Woodward 1980). Florida's
alligator farmers $r'ere interested in ha.rvesting eggs and hatchlings for captive rearing
(ranching) to supplement closed-system farming. Alligator farmers and the GFC
developed a cooperative venture in 1979 to monitor alligator populations by night light
survey on 3 lakes (lakes Apopka, Grifiin, and Jesup) from which hatchlings were being
harvested. These lakes were considered as demographically similar lakes in the St.

I Address for Senior Author only.
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Jobn's River drainage having dense populations ofboth adult and early age class animals.
Nghtlight surveys commenced in September 1979 and hatchling harvests began in
1981.

In 1981, the Florida Cooperative Fish and Wildlife Research Unit (FCFWRU;
University ofFlorida, GFC, and USGS Biological Resources DMsion cooperato$; lhe
U.S. Fish and Wldlife Service was a cooperator in 1981) entered into the research
funded by the Florida Alligator Farmers Association @AIA) in coopention with the
GFC. A population crash on Apopka was observed between l98l-1984 in < 182 cm
animals (Woodward et al. 1993). Relatively small pod (group ofhatchlings) size and an
unusual number ofunhatched eggs on Apopka were noted dudng 1982. A low clutch
viability rate (number hatcMotal eggs in a clutch) of alligator eggs on Lake Apopka was
observed in 1983 after studies began examining the feasibility ofcollecting eggs rather
than hatchlings for ranching purposes. Although Apopka was less important as a harvest
site because ofthe alligator population decreasg th€ lake cootinued to be a focus of
attention because of extreme differences in hatch rates from other lakes. With the
suppo.t of GFC, FAFd and the American Alligator Farmers Association (AAFA),
subsequent investigations expa.rded research to include variability in clutch viability on a
number of lakes, including Lake Apopka.

Through 1987, long-term trends still indicated a decline injuvenile alligators on
Lake Apopka. Meanwhile, other lakes in the St. Johns River drainage showed
numerically stable or increasing alligator populations (Jennings et al. 1988, fuce 1996;
Woodward et a.l. 1993). Cont.olled inobation ofalligator eggs indicated that Lake
Apopka had the lowest clutch viability rates of any population examined @ercival et al.
1992; Masson 1995). In 1988, the Lake Apopka viability late fell to a low of0.04.
These dat4 derived from laboratory incubation, appear to correlate closely with events
occurring in tie wild. Investigations ofneonatal wild pods demonstrated that Lake
Apopka had the lowest density ofpods and the smallest pod size ofall study areas in
Florida (Percival et al. 1992).

In 1988, the FCFWRU began to investigate causes ofApopka,s low clutch
viability and population declines. Coupled with a study investigating the reproductive
physiology ofadult female alligators, the possibility ofenvtormental contaminant efects
was examined. Lake Apopka had substantial cortaminart inputs from agricultural run-
ofi, sewage emuent, ard a major chemical spill (U.S. EPA 1994). An analysis of
alligator eggs collected in 1985 from 3 Florida lakes shoq/ed that eggs fiom Lake
Apopka had significantly elwated levels ofDDD, DDT, and DDE (Heinz et a1. 1991).
Other studies have documented increased estrcgenic activity (a possible effect of
exposure to envi.onmental contaminants) in juvenile alligators from Lake Apopka.
Other eodocrine effects and gonadal abnormalities also were found (see Rice and
Percival 1996).

This study examined long-term trcnds in both alligator clutch viability and
population indices on Lake Apopka. In particular, the h$othesis ofthe recovery of a
population following catastrophic reprcductive failure is tested. Further, the dFamics of
the Lake Apopka alligator population are compared with those ofa reference population
from Lake WoodruffNational $4ldlife Refuee.
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incolporating the expertise of many individuals from multiple agencies over the years.
At the risk of eliminating many important lames, these people always had pride in
referilg 10 themselves as members ofa loosely organized group, the Florida Alligator
Research Tealn. Requidng special reference are the following: J. Anderson, A. Brunell,
D. Carbonneau, J- Connors, R. Conrow, D. David, G. Davidson, L. Folmar, M. Fuller,
T. Gross, C. Hope, L. Hord, M. Jemings, W. Johnsoq L. Rhodes, T. Schoeb, S.
Shrestha" R. Spratt, H. Suzuki, C. Tucker, J. Whit€, J. Wiebe, and C. Wieset.

METEODS
Egg Collections

Alligator clutches were collected from nests on Lakes Apopka and Woodruff
dudng the summeF of 1994 and 1995. Prior collections fiom 1983 to 1993 also were
included for long term trend analysis. Alligator nests were located via aerial surveys and
ground searches. For each aollected clutcb nest height, diameter, ambient temperature
(thermomete$ were calibrated to a standardized thermometer), clutch cavity
tempenturq clutch depth, apFoximate percentage ofdaily shade, flooding status,
female presence and behavior, and nesting habitat were recorded. Each nest was
completely dismantled and searched completely because multiple nesting (two or more
females ovipositing in a single nest) had been observed @ercival unpubl. data).
Disturbed or depredated clutches were not collected. All eggs present in the nest,
including damaged and non-viable ones, were collected.

Eggs were placed irlto plastic bus pans (61 cm X 36 cm X 13 cm) on 5 cm of
natural Dest material with additional nest material cushioning layers ofeggs when
required. Eggs along the bus pan perimeter were cushioned with 2-3 cm ofnesdng
material. An identi&ing plastic plant tag was afixed with coppe. wire to a hole in the
comer ofthe bus pan im. The order (approximately uppermost to lowermosq in which
eggs had been removed Aom the nest was maintained. To ellsure that data sheets could
be matched later witi clutahes, nest number, date, time, and collectors' names were
recorded on the tag, as well as on the data sheets. Pais of eggs or eggs which were
found crushed were sealed in a labeled plastic bag.

Transportation ofeggs followed recommendations by Woodward et al. (1989).
During transportation ofclutches, care was taken to avoid excessive vibration or shock,
which could kill embryos by detaching their membranes from the shell (Ferguson 1985).
Clutches were protected by in{latable cushions and foam rubber within transpo.t boats,
which were carefully maneuvered within sheltered waters to avoid additional vibration
and shock. Eggs were transpo.ted to an incubator facility in Gainesville, FL within 24
hs ofcollection in the covered bed ofa pickup truch which was aushioned like the
transport boat (Woodwa.d et al. 1989).
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Clutch and Egg Characteristics
At the incubation facility, care was taken to avoid vibration and rotation ofviable

eggs. Bus pans were weighed with and without eggs to calculate a clutch weighl. All
intact (unbroken) eggs were transilluminated to check for viability and egg band
development (Woodward et al. 1989). Anomalous eggs (those cortaining two yolks,
yolkless, or with aberrant calcified regions) were recorded and, when possiblq were
measured. Non-viable eggs were identiffed by t}te absence ofan opaque embryo
attachment spot or band. Unbanded eggs were opened, and a visual status determination
was made. Ifband development was visibly letarded, or ifvascular color was not similar
to that ofother, apparently healtht eggs in a clutclL the egg in question was opened and
the developmental age and embryonic status (good, weak or dead and presence of
deformities) ofthe embryo was determined. One healthy representative egg was
removed from each clutch and sacrificed for determinatioi ofclutch age and expected
hatch date. Crushed eggs and empty eggshells were examined to determine whether an
embryo was present and its developmental age. Whenever possiblg embryo age was
determined using a combination ofback-dating (date ofcollection minus embryo age), an
embryological developmental chart (Masson 1995), and egg band progression (Ferguson
1985). Eggs were transilluminated at approximately 14-27 day intervals thereafter to
identify and age dead embryos. Eggs remaining unhatched at the end ofthe incubation
period also were opened ard embryo age determined. The disposition of each egg within
a clutch was recorded.

Incubation
All eggs were incubated in a modified 7.3 m x 3.7 m portable buildhg (Lark

Industries, FL). The buildiog was layered for insulation with 2.54 cm blown-in foam
insulation, 7.6 cm fiberglass batting, a visqueen vapor barrier, and 2.54 cm stFofoam
sheeting. The humidity and temperature were controlled by a Hawkhead Intemational
heat/cool humidifier unit providing controlled high humidity warm air. This unit used
merory switches for temperahrre and wet-bulb humidity monitoring. Thermostatically
controlled eleatric fans aad louvers, as well as ceiling fans circulated air tbroughout the
building. The relative wet bulb humidity in the building was 94-960lo and mean
temperature within th€ nests and in the building was 30.6 C ! 0.5. Hovr'ever, nesting
matedal had to be moistened wery 7-10 days to maintain the appropriate moisture level.

Clutch integ ty ard within-clutch collection order were maintained. All clutches
were inobated in damp sphagnum moss (a minimum of2.5 cm on top, bottoq and all
sides) in bus pans placed on shelves within the incubator. Each bus pan was covered
with 50oZ shade screening cloth to allow air circulation and to contaio hatchlings. To
minimize premature hatching ofalligators by audible cuing from adjacent clutahes,
clutches with similar hatch dates were grouped together.

Hatcbling Care
Hatchlings were maintained in the aforementioned insulated incubation building

for approimately 14 days before release at their original nest site. The building
contained 6 galvanized alumirum tanks separated into 24 individual 0.6 m x 0.7 m
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compartments. Compartments we.e divided with a galvanized aluminum wall sealed
with latex caulking. Each compartment was on a 3.8 cm slope to provide both dry and
wet surfaces. To increase the dry surface area and minimize stress from overcrowding,
an elevated mesh platform was added to each compartment (2.5 cm square mesh
constructed from molded plastic-coated heavy gauge wire). Tanks were cleaned
following each feeding and refilled with fresh water. A maximum of30 hatchlings was
placed in each compartment. Whenever possible clutch integdty was maintained
(hatchlings p.oduced from a given clutch were maintained within a single comPartment).
Each pe$on working with hatchlings was rcquired to wash hister hands and equipment
with a Betadine surgical scrub aad/or a 3olo bleach solution prior to beginning and
between compartments to eliminate cross contamination.

Hatchlings were retained until they were actively feeding aid lhe ertire
compartment appeared healthy. After yolk absorptioo, hatchlings were web-tagged in
their right hind foot with sequentially numbered #l Morcl tags (National Band and Tag
Co., KY). Throughout this petiod, data on physical abnormalities, weakness, and
mortality were recorded. In 2 vr'eek increments, those animals prepared for release
(hatchlings that appeared healthy and were eating, etc.) were lransported to their original
lake in buspans. If 1 or more animals in a pod were not ready for release (i.e., weak), the
entire pod was held at the incubation facility until all could be transported together.
Hatchlings were transferred to a transport boat ard released at their original nest site or
the nearest feasible and appropriate locatiofl.

Viability and Clutch Size
Clutch size (CS) was the total ofall shelled and unshelled eggs found in a clutah

cavity. Clutch viability (9 rates were defined as the number ofhatchlings surviving >1
day dMded by CS. Since the inherent viability ofeggs was ofinterest, clutches fiom
flooded or disturbed nests Oy predato$, turtles, humans, or other alligators) werc
excluded ftom viability analyses. Or y clutches ftom disturbed nests were excluded from
analyses ofCS. A single clutch was the sample unit in analyses ofV and CS.

Survey Procedues
Night-light surveys were conducted in late May or early June on lakes Apopka

and Woodruffin 1994 and 1995. Suweys from 1980 to 1993 fiom Lake Apopka and
198l-1993 for Lake Woodruffalso were included for long term trend analysis.
Nightlight surveys (2/year in most years) were conducted in late May or early June.
Survey routes generally followed the open water-shoreline interface (Mutphy 1977;
woodward and Marion 1978). Dense marsh, wooded swamp, and other inaccessible
alligator habitat were not surveyed. The entire circumference oflake Apopka was
surveyed. On Woodru{ only selected caoals and qeeks were surveyed. However, in
each case, surveys were standardized across years.

Searches fo. alligator eye reflections were conducted with an airboat at a planing
speed of20-25 kr/hr, depending on rtater conditions. When dense groups ofalligators
werc encountered, the airboat was sufficiently slowed to allow a thorough count. A
200,000 c.p. spodight was used and size ofdetected alligators wasjudged as
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approaching them at normal survey speed.
To estimate alligator size, both the snout lengthJotal length (TL) index descdbed

by Chabreck (1966) and a general impression ofsize, periodically calibrated by catching
and measuring size-judged alligators, we.e used. Alligators were classified in 30cm
(1-ft) size classes when possible or placed into broader TL categodes (0-60 cr4 6l-121
aft\ 122-182 cm, <722 cm, and <183 cm; Woodward and Moore 1990) when specific
size class could not be determined but other indications of size were evideDt (g&,
habitat, eye reflection, bubble trails, size of splash or wake). Size was classified as
"unknown" when no indication of size was apparent.

Water levels were recorded from U.S. Geological Survey water level gauge
statioos in permanent locations on the rnain water bodies. The "water level', ana.lyzed for
each suryey date was departure from mean water levels (DMWL) for all surveys (see
Woodward and Moore 1990).

Suney Analysis
For trend analysis, the size distribution ofunkno$n-size alligato.s was assumed

consistent with the distribution of known-size alligators (assumed equal detectability
among size classes). Unknown-sized animals were apportioned accordingly in 4 TL
classes [30-l2l cm ("juvenile"), 122-182 cm ("subadult"), <30 cm ("toral population,,),
and <183 cm ("adult")l (see Woodward and Moore 1990). During the May-June
surveys, hatchlings ftom the previous year (approx. 9 months old) were considered to be
sufticiently dispersed to render their sighting probabilities as independent and were
included in the analyses.

For Lake Woodruq tests for trends in count densities were conducted by
regressing log-transformed counts ofalligators in each general size class on elapsed time
and DMWL. DMWL v/as previously found to explain a significant proportion of
variation in night-light surveys (Woodward and Moore 1990). For Lake Apopk4 both a
model similar to that utilized for the Lake Woodruff data and a non-linear model were
fitted to log-transformed counts regressed on elapsed tim€ a.nd DMWL. The nonlinear
segnented model incorporated both a quadratic and a linear response to test for possible
inqeasing trends dudng recent yea$. In all cases, the quadratic portion ofthe model
was specified first due to the relative amount ofdata (years ofsurvey) before and after
the lowest count (the quadratic segment required the estimation ofan additional
parameter). We allowed the model estimation program (Proc NLIN, SAS Institutg Inc.
1988) to choose the point where the two segments met by imposing a continuity
rcstriction orl the model. We specified that the quadratic and linear segments must meet
exactly. In addition to estimates ofp-ossible trends in the populations and model
goodness-of-fit statistics, adjusted R: (Rawlings 1988) values and the analog for non-
linear models (proportion ofvariance explained: model SS / total SS adjusted for number
of parameters) which allow valid goodness-of-fit comparisons among regression rnodels
having different numbers ofpammeters werc repo.ted.

196



Clutch Viability Analysis
For Lake Apopka dat4 the fit ofa non-linear model to alcsine-squareroot

transformed viability rates regressed on elapsed time was tested. This nonlinear
segmented model incorporated both a quadetic and a linear response to test for possiblg
increasing trends during rccent years. The quadratic portion ofthe model was specified
first due to the relative amount ofdata (years ofsurvey) before and after the lowest
measured viability rate (the quadratic segment required the estimation ofan additional
parameter). We allowed the model estimation program (Proc NLIN, SAS Institutg Inc.
1988) to choose the point where the two segments met by imposing a continuity
restriction on the model- We specifled that the quadratic and linear segments must meet
e)<actly. Additionally, we tested the fit ofan identical model for the prcportion of
clutches on Lake Apopka which produced rc hatchlings.

RESULTS
Clutch viability and Clutch Characteristics

During the summen of 1994 and 1995, 109 alligator nests from lakes Apopka
and Woodrutrwere collected for incubation and other studies and transported to the
central incubation facility in Gainesville (Table l). Clutch viability differed between lakes
(P<0.0001; df- 103), but not between yeaxs (P = 0.19 df=103;Tablel). Ir additioq
a diference was found in the number ofhatcblings produc€d per nest between lakes
Apopka and Woodruff (P < 0.001; df= 103; Table l).

In past years, it was noted that a significant portion ofhatchlings produced from
Lake Apopka's nests emerged fom only a few clutches *ith many clutches producing
no hatchlings (Woodward et al. 1993i Massor 1995). However, during 1994 and 1995,
less than 20% ofApopka clutches produced no hatchlings. In additioq Percival a al.
(1992) observed that a large proportion oflake Apopka's hatcblings did not survive the
first week post-hatch. Very little (<l70) post-hatch mortality ocaured in 1994 ard
1995. In general, egg mortality followed that observed by Masson (1995). Most
mortality occured pre-egg deposition or in early incubation with the next largest
proportion of mortality occuning very late in incubation.

Clutch size was significantly higher on Lake Apopka (P = 0.006; df= 103; Table
l), but no diference was found between yea$ (P = 0.22; df= 103; Table l). However,
there was no diference between the two lakes in clutch weight (P = 0.37; df= 103;
Table l), indicating that mean egg weight on Lake Apopka was less than Lake
woodrufl Mean clutch weight was rot different between the 2 years, 1994 and 1995 (P
= 0.90: df= 103).

Population Trends
Count densities of subadults, juveniles, and the total population of animals

increased @ < 0.01) with decreasing water levels on both Lake Apopka and Lake
woodrufl Therefore, water level was included as an adjustment covatiate in both
models (Woodward and Moorc 1990). Trends or Lake Apopka were investigated ftom
1980-1995 and 1981-1995 on Lake Woodruff On Lake Apopka, forjuveniles and the
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total population, the nonlinear segmented model was chosen over the linear regression
model due-to goodness of fit (for linear model: R'"dj < 0.18; P > 0.24; for nor inear
model: -R'"6; > 0.78, P < 0.01). The total population decreased apprcimately g406
from 1980 to 1989 then increased approimately 160% through 1995 @ < 0.01; -R':"6; =
0.87; Table 2). Juveniles decreased by almost 95% through 1989 then increased by
48ulo over the ne^16 years (P < 0 01 ^R2.d = 0.781 Table 2; Fig. 1). No trend in either
subadult or adult animals was found over the study period (P > 0.70; R'zdj < 0.01; Table
2).

On Lake Woodru8 an increasing trend of8.l0Z per year was detected over the
study period for animals <30 cm (P=0.001;R1a;=0.61;Table2). Juveniles (30-t2l
cm) inqeased by 10.8% per year (P = 0.001;*,a1= 0.72;Tzble 2; Fig.2). Similarly,
subadult-arimals (122-182 cm) increased by 8.6% per year through the present @ =
0.001; R'"0, = 9.63, lable 2). A trend of 3.302 per year was detected inthe adult
population over the study period @ = 0.003; R'z"dj = 0.35; Table 2).

Clutch viability trends on Lake Apopka were similar to those results for the
smaller size classes detected utilizing night-light surveys. A decrease in clutch viability
ofapproximately 80% from 1983 to 1988 and an increase ofover 400% through 1995
was detected (P = 0.05; -R'z.d; = 0.82;Fig. 3).

A dedeasing trend in the proportion of nests fiom Lake Apopka which produced
no hatchlings also was detected (P = 0.06; -R'dj = 0.78; Fig. 4). The proportion of
nests v/hich produced no hatchlings increased by about 200% through the 1988 nesting
season then decreased by 73% through the present (Fig. 4).

DISCUSSION
Lake Apopka's alligator population has inoeased since 1989 after declining from

1980-1989. This coinaides with a similar decline and rise in clutch viability ntes. Will
this rise translate into a real long-term recovery of alligator populations on the lake?
One can assume that the adult animals present today will eventually stop production
through senescenae or mortality. Some ofthejuveniles prcsent on the lake today will be
recruited into the adult population. Ifthosejuveniles survive at a sufficiently hign rare,
€nter the adult breeding population, and produce offspring the population may be able
to recover toward the limits of its modem-day habitat. However, if observed abnormal
endocrine function and hormonal concentrations have altered the reproductive
capabilities ofthose juveniles (as suggested in Rice and Percival I 996), anothe.
reduction in the population could occur. Obviously, only through ftrther monitoring of
the Lake Apopka population car this h'?othesis ofrecovery be fully evaluated.

At tiis point there is certair y ample evidence ofsome recovery on Lake Apopka.
Juvenile populations have increased dramatically in the last few years. However, certain
questions arise with data generated though night-light surveys such as independence of
replicate counts, numerous sources ofcount vadatiorL and independence ofsightmg
probabilities among the young animals (which may remain in pods). When coupled with
the equally &amatic rise in clutch viability rates, an inqease in thejuvenile population
has ceiainly occurred. Further, the inclease injuveniles detected during night-light
suweys began in the sampling period immediately following the observed increase in
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clutch viability.
An increase in subadult animals has not yet occurred. Presumably, in the next

few yea$, the increased numbers ofjuvenile alligators should begin to grow into this
segment ofthe population ifsurvival and groMh rates are sufficient. These cohorts
should be monitored both through the subadult size-classes and into the adult class to
monitor either a recovery ofthe total population to pre-1980 levels or a secondary crash
due to reproductive failure. There exists a rare opportunity to observe a d'.namically
changing wild population.

Clutch viability rates on Lake Apopka are still well below those found on Lake
Woodruff La.ke Apopka also produces fewer hatct ings per nest than Lake Woodruff
even though Lake Apopka's alligators lay more eggs. However, Lake Apopka's clutch
viability rates for the last two years are comparable to those found in other areas ofthe
state (Masson 1995). It is unclear whether the dilferences in clutch viability between
lakes Woodruf and Apopka is due in part to nutdtional, environmental, or contaminant
level diferences arnong areas. Lake Woodruffis less eutrophic and has less agricultural
efluents than other areas. Lake Apopka had a myriad of contaminant ioputs including
muck farms on the rorthern shore which require backpudping water into the lake, citrus
orchards on the westem shore (now largely defunct), and trcated municipal wastes i:om
the south. Futhe., Lake Apopka suffered the run-offfrom a large chemical spill in the
early 1980's and remains an EPA SuperFund Site.

Alligator clutch sizes were larger and mean egg size smaller on Lake Apopka
than on Lake Woodruff Smaller eggs are knoun to produce smaller hatchlings (Webb
et al. 1987; Deeming and Ferguson 1989; Deeming and Ferguson 1990), and hatcl ing
size may affect surviml probabilities. At this point, there is no evidence that the increase
ofjuveniles on Lake Apopka is being hampered by low survival ofyoung. Hovr'ever, if
survival is in fact decreased, the probability that an increase will occur in the subadult
and adult populations will be lessened. Agair! this is fufiher cause for continued
monitoring ofthe Lake Apopka population.

Anothe. cause for optimism in the case ofthe Lake Apopka alligator is the
decrease in the proportion of clutches that fail completely. Until recently, most
hatchlings that emerged from Lake Apopka alligator eggs did so fiom a very few rests
(Woodward et al. 1993). A large pfoportion ofnests (as high as 757o) produc.ed no
hatcl ings. This total reproductive failue ofmany nesting adult fernales whether due to
envi.onmental contaminants dircctly or through some indirect (hormonal), demographic,
or environmental cause certainly aontdbuted to the crash in juvenile populations on the
lake. In this study, a substantial deqease in total reproductive failurc lvas found. Most
nests Q80oZ) produce hatchliDgs.

Many hlpotheses have been ofered for the crash in alligator populations and
continued depressed clutch viability on Lake Apopka. The most publicity (and research
etrort) has been given to environmental conlamimnt effects (see Rice and Percival
1996). However, it is certain that other demographic and environmental (habitat
changes and nutrition) are at least partially responsible.

Lake Apopka's wildlife populations have been continually influenced by
exploitation ofother lake system resources through the influx ofenvironmental
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contaminants, nutrients, and the loss ofhabitat. However, evidence now exists that the
efects ofthis exploitation may not persist indefinitely. Recovery ofthe Lake Apopka
a.lligator population is not a ce.tainty at thisjuncture, but the future does hold promise.
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Table 2. Mean densities, trcnds, and regression results for lakes Apopka and Woodrufffrom

1980-1995. All trends adjusted for water level effects.

Year
Study arca
Size class (cm)

Woodruff (n=26)

30-121

122-182

183b

Apopka (n=26)

30-121"

122-182

183

Density
(#/km)

6 .19

1.59

9.88

2 .10

4.30

1.00

7.18

1.89

+183

+140

+l2 l

+44

+480

+4

+160

+20

0.108

0.086

0.081

0.033

0.291

-0.007

0.159

0.006

0.001

0.001

0.001

0.003

0.010

0.780

0.010

0."134

Ridj

0.717

0.677

0.609

0.347

0.780

0.004

0.868

0.005

Est. pop.
Change(%) Trendlyr

'Represents the total population.
h.epresents total adults.
cResults reoresent most recent trend. 1989-1995-
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Figure l. Population trends for 0.3-1.2m alligalors based on night-light srrn eys conducted
on Lake Apopka fiom 1980-1995. Counts adjusted for water level.
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Figure 2. Population trends for 0.3-1.2m alligaon based on nightJight surveys conducted on
I-ake Woodrufffrom 1981-1995. Cornts adiustgd for q,ater level.
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Figure 3. Trends for clutch viabilit based o! alligator egg collections from L€ke Apopka
from 1983-1995. IIr fomul4 clutch viability rates are arcsine squareroottrarsfomed.
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Figure 4. Trends fur proportion ofclutches which produc€ no ha&hlings based on
alligator egg colleclions fiom l-ake Apopka fiom 1983-1995. In formul4 proportion
is arcsine souareroot transfomgd.
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ABSTRACT

Recent studi€s suggest that in the absence of commercial over-exploitation and
habitat loss, Morelet's crocodile G. moFletiil populations in northem Belize face no
imnediate threats. However, Q. morelaii eggs collected ftom a lagoon in northem
Belize were found to contain the insecticide DDT, suggesting a potential health threat to
crocodiles inhabiting the lagoon. A study was initiated in 1996 to examine the
population status ofg. moreletii in northem Belize and to assess expostue and effects of
environmental conlaminants, particularly pesticides, on crocodiles within the study area.
The New River watershed was selected as a reference site and various ecological and
toxicological endpoints are cunently being examined. The purpose ofthis paper is to
present population data generatgd on e. moreletii in the New River watershed and to
discuss futule research dilections corceming exposure and response of crocodiles to
environmental contaminants in northem Belize. Size class distribution for C. moreletii
varied among years and no hatchlings were observed in 1997 and fe9e. Unusualy hllfr
water levels in 1997 may have prcvented females ftom oesting or flooded existing nesls.
A]l overall population sex ratio of 1:3 (females to males) was observed, but the reason
for this male-biased ratio is urlclear. A rotal of 199 crocodiles was observed along
395.25 km (0.50 crocodileslkm) of shoreline during spotlight surveys in 1997 and 1998.
Highest densities were observed duiing drier months, suggesting that qocodiles
disperse inlo flooded woodlands and savannas during wetter pedods. Efforts are
currently rmderway to examine exposure ofe. moreletii to environmental cont2minants
in northern Belize and assess rcsulting effects at both the individual and population
levels.

INTRODUCTION

Morelet's crocodile (Crocodvlus moreletii) is a medium-sized, freshwater
crocodile found in the Atlantic lowlands of Belize. Guatemala- and Mexico
(Croombridge, 1 987)- I! Belize, it is commonly confused with the American crocodile
G, @U$ where the two occur slmpatrically in coastal habitats (Platt and
Thorbjamarson, 1997). Both C. moreletii atd C. acutus are curcndy listed as
endangered under the United States Endangered Species Act and included on Appendix
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I ofthe CITES (Convention on Intematiotral Trade in Endangered Species ofFlora and
Fauna) treaty (Thorbj ama$on, 1992).

Commercial crocodile hunting began in Belize in the late 1930's and 1940's as
the importance of forcst prcducts in the local economy declined (Hope and
Abercrombie, 1986). Subsequent over-harvesting led to the depletion ofboth Q.
moreletii and C. acutus populations (Chamock-Wilson, 1970). Crocodile skins werc
sold to buyers in villages and larger towns, and after progressing through a chain of
middlemeq exported to Europe for processing (Abercrombie et al., 1982; Hope and
Abercrombie, 1986). Unfoftunately, quantitative survey data ftom this period are
lacking and the practice of categorizing both spotted cat and clocodile skins as simply
"hides and skins" in governrnent trade statistics makes it difficult to determine past
levels ofexploitation (Frost, 1974; Abercrombie et a1., 1982; Hope and Abercrombie,
1986). Furthermore, a cbnsidenble number of crocodiles were shot by sport hunters
and memben of the British milit ry garrison, and an unknown nunber of skins were
expoded illegally ( Chamock-Wilson, 1970).

By the 1960's, both Q. moreletii and C. acutus were neady extirpated ftom
Belize (Chamock-Wilson, 1970; Neill, 1971). However, e. moreletii was afforded legal
protection under the Wildlife Protectior Act of 1981 (Marin, 1981) and subsequendy,
substantial population increases have occurred in nor0rcm Belize suggesting recovery
&om past over-exploitation (Platt, 1996). Curently, in the absence of organized
commercial hunting and habitat destuction (MyeN, 1993), there appears to be no
immediate threat to the continued survival Q. Se!919!i in noithem Belize @latt I 996).

Although C. morcletii populations in northem Belize seemingly face no
iimediate tbreats, exposure to environmental contaminants, padicularly pesticides,
may presetrt a subde yet significant long-term threat to populations in celtain ateas.
Although most industrialized counuies impose restrictions on the use and disposal of
pesticides and other toxic substances, regulations goveming the production" distributioq
and use of chemicals in many developing cotmtries are scant or inadequately enforced
(Munay, 1994). Laxge quadities ofchemicals are routinely used in the tropics for
agriculture, mining, crop storage, alld vector control (Incher and Goldstein, 1997) at
comparable or higher rutes thatr those in developed countries (Castillo et al., 1997). In
addition, many compounds bamed in most industrialized countries are cod[nonly used
in topical areas. DDT is readily available in many South Asian countries (Mengech et
a1., 1995) aud is reportedly used for pest cotrtrol in sollle coudries in Centxal Amenca.
ln Central Americ4 no training or certifiaation is required for a person to buy or apply
pesticidcs (Castillo et al., 1997). Over 300 pesticides are curently rcgistered with the
Pesticide Conhol Board for use in Belize (Hagert, 1997). Although aot officially
regisler€d, DDT is still used in homes and businesses for malaria control (Hagert, pers
comm) and illegal use ofDDT and other chemicals for agricultural purposes may also
occur.

we found contaminants, including DDT and/or its breakdow! products, DDE
and DDD, in C. moreletii eggs from three lagoons in northem Belize (Rainwater et al ,
unpubl data). Exposure ofAmerican alligators (Allieator mississiopiensis) to these and
other organochlorine (OC) chemicals in Lake Apopk4 Flodda (Heinz et al.' 1991) is
thought to be at least partly responsible for numeious rcproductive effects including low
egg viability (Guillette et al., 1994; Woodward e1al., 1993), reduced n€onatal survival



(Guillette et al., 1994), altercd steroid hormone levels (Guillette, et al., 1994, 1996) and
gonadal abnornalities (Guillette, et al., 1994,1996). In tum, these effects mav be
responsible for decreasedjuvenile recruitmenr and population declines in the iake
(Jemings et al., 1988; Woodwad et a1.,1993).

In 1996, we began a study to ftrrdrer examine the status and ecology ofe.
moreletii in northem Belize and to assess exposure and effects of eqvironrnental
contaminants on crocodiles within the study area. Cunently, we are aoncentating on
characterizing the contaminant profile ofone ofthe lagoons positive for DDT. Tie
New River watershed was selected as a potential refercnce site and we are in the
process of collecting sediment samples to characterize cootaminant levels in the New
River, New River Lagoon, and associated wetlands. Given the lack ofany substantial
data on past or curent chemical use in these areas, characteiziag chemical prcfiles in
these systems is a slow process. Our long-term plan to assess the level and extent of
contamtrant exposure is to use a combination of techniques, including residue analysis
of sediment and selected rissue samples.

In this paper we report primarily on the results of field eflorts in the New River
watershed ftom Oatober 1996 to April 1998. Numerous biological samples (e.g., blood,
fal eggs) have been collected from crocodiles for chemical residue and biochemical
analyses. The puq,ose ofthis paper is to present population data generated on e.
moreletii in the New River wate$hed and to discuss future research directio$
conceming exposure and response of crocodiles to envirorunental contaminalts in
northem Belize.

STUDY AREA

The New River watershed, consisting ofthe New River, New River Lagoon, and
associated tributaries, is encompassed within the boundaries ofthe Orange Walk and
Corczal Distxicts in northem Belize (Figure 1). This drainage systern extends
approximately 80 km from the headwateN to Corozal Bay, and flous northeast
following faults in the wderlying bedrcck (Ilartshorn * al., 1984). The river flows
through a regiou of litue topographical relief, and nowhere is the elevation grcater than
15 rn above mean sea level (Hartshom et a1., 1984). The mean amual rainfall for this
area is approximately 150 cm, and most occurs during a pronounced wet season
extending ftom June thrcugh November (Johnson, 1983; Hanshom et al., 1984).
Surface drainage within the New River wate$hed is poorly developed, aqd most water
level fluctuations result ftom subsurface recharge (June to November) and depletion
(December to Ma, (Hartshom et al., 1984). Armual water level fluctuation is
approximately 1.0 m (Johnson, 1983), although during some years it may be much
geater (pe$. obs.).

The New fuver study site includes New River Lagoon (17"42N, 88'38'W; ca.
23 km long) and an approximately l8 krn segnent ofthe N€w River extending north
from the New River Lagoou mouth (17'47N, 88"38'W) to the Shipyard boat landing
(17'52N, 88"36'W) (Figure 2). The westem shoreline of New River Lagoon rises 2 to
l0 m above the floodplain alrd contains little wedand habitat. However, extensive
Cladium marshes and seasonally flooded savanna occur along the eastem shoreline.
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Within our study site, a floodplain up to 5 km wide occurs along the New River. In
addition to the main charurel, numerous parallel charnels, creeks, ald oxbows are found
within the floodplain. The vegetation along the New River is chaxacterized by alluvial
swamp forest and Cladium and Phrasnites marshes. Most of the land within the
floodplain is inundated during exceptionally wet years. Dense beds of aquatic
vegetation (Ceratophvllurn, Nymphaea, Utricularia, and Eleocharis) are found in
shallow water in both the lagoon and dvet. The New River and New fuver Lagoon are
presendy not included within the lational system ofprotected areas. However, Zisman
(1996) considers them to be essential elemelts in a proposed network of corridors
linking vadous protected ateas within Belize.

The northwestem shore ofNew fuver Lagoon borders the ancient Maya center
oflamanai, known to have been occupied contiituously for more than 2000 years, the
longest known occupation span ir the Cental Maya Lowlands (Pendergast, 1981).
Although the subject ofsome debate, the name Lamanai is believed to be derived from
the Maya place-lame Lama' anq)in,mea ag "submerged crocodile" (Pendergast,
l98l). I! the mid to late 1970's, recovery ofvessels bearing reptilelike adomments and
more significandy, pottery masks depicting an individual wearing a reptilian head with
an uptumed snout, protmding eyes, and tab-like maxillary teeth strongly reinforced the
eqmology oftle site rLame as Lama' anayin (Pendergast, 1981). Appearance ofthe
crocodile in this cercmonially important mamer suggests that the animal €njoyed an
exalted rcligious status within th€ cosurunity @endergast, 1981). Because no crocodile
remains were included in ofGrings and intemrents recovered during excavations,
Pendergast (1981) speculated that this religious status rtray have dictated protection of
the animal rather than sacrifice or other ritual uses. However, ongoing analysis ofthe
faunal material recovered ftom the site has resulted in the identification ofan increasing
number of crocodilian remains. Although the majority ofthese have been rccovered
from general food refuse accumulations, or middens, sorne may also be fiom rihral
contexts and may represent tie leftovers ofdtually prepared meals or feasts (Norbefi
Starchly, pe$onal communication).

METHODS

Crocodiles were captured at night fiom a motorboat for general sampling and
marking purposes. Captues were made in July (one night), August (one week), and
October (one week) 1996; March through April and June th,rough Octobef, 1997; and
January (one night), March (one night), and April 1998. Animals were located using a
haodheld Q-beam spotlight (250,000 aandlepower) and auxiliary l2-volt headlights to
detect eyeshine rcflections. Smaller qocodiles (total length [TL] < 90 cm) were
captued by hand or dip net, while larger crocodiles (TL > 90 cm) were captued using
selfJocking breakaway snares. All crocodiles captued wele measured and classified
by TL as hatchlings (TL<30.0 cm), yeadings (TL=30.1 to 40.0 cm), juveniles (TL:40.1
to 75.0 cm), subadults (TL=75.1 to 140.0 cm), or adults (TL>140.1 cm) (Platt, 1996).
Sex ofeach crocodile was determined by cloacal exanination ofthe genitalia. Observed
ntios were tested against a null hypothesis of a 1: I sex rctio using Chi-squlre test
(caughley, 1977). Animals for which sex could not be confidently determined werc not



included in amlysis of sex ratios. All animals wete examined for extemal parasites,
injuries, and abnoqnalities. Each oocodile was marked by clipping cuudai 

""ure, 
o,

with a uniquely numbercd cattle tag attached to the fust singlJcaudal scute and then
rcleased at the odginal capture site.

Spotlight surveys were used to estimate crocodile densities (Bayliss, 19g7) and
from mid June to mid October 1997, shorelines and islands within the study site werc
searched for crocodile nests to exa$ine crocodile reproductive ecology. Spotlight
surveys werc conducted from a motorboat propelled along the shoreline, using a
handheld Q-beam spodight (250,000 candlepower) and auxiliary I 2-volt headlights.
Crocodiles were located by noting eyeshine reflections in light beams and classified as
hatcblings, yearlings, juveniles, subadults, or adults as descibed above. Crocodiles that
could not be approached close enough to estimate TL were classified as ,.eyeshiqe
only". Distance traveled'in each survey was calculated with a Magellan Giobal
Positioning System (GPS) 2000 satellite navigator or a cartometer-using ropogaphical
maps obtained ftom the Depaxhtrenl of Lands and Surveys, Belmopa4 Belize.
Crocodile densities were calculated as the number of crocodiles observed per kilometer
of survey route. allowing quantitative comparison with other survey data-

RESULTS and DISCUSSION

Size distribution

A total of144Q. morelaii as captured from July 1996 though Apdl 1998. tn
1996, yearlings constituted the most ftequenfly captured size class (41.1 %) (Figure 3).
Conversely, in 1997 and 1998 morc juveniles, subadults, and adults were captured and
few young animals (4 yearlings, no hatchlings) were found. Seveml large animals were
captured, including a 303.0 cm (TL) male caught in August 1997. This size class
distribution may not be representative ofthe true distribution due to differenaes iII
captue effort among years and habitats. However, no nests were found in the New
River wate$hed in 1997 after approximately 110 hours ofsearch effort over a 14-day
period fton July tbrough August. We speculate that heavy rains and unusually high
water levels may have resulted in inundation of all potential nesting sites or a complete
loss of nests ftom flooding. Some oests may have been overlooked during surveys as
locating nests in New River and New River Lagoon is inherently difficult due to the
expanse ofthe are4 the abundance ofpotential nesting sites, and limited manpower
(one researcher in 1997). Although no flooded nests were found in the study arcE
10002 ofmarked nests (6) at Gold Button Lagoon (appoximately 15 km northwest of
New River Lagoon) were formd submelged. Platt (1996) observed a similar phenomena
in Gold Button Lagoon in I 993 when healy rains resulted in higher than nonnal water
levels and most nests were lost to flooding. Total nest loss from flooding has also been
obsened in {. mississiopiensis (Platt et al., 1 995).
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Sex ratios

Sex was determined fo! I 1 8 e. morcletii captued in the New fuver watershed
ftom July 1996 through Apnl 1998. The overall po-pulation sex ralio \4as l:3 females to
males and significandy difered ftom a I :1 ratio (,f:34.71; p<0.005). The reason for
the male-biased sex ratio is unclear. Platt (1996) observed a similar sex ratio (l:2.2;l
= 9.28, p<0.01) for e. moreletii throughout northem Belize and speculated that because
sex ntios ale highly dependant on inaubation tempemture (Lang and An&ews, 1994), it
is likely that they differ anaually as a result ofvariable nesting conditions. Atthough
sampling bias may account for the observed deviations ftom a I : I sex ratio (N,ftosovsky
and Prcvalch4 1992), live captures can yield a relatively precise estimate ofpopulation
sex rutios in oocodilians (Rootes and Chabreck, 1992).

Population €stimates

A total of 199 Q. moreletii was obsewed along 395.25 kn of survey rcute in the
New River wate$hed (0.50 crocodiles.&m) (Table l) during spotlight surveys. The
majodty of animals seen could not be approached close enough to estimate TL, so we
werc unable to use these data to estimate size class distibution. The highest densities
rccoded werc in the New River Lagoon during March 1997 (1.02 crocodiles,4<rn) ard
Apdl 1998 (1.63 qocodiles/km), while the lowest densities were in the New River
l,agoon during June (0. I 1 crocodiles4@), August (0. 1 3 crocodiles.&m), September
(0.11 crocodiles/km), and October (0.07 crocodiles/km) 1997. Crocodile densities may
vary as water levels fluctuate betweeo dry and wei seaso[s. During the dry months
(February tbrough mid-June), periods of drcught and associated low water levels result
in a concentration olcrocodiles in the New fuver aod New River Lagoon as
surounding wedards become desiccated. Conversely, during the wet montbs (mid-
June thlough November) rising water levels flood adjacent woodlands and savamas and
crocodiles most likely dispeNe into these areas. Crocodile densities in the New River
and New River Lagoon werc lower tlan those previously observed in the New River
mouth (at Corozal Bay) and nearby Four-mile (San Roque) Ingoon (Platt and
Thorbj amano4 1997).

Reproduction

No nests werc found in the New River watershed in 1997. Due to inhercnt
difficulties in locating nests within the study site, it is possible tiat some trests were
overlooked. However, the lack of hatchlings ard yearlings in fall 1997 and early 1998
suggcsts that although nests are difficult to find, few or none were constucted ol
sucaessfirl in 1997. As stated above, rve speculate that unusually high water levels
during the nesting seaso4 particularly at the time ofoviposition (1 July 1 I I days; Platt,
1996), likely inudated most or all nesting sites witiin the study area. High water
levels probably precluded females ftom constructing nests or laying eggs, or flooded
nests constucted prior to healT rainfall. Female crocodilians may not rcproduce every
year and although the reasons for this are unclear, possible mechanisms include
exposure to a sfessor, insufficie[t energy reserves, metabolic stimulation or inhibition
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ofthe endocrine system, behavioral responses, or genetically-determined olulahon
pedods (Ferguson, I 985).

Occurrence of C. 4ggqgg in the New River: watershed

Perkins (1983) repoded C. acutus from the New fuver Lagoon. However, this
was likely due to conirsion with Q. moreletii as only the latter have been found rn
extensive surveys conducted from 1993 to 1998 @latt, 1996; Rainnater et a1., unpubl
data). In Belize, e. acutus appeam restricted to offshore cays (islaods) and atols;.\Mith a
few individuals occurring on the coastal mainland (platt and Thodamarson, 1997).
There is no evidence that e. 4qqlfug occurs in any inland, freshwatet wetlands.

Toxicological investigations of g. moreletii itr the New River water.shed

A major issue in the field ofwildlife and environmental toxicology involves the
potential for envitonmental contaminants to disrupt nomal firnction ofthe endocnne
system, thereby impairing regoduction in exposed species. Numerous endocrine-
disrupting chemicals (EDCs), including pesticides and industrial chemicals. have been
released inm rhe environment during the last 50 years (Colbom er al.- 1993). A primary
concem is the profound and pemanent effect that exposure to these compounds,
particularly during critical periods of development, can have on the future well-being of
wildlife (Colbom et al., 1993). Numerous studies have rcported wildlife exposwe and
rcsponse to envirorunental contaminants, many of which are now recognized as
eadocrine disruptors. Reptiles have largely been ignored in ecotoxicological research,
unlike birds, mamrnals, and fish, which have attracted much attention leadins to
legislation and regulations ofvarious chemicals. However, due to recent stu-dies
demonstrating their sensitivity to EDCS, reptiles are quickly emerging as importad
focal species in wildlife toxicology @ergeron et a1., 1994; Matter et al., 1998).

Much ofthe concem regarding EDCS stems fiom data showing reproductive
impahmeot and population declines ofA. mississippiepsis in Lake Apopk4 Florida.
The gincipal objective ofthe prcsent study in the New River watershed is to examlne
exposure and response ofg morcletii to EDCs in Belize and assess the effect ofthese
chemicals on crocodile populations. In 1995, we found EDCs, includingp,p,-DDE, in
q moreletii eggs from three lagoons in Belize (Rainwater et a1., unpubl data). We are
going to test the h]?othesis that qocodiles inhabiting contaminated lagoons contain
higher EDC concentrations in their tissues than individuals in non-contaminated areas
and that differences in crocodile morphology, blood homone levels, serum chemistry,
reproductive success, population density, and juvenile survival exist betweel
contaminated and rcference sites.

To assess EDC exposure, blood, fat, and non-viable eggs will be collected (non-
lethally) ftom crocodiles at contaminated and refereoce sites for analysis ofplasma
vitellogenin levels (blood) and OC conraminants (fat, eggs). To assess crocodile
response to EDC exposue at the individual level, differences in biochemical (plasma
testosterone, l7B-estradiol, serum chemistry) and moryhological (penis size) endpoints
between contaminated and reference sites will be examined. Crocodile rcsponse to
EDC exposure at the population level will be assessed by examining differences rn
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endpoints of rcproductive success (nesting success, clutch viability) and population
demographics (density, size stuctue, sex rutios, juvenile suwivability) between
contaminated and refercnce sites.

