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FOREWORD

Ihe volumes ot lh€s9 PROCEEDINGS ors q record ol lhe pr€s€nlqlions ond dicussions fhql oc-
curbd ol thg 2nd Regionol (Eostgrn Asio, Oc€snlq, Ausholosio) moeting og the Clocodilg
SpoclqlLt Group in DoNin, Norlhern lenilory, Auslrqliq on 12 - 19 Morch 1993. The monuscilpts
ole (mrsviewed qnd unodited. The CSG PROCEEoINGS, by definilion, ore records of whol
occurred ol lh9 moeling, Ihey qre nol ton_res nlled with qrticl€s thol wero criiiqued, edited,
revis€d, qnd polished subsequent to the m€eling. Aporl from preporing o loble ot conienis,
compiling the orlicles qlphobelicqlly by quthor, lhe pqpers ore published iust lhe wqy they
were submllled. For lhb reoson, lhey oppeor in o voriely ol lormqls ond lypelqces. Compiled
by lh€ Conservolion Commi$ion of lhe Norlheh Tenilory, Auslrqliq.

!h9 opinlong exprossed herein qle lhoss of lhe individuol qulhors dnd ote not lhe opinions ot
IUCN - the Wodd Conservqlion Union, or ils Species SurvMol Commission.

ruCN - The Wo.ld Conservatior Uniou was fou.nded i.n 1948, ad has ili headquarters ia Glar4
Switzlrlard; ir is ar hdcpc e[t interratioral body whosc membcrship compriscs state,! (incspcctive
of thcir political and social sFteos), govcnmeut departEcrtE a.ud privatc insdruliotrs, as well as
intcmatiooal orgarizaiioDs- lt rcprcscnts tbosc who arc conccmcd about Ea!'s Eodidcatioo of lhc
Datual cavirondert tlrough thc lapidity of urbad and industlial devclopo€tr! ard the cxc€ssive
cxploitatiod of thc clrth's latura.l ftsourccE upoo whic.h rest thc foudations of his sulvivaL ruCNs
main purposc is to promotc o. support actior which will cnsuro thc pcrpetuatioo of wild nahue and
Datural resourcls od a world-widc basis, dot only fo. l-hei! inlrilsic cultural or scientifrc values bul also
for &c lorg-tcrm ccoromic and socia.l wcfarc of Ea*in4

This objccivc car bc aciicved through activc corseriatior progra!$ fo! thc vJisr usc of nalural
rcsouicqi i! arcas whcrc lhc tora ald fauta alc of particular imPorta.lcc and whcrc thc laudscape is
espccially bcautiful or striting or of historicat cultual or sciertifrc signifio.ncr. ruCN belicvcs that
its aiEs cao bc aclicacd most clfcctrvcly by iotematiooal effort in coopcratio! r,itl other htematio$l
agcrcics, suc! as UNESCO, FAO, atd UNEP, alld internationa.l organizatiorE such :s World lvidc
Furd for Naturc (WWD.

Thc missioo of ruCNs Spccies Surriv"a.l CoDrnGior (SSC) is to preved the ociaction of specics,
subsp€ci.q and dis.ictc populations of faula a.od flora thcr€by Eahtahing thc gcnctic diversity of tlc
living rcsoures of thc pla&t. To carry out its Eissioo, !.hc SSC rclies oo a nctwork of ovcr 2,500
volulttccr p.ofessionais wo.kiDg tlrough 6orc thar 90 Spccia.list Groups aad a largc trumber of alfiliate
orgadzatiors, rcgional rcprcscntativcg ald consultalts' sc-a(crcd thtough ncarly cvcty cou ry of thc
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Fox (021) 5300954 Telephone Telephone 079 551477,540081
Telephone 354723 (Direct) (AH)

PERRAN ROSSJ, RODRIGUEZ Miguel
CSG Executive Offlcer Nrofi rr ' nasoJrce Dtea'for RCL€R tgon

. Florido Museurl or rlqrurol Correo 9A *99-02 P.lo CEFA Llmliodo
. . Hlstory Sontqfe 0e Bogoto PO 8oX 955

GAINESVIIIf FL 326I ] COLOMEIA S,A, BARRANQUILLA
USA COLOMBIA S.A,

Fqx 57 I 6183095
Fqx I 904 392 9367 Teleohone 57 I 6161088 En Fox 5758 318586
Telephone 1904 392 1271 165 Telephone 5758 328328,

327771

RAO DrR.J. RAHARJO Yono RAGA Mick Noimegi
School of Zoology, Reseorch Institute for Animol Deportmeni Environmenf &
Jiwoji universiiy Produclion Conservoiion
GWAUOR. M.P.474011 PO8ox221 Po 8ox 6601
INDIA Bogor l6m2 Boroko NCD

INDONESIA PNG
Teleohone 091 751 23127

lax 62251 311562.314944 Fox271U4
Telephone 62 251 321458, fele?ho e 272ffi1272$2
29221

RIESE Gregor & N. Stevens
NT Crocodile Forms (ND Pty
Ltd SATAKE Yqsushi
PO Box 39745 RAMONO Drwidodo Jopon Crocodile Forming
WINNELUE NI 0821 PHPA, Jokn h. Institute

n. Juondo No. 15 PO 8ox l0l, l.owo
Fox 089 882m1 BOGOR Puert Princeso City 53m
TelephoneoSg 881450 INDONESIA PHILUPPINES

Fox 6221 5734818.62251 Fox
323[67 Telephone
Telephone 62 251 327370
(home),62 2l 57303I3



SEEBACHER FronK
44 Sheifi Street
Hermit Pqrk QLD 4812

Fox
Telephone 077 791090

SINBA Koyomo
Sito TrodingPty Ltd
PO Box 4973
Boroko
PNG

Fox 253663
Telephone 254595

SAALFELD Keith
Wildlife Monogement
Conservolion Commission NT
Dorwin
NORTHEAN TERRITORY

Fox 894524
Telephone 894463

SEBASTIAN Anthony C.
Asion Wellond Bureou
lnstitute of Advonced Studies
Univelsity of Molqyo
Lemboh Pontoi
59IM KUALA LUMPUR
MAi-AVsrA

Fox (603) 7571225
Telephone (603) 7566624.
7572176

TRIYANANTAKUL Sonsern
c/- Srirocho Form Group
PO Box 16
Srirocho
Cholbud 201l0
THAILAND

Fox 38338106
Telephone 038338101

SALAU Ross
Ronger
ANPWS, KoKodu
P.O. 8ox 7l
JABIRU NT

Fox 799198
Telephone 799101
SIRUNTAWINETI Miss Jindowon
Wildlife Reseorch Loborotory
Deportment of Zoology
F^^, 'lh, ^l C^ia^^a

Kosefsort Universily
Bonkhen
Bqngkok 10903

TENG Ng Hung
c/- Srirocho Form Group
PO Box 16
Sirocho
Cholburi 201l0
THAILAND

Fox 38338106
Telephone 038338101

THAILAND

TUCKER lony
Deportment Zoology
Universily of Queenslond
Bisbone 4072
AUEENSLAND

Fox 07 365 1665
Telephone 07 365 2491

TEMSIRIPHONG Mohree
Sdfocho Form Group
PO Bo't i6'
Srlrocho
Cholbud 201l0
THAILAND

Fox 38338106
Telephone 038338101

ISUBOUCHI Dr Toshimoi
JICA Expert
PO Box l0l
lrowon
Puerto Pdnceso City 53m

PHILIPPINES

Fox
Telephone (Phillipines) 63 4821
2876

Fox 662 561 1645
Telephone 662 561 1645

SOLMU Godfid
Deportment of Environment &
Con$ervolion
PO Box 660l
Boroko
PNG

Fax (67 5> 27 1044
Telephone (675) 254882.
271791

SHIELD Jock
Depqrtmen'l of Primqry Indus-
TflES
PO Box 652
CAIRNS
QUEENSLAND 4870

Fqx 070 519@0
Telephone 070 523288

TANGARWATCHANAKAM
Chornwil
Srkocho Form Group
PO Box 16
Srirocho
Cholburi 201l0
THAILAND

Fox 38338106
Telephone 038338101



TAKEHARA YOiChi
Hoduchi Troding Co. ltd
No 2-17-6
Tsukosq
Kondo
Chiyodok
TOKYO l0 t
JAPAN

Fox 81 3 3293 45{4
Telephone 81 3 3293 0966

TABONE Mick
Johnston River Crocodile Form
PO Box 381
INNISFAIL QLD 4860

FoxOTO 616202
Telephone 070 6l I  121

TURTON Dr Jenny
Tropicol Velerinory Sclence
Jomes Cook Universily
TOWNSVILLE
QUEENSLAND 48I I

FqxO77 791526
Telephone 077 I14398

VERNON Brion
Vernon Holdings Pty Ltd
l2 Holimoh Street
Chopel Hill QLD 4069

Fox 07 3785382
Telephone 07 37839@1

VAINE loone
Deportmenl Industdes &
Development
DARWIN
NORTHERN TERRITORY

Fox
Telephone

VELASCO Alvoro J
Wildlif e Services (Profouno)
Corocos l0l0
VENEZUELA

Fox 5B (2) 5453912
Telephone 58 (2) 4081514

WIGSTON Prof. Dovid
Wildlife
Conservolion Commission NT
NORTHERN TERRITORY

Fox 089 323849
Telephone 089 89551I

TONG Koh Chon
Heng Long Leother
SINGAPORE

Fox
Ielep\one 65 2822622

TREMBATH Pele
Districf Wildlife Off icer
Deportmenl of Conservotion
& Lond Monogement
PO Box 65
Eroome 6725
WESTERN AUSTRALIA

Fqx 091 935027
Telephone 0gl 921036

WRIGHT Brion
Oueenslond Deporiment of
Environmenl & Heritoge
PO Box 2066
CATRNS QLD 4870

Fox 070 523080
Telephone 070 523059
WERNER Prof P.
Univelsity of Florido
I l8 Newins-Ziegler Holl
PO Box 1 10430
GAINESVILLE
FLORTDA 3261t-0430

Fox (904) 3926984
Telephone (904) 3924851

THANONGSAKMONMEE WKot
THAILAND

I'OX

Telephone

TAVACHAIWIRUT Prosil
THAILAND

Fox
Telephone

WOODWARD Allqn
Florido Gome & Freshwoter
Fish Commission
4005 S Moin Street
GAINESVILLE
FLORIDA 3260I
USA

Fox 904 376 5359
Telephone 904 336 2230

WEBB Grohome
G. Webb Pty Ltd
PO Box 38151
WINNELLIE NT O82I

Fox 089 470678
Telephone 089 892355

WAH Kwon Mung
Heng Long Leolher Co
50 Defu Lone 7
SINGAPORE I953

Fox
Telephone

WILSON Grohom
Dept. Primory Industries &
Fisheries
GPO Box 990
DARWIN NT OSOI

Fox
Telephone 89551l



YAMANAKA MT T.
12-50 Ueno Kourn
Toito-Ku
Tokyo I l0
JAPAN

Fox (03) 3823 1977
Telephone (03) 3824 l57l

YOUNGPRAPAKORN Choroon
Somulorokom Crocodile Form
& Zoo
5.55 Mou Y Toibon
Sqmutprqkon 10280
THAILAND

Fox (662) 387m60, 387m61
Telephone (662) 3871 166,
387r r68,387m20

YAAKOV Bo.-Lev
c/- G. Webb F'ty Ltd.
PO Box 38151
WINNELUE NT O82I

Fox (089) 470678
Telephone (089) 892355



A UNITED EFFORT

The inability of fann€rs, tanne$, manufactu€n and rctailqs to get logcthq was constraining
any sedous uniM effort in Australian, and at an intEmational lcvel. Some countries have got
together and implement€d rcfined marketing Fograms,

ECONOMISTS AND MARKETING EXPERTS

The industry should Solicit intercst in theil proble.n, from rnarketing specialists and arange
thcir atlendance at thc next CSG me€tillg, whcrc they could perhaps participate in anorher
workshop.

FARMED SOIJRCES

It was rlrntioned that tho public was morc likcly to buy products ftom "farmcd" sourccs, evcn
though ftom a conservation viewpoint this should not be a ccntral pladorm of conscrvation
yalue.

THE LINK WITH INDIGENOUS PEOPLE

The prospect of linking the retail marketing to tho welfaE of the p€oplc doing the hunting - e.g.
huntels in Irian Jaya - was considercd favourably.

CONCLUSION

The status of markcting needs to be examined at two levels or resolution, and although
"conscrvation value" may bc an appropriatr stategy at both levels, Fofcssional marketing
expertise will b€ needed before anything can be decided definitely.

In the interim, people in the iadustry with dirert contact with the public should gg some of the
ideas, to detemin€ whethcr any obvious positivc rcqlonse occrus.

It is clearly up to the industry to pursue these matters, notwithstanding thefu indircct Elevarc€ to
crocodilian conservation and managefipnt,





CROCODILE SPECIALISTS GROUP CONFERENCE

8.30am. Monday. March I5. 1993

PROFESSOR HARRY MESSEL (CHAIRMAN OF THE CROCODILE

SPECIALIST GROUP);

MR JACQUES BERNEY (DEPUTY SECRETARY GENERAL,

C.I.T.E.S. SECRETARIAT);

MEMBERS OF THE CROCODILE SPECIALIST GROUP;

LADIES AND GENTLEMEN.

GOOD MORNING, AND WELCOME TO DARWIN. IT IS A GREAT

HONOUR TO BE HERE TODAY TO OPEN THE FIRST

CONFERENCE OF THE CROCODILE SPECIALISTS GROUP TO BE

HELD IN THE NORTHERN TERRITORY AND TO BE ADDRESSING

A GATHERING OF THE WORLD'S FOREMOST CROCODILE

EXPERTS.

IT IS IN SOME WAYS A DAUNTING EXPERIENCE, BECAUSE I

KNOW THAT WHATEVER I SAY THIS MORNING ABOUT

CROCODILES AND THE NORTHERN TERRITORY'S ROLE IN

THEIR CONSERVATION AND MANAGEMENT, THERE WILL BE

MANY PARTICIPANTS HERE WHO KNOW A GREAT DEAL MORE

THAN I DO ABOUT THE SUBJECT.

SO I'LL KEEP MY COMMENTS RELATryELY BRIEF AND LET

YOU GET ON WTIH THE BUSINESS OF TI{E CONFERENCE.

IN THE NORTHERN TERRITORY WE PRIDE OURSELVES ON THE

RESPONSIBLE WAY WE HAVE DEVELOPED OUR CROCODILE



MANAGEMENT STRATEGIES, COMBINING SUSTAINABLE USE

WTIH EFFECTIVE CONSERVATION MEASIJRES.

THE GOVERNMENT RECOGNISED MANY YEARS AGO THE

NEED FOR PROTECTION OF TI{ESE ANMALS. WE INTRODUCED

PROTECTION FOR THE FRESHWATER CROCODILE,

CROCODYLUS JOHNSTONI, ALMOST 30 YEARS AGO IN 1964.

AND PROTECTION FOR THE ESTUARINE CROCODILE. C.

POROSUS, IN 197I. THIS WAS SUPPORTED BY A

COMMONWEALTH BAN IN 1972 ON THE E)GORT OF

CROCODILIAN PRODUCTS.

HOWEVER, THE NORTHERN TERRITORY GOVERNMENT ALSO

RECOGNISED TI]E ECONOMIC POTENTIAL OF A CROCODILE

INDUSTRY BASED ON SUSTAINABLE USE OF TT{E WILD

POPULATION. IN DEVELOPING THIS POTENTIAL, WE REALISED

THAT IT HAD TO BE BASED ON SOLIND RESEARCH AND

CONSERVATION PRINCIPLES.

CONSEQUENTLY, WE DIRECTED CONSIDERABLE RESOURCES

INTO RESEARCH PROGRAMS CONDUCTED BY SUCH EXPERTS

AS PROFESSOR HARRY MESSEL AND DR GRAHAME WEBB.

ONLY WHEN WE WERE ASSURED THAT A CROCODILE

INDUSTRY COULD BE ESTABLISHED WITHOUT A DAMAGING

IMPACT ON THE WILD POPULATION DID WE PROCEED W]TH

INDUSTRY DEVELOPMENT PLANS.

OF COURSE THAT RESEARCH EFFORT CONTINUES, AND IT

WILL REMAIN THE BASIS OF OUR CROCODILE MANAGEMENT



PROGRAMS. GOVERNMENT EXPENDITURE ON CROCODILE

CONSERVATION AND MANAGEMENI OVER THE PAST 15

YEARS IS ESTIMATED AT $10 MILLION, AND THE

CONSERVATION COMMISSION'S E)GENDITURE IN THIS AREA

IS CURRENTLY RT]}INING AT ABOUT ONE MILLION A YEAR.

THESE ARE CONSIDERABLE SUMS OF MONEY WHEN

CONSIDERED IN THE CONTEXT OF THE NORTHERN

TERRITORY'S RELATIVELY SMALL ECONOMY.

I DON'T WANT TO DWELL ON INDUSTRY MATTERS BECAUSE I

KNOW THAT IS NOT THE FOCUS OF THIS GROUP'S ATTENTION.

NEVERTHELESS, THE DEVELOPMENT OF THE INDUSTRY HAS

IN ITSELF PROVIDED ADDITIONAL STIMULUS FOR

CONSERVATION MEASURES, SO I WILL MAKE A FEW POINTS

CONCERNING THE WAY IN WHICH THE DEVELOPMENT OF THE

INDUSTRY HAS IMPACTED ON CROCODILE CONSERVATION IN

THE TERRITORY.

MOST TERRITORY GOVERNMENT EFFORTS IN THIS AREA

HAVE BEEN DIRECTED AT ESTABLISHING A SOUND

CONSERVATION STRATEGY FOR THE MANAGEMENT OF WILD

CROCODILES. IN FACT, WE IIAVE ACHIEVED STRONG PUBLIC

SUPPORT FOR OUR CROCODILE PROGRAMS AS A RESULT OF

OUR EMPHASIS ON CONSERVING THE WILD CROCODILE

POPULATION THROUGH T}IE ESTABLISHMENT OF T}IE

ECONOMIC VALUE OF THE RESOURCE AND THE CONTROLLED

DEVELOPMENT AND REGULATION OF CROCODILE FARMING.



WE HAVE BEEN SO SUCCESSFUL IN THIS TTIAT THE

DEVELOPMENT OF OUR CROCODILE FARMING INDUSTRY HAS

COINCIDED WITH A STEADY INCREASE IN THE W]LD

POPULATIONS OF BOTH C.POROSUS AND C. JO}INSTONI-

ANOTHER ASPECT OF THE CROCODILE INDUSTRY THAT IS

VERY MPORTANT TO US IN THE NORTMRN TERRITORY IS

THE ANMAL'S VALUE AS A TOURIST ATTRACTION. I REFER

PARTICULARLY TO THE ATTRACTION OF CROCODTT FS IN

THEIR NATURAL WILD HABITAT, ALTHOUGH CROCODILE

VIEWING ON FARMS IS ALSO POPULAR.

THE CROCODILE IS A POTENT SYMBOL OF TERRITORY

TOURISM WHICH IS RECOGMSED INTERNATIONALLY, AND

THIS IS FURTHER INCENTIVE FOR THE MAINTENANCE OF A

TIEALTHY WILD POPULATION AND FOR THE CONSERVATION

OF NATURAL CROCODILE T{ABITATS.

LAST YEAR, FOLLOWING EXTENSIVE RESEARCH AND

INDUSTRY CONSULTATION, TIIE GOVERNMENT ISSUED A

DETAILED STRATEGY FOR THE DEVELOPMENT OF THE

NORTMRN TERRITORY CROCODILE INDUSTRY.

SINCE, AT LEAST IN THE SHORT TERM, THE MAIOR

LIMITATION ON THE ESTABLISHMENT OF NEW CROCODILE

FARMS AND THE GROWTH OF EKSTING ONES IN T}IE

TERRITORY IS THE Sr7F OF TI{E WILD HARVEST WHICH

INVOLVES COLLECTING EGGS AND SUB-ADULTS, THE FIRST



OBJECTryE IDENTIFIED BY THE STRATEGY IS THE

SUSTAINABLE USE OF THE WILD CROCODILE RESOURCE.

TO ENSURE ADHERENCE TO THIS OBJECTIVE, THE NORTHERN

TERRITORY CONSERVATION COMMISSION ENSURES THAT

THE PROGRAM CONTINUES TO CONFORM WITH TERRITORY,

COMMONWEALTH AND INTERNATIONAL LEGISLATION AND

AGREEMENTS.

THE CONSERVATION COMMISSION ALSO MAINTAINS A

MONTTORING PROGRAM TO PROVIDE SUMCIENT DATA TO

ACCURATELY EVALUATE THE STATUS OF THE WILD

POPULATION.

THERE ARE A NUMBER OF OTIIER NORTHERN TERRITORY

GOVERNMENT INITIATIVES IN RECENT YEARS THAT HAVE

MPROVED CROCODILE CONSERVATION. THESE INCLUDE:

, MELACCA SWAMP, WHICH YOU WILL HAVE THE

OPPORTUNITY TO VISIT ON SATURDAY WTTH THE FIELD TRIP

TO VIEW CROCODILE NESTING. THIS AREA WAS ACQUIRED BY

THE GOVERNMENT SPECIFICALLY FOR CROCODILE BREEDING

AND CONSERVATION PURPOSES.

. THE NORTHERN TERRITORY PASTORAL LANDS ACT, WHICH

PROVIDES A MECHANISM TO ASSIST IN SOUND PASTORAL

MANAGEMENT THROUGHOUT THE TERRITORY, INCLUDING

THE PROTECTION OF CROCODILE HABITATS IN WETLANDS

AND ALONG RIVER BANKS.



. TT{ERE IS A CONTINUING PUBLIC EDUCATION PROGRAM TO
FOSTER POSITIVE PUBLIC ATTITUDES TOWARDS THE

CONSERVATION OF CROCODILES.

. AND, FOLLOWING THE COMPLETION OF OUR TERRITORY

CROCODILE INDUSTRY STRATEGY, WE ARE LOOK]NG AT A

NATIONAL APPROACH. WE HOPE TO OBTAIN THE SUPPORT OF
THE GOVERNMENTS OF QUEENSLAND AND WESTERN
AUSTRALIA, AND OF THE COMMONWEALTH'S AUSTRALIAN

NATIONAL PARKS AND WILDLIFE SERVICE, FOR A NATIONAL

CROCODILE MANAGEMENT STRATEGY.

THE NORTHERN TERRITORY GOVERNMENT HAS ALREADY

DEMONSTRATED THAT IT IS KEEN TO FORGE STRONGER
LINKS WTTH COUNTRIES PARTICULARLY IN SOUTH-EAST

ASIA, TO EXCHANGE INFORMATION AND TO COLLABORATE

ON CROCODILE CONSERVATION ISSI.'ES TO OUR MI,]TUAL

BENEFTT.

THE GOVERNMENT'S SUPPORT FOR THIS CONFERENCE IS A
FURTHER DEMONSTRATION OF OUR COMMITMENT TO THE
AIMS OF CROCODILE CONSERVATION AND TO OUR DESIRE TO
DEVELOP OTIR PROGRAMS IN CONCERT WITH

INTERNATIONAL AIMS AND CONSIDERATIONS.

OUR NEXT MAJOR OBJECTIVE IN THE DEVELOPMENT OF OUR
POLICY OF SUSTAINABLE USE OF THE CROCODILE RESOURCE



IS TO GAIN LTNQUALIFIED LISTING OF T}IE AUSTRALIAN

POPULATION OF C. POROSUS ON C.I.T.E.S. APPENDIX 2.

WE INTEND FOR THIS TO BE ACHIEVED THROUGH RIGOROUS

EVALUATION OF INFORMATION COLLECTED ABOUT WILD

HARVESTS AND RESEARCH INTO OTIR CROCODILE

MANAGEMENT AND CONSERVATION PRACTICES. USING THIS

INFORMATION, THE CONSERVATION COMMISSION WILL

PREPARE A SUBMISSION FOR THE C.I.T.E.S. SECRETARIAT BY

DECEMBER 1993, IN CONJUNCTION WTTH THE AUSTRALIAN

NATIONAL PARKS AND WILDLIFE SERVICE, FOR

CONSIDERATION BY THE CONFERENCE OF PARTIES IN 1994.

I TRUST THAT, FOLLOWING YOUR VISIT TO DARWIN AND TTIE

FIRSTHAND INFORMATION YOU WILL GAIN REGARDING OUR

CROCODILE MANAGEMENT PRACTICES, YOU WLL SUPPORT

OUR APPLICATION.

REMOVAL OF THE QUALIFICATION WILL ALLOW US TO

EXPAND THE OPPORTUNITIES FOR SUSTAINABLE

COMMERCIAL USE OF THE CROCODILE RESOURCE AND WILL

INCREASE CONSIDERABLY THE VALUE OF CROCODILES TO

THE LAND OWNERS AND TO THE PEOPLE OF THE NORTHERN

TERRITORY.

I THINK THAT IS ENOUCH FROM ME. IM SURE YOU ARE ALL

AN)flOUS TO GET ON WITH THE REAL WORK OF THE

CONFERENCE.



ON BEHALF OFTHE NORTHERN TERRITORY GOVERNMENT,

LET ME ONCE AGAIN WELCOME YOU - PARTICULARLY THOSE

OF YOU WHO HAVE TRAVELLED FROM OVERSEAS - TO OUR

CITY OF DARWIN. I WISH YOU THE VERY BEST IN YOUR

DELIBERATIONS THROUGHOUT THIS CONFERENCE AND I

TRUST THAT YOU WILL RETURN HOME WITH THE FEELING

THAT YOU HAVE ACHIEVED A GREAT DEAL, THAT YOU ARE

BETTER INFORMED ABOUT THE STATE OF CROCODILE

MANAGEMENT WORLDWIDE, AND WITH FOND MEMORIES OF

THE NORTHERN TERRITORY AND ITS PEOPLE.

THANKYOU.



Cq{S€RVATIO|, tlANAleE tNT Af'F
FARttIt€ tr CROC@ILES lll t 'llol OF nYAmtAR.

u B. K. Alnc lloc
iE€e.r
JI. F. E
fl.rch 3,1993.

| ' l r ' .  Uab, dist ineuiehad gucsts and part lclpahtE'

f i r s t  o t  a l ] ,  p l . age  a l l o$ ,  ma  to  cxp rcas  my  s lncanc  thanks  and
appncciatlon to the vlca-chairman, Eastcrn Asla, Ocaanla
Augtnalasia for lntorming our ministcr, Brl(,cdl.r_6eneral I ' launs
naung ,  M ln i s ta r  t o r  L i vc  s tock ,  B recd ing  and  F i shc r i . s ,  and  th .
6overnmcht ol l ' lvahm.r stho gelactcd ma to nepresant l" lvanmar in th13
mec t ing  o f  t he  IUCN CSG mee t ln0  be ing  hc ld  1n  Da .u in ,  Aus tna l i a  and
c,lving me tha opportunitv to make a baief pra3entatlon on
'Conacrvatlon, Managcment and Farminc of cnocodilca ih the Union ol
l,lvanmar" .

Introduct ion.

M).anman ls thc larccgt countrv on th. maLn l6nd southaast Asi6 r,Jith
a total land anca ol 6'r/5,577 sq.Kl ' t  sharing total Intennational
bondc.s ot 5,a5a KM {rl th Eangladcsh and India on the Northu,cat,
China on thc Northucat ahd Ldos and Thailahd on the Southcttst " I t
has  a  to ta l  coas t l l he  o t  2 ,832  K l ' ! .  I t  s t re ,  t chcs  2 'o9o  KM f rom
horth to south and 925 Kl ' l  fnom cast to wcat at 1t3 uldest points.

l ' lyanmar could bc takcn as a foncst clad |nollntalncous couhtry. Thr'ea
paraltal ch.lhc ot mountains ran(tes nun troh nonth to south. The
llcatarn Yomt or Rakhine Yoma, tho Bago Yoma and th. shan Platau-
Thcy bagln tr 'om tha aastern cxtnenitv of the Himalava l ' lounta!n
nancc. Thesa nountain chalns divldc tha countrv lnto thrae rivcr
systcmr, thc Avcvanwadd)r, thc Slttaung and thc Thanlkrin' of which
thc Aycyanlraddy, tha tnost iDportant nlvar, about 2,17O KM, A9 tt
cntarg tha ..6, thc Avavanwaddv lorms a vast dctta ol 260 K x 21O
Kt1.

As it  is maiit lv ln thc troplcal nagion, Mvtnman has a troplcal
monroon cl imabc aith thraa scagons: tha Hot Seagon fnom mld.
Fcbruary to hld. l ' lav, tha Rolnv scason trom lnid- l ' lav to mtd.
Octobaa and tha Cool Seagon tron mid, Octob.r to |nid' Fabnuanv.
Annqal ialntal lr var_y trom 5Oo clt in tha coastt l  ncglons to 75 cl ' l
and lcas ln tha Cantral Dny Zonc. l ' lcan Tcmpcnaturc rangca tr_om 32
dccr cc c?ntigradc ln tha coastal and dclta areas and 21 dcaraa
c.nt lca'ada ln tha norlh.rn Iou l6nd3.

myanm6r ' s  popu la t l on  13  cs t lma tcd  a t  ao -03  m iL l i on  Ln  19a9  /  90  6h
incnca3a ot 1.8at ovor thc pncvloug ycar-



Thc ACnlcultunal gactor domlnatas thc l ' lyahma economy, accountln(,
?o r .  abou t  40 .6 t  o t  t h .  t o ta l  GDp  ln  19a9 , /90 .Th .  t o ta l  a rea  o f  67 ,6
mL l l l on  hcc tana ,  t hc  anea  undc r  cu l t l va t i on  Ls  A ,  O  m i l l i 6n
h.ctaac. Forcat covcns about 57t of tha total land 6nca_

9E!91e9-

Aa pcr 6v6ilabl. necordg tha thraa gpccl.s knoqrn airc:-1) el:g'_gS.Sl).Ig9
p.qrelgt; 2) gcsegdyl.gg p__6,Is-9!-c-!9r 3) qay!_9119 s.en9-e!:eu-s 1n
llyanmar, but tt pncaent only E: p-e,-f.!9!-S' can tr. tound dostly ln
d.Ita araag.

9!atst:,

lhcrc ig no nccond avallab.lc {.rhathca any sunvay \ras lnada fon the
axletcncc ot q.- ptlu9!c_L,s-- and 9",9!!1t-gli-9!t9 in I'tyanmar, Lthcraas, as
pcr sunvay ma<lc by Giaamc Caughley (sefi ion Princlpol Rasaarch
ScLan t t s t ,  Cs IRO D ivLs toh  o f  t t l . I d  L t t c  Rcaearch ,  CanbcnFa ,
Austnalla), Con3ultant to tha FAO of thc Unl.tad Nations in I ' lanch,
l9aal- q- pl]r:Q!'ltg!- tr63 ?ound ih dalta .nca, but accordinc| to hlm the
popu la t l on  o f  cnocod l l c  l c  s t l l l  dcc l i n ing  dua  to  thc  dcs tnuc t l on
o t  hab t ta t ,  d l s tu rbancca  by  paop la  ahd  gome i l l ega l  huh t i ng  uh l ch
l s  s t l l l  bc ln9  unchacked .

L.otsI.t,l.qn=-

Thouch thc Unlon Of nyanmar ie not a m.mban ot CITES, thcy are
concldcrinc| to apply ?or the mcmbcnship tn this wo.Id body,
Houevan, thc praacnt govcanmeht, the Stata Law and Orda.
Rcrtoratlon Couhcil  hag tonmad 6 Uhion of l lyanmai Nationrl
Comntis9lon fon chvlnonmantal at lalt-9 to presarva the natur-at
nctourccg 6nd accorcl lngly pagscd a Ia|, knotn as f lyanmar lr larihe
Flahanias La', 9/9O on 25th Apri l ,  1990 {hlch pnohtblts a p.rson to
aaarch for Or col lact any mail.ne pnoducts l l tholrt a l iccnc., and 9o
tar no l lcence has bccn gnantcd to anytrody t 'y the 6uthonlty
concernad. The l ' lyanma Flshcrlca Entc.prlsc undar the Minlstry ot
Llvcatock Bnacding ancl Flsharles ls the only luthorizcct body to
tunctlon tor such affalng-

e-Ecsing-

In tha ycrn 1978, a Crocodllc fanm qras catabllshcd at thc outskl|. t
ol Yahoon (Rtngoon) known a9 Thakcta $hich i9 only a State-nuh tanm
by the l ' lyaf| | l |a Fi.shanlos Ehtcrprisc undca thc Mlnistry ot Ltvcstock
Bnccdlng and Flshcrlag. At thc bcat.nnlne, thts far^m qras malnly
dcpchdant on sqpply ot yourrC crocodi lca ( C-- p_ole-g,Ug) f rom
ayeya|^1,addy dclta, At pnes.nt ln a pond o? 650 tt r 35o lt  thcrc 46
malc and 69 tcmale lon bnaadlno purposes. In the yaar 1982 fr-om 13
noats out ot 51O eoag 49 hatchl,tngs lare obtalned, whcncas, thls
ycar from 26 ncatg out ol 1076 eoCE 213 hatchlj .nqg could ba
obtatnad, A9 paa. thc latcEt crlculation lnctuding 6bove mehtlon+d
bnccdang tha total number ot Caocodlles ot 6l l  slzcs anc 640.



Rcaaihg ponds arc $ade of concaate. l la in dlets ot cnocodl lGg are
l . laninc Fish( 's and praL,ng for hatchl ings. ther.  i3 no pnivate

f a r - m l n 9 e  e s t a b l  l s h e d  s o  f a n -

R.qulat lon of Tnacl€.

From 1983  to  1989 ,  a  to ta l
. xpo r t cd  a t  t hc  co . t  o f  us$
th i s  En ta rp r l s . .

Imoonts & Manulactuning.

Dumber ol  1830 6l ivc crocodl les weae
1 . 6 2 . 6 8 9  t o  I h a i l a n d  a n d  S i n g a P o r e  b v

So lar thcre is no lmports on manufacturing ot skin products here
ln |iyanmar -

Rlecqrebi

A survay uras mada by l ' l r .  Gracnc Caughlev ln l larch, '8O to estimate
tha numt.rs anal tnand ol crocodlles (g- p,,o!:ss--U,9,) in th€ dclta area.
At that t lna astimated popu.Iatiorrs wcae ?,7so + ar - , . '27o-
In Junc, 1985 a pncll .minarv appnaisal notc and commentE of the
pnogramme managamant contnol unit on the onatt Projcct document for
BUR/81/OO2: Cnocodila Rc'search & l ' lahagement |,as prcpaied bv l" lr.
Bo l ton .  F .a .o .  consu l tan t  undc i  TcP IBL IR /o107  (1 )  t n  co l l abond t ion
e t th  S ta f f  o f  t ha  Paop le ' s  Pca r I  &  F l she r ies  Corpo ra t l on  and  F -A-O-
Rcpncsct rtat I  vats off icc ln l ' lyanmar" But dLle to some unbvoidable
c incum3tancaE lhe  pno jec t  cou ld  no t  bc  ma tea la l i sed .

P:!:qtgel!d-Acegsi:

No protectcd araas has been slenlt l .d bv the Authortt ies concer'ncd

D_legutglon: -

Tha pnas.}nt Caocodlla Fa.m at Yangon i3 a gov.rn-oened CommancLal
en tcno r lga  u i t h  3e l f -gu f t i c i cn t  c lec t r l c  and  wa tc r  supp1v -  The  a im
is to pFcaarvc tha l ' lvanman crocodile and to near cnocodlles
caplured as lr i ld hatchltngs and fanm hatchlings to th4 size i . ,hcr a
thcy  ' r t . l l  y l c l d  a  sk in  o l  marke tab l c  s l ze .A l though  tha  Fanm h ts
bccn runnLnq lon onlv Eoma ye?tns therc i9 a future pl.ogpcct to
provlcl.  i lyanmar wlth m|-tch Forelgn Exchangc, Tho numcrous
d i t f i cu l t i as  aEsoc ia tad  , r i t h  t he  s tock ing  and  nunn ing  o l  a  l a rm o f
this 3izc have be.n ovcrcomc bv hardwonk, ski l l  snd dedication.

Fo r  f u tu rc  p ro3pac t ,  t he  Dra l t  P roJac t  Pnoposa l  made  b /  l ' l r ,Bo l ton
i s  s ' t i l L  uhdcn  cons idc r ' 6 t i on  b ) , ' t he  p rcEen t  au tho r i t l es  concc rned ,

F N :  B K A i I -  t l P  (  4  "  3 ,  9 3 1
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Crccodiles conservation and farming ar€ under authorisation of Fishery Departrnent,

Minisfy of Agriculhrc.

In tle Fishery Lawi

1) Huntirg of wild crocodile is prohibited.

2) Farm who has crocodile in captivity more than 5 h€ads must register their faim

and oocodil€s to the local Fishery ofricer or Fishery Departrn€nt in Phnom

Penh.

3) Export fee for small live crocodilo is 5.00 U.S. Dollars per head.

It is noted that Cambodia is not a member of CITES, so any international tade of

wildlife including crocodile could not be regulated and conholled by Cambodian law.



Cambodia is known to be onc of the last soulce of many tsopical e[dangercd wildlife,

Crocodilians, Crocodylus siamensis sr,d Crocodylus poroszr are also arnong those

speci€s. Wild gen€tic stock should be prctect€d and corNervation through sustainablo

utilisation should be ernphasis€d, Mor€ res€arches such as scientific survey must bc

conducted in order to support information for rnanagernod of wild and captive

cro€odilos. Thesc will b€corne truc if assistanc€ aro provided from ftiends arcund tlrc

wodd.



Cambodia is located in the south-westem part of tlrc lndochinese peninsula and

occupies an area of 181,035 square kilonFtres.

CamHia situates among threo countries, Laos in the noth, Thailand in the ecsl'

vi€tnam in the cast and Gur of siam h the south. In l99l' cambodia had a

population of 8.59 million. This number is expoct€d to climb to l0 milion by 1995

(FAO source).

Cambodia has a tropical clirnat€ with two distinct seasons, wet and dry' Tho raining

southwost monsoon scason last ftom May through Octobcr; the dry northeast monsoon

seasons lasts fiom November through April. Thc temperaturc rang€s ftom 20oC to

36oC and high humidity throughout thc year.



Two cocodilian sDecies are known to b€ endemic in Cambodia:

l) Siamesc fteshwaler clocodile, Crocodylus siamercis, Schneider 1801. lrcal

nam€ is KRA PEU TUK SAP.

2) Saltwater qocodile, Crocodylw porofla, Schn€ider 1801, Local nanl€ is KRA

PEU TUK PRAY.

STATUS OF CROCODILIANS IN CAMBODIA

No infomation survey of wild crocodile have been done in Cambodia, during rnoro

than two decades of civil-war, However, reffiing to the lat€st amual rcport on

"Crocodile in Cambodia" (1992) by rhe fishery departnrnt and a short visit conducted

by a Sroup of Thai scicntists, wc can summaris€ as follows:

C. sianensis has distribution range in wedands around Tonle Sap which surrounded

by the provinces of Siem Reap, Kompong C'hnang, Battambang, Pusat

and Kompong Thom. Sray snam and Stung Treng were also reported !o

have crocodile hunting activitios in tho past Estimated number of wild

crocodilians is about 10,0(n.

C- porosw were reported to be in the estuadne of Mondul Seyna river which opens

inro Culf of Siam at Koh Kong provinc€. Vcry few infomation olr this

sp€cies. Most cambodian said that C. poroJus might b€ extinct in the

wild.



Crocodile farming in Cambodia has been start€d since 1945. All of thes€ farrns raised

only C. sianewis because C. porasls were not available. Th€ crocodile faming

technique is quitc far b€hind standard levcl. They still use conventional methods of

farming; raising, incubation, etc. There arc 491 crocodile farms distributed in many

provinces as summaris€d in Figure l.

These farms can be classified into three class€s according !o siz€ and management:

CLASS 1- small size,2-20 heads, raised in pond or wood€n cage.

CLASS 2 - medium sizo,20-70 h€ads, raised in social pond.

CLASS 3 - large size, over 100 heads, raised in many social ponds.

Most of Oe br€eders catrE from thc wild by cat€hing adult crocodiles. Harchlings and

eggs wero also coltctt€d and raised to be brcpdcrs' Crocodilc farms have to breed and

raise thcir own hatchlings. Population of captivc crocodiles in Cambodia was around

6.100 heads in 1992 aDd numb€r of hatchlirgs was arcund 5,200 heads in 1992 as

shown in figure 2 and 3 rcsp€ctiv€ly.



This is controlled by Fishery depaffn€nt, Ministry of Agdculture as dcscribed in

legislation section. The problems of interborder tade or srnuggling of live qocodiles is

vcry hard !o contol bocausc of a very long border (E03km) botw€cn Thailand ad

Cambodia. Even though th€ Thai bordq is clos€d accordhg to th€ Unit€d Nation

rcsolution, smuggling is still occuning but in a low number.

No impon and export of aay crocodile products in Cambodia. They expored only

hatrh,lings and a very fow skins. Ncithcr factory nor tanncry for crocodile Foduct has

been establish€d.

Dudng fte massacl€, nearly all the sci€ntists and researchers were killed. Many

educational institutes were ruined. No scieltific research ever done in alv kind of

subjccts including crocodilcs.

Sinc€ 1988, Cambodia got sorn€ assistance in crocodile farming technique ftom Cfrbs

but no res€arch ev€l corducted.



In Cambodia, undisturbed natual areas is about 218,600 ha. which compos€d of

swampy and Mangrove forest. Thes€ areas arc crocodiles habitat'

Before civil-war (190), Cambodia had establish€d their national pa*s and Fot€ction

reserves as follows:

l. PREAR YIIIAR provincc, prot€ction reserve

2. RATANAKIRI province, protection reserve

3. KRACIIEH Fovince, Phnom Prick rcservs

4. KAMPONG THOM Fovince, Beoung Pe rcserve

5. SIEM RIEP province, Angkor Wat National Park

PIJRSAT province, Pbnom lcawain rcserve (Cardomoo Mtns)

7. KOMPONG SPEU Fovince, National Pa*

SANCTUARIES
{'8. 1t sit€s of fishery rcs€rve in tho G.L, of Tonli Sap 4,000 ha established

since 1988, 8 sires
with 3,000 ha.

R€garding to the C. conservation I myself have very strong confid€nc€ to bring local

pcoplo to pa icipatc into thc conscrvation projcct and promote thcm how to usc theil

own wild C. with a sustainable use.

** Bolief of thc indigenous peoplc.

..THE END"

* Crocodile Habitats

1,467,000 ha

1,9,480 ha

195,120 ha

nt^

10Jm ha

280,6,|{) ha

81,760 ha



More information on wild and captive qocodilians need to be collecled ftom both

governnent and p.ivate sector in Cambodia that will be very useful to set up

managemont plan for crocodilian. Then conservation organisation could assist Cambodia

in order to prot€ct wild genetic stock of C. sialrpluri which beli€ved to be th€ last and

puest stock in th€ world. Sustahable utilisation of crocodile must be morc concemed

than before.

Crocodile farmhg technology should be tralsfered from other countries which akeady

done to inqeas€ Foduction in their falm. Fuflhq more, Cambodia should be a member

of CITES, then in intemational trade of crocodile ftom captive breeding opqations wiU

be accepted. This will rrvc and support crocodilc farming business in this country,

Control smuggling crocodile aqoss border should becorne morc €asy.

We do hop€ that Cambodia will be one of the best placo in tho future world of

qocodile conservation and farming.
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STA'] 'US AND COIISERVATTON OF CROCODILES IN VIETNAM

Ho Thu cuc

Ins t i t u t e  o f  Eco logy  &  B io l oS i ca l

Resources  ,  NCSR V I  ETNAM

NATI'RAL AND SOCIAL CONDITIONS OF VIETNAM

Vie tnam s i t ua tes  a l onS  the  sou theas t  ma rg in  o f  t he

Indoch inese  Pen insu la .  I t  s t r e t ches  f r om l a t i t ude  80N  to

24oN.  1 ' o ta l  coas t l i ne  i s  abou t  3200  kn  and  t o ta l  l and  d rea

i s  329  600sq .kn ,  The  ma in  moun ta in  range  -  T ruong  Son  renge  -

f o rms  t he  n& tu ra l  bou r l da ry  e l t h  Ch ina ,  Lao  and  Cambod ia ,  The

ma in l6nLd  bo rde r l l ne  l s  4  630km ( l 430km w i t h  Ch lna ,  2  O61kn

e r i t h  Lao  aod  t  100km w i t h  Canbod ia ) .

The  coun t r y  i s  S -shaped ,  b roader  i n  t he  Nor the rn  and

sou the !n  p6 r t s ,  whe re  i t  i s  s19e l l ed  by  t he  Red  r i ve t  and

Mekong  De l t a  a rd  ve ry  na r ro rp  i n  t he  m idd le ,  whe r .e  i n  t he

B inh  T r i  Th len  p rov ince  i t  i s  on l y  50  kn  w ide  a t  t he

na r l oc res t  po in t .  So ,  t he  coun t r y  has  i t s  l €nA th  much  l o | t ge r

t han  i t s  w id th .  A  b road , sha l l ow  con t i nen ta l  she l f  f o l  l ows  t he

thape  o f  t he  l and ,  w ide  i n  t he  no r t h  and  sou th  and  naa row  l n

the  m idd  l e .

Th ree -que r te r  o f  t he  coun t r y  cons i s t s  o f  moun ta ins  nnd

h i l l s .  The  h iShes t  peak  -  Feosh ipan  -  r edches  3144m i n

Noa thwes te rn  V ie tnam,  whe re  t hey  f o rm  an  ex tens ion  o f  g rea t

H ima loyan  Range .  The  l and  su i t ab le  f o r  ag r i cu l t u re

r€c lena t i on  cove rs  abou t  100  000sq . km,  I t  i s  s i t ua ted  mos t l y

i n  t he  l a rge  f e r t i l e  p l a l ns  o f  Nambo  and  Bacbo ,wh i ch  i nc l ude

the  Uekong  and  Red  r i ve r  de l t as ,  t espec t i ve l y .  To ta l  a rea  o f

a l l  cu r ren t  pa t t e rna  o f  l end  use  i s  33  m i l l i on  ha .  O f  i t  6 . 9

m i l l i on  ha  f o r  aS r i cu l t u re ,  l l . 8  m i l l i on  ha  f o r  f o res t r y ,  t . 4
m i l t i oo  he  f o r  t oc rns  and  o the r  spec ia l  use  and  12 .9  m i l l i on
hA  o f  ve ry  poo r  o r  unp roduc t i ve  l and .

v ie tnam shows a  vo r ie ty  in  c l  i na te  cond i t
o f  i t s ' r | i de  ran8e  in  la t i tude  and  a l t i t u te .
en t i re  coun t ry  l i es  ln  the  in te r t rop ica l  zooe !

l o n

AI

c l

on  occoun  t

t hough ,  t he

ima te  va r  i es
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f r om hum id  t r op i ca l  cond i t i on  i n  t he  sou the tD  l ow l6nds  t o

b rac inS  t enpe ra te  cond i t l on  i n  t he  no r t he rh  h i l l s '  Mean

annua l  se .a  l eve l  t empe ra tu res  co r t espond ing l y  dec l  i ne  f r om

2?oc  i n  t he  sou th  t o  2 l oc  i n  t he  e r ( t r eme  No r th .  The  nean

annua l  r a i n fa l l  i s  2  000mn ,  bu t  t h i s  i nc l e&ses  i r l  t he  na t row

cen t r s l  moun ta inous  reg ion  t o  3  00omm'  su f f i c i en t l y  heavy  t o

suppo r t  t r op i ca l  r a i n  f o res t s .  The re  a re t  h ree

seasons 'nane l y  t he  no r t heas t  w in te r  monsoon '

sou thess t  and  nes te rn  summer  mo f l soons .  Des t ruc t i ve  t yphoons

some t i nes  deve lop  ove r  t he  Eas t  sea  du r i ng  ho t  wea the r .

The  r i ve r  ne t { r o . k  o f  V ie tnem i s  nazv  and  ve r i ed .  The

Nor th  a l one  hes  1o83  r i ve r s  and  wa te r  vays  o f  d l l  s i zes .  I n

Nambo ,  t he re  i s  a  b l a  r l ve r  eve t y  l o  kn  a l ong  t he  road '  and  a

r i ve r  es tua ry  eve ry  20km a lonS  coas t .

The  ve ry  r l ch  l ake ,  swamp  sys tem i n  con iunc t i on  w i t h

3  200km o f  coas t l i ne  and  i s l ands  p rov ides  v i e tnam w i t h  l a rge

we t l and  a rea  as  f avou r i t e  heb i t a t s  l o r  w& te r  f auna '

i nc  I  ud  i o8  c rocod i  l es .

rtonsoon

and  t he

coun t ry  in

c rocod i  l ea  in  v ie tnam:

f reshwate r  c rocod  i  l e  (c rocody lus

V ie tnam i s  t he  mos t  dense l y popu  l a ted

sou theas t  As i6  r f i t h  abou t  ?o  m i l l i on  res i den t s  i n  1993  and  a

medn  annua l  g row th  ra te  o f  2 ,4  pe r  cen t .  Th i6  S i ves  a  nean

dens i t y  o f  abou t  200  pe rsons  pe r  squa re  k i l ome te r , t he  h i ghes t

dens i t y  f o r  any  ag r i cu l t u ra l  coun t r y  i n  t he  wo r l d .

The  h i gh  popu la t i on  g row th  re te ,  t oge the r  w i t h  seve re

des t ruc t i on  du r i ng  t he  recen t  \ { a r  has  b rough t  g ree t  nega t i ve

a f f ec t s  t o  t he  hab i t a t s  o f  { i l d l i f e ,  l nc l ud ing  c tocod i l e :

f o res t  l oss  f o r  ag r i cu l t u re  I and  use  and  ne i v  v i l l ages ,  t owDs ,

f o res t  l ogg ing  and  f i r es  e t c . . .

I I .  STATUS OF CROCODILES IN  THE I ' I LD

The re  e re  2  spec ies  o f
-  S  i amese  c rocod i l e  o r

s i amens i s ) .  '

-  s6 l t va te r  c rocod i l e  (C {ocod i l us  po rosus ) .

Bo th  spec ies  has  d i s t r i bu t l on  ran8e  on l y  i n  sou th

v ie tn6m,  sou the rn  o f  Tay  NSuyen  p la teau .  The  s i anese  c l ocod l l e

i s  f r eshwa te r  one ,  They  i nhab i t  b i g  r i ve r s ,  l akes ,  swamps  i n

Tay  Nguyen  P la teau  end  Cuu  Long  de l t d ,  such  as  Sa thay  r i ve r

(Kon  Tun  p rov ince ) ,  Be  r i ve r  ( c i s  l a i  p rov i nce )  Lac  l ake ,



Krongpoch  ThuonB leke r  Easup  r i ve r '  K rongana  r i ve r

(Dac  Lac  p rov ince )  '  Dam sau  Tay  son  (Khanh  Hoe  p rov ince ) ,  Bau

Ssu  i n  Nen  Ba l  Ca t  T i en  Rese rve  (So t8  Be  p rov ince )  i  Dong  Na i

r i ve r  (Don8  Na i  p rov ince ) '  and  Cuu  LonS  r i ve r .

se l t sa te r  c rocod i l e  ( c rocod i l us  po rosus )  l nhab i t s

nangrove  swamps ,  r i ve r  ea tua ry  i n  vuoS Tau ,  can  G ia ,  ves t  t o

( i en  c i ang  Bay '  Phu  Quoc  I s l and  and  Con  Ddo  I s l and .

I n  t he  pas t '  f r eshwa te r  c . ocod l l e  was  re l a t i ve l y

abundan t  i n  v ie t ' t am.  Phom ong  G lao ,  l 98 l  l n fo tmed  o f  2oo

c locod i  l es  i n  80 -hec ta red  Bau  sau  Tay  So f l  (Phu  Khanh

p rov ince ) .  Loca l  peop le  o f t en l y  caugh t  t he  c rocod l l es  l ' t  Lac

lake  (Dac  Lac  p rov ince )  f o r  mea t '  and  co l l ec ted  c rocod i l e

eSgs  i n  Bau  sau  o f  Nan  Bd i  ca t  T len  Reseave  fo r  f ood .  I t  was

in fo rmed  tha t  t he  c rocod i l es  t {e re  cap tu .ed  i n  l a .Be  nunber  i n

Krongpach  l ake  and  Easup  r i ve r .

The  f o re6 t  l ogg lnS  and  conveas ion  o f  hu [d reds  hec ta res

o f  r i ve ra i n ,  l akes ,  swamps  i | l t o  ag r i cu l t u re  l and  have

se r i ous l y  dec reased  t he  hab i t a t6  o f  w i l d l l f e '  i n  Sene ra l ,  and

c rocod i l es ,  i n  pa r t i cu l a r .  Meanwh i l e '  ag ress i ve  hun t  has  e l so

se r i ous l y  dec ima ted  t he  nunbe r  o f  c rocod i l es  i n  t he  w i l d .  The

c rocod i l es  we re  cap tu red  by  d i f f r en t  ways ,  such  as  shoo t i ng

by  guns ,  t r ap ing ,  exp losa l ve  m lnes .  The  us ing  m ines  f o r

cap tu re  o f  c rocod i l es  i s  ve ry  dange rous  due  t o  n i nes  cen  k i l l

no t  on l y  adu l t  bu t  a l so  younS  c rocod l l es  and  seve re l y  des t roy

the  i r  hab i  t a t s .

I n  sp i t e  o f  sna l l  number  o f  c rocod i l es  r ena ined  l n  t he

w i l d  t he  c rocod i l es  i n  v i e tnam a re  s t i l l  i n t ens l ve l y  hun ted

fo r  ne6 t ,  e88s ,  and  f o r  sk i n .  Mo reve r '  i l l ega l  sn ima l  t r ad€

a l so  becones  more  i n tens i ve  du r i nS  aecen t  yea ra .  The

c rocod i  l es  ( adu l t  and  young )  a re  cap tu red  and  sk l ns  a re

co l  l ec ted  f o r  I  I  l eaa l  expo r t  t o  ch ina ,  Tha i  l and  and  o the r

coun t t  i es .  I n  v i e t r am.  a  c rocod l  l e  i s  so ld  f o r  abou t

$100  -  $2000  depend ing  on  t he i r  6 ta tus .

I  I  I .  CONSERVATI  ON

The conserva t lon  o f  c rocod i les  ln  v ie tnam ls  a  p rob lem

of  government  in te res t .  The Soyernment  hes  adopted  severa l
po l i cy / rnea6ures  fo r  hab i ta t  p ro tec t ion ,  s top  o f  hun t  and

an ima l  t rade  o f  endangered  spec ies ,  i nc lud ing  c rocod i les ,



Bo th  spec les  o f  c rocod l  l e  i t t  v i e tnam a re  en l  i s t ed  i n

the  "Red  Da ta  Book  o f  V le tnam ' r  i n  h i ahes t  ca teSo ry  -  "E " ,

"Endangerqd"  fo t  u rgen t  conse rva t l on  measures .

A  | | e twork  o f  87  na t i ona l  pa rks  and  no tu {e  rese rves  has

bee f l  gaze t t ed  by  v l e tnam '€  Gove rnmen t  i n  1986  f o r  na tu te

conse rve t l on .  O f  t hem 3  rese rves  i s  l nhab i t ed  by  c rocod i l e

popu  I  a t  l on  s  t
-  Nan  Ba l  ca t  T i en  Na t i ona l  Pa rk  ( 36  000  ha )  i n  Dong  Na i

p rov ince .  Coo id i na tes i  l l o25N '  107o26 '8 .  The  ps rk  has  a  a l r ampy

a rea ,  whe re  t he  c focod i  l es  concen t t a te  i n  h iSh  dens i t y '  so

tha t  i t  l s  named  "Bau  sau " - " c rocod i l e  swamp" .

-  suo i  T ra l  Na tu re  Rese rse  (80  ha )  i n  Tay  son  d l s t r i c t  '

Phu  Khanh  p rov ince .  Coo rd ino tes :  13020N '  1066458 .  The re  i 3  so

' I aned  "Dam sau " - " c rocod i l e  L&ke " -  v l t h  h iSh  dens l t y  o f  c rocod i l e

i n  t he  Rese rve .
-  Lac  Lake  (540  ha )  i n

150  25N ,  1080  I 1E .

Due  to  many  reaaon .a  the  manaSemen t  o f  t hese  reseves  i g

no t  s t r i c t  enough  and  ' c rocod i l es  a re  s t l l l  pooched

occaa iona l  lY .

There  a re  aeve ra l  c rocod i  l e  f a rms  in  v le tnd tn  (  The

v ie tnsm-cuba  F r ie f l dsh lp  c rocod i l e  f a rm,  Thanh  Lo i  c rocod i l e

fa rm,  Ankhsnh  Crocod l l e  f a rm '  Hano i  Zoo ,  sa iSon  zoo '  cen t re

fo r  Fo rea t r y  sc i ence  App l l ca t i on ,  e t c . . ) '  bu t  mos t l y  f o r '

economica l  pu rposes  and  zoos t  no t  f o r  conseava t i on ,  p rope r l y .

Be fo re  1960 ,  Hano i  Zoo  kep t  i i one  i nd i v l dus l s  o f  c rocod i l e

p rov lded  by  ch ina '  wh i ch  l i ved  f o r  10  yea rs  i n  t he  zoo .

I n  cc tobe r  1985 ,  a  g roup  o f  100  c rocod i l es  ( c . ocody lus

rhonb l fe r )  r vas  i opo r ted  f rom cuba .  These  caocod i l es  h&ve  been

d i s t r i bu ted  t o  seve ra l  p rov inces  f o r  cap t l ve  b reed inS :  5  i n

Hano i  Zoo , l 0  l n  sa iSo ' |  Zoo '  o the l s  i n  Danang '  Nha  T ran8  and

M inh  t t a i .  o f  t hem,  a t  p resen t  on l y  27  i nd i v i dua l  s  s t  i  I  I

su r v i ve  (  nsno i  Zoo r  I  r  Sa iSon  Zoo :  4 ,  v l e tnan -Cuba

Fr l endsh ip  C rocod i  l e  Fa rm  !  l 0  and  Cea t re  f o r  Fo res t r y

sc l ence  App l  l ca t l on :  12 ) ,  o the rs  d l ed  o r  have  been  so ld  t o

p r i va te  f 6 rms ,  Some  f& rns  (  Hano i  zoo ,  Sa iSon  Zoo ,  e t c . . ' )

have  been  success fu l  i r l  b reed lng  c tocod l  l es .  sa iSon  zoo ,

f o r  e ranp le  go t  t he  f i r s t  r esu l t  o f  c rocod i  l e  b reed ing  i n

cap t  i v i  t y  i n  Ju l y  1989 ,  and  p resen t  pe rcen ta8e  o f  ha t ch ing  l s

Dac  Lac  p tov i nce .  Coo rd ina te :



80 -90%.  E€pec ia l l y ,  t he  zoo .  has  been  success fu l  i n

hyb r i d i za t i on  o f  2  spec ies '  c .  6 i amens i s  ( f ema le )  and  c .

po rosus  (ma le ) .  The i r  hyb r i d  has  g i ven  20  e88s '  l ?  o f  wh i ch

ha tched  success fu l  l y .  Bu t  '  l n  Sene ra l ,  c rocod i  l e  f a rm ing  i n

v i e toan  l s  no t  deve loped  dnd  t he  ach ieved  resu l t s  a re  ve ry

I  i n i t ed .  The  ms in  reasons  &ae  sho r tage  o f  kno l v legde  on

techn iques  o f  husbanda ry  and  l im i t a t i on  o f  f und .

IV. CONCLUSION AND PROPOSALS

In  v i e tnam,  bo th  spec ies  o f  c rocod i  l e  su i v i ve  i n  ve ry

smd l l  number  and  f ace  w i t h  t h rea t s  o f  ex t i nc t l on  i n  nea r

fu tu re .  seve ra l  conse rva t i on  measu res  have  been  conduc ted  bu t

no t  e f f ec t l ve l y  enouSh .  As  t he  reau l t '  c rocod i l e  hab i t a t s  a re

be ing  des t royed  and  d i s t u rbed '  hun t l ng  p ressu re  i s  s t i l l

cons ide rab le .

Meanwh i l e , ve ry  l i t t l e  i s  known  dbou t  t he  na tu ra l  h i s t o r y

o f  t he  c rocod i  l es  snd  s tudy  on  c rocod l  l es  i n  v l e tndn  i s  ve ry

unsu f f  i c  i eD t .

A l l  t hese  nake  t he  conse rva t i on  o f  c rocod i l es  i n

v i e tnem a  ve ry  u rgen t  a r l d  d l f f i cu l t  p rob lem.  I n  o rde r  t o

ensu re  su rv i va l  o f  t he  l as t  r ena lned  popu la t i ons  o f

c rocod i l es  i n  v i e tnam,  res to re  t hen  i n  f u tu re  an  ac t i on  p l an

fo r  conse rva t i on  o f  c rocod i l es  i n  v i e tna tn  shou ld  be  deve loped

and  imp lemen ted  as  soon  as  poss ib l e .  The  f o l  l ow ing  ac t l v i t i e s

shou ld  be  i nc l uded  i n  t he  ac t i on  p l an :

-  To  s t r eng then  t he  e f f ec t i veness  o f  ex tao t  po l i c y  and

n teasu res  o f  c rocod l  l e  conse rva t i on ,  ava re  peop le  o f  t he

gove rnmen t  po l i c y  and  regu la t i ons  f o r  c rocod i  l e  conse rva t i on

and  i n te res t  o f  c rocod i l e  conse rv6 t i on  by  rad io  b roadcas t i ng

and  Tv  p rog rammes ,  v i deo ,  poa te r s  e t c . . .
-  To  conduc t  f i e  l dsu rveys  t o  de te rm ine  exac t  s t a tus  and

d i s t r l bu t i on  o f  c rocod i l es  i n  t he  w i l d  t o  e l abo ra te  re l evan t

recommemde t i ons  f o r  t he i r  nandSemen t  &nd  conse rva t i on .
-  To  ca i r y  ou t  c rocod i l e  f a rm inS  p ro j ec t  f o r

conse rva t i on  (no t  f o r  economica l  )  pu rposes ,  t o  ensu re  t he i r

su rv i vs l ,  l n c rease  t he l r  nunbe r ,  and  s tudy  t he i r  b i o l ogy  and

eco loSy

c rocod i

f o  t r a i n  v i e tnamese  o f f i ce r s  on

Ie  managenen t  and  b reed ing .

t  echn  i ques  o f
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CROCODILE GONSERVATION:

THE BENEFITS OF FARMING AND RANCHING

Graeme W. Davis, Cooservalion Cornni6sioo of dle NddEm Terrildy
P.O. Box 42042, Cesurila NT 08lf

Abstract

Crccodilos arc a comrercially valuable wild animal and of high cons€rvation inttrcst Bcing
both inher€ntly dangerous to man ard re4uiring conservation Pos€s unique probletns to
managonront authorities,

This paper outlincs thc hisrory of crocodilc cons€rvation and nanagerncnt, particularly in
resp€ct to thc Ndhem Territory, and explains the contribution ciocodile faming 8nd
ranching has and could continue !o make to conscrvation of Australian crocodiles.

The interdependence of oocodile farming, wildlife conscrvation, and lard managernent is
discussod and the pressuros likoly to come onto tho rclationship in ftc fuhlc.

It is concludcd that crocodile faming has rnadc a signilhant contsibution to crocodile
conservation. Thc continued economic justification for activo qocodilc consqvation prcgrams
howevcr is dep€ndent upor fostering the cxisting farming illdusty, ensuring that it nev€r
b€comcs completcly divorced ftom its foundations in utilisation of wild qocodilcs, and
promoting the less la[gible "clocodile economics" such aE lourism,
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INTRODUCTION

Two crocodilian specics are indigenous to Austali4 both confincd to the EoDics but with an
extensive distribution. The endemic Aust-alian Freshwater crocodtle Crocodylus johnstoni is
a medium sized animal restricted piimarily to freshwater habitats, has a timid nature, do€s not
attack p€ople, catde or horses and is not perceived as a danger to p€ople or pastoralists.

Its wild population is dificult to survey becausc of thc naturc of its habitat but is cstirnat d
to be 30,000 - 60,000 in the Northern Tenitory v/ith significant populatiors in eueensland
and Westem Australia. lakc Argyle in Western Australia alono contains over 25,000.
Freshwater crocodiles. (c.Webb 1989)

Because of its slow growth rate, smaller sizc and lower skin value due to the presence of
osteodems (bony plat€s in tlle scales of the b€lly skin), C. Jbftrutoli is com-e.cially les
valuable fian lllc classic crocodilians and is curendy not ocolomic to grow on fams purely
for its skin value.

The more well known sp€cies is the large and more aggressive Indo-pacific or Saltwater
crccodilc, Crocodylus poro6. The saltwat€r qocodile is thc largo$ of rhc living crocodilians
with a distribution ranging from India to the Solomon Islands. The coastal wetlands of the
Northern Terdtory tepresent th€ key habitat for the species in northem Australian and along
with Papua New Guinea and Indonesia (Irian Jaya) contain the rnajodty of th€ population with
a securc cons€ ation status.

The saltie has a fierc€ disposition and rcputation as a nun-€at€r. It has a numb€r of other
f€atues which make them difficult to falm - it is very tenilorial and plore to hghting when
penned in high densities; it is difficult and expensive to colloct thefu eggs; they nest in
isolation over a prolonged p€riod; have a high egg mortality in th€ wild; ard hatchlings arc
diffrcult to get feeding widr food preferenccs that vary between clutches, Not what you would
consider to be thc ideal farm admal.

Howeye\ C. porosu.t has the most comnercially valuable hide of any qocodilian, It is used
to nake high quality fashion goods for rhe Europeal and Japanes€ marketj.
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CROCODILE MANAGEMENT

Hunting

Both the Freshwater and Saltwatel qocodilo were hunted commercially in noflhem Australia
before protection in abo\t 1964 for C. iohnstani ud l9'l for C. porosuJ. (Each of the States
protected tho sp€cies at different tinEs,) At tlrc tine of Protcction both speci€s had b€come
rare due almost eotirely to huntinS in the Northern T€ritory and Westem Austalia' and io
hunting and habitat nodification and human population pressues in North Queensland.

hot€ction alld the irnplem€ntation of survey and managemelt programs betwe€n 1975 - 1987
produced dramatic improvernents in the conservation status of both species in th€ North€rn
Territory. hote{tion in Western Australia and Queensland but th€ abs€nc€ of any active
follow up aoN€rvation manaS€rnent prognm result€d in lcss spectacular but nevertheless
positive improvements in the cons€rvation status of both species.

It was evident to the Northcm Territory in tho late 1970's that Prct€€tion of crocodilcs alono
was not going to s€cure the long-tem consorvatiol of drc species' particularly the dangerous
saltwatq crocodile. While crocodile Populations werc low following protection, people wcrc
happy to conserve crocodiles as intrusion of the species into human activities was low.

However, it was forcs€en that once saltwater crocodile populations increased significandy
large atrd poientially dangerous crocodiles b€gan moving hto marginal habitat Feviously
thought safe for swimming and oth€r rtater based recreation and there was to be mol€

fre{uent contact between people and ciocodiles, paniculady in r€creational and pastonl

activities, human toleralce and acceptance of ciocodilc conservation would wane.

The Northom Territory embarkcd upor a program which would hop€fully provide additional
public and political support fo. crocodile conseryation once these dangerous aninals began
app€aring in Northem Austalians' every day livcs'

This Fogram simply lvas to not only espouse the conservation value but provide atl cconomic
valuJ on crocodile populations !o as many Pcoplc of tho Northcm Todlory as possiblc. It is

a program aimcd at placing all cconomic valuc on wild qocodile' using qocodile fams as

a nucleus and designed ultimalcly to makc crocodiles an €conomic ass€t for rhc peoplc of lhc
Northem Territory generally, and to the orrners of land in particular.
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Management Prograns

Following the easing of National and International cotrtsols ovcl the trade in Austalian
crocodile skins in 1986 (a story in itscl! a conseryation prcgam was Feparrd for thc
North€rn Territory based otr exbnsive rcs€arch and surveys conducted over the prwious ten
years which dctgrmined an allowable harvest of thc various siz€ classcs of each species.
Pemits were issued initially for three farms in the Northem Territory based solely on the wild
harvest Today there are six falms in thc Northem Tenitory, four totaly dep€nd€llt and two
substantially dependent upon a wild harvest for their viability.

Figure 1: Eslinated Captiye Fopulation ofC.por?rr.r tnd C.jotrsroru orr Australian
Cro(trdil€ Frrrns - December 1993

No Farrl|s C.porosas C, johnsbni

Northern T€ritory 6 20,000 15,000

Queensland 6 18,2m 2,000

Westem Australia 3 2,000 2,ffi

All crocodile farms in rhe Northem Territory are actually rmches, using wild stock. Th€ six
farms in Queensland and three in Westem Austalia are essentially clos€d cycle systems, not
being able to use wild-harvested stocL Howovor, with thc rccent apFoval by thc
Cornrnonwealth of dle Western Australia qocodil€ manag€ment program fanns in that sa@
lYill becom€ lanch€s.

Crocodile farming and nnching is now a small but high profile industsy which contsibutes
to thc Northem T€rritory oconomy in particular directly through the salc of world class skins
to the export ma*et ard rneat and other products to th€ dornestic markeL Thc value of the
caocodilc irdusry bas€d on falm gatr yaluos has grown to an cstimat€d $2.75 million per
amum. Toudsm associated with crocodile farms is wolh an estimated additional $2.5 million
per annum. (Onions, 1991).

While th€ dircct economic benefrts of crocodile famB are calculablc. th€ indircct b€nefits of
crocodilc cons€rvation arc lcss quantifiable but neverthelcss signifrcant The presencc of
qocodil€s ill wetlards of the Top End is very much part of dre "north€rn advetrture" and a
major rErketing tool bringing in millions of dolla$ for thc local tourist itrdustry.

The qocodile has be€n nis€d io dle status of an icon in northom Australia. The eas€ with
which visimrs can view crocodiles in the wild, particularly in the Northem Teriiory, is of
enormous toudst valuc. Therc are sev€nl multi-million dollar toudst opqations which can
attsibute thefu viability to thc qocodilc, and nunrrous vnallcr oyrcrations which specialisc in
boat tous highlighting qocodile viewing. Although therc is d€epening conc€m in northern
Australia ovcl thc increiring sahwaEr crocodilc populations (aurcndy inqoasing at 45% pcr
annum) rhis has been tempq€d by the value of the speci€s to the tourisnFbased economy.
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The conservation and economic status of bth spccics has now been established ard it is tilnc
to re-enforce and maximise both, Saltwater crocodile populations are currendy estirnated at
65,m0 in the Nonhem Terdlory up ftom 110,000 in 1970 and lvell towads the historical
estimate of around 100,000. Our knowledge of crocodile populations and conservative
harvesting in the past tell years should no$, allow us to capitalise on more int€nsivc harvests
aimod ultimat€ly at population control, Morc intensive harvests n|e3ns morc animals availablc
to existing or new farms and a greater financial return to th€ owners of land from which
q@odiles arc rcmovod,

Past management has conc€ntrat€d on establishing a viablo unching itdustry from which
belelis would ultimately flow to the landowners who aft€r all wer€ being ask€d to continu€
cons€rvhg crocodil€s in the face of incrcasing stock loss€s and incrcasing dangcrs to pastonl
aotivities. At prese 20-50% of the cost to a farrn of a saltwater qocodil€ hatchling obtsined
ftom the wild is payment to lhe landowrcr.

Expansion of the harvest away ftom sol€ly egglhatchlhg collection to othel size class€s in
thc futuc, and oxpansion of curcnt harvests into new aroas, will providc incacas€d bcncfits
to laodowners, particularly aboriginal.

Bcing the largest singlo ol'n€l of p.irp crocodile habitat in Northem Australia, Abodginal
communities stald to derive economic benefit ftonl and aro in a position to contribut€ to'
qocodile consqvation. Howevcr, b€€auso fanns rcquire signifrcant inputs of capital and food'
neither of which are generally availabl€ in rernote communities, the potential for communities
to develop full scale comrnercial fams must b€ tcated with caution.

Two crocodile farms in Queenslard and one in the North€rn Terdtory are curendy owned
by Aboriginal people and employ Aboriginal staff. For & varicty of t€asons including thc
availability of food, t€chnical skills, s€rvic€s and because of the logistic Foblems caus€d by
remot€ncss, conventional crocodile farming may have limitcd application in Abodginal lands
generally. However there are various avenues through which Aboriginal p€ople can gain

Iinancially from thc sustainabl€ use of crocodiles (w€bb 192) such as cgg collcction,
harvesting on behalf of farms and tourism. Such enterpriscs are consistent with drc cone€pt
of Aboriginal peoplc s€eking financial ind€pcndcnco but nrainlaining links with thc latd and
its wildtif€. As managers of habirat rhey have dle ability to conbd supply to falms and to
command fair orices.
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Th€ Future?

The marriage between crocodile conservation ard oocodile farming and ranching is dep€ndent
upon many factors which will require judicious nunagenEnt.

If wild crocodiles ar€ to b€ worft money to thc landowner therc must b€ a market, For there
to be a market drero ne€ds to be viable farms to raise, grow, and process anifials to th€
standard demanded by the skin and r€at tade. In ft€ end the value of the product !o the
consumer must be maintained and imgoved.

Farming and ranching is a kcy component of the conservation strategy for qocodiles. Wiftout
the financial incentive for prima4, producers to be involved there will be no economic retum
to landowners, there will be no fioancial incentiv€ to rnanage land which optimis€s a retum
from crocodiles, there will be no financial retum to the economy. The benefits to peoplc of
having to 'live' with a dangerous animal will be far less tangible, and political and
community pressures for 'culling' lvill becorne difficult to tesisr

The continuing increase in numb€$ of crocodiles and the range of siles they occupy risks
alienating a public that is, in general, sympathetic to crocodile conservation and rematkably
tolerant of the constrahts plac€d on access to waterways.

In order to deal wittr growing public concern and associated pressues for more active
management it is desirablc that a greater range of managenrnt options bc incorpont€d in new
programs to enhance the comp€nsating public benefit from the presence of crocodiles,
including a gieatcr retum to landholders from harv€st programs,

Crocodile farning and ranching, the major payer to landos,ners for stock, is intcgal to the
continued conssvation of crocodilians.

However, thc long t€rm economic viability of qocodile farms must surely lic in intensive
nising and captive breeding, as has been the casc for nearly every oth€I production anirnal,
mther than in the harv€sting of wild stock. Emphasis on captivo bro€ding will bc countcr
productiv€ to th€ sustainable utilisation of wild crocodil€s.

With thc development of a production falm crocodile there will be no need for fanns to pay
landowners for stock lando\r,ners will as a cons€quence have a much rcduced inc€ntive !o
protect habitat supportin8 wi-ld populations b€cause of reduced retums,

Thc challenge for wildtfe managing aulhoritios is to provide for a healthy viablc crocodilc
faming industry but at the sanr€ tiln€ ensure th€ industry does not forget its roots in access
to the wild resourcc and sorn€how continues to pay a dividend to that resource.
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ABSTRACT. Although ' ,ranchingn of crocodil ians has become the

preferred rnethod of sustained uti . l ization, in some cases there is

a role for cfosed systen farming prograns. Sorne 25,000 crocodil ian

skins were produced in t-990 by captive breeding; hori.ever, hany

attempts at captive breeding neet with t inited success. fhis paper

exanines the history of early crocodif ian farn prograns and

outl ines the present status of crocodil ian breeding programs.

current areas of active research and problerns requir ing further

study to improve and better understand the complex physiological

scj"ence of captive crocodif ian breeding are also discussed.

Introduction

Afthough the f irst al l igator farm in the United States vras

established in l-891 in Jacksonvil le, Florida (Joanen and McNease

1982), i t  was not unti l  1964 that extensive lesearch was init iated

in Louisiana by the Departrnent of Wildl i fe and Fisheries on the

ecology, reproductive biology, and captive propagation of Al l iqator

n l ss l ss lpp ] -ens  1s . This progran included the design of an

experinentaf al- l j .gator farh at Rockefel ler Wildl i fe Refuge that led

to the developnent of Inethods for art i f icial incubation of

al l igator eggs, heated control led chanbers for the culture of

juvenile al l- j .gators, and breeding pens for aduft alf igators (Joanen

and  l v1cNease  L9 '7 I ,  L974 ,  L975 t  ) . 9 ' 76  t  L9 '79 ,  J ,9a7 ) .

A rarealth of data was obtained over the next thirty years at

Rockefel l-er, support ing the concept of al l igator culture as a

viable conservation strategy and a sound econonic venture. Today

there are over 1.00 established aff igator farms/ranches in Louisiana



hous ing  we l l .  ove r  250 ,0OO a l l i ga to rs ,  and  the  feas ib i l i t y  o f

raising crocodil ians in captivity for con|lnercial and conservation

purposes is well  docurnented (Joanen and McNease 1990, 1991, Webb

e t  a l .  1987 ,  Hu t ton  and  Webb  1992) .

similar early work by lesearchers exanined captive breeding

j-n other crocodil j .ans (Blake 1970, Blake and Loveridge 1975, Downes

l -973 ,  Poo ley  ) .97L ,  L973 ,  Yangprapako rn  e t  a l " .  1971 ) ,  and  n r i t h  t he

data accrued at Rockefel ler launched crocodil ian farming, ranching,

conservation, and nanagement proqrans worldwide lwebb et al. (eds.)

l-9871. There are presently at least 597 commercial fanlrs and

another 75 experinental or non-cohrnerciaf crocodif ian faci l i t ies

in sone 4'1 countries worldwide (Lu>amoore L992\ - These

farhs/ranches maintain an averaqe of 1,7oo crocodil ians eactr, for

a  to ta l  s tock  o f  ove r  1 .1  h i f l - i on .

The purpose of this pape! is to etanine the captive breedj-ng

aspect of crocodiLian farmj-ng. the early developmental history

wil l  be reviewed, fol lowed by current status of captive breeding

of the nost important cornmercial specj.es. Lastfy, areas of active

research and problens requir j .ng further detaiLed study wil l  be

exarnined.

Farninq, Ranchincr. and Conservation

Recent studies have dehonstrated that crocodil ian ranching

(rather than closed systetn farning) is the preferred forn of

sustained uti l ization (Hutton and webb 1992) . Ranching is

generally nore econohically advantageous than closed breeding

systems, which can be costly and l-abor-intensive to init iate, and



frequently rneet vith l irnited success for the first several years,

Ranching also visely uses crocodil ian eggs/hatchlings i{hich

otherwise would be lost to a very high natural nortality. Ranching

prograns often require release of sone percentage of Iarger

juvenile nhead-startn crocodil ians back to the habitat frorn which

the eggs/hatchlings lrere obtained, usually at a size large enough

to l init natural nortality. closed systern faming has adult

breeders and obtain all stock in hatchlings frorn captive laid eggs.

I.lany of lhe Louisi.ana ,rfannsfl cornbine ranching with closed system

farning, though the najority rely strictl.y on ranching. Honever,

not all crocodj-l lan species exist i.n large enough nulnbers to

support as extensive a ranching progran as is present in Louisiana.

Captive breeding is usefult hovever, in several situations.

In sone speciesr t i ld populations nay not be large enough to

support a ranching prograrn, and uild egg collection hay be

prohibited or severel.y l inited. In some instances, where wild

populations are very 1olr, captive breeding night be considered as

a nethod to obtain juveniles for restocking to replenish the iri ld

population. In some locat.ions, habitat. for crocodil ians has been

depleted by human factors and captive breeding nay again provide

juveniles for reintroduction in sirnilar suitable habitats. Caution

nust be taken; however, not to regard captive breeding as a panacea

for the conselvation of rri l-d crocodifian species and their habitat

(Hut ton  and Webb 1992) .

In L99O, about 153 of skins produced lrorldlride rrere fron

captive breeding, however approxinately 25* of aninals currently



rnaintained on farns are derived. from captive breeding, and should

contribute nore to the skin industry over the next few years

(Luxnoore 1992). Although nost classj-c skins (A11ioator, g.

ni lot icus, g. novaeduineae) are produced by ranching rather than

captive breeding, a sighificant portion of the glgggqgtUg p9E9S.U-C

skins are produced through captive breeding; and sone rare species

(c. rhonbj-fer and g. siarnensis) are alnost exclusively produced

through captive breeding ( Lu)q0oore 1992).

RockefelLer Refuqe's f irst experinental al l ioator fann

A thorough revielr of sohe fj-fteen years of research on captive

propagation of the American al l- igator done at the Rockefetler

Refuge was recently published (Joanen and UcNease 1987) . I t  shoutd

be stressed that a strong j.nterest in the breeding physiology ot

viLd al l igators led to the study of al l i .gators in captivity in

order to cl.oseLy observe al l igator courtship, breeding, nestj-ng,

Iife higtory, etc. vrhich would be nore difficult to document in the

field. The discovery that al l igators lrould breed in captivity

Later led to research as to the econonic feasibi l i ty of cornmercial

raising of al l , igators. In the early years of our prograh,

stringent l-egislation and concern over the nthreatenedtr

classif ication of al l . igators prohibited the col. lection of wild

eggs/hatchl-ings for ranching except for very fimited experj-mental

:col lections on state-owned lands on which no wild harvest occurred.

Thus captive breedj-ng (rather than ranching) was the oni.y source

of stock for al l igator farning tr ials init ial ly availabl.e. A brief

sunDary of the captive breeding aspect of this research is



presented belolr.

The f irst studies (1964-19'7Ll involved the housing

requirenents of n' i ld adul-t al l igators brought j .nto captivity for

breeding purposes. However, excessj.ve f ighting and terri . torial i ty

in conmunal pens lras detrirnental and led to deaths of several

aLlj-gators (Joanen and l4cNease 1971) , Data f lom these studies

indicated that wild caught aninals maintained in single pairs had

less terri torial i ty and nested with some degree of success. The

clutch size and hatch rates fron 5 pairs of alt igators i^ L/4 acre

pens rrrere conparable to the vi ld, but 2 fehales nested only once

i-n the f ive year study and one did not nest unti l" the third year,

It  was feft that a higher level of productivity v/ould be

needed for a connercial farm operation, as separate pens for each

pair of rr i ld caught aLlj-gators r i /as cost-prohibj.t j .ve. This Led to

the raising of al- l igators entirely in captivity to be used as

breeders. Al l igiators rere reared from hatching untif  4r-5' long

(approxinately 3 years), then lrere stocked into breeder pens.

These anirnals r{ere rnore docife and had less social cornpetit ion

bet\iaeen doninant anirnals.

The resul-ts of telenetry studies with lr i ld adutts (Joanen and

McNease 1970, )-9'72) were used to identify basic habitat needs when

constructj .ng pens to house adult al l igators. These studies

indicated that deep open lJater areas (such as bayous, canals, Large

lakes) vere needed for courtship and copulation; and stnalf potholes

and ponds in heavily vegetaled areas vere needed for use as nesting

sites. These habj.tat types were Later incorporated into pen



designs (Joanen and ttcNease L987,). Reproduction of a farge group

of al l igators cultured since 1972 has non been achieved, and their

reproductive hj-stories have been careful ly doclrhented.

Inportant airns of the early studies were to investigate the

naximun stocking densit ies vhich pen-reared al l igators could

tolerate in captivity, given t 'he provision of suitable habitat

requirernents for each sex. Various stockj-ng densit ies, rnale: female

ratios, and land:water ratio/pen design, and diets were studied.

Pen design refinenents developed over the years lrere

incorporated into the constructj .on of four breeding pens in 1975;

a l l  ue re  abou t  0 .8  ha  (2  ac res ) .  The  pen  des ign ,  d inens ions ,

fencinq, vegetation, maintenance and husbandry have been described

in detai l  (Joanen and McNease 1987) .

The nethod of feeding has been described previously (Joanen

and McNease 1971, It lcNease ;nd. Joanen t9B7). Several feeding sites

were established in each pen to help disperse the aLtigators,

usually situated near a basking area or a path adjaqent to the

waterrs edge. Feeding began in March or ApriL of each year and

terninated in Septenber or october; al l igators are not fed during

late fal l  and \r inter, when arnbient tenperatures are too low. A

feeding rate of 63 body weight per week was adhered to during the

spring and sunmer, when most food vas consull ied.

T\ro diets irere init iaf ly tested on the pended breeders; whole

fish (Micropoqon undulatus) and nutria (Mvocastor covpus)

carcasses. Also, two pens vere heavily stocked, and two pens were

stocked at a l"ov density. one high and one lov density pen wele



fed f ish, and the other t lro pens nutria. A vitanin premj.x was

added to the diet of al l  al l igators at a naxinun rate of 1? by

weight. The specif ications of the prenix (nanufactured by Dalre

Laboratories Ltd., Chicago Heights. I l l inois 5O411, USA) have been

published previously (Joanen and McNease 1987).

Earlv results - captive breedinq on Rockefel ler Refuqers

exDerinental al l idator farrn Drodran ( l9'72-79a4\ .

Age at f irst nesting for captive all igators, housed and reared

in controlled environnental chanbers for the first three years of

l ife. then placed in outside pens, lras five years 10 honths. Aqe

of sexual lraturity reported for Louisiana all igators held in seni-

natural outside pens was nine years and 10 nonths (!. lcl lhenny 1935,

Joanen and UcNease L975 ) .

Nestinq rates for captive all igators fed nutria (Pen 6; Iow

density) vere consistentLy higher than for those fed fish (Pen 5;

lol^' density). Duri.ng a four year period, when the all igators lrere

seven to 10 years of age, an average of 62.88 of nutria fed anj-nals

nested annually, nhereas the equivaLent rate for those fed fish vas

26.8*. The l-ov nesting rate in Pen 5 (fish) increased abruptly to

56t rrhen the diet lras svitched to nutria in the spring of l-982 and

this change h'as naintained the following year (57?) (Joanen and

UcNease L987 ) .

Independent of diet, nests frorn fj-rst t ine nesters had an

average clutch size of 25 eggs. Joanen (1.969) reported an average

clutch size of 38.8 eggs for lr i ld nests in southwestern Louisiana,

and penned all igators approached this tevel in their thj.rd or



fourth year of reproduction (Figure 1).

All igators fed a nutria dj.et consistently had higher fert i l i ty

rates than those fed f ish but both groups had lowe! fert i l i ty and

hatch rates than recorded for the wild populations. lnit ial ly the

hatchi-ng rate of eggs froh captive al l j-gators fed nutria remained

slightly above the value detemined for vi ld eggs left in the f ield

to incubate, but r,ras weII below the 91a achieved with eggs

colfected fron the lr i ld and incubated in control led incubator

cha[bers. Egqs from captive al l igators fed f ish denonstrated very

Iorr hatching rates, averaging 27.42 over f ive years. This problen

lr i t l  be discussed in detai l  l-ater in this paper in the

diet/nutri t ion section. when the captive breeders \{ere about l0

years of aqe (1983) reproductive success ras quite good, wiih sone

pens havj.nq sone 80-853 nestj.ng rates (Figure 2), 852 fert i l i ty

(F igu re  3 ) ,  and  60 -659  ha tch  ra tes  (F igu re  4 ) .

Higher stocking densj.t ies on both diets led to higher plasna

cort icosterone (stress honnone) levels in captive adult al l j .gators;

and correlated ia' i th ]over nesting success than in al l igators

naintained at 1ow stocking densit ies (Elsey, et al. 1990)

Recent results - captive breedinq on Rockefelfer Refude's

experirnental al l iqator farrninq pens (1985-19921

More recently, as the al l igators in our captive breeding stock

have aged, reproductive success has declined drauatical ly.

Although clutclt  sizes in captive animals have renained fair ly high

(30 -45 )  (F igu re  1 ) ,  t he  nes t i ng  ra tes  (F igu re  2 ) ,  egg  fe r t i l j . t y

(Figure 3 ) and hatch rates (Figure 4 ) have al l  dropped



dranatical ly. Srorn 1987 to 1988, hatch rates dropped fron 34.34

to  6 .8U  in  Pen  5 ,  f ro r f l  32 .6  to  25 .84  i n  Pen  6 ,  and  f ro tn  25 .a2  to

9 .8?  i n  Pen  8 .  Ha tch  ra tes  ranged  f ron  45 .3 -48 .93  fo r  t hese  pens

in  1986  and  f rom 38 .3? -65 .39  i n  1985 .  I n  1989 ,  no  eggs  ha tched

from those nests produced in Pens 5 and 7, and onl-y 13.53 hatched

in Pen 6. The great najority of eggs incubated that appeared

fert i le died in lreeks 1-3 of incubation. Nuherous eggs were also

nisshapen, poorly calcif ied/soft-shelLed, crushed, or infert j . l-e.

since 1983. al l  pen al l igators lrere fed a nutria diet with

supplenent vitadins and since 1990, a nl ixture of half nutr ia and

half connercial dry pellet ized rations was fed to breeder

all  igators.

An extensive set of research projects vas then init i ; ted to

attempt to solve the problen of poor egg hatchabil i ty; as we are

encouraged by the fact that good nesting atternpts are nade in afl

pens and cfutch sizes rernain normal. Also, the nesting rates

(percent fenales in a pen that construct a nest) nay be skewed to

the low side in recent years in pens 5-7, as the rrproven nestersrl

have frequentfy been caught and relocated to new pens to ewaluate

different stocking densit ies, Inale: fernale ratios, and pen designs.

Lou is iana '  s ta tew ide  fa rn  b reed inq  resu l t s .  1992

There are currently 1.22 l j-censed farms/ranches in touisiana

with a total inventory of approxi lrately 288,0oo al l igators.

Thirty-three fartns have captive breeding stocki although only 19

farns have alf igators ol.d/targe enough !o be considered capable of

breeding (Tabl-e L).



I n  1992 ,  some 4 l -8  nes ts  were  cons t ruc ted ,  and  4 ,389  ha tch l . i ngs

were  p roduced  (10 .5  pe r  nes t ) .  Th i s  i s  a  down ! , / a rd  t rend  f rom t990 ,

where in  7 ,607  ha tch l i ngs  were  de r i ved  f ron  482  nes ts  (15 ,8  pe r

nes t ) .  The  ave rage  nes t i ng  ra te  was  30 .9? ,  l r i t h  a  42 .42  ha tch

rate. OnLy 3.2 hatchlings were produced per aduft fernale al l igator

haintained (breeders plus non-breeders) .

I t  renains unclear i f  breeding results on Louisiana fanns lr i l l

improve over the next few years. Certainly nore hatchlings wil l

be produced as the inmature brood stock becornes sexually mature;

hovever, there appears to be a declj .ne in reproductive effort over

t ime as Dature breeders age.

capti"ve breedinq in other southeastern states

F to r i da .  I n  1991 ,  some 58  l i censed  aL l j . ga to r  f anns  i I |F lo r i da

p roduced  21 ,645  ha tch l i ngs  (4 .29  pe r  adu l t  f ena le ) ,  s l i gh t l y

iDcreased fron 4.15 hatchlings per aduLt fenale in 1990 (D. David,

pe rs .  conn . ) .  F ron  1984-1990 ,  t he  ave rage  ha tch  ra te  on  a l l

F lo r i da  fann  eggs  was  35?  ( ca rde i l hac  1990) .  ca rde i fhac  (1988)

suggested that farrners nust naintain an annual hatch rate of 7

hatchl ings/ fernal e to be successful.

ceordia. Although only a felr al l igator farms exist ln

ceorgia, captive breeding has been undertaken on the najority of

these farms. Four operations produced 341 hatchlings in 1989, and

661 hatchlings vere produced frorn 5 of the 6l icensed farms in l99o

(  Lux rnoo re  1992) .

Texas. Sone 42 al l igator farns are operating in Texas, but

rnost are new and have very l- inited stock/commercial activit ies at

l .



present (Luxnoore L992, B. Brovtnlee, pers. collm.). The najority

are obtaining stock by ranching; but four fams had captive in

Ig92i 992 egqs were colfected fron 28 nests, and 452 hatchlings

produced (B. Brownlee, pers. conm.).

uississippi. Five atl igator farms are Presently l icensed in

t{ississippi, of which tvo have recently constructed breeder pens.

At this tine the brood stock are all inmature (J. Ll-pe, pers.

colutr. ) .

Captive Breedino - other crocodi-l ians worldl{ide

Despite extensive research, captive breeding of crocodil ians

sti lL is poorly understoodt and nost iruportantly si 'gnificant

differences betveen species can nake conparisons of

breed j.nglculture regimes dj-ff icutt (Hutton and Webb 1992).- These

species-specific traits have been discussed previously (webb 1990,

Hutton and webb 1992) and lrill be briefly revi-ei,ted belolJ.

The social behavior of crocodil ian species varies greatly, and

has important inplications for nanagenent of breeding herds (tang

1987, Hutton and webb 1992). It is paranount to realize that

solitarv nesters (A. lnississ ippi.ens is , c. porosus) frequently breed

poorly in captivity; lrhereas eg@unal cavity/hole nesters (9.

nj-loticus) in general are nore successful with captive

reproduction.

ttost crocodil-ian brood stock perforrn better if raised entirely

in captivity rather than being captured frori the wild as adults for

brood stock (Joanen and UcNease 1971, l '987, Hutton and webb 1992).

In the Nil-e crocodile; holrever, thj.s is I 'ess of a problen (Itutton



and Webb 1992) . captive reared stock have been found to better

toLerate variabfe pen designs/housing conditions than their wild

counterparts brouqbt into captivity for breeding purposes, and wil l

breed at an earlier age than lri ld crocodil ians of the salne species

(Joanen and l4cNease 1987, Hutton and Webb L992) brought lnto

captivity. It would be of interest to docurnent the reproductive

success and age of f irst nestinq of sub-aduLts (4'-5') caught fron

tbe wild, then ioaj.ntained in captivity.

sone of the rnany variabLes that nake conparisons betQeen brood

stock producti-vity diff icuLt are: species differences, age, early

history, housing conditions, land/ltater ratios, diet, sex ratios,

husbandry practices, stocking rates/density (Joanen and McNease

1987, Hutton and webb L992). AIt these conpounding variaLles can

nake conparisons relating to one factor uncl'ear' An excellent

revies of the husbandry and rnanagenent of captive breeding herds

of sorne of the rnost conmercially inportant species was recently

published (Hutton and webb l-992) and is highlighted belov'

Nile Crocodile (crocodvlus nilotusl '  Ni'Ie crocodiles are

cornitunal nesters lahich can nest as early as 6 years if entirely

captive raised. Generally fernales should be housed lrith larger'

older males. Suitable raised banks should be avail.able for these

hole nesters. Most farns ernploy one of t! 'o breeding systems'

either a few fernaLes in a srnal' l  encl-osure with one male, or up to

3oo females wj.th as rnany as 60 r$a1es in a large (several hectare)

pen. Nile crocodil-es breed very l 'el l in captivity, nj 'th a high

percentage of females producing eggs for as long as 20 years



(Hutton and Webb t-992) . Marias and Snith (1992) report 42:" and 772

nesting rates on two large breeding units in 1989-9Oi i .r i th clutch

sizes of 43 and 52 !{ i th 7O-85t hatchabi.Lity. These were _Large

breeding pools containing 13o and t32 fehales, again a situation

that is possible due to the connunal. nesting habits of Nile

crocodiles. Hovever, not al. l .  corulunal nesters breed this well  in

captivityi a recent study found 35* infert i le eggs laid by captive

g. iohnstoni as conpared to a 3-6* infert i le rate for lr iLd eqqs

collected the sane year (Webb 1990).

Estuarine Crocodile (Crocodvlus porosus). These soli tarv

l lound nesters rnay reach sexual maturi-ty in 8 years. Crocodile

farns have naintained g. porosus in targe coln'InunaL pens (rouItipl.e

males and fenales); or in srnal- l  enclosures of 1-5 fenale; lr i th 1

hale. As has been seen in al l igators, with t irne and increastng age

of adults, nesting rates in conmunal pens generally decreases to

20-303, i{r i th poor egg quali ty ( sorne 3OZ viabfe, Webb 1990, Hutton

and Webb 1992). Even nore so than in afl igators, fenales and males

both f ight anongst thensel.ves, leading to adul.t  nortal i ty (Webb

1990). variable results are obtained iari th snall  breeding qroups

(1  na le :2  fena les ,  t  ha le :3  feha l -es ,  e t c . ) ;  and  s ing le  pa i r s  o f  1

nale and 1 fehale apparently nest nore successfulLy (Webb 1990) -

Connon caiman (Cairnan crocodilus) . Captive raised fenafe

cainan can becorne sexually mature at age 2.8 years, and are less

terri torial than al l igators and saltwater crocodiles, and

therefore can breed well in captivity (Hutton and Webb 1992). A

sex ratio of 2 fenales:1 l t lale has been reconmended, and suggested



enclosure designs previously described (Hutton and webb l '992) '

Nev Guinea crocodlle (crqcovfus novaequineae) '  The naiority

of the g. novaeguineae skins produced are obtained from ranching

and r,rild harvest; although linited captive breeding is underv/ay in

Singapore and other areas (Hol 'Lands 1987, Luxmoore 1992)'

with this background on captive breeding of crocodifes' \ ' ie nori

\rill address some nev areas of current research presently underway

at Rockefel ler Refuge. The areas we are attenpting to address are

hov to inprove the nesting/reproductive success of captive

crocodil ians, increase hatchabll i ty of crocodil ian eggs' and

nininize the high rates of early embryonic death l te frequently

incur.

social interactions/r 'stress".

As nentj-oned, agonist ic/aggressive behavior and disputes over

terri tory, nestj 'ng space, and dorninance hierarchies can hinder

successful reproduction, especi 'arry in al l igators and g' pqEg-gllg'

we have seen that acute restraint stress lr i l ' l  raise plasna stress

hornone ( cort j-costerone) Ievels in adult al l igators '  and

conconitantly depress the plasna sex steroids' estradiol and

testosterone (Lance and Efsey l-986, Elsey et al '  199I) '  other

stressors that have been shordn to adversely affect the norl lal

physiology of juvenile al l igators are cro\i 'ding (Elsey et al '  1990)

and exposure to salt water (Lauren L985) '  Overcrovdinq could Iead

to stress-related disease, and heavy leech infectj-on was snown to

be correlated lt i th a sixfold increase in eosinophil- ia in vJj ' l 'd

al l igators (Glassnan et al '  1979) '  crowding stless also nay affect



the ihrnune systen of the al l igator. Juvenile alf igators acutefy

stressed (restraint) had signif icant increases in leukocyte counts,

with an increase in the percent heterophils and a decrease J.n the

percent l ] ,hphocytes by 24 hours (Elsey unpublished). Sini larly,

stressors could adverseLy affect the imhune system functioning and

lead to disease and reproductive faiture in captive adult

crocodil ians.

Overcroudinq/stress.

Early research conducted at RockefelLer shot ed that al l igators

naintained at high stocking density had elevated plasrna

cort icosterone levels, and those vith lower stockj.ng density had

Lower stress hormone levels, and correlated rdith better

reproductive rates (Elsey et a1. 1990). This nay have been due to

a stress induced suppression of sex steroids by the elevated plasna

cort icosterone levels, as our acute stress experirnents suggested.

Thus, we constructed a Large breeding pen in L989, l_6_acre in

size, stocked lr j . th t6 fernaLes and 5 nales. This pen was nuctr

larger than our other pens of 2 acre size, and vas an attempt to

ninirnize any terri toriat disputes/ f ighting over nestinq space or
Itcrowding stressr. Unfortunately, an unusually hard vinter freeze

in Decenber 1989 ki l led L male and 6 fenales in this pen. Four

fenales nested in 1990, 6 in 1991, and 5 in 1992. Fert iLity !,ras

50.83 in 1991 and 42.1? hatched that year. Data are not available

for the fate of eggs produced in 1990 and 1992 as they r,rere shipped

elsewhere for laboratory evaluation. The nesting rates are not

drarnatical ly inprowed fron our other pens, despite the extra space



provided per fehale.

Recen t l y ,  i n  g .  po rosus ,  t gebb  (1990 ,  Hu t ton  and  Webb  1992)

has noted larger clutch sizes and higber egg viabil i ty in

trunit izedtr pens. These consist of a snalf pen rr ' i th 20-30 n2 water

and housing a single pair of crocodi. les ( l- nale, 1 fernale) .

Encouraged by the work done on g. porosus, nre constructed six

Isingle pair[ pens in June/July 1990 and stocked these with

all igators transferred froh our other breeding pens. Nesting rates

have ihproved in that four of the six fenal,es nested in 1991

hoveve r ,  f e r t i l i t y  was  on l y  35 .1?  and  ha tchab i l i t y  8 .74  i n  1991 .

A11 six nested in L992; but eggs in ].992 were sacrif iced for

biochenical analysis ( l ipids, fatty acids) thus r,.ere not incubated.

Three nests in 1992 had nornaL appearinq eqqs, 2 had 16-i1 soft-

shelled, non calcif ied /oviductal material type egqs, and one nest

contained only scanty oviductal naterial.  Research is currentty

undervay to try to understand why the fertility of our captive

breeder's eggs has declined recently, and !,rhy the hatchabj.I i ty of

these eggs once produced, is so 1ow.

Advancing age could explain sone of the reproductive faj- lure

seen in our breeder herds. Sihi larly, Cardeilhac (1990) reported

that 50* of 1.8 breeders necropsied at 26 years of age had oviducts

blocked by egg or fol l icle retention fron not being reabsorbed in

prior years. I t  is unknown holr long crocodil ians continue to nest

in $tj- ld populations.

Hornonal, Therapv



A sLuu t  1970  a t  Rocke feL le r  Re fuge  on  l he

effectiveness of injecting hunan chorionic gonadotrophin (HCG) on

female al l igators het nith l inited success. Six adult fenale

all igators were caught fron the wild, 3 lrere given 800 IU/lb. of

HCG and 3 lrere give 50 IU/Ib., and they vere then pfaced in

captivity. Only one fenale gj.ven the higher dose nested (Joanen

and McNease, unpublished progress report). Attenpts at art i f icial

inseloination were unsuccessfuL in l-970 and l97L (Joanen and ltcNease

unpublished repts, 1971 and 1972). Likewise, Cardeilhac et al.

(1981, 1-982) denonstrated that female al l igators are unusualLy

resistant to atternpts to induce ovuLation by horrnone injections

(HcG, progesterone, luteinizing hormone releasing honnone) and

insenination.

oxytocin was used to induce oviposit ion in captive !Eha!

crocodilus yg.g.afe at the Nelr York Zoological Park (Brazait is 1984).

several doses of one IU/1"00 g body weight l tas adrninistered

intramuscularly, and over several days 20 eggs uere expel-Ied.

tbree eggs were crushed/darnaged and thus not incubated, and 7 were

infert i le. Three enbryos died before 30 days of incubation, 5 died

late in i .ncubatj,on, and 2 viable rnale hatchlings were obtained

(Brazait is 1.984). oxytocin has also been shovn to induce

oviposit ion in a dystocic saltwater crocodile at a singfe lovrer

dose of approxirnatefy L IU/kg IM. (carmel 1991). Twelve of 2'7 eggs

obtained hatched successfulfy.

Mate al l iqators have been sho\^tn to respond to narnrnalian FSH

and cnRH with increased lestosterone secretj ,on (Lance and Vliet



1987 ,  Lance  e t  a l .  1985 ) .  A l so  yoh inb ine ,  an  a lpha -2 -ad renerg i c

blocker given to captive nale Nile crocodiles increased the

frequency of the headsl.ap display (a behavior seen in reproductive

activj-ty) but did not increase copulation frequency. However, the

ferDales in the nale treated groups had higher egg fert i l i ty (34.1

and 39.09 treated as compared to 30.54 in the controf group) , thus

there rnay have been rnore g.ueeeEEqq! (though no increase in

frequency) copulations (l . torpurgo et al,.  1992) . However, in general

nost researchers feel crocodif ian reproductive fai lure is due to

a fernale physj.ology problen rather than lrale steri l  i ty/abnorhal i ty,

although little is kno\tn about the quality of sernen or spernatozoa

viabif i ty in crocodi. l ians (Lance l9a7r. The reproductive

endocrinology of crocodif ians has been reviewed in detai i  (Lance

1987, 1989), and extensive blood serology work has delineated the

nornal annual reproductive trorhone cycles in al l igators (Lance

1987, 1,989). Some data is al-so available on the reproductive

ho rnones  o f  w i l d  g .  n j . l o t i cus  (Ko f ron  1990) .

Diet/Nutri t ion/Supplernents.

Diet plays an inportant roLe in the general heal ' th, and

lherefore contrj .butes to the reproductive capabil i ty of

crocodil ians. our early resufts in captive breeding groups clearLy

shol 'ed atl igators fed a red neat (nutria) diet had higher nesting,

fert i l i ty, and hatch rates than those fed f ish (Joanen and McNease

1987). Sone researchers have advocated a varied diet rather than

a nono-diet consist ing of a single food source. Hoviever, in c.

p9I9ES, single pairs fed only chicken produced very we1f, \ ' rhereas



multiple groups on a nono-diet .of chicken did poorly; and singte

pairs fed fish dj.d nell (Webb 1990). In those cases, the pen

design effect appears to override the dietary influence on

reProductive perfornance.

We have afso been concerned that our breeding herd, and other

crocodil-ians naintained in captivity may not be breeding lrelL due

to overfeedinq, lack of exercise, and resultant obesity. This

coul-d lead to poor nuscular condition and contribute to repti l ian

dystocias (crain and EvaDs l-984).

Previously, we fed our captive breeders 6A body weight per

rreek during the feeding season of spring/sunmer (Joanen and llcNease

1987) and have decreased this in recent years. Any benefits fron

this nay be offset by the advancing age of our breeders.

Fornulated crocodil ian feeds have recently been revieved;

(gtaton and Vernon 1991) thj.s paper again enphasj-zed the need for

further study of the nutritional/feeding requirenents of breeding

crocodil ians, although a vrealth of data has been pubLished on

feeding regines for juvenile crocodil lans.

We have advocated adding a vitarnin prenix at a rate of 1? by

weight to the dj-et of all all igators (Joanen and UcNease 1987).

To deten0ine if deficiencies of vitar0ins/trace elenents essential

for reproductj.on vere present in the captj.ve all igators fed fish

or nutria, an extensj.ve blood chenistry analysis uas done at

Rockefe f le r  in  19aO-1982 (Lance e t  a f .  L983) .  F ish  fed  aL l iga tors

had higher plasna seleniuh and lower vitarnin E levels than the

nutria fed or \ri ld females; (despite the addition of a vitanj.n E



containing prenix to each type diet) a'hich could have caused the

reproductive failure. As rnentioned, when the fish fed all igators

were changed to a nutria diet in 1983, their nesting success

increased (Joanen and llcNease 198?). Hovever, the fish itseff nay

not necessarily have been the problen, as fresh fish has been shown

to be a good source of Lonq chain (c2o and c22) fatty acids needed

for enbryo survival. However, flozen fish rnay not have been

protected against oxidation of the lonq chain PUFAS, as described

further beloir. Thiaminase activity has been heasured in nany

species of corNnon food fish (cooper and Jackson 1981), and thianin

is a necessary part of our vitanin premix.

flunt (1980) reported that two pairs of g. 4gEgIgEL at the

Atlanta zoo failed to produce viable eggs untit a diet of narine

fish lras stopped; also crocodil ians at the st. Louis zoo fed

nackerel devetoped severe vita4in E deficiency, with six dying fron

steatit is (wallach and Hessle 1958). Sone of these conditions nay

be lessened by feeding lElegh fish, rather than frozen, and

alefinj-tely not rancid fish vhich may have undergone oxidation

(Nob1e e t  a l  L993,  M.  S ta ton  pers .  comm).

Singh and sagar (1991-) shoved an improvenent j.n clutch size

( f tom 26-27 to  3 l - .? )  and ha tchab i l i t y  ( f ron  44-492 to  52 .94)  in

captive g. balustris given supplemental vj.tanin E orall-y, 400 mg

;daily for 10 consecuti.we days 3 nonths prior to nesting. Their

study involved 2 nales naintained rrith 4 fenaLes.

Due to the very poor hatchability of the eggs produced by our

captive all igator breeders in recent years, we have sent tnost egqs



available to laboratories for .biochemical analysis to test for

deficiencies/abnornali t ies that rnay be present in the

yolk/developing enbryo. Noble et al (1993, in press) found

extensive differences j.n the l ipid and fatey acid composit ion of

the yolks from eggs of captive vs. vi ld alt igators. The yolks for

the captive eggs contained consj.derably lover lewel-s of C2o and c22

polyunsaturated fatty acids (PUFA) and higher levels of C18 pUFAs

than the ! ' i ld. The C20 and C22 PUFAS play an irnportant role in

the enbryonic developrnent, particularly of the nervous systetn

(Noble et al 1993, Neurj-nger et al. 1988). These yotk fatty acid

composit ional differences nay be associated ri th the loir

hatchability and increased early ernbryonic deaths re have seen in

the eggs produced by our captive breeders (Nobfe et aI. 1993).

SiniLarly, Staton (unpub1. data) found signj.f icant differences in

the fatty acid composit ion of eggs and hatchlings frorn vi ld vs.

captive al l igator breeding populations. The essential- fatty acid

nonitoring in juvenile alLiqators vas recentLy evaluated in detai l

(S ta ton  e t  a l .  l - 990 ) .

Prel iminary results froh Noblers study also indicate captive

bred al l igators may have a tnarked reduction in seleniun Levels

compared to the wild al l igator eggs; and emphasize the need to

suppfernent diets wi.th Vitarnin E plus selen.iurn to protect against

oxidation of the long chain polyunsaturated fatty acids. Presh

flsh is high in long chain PUFAS and adequately protected fron

oxldation. Captive al l igators fed nutria or cotnnereial hixes (1ow

in long chain PUFAS) or frozen dead f ish/f ish products ( in vhich



inadequate protection against oxidation is present) nay have poor

breeding perfornance due to these dietary inf luences on yol 'k

constituents/etnbryo hatchabil i ty (Noble et al. 1993, M. Staton

pers. corur.). Studies are underway at Rockefel ler to supplenent

several etroups of our pen breeders vith vitahin E, seleniurn, and

Ionq chain PUFAS in a rrsausagerr nixed vJith nutria, and conpare

these to control grouPs not given suppLenentation.

Dr. Paul cardeilhac (1991) exanined- the effects of total- fat

intake, vj-tanins, antibiot ics, highly unsaturated fat intake, and

protein i .ntake on al l igator breeding perfornance at several large

atl igator farns in f ' lorida, Again, nult iple pens, stockj.nql

densit ies, age of breeders, and diets rnade evaluating the effects

of these varied nutrients on ernbryo survival dif f icult,  hot.. '"r

antibiot ic and vj.tarnin therapy stronqly correlated lr i th production

of fert i . le eggs. Antibiotlcs adnj.nistered were virginj.amycin and

oxytetracycl ine; and nultLple vitanj.ns and elenents ( including

seleniun and vj.tanin E) were added (cardeilhac et al. 1991') .  we

have j.nit iated studies in 1991 at Rockefel ler adding a powdered

suppleEent containing these rnixtures, however thus far little

inprovenent has been noted. cardeithac (1990) also reconmends that

the diet of captj.we breeder al l igators shouLd be at least 153

polyunsaturated fat.

-Edqshe11 quali tv.

Earty studies on al l j .gator eggshells by shir ley (1982)

indicate diets also affect eggshell  thickness. All igators fed f ish

produced a thicker she1l than either those fed nutria or those in



the wild; this in turn could be.inplicated in the high percentage

of early enbryonic deaths that occurred in eggs fron all igators fed

f ish .

We have frequently noted an obvious tacti le difference in

alLigator e99s produced in captivity vs. those frorn wild

all igators, captive eggs are frequently rough. h'ith extraneous

calcareous deposits or are soft-strelled and tnisshapen. The wild

eggs are usually of a smoother even texture. To detemine if the

lov hatchabil ity of all igator eggs fron captive breeders night be

due to differences j-n the rnorphology of the eggshells, rde conpared

the norphology of eggshell-s of lr i ld all igators to those of captive

all igators using electron nicroscopy. Our results j.ndicated the

nunber of open pores of eggrshells vas lovest in eggs of captive

al-l-igators vith early enbryonic death. The nurber of pores was

intennediate in eggs v,rith earLy ernbryonic death fron !,rild

afl iqators, and the nunber of pores was highest in eggs vith fulL-

terrn enbryos fron vri ld or captive all igators. It vas suggested

that decreased porosity of eggshells rnay be associated vj.th early

embryonic death, is more prevalent in captive aninals, and nay,

therefore be related to poor hatch rate anong pen-reared all igators

(wink et af. L990) . other crocodil ian speci.es houever, normaffy

have very rough, scufptured surfaces and lhe role of eggshefl

porosity in deterhining enbryonic hatchabil ity is sti l l  uncl-ear (G.

Webb, pers. conm.). CIearIy; houever, we have seen a harked

worsening of eggshell qual.ity with advancing age of our captive

breeders.



M u l t i b l e  C l u t c h e s .

The question has been posed as to vrhether crocodil ians could

produce nore than one clutch of eggs per year (Lance 1987) '

l ihitaker and whitaker (1984) reported lhat captive c' Dalustr ls

corulonly produces 2 clutches annually. Itlost nature fernales lay tlto

clutches of 25'40 eqgs per clutch, about 40 days apart; but this

phenonenun has not been docunented in wild populations' Blake and

Loveridge (L947) report on a possibl 'e case of double nesting j 'n g'

nitot icus at st. Lucia in 1984, but beLieve their observations may

have been indicative of t 'staged'r or staqgered nesting, L'here in aLl

eggs in a single clutch are not lald at the sane t ine (Blake and

Loveridge l-987 ) .

In al l igators, Lance (1989) has suggested that annual

reproduction represents a considerable investrnent on the part of

the fenale al l igator: the nobiLization of yolk proteins for a

clutch of 3O-4O eggs. weighj.ng 5O-7o g each. Eggshell  formation

in al l igrators also regimes the mobil ization of calcium fron

structural bone (Wink and Elsey, 1986, t ' l ink et aL' 1987) to produce

3o-40  egg  she l l s ,  each  con ta in j -ng  3 .0 -5 .0  g  o f  ca l c j -un  (K '  Packa rd ,

personal- conmuni.cation) . The expenditure of energy during nest

building and nest guarding aLso further drain the fernale aLfigator,

and thus nesting twice in a year seens unlikely (Lance 1989) '

Lance (L9a9) also suggested lhat crocodil i-ans l ikely have a

refractory period after ovulation which !^tould prohibit double

nesting; and attenpts to j .nduce doubLe nesting might cause

Drenature senescence due to depletion of ovarian oocytes' Also,



nil.d alf igators have a relativ€Iy short nesting period, lr ith a

narrow ti-ne frane of varlt l veather for ovulation, courtship,

breeding, nest construction, and j.ncubat.ion. A refracto ty/ tecovety

period r,rould place the tirne of incubation/hatching of a second

nesting event well into the cool fall/wj-nters experienced in the

range of the all igator. Thus, attempts to induce second clutches

in captive breeders uould l ikeIy be unsuccessful.

DNA Finqerorintinq.

One f.inal area of nev research ve are undertaking is that of

keeping genetic records, or a rstud book'r of captive breeders in

our experinental pens. euestions we hope to answer concern

!trultiple parentaqe (?does nore than one rnale service a fenale, or

are all hatchlings in a clutch sired by the sane buti?), and

identi.fy the nales and fenales in co![tluna]- pens lrhj.ch are

contributj-ng to the nesting efforts. Whether rpair bondsr exist

is another questj.on DNA studies can answer; and answers to these

questions nay further help our understanding of !ri1d and captive

crocodil ian breeding biology.

Conclusion

Although all crocodil ian species have bred in captivity

(Hutton and Webb 1992), success has been Iinited and nost

biologists and wildlife nanagers agree that ranching prograns

(lrhich lri-sely use the segment of crocodil ian populations ottrerr,rise

lost to natural nortality) are the preferred utit ization method and

source of stock for crocodil-ian fams. The trenendous expense of

captive breeding pens (Iand, construction, feeds, rnaintenance,



labor) is cost-prohj.bit ive for 'nany species, partj-cularly lthere

onty 5-l-o hatchlings rnay be produced per adult female maintained

annualty. Present soft narkets dictate captive breeding not

econonically feasible for nost species, although the more valued

S. p.9!9C!C skins may sti l l  be profitable enough to warrant caPtive

breedj-ng attenpts.

Horrever, the physiological problerns of captive breeding in

crocodilians are very interesting, and deserve further study' Much

more research is needed in rnany areas to improve captive breeder

perfornance on crocodil ian fantrs. The r0any factors that could

adversely infLuence nesting in captivity such as age, stocking

density, pen designs, stress, disease, obesity, inadequate

nutrit ion, j-nadequate vitalrins, ninerals, trace elernents, adverse

social interactions and econornic factors could be further

researched to refine recornmendations to comrercial

farners/conservationists in attenpts to irnprove captive breeding

resul-ts.
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Conservation, Management and Farming of Crocodiles in China

Jirzhong Fu

lnstitute of Zoology, Chinese Academy of Sciences
Beijing 100080, China

INTRODUCTION

China locates at the eastem part ofAsia, the west bank ofPacific Ocean, andconjuncted with other
l2countries. Chinahas very longhistory, and the earliest words emerged about 4000 years ago, China
divides into 3l provinces now.

