
IUCN ?UBLICA?ION NEW SERIES ISBN 2-8032-209-x

I

I

C R O C O D I I E S

Proc€edings of the 5th Worktng Meeti [g of the Crocodl le Sp€ctal tst  croup

of the Specles Survlval ConEi.sslon of the Internatlonal Uniod for

Conservation of Narure and Narural Resources conveneal at the

trtorlda State Museue

Gainesvi l le,  Flortda, U. S.A.

12 ro 16 August t98O

@,,.,
Internat lonal Union for

Avenue du MoDt

Conservat lon of Nature and Natural  Re6ources

Blanc, CH-1196, c1and, Swtrzer land

1982

O Intorn.tional lJnion to. Conservation ot Naturc and Naturat R€sourc€!



2

I



)

t

Ihe International Unlon for conselvatloo of Nature and Natutal B€sou'ceg
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fou*leal ln 1948, and has lts headquarters ln GLand',

iJir..i.ia; 1t 1s an lndePendent interostlonel body whose Denbershlp

"orp"f" ."  
s iates, i r resPect ive of thelr  pol t t tcal  and soclal  aysteos'

;;;:;;;. deparinente, ancl Private lnstitutiotrs as well as lnternatlonal

: ; ; ; ; ; ; ; i " ; ; :  r t  . "p".""r ' t "  those s'ho are co'cerned at nan's

roifffcatfon of the natural envtroDnent thlollgh the rapidlty of urban and

fia,r"atf.f develoPnert aflal the excesslve exPloltatlon of the earthr€

o.aoitl .."oo.""", uPon whlch re6t the foundatlons of hls survlval'

iUCNte naln purPose 13 to Prooote or support actlon lthlch lflll-ensure the

o"io.io"ifo.r' ot' ofld aature aod natulal resources oa a ltorldltlde basla'

; ; ; " ;J;- ; ; ;  ih" l .  1o.. io"t"  cul tural  or sclent l f lc values but also for

the long-terE ecoooDic and 6oclal welfare of nanklnd '

Thls objectlve catr be achleveal through ectlve conaervatlon prograns for

the wlsi use of natulal reEoulces ln areas lthere the flora and fauna are

;i-p;;i";i;. loportaace anal rdheEe the landscePe 1s especlallv beautltul

" i  
i iJu"g, or ; f  histor ical ,  cu1tura1, or sclent l f lc s lSnlf lcance'

iflCll t"ff.i"" that 1tE atns can be achleved nost effectlvely by

Laternatlodal effort ln cooPeretlon rlth other lnternetlonel agencles'

such as UNESCO altd FAO'

The world Wt1d11fe Fund (WwF) ls an lnternaliona1 charltable foufldatlon

;;; ;;;G irre rgotra's lrI1dl1fe ed wlld places' rt was establlehed 1n

i;;1-il;; iolt" r.r", t'tth heaalquarters st present ln-the vlclnitv of and

.o" i t"r f fy to be 6ha!€d joint ty wtth those of IUCN' I ts alD 16 td

."ioott 
"'tt" 

conservatlon of nature 1n e1l it6 foflns (lendscape' aoll'

waier, ffora, and fauna) by raislrlg ftrnds and allocating then to

o-oi.cts. bv publlcity, anal by educatlon of the general publlc aad young

;; ; i "- t ;  pl . i i ""r ' . . '  rot  at i  these act lv l t les l t  takes selent l f lc and

technical  addce from the IUCN'

Although t{WF nay occaslonally conduct its oetn fleld operstlons' lt trlea

;;-;;;; ." po""ibl" to nork through cornPetent sPeclallsts or 1oca1

organlzat lons.

liDong WWF Projects flnanclal Eupport for IUCN and fot the Intelndtlonal

c".ilrr r"i Bird Preservatlon (icsp) I'a,'e hlghest Prlolttv' in order to

erraif. ti,e"e boilles to butld uP the vltal sclentlflc atrd technlcal basls

for worlal corrservatloa and sp€clflc Projects' other plolecta cower a

"".u "ia" 
range from educallod anal ecologlcal sttrdles alld €urv€ys to the

."i1Ji"nt..l-""a Eanage'ent of areas as natlonal Psrks atrd leserves end

;;;;;;;y prosraos fo! the safeguarding of anlnar and Plant species

threatened I,lth extloctloll'

WlfF funal_ralslDg and Publtcity actlvltleE are nainly carrled out by

f,lattonal Appeale 1fl a number of countrle6' and 1ts lnteraatlonal

;;;;;;t"e ioay t" t.a" up of Pronlnent Personalltles 1n inaov ftelds'
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T O R E W O R D

thls report  on the work of the IUCN/SSC Crocodl le Special ist  Croup ls
dedicated to H.W. Canpbel l  and to S.J. Uaness, both dedtcated crocodi le
conservet lonist  s,  valued col leagues, alrd contr lbutors to th16 volune.
Both have dled slnce the 5th I'foiking l,Ieetlng of the Crocodtle Speclallst
Groop was held ln eatne€vt l le,  f lor lda, 1n Augusr 1980.

H.t{ .  CanpbeU vas Senlor Zoologtst at  the catnesvi l le,  Flor lda.
U.S.A. f teld stat lon of the Nat lonal Flsh and Wlldl t fe t-aboEatory, U.S.
Ftsh aad Wlld1lfe Servlce. Although hls duttee tnvolved hlnd ln a varlery
of Fl1d1lfe atudles ranging from Slrenla to phosphate ninlng to
crocodl les, i t  was on the lat ter specles that Duke focused nuch of his
Personal atteDtlon durlag the last decade. IIe selved as ehalroan of the
federal/ state Recovery Tean for rhe Arnelican crocodile populations In
the Unlted States, but h16 loterests reached far beyond North Aroelica.
The U.S. f ish and Wl1d1lfe Servlce involved Duke in lnter lrat ionsl
pEojects ln Latlfl Axderica and the C€ribbean, 1a Australla and papua Nee
Culnea, and ll southern Asta. ge qulckly won frlends tn each of these
places. lle clearly understood the dlplollacy needed to achleve
conaervatlon and usually was able to ftnd a ntddle course betweer
uncontrof led explol tat lon ard total  prohlbl t lon, a coutse that conselved
the wl ld r€source whl le pernl tr lng l tE sustatned ut l l tzat lon. Duke f l rst
becaoe a Bellbe! of the IUCN/SSC Crocodlle Speclallst croup tn 1974, and
Bexvecl as 1ts Chalrnan fron 1979 untt l  ht6 death fron cancer on 10
Decexrber 1981.

Scott  Maness was a Blologlcal  Technlcial  on the staff  of  the Merr l t t
ls lal ld Nat lonal Wlldufe Refuge of the U,S. F16h and Wildl1fe Servlce, tn
Flortda, U.S.A. Scolt  ser:ved as a U.S. peace Corps volunreer ln
Venezuela frord 1973 through 1976, qnd 1t lres there that he flr6t becane
lnvolved \rith conGervatton of Orinoco ard Anerican crocodll€s and the
varlous calDans 1n northern South Anertca. llls enthuslasn lron hln the
supPort of eany governmental ageDcles and non-governnental organtzatlons
ln the cont lnulng f lght to prevent the loss of these rept iLes. Scott
br lef ly jo ined the research Btaff  of  the Nat lonal Zoological  park,
SDlthEonlan Inst l tut lon, I tashlngton, D.C.,  and returned to Venezuela in
1977 to cont lnue hls studles on the crocodl l lans of that nat ion. Scott
dted on 8 June 1981 fron burns suffered ftghttng a ldldflre on rhe
Merr l t t  IEland Natloral  l { i1d1lfe Refuge.

Thls lssue of the Ploceedings records our 6en6e of loss at the
passlng of these t l ro col leegues.

f . llaqne Urxg
Chai rnan

IUCN/SSC Crocodt le Speclal lst  Cloup





I N T R O D U C T I O N

fhe 5th Worklng Meetlng of the Crocodlle Speclallst
Specles Survival CoEmlssion of the Internattonal Union
of Nature and NaturaL Resources na6 convened froo 12 to
the Flor lda State lduseun, Calaesvl1le, Flor lda, U.S.A.
oPen to anyone lnvolved in crocodlllan coaservstlon.

Croup of the
for Conservation

16 Algust 1980 at
Ihe sesslons were

Durlng the fou! dey Eeettng, a total of 38 papels were presented by
Croup nenbers and other partlclpants. Several of the papers rere never
subnit ted for publ lcat lon and a few had to be dropped, even so the 26
pap€rs contal.ned ln tbls volune are so long that 1t nas not possible to
lnclude the u6ual sumary of the neetlng aad the l98O ll6t of prlorlty
Prolects for crocodl l lan con6ervat loD.

Davld Dletz alrd F, Wayne Klng lrere sclelttiflc edltors for the volune;
Rhoda J. Bryant was bensglng edltor.
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INVESTIGATIONS INTO TIiE STATUS OF MORELf,TIS CROCODILE
(cRocopYr.us MoRELETTT) rN BELTZE, 1980.

Clarence L. Abercroobie

Wofford Col lege, Spartanburg, South Carol tna 29301, U,S.A,

Chrlst ine A. Hope

Departrnent of Soctology, Clenson Unlverslty
CfeDson, South Carouna 29631, U.S.A.

Jackle M. Holnes

Col lege of Vet.  Medlcine, Universl ty of ceorgia
Athe$s, ceorgia 30601, U. S.A.

Davtd Scott

Depsrtnent of EnvlrortEenral Sclences, Unlverslty of Vlrglnla
Charlot tesvl l le,  Virglnla 22903, U.S.A.

Bel lzeart  crocodi le explol tat lon, and the thlrd 1lsts our reco!f iendat loos
for the conservat lon of C. roorelet l l .  There ls also an aDDendlx,

John l. Lane

Charlot teav111e, Virgtnla, U. S.A.

ABSTR.ACT: In thls paper we present a report of our lnvestlgatlons lnto
the status of Moreletrs Crocodl le (Crocodylus nore1et1l)  in Bel lze,
Central Anerlca. The research nas carrled out 1n May and June 1980 under
the spoosorship of the World Wildl i fe fund. Asststance was also received
froo the fauna Preservat lon Society (London),  as nelI  as fron numerous
prlvate lndlvlduals ln Bel ize, espectal ly Bader l tassat l  and ] tary Ann
Boggess (Orange Walk Tonn).

The report  ls dtvlded lnto three sect lons. The f l rst  deals nl th
crocodlle populatloos lgl lg, tlu second dlscusses the dynantcs of

rt
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INTRODUCTION

General lnpresslons.-- Over the past three yeats lre have observed
crocodl les at 17 dl f ferent locat lons 1n Bel ize. We bel leve that thelr
dlstributloD ls country-wlde, aDd ee have seen thern 1n a varlety of
habitats rangtng fron brackish rnangrove lagoons to svlftly f1o\dng
Dountain streans. Morelet 'a crocodl les are dl f f lcul t  to f lnd near areas
of huEan settlenent and large antnals (2 n) have becone very scarce h
al l  buE the most reEote parts of Bel lze. On the other hard, lndlvlduals
bet lreen 0.5 and 1.5 i0 are reasonably coEnon ( ln del ls l t ies ranging fron 2
to L0 antnals/kn of ghoreline) tn shallor' freshwater lagoons with even
part lal  protect lon fron hunan exploi tat ton.

Areae exanined.-- 0n previous trlps to Be11ze (suDners of 1978 and
1979) we vlsl ted four focat lons of reasonable crocodi le abundance whlch
we wished to exarnine once oore. These were Laguna Seca, Rlo Bravo, Cox
Lagoon, and sone awsrDpy ponds near Kate's l-agoon (for approxlnate
locat ions, see l ig.  1).  There r 'ete, tn addlt lon, Geveral  n€lr  areas which
loca1 lnforEants had soggested we check. Flna11y, personnel in the
Bel lzean Folest of f tce had requested that,  t f  posElble, ne Burvey a
portion of the upper l,{aca1 River which an fAo report had suggested as one
posslble st te for a crocodl le refuge.

STUDY AREAS

l,aguna Seca (Locatton 1).--  Thts is a large, shal low lagoon ln the
western inter lor of  Bel ize. As the nane lndicates, a cof ls lderable part
of the lagoon Eay dry lnto flat savama; durlng the wet aeason, honever,
a large area (approxinately 3.5 knz wlth perhaps 15 kn of shorel ine)
f loods conpletely,  and even durlng sone "dry" seasons, the greater part
of the lagoon nay re.0aln under oater. Although crocodlles ln l-aguna Seca
have beed hunted occaslonally for years, they have long been prot€cted
frou frequent explol tat lon by the reDoteness of the lagoon. In the
surDrners of 1.978 and 1979 we were able to survey only a.snall portion of
the lagoon, tn vhlch, nevertheless, we sarl 14 altd 9 anlnsls in the
tespectlvly. In 1980 we exanined a rouch lsrgei area and 6an onfy thtee
anidals.  Thls apparent scarcl ty nay be attr ibuted ln part  to the greater
f loodlng of the lagoon (and conseque$t dlspersal of  l ta crocodl les).
Hor,rever,  we bel leve l t  is largely due to great ly lncreased hsnt lng
pressure. Durlng our etay at thls lagoon, we aaw nunerous hunters, and
we also found the reoalns of four recent ly kl l led crocodl les. The rapld
ldprovener'rt of rosd access to Laguna Seca was also very nuch ln
evldence. 0n our way tn lre forded the Rlo Bravo; on our lray out we rere
able to cross a brand-new brldge. Wh11e a few crocodl les ldl l  survlve
heEe for qulte some tlne, lre do not believe Laguna Seca lrlfl long
m:r lntaln a rea11y iEportant populat lon of C. norelet i l .
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R-lo Bravo (Locat ion 2).--  Agatn, this is a locat lon $e exanined
durlift-ree successive surnners. r:r 1980 inProved road access allowed us
to survey a larger port ion of the l lver (ca'  3 kn) than before, and agaln
we found crocodiles less ln evldence--Presunably due to huntlng. We do
not,  honever '  expect the crocodi le populat lods of Rio Bravo to suffer so
nuch as those of Laguna Seca. I l rst ,  the Moreletrs crocodl le PoPulst lons
1n r ivers are obviousty less dense tha. those of 1a8oon5' and r iver
hunting 1s consequently less reqtardlng .conoElcally. Second, the Rlo
Bravo is f lequent ly broken with stretches of long, Ehauow raptds.
Conbtned nlth the great weight of natlve boats, such rapids r.endef
crocodl le huDting on the Bravo qut le dl f f lcul t .  We expect that al l
anldals on r lver sl t€lches t t t th road or tral l  acce€s ! . ' t11 be exttrpated;
others q'111 probably survive. The quest lon l te cannot present ly an6lrer ls
hov Eany new roads and ttails !1111 reech Rlo Bravo,

C o x  L a p o o n  ( L o c a r t o n  3 ) . - -  T h l s  l s  a  ] o n g ,  n a r r o u  l a g o o n  ( 0 . 6  k o 2
r" ,iEi ifil-"ppi6iliETErt 8 kE of shoreltne) about s0 ko !'est of Bellze
Ctty.  t le surveyed this lagoon in the sunners ot f918,7979' and 1980'
and observed 27, 60, a\A 38 crocodl les respect lvely.  l loet of  these
at l fudals sre l i t  the 0.5-1,5 n slze range, but we saw at least three adult
lndivlduals ln the suromel of 1980. lle belleve cox Lagoon is seldon
exp1ol led; indeed, al though local hunters conslder l t  sonething of a
prornlsed land, they reallze the lagoon is proPerty of Btg FaUs Ra[ch (a
r ice-producing farn) and gene::a1ly respect the "posted" slgns (see
Reconnendatlons ) .

Ka!e's laAoon slranps (Locat lon 4),--  Katets Lagoon l tsel f  ls a 1arge,

V"'"-:EII";-EA; 6?-".t.'-?E6"t-zon'o south of oranse walk rolrn. rt ts
.  p i"r"unt p1ace, vt th cow Pastures and large shade trees alo[g l ts

eastern border, alrd large numbers of Belizeans s!,rlD ln lt and plcnlc

along lts banks. As one would exPect, the lagoon ls not lunnlng over
with crocodl les; the loca1s, 1n fact,  have told uE l t  harbors none at

all. In the swarnps extendlng roughly fron the western part of the lagooD
(l-ocatlon 6), there are a nunber of snall Pond6' very shallorr and heavtly

choked vl th sal tgrass, we surveyed this area in 1979 and 1980. our f l rst

vis i t  dlsclosed approxlnately a dozeo crocodl les ( the labyr inthlrre lv l ture
of the swanpy area nakes ls extrenety dtfflctit to kDow hou many tlmes
one nay be counting the sarne lndlvldual), and a slallar nunber nere found

tn 1980. We know thls locat lon ls frequent ly hunted, but cover Is ao
heaw aod so wel l  placed that 1t  rct11 be very dtf f lcul t  to ext l rpate l ts
populat lons ent irely.  Indeed, we have even seen large adult  antnals ln

thls area.

In addtt ton to these o1d, fanl l lar areas, l t r  the sunmer of 1980 we

also exsnlfled six new locatlonsr including tl'o legoonsr two snal1, swalnpy
ponds, and t l lo r lver sect ions. We found at least 5 few crocodi les ln al l
these sltes. In the tno srranpy potrds (Locatlons 5 and 6) we fouod one
and trso arlnals respectlvely. The two lagoons (Aquacate Lagoott, Locatlon
7, snd Katers Lagoon, Locat ion 4) had easy hunan acceaa, and we could
dlscover only one l4oreletrs ln each. The t \ to t lvers, on the other hand,
deserve more extensive coment.  fhe f l rst  ( I -ocat ion 9) la an

I
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approxinately 5.5 kn s€ct lon of Freshlrarer Creek. The strean i t6e1f ls
broad and sriranpy, alnost devoid of current, The northern and southern
ends of the aectlon we paddled ere closed by nangrove 6wanps. On thls
sect lon w€ observed 26 anlnals,  s11 in the 0,5-1.5 n slze range. The
area "enjoys" easy hunan access, and focal infordants lndlcated that l t
1s hunted rather frequent ly.  We conf irned thls by f tndtng the part ial
skeleton of a l lorelet 's crocodl le;  extrapolat ion froD 6ku11 stze
lndlcated l t  $as a juveni le of about 0.75 n 1one. (The taktng of so
snall an anloal clearly suggests extreEely heavy huntlng pressure.)
Furthermore, ne saw no adult  crocodi les, though one lnfornant Euspected
at leaat tlro blght stt1l hhabit the area. lle belleve it unlikely that
Bignlf lcant crocodi le populat ions q'111 long survive on such stretches of
rlver rlnless actlon is taken to ensure thelr conservatlon.