The primary goal ofthese toxicological assessments is to provide infomation on
the linkage between EDC exposure at the individual level and resulting effects at the
population level. Comparison of these data with data on 4. mississippiensis fiom Lake
Apopka will provide a unique opportunity to examine whether Lake Apopka is a worst-
case scenario or if similar reproductive problems and population declioes occur in other
crocodilian species exposed to EDCS. This study will also provide additional insight
into the efficacy ofrcptiles, particularly crocodilians, as sensitive indicators of
erlvironmental contaminalioo and ecosystems potentially at risk. This information will
be especially usefirl fo! ecological risk assessment itr trcpical counaies where reptiles
arc abundant and regulations goveming the use of chemicals, some of them EDCs, are
underdeveloped or inadequately enforced.
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Figure 1- Map of Belize showing the location ofthe New River wate$hed (in box)'
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Figure 2. Map ofthe New River watershed study site.
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Table l. Resul6 ofspotlighr surveys conducred for lvioreler's crocodiles in the New fuver
walershed from July 1996 to Aprii 1998. Dala 6om theNew tuvermoulh (at Corozal Bav) ano
Four-niie (San Roque) Lagoon* are from plan and ThorbJamarson (1997) ard are inctud;d tor
comparison.

l8  J@e I997

?0 Auglst 199?

ll S""ptember I 997

l0 Ocrob€r r997

14 April 1998

24 Aprj] 1991

30 June 1997

12 .l!ly 1997

16 Augu$ 1997

l2 Seprenbcr 1997

II Ocbb.r 1997

8 April l99E

2 July 1996

6 Dcccmb€r 1995

i  Ju lv  1995

5

6

5

?0

9

'7

6

l 0

t 5

I 9

5

45.26

45.26

45.26

43.26

4526

t7.61

t7.67

17.67

'11.67

t7.67

17_67

t7_67

6.0

7.2

7.5

r.02

0 .1  |

0 . t i

0 . 1 I

0.07

t .63

l  l 3

0.

0.23

0.?3

0.30

0. i4

2.5

2.6

0.66

l i 9

60

?71.56

l?3.69

0 . i l

0..19

r99 195 25 0. i0

*Linked lo New fuver b)., a chainel (Data bom Plan and Thorbjamalson, 1997).
**Torals do not include daia from Ne$ fuver moulh and Four-mile Lasoon.
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NILE CROCODILE (Crocodytus niloticns) RESEARCE PROJECT
in the

KRUGER NATIONAL PARK
SOUTE AFRICA

D.G.J. Swanepoel, P/ B.rg X102, Shth@a, Sottth Africa' 1350' sw4'vtie@f8'lia''Et

1. INTRODUCTION
; South Afiica, the K$ger Natioml Park (KNP) is one of the largest sanctuaries for tlrc Nile

J."""O", i"ttiiJ 
"l"tt?soo 

;ttdiuiaudt io ls94' Besides st Lucia in Natal this is tie onlv

"i*in"* 
ou*rj oopulation ofC rt,Joticur in South Afica About 95 o/o ofthe curent

;;;;; Kd;'t acan be found in anv one of the swen major rivers' cr-ossing the Park

io'* l,l"t, to 
"*I 

ottty tlree rivers are perennial, atrd the olifants river is the largest one m

termsofcrocodilenumbers.seeFig'2'Besidestbearrnualaoial}uppopobmusc€nEus'no
o,t er iuru *u, *", *lected in Kruger National on any aspect of the Nle crocodile During

,h" hiooo 
""o,u"' " ",ocodile 

coult is dorc as well. Besides being the first proj€ct ofits kind

;;";i s-;*h 
-i;; 

National Parks (SANPARKS) this project is quite unique in a number

ot aspeqs.

It breaks new ground in our local research prograr4 the study area is in a perennial river with

no large ware;body or mao made structues in the rivet and it includes some unique aspecls

ilH;ii;;;tf ;"r qualities, quantities and the efects of heavv metals from indusrial

nm*m irrto ttt" ;""r. it 
" 

pto;""t ut* io"tudes data ort nesting; looation of nests and the

JrriUi" i"nu"."" of""rtairenvironmental pararneters i.e. slopg distance to and above watet

iwel and clutch size and egg dimensions'

Anodrer unique feature ofthe project is that a stad was made to collect some pathologioal and

toJ"iJa"t"L frtg" uadt indivi;uals An efort was made to collect samples from the size

""f"sfnlJ"" 
t.J;,n" project Besides this data- the largest radio traosmitter fitittrg

operation on crocodiles in South Africa was launched

*h"n t2 ttu*tittot oere fined to large (>3,0m)

individuals. This will supplem@t tlle existing data otr

their movemeds and the time and extent ofthe
movelnent.

STUDY AREA
The studv area covers about 2l km oflhe OLilants

river prior to it entering Moz.obique This represenr

a the npes ofrerrain varying fiom a sbgle cbaoneled

shallow strearn to a multi-channeled fast or siogle deep

slow movitrg stream. Se€ Fig. 1. Beforethe flood in

Februarv I996 the river bed was predominantly an

oDer basalt rock bed with weu established islands in

some parts oftie river. This all changed durbg the

flood, and currently the river is aovered ifl sand banks

ard areas oflsrge silt deposits. The str€m changed to

a wide shallo* charmel and this might have a possible

affect on the movernelts ofcrooodiles The whole
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The total length oftle breeding females was determine using Hutton (1987) and measudng
the print ofthe hhd foot. None ofthe previous yeaxs (1996) nests were used by the females
and or y on rare oc,casioBs was it foutrd that tie previous years site was used. It seeqs as if
the ferlales rcst at differert sites every year. There is only one female otr record tlEt nested in
two consecutive years, and on both occasions she used the same sitg but not the sane negt.
The average breeding size (3,02m) for fenales seems a bit larger than Zimbabwe (Hutton,
1987).

6, POLLUTION
The Olifants liver is one ofthe worst polluted dve.s in the coutry (Theroq Grifisebl &
Pulen Consulting Engineers. 1991), ard cardes a large amount ofiadustrial aflueat
(Se1more, 1994), (Selurore et a1.1994). This pollution carries a large number ofmetals and
this is deposited in the silt layer after every flood (Seymore e/ 4/.1994). In an attempt to shed
light on the decreas€ irr numbers, a series ofanalysis were done on culled crocodiles. Four
individuals from the Olifaits and two iom the Sabi river were arBlised for a wide spectrum of
metals.

The water level in the Olifants river is controlled by a banagejust outside the KNP, and this
vaxiation in water levels can be seen as a form ofpollution. At agreemetrt assur€d a constarfi
minimal flow of0,6 cusec during the dry winter peiod, but wate! can be released on special
request. This results in abnormal high or low water levels durilg tron conespondilg periods.

The project proofed that the low water level is a rcstrictiotr on movemerlt, but this might
influence breeding sites as vr'ell. Dudng the dry poiod, the large pools are shared by a large
oumber ofhippos atrd this naturally results in a deterioration ofwater quality. Studies showed
clear indicatioas that some metals are deposited with silt only to be released during high flow
or floods.

The analysis showed a number ofparasites present in the tlache4 hart, and lungs. The
numbers and degree of infestation was about rcImal but it could contdbute to infections and
poor conditioo. Some oftle pentastomes foutrd was:

Leiperia citcrmolis
Sebekia wedli
Sebeha olavargomsis
Sebeka cesarisi
AWa simpsoni

During May and June 1997 some seve! laxg€ adult individuals were $c€tr to be itr poor health
and cordition. All ofthem died within tiree weeks ofbeing sighted, but oo caroasses could be
recovered for analysis. This lead to a more detailed study but the data catrnot be compared to
anything available. Some more work is needed on this aspect. Swen individuals were
collected, five from the Olifants ard two from the Sabi dve! for detailed analysis.
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Table 3. Liver and Kidne! anallsis of mdals in C' niknicut in the Olifan's rieer'

Note that ctocodilc 6 and 7 were colleded in lhe Sabi fiver' The nunber, sa and

total

LIVER 1(F) -
2,l?trl

2(M) -
2,36m

3(M) -
3,50rn

4 (F ) -
1,48h

5(M) -
4,15rn

6 (M) -
2,L4trl

7(M)-
3,gorn

329 42,3 53.4 44,2 66,4

2972,6 3136J 3465,6 22734 2750,4 ?aoa,5 3041,6

l,tg tt?,5 119,8 t37 3 86,3 97,O

co (ppn) 2.4 2;7

cu (pp'n) 18p L9,5 8.0 AP L?,3

3?t4t 4501,8 LZZA5,6 5031.8 1247,6 2474,\ 3016,2

si (pF) z9 t,6 2.6

& oFn) 3J 2,6 3A 2,4

zn (rpn) 7t,a 69.6 649 569

x (ppi) 603,2 1353,3 296t 430,5 544,6 579,3 5249

No (pp'n) 963 199,8 ?r9,a 165,3 tal 252,6

3 (r'4) -
3,50m

4(F) -
l,48|rr

5 (M) -
4,15m

6(M) -
2}4m

7(M) -
3,90h

Ca 73,8 494 90,4 65,5

$57,2 2118.9 1961,8 na59 ?0E13

38,1 103,4 69,3

co (pFn)

6, (pp,n) t.7 4p

F" (PF) 764 101,1 94,6 57,Z

Itn (pptn) 1,8 3,2
sG (pFn) 2,7 2F

z. (ppn) 407 5A,2 7l, l 45,6

x (PF) 98F 81,1 zoaS 190p

tlo (ppn) 144.5 1t4,5 248.4 275,l

Table 4. Data on lhe blood of rte LUe clocodile in the and Sabi rieers.
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Table 5. Analysis and Sabi crocodiles

(M) - 2,36.r
3 (M) - 3.50h

6 (M) - 2.14h

2 (i4) - 2,36h
3 (A ) -3 ,50h 172.55

)  -  4,15n

! (n - 2,L2tn

5 (M) - 4,15rn
6 (M, - 2,r4rn

6 (M) - 2,14n

BD = Below
O.001ug,/g
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Table 6. Blood C. nilaticlls in the ad Sabi tivers.
BLOOD CHEMISfRY
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wo.kshop Report.
World Trade in Crocodilian skins. current events and trends.

J. P. Ross
Executive ofiioer CSG

A workshop was convened at the 14'Working Meeting ofthe Crocodile Specialist
croup in Singaporc on 15 July 19988. The workshop was moderated by Mr. Kevin wq
Jaarsveldt (Zimbabwe) CSG Vice Chairman for Trade, and rec.eived reports and
discussion from a panel, followed by genelal discussion oftrade issues. The panel
consisted ofMr. C.H. Koh (Singapore), Mr. Y. Takchara (Japan), Mr. D. Ashley (USA),
Dr. J. P. Ross (CSG), Mr. L. Roiter (Colombia), Mr. Paul Stobbs (Papua New Guinea)
and Mr. C. H. Giam ( Singapore). Additional substantial comment and information was
received from IUr. H. Kelly (South A&ica), Mr. Alvaro Velasco (Venezuela), Mr. Hank
Jenkins (Australia), Ms. Vickii Simelesa (Australia), I\4r. GeofMcclure (Australia) as
lrvell as the general audience.

Individual w'ittell reports and comments from tr4r. Koh, Mr. Takehara, Dr. Ross and Ms.
Simelesa are published following in this volume. A general summary of important points
and is$res nised in the disossion are summarized here.

Kevin van Jasrsveldt opened the discussion by noting the increasing transparenay oftrade
and suggested that the fee flow of information about tlade and the organization oftrade
was an important c.mponent for continued stability ofthe intemational trade in
crocodilian skins. Maintaining this trade on a legal, sustainable basis and linking it to
conservation of wild crocodilians was the major emphasis ofthe CSG.

Following the presentation ofpanelists, gercral discussion identified the following
points:

N{arket lrends. There has been a shift in demand fiom primary emphasis on high value
classic skin products to a mix of classics and lower value caiman skin products. There is
an increasing emphasis on quality ofconsumer producls and this is reflected back down
the chain oftrade to the producers. Quality ofskin at productioo has become ofprimary
importance and has drastic effects on pdce and demand for raw skins.

The current economic dow[tum in Asia is causing Asian products to seek new markets in
Europe and USA (rwersirg the traditional flow oflinished produas). Asian
manufacturers are also reducing use ofalligator but this is beiDg balanced to some €xtent
by the use of alligato. skin in the US and Mexican cowboy boot market. The boot market
is estimated to be able to absorb approximately 40,000 classic skins and 60,000 caiman
skins annually.

Market prospecls. Consumer demand is expected to retum with the swing ofthe business
cycle in a couple ofyears, but in the meantime, less efficient opefaton in both production
and manufacturing rnay leave the industry. If caiman skin demand rcmains high with the



relatively fixed legal productior\ pdce should inqease which may swing interest back to
classic skins. The weakness of Asian currencies is giving a competative edge to Euope
and USA. The potential ofa huge domestic market in Chin4 particularly for lower cost
caimari productq was rcted with interest. The degrce to which China satisfies its demand
fiom domestically produced captive bred products will be an important facto!.

Tlade data. Presentations fiom Don Ashley and Perran Ross highlighted the deficiencies
ofavailable trade information. It is now well recognized that information derived fiom
CITES couitry annual relrorts is usually late and inacorate. Several areas ofdiscrepancv
between published reports and actual produclion figures were explained dudng the
discussion. In Australia the very large discrepancy between reported produclion and
CITES export figures may be due to the widespread use ofpersonal effects exemption
certificates for exported tourist items. Leon Roiter pointed out that Colombia actually
expons around 300,000 - 400,000 caiman skins annually but that repons to CITES
include aumbers of skins on permits applied for but trot used. He f.rrther reported that
new Colombian regulations require 60% ofexported skins to be processed to crust and
that tiis percentage will rise to 8flo by the year 2000. M$eporting ofexport data in
CITES reports remains a problem for example both USA and Zimbabwe report the great
majority ofth€ir exports as 'Captive bred' when in fact most ofthese are .ranched'.
Some concem was expressed that the current demand for caimal skins of a larger size
suitable for bag manufacture would create increased pressure for the illegal harvesting of
larger wild animals. Alvaro Velasco pointed out that most of Verczuela's legaL
produclion was such large size wild skins, although recent production was reduced to
around 15,000 skins annually due to low market demand.

Impediments to trade. In discussion several facto$ which exacerbate the curent low
demand for arocodile producls were mentioned. The stricter domestic measurcs adopted
by many CITES padies inhibit the free transport ofperso@l effects and toudst items.
This is made more acute by inaccurate publicity promoted by some misguided
conservation groups, particularly in the form ofairpolt displays discounging purchase of
ardmal produc,ts. Don Ashley reported on the succ€ssful negotiations with WWI-UK,
HM Customs {lK and the Heathow Airport Autiority for the removal of inaccurate
matedals there. However, similar displays remain in place in many other places.
A general sediment against aoimal use, and widespread promotional campaigns against
wildlife purchase are perceived to effect demand for crocodiliaa products, although
objective confirmation is lacking.

A widespread discussion ensued on what role the CSG should take in rwersins these
trends. Ideas put fo.ward included endorsement of products or programs, pubiic relations
development, independent funding for crocodilian conservation, influencing development
ofCITES policy and resolutions, active advocacy ofsustainable use, preparation of
educational materials and documentaries and the development of partnership s with both
private sector and intemational donor groups. From the ideas and empbases expressed in
the meeting a general consensus ofthe meeting was reached that CSG should investigate
in depth how it might intervene to ensure that the conservation positive effects of
sustainable production and legal bade are cornmunicated to the itdustry the public and
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consumers. Following this discussion a task force under the guidance of CSG Deputy
Chairman Dietrich Jelden was established to examine this issue and rctum to the CSG
Steering Committee with recommendations for aclion.

In summarizing the workshop Kevin van Jaarsveldt noted that to meet his appeal for a
transparent market, there was a need for accuate and timely tade informatio4
particularly on production levels. He suggested that CSG was uniquely positioned with
its extensive contacts ad high gedibility to obtain such info.mation directly from
national management agencies and producer groups and distdbute it fairly and freely.
The continuing need for CSG to carefully balanc€ its interest in conservatiol and trade to
erNure that botl constituenaies continue to be served. Addressing the needs for a CSG
role in trade promotior! disrribution ofaccurate trade data and finding a solution within
CITES for the personal exemption problem provided guidance for CSG aclivities in the
trade sphere for the immediate future.
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r4TE CSG WORKING MEETING
JIILY 98 - SINGAPORE
PR.ESENTATION ON TRADE - ASIA RDPORT

C. H. Koh, Henglong Leatler Co. 50 Detu Lane 7, Singapore.

I[troductioD

1I:**1J t"T ? **ks on July 2 1997 that the Asian Financial Crisis besan when
.r,1u""T9 19)p ,! cufr_eocy, the baht to float freely in the financiat markJ ancl itprungeo oy I )7.o esatnst the greeDback v/ithin a few hours. This led to a loss irlcoD.lldeDce rD tte economies ofAsian countries and speculators began to tum theirattetrlioq to Asia. On I4_Augusr 97. the hdonesian rupiah was alfJ*"aio n"ut _Asrnce.Ben |l nas.cnshed though maly floors briDgiDg with it one presidenl esharedover 1,000 people dead and 5,000 buitdbgs bu-, tLrgl ,n" 

"*,i"* 
*fiiJturmoil- Malaysia abandoned the defence of its .or.-"i, ,f," ,inggla,-ii ;o;t

l*yre 9.e" sog*. On Ocrober l, rhe phitippine peso rai t 
'i"Jrral.rir]o"

ucroDer ll. ItoDg lfuog had to raise ovemight intercst rates to leady 300 percenr rooereDo rts cturency--- s peg against the US dollar. On November lZ, the l(oreao wonoroppeq Delow l,U0t to the US dollar. On November 22, yamaichi Securities-
Japar' s_fourth largesr securities compa.qy, collapsed Little S-ga;;;;;il., 

"not.spared.- its clrreocy pluDging fiom t.4 ro i .8 igainst tfre USfri.itt tufrnost :o"zlpenod of6 motrtbs.

This is the grim economic situation itr Asia and it has substattial dircct iDQDacl on theqocodilian industy_ One year after, *rc are still suife.ing nom Ois Gan fiu 
-

The topic on Asian trade is very extensiye and this paper will cover the followiag
areas of iaterests:

i Factors Affecting Demand & Supply in Asia
i Market TreDds in Asia
t Future Prospects in Asia

FACTORS AIFECTING ST,?PLY & DEMAI\,D IN ASIA

The foliowing factors have significant effects on the supply atrd demand of
crocoslan skurs and Foducts in Asia over tbe past I to 2 years.

l. Japatrese f,conomic Slowdonr

Japan remaiDs the most iEporta[t consuing county of crocodile aad allimror
leatn€r products ln Asia_ The continuiag economic slowdonm even before ihe
Asian financial crisis has adversely atrected rhe purchasrng po*er of tfr" Jup.""r"
cons]lmels. We have seen prices of crocodile skins and prod-uct declinine sincs
1996. In Asian cities such as Singapore aod itoog Xong, retaiters ;i**?lltn*
producls calenng to Japanese tourists have experienced a substantial drop in sales
as a rcsult ofthis coutinuing economic slowdown-
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2. Forest Fires iD lrdotresia

Forest files itr Sumatra and Kalimartan, stan€d by hurnan beings clearing land for
agricultue but blamed on El Nino, caused the much publicised haze in the skies
across Southeast Asia for the most part of last year al polldion levels sornetimes
dangerous to health- This resulted in substantial loss in tourism in this part ofthe
world. The finarcial damage to lie rcgioD was estimated to b€ around US$7
bitlioD, a large part ofwhich was attributed to the loss ftom tourists revenue. In
Singapore, some retailers of exotic leatler products expedenced sudden drop in
sales of50 to 60% irDmediately following the haze. This year, thanks to the good
rainfall, a similar disaster has been avoided.

3. Arian Financial Crisis

Following the start ofthe haze, Southeast Asia initially and the rcst ofAsia
subsequendy, werc hit by anoth€r disaster, the financial crisis. The adv€rse efects
are far-reaching for our iadusFy and it will take the rcgion rnany ye3rs before it
starts to rocover. Refer to App€trdix I which shows the efect ofthe crisis on the
Asian stock market as an indication ofthe severitv ofthe cdsis oB the Dockets of
the corsumers.

Prior to this crisis happening, the qoc-odile industry has developed s€veral niche
markets with pot€ntial for firture growth:

One market is Kor€a. The Koraaos have been inseasing drc coNumption of
producs such as handbags, and other small leather goods made Aom caimaa
fiscus. The number of tamed caiman fuscus skils exported to South Korea $
€stimated to be apprcximately 60,000 to 80,000 per annum for 1995/1996.
Most ofthese were manufactured into products in Korea and consumed
domestically. Additionally, Korean tourists were also big consumers of
crocodilian products in other Asian countries such as Thailand and Singapore.
The financial squeoze on the Koreans following the crisis has rcsulted in a
substantial drop ofKoreans tourists tavelling abroad and a reduction in tie
shopping budgets ofthose who travels. The exotic leather products industry in
Korea is now refocused to produc€ handbags, shoes and other small leather
goods for export to other courties like Japan and USA

A.nother niche market is w€althy non-Japanese Asians like Taivanesq Hong
Kongers and Iodonesians spending money on fashiotr products including
qocodile handbags and leather goods especially when they go on shopping
holidays overse3s. For example, many wealthy hdonesiaDs come to Sitrgapore
for larious puposes - visit their chil&en wlro ar€ being educated here,
medical checkups or simply shopping. It was very common that whilst here,
they would spend money buying branded fashion goods and crocodile skins
products ar€ one oftheir favourites. Their favourite qocodile handbag must be
big, glossy and with expensive metal fittings- Not otrly did they buy for
themselves, they would buy gifts for relatives and Aiends back home. The
fioancial and political problems have to a large extent killed this emerging
niche market
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4. W€akening Exchange Rrtes

One result ofthe Asian economic ctisis is the depreciation ofall Asian currencies
(eglinst the US$ and Europeans currencies in general) other ll|qn the Hong Kong
dollar and the Chinese reminbi or yuan which are pegged to 6e US$. Refq to
Appendix 2 for an analysis ofthe comparative exchange rates ofAsian currencies
over a period ofone year.

Almost all dealiags in raw crocodile and alligator skills are canied out in US
dollars. The depreciation ofthe Asian curencies has 2 major impacts:

n It mates qocodilian products more €xpensive and therefore less afordable;

i It makes goods produced in Asia more price competitive in other perts ofthe
wodd. Today oue would find Korean made qocodile or ostrich leafter shoes
exported to USA and more American and Europ€an toudsts buying crocodit€
leather products in Hong Kong/Singapore.

Hoog Kong, which has maintained the value ofits currency 'g'i'rst the US dollars
has suffered an oconomic slowdown and substadial loss in toudsts revetue as it
becomes a comparatively much more expensive placa to visit Jt $/as rcported that
the Japenese tourisb arrival in Hong Kong during the worse period ofthe crisis
&opped by as much as 70%. One of the priacipal reasons for this drop is th€
strength ofthe HK dollar. Hong Kong also had been very usfortunate to be s&uck
by the bird flu and the red tide recendy. Prior to the Asian financial crisiq there
was a growing retailing ftdustry for exotic leather Uoduc{s carering to the rich
Hong Kongers and foreigtr tourists. Most ofthe retailers have cut back their
operation or refocused thei business towards maoufacludng for te-€xpo.t.

Volafilityofexchangerates ofproducingatrdconsumingcounties' curoqcies
against the US dollars has become an important Acbr in pricing ofmaterials.

5. Declinitrg Ostrich Istber Prices

Up to 1993, the ostich firming and leather "nning industy in the world eisted
maiDly in South A.frica in tle Kloin Karoo rcgio! as a monopoly controlled by the
Klein Karoo Coop *{rose members are the sweral thousand frrmen- All activities
reLated to the osbich industsy in South A.frica were regulated by laws designed to
preserve this monopoly. The Coop maintains a network ofappointed agents
worldwide tbrough r&om os&ich leather are marketed to the world. The
monopoly resulted iD high prices ofleafher and much inefrciencies in the
industry. The ostrich indusay in South A.frica *as deregulated in 1993. This
resulted in an immediate proliferation ofostich production in South Africa and
other neighbouring counties (Zimbabwe, Namibia) Live birds were exported
from Aftica to non-indigeDous countries * USA Austr-ali4 China,Israel and wen
Indonesia. The new playeE to the hdusty sincr deregulation were attracted by
the high retums enjoyed by the industy wlren prices of leather were set at
artificially high levels by the monopoly. Like all &ee markets, the resulting
ovenupply eventually hits the market r€sulting in declining prices of l€ather in the
last 2 to 3 years. 
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Ostrich and crocodile leather exists in the same matket in Asia as substitutes or
compliments - thsy arc both used primarily for bandbags and-other fashion
products. The industry peopla in Asia involved in the crocodilian leather and

;roducts are also the same people handling ostrich learher and products ThJ
4ss1;ii'g ostrich leather pdces over the last 2 to 3 years has rcsulted in hi-..gher
level ofactivities for ostrich leather industy at the expense ofthe qocodile

leather irdusay. Pric€s for ostrich leather bas &opp€d by approximately 50%
ftom US$40 to Us$20 per sq. ft. during tlis period and is sill dropping'
Consumption of ostrich leather bas incrEased substantially. This is one ofthe
contributing hctors causing the drop in demand arld tlErefoE price for crocodile
skins dudng this period.

6. Abtrormal Ilcrease in Nurnber of Crocodile Skfus Catering to Asia

PNG - El Nino

PapuaNew Guinea' s prcduction of Porosus andNovaeguinea€ i5 normally about

25,000 to 30,000 skiDs pet annum. Last year the couotry experienced a.severe.

drought caused by El Nino. This made it much easier to harvest crocodrle as nvels

and iaterways dried up, Export of crocodile skim inqeased substantially as a

result - estimatod to b€ between 40,000 to 50,000 skins. This incr€ase bas a

noticeable adverse efect on prices itr the Asian markets.

Liftirg of Morstorium on Export by Indonesia

Indonesia impos€d a moratorium on export ofcrocodile skins in 1994 prior to tI€

9s CnES co'Dferenc€ in Fort Laudeidale. The moratorium vras ofEcially lifted in

the middle of 1997. The liftiDg ofthe moratoriun has inqeasod immediate supply

to the Asian Darkot. Indonesi; has a potential to supply about 15,000 to 20,000

skins Dar aDnum. These are mainly Noraeguineae and some Porosus'

MARKE'T TRENDS IN ASIA

1. Shift towards Lower Yalue Erotic Leather Products

Over the last 2 years, wc bave seen a shift in demand by corsumersAom high

value to lower value products because ofaffordability. Demand for Porosus,

Novaeguioeae, Nile crocodile atrd alligator skitrs in Asia has become very

sluggish. Demand for caiman fuscus skins of haDdbag sizes has urcreas€c
noticeably especially in the last 12 montbs.

2. Gr€ater EBphasis on QualitY

Because ofthc difficult matlct colditions, coisrmers have begome very

disceming on quality and this filters downwards to rctailels, distribdors'

maoufactite.s, ta""in and finally farmen. Gradings of raw skiDs' finished leather

and final Foducts have become very tough. In the curent markot conditions,
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3.

those farmels, tar]rlets and product manufacturers who are ulable to make
improvements and adjustnents to meet tlrc stringed requireflents are likoly to be
pushed out ofbusiness.

Asia Manufacturirg for Other lvlarlets

Up to reaendy, most of Asia' s production of finisbed leatherand products were
consumed io Asia- The ercsion ofthe oa*et in Asia for crocodilian skitrs aud
products due to the economic situatio[ has qeated a situation in &&ich ta@ers
and maDufacturerc have to find new markets to survive. Increasingly, crocodiliao
lcather tanned in Asia aDd products made in Asia are finding their market in
America and Europe. For example, one can find aligator skins Aom US farns
exported to and tatltred in Asi4 then re-e4orted to Europe foi manufictue of
products such as watch sFaps, shoes, b€lts etc in Europe and fiully exportgd to
the USA for consurirption.

I)ecline itr Consumption of Alligator Skins

The last 3 yea$ has seen a drunatic increase in consumption ofalligator aod
qocodile leather and prcducts in USA Ofparticular importac€ is the vr'estertr
wear or co*toy fashioL I would estimate tbat tog€ther USA aDd Mexico
colsume about 30,000 to 40,000 alligator skins and abod 60,000 caiman skins a
year for the westem fsshion industry. One positive sidc effect ofthe grorad ofthe
US narket on Asia is that it reduc€s the supply ofmany alligtor skins to Asia at a
time when there is an ovenupply ofoocodile skiru coming here fiom othor parts
ofthe world. Without the American market as it is today, the oversuppty of
crocodilian skins ofbandbag sizes in Asia would bave been worse.

PROSPECTS IN ASIA

Despite the curent problems faced by the crocoditiatr industry itr Asi4 I believe the
Asianconsumers'demandforcrocodilianleatherproductswillrcmaininthelong
term. However in my vieq it will take at least 2 years for the ma*et to recover. In
the prccess, the situatioa is likely to get wone before it gets better- The low pdces and
poor market conditioDs will forced some ofthe less efficignt farmels, taDners, product
nanufactuers and retailers gut ofbusitress. Unfortunatelv tbis is the crueltv ofthe
free market.

The increase in demand for caimal firscus skiu both in thg Asian mark€t as it shiffs
to lower value products and in USA,Moxico for the westem frshion industry is likely
to gradually push the price for caiman skins up. The combination ofthis price
increase for caiman fuscus and the price reduction for classic crocodiles in Asia witl
eventually see more demand retuming to classic crocodilian goducts.

The weak culrencies in Asia has made the region much more competitive in the world
market. We are likely to see an inc.ease in supply offinished leather or products Aom
Asia being exported to USA and Euope.
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The single most im!,ortant fictor which will bring the indusay back to life will be the
recovery ofthe Japanese economy. To this extent, we all hope tbat the rcw Japanese
economic stimulus package and chaage in government will bdng coDfidence back to
its financial msrket and economy.

In the longer tem, there lies a potentially huge domestic market in China- Atready we
are experiencing tourists from maidand China buying small leatllel products made
ftom caiman fiEcus in various Asian cities. This will no doubt lead to the
development ofthe domestic market in ChiDa eventually_ Until such tin9' we all still
have to preserver and work our way out ofthe current di.fficulties.
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The Crocodilian Skin Ma*et h Japan
Summary ofcomments made at the Trade $r'orkshop, 14'Working Meeting ofthe CSG,

Singapore, 15 July 1998, Singapore.

Yoichi Takehara
Horiuchi Tradins Co.
IA Building, 3'd Floor
Misuji 1-2-5, Taito-ku

Tokyo, Japan

The exotic lesthers and leather goods market in Japan has been primarily dependent upon
the demand for ladies handbags, which have constituted about 80oZ ofdemand during the
last 25 years. The size ofthis market in Japan carlbe estimated from tie impons ofskins
into Japan which are estimated in Tables I and 2.

Table l. Estimates of skins and Ieathe6 imported into Japan. Estimates are approximate
to the nearest thousand. Skins arc also expressed as the equivaled handbags they
represent.

Table 2. Impods of finished handbags into Japar. Eslimates are approximate to the
nearest thousand. I{andbags are also expressed as the equivalent skins they reprcsent.

Note that in November 1993, Ostrich industries in South Afica were de-regulated and
the previous South African monopoly on production ended, increasing supply and
reducing price.

From this we conclude that demand in te.ms offinished handbags (all skins) sold is
curently over 300,000/year and has almost doubled since the 1980's. The distibution of
this demand among the available skins varies and depends partly on supply and price as
well as on changing fashion dictates. While the total number ofbags sold and skills used

Classic Croc Ostrich Caiman
Skins (=bags) skins (=baes) skins (=bass)

1980:s 75.000 (45.000) 40.000 (50.000) 200.000
91-95 60,000 (30,000) 45-80,000 (60-

150.000)
100,000 (50,000)

96-97 60.000 (30.000) 115.000 (200.000) 80.000 (40.000)

Classic Croc Ostdch Caiman
pcs (=skins) pcs (=skins) pcs (=skins)

1980:s 40.000 (60.000) 3 0.000 (25.000) 30.000 60.000
91-95 25-000 (40.000) 40.000 (25.000) 5.000 fl0.000)
96-97 10.000 (r5.000)50,000 (30.000) 20.000 (40.000)
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has increased, the number ofclassic crocodile bags sold has decreased, both in absolute
numbers and in terms of market share.

In 1981 Japan Reptile Skins Association adopted I product tag program with goal of
promoting positive public relations for natural leather products, including crocodilians.
The tag, attached to finished produc.ts, informs the consumer ofthese major points:

l) The product is genuine leather.
2) The product is a legal commodity
3) The producl is made in Japan (important for Japanese consumers).

Starting in 1993, with th€ assistance of CSG and the CITES Secretariat, an additional
message was added to the tags:

4) The product is produced sustainably and contributes to conseNation.

Tags are accompanied by a leaflet and attached to larger products, primadly (98-99%) to
hadbags. Distribution oftags is shown in table 3.

Table 3. Numbers ofJRA producl tags distributed on ffdished products.

Table 4. Distribution oftags among different skins. Estimates approximate nearest
thousand.

Coverage ofproducl lags on finished products curently is around 900lo. The changing
market shaxe ofclassic crocodile handbaes is also indicated in table 4.

Conclusions. The crocodile leather market is greatly influenced by the competing ostdch
leather. When ostrich producers increase supplies to the market by offedng aheaper
prices, crocodile has to either follow or stop business.

Pieces taesed Total bass made Yoc}verAge
1982 120,000 240.000 50%
1989 160.000 240.000 6so/o
1993-94 200.000 250.000 80%
1997 300.000 310.000 9jyo

Total Classic croc Ostrich Caiman and
other

1980's 240.000 20% 20yo 6OYo
1993-94 250.000 15yo 40vo 45Yo
r997 300.000+ t0% 65% 25%



RE?oRT oN cRocoDtr-IAN TRADE FRoM LATn.{ AI&RICA

James Peran Ross
Florida Museum of Natural History
Box I17800 University ofFlodda

Gainesville FL 32601 USA

Paper presented at the l4s Working Meeting ofthe Crocodile Specialist Group,
Singaporc 14-17 July 1998

l. Caiman Trade.

Available statistics on exports ofcaiman skins fiom Latin America we.e aollected fiom
recent Intematioml Alligator and Crocodile Trade Study (ACTS) reports (ColliN and
Luxmoorc 1996) and information prese ed in the CSG Newsletter (Collins 1998, Collins
1996, Collins 1995). Data are available from 1983to 1996. These data are all provided
by World Conservation Monitoring Center (WCMC) under contract to the CITES
Secretariat. The information is extracted from annual reports submitted by Parties
(-countries) to CITES, compiled into a data base and annual and county estimates of
world trade generated. The data combine infotmaijon on Cqimon crocodilus crocodilus,
C.cfusats. C.c, chiqasius ard C.c. yacarc (= Caimon yscqre) without differentiating the
subspecies, although some inference about probable taxon can be derived from the
^^ , , -+^ ,  ^ f^ ; - i -

The caiman export figures are given by year and country in table 1. At the height of
caiman pioduction fiom Latin America in the 1960's and 1970's trade was said to have
reached 7-8 million skins a year although firm data are lacking. In the earlier yea$ of
CITES record keeping 1983- 1988 produdion approached 1.5 million reported skinVyr
and the majority ofthese were fiom Paraguat aod Bolivia. Repolted caiman exports
declined to a low level ofaround 300,000 skinV].r in 1989-91 reflecting vigorous efforts
to bring the major exporten into compliance with CITES. Production has steadily
recovered since 1990 to cunent 1995-1996 reported exports of700,000 - 900,000
annually with the great majority ofthese skins exported from Colombia. Other major
producers are Venezuela with minor but sigoificant produclion continuing ftom Hondu.as
and Ncalagua. There has therefore been a shift in production fiom the southern cone
countries oflargely C c/dcare to nofihern South America and Central America C.c
cr oc odi lu s/fu s cu s S igur e 7 a.).

Allegations are sometimes made (usually by classic skin producers) that the caiman trade
cannot be profitable and that it has already overfilled its market capacity and cannot
sustain its growth. Continuing expansion ofproduaion and the apparently effortless
absorbtion by the market ofthe increased productior suggests that such allegations are ill
founded. In fact the caiman tade provides a very valuable 'middle-lower value' product
that may be complementary to the classia trade, and to a degree actually promote and
support it. Frcm a conservation perspective, conservation of caimans is equally as
valuable as conservation ofcrocodiles and the application of zustainable use mechanisms
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Figue 1. Produclion of Caiman skins estimated from expods reported to CITES;
a. Total. b. Certral Amelica.



to do so is an integal part ofthe CSG st ategy (Ross & Godshalk 1997). It seems likely
the tlade in caiman skins will continue to grow- perhaps back toward its historic level of
7-8 million skins a year.

Colombia oontinues to dominate productioq achieving a reported exports ofover
800,000 skins in 1995. Corcem contirues to be expressed about the real production
capacity ofcaptive breeding in Colombia despite the careful examination by a CITES
team in 1993 which concluded that the observed production was well within the
theoretical capacity ofthe facilities examined (Jenkins et al. 1994). A factor which may
explain the high leve1 ofexports in 1995 is the failue and dissolution ofa number of
Colombian farms which may have liquidated their breeding stock as they closed. The
observation of numbers oflarge skins in shipments to Europe at that time (J. Lefkowictz,
J. P. Ie Duc pers comms.) supports this explaration. The estimates may also include
signilicant exports oflive juvenile caimans for the pet tnde.

Examination ofthe export statistics indicates some anomalies that are at \.ariance with
geogaphy and the distribution ofcrocodilian habitat and populations. Knowlegeable
sources in Colombia indicate that actual prcduction is closer to 400,000-500,000 skinvyr.
The higher ffgures reflected in CITES teports rnay be due to the fact that Colombian
repofs to CITES are based on the numbers ofexport perrnits applied for. It is suggested
that a propofiion oftlEse are not used and the actual numbers produced and exported are
tierefore consistently overestimated. Why Colombia reports permit applications ruther
than actual expofis remains unexplained. The well documented (Mourao et al. 1996)
wild harvest ofCarrnan crocodilus yacare from the Brazilian Pantanal is nowhere
reflected in thg export data and two Central American countries with relatively little
caiman habitat showed significant exports between 1984 and 1986 (Guatemala and El
Salvador, Figure 1b) which presumably reflects skins tlansferred fiom other countries.
The recent export of 6,000 skins fiom Honduras is also at variance with the published
information on caiman populations and the stated govemment policy on exports ftom that
country. Exchange of skins between countdgs, sometimes without adequate
documentatio4 remains a confusing factor in analyzing production levels and trends ftom
tade data.

2. Accuracv ofTrade data.

These anomalies led me to investigate the accuracy ofthe information available from the
CITES party annual reports through WCMC. The problems with the CITES data base
are well known ard straightforwardly explained by WCMC reports. CITES annual
reports arc often late or not submitted at all and the, urits used are variable (e.g. expods
are variably reported as 'skins'. 'flanks', 'kilograms' and 'square meterc'). The labeling
ofoocodilian skins by source (wild, captive bred or ranched) is very inconsistent, and
oftell inaccurate, evelr in countries with sophisticated reporting methods such as USA and
Zimbabwe. In cases where export rcports are not availablg the report compilers calculate
exports by summing known imports that indicate a given country as the country of origin
of skins. In some cases information has to be adjusted for krcwn or suspected enors and
distortions 
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Figure 2. Net ditrelence between repoded Produaion (Harvest) and Repoded Expofis
showing the cumulative difference and apparent o{cess ofskins reported exported
(CITES data) see text for data sources.
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To test tlle acoracy ofthe reported information I compiled statistics on actual raw
produclion ofcrocodilian skins from a few countlies where it is available- Venezuela
(Velasco and Thorbjarnarson 1998), USA (Joanen et al. 1997, David et al. 1996, Elsey
pers. comm., David pers. comm. ) and Austlalia (Webb et al. 1994) and compared these
to report€d export figures. I would not gxpect export figures to match produdion figures
for a given year, except peftaps ir the most approximate fashion. Skins produced in one
year may be sold in following years, stocleiled or used intemally. However, over time,
produclion and exports should be approximately in balance. To test this I summed
produclion artd exports for each year and all previous years and calculated the difference
betweer these net production and net export estimates. I would predict that the
diference between production and expott would fluctuat€ up and down, or possibly show
a small deffcit of exports over time, reflecting i'rtemal use of skins that are not exported.
Much to my surprise, the data fo. each country showed a steady accumulation ofan
excess of exports over skins produced. The acc'umulated excess amounted to between
8% (USA alligator) and 34yo Nenez'rela caiman) to 4l% (Aushalian C polonls) oftotal
production (Figure 2.). The CITESAffCMC trade statistics thereforc appear to
overestimate production within a country although they may possibly reflect total trade.

How car a country's repoted expofs exceed total production ofcrocodile skins? Therc
are four possibilities.

1. Errors, mis-reporting and poor records in both produclion estimates and CITES
export repofis. It is unclear why such errors would be so consistently in the
direction ofan ocess ofexports.

2. Introdudion of illegal skins into trade within the country of export. E.g. illegal wild
skins claimed as farmed and issued false documents and tags.

3. Introduclion ofillegal skins into trade Aom other sourcas which deceptively claim to
be from the country. E. g. illegal skirls from country X presented with false
documents and tags indicating ftom country Y

4. Double (Multiple?) reporting ofre-exported legal skins. E.g. Skins from
Venezuela exported to USA re-exported to ltaly reported on Italian reports as
"origifl Venezuela.. " with legal documents and VZ tags and therefore counted fwice
in CITES reports as exported Aom Venezuela.

To further investigate this anomaly I compared estimates of skins expoded generated by
one country (Venezuela) with those generated by WCMC from CITES reports. This
indicates the scarcely surprising result that the export figures published by Venezuela
match their production figues quite well with a net difference after 14 years ofonly
3,350 skins or less than 0.4olo oftotal production. Figure 3 shows the relationship of
CITES and Venezuelan expod data indicating that the discrepancy is not due to a single
orjust a few years but due to a consistent over eslimate ofexports in most years. Ifthis
were due to illegal trade (2 and 3 above) then we would expect that there would be some
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Figure 3. Comparison of twvest data for Caiman crocodilus, Venea)ela national
statistics and the exports derived Aom CITES repons indicating con"i.t*t o"e"" of
estimated exports above the known harvest.
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recognition somewhere in the world ofin excess of I million alligator, porosus and
caiman skins circulating wilh false tags and permits. we need to recall that these skins
are not in the 'hidden' illegal trade occurring without inspectior! permits or tags, but is
trade which is conducted quite openly and with apparently correcl documents and tags,
ard coming to the altention ofCITES authorities who report it to the CITES Secretariat.

In tlle case ofthe Australian discrepancy, one postulated causg is that Australia uses a
system of special CITES permits for personal effects lvhich are issued directly by retail
vendors to tourists who puchase ard export small products such as belts ard wallets. As
in the Colombian case, a failure ofthe Management Authority to correctly reconcile
permits issued with whole skins produced and exported may be a pimary cause of
overestimates in the CITES data"

It seems probable that a large part ofthe discrepancy is due to factor 4. Multiple
reporting the same skins due to poor lecording ofactual routes and origins, although the
possibility that error and illegal trade contdbutes to the problem must be recognized.
Some important conclusions emerge:

. The WCMC data derived ftom CITES aruual rcports may indicate trends and
directions, but camot be used to acaurately estimate quantities or real production
figures. It is unlikely that these data can be improved without a substantial
investment in new data collection and analysis. It is therefore important to recognize
the values and limitations ofthis data set as we cortinue to use it.

. It is exkemely advantageous for CITES parties to maintain their own accurate records
of produclion and exports to counter allegations that lalge quantities of skins are
edering trade illegally. Ind€€d the crocodilian tagging resolution 9.22 and some
proposed amendments to that resolution rcquire that such records be maintained.
Because of concems about competitiveness between producers, buyers and countries,
it seems naive to o<pect that detailed informatiol ofthis killd will become available
on a real time basis. But there sgems no good reason why such data could not be
collected and released after proprietary interests ajd commercial needs have been
met.

3. Trends in Latin America.

Prices and demand have been depressed for Latin American skins as for much ofthe
world crocodilian trade in the last year. This appears to be a continuatiol ofthe q?ical
cyclic oscillation in price and demand which is known for at least the last century and is
well described in Woodward et al. 1994. Beyond the continuing large scale production of
caiman skins, a series of new initiatives are underway in Latin America to bring
additional species on line for commercial trade. These are parlicularly focussed on
productioa of species sluch as Melano&tchxs niger znd Crocodylus .rp. which have higher
unit value than caiman skins.
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In Mexico, one farm is CITES registered to export captive bred C,,ocodylus moteletii and
a proposal is in an advanced stage ofpreparation to dornlist some Mexican populations
to CITES Appendix II for the pur?ose of ranching. Current capacity for captive bred
skins is around 2,000/y. and the potential for 5,000 - 10,000 ranched skins within 5-8
years is possible. The technical development of crocodilian husbandry is well advanced
and ifthe regulatory, conservation and management issues can be developed, Mexico has
the potertial to become a sigdficant producer. Mexico is already a significant processor
ofskins in the regio4 importing more than 40,000 skins in 1995 for domestic
manufacturing, paniculaf,ly of cowboy boots.

In Cub4 one farm is CITES rcgistered for captivebred C. rhombifer with a production
capaaity of 1,500 - 2,000 skinVyr. To date exports have been minimal and the bulk of
producliol is consumed intemally. Cuba has recently exported several hundred caiman
skins generated in control programs for the introduced caiman population on the Isla de
Juventud. A prcposal is irl the early stages ofpreparation for dol'ntisting C aczrzs in
Cuba for larching.

In Honduras, one farm is CITES registered for ex!,on ofcaptive bred C. acatuswith a
produclion capacity of3,000 - 5,000 skins /year although exports to date have been
minimal. Honduras also has a tannery which processes caiman skins fiom Honduras,
Nicalagua and possibly other coultries in the region.