The population ofChinais about 1,150,000,000, and the size is about9,600,000 squarc km (about
125 persons/square km). The distribution of the population is unbalanced. Most of the people lived
in tho eastem part of China, for example the population Anhui province is about 52, 170,000 with
size of 130,000 square km (401 persons/square km), the population ofJiangsu province is 62,690,000
with size of 100,000 squarekm (627 personvsquare km), and the population ofZhejiang province
is 40,700,000 with size of 100,000 squarc km (407 pelsons/squarc km).

The relief ofChina is high in the west and low in the east forming three steps from east to west. The
mounrain region is about2/3 oftotal size andforest 127o, cultivated land 107a, grassland 367o. The
dominant form of land use is agriculture. The main crops is rice, wheat and maize. About 707o of
the total population is peasant.

The main rivers are Yankee river, Yellow river, Heilongjiang, pearl river, Liaohe, Haihe, Huaihe,

Qianrangjiang, and LancangjianS which flow into Pacific ocean, Nujiang, Yarlungzangbo Jiang
which flow into Indian Ocean. Enix river which flows into Arctic Ocean.

China has various types of wetland. From 1986, the govemment has paidmuch attention toprotect
the weiland. About40 reserves conceming wetland have been established including Poyang lake in
Jiangxi province, Nansihu lake in Shandong Province, Zhalong in Heilongiiang Province, etc.. The
total size reaches about 190,000 square km.

China has vadous of climatic pattems. The dominant is a tlpical monsoon climate. The winter
monsoon comes from the middle and high latitude zone ofAsian inland. There are several cold air
flow emerging in China leading a sharp declining of tempentue cvery year, so thc most pafi of
China is cold and dry in winter. China is thc coldest country comparing with others in the same
latitude, for example, the south bank area ofYangtze river is lower about 8 c in January. The summer
monsoon includes SE summermonsoon and SW summermonsoon. The SE summermonsooncomes
from Pacific Ocean which affects the east part of China. The Sw summer monsoon comes from
tndian Ocean and South China Sea which affects SW part of China and the south
coastal region. The SE partofChina is the timelongest region controlled by the summermonsoon
and with much precipitation. It is one ofthe most rainfall area in the world. The rainy Eeason ofmost
pans of China is rolated with the forward and backwatd of tha monsoon,

The spring is the rainy season in rhe middle and lower reaches of Yangtze River. Rainfall in March
increases sharply, and keeps high until July, the[ the rainfall declines After the dry summer and



autumn, the rainfall
increases slighdy in November, and the winter has many cloudy days but no much rain. The yearly
average precipitation is about 1200-1400mm, the average precipation ofJanuaryis 30-50mm, and
the one of July is 150- 200mm. The yearly average temperature is 14-16 c, the avenge temperatue
in Jan. is 1.9 c, and the one in July is 28.2 c.

SPECIES

Therc arc thrce living crocodiles distributed in China cver since. Chinese Alligator (Alligalor
sinensis) lives in middle and lower reaches of Yangtze dver now, but the saltwater qocodile
(Crocodile porosus) and Tomistoma (Iomistoma schelgelii) has nottlace ̂ fl€r 1922.

Saltwater Crocodile According to the description in the ancient book, the crccodile distdbuted in
the reaches of pearl river has a body length of 3-30m and the capacity of eating human and deer.
Many scientist (Zh^ng,l979, Wen et al. l98l) identifred it as saltwater crocodile. Mull(1922)
reported two skeleton and a skull of saltwater crocodile ftom Hoogkong andLantoudao at the mouth
of Pearl river. The fact that saltwater qocodile once lived in China has been acceDted bv over the
*orid.

Tomistoma- In 1963, one skull was found ftom a tomb of about 1800 yea$ ago, localed in Shunde
of Guangdong Province. In I 973, a mandible was found from a tomb of about 1000 years ago at the
samc place. Both of them were identified as Tomistoma by Zhao in 1986. He also believed that the
crocodiles distdbuted in the rcaches of Pearl river is Tomistoma schlegelii and S altwater crocodiles
distributed only in south coastal rcgion possibly.

STATUS

Saltwater Crocodile (Crocodile porosus) and Tomistoma (Iomistoma schlegilii)

The status of these two species only can be traced by the records in ancient books, and it is very
difficult to distinguish these two from each other.

There are many descriptions about the crocodile in Chinese ancient books. The earliest is in Han
Dynasty (206 BC-220 AD). In Tang Dynasty (618-907 AD) and Song Dynasty (960- 1279 AD),
much more records was found fromthe ancient books. According to the rccods, thedistibution area
can be divided into 5 (Map 1): 1. the mouth of Minjiang; 2. the lower leaches of Hanjiangi 3. the
monrh region ofPearlriverandlowerrcaches ofDongjiang;4. the Lianjiang and Nanluijiang Ieaches
and upper reaches of Xijiang in Guangxi province; 5. Hainan Island and Penhu Islands.

Map l. Distribution of Saltwater Ctocodile
and Tomistoma in History



ln area 2, much more details was found. Accordingto therecords, thousands ofcrocodiles livedthelo
and killed local people and theirdomestic animals in TangDynasty' After Song Dynasty, no much
records was about crocodiles. In area 4, until the end of 19 century, therc ale some records still being
found (Wen et al. 1980). After Song Dynasty, the population ofthe crocodile decreased sharply. The
latest rccord about saltwatercrocodile is the skeleton found atHongkongby Mull in 1922 which was
kept in Berlin Zoological Museum.

Some people believe that some of saltwaler crocodile still lives in south of China, possibly Hainan
Island and the bound of Viemam-China, however, in my opinion, nothing lives in China now.

2 rcasons have been considered about the extinct of the clocodile in China:

Fiist, the inqease of population. Much land rvas cultivated for clop growing, and habitat of thc
qocodile was destroyed. About 600 years ago, a war between S ong and Jin broke out and then a war
between Song and Mongolia. Many peoPle lived in north and centre of China moved to the south,
the population at that time increased sharply.

Second, the climatic change. After 1050, esP. after 1450, the tempeEture became lower. In l1l0-

I I I I, 1506- 1507, 1655- 1656, 1892-1893, extreme cold weather affected the living ofthe crocodile
(Zhang 1979, Wen er al. 1980).

Chinese Alligator (Alligator sinensis)

Today's distribudon area of Chinese alligator is limitedin the middle and lowerrcaches ofYanglzo
river, but in ancientperiod the alligatorhada much large disfibution area. Accordingto the ancient
recolds, before theend of Ming Dynasty (1368-1644) the alligator had a very large population. Only

in population of the atligator decreased shatply.

1. Prehistorical ages

From the middle of Pleistocene at least, Chineso alligator already distsibuted at Yandou, Taian
(Shandong province), Yuyao (Zhejiang province), Maqiao (Shanhai), Hexian (Anhui Fovince)
(map 2). The climatic change and increase of human activitypossibly the reasons ofthe contract of

distribution (Cao, 1 984).

Map 2. Disuibution of Chinese All igator
at Prehistoric Age



2. Before this century

The eadiest verbal record of the alligator is about 3000 yea$ ago. From Tang Dynasty to Qing
Dynasty (1616-1911), there arc many book had the record about Chinese alligato!. Its distribution
area is much larger than today (map 3).

Map 3. Distribution of Chinese Alligator before This Century

Several conclusions can be obtained from the records:

I ) A large population lived in rhe meddle and lower leaches of Yangtze river and Hannjiang .

2) Before about 300 BC, people used $e skin of alligator making musical instruments. From Zhou
Dynasty (about I 100 BC-256 BC) to the end of Ming Dynasty (1368-1644), people had the custom
ofregarding the alligatormeat as delicacy, After that time, there was no records aboutpeople eating
alligator mea!.

3) Bec ause of burrowing behaviour, the alligator always destroyed tho dam for prcventing flood and
the inigating tunnel.Itis this behaviour leading the hunting on a large scale.In 1380, a thoroughty
killing made the population lived in the Yangtze river near Nanjing almost disappeared.

4) In 1119, an alligator was found in Kaifen ofHenan province, far north of its natLrraldistribution.
It is estimated that some trade of alligator existed at that time @hang 1979, Wen et al, 1981, Chen
et al 1985).

The reasons for the declining was possibly the climate change and human activiry.

3. ln this century

A lo! of scientific report about its distribution and wild population status were published in this
period.

ln 1934, Hsiao reported his collection from Wuhu, south ofAnhui Province. He visited Qingshuihe
in January ard got 28 alligators around Qinshuihe Town. From his description, it sound tho
population was very large in the area.



ln l951, 1954,1956, Chuconductedadetailsurvey about alligator's distribution,life history, habitat
and tunnel structure. Tho distribution area shdaked to:

From Pengze (Jiangxi province) to Anqing (Anhui province), along the Yangtze river, the alligator
only distributed in south beach, no any on thc small islands in the river. A lot of Alligato$ lived in
the lower rcaches of Xuanhe and Qingyijiang rivers of south Anhui province. The alligator also
distribuled in the dvers, ponds of Jingxian, Nanling, xuanchcng, Ninggou, Fanchang, Wuhu of
Anhui province, Dangtu, Langxi, Gaochurl ofJiangsu Province (map 4) (Zhu, 1957). In Zhejiang
Province, a unclear population lived in Changxing and Anji Counties.

Map 4. Distribution of Chinese Alligator in This Century
--.- distribution of 1956 -.-.-. distribution of 1978

l ARCCAR 2 ZYAF

From 50's to early 70's, It is a disaster time for wildlifo in China, For the need of economic
dovelopment, forest was cut, wetland was converted in crop field, In the end of 70's, Chinese
Govemment begar to pay some attention to wildlife conservation. A lot of research work were
conducled about the alligator. In Jiangsu and Jiangxi hovinces, the population was possibly
disappeared at that time. No alligatorfrom wild was reporled after 70's. In Zhejiang Province, only
a very small population was survived. Chinese Covemmentfocusedtheirconservationenforcement
on Anhui population.

Anhui Province

During 1976- 1978, Chen and his colleagues conducted a survey about its distsibution and ocology
in south of Anhui Province. The alligator spomdically distributed in tho Eaches of Qingyijiang,
Shuiyangjiang and Zhanghe rivers and some ponds, reservoirs ofXuancheng, Nanling, Jingxian,
Langxi, Guangde (Chen et al 1985) (map 4). It rcmains to today.

The population of part along the Yangtzo River almost disappeared. The type location of Chinese
Alligator -- Qingshuihe, in 1934, Hsiao once found a large population, had nothing at that time.In
xihe Village, Chu found 17 individuals ir 1954, but almost nothing ir 1976. Chen selected 29
subcounties as samples in which the alligator was common in the early 50's. In 1976, only 4
subcounties strll were easy to spota alligator.9 subcounties thepopulation were disappeared. Others
were much less than 50's.



ln 1980, a reserve was established in Anhui. In 1981, a United States-Chinajoint survoy in Anhui
province was conducted about ecology and conservation of the alligator. Myma Watanable
esrimarcd about300-500 individualspossiblylivedin Anhui Province. (Chen etal1985, Chen 1986).

After that, the reserve management authority had a census survey in the reserve every two years.

In 1983, the reserve concluded the total population is about 500 individuals after a comp€hensive
investigation.

In 1985, anothe! investigation found a total population of about 530 individuals io the rcserve.

In 1987, a 557 individuals was found in the reserve.

In 1990, the latest survey showed the population in the rcserve increased to about 735 individuals.

Out of the reserve, it is estimated that about 100 alligator lives in the around areas (Webb and Vemon
t992\.
However, lhe dala is very doubtful.

Zhejiang hovince

Huang (1985) reponed about 25 alligator lived in Anji county based on the survey of 1982.In the
recent contact with the local govemment, only 2 times spotted alligator from wilddudng 1991 and
1992. It is possible thar a small population still lives thele. In Changxing county, the most recent
record of field capture was in 1979. After that, no trace was found from wild. Thc population may
disappear from that region (Webb and Vemon 1992).

The rcasons for declining before the end of70's werc considered as:

1 . Habitat destruction
This the most important factor. The alligator lived in one ofthe mosthuman denso area" Two large
scale movement ofconverting the desert dver beach into dce field in 1904, l93l and the movement
of consructing irrigation system in 1956 destroyed a lot of its habitat.

2. Human kil l ing and nesrs desFoy
During construction rice field and other work, local people always killed the alligator and destroy
its nest when ever it was found.

3. Wide use of chemical fertiliser and insecticide
In 1958, forthe purpose ofprevenring the people from infecting schistosomiasis, a snail eradication
campaiSn carried out. The wide use ofinsecticide not only killed the food animals of alligator but
also kil led the all igator.

4. Pollution of the rivers and ponds.

Thcre is another population with more than 4000 individuats living in farms or zoos.



LEGISLATION

ChineseAlligatorwas listed inAppendixIofCffES. From 1972, theChinese Govemmentidentified
il as a fi$t class animal under protection. China Wildlife Conservation Law, enacted in March 1 of
1989, listed it as category I of State Special Protected Animals. Some orders ot tegulations about
protecting the alligator enacted by the local goveDments.

FARMING

There are two alliSator farms in China. One is Anhui Chinese AlligatorResearch Centre (ARCCAR),
and the other is Zhejiang Yenjiabian Alligator Farm (ZYAF). Both of them specifically aimed at
preventing the alligator extinct from wild and a imitation of natural habitat was adopted.

I. ARCCAR

ARCCAR established in 1979 byjoint fund from The Ministry of Forestry and Anhui provincial
Govemment. Its size is 1 souare km and locates at south of Anhui Prcvince in the Anhui Reserve.

Facility- ARCCAR consiss of3 quasi-natulal brceding ponds, 10 aged-sepantedrearingpens and
6000 square meters open water surface to provide food for Chinese Alligator, likc fish, snails, e!c.
Besides there arc an environmental controlled incubation chamber and halching breeding chamber
with a annual handing capacity of 100,000 eggs and 3,000 hatchings respectively. ARCCAR has a
staffof40 including 5 researchers. Theenvircnment olbreedingpondiscarefully managed to imitate
ihe natural habitat: aquaric invertebrate organism, fishes and molluscs lived in the pollds, tall and
dense grass, bamboo and bushes shadetheground. Therc arc someotherbuildings foradmioistration
and accommodation (The People's Republic of China 1992).

The original stock- From 1979 to 1982, total212 individuals rescued from some disrupted habitats
orpurchased from the local villagers which fomed the original stock. A few e scaped back to the wild
during a flood and some others died. Now therc are about 170 still living with a sex ratio of6 female
to I male (The People's Republic of China).

Captive Breeding-After several years rEsearch work, ARCCAR got a successful captivo rEproduction
in 1982. After that, ARCCAR maintained the succes s annually. Table I shows the annul prcduction
of the original stock.

Table l. Records of A. sinensis egg production, fertility and hatchling rates at ARCCAR

Year Nests Eggs Fertility Hatchling
mle mte

1982 l0 224 - 65.6
t983 12 264 88.9 58.',7
1984 20 50t 90.4 83.'7
l98s 30 809 90.5 90.3
1986 29 801 90.4 82.0
1987 37 1045 84.0 92.4
1988 42 t2t9 91.9 95.0
t989 f4 955 92.t 94.0
1990 34 942 95.4 85.3
1991 35 901 80.0 90.2
1.992 ',! 1140 1 ?



In 1988, the alligators hatched in 1982 rcached matudty and laid 25 eggs which produced 22
hatchings. A annual prcduction of F2 showed in Table 2. Up to the end of 1991, a total of 378 F2
individuals lived in ARCCAR.

Table 2. Annual production of F2 eggs in ARCCAR (Follow Webb and Vemon, 1992)

Year Nests Eggs Hatchings
1988 | 25 22
1989 5 143 120
1990 4  109
r 99l 9 21'1
1992 ? 260

Toul '754

From 1982 to now, ARCCAR obtained a high sulvival late of the juveniles. The total stock has
reached 419? in the beginning of 1992. The suryivors to 1992 showedin Table 3.In 1989 and 1990,
because of financial difficulty, ARCCAR only had a limited development (Webb and Vemon 1992,
The People's Republic of China 1992).

Table 3. Annual hatchings and survival to 1992 in ARCCAR
Year Hatchings Survival to 1992
1982 147 66
1983 23'1 77
1984 476 r17
1985 66'1 300
1986 694 s76
1981 744 649
1988 989 910
1989 510 450
1990 675 462
l99r  901 590

total 6040 41,9'7

Reslocking work* ARCCAR had arcstocking wo* plan at early yea$, butdue to the rejection of
local people and high compensation, the plan hadn't been carried out. In 1991, a flood destroying
the fence ofARCCAR, about 30 alligator (3 or4 years old) escaped to wild. It resulted a accidental
restocking work.

Z. ZYAF

ZYAF established in 1979. Its size is 0.67 hectare and locates in Changxing Village. Itis running
and funding by the local people, and most of the fund came from the donation of local people and
visitors.

The original stock is I I individuals from wild, some ftom the arcund arca, somepossibly other area.
8 died in 1982. 3 (2 female, I male) l ives now.



The facility includes a building for accommodation and hibemation,2 breeding ponds and several
raising ponds. In 1984, ZYAF succeeded in captive breeding.

Table 4 shows the annual hatchings. At the end of 1992, ZYAF has obtained a stock of 143
individuals, including 3 adults (2 female, 1 male) and l40juveniles.

Table 4, Thc annual prcduction of ZYAF
Year Nests Eggs Hatchings survivorto 1993

1984 1
1985 I
1986 I
198'.7 I
1988 I
1989 I
1990 I
l99 t  2
1992 r

Totals l0

22 I0
24 18
25 22
25 t4
18 15
21 3
26 26
4'7 39
23 23
23t l'70

6
t2
20
l3
9
1
23

22
140

Before 1990, only I female laid eggseach year.In 1990, anotherfemale rccovered fiom hurt and
began laying eggs. The hatchings of 1984 was nearly maturity, and arc expected to breed soon.

3.Zoo

In China, Shanghai Zoo, Ningpo Zoo, and Beijing Zoo have large stock ofChinese Alligatot, about
200, 20, 30, respectively. Shanghai Zoo and Ningpo Zoo obtained alligato! hatchings in captivity,
esp. tho Shanghai Zoo with new hatchings every year after 1979,

TRADE

The trade only limited to living species in China.

ZYAF sold l0 individuals to Qiandaohu National Forest Park at Zhejiang province in 1991, 7 to
Hangzhou Aquarium and 3 to Yuhang park in 1992.

ARCCAR sold 200 individuals toGuangzhou English Special Animal Experimental Farm in 1992,

No commercial impon and export were existed.

IMPORT & MANUFACTURING

No manufacture product about Chinese alligator up to now.

The Anhui Provincial Bureau of Forestry conducted a rcs€arch about the possible utilisation of
alligator including tanning ofskins, Chineso medicine use, and chemical industry use,

RESEARCH

1. Outline of Research Wo* Taken in China



Historical Study of Crocodiles-geographicand historical origins ofGenus Alligatorinthegeologic
period (Cao 1984, Xu and Huang 1984), Seoglaphical change and population variation ofSaltwater
crocodile and Chinese alligator in the period of7000 years ago to prcsent (Wen et al. 1980, andZhang
1978, 1979), the effecr of climatic change, human activity and geographical factors on the variation
ofcrocodile and all igator (Zhang 1978,1979, Wen et al. 1980, 1981, Xu andHuang 1984, Cao 1984).

Morphology and Anatomy- Chen et al. (1985, p.l9-185) had a thorcugh description of extemal
and intemal body structurc ofChinese Alligator. Age variation of the sku[ Chinese Alligator (Cong
e! al. 1984), ultrastructure ofthe eggshell of Chinese Alligator (Zhao and Huang 1986), structure and
function ofChinese alligator's lingual glands (Chen et al. 1989), molphology ofbloodcell ofChinese
all igator (Wang R. 1991).

Ecology and Status-Bunowing behaviourandtunnel structue (Zhu 1954,1957, Chen and Li 1979,
Chen et al. 1985), reproductive behaviour in wild (Zhu 1957, Chen and Li 1979, Qian and z,ho]u 1982
Chen 1983, Cheretal. 1985, Huangetal.1986), reproductivebehaviourinzoo (GuandZhang 1983),
habitat investigation using rcmote sensing image (Huang et al. 1985), status in wild (Zhu 1957, Li
and Chen 1981, Chen et al. 1985, Chen 1986, 1990).

Captive Breeding- Effect oftemperature ald humidity on hatching rate ofChinese Alligator (Lian
and Pan 1990), Hatching and growing of young Chinese Alligator (Xie et al. 1984, Chen and Wang
1984, Zhang and Pan 1986, Wang and Li 1990, Zhang and Zhao 1990, Wang and Pan 1990, Zhang
et al. | 992), food of young Chinese Alligator (Gu et al. 1987), diseases of young Chinese Alligator
(Hong er al. 1986, Zhang and Wang 1986), hibemation ofyoung Chinese alligator (Zhang andWang
1987, Zhang et al. 1990), development (Zhang and Ding 1990,Zhang 1991).

Others-Hormones (Shi et al. 1986, wang R. 1990), and chromosome of Chinese alligatot (Shi et
al. 1984), chemical element and function of eggshell of Chinese alligator (Wang and Qin 1983, Cu
er al. 1987, Chen and Liang 1990), elechocardiogmm research (Rang et al. 1988, Wang R. et al.
1990), metabolism (Chen 1985).

2. Research Work undertaken
A research work about the utilisation of Chinese Alligator was conducted by Anhui Provincial
Bueau of Forcstry.

3.In 1981, ajoint rcsearch between American Academy ofSciences, Chinese Academy ofSciences
and Anhui NomalUniversityconducted. AlotofdataaboutChinesealligator's ecology, status were
obtained.

PROTECTED AREA

There are two protected areas existed in China now: Anhui National Chinese Alligator Reserve in
Anhui province and Changxing Yinjiabian Chinese Alligator Protected Area in Zhejiang province.

L Anhui National Chinese Alligator Reserve (ANCAR)

The reserve first established in 1980 as a provincial lever reservg and funded by Anhui provincial
govemment. ln 1986, the reseNe promoted to a rBtional lever and suppor&d by cental govemment
and provincial government together,

ANCAR locates in south ofAnhuiprcvince and its size is 907 squarE km. Different with some other



reserves, a lot of villages locates in it. In the reserve, the human population density is about 300
persons/square km, and the dominant land use is rice $owing. Only some rivers, ponds and reservoirs
leaves to the alligator. ARCCAR locates in the rEserve.

The management of the reserve is by ARCCAR under the direction ofthe Anhui Provincial Bureau
of Forestry . Because ofthe Alligator's sporadic and widespread distribution, a protecting strategy
of"ComprEhensive managementin whole reserve with smalls area special protected" was adapted.
5 satellite stations and 16 special prctected areas werc set up. In the protected aEas, extensive
protecting effects wer€ canied out forkeeping the ecosystem and habitat Tree and grass cutting and
landscape destroying were prohibited. Out ofprotected arcas, the land can be multiply usedby local
people. Each station has I or 2 full-time worker responding for the daily conservation work and in
charge ofa goup of protected areas. Each arcahas l-3 part-time worker who are responding for
preventing people from desroying habitat and collecting eggs, census of the population and othet
conservation works. The data collected by the workers will send to ARCCAR.

Due to the hard work ofthe staff, ANCAR has gotten a lot of achievement. The total population of
alligator has increased from 500 in 1983 to 735 in 1990.

In the near futurc, ANCAR proposed to inqease tho size of
protected area and implove the habitat such as bamboo and grass planting. A restocking work will
be dono while the adoptive habitat are enlarged.

ANCAR has conducted somg education work also. Notices fo! waming and teaching arp posted
every year. At the present time, no rcport ofkilling by local peopla was found. Becauso thc reservo
Iocates in a high human dense rcgion, some compensation action has been carried out.

2. Changxing Yinjiabian Chinese Alligator Protection Area (CYCAPA)

CYCAPA was established in 1982 ,locates in Yinjiabian Village of Zhejiang province and its size
is 122 hectare. [t is funding and running by local people,

ZYAF locates in CYCAPA and co-ordinates its work. Because no wild alligator was pointed in wild
af|er 1982, the main purpose of CYCAPA is to restore the habitat and rcstocking captive alligator
to wild. The ZYAF has succeeded in captive breeding now, so a rclease work is expected soon.

DISCUSSION

After nearly 20 yeals shuggle, China have obtained a lot of accomplishmert in prutecting thc Chinese
Alligator. In wild, tho deshoy of habitat is under controlling, the population is stcady and a litde
increasing now, the idea of alligator-protccting has been established in the local people-

In captivity, the facilities has been set up in ARCCAR and ZYAF, the work experiences has been
accelelate, incubation rate rcached 95% and the fust year survival late rcached 96% in ARCCAR
Cfhe People's Republic of China).

But still a lot of problems existed, In wild, rhe destruction of habitat was stoped, but no much
improvement. From the census data, the population increasing slightly, butitis rarc to spotajuvenilo
from wild. Because the alligator sporadically distributed in ponds, rivers, the possible connert is
doubrful. In a long term, the population fragmentation will be a great threats. For thercason oflimited
habimr, the resrocking work belated.



About research work, intemational coopention is absolutelydeficient. We needexperiencedpeople
from overseas to work with Chinese scientist and bting thettechnique andequipment. We need to
training our people in the country like Australia and United States,

The most important problems, in my opinion, the conflict between human aIId alligator for land use
still exist. In a
dense human population region, itis the crucialpoint io let thc local people lives harmony with the
alligator. The future detail ecological work will showed the degree of harm of the alligator and a
education work wiu convinced the local people it is possible to lives with alligator at the same land.
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ABSTRA T

PNG's  t tgo  spec ieg  o f  c rocod i lc6 ,  Ctocodt lua  n . . f lgvac8v !n . r .
cnd  C.  porosua s re  w ide ly  d is t r ibu ted  or  the  low la i la ls  o f  thc
na in land and th€  h i th  i s lands .  Th .  fo rmer  i s  rc l t r ib tcd  to  the
na in l r l l d  snd  h ls  two  d is t lnc t  n r i l d  popu la t io r t r  vh ich  occur  nor th  

:

.  a [d  Eou th  o f  th .  ccn t re l  co rd l t l e r r .  Uncon t !6 l led  Gr r l y
exp lo i te t ion  reau l tad  in  dec l lneo  o f  y i l d  popu lc tJone  cs?6c ls , l l y
fo r  C.  porosus  wh ich  lcd  to  dcvc lopment  o f  leg is t i t lons  and.
inc ludcd  thc  Crocod l le  T rade  (p ro tcc t lon )  Ac t ,  Chap tc r  213 ,  rnd
fu l thcr  suppor t€d  by  th€  In te fna t ions l  T r .a le  (Fauna add p lo ra)  Aqt  I
Ch.Dtor  391.  L€ ta l  p ro t .c t ion  o f  w l ld  popute t io l r !  iE  Gnsurcd  rnd
the  ml jo t  conscrv r t ion  arc .  l8  the  lo t rda  WfA lo  tV€gtGrn  Dror f incc .
Tbc  na t lona l  c rocod i le  naDstonent  DroSran has  dua l  Soa ls  o f
conscrva t ion  on  suBta inad-y ic la l  qanoSencnt  b rs is  aod i [p rov lnS tbe
wel fs rc  o f  thc  tu rc l  peoDlc .  l i { s in  conponcnt r  o f  the  pro8r rn  lDc luda
v i la l  harves ts  and ranched 6k ino  fo !  cor l r ro lc i r l  t ro i l c .  annua l
mon i to r in8  surveys  inconJunct  lon  v i  th  ru ra l  g r t r rs i ion  rs rv lGcs  lnd
enfo .ccncnt .  Rcccnt  deve lopments  inc lude inp lam€nt r t ion  g f  thc
a loen6t tear ! -p roccs t in8  po l i cy  by  thc  cov€rnnent  s t th  s  tsonary  io
op. la t lon  in  Por t  MoreEby.  Thc  proBram is  ach icv i 'n8  l t s  goa ls
howcver  thcr .  &re  mr jo r  p rob lens  to  be  lddresscd.  Th6ss  inc ludc
lnad€quate  lund lng  fo r  mon i to r in t  survsyr ,  oora  ,q€at laS lu l
Pr r t  i c ip t t  lon  by  I rndowngr r  tovera ls  coDssrva t ion-or lc l r tcd  pro jeCtS,
and c f fcc t l ve  en fo lcenent .  Ths  cont rGrc io l  t raa le  inc tud iDt  tanch in8
rnd  fa rn ing  ac t i v i t l es  a re  v l r tua l l y  h€ ld  by  the  p r i v r ra  6sc to f
v i th  tbe  Dcpar tnent  g f  Env i ronnant  and Conserv8 t lon  8s  th .
coora l ins t in l  agency .  PNG to-da tc  bas  no t  be ing  lub jec ted  ro
i r | te lna t ionAl  t radc  agat r i c t iona  undcr  CITEg.  Var louq n l t lona l  lnd
donor  auppor t€d  p ro jcc ts  a rc  in  p lacc  sh ich  w i l l  cDab lc  DEC to
impfovc  rnd  dcve lop  l tE  capab i  I  l t y  undet  l t s  cuEr€nt  rcor ten iz r t  ion
fo t  c  norc  s f l cc t i vc  na t lona l  c rocod i  1e  r l tnAgenct r t  Drogfan  basaC o t l
su r t . i nab lc  u t i l l za t lon  o f  th€  c rocod l le  resourcea  in to  the  nc r t
ccn  tu ry .



Fie 1: Ivf"p of Papua New Guinea showing internadonal aid provincial- 
boundaries. Jleach ad- Osborne, 1985).



-Fig 2l uap of the major river catchments of Papua New Guinea.
(L?ach and Osborne, 19S5 ).



Figure.3. The [aJor rivers, lakes, Dountains and retland
.Eeas ln papua Ne!, cuinea. llajor netl-and sites: (1) dria
(2) hpress Auqusta Bay (3) Toriu (4) Nano (5) Ralua (6)
Uullins Sarbour (?) XeDp Welch and lrori (8) Vanapa (9)
LaIeXaBu (10) Ki*orl (11) Fly River (12) vaniDa (13)
ArnoLd River (14) Seplk River (15) RaDu River (16) lralkhan
River (17) llaDbare (18) Uusa (19) Xetaua (20) Ualal. (Osborne1992).
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FLg 4: Dlstrihttqt -of- crocodi.l4g in PaDus fGn- eli!e8'

(E6u.dtts.1985)
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!'lonltorlng the lnterrutlonal crocodlllan Trad€ :
Usetul Tool or gseless Bureaucracy?

61n6tte lleDley
Dlrcctor, lRAflIc UsA and

VlcE ChairDan for lraale ldonltoring,
Clocodlle speciallst Group

pr€sent€d by

t ebble call ister
Dilector, IIRAFAIC Oceanla

Crocodlllana repre6ent e Eroup of specleE for whlch
caneehratlon Progrlat!! based on sustal,Dable utlllzat1on prlncipteg
are r€lativel,y vell, 4dvaoced. Ehe high c@ercial value of
crocodiuan Froductd lnextrlcably linkE th€Ee prograr6 to the
global lerket. and CIIIES has recognized thls by progEesalv€ly
allar.ing for a grouing nusber of, prodqcts d€rlved froD
crocodillan Bpeql,eE to be traded internatLonal,ly. Sush
requlatory chang€g, shich have generally been vLewed as poEitlve
foE crocodillan conservation, are olosely tied to and ln nany
lrays dep€ndent upon a key activity: ttade uonitoaing,

Today, vith eITES the tlrinci.ple lntemational structllc for
both controlllng traale in crocoallllan Products and Bnsurinq th€
aurvLval of explolted crocodilian Epeol,eg, the ultiuate gucc€es
of lany crocodl]ian utillzation prograDlr dependc to a large
extent upon the elflcaqy of trad6 uanitorlng ayEteDE. To date,
crocodillan trade toonitorlng progxa{s, whil€ iriperfect, are
probably arong the beet in irlace for any rildf,ife corDodity in
Elobal trade -- largely the regult of extensive ctBES
deliberation, and regular reviev o! trade and uanagenent prograns
by the CITES partles and associated elq)erts. At the 3a!e ti[e,
these Eysteqs tlrelselvee need contl,nual Donltoring and refinenent
to enaule that the costE of, their iDpleu€ntatlon de not outwelglr
the conservation benefits they intenal to FroviCe.

Trade litonitorlnq: sources of Inforrlatlon litead.nq ard lr€q

Tsade uonttoring can nean nany tblhgE. fn the cfTEs sense,
it Eeneral.ly refers to tracking thE soverent of shipDents of
speciea and darivative productE acroEa internatlonal bgrders.
The convention do€E not define ntraalerrr it does hovever requlre
that nelber nations keep records of, th6 nutbera of Epecinens of
CllfEs-!,lEted Epedies lllported Lnto ot exported froD thelr
national boundarieE (Artl,cle vltt of the Cohventlon). guch
inf,oroatlon is required to b€ flled lrith the cltEs gesretariat on
an annual baEis -- these corlprise the Eo-called ranrual repgrts'l
of cITEs partieF. Becauge Eost reporta are not fil,ed untll at
1ea3t ten Eontbs after the y€ar the actual trade took pla€6, aucb
data are of LiDited value for detecting hEediate trade probleB6,
but can be qaeful for asEessinE long-terD trade trenda.
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Natl6nal1y or locally, trade lonl,toring can rean tracklnE
the Dovesent of good6 enterlng colDerce at any :^ev€I. It is
often aagociated uith legal taxatiqn requireuents, audl aa
custoBs duties. ltoat gov€rnnents k6ep natlonal trad€ statistlca
for dutiable gooda,' Ln general. hports are nors breadly
subJ ecteal to excl,Ee tax€E or dutles tban €xportE, and are thus
nore acculately tracked anit reported. l.{ore of,ten than not, sucb
statlsticd are v€ry general for vlldlife soDnodlties. i.e. are
not r€corded to th€ speci€s Level, anal ar€ tbus of lill,ted valuB
for lrildllfe lattageDent and conEervatlon purpgs€8. Tlrey can,
houev€r, provide a uEef,ul gaqg€ for Eeneral categorles of trade.

Ehe rEliabiuty of arildlife trade data vary conEialerabLy
wlth types and sources. tb€ CITES Secr€tarlat hab Eegularly
revi€rred the annual reportE gubditted by Pafties, revgallng that
aany reports ale Incouplete or subDltted late, and that a fe$
partie6 (€.9. IErael) fall to eub[it annual, report8 al,tog€tber
(66e Doc. 8.17 fron tb€ Elghth l.Ieeting ol the Conf6rence of tbe
Parties to CtTEs), Eh6Ee reviene hav€ al6o ehoitn Elqnlflcant
diEcrepancies betgeen the reports of lDporling and cxportltg
countriea for qerbain 6p€cied, sugg€ating that the data reported
repreE€nt a bare rinitlur gf trade. AE a sho1e, annual reporta
appear to be inproving, and ln spite of thel,r shortsoDinge, they
do proviale a growing body o! infonatlon on th€ state ot
intelnational t!ad6 Ln Eany specie6. for certaLn crocodlliaD
opeclee, suqh a€ ABerlcan alllgator (Allldator nisglsslpplen€is)
and NIle crocodl.le (crocodyluB nlloticu6), CITES data are
relatively rellable. for otber apeci€a Euch aa caitar (CE!@
cEocodllua), wbeae ttre illegal trade duarfs tbe leEal trad€,
annual reports ar3 of rinltlal val,ue. (S€e nr:ooore, L992, toE
the aoEt r€cent coupreh€nElve revies of crocodLltan trade
6tatiatics. )

As saE show'r by the Ivory Trad€ Revlelr Gloup in the late
1980F, tlade Eonitorlng Eysterlg are only as good a6 the pieces
na*lng tbe[ up, and th6 coupliance of tradlng countrieg. An
eratensive revLe!, of the lvory trade t ubligbed in 19e9 aholred
that, in spit€ of, rajor lnv€atroent by FoDe cITEs nBtionB Lnta
naking the CITES ivory trade quota syste! sork, th€ fallEre of
other nations to coiqirly coopletely u$derqut the entire effore --
to the point that, by the late 19406, uore than thre€-quarters of
the ivory ent€rinE internatLoral coEDerce nas traded outslde the
CITES EysteD (Ahon,, 1999). Ehia probleu, nbich rra€ a naJor
factor ln tb6 t l-degplead decline of tbe AfrLcan elephant
(Ioxodonta afrlcana) durlng the 1980s, reEutted ln a coDplete bah
on the lvory trade tbrough a CITES App€ndlx I llsting of the
species in 1989. E?aale stati6ticE froD sourceg other than cITEs
hel,Ir6d docuaent the uagnltude of the i1l6ga1 trade and provlded
the baEls fori th€ draEatic, if ccntroverel,al, action that led to
Ehutting dovn the trade. Any future trad€ of Lvory that Day be
sanctloned by CXTaS uiU depend to a large extert on developE€nt
of a couprehenalve trade control and uonitoring syEt€D that all
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but asaures only leEal lvory enters globel trade, a Eignlficant
challBnge for the ll€ar terq.

In general, trade atatiatlcg cen hav€ dlrect rclevance to
the congerrratlon and nnnage&ent of epecl€a exploited for cotDetce
vhen they are: detailed enough to have rel€vance to ltrdivldual
apeaias (e.9. are reperted to the specl€a lsvel) t report€d
unLforfll,y and coneigt€ntly along taadlng countrl€. or entitl€si
ard ar€ E€nerated Ln e tlbely faehion Eufflqi€nt to a1lot lor
practical lntegratLon blth field latcgeo€nt anal con6€!'vatl,on
data. In addltlon, ln order to D€aeure the utltity of trade
Donitorlng ayat€b.E ther6 Fhould be o Deana of veritylng th6
aqcusacy of statistlcs and ubat they enco[pasgt l.e. lt ahould be
possible to phyglcEl, lnspect th€ record-keeping Bygteri and actrral
goadE traded f!o! tI[€ to tllle, Th€ CrrES r€portlng systens in a
growing nulber of parEy natlon6 !€€t lany of thBse condltlorE,
although the lat6 alelivery of reporta under the qurrent sy6teD
thit6 their utlllty for dlrect fLEld applicatlon, an lsEue
prcsently under discuE€ton by the Crocodll€ 8tt€ciallst croup.

ltre Role of TnAFFlq

lhe ERIAIFIC Netrork na6 ectablisb€d in 1976 vlth tbc €x!,r€Es
ta6k of lonl,tortDg trade in connection sith cITEs. A non-
gov3$uental proErar Jolntly aponeored by Wm and IUCN, IRIFrIC
today le conprlsed of 17 offi.ces rrorldulde, sith a cooEaltnatlng
office, tlItAiF?IC :nternatl.onal. ln th€ United Kltrgdo!. Over th€
yeals lRAtFIc'a role bae becoue Du]ti-fold3 to Donltor and
irwestlgate rrildlife trade, inoludlng iUega1 cc,Delca i to
analyze and try to gtrengthen the pollcies anal lalts governinE the
lrllallite trade and the conaervatlen prograls of affesteal Bpeclea t
and to increase pub]l,c ard lnduEtry altareneaa of the elfecta of
trade -- botb poEitlve ard negatlv€ -- on 6xplolted sDecl€E.
TRAfffC sorlaE Ln cloEe coopelatlon rlth th€ CITES S€cretrriat and
tbe ldanag€nent Authollties of CITES Draber nations. lRAFfIc aleo
a€rtreE aa an objectlve €ource af Inforlatlon on sildllfe trade
and related iasueg for govertu€nt offlcialE' the gcientlfic
couunity, and tie general pubLlc.

. !RA!PIC' € vork r€volves tg a larE€ extent arounal. data
Aollectioa and analysl,s. lhe TaAFftc N€twor* regularly producar
reports on nlldllfe tlEde Bnal exptoltatlon -- several hundred
such report5 have been pubtisbed since the Netuork's founding --
to aasl8t CITES partieE rnal the clrEs gearetarlat ln thslr
lDpleuentatiob of the convention, and to help natlonal and local
ellauife off,lclals ln their efforeg to nanaEe Gxploited EF€cles
on a legal, sustalnable basis. offlcial governuent tradg and
cITEs rtEtistlca frrovldc a uainstay for TRAFFIc'S analyaes.

The Netnork al6o rellea on a vial,e ranE€ of aource6, often
confj.deDtial, for information on lIleEaI trade. tn Euch ca6eE,
ItRAtrFIC, E prllary role i6 to facilltate tbe enforcs[ent €ffortE
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of tlqtional and internatlonql governnent agenciet by provlallnE
lnforlatlon that light aot oth€rvle€ be available to tbeD, to
aesiEt ln inteEgicting lUeEaI ahiprents.

In su$, t&ArFIC, s traalc Eoniloring sontrtbuteE to the
conservatlon of €xptol.ted specie6 tblollgh both blologicll anat
lagaL chanrelE. on the blologlcaf front, traile data can provlde
an hportant rleaeure of exploitation lev€Ia of a given Epeci€s or
populatio!, uhlch can be uaeful for ensuring that ltafv€st ls
Dalntained at 6ustalnable I€veIE. In so[e cases, uber€ llttle ls
*nolrn about the actual atatus of, a sp€cies or popul,atlon, trade
data can provlde inportanb if very general baEeline status
inforDatlon. VJben coDblned irith detalled Lnfortlatlolr on tha
conpoEitlon of a populatlon -- lncludlng ag€ Etructure and slzg
data, for exanpLe -- trade DonltorLng can provlde a con€tructl,ve
tool for a.sa€6s1ng th€ effects of exploitation on th€ potrulatlon.
fdeally, Eucb lonltoring should be carrled out contlnuously over
a period of, y€ara or seaEone and b6 fully lnt€Erat€d rrith ctudies
on the general blology, and population etructure and dynaDics of
the exploited Epeci€s.

on th€ legal 5lde, traate Eonitorlng can pronlde crltical
intellj.gence on illicit co&erce and trad€ law €otlpliance
probleBE. tRAlI'IC,e uork ln thla ar€a ir largely unpredlctable
and often depebds oh anecdotal lnforratlon and unsotlcited fleld
riporte. whlle cfTEs and lts Derber natlona, uith tbe belp of
the secletarl,at, bave Dade Elgnitlsant progr€s8 ln arreatlirg
lUegal uildlife trade. it ls estiDated that at l€ast 9Z-3 

-

billlon wottlr of iUegal wlLdllfe goodr contl,nueE to enter
coimerce each year.' lthrough lts regional outFoate and growing
netlrork of field contacts, TRAFPIC haa helped uncove! a nurber of
signlficant - il,legal trade caaes in lecont y€ars, aev€ral :r€latlng
to crocodllian€ (E6e belov). TRAFrTC ctrongl.y supporta the
conterltion that culbing iII€gE} trad€ ls vLtal to the ov€ral,L
EuccesE of CITES atld con5€ratation prograDs al,Deal at enaurlng
lortg-terD survival of spacieE thr:ough Eustalnabl.e utllizatl;n.

what Has Trade llonitorlnq Accontrlished?

As noted earlle!, In tha blg picture of international
wildlife soD$erce, the cloiodlllan trad€ ItaE bean relatl,vely welt
uonitored. lhls has prov€n a Dajor beneftt lor crocodillan-
conservatlon ErrograEE and the crocodlllan lnduEtry ov€rall. In
splte of nhat Eay be peEcelved aa an lncreasingly couplex
regulatory enviroment, clrEs bas Doved ln etei ilth ihe uany

I Estllateg calculated by IRAFFIC USA put the total global
ltlldllfe conaarcer - excludlng fl6herles and thb€r proalucts, at a
!inir!u! US95-8 blllion per year. thts flgur€ J.a extrapolaied
fror0 offlcial trade atatletLce and utEht be congl.dered couparable
to a lini[uu r,rhole€al€ ve]ue.
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advancaE in croso(llIlan conservatlon and nanag€!€nt ov€r tlr€ Last
15 years, and the partles have allorred for tlte progr6s6lve
domll8tlng of croeodlllar Epecl€g, lnaluding th€ laertcan
aUigator; Nile arocodlle, and sal.tuater crocodilB (geCA{lylE
porosua). !8h€ gqcceEs of ranchl,ng a6 a cons€lvatLgn tool lor
crocodll,lans bag been recogmlaed and advanced by cIfEA, vlth
technical Bupport fro[ the crocodil€ gpeciallst croup and groslng
caoperatlon fror the induetry. But suah recognitlon bea, ag
E€ntloned, obly co!€ on the conditi,on that trade t!u6t conttnu€ to
be ca]refully ch€cked and repart€d (.e€ Jelden. l99O, fgr a r6view
of ctlEs reEulatot? bietory for crecodlltans). Conpllanae slth
sucb tlade [onltorlng aud reporttng requlreDenta contl,nues to
vary, but genarally ia lnproving.

3he application of barveet or export guota6 to clocodllj.an6
enterl,ng legal trade, either through agreeDent by th€ CMa
conf,erence of the Partl€a (e.9. Nl}e and saLtvater clocodll€) or
thlough unilat€ral ueasureg LBpoEed by individuaL countrlea (e.E.
calnan), has prqvlded a practicaL Deans of intenratignal
oversight of the trade. such quotas, nhl.ch hav€ been adopted by
[ost crocodillan €4)orting countrie€. have help€d link trade
aonitollng actl,vitles dilectly to barvest and Danageuent
progra!s.

CIIAS, [oat r€ce[t €ffort at etrengthenlng clocodil.i6n tr.de
controla care in t{arah 1992 at the Elghth Ue€tLng ol the
conf€renc€ of the Partl6a ln Kyoto, r{ben a reaolutloD oalling for
a univereal tagEing syete! for crocodilial ekinB l'aB aatoDtod
(Res. Conf, g.]'il). Designed to help verify the aourc€ and
Iegality of ektnE in global coi@elce. thiE tyate! hag yet to b€
fully lrplslented and it renalna to be seer how the coats of
lDplelertatlon corqpare with th€ con6e5ratloD beneflts the ayste!
ails to provlde -- a pqint $ort,| consid€ring glven that annual
world trade lD croaodilian Ekina has run betveen 5oOr0OO to over
one lilllon Ekin6 p€r year durl[g tbe last declde (both legal antl
lllegal trad6 aoDbinedi l,uxuoore, 1992). However, In the face of
coatinutag large8cale llliclt trade of such Bp€cieE aa gg;i@
crocodilug, tbe universal taEEing systen le generally regaraled aa
a lucb-n€eded Etap irr the battle to Ehut donn the black Earket.

It Is fair to say that trade nonltoring -- revl€wing cftEs
data subaiaalonE anal ldentlfylng areas of, lUicit coEnercs anal
non-coepllance -- bas helped provlde the basia for grot{t}t of an
induEtry tted incleaFingly to DanaEed, Iegal harvest progrars.
affor{E und€rlaken t}rrough the Internatlonal AlllEatgr and
crocodlle Brade study (neIS) EuggeEt that trEde lonitorlng and
coDpliance revl-eva, conbined tith political preedur€, bave hel,ped
dlvert l l legat trade to legal Eourcea (Ashley, D., pere, cou.l.
,Whl.Ie soDe hold to the argulent that grorth In the l3gal trade
wlll only Etirqulate illegaL trad6, a grotging body of €vialenc€
alerived frou crocodilian trade uonitorlnE suggests oth€rfliEe.
Hosevgr, lt nay be pte$atura to dran concluglgnsr becauEe tlre
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The callan proble4. There ls llttl€ queBtion that
Itid€Epread. il.legal,ttade of _cai4an cfocqCt\s contlnues to plagrue

current croccdillan D.rket situation la affected by a ho6t of
conplex and intertBlated pol,ltlcal, econoulc, and conservatlon
factors.

Current ||fiot SpotE{

In splt€ of the relatlve auccesE of clocaallllan cons€rvatl,oi
and lanagen€nt inltiatlves around the Elobe, all, ls ngt well ln
tlle croc trad6 world. Lal3g6Ecal6 lUegal trade continucE Ln 6oDe
areas, whLle lEportant clocoarlllan produclnq countri€s stlU to
Lack tbe coarltDent to a!!d Lnfrastrusture far engurlng that
crocodllLan utlLlzation 16 u€ll-Eanaged anal sustalnabie. ena,
Iaw6 gorrerning tbe crocodLlian trade ln sote lnporbing ae uelj. as
gx.portifg co,untri€E continue ta ruD counter to CIEEa, potentlally
detractlng. froD the dev€Iotrlent of nei, conB€rvatlon opportunttie€
for exploited Ep€cle6.

the crocodillan lnduetry ana unaercut-E?i6EE to nanage inii--'--
specles, by far the Doat heavlly traCe crocodLlian. on s
EuEtalnable basis. ft has been- estluated that thtie-quarters af
the trade ln caiDan skina iE ltlegal and tak€e plac6 duteid€ of
the CIIES controL structure, nlth total trad€ rangl,ng fro! one-
half to over one Dll l ion EkInE p€r year (panl. peie. cou.;
Vlllalba-l.taqiaa, p€f8.. co@. i M-nghl, pere. coufu.; I$oroore,
1992). Cufrerirt leglirl aourcea of skine are llulteal, sith
venezuela, Guyana, Nicaragua, ard coloDbia th€ only countrL€s
presentLy allolring €xpgrtg. lfirch of th€ ll,Iegal trad€ alrpar€ntly
orlginates in the pantanal regl.on of Eraril, iitU earagui! Uavln!
6erv€d in th€ past as a DaJor extt point for the soutlr 

-.lrlarican -

cantinent (Lueoor€, 1992). t{oEt recently, the Net}rerlandg
Antille6 _ have d€rveal aa key conalults for Large6cal€ illegal
trafflcking of cailan (aee bElolr)

In 1984, TRAFFIC ras instrunental Ln uncoverlnq a luae uaed
to sDugg1e. thousands of caiDan Eklne into Jepan throuEh lhailand
on tlre-basis of Etole$, gorged or gtlr€rrrlEe iu,egal ilocuD€rtts.
A routtne inspectlon of Japineee custor06 data Eh6sed a sudden and.
lne<plicable tqenty-fol,d lncreage ln crosodillan rkin hports
flou ftlral,land, hitherto an lnsigrlficant source of crocoiillan
skinE for tbe itapanese aarket. Furtlrer analysls revealed, that
uore than 19 Detric tons of crocodllian sktn, r€pr€sent1Dg at
least 120,000-anlDals, had entered itapan b€tveen- itanual-if ina ,fufy
1988 fro:! ThaiLand. It appeared that tbe akins had be€n part of-
a LarEer lllegal conElgnDent aecretly load€d onto Asia-bound
ships off the cost of Uruguay in tate 19a7, Subaequ€nt
inv€Etlgation traced the coneigruoent, or partE of tt, through at
leqgt seveD countriss -- Braell, Paraguay, Urugucy, Xorea,
fall'an, ,61ngapore, -and Thailand -- beiore lt reached ,tapa;,
Eha!1and had se!'ved the lajor nlaunderl,ngn point, vh€r€ CITBS re-
export docurente, aone etoien and others-leaally' i€r6u€d but ba€ed
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on talge lnfonatlon, had been obtaihed to cov€r the lUegal,
irports to itapan (Anon., 1988).

The lnve6tl.gation h€lp trigger I uajor revlcr. ot both Tlrrl
and Japanese crrEs control ByEtens, botb of rrblch bave ilprov€d
slgnlficantly in the au.bsequent ycarE. rhailand uas the locua of
a CItEs Stattding Coulttee trade loratorluD recou€ndation ln
1991, aft€r additional lnveatlgatloD revsal€d uaj or Lnrd€quacles
Ln the aountry's legl,Elatlon and trad€ controls. Poutical
cbang€e and legLslatlve r€fona pro4rt6d CIlEs to sltbalras th.e
trads ban lecou|€ndatlon in 1992.

.taEEn, a key conauner EErket for €rocodilian products.
partLaularly for claaaic sklns, baE Elnc. stteigthened ita lDport
contlol D€asurea for cainan, aaloptlng a ryste! of prlor
conllrEation of permlts lgsued by countrl.€s of origin ta verlfy
lBgauty befor€ iDports ar€ allor{ed (Tokunaga, p€rs. coDn.).

aRAFffc and cITEg trad6 lonitoring efforts contlnue to
hlghltgtrt tbe subt ergive natule of the saiEan trade. In lat.
1992, atter rcc6lv1ng . tip froD a vildlife officar ln ,rrulre,
cugtor!6 autborltiee ln llontevideo, uEugluly aglz.d . llajor
Ehipnent of over 85roo0 calDan skinr, tbe larEe3t 3uch
sonfiscation ev€r uad€ in that couDtay. E'lre akina, valu3d at
over Us$l llllion, apparently orlginated in ColoEbia anA porEibly
venezuela, and uere Ehipped tbrough lruba and curaccao bctore
beading f,or thel.r flnal destlnatlot! -- Slngapore --.via
.ttontevldeo. Tbe bales of 3klDs bore th€ nulbcr of a perDlt
lssued by col,olbia,s cIfES ttanagedent Autbority for .o!e 15,000
skLns, although no per:DLt acsotEpanled the shlp[cnt. It tppaala
that the addltLonaL 70,000 skine nay have been aalded to th€
shitnlent durlng tbe atopover in Aruba. tbe aklns alr Prcsently'in tbe hands of governEent auttrorltles it! uontev!.d€o (Vlltalba-
tdaclas, perE. co@. ; l.l€nghi. PerE. co[t!. ) .

rhis lljor seizure points to a nuEbG! of 3ignlllcant
probl€Es. there lE alearly stlll an actlve coniuaer larlcet for
lIlaga1 cainan skins. Until coRsurler countri.r Ealcc r 3t:rongea
coniuient to flu5hing out ttre lll€gat couoerc., trade control
etforts wlU continue to be fruatlated ln Froduce! count!133.
Recent CIIES diEcusslanE Lav€ focused on the inportanca of
conducting .crocodlllan slrln inventorieB ln uaj or contuDer
countlieE in an effort to clarlfy tradi control n€ads. It is
critlcal that countrl,es sucb as singapor., tJhlcb have laintaineC
cIgEE reselaratlona on crocodtllan 6peci.s and thus lay harbor
Iarge nuEberE of unrecorded skin atocks ulthln tbolE bord3ra,
undertake lnventoriea of all crocodillan bidrE int.naled lor trade
on ttre Efobal Dar*et. Italy -- a lajor hpart6r of calDan rting
-- hag recantly eDbarked on 6uch an lnitiatlve (3e€ bGlow, Pani '
perc. oquo. ) .
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Eh€ UontBvlileo callan s€izure alao und€rsco!€a c n:J or
loophol€ tn the trad€ control ey3ter: countrtea and tercltorles
rhj.ch reDain outslde of CMEs, reacb b€€aue€ of th€ir non-party
Etatus, or b€cause l€gislatlon haE not y€t been aDplled. 6uch ls
the caae rlth Aruba and Olragao (ths Netherlandg AntllI6E),
whlcb, altbough t nj.toriaB of the N€therlands (a cITEa p.rty
slnc€ 1984, do not yet bav€ legLaLattoD controllinE CrtBS triale.
fn auch cas€g, vlldllfe and custols authorltloE bave no leEal
basla for inv€Etlgettng potential CITES vloLatlons and Dakihg
Eelzurea. It iE lupelatlv€ that the ll6th€rlands, a6 the 6ountl1'
reapon5lbl.e f,or Cr|!ES appllsstlon i.n lts terrltortaa, tak€
iuedlate steps to t:esedy the prob:.€D. Slrllally, countrles 6uch
aa South Korea and TaLsan, lncreaslngly iDportanl cloeodlltan 

'

skin conEuDerE, retlaln non-parties to CITES, provldlng lElrortant
gapg tn the trade cantrol etructure (th€ latt€r ls rot ellgible
to Joln unde! crrrreht rulcB).

Aa Suggerted above, tba calDan trade har oiterated on a black
larket baaiE for years, in sptte of national lau3 ln rany
countriei of origln tlrat attirpt to restrlct it. It rlay very
well be that tbe laty6 theDg€Ives,.and itconEi8tettcieg Ln such
lawE a:long nelghborlng cou-ntriea, have plovi.ded lori of, an
obstacle than a benefl,t to cainan sonEelation €fforta in South
Arerlca. Revenusa earared froD cal,uan crpgrti retaln largaly Ln
the handa of black Darket traders. provldlng virtuauy no benefit
lor local co@unltles anC national govgfnD€nte. It is clea! that
the cailan resource has yithstood h€avy exploltation for dccades i
thiE exploitatlon should be brought alrov. board. offlclally
u€aEufed and revissed, anal gruideal by practiaal uanageuent and
trade sontlol Drocedures. only th.n v1,11 cons€Fratlonlrta b€
abl€ to gauge the i4,act of trade and truly aBE€3a sultainabl€
use, conservation, and local co@unlty n€cdg.

IndoncEia. InaloneEia, B crocodil,. trade haa b€€n th€
af cxtensive CITES revi€y and d€batc for rlDost a dacade.

euJrj cct
As one

of the !o3t bportant crocodilial pFgducerr, the country,.
crocodvlus EglcClfg population uaET-th? firdt to be approv€d for a
teuporary alownu3tlng frol Appendlx I to Aplrnallx II und€r
special crllEs criteria tleC to export quota3 (Res. Conf. 5.21).
In the seven yeara tince that rtelporaryr dosnllrtinE, the cfTEg
partles havc agreed to lceep Indon€Elars pgfgEqg populatlon on
Appendix II, nendlng a Dore detailed a8srs6!€nt of tha
populatlon,s rtatur and davelop[ent of a pcr anent infraBtructure
for crocodilian Donltoring and tladc control. guch
lnfrastructure. u4forgsnately, ia not yet in plac6. Consrrrra
have becn rais€d by ctIEa partiee and tbc cse alik , and altbough
llleEal trade iE not occurling on th. gcal. lt vas fiv€ yeals ago
(on6 eatiDsto irut lltegal EgEgetft expoEts at clo66 to ZO;OOO
altins per year ln ths late l980s, Hed.y, 1990), thiE is uere
llkely a factoE of Darxet d€presEion th.n ailequate traale oontrol
davlc.s,
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A crocqdlle Sp€clallEt Croup/CISEtl lIs.ion to Indonegla in
Noverb€r 1992 outllneal a setles ot lcaaure6 it f€lt saB need€d by
IndotEsia tn order for the cguntrl' to gal'n the aupport of tlt€
cltEs partl€B fot an unr€strtcted tttlr3nall!. rI llating og C.
ECfgeCg. l.{uch of that reviGt, cent€red on Populatlon and trade
Eonltoring, reporting, and enforce[ent DeaEurea ([eEEe]' el gL
1992). It r€oaina to be aeen hoit Indonegia vilI ilplerent tb€3e
rec@endations b€fore tbe next CIIES leetlng taLea plEce ln late
1994 nh€n a full officlal review i6 sxpected.

Igalg. Tlte srocodlllan lndustry war drasatlcalLy aha.kan up
itr 1992 wh€r tbe CITES atandlng Co@itte€ ulEed aLl pa*i€e to
erbarrgo tlade Ln gtllEg-llst€d Epeci€3 eith ltaly, the result of
in-de9th r€v1eir by th€ cITEs secretarlat and flRArtlc of ltaly's
exten€ive cllfEs hplcDentatlon pra,ltle!6. Althougb adoptlon of
thiB recouD€ndation nas lttconeletent along tho Partles, lt had
tlre effect of epu3rlnE the rtallatt Eov€lnD€nt tnto actlon after a
dBcade of near doaancy on CItEg enforcenent. A cITEs Deeb€r
since 1979, Italy bad for 12 yGarE coDPl"etcly laakcd a legal
structure to properly lrlpl€uent the convention, tbis probleD had
allow€d for a virtualLy unlrpeded f,lo!, of both 139a1 anat lllegal
sitdlifo goods into and out of the country.

!!he crEES Etanallng co@ittc€ outlined a€ver.l ba6Lc
conditlcrE that ltaly sould bave to rc6t ln orCer lor tho ban to
be rcsclnded, Dotablt plovidlnE the l3gal ruthorl'ty for DenaltLc6
ta ba sr6.saed tor crrEg violations, |nd .stBbllshing DroDar
custols and alosuD6nt contiol and LDipection Procealurca tlth
oftlciat ov€ralEht by irLl.dllfe officers. Italy had bcgun tbe
proc66e ot adopting hev leElslatl.on in lat€ 1991, but
ilgnlficant progrela lrae noi Dade ulrtll. lld-1992. wlth
substantial qruidance f,ror TRAFPIC'B rtal.lan office and tlre cITEg
secrGtarlat, a new law deale8 finally PEsEed the charbe! of
Delrutl€s and Parlialent ln aarly ttarch 1993 wblch incoEllorates
conBrehensive provialons for cITEs iEplc8cntation. As part of
tbe n€w leglslation, Italy Is undertaking a full iDvontory of,
whol6 crocodllian 6kLns beld ln prlvate rtock, and had Egreed to
altld. by th. n.tt CITEE utriv€rtal tagglBg reguir.neDt for
crosodiltan sklns (Parti ' pers. souB.).

. trtlo Unlted States, tha sorld'! larE€it
nilatlfe concullng Country, aaintalnc -- Iike larry countlLe8 --
national leqlslation ehlch goes beyond craEg ir tcstriating th.
trade in a nunber of sp€clea, including ssveral orocodlllan!. rn
1990, partly in recogflition of Progr€ss Daate ln the conservatlon
of seviral croc specleg, atld partly becru.e of statutoly
rcquireuEnts to revles and adjust aE apPEoprlate the legal atatug
of 

-ccrtain 
Epecies under the Endanger.d gP€cles Act (ESA) , the US

rish ard wlldlif,e s€rr.lce has bequl a Proc€B. of reclaislfylnE
certaln populattonE of, the NIle crocodllG, thi Atrstrallln
population of the Ealtwater crocod!],e, and yacare cailEn (g!uL0a!
tr-ocoallus yEgg.E) . Because gf the ext€nslve intonatlonal and
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lntBrrra:. and public revl.ew requilelents o! th€ EsA, the plocess
of reclasEiltcation tE l€ngthy. Pinal obaDg€s, nhlch rould at J.ow
the ltlport to tlr€ US of producta of these cpecieE under aertaln
conditions, are-exp€cted_in 1993. Eoncv€r, It is lllely that the
Us governDent !rII1 also iBpoEe new speciflc requlreuent- -- ln
1lne wltb CIEES coneernd -- to ellor for careful ov€rslght af and
actlon agelast itl€gal trad€ and trafflcxeaE. probl€n iountriee
iuch as Slngapore anal Italy t,lll no doubt, be Eubject to
particular scrutiny shen the new regulatlonE aEe adogttd.

!4eEinsSenA
lhere appearg to be ample evlAenca tbat intenatlonal trade

uonitoriDg €ff,orta -- bor6ver Lncouplete ot incotrslst€nt th€y Day
be -- have provlded an ilportrDt tool lor th3 Cevetoplgnt of a
crosodlllcn lnCustry Lncr€asLngJ.y relylng on products froD legal,
Denaged_ rourceE. It is eqtelly cle.r that illegal trad€,
particularly of sairan, continues at a signlflcant level The
lnduatry carrtes the gleatest reeponelbillty ln c@battlng thls
probL€!, aJrd the_trade lrlll qontinqe to be tanrlsh€d by those
iraderE vho persl,st ln Doving iuegal products.

Olresall, th€ oroeodll,lan traCe deDandtlat€a an avolving
sl]ccesE rtor? for cotEeivatlon. Cotrtl,nulng progt.a3 wlll dapend
not.only on stlcngthened CIIES €nforc€r€nt, but on adaptlng and
refining th€ rulea to leet the unLg[e conseriratiob and uanagcneat
ne€da of countrleg of origin. It Is furcreasLngly cl€ar thai,
uhi.le lnterrratlonal EtaDitarals are crl,tlcal, coniervatlon nGrds
and iafrastrgatur€ Clffer sLgnificaDtly fr@ country to country-
!!h€ Clocodi!.e gp€claltBt €loup haa begun to aatalress- thls problEu
tlrguqb a reviev of tbe cIIEs liatlng criteria fo! crocodilians,
nlth an €yc towards a n€s tlade contiol and aanageD.Rt structuti
that bettcr linl€ tradi ugnl,tortng to in-sltu lanag3Dent of
crpl.oiteal speciee. Flexlblllty l-r nGedod to acc@odat
difterent arocodllian utiliration praatlc€s, yhilc Frovidl,ng
strict lnt.rnational over8lght to ersurE that consGwation
beneflts. outseigb corE€nratton qoste. lrad€ ronltoring, no
doubt, sill be a fund.Dental part of any Des syst@.

tn additlon, the trade ronitorlng syst€lg theDsalvea Dust
continue to be lonitored to enaure thEt they ara rchlavlng what
they trave beEh catabll,shed to do. This Inctuatee th€ nelt
universaL tagglng systs! for crgagditiatt lridoa, slated to be
fully operatloaal ln 1993, It iE hopcd that tbj.s nau gyiten will
nake a signif,lcant dent ln th. illegal ttade, but it [ay be
cortly to inpl6E.nt.

. Onc€ tbc i,lleEal trad€ ir undff bett.r control, Lndustly can
begln to focus Dore eltort oD clocodilian Darl(€t lutur€s anaty€ig
and tlad€ proj€ctloDs, to belp safeguard luch-neaded. tnvestte;ts
in crocodillan conservatlon and utllizatLol proEraDs. such lorq-
tet!! planning n111 poteitlally b€ an iDportant ald to both

10



l'lAR 13 '93 18:AA ![^lF

oon3alnrrtion rrrd lnduatry, ard v111 lrelp ste! th€ ttegatlv€
lDlracrts of Dark€t alovnturns aE t'ell aa caf€guard tbe suwl'val of
e:(ploited specl,€a. Frovlded trade control checfs and Poirulation
uoaltorlnE Ey6t€8s contlnue to bprov€, induEtry and conaewation
ebould be able to work effectivel,y together tblough CIfEa to
aclrL.ve thelr colEon goala.

t t
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-.M. HUTTON.
AFRICA RESOURCES TRUST

P.O. BOX HG69O
HIGHLANDS

HARARE
ZIMBABWE

The pnevious two speakens have made a good job of  expla in ing
what we mean bv the sustainable use of  wi ld l i fe.  how i t  fe lates
to people and;onservat ion and speci f icauy to the conservat ion
of  crocodi les.

I am anxious not to repeat what has already been said, but in my
discussion of  the di rect ion that  sustainabLe use is  headino
there may be some ovenlap and for  th is I  apologise in advance.-

Much of what I have to say has its roots in a necent wot'kshop
which the Afr ica Resources Tnust  held in London to examine a
numben of orobl.ems associated with the sustainable use of
wl ld l i fe.  This workshop concluded that  there is  a great  deal  of
investment in sustainable use programmes at  a l l  leveIs and f rom
a number of  d inect ions,  I t  a l -so concluded that  many of  the
pnoblems we are pnesent ly encountening have ar isen because we
have neglected publ ic  re lat ions and have been pol i t ical ly  naive.

As a resul t ,  in  th is bnief  papef I  wj . I I  not  be concentrat ing on
what is  happening on the gnound, but  on some of  the suppoft ing
act j .v i t ies that  are taking place and on foun pnincipal
d lnect ions or  t rends that  I  bel ieve ane imooftant .

Fl rst  of  a l l ,  i t  is  important  to polnt  out  that  sustainable use
1s not  new. I t  is  obvious that  wiLd spscies have been used
sustaj .nably ever s ince man appeared on the earth.  However,  much
of th is use has been sustaj .nable by accident  -  for  much of  our
history nesounces wene so big re lat ive to the human populat ions
they had to support  that  they were used wi th in their  capaci ty
for  renewal .  Al though th is is  st i l l  commonLy the case today,
increasingly a combinat ion of  populat ion and technology have
increased the pnessune on wi ld l i fe so that  i ts  use is  not
sustainable and populat ions are j .n decl ine.

Because unplanned use is  increasj .ngly unsustainable,  there is  an
ever increasing emphasis on management. THIS IS THE FIRST OF THE
TRENDS THAT I WANT TO HIGHLIGIIT. Today we tend to use the term
sustalnable use to descni .be the del ibenate Dlanned use of
fesources wi th ln their  capaci ty fof  renewal .  Given the
conservat ion status of  many species,  i t  is  hand to argue wj . th
this t|.end which is neflected in all our activiti.es- and is
inevi table.  The whole CITES stnucture is  bul l t  around one
fundamental  neouirement -  that  t rade in a sDecies is  not
detr imental  to the sunvival .  of  the specles,  Why else would there
be such emphasj .s on surveys?



Anising from the requirement that use be planned is THE SECOND
I PoRTAiIT TREND - the seanch for an academic and ethical
fnamework for  sustainabLe use,  inc luding s j .mple cr i tenla to
defj.ne when use is and is not sustainable. Agaj.n, j-t hard to
disagree wi th th j .s  in pf inc ip le.

LJnfor tunately,  whi le I  have j .ndicated that  each of  these
developments ' ' is  j .nevi table,  and desenving of  support '  they
intnodirce the THIRD INTERMTIOML TREND to oun discussion. This
trend is  dangenous at  best ,  and ut ter ly  unacceptable at  wonst .
I  fefen to the cunnent at temPt by westenn-based gnoups to
inf luence the sustainable use debate and to demand more and more
nestnj .c t ions on the use of  wi ld species,  even when use can be
demonstnated to be sustainabLe in the str ic test  b io logical
sense.  Incneasingly,  these western-based gnoups see use as bad
or wrono unless i t  g ives benef i ts  to a)  the species,  or  b)
habitats-, or c) und;npnivilEglI-!-eopte, 

' 
on a iombinaiion of

these ahd in addition is also hqfl3nC. This system of
qual i f icat ion is ,  for  example,  increasingLy impoftant  wi th in
CITES which in addi t ion to requir ing that  tnade is non-
detnj .mental  ( i ,e.  sustainable)  increasingly requines that  i t
g ive conservat ion benef i ts  (eg.  Resolut ion Conf .  3 .15) .  I t  is
important  to note that  the adopt ion of  these qual i f icat ions
woir ld make most manine f ishino act iv i t ies unacceptable -  which
is c leanly ludicnous.

At thls Doint I want to consider who makes up these !'restern
groups wt i ich ane having such an j -nf luence? Who is dr iv j .ng th is
pnocess?

There are many wel l  meaning people in the west  who have genuine
and deeDlv heJ.d concenns about consenvat ion and who bel leve that
th is is  b-est  achieved through a codi f ied regime of  restr ic t ion
and prohib i t ion -  what we looseLy term, a l though i t  is  poor use
of  the Engl lsh l -anguage, protect ionlsm or prese rvat lonism. I t  is
my exper ience that  these people rarely st ick to their  n j .g id
ideas once they are exposed to the real i ty  of  conservat ion in
the developlng wor ld and to a c lear explanat j .on of  sustalnable
use.  Becau6e t ihey can be educated,  I  l ike to refer  to th ls group
as honest ,  but  misguided.  There are many such people in
posi t ions df  lnf luence afound the wor ld and they wi l l  cont inue
to make negat j .ve inputs into the sustainable use debate unt i l  we
reach and educate them with oun message.

For the t ime being the "honest ,  misguided" eLement wi . I l  f j .nd a
natufal  a lLy in a second major  group which I  caLl  the "dogmat ic
oooositlon " .

Thj.s group compfises the anlmal wel.fare and animal rights
orouos.  some of  which appean to be more intenested in fund
iais ing tnan conservat ion.  Indeed, a l though most of  these groups
pose as conservat ionists.  manv of  them are not  interested in
the conservat lon of  species dnd ecosystems at  a l l .  The ro le
model  for  these gnoups is  the elephant nesearchen fnom east
Afr lca who said that  she would rathen see elephants go ext lnct
than see them consenved through sustainable use!
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It is possible that -many in this audience have not yet been
exposed to the animal welfafe groups. Cnocodiles havs- Iots of
sharp. teet_h and they eat  people so i t  is  not  easy to get  publ ic
sympathy for them, and almoat impossible to usd thed foi. fund
rais ing.  As.  a resul t  they have largely been ignoned by animal
welTare and we have been abJ.e to qet on with some verv
successful conservation and management p-rogrammes without having
to bat t le every step of  the wav.  Ndt 6venvone has been s6
for tunate.  Animal  wel fare has i lerai led eni i re consenvat ion
programmes (such as the eradicat lon of  exot lc  fauna on Round
IsIand,  Maur i t ius)  and even ent j -ne runal  economi€s (such as that
of  the Pr ib i lof  Is landers,  destroyed by a ban on sedl  products) .

Animal  wel fare groups are weLt funded and hiqhtv ofoanised.  In
onder.  more ef fect ively to inf luence CITES in i994 th6y recent ly
collabonated to form the Species SurvivaL Network 

'in 
direct

opposi t ion to the IUCN,s Species Sunvival  Commission.  These
groups have been and are very cunninq and should never be
underest imated.  Their  smantest  move so Jar has been to h i iack
the nidd_Ie ground in the oonservation debate. After year6 of
completely unopposed manipulat ion,  a lmost  ent i re lv throuoh a
guuible media,  thefe is  ut ter  confusion between animal  wel iare
and conservat ion and as a resul t  the averaqe man in the stneet
believes that sustainable use and the killino of animaLs ls
immoral .  and incompat ib le wi th conservat ion.  

- In 
neal i ty ,  the

pnagmatic _attainment of consefvation goals may well requine the
kl l l ing of . thousands and.  even mi l t lons of  anj . f ta ls,  Fon example,
i f  aU the cane toads,  fora]  cats and foxes could '  be
exterminated many of Australia,s consenvatj.on problems would be
solved -

AU th ls sounds a bi . t  depressino for  sustainable use.  But
fortunately we haveso far ohly bee-n looking at sustainable use
as a consenvat ion tooL.  One of  the inherent  features of
sustainabl .e use is  that  i t  g ives benef i ts  to the user as wel l  as
the resource.  As a resul t  sustainable use is  extremelv
at t ract ive to deveLopment groups who, of  cours6,  have a venir
o lTTerent  perspectrve to conservat ion and animal  r ights groups,
Development agencies are not  intenested in sustaina6Ie use as a
conservat ion tool ,  but  fefer  to the use of  wi td sDecies in
sustalnable development.  To these gfoups vr i ld l i fe use is  a
development tool  which is  envinonmental ly  f r iendly.

So far, there has been an antlflcial demarcatlon between'environment '  and "development ' ,  and sustainable use has been
almost exclu_sively debated within the envj.ronmental community.
In fact  the fundamental  condi . t ions for  sustainable use are to be
found in the realms of  pol i t ical  economv and in a socia l .
cuI tural ,  inst i tut ional  and economic matr ix .  Accondingly,  ne| i
inputs. fr^om development agencies are to be encouraged 

-noi'only
to wrden understandrng and to promote the successful
lmpLementation of sustainable use programmes, but also to
counteract  the exlst ino tendencv of  'conservat ion, '  aoencles to
marginalise the role oi oeople . 

- 
THE INCREASING MOLVE Et{T OF

DEVELOPTIEI'IT At{D AID AGEiICIES IiI SUSTAIMBLE USE IS THE THIRD
IIIPORTAI{T TRETID IIIIICH I WAI{T TO BRING TO YOUR ATTEI{TIOI.



THIS BRII{GS UE DIRECTLY TO IHE LAST OF THE IUPORTAIIT
i'riiEnliiionir- inelo5' m ene wrrtessrne - there is a. naPidrv
gi6iihl'.-iii i-tiorf di-con!ervation and development agencies which
is detEnmined to suppont sustainable use and which is .preparrng
6"ti-io iorliriei- tni 

'inimar 
welfar.e movement and to educate the

honest ,  misguided element.

This coal i t ion wl I I  be working 1n the.short  tenm-on.. issues such
; ! - i i i is ; ' -b i t  

"nTJ t i re 
- ions-tenm 

obiect lve of  d iv id ing th9
curr-ent dooosition so that ihe public- can clearly dis-tinguish
;;il;;; ;'o;;;;viiion ano anlmal werfane extremists' r am not
; ; i ; ;-  t ;-a;; i i -br i  t tr is i i  tenstn .since- we are onlv just
Seoi in ino to  ident i fv  our  aL l ies and mobi l ise our  nesources '
iliie"iji'. " r 

- 

"tpeit 
ih'at nany ot the peopre in this room will

i"ii"i"lttv c1i'fr{rloutJ to ttils coalition in some way' however
minon.

Finauy,  I  am going to show you .  two t ransparencies '  One
i l lust iates a 'cohservat ion '  group ra is ing funds around a l i fe-
i i ie  efeonant sculpture wi th the aim of  pnevent ing the reopenlng
Ii-" r-"-"'if i"o-,^v 

-{^ide. 
rire second sho','is the tnophy noom of an

li'," ilJ"i-olo 
' 
qa'me hunter who pays huge sums of money to shoot

i j iebnints- i i '  l i i ic i  tor  sport . -when- the pubr ic can sensib ly
ai"iiii iristr *;rnlcn-of tne tw6 contributes mosl to conservation in
iiii.l"-iniin" 

"iti 
-coirition 

wiLl have been successfur and
sustainable use wi . I I  be secure.
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ORIGINAL PREFACE

The Sleering Committee and mcmbels of the IUCN/SSC Crocodile Specialist
Group (CSG) receive an inordinate number of inquiries about crocodile
utilizatiotr atrd farming each yeai. Although we attempt 1o answer all
lsltc$, maoy arg of a general naturc - "I am startiog a crocodile farm
Please scnd me all lhe relevant literaturc, malagement details and farm
plars." They have often beeD writte[ by people who have never set ey€s on
a livo crocodilian, nor heard of CITES. Yet they are clearly from people
interesled in the "business" of crocodiles, and lhere are many examples
where such cursory inlerest has ultimately led to' significant conservation
gains. Thc late Grahad Goudie's exploits in Papua New Guinea ate a good
examp le .

A comprehensive crocodilian farming handbook is one approach tha! the
CSG Steerilg Commiltee considered. However, the task of compilation would
be dauntiDg and the linal price would restrict its urilily for general
inquiries. This booklet, then, ir our solulion to the problem. It provides a
comprehensive, but brief and easily readable background for prospective
crocodilian famers - and it is nol expensive. we feel it answers most of lhe
commonly asked qucstiotrs, It is directed at a general audience rather than
at established crocodilian farmers, although we hope that they mighi find
it i[teresting and perhaps leam a thitrg or two in its teadinS.

From the oulsel, it must be recognizdd thal research on intensive
productiotr of crocodiliaDs has been "patchy". Egg management, for
example, has a slrotrg research bacLground and advice can be given \tilh
conlidence. Captive breeding alrd the immediate post-hatching trcatdent of
hatchlitrgs arc lcss well understood, and may be subjecl to signilicant
differetrces betweetr species. Much more research is needed before
crocodilian farmitrg will become a highly efficient system of animal
produclion p?r se. Nev€nheless, some fatms which follow a few simple
guidelires are model business operations which generate significant
profi ts.

Fi&lly, itr compiling this booklet, we have kept jargon and scientific
tcrminology to a millimum, and have not cluttered the lext with references.
Givcn that some tenns are still likely to be new and unfamiliar to the
general reader, a glossary has been included.
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1. REGULATIONS

'fhe term crocodilianr is used to rcfer !o tle 23 different species of
crocodile-like animah aroutrd rhe world: alligalors and caimans (E species),
true crocodiles (13 species) and gharials and false gharials (2 species).
Within most countries, crocodilians cannot just be kept and traded like
domestic animals atld pets. They are "wildlife", and there will usually be
laws restricting whal private individuals call do with them. For example,
wild crocodiles may be lotally protected, or they may be managed through a
system requirillg licences and permits for catching, keeping, selling,
fiading, killing, etc. As these laws vary from country to country, and
enforcement of thom ranges from strict to lax, we make no attempt to
summarize them here. However, they are of cdtical impondnce to anyone
consideritrg crocodil ian farming.

At the intemational level, trade in crocodilians and products derived from
them is controlled through CITES - The Convetrtion on Intemational Trade
in Endalgered Species of Wild Fauna zmd Flora. Tho mechanisms by which
CITES exens control are more complex with crocodilials than with any
other group of living organisms. Thore are two basic levels of control. Most
crocodilian species are listed on Appetdia , of CITES, for which no
commercial lrado between nations is allowed, unless the animals being
traded have been bred in captivily. The remainder arc on Appendix II, lor
which trade is pemitred if expon permits are issuod by the relevant
authority. Since the inception of CITES in 1975, all species of ctocodiliars
have been listed on Appetrdices I or II.

since 1975, a number of local populations have been ttansferred from
Appendix I to Appendix II, for a variety of reasons, and using a variety of
mechanisms. Consequently, there are now at least five different levels of
control accorded to crocodilians under CITES:

1.1. Appendix I

Appendix I contains "all species threatened with extinction which are or
rtray be affccted by trade. Trade in specimens of these species ... must only
be authorized in exceptional circumslances" (CITES, Article II, para. 1). The
erport of wild animals 10 bc used as breeding stock for establishing farms
or zoos is not permitted, unless the aim is to instigate a breeding program
intended to elsure the survival of the $pecies. Hunting ltophies intetrded
for personal use (nol resale) may bo exponed, although some nations (e.9.,
the USA) prohibit their importation unless a specific exemption is provided
in their domeslic import regulations.

1.2. Appendix I (Bred in captivity for commercial purposes)

Appedix I animals may be controlled as lhough they were Appendix Il
animals if they are "bred in c.ptivity for commercial purposes". This has
been defined as: "born or otherwise produced in a controlled environment,
... of parents that mated .., in a controlled envitonment". For crocodilians,
this mcans lhat the offspring must hatch from eggs laid in a farm, and that
the breeding stock musi be "established in a manner ilot detrimental to the
survival of the species in the wild" and must be "maintailed without
augmeatation from the wild, exc€pt lor lhe occasional addition of animals .,.
from wild populations to preveot deleterious inbreeding". It must also be
managed in a manner designed to maintain it indefinirely, and that "has
been demonstrated to be capable of reliably producing second-generation
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offspring." This does not mean thal the farm calnot trade until it has
achieved second-generatio! breeding, but rather that it must be using
suitable atrd reliable husbandry techniqucs. Farms must also be registered
witb the CITES Secretariat (via the local Managemctrt Authority) and
approval may be withdrawn if they fail to comply with the required
cond i t i o rs .

1.3. Appendix II  (transferred from Appendix I for rrnching)

Under CITES Resolution Conf, 3.15, Appendix I admals "which are deemed
by the Panies to be no longer endangered and to beDefit by rarching" may
be traDsferred to Appendix II, if strict managemenl crireria are adhered to.
Ranching is defined as "the rearilg in a controlled environment of
specimens taken from the wild". The operation must bo "primarily
beneficial to the conservalion of the local population (i.e. wherc applicable
contribute to its increase in the wild)". In order for a country to lransfer a
population from Appendix I to Appendix lI for ranching, it should have
carried oul research on the wild population and be able lo ensure "that tle
taking from the wild shall have no signilican detrimental impact on wild
populations". With crocodilians, harvests of cggs and hatchlings (for
radching) appears to have a minimal impact on the wild populations
ielative to harvests of adults.

1.4. Appendix II  (an interim transfer from Appendix I on the
basis of a quoto)

CITES Resolulion Conf. 5.21, trow replaced by 7.14, was adopted as an interim
measure ilt 1985 to allow limited quotas of slins of Apperdix I animals to be
exported, peoding t€nsfer of the population to Appendix II by othcr means
(e.g. lor ranchiflg), Quotas are set by intemational agreement and must be
based oa surveys predicting rhe likely impact of the harvest. Quotas may be
set separately for the expon of wild-caughl and raoch-reared animals or
their skins. The systcrn is itrteDded to opemte for a maximum of four years,
alter which a country is cxpected to have accumulaled sullicient
information to shorv eithcr that rhe population has rccovered and morils
rctentiotr on Appendix II, or that a ranching scheme can operale.

1.5. Appendix II

Populations on Appendix II, or which havc been transfeued back to
Appendix II after having recovered, may be tradcd intemationally
providcd that the Managemelt Authority issues an expon permit. This, ir
tum, may only be dorlc x'hen scientific advice indicates that the tradc "will
not be detrim€ntal to the survival" of the sDecies.

In order to export skins under any of the systems described under sections
1.2-1.4 above, the skins must be marted with a tag bearing a unique
number. In pnctice, several countries also tag skins from Appendix II
animals (1.5 above), and there are now few crocodile skins in legal
intemational trade that are not tagged. A proposal that all crocodilian skins
ia intomational tradc be tagged is currently under rcvicw by CITES.

2. BASIC REQUIREMENTS

Crocodilc farming is a relatively new industry, subjecl to the whims of
fashion in distant markets - markcts which are typically beyond tho
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farmcr's influence. The industry is commonly based on wild crocodile
populations which may be equally beyond the farmer's conlrol. Any new
crocodilian farming venture needs to appraise carefully all of the
components and variables that may influence biological and commercial
success. As a guide, the farmer should make sure his plan addresses each of
lhe issues in the diagram. These are fundamental requirements and a
pathway thlough lhem must be found! Crocodilc farming requires a
significadt investment in facilities and stock. The "quality" of the skin of
thc targ€t species, is clearly very impotant. Everything else being equal,
species with "classic" skins Ismall scales with few boney plates (osteoderms)
in the belly scalesl are likely to be more economical to farm lhan "non-
classics' (e.9. caimans), as the value of the skin is appreciably higher.

3. ACQUISITION OF STOCK

The three principal resources for successful crocodilian farming are slock,
food and money. In some countries, especially developing counlries, wild
crocodilian eggs may be readily available at lovr' cost, but there is no
inexpensive food to feed growing crocodiles and often litlle money to
dcvclop facilities. ln other countries, panicularly developed countries,
funds may be available for dovelopment and waste animal protein may be
available for food - but there may be no wild crocodile rcsources upon
which to base a sustainable utilization program. In all countries obtaininS
land suitable for crccodilian farming, especially in and aboul residential
areas, lday be difficult due to cost and/or zoning restrictions.

Because the majority of wild crocodilians occur in developing countries,
the CSC encourages their sustainable use for skin and meat production.
Usiog wildlif€ in this way is a legitimate conservation tool, as loDg as the
use is sustainable atrd it crearcs commercial or other incentives to conserve
both the crocodilians and the wetland habitats they occupy. The CSG has
exprcssod co[cem about the introduction of exotic crocodilians into
couatries for commercial purposes farming operations and "...
recornmends that crocodile species should not be used for commercial
larming operations oulside their historical rangc where those operations
arc located within the range of other native specics of crocodilians."

This section describes the main ways in which farms can obtain their
commercial stock legitimately, and desc bes syslems of production and
managemen! which elsure that conservation benefits result.

3.1. Captive Breeding

The captive breeding of endangered species, for reintroduction to the wild,
is a specialist area of conservation that uses farming technology, but has
different goals - il is not treated in depth here.

Crocodilial specics vary greatly in rheir social behaviour. Some are
comrtrunal nesters itr the wild, and these usually breed well in captivity -
even if collected as adults from the wild and placed in captivity. The Nile
crocodilc is a good example. Others, such as the Estuarine crocodile anc
Amcaicatr alligator are solitary neslers in the wild, and they often show
strotrg territoriality in captivity, even amongst females. They commonly
perform poo.ly in captivity. However, all species of ctocodilians havc brcd
in caplivity, and catl perhaps bc induced to do so on a commercial scale.



Captive breeding is essetrtial if there are no wild crocodilians of
commercial value, or if the wild resources are bei[g utilized to their
maximum extent. Howevcr, from a conservatiotr viev/point, ranching (see
Sectiol 3.2) is a prefefted form of utilization where it is possible. Captive
breeding was commonly recommend€d on the grounds that it takes the
pressure off wild populations, even in places whero wild ogg resources are
abundant. Until reccntly, CITES regulations made it more attractive than
ranching, even itr countries with large wild crocodilian populations. We
trow know that this approach is \rrotrg. Where adulls are laken from the
wild to stock farms for captive breediDg, there may be significanl negative
effects on the conservation of the wild populations. This is especially so
wh€re adults are in low densities. Captive breeding operations do not create
direct incentives 10 prolect wild populations aod their habitats. Once a
"closed farm" is operating, the conse ation benefits may be minimal or
nonexislent. Ranching, on the other hand, links the commercial viabiliry
of a farming operation directly to the maintenance of wild populations, aIId
in ma[y farms today, captive breeding and ranching go hand in hand.

Stock for captive breeding can be obtained either from the wild as adults or
juveniles, or through thc growing-oul of raising stock. In matry countdes
problem or nuilance animals can be used for stock, the altemative usually
being their destruction. Capture and handling techniques are well
ostablished for all commercial species. Most teclmiques involve some
degree of danger, either to the animal or the hatrdler, and some requiie the
use of specialist drugs.

Wild-caught .dulrs should be housed in petrs which provide tle appropriate
environmenlal conditions for lhat panicular species. For example, Nile
crocodiles requirc dcep and constant wator levels, but appear "conten!" in
large numbers in a small area. In contnst, adult Estuarine crocodiles need
lots of space, or enclosure in pairs, and appear to do well with shallow and
ovon fluctuating water levels. Thc Common caiman (Ca!!ul__clo!!4il1l!)
appcars to breed well in small, shallow ponds, even at high population
dens i t i es .

Young animals suitable for growing out to breeding are often readily
available from exisling farms. Captive-reared stock are more tolerant of
variable housitrg conditions and begin breeding at smaller sizes (and
therefore sooner) than their wild counterparts. Wilh Nile crocodiles, for
example, wild females rarely reproduce at sizes lcss than 2.7 m total length
(TL) whereas captive raised females begin ro lay eggs at 2.0 m TL, or
smaller. In some species (e.9. Nile crocodiles and Estuarine crocodiles)
captive-raised adults do not appear to br€€d as well as wild animals (nesting
frequency, clutch size, egg quality), ahhough this may be due to their agc
and and housing conditions, and more research is needed. In contrast,
captive-raised Common caimans appear to nest more frequeltly and with
larger clutch sizes than Oeir wild counlerparts.

It is impossiblc 1o generalize on the producliviry of breeding stock. Wirh
the cxception of Indian Muggers (Crocodvlus nalustris), most specics nest
once per year (some Muggers nert twicc). Clutch size is highly variablc
between species, and clutch size, fenility and hatch rates within a species
are affected by agc, the ea.ly history of individuals, housing conditions and
perhaps food. To obtain 1000 Nile crocodilc hatchlings may require only 30
femalc crocodiles. To obtain the same numbet of caiman hatchlinss it
would require 60 females, and for Amercian al l igator hatchlings, perhaps
100 females.
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captive broeding operalions involving spocios on Appendix I of CITES
subject to a number of CITES Resolutions, aDd must be registered with
CITES Secretariar (Section 1).

3 .2 .  Ranch ing

Rarchiog is a commercially viable strategy for crocodile farming which is
widely used and has well accepted conservation advantages. The collectiol
of eggs, harchlings or juveniles from the wild gives natural populations a
conspicuous economic value. Since wild clutches are often large and have a
high fertility rate, ranching based on eggs is as cost-effeclive, and usually
moro so, than captivc breeding. However, the logistics associated with the
collection of eggs, hatchlings and juveniles varies between species and
locali l ies.

Ranching strategies can involve a set quota of eggs or juveniles to be
collected or as many as can be iound. Where the extent of total recnritmeni
collected is considered high, management programs often require fatmers
to ret'um 5-7'loh of collecled animals back to the wild, once they have
reached a size at which predation is considered unlikely. Such
compensation minimizes the impact of the harvest and clearly has the
potential to exe( a positive impact in terms of population size.

The time and duration of nesting are strongly correlated with the weather,
panicularly rainfall and temperature. As a general rule, nesting seasons
tend to be extended in wann areas and contracted in cool areas. However,
the type of nest (hole or mound) used by a panicular species is involved.
For example, in nonhem Australia, Estuarine crocodiles (mound nesters)
ncst during a six month period spanning the wet season, when it is warm.
Australian Freshwaler crocodiles (hole nesters), in fie same legion, nest in
a thre€ week period during the dry season - the only period of lhe year
when conditions are rparm and dry enough for eggs in the ground to
incubate successfully. American alligators (mound nesters) are also
restricled to a three week nesting period ("pulse" nesting) apparently for
the same reasons.

Egg and hatchling collections from the wild are more efficient and
ecotromically feasible in areas where crocodilian densities are high, where
their habitats are accessible logistically, where the species constructs an
obvious mound nest, and whero the population nests in a short pulse.
(Information on egSs and incubation is in seclion 4.2).

In some countries, for oxample Papua New Cuinea and Irian Jaya
(Indonesia), ranching involves the collection of older juveniles from the
wild - animals which have dispersed from the nest sitc. This has proved to
bc one of the only feasible strategies of ranching where crocodilians live
in heavily vegetated freshwater swamps, wheie nests are difficult to locate.
It also appears 1o be well suited to indigenous llalive hunters in remote
areas, although the logistics of esrablishing buying networks can bo
formi dab le.

Since ranching involvcs the direct exploitation of wild resources, the
populatiors concemed should be lisled on Appendix II of CITES. Uder
special circumstanccs a local population may be transfefied from
Appcndix I to Appendix Il lo encourage a ranching program (Section 1).
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4, HUSBANDRY AND MANAGEMENT

4.1. Captive Breeding

Maintaining a captive breeding colony can be expensive, as it can involve
a significant area of land and high construction cosls, in addition to fccd,
water and continual mainlenancc. If animals cannot be caDturcd from the
wild, the devclopment of a captive breeding herd may be i long-term and
costly commitmenl, since most commercially important crocodiliaus take 5
years or more before they breed successfully; i.c. before they pioduce
significant numbers of viable hatchlings. Diet plays an imponant role in
m.intaining optioum breeding in caplive animals. With at least some
species, animals fed a red meat diel consistently havc higher nesting,
fertility and hatchitrg rales lhan animals fed sol€ly a fisb diet. However, in
some areas fish repres€trts the only source of protoin available, and with
somc specics adulB fed primarily fish do nest successfully ycar after year.
It should be r€cogdzed clearly that some crccodilian species do !!l
commlrnd a high market value for their skins, and for these species, the
commercial viability of captive bre€ding and farming in general may need
lo be looked at vcry closely indeed - it may not be wiuranted.

The biological and economic success of maintaining a captive crocodilian
breeding group depends largcly upon species, with factors such as sex
ratios, land/waler ratio and stocking rates varying greatly between them.
Some species, like thc Americad alligator and Coomon caiman nest on
rising water levels, whercas species like the Nile crocodile nest on falling
water levels. Crocodilians arc either solilary o! colonial nesters. Captive
propagation withitr colony nesting species has been accomplished with
relative ease and a high degree of success, but the solilary nesting habits of
olher species make captiye propagation more complex. For these, space
requirements with respect to both stockitrg mtes and sex ratio are difficult
to satisfy and for lhe most part have creat€d majo! problems in establishi[g
economically sound breedirg programs. Problems associaled i{ith the
conmercially viable b.eedirg of solitary nesting species ale curretrtly
being investigated. Broad generalizaliors with respect to the technology of
captive brecding are inpossible.

h evalualing captive breeditrg success, the number of viable hatchlings
produced per adult maitrtaingd in captivity is perhaps thc only mcadtrglul
measure of success. The quality of eggs laid can vary tremendously, and in
maly captive breeding situations infortility and early embryor c deaths
(prior to laying) can rendcr 60-70% of eggs noD-viable.

A bricf rcvicw of succcssfirl systcms for the four mo$ commercially
imponant species exemplify the differenl $rategies that are employed on
crocodile fams.

The Nile crocodile. The Nile crocodile is a social, communal ncsting
species. In modem facilities, females can be grown from hatchlings to
breeding (at about 1.8-2.0 m) in 6 years, but good fcrtility, harching and
halchling quality are rarely achieved before 8 years. Wild femalcs rarely
nest befoae lhey te 2.7 m, which may take up to 30 years, but such age-size
relationships are strorgly populalion specific. The rcduced age at nesting
itr captivc-.aised stoct appears to be a function of their carly rapid growrh
sincc wild caught fcmalcs of 1.8-2.0 m do not start breeding until they
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would trormally do so in the wild, irrespective of tle colditions under
which they are maintai4ed in captivity. Males will mate with females of
the same age, but such unions ale rarely successful. It is more usual to
kc6p feDales wilh larger, older males.

wild caught animals and those glown-out under farm conditions differ
narkedly in the extent to which they will tolerate other adults atrd breed
successfully in different housing conditions. Wild animals "tame" down and
accept humatr disturbance well, but do so quicker if isolated and left
undislurbed. Wild caught females respond well where captive conditions
simulate the rvild: pools wilh deep atrd shallow areas, atrd reasonably slable
water levels (pools shoutd never be emplied). As a hole nester, Nile
crocodilcs look for nesting arcas about I m above water levels and suitable
raise-d banks should be provided about 2 m from lhc water. These should be
adjac€d lo shadc and facing west to catch the aftemoon sun,

Farm reared admals have less rigourous requiremeDts ald will lay eggs in
shallow, concrele readng onclosures which arc dlained and cleaned
regularly. However, even these animals are more productive if vater depth
is constart and suitable nesling areas are provided.

Two main breeding syslems for Nile crocodiles have emerged on crocodile
farms: a few femalcs kcpt itr a small cnclosure with one male (most
common); and, anything up to 300 femalcs kept with multiple males (as
mary as 60) in ponds up to several hectares in size. It is not possible lo
comparc stocking density and sex ratio dala and relate the performance and
efficietrcy of these two systems precisely, because data from multiple male
systems are not available. However, some general observations can be
made. Thg main advantage of large, multiple male systems is that the
presence ol one inf€nile male is unlikely to result in the loss of a whole
year's produclion. Sct against this are the often severely damaging
territorial conflicts which occur between males when they are inlroduced
to the enclosurc. There is a high likelihood that only a few dales aie
actually ctrgaged in mating activities, the rest being maintained to no
advantagc. It is also diflicult to follow and record thc reproductive hi$ory
of femal€s in such large syslems zlnd management at the level of individual
crocodiles is virtually impossible.

Itr small enclosuies, one male may be sufficicnt lor 20 females, but 6_10 are
morc usual atrd 8 is recomloerded, The females should all be of a similar
size, with the m le 20-40% bigger. Enclosures should be desigDed to give
s,ild females 8-10 m2 water surface each, but farm-realed animals will be
"happy" wirh half this space. A simplo rechntular pool will suffice, but a
ruoat-like configuration rvith an island is preferred. If the security fence
is set 5-6 m back from the water so that bu.rowi[g animals cannol escape,
the pools can be of simple eanh construction. Concrete basins are
acceptabl€, though expensive. The most eflicient and cost_effective pens
bave been made by impounding small, natural drainage lines.

In small breeding groups,90-100% of females can be expect€d to nest fot 20
years, and possibly much more. Monitoring and iDdividual ma[agement are
easy arld with good dcsign, pools can be drained and rcfillod quickly should
individuals need to be removed. The prircipal disadvantage is thal a whole
scasons produclion may be losl if a male is incompatible or olherwise non-
viable. This occurs in about 10% of such Sroups, although the systcm
allows rapid identificatioo and replacoment of th€se males'



1,2
The Estuarine crocodile. Estuarine crocodiles are solitary mound
nesters, which in the wild raroly nest within sight of each other. Under
captive condidons females may reach maturity (2,0-2.3 m) in 8 years, but it
may take lotrger before larger clutches of viable eggs arc produced. ln
addition to male lerritorality, femalcs are also highly rerritorial and the
"optimum" breeding syslem is a matter of conjecture and debate.

The two most common breeding sy$tcms used oD crocodile farms are large
communal pens, typically with muhiple females and males in large ponds,
and/or small breeding enclosures with 1 male and l-5 females. Ill all cases
it is "thought" thar falling water levels prior to the nesting season reslrict
nesting, although definitive data are lacking. Similarly, it is "thought" that
captive-raised adults are more tolerant and less lerritorial than their wild
caught counterparts, although there are conflicting da!a.

The proponiofl of aduh females that nest in large communal pens varres
from year to year, and this may reflect general ambient weather conditions
(the same variation occurs in the wild) as well as other factors (food, pen
design, etc.). In some enclosure!, with young, farm-raised adults, 90-1007.
of females have been reponed to nest, although this is rhe exceptiol rather
than the rule. With time, and increasing sizes of the adults, this prcportion
seems to decrease significantly and in some communal pens it may reach
only 20-30%. The qualiry of eggs laid is one of the maio variables. In
general, large communal pens probably give an average of 3O/o vlzble
eg8s, although il may be higher initially (especially wirh farm-raised
stock) and greatly reduced with increasing adult age. Pen design, waler
qualily, and food may be faf more important than hitheno realized.

In small bre€ding groups, mixed results have been obtained. Once single
pairs nesl successfully, rhey appear to do so annually with large clutch
sizes and high egg viability. Rclatively small areas of water may be needed
for each pair (20-30 m2), and they appear to do better if shade ard clean or
circulated water are provided. [n larger groups (lm:2f, 1m:3f ... 1m:50_
there has bcen much variation. Wild adults placed in such groups usually
result in I or 2 "good" clutches, ard often the females kill each other. With
farm-raisgd stock, the situalion is unclear. Pen design may be more
important than is generally recognized, as some larger groups appear to
settle well over lime and give high numbers of hatchlings per female.

The "best" strategy depends panly on cconomics. Large enclosures with
large numbcrs of males and females are generally cheaper to build and the
losses due to poor egg quality over time may simply be a burden that has rc
be carried - if there are enough hatchlilgs produced, ir may not matler.
However, single pairs are perhaps the most reliable breeding system if
pens are constructed wisely. The pens should be panly subdivided such that
the male and female can separate from each olhe., they should be visually
isolated from adjacent pens, havc constant water levels and water at least
1.0-1.2 m deep. Sitrgle pairs fed Iish appear to rcproduce as successfully as
those fed red meat or chicketr.

The Amerlcan alligator. The Amercian alligator is a solitary, moutrd
nesling species. In the extreme southem and watmer ponion of its range,
age at sexual maturity for captive alligators reared in controlled
environment chambers for the first 3 years of life, then placed in outside
pens, is 5.8 years. However, good fertility, clutch size and hatchling qualiry
are rarely achieved before 8 ycars. Age at sexual maturity for wild
alligators in Louisiana is 9.8 yearc, which is the same for captive alligalors
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raised in semi-natural outdoor pens (without artificial heatinS); good
fcrtility rates, clutch sizes and hatchling quality are not achieved in lhese
animals until 13 years.

Environmenlal parameters vary considerably lhroughout the range of
Amedcan alligalors and play atr impoftant role in regulating the age of
sexual maturity. ln the exlreme nonhem Pan of the range sexual maturity
(1.8 m) takes 15 years for females and 18-19 years for males. The reduced
age to maturity in captive alligators raised in controlled environment
chambers reflects primarily the hiSh and stable temperatures mailtained
In the wild, the animals are exposed to temperatures with fluctuate Sreatly
and are getrerally much lower.

Alligators of both sexes are territorial and usually wild females do not nest
v/ithin sight of another nesti[g female. However, females raised totally in
captivity are more toleranl of each other, can be stocked at higher
densitics, and are more reliable nesters (than wild-caught females broughl
into captivity). It is recommended that stocking densities should not exceed
2 females per acre with a sex ratio of 1m:3f. The proportion of young adult
females that nest each year in. large cominunal pens varies slightly from
year 1o year, ave|agi/iS 65-70%. The reproduclive Performance of wild_
caught subadults iaised in semi-natural breeding etrclosures is now being
comparcd with that of wild caught adults.

Diet can have a significant impact on alligator produclivity. Alligators fed a
diet of red meat consislcntly produce larger clutches and have higher
nesting, fertility and halching rates, than those fed fish. Neverlheless,
production from alligators maintained in communal Pens gradually
declines with age, v,/ith up to a 50% decrease in nesting, fertilily and
hatching rates within 20 years. To enhance the productivity of middle-aged
females, research is currently being directed at the source of stock (wild or
captive-raiscd), stocking densilies, stress levels, diet and pen designs,
which include smaller pens conlaining single pairs (1m:lO.

Pen designs for single pairs should include deep open water for mating and
isolatio[ ponds for tresting, with adequate vegetation for both nesting
malerial atrd cover. Preliminary results indicate higher nesling rates
(compared to communal pens), bu1 unacceptably low fenility and hatching
aa tes .

Recent data indicatg the normal dict of lresh or freshly frczgn ioods may be
inadequate fo. breeders, and the development of a nutritionally complete,
pclletized food for them is currently being rcsearched'

Regardless of pen design and stocking rates, breeding pens should
idcorporate pumps that can supply adequate water on demand, especially
during pedods of prolonged drought. Breeding polds should be al leasl 2 m
de€p, and be maintained at that level year round, and ideally increased
during counship (spring) to encourage breeding. If water is not added
during droughts, an eotirc year's nesting cffort may be lost. Rainfall and
its related effects on accrued surface water influence the proponioD of the
total female populatio[ which nest each year: it is reduced \then water
levels are high or low. Perimeter fencing should be buried at least 15 cm
itrto the ground lo avoid tunnelling/burrowing and should be at lcast 1.8 m
high, and 5-6 m from the waters'odge.

The Common caiman. Caimans appear to be one of the least tc.ritodal of
crocodilials. To achieve efficienl reproduclion, wild-cauSht females should
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be 1.2-1.4 m, and males 1.6-1.9 m. Females should weight 4-12 kg and males
nol more than 24 kg. There is observable variation in the degree 1o which
individuals adapt 1o their enclosed breeding pens, but the presence of some
"wcll-adapted" animals seems to contribute to the settling down of others.
Captive-raised female caiman can reach sexual maturity (1.0-1.2 m) in 2.E
years, which is appreciably shofler than any other known crocodilian
specics. Furth€rmore, captive-raised females settle and reproduce better
than their wild-caught counterparts.

Caiman prefer to build their own nest, but will share their nest with other
females if necessary, Each femalo needs 30-35 kg of dry vegetation to build
a nesl. From an economic standpoinl, a sex ralio of 2f:lm results in the most
efficieDt production (hatchlings produced per adult maintained). Ideally
there should be 30 mz of pen space per adult.

Caiman breed well in captivily if provided with similar environmental
conditions to those found in the wild - shade, high humidity and
temperature (especially during the nestinS season), irregularly shaped
polds and water depth to a maximum of 1.5 m. To simplify management,
sizes no larger than 2500 m2 are recommended, and these should ideally
composed of 707a land Md 3OEa water, altd cotrtain about 80 animals.

4.2, Egg Management

Recent research has dramalically improved our knowledge of crocodilian
eggs, ombryos alld optimal ilcubation environme[ts, which has obvious
application to crocodilian farming.

4,2,1 EAg Structure and Embryonic Developm€nt

The eggs of cmcodilians vary in size (40-140 g), but all have a hard
calcilied shell altached to a fibrous eggshell membrane. Inside the eggshell
membratrc is the albumen (egg "white") and yolk: the yolk is itself enclosed
within a v€ry thin membrane (the vitelline membranc).

The calcilied portion of the shell can appear smooth (most crocodilians) or
rough (caimans), but always contains networks of fine pores passing
through it. They may not bc obvious to the naked cye, but the pores are
vital for the tmnspon of oxyger (in to the embryo) and carbon dioxide (out
from the embryo). If an egg is placed utder water, gas exchalge ceases and
the embryo dies. The pores are also siles through which water catr be
drawd into the egg, causing it to swell, or bo lost from the egg through
dehydratiol, oflen causing it to collapse. The incubation environment (see
section 4.2.3) should be such thal water losses and gains are minimal. Air
spaces are not a nonnal feature of crocodilian eggs, and if presert rhey
indicate dehydration.

The yolk, surrounded by the vilelline membrane, is the central unit of an
cgg. It conrains fie viral embryonic material and most of the nulrients that
will daintain the edbryo. It slans as a small sphere in the ovary, and
grows in siz€ as food supplies arc built up in it. When it is matule (large),
the yolk/ova leaves the ovary and ente6 the oviduct (ovulation). Here it is
fenilized and essentially packaSed in albumen (which is rhe main water
supply for the embryo), egg shell membrane (controls gas exchange) and
the eggshell (water exchange and mechanical protection). The eggshell
provides calcium and magnesium for eDbryonic botre development.

pen
be
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Clutch size and egg siz€ vary withitr and belween species. For example, rn
Auslralia, Estuarine crocodiles have a mean clulch size of 50 eggs, and a
mean egg size of ll3 g, whereas Australian freshwater crocodiles have a
mean clutch size of 13 eggs with a mean egg size of 68 g. Hatchling size is
related lo cgg size, such that the average Estuarine crocodile hatchling 64
of egg weight ('72 d and the average Australian Freshwater crocodile
h^tchling 62% of egg weight (42 I ). Within a species, larger (olde!)
females tend to lay larger eggs, which produce larger hatchlings.

Embryology and opaque banding of the sh€u. At the t ime of laying,
the outside of the egg is covered with mucus fmm the oviduct. All eggs in a
clutch contain embryos al about thc same stage of development (about 4 mm
loog), which are attached to tle inside of the vitelline membrane which
surrounds the yolk. The ball of yolk swings (rotates) freely within the
albumen if the egg is moved. At o! about the time of laying, water from the
albumen is drawn in by the embryo, and deposiled witiin the yolk. Sincc
this fluid is less dense than the surrounditg yolk, it and the embryo (where
the water cnrers) swing to the top, regardless of the o.ientation of the egg.

withitr 24 h of laying, the albumen directly above the embryo is dehydrated
and the embryo and part of the vitelline membrane becomes attached to the
eggshell membrane. This dehydration affects the structure of the cggshgll
membrane, which itr tultr causes an opaque spot on the shell (at a site
overlying the embryo). If cggs are rotated before the embryo adheres 1o
the eggshell membflme, then the yolk will swing back and normal
development occurs. However, after the embryo adheres (opaque spot
forms), the yolk can no lolge! swilrg, and if the egg is invened the embryo
will remaid at the botlom, under the yolk, and will die. Unlike most birds,
crocodiliaas do not tum thcir eggs during incubation.

After the embryo is attached to the shell membrane (causing lhe opaque
spot), albumen dehydration continues and more and more water is
transported into the yolk, where it floats to the lop, beneath the embryo.
The dehydlation is responsible for the opaque spot expanding to a batrd
around rhe midpoint of thc egg. It is wirhin this band that the attached
embryo gro\{s initially. Later, the embryo develops a sac (allantois) in
which it places waste products, and the outside surface of this sac becomes
covered in blood vossels and ertends out from what is now an opaque ba[d,
towards either end of the egg. At this time, the rcmainder of the egg
becomes opaque. The development of the embryo and its membrales is thus
mirforcd, to some exterl, by the patten of opaque banding on the egg, and
this can be used to distinguish eggs that cease developing.

wirhin the egg, the embryo also develops a yolk sac membrane (not to be
confused with the vitcllitre membrane) which suffounds the yolk contents
and tralsports nutrients into the embryo.

Infenile eggs do not band and rarely become infected: the yolk and
albuden are both thought 1o contain importaDt anti-microbial defenccs.
Whetr an infenilc egg is opened the albumcn appears uniformly
translucent and thc yolk is uniformly yellow. Eggs which have been
fenilized, but died within the oviducts of thc female, arc vety similar to
infcnile cggs: they almost never band and show minimal degradation
duritrg incubation.

Monitoring embryonic development. Flom a management point of
view, it is important to be able to distinguish between good and bad quality
oggs (a problem with adults) and and good and bad incubation (a problom
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with the incubadon environment). It is thus imponant 1o be able to
identify iofenile eggs, or early embryonic deaths, befole incubation starts.
Sodre egg husbandry regimes involve the detection and removal of dead
eggs duritrg itrcubation, such that a complete inveflory can be made of the
problems - the age at which embryos died, etc.

Thg pattem of banding can be used as an approximale guide ro embryo age.
However, the rate at which the band forms can be affected by incubation
tcmperature and humidiry, and thus aberrations do occur. For example ill
very wet conditiotrs thc band may not complcte. The band can be used to
identify non-viable eggs (idertile and early embryonic deaths do not
develop a band), to monitor continuing development of embryos (the band
changes with time), and to isolate eggs within a clutch that have died
(where the band remains constant relative to that in other eggs).

Candling can also be used to monitor embryonic development in crocodile
eggs. With freshly laid eggs (before the opaque spot appears), a strong
lighl behind tle egg is sufficient :o allow the extent of fluids in the yolk to
be seen. If llere is no fluid, the egg is infertile or an early embryonic
death (i.e. died in the female's oviducls). Laler, blood and blood vessels can
sometirdes be seen through the opaque area on the shell.

Assuming optimal incubation conditions, embryonic deaths usually show
two pcaks: one early and one lale in ircubation. Early deaths are thought to
reflect a range of differenl problems, for example: [utritioral deficiencies
in the adults; stress of breeding adults; adverse incubation conditions prior
to egg collection; and, mechanical damage when moving eggs. Late
embryonic deaths typically occur when the embryo is maximizing growth
ard they appear to reflecl an inability of the embryo to access the
resources needed (oxygen, water and nutrienls from the yolk) and
assimilate them. In some cases they are embryos which have been
compromised early in incubation by the factors listed above, but in other
cases the reasotrs are unclear, Suboptimal incubation conditions
(dehydration, too hot or cold, insufficient gas exchange) may not kill
young cmbryos, whose resource needs are small, but may result in
increased monality when resource needs are greatly increased towards the
end of incubation.

4.2.2. Handling and Transport.

Where possible, eggs should be collected and moved as soon as possible after
layitrg - ideally within the first 24 h. At this time the embryo has not yet
attached to the shell membrane (Do opaque spot oi band has formed), and
lhus there is no risk of orienting eggs with the embryo at the bottom. Eggs
laid vertically in the nest (in which embryos sometimes develop
abnormally) can be corrected (oriented horizontally); rhe cmbryo will
reodent to thc rop. It allows total control over the complete incubation
period, and if incubatiotr conditions are stable, hatching will be
synchronized. From a v/ildlife management point of view, early collection
reduces losses to predators, desiccation, flooding, suboptimal lemperatures
and in crowded breeding pens, damage 10 the eggs by females nesting in
mounds that already contain eggs.

Geographical and logistical circumstances often prevent egg collection on
the day of laying. Eggs can be successfully collected and transpofted at any
slage of development, ahhough morc care is treeded at some stages. Embryos
seem more sensitive to mechanical injury ur'hen approximately 8-12 days of
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age, although if reasonable care is taken to prevent sudden mechanical
shocks, thoy too can be collected and transported successfully.

Regardless of embryo age, it is imponant to ensurc that the eggs are not
overheated (340C) during colleclion and transpo(ation. Temperalures
around 30oC or less will not cause problems, whereas. temperatures of 34oC
oi more are more likely to do so. It is always advisable to measure the
temperature of the clutch (2-3 eggs deep) before collection, as high
temperatures, on lhe day of laying or soon after, can be an imponant cause
of monality. Clearly, oggs should not be kept in dry, exposed positions
where they are likely to dehydrate.

Bggs should be gently removod from the nost, preserving their orientation
itr the horizonlal plane - a line from a pencil along the top of the egg will
allow orientation to be marntained. If an opaque spot has developed, that
spot should be directly above the embryo - if it is not, the egg should be
oriented so that the spol is otr the lop. Concem has been expressed about
usirg felt pells to write on oggs (il is lelt that the solvents may affect the
embryos), although many operators use them and to our knowledge there is
no data irdicati[g a link between their use and increased monality.

Eggs can be packed in a vadety ol containers, but insulated ones may assist
temperature control. Nesting media or vermiculite are usually packed
around the eggs to prevent them rolling and to maintaill temperature and
humid  i  t y .

When prcparing eggs for incubation, some operators neither wash nor
examine the eggs closely. Others wash the eggs and remove all detdtus and
then write the details (clutch and egg number) on each egg. Both
approaches give high success rales and are really a malle. of choice.

4 ,2 ,3 ,  I ncuba t i on

The incubation envirotrmenl is extremely importart. It influences the rate
of embryonic development and growth, hatching time, embryonic
mortalily rate and sex. Furlhemore, lhere is increasing evidence that the
incubation conditions affect the later (afte! hatching) performance:
growth rates, survival rates, and perhaps other attributes. In shor!,
relatively minor flucluations in the incubation environment may 6xert
major lonS-lasting elfects of commercial significa!ce. The three major
vrriables of the itrcubation environment are temperature, humidity and
gas exchange.

Temperature. For most crocodil ian species, eggs catr be successfir l ly
incubated at constant temperatures between 30oC and 33oC; outside thi$
range embryonic mortality increases markedly. Within the .ange, 32 !
0.5oC is usually considered optimal for post-hatching growth, although
with most species it will produce mainly males (see below). Alrhough
constant temperature incubation is usually recommended, and typically
gives good results, there is room for morc research. The results of
fluctuating velsus constant lemporature treed to be investigated.
Furthermore, duling the later stages of normal development in wild nests,
temperatures commonly increase by l-2oC due 10 the produclion of
melabolic heat by the growing embryos. It is likely that such increases
accele.ate yolk utilization aDd embryonic growth, and perhaps facilitate
hatching. There may well prove to be advaolages in steadily increasing
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incubation temperaturgs during the last 2-3 weoks of incubation, although
delinitivc research rcsults are lackitrg. Some specie$, for example
Australian Freshwater crocodiles, are subjected to steadily increasing
incubation tcmperalures itr rhe lield, atrd higher hatch rales alrd hatchling
quality are oblaired with escalating iath€r than constanl tempemlurc
incubatior. However, this spccios appcars to be the oxception rather than
the rule. Clearly, cggs incubalod in ncsting matcrial within an itrcubator
are subject to temperaturg increases from metabolic heat anyway (even
though this may not be reflectcd in the teDperature of the incubator air
space), and increasing thc incubation tomperature may cause lethal limits
to be reached.

