
Egg laying and incubation record

POn( l

No.

DAU

No .

S IRE

No .

I.ay

date

No.

EEg

I  n  cubaL e

date

No.

Egs

Hatch

date

No .

Ha tch

No .

surv ive-

x(  surv ive  nore  than 30  days  a f te .  ha tch .



€

o
d

N Z

E .

E

U1
E

z

a

e2

q)

()

vt

I

d

.J

29



AI>perrd. i-  ><



Sole  sc ien t i f i c  papers  and ar t i c le  car r ied  ou t  oD Tha i land.

1 .  Chavana [ i ku1 ,  v .  e t  a l .  (1991) .  S tud ies  on  karyo type  o f

c rocod i les .  I -  Karyo t .ypes  o f  f reshr , la t ,e r  c rocod i les

(c rocody lus  6 ianens is ) ,  sa l twater  c rocod i les  (c rocody

lus  porposus)  and the i r  c rossbreds .  Proc .  18 th  Tv l lA

conference,  Bangkok  :  271-290.

Ratanakorn ,  P .  (1992) .  c rocod i le  in  Caobod ia .  Present  in

the  1 l th  csc  work ing  l . lee t i rg  a t  z iobabee.

2 .  ousavap langcha i ,  L -  (1990) .  cou t  in  f resua te r  c rocod i les

(Crocod,y lus  s ianens is )  Proc ,  7 th  FAVA congress ,  Pat taye :

6  1  1 -  614 .

Ratanakorn ,  P .  (1991) .  case Repor ts  on  UncoDmon Diseases

in  c rocod i le ;  1 .  l . l ycobac ter iun  In fec t , ion  2 .  Tox icos is ,

Proc .  18 th  TVI IA  conference,  Bangkok  :  25-31

3.  ouaavap langcha i ,  L . ,  J  Tangt rongp i ros ,  and S.  P i t , chayangku l

(1990)  S tea t l l i s  i n  F res$aLer  c rocod i les  (Crocody lus

s iaqens is ) .  Proc .  7 th  FAVA C( 'ngress ,  P t taya  ?  615-619.

R&tanakorn ,  P .  (1990) .  Hea l th  Prob lens  o f  Crocod i les  in

Tha i land  and  Re6o lu t ion .  c rocod i le  I I ,  Agr i cu l tu ra l

Techno logy  Ex tens ion  un i t ,  Bangkhen,  Bangkok  :  62-82 .

3 l



7 . Ru tLanaphan i ,  R , ,  and  J .  Tang l , r ongp i ros .  ( 1990 ) .  A  l , l y cos i s

o f  t he  A l l i ga . to rs  Caused  by  Fusa r jun  spp .  C rocod i l e  I I ,

Ag r i cu l t u ra l  Techno logy  ExLens ion  Un i t ,  Bangkher r ,

Bangkok :104 -105 .

S i ru i r t an ine t i  J . ,  P .  Ra landko rn ,  and  S .  Hooswa t .  ( 199 i , .

some Norma l  Hena lo log i ca l  va lues  o f  F resh  wa l ,e r  c rocod j l e

(Crocody los  s ianens i s )  i n  Tha i l and .  p re . ren t  i n  Lhe  19 th

TVI4A  con fe rence ,  Bangkok .

9.  S i run ta r . r ine t i  J . ,  P ,  Ra tanakorn ,  and  S ,  HonsvaL ,  {1992) .

Serum Ur ic  Ac id  Leve l  in  Fresh -  t , la te r  c rocod i le

(Crocody lue  s ianens is ) ,  I .  Feed ing  s j th  Ch icken carcass .

Presen t  in  the  32 th  Nase tsar t  Un ive rs i t y  Annua l

Conference,  Bangkhet r ,  Bangkok .

3Z





RESOTJRCE MANAGEMENT & ECOLOGY TJNIT

RP-JAPAN CROCODILE FARMING INSTITUTE

DISTRIBUTION AND STATUS OF CROCODILES IN

PALAWAN PROVINCE

BY

PATRICK A. REGONIEI,

TREDERICK A. PONTILLAS,

RICIIELLE A. LEYBA

YOJI KURATA

EI,Y T, ELVIRA

JR.

PUERTO PRINCESA CITY, PALAWA N

NOVDMBER 1992

U.