Colombia continues the large scale production ofcaiman skins in farms. There is also
aggressive development ofcaptive breeding for C. acltus , C, intermedixs u\d,
Melanos'uchus niger although commercial production is not aoticipated for some years.

Ecuador continues slow development ofranchitg of M. niger in a single facility.
Commercial production remains a distant goal as a combination oftechnical dilficulties
and regulatory inadequacy prevent economic levels ofproduction or export. The one
Ianch has a cunent stock 150 animals of40 cm - 1.5 length and has recently applied for
CITES approval ofexports oflive animals for zoo exhibit purposes to generate much
needed revenue for the ranch. Both Ecuador and Peru have shoun interest in caDtive
breeding and./or ranching of C, ac1!tus in coastal pacific arcas. However the very
depleted and fragmented nature ofthe wild populations is an impediment to development
of commercial production.

Blazil probably has the geatest potential for production ofcaiman skins. However,
development ofcaptive breeding programs has been recently set back by the persistent
failure to open US markets and the irdustry is qtrrently in a state ofdecline with a
majority offarms becoming inactiver. Aprogamto develop ranching of Caimon
crocalilus )mcare from the Pantanal is similarly under economic pressure.

The ranching progam for Cdiman ldtirostris in Argentina continues its steady progress
with the lirst dist.ibutior ofhatchlings to commercial producers underway and first skin

I Footnote added in proof At the lime ofwriting, Septernber 1998 the US has Foposed a special rule to
allow importation ofyacare 
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exports anticipated by 2OOOl200l. Potential produclion remains in the order of only
several thousand skins annually.

The general prognosis is for continued increase in variety and numbers ofskins produced
in the region. Potential additional contdbution to the wo d crocodilian skin supply at
present is ofthe order ofonly around 10,000 non-caiman skins. Because ofdifficulties
breaking into intemational trade with soall quantities ofskins, many producers in the
region are looking into incleased vertical iltegratioq local processing and manufacture
and internal use. Such a strategy is consistent with the increased eaonomic importance
and greater manufacturing capacity in several countdes in the t€gion such as Mexico,
Venezuela and Brazil. There is also an increasingly well developed infrastructure of
biologists and resource managers who are eager to apply sustainable use to local
resources @oss & Godshalk 1997, Ross 1997) and an absence (so fad ofoverly
restrictive conservation legislation to inhibit retail use. The development ofregional
fade agreements such as NAFTA will encourage regional trade linkages in qocodilian
skins as ir other natural and agricultural products A signifiaant factor driving this rend
is the continued closure of lucrative US markets due to slrict domestic legislation (US
Endangered Species Act) preventing the import of most Latin American crocodilian
species into the US.

Th€ development ofcaiman production ir Colombia and Brazil has led to some
interesting technical developments in processing and some smaller caiman skins ofclose
to classic quality and appearance were produced. It is unlikley that these 'psuedo

classics' or skins ofMe larc&lchus and C, lqtircstris erill displace classic skins for the
top-of-the-market fashion products. But these aheaper products allow the development of
arl intermediate pricg midlevel market that might iead to expaNion ofthe consumer
retail acceptance ofcrocodilian producls and be a significant boost to the tegional and
world market.

Latin Amedca seems likely to continue progress in crocodilian conservation based on
sustainable use, and to becomc a largely self supplying market for ploduc'ts as well.
While Colombia and Venezuala will continue to supply the majority of the raw caiman
skins for world wide tradg the new model ofregional economic self sufticiency and
integration will provide opportunities for crocodilian trade.
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Table.l. 
_Repolted export figu.es for Caiman skins by year and country. Source WCMC

and CITES repons as reponed in Collins and Lunnore 1996.
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IBt€ltlatiollal ALligator/crocodl,le
,tune, 1998

rlaale atualy (IAcIa)

Forrrard and Overvi.elr
by

,t. Don Ashl"ey

World trade in classic hides reached a total of 447,010 skins

in 1994 and lrhen increased doDestic trade in the ADerican

Alligator is considered in 1995, total trade aqain exceeded

4oo,o00 cl.assics. This record voluDe of classj.cs approaches

the historic high of about a half ttrillion hides a year

estiDated to have occulred j.n the late 195O's and earl.y

196ors. And as has been predicted in IACTS and other

reports, the rapid increase in supply without adequate

attention to expanding denand is resulting in sj.gnificant

econoDic pressure lrithin the industry.

MilLionE of dollars have been spent to devel.op the research,

nanaqeEent and enforcement gnridelines necessary to establish

sustainable use prograrls for crocodilians. But relatively

Iittle has been spent to narket, pronote and educate

censumers worldwide. Even !0ore classic crocodilians can be

produced, and not just the Arerican Alligator and NiIe
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CrocodiLe &'hich conbined nade up 87 percent of the totat

trade of classics in 1994-95. l.tany other species could

increase production and particj.pate in the sustainable use

cantribution to connerce and conservation.

But prelit0inaly 1996 trade data begins to docuDent the supply

and denand predictions that nust al.so be a part of real-istic

sustainable uge prograns. We have proven through research,

Danagelettt and enforceDe.t the sustainability of crocodilian

lesources and proven the econonic incentive can benefit both

people and wildlife. We have not provell the sustainabiLity

of a lror]d narket capabLe of absorbing at ]east 5oO,OOO

cl.assic hides a year and nore than one nill.j.on caiEan skins

at a reasonably profitable Level- to producers. Admittedly,

current economic dj.fflculties in the pacific Rjr and Japan

have ruagnified this problen. And there is no doubt soue

larket expansion in lratchstraps, nestern boots, snall

leathergoods and the U.S. product denand in general is

occurring. But it does not replace a historic market like

cermany that at one tj-ne used about IOO,OOO classics a year

and had more thah 20 handbag nanufacturing conpanies. Today

cernany j.s reduced to three handbag nakers, using Less than 5
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percent of that volurne and a consuner base that is reluctant

to carry any lrildlife produet j.n public.

when that reality is conbined tr'ith the negative iroages of

wildlife products discussed in the last IAcTs Repott at

Heathrow, Gatlrj-ck, Hong Rong anil other internatj.onal airports

as well as the procrastination of industry and governnent to

recognize the need for better pronotion or education, the

result is a great conservation program based on ecoltoDic

incentives that nay not be eo@ercially viabfe for many

producers. Thi.s is a tragedy and is avoj.dable. But not

without a concerted effort to better explain the concepts of

sustainable use (not endangered or il'legal), reDove the

politically incorrect stigrla of carryinq a lrj'ld]ife product,

encourage more manufacturing, retailing and purchasj'ng of

finished products (proDotion and price) and focus industry

and governnents on the reafity of sarket sustainability as

wel-f as that of renelrable natural resources.

The idea this can be done in a short ti'oe or vith a silver

bullet pronotion is off base. More shoul'd have been done

incremental for the last ten years when all Eigns pointed to

the rapidly increasing supply but a sluggishly expanding

256



denand curve vrith a narrolr consuDer base tLed to only a few

countries. It is not diffj.cuLt now to see for exa$ple how

draDati.c the ilpact on wi.ld alJ-igator hide prj-ces are

when the Japanese do not purchase as malry handbags and the

Italians do not Dake enough shoes o! other products that can

use large sqafe patterns. The inpact on programs for other

crocodile species can be nore devastating lrith lj.ttte

rnvestrlent potential if rnarkets rehain tight or decLine

further.

The point is that nore Dalket stabil.ity is difficutt vithout

a nore diversified narketplace. And that requires loore

lanufacturers producing a product at a price that r[ore

retailers and consumers !'iJ-l buy. InpediDents to those sales

(toisinfornation, Disleading custoes displays, incorrect buyer

beware ads. etc.) nust be renoved and &ore independent

conservation experts nust step forward and publicly explain

the benefits of sustainabl.e use, Fl:ankly, they should start

lrearingi or carrying the products thenselves and dispense lrith

the h]'pocrisy of undelstanding tbe sustainable use concepE.

but not accepting responsibitity for providing any econonlc

i,ncentive to nake it wo!k.
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A9 preatlcted in the previous -IAcTs Report ' not much tine

reuains to nake a better effort at pronotion and education'

General ecanooic crisis has dagnified the culrent probfens'

but they lrere cornLng anlrnay by the year 2ooo if hide supply

conti.nued itE rapid pace ltithout nore attentj'an to product

deband and tlte inpeditlents to it'

It is inportant these points be raised above all' others ln

thi.s IACTS Report. The classic tlade ttas grown frou 55'245

skins in 1984 to uore than 4OO,OOO in 1995' But the strarn

is apparent in the initial 1996 data and !'i11 be even oore

evident tthen ttle 1997 reports are filed'

the f ollowing table su@arj-zes the cl-assic trade for L994-95'

Alligator

Nile Crocodile

Nelr GuiDea crocodil-e

Saltr.rater crocodile

ALl others

TOTAI,

283  , 454

106 ,  560

32 ,640

20 ,O2r

4 ,29 !

447 ,OLO

538

244

7Z

53

rz

22O ,535

123,7O9

2L ,476

2 ! , 476

9  , 42O

39a ,377

558

31t

5 t

6 *

24
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Ahe al.ligator decLined belolr 60g for the first tine since

1990 wj.th a significant increase for the Nile crocodile.

There stiLl nay be sone double counting of Nile hides due to

backstrap trade and reporting differences, but the overall

increase is apparent. tikewise the Sianese Crocodile trade

also increased significantly in 1995 to 5470 hides but that

nay not be sustained if the current pacj.fic Rin econonic

crisis continues. In generaL the coDing data for 1996-9g nay

need to be averaged for a conpLete pieture because the narket

slolrdown during that period shifted sone exports bet!,een

years. But the point is the value of the classic trade

declined lrhen the threshoLd of 4OO,OOO skins t'as reached.

And as predicted, the classic trade coutd not reach the

historic high of 500,000 skins profitably erithout significant

narket expansion.

The inpact on the eaj-[an trade lrj-th a less valuable hide !.'il].

be even nore dramatic and already the data is cotfusiDg.

while our previous estinate of about 1 Dill-ion caj.nan rn

trade was verif ied vith 1,055,197 reported in 1995, the

al,nost doubl,ing of exports fron Colollbia since i993 to

946,9f4 oi 90t of the total cainan trade is extraordinarv.
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Particularfy since the reliance on captive production waE

certain to j.ncrease costs and potentially undernine other

ranching prograns with more conservatiolt value in tbe region'

This needs to be carefully revielted' not onty j'n light of the

econooic vi.abili.ty of prograns in colot0bia, but the potential

iDpact on other caiman manaqeDent prograns ' can this level-

of captive production and export be naintained? Iihy did

Brazi.l drabatically dectine fron 43,574 j 'n 1994 to only 37o

in 1995 and rrhat has happened to the ?5 registered ranches

there? Are there options to nitigate the financial i'npacts

on colombian farners and are there ranching optj-ons that can

be considered?

It is also significant that this IACTS Report does not

docu[ent recent infractions of crTEs iDport/export

requirements. But persistent questions about the origin of

some caiman shipments and the relationship of exportlnq

countries needs to be reviewed and clarified'

overal-l though the progress of implenenting sustainable use

stlategies for caiEan after the el'inination of cITEs

reservations and j-nplenentation of universal tagging tras been
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good considering the conplexity of the trade. The najor

producing countrj-es of Brazil. Colonbia and Venezuel.a though

could help sort out the reEaining questions. Sone nay sinply

be double counting from sone countries nrho report exports as

franes or skj-ns and others lrho report inports as sides or

fl-anks.

But the significant decrease in exports fron Bolivia and

Paraguay fron 1986-88 leveLs and the inptenentation of a

ranching: prograr! in Brazil shouLd have resuLted in nore

substantial- exports by now for Brazil. With the exception of

43.574 skins in 1994, this has not occurred and the dramatic

decline to 370 skins in 1995 is inexpl.icable unless the

Darket decline or export data shift between years is

responsible. A revie!, though {outd clalify ttruch of thi-s

cqnfusion and better support sustainabl.e use prograns for

cainan in the region.

It is also clear that more j.n-depth analysis of both classi.q

and caj-man trade data rould help nonitor the iuplenentation

of sustaj.nable use prograds. Unfortunatel-y, the request the

last two years to increase research funding to VtCltC resulted

in a decrease when Florida again chose not to natch the

26r



Louisiana contrj.bution to the Project. Florida has decl-ined

agaj.n this year, with a request for a tuore sinplj'fied rrnarket

report'r approach to trade data. Unfortunately this again

t0isses the point of a trade study that has fo! 15 years

provided an independent review of trade data as well as

inplementation of sustainable use prograhs for crocodilians'

Louisiana vil.f consider an increase to wcuc for further

analysis' particularly for inpteDentation of CITES uniwersal

tagging, inport/export reporting guidelines' the cairnan tlade

and infraction reports of all crocodilians in trade.

ThiE is a critical tine for crocodilian sustalnabl-e use

progralF and each one j.s ultinately dependent on all of theD

producing econornic and conservation benefj'ts to people and

wildlife. IACTS has r0onitored the ups and dolrrls since 1984

and recohmends that the issues discussed here be i.Dnediately

adabessed. The difference will be I'hether ttle century turns

in favor of sustainable use or documents its economic

decline.

q0""N\
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Table 29. Minimum net trsde iD classic crocodiliaB skiDs reDorted in

* Data deficient
# Gross expons from the USA

Net rrade should be a! leas! 52,000 (see note on Zirnbabwe's lrade in Crocodylus niloticus)
Net trade should be a! leas! | 6,000 (see nole on Auslralia\ trade in Cracod) Ius porosus\

2f3



Mcki Simlesa: Dept Primary Industry Fisheties GPO Box 99o, Darwin, NT 0801 , Australia.

The Northem Teritory in Australia, has eight commercial crocodile farms. Farming C,porosuq and
to a lesser ertenl Ciohn*oni. The NT crocodile industry is involved in commercial production,
tourism and education. NT production data from 1994 to 1997 is displayed:

Crocodile Product Sales.

C.porosusProcessed.

B. l l y  sk in ! .nd  8 . . t .1 , .p .  s .1 . . .

c. poro3us Bslaing Anlm.ls Process6d.

I
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C.johnstoni Processed.
c .  J o h n s t o n i  F a t 6 t n s  a n t m a t e  a ! o c o 3 s € d .

Crocodile Flesh Production-

40000

3 5 0 0 0

3  0 0 0 0

2  5 0 0 0

2 0 0 0 0

1 5 0 0 0

1 0 0 0 0

5000

0

E

Crocod l le  F lesh  Produced  in  Years .

1 9 9 2 1 9 9 3 1 9 9 4  1 9 9 5 1 9 9 6  1 9 9 7
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Total Numbers in years.

T o t a l  N u m b e r s :  E n d  o t  Y s a r .

.  2 5 0 0 0

:  2 0 0 0 0

=  t s o o o

1 0 0 0 0

Total Numbersin Classes.

Total  t {umbors In Ctarsss: End of Yoa..

26
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Hatchling Gain.

Hrtchling Galns per Ye.r.
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General Introduction to Re-introductions

by
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'Pritpal S. Soorae, Technical Project officer, rucN/Ssc Re-introduction
Specialist Group, Aftican Wildlife Foundation, P.O. Box 48177,
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'Dr. Mark R. Stantey Pice, Chaiman, ruCN/SSC Re-intoduction
Specialist Group, African Wildlife FolndatioD, P.O. Box 48177'

Nairobi, KENYA. E-maili Mstanlewice @ a' tke.org

ABSTRACT
The thrce important aspects of a re-introduction arc biological, socio-economic
and political and post-release monitoring. Lnportaot biological aspects arc

taxonomy, choice of relgase site and habitat restoratiotr, availability of stock aIId
vgterinary scrcening. Iroportant socio-economic and political aspects are socro-
economic studies, political support and doitrg a re-iltroductiotr as a carefully
desigDed expedment. Important post-release aspects are monitoring of leleased
iodividuals and having specific objectives for measudng success. The majority of

crocodile re-introduction projects ale re-enforcament/supplementatiol exercises'

Ilnportallt issue to coDsider for crocodile releases are acclimatization to the

reliase site, food locatiDg skills, avoidance ofpredators Ooth inta- and inter

specific), release of single size classes, fitness of individuals destined for release
and the potential of disease spread.

INTRODUCTION
The ruCN/SSC Re-intoduction Specialist Group (RSG) was formed io 1988 by

ruCN in @sponse to the large number of releases that were taking place
wortdwide. The RSG currently has over 300 members worldwide replesetrhng
re-introduction practitioners in govemmental and non-govemmenul
organizations, researchers, lega.l practitione6 and other intercsted individuals'

The RSG also publishes a bi-annual newsletter, Re-introduction NewJ, which is

distributed to ove! 500 subscdbe$ worldwide. This is the only newsletter
worldwide which is dedicated solely to re-intoductions.

The higblight of RSG has been the development of the Re-itrfoduction
Guidelines, because a neod was felt for specific guidelines' to help insue that re-

intoductions achieved thei itrtended conservation beneflt. These guidelines have

now been also pdnted into booklets comprising five major iltematioDal



languages namely Spanish, French, Chircse, Arabic and Russian besides
El8lish. The Re-i[troduction Guidelitres were made official ruCN policy in May
1995 when they were official apprcved by the 4lst. Meering of ruCN Council

Aims and objectives of a re-introduction
Accoding to the ruCN Guidelines for Re-introductions, 1999, the pdncipal arrn
of a rc-intoduction should be to establish a free-ranging viable population in the
wild of a species, subspecies or mce, which has become globaly or locally
exttnct, or extirpated in the wild iD that particular area. The objectives of a rc-
introduction may include:-

. To enhance the long-term suryival of a species.

. To establish a keystone species (itr the ecological or cultuml sense).

. To maintain and/or rcstore natural biodive$ity.

. To provide long-terqt economic benefits to the local and/or national
economy.

. To promote conservation awareness.

Under the re-introduction guidelines there are four main terms:-

1. Re-introduction: An attempt to establish a species h an area which was
once part of its historic range, but from which it has been extirpated or
become extinct.

2- Re-enforcemenVSupplemeDtation: The addition of individuals to an
existi[g population of conspecifics.

3. Translocation: The deliberate and mediated movement of wild individuals
to an existing population of conspecifics.

4. ConservationlBenign ltrtroduclions: An attempt to establish a species, for
the purpose of conservation, outside its recorded distribution but within an
appropriate habitat and eco-geogmphical area. This is a feasible
conservation tool when there is no reinaining area left within the sp€cies,
historic range or for some specilic reasons e.g. marooning on isla.nds.

Main aspects ofa re-iDlroduction
There are three main aspects of a successful rc-introduction project-

. Biological Aspects - pre-project activity
o Socio-economic and Political Aspects - pre-project activity
. Post-release Aspects - post-project activity
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BIOLOGICAL ASPECTS
Taxonomy
Taxonomical issues are very important. when individuals are destined fol a rc-
introductiotr they shor.tld be of the same subspecies or raca as those that were
extirpated, unless adequate numbers are not available. An investigation of
historical information about the loss and fate of ildividuals from the re-
introductio! area should also be conducted. If there is a doubt of the individuals'
taxotromic status then a study of genetic vadation within and between
populations of this and rclated taxa can be useful (IUCN, 1998).

The African violet (SantipauliL tongwensis) is an endemic plant, that is only
fou[d at 3 sites, in the Tanga region or the nothem coast ofTanzania. At the

site where it is found in large numbers the population exists along a waterfall'
The river was diverted by a water supply project, which lead to a general

desiccation of the area, and this was threatening the African violet population. It

was then decided to move a part ofthis population to another suitable site to

cleate a second population.

After a part of the original population was traNlocated it was found out that the

traNlocated population and rcsident population were both at risk from
hybridizatiol. This could result in a loss of their genetic integrity. In African
violets each separate population rcprcsetrts a unique taxol even though the
microhabitat requirements may be similar for all the all species.

It was therefore decided to rcmove the tanslocated population back to their

original site and try to create a suitable hydrological regime to maintain the
population at its original site- It was also decided to use other methods of ex-Jitu
ionservation measutes such as seed banks atrd maiotenance of living germplasm
to protect this species (Simiyu, 1995).

Choice of release site and habitat restoration
The site chosen for a species re-intoduction should be within the historic latrge

ofthe species. The site also has to be evaluated for its suitability and change of

the natual habitat since extirpatioD must be considerd. Wherc there has been

subshnrial degmdation caused by human activity a habilal restorarion program

should be initiated before the re-intoductioD is carried out. Also the
identificatioD and elimination of the prcvious causes of decline should be
undertaken (IUCN, 1998).

The Round Island skittk (I'eiolopsima telfairi) is endernic to Round Island near

Mauritius. This species has been Part of an extensive captive-brceding program'

A re-introduction plan was idtiated but it was found that populations of this
skirk werc already at carrying capacity on Round Island The species was
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previously known to occur on Mauritius, Flat Islatd and Gunneis' euoin. At the
latter site ir occuned rill the late 1800's but was extirpated by the in&oduction of
blacktuts (Rat us rattas). It seemed that Gutrle$, euoin seemed the best
location, but a full ecological investigation was recessary, before a re-
introduction could prcceed. It was also impodant to sample the ilvertebmte
fauna which would form the diet of the skink and the D@sence of rats on the
island.

Results of the survey indicated that introduced Indian black-nape d harcs (lzpus
nigricollis) have cha\ged the vegetation ftom a Mascarene flora to a morc
pantropical type. The invertebmte population was also found to be inapprcpdate.
A rc-introduction in this case would be feasible only if the lats aod hares could
be elimi[ated and a comprchensive habitat restoration prcgrallt undertakel to
restore the original flora (Bloxam, 1982).

Availability of stock
It is desirable that source animals come from wild populations. If there is a
choice of the stock origimting from a wild population it should be closely related
genetically to the original native stock and show similar ecological
chamcteristics to the original sub-population. If itdividuals come ftom captive or
artificially propagated stock then they must have been madaged both
demographically and genetically (ruCN, 1998).

The Arabian ostrich (Struthio camelus syriac6) became extinct in the late
1950's when the last individual is thoughr to have been shot in northem Saudi
Arabia. It was therefore decided to rc-introduce rcd-decked ostriches (St/ut io
canelus camelus) from Sudan as this is the nearest living rclative of the extinct
Arabian sub-species (Seddon & Haque, 1996). This decision was based on
phenotype, distlibutiotr and conservation value (Seddon & Soolae, In-press).

By the 1970's, red wolf (Canis rufiis) pop\tlations in south-east USA, werc
dwindlirg rapidly due to loss of habitat, loss of young to paBsites, persecution
by man and genetic pollution from invaditg coyotes. Thercfore a decision was
taken to find and create a captive colony aod re-establish the species back into
the wild in its natural range. In the late 1970's an operation rcsulted in 4OO
captured wolves. Out of these only 14 individuals were genetically-pue red
wolves. By 1988, the captive populatio[ had risen to 80 red wolves and these
were held at 8 breeding sites (Parker, 1986).

Yeterinary screening
It is important to undertake the appropriate health and genetic scrcening of
release stock. If release stock is wild-caught, cale must be taken to ensure that
the stock is ftee fiom infectious or contagious pathogens and parasites before
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shipment. Also to ensure that the stock will not be exposed to vectors of disease
agents which Inay be prcsent at the release site (and absent at the source site) and

to which they have ro acquircd immunity (IUCN, 1998).

The relocation of wild animals is never the movement of a single species but the
relocation of a "biological package" comprising of the animal itself (host) and
passelger organisms such as viruses, bacteria, fungi, protozoans, helmiDths,
arthropods arld other pathogens (Davidson & Netdes, 1992). The desert toftolse
(Gopherus agassiaii) in the westem Mojave desert in the US has been affected by
an upper respiratory tract drsease knowD as the UpPer Respiatory Disease
Syndrome (URDS). This disease coupled with nutdtional prcblems and long-
term environmental stless is always nearly fatal. The agent responsible is an
exoic Mycoplasma which has been thought to be introduced by the rclease of
caplive-individuals into the wild population. Captive itrdividuals catr readily pick

up exotic pathogens whilst in captivity (Dodd, Jr' & Siegel' 1991).

Tbe following rccomendations may prove useful in re-introduction prgects
(Woodford, 1997):-

. Disease potentials must always be considered by a wildlife veterinarian
during a re-introduction prcject.

. A literatue review may help in identiffitrg potential disease risks.

. The animals to be moved must be qualantined for a period of time dunng
which screening should be undertaken to identify pathogens This sort of
cotrtainment can also have another problern that it can lead to social suess
(Dodd, r. & Sieget, 1991). Vaccination should also be comidered.

. Aoimals both wild and domestic must be examined at the release site as they
rnay threaten the health of incoming, narve tanslocates.

SOCIO-ECONOMIC AND POLITICAL ASPECTS
Socio-economic studies ard political support
Human interests are of paramount importance when conducting re_introductions'
The prognm should be fully undeNtood, accepted alrd supported by local
communities. It is therefore important to conduct socio-economic studies to
assess impacts, costs and benefits of rc-introduction programs. These ProJects are
generally long-term and requirc long-term financial and political support (IUCN.

1998).

Large camivore re-intoduction pose thet own special set of problems. Latge

camivores can be dangerous and even fatal to humans and their livestock. It is

very impofiant to win the support oflocal codununities when re-intloducilg
lame camivorcs orthe success ofthe prcject can be compromised.



In Florida, mountain liots (Felis concolor stankyana) were rcleased. into
nofihem Flodda to test rhe feasibility of rc-introducing Flodda panthe$ (Felir
cotrcolor coryr. D]uitrg a! initial survey beforc the expedmontal release over
7070 of respondents favored the rc-introduction effort in their own or
surouDding counties. There was however a negative backlash, after the
expedmental rclease, when rcsidents in the counties where the release took place
formed an organization "Not In My Backyard" to oppose the re-intoductiotr
efforts @elden & Mccown, 1996).

The Pilanesbug National Pa* in South Aftica was fenced and re-stocked witL
native wildLife in 1979. In the early 1980's cheetah were rc-intl.odtrced (Aciconyx
jubatus) and despite competition from leopard (Panthera pardus) and brown
hyaena (Hyaena brunne4) the population increased fiom 7 to 17 aoimals within a
year (Anderson, 1983). Pilanesburg made its itrcome ftom crcpping, hunting and
tourism activities. To complete the game viewing experience it was coNidered
logica.l to re-inftoduce lions. A detailed cosGbenefit analysis was conducted on
evaluating the re-iDtroduction of lions to Pi.lanesburg Nationa.l Park. This study
showed the North-Westem Parks Board who managed Pilanesburg National Pa*
stood to lose roughly US$ 280,000/year from the capital and openting costs. A
loss of rcvenue was also expected thrcugh stopping plains garne hunting because
of its incompatibility with lions. There would also b€ a loss of revenue ftom live
animal sales which would now form a prey base for the rc-intoduced lions
(Stuart-Hill & Grossman, 1993).

The region as a whole would benefit with an income of US$ 7,225,000/year due
to the incrcased number oftourists visiting to see the lions and staying in the
nearby resorts of Sur City and Lost City (Vorhies & Vorhies, 1993). This offset
in revenues was balanced by the resorts donating US$ 280,000 to the North-
Westem Parks Board to obtain morc hippopotanw (Hippopotamus anphibious)
and elephant (Iaxodonta africana) besldes meetitg other miscellaneous
expenses (Stuart-Hill & GrossmaD, 1993).

Re-introduction as a carefully designed €xperiment
It is importatrt to design the pre- aod post-rclease monitoring programs so that
each re-introduction is a carefully designed experimelt, with the capability to
test methodology and scientifically collected data (ruCN, 1998).

There are many cases where wild animals are simply released into the wild. It is
very impodant to plan wildlife leleases as well desigted experiments which can
genemte useful scientific data. Re-intoductiotrs should not just be a tool to
prcvent extinction of vulnerable populations but also a way of unde$tandiog the
species and its predicament. Re-inftoduction biologists should aim to rclease
animals under gorously controlled experimental conditions which test specific



hypotheses. In a long-term situation this information will be importa[t for the

suicess of re-introduction projects (Armstrong et al ' 1994)'

ExDeriments have been conducted with taNlocated hihi birds (-ly'otoi'1)tt's

cinera), which is an endangered New aland honeyeater, to test whether the

high mortality expedenced is due to a limited food supply at their re-intr-oduced

sif, lArmstrong 6! Perrott, 1995). Recently available data suggests that food - .
limitation ma/not be the limiting factor but other factols such as disease could

account for the high mortality rate (Armstrong, 1 998)

POST.RELEASE ASPECTS
Post-release monitodlg of individuals may be one of the most imPoftant actlvlly

of re-inroduction projects. This monitodng can either be done for all the

released individuJs or a sample of individuals. Direct monitoring usually

itrvolves tagging and telemetry studies. Indirect monitoring can compdse of

usitrg spoor or informanb (ruCN, 1998).

In rc-introduction projects long-term commitment is essential Monitoring a toad

re-infoductiotr can c;ntinue for l0 - 15 years but extend for over 20 years for

slow-b&eding and long-lived species such as tortoises This is important to

ensue thc pr;sence of released individuals and the success or failurc of

rcproduction (Dodd, Jr. & siegel, l99l).

Indicators of success
The prircipal aim of any re-intoduction should be to establish a viable' ftee-

ranging population in the wild (rucN' 1998).

Captive-breeding attempts with the Arabian oryx (Oryx kucoryx) h-S19t- .
aratiu uegan in-ietO with a captive herd of 57 animals' Since March 199?' thele

are now aiproximately 380 individuals in two protected areas in the wild,with a

captive heri cornprisi rg of 245 oryx. In the Mahazat as-Sayd Protected Area the

population growti ofthe F-infoduced herd has increased at 15 - 204a peryear

(Ostrowski & Bedin, 1997)

Captive-raised wolve s (Canis lupus) were re-iltoduced in Georgia' C'I S in the

Trialete Mountain area wherc they had been earlier wiped out This project was

deemed successful after the third generation of wild-bom pups was obseryeo rn

the wild @adridze, 1994).

A re-inuoduction needs to have specific objectives to prcvide a measure of

success. Therefore when these objectives are met the project can be declared

successful.

2',74



CROCODILE RE.INTRODUCTION PROJECTS
The Revised Action Plan for Crocodiles 1996 (CSG, 1996) and Kitrg (1990) was
rcviewed to obtain infoqnation on re-infoduction projects involving crocodiles.
Table I (Appendix 1) shows the 16 species out of a total of 23 for which there is
some sort of conservation action involving a re-introduction component. The
table shows the species, principal tbreats and the t]?e ofre-htroduction ploject.

Crocodile release programs
Figuie 1 below shows that cunetrdy therc are 3570 o[-going release programs (8
species), a further 267o arc in the proposed planned release stage (6 species) and
9Eo arc in captive-breeding pro$ams (2 sp€cies) which have a proposed rclease
component. 3070 of the species (7 species) have Do curent planned projects

Figurel. TJpe of re-introduction activity

Threats facing crocodiles
According to ligure 2, habitat destruction accoutrts for 4770 of the thrcat faced by
the 16 species for which there is a re-itrtoduction component. This is followed
by a limited distribudon 177r, illegal hunting 3070 and both conJlict with people
and competition from inhoduced exotics at 37o each.



Figure 2. Categories and severity of threat faced by the 16 species of
crocodile

T]?e of re-introduction Projects
The majodty of crccodile re-intoduction projects are mainly rc-
enforcernent/supplemeBtation type projects. This is the addition of individuals to

an edsting population of conspecifics. Re-enforcement's should only be done

when there are a few remnant wild individuals remaioilg in the wild population

Therc is always a high possibility of disease sprcad, social disruption and the .
intoduction of alien genes theleby ha$tening the death of the remnant populatron

(rucN, 1998).

Release to the wild
The majority of crocodile release are "head starting" plojects' In this method

"ggr 
ari hurch"d io in"ubatols aod the hatchlings raised until they are larye.

ei6ugh to resist predators. They ale then released itrto the wild (King, 1990)'

Commercial croiodile famers, in some cases' are expected to provide their

rcspective wildlife authodties with juvedle crocodiles for re-stocking Purposes'
In Zmbabwe the wildlife depaftment is entitled to 57o of the number of eggs

collected. This has not been srotrgly enforced because currendy adequate
populations exist in habitats suitable for Nile crocodtLes (Crocodllus niloticus)
(child, 1987).

Concerns
There are various concems when releasing crocodiles back to the wild These

concems can be listed as:-

n6



. Acclimatization to the rclease site

. Locating food

. Avoidance of predarors (both inta- ard inter specific)

. Release of single size class

. Fitness of irdividuals destined for .elease

. Disease spread

Acclimatization
During rc-intoductions of animals it is very important for the aDimals to be
familiar with their release site. IIl many cases anioals are kept in pens with wirc
fences to enable them to develop an affmity to the release site. When releasing
birds ofprey a techdque known as hacking is used. When the Mauritius kesael
(Falco pmctatus) wa.s being re-introduced, they would be kept in an aviaiy at the
release site, to encoumge site faiDiliarity before release (Jones 

", 
ar., 1991).

In Ghaial (Gavialis gangericur) reteases in Iodia many individuals have been
swept hundreds ofkilometers downsteam (Whitaker, 1987). In Ugandajuvenile
Nile qocodiles (Crocody lus nilotbus) bei'rig released into the Muchiso; Fans
National Park have disappeared from the release site (pels. collun., Richard
Baguma). Ir 1960, 8 adult Americur alligatorc (Attigator mississi?iensis) werc
released into the Everglades National Park. Affer two weeks of being released 6
individuals disappeared and the remaining rwo a.lso disappeared aftei a funher
period (King, 1990).

Crocodiles destined for lelease can be maintained in pens at the release site
which should incorpomte a palt of the water body and shore. The iodividuals can
be kept in this pen for a pedod of time after which they can leave ar will. This
solt of a system would be easier for a take. In fast-flowilg rivers it may be
possible to construct a small pond which is linked to the main river. Natural food
can be provided but upon release the qua.ltities can be reduced to encouage
movemeBt away liom the holding pen.

Locating food
In captivity most individuals being rcarcd arc fed on a prcparcd diet of fish
and,/or meat. It is very impoftant for individuals destined for rclease to be fed a
natulal live diet as possible. Juvenile gharial (Gavialis gangeticns) are fed small
live fish. Juvenile mugger (Crocodylus palusrnt) arc fed live frogs and tadpoles.
Juvenile sa.ltwater crccodrle (Crocodytus poroszs) are fed crabs and prawns.
Larger individuals are fed wirh chopped fisb. buffalo meat and rars 6Wt ituker,
1987). Nile crocodile s (Crocodylus niloticur) which were mised at the Kyarimi
Park Zoo in Nigeria during I 977 were fed o n a diet of live Titapia and Ciarias
fish during their lasr four months in captivity before release (Morgan-Davies,
1980).
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Crocodiles that are being raised for rclease should be fed on a natual diet as
possible to develop and maintain food gathedng skills necessary for survival in
the wild. Provision of natural food available at the release site should be an
importalt poitrt to consider.

AvoidaDce of predators
Crocodiles brought up in pens with the absence of predato$ can be at dsk wher
released into the wild. Captive-rearcd thick-billed pa$ots (Rhynchopsitta
pachyrhyrha) rcleased in Arizona, USA, after a six-month period in an aviary
with wild-caught birds, showed no sign of vigilance against avian predators upon
lelease. These parrots had been co-existing with wild birds in an aviary for six-
months and showed no aptitude for leaming (Srryder et al., 19??). If individuals
cannot avoid prcdato$ it is basically a means ofprcviding an exPensive meal to
potential prcdators.

Training can be one method with which to teach individuals to avoid prcdato$
Houban bustards (crlamydotis undulata mac4t"ezii) destined for rclease in
Saudi Ambia were frightened with a live, ruuzzled fox in the presence of wild-
caught houbara to provide the appropriate fear response. Houbara alam calls
were also played during the exelcise. A post-release monitoring study showed
that proportionally more predator trained birds were alive after undergoing this
fright tnining (Heezik & Maloney, 1997).

Release of single size class
Many tanslocations fail to establish new populations because of stress on the
admals. This can be due to disruption ofprcvious social bonds which can lead to
lowered survivability, scattering in the new habitat and increased vulnerability to
predatoN (Stanley Price, 1989). Crccodile rclease programs usually take a
specific age $oup for release. Programs usually target individuals between l-3
yeals old. It may be important to rclease individuals rcprcsenting a varied age
structue. In captivity hatchlings ofdiffercnt sizes undergo stess due to
dominance hierarchies being established (Hutton & Jaarsveldt, 1987). This may
be undesirable urder commercial ctcumstances but imponant for individuals
destined for rclease.

In Cuba during 1994 a re-introduction program involving CubaD crocodiles
(Crocodylus rhombifer) released 200 animals that were graded according to ther
size. This was dolle to represent a natulal size distributioo fron juveniles (90 cm
tail-length) to sub-adults (120-180 cm. taillength) (Soberon 

"tar., 
1996).

Wheojuveniles are released they will face attacks from larger territodal males as
they begin to mature (King, 1990). When individuals are destined for release



there should be few la.rger individuals to avoid ot reduce cases of cannibalisnr
and aggression from larger wild idividuats. Individuals destined for rclease
should comprise of a differcntia.l age stucture to try and reproduce a natum.l
social structure as that found in the wild.

Fitness of individuals destined for release
Lldividuals destined for release should be ,fit' in terms of their ability to survive
in the wild, Runrs or otheN with physical defects should not be pan ofrelease
programs. This may be more ofa concem where a certain percentage of
individuals are given to wildlife authodties for release to tie wild. ihis may be
more of a problem with 3" or 4' generation irdividuals bom in captiviw ani
targeted for a re-in[oduction program.

Large scale captive-bleediDg and release programs have their own genetic
implications. When individuals are maintainJd in captivity there is-the possibfuty
of artificial selection in captivity. The characteristici that make the individual
successful in captivity may not be the same factoN that will ensue survival in
the wild. If a large number of individuals with such probtems are released into an
existitg natuml population this could have a rcgative impact on the existing gene
pool in the wild G.einerr, 1991).

Disease
Crocodiles are known to suffer from various diseases add ailments. Corffnon
crocodile diseases are viral hepatitis and eateritis, pox virus itfection, bacteriar
infections, fungal infections, coccidiosis, helminthiasis, kidnev disease-
deficiency diseases and runt syndrome (Foggin. l9g7). Cuban crocodiles
(Crocodylus rhombifer) released at the Isle of pines in Cuba were in qualantine
during captivity and under the ca.ie of a veterinarian. Thesg individual: had a
very lare occurrence of disease and there was no reports of parasites (Soberon ?/
al.,1996).

In 1 995 a total of 1 5 American crocodiles (Croco dylus acutus) were rcIeased in
Venezuela. the teleased crocodiles were given veterinary examinations two
months prior to their release. This was to prcvent immunological deficiencies
and the dsk of introducing pathogens to the wild (Boede e, al, 1995).

It is very important to_ ensure that adequate disease screening protocols are put
into place for crocodile release progEms.

Conclusion
Re-introductioDs are being used as a management tool in crocodilian
coNervation worldwide. This is mainly in the folm of re-enforcements to boost
low numbers in the wild. Though it is encouraging to note that depleted
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populations are being rc-stocked, it is also important to follow established
guidelines and protocols, to ensure that these conservatiol actions are being done
according to sound coNervation biology Pdtrciples.
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1.0 IntroductioD
This poster aims to look at the most cost-eflective means ofconseryation and re-
introduction of crocodiles. This poster looks at four scenariosi

. 1n-sirr. conservation in the wild
o Corservation captive-breeding for rc-introduction (can be both in-situ or ex-

sit in-country)
. Faming for profit aod conservation (ca:r be both iz-slrz or ex-sr'ta in-

country)
. Species preservalion in zoos (er-xr'tu in-country or overseas)

Our dm is to indicate the relative net benefit oi cost ofthese four scenarios. The
outcome of each scenario is re-intoduction to the wild or natural survival as
indicated in scenario 1. The costs, benefits and risks for each situation arc
oudined. Economic costs include diect costs, indirect costs atrd oppoftinity
costs. The economic benefits include dircct benefits. indirect benefits and non-
use values (existence and option values).

2.0 In-ritz conservation in the Wild
This is the maintenance ofa wild population in the wild and allowing natural
recruitment to maintain the population. Crocodile nests average a clutch of35 -
40 eggs. These are under constant threat from predators such as Varanid lizards.
Once the hatchlings hatch they are fed on by a variety ofpredators such as fish
and birds. Nests cao also be destoyed by flooding or excessive desiccation of

285



the nesting site. In the wild usually about 1 to 3 crocodiles ftom a clutch make it
to adulthood.

2,1 Main Benefits
The benefits of ir-.rilll conservation in the wild are wide-ranging including
species preservation, habitavecosystem prcservation, park income, low disease
risks (ftom released crocodiles from an er-sl, source), preservation of other
species and employmetrt of local co[ununities.

2.2 Main Costs & Risks
The costs and dsks of such an approach are park costs (OPERATIONAL: fuel,
boats, vehicles, salaries, maintenance costs & FDGD COSTS: initial cost of
setting up the park and in some cases rclocation ofpeople), compensation for
damage to humans and/or livestock, opporhnity costs of land and resources, in-
country risks (war, poaching & habitat encroachment) and stochastic risks such
as droughts, floods and earthquakes.

Examples ofthis ir-Jita conservation actioo is that ofNile crocodiles
(Croco$ius niloticus) in Murchison Falls National Pa q Uganda (Cott &
Pooley, 1972).

3.0 Conservationcaptive.bieedingforre-intioductiou
This is the captive-breeding of crocodiles purely for re-stocking and is done for
conservation purposes only. In this sceoario, crocodile eggs are collected from
the wild, incubated in incubators, raised in pens until they are ofa suitable size
and then released into the wild.

ln this example it is assumed that a clutch of eggs collected ftom the wild
averages 35 - 40 eggs. At post-incubation a hatching rate of 80% can be assumed
which results in 28 - 32 hatcl ings. Taking mo ality duing this stage we
assume that approximably 23 -26 cxocodt les are released into the wild. In this
case ifthe rclease is done early (at about one year) then it is assumed that fewer
released individuals will survive so more have to be released. Ifindividuals are
released later (three years of age) then a higher survival rate is expected and
fewer individuals need to be rcleased.

3.1 Main Benefits
The benefits of such a conservation action ale restoring species diveNity,
involvement of local people living in surrounding commrmities, species
preservatio& habitat/ecosystem preservation, park income, medium disease risk,
preservation of other species and toudsm income.



3.2 Costs & Risks
The costs and risks of such a conservation captive-breeding operation are egg
collection & tiansport, coNtruction and maintenance of incubator & pens,
electricity or solar heate$ for energy, palk costs, medium disease risks,
compensation for danage to humans and./or livestock, opporhmity costs of land
and resources, feeding, mortality, vgterinary screening and labour.

Example ofthis sort ofan opemtion are the rc-stocking ofthe mugger
(Crocodylus palusttis), saltwater crocodile (Crccodylus porosus) ul.d. gJrwial
(Govi.tlis gqngeticus) in India (Whitaker, I 987).

4.0 Farmilg for profit and conservation
This is the farming of clocodiles for profit through the sale of skins, meat and
gate rcvenues. In many such opemtions there is a hidden cost for the farmer who
has to rctum an).wherc from 5Vo - l89o of crocodiles in the I - 3 years age group
to the wildlife authorities for re-stocking purposes.

In this example, it is assumed that from a clutch of35 - 40 eggs, with a 80%
hatching iate yields 28 - 32. In this scenario about 5oZ - 180/o ofhatchlings are
given to the appropriaG wildlife authorities for ie-stocking purposes. If younger
individuals are used then more hatclLlings a.re retumed to the wild. If larger
individuals are used then fewer individuals are retumed to the wild. This is on
the assumption that larger individuals will have a higher suwival rate when
compared to smaller individuals.

The other farm stock ir culled for meat and skins. Therc is also an opportunity to
collect gate revenues from viewing. These farrns can also provide an educational
experience thrcugh lectues and live demonstrations. Sustainable utilization can
be well illustrated in this way.

4.1 Main Benefits
The benefits from such a qocodile farm are its toudsm potential, profits fiom
skins & meat, ecooomic & biodiversity benefits, demand for socodile products,
key species preservation, sustainable utilisatioq educatiolr potential and gate
revenues.

4.2 Main Costs & Risks
The costs and dsks of such a clocodile falm are the opentional costs of
farning e.g. feeding, veterinary, labour & enelgy, cost ofthreat to species
present, high disease risk letum of5 - 18% ofstock for re-stocking pulposes,
tiarcport costs, technical expertise, dsk of inbrceding, release of runts and
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diseased individuals, hicl disease risks, potential for coruptio!, ultimate re-
introduction and its opporhrnity cost.

In Zimbabwe, the wildlife departnent was ertitled to 5olo ofjuveniles, from the
total the number of NiLe uocodile (Crocodylus niloticus) eggs collected (Child,
1987). In Ugand4 the national parks authority have a five year agreement with a
commercial Nile qocodrle (Crocodylus niloticus) famer for 5oA of I year old
juveniles ftom the 4000 eggs it collects ftom the Murchison Falls National Park
(Soorae, t 995). In other programs this figure is as high as 1 8olo (Perran Ross,
PeIs. Comm.)

5.0 Species preservation in zoos
This is the preservation of species in zoos and can be viewed as a modem day
Noah's Ark whele individuals can be maintained against the rising tide of
extinctions. When conditions are more favorable these individuals can be re-
introduced into protected or restored habitats (Hutchins e/ al, 1996). In this
scenario eggs are either obtained ftom the wild or ftorn breeding withiD the zoo
After hatching the young are either maintained as exlibits or sold/given to other
zoos. In very few cases are these captive-bred stock used for re-stocking in the
wild.

5.1 Main Benefits
The benefits ofmainatining crocodiles in a zoo are the maintenance of species in
an er-situ location. This acts as an insulance for the wild population as well as
generating donations, research gnnts, educational opportunities and zoo profits,

5.2 Mai! Costs & Risks
The main costs and risks of maintaining crocodiles in a zoo are egg collection
either tom wild or tom breeding stock maintained at zoo, velerina.ry screening,
labour fansport, high potential of disease spread to wild population ifre-
introduced, constuction ofincubator & pens, genetic disorders including
inbreeding, tameness, mortality, domestication, invasive potential, high
mortality, electicity or solar heaters, hybridisation risks, opporhrnity costs of
land and resouces and feeding costs.