} lacal Rlver (Locat ion 10).  As lndicated above, a report  by the
Unlted Natlonsr FAo suggested that the upper reaches of the Macal Rlver
ntght provide an appropriate area for the egtabl ishdent of a crocodi le
refuge. Ir  the sunner of 1980, we talked nl th persond€f ln rhe Bel lzean
Forest Off ice (see The Crocodl le Hide Buslness in Beltze) ! , /ho lndlcated
aone lnterest ln thls project, but uho sald they ftrst needed sone sun/ey
data on how nany crocodi les the area Dight actual ly contain. furd tndeed
aooe dlfflcultiee do attend any survey of the upper Macal. Ihe onfy
evai lable access ls at the Cuacamallo Brldge (ca. 14 km 6outh of
August lne),  and ir  that v lc lnl ty there are a l runber of stgnlf lcant
raplds. We spent f lve nights 1n the cuacanal lo atea, and we managed to
explore just over 13 kn of the rlver (approxinately 5 km wete covered
twlce).  our technique lnvolved scout ing a r lver sect lon tn dayl ight and
tben surveying i t  for crocodl les after ntghtfal l .  By thls nethod, a
total  of  11 aninals was observed! and r, ,hl1e this nay 6ound l lke a rather
sna11 nunber,  tno considerat lons should be held in nind, First ,  nlne of
the aniroal8 were adults,  and one was very large (approxioately 3 m);
nowhere else 1n Bel ize have we seen so great a denslty of breedlog-slze
Morefe! 's.  Second, $hl le night survey ls an effect lve rDethod of count ing
crocodl les, ther€ are two reasons lre bel leve 1t nay ser iously
underest inate the nunber of antnals on the l1aca1. To begin wlth-
crocodl les there may reverse the typlcal  Bel izead pattern of diurnal
secrecy and nocturnal act lv l ty.  Hunt l f lg pressures are nlnlnal ,  snd rh11e
dsytlde tenperatures are quite pleasait (about 27" C>, th.e nighrs 1n
thoae nountalns can be rarher cool (about 22'  C).  Ue observed thr€e
adu1t6 ln broad dayltght (1t  seens probable that ee nissed 6ee1[g
others) i  l re neE€ not always able to locate these sane antnals after
dark. Mole lnportant, ln our night surveys we lrere able to search
effect ively only the broad, f lat  stretches of the r tver.  On the other
hand, over half  of  the crocodl leE ne san were near or actual ly ln the
poorly searched raplds zones. Although the denands of nlghtt lne a,hl te
lteter l'ork precluded extenslve observatlofls, we d1d notlce that sone of
the aninals appeared to be searchlng for food. Spectf lcal ly,  one
crocoal l le (ca. 2 n tn length) was located lnmedlalely belo\r  a 1ortg ser les
of raplds. I ts head L'as or lented upsrrean, and, taklng no nottce of us,
I t  nade r€peated sides!,1pe6 of i ts snout lnto the churnlng water that
f lanked the eddy in l rhlch t t  1ay. A second anirdal,  s l ight ly sDal ler,  ras
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PART I: THE CROCODI]-E POPTII,ATION OI BELIZE

We atteopted to estlnate very roughly the total nui0ber of crocodlles
1n the northern hsl f  (north of 16'45r N Iat.)  of  Bel lze for 31 l , fay 1980
(a t lde short ly before the energence of any 1980 hatchl lngs),  I , Ie det lved
our estimates by two tndependent nethods. Bolh are tather conplex and lre
have therefore relegated the detal ls to a methodologtcal  appendi:<.

Est ir0ate 1.--  We have nlght survey data on density of crocodi les per
unlt  of  certaln habltat  types. By looking at 1/50,000 topogrsphic 0taps,
we count unlts of var lous habitats and est lnate 2500 crocs age 9 nonths.

Est ieate 2,--  We have rough data on hlde exports for three years.
A6su!0ing that hunt lng effort  ls constant frorn year to year and that a
constant proport lon of the crocodl le populatton ls taken per urdt ef fort ,
we est lnate 2200 crocs age 9 nonths. (We bel ieve that both of the above
nethods undereat lnate the total  croc populat lon: the f l rst  method counls
aninals observed a6 total  de[si ty per unit  of  habltat ;  the second nethod
T. ." t  i "  suuje-ct to oo.e cooi- te*-T1! l .s l isted ln the appendtx. )

6een rsorklng upstrean l t l  the Eldst of  an approxiEetely l0 n stretch of
raplds. tle agreed that thls aninal roade uae of eddtes and cross-currents
to aid i ts upstream progress, but ! , re also not iced that 1t  f requent ly
6topped and probed around lrith 1ts s$out. We have noted sloilar problng
behavtor ( though f lot  1n rapld rsater) ardong feedlng al l igators,

We do llot know whether the above behavlor i6 a comnon feedlng
strategy of C. norelet i i ,  and indeed we d1d not actual ly Eee any of the
anlnals catch and eat any prey. In this connectlon, we hope to Dake roore
extelded observat lons ln the sur0ner of 19B2. our point for the present,
hoFever,  ls that we qr i te posstbly ntssed seelng a nulober of c locodl les
1n the raptds, and i f  so, our observat ions sould underest lnate the
dertsltv of crocodlles ln the Macal R-lver,

CONFORMATION AND SIZE OI MORE]-ET'S CROCODTIES

Table 1 €uppl les stze data on 17 crocodl le6 ree captured, narked, and
released, In confornat ion'  al l  these anlnals were qui le slnl lar;  thelr
co1or, however, varled flotlceably froE the black and yellow pattern
character lst lc of  C. more1et11 to a du1l gxeenlsh-gray nore nearly
typtcal  of  C, acutus. These color dl f ferences appeared to be correlated
vlth neither alze nor locat ion. Indeed. ve have found animals of both
color extreoes wlthtn 100 n of each other.

On several  occaslons we have been asked to est lnate the probable
lengthE of crocodi les fron sku1ls ln var ious col lect lons. For thls
purpose we have derlved a least-squares fornula fron the data on our

crocodl les, I f  X 1s taken to represent the length ( ln m, fron the
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anterlor of the prernaxilla lo
antnalrs h€ad and Y represents
anlnal,  then the total  length

the poater ior of  the
the est loated total

16 best est inated by

=  - 3 9 , 8  +  6 . 8 9 x .

parletal)  of  an
length (m) of the
the fornula

The correlat lon coeff lc lent assoclated wlth thts equat lon ls,  for our
saBple, r  = 0.996, I t  nust be rei  enberjed that al l  our alata were taken
frod anloals less than 2 n 1ong. Therefore, anyone using the above
fornula to est lnate anlnal lergths fron the slze of eEpecial ly large
skul ls should careful ly note the usual caveats agalnst project lng l lnear
relat lonshlps beyord the range of aval lab1e data. Thi6 quest lon of s ize
nay be part lcular ly televant to the problen of protect lng Moreletr6
crocodl le,  I t  has sonehot{ entered the l l terature (vlz.  Schntdt and Inser
1 9 5 7 )  t h a r  C .  E o r e l e t i l  i s  a  s E a I I  c r o c o d t l e .  T h e r ; - f o r e ,  I t  n J g h t
erroneously be thought that a poltcy protect ingr say, al l  crocodl les
under 1220 nn would preserve at least a sma11 runber:  of  breedlng-slze
antmals. ( Incidental ly,  several  yeats ago the Sel izean governnent
apparent ly conaldered just such a codservat lon neasure--assu.nlng Ehat C.
nore- let l l  gal l ted sexusl natur l ty 'at  sonethlng lesa than four feet.")  We
are convlnced, however,  that such tould not be the case, for C. norelet l l
appears to us to be a rather large bea6t.  Only at about I750-mn-76-I IEiE
Bel izean snimals begi.n to attain the heavy glr th usual ly character lst ic
of breeding-slze crocodl l lans. We have seen anlnafs ln the f le ld whose
length we estinated at 3 n. We have also exa.nlned a skull that we
believe came frora a crocodlle over 2700 nn long. Furtherroore the Atlaota
(Georgia) Zoo current ly nal l r talns a nale C. rnoreler i i  approxtnately 3 n
long, plus 7 oth€r adults avelaghg 2,25n. 

-

PART II: THE CROCODILE.IiIDIi BUSINESS IN BELIZE

In gatherlng the lnfornat lor contalned ln thls part  of  our feport ,  l re
talked with hunters and hlde dealers 1n areas surroundlng the tor*'ns of
San lgnat io,  Orange l{alk,  and Dangriga, l r l th off lc lals of the lore6try
Off lce 1n BelDopan, and ir l th Audubon Soclety nenberE ln Bel lze City.  We
had pr lor contacts ln some of the locat lons. These contacts were
approached f l rst  l rhen pos6lb1e; tbey provlded us I ' l th an up-to-dsre
assessrnent of the 6ltuatlon and ofte[ led us to other knowledgeable
peoplet In places where ve had not establtshed pr lor contacts,  i , re a6ked
people we encountered on the road ol in other public places for
lnforoat lon about "al11gators" ( the local ternioology) and/or those who
hunted then. This "snowba11 sanpling" techntque usually sorked qulte
ne1l ln direct ing us to infornants.

We nlshed to learn about (1) the soclal  character lst lcs of those who
hunt crocodl les and those uho deal ln htdes and (2) the econoElc 6take
each group has in crocodl le explol tat lon. We uere also interested ln the
percept lons of each group regarding the cutrent status of crocodl leg ln
th€ r ' l ld and the d€strabtuty of protect ing then, Ftnal ly,  we wadted to
exanlne the relevant laws and posElbl l l t les for change.
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Hunters

Crocodi les are huDted at night,  nostfy during the dry season
(approxiaately January-June).  They are sought in Bel lze so1ely for their
hldes, al though we received several  reports that the CuaterDslans enjoy
eatlng the ta11. There seem to be t!,ro bastc types of hunter. The
"naster hunter" spends most of his t ine durlng the dry season hunt lng and
ftshing. This person ls an expert hunter and woodsnan. He ktows th€
srea and the anlnals he hunts very wel l .  He often goes our for days or
eve$ weeks at a t lne to very rer lote areas. on a "successful"  t r lp,  he
nay k111 as Eany as 25 or 30 crocodl les. Al though sone of these hunters
aeeD to knoo more about crocodiles than othets, they are not knolrn
specif lcauy as "crocodl le (or 'a l l tgatorr)  hunters,"  for they a16o hunt
other coDnercial ly valuable specles ( jaguar,  ocelot)  as wel l  as "food"
specles (deer,  gtbnut,  turt le,  peccary, etc.) .  These hunters have
another occupatlon (usually farnlng or sone craft) whtch they pracrtce
durlng the net season when the usual hunt ing places are lnaccesslbLe. I t
was our lnpresslon that noat of the nen who natch thls descr lpt lon are of
the older generat lon. Several  of  the "naster hunter6" have rertred
becslae of poor health and o1d age; those st l l1 act ive are ln thelr  late
ft f t tes and early slxt les. Al though these Een have sonet lnes passed
thelr skl11s on to thelr sons and nephews, EeEbers of the younger
Seneraton are less coD$dtted to hunttng as a way of l i fe and are
genersl ly less sklUed.

The other type of huDter can be character lzed roughly as
"part-tine." These roen contl:rue to work at another lob durlDg the dry
season and go hunt ing after rdork, on holtdays, or when thelr  work take6
then lnto wlfd areas (as tn the case of the chlcle worker6).  Like the
Daster hunters, they hunt anioals of al l  types; holrever,  the part- t lne
hunters typtcal ly Et lck to area€ close to home (wlthln easy nalklng or
blcycl ing distance) or to areas eas11y accesslble by road. Thl6 type of
hunter ls Euch eore connon than the flrst type and nay ltlc1ude, at one
tful le or another,  nost of  the adult  male populat ion of rural  Bel lze. A
hunter of thls type probably gels a crocodi le or two every couple of

In addit lon! people who do not ordlnart ly hunt are l lke1y to kt l1 any
crocodl le that ventures near thelr  hornes, f ie lds, or ponds. Crocodl les
are feared by nost people tn Beltze (sl though a few Bel izeans keep then
aE pets) and wl l l  be shot on slght.  A Cood Frlday lncldent ln l rhlch a
oar I tas al1eged1y klUed and eaten by a crocodl le i r  a roadside pond near
Orange Walk recelved widespread publlcliy and has exacerbated
ant l-crocodi le f  eel ing.

On the who1e, though, i t  1s probably safe to 6ay rhat crocodi le
hunttng ln Bellze ls less ftoportant today than It was flve or six yeals
ago. Although sone nonnonetary req,ards of huntlng renaln lmportant, the
declslon !o go after crocodl les is pr lBarl ly econolnlc:  hui l ters speak
tr lst ful ly of  "$1000 nights" and of avoidtng sr0alt  aninals "because rhey
only br lng a do1lar."  Furthermore, the current econontc st tuat lon 1n
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3e11ze provides an increaslng nunber of al tematives to hunt lng. work is
generally available, and 1t pays weU' The sngar cane induetry and
Eeveral  road-bu1ldtng projects were speclf lcal ly nent loned as mole
lucratLve and dependable sources of lncone tha[ hunting. Several of the
young and nlddle-aged nen n'e talked to sald that they had glven up
crocodl le hunt lng ln recert  years because (even at $1O* a foot-- the
hlghest pr ice ever ln Bel ize) 1t s iDply dldnrt  pay enough.

I t  ls probably also the case that crccodl les are nore dl f f lcul t  to
flnd than they have been in sone perlod of the pas!. The older hunters
acknowledged that crocodlles are scarcer than whe$ they began huntlng
then in the 1940rs. ODe hunter noted, "You used to Eet 25 or 30 tn a
nlght.  Nolr  you get 5, 10, naybe only 2."  0vera11, honever,  both hunters
and hlde dealers fel t  that there l rere st l l l  p lenty of crocodl les lef t  1n
Bel lze, especial ly in 1ts " lnaccea8lble" regions. Sone people bel leve
the nuDber of crocodl les has actual ly increased in recent years due to
the decUne lD hunt lng. There is l l t t le sent lnent on the part  of  the
hunlers for protecl ion of crocodi les. Flrst  of  al l ,  they do r lot  feel
such protect lon is necessary slnce "there are Bt i l l  p lenty of
a11igators."  Even 1f crocodi les were near ext lnct io[  in the couf l t ry,  the
oat lve hunters do not feel  that they are anlnals worthy of protect lon:
"Why should they be protected r('hen they are dangerous, when they k111
people"? Many hunters we talked to claloed that they would not take
crocodl les under 4 ot 5 feet ln length. Thts, however,  was less for
conservat lon than for short- tern econonlc reasons; snal l  crocodl les
simply did not pay. ( Incldental ly,  the evldence ! t /e found at caropsites
and hlde-dealtng establ ishnents lndicates that snal l  anlEals are indeed
belD€ take[ by sonebody. )

Fron our observat ions, l t  appears that no hunter tn Beltze depends
exclusively on the huntlng of crocodlles to nake a l1vlng. A11 the
hunters r're spoke to or heard about had another occupatlon !'htch could be
pract lced year round. The sale of crocodl le hldes undosbtedly brtngs
appreclated noney lnto sone poor Bel izean households, but lhe inpl :esslon
we obtained rsas that such ooney was no! g:!Sg1sg. upon for subalstence.
I t  l ras a good source of "extra" lncone-_to be spent on hunttng equipment
or new things for the house. Intenslve crocodlle hutltlng does ttot seerr
to invofve nany people at the present t lne. However,  thls ls a sl tuat lon
whlch could change rather rapldly tf Bellze experlences an econonlc
recession with result tng ul lenplo] ' l lent,  i f  the prtce of crocodl le hldes
goes up, i f  good roads axe bul l t  lnto present ly lnacce8slble hunt lng
areas, or l f  there are aeveral  long, consecut lve dry seasons.

* Al1 pr lcee are glven in Bel lzean
Bel1ze lras approxinately equal to $1
ln Bel ize are pr lced by fength, not

currency; at  the t lne of the study E2
U.S. Note a16o that crocodl le hlde8

by width across the bel ly.
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Illde Deallng and Exportatlon

1t 1s clear that l f  h ldes !7ere not coo&ercial ly valuable, most
crocodl le hunttng tn Bel lze would cease. Thus, any protect lon
progranu0ust at some point or another deal wlth tho6e r,rho purchase the
htdes. ID Be11ze, there are qulte a nunber of people who buy crocodile
hldes froD hurters. Nearly every falr-s lzed coEmunlty seens to have ar
Ieast one euch person! These htde dealers are nost of ten also
storeke€pers; they al l  seeD to engage ln hlde-buylng as a stdel lne; they
al l  also buy cat skl [s.  The 1oca1 hlde dealers have a vety loose,
lnfornal relat ionshlp r , / i th ooe atother and also r i th the exporter ln
Orange Walk, the one nan llcensed to ship hldes out of Bellze, The
exporter says he w111 buy hides fron anyone lrho brlngs then tn--hunter or
dealer.  In the sunEer of 1980, he was paylng 910 a foot for hldes 5 feet
or lotrger.* The local hlde buyers set thelr  o$'n prtces-- ln 1980, these
ranged from $7 to $10 a foot. lle h€ve circulGtantlal evldence that sooe
hlde6 day be bought and sold several  l ines before reachtng the exporter,
In such cases, of course, the hunter lrould recetve ouch less than the
prlce being pald by the exporter,

The hlde dealer€ share the feel ingE of the hunters regard{ng
crocodlle abundance aDd the foollshness of protectlon. They are rnore
openly host i le toward, and nuch nore anare of protect lonl6t act lv l t les.
they feel (afld are probably iflstrumental 1II passtng on such vlews to the
hunters) that to forbid hunt ing l rou1d quickly brtng abour a surplus of
crocodi les, whlch rould invade sett led areas and threaten hunan l ives.
There la evldence lhat at  least sone hide dealers acttvely encourage
huntlng by offering to transpor! hunterE to the bush. Hudters rrith hldes
are never turned auay and, apparer l t ly,  are not nade aware of quotas (see
belon) and other governDental  controls.  l t lde dealers deny that loslng
the hlde business lrould have any great ecoflonic effect on then. Thls
aeeos to be a cotrect essessnent;  the hlde dealers, as a group, are
Eol ldly niddle-c1ass and have at least one other $ay of naklng a Uvtng.