All crocodilians have lemperature-dependelt sex determination. The basic
pattcm appea$ to be high and low temperature females (typically <3loC
and >33oC), with a band of males in the middle (close to 100% at 32oC), Some
species appear to lack high temperature females, or at least havc the
tcmperature itrducitrg them 34oC or higher, which approaches lethal limits.
Sex is known to be determined during the fi$t half of embryodc
development.

Total incubation time is highly correlated with incubation temperatule. For
eiample, Australian Freshwater crocodiles take 123 days to ircubate at 28oC,
90 days at 3@C, 76 days at 32oC and 64 days at 34oC. This reflects the
profoutrd effects of temperalure otr embryonic growlh rates, and lhese
effects appear to endow the embryos with different potentials to grow after
hatchitrg, ln getreral, the best growth rates are obtained at the
temperatures which produce the highesl percetrtage of males. From an
evolutiotrary poinl of view, the mechadsm appears to be one that allocates
"maleness" to the embryos wilh the best potential of growing to a large size
after halching: i.e. small and large fcmales may sriU be mated, but small
males may cotrtribute little il anything to the populalioD.

Humldity and gases. Crocodilian eggs need 1o be iDcubated under
conditions of high humidity (99+%), but should nol be incubated in direcl
contact with water. Under low humidity conditions, dehydralion occu$ altd
will be first indicated by airspaces within the egg. They catr be seen easily
by candling, Although some species can wiihstand significalt (<20%) losses
of water, it is highly likely that the embryos will be compromised. Extreme
dehydralioo carl cause gmssly abnormal hatchlings, and even mild
dehydration may affect Oe movemenl of mitrerals from the shell to the
embryo, which may in tum affect hatching (it is thought that rhe shell
may nol bc weakened etrough). In contrast, if eggs are in direct cottact
wilh water, it will flow into the egg (especially during the secoDd half of
incubation). The egg will swell appreciably, causing longitudinal cracks in
the shell, and sometimes the contenls will burst through the shell
membiane. Direct spray on eggs can cause beads of water over the egg,
which catr intederc with gas gxchange through the pores.

In geieral, crocodilial embryos are tolerant of fairly high levels of carbon
dioxide and low levels of oxygen, but lhcy require more oxygen and
increased rates of carbor dioxide loss during the last third of incubation
when growth is maximized, At this time, embryos itr eggs which are too wet
oftcn die or hatch prematurely (oftor wilh rhe yolk still €xtemal).
Similarly, if incubatior temperature is increased towards tbe end of
incubation, gas exchange noods will be acceleraled, and it may be
nec€ssary 1o pump more aii into the incubato!.
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Incubators. Atr enormous variety of iflcubators are used successfully with
c.ocodile eggs, and there is no single "ideal" system. In general, itrcubation
in artificial nesrs is risky, becausc the incubalioD cotditions catmot be
easily conlrollcd, Yct itr Thailatrd, most gggs are incubaled itr tresls or ill
holes ir lhe ground, with the thermal environment monitored closely. In
somc cascs the trcsls arc construclcd a spccilic distanco above the watet
table, 10 mairtain humidity.

Controlled tempemture chambers are a common approach to egg
incubation. These can be purchased or constructed in a variely of ways, as
long as the optiqrum incubation ervironment can bc maintainod. Water-
jactetcd temperature cabinets are becoming more popular. If kept in a cool
location, they oDly need a headng circuit to be able to maintain the desired
incubation lemperature. Fans and cooling circuits trced to be evalualed
carefully, as they may lowor tho humidity. Eggs are rypically laid our on
racks, atrd humidity is maiDtaioed by pumping air through a water
reservoir $dthin the incubator: i.o., temperalure is mailtained precisely
and humidity and gas exchaDge are maximized.

Many farmers placo eggs within some kind of moist nesti4g mcdium (sand,
vegrtalioa or vermiculitc), within trays or boxes, which are thetr stored in
largc "walk-itr" rooms. They may have warm water sprays on the inside to
increase humidity and various mcchanisms for controlling temperatute.
Thc advantagg of such syslems is that the cggs are buffered (in rhe boxes)
from changes in both tempeiature and humidity, although rises in
lemperatuie du€ to melabolic heat are not controlled. A disadvantagc is rhat
eggs cannot be regulaily inspected throughout incubation. Regular
inspectiotr allows the early detection, remoyal and examitration of dead
eggs, which in tum allows informadoD oD the age and perhaps cause of
death lo be €stablished. Clearly, excessive or rough hatrdling of eggs is to be
avoided.

Record Keeping. Although incubatiotr success and hatchling
perfontranco can be affected by incubation conditions, "clutch" effects
(getreric effoct$) arc very ptonounced itr crocodiliatrs. By maitrtaidng
caaeful breeding and iDcubatiotr records it may be possible to evaluale the
pcrformance of specific adult6, and to determine whethor they are above or
belorr averagc. Good record keeping should ideally address both the male
ard females's reproductive succes6. It is widely recognized that "first"
clutches (young feDales) cotrtain high proportions of itrfertile or
abtrorDal eggs, and that old females show a variety of anomalies. Howcver,
there is simply a paucity of information on the relationship between clutch
charactedsdcs and age for most species of crocodiliaDs, regardless of the
commercial implications of such data. Similarly, the reproductive
performance of males has tended to be ignored, yet it is clearly a critical
aaca for invcstigatiotr and managcment. Detailcd record keeping and
analysis of all failed eggs are critical to an objoctive evaluation of
reproductive succesg.

4,2,4. Eatching

Thc final stago$ of dcvelopm€trl involve lhe cmbryos dra.\ring the
rcmrinder of rhe yolk (the residual yolk) into the body cavity. Once ftis is
complcted, embryos rtray begin making high pitched chirping noises fro!!
insido the egg. In the wild, thcso vocalizatiotrs stimulale tho adult female to
utrcov€r the oest. Irr an incubalor it is often staled that vocalizalions frcm
one nest can stimulate another to hatch prematuroly, yet with at least some
species this does rot appear to occui.
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Hatchitrg is iniliated by the fully developed embryo using its "egg tooth"
(caruncle - a small calcareous outgrowth otr the snout) to cut through the
shell membrane and puncture ("pip") the egg-shell. This can be followed
by a burst of activity in which the halchling leaves the egg, or there can
be a delay between pipping and hatching of at least a day. Unlike birds,
crocodilians contain significanl volumes of fluids in thc e88 (panicularly
those containitrg dissolved waste products), and at the time of hatching,
these need !o be accounled for (they shouldn't be allowed to drip all over
eggs still developing).

Where eggs are incubated on racks, with even temperature, all eggs in a
particular clutch can be expected to develop at the same ftte. A Pipped egg
is usually removed and hatched by hand. Although a few individuals may
pip early (whetr prematuro), once the majority of a clutch has halched, any
tlat have not pipped should be hatched by hand. Some individuals may
have difficulty hatching and will die if not assisted (some evidence
indicates such animals tend to perform poorly in any case).

Where incubated in holes in the ground, nests, or other situations where
lemperature gradietrts occur, or if eggs have been collected from the field
late in development such that they have already been subject to such
lcmperature gradients, hatching within a clutch may not be as highly
synchronizcd (i.e. different eggs may have been developing at different
ra tes ) .

During lhe rapid growth phase of development (last half of incubation),
embryos are capable of making numerous adjustmelts to inctease their
chances of survival. For example, if resources are lacking (e.9. not enough
oxygen) or arc approaching critical limits (temperatuE too high), the
embryo will start to complete its development early, and may hatch as a
small animal with a large rcsidual yolk. It has essentially "packed its bags
and got ouf'bcforo reaching conditions that would lead to its death." In
contrast, at cooler temperatures (say 30oC), embryos may delay harching,
such that they hatch a! a larger size, but wirh minimal amounts of residual
yolk. At very low incubation temperatures (28-29oC), normal yolk
utilisation is impaired, and many embryos die in the egg, still wilh extemal
yolk. The rcsidual yolk is a food supply used by tlo hatching during the
Ii6t few weeks. Halchlings with a large residual yolk should be kept at
fairly high tempcratures (34oC) to facilikre its absorption. Hatchlings with
extcmal yolk usually die.

4 .3  Rear ing

Whilst there is no standard way of raising crocodilians commercially, there
arc fundamental principles and biological details common to all species.
Once new producers are aware of these principles they are advised to look
at as many differenl farms as possible to see the ranSe of designs that other
farmers have devised around them. Limited research data suggest that
fealures such as the size alrd shape of pens, ald the amount and nature of
light, are trot inherently important to growth and survival. In contrast,
hygiene or lempenture control may be critically important. Much more
rcsearch on ihe factors which influence raising success is needed, and
until it is done, it is impossible to make definitive recommendations about
productiod systems.
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4 .3 .1 .  Ba r i c  P r inc ip les

Growih in terms of body mass should increase exponentially, and if it only
increascs lincarly, it is usually a sign that something is not optimal. Food
conversion rates decline as an animal grows, and thus the atrnual
corsullption of feed will increase markedly with time and increased body
size. To make the most efficie[t use of food and restrict the lumber oi pens
required, most farmers try to grow crocodiles to skinning size in the
shortest possible time, while minimising mortality. To achieve these goals,
lalmets havo devised buildiDgs and systems of managemetrt which meet
the requiremefls dictated by four basic principles:

i. Good incubation and neonatal treatment.
ii. Maintenance of a high metabolic rate.

iii. Elimination of stress.
iv. Adequate nutrition.

Incubstion and Neonatal Treatment, The conditions of incubation
strongly influelcc subsequent growth and survival. Hatching and the
tr€atment of neonatals in the first few weeks after hatching is also critical.
Whether an animal will be large by 2 years of age can usually be quile
accuratcly predicted within the first few months, and even weeks. Not
enough controlled research has been done on neonatals, and thoi!
treatment varies greatly between farms. Howevcr, good results ate
achieved where the harchlings are always treated gently. Some farmers
promote a 6-12 h rest period after hatching, at 32-34oC, either in dry or wet
(shallow wate!) cotrditions, before tralsfer to the enclosures wherc they
will be raised for the Dex! few months. Olhers maintail them in the
incubalor for the first day or two. In general, hatchlings should
irnmcdiately be subjected to the conditions they will experience later, and
lhese should be unchanging.

Nile crocodiles, seem to prefer and benefit from slightly higher
temperatures than older juvedles. Some farms successfully keep them at
34oC for the fiIst 4-6 weeks, before dropping the temperature to between
30oC and 32oC. In other species (e.g. American alligators), increasing
temperature immediately after halching catr lead to heat stress and disease.
With Estuarine crocodiles, transferring hatchlings directly from the
incubator to the raising pens at 32oC gives high survival and growth rates.

Hatchlings of American alligators seem to initiate feeding on dry rations or
mixcs of meat and/or fish wilhin a fow days of hatching, without any
difficulty. Yet with other specics, for example Nile crocodiles, hatchlings
may ne€d to be induced to live food (wiDged termites, tadpoles and small live
fish have been used), lo inducg feeding. Movement of the prey seems to be
the key element, and small pieces ol meat andlor fish thrown towards
hatchlings will usually be snapped up. Once a few irdividuals are feeding
keenly, Ihe resl usually follow. Some farmers of Estuarine crocodiles and
Commoo caimars introduce small feeding animals from the pievious year
("staners") to "teach" the newbom how to feed. Animals which hatch with
largo reseryes of yolk in a round and bulging belly arc sometimes subjecled
to special lreatment. With Nile crocodiles they appear to survive and grow
bcttgr if kept iD water at 34oC vr'ithout feeding until thoy slim down, and
with Common caimans they are maitrtained at the same temperature,
oxyged and humidity environment at which the eggs were incubated. In
both cases it may take over a week until they appear "normal" and are
inlroduced into the halchl ing pens.
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The palatability of different foods and the way in which ihey affect
hatchliog growlh appears 10 be variable betweetr specics aDd betwccn
clutchcs withitr the one species. In addition, the response to changing diets
is variable. Red meat seems to be prefeired, and seems to give superior
grovth to flsh. With Nile crocodiles a change from fish to red meat is
usually both easy and beneficial, whereas a chatrge itr the opposite
direction can produce admals which refuse to eat and cventually die. Ir
contrasl, ADericzrtr alligators switch between diets with ease. In order to
induc€ feeditrg somc f.nners keep neonatals in their clulches and offer
them a variety of foods, some of which may be quite exotic and expensive,
until they eat with relish. However, there may be problems when the
farner ldes to change the diet 10 one which is commercially viable,
includidg anificial rations, which are becomitrg more popular.

Maintaining a high metabolic rate. Under optimum conditions a
hatchling crocodilian has a high metabolic rate, nearly half that of a man,
while an adult's is less than otre tenth as much. A high metabolic mte
means a high food requiiemctrt and rapid growth in lerms of percent gain.
The largcst adult animals are incapable of rapid growth (i.e. percent
itrcreas€ iD weight) under any circumstances, sioce they cannot supply
much energy for the purpose. Temperature affects the metabolic rate of
crocodilians atrd, by and large, their environmenl determines their
t empera lu re .

Thc marked improvcmenl in the growth and survival of crocodilians held
at tempetatures betweetr 30oC and 32oC over those kept only a degrce or so
coolcr is well documcnted, as is the way in which tempemture affocts
digestion, absorption and assimilalion in these a{imals. Feeding at
temperalures of 30 - 32oC produces the maximum metabolic rate itr
hatchlings of several spccies and a search for atr exad optimum is
unwaranled sitrce it will vary belween individuals dependitrg on their
clutch of origin and incubation temperature, adongst other things.
Howevcr, the nalure zmd degree of this variation do require investigation.

While the commercial betrefits of a high metabolic rare in young crocodiles
arc acccpted, thele is some disagreemelt on the way that temperature
should be used as a tool in production. Ecological studies of
thermoregulation in crocodilians commonly refer to "preferred"
temperalures and it is clear that wild animals delib€rat€ly vary their body
temperature in iesponse to their physiological state. Thus, a recently fed
crocodile will tly to raise its temperature to achieve its maximum metabolic
rate and digcstion, whil€ a starved alimal may try and lower its
tempeiature to save energy. Sick or diseased admals may display
behavioural fcver. As a result of these obsewations, some people aae of the
opinion that farmed animals should be given a chance to thermoregulate
withid a thcrmal gradiont. Thc more traditional approach is to maintain a
cotrstant ambienl tcmperature at or ncar that which a healthy, recgntly fed
animal would select.

Three pieces of informatior appear to support the second approach: Iirstly,
crocodiles given a choice of tempentures do trot seem to feed as frequently
nor approach their maximum growth potential as closely as those held at
the "optimum" foi digestion: secondly, the abilily 1o conven food into body
ti$$ue is affe4ted by the frcquetrcy of feeding which, as noled, is highest at
suitable constatrt lemperatures; and thirdly, aDimals under these constant
conditions are very resistant to discase, providing they are noi othgrwise



strcssed. There is, however, one problem with constant temperature
culture. Although not well quantified, even temperature drops of short
duration appear to have a pronounced effect on feeding and growth. which
can continue even after the temperaturc has been reclified, To prevent
fluctuations in temperature, and their adverse effects on feeding and
growth, many farmers usc preheated waler for washing pens down and
refilling them after cleaning.

It is rare to find natural climatic conditions which are ideal for the
commercial rearing of crocodilians and even in the tropics farmers are
usually more successlul where their animals are kept in an artificial
enviaonment. Almosr all farmers maintain such an environment, with
high, constant temperaturos, by keeping their animals in healed water.
Although heating systems vary considerably, they usually involve
considerable rccurrent expenditure. To conserve energy, systems have
been devised where animals are kept in lhallow water in well insulated
enclosures and such constraints have imparted a degree of similarity to
farms around the world.

Eliminating stress. Every crocodil ian farmer recognizes "stress".
Commonly, th€ alimals huddle in piles, are excitable and have reduced
appctite. Avoiding stress is the farmer's perpetual problem. Stress,
howcver, is often hard to explain and pin down. Obvious stimuli, such as
inordinately high or fluctuating temperatures, dehydration, noise,
movemcnt and handling often result in obvious stress symptoms, such as
piling. However, more subtl€ stresses, which often escape attention, can
slow grorrth. It is known tlat inadcquate irdividual space can be stressful,
even though this is nol obvious until considerable growth has been losl.
Stockilg densities are poorly understood. The interaction and relalive
importance of animal size, stocking rate, enclosure area and feeding space
has rcceived only cursory scientific investigation. Ahhough relatively
little information is available on stress in crocodilians, there is vast
literalure otr slress in other animals, and the pathology appears to be
broadly similar. Chronic stress induces changes in leucocyte counts and
rcduces immunity; it also results in raised levels of conicosterone (which
promises, as in olher animals, to be an indicator for quantifying stress).

To understand and avoid stress it helps to understand that stress may be
pathological in caprivity, but in nature it has a survival value. Predators
feeding on hatchlings would normally do so wilh a flurry oi aclivity artd
the piling response of young crocodilians to unusual noises and other
factors probably enhances lhe chances of an individual avoiding being
eaten. Stress is therofore something induced by perceived stimuli -
something heard, seen, smelt or felt which acts as a switch. With care in
raising, strcss may never bc switched on, but once on it cannot necessarily
bc switched off immediately by removing the stimulus. Thus avoidance is
essential. Unfortunately, some stress is inevitable in any managemenl
systcm. For example, handling and grading can bc very stressiul, but so r!
the alEmative situation where some individuals are allowed 1o dominate
others in an enclosure.

A further complicating factor is possible intraspecific, geographic
varialion in the degree of wariness. For example Australian Freshwater
caocodile hatchlings from some areas show little wariness and will roadily
expose lhemselves during daylight hours to feed, regardless of whether
pcople are there or not. Hatchlings from other areas are extremely wary of
cxposing themselves in thc daylight hours, or when people are presert,
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and appear inherently more wary. Ut is thought that such differences may
reflect adaptations to long periods of Aboriginal hunting in some areasl.

There are three pri.lcipal approaches to coping with disturbance stress in
commercial productiotr. Ir the fi6t, anificial screens are prcvided, often
low over the water, to take advantage of the hatchling's natural desire to
fiod cover, under which it feels secure. In the second, the animals are
reared in the dark, isolated from many stimuli. In the third, the animals
are acclimatized to disturbance through consta[t background music or
olher noise and acdvity. None of these options is w€ll researched atd all
have been more appropriate and successful ill some situations than olhers.
It is relatively easy for farms in v/hich the animals are held within
enclosed, insulated chambers 1o exclude light and other extemal stimuli,
and inlroduce conslant 4oise. However, fams in the lropics, which use
little energy, oftetr find it cheaper to constnrct simple facilities without lids
or roofs, and ir these situations screens may be fie only viable option.

Finally, successful farms all have a strict routine in which management
activities such as feeding are consistent. In the extreme, a regime may
require workers to wear the same colour overalls, enter the cnclosures in
the same place and clean in exaclly the same way on every occasion!

Adequate nutrition. As in any intensively raised admal, nutritioral
deficiencies occur ard can have significant effects on growth and
monality. At lhe extrcme, animals may be under- or overfed, but more
usually they are deficietrt in important dietary minerals and vitamins.

Itrformation on the basic nutritional needs of crocodilians is only now
being cladfied, and the role of some components, for example fatty acids, is
in necd of further expelimentation. However, the lack of definitive
information on nutrition need not be a major constraint to commercial
produclion - although it may well make it more efficient in the future. The
bulk of the diet of wild crocodilians is animal protein, and providing
adequate nutrilion for captive animals can be a relatively simple matter of
supplying fresh food, usually red meal, fish or chicken, with calcium and
vitamin supplements. Growth on lhese diets can be equally good, and
generally better than on fish which has been stored (frozen). However,
there are often some individuals which refuse to eat flsh and the
conve$ion rate on a dry matter basis is lowe! lhan for red meais. Although
trot rigourously tested, conventional wisdom holds that fat irl Ih€ diet is
undesirable (it ccrtainly has implicatiors for cleaning ard hygiene) and
that carbohydrate and proteitr of vegetable origin is inefficiently used,
unless precooked 1o break down cell walls. The latter assumptiotrs are now
under close scrutiny, because artificial rations with carbohydrale and
vegetable protein, which are much cheaper thaD animal protein, are now
v/orting well with Amcrcian alligators, although recent tdals indicate
better performalce with increasing quantities of animal protein (versus
vegetable prolein).

A typical juvedle crocodilian will consume ̂ bovt 15-20% of its body weighr
in food every week at a constant tempeiature of 30oC-32oC. However, in
ouldoor pens food consumption will vary greatly depcnding on ambiont
conditiom and season. Overfeeding, especially with fatty foods, can result
in excessive fat deposition and gout, espccially if temperature is not
adequately controlled. Crocodilians can go long periods without food,
especially at low temperatures, but thoy can also tum to camibalism if
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adequate food is trot provided and especially if the animals are not graded
on the basis of size.

The most common deficiencies are those associated with calcium, vitamin A
aDd, in fish fed animals, vitamin E/selenium. Calcium is usually added at l-
2% by weight iD a palatable form such as bone-meal. A standard vitamin
supplement is widely used, but even in this, vitamin A is readily oxidized
and dcgraded. Vitamin supplements should therefore be fresh and kept in a
cool place.

Prcsentation is important. Hatchlings obviously cannot manipulate and
swallow large pelticles of food, and thus they are usually fed ground,
minced or chopped food. "Chunks" of food seem to be preferred, but cubing
is labou inlensive, and grinding/mincing is lar more common. It also
allows the efficient mixing of supplements.

Although noctumal feeders in the wild, crocodilians in captivity can be
lrained to eat at any time. Most farmers feed at night and leave the animals
in lhe polluted waler all night; they clean the next moming. However,
there appears to be interspecific diiferences in fte degree ro which they
pollute the water. For example Estuarine crocodiles usually retreat into the
water to feed, where g.ound/minced and anificial food breaks up easily
and is lost. Australian Freshwater crocodiles, on the other hand, tend to
cotrsuDe more of their food on tie land surface. With Nile crocodiles it ls
recommended to feed in tho moming, so that tho food can be left for about
lwo hours before th€ enclosures are cleaned and fr€sh water added. Where
they are housed in shallow, wann water (without laDd), the water is drained
bcfore feeding, allhough this approach is also used in some farms with
land. Such a strategy maximizes the amount of food eaten (it is not lost in
the water), but the food must be well spread out to avoid stressful scuffles,
piling atrd injury. ln colder climates the draining of water for a few hours
can advcrsely affect the temperature of the pens, negatively impacling on
both feeding and growth.

Feeding rate has not be€n well studied, but animals must bo fed at regular,
close intervals to maintain their maximum rate of digestion and
assimilation. The duraiion ol these intervals changes as an animal grows so
that hatchlings are best fed once a day, bu! juveniles of 1.2 m every second
day. Occasionally hatchlings are fed several times daily, and grow
significantly better. However, the amount of food they eat rises out of
proportioD to the additional growlh: under these conditions a 10% reduction
in food may result in only a very small decrease in growth rate. Simila.ly,
moro regular feeding of large animals leads to an increased metabolic load
such that both food conversion and growth aclually decline.

4.3.2 Growth Rates, Survival and Age to Slaughter.

The economic success ol a farm depend$ on survival rates and age at
slaughter, which is a function of both growth rate and markgt factors. As
troted above, both survival and growth rate are dependent on temperature
and the way it affccts the developmenl of embryos and lhe melabolic rale of
juveniles (and perhaps cmbryos). Crocodilians ol all species will grow and
survive well in a commercial farming situation if they are given a good
start through incubation and are well fed and maitrtained in a stress-free
enviro[ment with temperaturos in the range 30oC-320C.
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Survival. Good data on survival are available from a number of
crocodilian farming regions in the world. These can be analyzed 10 show
levels of mofialily amotrgsr eggs duritrg incubation, amotrg hatchlitrgs
during their first year and among readng stock: the lhree most natural
divisions in the husbandry process.

Measures of incubation success are intimately linked to rhe quality of eggs,
and the degree to which non-viable eggs are detected and identified. With
wild collected eggs, if all dead eggs are examined to detemine whether an
embryo death occurred before or alter collection, it is possible to assess
precisely the incubation efficiency; it is possible to hatch 90-957a of viable
eggs (eggs conuining live embryos at the time incubation stafls). It is also
possible to idertify clutches in which progressive mortality relates to
co4ditions that occurred prior to collection. It must be remembered that in
some areas wild eggs may also be compromised and there may be low
percetruges of viable eggs. With Nile crocodiles in zimbabwe, 5-10% of eggs
collected from the wild are usually discarded, and ovorall halchitrg success
is in the langc of '15-90Vo of all eggs foutrd. With Estuarine crocodiles, 90-
95% successful incubation of viable eggs may relato to 50-6OEo of all eSgs
found (lhere are high losses due to flooding and overheating). With
Estuarine crocodiles in captivity, the overall hatch rate is markedly
ieduced (often to as low as 30% of all eggs) and there is often a poor hatch
of apparently viable eggs (80%). Ia contrast, captive Common caimans have
a fertility rate oI abo\tt'lsEa ard of these, an average of 92Ea hatch altet
eff iciert incubation.

Severely delormed embryos, together with those which hatched but died
soon after are usually counled as incubation failures, although "hatched
normal' and "hatched abnomal" can be used as separate crileda.

Hatchling monality (up to ono year of age) is rypically maintained at 57, or
less otr farms which provide good control over the hatchling environment,
with most species. There is typically an increase in motality after a month
or two, when rum animals succumb, then tho monalily rate declines.
However, many farms experience losses of between 50% and 100%,
itvariably due to a failing itr environmental management - espccially
inadcquate tempcraturc control (too cool). However, even with good
artificial environments severe mortality (10-25%) can occur due to stress-
rclated disease (section 4.4). The cause of stress may be obvious (a response
to disturbarce or a chatrge in routine) or subtle (such as nutritional
deficietrcy).

OIIce crocodilians havo rcached about 0.? m total length, which is often at
9-12 months, they are hardy and tolerate more variatiotr in the
management regime. Deaths after one year should be uncommon (0-2 )
and, again, are usually stress-related.

Growth and age to slaughter. In a farming situation, growth (v.hich is
be$ dcfined as the synthesis of prolein into body material) is commonly
measuied as total length. This is probably better than a !treasure of weight
since animals fed high fat diets may put on weight withou! actually
growing. Thus ahhough weighr is usod to calculate food conversion, the
results need to be interpreted cautiously. Growth rate is limited by rhe
amount of energy available, which is a function of the crocodilian's
metabolic rate. This itr rum is determined by physical and biochemicaL
constrainls - the desigtr of the animal - and il appears that for most
crocodilians there is a maximud lheorotical rate of growth of 4 mm pei day.
Even the most successful farmers have beetr unable to achieve tiis growlh,
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bul soale get close with a very small number of fast-growing animals. WitI
Americar alligatols 2.5-3.0 mm per day gets animals to the 1.2 m size in a
year. As a general observation, the best growth mtes are often attained by
farmers with a few hundred animals, rather than those trying to raise
thousands .

With the larger species of crocodilians, an efficient farmer can expect to
grow a significant portion (30-40%) of his animals to 0.9-1.0 m in 12 months
and 1.3-1.4 m in 18 months. Some animals do much better, but the majority
only rcach 1.5 m in 24 months, or more. with Common caimans, similar
growth rates are achieved but the economics of markgting the skins means
lhat few if any farmers extend commercial raising longer than 18 months.

The agc at which stock is slaughtered depends on a multitude of factors
such as growth rate, but also matket forces and the cost and availability of
vilal inputs. For exarnple, a farm with access to few eggs but abundanl
cheap food, heatiog and space may opt to grow animals which are much
larger than would be considered economic by a farmer who has a good
supply of e8gs, bur limited or expensivo lood or space. However, in every
main producing regiotr farmers generally slaughter animals of 1.2-1.5 m or
less. Beyond this size, the cost of production increases dramatically; very
few fanners fitrd ir feasible to produce animals as large as 1.8-2.0 m. The
maitr consumels of raw skin (Section 6) require some animals over 1.8 m lo
ensure that the full market is satisfied, but the present Price structures do
not provide the necessary incgntives for farm production in this range.
Clcarly, with good slock control itrefficient or non-productive breedi[g
stock can be recognized and used to satisfy some of this demand.

Finally, when deciding upon size al slaughter, crocodilian farmeN, must
rescarch any legal restrictions on size limits which may apply. Some
coutrlries have a maximum size Iimit on skins that can be exponed,
regardless of whether lhe skin originates from the wild or ftom a farm.

4.4, Disease

Crocodilians, like all aDimals, are subject to a variety of clinical disorders.
Outbreaks of disease can cause high mortality, poor growth ol a leduction
in hide and meat quality, all of which can have a disastrous economic
impact on a farming opemtion. It is a common and serious misconcePtiol
that a disease problem is resolved simply by treatment with modications.
Outbreaks of disease in crocodilians are almost always indicative of
management erroft that must be corected if the disease is to be truly
controlled. A thorough analysis ol a disease problem has to look at what the
disease is, when and whore it originated, why it became a problem, which
animals are affocted, and how thoy were infected.

4.4.1. Disease and its Prevention.

Viruses, chlamydia (virus-like agents), bacteria, protozoa, fungi and
helminth worms have all been isolated from crocodilians, and some of these
infective agents are of greal clinical significance in farming operations.
Nutritional deficiencies, or occasionally excesses, may also cause disease.

The orgatr sysrcms of the animal affected by disease trlay also be significatrt.
For example, diseases affecting th€ $kin can reduce tie quality and value of
the hide. Pox virus causes erosions of the skin and may additionally be
associated with high hatchling mortality. A variely of bactedal and fungal
organisms can also invade the skin, as catr filarial nematodes which
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produce characferistlc zigzag m,'rklng of the belly scales. Diseases of the
liver and gastroiltestinal system can cause massive mortality, or in less
severe cases, result in poor growth rates. Generalized bactedal infection
(septicaemia) by agenls such as Aeromonas, Salmonella ^ d. Edw/ardsiella
can also cause sudden death while pentastomes (a parasitic, worm-like
arthropod) and bacleria can affect the respiralory system.

Identificalion of the specific disease causing agent will usually require
professioral assistance. Farmers should become familiar with approp ate
veterinarians, pathologists or researchets, well before any crisis occurs.

Most crocodiles carry bacleda, and possibly other pathogens, which have
the potential to cause disease under the right conditions. Another common
source of infectious disease is via the introduction of new animals to an
established farm population. Management should include facilities for
quarantile and isolation ol crocodilians ftom outside sources.
Contaminated feed may also introduce disease to a farm. For examDle,
pouhry may be a source of Salmonella, and cenain fish are inlermediarc
hosts for nematode and pentastomid parasites. Water source and quality
may also be critical, especially with hatchlings. Water taken from sources
with resident wild caocodilians is considered by some 10 be a dangorous
source of pathogens, some specific to crocodilians. Where there is any
doubt abour waler quali ty. i t  should be purif ied.

Wild crocodilians appear to be hardy animals, relatively free of disease
("sick" animals are encountered raroly), which suggests that they have a
particularly effective immune system (although this aspect of wild
crocodiliaN has received lifle research attention - dead and diseased wild
crccodilians may disappear rapidly). However when they are raised in
captivity, it involves a totally unnatural environmenl, which in turn
appears to affect both stress levels and the immune system: for example,
increased populalion densities, altered environmental temperatures.
differenl water and feed qualities, a variety of stress factor; and general
cleanliness. Deviations from the optimum environmenlal conditions and
even deviations in cleaning routines or other management procedures, can
result i[ staess, which generally weakens admals, causing reduced
appetites and decreased resistance to disease. Evaluation and conection of
improper otrvironmental conditions is an essenlial component of diseasc
coDlrol. Disease is also more l ikely with an unbalanced diel and/or in
animals which have experienced suboptimal incubation.

Coltrollitrg the spread oI infectious disease requires the identificalion,
isolalion and rapid treatment of all exposed animals. Rearing facilities with
numerous small enclosures are therefore prefered over those with large
pens. Disease is most prevalent amongst hatchlings and particular atte;tion
should be paid to all aspects of the management of this age group.

The warm, we! crocodilian rearing environment is ideal for the spread ol
palhogenic organisms. Once they are introduced, diseases may be spread if
contaminatcd water as wcll as feed, equipment or footwear moves directly
from one pen to anothet, or by Oe ransfet of animals between enclosurcs.
For proper disease control, lacilities should be designed such that groups of
admals form stricrly isolated populations. Improper facilities ill ;hic-h
water flows from pen to pen, or where personnel walk directly from pen to
pen invite epidemics. Hygiene is c ticat. Wirh Nile crocodiles it is
Ecommended that pens be cleaned and rinsed after each feeding and that
they be scrubbed with disinfecknt at least once a week - once a day if food
is particularly fatty. Wirh Americat alligators and Estuarine crocodiles the
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water is usually changed after each feed but scrubbing with disinfectant is
far less frequont. with Common caimans and most species, stringent
hygiene tends 10 be applied to young hatchlings, but has been found to be
less inportant once alimals are established and growing.

4 .4 .2 ,  T rea tmen t

Matry of the diseases of crocodilians can be treated with modem antibiotics,
antifungal medications atrd parasiticides thal are used for domestic poultry
and livestock. Other diseases, especially viral diseases, cannot easily be
trealed and further research is needed espgcially in the development of
vaccines. Some treatments may be administered in the water or in tle feed.
It is important to iealize, however, that many other treatments must be
administered 10 each admal individually, often for several days, and that
the farm design must allov that this be accomplished efficiently. The
specific treatments of choice will charge with the development of IIew
drugs and medications, and farm management should keep informed of
current velerinarian praclices. The best treatmenl is clearly prevention.

5. SLAUGHTER AND PROCDSSING

The production of hide, meat and curios has become the central goal of
crooodilian farms, even ihough many cater to tourism. The lollowing
section deals witl the end products of commercial farming.

5.1 Humaoe Slaughter

There is intemational expectation that humane methods will always be used
to slaughtei crocodilians. Thesc methods should give instant brain death, or
a! the very least immediate aDd complele uncolsciousness of a crocodilian
with the minimum of excitement and discomfort.

Both chemical and mechanical methods are available, but tle use of lethal
drugs is uncommon because they are expensive and may render the meat
unfit lor human consumption.

Mechanical stunning instruments, traditionally used in livestock
slaughtcr, are not often used with crocodilians. The penelrating captive
bolt aDd concussion mushroom are cumbersome and difficult to use without
damago to tie jaw skin. Of tie two main mechalical methods which are
used, shooting is capable of causing the minimum ol disturbance alrd stress
borh 10 the individual and its colleagues. Usually a .22 short calibre,
silenced rifle is used point-blark to deslroy t}le brain from behind while
the animal is still in its readng ellclosure. In some circumstances other
crocodiles do not appear to nolice lhat any managemenl activity is taking
place. A flat trajectory with enlry at the post-occipilal junction wilh the
spidal column ensures that the skin below the jaw is not damaged atrd the
skulls of such animals are still intact and of value as curios. In all cases the
spidal cord should be severed once an animal is removed from the
enclosurc. The main disadvantage oi lhis method is lhat some
cotrtamitralion ol neck and jowl meat may occur due to bone splinters. It
may also bc of limited use in countries where firearms are prohibited.

The other mechanical method commonly used, the "nape-stab", involves the
physical restraint of the crocodilian and usually its removal from tho
rearitrg enclosure. Wet, heavy material is placed over the animal's eyes and
its head lowered in a downward position to extend the neck vertebrac. A
sharp chisellike implement is then quickly forced between the base of the
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skull and the first spinal venebrae, severing the spinal cord. It is then
essential that a rod of about 3 mm diameter (idealty stainless steel) be used
to probe and totally destroy the brain (pithing), and it is an advantage to
skinning (prevents local reflex actions) if rhe spinal column is destroyed
s im i l a r l y .

5.2 Skin Management

Allhough meat sales are increasingly imponant to some crocodilian
farmers, the product of principal value temains the animal's hide for the
exotic leather trade. Even a small skin of 17 cm belly width, destined for
walch-slrap manufacture, has a value higher than the hide of any
traditional livestock animal. Care of the skin is lherefore of Daramounl
imponance and some commonly used lechniques, from skinning Lo
transpon, are described here.

Skinning. The majority of classic skins in trade present the belly whole,
with high dorsal cut lines. An alternative, the hom-back, is produced by
opening tle skin at the belly. With both, the position and accuracy of the
opening cut lines is crilical. In some countries, sectiotrs of the opening cut
lines are changed from time to dme for law enforcement purposes.

Techniques of flaying vary from place to place and il is always best for new
producers to leam the cut lines and othcr flaying techniques from an
experienced skinner. However, there are some features of general
imponance. Only as many animals as rhe skinners can com-fonably handle
in thrcc hours should ever be killed (where meat is to be Droduced this
requirement wil l  be even more restr ict ive). From ki l l ing onwarats, every
care must be taken to ensure that the skin is not mechanicallv damaeed or
contaminated with dirt or blood. The carcass sbould be bled in a cool: shaded
place and washed before flaying. Alt flesh and fat must be removed by
scraping, and sometimes with high pressure water jets, and the skin should
be cured as quickly as possible.

One experienced person can flay an animal of 1.2 m in about 15 minutcs,
and comfonably complete 20 in a day. Thus, skinning al! annual crop of
3000 skins will require roughly 150 man-days.

Curing. Until skins are chemically tumed into leather they are subject to
microbial deterioration. To preserve them prior to tanning, they arc cured
by dchydration which is best achieved through saluration with aalt. Moist
salt is eilher applied direclly to the skin in a salt stack, or the skins arc
soaked ill super-saturated brine solution.

When applied to the flesh surface of the skin, salt removes water and also
dissolves aDd enters the tissue where it additionally retards bacterial
gio*'th. Skins kept in brinc are well preserved, stay more pliable and may
shrink less. Ilowever, damage occurs to all the skins if the salt is used up
wiihout the farmer noticing, and in any case they have to be drained and
salted before packing and shipment. To build a salt slack, medium-grained
moist sah, cquivalent to about three times thc weight ol the skin, is rubbed
into its flesh side. Afler about 48 h the small skins are well dehydrated and
have stoppcd shrinking. They arc then re-salted with a thin layer of fresh
sait.

Tagging and grading. Soon, all crocodilian skins in trade will have to be
tagged itr terms of CITES regulations (see Section 1). These tags are the
responsibility of rhe CITES ManaSement Authoriry, but are commonly held
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and applied by fanners o. farme6' associations. Tags for CITES purposes
must be self locking and bear information on the counlry of origin, year of
skintring atrd a l'dque serial trumbcr. Thcy are usually applied to the tail
aDd are generally lefl o0 during tan-ning.

Although practices are variablc, and in somc places govemed by specilic
regulalions, it is most convcnietrt to tag skins befoio lhey are finally
measured and graded so that measurements, gradc aitd numbe! call be
recorded together iD a packing list. Howe\.er, skins are usually sold itr
distitrct size classes arld it is often lecessary bioadly to separale these
beforc tagging and rhe fitral measuring exercise.

Graditrg statrdards vary, but itr gencral classic skitrs have an area of prime
importance knowtr as ihc "pattem" and skins with a hole oi serious scars or
lesioN in the pattem are down-gradcd to second quality with a 25% loss itr
value. Moie s€iious damage may lead io the thiid Siade which loses a
further 25% in valuc. In some counlries skins have traditionally becn
measured by length, but since they are sold after tanidtrg by beuy width
most fairners now prefer to sell their skins in the same way. Thoy are
measured across bclly at a point approximately one third of the way down
the hide between the irside edges of two prominetrt bony scutes.

Packing and storage. Skins must be packed in such a way thal they calr
bc stored atrd transpofted to tanleries without delerioralion.

Thc best method of packing small, wet salted skins is to roll them tiShlly,
smning from the head ro the rail. The legs should be folded inward aloog
the natural line of the body (the.e must bo plenty of salt itr the folded
area). The tail, being outennost, protects tho valuable pattem and allows
the CITES tags or other identification marks to stay exposed. with large
skitrs th€ side of rhe belly skitr should also be foldcd in alld the whole roued
skitr held ir place with lwine or a rubber band. The rolled skins are then
placed in cleatr, moist hessian sacks. These in lum may be slacked iNide
sDall wood or walerproofed cratcs.

Untartred skins should lever bc storcd for long periods irrespeclive of the
qualily of curing. Well cured skins can be storcd iD thc shadc in sall slacks
for several weeks provided they are kept moist, but chilling at 2-5oC in a
cold rcom is preferablc. Sacks of rolled skins kept at these temperatures
must again be kept moist to preyent dehydration.

Tr.nsportation. GiveD tho relatively high valuc to wcighl ratio of
crocodile stitrs, itrtemational transportation is best by air. The consignee
and consignor's details are stencilled on the side of the boxes with dctails of
the storagc required. Insurance covcr is esseotial. Full documentalion,
including detailcd packing lists and CITES documentation should accompany
each shipmenl.

5.3. Mert and Byproducts

Thc processitrg of crocodilian meal for human consumption almost always
iDvolve$ the farmer in strictly regulatcd abartoir maoagemenl and
additiotral responsibilities relating to packaging, labelling, shipping, and
reco.d ke€ping. Abattoirs must be constructcd and oporatsd according to
iealrh guidelines laid dowD eilher within the counlry of production or,
whetr cxport is plann€d, the proposed importing counlry. The regulations
a{d rcquirem€nts arc usually panicularly on€rous wherc the meat is lo be
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exponed. Abattoir facilities arc always costly
operate. The difficulty and expeNe involved
of hygienic meat production, together with
have prompted matry produc€rs to pool their
group facilities to rcduce costs and achieve a
p roduc ts .

to build, maintain and
in meeting the requirements

considerations of marketing,
resources inlo regiotral ot
more dependable flow of meat

Approximate meat yields from a farmed crocodilian are as follows:

Liv€ length
( n )

Bono in weight
(kc)

Fillet weighr
(kc)

0.4-1 .5
1 .4-3 .4

Byproducts are important in some farming areas arrd are conveniently
considered in two categories: curios/novelty items; and, ingredients for
medicines and other products.

Novelty items such as heads, feet, teeth and claws and bacl-strios are
commonly rctailed as curios by farms which ente ain lourisls, but are
usually sold in bulk by the farmer in the first place since the process of
tuming these items into a markelable form is involved and best handled by
another pany. Raw ingredients such as glands, bile and fat arc used in
ntedical research or as ingredients in other products. Those items which
are to be used for medical rcsearch must usually be prepared in at least the
same environment as that used for meat processing.

6. MARKETING OF PRODUCTS

Meat is the most impoftant byproduct and can add sigtificant value to the
total retum on the hide. For example, in 1991 when skin values declined,
meat contdbuted 35-40% of the toral value of small (1.2 m), farm-raised
Amercian alligators. Other by-producrs like skulls atrd teeth, which Drovide
occasional opportunit ies for Eales. are not general ly consistent income
eamers. Thele may also be opponunities for farms to sell live animals to
other farms as rearing or breeding stock.

Prices vary widely olt all farm products. Factors of importance are the
species involved, the size and quality of hides, rhe proximity ro developed
wholesale meat markets, annual production of oggs aIId halchlings lrom
ranching or captive production and competitive demand for rearing ot
breeding stock. Ilowever, by far the most imponant factor is rhe dimand
for skins which is flckle and poorly understood.

6 .1  Sk ins /Leo the r

Although crocodilian leathei has been used in various Dans of the world
for geleratiors, it was during the period 1945-1960 thar lrade in crocodilian
skins reached its peak. Over 3 million wild-taken skins were markeled each

o.9-t.2

1 .4 -1 .5

0.8-3 .0
2 .7  -6 .8

4 .5-11 .0
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year. Thetr, as today, this trade was divided into two brcad categodes: low
value, high volume caiman skins: and, high value, low volume classic skins.

South Amedcan caimans have always provided the bulk of crocodilian
skins in trade. Caimans have a strongly ossified belly skin and traditionally
only thc soft sides, or flanks, entered trade. These have been used 10
produce bclts, shoes and olher less valuable items. During the 1950's and
1960's eight million skitrs of all sizes, including flanks may have been
t.aded anDually. By 1984 this had been reducod lo less than one million.
Today, an increasing number of caiman farms are using captive breeding
and ranching to produce the skins of small caimans, destined for the less
expetrsive more popular finished products. Some of these farms are
designed to raise large numbers of animals (50,000 plus), which may well
be essential for commercial viability.

Until recenlly, farming was generally restricted to classic species -
crocodilians whose belly skins had minor or no ossification. The whole
belly skitr of these animals can be used to produce high quality (atrd value)
leather goods, but even witlin the classics there is a hierarchy of value.
Traditiotrally, thg trade favours the Estuari[e crocodile ("Singapore small-
scale"), paying ^ 20qo prcmilrm over the Nile crocodile, commonly known as
"Croco Afrique", which in tum is valued 10-20% higher than the Amercian
alligator and the Nev. Guinea freshwater crocodile. Today, more rhan 907a
of all the classic crocodilian hides produced are lrom Australia, Indonesia,
Papua New Guinea, lhe United States and Zimbabwe.

It is believed that the level of trade in classics in the 1950's and 1960's may
have reached 500,000 skins per annum, but later estimates suSgest that this
had decreased to 300,000 by the early 1970's and to 150,000 by 1984. It was
still about 150,000 skitrs in 1989, though the composition of the trade was
changing dramatically. Wild-taken skins were declinirg, whereas la.m-
raiscd skins'x€re increasing by about 50,000 per annum. As wild skins have
been taken out of trade due to conservation programs, farming has
prospered. To some extent this has been $elf perpetuating since the
increased legal supply has stimulated the trade and encouraged a
rcsuigence of fashion based on crocodilian leather.

A very important facto! affecti4g the resurgence irl classic crocodilian
skin production has been the number of specialist tanners, which has
declined marLedly since 1970. There are now only about 12 ranneries, in
Europe, Japan and thc USA, which can prcduce high quality crocodile
leather. Of these, a few French and Italian tanners dominate by virtue of
both capaciry and quality - rhey handle 80% of the world's produce. Not
surprisingly, tarners are in a strong position arld those in Europe
themselves trade in raw and finished skins. Produce6 of any significant
size usually sell to them direct. Japanese tanners do not buy skins, but rely
oa Japanese lrading houses to bring in business through contract tanning.
Finished leather is sold to high-class manufacture$, and again these are
principally European. Ultimately, the whole business depends on fashion
and while the increased production ol classics has stimulated the fashion
ilduslry to levive and promote crocodilian products, air oversupply of farm
skins has resulted.

Farm-raised hides are generally harvested and marketed afler rearing
from 1-3 years, deperditrg on the farmer's facilities, operating capilal and
marketing strategy (see section 4.3). Generally, skitrs from l-3 years-old
readng stock from controlled environments will have belly widths
between 15 and 45 cm, and they will be sold ill size groups of 15-24 cfir, 25-29
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cm, 30-34 cm, 35-39 cm and 40 cm+. Smaller skins are geneially used for
small leather goods likc wallets, watchbands and shoes. Mid-ratrge sizes are
primadly used for handbags and belts, while laiger sizes are traditionally
used foi boots, briefcases atrd luggage. Plice increases of lO ro l5qa
between size classes are common, and since most farm hides arc small,
there is generally a more subslantial increase in price for skins ovgr 40
cm.

Crocodilian hides are normally offered for sale on the basis of negotialed or
bid prices either by individual farmers or through farms marketing
cooperatively. A standard method of measuring and grading hides is
generally used to ensure a fair market price between buyer ald seller.

There is increasing suppot through itrtemational cooperation of
producitrg counlries, trade groups and individual companies to promote
farmed crocodilian leather. Retailers and customers are informed that
farmed crocodilian skills are not illegal. To complement this approach, the
farming of crocodilians is strictly regulated to ensure that conservation
advantages accrue.

6,2 Meat

The mosl developed market lor meal is in the USA where alligator is usually
malteted directly to restaurants or through seafood distributors. Tail and
body meat, which is considered the best quality, is usually sold separately to
leg meat. Meal is often cubed (tenderized) and sold frozen in 2.3 kg (5 lb)
seafood caftons. Markets for ribs or ground meat also cxist, but are not as
well developed.

Itr all parts of the world, most meat ends up itr restaurants often offered as
an appetizer or entree either fried or sauteed, though many recipe$ for
veal or chicken adapt well to crccodilian meat. Cookbooks and promotional
brochures with recipes and tips on ha[dling and prepa ng meat are
commonly published as marketing and promotional tools.

7. f,CONOMTCS

The commercial viability of crocodilian farmitrg depends on many factors,
especially species, market trends and management. A crocodilian farm
which does not itrclude tourisr facilities, will usually have a lag time of at
least 3 years before itrcome is rec€iv€d. If the farm is based on captive
breeding, a4d juvenile stock have been purchased to be grown out to
brceders, then this lag time will be appreciably greater. The most
successful farms commercially are commonly those with a significant
number of paying visitois or those which are integrated with some other
incomc generating business.

Prospective crocodilian famers are advised to prepare a detailed and
realistic business ptan for the venture, and seek professional advice al an
early slagc. This section examitres the mosl imponant factols upon \rhich
ecodomic succcss atrd failure are usuallv based.

7.1 Sources of Revenue

The purpose of a crocodilian farm is to generate sufficient incomc from
hides and other crocodilian products, to make a profitable retum on the
investmenl. Farm income is commonly derived from a combination of live
sales, skins, meat, other byproducts and tourism.
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Skins are the major product (Section 6). It is usually possible to plan stock
numb€rs and output leasonably precisely, and with knowledge of the
panicular species' value, realistic projections of the major source of
incomc are usually possible. Crocodilian meat, skulls, back straps, teeth,
feel and intemal organs all have a value, but it typically contribules itr
only a minor way to total income.

Falms generate interest in crocodilians and their conservation and, in the
dght location, lourism can make a very significant cotrtributiol to lalm
income. A word of caulion - developing the farm to accommodate visitors
will ilcur sig]ificant additional expenses and will have a cost in terms of
anidal stress and production. It is therefore recommetrded to open only
pan of a farm to visitors.

7.2 Key Cost Factors

Economic analyses spanning a ratrge of circumstances identify a number
of key cost factors: elfects ol localion; capital outlay; stock supply and costs;
food supply and cost; labour; and healing costs.

The importance of location cannot be over stressed. Itr general, the farm
should be eslablished where food supplies, power, water and othe! servrces
are readily available, and crocodilians should be moved to lhe farm, atrd trot
vicc-versa. Supplies and services may not seem important initially, but as
lbe farm develops so do its service requirements. A remote location is to be
avoided. However, crocodile fams situated too close to urban centres may
face a different set of proble s including security, expensive land, and
problems oI eff luent disposal.

The capital outlay in setting up a crocodilian farm vades greatly ftom
place to place. In some developing counldes building materials and costs
are low, while vehicles and freezer equipmenl are imported at high cost.
Farms which are added to an existing infrastructure avoid the costs of land
and its developmetrt. Capital expendilure is not usually the factor which
determines a faam's success or failure in a developing country, though it
ofteD does in the developed world.

ADongst r€curent costs, the mosl sigtrificant are usually stock, food and
labour, though remote fatms may suffer inordinately high tratrsport atrd
power costs. Stock costs may be very low or very high depending on
demand atrd on whether the famer has to buy itr a competitive situation.
Gen€rally, rhe cost of a hatchling is less than 30% ol the value of the skin

.of a otre-year-old. Food and managemen/labour tcnd to be more sigtrilicant
I overheads. The most successful farms have ilexpensive, even free food. on
mary others food is the pivolal factor in profitability. Labour is not usually
expensive in devcloping countries, bul the cost of management commonly
m6kes up for this. Elsewhere, farms are mecharized ard organized to run
with minimum staff - though skinning expertiso is impossible to avoid. ln
cool cl imates, beating can be a major expense.

It appears to be every farmer's experience that:

i) it takes lotrger than planned to establilh a farm;
ii) it costs more than plann€d to establish a farm:
iii) retums are lower thalt Dlanned.



36
Despite the above words of caution, crocodile farming does have the
potential to be a viable and rewarding etrterpdse.

GLOSSARY OF TERMS

Albumen. The clear mucus-like substance surrounding the yolk in bird
and reptilc eggs - the egg "white".

AUigator. The Americatr alligator, Alligator mississippiensis.

Appendix I. A schedule of species on CITES which are threatened with
extinction, and are generally baDned from commercial international trade,
unless bred in captivity.

Appendix II. A schedule of species otr CITES which may become
threatened with oxtinction unless intemational trade is regulated. Export
permits must be obtained before intemational trade may uke place. A1l
crocodilians which are not in Appendix I are in Appendix II.

Behavioural fever, If "sick", crocodilians may itrcrease their body
temperature above normal levels by basking for longer periods.

Bred in captivity. Defined in CITES Resolution ConI. 2.12 as "bom or
otherwise raised in a controlled environment, ... of parents that mated ... rn
a controlled environment". Fo! crocodilians, this meam offspring that
hatched from eggs laid in caprivity.

Candling, Wherc a strong light is applied to lhe surface of an egg in a
darkened area, some details of the iNidc of the egg can be see[. It is very
imponant thal a strong light be used, but carc treeds 1o be exercised so that
egg temperature does not i[crease above critical levels.

Caiman. South Amedcan membe$ of the subfamily Alligatorinae (sir.
species in thrce genera). Somelimes used only to refer specifically 10
members of the genlus Caiman.

Captive-bre€ding, Producing captive-bred offspring (see "bred in
captivity"). To qualify for exemption from the CITES batr or commercial
trade in Appendix I species, a captive-breeding operation must be managed
in a manner designed to maintain the breeding stock indefinitely and
which has been demonstrated to be capable of reliably producing F2
generation offspring.

CITf,S, "Convention on Intemalional Trade itr Eldangered Species of Wild
Fauna and Flora", concluded in Washington in 1973.

Classic skin. Crocodilian skin with unossified or poorly ossified belly
scales. These skitrs command the highest price, and generally come from
the genera Crocodylus ?trrd Alligotor. The principal classics in rrade are the
Estuari[e or Saltwatcr crocodile, the Nile crocodile, the American alligator
and the New Guinea Freshwaler crocodile.

Common caiman. Caiman crocodilus crocodilus and/or g. s. {u-s-qll!, which
are found in Central and South America.

Control led environment. An environment intensively manipulated by
man, and designed to prevent animals entering or leaving.



Crocodilian. Members of the Order Crocodylia, comprisifg all membe.s of
the subfamilies Alligatorilae, Crocodilinae and Gavialinae.

Estuarine crocodife. Also knowtr as the Saltwater crccodile, Crocodylus

Fl generation. The first generation bred in captivity; i.e. rhe offspring
of parents collected from the wild.

F2 generation. The second generation bred ill captivity; i.e. the
offsprirg, both of whose parents were bred in captivity (Fl generation).

Farming. This term is rot defined by CITES, but is often taken 10 rcfer !o
any operation raising (wild) animals in captivity. It thus includes both
captive-breeding and ranching operal ions.

Hatchling. Usually refers to a crocodilian in its first year of life,

Management Authority, The govemmetrt authority designated within
each country as being responsible for administering CITES, including the
issuance of export permits.

Metabolic rate. The rate of metabolism as determined by the amourr of
food consumed, heat produced or oxygen utilized.

Metabolism. The chemical or energy changes which occur within a
livitrg organism or a part of it which are involved in various life activities.

Mugger. A crocodile found in lfidia. Crocodylus palustris.

Neonatal, Newly born or rocently hatched.

Ner Guinea Freshwater crocodile. A crocodile of Papua New Guitea
and Irian Jaya, Crocodylus no1)oeguineae, which appears to include two
distinct races.

Nile crocodile. A crocodile found in Africa, Crocodylus niloticus.

Post-occipitsl. Behind fie head. Post-occipilal scules refer to a row of
enlarged scal€s immediarely behind the head.

Quol. system. Export quota system drawn up by CITES in 1985 under
which species listed in Apperdix I can be transferred to Appendix II
subj€ct to expon quotas, coltrolled by CITES Resolutions Co[f. 5.21 and 7.14.

Ranching. Ranching crocodilians involves collectitrg eggs or hatchlings
ftom the wild and rearing them until they are large enough to sell.
Defined in CITES Resolution Conf.3.15 as "the rearing itr a controlled
eovironment of specimens taken from the wild". Under the terms of this
Resolutiol populations of species listcd in Appendix I can be rransferred to
Appctrdir II, subject to slrict regulations.

Sustairable uti l ization. A level and frequency of harvest of a
populalion that can be compensated for by the population and can thus
continue indefinitely.
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Thermoregulstion. The regulal ion of body tempsrature. I tr crccodil iaN
and all other reptiles this is achievcd by behavioural means; e.g. baskitrg in
the sur, seekitrg shade or cool vater,
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SUSTAINABLE USE OF CROCODILIANS - CONSERVATION BEI{EATS

Robert W G Jenkins
Australian National Parks and Wildlite Service

lntroductlon

Effective conservation of global biological resources requires a valiety of
strategies, tailored to suit the diverse range of cultural and socio-
economic environments that prevail throughout the world. The
conventional approach of applying total protection to wildliJe and
acquiring areas of habitat for dedication as national parks or nature
reserves, is becoming increasingly less available in many parts of the
world. Furthermore, such strategies may have little or no application in
countries with Dolicies directed towards the use of national resources to
enhance economic development. Arguably this approach, while being
feasible in past years, has less relevance today when many governments
are under increasing pressure to use resources for economic
development. Indeed, the initial cost of acquiring land and the
subsequent on-going costs of management of such lands may represent
an unacceptable expenditure of public funds.

Many governments, particularly those of developing countries, are
adopting the alternative approach of recognising their wildlife as a
renewable resource and a national asset to be util ised sustainably tor
conservation and economic development. This strategy provides a
practical and increasingly acceptable complementary approach to
protected area management. In doing so, an economic value is conferred
on particular species, their habitat and other species dependent on the
same habitat. Wildlife that was formerly regarded as a competitor with
agriculture or predatory pest of livestock becomes perceived as a
resource worth retaining. Previously "unproductive" wildlife habitat
similarly becomes perceived as an asset. As an alternative to alienating
rural communities, this approach provides a foundation for changing
perceptions and creates incentives, among landowners, rural and
indigenous communities who derive a living from the land, to conserve
wildlife outside Drotected areas.

Crocodilians and other wild species exhibiting density dependent
monalities and other life cycle characteristjcs, can be managed to
facilitate their sustainable use with no detriment to the long-term
conservation of the wild resource. Most crocodilians exhibit an additional
characteristic which mitigates against their conservation by the traditional
approach of total protection. Some crocodilians compete with humans
for certain resources and reduce the productivity of particular enterprises
such as fisheries and agriculture. In extreme cases some species are
predatory on humans and their l ife styles,

Historical Background

Crocodilians have been used by man for centulies either as protein or, in
more recent times, for their skins as a source of .evenue. In the past,



exploitation of crocodilians was directed principally to obtaining as many
skins as possible by the most efficient means available. This practice
had the obvious result of depleting most wild populations. Species which
possessed commercially superior skins were hunted more intensively.
Populations of these species were depleted to a much greater extent than
those with less valuable skins.

Following a resolution adopted at the 1972 UNCED meeting in
Stockholm, a Plenipotentiary Conference was held in Washington DC in'1973 to conclude the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES). At this time there was
considerable concern that the wild crocodilian resource was unable to
sustain the level of international skin trade had been exDerienced. As a
consequence, all species of crocodiles and alligators were listed in either
Appendix I or Appendix ll to CITES at the Washington Conference.
Parties to CITES have agreed to cooperate, by applying appropriate
reciprocal trade controls, to curb the rate at which some species of
crocodilians were harvested for the international skin trade.

Although there have been amendments to the specific listings of
crocodilians on the Appendices to CITES since the 1973 Washington
Conference, no species has been removed trom the Appendices and all
species continue to be subject to the provisions of the Convention.

During the twenty years of its implementation, CITES has undoubtedly
been a positive force in contributing to efforts to conserve wild
populations of crocodilians. Species considered in 1973 to be in danger
of imminent extinction were listed in ADDendix I and commercial trade in
wild-harvested specimens was prohibited. During the early lormative
years of CITES, species were transferred to Appendix I in order to cease
international trade in wild-caught specimens. These Appendix I species
became the focus of research designed to provide the basis of managing
them as a renewable resource according to the requirements of an
Appendix ll-l isted species. As a result, species (or populations thereof)
have been trans{erred to Appendix ll from Appendix lto permit regulated
international trade.

The Convention provides for commercial trade in specimens of Appendix
I species which represent the progeny of closed system captive breeding
ooerations on the basis that such trade can be conducted in isolation of
the wild population. The affect of this management prescription has
been to remove oressure from the wild resource to enhance its Dotential
for recovery.

In 1981 the Third Meeting of the Conference ot the Parties to the
Convention acknowledged that some species of wildlife lor populations
thereof) can benefit from being managed for commercial purposes.
Resolution Conference 3.15 was adopted that enabled Appendix I
species (or populations thereof) to be managed by "ranching". To
achieve the support of Parties to CITES for this form ot management,
proponent Parties are required to satisfy particular criteria including
demonstration that commercial ranching confers a conservation benefit
on the wild resource- Although written to apply generally to certain
Appendix I species, in practice this resolution has been applied
exclusively to crocodilians to permit eggs and/or iuveniles, life stages
which exhibit high natural mortalities, to be harvested and grown under
controlled conditions for their skins,



The captive breeding and ranching provisions of CITES have been
adapteij and extend;d to apply foi species of crocodil ians leg All igatol
mississippiensis and Caiman crccodilus)lot which they were never initially
intended. Species such as the North American All igator and the
Spectacled Caiman which have abundant wild populations are more
appropriately managed by implementing sustainable wild harvests
whereby harvest benefits are distributed more evenly among rural and
indigenous communities situated in crocodil ian habitat.

Additional resolutions have been adopted bv Parties which further "freed
up" the abil ity of government agencies to develop and apply strategies to
manage crocodiles and all igators tor sustainable commercial use thus
enhancing incentives to conserve the wild resource. The introduction of
annual export quotas for Crccodylus niloticus and the Indonesian
population ot Crocodylus porosus was designed specifically to provide for
continued use of the wild resource during the formulation of more long-
term rancnrng programs.

Present Situation

There is l i tt le doubt that the controlled commercial use of crocodiles and
all igators has generally been beneficial to the conservation of wild
populations. The extent and nature of benefits differ depending on the
species, countrv and the form of management.

In addressing and evaluating the benefits of sustainable use of
crocodil ians, it is necessary to clarify and define the term "sustainable
use". For the purpose of this presentation, sustainable use of a wild
species implies a regime ot wild harvest conducted ad infinitum with no
detriment to the long-term conservation of the wild resource which
contributes to the economic development of rural communities.

Ranching, as developed and applied by CITES, by definit ion imposes a
regime of commercial use that is sustainable by the wild resource'
Management that involves the removal of non-juvenile animals from the
wild must be based on more extensive and robust data sets to ensure
that harvest strategies and jntensities are sustainable by the wild
resource. Annual harvest quotas provide a mechanism for authorit ies to
administer wild harvests and monitor the impact of such cropping on the
wild population. Harvest quotas should represent that percentage of a
population which can be removed without adversely affecting the
capacity of the species to iulf i l  i ts functional role as a component 01 the
ecosvstem. Harvest quotas should be determined according to biological
and ecological principles, lt is essential that the process of quota .
determinaiion is transparent and not driven by or perceived to be dictated
bv market demands,

Closed system captive breeding, as a conservation strategy should be
confined to species, numbers of which in the wild are crit ically low
rendering the species in imminent danger of extinction. Once it can be
demonstiated that a wild population is capable of sustaining a l imited off-
take of eggs and/or juveniles, captive breeding has l itt le or no application
in further conserving the wild resource. Commercial operations
undertake captive breeding for primarily commercial purposes to
maximise skin production. Farms involved in ranching supplement the
number of on-farm animals by captive breeding to ensure continuity of
stock for slaughter and use in the skin trade, Under these
circumstances, captive breeding is unrelated to the status of the wild



resource, and thus confers little or no conservation benefit on the wild
population. As such. captive breeding does not constitute sustainable
use of a species,

What then are the benefits that accrue from the sustainable use of wild
crocodilians? Crocodiles, alligators and their kin are used for their skins,
tlesh, organs and other parts. They may be used in the live animal per
trade; display at wildlite parks and zoological gardens or as trophy
animals taken by clients of safari oDerations.

Operations located in crocodilian habitat, operated by or in association
with rural communities, which rely on the wild population as a source of
stock confer greater conservation benefits on the wild resource and its
habitat than large scale commercial enterprises which are located away
from the wild resource and derive stock principally from captive breedihg.

The presence of crocodiles and alligators in their native wetlands not only
preserves the ecological integrity of these ecosystems but also benefits
local economies through eco-tourism by providing tour operators with
spectacular animals for clients to view in relative comfort and safetv
The multitude of support industries which service the tourism thereiore
benetit in direct proportion. However, because of the need to invest in
essential infrastructure to cater for tourists, the short term economic
benefits of eco-tourism are less in undeveloped remote areas. In some
regions the potential for crocodiles and alligators to be attractions for
game viewing is minimal when compared with other more "DoDular"
wildlife available for viewing. As a conservation tool, eco-tourism is
perceived by some agencies as a consequential luxury of, or secondary
to, the immediate economic returns gained from the more direct
consumptive use of wildlife, This is particularly applicable in developing
countries which may not possess the resources to establish the
necessary infrastructure lor tourism. Such use of wildlife is an attractive
management option for first world countries capable of funding tourist
operations from revenue derived from util ising other natural reaources,

Large males, particularly solitary, post-reproductive animals, represent a
component ol the population that can be removed with little or no effect
on the intrinsic capacity of the population for recruitment. In Australia
the removal of these animals is undertaken by government officers or
licensed agents in the interests of public safety. The cost of removal is
very often expensive and the animals are made available to crocodile
farms. Such animals are rarely good farm stock, often damaging
enctosures and iniuring, sometimes kill ing, highly valued reproductive
temales. A preferable management option is to use these animals as
trophies for licensed safari operations or as live animal exhibits in
zoological gardens of wildlife parks. Relatively few animals are removed
from the population. The method of removal is selective and has minimal
impact on the population. The unit value of animals used as trophv
specimens or as live exhibits is several orders of magnitude greatei tnan
their skin equivalent pafticularly during times when the skin market is
depressed. Furthermore, the benefits of this approach to management
are more spread more widely within the community.

Consumptive use in the form of safari hunting has very obvious
advantages when considered in the context of crocodilian conservation
management. Continued recovery of crocodilians, panicularly species
widely recognised as dangerous to humans, requires government
management agencies to employ a range of strategies to enhance the



broadest Dossible benefits to communities resident in areas frequented by
crocodiles. Although similar values may be realised by usjng large
crocodiles as live eihibits or as trophy animals, the attendant costs of
usinq such animals for live exhibits are generally higher. The logistic
dit{idulties associated with handling and transporting large, fragile
animals - often from remote locations, preclude use ot this strategy in all
but a few instances.

Provided the levels of use remain withjn the capacity of the wild resource
to sustain, enhanced long-term conservation of wild crocodilians wil
accrue from the commerCial use of the wild resource. Commercial use
without being subject to a management program which integrates
elements of Dublic education and awareness, researGh and conservatlon
will do little more than deplete the resource and provide a means ot
returning to the conditions which prevailed in many parts of the world in
the mid 1gOOs. When crocodiles are perceived as an economic asset by
the Dublic which has to co-exist with the species, political administrations
becdme sympathetic to conserving the wild resource' Without this public
supDort, there is no incentive tor governments to foster research and
develop conservation programs. The political sensitivities of conserving a
species which is known to be dangerous to public safety can be
discounted against the economic benefits deriving from retaining and
util ising the wild resource. Clearly management strategies which are
practic;l and capable ot being implemented and which achieve broad
based benefits to communities are likelv to be more attractive politically.

The approach that crocodile Jarming has taken over the last 1O-20 years
while beinq appropriate for some species in some countries may not,
when used'bioadlV, be compatible with the sustainable use of some wild
crocodilian resources, In many countries crocodile Jarming has become
the provenance of wealthy businesses which possess the necessary
financial resources to establish operations Because oJ the necessity of
deriving a profit {rom each operation, large commercial operations cannot
rely on-annual harvests of eggs and iuveniles for their operations. Thus,
the wild-harvested stock must be supplemented by on-farm captive-
breeding.

The increasing number of successful programs involving the sustainable
use of crocodllians and the manner in which IUCN, CITES and other
international organisations have embraced the principles of sustainable
use of wildlife ia clear demonstration of the emerging role that regulated
commercial trade has in conserving wild crocodilians.

The present operation of the IUCN/SSC Crocodile Specialist Group is
eviddnce of ttie increasing international recognition of the importance of
legitimate trade in facilitating open dialogue between industry
representatives and resource managers. This relationship of trust is
having a positive influence in establishing trade regimes which are_
sustaanabie bv the wild resource and contribute to conservation of wild
crocodilians and their habitats.

Directions and Prospects lol the Futule

In hindsight, the promotion of commercial farming and ranching of
crocodilians as an eJJective tool for conserving the wild resource,
because ol its potential to over-supply the international market, has the
potential of impacting negatively on conservation of wild crocodilians.



lronically the commercial character of crocodile skins, one of the most
[nportant factors that contributed to their decline and the init ial driving
force for promoting the present strategy, may not be sustainable. An-
over-supply of skins onto the world market has undermined maintaining a
high unit value for crocodile skins. Accordingly, many farming
operations, particularly those which are inefficient and experience high
production costs are no longer profitable. Many have scaled back
production and the sale of less valuable skins while others have ceased
operation altogether. This may be beneficial in the long term. However
it does l itt le to engender continued government suppori for commercial
use programs. clearly there is a need to differentiate between oroducts
derived form wild-harvested animals and those resulting from on-farm
production.. This requires a fundamental shift from current marketing
practices which promote greater public acceptance of a product derived
from an operation isolated from the wild population. This approach nas
been tailored specifically to respond to increasing pressure, in recent
years, from the environmental lobbv to restrict the commercial use of
wildlife to products derived from captive breeding operations. lf this
policy is maintained there is considerable risk in devaluina the wild
crocodjl ians to a point where there is no longer sufficienipublic support
for their conservation.

Commercial operations which became established based on sDecies
which were l isted on Appendix lof CITES were necessarilv restricted to
closed-system captive breeding, These operations contributed to
enhancing the recovery of Appendix I crocodil ians by providing a focus
for promoting increased public awareness of crocodiles and stimulating
greater government attention to effective management of wild
crocodil ians. Such establishments should not penalised by the improved
conservation status of the species or populations of a species formerly
included in Appendix lof CITES, which may permit more flexible
approaches to be taken in managing the wild resource.

Future conservation of wild crocodil ians must be based on programs
which incorporate strategies which rely on maintaining viable ti ld
populations, particularly in developed countries where there are
alternative sources of revenue. In this regard the practice of establishing
commercial crocodile farms in countries which do not possess a wilo
resource should be crit ically assessed. Competing interests which may
De more et ctent can seriously undermlne the economics of ranchino
ventures in developing range states which, because they have been
established as part of a national program to conserve crocodil ians, are
more dependent on the wild resource. This issue is all ied closelv to the
issue of resource property rights and ecological concerns of trans-
locating species to areas outside their natural distributions.

Additional 10 the problems associated with the uncontrolled oroduction of
crocodile and all igator skins. there is the problem of growing consumer
opposition to using products derived from wildlife. Non,gov:ernment
conservation and animal rights organisations are campaigning vigorously
In lne western hemisphere against the use of wildlife products. Extreme
elements of this movement which supports this campaign have, in the
case of some species, practised acts of violence and mild forms of
terrorism designed to intimidate consumers and retailers of animal
products. Although crocodil ians have not engendered the same degree
of emotion as other more popular species such as whales, seals and
other mammals there can be l itt le doubt that the sale of crocodile
products has suffered consequentially.



In concluding, it is apparent that the commercial use of crocodilians has
had considerable benefits lor both conserving the species and
contributing to local economies, However, the ever-increasing number of
crocodile farms which are being established around the world will
inevitablv lead to an over-Droduction of skins. Whilst operations based
on high valued species such as Crocodylus potosus may be able to
sustiin this comietition, those producing skins from commercially inferior
soecies will suffer. Such operations may respond by producing more
smaller, and hence cheaper, skins in order to compensate for the
reduction in the unit value of products. Caretul consideration will need
to be given to evaluating the affects this may have on wild harvest
managlment regimes Clearly, new or modified strategies must.be
formulated and implemented based on the sustainable use of wild
Dooulations that differentiate in favour of wild-harvested skins.
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Inl1oducdon

Maintaining animale in a conbolled envinonment immediately provides the opporhmity to

nanage or eliminate runy dieases, esp€cially thor€ of an infrtious natule, atrl this has

clearly occurred on moat well eotablished qocodile fams worldwide. Equallp however,

intenstficadon of livestock productton genelates tts ow& largely maftmade dis€ag€ probleng

and 8uch problems are obviouely tlrc on€8 that need to be address€d tf the ef6d€ncy of

clocodtle frrrns io to be tnproved.

Ll thie ples€ntatio& the various dls€as€s obo€rved in crocodilians will be nendoned but

emphasis wtll be placed on those which may be tmportant on modem hrms,

DIB€a€€ Overvlew

Table 1 su.E|marlseo the dis€as€s that have been diagnoc€d tn crocodtles worldwide. DetaiLs

on theee diseaees are $ven in Fneral pap€ts by Foggin O98Z), Jacobsen (1984) and ladds

and 9tme 090). Other, recent inforEution is presented in notee prepared by Huchzemeyer
(1992). In compattng the occurrence, plevention and contlol oI diseaseg of crocodtleg wlth

slrdlar diseas€r in baditional domesttc livesbock, however, sevsal important dtffetences

emerye

Telnpetah're is dearly paramount, and although clocodtles can to 6ome odent theEmt€gulate

by movlng from land to wate!, sun to shade, etc thdr m€tabolism and ther€fole the efodetEy

of their inllamEEtory and tnrune rcsponaes appea! to be determined by amtdent

temp€mhlre (Glascman & Bennett 1978; smtth et al. 19D, b€tng ldghest at the opttqul

temperature range of say 30-32qC.

gtless is the oth€r lrnportant consideladon and it is relevant that tn crocodtle htldn& a

httheto wtld anlmal ts betng placed not only tnto capdvttt but lnto an tntenstve husbandry
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("factory farmtng") environment. Recent studler on alligators have shown that elevated Plasma

cordcosterone levela (an indc( of stress) and d€creased growth rate were associated wlth

sh€ss caus€d by htgh d€nsit,' stocking rates (El8ey, Joane& McNease & Iaice 1990)' The

tnfluence of thermat 9tre6s on C. /o/ost6 hatcNings as reflected by thetu PlasEra corticostetong

haenatologlcal panmetets, iinnunoglobultn levels and growth rate i5 currently betng studied

0 Tuton, unpubltshed).

Table I Diseas€E of cocodiles

Viral - Poxvirus
- Adenovirus
- Adovirlr3 ? (e.8, Eastem equine encePhalolryelids)
- Pa&mfxovirus ?

Bacteria (General) - Gram neSatlve olSanirms important
- Acute diseas€ - SePtica€rita, Enterotoxaemla ?
._ Chrontc dis€q6e - HePadtie/sPlenitis-}].oEAetuftorrashydroPhila,SalfionellaeP.

Higher bacteda - Myobsdeiun sp
- Molrilus congDldait ?
- Chlamydia

Fungt Sup€rficial

Protozoa - Coccidio8lB
- Haemogr€gartnes

Nemadec - As.arids Gut and ddgrating)
-Capillaria - 8ut

- subqrtis

Trematodes - Int€stinal
- Renal
- Blood

L€eclrcs
Pentastomeg

Spargana Melville 1988)

Nutddonal Dsorders - Cout
- OsteodElacia
- St€atitis (Deftcimcy of Vita$in B)
- Neclgsis of mus.le (deficiency of Vitadn E)
- Hi.iency of - Vitadn A

- Vitaldn B Cfhiamine)
- Vitahtn C
- Vitaldn K ?

Other - Giatrt cell enberohePaddg
- 'Bubble Ioof
- "Gteasy so.s"
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The interelationship between various strergois such as temlrratute, oveFlowdi!& and

sallnity, and the tndtces (e.9. plasma corticosterone) and consequelrces (lmpaired immulttty

and inflammation) of shess require further shrdy, At least in response to acuie shess in young

alllgators, total white blood cell counts were elevated and heterophils as a percentage of total

whlte cell counts were also tncreas€d stgntficandy at ,lt] hours - with a core6ponding

declease tn pelcmtage of lymphocytes (Innce, V. 190, pe!s. comn), Such chang6, whlch

algo occur in domestlc animals, wete not however, observed in Nile crocodiles which were

chronically str€$sed and often died a6 a result of repeated blasting for highway constmction

Watson 190).

In any consideration of diseases of farmed crocodiles emphasis mu"ot be placed on prevention

of disease by effective quarantine and husbandry procedues and by ntntntsing stress. Most

dls€ases and mortalities of hrmed crocodiles occut ln young anlmats; they are seldom a

prcblem once animals reach one year of age, Of th€ diseasee listed in Table l, note that

artiffcial incubation of etgs with subeequent eeFetation of hatcNings from older crocodilee,

and due regard to bastc husbandry will prevent spread of most diseas€6, A r€cent study

which comparcd di6eases occurring on crocodile farms in the Northem Terdtory dudng their

€stabliBhment phase 098487) and curtendt ha8 in hct revealed that tlrts occurred -

€8p€dally tn relaHon to palasitic infections, whlch are now quite lare (Buenviaie €t al. 193).

Overwhelningl, the important diseases in farmed crocodiles are now caused by

opportunistic infections with ubiquitous bacteria or fungL or by inappropriate nutdtion. Most

bacterbl i6olate5 from dead crocodiles are Gram negative and infections rnay be acute or

chronic - the latter mostly affecting the llvet and or intestlnes. Sudden death of fat

hatchlings and the finding of "wef' oedematous tisqles and haemonhage at neclopsy suggest

an enterotoxaemla-llke syndrome (Iadds & Slms 1990). Chlamydtal lnffion is consider€d

an lmportant cause of illness in young clocodileo in South Aftica (lluchzeEEye! 1992, it ha8

not yet been obgerved in Australia.

Fungal infections appear mosdy to b€ precipitated by sub-optimal temperahue. The skin is

especially involved and pale gelatinous ateae o! disqete white foci may develop on any part

of the body. Ulcers may result if thi6 material is sloughed. In deep mycosis pale foci may be

p!€6ent in any organ but especiauy the ltver and lurgs.

Gout is probably th€ most impotant nutritional disorder in frnned crocodilee and is

characledr€d by white systalline predpitat€6 around Fints or tn deeper orgaru, particularly
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the ktdney8. Overfe€dlng fot maimum growth with high protein dieb appears to b€ the

caus€ and at least during its early stages gout can be controlled by fasting antmals for s€v€lzl

weeks.

OEteomalacla is characteds€d by 'tubbe! jaws", gla$y teeth and o(h€m€ weakrc6s in

hatchlings, and pemunent skel€tal deformation in older ardauls whose diet has since been

corrected (Huchzerneyer 1986). A1l meat dieb with no mineral supplenent are usually the

cauae.

Steattds occus only in crocodiles fed ffsh whidr has detedonted and causes lesions which

make the meat (especiauy of the tatl) unsu.ttable ior eale (Iatsen et aL 1983).

Thiamin€ deffdency in clocodilians may be due to the thiaminase in froz€n fislL and p€rhaps

sulphtdes tn preservd meat lubb O9? has recendy de3cdbed a thiaEdne responsive

nervous disorder in C. pororls hatchling8. Stgns included loss of tighting reflex and ctocodll€s

tfpically were found floadng or lying on thett std6 wtth thett Fws open. The bitgest, fastest

growing animals were most affected. Treainent wtth thiandne hydrochlortde (f00 mg/ml -

two; 30 mg doses, 24 hours apart) caus€d taptd recovery.

Vttamln C deficiency ha6 been observed to caus€ an ulc€ratd gin$vitls in farmed cromdiles

tn South AIrtca (Huchzermeyer 192).

Other dls€as€8 curenuy betng sh.died on Ausbalian crocodile fall]Ils indude a glant ceU

ent€lohcpadtts (GCErO of hatchlingo and 'tubble foot". In GCEH there is thrckening of the

intestinal wall by macrophages and giant cells which contaln dEract€ristic 'bodies'whidr ale

prcbably miclo-organisnts but have yet to be identified. As in Johnds diseas€ tn catde the

massive naclophage proliferadon compromlses lnt€stinal funcdon and affected oocodtl€s ar€

s€v€rely emaciated and oftetr dte.

iBubble foot'r has now been observ€d on seveul farma Subcutaneous gas accumulatiols on

the feet interfetre wtth normal swtmntng (and theteiore feedtng) acdvtdes and loss of dtgtts

may subgequendy ocru!, Pteumtltary nlcroscopic studleg show a "mlxed" lnoammatory

respons€ around the bubbles" and sugge3t infuion.

ncrearf crocs'r ale the result of accumulad fat ffrom fatty food, e.g. pork) ln pond wate4

errh aninale appear to have lncreased eusceptibility to fungal infections of thetr shn
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In all zurveys of hatcning iI thdft and mortality, the problern of 'haladapdon" and or rlunfl

anlmals has b€en revealed as signi.6cant. Ess€ntialy thege crocodiler refirre to €at nornally

and become emaciated. Detalled necropsy and iolow up laboratory semination howev€!

fails to reveal any infectious cause. Although there i8 some evldence that (labour int€nsive)

temporary 'force feeding" of eudr animals may induce th€ri to H and grow, this approach

is generally considered bo be uneconomic. A hith occunEnce of runt6 E|ay be related to

clutcher bdng hcubated at inappropriate temperatw€s (see below).

Some Management-Di8ea8e Associations

Introduclton of wtld caught hatchlngs may faciltate spread of (€specially parasitic) infection

so it ie relevant that most stock in Australia now comee from eggs that have been artificially

incubated. Some diseaees, €.9. adenoviru6 infection E|ay still be tranemitted through the egg
(Foggin 1982). Much reearch has concemed the preM method of egg handltng and

tncubadon and o(c€llmt results are now achieved Gee lvlanolis & Webb 191). IElPoltatt

"ctutch €ffecls' have been recognised ard may sometimG be related to g tncubadon

tempelatue. Fo! example Joaneq McN€ase and Ferguson (1987) found d|at a high petrentage

of "nmt" alligators (r{lwtar fiississiryiensis), whlch nev€r grew.well occurred in dutche fiom

etgs incubst€d at tetllPelatur€s that were above or below the optimum 31.fC.

The u8e of a &rkened Cblack ouf') envlonm€lrt to r€duce stress ts debated but ls

neverthelesa wtdely adopted. OMouely provlelon of adequate attificial light to pef|nft

cleantn& etc ne€ds to be made, but the question of whether almost colstant dadr€8s may

int€dere with Vitamin D conveEion needs to be rerolved and kept in mind ln formulating

ratlona,

"Controlled envilonmental chamberg" will of course be hous€d indoors. For outdoor pens

suttable netttng may be requtred to e)<clude, e.g. dog8, cat8, rodents, frogs and blrdr whtch

may be attracted to feed and could perhaps h€lp passive Epread of (e.9. bacterial pansldc)

trfecdon from one pen to tlle next. In tf|e context of spr€ad of some (e.g. vir"l, protoz.oal)

dis€ar€G by biting insects there may poesibly be sttuation8 where insect-prooffng of pelu ls

iu86fied.

Depending on locadon (and esp€cially ladtude) patial shading of pene (with, e.g. shade cloth)

may be necGsary. In tht8 rcgard tt ts tmporrant to remeErber that the crocodtle (at least po8t-

hatchling) will effectively replate ite own body te[lperatu.re by moving between water,
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sunlight and slEde; pen d$tgn (and stocktng denei9 should therefore penntt the antmal to

achleve this.

Quite high mortafties nay occur after blockage of dnins from ponds hae prevented cleantng

and perDltt€d excessive butldup of (espectaly bacterlal) contaminadon of pond water Gee

below). AlEo, to avoid sptead of lnfectlo& water overflowing from one pen must not dlain

to the next.

Availability of abundant uncontamlnated ftesh water ls ecsentlal fot a ctocodile farm ajd of

cours€ this hae be€n achi€ved by use of underground (bore) water on many farms, Infuion

with, e.g. coccidiosis has r€sulted from u6e of water pumped from contaminad streams.

Likewise fluke lnfestaHon may occur if snails are introduced into ponds via water ftom

adiacent streams.

Water clarity /e/ se may not be impofiant and irdeed Goudie (1989) notes that crocodileo

app€a! to prefer doudy water. Cloudineos of water due to scretement and uneaten H may

however favour the proliferation of pathogens sudr as Saltto alla sp ard in this regard

Manolis et at. (191) have suggest€d that a difference in Hing behaviour between C. porosrs

a\d, C. johnstotti $ y be impotanq wheteas the latter spedes wtU eat on land, the forme! wlll

take feed into the water beforc eadng it.

Although unlikely to be a problem on most 6rms, elevated salinity (l% or ldgher) could

perhaps result from evapontion and is asoociated with 6hes6 and moiality of young animals

(Iauren 1985).

It ts genelally agreed that water should be changed daily, preferably after feeding. The

tetrFrahrre of water flowing tnto pens after d€antng ts impoltalrq temperature "sllock" has

resulted from this water being too cold so heating of incoming water ltay sometimes be

neces8ary.

The exact contribution of noise to streos and therefore reduced Fowth and perhaps dtseas€

6eem6 undear, but a6 fright nay be an tnevttable le6pons€ to unusual ot intermittent noise,

a common practice is to have continuous music (preferably ABC FM!) "piped" into pen areas.

Maintenance of temperatuie at or very near 31.5oC ls perhape the slngle most impottant

requtlement ior qdnimising tlrc occurrence of dt6ease. Inmune nGponse tn repHleg ls



t€mperature dependent as is time required fo! proteilr digesHon and absorption. In alligators,

Coulston and Coulston (1986) found such times to be twice a,s long at m'C than at 28'C.

Foggin (1988) comparcd mortaltties of C. riloricr.rs hatcNtngs kept at dtfferent temperahrree

and fourd that fl$ceptibiltty to (mostly oppotturisttc) lnfecdon was much gleater at 26'C

than 32'C. Likewise 36oC induced mottality. Studies by Buenviaie et al. (193) confrmed the

imporlance of 8ub-optimal temperatures in favouring oppotunistic infuions of young

crocodiles, eepecially during winter and on those farms located at higher latihrdes. Ev€n

though some form oI heating was provided on all lanllr shrdied, it appeared to be inconstant

and/or inadequate. In planning suitable 'controlled environment" pens, both air and water

teErpetatute n€ed to b€ constdered.
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THE CONSERVATION. MANAGEMENT AND FARMING
OF CROCODILES IN WESTERN AUSTRALIA

Keiran J. McNamara and Gordon J. Wyre
Depanment ofConservarion and Land Managemenr

P.O. Box 104, Como, Westem Australia, 6152, Australia

INTRODUCTION

Two species of crocodile occur in the nonh of Westem Australia - the Estuarine or Saltwater
Crocodile Crocodylus porosus ard the Ausfialian Freshwater Crocodile C. johnstoni- Since
the review of the status of crocodiles and thei management in Westem Australia by
Burbidge (1987), a crocodile fanning industry has be€n established and there has been a
substantial increas€ in knowledge ofthe status ofcrocodiles as a result ofpopulation surveys.

DISTRIBUTION OF CROCODYLAS POROSUS AND C. JOT'NSTONI IN
WESTERN AUSTRALIA

Crocodylus porosus is found in coasta.l and near coastal parts of the Kimberley region of
Westem Australia, from the Northem Territory border to King Sound, and with fairly
frequent occurrences further south to the Broome aJ€a (Figurc l). In recent years, several C.
porosus have become resident a considerable distance funher south, in the vicinity of Pon
Hedland in rhe Pilbara region (Figure 2,.

C. johnstoni is found throughout the freshwater rivers and billabongs of thc Kimbedey
rcgion. It occurs well inland along the two largest river basins, the Ord and Fitzroy rivers
(Figure l).

GENERAL DESCRIPTION OF WESTERN AUSTRALIA IN RELATION TO AREAS
WHERE CROCODILES OCCUR

westem Australia consists of alnost onc-third of Australia's landmass but has only about
one-tenth of the nation's population (Table 1).

Table l: Land area and human population of Western Aushalia
.elative to Australia

Wesrem
Australia

Austlalia WA as
proponion of
Austra.lia

Area of land
Human population at 30/6/91

2,525,500 km'
1,665,945

7,682,300 km2
r7,335,933

32.9%
9.6%

(source: Ausralian Bureau of Statistics. 1992)

In the decade from 30 June 1980 to 30 June 1990, West€m Austmlia's avemge annual mte of
population incr€ase was 2.56% comparcd with a national figure of 1.52% (Australian Bureau
of Statistics 1992).

The Kimberley has a low human population. At 30 June 1990, when Westem Australia's
population was 1,633,825, rhe estimated resident population in the three local government
arcas which cover all of the distribution of C. porosrr in the Kimberley, and alnost all of the
distribution of C. johnstoni. was 21,852 or only 1.3% of the State's population (Table 2 and
Figur€ 2).



Table 2:

2

Human population distribution by local government
ar€a in the Kimberley

Ircal government area
(ktrl'z)

Esdmat€d resideot
populalion at 30/6/90

Towos in each area

Wyndham-East Kimberley
D€rby-West Kimberley
Broome

Halls Creek (a)

r21,189
102,76
56,000

112,908

6,444
?,488
7.929

2t,852
2,99r

Kununurra Wyndbam
Derby, Fitzroy Cmssing
Broome

Halls Creek

(source: Australian Bureau of SLatistics, 192)
(a) includes a relatively small area of C jol rrori habitat.

In addition to the towns listed in Table 2, there are scattered Aborisinal setdements. Much of
the coastal Kimberley region is vinually uninhabired.

The rccent appearance of several C porosus in the vicinity of Port Hedland is in an arca
where the estimated resident population ar 30 Junc 1990 was 13,707 in the Port Hedland
local govemment area, and 16,707 in the adjacent Roebourne local government area (Figure
2). In both areas most ofthe population live in coastal towns.

In the Kimberley, most of the coastal and near-coastal land ftom King Sound to the Northem
Teritory border is included in Aboriginal reserves, rvith fte rEmainder made up of vacant
Crown Land, conservation reserves and a Commonwealth (i.e. national govemmenrl defence
training area. In these arcas land-use activities which would be debimental to crocodile
habitat and conservation are generally limited. Most of the inland Kimberley, as well as
coastal areas in the vicinity of Derby and Broome, is pastoral leasehold land used for open
range cattle grazing.

HUNTING OF CROCODILES IN WESTERN AUSTRALIA

Aboriginal harvests

C-roc-odile m€at and eggs have been used as a food source by Aboriginal people for some
20,000 to 40,000 years prior to EuropeM contad (McBryde t979; Flood-1983). This use
continues but the size of the harvest is unknown. Aboriginals are very skilled hunters who are
especially adept at locating nests of both C porosus and C. joht*rani, and the impact of their
harvesting "should not be lightly dismissed"(Webb er al. 1987).

Hunting for the skin trade

C pororas was extensively hunted for the skin trade in the 1950s and 1960s. The pre-harvcst
population siz€ is unknown. While there arc no acclmte statistics on the harvest in Westem
Australia, Webb et al (1984) estimated rhat berween 270,000 and 330,000 C, porosus wete
killed in Australia from 1945 ro 1972. wirh rhe upper estimate comprising 271,500 skins
exported, 13,500 assumed killed and nor renieved, 

-a;d 
45,000 iuvenilis kill-ed for the curio

trade. Based on Webb €, a,'s estimate lhar l0% of the skin harvest was from Westem
Australia, it thercforc seems likely rhar some 25,000 C. porosus wcrc harvested in Westcm
Australia from 1945 until 1970 when rhey were legally protected under the Wildlife
Conservation Act 1950.



In conrast, rro intensive legat hunting of C, iohnstoni occurred in westem Australia' but
according to Bustard (1970) and Burbidgc (1987) there was siSnificant poaching in
accessibE habitat during the 1960s and eariy 1970s. Burbidge considered that C. johnstoni
Dopulations in rhe nonhlwest Kirnberley were not affected by European hunting becaus€ of
ihd rueeed, inaccessible nature of the country. There are no published estimates of the
numbe-ri of C iohnstoni ktlled in westem Australia for the skin trade. The species has been
lega.lly prctected in Westem Aust[alia under the Wildlife Conservarrbz Ac, since 1958.

STATUS OF THE CftOCODYLUS POROSUS POPULATION
IN WESTERN AUSTRALIA

The fust documented report on the status of C porosus in Westem Australia was that of
Bustard (1970), who conducted limited boat spotlight surveys in several areas. Bustard
conclnded that C. porosus "has been hunted to the verge of extinction" and his
rccommendation that the species be protected for ten years was the basis of the Govemment's
action to protect the species in 1970.

The fi$t sysremalic surveys of C poloJilJ populations in West6m Australia were conducted
in lg'17 a;d 1978 O4essal et al. 19'11: Burbidge and Messel 1979). These boat spotlight
suveys covered the estuadne portions of major river systems across most of the range of C
porosas in Westem Australia, and the combined rcsultJ yielded the following estimates of the
non-hatchling populations in the surveyed portions ofeach river system:

235-306
44-51
60-78
5l-61

r't1 -230
t90-246
200-2s9

95'7 -t,243

ExEaDoladng from these resulls to coffect for unsurveyed areas, Burbidge and Messel (1979)
esdmiad rhlt there were abour 2,000 non-hatchling C. porosus in the whole of Westem
Australia.

ln 1986, most of rhe areas surveyed in 1917 and 1978 werc rcsurveyed, as well as some
additional areas (Messel et al 1987), resulting in a Kirnberley-wide population estimate of
2,500 non-hatchling C. porosus, The 1986 survey revealed a significant increase in the
proponion of largeirocodiles in the populadon, and showed that the largest populations are
in rhe Cambridge Gulf. Prince Regent and Roe River systcms

Since 1986, no further large-scale population surveys thrcughout most of the rdngg q{.C
porosus in the Kimberley have been conducted. However, the C porosus population in King
Sound and Stokes Bay was surveyed for the hrst time in 1989, resulting in an estimated
population of about 25 1C weuu ety Ltd 1989a). The low density of C porovs in the King
Soirnd area reflects a generally poor environment at the extremity of the main pan of the
range of C. porosus .

Associated with the westem Austlalian Govemmenl's 1988 decision ro permit crocodile
farming in the State, the West Arm river systems 11 -Qarntlt!g9-C.u-lt,(!igure 3) which fiad
been sirveved in 1986 were resurveyed in 1989, 1990 and 1992 (G wcbb Pty Ltd 1989b'
lgg0 and fg92lln 1992 the Ord River, which had been partly surveyed in 1978 and 1986'
was fully surveyed for the first time (G Webb Pty Ltd 1992). The results of these surveys in
Cambridpe Gulfare summarised in Table 3.

Ord
Lawley
Mitchell
Hunier
Roe
Prince Regent
Glenelg

Total



Table 3:

tt

Summary of C. porosw population surveys in the
Cambridge Gulf system, east Kimberley

ns = not slweyed
(a) couot ooly, i.e. oot a population estimate.
(sources: Messel €, al 198?; C W€bb Pty Lld 1989b, 1990 and 1992)

Cambridge Gulf has been the principal source of C poros!.r for qocodile farms io Westem
Australia. The rcsults in Table 3 indicate that rhe population in Cambridge Gulf has not been
adversely affected by the rcmoval of about l4O non-hatchling C. polorrr between the 1986
and 1992 surveys, or by the egglharchling harvest in the King River u,hich has takcll plac€
each breeding s€ason from 1988/89 to 199U92.

A helicopter survey was conducted in the 1988/89 brceding season to locate C poro&J nests
betwccn Cambridge Gulf and the Pdnce Regenr Rivel (G Webb Pty Ltd 1989c). The rivcr
systems in which nests werc found, and the number of nests found, are listed below:

Cambridge Gulf

Ord River
King River

Drysdale River
Admiralty Culf Creek
Roe River
Prince Regeot River

Total

6
8

I
I

20
I

l'l

The .1988/89 survcy confimed previous conclusions (Mesel eroL 1987; Bubidg€ 1987) that
ncsting habitat and levels arc limited in Westem Australia, panicularly in compadson with
Drimc areas in the Northern Territorv.

E:IITIMATED PIOPULAIION OT NON HATCIILINGS

MON|'I/rEAR OF SURVEY

7/86 tA89 9/90718 782

EattAm&Ord R er
- 98.8 fnr
- addidonal2o rfir
- additional59.5 rfil

Wesa Am
- West AJm, Parrys Ck,

Sellers Ck" Forrest R,
Patrick R, Duack R,
Canal Ck, Kiog R,
Pentecost R.
(203 ktrr)

- as abov€ plus West
Arn si& creek and
Bulla Nulla Ck
(215.21m)

245-29',7
ns
ns

22Lnl
38(a)

ns

ns
ns
ns

ns
ru
ns

24

_v
379

t87-233

256 202 198
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ln surnmary, it is considered lhat the lotal population of C porotuJ in westem Australia is
only of the order of a few thousand non-harchlings. Nesting habitat is limitcd. Nevenheless'
C. porosus aDpears to be recovering from past hunting. and still occupies its historical range
Buibidge (1987) mates the following corunents in relarion to C. porosus habilat in the
Kimberley:

"The arcas of the Kimberley inhabited by C- porosus differ markedly from
most of the Northem Tenitory ... The Kimbe ey coastline and hinterland arc
chiefly composed of sleep..rugged, ancient, deeply faulted sandstones. Access
up miny rivers is blocked to clocodiles by waterfalls and their associated
gorges. There are few areas of floodplain and very few freshwater swamps;
hence breeding habitat is scarce. It would appear, thercfore, that the carrying
capaciry of the Kimberley river systems and the Kimberley as a whole is much
leas rhan that of lhe Nonhem Territory. '

STATUS OF THE CROCODYLAS JOENSTONI POPULATION

Prior ro 1989, there had only been very limited surveys of fieshwatEr crocodile populations in
parts of the Ord River, including Lale Kunununa

In 1989, boat spotlight surveys yielded non-hatchling population estimatos of 25,000 in Lake
Arsyle and 7,5b0 in Lake Kunununa (G Webb Pty Ltd 1989d). The earlier construction of
v6-dams on the Ord River impounded Lake Kununurra (in 1963) and tho very large Lake
Arsvle (in l9?2). Also in 1989, boal spotlighr and helicopEr surveys yielded a population
esdriraa of 13,000 non-halchling C. iohnstoni along 172 km of $e Firzroy River and in some
of its tributaries and Seventfin Mile or Cambaltin Dam (G Webb Pty Ltd 1989a). A boat
sDorlishr survev in 1992 yielded an estimaie of morE than 2,000 C. jolursrozi in rhe Ord River
dbwnitream of the Diveision Dam which forms Lake Kununurra, all within 90 km of the
Dam (G Webb Pty Ltd 1992).

There has not been a survey of the total Weslem Australian C. iohwtoni population and
thercforE there is no scientific estimate of the total population size. Ncvertheless the species
is clearly common in suitable habital

CROCODILE MANAGEMENT AND FARMING

Kulumburu Crocodile Farm

ADDfied Ecolosv Pty Lld established an experimenlal C. porosus farm ar the Kulumburu
nbbdginal Mii{ion ln 1973. Applied Ecology Pry Ltd was a company eltablished by tic
Cornrionwealth Govemrnent to research and develop naual rcsource based industries for the
benefit ofAbodginal and Tofies Strait Islander communities.

The fam never developed beyond a small-scale experimental operation and was discontinu€d
by the Kulumburu Miasion in 1983 afier Applied Ecology fty Ltd was disbanded in 1981.
Records are incomDlcE but the available information indicates that the falm took l0 C
porosas from the wild and raised 132 hatchlings from wild harvesa of eggVhalchlings. Most
;f rhe crocodiles died either due to disease or Dredation, l0 werc transfcrrcd to the Broome
Crocodile Park in 1983, and the final two were ieleased into the wild in 1988.

Broome Crocodile Park

This park began acquiring crocodiles in 1983 and oPencd ro rhe public as a display pa* in
1985. h acqu-ir€d IO C. porosus from Kulumburu in 1983 and up to thc end of 1988 it had
trappcd abo'ut 25 non-hltchling C. porosus in the wild, primarily in accordancc with the
prddlem crocodile removal program. Thiny C. porosm hatc-hlings werc collected in 1987 and
nine C. johnstoni were also collected from the wild for display.
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1988 Goverlment approval for crocodile larming

ln October 1988, rhe Westem Australian Govemment decided to allow the reco[lmencemenl
of crocodile fafining in Wesrem Australia. This followed exprcssions of interest ftom a
number of pdvate enrrepeneurs, ald an analysis of existing data on crocodile populations by
the Departrnent of Conservation and Land Management (CALM). At that time crocodile
fafining had already been well established elsewherc in Australia, in Queensland and the
Nonhem Territory.

Th€ approach taken in Western Ausralia in 1988 was to allow a single farm to be established
in the east Kimberley, to fun both C. porosus and C. johwtoni.T\is farm was established at
Wyndham in 1989. In addition ro breeding in captivity, ranching was adopted.

CALM'S analysis in 1988 emphasised to the Covemment that data on crocodile Dopulations
in Westem Ausrralia were limited, and CALM rccommcnded that funher luivevs be
conducted to esrablish the numbers of crocodiles which could be taken from the wiid for
farming purposes. Surveys of various areas were conducted accordingly in 1989 and are
reponeo on aDove.

In 1990, the Govemment decided to allow rwo crocodile display parks, in Broome and
Fremantle (established in 1989) to become licensed as crocodile farms. As a consequence.
there aI€ now three licensed crocodile farms in Westem Ausn-alia, at Wyndham, Broome and
Frcmantle.

Management aims

CALM has prepared a management program for the two species of crocodile in Westem
Australia, and a comprehensive Departrnental policy statehent on the conservation and
management of crocodiles.

The four main aims of crocodile managemen! in Westem Ausralia, as detailed in the
managemen[ prcgflrm, are:

l. "Maintain viable wild populations of crocodiles and cons€ffe the habitats on which
they depend"; and

2. "Facilitate the recovery of C porosas populations which have been depleted by past
hunring", to be achieved through

- the esmblishment and management of a conservation reserve system wherc
crocodiles and their habitats are lotally protected;

- the legal protection of crocodiles throughou! their narural range, with taking
from rhe wild subject to licensing and restdcrions on localion and exlenl;

- ongoing monitoring ofcrocodile populations ald harvests: ald

- re-establishment or rcplenishment of wild populations from farm-raised
stocks, ifrcquired.

3. "Provide for public safery by maintaining public awareness and removing "problem,
crocodiles", to be achieved through:

- a public education and awareness campaign designed to encour"age public
suppon for the conservation of crocodiles, while at the same time informins
people of the potenlial dangers pos€d by C porosus, and promoring safi
behaviour in crocodile habitats: and

- problem crocodile control involving lemoval of crocodiles where they posc a
Dublic threat.



4. "Provide for the conmercial utilisation of crocodiles through controlled faming and
harvesting", to be achieved through:

- captive bre€eding on licensed farms;

- regulated sustainable harvesting of live animals from wild populations, under
llcence;

- regulation and supervision of farming and trade: and

- monitoring and assessment of harvested populations.

With respect to aim 4, a key element of CALM'S approach to crocodile management is to
buitd anil maintain broad iommunity suppon for the protecrion of crccodiles and their
habitats, in part by providing for the harvesting of wild crocodlles arld thus confering
commercial value on them.

The conservation reserve system

Conservation reserves (national parks, nature reserves and other conservation rcserves)
orovide secure areas where crocodiles and their habitats are tota.lly Protected. Figure I shows
ixistine and Droposed conservation reserves within he range ol C, potosus and C. johnstoni
in wejGm ,qustialia, and existing conservation reserves are listed in Table 4.

Table 4: Existing Western Australian cons€rvation reserYes
inhabited by crocodiles

Conseflation
Reserve

Area
(nal

C. porosus C, johnstoni

Prince Regent Nature Reserve
Drysdale River National Park
Ord River Nature Reserve
Parry Lagoons Nature Reserve
Pumululu (Bungle Bungle) National
Park and conservation re serve

Ceikie Gorge National Park
Windiana Gorse National Park
Coulomb Poini Nature Reserve

634,952
M8,264'19,842

r7,421

3t9,325
3,136
2,t34

28,676

Pres€nt
Absent
Present
Present

Absent
Absent
Absent
Present (*)

Prcsent
Present
Present (*)
kesent

PrEsent
PrEsent
Prcsent
Absedt

(* indicates that the species occasionally occu$ in the rcserve)

The identification and declaration of conservation rcs€rves is continuing. CALM has
oroDosed a number of additional cons€rvation reserves which include crocodile habital most
irf ri,hich are documented in Burbidge et dL 1991 and shown in Figure l.

Civen the imponance of lhe Cambridge Gulf area for crocodile conservatron and also as a
source o[ crdcodiles for lhe farming industry. panicular alrcnlion is being paid to &e
conservation reserye system in that area (Figure 3) ln 1992, lhe Ord RivcJ Nature Reservc
was morc than trebled-in size, by the inclusion of the area known as the False Mouths of the
Ord. In addition. the creation of'a reserve in which continued egglhatchlhg collection would
be Dermined is being considered for an area of the King Rive!, to protcct the only arca in the
enrire Cambridse Gulf sysam where lhero is known to have been C. PoroJls ncsting each
breedins season-from 1988/89 to l99l/92. lt is also inlended that the King River ncsting area
will be Fenced to protect nesting habitat from degradation by catde.
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Public safety and problem crocodiles

A key element of CALM'S apprcach to crocodile management is to build and maintain broad
cornmunity suppon for thc protection of wild crocodiles and their wetland habitats. One way
to do this is to make crccodiles a valuable tourist and farming asset. There is, however, also
the need to incr€ase public awareness of crocodiles and protect ttre public ftom unacceptable
risks of attack ftom C- porosus. While C. johnstoqi ue generally not dangerous, there have
been instances ofinjuries and small children and pets may be at risk.

In addition to a public awareness and education program CALM has zoned C porosJ habitat
as follows:

- Crocodile Conrol Zones, which are areas around selected centres of human
population or activity where eff€ctive contol of crocodiles is practicable. In these
,ueas attempts will be made to remove all C. porosus. Control Zones include the Ord
River upstream of the Diversion Dam, the Broomc aiea and selected areas in the
Pilbara region.

- Crccodile Management Zones, which are areas whero C porosls may bc managed as
a renewable resource. There is a Crocodile Management Zone in Cambridg; Culf
(Figure 3).

- Crocodile Plotection Zones, which are areas outside Control and Management Zones.

Problem crocodiles are defined as animals within or near settled areas or recrcational use
arcas which present a threat to humans and./or livestock. All C. polost,J in a Control Zone are
problem crocodiles and so will be removed. Decisions on rcportgd problem anirnals in othcr
areas arE made on_a case by case basis. Wheleverremoval of problem crocodiles is proposed,
the first option will be-.for those anirnals to be offered to a licensed farm, rather than d-estroy
them. Problem crocodiles are normally capturcd by CALM staff or persoos employed by
licensed farms. with specific permission from CALM.

Harvesting for crocodile farnN

Westem Australia's thrce crocodile fafms have acquired their stock throush a combination of
caplure of adult and juvenile crocodiles from lhe ;ild, the collection ofEggs and hatchlings
ftom the wild, and the purchase of animals from licensed crocodile farrii in the Nonhe;
Territory and Queensland.

From 1989 to th€ end of 1992, a total of abour 170 non-hatchling C. wrosus and 134 C.
johnstoni have been taken from the wild for crocodite farms. The Clpororas have been taken
mosdy from Cambridge Gulf, and the C. johtlstoni fuomLake ArgyL. In addition, about 450
C. porosus eggs and ln{:hlings have been collecrcd from rhe K ! River (in the Cambridge
Gulf area) since 1988/89, and over 5.000 C. johnsroni eggs tnd hatchlings have be6n
collected from t ake Argyle.

In accordance with the management prognrn, wild harvest limits are set taking into account:

current trends in population size and structure;

seasooal effects on breeding, recruitrnent and suwivonhip;

managcment objectives for specific areas;

proponion of the total habitat subject to harvesting;

review of previous harvests; and

review of research information.



C. porosus harvests have been, and will continue to be, concentrated in Cambridee Gulf
(Figure 3). Within thc Culfarea, no harvcsr (apart flom lhc removal of problem crocoailes) is
pcrmitted in the lowcr Ord River or the False Mou$s of the Ord, in k&oing with the nature
rescrvc status of much of this ar€4 and to proEct a known ncsting arda ih the vicinity of
lalry Lago-ons Nature Reserve. Furthermore, no harvcst of adults and juvenilcs is permitted
Aom the .King Rivcr, in order to protcct bEeding animals in a known ncsting aria where
nmclung rs concentralcd.

Thc rationalc for concentrating on Cambridge Gulf for thc harwesting of C. porosas is that it
contains a Elatively large population, is accessiblc for harvest operarions and population
monitoring survcys, and is an arEa for which adequaE baseline data DoDulation eiists. In
addition, a significant proportion of the instances of problern C poroszsin Westem Australia
occur in thc Cambridge Gulf system, and harvesting may be of some assistance in meeting
CALM'S public safety objcctives.

In contrast, in thc remaindcr of the coastal Kimberlcy region, the largest C. porosus
populations arc in existing and Foposed conservation reserv:es, nesting h-abitat elsewherc
whirh colld suppon ranching is very limited, and much of thc rcgion is extrErnely rugged
with difficult access, thus making harvesting and associated population rnoniroring viry
exp€n$ve.

In the case of C. jo,astonr, the largest single known population is in t akc Argylc. Aldough
surveys have shown that other areas suppon abundant populations which could be harvested,
harvcsting is being restrict€d to I-ake Argyle b€cause tl|e population is large enough to
support falmhg rcquircments, and becausc such an approach mirdmiscs the populations for
which monitoring is rEquired in association with harvesting operations.

Regulation of farming and trade

Both species of crocodile in Wcstem Australia aI€ prot€cted unde! the Western Australian
lVildlife Conservotion Act 1950 administered by CALM. Thc taking of crocodiles ftom rhc
wild and farming, processing and trade are rcgulated by a system of lic€nces, keeping of
records, submission of rcgular returns (i.e. rcpons on licenscd operations), and identification
procedues (skin ragging and product marking or lab€lling) enforced lunder the lly'ialife
Conservation Act I950,

Regulatory rcquircments arE dctailed in the management program that has becn prepared for
consideration by the Comrnonwealth Govemment pursuant to the Comrnonwealth l/r'ld{fe
Protection (Regulation of Eryor* and Imports) Aa 1982, which is thc lcgislation goveming
expon and import of crocodile products out of arld irlto Australia. hocedurcs in place
pursuant to tlJle Wildlift Conservation Act 1950 nd the managemcnt program satisfy the
rcquiremenF of the Convcntion on Intemational Trade in Endangered Specics of Wild Fauna
and Flora (CITES).

The thec crocodile farms in Westem Australia arc still at a rElativcly early stagc of
devclopmenl concentrating on building up stocks and on captive brccding. In addition to
collecting from the wi-ld in Westem Australia, the farms have puchascd C. porosus fton
liccnsed farms in the Northern Territory and Queensland to hclp cstablish their stock levels.
The Wyndham aod Fremantle farms arc owned by the samc proprictor, who is farming C.
johnstori as wcll as C. poroJrJ, which is thc primary commercial spccics, The Frcmande
farm has caried out somc processing and expon. The Broomc proprietor is only famiog C.
porotus.

Monitoring and r€search

The principal monitorhg rcquircment is ro detect any significanr dccline in populations of
eith€r species in sufficient time to effecr rcmcdial action. Monitoring is atso rcquircd to
provide information on rates of change in population size and structurc in harvcst arEas to
Drovide a basis for review of harvest levels and locarions.
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Baeline populadon data exist for C. porosus in the Cambridge Gulf system and for C
johnstoni ii Lake Argyle. where harvesting is concentrated. Th9 guleJtt approach is lo
honitor these populati'6ns on an annual basis. In panicular. -work is be-ing. caried out to
compare boat spoilighl and helicopter counrs in those areas. with thc aim of rclying mostly on
helicooler counts in lhe tuture.

Larse-scale survevs of lhe C. porosus population across most of the Kimberley were
coniucted in 19'1'7'-18 a\d 1986. it is inrended rhal similar surveys be carried out periodically
in the future, but this will be subject to the availability of resouces because of the high costs
involved.

Discussion - the future

The future for both C, porosus ar'd C. johnstoni in Westem Australia appears securc at l€ast
in the medium-term, wilh neither species considered to be threat€ned in the wild. C. johnstoni
is regarded as being abundant. ln cbntrast, C. parotils is far less numerous' but it nevenheless
srill iccuoies its historical range and the available data indicate some rccovery frcm past
uncontrolied hunting. Howevei. wilh no information on pre-harvest population size, the
extenr to which C porasas has recovered towards its fotmer numbers is unknown.

There are no proposals cunent, or likely, ro change the proEcted status -of either species.
ProDosed addiiioris to the coNervation reserve eslale in rhe Kimberley, when implemented,
wilf afford additional protection to crccodiles and their habitat in a number of imponant
arcas.

As far as crocodile farmirg in Westem Australia is concemed, access to C-poloJtrJ ftom the
wild will continue to be limited in the forcseeable future, because of *re relatively low
oooularion size. the ruqged and remote naturc of much of its habitat, alld the limited nesting
ieu:els. Farms will need-to successfully bteed C. porosus in captivity as the major source of
their stock.

Much larger harvests of C, johnstoni would be acceptable oo biological grounds, but the
species is ofconsiderably less commercial value.

Notwithstanding the general prognosis for the future of the two species in W€stem Australia,
losses through drowning in Iirshing nets and illegal shooting occur with both species. Therc
are grounds-for concem that these losses could impede population rccovery, or even cause
declines, in the case of C. porosus in certain areas.

The incidence of problem C. porosus can be expectod to increase, This -together with the
establishment of a'crocodile faming indusfy cnd tle associaEd increased requiremcns for
monitoring and regulation are imposing an increased demand on the staff and financial
retou.ces 

-of 
CALM. Additional staff haue been appointed lo CALM'S Kimberley regional

offices in recent yea6, and the crocodile farrning indust y is being requted to contribuie to
the extra cosls bome by CALM because of crocodile farming. Neverthcless, the prcvision of
sufficient staff and financial rcsources to meet crocodile management requircments rcmarns
an issue requiring attentton.
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ABSTRACT

A systematic survey of the crocodile populations of the Pacific Island Nations

of Palau, Solomon Islands and Vanuatu was carried out by Messel and King

during the years 7991,1989 and 192 respectively. These surveys established

that in each instance the crocodile populations in the wild were approadring

extinction and that litde or no action was being taken to halt this.

The present review paper plovides a general background on each of these

generally littl€ known Island States and trac€s the history of the near

extirDation of th€ crocodilians on them.

A brief discussion of the results of the surveys is given as well as condusions

and recornmendations. Little or no action has been taken to date to

implement the recommendations, except in Vanuatu where there is hoPe to

save the saltwater crocodile along with other important maline species.
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INTRODUCTION

The Crocodile Specialist Group (CSG) of the Species Survival Commission

(SSC) of the World Conservation Union (IUCN) has prepared an Action

Plan for cons€lving the crocodilians of the world. This plan provides the

most up-todate assessment of the conservation status of the various species

and it highlights the critical problems which must be addressed to ensule

their conservation and to maintain biological diversity.

One of the highest pliorities of the CSG Action Plan is to determine the

status, size dass and distribution of crocodilians in aleas that have not been

systematically surveyed in lecent times. The Republics of Palau, Vanuatu,

and the Solornon Islands in the westem Pacific Ocean are such areas.

Unfortunately the clocodilians of these smaller Pacific Island nations

received scant scrutiny by the scientific community until the late 1980s. The

larger crocodile populations of Papua New Guinea and Australia were in

need of ugent attention and received it from the early 1970s.

Palau, Solomon Islands and Vanuatu, though also in need of urgent

attention, did not. Crocodile hunters were well aware of this ard with the

encouragement and help of the islanders, who looked upon crocodiles as

vermin, did their best, during the past 30 years, to extirpate the relatively

small clocodile population there. They almost succeeded - though not quite.

Howeve!, it ptecluded the establishment of a viable local sustainable

utilization plogram.



This issue is of sorre importance. Firsdy, there is the imPortant mattet of

the conservation of a keystone species ard the maintenance of bio diversity,

The removal of a crocodilian from the top of the food chain is likely to have

damagin& unforeseen, and far-reaching consequences. Secondln there is the

issue of the severe degradation of a valuable economic resource, usually in

developing economies, struggling to increase or even maintain a standard of

living.

There is now much evidence that one of the most powerful tools for

conserving certain species of crocodilians is the sustained utilization of the

wild populations based on the biological requirements of the sPecies.

Ptesently, countries such as Australia, Papua New Guinea, Venezuela, the

USA, and Zmbabwe, have been operating successful sustainable use

conservation programs for their crocodilians for some time. Economic

hcentive has been tumed into a valuable conservation tool to the benefit of

both wildlife and the local people. IUCN-The World Conservation Union

has embraced sustainable ui€ of wildlife as one of its comerstones for

helping to pr€serve bio divelsity.