There is ao example where offspdng of the Philippine oocodile (Crocodylus
mindorensis) isbeing bred at the Gladys Pofer Zoo in Texas, USA aud will be
retumed to the Philippines for re-intloduction (Iting, 1990).
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6.0 Discussion
6.1 lz-rrh conserration ilr the Wild
In the fiIst scenado normal recruitnent of crocodiles into the population will
avemge 1 - 3 crocodiles per clutch. The main risk for such a case is that in-
country dsks i.e. war, poaching and habitat encrcachment can lhreaten a
population. The benefits are that there is biodiversity preservation and other
species also benefit.

6,2 Cotrservatiolcaptiye-breedilgforre-introduction
This is done to either supplement existing populations or for re-introducing irto
areas from where they have been extirpated. In this case an average clutch of
eggs can yield 23 - 26 crocodiles for re-stocking if good husbandry practices ate
followed. The main risk ftom this case is the 'fitness' ofindividuals destitred for
release. When crocodiles are reared in captivity therc are many facto$ that catr
make them unsuitable for release into the wild. These concems are
acclimatization at the release site, food locating skills, avoidance ofpredators,
release ofsingle size classes can lead to social di*uption alrd the possibilities of
disease spread (Soorae & Stanley Price, In Prcss).

6.3 Farming for proFrt and coDservation
In some countries there is a tequirement for commercial farmers who collect
eggs to rgtum a percentage ofoffspring for retum to the wild. This number can
vary between 50lo - l8%, Ifthe individuals destined for release are ftom an older
age group then fewer individuals need to be rctumed as their survival rate
improves with age and size.

There is a hidden cost of raising individuals which are then provided for release
to wildlife authorities. This is a cost the cofiunercial farmer has to absorb. A
concem is that the individuals prcvided for release can be runts or those with
other prcblerns. The survival of such individuals in the wild can be very low and
there is a high chance of disease transfer to the wild population.

6,4 Species preservalion in zoos
Crocodiles maintained in zoos in a-srh locations acts as an insurance for wild
populations. Ifthe species goes extinct in its natural range there will still be
individuals in captivity for a future re-introduction prograrn. The educational
value is also very important for a zoo situation. The risks ate genetic disorders
and inbreeding within zoo stock and 'filrless' ofindividuats destined for release
as discussed in the previous section 6.2.

There is also the risk of individuals being released accidentally or intentionally
and forning a feral population. This is the case with the introduction ofthe
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common cdmur (Cqituan crocodilus) il C:uba. Tt,€rc is also a dsk of
hybridization in captivity as was the case with Cubat crocodiles (Crocodylus
rhombifer) urd Si,amese crocodrle (Crocodylus stazrezsir) in Vieham (CSG,

1996).

7.0 Conclusion
1r?-Jitu conseryation in the wild will have a relatively higher cost per adult
crocodile but this also has high potential benefits. Conseryation captive-breeding
for re-intoduction has a lower cost per adult but also lower benefits. Farming for
profit and conservation still has a low€r cost per adult but belefits accrue
p ncipally to fanll ouners. In an et-'t;t4 zoo there is a relatively high cost pe!
adult. This is mainly due to very high opportunity costs of land and rcsources ir-
an oveGeas er-.rita loaation.

Overall the different scenarios may be usefirl to difelent sPecies depending on
site and other circumstances. This paper tries to outline some ofthe costs, risks
and benefits that may be involved under differ€nt scenaxios.
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Egg ranching is a consewation tool allowing utilization ofa resource which would

otherwise be lost to high natual mortality, ard has proven very successful in many crocodilian

species. The Louisiana Deparhnent ofWildlife and Fishsries regulates an experimental alligator

egg collection prcgram, which requires the rehrm ofa portion ofjuvenile alligato6 to ensue

recruitinent and replace what would have been expected to sureive had the eggs not been

harvested. An extensive tag aod release Fograrn of fam-relgased juvenile alligators was

evaluated by analysis oflater harvest ofrecaptued sub-adult and adult alligatorc. Results

suggest high survival rates offam-released alligators. Factors affecting tag rccovery rates aod

obstacles encountered itr the analysis of this preliminary data are discussed. Areas for futule

research in this long-term study are outlined. Ma[agement implicatiols for alligator egg

ranching programs are discussed as are considerations apPlicable to other crocodilian species.
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SURVIVAL INDICES FOR FARM-RELEASED AMERICAN
ALLIGATORS IN A FRESHWATER MARSH

Robert H. Chabreck, VemoD L. Wright, and Bray c. Addison, Jr..
School of Foresay, Wildlife, and Fishedes

LouisiaDa State UDiversity Agricultural Center
Baton Rouge, LouisiaDa U.S.A. 70803

Abshact: Statistical procedures were used to comparc survival indices ofjuvenite
fann-raised American alligators (Alligator misJiJsDpr'ez.rD released into a fteshlvarer
narsh in southeastem lruisiana to the survival indices ofjuvedle wild alligators in the
same area. Indices compared were live capurre rates, malk-recapfirre, recovery of tags
ftom stonachs of pledator alligators, and lecovery of tagged alligators on baited hooks.
Live capture of farm aqd wild alligators on 111 dghtty capture effolts indicated Do

difference in the capture per effort of wild alligators from 1991 to 1992 but the caDrure
per effort declined 65% among farm alligators dudng that time. Mark-recapture data
itrdicated that the recapture rate of tagged wild alligators (O.48%l was jg% greater tharL
the recapnrre rate of falm ^lligatarc (0,27%). We examined 612 stomachs of wild adult
alligators harvested ftom 1992 tbrough 1995 ad tecovered tags ftom 42 of 1352
marked farm alligators (3.40%) and ftom 7 of 1106 wild alligarors (0.63%) tagged and
released in 1992. The recovery rate of tagged wild alligators released in Lggl afi.lgg2
and captured with baited hooks during September harvest programs from 1991 to 1996
was 28 times greater than the recovery late of farm alligators.

INTRODUCTION

Alligato! egg collections from the wild on pdvate lands was permitted by a
plogam initiated in Iruisiana dudng 1986. The Dumber of eggs collected each year
has remained fairly stable since 1989, nd m 1996,2j9,237 eggs were collected and
233,0'16 yovng,r,f'e hatched (Elsey 1997). In oder to maintain witd populations in
areas with egg collection programs, state regulations initially required that a portion of
all alligators hatched in captivity ftom wild produced eggs (ranched) be returned to the
wild when they reached 1.2 m total leugrh (IL), which was at approximately 20
months of age. This percentage was derived from the proportion of wild hatchlings
surviviug to 1.2 m TL (Taylor and Neal 1984). In 1992, a sliding scale was deveioped
that allowed for retum of alligatoN from 0.9-1.5 m TL with the returD rate based on
the proportion surviying at those sizes as reported by Taylor alld Neal O9g4) and
extrapolated for sizes between 0.9 m and 1,5 m. h 1996,40,919 farm-nised (ranched)
alligato$ produced ftom wildrollected eggs were leleased in Iruisiana (Elsey 1997).

The release ptoglam was based on the assumption that survival of farm-raised



(farm) alligators does not differ from the survival of wild alligators of similar size.
This assumption must be tested to evaluate the long-teml impact of lruisiaDa's egg
collectiotr progmm on wild populations. Under the curent management program, farm
alligaton are released in many wetland habitats of Louisiana, and farm-released
alligators may eventually constitute a substantial portion of the wild a igator population
in Dany areas. The objective of this study was to comparc indices of survival of farm
alligators released in a fteshwater marsh to those of wild alligators occupying the
rclease si!e.

The study was funded by the Louisiana Agricultwal Expeliment Statior,
Louisiana Sea Grant College hogram, The Gheens FouDdation Inc., Louisiana
DeparhEnt of Wildlife and Fisheries, The Louisiara I-and and Exploration Company,
Williaos Inc., McllheDtry Company, Avery Island Inc., E. A. McllhenDy Enterprises
Inc., aDd Sweet hke Land and Oil Company Inc. We are grateful fo! their
conaibution to the study. The assistance of B. Crain, C. Chanc€, H. Robichaux of
Golden Ranch Plantation, R. Mo€rde of Golden Ranch Hunting Farm, and students at
Iruisiana State University and Nichols Srate University is gleatly appreciated.

METHODS

The study was conducted in LaFourche Parish, Louisiana, on the 20,235-ha
Golden Ranch Plantation (GRP) located approximately 33 l(ln southwest of Nelv
Orleans. A 4,203-ha iqtensive sirdy arca was located on the northwestem portion of
GRP. The study area was located in freshwater marsh and consisted of approximately
50% open ponds and 50% marsh. Pond depths ranged from 30-90 cm. The intensive
study area contained 23 hl of canals that were approximately 3 m deep and 15 m wide,
and approxtnately 25 lm of ditches about I m deep and 2 m wide.

We compaled capture rates of farm and wild alligators, recapture rates of
tagged farm and wild alligators, recovery mtes of tags of caDnibalized farm and wild
alligators ftom stomacbs of predato! alligators takeo during harvests, aDd recovery mtes
of tagged farm and wild alligators captured with baited hooks during harvests.

From May 1991 - August 1992,2,166 'ttild aLligatols ranging in length from
0.92-1.52 m TL were captured, measured, tagged, and released in the inteosive study
area with 111 nightly captule efforts. Each alligator was marked with two like-
numbered monel web tags that were approximately 10 mm long and 2 mm wide. One
tag was attached to the webbing of a hind foot, and one was attrached to the webbing of
a fiont foot. Alligators werc located for captue by slowly tmveliog through the area
at night in an air boat and shining with a Q-beam light. Alligators wele captued by the
hand-grab method (Chabreck 1963), and total leDgth was measured along the animal's
dorsal surface.

Farm alligators released into the wild as part of the egg collection prog&lm were
sexed, tagged and measuled by personuel of the I-ouisiana DepartDrent of Wildlife and



Fisheries prior to release. Farm alligators were tagged similar to the wild alllgarors
except that in 1991 farm alligators had ody I monel tag, and it was attached to the
webbing of a hind foot. From 1991 to 1994, 6,065 farm a igators were rcleased on
GRP. Tag nurnbers were lecorded from all alligators recaptured duing night capure
sessions, alld the alligators were sexed, weighed, measured, and released.

During nightly capture efforts in 1991 and 1992, innature farm and wild
alligators were captured at random throughout the intensive study area. The goups
were recognized by the presence of web tags, and the number captured per nightly
effort in 1991 and 1992 was assumed to be Foportional to the number present in each
goup (Davis and Winstead 1980). We tested the nult hypothesis that the amual capture
rale of farm alligators from 1991 to 1992 did not differ from the amual capture rate of
wild alligator ftom 1991 to 1992.

The recapture rate of tagged farm and wild alligators dudng nightly capture
efforts in 1991 and 1992 provided data on survival of each group. Data were not
included for farm or wild alligators until 100 or more tagged animals were available for
recapture q.ithin each group. Available recaptues wete defined as alligators that were
released 3 or more weels prior to recapture. The yariance used was that found amoDg
the proportions from different recaptue dates. The model used for this analysis was
similar to the Brownie-Robson estirutor (Btownie et al. 1985) and assumes that the
survival rates and probability of being recaptured aDy given night was the same for
farm and wild alligators. If the recaptue rates were different, then we assumed that
everything but the survival rates were the same and concluded that the difference was
attributed to differential zurvival between groups.

AII index to survival of farm alligators was developed ftom data on recovery of
falln alligator web tags ftom stomachs of wild adult alligatols captured during au
aruual September harvest program. Adult alligators were harvested throughout GRp
where farm alligators were released aDd were captuled by trappe$ usiDg baited hooks.
All harvested alligators were marked with a numbered tag; and after each anillnl was
skfuned, stomachs were removed from alligatoN >2.2 m TL, atrd the contenB were
visually inspected fot web tags. Stomach contents wete then radiographed with
standard x-ray equipmeDt to locate tags not found dudng visual inspections.

We assumed that the number of trumtur€ farm and wild alligatols cannibalized
by larger alligators was proportioDal to the number of farm alligators presed and that
the number of web tags present in stomachs was proportioDal to the number of farm
alligators camibalized during the year. Most web tags are eventua[y expe[ed from the
stomach of an alligator by regugitation (Chabreck 1996); however, we assumed that
tags from farfi and wild alligators \rere expelled at equal lates.

We compared the plopodion of tagged farm and wild alligators cannibalized by
compa ng the number of tags recovered from juvenile farm and wild alligatols ragged
and rcleased in 1992 and re4overed from predator alligato! stomach from 1992-1995.
Data from farm alligators released in 1991 were not used in this analysis because only



one web tag was attached to each animal. We used a 2 x 2 contingency table to test the
null hypothesis tbat the proportion of farm alligator tags recovered did not differ from
the proportion of wild alligator tags recovered.

The capture rate of tagged farm and wild alligators with baited hooks during the
September alligator harvest program was compared as an index of survival, The
number of tagged wild and falm alligators captured in each year class was assumed to
be proportioral to the rumber of alligators present in the year class. Because wild
alligators were only tagged and released in l99l ar:d 1992, only farm alligators released
h 1991 and 1992 were included il the test. The capture of alligato$ with baited hooks
is usually selective to larger alligatols because of the height that baits are suspended
above the water aDd hook size (Nichols et al. 1976). Therefore, most tagged farm-
released and wild alligators used in this study requAed sevenl years of gro$'th before
reaching a halvestable size. Alligatols captured with baited hooks werc evaluated from
199l-1996, and oDly captured alligators that coDtained web tags for positive
identification were included in the analysis. A 2 x 2 contingency rable was used to test
the mrll h'?othesis that the propotion of tagged farm alligatofi captured with baited
hooks dudng the September harvest program did not differ from the proportion of
tagged wild alligators captuled.

RESULTS

Tag -Recaptu re

Du ng 62 nighdy capture efforts in 1991, we captu{ed 138 farm alligatorc and
1104 wild alligaton (Table 1). During 49 captue efforts in 1992, we captured 35 farm
alligato$ and 1094 wild alligators. The number of wild alligato$ captured per nighdy
effort in 1992 (x : 22.7) did not differ (r = 0.503, 6 df, P = 0.3164) from rhe
number of wild alligatols capMed in L991 (x = 2n.), However, the number of farm
alligators captuled per nighdy effort in 199 (x =0.8) was 65% less than (t : -3.566,

6 df, P = 0.0O59) the number of farm alligato$ capf,red in 1991 (x = 2.3).

A 2 x 2 contingency table used to compare the number of farm aod wild
alligators captued in I99l ^nd 1992 indicated differeDces between Sroups (t'z = 56.11.
1 df, P< 0.00O1; Table 2). The trull hypothesis that farm alligators were captured in
the same proportions in 1991 and 1992 as were wild alligators was rejected.

The recapnue lare was greater (t = 6.84, 161 df, P < 0.01) for wild alligators
(0.0048) than for farm alligators (0.0027; Table 3). Sufficient numbers of wild
alligators were marked so as to have 100 available for recapture on 97 Dights, and 100
or more farm alligators were available for recaptue on 66 nights. A total of 397 wild
and 46 farm alligators were recaptued and the nunb€r of recaptures per tagged
alligator was'18% $eater for wild alligators than for farm alligators. We assumed that
the capalle of both $oups was proportional to their abundance and that dispe$al rates
were not differeDt. 
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Table 1. Number ofjuvenile farm and wild alligators captured per 4ightly captue eflof
during montlrly and bimonthly periods in 1991 and 1992 , Goldeo R ll"h pl-tut,or, .
Louisiana .

Dale No- of No. ofalligato$ captured
efforts Farm" Total

1991
M;iine

July
August
Sep-Oct
Total

1992
March-Apdl

May
June

July-Aug
Total

27
19
9
7

58
t6
18

138

4
u
9

11
35

1.7
3.1
1.8

36r
357
r99
1.87

1 104

109
212
360
413

1094

5
9

I4
2 l
49

0.8
t .2
0.6
0.5

13.4 407
18.8 41s
22.1 215
29.3 20s

1 ) 4 )

21.8 I 13
23.6 223
25.'7 369
19.7 424

l l29

" lncludes only farE alligators released in April 1991 .

Table 2. A 2, contingency table comparing the proportions" ofjuvenile farmb
and wild alligators iive-capturcd in 1991 and 1992 on the intersive shrdy area ,
Golden Ranch Plantation , Louisiana .

Year
captued

No. of alligators captured
Farm Wild Total

1242
1129

138
35

1 104
1094

1991
t992

Total t73 2r98 237 |

f  :56 .11  , l  d f ,P<0 .001  .
Includes only alligators €le3sed in Apil i 99 I
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Stomach Analysis

Ige examined 612 stomacbs of alligato$ >2.2 m TL that were captured during
the Seplember barvest from 1992-1995 (Table 4). Tags from 46 ot 1352 (3.40%) tar,r.
alligators released in 1992 and 7 of 1106 (0.63%) wild alligators tagged and released in
1992 were recovered ftom the stonachs. The proportion of farrl alligator tags in the
stomachs was 5.4 time greater tllan the proportion of wild alligator tags; thetefore, we
rejected the rull hlpothesis.

The proportion of tags of falm alligatorc based on tags recovered from stomachs
ftom the 1991 and 1992 harvess in the htensive study area was compared to that on
the remainder of GRP. We found no differenc€ beiween the two areas (t' = 0.486 and
0.231, df = 1, P = 0.486 and 0.631) duling 1991 ̂rf, 1992, respectively, which
indicates that the predation rates of farm alligators on GRP did not differ between the
iDt€nsive study area and the remainder of GRP. This allowed direct comparisons
betwe€n predation mtes of farm alligators ard wild alligato$, even though wild
alligators were tagged only on a portion of GRP and fann alligators were released
across the entire area.

Baited Hooks
The harvest rates of tagged farm and wild alligato$ captued with baired hooks

indicated that the proportion of farm alligators captured was considerably less than the
propofiion of tagged wild alligators captured (Table 5). Thereforc, we rejected the null
hlpothesis and concluded that a difference existed b€tween farfr aDd wild alligators.
The proportion of tagged wild alligators captued with baited hooks (0.0212) was 28
times greater than the proportion of farm alligators captued (0.0008).

DrscussloN
Tag recovery atrd recapi[e rates are an indication of survival rates (Brownie et

al. 1985). The methods used to compare indices of survival rates between farm and
wild alligators were methods that provided estimates with a minimum amount of bias.
The methods indicated that recapffe rates of farm alligators ruged from 65-78% less
than the recapfirre rates of wild alligators. The recovery of tags from stomachs
irdicated that the Foportion of wild alligators cannibalized was 81% less than rhe
proportion of farm alligators camibalized. The recovery rate of farm alligators
captured with baited hooks was 96% less than the recovery late of tagged wild
alligaton captuled with baited hool6.

Cannibalism was a greate! cause of moriality amoog juvenile farm-leleased
alligators than juvenile wild alligato$, as indicated by the rc€overy rates of tags from
stomach of adult alligato$. Farm alligators apparently lacked the experience necessary
to avoid predators aod, thus, had a lower survival rate than wild alligatoG. Simila!
results have been reported with othel species when captive-laised animals were released
into the wild. Bmkhage (1953) found that four species of captive-raised waterfowl had
higher mortality rates when released into the wild than wild birds. Soutiere (1989)



Table 3. Recapture rates oftaggedjuvenile farm-released and wild
alligatoN in 1991 and 1992 , Golden Ranch plantation . Louisiana .

Farm w d

Nights"
Number of recaptues

Recaptues/tagged
alligator

SE
Mean difference

SE diference
Mlue

Probability

9'7
39'7

0.0048

0.00039
0.0020
0_0038
6.48(161 d0
<0.0001

66
46

0.002'l

0.00047

' Includes only capture nights with > 100 tagged alligators at risk and alligato$
captued with > 21 days since thelast capt[e .

Table 4. Number oftags ofjuvenile farm and wild alligators that were tagged and
reieased in 1992 and recovered ftom 612 stomachs ofha.rvested adult alligatois tom
1992 to 1995, Golden Ranch Plantation- Louisiana-

FARM w.TT D
No. taqsed ard released: 1352 1106
Year recovered No. Stomachs examined Number recovered

1992
1993
1994
1995 t66

105
t51
184

17 1
18  2

63
5 l

TOTAI
Recovery rate

x
467

3.40% 0.63yo
22.09

6t2

P <o.ool
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fouud that when hand-reared mallards (,4tas p latyrlrynhcos) vterc rcleased, survival
rates were lower aDd Don-hutrting mortality rates were higher tban for wild mallards.
They also stated that game-farm mallards apparently have little poiential for restoring
breeding populatioDs because they survive poorly in the wild. Krueger et al. (1986)
reported that the rate of return to spawning reefs by hatchery-raised lake ftout
(Salvehnus nansJcush) was significandy lower than that for native tout. They also
noted that predation by other frshes can limit the success of aDadromous fish stocking
progruns.

Table 5. Number ofjuvenile farm and \trild alligators tagged and rele3sed in 1991 and
1992 and captured with bailed hooks ftom 1991-1996, Golden Ranch Plantation,
Iruisiana.

1991 Releases
Farm Wild

1992 Releases
Farm Wild

No- tassed and rcleased 1243 1111 1352 1106
Year caDnrred -----Number caDtured------

1991
t992
1993
t994

aa
03
03

19950803
1996 0 5

1
2
6
o

0
0
1
o

TOTAL
Capture rate

r(
P <0.001 < 0.001

Other studies have indicated wide variation in survival rates of wild alligators.

Nichols et at. (1976) estimated that the average anDual survival rate rvas 78.8% for wild

alligators in ihe 1.2-1.5-m TL size class in southwestem Louisiana based oD size class

distribution. Taylor and Neal (1984) used a size class ftequency distributiotr and found
t]Flt 59,2% of the wild alligators of the 1.2-m TL size class survive to the 1.5-m TL

size class. Dietz (1979) fouDd that 14% ofa sample of lake alligato$ survived thrcugh

two years in Florida. woodward et al. (1987) estimated 2-year survival ofjuvenile
wild alligato$ in OraDge l,ake, Flodda to be 8%. The wide range of estimates of

survival rates is attdbutable in part to the diffelences betweeD years and areas and also

reflect biases due to different techniques. The purpose of our study was not to

determine the survival ntes of farm-released or wild alligato$ but to compare survival

indices of farm and wild alligators occupyiDg tle same release site. Because of the wide

vaiation in survival rates among areas, data on recovery Iates of farm-released

1, 28
0.O8% 2.52Va

29.61

119
O.O7 Vo 1.71%

20.63



alligators are meaningless without simila! data on their wild counterparts.

Addison (1993) used radio klemetry to compare survival rates of furm aud wild
alligators on GRP and found no difference between the two gtoups. Survival rates of
alligaton with radio collars were in contrast with data from the recapture of tagged
alligators and the recovery of tags ftom stomachs taken in the harvest. Addison stated
that his sample size was not sufncieDt to detect differences that rnay have occurred
b€tween farm and wild alligatols with radio-colla$. Although, wild alligatols normally
were mole expe enced than farrtr alligators in avoidiug predators, the external radio-
collars apparendy reduced the ability of wild alligators to avoid predation, as suggested
by Ross and McCormick (1981) for fish. Bossert (1993) stated that extemal radio_
collars may adve$ely affect the behavior of alligators and make the animals less
hydrodynamic, thereby reducing their speed of swinming and movement though
vegetation and floarirg rna$h.

We believe the difference in rccaptue and recovery lates between farm aud wild
alligators reflects differential survival between the two groups. Other possible causes
of differential recapture and recovery ntes are differential dispersal atrd differential
catchabilify. Telemetry data indicated no differcoce in movement rate or dispersal
betwe€n farm and wild alligators (Addison 1993); therefore, differential disDersal was
not lesponsible for differential recapture mtes. We found that farm alljqators were
easier to captue than wild alligators and would often remain motionlesJwhen
approached and make no effort to resist capture. This increas€d the proportion of farm
alligators captured a'ld suggests that olu recapturc rate for farm alligators may be
slighdy inflated, which would indicate an even lower relative survival rate than
calculated for farm alligators.

The release of farm-raised or hand-reared animals to supplement lvild
populations has been attempted with many species of frsh, birds, and maDrnals and to a
lesser extent with reptiles (Dodd and Seigel 191). Survival of the farm-released
animals was generally less than survival of trative wild animals in the release area.
Little infornution is available on survival of farm-raised qocodilians released into the
rvild. Some early observations (Chabreck 1971, Smilh and Webb lggt indicated
survival rates similar to those of wild crocodilians occupying the site while Blake aDd
I-oveddge (1975) reported very low survival among farm-released hatchlings of Nile
cr@,odtles (Crocodylus niloticus\. Pooley (1973) stated that crocodile hatcl ings should
be released in permarcntly flooded wetlands with dense emerge vegetation. He
recommellded that areas with a high population of adult crocodiles be avoided for
release of hatcblings.

Jennings et al. (1988) evaluated changes in alligator population stucture
associated with remoyal of 50% of the annual production of alligator hatclfings and
eggs ftom lakes Jessup and Griffin in Florida ftom 1981-1986. No harvests of la.rger
alligators were conducted on the lakes nor faro alligators released dudng tbat tkne. On
kke Jessup, increases were foutrd in the >0.6 m size class; but on Irke Grifdn ancl a
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conffol lake with no collections, alligator populations rernained fafuly stable du ng the
study.

Rice (1996) continued the study reported by Jennings et al. (1988) and removed
50 % of the eggs produced on lakes Jessup and Gritrin ftom 1987-1991. Also, no large
alligato$ were harvested and no farm alligators were released. fuce noted that the
0.3-1.2 m size class increased on Iake Jessup by 24%, orLlake G'jffrn by 31%, but on
the control lake by 190% during his study. Rice also did a 2o-year simulation model of
the alligato! population on kke Orange and test€d the population response to armual
egg harvests of0,25,and50%; adult alligator harvest (> 1.2 m TL) of 0, 5, 10, and
15%; and each combination of both egg and adult alligator harvest with no release of
farm alligators. The model indicated that the alligator population could be best
mainlained with not mole than a combined 5 % ̂ dllt ufr 25% egg harvest. The 50 %
egg-oDly and 10% adult-only harvests also maintained stable populations. The
maximum harvest ntes of eggs and adult alligators that will allow an alligator
populatiotr to remain stable will depend largely on the degree to which compensatory
mechanisms functioD in the population (Jennings et al. 1988).

Smith and Webb (1985) developed a simulation model of a Crocodylw johnstoni
populatioD and concludd, that 30% of tfu C. johnttoni eg$s could be removed each
year atrd the population would Dot be gready affected evetr if farm-laised crocodiles
were not returnd to the wild. Smith and Webb (1985) also calculated that if 90% of
the eggs werc removed each year fo! 10 years, the c. Jbrtutoni population would only
decline 50%, However, the egg collection program evaluated was without an added
hawest of subadult and adult qocodile$.

Elsey (1998) reported that less tban 207. of the available alligator eggs
statewide io lruisiaDa are collected by ranchels each year. Also, the harvest of
subadult and adult alligators is regulated to remo\e orly 4% of the population amually
(N.KiDler, 1998; pers. comm.) The l-ouisiana alligator and egg harvest programs have
b€eD in effect fo! 10 years and the alligator populatioo has remained relatively stable.
However, the release of farm-raised alligators has been a part of the egg collection
program since its onset but ofunknown yalue to the program. The harvest rates of
alligators and eggs in IruisiarD are within the llln,its (5% zfr 25%, respectively)
recommended by the Rice (1996) model for maintaining a stable alligator poputation.
However, the lelease of farm-laised alligalols is not hcluded as a part of the Rice
(1996) model.

Because of low survival rales, the release of farm-raised alligato$ contdbute
very little to th€ maintenance of the GRP alligator population. The collectioD rate of
alligator eggs on GRP is well above the statewide average and eggs are collected fiom
all nests that can be located with a search by helicopte! and airboars. Many alligator
rcsts on GRP obviously go undetected or are blTassed and thus provided hatchlings to
maintain the population. Also, in some adjacent areas eggs are not collected, and
alligator movement ftom these areas may supplemeot the alligator population on GRP.



Because of the low survival rale of farm-released alligato$ as indicated by thts study,
adjustments to the egg collection late or adult harvestrate should be comidered, if
declines are noted in the Louisiana alligator population i4 the futue.
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MOVEMENT OF JWENILE FARM-RELEASED AND WILD AMERICAN
ALLIGATORS IN A TRESHWATER MARSH IN LOUISIANA

Bray G. Addison, Jr.
Robert H. Chabreck
Vemon L. Wright

School of Forestry, Wildlife, and Fishe es
Louisiana State University Agricultual Center

Baton Rouge, Louisiana 70g03 USA

ABSTRACT

Movements ofjuveniie farm-mised alligators (Allisator mississippiensis) released
into a freshwater marsh in southeastem Louisiana in t991 and t giweiimpared to
movements ofjuvenile wild alligators in the area. Radio telemetry data indicated no
difference between the juvenile groups in movement rates, dispeNal rates. or home
ranges. Pooled data indicated that movement rates in the sum;er l99l season (661 m)
were greater thar during the winter 1991-92 (364 m) and summer 1992 (3g9 m). Radio
telemetry data also indicated that 75 of78 farm-raised and 43 and 44 wild alliearors
monitored for dispersal movements, dispersed <5 km during rhe study. Mean iome
ranges for both groups wete <l kn2, arrd no home nnge differences ;ong seasons werc
detected.

INTRODUCTION
An alligator egg collection prcgram was initiated in Louisiana in lggg thal

allowed commerical egg collection form the wild by p.ivate landowlers. The eggs were
artifically incubated to pioduce alligator hatchlings for rearing on farms. The piogram
was gradually expanded and as many as 293,000 eggs were collected in one yiar (J.
Tarver, LDWI, pers. commun.). In order to maintain wild populations in areis where
eggs wer^e collected, farmers were required to release into the wild 17% ofall alligators
halched from collected eggs when the alligators reached 1.22 m total length (TL)
(approximately 20 months old). The l7olo released rate was an estimate ofthe number of
hatchlings that normally survive in the wild to reachl.22 m TL Q.,lichols et al. 1976,
Taylor and Neal 1984). Regulations were later revised to allow the release of fam_raised
alligators between 0.91 and 1.52 m TL and the release rate to fluctuate based on the size
of fie released alligators.

The telease program was based on the assumption that the movement and survival
offarm-released alligators did not differ fiom rhat of wild alligators of similar size. This
assumption was not tested, and no studies were conducted to evaluate the movement of
farm-raised alligators after their rglease into the wild. A better understandine of
movement offarn-released alligators is needed to evaluare the effect of Louisiana's egg
collection program on wild populations. Regulations on alligator egg collections also
require that fam-raised alligators be release in the vicinity ofthe oiginal egg collection
site. Wild alligators rcleased into unfamiliar teritory show a tendency to move

305



considemble distances from the release site (Chabreck 1965); therefore, it is important to
know iffarm alligators released near an egg collection site will remain in the vicinity of
the site.

The objective ofthis study was to determine and compare the movement rates,
dispersal distances, aad home ranges ofjuveniie farm-raised alligators relgased in a
freshwater ma$h to those ofjuvenile wild alligators occupying the release site.

The study was funded by the Louisiam Agricultural Expedment Station,
Louisiana Sea Grant College Program, The Gheens Foundation Inc., Louisiana
Deparhrenl of Wildlife and Fisheries, The Louisiana Land and Exploration Company,
Williams Inc., Mcllherny Company, Avery lsland Inc., E.A. Mcllhenny Enterpdses Inc.,
and Sweet Lake Land and Oil Company Inc. We are graleful for their contribution to the
study. The assistance ofB. Crain, C. Chance, H. Robichaux ofGolden Ranch Plantation,
R. Moertle of Golden Ranch Hunting Farm, and students at Louisiara State University
alld Nichols State University is greatly apprcciated.

METIIODS
Desciiption of StudY Area

The study was conducted in LaFouche Parish, Louisiana, on the 20,235-ha
Goldeo Ranch Plantation (GRP) localed approximately 33 km southwest of New
Orleans. A 4,203-ha intensive study arca was located on the northwestem portion of
GRP. The study area was located in Aeshwater marsh and consisted of approximately
50oZ open ponds and 50% marsh. Pond depths ranged ftom 30-90 cm The intensive
study area contained 23 km of canals that were approximately 3 m deep and 15 m wide,
and approxirnately 25 km ofditches about 1 m deep and 2 m wide

Radio Telemetrv
One hundred radio collars were purchased from Lotek Engineering, Auron,

Ontario, Canada. Transmitters were hermetically sealed and weight was approximately
225 gmms or about 5olo ofthe weight ofan alligator 1.22 m TL. Each ttansmitter operated
oo a fixed ftequency between 150.00 and 151.99 Mhz (frequencies were separaled b)
approximately 10 Khz). Mortality senson were activaled ifthe tansmitter was not
moved during a continuous 24-hour period, and caused the signal pulse to increase Aom
55-60 beats per minute to 100- I 10 beats per minute. Each &ansmitter and antenna was
attached to an adjustable leather collar placed around the alligator's neck. The radio hung
beneath the alligator's neck, and the arterula was laced through the collar and emerged
above the dorsal suface ofthe neck.

The receiving systems consisted ofthree Telonics model TR-2 receivers; three
nlrll-peak arrays consisting of two 7-€lement yagi antemas (Wildlife Matedals,
Carbondale, Illinois), and one 3-element collapsible, hand held yagi aotenna (Wildlife
Materials). The three null-peak anays were located at 4 sites (one tower was switched lo
an altemate location fiom November I 99 I -February I 992) along canals and ditches in
the study area. The tbree pdmary sites were located using the mean LORAN-C location
obtained from individual LORAN-C readings throughout the study Standard deviation of
LORAN readings for tower locations was estimated by comparing the individual readings
obrained rhroughout lhe study ro lhe mean ofthose readings
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^ .. E3ch arr.af was mounred atop a 6-m telescoping mast. Each antenia was orienledror orrcctlon uslng a decltnated staff compass, aod a 360_degree compass rose. The arraywas used in the peak mode to find the geoeral direction ofG signal ana ttre iennea
oearng was detefiIllned usrng rhe nu]l oprion. The hand_held arrenna was used
predominately from ao airboat for homing to rccover collars and to obtain bearings used
in triangulatiol. Direction to peak signals was measured usinga hana fraa ^"m"ti"
compass.

A test talsmitter was placed at a locatjon near rhe center of the study a!ea. l.hree
lndependent measureme s ofthe bearing ftom each anrema siLe to the iesr nansminer
wele obtained with a staffcompass. We trcated the means ofthese bearings as the true
bearings to the transmitter and estiEBted the bias associated with each to;r bv
subtracting the mean ofthe obsewalions from the tue beari]lg. Standard deviaiion of
telemetry beadtgs was estimated by comparing the individual beadngs to the meal! of
those bearings using the genenl formula:

Bias ranged from 0.6-2.60 for the four tower-location combinations, and standard
deviation ranged from l.0l-2.78'. These factors may have affected the accuacy of
locations of farm-nised and wild alligatols, but did not a.ffect our ability to detect a
difference in movernents between groups. Frcquency ofdistance moved was plotted in
10-m increments. The most ftequently observed distance represenred locations obtained
in the winter on animals that had moved very liule or not at all, and was a good indicator
of the precision of the system. The rrost ftequently obse ed movement w; g0 m, and
this was used as an estimate of systeo erlor.

Farm-raised alligators (1.19-1.48 m TL) ftom a group scheduied for release on
GRP were fitted with radio collars ard released 26 Juiy 199 i. Wild ailisalols of
approximately the same size (1.07-1.37 m TL) were caprured in the viciiity ofthe release
site between 26 July and 5 August 1991, fitted with radio collars, and released. Alligators
were taced weekly and locatioDs deternined using triaDgu.lation. Whelt or y two
bearings were measured on the same tralsDittei, iltersection was used to deterorne the
location (White and Garot 1986). When a signal could only be detected from a strgie
fxed array, we used homing to get within 25 Itr ofthe tlansmitter alld recorded 1he
aaimal's location as the latitude and loDgitude values provided by a hand-held LORAN C
receiver (PL-99 Ray Jefferson, Phiiadelphia).

Data Atralvsis
Only data from alligators with sufficient locations in a season (:5 for summer

1991, July-Septembe4 and slrmner 1992, Aprii-Augusq ard:15 for winter 1991_92,
October-March) were used to compare movements for farm-released and wild alligafors.
Differences between farm-released ald wild ailigators (g!oups) werc compared usitg the
variability between alligatols as the elror term. Diflerences between seasons and the
season by groups intenction werc tested with ANOVA usidg the variation among
aljmais within seasons and groups (General Linear Model procedure, SAS Institute, Inc.
1989).
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RESULTS
Standard deviation ofLoran readings for tower locations was 31.5 m East-West

by 35.9 m North-South. We assumed that elrorc associated with locations obtained ftom
maps were even smaller than this. The standard deviation ofbearings obtained from null-
peak arrays was 1.23" and for hand-held antenna readings was 5.31o.

Movement Rate
A least square analysis was used to compare distance moved between consecutive

locations. Mean movement rates did not differ between farm-released alligators (46i m)
and wild alligators (487 m), and no interaction between seasons and goups was found-
The mean distance moved differed among seasons (F = 33.00, df-2,72,P <0.01). A
Duncan's test (SAS Inst. Inc. 1989) showed that the grcatest movement rate was during
summer 1991 (575 m) and movement did not differ between winter 1991-92 (355 m) and
summer 1992 (365 m).

Disoersal
Disperal was defined as the straight line distance betlveen initial location and the

last location. Mean dispersal distance was 1,228 m (SD - 926 m) for 43 wild alligatorc
and 1,260 m (SD = 968 m) for 75 farm-raised alligators and did not differ behveen
goups (t = -0.3615, 116 df, P = 0.36). Three farm-released and one wild alligaior
dispersed more than 5 krn ftom their release locatioDs. Most dispersal occurred in the
summer 1992 season.

Home Range
Home ranges were estimated using 100o/o minimum convex polygons for all

alligators located at least five times in a season. Mean home ranges for farm-released and
wild alligators did not differ berween groups (F = 1.45; 1, 105 df; P = 0 231) or seasons
(F = 0.05; 2, 72 df; P = 0.954); and no group by season inte^raction (F =-0.32;2,'72 df]' P
= 0.729) was detected. Home ranges varied ftom 0.012 km" to 8.06 km' for wild
alligato$ and 0.008 km'to 3.5 km'for fam-Eised alligators.

DISCUSSION
During the early 1960's, alligators were translocated fiom refuges in Louisiana

where they were abundant to other areas in the stale. Chabreck (1965) found that
translocated wild alligators dispersed at a rate 3 to 4 times greater than alligators that
were captued, tagged, and released in the same axea ithere captured. He recaptured 19
alligators 6-12 months after release that were relgased in the same location where they
were captured; they had moved an average of 1.02 km (range 0-0 to 5 65 km.) Alligalorc
rcleased into new areas were recaptured after 6-12 months and had moved an average of
3.03 km (mnge 0.81 to 9.68 km.).

McNease and Joanen (1974) followed (with radio telemetry*) 30 ilr)matllle wild
alligators from 27 March 1973 to 5 March 1974. They found no significant difference in
daily movements between immafure males arrd females and among seasons. Meal daily
movements for females ranged fton1 138 m in the winter to 294 m in the spring. Mean
movements ofmales langed from 185 m in the fall to 278 m in the spring. They had
insufficignt data on male movement in the winter to make a comparison for thal season.



Males home ranges varied from 24.7 ha - 610.5 ha., and averaged 230.g ha. Females
ranged from l2.l ha- 622.6 ha., and averaged 179.2 ha, but did not differ statistically
from males. Deitz (1979) found no difference in movement ofjuvenile male and female
alligato$ at locations studied in Floridh.

We used distance moved between consecutive locations as an index ofmovemenr.
Seasonal movement averages for wild radio-coliarcd alligators ranged from 39g m in the
winter 1991-1992 season to 684 m in the summer l99l season. Foifarm_raised radio_
collared alligators seasonal averages ranged from 360 m in the winter season to 6l l m in
the summer 1991 season.

Mean seasola] home nnges for the alligators we studied were consistenflv
smaller than those repoted by McNease and Joanen (1974). Individual home ranles for
farm-released aliigaton ranged from 1.2 ha to 806 ha. Mean seasonal home rangel for
farm-released alligators varied aom 43.9 ha (SD=55.4 ha) in the summer 1992 to 96.2 ha
(SD=76.5 ha) in the sununer 1991. For wild radio-collared alligators, individual home
ranges vaded from 0.8 ha to 350 ha. Mean seasonal home ranges forjuvenile wild
alligators mnged from 85.4 ha (SD=56.7 ha) in the summer 1t9l to i17.2 ha (SD=137.3
ha) irl the winter 1 99 I - 1 992.

Taylor et al. (1976) tracked 23 immature wild alligators (11 native and 12
translocated from coastal marshes) on two iakes in northeastem Louisiana from 10 April
to 4 December 1975. They detected Do overall difference in daily movement or home
range size oflocal and translocated alligaton. The alligators Enged in size fiom 1.05-
l 82 m TL. Average daily movements ftom spring to fall for local alligators ranged fiom
5.05 to 633.9 n/day and averaged 115 rnlday. Introduced marsh alligaiors movemems
mnged from 38.2 to 332.2 nlday and a\eruged 118 rrlday. Home ranges for local
alligators ranged from 0.8-321.8 ha., and averaged 97.8 ha. Introduced allieators home
ranges ranged from 2.4-228.8 ha., and averaged 90.4 ha. Our hndings are similar to the
results of their study.

In our sludy, the movement late for summer 1991 was greater than the other
seasons. This was in agreement with the finding by Chabreck 11965) rhat hanslocated
alligators had greater movement the first season aftet they were released. During the
summer 1992 we were unable to obtain location estimations across the entirc season on
many ofthe alligato$ because ofradio failure and predation on many farm_released
alligators.

Dispersal distances werc measured at the end ofthe study regardless ofwhen the
animal was instumented. Twenty-eight ofthe 75 fam-raised allieato$ used in the
analysis werc not instrumented until the beginning ofrhe surnmer-j 9a2. but they were
originally rcleased on the area in the summer 1991. All wild alligators were initially
radio-collared in summer 1991.

There was an extremely wide nnge ofsizes ofhome ranges. Home range size is
corelated with the mrmber oflocations used to estimate it and the time pe od involved.
Chabrcck ( I 965) reported that movement was progressive and proportional to time.

The first season (surnmer l99l) was 10 weeks long. Mean distance moved was
greatei id the fiIst season than in the oth€rs, but mean home range sizes lvere nor
siglificantly different from the othe. seasons. The facl that rhis;as dre shortesr season
with the fewest locations likely biased the home range estimates downward. The radio
failure problems ofthe summer 1992 caused similar problems in that we did not ger a
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sufficient number oflocations on enough alligatols for an adequate measue ofhome
lange size. We found that juvenile alligators moved about dudng the winter which
colfirmed the results of McNease and Joanen (1974). The lvinter season was the longest
season with the greatest mean number locations and was probably the only season for
which we had a viable measure ofhome range.
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REINTRODUCTION OF NILE CROCODILES TO I.AKE KARIBA, ZIMBA,BWE

Richard Ferguson

Crocodile Farmers Association ofZimbabwe, p.O. Bor EG 11, Eighlands, Harare

Zimbabwe

ABSTRACT

The go&'th ofthe crocodile ranching industry in Zimbabwe has led to inqeasing levels of
utilisation. A conservative decision \vas made to ensure the sustainability ofutilisation
was implemented in the form ofa programme in which crocodiles are released to the wild.
A number ofcrocodiles, equal to 2 % ofthe number ofwild eggs incubated, were

released amually between t 990 and I 994.

A two year field study of released crocodiles was carded out in Lake Karib4 Zimbabwe.
The aim ofthe study was to evaluate how such reinlorcement affects the wild crocodile
population. Three aspects were investigated; - the survival ofthe released animals; their
groMh and condition changes after release and their dispersal behaviour after release.
Data were collected by frequent location ofmdio-telemetered crocodiles and by spotlight
surveys ofthe study area during which tagged crocodiles were identified visualiv and bv
physical recaptures. These data led to the fomulation ofindividual histories from whiih
survival can be estimated by several methods. The recaptures allowed collection of
measurcment data a'ld dispe$al was analysed from geog.aphic locations ofall contacts.
In all tkee aspects attempts were made to compare data for the released and wild
crocodiles.

There was a decline in the number of survivors with time after releasq accompanied by a
concurrent drop in the probability ofsurvival. Less than halfthe number ofreleased
animals survived for a year afler release. Survival ofwild crocodiles is generally greater
than for released animals.

The body mass ofreleased crocodiles, initially extremely high relative to wild crocodiles of
the same lengtb fell over several months to a minimum dudng or shortly after the non_
growing season before positive $owth occurs. Body length,ly contrast, shows
seasonallyd€te.mined inqemental steps ofgrowth. Wild crocodiles t'?ica.lly have higher
body condition sco.es than released animals after these have expedenced their first non-
growing season.

Movement immediately after release was random. pattems or .,strategies,' appear later -
some animals establish a single area ofusage while others move between a number ofsuch
arezls arld some appelr to dispene io a consistenl direction out ofthe study area. No
significant ditrerence in survival could be shown between these groups. Unlike studies on
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wild crocodiles, a distinct home range could not be shown for most ofthe released
animals. Long distance homing was shown to occur, proving that sub-adult crocodiles
possess the motivation and mechanisms to home to whete they were hatched

This study also higl ights several other potential effects which were not considered when
the ieinforcement programme was started. It was concluded that the reinforcernent
progmmme was not essential to sustain the wild crocodile population- The short-term
success ofthe released animals is apparently related to the density ofthe wild population
at the release site. Greater emphasis should be placed on monitoring ofwild populations
witi release to the wild retained as an option for specific situations where the wider
reouirements are fulfilled.
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Radio-tracking captive-reared Orinoco crocodiles (Crocodvlas
intermediusl released into the Capanaparo River, Venezuila.