The nan l tcensed to export  hl i les ls clear ly the oos! lnportant f lgure
ln Bel lze 1n respect to crocodl le explol tat lon. Llke the local hlde
dealers, thls exporter does not depend solely upon the skln busines6 for
l lvehhood. The exporter sees hlnself  as provldlng a l tvtng for Ea[y
hunters and thelr fanllles, Ile once told uE that 1f hlde exportatlo[
were prohlblted, the nen he currently buys fron rould "becone Involved tn
drug exportat lon to nake a l ivtng." Stnce our research lrdlcates that
nost hunters do not 1n fact depend even pr loar l l iy upon the hlde trade
for thelr llveuhoods, rse disagree qrlth the exporte! over hls conc1u61on.

* As far as lre could
dealers. One dealer
thls nanrs te6l lnony

2 I

te l l ,  he pays the sane pr lce to
clal toed he recelved $14 a foot
ts dtsputed on other points and

both huDters and
fron the exporter but
nay be on thla one.



22

Crocodi le hldes fron Be11ze go lnl t ia l ly to the Andre Fontatne
Conpany in Belglur0.* Ttis arrangeDent has been 1n effect for several
years; the Belgians have vtsl ted Bel ize lhree t lnes. The exporter
adjusts his pr lces to hunters Eo that he can nake a prof l r ;  f ron htnts he
Save us, he has been receiving bet$een $10 and $15/foor recent ly.  The
exporter told us tha! the nuober of hldes exported has decreased year by
year slnce the early 1970's when the governnxent inposed a quota on the
exporter.  He further told us that the quota had been decreased each year
unt i l  l t  current ly stands a! 1500 total  h-tdes af ld sklns (both crocodt le

Governnental Actlon

Current 1a$s relevant to r{ fdl i fe tn Bel ize are conrained ln the
"W11dlt fe Protect lon Regulat lorrs,  "  nr l t ten and passed ir  1945. Under
these regular lons, alr lnals nay be placed ol t  a protecteal l lst  by
Dlnistertal decree. Anftnals on the 1lst llay not be hunted. Neither the
Morele! '6 crocodl le nor the Anerican crocodi le (C, acutus) vra6 lncluded
on the l lst  ne were able to revlew. tn aaait ton to- i -rotect lng certaln
anlnals ent l rely,  the Regulat lons (1) require a 11cen6e for huntels,  (2)
prohlbi t  hunt lrg on Cronn lands, and (3) ban the use of arr l f lc lal  l tghls
in hunt lng. Enforcenent of this last provtslon nould reduce rhe nunber
of crocodi les !ake4 to oear zero, s lnce vlr tuauy a1l conmerclal  hunt lng
is done at night \ r i th headlarnps. ( I t  is also clear that such enforceoent
woufd be extrenely dl f f lcul t . )  AB l t  t6.  few of the hunters we talked to
adroitted any knowledge of the ban on headlampsj llcensln8 requlrements
altd Crown lands regulatlons were |!ore l'ldely knonn, but lt appears that
these provisions too are ofted vlolated.

The governnent has taken sevetal steps recently rrhlch indicare a
w1111ngne6s to support  l r i ld1tfe preservat ion effo. ts.  AJter the Noveiober
1979 elect lons, the cablnet was reorganized a$d the Mlntstry of Forestry

* Accordlng to K. Fuchs (pers. comn. )  the hldes are not processed tn
Belgiun bul are resold to a tannery ln l taly.  Attenpts tn Brussels to
trace thls econonic connect lon were soundly rebuffed.

** The expor!  quota system ls not easl1y tnterpreted, for ooe is oot able
to deternlne frorn trade stat ist lcs holr  bany exported skhs are fron
crocodl les and holr  Dany fron spotted cats.  I t  1s our beltef  (and perhaps
r 'e are r . ' rong) that actual decl lnes 1n exports have resulred 1es6 fron
lowered quotas than froD a decl ine ln the countryrs populat iod of
crocodl les.

Note also that l f  we have cotrect ly est lnated the prtces thls
exporter recelves, then he lB betng patd Elgnlf lcant ly less for l torelet,s
hldes than is usual ly glveo for Anerlcan Al l tgaror sklns--desplte the
tJldely recognlzed superlor l ty of leather from the forrer gDecies,
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and l l1nera1s (the loinlstry responsible for vt ldl i fe) was re.0oved fron the
jur isdtct ton of Trsde and Industry and cooblned lr l th Agricul ture and
Lands to forlo a new Mlnlstry of Naturat Resources. Ihe governnent
expect6 !o subnlt  ner '  lealslat ton regarding wl ldl l fe protect lon and the
establ ishnent of a nat lonal parks systen to the leglslature \r t rhtn rhe
next few nonths. The proposed legislat ion is based on a 1978 reporr of
FAO consultant W1111an O. Deshler ent i t led "Proposals for Wlldt l fe
Protect lon and Nal iona1 Parks Systen Leglslat lon and the Establ ishnent of
Nat ional Parks and Related Areas ln 3ef lze." Under the proposed
leglslat ion, both C. acutus and C. uorelet i t  would be placed on rhe
protected l tst  ( the 1lst  specify ing that "no person sha11 hunt any of the
fol fol{ ing species on el ther governnent or pr lvately onned tands"),  and
al l  cor0nercial  deal lng in r" / l1d1ife specles ot parts thereof nould be
aubject to a seven-year norator lurn, As present ly wrl t tenr the
leglslat lon does not make any speclf lc provistons foi  crocodl le
preserves. Deshler 's report  suggests but does not formal ly recof ieend
locat lons for t t ro such presesrves: (1) the upper reaches of the
Raspacufo Branch, l tacal River,  and (2) the Big Creek-Independence area
near the Savannatr lorest Stat loa. Nelther sl te l ras vls i ted by Deshler
and future recoDnendat ions are dependent on obtainlng lnformation about
the current status of crocodl les 1D these areas. the proposed
legislallon 1s supported by the current government and by the Audubon
Society.  The two off lc ials we talked to tn Forestry ( the chlef Forest
Off icer and h1s assistant) bel teved thar the legislar ion had a good
chance of being pa66ed,*

In the oeant lne, several  other roeasures \rhich nay affect the
crocodl le hlde business in Bel ize have been taken, Af ler recelvlng a
letter f ro& the Arnerican consulate (dated 5 l lay 1980) lnfonntng then that
C. .0orelet l i  and C. acutus were endangered specles and could no longer be
TnpoE-Tii" tte1.-s.-l--of f icia16 ln the Forestry alepartnedt lnf orroeal
the exporter lhat his l lcense for exporthg skins (both crocodt le and
cat) would not be renewed next year,  The exporter himself  natural ly
hopes there i"7t11 be sone change in lhese plans, and l t  may therefore be a
bit  ear ly to roake any deftnl te pronouncenents about the legal status of
Morelet 's crocodl le next year.  I t l  the l leant lrDe, the governnent has
recently lssued two orders tr'hlch tr'i11 nake exportatlon roore expenslve.
One order (dated 2 l iay 1980) raised export  taxes on producls of ei ld
anlnals fron 5Z to I0Z Ad valoreDr. A second (a1so 2 May 1980) lncreased
fees for dealer and hunt-in;-fl;enses.

Bellzean Audubon s o c l e t y
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Audubon Soctety nenbers
lrhatever w1ld11f e educatlon

have been alnost solely responslble for
exlsts 1n Beltze. They are rdalt ing for

* Very recent lnfornat lon fron Be11ze lndicates
now 1egal1y protected (see Current Plans under

that al l  crocodl les a.e
Recoonendat lons, below).
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passage of the above menl ioned feglslat loB before declding r , that tyPe of
educattonal cadpaign to undertske ln iegard to crocodlfes. They
recogrlze lhat at t i tudes toward crocodi les !1111 be dtf f lcul t  to change.
l,teaft'htle, sode lndividual ner0bers of the soctety prepared and presented
an educat lonal rsdio prograE on crocodl les to coudteract the publtct ty
surroundlng the Orange l,lalk lttcldent. In other words, Audubon Society
nenbers are w1l1tng to help 1$ crocodl le protect lon but would l tke to
have the force of la'' behlnd then before they ful1y cornrnlt theraselves.

PART III: GEIIERAL RECoMME\DATIoNS,

The Necesstty for Eventual Legal ?rotect lon

In the past,  explol tat ion of Morelet 's crocodl le has been great ly
slowed by the lnaccesslbllity of much prenlun habttat. Such condltlons
should not,  however,  be expected to persist ,  and as Beltze cont lnues to
expand her road tretwork, rlore and nore areas wlll becorne eas11y
accesslble to crocodl le hunter6. Our experlences 1n the sunner of 1980
denonstrated that 6uch changes can b€ very 6udden. We sre therefore
convlnced that C. morelet l i  must eventual ly be glven sone degree of 1ega1
protection r" o-ta"i-T6'-Eis"-.e the long-lerm survlval of the specles ln
Be11ze.

Culrent Plans

As our report  lndlcates (see above) the Bel izean governnelt t  lntends
to prohlbl t  export  of  crocodi le skins by 1981. l , le l tould atrongly support
thls plan--with the added proviso that i t  should not be necessary
pen0anent ly to cease al l  connercial  explol tat lon of the spectes. FAO
(see Deshler 1978) recooxoended a seven_year norator lum on crocodi le
huI l t iDg; even this oigh! be unnecesssri ly long. I te bel leve Bel lzers
crocodl le populat lons st i11 possess the cspaclty for lapld recovery; nany
of the aninals l re have observed nere 1.0-1.5 o 1ong. I f  Moteletrs gro\t th
rate ls codparable to that in Al l lgator,  \ re nlght expect thelr  youdg to
be of breedlng slze l r l th ln three to four years. Therefore, l f  a true
loorator lurn on crocodi le hunt lng had been instt tuted by the end of 1980,
1t ls posslble that C. rnorelet i l  could nl thsland a l int ted, c losely
Donltored harvest prograr0 begtnnlllg wlth the dry sea8on (January) of
1986. We are convlnced that the long-tern survlval  of  Moreletrs
crocodi le depends upon l !s percept ion by the Bef lzean people as a
valuable resource. Iherefore, I t  ! . rould be polt t lcauy advlsable to
slress the temporary nature of any morator iun as $el l  as the econonlc
benef l !s expected fron 1t.

In the early spr lng of 1981 $e l" /ere lnforned that the Bel lzean
governuent had lndeed declared a norator lun (of indeftntte length) upon

the taklng of sny crocodl les, Furthernore, we have i0ore recent ly learned
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Hide Exports

Crocodl le Refuges

tbat thls po11cy has been conttnued since Independence, Although t t  does
not current ly appear that the protectton ordinance ha6 beea enforced wlth
uniforn0 effect lveness, we are neverth€1ess encouraged by the overal l
progran of Bel ize's new government!

If th16 ban on crocodile huntlng can be Eaintalned (and nore
r lgorously enforced) for even a felr  years, the lel lzean Foreet Off lce
ahould be able to develop a reasonable harvest schene baseal on the
results of experloelltal prograEs in New culnea and trloride. In the
neaNrhi ler of  couxse, efforts should be [ lade to learn as nuch as Dosslble
about the Epeclf ic populat lon ecology of C. Dorelet l i .

I f  at  sone future date crocodl le htdes are legaUy exported fronl
Bel lze once oore, the lorest Off tce should attenpt to del ive useful  data
froE such connercet For exatr lple,  txade stat ist lcs should dtst tnguish
betneen crocodl le snd spotted cat hides. Furthernore, the actual nunber
of aninal8 (as opposed to just the nunber of hide-pound6),  preferably
broken down by stze, should be reported. Monltorlnq such data ove. a
Durober of year6 could provlde the Forest Off ice t , I i th valuable lnfortoat lon
on the status of thelr  crocodl le populat ions, Fidsl ly,  and dost
inportadt,  tse r trould strongly ulge research to deterElne how a sreater
percentage of revenues eventual ly der ived fron crocoi l l fe hiales Dlsht be
k e p t  i n  B e l i z e .

Conversat lons l r l th Forest Off ice personnel,  as erel1 as wlth Denbers
of the Bel lzean Audubon Soclety,  lndtcate the possLbl i ty of establ lEhtng
one or perhaps nore crocodt le refuges. We bel leve such refuges should be
establ ished, whether or not nat lonrrr lde protect lon becones a real i ty,  One
of the area6 suggested for such a refuge iDcludes the upper reaches of
the Macal Rlver (see above). We have exaEined thts rlver rather
careful ly betoeen coordlnates 1p901653 and 8p817670 (sr1d zone
de8lgnat lon 16Q), al ld al though l t  provldes less rhan ideal crocodt le
habltat ,  $e nevertheless conslder 1t a vir tual ly tc leal  refuge sl te for
aevelal  other reasons.

First ,  1t  already enjoys constderable protect lon. Access is l tDl ted
to the Chtqulbul Road, and that roadrs traf f lc ls control led by a Forest
Off ice checkpolnt.  Hunt ing is prohlbl ted ln the aree and ts l iu l ted to
occesional poachlng by logglng crew6 and sport huntlng practtceat by
Er1t16h Dl l l ta ly forces stat ioned ln the area. ( Inc1denta11y, Mr,
t{ t l I tan Locklalr ,  head of the Augusttne Forest Statton, sald that hts
Eost serlous hunting problens !,/ere caused by the Brlti6h Arny. It ruould
seem that ploper coonand supervlslon could preveEt any such plob1ens. )
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Second, the area certalnly glves shelter to a large nunber of

lnterest lDg vertebrae specles other than crocodi les. In our f ive_day
stay, rre observed such anlnsls as klng vultures, !g:gg!q4l!gg tgtg, deer,
Dama (odocotleus) v. yucatanensls, ocellated turkey, 495!99!gg:
ocel1ata, lCuana, Iglglg:ggg, parrot (rre 6arr only &'azona--thoush, as
the r lver 's nane lndicates, macaws, Ara nacao' are also present) '  and
cougar,  Fel ls c,  nayensls,  as rJel1 as a large nunber of snal ler rePt l les
and blrds. We have been told that jaguar are reasonably comnoD ' and
taplr, fgiB1l !giI!1!, are everywhere tn evidence. He know fron Audubon
Soclety r0ernbers that the alea 1a already qulte popular for bildlng ttlps,
and the natural scenery of the nountalns (r,thlch lncludes an extremely
high waterfall and an enomoua cave) ls unsutpaased in Bellze. The6e
faclors, logether vl th the cl i f tate (which ts character lzed by narn days
and cool nlghts),  c lear ly lndlcate real posslbl l l t ies foE tourlsb. A
nat ional park, f i l1ed wlth lots of l r i ld l i fe,  might eventual ly becone an
econoolc asse! of sone inportance. Furthemore, the crocodl les of the
Macal Rlver do not seem greatly afratd of huEan betnSs. We have observed
several durhg dayllght, and ire therefore suspect that they nnlght become
a vlsible (and therefore tour lst-attract ive) pait  of  any parkts fauna.

Before a patk is fotDal ly establ lshed, l t  l rould be destrable to
conplete a Itrore extenslve aurvey of this rlver systen, However, slnce
the establ iehnent of a lefuge dight in l t ia l ly lequire l l t t le nore thao
Daking a proclaEatlon plus post lng a few slgrs,  such a survey 1s plobably

In addlt lon to any nountaln refuge, i t  Eay be necessary to guarantee
protect lon ln soEe nore nesrly 1dea1 crocodl le habltat .  t l le Btg
creek-lndependence area has already been suggested; thls or other
locatlons 1n central Bel1ze nlght !,/e11 be appropriate, though a survey
should be done pr ior to fornal designat lon'  I , /e have noted that cox
I-agoon ls densely populated wlth crocodlles. Furthernore' 1t already
enjoys sone !g &g!g protecttoo under the adnlnlstrat lon of Btg Faf ls
Ranch. we believe 1t ltould be approprlale 1f the tr'orest Offlce would
encourage (and aid, t f  posslble) the Blg Fa1ls adoinlstrat ion ln
natntalnlng thls protectlon. The sahe ltould naturally hold fot other
pr lvately protected areas,

conse!vat ion Educat lon and Pub11c Relatlons

A6 we have said before, we bel leve the fong-tem future of crocodl le
populatlotrs 1n Bellze depends upon thelr perceptlon by the Bellzean
people as an economlcal ly valuable natural  resource, clear ly the

_ exportat lon of htdes t6 one posstble source of revenue. I te have
suggested that,  along with other wi1d1Ife, crocodl les could help st tract
6one touriat  t rade to Bel lze, perhaps especlal ly in the Dountalns.
FtnaUy, data froE Afr lca lndlcate that the ext i rpat ion of crocodl les
often results 1n eventuaL decl lnes of food-f tsh populat loas (see
Curry-Llndahl 1972).  A1f these factors nlght be er0phasized ln an

educatt  on prograE.
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We hlghly coDnend the Beuzean Audubon Soclety for their
long-stardl I lg efforts in conservat ion, and we especial ly appreciate the
sork they have done for rhe less-thad-popular crocodl.les. We further
suggest that any plans the Foregt Off lce aakes for crocodl le coneervat lon
ltould certainly profit froe coordlnallon wlth the Auduboo Soclety,
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Estibat lon of total  C.

A?PENDIX

norelet l l  populat lon by habltat .

l .  We divided Moreletrs habltat  lnto !r i ,o classes. RII IERS and

LACOONS.

a. Rlvers ln turn nere further olvlded into three types. l . le
define then below and also glve the crocodile densities ne
have observed as character lst ic for each tvDe:

1) TYPE 1 RMRS, These are r lvers easi ly accesslble to
boat traf f lc.  Except for the l lacal Rlver ( !rhich, nore
than 10 kn above San Igdatlo, ls consldered Type 3), eny
6tretch of r lver ls coded Type 11f that stretch ls
ir tersected by a road or oajor l ral l  Densiey ls I
croc/1o ko.

2) ' IYPE 2 RMRS. These are r lvers accesslble with noderate
d l f f t c u l t y  t o  b o a t  t r a f f l c .  A n y  s t r e t c h  o f  r l v e r  i s
coded Type 2 1f i t  1s separated fron a Type I  Rtver by
exact ly one ob6truct ion aarked oD a 1/50,0OO topographlc
nap. Density ts 1 croc/3 kln.

3) TYPE 3 RMRS. These are r lvers accesslble onfy wlth
d i f l l c u l t y  t o  b o a t  t r a f f l c .  A n y  s t r e t c h  o f  r i v e r  i s
coded trpe 3 tf it ls separated fron a Type 2 Rtver by
one or rnore obstruct lons ioarked on l /50,0O0 topographtc
nap, or i f  the ent ire r lver has no road access. In
addit ion, because of lorest Off ice protect lon, the ent lre
Macal Rlver nore than 10 kn above SaIt lgnatlo ls cod€d
Type 3. Denstty ls 1 croc/kn.

b. Lagoone were also further dlvided lnto three typest We
defl l re theu belolr  and also glve the crocodi le denslt les ne
have observed as character lst lc fo!  each type:

1) TYPE 1 LAGOONS. These ate lagoonE easl ly accesslble to
boat traf f ic.  Any lagoon ls coded lype 1 t f  1t  ls wtthtn
0.5 knn of a Dajor Type 1 Rlver.  Density ts 1 croc/2 kn
shorelhe.