During the period 20 July - 8 September 1989, Messel and Khg (190) carried

out an extmsiv€ and systematic survey of the crocodile populations of the

Solomon Islands. This was followed by a systematic survey of the crocodile

populations of the Republic of Palau during the period &24 lvne 7997,

Messel and King (1991), ard a survey in Vanuatu during the Peliod 76-22

August 1992 by Messel and King (192). The pulpose of t]le surveys was to

det€rmine the conservation status of the crocodilians in the countries

concerned and the potential for developing a sustainable use proiect fo! the

resource. Most of the material given in the present review is abstracted



velbatim from the lengthy reports on the above surveys. However, because

of the overall interest of the Vanuatu Report, it is given here in full.



SOLOMON ISLANDS

CENERAL

The Solornon Islands are a scattered double chain of some 900 islands which

extend for 16,16 km in a S.E. direction from Bougainville Islard PNG. (Figs 1

& 2) There are some 4000 villages of which more tlan 50% have less than 35

people living in them - a subsistence economy. The Melanesian-Polynesian

population is some 350,000 and at a glowth rate in excess of 37o annuallp has

the second highest population growth rate in the world. Herein lies a great

problem. Average longevity is,13 years. You don't see many old people

about and those you see are much respected.

Mmdana, the 25 year old nephew to Peru's Spanish Viceroy, discovered the

Solomon Islards (SJ.) in February 1568. He remained in the islands for 6

nonths and spent much of his time fighting the islanders. H€ leturned to

Peru in August 1568 and did not come back until 1595, bringing some 300

would-be colonists with him. He discovered Nendo Island of the Santa Cruz

group and tried to establish a settlement there. It lasted only 10 weeks.

Mendana died of malaria (at present over 3000 petsons die of malaria

annually in the S.I.). After sickness, internal squabbles and much fighting

with the islanders, the remnants of the expedition limped back to Peru via

the Philippines.

Quiros, a Portuguese, and Mendana's chief pilot on the 1595 expedition, led

another expedition to the S.I. in 1605. He missed Nendo and his expedition

also ended in disaster. This signalled the €nd of Spanish int€rest in the

Solomons.
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In 1978 S.L gained indePendence from the British - after being Pushed into it

by the British. For the Past 15 yea$ S.I. has been learning what it is like to be

flat broke and indeP€ndent. With iis rapidly growing population and rapidly

depleting natual resources, it is a prirne candidate for the international dole

- and permanently.

It was r rith this background that we undertook to survey the saltwater

crocodile PoPulation of the Solouron Islands on behalf of CITES and the

Solomon Islands Govemment during July-SePtember 1989 This was

difficutt and a bit dangerous, but a most interest undettaking' The danger

was not from the clocs - as there are very few left - but from surveying with

various kinds of canoes and tavelling long distances ovet the oPen sea in

them. You don't have many deaths from car accidents in the islands, but

pleirty of drownings from canoe travel instead.

DISCUSSION

A. Habitat Generally speaking, the habitat for crocodiles in the

Solomon Islands is at b€st, marginal. There are no ext€nsive wetlands and

few long meandeting rivers, the Prefered horne of the saltwater crocodile, as

there are in Papua New Guinea and Australia. Most rivers and creeks rise in

the steep hills and mountains immediately behind a nartow coastal fringe of

vegetation and as a consequence ate unusually short. Because of heavy

rainfall, the input of fteshwater is Ngh and the rivers, creeks, and sPrings are

normally fresh down to within a few hundred meters of their moutlts'

Sone of these provide good habitat for crocodiles and the alluvial soils are

excellent areas for village gardens' Farmers beat the cxocodiles as vermin
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Two Dutch expeditions passed by to the north of the main g.I. during the

next 40 years and then in 1767 th€ English Captain Cartaret blundered into

Nendo and Malaita. He at first refused to believe he had rediscovered the

S.I. A stream of Blitish and French explorers followed including whalers

and assorted traders. Many of these wele eaten, as cannibalism was rife in

the islands, lasting pretty well until the 1939 wad.

The Germans were also active in this area in the 1800s but in 1898 the British

and the Germans made a deal and the S.I. were absorbed by the British. Thus

was established the Blitish Solomon Islands Protectorate. British objectives

fo! the Protectorate wele very limited: law a.rld order, stopping head-hunting

and cannibalism, and ensuring that the islandels and their lands were not

exploited by anyone else other than the British.

Missionalies anived in large numbers - many wele eaten - and life went on

quietly the same; until life was shattered in 1942 with the fapanese

occupation. This set the stage for some of the bloodiest battles of World War

II, with US landings on Guadalcanal in August 1942. Tens of thousands of

lives were lost and the Coral Sea is littered with sunk fighting ships. Some

49 major ships were sunk off Honiara in Iron Bottom Sound. Thousands of

lelics of these fierce battles still rcmain scatteled throushout the islands.

Post war recoveiy was slow but the resource exploiters, Australian, New

Zealanders, Ut Canadian, Korean, Taiwanese, British and Japanese were

not. While thele was a slow awakening and move towards independence,

the resource croppers started in eamest the stdpping of the islands of their

valuable resources - timber, fish, birds, crocodiles - you name it!



and quickly clear them from the area. With an annual human PoPulation

growth of ove! 3 percent, Pressure for use of fertile soils is gleat. The

crocodile has little o! no chance for survival in such ateas.

The coasts of most of the islands in the Solomon Island chain are fringed by

coral reefs, and rnany shallow, mangrove fringed bays contain numerous

patch reefs as well, For crocodiles, this is formidable terrain and is used

when they are excluded from more favourable aleas when travelling from

one area to another.

Though the Solouron Islands lacks ext€nsive freshwater swamPs, it does

have a snall number of freshwater or brackish lakes, often shown on maPs

as lagoons. These are found on small islands, some 50 to 100m flom the

seashore, or up to 2km inland on the larger islands. Access to these lakes can

be very difficult. They are often drained to the sea by very small creeks.

These lakes appear to now provide the last haven of refuge and breeding

areas for the remaining crocodiles in the Solomon Islands. Unfortunately,

there are only a few of these lakes scattered thloughout the island chain that

are remote enough not to be negatively imPacted by nearly villages. Hunters

are also well aware of the lakes, as are hopeful 'crocodile fa!me!s' who

obtain their crocodile stock from the lakes. Most have been cleared of

crocodiles or are severely dePleted.

B. Status. There remains only one small real population of saltwater

crocodiles in the Solomon Islands; Lauvi Lagoon on Guadalcanal. The next

two largest populations ale in Lake Tatae in the Russell Islands and in

Ghahirahobo Lasoon on Santa Isabel.



In s€parate columns in the Table below we show the numbers and size

dasses of crocodiles sighted in Lauvi Lagoon, in Lake Tatae, in Ghahirahobo

Iagoon, and those found in all other local.ities, and the totals. Those sighted

in other localities consisted of a number of stragglers - the widely scattered

surviving remnant of a once healthy population. Sadly, the crocodile

resource of th€ Solomon Islands essentially has been destroved.

Number of Crocodiles

Iauvi Ghahirahobo Tatae
Other
Locales Total

Ha

(0.9-1.2m)

18
39

(0.9-1.2m)

(1.2-1.5m)

(1.5-1.8m)

(1.&2.1m)

(>2.1m)

(<1.8m)
EO>6'

(>1.8m)

7610EO

Total 15 177

Qver Vo, 153 out of 777, of fr\e crocodiles wele sighted in the freshwater

lagoons. Almost aU (134) of these were sighted in three lagoons only. Of the

177 crocodiles sighted,4l were hatchlings, and every one of these hatcNings

were sighted in the endosed freshwater lagoons. Not on€ was sighted in the

43ot



30 rivers and creeks surveyed, many of which had good bteeding habitat'

These waterways had been essentially cleared of breeding stock and only

stagglets remained.

One may ask what fraction of tlle crocodile contahing habitat was suveyed

by us. It is difficult to answer this with Precision. Almost all of the areas,

which knowledgeable hunters felt were worth surveyh& wete surveyed.

Because of the few animals we encounteled, using statistical means to gain

an estimate of the actual nurrber of crocodiles in the Solomon Islands is

meaningless. We believe that there may be another freshwatet lagoon or

two equivalent to Ghahirahobo or Lake Tatae that was not surveyed, but

there cetainly is not anothet equivalent to Lauvi LaSoon. Based on

surveying experience in Australia, we can geieiously assume that the

sighting fraction for crocodiles in the endosed lagoons was only 50 Percent.

In addition to cover the unsurveyed watetways, the numbet of crocodiles

seen in the saltwater lagoons, and rivers and creeks, can be liberally

multiplied by 10 and that of the bays and channels by 20. This produces a

'guesstimate' of [2(153+42)+(10x7)+(10x8)+(20x9)l = 720 crocodiles, as a

maximum.

It should be stressed that, other than in the small enclosed lagoons, the

remaining crocodiles are widely scattered throughout the some 900 islands of

the chain and the chance of breeders meeting must be small.

D. Number of Crocodil€s in Former Times. How many crocodiles were

there in the Solomon Islands in former times? One will never know for

certain because, as elsewhere, no systemdtic sutvey of the crocodile
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population had been carried out. Furthermore, in former times, records of

exports of crocodile skins were not maintained and even in lecent times

records have been scant. We are thus cornpelled to rely upon information

plovided by former ard plesent day clocodile huntels. It is difficult to assess

the leliability of such information other than by obtaining it frorn many

hunters on different islands. This we did.

The following broad picture emerges. Apparently th€ socodile, even

though it, along with the shatk, appeals on the national emblem of the

Solonon Islands, has been looked upon generally as v€rmin and Feated as

such. Thus when Austlalian expatriate hunters, who became well

acquainted with the Solomon Islands during the second world war, started

shooting crocodiles in the lat€ 1950s and during ihe 1960s and early l9z0s

they were welcomed. Many of the older huntels and guides who helped us

with the present survey, worked gladly with the expatriates to help shoot out

the crocodiles. One of the Masters of our survey vessel, Harry Mamat4 was

one such individual who helped. On all the islands we surveyed, the name

of Dennis Rorne came up time and time again as one of the expatriate

shootels. Fleddie Forsythe Kaye was another name which was mentioned.

Everyone of the indigenes stat€d that the qocodile resource had been large

and could be gauged by the fact that in the 1950s and 1960s the hunters

obtained, on average,4 to 5 skins of large animals each night. On some

nights, they obtained as many as 20 large animals. During the present

survey, only in Lauvi Lagoon did w€ sight a few lalge animals and because of

their wariness only one cou.ld be approached.

Apparently, even though the majority of the habitat for crocodiles in the

Solomon Islands is marginal, the population size was large and must have



taken a very long time, measured in centuties, to reach that size. We are

unable to say more than pelhaPs it was as large as the clocodile PoPulation of

Aushalia, but less than that of Papua New Guinea. We cannot substantiate

this fulther.

E. Protective Measures. By the mid-1970s, the valuable crocodile

resource had been severely depleted and the expatriate hunters dePalted.

The indigenes, however, continued to hunt the animal both as vermin that

occasionally attacked hurnans, pigs, dogs, and chickens, and becaus€ crocodile

hide prices wele high. They provided valuable supplementary funds fo!

individuals of a local subsistence economy. By this time, Indi4 Austlalia,

and Papua New Guinea had recognized the danger of losing the clocodiles

and took steps to implement management plaas, ensuring tlle survival of

the species and their eventual utilization on a sustain€d yield basis. The

Solomon Islands was at this time ill the throes of gaining independence and

did not follow the lead of ladia, Australia, and PaPua New Guinea. The

killing continued, without general lecognition that a valuable economic

resoulce was being destroyed. Even as late as 1982, an expatriate hunter was

welcomed to help dear the remaining vermin crocodiles. However, in 1t2,

legislation was enacted to plohibit the export of skins srnaller than 50cm

wide in the belief that it might help protect the crocodile resource. By

allowing the adult breeders to be lilled oft it did the oPPosite.

In the Solomon Islands, crocodiles are grouped with fish in the Fishelies Act

of 1972. 'Fish'is defined as "any aquatic animal, whether Piscine or not and

includes...crocodile and turtle, and young and eggs thereof..."
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Regulation 10 of the Act covers cxocodiles a^d, i,r|1977 was changed to read:

"Any person who sells or exposes for sale - any crocodile or cocodile skins

the b€Uy width of which is less than 50 centimetres... shall be guilty of an

offence... provided that this regulation shall not apply in relation to any

crocodile, or skin of any crocodile... reared in a farm licensed under any

Regulations... "

As far as we have been able to ascertain, this regulation has not been

enforced. The export of skins of crocodiles of all sizes taken from the wild

could be sanctioned. At any rate, since salttl'ater crocodiles do not start

breedhg until they are at l€ast 2m (females) to 3.5m (males) long and have a

belly width of 45cm, enforcement of the legislation would ensure that the

crocodiles breeding resource would be s€verely depleted - as it has been -

and perhaps, finally be totally destroyed. It should be noted the saltwater

cocodile is on Appendix I of CIrES.

F. Crocodile Skin Exports We have the following official figur€s for the

export of crocodile skins from the Solomon Islands:

19&5

7986

\W

1988

Belly inches

4163

,1350

6445

Value (S.I.$)

10,405

70373

32,W3

9,852

No reliable data is available for the many previous years when crocodile

skins were o(ported. However, the scant data available indicates exports of

less than 1000 skins annually.
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G. Ctocodile 'Farms' and Ranching During the course of the sutvey,

every opportunity was taken to visit crocodile 'farms'. These so-called 12

farms contained from 1 to 54 animals each. The Table below shows the size

dasses and total captive qocodiles seen.

CaDtive Ctocodiles

Size in Feet Number of
(meters) Crocodiles

Hatchling 19
2-3'

(0.6-0.9)
34',

(0.9-1.2) 34
4.5'

0.2-'t.5) 33
5-6'

(1.5-1.8) 13

(1.8-2.1) 5

Torrl 131

CITES defines captive proPagation as intensive management under captive

conditions which reliably will produce and F2-generation (second

generation) from Parents born or hatched in caPtivity. Such an oPeration

which produces offspring from parents bred in caPtivity is defined as a

'farm'. Opetations which obtain eggs o! young from the wild, not from

captive parents, for rearing in caPtivity is defined as a'ranch'' Farms ale

closed-cycle operations indePendent of the wild PoPulations, while ranches

are open-cyde operations dePendent on wild eggs ot young.
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There is no viable crocodile farm in the Solomon Islands at the present time

and there is ur ikely to be one unless a much more professional approach is

taken, One or two, or even 54, immature anirnals does not constitute a

crocodile farm. It tal€s 8 to 10 years for a female crocodile ard 15 to 16 years

for a male qocodile to reach breeding size. None of the captive animals

seen in the 'farms' had bled in captivity, and since non€ of the 'farm,

enclosutes contained pools sufficiently large and deep (>1.5m), it is unlikely

that th€y ever will breed under the current husbandry conditions. The

existing 'farms' cannot even operate as ranches since, without a healthy wild

population, neither eggs nor hatchlings can be collected from the wild for

stocking the ranches.

Practically every hopeful crocodile farmer we spoke to expressed great

hterest in crocodile farming and wanted more information on it. They were

most anxious to commelcially farm the very resoutce which so many of

them as hunters had helped to destroy in the wild. Most of them expressed

sorrow at not having realized what impact their hunting was having.

Every commercially successful crocodile enterprise in the world depends to a

varying degree upon tourism and/or ranching. Lauvi Lagoon is the only site

in the Solomon Islands which in the near future might, with proper

protection and effective management, become a tourism/ranching

€nterprise. Othe! lagoon sites will require stringent protection for at least 5

to 10 years before their populations will have recovered sufficiently to allow

any sustained yield exploitation. However, this will requile careful annual

checking before any animals are taken.



CONCLUSIONS AND RECOMMENDATIONS

1. Crocodiles in the Solomon Islands have been and still are generally

looked upon as vermin, and not as a valuable resource.

2. The crocodile resource of the Solomon Islands has been severely

depleted and only a very small, widely scattered remnant population

lematns.

3. Unless urgent and strict measures are taken to protect the species, the

saltwater crocodile may soon become extinct in the Solomon Islands.

E

7.

There is, at present, no commercially viable crocodile farm or ranch in

the Solomon Islands and this will not charge unless immediate action

is taken now to cons€rve the wild population.

The remaining crocodile resource is so small that a ctocodile ranching

proposal is out of the question for a number of years.

There does not exist in the Solomon Islands any effective legislation to

protect and conserve the crocodile.

Few Solomon Islanders, with the exception of the crocodile hunters, are

aware that the crocodile populations ale so dangerously depleted.

We recommend that:
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A. The wild clocodile population of the Solomon Islands remains on

Appendix I of CITES.

A total export ban on crocodile skins of all sizes and from all sources in

the Solomon Islands immediately be established and effectively

implemented. Such a ban should remain in effect fo! a minimun of 5

years, after which it should be reviewed.

c A permanent ban on skins taken from the wild, whose belly width is

greater than 45cm should be imposed to protect the breeding stock.

The Solomon Island central government and provincial authorities

immediately cDmmence the task of educating the public about the vital

importance of conserving their natulal resoulces and the national

heritage, induding crocodiles, for the future benefit of their citizens.

The central and/or provincial governments find some way to protect

and conserve the lemaining crocodile resource. We recognize that in

the Solomon Islands, wildlife belongs to the traditional landowner, but

if the scant resource is to be saved the govemments must find a way of

convilcing the landowners to protect the wild populations and their

habitats. Special areas sudr as the freshwater lagoons should be given

priority consideration.

The governments discourage taking crocodiles frorn th€ wild to stock so

called 'farms'; which are unlikely to become econornically viable, excepr

as a tourist attraction.

E

F.



G. The status of the crocodile PoPulations

Lagoons, and in lakes Tatae, Korea, and

Cove be rnonitored annuallY.

in Lauvi and Ghahiarahobo

Matimi and those in Renard

As fa! as I am aware, little has been done in the islands about the

recornrnendations made and an attitude of benign neglect aPPears to Prevail'

However the Solomon Islands would find it very hard to trade in crocodiles

since thei! normal former buying nations are comPlying (?) with the CITES

regulations.
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PALAU

GENERAL AND HISTORY

The Republic of Palau, located on the westem edge of Micronesia is about

1000km east of the southernmost island of the Philippines and 650km north

of the equator (Fig 3). It consists of an elongated chain of some 340 islands

stretching for approximately 650km in a north-south direction and has land

mass of roughly 450krn2. Only 8 of the islands ale inhabited and the

majority of the country's 1t000 poputation live in the capital, Koro! (Figs 4

and 5).

While in Palau, we managed to research the early history of crocodiles and

clocodile management in the country. Using a nunber of reliable sources

we documented the fascinating but sad story of the decimation of the

crocodiles of the Republic. The responsibility for the decimation must be

attributed largely to the recomm€ndations and actions (or lack of action) of

the US Department of the Interior, Office of Teritorial and International

Affairs, Tlust Territories Administration (hereinafter US Administration),

during the 1960s and 1970s and of the Chief Conservationist and

Entomologist in Palaq Mr Robelt P Owen.

We located two important scientific papers by Sigeru Motoda 0932193g) of

the Tropical Life Sciences Research Center, Koror, palau. These were

published in japanese, but fortunately English translations were available to

us. Motoda states that a survey was conducted by the Ministry of Educatiory

Special Education Bureau, immediately afte! the Japanese took possession of

the islands in 1914. According to Motoda, the results of the surveys by

Messrs NarabayasN, IshibasN, and Horii appeared in 1916 and 1917 and were
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reprinted in the 1928 "Report on the Survey of the Mandate Islands of the

Pacific". Each of them declared that crocodiles were found in Palau, and that

a few clocodile attacks had occurred. Mr Risabura Kyota who had been

living in Ngeremlengui since 1910 also gave information on crocodiles in

Palau and his observations on nesting and behaviour appeared in the 25

February 1937 South Pacific News Magazine. The first crocodile reported to

be caught in Ngatbang (= Ngeremeduu Bay) was between 1898 and 1905

when the islands were administered by the Cermans. Most of the qocodiles

were between 2 and 3 feet in length. Interestingly, the Gelman

administration prohibited the capture of crocodiles in Ngatbang Bay in order

to conserve them.

Motoda reported a number of crocodile attacks, some of which were fatal, for

the period 1915 to 1920. He also €numelated the 54 crocodiles captured

during the period 1915 to 1936 and reported tlat crocodiles were observed 20

times in four years in Galmiskan. While individual nuisance crocodiles

wer€ trapped, both the German and Japanese administrations apparently

were determined to coexist with the crocodiles of Palau and there is no

record of trying to exterminate them.

In 1947, Palau became a trust territory of the United Nations administered by

the US government. We were unable to discover much information about

crocodiles for the period 1947 to 1958 by which time Mr Robert P Owens was

the US Adminsitration's Staff Entomologist in Koror and apparendy was

responsible for overseeing many wildlife matters, including the crocodiles of

Palau.
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Then on 28 Decernber 1965, while spear fishing at night, Mr Ngiramulei

Yoroi of Koror was attacked and killed by a 12 foot 7 inch crocodile weighing

427 pounds. This crocodile was trapped on 8 tanuary 1966, was put on public

displat and the public charg€d a fee to view this man-eater. Yoroi's widow

eventually received $70.00 from the viewing fees. The public display of this

crocodile so enraged the public that several people attempted to kill it. lt

died several days later, a[egedly after being poisoned. Its remains eventually

were shipped to the US National Museum of Natural History, Smithsonian

Institution, in Washington DC. The US Administration in Palau had hoped

to sell the crocodile to a zoo or private collector for a large sum of money,

part of which was to be paid to the deceas€d's family and the remainder to be

used to purchase materials for constlucting traps for eliminating the

crocodiles. In response to the exceedingly unfortunate death of this one

fisherman, the Administlation launched not a program to control

individual crocodiles that threaten humans but a carnpaign to eradicate all

crocodiles in Palau, no matter where they occured. It was litde more than a

war against the species.

It should be noted hele that prior to the death of Yoroi, hatred of crocodiles

by local Palauans was not as pervasive as it was after the publicity given his

death by the US Adminishation. In fact, local villages regarded <rocodiles as

special collaborators if not friends.

The unfortunate death of Yoroi thus appears to have determined the fate of

the crocodiles of Palau under the US Administration for alarm bells

immediately were set linging and calls were rnade for the destruction of all

crocodiles. No attempt was made to calm the citizens of Palau or to

discourage eladication. The October 1966 session of the Palau Legislature
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passed Resolution No 7-10-66 which requested the District Administrator of

the Palau District to provide for construction of crocodile traps to be

distibuted to all municipalities. In July 1968, a BiU was introduced in the

Congress of Miclonesia providing for a bounty for killing of crocodiles ard

alligators for the purpose of encouraging the destruction of these animals

which "... have increasingly posed a menace to the health, life and limb,

safety and welfare of the people of the Palau Disttict". Interestingly, we were

unable to find any record of dissent.

During the pedod 4 December 1967 to 8 January 1968, a crocodile survey of

Palau was carried out by a group uader thb direction of David Imes and Jack

Hardy (Australians?). They made 21 crocodile counting sorties, sPent $1000,

and only sighted 23 crocodiles. The sulveys were initiated by the US

Administration officials in an attempt to determine whether ot not the

crocodiles of Palau could be harvested profitably for the benefit of locals.

Apparently t}te results of these suryeys did not confirm the belief of the US

Administrators who were convinced that Palau was infested with

thousands of crocodiles. As a result, nothing much appears to have come

from this effort to establish a crocodile fishery even though an allocation of

$16,200 was ploposed by the Fisheries Division of the US Adminisrntion.

However, in November 1967, a Mr Rene Henri of various addresses in

Melbourne, Australia, (after a previous meeting) contacted Robert Owen,

then Staff Entomologist in Palau, with a ploposal to have Australians from

"crocodile shooting clubs" come to Palau to shoot clocodiles for sPort and for

thei! skins, [Interestingly, after 40 years in Australia and working there for

21 years on crocodiles, the author of this leport (HM) has never heard of

such clubs.l Robelt Owen wrote to Mr Henli on 23 January 
-1969 (o\ly 72



months after the Ines and Hardy surveys had found only 23 crocodiles)

stating tlat he thought thete wele approimately 5000 crocodiles of all ages

in the Palau Islands.

After a very lengthy organizational and bargaining period, on 24Iv e 7969,

the government of Palau, under US Administlation, entered into a

contractural agreement with the "Australian Crocodile and Big Game

Association" of which Mr Rene Henri was President. Apparently no check

was made on the credentials of the Association. This agreement Sranted the

Association exclusive dghts for three years to hunt, kill and skin crocodiles

in the District of Palau and to sell the hides and remains. In retum, the

Association contlacted to train local Palauans in the killing and skhning of

crocodiles and the marketing of hides. knpoltantly, the contlact drawn up by

the US Administration required the Association "... to kill all crocodiles

which it had the opportunity to exterminate regardless of size". As Peter T

Wilson, the Fisheries Management Biologist in Palau, stated in May 1969,

"We find the people of Palau have one unanimous desire and this is to get

rid of all crocodiles". The US Administration apparently was doing its best

to see to it that this desire was met.

However, the Australian Crocodile and Big Game Association quickly tired

and disappointed the government After only two months (11 August 1969)

they broke their 3-year contlact and left in thei! ship the "Mia-Mia" for

furthe! shores. The Association had found that contrary to what the

government leported to them eatlier there were at best only several

hundred clocodiles of a size suitable for commercial hunting and that these

were best left to their local trainee, Rik-Rik Spis. They had shot a total of 85

and reported that only 6 lemained in areas where they could thieaten



humars and these would be eliminated within a month or two. Amazingl,

Mr Henri was congratulated fo! his efforts by Robert Owen and the High

Commissioner of the Trust Teritories. Fortunatel, this strange episode did

not wipe out t}le qocodiles of Palau,

Rik-Rik Spis continued hunting crocodiles ard it is recorded that by LgT2 he

had shot aLnost 200, but thereafter the enterprise appears to have come to a

halt.

By 1975, the crocodile population of Palau was gaining the attention of a

number of overseas scientists and natulalists, |ames H powell fr, of

Plainview, Texas USA, contacted Robert Owen, by now the Chief

Conservationist of Palau. Powell visited palau during the period October-

November 1975 using an Explorers Club of New york grant to study

clocodilians in the field, His objective was to',Detelmine ftom first-hand

field observations the distribution and status of Crocodylus porosus

populations through the Palau Islands, from Kayangel in the north to

Angaur in the south". He also wished to do the same fot Crocodylus

ooaegui eae which Owen had stated was present in palau. Such a project

would be a maior undertaking requiing considerable logistic support

Powell repolted on his visit in an urpublished document dated 2 February

1976 whidr !r'as circulated by him privately. From his report, it appears that

he was singularly unsuccessful in his mission and only sighted one crocodile

in Palau and this animal was swimming in open but shallow sea.

During 1976, Professor W A Dunson, Pennsylvania State Universrry,

expressed an interest in studying the crocodiles of palau (with the aid of a



National Science Foundation grant) and specially the issue of which species

of crocodilians were present in the islands. He was scheduled to arrive in

Palau on 9 March 192, but we were urable to locate any report on the results

of Ns visit.

In July 1978, Dr Ian R Swingland, Oxford University, UK, and currendy of

the SSC Tortoise and Freshwate! Chelonian Specialist Gloup, also showed

intelest in studying the crocodiles of Palau. However, it appears that his

visit did not eventuate. If it di4 we have not located a report on it.

During the late 1960s, Inoue Tanning Company of Tokyo showed

considerable interest in starting a crocodile farm and hide production

industry in Palau, but nothing came of this. Strangelt though Owen had

received extensive information from Max Downes on the important SYU

crocodile prograrn in Papua New Guinea (PNG) as early as 1968, he was not

interested. Owen was aware that in 1965-66, the expolt of hides was wotth

$1,000,000 to PNG. While the Papua New Guinea pro$am protected adult

crocodiles greater than g-feet in lengtl, so they would continue to breed and

produce eggs and hatchlings that could be reared on farms, Owm stated in a

letter to Downes dated 18 Octobe! 1968 that he was doing just the opposite, he

was exterminating the adult breeders in Palau. Owen negotiated the conbact

with the Australian Crocodile and Big Game Association following this

exchange with Downes.

In December 1977, in a letter to John Lever, PNG Crocodile Proi€ct, Owen

stated, "I will continue to gather what information I can and possibly initiate

a small farming project in hopes that some economic benefit can be detived

fo! the people of Palau from crocodile farming without endangedng the



existence of the species here". Apparently, the decision to exterminate the

clocodiles in Palau had been dropped, but by then many people in Palau

hated the crocodiles and economic incentives for their conservation were

minimal.

The final major assault on the crocodiles of Palau came in the pedod 1979-

1981. It is difficult to find the actual teports documenting thisi however, in

late 1978 or early 1979, a ioint entelprise between two Palauans, Kikuo and

Hashida, and two Japanese, Hasegawa and Oshima was established for

shooting clocodiles in Palau and selling their skins. This enterprise used

three hunting boats and apparently was under the supervision of Joshua

Eberdon, who was the local member of the Messel-King crocodile survey

team. He stat€s that between 500 and 1000 crocodil€s of all size classes were

shot, from all parts of Palau, before the entelprise folded in 1981. Toshio

Yarnanaka, Plesident of Yamatoshi Hikaku Co Ltd which purchased the

skins, reports that Has€awa and Oshima "sent approximately 200 skins and

the number of skins for one shipment was in the legion of 30/50 skins ...

The size of the skins was mostly 30 to 40(rn of belly width and about 70Eo of

the lot were 50cm". The noney from the sale of th€ skins was to be used in

part to establish a crocodile farm in Palau. A few pens were built and about

50 animals captured, but one night all of the animals were stolen so

Yamatoshi Hikaku Co Ltd abandoned the Droiect.

At the plesent tirne, Eberdon has 4'l Crocodylus porosus on a farm in Koror.

Becawse Crocodylus porosrrs is listed on the US Endangeled Species List and

Eberdon lacks permits from the Office of Management Authority, US Fish

and Wildlife Service (FWS), the crocodiles on his farm are illegal. They

range from 3 to 11 feet in length and are in excellent condition. Eberdon



states the crocodiles were all caught dudng the Past 2 to 3 years (7989'1997)'

that this pretty well cleaned out the wild PoPulation, and that only remnant

crocodiles remain hete and there. While the govelnment of Palau does not

opelate a program to lemove nuisance crocodiles that might threaten

humans, Eberdon has operated one Privately. Whenever he hears by word

of mouth that some viltage is ttying to kill a crocodile, h€ has tried to

discourage this. When the village or individuals involved are unrelenting

in their determination to kill the crocodile, Eberdon has volunteered to catch

it alive and place it in his farm.

We also inspected two (7-8') and two (9-10') Crocodylus Porosus belonging to

ex-senator Baules in concrete pens behind the "Crocodile Lounge: in Airai,

Babeldaob. In addition, we exarnined the single (6-7'\ C, porosus in a small

enclosure on Belilou Island. Mark Vereen, Angaur Island, came to see us rn

Koror and disossed his desire to establish a crocodile farm on Angaur. He

currently has 4 (6-7') C. porosus in a Pen at his house, and Baste Terulii has a

(9-'!O'\ C. porosus in excellent condition in a concrete Pen, both in Koror.

FWS permits have not been isEued for any of these caPtive crocodiles in

Palau, hence all of them are held illegally.

SPECTES IDENTIFICATION OF THE PALAU CROCODILES.

Unwarranted confusion has surrounded what sPecies of crocodile occuts on

the Palau islands; all the Palau crocodiles are the saltwater or estuarine

crocodile, Crocodylus polos4s. No othet species occurs in Pa.lau.

Motoda (1937 and 1938) stated that the Palau Gocodiltss were the same species

iui occurs in lndia, Crocodylus porosus, or Possibly Crocodylus Wlusrris. Nl



other early published records of the crocodiles of palau referled to

Crocod.ylus porosus \ntll Wataru Kimura (1968) reported finding three

species of crocodile in palau during his trip to the islands in 1967, the
Philippine crocodile, Crocodylus mindorcnsis, and the New Guinea
crocodile, Crocodylus nooaeguineae, in addition to Crocodylus porosus.

Without questioning the accuracy of Kimula,s identification, mosr

subsequent authols simply repeated his dedalation that the thlee specres

occu! in Palau.

Kimura (1968) r€ported that prior to World War tr, a Mr Saeki, of the Kimi

Marine Products Compant operatd a crocodile farrn on Arakabesang Istand,

in the Koror area of Palau. In 193& Mr Saeki stocked the farm with 900

crocodiles from Davao in the Philippines; 1000 crocodiles were purchased

but 100 died in ttansit. These imported crocodiles could have included C.
porosus and/or C. mindorensis. In addition, 10 native clocodiles flom

Palau were captured for the farm and 10 American alligators also were

obtained from a Mr Tahasaki h Tokyo. A second 1000 crocodiles were later

imported from the Philippines to replenish the farm stock, ard 10 crocodiles

also were imported from New Cuinea, The crocodiles from New Guinea

could have been C, porosus ar.d,/ ot Crocod.ylus nopoeguineee. One of the

crocodiles from New Guinea, a 12-foot long specimen, was sent to the Atami

cro€odile farm in tapar, the rest stayed h the palau farm. prior to t}te start of

World War II, th€ farm stock had been reduced to apploximately 200

animals. Duling the war, soldiers ate many of the crocodiles, and few if any
lemained by the end of the war. Some may have escaped, though Mr Saeki,

who was interviewed by a third person in 1948, did not believe that the wild

crocodiles of Palau were delived from escaped or released farm stock.
Kirnura (1968) agreed.
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Kirnura (1968) did not exPlain how he distinguished between C' porosus, C'

mindorensis a\d C. noeaeguifleae, but aPpalently it did not involve the

morphological charactels used by most crocodile biologists, the presence in

mindorensis a d roeaeguineae of four enlarged, bilatelally symmetrical (ie

two on each side of the midline) PostocciPital scutes on the naPe between tie

skull and the enlarged nuchal cluster, and thei! absence in Porosas' Possibly

Kimura recognized diffelent folms based on skin colou! as in February 1969,

he wrote to Robelt Owen, a biologist for the US DePartrnent of th€ Interior,

Office of Telritorial and Intelnational Affairs, Trust Territories

Administration, seeking replacements for "New Guinea black skin

crocodiles" from Palau that had died. Possibly he mistakenly believed that

the occasional C. porosus with one slightly enlarged PostocciPital scale on

one side of the neck was C. nooaeguineee or C. mindorensis'

Kimura (1968) rePolted that Crocodylus nqoaeguineoe was found in the east

coast rivers of Babeldaob, while Crocodylus porosus and Crocodllus

mindorensis, and a few Crocodylus nooaesuiteae, occurred in the west coast

rivers. We found only C, porosus in Palau's rivels, estuaries, and in the

freshwater Ngerdok Lake. We also examined every captive crocodile that we

could in Palau (see list below) and two specimens in the Balau National

Museum; without excePtion they are all C. porosus,

Mole tecently sevetal PoPular Publications (eg Thyssen 1988) have suggested

that two species of crocodiles, Crocodylus Porosus a^d C' toweguinue, a\e

found in Palau and that a third form, a hybrid between the two, now rs

widespread through the islands. There is no evidence that C' nooaeguinee,

ever occured in Palau and there is no evidence of any hybrid on the islands'



Until evidence to the conhaly is produced we will continue to b€lieve that

Crocodylus poro\us in the only species of crocodile that occurs in palau.

DISCUSSION

Habital The quality of the habitat for crocodiles in patau generally is good,

but the quantity of it is very limited. There are a number of small Type 1

tidal-freshwater systems and some of these have associated freshwater

swamps. Such systems provide excellent breeding habitat. Often such

systems are also associated with hypersaline coastal creeks (known as Type 3

systems) which provide rearing areas for subadult crocodiles.

The total land area of Palau is roughly 450km2. The largest island,

Babetdaob, constitutes about 90 percent of this area and is roughly rl0km long

and l.6km wide at its broadest point. Thus, there are no long meandering

tidal waterways. The rivers and creeks rise in the hills immediately behind a

nalrow coastal fringe of mangroves and are short. Often there are villages

upstream and the villagers trim the mangroves back from the edge of the

waterway. Downstream Rhizophora stylosa the stilt-rooted mangrove

dominates the saltwater channels.

During the rainy season, June-July, when we surveyed, heavy tropical

downpours ensured that there was a heavy input of freshwater into the

waterways. Thus, many of the coastal creeks, and tributaries of Type 1

freshwater systems, had salinities below that of seawater. During the dry

season many of these waterways would be hypersaline or Type g waterways.
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The swamp habitat associated with the tidal waterways is likewise limited,

but is of great importance for breeding. Unfortunately, some of this habitat

has been drained for agriculhrre. Ngerdok Lake is the only majot freshwate!

lake on inland Babeldaob. It has a Pelimete! of 1.8km. It is heavily fringed

with lily-like vegetation and provides excellent habitat for crocodiles.

The famous Rock Islands of Palau do not Provide breeding habitat for C.

porosus eve though stragglers ate often seen in the channels between the

islands. These are either adult crocodiles on the move and feedin& or as

mentioned previously, subadults which have been excluded from the

breeding area by the territorial adults. Sorne of the marine lakes on the rock

islands are used by these exduded crocodiles and thus when crocodiles ale

sighted in them, they are usually subadults. The Rock Islands certainly are

not prime crocodile habitat,

The best overall crocodile system in Palau is the Ngerdorch River.

Unfortunately, the crocodiles on tlis system have long since been shot out.

Aside from the fact that pres€nt-day Palauans hate crocodiles and kill them

on sight, the additional maior threat to C porosus is destruction of habitat.

Waterway aJter waterway is being trimmed and used as a boat highway. It is

unlikely that this will decreas€ and hence one can Predict the contraction of

the areas where crocodiles can live. At best, we believe that a number of well

chos€n leserves need to be established whele the habitat and crocodiles are

protected.

Status. Crocodylus porosus is nearing extinction in Palau, after a

determined effort by the US Adminishation, with the helP of Palauans, to



31-

eradicate the animal. We give below a

surveys.

summary of the results of our

qocodiles sighted

17

1

0

3

3

17

1

Alea

Belilou Island

Airai

East Coast

Ngererneduu Bay

Md-west Coast

Ngerdok Lake

lellyfish Lake

km sutveved

8.6

23.0

34.5

8,7

17.8

1.8

1.0

Totals t12.4

It is evident that only two very small viable populations of crocodiles

remain in Palau, each with 17 animals sighted. The remaining 8 crocodiles

sighted are remnants of former larger populations. It is impo*ant to note

that we did not see a singl€ hatchling or one year old crocodile on the

112.4km of waterways sruveyed.

What fraction of crocodile habitat was surveyed by us and how many

qocodiles remain in the wild in Palau? After studying topogaphic maps,

talking with former crocodile hunters, and reviewing the published

literature and government records, we believe we surveyed at least Z5

percent of those waterways worth surveying. Similarly, we surveyed at least

50 percent of the coast worth surveying.

42



Because of the few animals we encounteled, using statistical means to gain

an estimate of the actual number of crocodiles in Palau is meaningless' We

do not believe that thele is anothe! viable PoPulation in Palau the size of

those in Ngerdok Lale and on Belilou Island.

There undoubtedly are more straggle! crocodiles scatteled throughout Palau

than we sighted, but scattered singletons do not make a bleeding PoPulation'

Based on ou! estimate that 75 Percent of the imPortant waterways wele

surveyed, nultiplying the 7 stragglers sighted, including the one in the

marine lake, by 1.25 would provide an estimate of the number of clocodiles

in Palau's waterways. Instead, we have been generous and multiPlied the

nunber of 10. Similarly, we have multiplied the one Gocodile sighted along

the coast by 10 instead of 2, thus making a huge corlection for crocodiles not

sighted. These two soulces thus lead to a cha table estimate of 80 clocodiles'

When standaldized methods are used fo! surveying crocodiles, 66 Percent of

the crocodiles present are sighted and 33 Percent lemain unseen Again,

using a sighting flaction of 50 Percent, lathe! than the usual 66 Percent, for

the 34 crocodiles in the two small viable PoPulations yields an upper limit of

t(2x34) r 801 = 148 crocodiles. However, since too few animals were sighted to

estimate the actual number of crocodiles in Palau, rather than use 14& which

is ar exact number and imPlies exact results, we prefer to say that there are

fewer than 150 clocodiles remaining in the wild and it highlights the serious

plight of the crocodile lesoulce in Palau.

How mary crocodiles were in Palau in forurer times? There is no way to

know for certain because no systematic survey of the crocodile PoPulation

was ever conducted before and comPlete lecords of exPorts of ctocodile skins

were not maintained. Thus, we are forced to rely uPon information frorn



former crocodile hunters and to some deglee upon guesses made by the US

Administration.

Robelt Owen in 1969 estimated that there were 5000 crocodiles in palau

though he apparently never made any personal attempt to verify that

estimate with night-time surveys and actively ignored the lower estimates of

others. The Australian hunters estimated there were some 500 crocodiles in

1969. Rik-Rik Spis is leported to have shot some 200 by 1922. Joshua
Eberdon estimates that between 500 and 1000 crocodiles were shot during the

crocodile hunting operation he oversaw in 7979-1987. There is no way ro

determine whether or not Hasegawa and Oshima sold additional skins to

othe! buyers, but Yamatoshi Hikaku Co Ltd only received about 200 skins.

From this we are guessing that the population was never more than about

1500 animals in all size dasses. This population, managed on a sustained

yield utilization basis could have provided a valuable economic resource

providing a substantial annual income to palau. Instead, th€ resourc€ has

been almost deshoyed. It will require a concentrated effort by the authorities

to nurture the present scatt resource, to conserve it and tum it to economic

gain. It can be done and we make recommendations to tNs effect.

CONCLUSIONS

During the Gelman adminishation of Palau, 1899-1914, crocodi.les were

tolelated and protected in some areas. During the Japanes€
adminishation of the islands, 191,4-1945, crocodiles were able to exrsr

side by side with the general population - an easy peace existed.

1.
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Since the beginning of the administration of Palau by the Office of

Territorial and Intemational Affairs, US Department of the Interior,

overseeing the Government of the Trust Territory of the Pacific islands,

dislike and active hatred of crocodiles by Palauans has increased. This

was sparked by the crocodile fatality in Koror on 28 December 1965. The

wish of rnany Palauans is to see the crocodile extermhated.

3. The US Administratio& during the late 1960s and 1970s did mudr to see

that the wish of the Palauans was fulfilled and instituted a deliberate

policy to eradicate crocodiles. That policy has b€en in violation of the

US Endangered Species Act of 1973 (ESA) since at least 18 Dec€mber 1979

whm the Crocodylus Wosus was listed as Endangered. Section 2(c) of

the ESA requir€s that "... all Federal departnents and agencies shall seek

to conserve endangered species and tlueatened species and shall utilize

their authorities in {urtherance of the purposes of this Act..."; Sec.3(12)

specifically indudes the Trust Territory of the Pacific Islands in the

definition of 'States': Sec. 6(0 states that,

"... Any State law or r€utation which applies with respect

to the importation or exportation of, or interstate or foreign

commerc€ in, endangered species is void to the extent that

it may effectively (1) permit $'hat is prohibited by this Act

or by any regulation which implements this Act ..."

and Sec.7 states thal

".., All other Federal departrnents and agenci€s shall, in

consultation with and with th€ assistance of
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the S€cretary, utilize their authorities in furtherarce of

the purpos€s of this Act by carlying out programs for

the conservation of endangered species and thleatened

speci€s listed pursuant to Section 4 of this Act and by

taking such action necessaly to insure that actions

authorised, funded, or carried out by them do not

jeopardize the continued existence of such endangeled

sDecies and thleatened sDecies ..."

Clearly, the 1,979-1987 clocodile hunt in Palau autholized by the US

Administration was in violation of these provisions of the ESA. If the

statute of limitations has not run out, the USDI officials responsible should

be prosecuted unde! the ESA. The US Government is responsible for the

present sorry plight of crocodiles in Palau and fo! the wast€e of a valuable

economlc lesource.

4. The crocodile resource of Palau has been severely depleted and only a

very small, widely scattered remnant population lemains. We found

only two small viable populations covering various size classes - the 17

crocodiles sighted on BeUlou Island and the u sighted in Ngerdok Lake.

We estimate that the maximum number of crocodiles remaining in the

wild in Palau to be fewer than 150.

5. Unless urgent and strict measures are taken to protect the species, the

saltwater crocodile will soon become extinct in the wild in Palau and

cause a further severe decrease in the species' range.
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7.
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In view of the possible extirpation oI C. porosus in the wild in Palau,

the only viable genetic bark for Palauan C, porosus is the 41 crocodiles

in Joshua Eberdon's farm. It is vital that this Palauan C. porosus ge\e

bank be preserved.

The Ebeldon crocodile farm has the potential to become an

economically viable operation. The other much smaller caPtive

crocodile operations contain too few animals and their facilities are

unsuited for breeding and commercial propagation.

The crocodile resource remaining in the wild is so small that a crocodile

ranching proposal is out of the question for a number of years.

There does not exist in Palau any legislation to protect and conserve the

crocodile.

10. In spite of widesplead and continued discussion over the Past 30 years

that 3 species of crocodiles exist in the wild of Palau, Crocodylus

porosut Crocodylus mifldorensis, and. Crocodylus noaaeguineae, lhere

is no evidence to support tNs belief. Only Crocodylus Polosus occurs in

Palau.

RECOMMENDATIONS

We recommend that:

1. The wild crocodile population of the Palau remain on Appendix I of

CITES and listed as 'Endangered' on the US Endangeled SPecies Act

8.

9.



The total export ban on ctocodile skins of all sizes and from all sources

in Palau be €ffectiv€ly implerrented and policed until sudr tirne as the

wild crocodile population is lecovered in Palau and,/or a Palau oocodile

farm becoures productive and is registered with the CITES Secetaliat.

The Palau national and state government authorities immediately

corunence the task of educating the public about the vital importanc€

of conserving their natural resources and their national heritage,

induding crocodiles, for the future benefit of their citizens.

The Palau national and state governments find some way to protect and

conserve the remaining scant crocodile resource. The killing or taking

of crocodiles in the wild should be prohibited except by a licensed

nuisance crocodile trapper.

5. The government institute a plogram to control individual nuisance

crocodiles which pose a potential threat to humans. Such animals

should be captued by a licensed tlapper. Smail crocodiles should be

released in a reserve and large ones placed in a crocodile farm.

The US Fish and Wildlife Servic€, co-ordinating with Palau's Bureau of

Resources and Development, should act immediately to place the

illegally held (ie, non-permitted) crocodiles from the various small

holdings in Palau onto one maior crocodile farm which would serve as

the gene bank for Palauan C. Wrosus- This farm oI PalauLa C. porosus

could b€ made into an economically viable operation and, more
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importantly, into a maior public education centre for crocodil€

conservation.

7. Since his farm is the only program in Palau which has the chance to

become a bona fine crocodile propagation centre, the US Fish and

Wildlife Service, again co-ordinating with Palau's Bureau of Resources

and Development, should immediately issue the necessary permit to

Joshua Eberdon to hold his present crocodiles and to receive large

crocodiles captured by the licensed nuisance crocodile trapper and to

propagate them for conservation and commercial purposes. The pernit

should be issued contingent upon the Eberdon farm making available

to conservation officials 15 percent of the (3-4) size class crocodiles

raised on the farm for restocking specified areas where they can be

adequately protected and where they pose no threat to humans, until

such tirne as the wild population is well re.established.

The Eberdon farm should function as a professionally operated

crocodile €ducation and research centre. Facilities and materials for

such a centre should be provided by the US Government immediately

and should indude the provision of captive breeding.

The US Fish and Wildlife Sewice, co.ordinating with Palau's Bureau of

Resources and Development, should assist in the establishment of two

additional captive breeding clocodile farms and assist each of them to

obtain 50 pairs of breeding C. porosus from overseas sources. Even

though they will ulitize the same species, to pr€serve the gen€tic

diversity of the Palauan crocodiles, offspring frour these extra-national

sources must not be released into the wild.

q



10. The appropriate Palauan authoriti€s should establish a Profitable

sustained use program for crocodiles through encouraging wildlife

tourism based on boat tours of scenic waterways with small and large

crocodiles.

11. Establish tfuee or four r€serves, one on the east coast of Babeldaob, one

on the west coast waterway, and one on a southern waterway.

The government provide wildlife conservation curriculum material to

the public schools of Palau so the lole of important predators such as

sharks and crocodiles can be understood,

1 t

13. The status of C. porosus in the wild of Palau be monitored

systematically and carefully, at least once every three years.

Again, as is the case of the Solomon Islands, litde appears to have been don€

about the recommendations. The US Fish and Wildlife Service has

threatened to confiscate Eberdon's crocodiles ard is seeking further advice as

to tie course of action it will follow. The President of the Republic of Palau

is anxious that the gist of our recommendations be implemented.

VANUATU

The full report on the vanuatu survey follows the Refer€nce page.



-40 -

REFERENCES

Kimura, Wataru. 1968. Crocodiles in the Pa]au Islands. Research Report 1.

At€awa Tropical Garden and Alligato! Farm [Oliginal in Iaparese]

1968. Artificial Incubation of Crocodile Eggs. R€s€arch Report 2.

Atagawa Tropical Garden and Alligito! Farm [Original in Japanese]

Motoda, Shigeru. 1937 Crocodiles of Palau. Botany and Z@lW 5(-l)

Special Issue 131-138 loriginal in Japanese]

1938. Crocodiles in Palaui A Follow-Up Report. Botany and

Znology 6(7\ Special ksue: 8&86 [Original in Japanesel

Mess€I, Harry and F. Wa)'ne King. The Status of Crocodylus porosrs in the

Solomon Islands. pp.39-69. Ploceedings of the 10th Working

Meeting of the IUCN-World Conservation Union, Crocodile

Specialist Group. 23-27 April1990, Gainesville, Florida USA.

Messel, Harry and F. Wa)'ne King. 1991. Survey of the Crocodile

Populations of the Republic of Palau, Caroline Islands, Pacific

Ocean, &24 June 1991:

A Preliminary draft to the Govellrment of the Republic of Palau,

Koror, Palau. Proceedings of the l1th Wolking Meeting of the

Crocodile Specialist Group, Victoria Falls, Zmbabwe.

Thyssen, Mandy. 1988. A Guidebook to the Palau Islands. Neco Tours/Neco

Marine Dive thop, Koror. Palau. 167 p.



SURVEY AND PLAN FOR RECOVERY OF THE CROCODILE

POPULATION OF THE REPUBLIC OF VANUATU.

SOUTHWESTERN PACIFIC OCEAN

AND

A PROJECT FOR THE SUSTAINABLE USE OT WILDLIFE RESOURCES
BASED AT PORT PATTESON ON VANUA LAVA, EANKS ISLANDS. IN

THE BANKS.TORRES CONSERVATION REGION.

A REPORT
TO THE GOVERNMENT

OF THE REPUBLIC OF VANUATU, PORT VILA. VANUATU

by

EMERITUS PROFESSOR HARRY MESSEL
University of Sydney

Sydney 2006, Australia
and

Chancellor of Bond University
Gold Coast, Queensland 4229, Adtratia

Chairman of ahe IUCN/SSC Crocodile Specialist croup
and

Senior Vice Chairman of the IUCN Species Survival Commission

an0

PROFESSOR F. WAYNE KINC
Florida Mus€um of Natural History

Gain€sville, FL 32611, USA

Deputy Chairman of th€ IUCN/SSC Crocodite Specialisa Group

SEPTEMBER 1992



INTRODUCTION

Thc Ncw Hebridcs in the Pacific Occan (Fig. l) wqc rulcd by a condominium - a joint

govenm€nt opented by Britain and France until 30 July 1980. On this date the islands

wcte grantcd indcpcndence and rcnamcd as ihe Rcpublic of vanuatu. Thc prcscn!

population is soroc 160,0@ and consists prcdominandy of Mclarcsiatls (sooc 94 pqcant)'

Therc is a sman€ring (approximately l%) of indigenous Polyncsials and othcr Pacific

Occan Islandcrs. The majotity of thc Caucasian population is of English and Frcnch

descent. AusEalians and New Zealanders are rapidly bccoming more involved with

Vanuatu and thc Rcnch and Brilish involvemcnt is waning

Thc fi$t European to rcach Valluan was thc Ponuguesc Pcdro Fcnandez de Qu os who

lcd an expcdition of thrce small ships from Peru in 1605' in the scrvice of ihe Spanish

Gown. In U66 rhc French nobleman lruis Antoinc de Bougainvi.llc lcd an €xPedition of

two ships ard visited a number of the larger islands of Vanuatu. It was Captain Jamcs

Cook, on his sccond Pacific expcdition, in l?74, who namcd thc New Hebridcs - a na.me

which lasted over 200 yea$. It is ihus not surpdsing that Eany of the islands have had a

vadety of mmcs of Spadsh, Flcnch and British origin. Confusion ovcr names still cxiss

today.

The 74 populatcd a'ld somc 270 orher vnail and tiny islands and rocky outcroPs of Vanuatu

have a total arca of only 12,336 sq krn (Fig. 1). Thc d-vanuatu, as thc p€oplc of Vanuatu

arc callcd, rely mainly on subsistence agriculturc - as do the peoplcs of most of the Pacific

Islands. And as in most of the Pacific Islands, one is wimesing the depletion of the

rDarinc rcsourccs a-t a ftightcning and unsustainable rate, cncouragcd by thc iapacious

appetitc of tor.Eists and the developcd counticJ rcsourcc croPPers.



With the world-wide publicity being given ro thc World Conscwation Union,s (ruClg

"Caring for thc Eanh: a sFaregy for sustainablc living", the signing of the Biodivcrsity

Convention at the Junc 1992 Eanh Summit in Rio de Jalciro by soIoe 153 nations _

bcluding Vanuatu - and rhe hundreds of millions of dollars being spcnt world-wid€ on

Foducing elaborate documents, such as national cqnservation st-ategics, for governments

on susninable dcvelopment, ir is sad !o sce rhe increasingly rapid depletion of thc marinc

and forcst rcsouces in rhe Pacific Islands - including Vanuatu. (,'Naika", March l99l

issue).

National Conservation Strategics have litde cffect unlcss implcmented. Ofrcn, ir appcars

d|at thet acceptancc in too many dcvelop€d and developing nations of dp world is used as

a cover for unsustainablc developrnent - fot thc destruction of habitat and thc sevcrc

depletion of a nation's wildlife rcsoutces. And usually this is done b Dect thc wants of the

dcvelopcd nadons 6 is a consequcnce of rapid population gFowth.

hcrcasing global routism can b€ of considcrable value for sustainablc dcvclopmcnr but too

often ir also impacts negatively upon a nation,s wildlife resourccs. And yct, it is thcse

rcsourc€s, uscd sustainably, which could ensure the livclihood of millions of peoplc in

dcvcloping nations.

One can apFeciare rEadily fte acceptance of quick rewards by pcoples whos€ livelihood is

bascd upon subsistcoce agiculturc and subsistencc usc of marine rcsources. But the

rcwards arc usually shon €!m and illusory. One has only to wihess thc impact of the

scvere depletion of rhcse resources in such natioN as the Solomon Islands. Unhappily it

appeals rhat Vatuatu is allowing thc samc thing ro happen. Horvever, it is not yet too late

to aEest the unsustainable use of this ncw island natiod's wildlife rcsouccs.



In l9El, Dr. Bdan Groombridge of thc Specics Conscrvation Moniroring Unit in

Cambridge England forwarded to Professor Wayne King, thcn Chairman of the

IUCN/SSC Crocodile SPecialist Croup (CSG), a rcpon in "Naika"' Joumal of the vanuatu

Nanral Science Sociely,orthe Crocodllt\t poroJUJ poPulation, on Vanua lava in the

rcmote Banks Islands of Vanuatu (Fig. l). Thc joumal had becn forwarded by David

Dickinson, Chairman of the Society to Dr. Groombridge, $'ith th€ rcquesl for advicc on

what, if anything, should be done about the population. Prcfcssor King prompdy

forwardcd $e documents to Plofcsso! H. Messel in Australia in January l9E2 On 4

Fcbruary 1982, hofcssor Messel Phoned his longtimc fricnd Mr' Hermon Sladc'

Chairman ofthe Hermon Sladc Foutdation, rcsident in Pon Vila, Vanuatu HerEon Slade

knew David Diclinson as they had founded the Vanualu Natural Scicncc Socicty'

Profcssor Messcl cncoulagcd Hernon Slade to do evcrything possible ro havc this sDall

but important popula liLon of C. porosus surveyed and fully protected. This led to the

Hcrmon Slade Foundation funding a suncy of the C. porosut Populadon by David

Ludcrs. a form€r Esearch officq of thc Austrdlial Antarctic RcscaJch Group, thcn worthg

on the possible aquacultue of prawr$ in Vanuatu. The suwcy was caricd out duthg tslo

weeks, from 2l Ap 1983. The rrpon to the Foundation, on the survey' was fo(wardcd

to Professor Messel on 14 Octobcr 1983 and was also summarizcd in thc Septcmbc! l9E3

issue of "Naika". David Lude$ did not s€€ any crocodiles dudog the day or night but

gathcrcd important local infonnation on de crocodile in Vanua l:va.

In his rEDort Ludcrs stated:

"Prior to 1972, Mr. Jirnmy Jones occupicd fte plantation on the Sulphur dver.

Daily sightings were cornrmn. Crocodiles ftcquendy baskcd on the sandbants

near the mouth of fie river and they were known to go some distrnce idand to take

pigs or evcn cattlc. Crocodilss of all sizes were ven. The largcst quoEd was ooe

shot by Mr. Joncs which Ecasurd 5.5 meBes (atd was losing its t€cth)'



"The 192 cyclone destroyed the English school at pon paneson, but prior !o tha! ir

wal common for the studcnts to sec numben of crocodiles 'floatind h thc se3 il

the northem anchoEg€ of Pon patteson, near ,R€d Wate/. T.acks across the

sandbar to 'Red Watci werc seen daily. Former studcns of thc school describc a

battle between a qocodile and a bullock (ftom which the bullock escaped)

wimcssed by a number of ihcm. Another account of a qocodilc in tlds sEeaE

suggess a length of a.round 4m.

"Description of tie popularioo on rhe 'Alligarod rivcr suggests that il was at lcast

equivalcnt to rhat on 'Rcd Water", Other sightings have becn occasional, and of

singlc crocodiles. l,ocations include thc rDouth of the Teq a river in the nqth-wcst

of the island, and one on thc south-wcst whcr€ a clocodile was sD€ar€d and catcn.

"Nests w€le occasionally found in the Sulphur river arca, and the population

included all sizes. Therc is linlc doubt thar it was a keeding populatioq and loul

numbers may have rargcd up to 200.

'THE EFFECT OF TIIE 1972 CYCLONE

"The cyclone was a severc one. The wind ftom cast !o nonh drcve hugc scas

aqoss the peninsula joining Nousa poinr to thc nrain islancl Thc force of this

desroycd thc school totally. Wirh floodiag ftom rain, the combincd cffcct was a

vast body of waEr which could wcll have washcd tlle crocodilc poputation out to

sca."



ln his commentary and conclusion Luders stated:

"It seems certrain that thc 1972 cyclone rEduced thc crocodilc population of vanua

Lava aknosr to ni-l. The acnral cause of this decline is a oattcr for conjecturE, but

two things seem likely:

- that thc bulk of the populatioo was simply washcd out to sca atld sufrercd an

unknown fatei

- the habitat of the main centre of populadon (Sulphur dver) was altered

unfavourably.

"h seems leasonablc !o suppose that thc first is lhc Pdmary causc Otheawise' lhccc

would now be significant PoPulations of all sizes in thc othe' two stre{Ds'

'"Therc seems to be no worthwhile basis for reseaEh into thc ctocodiles on vanua

lava unless it be long-tem Eoniroring of a letum to fore€t lcvels' That would

prcsumably lcquLe only the rclording of sightings for quitc somc ycars until

numbers began ro be significant. Any resealch conrcmplaed would be bettel donc

on Vanikolo in rhc Solomon Islands wherc thcrc i5 still a substantial population'

-The crocodilcs of Vanua Lava ought not to bc disturbcd, by Escarchcrs qt odErs'

Formal steps to protect them aie hardly nccessary, since thac is no likclihood of

distubancc as things stand Thc best cousc is probabty thc casicst - that of

laissez-faitc."

It is difficult to accepr that the crocodiles of Vanua l,ava were reduccd to almost nil by thc

1972 cyclone. C. porosus is known to be a vcry srong swimmer and Eay stay

submaged for periods in cxcess of an hour. Furthermorc they arc known lo have a

homing instinct. Pmblem crocodilcs have becn known to rctllm to Dan/in Haftor in



nonhem Australia after having been ranslocated to rive$ in cxcess of l0O lm away. Onc

rnay conjecture a morc sinister cnd - as Austalian crocodilc hunters, who wcrc busily

endcavoring to cxtirpare thc C. poroJ4J population of thc Solomon Islands during thc

1970's, with the help of the Solomon Islanders (Messel and King, 1990) w€re bown ro

havc comc to hunt C. porosas on Vanua Lava.

Litde more was hcard of thc crocodiles in Vanuatu until rhe report ,,The Srarus of lhe

Estuarine Crocodile (Crocodylus Porosus Schneider l80l) il Vanuaru" by M.R. Cha.obcrs

and D. Esrom of rhe Environment Unir, Ministry of Lands, pon Vila, Vanuaru was

produced in 1989 and summarized in the March l99l issue of ,'Naika,'. Their cxecutive

summary states:

"This project was caried out to asscss the current srafus of the cstuarine ct@odile

in Varua llva, the only island h Vanuaru hown to have a breedhg population .

Thc study was carried out by a combination of a sitc visit couplcd wirh interviews

with villagers and the local distribution of a questionnaile.',

"The findings show conclusively that there are very few crocodiles remaining on

thc island" pcrhaps only two or tl[cc, No youttg oDcs havc betn secn for scveral

ye3$. It $us appca$ that brceding has ces€d and if rhis is the casc thc|l $e

qocodile will bclome cxdnct in Vanuatu. Prcviously high numben of qwodiles

appcar to have been dccilrured by a s€verc cyclonc in 192. Sooc surnivqs of this

evcnt werc subsequenrly shot, and coupled with narural morulity pedraps inqeased

by latcr cyclones, dris sequence of events appears b have broughr rhe crocodiles

down to a non-viable population size. The available habitar for thc crocodiles

app€ars o be cxtcnsive and in good condition."



'There is a stong belief in Vanua l:va that crocodilcs were accidentally inroduced

to the island in fte mid- lgth century. Thcre is no hdependent coEoboration fd

tJfs. However thcy came to b€ thete, thcy are not popular' Thcy undoubtcdly cal

dornesdc anima.ls and have recently begun b anack people' In vicw of thc expensc

and difficulty of anempting to build up the oocodile population' and that it would

be unpopular afipngst thc islandels, it is rEcomm€nded ftat nothing bc done to

anempt ro savc the crocodiles iom probable extinction. If drey were o becooe

extinct this would mean a shrinkage of thc crocodilc's extensivc range, as Vanuatu

is the castemmost limit of this range."

I! is this latter rccomm€ndation which is unacccPtable to thc conscrvatioo wodd- It goes

complctely against the accepted pdnciPlcs of conscrvation and of the necessity for thc

F€sewation of biodiversiry. No crocodilcs werc sighted by Chamben ard Esrod

Thc Crccodile Specialist Group of IUCN is unablc to sit idly by and watch thc crocodiles

in the Pacific extirpated in one island nation after thc other with a conseque drastic

dccreasc in the histori c l rirnge of C. porosus. The Vanua Lava poPulation of C porosrc

constituted the casternmost limit of this range. Th€ nexl €astemoost poPulation is somc

250 km nonhwest, oo Vanikolo Island in thc Solomoo Islands. Thc suwey of thc

qocodile populations of the Solomon Islands by Mcssel and King in 1989 has shown rhat

crocodiles ftcre alr highly endangered and thc same applied to Palau, suveyed by Messel

and King in 1991. The crocodiles in the Philippincs ale even more crdangercd atrd thus

thc easternmost population of C. Porosu which is not highly endangeEd is in Papua New

Guinca.

We must also comment on the tale that the crocodilcs in vanua Lava rvcrs inEgduccd by

Bishop Patteson in the mid 1860's. Six biognphies ofBishoP Pancson werr $udied by

Chambcrs and Esrom ald therc was no ncntion of crocodiles. Yct the Bishop was hown
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to have bced a mcticulous and accurate recorder of what hc saw and did. Thc crocodilc

populations, though small, oll Nendo and vanikolo Islands in thc Solomofl Islands Nrc

only sonrc 250 to 300 km to the nonhwest of Vaoua Lava _ a msrc stone s throw away for

thc strong ard long disrancc swimming C. porosB . A lone C. porosus has bccn sighFd as

far away as rbc nolrhcm islards of New Zcaland and thc Cocos Keeling Islands in thc

tdian Ocean! Thus we must disagrer with the Bishop patteson talc. Vy'e suongly zuggest

that the qocodilc population on Vanua llva was a natural cxrension of the populations of

dte Solomon Islands.

The spondic sighting of C. pororz.r in the wat€rways of Espiriru Santo (Fig. l) arc atso

easily accounted for, as animals probably originatitrg froo Vanua Lava or cvcn the
Solomon Islards.

Following the Chambers-E$om lcpon, a systematic survey of C. poroJla in Vanuao was
giveo a high prioriry by CSG. Funding for rhe survey was quickly pledged by the Herl0otl

Slade Foundarion, Conscrvation Internarional of Washingron, DC, and thc Nagao
Foundation of Japan. Mr. Emesr Bani, principal Environment Officer of the Envuonocnr

Unit of thc Govcrnmcnt of Vanuaru hcld discussions with hofcssor Mcsscl during thc
CITES Kyoro confercncc in Malch 1992 and offerd, rhc suppon of thc Unit. Ll rh€
meantime Mr. Hemon Slade aranged for the palticipation of his collcaguc Mr. Aaron

Hanghalgkon, a very knowlcdgeablc and rcspectcd citizcn of Vanuatu. On 16 August
192, hofessor Messel and Mr, paul SIade, a patron of thc CSG, proceeded !o pon Vila,
Va[uatu, wherc a scries of mcedngs were held with various governmcnt dcpartlrents.
Emest Bani thcn accompanied rhcm to rcmote pon pattesou (thc priBary arca for
C. porosus) on Vanua lava (Fig. 2) in order to hclp wirh logisdcal arrdngcmcnts and to
carry out a prcliminary survcy. Such Feliminary work atd pland.ing for survcys in remote
arcas is vially important, if much rimc and large sums of moocy arc not be wasted- This
has occur€d far too oftcn for crocodile surveys calied out ir vaious countics il tnc oasr



Goodwitl Training Centrc, an Anglican school for niVanuatu tcenagcrs is situatcd at Poi

Pancson, a { hour beach walk from Sola ailstrip on Vanua Lava- Therc arc no roads. It

is an idytlic spot and no wonder lhal C. porosus migtatcd to it! Thc Direaor of tbe

Training CenEe is Fathq Luke Titinsom Dini, Senio! Priest, Banks and Torres Rcgion. A

cabinet minister in the pre-indep€ndence govemment of Varluatu, he gavc up politics in

order ro lead his people - those of the Banks and TorEs Rcgion- Hc becamc a Ficst a.od

retumcd b his native Banks Island - landing at Pon Patteson at dtc spot whq€ tbc Trainilg

Cenre is presenrly situated. Therc he built, with the aid of his followcrs ard his own

hatds, using bush materials, an cducational training centre for tcenage boys and girls.

Tnining is given on soap making, subsistence agdcultutc, carpentry, home duties, health,

general cleanliness and all lhe other asp€cts of leading a happy, healthy life in this rcmtc

arca of the world. It is hoped that thc studcns will choosc to remail on thcir u'aditioral

lands in the Ba*s ard Tones Islands ard not migratc !o uban cqrtels where thcy often ar

relcgated to being sccond class citizels. The Centrc s total budgct for saladcs, food,

€quipmenr and mainrcnancc is some US$5OO pr?'"''(t

At the time of Father Luke's arrival at Port Patteson io 1986, thc rccfs in thc arca wcre

t€cmiog with marine life, a wide variety of rcef fish, giant clams, Eochus sbclls, glcen

snails, lobsten (crayfish and rock lobsters), and on the land, coconut crabs. By jusl

walking onto thc rccf at low tide one could fill a largc sack with lobstcE in half an hoor.

Largc numbers of green, hawksbill and lesse! numbels of loggerhead tuldes nested on the

beachcs, especially on nearby Ravenga lsland. There lrlas no shonage of food fot the

pcople. This has changed drastically ovcr dlc past six years ard the rcefs in thc ar€a have

been harvested to almost total depletion in ordcr to ncet thc rcquirem€nb of the ever

increasing number of tourists coming to vanuatu as well as the expon g-ade. The

harvesting and depletion of fte marine r€sources has occurcd at a frightening raae. It was

done on a totally unsustainablc basis. We were shocked by what we found but quictly



Ealized that the Pon Paneson area provided an cxcellent opponunity for the conscrvation of

wildlife spccies therc through sustainable use and developEcnt. h had aU the iogrodients

which we feh were necessary: cducation, religion, rcmoteness of a small subsisteucc

population al|d the dercrmination of Farher Lukc to protect, conscwe and utilize sustainably

lhe wi.ldlife rEsouces for his lrcople, wift cmphasis on elotoudsm.

Tle funding requirements for an imponan! consewation projcct at Pon Paltesoo, $rcugh

sushinable use and development, which could provide hopc and an example for other

Banks and Torres Islands and South Pacific Ocean islaaders to follow. would not be

astronomical. Professor Messel immediately undertook to raise lhe necessary fulds

includiag his own personal contribution. He pmvided thc occcssary cash funds on de spot

for thc immediate consruction of a cottage, on Pon Patteson, to bc uscd as the

conservatioo projcct's headquarte$ and which he will donare to the Training Centr for

thcir use. The Slade family has since provided the funds for the construction of a sccond

conselvation conage and the Profcssor Waync King family the third one.

Fathe! Luke imm€diately undenook ro call a rEedng of thc six villagc chicfs a.nd raditional

lartd owne$ to oblail their agrecment to petition the govem.Ecnt of Vsnuaiu to d€clarE $e

Pon Pattcson area a Conservation Rcgioo. They would plotcct it, for they now bad

cxpeicnced thc sad consequcnces of lhc unsustainable use of their wi.ldMe rcsources.

In thc Dcantime two preliminary daytimc suweys wcrc carricd out by us of thc watcrways

in the area. While bailing out a canoe, a young lady had been attacked by a largc crocodile

some two months prcviously - so thc story went. The villagen had spearcd it, but thc

spear didn\ hold. They then tried to shoor it. Was it all truc? Were $crc any crocodiles

left on Vanua Lava or were they now extinct in Vanuatu? None had been scen during the

Ludqs survey or the Chambers-Esrom survey.
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FcrtunaEly h mid-aftcmoon of 19 Augusl and at low tide wc spotted a 1416 foor nale C'

poroJra on a mud bank. It slid slowly into the wacr leaving a giant belly slidc' vhich we

photographed. we had been so suprised on sponing dle latge animal tnt we pointed the

tape lecorder rathe! than thc camera at it. No photogrdph. C. porosla was not cxtinct in

Vmuatu! No signs wele seen of other crocodiles during dI€ daytime preliminary survey'

The plarned systematic spotlight survey by us, comEencing 5 September 1992 would

provide us with thc requted informadon on the population sizc and strucnre.

ln the meantime, we were obtaining the ageemenl of the villageG that tbe qocodiles oust

be conservcd along with the othcr wildlife rcsourc€s We pointcd out that lhe cocodilcs

wcrc an imponant componcnt of the ecosystcm. The villagsn could lcam to livc wi$ and

utilize srocodiles sustainably as do rnany other peoples in Papua New Guinea, Ausralia,

lndonesia, Africa" America a.nd so fonh.

It has always been somcwhat of a mystery to us why the Pcople of dre Pacific Islands,

including Palau, Solomon Islands and Vanuatu fear and dislike crocodiles so stroogly.

This is just a lecent phenomena for in former timcs therc appearcd to have bcco a tmc€

betwecn the crocodiles and the islanders (sec Messel and King 1990, 191). The

appearance of thc white hunter secms to have ended dle Euce and helped fip tbc fear and

conscqucnt dislike by thc islanders of thc crocodiles of d|c Pacific. Yct ncarby in Papua

New Guinea and Ausu"alia the truce still holds - and as scongly as ever in PNG.

On 2 September 1992, Professors Messel and King, and Mr. Paul Slade flow ro Pon Vila

ir Vanuatu, whetc they joined Ernest Bani and Aaron Hanghangkon. Thc group flew o

Espiritu Santo and on to Sola airsuip on Vanua Lava on 5 Scptember. Mr. Kaltau Ayong'

Depury Direcror of Radio Vanuatu also accompanied the $oup. It was foftunatc that the

Rotary Club of New Z€aland had gifted a 12 ft dinghy with a 25 hp outboard motor to the

traidng ccntsE at Pon Pattcson. Thus on this occasion wc wq€ able to transpon thc survcy
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gcar by boat rather than on our backs. A 2O-foot lvood hu[cd Fishcics vcsscl was uscd

for carying pe$onnel and also fa crocodile survcys.

METHODS

The survey methods for rEpeatable night spodight censusing of crocodilc populations arc

given in detail in Messel et a, 1981, Monogaph I of 'Suv€y of T:rdal River Syscos in the

Northem Tenitory of AusEalia and Their CYocodilc Populationj. This publicarion is one

of 20 monographs on crocodile surveys by hofessor Harry Messel and co-workers and

published by Pcrgamon Press. Since the Vanua Lava Island crocodile suncy is only

concemed with ticir number, sizc class atd distribution, ir was not esscntial !o mcasu.re

aod lecord a number of parameters usually recorded iD a survey. State of the tide, anount

of bank exposcd, wat€! saliniry and tcmperatue were monitored. Salinity Deasurements

indicatc whether the aquadc habiur is a freshwater system or no! This is of iroportancc as

salinity generally dctcrmines the suitabiliry of the panicular waterway as a potcntial

brEcding alea - soe Monograph I, page 100.

Normally, on long hazard-frce tidal waFrways, with a tcam of Oree (i.c., sponer,

recordcr-navigator and driver), surveys arc made at a sp€cd of 20 to 30 h pcr hour ad

covcr ftom 40 ro 100 kn pcl nigh! beforc the tide rises and thc amout of exposed bank

de.crcas€s to l€ss than 60 cm making it harde! io scc the crocodiles.

On Vanua Lava, which is only 331 sq km in size, manen were diffqent. The oi-Vanuatu

on thc small island were well acquaintcd with thc area which thc formcr C. porosas

inhabired. It was centercd on Port Patteson and the ni-Vanuatu lived light there.

Crocodilcs had been known to inhabir only thtee of the waterways in the aEa" Tbese

waterways werc well known and often frequenlcd by the islanders during rheir daily living.

Thus our survcy task was gready simplified. But knowing that a very largc crocodile lived
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in thoss narow shallow strcams alened us to usc cxtEnrc caution whilc surveying. lnstead

of using the 12 fi aluminum dinghy with its 25 hp outboard motor which wc uscd dudlg

the 19 August daytime suwey, wc uscd a 20 ft wood hulled Fishsrics boat with high sides

and 8 and 25 hp Yamaha outboard motors

The wate.ways are ridal, shon, nanow and shallow. Each waterway was surveycd from

thc zero point at its mouth to the upstream teminal point that was dctcrmincd by shallow

walcl that pEvenred navigation further upstrearD"

The tidal variation betwcen high and low water was only 0.7 to 0.8 metcr dudng G9

Scpt€mbcr 1992 but this still required carcful planning both for daytimc Ecornaissance of

thc survey routes and for lhe nighttime surveys- Surveys should bc donc orl a +l/4 to 12

tide.

Wc wcrc fonunate to bc able to engage thc scrviccs of Messrs. Katcp Wilkins, Hanison

Fod, Noroan and JimDy wona and Edwir Tagar of the Port Paneson arca. Tbcir intioale

knowledge of the arca and its waterways made it prossiblc for us to work safely and

efficicndy, Thcir knowledge of where thc remaining crocodilcs of Vanua Lava wcrE aost

likely to bc found ploved accurate and saved us valuablc time. They said wc would scc

onc, or at nost twq and they were right.

O?timum months for surveying arc during the dry season mooths, May to Octobe!.

However, 30 to 40 knot southeasterlies blow during much of Scptcmber and Oqrober with

only litdc respite. These givc rise to fine sunoy days and cool nights. While Pon Vila is

beginning to warm dudng these months, Port Pattcson cxpcricnccs its coolcst p€riod.

Throughout Vanuatu, January to March arc the wet molths and Va[ua Lava cxpericnc€s

some 3000 iffn of ninfall per ycar. This is also thc cyclone pcriod and Valua lava is in

thc trpst cyclone prone area.
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Quick responsc probes for tempcnturc measulcment, a teDrperaturc compcnsatcd

rcfractometer for rapid salinity measurements, a Magellan GPS NAV 1000 PRO for fast

and accuratc determination of latitude and longitude, and 5-cell Magalites for spodighting,

werc used In addition, suwey sheets and books, large scale maps, cameras, photogr4phic

film of various spceds, cassettc tap€ recorder, and a laptop cooputer and portablc printer

wcrc used. Thcsc are rcquisites for systematic and rcp€atablc day and nighnimc survcys

atd rapid data analysis.

RESULTS

Our frndings are presenred and discussed scpant€ly for each of rhc arcas survcycd. Only

one map sheer is requircd: Canc de la Melancsie a 1/100,000, Varuaru, Fcuillc No. 2. Iles

Banks-Nord.

1 . Alligator River 0ocal nanF).

During the day and nigltr of 6 Septembq 1992 rhis shon wat€rway, not shown on drc Eap

sheet and barely disringuishable on thc relevant aedal photograph, was survcycd

systematically. Thc moudr of the rivcr is distincr on the acrial phorognph.

Alligator River

Longirude

t6't"32'52"E

LatiMe

13"49'06"S

Survey leng$ (lm)

r.25

The watcrway is heavily vcgetared with man$oves and had to be cleaEd of ovcrhatging

limbs prior to the daytimc survey on 6 September. Becausc of rhe dense rec canopy

ovedrcad a GPS latitude and longitudc rEading could noi be obEined ar fte natural survey

teminal point. The disance surveyable by boat is apprcximatcly 1.25 km, but during our

daytimc survey we werc ablc to follow the Alligator Rivcr for a funhcr 500 m or so on
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fmt, wading along and dlough thc na[ow strea4 about I m widc artd from a few cm to

0.5 m deep. Thc strcam drains a forested swamp of sevcral squarc km.

Two and a half hours after low water, the salinity at the mouth of the watcrway was 33

o/oo atld at thc suwey upsEEan tenDinal point it was 12 o/oo. Thus, the Alligator River is

a small but good TYPE I brceding system, draining swamplard.

During the day we saw what the guides claimcd rrcre faint belly marks and indistioct Facts

of a qocodile. r c remain unconvinccd. If the rack rrcrc those of a crocodile, it was

cenainly much smaller than dle animal we saw on the Selva River on 19 AugusL

The nighttime survcy was caried out und€r ideal conditions of cxposcd balk but no

qocodiles wele sighted.

2. Selva-Pagpaglog (fahiti, local namc) Rivc6, Walter Ctrek.

During thc day and dght of 7 Scptembcr 1992 tbis systeE of watcrways was survcyed

systcmaricalty. We also carded out a resurvcy of these waterways on thc night of 9

Scptembcr. Thc map shows separate mouths for thc Selva and thc Tahiti (Pagpaglog)

Riven, howcvcr, now only thc south Eouth rcmains open and thc Tahiti Rivcr may bc

Ecated as a Eibutary of the Selva fuver. There is also a shon navigablc side ccck of rhe

S€lva at km 0.8 just to thc ooflh of the Tahiti Rivu (Fig. 2), knowr locally as Waltcr

Crcek.

Selva River

Tahiti River

Wdtcr Crcck

lrngirude

16'"32'n"E

16'"32'n"E

r4.32'24"E

ladtude

l3'50'47"S

13"50'47"S

13.50'20"s

Suwey leogth (kD)

1.6

l .E

0.8
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Gaining entancc to thc Selya River ar 12 tide rcquircs manhandling thc boat in, over thc

shallow bar. This would be of linle cons€quencc wcr€ it not for the fact drat we sighted dre

14-16 ft (4.5-5 m) crocodile only 200 m upsEcam fron this point. It is also ar dris point

that the niVanuatu wade across the Sclva fuvcr on fmt when visiting Sola airstdp atld

villages on the south of the island.

The Selva Rivcl had a measuled salinity of 3 o/oo both ar its Eouth and at the upsEcam

terminal srrr'cy poht ar lxl| 1.6. The river shallows rapidly and navigatiofl upsElam ofkE

1.6 is not possible. Upstream of this point therc arc Da'ly dead trees, shoals, and other

obsmcles. Therc are numerous baskilg arcas along the river; the banks arc heavily

vcgetated. Thc rivcr appcars orally devoid of aquaric lifc bcyond km 0.E, apparcdy thc

rcsult of highly acidic wateis, containing sulftrr and other mincrals &om activc fuiDarcles

and hot spdngs on the side of rhe still thermally acrive volcano at the headwarers, being

pouled into and flushed tirough the rivcr. On 7 Septembc! sufficicnt acidic warer flushcd

through dre rivcr to discolor mlrch of de bay ouside thc dve/s oouth with a nilky ycllow

prccipitate. Two days later both rhe river and bay werc clqr, Wete it not for tbcsc Friodic

acidic flushings, the warerway would provide €xcellent habitat fo! C. poroJrs.

Waltcr Creck is a narrow, 5 to 6 m wide &eshwater systcn. Thc banks arc hcavily

vegelatcd with vines dtooping into the water along much of is 0.8 km survcyed length,

thus making it difficult to obtain more than 0 co exposed balk for sun eying. Saliniry was

2 o/oo at its mouth and 0.5 o/oo at the upstsram rermina.l survey point at km 1.6. Wc saw

many mull€t in the smam and ir would provide good nesting habitarfr C. porosus.

Similar remarts apply to the Tahiti River which is an exccllent TYPE I treeding systcm for

C. porosur. The salinity at rhe upsEeam tcrDinal point was 0 o/oo and thc water was

swcct for &inking. The strcam was teaming with 6sh, largc and small.
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During our daytimc survcy, we saw two largc bclly slidcs' som days old' probably thosc

of th€ large crocodilc we had viewed on 19 August. They wcre betwecn 200 m and 300 m

upsEcam of de mouth of the Sclva Rivcr.

The righttime survcys of rhe thrce waterways were carried out under ideal sponing

conditions, but oo crocodilcs werc sighted.

DISCUSSION

The crocodilcs of vanua Lava arc on the vcrgc of extinctiorl There is onc largc malc C.

poroJ&r remaining for cenain and theie might be a s€cood anirltal' smaller in sizc. Since no

juvenile crccodiles were sighted, if there is a sccond animal then it is a sccond Eale or an

imBanue fcmale. There is no longer a brceding poPulation Emaining; though breeding

uscd to occur in thc past. Confimation of this is availablc from matly bhabita s at Port

Pancson. Mr. Frank Hosea Wokeke, Tleasucr of the Banks-Tones Local Govcrnoent

Council, rcgularly saw crocodiles of all sizc classes wheo h€ was a student at the Pon

Patteson school. On 10 Septcmber 1992 on Kwakca Island, wc also had a vsry intcrcsting

discussion with Jimmy Jones, a wcll known local Pc$onality. Hc lived on the Selva Rivcr

for many yca$ in the atea now occupied by the Custom landbolder, Norman Wona- Mr.

Jones saw mary crocodilcs of all sizcs during the 1960's and 1970's and shol soEc; rhc

last onc in 1978 was 5.5 m in length, and we saw a photognph of it. He is brimming with

information and has beaomc an ardent consqvationist in teceDt yca$. He is Dost anxious

to include Kwakca Island, ard the beautiful watcrs surrounding it, in $e Balks-Tones

Conservation Region. He holds a 30 year renewable lease on the island.

It is unlikcly the C. poroJu population at Pon Patteson can rccovcl on its own. Only a

rcstocking program will savr C. poroJ!.J thcrc. And drc ni-Vanuatu at Pon Patlcson arc
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now prepared ro suppon rcsrocking as pan of a program ploposed by us for cods€rvation

of thcir wildlifc rcsouces thmugh susrainable us€ and devcloDmcnt. bascd on ccolourisD

in the fust insrarce.

Thc Custom lalrdholders and the chiefs of Eastem Vanua Lava have alrcady signcd

documen$ agrEcing to sct the area aside as a rEgion for thc conscrvarion and $stahable

use ofthe species lisred in Appendix 1..

RECOMMENDATIONS

l. That the Govemmcnt of Vanuatu set asidc the arca of Eastem Vanua l-ava shown in

Fig. 2, with thc possible immcdiate extension !o include Kwakca Islatd. as a closervation

lcgion for thc following species:

Trochus shell (?rociras ru'loa'cr.tJ)

Lobsrers (Parudriw spp., both crayfish and rock lobster)

Grccn snils (Lrauaica matmoraa.6\

Giam clams (Iridacna sp.)

Coconu crabs (8irg6 ,ar,'o)

Saltwarcr crocodiles (Crocodylus porosus)

Madnc ordes (Crrloaia nrydas, Erentochelys imbricau, ard Carctta cs.ta)

It is reponed lhar rhe Govemrnent will b€ passing a National pa*s and Cons€rvation l,aw

during rhe fonhcoming session of Parliament. The above recommendation could be

covered by this ncw law or by exisdng legislation.
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2, That commercial trade in any of thc abovc sPecies, takcn ftom thc conscrvation rcgion,

be totally plohibited and to take cffcct ir nediaiely aftcr the declaiation of the conservation

region - Eastem Vanua l,ava.

3. That fic conservation rcgion - Eastcm Vanua L3va -- bc rcstockcd in accodance widl

thc recommendations made by Father Lukc Dini, as set fonh in Appendix l. In addition'

the area b€ rcsrockcd with giant clams and saltwalsr crocodilcs.

4. That the rcstocking of thc area be canied out sequcltially staniag widt coconut crabs

and prcce€ding to lobsters, green snails, rochus shells, giant clans' and crocodiles' The

soure stock for all of these can probably be obtained in Vanuatu, with thc cxception of dtc

docodilcs. Both the giant clams and thc saltwater crocodile would rcquirc CITES cxPon

ard impon pemits if obtainei ftom other countries. The cost of restocking to be Eet by

outsidc donors, arranged by Profcssor Messel.

5. That harvcsting of the namcd specics in the conservation rcgion - Eastern Vanua Isva

- b€ totally ptohibited for a p€riod of 3 ycars to giv€ the Populations a chance to cstablish

and gow. Afier lhis initiat period, the Fohibitioo witl bc rc-evaluatcd. Harvest quotas

will bc establishcd for those species whose populations havc recovered sufriciendy o be

ablc to withstand a sustainablc harvcsL

5. That the quotas b€ decidcd by a consewation committec in consultation with dlc

Ministries of Environmcnt aad Fisheries. Committee mcEbcrs will b€ dawn ftom the

bhabitants of tic conscrvation rcgion - Eastem Vanua Lava - ard thc donors of thc

PloJect.

7, That the Conservation Rcgion - Eastcrn Vanua Lava - serve as a pilot projcct for

cons€rvation of the wildlife rcsources tluough sustainable usc and dcvcloPmc ' bascd in
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the frst instalcc upon ecotoudsm. Success in rhis Fojecr could scrvc as a modcl for tbc

Bank-Tones Region and all of Vanuatu.

8. That the ilhabitants of the Conservation Region - Eastem Vanua Lava - bc ia malrr

bcncfisiad€s, acting as guid€s, boat drivers, hostel opcratcs, and thc like. Once drc area is

resbcke{ thc alca will only rcquire careful vigilancc and prolc€lion against poaching.

9. That thc Anglican Diocese of the Banks ard Torres Region and the Goodwill Training

C.entc bccom the focus for consepation thrcugh sustainable use education in the arca-

10. That the peoples of rhe rcgioo be made awarc that their livelihood ad that of their

children dcpcnds critically upon sustainable usc of their wildlifc r€souces, which at the

prcscnt tirnc are being npidly depleted $rough unsustahabl€ over exptoitarion.

I l. That fivc conservation cottages b€ constructed for usc by rhc conservatiot projec! the

Gmdwill Training Gntre and for use by €coroudsts. Thrcc of thcsc conagcs arc plcdgcd

atd onc is under construclion alrcady. Profcssor Messcl wilt endeavor !o arrangc

iromediate fi[ding for the odter two so that eamings may quickly stan llowirlg to tlle local

bhabitarti

12. That an easily lcplaceable timber foot bridge bc consnucted ovcr the Selva Rivcr alld

also one over thc Alligator River so tha! inhabitalts traveling bctweln Sota, Goodwill

Tnining Ccurc and villages to the nonh do nor havc to wadc thesc two sEeaEs. This slill

remove much of the risk from any crocodiles ia the arca,

13. That r$o boars be obnined for use by the sustainable developmcnt projecl Thc boats

pres€ndy uscd by Fisheries arc the idcat type and could be uscd for protecting thc wildlifc

ttsouccs in ft€ cons€rvation rcgion and for c.cotouriso"
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APTE^'Di\

( l )  C o n t r a c t  b e t , r e e n  t h e  L a n d  O w n e a s  a n d : h i e v e s  c f  i a s t e l n  V a n u . t l , a v 3  f . r  t n e

g9!:95:9!19!_g!9_:::!9i3cltl:_g:9_9r !::_::r::.1_l:l_:r:::s:_9:,t_!9!!:l::s_:!
t he  8 .3nk  s /To r res  Rc ! i cn ,  r rdnua t r .

1 .  l aocus  She I I s .

2 .  Lobs te rs .

3 .  C rconu t  C rabs .

4 .  c reen  Sna iLs .

5 .  c la rn  sheL ls .

5  .  Tu r t l es .

7 .  C rocod l l es .

i le the undersigned the ri .ghtful Land crneas of selefiba, SulFhur ! ive!, t :etfo,

tahit j .  r lve!, Qanlap, Nawono, ,\ l t igator rtver, Ravenga Island, afte! heating

enough explar.nation cn the pleseavation and Conservatiod of the.:cven:Fecles.
l{e ful ly agreed to conser.re th? siecies in our Land.

llr. llcr|nan i;ona , 5i9:1i  ture

ttE. Edrin ?agar slcnarure .li:hn 1 z L Da te

.i*!-v:*:

.r.il..{ ..r.s

l,lr. l-lban Vagon

Thunb p.ri'|t

t------l

rhunb print 
I

i{:-;i:::::;rlI
r,------l

sienarure tAlPo-...... our" L!...;r.i1L

Fr. Luke Dini, Angllcan Church Replesentdtive

Fr. Luke Dln.l .  On behalf of the Conservatioo Donor,s
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Vanua tu.

Cerr Sir  t

Fi :rd dttached hcrel{ l th two ( ? )  est ihnte' l  cort
t c  b e  c . n s e r v e  r v i t h i n  t h c  a r e a 6 ,  f r o n  P a v e n i a
t ' e t l o  r e e f s .  Y o u  $ i 1 1  n o t ?  i h a !  n o : l  w e  a r e
enaourige by the Governren! of vanuatu. l io:
a ahrist ian and l :eleneslai  xai / .

^ F  F r r - i n  '  d  . . - - i . .  . i , i - r  . . c

I r  l  r n , l  t c  : a h  i  t i  r t v . r ,  i ' r . : , r , i i l j
l o . k j . n l  . i .  t o , l i / s  I  ! . i - , r s  |  : r h i c h  . L s
2 v/e lock at t l re pr ice5 ee lrcrk in

I  l ave  a l . so  a t tached  thc  re i c r t r  wh ich  Yo , '  w l l L  f i nd  oD Pa ' ;e  ? ,  f a .n - ra fh  2
:;u.-Aea.t lng (c) Harlne aqua - Cul.ture whlch talks about the ccrr: ie!1'nt lcn cf the
sp :c1es .

l i i th Love_& Froyels,

senioa Pllest,
Fanks t Torres Reglon.
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SECOND WORKSHOP TO REVIEW THE AIMS,
OBJECTIVES AND OPERATION OF THE CROCODILE

FARMING INSTITUTE (CFI):
PALAWAN, REPUBLIC OF THE PHILIPPINES

(7-8 March 1993)

Harry Messel, Jonathan Hutton
Grahame J.W. Webb

IUCN-SSC Crocodi le  Specia l is t  Group

l--Iil&duc.tior

The RP-Japan Crocodile Farming Institute (CFI) is located at Puerto
Princesa City, on the Island of Palawan, Republic of the Philippines.
It's construction and operation is the result of a co-operative
development project between the Governments of Japan and the
Philippines. The facility now belongs to the Govemment of the
Philippines, and its operation is funded joindy by Japan and the
Phi l ipp ines.

The CFI was both a bold and imaginitive development project, in
the true spirit of "conservation through sustainable use". Its two
primary aims were to conserve the two species of crocodile within
the Philippines (Crocodylus mindorensis and e=-Jglgsgg), and,
through the application of scientific techoology, develop strategies
through which crocodiles could become the focus of a sustainable
indust ry  for  the benef i t  o f  F i l ip inos.

Given that both species were critically depleted within the
Philippines, and the endemic species (e,-lqhlgtcls$ was one of
the most poorly known of all living crocodilians, the task before the
CFI was a very challenging one indeed. Made all the more difficult
by neither Japan nor the Philippines having had a long history of
involvement in crocodilian biology, conservation, management or
farmin g.

In terms of facilities, the CFI now represents the finest
establishment in the world devoted to crocodilian conseryation and
utilisation. However its operational costs are high, and due to the
depleted oature of the wild populations, its acquisition of stocks has
been delayed. Both these factors affect the ability of the CFI to be a
self-sustaining operation at present.
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This situation led to the IUCN Crocodile Specialist Group (CSG) being
invited to attend a workshop at the CFI, in February 1992, to
discuss all aspects of the CFI operation. The CSG team was headed
by Professor Harry Messel (CSG Chairman), and comprised Professor
Wayne King (CSG Deputy Chairman), Dr. Grahame Webb (Vice-
Chairman responsible for Eastern Asia, Oceania and Australasia)
and Mr. Charles Ross (CSG member familiar with crocodiles in the
Phi l ipp ines) .

That team made a report which included a brief assessment of the
CFI's development and operation. Most important, it listed a series
of recommendations aimed at overcoming difficulties being
experienced by the CFI, and areas whcro it felt the CFI could
contribute more positively to the conservation of both species of
crocodiles, in the wild, within the Philippines.

On 7-8 March 1993, a second CSG review mission was undertaken.
The team included Professor Messel and Dr. Webb from the
previous team, and Dr. Jonathan Hutton, the CSG Vice-Chairman
reponsible for the African region. This review committee examined
the extent to which previous recommendations had been acted
upon, discussed and evaluated new proposed initiatives and
research findings, and addressed the central problem - the long
term sustainability of the CFI.

2 .  Review of  Prev ious Recommendat ions

The initial task of the review committee was to determine thc
extent to which the 12 recommendations made by the previous
review committee had been acted upon:

R1-4.  Exper t ise and Technology Transfer

Rationale- A major difficulty with the CFI was that it developed
somewhat in isolation of recognised established technology in rhe
field of crocodile conservation, management and farming.
Notwithstanding that CFI staff have subsequently solved a great
many problems, it was recommended that some staff be sent to an
overseas breeding facility for training, thar a CSG expert be brought
in to advise on priorities, that CFI representatives attend CSG
meetings, and a second review committee be established to
examine progress,

Result. 'fhe second review committee has now been conyened
However, no significant technology transfer has occurred. The CFI is
stil l operating in isolation of international directions and has not
sought outside CSG assistance to review priorities. It has not



implemented overseas training of its staff nor did the CFI send
represontatives to the CSC meeting in Zimbabwe. No
representatives from CFI will attend an international course
derived with CSG expertise specifically for technology transfer' The
review committee was made aware that JICA guidelines do not
allow funding to be allocated to either the import of expertise from

developed nations, other than Japan, nor the training of Filipino
staff in developed natios, other than Japan. Nevertheless, a number
of initiatives and commitments regarding overseas training and
attendence at international conferences are planned for 1993.

R5. Review slaffing structure at next review committee
meet ing

Rationale.In the opinion of the previous review committee, the
number of staff involved in the project was excessive relative to
the CFI's operational needs and output.

Result.'lhe CFI staff allocation of 66 Filipino staff was not utilised;
actual Filipino staff has been reduced from 56 to 54. Japanese staff
during this period has increased from 4 to 5.

R6. Efforts be made to establish sanctuaries for wild C-
u ld-alg0lir and C. oorosus

Rationale. The conservation of both species of crocodile in the wild
in the Philippines is a major objective of the CFI, and an area of
international conservation concetn.

Resrlr. No sanctuary has yet been established for either species.
The Government has passed a new Act (NIPAS - National
Integrated Protected Areas System) esrablishing a protocol for fast-

tracking such projects, although it is currently experiencing
teething problems. Some investigations have been undertaken on
the possibility of securing Lake Manguao (north Palawan), Lake
Naujan (Mindoro) and Agusan Marsh (Mindanao) as sanctuaies'

R7 That the program to acquire C. mindorensis from the
wi ld  be cont inued

Rattonale. Given the status of C. mindorensis in the wild, the most
resoonsible conservation action is to establish a large and secure
captive population of this highly endangered species.

ResuLt. A.t additional 64 C. mindorensis have been obtained since
the last review; total stocks of C, mindorensis at the CFI are now
497, of which 64 are adults.
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R8. That suryeys be carri€d out with a view to locating
any populations suitable for ranching

Rattonale. Ranching provides a management option that could be
used to consolidate thc conservation of some local populations.

Resalls. There has been a cursory spotlight examination of Lake
Manguao and Lake Naujan, but no systematic surveying has been
calied out.

R9. Increased public education about crocodiles and
crocodi le  conservat ion

Rationale. Public education about crocodiles is fundamental to
developing a positive public attitude towards crocodile
consgrvat ion.

Results. A series of public education initiatives have been
implemented.

Rl0. The possibility of a crocodile establishment near
Manila be investigated as a centre of public education

Rationqle- A back-up facility should somothing happen to CFI and a
possible source of revenue generation through toudsm.

Result. Some preliminary investigations have been carried out, but
no serious consideration or planning. It would need thg active
participation of JICA or some other aid agency.

Rll. Review, refinement and acceptance of an overall CFI
St ra tegy,

Rationale. Without a set strategy it would be impossible for CFI to
operate in a co-ordinated and efficient manner.

Result.'fhe strategy is stil l under review and will be reviewed
again fo l lowing the curren l  v is i t .

R12. Renewed effort to consolidate the conservation of the
two species in the Philippines by expanding captive
breed ing.

Rationale, The captive population represents conseryation
insurance.
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Results. Captlve breeding of both species continues to increase.

Past Recommendations - Summary and Conclusions

The central problem recognised by the previous review group was
a lack of expertise and experience with crocodilians, in both the
Philippines and Japan. This constrained both research and
production at CFI, and prevented the CFI taking its rightful place as
;n international leader in the field of crocodile farming, that could
in turn extend technology within thc Philippines and to other
developing nations.

The shted reason why CFI had not been able to comply with the
recommendations was that JICA funding did not allow fiavel to
developed nations for training, regardless of whether or not such
training was only available in those countries. Such a policy clearly
is a major constraint on the CFI being able to achieve its goals in an
efficient and cost-effective manner.

Progress has clearly been made with some of the initiatives, but
given that 12 months has passed since the recommendations were
made, none is overly impressive. There has been the continuing
pursuit of isolated research projects that can be undertaken within
CFI, without funding, and virtually no pursuit of any issues
requiring resources.

Again, the general impression is that tho administrative structure is
such that the CFI is totally constrained - it is virtually impossible
for the CFI to recognise a priority and expediently co-ordinate its
own impressive resources and direct them at the solving of the
problem.

3. Sustaining the CFI in the future

The review committee and all attendants at the workshoP were
unanimous that the fundamental problem facing the CFI is tho lack
of a strategy through which the CFI'S operations can be refined,
streamlined and sustained in the future. This could prevent it being
consolidated as an important asset to the Republic of the
Phi l ipp ines.

In considering the various arguments, the review committee
identified a number of fundamental consraints:

l The concept of operating a single establishment such as the CFI,
with separate streams of funding, staff, oPerational guidelines and
objectives is a fatal flaw.



2. To date, the CFI has basically been in an establishment phase,
which should be recognised as a discrete STAGE 1. This stage will
terminate in August 1994, coinciding with the termination of JICA
financial support for STAGE I (extended).

3. The operational phase of the CFI, in which crocodiles begin to
make a commercial return, should commence in August 1994. This
should be the start of STAGE 2, which should be pursued for a
minimum of 5 years.

4. STAGE 2 operation needs to be planned carefully and
pragmatically such that future operation of the CFI can be
guaranteed. In essence, the funding to date has been directed at
establishment, and no framework for long-term sustainability of
the CFI is yet in place.

5. In order to design STAGE 2, an independent audit needs to be
caried out of all aspects of the current CFI's operation and goals.
Such an audit should not be constrained by supporing any
particular group, and needs to have a single aim - to determine the
most efficient and cost effective method of allowins the CFI to
achieve its goals.

6. The structure of the organisation that operates the CFI, and
indeed the operation and perhaps expanded goals of the CFI, will
need to be de ved through that independent audit. However, the
review committee felt that it should suggest how a restructured CFI
may operate;

6.1. The CFI goals should be examined to determine whether or
not they should be expanded to include other wildlife suited to
conservation through sustainable use. That is, other wildlife
that could pass through the stages of feasibility, research,
development of production technology, extension to local
people and consolidation of conseryation advantages - all areas
the CFI is well suited to pursue.

6.2. The CFI should be established as a Government
Corporation, or semi-government, non-profit organisation, such
that funds derived by the CFI could be used by the CFI. The CFI
should be restructured such that it can head towards financial
independence from both granting agencies and the public
purse. It should aim to become a self-supporting establishment.
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6.3. Japanese funding should be sought both for the capital
inputs for STAGE 2, and for the operational costs (excluding the
salaries of Filipinos staff).

6.4. Critical to the future operation should be a Board of
Directors who allocate budgets and hire and fire staff. The CFI
needs to be run on business principles to avoid waste.

6.5. With this structure, the plan to run the CFI should consider
operational cells such as those oudined in Fig, 1. Areas where
income can be earned and areas where real conservation and
humanitarian goals can be achieved.

4.  R ecommendalat ions

1. An independent audit of all aspects of CFI operation be carried
ou t .

2. A detailed and realistic plan for STAGE 2 be prepared which
ensures that the CFI is self-sustaining as it continues to
contribute to crocodile conservation.

The current research and planned extension activities of the
CFI bo subject to cdtical review by experts with a view to
ensuring no waste of effort and resources.

Research results achieved by the CFI to date be submitted for
publication to international journals of repute.

That renewed efforts be made to increase training
opportunities and the transfer of technology from overseas to
the CFI.

3.

5.

4.

6. That every effort be made to continue with the programs
aimed at acquiring sanctuaries. This should perhaps include the
formulation of a specific aid proposal for that purpose.

7. That the administrative structure of CFI be changed as soon as
possible such that the complete operation comes under the
direction of a board of directors. The Board should be advised
on crocodile rnatters by a CSG Advisory Group.

8. That discretionary funds be made available to the Board for
utilization as directed by them, in order to assist CFI. Such
funds should preferably be derived in Japan through a
foundation or other direct sDonsors.





Crocodile Nutrition

S. Charlie Manolis

Wildlife Management International Pty' Limited,
P.O. Box 38151, Winnellie, N.T.0821, Australia

The types of diets fed to captive crocodilians are determined by a
number of factors, of which availability and cost are usually
foremost. However, regardless of the type of diet or crocodilian
species being farmed, feeds are usually composed of some type of
meat baso (e.g. red meat, chicken, fish, tu le, snake, etc.). In
countries where crocodilian farming must compete with people for
animal protein, the range of feeds available is more restricted than
in countries like Ausnalia, where there is a ready supply of meat
protern.

The development of a formulated feed for the American alligator
was a significant advance which improved the efficiency of farming
this species. Formulated rations are now used to supplement or
even replace (pellets) "raw meat" diets, The alligator success story
has yet to be emulated for crocodiles, and exemplifies the
differences that can exist between different crocodilian species'
Nevertheless, research continues, and there is a general acceptance
that formulated rations will play a significant role in crocodilian
farming in the future.

The purpose of this paper is to provide a broad overview of the
prerequisites that a crocodilian feed must fulfill, regardless of the
form it takes, and outlines other factols to be taken into account
when assessing the suitability of a particular diet.

Initiation of feeding

The suitability of a diet must be assessed on the basis of two
factors- suryival and growth. The first steP is to determine whether
the animals will readily accePt pafticular foods. Once this is
achieved, then the problem of maximising growth can be examined.
It is more important that feeding is initiated quickly, soon after
hatching, or later growth can be compromised.

Withir the first month of life, C. pggsg! hatchlings showed clutch-
specific preferencas for certain foods (Manolis et a!. 1989).
Likewise, Garnett and Munay (1986) noted that 9. p-olssus



hatchlings preferred pork and beef to fish, and Foggin g!al. (1989)
found that Q. niloticus hatchlings performed better, in terms of
survivorship and growth, when fed beef rather than fish.

There are almost certainly species-specific differences with regard
to the acceptability of different foods. It appears that g. pglg-q-u_s
hatchlings avoid foods that are "smelly", such as fish (Manolis e! aL.
1989). The addition of a vitamin supplement with a strong odour
resulted in Q. pprps-us starving to death rather than eat the food
offered. From a survival point of view it is probably important for
C. pgfos.us hatchlings to avoid strong smells which may attract
larger crocodiles and other potential predators. On the other hand,
American alligator hatchlings feed readily soon after hatching, and
appear to be less "fussy" about their food.

Composi t ion

The second step in assessing a diet is to broadly examine the major
components of the food, as its composition can greatly affect growth
la tes.

Protein: Crocodilians are able to metabolise large amounrs (<1O9o) ot
protein. Coulson and Hernandez (1983) reported that crocodilians
are unable to hydrolyse vegetable protein, but it now appears that
prior "cooking", by extrusion or other methods, allows vegetable
proteins to be assimilated (Staton and Vernon l99l). American
alligators fed rations containing plant and animal protein outgrew
those on .ations containing solely plant or animal protein
(Kercheval and Little 1990). However, these authors reported
feeding problems, and did not use a control diet similar ro that used
in the industry (Staton and Vernon 1991).

The amino acid profile of the protein fed should approximate that
of the crocodile. However, as muscle is structurally similar in all
classes of animals, amino acid content varies little between mear
from different animal groups. When formulating a diet using
different protein sources, it is important to ensure that the amino
acid composition is not deficient. The amino acid composition of the
diet for fast-growing crocodiles (up to 25 kg in weight) is outlined
by Staton and Vernon (1991).

Ea!: Fats aro digested and absorbed rapidly, and are readily stored
by crocodilians (Garnett 1985, 1988; Coulson and Hernandez 1983).
High levels of fat in the dlet (48Eo on a wet weight basis) led to
decreased protein digestion in e-. po-toSus. hatchlings (Garnctr 1988),



and in A. mis si ssippien si s, amino acids were assimilated sOEo faster
in a fat-free diet (Coulson 9t al. 1987). In general, the diet of wild
crocodilians is low in fat. For example, Webb et al. (1991) found
that the diet of juvenile C. pgrgs-us (0.3-1.2 m total length) in a tidal
river was composed of 3-O-4-5% fzt (1O-1-15.91o on a dry weighr
ba s is  ) .

Although the amount (proportion) of fat in the food is important,
both from a nutritional and husbandry point of view, the
composition of the fat itself should be considered. For wild, juvenile
e. pglgs11g eating mainly small crabs and prawns (Webb 9! al.
1991), there is a greater proportion of polyunsaturated fatty acids
of the ro3 series in the diet. Terrestdal animals usually have much
higher proportions of polyunsaturated acids in the <,16 series
(Manolis 9! a!. 1989). Garnett (1985) suggested that g. p9l95g! may
require certain long-chain, polyunsaturated fatty acids
leicosapentaenoic (C20:5) and docosahexanaenoic (C22:6) acids]
which are present in high concentrations in marine species. With {.
mississippiensis, animals grew better, and converted food more
efficiently with a dietary source of arachidonic acid (C20:4) (Staton
et al. 1990a).

Crocodilians fed high-fat diets are usually heavier and wider (belly
width) for a given total length than their wild counterparts. From
the skin buyer's point of view, short-wide (fat farmed) skins are
not as desirable as short-normal (lean farmed or wild) skins. The
latter produce less wastage at the manufacturing level.

Carbohvdrate: Although alligators have been reported to be unable
to digest carbohydrates (Coulson and Hernadez 1983), Staton 9! 41.
(1990b) reported that the incorporation of carbohydrate into diets,
at the expense of protein, led to improved growth - carbohydrate
was used as an energy source instead of protein. The use of
carbohydrates in artificial diets is discussed later.

MilerA]c: Calcium and phosphorus are two elements that are of
great importance in crocodilian diets, panicularly for hatchlings. As
a significant portion of a hatchlings early growth is in bone, there is
a greater demand for calcium and phosphorus than would be
expected in raising and breeding stock (Manolis et al. 1989).

The levels of calcium and phosphorus used in hatchling diets vaies.
For e. porosg! minimum levels of 2Va calcium and l% phosphorus
(6.74o arfi 33qo respectively on a dry weight basis) appear
adequate, and do not result in any visible deficiencies. With A
mississippiensis, high levels of calcium and phosphorus resulted in



decreased growth, and the best growth was achieved with levels of
l7o ard O5% r€spectively (dry weight basis; Staton 9l al. 1988).
Smith and Coulson (1992) suggest levels of 2.0Vo calcitm and 1.5Vo
phosphorus in a typical diet for Q. niloticus. The ratio of calcium to
phosphorus should be about 1:l to 2:1, although higher ratios can
probably be handled by the animal.

Deficiency syndromes attributable to a lack of calcium and
phosphorus ("spongy" jaws) can often be reversed by adding these
elements to the diet, but future growth may be compromised if the
condition is allowed to persist for a long period of time. Such
syndromes can be caused by a number of factors, including:
inadequate amounts of calcium and phosphorus in the diet; excess
phosphorus (low Ca:P ratio) leading to calcium excretion to dispose
of the phosphorus; high fat levels which may cause insoluble
calcium soaps to be formed in the digestive tract (Strauss 1977;
Garnett 1988); and, vitamin deficiencies (see below).

Vitamins: Considering the effect of vitamin deficiencies on growth
and survivorship, and their relatively low cost, vitamin
supplements should be provided as insurance (Staton and Vernon
1991). They are of particular importanco when crocodilians are
raised in dark conditions, especially Vitamin D, which is required
for normal bone growth. Vitamin A deficiencies are also likely to
occur in camivores fed exclusively on meat (Wallach 1970).
Deterioration of fish, leading to fatty acids becoming rancid and
reducing levels of Vitamin E, is known to lead to steatitis. Dietary
Vitamin E may need to be increased to counteract this effect, and
the use of an antioxidant when storing the food may be warranted.

Vitamin premixes are added to the diet at between l4qo of the dry
weight of the food (Joanen and McNease 1987; Staton et al. 1988;
Manolis et al. 1989). Composition of various vitamin premixes are
presented in Joanen and McNease (1987), Staton and Vernon
(1991) and Smith and Coulson (1992).

Conversion rates

One measure of the efficiency with which animals turn food eaten
into bodyweight is termed conversion rate. Conversion rates for
hatchling crocodilians in the first few months of life tend to be high,
but drop off markedly as they grow. We haye recorded conversion
rates of up to 40Vo (on a wet weight basis) in one month old Q.
p91959! fed a variety of diets. Garnett and Murray (1986) obtained
simialr rates for e. pgrosgr fed pork (37%) and beef (347o). For e.



niloticus fed beef, conversion ntes of 36% were obtained by Foggin
gl sl. (1989). For both C. p919ggg and Q. niloticus fish diets have
resulted in lower conversion rates (llEo and 241o respectively:
Gamett and Munay 1986; Foggin et al. 1989).

Examination of wild, juvenile C. porosJt living in a tidal river
revealed much higher conversion rates (>80%; Webb 91a1. 1991)
than are obtained in captivity. The reasons for this are unknown,
although the composition of the diet may be implicated. Other
factors, such as tho relatively crowded conditions in captivity are
possibly involved.

The rate of feeding can have a signilicant effect on conversion rate.
Crocodvlus pg!gs.u! hatchlings fed daily showed a mean conversion
rate of 28Vo, compared to 40Eo for animals fed each two days (Webb

et a!. 1990).

Formulated Diets

A formulated ration has been developed for the American alligator,
and research is now being caried out in other Parts of the world
(e.g. Zimbabwe, South Africa, Colombia, Australia, Papua New
Guinea, Indonesia) to develop similar types of rations for crocodiles.
The advantages of these types of diet include: no requirement for
freezing; minimal preparation; cheaper and more readily available
protein sources can be used; composition can be altered on the basis
of nunitional needs; and, pellet size can be altered to suit crocodile
size. By increasing the dry matter content of the diet, t}le amount of
energy in each bite the crocodile takes is also incroased (Staton and
Vernon 1991).

Apart from the nutritional composition, other factors such as the
physical characteristics of the feed must be taken into account, or
undue wastage may occur- As many of the ingredients used in
formulated rations are dry in nature, a binder is usually required to
hold the food together.

It is generally agroed that formulated diets will become very
important for crocodilian farmers in the future. Food is a major
portion of a farms'operating cost, and formulated (pelleted) diets
can not only reduce this cost, but have the potential to improve
growth rates by providing a good, nutritionally balanced diet.
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CROCODILES IN QUEENSLAND: A brief review.

J.D.Miller

Quecnsland Department of Environment & Heritage
PO Box 5391
Townsville
Quecnsland

Abstract

Two species of crocodiles occur in Queensland: the freshvater ctocodi:r. Oocodylus
johnstoni and the saltwater crocodile, C. porosw- In 1974, Lirnpus (unpub. data) began a
detailed and long-term sirdy of Crocodyhts johnstoni pop]ulatioli biology. I-ater, Magnusson
et al. (7980) and Messel a al. (198I) conducted surveys of C. porosls nesting habitat and
numbers along western C-ape York Peninsula. Taplin (1987, 1990) surveyed eastern and
westem Cape York Peninsula between 1984 and 1988. These studies have identified arcas
of high conservation value; the most important of whicb is north-western Cape york
Peninsula. Surveys have shown that saltwater crocodiles in Queensland exhibit low density
populations and geographicly diffuse reproductive effort (Taplin 1990). Rec€nt monitoring
of saltwater crocodiles (Kdeger unpub. data) has been focused in the Tentpole Creek area
north of Weipa which has the highest density of the areas surveyed. The research conducted
on crocodiles to date has been used to develop guidelines for crocodile management which
is particllarly important along tho populated eastem coast. Future research and monitoring
will provide continuiry with previous effods and address specific management issues.



Introduction

The two species of crocodiles (the freshwater crocodile, Crocodylus johnstoni arj.d the

saltwate! crocodile, C. porosrr.t) inhabit vels, creeks and wetlands in Queensland. Both ale

widespread in the northern palt of the state; however, only the saltwater crocodile occu6

natumlly along the southeastern coast, albeit in low numbers (Taplin 1987).

Although there are few reliable data concerning the historical levels of crocodil€ populations

in Queensland, the populations of both species were severely depleted during 30 years of

hunting, based on the number of skins rcported (e.9. Roff 1966) For the most pa , the

populations have not recovered substantially ftom the impact of this earlier hunting and

other anthropogenic causes of mortality operating since they were protected under the

Queensland Fauna Conservation Act in 1974. Although the histo cal information

concerning pre and post hunting population levels is ofinterest and would make the curent

task ofmanaging crocodile populations easier, it is mor€ important to understand the cuffent

situation for crocodile populations.

The present repod prcvides a b ef summary oi the status of the fteshwater crocodile and

the saltwater crocodile in Queensland. Information has been drawn from several sources

including Limpus (unpub. data), Magnusson er al (1980)) Messel e, al (1981), Taplin (1987'

1989, 1990), the 1992 Crocodile Management Plan (draft) (QDEH 1992) and intemal

Departmental reports prepared by Taplin Bayliss & Krieger (1988), Taplin & Krieger (1989)

and Kdeger (1991).

Freshwat€r Crocodile

Prcvious Research

In 1974, Limpus (unpub. data) began a detailed, long-term study of the population biology

of the freshwater crocodile (Crocodylus johnstotti) on the Lynd River in the cenfal Portion
of southern Cape York Peninsula, The study focused on determining the population

structure and dlnamics as well as reproductive biology of the freshwater crocodile LimPus

(1984) reported on the use of laparoscopy to assess the breeding condition of freshwater

crocodiles. Although snout-vent length alone was inadequate to identiry potential breeders,

laparoscopy and cloacal examination (provided the u ne was voided from the bladder) were



succ€ssful in determining the prcsence or absence of mature ovarian follicles and oviducal
eggs (Limpus 1984). Intense population marking and assessment were conducted dudng the
filst few years of the study and monitoring of growth, dispersal, survivorship and
reproductive periodicity is still conlinuing.