Maria del. C. Muioz! and John B. Thorbjamarsonz

' Universidad Simon Bolivar, Departamento de Estudios Ambientales, Aptdo. 89000,
Caracas, Venezuela. <94-78472@rsb.ve>

' Wildlife Conservation Society, 2300 Southem Blvd, Broo<, Ny 10460 USA
<jthorbjamarson@wcs. org>

Abstract
To test the f€asibility ofrestocking depleted wild populations of Orinoco crocodiles
(Crocodylus intemedias) by releasing juvenile, captive-reaxed crocodiles, we conducted
a adio-telemetry study. Eight socodiles (l15.2-139.3 cm total length) were equipped
with radio-tansmitters and released in the Capanaparo River in southwestem Vgrlezuela.
Crocodiles were followed from Apdl l99l to March 1992 in orde, to determine
survivorship, pattems ofhabitat use and movement pattems, and grcwth rates. Croaodile
moved considerably during the fust month following release, with four crocodiles
reaching their maximum distaace from the point ofrelease (1.0 to g.0 km) withrn one
month. The maximum distance moved was l l.6 km by one crocodiie four months after
release. Six ofthe eight crocodiles moved upstrearL while only two moved relatively
short distances downstream. Crccodiles tended to remain in areas offavonble habitif,
principally along the main course ofthe river. prefefied habitat durins the drv season
were in sections ofthe river with abundant low-gradient sandy beachei devoid of
vegetation that were favored for basking. As the river rose during the wet season,
crocodiles remained in the same areas, but moved back into shallow-water areas amoDg
flooded riparian vegaation. Our observations suggested that these were the same
patterns ofhabitat use among wild-bom juvenile crocodiles as well. Growth ofreleased
crocodiles (mean 0.079 cm,/day) was similar to that ofwild-bom iuvenile crocodiles_
Based on the results ofthis study we feei that a carefully designei program of releases of
captive-reared crocodiles carl be an effective conservation tool to speed the recovery of
depleted populations of Orinoco crocodiles. However, care must bi taken to insure that
tie release Fogramis designed as one component ofan ovemll docodile strategl. and not
an excuse to avoid the onerous issues ofthe protection ofrvild crocodile populations and
their habitat.

Introduclion
The Orinoco crocodile (Crocodylus intermedil.r) is one ofthe most world's most

endangered crocodilians (Thordamarson 1992)_ At one time commonlv found
throughout the Orinoco and irs major fluvial bibutaries, Ori'loco crocod'iles were brought
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to nea.r-extinction levels by commercial skin hunting between 1930 and the 1960s. Since
that time little evidence ofnatural population recovery has been noted (Thoftjamarson
and Hernendez 1992). The captive-rearing and rel€ase ofcrocodiles is being used as a
conseftation strategr in certain protected areas in the Venezuelan llanos ln Venezuel4
theie are curently four captive-breeding and rearing stations for Orinoco crocodiles.
Most operations are small and are funded by private individuals or institutions interested
ifl assisting the recovery ofthis threatened species (Aneaga et al. 1994). Releases of
Orinoco crocodiles have been underway since 1990, with in excess of 1,500 animals
having been released back into three prctected areas (Capanaparo-Cinaruco National
Parlq Aguaro-Guariquito National Park, and the caio Guaritico National Wildlife
Retuge)(Aneaga and Hemandez I 996).

Two t]?es ofrelease prognms have been conducted. Most qocodiles that have
been released including rhe vast majority ofthose used in the Aguaro-Guariquito
National Park and the Ca.io Guaritico National Wildlife Refuge, have been a.nimals
offspring ofcaptive breeding stock maintained at the breeding centers These arimals
have been used to reiffioduce docodiles into areas where they have been extirpated, or
where they exist at critically low levels. However, the Capanaparo River, with > 100
adults, contains one ofthe largest known remaining populations ofOrinoco crocodiles
(Thorbjarnarson and Hem andez 1992). Pincipal thrcats to this population have been the

collection of eggs for food by Indians, as well as the aapture of neonates by Indians and
Venezuelan campesinos, for sale as pets. As a result, recruitment was extremely low and
it was felt that a restocking program based on headstarting animals from nests collected
along tie Capanaparo could be an efective conservation stlategl ln an effort to evaluate

the conservation value ofthe headstarting prograil! we conduoted a tadio-telemetry study
of captive reared crocodiles releas€d into the Capanaparo River-

Materials and Methods
Stud!' Area. The study was conducted in the Rio Capanaparo' a tributary ofthe C)rinoco
River in Apure state. The rclease site was within the Cinaruco-Capanaparo National
Parlq between San Jose and Caio Amarillo (Lat. 6' 54'41" b 7" 03'23",I,ong. 6a"
36'06' to 68" 23'M'). The region is characterized by a treeless aeolian savanna with thin

sfiips ofgallery forests along dver and stream courses Armual precipitation averages
19i5 mm Gante 1400-2600 mm (MARNR- Direccion de Hidrologia y Metereologia) and
the climate is highly seasonal with a well defined wet (July-November) and dry
(D@ember-June) seasons.

Dudng the dry season tlrc water level in the Capanaparo River is quite low, with

extensive sindy beaches and shallow sre&hes (mean depth I 3 m; Ndl) that altemate
with deeper pools (>2.5 m deep). The dver meanders and has numerous oxbows or
isolated floodplain lakes. During the rainy season the river dses approximately 4 m over

its lowest level, covering most beaches and in some areas flooding sections ofgallery
forest. Rive$ide vegetition is dominated by riparian tees ard shrubs (Cdmpsidndra
comosa, Psidium maribense, Coccoloba obtxsifolia), or savanna species (Brysozima
crassifolid, Couepid ovatifolia. Erismd nciwaum)'nherc'iver meandeN enter the

surounding savannas. Hurnan population pressure ia the region is low, with scattered
communitiis of Yaruro Indians and small cattle mnches. The dver also supports good
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populations of spectacled caiman (Caiman crocodih.ts), nver dolphjns (hia geoffrensis),
nver fifiIes (Podocnemis unirths) a d. giant iver otters (ptenuewq brdsitiehsis).

Radio-telemetrv Studv. Eight juvenile crocodiles were released with radio
tansmitters in late March and April 1991. The crocodiles had been hatched fiom eggs
collected along the Capanaparo fuver on 25 February 1987, and subsequently reared at
the crocodile facility at Fundo Pecuario MasaguaEl, apprcximately 200 km nonheast of
the site ofcollectioa. All eight crocodiles were males, and radio transmitters werc
aftached to the dolsal caudal scutes immediately antedor ofthejunction ofthe single and
double caudal crests using nylon monofilament fishing line. Radio-transmitters were 3.0
v Lonner modules (A\M Instument Co., Ltd) that produced signals in the 164-165 lfIlz
frequency range. Radios measu.ed 8.7 cm by 2.3 cm and weighed 62 g. We located
crocodiles using a Telonics TR-2 receiver and an RA-2A antenna from an aluminum boat
with an outboard motor. The localions were plotted on a 1:100,000 topographic maps.
Dispersal distance was considered to be the distance (following rhe main river course)
between the crocodile's location an it's initial point ofrelease.

Macrohabitat use was classified as l) pdncipal course ofthe river, 2) a secondary
channel or 3) oxbow lake. Microhabitat were described based on the nature ofthe
shoreline-water interface, the presence and tyfre ofvegetation present, the gadient ofthe
shoreline, the type ofsoil and the degree ofwave exposure.

R€sult!
Eight male qocodiles with radio transmitters were released on 2g March and 4

April 1991 dudng the height ofthe dry season. Crocodiles mnged from 1 15.2 to 139.3
cm total length (Table 1). Between 5 April 1991 and 22 March 1992 we radiolocated the
crocodiles a total of 1,278 times. The mean interval between ndioJocations was l.7g
days (Table l), and seven arccodiles were followed for iiterwals of235-352 davs. Two
weeks after being released, one crocodile was killed by a yaruro Indian who rnistook it
for a spectacled caim an. Caimdn are rcg)lLrly hunted for food by the yaruros using a
bow and anow; crocodiles are not hurfed or eaten as the yarurc claim they taste bad_
The crocodile followed for 235 days was lost when its radio-transmitter failed_

Crocodiles began moving immediately following release. Many ofth€ crocodiles
reached their maximum dispersal distance within one morth ofrelease (Table 2).
Maximum dispersal distance was I 1.6 km by a crocodile four months following release_
In general, arocodiles followed one ofthree patteriL long distance upstreztm movemenas
(6-8 km upstream), moderate distance upstream dispersers (3-5 km upstream), or short
downstleam movements (l-2 km)_

During the low-water, dry-season period, dispe.sal distance reflected movemenrs ro
areas ofpreferred habitat, open sections ofthe dver with extensive and beaches and a
mitlture of shallow water and deeper pools (to 5 m deep). As the rains began and the
river level began to rise in June-July, crocodiles remained in the same areas, and moved
back into shallow water areas around flooded riparian vegetation. Maximurr river levels
occurred in August-September and qoaodiles were mostly sedentary during this period.

Crocodile preferred the main river course (82olo ofradio-localions). but occasional
entered oxbovr' lakes ( l2yo) or secondary river courses (6Zo)_ The use of oxbows-
abandoned dve. meanders that are still connected to the main river course- was
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principally dudng the early part ofthe study and crocodiles tended to move out ofthgse
lakes.

Released crocodiles were observed mostly in shallow-water near the shoreline ln
the dry season crocodiles principally used low-gadieft, open beaches without any
vegetation. Dudng the wet seasol there was a grcater tendency to encourter the
crocodiles among partially submerged live or dead vegetation-

At the end ofthe study we werc only able to recapture four ofthe six crocodile that
sti11 had functioning rudios. Mear gowth for these individuals was 0.079 cm tota.l
length/day, equivalent to an annual gowth rate ofapproximately 29 cm. These gowth
figures are similar to ones fiom wild juvenile crocodiles captured in the same area (0.089
cm Tlldar.

Discussion
Based on the ability ofcaptive-reared crocodiles to adapt to natural conditions, the

use of captive-reared crocodiles for restocking purposes appears to be a viable stategy
for speeding population recovery in depleted populations. Although crocodiles tended to
dispers€ from the release site, dispersal was not eLtreme (maximum ofless than 12 km)
Aside fiom the one crocodile mistakenly killed by a local resident, all crocodiles survived
and grew at rates equivalent to those of wild crocodiles. Based on our studies prior to the
restocking effort, both capive-reared crocodiles ard wild crocodiles showed similar
habitat preferenc.es and were frequently seen togethet in the same areas along the river'

When first .eleased, the crocodiles were, unlike wild crocodiles, easy to app.oaoh at
night from a boat. This behavior is more like that ofthe sympatric spectacled caima4
and is probably why the one crocodile was mistaken for a caiman and killed early in the
study. However, by the end of one year the captive-reared clocldiles had become quite
wary and were difticult to approach. Some ofthis is due to orr plesence over the course
ofthe study, but in other areas where intensive follow-up studies have been not been
conducted we hav€ similarly observed that captive-teared arocodiles are easily observed
shortly following release but become very wary with time.

While our study goup ofcrocodiles adapted well following release, caie must be
taken when extrapolating the results ofthis study to other arcas. The Capamparo River
represents optimal habitat for the species. If releases were conducted in other areas,
iniluding smaller rivers with less abundant open beaches (prefered dry-season habitar),
which charaotedzes some ofthe other release sites, crocodiles may be less sedentary and
may disperse long distances- Evidence from the Ca.fro Guadtico suggests that at least
some ofthe released crocodiles have moved 70-80 km downstream within 6 months of
release. Also, the crocodile released in this study were rcarly four yean old and
measured over l-2 m long. In subsequent years, most releas€d crocodiles were one yeaJ
old and measured 70-100 cm total length. The size ofanimals when released most likely
will have an influence on movement pattems, habitat use, survivo$hip and gowth.

Nevertheless, we feel that if designed prcperly (including the following of ruCN
guidelines for reintroductions), a head$aning program such as this one can have positive
conservation benefits in Venezuela. In areas witl remnant crocodile populations,
programs can be readily designed to protect nesting beaches and monitor armual lesting
levels as pan of efforts to collect eggs for head-starting. Follow-up studies, based on
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noctumal spotlight counts and lhe recaptue ofanimals can Drovide much needed
information for program evaluaLion.

Also, reintroduction programs involving the release ofanimals produced from
captive breeding stock, which has been the cases in the other areas in Venezuela where
crocodiles have been released, can also have positive conservation consequences.
Extirpated populations can be re€stablished. and this may be particularly important in
areas where protected habitat and existing crocodile populations do not coincide.
Howgver, in these cases there is no "built-in', monitoring component and special effort
must be inade to conduct follow-up surveys to monitor the progress ofthe program.
_ However, perhaps the greatest drawback to captive-rearing ard release programs rs

that these eforts can easily become the sole focus of conservation eforts, at the expense
ofadequate protection ofwild crocodile populations and their habitat. By breeding and
releasing croaodiles, one feels that active measures are being taken to address the
conservation dilemma ofthe species. However, these measires rnust onlv be taken as
part ofan ovelall conservation prcgran that addresses the root causes ofthe specres
decline. In the particular case ofthe Orinoco crocodile, this is mostly the killiry of adult
crocodiles afld the capture and sale ofjuveniles as pets. Crocodile conservatio; nust be
made one ofthe stated objectives ofmanagement plans that are prepared and
implemented in protected areas where crocodiles are released, and iollow-up monitoring
both shon-term (as h this study) and long-terrL must be incorporated into tlle prograrn
design Aom the beginning. Unfortunately, the situation in the two main protected-a.ea
release sites in Venezuela has been less lhan ideal as civii unresl has prevented crocodile
conservatio! work in the Capanaparc region since 1993, and because regulations have
allowed commercial fishermen continued access to the Caio Guadtico refuge. Captive
breeding and releasing ofanimals back ifto the wild must not be used as an excuse for
not addressing the onerous issues ofhabitat prctection and enforcemeff ofnational
wildlife legislarion.

In summary, we recommend that the captive-rearing and releases be continugd, but
within the context ofa national crocodilg conservation stmtegy that places more emphasis
on in-situ protection. In particular, field programs should be design€d to monitor nesting
levels ofrcmnant crocodiles populations, work with local communities to protect beaches
and redlce qocodile mortality, and incorporate. as pan ofthe overall stratiry, the
collection of some eggs and juveniles for headstanin*.
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Table 1- Lenstll mass. and study interval ofcrocodiles used in the radio-telemetry study-
Crocodile Date Snout-vent Total Mass Last radio # Days Mean

Released length (crn) length (kg) location. radio radio- interval
(cm) locations tracked (days

c44
c37
c33
c26
c38
c34
c40

9.0 11/04/91
11.5 6/02/92
5.5 1'1/03/92
6.5 22/03/92
8,5 17t03t92
8.5 2541/92
9.0 22103192
11.5 t7/02192
8.7

t4  2 .80
313 1.6',7
34'l 1.78
352 1.90
347 t.az
235 t.'75
352 1.84
319 1 .68

2a4.9 1.74

28/03/91
28/03/91
04/04/l9t
04/04//91
04lo4ll91
04lo4l/91
04tMt/91.
04/04//91

Mean

130.8
13 8 .8
115.2
120.8
127.0
103.3
l3 l .9
139.3
125.9

1t.o
'74.9

62.5
65.4
68.9
70.5
71 .5
75.3
70.0

5
187
195
185
l9 l
134
191
t90

Table 2: Maximum dispersal distance (in krn) ofcrocodiles from the release sitg by
mo h.
Crocodile Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

19921991

0.3
5.5
5.4

c32
c44
c26
c34
c38
c33

Mean

3.3
1.0
5.8
2_7
) 6

1..'7
8.0

4.5

0.3
) J

2.1

l .  I

7.4

4 .1

0.7 0.7
5.'7 5.7
) l  ) l

6.0 5.2
t .7  1 .1
8.0 8.0
9.9 l0.l

0.5 0.4
5.7 5_'1
5 .1  4 .8
)  I  J J

1.3  0 .6
8.0 7.4
11.6 7.s

0.4 0.4 0.3
5 .7  5 . '7  5 .7
4 .8  4 .8  5 .6
s .8  5 .8  4 .8
0.5 0.6 1.0
7.4 7.7 ',7.7

7.3 7.3 7.9

5 .5
5 .4

1 .8  1 .8

4 .6  5 .1

0.4
5 .7
5.6

18
77
7.6

4 .5 4.6  4 .7  4 .45 .3
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Figure 1 Mean monthly dispersal distance of seven crocodiles. Each point is the mean
ofthe absolute distance from the release site for that month_
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Evaluation of the Reintroduction Program for ArErican crocodiles
lcrocodylus acutusl in the Cuare Wildlife Refuge, Falcon state, Venezuela.

Alvaro Velasco & Alfredo Lander
Servicio Aut6nomo de Fauna Profauna

Esquina Cameio, Edii Camejo, Mezzanina Oeste, CSB, Caracas 1010,
Venezuela.

e-mail avelasco@marnr. gov.ve

The Cuare National Wildlife Refuge located ir the Silva municipality in Falcon state
ir Venezueb was created by Decree #991 on 31 May 1972, publish€d in tbe Venezuelan
Official Gazefre # 29,820 of2 June 1992. The reserve contains a surfac€ ar€a of11,853
ha" and is divided into two main areas, a rnaidand section and offshore islands (Galvez
1992).

The geation ofthe Cuare Reserve was tie rcsult ofthe n€ed to plotect habitat
critical for a mmber of species ofresident and migatory birds (MARI\R-PROFAUNA-
RJDENA 1992). Anotber ofthe principal objectives ofthe reserve was tie recovery of
wild populations of the Americfii crocodile (Cr@dylus aalas), which is considered an
endangered species in Veoeanela.

Within the reserve, crocodiles are found priacipally in the Gufof Cuare, its Estem
ofhtarconnect€d streams, and the Ostional lagoon (60 ha). The Gulfhas a surface area of
approximately 1,964 ha, and is 12 Ian long ranging from 0.5 to 3 km wid€ (Galvez 1992).
Within the reserve there are a total of 18 sf€ms anging Aom 100 m to 1,500 m long
(Cano H Buco), which in some cases are open canals within the margroves that encircle
the gun

Brckgroond

Previous sfudies ofcrocodiles in the Cuare refuge have reported population densities
of0-38 crocodileVkn (I-opez 1986), 0.92lkn (Art€ga 199a) aad 0.72lkm(kteaga
1997). Thes€ density figures are lower than those reported for the same species io other
neartry areas such as tl€ Yaracuy River (4.82lktg Arteaga and Sr4nchez 1996), the
Tocuyo River (5.10/lim), the Tacarigua reservoir (2.75-3.25llsn), the Jatira reservor
(3.22llot) and the Tacarigua Natiooal Park (2.28/lsn)(/lrtezga 1997\.

Previous releas€ plograms with American crocodiles in Venezuela (Tacarigua
reservoir; Afieaga and Henera 1997), in the Cafroa del Sumidero National Park, Mexico
(Sigler 1996) and in Lake Enriqui.llq Dominican Republic (Schuben et al. 1996) irdicate
thal captive-reared crocodiles adapt well to natural conditions.

Begiming in 1995, the Venea.relan wildliG depannent (PROFAUNA) begrll
rel€sing captivcreared crocodiles in the Cuare Wildlife Refuge, siarting with a group of
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48 crocodil€s with a rnear size of77.6 cm total length ard 1.676 kg (Boede et al. 1995).
The-following yesr another goup of22 crocodiles (mean 76.1 

"- 
tL, Z.Ot5 k9, aod io

1997 ̂ .,addiriond U crocodiles (mea! 74.67 crq 1.764 kq;\ wae released in tire refuge.
Crocodiles used in the release prognm came &om two sources. Crocodiles collected
ftom wild nesls in the Turuano Bay (Aragua state), were reared at a hcilitv oDelated bv
PROFAUNA in the city ofMaracay. Other crocodiles came from a caDti!€ breedine 

-

ceoter on the Masaguaral ranch in Guirico state.

_ The- objective ofthis study was to determine rhe status and population dla|amics of
tie_American crocodile population in the Cuare Wildlife Refugg focusing on the main gutt
and the system ofinterconnected streams vr'ithin tlre mangroves. SpecifiJ objectrves were:

1- Dstemine population delsity and size-class struature
2. Recaptule released crocodile to determine how they adapt to living in the refuge.

Study Area

.^ 
Th€ study {'as conducted throughout the entire Cuare refugg including the main

gulf@d the rnangove canals, but focused principally on the southem eage oithe gufana
the Ostional Lake and the Caio el Buco.

Methods

Ove-r a period of9 rnonths (April and Decernber 1997) we conducted mo*bly
surveys of days length to:

l Carry out nocturnal spotlight counts (Chabreck 1966, Woodwsrd and Madon
1977) to estirn4te the detsity ofarocodiles. Deisities w€re calcuated based ooly on the
number ofindividuals greater dun 60 cm TL

- .. 2j ?et:r4ry the populatior size-class structure using size-categories defined by
Seijas (198E. Class I <60 cm TL; Class 60-120 cm TL Class m izo-ttO cm tt ;
Class M 8G240 cm TL; and Class V >24O cm TL.

3. Capure qocodiles using wire nooses to measrre TL, mass and determine scl<-

Results

D€nsity Crocodiles were ody observed alory the northem shore ofthe reserve
dudng two ofthe 9 surveys, with densities of0.0g llorn $d 0.24/km. Hicher delsities
were_observed along the norfhem shore where crocodiles were seeo duing all 9 zuveys
ard dersities rangei fiom 0.61-l.97kEL

Sizc.class strusture. The size.class $huctue ofthe population showed a clear
991turyT "l 

q-4 in size class tr (79.37%), with only srnall mrnbers of targer anirnals
(Class IV-l.59olo: Class V-0%). Nwertheless, it is inrerestinS to note that durirg our
srrveys we observed a total of I I hatcbliDg crocodiles, whieh indicated that ther; are adult
crocodiles in tle region and that they are rqrroducing sucessfully.
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Grol*lh" DuriDg the study we w€re able to recapfirre l5 qocodiles: 4 fromthe
Maracay Ming center, 10 Aom the Masaguaral center, and one tbat halcbed naturally in
the refige. Sorlle individusls w€rc captured as maay as tbree times. Mean growth oftb€
rnirrnls tom Maracay was 8.41 Mr/day TL, ftom Masaguaral was 425 m/day TL, and
the one crocodile tom the refuge gew 55.06 m/day. In terms ofweight gaip, tha
Maracay uocodiles grew at a Dean .ate of I .55 g/day, and the Masagural crocodiles
0.259/day,

Figure 1. Size-class structue ofcrocodiles observed in tbe Cuare Refuge dudng
this study coqarcd to tbe resuhs ofArteaga (1997) for the sane arca"

Frg r.3E d&c|mFbna.

Discussioa

Densitv. The difference in crocodile deosity between the northern and southem
sbores ofthe Gufofcuare is a resuft ofthe greater degree ofhuoan disturbance of
babitats aloDg the northem shore, whbh is where the town ofChichirivicbe ald tbe village
ofFlanengo are located. Tbe southem shore ofthe guEis almog corrylet€ly uryopulated
and contains tbe best crocodile habitat h the refuge.

O|tI r€ported dersities are slightly gleater fh,n the rahres fourd in previous survels
ofCuarc (Lopez 1982, Aneaga 1994,1997), Nevertheless, we feel tbat the popuhtion
bend is sable rather tbm hdeasiDg.

Size-class structure, The populatioo size-class distdtution we found is very similar
to tbst reported by Arteaga (1997XFi9. 1). Howwer, we found smaller nuurbers oflarge
erocodiles (Class IV aod 9. However, our obs€r%tions ofDeoDates in th€ Cuare refuge
indicates thht a br€€diug aduh population is presen. The release of I 16 jwenile
crocodiles with a rean length of95-07 cm TL is !!ost likley one oftbe reasoDs for the
observed increase ia Class II crocodiles (Fig. 1).



Growtb" Large diferences iD gloivth r-at€s wcie found for crocodiles that came
froltr tbe two rearirg c€nters. The 'nimls collected tom wild nests atrd rearcd at tbe
PROIAITNA c€lter in Ivfaracay sbowed much high€r gro],th rat€s rhatr thos€ bom in
captivity at Masaguaral

Tbere ar€ two potedial erylaioations for ltrese ditrerences. First$, the wilid bom
crocodiles may have bad tbe opportuDity to learn huDdng of wild pt€y before beDg
brought into captn/fty whereas crocodiles bom in oaptivety have not iraa tn" oppom-ity.
Anotq eoptial ftctor is tbat they bare been r€captured only a sbrt tinos aft; beirg
rekase4 and Day still be in tb Foca$s ofadaptilg to their rcw environmeft.

The gowth rate,s reported h€re are slighfly g.este! ihrn those fouDd by Ateega aDd
Henera {1997) for the Tacrigua reservoir, which is tocst€d Dea( to tbe Cuarc Refi€e.

It should be loted that or two occasioos wc aaph.[ed ajuvenile that batcheel in tbe
Cuare Refuge, and rtdch demlstlaied ao elrhenply high growth rate (55.06 nu/day),
geatty eNrc€edbg tbat ofthe captive reared individuals.

CoDchsioDs

Within the restrictions oftlE sbort perkld oftime over which this foltow-up shrdy
was coDducte4 our iryression is that the crocodiles were able to adaDt to their uew
enviromnt following release. Nwerthelesq it is reclmended tlat iollow-uo studies
cominue in otder to deterEine surviviorshiD levels.

Based oo our ffnrthg and those ofprwbus studies, tlE resid€nt crocodile
popu.l,ation in the Cuare Reftge appears to be stable.

Acbmwledgnents. Ne would hike to tbrok PROFAUNA 6r assising with the
udertaking ofthis study. We also tbank to Roldid and the Cuare Refuge guards
Amaldo, Walto and Joseito, and the pROFAUNA Maracay statio statri"foo uoa fr,f"ri"
Josefilr! without whose assistance it would not bave been possible to condict this stu<ty.
J. Tlprbjarnarson assised with the English tmoslstioD"
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Physiology ofReproduction and Captive Breeding in the American Alligator

,- oY$TiT:,l;:f ::",",,,
Sar Diego, Califomia 92112 USA

and

Ruth M. Elsey
Louisiana Depaltment of Wildlife alld Fishedes

Rockefeller Wildlife Retuge
Graqd Cheder, Louisiana 70643 USA

Captive bleedirg has been successfirl in many crocodiliao species. IrI some species,
captive breeding has had poor results and raoching of wild eggs is a more economical source of
stock for commercial producen. Captive breeding can be an important conservation tool in
propagation ofseveral endangered crocodiliaos (\. sinensis, C. rhombifer. etc.) aad
understarlding the poor reproductive perfonnance of some crocodilians in captivity presents
some intriguing questions in physiology, endocrinology, nutition, and behavior.

This prescntation will initially outline the reproductive biology ofthe American alligator,
and hormonal and physiological factors involved. A rgcent review ofresults ofcaptive breede$
on commercial farms in Louisiana will be discussed. For example, in 1997 a total ofonly 10,508
hatchlings were obtained trom 3,407 adult breeders maintained (3.1 hatchliogs/adult maintained;
or 5.6 per mature female maintained). Only 33.1% ofthe matue females maintained nested; and
53.2% ofthe eggs hatched. Several farmers had no nests coflstructed, although the alligators
werc 8-12 yeaxs of age, aDd should be Eature. Many captive alligators will mate, co[struct nests,
and deposit eggs; but poor fertilify and low hatchability remaiD problsErs causilg captive
breeding attempts to be essentially cost prohibitive in mady cases. Io our prcvious studies therc
werc no significaot diffelences in homones aod trace elements between wild and captive nesting
alligators. Captive alligators are usually significantly heavier than wild specimens ofthe same
length and most ofthis additional mass appears to be the rcsult ofexcessive fat. Amlysis of
plasma lipids show that captive animals have significandy higher cholestqrol, triglyce.ides, and
phospholipids than wild alligators. Research effolts to improve egg quality and hatch rates will
be discussed.

Proceedings of the 14s Wo*ing Meeting
of the

Crocodile Specialist Group
Singapore

July 14-17, 1998
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Environmental Conditions for Rearing Crocodylus porosus
on Farms

R Mayer, S Peucker, B Davis and H Stephenson
Department of P.irEry Iddu$tries, PO Box 1085 Towrsvile, Queensland 4810,

Australia

AES'IBS

Hatchliag atrd juvenile Crocodrlus porosus (C. poros6) require controlled
environrnent reariug facitties and a high quality diet for rapid growth and reduced
irciderce of morbidity and mortality. Curlent research builds on previous
environrnental aod nutritional work cooducted at the crocodile research conplex at
Torusville, Queenslau4 Australia (i9' 15' S, Ae 45' E).

An experirnert o! hatcblitrgs investigated the effects of providing O, 1 or 2 hide-boards
in the reariqg tanks in faqtorial combination with two water terrperatures. Ilatchlings
grew more rapidly in wate! at 34t tha.! itr water &t3Xc (W 3O-5Vo). For rie latget
groups ofhatchlitrgs, those reared itr tanl6 with two hide-boards (coYering 8O7o of tln
latrd 8lrd wator areas) grew 557o faster than those itr tanks without hide-boards.

Separate experiments otr the same admals at five and ten months of age showed that
inc,reasi4g tbe volume of water i! ths tatks to cover the floot area from3oVo to 5O7o
achieved consist€nt grovth late ircreasos (13Vo atfive mofi)ts, 5Mo at tetr tnolths).
Th€re were generally srnaller advadages in raising the water level to 80 or 10O74,
exc€pt for two tanks cortaidhg larger ten month old anirnals which exhibited strong
agodstic teodencies.

INTRODUCTION

Crocodile farmers ia Austalia have loog recogtrised the need to provide-special rearing
facitties for C. poro.rrr hatcblings. Rearilg deDsities of l1 hatchlingvnf bave be€n
reconnnended @lake 1974) and successfuIy used in the industry. Research on nine
month old juvenile aqimals in these rcsearch tadis showed no differeDce in growth
rates for large! sized admais -reared at deDsiti€€ ranging betwe€n 1.3 and 7.7 (the
upper limit tested) animals,/nf nor for srnaller sized animals resred betwe€n 3.8 and
10.2 (upper limit) auimals/m' (Mayer et al 1997). It is well recognised that care give!
in the early stages of a hatchli[g's develoPrnent provides lolger term beoefils. Hutton
et 4I (1993) stated th4t the size of atr aaimal at two j€ars of age can oftetr b€
accuately predicted by its developmeat in the frst few motths of life.

326



In spite of the exka care provided by farmers in rearing their haichlings (in ierrris of
good qua.lity heated Aesh water, vitamin supplemented diets, darkercd environme[ts)
there is still a relatively high loss ofproduction though runtism and actual mortalibr to
one year of age (over 3070 on some fams). Of course this is much lower tha!
estimated mortslity among animals bom in the wild (98-997o) but still represerts a
substantial tross alrd presents a cballenge to researchers to test eveq better rearing
practices.

This repod preseots research on two specific asperts of rearing C. porojils to one yeat
ofage:-

. provision ofbide-boa.rds and water at different teoperatues

. provision of a range of different volumes of water in lhe tanks
and follows on from earlier studies on the efferts of air and water fempelature, light,
grading on size and rearing <lensity (Ma1er et al 1995, 1997>. The 1995 report gave
detaiied descriptions of the resedch facility specifically designed and set up for studies
related to farming sahwater crocodiles. Resesrch on light showed that ono and sevetr
month oli aaimals grew faster under d.rker conditiors. The exp€rirnent on hide-
boards was set up to see whether this effect may ha!€ be€n associated with stess
levels and whether hide-boards in associstior with dim lighting (on a diuroal clcle)
might achieve similax resdts for hatchlttg anirnals.

METHODS

The aninuls used itr the current studies cornprised 275 snimals fiom 8 clutches (4 Aom
a farm otr Westorn Cape York Peninsular, 3 from a farm in Cairns, 1 Aom a s.ildlife
park in TowNvile). Animals were fed daily from Mo[day to Friday aod tanks werc
ernptied and refiled with clean, warm water after each feedidg. Dirnrned artifcial light
was provided for 12 hours each day. In each expedrnent animals were first divided
into bro size classes termed snall/medium (S/IVI) and rnediur!/laxge (1,4/-) aod then
allocated to groups basod on clutch representation and weight to achieve 'equivalent'
d^nnc ^f 

"ninal.

For the hide-board,/water telDperature trial the aninrals were seven we€ks old and
weighed an average of 74g each. Rearbg delsities were 4.4 animarym2 for the lvI,/L
groups a.!d 5.9 anim.alvm' for the S71vI groups. Tbir trial was run for a period of 10
wecks. Treatrnents corNisted of :-

. 0, 1 or 2 hide-boads per tank (covering 0, 40, 8070 of l€rd ard water area!
rosPeltivel9

o water at 32'or 34'C
. S/lvI or 1vt4- sizB groups

in all factorial combilatioas (giving 12 individual keatrnents). Analysis ofvariance
was conducted on 'tank average' resporues and used higher-order interactiotr terms as
'erlor'.
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Two wate! volurne trials werc carried out or! the same anirllals (rea ocatbg at the start
ofeach into lrew 'equivalent' groups) and ra! Aom 20 weeks ofage (average weight
2659) to 29 we€ks ofage (4889) and Aom 42 we€l$ (7289) to 55 weeks (10199).
Treatrnents for the frst trial were :-

. 30, 50 or 807o tank floor area urder water (volumes 66, 133, 314litres
respective9

. S/M or lvllI- siz€ gloups
with two tank replicates of each of the six treatment combhations. Rearing densities
were 4.1 animals/m2 for the I\4& groups and 5.6 animals/m2 for the SA4 groups.
Obviously the volurne of rvater autoinatically affe.ted water quality (dilutiotr of aninlal
waste and food scattered ia the water). Anarysis of variarce was carried out or! 'tark

average' responses.

Treatrnents for the second water volune trial were :-
. 30, 50 or 10070 tank floor area under water (volurnes 66, 133, 350 litres

respectively)
' S/M or lvtll siz€ grouPs

in fsctorial combinstion. As this trial exteoded past the nornal 12 month limit two
research tanks had to be resorved to acconrnodate the aFivsl of tle 300 hatchlings for
the 1998/99 re.search gograrn Consequendy tho trial was rosbicted to 10 tanks, so
that the 507o S/r4 and lvtll teahnent! were each evaluated ia one talk oDIy (the other
combhatioDs itr two !ad<s each). Reari.og densilies of 4.9 animals/rn': and 6.4
animals/no' for the lvVL and S/lvI siz€ goups wore uscd.

RESIJLTS

1. Hide-board / Water Temperature Trial

The followhg tablo presedts the animal refponse to each of the Inain fieatrnent factors,
together with st tistical cornpaiisons.

* Within each treatment group (hide-board, tenperuture) rolues followed bJ a similar
lefter do no, differ signlfican lf @>0.05).

Food consumed
(s DIWarimaVdaY)

Food conversion
ratio

Liveweight gain
(e/animavdav)

sa.{ WL s/M M/L SA4 MJL
Number of
hide-boards

0
1
2

1.5 o* 1.6 bc
2.O b 2.7 a
2.0 b 2.9 a

0.83 c 1.11 a
0.81 c 0.86 bc
0.82 c 0.94 b

1.2 d 1.8 c
L.6 c  2 .3b
1.6 c 2.8 a

Water
temperature

32"C 1.7 b 2.4 a
1.9 b 2.5 a

0.70 c 0.87 b
0.94 b 1.U a

1.2 d 2.0 b
1.8 c 2.6 a,

328



Food i akes for each size ciass of animal decreased in talks without hkle-boards but
thore was little difference betwe€n 1 or 2 hide-boards. For both size groups the water
at 34t induc€d a slight increa$c in food corsurnptioo. Ilide-boads had !o
appreciable effect on food conversion efEciency by the S/r,I aaimals while among the
lvt/L anirn ls there were higher yet more variable resu.lts. The higher wate.
temperature resulted in significatrdy better food conslrnptiotr for both size classes.
The cornbined effects of food eatetr and conveNion efEciedcy led to the patiern
observed ir liveweight change. The hicle-board effect paralleled the response offood
consurned. By increa-sing food eaten and also eficiency of conversio& 34oC water
produced significandy heavier animais in both size classes (507o for S INL 3OVo for
I\4&).

2. Water Volume Trials

Results of these trials are presented in the folowing table. When the anirnals were
tumed onto their backs for snout-vent lengtl$ to be neasured id Trial B, a visual
irspection was lnade of the bely skin! and ally skins with evideoce of rnarks or
sqatches were noted.

* Values followed by a similar lexer do not differ signifca tly (p>0.05).

In Trirl A there was a consistent trend amoog both size cjasses for anirials to grow
fasler when more water q.as available in the tad<s. A similar result oc.urred among
the S[r4 adma]s il Trial B but there was e"rhgme variation in response among the five
ta.oks containitg lvl& adrnals in this latter trial, with no obvious pattern. The
incidence of superficial skin damage rerorded in Trial B showed significantly more
damage in the shallow water for both size groups, and a signific$rt anount in the lvIll-
goups in 100% water. This 'vas associated with poor gowth for thi,s freaftlen|

Tnal * l5l9 - l7/lll97 TrtalBt 1612 - l9l5/98

Water
Level

Average Weight
Gain (g/animaVday) Water

LeYel

Average Weight
Gain (g/animaVday)

70 of Animals
wift Blemishes on

Bellv Skin
s/14 MIL sa{ MIL s/M MN

3OVo 1.9 a* 4 .3b 30E 2.9 a, 6.2 a r7b 52a
5O7o 2.3 E 4.5 b 5OVo 3.9 a 10.3 a 0c 0c
807o 2.4 E 4.8 b 1@9o 4.9 a 2 .9 I 0c 23b
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DEEISN

1. Ilideboard / Temperature Trial

Video surveillance of the hatchlhg auimals duriry the study observed that during the
12 hous wher dim light was provided ir the rooms hatchlings in ts*s with hide-
boards preferred to stay under the boards and ody come out to feed. In talks without
hide-boards the anirna.ls were observed to clulnp together in each of the two water
6lled corne$. Lang (1987) noted that io thet wild habitat hatal ings of different
crocodilian speries tend to form social groups and remain in the vicinity of their nest
site aod that this group living pre$rDably decreases an individual's risk ofpredation.

Research carried out otr hatchlitrg C. porosirs on a conrnercial fa.rm @iese 1995)
recorded weight gais of0.30, 0.45 and 0.46 g/animalday when animals were reared
in tanks with 0, 15 and 307o cover respectively, and 1.85, 2.0I afr,2.12 d.Bjrnavdsy
under 0, 3O and 607o cove! ia a second study. lllese growth rates are lower tha!
those of the prese study b€cause they were achieved under arnbient te{tperatues on
the farm but show the sallte pattems ofres?orise to inqeasing amouots of cover.

Increase irl glowth of hatchling crocodiles at the higher water ternpetatue of 34" has
bee! leported in a group of aaimals in Townsville i! a Fevious year (Mayer et 4l
1995), H\rtlon et al (1993) recolr,rrEnd that hatcblings with large residual yolks
should be kept at fairly high water ternperature (34'C) to facilitate absorption. Lang
(1981) showed that hatcbli4g Crocodtlus noraeguineae (b€tween the age! of &2
weeks) setrected an envio6rent of 33.4-33.9'C when plac€d in a thennal gadient
situation.

2. Water Volume Trials

In previous studies carried out usiDg these rerearch tanks aninuls of all ages up to ono

lear of age are observed (by video cafieras) to stay more in the heated water than on
the land area o! oo top ofhicle-boards. Thus by providhg a geatet amount ofwater
(aj1d consequendy less land area) the rearing dersity is reduced. The diet fed during
each trial consisted of minc€d chicken heads atrd kalgaroo neat, supptrernented with a
speciat vitamin/nineral prernix. Animals often dragged pieces ofmince offthe feed
tral6 and into the water, so that the water was sootr polluted. Thjs is the reason that
the tanks were ernptie4 hosed out and refilled with warm water soon after each
feedilg. Over the weekends when no feeding or cleaning was cafied out, animal
wasie built up (esperi8ly for the tel1 motrth old ]v!ll animal groups) ard tlle water 1n
the 3070 tanks belame very poluled. Thg confounding efrects of water volurne and
water quality v/ere iDseparable in those studios atrd there js no way of krcwing how
much each one influenced the lower growth rates recolded in the 3070 tatks.
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The fust trial on five molth old aoi[uls produc€d consi$tent re$ ts for the r€plicates
of each treahnent alld similar trerds for each size class of increased growth with
hcreased water. Patterns in the seco[d trial with ten month old arrit'als werc more
erratic and not helped by ihe fact that the trial was lestricted to just ten tanks. In
particular for thc lvvl- anirluls tie two tanks with 10070 w.ter produced tho lowest
gowth coupled with the greatest level ofskin damage. Expedence in catching anirnals
for measuring has shown that aaimals are less agglossive to handleN whea the animals
are submersed. Hence it was articipated that anirruls would have been less aggressive
towards each other in the 1007o water tanks. Further research is needed to cot6.rm
this hypothesis. Ifit is true in general thea the aberrant rcsponse recorded in the two
10070 lvtr/L tanks in Trial B must be attributed to specific agonistic interactions
betwe€ll the particuLr groupiogs of research adnlals.

CONCLUSIONS

I. Hat&ling C. porosus should be provided with ample hide-board areas and water
hated to 34"C for increased growth rals.

2. Juvenile crocodiles (o 10 months of age) grow faster when provided with a
greater body ofwater.

3. At the same age, larger animais grow lnore rapidly thar do smaller one5, 80 it is
preferable to keep them seglegated in differetrt groups.
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Researching the Requirements of Captiye Estuarine Crocodiles in Australia.
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Abstract

Preliminary work leading to imprcved commercial production of captive estuarine
qocodiles in Austalia is complete. Depalhnent of Primary lndusties' (DPI) rcsearch
and development (R&D) Fogram has good resources both in scientific sta.ffand
equipmenl Work in progress in two key areas, namely genetics and nutrition is
advanced but not complete. Other R&D activities are dirccted at environment
(temperature, light, water, volume, hide boards) and management (feed space animal
rearing denities, grading on size) for hatcbling and post-hatcbling Crocodylus
poroszs. This work is directed at identirying ideal conditions in which to rear
commercia.l qocodiles. Fulther still, work is in progess identifying major causes of
skio damaga (disease, fighting) and minimising these. It is anticipated dlat this multi-
discipline R&D approach will yield results by the end of 1998 that will promote the
Foduction, growth and welfare of captive estuadne qocodiles.

Itrlroduction

The commercial farming ofestuarine crocodiles (C pozasas) is relatively new in
Australia and as with other intensive livestock industries, R&D is necessary for the
effeclive and efficient husbandry and nutition ofthe species.

Over the past five yea$ in particular, research agencies such as goverffnent
departrents, univeNities, private companies and research fiDding bodies have been
promoting and pursuing a vigorous cooperative research approach. This is a departure
from the past when each agency pursued its research goals mainly in isolation.

Agencies in Australia which fund research on crocodiles, such as the Rural Industries
Research and Development Coryomtion (RIRDC) have adopted an unofficial policy
which has promoted, if not insisled upon, cooperative research programs. The
pdmary goals of cooperative research are impmved rcsearch outoomes, avoidance of
duplicated research programs and research cost efficiency.

In this paper a research progam dedicated to crocodiles involving several agencies is
discussed. The research agencies include the:

. Departtnent ofPrimary Industries - Queensland



. Departnent ofEnviiorunent - Queensland

. University of Queenslaod - Zoology Depaftnent

. James Cook University - Zoology Depadlent

. Queensland Crocodile Advisory Group - a combination of farmers and scientists

r Rural lndustries Research and Development Corporation'

Coopention between these agencies is stong and there is a geluine interest in the

collective research programs designed to advance the cause of Australia's commercial

estuadne crocodile indusry

Identiryirg Research Priorities

Australia is developing its crocodile famring industry on the sustainable use ofits

crocodile resource. Crccodile distlibution in Australia is shown in Figure l ' In the

Northem Territory wild crocodiles are mole numelous and eggs and hatct ings are

harvested fiom the wild under an approved ranching program. Westem Austalia also

practices wild harvesting but many animals are also farm bred. Queensland's industry

is totally dependenl upon falm bred animals.

I
I

Figure Crocodile Distribution in Austnlia

Source: Webb (1989)

Differing production programs due to differcnt regions having diferent needs have

promoted interest in both effective nutritional and husbandry practices in Australia'

iwo key research issues have been identified, one is ofnational significance and the

other of particular significance to Queensland They are:

. Developing pelleted feed for crocodiles
r The declining performance ofcaptive breeder animals.

334



Olher :esearch issues of sigaificance are:

o Defining/determining improved conditions il which to rear hatchling and growor

crocodiles in captivif
. Producilg supsior qlalify skins
. Estabtishing fte feed/floor space requtemeDts ofhatclLling/growet ciocodiles'

Facilifies

Researcb is conducted either on commelgial farms or al the Departneft of Primary

lndustries purpose-built qocodile leseach Aci[ty in Tou*ville.

On-farm breeder research uses treatnelts and contols which can ielate 10 one-on-one,

one-on-tero and oae-on-three matiags Resealch is also done with colony populahons

bu: these presenl greater difficul:ies in applyirg rigorous research design' The

production performance ofaial animals is mo]}itoled through a computer ploductlon

recording scheme called CROCTEL.

The D€panmert of Primary Industdes has two purpose built arocodile research

Acilities at Townsville (t9p 15'S, 146" 45'E). These welc desigred to house
hatchiings 0-12 oonths ofage (Figure 2a) and growers from 12 months ofage to

ha;vest (Figure 2b).