2) 'l\PE 2 I-AGOONS, These are lsgoons accesslble lrlth
noderate di f f lcul ty to boat traf f lc.  Any lagoon is coded
f y p e  2  l t  l t  l s  n o t  T y p e  l  a n d  i f  l t  1 6  t n t e r s e c t e d  b y  a
Iype 2 Rlver or a narked tra11, Dedslty 1s 3 crocs/kn
ahorel l I re.
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3) TYPE 3 LACooNS. fhese are lagoons accessible only wlth

dtf f lculry to boat rraf f tc.  Ary fagoon ts coded Type 3
l f  l t  ls nei ther fype 1 nor Type 2. Denslty ts 7
crocs/kn shorel lne.

2. Addlt tonal measuring convenrlons enployed were as fol loks. ror
al l  lagoons, sborel lne was neasured as (a) the length of any lagoon
atretch less than 100 n wlde or (b) the rotal  length of borh shores of
any fagoon stretch lOO o or gi-eater tn lriclth. We neasureal all habttat
types on 1/50,000 ropographlc &aps. We conslalereat only porl tons of
Bel ize north of 16'45r N lat i tude. No potent laf  habiraa l r t thlo one
ki loDeter of the sea was considered. (We bel ieve such habirat misht be
lnhablted by C. acutus, and ne are not sure the tro specles are
synpatr lc.  )

3.  We Eeasured the fol lowlng habtrat- type totals and therefo.e
estlnate the followlng nur0bers of antmalsi

a. lype 1 Rivers:
b. Type 2 Rlvers!
c.  type 3 Rivers r
d. Type 1 Lagoons:
e. Type 2 Lagoons I
f .  Type 3 Lagoons:

659 .9kmx1c roc / lOkn
149.9kn X 1 croc/3 kn
132.4ke X l croc/km
797 .LklI X, I croc/2
388.3kn X 3 crocs/kn
J.47.2kIl. x 7 crocs/kxa

=  I 3 2  c r o c s .

6 6  c r o c s .
5 0  c r o c s ,

Total nuEber of anlDals

kn E 100 crocs.
=  1165  c rocs .
=  1030  c rocs .

2543 crocs

E6tleat lon of total  C.
nethod.

1 .

2 .

norelet l l populat lon by unlt  of  hunt lng effort

Figures for pounds of hldes exported ate taken fron Beltzean
trade reports,  7975, 1976, 1977 <a77 aval labte).

Pounds of hldes exporred are converted to a$ est lnate of total
nunber of anft0al6 takeo for each year,

Populat lolr  of  hunt ing-slze anlnals ts est iDated beginnlng in 1975
by a leaet-squares nethod ss descrtbed by D.B. Delury (1954).

A rate of croc populat lon decl lne t6 est i .0ated fot 1975-1977 and
then projected through 1980. On that basts the current
populatton of hunt lng-size anlnals is est lx0ated.

The nunber of hufltlng-slze anlnals ls nulttpUed by 10 in order
to est lnate the total  nuEber of c locodi les age greater than 9

Sone of the Eore lDportant (and mote readt ly chal lengable)
aasuspt lons underlytng our est lnat lon procedure are as fo11ow6l

a. Approxioately 102 of crocodl les are of hunt lng stze tn 1980.
I t l la assunpt lon 1s in rough accord nl th out observat ions,

6 .
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I
Afl  anlnals exported were ( I)  C. .0otelet i l  (2) of  Bel lzean
ol lgin fron north of 16"45rN. (Note that thls assuncpt lon
tends to overest lnate the populat iod.)

There rdas a constant hunting effort for each year, 1975
through 1980. (We actual ly suspect--see Part  I I  above--that
hunt lng effort  has decl lned over that per lod. I f  so, then
this assunpt lon tends to tnderest lmate the populatton.)

the pounds of processed skln for each crocodl le taken ls,  on
avelage, equal to the average Pounds of skln Per aninal ln a
3o-lndtvidual €anple of 4lllgg 41!gEghg!S:g!: taken 1n
the ! ' lor ida nui6ance a111gator progran. (Note: We began
with a 40-anii0a1 sanple; 10 animals ln that saEple, how€ver,
l rere in excess of 9 feet long. Slnce hlde dealers ln Be11ze
had told us they seldon dealt nith anlnals of such length,
we dld r tot  conslder those l0 anlEals in our saDple. The aean
length of hldes ln our redalnlng sanple l ,as 6.2 feet;  the
oean weight of hlde per at | i rnal  rsas 12.883 lb.  we bel leve
thls aversge welght nay be sl tght ly excesalve fol  C.
norelet l i ;  1f  so, agaln we underest inate the populatton,)

e. T1le reported export data are correct end the ratio of croc
hldes ro other hldes expotted to BelSiuo re. laln as 1!t  L976
for 1975 and 7977. we have no guess a6 to the accurscy of
this aBsunptton.

f .  The "calchabl1l ty" of  crocodl les lenained constant fron 1975
to 1980. We suspect that the anlnals nlght have becone, on
average, more di f f icul t  to catch ovel thls Perlod. I f  so,
then thls assuDptlon underest inates populat lon slze'

7. 46 reported 1n the body of thls psper,  we est{nate approxlmately
2200 crocodl les accordlng to th16 Eethod.

C. A f tnal  warnlng on the accuracy of our est lnates. Agatn l te would
warn the reader that our: estlnations are lro nore than systeoatic
guesses; l1t t1e stock should be placed 1f l  then. For \ that l t  13
worth, our lntul t lon 1s that we uftdere6t lnated conslderably the total
nunber of crocodl les h Bel ize.
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IIABITA1 AND DISTRIBUTION OF PAIEOSUCHUS IN VENEZTIELA

Robert E. codshatk

P,0. Bo:< 773846, Steanboa! Sprtngs, Colorado 80477 USA

INTRODUCTION

_ 
The genus Iglgggglgg is represented 1n Venezuela by both spectes, p,

fr i_gonatus and P. palpebrosus. Local i ty data are very Ecarce and other
lntormation is vir tual ly nonexlstent.  Donoso Barros (1966a, f966b)
brleffy reported oo the genus ln Venezuela and publlshed the flrst
photograph of a Paleosuchus egg. Meden (1958; Ktng 1973) descr lbed rhe
.ange snd statua, coetleoting a16o on the poorly understood btology. Only
four specinens vete located in natlonat Duseirns, anal ooly one exaEple
appears to be found 1n collectlons outstde the countty (Ueden, pe!s.
coEn.).  Data otr  Paleosuchus col lecred durlng surveys for Crocodylua
lolgggdlus. rn sorrtrr-Fap're state (codshali, tUr- voiunel ert-unaea tt.
knolrn range 1n Venezuela,

HABITA?

The large area of dlstr lbut lon covers a var iety of habltats.  The
topography, cl lnate, substrate, vegetat ion, and qualt t tes of the warer
dlffer greatly w1th1fl the range. The southern portlon of Apure State,
found ln the L1ano6 region, exhtbirs two g",rer"i typ." of h;bitat $here
Pal,eosuchus are found,

First  are the 1arge, nleanderlng l ivers and snsl ler t r ibutar les l ,hlch
are bordered by dense ga1lery fore€t.  The6e f low slowly across f lat ,gedinentary plainE of Andean ortgtn. l{ater courses bordereat by savanna alo
not aeeD to be l t l l lzed. This was also found by l teden (1967) i r
Colonbia. The r ivers contain eater rangtng from c1ear,  the Ctnaruco Rlver
for €xamp1e, to very turbtd wtth an extrenely high sedtment 1oaal,  as ln
the Meta River.

Depresslons occut ln sone areas of the sandy, aeolian Eavannas that
aeparste the r ivers descrtbed above. percolat lng l rater f tom the saturated
sol l  glves r lse to spr lngs tha! forE headwaters ior nany of the r tversr
tributarles. The dense vegetatton that forns around these sprlngs and
borders along the dratnage is alo.Dtnated by the rnaurlttus pal;, Maurltta
gEgI Eurret (pa1na dortche 1n spanrsh). rhese areas, 

",irea',6iiifrilE" ,typtcal ly have c1ear,  nutr lent-poor vater r ,r i th a lov pH. water f1o!,  ls
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a
usually ninlEal due to the slolt geepage atd the very gradual slope.
Floodlng nay occur rlth the lntetrae pleclpltatlon durlng the wet sea6on.
In the dry season sone norlchales have such reduced surface flow that they
].ensln lsolated for Eeveraf Eonths. Us€ of thl6 habitat hes led to the
1ocal naEe fo! la leosuchus ln southern Apure State of "Eor1cha1ero."
These areas ar"-T6.rnd rlt-Fln the Troptcai dry forest ss classlfied uoder
the Eoldr idge systen (Ewel and }tadr lz 1968),  The arnusl preclpl tat lort
averagee fion 1800 orn to 2000 nn and fa118 nostly durlng the slx-nonth wet
seasoD. The annual nean tenperatures ate 24" to 26"c and are not affected
by altltudtnal varlatlon r.rhlch ralges only fron 25 o to 100 n above 6ea
level.

Rlvers ln the area 6outh and ea6t of the Orlnoco River flow across the
Cuayana Shteld. Thls nasstf^of pte-Canbtlan orlgln entlrely^covers the
Arnazof l  Terr l tory (175,750 t .xnz) and Bol lver state (238,000 knz),  a6
!rel1 as parts of coloEbia, Brazil, and euayana. Rlvers ln the lower
elevatlons generally run s1o$Iy through a del€e forest cover, Upstrean
they are brokes by nany waterfalls and raplds as they course the uneven
terraln. The foiest is often reduced 1n the upper reaches and nay be
found oDly along the lrater couraes that ctosa lalge aavannas. Ilere the
atreaBs are generally very rocky and have ssift currents. Many black
sater rivers, whlch co[tain acldlc ltater wtth ltttle orgenlc ol Dineral
eontett ,  or iginate on the cuayana Shteld. The aqual lc l t fe IE general ly
reduced accordlng to the seveilty of these condtttoas. In eome rlvers the
prlmaly productlon is vely low.

The greater part  of  this region 1s r l thlr t  the Troplcal  hunld forest
zone (Erdel and Madrlz 1968).  At hlgher elevat lods (above 500 n) suttable
habttat ts also found !.'lthin the very huntd prenontane forest.
Preclpltatlon averages flom 2000 Dn to 4000 efi and ls dlstriblted
throughout the year. Th€ annual near teoperatures range fron 24" to 26"
over nost of  the area but cooler at hlsher elevat ions.

DISTRIBUTION

Pafeosuchus ls usually typtfled aB tnhabltlng srslft and locky forest
strean6. Thls habitat clearly forlls a large part of the range ln
venezuela. The rlvers of lhe cuayana Sh1eld are barely penetrated by
Crocodylu8 lnternedlus or Caixaan crocodl lus, as these species prefer
qqieter ! .ater.  l , leden (1958, 1971) found Paleosuchus near raplds and
lraterfal ls tn sDal1 Colonblan €treans, as wel l  as the folested r lvers.
Dlack lrater rlvere al6o pres€nt a oajor baErler. Or[y Paleosuchus 16
fouDd consistent ly ln these acldlc waters 1n venezuela.

fhe genus ls al6o found comnonly ln other, very diffetent
envlronments. A-lthough the renge ln Apure Slate includes only foresled
watercourses, few can be regarded as snlft alld notre are rocky. The
norlchales sonetlnes have Uttf€ or no surface flow and pass over a sandy
eubstrate. Survey data and addtt lonal reports lndlcate a very successful

dlstr lbut lon ln thl8 reglon.
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Peleosuchus ls often foutrd itr close assoclatiod wlth Calnan but are
separated by subt le habitar di f ferences. Both specles of-ET;suchus are
also s]mpatrlc ltr sone aleas of their dtstrtbutlon. The aEiiii-s ot tfr.
€cologlcal  l6o1at ion and l l r t raspeclf tc and lnter6peclf ic relat looships are
not underatood. galgan is appareDtly the donlnant. In paleosuchus, one
species ls nore abundanr accordtng ro rhe locatity (lteded'T!7!l Durrne
our surveys nlght counts on the Clnaruco R-ivet ln ADure showed p.
palpebrosus ro be lhe dontnant uhere syDpatrtc with p. rr laonat; .  No
lnfornat lon exlstG for other areas ln Venezuela,

LOCAI.ITlES

the follonlng 1oca11tte6 are cited fo! paleosuchus 1n Vedezuela ot In
close proxlnity. llosr sre raken f.oo th. e;G;TfTl;Ji terature. Large
portlons of the dlstrlbutlon lenatn unexplored, espectally on the Cuayana
Shle1d, and therefore no tnfornarion exists.  In the densely foresteat
aleas theae calnans are overlooked unless searched for Epeclflcally. Most
Venezuelans do not dtst tngulsh between Calnan anat paleosuchus. These
factors, compounded by rhe 1$accesslbrrl;t-; ttre TE!f6i]-Tie- ttnaerea
undetsladding of the genus 1n Venezuels.

Refer to f lgure 1 for the loceft t ies l isted belorr.  Al1 locaut ies l te
withln. the Orinoco.Basin except for the Rio Negro (Axea 3) and the San
Juan Klver (Area )r .

S i t e Source

1 -  C i n a r u c o  R l v e r

PsleoEuchus palpebrosus ( Cuvler)

Four anloals nere col lectd durtng surveys on this
rIver. Three are preserved ln the Rancho Crande
Biologtcal  Srat lon Herpetologtcal  Coltectton. One
la nalntalned at the Carlcuao Zoo, Caracas.

A report by Lanar (1978) included a nap sholrlng
thls loca1lty,  adjacent to Venezuela, f ron l leden
( 1 9 8 1 ) ,

Lanar (1978) reported three tndlvlduals in rhe
Tuparro launal Terr i tory,  c lose to Venezuels.

Donoso Barros (1966a) leported rhls stre from two
apeclmens, only one of whtch he exanlned. This
r lver ls ln the ?arla dralnage lrhtch is separate
fron the Ofhoco systeD. The nearest p.
palpebroEus local i ty js approxiEare. ly 3OO L Sr fn
Cuayana.

- lleta River

- Tooo R-lver

5 - San Juan Rlver
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I -  Clnaruco River

Ueta, V1ta, atrd
Tooo rivers

Paleosuchus tr lgoantus (Schneider)

T v o  s p e c l D e n s  v e r e  c o l l e c t e d  d u r l n g  o u r
ploject 1n Apure. Unfortunate events led to
the destruct ion of the nater lal .

Meden (1978, ln pres€) l ras cl ted by Lanar
(L97e).  These Colonblan local l t ies are very
close to Venezuela and ate therefore
lnc1uded.

Donoao Barros (1966a) exaatned a sDall serles
fron lhe upper Ventuat l .

the specinen from Natterer (1841) represents
the oldest Venezuelen record for
Pal.eosuchus. The loca11ty ls descr ibed ae
belng near Cerlo Cocuy, a large rock
forxoatlon that ls found 1$ Venezuela close to
Brazl l  and Colonbla.

R. I loogestei jn col lected a sku11 froD 1ocel
Yarlo$ano InCians nhlch I exanlned,

Steyermark (1955) reported "a relattve of the
caynsn" ln a 6oa11 tributary of the upp€r
Carord and lncluded a photograph of P.
tr lgolratus.

One apeclt]en \ras collected durlng a Central
Universi ty expedlt ion (Roze 1958).  Uedern
(1974) renarked on an unconflrned teport of
P. palpebrosus at the sarne locat ion. No oore
lnforEatlon wa6 glven and probably represents
a confusloo vi th Roze's art lc le.

corzula (1976) found a spectnen here, which
1s part  of  the Caroni Rlver.

Llchtef isteln and von Mertens (1856) recorded
the f l rst  Paleosuchus fron the Orlnoco
drainage.

Donoso Barros (1966a) l isted thls exaDple
only as fron 'Guayana, " a local tern for an
lnmense area, and lncluded it on the range
nap.

2 - Verturarl Rlver

3 - Rlo Neglo

4 - Erebato River

- Caronl Rlver

- Carreo River

- Guti Dan

5 - Orlnoco Rlver (a)

( b )

(c) Thls local l ty was cl ted by corula (7976) tor
a speclnelr  he col lected.
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1 - Capanaparo, Clnaruco,
and Meta rlvers

Pafeosuchus :I:

Reliable reporte of Paleosuchus tn the reglon
rrcre gatheted frord larious ,merindian groups
and certaln whlte aettl€rs lrho nere fanlltar
r . l th the anloals,  The oorichaleE found
betrseen the najor rlvers are comonly
ut l l lzed.

Plaroa lfldlans reported these caloatts to be2 -

3 -

Parguaza end Surlpa
rlvers

Ocano Rlver

- Orlnoco Rlver

Valeschi (1959),  a botsnlst ,  wrote that wh11e
on a l r lp up the or inoco! "crocodi les" rere
found ln a soa11, wooded streen near the
ocamo River.  A photograph of P. palpebrosu€,
label led Crocodylus lnrernediu;,  fs rrrcIuded
with thts-cnapter buFiiilTi-iF the spectnen
1s nor given, Addlng to the cottfuslon 1s a
photograph on the same page of Calnan
crocodl.Ius urhich na6 taken ln ai'Aiilrely
dtf ferent area. I t  1s accodpanled by a quote
frord llunbolt that refers to the Otlroco
crocodl le.

"Bab11las, " a generic tern for calaans, were
found by Cocco (1972) above the juncrure wtth
the ocado. Thts habltat appears suitable
only for Paleosuchus.