TABIJ OF CONTENTS

ABSTRACT I

INTRODUCIION 2

MEIHODS 6

Former Dstribution in Palawan Province 7

Pres€nt Dstribution in Palawan Province 8

General Discussion 12

CONCLUSION AND RECOMMENDATIONS 15

Litenture Cit€d 16

Acknowledgments 17

Appendices

I,IST OF II,I,USTRATIONS

1.Ircation of study arcas in Palawan Province 3

2. 'Iypes ofclimat€ in Palawan Prcvince 4

3. Source of crocodiles acquired by CFI from Palawan Province

as of October 1992 9

4. Sketch map of the relative C porosal nest location and

dimensions in the uppenheam of Rampang River ll

5. Sketch map ofthe rclative location of C poroJr.s nest

in Padang, Dumaran including tlte surrounding flora 13

6. Nest dimensions of nest in Padang, Dumaran Island 14



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'
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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.
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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.
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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-
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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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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

L.



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.
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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
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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).





THE LINK BETWEEN CONSERVATION AND
TIIE SUSTAINABLE USE OF WILDLIFE

Grahame J.W. Webb

Wildlife Managemert Intemational Pty. Limited,
P.O. Box 38151, WINNELLIE, N.T.0821, Australia.

Codsultants 1o the Conservation commission
of the Northern Territory.

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



2
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.



8

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

Opaqu. bmd absnt afte.2 .iays I.fc.alllty or cdly .mbryonlc Rm@c €ggs. cddl. ed op.n. Id.ntrry f.marr
Drcducr.! cs!3 dd cno& @uetlon Dtutdol or ttdln!

opaqu. bdd slw to dftlop Eac€s molsture or mbrlortc R.due molsturc ldcb dd mo.ftor.fict.d.gg3 fd

Opaqu. bdd patchy or unden ErcN molstu.c or .mbryonlc Redu.c morstur. rels ud monnor alIdt.d cggs for

opaqu. bud dw.lopm.nt
,i@6pl€t€ all* lo days

Mo.ltor.gg fd fiin.r 3 .tar! dd op€n to d.t.mln€

dl{olo@d, $uany
acompanr.d by sme odou

Embryonlc d.ati md dMy of op.n €98 to d€t€mtn. 38€ of d.ath dd rclat to
re@r& of collecuon d LEubauon condldons

Ccft.arbcd.rackra of .ggsh.n.
oft.r aaompdt.d by *.lling of

R€du.. molsturc ld.ls md monltor.gg

Atr spac6 ln .gg romcd by
mmbtu. ddacntn! fron shcll

hcr€@ mobture lftIs

Le.lls.d c@khg or €ggsnel
r€{ dttcrpat d habhrng date

open .gg to r.nd. hatchhg an r dncDat€d

Egg prpp.d but embrr! daad Abnomal dd€lopme.t or
@slo.ally dcbldcUon

open egE dd .'mh..mb.yo. Relatc lo ant slgnqor
dehydraxon li ttrs or oth.r cgq. h 3dc tttuhatoi

Unlavounble t mperature.
betor€ d an€r .ouccud

rGht€ to thntnS of @ll*tlon. t@pon dd 6.drtron3
rc@rdcd at n6t or dxrb! dh licubatton

O.dma {wat€r r€t€ntionl In Untavoumbl. t.nperatur.s R.lat to t|Inln8 ofolLcdon. tmpdt dd cordltlotrs
r@rded at n€st or dudng 6ly,ncubat,on

Yotk not .ntlr.ty .ml6.d Pr.matrc hatdrr.g sarat d
vlth unfwouEbl. rrtubatlot

mdb&lcal stlmulauon

chcck rhrng of hatchriS agar$t €xprct€d rncubation

R.latc jlt@bator rclum. sd h.nc. 8a €paclty to
.umbd dd dftlopo€nt st.ge of cggs,
Chdk re.nt |rw.m.r.3 of .ggs or prolongcd prMc.
of a.thr harchlr.gs rD ttuubator.
Monltor rr€qu€ntly re{ anl6t dticrpat d hatchhS
dat dd r.md. all hatchltrE3,

smau hatchtngs r4th Ery ltrg.
dcldd yolk dd dtst.nded

Incubatror t mp.Etur. rm }|t€l R€-ffile l@ubauon reorft dd adlust
rempcdtur. s ncssary

Izgc hatchlrngs enth unusuart Ircubatlon t.npemtur€ too low R.-.xmh. ltuuballon rMr& dd adj8t
!€dp@rur. a n43*y
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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
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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



eurriroD.Eent, aad a physiological or chemical "memory" of variable ilcubatiol

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



t2

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

T^tt.r l- Y.an hatrit;nE tE a,r oaq 122 Crccodvlttt
po.o!].. h4khltngt uas lary.n unat cud 4 nalbaa,on

A-ND- RZFTTII^'N OVIPATTTY a-. 4

V U
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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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68..t
66.3

69.6
, 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).
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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.
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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
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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.
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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.

Acktwwledgements.*We thank J. R. Bndy, T. C. Hines, P. E. Moler, and P. M.
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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

Comnission, ruCN, held in Darwin, Nl, Australia, 12-19 Mdch 1993.



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