Distribution

In geneml terms, the freshwater crocodile, Crocodylus johnstoni, inhabits the fteshwater
strcams and permanent waterholes of the lowland plains south of the Gulf of Carpentada
and the adjacent uplands as well as the non-tidal reaches of waterways on Cape york
Peninsula (Cogger 1992, Limpus unpub. data) (Fig. 1). The natural range ofthe fteshwater
crocodile appears to exclude the eastem coast ofQueensland south of Cape Melville except
for the upper Herbert River which originates close to the headwaters of the fivers of the
Gulf of Carpentaria; isolated freshwater crocodile populations found along the east€m coast
are probably the result of rcleased individuals becoming established rarher than being
remnants of natural populations. Th€ distribution of breeding populations in all river
syst€ms is unknown.

Principle Threats

Management practices on properties and, more generally, within catchments provide the
primary threat to species as well as the primary protection of the species. I_ocal practices
such as illegal n€tting of streams for fish can result in incidental mo ality; when coobined
with other sources of mortality (nest destruction by feral animals, shooting, etc.) local
populations may be reduced (albeit unquantified),

Status

The details of the status of the fteshwater crocodile in Queensland are not known.
However, at least some freshwater crocodiles have been found in tbe inland river s)rstems
that have been examined in the Gulf Plains and in central Cape York Peninsula. Some
areas have apparently depleted populations while others host rclatively dense populations
(Limpus unpub. obs., Taplin unpub. obs,). For the most part, negative factors that influence
populations are localised and the species is considered not to be at risk in the short and
medium term. As a rcsult of the innocuous behaviour oi the freshwater crocodile (i.e. it is
not a threat to livestock or humans), in conjunction with the rcstricted access to its habitat
through remote properties on which it occurs, an extra degre€ of protection is conferred on



Saltwater Crocodile

Previous Research

S)stematic surveys of oesting habitat (Magnusson et a/. 1980) and counts along waterways

(Messel et al 1981) in 1979 provided the initial assessment of saltwater crocodiles in

Queensland (Fig.2). Dudng February 1979, using methods developed in the No hem

Teritory, Magnusson et al. (19aO) conducted an aerial survey of 32 coastal ri!€rs and the

coastline along the western side of Cape York Peninsula. The Purpose was to identiry actual

and potential nesting areas for the species, Areas were assigned to categories (GOOD'

MARGINAL 1 MARGINAL 2, POOR, INTERMEDIATE) based on the type of vegetation,

the likelihood of flooding and the accessibility to open u/ater (see Magnusson et 4l 1978 for

details).

South of the Embley River, they found no GOOD habitat but found that the Nassau and

Staaten River slstems contain€d large areas of MARGINAL t habitat. North of the Embley

River, two areas of GOOD nesting habitat (Wenlock and Dulcie Rivers) were identified

along with a number of habitats suitable for adult crocodiles (Fig. 2).

Messel et al (1981) used vessels to survey the Nassau, Staaten, and Gilbert Rivels as well

as Duck Creek of southwestern Cape York Peninsula in April 1979. They located "only 4

hatchling and 154 non-hatchlings altogether on the 4 vers". This gives a density of 0.4 non-

hatchling crocodiles per kilometre, In November 1979, Messel et al. (1981) also surveyed

the Wenlock and Dulcie River systems plus the Escape River on the northem end of Cape

York Peninsula. The density of non-hatchling crocodiles was calculated to be 1.8/km' which

is very similar to the average density determined for TYPE I vels in the Northen Teritory

(see Messel et al 1981 for details) (Fig. 2).

In 1984, Taplin (1987) began surveying crocodile numbers and habitat along coastal

Queensland with a view to assessing the population status and to developing a management

plan for qocodile conservation in Queensland.

In a detailed assessment of crocodile habitat and facto$ which influence the status of the

populations, Taplin (1987) considered the known dist bution ol Oocodylus porosus i^terms

of the climate and physiography of Queensland as well as the pattern of the human

population and agliclltural development. Following aerial andvessel based surveys, he found

that northwestern Cape York Peninsula contained "the best C polos&t habitat and the

I



largest breeding population known" in Queensland (Taplin 1987), Other areas of
importance identified during the surveys included Princess Charlotte Bay (Kennedy &
Normanby Rivers) and Iron Range (Lockhart River). I-ow numbers of crocodiles ofvarious
size classes were found throughout coastal areas of Cape York Peninsula (Taplin 1990).

More recently (1990-1992) Krieger (unpub. obs.) has been conducting surveys in the
Wenlock River and Tentpole Creek areas north of Weipa, These surveys have focused on
assessment of the population but have also included surveys ofnesting sites and the marking
of hatchlings.

Dist bution

The current distribution of the saltwater crocodil€ in Queensland extends from just south of
Rockhampton northward along the coast (seldom more that 50 km inland) to the border
with the Northern Terdtory; the range includes slightly more than 12.5 degrees of latitude
(Taplin 1987, 1990) (Fig. 3).

The dist bution along the eastern side of Cape York Peninsula is restricted by the relatively
narow band of lowlands bisected by relatively sho dver systems. The exceptions include
the Burdekin and Fitzroy River systems in the south which offer only marginal habitat and
the North Kennedy, Bizant, Normanby and Ma ott Rive$ in Princess Charlotte Bay which
host relatively high numbers and/or densities of saltwat€r crocodiles. Much of the historic
or potenlial habitat along the southeastern coastal lowlands is now utilised for intensive
ag culturc or urban development; further north, large arcas of eastern Cape York Peninsula
are unsuitable silica dune/wetland habitat. The northwestern portion of Cape York
Peninsula (Pot Musgmve legion) contains the best crocodile habitat and populations located
in the surveys (Taplin 1987, 1990).

Fudher south along the westem coast of Cape York Peninsula, the marginal habitat of the
Mitchell-Nassau-Staaten River systems hosts low density populations and nesting, at least in
some yea6. The Gulf Plains arca of the bottom of the Gulf of Carpentaria offer only
marginal habitat that is subject to seasonal flooding.

In explaining the low numbers oi crocodiles found in most arcas, Taplin (1987, 1990) argued
that, as a result of the shape of Cape York Peninsula and the no h-south gradient in climate
(rainfall, temperature, seasonality) that occurs over the mnge of the saltwater crocodile in
Queensland, there is only a restlicted amount of good clocodile habitat available. However,
historically the saltwater crocodile utilised the upstream, non-tidal portions of the rivers of



western C-ape York Peninsula and the Gulf Plains as well as the wetlands of the eastern

coast of Queensland. The low numbers of saltwater crocodiles in those arcas today probably

results from a s),nergism among the impact of previous hunting prcssures of development

for agficulture and urbanisation, rcmoval of large crocodiles, and the consequential low

recruitment into the population as well as climatic factols.

Pdnciple Thrcats

Throughout thc range of C. porosus in Queensland, incidental mortality resulting from

netting (both legal and illegal) and habital modification (rural and urban development)

together with other sourc€s of mortality (illegal shooting, etc,) have impacted on the aheady

depleted populations that inhabit the comparatively widespread (albeit marginal) habitat in

Queensland (Taplin 1989).

The removal of problem crocodiles has also contributed to the reduction of poPulations

along the populated eastern coast, principally from Cooktown southward. This management

practice, although protecting humans, has reduced the number of breedjng crocodiles and

the potential for recruitment into the breeding populations along the southern portion of the

eastern coast Between 1984 and 199L, 1'12 crocodiles (larger than 0,9m) were removed

from the proximity of human use areas along the eastern coast.

Status

Because several years have elapsed since the last detailed assessment was made, thg status

of estuarine qocodile populations throughout Queensland requires review. The density of

crocodiles varies within six physiographic regions which were defined by 'morc or less

common characte stics'(see Taplin 1987 for details). These regions include (Fig.4):

Southem Gulf Plains (Subregion 1a, 1b, 1c)
No hern Gulf Plains (Subregion ld)
No h-west Cape York (Region 2)
North-eastern Cape York (Region 3)
Princ€ss Charlotte Bay (Region 4)
Eastern Coastal Plains - Cape Melville to Cape Flattery (Subregions 5a,5b,5c)

Burdekin & Fitzroy River Systems (Subregions 6a, 6b)

The area with the highest density of non-hatchling crocodiles as determined by spottight

indices (number of crocodiles per kilometre of waterway surveyed, see Taplin 1987, 1990 for
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details) was region 2 (mean= 1.608); region 4 (Iakefield Narional park in princ€ss Charlotte
Bay) had the next highest spotlighr index (mean= 0.87)

The variation in the quality of habitat and physiogmphy of northem eueensland is reflected
in the differcnt numbers of small crocodiles located du rg the surveys (Taplin 1990). The
pdnciple areas for small crocodiles are Lakefield National park in princess Charlotte Bay,
Iron Range/Irckhart River, North-western Cape York peninsula, port Musgrave, and
Albatross Bay at the top of Cape York Peninsula.

Following va ous surveys of the eastern and western sides of Cape york peninsula
(Magnusson et cl 1980, Messel et al 1981, Taplin, Bayliss & Krieger 1938), Taplin (190)
identified five areas of importance to the conservation malagement of crocodiles: (1) port
Musgrave, (2) North-western Cape York Peninsula, (3) I-akefield National park in princess

Charlotte Bay, (4) Iron Range /I-ockha River National Par\ and (5) the Mitcholl-Nassau-
Staaten Rivers systems (Fig. 5).

Cunent Managemetrt

In accordance with the Nature Conservation Act 1992, the Department of Environment and
Hedtage is in the proc€ss of developing conservation plans for a number ofsp€cies including
crocodiles. The purpose of the conservation plan is two fold: (1) to ensure provisions exist
for the recovery of threatened taxa and (2) to ensurc that any exploitation is ecologically
sustainable.

The management of qocodiles in Queensland is guided by the Crocodile Management Plan
1992 (draft). The management plan, which is rcviewed periodically, includes guidelines for
conservation, commercial utilisation through farming and toudst enterp ses, the
identification of crocodiles products, as well as other subjects.

The Crocodile Management Plan 1992 (draft) provides for a Crocodile Consultatiw
Committee with 12 representative members including a community-based conservation
group, the tourist industry, the Crocodile Farmer's Association, Aboriginal community,
QDEH and non-QDEH research groups, among others, Their task is to advisc the minister
on matteN concerning problems, policies and proc€dures which relate to crocodiles.

Probably the greatest change from previous plans conc€ns the handling of problem
crocodiles, particularly when they occur near a centre of human population along the eastem
coast and near towns in more remote areas. The policy for dealing with problem qocodiles



is based on the principle of "rcmoval o! destruction ofindividual crocodiles only in situations

when a genuine problem is identified through a formal review Process"'

Queensland Crocodile Management Plan 1992 (draft) was implemented to achieve the

following long-telm objectives:

to maintain viable wild populations of C. porostrs ar,d C johnstoni in Queensland

across thei! natural langes;

to ensure the maintenanc€ of wetland habitats upon which C' poros'6 and C

johwtoni arc dependent sufficient to maintain viable populations;

to permit, whele feasible, the controlled development of legitimate commercial

enterpdses, including the sustainable utilisation of wild populations in sPecified areas

within their respective mnges;

to assist the public to appreciate the ecological signiiicance of crocodiles;

to educate the community to the view that living with crocodiles is an accoPtable

proposition; and

to provide the general public with a level of protection commensurate with the need

to maintain viable populations of crocodiles across their ranges.

To achieve thes€ objectives, the following priority tasks have been identified:

assessment of population status;

identification ofpdmary foci of rccruitment and key areas for conservation initiatives;

identification of sites for future intensive study of crocodjle biology;

development ofproceduresfor problem crocodile managementfor the populated east

coast between Rockhampton and Cooktown, in pa icular and Queensland in general;

review of regulatory prQc€dures following changes in the CITES status of estuarine

crocodiles and subsequent changes in opportunities for domestic marketing of

crocodile Droducts.



Current Research

Queensland Department of Environment & He tage (QDEH) officers have been monitoring
a population of fteshwater crocodiles, Croco lw johnstoni, in the Lynd River catchment in
the central po ion of southem Cape York Peninsula for over 18 years (Limpus unpub. obs.).
Results of this work and that of other rcsearchers, who have used or are using that marked
population, will be reported when complete. The numbers of saltwater crocodiles, C
poros4t, in the Wenlock River and Tentpole Creek area are monitored annually. Surveys
of other coastal vels occur on an irregular basis. Management of problem crocodiles
provides some morphological and bahavioural data.

Because several years have elapsed since the last systematic surveys were conducted, there
is a clear need to obtain another set of accurate data on the nesting, distdbution and
abundance of saltwater crocodiles in Queensland, These surveys are needed b€fore
estimates of the size of the total population can be made and before any trends in the
populations can be deduced; these results are also necessary before the existing conservation
management pmctices can be altered.

As a geneml guideline, the Department of Environment & He tage will support ecological
research projects that ale lelevant to the conservation of viable populations of saltwatet
crocodiles in Queensland.

The objectives of the crocodile research program arei

To determine the distribution and status of populations;

To conduct intensive investigations on population dynamics and reproductive biolory;

To identiry the biological constraints which are not negotiable in the development of

conservatioD management action plans;

To further develop strategies for management of crocodiles in remote and PoPulated
areas;

To further develop a public education program aimed at improving attitudes and

behaviour towards crocodiles,

In the shod term, monito ng of the C/oco dyhrs porosw population in the Wenlock river and



Tentpole Creek arca of Cape York Peninsula will continue. The methods used to collect

data (spotlight from vessels and aerial surveys, see Bayliss 1987) will continue so that

continuity with previously collected data is maintained.

In suppolt of this rcsearch effort, a proposal ior ae al and vessel-based surveys of the

important areas identified by Taplin, Bayliss & Krieger (i988) is being prepared' Surveys of

these areas will be conducted as palt of continuing assessment of the populations and

nesting habitat. A GIS mapping project of the Gulf Plains area and western Cape York

Peninsula utilising remote sensing imagery and ground truthing of vegetation is in progress

(Blackman unpub data); crocodile surv€y data (known nesting and distributional records)

will be layercd over these base maps to identify areas of Poteltial nesting habitat and to

guide investigation of the distdbution of the populations.

As not€d by Taplin (1987), the amount of space required to maintain a viable population

of Crocodylus porostrs remains unknown as do the details of dispersal patterns and habitat

utilization. The establishment of park boundaries which include key nesting areas and

adjac€nt rraters where adult and juvenile crocodiles live as well as creeks and rivers into

which young crocodiles disperse is essential to the conservation management of oocodiles'

Queensland has created a few large National Parks along the coast including lakefield NP

(537,000 ha), Jardine River NP (235,000 ha) and Iron Range NP (34'600 ha) which provide

at least a temporary buffer ior the existing populations. The establishment of other parks

(such as the proposed Wenlock River and Tentpole Creek Wetlands National Park

(approximately 50,000 ha), Krieger 1991) in the high density and some marginal areas v/ill

be required to ensurc the long-term survival of the species in Queensland-
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FIGURE CAPTIONS

Figure 1, 
. 
Generalised map of the distdbution of the freshwater crocodile, Crocodyhu

John$oni, in Queensland. Freshwater crocodiles typically are found io non-tidal inland
streams and_wetlands but may occur in the tidal poltlons of waterways. Star indicates rhe
position of the Lynd River study sire.

Figure 
-2. Areas surveyed by Magnusson er al (1980), Messel er 4l (1981) and Taplin (1982,

1990). Magnusson et al. (1980) surveyed 32 dvels and the coastli;e beiween the Norman
River and the Jardine River. Messel et al. (19a1) surveyed Duck Creek, as well as the
Gilbert, Staaten, and Nassau Rivers in southwestem Ciape york peninsula; th€y also
:.*:ye9 l!: y^q-.ck and Dulhunry Rive$ in the northem portion plus the Escape River.
Taplin (1987, 1990) surveyed the eastem and western coasts of Cape york peninsula as well
as the Gulf Plains area using vessels and helicoprers.

Figrrre 3. Generalised map of the dist bution ofthe saltwater crocodile, Crocodylus lnronu,
in Queensland. Saltwater crocodiles typically inhabit the tjdal portions of rivers but may also
be found in non-tidal portions of rivers and wetlands.

Figure 4._ Physiographic regions of Queensland (Taplin 1987) and mean sighting indic€s
calculated for- each region (Taplin 1990). Regioni: Southern Gulf plaini (Region 1,
9r.rbregions a, b, c), Northem Gulf Plains (Region 1, Subregion d), North-west dapi yori
(Region 2), North_-easten_ C-ape York (Region 3), princJss Charlotte Bay (Region a),
Eastern Coastal Plains - Cape Melville to Cape Flattery (Region 5, SuUregion a, U, c),
Burdekin & Fitzroy River Sysrems (Region 6, Subregion a, b) (See Taplin 108?, 1990 for
detailed descriptions of regions). Spotlighting Indices x= mean, sd= standard deviation, n=
number of rivers surveyed. No data are available for Resion 6.

Figure 5. Areas of importanc€ to the conselvation management of crocodiles in eueensland
identified by Taplin, Bayliss & Krieger (1988) and Taptin (1990): (1) port Musgrave, (2)
North-western Cape York PeninsuJa, (3) Lakefield Natibnal iart in irincess CfrarLtte biy,
(4) Iron Range/Lockhart River National Park, and (5) Mitchell-Nassau-Staaten Riveri,
Shaded portions indicate the general arcas only.
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INTRODUCTION

Genenl DescriDtion of the PhilipDines

GeoSraphically. the Philippines is considered a part of southeast Asia- ne 99y1Ty-i;
located betieen the Eouaor and ihe tropic of Cancer. between latitudes 4" 23' and 2l' 25' N'
;AtiG;b"tii"dis ll6'00'and iz7 oo' e. It is bounded in the nonh bv the Bashi
Channel, the east-by the Pacific Ocean, in the south by the Celebes Sea' and in the west by the
South China Sea (Fig. 1).

The PhiliDDines is located in lhe 'Pacific Ring of Fire'. a rcgion of frequent volcantc-
activiw. The countrv also ties on tle westem Pacific earthquake b€lt which is a reglon ol
freourjnt hnd movenients (scott 1989). The small area of fte islands prccludes extensrve nver
iuii.ri. vos tiu.tt 

"t" 
less than 20 miles (lO km) long. turbulenl" and s€asonal in their flow'

i'he tareesL the C-ap.avan, is onlv 200 miles (120 km) long. Other major rivers are the Agno'
Pamoai'ea. Pasis.. ind Bicol ii Lu7on, and the Rio Grande de Mindanao and Agusan .in
Mindanio (Encviiopedia Americana 1989). There are some large inlemal plalns belween trle
raln *ountan i-gis, and narrow coastal plains around most of the lar8er idands (Scott 1989)

The Philippine archiDelaz.o is endowed with dch le.restrial, wetland and marine
,.ro*.".. ttti,.'it" around 8,0fo species of indigenous flowedng plants and about 4'000
tpiii.i 

"i 
piiflo"pt yr.r^ u.yoir'yr"ri fungi. atgae ind 1ich9ns, . leie ar.e more than 2'500

;ecjesof\iild faunaiexcepiinsdts and inverte6mtes) identified in the archipelago' Thes€ are
cbmoosed of 196 species df mammals, 62 species of amph ibians, l7l species of reptr les al|d
Gideen 950 to Q75 soecies and subspecies bf bjrds. incfuding the nigratory ones The s€as
-J"" tfln.t 

"tounO'the 
islands and'islets are $e habitat of about 46 species of corals and

Gi*E i,joo t" z,+oo species of fish, 69 species of algae, 125 sp€cies of protozoans and 6
species of s€a grass (adapted from PAWB brcchue).

Size of the Philippines

The Philippines is one of the world's largest archipelagoes' but more than 6O% of the
land is mountiainous.

CONSERVATION, MANAGEMENT AND FARMING OF CROCODILES
IN THE PHILIPPINES

by Gerardo V. ftega, D.VM.' and Patrick A. Regoniel:

The counky is 1,150 miles (1,850fm) long and 680 miles (1,060 km) wide
(Encvclopedia A meiicana 1989).lt contains 7.109
isladds- bnlv 462 of which exceeds 2,5 so knislands, only ch exceeds 2,5 sq krn in area. The Plilippines has an extensrve
ioaiirine srietcrrins J4,600 km, the longeit in lhe world (Nso l9't0). The archipelago is
somewhat elongatdin shape. exl,ending foi 1.840 km from nonh to T].!\gtd aq'oul LqP-kl
F;;;f 6''E;t;a it. uioia"it. ThE toal area is approximatelv 300,000 sq km,923% .of
whi.h i<.nnr,inpd wifhin eleven al1) larsest islands. The countrv is divided into thre€ rna-lorwhich is contained within eleven (11) largest islands.ds. 

'i'he 
countri is divided fito ttue€ rnajor

(101,998.9 sq l(In), and Msayas (56,606-4island goups: Luzon (141,395 sq km), Mindanao
---6*l 

Dtr*i;, RPJ"6 c.*"dile Farming lostitute' P.o. Box 101, Ifawa& Pu€rto Princ€sa citv' 5300

Palawan, Philippin€s.
' s€nior re,se{Icher (R€sourcc MaraSeo€nt & EcoloSv)' RP-Japar Crocldile Farnirg LDsiitute' Po' Box

l0l. lrrw'tr' Plrcrlo Princ€sa City, 5300 P.lawan, Philippme's.
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sq km). There arefouneel ( 14) regions, 73 provinces- 60 cities. li32 municipaliries and 40,
991 9anlCays (NSO 1990). The Philippine wal€rs cover a lotal area of t.6eO.fOO sq tm.
wnrch rs trve trmes more than the total land area of the country. Manila is $e capital cili ard
s€at ofthe national go!€mment.

Human Population and Rale of Increase

- , . .The gowth of the Philippine population is mainly due !o narural increase or the excess
or olnns over oeaths. lor net rntemational migration is relatively nil (NSO 1990). The
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Dooulation rose ftom 19.2 million in 1948 to 42.1 million in 1975 and to 48 million in 1980.
hlihough the rate of natural increase declined to an average of ,2.4 7o ayear for ls75 1980. il
was wefl above the world average (Encyclopedia Americam 1989).

On Mav l. 1990. the PhiliDDines registered a tolal population of 60.701.206 persons.
This indicates Ln increase of 12,6i2,746 p€lsons over the |980 census figure of 48.098.460.
Tbe population in 1990 is about eight tiines its size in 1903. the year the first census lthat
counied the entire oopulationl was u;deflalcn. If the average annual population growth rate of
2.35 oercent contiriutis. the PhilipDine DoDulation is expecl,ed to double in less than 30 years. At
this rate of erowth. oooulation increises bv an addiaional 1.4 million every year or about 3
persons pe, "minute'titlaiional Statistics Offiir 1990). Population density asbf 1990 is 202.33
p€rsons p€f, square kilometer.

Dominant Forms of land Use

tnss of ninelv-five Dercent (95% ) of tle Philippine forest cover was due to converuon
into agricu.lnral landi and similar us€s while only 5% ias due to logging danage-

Of the original 17 million hectares of forest c.over in 1934, only a little over 6.2 to 6.4
million hectares of forest remain loday.

The countrv's exDerience of the use, misuse and abuse of its forest confirmed FAO
findings. F.ate ofdeforesiation for the pedod 1986 to 1990 is 100,000 hectares per year.

The reasons for the massive loss of Philippine forest include the inconsistent and
chaneins Dolicies of the gove ment and the lack ofland use plan s and sustainable Programs.
Dopul-ati;i pressue on riblands and foresl lands. unemployment and poveny in rural areas.
inaiSility of dte agencies toprol€ct fte forest and con flicring programs of govemment agencies !o
foEst lands (A as 1993).

As of 1988, forest lands compris€d 15.88 million he€tares ot 52.94% of the country's
total land area of 30 million has. Of the total forest lands, 15 million w€r€ classified inlo th€
following categories: established forest (21.81%), established timberland (66.7670), national
oarks- sime rlfuee and bird sanctuaries/wilderness areas (8.95%), military and naval
ieservaEons 10.87%; civil reservations (l.l l%) and fishponds (0.50%). The remaining 0.88
million has were still unclassified.

General Status of Wetlands

The Philippines is endowed with extensive wedand areas (Fig. 2). These include such
water bodies as iakes, rivers, ponds, inland and coastal narshes and swamps, estuaries and
mansrove swamDs. fie total alea offreshwater lakes has been estimated at tbout 114,000 h4
that-of swamps ind estuaries about 527 h4 and that of brackish ponds about 175,000 ha' In
addition, tiere are some 130,000 ha of man-made reservoirs (Scott 1989).

Mangroves have come under considerable pressure from coastal development, forestry
exDloitation;nd panicularlv conversion to aquacuiture ponds. Over 300,000 ha of an original
esllmated 450,000 ha of mairgroves have been cleared legally and illegally over the lasl 60 ye3rs
(Alvarcz 1984), and this destruction of mangroves cohtinues. According to the lhilipp-i19
i,Iangrove Corimittee (198?, the area of mangrove foress decreased from 450,000 ha in 1920
io 146,139 ha in 1978.

However. accordins to Saenser e, 4/ ( t983). in 1978, the PhilipDines had 246,699
hectares of mangrove foresil For the 

-period 
I 967- | 976. the area of mangrorv-es dectined from
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Fig. 2. Locatior of Philippirc wodilds (S@n 1989).

418,990 ha lo 249,138 ha, or approximatelv 16.741 ha annuallv. These areas were cleared for
fishponds or denuded of fuelwood and tim-b€r. The rate ofd€cline has slowed; from 1977 to
1978. the cleared area was 2-4-39 ha-

Cuxren0y, the major bulk of mangrove forests lie on the islands of Palawan and
Mindanao. Ac{ording to SPOT Satreltit€ Data collect€d by the Swedish Space Crrpontion
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(SSC) and 1985 photos intemreted by the Palawan lntegrated Area Development Project
(PIADP), there are 31,100 heciares of mangrove forests remaining in Palawan. Furrher- therc
ire 800 hectares of man$ove llshDond deriJved from mangrove. In Mindanao. based on SSC
sar€llite dala results in 1987.88, virgin mangrove and relidual mangrove reproduction was
79300 hectares while lishpond dedved from mangrove was 40.200 hectares.

Clirnaie

The south-west monsoon brings rain from June to October while the north-east
monsoon bdnss rain between November and February and provides the eastern Pacific coasts
with a prolon-ged wet season. The western coasts df Luzbn, Mindoro. Panay. Negros and
Palawan receive little rainfall ftom tie north-gast monsoon, b€cause of intervening mountain
ranges, and-tiese weslem pans have distinct wet and dry seasons. TVphoons bring 25-35-per
ceni of the annual rainfall ind sweep norlh and west across the central aod nofthern parts of dle
archipelago froln July to Novembericollins et al 1990).

Thus, fow main climatic zones based on the distribution of rainfall in the Philippines
have been identified and categorized as follows:

Type I: pronounced wet and dry seasons, the wet season during the months of June to
Nwenrber. and dry ftom D€cember to May.

Type II: no proper dry season but with a very pronounc€d pedod of maximum tainfall
h December, January and February.

TVpe III: an inErmediate type with no pronounced period of maximum rainfall and a
shon dry &ason lasting from one to ihree monthi only.

TVpe IV: rainfall unifornly dishibuted throughout the year (Fig. 3).

At s€a level throughout the islands, the temperature averages about 80' F (27'C). The
humidity is high, and for 6very 300-foot 190-meter);s€ in elevation. the temperature decreases
apDroxi;natelv I Fahrenheit degee (0.55 C€lsius degee). Thus, Baguio. on Luzon, is usually
l5'to 20 Fahienheit degrees (8:l I Celsius degeesicooler than the lowlands; Bukidnon and
hnao, on Mindanao arE 5 !o i0 Fahrenheit dedrees (3-6 Celsius degrees) cooler tlla(l the coast
(Encyclopedia Arnaicana 190).

SPECIFS

TWo crocodile species, the Saltwater Crocodile (Crocodyhts porosuJ) and the €ndemic
PhiliDDine Freshwater-Crocodile (Crucodtlus nindoreari.r) have been recorded from the
Philii,iine Islands (Schnidt 1935, Mertens-1943, Schmidt 1956, Hara 1981, I{oss atrd Datuitr
l98l,Ross 1982, Ross and Alcala i983, Ross 1984 and Grcombddge 1987).

The Philippine Crocodile was originally described as a full species Crocodylus
mindorensis by K. P. Schmidt in 1935. Most authors since then have regarded those
populations as constituting only a subspecies of the freshwalef, crocodile in the New Guinea
arej. C, tovaequinzqe, i,e., C. n. mindorcnsis. Howev€r, it has b€en stated that all sp€cimens
ol mindorewii catbe readily distinguished morphotogica y from all New Cuinea
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soecimens. and re€ent field workers and taxonomists have treakd the Philiooine form as a full
sirecies again. This opinion is not yet universal (Croombridge 1982).
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Dstibution of C, tolo.i&t

C. porotus is extensively distdbuted from Sri Lanka, eastern India and Bangladesh,
Weslern Carolines, and south through Indonesia to Papua New Guinea and nodhern Austnlia,
through coastal southeast Asia to the Philippines, east io the Solomon Idands alld Vanuatu. In
the Philippines alone, it was previously found on the islands of Luzon, Mindoro, Masbate,
Panay, Pilawan, Negrcs, Cebi, Leyte, Samar, Bohol, Mindanao, Jolo, Culion and Busuanga
(Groombridse 1982. Groombridse l98n(Fis.5). Currently, Crocodile Farming lnstitute (CFI)
researchers ioted that most of t-he remainin-g populations are found mainly 6n ttre island of
Mindanao and Palawan, On Southweslern Mindanao, particularly in Thmontaka River,
Gayonga and Thviran in Maguindanao, Rio Grande de Mindanao and Panatan in Cotabato,
Mapaltig River aild Lutayan in Sultan Kudant, and Liguasan Marsh, an undetermined but
numerous number of crocodiles was identified (Uc-Kung p€rs. comm. 1992). On West€rn
Mindanao, rem(lant crocodil€s were observed in Pisaan, Labangan, Kabgan, Dimataling,
Binuatan and Simpolo Rivers, Zamboanga del Sur (I$mael et al. pers- comm. 1992). Also,
Kumavkav Creek in Bukidnon was known to contain crocodiles (Geollegue and Sema pers.
commi 1992;. tn the island of Siargao, some crocodiles were still believdd pres€nt afteicFl
trapping activities. Based on CFI crocodile acquisitions and confrmed sightings on the
pniiind of Palawan, crocodiles were present in mcie than 44 rivers. A mnsideable portiol of
the population congregaie at the southem portion of the island though dishibution in the islard
is widespread. Also, the islands of Balabac, Bugsuk, Pandanao, Dumaran and Busuanga in the
prcvilce ofPalawan, are still probable sites containing crocodiles; lately (Octob€r 13, 1992), a
irocodile was trapped in Par'danan. Remnant popuhtions still occuiii Cagayan River and
rivers at the east side of Siera Madre in hzon (Paat et c/. p€rs. com. 1992XFig. a).

Abundance of C. poloJ&t

The former number of C. porosus in the Philippines was rct deiermined but early
residents reDoned laree numbers. However. durins the 1950's crocodiles werc hunM
intensely by'local and Toreign hunters for their valuable skins leading to the elimination of a
sisnificant number of crocodiles distributed on various islands of tie Philiooine archioelago.
D[ring 1950-51 in Palawan Island alone. there were reportedly around 2.00b'socodile! kitl-ed
and skinned for shipment by a noted Philippine crocodile hunter in just a few months. Rampait
hurting continued until the 1970's then gradually waned, gobably as a result of a gready
depleted population in the wild.

The ever increasins human oooulation in the PhiliDDines and conseouentlv increasing
activities in areas suitabte lor aqua- dnd agriculture. led to tliti conversion ofa iignidcant portion
of wedand areas into fishponds and farmlands which gready reduce.d C. porosus habital A
cas€ to illustrate this is theiituation in Liguasan Marsh ii Mindanao. a rnajd habitat not only for
C. poro,rLr but also for the er.&mic C. mindorcntis. The surounding fertile areas of the mafih
is being utilized f6 agriculhral activities like alternate dc€ aod com planting all year rcund In
addition, local Maguindanaons fish a lot in the area alld consider it a "fishermens' sanctuary"
because ofnot€d abundant fish resources (Uc-Kung pers. comm. 192).

Recendy, attempts to estimate the population of C. porosus through spodighting on the
province of Palawan as a pilot study area, revealed very few crocodile sightings. This was also
found inapplicable becaus€ generally, crocodile dver habitats are short, narrow ard shallow;
thus low carrying capacity. The rcsults indicate tlnn only a small numbs of qocodiles remain in
tle province's mangrove and nashland habitats.

The nurnber of CFI ac4uisitions provided one of the major altematives by which the
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status of qocodiles in the province could be ass€ssed. Onlv a total of 141 C. wrosus frcm the
province of Palawan had bixn captured intentionally and ac;identally by fisheimen and farmers
irs well as CFI personnel within e period of 5 yearsi In addition, onli, tliree nests were found in
the province of Palawan durins the same Deriod. indicarins verv few breedine individuals in the
wild. TWo nests contained egls but the breeding femalei were beliwed toiave been trapped
before the eggs were discove-red Aside from this, there were very few repons of sightinli of
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animals left uncaught in th€ wild. The remaining wild crocodiles Fobably consist of
intermediate size class€s or juveniles.

In the island of Siargao where crocodiles had become a major. concern to local
inhat itants because of repealea and fatal attacks on 1 I flshermen, the expefiise of CFI Eappe$
was sought. In the trapping Focess, a total of 8 crocodiles including a 15-foot man-eater' were
captue{r.

Distribution and Abundanc€ of C. mildole/,.(ii

The known historical distribution of C. mindorensis is on nothem Luzon, Central
I-uzon, Samar, Masbate, Mindoro, Negros, Jolo, Mindanao and Busuanga (Ross l982xFig'

A relativelv small crocodilian. endemic to the Philippines, which formerly occurred in
freshwater marshds. ponds and tributaries of large rivers. bh the islands of Luzon. Mindoro.
Busuanp,a. Masbate, 

.Negros, 
Samar, Mindanao and Jolo. Now critically endangered' with

small populations at a handful of sites on Mindoro, Negros and Mindanao. and reporledly no
more ihan 100 individuals in total remaininp, in the wild. The initial decline is attributed to
excessive hunting for skins, but the pres€nt skin trade appears minimal and the primary curent
threat is habitat modification due tb expanding agri- and aquaculture projects. A [recent]
Smithsonian effo (1980-1982) has involved extensive field suweys, publicity, and the
establishment of a crocodile breeding facility in conjunction with Silliman University
(Dumaguete, Negros). Captive breedin! is seen by the pirsonnel involved in the project as a
primarv measure in conseivation of C. mindorensis. Two three-year old young have been'ft:leaseil 

in Calauit wildlife Sanctuary, nonhem Busuanga (Croombridge 198n.

After Fecentl field surveys through much of the Philippines $oup. C. mindorensis is
reponed in critical danger of extinction. The total number surviving (presumably non-
ha:lchlings) is estimated a150G 1000. no large population is known to exist in any one area. It
has receitly been confirmed ttul C. miruloienlis'still qcur at Nabunturan. Calarian Lake and
Macasendi Mar$ on Mindanao, and in the Pagatban River in Negos Occidental. _The sp€€ies
aooears mbst numerous in Mindanao and the Sulu Archipelago. Probably akeady exrincl in
Misbate, Jolo and Busuanga (Groombridge 1982; Ross 1982). However. in May 1991. a 2-
me,lff fen;rale C. mindorenlis was caught by local fi$ermen near Dpuyai River. Busuanga and
brcught !o the CFI. This indicates some remnant individua.ls still thrive in Busuanga"

Fufther, a total of 202 C. mindorensis was acquired by the CFI ftom 1987-92. The
maiority of these {n = 145) was acouired ftom a private qocodile collector in Davao.
Prc'sumibty. these originaled from Ligu;san Marsh whiah is near Davao.

Supplementary Notes on Crocodiles

In Mindanao. particularly in areas adjoining Liguasan Marsh and in Agusan River.
DENR personnel working in the area reponed an unconfirmed (due to poor p€ace and order
situations) but apparenily large number of crocodiles on Cotabato, Sultan Kudant,
Maguindanao and ,hmboinga del Sur areas. CFI acquisitions from the area (n = l_15- C.
oorosus: 196 C. nirulorcnsii). mostlv came from privale collections. The souces of these
inimals were not properly documented but GI personnel believe majoity of these were taken
fiom Liguasan Marsh and adjoining dvers.

A rccent visit (S€ptember 1992) to Luzon indicate remnant C. poloJt/J populations still
thdve in Cagayan River alld riv€rs east of Isabela. Though there were stitl sightings in Cagayan
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River in northern Luzon,the river appears unfavorable for continued crocodile survival b€caus€
of fqrest denudation and inqeasing human population along its course. The eastem part of
Siera Ma&e may be the last remaining viable habitat for crocodiles in the island of Luzon

LEGISI-AIION

An Integrated Prokcted Areas System (IPAS) law or Republic Act No. 7586 (s€e
section on Protected Areas) was enacted by the Philippine legislatue on ol June 192. This
programme calls for strategically located protecied areas encompassing wedands and areas of
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vital imDortance for the conservation of tlrc div€rs€ Philippine flora and fauna while not stifling
dwelophent in the region.

Another conservation initiative, the Strategic EnvironmenEl PL"t'- (SFD for Palawan
*u, to""iiv ii"n"ilo teuiuit is, rgb)i-uv-virt'ue or nepublic Act 761I for. protection of
d;;;lli";;ftil dna T"u* *t i"n 

"t 
diologically disitinct from other Philippine islands'

Precedins R. A.76ll, Proclamation 219 served as a wildlite regulattng measure lnls
pio"f"riton ptouiO"s that collection of wild animals from the islands of Falawan province is
irictlv DrohibitEd.

Other legislation, Presidential Decre€s. and policy issuances that influence or impact on
fie IPAS rebt€ 6 iourism, mineral exploration' timber extracrion' and agricultural land use'

FARMING

The Philiooine govemment with assislance frcm the govemment of Japan start€d
farmine crocodilii in t[e countrv with ihe end in view of conserving. *rough suslainable
utilization, the remaining crocodil-e populations in the wild. This rnaterialized upon the-lormal
inausuration of the RP-iapan Crocridiie Farming Institute (cFI) situated at Barangay Inwan,
hrerio Princ€sa City, Palaivan on March 4, 1988.

The CFI starrcd acouiring crocodiles from private colle€iois and from tlre wild' Its
original aim was to s€cure i00 br:€ding individuals and utilize these as founder slock but this
o--u"o ro u" - itoo.tical target sinoJcrocodiles in the country are very much depleted (see
lrtion on Status), 

'CFI 
has m irounge whatever was left for breediqg purpos€s. It ong-inllly

"tu.t"a 
*itfr i iitii. tot" than ?0 indiv'iduals, mostlv immature ones' DeipiG this initial failure

to-meet Oe reouireO number of animals for a full-biown farming operation, CFI, after almost 5
uears. manaseil to otoduce a considerable number of F I generation from its available bre€de$'
ii 

"1 
i"pG"ruet fss2. the percentage of farm-bred ani-mals exceed that of the founder stock

(1154 > a78). Of the farmjbred crdodiles, 349 (30 %) are C' mindorensis and 805 (?0 %)'
b. *rosut. It must be noted, however, that these offsprings are still immature for bre€ding
purposes (Table 2).

The acouisition orogramme of CFI mav have reduced the number of wild crocotiles'
tro*euei, t"ir.trbut it, rtie aiimals would hav6 fallen into the hands of poachers or illegal
crocodile skin haders. and of course subj€ct to plain eradication by local p€ople. who are
considering it as vermin. Besides, this initiative was considered a last-drtch eltofi [o save ne
iemainine"crocodites faced with probable extinction as a result of generally rampant habilat
modifrcafron or destnrction. Moreover, the acquisition programme had in some way instilled to
trappervcat4h€rs the rclative i mportance of a ferocious. Iiving crocodile to a harrnless' dead one'

REGT'I-ATION OF TRADE

There is little commercial utilization of rntive crocodiles and coll€ction of cocodiles or
their skini iinot a major conc€m owing to lack of organization and low volume of trade (Ross
1982).

At the moment, tradc on crocodiles, being an endangered anirnal species, is prohibited'
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Table 2. Min'ber of cbcodile6 frcm rhe wl1d &d bred in captiwiry.

Source Nu$er of
ctacoalt Tue FdoBDB c@odvluB rDr1dorssj6

I
141

1

0

€ 0 5

9

IO9o

f

5
0

I

553

3 1 1

a

t42
12

1

1154

9

r643

(fbn the wild)

T O T A L

r noi original eouce

IMPOKIS AND MANUFACTURING

Though lhere are two species of crocodilians in the Philippines, several of lhe lourisl
shops in Manila import crocodilian products, for sale lo aflluent Filipinos and tourisrs. These
were manufactured from Alligdtor mississippiensis, Caiman croco(lilus, Crccodylus porosu\
and soutlrern New Guinea population of C. irbvaeguinctu (se Ross 198/\.

RESEARCH

_ Presendy, only CFI undenakes speciatized research on crocodiles in the philippines.
Researches on CFI site are conduckd to develop a crocodile farmins t€chnoloev that will dnsure
srJstainable ulilization of both species. thus. iontribute to the ec6nomic upliftment of many
Filipinos. Researches off-site aim to provide natunl habitat to crocodiles through thi
establishment oJ.legislated and protecied sanctuaries as well as recommend cr&odile
cons€rvatron po[cles.

PROTECIED AREAS

An act r€ferred to as the "National Integated Protected Areas Svstem Act of 1992. or
NIPAS (Republic Act No. 7586) was enacted bt rhe Philppine legislatrir6 on 0l June 1992.

_ On 29 June 1992, an Adminisradve Order was issued by the Department of
Environment_and Natural Resources (DENR) to set forth in detail tlie procesGs by which
DENR and othff concerned institutions and-agencies will establish, admini^ster and maiage the
MPAS. focusing particula y on the twin obi€ctives of biodiversity conservation and sustairable
development. lt. states that the basic policy of lhe State prdvides that the management.
protection, sustainable development, and rehibilitation of prdtect€d areas shall be uniiertaken
primarily !o ensure the conservalion ofbiological diversitj and rhat the us€ and enjoyment of
protected areas must be consistent with thaiprinciple. it is further acknowledgid ttrat ttre
effecrive administration of the NIPAS will require a pannership between the Givernment,
through the DENR, and other interesled parties includirig the indilenous cultural communities.
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The scope of the order sha1l apply to all areas that, prior to the effectivity of the Act on 0l June
1992, have been designat€d bi set aside, pursuant to a law, presidential decree, Prcsid€ntial
proclimation or execritive order as a natioial park, game refu-ge. bird and wildlifa sanctuary,
ivildemess area, saict nature reserye, wate$hed, mangrove reserve, fish sancruary, natural and
histodcal landmark, protecied and managed landscap€ or seascape as well as to identified vhgin
forests. It shall also apply to other protected arcas that may later be established pusuant to the
Act (adapt€d from DENR Administ ativ€ Ord€r 192).

Of significance to the crocodiles, thrce protected areas have been identified by CFl.
These are Agusan Marsh in Mindanao, lake Naujan in Mindoro and lnke Manguao in Palawan.
These are all covered by the NIPAS I2w.

DISCUSSION

The sovemmellt must be lauded for sivins Driorilv (althoup.h minimal) to the cause o[
conservation-and its commitment to the principle 6f sustaiiable devilopment - notwithstanding
its socio-economic plight. And for as long.as our economy is.stagnanl and for as long as our
population growth trend continues. crocodile conservation will remain a major challenge to
tackle in the Philippines. At the moment, captive breeding and rearing in the CFI serves to
ensure the existendof these animals. Moreovei, CFI plan s t i- di sseminate=crocodiles for rearing
by the local p€ople in the near future. Comm€rcial ventute (skin t ade and other sustainable
sFategiesl will 6e pursued after CITES apgoval of CFI as a legitimate crccodile farming
operation. This will somehow alleviate the bwden ofthe govemm€nt in brc.€ding, propagating,
and rearing qocodiles at the Institute. However, the success of this scheme has yet to be
reslized especially considering that a majority ofFilpinos have €conomic difficulties. Itisvery
likely that low income Filipinos will considei *re new venture of secondary prioity to his oth€r
conventional economic activities.

The main issue to address then is the continued existence of crocodiles in the wildemess
of the Philippine archipelago, particularly in viable and known distribution areas of both species
of crocodiles. At this point, the successful implementation of the IPAS $og.amme which
coverr a considerable lirtio; of crocodile-inha6iEd areas luch as wetland habitats will be a
grcat boost to qocodile consewation in fte Philippines.

The increasing awareness and alarm over wanton exploitation of Philippine natural
resouces that led to passing laws and regulations to protect what remains of the counby's vast
and diverse flora and fauna-spells a decisive and seridus concem for tlrc country's wildlife,

what rernains to be done in the PhilipDine situation is political will and the effectiYe
implementation of legislations which aim fii protection of sbme strahgically located (i.e.
repesentative biogeographic realm) areas in tlrc archipelago.

The prcsent favorable hend for natu€ conservation in the Philippines as rcsponse to the
increasing global tsend on wise and sustainable use of resoutces as well as plotection of
rernaining wildlife makes qocodile conservation a part of the ideal scenario being envisioned by
conservaiionists- This could further bloom into matudty with nududng and support of citizens
who are the pdmary beneficiaries of a renewable rcsource. Educational campaign will be an
effective tool to attain this end, more specifically in changing people's views and attitude
towards crocodiles.

There is no doubt that the number of captive-bred cmcodiles will increase in the coming
years at the CFI. At such time when a considerable number of crocodiles are produced, the
issue of reintroduction will come to lieht. It is anticiDated to be met with aDathy. For this
r€ason. the Drotectior and maintenance o:'f qocodile-inhabited areas should be a maioi concem at

13



pres€nt nme.

The CFI as a concemed agency tasked in crocodile conservation in the Philippines will
play a pivotal role in the marnge-meni of wild crccodiles in protected areas in the;iar futue
especially in sustaining it in the face ofpressing socio-economic and plitical goblems in the
country.
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MANAGEMENT OF CROCODILE IN INDONESIA

CURRENT STATUS

Widodo  S

2 R" " " . . "h  Ins t i tu te

PO Box 221 -

_ liamono ano I ono \-
.2

K a n a r  J  o

Di rec to ra te  Genera l  o f  Fo ies t  P ro tec t ion

Nature  Conserva t  ion ,  Jakar  t  a

and

fo r  An ima l  P roduc t  i on

Bogor  16002

SUli{MARY

Mana8enent  s t ra tegy  o f  c iocod i l i ans  in  Indones ia  i s  a iDed  a t

the  conserva t ion  o f  such  spec ies '  as  we l l  as  the i r  u t i l i za t ion  on

the  sus ta inab le  bas is .  The  Oovernment  o f  Indones ia  recogn ises  the

impor tance o f  p reserv in t  these an ioa ls  in  the i r  ecosys tens ,  and

a lso  the  bene f i t  o f  u t i l i s ing  these  an ima ls  to  the  loca l  economy

of  v i l l ages  and  to  the  overa l l  economic  deve lopnen t  o f  the

Prov inces  as  re l l  as  o f  the  coun t ry .  ta rSe  a rea  o f  swanps ,

wet lands  and  t rac ts  o f  p t ' i s t i ne  hab i ta t  su i tab le  fo r  c rocod i le

s t i l l  ex is t ,  pa r t i cu la r l y  in  Ka l imantan  and  l r i an  Jaya ,

ind ica t ing  the  po ten t ia l  o f  these  an ima ls  deve lopnen t .

The D i rec tora te  Genera l  o f  Fores t  Pro tec t ion  and Natu ie

Conserva t ion  IPHPA] ,  w i th in  the  M in is t ry  o f  Fores t ry '  des igna ted

as  the  CITES Management  Author i ty  fo r  Indones ia ,  i s  the  na t iona l

adn in is t ra t i ve  body  iespons ib le  fo r  p ro tec t ion ,  conserva t ion  and

u t i l i sa t ion  o f  r i l d l i f e  in  Indones ia .  PHPA is  adv ised  by  L IP I

I Indones ia  Ins t i tu te  o f  Sc iences ]  on  sc ien t i f i c  i ssues  assoc ia ted

F i th  C ITES.  Wi th in  the i r  ac t i v i t i es '  PHPA and  L IP I  a re  suPpor ted

by  fa rners  assoc ia t ions ,  Indones ian  Crocod i le  Farmeas  Assoc ia t ion

I ICFA]  and Indones ian  F lo ra  and Fauna Traders  Assoc ia t ion  I IFFTA]

Data  mon i to r ing  and repor t ing  is  car t ied  ou t  by  Indones ian  Croco-

d i le  Conserva t ion  Task  Force  I ICCTF] ,  a  un i t  es tab l i shed  by  the

recomnendat ion  o f  CSG Steer ing  Commi t tee ,  and works  under  the

ausp i  ce  s  o f  PHPA.

Pour  spec ies  o f  c rocod i les  a re  cu raen t l y  recogn ised  as

occur inS in  Indones ia .  Crocody lus  novagu ineae is  endemic  and

conf ined to  the  Prov ince  o f  I r ian  Jaya,  and is  in  the  Append ix  I I



cate tory  o f  CITES.  Crocody lus  po .osus  is  sca t te red  th rou thout  the
arch ipe la to  in  vary in t  dens i t ies  and fa l l  i r |  the  Append ix  I I  o f
CITES wi th  quot ,a .  C tocody lus  s iaaens is  a .^d .  Toa is tona sch jeae l i i ,
the  t ro  spec ies  be l ieved anont  the  r0os t  endantered  c rocod i l ians
are  d iacovered in  Ka l  inan tan ,  and a lso  in  Sunat r .a  fo r :  ? .
sch leae l i i ,  C .  s iaaens is  a l ld  I .  sche lBe l i i  a .e  under  the  Append ix
I  o f  C I IES,  The  conoerc ia l  use  o f  c rocod i les  in  Indones ia  i s  on ly
app l ied  to  C.  porosos  ar rd  C.  novagu ineae,  In i t ia l l y ,  the  peop le

io  Indones ia ,  espec ia l l y  those  who l i ve  in  I r i an  Jaya  and  co-
ex is t  w i th  sa l twa te r  o r  f reshwate r  c rocod i les  u t i l i sed  c rocod i les
fo r  non-comnerc ia l  purpose,  e . t .  fo r  p ro te in  consunpt ion  [neat
and e t ts l ,  The commerc ia l  uses  o f  c rocod i les  deve loped in  the
1960s in  response to  the  in te rna t iona l  denand fo r  c rocod i le
sk ins .  The dras t ic  inc iease o f  the  denand had caused a  grea t
exp lo i ta t ion  o f  the  c rocod i les ,  f ,h i ch  cou ld  be  d isas t rous  to  the
wi ld  popu la t ion  un less  they  are  Danated  appropr ia te ly

Ther :e  i s  two types  o f  manatement  p ro t ram o f  c rocod i les
u t i l i za t ion  cur .en t ly  adopted  in  Indones ia .  The nanagetnent
p rogran  fo r  c rocod i les  ou ts ide  o f  I r i an  Jaya ,  wh ich  i s  s t r i c t l y
ranch in t  and capt ive  b ieed in t ;  and fo r  c rocod i les  in  I r ian  Jaya,
wh ich  inc ludes  harves t  o f  w i ld  sk in .  PHPA [Cent ra l ,  Reg iona l  and
Sub Ret iona l l  to te ther  w i th  Depar tnent  o f  Fores t ry  Pr .ov inc ia l
Of f i ces  are  respons ib le  fo r  manag ing  the  deve lopoent  o f  na t iona l
re tu la t ions  Ie labora te  permi t t i ng  sys tee  fo r  w i ld l i f e  u t i l i sa t ion
and t rade l ,  Three  d i f fe ren t  permi ts  a re  requ i ied  fo r  cap ture ,
t ranspor t  and expor t .  Pro t ram fo r  con t ro l led  hunt in t ,  coopera t ion
bet reen indus t ry  and hunte . -ga therers  Inuc leus-p lasns  (p IR)
sys ten ,  en forcedent ,  da ta  r0on i to r ing  and repor . t in t ,  and a lso
ex tens ion  to  indus t ry  as  f ,e l1  as  to  iu ra l  hunter - ta theaers  were
a lso  es tab l  i shed .

Cont ro l  o f  i l l e ta l  ac t i v i t i es  i s  conduc ted  by  spec ia l
fo res t  po l i ce  ID i rec to ra te  For -es t  P ro tec t ion ]  en fo rced  w i th
ex tens ive  coopera t ion  and  coord ina t ion  r i th  cus toms,  loca l
po l i ce ,  n i l i t a ry  fo rces  and  the  pub l i c  p rosecu to r .  Launch ing  the
ner  Ac t  concern inS the  Conserva t ion  o f  L iv in t  Resources  and
The i r  Ecosys teos  [Ac t  No ,5 , /19901 ,  rh ich  p iov ide  oore  de f ined
oanagement  po l i cy  fo r  w i ld l i f e  conserva t ion  and  u t i k i za t ion .
inc lud in t  no re  severe  pena l t i es  to  the  i l l eaa l  ac t i v i t i es ,  l ess
i l l ega l  conduc ts  i s  expec ted .  F ron  1988  to  1992 ,  the re  re re  12



cases  o f  i I l eSa l  c iocod i le  sk ins  sh ipnen t .  Sk ins  we te  se ized  and

the  person was sentenced f ion  I  month  to  1 ,5  yea.s  impr isonment

p lus  Rp .  1 ,5  m i l l i on  charSe .

To  more  inp lement in t  the  Ac t  5 /1990 ,  PHPA ca l led  upon  Peop le

or  conpany  who ho ld  w i ld l i f e  spec ies  to  rePo l t / reg is te r  the l r

an ina ls ,  by  Oc tober  1992 .  Those  who fa i led  to  do  so  wou ld  au to -

na t i ca l l y  be  sub jec ted  to  th i s  law.  As  a  aesu l t s ,  some conpan les

re t i s te red  the i r  c rocod i les ,  To te ther  w i th  ner  reg is te red  fa ins ,

the re  a re  add i t i ona l  815  C '  nova tu ineae ,  more  than  7137  C '

porosus  and 42  T .  sch le .e l i i  he ld  in  the  fa rms.

Severa l  p rogran  to  mon i to r  c rocod i le  popu la t ion  i . r  s i fu  and

ex  s i tu .  and  sk ins  t i aded  in te rna l l y  o r  ex te rna l l y  a re  in

opera t ion .  Excep t  fo r  w i ld  Popu la t ion  rh ich  i s  non i to red  by  PHPA,

non i to r in t  o f  l i ve  an ina ls  ra ised  in  fa rms  and  sk ins  t rad inS

ac t i v i t i es  i s  conduc ted  bv  PHPA and  ICCTF.  Bv  end  o f  1992 '  the re

re re  more  than  91 ,129  c rocod i les  he ld  in  49  fa rms th rouEhout

Indones ia .  o f  the  to ta t ,  C  porosus  were  rnore  t t ra r ,  28 '221 i  C '

. tova ,u ineae Fere  52 ,311,  T .  sch le te l i i  were  more  than 252 and C '

s iaoers is  were  less  than  345 .  Sk in  inven to ry  a t  va r ious  s i ze

showed a  to ta l  o f  16 ,450  p ieces ,  in  rh ich  13 ,180  were  novagu ineae

and 3254 were  Po1 'osus .  S ta t i s t i cs  o f  1992 on  the  CITES tag

d is t r ibu t ion  ind ica ted  L25o porosus  and t0 '000 novaSu ineae sk ins

were  expor  t  ed .

Wi ld  popu la t ion  mon i to r in t  was  ca t r ied  ou t  seve .a l  t imes  by

var ious  inves t iSa to rs  and  re tu la r l y  f ron  1988  -  l 99 t  by  FAO

pro jec t ,pa i t i cu la r l y  in  the  Prov ince  o f  I r i an  Jaya .  Sharp  dec l ine

o f  C  po tosus  popu la t ion ,  by  n iSh t  coun ts  ne thod  was  repor ted '

S in i la t '  observa t ion  us ing  the  same methodo logy  occur red  fo r  c

novagu ineae.  Not r i ths tand inS,  us in t  the  nes t  count  method,  wh ich

is  cons ide ied  more  apptoPr ia te ,  there  are  8  inc re4se pea yeat

o f  the  C  nov46u ineae  popu la t ion '  Recen t  su rvey  resu l t s ,  ca r r ied

out  by  PHPA s ta f fs  in  I r ian  Jaya [Sorong and Jayapu ia ]  ind ica ted

a  s l igh t  i nc .ease  o f  the  popu la t i .on ,  wh ich  cou ld  be  r ' esu l t s  o f

1ow demand fo r  the  sk ins .

The  p resence  o f  FAO-UN p io iec t  i n  1988  -  l 99 l  has  he lped

ach iev ing  sone ob iec t ives  in  the  manatement  o f  c rocod i les .  Many

had  been  car r ied  ou t  inc lud in t  ' con t ro l led  hun t in t '  P ro t ra lD '

husband iy  o f  ranch ing  and fa rn ing '  non i to r ing  w i td  popu la t ion

regu la i l y ,  reduc ing  numbers  o f  i l l ega l  sk in  t rad inS,  p rono t ln t



ru ra l  deve lopment  th rou8h ex tens ion ,  t ra in in t  and
deve lop in tdenonst ra t ion  p lo t  in  va t ious  ru ra l  a reas  and a lso
conduct ing  researh  on  ha tch ina  Ie t t  incubat ion ]  and nu t r i t iona l
ca re  fo !  ha tch l  i n ts .

Desp i te  nos t  p ro t ress  have been ach ieved,  sone cons t ra in ts
s t i l l  ex is t .  Shor t  o f  exper . t i se ,  l ack  o f  fund in t ,  i nsu f f i c ien t
f l ow o f  codmun ica t ions ,  log is t i c  d i f f i cu l t i es ,  i l l eaa l  ac t i v i t i es
are  anong those prob lens .  Never the less ,  the  Governrdent  o f
Indones ia ,  to te ther  r i th  a l . l ,  re levant  o rgan isa t ions  do  every
poss ib le  e f fo r ts  to  improve the  nanatenent  o f  c rocod i les  fo r
be t te r  conserva t ion  I i nc lud in t  des igna t ing  sohe  p ro tec ted  a reas ]
and  u t i l i sa t ion  on  the  sus ta inab le  bas is .
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CONSDRVAAION AND I.IANACI'IIIiNT OF CROCODI LIANS
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Schbo l  o f  S tud i cs  i n  ZooLogy
J i va j i  Un ivc r6 i t y ,  cwa l i o r

Madhya  P rade6h ,  I nd ia  47 , I  0 l l

ADSTRACT

' l hc  ana l ys i s  o f  ! hc  c rocod i l j . r n  h ; r l ) i t i r t :
i s  essen t i a l  [ he re  l a rge  sca le  rehabr l i t a t i on  o f
capt. ive reared crocodiles into wild is takrn9
P1ace .  Da ta  on  I imno logy  and  poPu la t i on  s t ' a t \ r s
w ( . r o  o l , t  i i nad  f r om Lh rcc  d i f f e r ( : t r t  t ypcs  o l
,  r ' , , , " ! l l l , '  l r . ' l , i l . , t , r  ( r  i v , . r ,  l . r k I r t  ,  , , r ' l  L . r t r ' r v . , r I  l
. l . r  C c n L r . r - t  I n d 1 . r . ' f l r e  1 1 | r l o l o g l c d l  d d L d  t c r c  u r c u

Lo  co rnpa rc  t l t c  hdb i t€ t  r cqu i r cmen ts  o f  t ha r ia l
? rnd  f i r ug !o r .  I l o l - l r  gha r j J l  ; r nd  nu ! ! c r  occu r  l l r  L l r ( :
r i vc r i ne  l rab i ta t ,  bu r  on l y  n 'u r j gc r  i s  L r re t j e ' rL  i | |
l akes  and  r cse rvo i r s .  Muggc r  i s  cons idc rcd  t ro  be
b  ha rdy  6pec ies  adop tcd  fo r  d i f f c r cnb  l r . r b iLa ts
i nc l ud ing  r i ve r s ,  I akes  and  rese rvo i t s '  Va r i ous
paramete rs  such  as  pH,  tempera t ' u re ,  t u rb id i t y ,
L ranspe rancy ,  d i sso l ved  oxygen  and  co? ,
a t ka l i n i t y ,  d i sso l ved  so l i ds ,  n i t r i t es ,  ch l o r i dEs
e tc ,  ana l ysed  i n  t he  wa te r  o f  d i f f e ren !  c rocod i l e
hab i ta t  t ypes  a re  d i scussed  i n  th i s  paPer .  The
da ta  co lLec ted  ! r i 1 l  f o rm a  bas i s  f o r  i den t i f y i nq
fu tu re  rehab i l i t a t i on  s i t es  fo r  caP t i ve  rea red
crocodi I i .ans.



INIRO DTETTON

wet l ands ._ i nc l ud ing  I akes ,  r ese rvo r r s  and  r i ve r s

in  l nd ia  suppor : t  vas t  number  o f  w i Id I i f e .  The  success  o f

t hese  an ima l s  i n  na tu re  i s  l a rge l y  sub jec ted  t o  t he i r

coo rd ina t . i on  w i th  the  cond i t i ons  o f  che  aqua t i c  body  where

they  l i ve . l n  I nd ia ,  t h ree  spec i cs  o f  c roco . t i l e s  occu r  r n

d i f f c ren t  hab i t a t s .  They  a re  Cha r ra l  ( cav ia l i s  qanqe t i cus ) ,

mugge r  (C rocodv lus  pa lus t r i s )  and  sa t t  l ?a te r  c rocod i l c  (C .

po rosus ) .  Among  these  the  gha r ia l  and  mugger  a re  p resen t  i n

No r th  I nd ia .

o u r i n g  1 9 7 5 ,  t h e  G o v e r n n e n t  o f  I n d i a  h a s  t a k e n  u p

a  c o n s e l v a t i o n  p r o g r a m r f l e  f o r  a  I 1  t h r e e  s p e c i e s  o f

c r o c o d i L e s  p l e s e n t  j . n  d i f f e l e n t  s t a t e s  ( F . A . o . ,  I 9 7 5 ) .  T h e

c r o c o d i l e  P r o j e c t  i n  I n d i a  i s  b a s e d  o n  t h e  p r o t e c t i o n  o f

remaininq wi ld crocodi le populat ions and rehabi l . i tat ion of

c r o c o d i l e s  i n  t h e j . r  f o r n e r  d i s t r i b u t i o n a l  r a n g e .  S u c h  a

Programme requires considerable knowledge on the biology

a n d  h a b i t a t  l e q u i r e m e n t s  o f  c r o c o d i l e s .  A l l  t h r e e  s p e c l e s

o f  
.  

I n d j , a n  c r o c o d i l e s  h a d  b e e n  e x t e n s i v e l y  s t u d i e d  i n

d i f f e r e n t  c o r n e r s  o f  t h e  c o u n t r y  ( S i n g h ,  1 9 7 8 ,  1 9 8 5 ;

B u s t a r d ,  1 9 8 0 ;  X a ! ,  I 9 8 1 r  C h o u d h u r y ,  1 9 8 1 ;  w h i t a k e r  a n d

B a s u ,  1 9 8 3 ;  R a o ,  1 9 8 8 ;  t { h i t a k e r  a n d  w h i t a k e r ,  1 9 8 9 ) .  b u t

t h e  m i c r o - h a b i t a t  o f  t h e  c r o c o d i l e s  w a s  n o t  6 t u d i e d  r n

d e t a i l .  S t u d i e s  o n  t h e  w a t e r  q u a l i t y  i n  c r o c o d i l e  h a b i t a t a

a r e  1 a c k i n g .  I m m e d i a t e  p l i o r i t y  h a s  b e e n  g i v e n  t o  s t u d y  t h e



habltat lequiredentE of crocodLles to identify the suifable

habitats for rehabil . i tat ion of crocodiles in future.

Detai led studies on l imnotogical asPecla of

crocoali te habitats are not taken place. fnformat. loo on

se lec t i on  o f  d i f f e ren t  hab l ta t s  by  c rocod i l es  i s  necessa ly

to  take  o rooe r  measures  fo r  c rocod . r l e  conse rva t i on '  S ince

mic rohab i ta t  d i s t r i bu t i on  occu r between symPatric

c rococ l i l i an  spec ies  i t  i s  necessa ry  to  ana lyse  the  hab i ta t

cond i t i on .  A  s tua i y  on  l i nno log i ca ]  cha rac te r i s t i cs  o f

d l f f e ren t  aqua t i c  ecosys tems  where  c rocod i l es  i nhab i t  i s

p roposed .  Fo r  Lhe  p resen t  s tudy  th ree  d i f f e ren t  hab i ta t s

have been selecteal where crocodiles ale present for a

conparative study of the habitats. The habitats are !1ve!'

Iake and leservoir. The present st\rdy wil ' l  help to define

the habitat contl i t ions of thal ial and rnugger and thus

fac i l i t a te  to  take  su i tab le  measures  fo t  success fu l

rehabil . i tat ion pr:ograftur,es for crocodiles jn the Madhya

Pradesh  and  a l so  i n  t he  o the r  pa r t s  o f  t he  coun t r y .



sTT'DY IRE,AS

This study was conducted in three Protected areas

(F j . q . I ) .  They  a re  :

( 1 )  N a t i o n a l  C h a m b a l  S a n c t u a r y

( 2 )  M a d h a v  N a t i o n a L  P a r k

( 3 )  c r e a t  I n d i a n  B u s t a r d  S a n c t u a r y

T h e  w a t e r  b o d i e s  s e l e c t e d  i n  t h e s e  p r o t e c t e d

a r e a s  a n d  t h e i !  g e o g r a p h y ,  c l i m a t i c  c o n d i t i o n s  a n d  o t h e r

f a u n a l  a n d  f l o r a l  c h a r a c t e l i s t i c s  a r e  a s  f o l l o w s  :

HN)EAV NATTONAI PARK :

Two lake€  named  Chandpa ta  l ake  a l so  ca I l ed  as

Sakhya  Sa9ar ,  and  Madhav  Iake ,  i ns ide  the  Madhav  Na t - i ona ]

Park ,  D is t l i c t  Sh i vpu r j .  wh ich  i s  l oca ted  105  km Sou th  o f

Cwa l i o r ,  we le  se lec ted  fo r  t he  p lesen t  s tudy  (F ig .2 ) .

These Iakes ltere formed by the

dans  ove r  Lhe  Man iha r  r i ve r  du r i ng  l 9 I8

wa te r  supp ly  to  Sh lvpu r i  t o r rn  i s  f rom

and  Madhav  l ake .  Wa le r  f rom these  l akes

cons t ruc t i on  o f

by  the  Maha la  j a .

S a k h y a S a 9 a r

i s  r e l e a s e d  f o r
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irr igation durlng,,rabi crop and a minimum level of water la

nai.ntained in the lakes to assure water supply to the

Shrvpuri town during the suftrner montns.

The Sakhya Sagar is a sf iraI l  freshnater lake of

309 hectares 'r i th fr inging reed-rveed. The Iake has rockey

ahd slopy treeless banks and so dur: ing the winter hundreds

of nigratory and ot.he! water l iras coine theie to wintel i ' lg.

The lake uas once the game preserve of the Mahalaja of

Gna I . i o r .  I t  has  a  max inum deprh  o f  abou t  12  me t res .  The

l ra te r  l eve l  f l uc tua t i ng  ove r  t i { o  me t res  be tween  the  we t  and

a l r y  season .  The  l ake  i s  bCunded  a long  i t s  Eas te rn  Shore .

.and  is

of the

The area of the Madhav lake is about 40 hectares

situated about 500 metres away on the Eastern side

Sakhya Sagar.

The lake has steep rocky banks and is surrounded

very  c lose l y  by  t ree  g tow th .  The  number  o f  b i rds  v i s i t i ng

th i  s  l ake  i s  l ess .

From winter onvards the nallah which \ras feeding

the  Lakes  go t  d r i ed  up  and  on l y  the  used  wa te !  o f  Sh i . vpu r i

t own  f l oes  i n to  these  l akes .  w i l d  an ima ls  ove r

cons ide rab le  a rea  i n  the  Na t iona l  pa r : k  depend  on  these

lakes  fo r  wa te r .
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Vegetation

va lesne r ia  so i ta l i 6 ,

fLoating vegetation i6 dominated

Nymphaides 6p. and the emelgent

sc r rpus ,  I I p Ig  and  Ph lagmi tes .

The  ave !a9e  annua l  ra in fa l l

E16 .2  Bm.  The  ra in fa l l  l n  t he  d i s t r i c t

6outh-east tolrards the north-irest in

or ryg.li-lle Ys!-i.ce-Ue,
and !9.!gI99S.l!9! sP. rhe

by Nvmphaea nuchalis and

vegetation bY sPecies of

Chara sp.

The  na tu ra l  vege ta t i on  o f  su r round ing  a reas  1s

mixed  d ry  dec iduous  fo tes t  i n te rspe rsed  w i th  g tassy  l ands '

c l i na te :

The  c l ima te  o f  t h i s  d i s t r i c t  i s  cha rac te r - i sed  by

r  su r r ' x re r  and  genera l  d ryness  excep t  i n  t he  sou thwes t

nonsoon  season .  The  yea !  nay  be  d i v ided  i n to  th ree  seasons .

The  cb ld  season  f rom Oc tobe r  to  Feb rua ry  i s  f o l l owed  by  the

ho t  season  f i om March  to  abou t  t he  m idd le  o f  June .  The

period fron nid June to about the end of September is the

rnonsoon Season.

Rainfal l  !

i n  t he  d i s t l i c t  i s

decleases from the

genera l .  Abou t  92
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Pelcent-of the, alnual raiDfal l  in the distr ict is received

in'. the monsootr ,:.nontha i ifuDe to september, July belng the

ral iest nonth. The varlat j .on in the rainfaLl. from year to

year . ln the distt ict 16 appreciable. In the f i f ty year

perlod, L90l to 1950, the bighest annual rainfal l  in the

olatr lct ahountlng to 200 percent of the normal occurred in

1902. The lorest annual rainfalt which was 0.47 pelcent of

tne normal occurled in L913. In this same period annual

rainfal l  lesg lhan 80 percent of the nolmal occurred in IL

yea rs .

On  an  ave rage  the re  a re  37  ra iny  days  ( i . e .

days with raj.nfal l  of 2.5 run o norel in a year in the

d i . s t ! i c t .

The heaviest lainfal l  in

s ta t i on  i n  t he  d i s t ! . i c t  was  3 I7 .5

June  1933 .

Teoperature i

24 houls lecolded at any

mn at Shivpuri on 25th

A  me teo ro log i ca l  obse rva to ry  a t  Sh ivpu r i  i s

func t i on ing  s ince  1950 .  f he  desc r ip t i on  o f  t he  c lC ima te

vh rch  fo l l ows  i s  based  on  the  ava i l ab le  da ta  fo r  Sh ivpu r i

supp lemen ted  by  reco rds  o f  obse rva to r i es  i n  t he

ne ighbour ing  d i s t r i c t s  hav ing  s im i l a r  c l ima te .  Tenpera tu res

-



r ise proglessively frotn about the end of February '  May 1s

the hottest month lr i th the mean daily maximum lemPerature

a t  abou t  4ooc  an t l  t he  nean  da i l y  m in inum a t  abou t  23oc '  The

in tense  hea t  i n  May  and  June  w i th  ho t  dus t - l aden  w inds

shj.ch blow on many days make the weather vely uncdmfoltable '

on Indlvlduat alaya the naxrmum temPerature may reach 46oc'

Afternoon thundeigl iowera lrhich occur on sone days brlng

uelcome rel lef t iroirgh onty temPoratl ly '  wi ' th the onset of

t le'  soutn-welu nJnsoon after about the second week of June

the re  i s * i pp rec iab le  d rop  i n  tempera tu res  and  the  wea the r

i s  m i l de r .  A f te r  t he  w i thd rawa l  o f  t he  monsoon  by  abou t  t he

end  o f  SePtember  
' t he re  

i s  a  s l i gh t  i nc rease  i n  the  day

tenpe la tu re  bu t  t he  n igh ts  become p rog ress i ve l y  coo le l '

Plom Novernber both day and night ternPelatures declease

lapidly. January is general ly the coldest month eith the

nean daily maxfutrun tedpelature at about 23oc and the nean

da i l y  m in imum a t  abou t  5oc .  I n  t he  w in te r  season  the

d is t r i c t  i s  a f fec ted  by  co ld  waves .  I n  t he  rea r  o f  t he

passing westeln distulbances and the minimum tenperatute€

may go down to about the freezing point of water.

The highest naximum tempelature recorded at

sh i vpu l i  was  46oc  oD 2 l s t  June ,  1964 ,  wh i l e  t he  l -o i t es t

n in lnun  tenpe la tu re  was  4 ,Ooc  on  13 th  January ,  1967 .

I
I
I
j



Humid i t v :

In the monsoon season the relative humidity is

high being over 70 pe!cen!. In the post monsoon and winter

season, the lelat ive hurnidit les are betrreen 50 percent and

65 pelcent in the no!ni[g6 wh.i le in the afternoon they ale

about 30 to 40 percent. the driest part of the year is the

sunmer season l. i th the relative humidit ies less than 20

Percen t  i n  t he  a f te rnoon .

CHAIIBAL RIVER

The  s tudy  was  conduc ted  i n  the  r i ve r  Chamba l

wh ich  f l ow  th iough  the  S ta tes  o f  Madhya  p radesh ,  U t ta t

P radesh  and  Ra jas than  be tween  lhe  pa raL le l s  o f  I a t i t ude

25o  52 '  N  and  2go  23 'N  and  t ong j . t ude  760  28 '  E  and  79o  01 ,

E  {F - ig .3 ) .  A  po r t i on  o f  t he  r i ve r :  i s  under  the  managenen t

of the National Chambal Sanctuary.

The Chambal l iver: is a deep fast r iver f loHing

from south-west to north-east. After originating from

Vindhyan Range in Madhya Pradesh the river runs through

Ra jas than .  F lon  Pa l i  (Chamba l  and  Parba t i  con f l uence )  r c

bordels Madhya Pladesh and Rajasthan and fron Rheo upto

Blrecha it  bordera }tadhya Pradesh and Uttar Pradesh. Doyn

Earecha the river f lors entj.rely through Utta! pradesh

untl l  i t  join Yamuna at Bhareh. There are a series of thlee



dans at candhl-sagar ( ltadhya

(Ra ja6 than)  and J6waha!  sagar

xo ta  (Ra jas than) .

Durin9

h igh  ex ten ts  o f

p lace .

9
Pradesh ) ,  Rana  Pra taP  sagar

(Ra jas than ) ,  and  a  ba l l age  a t

'  The avelaqe annual discharge of the lrver rs

about 4193 rdl l lon cub.ic netles f lom i ls large catchment

a rea  o f  22 '533  6q .km '  R lve !  gaog ing  i nd i ca tes  tha t  t he

'annual lun of Chanbal varles fron a mini 'mum of L450 mil l ion

cub lc  me t tes  a lu r l ng  a loug t t r  yea rs  co  10 ,900  m i lL ion  cub ic

met res  i n  good  yea rs  (S ingh ,  1959) .

water sanpl.es

r iver  a t  Barh i  wh ich  is

k m  n o r t h - e a s t  o f  G l J a l i o r

TIGTIRA RESERVOIR :

n ;nsoon  the  r i ve r  f l oods  na tu ra l l y  and

elosion and deposit ion of soi l  take

\rere col lected from the ChambaL

18 km north of Bhi.nd and about I00

(8 i9 .3 ) .

The Tighra re6ervoir is situaled about 20 km !res!

o f  GwaI i . o r  c i t y  (F ig .4 ) .  Geograph lca l l . y  rese rvo i !  i s  l oca ted

730  30 '  E  l ong i tude  and  260  12 'n  ra t i - t ude .  The  ca tchmen t

a rea  i s  414  sq .  km.  Ave lage  l a in fa l l  i n  t h l s  a lea  i s  660

nn .
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The reservoir is surrounded by hi l Is frotn three

sides. The Sank rlve! join the reservoir through a golge on

the south-western end. Fron the hiII  sl.opes about a dozen

of small nal lah has drai.n idto reservoir. In the north-ea8t

of the reservoir is a concrete masonry t. ,al1 of 1.5 km nlth

a  he lgh t  o f  24  m.

The maxinum length of the reservoir along the

6outh-west-north-eas! axis is 5.7 km and maximurfuidth is

3.8 km, the maxinun depth of the reservoir is 18 m.

The  cons t ruc t i on  o f  T igh ra  rese rvo i r  uas  s ta r ted

in  yea r  1909 ,  ac ross  the  Sank  r i ve r  by  l a te  Mahara ja  Madhav

Rao Scindhia. I t  was conpleted in the year l9I9 and was

then kno n as rr l{adav Sagar". Later. i t  is being knorn as

Tighta reservoir afte! the nane of the r ighla vi l lage.

The reselvoir was primary constructed to fulf i l

t he  wa te r  supp ly  o f  Gwa l i o r  c i t y .  On  the  o the r  hand  now

abou t  3 ,500  ac res  o f  Land  ge t  i r i i ga ted  by  th i s  rese rvo i r .

The reservo.ir is aLso used as stocking pond by Fisheries

Depaltment of Uadhya Pradesh. This reservoir is located rn

the Great Indian Bustard Sanctuary which is special ly

created to protect creat Indian Sustard j .n addit ion to

other namrnals I j .ke Chinkara, Black bucl, CheetaL, Nelgai

e t c .



ME:rrD IOIOgv

( ^ ) cRocoDrLB $EIIE€-IpTIIMII9! |

l .  I den t i f i . ca t i on  o f  c rocod i l es  was  based  on  d i l ec t

s igh t i ngs ,  f l om the  dead  an ima ls '  f r on  the  i n te rv iews  w i th

Loca l  peop le  and  f ron  the  pub l i shed  d i s t r i bu t i ona l  reco tds '

rn  o rde r  t o  d i s l i ngu i sh  be tween  the  c rocod j_ ]es  the

no rpho log i ca l  cha iac te r s  g i ven  by  sm i th  ( I 933 ) ;  s i ngh

(  I 984  )  we re  fo l l owed .

( B ) TIABITAT PREFERENCE AND POPULATION STUDIES I

1 1

Hab i ta t s  occup ied  by  the  c rocod i l es  i n  t he

t ' ladhya Pradesh rrer€ surveyed. Studies have bee[

on the habitat preference of clocodiles by

the  me thoa ls  g l ven  by  s ingh  ( I9?8 ) t  De  vos  (1982) ;

) ,

t .

Northern

- . t axen  uP

folIowtng

Rao  (  19  88

2 .  F ie ld  obse rva t i ons  f rom Sep tember  I990  to  June

1991  cons i s ted  o f  sho r t  v i s i t s  t o  t he  s tudy  a reas .



t2

(C)r ' LIUNOLGICAL SqTDIES :

To evaluate the habitat condit ions

crocodiles l innological studies ,ere carried out

diffelent {ater bodies. They ale :

of the

four

1.

2 .

3 .

4 .

f o l  l ow ing

t r  ive di

Chandpata lake, Uadhav National Park

Madhav lake, uadhav National Park

chamba l  r i ve r ,  Na t i ona l  Chanba l  sanc tua ry

T igh ia  rese rvo j . r ,  G rea t  I nd ian  Bus ta rd  sanc tua ry

The  obse lva t i od i  we re  taken  a t  regu la r  i n te rva l s

from l i tarch to June 199I. Four rrater sanples were collected

a t  d i f f e ren t  s i t es  i n  t he  s tudy  a reas  (P j .g . l  t o  4 ) .  The

superficial water samples were collected -in the Plastic

bo t t l es  du l i ng  the  fo renoon  be tween  8 .00  A .M.  to  10 .0  A .M.

' I he  fo l l ow ing  ab io t i c  componen ts  were  measured

. ' r d  de | -e rm ined  :  wa te r  co lou r ,  t r ansparency ,  t empera tu re ,

pH .  conduc t i v i t y ,  t u rb id i t y ,  so l i ds ,  d i sso l ved  oxygen ,  f ree

ca rbon  d iox ide ,  ca rbona te ,  b i ca rbona te ,  a l ka l i n i t y ,

haldness, chlorj.de, calciurl,  rnagnecium and chenical oxygen

demand.

A I I  t he  above  pa ramete rs

d i f f e ren t  me thods  sugges ted

4na  hoe l  ( r qg6 ) .

were  ana lysed  bY

in  APHA (  1985  )  and
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(D )

t .

I{ETEOROIOC I CAL PA.RAIIETERS

(E) OATA ANALYSIS

Data laere analysed

methoda.

are exprea6ed uith

s i  ze  (N )  and  range

Itateor alagical dAta

fron September 1990 to August.

fol lowing centles. (1^h1z-- s)

of the different study are.-s

1991  were  co l l ec ted  f rom the

and  e leva t i ons  were

Me te ' r o l og i ca l  S ta t i on ,  cwa l i o r  {M .P ,  ) .

Meteorological Station, National Chambal Sanctualy,

Deor i ,  Mo lena .

Cen t la l  Wa te !  Commiss ion ,  Ud i ,  (U .P .  ) .

C i v j . 1  Hosp i ta l  and  D is t .  Tahs i l ,  o f f i ce ,  Sh ivpu l i
(M .P .  ) .

Air and wate! temperatures v/ere recorded at

vari.ous t imes during each f ield days. wherever applicable

these data have been used to interprete the habita!

cond i t i ons  o f  t he  c rocod i l es .

ceo9raphicaL coordinates

ca - l cu la ted  f l om s tandard  a t l as .

one standard

extremes.

us1n9  s tandard

Thloughout the

dev iaC ion  ( sD) ,

s ta t i s t i . ca l

text means

the sarnple
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RESULTS

(I} SPECIES IDENTIFICITION

lhe Chanbal r iver rrhereas mugger occrs in the

The caocodile species identif . ied fron the

Charnbal r iver $ere charial and t{ugger. lb' ,  t@*!!rt}.

The  resu l t s  o f  t he  su rveys  i n  d i f f e re l t  s tua l y

areas shorr, that 9h;rj .aI and rnugger occur sympatf ical ly in

chandpata and Madhav lake in the Madhav National Park. The

intetvievs conducted with f ishermen at Tighra reselvoir,

revealed that once nugge! was very conrmon in the Tighra

reservoir but i ts population was very much reduced in the

recent t ime. Occasional sightings of young nugger from this

reservoir was reported. Duling this study period no mu99e!

t{as eithea sighted or reported by the f isherrnen operating

in  the  rese rvo i r .



(rr) ggll&_EElgs!:

(^, gh.gE!.I-E!s,

- The crocodile habitat in chambal r iver was

characterLaed by expansions of open sand and rocky

.3tletchea. Awo types of habitat were identif ied where

crocodiles w6re obaerved.

(1 ) At aone Places both the banks rrere sandy o! one

and other bank lras ftualdy or hald soil formed

of ravines.

bank was Eandy

by the elosion

The rive! was

bars and sand peninsulas

found basking. Mid l iver

were also present.

2  to  15  m deep .  occas iona l l y ,  sand

l| le!e plesent where gharj.al were

islands with altuvial deposits

sand was present on one bank and

ij .ver islands rdere also fortned by

covered with vegetation inctuding

4l3lpgg species.

l 2 ) At som€ places

rocks  on  o the !  bank ,  U id

rocks .  These  i s l ands  were

Tamarix d ioca ,  Acac ia  and

(Bl Chandpata lake :

Th i s  l ake  i s

Hadhav  Na t iona l  pa !k .

si. tuated at

The  Iake  has

southern bolder of the

rocky and muddy soiL
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banks r{ i th f l iging read-weed. There is less vegetatiol on

lhe bank. A huge ma6only wall  is situated on the eastern

side of the lake. A nallah from the Shivpuri torn joios the

lake in the southern bank of the lake. On the western side

of the lake there is a temple and a tourist guest house. A

forest road passes on this side of the bank. The mu99e!

bask  o ;  t he  wes te rn  bank 'o f  t he  l ake .  B ig  and  s rna l l  l ocks

{rere also plesent, half submerged in the centre of the

lake ,  on  wh ich  mugger  basks .  Ea r l i e r  t h i s  l ake  was

extensively used for irr igation and boating lecreation

p l i r poses .

(C) tladhav lake :

The habitat of nugger in the Madhav lake was

charactelLsed by deep rater pools with steep rocky banks.

The lake is surrounded bi a number of t lees and at some

places grases were also present. Sone natural and

art i f icial rocky lslands were present in the mid watels.

These islands were covered with thick growth of vegetation.

The mugger was found basking on the rocks on the banks and

on the i61and. The eastern side of the lake is bunded sith

nasonry rral l  and water from this lake is dlaun fron t l t is

side of the lake. This lake is situated about 500 n alray

from the chandpata lake. Presently, the lake and r.ts

surrounding alea ale located in the Tlger safal i  of the

Madhav National Park.
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(D) Tiqhra reaervoLr :

The mugger habitat in the Tighra reselvoir rras

characterised by deep water body and good f j .sh population.

The  tese l vo i r  i s  su r rounded  bv  h i . l l s  f rom th lee  s ides  and

the  no r th -eas t  s ide  o f  t he  rese rvo i r  i s  bunded  by  a

conc re te  maaonry  qa l l .  The  l and  a rea  nea r  the  h i I I  s i de  o f

the reservolr banks are used by mugger for basking and

nes t j . ng  pu lposeE.  F i sh ing  i n  t he  rese rvo i r  i . s  t ak ing  pLace .

A  number  o f  t ou r i s t s  v i s i t  t he  dam s i t e  requ l .a r l v .

(II I) 9:9c.gl l l9 Population :

( A )  c h a m b a l  r i v e r  :

Tr ro  spec ies  o f  c rocod i l es  were  obse rved  i n  the

Charnba l  r i ve r .  t he  popu la t i ons  o f  c rocod i l es  i n  t he  s tudy

a rea  (Ba rh i  t o  cya [pu ra ,  15  km)  were  es t i i na ted  on  the  bas i s

o f  d i rec t  s igh t i ngs ,  pub l i shed  repo r t s  and  i n te rv iews  ! . r t h

loca l s .  A  to ta l  o f  28  gha r ia l  i n  d i f f e ren t  s i ze  g roups  l re re

p resen t  i n  t he  s tudy  a rea  (Tab Ie  l ) .  On ly  one  ma le  and  3

fema les  we le  found .  The  to ta l  c l ocod i l e  popu la t i on  i n  t he

study are consisted of thirty, out of which gharj,al

con t r l buced  g rc  (N=zg)  and  the  res t  7 t  (N=2)  was  by  f t ugger
(Tab le  2 ) .  . .

In the Chambal l iver

chamba l  Sanc tua ty ) ,  a  t o ta l  o f

(300  kn  s t re t ch  o f  Na t i ona l

1473  gha r ia l  and  28  mugger
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were released aluring different years by the Uttar Pla' lesh

Fores,qrrD€pFttrnelF,, (aable 3) in addition to othe! livers in

the country.

Breeding of tharial in chambal was successful '

The nesting season of tharial was fron Iate March to tnid

np r i1 . .  dne  nes t i ng  s i t e .a t  Gyanpura  v i l l age  on  Madhdya

Pradesh  s ide  o f  t he  bank  ras  i den t i f i ed '  Th i s  nes t i ng  sL te

was locateal 365 km (approx.) doenstream of the Point where

Parvatj.  r ive!_ joins vJith chanbal r iver. rt  is an open steep

sand bank approxj-mately 1OO n 1ong. The river is deep and

noving slowly. t ' laximun depth of the r iver during sufiuner 1s

6 m and the lt idth is aPproximately 200 n' A total of t l to

nes ts  \ . r e re  l oca ted  a t  t h l s  s i t e ,  each  nes t  con ta in ing  50

and  35  e99s  (Tab le  4 ) .

(B) 9!a4gps!e_19l9 !

Muggers i tere present in the ChandPata lake' This

Iake  i s  no t  su i t ab le  fo r  t ha r ia l ' .  Reco rds  on  the  mugger

popu la t i on  i n  t h i s  l ake  a re  no t  ava i l ab le .  Many  PeoP le  vho

v rs r ted  the  Madhav  Na t iona l  Pa r l (  as  tou r i s t s  rePor ted  tha t

rn  the  pas t  f a rge  number  o f  l n lgge r  we le  seen  bask ing  on  the

banks  o f  t he  l ake .  The  es t i na ted  muqger  Popu la t i on  a t  t h i s

lake  was  8  (Tab le  2  )  .  saxena  (  i n  P ress  )  a l so  repo r ted

s rgh t i ng  o f  8  tnugger  i n  January  I988 .  The re  may  be  mo le

mugger  p resen t  i n  t he  l ake  as  a  to ta l  o f  25  nugger  we te

re l e ' ased  i n  t h i s  Lake  du r i ng  I 9?9  (Tab1e  3 ) .
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one mugger nest was located on the south-eastern

bank  o f  t he  l ake  du r ing  ha tch ing  t ime  on  l 5 th  June  L99 l

(Tab Ie  4 ) .  A  to ta l  o f  31  eoqs  e re re  found  i n  the  nes t .  On

l  T th  and  29 th  June  1991 ,  a  to ta l  o f  7  and  8  eggs  we le  .

ha tched ,  l espec t i ve l y  (Saxena  pe r .  comrnu . ) .  The  b leed ing  o f

mugger  was  obse rved  i n  th i s  l ake  du r ing  1987  when  a  nes t

was  ha tched  on  the  same bank  (o f f i ce  l eco rds ) .

( C ) i,ladhav Lake :

A total of 3 nugger were present in the Madhav

laxe  ( iaUte  2) .  one adu l t  mugger  o f  about  9 .  rn ras  found

b isk lhg  ' i i n ' i6 ' cks lon  20 ih  Fet ruary  1991.  Two more  muggers

r-eportda to bi 'young v6!b also present. Nestlng of nugger

was not'Lii' i i i iei rrori *rii ' i.xe.

(D) Tidhra reaervoir :

Data on populations of mugger in the T19n!a

reservoir vas not coLlected. It  is not knorrn whether mugge!

s t r l l .  ex i s t  l n  t he  rese rvo i r  o r  became ex t i nc t  due  to  human

activlt{es. ' . the local f lahermen, howeve!, reported that

mugger  ha tchJ . tng6  were  found  occas iona l l y  on  the

north-westein side of the reselvoir fa! away from the darn

s i t e .
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(rv) !!.I€I99:9!!II9 !89
All four water bodies namely chambal r iver

( th ree  s ta t i ons ) ,  T igh ra  rese rvo i r  ( f i ve  s ta t i ons ) ,

chandpa ta  Lake '  ( f i ve  6 ta t i o r l s )  and  I ' l adhav  l ake  ( fou r

statlons) wele surveyed fo! the Physicochemical proPerties

of the watel. such as water colour, water tenperatule,

anrbiSgE ternperatu!er water dePth, t iansParency, turbidity'

t o ta l  so l i ds .  t o ta l  d i sso l ved  so l i ds ,  t o ta l  suspended

so l i ds ,  conduc ts i v i t y ,  d i sso l ved  oxygen ,  f ree  ca rbon

d- iox ide ,  ca rbona te ,  b i ca rbona te ,  t o ta l  a l ka l i n i t y ,  pH ,

total- haralness, chl.oride, chemical oxygen demand, calciurn

and magnecium aluring sutnnel season from March toJune,1991'

The  resu l t s  o f  t he  phys i cochemica l  cha rac te r i s t j . c

of the each sltt ion in different water bodies are presented

in  tab l .es  6 '  7 ,  I  and  9 .  The  range  and  mean  va fue  w i th

s tandard  dev ia t i on  have  been  g i ven  i n  tab le  I0  -



DISCT'SSIO N

f n  I nd ia  many  r i ve l s ,  l akes  and  marshes  o f fe r  a

va l i e t y  o f  hab i ta t s  t ha t  a re  exP lo i t ed  by  th ree  spec ies  o f

c rocod i l es .  The  ea r t y  reco lds  revea l  t ha t  t hese  c rocod i l es

were  a t  one  t ime  ve ry  abundan t  t h roughou t  t he l r

d i s t r i bu t i ona t  range  (FAo ,  I 974 ) .  However ,  due  to

commerc ia l  exp lo i t a t i on  and  hab i ta t  des t rL rc t i on  the i r

popu la t i ons  wC ie  . reduced  to  nea r  ex t i nc t l on .  A  t ime fy

ac t i on  was  caken  du r ing  1975  when  Gov t .  o f  rnd ia  i n i t i a ted

a  c rocod i l e  p ro jec t  t o  save  a l I  t h ree  spec ies  o f  c rocod i l es

by  g i v ing  p ro tec t i on  to  them as  we l l  as  to  the i r  hab i ta t s

th rough  Ind j .an  w i l d l i f e  (P ro tec t i on )  Ac t ,  1912 '  bes ides  a

rehab i l i t a t i on " '  p rog ranme (Bus ta rd ,  1980) .  s j . nce  then

a t te rnp ts  have  been  made  to  eva lua te  popu la t i on  l eve l s  and

o the r  eco log i ca l  aspec ts  o f  c rocod i l es  i n  I nd ia  (De  Vos ,

1982) .  These  s tud ies  g i ve  fa i r l y  c tea r  accoun ts  on  the

behav iou r  and  popu la t i on  t rends .  E f fec t j . ve  hab l ta t

managemen t  requ i tes  de ta i l ed  i n fo r :ma t ion  abou t  how and  when

c rocod i l i ans  u t i l i ze  va r ious  hab i ta t s ,  I n fo rna t i on  on  many

dspec ts  o f  hab j . t a t  se lec t i on  and  m ic lo -hab i ta t  cond i t i on  Ln

c rocod i l e  hab i ta t s  i n  I nd j .a  i s  scan ty .  f he re fo re ,  t he re  i s

ve ry  I r ! t 1e  scope  to  compare  the  I imno log i ca l  aspec ts  o f
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crocodile habitat6 anil  drau any hard core concfusions.

Hoitever, the interlelat ionships between various Physico-

chemical paraneters of r, taters in dj.f ferent crocodlle

habitats and their usefulness in selection of habttat by

c rocod i fes  a re  v ro r th  d i scuss ions .  A t though  th i s  s tudy  i s  i n

i t s  i n i t i a l  s tages  o f  p log ress ,  resu l t s  o f  t h i s  s tudy

ind . i ca te  tha t  i t  i s  ?oss ib le  to  use  the  res \ r1 t s  o f  t h i s

s ludy  to  exa , ' n ine  the  hab i ta t  cond i t i ons  o f  t he  c rocod i l es

i n  t he  coun t r y .

Among  the  th ree  spec ies  o f  c rocod i . I es  occu r  i n

Ind ia  two  spec ies  -  gha r ia l  and  n rugge l  occu r  i n  Nor th

Ind ia -  Recen t l y ,  Rao  and  Choudhury  ( i n  p ress )  gave  a

de ta i l ed  accoun t  on  the  d i s t r i bu t i on  o f  t hese  c rocod i l es .

According to then the najoi r ivers where gharj.al and nugger

inhabit sympatl ica11y ale Chambal., Son, Ken, Yamuna,

Ramganga, Ghaghra, Girwa, Kosi and Mahanadi. Uugger occur

in  the  same loca l i t y  i n  o the r  hab i ta t s  t han  r l ve rs ,

pa r t i cu la ! l y  i n  t he  l a rge  l akes .  PoPu ta t i ons  l i v i ng  i n

different habitats l ike lakes and !.!vers respond io

different rayF to cri t ical environmentaf factors. The

qua l i t y  and  quan t i t y  o f  c r i t i ca l  resou rces  i { j . t h in  hab i ta t

d i f f e ! .  c l i t i ca l  hab i ta t s  i nc ludes  phys i ca l  f ea tu res ,  such

as water aval1abj. l i ty and Protection fron extreme

tempera tu les  and  b io t i c  f ac to r : s ,  such  as  food  ava i l ab i l i t y ,
, a t 6  l ! . L d a a 1 3

pro tec t i on  and  i n te rac t i on t  i r i t h  conspec i f i c ' ,  ( Lan9 ,  1987) .



In the Present study anong the three habitats the Chambal

l iver is the mo6t auccessful crocodife habitat palt icularly

for the ghallaL. Large rivers are the major habitats for G.

qanqeticus, where as large rivers and lakes are normall.y

the  hab i ta t s  f o r  g .  pa lus t r i s  (FAo ,  19?4) .  Fa i r l y  good

popu la t i ons  o f l nugge !  a re  p resen t  i n  d j . f f e ren t  s ta tes ,

Pa r t i cu la ! I y  i n  t he  p ro tec ted  a reas  bu t  t he  gha r ia l  i s

found only in the plotected areas. Lalge number of gharial

a!e plesent in the l iver where the mugger population j .s

su rPr i s ing l y  l ow  (Rao  and  Choudhury ,  i n  p ress ) .  Un l i ke

tha r ia l  k ' h i ch  i s  t h r i v i ng  we l l  r n  a l l  1 t s  range ,  t he  l ov ,

dens i t y  and  l ow  rec ru i t rnenc  o f  mugger  i n  t he  Nor the rn

Ind ian  r i ve r  sugges ts  tha t  t hey  a re  no t  ad tp tab le  to  deep

and  fas t  f t ou ing  H ima layan  fed  r i ve rs .  W i th  a  d i ve rse

hab i ta l  and  d ie ta ry  p re fe rence ,  un l i ke  gha r ia l  wh j . ch  . i s

exc lus i ve l y  f i sh  ea te r  and  seems  to  be  se lec t i ve  to  deep

fas t  f l ow ing  r i ve rs ,  t he  more  adap tab le  mugge !  somehow

tends  !o  fa i l  i n  co rnpe t i t i on  w i th  gha r ia l  i n  synpa t r i ca l l y

d i s t r i bu ted  a rea .  The  p resen t  s tudy  i nd i ca ted  tha t  mugger

occu r  i n  a1 l  t h ree  t ypes  o f  hab i ta t s ,  however ,  gha t i a l  i s

p resen t  on l y  i n  t he  ! . i ve r i ne  hab i ta t s .  The  mu99e !  seems  Co

De a  ha ldy  spec ies  adop t ing  fo r  d i f f e ren t  hab i ta t s .  I n  a

smalI water ,!ody l ike l4adhav ]ake (40 hectales) the mugger

i s  adop ted  fo r  success fu l  l i v i nq .

The LocaL dist! i .bution of

aqua t i c  hab i ta t  i s  a f fec ted  due

c rocod i l es  w i . t h in  the

to  d i f f e ren t  seasons
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(s ingh ,  I 978 ;  wh i take r  and  Basu ,  1983 ;  Bao ,  1988) .  t t r  s@e

parts of the situtheln Phil ipine isl.and of Uindarlao, rhele

rainfal l  Ie bvenly dl6tr ibuted throughout the year and
'  i : .

foreat cover is 6tt l l  good, l ivela do not dry up or f lood

and the concentlat lon of clocodil ian6 in pools ls not

evialent at any t ime of the year. Houever, dry season tend

to concentrate to l ivel ine populations in r iver pools. In

softe legions of South America, cainan can be confined to

river pools for 4-5 months of the year unti l  f loods retutn

in  the  we t  season  (A l ca la  and  Dy -L iacco ,  1989) .  I n  t he

prcsent study it  is observed that in the Chanbal r iver

during srirnmer""lo!, water Ievet makes the habitat into small

segments by the appearance of fords and sand peninsulas.

The crocodiles lestr icted into the deep pools in betlreen

the rive! segments. At Jawai reservoir in Rajasthan when

the river i{as dl ied up due to dlought condit ions alound {O

muggers in the rivet confined to the wat€r pool of 10

hectares nea! the dan (Choudhury and Rao, 1988). Around 200

mugger at Hiran lake in ci!  forest of Gujarat also confided

to a srnall  pool (50-60 acres) of pate! and aLso l ieed in

caves during drought condit ions in 1985 (choudhury and Rao,

1988). The weather condit ions at the present study areag

are  mos t  su i tab l .e  fo !  muggers . -  A l though  the  wa te r  l eve l

decreases considerably at Tighla leaervoir and in both the

Iakes in the t4adhav National park, there is st i lL

suff ici.ent uater for the ex.istence of nusqer. The nater
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condit ions duling suluner in different study areas indicated

that a good mu99e! population can l ive in theae uater

bodies. In addit ion to the wate!-spread area the land area

away  f rom the  wa te ! - l i . ne  i s  mos t  su i t ab le  i n  a l l  t he  s tudy

a reas  fo r  mugger  fo r  bask ing ,  nes t i ng  and  bu r low ing

purposes .  The  s t i l l  wa te rs  o f  t he  Iakes  and  a l so  the  wa te rs

in regervoi.rs offer crocodiLians a habitat that is r ich in

food organisms. The edges of lakes and marshes are

favou r i t e  haun ts  o f  mugger ,  s i ncc  thcy  re lay  on  bo th  waCe!

and  l and  fo r  t he i r  ac t j . v i t i es .  I n  compar ing  to  the  uPper

reaches  o f  t he  r i ve r  r rhe re  the  wa te r  i s  coo le r ,  f as t

f l ov ing  and  usua l l y  c tea r  s i l t ,  che  wa te rs  a re  re la t i ve l y

warmer  i n  t he  l ower  reaches  o f ' t he  l i ve r  w i th  p l . en ty  o f

plant and anlmal l i fe. The lower reaches of the l ivel

suppo!ts a laige population of crocodiles (AIcala and

Dy-L iaccd ,  1989) .  The  l resen t  s tudy  revea led  tha t  good

popu la t i on  o f -6o th  gha r ia l  and  mugger  occn !  i n  t he  ! i ve r i an

hab i ta t ,  r rhe le  as  the  l akes  and  rese l vo i r s  a le  mos t

su i tab le  fo r  rnugger  c rocod i l i dn .

Huran - beings inleract rr ' i th crocodil ians,

di lectly or indi lectly, they too are part of the habitat

and have. ,qm9rged in nany parts of the lrorJ.d as the

crocodil iana najo! competito! for space and other

resou lces .  The  hunan  ac t i v i t i es  have  an  adve rse  impac t  on

the  c rocod i l . es  and  the j . i  bab i l a t s  (Rao ,  1997) .  I n  Ene
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present:s€Lair i t  ls observed that sotne i11e9a1 actj .vj, t ies

l i t ici ' : f tchi irg,,tbg;iculture and sand nining by huflan have

adver6e lmpact on the crocodiles. Although al l  the study

sites are' plesent in the protected areas, the human

actj.vit ies ale st i1l continuing. This causes aLanning

situation for the existence of crocodiles in these areas.

I n  t he  f r esh  wa te r  hab i t a t s  va r i ous  phys i ca l  and

chemica l  pa ra f l e te r s  o f  wa te r  have  i  n  t  e  r  r  e  I  a  t  i  o  n  s  h  i  p  s

wh j ch  have  a  cumu la t i ve  e f f ec t  upon  t he  g ro t , t h  o f

p l ank ton  and  o the r  aqua t i c  o rgan j sm.  The  phys i ca l

pa rane te r s  s tud ied  i n  d i f f e ren t  hab i t a t  t ypes  i nd j ca te  a

good  p lank ton i c  p roduc t i on  i n  t hese  wa te r  bod jes .  The

Chamba l  | i ve r  expe t i ! r . . a  s i qn i f j can t  change  i n  t he  l , va te r

f l ow  du r i ng  d i f f e ren t  seasons .  Th j s  change  i n  wa te r  f l ow

j s  pe rhaps  mos t  su i t ab le  f o r  gha r i a l  t o  f u l f i l  j t s

b i o l og i ca l  needs .  The  o the r  ! va te r  bod ies  i n  t he  p resen t

s tudy  a re  l en t i c  wa te r  bod ies  and  a re  su j t ab le  f o r

mugge r -  Tenpe rau re  j s  bas i ca l l y  impo r tan t  f o r  i t s  e f f ec t

on  mos t  o f  t he  b i ochem ica l  and  phys io l og i ca l  r eac t i ons

tak ing  p l ace  i n  t he  o rgan i sm i nhab i t i ng  aqua t i c  r ned ia

(Lang ,  l 987 ) .  The  wa te r  t empe ra tu re  i n  d i f f e ren t

hab i t a t s  j n  t h i s  l oca l i t y  changes  du r i ng  d i f f e ren t

seasons  wh j ch  has  a  ro l e  on  C rocod i l i an  behav iou rs .  The

hab i t a t s  a r . e  qu i t e  su i t ab le  f o r  C rocod i l es  f o r  bask jng

and  res t i ng  ac t i v j t i e s .  I n  Ch . imba l  r i ve r  t he  C rocod i l es



2'7

j nhab i t  i n  d j f f e ren t  dep ths .  The  deep  poo l s  a re  su i t ab le

fo r  adu l t s  f o r  b reed ing  and  sha l l ow  wa te r  f o r  bo th  adu l t s

and  young  t o  ge t  f ood  eas i l y .  The  pH  measu red  i n

d i f f e ren t  wa te r  bod ies  i nd i ca ted  t he  a l ka l i ne  na tu re  o f

t he  wa te r ,  The  chem ica l  pa rame te rs  such  as  d i sso l ved

oxygen ,  f r ee  ca rbond iox ide ,  C0D,  conduc t i v l t y ,  d i sso l ved

so l i ds ,  j n  d i f f e ren t  wa te r  bod ies  unde r  s tudy  i nd i ca te

the  wa te r  qua l i t y  s t anda rds  whe re  c rocod i l es  i nhab i t .

These  measu res  cnn  be  t aken  as  a  base l  i ne  da ta  f o r

ass . t  i ng  t he  wa te r  qua  I  i t y  o f  o the r  a reas  i n  t he  coun t r y

whe re  c rocod l l es  a fe  p roposed  t o  r ehab i l i t a t e .

The  l imno lo9 j . ca l  cha rac te r i s t i cs  o f  d l f f e ren t

wa te !  bod i€s  d i scussed  above  va r ies  i n  d i f f e ren t  seasons .

?he 6easonality plevailed in the diffelent study areas due

to nonsoon cl inate and three clear cut seasons g!3. sunrner,

wrnter and rai-n6 had profound inf luence on the microhabitat

condit ions of tbe clocodiles. Thj.s study suggests that

there 1€ an ecological reLationship between the

Linnologlcal chalacterist ica of the babitat and the
crocodil lanb that occurs there.

A fer.r guidelines for effective crocodile
rehabtl i tat lgn in the study areas emelge out of rne
discussions. The rdaters in rhe study aleas need to be
nonitoted for aaae6sment of their quatity. A tholough check
shouLd be made not to release any domJpic as well as
industrial eff luents into these areas. Th€le is an urgent
need tor effecti ie nonj.torrng prograrnne fo! the leleased
c rocod i l es .
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' I .rblc I. Numbcr

( aarhi

o f  t ha r  i a l
- Gyanpura

i n  thc  charnba l  r i ver  (1990-1991)
-  l5  kn)

Slze  (  rnc  t ! es  ) Number

Be lo ! ,  f  . 5

1 .5  -  2 .1

Above  2 .7  -

Above  2 .?  -

l l

l l

f ema  L  es

ma les

'l'(] L.1I 2A



Tab le  2 . Number of crocodiles in the stualy areas
(  1  990-1991 )
( l la lchl inq1l w(!ro not countcd )

Study  a reas char i . a l Mugger

Chan lba l  r i ve r

Chandpa ta  Lake

Madhav  l ake

T igh ra  rese rvo i r

2B 2

3

0



lable 3. Number of crocodlles relea6ed the study areas.1n

Aaea Year Year Mu9ger

I 9?9 -1991Charnbal r iver
(400  km)

Chandpa ta  l akc

Uadhav  l ake

Tighra reservoir

r4?3 1 .984

1979

28



T a b l e  4 . Nutnber of crocodlle ne6ts

(  1990 -1991 )  .

Ln the s.tudy areaa

Area Number of nests

chanbaL  r i ve r  (  Gyanpura  )

Chandpa ta  Lake

Madhav  l ake

n i  / ' h  r :  : a c a r r ' ^ i  r

2  (Ghar ia l  )

L  (  Mug9er  )

0

0
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lable 6. Physico-cheoicaL characteriallca of laater
rlver.

ln the charbal

Station-I Statlgn-I I S ta t l on - I I I

llater colou!

later tenpelatuli oc

Anbient temperature oc

fiater deplh cn

Ttansparcncy cfir

Turbidlty Jl 'U

To ta l  so l i ds  mq . l  -

Total sust)ended sol ids

lotal dissolved solids

Conductivity

DissoLved oxygcn

lree carbon al ioxide

Carbonate

Blcarbonate

total al.kal inity

Pll

Total hardness

chloride

Chenical oxygen dcnand

calcium

l{agneaiun

mg.  r  -

m9 .1  -

tnicros

n9 .1  -

- l
m9.  r  -

- 1

tng . l  _

nq . l  _

.  - l
nq . r

m9 '1  -

m9 .  r

m9 .1  -

- l
nq. r  -

Transparetrt
9recn

34

4 I

r02

44

t2

980

560

420

t94
'  

6 .08

Ni.I

r68

194

u.. ,

114

54 ,98

30 .  46

T!ansparenL
green

44

8

840

{40

{00

394

t . r ,

Ni I

178

I?8

8 ,3

41

30 .46

21 .94

Tranaparent
9re9n

' 34.

43

4 l

880

440

d{0

6  .48

N1l

I84

r92

8 .7

.  r78

50 .9E

32 .86

23 .4 !

Not olrsc rvcd.
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Abstract

s ix ty  years  ago,  c rocod i l ians  were  60  connon fo r

Tha i  pep le  uho l i ved  near  by  va ter . ;  r i ver '  cana l '  snanp '

c reek ,  eo tuar ine  and l re t land.  But  non they  qu i te  ex t inc ted

f ron  the  r i ld  bu t  p resen i  on ly  in  capt iv i t ies '  c rocod i le

fa rgs .

To br ing  back  and re l tu rn  c rocod i les  in  to  the i r

p rev ious  hab i ta t  i s  an  iDpor tan t  I 'ay  o f  c rocod i  1e

conserva t ion  wh ich  are  fu l l y  suppor t  by  c rocod i le  fa rners

and governnent .  Then res tora t ion  o f  w i ld  s tock  can be

es tab l i shed.  i leanwhi le  t rade in  c rocod i le  have to  be

cont , ro led  6 t r i ck ly  by  governhent  and non governnent  o rgan i -

za t ion  accord ing  to  na t iona l  and in te rna t io I ra l  regu la t ions

and I ar'6.

App l ica t ion  o f  nodern  techno logy  in  c rocod i le

propagat ion  is  a  b ig  change in  c roco i l i l e  fa rn ing  in

Tha i land to  be  a  center  fo r  conserva t ion '  nanageEent  a [ ' l

fa rE ing  o f  c rocod i les  in  south-eas t  As ia .



Irtroductioo

Tha i land i6  loca ted  in  the  n idd le  o f  na in land

south-eas t  As ia  be tneen 20 '  40 '  6 : r rd  5 '  40 '  nor th  Ie t i tude

and be t ! ,een 97-  3o 'a l |d  105 '  45 'eas t  long i tude.  I t  i s  borde ied

in  the  nor th  and ues t  by  MyaI t [a r  (BurDa) ,  in  ihe  eas t  by  Laos

and cenboalia (Kanpuchea) and the south bv l ' talsysia al the end

of peninsular nhich has Andanan Sea in the uest alld the GuIf

o f  s ia .n  in  the  eas t .

the  to ta l  a rea  o f  Tha i land is  542,373 Sq.  K i lone-

t res  (  209 ,410  Sq .  u i les ) .

In  1990,  the  popu la t ion  o f  Tha i land l th ich  predon in-

a l l y  Th8. i  i s  55 .?  n i l l i on  u i th  an  average drowth  ra te  o f

1 .5*  per  yeat '  (  1982-  1989 )  .

La [d  u t i l i za t ion  can be  c lass i f ied  as  ;  28 .0*  For -

es t  1and,  46 .1*  Farn  Ho ld ing  laod and 25 .9r  Unc lass i f ied

land.  (svanp 1and,  san i ta ry  D i6 t r i c t  a iea '  l lun ic ipa l  a rea '

Ra i l  road6,  H igh teys ,  Pub l ic  a rea) .

l l ' e t land  in  Tha i tand,  espec ia l l v  those h is to r ica l

fo r  c rocod i l ians  hab l ta ts  cou ld  be  ident i f ied  in  bo th  t ida l

and lontidal. Those laior wetlands are Bung borapet fresh

water reservoir in Nokornsauan Province the triddle part' Pa

Phru, a welland itr Narathiltat Province, soutb-testern part

o f  Tha i land and e tc .



nonsoo l l s ,

Tha i land has  s .  L rop ica l  c l ina te  don i [a ted  by  the

I I I  Dos t  reg ions  there  are  four  d is t inc t  seasons:

The dry season, January - February

The hot season, l larch - l{ay

The ra iny  season,  Ju [e  -  October

The coo l  seaso[ ,  Novebber  -  Decenbe l

Norna l l y ,  average annua l  tenpera ture  o f  Tha i land

( range  23 .7 -32 .5 )  and  the  average  re la t i ve  hue id i t y

(  raDge 66.  0 -8  2 .  8 r  )  .

i s  27 .6 -C

i s  7  4 .4 *



crocodil ians in Thai latrd

There  se re  3  c rocod i l i an  spec ies  eve r  k I l oun  to  be

occu red  i n  Tha i l aDd  as  repo r ted  by  Tay lo r  (1970) .

1)  S ianese Freshwater  Crocod i  le ,

c rocody lus  s ianens ls  ,  schne ider  1801,

Loca l  nane is  Jara-Kae-Nun-chu ed .

2)  sa l twater  c rocod i le ,  c rocody lus  porosus ,

schne ider  1801.

Loca l  nane is  Jara-Kae-Nun-Ken.

3)  l ta layan Fa lse  Ghar ia l ,  Ton is tona sch lege11 i ,

S .  Mu I  l e r  18  38 .

Loca l  na [e  i s  Takong.

Tay lo r  (19?0)  sa id  tha t  i t  has  long been presuned

that g-:jglgqll ig nas present in Thailand since it is known

in  Burma and in  the  southern  par t  o f  the  Malay  Pen insu la .

However ,  sn i th  (  1919a)  co l rc luded tha t  a f te r  exan ined a

la rge  lunber  o f  c rocod i les  f roo  var ious  par ts  o f  Tha i land,

!o 9j_pg]!44g ever f ound anyr.rhere in thi6 country.

Until [otr, no lepolt on any evidence of g=-pg]g€jl ig

ever  repor ted  in  Tha i  land .



status of crocodil iatrs in Thailaad

( I )  S ianese Freshra ter  Crocod i le  (C.s ia rens is )  vere

o ide ly  d is t r ibu ted  in  the  low a l t i tude  r . re t lands  o f  cen t ra l

and eas tern  Tha i land,  They  a l l  be l ieve  tha t  th is  spec ies

was ex t inc ted  f rom Tha i land because o f  overhunt ing  and

hab i ta t  des t ruc t ion .  The las l  spec inen r ras  co l lec ted  f ron

Bung borapet  f reshxater  reservo i r ,  cen t ra l  par t  o f  Tha i land

in  1971  (F IG.1 ) .

In  a  coup le  o f  years  ago,  there  were  nany  occur ra-

nces  o f  C .s ianens is  in  lhe  w i ld  u i th  sooe  ev idences .  P ieces

of  c rocod i le  sk in  were  co l lec ted  a f te r  bonb ing  by  f i sher rnan

in  a  c reek  a t  Yod-Done,  adu l t  c rocod i le  was k i l led  in  Pang

Seda and sku l1  xas  co l lec ted .  (F IG.2)  The la tes t  in fo rna t , ion

was foo t  inpr in ts  and c la rd jng  t rac t  were  observed in  sanan

cha i  KaLe.

S ta tus  o f  C .s ianens is  ca tegor i zed  by  IUCN (1971) i s

qu i te  ra re ,  approach ing  ex t inc t  1n  the  w i ld ,  lUcN Red L is t

(1990) i s  Bndangered ,  C ITES (19?9)  i s  in  Append ix  I  and  USFWS

(1980)  i6  Endangered.  Pr inc ip le  th rea ts  a re  i l l ega l  and

overhu l t ing  o i th  hab i ta t  des l ruc t  i  on .

( I I )  Sa l tna ter  Crocod i le  (C.porosus)  These an ioa ls  used

to  be  found in  es tu&r ine  and coas ta l  water  ad jo in ing  the  And-

anar r  sea  and the  cu l f  o f  S ian  such as  Sura t than i ,  Choooporn

prov ince  ar td  Taru  Tao is land.  (F IG.3)  The la6 t  repor t  uas  in

198?,  young c rocod i les  nere  observed 1n  Pa Pru  southern

pait of Thai land ( FI o. 4 ) .



Sta tus  o f  c .porosus  ca tegor ized  by  IUcN (1971)  i s

a loos t  ex t lnc t  in  the  w i ld  in  Tha i land,  IUCN Red Data  gook

(1979)  i s  Vu lnerab le ,  g rea t ly  reduced in  nunbers  th roughout

i ta  range,  CITES (1979)  i s  in  Append ix  I  and USFWS (1980a)

is  Endangered.  Pr inc ip le  th rea ts  a re  i l l ega l  and overhunt ing

r i th  hab i ta t  des t ruc t ion .

( I I I )  I ta layan Fa lse  char ia l  (Tor is to ra  sch leg l l i ) .