CONCLUSION

Paleosuchus appears to be nore col l l lonly dlstr ibuted ln Venezuela than
prevlously assuned. our flndtngs ln Apure tevealed lt to be lelatlvely
abundant over an lnnense area 1fl vhlch lt lras unknonn to science. Nelther
specles has been sholrn to be gregarlous, and speciDens ale usually
encountered sIngly or 1n palrs.  Both the habttat and hablts of
Paleosuchus have caused the genus to renain obscute. Furth€r tesearch is
requlred to understand the status and blology of these widespread but
poorlY knorE cafunans,
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STATUS AI,ID CONSERVATION OF CROCODI'I,US IMERMEDIUS IN VENEZUEI,A

Robert
P.o. Box 773846, Steaeboat

E. Godshalk
Spxlngs, Colorsdo 80477, U.S.A.

INTRODUCTION

The dtstr ibut lon of Crocodylus lnternedlus t6 restr tcted to certaln
region8 wlthin the or inoco Rlver Basln of Coloobia and Venezuela. The
area, knowr as^the Llanos, covers approxinarely 25O,OOO kn2 tn Colonbia
aad 265,000 knz l I I  Venezuela. Intendlt tent comn0erclal  hunt ing, nosr
lntense from about 1925 to 1950, nearly el in inated the Orlnoco crocodi le
before any scientlfic studles on the species had been undertaken. l4edem
(1955) f l rst  noted lhe decl inlng Colonblan populat ion€ and ca1led for
lmnedlate protect ion. He begaD invesl igat ions with the species tn 1956
and subsequent publ lcal lons (Meden 1958a, 1958b, 1968a, 1968b) reinforced
lhe need for better leglslat lon and oore detal led studies. C. interhedius
was fu11y protected 1n Colonbia by Resolutlon No. 411 (M1tr. Terli;l-f;-
1968 and Resolut ion No. 573 (INDEREN ) tn 1969 (Meden 1971).  The crtr tcal
condltlon of crocodlllan8 in ColoEbla (Medein 1970) led to funding by rhe
Uorfd Hild1lfe fund--Internatlonal . Slatus surveys !/ete cooducted 1n
colonbia froD !973 to 7975, and only 280 adult  crocodl les eere locsted,
lndlcat ing alarElng condit lo ls there.

lnfornat lon on C, lnternedius ln Venezuela fron this eentury ls very
llnited. Ihe scant-re?EililEl-iiualty reporr the specles ." ."r" o. ,r.."
ext lnct ion and glve fen deta1ls.  Vt la (1953) I" 'a6 perhaps f l rst  to conment
on the dlseppearance of crocodll€s ln the [orthern part of lts range but
Etated that they I '€r€ relat lvely comon ln lhe south, especial ly in Apure
State. Late! repolts (Mondolf i  1957, !965; Medlna 1960; V11a 1965; Donoeo
B.arros 1966a, 1966b; Rivero Blanco 1968, 1970; ( ing 1973; codshalk and
l,Ianess 1976) lndicated lhat the Orlnoco crocodlle was nearly extetElnated
throughout l ts range. In 1969, Prof.  Ueden advised rhe IUCN/SSC Crocodlte
Speclal l8t  Croup that a status survey foE C! lnt€rnedtus eas "urgent ly
requlred" (Bustard 1970).  In 1972 Prof,  Iq-eaei- i iaEit6ot a general  survey
of Venezuela[ clocodlllanB sponsored by the New york Zoologlcal Society.
C. internedlus nas found to be ext lnct in large areas and !  more detal led
atudy lras stro:Igly reconnended (Meden pers. conro. ). Funds for a survey
were secured frorn the Fundaclon para 1a Defensa de 1a Naturaleza (FUDENA),
the llorld Wlldtife Fund Venezuelan affUlare, ln 1977. The Fauna
Preservat lon Soclety provlded addit io[al  support  through the Oryx Fund.
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STATUS

Ha bi tat

Survlval of the renaining crocodtles is often due to the conplexity of
the Orlnoco Rilver systen, The dlfflculrleg to human access ln cetralfl
reSlons presenL a Eajor defense.

Three generql habitat types rdthln the study area are descrlbed (refer
t o  f t g s .  I  a n d  2 ) l

1) n1vers that f lor! '  through rhe (for ider ly) cont inuous declduous
for€st of the western portlons of Apure atld Barinas otates and the
ttor lhern port ions of Portuguesa' Cojedes, and cuarico states. So.oe areas
are subject to floodlng 1n the rai$y season b t, ln geaerel, the rlvers
usually renaln trlthln thelr banks even durtng hlgh iraterr The rlvers are
Enalf as they energe fron the Andes or Coesral Range, ldcteasllg ln slze
as they ploceed tonrards the orinoco River. This habltat is utllized fron
100 ro to 500 n above sea Ieve1.

2) Rtvers ln the area of northern Apure, eastetD Barinas and
aouthern Portuguesa, Cojedes, and Cuarlco states. The6e are generqlly
large, meanderlng rlvers that cross vast Eavanrvts. Forested areas are
reduced to isolated fordat lons, scattered intelnl t tentfy acaoss the
gtassfands, and partial cover along 6one rlvers, Lnmense areas are
eubject to floodlng as the rtvers overflow thelr bands h the ratny
season, Due to poor drainage, thie eay reach up to 8O-9OZ of the surface
atea i I I  aorne places, aDd 1t great ly lncreases the habltat  ut l l lzed by the
crocodl les, Nunerous lntercornect ions between the r lvers are fonrcd!
accordlng to the tine of year, and provlde greet nob1llty wlthin certaln
areas. The r ivers are frequent ly changing course, with the or lgtnal bed
retainlng a reduced f lorr .

3) Rlvers of Eoutbern Apure. These convoluted r lvers are usual lv
bordered by den6e gallery forest which 16 often several ktloneters r,.lde.
They f ford fron Coloabla along bastcal ly para11e1 courses across the f lat ,
aeolian plaln€. Ceneral floodlng during the wet Beaaon exlsts over nllch
of the savanna, but usual ly forEs only very shal lov lakes, and the r lvers
lack lntercoEnunlcatlng netnorks. l-arge oxbou lakes aod elbows, causlng
the repeatedly changlng neanders, are a very connon featurer

Dlstr lbut loD htstor lcal ly was cont lnuous throughout these habltat
types. The narton forest st teards had lower carrying capactt ies per
kl loneter than lalger r lvers of the platns. These plalns r ivers ( Iype 2)
held extrenely nunerous population€ of C. internedlus before coenerctal
huntlng extermlnated then. Factors sucl' a3-iliiGfTabfffty of $est 6ttes
and lhe dry season condlt lons of a r lver great ly effected the relat lve
denslt les.
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purvey

Field surveys vere carr led out fron January to July 1978. Dr.  Evel io
Soea A.,  DVM, aEslsted throughout the project at ld provlded valuable
knonledge fron experience nlrh the species. Surveys q'ere conducred f l rst
1n the north, .novlng progresslvely southlrard, tn ordel ro take advattage
of the dry season drainage pattern (codshalk 1978).  Thls al lowed us to
travel on nateFrays where the adlaceat flooded areas r.rere reduced or
nonexlstent.  l le expected greater success vl th nore l in l ted avai lable
habitat .  Recent crocodi le slght lngs were lncorporated 1n plannlng lhe
It lnerary. Rivers were also selected to repr:eselt t  var lous habitats and
river slzes (see f ig.  2).  Many 1e6s inportant t r lburar ies were s16o
included In the study. The usual strategy involved travel ing uprlver by
day, looklng fox evldence on the n|ud banks and sandy beaches. NuDe.ous
lntervlews were also nade r l th the 1oca1 inhabitadts (Llaneros) closely
associated !,/lth lhe rlvers. Various Anerindlan groupE lrere also vtslted
1n the south Apure region. Spot l tghthg at nighr was done durtng the
dow rlver travel. I'he oulboard englne noise was thus reduced to lncreese
the posslbl l l ty of  encounters with crocodi les, paddles were aorne.anes
used doruiver to el lainate nolse conpletely.  By thls nethod Eost areas
were covered twlce, once by day and returDlng later at ntght.  CoEpetent
1oca1 guldes were ahrays used and they conttlbuted greatly to the
ptoject.  Transportat ion in the Llanos has tradi t ional ly been by water,
and nen \./ere found with excellen! knowledge of both the rivers and the
crocodi les. Three observers were a1\days present and in sone cases as hany
a s  s 1 x .

More than 3500 kn were traveled on water dur l t tg the survey. A total
of 273 adult  crocodl les were located 1n the study area and lrere general fy
scatteted over large expanses. Reproduct ion rcas found ln several
locat lons but lnnature crocodl les (1ess than 2 n) wer€ rarely encountered
or reported by the Lla[eros. I t  was nor uncoaunon to f ind large areas
totally devold of C. lnterrdedius. $rhere rhey are found, the 1on nunbers
of indlviduals ana-1aEE-T-iElroductlve success often cause the species to
be funcl lonal ly ext lnct.

On the basls of our results,  the sl tuat loTl must be constdered
extremely ser ious. Rlvers were usual ly selected fot study accordlng to
the posstbi l i ty of  crocodi les belng presenE. The nunber of anlntals
recorded cannot be regarded as an absolute, as thete aftrays lenalns a
certaln nuEber uncounted. They do glve an indtcatton of the relat lve
abundance, howevet. In the case of lhe Clnaruco Rlvet, Dany earller
reporte auggegted good posslbi l l t les for posl t lve resulrs.  The habitar
appears vlr lual ly ldent lcal  to the nearby Capanaparo Rlver,  vhere a
reproduct lve populat lon exists,  The atea ls renote and fe\r  Llaneros or
Indlans I lve there, so a xoaln source of dlsturbance ! 'a6 absent.  yet,  l ' t th
l l t t le or no hunt ing pressure along the r iver,  evide[ce of crocodi les on
the nunerous sand beaches \ras surprlslngly rare. Sone young antmats
(< 1 n) were reported but recuperatton has been very s1ow,
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l la joi  Rlvers Traveled: Crocodl le6 Seen Crocs/10 kn l{ab. type

linaco
Cojedes
Portuguesa
Orlnoco
Capartaparo
Clnaruco
lleta

55
130
170
720
370
485
230

7
76
1
5

78
19
67

r .30
5 .90

.06

.40
2 .OO

.40
2 .90

1
I
2
2
3
3
3

Recent reports of C. interneallus exist fa;r olher rlvers which, alue to
t lne constralnts,  $rere not lncluded ln the study ploject.  Observat lons
suggeat that s lnl lar condlt lons exlst  in these areas and the specles 1s
very rare throughout l ts ent i re dlstr lbut lon.

CONSERVATION

The fol lowing are najor factors affect lng present and future
populatloos of lggggl.lgg lnterx0edtus iII Venezuela.

Legal Status

Regulat ions on hunt ing crocodi l tans l rere f i rst  1egislated tn 1944 (Ley
de Pesca) under the jur isdlct lod of the Departanento de l lshertes,
Mlnlster lo de Agricul tura y Cria (MAC). perntts r ,rere required but
general ly were lssued autoEatlcal ly.  Provlslons exlsted for restr lct lons
on the taktng of certain specles as uel l  as "for thelr  conservat lon and
proiect lon. "  No blofogical  value rqa6 percelved for the crocodl les, whlch
i{ere considered as vernir, and hide huntlng was pernilted wlthout control
unt l l  the populst ions were reduced to extrene levels.  Coeraerclal lzat lon
had brought C. hternediue to the br lnk of ext inct loo befor€ the exlsrtng
legal nachinery effected any sort  of  protect lon. In 1970 the Fauna t_aw
nas enacted l . rhlch placed responslbi l l ty for the crocodl l lans under the
offtce of f'auna, MAC, and 1s presently 1ll effect. Ihe clear and
conprehenslve text presents the groundwork for excellent protectlon. Sorne
of the relevant provlslons are as fol lorsi
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Ley de Faula -

Provlslons goverdlng the coaservatlon and xnanagenent of fauna

Art. 11 - I{AC given leglslative power:

-  for establ ishnenr of Refuges aDd Sancluarles.
- for protllbltlon of hurtlng of spectes o! collectlon of eggs

to avold ext lnct ion.
-  for taklng the necessary aneasures for specles.conservat lon, protect lon, product lod, and rat ional

ut i l lzat lon. "

Art .  18 -  for taklng neasures to preserve, Eodify or restore habtrat.

Art-. 26 - for refocatlon of farma one place to another for 1ts
conservat lon.

Art .  73 -  prohibi ts hunt lng on protecred ares: Nattonal parks, etc.

Art .  77 -  prohtbtts the ki l l ing " in any form, t lne ot place. ' :

4) -  rare specles.

Ptovisions governing hunting and cofi:nerce of fauna

Art.  81 -  Prohlbl t lon of hunt lng:

d )

Ar t ,  82

Art. 83

Art. 84

Ar t .  109

3) -  "ni th notor lzed vehlcles whether aertal ,  terrestr lal
or aquat lc.  "

6) -  anlnals "on thelr  nests,  butrows, or together r t lh thelr
youna. "

-  prohtbtrs huf l t lng at night or wtth art t f tctal  t ighr.

-  prohibl ts "col lect lon or destructtor!  of  eggs, al terat lon or
danage of nests,  burrron's or dens, and of hunrtng the young.. .

-  prohlbl ts connerce of protected fauna and l ts products.

-  estabf lshes f ines for connerclal  hunt ing, t rade, tndustry or
transport  of  protected fauna or products fron 1000 BoLlvares
(Us$ 230) to 50,000 Bs.(Us$1l,625) plus conf lscet lon of
anl0a1s, products and equipEent,

al 1974, a four-year nattonl,rtde noratorluD on all hunttng wss enacted
ln order to ldvest igate the faunal resources. The Minlster of  Edvlronnent
and Renevable Natural  Resources ( l l tn isrer la del Anblente y Recursos
Naturales Renovables IMARNR] )  was created tn 1977 and assuned
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responsibi l l ty for the D€partnent of Fauna. In 1978, the hunt lng ban was
extended for an lndeflnlte perlod !7lth very llmtted exceptlons. The
prohibition has definltely reduced general hunthg tnpact on the a't1d1tfe
but tl1egal hunttng ls a continuhg problen ln sone areas. Although the
government l r i l l  not tssue perEits required for lega1 hunt ing of C.
lnternedlus, nore speclflc and perEanent actlon ls required. Duiing a
tr lp I  nade to V€nezuela ln Novenber 1979, personnel f ro.o the DepartDent
of Fauna discussed the foloation of a cordpreherslve National Endangered
Species l ist .  I  do not know i f  thls has been real lzed yet.

Natlonal Parks

Ooly one Natlonal Park, Aguaro-euarl t ico, is found wlthin the
distr lbut lon of C. lnternedius (see Flg. 2).  Thls large Park enconpasses
569,000 hectaree of the Cett tral  L1anos of Cuarlco State and lncludes aa
extenslve alluvlal lletlrork of pline habltat.' The crocodl].e appears to
have beer el lEinated due to extensive and locg-terE use of the area for
huntlng and f16h1ng. Thls occurred before the establl6hnent of the PaLk
la 1974. A few tndividuals nay exist  ln the southern part  but apparent ly
are abgent 1n nost areas. The Park plesents a foglcal  s l te for a
control led crocodt le release program.

C. lnterrnedlus is included ln the faunal l lst  for Canai laa Nat lonal
fart-prEldEt--ea Uy the Dlvlslon of Natioral Parks, alrhough no rellable
reporta or speclnens exi8t.  The great dlstance fron rhe nearest conf lrDed
Iocauty, plus the altttude and hsbltat types, Dake thls area very
unsultable.

Cap!1ve Progra0s

Ser0l-captlve breedlng began 1n 1960 at CachaBay Park near Ciudad
Bol lvar,  Bol lvar State. lbo adult  palrs were acqulred aDd successful
reproduct lon fol lowed. Varlous problens 1ed to the escap€ or death of
rnost of the subaequent young! A biologlst lrlth the Departnent of Wtldllfe
last reported 32 tbree-year olds ai td 3 adults (Dr.  S. eorzula pers.
com,).  Infohrat lol  on the current state was not aval lable, but the Park
1s try l f lg to r0aintaln product lon with the ul t tmate goal of  restocklng
areas whlch have no! beeD destgnated yet.

T. Blohlr  has a reproduct ive palr  ln seol-capt lve condlt lons on hls
lanch 1n Aragua State. The flrst successful hatchlng took place 1n l4!y
1980 and produced 14 young (Blohn this volune).

Flve crocodlles were born tn July 1980 at the Ctandon Park Zoo 1n
Ulant,  ! ' lor ida, USA. The eggs, ! . 'htch uere fald in capt lv l ty,  rsere
art l f lc lal ly lncubated and repres€nt the f t rst  zoo bir ths for C.
lnternedius.
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A clutch nas col lected during our surveys ln Cojedes State tn 197g.
The result ing hatchl trgs narked rhe f l rst  successful  art t f tc lal  incubarton
for the species. The 21 survlvlng you[g are current ly being raised by Dr.
Sosa on his ranch in the Llanos of Cojedes.

trUDENA Project No. 28 was designed to gather eggs lo cettafn ateas
follol{ing our results and reconnendattons . Unfortunately, the
lnvestlgators arllved ar the locatlons and were not able to find any
ne6ts. No fol lowing effot t  was nade after hatchlng nor durlng the ensutng
1980 season.

At least 20 addit lonal specinens (Dost ly unsexed) are located
privately or in zoos h Venezuela. These are usualty no! prlred, and oo
other reproduct lve success ha6 been recorded. The present state of
captlve productlon clearly does not provtde an adequate base for the
apeclesr recuperat lon.

Hlntlng

The crocodl l ian hide industry has been effecrtvely disnantted tn
Venezuela, and no products of flational ortgtn nay be nanufactured or
so1d. Near the Colonbian border sorne hunt lng st1l l  exlEts on a sna11
6ca1e, Eainly for Cainan crocodi lus. These hldes are sauggled to the
legal Colonbian tannEiiEs-, ana the producls ofren return ;; Venezuela as' 'Colonbian. "

Varlous large, adult  C. inrernedlus, r . rary survivors of prevtous
huntlng pressure, continuE t6-?Eii6iilE tn rhe colonblsn borater area. The
result lng inexperlenced offspr lng are occaslonal ly taken by the caix0an
hunlers, pr lnclpal ly along the }teta Rtver,  and l t  appears that l t t !1e or
ro recrul tDent lnro the adult  populat lon exists there. These hides, along
k'tth those of !g1ggg, are shipped ro rhe rannlng faclltries tn Colo.nbla.
No C, internedlus hldes have arr ived at European tannertee ln the last fec,
years (Hr.  K. }uchs pers. coEro. ) .  the low populattoo levels nske
wldespread co@erclal  hunt ing inpossible. Ttghter securt ty at the
Natlonal Cuard checkpoints and nore rigld enforceDenr of the lalrs have
helped to el lnlnate hunt ing of the crocodtte as a lucrat lve endeavor.