These sheds inco?orate lhe followilg features:

. Total envirotrmental control

. Capacily fo! 300 animals each

. Identical, replicated tanks atrd rcoms fot experimental design.

Figure 2a. Ilatchling Facility

Staff

Figure 2b, Grower Facility

In Queensland a scientific research team approach is used. A biometrician is
responsible for trial design, dafa analyses aod the interpetation of rcsearch ,esults. In
addition &e research tearn has tbe services of biologists, nuaitionists, veteriuarians'



bacteiologists. virologists- extension and computer specialists Th: i"ql::l

iil"tn t:i" 
"-" 

t"""irch group and other agencies is extensive and productive . 
out-

sourcing specialist tasks is employed by lhe core research group as ls worrung &'rrD

ori""t" i"-p"tl"t. For exarnile, the research team works closety with the

manufactuers of vitamin/mineral premixes'

Crocodile Behaviour and Physiolory

Thebehaviourofcaptiveestuarinecrocodileswilldictatetoalalgedegreewhatcan
t" aon" io tfr" 

"uptiu" 
animal research sphere Estuarine crocodiles.exhibit variable'

clfich-dependent gro\t'th rates and complex social interaclions \J,'1* u *l-1:

dominance hierarchy. It is recognised that little is known about theE lequremen6 rn

""p*" 
ri,*""* 

";,1 
they are dIfiicLrlt ro work with fiom an experimental view point'

Crocodiles are poikilothermic, opportunistic, camivorous predators Thel haye a

-*.J*, -ooog^lic gut which begins the digestive gocess using chemical'Jigestion'ana 
mJchanicil digestion to reduce particle size Figue 2 shows the gross

anatomy ofa crocodile.

a - Post-pLlnotury n nbr@
b - Luhss

.l - Lieer, aall bladder
e - P8t-hzpdtic menbrahe

a -Mese ericfat storaqe oean

L - Kidnets

b- Risht lobe aftieer

d - Meserteic lat storage orgu

Figure 3. The Gross Anatomy of a Crocodile (Van Der Merwe and Ketze' 1993)
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Previous rcsearch showed that crocodiles:

. Grow best on high protein (to 50yo crude Fotein dry matter) diets

. Preferentially usa protein over fat as an energy sourae
r Compared with other species, crocodiles have good food conve$ion ratios
. They are efficient at digesting nulients:

. Enercy (Apparent Digestibility coefficieot (ADc) 65 to 90%)
o Protein ( ADC range 7O to 90Yo)
. Fat (ADC lange 60 to 90%).

RESEARCH PROGRAM

The Queensland crocodile rcsearch progam is fimded by the:

- Queensland Goverment thfough the Deparhlent ofPdmary Industdas
- Australian Govemment tbrough the RIRDC program and the
- University ofQueensland tbrough the Strategic Partnership with Indusfy -

Research and Training (SPIRT) program.

Objectives

The objectives of the crocodile research progmm are to produce cost-effective
outcomes which prcmote the efficient gro wth, production and welfare of farmed
grower and breeder estuarine qocodiles. In padicular these objectives rclate to
nutritional and husbandry requirements of animals as these are perceived to be top
research priorities.

Discussion

Breeder Performance. Breeder performance declines have been noted on several
commercial farms in Queensland (see Figure 4) forcing the owners ofthese properties
to seek assistance in determining why these declines have occurred.
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Figure 4. Breeder PerforEance Over Time

Two avenues are curently being investigated relative to breeder performance and

irclude the:

r effects ofage and genetic diversity (or the lack thereof) on breeder performance

. effects of vitamins and mircrals on breeder performance

SPIRT program

FollowiDg the identification that one ofthe main factors limiting the ecoDomic viability ofseveral

conmercial crocodile farms in Queensland was a decline in hatching rates, tfuee possible causes for

this problem were identified: I ) failue of specific adul$ to Produce viable gamet€s; 2) lroblems with

haniling and management of newly laid eggs (including effects ofpathogens); 3) Possible deficiencies

in vitamin and mineral nutrition ofbreeder animals. These problems are non_exclusive but are

amenable to experimental analysis With the goal of conducting research to investiSate the problem of

declining hatchabitity on Queensland's commercial crocodile farms' a collaborative gloup of

researcheN and indust-y rcpresentatives held a meeting to formulate a rcseatch plan This goup

included people aom:
. DePt. ofPrimary lndustries
. Dept. of Environment
. Dept. ofzoolog/, The University ofQueensland
. Dept. ofzoolog/, James Cook Uriversity ofNortb Queensland
. Queensland Crocodile IndusEy Group
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Following the meeting, a grult application was submitted to th€ Australian 'Stategic Parolership with
Induslry - Research ard Training (SPIRT)' finding body with support ftom the Crocodile Specialist
Group.

The main aims of the res€arch proiect are:
To improve th€ economic viability of crocodile farming by determining causes ofpoor harching
success and identirying practices that overcome these. This will be achieved by:

.Idefiirytheparentsandextentofmultiplepatemityofspecificclutcheswithvaryinghalch
rates and thus detemining the optimal mtio ofbreeding males and females in communal
ponds,

. In clutches ofknow parcntage, determining the stage(s) ofembryonic monality and
idendq/ing the effecrs of specific parents, egg handling procedures, nulritional status of
adults and infection of eggs by pathogens, and

. experimentally manipulating parcntage and management protocols, as appropriate.
To improve the ecologically sustainability ofthe crocodiie industry and provide information necessary
to ranching and conservation managenent by:

. determining the stock structure, extent and patteh ofgenetic differcntiation and
distribution of conservatiot\ lunilA for Crocodyllls porosur in Queensland and northem
Australia.

To detemfne the t&xonomic and consenation status ofcrocodile species in south-easr Asia by:
. measuring the genetic differentiation and relationships among isolated populations of

fteshwaler crocodile species throughout the region and rclaling the results back to regional
a5sessmen6 ofpopulation numbers and viability, and

. doing the same for geographic populations ofthe widely distsibuted estuarine crocodile, C.
porosl.ts.

The k€y outcomes of th€ rqsearch rvill be:
. inaeased hatching lates and thus economic viabilitt for lhe crocodile indusr-y,
. enhanced understanding ofc.ocodile mating systems under captive conditions and ways of

manipulating ihis to improve production,
. development of single locus fingerprinting methods,
. information on the distribution ofgenetically distinct stocks in both estuarine and freshwater

species relevant to immediate management issues ard to the sEategic development ofan
ecologically sustainable indusEy in Austsalia,

. rcsolution ofsome long-standing problems in taxonomy and evolution of sp€cies of Crocodyhls m
the region that will contribute to more infomed management ofthese species in captivity and tle
wild.

Funding for the Fojecr was granted in late 1997 and work has starred on the genetics and
vitamin/mineral research. Aspects ofthe research will be repoted as compl€ted.
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The Role ofvitamins: Relatively little is known about the mineral or vitamin
rcquirements ofreptiles according to Allen and Oftedal (1994). In a general sense
what is known about their use in animal production according to Puaca (1986) is that
vitamins are specific organic compounds required in diets in critical amounts to
maintain the productive powers of animals. Further, it is known that each single
vitamin is ireplaceable in its speaific firnction and a deficiency ofany vitamin has
serious consequences for animals, particularly those housed under intensive
conditions. Staton and Vemon (1991) take the view that "considering the effects that
a deficiency of oIIe or more vitamins or minerals may have on animals, the cost is
minimal and they should be included in diets as insurance". Identirying ideal
cotrditiotrs under which to slore vitamins over time has been researched by Davis et
a/. (1982). It was demonstrated that in the absence ofideal stonge conditions
(reftigeEtion was found to be ided) vitamio premixes decline rapidly in topical
conditions.

Laboratory testing has shown that prcsent feed sources used by the Austalian
estuarine crocodile industry, for brceder animals, namely spent (old cage) hens and
feral pigs, contaitr negligible amounts of vitamins. lt is assumed that breeder animals
take food for body maintenance piimarily and reproduction secondly. Because
present feed sources are so poor in vitamin reserves and the diet is not fortified with a
vitamidmineral pemix, it is assumed that captive breeder animals are likely to be
deficient in both vitamins and/or minerals. This could have serious consequences fo!
the animals' reproductive ability, leading to both poor hatahability and poor viability
of hatchlings.

Vitamin/mineral premix tiials are cunently underway on fle commercial famrs in
Queensland. Should the progam be successful in raising the level ofproductivity the
perceived benefits are reflected in Table 1 where monetary values are reflected in
Australian dolla$.
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Table 1. Perceived Benelit of Vitamin Supplementation - Breeder Operation

7o Ilatchability No. Ilatchlings
produced/40 eggs

incubated

Estimated Annual
Value of Hatchlings per

Breeder
47 l 9 665*
57 23 805
67 27 945
77 31 1085
87', J 5 r225
97 39 1365
100 40 1400

Poultryt industry cuten f achieees 90% hatchabw
* Cutent Situation

Pelleted Feed

Austalian captive animals are usually fed monotypic diets consisting of fish, poultry
and mammal. Feeding monotypic diets is often undesirable because it leaves little
scope for dietary manipulation ald effective animal nutitional management. Fresh
diets are often expersive to buy, difficult and costly to store and ftequently only
available seasonly. Such is the case with feral pig, which is precluded ftom diets
during the monsoon season because harvesting is impossible due to flood conditions.

The nutient composition of cunently researched grower crocodile pelleted feed is
shown in Table 3. Findings to date are that crocodiles will take pellets on land as well
as in the water. Both hatchling and post hatchling croaodiles accepted pellets witlout
a "weaning" period. However, the level ofacceptance has been vadable between
pens. Breakdown ofpellets irl water is minfuIlal. The textue is good but slightly oily.
Ultimately pellets for breeder qocodiles will be trialed also.
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Table 3. Nutrient Composition of the Crocodile Pellet

What remains to be done is to:

. Remove the mince component

. Fine tune the diet specifications
o Detemine which diet ofers the best cost/benefit llltio to producers
. Test equipment and improve upon teabniques for the on-Arm manufacture of

pellets.

Enyironmental Conditions for Rearing Crocodiles

Several trials have been conducted on water tempemtues in which to gow hatchlirog
crocodiles. The influence ofhideboalds on gowth rates has also been researched as
has the effect ofwaler volume. The fiDction ofthese tdals is to Fovide benchmark
standards for industry. Research covedng these topics is repolted in the Crocodile
Specialist Group (CSG) 1998 proceedings. For details see Mayer et al. (1998)
"EnviroDmental Corditions for Rearing Cro codylus porosus onFatms".

Summary

1. Technical teams have been formed in Queensland to pursue research progmms
\rhich will promote the production, gronth and welfarc of corEnercial estuarine
crocodiles and these tearns are well equipped to pursue research prograrns.

Ingredieut
Composition (g/kg)

Dry Matter Crude Fat Crude Protein
Additives
Choline cbloride
Lecithin
Vitami!,/mineral Femix

1.8
0.1
4.5

0
0
0

0
0
0

Dil ents and fillels
Water 0 0 0
Enern)
Tallodveeetable oiVfish oil 124 t24 0
Protein and amino acids
Wheat gluten
Meat meal (50% CP)
Chilean fish meal (67% CP)
Blood Meal
Frcsh Kangaroo Mince

135
83
79

t02
59

5
8

l0
10
2

111
50
43
95
52

TOTAL 588 160 351



2. Breeder performance has diminished over time. The SPIRT Fogram has been
implemented to ad&ess this decline. The research prograrn has genetics and
nutrition as its main focus.

Techniques to manufactue pelleted feed which crocodiles will accept are well
undentood and can be applied to the corDmercial manufactue of feed.

Crocodile diets need to be tested to determine which diet will uovide the best
cost/benefit ratio.

3.
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APPARENT IMPRINTING OF CROCODILE I{ATCHLINGS AND POSSIBLE
IMPLICATIONS

F W Hucbzermeyer, P O Box 12499, Onderctepoor! 0110, South Aiica

Imprilting ofhatchlings corlrnonly oc.urs iD birds and aletemines paredal and later sexual
mate rerogmtiorl llimaD impddilg ofhtersively reared ostlich chicks causes desertiotr
stress problems wh€n the chick are left alone for periods during the day, interferes with
sexual mate recognition causing infeftility problems a.trd leads to male aggessivity to$ards
humans perceived as competiton (Huchzermeyef 1997). 

--

knprintilg itr crocodiles has rcver been descdbed but bas rec€ntly beeq poshrlated to explaiil
Parent latchJing rDteraction (HuchTrrmeyet 19961. .I]his paper reports a case ofapparent
humarl ilprinting ofinteDsively rea.Ed crodile (Croc.dylus niloticus) hatcblings ;d
drscusses possible implication oII jwenile and adult behaviour.

Case History
On a newly established focodile farm ill South Aftica 4OO nerr,ly hatched crocodiles vrere
bought in and placed in a small environruerfally codtrolled house ea.ly in 1997. The
hatchlhgs were kept in neadarhess, orcept when an obs€rvet was pres€nt. The laaly
bec€me so intrigued by the crocodiles, thai she daily spent several hturs with the hatcblings
while cleadtrg and feeding orj6t siEply obsewltrg. The bakhjings became very rame,
ruluung up to ber aod allowing her lo touch $em.

Subsequetrdy a larger rearing house was build and eady iu 1998 the crocodiles, aow
yearlilgs were moved to this new house. In addition yeadings were bought from €llothe.
frrm andpfaced in other pens iq the sdme house- The newty-purctrasea feartings setUea in
very quickly and caDle b fte food ar feediDg tirne, wbile tle own harctriings ajpeared to
remarn very shy. runnhg away ido a far comer of their pe!, wien a person approached,

Discussion

Io F yl4 Nit""r"aoaile batcblings stay wilh tbeir morher for rbe 6rn year, but teave her
before rhe new cluEh harches out. lf Lhis mother-hatcblng interacton was governed by
ihprintidg, one would expect a switch in the behaviour oft" Ut"ttiog" uf-npp-*iait"ly
one y€r ofage fromdependebce to avoidarce, and this is what appears-fo havi tappenjt
lhe d€scribed case. Providcd the iderpretatiod ofthis case is correc! it could hav;;evqal
rmpllcaoons:

Orle would assume lbat aorDrally frfir€-raised qocodile b-tchling( would not impriDt. It
c-ould be that such a failwe to imprint would prevelt the halchlings fo find the comfort of
parental protectiotr that \ras follnd to be ofvital importance ro ostich chicks (Huchzemcyer,
1997) atrd therefo.e be exposed codinuously to a high level ofsaess.

Failure to implirf would abo prevent y€arlings and olderjweniles to re€ognize larg€r
crocodiles aspoteotial drnger. This in tum c.uld explain the high losses in rcbaJafin_
r€aled crocodiles from canrdbalism described by Bossert et al (itr this book) for Americatr
al l igatoG,butalsoho\}nfiomtheNilecrocodile(.. . , . . . .). i t*ouldmeanthattherele3se
offamFreared crocodiles \rould be possible oDly into a habirat curreffly A€e oforccodilos.



Crocodil€ farmeN in South Aliica have obsefled that frrm-reared crocodiles are l€ss
agessive in breeding colonies than wild-oaugbt ones. Breeding colonios of500 and more
breeding crocodiles are common on th€s€ farms. It may be that aon-imprinted male
crocoahl€s to some exlend fail to rccogDise other males as competitors and the.€fore give the
impression of docility.

Sexual mate recogDitiod is gov€med by other EecbaoisDrs (e.g- pheromones) as weu, atrd
therefore non-imprinted crocodiles would b€ €xpected to mate and reproduce quasi-rlormall).
It would be interesting later to obsere the agression alrd sexual behaviour ofthe supposedly
himar imprinted docodiles ofthis case, ifthey were allowed to reach that stage.

Further obsewations and experiments will be rcc€ssary to confirm the prcsence and exact
consequenc€s of irEprinting in qocodiles. The possible implications for lhe management of
crocodiles on farms and ofrestocking programm€s oeed also b€ investigated further-
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Artificial Incubation of eggs of Crocodylus uorcletii ttader eaptiye conditions.

Francisco J. Leon Ojeda, Patricia L. Arredondo Ramos and Manha C. Robles Montijo

Cocodrilos Mexicanos S.A. de C.V.
Paseo Nnos Heroes #276 Pte.

Culiacan, Sinaloa Mexico

Anyone wishing to undertake projects involving the conse.vation, the augmentation of
wild populations or captive cultivation ofqocodilians must consider that incubation is
one ofthe most important elements of such projects. The success or failure ofthe
ploject may be dependent on successful incubation.

It has been abundantly demonstrated (Chabreck 1971, Ferguson and toanen 1992 (cited
in Moses and Chabreck 1 990)) that a$ificial incubation of crocodilian eggs
zubstartially improves the production ofhatchlings by eliminating the natural losses
caused by climatic effects and predation. For this reason a wide variety of incubation
techniques are used around the world which have in common the objectives of
maintaining the temperatue constant at around 32' C, an elevated humidity (higher than
90% RID and an acaeptable level ofgas exchange. To achieve these goals the various
equipment and matedals ready to hand are used, and incubation varies fiom
rudimentary relocatiol ofeggs into atificial nests dug by people in strategic locations
to the industrial high technology application using electronic controls. As a
cons€quencer the rcsults are very variable but clearly observed in diffe.enaes in the
percent hatching and the subsequent glo]'th ofhatchlings.

Disinfection of eggs is an important paxt ofadificial incubation as this process helps to
eliminate a large quantity ofbacteria and fungus. These usually have a small effect
during the course of incubation. However, dudng hatahing, particularly the fungi which
persist in a latent state as resistant spores, contaminate the hatchlings and aan cause a
variety ofsystemic illness and a high level ofmo6idity and motality (Hibberd 1994).
In the same way, the application ofantibiotics and vitamins onto the egg and through
the shell and rnembrarcs, which have the capacity to absorb these substances, may help
to avoid infection and improve the nutdtional status ofthe embryo @. Ruvell pers.
comm.).

At the Cooodrilos Mexicanos S.A. crocodile farm we have been successfully
rcprcdudJ\g Crocodylus moreletii since 1990, and with the passing of time we have
improved the techniques ofincubatior and allowed the farm to dra.rnatically increase its
stock. The farm operates exclusively through fie produclion from a group of
reproductive adults whose fertility has oscillated annually between 80% and 85% ofthe
total eggs produced. The objectives ofthis study was to eslablish a standard method of
inatbatiot for Crocodylus moreletii using exising levels of technology.
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Methods.
We used a total of224 fertile eggs from different nests produced by crocodiles of
different size and age, these eggs being produced during the later portion ofthe
reproductive period of 1997. The fetility ofthe total annual production was lower
because our finest reproductive females are the last to nest. The process of collection of
eggs and movement ofthe eggs and managemeot to the incubator was done with great
care using techniques described by Ferguson 1981. This process consists firstly of an
inspection early in the moming to identify newly laid nests. Wheo detected, nests were
recorded in a register noting the ambient temperatue and humidity, nest temperature,
diameter and height ofthe nest and the number ofeggs. Follorting this tlle eggs were
collected one by one, using great care and marking the uppermost surface in order to
conserve the oientatioo ifl the same position as it was found. The eggs from each nest
v/ere placed into a separate polystyrene box with material from the nest. The boxes
were moved into a 'walk-in t'?e' incubator 8m x 4m insulated with 2 inches of
polyurethane. Temperatur€ cortrcl was achieved with a model SS-120 Hired Hand
airconditioner with a 120,000 BTU capacity with a 'Y' duct and themistor. Humidity
was maintained above 90% RH with a BAHSON qpe EEIA humidifier with a capacity
of 3 gallonVhr. and integated humidistat. Gaseous interchange was maintained
through the incubator door during entry to the incubato!. Once the eggs were placed in
the incubator they were left there urdisturbed for 24 hrs. then on the following day they
were examined and those appearing discolored were ideotified as infertile. The eggs
were then incubated in new polystlrene containers in a substrate developed on the farm
consisting of sand and vermiculite. The containers wele perforated in thet lower parts
to allow drainage and avoid excess humidity, except the four receiving the plastic aover
treatment (see below). The use ofthese boxes gave some security that the temperature
ofthe eggs did not fluctuatg although the temperature of air entedng the incubator was
40" - 45"C but the ioterior was maintained at 31.5"C as the boxes ameliorated any
changes. Eggs Aom different nests were distributed between different boxes
(treatments) so that approximately equal nuober ofeggs were in each box, with a
diferenca ofno more thar 2 eggs. The boxes were then assigned to 12 different
treatments varying the covering ofthe box, the disinfection ofthe eggs, application of
vitamins and antibiotics and administration ofextra oxygen during the last two days of
incubation as follows:

Treatment Lid Disinfection Vitamins and
antibiotics

Oxygen

I Dolysttrene Yes Yes
2 none Yes Yes
3 Plastic film Yes Yes
4 none Yes Yes
5 Plastic film Yes Yes Yes
6 Doiystrene Yes Yes Yes
7 Control DOlystlrene
8 none
9 Plastic film
l0 none
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11 Plastic film Yes
12 polystyrene Yes

Treatment 7 Contol followed our normal incubation procedure in which the box has a
Ironnal polystyrene cover but no intervention ofdisinfectad. vitamins. aotibiotics or
oxygen but with a topical application ofiodine to the urnbilicus at hatchins and as
necessary afte.ward. Treatments l-6 followed a process ofdisinfection with Nolvosan
at 2yo (Diacetate chlorohexide) in a proportion of l: lO0. The solution was maintained
at a temperature of32oC and the eggs were placed in net aontailer and suspended in the
solution for 1 minute. The antibiotic and vhamin treatment consisted ofapplication of
first oxyerracycline and then a complete vitamin supplement MTAFORT itaning on
day three ofincubation and repeated every tkee weeks during incubation. The
materials were applied with a sprayer spreading a smooth layer directly onto the surface
of each egg and finally a general fine spray over all the eggs. Oxygen was administered
to teatments 5, 6, I I & 12 dudng the last 24 hours ofincubation throuqh a series of
tubes connected to an oKygen taok which administered a constant flow for 24 hr to eactr
box. Tempenture of each box was modtored daily throughout incubatioo.

Results.
The average period ofincubation was 69 days with a difference ofthree days between
the first and last hatching. Average temperature during incubation was 31.8oC and
relative humidity was above 90%. Ofthe 244 eggs incubated, 194 hatched giving a
hatch success of79.5%. Ifhatchlirgs failing to reabsorb their yolk (,tubbies') and some
lacking a tail (all from the same clutch) are excluded, the overall hatch success was
68.9% (Table 1) . Compadng the hatch ntes ofthe differcnt trcatments, the best were
treatments 5 and 7 with 85.770 and treatment 1l with 9O%.

Hatch rate ofthe banded eggs was 69.6010 and a higher number eggs hatched in the
boxes with some kind ofcover, either a polystrene top or a plastic cover. A pairwise
comparison oftreatments I vs 7, 3 vs 9, 5 vs l l i.e those receivins some kind of
intervention (disinfectior! antibiotics, vitamins or orygen) indicaGs rhat there is a better
hatch Iate in the covered boxes which also received chemical interventior.

We not only measured temperature in the expe mental boxes but in the other boxes m
the incubator and detecled a gadient oftemperature within our incubator both from
back to front and from one side to the other. We also observed in Table I that tne
majodty ofthe eggs which did not hatch suffered from early embryonic mo.tality with
infectiorl giving a clear signal that mismanagement ofthe eggs during the ffrst 35 days
ofincubation or possibly poor quality eggs are responsible.

Conclusions.

From the observation made dudng this gxperiment we are able to make some clear
suggestions for a practical method which will result in the maximum hatch Deraenrase
and produce healthy and vigorous hatchling. We strongly recommend the use of 

-
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disinfection ofthe eggs prior to incubation using whatever disinfectant is available with
bacteriacidal and fugicidal action in doses which do not affect the d€velopment ofthe
embryo.

It is also imponant to cover the banded eggs as otheri{ise the egg shell and membrane is
exposed and though this means can loose a large amount ofwater. As incubation
advances this .esults in a gradual dehydration ofthe egg which can result in embryonic
mortality or in developmental abnormalities such as deviations ofthe spinal column.
Our method ofincubatio4 using polystlrene boxes, sand and damp ve.miculite as a
substrate for the eggs, and plastic covers as used in this experiment, has allowed a high
perc.entage ofbanded eggs which in other conditions easily become desiccated, as this
experiment has shown. It is also useful to administer oxygen dudng that pedod of
incubation during the last stages ofdevelopment when the oxygen requirement ofthe
embryo is incleased. Another impotant factor is ensure that a system ofventilation
within the incubator pemits adequate circulation to avoid the formation ofthermal
gndients.

Finally, it is important to cladfy that the conditions ofincubation for crocodile and
alligator eggs have been shown to be slightly diffelent, as the fomer require higher
temperatures and slightly lower humidity to achiev€ adequate hatching. We have found
that following the letter ofrecommendations for temperature and humidity described for
alligators when incubating crocodile eggs results in notably different results. For this
reason it is impoiant to unde$tand the particular incubation conditions that arg best for
each different species.
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USE oF ANABoLIC STERoDS IN T}IE coMMERcIAL RAISING oF cRocoDILES.

Francisco J. Leon Ojed4 Paficia L. Arredondo Ramos and Martha C. Robles Mootiio

Cocoddlos Mexicanos S.A de C.V.
paseo Ninos Heroes #276 fte.

Culiaca& Sinaloa Mexico

Many ofthe shining examples ofcommercial anirnal production, such as beei prgs,
poultry etc.,.have included the use ofgrolv,th promotiog substarces in their management
pmchce to obtarn animals which were heavier, more vigorous and resistant to disiase.
The use ofgrowth promotors (Antibiotics, anabolics etc.) is authorized bv the health
authorities of each country and is routine in the larger te;hniaally advanced commercial
farms in Mexico, as in the rest ofthe world. the oblective ofcommercial growth ofa
species is to maximize its genetic potential or to exploit to tie maximum thi animals
metabolism to obtain the greatest possible development in the shortest possible time. It is
obviously only possible to obtail suoh groxth under optimal environmintal conditions,
nutrition and iD the absence ofdisease.

In the case ofcrocodiles, this is a species which has not undergorc genetic improvement
in domestication. At present there is no Iine or race ofcrocodiles dJvelooed bv
hybridization and selection for commercial use. Hybridization is reported from many
zoos and some aommercial farms but because many species ofcrocodiles remain
endangered, this practice is not encouraged for fear of causing the loss or modification of
genot ?ic and phenot ?ic characters which are valuable to wild populations.

Because there has not been extensive selection for genetic improvement, crocodile
farmers know the great variation of gowth rate fiom a clutch of hatchlines from the same
parents can be as great as that variation observed in a whole cohort. On iire other hand it
important to mention that the conditions of incubation (Temperature, humidity, gas
exchange) exerts an important influence on development aftir hatching (Whiteiead et al.
1994). Because ofthis, an egg fiom parents demonstrating high growth rate, ifincubated
under suboptimum conditions, will show a growth late much lower than its parents. Even
under the best incubation conditions about loelo ofa clutch will produce slow growrng
hatchlings ('runts'), which can be as high as 60010 ifconditions are suboptimalland tratch
rutes are also compromised. These runts also have a high monality (Joanen et al. 1987).

Anabolic steroids increase the s].nrhesis ofprotei4 particularly in skeletal musale,
lnducrng a garn in weight. The pharmacological effect ofdifferent anabolic bormones is
different. Andogenic hormones are generated, and thought to act, on the skeletal muscle
potentrating the deposit ofnew protein while the site ofaction oiestrogenic hormones ls
thought to be the hwothalamus or the anterior hlpophysis where they iause the secretron
ofgrowth hormone which acts at the level ofthe striated muscles incieasing the secretion
ofsomatomedina (Pelosii et al. 1994).



In this sludy we investigated the effects oflauate ofnandrolona (Laurabolin MR) in

increasing the length ard weight in the fehabilitation ofslow growing hatchlings of

morelet's crocodile.

Methods
We used 40 crocodile hatchling ofaround four month age which demonstrated slow
gowth which had led to a period ofinanation, but which were physically reoperating at

the time oftle experiment. These were distributed into thre€ expedmental gtoups
(labelled enclosure 36, 37 and l8) and a control group (enclosure 39) held at densities of

i0 hut"hline/rn'. The animals were seleated to be representative ofdifferent nests. Each

erouo was ield in an enclosue of I if (3oyo warer, 7oo/o land) in which a heate! was
i-nstailed to maintain the water at 32 Co and covered with an opaque plastic cover which
served both to maintain the temperature and to isolate the animals ftom a large amount of

stress. The hatchlings were weighed, measured and disttibuted as evenly as possible in
the etrclosures. The biomass of each group was used to delermine the steroid dose and a
proportionate quantity of food.

We applied Laurabolin MR (Laurate ofnandronola) at a dose of 1omg for each 10 Kg of
lve w;ighi. The steroid was injected intramuscularly illto the base ofthe tailevery 2l

days foia poiod of 60 days. The steroid was diluted in an oil base (proplenglicol) to
obiain the concentruions which were injected into each hatchling. Mean initial hatchling

weight was 64.5 g.

During the tleatment pedod w€ took five samples to obtain weight and length gains and
to adjust the steroid doses ard food tation according to the new weight.

The result wete a&lyzed using an analysis ofthe variance.

Results.

The results ofthe expetiment are shown in table l. Intables 2 and 3 it can be seen that
the average weight and length ofthe experimental and control groups are not
significantly diffe.eot at the stalt ofthe experiment. As the experiment progrcssed we

wlre able to observe a constatt increase ill length and weight ofthe group treated with

steroids compared to the co rol group. However this groMh was interrupted following

the second simple on 5 January which rezulted in a negative result in weight gain in the

animals in enclosure 36 (trealed group) and 39 (Contrcl goup) the reason for which is

unclear but may be due to variations in temperature.

The action ofthis anabolic androgen was clearly indicated by a large increase weight
galn.

Figures I and 2 indicate t]le raie ofweight and length gain in the thrc€ feated gtoups.

T[e fluctuations in rate ofweight gain are due to different causes which we were unable
to examine given the original period ofthe samples. Even so, Ifthe gains ofweight and
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length arc standardized as a daily rate (Table 4.), we observe a gradual increase between
one sample and the next, obscurcd only by the sample of5 January previously menlioned.

We should note that this steroid was administered each 2l days and following the
injeaioq provoked a proc€ss, mediated irl each animal as it b-ecame accusto;ed to the
effect ofthe hormone, and bega! to gadually loose weight as the organism compensated
for these processes.

By the end ofthe expeiment, the group trcated with steroid has a mean vr'€ight of 132.6 g
compared to l1 L 5 g ofthe conuot group. The rate oflength increase was 2183 cm/month
In the treated group and 2.4lcnLhonth inthe contrcls. Using anF test, the difference in
weight and length gain betweer the groups was significant aithe 0.05 level.

Conclusions
The use oflaurobolin MD demoNtrated a statistically significant ioqease in the gain in
wejght and itcrease in lengh of crocodiles to which it was applied. The primary
objective ofthe experiment was completed satisfactorily witirihe gain in animats
pr_eviously with low gro\ath mtes ofaverage growth ofnearly 3 cm and 34g per month.
The.actior ofthis steroid lasted approximately 2t days but tiris should pre6iably be
applied every 15-18 days and the intramuscular route is very slow when treating a large
group ofaaimals. But nevertheless we recommend the use ofthis anabolic steroid when
one_has slow growing hatchlings or animals which are recovering fiom sickness or
prolonged stress.

All crocodile farms produce some slow grcwing animalq commonly called runts. The
growth ofthese animals is not normal and commercial farms have to finds ways ro
improve growth in a good percentage ofthese runrs Those which donl die in the first
months oflife can sometimes overcome this setback to achieve grolth to commercial
size in an economic time period. Our experiment suggests that treatment with ambolic
stercids may provide a mechanism to achieve this result.
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GRIIPO BiXPERIMENTAL

FBC1IA
PILETA

0&dic-97 26inc-97 0!er*-98 26-s,rf-98 OGftL98
Peso Peso Peso Peso P€so

66.9 29.03 64.50 29.83 80.45 30.24 1052 127
584 24.29 74.74 29.t l 74.15 29.65 0993 32.t3 \ t 7 33.52

38 69.2 29-29 94.25 31.15 96.75 32.05 124.9 3443 154 36.13

GRLTPO CONTROL
39 63.4 2anz 29.63 76.60 30-90 09E.1 32-tl rtz 33.rt4

TABLA l. Aumeoro e! p€so Gr) y longitud (qn) a lo Iargo del e4€rimento.

TABI-A 2- Datos grongdios corrEspoodi€at€s a pgsads de cada muestreo e
increlncrltos de peso (c,Vresadas e[ gr) a lo largo d€l c&erirtren o.

GRI'PO E(PRIIIENI,IJ- qRUPO COT\TROL

DIAS PISO AOIAL rdEDLC.DESVIS!. NCREMEI{IO PESO IO'IAL MEDIA DESV.IST. NCt&r&tlo

to.23

l 8 2534.5 t6.02 590.3 076_7 to.o2 129_l

2a 085.1 15.63 0766.0 11.04

3100.J 26.21 0981,0 098.1 11.32 275.O

60 3974.0 132.6 38.40 5715 11r5.0 l t t - t 13,1.O
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TABI-4, 3. Datos proneclia<tos corespon<tientes a mcdidas dc cada mu€st€o clncien€rfos d€ Fso (€xp€$adas €n gr) a Lo lrgo def oqqin;-

GRUPO g@ERIMENTAL
GRUPO CONTROL

LONGNUD I'EDIA DESV.ESI lNcREidstcto I'NGIIIID MEDT/{ DESV,EST. INCRIMENTO
865.1 28.87 r.45 246.2 24.62 1.!5

l 8 900.9 30,03 l.a0 34.4 296-3 29.63 LJg 10.1za 9L9A t0,55 13,5 300.9 1.56
992.9 33. \0 2.60 7J,5 32t .1 a2.t l 2.09

1036.l 2.99 331A 3 ' A L33

TABLA 4. Gaaraoia diaria €tr p€so Gridia) y looginrd (orDldia).

MUESIREO

GRLPO CONIROL GRI-FOExPEp.ng.uTAr
P€so Logittd P€ro Irqginrd

I
2 0.711 0.56 r.093 0.64

-0.010 | )', 0.063 0.62
1.024 0.58 1.186 1.r7

5 1.218 r_21 2.053

35',1
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A Report on the Eelicoptt Swaeys of Crocoilllus polosus
in the North€rn Territory of Auslralia

Adam R.c. Britton
Brett otdey
cnlame G.W. Webb

Wildlife ManageEetu lnternationd ry. Ltd.,
P.O. Box 530, Sanderso4 N.T. 0812, Austratia

Abstrad

Until 1989, oonitoring the poputatioa of the Australian saltwater crocodile (Crocodtlus porosus) i
lhe Northem Terrilory of Ausfala was performed primarily ushg a spodiglt me6od at dghl. The
inuoductioD of a regular daytime helicopter survey programme in 1989 providei a means of
surveyiag ?0 selected river "units" iD a duch shorter period of time lhan prcvious spodiglt surveys.
These afata have provided a relative index of abundance of the population of c' Porosus . Itt 1997 , a
tial survey was performed usiry a subset of only 21 survey udts to delerldne whether a result
could be obtailed which provided a compamble iodex of abunda.oce to the 70 survey udts at a
rcduced cost.

IntIoductioD

Between 1945 ad 1971, uDregulated butitrg of c' polorus in the Northem Teritory of Australia
reduced the populatioD to a.D estimated 5000 individuals. This huntiry was bamed in 1971, aad the
species was lisred oD CITES Appendix I h f979. In 1985, c. poro&J was do$Dlisted to CITES
Appendix II after it was shown that the population has recovered ercugh to begiD coDEoUed
hrn,gement (Webb et cl 1988). A moDitorhg progranrme was esseodal to exarnine the effec6 of
such mrnrgemeflr, which was based around sustainable use of the qrild population.

The Teritory's moDjtodlg progamme has relied on both nighFtirne spotlight surveys atrd alay-time
helicopter surveys which are coltected a!$lally for selected river systeDs. Spodight survey data are
available ftod 1972 (Messel et cJ. 1984), but to cover most of the Territory's fiver systems they are
costly ad tin€-consuming. In 1989 a regular day-time helicopter survey proglamme was initiated
at a quarter oftbe cost of the existing spodight survey programme. These helicopter surveys cover
70 river units of l0 lan each, aDd they provide a rcIative index of abundance of the populatioD of c.
POTOS,S in the N.T,

In 1997, the €xistiag helicopter programme for 70 river u ts was modified to 21 ufts on a trial
basis. The aim was to examine the effecliveDess of rcduciDg the overall survey cosl even further
while maintaidrg ar accurate index of abudarce,

Helicopter suryey dethod (1989-190

70 survey ud$, each 10 I(!r loDg, wele selecled ftom 68 river systeDs (Webb ?t aJ. 1988). Durhg
JuDe/July, each mit was flowr odce at or rcar to low tide for maximum baDk exposure. As the
helicopter flew at a coDsra speed (60 - 70 !ph) ad heigh (20 m) abov€ the mainstrenm, the
trumbe$ of $ocodiles sigbted werc recolded into four general size classes (small, medium, large, x-
large). The combircd data ftom these units have been used to calculate an index of docodile
abundance (Webb & Malolis 1992) which catr be appended to historical daa to provide an
indication of population chaDge over time.
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Results of helicopter surveys (1989-1996)

Historical (i.e pre-1989) population dara from sporlight surveys w€re converted to helicopter
density equivaletus (Webb 

". 
a, 1988) ro which actual dara fr;m helicopter surveys (post:1988)

were appended (Figure t).
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Figure L Crapb sbowiDt rh. r.larioDsbp b€rpen nce dcrsi.y of c. ?oro'ir .xprcsscd a bclicoDrer
cou cquivnan$, &d yca..s silcc lrotccrior (25 = 1996, ctci. rrlto;,c-3l d.la ,i.r..,.a Io hcli.i"io
delsiry cquiviialB dc ildicat d wI! ed circlcs, aciur bcliclpr.r dala eirh op.c citclcs.

The equation for this relatioDship, desctibed by lhear regrcssion, is:

y = 0.182 + 0.023x @ = 0.0001, I = 0.7)

Froo^rhis equatiotr (where x = yea$ silce prolectiol, y = 61q.od1. densig, the predicted deDsiry
ror ly9l {to years srnce prorection) is 0,767 crocodilesr(m. Tbare dafa suggest that the geaeral
populadon of c. porofiA i! the NortheE Tenitory ha.s show! a significad-;d dra::oaticncovery
since prorection in 1971.

Trial helicopter survey method (19?

Although rh€ N.T- Ielicoprer survey prcgruDBre bas satisfied its original inteftio! (to conthue ro
provide.an index ofpopularion cha[ge), rhe cost ofperformiag the suweys is stilt high. Therefore, a
trial helicopler survey ,ras conducted iD 1997 wiA tUe aim ofieducing cos*, yet mattaining 

"uacara@ relatiye index oI abundance. To rc&Jce costs, surveys calt eiiher be performed less often,
or the number of uni6 (area) iDvolved caII be decreased - hence reducing coOy netoprei nign
Iime. we examined rhe la[er oprion, takiog co$ialerable care to crcate tsubsel of dver u ts wtuch
reflected accurarely tle densiry and size disnibudon of crocodiles seeD in all70 utrirs.
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Crerting a subset

Rivers were select€d initially by coffidedry !hei. known crocodile densities, paltems ofgrowlh,
and their location. This produced a subset of 49 river u ts (Subset49) which was caPable of
predicting the mean dens ily of crocodiles in 70 uDits vert successfully (using lined regress ion: p <
o.o0o1, I = 0.9?0) (Figure 2). These 49 units were divided into high, dedium and low density units
(following the classification used by Webb et al. 1988) and a mulriple regression perfomed against
the 70 uni6 to account for biases caused by varialion in different deDsity utrits. This showed thal
orUy high aDd medium density rivers were contlibuting to the relatioDship, and so all low density
rivers werc excluded f.om the subset. The new 21 unit subset retriDed the propenies shown by
Subser4g and appeared lo be a very good predictor of the deDsity iD 70 units (linea! regression: p <
o.o0o1, r? : 0.993) (Figure 3). Size strucNe of crocodiles is alnost identical berween lhe different
subsets (Table l).

A second subset (Subse!2la) was devised by replacing the Roper river with the Kalarwoi river -

bolh medium density rivers - iD order to rcduce helicopter flight time. Subs€e1a is also a good
predictor of the crocodile densiry in 70 utrits 0ine:lf regression: p < 0.0001, I = 0.979). Tlt fiul
survey ircluded both the Roper and Xrlarroi dvels to compare Subset2l witi Subsel2la. The
Rope. is charict€rised by high variability ia numbe$ of qocodilcs sighted, a.!d we felt that
Subserla might provide a better long-term solutioD.
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Table 1 . Size srBcl@ of rhe diff..elr sub*rs cxlra.d at lusbcB ald p.rc. rgcs of crocodild
c&h or fou sizc classes GFall, roediln, ldgc, i-largc).

N ' ' d . L 4 . f o ' 1 4 . 4 x 1 4 . N ' . L

.7 245 29.6 1076 47.7 t731 t6.0 542

6.J 159 28.9 726 46.3 tZt4 16.4 4\2

7.1 tst 28-8 611 473 tO79 ]62.:..34t.

7.t \50 2g.o 6\-t 47.7 rOO4 16.1 339



Results: predicted v. actual

After performin-g-rhe rriat helicoprer survey, the fire3suled detsity for Subseela (rhe Dreferredsuoseu w:15 l.)JJ crocodil€s/kn. Using the followiDg equatioD (ob6ined ftom a regr;ssion betweenSubset2la and rhe 70 unit dataseD:

densityTo - 6.4699 * 6..sity2r" + 0.0632
the corrected density for 70 uniis derived fiom Subset2la is 0.782 crocodiles/kjn (Figu.e 4).

The-me€sured deDsiry for Subsel2l (using rhe Roper river) was 1.490 crocodiles/hl. Usilg me

dersityTo = 6.5299 * 4"nsiql; + 0.0149
the correcred densiry for 70 utrits derived frod Subseel js 0.791 socodiles/kn.

The predicied density fo! 199? was catcurated ar 0.767 crocoariles/km. subseola gave ar error mpredicri!tr of ody 0_015 crocodiies/L:d, or 1.9%. Subse€1 gave an error ia pr"aiStioi ii o.oz+crocodiles/kd, or 3,1%.

CoEclusioEs

Tbe chrnge b crocodile densities over time derived iolo helicopler coutrts describe atr ove&llrecovery of,rhe geDeral populicion of C polo$l', in Oe Norttm ferritory. tlis u"oa,"fi"* ,a.succss or rDe comrrcrcnl utillsaion progamee wNch b35 beeo operatiry for over ten ye3rs.
Arroougtr ure Dest b(ticators of deEsiries and popularioD trends coBe udtub@dly ftoDr deBned aud
:ry]I,y:?: -{s..:"t,.TlicoI!er 

survey shows that cost+ffective aad accuraie alernatives maytE oenveo D 0E an erusutrg drtaser

t .5  5 7,5 l0  12.5 l5  t7.5 20 22.5 25 21.5yean Sinc. p.orccdon

Figurc a. crap! sbowi,rg lbc relarioBtup bcrwccD !rc.! d.lriv of c. prrora.xprcsscd s hclicoorc.cosr .quivild6, 4d yc4 3c. prcrccdon (26 = 199. crc)_
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APPLICATION OF GEOGRAPHIC INFORMATION SYSTEM (GIS) TECHNOLOGY TO
CROCODILE RESEARCH AND MANAGEMENT IN QT]EENSLAND. AUSTRALIA,

J.D. MIer, M. Read & P- Kotoi
Que€nslad DeFrtment ofEnvircnment and Heritage, pO Box 5391, To$.rs.ille, eueenslan4Australi4 4810.

ABSTRACT
The use ofceogaphic Information S)stem (GIS) technology to address biological,

conservation and m,lnagement issues has two additional banefits over more conveDtional
mapprng and aralysis methods. First, GIS technology allows ihe pr€sentation ofcomplex, and
sometimes disconnected, data in a visually s).nthesising manneq seconal, use ofa GIS enables
spatia.l (e-g. position of crocodil€, ttpe ofvegetation) and non-spatial data (e.g. size of
crocodile, Einfall) to be analysed in combination with topographic information (e.g_ eleration,
drainage) and attribute infomation (e.g. infiastmcture).

The traasition from more traditional styles ofdata a.Dalysis and presentation rcquires
training in the use oftle GIS progEm but relatively little adjustrnent to dalabase files. The
greatest cbange occurs in recording the position. The position ofthe crocodilc is rlow recorded
via a GPS (Global PositioDing System) ir degrees and minutes oflatitude and longitude which
are ihen converted to decimal degrees for use in the GIS program.

the general approach combines the use of digitized topographic map layers of
athibutes (such as *aterw,Lys, roaals, infrastructure, vegetation q?e) and images (aerial
photographs, digitized maps, or satellite images) suppoltld by state wide aerial ard stratrtied
\rate!-way surveys. Standard data collected during surveys includes positioD, estinrate of size,
date, time, babitat and activity ofcrccodiles sighted. This apFoach allows for a linkage
through time of attributes contained in culrent and older data sets and analysis via Bootean
logic.