T .  sch leE l l i  fo rner ly  occured in  southern  Tha i land.

in  Perak  r i ver  c lose  to  the  souLhern  border  o f  Tha i land

(Tay lo r  1970) .Ton is tona i6  one o f  the  nos t  endangered o f  the

wor ld 's  c rocod i l ians .L i t l te  i s  known about  the i r  b io logy  and

eco loEy.  In  1979,  IUCN repor ted  tha t  a  fev  ind iv idua ls  nay

s t i I I  ex is t  i [  the  Sura t ihan i  p rov ince .  Pa pru  was a lso

repor led  to  have Too is tooa (F IG.5)

s ta lus  o f  T .schege l l i  in  Tha i land ca tegor ized  by

IUCN (1971)  i s  a lnos t  ex t inc t  i n  the  L . i l d  in  Tha i land ,  IUCN

Red l i6 t  1990 is  Endangered,  CITES (19?9)  i s  in  Append ix  I

and USFI , IS  (1980a) is  Endangered.  Pr inc ip le  th rea t6  i s  ha t l i taL

des t ruc t  i  on .



Legislation

Tha i la l ld  had "1{ i ld  An imal  Reserva t ion  &nd Pro tec-

t ion  Ac t  B .E.2503"s ince  1960.  I t  was  the  f i rs t  la l l  concerned

to  w i ld l i fe  in  Tha i land under  au thor iza t ion  o f  Roya l  Foreo i ry

Depar tnent ,  M in is t ry  o f  Agr icu l tu re  and coopera t ives .  By

th is  law on ly  T .scheqe l l i  was  pro tec ted  and th is  law d id

not  inc lude w i ld  spec ies  lh ich  uere  no t  endeo ic  in  Tha i land.

Then c ITEs reEu la t io l l s  a l rd  agreenents  cou ld  no t  be  inp le -

nented  e f f i c ien t ly  eventhough Tha i land is  a  nenber  o f

CITES.  In  1992,  the  l rev  "w i ld  An ina l  Reserva t ion  and

Pro tec t ion  Ac t  B .E.2535"  ! la .s  dec la i red .  Th is  lan , the  present

law,  has  Dore  advan lages  than the  prev ious  one in  oany  oa io r

aapec ls  a I ld  the  nos l  inpor lan t  one is  to  f i t  and  serve  fo r

in te rna t iona l  w i ld l i fe  t rade accord ing  to  ru les  and regu la -

t ion  o f  c  ITES.

Act ion  o f  governoent  o f f i cers  in  o rder  to  co [serve

! , r i ldL i fe  a re  nore  s t ronEer  and power fu l  than be fore .  Nunbe is

o f  i l l ega l  t rade o f  s i ld l i fe  a re  decreased day  by  day .

c.porosrs and !:€j3494g!9 are Eoing to be in the

l i s t  o f  l f i l d  An ina ]  Reserva t ion  and Pro tec t ion  Ac l  8 .E .2535

u lder  cont ro l led  o f  Roy&]  Fores t ry  Depar t [en t .  These 2  spec ies

are  a l ready  p io tec ted  in  "F ishery  Ac t "  fo r  nany  years  ago bu t

never  ge t  in  Lo  ac t ion .

At  th is  oonent  Roya l  Fores t ry  Deper tnent  s i i l l

con t ro l  ibpor t  and expor t  pern i t  o f  c rocod i l ians  and bo th

"sc ien t i f i c  and l l snaEeDent  Author i t ies  "a re  under  au thor iza-

t ion  o f  "Head o f  H i ld l i fe  conserva t ion  D iv is ion"



FarriDg

crocod i le  fa rn ing  in  Tha i land ha6 been s ta r ted ,

s ince  193?.  The f i rs t  cap t , i ve  b reed ing  and ra is i t rg  o f  c roco-

d i le  were  a t tenpted  ln  Bung borapet  l ' h ich  is  wate l  reservo i r

w iLh  p le l l l y  o f  I . l i l d  c .s isnens is .  Egg were  co l lec ted  and

incubated  in  sen i -na tura l  way .  A f te r  the  eggs  ha tched,  ha tch-

ing  were  so ld  ou t  o l  the i r  fa rn .  sone sna l l  fa rns  s ta r t ing

l t i th  one or  two pa i rs  o f  b reeder  and they  harves t  1  to  2

c lu tches  o f  ha tch l ings  every  year .

Noo the operations are expanding i l l  nally areas of

Tha i land and 4  na jo r  types  o f  c rocod i le  fa rn ing  in  Tha i land

cou ld  be  c lass i f ied  accoroa l ing  Lo  purpose o f  the i r  fa ro  in to : -

1 .  Backyard  fa rn ing  :  Ch icken and p ig  fa r re r  keep

crocod i les  in  o rder  to  e l in ina te  carcasses  f ron  Lhe i r  o rn

fa ro .  They  usua l ly  have a  sna l l  nunber  o f  c rocod i les  ra ise

io  soc ia l  pond.  l {hen these an i [a16 grown up or  too  c rowded,

they  t ' i l l  be  so ld  to  c rocod i le  dea le rs .

2 .  Sna l l  Breeder  ;  Sooe fa rmers  keep a  fe r , r  pa i rs

o f  c rocod i le  fo r  b reed ing  purpose on ly .  They  w i l t  se l t

ha tch l ings  ou t  f ron  the i r  fa rB every  year .  c rocod i les  n i l l

be  ra ised  in  a  pa i r  b reed ing  pen or  sna l l  soc ia l  po [d .  Egg6

uere  incubated  in  a  seo i -na tura l  techn ique bu t  very  f ru i t fu l ,

h iEh fe r t i l i t y  and serv iva l  ra te .

3 .  coopera t ive  type  ;  Sone breeders  and fa roers  a re

fo rn ing  a  g roup wh ich  breeders  supp ly  ha tch l ings  to  nen-

bers  o f  the i r  g roup fo r  ra is ing  un t i l  reach ing  a  des i reab le



s ize .  these an ina ls  w i l I  be  bought  back  ty  the  or ig ina l

b reeders .  Then c rocod i les  u i11  go  to  s laugther  house or

anoLher farns r. 'ho l, lant to keep lhen as breeder or etc.

4 .  conp le te  cyc le  l ype  ;  The indus t r ia l  Lype or

conp le te  l ine  o f  bus iness .  Th is  Lype o f  fa ro  can suppor t

thense l f  by  p roduc ing  the i r  own hatch l ings ,  ra is ing ,  un t i l

f in ished produc ts  and expor t .

In  Decenber  1992,  F ishery  depar tnent ,  M in i6 t ry  o f

Agr icu l tu re  andcoopera t ives  conducted  c rocod i le  fa rn ing

survey  in  Tha i la [d .  They  c lass i f ied  these fa rns  io to  3

groups  accord ing  to  b reed ing  e f f i c iency  as  fo l lo l led : -

1) 9g!Ul9_}I99gj!C ; hatchlins c8D be produced

by the i r  oun breedero .

2) !9-]_IS9!!!C ; buyins froo nany crocodile

breed inE fa rns  (1 )  and poo led  together .

3)@;

produc ing  and buy ing  (1  a  2 ) .

I



Type Nunber

o f  fa ros

Nunber

o f  c rocod i  les

1 .  cap t ive  breed ing

2 .  co l  l ec t ing

3.  Capt ive  breed ing

& co l  l ec t ing

14

145

27

Tot  a l 186 52 ,902

Nuober  o f  fa r | l s  and c rocod i les  a re  shon[  in  tab le  1 .

Tab le  1

Nunber  o f  p rov inces  those c rocod i le  fa rn ing  are

opera ted  as  shown in  tab le  2 .

Tab le  2

Part of Thai land. Nu[ber of prov inces

r . ' i th  c rocod i le  fa rn  i [g

Cen l ra l

Nor th

North Easlerl!

Eas tern

sout  h

4

3

2

Tota l 30

Dis t r ibu t ion  o f

FIGUR,E 6.

c rocod i le  fa r [s  in  Tha i la t rd  i s

6hown in

10



c rocod i le  fa rD inE a rea  i s  a tou t  2 '000  Ra i (626  Ra i=

1sq .KU)  vh ich  i s  equa l  Lo  3 .2  Sq .Kn .  o r  o .oo058  percen t  o f

coun l ry  a rea .

The va lue  o f  o r | l y  c rocod i les  i s  nore  than 1 '200

b i l l i on  Bah t  o !  a tound  50  D i l l i on  U .S .  Do1 la rs .

Anong the  s t rong cur ren t  o f  conserva t ion  a I I  over

the  ro r ld ,  c rocod i le  conserva t ion  is  one o f  the  nos t  inpor -

tan t  and h igh l ieh t  p rograDoe in  Tha i land.  Gather ing  o f

peop le  who have the  sane in te res t  f ron  nany  f ie lds  such as

crocod i le  fa roer ,  researcher ,  sc ien t is t ,  conserva t ion is t  and

governnent  o f f i cers ,  then a  core  body  fo r  co [serva t ion  and

nanagenent  o f  c rocod i le  bo th  in  the  v i ld  and in  capt iv i t y

sas  fo rnea l .  Crocod i le  l tanagenen l  Assoc ia t ion  o f  Tha i land

(c ! {AT)  nas  fo rner ly  es tab l i shed in  ear lv  1991.

c l tAT p lays  an  inpor tan l  ro le  in  c rocod i le  conserva-

tion and nanageoe[t in Thailanal for exanples; cl ' tAT conducted

pre l in i ra ry  sc ien t i f i c  survey  o t r  l t i l a t  c rocod i l ians  in  Tha i -

land,  survey  on  s rocod i le  fa ro ing  s ta tus  in  caobod ia '

t ra in ing  and sen inar  on  c rocod i le  fa rn ing  fo r  Tha i  c rocod i le

fa rners  and e tc .

s ince  1990 c rocod i le  fa rn ing  i [  Tha i land is  g rou ing

very  fas t .  No l l  there  are  5  ne l r  fa rns  those recogn ized t ty  c ITEs

a6 reg is te red  capt ive  breed ing  opera t ion ;

1 .  Sr i racha c rocod i le  fa rn

2 .  Nong Ya i  c rocod i le  fa rn

3 .  saDphran c rocod i le  fa in

4 .  wasan c rocod i le  fa rn

1 I



5.  pa t  taya  c rocod i le  fa rD

Inc lud ing  SaDutprakarn  c rocod i le  fa ro ,  6  CITES

reg is te red  c rocod i le  fa rDs are  in  Tha i land. .

l2



Regulation of Trade

In  the  pas t '  consuopt ion  o f  c rocod i le  p roduc ts

r i th  in  Tha i land has  no  regu la t ion  to  cont ro l  th is  bus iness '

c rocod i le  sk in ,  p roduc ts  and ha tch l ings  can be  so ld  f ree ly '

A f te r  the  inp lementa l ion  o f  { i ld l i fe  Reserva t ion

and Pro tecL ion  Ac t  B .B.  2535,  a1 l  c rocod i l ian  fa r in ing  and '

the i r  p roduc ts  eus i ,  be  reg is te red  and under  cont ro l led  bv

governdent  au thor i l ies  fo l low ing  the  regu la t ions  wh ich  are

nor  in  cor rec i ing  processes  a t  the  1as  depar tnent '  These

regu la t ions  supposed to  inocu la te  soon '

In te rna t iona l  t rade as  ve l l  as  in te rna l  t rade

must ,  be  s t r i c t l y  con t ro l led  under  the  sane regu la t ions  and

ru les  wh ich  cor response ana l  serve  c ITEs regu la t ions '

A l l  cap t ive  c rocod i les  end fa re ings  must  reg is te red

the i r  an ina ls ;  nuDber ,  source ,  h is to ry  and  iden l i f i ca t ion  to

govern [en t  au thor i t ies  to  app ly  fo r  fa rn inE pern iss ion '  l . /hen

ever  Lhey  are  pern iLed,  the i r  fa rns  can be  checked the  s tock

any t ine  the  au thor ized  o f f i cer  neea led  and they  a lso  have to

repor t  on  cur ren t  s taLus  o f  c rocod i les  in  t le i "  fa rns

per  i  od ica l  l y  .

Any  noveoent  o f  c rocod i l ians  f ron  p lace  to  p lace

nus l  be  in fo roed to  governnent  au thor i ty '

c rAT ass is t  government  au thor i ty  by  p roduc ing

s tandard  record  keep iog  sys teB to  c rocod i le  fa r [e rs  and use

the i r  da la  base to  s to re  and back  up  in fo rna l ions  t 'o  govern-

nent  au thor i ty .  Ident i f i ca t ion  and tagg ing  are  a lso  p iov ided

{
'l
,|
I
t

i
:
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to  the  fa roers  th rouEh CHAT.  For  exanp le  p las t i c  sk in  tags

are  ava i lab le  and e l l  records  w i l l  be  kept  in  c } lAT and

t rans fered  to  governnent  au thor iLy  v ia  conputer  ne t i . ' o rk .

Then inventory  and s tock  o f  l i ve  c rocod i les  inc lud ing  sk ins

and the i r  p roduc ts  in  each reg is te red  fa rn  cou ld  be  c ross

checked.  Record ing  fo rna ts  a re  sho l ln  in  Append ix  I .

14



Irports & UanufacturiDg

Tha i land inpor ted  I i ve  c rocod i les ,  C.s ianens is

f ron  Canbod ia  a round 3 ,000-5 ,000 ha tch l ings  a  year .  Those

batch l ings  came f ron  sna l l  cap t ive  breed ing  fa rns  and b ig

fa rDs th rouEh Tba i -canbod ian  l ro rder  wh ich  is  too  long (803

Kn. )  fo r  governDent  o l f i cers  to  cont ro l  i l l ega l  t r .ade.

By  th is  year ,  1993,  due to  po l i t i ca l  s i lu&t io t l  i t l

canbod ia  and decrease o f  uor ld  e rocod i l ians  pr ice ,  denand ing

of  Canbod ian  c rocod i les  i s  qu i te  lo ! '  then  nuober  o f

an iDa ls  cane to  Tha i land is  lesser  than be fore .

} los t  o f  the  c rocod. i le  fa rDers  recogn ized tha t

i l l ega l  c rocod i les  a re  p roh ib i ted ,  they  can Dot  leg is te red

to  governnent  auLhoa i ty  because these c rocod i le6  have Do

docunents  and or ig in .  Th is  i s  due to  "Pub l ic  Re la t ion

Act iv i t ies"  o f  C t tAT tha t  f requent ly  in fo rned the  fa rners

th rough nass  ned ia ;  te lev is ion  neuspaper  lec tu re  and seo inar

to  corcer !  and avo id ing  o f  tho6e i l lega l  an ina ls  wh ich  can

dest roy  c rocod i le  indus t ry  in  Tha i land.

Crocod i le  sk in  consuopt ion  in  Tha i land cane f ron

loca l  6k in ,  nosL ly  c .s ianens is  tha t  d ied  in  the  fa rns ,  a

feu  ob ta ined f roo  s laughter ing .  Ma jor i t y  o f  c rocod i le

sk ins  uere  Ca iDan sk in  wh ich  l |e re  bo th  lega l  a l td  i l l ega l

inpor ted  in to  Tha i la l ld .  These sk ins  nere  o ld  s tocks  be fore

iDp leDenta t ion  o f  "U i ld I i fe  Reservo t ioD and pro tec t ion  Ac t

B.E.  2535" .  By  th is  law,  those sk i l  nus t  be  consuned on ly

in Thailand., They can not be re-exported.

15



shou ld  be  inspec ted  and

for  c iocod i  I ian  sk  ins

capt ive  bred  c .  s ianens is

tanner ies  and lea ther  fac to r ies

cont ro l led  by  governnent  au thor  i t y

and produc ts .  A I I  p roduc ts  nade o f

sk in  shou ld  be  Iabe l led  as : -

In  the  fu tu re ,

Producl [ade f ion

s ianese  c rocod i  I e

cap l i ve  b reed  i ng

in Thai I  and.

And

export pero it

author i ty .

acconpany v i th  tag  nunbers

ouDber  and docu[en t  i ssued by

cor responsed to

CITES nanageDel t

16



Re6earch

Research  on  c rocod i les  in  Tha i laod has  been done

in  a  fe i . r  yea !6  ago by  nany  ins tu tes .  i {e  can d iv lded those

reseaches in to  2  f ie lds .  The f i rs t  o te  i6  to  research  oD

capt ive  managenent  o f  c rocod i le  fo r  exanp le ;  d iseases ,  nu t f i -

t - ion ,  incubat ion  a l rd  e tc .  The secoDd oDe is  to  research  on

u i ld  c rocod i le  wh ich  enphas ized on  con6erva t ion  fo r  exa [p le ;

w i ld  c rocod i l ian  surveyr  hab i ta t  se lec t ion  fo r  resLock i r tg

and e tc .

Those researches  are  car r ied  ou t  in  coopera t ion

aDong sc ien t is ts  f ron  var ious  ins tu teG such as  a-

1)  Wi ld l i fe  research  Labora tory ,  Facu l ty  o f  Sc ience,

fase tsar t  Un ivers  i t y .

Center  fo r  Aquat ic  An ina l  l ted ic ine ,  Facu l ty  o f

Veter inary  Sc ience,  Chu la longkorn  Un iver6 i t , y .

In land F ishery  D iv is ion ,  F ishery  Depar t [en t ,

l . I in i6 t ry  o f  Agr icu l tu re  and coopera t  i ves ,

Techn ica l  Sec t ion ,  Wi ld l i fe  conserva t ion  D iv is ion ,

Roya l  Fores t ry  Depar tnent ,  in is t ry  o f  AEr icu l tu re

aDd Coopera t  i ves ,

cl'tAT

3 )

4 )

CUAT has appointed the ir

nany  va i ie t , ie6  o f  co  l  labora t  i ve

I  i t ies  x i th  un  ivers  i t  i  es .

neEbers  in  o rder  to  6e t  up

research  centers  and fac i -

1?



Four  p ro jec ts  a re  se t t ing  up  as  fo l l ou : -

A .  Nat iona l  c rocod i le  Research  cent ,e r  a t  Sr i r6chs

crocod i  le  Farn .

b .  c rocod i le  Farn ing  Ex tens ion  serv ice  center ,  Nor th -

cent t 'a l  Reg ion  a t  l {asan c rocod i le  FarD.

c .  Fa I6e  cav i&1 conserva t ion  and Propagat ion  Pro jec t

a t  sanphran c rocod i le  Farn .

D.  Freshwater  s ianese c rocod i le  conserva t ion  and

Propagat ion  Pro jec t  a t  Nong Ya i  c iocod i le  Far [ .

CMAT do hope tha t  these pro iec ts  o i l l  g ive  nore

advaDce researches  fo r  the  benef i t  o l  c rocod i le  conserva t ion

and fa rn i I lE  in  Tha i laod and our  ne ighbor ing  count r ies .

sooe sc ien t i f i c  papera  a l ld  a r t i c les  a re  au [ [a l i zed

iD Append ix  I I .

conserva t lon ,  l , lanageDent  and fa rn ing  o f  c iocod i les

in  Tha i land are  se t t ing  up  and s ta r t ing  accord ioE to  ass is t -

ancesh ip  f ron  Aus t ra l ian  sc ien t is t  Dr .c lahane Uebb Mr .Rober t

Jenk ins  and Mr .char l ie  l tano l i s .  u lder  c losed superv is ion

these ac t iv i t ies  car l  g ro l l  very  fss t  and nore  e f fec t i ve  than

before .
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Protected Areas

Pro tec l ,ed  areas  wh ich  are  cor re laLed to  h is to r ica l

d is t r ibu t ion  o f  c rocod i l ians  in  Tha i land are  l i s ted  be lo t r  : -

1) 4!g_!gIgpg!, a uaf,er reservior in Nakornsawan

province rhich is an ioportant habitat for g-,__g .!-gg-CIS! in

the  pas t ,  A t  th is  nonent  th is  reserv lo r  i s  con t ro l led  by

F iahery  deparLnenf ,  and they  p lan  to  se1,  up  c rocod i le  b reed ing

fac i l iL ies  inc lud ing  educat ion  cente t  a t  Bung t ro rapet .

Re in t roducL ion  o f  c rocod i le  in to  th is  a t 'ea  is  qu i te  hard

because f i shernon and fa rners  a re  a l l  a round and i rvade

lhrouEh the  reservo i r .  l , los t  o f  su i tab le  ecosys ten  fo r

exanp le  vegeLat ions  and nes l , ing  s i tes  were  des t , royed in  the

process  o f  c lean ing  and c lear ing  o f  reservo i r  fo r  f i shery

purpose .

2)  Yod 4oqe,  w i ld l i fe  sanc tuar ies ,  uh ich  has  an

iDcidence of !:9!989!Sj9 ever occured. gut this area i6

c losed to  Tha i -caobod ian  border  sur rounded by  ac t ive  n ines

f ie ld  then no  one can en ter  th is  p lace .

3)  Pans  seda,  th is  na t iona l  park  i s  in  the  eas tern

par t  o f  Tha i land.  There  are  nany  c reeks  in  the  park  and

c .s ianens is  a re  found fo r  the  las t  2 -3  years  ago. Pang seda

has a  good pa t ro l ing  sys teo  so  i t  i s  p roposed to  be  one o f

res tock ing  s i te .  Th is  need to  be  surveyed a l td  nore  sc ien-

t i f i c  uork  6hou ld  be  conducted  to  ob ta in  enough i r fo rna t ions

for  dec is ion  nak ing .

l9



4 '  Ta ru  Tao  I s l and ,  t h i s  i s  a l so  a  na t i ona l  pa rk

r . 'h ich  is  an  is land in  Andaoan Sea.  C.porosus  eve !  found

in  l ,he  r i ver  and snanp area  in  the  o idd le  zone o f  i s l&nd.

Reslockilg of g.,_pgfgg!g in Taru Tao island is discussed

betr{eell C].IAT and National Park Divison, Royal Forestry

Depar tment .

5 )  Pa pru ,  non hunt ing  area  in  Nara th iwat  p rov ince

is  s i tua led  in  the  southern  par t  o f  Tha i land.  I t  was

reported that !-: jgIgeIg and T.schlegeli i were found in this

area .  Survey  shou ld  be  car r ied  ou t  soon.

so  fa r ,  nany  pro lec ted  areas  tha t  have h is to ry  o f

c rocod i les  a re  repor ted  bu t  few o f  then have to  be  proved.

Fur ther  s tudy  w i l l  be  done to  conf i rn  the  in fo rna t ions .

The[  we can asked fo r  governnent  au tho i i l i es  to  suppor t  in

s t r i ck ly  and s t ro rg ly  p r^o tec t ion  o f  our  ! r l ld  c lea tures ,

c rocod i  Ies  .

20
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Discuss ion

Crocod i l ian  co [serva t ion  in  Tha i land is  nov  in  a

good progress .  uany  ins t i tu tes  ge t  together  in  o rder  to

suppor t  the  conserva t ion  o f  c rocod i lans  by  pro tec t ion  o f

lhe l r  hab i ta t ,  res tock ing  and educat iona l  p rogranne.  Mean-

sh i le  oanagenent  o f  c rocod i l ian  fa rn ing  is  a lso  go ing  lo  be

changed.  Techno logy  in  rep .oduc t ion  and nursery  a re

t rans fer red  to  nany  fa rns  to  inc rease produc t ion  and reduce

nor ta l i t y .  However  the  c rocod i le  fa rners  s t i l l  aeare  o f

conserva t ion  o f  c rocod i les  then exce l len t  coopera t  ion  r6

s t rengthen anong conserva t ion is t ,  fa rmers ,  researcher  and

governnent  o f f i cers  by  CI IAT uho is  the  coord i [a to r .  t {e

be l ieve  tha t  in  the  fu tu re  c rocod i le  v i11  re tu rn  to  the  u i ld

in  Tha i land as  ue l l  as  succeeded in  c rocod i le  fa rn ing  and

re la ted  bus  inesses .

Fur ther  oore ,  Tha i land hoped to  be  the  coord ina tor

and suppor te r  fo r  c rocod i le  conserva t ion  nanagenent  and

farn ing  in  lh is  reg ion  o f  the  wor ld .
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FIGURE 2

DISTIIBUTTON OF CROCODYLI,9 SIAM;EAI6'9 IN THAILAND
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FIGURE 3

HISTORICA! DISTNBUTION OF CRor;ODYLW PORA5US IN THAILAND
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FIGURE 4

DI9TRIEUTION OF CNOCODIL|.6 PORO5T'5 IN THAILAND
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FIGURE 5

DI5TREUTTON OF TOMETOMA frIIEGELLI IN THAILAND
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ABSTRACT

TWo crocodile species, the Saltwater Crocodile (Crocwlllus porows) and the endemic
Philippine freshwater {rc,irfrile (Croc&lylus nirutorcniis) havd been recorded from Palawan
provrnce.

The current distribution and status of these two species in Palawan province has been
well studied until the RP-Japan Crocodile Farming Institute (CFI) conducted surveys of
qocodile habital trying to determine thef current diitribution a;d sdtus. Additional insights
were obkined from acquisjlion records. CFI sightings and interviews of trapp€rs provide
frrther insieht on the sraius of crocodiles in tie wi'id. 

-

ff,i, *oay has confirmed the existence of wild C. polosuJ on Palawan, Balabac,
Dumaran, Bugsuk, Ramos, and Pandanan islands. -The continued occurrence of C.
mirdotensis on Busuanga Island was discovered. Rernnant crocodilian populations occur ill
arcas with less human population density and rcmaining pdstine \retland vegeation.

. Somecrocodiles of both.species rcmain in givate possessions, collected as pets, for
snow or posstDry slmpiy lor reanng.



INTRODUCTION

Palawar orovince is locat€d between 8" 30' to l2o 10' latitude and I 14' 8' to 121" 45'
longitude. lt is b-ounded on the west by the South China Sea and on the east by the Sulu Sea.
It lies between Mindoro island and North Bomeo (se€ Fig, 1).

The Drovinc€ has a total land arca of 14.897 sq km and stretches 650 kilometers in a
north-south-direction. It is composed of 1,769 islands and islets; Busuanga Island in the
norlh, the Cuyo group of islands in the northwest, Cagayancillo and Spradey Islands in the
west, ard the southernmost tip of Balabac, at Maqs€e ldand, in the south.

Palawan Province is considered as the "last frontief of the Philippines as its remaining
forest resources, diverse flora and fauna, and relative size (1,a89,655 ha) make it attractive !o
immigrants from more densely setded areas in the cenhal and northem Philippines. Palawan's
1.959 km of irresular coasdine afford excellent harbors (PPDO 1991). The human DoDulation
ir tie province ias 39?261 in 1990 (density ' = 35) and the inmigration ral€ is 358 (i,lational
Statistics Office or NSO 1990).

There are two pronounced s€asons in Palawan Provinc€. Type I when it is dry from
Novemb€r to April and wer during the rcrainder of the year: and Type Il when the s€asons are
not as pronounced, but still relatively dry from Novemb€r to April and wet during lhe rest of
the ye; Gig. 2). For the past threi yeirs (1988-90), the aveiage annual rainfall ir Type I
climate is 2.539,8 mm. much higher than CFI recorded average annual rainfall of 1.805.4 mm
during the same period. CFI project site iies on tie s€cond climatic type. At s€a level
throughout the islands, the temperature av€rages about 27 'C (Encyclopedia Americana 190).

The main island. Palawan. is A5 km lons and 40 km wide at its narrowest Dart in
Bahile. Pueno Princesa City. The lotal lenglir of shirefine of the main island is approxiinately
1,400 krn. The islard is sfiaped like a ,tr;r' . Thll mountain ranges run througrir-the entire "
centnl length of the province into 2 areas - the east and the west c{asts (PPDO 1991). A
mountainous spine rising m over 2,000 m runs almost the entire length of the idand although
in the north he mountains give way to low rolling hills. As a comequence, dver cruses are
generally short, steep and fast-flowing (Davies and Green 1990). There are more than 229
dvers, mosdy draining to the east€m coast. River ranges 1-5 ktrl (n=76), 5-10 krn (n=82),
1G20 krn (n=45), to 2G30 kn (26). The majodty ofdvers are fringed with mangroves from
the mouth to a few kilometers inland. Generally, the dominant rnangroves in the island's dvels
are of Mimphorc spp. ali.d Bruguiera rpp. Stands ol Xjlocarpus spp-, Somerutia ulbu,
Aticeruia rukna, Haidemlifiodis, Ceribbs sp., ,tegiceruifoidun a.id lamnitura lirtorea
are also found occasionally mixed with the dominant stands. Futher upskeam, where
salinities are lowe.r, ,lfypa fr;tticans &d Excoecaria agallrcha ale common. I;l less inundat€d
aras, Aconthus ilicifolius, Acrostichum spp-, Hibiscus tiliaeeus a'],d Tetmineliacaltary q,cln.

Northeast of Palawan Island, the island of Busuanga could be found. lt is located at
12o 01' latitude and 120' 12' longitude (Fig. 1.1. It is accissible by a 1.5 hour plane trip or
about 20 hours by boal Its total land are3 is 392.9 sq. km. It has a shoreline lengtlt of around
241 km. Its topography is generally hilly with few plains. Busuanga island is divided into
two municipalities, Coron and Busuanga, with human population of 33,252 and ll,01l
(density = 27) (NSO 1990) resp€ctively.-Busuanga municipaiity is dcher in natual vegetation
than the municipality ofCoron. Adjoining Busuanga Island are th€ islands of Culion,

' individusldsq. krn.
'? r lyF of Moslen dagg€rwith uodulrtd sh{pe.
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Linapacan, and Coron. These small islands are collectively known as the Calamianes Islands.
Although they are clos€r to and have edtablished trade connections with nearby Mindtro Island
and Manila, the islands are under thejurisdiction of Palawan, Busuanga has hi y topognphy
and few plains. Growth of tall grasses (Soccharwn sp. or local "talahib") on thc hills and
sparse stands of forests suggest low soil fertility, which was confumed by a resident; ille soils
are evidently acidic and generally rccky. The specific study sites on Busuanga lslard are the
Dipuyai and Busuanga Rivers. The Busuanga River ext€nds fartho inland than the Dipuyai
and has a larse wat€r inlet at the south side of its mouth. Dominant man5ove stands
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occupying the sholes of the river are Sorre raria alba, followed tty Mizrphoru apiculala and
R. mucronan. Inland lhick and tall stands of tvl,pa Jp. were o6served. Other rnangroves
noted and identified were Excoecaia agallochq, Lumnitzera sp., Osbornia octodonta,
Calophyllutn ircphyllum and Hefitierc lifloralis. PandanLt sp. are'fairly common along the
seawald shorcs, Aerial observation of mangrove areas reveal a more or less Dristine forest
condition. Repnrtedly. rhis is tnaly due ro prilare ownership of mangal areas. 

'

Balabac Islard falls under the political juisdiction of the soutlrcrnmost municipatity of
Palawan hovince, Balabac (Fig. l). i}e muniiipalitv's caDihl town is locat€d on the islanil at
approximar€ly 70 59' 02- tatitude and | 17. 03' 42" tbngitide. The istand has aD approximale
arca of 58,160 hectares and has a hilly terrain. The municipality has a iotal human- iopulation



of 20,027 (density = 34) (National Statistics office or NSo 1990). The sholeline of Balabac
lsland is aoproxiriratelv 183.6 kilometers. approx imalely I -14.5 km of which are fiinged with
margrove. Mangrorue stands are dominated by densa growths of Rhizophoru r,pp. and
Bruiuiera spp. Tall stands o[ Avicennitt spp. have been obsened but no Nyla fulkuns
nol&. The municipality's tolal mangrove area is approximately 4.640 heclares which represent
rouehlv 13% of th! btil land atea. There are lJ blvs and 19 rivers identified in the island. of
oarlcuiar interest to the Dres€nt studv are the thred small rivers ofKalibunan, Karunutan and'Rampane 

in northem Dafl of tle island. During lhe wet season, salinity in lklibunan ranges
from 33io 3+ ppr, ar karunutan 5 to -14 ppt and al Rampang. 17 to li) pPt. (measuremenls
were from the upstream limit to the mouth). Dense clusters of sea grasses are pres€nt at the
mouths of Karuirutan and Rampang Riven. Kalibunan is characterized by extensive coral
growths, however, many of these are dead, Fobably as a result of dynamite fishing practiced
by fishermen in the area.

Dumaran Island is located around 49 kilometers southeast of the town of Roxas in
nonhem Palawan (Fie. I ). It is accessible bv a 3-hour trip bv boat. It has a land area of
41,500 + ha and a sh6reline length of around' 132.7 km. lti tdpography is plain io rolling
hills. The municioalitv of Dumtan wherc Dumaran lsland is a component is 21,332 or a
density of39. It has 5"rivers, majority ofwhich are fringed with Rhiirphoru and Bruguiera
spp.

Bussuk Island lies approximatelv 25 kilometers northeast of Balabac Island (Fig. 1)
and has onl-y one significanifrver. Bugsuk. Half of this dver, which transects the island, is
frineed witli mane.rove. The lotal shoreiine lenplh of Bugsuk is around 64 km,lhe maiorily of
whi;h is sandv in'natue. The total land area i48,90.1 hectares and be lotal human population
is 1,508 (NSO 1990).

Ramos Island is to the immediate north of Balabac (Fig. l) and is under the political
jurisdiction of th€ municipality of Balabac. I-and area is i,3(i0 hectares. It hai a total
shoreline leneth about -1 | k m mostlv made u p of corals. Around 24 km of this, mainly on the
southern sidd is fiingel with Rhizo'plu,ru tlri. and BnlSuierd rpp.lls lotal human population is
I,159 (NSO, 1990). The island is flanked by grasslands at its nonhem and southem portrons
and has 6low hills(12 to 78 m). hhasonly irni river. Kalukog. in which salinity ranged from
3l to 34 ppt during the wet season. Corals can be found in the characteristically wider interior
portion of Kalukog.

Pandanan Island located north of Balabac and west of nearby Bugsuk has an area as
big as Ramos Island (Fig. 1). Ithas a shoreline length ofca.36km.



MEIHODS

. lg'oglglling _method was employed during night suweys on navigable portions of
nvers. spoulghtlng. howev€r. was not totally rclled upon in surveying crocodilian populations
ir Palawan Province owing to the relativelyshort natirre of the ririerJwhich are almo;t iotally
closed over by canopy. Morcover. the upper portions of the rivers are shallow and nori-
navigable by lioal. Asignificant portion of&oc6diles caught on palawan Island were trappedjn the portions of river inaccessible to boats. Day surveys on boat and on foot were condic-ted
on some riy€r habihts and mangrove flora were noted.

- . To complement the limited surveys, CFI us€d hislorical accounts from pe.sonal
intervievs, acquisition rccords, travel reports of the Resource Management & Ecolirgy Unit
(RME[, and t}e Acquisition Sub-unit'of the CFI from March lgiz to Oclober f992 in
mainland Paiawan anal in five adjacent large islands: Balabac. Ramos, Bugsuk. pandanan,
Dumaran and Busuanga. The other two largE i$ands, Culion and Linapacan, 

-were 
not vlsited.

_Survey repofls were reviewed and analyzed. CFI acquisitions ploned on maps and
entered in tables together with sightings. CFI inmviews were tape recdded. Reportsirefore
1987 w€re crnsidqed as former disrribution and 1988 to 199, current disEibutio;. A degree
of subjective judgment was used to identify unbelievable or 

.grossly 
exaggerated accou-nts,

wficn were suos€oumflv omltted.

fte maiority of interviewees were fishermen and farmeas, who in many cases caught
crocodiles by rop€ snare (c. 50% ) and accidenrally (c. 40%) in fishnets, fish cdrrals. by hook
and line..etc.- Farmen usually trap dudng March to June when they are ftee from firm work
anO warbng tor tl|e rarny s€asion.



RESUUIS AND DISCUSSTON

Former Distributioo in Palewan Provinc€

Retired colonel Gonzalo Barcia. a famous Philippine crocodile hunter, hunted
crocodiles in MalamDava Sound and adiacent areas in Thi'tay, a northem municipality on
Palawan island durini. the 1950\. He alliged that he could kili an average of four crocodiles
per nisht around Mal-ampava Sound, Abongan River channel. At lake Manguao. a nearby
iake. hie reDonedlv ki[ed cl 200 crocodiles. His estimat€d lotal haul ftom Malampaya was
around 2.(i)0 mo5tlv sub-adult ard adult crocodiles. Smaller cmcodiles were allegedly not
hunted b6ause their skins do not fetgh high value"

R€es€(1915)figrlt€danestcontainingeggsdiscoveted'onlieedgeofasmalllakeon
the island of ihlawanl PNlippine lslands.- Hi believed the eggs be,ong to C. gtrosus.
Earli€r, schultze (1914) dessibed a crocodile nest at l-ake Manguao atd identified the- species
as C. Nlustris- However, he gave no criteria for his identification and may have us€d habiht
as thd basis. Auffenberg (ca--197) states that th€ lake harbors 'respecrable populations of
crocodiles thar at this daie are relarively undisturbed' and sugg$ts thaa thes€ qocodiles are C.
nitdopruis (in Ross 1982). Howevd, no specimens were examined and no descriPtio-ns of
nests or esss were eiven bv Auffenberg t<i verify the identity of these crocodiles. I2ter
investigatifis in the l-ake (R6ss 1982) c.ould not resirlve the issue of ctlcodile identily becarlse
no qo;odiles w€re s€en. However, according to a Tagbanua nativg Percillano Llanorit, a
qooodile nest containins around 50 esss was found in the 1960's on an islel easl of take
Malsuao. amonest tall 6asses. Thislte was visiied bv CFI and Petcillaro was asked to
descibe ttre dimEnsionsif the nesL According to his esiimate, the nest has a heiSht of c. I
rH€r. The number of ep.ss and d|e suppos€d large size of the nest suggest it may have been
constructed by a C. ,orol-zs. 

'Ihe acquiiition of t skull fi'agment fiom the lake in l9E9 by fie
CFI may resolve the issue.

Barcia\ reported take near Malampaya may sound exaggerated but Ruperto lquibal' a
former comoanioir of Batcia durine his huirtine bn Palawan clnfrms fiat they hunted for
around one'vear in Malampava S6und and vlcinity during 1951 to 1952. caught 3 to 4
crocodiles o& dav but at ti-mas,5 as maximum and 2 as minimum. They also coll€cted
hatchlines foom tlie area. which was contrary to Batcia's claim. He added that tbe biggest
crocodil; causht was arcund 3 melers in total iength. Aftcr skinning the animals. they used to
salt the skinfon an island near Old Guinlo an<i bury the rcmains. He also noled that lhe
crocodiles in lake Manguao, are generatly smaller ind relatively longer and more poirted
snouts, funher confusing the identity of the population at take Manguao.

Relationship betweer socodile densities and fish densities was also describ€d by
Iauibal. In olaces a-nd at tim€s when he spotted many crocodiles in some places in the sound.
h; and oth& fishennen would encircle tlie area with nets and catch a lot of fish. whenever
crocodiles were observe4 a tot of fish could b€ caught in the same areas. At times when
crocodiles were numerous in the sound, such that theiieyes lmked like Christrnas lights, tons
of frsh could be caught by the fishermen. Ross ( 1982) had sightings in Malampaya during his
rnvesngauon-

According to a long-time resident of Pu€rto Pdncesa a ftreign€r named Jack Velmonl,
hunted in Puero Princesa fuv. Iwahis and Barbacan ateas fiom 194? to 1955. He reportedly
collected around 7 !o lO crocidiles a-week using headlamp and a rifle. Sometimes he would
catch th€ socodile alive using a small but sturdt piece of wood, withio a bait,- ded to a cable-
If the bait was taken, the ing€;ted piece of wood-wbuld anchor in the crocodile's slomach such
that the crocodile could then be pulled or winched onto a b@t or tied io a t€e' The skins w€re



reportedly sent to Manila for sale. His activity continued for apprcximately 15 years and
suddenly siqpped. Fobably b€cause wild populations in the area tiad been depleted i:r such an
exEnr lnar l[ was no longer profitabte.

Ross ( I 982) repqted C. polortJ in the municipalities of Nara arld Brookes' Point in
Palawan Istand where he examin-ed a live iuvenile, skin. and ohotoeraoh. in l98G8l. Healso
mentions the occurrence oI C. porosus olBugsuk Island 

- -

ln Busuanga lsland, local hunters in the 1950's app€ar to have conc€ntrated thei efforts
in the lengrhy Busuanga River. According to a iocal intcrhant, in one nisht, thev could catch 4
to 5 individuals.2 !o 3 m long. Allegnily. more than 100 crocodiles were caught from this
nver by these hunters. Over the fnst 20 yeaxs or so, the informatt rcmarked that three crocodile
nests ter€ found near the mouth of the river. The eggs were either srnashed or thro&! away.
Iivo young women have repoftedly been preyed upon by crocodiles near the port of Old
BUSUanea

Present Distribution

In the period March 1987 to October 1992,140 C. prosus causht in the wild fiom
Palawan Province lvere ac4uired by CFI (Fig. 3). As ol October 1992, C. porosus ue
definitely lnown from forty-four rivers on Palawan Province. The freoudncv irf crocodile
acquisitions and sightings on the rive$ of the provinc€ is in 'Ibbte L

Table l Frcqumcy ol cm@dile acquilirion3 rnd lightllgs on rhe rivers of Pahwsn proviDce.

Year AcquirEd isishedl
1987 l9EE l9E9 1990 1991 1992

B[gNuk

Total

1

I

t

6 Lt21

62 l4rl

?4 I55l

8111

8tu

I

t2l

2I3l

to I2n

I

19 I8l

20 t8l

2

3 16l

15 {41

22 IlOl

r t3l

11 I3l

12 16l

213 l

2 I3 l

Reliabte crocodile reports and sightings made bv CFI staff hdicate their Dresence in a
further_-31 locations (See Appendix 1:4 foi more ddtails on acquisitions anil sightings;.
Crocodile acquisitions, nesting and habitat status on the comp6nent islands of-palaia'n
hovince is ftfther discussed below-

On Palawan island, most of the caocodiles acquired bv CFI came from the town of
Quezon (n=38), BaUraza (27), and Nar|a (25). Other capnfes were fiom Rizal (n=8). puertro
Itincesa Ciry (n=4). Roxas (n=3). Taytay and Abortanin=l XFig. 3). Thes€ muDicipalities
may have a few remainhg qocodites. eaitue sires ranged ftom h&vily popufat€d (92, i 4Z) to
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Fig. 3. Source of ctocodiles acqtued by CFI fion Palawan Province aE of Octobe' 199.

wildemess areas (18,751). The cas€ of a crocodile captued in Puerto Princesa. City an-d
another causht in ; shallow Dond 2 krn ftom the seashdre at Saraza Brmke's Poinl signify
movement iorn permanent \i,a!er sites. DerhaDs because of human disturbance. A ctocodile
was spotlighted iir Bacungan River, Pueio ltincesa City, around 2 km from the riv€f, mouth



(February 20, 1992) although its size could not be determined due to wariness. Some six Iats
were seen at the si!e, and presumably may repres€nt part of the crocodile's diet. No further
captures nor sightings fiom this river have occuned. In 1990, a qocodile took the bait from a
ftap without getting caught; it was thought to be a juvenile that evaded capture in a hap
designed for large crocodiles. In Panyan River, Siangal, municipality of Dumaran, a farmer,
Romeo Felizane reported a crocodile caught on a hook baited and left out of the water (1 m
above it;21 December'90). The crocodile died of stomach injury and upon dissection,
contained 7 larye developing eggs and numbers of smaller ones. The river is around a fathom
deep and 20 m wide at the capturc site, with both sides cleared for planting, It was never
suspected that qocodiles exist in the river, as many children bath thqe and no previous
crocodile sighting has been rcported. Only the skeletal remains were brought to the CFI.
Based on skull length, the total length of the crocodile was around2,s m. E2A1e', a2-O7 m
female was caught in the sane river (May 26, 1990) by Irreto S€rvano and companions, when
it became entangled in a gill net. In Guinaratan River, Roxas, on February 17, 1992, a
hatchling qocodile was sighted during the day around 5 km upstream fiom the iyer mouth
(salinity in the arca = 27 ppt). The hatchlhg was spotted around 10 metels ftom the boat beside
ttpqfuticans,al]d dived suddenly. This sighting indicates that some bre€ding may still occur
in the river, which was confirmed by a nearby resident who said that arcund a week ago, a
large crocodile was spott€d in the river. Crocodiles also occur at nearby Barangay Tagumpay,
where it is alleged some pigs were eaten. In Barbacan, municipality of Roxas, qocodile
remains (skeleton) were exhumed by CFI survey team in 1989. Allegedly, the crocodile was
poisoned by local inhabitants on July 26, 1988. Its estimated length was 14 feet, indicating
that it was prcbably a male. A skull fragment was ac4uired from lake Manguao on Apdl 5,
1989. The-fiagmeirt was allegedly a reinant of a cro;odile shot by a local ;esident while ii
was at its nest in 1987. The total leoeth (TL) was estimated at about 3 m. This qocodile is
pr&ably a C. porosus, but the identity-cannot be confirmed ftom the ftagmenl

On Busuanga Island, two rive$, Dipuyai and Busuanga, still contain crocodiles. One
C. minlorentis was caught in Dpuyai River, in the island municipality of Busuanga, and
sevelal C. mirulorensiJ have been observed by local residents. Ross (1984) (later cited by
Groornbridge 1987) indicated the island of Busuanga was within the rurge of C. mindorensis
and the rccent records confirm that it continues to exist there. Cleadv. it also conirms that both
species occur in the Palawan Province. Some small crocodile-s were reported by local
informant fafiher upstream in Busuanga dver. Two qocodiles werc also observed near Old
Busuanga port (1989) although these have not been caught. The upper Busuanga river dries
up into isolated wat€r pools during the summer and according to a resident of Old Busuanga.
Abel Sucro. socodiles congregats in the deep. wide pools locat€d inland. In Barangay' Santo
Nino, where Dipuyai river mouth is locat€d, a C. miuloreais was caught in 1989 by Eddie
Cabanero, This crocodile was sold to the mavor of Salvacion. a nearbv bannsav but it
escaped. lt was estimat€d to be around 2 to 3 m ii toal length and has an aniputatea-dilit ar rle
forelimb. The Crccodylus minrlorensis caught and brought to CFI on May 30, l99l was
fiom an area called Bogtong, Reportedly, this crocodile was bought by an American who
releas€d it opposite the island of Calumboyan, where the American resides. The crocodile was
caught by the crew of a fishing boat which happeo€d to pass between laho Island and the
Dpuyai fiver. Ircal inhabitants do not generally hunt qocodiles, unless livestock or their
own iives are at rislq and thus the remairi'ing croiodile poputationi may have been given a
chance to r@over. However, the good coldition of the habitat may help the remnant
population recover in the wild. Though the inhabitants of Busuanga dislike crocodiles, the
malnt€nanc€ of its habitat serves as saving grace for them since availability of food for
whateyer clocodile populations that were left are well sustained. At the eastem portion of the
island which is undei the municipality of Coron. crocodiles were reportedlt depleled by
hunters in 1956 but there are still siirhtirigs in kbangan River, near TulOiran ardort during tn6
recent yeals----:E! 
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On Balabac Island, south of Palawan lsland, saltwater gocodiles occr.[. -Ac4ording io
ioterviewi, crocodiles werl sometimes seen lying on logs' mudflats and sandbalks. A number
of fishermen fishinp. with kerosene lamps haie also seen the reflections of crocodile's eyes-at
nishi. A crocodile-nestins site was visit€d on the idafld. The site is about 2.5 km ftom the
ttr'ot"'oi Sitiol Turone. lt'is near $e footofahill. The habitat is in rnangroves domhared by
Sa.rl,cntn sa.. traeo;ov , Acrostichum spp- and other unidentified f€rns- Acanlhus ilicwius,
aniborls, th;cosre'rna ip.) and senerai bnshes invaded with vines were at the site' The
substraie was m6ist so 

'a;d 
mudcrabs and num€rous wild pigs (abundant spoo$) occulred in-

thi arei ltvo nests were discov€red One was presumaEly- older than the other, as it had
collapsed. Measurements of the newer nest are in Fig. 4. Ia was made of Saccharurn sp. arJ.d.
othei unidentifiable grasses, fems, Acanrrns sp. and Oncospermn sp.leaves. pebbles-atrd
moist soil; all naEriali present in the immediate nest arca" A sonll stream or canal wltll shallow
witer it tie time of suriev. almost sunounded the nest. The nest contain€d 18 eggsand l6of
thes€ were collected bv eFI oenonnel on Julv 1990. They were incubaEd artiflcia y at tl|e
instirute. and oroduceil 5 haichlinss, Accoriling to other sources' the older nest had also
cqrainea iesi Out these were eithi eaten or desioved by local vrllagen. The tdal numb€r of
eees was r;;bned to have been 48, manv contain'ed liie embryos. It is possible that the
fiiale C- o6rosus causht in RamDang River on oclober 1990 was the one who constructed
the nests, is the stream iurroundin! th6 nest drains to the Rampang River. The captute site of
the qocodile was about 2.2 km &o; the nest site' ln addition to the crocodile obained ftom
the ifampane River (October l, 1990),4 crocodiles wer€ acquired by CFI from the island.
SuUseouint fappinss ofl Ocbber 5-7 vielded nothing although I trap was a egedly touched by
a crocddite at Iiiruiutan River, wheri a hatchling was also sighted A crocodile was a egedly
shot and killed a few yea$ ago.or tho idand, but-the location remains unknovn' -According^ to
ioc"l iot-t*nts, t*o'"to"odles were caught in a fish coral in the area (Aprii qr May of.1990)
and was taken to a fishing company in nearby Candanrnal ldand. The-y.were sold fbr
PI0O.0O Der animal to Geoise Win, i resident oT the idand who took care of the animals. At
least two'persons 1a young b6y and an old man) wqe r€ported to have b€en killed and €aien by
crocodiles in the area over the last few yea$.

-->

Fis. 4. Skttch mp of rehiv. d@odile ne!. locatidr dd din nsiotrs il&.ntr€h of Rdl!"g Rker'

' the smalla* political uit of the Philippines
l l



On Dumaran Island crocodiles had been acquired by CFt. A female (fL = 2,72 m) was
acquired ftom Sitio Padang on August 2. 1989. L.iter. a nesr with eggs was discovered by a
local residenr. which wasl,isited 5y CFI researchers on August t5] t989. The nest *i,as
fenced with -boho' and mangrove iticks by its discoverer, iroUabty to ward off intruders
and./or predators that may destroy it. The substnte at the nest site was mud. The nest was 3.1
m lrom the water. Chamber temperaturc before opening was 30oC, whereas ambient
temperature i! 29"C and water teniperature in a neaiby stream. 26.4.C. Salinity of the
sunounding waler was 6.8 ppt (see Fig. 5). Nest dime;rsion are on Fig. 6. The riest was
constructed of mud, fibrous material from a vine, tlee roots, and leaves of Nypa fruticans,
Parulanus sp., mangroves, and fem. Earthworms and ins€ct larva were aljri iri the nesi
maledal. Thrce groups ofeggs were found in lhe nest. containing 9.6 and 8 eggs respectively
flom top. l-wo eggs at the botlom were cracked. Five of the eggs were previously broughl lo
CFI while one was cooked and eaten by the discoverer. The total number oi eggs laid,
therefore. was 29. Twenty rfuee of these i:ggs were artificiaily incubaled at CFl; fouiEarched
onOctober ll. 1989. lt is likely rhat the discovercr opened and counted the eggs prior to our
visit which may have affected e;nbryo survival. Twen'q,-five meters frorn the c-rinjnt nest sjte,
what appears to be the previous year's ( 1988) nest was located. A few vears ago. a sightins
of a hatchling and a breeding slzed animal was reported 15 m from the preGnr nes-t sitel
although a trap had been s€l th€re to no avail.

_ From Bugsuk Island, northeast of Balabac, z mzle C. prosus (TL = 2.8 rn) was
caught by snare trap and delivered !o CFI on July 17, 1988. A&ording tb a reliable source,
there are three other crocodiles caurft and are held caDtive on the island to the Dres€nt time bul
CFI could not gain access to the island becaus€ it is plbhibit€d ftom outsiders. 

'There 
is no data

on thes€ animals other than that two arc "l8rge" individuals, probably man[e.

Otr Paidanan Island, two female C. rnrosus (TL = 56.2 afi 52.2 crn) were causht
accidentally in gill nets set for fi$ on Mav-8 and 9, 1990. These mav be iuveniles frori a
fenule C- porosus tTL = 2.63 m) caughl from rhe island on Ocrober lCi. 1992 and brcught io
the CFl.

On Ramos Island, CFI conducted tapping activities. ln Kalukog River, two
cr^ocodiles. a male (TL : 2.1I m ) and a female aTL - 2.63). were caught on 

-September 
29,

1990. Follow-up rrapping on Ocrobrr 5-7 with 7 rraps set, yielded no-thing. CFi uaps were
designed to calch sub-adulr and/or adult individuals, and the i;dividuals causht mav have b€en
remnants in the area"

Ceneral Discussion

There is litde doubt that other crocodiles exist within the 229 rivers on palawan and
more than 42 dvers in the islands of Busuanga (13+), Balabac (19), Durnaran (5), Bugsuk
(l), Ramos (1), and Pandanan (3), even though none have been acquired or sighidd. S-one
are very remote and difficult to access. However, it s€ems liketv thai verv low iiensities will
be the rule rather than the exception. Most of the CFI acquisitions were from southern
Palawan suggesting this is perhabs the best area for remaining crocodiles, although such a
disribution could also rcflect a number of biases

. The results genenlly indicare that the C. porosru population in palawan is widespread
es?ecially onlhe southern part of fie island butls at besr a sitrrviving remnant with little iong-
tef,m future. The riv€rs are shon, although numerous, and mav simplv not provide the habiEl
needed for a large population. lt may b€ dlat some crocodiles irigrate-betwrien adjaceirt rivers.
if food is limiting or disturbances great, The extensive shoreliniof palawan offeni numerous
possible refuges for C. porosra, although it is not generally acceptable habitiat for the species.
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Fewer acquisilions and siehtings in lat€r years of the studv imDlv that the crocodile
population in the wild was both-smafi and was 

-decreased 
sisnificantii bv the acouisition

pmgram, It must be stressed however, that the qocodiles in ftE philiDDi_iesare considered in
immediate danger of extinction and that in the intsests of conservliion, their caDrure and
rdocalion to the CFI. wh€re they could b€ cared for and hduced to bl€e4 was a delili:rate
stsdegy employ€d.. It was considered a desperate conservation situation requiring a bold
initiative. The acquisition programme iustifiei funher the extreme nature of thd confuvation
Droblem at hand.

- ,**rt * considered vermin, and the local population are not willing to tolerale
large wild populations. T_hg coryqqnisg through carching aninals alive for th; CFl. gave
dlect €conomic b€nefit and has significandy increased the chances of survival of the remainins
populations. There is no doubt that the attitude of people has become more favorable t6
ctocodiles as a onsequence of a comm€rcial vahrc beirig placed upon them, and as brceding
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continues at the CFI, numerous options rnay aise for re-establishing wild populations in an
ahospherc ofpublic acc€ptancg (fue to theii potential for use as a natural' renewable rcsoulce'

The oresent hatchlits Droduction trend at tlle cFI signify a significant step towards
rcalizarion oia self-srsainin! irocodile conservation programme in the Philippines Cunen0y
(SeDt€mber 30. 1992). cFl 

-Droduced 
fiotrl wild carighi breeders a considerable number of

iratitrtings 1n6. 1111n6on"nsis = 3a9: nc. porosus = 805). commercial utilization of farm-
produced oocodiles are at F€'s€nt being cdsid€red and may be realized in tlrc n€ar fuhlrc.

l4



CONCLUSION AND RECOMMENDATIONS

Based on our findings, we conclude therefde that:

I . C. porosus populatioa is widespread on Palavan Island and the adjoining islands of
Balabac. Ramos, Bugiui fanaarun ana irurnaran. Results show however, ihat thEre are few
breedins iodividuals in the wild. and the Dooulatioo as a whole is severelv deolekd The
increasiig human population and steady loss bf wetland habitats will be thdmaib reason for
the srocodiles' eventual extinction in the wild. Siehtins or acouisition of crocodiles in
supposedly unnatural habitats apparenfly indicate thaiqo6d es aie highly mobile, perhaps
atlempting to find favorable habihts where they are oot distubed.

2. A, sr]ldll C. mhdorensiJ population still occurs on the islaad ofBusuanga.

3. Balabac previously have viable qocodile population but continuous destruction of
ib habitrt and uncoitolled hirnting will wentually lead^to local extinctiorl The island apps$
to be the main qocodile habitar (rcstins areas) at the southem Dottioo of Palawan Proyinc€,
The adjacent and Foximate islanils of B'igsuk, Ramos and Pandirnan serve as feeding aeas of
qocodiles.

- 4, Crocodiles acquircd ftom Dumaran rnay b€ the last rernnants of a formerly viable
popuhtron.

Based on fte above conclusions and insights on results, we recommend that:

I . The remaining oocodile populations in the wild will undoubedly become extinct in
the not so distant futue. Efforts ma& to gather the remaining animals. especia y C.
mindorentis, a d,M them in captivity, offi;s the only practica.lipproach to cons€rvation.
When local inhabihnts eprove their reintoduction inio tlrc wil4 or inio wildlife sanctuaries,
dle sbck will be available to do it (s€e Messel et al. 1992).

2. Undertakins alother s-vear studv of wild qocodiles in the orovince of Palawan will
futb€r clarifv the sihition and stirus of cr6oodiles in the orovince.

3. fffective conservation of oocodiles in ttre province of Palawan. and Drobably
applicable !o the whole Philip,pbe archipelago. will only be possible if economic benefits can
De qenveo rom me cnocoores.

r5



Lit€rature Cit€d

Arffenb€rg, walter (cr. 197?). Tte be-lEvioral e.ology and an ass€;sment ofPhil;ppioe creodiles.
Unpubtislrcd pmject Foposal snhnitted to WWF. 21 pp

Breitis, P. (19s1). Maxillary resmeratiotr in a narsh crocodile, Oocody,us palustris. J. HeryenoL 15(31.
360-362.

Enqrlapedia Anericana, I989 €d, s.v "Philippines."

Grmmbridge, B. (1987). The distribulion and status ofworld crocodilia$. tnWA fe Managanznt:
Cncodiks and Alligaton, G. J. W. \lbbb, S. C. Mamlis and P. J. Whitebead, Eds , suney Beetty and
Sons Pty. Liniled h ass{riation with the CoN€rvation Coomission of the Northem Tsriiorv' NSw:
p. 19.

Hara,K.(1981). Distrihtion and t'reeding of crocodiles in southeast Asia. UnFblished report on mission of
the Jrpan Replile Skin Coop€rative Union thtough Southeast Asia and the Philippioes. pp 50-51 -

Mess€l, Harry, G. C. Vorlicek, A. G. Wells and W. CrE€n ( 1981). Surveys of lidal river systems in the
Ndth€rn Tenitory of Australia and their ctocodile poprlations. Monograph I . Austrdia: Pergaflon he$s
(Australia) Pry Ltd:. pp. 72-83.

-, F. Wayne King, crahame J. W Webb and c A. Ross Sttnrrary Repoft on the llorbhop on thc
Prospects and Future Strategy of Crocodile Conserwnon oJ the Tta,o Speci"'s (Oocodylus nindorcnsis,
Crccodrlus protus) in the Philipines at the Cr@odile Farmi S lnstitute, Puerto Pri cesa Ciry, Palawan,
Philippiuzt. 24 ro 25 Febnlary, 1992. W.4-5.

Reese, A. M. (191s). The biology of the crocodlli^. h The Allip.or and /tr iur,",s. New Yo'k and t-ondon:
G. P Puham's Sons, p.23.

Ross, C. A. and Datuitr, C. P. (1981). FAo "Tiserpapd", E(4):19.

Ross, C. A. (1982). Fintl Report o'! S.I.AV.W.F. hojeat No. 1489. PhilipPine Crocodile. Fp. 6-12.

-(1982). TheCrocodile Musr stay. Habnat (Phiippines).3(r\. 13-19.

md A. C. Alcala(1983). Distribution and status of rhe Plilippine crocodile (Cro.odlt/s
mindotensis\. PhiL J. BioL l2(lDtt 169-173.

(1984). Crccodil€s in the Republic of lhe Philippines. tn Crccodiles. Procc.ditt9s oJ the 6th
workjns Meaine of the Cftrcodile Specialist Group ofthz Spe.ies Survi|al Comnission of the
Intenational Unionfor the Co6en'atio\ ofNaturc (IUCN) conrvred a! Udona Fa s, Zjmtu'hure and St.
Ir.ia Ertuaty, Sourh {rica. 19 lo 30 September 1982. pp. 84-86.

-(1986). Colnments on IndoPacific c.ocodile Dstributions. h Proce"dines oJthe Tthttb*ing
Meetitg ofthe Crrodik Specialist Croup ofthe Species Sur,riral Comrnistion of the IUCN conwned al
Carualt,Wnezuela.2l to 28 October 1984. p.349.

schultze, w. (1914). Notes on the nestins plsce of CtocodrlK palustris bssor. PhiL .Ioux Sci. 9:313-315.



Acknowledgments

- ^. We are indebtedto our project directors especially Dr. Genrdo V frega and Dr. Jose
L. L[zv wno encouraged us ard gave strong suppon in our undeTtakhgs.

. Thanks to Mansueto Sibal of the Experimental Farmins Unit. and also Alan Barte of
t{te, Acquisilion Sub-unit. for provi9!ng us valuable informati6n on sightings and reports of
signtlngs: Isaqani Sarsagal for Foriding us additional data on previous-repoits on orciodiles;
b Mona tlsa Jamerlan for valuable comments and suggestions.'

Of course, we arc graleful to Crocpdile Specialists prof. Harry Messel. prof. Wayne
King, especially to Dr.. Grahame J, W. W_ebb and Charles Ross. who idired and gave advlce
m t.be preparation of the manuscript and gave us a significani push to put ouiworks into
sctutrny and In enect. contnbutng valuable information O crocodilian rcse2rch endeavors-

,, , .. Mo:t- impgr.tant, the Japanes€ govenment through JICA, who has given untiring
rogrsEc ano nnancral suDDort.

. Our.thanks also_goes to personnel in pIADpO for providing data on the areas andpopulation in-the-islands (togefter with personnel in the Nltional S-tatistics Office, puerto
rnncesa who krndty accommodated our rcquest for data).

. . ]b-al CFI personnel wbo have assisted us in one way or tbe other so rhat we nay b€
able to realiz€ this present worlq our heartfelt tllank and indebtedness.

T'IIE AUITIORS

t 7



ApFldi t. cacodiLi rqliftd nm nd r!?dtod sthir$ d rhc tddm prl or hhsd

1937 1933 1939 1990 l99t t92 1937 1933 1939 1990 l99l t9t2

RZAI,

+ +

+

+

+

+ +



Appendix 2. Crocodiles acquir€d from rnd reported sightines oo the northem parr of pakwan.

Repod€d Sigttr!8$
LOCATION t987 1988 1989 tW t99t 1992 1987 1988 1989 1990 t99t 1992

Yesr Acquired

ROXAS

Barbrcm River

Ilian River

Calabucay River

Malico River

Inigatiotr Dam

Brgy. Sandoval

Satr Jose

Cana?y , San Vicente

Port Bsrton

Boaym River

Tanpittn River

New Agulaya

TAYTAY

Aborya.n River

Kawayekin Fjver

Alacalian River

Pinagupitrn River

Lipid River

Ibay River

PTO. PRINCEIA

Sabang Bay

Bacungan River

Panihan River

+

+

+

+

+ +

+ +



ADpendix 3. Crocodiles acqr red hom and reported on Balabac Island.

Yc/r Rcport€d

LOCATION 1988 1989 1990 l99l 1988 1989 1990 l99l

?alisan River

Tukanigalo River

Bucana River

Ranpang River

Kalihman River

Karilan River

X.alukog River

Kanmutan River

Balabac

+

+
+

+

Appendix 4. Crocodiles acquired fiom the islands ofRamos, Pandanan and Bry$

Year Acquled

+

I,oCATION t988 l9so

Ramos

Bugsuk



Appendix 5

Areas Visited by Cl'I Personnel

1. Dipuyai and Busuanga Rivers, Busuanga
2. Coron
3. Taytay
4. Bato and Ayacayan Rivers, Old Guinlo, Taytay
5. Abongan River, Taytay
6. I-ake Manguao, Calauag areas, Taytay
7, Panyan, Siangal, Dumaran
8. Guinaratan River. Roxas
9. Barbacan River, Roxas

10. Panikian River, Ulugan, Puerto Princesa City
11, Bacungan River, Puerto Princesa City
12. lmub River, Aborlan
13. Moon and Tiuitien Rivers, Narra
14. Tumarabong and Isugod Rivers, Birong, Quezon
15. Iamikan and Quinlogan Riverg Quezon
16. Rio Tuba, Bataraza
17. Kalukog, Rampang, Karunutan and Kalibunan Rivers, Balabac





TITLE: Crocodile husbandry research aod effedive expedmental design.

Cregor Riese, Crocodile Fatms N.T. Pty Ltd., P.O. Box 37866, WINNELLIE N'T"

AUSTRALIA.

I'vc been employed by Crccodilo Fams N.T. Pty Ltd (CFND, a large commercially operatcd

falm located just out of Darwin, sincc October 1990. Onc of my functions there has been to

study tho captivc husb alldry of Crocodylus potosl.u looking at ways of imptoving gtowth of this

species in captivity in association with the University of Queensland. This has involved carrying

out my own experimental trials on hatchling C.poro.trs as well as reviewing literature on other

rcsearch.

I'vc titled this presentation "crocodile husbandry rcsearch and effective expedmental design"

because of the appaient need to look more closely at the way in which husbandry research is

carried out on crocodilians as rvell as the way in which the rcsults are interpreted The point that

I wish to make in this paper is that when planning husbandry research on crocodilians, too little

attention is placed on expcrimental design. I'll be providing some examplos to illusfate this

point from my own data and some published works.

The literature on crocodile husbandry is faiiy scarcc and widely dispersed in vadous joumals

and publicadons. The most valuable information produced to dalo wilh some notable exceptions

is largely lbo f--< +Bn$-6( rather than quantitative. Of tho quantitative studios,

exDerimental rcsults may not agreo with actual exPerience. I'vo listed a fow examples here'



Summary of some crocodile husbandry research results.

Paper Treatment Species Result

Zilber et al Density C.niloticus "no adveNo (1992)

effccts of high

density" (15/n2)

Gamett et al Density C.porosus Insigdficant/ 0986)

Disordinal

lesponse

Gamett et al Handling C.porosus Insignihcant/ (1986)

Aequency Disordinal

rcsponse

Zilber etal Light/ C.niloticus High tempemtue (1992)

temperanue & dircct sunlight

improves growth

CFNT Data Shelter C.porosus Non-significant

effect

Garnett et al Dier C.porosus Clutch-specific (1986)

effect

Manolis et al (1989)



Obviously, if a crccodile farner actually went to the effort to rcad some of this published

material, hg or she may feel somewhat at a loss in deciding under what pdnciples to manago

their stock let alone how to respond to any production problems which Inay occu.r. Flom these

rcsults it would appear that density, diet, shelter, themal elvironment - have an ambiguous

influoncg upon crccodilian gowth. There is obviously somg confradiction between those rcsults

and actual experience.

I've surnrnadzed the caused of some common expedmeltal failings under four headings:

SOME COMMON EXPERIMENTAL DESICN FAILINGS

l) TEatment effects disguised by clutch specific growth Pattems

These can be minimized through the randomization of clutches thrcughout teatrnents.

2) Inadequale replication (pseudoreplication): either in tems of inadequato sample size, non-

conformity in teatments applied, treating individual hatchlings as a statistical de$ee of

freedom.

3) Non-Eeatment: the treatment being applied is invalid or is not what you think it is,

€g: CFNT experiment testing varying degees shelter prcvided to hatchlings. My perception of

an increase or decrease in shelter being prcvided to tial animals wal not a perception sharcd by

those animals. The spatial arrangement of hatchlings was identical in all treatments, usually

piled up in comers. They really didn't care very much for the shelter I provided and the result

was an insignificant treatment effect.

egi alber et al in their sunlighvtempeBture expedment concluded that both the provision of

sunlight and high temperatures had a positivc effect upon growth, however their design did not

isolate these two factors. Obviously sunlight provides the possibility of higher body

temperatures to those animals with access to it which is deprived thosg non-sunlight U€atments.
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4) Disguising of treatment effects: growth inhibiting factoN overdde the tseatmeot effects,

This is best illustmted by dietary trials where a host of facton will influenco thc timing and

quantity of food intake by an animal under experimental conditions beforg the dietary treatrncnt

car rake effect. If one can imagine a diet!.ry trial being established under sub-optimal thermal

conditions for the species ilt question there would be little stimulus to initiate feeding in the first

Dlace.

To provide you with some real data to illustrate this point this is an example of a trial carried out

at CFNT testing the effects ofdensity on C.porosus.

FIG. I

The cxpcriment was repeated once in thc warm season and once in dlc cool season. Thc rcsults

show significant effects for density in the warm season during $o high growth pcriod and no

significant offoct for density whcn the experiment was repeated in the cool season. The drcp in

growth rates is also apparent.

I
I
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This suggests the need for a model which ranks growth-influencing factors in levels ofpdority
allowing researchers and managers assess where giowth-inhibiting facto$ may lie.

FIG. 2



I'vc based this model largely orr Dr Hutton's paper (1989) "science and the principles behin<l

successfulAlligatorandcrocodilep'oduction'',DrLang's(1987)papersonqocodilian

thermoregulation and behaviour, The model attempts to rank gowth influencing factors on

crocodilians. Ir is a considerably simplification of the real situation as it ignores genetic (cluEh

specific) influences upon growth.

The ideas put forward in rhe model actually tig in nicely with D! Hutton's idea's on the basic

principles to crocodile farminS.

These are: l) Good incubation and neonatal heatment

2) Maintenance of a high metabolic rate'

3) Elimination of sbess

4) Adequate nuttition

The model suggests that it would be unwise to test for derNity effects in a pool thermal

environment. Likewise it would be inapproptiate to carry out dietary tdal within apoor thermal

environment or at excessively high densities' and so on' Experimental rcsults in crocodilian

husbandry should be interpreted with a close gye on the axperimental design'

To corclude,I suggest that it ls very easy to oblain a non-signifrcant Esult when testing Fowth

influencing faclors in crocodilians, for reasons which have just been discused' A lot mote

thought needs to go into planning husbandry expedmentation with crocodilians which should

lead to rnorc meaningful results being generated frcm husbardry research'
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CROCODILIANS OF MALAYSIA - A REVIEW

MALAYSIA

Mrlaysia geographically ctnprises lhe Malay Peninsula (south-southeastem tip of lhe Asian Contined)' Sabah
and Sanwrk (on the islrd of Bomeo).

Penirltutar Malltysia exteads from latinrde I'20'N to 6 "40'N and longitude 99'35'E to r04"20'E. It is bounded
to the e3st by the South China Sea a.nd to the wesl by the Straits of Malacs sharing a cornmon boundary with
Thailald to the nortb and sepirated from the island of Singapore in lhe south by lhe nanow Straits of Johor.
Peninsular Malaysh stretches for 736 km with a rnaximun width of 322 km and has 1,930 km of coastlirc.
There are el€ven statas and ihe Federal Territory of Kuala Lumpur, covering q land are3 of 13l,600 sq km.

sarat lier berween 4'10'N and 7"40'N, 115'10'E and 119'20'E ad is the northemmost state. It has a laod
area of ?3,?0O sq.krn. with mountahs dominsting nuch of its interior' The Crocker Range mns no.thwest to

a granite nassif, Mount Kinabalu (4, 101 m), the highe.st pe{k in southeast Asia between the Hinalaya and New
cuinea.

The northeast monsoon (Dec-Mat) and the southwest monsoon (Jun-Nov) form two distinct seasons. The
northsst monsoon brings heavy trins to the interior l€aving the west coast dry but tec€iving heavy rains
during lhe southwe,st monsoor- Average tempentu.e's vary little betw€en naxirnums of 30"c during the dav
and 25"c rt night.

Sarawak lies in northwestem Bomeo between 0"50'N, 5"00'N and 109'30'E, ll5'40'E. lt has a single
coastline length of 1,050 kin along th€ South China Se3. The coastal lowlands are inters€cted by numerous
rivers forming deltas snd werlands in which rn ngrove and nipa for€srs (1.4* of total land are3) ahd peat

swamps (1 I .9 % ) dominate. These wetlands constih.rG roughly I ,640,000 ha or 13.3 % of the state and represent
sone of the best we ands and the large.st t.act of pelt swamp fore.st in the couotry.

TABLE I - DTSTRIBIITION AND EXTENT OF MAJOR FOREST TYPES lN MALAYSIA (million ha)

LAN[i

^S!a
DIPTEROCARP

13,16 5.62 0 . l r 6 . t 9 41,0

7.37 1.98 o.32 60.9

12.33 7.?E t .47 o. l? 9,42 76,4

32.86 t7.18 2 . 1 2 0.60 20. t0 6t.2

In summary, Malaysia has a total land area of 32,860,000 ha, with 2,720,000 ha (8.28%) of wetleds. The elst

coast of Sabah has tbe largest area of mangrove forest in lhe country, comprising some 320'000 ha or 53.3 %
of Malaysi&'s lrlAlgrove forest. Swamp forests constitute two different type's, fre'shwatet s,wamp forest and p€at

swamp fo'est. Freahwater swamps are the most seriously thre{tened weiland habitat io th€ cotmtr}. Peninsuhr
Malrysia has bome the bulk of developmenr, presently supporting about 83 % of the coudtry's population.

- l -



DESCRIPTION OF WETLAND HABIIAT TYPES

Mangrov€ tr'orests

600,000 ha of ma:rgroves remain in Malaysia, rasrricted mainty to Sabah wilh 53.3% and Sarawak wirh 28.3%
(accounthg for 81.6%). In Peninsular Malaysia (18.3%), rnangroves occur prilurily alodg the west coast in
the state,s of Perak, Selangorund Johor. Mangroves repre,senr a rich and diverse e.osystem with mrny
sp€.ialized and eDdemic species of flora and fauna. The interridal mudflars associared with mangrove ecosyst€ms
also support rich beDthic fauna and provide vital feening, srop-over and wintering areas for migratory waders.
He8vy pressure from development along the coasts has threatened these fe€ding grounds and are threatening lhe
winleritrg populations of waders throughout the country.

Typical tnangrove sp€cialisrs include Mangmve PitI^ Pita me|arhyncha, Mangrove Blue Flycatcher C)rrzir
ruUgastra, Milky Stark Mrcleria cinerca, SilvercA LeAf-lr[.olf*:ey .Trachpithecus .7irrar6 aDd the Bom€.n
€ndemic, the Proboscis Monkey Nasalis lar,ftlur.

Nipa s$rmp6

Nipa swamps are tidal, monospecific trBcts of the Nip P^lm lbpa frutica$ which occur in association with
mrDgroves md the brackish tidal reich€s of rivers. Many of the deltas of Sarawat and Sabah bave buge are$
of oipa swamps, providiDs habilat for Proboscis Monkeys and wate$irds. The fronds of the Nipa paln sre
harvest€d by local villagers a used for making thatched roofs and also as cigareues.

tr'rcsh*r1€r Swamp For€sl

Tbis fore{t occurs in s€asonauy and p€rlr| nently inundated sre$ slong rivers and fte,shwaier lakes. A sp€cies
rich and div€rs€ hlbitat, fr€rhwater swamp forests provide supporr many endangered speciss of wildlife such
ar the Srom's Stork Ciconia stotmi, Ottet Civet CtanoSalz ba,rrarti and the highly endatrgerei Sumatr.n
Rhinocetos DicerorhinLt s unatrcns ir.

Ertensive conversion to agriculture has made this habitat tbe most lhr$tenei wetland rype in Malaysi. and
today is re,strictd to small isolated areas in Johor, Sabah and Saawak.

Peat Swstnp For€st

This fore,st occurs on peaty soils with high acid-sulphate codtent. Tannin released inb rhe water from decayhg
leave,s gives the water ils cbaBcteristic te3-.olour (known as blackwaler). Peat swamp forasis occur in auuvial
basins with lagoonal profiles and present a speries-rich wetlsnd habitat. Rerent draining of pe3t swantps in
sourh@st Asi! has rasulted in a pot€nti.lly catastrophic situation, the buming ofdried out pe3t soils. Dry pe3r
is highly susceptible to s?ontan€ous combustion and smouldering peat can bum underground fo. years, erupting
above gmund durinS extended dry periods. R€cenr years have s€en smoke from p€ar fire.s in eastem Kdirnanrm
(Indonesiatr Born€o) spreading over the entire region and causing throat, lung and eye infections and renuced
visibility,.ff€cting aircraft novements.

Peat swamps support faunal and floral communities similar to freshwater swamp forests. Swsmp for€sls ir
general serve as rquifers and phy vital mles in flood mitigatioo and ground-water r€charge. The compt€x
hydrclogy of sw.mp fore,sts pose lrMagemeot problerns, ssp€cially wh@ fngmentation has occun€d, to the
long-term pr€servation of viable tracts of this wetland habilat.
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Freshwater Lakes

lrge natu''al lakes do not feature prominently in this country. Tasek Bera and Tas€k Chini in Pahang in the

peninsula and Loagan Bunut in Sarawak (an ox-bow lake) are the nost significnr' Marv large esefloin have

Leen forrned over the past two de.adcs fton the buildiDg of dams. I*e's provide habitat for endabgerei sp€cies

such as terrapins, and some species of fish.

The lower reachq of the m.jor rivers in E3st Malaysir (the Baram sd Limbang in Sarawak and the

Kinabatangan, Sugut and Segaina in Sabah) have numerous ox-bow lake's The's€ lakes' espetiallv lhos€ in the

remote upper reaches, are offen fringen by thick floating vegetation nats and support rich 6sh populations'

The advent of tin-mining in the 1840s, which paven the way fo. the development of th€ Malav peniosula'

inadvertently crated a new wetland habitat, the mining Pools. The.se Pools have today becore orne of the

richest artificial wellands in the counrry' surfac€ minine crestes extensive lakes of varying depths which

Sraduauy get colonized by aquatic planls and PiraSnrat reed-bens and suppon manv watethirds'

River Systerns

Malaysia boasts sone 100 river systerns with the Rajang, Pahang, Kinabalangan and Baram as the largest'

cove;ng huge catchment areas (the catchment of the Rajmg ilself is 51'00O sq.km.). Tbe numerous tributanes

and the tenain cfeat€ individuauy distinct riverine habitats, with six disrinct typ€s of rivefs recognized rn

Malaysis.

This habitat is hoine to a diverse fish fauna such as the elusive freshwiter Stingtav in the Paharg river (Joan

Cramphom, pers. comm.) and endangered arimals such .s the Hairy-nose/ Onet Lutra sumalrana, tdiscoveted

in 1992 in Malaysia after 25 yea.s (sebastian, in prep.).

Marshes

Typica|openmarsh|andisnotanatural lyoccurr inghabitat inthiscorutt fy.Thefewfi 'archhabi lAtsal loccur
i; Sabah. Marsh babitats have oot be€n studied itr lhis country and need sorne attention in the near tuture to

asseas the valu4 of theae wetlands

Fisures 1 and 2 show the distribution of wetlands in Malaysia
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nlure I Wetl:tnds of Pcnin\ulrr M.rl.rrsir
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Figure 2 We(l.rndq of E.rst M:rhy$ia (Srbrh d Srr.rwak)
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TIISTORICAL S'TATUS OF CROCODILIANS

Peninsular Malaysia

Historically, only two spe.is of crocodile have been kno*,ll to occur, the Estuarine Crc:{ndile Oocodtlus
porofus and tbe Malayan False Gha;al or Tomisloma Tonistoma rchkgelii. Nthoneh T.schlegelii ̂ ever
occuned in high densitie,s, c. pororrs was probably once common in estuaries and rivers and the large tract
of s,wampforest along the alluvial lowlands of the wert coast. The sixtie.s and seventie,s witnassei an ever
bcreasing export of crocodile skins from the r€gion and undoubtenly played a part io the deiline of c. prrarB
in Ge F,rtinsula. The nining pools were probably coloniz€d exlensively by c' prror4, in the early ye{rs. The
p.st tweoty ye3rs have seen the r€habililation of lh€s€ '*astelards' for industry lnd housing. Most of the
crocodile,s were caught and sent to fqrms (Mohd. Tajuddin, PERHILITAN, per3.cornm.).

t rclleseiii has been poorly recorded in literature and this lack of infonnation inay be consistent with the
drco.y lhat ihis spe.ies naturally o.rurs in low densitie,s. Two records from the immediale vicini.y of lhe North
Selangor Peat Swmp For€st, one cnugbt close to the Bemlm River in the seventies (Marsh, 1982) lod a
crocodile caught in the Tedgi rive. (which flows our of this swampforest) fitting the description of a Tomisioro
in 1988 (Mohd. Rosli, pers.comm.) suggest the continued pre,s€nce of lhis specie,s in the slale of Selangor.

The Siames€ Crocodile c' ria"€rrir has never been recorded in Peninsular Malaysia lhough hislorical records
show it existed just north of the Malaysian-Thailand border (Groombridge, 1982).

Therc brs b€€n no rccords of a crccodile survey done in Penidsular Malaysia ro date.

Sabah

Hkto.icrlly, three sp€4ies of crocodilid are krown to occur in Bomer although only one has ever ben
recorded in Sabah, the northeasiem part of the island. The Siames€ Crocodile Crocodylus siamcnrit has nelrct
been rerorden though it lrl8y bave in the past. I rcnles"ri, is lhought to have never spread to th€ northe$lem
side of the islAnd (whitaker, 1984). The sianes€ Ctocodlle Croc.xth$ sianzni,r has b€en recorded in the
Indone,sian archipelago from Bomeo, sunatra, Bangka qnd sul.wesi (Ross, 1986) but lhe presence and
distribution of this s?e.ie,s in Bomeo has never been studied. Frazier and Maturbongs (1990) have re.ently
confirmed the presence of C, siame^tis in Kalirsanian Bom€o (Indonesia). There have b€€n suggeslions to
revive the taxonomy of an endemic species of crocodile b Bo'".eo, Crocodlh/.r rdrt rrJ (Ross, 1990).
Investigations should be made to confirm the existence of a new distinct spe.ies or the presenc€ of a race of
c. riarn n$r in Bomeo.

A survey of crocod'l€.s was conducte! 'n 1984.

Saio\rsk

The pras€nce of c' porcrw, C. sianenti! nd T. sclle8?lii is historical allhough wilhin the last ten yeafs, only
C. porosus and T. schkgelii hate b€€n .oofirmed. c. prrrrar was present in most of the larger rivers 8nd
inland waterMiss and the sisht of crocodiles baskins on river banks was conunon in the rnid-sixtief (Jacob
Selaltian, pers.comm.). Regular repons of crocodile atlacks in the iDle.ior have long b€en attributed to this
sp€cies. Tomistoma was largely unl(noM with relatively few records, again undoubtedly due to the dense haunls
ofthis spe.ies. c. riarrea,r has never bern re.orded in Sarawak to date. However, while lhe Tomistoma differ€
considersbly from c. pa'or6 aDd is easily distinguished f.om lh€ latter by locals, c. flidrnerrir doa! not differ
very much fron C. poro'6 to the casual observer and .eports of crocodiles from lo.{ls (:!mot be safely
regrrden as c. pororur wilhout expert observation or examination.

The most rec€nt survey of crocodiliars id sarawak was in 1985.



CIJRR.ENT STATUS OT CROCODILTANS IN MALAYSIA

F-sluadne Crocodil€

The Estuarine Crccodile has been recorded in most wetland habitats in Malaysia, from rnangroves to lhe remoie
re3che,s of rivers and inl.nd ftEshwat€r lakes. F,ast and Wasi Malaysia are treated s€parat€ly below.

Pedinslar Malavsia
In Pe nsular Malaysia, this speries is now considered rare in the wild. The innate fear of the.se large reptiles
have lead to tbeir'removal' whenev€r sight€d or knorMr to occui in ah area clos€ to hunun habitation. The
National Parks snd wildlife Department (PERHILITAN) has a crocodile-catching squad to attend to any
crocodile,s sighted. Capturcd animals are s€Dt !o zoos or croc farms.

The last strorghold in the peninsula might be the Setiu-chalok-Bari basin, an area of swampforest and
Melalellco fotest leA by rhree rivers. This basin is situated on the e3st co.st of Peninsular Malaysia in the slate
of Trengganu, 40km dorth of Kuala Trengganu, the state capital. These thre! rivers eventuallyjoin to flow into
fte seriu lagoon, a 22 km long shallow bnckish lagoon formed by long-shore drift action, a characteristic
feature of nany rivers along the e3st coast of the peniosula. lncal entrepreneurs conduct organized tours up
the river to wstch cro.odile,!. Allhough no surveys bave beff conducted sp€cifically for crocodiles, recent bird
atrd vegetation surveys in the basin (Asian wetland Bureau, 1992) indicated ideal hrbilat for crocodiles. This
are4 is pr€s€ntly under threat from a planned flood mitigation schem€ which would cause drainage of this basin
during the dry season (sebastian and Davies, 1992).

Ir Penidsular Malaysia, the Estuarine Crocodile is listed as Totally Pntecle.d S/eci"r under the Protection of
wildlife Act 1980 (arnended in 1983).

sclsI
ln Sabatr (&sr Malaysia), the situation is more encouraging. c. pr'rr6 still occurs in many arels! snd is
reportei to be common in lhe Kinabatangah River, its nun€rous orbow lak€s and associated floodplain. The
distributioo of this sp€cies appears to be mainly rsstrict€d to the eastem part of the state with only one
confirn€d rerord of c. porar4r from th€ west coast, the swampforests of the Klias Peninsula.

sarawsk
Crocodiles still occur in most of lhe major riv€rs in Sarawak though probably in low densitie,s. The infamous
Bujang Senane 'Fisy Bachelor' till today remains at large, having terrorized villagels tnd elud€d numerous
intedsive hunrs for over ten yeffs. Reputen to be 20ft in lenglh, lhis Estuaride Crocodile has claimed ovet 12
liv€s along the ktang Lupar in Sarawak. Cox .nd Gomb€k (1985) rccnrde/l C. potows h most of the inland
lake,s and river syst€ms they surveyed in Sabah and Sarawak.

The Estuarine Crocodile is list€j as a Proredet Speci€r in Sarawak. This category (as oppos€d to the Totally
tuoucNed Specie$\ ̂llows native rural residents of traditional lifestyle, who legitinately need to hunt these
animals for their olrm consufiption, to hunt this species without a licence (Wild Life Prole.tion ordinaft€
1958).

J-



Tomistoma

Peninsular Malavsia
This rsptile rernains largely unknown in Peninsular Malaysia. The North Setangor peat Swanp Forest may srill
hav€ s smill population of Tomistornas. ln De.ember 1992, rhere was an unconfirmei rerord of a Tomistoma
from an unidentified river in the Ayer Hiram - Bukir Meriajsm area in tbe state of penang (m'irtand penans).
Surveys of the fish fauna of the Pahang river by lhe Asian Wetland Bu.eau in February,March 1993 reported
numerous sightings frorn local fishermen of two spe.ies of crocodiles in th€ Jemur riv€r, a triburary of rhe
Ps.haDg river. One nel put up by the survey team w6 found missing, sus?€ctedly raken by a crocodile (patrick
I-€e, pers.comm.). Siltation at rhe confluence of rhe Jemur and the Pahang river has crsted numerous deep
pools along lhis slow flowing eutrophic river. This site should be given priority for crocodile surveys i! the
futurc.

The TomistorDA is likely to be restricted to pristine riverine habitats which rodly remain mostly along wBrerways
ir swlmpforests. The presence ofTomistoma in Tasek Bera was de,scribed in the e$ty s€venries but no records
of any crocodile,s have b€en received in the past ten years. This could be due to a coobinarion of the destruction
of natural swamp fore.st habilat surrounding the lake system in recent years and hunting pressure.

The Tomistona is a tally Proted?n Specks itr Petrinsular Malaysia.

Sabah
The Tomistona has never been recorded in Sabah.

Sarawak
Cox snd Combek (1985) re.orded Tomistoma in only one river system, the Ensengai Baki in lhe First Division
h Sarawak. They believe that the spe.ies may also occur in the norc ioterior of the siate, in are,as not covered
by their surveys. If this is true, Sarawak will be the last stroDghold for this species in Malaysia as the more
developed and heavily populated peninsula has very little rerlainirg natulal habitat capable of supporting viable
populations of such a large predator. The most rec€nt population estimares for Sarawak were belwe.n 50O-100O
wild &imals (Whit ter & Whiiaker, 1989).

The TomistomA is also listed as ̂  Prokcted Specier in Sarawak

Sirm€se Crccodile

The Siam€,se Croc.dil€ has never be€n r€corden from Malaysir. Recent evidence of its pr€se.nce in €€stem
Kalimantan on the island of Bomeo suggests the possibility of this specie,s occurring in East Malaysia.

Table II at the back of this documeDt provides a list of w€tland sites in Malaysia wbere records of crocodilians
have tren rec€ived or have be€n coofirnal from surveys or from existins literature.
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THREATS

The following have been ide'tifi€d as lhrerts dire.tly &d indireally affecting crocodile's in Malaysia Sotn€
attempt has b€en m.de to list them in order of seriousness but this rensins indefinitive.

Habitat Loss

Th€ loss of suitable habilaa has invariably contributed significantly to the decline of crocodilians in the country
and today remains the most sigoificant contributing factor to their continued decline. An ev€r incre:sing demand
for space, especislly on the coast, has resulted in a 30% loss of wetlands in Peninsular Malaysia sinc€ 1987,
a penod of only five years. The nangmve habilat, backei by extensive swamPfore.sb, which once covered the
enlire west coast of the peninsula today totals 110,000 ha of which 41,000 ha constitutes the Matang Fotest
Re,s€rve in Perak and 23,0oo ha the Klirg Islands in Selangor, these wo sites accounting for more than half
of lhe lotat rDrngrov€ forest area oflhe peninsuls (Malaysian Wetland Dirertory, 1987). The only signific"nt
renaining area of svamp forest on the west coast is the North Selangor Peat Swamp Fore'st (30,000 ha) and
.e4€nt evid€rce suggesting the contin'red pr€.sence of crocodilians in this forest confirns that both these habitats
provided ercelledt habitst for crocodilians in the past.

Iishing Actirity

Inlensive lishing activily along enlire slretches ofall the major rivers have severely dePlete-d 6sh stocks. Fishing
methods have incrss€d in €fficiency which lead to the baoniDg of the use of drift-nets io Malaysia as a method
having serious €ffe.ts on both marine and f.e.shwater fish populations. The use ofpoisons, bolh traditional root-
extracts and insecticides/we€dicides pre/ominantly aloog the upper resches and tributaries have effectively wiped
out fish populations alodg sone the smaller rivers. Another more recent terhnique, elettro-fishing, is posing
,n incrssingly s€rious threat to fre,shwaler fish populations.

The loss of food supplies are believed to have also contributed to the d€clire of crocodilians, particularly lh€
exclusively fish-€ating Tomistomas. The effect of the use of longlines (baited hooks) to catch larger fish and
terrapins otr crocodiles, particularly juveriles and hatchlings is unknowtr.

Human Periecution

This is also a significant factor thre.aiening crocodile.s in Malaysia. Crocodiles are invariably killed or trapp€d
on sigbt, rnainly froin fear and bad media pubticity (sec Appendix I). In 1992, thre€ incidents were covered in
the local newspapers where crocodiles were spotted in lates and mining pools, close to recreational arss
causing wide,spread panic and public avoidance of these areis. The'se animals were all caught and removed to
safer areas, namely crocodile farms.

The captur€ of hatchlings for sale to crocodile farnN conlinues bul at unquantifiable levels.

Pollution

Tbe dens€ly populated we.st coast of the peninsula has r€sulted in many of the rivers beroming polluted. Again,
the effect of Dollution of cro{odile.s is unknown.
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SURVEYS

The bulk of infoffEtion of crocodilians in Pedinsular Malaysia comes from incidenlal siShtings sad reports &om
locrls. The sienific€nt lack of recent survey presents 3 r'ajor obstacle to the formulation of any conservetior
plans. ln rerponse to this urgent need for survey data on crocodilia$ h Malaysir, lhe Asiao Wetland Bure.u,
a non-govemm€nt organiztion based h Kuala Lumpur, has iniiiated prelininary suwey work. These survoys
however, have b€en on sn dd noc basis, and only h w€tlands wher€ other s,urvey work is currently b€ing
c.nducted and wh€n personnel sr€ available.

It must be enphasized that to da!e, no comprehensive survey of crocodilians bas b€en carried out in Peninsuhr
Mslaysia. The situation is sinilar in East Malaysh where lhe last crocodile survey was done iD 1985 and wss
prelininary. Survey work in SarawaL is r logistically difficult task due to the renotene,ss of the interior lnd

CONCLUSIONS

The status of crocodilians in Malaysia is definitely of concem. In Peninsular Malaysia, both spe4ias have
reachen senously low population levels and are in danger of b€.oming extinct, the Tomistoma in particular. I!
Erst Malaysia, c' pororw survives and though io low densitiq, is nol in immeniate deger of exiinction with
viable populations in certain areis. The Tomistoma occurs in much lower densilies and is mote s?€cific in its
habitat requiremerts. The lack of information on this species is probably more from a lack of comprehe$ive
surveys than an actual absence. Also, the Tomistoma is believed to naturally occur in low densities, even in
ideal habitats.

-10-



PROPOSAL TOR CONSERVATION WORK ON CROCODILIANS IN MALAYSIA

Justification
lD rerognition of the urgent neld for efforts to conserve the remaining populations of the'se highly eodangered
reptil€s, a s€ries of proposals have be€n identified to address rhis issue. It is proPosed that a national action plan
be drawn up incorponling all thes€ proposals and to identify relevant actions for the conservation of crocodiles
in Malaysia. This action plan will be lailored in lin€ with the nalional Policies of the country with lhe ulrirnate
ain of e.stablishing q Ndrional Crocodilian CoNenarioa SnareS) Due to lhe politic.al and l€gislative differences
bet\reeo East and Wast Malsysia, this plan may requit€ separate treatmenl fot the Peninsular and
Sabah/Sanwak.

Priority should be given to the e,stablishment of a sanctuary for crocodilians, covering sufficient areas ofpdstine
nalwal habitat re{uirei to support a viabl€crocodile population. The urgency in ideotifyingpotential sites cannot
be over-ernphasiz€d.

Naaional Crocodilian Come.vation Stmt€gy

It is proposei that a conselation strategy be formulate/ for tbe protection aDd preservatioo of crocodilians in
Malaysia. A detailed project proposal is yet to be drawn up but its mention here is to give an overview of lhe
situalion ed the proposed scop€ of th€ projelt. The objectiv€s of this strategy are liste/ below.

i. To rdord aod map out the distribution of crocodilians in the country.

ii. To identify habital types which support viable populations of crocodilians and to identify viable
populations occurring withiD eristing protected areas.

iii. To propose the gazetting of are$ ideolified a! supporting viable breeding crocodile populations as
wildlife sanctuaries to protect the sp€cies from exploitation.

iv. To id€otify threats to crocodilians itr the wild and propose mitigating measures.

v. To formulate a monitoring st.ategy for farming operatioN in the country.

vi. To idtiate research on the ecology and bre€ding biology of the Malayan False Gharial 3nd identify
research organizations to undedake this work.

vii. Altematively, io eslablish a Crocodile Research Centre in Malaysia with facilitie's for e.ological studie's
on crDcodilians, particularly the False Gharial. A captive breeding programme could b€ incorporated
to mainlaio a gene pool and to aid in reintroduction progfirmnes

The estimatei duration of lhis projert is three ysts. The initiation of this Pro.jett would require a national
conceptual workshop on crocodiles enabling an action plan to be drawn up, ideotifying priority sit€s for survey
work and collaborating agencies to be involve! in the projett. In recogrilion of the fact that no previous
c.mpr€hensive study of c.ocodilians bas been unde.laken, it is proposed that this study be done in two Phases.
The re.sparive phases are described briefly below.

- l l -



Phase I Nat iotul Crocodile S uneys

This phas€ airns to conduct comp.ehensive baseline dala collecrion on occurrence, distriburiod and habirat
preferences of crocodilians in Malaysia. Peninsular Malaysia will be r@ted sepamtely from East Mataysia
(Sabah and sarawak).

Prcje.ted Tirne Frame : One year.

Phase II National Action Plan lor Crccodile C,onsedation

This phas€ aims to formulate an action plan for conserviog crocoditians in Malaysia. This plan will address all
rel€vant issues related to crocodilian consewation as well as identirying the roles ro be playei by the various
govemment & non€ovemnent agencies, institutioo$ and crocodile fanns within lhe country. The formulation
of such a strAtegy is seEn as a natural follow-np ph^se of the Natio al Crocodile SurwJs.

Projected Tine Frame : Two years (one yer. each for West and East Malaysia).

Impleinenting Ag€nci€s

A task of this proportion would .equire the se$ing up of a rask force to coordinale and overse! tbe running of
the project. This task force sho'rld ideally comprise of representatives from the various agencies with relevant
exprtis€ in this field. A list of Malaysian agencies and institutions is included below.

a. PERHILITAN, the Department of wildlife and National Parks, in Peninsular Malaysia.

b. State Forestry Depanments for the respective stat€s.

c. The National Parks and Wildlife Office (NPWO), under the Department of Forestry, in the State of

d . Sabah Parks and Sabab Forest Department in lhe State of Sabah.

State Fishery Departmerh.

Malayan Nature Society

Asian Wetland Bure{u

World Wildlife Fund Malaysia

lrcal Universities

Representatives frcm crccodile farms.

t.

h .

J '
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TABLE tr DISTRIBUTION OF CROCODILIANS IN MALAYSIA

Tumpat IrSoon ad the
Seriu-Chalok-Bari River Basin /

Trengganu Tidal lagoon, +

2 Pahang River System/ PahanS +? +'!

3 Ulu l-epar Ir<€ Sysiem = Pahang lakes +

T&sek Bera Foresl Reserve = Pal|ang la'I(e, + +

5 Southe$t Pahang Swamp Fore,sr ? Pahang Swampforest +? +'!

6 Jenaluang Swamp Forest ? Johor Swampforest

7 Malacca River systemy' Mela.ka Riverine +

8 Segambut Mining Poolsy' Selangor Mining Pools

9 Klans Islands - Selangor Mangroves +?

l0 Kapa. Forest Reserve ? Selangor Mangroves +?

l l North S€langor Peat Swampforest / Sehngor + +

t 2 Taiping Mining Pools r/ Pemk Mining Pools +

Kbta Mining Pools/ Perak Mining Pools +

l 4 Batu Gajal Mining Pooky' Midng Pools +

Mttmg Foreat Re,serve ?

l6 Beria.h Swamp Forest ? +2 +2

t1 Ayer Hitam-Bukit Mert{jam'/ Penang +
l 8 Kulamba wildlife Re,s€rve y' Sabah +

l9 Segama River Basinr/ Sabah +

20 Kinaharang.n Floodplain/ Sabah

2l Temengang oxbow lakes / Sabah +

22 Danau kbaung y' Sabah Lake +

bbuk-sugur Deltas - Sabalr Mangmves +

u Sugut River/ Sabah +



TABLE II - DISTRIBLTTION oF CROCODILIANS lN MALAYSIA [cont'dl

KEY

/ ' Confirmed sites for either specias of Crocodilian

= - Historical re.ords of Crocodilians

? - susp€cted presence of Crocodilians

25 Unggong Swamps y' Sabah +

26 Likas Swamp = Sabsh +

27 Klias Peninsuhy' Sabah Swanpforest +

28 Marintaman Metrgalong - Sabah Swampfore,st +

29 Trosan-Sundar Mangrov€s v Sarawal( Mangrcves +

30 Limbang Mangroves r/ Mangrove.s

3 l sungai Karap / +

32 Lr,aszn Ungar I sarawak laeoon +

33 I-oagan Bunut/ lake + +

34 Ralang Delra y' Sarawak Mangroves, +

l5 Maludam Swamp Forest Reserve y' +

36 Batang Lupar Rive.V Sarawak Mangroves, +

3',1 sanarahan-sadong Mangroves y' Mangroves +

38 sarawak Mangrove Forest Reseney' sarawak Mangroves +

39 Samunsam Wildlife Sanctuary y' sarawak Mangrcves, +

40 Sungai Ensengai Baki / Sarawak + +
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INTRODUCTION

The False GhariAl or TomistonB Tomistona schleSelii is one of the least known ard most endanger€d
crocodilians in South-€ast Asia. Plsced in a genus of its owtr, the Tomistoma was formerly thought to be mo.e
closely related to the true crocodiles r.tber than tbe Indian Gharial Gavidrir aalSeticat Clarsitano et al. 1989).

Rec€nt evidence, howevet, s€€ms to suggest clo!€r ties to this ancient C.aviaur genus' Family Gavislidae
(Densmore & owen 1989).

Gharials are primitive reptiles, dating back to the Foceoe of Africa and Asia. They have poorly develope-d limbs
making lhem less mobile on land than most other crocodilians. They are easily distinguished from true
crocodiles by lheir long slender snouts. Adult mal€ Gharials develop a bulbous grcwth at the end of the snout.
Adult male Tomistomas do nol develop the bulbous dose atrd are distinctly marken witll dark bands on lhe tail
and $out. They can attain lengths of over 4 mete6 and are thought to fe€d prinarily on fish.

Like aU ihe other crocodilians, the Tomistorna is 3n €lusive reptile, occuning in slow-flowing waters aloDS the
upper reaches ofsrhll rivers, fte.shwater swamps and lakes. These ste3s are often overgrown with aquatic and
riverine vegeiation, usuAlly specias such as Parddnus, BannStonia aad HanSland. This spe.iqs is ihought to
mturally occut in low densities and therefore can often be inadvertently ovetlooked in survey re.ords of atr

The Tomistona is a mould ne.ster and requires extensive are3s of undisturb€d riverine habirat to bre€d The
extensive conversion of wetlrnds to agriculture and urban developmenl in recent ye$rs has resulted in a huge
lo$s of Tomistoma habitat. The subs€4uent isolatioo of populations has also rasulte-d in tbe loss of their viabilitv
and bre€dine success.

TomistotrMs have b€€n kept in captivity at crocodile fafms throughout the region and hav€ te.€ntlv beer the
focus of &ttention as stock for r€iotioduction programs rnd also a.s genetic Pools. However, all att€mpts to brc€d
Tomistornas in c-aptivity have b€en unsuccessfi. to date lt is increasingly clesr that more infonnatioo on lhe
nesting hbirs in the wild is rccessary to be abl€ to breed this species successtully in captivity.

Fornerly known to range fmm south-€{slem China, west to Burma and throughout south ast Asia ed
lndonesia, lhis 6?$i€s has now b€en confirrFn only in Mlhysia, and Indonesia (sumatra, Kalinanlan). The
Tomistorhe is pmbabty extinct in Thsiland. The sp€cie's may also occur in Sukwesi. This astricted range is
emphssized turther by the limiM availability of suitable habitat.



STATUS

The Tomistoma ioday probably occurs in the wild in only thre€ countries! Thailand, Malaysia and Indonesi!.
Confirmed populations are known only from Malaysia and Indonesia with the Thai population possibly
exlirFled over the last decade. The,se three countries are dealt with separately b€low, dcacribing tbe status of
Tomistomas as known from existins literature.

Thailand

No re.€nt infonnation exists on lhe stltus of populations in the wild. llst r€cords of Tomistomas w€re id the
7O's fro$ southem Thoiland (Iaylor, 1970) and the speries may have already gode extinci. The spe.ie,s e sts
i! captivity at Samutprakam Crocodile Farm but claims that successful bre€ding has tat€o place are doubtful.
Bai! and Humpbrey (1980) slrte lhat if surviving, lhe Thri population probably nunbers fewer than 20
iidividurl6.

Malaysis

No r€cenr irformation exists on the status of this speci€s in West Malaysia. Fonn€rly known to occur in the
Pahang river basin, Tasek Bera in Pahang and the Nodh Selangor Peat Swrmp For€st, no r€ceot surveys have
b€€n conducted to confirm lhe pre,sence of this species. Th€re have been r€ceni unconfirm€d records of a
crocodiliatr fitting the de,scription of a Tonistona from the North Selangor Peat S\ramp Forest. A Tomislona
wss caught here in the late 70's close to the B€rnam river (Marsh, 1982). The Setiu river bssin, Trengganu,
also provides ar ideal habilal for crocodiles and regular Cro.odile Safaris are conducted for iourists. Tbe
identity of the crocodilian here is unhown. Although most probably C. /aror6 along the lower reaches, lhe
possibility of Tonistoma occuning io the dense riverine fo.ests of lhe upp€r reaches is high.

In 1983, a su$ey done in Sarawak (East Malays;a, Borneo.) re.orded Tornisloma itr rlmost all the inland river
systems artd freshwater swamps (Whitaker, 1984). A subsequent survey in 1985 h Sarawak re.orden the
Tomistoma only once; two adults ond one juvenile in the Upper Ens€ngai Baki Rive. in wertem Sara*.sk (Cox
& Gomb€k, 1985). Furthet surveys are required in Sanwak to determine the current status oflhis spe.ies. The
sp€cies is kep! at Johnson Jong's Crocodile Farm, Kuching. Although numbering over 100 individuals, all
aftempts to br€rd have b€en unsuccessful.

Tbe s?€cies has oever b€en recorded in Sahh, norlh-e{st Bomeo (wllilaker & lvhitaker, 1989) and is probably
excluded ftom this comer of Bomeo due to ge.graphic topography.

Indonesia

Thoughi to be the last stronghold of lhis specie,s, rec€nt surveys were conducted in 1990 by FAO-PHPA in
Surntra and Kalimantan. Significdt populations we.e .e.o.ded io nine river systeols. The sp€cie,s was
confirmed in the Berbak National Park, elst Sunatra, the Han, Kuran and Bahar riv€rs iD south Sumatra and
lha swamps along the Medak and Merang nvers. Tbe Beran river and Tanjung Putins National Park in
Kalimar an have both b€€n confirmed !o support populations of Tomistomas (IUCN, 1992). F azier and
Mrtubonss (1990) provides a complete listing for Kalirnanhn.

The Tomistonr has b€€n reported from Sulawesi (report from Marisa river, norlh Sulawesi) but is Dot
confirned (IUCN, 1992). If confirm€d, this would be the turthest east ils rlnge extends.



TIIE NNED FOR CONSERVATION

of the s€ven spe.ies of crocodilians identified as des€rving the bighe.sl p.ionty in the csc Action Plan, five
are Asiatr. With substantial progr€ss nade in initiating conservation of the Ghai^l Cavialis Sanseticus, the
C'hines€ Alligator,4lli8atorrir"nri, and the Philippine Crocodile Crocody&rr nizrrr"rrir, two sp€.ies remain
unaddreased, rhe Siamese Crccodile Oocodrlut siarnerrir and rhe Tomistotrr.. This specie,s is now becoming
,Ir urgent priority (CSG Ste€ring Committe, 1992). The Tornistotrra is listed as Endangercd in lfie IUCN Red
List 1990 and is an Appendix I speties und€r CITES.

Natural wild populations are thought to have be€n reduced to dangerously low levels, mainly du€ to habilat loss
Restricted to slow-flowing .ive.s with dense riverine vegetation, fresbwaler swanp fo.ests and lake.s, lhe natural
habitat of rhe Tomistorl|i is rmdergoing conversion at an incrssi'gly rapid rrte. It is crucial to locate viable
populations of Tomistonas now, so as to be able tojustify ard acquire legal prote4tion for the habitats.

The fragility of lhese f.eshwater w€tlands used by this species requires p.oteltion and inanagement of entire
e.osystems and not representative parts of the habitat. The level of effort and cost requir€d to n|ainlain an area
as a sanctu{ry for Tonrstoma is likely to be higher the snraller the are3 is. It is lherefore impoiant to identiry
areas of suitable habitat of sufficient size to be gazetted as a $nctuary for Tomistom.as.

In the event lhat no viable populations are locatei in Thailand or West Malaysia, lhe option of csptive brelding
c€nters wilh lhe purpos€ of s.ientific studie,s and reintroduction progmms must be examined.

Surv€ys should be conducted in West Malaysia, esp€.ially in the Pahang River basin, concentrating on the
frcshwater lake systems of Tasek Bel!, Tasek chini and Ulu kpar, to establish the presence of tbis spe.ies snd
idendry potential habitals.

Idodesia still retains vast are$ of freshwater swamp forests in Sumatra ed Kali'ianlan. The pres€nce of
Tomistomas within prote.ted aress has recently b@d @nfirne/. Thes€ are probably the only are{s supporting
such populations of lhe Tomistoma io the world and pre.sent good opportunities for detailed ecologicsl studies
of the sp€.ies itr tbe wild.

The urgency for tbe design of proposals ard the allocation of tunds fo. the conservalion of this species camot
be ernphasized. Effons should be made now to save this ancient reptile from extinction.



KNOWN SITES I1OR lIlE FALSE GIIARIAL TohLtona *ttleg.tl rN SOUfi EAST AS|A

. , uiericrl Eco.d! (nor Ecord.d vithin !r,r 15 y..s)

sou*.! i Ari.n w.rl.nd Di.cb.y, lndo*si.n w.dlnd Dicctory, w.rtud D.bbae, Rusih (p.8. comm,). ci.&n(,c8. comm,), r,u,..
(!cn- conn.), rucN/ssc CSc,

COT1NTRY

34,636 Peol sw.np FoEsl - 9,684h!,, M.l.l.uc.
FoEs - 14,600h.. cnlst.nd,9,8mh.

26,500 trk., & sq.np FoEd - 6,1J0h,,

74,423

3m,000 Ferhv.t . Sump foc.1- mid.tte uch.t
sg. Klnp - 60 LD of riv..

19,000

M3ludim Sw.mp Ford l2{,0m

r,4{0 l.Gbvtte. S*mp FoGt

123,500 Frsh{ater Swup For6t

3,000 Pclr Swrdp FoE.t - 3,000 h..

r8,000 Pat Swbp Fo€t & e.r€rw.ts

5E6,al7 FGh*tle. & P@t Sw@p Foct - 80,000

175,000
RAMSAR Site

Pst S*@p FoBt - 110,000 h!.
Fqhwiter SwMr Focl - 60,000 b..

23,750 P.ar Sw.mp FoR{ & rwo hk.6

10,000 P.{ Swamp Ford ud lrl.!

S.l Keil r0{,000 P@a S*et foBt - 30,0(Xl h..; ftsbp.ret
S*@p For6t - 2,00{ ba.r SooI FBtrs..E

320,000 aE! or wetland! l.$ th& 2@,000 h!.
Manamtcs& frshwlt r ssinpfoEsl

130,000 Mln3ov. foes ?,000h!.i FEd'v.r.r
swhp Forcrr - 20,000hi,i Pot sw.np

J0{,o,tll Mogmv6, Nyp., lftnog8,
H.dg@^a/P.n la@ & P@ntu@e Fot.!l.

30,000 FECrw.br & P..r sw.np FoFc , 40,0m hr.



mSSIDLE NEW SITES FOR rALSE GHARIAL totltro,'ra t Ls.lii lN SOUTE EASI ASIA

120,m0 Pert Sw.np FoF t- l00,mo b!.

FFlbwd.r & Pc{t Swampforc3l,

325,000
60,m0 h..)

P..! se.nlp Focd - 90,0m h..; Fsshwa&r

Open Wlcr - 202 h..: FFslp.r.. S*.np
FoF r - 700 h..; hwl.nd Dry Fo&.l-



REFERENCES

Brin, J.R. & Humphrey, S.R. 1980. A Profile of the Endangerei Sp€.ies of Thailand. Repon No. 4, Office
of E ological Service,s. Florida Srate Museum, cainsville.

Cox, J. & Gombek, F. 1985 A Prcliminary Surv€y of rhe Crocodile Resourc€ in Saraw6k, E0st Malaysia.
world Wildlife Fund Malaysia. IUCN/WWF project No. MAL ?4/85.

Crocodile Sp€.ialist Group Stelring Conmitte€ 1992, Minures, Kyoto, Japan.

Densmore, L.D., III & Oweh, R.D. 1989. Molecutar Sysrematics of rhe Ordet Crocodyfia.. Aner. Z-ot. 2gtt3l
_ 841.

Frazier, R.S. and R.A. Martubongs. 1990. 1990 Kalimanran Crocodile Surveys. Fietd Docum€nt No.2. FAO
Project CCP/INS/060/JPN. Jayapura, trian Jays, Indonesia.

IUCN. 1990. Red List of Threatened Animals. IUCN. cland. Switzerland.

Mffsh, c. (wildlife Offic€r, sabah Foundatioo) 1982. In Litt. 30 April.

Scon, D.A. (ed) 1989. A Directory of Asian Wetlands. IUCN, ctand, Swirzerland & Cambridge, U.K.

Tarsitano, S.F., E. Fr€y & J. Reiss. 1989. The Evolurion ofthe Crocodyliar a conflict berw€en morphological
and biochemical da!a. Amer. Zool. 29t U3 - a56.

Taylor, E.H. 1970. Turtlss and Crocodilians of Thailand and adjaceor waters! witb a synoptic herpetoloSical
bibliography. University of Kansas Science Bulletin. bwrenc€. 49: 8? - 179.

Whitaker, R. & Whilaker, Z. 1989. The Sratus and cons€rvarior ofthe Asian Crocodilirns. pp 297 - 308. Inl
Crocodik;: Iheb Ecolngy, Managenent & CoLrer.'\ttion. A ryecial pubtication oJ th. IUCN(SSC
Crocodilz Specialbt Grory. IUCN - The World Conservation Union publ N.S. clrnd, Switzerland.

)

i

;



t
i
.l

I
1
t't
1

i

i
:

{

I

;



Serur Uric Acid Level in Siareae Crocodile (Crocodllus siaaeDais).

I I .  Feed iDg w i th  x ixed  D ie t .
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'  

Parntep RatanaLorD 
' 

sorrai l lorsrat 
'

'  
t l i l d l i fe  Reeearch  Labora tory ,  Depar toent  o f  Zoo logy ,  Facu l ty  o f

Sc ience,  Kaaetoar t  Un ivers iLy ,  Bangkhen Bangkok ,  109O3

"  Depar tnent  o f  Phys io logy ,  Facu l ty  o f  ve ter inary  t {ed ic ine ,

l(asetsart University, Bangkhen Bangkok, 10903

Abstract

lhe atudy was conducted to evaluate seruo uric acid in

60 S ia [ese  c rocod i ]es  (Crocody lus  s iaeeng is ) ,  21  Da les  and 39

fena les  aged 5-6  years .  they  were  fed  s i th  o ixed  d ie t  coDpoaed

of  ch icken carcaes ,  pork ,  p  ig  v iscera l  o rgaDs,v i tan ins  a t rd  r inera la

supp leren t .  Uean t+SD)  serun  ur ic  ac i i l  l eve l  was  3 ,94+1.29  rg ld l .

There nere no different in level6 betlreen DaIe atd feDale croco-

d i les  (P)0 .05)  r . rh ich  the  everage seruD ur ic  ac id  conce l t ra t ion

uere  4 .22+L .48  and  3 .79+1 .17  nE ld1 ,  respec t i ve ly .



Introduction

In  rep t i les ,  the  end produc t  o f  pur ine  and pro te in

oetabo l is [  a re  u r ic  ac id . " '  The abnorna l i t y  o f  Lhese ne tabo l isns

tha t -cont r ibu te  to  the  c iys ta l l i sa t ion  o f  u r ic  ac id  and ura l ,e  i ,

r , , i  vo  cause abnoroa l  cond i t ion  tha t  know as  "gout " .  so  ihe  neasur -

enent  o f  u r ic  ac id  iu  serun  is  an  inpor ta l t  inves t iga t ion  in  t to th

d iagnos is  and managenent  o f  gout . ' " ' " ' ' '  Ur ic  ac id  in  seruo  is

depend oo  the  da i l y  d ie t  espec ia l l y  fo r  the  h igh  pur ine  pro te in

d ie t  tha t  usua l ly  found in  v iscera l  o rEans e .g .hear t ' I i ve r ' k idney

eLc.  c rocod i le  i s  a  carn ivorous  rep t i le  l th ich  tsa in ly  fed  on

pro te in  d ie t .  In  the  present , there  are  severa l  t ypes  o f  c roeod i le

food,  fo r  exa [p le  ch icken carcass ,  f i sh ,  pork  o r  D ixed d ie t .

The low qua l i t y  and quant i t y  o f  c rocod i le 's  d ie l  . i s  an  i rDorLa4t
wh'ch YtJullci iv h:qL

fac tor  tha t  cause gout ,  one o f  thagc  d iseases
qaorlolitu
i i i i "  J  in  c rocod i le  fa rn ins .  

' ' '  Th .  p , t rpo . .

to  s ludy  tAe e f fec t  o f  n ixed  d ie t  and leve l  o f

S ianese c rocod i  les  (  C .  s  ianens is  ) ,

o f  t h i6  resea rch  i 6

se ruo  u r i c  ac id  i n

Itaterisls and ethods

s ix iy  hea l thy  s iaoese c rocod i leo  (21  na les ,  39  feoa les)

aged 5-6  years  were  used in  th is  s tudy .  These c rocod i les  l te re  fed

wi th  D ixed a l ie t  conposed o f  ch icken ca tcaas ,  pork ,  p ig  v iscera l

o rgaDs,  v i tan ins  and n inera ls  supp leoent  once a  week lo r  one year .