A passlve hunt lng pressure now proves to be a Eore lnportant factor.
Thls 1s the el inlnat ion of crocodl les rhat entet areas adjacent to ranches
or towns durlng seasoDal DoveEents. Thelr  pre€ence ls not tolerated when
people feel  the!0selves o. thetr  l lvestock "threatened,. .  This account6 for
a 61ow but contlnued rerooval of adult antnals throuEhout tdost of the
dlstr ibut ion. The slngte hide value, usual ly under US$ 50, is nor so
great for the Llar'rero atld ls usually a slde beneflt, not the nafu.r
lncent lve. Sonet ines rhe skln is not raken through fear of tegal problens
and the dl f f tcul t les tn 6e1Ung th€ raw hlde.
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Crocodlle eggs are highly prlzed by nost Llaneros and nany Indlao
groups and are often encoudtered lJhile they search for Podocnenls oests.
They report  a decreased tendency for nes! guardlng, aue-Ti- i i f f i i ' -
d lsturbance, whlch leaves the clutch open to conmon nest predators 6uch es
Procyon and Tuplnanbls.

Commerclal  f lohlng t6 a problen wlth C. lntermedlus, as l t  1s rdi th
nany of the noEldrs rlverlne crocoallllan; TilElll-f nets are used anal
crocodi les are occaslonal ly droerned, The nets are often stretched
etrtlrely across a strean and the fauna beaten tolrard the trap before
cfoEfug the clrc le.  Large rdooden barr lers (caUed tapas),  5 n to lO n
hlgh, are sordetlEes erected to span 68a11 strea:ns. fhe ftsh Dove
doltDstrean rsith the receding naters of the dry seasor| ard are swept
egalnst the batrler. L.Ianeros are suspended'on platforns at water 1eve1
and use long gaffs to renove al l  f lsh and turt les. Sxoal l  crocodi les are
alao taken rrhen encountered. Long flsh 11nes (cal1ed eeplnel), rlth up to
150 balted hooks, and the use of dynsnite account for occaslonsl deaths.
aG do varloua other damaging flshtng techniqueE.

Habltat  Destruct ion

Contlnued deforestat lon of the head\raters ln the north and west
accelerate runoff ,  and aooe r ivers have decreased f lorr  h the late dry
season as co.npared to forner years, Thts also includes certatn legal ly
prolected unlts,  such a6 the Tlcoporro Forest Reserve, nhlch lost 79,500
hectares (342) betrreen 1950 and 1975 due to t l1ega1 hardwood exptottat lor
( f lant lEon et al .  1976).  Holrever,  nost loss ls due to s1a6h-and-burn
agricul ture, the worldidlde dlslntegrat lon of t roplcal  forests.

In large portlons of Apure State, the sand beaches are belng lntensely
ut l l lzed for cotton product iod. Thls sertously reduces the si tes sul table
for nestlng Ln nany areas. lteavy sl1tlrlg fron eroslon and lrater conttol
projecrs are coverlng beaches at other locat lons. l low great the effects
are on reproductlon is not knovtr.

Water Managenent

Dan construct ion and water dlversiorr  cause very adverse effect6 for
fauna 1n aone rlvers. lte lakes produced by the dads usually present
sultable crocodi le habitat  but c lose proxlnl ty to hurdan populat lons ard
lncreased use for recreat lon ( f lshlng, boat i [g,  etc.)  negate th16 factor.
Hurnan coosuDptlon al ld evaporat lon by the tntenslf led use of l r r igat ion
reDove Sreat quantities of water froD certalll systens. The oeverely
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teduced florr dovnsttean of the dans has lendered certaln stetches of
r lvers devoid of crocodi les.
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Rural Developnent

Anplification ard moderlrlzatlon of the road systerds ln the Llanos
lncrease the hunar/crocodlle confucts. The expanded use of land for
ranches, farm6, and comunlt ies, with the l t tcressed ease of access. has
the saDe effect.  thls trend Is t l reverslble.

PubI lc Educat lon

The Venezuelan governnent has nade a najor effort  to tncrease publ ic
environnental awareneas aod ls anong Thtrd World leaders in thls respecr.
MaJo! effect lveness is at the pr inary school leve1, and thus a large
aegnert of the popularlon renalns tesistant or excluded fron ally
reorieotat lor.  The tradi t lonal character lzar ion of the crocodt le as a
dangerous predator of l lvestock and nan, wlth oo lntr lnslc va1ue, 16 hard
!o oodify.  Many of the crocodi les taken recent ly are hunted as a result
of  thls fear.  Extel lstve coverage of our project by the nat ional new6
dedia emphasized the need for publ ic cooperat ion for the protect lon of the
specles! The Oritroco crocodlle oust be valued as a stgniilcant elenen! of
Venezuelan herl tage and fo1k1ore, and, i f  a l lowei l  to recuperate. an
lnportant renewable resource and essent lal  conponent of t i le Lfanos
ecosysterD. Publ lc educat lon 1s the l lost inportant factor in el lnhat lns
the slon attr i t ton of reuaining crocodl les.

Other Diverse Problens

- lal ldespread and lndlscrt iotnarl t  use of pest lc ldes and herblctdes
( lncluding DDT and Dieldr ln) ls found. Uncontrol led appl lcat ions have lecl
to reslstance ln soDe pests and hence to lncreased conc€ntrat lons of the
htghly poi8onous cherl lcals.  Thts vic ious cycle was experledced in the
U-S, and Mexico two decades ago. Local lnhabttants report  huge f ish kt t ls
when the flrst raln6 wash out chenlcals thar have concentrateil in the
f lelds durlng dry season spraylngs, The roxtc effects have even 1ed to
suspected hunan death ln easlern ColoDbla (Meden pers, cordh. ) .  Though no
atudies have been undertaken to nonlter the problen, there ls unaloubtedly
6oI[e- blochendcal ef fecr on the ptscivorous predator at the top of the
conplex Llanos foodn'eb. Concentratton of the roxins surely o..rr .s . t  t t i "
t rophlc 1evel.

-  The nodern outboard engine provtdes l ightwetght,  rapid, anat
economlcal t ransportat lon over vast areas where travel 1s restr lcteal  to
water.  I t  also represents the Llanosi nost desrructtve technologtcal
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advancenert in tern6 of its lnpact on the fauna. Increased range of
travel and access to forEerly xernote areas are the most detilnental

-  Future plans to develop the 0r lnoco Tar Belt  for ot1 product lon wi l l
undoubtedly cause treEendous effecte on the ecology of the central Orlnoco
reglon, Iopact studles ate current ly betng pfanned, but the very natute
of the exploltatloa of the petroleun-rich sands will severely degrade the
envlronment,  t to Datter how str lct  the result lng controls nay be.

DISCUSSION

The dlstrlbutlon of Crocodylus lnternediu6 covers an enorrdous and
ecologlcally conplex area. Origlnal populallons were very abundant untll
ef f lc lent,  concentrated cormerclal  hunt ing externlnated or severely
reduced the crocodlles thloughout thelr eEti;e range. T1Ie tloe
l lnt tat tons of our project necessltated selecttve surveys tn order to gain
a general  ldea of the speclesr piesent condlt lon, Rel lable reports
corcerning areas not surveyed relnforced our discouraglng flndings, f.1€1d
observatlons also indlcated nany lnportant factors that preBentfy affect
the or lnoco crocodi le.

Our resulrs support  the IUCN Red Data Book statenent that C.
lnternedlus is "virtually extinct 1n Colonbla and rare tn Vene;uela,
(Honegger 1975).  Populattons are very 1ou and assistance ts needed to
lnsure the species' survival. It 1s interestllrg to aote that we fouod rto
area where the crocodi le has recuperated in sptte of the htde lndustry
col lapse 20 to 30 years ago. At be6t,  only ndno! recruttoent lnto the
populat lon i6 occurr lng. Sporadlc hunt lng and factors nent loned above
nalntalll a constant pressure ard the re6u1t 1s evtdent. Although C.
internedius renains one of the worldrs nost eodangeted crocodl l lan;,  t t  is
not too lale to save the specles, A conprehenslve progran that prorecrs
the reEaining wl1d stock combined wllh well pta[ned caprive projects would
provide aafeguards for the future ard ls urgent ly advlsed.

NECO}IMENDATIONS

Urgent,  speclf lc legtslat lon ln Venezuela to protecr C. htehredrus as
an endangered species. Under thls stalus the exlst in;  G;- l ; -
suff lc lent.

Increase enforcenen! of exlst lng 1aws, not only those dlrect ly
concernlng the hunt lng and products of C. lnternedtus, but atso those
governi  ng habitat  dlsturbance ana aest r-uctT6i l -

Estabush a Nat lonal Park in ! , restern Apure State to lnclude s€ct lons
of the Capan€paro and Cinaruco r lvers. This habltat  tvDe is not
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replesented lrlthin any exietlng Park, and survey results shor,r a
relatlvely abundailt, reproductlve crocodlle populatlon there. The
I lanos fauna appears lntact and protect lon would also be afforded to
the prftnitlve Anerlodlans of the regio[.

Establish a Fauna Refuge on the upper portloo of the Cojedes Rlve-r tn
the State of Cojede6. In approxlnately 100 k'n,  89 large clocodl les
nere found. This \ras the hlghest concentrat ion of crocodl les/ke
encountered and act lve reproduct lon l ras also found.

Undeltake further surveys, especially in western Aplre snd Barlnas
where reports indlcale lsolated populations. Nothtng 1s knovn ebout
the delta tegion (approx, 30,000 knz) where possible intetact lon
wlth C. acutus eay exlst .  R€sul ls would then be ut i l lzed 1r l  formatlod
of future Eanctuaries, refuges, and/or nat lonef parks.

IDlt iate studles lnto the general  ecology and breeding btology of the
epecles. Furthe! knowledge ls requifed for proper conservatlon and
naflageneat.

Research possibl l i t ies for expanded caprlve breeding and rea. lng.
Exlstlng captlves should be sexed, palred, snd placed ln proper
fact l i t ies for leproduct lon. Sooe areas of pr lne habitat  whlch are
devoid of crocodlles exist ln reglons of sparse huoan settl,eDedt and
nay be very sul table for re6tocklng. Aguaro-cuarl t lco Nal iora1 Park
1s suggested for the f l rst  ef forts,  pxovided that adequate and
sustai l red protect lon ls provlded to lnsure success.

General  publ ic educat lon, ut i l lz lng var ious medla, ls necessaty to
explaln the si tuat lon and to stress the need for nat ional
cooperatlon. A certaln level of publtc anaxeness I.I111 have to be
oait tained throughout the speclesr recovery.
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According to histor lcaf ref ics 6uch as lnscr: lpt ions on bones and
anclent broDze objects,  Chlnese al l lgators have 1[habited the slddfe aod
lower reaches of the Huang River and the Chadg Jiang (Yadgzl) Rlve! and
1$ Shaoxlng and other areas south of Hangzhou lay for slx or seven
thousand years. Llterature on the anatodical features, ecology, and
geographlcal  distr ibut ion of the al l lgator dates back to the period fron
the Shang (c,  16tb-11 cent.  B,C.) and Zhou dFrasttes ( I l rh cent.-256
B.C.) to the Qin (227-2Ai B.C.) and Jir .  <256-420 A.D.) dy$ast les 1l t
a n c l e n t  C h { n e .

) lodern scient i f lc research on the Chlnese al l igator hss a hlstory of
over one hundred years. Fauvel (1879) ftr6t uaoed the Chinese alltgator
es Alf igator slnensls.  Barbour (1922) ar: .d Pope (1932) also wrote about
th€ Chlnese al l lgator.  Later Sldney f fstao (1934-35),  a Chlnese scholar,
studled the l i fe cycle of the Chlnese al l tgstor.  Ch! Cheng-kuan (1959)
and Huang Chu-chien (1959, 1978) of th€ Idst l ture of Zoology, Chlnese
AcadeDy of Sciences, have coflducted reseatch ln the 6ane fleld since th€
1950rs. In the 1970's and 1980is,  l {uang Chu-chter l  and the l r i ldUfe
aurvey leam of Anhui Provlnce studled the populatlon ecology of the
Chtnese a111gator.

ECOIOGICAI, OBSERVATIONS OF TIiE CITINESE AI,LIGATOR

nabitat

Chirre6e alllgators are nalnly foqnd ln Jlngxiatt, Nanung, Xuancheng,
Nlngguo, Faochang, Wuhu, Dangtu, Langqt, and cuangde tn Anhul provlnce,
They also l tve in Yixlne ln Jiangsu ?rovlnce and in Xtaof€ng, Anl l ,  and
Changxing in zhej laog Provlnce (Flg, 1).  In the past,  the Chirese
al l igators l rere nalnly inhabitants of the f foodlands of the Chang Jlang
Rlv€r and its trlbutarles and of lakes and swanps ln 1ow1y1$g a).eas arld
narshes ln the hl l ly country.  Chlnese al l lgators, however,  are now
afuoost extlnct 1tr these area6 due to the rapld tncreese in populatlon
denslty and the great changes 1II  I ratural  condit lons over the past 20 or
30 years. At present,  Chlnese al l lgators are natnly lnhabltaots of
narshes, eardy 1and, and porous dry r iverbeds of the ht l1y country tn

THE ECOLOGY OF TIIB CHINESE ALI,IGATOR
AND CHANGES IN ITS GEOGRAPIIICAI, DISTRIBUTION

Euang Chu-chletl
Instltute of ZooTogy, Chlneg€ Acadeny of Sclences
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southern Anhul Provlnce. Chinese af l lgators l1vlng in the oarshes of the
hlUy country alld la the banboo groves of the farmers are not threatened
by lhe yearly r lver f lood6, bur those inhablt ing reed rdarshes are. In
order not to be dronned nhen thelr burro$s are flooded, Chinese
al l igators often renaln neai the vent i tst io[  holes of their  dens where
they can swln to the surface of the water for breathlng. SooettDes,
however, pounded by flooding nater, they are forced to desert thelr dens.

Dens

Af1 dens of Cbinese al l lgators are localed close to darshes al ld
swaEps. The depth and structural forn of thelr deDa are coDmensuraEe
wlth the required sublerranean tenperalure and huDidtty for thelr
hlbernatlon ln cold rinter. The deep€st point of thelr caves reacheB the
sublerranean water level lD rr lnter.  Each adult  al l igator has i ts orm
den, but each youdg al l lgaror shares a den ldth Lt6 hother.  The season
for digglng d€ns is f lon May to August.  Chlnese al l igators start  digglng
a burrord by renoving the crusty top sol1 wlth the cfan6 of their front
feet,  then shoving the so1l aslde and boring a hole by forclbly novlng
theii head forFard and backuard. It takes a long tloe to conptete a
den. The den of an old Chinese a1l lgator 1s general ly long and
lntrlcate. the nsle and rhe fenale llve apart, and thelr burrows er€
goee\rhat dl f feren! in structure. The young af l tgator,  though sharing a
den wlth l ts nother,  can dlg a 61de den 2 n io length by 1tse1f.  I r t ren a
young al l lgator reaches adulthood, i t  leaves l ts mother snd l ives alone
1n a separate den.

The den of a nale general ly ha6 two openlngs. The dlstance betw€en
the two openlngs 1s approxinately the sane length as the alllgator ltvlng
l l !  lhe den. The nunber of perpendtcular vent l lar ion holes is trr
proportion to the length of a den. There are note than 10 venttlatlon
holes ln a curved den 20 n ln 1€nath (rrg. 2).  The venri lat lon holes
Dake i t  possible not only fot  the vent l lat ion of air  but also for the
Chlnese al l lgators to f loat on the water in their  uni tergrosnd poots for
breathlng ln the evert  of  f loodlng. Chinese al l igators l lv lng tn the
darshes of the hi l . ly counrry are not threatened by f loods, and,
therefore, their  dens do no! have any vent l lat ton holes.

The den of a fenale Chinese aUigator ls Dore intr lcate, rr l th rooos
at var ious layers of the so1l.  I t  1s dlvtded lnto the prtnctDal and
subsldiary chaobers to accoModate the young al l igator ind t ts urother
sharlng a den and to adapt to the varlatlon tll the water 1eve1. Ite
na116 of the den are forned by the al l lgator pressing agalnEt them over
long perlods of t lne, and are therefore very f i rn.  Ihe curvlng shape of
the den blocks out ligh! and nlnd.
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Figure 2.-- CoDplex de! at yishao Coomune, Iualrcheog County, Anhul provlnce.
Each. person is standing at an a1! ho1e. There .r"  i "rryrnoi.  airnoles than
PeoPre. Untraace Co den is behind Ean itr backglound. pool and t!ai1 io
l : : : t : . : :O 

belong-co rhe deD sysEeD. Den exrends behlni t  photographer;
-LengEn ot entire den systen is uole thao 50 tn. Buang Ctru_chien (author) atlef t ,  (Photo by M. I , Iatanabe. )
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In tero6 of the structure, dens Eay be slnple, lntr lcate, or
internedlate. A slnple den has only one openlng to the perpendlcular
iral1 of a strean or rlver eobatrknent, It generally exterds abour l0 D,
wlth no branches, end enlarges at the end lnto an €lllptical resthg
platforn whlch Eerves to keep rhe detl narE for restlflg and hlberratton.

Intrlcate dens have tno openlngs to the perpendlcular wall of a
strean or river enbanknent. It extends sbout 20 n 1n a curve L{th
braocheE leedlng to the resting platforn or to a pond. It also enlarges
et lntervals lnto chanbers.