INTRODUCTION
A Geogaphic Irfornlation Systern (GIS) is a computer-based system by which

spatially (geographically) referenced data can be oryanised, interogated and displayed (Koeln
er'-al.,1994). The use ofa GIS allows integration of spatial and attdbute data that is nor
available via paper maps. Because a GIS can present a view ihrough multiple dafa layers o.
themes while maintaining positional relationships among them, analysis of data via a GIS
slFtem allows five basic questions to be addressed (Walker ajd Miller, 1990): l. Wlat exists
at a specified location? 2. Where are particular conditions met? 3. Wllat changes have
occurred through time and where have these occurred? 4. What are the impacts ofchanges in
Iand use pattems (social, economic, environrnental)? 5. $tlat will be the likely result of furrher
changes in land use pattems? The answec to these qu€stions have direct beadng on the
consenation nurvtgement ofa species and its habitat.
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BUILDING A GIS
A natuml resource GIS is usualty constructed for an area from existing data including

satellite images, topographic maps, aerial photographs, digitized rnaps ofinfrastructure,

administrative boundaries, inventodes of flom and fauna, vegetation maps, soil maps and

drainage outline maps (Combs et al., 1996) (flg- l). Each layer or theme presents information

on a parhcular aspect ofthe arca ard its flora and fauna (e.g. v€getation, soil, slope, aspecr,

elevalio4 topography, rainfa.ll, infia$ucture, etc.). Data may take the folm ofpoints, lines or

polygons. The bas€ rnap (or image) serves as both a backdrop to the presentation and an active

layer in the analysis. New data obtained fiom recent research can be incorpomted as an exta

lay€r. The infoflrDtion themes aro interrogated via Boolean logic to describe their intel-

relationships (Sillq l9?9). The current midmum standard fot a PC computer used in support of

GIS work is a Pentium 150 (or geater) processor with 54 (preferably or mor€) megabytes of

RAM; the GIS software being used is ArcView (Environmental Systems Research Institute,

Inc.) but other softwarc packages are alailable.

GIS DATA
In order to be usable in a GIS, the minimum data set collected in the field should

include: position of each socodile in decimal degees of latitude and longihlde, a descnptlon

ofhabitat, date and time, estimated size ofeach crocodile; these attribute data are linked by the

position. Additional data should be obtained on the exact starting point and exact fiaishing

point ofthe survey, distanc€ surveyed, route surveyed, duration ofsurvey, season, moon phase,

wate! and/or tide level, $ater and air temperaturcs, wind strength and the number and species

of crocodiles sighted as well as other specific data required in support ofa particular study.

One ofthe a&mtages ofusing a GIS is gained when digitised maps ofthe habitat

beyond proximity oflhe docodile are analllsed. The various thematic layers often reveal morc

about the suroundrng area than can be observed during the survey

Colour aerial photographs arc a souce ofactual and detailed spatial infomation.

Colour aerial photogaphs must be digitised or scarmed and the images must be rectified

(conected) to reduce error from the camera before positional data can be overlaid. Digitising

the boundaries between various parts ofthe image (i.e. river banks, veg€tation t?es, roadways'

etc.) to make close up outline (polygon) maps may introduce errors of l0 to 20 meters in actual

positio! (Gross and Adler 1996).
In Queensland, digital map coverage is Fovided through Auslig on a scale of

1:100000. The coverages include primajy features such as rivers, wetlands, roads, and other

infi:ashucture in each theme layer. These inrages ale as aocrmte as a l:100000 paper map. Th€

digitised naps allow examination oflarge areas with a relativ€ly high atcuncy. Covemges at

other scales are becoming a!?ilable.
Satellite irnages are very good latge scale pictures; however, the images must be

rgctified (corrected) beforc positional data can be overlatd. Because ofthe spectral bands

captued in the image, sateltite images are very useftl in broad-scale habitat mapping



Unfortunately, magdiring the image to examine a portion ofa river, for exarnplg reveals the
coars€ness ofthe pixels which may represent an area on the ground of30 x 30 meters or more
as a unifom entity. Each tlpe of thematic covemge provides infoination that can contribute
to th€ overall analysis, however, each has its s&engths and weaknesses and they should not be'thrown together'; a clear unde8tanding ofthe impact ofaddiDg errors to fhe analysis is
required to select appropriate inages, themes and data.

DATA POSITIONAL ERROR
The key characteristic of data used ir a GIS is position; all other athibutes are related

tlrough their positions. DeterminiDg the position ofpoint is relatively simple using a Global
Positioning System (GPS) unit. Howevef GpS units have an acknowledged error associated
with the accuracy and precision ofthe position. The positiou given by tie GpS may have an
error of+/- 30 meters on the ground, sometimgs less. Gross erro6 are usually eliminated
tlrough training and careful operation ofunits. Sysrematic errors remaiq particularly with the
use ofnondifferentially corrected positions as a result ofthe intentional introduction of
positional eror from tre satellites; these can usually be identified by displaying the data. The
development of differential GpS has reduced the error to less than I meier in some cases.
although these units arc still expensive. R ndom efiors occur occasionally without ole3r
explaration; these can sometimes be idertified by displaing rle data. EstablishiDg the
position ofa line or a polygon requires the data to be digitised agains a rectified map base
which is slightly more complicated (see Koeln et al., 199{ for discussion).

Because all methods used to obtain a position contain ero$, tho concept of what
constltutes 'aca€ptable error' is impoltant. Acceptable ellor must be defined in terms of the
biological cha€c€ristics ofthe spccies b€ing studied. In the case ofdocodiles, a GpS pornr
error of+/-30 meters in position during a suney is probably acccptable. For example, ifa
qocodile is spotted among vegetation at the edge ofthe water along the left ba* ofa river,
the error in the position is 30 meters along tle bank. The GpS position in conjunction with the
obse@tion ofthe actual position means that the crocodile is not at tie right bank or in the
middle ofthe river or on the mud ofthe left bank. Givel a circle oferror around the clocodite
of+/-30 metem and the observation ofits phlsical positior! tle real error is along the bank.

DOANDING Tl{E SPATIAL AND TEMPORAL SCALES
The concept ofscale in ecological research contains t!r,o dirnensions: spatial anal

tempoEl (Cody, 1996). Expanding the spatial dimersion is easy (albeit possibly difficult
logistical9; for example, inc.rporating more rcplications in a wider range ofbabitats extends
tbe spatial dimension. Expanding the temporal scale is morc difiicult; it simply t kes time.
The only way to incorponte an expimded temporal scale is through long-term studies (Cody,
1995). Ideally, ecological studies, particutarly those dealing wirh changes in populiations of
long-lived species, community structurg and/or ecological sJrstems, incorporatg epansion in
both dimensions.



Scate is also irnportant in the atalysis and Prcsentation of dala b€causo a GIS allows

manipulation of spalial dat4 that may not be justified by the nature ofthe data (Goodchild and

Gopal, 1989). The abiliry to change tie scale of a map by 'zooming-in' is tempting but often

not support€d by the accuracy ofthe cartography (Goodchild and Gopal, 1989) Enors on

maps involve both the attributes and tleir relative positlons. The efiors compound when the

scales ofseveral layers ar€ violated; as a result the accumcy ofthe analysis is compromised

For exarrple, a line on a computer map may have a width tllat represents one to several melers

(eved tens ofmeters) in the real world, depending on the scale ofthe rnap. Magnirying the

image (zooming-in) will reducelhe perceived width ofthe line but does not improve tlre

accuracy and/or ptecision ofthe line.

Similarty, the dot that repres€nts the position ofthe crocodile a.lso changes size as dle

map image is magnified. When vie\aed in the conte\'t of a large area map, the dot may

represert the total error ofth€ GPS position (+/- 30m or moro. wlen viewed on a magdfled

map, the dot rnay repr€sent only a few meters and give the impression of accuracy and

precision that is not contained in the data for example, the dot may be positioned on the q{ong

side ofthe river aacording to tle obsenational Dotes.

Expanding the temporal dimension into fie future takes time but GIS anal'6is can be

edend into the past through the computerisatio! ofpreviously collecled data sets. These older

data sets contain information reletant to both the tsnporal and spatial conponents to the over

all project, even if different methods anayor persontel wer€ used to obtain the data.

The practical aspects ofincorporating older data s€ts form a tlm€ consuming prccess

that involves several steps, i&luding the identification ofdata sources, acquisition ofthe data

(i.e. obtaining oopies of data that must be t?ed or scanned into electronic fomat),

rnanipulation to be compalible witl the necessary computer format(s), checking a.nd cofiecting

befoie the data can be displayed as a tleme (map layer) and analysed

For example, MagDusson et al. (1980) conducted a broad_scale aeria.l survey to assess

estuarine crocodrle nesting habitat along the westem sids of Cape Yo* Peninsula fiom the

Norman River to th€ tip of Cape York Peninsula in 1979. The survey notes contained several

attributes: the AMG positior! a description ofthe habitat and vegetation, comments oI! actual

nests, and a rating ofthe quatity ofrhe habitat in a Par-agraph per site fo.mat The data

obtahed ftom Magrusson €t al. (1980) provide a snap-shot ofibe location ofrests, the number

ofcrocodiles seen and an eva.luation ofthe habitat at the time ofthe surv€y (1979).

As future surveys are conducte4 many ofthe sites and all oftle identified aests will be

revisited. As witi all previously collec{ed alat4 som€ t}?es of compatisons may not be

possible for a number of reasors but being able to examine the distribution ofnests and nesting

habitat along specfic watenara,s seen in 19?9 in the conte* of1le results ofmore curent

survels does allow assessmetrt ofchange iD nesting habit4t and nest distribution. Without

older data sets, broad-scale ecologica.l and population research is always just begluring using

older data sets allows research effort to be better focused and build on existing infofination.
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SIJMMARY
GIS approach allows the combination oftemporal and spatial components ofdaja and

their display. The ana.l'sis and modelling available through the application of GIS tecbaology
becomes tempomlly dFamic and spatially descriptive (Ctessie, 1996). However, as with any
computer-based system, the rule of,garbage in - gadage out' applies. In tems ofGIS
arulysis, this concept refers to the quality ofthe data collected in the field, the us9 of
appropdate scales and the sum (and s).nergism) of all errols.
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Figue 1- A GIS is constructed for a defined area from a series of themes (layerc),
each ofwhich pr€sents information on a palticular asp€ct ofthe infrasauchue,
physical strucbre, flora and fauna. Data may be points, lines or polygons.

View through themes

Crocodile Sightings

Wetland Bouodary

Rivers & Roads

Vegetation

Land Ownership

. Topography of Catchment



pre-hatch method for influencing the diet eaten aft€r tatching in

Saltwater crocodile (Croco.lylus porosus)
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ABSTRACT

Oue objective for those responsible for raising crocodiles in captivity is to emure that lhe

admals produced are healthy. Consequetrdy it would be benehcial to feed animals an optimal

diet as soon as possible after hatching. However, hatcblings catr sortrctimes be choosy about

what they eat and it has been suggested tiat odous may play an impotart rcle in diet s€loction

io both younger and oldepnimdq. Wo* in sp€cies such as chickeN, rats and humans has

shown that when an embryo is exposed to a substance before bifth or hatching, it will prefer

tiat substance postDatally. This pieco ofrcsearch examined whether it was possible to

influence lhe postlatal dietary gefererces of lhe Saltwater crccodile (Crccodylus porosus)by

exposue to a chemos,ensory stimulus (strawberry) during incubatiotr.

Embryos either rcceived no prenatal stimulation or were expos€d to eittrer stawbery or water

during the last 18 days of iacubation by wiping the stimulus onto the surface of the egg. After

hatchiDg the qocodiles' consumption of strawbery flavourEd, orange flavoued atrd

unflavoured foods was Beasu!9d in a vadety oftwo choice tesb. Results (takisg clurch

valiation diEcdy into accouBt) showed ttrat crocodiles who had beeD exposed to strawb€rry

beforc hatching showed a signihcant postnatal prcference for strawberry flavourcd food, This

preference did not generalise to novel stimuli such as orange and was specifrc to the stimuls

used for embryonic exposure.

The preliminary rcsults from this study show that when crocodile eggs are coat€d with a

chemosensory stimulus dudng tie last stago of itrcubation, the hatcblilgs will subsequetrdy

prefer food flavoured with that stimulus after hatchitrg. Io terms of husbandry it rnay be

possible thelefore to 'prime' the qocodiles to be more receptive to thgir diet after hatching.

This in tum may result in healthier, stronger rn;mels. Further research is cufietrdy underway

to examine how this embryoric learning may idtuence the developnent and gro\r't! ratss of

exposedanimals. 
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INTRODUCTION

Research has previously suggested that newly harched Saltwater crocodiles (Crocodylus

paro.rzs) show distinct prefercnces for particular food types. Therc are malked drfferences

bctween clutches in the food prefercrces shown and also oo the exteat of feeding and growth

(Webb, Manolis & Cooper-Prestotr, 1990). It is not clear what exacdy influences these

preferences, although in adult crocodiliaos it is known that chemosensation plays an impodant

role in fe€diBg behaviour (Weldon & Ferguson, 1993; Weldon, BriDkmeier & Fortunato,

1992: Weldoo, SweDson, Olson & Brinkmeier, 1990; Scott & Weldon, 1989). It may be

possible that the food preferences shown by newly hatchgd ciocodiles are also inlluenced by

chemosensation.

Although it has not been previously studied in teptiles, evidenc€ from other species may offer a

novel technique for iDlluencidg food preferences i-u crocodiles affgr hatching. Studies of

rnarnmals (Hepper, 1988), birds (Sneddon, HePper & Haddetr' i.B press), amphibians (Hepper

& Waldman, 1992) and even insects (Isingdni, l-enoir & Jaisson' 1985) have all shown tlat

stimuli which ar€ experienced before bir0r or hatchiog can iD{lueoce preferences after birth or

hatching.

The majodty of tlEse studies of prenatal leaming have examined exposue leaming' In thes€

studies animals arc expos€d to a stimulus (usually chemosensory or auditory) before bifth or

hatching. After emergence, lhe animal's response 8o this familiar stimulus is comparcd either

to their respoDse to an utrfamiliar stimulus, or to the r€slroDse of other individuals who were

not exposed to the familiar stimulus prenatally (e.g. Hepper, 1988)- These findings suggest

that embryonic learnidg of chemosensory stimuli by simPle exposule may be common to all

anhlal groups. Basically, if an animal is exPosed to a particular flavour before btth, theD it

will prefer to eat food of that pafiicular flavour after bifth.

This study examined whethet crocodile hatchlings who were exposed to a chemosensory

stimulus beforc hatching would show a subsequent Preference for that stimulus after hatchiDg'

comparcd to hatcblings from the same clutches who had r€ceived no e4)osure to the stimulus'

It was also investigated whether any response observed was sperific to the stimulus

gxpe.ienced beforc hatching or a generalised respoNe to othet chemosensory stimuli'
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METHOD
Subjects

Ctocodlles (Crocodrlut porosus) were supplied by Wildlife Malagement InterDational, pty.

Ltd. in Darwin, Australia. In total 180 hatct ings werc used in this study, taken from lO
clutches (i.e. 18 eggs were used from each clutch). Atl the eggs were collected flom nests iD
the wild soon after being laid. They were thell tansferred to waterjacketed incubators. Mean

temperature in the incubatoN was 3 loc.

Proc€dure

Trcatment in this study took plac€ during the last stage of incubation beginning on Day 65
according to the best estimations of age. Exposure ceased 3 days bgfore the eggs were
expected to hatch. On average eggs werc exposed to the stimul.i for 16 days. Humidity was

99% and tle temperature ia all of the ircubaton was 3loc on average. For each tleatlnent
group (described below) 10 clutches were used, with six eggs taken from each clutch. To
minimise clutch effects betwgen gloups, clutches were split evenly between differetf exposue
conditions. Therc were no differcnces in mortality between the different treatmeot goups.

Treatment groups for the posttratal tests were as follows:
l. Strawberry ,eiryd onto the Eggshell: Stawberry essence (commercially available food
flavouring) was wiped onto the top surface of oae end of the egg using a cotton wool swab
daily from Days 65 to 87 of incubation hclusive. Around one sixth of the eggshell was
covered. The sbell lvas stained pink and otr average each egg was coated with 0.25m1
Strawberry each day. Every day, before the stnwberry was applie.d, the end of the egg was
wiped usiag distiled water and a cotton swab to remove any odour left ftoD the pEvious day's
application. This helped to minimise blockage ofthe porcs in the eggshell through stimulus
build-up. Treatment edded 3 days before hatching was due (Day 87) aDd eggs were cleaned
thorcughly with dechlorinated tap water io order to r€move all yisible trac€s of strawberry
esseoce. The eggs were then transfered to a different incubator and left undisturbed until
hatching. In total 60 hatcblings taken from 10 clutches were tested in this group

2. Water wiped onto the Eggshell: Decbloinated, tap warer was wiped onto the shell using a
cotton wool swab daily from Days 65 to 87 of incubation inclusive. The techlique of
application was the same as that used in Group 1. On average each egg lvas coated with
0.25m1 water each day. Treatment ended 3 days before hatching was due (Day 87) and oggs
were cleaned thoroughly with decblorinated tap water. The eggs werc thetr transfened to a
different incubator arld left utrdisturbed udil hatching. In total 60 hatcblitrgs tal(en ftom l0
clutcbes werc tested in this group. 
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3. No Etnbryonic Treatment: '[17ese eggs wele given no extra prcnatal stimulation but instead

$e!e left utrdisturbed until 3 days before hatching when they were transferred to a differcnt

incubator. In total 60 hatchlings trken from 10 clutches wele teskd in this $oup'

A.fter hatching crocodiles were housed in grcups of six in fibreglass pens which consisted of a

land area a|rd a water area. The hatchlings from differeut exposure groups werc always housed

sepantely. To mitrimis€ any clutch effects, each pen held animals frorn two clulches (th€e

animals ftom each clutch) and ttrc same combination of clutches were housed together io gach

exposure grcup.

Ilatcbtings were raised in darkrcss apart from when the lids wele lifted for cleaning and

putting food into the petr. Hatchlilgs were fed daily at 4Prr; the food was left il rhe peo

ovemight. Food was presented otr two plates, each containing 75 grans of meat' At 8'30am

the next moming any ungaten food was rcmoved, the water drained, pen cleaned and refilled'

Crocodiles were fed a mixture of minced buffalo' kangaroo, and chicken rneat which was

fodified with vitamins.

Each pen of hatchlings was given a two choice food plefereoce test 12 days after hatching'

Half the qocodiles in each treatment grcup were givetr a choice betwe€n St'awberry flavoured

and Unflavoured food, wbile the other half wele given a choice between Orange flavour€d aDd

UDflavourcd food.

Regardless of test the procedure was the sane. Two Plates of food, each containing 75 grams

were prepared. This food was tbe same as the batcblings were nomrally fed To each ofthese

3ml stimulus was added (either orange, strawberry or distiled water) alld mixed throughout the

food. The st'awberry ard orange food flavouriDgs were a similar colour' Esth Plate was theo

placed in the land area on either side of tbe raising pen and the hatchlings wer€ Ae€ to sample

oither q?e offood. The side ofpres€ntation for each of the flavous was counterbalatrced'

The food was placed into the pens at 4 p.n on the day of testing, the lid was closed and the

crocodiles were then left undistulbed ovemight- At 8.30 a.rL the next moming the remaining

food in each dish was rgmoved to be wgigbed. The amount of each t)?e of food eate[ was

calculated by weighitrg the remaioing food and ther subtracting fiis amount ftom 75 grams'

For analyses a preference scor€ fo! the amount of flavoured food eaten was calculated as a

percentage of tbe total amount of food eaten according to the following fomula:

(Amount flavoured food eatetr X l0O) / (Amount of flavoued food + unflavouled food eaten)



RESULTS
Studies of the saltwater c\ocodile (Crocodllus poros&r) have prEviously foutrd that neonates
exhibit clutch-speciflc food preferences (lVebb, Manolis & Cooper-preston, 1990). Thereforc
for the purpose of analyses, two tailed pair€d t-tests wele carded out malched on the basis of
clutch.

As can be seen in Figure 1, crocodiles who had been exposed to strawberry bgfore hatching ate
significaltly mole strawberry flavoured food (nean 63,26Vo !s.d.24.16) than those who had
received no embryoric treatment (mean 3l -72% !s-d-21.O2) (t= 2.8 (df 4), p = O.O49l).
The hatcblings who had be€n expos€d to strawberry prclatally also ate signifrcaotly more
strawberry flavoured food (mezn 63.26% f s-d..24.16) thatr crocodiles lvho had water wiped
onto the eggshell (meaJr28.4l% !s.d,.16.4) (t = -3.13 (df4), p = 0.0353). Therefore the
preference shown for strawberry flavoured food was due to &e embryonic exposue to
strawberry, and not to the mechadcal stimulation of wiping the substatrce onto the eggshell.

E $mwb€rry on sheu

A No T.r.hent

I Waicr otr Shelr

Fieure I
The amounl of sFawberrJ, flavoued food shown as a percentage oi the loral amounr
offood eaten (t S.D.) by th3 crocodiles who had no embryonic trearnent or had either
suawberry or water wip€d onto their eggshells during incubation

However, when the preference scores for the olange flavoued food wete analysed a different
picturc emeryed (Figure 2). There were no sigtrificant differeoces between tlle groups, snd
embryonic exposurc to strawberry was found to havg no effect. The crocodiles who had beeu
exposed to strawberry before hatching ate similar amounts of orange flavoured food (mean
45.51% ! s.d- 14.53) compaled to those who had Do embryoDic treatmetrt (meaD 31.05% 1
sd. 26.37) (t = LA (df 4), p = 0.356). There was also !o significant difference observed
botween tho amoutrt of orange flavoured food caten by the crocodiles who had beetr exposed to
sbawberry beforc hatctng (mean 45.517o + s.d. 14-53) and hatchlings who had water wip€d
onto their eggshell (mean 41.38% a s.d. 17.39) (t_= -0-43 (df 4), p = 0.6887).
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Fipure 2
The amount of o€ng€ flavoured fmd shown as a p€rcentage of th€ total amount of

food ea&n Ct S-D.) by the crocodiles who had no embryonic Eejanent or had eiiher

st awbery or wat€i wiped onto their cggsh€lls during incubation

DISCUSSION

Pr€Dalal exposure to st awbetry rcsulted in a postnatal dietary pr€ference for st'awberry

flavoured food in Saltwatgr crocodile hatchliDgs. It was also showD that the preference for

stlawberry was due to the embryonic exposule to strawbrry atrd not to the extra me.hadcal

stimulatiol of wiping the stimulus onto tie eggshel during iocubatiotr. The effect was specifrc

to the stimulus expelieDced by the 9mbryos and did Dot generalise to other flavours such as

o&nge.

This study provides the fust evidcnce that embryonic leaming occun in a reptilian species aad

that embryonic gxposule catr be used to hflueoce Posrnatal behaviour' By exposing the

qocodiles to a chemosensory stimulus their Postnatal htake of a food flavoured with that

stimulus was inc!€ased compaFd to hatcblings who had received no embryodc exposure to the

stimulus. Whereas pFvious rcsearch has shown that chemosensation itr crocodiles cao be

importad for many differetrt behaviours postnatally, this study sholvs tbat chemoseosory

abilities may emerge much earlier than was pleviously believed and futtlel investigations Deod

to be caried out into how this embryonic leaming trray natually occur and how it may

influencr different behaviours afier batching.

Given the curent status of many species of crocodilians as endaagered oa protected' these

rcsults are importad in suggesting that it may be Possible to 'pdne' crocodiles to be more

rec€ptive to their postnatal diets by exposing them to a chemosensory stimulus before they

hatch. By ercouraging hatcblings to eat optimal diets soon after hatching, it may be possible to
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raise stlooger, healthier animals. Further studies are cuEendy underway to examitre the
growth lates of embryonically stimulated crocodiles in order to see if this is the case.
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CROCODYLUS ACUTUS
!N TARCOLES RTVER. COSTA RICA

by

Gerardc Abadia and
Itario Femando orjuela

tllTE atnt li-tlalll

The Tarcoies River lows irito fie Pacific Ocean in Costa Rica. in spite of heavy organic and
chemicai conlaminaioir it is home to a large -*ild population cf crocodylut acutus.

A long term study oi ihe crocodile populaiion has been underway since February. '1998 to add
ic pre-existing data cn fie populaion.

lY|E I l-r\rutt

Three different methods are being used to survey ihe crocodiie population. Tl'lese are day
counb, night ccunts, and aeriel surveys- An 18-loot long fiberglass boat with a YAMAHA 85 HP
ouiboard is used lor day and nigtrt counts along a distance oi 6.8 km upsaeam from the river
mouth urhich has been gone over 12 times. An AUToMAR Long Range Mod. 453 - 12 v lamp
is used for night counts. For aerial surveys an ultralight Delta TRIKE ifpe plane. Philippine
mcdel with a RoTAx 503 - 52 HP engine and SlRlo wing is used. Flights are 70 m above
ground ai an average speed of 55 kmlhour.

Each crocodile seen is plotted on a map to determine spatial distribution of the PoPulation.

RESULTS

Data coilected so far yield an estimate cf 21 .4 lndividuals,/km for a crocodile Dcpulation which is
not randomly nor evenly distributed.

Recent igures indicate a great number of hatchiings are iost shorty afier birth, prcbably due io
,/ater pollution.

Sc far. a ccmparison of the three census techniques indic?ies a 2.3:12 propotf'on oi sigl''fngs
for aeriai surveys:dayliglrt counts: niglrt counb.

Aerial survels enable one to see very large crocodiles lvhich cannot be spotteai trcm a boal
given ihei!' extreme wariness. Night counts are useful in determining the amount cf smali size
crccodiles within ihe popuiation, whereas daylight counts allow one tc register sand-bank siides.

Additional daia on the population is still required before atteFlpting to draw definite conclusions
about this crocodile population. 378



TEIE Caiman latirostris RANCHING PROGRAM IN
SANTA FE. ARGENTINA.
The first conmercial rearing (1998)

Alejandro Laniera
Pje- Pvdo, 4455, Santa Fe - 3000, Argentina

E MNit I'yacare@santrfe.com,ar"

Abdr"Nct

In the lart Coderence of the Parti€3 of CITIS (COP 10), C4nran,rzto!tris rrgentine populetiod
was trr4ferred from Appendir I to Appcndir II under Oe n rching Rsokfioa. SiDce its
beggitritrg iD 1990, the Sada tr'e eryerimentat ranching prograD did barv€lc over thrtr 40O brlad-
sDoi{cd c'in4n mst3 .nd did r€tourn hto tle witd rlmoat 8,000 yearlitgs, &!d fitrndly tbir y€ar
(1998), for the very lilst time, cotrmercid rerriag rtans. About ihe 50% of the aninds h{ch€d
Oir year (750 hefchldgr) fmm the harrcated eggr, arc cnrre ly rrilcd for r comdercirt purpore
aDd the prosp€ct ic that ihe number wil incrcdc itr the rcrr futur€-

Background

The Expedmental Ranching Program ofbroad-snowtd Caima'|. (Cainan
lafirostris)bega'l^n Simta Fe provitrc€ ofl 1990, tom an agre€ment between the Instituto
Nacional de Tecnologia Agropecuaria (INTA) and the Ministedo de Aglicaltun_
Gaaaderi4 Industria y Comercio (MAGIC). From 1992 and bas€d o! other age€rnent
with the Mutual del Personal Civil de la Naci6n (MttPClg, the amount ofthe eggs
harvest was increased and the level ofthe work improved. Sitc€ its beginning the aim of
the progam was to det€rmine ifthe Ralching technique is an usefull tool for direct
cons€rvation ofcairDan populations and (indir€ctly) cons€ration ofthe local wetlands
(cainan habitats) through the economic valorization ofdut lands.

The philosophy ofthe work is very simple, the eggs are collected fiom the wild
by the prograrn's statrand caried to the ircubator in Santa Fe Ciry the hatohlilgs af,e
reaxed under contolled conditions in nurserieg and after the winter the yeadings
(befrveetr 8 to 10 month old) are released into the wild in the same place wh€re the €gs
were harvested t}le seaso[ before. The status ofthe studied population is monitored by
night couds and all the infornation is statistically anatyzed. From this year (98'), we did
keep the 50% ofthe animals for a commercial rearing purpose.

Due to the in6eased amount ofthe harvest during this years, the program
became in a pelmanellt soulc€ ofimportant and us€full iofodnatiotr about tle latural
history ofbroad snouted caiman on one hand and the captiv€ readng techdques on th€
other.
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Despite the differences among species. the zuccess ofthe crocodile ranching

progr"."-;,; a;t*red almost all over the world and, in its Q4erinmental period' is

lerriost at.A fo, Cdimdn latitostlis too Affer eight years of work with over.rhan 7'800

yearlings rcleased into the wild ard with the eggs harve* -go.rng. 
uf, (exc€pt^ttn:]ast year

6ouu;;ft Nino' ptr.nomen), in COP 106 Argentina did obtab the transfer of santa

;;e-i*irt t p&"lation fiom tlrc Appendix I to Appendix Il of ClTE-st,rlnd:r the

i. r i n"*f"ti"". iitt summer commercial rearing did starl keeping the-sO%o offie

fratchlings (about ZSO animals) for commercial purpos€, and the othet 5070 for releasing

ioto the wild on lext November'

Metodolosv

The metodology ofthe work was displayed extensively in the lasts Crocodile

Specialis Group Working Meeting, but we can make a summary here:

I I Eess are harve$ed Aom the wild for the people of tbe project Ness are rnarked for

rlJ"tiioi *t tt"",rycattle ranch employosJ *ithin th" fotest on the bat*saf

narrow streams o; small lakes, or arrouni swampy lands Nests within swampy lands are

marked by ourselves with an helicopter'

2) The rransport ofthe eggs is carried out dependiag the harvest place wirb horses in

tlle cattle ranchs, witi boats in a few occasions in brooks and lakeE anc wlln rne

helicoptar in swampy lands.

3) lncubation is carried out in the artifrcial incubator al 3l 5o C ad with a 95% of

hulrnidity.

4) Ifutchlings are r4red in concrete pools in rurseties, covered by water in a s|loh of ils

siuface. fhle are a basic ternperature control during winter'. The anirnats ar,e f:ed three

ti-es u we"k *itft ntinc€d chi;ken heads. bran c€real and a vitaminic mrneral rnrxtute

5l The vearliDes are identiryed by nest and harvesl year during the fust years' but Dow

;:;;dt"td;ir-#d"tile animas *ittr metattic tags Afler about teo.momhs of

.*ti"g *i"t *lnt"ff"a tnaitions, the animals are released into tbe wild at the same

place ofthe eggs harvest the year before'

6)Molirorinsiscafiedoutwirhstandarizednightgcoultsinthesrrrv€yedplac€sand
;"^;;;1" ;;;;;t -atvred uno 

"ooetted 
(d€pendins the water temperatue) on

the basis of our work from 1992 (Ladera €t al)

7) Afte! hatch it is slso detennined the pocentage ofth€ hatct ings.to 9.e lTTr"iauy
;;;;il;;;J" be keeped for rel^easing deppending on the situation in the field'

This year for examplg well keep a 50%



Updated Results

Table #l show the number ofharvested nests, the number ofeggs and the
halched animals year by year since the beggioing ofthe work.

TABLE I

90/91 10 372 237

91/92 25 903 701

92/93 24 926 589

93/94 50 1936 1196

94/95 60 22ll t646

9st96 84 3120 2262

96t97 97 3572 2394

97t98 58 1954 L448
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Table #2 show the number ofanimals (ten month old) rcleased year by year srnc€
the beggining ofthe wo*.

TABLE2

The First Commercial Rearitrq

Even though this year the eggs harvest was lower because the difrcult access to

the working places due to the unusualy hight rainy season atributed to "El Niflo'
phenomen, we did send to commercial rearing about the 50olo ofthe hatchlings from this

'€ar, for the very first time.

A total of58 nest wele harvested in the provilc€, with a total of 1,954 eggs and

1,448 hatcl ings. Sirce last April, 750 youtrg Caiman latirostris {e reared for a

cornnercial purpose at the ee€rimental breeding station. The animals belong to the
MUPCN and will have marketable size on the niddl€ of 1 999.

The ody difference on the rearing conditions ofthe commercialy r€ared admals
compared with those reared for releasing is the temperture during winter. Wbile the
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hatcl ings for releasing in the could days (Ju.ly and August), could receive tempertures of
about 20'C, th€ admals for commercial purpose, never do receive tenpertues under
28oC. This is possible because conmercial facilities have a double nurserie system with
electic heaters 24 hours a day during the critic period.

Cotrdusions

l) Eggs harvest and reari€ conditions:

The amount of eggs harvested is increased €very year, with the o<eption ofthe
mentioned last one. The hatching success is continuously improved and morta.lity in
captive conditions is lower. It is proved that the rain before the breeding season
determine the nesting Bte, and the water level during incubation will d€termine high
mortality because flood when highs or increse on predation levels when lows, which
imply that the early harvest ofeggs is the recomended management altemative. The
conrnercialy raised anfurEls app€ar to grow up faster because the temperature, and the
expectalion is that they will measurg about one meter at eighteetr month old.

2) Status in sampling areas:

After arl spectacular populational recovering the thrc€ frst yearq the situation
looks now stabilized in the working areas. On the other hand an expansion on the
disribution areas of C. Iqtircstris is detrtf1-. The proportion of the marked aoinals
(farm-released) in the feld studies is 607o ofthe total. An explanation about it could be
tha! ones th€ capacity oftle enviroment is rised a migration occur to bordering plac€s,
what is suggested fo! the recapture offarm-released animals 12 kilomexers far &om the
releasing poiqt. Anyvay, the incidence ofthe hidrological situation in each panicular
year app€r as the main thing to be considere4 so in this way flood causes dispersrorl
dry produce concentratiot and extreme dry. migrations.

3) Prospects:

A caracterization oftie areas where broad snowted caimaa occur, shows that tie
4eZ ofthe populaaion lives on heterog€oeous envirolDents (forest, strearns, lakes,
narrow rivers and aftificial poads), and the remaining 60elo occur orr homogeleous
envimments (inacessible swampy land). An study ofthe salelttal irrnges (SPOT) on the
basis ofthe field works shows that in the 80% ofthe swampy lands bigger than 300 has,
nofhem than 31" S in San Javier st3tg San Crist6bal state and dle cenfial portion of
VeIa and general Obligado states, is posible to find broad snowted caimans. The
progam at the moment is canied out in the 54% ofthe swampy land surface of San
Crist6bal state (5,875 has. of 10,747 has. a\nilables), ir.the 27yo ofthe swampy lad
surface ofSan Javier state (4,813 has. of 17,809 has. availables), and did not start yet in
tlle other studied areas (25,1 17 has.). This means that without consid€r tie rest ofthe
nolt ofthe provinc€, the current working area is the 19% ofthe available swampy land
surface available.



study alea was divided into diferent Secto6, to accommodate tbe couots arld for

com;adson. Secto! E was left out dudng the counts, as it is in an inaccessible terrai! and it is

not ;ossible to get to the river as certail parts. This sector was only searched otrce a year for

nests and this was done by helicopter.

3. OBJECTTI'ES of the PROJECT

The project has as it's objectives the following four aspects:

/ Movemeds itr the river system i.e. tim€, extent, location and reasoN

/ Nesting data h respect oflocatio4 flumbets, enviro nental Parameters, clutch size and

egg dimensions.

/ A study ofthe water qualities and a moDitoring ofwater quartities. The quality aspect

will be limited to industrial pollution and heary metals.

/ The update of a database on the toxicity and pathology in C nilotias as and when

samples or material become availablg.

4. MOVEMENT
The total nutnber ofqocodiles in the whole ofthe KNP has declined since 1994' There is too

little data availabte to explain this decline in trunbers as yet This decline was reflected in the

study area as well. For tiie purpose ofthe snrdy, individuals were classed ac4orditrg to total

length (TL):

Size l: 0-1,5m
Size2. 1.5 - 2-5m
Sizet 2,5 - 3,5m
Size 4, >3,5m

Besides noting t}e number ofindividuals per sector, tlrc number ofgroups was also noted lf

atry two indi;dusls were closer thatl their o$n body length from another,f,hey were seen to

beiong to u gro,lp. Group sizes ranged from I iudividual to as many as 40 animals'

Counts were done during May, Aug Dec and Jan every year. The Jan count was to determine

the Nmber ofhatched nests. A count would tnical start before suffise and follow a

predetermined coulse. The odective was not to do a c€nsus, but rsdrer to detenDitre a

iendency. Certain sectors could not be covered completely as rururerous islands in tlrc stream

obscurei the view. sectoG Bp and G could be covered 100% vizually Two or *ree

observers took part in the counts and all used staqdard 8X 32 bitroculars lvith larye goups'

the highest average was noted. This study showed clearly that there is Pot"-lry 
on"

rnoveirent durloittre year, and it is io coffiast with the findings ofPooley Q969) Breeding

areas ditrered fro'm beiore and after the flood of 1996. Before 1996 two areas were identifed

and physical mating in boti areas were observed. There was a definite movemeot during May

to those areas, and presumably ftom it during August.
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CCNSERVATION STATUS OF CROCODILES IN INDIA! A

CO[lPrilrATt'ltE ANALYSIS IN PROTECTED AND UMROTECTED
RIVERS
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School ofstudiec h zoolo6r
Jiwaji UnivenitY

Gwrlior' M.P.4?0ll

ABSTMCT

A comparative accounl on the conservation efforts and management

status of crocodiles in the Chambal River (National Chambal SancnEry) and

Ganga Rivcr is Fesented. The Chambal River is a Fotected arca where large

scale rcleasing of gharial is raking place. All rhe aquatic animals inctuding

crocodiles arc well presewed in this plotected area ln contrary' crocodiles

have rcachcd !o neat extinction in the Ganga River due to human activities

like water dryelopm€nt programmes' pollution, commercial fishing e& lt is

recommended to take management actions to protect the aquatic resources in

th€ Ganga Rivet.

INTRODUCTION

ln tidia many rive6, lakes ard narshes offer a wtiety of habirars for

rhree spcci€s of crocodifes 
'Ihey arc gbanal (G"vialis Sansetictls), w)gger

(Crc.dytus ',ry't/J;trk) and saltwater crocodile (C.ocdyltls '{/roslls)' Of all llE

rhree slecics ofcrocodiles, gharial and mugger arc pres€nt in Nonb lndia ard th€

rhird species (i. pcrrorz.r live in b|ackish vratets in the coastal Sbres The €ady

records reveat tt|at th€se aquatic reptiles at one time' llerc very aburdant

trcughout their disEibulion range (Smith' 1933). Howevei' due to commstcial

t4d' IUCN/SSC CSC working ne€ting at SinSapore' Julv 1994.
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exploiration and habitat deseuction populations of crocodile spesies uiere

reduced to near exinction (FAo' 1974). In many of dre habitas the crocodile

populations were otally wiped o$ (Rao' 1994).

Duling 1975, the Government of lrdia has taken up a consewation

plogran for all rhree species of crocodiles preselr in diff€rent Slai6 (FAO'

1975). The Crocodile Projcd in Indis is bqsed on the potection of rernaining

wild crocodile populations and rchabilitation of crocodiles in rheir former

distribrnion rangc. Srrh a progam requircs comirbBbls howl€dge on thc

biologr and habirar rEquir€tnqfs of crocodils All ttuce spesies of Indian

crocodilcs had been extstsively sudied in different com€rs ofthe clunty (Singl!

l9?8- 1985: Brstald, 1974; Kar' l98l; Choudhury' l98l: Whitaker and Basu

1983: Rao, l98E; Whiuter ard Whitaker, 1989)' ba dl€ micro'habitat of &e

crocldil€s was not studied in deraits Shdics on the water quality in crocldile

habitats are lacbng (Rao and Sharma' 1994)

Crccodile habitsl reoairerru8:

R€search strdies haw be€n undertaken to identiS dre habitas occupied

by rh€ crocodiles (s€€ Rao, 194 for rwiew). 
'Ihe Ganp River is a major habitat

for both the s?€ci6 oft€shwa&r crocodiles. The saltwatcr crccodile occut in lhe

tait end ofthe Ganga river in Sude66ns' West Bengal (FAO' 1974)'

Crocodiles are amphibious venebrar€s spending pan of rh€ir lives in

water and p6tt on &y land lt is known that habilat is a natunl home ofatimals

and supports aninul populations primadly tbr spoce' lbod and sheltet tlabitNb

are usually dewribed in terms of saliert physical and chemical features of lhe

environment Since, the ph}sical and chemical characteristics of rater atrcct

habirat Drefetence, seasoml tatiations do have bearing on the habibr'prefer€rEe



of a pdrticu.lai crowdilc spccics. On a{)oourt of this, tho habilat in a panicular

searon may receive a prcferEntial t€atn€nt from a crocodile species over some

odrcr habirat Conclusively, the bener the habitat, th€ geater are the chances of

suvival. The Fcscnt habitat ofany liviry qocodile sp€ci6 dors not rcflcat thc

diversity of possible babitats for tht $ecies b$ mercly irdiclres dre habitat in

which it tEs managed to survii€ (A.lcala ad Dy-Liacco, 1989).

Old records indicate 0Er the crocodiles abounded in all the gr€at riven of
Nonhem lndia including Gang riv€r (Short! l9l; I.AK l9l; Rao, 1933).

Howweq by early 1970's populations ofcrocodiles have been very mrrch rcduc.ed

(FAO, 1974). There are m repods ofoccurrence ofcrocodiles in the Ganga rir€r,
particularly in the upper stetch (Ku*po pers. cornrnu Mzrch 1992). Variou

human activities like hunting ald tabibt destuction in the Ganga River have an

impocr on Ule population decline of crocodiles. lt is necessary to waluate the

cxisting ideal habitat corditiom of crwdiles in rhe Gang River. The preserr.e

ofcrocodiles in rhe Ganga River may indicate the river quality suitable for these

higher aquatic animals, which are eorEidercd as top predatos in th€ aquaric

€cosystem.

Crocodile Prcied;

Crocodiles in many riven including Gaaga fuver have been illegally

huntcd for hidcs, mcat and mcdicin€. This 'harvesr', the loss of habitat frorn

alteration and human senlernen! ard lhe u.se of nylon set nets for lishing rnay

have been significrnt in reguluing some local populations. Wth a view to
qrnserve lndian Crwrxlile spcies whoce populatiors were depletcd throughout

their distribution range, a Nation-wide crocodile consertation Foject was

initiated in the country by tlre Govr of Irdia (BusrarCa 1974). Urx.ir:r rhe Crocodilc

hoject many crocrxllc habitas vrcre identified and prorcctcd by declaring as

crocodile sanctuaries lrfiere captive r€ared qocodiles are released since |fi.



The Uttar Pradesh Forcst Deparfinent has taken a leading role in releasing capivc

reared gharial in various rivers ipclding thc Ganp river (sec bble 4) Majority

of the crocodile releasing sites have received protection undu Indiur Wildlife

(Protection) Ac! 1972 Hou/ei€r' ibe Ganga river s'Eetch in which gharial have

been relcased is not a Fotec{ed area Periodic and annual slrv€ts h3ve b€€n

canied out in difcrent Staks by ihe respoctivc State ForEst Depaftnents to

monitor the populations. These swveys rwealed tbat the Charnbal tiv6' I maior

ributary in the Ganga river sysiem' is one of the best crocodile habitat in drc

country where large nunber ofcrocodiles especially Gbarial arc present

Sdadv areos:

Chambal riYer:

The Chambal river flonis througir the States of Madhyd Pradest\ Utar

Pradesh and Rajastran between lhe psrallels oflatitude 250 52' N ard 290 23' N

and loogitude 760 28' E ard d 0l' E. It is a deep fas river lowing from soutF

west to notth-east Affer originating fiom Vindhyan Range in Madhya Pradesh

the river ru$ tltrowh Raja*lEtt From Pali (Charnbal and Padati rivcr

confluence) il bor&rs Madtrya Ptad€slt and Rdastltan and ftom Rheo uFo

Barecha it borders Madhya Prad€sh and Uttar Pradesh Down Ba&cha the nvet

flows entirely througtr Unar P6desh until it join Yamua at Bareh Ttrcre arc a

series of thee dans at Gandhi Sagr (l"fadhya Ptadesh), Rana Pratap Sagar and

Ja*ahar Sagar and a bamge al Kotra (Rajastltan)'

The average amut dischatge of the river is about 4193 million cubic

metres fiom its large Gafthment area of 22'533 sq km fuver guging indicares

that the armual run off r'aries ftom a minimurn of 1450 million cubic metrEs

during drought years to 10'900 million cubic metres in good years During



monsoon the river floods nanrally and high exte s of erosion ard deposition of

soil uke plac€.

A maJor portron drc Chambsl fuver is d€clated as National Chambal

Sancnrary for thc protection ofthe Gharial and orher aquatic animals like mugga,

ftesh*ater turtles, wedand birds ard dolphins ad oten.

Canga rner:

Thc Garlga rises at 7010 meters in Gangoui, Uttar Kashi Dstict, U.P,

Indi4 on the Southem slopes of the Himalayan mnge, It flows through thrEe

differcr Stales - Uttar PEd€slt BitEr and West Bengal covering a distance of

2525 hn. before it joios the Bay of BeDgel. During irs long cot|Ise it embrac€s

many srnall lonents and tibuwies ofvaricd origin

The present study has been caried otn in rhe Ganga River in a stretch

between Rishikesh and Kanpur in Utlar PEd€slL The total length of thc rivcr

under sudy is 645 krn. All $e way fiom fushikesh lo Kanpur most ofdE ghats

have religious imponance. brge number of pilgrims takes holly badu do

cremation and posi crematioo activities and thus become major sources of

pollution to the river.

ln the sudy area large numbcr of factories like IDPI- BHEI. sugar,

chemicals, fenilizers, engineering coton and tarmeries are situated on the bsnks

of the riwr- The discharyes from th€se induslries enter the Canga fuver direcdy

or indircctly and pollute the river to a corniderable extent. The natural flow ofrhe

Gang River has been checked due to consluction of barages in the uPstream.

Thes€ bqmgcs als corEtncted eitlEr fot po\r€r gcn€ration or for inigation to the

agriculnrral lands. A series of barrages have been consfiuded al Rishikesh



Haridwar, Bijnor and Narora- Among them the barragc at fushik€sh ryas

specially constructed to supply $'arer b the Chilla Power slation The river rrater

at Narora were diverted both for inigation (l,ower Ganga Cansl) and for Atomic

Power Plant located at Narora- Other two banagcs at Haddvar and Biinor are

meant for inigation though Upper Ganga caml ard lvladhya Ganga Canal,

respec'tivelY.