Ana lys is  o f  n ixed  d ie t  a re  6houn as :  1735.48  kca l  o f  enerEy '

17 .94 ' i  o f  p ro te in ,  8 .o31  o f  f8 . t '  0 .44*  o f  fa t t y  ac id ,  3 .131  o f

ce lc iun .  1 .34*  o f  phosphorus ,  0 .46  *  o f  f i b re ,  52 .19*  o f  Do is tu re '

8 .89r  o f  ash ,  and 0 .21 t6  o f  sed ioent .

B lood sanp le6  I re re  ob ta ined f ton  the  do lsa l  pos t -occ i -

p i ta l  a inuaes .  serun  ur ic  ac id  leve l  was  de tern ined by  phospho-

tungs t ic  ac id  t re thod 
' " ' " '  

us ing  conoerc ia l  k i t  (cLrNAc @,



Discuas ion

serun ur ic  ac id  leve l  o f  C .a iaoens is  in  1 ,h i6  s tudy  uag

higher fhan i\ All i€ator nisaissippiensis thai nean seruD uric

ac id  leve l  xa6  2 .55  Dg, /d l ,  , (1 -4 .  ng ld l ) . ( " )  Th i6  leve l  sas  a lao
r ta t t f  ) : . ,4  N; , r r

hi6het' than [eatr va]ues v reported i\ c.sianensis feedilg lr ith

ch icken  carcass  (3 .17+1 .2a  ngud l l . ' " '  B leva t ion  o f  6e ruD u r i c

ac id  leve l  oay  due to  h igh  pro te i l  and  pur ine  nuc leo t ide  conten ts

in  pork  and p ig  v iscera l  o rgans  uh ich  are  na io r  cooponen l  o f  n ixed

d ie t .  Th is  p red isposes  to  "gout "  i f  they  s t i l l  i n take  n ixed d ie t

fo r  a  per iod  o f  t i t re  because o f  serun  ur ic  ac id  leve l  in  c roco-

d i les  su f fe red  f ron  th is  ne tabo l ic  d isease was in  the  rsnge o f

10 .? -59 .6  ogzd l . ' " '  Then , fo r  p reven t ion  o f  gou t  the  o the !  sources

of  p ro te in  shou ld  be  t r ied .

Th is  s tudy  conf i rned tha t  the  conpos i t ion  o f  da i l v  i l i e i ,

such as  pro le in  source  is  an  inpor tan t  fac to r  l th ich  e f fec ted  the

crocod i les 's  hea l th .  concent ra t ion  o f  u r ic  ac id  in  seruD ca l !  be

detern i led  to  eva lua te  the  op t in ised  food '  and a l6o  use fu l  fo r

d iadno6 is  and prevent ion  o f  gout  in  c rocod i les .  There fore ,  seruD

stud ied  in  the

Ackrogledgerent

l |e  thaDks the  s r i racha Crocod i le  fa rD,  co .L td '  fo r

the i r  suppor t ing  o f  spec ioens  and o ther  neceasary  fac i l i t l es '

u r ic  ac id  leve l  s f fec ted  by  o ther  d ie t  shou ld  be

fu tu re .



c l iu ica l  d ia€noat ics  Inc . ,  Bangkok  10300,  Tha i land) .  Phosphotung-

s t i c  ac id  i s  reduced , !v  u la te  in  a lka l ine  oed iuo ;  a  b lue  co lo r

( " tungs te l  b lue)  i s  r :eed by  specLrophotooet ry  a t  wave length  o f

700 no .  I lean  va lues  be tween na le  and feoa le  c rocod i les  were

coDpared w i th  t : tes t .

SeruD ur ic  ac id

crocod i  I  es  a re  p resented  in

(p)0 .05)  oas  fou ld  be t r , reen

ac id  va lues .

Table 1 :

nesults

leve ls  o f  na le  and fena le  S ianese

Tab le  1 .  Us iqg  t - te6 t ,  no  d i f fe rence

n& le  and  fena le  neans  fo r  se run  u r i c

Serur uric acial level in

crocodiles ( c- s ia.enais )

ra le  aDd fe ra le  s ia rese

feeditr6 nith rixed aliet.

xlsD
( ralr6e,

crocodylu6 .sia{ersis ( n=6o )

l l a l  e  ( n=21 ) Fena le  (n=39 )

Se run  u r i c  ac i d  (Dg ld l ) 4.22  +  1 .48 '

(2 .3  -  7 .5 ) "

3 .79  !  t .  17

(1 .8  -  7 .5 )

Tota l 3 .94  !  1 .29

(1 .8  -  ? .5 )
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I. Introduction

Sabah is the most eastern state in the Federation of Malaysia, located
between 3F 42'- 70 2 N. Iatitude and 1154 25'- 11S17'E. Iongitude, contiguous
with Sarawak and the Indonesian State of Kalirnantan. Occupying an area of
approximately 80,290 km2, Sabah is inhabited by about 1.5 million people,
wiih a population growth rate of nearly 3.5%, one of the highest in Asia . The
State has experienced a boom in human population growth since the 1950's
(Jones, 1992i which has been augmented by an influx of several hundred
thousand immigrants.

Until about 30 years ago, about tY,/o-thirds of Sabah consisted of
lowland dipterocarp foiests. Approximately 50% of the State is still under
sone kind of natural vegetation, principally secondary forests of both
mangroves and tropical hardwoods. The species composition of the latter
habitat however, has been substantially modified as a result repeated cycles
of logging. The rest of the landscape i8 divided into large agricultural plots of
rubde-r, oil palm and cocoa, or traditional small holdings. Rubber cultivation
was dominint until the 1960's, when oil palm plantings were introduced. Oil
Dalm estat€s now cover broad areas of the lowlands of east€rn Sabah, while
iubber plantations are located principally in the West Coast Residency. Cocoa
was a irop initiated in the 1980's mainly in the eastern lowlands. After a
period of widespread planting activity, interest in this crop t€mporarily declined
because of a slump in world prices .

Sabah's terrain i8 more undulating than that of the rest of Borneo.
Geographically, the state is divided into two unequal portions by the Crocker
Range, ;hich is aligned in a roughly northeast-soutbwest direction,. reaching its
higfeit point at its northeastirn end, the 4101 meter summit of Mount
Kiirabahi. About one-quarter of Sabah's land area lies west of the Crocker
divide, forming a narrow coastal plain about 40 km wide. Riverc in this area are
short,'steep aid rocky, with swiiit currente aud clear, cool water8. -Feq' of the
latt€r are ;ffected by iidal cycles for more than a ten kilometers of their length.
In Sabah's southwest corner, the Padas River (which draine abolrt 25% of
Sabah's interior) escapes through a gorge to produce a sizeable alluvial



peninsula where several rivers (Klias, Padas Damit, among others) meander
through swamps uader tidal influence.

The eastern coaet of Sabah is geologically much younger than the
western side of the state (Tongkul, 1990). Although possessing sone hilly
terrain jn- isolated areas, the eastern side of Sabah consists principally of
areas of altitude less than 300 meters above sea level. Rivers are generallv
much longer compared those of to the west coast, and carry muih larger
volumes of water (Figure 1). The longest is the Kinabatangan, flowing
eastwards for at least 300 km, from the Maliau area near the Sarawak-
Indonesian border to the Sulu Sea just east of Sandakan. The second largest
river draining Sabah's interior is the Segama, meanderiag first southeast then
eastwardE, receiving tributaries from areas south of the Kinabaiangan basin.
Both these large rivers possess extensive, multichanneled deltas with
mangrove-nipah associations, although the latter do not penetrate rnore than
30 km inland as a result of the enormous freshwatei discharse. Other
!g49w!at shorter river systems such as the Sugut, Labuk Kalumpang and
Kalabakan Rivers have more extensive mangrove habitat.

Sabah's wetland areas, primarily in 
-the 

form of mangroves, cover an
area of approximately 4,000 km2 (Whitaker, !984). Rhizophoru treeg have
been exploited for house pilings and charcoal, with large-scale harvesting
mostly in areas around Darvel Bay near Sandakan, and in Tawau Bay. Othei
harvesting is done in a eubsistence fashion, maf,ing the lessening overall
impact considerably. All major rivers have associated mangroves and
freshwater swamps, while certain ones, including the Padas, Sugut,
Kinabatangan and Segama also possess numerous oibow lakes (Whitaker,
1984). A series of extended droughts during the 1980's has accelerat€d the loss
of swamp forests which are often are replaced by grassland and scrub.

The climate of Sabah is wet tropical, with an average temperature of
about 260 C., with a range of approximately 22 - 3? Q. TSo distinct monsoon
periods occur, bringing about 3000 mm of rain per year (Davis, 1962).
Although rainfall is distributed throughout the year, the heaviest rains occur
during November - Januarjr, or the Northeast monaoon. A second period of
moderately heavy rain occurs in May - June, during the weaker Southwest
monsoon. The west coast of Sabah can experience heavy rains in August,
while the Sandakan - Lahad Datu area can have heavy rain even in February,
Ordinarily there is a dry season from February through April during which no
rain may fall for 4 - 8 weeks. This dry period can be extended to more than 16
weeks during long droughts such as the El Nino-Southern Ocillation
phenomenon in 1983 and 1992. The west coast of Sabah is consistently drier
than the eastern side of the State, and has experienced a rainfall deficit since
1987 (Sabah Meteorological Department, Unpublished data). Burning of
forest aad swamp vegetation by rural people is commonplace during prolonged
droughts.

II. Species

Only one species of crocodilian, Crocod,ylus porosus, has ever been
reported from Sabah (Whitaker, 1984). Although it was suapected that a
freshwater species might been in the headwaters of the Padas River, no
crocodiles besides Crocod,ylus porosus have ever been taken from there. There
is no evidence that Tomistotna schkgelii has ever occurred in Sabah.



III. Status

There are numerous records of crocodile attacks on man, particularly
the rivers on the East Coast of Sabah, from about 1900 to 1960. "fhe British
North Bornao Herald reported attacks resulting in casualties in the Paitan,
Kinabatangan, Labuk Sugut, Segama and Kalabakan Rivers during that
period, These attacks presumably occurred because of the frequent use of
rivers for domestic activities as well as for transDortation. On the West Coast
of Sabah, nuisance crocodiles also attacked villagers in the Padas and Papar
Rivers . In 1957- 1958, a series of crocodile attacks occurred in the upper
Padas River (near Tenom), following which a single 13 foot C. porosus was
killed. There apparently have been no further crocodile attacka on man since
the 1960' s.

Ttaditionally, hunters have used hooke Bpear8 or harpoons to hunt
crocodiles at night, using kerosene lamps with biscuit tin reflectors to catch
eyeglow. From early 1880s until World War Il, the British Government
issued rewards for the destruction ofcrocodiles and paid 15 cts per inch of head
and 5 cts for each egg collected, as crocodiles were regarded as a threat to
human safety. Over the next 10 yeare a total of 18, 167 inches of crocodile
skulls from Kinabatangan, Labuk, Sugut and Padas River were collected
(Whitaker, 1984). Newspaper articles from 1928 tn 1929 reported that a
total of 14, 962 inches of crocodiles skulls fmm 402 individuals was claimed by
a single hunter in the three main rivers of the East Coast; Labuk. Sugut and
Paitan. In the years of commercial exploitation before the 1930's, not less
than 200 skins were taken monthly. Alter skin prices on the $/orld market
fell in 1935, a bounty was no longer offered for crocodiles.

Until about forty years ago, crocodiles were extremely abundant in
Sabah. Crocodile hunting, as reflected in the number of skins o<ported, reached
a peak in the mid 19@s, and declined thereafter (Whita.ker, 1984). Newspaper
reports from the period mention hundreds of animals slaughtered for their
skins in the Labuk River, as well as attacks on humans in various locations.
Crocodiles have declined since, undoubtedly because of hunting, but also
becauge of the effects of habitat modification. In rivers flowing through
agricultural areas, crocodiles apparently are few (Kusuadi, 19&l). Currently
the only gazetted area for wildlife protection in Sabah which includes crocodiles
is the Kulamba Wildlife Reserve (118c 20' E, 5e 30' N), east of Sandakan , an
area of 50,000 ha of mngrove forest (Sabah Wildlife Department, Unpublished
data).

Whitaker (1984), in hie 1983 survey traversed a total of 1146 krn along
seven rivers, and obseived a total of 56'C. porosus. IIe reported sighting a
single individual from the Klias area. Kusuadi (1984) suweyed five rivers on
the west coast of Sabah (Padas, Klias, Binsuluk, Membakut and Inanam), but
saw only two crocodiles (in t}Ie Klias). Crocodiles were reported from the Kliag
River by Wells et ol. (1975). Beginning in 1987 - 88, a series of I surveys was
conducied in the Klias River (about 12 km north of the town of Beaufort),
revealing that a healthy breeding population of Cruod'ylus prouls existed. A
follow-up project in 1991-92 confrrmed that the Klias River was indeed an
important br;eding area for C. porosus (Stuebing and Shahrul, 1992)
Foilowing Whitaker's surveys in 1983 no comprehensive surveys were done in
Sabah foi ten years. However, a new series was done from December, 1992 -
February, using the spotlight counts1993. The results of which are shown in
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Table 1. Not surprisingly, the most crocodiles were seen in the Klias River,
where familiarity with the area and repeated surveys allowed for efficient
observations to be made.

It is tikely that the complex of rivers (Padas Damit, Bentula) and their
connecting channels in the Klias Peninsula forms one of the largest breeding
areas for C. porosus in Sabah. Nevertheless, tftough fewer crocodiles were seen
in the Kinabatangan River, this area with its oxbow lakes, numerous isolated
channels and generally undisturbed floodplain is likely to possess a large
reservoir C. porosus. Substantial numbers would also be expected to exist in
the lower Segama River.

Overall, spotlight counts results were disappointing, and probably do
not reflect actual nurnbers of crocodiles. One persistent problem has been the
large volume of river traffrc, particularly on the larger rivers, while surveys
were in progress. Illegal logging is still commons, and many illegal operators
prefer to transport contraband log rafts at night. This was a serious hindrance
in the Labuk River. Also December, the month in which the surveyB were
made, is the period of heaviest rainfall on Sabah's east coast. Storms
interrupted at least two surveys (Kinabatangan and Labuk). In addition to
spotlight counts (Shahrul, 1992), there were many firsthand ac@unts, or
reliable anecdotal reports ofcrocodiles in 1992 (Table 2 below).

IV. Ieglslation

Local laws

Under the Sabah Fauna Conservation Ordinance, 1963 (f982
Amendment), h'rnlitrg of Crocodllu.r porosus is totally prohibited. Under thig
Ordinance, no license may be issued to hunt the crocodiles except under special
conditions such as for scientific research. Regulations concerning the rearing
of wild anirnals, including crocodiles, were arnended irr 1988. Under the terms of
the new amendments, a license to keep crocodiles may be issued to private
owners by the Wildlife Department at a rate of RM 10.00 or about AS 5.60, per
head per year. There is also a fee of RM 10.00 for certificate of ownership,
charged in the first year only.

The Fauna Conservation Ordinance is erforced by the Sabah Wildlife
Department. The Ordinance is revised or amended from time to time, and the
lategt amendements (1988) provide for a mandatory jail sentence of minimum
of one month and a maximum of five years upon conviction for offenses
involving the hunting of totally protected species, including C. po,'oszs.

The Sabah Government is currently in the process of revising the
Ordinance. Apa.rt from revisions such as a provision for heavier penalties for
offences committed, the revision is also aimed at full adoption of CITES
regulations,

V. Farming

There aie cunently three crocodile farms in Sabah, two still in early
stages of development. The two most recent ventures are by Undersea
Research Pte. Ltd. and Andrassy Farming and Research. The latter was
established in 1989, and began with 84 crocodiles obtained as breeding stock
from the Chai Farm. In 1990, the Aadrassy farm produced 17g hatchlingg
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from a total of 30 nests. This farm is not yet allowed by the Wildlife
Departmeut to export crocodile products until it produces its own breeding
8tOCk.

Farming of crocodiles in Sabah was pioneered by the Chai Crocodile
Farm in Sandakan, which was established in the early 1960s. Initially the
Chai Farm obtained breeding stock from the wild, before the 1982 legislation
was enacted, a total of 450 animals from 1 - I years old. As of December,
1992, the farm possessed a total of 2,160 crocodiles, and produces its own
breeder animals fron this captive population. A record of the development of
its production efforts is given in Table 3.

Its captive bred crocodiles are reared for skin export and for
reintmduction into the wild. The farm has also provided breeding stock for ttre
other two farms recently set up in Sabah.

The Chai Crocodile Farm is the only suih farm in Sabah that is
registered with the CITES l[orld Conservation Monitoring Centre for Crocodile
Farming Operatiou. The farm currently exports small consignments of skhs to
Singapore and Japan.

VI. B€gulation ofTrade

1. Exports and tradiug partners

Figures for export of crododile sLins exported from Sabah from 1985 -
1992 are given in Table 4. A total of 10,599 kg was exported at a value over
eight years of RIVI 1,131,733 ($US 443,817), at an average unit price per kilo of
RM 106.77 ($US 41.90), with an average export earning of RM 141,467
($US55,477) annually. The principal destination for crocOdile hides was Japan
(RM 810,504: $US 317,845), followed by Singapore (RM 321,229 = $US
128,492). Most exports were in the form of raw skins , which were shipped to
Japan, while all pre-tarured hides were shipped to Singapore.

As a part of the Federation of Malaysia, Sabah is a member State under
the CITES agreement. Trade and export of wildlife species included in the
CIIES list such as crocodiles and crocodile producte is to be regulated in
accordance with the provisions of the Convention's articles. Commercial trade
and export ofcrocodiles and crocodile products which is an Appendir I species is
to be restrict€d to animals bred in captivity.

VIl. Inports aud Manufacturing

Currently, there is no sigaificant product manufacture, Record ou
imports of crocodile skins and erports of their products are nil.

VIII. Research

Reeearch on crocodiles in Sabah began with a series of surveys done by
Whitaker (1984) in seven major rivers. Subsequently, several small regearch
projects were carried out by the students from the Sabah Campus of the
Universiti Kebangsaan Malaysia, including Kusuadi (1984), Ling (1988) and
Shahrul (1992) in the Klias River. Among the published papers based on
these surveya are Stuebing, et al. Oga , and Stuebing and Shahrul (1992).
The individual studies Klias were intensive, e.g., repeated a minimum of seven
times along the sarne stretch of river for a period of eight months.
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Apects of biology oI Crocodylus porosus studied were seasonal and
spatial distribution and abundance of various age classes, movement and
growth of crocodiles (< 0.5 m SV leneth). Diet of juveniles was also
investigated. A mark recapture study of juvenile Crocod,ylus porosus
conducted from Januar5r, 1992 until February, 1993 is in preparation for
submission to tfie Mo layan Nature Journal (Stuebing aad Shahrul, manuscript
in prep).

A finding relevant to the present inquiry into the status of C. porosus,
derived from observations in the Klias area is that short-term assessments of
crocodile densities (in Sabah) are usually unreliable. Relative densities of
various size classes in the same river may fluctuate during the year , as has
been reported by Jenkins and Forbes (1985). The wadness of older crocodiles
(more frequently encountered March - May and August - December) will
result in misleadingly low estimates during those periods, while suweys fmm
January - February and June - July, may give estimates biased in favour of
juveniles. Furthermore, the probabiliw of sightings is at a maximum during
sLack water at low tide. In the Klias, crocodiles (particularly young juveniles)
are less visible while the tide is receding, perhaps because of strong current8.
Bank vegetation, particularly in upstrearn areas (as pointed out by Bayliss €t
al., 1986) also affects visibility. In Sabah, surveys in areas above tidal
influence have consistently yielded poor results, probably because of poor
"sightability". Thus, no proper assessment of density is possible without
consideration of season, tidal conditions, vegetation type, as well as
information on the structure of the population suweyed.

Two projects in the Klias were funded directly by the Universiti
Kebangsaan, while the third was made possible through a grant to the
University from the the John D. and Catherine T. MacArthur Foundation of
Chicago, Illinois (USA). In 1990, at the International Conference on Forest
Biology aad Ecology in Borneo, World Wide Fund for Nature (Malaysia) was
approached for assistance, but no positive feedback was received. The curent
grant from the MacArthur Foundation (which hae supported the production of
this paper), will end by December of this year. No further research on
crocodiles is anticipat€d unless new funding is obtained. Mr. Shahrul Aruar
Mohd. Sah, as a trainee lecturer at the Science University of Malaysia is
applying to pursue further studies, aud if the opportunity arises wishes to do
ecological work on crocodiles for his dissertetion. Mr. Shahrul is presently the
only Malaysian with reeearch experience in crocodile biology.

X Discussion

The present abundauce and distributio\ of Crocodylus porosas in Sabah
is difficult to assess. There is little doubt that present densities in most Sabah
rivers are but a fraction of their original values. Whitaker (1984) surveyed
approximately 1,146 km in seven rivers in sabah, sighting a total of 56
crocodiles for an overall density of 0.049 km'1 This ligure is probably incorrect,
the result of too little time spent on each river surveyed. The only density
figures which are kno\isn with any certainty, based on repeated surveys in the
Klias River, are many times higher than reported by Whitaler. In the Klias,
calculat€d density (Megsel el ol., 1981) ranged from 0.9 - 1.6 km-l (Based on
survey data, 4/2/93). Though this figure is well below that of rivers in the
Northern Territory of Australia, "sightability" of crocodiles in Sabal is likely to
be lower, as well. Whitaker's 55.4%'EO" (Eyes Only) sightings for Sabah, is
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large compared to that of Australia, said to average about 107, (Shahrul,
1992). Interestingly, during brief crocodile surveys in 1992-93 along many of
the same rivers Whitaker surveyed, the EO percentages were nearly 1007o for
the few sightingB made.

Overall, crocodiles are apparently holding their own in the short term,
despite reported illegal hunting, and collection ofjuveniles. Regular sightings in
rivers all over Sabah indicate that where natural, relatively undisturbed
habitai exists, the species has adapted well to human presence. Estimating
density however remains more art than science. Local conditions usually
influence the visibility ofcrocodiles. Factors which will reduce the number of
animals seen include time of year, weather, tidal conditions, river stage and
current and river tralfic, to name the most important ones.

Based on land use, currently existing crocodile populations in most
major rivers in Sabah should remain stable for the foreseeable future, e.9.,
about ten years. The most successful populations will be found where
riverbank vegetation has remained relalively intact, such as in the Klias,
Kinabatangan and Segama Rivers. In contrast, from admittedly limited
observation (Kusuadi, 1984; present surveys) rivers of relatively high
disturbance from various kinds of agricultural activities, such as the (lower)
Padas and Kalumpang, seem to have few or no crocodiles. Another aspect
worth noting, and perhaps an artifact of the survey method, is that a majority
of crocodiles have been observed in brackish water areas, and relatively fewer
reported from upstream, or from freshwater swamps (with the exceptio! of the
Kinabatangan River). Nevertheless, the potential of freshwater swamps as
breeding habitats should not be underestimated (Webb, et al. 1983 Whitaker,
1984).

The trade in crocodile skins in Sabah was at a high level for the past
seven years (comparable to the levels of the 1960's) until 1992. The three
crocodile farrns in existence apparently no longer acquire local crocodileo (in
significant numbers, at least) but may occasionally import animals from
Kalimantan (Indonesia) via Sebatik Island near Tan'au. Skin exported from
crocodile farm accounted for about 507a of the total quantity exported in 1989
(the latest years for which figrres are available). By 1992 export of hides
appear to be falling. It is yet unclear whether this drop reflects a serious loss
from wild populations via reduced availabilib/.

A strictly enforced ban on illegal hunting, leading to an increase in the
numbers of large C, porosus in Sabah could initially have a negative impact.
Public attitudes towards crocodiles have not changed, and C. porosus is widely
feared and still regarded as a menace despite the death of attacks over the last
thirty years. Deaths or injury will not be tolerated, and as has been the case in
Sarawak, following an attack there would be a public outcry calling for an
extermination campaign. Any conservation program would have to emphasize
protection in areas where human-crocodile interactions are likely to be few, and
perhaps even devise methods to ensure that adult C. porosus do not become
what in Australia are referred to as "nuisance" animals. Education and
awareness campaigns might in the long term change public perceptions, but
for the present any conservation program achieving strictly enforced
protection could founder on public opinion after a single incident. Edwation on
economic value of crocodiles through Department Wildlife of Sabah Museum
would helo tr create a more pogitive atmosohere.
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07- 08.12.92 Kinabatangan

04.2.93 Klias

Table 1. Observed C. porosrrs densities in Sabah rivers,
December, 1992 - February, 1993.

Sightings
per km.

Dates River (Fig. 1) and (%oEO\

15.01.93 Binsuluk 0 (0)

05.01.93 Kalabakan 0.05 (100)

07.01.93 Kalumpang 0.0 (0)

Remarks

Bank habitat severely
damaged try flood control
project

Hea!'J. river traffic
(logging, oil palm
transport &
commercial fishing)

Bank habitat converted
to oil palm estate; heavy
river traffrc (logging, oil palm
transport & commercial
frshing)

Good habitat, river in flood,
moderate river trafhc

Excellent breeding habitat;
little disturbance

Heavy rain; heary river
traffic: logging & village
transport. Upstream
habitat oil palrn estate.

Shallow, banls disturbed
by agriculture (cocoa),
heavy subsistence fi shing.

Dsturbed by logging and
commercial fishing.

Wildlife Dept. survey;
Disturbed by logging and
commercial fishing,

Banks disturbed by
agriculture, buffalo. Heavy
subsistence frshing, dense
human population.

06.01.93

July, 1992

Serudong

Sugui

0.06 (100)

0.78 (10.3)

0.0 (0)

0.0 (0)

0.03 000)

0.07 (100)

02.01.93 Labuk

16.02.93 Padas (Upper) 0.0 (0)

77.12.92 Tuaran



Table 2. Firsthand accounts or other reliable records of crocodile sightings
in Sabah for 1992

Size of Tlpe of
Crocodile(m) ObservationDate

March, 92
October, 92
October, 92
November, 92
November, 92
November, 92
November, 92
December, 92
December, 92
January, 93

January, 93
February 8, 93
November, 92

River / District

Tambalang / Tuaran
Kalumpang / Tawau
Silimpopon / Tawau
Tuaran / T\raran
Likas* / Kota Kinabalu
Padas / Tenom
Serudong / Tawau
Sabahan / Semporna
Kinabatangan /
Bukit Garam - Kuamut

Dent Peninsula
Likas* / Kota Kinabalu
Padas River / Tenom** 6 "large"

individuals Sighting

1.5
3.0
1.8
2.O
0.5
3-4*+
3.0
5.0

(eight
individuals)
3 .1
1.3

Sighting
Sighting
Sighting
Sighting
Sighting
Sighting
Sighting
Captured

Sighting

Captured
Captured

+ In lerge nronsoon &ain connected to the sea.
** sishted on sandbaDk



Table 3. Production of akins and captive-bred animals at Chai Crocodile
Farm, Sandakan (Sabah) 1980 - 1989.

No.
Year

1980

1981

1982*-

1983

1984

1985

1986

1987

Total

450

410

Skins
exported Mortality

40

32

a)

26

31

Total
stock

4t0

378

462

659

899

1,288

1,216

1,220

1,308

1,,284

hatchlinss stock

115

128

198

13?

186

198

189

250

234

125

280

450.

410

378 (89r*' 467

462(82t 659

659 (112) 899

899 (196) 1,293

r,288 (58) 1,483

1,216 (73t 1,475

r,220 (4t) 7,459

1,308 (98) 1,595

t7

2l

1988

1989

Note:
* Stock since 1960's

{r* The pilot project commenced operation in 1982
( )*** Acquired from pet owners and from the wild before the crocodile

became a protected species in 1982.

\ ,



Table 4. Quantity, value, and m4ior destinations of crocodile hide el<ports
from Sabah, 1985 - 1992.*

Value (RM2.55 Unit
Year Quantitv (kg) :$US1.00) price (RM) Destination

1985 t,223 87,369 71.40 Japan
" 564 13,740 24.40 Singapore

1986 1,550 77,338 49.90 Japan
" 110 8,560 77.80 Singapore

1987 936 70,358 75.20 Japan
" 471 25,313 53.70 Singapore

1988 500 58,896 117.80 Japan
" 860 51,237 59.60 Singapore

1989 535 189,562 354.30 Japan
" 670 65,475 97.70 Singapore

1990 972 159,363 164.00 Japan
" 1,091.5 115,075 105.40 Singapore

1991 716 167,618 234.10 Japan
" 411 29,181 71.00 Singapore

1992 40 12,648 316.20 Singapore

* Source; Statistics Department of Malaysia, Sabah Branch,
February, 1993

\3



Table 5. Quantity and major destination of crocodile hide exports from Chai
Crocodile Farm, Sandakan, 1988 - 1992.

Year

1988

1989

1990

1991

7992

Quantitv

100

405

None

5',l
200
200

50
49

Description

Whole skin

Whole skin
Dorsal ridge skin

Destination

Japan

Singapore
Singapore

Belly skin
Dorsal ridge skin
Belly skin

Belly skin
Dorsal ridge skin

Singapore
Singapore
Japan

Singapore

l t -
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Crocodvlus johnstoni in the Lynd River, eueensland:

continuation of a long term field study

A. D. Tuckerl, H.I. Mccalluml, C.J. Limpus2, and K.R. McDonald2

lDept Zoology, Univ. eueensland, Brisbane 4072 eLD Australia

2 Dept. Environment and Heritage, Box 155, Brisbane 4002, eI-D Australia

Demognphic Focasses are seldom examined critically for populations of larye long_
lived vef,teb&t€s. Economic ard logistical rcasons ar€ often identified as teasons for tho
difficulty in establishing viable long-tem studios. Funding prioities shift from ycff to year

and the uncenaifty of an established patron can tEsult in lapses of continuity in population

coverage, particularly if the study anirDal exists far from tho rosearchgr, is e4)ensive to

sample, or difficult to Focess (Likens lg89). l-arge animals with slow rates ofnranrdty are

also problematic to study since research may be marginally productive for many years as a

necessary database accumulates to undertake a thorough demogr4phic analysis. Such has

bcen the case for most crocodilian populations.

A litcra$t€ leview indicaies dtat mos! studies of crocodilian derDgaphy hai€
folowed dlleo maill panems, each having an inherent limitation: (l) orDpirical studies of

short duration (Smith and Wobb 1985, Wobb g sl. 1983) do not allow dirrr estimatior of
intcrannual variability, (2) repetitive surveys @ayliss 1987, Messel and rr'orucek 1996,

Messel el gl. 1979- 1984 ) to develop relative density indices but which Fovido no

iDfomation on actual age strucnrle, and (3) population simulations based upon susAinable

harvost regimes (Nichols g3l. I 976, Taylu and Neal 1984) rhat arc largely unprcven in

applicability for AusEalian species (Nichols 1987). For all published shrdies ro date, the

data rldom incorpordte both long-term study widr information fiom loown-ageo

individuals. This study inregates both aspects to dedve and Fovide comparisons arftrng

alt€mative demogr4phic modcls to s€lect an accurate simulation of fte population pnrosws

occurdng in wild population of fteshwater cmcodi.tes, Crocodylus iohnstoni.

Populatiol models dorived for vef,tebrates ate traditionally bas€d upon dissete ago
intervals or L€slio matrices (I-oslie 1945) despitc the rccognition that size-based

categorizations or staged-based gouping may be a mor€ appropdate approach (Sauer and

Slade 1987, Thylor and Neal 1984). Mor€ rccent attenrion has focuss€d on Lefkovitch

mafic€s for organisms ftat can bo fuctionally grouped by stages as 0rc fijnctiooal unit of
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classification (Caswell 1989, I-efkovitch 1965, Manly, 199O). Stage-based models provide

an ecologically rElevant rnethod of gouping animals ontogenetically if char:actef,istics such

as survival or fecundity ale scaled to the sizE or mass of an oiganism. Phenotypic plasticity

also has particular rclevance to Populations which exhibit delayod matudty (Caswell 1983)

fo! in those animals, matuity may be rclatod to spocific sizD (or range of sizes) rather than a

rran ago ofmatudty.

Wild populations of the endemic fieshwater crocodiles, e, jQbgstotrL have not been

clcscdbed in any detail for Queensland. The population has beon intensively tagged and

meticulously measured since 1976 to monitor the population recovery following full

pote.{tion in Que€nsland in 1974. A strength of the study is the nu.*ing of hatchlings by

tail notching so that subsequent recaptures of the aninuls prcvide population pararneteN for

animals of known age. Crowth intervals arc dlus calculared on the basis of actual agg rather

than the more common use of size classes (e.g. a two foot cloc is a two yeat old).

A key component of this study is the aging of animals with long recapturE histories

but of unhrown age by skeletochromlogical analysis of the cervical ostedems qr scutes

(Griffiths 1962, Hutton 1987, Suzuki 1963 Cooper-P.€ston 1992). Preliminary

assessrncnts using thin section analysis from cervical osteoderms of known-aged crocodiles

provide a close conespondence botwe€n the number of lamollar bone layors and age. The

high number of known-aged individuals in the study population Fovid€s a unique

opportunity to validato fte te€hnique for unaged animals at dris site. Irdependent

verification would also be accomplished though the incorporation of oxytetracyclino

mark€ls within osteocytes (Steendijk 1963, zug 1990). The romoval of a corvical scutc is a

simple nondesEuctive sample that requles only a pocket ladfo. Scute specinpns are

Focess€d with standad lapidary equipmont, histologica.l staining FocedurEs, and

comparod undef, lransmitted, r€flecte4 and polaized light misoscopy and epiflouescence.

FoEnsic methods that us€ incident inteferEnce microscopy coupled wi$ computer

cnhanced irnaging have providcd oxcellent dolineation and will likely ptovide a prefeded

motlrcd fc,! agp determination, particulady fol the high itsolulion needed to delineac small

gmwth annuli in older animals.

Tho population of C. jqb!$oni rcar Mt. Surpds€ offers a unique opportunity for both

age and stage-based modcls to be dgvelope-d frorn the salno database' The study requires an

accumte ostimatiol of the population param€te$ to prcvide a rcasonable conrparison among

analytic methodologies. The data ftom known-ago aninals permits the variability associatcd

I
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with ago estimates to be minirDized, theEby substantially improving the models'

prEdictability, and the sensitivity analysis of the rnodels' parameters. The study provides

acomparative demographic analysis of the population but also has an applied natue for

wildlifo rranageDenL

Paramete$ that defrne d€mographic mod€ts (surrrivorship, migration, fecundity,

gowth rates, and age sEuctuie) must be estirnated befot€ well-idormed managemcnt of

captive populations can proceed Otherwise wildlife mama€rs ars in the uncornfottable

position of proscribing harvest quotas based on grio*th rates derived from captive-rcar€d

crocodilians (Abercrornbie 1987). Ranching or faming operations that derivo stock ftom

dle wild arc not closed operations; ranches function as demogr-aphic sinks wifi an

emigration of eggs, juveniles, or adults as a drain ftom wild population sources. Unless the

demographic paranrten are krown for wild populations of fteshwater socodiles, tho

cumulative impact on those stocks r€rnains, at bes! a guess, Population modcls developed

ftom boft agp and stage-based cohorts provide an effective rrans of gauging long rorm

impacts on crocodiles.

Mdlotb
Th€ s$dy sito encompasses -20 km of tho Lynd Rivfi and its triburary, Fossilbrook

Cr€ek in north central Que€nsland (near l7o 50 S., 144"20'w) at the upper altitudinal

distribution for lhe species. Although the Lynd &ies incompletely duting most dry seasons

(April - October), ono of its nibutaries, Fossilbrook GEek, rDmains everflowing. The

drainago is constrnined during thg dry season to a set of longer, de€por pools cormectd by

riffles. This time of year Fovides the most efficienr sampling oppdtunity as crocodilos arE

confin€d to disqete pools that can be efficiently samplcd (webb g d. 1982).

Animals aro captu€d by a combination of merhods including seining, snaring, ser

nettin& and noctumal hand collecring (Webb and Messel 1977) and 8re trdnsport€d in wet

cloth sacks to quiet them and minimize stress. Capturcd animals arp doubly rnarked using a

standard tait-norch and a metal lag thrcugh the webbing of dle hind foot. Standad

mcasurerFnts of lgngth, mass, and nrorphometrics are Ecord€d fo all crocodiles. A single

c€reical scute is rcmoved with a pocket loife alld animals selected for agg validatiol aIe

injcctcd widl oxyEtracycline inraperitonealy. Since 1984, laparoscopies havo been

corduccted to d€tormine rqrroductive status of all anirnals nearing maturity (Limpus 1984).

Animals are returned within 24 h b the original capture site. Annual field trips and
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subsequent scute Ernovals will document grcwth ntes and verify rate of annulli deposition

for both known and unknown-aged oocodiles.

Thin s€ctioning of scut€s, staining, and examination are undertaken after rctuming to

the Univenity ofQueensland- Scutes will be thin sectioned by two methods for

comparative analysis. Scutes are decalcified with dilute hydrochloic aci4 10 micron

sections cut with a microtonF, alld sectioas oveNtained using Ehrlich s hematoxylin.

Sections atg view€d wift transmincd light midoscopy. A second method of specimen

prEparation is the use of diamond saws to obtain sections 80 microns ftick and fine polish

both surfaces on diamond lapidary wheels. SpecirDens arc examined by incident

intefeEnce microscopy rrsulting ftom Kornffski condensers and iDagg analysis softwaE

used to enhance the degrce of contrast markcd by lincs of arrcsted growth. This approach is

currendy the nrdlod of choice arrrong foEnsic scientists who study dental

odontochronology to age humans by counting dental armuli. LimitEd conpadsons by tho

latEr ri€ttnd have Fovided superio! rcsolution to that obtained with transmined light

miqoscopy.

Specimens that can bo agcd using skolotochrcnology will augrDcnt tho captue-

rccapture field prcgrarn to provide the necessary data to analyze appropriate age and stag€-

bas€d models. Population viability and ago and stage-based modols wi bo analyz€d using

program VORIEX and pograms RAMAS-age and RAMAS-stage. Year to yea

measurements provide estimates of growth rates. Populatiol abu[dance and long-term

fluctuuions will be calculared from the trpnds shonn over >17 years using open population

(JOLLY-SEBER) and closod population (SCHNABEL) estimatos. The data generated from

dle shrdy will constitute one of the few long term studies of qocodiles that spans a

generation and will provide significant insight concening the functior ofrcctuitnent in a

wild population.
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PRELIMINARY REPORT ON STRESS IN FARMED

CROCODY LU S POROSU S HATCHLINGS

Jenny A. Turton, James Cook University, Townsville' 48ll

Mortality of farned qocodilians in the lust year of life is one of the major

constraints in the industry worldwide. Hatchlings dying ate often runts, and

necmpsies ftgquendy reveal little othe! than maladaptation. Ocasionally lesions such

as hepatitis, bacteraemia or mycotic dermatitis are observed. The organisms cultured

in such cases are generally opponunistic pathogens. These organisms are usually

environmental ones, which the animal can normally co-exist with, but which rcsult in

ploblems when the animal is immunosuppressed. There are ferv primary pathogens of

crocodiles, particularly in the increasingly hygienic intensive farms.

"Stress" has ftequently been cited as a factor contributing to maladaptation, disease

and moftality in rcptiles, as well as poo! growth and feed conversion and

reproductive failure. The causes of sftess a.re varied and include such husbandry

facto$ as overcrowding, inadequate environmental temperatue, excessive handling,

inadoquato grading rcsulting in dominance hierarchies, and noiso. Low temperatue

appears to be particularly imponanl and high mortalities are frequently observed in

the colder months of the year.

Crocodilians have been shown to develop increased plasma cofiicosterone levels in

rgsponse to stressols, and changes in the immune system have be,en observed in

strEssed clocodilians.

The aim of this study was to detemine whether wate! temperature, which is related

to increased morbidity and monality in farmed crocodilians, does in fact result in

stress, alter immune function, and so lead to increased disease susceptibility.

The trial was conducted at Grahame webb Pty Ltd's Crocodile Research Centro in

Berrimah ftom March to July 1992. 1992 Crocodllus porosus hatchlings werE

allocated to 5 different tempemture regimes afler 10 weeks at 320 C. The tempelatrue

!e cimgs werc as follows:



1,. 32' C

2. 320 C, increasing to 360 C at 10 weeks of age and maintaining at 360 C unril the

conclusion of the rial

3. 320 C, incrcasing to 360 C at 10 weeks of age, maintaining at 360 C for l0 days,

and retuming to 320 C for the rcmainder of the trial

4. 32o C, deseasing to 280 C at l0 weeks of age, and maintaining at 280 C until thc

conclusion of the trial

5. 32o C, decreasing to 28o C at l0 weeks of age, rnaintaining at 280 C for 10 days,

and rctuming to 320 C for the remainder of the trial

Par&meleG tested wele body weight, body length, food consumption and conversion,

plasma corticosterone levels (to ass€ss stress), plasma immunoglobulin levels and

total and differential white cell counts (to assess immuno function). Baseline levels

were taken beforc the tempenure change, followed by samplings after the first and

second tempenture changes. The aim of having the 5 different water temperaturgs

was to detemine whether both high aJd low temper:atu€s can rcsult in sEess, and

whether rccovery can occur if the tempemture is subsequendy rcadjusted to tbe

optimal 320c.

The trial rcsults are curently being analysed and will by published subsequently.



THE ECONOMICS OF CROCODILE FARMING

Brian P. Vernon
Deputy GeneraManager. ltainland Holdings,

Lae,  Papua Ne l r  cu inea.

ABSTRACT - The crocodile farming industry attracted nany investors erhen
skln prices vere high in 1985-89, Prices are no\r lower but nany farns
sti l. l  have technical problens to solve and new investors continue to
enter the industry. The econonic paraneters of crocodile farrning are
discussed. based on experience $'ith a large ranching operation vrhich
rears two species of crocodiles in Papua Nev cuinea, The irnpact of the
main features of farn construction and pen design are considered, with a
surnrnary of the sugqested relati-ve iloportance of factors affecting the
cost of production.

INTRODUCTION

Crocodile farrning is a relatively young corunercial venture cornpared
lrith roany other l ivestock industries. Farns vary fron intensive
controlled-environtnent buildings to sirnple outdo6r earthen ponds. The
appropriate choice of farnj.ng systen is affected by nany factors, only
sorne of ri'hich are under nanagernent control. There are places that have
crocodiles in the vild but, because of other factors, are not able to
operate a farh econonica I Iy.

Farns located near a suitable tourist centre rnay earn a major part
of their income from tourisrn. Horever, many locations with crocodile
resources are in more remote locations Irhere tourisrn is l inited.

Skins are the main product and they are usually sold to tanneries
in Japan, France, Italy or singapore. Ueat is typically a by-product,
and may be eaten in the country of production or exported, particularly
into South-East Asia. There are purported to be narkets for other by-
products, but' in Uainland Holdings experience these are sna1l.

Aninals for farning nay be obtained by collecti-ng wild juveniles or
eggs (ranching), or by captive breeding. Holrever it is essentj-al before
any farn is built, that the llanagernent Authority of the country has
international approval. under cITIEs, for harvesting from the lri ld. If
ever breeders for a farn are obtained fron the lrild, without
consideration of the effect of that harvest on the wild population, then
registration of the farn under CITIES rnay be refused. It should be noted
that rrcl.osed" systens, relying on captive breeding are NOT preferred
under CITIES. Harvest of wild eggs or juveniles l inks conmercial
viabil ity of farrns to the r\ ' i ld resource and it 's habitats.

The slze of a farm vil l  depend on nany factors, including the
availabil ity of animals and the food to feed thern. Mainland Holdings.
operation in Lae, on the north coast of Papua Nev Guinea, has been built
steadily, over many years, lr ith nuch experinentation. The farrn has
approxinately 35,000 anirnals, held in a variety of pen and pohd designs,
including nany srnall heated tanks for hatchlings. It also includes a
breeding section with over 200 nature females, but nost of the 8000 to
10000 skins produced each year are fron eggs or juveniles, harvested
f ron the !.'ild.



Apart from sales of some skulls and feet to tourists, there are
supposed to be rnarkets for dried neat, gal1 bladders. penises and
cr;;odile oil.. l4ainland Holdings has found that the narket for each is
very snall and the price falls Bubstantially if you produce the product
in any quantity.

In summary. investors rnust carefully research the custoners
requirenents. Ensure that the species to be farned has a saLeable skin.
Intestigate price trends for neat and skins, and the lride range of
regulation6 that will apply in both exporting and irnporting countries.
Th; value of the skins typically far exceeds the profj.t on neat. There
is a risk that chasing siles of meat and other products r'till distract
managenent fron the nost important objectiwe - en6uring the highest
possibl.e percentage of grade 1 skins.

PI,ANNING A FARIT

A snatl farn can produce skins that are 90* grade one. It i \ ' i l l  make
more profit than one that is 3 or 4 times bigger, ithich has lost control
of it! animal husbandry and produces low grade skins. Bigger is NoT
better. ltoney MUST be spent on good pen designs that are appropriate for
the apecies being farned. sorne species wil l tolerate high densities and
large group sizes better than others. but generally best results are
obtained frorn small groups; less than 300 and preferably less than 150.
Design features for the pens include water depth, layout of feeding
space, ratio of land to water, total pen size. and the number of animals
of different sizes.

EssentiaL farrn requirenents are sufficient land, food, vater,
Labour, cornmunications, power supply, f inance, refrigeration (for food
and saleable crocodile rneat), and heating fuel.

A retiable food supply nust be near the farrn. It is cheaper to
carry ttle crocodiles once, to the food, than to carry the food every day
to a farn in a remote area. Investors lrust be able to guarantee an
adequate food supply for nany years. If i t is seasonal or variable, the
cost of freezing sorne food must be considered.

There nust be sufficient space available in the pens for feeding.
This nay mean spreading the food out in a long line close to the ['ater.
As a rule, consider the lridth of the anirnals head. For example, one
hundred animals r,tith heads 5cn wide need the food spread out in a line
at least 50ocn long, so they can aII feed together. Lack of food or
reduced feeding space causes fighting, and bite-rnarks will dolrngrade
skins. Sone animals rrill be shy but it rnust not be hard for then to
feed. cood access to the food should not eneourage aninals to drag it
into the water. The texture of the feed may be crit ical. If i t is too
dry, vith some species food intake lrill be reducedi long thin pieces
(eg. chicken guts ) encouraqe fightj.ng for food, and 'rstickyl food can
get stuck in the mouth of hatchlings. If changes of diet are needed, the
new food should be mixed to give a gradual change, especially for young
anirnals. Aninals in outdoor pens wil.l eat nore on sunny days and alnost
nothing on cold rainy days (see table 2). This reduces annual growth
rates and increases the tine to reach kil l ing lreights. Heated pens have
the advantage of higher food intake, nore regular feeding patterns, and
a better food conversion ratio (FcR) or kilos of food eaten for every
kilo of crocodile vreight gain. Food conversions (FcR) in



the early 1980,s at itainLand Holdings were 6i1 rrith no heated pens and
using outdoor ponds. Figures of 3:1 and 2.5:1 can norl ' be obtained lrith
good nanagenent, nainly due to heating. but also helped by better feed
fornulation and reduced feed ! 'astage. Figures of 2.5:1 are also reported
by Joanen & McNease (1987) for Amerj.can all igators in heated pens.

Nutrit ional information on almost all crocodil ian species, j-s
linited, and needs nuch further research. Mainland Holdings feeds ninced
chicken offal (heads, feet and guts), mj.xed with a vitanin and mineral
prenix and some high protein ingredients ( eg.neat neal, f ish neal).
Experimentation is needed to forrnulate a diet with the best physical
characteristics, at the lowest cost. for different sized anirnals,
Profesgional nutrit ional advice is essential for ewerv farrn. ConDuter
fornulation can be successfully used to e)aanine the cinrposition Lf
propoEed rnixes. some farns have recorded poor growth rates by using
diets that were clearl.y inadequate. Unbalanced diets can cause deaihs
and reduce the anirnal,s resistance to diseases, so tnoney 6pent on diets
is a good investnent. sorne figures published by staton A V;rnon (1991)
are reproduced in Table 3.

Several feed manufacturers in the USA are successfully producing
extruded compounded feeds, lrhich can be either fed alone or rnixed ifith
wet abbatoir offal or other protein source. Although expensive hiqh
density diets are of l i tt le use in developing countries with access to
cheap abbatoir offal, a supplernent of vitamins and ninerals wil l usually
be inportant, especially for aninals under one year of age. Sources of
offal include abbatoirs that are kil l ing chicken, pigs, cattle etc.
ALternatives are trash fish, if i t is econornical to bring i! to shore
and freeze it, and meat fron cull ing operations (eg. lr i ld pigs and
buffalo in Australia and excess gane lneat in Zirnbabve). Fish diets can
be deficient in Vitanin E and the fat goes rancid very easilyi vitarnin
supplements and good freezing rnay be essential. So![e food has a high
percentage of water (see table 4), so the cost of the protein content
nust be calcul-ated, when comparing alternative food sources.

Heating for young animals is essential. The metabolic rate of a 750
gran all igator doubles when its temperature is raised fron 20 oc to 2g oc
(Coulson & Hernandez, 1983 ) , and lrhen the anirnals are warner,they are
rnore resj.slant to disease. Further, if they expect a lrarn day tonorrow,
they lri l l  feed even in the cool of the evening (Lan9,1987), At Uainland
Holdings, heating reduced the average tine for hatchlings to reach 5OO
grarns from 3O0 days to 210 days. By conlrast, all igators can reach that
weight in 60 days and achieve ki.l.ling weight in 18 nonths conpared to
2.5 or 3 years for C. porosus and C. novaegaineae. A reliable heating
systen is essential, and usually involves heated lrater recirculating in
underfloor pipes. There can be problens lrith deposits inside underfloor
heating pj.pes fron the rnineraLs in the nater, and lrater pressure changes
causing uneven heat transfer to different pens. A target ternperature of
30-31 oC, and a minimun of 20-25 oC at nigtt, is essential for good
gro$th in aninals under 5 months of age. Rapid changes in tenperature
appear very stressful, especially if the anitnal cannot select its
preferred tenperaturei 35 oc nay be lethat in young animals. overall,
heating ensures good healthy aninals, lrhich use food efficiently.
Keeping aninals in controlled environnent buil-dings for their whole lj.fe
is ideal, but hay also be unecononic in the tropics. Every location and
species is different, and technology must be adapted to suit.



In Papua New Guinea (PNG) there is estirnated to be 60,000 square
ki.lorneires'of ssranp and river systens suitable for crocodiles, and in
rnost of this area the hunan population is sparse' There are two specres
of crocodiles of PNG' the saltwater crocodite (crocodylus Po-rosus) and
ihe wew euinea Freshl,rater crocodile (crocodyTus novaegltineael ' They have
never been under serious threat of extinction because of the remoteness
of nuch of the vast habitat. Both species are l isted under Appendix II
of CIIIES. vhich allows harvesting of eqgs and live animals' The
ttia.g"."ni Authority of PNG has strict licencing lalts, requiring reqular
i"p"it i"q, so that Lhe extent of the trade can be nonitored closely' It
i.^ 

".."rr€i.I 
for the long term future of a cornrnercial crocodile faraling

industry in any country, that the llanagenent Authority demonstrates a
tritrr stinaara 3t 

"ilarii" 
nanagenent expertise and has the authority to

control anv harvest from the nild.
Poteniial investors in a crocodile farm must ensure the proposed

nethod of farning i-s acceptable to the country's Hanagenent Authority'
They should also consider that the ltanagenent Authority nay have
additional lavs that extend controls beyond those required by CITIES'
Investors rnust research other lavs controllinq both export and the
broDosed inporter, and the market for neat and skins. They should also
tonlia"r th;t pernission to export farn products under CITIES nay be
lost if wildlife trading lalts are broken. It is a business ! ' i th long-
tern profits, but l,t i th only short-tern l icences I

SOIJRCES OF INCOI.IE

The principal incone i,ri l l  typically be frorn skins, !, ith neat
earning l-ess thin one quarter of farn revenue ( excluding tourist
incorne;; see table 1. only in Tai! 'an is this situation apparently
reversed, vhere a nunber of farms concentrate on raising cairnan
crocodyTus for meat. Producing quality skj.ns is the commercial object of
nost f-arms. A srnall cut in the belly skin causes a substantial drop in
the value of the vrhole skin. skinners need a confortable working
environment and plenty of t ine. Even srnall errors in the preparation and
shipping of skins nay cause a 25* drop in their value or even a total
foss. fn today's rnarket, there is l i tt le dernand for skins that are not
grade 1, and ahe standard required by the tanners for a grade 1 skin is
h igh .- 

Atl crocodile skins are NoT the same. cornnercially there are two
broad classes, cainan skins fron south Arnerica and fclassic'r skins.
classic speeies are Nile crocodile (c.niToticus), Anerican afl igator
(A,rnissis;ippiensis), Nett Guinea Freshwater (c. novaeguineae) and the
Saltlrater cibcodile (c.porosus). The highest price is paid for salt!,rater
crocodile skins. others are of lesser value depending on their
suitabil ity for tanning and the appearance of the final tanned skin.

Meat can be another source of incorne. It nust be hygienically
packed and well presented. calculations on neat processing yiel-ds vrere
published in Staton et aI (1990; see table 1) . If the meat is to be
axported ,it lr i l I need to satisfy quarantine, health, -veterinary,
lri idl ife, custons and cITlBs rules of both the exporting and importing
country ! lteat prices have varied from UsD o.7o per kilo in venezuefa,
to the equivalent of USD 20 per kilo in Australia (G.GoUDIE, 1989a).
Snall anounts of neat can be sol.d at high prices, but a '.reLl run farrn
needs customers lrho wj.I l purchase all the Production, on a regular
bas is .
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.The density of aninals and choice of building is an econontc
::Ti9:..:+"". cenerally, tower densities give be€rer grovth and highqualrty skrns. Based on early work with Anerican all ig,tors, by Joa;en &l{cNease, Mainland Hotdings have used the follolring <leisit. ies f-or op-npens and ponds:

SQUARE I.IETRES PER ANIMAL

HATCHLINGS
4KG BODYWEIGIT
15KG BODYWEIGHT
21KG BODYWEIGHT

0 .1
0 .3

1 .0

- - .  E lsey  e t  a1(1990)  recornmended 0 .2  sq  n  per  an ima l  fo r  7  month  o ld
all lgators ( 72'7+/-te9 grans). This research wa€| based on sna1l groups
but sin]'far stocking rates have been recornmended for young Nile
clocodiles (Blake.1974) and. C.johnstonj (Webb et a-2. i983t. Recently
these figures have been reviewed at' Mainiand Holdings. Several trials in
1990, on groups of 100 to 3OO C. porosus indicated ihat O.Z sq rn per
ulit?] l? adequate up to 1.5kg bo-dyweight. In L992, the Louisiana- Dept.
of Wildlife and Fisheries was reconmeniing for all igators rn controlled
environrnent pens:

I

1

sq  f t  (O .1  sq .n )  up  to  24 , ,  I ong  (  say  600  g rams  )
sq ft (0.3 sq.m) fron 25" to 48r' long ( say Goo grarns to gkg )extra sq ft (0.1sq.n) for each Gr over 24!r lons

This gives very generous space to 7OO gram anirnals because of their
rapj.d gror{'th rate. Hordever the species. type of building, group size and
pen design. afl affect the relationship betlreen space and optimat
groll'th.

A rel-iable source for eggs or young aninals nust be secured. If the
farm is to. purchase live juveniles from the wild, or fron other farms,
theD the disease status and feeding history of the nerir arrivals rnay be
unknosrn, and uril1 certainly be variable. This rneans that quarantine
controLs lrithin a farrn, are needed both to prevent the inaroduction of
disease and to ensure all new arrivals are eating. It nay take 3 to 6
weeks for stressed arrivals to adjust to new peni and food.

. .If harvesting eggs or juveniles from the wild, there nay be
significant annual changes in availabil ity due to natural vaiiations in
the lri ld population. Depending on the. country and Managenent Authority,
harvestinq nay be subject to annual Linits. international pressure, miy
also influence harvest l inits, so there is no certain way Lo plan the 

-

fau0 intake. In pNG there are always plenty of crocodile3 in the svarnp,
but they nay becorne impossible to harvest in sone years, vrhen river 

-
vrater levels are high. Flooding rl lay also destroy miny nests and create a
tehporary shortage of juveniles. There is no su-h thing as a reliabLe
vild source.

Breeding farns are a very long tern investnent. Captive C. porosus
breedera star! l-aying at 5 to ? years. young fernales lay 25-30 eAgs rrith
up to 65 larger e99s frorn rnature fenales. Reasonable hatch rates aan be
obtained vrith efficient incubator equiprnent ( see table 5). Housing one
male lrith one fenale gives the best control, but using coiony pens-
reduces the nunber of males that need to be fed and housed. Filntirrg
occurs between nales and females in sone species and it is ess6ntiai to



fence the pens securely, to keep the animals in as-wefl as tourists out'
l i i i t i" i.f '  n.t"hing of- eggs harvested fron the vild, or bred in
cipiivitv, gives n6re conirol over the health and early feeding of-the
i"i."f..- i lqg. should never be incubated Inaturally"i lhe expense of an
inculator i i  uelt justif ied by nore and healthier hatchlj-ngs'

stress is a najor factor in reduced performance (G's'GouDIE,1989b) '
Anlrlals lr i l l  not ea€ and small ones wil l go into shock and die' while
americatr all igators and Nile crocodiles are very placid, the stressed
=ii i""i"- cro5odile vil l  refuse to eat for months. Even healthy animals
rniv pife up and die in pen corners, if seriously stressed by noise or
otirei unusuat activity. Regular noise patterns (or music), stable
tenperatures and reduaed lighting aLl seen beneficiaf' crocodiles have
not vet been selected qenetically, t ike other farmed species, so there
is eiorrnous variation in individual growth rates. If the smaller ones
are no! removed and sorted into groups of their own size, they wj-l l stop
growing, untj. l they are given a less conpetit ive environment. Larger
inirnali attack the srnall ones and bite narks dotngrade their skins' A11
crocodile farms need to sort penned aninals at regufar intervals,
usually 6 rnonths or less for lnimals under 1 year. Pens nust be designed
for easy access by staff for sorting, cleaninq, and feeding.

water needs to be clean but nost species prefer trcloudyn water so
they can easily hide by submerging. Regular water changing rnust include
rern6val of faeces and food in the vater, preferably with sorne
disinfection or chlorination. If the water is heated, then water used
for washing down and refi l l ing should be at the sane ternperature to
avoid thernal shock. Design of the pens wil l affect the volume of water
used. At Mainland Hol.dings lre used 1500 cu rnetres of vrater per day in
1989 but this could have been cut to one third wj-th better pen design.
Holrever tnost pens are built in concrete, so its hard to correct a poor
design! Investors must ensure there is adequate water supply and the
necelsary l icences, plus power to punp it and gentte slopes on the land
for drainage. Apart fron the cost of purnps and electricity, a large
water volume can create a najor effluent problen. The water depth
required varies ra'ith the animal size, but most of the water area can be
ge;tly stoping shallows. This creates snal-l variations in water
lemperature in rnost pens, and aLlows the aninals a choice. when j-n pens,
rnost species of crocodil ians rnake only l imited use of the land area, so
70 to 90& of indoor pen area can be vater. outside pens lrith no heated
water require a significant area for basking on sunny days. At Mainland
Holdings, early pens vrere built with a land to r,rater ratio of 50:50 but
nor rnany outdoor pens are 20:80, and indoor pens rri lh heated water have
only the nininun space of land needed for feeding. sorne NiIe crocodile
farners even flood the feeding area when all food is renoved.

Diseases can be a problen but healthy stock, properly naintained,
at reasonable density, wil l have fevr disease problens. Pen desiqn should
not run water from one large pond to another. sick aninals lrust be
sorted out and rnedlcated in separate pens. Problerns have occurred iarith
coccidia, bacterj-a, fungii, eye infections, worns and other parasites.
Apart frorn mortality and reduced qroitth rates, diseases also reduce the
food conversion ratio of the farn, and so significantly increase the
quantity of food required.



ECONOMIC FACTORS

To dernonstrate the relative inportance of various factors, a
theoretical model of tr^ro farms is presented. Both farrns purchase 20oo
hatchlings per year to be sold for skins of 40cn bell) 'rridth at approx.
17 kg l iveweight. One farn uses EXTENSIVE rearing, i l t i th unheated ponds
for all ages. The INTBNSIVE farn uses heated pens for all anirnals. The
perfonnance results and costs suggested, wil l vary it i th species, Iocal
nanagement rnethods, and nany other factors. Suggested figures are US
dol-lars.

cosTs

COST OF CONSTRUCTION OF FARI{
(a) services (roads, fences etc. )
(b) buildings -cost per anirnal

AGE AT (ILLING
nunber of animals helc
total building cost

TOTAL CONSTRUCTION COST (a+b)

OVERHEAD COSTS
depreciate buildings and

services over 10 years.
repairs and naintenance
adninistration (see below)
skj-nning building(annual cost)
e ra te r ,  e lec t r i c i t y ,  heat  inq
salaries

TOTAL OVERHEADS FOR 2OOO PBR YEAR

MAJOR VARIABLES

COST OF ANII.{ALS
assume hatchlings at $1o each

COST OF FOOD
delivered rnixed to farn

FCR
food eaten per croc(to 17Kg l ive)
food cost per croc

TOTAL FOOD COST per 2000 aninals

T{AGES
No. of empLoyees(farrn and skinning)
Avgr. annual lrage(ski l led and not)

TOTAI WAGES COST

EXTENSIVE INTENSIVE
$$ $s

150 ,000  250 ,  oo0
10  40

3 YBARS 2 YEARS
6000  4000

50 ,  000  160 .0o0
210 ,000  410 ,0o0

21 ,0OO
7 ,  O00

30 ,  oo0
5 ,  O00
5 ,  O00

50 ,  o00
118 ,000

41,0OO
15,  000
50 ,  00o

5 ,  00o
20 ,00o
50 ,  00o

191 ,000

20 ,000

50cents/(9
6 :1 ( f o r  3y r s )

LO2  Kg
51 .  00

102 ,  000

8
5 ,  00o

40 ,00o

20 ,000

5Ocents/Kg
3 :1 ( f o r  2y r s )

51 Kg
25 .50

5 t - , o00

4
12 .0OO
44 ,  0OO

GRAND TOTAL COST ESTIUATE
( overhead, anirnals, food,vages)

28O,  O00 310 ,  000



REVENUE (Sell ing 40 cm

mortality (hatch to kil1)
aninals to sell yearly
centinetres of skin to sell
skin sell price qrade 1

grade 2  (258 le6s)
skin grades ratio first:second

resulting avg. seII price

SKIN REVENUE FROI{ 2OOO ANIMALS

skins)

153
17  00

68 ,  O0O cn
$  5 .00 / cn
s 3  .75 lcm

50 :40
I  4 .s0

t t  r v o ,  u u u  t t

1900
76 .000  cn

$ 5 .  oo/cn
$ 3 .75 lcm
90 :  10
$  4  . 875

370 ,500

NET PROFIT 99  26 ,000 $$ 6o,  soo

Adninistration includes insurance, vehicles, nedication, cleaning
chemicals, security, staff arnenities, perrnits and licences.

EFFECT OF SOME VARIABLES

(1) If food v,'as virtually free, a lragte by-product, and delivered
to the farm for 5 cents per kilo then Net Profj-ts would be:

Ex tens ive  $$111,800 and In tens ive  $$127,4oo.

(2) If the Extensive farl! inproves one or aII of the following
(i) cut nortality to 9?

( i i )  inprove FcR to  4 :1
( i i i )  inprove grad ing  f ron  60 :40  to  80 :20

then profits, lr ith food at 50 cents per kilo vrould be:

Net  p ro f i t  above $  20 ,000
Ex l ra  6g  sk ins  a t  80 :20  grades  $  22 ,800 (4800cn i .4 .75)

r rnprov i -ng  FcR to  4 :1  $  34 ,ooo (2ooot t7*2* .5 )
A1 l -  sk ins  inprove grades  to  80r20 $  17 ,000 (40*2000*{4 .75-4 .5} )

NEw rorAl PRoFrr l_l1fgg
Thrs suggests that on most tur.. an"-"Ulitfonal expenditure on

heating pens can be quickly repaid fron extra profits.



SKIN PRICES

very fitt le data is available on the sell ing price6 of skins for
different species, Prices for the Arnerican all igator are published in
annual reports, and Table 6 sunmarises data frorn Louj-siana for the
period 1972-1991. Crocodile skins are a luxury item and prices have been
hard hit by the lrorld recession. In general terns, prices have fallen
30-50& fron the peaks of 19a9-90. Price drops for the non-classic skins
have been greater. The requirements for a grade 1 skin have increased
and markets are nuch harder to find for grade 2 and 3 skins. A grade 2
skin is worth 254 less than a grade 1, and grade 3 is rt 'orth only 50?,
so the loss of revenue fron cuts and bites is severe. There have also
been erratic changes j.n the lrarket that affect the relative price of
Iarge and snall skinE. Sone years there is a good dernand for snall
skins, but in recent years skins under 25cn belfl4,ridth have received
poor prices. It is also noticeable, for exarnple, that rrith the September
cull of large rri ld American all igators, the price of large skins of
other crocodilians drops frorn JuIy to October. Since farrn growout takes
1.5 to 3 years. these relative price changes have a serious impact on
pl.anned revenues, The situation in future wiII not change and past
price trends are NOT a guide to the future.

If cainan skins can be produced in large numbers'without
osteoderms, this should seriously affect the narket , especially for the
easier to produce small skins. The only solution is to develop good
contacts in the industry and to exchange inforrnation in the sane way
that the buyers do. Investors nust appreciate that there is a linited
tnarket. Since the buyers know hovr nany aninals are harvested, bred and
hatched each year, they can predict how nany farned skins will be
offered for sale next year.

ST'MMARY

The substantial rise in skin prices up to 1989/90 attracted many
investors to crocodile faming. only the efficient operalors and those
in developing countries with very low costs of production, wil l survive
the present recession. Investors nust ensure the farm has a legal,
reliable source of young anirnals, and that the necessary CITIES export
and inport perrnits can be obtained. A reliable source of food close to
the fann must be secured and every effort rnade to ensure that the
naxirnurn possible percentage of grade 1 skins is produced.

Research rnay be needed on the requj-renents of a particular speciesi
pen design, diets, food texture, tenperatures, group size, etc. There is
a lot of natural variabifity in the aninals and careful- records and good
husbandry are essential to be abfe to identify nhich rnethods give the
best results.

The objective is to nake the best possible use of the wildlife
resource on a sustainable basis. Actj.ve support for crocodil ian
conservation nakes good comrnercial sense, including assisting on wild
crocodil ian popufation surveys, prornoting the breeding of endangered
crocodil ians and protecting lri ldlife habitats. Responsible farming on a
sustainable basis wi-l l ensure the farrn continues to recelve
internationaf and csc support for continued trading under cITIEs.
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TABLE 1. ANALYSIS OF REVENUE FROM
9 KILOGRAM LIVEWEIGHT CROCODILE

ref:crcmeat

TOTAL LIVEWEIGHT
LIVE BELLY WIDTH (CM)

EVISCERATED CARCASS WEIGHT
LEGS
UPPER BODY
TAIL
TOTAL

DEBONED & DEFATTED MEAT
BODY MEAT
LEG MEAT
TAIL MEAT
TOTAL

FINAL SALTED SKIN BELLY WIDTH

9.64 Kg
33 cm

Kg

0.67

2.O5
6.34

1.74
o.52
1.33

30

Kg

cm

REVENUE

MEAT: 3.59 Kg AT USD 8/Kg

SKINS: 30cm WIDTH AND 80% GRADE 1 AT USD 9 /CM
ANDTHE20% GRADE 2 AT 25016 LESS =

AfterTable3&4 of Staton et al 1990
& internal records of Mainland Holdings.

USD 28.72 PER CROC

USD 256.50 PER CROC
(average)
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TABLE 3.

relcrcons

NUTRIENT

Digestible Protein (minimum)
Digestible Energy
Fat
Fibre
Calcium
Phosphorus
Potassium
Sodium
Chloride
l\4agnesium
rron
Copper
Maganese
Zinc
lodine
Selenium
Colbalt
Molybdenum
Vitamin A
Vitamin D
Vitamin E
Vitamin K
Thiamine
Riboflavin
Niacin
Pantothenic Acid
Pyridoxine
Vitamin B-12
Folic Acid
Biotin
Ascorbic Acid
Choline
Linoleic Acid
Arachidonic Acid

SUGGESTED DIETARY ALLOWANCES FOR FAST-GROWING
CROCODILES UP TO 25 KILOGRAI\,,IS WEIGHT

o o l

AIVIOUNT per kg diet dry matter

o/o

kcal
oh
o

o/o

o/o

%
%
'/o

o/o

mg
mg
mg
mg
mg
mg
mg
mg
IU
IU
IU
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
o/o

'/o

(.--.- % oF DtETARy pROTEtN ------)

45 plus
4500
10-16

<4
1-2

0.5-1
o.7
0.3
0.3

0.05
90
8

80
80
1.5
0.5
o.2
1.2

12000
1200
120

7
.'

70
25
'15

0.03
3

0.5
450

1000
1.0

0.5-0.1

Arginine
Glycine + Serine
Histidine
lsoleucine
Leucine
Lysrne
l\4ethionine
Methionine + Cystine
Phenylalanine + Tyrosine
Theronine
Tryptophane
Valine

From Staton & Vemon (1991).

5.5
6.5
1.8

5.9
5.3
2.1
3.6
5.8
3.6
'L0

3.6

%
Vo
o/o

o/o

o/o

o/o

o/o

%
o/o

o/o

o/o

%



TABLE 4.

ref: crcfeed

PROTBIN & I4OISTIJRE OF FEED INGREDIENTS

INDEX OF REI,ATIVE
T }IOISTURB PROTEIN 3 PROTEIN CONTENT

WET DRY WET DRY
BASIS BASIS BASIS BASIS

66 .4  16 .2  4A .2  L44 .6  123 .9
73 .1  13 .3  49 .5  89 .9  127  . 2
55 .3  22 .a  51 .1  154 .1  t 49 .4
62 .0  14 .4  38 .9  100  100

2 t . 5  90 .2
100  100

16 .6  98 .8
100  100

WHOLE CIIICKEN
CIIICKEN IIE,ADS
CHICKEN FEET
BONELESS RED }TBAT

PRAWN TAILS IN SHELLS
ISOLATED SOY PROTEIN

WET BLOOD
BLOOD I4EAL

TRASII FISH
FISH I,IEAL

TABLB 5.

NESTING YEAR

FEMALES
}IALES

NESTS
TOTAL
P8R FEMALE

TOTAL I,AID
PER NEST
PER FEMALB

INFERTILES
TOTAL
z

DISCARDS
SET
HATCHLINGS

TOTAL
PER FEI{ALE
PER BREEDER
PER NEST

IIATCIIABILITY
OF TOTAL I,AID
OF FERTILE
OF SET

NOTE | 91/92 season
Data fron internal

5 . 5  8 6 , 4  9 1 . 5

8 5 . 0  1 4 .  O  9 3 . 3
1 1 . 0  8 4 . 0  9 4 . 4

68 .0  23 .O  ' l t .A  34 .3  96 .6
10 .0  67 .0  74 .3  100  100 .0

NESTING BY C.POROSUS CAPTIVE BREEDERS
AT I.{AINLAND HOLDINGS.

e7  l ae  88 /89  A9 /9o  eo l sL  sL /92

133 114 207
90

71
0 .  34

927
31 .  0

105
1956

130 r2r

44  ' 73  98  50
0 .3  3  0 .81  0 .81  0 .42

1599 2495 4364 2217 29Aa
35 .3  39 . ' 7  44 .6  45 .4  42 .1
r2 .o  22 .3  36 .1  L9 .2  14 .4

360  1039  994  1102
22 .5  35 .9  22 .4  48 .5

0  100  901  27
L239 L646 2449 rr42

496 1150 20L3 1000 t397
3 .7  8 .8  16 .6  4 .5  6 .7
2 .5  5 .4  tO .1  5 .4  4 . ' 7

11 .3  15 .8  20 .5  20 .O  19 .7

31 .O  40 .6  46 .4  44 .7  45 .8
40 .o  63 .3  60 .6  46 .8  67 .4
40 .  o  7 r . 3  42 .2  a8 .9  71 .4

includes FEMALES laying for f irst t ine.
records of Uainland Holdings.



TABLE 6. LOUISIANA ALLIGATOR HARVEST 1972-91

YEAR WILD WILO ANIMALS HUNTED FOR SKINS
NUMBER NUMBER T.L. VALUE PER

of hunters of crocs. (A) FOOT(B)
't972

1973
'1975

1976
1977
1979
1980
1981
1982
'1983
'1984

1985
1986
1987
1988
1989
1990
1991

59
107
191
198
236
708

913
1 ,144

945
1,104
1,076
1,207
1,370
'1,545

1,769
1 ,921

'1,350

2,921
4,420
4,389
5,474

16,300
17,692
14,870
17,142
16,154
17,389
16,691
22,429
23,492
23,526
24,846

24,036

211
213

216
224
211
20'l
211
204
2't' l
213
216
211
216

22'l
22'l

K8.10
K13.13
K/.88

K16.55
K12.23
K't5.00
K13.00
K17.50
Kl3.50
K13.00
K21.00
t<21.00
K23.00
K40.00
K48.00
K50.00
K57.00
K32.00

TOTAL
USD VALUE

K/5,505
K268,994
t<258,791
K512,240
K488,499

Kt ,711,500
K1,609,972
K1,421,575
Kl ,621 ,633
Kl,452,568
K2,556,'183
t<2,482,619
K3,61 1,000
K6,689,760
K7,905,024
K9,006,675

K10,568,869
K5,704,307

FARMEO ANIMALS

YEAR NUMBER
OF FARMS

1972
1973
1975
1976
1977
1979
1980
1981
1982
1983
1984
1985
1986
'1947
'1988

1989
1990
t o o l

No. SKINS
SOLD

35
103
83

376

't91

360
113

'1,449

2,836
4,430
5,925

'10,670

27,749
A1 OAR

88,500
105,000

VALUE PER
FOOT(B)

K8.10
K13.13
K7.88

K16.55
K12.23

K'l3.00
K17.50
K13.50
K13.00
t<21.OO
K21.00
K23.00
t<24.OO
K36.00
K32.00
t<24.OO
K17.00

TOTAL
FARMED SKINS
USD VALUE

K1,417
K8,560
K3,597

K34,258
t<24,'142

K1 1,595
t<29,421
K6,102

K86'273
t<253,113
K395,377
K613,237

K1,131,873
K4,245,597
K7,931,904
K8,496,000
K7 ,416,700

T.L.
(A)

8
8
8
8
8

at
8
8

12
15

30
47
83

123
134

152.4
193.0
'167.6

175.3
'160.0

142 2
142.2
12 ' t .9
139.7
129.5
129.5
137.2
134.6
129.5
121.9
'123.0

127.O

(A) T.L. is lotal lenglh of average skinned animal in cm.
(B) is average selling price per foot length (30.5 cm).
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The long-term destiny of wildlife is intimarely linked to its ability to compete
successf;lly for the land and water it needs to survive. It is continually at risk
from agriculture, aquaculture and other forms of rcsource use required for
human needs. Needs that are increasing exponentially wi(h human population
g ro  w  th .

The concept of "consewation through sustainable use" (CSU), as aPPlied to
wildlife today, is based on the economic reality of the comPetidon for resources.
It is a concept of "value-driven" conservation By "using" wildlife to generate
economic benefits, economic incentives to conserve wildlife and their habitats
can be crealed. If the rates of use are within the capacity of species to renew
themselves. the use and thus the incentive to conserve can theorelically
continue ir ldefinitely.

Proponents of CSU programs come largety from the ranks of wildlife managers:
the people charged with linding practical solutions to wildlife conservation
probGma. Opponents come largely irom animal rights and wellare circles. Two
of their main points of contention wilh the CSU concep! (Rawlinson 1988; Fox
1992\ ate:

- the morality of linking wildlife conservation to instrumental (use_values to
huoans) rather lhan to intrinsic values: a rejection of human_centred
programs, regardless of whether they achieve conservation for
underlying intr insic reasons; and,

- the righrs of humans to use wildlife consumPtively. Specifically' to kill
other living organisms or remove them from their habitats.

This paper addresses what is essentially a conflict between two groups of people'
each oi which considers themselves to be conservationists. I argue that CSU
should ,ot be abandoned as a management tool simply because consumpfve use,
in panicular, offends the morality of some individuals, in some countries- The
basis for this position is rhc compelling evidence tha! links effective
conservation with "use". Blanket opposition to instrumental values and
consumptive use is not a conservalion strategy, bu! rather the projection of
dogma with little practical ielevance to conservation.

THE PROBLEM AND ITS MNSEQIJENCES

The concept of CSU is by no means a new one, despire its rcsurgence in today's
conservation lilerature (Thomsen 1992). The earliest wildlife conservatiol
programs, implemented hundreds of years ago, in a number of different
iountries, were motivaled by lhe desire for suslainable, consumplive use _ to
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conserve wildlife so that hunting could continue indefinitely (Graham 1973;
Gilben and Dodds 1987).

Theodore Roosevelt and Aldo Leopold, two Americans often considered the
founders of modem conservation, both supported consumpdve use of wildlife,
while being critically aware of the need to limit harvests to the capacity of
species to renew themselves (Leopold 1933; Beard 1988). Roosevelt,s pragmatic
doclrine of "conservatio! through wise-use", which is synonymous with CSU,
reversed the coUapsing US wildlife stocks of the early 1900's (Gilbert and Dodds
1987). In more ieccnt times, CSU has been impotant, if not fundamental to. the
"World Conserv6lion Stralegy" (IUCN/UNEP/WWF 1980) and lhe Convenlion on
Inlematiotral Trade in Endangered Species of Wild Faura and Flora (CITES).

With such eminett credentials, one may well pose the question: "why don,t CSU
proponents ignore opponents and get on with business of applying CSU?" After
all, everyone seems to agree that 'lime is of the essence" with wildlife
conservalion. Unfortunately, it is not so simple. Today's animal rights and
welfare groups arc a powerful political force in many developed countries.
Through spirited opposirion and astute "biopolitics", they can and do render CSU
programs unworkable (Lapointe 1993). The fate of Zimbabwe's eleDhant and
rhinoceros proposals d. the 1992 CITES meeting in Kyolo, Japan (Hehley 1992;
Broad gL_al. 1992) provides an excellent example. As a large share of all public
and Covemment funding for conservation goes to groups with strong animal
rights and welfare constituoncies, it is irodc that the resources are olten used
to hirder programs considercd by experienced wildlife managers to be elfective
in solving conservation problems (King 1988; Lapointe 1993).

There is also a humalitarian dimension to the problem. Io many pafts of Africa,
Asia, South America and Central America, the consumDtive use of wildlife
provides primary souaces of protein atd income for piople - ofien poor rural
people (Brundllatrd et al. l9E7i Webb and Jenkins 1991; Barbier 1992a; MurDhree
1992), The consequcnces of stopping that "use", because CSU programs do not
satisfy distant people in distant lands, is a moral issue in ils own right. It
prompted fie African Resources Trus! (ART) lo convene a workshop (London,
November 1992) lo review the siruation,

Attctrded by a range of people with credentials in international conservation
and wildlife management, the workshop concluded that public opposition ro CSU
programs in developed nations was oflen based on misinformation and
ignorance about the links between cotrservation and sustainable use,

TIIE LINKS

Much of the recent lileratute on CSU, like that on biodiversity, is dominated by
economic and devclopment argumenls (Aylward 1992; Barbier 1992b). We hear
more and more about udque and economically valuable genetic resources,
property rights for tlatural living organisms, the questionable .ights of
developed nations to utilise the natural resource capital of developing narrons,
lhe nced to encourage all people to live off dre interest ralher that erode their
lalural capital base, and so on.

All lhese issues are important, ar|d debate about them is legitimare. But they are
not loncepts to which the public can relate easily, le1 alone become emotionally
iDvolved wilh. Most people have a rudimentary understanding of ecoaomics and



few could even conside. living off the interest from their savings (capital)! The
cotrnection between these analogies alrd wildlife conservation will be lost on
mary people. The central problem with CSU education, is thar the public tends to
see "cotrsumptive use" and "conservation" as contradictory (ART 1993), despite a
simple and fundamental connection between them.

Conserration, We have been conserving a gaeat variety of items, both animate
and inanimatc, for centuries. We thus have a long experience wilh conservation
D9! !9, although it is ofien igDored when discussing the rclatively tecenr
concerns about wildlife conservatioD. Independent of wildlife, conservation can
be defined as:

the sum totol of octiohs toket to preserte and maintain items to which we
attribute a positive value.

The critical elements of this definition are the attribution of a positive value,
the implication that without attentiotr lhe items will deteriorate or be lost, and
the link between preserre a\d volue. The need to presene those characteristics
of an item that are responsible for its positive value. Conservation clearly
contains prese.vation goals, but as discussed below, drawing a distinction
between preservation and conseryation has utility.

Volue. yallues are inhe.ently changeable. What we consider highly valuable
today may have tro value tomorow. An item witl little market value, that is
valued by no substantial pan of the community, may be greatly prized and
valued by an individual for reasons that are intangible. However, we would Dot
nonDally exp€cl the community as a whole 10 expend rcsources conserving
items ftrt few considgr havc value or potential value. In contrast, we often
expetrd considerable resources trying to eliminate, remove or eradicate items
that have no value in the eyes of the community.

The problem of course is thal one man's honey is another mdn's poison. An itefi
with a positive value to one group of people, may have a negative value to
anothe!. Yet typically, only one of them is in a positio! to colserve or destroy it.
What are the implications for the conservation of any item if the grolp with
ownership has only a negative value?

UJe. Use is intimately linked to value and hence to conservation. All users
associated with a reward, a value, which can be positive or tregative. Things that
hav€ no use are tcrmed "useless", and fte garbage industry is based upon the
daily disposal of millions of tonnes of useless items. Yet such ilems may well
havc value to fulure generations as antiques or archaeological treasutes. Some
pcople may value positively a unique geological structure, because when they
sit atrd ponder it (use it), it gives rhem plcasure (reward). Alteftatively, otheN
Itray not value the sam€ unique geological structure, because it contains no
fenile soils, has no value for farming and thrcatens their village with
lands l i des .

Usc aDd value, and thus the incetrtive to conserye, will vary greatly at local,
natiodal and intemational levels, It will involve both consumDtive and trolt-
cotrsumptive forms of use. Cultural, religious and socio-ecoDo;ic diversity
ensures that no single set of us€-values will ever bc applied to all irems, wildlife
ircluded, by aU people.
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Sustainability. To use any item in perpetuity is to use it sustainably, regardless
of the form of use, Accordingly, there is much substilnce to the statemont that
consef\)ation is sustaindble !se. However, therc are a trumber of aspects of
sustainability, as it rclales 10 wildlife conservation and the achievement of
sustainable use, that are confused:

- There can never be a gu&antee thal any use will be sustainable in the
long-term, because it is impossible to know what tomorrow may bring,
despite predictions. There can only ever be a probability of sustainable use.

- Sustainability can only be demonstrated if use is occurring. For this reason,
modloring atrd flexible management are important because they allow
adjustments to counteaact unprcdicted responses.

- lt is impossible to predict with cenainty the way in which a popularion will
respond to being used consumptively or non-consumptively. Expe mental
use - managemoDt by expedment - is the most accurate and cost-effective
way of fast-tracking CSU programs (Walters 1986).

In summary, if planrs and animals have no use, they have no value - they
become useless or valueless. People will rarely expend resources conserving
them in the face of competing economic rcasons to use wildlife environments
lor olher purposes. This is especially so in developing countries, where poverty
is widesprcad. Sustainable use can never be guaranteed in advance, so CSU
programs must be based on a commilrnent to monitoring and must involve
feedback channels which allow management to be continually refined.

INSTRUMENTAL AND INTRINSIC VALIJES

What about species with no recognised value or use? Ii the CSU concept is based
cntirely on instrumental or human-centred values, do we ignore species wilh
no value? These are valid questions (Rawlinson 1988; Fox 1992), but such doubts
do not constitute a logical case for opposing CSU programs.

The relationship between humans and the natural world varies greatly. There is
not necessarily a righr rclationship, nor a wrong one. There is no one set ol
ideas or philosophies that can or should be expected to suit all peoples, nor be
imposed on all. However, humans are united in having eltolutionary ights to
suryive. Humans evolved as pan of the natural world with an evolutionary
obligation to use plants and animals. They did not evolve as guardians or
protectors. That most societies and cultures adopt that role to varying degrees is
understandable. Thoir survival, to varying degrees, is depondont upon it.

Of prime importance, there is no unive$al obligation to conserve things fot
their intrinsic value DC!__Sg. ln fact it can be argued that the whole issue of
iiltrinsic value makes no biological nor evolulionary sense. It could never be
selected lor in human populations, because by definition, if any benefits were
derived, the motivation becomes instrumental.

Thal instrumcnlal values rather than inldnsic values are more offective in
generating public support for conservation issues is well cxemplified by today's
efforts 1o e[courage public support for biodiversity. The mainstay of most
arglments is the potentiol "uses" of living organisms to people. There would



appeai to be no living organisms whoso conservation could trot be justified on
real or potential instrumeltal values.

Nevertheless, proponents of intrinsic value should not see attempts 10 ascribe an
economic value to wildlife as threatening their concept of intrinsic values. The
ccnual conservation goal of CSU programs is to increase the proportio[ of the
commudty fiat attributes a positive value 10 wildlife. It does this through
linking rhe benefits of conservatiolr to the day to day exchange of cufency that
dominates value systems in all our lives; whelher we acknowledge it or not. To
adopt rhe approach that tro coaseration efforts should be undertaken unlgss
they are based on a purely intrinsic motivation, is to abandon wildlife
conservation efforts throughout mos! of tho world.

TIiERICHTS TO USE

Humans, like all living organisms, affect their environmenl and use other
forms of life coasumptively. If humans and most other living animals do Dot use
othcr living materials thoy die. It is an issue of basic survival, and hence the
right of humans ad of all species to use other living organisms is unequivocal.

Over and above this fundamental right, which links all peoples, most societies
hav€ eslablished rules and controls, typically for instrumental reasons, to
govcm the extent of rcsource use by individuals. These vary greatly in form
and in their ability 10 ensure sustainable use. Within any one society rules may
be established that take away "rights" of use from all or part of its people. But
this ir !o way conslitutes resolution of the moral issues on a global scalci it does
not provide justification for opposing CSU programs that operate in countries
where society has different values, perceptions, needs and rules.

PRESERVATION AND CONSERVATION

Drawing a distinction between preservalion and conservalion probably has
utility in the public arena, despite the fact that preservation is and always has
been a central goal of conservation. At the risk of generalising, preservationists
eidphasise intrinsic values and take the view that wildlife should be left to
manage itself. They tend to oppose humaD intervention and the use of wildlife,
regardless of sustainability. Conservationisls may have more instrumental goals
and aro prepared to iDtervene as necessary to achieve thcm. This apparenlly
subtle distinction may lead to extreme divergence in outcomes: culling elephant
populations so that thc carrying capacity of the habitat is maintained
(corservation), versus watching elephanls destroy habitats through
overpopulation and then lamenting the images of them starving to dealh
(p reso rva t i on ) .

DISCUSSION

It is not difficulr ro understand why many peoplc opposc wildlife use. The
unsustainable use of a gleat variery of wild species was one of the main
problems that led to the establishment of the intemalional
conservation/preservation movement. However, during the exponeotial growth
phase of the movement, conseryadon became increasingly linked to animal
rights and welfare issucs. Sropping all killing and use of wildlife becamc a
central goal of large and vocal elements of the conservatiotr movement. The



fundamental assumption, which is wrong, was that this aclion alone would
prevent the extinclion of wild specles.

On the surface, the problem was simply defined (species were going extinct) and
the potential solution 'xas easy for the public to utrderstand and accept (stop
killing and using them). Add the power of television, the attractive images of
wildlife, the added attraction of "bad" news - an issue shrouded in nesatives -
and a campaign with the potential to slrongly influence public attiruies was
created. With news and current affairs programs disseminating the information
for trolhing, the "message" spread rapidly. The conservation movement literally
swept lhrough developed natio[s, catching the imagination and suppor! of tens
of millions of people. It made wildlifo conservation a political reality, on a global
scale, and the public continues to provide tens of millions of dollars annually to
sustai l  i t 's activi l ies.

Itr any overview, wildlife has benefited gready from the conscrvation
movcment, But fot a variety of cultural and socio-economic reasons, many
dcveloping countries are unable to implement the types of wildlife conservalion
programs ("preservation only") thd people mostly living in the cities of
developed nations want.

Programs aimed at conserving wildlife should not be restricted 1o a narow
range of options, based on a naffow range of philosophies. It makes much more
sense to tailor programs to the circumstances in which they are expected !o
operate (Webb alel. 1987). Accepring socio-eco[omic and cultutal situations for
what they are, and designing pragmatic conservalion programs around them.
Goal-oriented ralher than method-orienled conservation, which does nor
require fuldamental changes in culture. It makes no sense to close off options
for solving conservalion, at a time when serious conservation Droblems aro
being idenli f ied al an alarming rale.

That we should be concentrating otr conservation strategies tha! will work
today, withitr lhe local environment, has a firm foundation in elementary
sciencc. The time scale of any solution to a problem must be aligned *ith the
time scale at which the problem is occurring. The status of habitats and wildlife
species is declining rapidly throughou! the world, despire the role of the
colservation movement. Our immediate nced is for workable solutions to those
problems - pragmatism and innovation - rathei than altempls at changing
ingrained social and cultural values as a prerequisite to implementing a narrow
range of codservation options. This is nol a short-lerm undertaking, not to
mention thc moral issues involved. Judging from the work of religious
missiodaries in distant comers of the globe, it may well provc impossible to
meet the prerequisites in many countries.

Wildlife conservation is clearly a complex area of endeavour, requiring
compassion, understanding, tolerance and respect for othe. peoples, cultures
and reliSions. Yet this reality does nor seem to b€ generally understood by the
public. As pointed out by Corzula (1987) overzealous attempts to wirt public
suppon for consefiation generally, has left the public with a series of
ecological mylhs and legends that have lilrle basis in fact. Similar myths and
spurious assumptions are associated with opposition to the CSU issue. For
example:
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- the concept thal all wildlife conservation problems have simPle causes anal

can be solved with simple solutions - usually not the caso.

- the concept that wildlife conservation can be advanced generally by
adopting a philosophical position against killing and use - usually not the
c  ase .

- the concept that wildlife conservation can be advanced by not buying
wildlife products, regardless of whether or not they were produced
through approved management programs - rarely the casc.

- the concept that wildlife conservation could work without the ground-roots
support of landowners and custodians - rarely the case.

- the concept that all wildlife populations are fragile entities driven closer to
extinction by any human use - usually Dot the case.

Nore of th€se insights is new. ln the Us alone there has long been unequivocal
evidelce that conservation goals can be achieved through management
programs designed 10 provide animals lor hunters to kill (Gilbert and Dodds
1987; Mccullough 1992; McCullough and Bafiett 1992). However, they are not
simple messages and nor are they easily packaged to be altractive lo the public.

In the m€antime, opposition to CSU and consumptive use continues (Thomsen
1992). The philosophy adopted to guide the solving of wildlife conservation
paoblems ("preseration") and win public support for such efforts, has become
dogma. Protecting the dogma has become more imporlant $an solving the
problems that spawned it.

CONCLUSIONS

The obvious question for all conservationists, is what to do about this conflict?
There are no easy solutions, and the issue is complicated by the fact thal many
conservatio[ organisalions are now so big thal they have become lotally
depende[t on the massive amounts of money (Spencer gl--al. 1991) generated by
the public on the basis of unrealistic expectations. Accurately and
comprehensivcly informing the public will sometimes conflict with attracting
the greatest sums of money.

Bur if the case for CSU is both theoretically and practically sound, then it should
not be abandoned because it creates problems for the conservation
establishment. CSU programs should continue to be tested and their worth
judged on their ability to achieve tangible conseryation benefits.

Io any overview, we are at an important crossroad in the deYelopment of
responsible and effectivo wildlife conservalion. No single philosoPhical
position can solve all problems, and thus it is important that we continue to test
new and innovative strategies. To abandon any oPtio[ without good cause is
simply irrespolsible. CSU is essentially a conservation strategy with good
pot€ntial in some circumslances. Public suppofl for CSU programs will require a
good deal of public education. Fot many years the public has been subjected 10
misinfomation and half-truths, a bias which is in danger of becoming
institutionalised in order to preseri)e Lnd mointoit what has become the



preservationist establishment, rather than to promote the best interests of the
world's wildlife.
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Optlnrlstng aftlllclal lncubatlon reglmes for crocodlllan eggs: asstgtrtng
prlorltles.

Peter J. Whitehead
Conservauon Corrmission of ttre Northern Territory,

PO Box 496, Palmerston, NT O83l AUSTRALIA

Introductlon

ReptJlan embryos are a.ffected profoundly by their incubaton environment,
and those effects linger long alter their transition to an independent
existence, marked by successful hatching. In addttion to determining such
basic reproductive parameters as the proportion of eggs that hatch (e.g.
Webb and Cooper-Preston 1989), incubauon regimes exert long-term
influences over Juvenile surytval, sexual diferenUation, growth rates and
hence adult size, and associated aspects of behaviour (Deeming & Ferguson
199I; Lang 1987j Webb & Cooper-Preston Ig89).

Clearly natural selection will act strongly to influence maternal choice of
nests sites. As a consequence, it has been argued that measurements of
physical parameters in nests rrj l reveal incubafion conditions that are
optimal for a pardcular species or broader taxori (e.g. Ackerman 1977).
This argument has been extended even to the nest microbiota, which
Ferguson (1982) has suggested perform a vital role in breaking down
e€gshells to facilitate hatchtng of firll-term embryos.

But under natural conditions, t]le optimal achievable incubation
environment remains far from physiotogically perfect, because nest site
selection is constralned by factors unrelated to embryonic needs. Biologtcal
factors acting independently of embryonic physiologr, but fnlluencing
maternal choice, lnclude: accessibility of the nest to predators, vulnerability
of the adult to predatlon during laying and nest-guarding, availabtltty of
nest materials or appropriate substrate, the phystcal capacity of the parent
to travel to an optimal site, or to excavate or otierwise build a suitable
structr.rre.

Interacuons €rmong these and other constrajnts on adult nesting behaviour
wiU not necessarily converge to also select for a physical nest environment
that optima y balances those abioUc factors ltkely to influence patterns of
embryonic development. The rapidly fluctuating climatjc condiuons that
characterise many crocodilian habttats (e.g. Taylor and Ttrlloch f985)
fi,rrther conllict vdth achievement of optimality (Whitehead IgBZb). No
crocodilian appears to have evolved the complex integrated behaviours
ernployed, for example, by megapode btrds (Seymou.r & Bradford 1992) to
manipulate their nest mounds to compensate for short term environmental
change.
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Recognluon that the evolutionary soluuon to incubation needs must involve
compromises, dtctated by a complex mix of features of the past and present
nafu.ral envimnment, should also inform the destgn of artiffcial incubation
regimes. Wh e observations of natural nests provide a convenlent starting
point for understanding the forces that led to the current "destgn" of
crocodllian nests and eggs, criterta satisfied by evoluuona.rjr processes irl
rtr'ild popL ations are unlikely to satislr all of the divergent needs of crocodile
farms.

This obvious, but sometimes overlooked, noUon provides the theme for my
discussion of appropriate incubauon regimes for the eggs of crocodues. I
consider the level of control requlred over each of the factors temperature,
moisture and gaseous condluons in terms not only of their biological etrects,
but the cornmercial and operational feasibt[ty of achieving fffle control.

Thc Clrocodlllan Egt and tt3 Nest EnvlrontrGnt

Eggs of crocodiUans varjr muctr less among species in thetr structure,
appearzrnce and funcuon than do the e€gs of other reptiles such as turdes.
AII species produce e€€ls with hard external sheus of calcite (calcium
carbonate) attached to a tldck underlying ffbrous membrane (Ferguson
l9a5) that in tu.rn contains the embryo, the la.rge yolk and a substantial
volume of albumen. The brittle shell ls penetrated by pores of varying
shape and size (Packard & DeMarco I99I) which, in combination $'ith the
gaps tn the ftbrous membrane, pennit the dift.rsion-driven movement of
gases to and from the llving interior of tl.e egg. This exchange with the
envlronment allows t}|e embq/o to "breath" and so generate the energr used
to drive the basic physiological processes tiat maintain life and drive
development and growth. crocodilian embryos deprlved of this exchange
de qurcHy (Joane') et oL 1977).

Egg design is matched to the way in which crocodiles attempt to regulate
the environment experienced by their clutches. They construct nests v\rhich
buffer dweloping embryos against condiuons that might otherwlse
compromise survilal arrd development. These nests can be divided into two
broad categorles: mounds and holes, Matertals lncorporated in mounds
and overllaing soils of hole nests insulate tie clutch, slowing the movement
of heat into the eggs during the hotter parts of the day and reducing heat
loss at night. Memes of heat or cold experienced near the soil surface,
tllat would often be capable of killing embryos, are are thereby avoided. The
depth at which the clutch ts placed within t]le mound or beneath the soil
surface inlluence both t}|e mean nest temperature and its variability: deeper
nests tend to be cooler and to fluctuate less in temperature (e.g. webb et aL
1977: 1983),

Mounds built above the substrate surface predomlnate among species that
breed during rainy seasons on sites where soils a.re likely to be saturated
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v/ith water, or t}Ie water table may rise to or above the soil surface. Hole
nesters breed at sites less suscepuble to flooding, such as elevated slopes of
river banks (campbeU 19721, and most often in t]le drier part of the year,

Nesting habits t]lat avoid saturation with water, and so reduce rtsks of
entJrely blocking respiratory gas exchange, expose eggs to a different risk -
dehydration. Nest matertal helps to reduce water loss, as humfdity within
holes or mounds is often very high (Seymou et oL l.9a7l, but elevated
humidity is insumcient to entlrely eltminate t]le potential for severe
dehydratton hckerman et d f985; Ackerman & Seagrave 1987). The
brittle eggshell is a further adaptauon to reduce that threat. It lnlibits
water vapour loss (Deeming & Ttrompson 199f) but, like mound material
and soil, impedes access to atmospheric oxygen and the excreuon of carbon
dionde (Whitehead 1987b).

lac Important tractorg

Crocodilian nesting strategies have been strongly influenced by the need to
avoid extremes of both temperature and moisture saturation. Ttadeoffs
have involved (t) an tncreased risk of dehldrauon, which has in turn
influenced eggshell structure to reduce rates of water vapour loss from the
egg; and (D impedence of gas exchange between embryo and envlronment
btr nest material, added to by the heavily <lhlcified eggshell. The
evoluuonarjr precedence given to avoidance of extremes of temperature and
moisture implies that other factors, including the potential for signiffcant
water loss and partial inhibition of gas exchange, are in general capable of
asslmllauon by the homeostatlc mechanisms available to the embryo ln its
egg. Thus as a ffrst approximaUon, artiacial incubation regimes should
concentrate on those factors most clearly targeted by maternal behaviour
and for whlch mechanisms of intrinsic compensauon are inadequatei
temperature and avoidance of moisture saturation.

Ir?r'''.rbatlon Te nverohrre
lncubauon temperatu.re has a marked efect on the development of
crocodilian embryos. Under artiffcial constant-temperature tncubation,
differences of a few degrees celsius from the mean temperatures measured
in nahrral nests may greatly increase rates of embryonic mortality or
abnormality Webb and Cooper-Preston 1989). Withfn the temperature
range that produces high hatch rates and chiefly normal hatchlings, other
effects include lariauon ln (i) embryonic sex rauos 0r) growth rates, (iil)
metabolic rates and energ/ budgets, (M the proportion of egg solids and
water incorporated in embryonic tissue, and (v) the total duratlon of
lncubauon (Ferguson & Joanen 1982; webb & Smith 1984; webb et dl
1987; whitehead & Seymour 1990; whitehead et aL 1990, whitehead et al
1992).

Given such a range of temperature effects on fundamental developmental
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processes, it is not surprising that impacts should extend well beyond
emergence from the egg to inlluence the longer term, post-hatch
performance of the young crocodilian, E4)erimental evidence indicates t]lat
tlle influence of temperature on gror&th rate may linger for at least two
yeurrc, a substantial proportion of the producUon schedu-le lrr erocodile
farms (Webb and Cooper-Preston 1989). In general, animals incubated at
constant temperatures near tl e centre of the span that achieves apparently
normal development su.rvive and grow substanUally better than their clutch-
mates incubated at other temperatures (Joanen et aL 1987i Webb and
Cooper-Preston 1989). [Although some evidence suggests that C. ni]oti s
does best at temperatures near the upper end of its tolerance (Hutton
1987)1. Clearly temperature ls an incubation parameter t-hat requires close
attenUon.

Natural mound or cavlty nests do not produce a ffxed thermal environment
for embryos, Marked diel and seasonal variations are ubtquttous, although
the excursions are much reduced compared to temperature variauon in
ambtent air or substate surfaces (Webb 1977, l9a3i Georges 1992).
Linkage of the clutch to the thermal inertia provided by a la.rge inorganic
mass buffers the clutch against much of this environmental variaUon.

It remains an open question whether fluctuation about a mean temperature
produces a different result, in terms of hatchhg rates or post-hatch
performance, t].an constant temperature lncubatlon at that same mean.
The ehemtcal and physiological mechanisms available to an ectothermic
embryo to maintain hig[ rates of metabolic activity and biosynthesis in a
fluctuating thermal regime are unclear, but may include maintenance of
variants of key enz5rmes that function optimally at dilferent temperatures
{Hochachka & Somero f973). On emergence the hatchling must cope qrit.ll
a diverse thermal environment, and a physiologtcal or chemtcal "memory" of
variable incubauon temperahrre may "pre-adapt" tt to cope with sub-optimal
thermal conditions. Thus a search for a single "best" constzrnt incubation
temperature may be futile, ur ess post-hatch condluons of matched
stability can also be offered.

Indeed, some data can be tnterpreted to suggest that a gradual rise ln
incubat-lon temperatures during tie incubation period may produce
superior results. Escalating temperatures in I"C increments at intervals
throughout incubauon produces many more male C. johnstoni hatchlings
tlnn are produced at any constant temperature fwebb et al in press].
Given that ma.les often grow more rapidly (Joanen et aL 1987), temperature
rises that mimic seasonal increase may offer some production advantages.

But on balance, the safest commercial stratery at present is probably to
maintajn incubator temperatures near the median of tle known span of
embryonic tolerance, which for most crocodilians is around 32'C, and to
lirnit dailv or seasonal rlation as far as Dossible.
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Woter Relntions
Embryonic development is dependent on tie maintenance of a favourable
hydric environment lnside the egg {Nev/ 1956). Repules developing in
parchment-shelled eggs may be adapted to take up water from their
incubation environment to achieve optimal development (Packard 1991).
Among socodilians, however, the available evidence indicates that their
hard-shelled eggs have evolved to constrain evaporative water loss to the
envlronment rather tl2an to facilitate water uptake: they ca-r4r a substalual
water "buffer" at oviposition (Fig. f), and develop apparently normally
despite substanUa.l water loss (Grigg 1987; whitehead I987a).

PERCENTAGE OF ]NCUBATION PERIOD

Ftgure 1: The water budget of CrocaJ4hts jofurstoni eggs i.r:lcubated at a
constant temperature of 2fC and losing a mean 100,6 of thetr inltlal
'water content prior to hatching.
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Lutz and Dunbar-Cooper (1984) recorded egg weight losses of up to 3O9o in
successful natural nests of C. arutus without appa.rent impact on hatchling
sDe. Embryonic suryival rates were significanfly better in natural nests of
C. Jolulstor.i that showed moderate rates of water loss (Whitehead 1987b).
At hatchlng, artificia.lly incubated C, jotalstnni eggs that lost up to t7% of
their origtnal water to evaporation shed a further 25olo in residual fluids that
drained from the egg, suggesting that the evaporative losses were well
vi/tt}rirt the capacity of tl:e buffer (Whitehead 1987a).

Post-hatch effects of moderate water loss during incubaUon have not been
rigorously deterndned in crocodilians, but given the absence of obvious
effects on hatch rates and hatchling sizes, they appear likely to be rfnor
(Webb and Cooper-Preston lg89). In combinaffon, the available data
indtcate that tncubation regimes that cause crocodilian eggs to lose between
I and 150/6 of fresh egg weigfut will produce good results. Extremely wet
condltions that cause eeigs to either take up water (increase in vreight) or
lose no v/eight durtng incubauon are bkely to be just as theatening as very
severe water loss (crtgg 1987).

Respfutory Ga.s Cotr,r,enfiatlot1.s
Gas exchange between a crocodilan egg and its envAonment is mediated
almost entirely by diftrsion. Embryos possess no venulatory pump to
generate absolute pressure differences between the egg and the nest. Ttrus
movement of oxygen (OJ into the egg requires t.hat its concentrauon (parual
pressure=Po, be lower inside t}re eggshell than outside it. Maintaining high
rates of exchange may therefore require tl:at oxygen tensions to which t]le
embryo is exposed be substanually lower than atmospheric. Similar
limitations may cause some elevaflon of carbon dioxide tensions, although
the movement of CO2 tirough the hydrated cell membrane is enhanced by
its greater solub ity in water relauve to O, (Whitehead f987b).

The relauonship between embryonic survival or grov/th and gaseous
conditions ln the incubation environment of reotiles remains Doorlv
understood, although some trends are beginning to enetge. ack;rmai
(1981) found that incubation of marine turtle eggs under condiuons that
restricted gas exchange compromised growth and survlval, but he did not
report the gas tenslons resultlng from his treatments. In more detalled
experiments r$ith eggs of freshwater turtles ftachemUs sc4ptcl Etchberger et
aL (I992al found that oxjrgen concenbations at 80/6 or lower (approximatd
60 torr or less than 4O9o of the Oo concentrauons in air at sea level)
signtffcantly reduced surviva.l ana may have compromised embryonic
gro$'th. However, these oxJ€en tensions are substantially loq/er than would
be experienced in the relativelv shallow nests of this sDecies of turtle.
Crudgltts jottnstoni embryos appear to tolerate signiffcantly depressed
o)<ygen tenslons in natural nests (to 12O torr) wtthout measurable efect on
embryonlc weight and survival, although at extremes (<8O torr) bot]. may be
compromised Whitehead 1987b). There are no data on the effects of low
Po2 on the post-hatch survi!€l ard growth of croco.lrtiarrs and other reptiles.



Effects of elevated CO2 are less clear, because most experiments or field
measurements have involved elevation of Pco2 irl tandem v/ith declining Po2'
so ttrat the individual effects of the different gases are difficult to separate
(e.g. Ackerman 198fi Whitehead 1987b). In contrast, Etchenbergefs
(1992a) results v/ittr T. script@ were obtalned under artilicial gaseous
environments with high turnover rates and so tested the effects of reduced
Poa in the absence of elelated Pcoa. Other experiments wit]. the same
species holding Po2 constant wtrile elevating Pco2 have shown that
incubation times are increased markedly at higher Pco2, while the
proportion of egg contents converted to hatchling tissue is reduced.
Hatcblng rates and post-hatch survival (to 45 days) were also compromised
at high Pco2 (Etchberger et aL l992bl. But the study employed a range of
CO2 concentrations extending well above those ever measured in any
natural nest of a reptile, and even the least severe treatment (5olo or a.round
40 torr) exceeds levels most often encountered in natural nests and artiftcial
incubators. At 5ol0, the biologically most relevant concentraUon, effects were
insignificant.

I.€ss extreme vadauon in gaseous conditions may have important effects
that do not involve a gross alterauon of whole-incubauon growth and
development pattems. For example, depressed Po2 may stimulate hatching
of some turt-le eggs (Dwert l99l; webb et cL 1986), and has been suggested
as a cause of premature hatching of C, Johnstoni under a.rtificial incubauon
condiuons (whitehead I987b). Hovtever, the theshold Po2 below which
hatching is stjmulated is known for no species.

Taken as a whole, the lirrited available data suggest that shifts in ambient
concentrations of O, and CO2 from atmospheric conditions present a
signiffcant theat to normal development or y at levels which can be avoided
in most artilicial incubauon regimes, subject to a few sinple precauUons
(see beloq').

symptoms of Unfavourable Incubatlon

Some of the signs indicating unfavourable incubation condiuons are
summarised in Table I. ln most cases these symptoms appea.r a.fter adverse
processes are complete or irreversible, If repetitions of incubation fallure are
to be avoided and methods reffned over time, it is essenual that accurate,
detailed records be kept of a.I signilicant changes in operating practice and
measurements throughout the incubaUon period, togetier ll'ith clear
descripuons of the nature and extent of the problem. ln tlfs way events
can be re-conshucted, causes of failure inferred, and correcuons made in
the future, Pencil arld paper are two of the most important pieces of
lncubauon technologr avallable, regardless of t]le other more expensive
ttems of equipment used. The responses to incubauon problems suggested
in Table i assume that record-keeping allows the operator to idenfiry
probable sources of dlmculty and to implement appropriate corrections.
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Table l: Common symptoms of incubauon problems witr eggs of
crocodilians. The list is not comprehensive, being intended to illustr.ate the
broad range of potential difrcutUes and the importance of record-keeptng to
determine effecUve resDonses.

Symptom Llkely cause Suggested R€sponse
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DeEtgFl'rg Opttmal hcubatior Reglmes ard Correctbg Faults

Just as tl:e natural nest environment is the product of compromise between
conllicting pressures, so too will be the lncubauon aurangement chosen for
commercial or conservauon operations. Judgements a.re made that balance
the value of the resource, the cost of prodding preferred arrangements, and
the retums realised from efforts to closely rcgulate incubauon condiuons.

TenwrofrJre Confrol
Once tJrermal problems are identiffed by their effects on eggs or embryos, it
will often be too late to take correctjve action. Development will have been
ireversibly compromised (lVebb and Cooper-Preston 1989). Thus the most
appropriate response to evidence of tempetature problems will most often
require the modlfication of the incubauon system or operaung methods for
future use. However, if temperature problems are detected promptly by
routine measurements showing a relatively brief excurslon into
unfavourable reglons, then corrective adjustrnents should be nade
ilnmediately.

Elecfu Inxubators: Close control of temperature ls t}le single greatest benefft
accruing fiom a.rtificial incubation, The best currently available method of
achieving the desirable level of control is to use electrically operated
incubators controlled by an electronic or mechanical thermostat, which is
capable of maintaining egg temperatures within a few tenths of a degree
celsius of the required mark. This approach assumes the continuous
availability of a reltable source of electrical power for the dr]fauon of
lncubauon. Moreover, in many of the regtons inhabited by crocodiles, it will
require either (i) that the incubator be housed in an atrconditioned building
if the outside temperature around the incubator(s) is not to exceed the
desired internal target of about 32'C: or (ii) that t]le incubator also be
equtpped wlt]: reffigeration faciliues capable of cooling the air inside the
incubator. Wtrere such colling facilities are unavailable, ambient air
temperature outside t-lle incubator should be several degrees lower than the
incubauon target, if the thermostat is to operate efficiently. Many
thermostats become erraUc when the tiermal gradient between the exterlor
environment and the incubator interior becomes too narrow.

NahrrallA Heated Art{ficial Nests: In situations where electrical faciliues are
unavailable, methods that take advantage of naturat insolaUon or hlgh
ambient shaded temperatures are often employed (G.J.W. Webb, pers.
comm.). In these cases attempts .rre made to mirnic the thermal insulaUon
and inertia provided by natural nests. Given the rffide range of methods
srnployed, includtng beds of sand and straw or cement cylinders filled $'ith
sand, and the va.rious climauc condiUons under which they operate, it is
difrcult to make robust recommendauons regarding optjmal management of
such systems. Nonetheless it is possible to make tentauve suggesuons
regarding potenual enhancements of existjng practice.
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The basic thermal problem to be overcome by both natural and artiffcial
nests is to reduce the tendency for the clutch to hack external ambient
temperatures into unfavourably hot or cool realms. In part thts is
accompltshed by surrounding tlte clutch with a large volume of material
with good lnsulating properties and high thermal inertia. Once such
systems have accurnulated heat, their temperatue responds slo$'ly to
furttrer external change. Such efects a.re illustrated by the long la€ me
between the attainment of madmum surface temDeratures and resultant
maxima in the egg mass in the relatively shallow neits of C. johrstoni Webb
et at 1983). An unfortunate byproduct of such high thermal tnertia is that
if unfavourable temperatures develop, they may persist for a considerable
time. Whlle ernbryos are able to cope with short exposure to temperature
extremes, extended exposure is invariably fatal or severely compromises
development (Webb and Cooper-Preston 1989).

At present, operators of artiffcial nests may attempt to conbol elevated
temperatures by wetting the medium above the eggs to provide evaporauve
cooling, but in unseasonably cool conditions few options are available to
raise clutch temperature. Prolonged use of water for cooling also Ir ght lead
to unfavourably moist conditions and create other problems (Table 1),

Alternauve methods to accelerate rates of heat exchange in a contollable
way require improved therma.[ access closer to the centre of the incubatjng
egg mass. Ttris could, for exarnple, be accomplished by instaling a large
galvanised metal tube (say 15 cm diameter) to pass vertically through t]le
centre of the "incubator" substrate and the egg mass. Heat.ing, cooling or
thermal stabilisation could be achieved by adding or removing materials
with appropriate heat exchange characteristics. For example, if rapid
cooling was required then wetted porous material urith a large effec ve
surface area night be introduced to enhance rates of evaporative heat loss,

Development of such modi.ficatons would require some preliminarjr work to
examine thermal behaviour under a range of condiUons, before use with
living eggs. Many permutations are available, including control of insolafion
of artihcial nests by use of removable panels in srurounding structures, or
regulaUon of air movement around the artificial nests. In essence these
possibtlities involve control of thermal inputs to the system and alteration of
thermal inertia to achieve a desired rate and extent of directed temDerature
variations.

Mobhrre lzDel.s
Control of moisture levels should be directed at prevenUon of excessive
dehydration. In most cases this is a relatively straight-forward process zxr
the physical properties that allow an incubator to trap heat also tend to trap
moistu.re. Htgh humidiUes (>99olo) are eastly maintained in well-sealed
electric incubators. h affflcial nests, layers of soils or similar substrates
maintain high humidity even when their moisture content is relatively low.
However, contact between an egg and a surrounding substrate may create
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complex patterns of water exchange because the v/ater potential of the
substrate relative to t]le eggs (which determines whether water moves into
or out of the egg) can alier dramatically with quite subfle shifts in soil
moisture content (Ackennan 1991).

The simplest method of reliably maintaining favourable moisture conditions
is to incubate crocodilian eggs on open racks where they are exposed to an
atmosphere either saturated \r'ith v/ater vapour (tooqo relauve humidity) or
very nearly so. Eggs under these conditions will stll lose water by
evaporaflon when the ambient vapour pressure drops temporadly after the,
tncubator is opened. Moreover, late in incubation, the metabolic acuvity of
the embryo generates heat that creates a vapour pressure gradient between
egg and atmosphere even if that atmosphere is saturated with water vapour.
Ttris creates a pattern of water loss from the egg (Fig. 2) that probably
approximates that from hard-shelled eggs of birds and reptiles in nah.rral
mound, hole, or open nests (AckeEnan & seagrave 1987; Ar 199r). Easy
acceas to eggs provided by incubation on open racks allows visual
lnspection ofeggJ to detect adverse change, or perhaps the weighing of a
sub-sample to monitor rates of weight loss, whlch will closely apProximate
water loss.
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Ftgure 2: Patierns of water loss from art.tfictally-tncubated eggs of C,
Jofulstoni that achlel'ed hgh rates of hatching success. Closed
iymbols are for eggs tncubated at 2yc and open for eggs at 31'c.
lrwer temperature eggs lose more water because they tncubate
longer.
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Under less closely controlled conditions where the therma.l insulation and
inertia of a substrate is required to maintain favourable temperatr.r.res,
simultaneous optimisation of both thermal ajld moisture regimes may prove
difficult, particularly if water is used to control unfavouably high
temperatures, Wettlng of substrate $'tth large quanuties of water late in
incubaUon may stlmulate premabne hatching by inhibtting gas exchange.
Given that eggs will not be easily monitored, it rrill be particularly important
that rates and quantities of water supplements be carefully recorded, so
that the possible interactiye etrect of water use and temperature can be
examined and methods relined over time.

Gaseous Condihbns
There exists a basic confllct between attempts to trap heat and moisture
while fostering free exchange of respfatory gases. Both heat and moisture
will be exchanged vrith the atmosphere tirough any openings capable of
exchanging respiratory gases by diftrsion or convection. This is one of the
most obvious tradeoffs in natural nests, and one which cannot be entirely
avoided under a-rtificial incubation, except when operating on a small scale
or using the most sophisucated (and expensive) environment chambers.

Yet adverse impacts of impaired respiratory gas exchange on embryorfc
development a-re rarely reported. This is in pa.rt because tolerances of
variaUon a.re u'ide (above), but also because the inpacts are unrecognised or
attrtbuted to other causes. The inert appea-rance of eggs belies the fact that
for part of the incubauon period tiey are respiring at a rate higher than the
hatchlings tl.at will eventually emerge from them (Fig. 3; Whitehead f99O).
Whilst one might thldr twice about the adfisability of enclosing IOOO
hatchlings in a sealed box for 3 months, superficially the respiratory needs
of 5OO eggs appea.r less pressing.