Reproductlon

In early May Chlnese al l lgalors cone out of their  dens 1n dayt lDe to
find food or c1lnb up the enbankoent. Sonetiioes they float oa the vater
to sun thenselves. Beginntng ln early June, as 1r gets rrarner,  they
generally cone out at night. (The sexes are outwardty dlfferent, nalnly
in that the fenale cloaca 16 Eunken 1n shape whlle the nale cloaca ls
protrudtng. ) Copulatiorr has beeo seen to take plece lD the water. A
nale nountE the back of a fenale, and hls ta1l bedds over the tail of the
f€nale for copulatlon nhlch fertlllzes the eggs lnside the fenalets
body. In the perlod between early July and late August, the feDale
selects a secluded spot on a slope faclng the Eun and not far flon the
narshes to bul ld a nest.  Flrst  she dlgs a trench ln the ground wlth her
ftont feet and snout, flUs ln the trench wllh decayidg plent naterial,
lays her eggs (over 10-40 €ggs to each nest),  and then covers then up
trlth decaying plant naterlal 1n the shape of a r0ound. The egg 1s white
ln co1or,  elongated and el l ipt lcal  in shape, and sylrretr lcal  at  el ther
end. lts shell is crusty. Calculatlons 6how that one fenale (92.1 cn in
length) Ir td 20 eggs. Xach egg wa6 59 m in length, 34 on ir  dtEneEer,
I10 Dn in circunference, and 43 g in nelght. fhe she11 of the e8g was
3.75 g 1n i . 'e lght,  Measurenelts of 46 egg€ 6ho!r aversges of 0.6 ne
dlscrepancy ln dlaoeter at both el lds (0.1-1.6 en),  length of 60.5 nn
(56-62,8 nrn),  and welsht of  44.6 g (40.3-48.5 s).  (The fert l l lzat lon
rete of eggs 1s quite high.)  Natural  hatchtng of eggs general ly take6
approxlnately 70 days. ?he young al l lgator pecks the snal ler end of the
egg wtth 1te egg catuncle and breaks the egg. 1rl one oe6t obselved, the
young sl l lgators energed fron thelr  eggs at di f feredt t ines wlthout help
frol! the fenale. It took about one week fot all the young to energe fron
the 20 or so eggs in that nest.  (More t t rne 1s required 1f hatching
coflditlonG are unfavorable.) The body of the young alllgator ls strlped
tn beautlful black and ye1lolr. Ir noves agtlety and crarrls swlftly. The
average body length ls 21 cn, and rhe av€rage neight ts 30.2 g.
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Hibernat lon aod Ar,rakenlng

Chlnese al l igators f i rst  appear 1n the middle of Apr11. Th€y
generally begtn to be acllve 1n early May and enter a state of
hlbernat ion l l t  late october.  A Chlnese al l igator,  dug out on a br lght
day at the begll|nirtg of its htbernatioo, has lts tno eyes r{lde open but
doves slor ' ly and can only 1et out the sound "puh, puh." In a state of
conplete hiber[atloD, 1t eats nothlng and 16 nottoitless. When its burrow
ls opened up, we f lnd l ts two eyes closed, l ts breath feeble, and 1ts
body st l f f  aad prostrate at the bottoa of the den.

Sefore eld-Apr1l the subteuanean tenperature of the upper layers ls
lonei than that of deeper layers. After ntd-Aplll the subterranean
teoperature of the upper layers gradual ly surpasses that of  the deeper
layers. In early l tay, Trhen the tenperature reachee approxlDtely 25.06C,
Chlnese alllgators cooe out of thelr deos Ealnly ln the daytine. In JuIy
and August they nove about oos! flequedtly ai night. In late Septenber
as the tenperature drops, the nlIober of excursloDs out of their dens
decreaaes. In late October,  they eDter a state of hlbeinat loa at e depth
of 160 cid and at a tenperarure of 22.0oC, and so.det lnes even at a depth
of over 30O c6. ltl€ tenperature of the deirs where they lte 1tI
hlberDatlon renalns above 10.0'C throughout the whole \dnter.

Ob€ervatlon and anatonlcal dlssectlon have shon!! that th€ dtet of
the Chlnese al l lgator conslsts of 41 percent r lver sra116, 22 percent
spiral-she1led snai ls,  end 37 percent c1an6, f lsh, and ohrlnp.

IIISTORICAI- CHANGES IN GEOGRAPIIIC DISTRIBUTION

Just aE other species of Crocodylla dlstrlbuted throughout the
norld,  Chlnese al l lgators are rednanls of the evolutton of rept l les stnce
the Mesozoic Era. They are lnhabltanls of snamps and marshes.

In the paat 6ix or seven thousand years, Chlne€e al l lgators have
been found ln the area beteeen the Eualhe and the Chang Jlang rlvers, 1n
the middle arrd lower reaches of the Chang Jlang River, and ln Shaoxlng
aad other area6. After the nlddle of the Qlng Dl.nasry (1644-1911) their
territorle€ and nunbers decreased sharply. Since the end of th€ Qtrtg
Dynasty thetr terrltorles and nunbers furrher dlElntshed. By the early
20th century the remalnlng Chinese alligators lr€re found ln the border
areas bet! ,een Anhut,  Zhej lang, and Jlatrgsu Provlnces (f ig.  3).  I te
al l lgatorsr atrong adaptabl l l ty to the envlronnent and food resources
aod, ln part lcular,  thelr  hlbernat lon ln burrows durlng the long and cold
nlnters, were the nain natural  reasons for tnls.  Another factor was that
these areas were thlnly populated in anclent t iEeE, and no conf l lcts of
ldterest existed betreen man and the Chlnese al l igator.  Sone people even
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dade Chlnese a11lgatols an object of  superst i t lous I 'orship, and,
therefore, few were ki I1ed, ard felr  inrosds were nade inlo their  natural
habltat. Moreover, the clfu0ate around 1450 A.D. was i,rsfiner than lt ts
today, A-11 thls sho\ds that Chlnese alligators 1'! anclent tlnes
contlnually adjusted to the envlronoent nalnly in keeplng wlrh the
balance of ecology.

AJter the niddle of the Qine Dynasry, populations in rhe
abovenentloned areas increased greatly,_ As Dore and nore zoos and
Duseuns ln Chlna ard abroad cane to knor Chtnese alligators as a Chfuese
specialty, people were keen to catch then or paid htgh prlces to purchase
then. Moreover,  the farDers saw them as a menace to the ralslnq of f lsh
aad ducks. Thus, grave threat exlsted to rhe survlval  of  Chlne;e
al l igators. In the past few decades, the inroads into thetr  natural
habltat have bee[ aggravated because farners have devoted thedselves to
gror,r lng cash crop6 !o lncrease agrlcul tural  and stdeltne product ion, and
tro effectlve neasures for their plotectlon have been ufldertaken in the
Iocal i t ies. The balance in the eco. logy of Chlnese al l igarors has thus
b€en disrupted, resultlng 1n a sharp decrease ln their nunbers and
Bhrtnkage in the terr l tory they inhabit .

The Chittese government has noi"r designated the Chinese alllgator a
preclous and rare speci€s that is a valuable glft ln the exchanges of
anidals bet!,reen countries. lte protectlon ard propagatton of the Ch1tre6e
al l lgator 1s of inportant s lgni f lcance to both lnternat lonal acadeElc
exchaDge and the pronotion of tourisn. Therefore, the Chlnese a1l1gator
has been placed i l l  the f l rst  category of aninals under nst lonal
protect lon in ChlI Ia.  A natural  reserve has been set aslde ln an area
lnhabited by Chinese al l igators tn so.oe count les in Xuancheng prefecture,
Anhul Provlnce, where preparatlons are also belng nade to establl6h a
far.0 for the art l f ic lal  breedlng of Chinese al l lgators, and to produce a
color docunentary f11h about the Chlnese al l tgator.  I  an deeply
convinced that the study of the Chlnese aUigator and thls species'
propagation wlll recelve the support of sclentlsts throughout the lrorld
and irtu be a contrlbutlon to nanklnd.
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MANACEUEIIT PROBLEMS AND OPTIONS TOR AUSTMI,IAN CROCODILES

Robert W. C. Jertklns

Austral ian Nat lonal Parks and Wlldufe Service
P.0. Box 636, Canberra Clty A.C.T. 2C01 Austral ia

ABSTRACT: Extensive areas of northern Austral la provide suitable habltat
for the estuarlne crocodile Crocglz\g !9l9:gg and rhe freshrater
c rocod i l eCrocody tus lo t ' nson l l l Fopu la t i 6 iT - i i t hesespec tesa . .eve ry
depleted. 

-E j i=isto.t f  
"-r."odile 

exploi rat lon tn Austratta is
6uEEarized.

The two Austral lan specles are ful ly protected by legislat ion, the
enforceEent of whtch 1s pronol lng recovery of both species. FacEors
operat lng against recovety and conservat lon of crocodi les iD Austral ta
are discussed as probleDs confront lng ul ldt l fe authort t les,

The long-tern conservat ion of crocodl les l f l  Austral la depeods on
lIttegrated naoagerdent of the resource and lts ettvlronment. In this
respect,  control led codrerclal  ut t l izat lon and establ ishment of
adequately protected areas are proposed as lhe only viable opttoss for
oanagenent of crocodll€s. ?roblens lnherent Eo consercial nanaaenent of
crocodl.Le6 are discussed ln this context.

BACKEROUND

Sultable habitat  for the tr"ro Austral lan species of crocodi les
(lIgggugq poro"us and Crocodylus johnsonl) t6 provtded by the Dany
rlvers and creeks and their  assoclated nerlands that draln northe.n
Australla and lDtersect the northern coastllnes of eueersland, l,testern
Austral la,  and the Northern Tert l tory (Ftg. 1).  Crocodttes are bel ieved
to have been nux0erous and wldespread prior to Eulopean settledent of
Austral la.  ThiE bel ief  1s based on the frequen!,  and often colorful ,
leferences to crocodl les ln the diartes of ear ly explorers of notthern
Austral la.  lo1lowlng the "opening-up" of northern Austral ta,  lndlvtduals
IJlth a taste for adventure recognlzed the variety of reeources that could
be exploi ted. IDit iat ly,  harvesttng concentrated on the coonercial ly
nore attract lve Crocodylus porosus, bu! as populat lons of this species
began to decl ln€, the col [hercial ly ln ler ior Crocody.IuE iohnsonl was
harvested a16o. Early hunters lrtrh unsopr'fsiica-a equffint o-t probabfy
had l t t t1e inpact on crocodl le populartons, but as boats and f trearns
iDproved, the abl l i ty of  hunters !o obtaln crocodi les lnproved
dranat ical ly.  The denand for crocodl le hide6 6t imulated developnent of
an lndustry,  without controls to safeguatd against overharvest int .
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FRESHWATER CROCODTLE

cracodAlus joy'msoni

SALTWATER CROCODILE

C?acodlJlus parosus

tr lgure 1.--  Distr j .but ion of ctocodi les i r l  Austtal ia (after Cogger 1979),
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The result of such overexploltatlon becane apparent and protectlve leglslatton
graduat ly nas €xrended to include crocodi les. Legtslatton ro Drorect
crocodi les was lntroduced at dl f ferent t ines ln the 6tate and aerr i tor ies, but
both specles are now protecled throughout Austral la.  The extent to whlch
populat lons of each specles l rere explotted varted, and thls 1s ref lected in the
varylng prognoses for recovery of each (I1essel et  al .  1980, l , lonographs 1_t7;
Webb pers. com. ) .

TAILE 1.--  History of crocodi le protect ion in Austral la.

,

I

State
Crocodylus Crocodylus

johnsont porosus Legislat lon

I

I

Wester 'n Austral la

Northern Terr i tory

Queensland

tr'auna Conservatlon Act

W11d1ife Conservat lon
Or:didance 1962, as

Fauna Conservatlon Act

t962

7964

197 4

1970

Ls?t_'Tl

L97 4

1950,

and Contlol
aoended

197 4
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CONSERVATION PROBLEMS

Au6tra1la is a Federat lon of Srare and Terr i tory covernnents that ls
re€ponslble for nlldllfe conservatlon, $htle the CoEnoftrealth Covermenr
ls responslble for regulat lng lnternat lonal t rade. In 1972, as a resutt
of past exploltatlon, the Connonwealth Covernnent ftnposed a total ban on
the export  of  crocodl le sklns and skln products fron Austral ia.  Because
of dl f ferences in the extent of sul table crocodl le habltat  between
Queensland, Northern Terr i rory,  and Western Austral la,  the levels of
explol tat lon vary as does the present conservat ion status of each
gpecles, Consequent ly each of these Covernnents does not see crocoal l le
conservat lo[  in the 6ar0e way.

Aval1ab1e data (Cogger pers, corn.,  Webb per6. conn.,  l tess€l et  a1.
1979-1980) suggeEt thar both specles are respolal lng poslt lvely to
protect lon ln parts of their  tange. The extent to ! , ,hich huDtins reduc€d
dif ferert  populattons var led accordtng ro the passage of protec;1ve
leglslat lon and rhe avai labi l i ty of  sulrable habrtai  rn di treren.
regions. The recovery of crocodlte populat ions has not been uniforn.
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For exanple, although soae Northern Terrltory populatlons of Crocodylus
!9I9€!g are recoverlng, others are not, and c. lglgEgg ls now-;T;;;;
ln crltlcally 1ow nuobers ln nany rlver8 along the east coast of
queersladd nhlch fornerly contalned slzeable populatlons (Me6sel et a1.
1980).  In 1970 the Wester Austral lan Governnent protected Crocodylus
!9:93!9 tn that State for a perlod of I0 years, fol lo lr lng a 

-

recoonendat lon by Bustard (1970),  The f i rst  conprehenslve survey of C.
.pIgU populations 1rl selected rlvers of the Kir0berley Dlvlsioa of 

-

Weatern Austral la was undertaken by Uessel et  a1. (1977),  By 1978 both
apecies had been classifled unde. lleslein Australlen leglslatlon es lare
fauns end likely to becorn€ extlnct ln that State.

Total protectlo[ of crocodlles wt11 plobably result in the recovery
of both species. A concoEltant result  of  thls poltcy nay be adveEse
publlc reactlon due to the reputation of crocodlles as dangerous
eninals.  The ca6e for crocodl le consetvat ion evokes f l t t le publ ic
synpathy 1n maoy areas; aone outdoor pursuits taken for gtanted by
cl t lzens of northern Auslra1ia are becoolng increasingly hazardous as
crocodi le nunbers bul lal  up. Publ lc synpathy ls a aalor factor
influenclng the success or otherwise of progtans for the conservatlon of
potentially dsngerous wt1d1ife. The general pubuc ts unltkely to
tolerate the presence of large nunbers of a potentially dangerous enlnal
ln readi ly accesslble areas unleEs I t  1s abfe to beDefi t  nater lal ly f roo
tha! aninalts exlstelrce. Fortunstely,  crocodl l€s occur largely ln renote
and gparsely populaled areas nhere the likelthood of contact between nan
and crocodl le ls Duch reduced. Neverlhe1esB, sorue populated centers are
altuated wlthln the range and greatest concentrat lon of crocodl les ln
Australla, and 1n the6e places the need for ctocodlle rnanagenent 1n t€rns
of pubuc safety is nore urgent.

Sfuce thelr nunbers rdere depleted, crocodlles unt11 recently have not
been a noticeable component of the northern wetlands fauna, and
Austral lans reslding in aieas l rhere crocodl les occur have had l int ted
experlence ln coexl8tlllg lrlth clocodlles, Rlvers and billabongs
(wate.holes) 1n northern Austral ia have been relat lvely free of sal twater
crocodlles and have been safe locatlonE ln nhlch to slrln and flsh.
Crocodiles that survlved hunting have becooe extremely wary and are
rarely seen by the publ ic.  By contrast,  crocodl les born alnce protect lon
have not been shot at to any great extent and have not learned to
essoclste nan rslth a potentlal threa!. Loss of hunan l1fe froE crocodtle
attack6 and hcr€ased pub1lc pressure could result  ln the renoval of
protect lon for crocodlfes. Such a declslon could erode the results of
protect ive 1egl61at1on and lead to the decl ine and eventual ext lnct ion of
the apeciea. In the Northern Terrltory protectlon of C. !919:gg ha6 been
edforced slnce 1972. Saltwater crocodt les that have sulviv ld froo the
1972 group of hatchllrlgs ale now elght year6 old aad nearlng adulthood.
Laige crocodlles are becoei[g nore nunerous and are belng seetl nore
frequently ln waters close to human population cenlers, alrd these aninals
ere relat ively fear less of Ean. The f l rst  generat lon of protecred C,
!gIg:gg, althongh not yet repioductlv€ly narure, ls sufflclently laae to
Itraln or kill a hunan.

a
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there exlsrs al1 the lngredtents of a cottfltct sltuatlon beEseen msn
and crocodi le,  and between the lnterests of publ ic safety and rni1d11fe
conservat ion. this conf l tct  na€ hlght ighted late ln the 1979 Dry Season
by the unforrunate death of a person taken by a crocodi le tn the sea at
Nhulunbuy ln northesstern Ar[heD La[d.

Tte problen now confront ing wi ldl l fe authort t ies 16 to develoD not
only sclentiflcally based Eanagenent of the resource, but also (and
perhaps more inportant ly because successful  conserval ion managenent of
crocodlles depe[ds on lt) an lntenslve progran of publtc education of the
ecologlcal  role of crocodl les and the potent ial  dangers of l lv lng rr l th
these rept l les. Creat lng a publ lc awareness of the hazarals assoclated
eith bathing, boat inS, and sini lar act iv l t ies 1n areas frequedted by
crocodlles 1s fundanentel to ary conservstion progran. Such airareness
already exists in relat lon to other potent ial ly dangerous anlDals,  such
as stone f lsh, box jel lyf ish, and 6hark6. With t tn€r the nunber and slze
of protected crocodt les are going to lncrease. The probleE is not goang
to disappear;  in fact without appropriate Ete;sutes the st tuat lon coulal
nor6en. Wildl1fe authorir ies responslble for crocodl le nanapenen! I 'ust
develop credibl l l ty regarding rheir  abt l t ty to nana8e . .probten' .
crocodiles rhich have attacked or have caused concern to members of the
public. Crocodlle nsnagenedt should include relocation of problen
edlmals; unfortunately attenpls to capture large crocodi les often resutt
in the anix0al 's death unless special  precaut loas are taken.

The overall slnilarlty ln appearance berween C. johnsont and the
larger, nore dangerous c. porosus results 1rr ttre unwEi?liiEi- persecutton
of the forDer.

The bul ldup of crocodi le populat ioDs 1n Austral ia 1s hindered by
coEnerclal  f lsheries and the act lv l t tes of poachers,

A general  worldwide decl ine 1n the avai_labl l t ty of  crocodi les has
produced alt lncreased denand for crocodlle htdes. Illegal trafflcktng in
crocodl le6 6klns exlsrs and ts not conf ined to 5 part tcolar spectes,
al though, because of dl f ferenttal  explottat lon of the trro Austral lan
specles and rhe biologtcal  character lst lcs of each, there nay be grearer
renard for ef fort  a!  ptesent in C. loh[sont poachtnp. Crocodvlus
Johnsoni has lncreased i ts numbeis i i iE-rapiary tha; c. ; ; ; ; ; -Twebb
pers. coen.),  and the freshrareE crocodite ls nov muci-  n; ; ; l ;mnon tnan
the saltwater crocodi le.  I t  16 a relat lvely easy operat lor to net
lndlvldual waterholes and reeove large nunb€rs of anlxoals rrithouE
expenslve equlpnert .  Consequent ly,  poputat ions of f reshtTater crocodl les
lnhablt tng bi l la longs are vulnerable to overexploi tat ton, part lcular ly tn
the late dry season when anlDals are croirded into renatnine l raterholes.
Etrt l re populat ions nay be renoved by nett tng. I"rht  Ie aerfai  survelt tance
of the northern coast l ine has stgnif tcant ly lnproveal 1av enforcernent,  the
dense canopy of vegetat lon character lst tc of f reshwater bl l tabongs, the
great nul lber of bt l labongs, the renote locat ion and seneral
lnaccesslbl l i ty of  nany areas inhabited by crocodt lei ,  and the l i ldted
nuDrber of enforcenent off lcers have nade l t  dt f f lcutt  to stop al l
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apoachlng act lv i t ies. Law enforcenent oust be i ldproved l f  conEervat lon
nanagenenl of  crocodi lee ln Austral la is to be successful .  State,
Terrltorial, and CoI[mo r'ealth leglslatlon provtde varylng penaltles for
offedsea conmltted. Increased Government arrareness 1n recent years to
the lnpo.tance of r l ld l i fe conservat lon has resulred ln lncreased
penalt leE for breaches against the leglslat lon. The severl ty of
penalt ies (Tab1e 2) very often ref lects the dare of the leglslat ton.