Crocdilg inthe Chambal dwr:

In th€ Chambal river t\No species of crocodiles, the gharial ard mugger

are pEs€rlt (Singb 1985t Rao, 1988). Unnological sludies caded out it! $e

Chambal dver rcv€aled dBt the rii€r is not polhld (Shann4 l9l). No major

cities or towns arc situated for more than 600 kn oD either side ofthe Cbanbal

riveftanlc So dte Chatr$sl River is comparatively an unpolluted river in rhe

Ganga River systern. Pan of th€ river has been declared as National Chambal

Sanctlary during 1978 for eruuring protection to the Gl|arial, which is considerEd

as endangacd crocodile species- Being an irnpoia gharial habitat in the county

the Chambsl fui€r has been identified as a major river for gharial rehabilitatiorl

In this river around 
'1788 

capive reared gharial have been released- Capive

reared muggas were also released in this river. The slatus surveys conducted in

the Chambat river rwealed thal larye groupE (more thsn 20) of gharial arc prcsent

in different areas (Table 2) (Rao and Singiu 1994). The gharial population in the

Chambal rirer is increasing dw to release of capive reared anirnals and highly

protected habirat with security against poasible dange.s (Rao, et o/., 1995).

CrocodilT in the GarAa iver

The rcsulrs of th€ suveys in the study ar€a sllow thal gharial and mugger

sympatrically in the Ganga fuver. The number of anirnals sighted ir



diferent sites js shown in table 3. Significant rccord of occuIrcoce of adult
gharial in the study $Etch ofthe Ganga River was the repon &om Anupsahar in
Dstrict Bulundsahar. On 14 January 194 on€ adult female gbadal (3.8 m) u/its
found dead in the Ganga River at AnuFahar (Dainik Jagara& Hitdi Newspaper
l5 Jan194). The posr-morrom rcpon indicales that tlle ardmal was died due to
"inflanmation of liver and congestion of tlmgs", pe6ap6 a cs-!e of downing
death in fishing ner During Ocrober 1994, thee gharial nare reported in the
Ganga River downsream of Narora barrage. Th€ Utbr pndesh Forest
Deparbnent had released a total of 225 capiv+reared gharial in tbe Ganga River
upstream ofBijnor barrage near Hastinapur (Table 3 and 4)-

Duing the $udy penod no released gharial *rs found" Thc gharials have
becn rel€ased in an unFotected arc4 where large-scale fishing has been noticed.
Due io rhe fishing activiti€s in rhis suelch all gharial migh have killed in fishing
nets. Possibility of migrction of these rcl€ased ghadal may be anorhq facior for
not locating them in $e srudy arca- These animals always avoid hrunan
interference in their habitats.

In the study arca mugger have been reponed from many places (Tablc 3).
At Narora downstrearn of banage a oul of 20 mugger harchling5 have been
located Among them one harchling v/as caught and brough to th€ labomlory ir
the Jiuaji UniveDity. This shorla Out thsre is a good nesting site for mugger ar
Narora" One 4' mugger \ras caught in a fishing net on 17 November 1994 at
Narora- AnodEr case of mugger aftacking a man al Ranghat was also repon€d
Since there is heavy human aaivities alorg the Gang River, it was observed thar
muggo prefer living in the lower Ganga canal.



Crocodile habitaa:

Although ditrerent parameten of Ganga fuver are exeruively studied no

studia have been undenakcn on habid cquircments ofcrocodilcs. By the time

rescarch sadies on I'arious aspecs ofcrocodilcs bave besn initiared during l8E
1970's thc crocodiles have drcady been rEduced in nurnber in the Ganga riwr.

Due to lcss or negligiblc populations no g.rdies have b€en cari€d ot.t in thc
Ga$ga river. However, detail€d sMics on babitat rcquiEmeEts of socodil€s bave

beel undertaken in tbe Chanbal dver, a major tibuary in the Cangs riv€r syssm
(SingL 1985 and Rao; 1988).

During rhe presenr shdy the inbabited as uell as pol€miaf habibts

available for crocodiles are recorded Thc undistub€d sandbanks are most
preferred ttsking sit€s for qocodilcs. Steep sar$aDl(s are rhc major

rcquiFments for gharial for nesting Ho*evcr, in tbe sudy area no swh steep

sandbenks have been rccorded irdicating that n€sring sit€s for gharial are tacking

how€ver, mugger rnay use had nuddy banks for nesting The fesence of

hatchlings at Narora is a good indication of potontial nesting sites for mugga.

Threq6:

A shdy on til€ impacl ofhurnan activities in the sudy area on crocodile

populatioru and their habitat has been made- Crocodile populations of both 0re

species were heavily exploited for skirs during 1950's and 1960's. Though levels

ofexploitation have not been documente4 nwnbers harc declined in the Ganga

river to near extinction The habiat desmrcdon in rie form of lo6s of suirable

nesting sites, which have ben changed into agriculture lands, caused no natural

regeneration of wild population as the remrant surviving br€eding adults have

lost suirable breeding ateas. The large scale fishing all along the Ganga river is a



great rlreat to these animals. Crocodiles either killed in the fishing nets by
drcwning or dIe fishermen killed them intentionally to avoid danage to their rc6
and also conflict for fid! resources.

Corcenution:

The mugger and gharial are listed in Appendix I of CITES. Under the

National legislation, these s?ecies arc prol€cted dmugh wildliG (FotcctioD) Ac!

1972 ard also considered as cndangered in IUCN Red Data Book Altbough oFy

arc protected mder National legislation their habitats in the Ganga River are not
protect€d No sanduaies and proected areas are declarcd over the Ganga River

in the study sE€tch. This resulted in loss ofsuirable habitats for crocodilcs.

Marueenent ?Nls:

Tip crocodiles in the Chambal river are protected as ths river is uder th€

managernent of National C-lunbal Sarctuary. Sightings of crocodiles in the

Ganga river are very rare, but they arc plenty in the Chambal river Under tbe
'Grow and Release prognm' large rumber of captive rearcd ghadal havc been

released in the Chambal river. Tlrc popdation estimales rcv€aled thar tre glnriat

population in the Chambal river has been recortring over the past decade from an

earlier declining $,aels New nesling sites ofghadal have been esablished in the

highly proEcrod Chambal sancnery. Oocurerce of large numbcr ofoocodiles in

$e Chanbal Riwr is dw to the protection given to thc habitats b dE Shre

Foresr DeparEnents. The situation in rlE Gang river is completely difercnt

l"arge-scale fishing a major tk€ar for aquatic animals, is going in the river. In

addition, lhe river is used for many plposes including releasing of industial ard

domestic polluranb, which nakes the dv€r unsuitablc for the aquatic anirnals.

There are no protected areas in the Garga river between fushikesh and Kantrn
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Aquatic life in some stsetches in rhe Garga river is Fotect€d as tltese sEetches

rec€ive Fote€tion ftom the rcligious people on the river gbats. Howwcr, such

areas are few and contibute little protection to the aquaric anirnals-

Adion plan:

lfcrocodiles in the GanF riv6 arc to bc troece4 it is €ssential to take

up rhe following actions.

l. Detailed srweys are n€eded to idsrtify rorr habibrs ard populations

ofthe qocodiles.

2. Efforrs have to be lak€n to give lcgal proteclion to th€ suibbl€ habitats
in the Ganga river to accommodate the surplus soc& held in catrivity.
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Tsble l. Sslieot featurB ofthe study srcas itr the Ch8mbsl river rDd Gargr
river.

s.
No

Features Grlgs river Cbsmbal river

2.
3

l .

6.

7.

River status

Study arca
River length urder
study
Territory

Major cities &
Towns (wilhin 2 kn
from the river bsnk)

Distncts

Main river

fushikesh - Kanpur
Approl 645 hn

Rajasthaa Madhya
Pradesh & Uttar Pradeslr
Rislrikes[ Harid\rar,
GaImuktcsirar,
Anupsahar, Narora
Farukhaba{ Kanpur
Dehradu4 Haridwar,
Bijnor, Gaziaba4
Buludsalnr, Badauq
Famkhaba{ Kanpur

Rishikestt, Haridwar,
Bijmr and Narora
SuslMa, Song
Banang4 Malin Sonali,
Mohara, Sol,
Rangpnga Isaa
Kalinadi, Kal)nni nven
Commudty bathing al
religious gluts,
Cremation & Post-
crernation activities,
agricultue, Iishing
discharge ofdomestjc
& Ldustrial pollutants,
vater regulafion
Unprot€c1cd arca (small
strach is passing through
Chilla Sanctuary between
fushikesh and Haridwar)

lvtajor Tnbdary of
Yamutu riwr
(Gaog€s nv€r s)stcm)
Pali - Pachbmda
Appro>c 400 hn

Uttar PEd€sh

Nil

Morena, Bhind
(M.P.),
Sawai laadhopr,
DholFr Eaj.),
Agra lta$ah (U.P.)
Nil

Kuno, KutMari,
Aasun, Sndh, Pahuj

Agriculh[E, sand
collectio4 bathing
canle *ashing
illegal fishing

Proteclcd arca
(Sanctlary)

Barrages/Darns

Tributaries

9. Human activities

10. Conservation slans

39E



Tsble 2. Drta or currert crocadile popuhlio! i! thc Protcct€d rr€as itr M.P.
Crccodile popul8tioD

Prolected sr€a

National Chambal Sanctuary

Son Gharial Sanchrary

Ken Gharial Sanctuary

120

l l

3

t2l4

35

22

Gharisl lopul8tion in tbe ChrEbal fiver (19t96)

Total populstioD No, ofaduh
femeles

No, ofrdrlt
Ed6

No. of
relts

No of
D€stiog
sit€s

75' ) lt2t4 n+ 2l.r

399



Tsble 3. l,ocrtion record! of frBbwater crocodiles in thc Gaaga river
b€tw€eo Rtuhik6h trd Kenpur.

Znne Mugger

Sightcd

Gharid

Reported SiehtedReported

Rishikesh

. . ' .
Hanowat

Hariduar
- Bijnor

-One adult was
killed by local
policemen in
I99l
-2 subaduls
upsteam
Btnor Bamge

MI

Nil

-l adult
female at
IGshipur4
May 194
One adult
fenale dead
at Anupsahar
during
January 1994

-2 adula aDd
one jwenile
ir! Nov. 1994
at Narcra

One juvenile
(released ?)
upstrenm
Bijnor
Bamge
- 225 captive
reared
gharial were
released
Yes

Yes

Yes

Nil NI

NilNiI

Bijnor -
Brijghat
Brijghat -
Narora

NaloE -

Kachla

Yes

Yes

Yes

Nil

One adult
during May and
September I 994
-2 adults in
Anulpahar
dudng Feb. and
March t994
-l adult female
at Karnavas
during
November,
Deoenber I 994
-4 adulrs and
oneJuvenile at
Ramghat
-20 hatcblings
at Narora
downsueam
barrdge
Nil Ni l



Table 4. Year wise ghlri8l releales io lDdiar riversr

River State No. ofGharials

1979-93
1985-93
1986
1979-94
1986.92
1982-94
t98G92
1985-93
1977-89
19G93
l99G.9l
1990.93

C.hambal
Son
Rapti
Gilwa
Cttaghra
RangaDga
Sharda
Ksn
lv{atranadi
Betira
D"dhwa
Ganga

MP./Raj.ru.P.
lvIPru.P
U.P
U.P
U.P
U.P
U.P
M.P
Orisa
U.P
U.P
U.P

1788
ln
l0
399
45
257
2&
35
609
55
5
225

'After Rao and Singlr (1994)



MADRAS CROC BANK; AN UPDATE.

Nikhil $/hittker alrd EaraT Andrews
Madras Crocodile Bank
P.O. Bor *4
Mahabilipurll8
Ta.nil Nadu 603104
India

ABSTRACT.

The M{draa Crocodile Bxnk was strrted in 1976 to rave tbe three IndiaD cro€odiles from
almost certain eninction, Problems fac€d were habitat loss and the illegal st<in trude ( killing of
crocodiles for their hides was banned in 1972). Th€ Badh strrted out with twenty specimens of
the Indian Marslr crocodile or Muggcr ( CncodyLts pallldtil) tlx,d achievcd high captive
breedfug srccess wilh this small group. Amund 800 of th€se Mugger ser€ r€leased around Tamil
Nadu, South India end other Northem stetes. Keeping r close eye on Mug€r brceding revealed
thrt a Dercmtage offemales laid two clutch€, of eggs a year, with a short space of onty 3-4 weeks
befireen the two laying dates Shortly thereafter, the two other specics of crocodiles endennic to
Indir, the Saltwater crocodile ( Crocodius poro$rs), and the India! gharial ( Gatialis gargdicus)
were acquired The Saltwater crocodilcs and gharials br€d successfully soon aftcr. Seven other
sp€cies of crocodilcs wer€ acquired in th€ followiDg yean

INTRODUCTION.

At pres€nt the Mndras Crocodile Bank has s totat siock of about 3,000 crocs, of which 2t00
rne Muggers Steps hav€ been taken to reduc€ the annuat output oI around 2,000 viable eggs from
these profific breederi, si there is limited sprce to hotd the hdchliDg& Ther€ rre two all maley'all
female pits where rcsting activities bave ceased. Unfortunately, ther€ are other enclosures with
450 miI€d ser Mugger in th€m which makes the probleo a little more complel, Sadly, ev€rf, year
around 1700-1800 egs go the compost due to the confined space, lack of identificd suitabte
habitats Ior release, and the prevailing negative attitude towards comm€rcial farming. In
rdditiotr to the three species of Indian crocodil€s, we have Morclet'! crocs, Siam$e crocs. rnd the
common Caimad, all which have successfully bred herc. Our Dwarf crocs, NiI€ crocs, false
Gharials, and Amedcan Alligatorr are showing bre€ding interest, and we hop€ these goups
erccessfully repruduce in lhe near future.

trew habitats rernaircd by the late 60s' for rll of Oe three endemic crocodilian lpecies. Ile
lutur€ looked bletker, a3 more ofthe prcciow walerbodies were converfed into agriculfural latrd
,!d human settlement& Crocodiles were shot on sight, ard the skitrs taDned in private tanneries
witbi[ India, or erport€d to be tadned €hewh€re. By the lat€ 1930s', the Saltwat€r crocodile was
rcar extinct id South Indi& the lrst known tesidedt' Soltsater crocodile was rhot in 1940 ( R
Whifrker, personal comm). Mugger, known to travel long distances over ladd looking for
waterholes in the d.y sea$on, were opportutristicalty killed for their hides. Eowever, the hdian
gbarial wa! the most critically lhreataned at this point, th€ir habitat being alt€red €itedively by
ihe drmming of riverN, r€sulting in consecutiv€ floodin& Additional lactors contributing to
drastically declining numlrers w€re hunling for th€ gharial's rki& meat, body partsj coll€ction of
€ggs for human codsumption, atrd incidental droffning in fishing nets.



MANAGEMENT; PROS AND CONS

The Croc Bank h!3 23 enclosurcs for th€ ten sp€cier erhibited, ofshich ? enclosures ar€
occupied by Mugger. Sev€n enclosurc! utilize utural acquifier ponds (ic no itrlot or outlet for
water, potrds are mlde by digging 10-12 ft bclow the ground surface and tapping the saler table).
Th€ othcr syslem is cotrcretized pond& complet€ with r wder inlet atrd d.aitrag€ system. The
natural acquifiers lre clor€ to 64 ft deep during the rainy searoB ( Nov.-Feb) itr Madras
Eo*ever, duridg the dry s€as,on, w{ter l€vcls dccrreale rrpidly and ponds hrve to be dr€dged for
&e benefil of the crocs, as at ruch low water levels of 2-3 ft deep, water tempenturcs
occasiondly erceed 35 d€gre€s Celsius at peak t€mpenture, in the middle of the .ftemoon It is
noled, that under these circumstancB wh€rc e number of crocodiles ar€ givcn an insuffrcient body
of water, two or thre€ dominant crocodiles Bill not allow small€r srbordinate individuals to enter
the weter. To dr€dg€ a mtural acquifier to atleast 4-{ 1/2 ft of standing sat€r tak€s two 10 three
drys, dependidg on lh€ waier body's area, wbich mtkea this opemlion a costly annual priority, a6
mosa of the pits hrv€ to be dredged thre€ to four tim€a every dry leason.

Each €nclosurc whicft houser potentidly d!trg€rous crocodiles has a rafety wall, about two feet
away from the main enclosure wrll (on the itrside), and fi{o and a half feet high. Tbis to give
people a s€cond chance if they do lall into a croc pit, bop€fully the unfoftunale tourist gets over
the €ncloslre wall before the crocs get over the srfety wsll! Th€re are grles behycen tbc
eDclosure wall and safety wall to g€t any crocs out oftb€re thsl hrve climbed over the srfety wall
at night When itritialty planning ihe safety walls, we fouDd tbat consideralions had Xo be made
ap€ci€a wise. Some species were troto ous 6tun&lers' ( such ar th€ Mugger), which had s
t€ndeacy to dig at the ba!€ of the salls and try end get past the b{rrier, Deeper foundations had
to b€ d|rg for thes€ crocs. Other crocs ( ie. Saties), dont show much tunncling activity, making a
de€p foundrtion untrecessary.

The period betweea water chmges in lhe crocodile ponda raries between species, season (e.g.
wcudry), average size of the goup, and density. It has been observed that the poDds in etrcl$ures
contrining caima[ h:rve to cleaned fr€quently, aJ Ois sp€cres ha! a tcndency lo def€ctte in the
wat€r a lot of the time In etrcldures containing 2-5 cr.ocs, sater need only b€ flwhed and refilled
every 4-5 months. However, enclosures which bold 450 or so Mugger, with r large water ane&
can only be cleaned every sir months or so due to a water shortage most ofthe year. The
advrdtage of beitrg able to consarucf cemert pords is th€ lbility lo vary vater levels , ihereby
creating 3-4 different temperaturc gmdicnt!. Eventualy, the Crocodile Bank hopes to be able to
g€t togeth€r th€ funds to concretiz€ ell of the remiining mtural acquiner ponds. We have
obs€rved, that in the llst few years s€veral constrnction sites tave come up around th€ Crcc Brnk,
and the water table, at peak dry sea$d, drops lorer every year'. Occasionally it is necessary to
create a Shaded ar€a over a portion of the pond to lowd water temperatures in the aftemool. ID
a Saltwater crocodile pit with 55 adults (11.44.0), a female war obs€rved to be guarding a nest
rbout 20 ft fmm the sater. A cattl€ f€€d lray was sunk into the sard ̂ 6 ft from her n€st and
filled with water, but she wasn't noticed drinlung During p.ticuraly stre$ful dsys for ihe crocs (
e.9 Beaiuridg, drcdgid& etc.) when 'Xile ups'occur, the crocs rr€ sprayed down *ith wrter, atrd
an elfort is Dmde to not rllow atry cruca gd 'buriedl I! oDe of the higher {tensity Mugger
enclosrres e105 femdes), two concretiz-€d ponds separate fmm the main hrge pool provide weak
and str€ss€d iddividuals r necovery are&

Fe€d is divided into thr€e crtegories, dependfug oD the cro$ siza and species. SdaI lirr lish
a|ld finely minced fish are fed to halchlings uader eighty centim€ters in lotal length. Large fish



go to the subadult crocs ( 1.2-1.75 ms) and the species which r€quire a fish diet Thcs€ inctude
the false gharials and the Ilrdian ghfials. Tbe adutt Mugger, Salties, Nile crocs, rnd other
species sith stronger snout and jaw builds arc fed hrge pieces of be€f composed of appmrimately
75yo bone ̂ nd 2so/o me t The crocodiles ar€ fed in the tate aftenoons, with an attendant
miking srre th€ food is spread out evenly in the enclolures, to prer€nt pile-ups, and to also giv€
the srbordinate individuals s chance to feed. The n€xt moming the enclosures are swept clean,
and th€ remaining me is buri€d. A[imtls in individual breeding pe|rr (Falsc ghariat& Siam€se
crocs, Nile cmcs) are given mixed fced during th€ir r€spective breeditrg lea$ns This coDprises
mts, frogs, and crabs It was observed thrt the quality, qurntity, time bctwe€n fceds, and tlp€ of
fced ofTered played a large role in a given individuals gronth rate, paticurartJ in the tirst fcw
years. A5 the crocs grow larger, additional factors (e.g sex ratios) whicb don.t afl€ct th€m much
at juvenile stages,are more evidmt and presumably play r mle in modelitrg hierarchy pyramid&
As batcl ings, cmcs seem lo do belter bcing fed at 2-3 day intervals, aDd for th€ first few months
growth mtes ar€ fast Eowever, once a croc reachg srb-sdult siz€ (€-g. 1.2 ms in Mugger), it only
reeds to consume about 8-10%0 of its body weight in r w€ek Ke€ping a rEcord ofihe feed for
s€veral hundred crocs of vrrying size! ca|r ev€ntualty maierializi into discovering an optimum
teed consumption p€r. individual Tb€ time sprced behr€en 2 feeds is det€rmided by the animals
siz€ atrd cud€nt bodJ cotrdition. Gravid femalet may r€quire additional gboosters,, aJ a lrrge
amount of time and energ/ is put into courtship, mrting, providing calciun to shell follicl€s,
eggayiag, and guardirg of the nest site(s). Approximately 2 tones of beef, sir hundred kilos of
large fr$hwater fish, and 300-500 snnll live lish is brought to the Croc Bank bi-w€ekly.

WEAT DO WE DO WITE ALL TEESE CROCS?!!

Cle{rly lhe Muggen are dominanl at the Cmc Brtrk, in terms of sheer numb€rs (-2,800
crncs). Up utrtil four yean ago, the Croc Bank w'r playhg al| active rolt in restocking t]€ f€w
remaining viabl€ babitats with Mugger. Unfortunately, r! in other third world countries with
similar croc reinlmductiod strategies, people haw problems rppreciathg the concept ofsildlife
manrg€ment when th€y themselves are pov€rty stricken. The local politicians frown on hLing
crocodiles released into waler bodis which are also used by their poteDtial voters, tocrl fisheman
coEplrin sayitrg the crocs compete with them lor comDercialty valuable fish, atrd pcople setded
along riv€rine habitats sry crocs are a lhreat to tb€ir cattle, and a nuisance to them. Th€ concept
of sustainable use has been put forwrrd several times, but hr! been rejected m*inly du€ to
Dmblems of maintaining eflective poaching controls

Tw€nty yearf, ago, miintritridg a larg€ number of h.tchlings atrd yearling! wa! Bot r pnobleo.
Eow€ver, thes€ cr.ocr ar€ now adults, atrd with lb€ pr€sent situation of having not enough releaae
rit€a, this posea . mrjor problem. dthough Mugger breeding has come to a itandrtill her€, the
grFadult! accumulated ov€r the last few yerrs (-1020 no6) will be reachiDg adulthood in the nell
few years, end the juveniles (-990 Dos) will be growing idto sub-rdutts This *ill put an exti&
very large straitr on holding space and feed bills for the!€ croc$ a{d w€ hope to find r solution
shortly. Zoo €xchanges belp a bit, but subtrrcting 3-5 Mugg€r from this bmmidg population
would-nt make a noticeabl€ differcnce. We havc put in alr rpplication to do a on€ tim€ cull of
around a thousand sub-adult mugger. The strain on adult cmcs being mtintaiBed in high dedsity
pits b all the mor€ notic€ebl€ now. There is r conn€ction between mortality rates and enclosure
d€nsities, higher mortali8 in the deNely stocked pits, dropping down to almost 0olo in the
enclosrres with ad€quate rrea per. individurl We've discovered that stocking deDsity is also
dependefl on general teBp€ram€nl Specier like the Salt-Ifater crucodile would maim each
other if housed in high rtocking densities.
On the other hand, species like tte Mugg€r and American alligltor ere more socirble rnd



The idea of startitrg ! <sistcr" crocodilian holdiDg facility to hold a p€rcentrge of the Croc
Banks rurpl$ crocodiles seems to be finallJ happenin& att€r severel years, Operating on the
slme priaciples of cr€ating ad idcome (e.& catering io iourists) rlrd for the same purpos€s a! lhe
Croc Bank this frcility will be locatcd on the sceBic West coasl of IDdir nesr a town shich
makes much of its income lorm tourist& The Cmc Bank will be able to tocus on other speci$ of
crocodiles, with '500 Mugger, 35 Salties, 60 Caiman, and a few crocs from the other 7 rpeci€s
out of tle ray. Bcing frr from the Croc Bank, on a separate tourist ro[t€ the new Croc Ba|rk
will not compete with us

PUBLIC REI,ATIONS

lAe Madrrs Crocodil€ Blnk is playing atr rctive mll in educating lhe general public on lhe
mady tasci ting and idtriCale ml€s crmodiles play in our eco-systems. Sign borrds in the Croc
Bank describe lhe spe.i$ e ibit€d, its gcogrrphical range, marimum lcngth, atrd addilioBal facts
of €cological atrd morphologicsl intercat to the public. VisitoN crn pay lhe equivalent of 60 cents
to watch the crccodiles beidg fed & half kilo of beef, get s chance to louch a smrll crocodile, and
har€ lheir questions rtrswered by Cmc Bank staft A problem in g€tting acr6s to lhe public od
lh€ €cological value of crocs, is thaf there xr€ no real vdu€s that th€y can relde to Outside of
th€ Crm BBnk they are tr€at€d as nuisance a[imals. Il has b€en kdown for scveml years that a
wildlife resource can be conv€rted to the calegory of'livestock", and crn be legrlly farmed witt
elTective control measures to sustrid a healthy wild population. Unforhru ely, mrnaging such an
op€mtion in a third world country would mise several problcmr reld€d to religion, poaching
contmls, and sentim€nt Thfu is a coudtry in which millions of rtp€es p€r adnum. is spent on
saving cockroaches atrd rats from diss€ctio! labs. Tte Croc Baltk has an advafiage of being
located id an ar€! which has a hrge trumber of daily visitors wbo stop by, tourists visiting from
difierent strtes in Indi& and foreigners from mainly Europe atrd tbe U.S. The cost of enlranc€
ticketr ar€ kept low so as to allow people from nrral areas to get to view and l€am about lhele
fascidrting reptiles. Tte .r€. iD which the Croc Bank is locrt€d a.lso benifits, e3 most of the stalf
employed are from a nearby village, and locat ihops and rtalls thrive on the large numbers ol
visitors, paticularly od the weekends"

UPDATE ON TFE PRESENT

The Croc Bank has come a longwal' since it began in 1976. Wenow have 10 oflhe 23 sp€cies
of crocodil$ of which 6 cpecies have successfully bred here. Tho6€ first few chtches of Mugger
eggr produced itr thc late 70s' were hddled with ertreme c!re, although now, with hundreds of
vitble €ggs being laid annually (in some c$€s, bi-arnually) there fu frutaiingly little we cln do to
r€solv€ the situation The cnrr€nt stock of crocodiles being h€Id al (he Madras Crocodile Bank is
displayed bclor. Particular int€r€sf is being prid lo ile false Gharirls and dwarf croca, which
rre saariting io sbow sigos of breeding activity, .nd we hope lo get some viable €ggs in the not too
far away future. Some ol our surplus exotics' have gone to reveral zoos in Iddi& shere they aeem
to be doing moderately well We ultimltely wish to acquire all the 23 sp€ci$ of crocodiliaB and
creale a gene pool, end breed and supply endangered crlcodilians lo weII reputed zoological
collections, ther€by easing the pressurc on the wild populations.



Table 1

Species
Cpdltlrb

T. s.hlzgelii

Total Stock
2,196

Sub-adults
1023

Juveniles
998

20

Present Crocodilian Stock at Madras Crocodile B.nk

Adults

2
2l
9E

775
t41
l l
5
z
58
2
t4

5

41

2a

3
5

Oagoing res€arch focuss on temperaturc s€r deter.mination, veterinrry $p€cts of crocodile
farmin& and growth rates in hatchlingc.gangdi.utrLitedh rrtificial enviro[ments An
rddilional proposal to do ,nother survey for possibl€ release babitst for Mugger t{i soon be
rtarting and hopefuly a large number of crocodil€s car be released at various locations in and
around Tamil Nadu as in the prsL Base vnlu$ rrc currentty beiDg anal],Z.d for the Mugg€r in
conjudction {ith a nesrby diagno$tic lrb, *hich will be useful h setting stxndard vdue3 flith
which susp€ct€d diseased aDimals catr be compar€d witb. A[nual mealurements are taken of
almost all of the itock of crocN at Croc Bank, and gro$.th rates are carefully modtored lh€r€by
givitrg w alt ides of how were doidg in terms of managiDg the crcca Surveys add populatiotr
monitoring of the Saltwater crocodile ia the Ardalasd end Nicobar isladds continues Th€ Croc
Brrk (also call€d tbe Centre for Eerpetolog/) i! in its 22nd year of publbhing its Sci€trtil-rc
Jourrrd, E madrylil This is r peer r€viewed joumal tLat gr€w from r simpl€ newslEtt€r to wbat
is now deNcribed as ebecomiDg lhr premier herp€tological jour.nd ofA3ia". W€ end Ois update
by suggajtitrg ltat researcherr interested in C&codiliarr use the Cmc Bank as a base for their
studies! . f€w which have al.eady done so arc the University of Nonh Dakotr, Lafyatte Coll€ge,
.nd the Smilhsonian Idstitution



The Trouble With gigh Density....
Vderina'r Aspects ofrte Mad s Ctocodile Bank bus
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WoodrtocL Georgi! 30189
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brt8c'@arch$.ugredu

Intmduction
Ide3lly, tlrc veterinary aspects ofMadfis Crccodile Bank Trust could be surnftarized into a seriqs of

prel€ntirc rlvrnageme measu€s, including diet stocking density and preferred environmenlal
conditions. When applie4 this regimer would result in a healthy, prospering population ofcrocodilians
rcquiring little intervention other than feeding ard enclo$ne maintenaDce. However, the high stoaking
densities occuring in some ofMCBT's enclosures have re$tted fu i&reased levels ofstress as animals
struggle to fee4 thermoregulate and raint in social order. Stress has long been recognized as a key
prcdispositrg_faclor ro di9ase in crocodilhns that maniks itselfas a decline i! the general health ofa
popdatiotr '" . This cause and efect relationship be$r€etr o\€rcroqdiD& stress and diseas€ can b€
clearly conelated with the incidences of mobidity and mortality at MCBT.

Trcnds
Thelre s ir the incidence ofdisease at MCBT arc easily obserrable. Almost all cases presented can

be tmced back to one of fve enclosuies, each vith the common problem of high populal.ion densit (S€e
Table 1). The death rccords that exist for past three ye$s at lh€ MCBT indicate C/ocodylus palustris as
le predominate species afec1e4 s.ondRtW Caiman cro.odibs crocodilus. Funhermore, wilh fe
exc.?tion ofhatchling deadE, there has been almost no motulity in 6ny other species. These two
a.trecred species share a comfton facto., both are resideat species ofthe pils with the greatest
overcrowding. Unfortunately, the deatl record for the past thre€ years is limited to a comparisotr oftolal
pr,st and Fesent inventories and only rEflecis the numbers and species lost with no accurate data oD other
faclors such as the lime ofyesr and post-monem findings althougb plevious die-otrs lnve occurred.
Howsv€r, a detailed record ofmortality has b€en recendy implementod as well as a uniform necropgy
procedwe. The numben of rccent deaths in the afiecled pits (Jan. f6-Jtny 2) are giv€n in Table I and tlrc
post-mortem findings are discussed below.

'" Ilne T.J., 196: Crocodilians. Pp 336-337 ,, '?eptile Medicine and SurgeD/ by D.R
Itader. W.B. SaundeN Crmpany: Philadelphia.

'" Lare T.J., 1996: Crccodilians- ?p 337-339 t' 'RQtile N{edicine and Suge.r" by D.R
I,fader. WB. Saunders Company: Pfuladelphja

Table 1 Atlected Densities trC De.lhs
Pit nu|fber Stock

D€xcriDtior
Total rumber of
rnimals

Ilensity (p€r square Deaths
(Jan 16.tulv 2)

1 Sub-adult
C. Dalustris

321 1,18

8 Large adult
,lFenale

1lE 0,06r.

10 Large adult/Male
C.Dqlustris

53 0.004*t 2

16 Adlult C. palustris 450 0.99
21. Adult & Sub".

ail.ult C. palltstris
700 1.13 30



'Ihe majority of C 
"/codtl6 

m.odtl6 wqe formsly hous€d h a nixed pit (21) with c' ?a!$ru-r an4 on the
basis ofbodv condition and mortalitv, were clearrv not @m!.ring eff@tiverr They hrve sine b€o movear to an all-

5

..While lhese densities ee not as e*reme as rhose of the other enclosures, both pits contain larger animars, n ny
wellover-tleb nete . In addirion, a sisnific&t lonion ofthese pirs is nor used for actual daily ;rivity ad rhe
densig of artjr''|,rls per xtilizen 4@ \rbuld be 9r@16.

Stockitrg Dcnsity
High lDpulation densities lead to a decline in th€ quatity ofa number ofenvironmmtal faclors and

interferE with the carrying out ofroutine fivuragement opemtions, both rcsulting ir severe health_rclated
consequences. While the direct etrects ofor€rcrowding mry s€em quite obvior.B and have been reponeal
marry times beforo, the folowing is a brief sl|mmary of obsenatio$ rnade at the MCBT.

Every major environmental requirement for normal crocodilian gmwth and maintenance is afrccted
by ove.crowding. The continual excretion ofw"ste by literally hun&eds of crocodiles into a limrted
volume ofwater has the inevitable rcsult ofpoorwater quality. The organic-rich potrals then servE as arl
optimal environment for a eriety ofmicroorganisiDs, thus e\Tosing th; chronicaily stressed a&mats to
potential pathogens. Profiding even iood distribution also presents problems. While every attempt is
rnade 1o sFesd the food as equally as much aj possible, with such numbem, it is doubtfrl that the weaker
animals crn compete effectively. In addition, the oclurrence of dominance hienrchies has showD to Dlav
a signifrcant role the daily life ofcaptive crocodiliansr. Thereforc, it can be assumed $at social srress
as animals uder high densiE c@pete for food basking spots and renitory could have negative
impli.ations on healtL panicularly during the beeding season when such jnteraclions arsmagnfieal

Regular management ard maintenarce of some enclosures is also hampeled by high density. Th€
lo€ical solution to poor ri?ter quality would be to increase the llequency of cleaning wfich is done in
pits (th!6e ofsmaler aninals) that are desiFed for efrcient draining and rcfilling. Xowever, too ofthe
lits s.rfi_:ring ircrssed morfality arc dug into the natu:al aquifer, rnaldng complete cleaning
impossible. A lbird c€ment pil which houses roughly 800-900 sub-adult and addt c palrstis presenrs
a number problerns due to its sheer numbers. Deaths due to pilin& the stress ofmoving the aninuls
during cleaning ad lhe high ahbient temperatures are dimcdt to avoid. Furthermo.e, the acl of
clsning its€fpooes Foblems with s€fely manewering such a large nunber ofnature ardmals while the
l€st quadities of sediment and exdement are manually dredged fiotrr the enclosure F,ond.

lh€ recognilion of all adrnals exiibiting s)dptoms ofmorbidity among srrch a large number of
crocodiles is difficult ad in many incidences, impossible. Some ailing ani[uls cal be identmed by their
\r"sting body condition or, as discussed below, the deElopmedt ofdermatitis or clrta&ous abscesses. A
few ofthese animals have bee! removed and isotated when possibte, but lack ofenclosure sf,ac€ fmits
the trUtrIber that ca-u be accoftnodated.

'" Campbell, T.W., 1996: Clinical Patlnlos/. Pp 253 ,,? "Repdle Medicine and Surgery.', by D.R N{ader.
. W.B. Saunders Compa[y: Philadelphia.

" Muray, M.J., 1996: Pneumonia and Norrnd Respiralory Function. pp 402 ,', ..Reptile Medicine and
. SurgEry''by D.R l4ader W.B. Salmden Compary: philadelphia.
" Itossi, J.V, 1996: Dermatolory. Pp lll ;4 "ReptiL Medicin; and Surgerl,byD.R
- Mader. W.B. Saunders Company: Piiladelphla._ Lang lW., 1987: Crccodilian Behaviou: Implications for Management. pp 280-282 t "Wildlife

Mal|agement Crocodil€ and AlligatoE" ed by cW Webb et at. Surr€y Beatty & SoDs pty Limited:
Australia

e Foggi4 C.M, 1987: Disqses ard Di$ase Coftrol on C&codile Farms in Zimbabwe. pD 351-362 j,'Wildlif€ Managernent Crocodile and AlligatoK' ed by cW Webb el al. Surey B€cy & Sons prt
Limited: Australia.
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Post-Mortem Findings
A uniform rcgrmen for post-modem examination was beelln in May of 1998 using a formatted data

sheet including date of deatb sigralment, and pit number. Every animal prcsented is measur€d for total
tengtb, snout-vent leng&, head lengd\ head vidlh and taif girth. The lattel measurement is a lalue tlnt
will be attempted to be corelated witb that of healtly animals once a sufficrent saftPle size is acc.ued.
Should there be si€lificant corelauon, this measurem€nt might be of benefit in a applying a rmifom
method of body condition scoring. In addition, each animal is given a body conditiol score on a best-
worst scale of one to ten. Each Estem is then syftlMtically evaluated for exraordiMry findhgs, wilh
obser%tions being rccorded on the data sheet. All adrnals are fully er"luated reeiardless obvious
e{emal tiauma. Almost every incidence of animals being presefted $dth exlernal wounals wealgd
si8trficant internal findings, suggesting that rhe damage was inllicted 3fter death in most cases

As sfakd previously, c. palrsti.t has b€efl the sp€cies most often prcsented for post_mortem with C
c. crocodilitls&ing str).jfd,. In the past few months, to which these post-monem flndings apply, these
have been the only two sp€cies $rfrering mortali9. All aiimals presented have been of $e sub-adult to
adult srze class e I meter). Body condition is most oftetr in the lowe. end ofthe |ange (<5), with
vertebra and linb girdles appearing prominently benealh the ski . Anore{ia or diminished food intake
are suggested based on the poor body cudition and lhe absence ofdigesta in post-moneds perforrned

ftcently after the feeding of an enclodure. In addition, the moribuid animals in isolation have refused
food as t'€ll alld appear 10 be exhibiting behavioral fever 6s tlrcy never ente! the rrater' The most
common ffnding upon intemal cyamination has been congested, hypel€dic and often gl:rnulonratous

lungt suggesting respiratory ftilue as the fioal cause ofdsth in most cases. In adchtio4 the intestines
are often presented in various degr€es of h}?eremi4 trith hperemia or petecheal hemorrhagB ofthe
itrtestinr.l mucosa. Several ofthese animals, tlose ofpit 16 in particular, ha\€ also exhibited mu$focal,
a{rdati}€ c-utaneous lesrons to larious e{ents on both the do$al and ventral s1ldaces Two aalditional
anin ls with the abov€ findings ha!€ been presented with large subcutaneous absc€sses, one and t$o per

admal. Also, two animals exhibiting the same findings were diagnosed with hperuricemia and severe
visc€ral gou! which has been reported as a sequela of renal diserse in reptiles srlfering from
septic€oiar" . Based on these indirys, it has been assumed that these aninlals are stfrering from
genemlized seplicemia as all fndineF coincide with previously reported inforsution on septrcemia in
crocodiliaisrb ?b. The MCBT has recedly established relations wit! the post_gBduate ftedical science
division ofMadias Udversig for anall$is ofpost-mortem samples. Protew spp. Oulgaris ani-
nt\ofacie s, werc is{,latedfiom lung tiss:ug peritoneal lluid ard ime$inal mucosa gmples along with
Gro.up !, Sreptococci. P/ote6 spp. hav€ beed a reported opportunitic pathogens in rcptiles, ideniified
in septicemias, pneumonia and dermatoses; in additior\ Slreptococci has oflen been implicated as a
secoodary pa|}rcgenrd '' The lesions on the pit 16 animals were also culrured a St?p/ococcl species was
identified and findin€F were ne€ative for mycosrs and intmcltoplasmic inclusion bodies characteristrc of
caiman pox. Additional samples from a number of animals have been sribmitted and resr'lts are awaited

Managem€nt
Unfortunately, until a solution to decresse the numbeE ofcrocodiles at MCBT is presente4 therc is

little that can be done. Isolatirg and medrcating such a volume ofclocodrles is impossiblq due to
shortage ofenclosues for the fomer and the latter being prohibiti!€ly e)vensive. Funhelmorq it is
difrcult to justify tr€tne4t when the animals wiU er€ntually b reintroduced to rhe salne 6owde4



siressed pens. Measues to continue improving the animals' mvironmen! $rch as water changes and
equal food distributio4 and close monitoring of mortality will continue_ Th€ p.oblem ofthe fugh
incidence ofcainan deaths has hopefully been Emedied by the rec€nt construction ofan al-carnan
eaclosr e- In regard 1o tnaintaining isolation ofafrectedpits alld nininizing the risk oftt-ander of
pathogens to other enclosffes, none the afiected ponds dmin into other pens and it has been
rccornmended tlutt an antimicrobial footbalh be used between enclosures before rrc*ers carry out daily
clsning A definitive diagnosis will be pursued in each case as the occrrence ofany infectious agents
musl be irnmediately identified due to potential dsk to other resident sF,ecies at MCBT. In
additiorl a blood study of is prcsendy undeNay to determirc henatologicrl and biochemical bseline
ranges for the MCBT'S C palrsti.r population for ule in frture diagnostics. As for the present, there is
ftustrating little else that can b€ done other than hope for relief in the form of the following: requests
for C. palustris at other f^cilities and relase sites: the establishment ofa seco.d Oocodile Bank to
which some allimals car b€ transfened; or a change in govemment policy regarding slaughter or q ling.
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study area v6 divideal hto difetent Sectots, to accodmodate the caunts and for

aom;adson. Sector E was left out dudng the counts, as it is in 8n inaccessible terrai4 and it is

not iossible to get to the river as certaio larts. This sector was oDly searched once a year for

nests and this was dolle by helioopter.

3. OBJECITT/ES ofthc PROJECT

The project has as it's objectives the following foul aspects:

/ Movements ia the river system i.e. time, exted, location ar1d r€aso[s'

/ Nestiry data in respect oflooatiorL numbers, environmeutal parameters, clutoh size aIId

egg dimensions

/ A study ofth€ water qualities and a monitortng ofwater quartities' The quality aspeot

*i be limited to irdustdsl pollution and healy metals'

/ The update ofa database on the toxicity aod pathology in C niloticus as and whe'r

samples or material become available.

4, MOVEMENT
The total numb€r of crocodiles in the whole ofthe KNP has d€clitred since 1994 There is too

tittl" i"tu u*itoUtu to explain this decline in trumbers as yet This decline-was reflected in the

rt rav-ar* * *"U For tie purpose of the shrrl1 individuals were clsssad sc ording to total

lenglh (TL):

Size 1: 0-1,5m
Slze2t 1,5 - 2,5m
Size3. 2,5 - 3,5m
Size 4: >3,5m

Besides noting the nuober ofindividuals per sector, the number of gt-oups.was slso trot€d If

anv two indivi'duals were closer tban their owu body length fiom anoiher, they were seetl to

[.ir"gi" 
" 

gt"w Group sizes ranged fiom I individual to as many as 40 animals

Counts were done dudog May, Aug, Dec ad Jan every year' The Jan oounJ -was 
to delertrline

the number of hatched nests A ooult would tyPical start before suDrise and touow a

oredetermined course The objective was not to do a census, but ratb€!' to determtde a

;il;""J. 
-C;;.h 

;ors couid not be covered completely ss nuo€rous islads in tb€ stream

o-Ur"*.if a" ti"lv. seotors B,D 8trd G eould be covered 100% visually Two or three

"i."** 
i""t p* rr, the cor:ats ard all used standard 8X 32 binoculars. witb large groups,

O" hlgh"rt 
"u"t€" 

** noted. This study showed clearly that thoe is more than one

-.t"il*, a-i"iO" year, and it is in coatrast with the findings ofPool€y (1969) Br€edhg

areas aifereo t-in UiUre and after the flood of 1996 Before 1996 two areas were identified

-a pGJ t"ti"g i" both areas were observed There was a defnite movement dutitrg May

to those aleas, and presunably from it dudng August'
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the fi.rll extend ofthe movements are not yet undetstood See appetdix I for Sraphs oo
numbers aod groups.

5. I{ESTING
Each year during December the number ofnests h the study ares was courted on foot' but in
1997 a helicopxer was used. The following table shows the nunbers.

able l. Nesrs in sludv orca.

Sec A Sec B Sec C Sec D Sec E Gorge Totd

1993 2 l 9 I 22 54

1994 3 l0 5 29 t0 6

199t 4 5 5 12 t5 t9 60

1996 2 2 3 7 4 41

1997 0 1 3 17 0 20 4 l

Some oests was opeled towards the eltd ofthe nestiag season (late December) aod the eggs
were oounted, measurcd and weight before retum€d to the [est. This is the frst aod otrly data
available for Kruger Natioaal, and it compares favorably with Loveridge (1992). Altbougb uo
indication ofcommunal ncsting areas (Pooley, 1969) rvere found, some s€otors were rnore
utilized than others. Except fot one, all the nests tist were opetred, hatched successfitllt one
trest was abaodoned. No aggressive behavio! was €ncountered (Koftoq 1989), (Pooley,
1969).

Table 2. Esp dst.t colleded olots the olifants r,

Nest no Eggs Length width Mass G) Spoiled Depth Female

54 '19
J I t27 3

D6 20 1q 49 110 5 270 3, t2

D't 49 '75
) t l l l 4

' ,  <|

D9 39 49 109 0 230 2,94

Dl l 43 49 106 250 2,10

D12 4 47 t02 1t0 3, t2

D13 30 t0 232 3,65

GI 46 74 49 106 2 310 1 { t

38 7l 48 109 I 490 2,99

G3 45 78 52 143 5 2.40 3,25

Average 37 '16 49 114 263 3,02
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