In vrell-sealed incubators constructed of imDervious materials flike most
electric incubators), the risk of adverse conditions developing depends on an
lnteracuon among the size of the lncubator, t}le number of eggs, the
developmental stage, and tie frequency with which doors are opened to
inspeet t]le eggs. Crocodilian embryos show a peaked pattern of 02
consumption, witir maximum demands occurring about g@/o of t]le way
tlrough the lncubation period at all incubation temperatures (Whitehead
1987b; Thompson 19a9). The mean peak rate of 02 consump on ls
approdmately 2.8 ml.gr.d'r (lvhitehead 1987b). Thus the peak 02 demand
of 50 kg of crocodilian eggs (approximately 450 C. porosus or C. nitofrr:t/s
eggs; 7OO C. johnstoni or Cainen crudAh$ eggs) is l4O litres.d'l. placed
ln a large incubator, these numbers of eggs near the peak of embryonic
growth would consume the entire O, content of a large electric incubator
(30O litre) ln ll hours, and depress Po2 below the level at which damaging
efects may occur (8O torr) in around 5 hours. While the thresholds at
whlch premature hatching may be stimulated are unknown, it is a likely
reponse in such a sifuation where many eggs are at a similar late stage of
development.
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Ftgure 3: Pattern of oxygen consumptlon of C. johnstoni eggs incubated at
2gC. All crocodlltans for whtch data are available show tl.e same
pattem, v/ith a strong peak at about go94o tncubauon, Just before yolk
lnte.nalisation. Resung metabolic rates of unled hatchllngs continue
the pre-hatch decllne, averagtng about half the peak embryonic rate.

To provide a good safety margin under such condiuons, I suggest that it is
necessarjr to replace the entire incubator air volume roughly 5 times per
day. Just opening the incubator will replace gases witl fresh ajr very
rapidly, but frequent opening vrill also conllict with precise temperature
control and will increase molsture losses. An alternative response by users
of electric or other sealed incubators &'lthout systems of forced or convective
venulaUon could be to maintain ratios of egg to incubator air volume that
keep daily consumpuon at all stages of incubauon below half the O, iniualy
present in the incubator, and then to inspect the eggs at least daily. This
rauo ts approximately I kg of eggs for each 12 Iitres of free incubator space
(free space in litres can be calculated as the volume in m'x 1O0O less tlle
volume of eggs and other internal ffttings). Adopting this response
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substanually constrains tl:e number of eggs that can be placed in a Iarge
incubator - to about 2OO C. porosus or C. niloti.cus eggs.

Thus as a general rule, users of electric incubators will vrish to include
vents or pumps to encourage some tr[nover of incubator air. The range of
possibftUes is too broad to be dealt with here in any prescriptive way, but
tlle arrangements should clearly be tested to ensu.re that they do not
excessively compromise maintenance of moisture levels or temperature, and
in partlcular, do not create temperature gradients within incubators so that
some eggs sutrer suboptimal therma.l condltions. Humidii'ing air by
pumping through water and using a source of ajr at a temperature similar
to t]le ta-rget incubation temperature can rrinimise these difficulties,

Where facilities a.re such that rapid turnover of air conllicts v/ith adequate
temperature control or canrlot be alranged to avoid dehydration problems,
the compromise adopted should favour temperature and moisture control,
v,/tth regular inspections to avoid extreme depleUon of 02 or accumu.lauon of
COr. In general, a sltuauon in which control of molsture loss is imperfect
(free exchange of water vapour occurs) is unlikely to compromise exchange
of respiratory gases.

It should also be noted that when adiustments to air Ilow tiroush
incubators are made, it will often also be necessary to adjust thermosta-ts
slightly. Although in theory a thermostat set at a particular temperature
should compensate for changes, for example, in the volume of cooler air
pumped into arr incubator, in practce it often does not. The location of ttre
thermostat relative to tire air source or other ffttings may deflect t]:e
anucipated response.

Users of aruncial nests may influence respiratory gas exchange by choice of
substrates. For example, coarse sand w'ill cause few difficulties with
depressed Poa or elevated Pco2, but care will be needed to avoid dehydrauon.
HeaW clay soils should not be used as these are associated with lo$' Poa
and high Pco2 and gas conductance can alter alamingly when they are wet
(Fig. 4). Some v/ork witl A[dtator rdssissrpierlsis suggests that natural
nesting medirrm should surround tie eggs during incubation to facilttate
breakdov,n of eggshells and hence aid hatching (Ferguson 1982), but these
obsenations have not been con-firmed by subsequent investigat-ion Moses
and Chabreck f99O) and do not appear to apply to other crocodilians fwebb
artd Cooper-Preston f989). ln most cases the risks (bacterial infecuon,
reduced Po2 ,/ elevated Pcoa) and other disadvantages (inability to readily
inspect condiuon of eggs, costs of collection and transport) associated with
use of nestlng media a.re llkely to outweigh advantages. But if tncubation
faciliues cannot be modified to offer adequate control over humidity, then a
sterile medium such as vermiculite or clean medlum-srained sand with at
least partly understood water holding and exchange p;operties (Packard et
ol 1987; Ackerman 1991) should be preferred to natural media (e.g. Hutton
and Childs 199O).
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Ftgure 4: Gas tensions in natuial nests of C. iofvLstgnl Effects of depressed
Poe and elevated Pco2 on embryonlc development are conllned to
er<treme condiuons, such as those that folow rainfall (e.g' day 75)'
Gas tenslons are most variable ln nests constructed tn clay soils'
espectaly followrng wettlng'

wherever possible, the use of water to regulate temperature of artificial

nests shoild be avoided, because continued reliance on this technique

could, for example, during a Period of unseasonably hot weather result in
saturauon of the substrate and so compromise development. Other
methods of controlling temperature could be substituted (above)'

30
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Cotrclualorg

The v/ide range of incubation facilities used in crocodile conservation and
farrning operations ir|hibit a prescriptive approach to optimisauon of
incubaUon regines. All realisUcally achievable regimes suttable for
application on a large scale involve tradeoffs among the various influences
on hatching success and post-hatch performance. Interactions among
these inlluences are complex, but they can be ranked in importance. Where
embryonic tolerances are broad, the rtsk of error is reduced and the
potenual effects of erors on commercial and conservation programs a.re less
damaging. On this basis, priority for control elforts can be assigned in the
order temperature, moisture regime, and gaseous conditions.

There remains much scope to improve incubation performance, In many
locauons where reliable access to technologically ad nced facilties is
unlikely in the short term, the most signiffcant immediately achievable
advance is to implement comprehensive and detajled record-keeping,
Records should cover all incubation manapement acUons arrd
measurements of responses, Both conservation and iconomic aims demand
that all incubation systems continue to evolve towards optimal solutions
appltcable under the prevailing technical lnfiastmcture. Ttrat process can
be greatly accelerated if practitioners and their advisers have access to
records that can be used to reconstruct events and their conseouences.
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Introduction

Efrects of tJrc i.acubatioq environmeat olr roptilian embr;roe are profould, and

thoee effectE linger loag after the living iadivi<luale rlerived from that

eaviroo.ment escape its coastraiDts and take up i:rdepeudeut erigtence. In

adalitioD to iletermining such basic reproductive paralteters aa tbe proportioa of

eggs that hatch (e.g. Webb and Cooper-heston 1989), incubatioo regimes €xert

loug-term influencee over post-hatch surrrival, serual ililferentiatiou, growth

rates aDd hence adult size, anil aepects of behaviour (Deeming & Fergusou

1991; Lang 198?; Webb & Cooper-Preston 1989). Clearly natural eelection acts

strongly to influence maternal choice of neeta sit€s ald as a consequence, it hae

been argued that Eeasuremedts of phyeical parameters in aests will reflect

incubation coDditio[s tJrat ale optimal for a particular epecies or broader taxon
(e.g, Ackermar 197?). This arguoent has beea ertended even to tJre neet

microbiota, which Fergusoa (1982) has suggested perform a vital role in

breaking ilown eggsheU.s to facilitate hatchiag of full-term embryos.

But under Datural conditions, the optimal achievable incubation enyiroD.Eeut

remairs far fron perfect. Even in stable anil predictable Eettings, rest sit€

selection will require tradeofre. Biological factors acti.ng indepeadently of

embryonic physiology, but coushaidng maternal choice of gites incluile:

accessibfity of the nest coltelta to predators, vulnerability of the adult to

predatiou iluring laying ancl nest-guariling, availability of nest materiale or

appropriate substrate, the physical capacity of the palent to travel to an

optimd site, or to excavate or otherwise build a guitable structure.

firere is no a priori teasoo Ia assume tlat i-nteractiolrs aoong these ald othe!

corstraints will converge to select for a nest enyironEeut that opt'mally

balances those abiotic factors - t€Dpefature, Eoistule ald concentrationg of

respiratory gases - that are tlrcught to most stroDgly influeuce patterns of

embryonic development. The rapidly fluctuating dimatic conilitions tJmt

characteri:ge matry qrocodi.liaD habitats (e.9. Taylor and T\:Iloch 1986) firrtler
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coDllict with achievement of optinality (Whitehead 1987b). No crocodilian

appears to have evolved the conplex integrated behaviours enployed by

megapode bilds (Seymour & Bradford 1992) to m"nip"tgt€ tJrei! nest mouDds to

compensate for short t€rn environoental change.

Recogritiou ttrat the evolutionary solution to i.ucubation ueeds may involve

c"ompromises, dictated by a complex mix of features of tJre past aod preseDt

natural eavironnent, shoul<l also iDform tJre ilesign of artficial iacubation

regimee. Whjle observations of natr:ral nests proviile a convenient starti.ug

point for understalding the forces tJrat led to the current "deeign" of crocodiliao

nests aud eggs, criteria satisfied by evolutionarSr proceases i! wild populationg

are udikely to satis& all of the divergent needs ibiviag tJre ilevelopment of

clocodile farms.

Simply trarsplauting a natural regime to a very ilifferent controlled

environrnent ilvit€s a sub-optioal solution to the requirements of artificially

incubated and captive-reared crocodi.les. Ill<ongidered solutions may also

compromise the commercial or conservatiott activity that is depeatlent on ttre

p!e- arrd post-hatah health of the aaioals.

lbie obvious, but sometimes overlooked, notion provides the theme for my

discussior of appropriate hcubation regimes for ttre eggs of qrocodilea. I

coaaider the level of control requireil over each of the factors tenperature,

Eoisture aDd gaseous coaditions in terms not only of their biological effects, but

the comnercial and operational feasibility of achieving fine control.

The Crocodilian Egg and its N€st Environment

Eggs of crocodiliaDs vary much less anong species in tleir structure,

app€arance ald fuaction tha! do the eggs of other reptiles such ae hrrtles. AII

epecies produce eggs with hard exterual shells of calcit€ (calcium carbolate)

attached to a tbick underlying frbrous membrale (Ferguson 1986) that ia turn



4

contaiDs tJre embryo, ttre large yolk alrd a substartial volume of albumeu. I'he

brittle ehell is peuetrated by pores of varyiag sbape aail size (Packard &

DsMalco 1991) which, in combination witJr the gape in the fibrous membrane,

pernit the iliffusion-driven movenent of gaa€s to aDcl from tlre liviog interior of

the egg. Ttris excbange with the eavionmeut allows the embryo to 'breatJr"

aDd so generate tJre energy used to &ive the baeic physiological proceeses that

mailtain life, and ilrive development atld growth. Crocodiliat embryoe

deprived of tJris exchange quickly die (Joaner et q.1.7977).

Egg deeigl ie matched to the way in which crocodileE attempt to regulate tbe

eDvironment experienced by t}teir clutches, They construct nests rf,hicb bu.frer

developing embryoe against conditions that migbt otherwise compromise

survival arrd development. These nests caD be divided iuto two broad

categories: moutrals ard holes. Mouad materials and overlying soile of hole

Desta insulate the clutch, slowing the movelteDt of heat into the egg: iluring

the hotter parts of the <lay aod reducing heat loss at night. Extremes of heat

or cold experienced near the eoil surface, that would often be capable of kilbrg

embrlros, are ale thereby avoided. The depth at which the clutch is placed

within the mou.nd or beneath tlle soil surface inlluence both the mean nest

temperature ald its variability: ileeper nests teld to be cooler ald to fluctuate

leEs in tenperature (e.g. Nebb et al. 1977; 1983).

Mounde built above the substrat€ surface preilomiaate among species that

breed iluring the raiuy aeason on sit€s where soils are li.kely to be Eaturated

with water, or the water table may rise to or above the soil gurface. Hole

nest€ra breed at sites less susceptible to flooding, such ae elevatecl slopes of

river ba:oks (Campbell 19?2), aod tJren moet ofteu in the drier part of the year.

Nesting habits that avoid saturation Fith $rat€r aud so reduce risks of eatirely

blockitrg r€spilatory gas exchange expose eggE to a ilifierent risk, that of

ilehydration. Nest Eaterial helps to reiluce water loss, as humidity within

holes or mounds is often very high (Seynour et ar. 1987), but elevated humidity
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is fusufrcielt to eatirely elirninate the potential for eevere dehy&ation

(Ackermar et al. 1986; Ackerroa:r & Seagrave 1987). The brittle eggahell is a

firrtJrer adaptation to reduce that tbreat. It inhibite water vapour loes

(Deeming & Thompson 1991) but, like moruil matcrial and soil, impedes access

to atmospberic oryge! arrd the excretion of carboa fioxiile (Whitehead 1987b)'

The Imporant Factors

Crocodiliaa nestiug strategies have been stlongly influenced by the need to the

avoicl extrernes of both temperatr:re and moisture saturation. l}adeoffs bave

ilvolved (i) aa iacreaaeil risk of dehyclratioo, which has il turn influenced

eggshell structure to reduce rates of wat€r vapour loee from the egg; and (ii)

impedence of gas exchaoge betweel embryo and envtonment by nest matcrial,

addeil to by the heavily calcified eggshell. The evolutionary preceilence given

to avoidaoce of er.tremes of temperature aDd Doishlre implies that other

factore, includiag the potedtial for sig ficaat water loss anil partial ifibitioD

of gas exchaage, are capable of aseimilation by the homeostatic mechanisms

available to tfie embryo aacl its egg. Thus as a first approrimation, artificial

iacubation regimes should coDcertrate on thoee factors loost clearly talgeted by

maternal behaviour and for which Dechaniems of btrhsic compensation are

inadequate: t€mperature ald avoidaace of moisture aaturation.

Iwubution Tetnperature

Iasubation temperature has a marked effect on tJre ilevelopnent of crocoililian

enbryoe. Uuder artificial coDstalt-temperature iDcubation, differencee of a few

ilegrees celsius from tle meaa temperatr:res meaaureal in latural nests may

gr€atly ilcrease rates of embryonic mortality or abnormality (Webb aad

Cooper-Preston 1989). Within the temperature raage that produces bigh hatch

rates and chielly normal hatchlings, other efrectE include variation iu (i)

enbryodc sex ratios (ii) growth rates, (iii) metabolic rates alal eaergy builgets,

(iv) the proportiol of egg solids and water incorporated in embryonic tissue,

ard (v) the total iluration of incubation (Ferguson & Joarea 1982; Webb &
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1990, Whitehead et q.l. 1992).

Given sucb a ralge of temperature eflecta otr fundamental developmeatal

procesaea, it is uasurprising that impacts sbould ext€Dil well beyond etlrerg€nce

from the egg to inllueace the longer term perfornaace of the youag crocodilian,

Experimeatal evidelce itrdicates that sigaificant inllueaces on commercially

relevant paramet€rs like growth rate may liuger for at least two year€, a

substaltial proportiou of the production schedule in srocodile farna (Webb aad

Cooper-Preston 1989). Ia geDeral, animals iacubated at couatart t€nperatureg

near the centre of the span that achieves apparently loroal ilevelopment

suwive and gron' substaDtially better that their clutch-matee (Fig. 1) iaqubated

at otlher: temperatur:es (Joaren et al. 1987;, Webb and Cooper-Preston 1989),

alttrough C. niloticus appear to do best at t€Eperatures near t,Le upper end of

its tolerance (Hutton 1987). Clearly temperature is an incubatioD parameter

that requires close attention.

Natural mould or cavity Dests ilo not proiluce a fired thermal environmert for

embryos. Marked fiel aod seasonal variatious are ubiquitous, although the

excursions are much reduced compared to temperatur€ variation in ambient air

or substrate surfacee (Webb 1977, 1983; Georges 1992). Linkage of the clutch

to the thermal inertia provided by a large iEorgalic nasa bulfers tJre clutch

agaiast ouch of this environmental variation.

It remaine an open questiou whetfier fluctuation about a meat temp€rature

produces a different result, i! terDs of hatcbing rat€s or post-hatch

performance, than constant temperature incubation at that same mean. lbe

chemical and physiological mechanisns available to an ectotheraic embryo to

Eaintai! high rates of metabolic activity and bioeyttJreeis in a fluctuatilg

thermal regime are unclear, but may irclucle maintenance of variants of key

enzymes that frrnction optimally at different tenperatures (Hochacbka &

Somero 1973). On emergence the hatchling must cope witJr a iliveree theroal
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temperature nay "pre-adaPt" it to cope with sub-optimd thermal conditione.

Thue a search for a single "best" coostaDt incubation temperature may be

futile, unless post-hatch conditions of matched stability caa aleo be ofiereal-

Indeed, some alata caD be interpreted to sugg€st that a gradual ril€ iD

ilcubation t€Eperaturea ilurbg tlre incubatio! period may produce superior

results. EscalatiDg tempetatures ilr 1"C incremeats at iDtawale throughout

incubation produces Erany more ri.ale C. johwtoni hatchliagp tban are produced

at aly constaDt tenperature (G.J.W. Webb; unpublisheil ilata). Givel that

males often grow more rapidly (Joanen et aI' 1987), t€npelature riEes ttrat

minic seaeonal i.Dcreaee may ofer eome productioa advatrtages.

But on balance, the safest commersial strategy is to maiDtai! incubator

tenperatures near tJre median of the kaown span of embryonic tolerance, which

for most crocodiliaDs is around 32'C, aail to limit ilaily or eeagonal excursions

ae far as poseible.

Vfater Relatiow

Embryooic developmert is depelrdent on the Eaint€natrce of a favourable

hy&ic environment inEiile the egg (New 19561 Reptiles ilwelopiag in

parcbmenLshelled eggs may be adapted to tate up water from their iacubation

environment to achieve optimal development (Packard 1991). Among

srocoililials. however, tJle available evidence iuilicates that tleir hard'ehelleal

egge have evolveil to conatrai! evaporative wat€r los8 to the eDviloDDeDt

rather than to facilitata water uptake: they carry a substaltid water 'buffer"

at ovitr)osition (Fig. 2), and clevelop apparently aormally despite substaDtial

trater loss (Grigg 1987; Whitehead 1987a). Lutz aail Duabar'Cooper (1984)

recor<leil egg weight losses of up to 307o in eu.,cesefirl uatural negts of C. acutug

without apparent iDpact oD hat hliDg size. Embryonic survival rates wer€

eigaficaatly better in natural aests of C. jolrneloni tlst showed Eoderat€ rateg

of water loss (Whitehead 1987b). At hatchiag, artifcially incubated C.
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johnstoni eggs tlmt lost up to I77o of lheir origiaal water to evaporation shed a

furfhet 25Vo in residual lluids that drahed from the egg, auggestiog tJrat the

evaporative losses were well witJlil the capacity of the buffer (Whitehead

1987a).

Post-hatch effects of lrodelat€ water loee durilg incubation have Dot been

rigorously determiaed in crocodilia-os, but given the abeence of obvious efects

oo hatch rates aad hatchlhg size, appear likely to be milror (Webb and Cooper-

Preston 1989). In combination, the available ilata indicate that iacubation

regines that cause crocodilial eggs to lose between 1 aad, lSEo of fresh egg

weight will produce good results, Extremely wet conditioae that cause eggs to

either ta&e up water (increaee in weight) or lose no weight duriag incubation

are likely to be just as ttrreatening as very severe water loss (Grigg 1987).

Respiratory Gd,s Concentrdtions

Gas exchaoge between a crocodilia[ egg and its environment is mediat€d

almost entirely by ililfusion, Embryos poasess no ventilatory pump to generate

absolute presaure differences between tlle egg a.nd the neet. Thus movement of

oxygen (Or) i.nto the egg requires that its concentratiou (partial pressrue=Por)

be lower inside the eggshell than outside it. Mailt'.ining higb rates of erchange

nay therefore require that oxygen tenaions to which tlle eEbryo is exposed be

subEtartially lower than atmoepheric (Figs. 3 and 4; Wbitehead 1982b).

Similar limitationa rnay cause some elevation of carbou ilioride teneions,

although the movement of CQ through the hydrated cell membrane is

enharced by its greater solubfity iD water (Whitehead 1987b).

The relationship betweeu embryonic sur.rival or growth and the gaseoua

cooditiols ia the incubation enviroament of reptiles remains poorly ulderstood,

although some trends are begiaaing to emerge. Ackerman (1981) founil that

incubation of turtle eggs uader conditioDs that restricted gas exchange

conpromised gro\rth atrd suryival, but he did not relnrt the gas tensions

resulthg from hiE treatEeDts. In more detailed erperiments with eggs of
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freehy.ater trttiles Trachemys scripfo, Etchberger et al. (L992b) found t[at

orygeD conceDtlatiote at 84o or lower (approrimatd 60 torr or leeE thar 40%

of tJle O, conceutrations i-n air at sea level) sigaficaltly reduced euteival atrd

may have compronised embryoDic Erowth. However, tJrese orygen tenaioDs are

subetantially lower thaa would be experienced ia the relatively shallow neet€ of

this speqies of turtle. Crocodylus johnstoni embryos appear to tolerate

significaatly depressed orygen tenaiona i! natural lests (120 torr) without

measurable effect ou embryoric weight and survival, although at extrem€s (<80

tor) both may be compromised (Whitehead 1987b). There are no data on the

effects of low Po, on tlre post-hatch survival aad growth of crocodilia.Da aral

otJrer reptiles.

Effects of elevated CO, are even lese clear, becauge mogt experioents or fielil

meaaruerDerts have involved elevation of P"- in taudem with cleclining Po, so

that the indiyidual elfects of the different gases are impossible to separate (e.9.

Ackerman 1981; Whitehead 1987b). In coatrast, Etchenberger's (1992) results
'witJ: T, scripta were obtained under artificial gaseous envilonmerts witJr higb

trrD.ovei ratee and so test-ed the efects of recluceil Po, il tJre abeence of

elevated P"*. Other erperimeats with tbe sa.me species holdbg Po, coostant

while elevati.ug P"- have showr that incubatioo times are increased markedly

at higher P"* while the proportion of egg coDtents coDvert€d to hatchling tissue

ig reduced. Hatching rates aa(l post-hatch sureival (to 45 days) were also

compronised at high P"- (Etchberger et al. 7992a\. But the study ernployed a

range of CO" conceatrations extending well above those ever meaeured in any

natural nest of a reptile, and indeed even the lowegt concentration treatEeDt

(6% or arouncl 40 torr) erceeds levels moet often encountered ilr aatural neets

aad artificial iacubators. At this biologically reasonable concentration effects

were iDsiS:nificatrt.

Less extreme variation in gaseous couditions may have inportart efrects that

do not i.nvolve a gro6s alteration of whole-incubation growth and developnent

patterns. For example, depressed P- may stimulate hatching of some turtle
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eggs (Ewert 1991; Webb et al. 1986), and hae beer auggested ae a cauee of

premstnre hatchbg of C. johnstoni under artificial iacubation conditioog
(Whitehead 1987b). However, the tbreshold depreseion of Po, needed to

stimulate batching is u rowD for any species.

Taken as a whole, the limited available data Buggest that shifts ia ambient

concentrationa of O, anil CO, from atmospheric preEeDt a BigrificaDt threat to

Dormal development only at levels which can be avoided in noet artiEcial

ircubation regimes with a few, usually simple precautione (below).

Synptoms of Unfavourable Incubation

Some of tJre sigas indicatbg unfayourable insubatio! coaditions are

sunmarised in Table 1. In most caa€s these symptons appear after adverse

proceasea are complete or irreversible. If repetitions of incubation failure are to

be avoided and methods refiDed over time, it is essential that accurate, detailed

records be kept of all signitrcant changes in operating practice and

meaaurements tlrroughout the incubation period, together with clear

descriptione of tJre nature and extent of tJre problem- h tJris way events caa be

re.constructed, causee of failure inferred, ald correctioDs made iu the fuhrre.

Penqil and paper are two of the most important pieces of iacubation techaology

available, regardless of the other more erpensive items of €quipment useil. Ttre

responses to incubatiol problems suggested in Table 1 agsune trhat record-

keeping is sulficiently developecl to allow t.Le operator to identifr the most

probable source of difrculty ald bence to ioplem€Dt appropriate coE€ctions.

Designing Optimal Incubation Regimes and Correcting Faults

Just ag the natu.ral trest enviroD.Eent is tle product of coEproEiae between

sometiees conllicthg preasurer,, so too will be tJre incubation arrangetteDt

choeerl for commercial or conaervahon operatiols. Judgements are maile tbat
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balance tJre value of tJre resource, the coet of providiog preferred arrangements,

aDal the returns realised from efrorte to cloeely regulate iacubatioo coqditions.

fenperature Control

Oace thermal problems are ideotifred by their efiects on eggs or enbryoe, it will

often be too late to take corrective action. Developmeat will have been

irreverribly compromised (Webb aad Cooper-Prestoa 1989). Tlrue the most

appropriate reeponse to etidence of t€Eperature PlobleEa will most often

require the modification of the iocubation sltatem o! operating methods for

futur€ use. Elowever, if teEperature problems are det€cted promPtly by

measulementg showing a relatively brief excursiou into unfavourable regions,

then corrective action should be inplemented iomediately.

Electric Incubators: Close control of teoperature is the single greatest beDefit

accnri.og from artificial incubation. The best currently available methoil of

achieviag ttre desirable level of coDtrol is to use electrically heated incubators

coltrolled by an electrooic or mechanical thermostat, ritbich is capable of

naintainirg egg tempelatures withi.D a few tenths of a degree celeiue of tJre

required mark. This solution aesumes the availability of a leUable source of

powet 24 hours a day for the duration of incubation. Moreover, in many of the

regioas inhabited by crocodiles, it will require eitller that the ilcubator be

housed in an airconilitioued buililing if tJre outside tenperature arou.uil the

incubator(s) i8 Dot to exceed the desireal internal target of about 32'C. Indeed

ambieat air temperature outside the insubator ehould be several degrees lower

than tJre target if the thermostat is to operate efficiendy. Many thermoetats

becone erratic whenthe thermal gradient between the exterior enviroDm€Dt

and the ilcubator interior becomes too uarrow.

Natural$t Heatcd. Artificial Nests: In situatiotrs where electrical facfitiee are

uaavailable, methods tlat take ailvantage of aatr:ral insolatioo or high ambient

shailed tcmperatures ale ofteD employed (G.J.W. Webb, pers. comrn.). Iu these
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casea atteEpts are llrade to Eieic the thermal il8ulatioa aDd iDertia provided

by nahrral lrests. Given the wiile ralge of methodo employed, inclu.li.g beds of

saDd ard stf,aw or cenent cyliuders 6lled with sand, aad the varioua clirtatic

coDditions under which they operate, it is difficult to ma&s robuet

recoomendations regardilg optimal managemeut of such systeue. Nouetheless

it is possible to suggest some enhalcements of existing practice.

The basic thermal problem to be overcome by both natural anil artificial nests

is to reduce tJre tendency for the clutch to track external aDbiett temperatureg

into uafavourably hot or cool realms. In part tiis is accomplished by

surrounding the clutch with a large volume of material with good itrsulating

properties and high thermal inertia. Once such systems have accumulated

beat, t&eir temperature responds slowly to ttre influence of external chalge.

This effect is illustrat€d by the long lag time between the attaiment of

Eaximun surface temperatures anil reeultaot maxirra in tle egg mass ia the

relatively sh€Ilow nests of C. johnstoni (Webb et ol. 1983). An udortuDate

byproduct of high theroal inertia is that if unfavourable temperatures ilevelop,

they may persist for a considerable time. While embryos are able to cope witi

short exposure to tempeiatnre extreEes, exteniled exposure is iavariably fatal

or severely compromisee ilevelopmeut (Webb and Cooper-Preston 1989).

At present, operatore of such systems may att€mpt to control elevateil

temperatures by wettilg the medium above the eggs to provide evaporative

cooling, but in unseasonably cool conditious nay have few options to rarse

clutch temperature, Prolonged use of water for cooling also might lead to

u.ofavourably noist conditione anil create other problems (Table 1).

A.n alternative method of acceleratilg rat€s of heat exchalge in a coltrollable

way might be achieved by imprcving thermal access cloeer to the centre of tJre

incubating egg tnass. This could, for example, be accomplished by iDstalling a

large galvarrised metal tube (eay 15 sm diameter) to pass vertically tlrough tJre

centre of the "incubator" substrate and the egg mass. Heati.ng, coouDg or
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thermal stabilisation could be achieved by adding or removiag matpriale witb

appropriate heat erchange characteristics. For examplo, if rapid coolilg wae

required theo wetteal poroua material witle a large elfective surface area might

be iatroduced to eohaace rates of evaDolative heat loss.

Development of such modifications would require some preliminary worL to

exaniue thermal behaviour uoder a range of conditions, before beilg used witJr

liviDg eggs. Maoy permutatioas are available. ilcludi-ug control of ineolation of

artificial nests by use of removable pauels in surrouniling atructurea, or

regulatiou of air movement arould tJre artificial Dests. In ees€ace these iDvolve

control of thermal inputs to the system aad alteration of thermal inertia to

achieve a desired rate aail exteut of dirested temperature variations.

Moisture lzvels

Control of Eoiature levels should be d.irected at prevention of excessive

cle.hydratiou. In most cases this is a relatively straigbt-forward procees ae the

physical properties that allow aa iocubator to trap heat also teud to trap

noisture. High humidities (>994o) ate easily maintained ia well-eealed electric

ilcubatore and in artificial nests, layers of soils or similer subetrates mairtain

high humiility even rnhen tJreir rnoisture content is relatively low. However,

contact between an egg and a surrou.nili.ng subtrate Eay create complex

patteroe of water exchange because the water poteutial of the eubstrate

relative to the eggs (which determines whether water moves i-uto or out of tJ:e

egg) cau alter &aoatically with quite subtle shif[e in rroistrire contert

(Ackerman 1991).

I'he simplest metJrod of reliably nrintaining favourable moisture coaditions ig

to incubate crocoaliliar eggs on open racks where they are exposed to al

atnosphere either saturated with water vapour (100% telative humiclity) or

very nearly so. Eggs uailer these coaditions will still lose water by evaporation

wbea the anbient vapour pressure ilrops tenporarily after the incubator is
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opelred. Moreover, later iD ircubatio!, the metabolic rate of the embryo

generat€a heat t|at creat€s a vapour presaure gradient between egg aod

atEo8phere even if tlrat atmosphere is saturat€d witJr wat€r vapour. Thia

qreates a pattero of water loss from the egg (Fig, 5) tJrat probably EiEics that

from hard-shelled eggs of birds and reptiles in natural moutld, hole, or opeu

nests (Ackerna! & Seagrave 1987; Ar 1991). Ilee ease of accees to eggs

provided by incubation on open racks allowe visual iaspection of eggs to iletect

adverse chaage, or perhaps the weighing of a sub-saople to Eolitor rat€s of

weight loes, which will closely approximate water loss. lbese st€pE can provide

early waraings tJrat allow correction of moisture regimes before iepacts becom€

ireversible.

Under less closely controlled conditions where the thermal hsulation aDd

iuertia of a substrat€ is required to mairtain favourable temperatures,

sieultaneous optimisation of both thermal aDd moisture regimes may prove

ilifficult, paiicularly if water is used to control unfavourably high

temperatures. Wetting of eubstrat€ witJr large quantities of water late in

i.ncubation may stimulate premature hatching by itrhib,itiDg gas erchaage.

Given that eggs will not be easily oonitored, it will be particularly importaDt

that rat€s aDd quartities of water supplemetrts be carefitly recor<leil, so that

the poesible interactive efrect of water use and temperature can be examined

anil methods refi.Ded over time.

Gaseous Conditions

There q.ists a basic conllict between attempts to tf,ap heat aad moietule lthile

fostering free exchaage of respiratory gases. Both heat and moisture $,ill be

exchanged witJr the atmosphere tbrough a-uy openings capable of erchanging

respiratory gasee by rlilfusioo or rraso tralreport, This is one of tJre most

obvious tradeoffe in natural nests, aad one which cauot be eutirely avoided

uailer artitrcial incubation, except when operating on a BEall scale or using the

most sophisticateil (and erpeneive) enviroument chambers.
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Yet adverse impacts of impaired resptatory gae excbalge on embryonic

dwelopmeot are rarely reported. This ie ir part becaus€ toleraacee of

variation are wide (above), but also because the impacts are u.orecognieed or

attributed to other caus€s. The ilert appearatrce of eggs belies the fact that for

a large part of tJre iacubation period they are respiritg at a late tauch higher

thaa tJre hatchlings that will eventually emerge fron them (Fig. 3). Whilet ore

might think twice about the advisabfity of ercloeing 1000 hatchlings ia a

sealed box for 3 monthe, superficially the respiraiory ueeds of 500 eggE appear

to be less pressing.

Irr well-eealed incubators constructed of impertious materials (like moet electric

hcubators), the riek of adverse conditions ilevelopiag ileperds on an interaction

amoug the size of the incubator, the number of eggs, the developmental stage,

atrd the frequency wittr which iloors are opeDeal to iDspect the eggs, Crocodiliaa

embryos show a peaked pattern of O, cousumptiol, with maximum demands

occurrirg about 907o of the way through the incubation. period at all itrcubatioD

t€mperatules (Whitehead 1987b; Thompson 1989). fire mean peak rate of O,

colsumptioD tu approxiEately 2.8 El.g'r.d'r (Whitehead 1987b). Thus tlre pea&

O, ilemaad of 50 kg of crocodilia.n eggB (approxisately 45O C. porosus or C.

nilotiNw\ 700 C. johnstoni ot Caiman crocodylus eggs) is 140 litres.al'. Placed

in a lalg€ iDcubato!, thege numbers of egge near the peak of enbryonic growtJr

would coneume the ertire O, content of a large electric hcubator (300 like) il

11 hours, and deptess P* below the level at which damaging efrects lray occur

(80 torr) ir around 5 houre. While the thresholds at which premature hatcbing

may be stimulated are u.u.knowo, it is a likely reponse in such a situation

where maay eggs are at a eimilar stage of development.

To provide a good safety malgin u.nder such conditions, I suggeet that it wonld

be uecesgarjr to replace tle entire incubator air volume roughly 5 times per

rlay. Just opening the incubator will replace gases rith fresh air very npiclly,

but frequent opening will aleo conllict with preciee tcmperature control aad

i.ucrease loss of moisture. An alteraative response by users of electric or other
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sealed ilcubators Fithout systems of forced or coaveetive veutilatiou could be to

mailtain ratios of egg to ilcubator air volume that keep ilaily cotsu.Eptio! at

all stages of incubation below half the O, initially preseat ia the insubator, ard

theD to irsp€ct the egga at least daily. this ratio is approximately 1 tg of eggs

for each 12 litres of free incubator space (free space in litres caa be caleulated

ae the volurne i! m2 r 1000 less the volune of eggs ald other iaternal fittiags).

It can be eeen that atloptiag this response substartially conetrqine tlre aumber

of eggs tlrat caa be placed in a large incubator - to about 2OO C. poroeus ot C,

nil,oticus eggs.

Thus as a general rule, users of electric incubators will wieh to include veats or

pumps to encoruage some turDover of incubator air. The range of poesibilities

is too broad to be ilealt with here in auy prescriptive way, but the

arra.Dgeoents should clearly be tested to ensu-re tJrat they do not excessively

compromise maintenance of moisture levels or temperature, and ia particular,

ilo aot create t€mperature gradiente within insubators so that sorae eggg sulfer

suboptina-l thermal conditions. Hunidifriug air by pu.mping through water

alrd usilg a source of air at a tenperature similar to the target incubation

temperature can nininise these difficulties.

Wbere fasilities are such that rapid turaover of air conllictg with adequate

temperature coDtrol or ca.anot be aranged to avoid dehydration problems, the

coluprottise adopted should favour temperature and moisture control, rrith

regular inspections to avoid extreme depletion of O, or accumulation of CO, aud

the attendant risks, especially premature hatrhing, In geaeral, a situation in
which control of moisture loss is imperfect (free exchalge of water vapour

occurs) is unlikely to conpromise erchalge of reepiratory gases.

It should also be noted that when adjustnente to air llow through incubators

ale made, it nill often also be necessary to adjuet tlermostats, Although in

theory a tJrermostat set at a particular temperature shoulil compeneate for

changee, for erample, in the volu:me of cooler air pumped into aD itreubator, iD



practice it often do€s Dot. The location of the theraoetat relative to the air

source or other fittings may ileflect the anticipated reeponse.

Users of artificial nests may inlluence respiratory gas exchange by choice of

subskates, For exauple, coarse aard will cauge few ihltculties rith depressed

Po" or elevated P"-, but care will be needed to avoid dehy<Lation. Ileavy clay

soils should not be used as these a.re associated with low Po, and bigh P"- and

gas conducta-uce cal alter alarmiagly when they are wet (Fig. 4). Some work

wilb Alligator mississipiensis suggests that uatural nesting medium should

surrouad the eggs dr:ring incubation to facilitate breakdoran of eggshells ald

hence aid hatchiag (Ferguson 1982), but these observations have qot beea

confirmed by subsequent iuvestigation (Moses alil Chabreck 1990) aod do not

appear to apply to other crocodiliaas (Webb and Cooper-Preston 1989). In most

caaee the risks (bact€ria-l infection, reduced Po, / elevated P"-) and other

disadvaatages (ilability to rcadily iaspect condition of eggs, costs of collectiou

and traasport) associat€d with uee of nestiog media are likely to outweigh

adva.ntages. But if ircubation facfities cannot be modified to offer adequate

control over humidity, then a sterile medium such as vermiculite or clea!

medium-grained Bald with at least partly understood water holcling and

exchaage properties (Packard et ol. 1987; Ackermaa 1991) should be preferred

to natural media (e.g. Hutton and Childs 1990).

Wherever possible, the use of rrat€i to regulate temperatr:re of artificial nests

should be avoiileil, because continued reliance on this technique coulcl, for

example, during a period of unseasonably hot weather, result ia sahrration of

the substrate and so compromise development. Other metho<ls of controlling

temperature coulil be substituted (above).

Conclusions

lbe wiile raDge of iucubation facilities used in crocodile coqeervation and
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farmiag operatioas inhibit a prescriptive approach to optimisation of i.ucubation

regines, AII realistically achievabl€ regimes euitable for applicatioa on a large

scale ilvolve tradeoffs among the various inlluences on hatching success aDd

post-hatch performance. InteractioDa among tJrese ilfluenceg are compler, but

they can be ranked i-o importaDce. Wbere embryoDic tolera.nces ate broa<I, the

risl of error is reduced aud the potential e{feqts of errors or! commerqial and

conservation progtatns are less damaging. On this basis, priority for coutrol

efrorte caa be assigned in the oriler temperature, Eoisture regime, aad gaeeous

coDditioDs,

There remaias much scope to improve incubation performaace. Il many

locations where reliable access to technologically advanced facilities is ualikely

iu tlle short term, the most sigaificaat i.Emediately achievable adva.uce is io

implement comprehensive aad iletailed recoril-Leeping. Records should cover

all iacubation management actiots aDd meaauremeats of responses. BotJr

conservation ard ecoDomic aims dena-nd that all iDcubatioD systeDs continue

to evolve towards optinal solutions applicable uqder the prwailbg tedrnical

iafrastructure. That process can be greatly acceletated if practitioners anil

their advisers have access to recorde that can be useil to recoaetruct events ald

their congequences.
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Frgure 1: variauon in growth rates of CrocodUbs pomsus to 2 years of age

subjected to arcubadon at a range of different constant temperatures

(from Webb and Cooper-Preston 1989).

Ftgure 2: The water budget of Cr@cd;allus iotulFtoni eggs incubated at a

constant temperature of 2SC and losing a mean loEo of their initial

water content prior to hatching.

Ffgure 3: Pattern of oxjrgen consumption oI C. iofa-storri eggs incubated at

29PC. All crocodilians for which data are available show the same

pattem, wittr a strong peak demand at about 900/6 incubation' just

before yolk internalisauon is complete.

Ffgure 4: Gas tensions in natural nests of C. iottrlstflnL Effects of

depressed Po2 and elevated Pco2 on embryonic development are

conffned to extreme conditions, such as those that folloq' rainfal (e.g.

day 75).

Flgure 5: Patterns of water loss from artificially-incubated eggs of C.

Johnsfoni that achieved high rates of hatching success.



INCUBATIoN TE"VPERA?URE
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Frc. 9. The relaflonshio berween consGnr incuba-
don ternoc.ature in |he laboratore and surtivai .o 2
vr ot lge :or t, ro.od.:tLt ;'o /4rLr jlatc:1nnqs rilsed on ,r
crocociiie iarm rhatcaing deniis are in Trble 1). Thc
line is r poivnomral. lersr souares .egression.

reDtiies. TSD wouid seen ro be a dedved
ra;he. than a orimilive uait in reptile5.

TEMPERATURE VERSUS

MoTSTURE EFFECTS

Successful deveiopmenr of anv crocodil-
ian enbrvo depends on rhere being an ade-
quate moisture, tempeaature and gaseous
environment for incubadon. Many studies
emphasise rhe effecrs of rhe moisture envi-
ronmert on harchling fitness (for example
see: Packard et al. l198ll, Gttzke et al.
[i987]), whereas we have clearly empha-
sised che temperature environment. Some
believe that the moisture, temperature and
gaseous environmencs act svnergistically
(Miller, 1985) such rhar no one parameler
can be considered more important than any
other. As explained below. we consider
morsture and temPerature to Ptay equlva-
lent roles in settins the survival limits within
which most embivos will develoo. How-
ever, wirhin rhose limits effects of the mois-
ture environment aooear minor relative to
those of the tempeiiture environment.

With Crocod'ulus borosus il Australia and
Papua New Guinei 1Cox, 1985), desicca-
tion ofeggs is rareand floodingis common,
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, Vsr5urcmcn6 have bcer standa.discd Lo rhe me.Jn

eqg weighr for rhc samplc (105.5 gr. The rncrerse rn
'..chling weight (harchling - residual volk) was sig-

.rcant. bur rcilccts in oarl lhc w€ishc of residual
.oik. HL = herd lenglh. svl. = snotir-uent lcngrh.
lergh! - harchling - residuai volk. % abundanr
eoik = rh€ percenrage of rhe samoie which. on !h€
ba56 oi abdomen aDoearance. had abundanr voik.

miciwav through de.reiopment, musr be
consiscert wirh che porerrial 6rness of

ibrvos coming from a nesr at 34-35'C at
,oe ea<i of devdlopmelr whe:e survival is
comDromtSeq.

For the relarionshio betweer TSD and
Post-hatcnrng pertormance Lo be corTec:,
the "non-sexual" efecs of lqmDe.arure
need to be induced prior !o or concune:tt
with rhe allocadon of sex: that is. durinq
che first half of incubarion lsee :iso BuI'19871). This is the period in which devel.
,)pmenr rare is highlv remperature depe:r-
dent, and it is aiso the period in which
incubation temperarure 

-exerts 
a major

influence on toal incubadon dme /Fid R\

. In r,r--"-, h"ri-hli;;il;;;;ri.rt;;
loundlv  wl [h  lncuba on temperature,
independent of sex, and quire'probablv
rndependenr of the sex determining mech-
anism. TSD allows tiat variation to be
exploited differenrly by the rwo sexes. giv-
ing advanrages chat would be unavailable
with GSD. That these rnay be related to
bodv size.is suggcred by the largest repriles
(crocodiiians and sea tunles) having exclu-
sively TSD. No exranr crocodilians have
sex chromosomes (Cohen and Gans, 1970),
and the group as a whole may be commrt-
ted to TSD (Ferguson, 1985); bur this is
not the case in chelonians (Bull, 1983).
Given that GSD is widespread amons rhe
invertebrate an8 venebiate ancestois of
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THE RISE AND FALL OF CLASSIC CROCODILIAN SKIN PRICES:

WHERE DO WE G'O FROM HERE?'

Allan R. Woodward and Dennis N. David

Florida came md Fresh water Fish conm., 4005 Soudr Main street, Cainesville, FL, 32601, U S A.

and

lobert L. Degner

Florida Ag.icultu.al Market and Resarch C€nter, Inst- of Food and Agricultural Sciences'

University ofFlorida, Gainesville, FL 32611, U.s.A

The late 1980s were prosperous years for crocodilian skin producers. Prices rose
(Fig. 1), utilization programs were expanded worldwide, farms prolifemted (Luxmore 1992)'
production capacity expanded (Luxmore 1992), illegal skin trade was suppressed (Fitzgerald
1989), and developing countries saw an opportunity !o legally utilize their natuEl resources
with the blessing of the conservation community. Then came the 1990s. Hide prices have
dropped by as much as 50% (Ross 1992), the financial viability of many propagation
facilities has been compromised, and crocodilia.n utilization progmms and their conservation-
bas€d rationale are threatened. what has happened? How bad is the damage? Are there
remedies? Should we embark on a promotional campaign? Where do we go from here?

Questions such as these are increasingly being pos€d to prog.am malagers and Crocodile
Specialist Group (CSG) members. Yet, most of us have little formal background in
economics. We will explore the above questions in this paper, attempt to apply basic
economic theory to the crocodilian skin trade, and suggest s€veml options for managing the
prcblem of volatile skin prices.

Fluctuations in skin pric€s are not new. Accounts of the early (186G1950) trade in
American alligators (Alligalor mississippielsis) describe cyclic price patterns in response to
fashion trends, economic conditions, and supply instability (Smith 1891, Allen and Neill
1949, Ke$€y 19?6). More recently, raw alligator skin prices rose from $1.87lcm in 1980 to

$3.53/cm in early 1982 then dropped to $1.46 by late 1982 (Ashtey and David 1987).
During the early 1980s, approximately 90% of the international trade was comprised of wild
skins. Although crocodilians still could be hunted profitably at such pdc€s, a dip in the
worldwide trade in skins in 1984 (Luxmore 1992, FE. 2) suggested that harvest piessurc
declined with prices. Because hunters had very little capital investment in their businesses
and usually had other sourc€s of income to turn to, such downtums in prices had only

I Presented at the second Regional conference of the Crocodile Specialist Group, species
Survival Commission, IUCN, held in Darwin, NT, Australia, 12-19 March 1993.



moderate financial impact. A significant recovery of skin prices occured within a year.

Figure l .  Pr ices (c 'n bel ly r idth) paid for. l l igator skins in Flor id.  nnd
price chanqes jn the Japanese stock narket ( t{ekkei Index) fron 1987-92.

Flgur€ 2. Classic crocodrl ian skin product ion trends durrng 1983-92.
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The present price collapse has been different. Raw alligalor skin prices dropped ftom
$8.66/cm for wild skins ($6.00 for captive-nised) in 1990 to about $3.00/cm in 1992.
Prices of other crocodilian skins have decrea$d similarly (Ross 1992). Since 1990, over
half of the worldwide hade has been composed of captive-produced skins (produced by
ranching or farming). worldwide capital investment in farm facilities exce€ds $100 million,
and a lubstantial ploportion of producers rcly on the skin trade for their livelihood. Hence,
it is not difficult to se€ why this recent plunge in Iilw skin prices has caused more anguish
than past declines.

In August, 1992, a trade workshop was held during the llth working Meeting of the
cSG in victoria Falls, Zimbabwe, to address low skin prices (Ross 1992). A diverse panel
of producen and industry representatives noted that the following factors contributed to
deprcssed pdc€s:

. I,ow demand for products in Japan

. Poor world economy

. Consumer resistanc€ to wildlife products

. Paucity of manufacturing facilities worldwide

. Imbalance of production and consumption in the U.S.A

. Ban on wildlife trade with Italy

Van Jaarsveldt (1992) echoed some of the above points, further emphasizing the
production/consumption imbalance in the U.S.A. Most importantly, he mentioned over-
supply, which had been noticeably absent from discussions at the trade workshop. Is over-
supply a major part of the e4uation and, if so, why was it ignored at the trade workshop?
We will explore this question, and basic economic principles, in hopes of gaining a bettel
unde$tanding of factors affecting classic crocodilian skin Fices.

SUPPLY AND DEMAND ANALYSIS

Economists use supply and demand curves as simple models to descdbe the
relationships between supply, demand, and the price of goods or commodities (Baumol and
Blinder 1982). The demand curve, D (Fig. 3) represents the association between the pdce of
a good and the quantity demanded. Generally, as Pdce increas€s (Pr to Pr), customers will
buy less of that good (Qr to Q) ^nd vice versa. Shifts in the demand curve (Fig. 3)
represent changes in the variables that influence demand, such as aggregate consumer
income, consumer preferences, and prices of related goods. Thus, as aggregate income
changes (more or fewer consumers ate able !o afford a good) or as styles change. rhe
quantity demanded changes, as does the price. Under constant quantity dernanded (Or, a
positive shift in the demand curue (D+) will rcsult in a shift of the equilibrium point from,
to c and a consequent price increase from P, to 4 (Fig. 3). Declining market conditions
lead to a negative shift in the demand curve to D- with a new equilibriurn point (4 and a
lower pnce (Pr).
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Flgure 3. Hypothet ical  supply and de and curves.

The supply curve (Fig. 3) indicates how the quantity supplied varies with the pric€ of
a good. As pdc€ decreases from P? to Pr, quantity supplied decreases from er to e., afld



vice velsa (Fig. 3). Changes in the production capacity of the industry and changes in
production costs result in shifts in the supply curve. Thus, as producers entel and leave an
industry or the c{sts of labor and Iaw materials chalge, profits change. with changing
profits, the quantity supplied changes, shifting the supply curve !o the left ot right.
Assuming perfecdy inelastic demand, if industry output declines, the supply curve shifts to
the left (S-) and the equilibrium point shifts from /to r, resulting in an inciease in prices
from P, to P. (Fig, 3). Convenely, if industry output increases the supply cuwe shifts to
S+ with a resulting shift of the equilibrium points fromiFto I and a pdc€ drop from P, to Pr
(Fic.3).

Supply and demand pdnciples apply to most commodities, including ciocodilian skins.
Although crocodilian markets are influenc€d by unique market forces, a simple supply and
demand analysis can allow us to evaluale pdce swings over the past s€venl years. Supply
ard demand curves differ at various levels of the crocodilian skin industry (production,
tanning, manufacturing, and retailing). For simplicity, we attempted to base our model on
the prcduction component. However, the influence of the retail markets fre4uendy had to be
considered.

Ilemand

As noted by the CSG trade panel (Ross 1992) and van Jaa$veldt (1992), the
worldwide economic ruession has caused demand to stagnate or decrease. This is
particularly apparent with the economic downtum experienced by Japan, consumer of 65-
70% of finished classic crocodilian leather products (Ishii 1990, Ross 1992). Falling stock
market and real estate values have plagued the Japanese economy since 190 (Irnpaco 193).
In fact, since 1987, skin prices have been closely correlated (r = 0.689, P = 0.001) with
prices of the Japanes€ stock market (Fig. l). This phenomenon probably reflelts investor
attitudes that run from euphoria when stocks and rcal estate prices are spiraling to austerity
during downturns, Morcover, it indicates that the demand for crocodilian leather products is
affected by the general economy. In a recession, customers are likely !o stop or delay
purchases of exotic leathers or switch from classic crocodilian products to more affordable
substitutes such as ostrich, lizard, snake, elephant, or caiman.

As shown in Fig. 4, as demand for crccodilian products increased dudng the late
1980s (D-87 to D-n), so did pdces of letait leather products and the pric€ of legal raw skins
(P1 - P2). It is likely that retail prices for most classic leather products exceeded the
purchasing range of middle-income customers. Thus, the customer base for classic skin
products was limited to the wealthy. Dudng the rcc€ssion, additional high income customers
were lost, further rcducing demand and adding to inventories at all industry levels. The
ramifications of the latter problem may have lasting effects; retailers remember when they
los€ money on a product and subs€quently, may be less inclined to purchase future
crocodilian prcducts. The net result was an excess inventory of skins at manufacturing,
tanning, and tnding companies. Tbus, buyers purchased fewer raw skins, causing pric€s to



fall dramatically. Only when prices rcached extremely low levels did buyers measunbly
ents the market (Ross 1992).

1 2 1987-90
5-90

l o

t
o-
z
:<

=
-

8

D -9o

D-s'l

2 0 0

S KINS PRODUC tD
(  I  000s)

Flgure 4. Hypothet ical  supply and demand analysis for rav €l .ssic
crocodi I  ian skins during 1987-90,

Demand for skins may have been affected by other facto$ such as subtle fashion
shifts and inqeasing consumer resistance to wildlife products, but these components are
difficult to quantify. Also, there is little evidence that they played a major role in the most
recent pric€ drop.

Shown graphically (Fig. 5), shrinking demand during 1990-92 shifted the demand
curve to the left (D-90 to D-92), which resulted in lower skin pdces. Based on past history
of customer attitudes about crocodilian products, we believe that the shape of the demand
curve is not linear; as price drops and demand increases at an exponential Ia!e, products
become more affordable to an exponentially increasing customer base. This i! typical of
desirable products that arc not nec€ssities (i.e. jewelry). Conversely, as pdces is€, fewer
people can afford to buy prcducts, rcsulting in an exponentially narrowing customer bas€.
Thes€ important concepts will be address€d later.

Also important is the slof,e of the demand curve. Ctocodilian leather products are not
a necessity, Thus, a small change in price results in a disproportionally large change in
quantity demanded. This is said to be an e/aJtic demand curve and the resulting slope is
more horizontal than vertical. However. demand is usually less elastic at the Droducer level.
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Flgure 5. i lypothet ical  supply and demand analysis for ra* classic
crocodi l ian skins during 1990-92.

Another factor that undoubtedly affected skin prices was the substitution of caiman
skins for classic skins. In the U.S.A., the influx of caiman products (Fitzgerdld 1989) has
been blamed for poor market conditions for alligator prcducts. High raw alligalor skin
prices and associaled prices for finished alligaior products during the late 1980s excluded
most middle income customers and created an open niche for modentely-pric€d caiman
prcducts. We note that American consumers arc probably less knowledgeable about the
differcnces in crocodilian products than are European or Asian consumels and may morc
readily substitute lower-priced caiman for classics. At some stores in the early 19ms,
caiman products retailed for approximately the same price for which alligator products sold
in late 1986 (A. woodwad, pers. comm.). Retail pdces for alligalor products in the U.S.A.
more tha[ doubled dudng 1987-92 while the general price level, as reflect€d by the
Consumer Price Index increased by only 24% oJ.S. Dept. of labor, Bureau of I-abor
Statistics, 1992). The differential in pdces between raw caiman skins and finished caiman

Foducts pemitted greater prcfit potential at all levels of the caiman skin industry, thus,
encluraging promotion of caiman over alligatol by tanne$, manufacturers, and retailers.

Supply

The worldwide supply of raw classic crocodilian skins is thought to have been
500,000 in the early 1960s and about 300,000 in the early 1970s (Ashley 1990, Luxmore
1990). Following a sharp decline during the late 1970s to a roughly estimated 75,000 skins
resulting from closure of illegal markets, supplies began to increase again. Production



incrcased steadily dudng the late 1980s, except for a dip in 1984 (Fig. 2). Trade spe.ialists
have generally accepted that 300,000-500,000 skins could be absorbed into the market at late
1980s pdces (Ashley 1990).

Estimated worldwide production of classic skins jumped rrean]ty @% from 1989 to
1992 (Fig. 2\, catalyzed by dsing skin pric€s and associated profits. Increased captive
production from Iruisiana accounted for 85% of the worldwide rise (Ross 1992, Fig. 2).
Thes€ skins were the end prduct of a massive expansion of Iruisiana's ranching prognm
from collection of approximately 70,000 eggs (about 67,500 hatchlings) in 1988 to 300,000
(245,500 hatchlings) in 1990 (Table 1). Production from other rdnching programs
throughout the world increas€d at a moderate pac€ over the same period (Ross 1992). Skn
production in Florida increased from 11,000 in 1987 !o 26,500 in 1991 (Joanen et al. 1990;
GFC, unpubl. data). Most of this was attributable io an increase in hatchling production
(from both farm and wild sources) from 7,685 in 1985 to 49,500 in 1990 (Joanen et al.
1990; Table l). Nile crccodile skin production increas€d modestly during the 1989-92
period, and crocodile supplies from Papua New Guinea were relatively stable (Ross 1992).

The net rcsult of increased hide production capacity has been a shift of the supply
curve to the right (Figs. 4 and 5). Under stable demand this would account for a large
portion of the drop in skin pric€s experienc€d betwe€n 1990 and 1992 (Fig, 5). Why
couldn't the market absorb these skns, considering the volumes traded during the 1960s?
Assuming that the rcugh estimates of skin tnde in the 1960s are reasonably accurate, this
can be partially answered by reduced manufacturing capacity and differences in consumer
preferences as suggested by the CSG tlade panel (Ross 1992). However, average skin siz€
and, thus, useable leather, may be different from that of skins [aded during the 1960s.
Approximaiely 50% of the trade in alligato$ during the 1960s was 10-20 cm (2-4 linear ft.)
skins (Hines 1979). These would yield less than half the leather of an average farm-raised
alligator skin mdketed today. Although this aspect warrants further analysis, we merely
point out some of the pitfalls of using past trade volumes measured in number of skins to
estimate curent market potential. Furthermore, in tbe 1960s, all skins originaied from
crcpping. Hunte$ could make a profit at considenbly lower relative pric€s than can farmers
today.

Despite poor market conditions, skin supply may continue to increas€ for at least
another year due to intense egg collections during the late 1980s and continued worldwide
implementation of new ranching and farming programs. Because of the costs of maintaining
stock and the need for cash flow, farmers will be forced to slaughter and market skins in an
already ovei-supplied market. Such supply increas€s will shift the supply curve further to
the right, resulting in continued downward pressure on prices (Fig. 5). Even under
modentely expanding demand, it is likely that little rclief in prices can be achieved if supply
expands. Any production decisions will take 2-3 years to tale effect because of the average
time it takes for hatchlings to reach market size. Thus, the industry is not able to
immediately adjust supplies with price changes, resulting in an inelastic s\rpply curve (more
vetical slope) .
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Increased supply was fueled by high prices and profitabitity during the tate 1980s.
I-ow prices can be exp€cted to cause a temporary reductions in eggs collected, as has
occured in Florida and I-ouisiana since 1990 Gable 1). In fact, a 43% reduction in alligator
hatchling production occurrEd between 1990 and 1992 C[able 1). Whether this is occuning
throughout the rest of the world is uncertiain. Some operations appear to be able to ke€p
production costs below income and can operale profrtably at existing prices. Other
prcgrams, subsidized by governments to provide jobs or foreign exchange, can operate
prcfitably at prices belovr' cost of production. Moreover, the allute of crocodilian farming
and visions of vast profrts i{ill continue to attract additional interest in crocodilian production
despite the balance she€ts. Consequently, even at today's low prices, some prcduction
expansion can be expected,

Further expansion of supply is contingent upon unexploited wild reserves (nesting
reserves and capacity for cropping) and the propagation potential of captive brc€ders. At
higher prices, supply of alligators from the U.S.A. could easily expand by 10-20Vo (15,W-
30,000 skins) (Ashley 1990b). Nile crocodile (Oocodylus niloricar) prcduction could
increase by 10,000-20,000 (Hutton 1990), qocodile (C. novaeguinzoe and, C. porosusl
production in Indonesia could incrcase by 10,000-20,000 (Cox 1990), and India, should it
decide to enter into a ranching program, could prcduce a minimum of 10,000-15,000 C
pah$tis and C- porosus (Choudhury 1990). Expanding nnching programs in Latin America
could increase the supply of Amedcan crocodile (C 4c ar) skins by 5000-10,000. Other
programs such as those in Aust alia and Thailand, could also contribute to increased
supplies. Consequently, wild reserves could support the production of an additional 50,000-
100,000 skins per year, or a worldwide total of 325,000-375,000 skins per year.

The capacity for increased skin prcduction from cropping is limited. Although skin
production from captive propagation can be expecled !o inqease, particularly from Nile
crccodiles, captive brc€ding of alligators has leveled off, Thus, ranching production
rcpresents the largest potential for expanded production.

FINANCIAL MANAGEMEI{T O&IECTIVF,S

It is important to examine the hnancial management obje{tives of crocodilian
programs. Maximization of total prcft (total levenue less total cost) is the pdmary objective
of most business owners, stockholde$, and program managers, at least for the long-term.

Many businesses, however, look at profitability as a long-term goal and market share
as a short-term objective in attaining that goal. Companies fre{uently inqeas€ market share
by selling products at below-market prices to folce competitors out of business and, thus,
allow them to eventually dominate the market and exert more control over pric€s. A
company's ability to accomplish such a goal is largely dependent on the depth of its financial
resources. Diversified companies and government subsidized businesses generally have the
best chances of being successful with such a strategy.

10



Cu[ent low raw skin pdces provide an opportunity for such tactics. At the industry level,
reducing crocodilian skin prices to below cost might attract customers from other exotic
leathers or luxury items. Unfortunately, long-term low pdces may lead to failures of
sustained-us€ prcgnms and negative conservation effects.

Because a certain amount of the costs of running a company arc fixed (remain the
same at different production levels), the cost of producing an additional unit will decline as
output increases. 'lhns, economies o/scale is used to increas€ prcfit margin (Baumol and
Blinder 1982). However, at the industry level, increased output will put downward pressure
on prices, thereby reducing prcfits. In had eronomic times, "shake-outs" occur;
unsuccessful businesses go bankxupt or sell to more financially sound business€s. This helps
create a favorable economy of scale situation for surviving businesses that can produce a
product at a lower cost (and can, therefore, s€ll to the consumer at a lower cost) without
expanding industry-wide production (and exerting downward pressure on prices). This may
be occurring io some extent in the crocodilian industry (Van Jaarsveldt 1992). Ironically,
because of the enchantment of the crccodilian industry, new starts seem !o out-pace business
failures. Thus, any benefits from a shake-out may b€ short-lived.

vertical integration (owning or controlling operations at all levels of the industry)
may also increas€ profitability. Vertical inlegntion can produce a less cosdy product, which
should rcsult in increased sales of skins at all levels of the industry.

Certainly, profitability is the objective of the crocodilian skin production industry.
Profitability is also essential for the viability of sustained-use prognms - the greater the
profit, the more incentive to utilize wild crocodilians. It is common sense that 10,000 sKns
sold at a profit is prefenble to selling 20,000 at a loss. Unfotunately, prcgrams throughout
the world, in their haste to gamer greater wealth and conservation benefits from crocodilian
utilization, have over-produced. The sc€nado of high prices, increased production, declining
prices, and decieased production is common for most commodities because of the
overwhelming and cyclic nature of market forces. Our challenge will be to will be to rcduc€
the amDlitude of such cvcles.

SOLUTIONS

To summarize what we have covered so far: Classic skin prices have been depressei
by a combination of factors including rapid increase in production and declining or stagnant
demand. In the short and intermediate run, supply is inelastic - production changes slowly in
response to changing price levels. However, demand is elastic - small changes in price cause
disproponionally greater changes in quantity demanded. I-ow prices have rcduced the
prcfitability of many producers and threaten to compromise cons€rvation programs in many
countries. Continued surplus production capacity ard prospects for a slow worldwide
economic r@overy thrcaten to keep downward pressurc on prices. We will proc€ed with the
Dremise that it would be in the best interest of classic crccodilian skin Droducers to increase

1 l



profitability. How can this best be done?

For the well-being of the crocodilian prcduction industry, profitability needs !o
increase soon. It is likely that denand will gradually increase as the world economy
improves, a slow-down in skin production may occur, and prices may rise. Thus, markets
could be allowed to recover naturally without intervention. However, this period may be
protracted and, therefore, intervention may be a preferred option.

Economists suggest that profitability can be bolstercd in three ways: (l) increasing
demand; (2) decreasing supply; and (3) decreasing production costs. The conclusion of the
CSG trade workshop in Vicioria Falls was to increase demand for crocodilian products
thrcugh promotional activities and education of consumers. Unfoitunately, the other major
patt of the equations, supply and cost controls, were ignored. Why? Thre€ rcasons come to
mind: (1) in a production oriented business, expansion is synonymous with progress; (2) a
perception that nothing could be done about controlling supplies; and (3) a reluctance !o
interfere with free enteryrise.

The problem with increasing demand with no control over supply is that supply will
increase (we have alrcady discussed the large surplus capacity or "reserves" available) as
prcfitability increases. Fu(hermore, because of the inelasticity of supply, larye cyclic price
swings can be expected to continue. In the old days when little investment was involved at
the prcducer level, this was acceptable. Now, the economic impacts of such swings may
lead to business failures and negative nmifications for crocodilian utilization programs.
Most producen would prefer to have stable but profitable markets. Although price goals
have not been established, many producers have the lofty late 1980s prices ($8-9/cm) in the
back of their minds, Those would be nice, but they would lead to a big profit margin and
only stimulate more production, incrcase the costs of retail products, and again constdct the
customer base. Such swings would expose producers !o greater financial risk dudng
inevitable reressions. Consequendy, it may be prefenble to target sustainable prices at the
$5-6/cm level. Such prices will lower retail prices and exponentially increas€ the customer
bas€. Profits may be smaller during times of rapid economic expansion but this will rcduc€
incentives for increased production, and, thus, rcduc€ the severity of price declines. This
can only be acromplished through stabilization of supply.

Increase Demand

Demand can be enhanced through promotion (of which adyertising is a component).
However, to increase demand under fixed disposable income, consumers must shift their
purchasing from other goods (usually other luxury items) to crocodile leather, Activities
such as industry promotions, point-of-sale education, advertising, and educational programs
were proposed during the CSG trade workshop to stimulate demand. Promotional activities
can substantially increase overhead c{sts (and eventually retail prices), and therc is always
the risk that outlays for marketing will not be recovered by increased sales. Such activities



may take years to take €ffe€t, their effectiveness will be hard to measure, they will be costly,
altd, due to the overwhelming power of the genenl economy and other market faclois, they
may be unsuccessful. For instance, a marketing prognm for alligaior skin products was in
place during the recent 50% pric€ drop (Ashley 1990a). Supporte$ of the effort noted that
the approximately $100,000 per year marketing effort was under-funded @. Ashley and T.
Joanen, pe$. comm.). Indeed, marketers of branded luxury goods ftequendy spend 10% or
more of total sales on advertising and other market development actiyities (Anon. 1992a,
1992b).

This does not mean that product promotion is too risky to pursue. On the contrary,
continuing education of potential customers and promotion of products is ne{€ssary io
maintain market share and should be a considention. Howevei, marketing alone will not
provide a long-term solution to periodic unprofitable skin pdces. Morcover, if a marketing
approach is pursued, how much should be spent and to which marketing programs should
funding go? Questions such as these can only be answered with a thorcugh market analysis.
For example, consumer resistance to wildlife products (particularly species perceived as
"endangered") has been frequendy cited as a major contributing factor to depressed retail
sales. Yet, no hard hgures are available to support this contention or to chart trends in
consumer attitudes.

Controlling Supply

The costs of stimulating a measurable increase in demand through Foduct promotion
can be enormous. However, limiting suiplies can be accomplished at a fraction of the cost
of marketing through stabilizing or reducing wild harvest quotas. This would create a
controversial "cartel" situation and would genente many associated questions. Is a cartel
apprcach an ethical and legal way of conducting business? Would prcduction quotas infringe
on the sovereign rights of nations or provinces? Could voluntary limitations on harvest
quotas work in the intemational community? Would limiting expansion of production be
unfair for some programs and a windfall for others?

Increasing wild egg collection quotas and expanding programs at this time is unwise
for conservation arld business. Although natural market forces may co[ect imbalances in
supply and demand, Iapid increases or decreas€s in skin supply will have a destabilizing
effect on the market. Therefore, stabilization of supply growth should be considered as a
component of any approach !o improving skin prices. The immediate priority of a supply
contol approach would be to stabilize harvest quotas. This assumes that demand will
incr€ase gradually with the global economy. If demand does not improve over sevenl years
and pric€s remain low, reducing production may need to be considered. This could be
accamplished by attlition; as farms go out of business, do not permit new ones. Under a
voluntary system, these 2 strategies would involve the least pain to producers and sustained-
use programs, and could be accomplished with minimum interference from regulatory bodies.



Cost Realuction

Assuming constant demand, prcfits can be improved through reduced production
costs, In a competitive market such as the current skin market, rcducing costs is essential.
Reducing costs will allow profits at lower pric€ levels, thus, increasing quantity demanded.
Costs can be reduced through increased efficiency of production, by economies of scale, or
by vertical integration. Most producen would benefit from an indep€ndent financial analysis
to identify inefficiencies.

Some cons€rvation risk may result from cost-cutting. Frequently, industry
participants first request regulatory agencies to cut us€I fe€s. However, these fees constitute
a relatiye minor portion of costs but are essential for the long term success of sustained-use
prcgrams.

CONCLUSION

The primary purpose of this paper is to provide a superficial evaluation of the
crocodilian skin market so that prognm managers and CSG membe$ can be betts informed
before making basic economic decisions about approaches to improving crocodilian skin
pices, The crocodilian skin market is complicated. Most biologists, farmers, and prcgnm
administators have limited training in economics. Yet, they ale required daily to make
economic decisions that affe€t the conservation of crccodilians and the financial situation of
priyate businesses. Furthermore, reliable uade and price data, with which to make decisions
are not always readily available. Although many of us have traditionally thought that
crocodilial skins will "sell themselves", pdce fluctuations over the past sevenl yeals and the
prcgnosis for the future have indicated otherwise.

We hope to have presenled a cas€ that stable and profitable skin markets arc desirable
not only from a business penpective but also for conservation of crocodilians. Marketing
should be a component of any strategy to increasing profitability. Promotions may always be
needed to maintain market share against other luxury goods that compete for the same
customers. Moreover, education may be needed to counter consumer resistanc€ !o the us€ of
wildlife Foducts, which may erode demand for crocodilian skins over the long-term.
However, marketing can be costly and 2 questions aris€; who pays for it and how much is
necessary to achieve pdce objectives? Therefore, we believe that supply contlol and cost
containment should be considered aJ complimentary approaches.

The advantages of stabilizing supply is that it would produce results in a relativety
short period of time (2 years) and at minimal cost. The dnwback is govemment
intervention. Although the idea of tampering with a fre€-enterpris€ system may be the
biggest problem, we must also look at the altematives to controlling supply; high costs
associated with aggressive marketing prognms, widely fluctuating prices, threatened
cons€rvation programs, and possible bankruptcies.

t4



It is our assessment that, before taking any measures to inclease demand or
manipulate supply, an independent, impartial, and in-depth assessment of international
crocodilian skin trade economics should be funded. This differs somewhat from a
"marketing" study, which presumes that increasing demand is the best approach. The results
would provide program managers with the tools for making decisions rcgarding demand
enhancement or supply control and aid in planning sustained-yield harvest programs.

We would like to end this discussion with a thought. The CSG has embnced the
concqrt dlat conservation of crocodilians can be enhanced through economic value. This is a
subtle d€parture from the concept that the sustained-use of crccodilians can be justified by
conservation benehts. In short, if crocodilian utilization programs are driven by the desire to
develop industry rather than !o enhance conservation, then they can be easily diverted from
conservation goals by short-term industry objectives. B&ause of the interdependence of
inlernational skin markets, an industry-led program could threaten qocodilian utilization
programs where conservation cons€quences are crucial. A ftee-market apprcach may be the
best philosophy for business but may be less than satisfactory for cons€wation goals. This is
where cons€rvation organizations such as the CSG need to provide guidance !o assure that
conservation objertives are fully considered in any strategy.
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USE OF NIGHT COTJNT DATA FOR ESTIMATION
OF CROCODILIAN POPIJLATION TRENDS'

Allan R. Woodward

Frorida Gane and Fresh Water Fish Comm., 4005 South Main Street, Gainesville, FL 32601, U.S.A.

Clinton T. Moore

U.S. Fish and wildlife Service, Misratory Bird Management offrce, l2urel, MD 20708, U.S A.

Night spotlight counts (woodward and Marion 1978, Messel et al. 1981) are used
throughout the world as a basis for evaluating crocodilian population trends (Wood et al.
1985, Bayliss 1987, webb et al. 1990). They are particularly effective in habitats that
render aerial basking (Webb et al. 1990) and nest (McNease and Joanen 1978) surveys
logistically impnctical.

Night counts represent an indea of the total population (Davis and Winstead 1980,
Bayliss 1987). Although the exact relationship between a count and the total population
(sighting proportion\ may be unknown, for trend analysis, we either assume that this
relationship lemains constant over time or that we can account for factors affecting the
sighting proportion. Thus, any change in counts should reflect a proportionate change in the
lotal population.

The puryose of trend analysis is to estimate the direction and rate of change in a
population. These results allow investigators to make inferences about the status of a
population or the response of populations to influences such as harvest, proteation, habitat
management, or rcstocking. However, violation of the assumptions of hend analysis and
improper analysis of data can result in enoneous conclusions.

Recent investigations (Woodward and Moore 1993) provided some insight into facto$
affe.ting trend analysis of American alligator (Allisator missitsippierdiJ) populations, the
importance of meeting assumptions of trend analysis, methods of analysis, and interpretation
of findings. In this paper, we summadze those findings and discuss their application !o
general poblems with population trend analysis of crocodilians.

Objectives
DF,sIGN

is applicable when inferences are to be made about the status of aTrend analysis

' 
?t.*nt"a at the Second Regional Confer€nce of the c.@odile Specialist Croup, Species Survival
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population over time. In general, trend investigations are initralf.l as part of a monitoing
effort, designed to evaluale the status of a population over time, or at expeiment, the
purpose of which is to measure the effects of certain teatments (e.g., harvests, protection,
restocking) on populations. The objectives of an investigation determine the optimum design
and need to be clearly identified early in the planning prccess.

Sampling

Night counts are normally conducted as systematic samples of an area and usually
entail driving a boat paiallel to the shoreline of a river, canal, or small lake. In most cases,
systematic suw€ys can account for a major portion of the population. However, habitats
such as large, shallow lakes, marshes, and swamps may require transect sampling.

Monitoring Su/v€),r.-Crocodilian population densities may affect population growth
rates (Webb et al. 1990). Densities may vary by quality of habitat (McNease and Joanen
1978, Wood et al. 1985, Webb et al. 1990), water salinity (Messel and Vorlicek 1986), ard
trophic state (Wood et al. 1985). Therefore, sampling should generally be stratified by
density-affecting elements (Eberhadt 1978). Within strata, areas of suitable habitat should
be sampled at random. Although random selection of areas is preferable, frequendy it is not
possible because of accessibility or cost. In those cases, systematic sampling over a
reasonable geographic range would be a practical but more biased approach (Eberhardt
1978).

Expertment Survels.--If testing of the effects of a treqfinetu is the objertive, then
control (no tre€.tment) areas must be included in the sample to enable attdbution of any
changes to the heatment. Treatment and contol areas should be replicated at nndom within
strata so that standad statistical tests (see ANALYSIS) can be applied to the results.

Replication

Replication increases the pol?er (the probability of detecting a real effect) of statistical
tests (Eberhardt 1978, Gerrodette 1987; and can reduce the time necessary to detect
population trends (Haris 1986, Gerrodette 1987). True replicate counts rcpresent
independent measures of the population; this will be discussed later. Replication of counts
for monitoring can occui at 2levels; within-year on individual areas and within strata
(habitat, salinity, trophic level, etc.). Within year rcplication enhances the detectability of
trends on individual areas (Harris 1986, Gerrodette 1987). If inferences are to be made
about a regional population, then replication of areas at the expense of within-year replication
on individual areas will Fovide the optimum allocation of rcsources (cerodette 1987).
Funds for surveys are usually limited. Thus, investigators will have !o determine the best
application of replication based on the objectives of their study, For a more detailed
discussion of the replication nec€ssary to detect fends se€ Ebeftardt (1978), Haris (1986),
Gerodette (1981 or Link and Hatfield (1990).



VARIATION

Power of statistical tests inqeases with sample siz€ but decreases with vadation in
counts (Eberhardt 1978, Cerrodetie 1987). Variation in counts of crocodilians can be caused
by detectability or availabiliry differcices- Detectability varies due to the ability of the
obs€rver to discem a crocodilian or due to the efficiency of the equipment. The probability
that an animal can be seen is dependent upon its availability in the survey area. Thus, those
animals that are submers€d or are in inaccessible areas are not available for counting.
Seasonal or environmental influences may affect availability. Precision of counts can be
incrcased by standardizing methodology and accounting for sources of variations (Eberhardt
1978. cerrodette 1981.

Observer and Equipment

Observer expedence can affect dete4tion rates of qocodilians. In most cases, the
ability of observe$ to detect crocodilians increases quickly with experience theo stabilizes.
Thus, it is important that observers be thoroughly trained beforc contributing observations to
trend analyses. Size estimates of crccodilians can vary considerably among observels. To
rcduce this source of bias, we recommend observeis catch a sample of alligators from
rcpresentative size classes after first judging their sizes.

Equipment and its pattems of use can affect counts. woodward and Marion (1978)
rcported that boat speed and light intensity affected counts. Therefore, standardizatioo of
equipment and openting prcc€dures will reduce variability in detection rates.

Sessons

Seasonally, crocodilians may move in or out of a survey area to bre.cd, feed, or se€k
shelter, thus changing their availability. Annual surveys should be conducted dudng a single
season !o minimize such vaiation. The morc expensive altemative is to calibnte seasona.l
differences by conducting sufficient counts during other seasons.

Environment

water Level--wat level changes, caused by rainfall or tide, have a profound effect
on the availability of crocodilians in wetlands with associated inaccessible marsh or swamp
(Woodward and Marion 1978, Messel et al. 1981, Messel and Vorlicek 1986, Webb et al.
1990), In general, as water levels rise, a net emigration of crocodilians occurs fiom the
suryey area to surrounding swamps and ma$hes. During periods of low water, animals lend
to concenaate in rcmaining deep water, usualiy the su ey area. water level should be



measured on all survey areas and used in analyses (s€e ANALYSIS) to isolate the water level
effect (Fig. 1). Water levels in marshes and swamps associated with the primary wetland
tend to be less stable than those in deeper waler and may have a greater influence on
crocodilian availabilitv (Woodward and Moore 1993).

Fig. r. The influence of water level on counts of non-halchling alligatorc on Orange
kke, Florida. Orisinal counts have be€n adjuste! for inelr warer level (adj. counls).

Water Temperature.--Crocodilians tend !o become less active under cooler conditions
and apparendy spend more time under waier (Smith 1979), thus rcducing the probability of
being counted (Woodward and Marion 1978, Hutton and Woolhouse 1989). For some
crocodilians (e.9., alligators) in cooler regions, counts are closely conelaied with water
lemperatures at lower temperatures, but, at higher lempe.atures, the correlation fades
(Woodward and Marion 1978, Bmndt 1989). Thus, for alligators, counts conducted dudng
warm waier conditions would be most stable from year to year. The altemate, more
expensive apprcach would be to conduct a series of counts over a variety of waier
temperature conditions to account for water level effects.

Vegetation,-Chu]ges in floating and emergent vegetation can affect the dete4tability
of crocodilians. Thus, vegetational changes should be quantified and measured. The
availability of alligators can be influenced by the submerged plant, Hydrilla ye icillats, that
apparendy provides added suppon for animals at the surface and encounges surface activity
fwoodward and Moore 1993).

Other vaiables.-Other variables, such as salinity (Messel and Vorlicek 1986), air
and water temperature differentials (Hutton and Woolhouse 1989), and waves (Woodward
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and Marion 1978), may influence counts and should be accounted for if suspected as
influencins counts.

ANALYSIS

Assrrmptions

Sampling,-'Io make unqualified inferences ftom statistical test results, the sampling
scheme should be random and repres€ntative of the population on which inferences are to be
made (se€ DESIGIO.

Size Est natiott,-ttlhen evaluating trends of specific size classes, unknown-size
alligators must be distributed into siz€ classes (unless the proportion and size distdbution of
unloowns is constant over years). This requires a systematic approach to allocation of
unknowns into broad size classes. Allocating unknowns based on the known-size distribution
was used for evaluating Florida alligator population trends (Woodward and Moore 1993), but
this had some shortcomings. For instance, most unknowns were observed in habitat that was
used by all size classes. Because wariness tends to incrcase with siz€ in crocodilians (Webb
and Messel 1979; A. R. Woodward et a1., Final Alligator Rep., Fla. Game and Fresh Water
Fish Comm., Tallahass€€, 1992), it is likely that unknowns werc disprcportionately allocated
into smaller size classes. However, if the same methodology is applied every year,
inferences about trends would be minimally affected, Despite its weakness, we consider this
approach to be supedor to ignoring unknowns in analyses of different size classes or
choosing not to analyze by size class.

Changes over years in observers and changes in observer skill ofjudging size can
influence the size distribution of counts. Requiring observers to catch and measure sevenl
alligatols after making size judgements will help calibrate their estimates (accuracy), increas€
precision, and minimize long-term biases. Woodward and Moore (1993) found that the
biggest appalent problem was inconsistency among observers in placing deep water
obs€rvations of alligator eye reflections into size classes. I-aryer, warier alligators tended io
submerge before allowing obs€rvers to apprcach close enough to obtain a confident size
estimate. However, certain chanctedstics, such as habitat t1,pe, waier depth, water swirls,
mud trails, wakes, and, occasionally, intensity of the eye rcflection, can provide valuable
clues to the size of an alligator. To minimize prcportional allocation of unknowns, personnel
were instructed to assign general size categodes to eye reflections at the most precise level
allowed by such qualitative information.

Assumptions of Trend Analysis.-Haris (1986) listed 4 important assumptions that
need to be met when conducting trend analysis: (1) the population inqeases or decreases
exponentially (the proportional change in population size is constant); (2) counts are
lognormally distribuled; (3) counts are independent; and (4) the mean percentage of the
population counted is constant at all population levels. Closely rclated to assumption 4 is the



general assumption that: (5) a constant proportion of the population is observed over time or
that factors affecting this proportion can be isolated. violation of any of these assumptions
can lead to bias in trend estimates, e[oneous conclusions conceming significance of trends,
or both, The following is an assessment of the consequences of failing to meet thes€
assumptions for determining trends on individual areas:

(1) Exponential oooulation grcwth.-Exponential grcwth (positive or negative) is a
suitable grcwth form for many animal populations that are well below carrying capacity.
Most animal populations tend to increase or decrease in a multiplicative rather than additive
fashion (Eberhardt 1978). The model will never predict a population size below zero, as can
be the case with linear grcwth. Conversely, linear growth is appropriate for populations
observed over short periods of time relative to the life span of the animal. Unfortunately,
neither growth form is suitable for populations observed near carrying capacity as both
models can predict sustained population growth above that level. Woodward and Moore
(1993) saw no clear advantage in one grcwth form over the other for alligator count data.
Therefore, the exponential model was ultimately chosen. As populations are monitored
longer, more counts are collected, and count vadability is decrcased, either model may
become uosatisfactory for describing alligator population grcwth in lieu of more complex
finite-growth models.

@ Lognormal distribution.--The assumption of a lognormal distribution of erors
goes hand-in-hand with the assumption of exponential growth. Under this assumption, erors
due !o unobservable effects multiply, nther than add together. woodward and Moore (1993)
found no consistent tendency for erlols of log-transformed counts to increase in magnitude
with €ither time or density, so, they assumed lognormally distributed erors. As before, with
more data, this assumption may prove untenable,

(3) Independence of counts.--Regression analysis requires that each obs€rvation
error or, in this case, count error, be independent. In crccodilian populations a nndom
"mixing" of the population between counts generally would insure this condilion.
Insufficient mixing of the population increases the chances that variation among counts under
similar conditions will be less than the overall vadanc€ for the population monitored over a
variety of conditions. This phenomenon could introduce downward bias in variance
estimates of grcwth parameten and lead to too-ftequent conclusions of trend (increase in
Type I eror). Insufficient mixing may be an important consideration, as adult crocodilians
tend to be territodal, and juveniles of some species remain in the vicinity of their nest site
for several years. Movements may only occur during major environmental or seasonal
changes, during breeding season, when certain sizes are attained, or possibly when densities
become excessive after water level changes. Woodward and Moore (1993) postulated that a
long interval between counts or a substantial water level change over a short time interval
could induce mixing of alligator populations. Their findings indicate that under stable water
levels, the minimum period to achieve independence was 40 days. However, such an
interval between surveys may overlap seasonal movements that alter the sighting proportion.
For alligato$, the resulting time interval io achieve independence would be 1-40 days,



depending on water level changes (Woodward and Moore 1993).

(4) Eoual sightabilitv at different populaXioljclsilies.--When counts are used as
an index of population abundance, unequal sightability of animals available for counting at
varying population densities can bias the trend estimate in either direction (Harris 1986). As
population densities of some species change, so does their probability of detection,
presumably because population pressures elicit changes in efficiency of dete€tion relative to
habitat use (Bart and Schoultz 1984, Harris 1986). This phenomenon may occur with
crocodilians but would be very difficult to measure, Therefore, investigators may have to
assume equal sightability under varying population levels in the absence of contrary
evidence.

(5) Constant Proportion Observed.-The probability of detecting an animal on a
survey route is a function of: (1) the ability of the observer to detect it; and (2) the position
of the animal in the survey area. As mentioned earlier, standardizing observer skill levels
over years can reduce observer vadation. Vadation in detection Iates caus€d by vegetational
changes can be isolated by including tbat variable as an independent variable in regression
analyses. Accounting for water level changes can explain some of this variation in
availability (Fig. l) and scheduling annual surveys during the same season can minimize
behavior-related distdbutional differences.

Transformation of Count Data

Count data rarely conform to the normal distdbution and usually must be transformed
for use in parametric statistics, Applying the natural logaritlim (logJ to count data usually
yields values with a stable vadance (Ebe ardt 1978).

Hypothesis Testing

Hlpothesis.-Trend analysis is usually conc€rned with determining the direction and
rate Glope) of population changes. Therefore, we arc interested in testing the null h).pothesis
of no change in the population.

Power.--The power or sensitivity of the test and declaration of significanc€ are
important considerations in trend analysis (Eberhardt 1978, Gerrodette 1987). Few
observations and high variation reiuce the ability !o detection of trends. Conventionally,
Type I eror (declaring a difference, or trend, when one does not occur) is considered less
desirable than Typ€ II erIor (de{laring no trend when one occurred). In monitoring wildlife
populations, the opposite is usually true, especially when management influences potentially
decrease the population (Eberhardt 1978). In the cas€ of crccodilian population trends, a l-
sided test, or relaxing the alpha level to P = 0.1 - 0.2 (or higher in cases where detecting
declines are most cdtical) for decladng significance in a 2-sided test, will increase power for



enhanced delections of population declines in exchange for a greater possibility of mistaken
declaration of declines.

Tests for Individual Are4r.--Because we are interested in determining rates of
increas€, count data arc best analyzed with regression techniques. By using linear regrcssion
of lo&-transformed counts, we would model population growth exponentially. Vadables
such as water level, vegetation changes, temperatures, and other factors that affect detection
rates or availability can be included in the overall model as covariates to isolate their effe{ts.
Regression analysis of the model:

Iog"(COUNT) = YEAR COVARIATES ... ERROR

will yield the raie (regression coefflcient) and the dircction (+ or -) of change, and the test
statistic will provide a probability level for rcjerting the null hypothesis.

Tests for Mukiple AreaJ.-If the objective is to make inferences about rcgional
population trends from a sample of areas, then further analyses may be conducted on the
covaiate-adjusted hend estimates (slopes). Either one-sample or multi-sample tests may be
performed !o lest the slope mean(s) for equality !o 0 or for homogeneity. For example, the
effe{ts of habitat type, density signature (Webb et al. 1990), or other vadables may be
examined by ANOVA. For slopes that do not meet normal distdbution criteria, a non-
parametric test may be appropriate (Woodward and Moore 1993). If sampled areas differ
with respect to size and population densities, weighting of estimated slopes by these factors
pdor to analysis may be apprcpdate (Collins 1990, ceissler and Sauer 1990)
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SECOI{D REGIONAL I4EETINC OF THE CROCODILE SPECIALIST GROUT
WORKSHOP ON ASlAN PRIORITIES

Conservat lon of crocodl l lans 1n Eastern Asla, oceanla and Australasla.

17 l . larch 1993
l lorkshop suEmary.

James Perran Ross
Execut lve off lcer cSG

ChalrEan- Dr.  Parntep Ratanakorn
workshop coordlnator- Dr.  Janes Perran Ross

The vorkshop vas presented as a hatrds on gorking sesslon that col lected
and col lated recent lnfornat lon and presented a short  l Ist  of  gaps In
our lnformatlon and pr lor l t les for act lon. Thls task l tas acconpl lshed
by smal l  r , rorklng groups set up to dlscuss each specles 1n the reglon.
Indlvldual connents and lnforoat lon vas recorded on an .rnput sheet" and
the vorking group conclusions surDrErised on a fact sheet and presented
for dlcusslon. The Input sheets, fact sheet sunoaries and lndivldual
sorklng group reports appear below,

workshop goa1s.

1) Ident i fy need6, gaps and pr ior i t les for crocodi l ian conservat lon.

2) Pronote regional coordlnat ion

schedule

8 ,30  an

8 . 4 5

1 0 . 4 5
worklng

1 0 . 5 0

1 1 .  O 0

1 1 . 1 0

1 1  . 2 0

1 1 . 3 0

1 1 . 4 0

1 1 . 5 0

Introduct lon P. Ratanakorn
Work shop goals G. l tebb
Workshop structure P. Ross.

Break up lnto specles vorking groups for dlscussion.

Re-convene for presentat ion of need6 and pr lor l t ies bv
group leaders.

C. siaoensls IP. Ratanakorn, Chea Peng Cnheang]

C .  m l n d o r e n s i s  [ G .  O r t e g a ,  F . W .  X t n g ]

TomlstoDa IA. Sebast lan, Y. Raharajo]

C. sinensis [J inzhonA Fu, A. woodward]

C. novaeguineaea IJ.Genolaaant,  B, vernon,Vl.  Raoono]

c .  p o r o s u s  I c . ] t a n o 1 i s ,  G .  M l l l e r l

C. Johnsonl IH. cooper-Preston, A. Tucker]



Fron the hdlvldual rrorklng group Eumnarles presented the fol lowlng
general  polnts vere el tracted,

Three of the seven specles occurr lng ln the reglon are ser lously
depleted ln the nt ld (C. nlndorensls,  C. slamensls and Al l lgator
slnensl6).  Horever each of these has substant lal  breedlng populat lons
I n  c a p t l v l t y .

Three specles (C. porosus, C. novaegulneae and C. Johnsoni)  renaln
wldely dtstr ibuted and abundant. ln the r l ld al though they nay be subject
to local deplet lon ln some areas,(for elamp1e C, porosus in the
Phl l lpplnes )  ,

one specles (Tonlstoma) ls insuff lc lent ly knovn to Judge l ts status
although there are lndlcat lons that l t  has special l6ed habltat
requlrenents and occurs natural ly ln 1or denslt les.

I t  ls of  s lgnl f lcance that no specles ln the reglon ls current ly
endangered by trade, al though, agaln, 1n sone areas loca1 deplet lon has
been caused, usual ly by harvest for l11ega1 trade,

In contrast the rorking groups for every specles ci ted habitat  loss and
habltat  degradat ion as a oajor problen for the future survlval  of  every
species. Eranples $ere ci ted of dralnlng of wet lands ln Thal land for
agrlcul ture, road but ldlng causlng eroslon and si l tat lon of habltat  ln
Pa1au, gold nlnlng degradlng habltat  in PNG, ertenslve sett lenent and
clearlng for agr lcul ture ln the Phl1lpplnes, Chlna and Indonesia,
introduct lon of erot ic specles of f lsh and aquat lc plants in PNc,
overf lshlng (deplet ing Tonlstona food resources) ln l la laysla and
lncreased net f lshing throughout the reglon..  The recognlt lon of the
severl ty and vldespread effect of  habitat  degradat lon on crocodl l lans 1s
an lrDportant result  of  the r ,rorkshop.

Some comnon thenes energe upon inspectlon of the gap6 ln infor[atIon,
cr i t lcal  needs and pr lor i t les ci tes in the ! ,orking group reports.  411
groups agreed that the dlstr ibut ion and natural  var lat ion of nost
spectes in the reglon renalns lnsuff ic ient ly knovn.

The need for quant i tat lve survey i rork to ldent l fy dlstr ibut lon and
status of crocodl les tn the r t ld na6 ci ted as a pr ior l ty or an urgent
need for every specles. In the case of great ly depleted species that
are belng nalntained ln capt lv l ty rde need to ldent l fy and protect any
reoalnlng rel lct  populat lons. These are a valuable repository of
genet lc var iabi l l ty and thelr  presence ident i f ies sui table habltat  that
nay be aval lable for re-stocklng in the future. For the nore abundant
specles, part lcular ly tho6e in trade, the need ls for cont lnued
nonltor lng of populat lons to assure that harvest and nanagement act lons
are not detr lnental  to these specles.
l le are not conf ldent that l re are correct ly asslgnlng the crocodi les ln
thls reglon into specles or rhere those species are dtstr lbuted.
Increased sork on dlstr ibut lon, morphology, and genet lcs va5 cl ted as a
prlor l ty for C. porosus, C. novaegulneae, C. slanenals and C,
nlndorenals.



Several  species requlre coordlnated act lon betveen adjacent countr ies to
engure their  survival .  Exanples are C. novaegulneae (Indonesia and
PNG), ?onlstoma (Indonesla and I t la laysia) and C. slanensls (Thal1and,
Caobodia, VletnaD and Indonesla)- The key poslt lon of Indonesia for
nany specles dralas attent lon to the ioportance of developing funct ional
oanageDent and conservat lon systeros for crocodl l ians ln that country.
the act ions required are ln nany cases lssues of leglslat lon,
regulat ionj  and lnplenentat ion of coopat lble nanagenent reglDes across
borders.

For those species current ly 1n trade,,  the control  of  l11ega1 trade and
the prooot lon of the legal sourceg of these anlnals fron sustalnable use
prograns is an important need,

The vorking group reports dral l '  at tent lon to the r ldespread need for
educat ion of the publ lc and of governoent off1c1a1s about the value of
crocodl l lans and the advantages of conservlng then, part lcular ly for
sustainable use. Widespread prejudlce agalnst crocodi les is encountered
throughout the reglon and there ls an urgent need to provide incent lves
to offset the percept ion that crocodi les are vernin.

The worklng group reports contaln oany dore specif lc recornrDendat ions for
goals and pr lor i t ies for each specles. These coonents have been
recorded and col lected and v111 be used for the revlslon of the Act lon
Plan for Crocodl les. The vorking groups ldent l f led a current group of
lndlvlduals a d organizat ions wlth lnfornat lon concerning each specles
and a nen l ist  of  specles and country "CSG contacts 'r  ls belng prepared
for the Act lon P1an.



GUIDEIJINES ON MOIIITORING CROCODII,IAN POPI''JATIONS

Drafted by Workshop D: Monitoiing - How Do We Implenent Practical
Prog: :ans:  Prof .  F.  Wayne King,  cbainnan,  Dr.  J .  Hul ton,  char l ie  !4anol is ,
. te f i  Mi l ler ,  Dr .  Die l r ich . te1den.  Kei ran McNanara,  Dr .  Miguel  Rodr iguez,
Dr.  J .P.  Ross,  Kei lh  saal fe ld,  L ic .  Alwaro Velasco,  Dr .  G.J.W. webb,
Allen Woodward.

Many trild crocodjtian populations are being conserwed lhrough
susla inable ut i l iza l ion.  To ensure lhat  no nore of  the animals or  thei r
egqs are being harvested lhan witl be replaced by Population's nolful
reproductive rate, Ehe population mus! be nonitored (rePeatedlv
ce;sused) in a manner that !til1 reveal whether or not the populabion
remains s lable,  is  increasing or  decreasing.  To fac i l i ta te th is ,  the
crocodi le  specia l is t  Group of fers the f ,o ] lowins suldel ines for
noni tor inq crocodi t ian popula l ions.

Moni tor ing is  a lonq- tern ef for t .  I t  t loes l i l t le  goot l  to  moni lor
the status of a population for a year or two only Eo laler abandon lhe
proqrd while the harvest continues. It is only possible to manage a
susta inable ut i l izat lon program for  wi ld l i fe  i f  data are avai lable on
the reproduclive rate or alternatively on the slability of the
popufalion. The longer the honitoring proqram runs the nore useful the
data are in  ind icat ins populat ion t rends.

crocodi l ian popula! ions can be moni lored by several  d i rec l  and
inal i rect  melhods:-1 i  by d i rec l l i  count ing the animals s iqhred in a l l
populat ions;  2)  by count ing lhe aninals  s ighled in  a selec led Port ion of
the populat ionr  3)  by recording the nunJrer  of  nests as a measure of
repr;ductive effort; or 4) by recording the mrnnrers of animals harwested
from the population each season. The advantages and dlsadvanlages
associated vr i th  each of  lhese nethods are d iscussed below. other
scandard wi ld l i fe  techniques,  such as mark and recapEure s ludies.  can be
appl ied !o rest r ic ted PoPulat ions.  Before the actual  moni tor inq prograrn
qets under:way/  i t  is  essent ia l  to  declde speci f icar ly  whats management
infornalion is required and then to design a nonitoring progra-n that

'wi l1  
supply thaE infornat ion.  IE nay be usefu l  to  quick lv  exPlore a

re lat ive ly  large ponl ion of  lhe avai lable habi tat  and to use the resul ts
of  that  f i rs t  reconnaissance to selec!  a few speci f ic  s j ' les for  lons-
term noni tor ing.

Detaits of the frequency of surveys, speed and dislance surveyed,
nust be appropriate to each country and siluation. Key variables
dictat ing these factors are the s ize.  cornplex i ly ,  and accessabi l i tv  of
habiLats;  the densi ty  of  the crocodi l iaD popula l ions;  the rate at  which
population nuribers night be changing; and Ehe degree of Plecision
lequired of surveys lo detec! these changes. ExPet:E advice fron
experienced crocodile surveyors should be sought at lhe plann-ing stage
of  moni tor ins prosrams.

several lypes of direct surveys can be conducled. Two of the nost
f requent ty  used d i rec l  survey nethods are 1)  n ight- t ihe spot l ight
surveys on the waterway and 2) aerial surveys. There are many tilases
associa led wiEh spot l ish l  counts.  For  example,  crocodi l ians in  hunled
populations becone wary and sutnerge when approached. Aherefore,
spotlight surveys should be conducled using powerful halogen spotliqhts
of  200,000 candlepower or  more which can spot  animals at  a d is tance,
rather  than weak 2-  or  3-ce11 f lashLisrht  torches which requi re an
approach c loser  lhan a shy ani rnal  wi t l  a l lo t  .  Refer  to  the publ icat ions
l is ted a!  the end of  lh is  ar t ic le  for  dela i1ed d iscussions of  survey



Monitorinq all the populations. While it might seem desirable to surwey
al l  the crocodi l ians in  a counlry ,  i !  rare ly  is  possib le and cer ta in ly
is nol necessary to do so. For example, to survey a 1a!ge portion ot the
Crocodyhs porosus habitat in AuEtralj.a's tidal waterways at least once
took more than 10 years and cost  mi l l ions of  dol lars,  and Aust la l ia
lacks the vast  wet lands characler is t ic  of  Bol iv ia;  Brazi l .  co lombia,
Indonesia, Nicaragua. UsA, o! veDezuela. If only one or two populalions
are being exploiled, then noDitor:ing those populations wilh controls
(one or tiro unexploiled populations for conparison), nay be al-1 lhat is

Moni tor inq a selec led por t ion of  the popula! ion.  of ten i !  is  possib le
to use sate l l i te  pholograpl ls ,  ael ia l  phoEographs,  recen!  1:25,000 or
1:10,000 scale topographic maps,  o!  aer ia l  surveys f ron hel icopter  or
fixed-wingr aircrafl lo distingruish between areas of hat'itat that have
been lost  to  urbanizat ion,  agr icuLtura l  development ,  boat  t raf f ic .
pol lur ion or  o lher  causest  and lhose which are mosl  l ike ly  !o conta in
crocodi l ians.  In terv ievrs wi lh  hunters and f ishermen also can y ie ld
informalion on the locatsion of abundant and depleted populaEions. This
inforrnal ion a l lows the noni tor j .ng er for ts  to be local ized in  selec led
areas. The setecled areas should contain both harvested and non-
harvested populations so the effect of harvesting can be demonstraled.
At  Ehe same t ime th is  in format ion rnay help c lar i fy  other ,  non-harvest ,
factors rha!  impacr  lhe populat ion.

survey routes f requent ly  are a long r ivers and shorel ines,  but  can
be st ra ish l - l ine t ransec!s across marshes or  wet lands.Whi le the area
surveyed witl depend on the dounL of habitat available. lhe length of
the r ivers,  and lhe s ize of  estuar ies,  lasoons,  lakes and wet lands,  lhe
smal ler  the area surveyed,  the less 1 ikely  the resul ts  wi lL  be
replesentative of the whole population. For exa$ple, on a lonq
waEerway, it would be belter !o survey 30 or more kilometers thaD to
suruey only 2 k i lomelers.  Ideal ly ,  between 2.5t  and 10t  of  the
suitable habitat shoutd be included in the iniEial survey.

l4onitorinq nests as a measure of population abundance. Counting the
nur.ber of neEts produced each year gives an index of the reproductsively
active segrment of the population. ?his is easily accomplished in
crocodilian ranchingr prograns in which egrqs ale collected from the witd
to stock commercial farms. In sorne selected areas, there should be an
at tempt to count  a l l  lhe avai lable nests.  AL the t ihe of  co l lect ion,
the total nurJoer of nests should be recorded. and in a randon sample of
nests, the nunber of esss in each clutch and lhe egg dimensions and
weisht should be recorded. A decrease in the nunber of nests found may
indicaEe a decLine in  lhe number of  nest ing fernafes,  and s j .nce young
females of  sone crocodi l ian species 1ay snal ler  c tutches and snal ler
eggs, a chanse in the number of esss or egg size misht reveat a chanse
in the ase of  the nesl ins femaLes.

r i  ar<^ i< n-ss ih lA i^  aet imate the number of  adul t  mles and
females in lhe populacion L'y coEelating nest counts h'ith data from
direc!  counls of  the nunber o i  aninals  in  a popula l ion.

Monitorinq the nuhbers of animals harvested froh the population each
season.  I l r  is  possib le !o use data on tbe nunber of  crocodi l ians
harvested (lhe number of skins lraded) of the stacus of lhe
wild populalion. fiowever, this can only be accornplished when the daLa
provide aD est imate of  hunt i rs  ef for t  which might  inc lude:  1)  the
nurnbers of hunters, 2) nunber of huDtinE days, 3) lhe area hunted
(reasonably speci f ic  local i l ies,  not  a country-wide pool ins of  data) ,  4)
tbe nurnber and 5) size of the anitnals halvested. The latter data can be
obtained from the hides traded. Some j.nfornation may be collecled from
hunter and buyer inlerviews, but informalion from such sources can be



biased and nust  be l realed wi th care.  A shi f t  in  Lhe s ize of  the
animals k i l led may ref lec!  a chanse in the populat ion sErucEure.  A
decl ine in  the nurnber of  aninals  k i l1ed is  hard lo  in terpreE in Ehe
short  term. However,  i f  the sane number are k i l led each season or  i f
lhere is  an increase in the number k i11ed,  th is  may not  ind icate a
stable or  increasinq popula l ion.  The nunrbers may ref lect  increased
hunt ing ef for t  or  an increased hunLing area,  hence the need for
infornation on the Duniber of hunters, hunting days, and hunling area.
In addi t ion,  any p lograrn which u l l i rnate ly  depends on harvesE data lo
noni lor  populat ion l rends a lso should,  on at  least  a sma1l  sample of  the
population, use spotlight counls, nest counts, or some olhea direct method of monitoring to
conlim inferences from the t ade data.

Regardless of lhe method used, survey or monitoring pmgrams arc acceptable only if they can be
rcpeated by olher independent researchers. Surveys lhat cannot be repeated are not scientific. To b€
rcpeatable, each survey must incluale the following nininal data:

a Exaci $rn point (preferably r€coded as latitude and longitude degroes, ninutes and secon&).
a Exact end point (preferably recorded as lalitude and longitude degrees, minutes and seconds).
a The distance and rcute surveyed between lhe sllrt and end poinls.
a DaE and time of suney.
a Season, if appropriale (wet or dry).
a The number of crocodilians sighted.
a Water level or ide level.
a Waler tempemture and air lempgmture.
a Wind stlensth.

In addition to the above minimal dala, there are additionai data sets which are desirrble:

Sizo classes of lhe crocodilians sighted, recorded in standard units of measure (fe€t or half meteN)
Location along the survey route of each crocodiliar sighled.

a
a

Global Positioning System (GPS) instrumentalion is useful in accumtely deiermining latitudo and
longitude of slart and end poinls. Spofters should be well t'ained an4 to avoid infoducing unwanted
uriability, whenever possible, lhe survey should be conducted using sane spotters and at lhe salne time
of year tuid same water level.

Nighfdme spotlight suNey techniques arc describetl in detail in:

Bayliss, P. 1987. Survey melhods and monitoring within crocodile management pmgmmmes. pp.l57-175. lrr GJ.W.
Webb, S.C. Manolis, and P.J. Whitehead (eds.). Wildlife Management Crocodiles and Alligalors.
Surey Beatty & Sonsltd., Chipping Norton, Ausralia.

Messel, H., G.C. Vorlicek, A.G. Wells, and WJ. Green. 1981. Survey of Tidal River Systems in the Northem Territory of
Ausmlia and Their Crocodile Poputations. Monogmph 1. Pergamon Press, Sydney and New York

Graham, A. 1987. Methods of sufleying and moniloring crocodiles. pp. 74-101. 1r: J.M. Hutton, J.N.B. Mphrnde, A.D.
Craham, and H.H Rorh (eds.). Proceedings of ihe SADCC workshop on Management and Utilisation
of Crocodiles in the SADCC Region of Africa. Kariba, Zimbabwe, 2-6 June 1987. Southem African
DeveloDment Coordination Conference.



CSG WORKSHOP - INCORFORATING "CONSERVATION VALTJE INTO TIIE
MARKETING OF CROCODILIAN PRODUCTS"

(Chairman: Grahame Webb)

Thc t€Im "Status" is a good one for examining thc qocodile industry. Status is a relative
rneasue-the performance of something at onc point in tirlE relative ro that at another. Therc arc
two levels of rgsolution at which the status of the clocodile industry can be examined - Shofl and
Long remr

l. Short Term Status

This period encompasses the last few years which has seen a peak and then a 8ha4,
decline in skin pdces, as supply oustripped demand - rhe btal supply appears !o b€
around 1 million skins p€r year and tho demand is clearly less than the supply.

2. l-ong Term Status

This pcriod compaics the F€sent situation ( I milion skins) to that which oxisM at tho
p€ak of the industry in the late 1950's and eady 1960's (5 to 8 million skins).

Most of the discussions about marketing which have takea place at the last thrce CSG nreetings
have been dircctod at changing thc short-tem status - inueasing lhe funmediate demand relative
to hat last ycar, so that it can match curent supply.

The central questior that this workshop addrgssod was whothgr "Conservation Value,, could bc
used as an effertive marketing tool at both levels of rcsolution. This possibility st€ms ftom a
number of observations:

l. Therc is a high possibility rhat the dramatic change ir the long-tem status of th€ market
is due to the gcneral tsend away from using wildlifc products-te concept that
conservation is about not killing and using wildlife.

2. Most rctail oudets havc litde if any infomation about tlrc coNcrvation bonofiB of trade,
yet conservation through sustainable usc is now widely acceped as a valid approach to
conservation.

3. The magnitude of tbe long--t€rm market decline is of such a magnitude that even miror
changes in the shot--t€rm status, may not impact upon it signilicantly.

4. That 100's of millions of dollars are being spcnt cach year by peoplo trying to help
conservation, often with no tangible rcnlm for Oefu cxpcnditut. lf that contribution
could be nrado through rhc puchase ofFoducts-"help coossvation-buy I crocodile skin
haldbag" rlle long-term dramatic decline may b€ able to be addresscd.

DISCUSSION

Tbc discussion focused mainly otl rhe short telm status problcm rather tharl thc long tqm
dcclioe.



TIIE CSG POSMON

Marketing problems are fundamentally an industry responsibility and it is up to th€ hdusay !o
addrcss thetll

The CSG could, and has Fomot€d forums !o discuss thc issue and has offqcd iB cxpcniso to thg

industry. Howevet, as a consorvation organisation it cannot take the initiative lhis must conE

folm the industy, as discussed and rcsolved by thc CSG rcsolution passed at the victoria Falls

meeting.

The wholc conccpt of conservation through sustainable uso is onc rho CSG Fomotes' If it could

be used effectiveiy in marketing, which is up to the industry to determine, it would be consistent

with CSG goals.

EDUCATION

There is a lack of information flowing thJough to the community on conservation thtrough

sustainable use. It was suggesEd that at thc vcry least the cSG should Preparc critical facts about

sustainable usc, tlnt CSC members in the industsy could disaibuE

MARKETING

hofcssional marketing cxpertise was widely rccognis€d as behg csscntial to corecting tho short

term status problems and peftaps the long trrm ones.

On behaf of the CSG, Brian Vemon offered to undertake a preliminary suwey of the opinions

of people in the industry. His proposal is to send a quostionnairc !o all tho tannedcs and ask thcn

to iave it completed by at least 8 peoPle who distributc crocodilc finished Foducts or own retail

storos that s€ll crocodile products. The data collected would be prcsented at the next CSG
mecting at Pattaya. This could then be followed by a retail survoy conducled by market

researche$ to establish if out custonre$ at the store levcl are basing their buying decisions on

dlc facto$ that dlc industry survcy suggests.

SIMPLE MESSAGE

There was a need for a simplc rrEssage, for example:

"Help Gocodile Conservation - Buy a socodile skin handbag" or
' 

"It L€gal!" (most pcoPle think it is ilcgal to buy crocodilc Foducts).

EXPENSE

Some participanb though that the cost of oocodile skin products was a significant factor

consbaining lh€ markel



PANEL DISCUSSION ON CROCODILIAN SKIN TRADE AND ECONOMICS

A panel discussion on crccodilian trade and economics was convened following
presentations by Wayne King, Debbie Callister, and Allan Woodward. Panel members were
selectei to prcvide a diyerse group of trade interests from major producing programs and
traders, The panel included chairmal, Vic Onions (Farmer - Ausnalia), Yoichi Takehara
(Ianner/Irader - Japan), Fnnk Garcia (Farmer - Colombia), Brian Vemon (Farmer - papua
New Guinea), Wayne King (Trade Sp€cialist - U.S.A.), Dierrich Jelden (CITES Scientific
Authority - Germany), Ruth Elsey (I-ouisiana Prognm Rep. - U.S.A.), and Atlan Woodward
(Florida Program Rep. - U.S.A.).

Graham Webb (Intemational Consultant - Australia) pos€d a question to the panel
regarding how marketing strategies should apprcach the problem of negative consumer
perceptions about wildlife use. King replied that marketing kctics should provide psitive
information about the use of wildlife products. Elsey noted that anti-use sentiment was prevalent
in Iruisiana and added that the Iruisiana Fur and Alligator Advisory Council has identified
consumer rcsistanc€ to alligator products as a major prcblem and is taking steps to promole the
conservation inceltives of the use of alligator products. Vernon emphasized that more market
research is ne€ded to look at buyer attitudes loward using crocodilian products and added that
we should seek outside professional marketing specialists to ass€ss the situation. King concuned
\rith Vemon and stated that promotionat efforts direcied at the industry (tanners, taders,
manufacturers, and retailers) were not as important as promotions to custome$ such as
educational programs, product labeling, and image enhancement.

A member of the audience inquired as to whethet anti-wildlife use groups were invited
to the conference. Webb replied that no specific effort was made to invite any group but that
this conferenc€ was well adyertised through the LU.C.N. which should have given any
concemed groups ample opportunity to attend.

Webb rais€d a question rcgarding the apparent large margin between the price of raw
skins and finished crocodilian products. No explicit answers were given by the panel.

Jelden indicated that the single worst influenc€ on the image of crocodilian products in
Europe is illegal caiman trade. He not€d that consumers cannot be sure of the source of
ptoducts they wish !o buy and noted that this was especially true of small prcducts such as watch
straps.

Takehara reporled that the green movement was not as s€rious in Japan as perc.eived in
other parls of the world, but that image improvement was certainly needed in Europe and the
U.S.A. He noted that control of crccodilian skin supply will be more difficult now than it was
in the early-1980s. He indicated the need in Japan to expand the use of crocodilian leather !o
other products such as shoes. He stated that in rerent years, 70-80 % of crocodilian leather in
Japan is sold as ladies hand bags. Traditionally, crocodilian leather shoes have not b€en popular
in Japan, but changing customs may create an opportunity for shoe sales. He emphasized the



need to have $bble supplies of skins. Regarding demand, Takehara stated that dudng the mid-
1980s 20,000 skins a year were needed to supply watch strap sales but that a 30% increase in
raw skin prices dudng the late-1980s depressed demand. He added that until the end of 1991,
demand for crocodilian products was only moderately reduced. Then, in late 1992 a dnstic
reduction was observed.

Jaques Bemey (Dep. Secretary General - CITES) asserted that !o increase the image of
crocodilian products, legal producers in countries still implicated in illegal caiman trade need
to denounce ilegal tade and make every effort to enswe that all trade in their rcspective
couniries is legal.

Vernon comment€d on the problem of keeping tlack of caiman skins after they have been
cut into piec€s, noting that finishing skins in the country of origin and tagging them prior to
export might be a solution.

Gerado Ortega (Croc. Farming Inst. - Philippines) shessed that there is a need to
identify regional differences and weaknesses in markets and the need !o address problems
specific to those areas,

Keith Cooke Clrader - Australia) questioned the palel regarding the effelts of tanners of
s€rond grade skins on tanners of first-g.ade skins. Takehara replied that this is the first time
that such a distinct division has occurred but that there is good potential in the U.S.A. because
of the larye supply of and potential market for second grade skins. He added that he didn't see
much future in developing second grade skin tanneries in other countries such as zimbabwe and
Australia because of the limited availability of second grade skins and the high overhead costs
of operating tanneries. He indicated that his firm, for example, performed contract tanning for
second-grade skins.

Onions reass€rted the ne€d for more market tesearch. King suggested the possibility of
wider use of futures contracts to stabilize raw skin prices. He also related that vertical
integration was a possible method for increasing profits at the producq level, but warned that
this could be done ftom the top down (trade$, tanne$, and manufacture$ owning produceis)
as well as from the bottom up (producers owning tanneries and manufacturers).

John I-ever (Farmer - Australia) posed the perceived problem of too many middle-men
in the industry. Takehara indicated that the tanning industry attempts to maintain a l7% Wof:.tl
margin. However, it requires a 100% mark-up at all levels from the tanner to the manufacturer
to maintain that margin because of inventory costs, etc. He further stated that thele was little
chance of the industry changing this practic€. He stessed that "middle-men" perform an
important function in delivefng prcducts !o customers and that elimination of them would rcsult
in a shrinkage of the market. Vernon comment€d that, over time, market forces will adjust
margins that are out of line.

Alvaro Velasco (Program rcp. - Venezuela) commenled that the pric€ of products should



be related to their economic values. He emDhasized that other non-commercial values of
crocodilians should be considered.

Val Hristov (Economist - Australia) questioned Woodward regading the supply and
demand analysis curves that he had presented in his talk and wondered how they werc
constructed, Woodward replied that they were hypothetical curves based on known supplies,
unknown demand, and the limited amount of price data available for raw skins. He added that
they were present€d !o show general relationships and changes in supply and demand during the
past 6 yea$.

Takehard related that he had been in the business for 30 years and over that time he
obs€rved that demand for products inqeases when people expect a better life

R. J. Rao (Croc. Research - India) explained that it took a very long time to c{nvince
people in India tg! to kill crocodilials and that now he expe{ts it will take a lengthy period for
them to accept sustained-use. He stated his conc€rn that if India begins skin production, will
there be a market?

Webb expressed his concern that CITES unduly rcstricts trade, especially with regard io
finished products and suggested that the CSG draft a rcsolution to request CITES to make it
easier for intemational purchasing of products. Bemey rcplied that it was not CITES that
restricted trade but parties to the Convention (individual countdes) that were imposing strict
regulations on trade and, therefore, unduly rcstricting commerce. Hank Jerkins (CITFJ rep. -
Australia) suggested the v/idespread use of short permits similar to those used by Zimbabwe to

expedite trade in pioducts. Jelden confirmed that in many counries, the export/import
permitting of a single iiem is teatei similar to a big shipment which discounges trade in small
quantities.

The trade panel discussion was concluded at this point to maintain the meeting agenda.
Several morc questions fmm th€ audienca were pending, indicating a keen intercst in futther
discussions on crocodilian trade and econombs. - Allon woodward, - Florid.a. Gane and. Frcsh
Wa,er Fish Commission
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