Coonerclal ftshlng 1s a nultt--El11ion dollar lndustry 1n northerh
Austrsl la.  The barranundl,  l -ates calcar l fer,  is the prtDclpal coonerclal
fish. nre iotenslty of coranerclal barranunall flshlng la sone Northern
Terr l lory r ivers ls a Eajor factor rrorklng agai lst  the survtval  of  Eature
saltwater crocodlles and the overall recovery of crocodlle populatlons l$
these areas. Large crocodl les are frequent ly drowned l l l  f lshlng ner6 set
1n the r lvers. At least 100 saltwater crocodl les ate drormed annual ly in
coo&erclaf barranundi nets set in lhe Al l lgator Rlvers Reglon, vlz.  East,
South, and West A111gator rlvers, Wlldnan River, efld llurgenella and
cooper creeks (Messel et  al .  1979-1980).  The probleE ts coEpounded by
extenslve poachtrg for both crocodlles and barraiouDdl.

Although C. !9I93!g has recovered slbstanrtally throughour soEe parts
of its range, its capaclty to contlnue to do so depends on preservlng the
large reproduct lve adults.  l ta le crocodi les that Fere born ln the f t rst
year of protect lod are st l1l  non-reproduct lve, and fenales of thls age
can be considered as lEnature leproductlves that nust yet attaln naxlnuD
fecundtty (Webb et a1. 1978).  The dynanlcs of r lver lne popular lons of C.
!9:9ggg are such that lndividuals within a glven population are no!
conf lned to a part lcufar r iver (uessdl et  a1. 1979-1980).  Dif ferenr
BtaS€s ln the l i fe of a sal twater crocodi le between hatchlng and natur i ty
roay be spent ln dtfferent rlvers nhlch conprise a coopleioentary
ecologlcal  sui te of adjacent r lvers. I f  thts 1s so, then any lEpedence
(such a6 f lshing nets) to the novenent of crocodl les ioto ot out of  a
r iver roay ser lously lmpair  the abi l l ty of  that populat ion to increase al td
dlsperse. Oflen river6 wlth hlgh numbers of saltwater crocodlles also
produce good coDnercial  catches of barranu[di .  A relat lonshlp may exls!
between C. !9:9!!g and barranundl sinllar to that suggested by Cott
(1961) betneen Crocodylus ni lot lcus and connercial  f isherieE in AJr: lcaD
lakes and r lvers. Unless a ser lous attenpt l€ rnade to ra!1onal lze lhe
use that ls currenl ly Eade of f lsh resources 1n rhe estuarlnes and along
the coast l lne of northern Austral la,  sal twater clocodl le recov€ry ul l1
not be ful ly real ized.

Another factor operat lng agalust the recovery and conservatton of
crocodi les ln AuBtral la lE habitat  destruct lon and pledatton by
lntroduced aoiDals.  The r lvers that conprtse the Al l lgator Rlvers Regton
and that dralt! the extenslve plains ln the Northern Terll.tory to the west
of ArnheE Land provlde vast areas of sul table f lesttng habltat  for
Crocodylus porosus. Conservat ion of C. porosus ln this leglon 1s
aeriousfy lopalred because much of the vegetarton fr tDgi lg the r tvers is
destroyed by large nurdbers of lntroduced water buffalo and feral  p1t.
Concentrst lons of these aninals car,  h a very 6hort  pertod, total ly
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Table 2.--  Penalt ies for of fenses tnvolvlng protected fauna ln Austral ta.

State Leglslat lon Penalty Provlslons

6 9
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Northern Terr l tory

queenslalrd

I{esterD Auallalla

corDonvrealth

Comno[wealth

Iauna Conservation Act

Terlitory Parks and
Wlldl i fe Conservat lon
Act 1980

Fauna Conservatlon Act
1950, as aoended

Natlonal Parks and
Wtldl i fe Conservat lon
Act 1975, as anended

CusloEs Act 1901, as

$2000 ox inprlsonnenr for
6 nonths, or both; and an
addlt lonal $lOO for each
anlnaf ln respect of nhlch
the offense was comllltted.

$1oo-$1ooo flrsr offense;
$200-$3000 second or
subsequent offense; an
addit lonal $200 for each
anlnal 1D respect of whlch
the offense wa6 conmltted.

$4oo Daxtnun for en
offense again€t the Act in
respect of Protected
fauna.

The leglBlat lor provldes
for a rnaxlbun penalty of
$5000 and $1000 for each
day during which the
offense Is conrni t ted. The
Regulatiors proviale for a
$2000 n6xl16ua psnsl6t.

$1OOO agalnst the person
conmitt l l tg the offensei
posslble supplenentary
penalt les agalnst the
olrner/operator of the
neans of t ransport .

D

I

)
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denude rlverside vegetatlon and prooote eroslon of the rlverbatrks. Local
eradicatlon and controlled shoollng to reduce numbers of water buffalo lr
order to restore "!rest ing" vegetat lon ts not easi ly achleved. BuffaLo
have becone an lmportatrt source of r€venue and proteln to both lrhite a$d
Aboriginal  Austral ians. Several  pr ivately-operated abbetolrs are
currently exportldg buffalo neat and provlde en0ploynent for Aborlglnal6,
and these operatlons cannol be scaled dol'n overnlght.

Crocodlle nests whlch are constructed ln freshlrater
vulnerable to predat lon by feral  plgs thar l  those nests
banks of t idal  r lvers. Natural  predators of crocodl le
apecies are large nonltor lizards, Varanus gg!!g!gl and
whlch are syepatr lc ai th crocodl les ln Austral la.

wetlands are nore
sl tuated on the
e886 of both
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gouldtt ,

MANACEMENI OPTIONS

Australlan Covelnment agencies are faced $lth a crocodlle resource
that at best has begun a recovery brought about by enforceneot of
legislat lve protect lon, For reacons out l ined prevlouEly, coot inued
enforcenent of total protectlon wlthour fornulated Danagenent v111 falt
to achieve the desired objectlve (viz. lolrg-tern consetvatioo of
clocodl les 1n Austral ia),

Intenslve huntlng tn the past and, nore recently, poachlnS and
fishe.ies rettlng actlvltleg have ieduced populatlons of C. lgIgggg ln
6o0re regions to such an extent that substalrtlal recovery nay not occur
for a conslderable t lne, l f  at  al l ,  In the absence of quant i tst lve data
oD C. lohnsonl throughout oost of  1ts range, l ts status is uncertaln.
Consequently r0o6t of the fo11oq'i[g dlscu€slon of Danageroent optlons is
dlrected to C. porosus. Art t f ictal  se€dtng" of r lvers nl th subadult
crocodlles nay be codsldered to lncrease recrultroent; however, stocklng
prograios are 8enerally expeuslve both flnanctally and ln terns of effort
atld ahould oflly be undertaLe$ after careful roonltorlng of natural

I t  would be counter-product lve to restock habltat  s l tuated $ear huoan
settlenenls n'hich, because of lts proxlnlty to townshlps, have few to tro
crocodl les resldent 1n theE. there is 1l t t le benef l t  l t t  adopt lng
nanagerent pollcles that i.r11l aggravate public antagonlsro to crocodileg.
Accordlngly,  1t  Day be approprlate to deslgnate certaln watenrays near
huoan populat lon centers as "crocodl le free" buffer zones. Act ive
oanagenent nay be requlred to naintaln deslgrated rlvers free of large
crocodl les.

Restocklng r1ver6 l r l th ciocodi les fron l r idely sepsrated geographic
locatlons nay re8ult 1n an unacceptable nlxlng of isolated gene pools and
lo6s of genetlc diverslty, A progran has been cox0menced by r€sealchers
at the Austral laa Nat lonaL Unlversl ty,  Canberra, to karyotype crocodt les
fron di f ferent legions and obtaln genet ic signatules for di f ferenr
populat lons. Thls should asslst  future restocktng sttategles.
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Sased on extenslve surveys, Mesgel et  a1. (1980) provtded an
explanation of the dynanica of Crocodylus porosus poputations qrhich
lnhabit  t ldal  rret lands of north;an Austral ta.  provided thls ts a correcr
lnterpretat lon, thes€ data ale €ssent1a1 for the developntent of
successful  restocklng strategies. c.  porosus neEtlng .end age cfass
distr lbut lon is laxgely deternined by sal lnt ty charactertst lcs of each
river.  iGssel et  al .  (1980) classl f led Type I  t idal  r lvers as neanaler lng
rivers wlth a contlnual freshnater tnput throughout the year. Dry season
inflow of flesh water is greatly decrea6ed but sufficlent to prevent
upatrean sallnltles ftor0 exceedlng aea lrater values Deasured at lhe
nouth. theae rivers provlde the najorlty of hatchllngs that enter
populattons ln each season. The opposite extrene is the Type 3 r lvers
which are generally short ln length and hypersaline. Freghwater inpur 1n
such r lvers ls restr lcted to the wet 6eason. Durtng the dry seasort
Eal lnl t les ln upstreae sect lons exceed those neasured at the nouths.
Type 2 river:s are lntentredlate betweeo Type 1 and Type 3. The
6uitsbt l l ty of  a Type 2 r iver as nesttng habltat  !1111 depetd on t ts
aff tnt ty to el ther lype 1or Type 3 r lvers. 

-Non-Type 
l  t lvers are

usual ly poor or non-breedlng systens (Messel et  al .  1980) and general ly
contaln a hlgher proporr lon of subadult  C. polosus larger thad 1.3 D.
ltey 6erve as rearlng grounds for antmals unttl adulthood, at vhlch tioe
erocodi les leave the r lvers to return to Type 1 breeding rtvers.

llagnusson (1979) has shown that durtng the flrst slx nonths,
hatchl ing C. porosus are relattvely sedentary, renaintng near the i rest
Bite.  Foreat lon of a creche by the Baterdal fenale appears to extend the
perlod of sedentary behavior tn hatchl tng C. porosus (Jenklns unpubt.
da!a).  Dispersaf ln subadult  C. porosus ln t taal  r tvers ls s funct lon of
age (Webb and Messel fgZS), f .Fus, age at i " /hich C, porosus are restockeat
rnlght deterElDe the rlver rype lnto whlch rhey a?e lfEEil-ted. Crocoaliles
that are reared for 2-3 years or nore c?ould be released lnto noa-Type 1
rlvers in order to reduce uflnecesaary nortallty lhat nay result from
contact wlth reproduct lve adults resldent 1n Type 1 systeos. On lhe
other hand, hatchllngs r.7ou1d be released into Type I breedtng rlvers.
obviousLy, aovenent patterns of capt lve bred aninals ntght be di f ferent.
Type l rlvers selected for reslocklng should be sutveyed, aBd the
hatchl lngs released lrhere sal lnt t les vary between 4 and 20 o/oo, I t  ts
vl thln thts range of sal lni ty that Messel et  aI .  (Mono. 1, 1980) have
denonstrated reduced nalura1 nortal l ty of  C. porosus hatchl ings. A
restocklog progran lnvolving the release of subadult  c iocodi les (other
than harchl ings) would requlre oore capital  lnvestroent and a detai led
und€rstandlng of the dynaDlcs of non-Type 1 populatlons of subadult C.
!9:99!9. Sonre of th€ infonnatlon that would ensure successful r."to-cktng
16 not yet aval lable, and further study, uslng radlotelemetry,  of  the
noveneot of subadult C. !g:9:!g ls urgenrly reeded,

I f  au6ta1[ed exploi tat ton of crocodltes 1n Austral ta proves to be the
only vtable nanagenenr option that w111 ensure the long-tern conservatlon
of thls resource, &anageoent st lategles wt11 need to be fornolated for
t t r ls purpose. The populattons of both spectes of crocodl le are not yet
suff lc lent ly plent l ful  to sustaln even th€ nost l ld l ted connercial
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harvest lng dlrect ly fron the n11d. Ds!a to faci l l tate comercial
Danage&eflt of crocodlles ln Au6tla1la are lnadequate. sustalned-yle1d
harvest ing of crocodl les depends oa an accurate as€esa&ent of natural
nortallty ln the aubadult age classes. When eqrtll.brlun has beer
reached, thls surfel t  of  crocodl les then 16 the propor: t loD of the
populatlon whlch can be harvested without adversely affectlng the
survlval  of  the populat lon. In fuUy equl l ibrated populatton6 suff lctent
nuDbers of subadult crocodlles survlve to reproductlve natulity each year
to conpensate for the 1o6s of reproduct lve adults.  Recoverlng
populetloBs requlre annual aecrultoent of reproductlves to exceed 1oss.
Excesslve conEercial exploltation that lroufd serlously lnpalr recrultnent
potential of a recoverlng populatlon 6hou1d lot be contenplated,

Follor,rlng a perlod of conservatlve harvest quotaE tt nay be poGslble
to lncrease the slze of anrlual quotas at a rate eq!a1 to the lrlctease in
populat ioo slze unt l l  a maxlnuD sustalnable harvest level has been
achleved. Excesslve quotas, determlned by non-biologtcal  paraneters,
nt l l  n l t iDately exhaus! ihe crocodi l laD resource!

Crocodiles ate totenlc for nany connunitles of Au6trallan
Aborlgtnal8, ll,anagenent of crocodiles ln Australla nust take lnto
account the tradltlonal relatlonship between Australian Aborlglnals and
crocodi les and, ln so dolng, ensure that adequate safeguards are
Itrcorporated lDto nanagenent strategles so the slgnlficence of thls
relat lonshlp v111 be preserved. Accordlngly,  col l lnerclal  exploi tat lon of
ct'ocodlles on Abortginal-owned land nlght be restrlcted all together or
l iEl ted to certain dtstr icts.  Actual harvest lng of crocodi les woulal  be
undertaken ln accordance lrlth a crocodlle Danagenent program aad subject
to Governr0ent controls, A parrlcular Abortglnal comnulltty that owneat
traditlonal land rlghts over a gazetted crocodlle cono.nercial zone would
have the fol lowing opt lons oper to i t :

-  Earvest lng of antDals undertaken by nembers of rhe
connunlty!

-  Harvest lng of antnals undertaken by sgents opetartng
udder contract to the cornbufllty.

- Harvestlng of alllDals undertaken by licenced operators
lrlth pa)ment of e royalty per crocodlle taken.
Royalltles would be deterr0tned by a set percentage of the
value of each akllr.

Adopt ion of lhese pol lc ies w111 faci t i tate greater econoolc lndependence
of aone Aborlglnal cooinunltles 1n a banoer stmilar to that lrhlch i6 betns
echieved ln ?apua Nelr eulnea, Such po11cles wi l f  provlde addtt lonal
lncentlve for Aborlglnal cornDunlttes to pursue a traditlonal llfe-style
and beneft t  econonlcal ly fron preservlng the natural  €nvlronmen!.

Ulttnalely the nsnageEent of crocodlles in Australla csn snd should
enta1l the connercial  harvest lng of anixnsls from se1€cted rtvers durine a
def lned open season. Controls eGtabl lshed 1n Loutstana, U.S,A.
(PalDlsano et al .  1973),  for the expert i0ental  harvest progran of
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All lgator mississipplensls in 1972 are dtrect ly appf icable to any sirnl lar
such harvest of  el ther Arstral lan specles, CoDtrols or commerclal
exploi tat ion of wl ld crocodi les ln Austral ia musr be untfoxn between the
different polltical dlvislons. Duratlon of the opefl season roay vaiy fron
State to State accordlng to the sunmatlon of regtonal quota€ in the
States. The tloing of coronercial ope$ seasons should not colncide wlth
breeding and nest ing of the two specles. This eppl les part lcular ly to
!I999$f!9 jgtro."on=f harvestlng no.e so than to Crocodylus porosus
harvest lng whlch should be restr tcted to non-Type I  t tver snstens.
Urltke C. porosus, C. j9!te9j4 populatlons do not eppear to exhlbit
sinifar partitlonlng betweeo reproductlve nature alld lnnature anlnals.

Slze liolts, both naxitrlun and ntninun for each specles, should ensure
that narket ing (and thereby harvesttng) tE restr tcted to legal ly obtalned
specinens. Conoercial  harveEtlng zode6 ln Austral la night be divided
lnto dist inct dlstr lcts i " / i th a f le ld eenrer in each distr ict ,  staffed by
covernment offlcers, for certlflcatlon of sklns taken durlng the ses6on.

Because of the importance, ln terEs of C. porosus recrul tDent,  of
retainlng Type I breedlDg rlvers in an undlsturbed condltion, every
effort  should be oade to esrabltsh the nore ioportant of  these sysEeEs as
protected areas. ggsgulgg porosus hatvesting should be restricted to
don-Type I  syslens. Figures 2a-c display the geogxaphic dtstr tbutton of
Type I  breeding r lvers In northerr Austral la (prepared fron data obtslned
by Meesel et  a1. 1979-1980).  Conservat lon naoagenent of both crocodl le
Epeciea ental ls the protect lon of adequate areas of sul table habitat  that
i r l l l  ensure, to the greatest extent po€slble, unhtndered r.ecruttrneoE.
Included ln Flgures 2a-c are boundaries of existing nattonal parks and
nature reserves that have been establ lshed ln areas of sul tsble crocodl le
habitat .  Aborlglnal  reserves have not been lncluded becau6e of the often
oufri-purpose approach to fand and resource nanagerLent qthtch, in so.oe
lnstances, day jeopardtze the obJect ive of cxocodl le conselvat lon,

At present Crocodylus porosus ls hcluded tn Appendix I .  papua Nev
Gutnea populations of C. !919:E have been retalned on Appendtx II alorg
r,r i th Crocodylus johnsoni.  CITES does not pernl t  cornnercial  inteEnat lonal
trade 1n speclnens of Appendix I n1ld1ife. However, trade ls pernttted
for products derlved fron Appendix I  specles that have been bred 1n
capt iv l ty,  Such a closed-cycle crocodl le far l l  ls being developed by
AppUed Ecology Pty. l " td.  so as to co ply wirh the provisions of CITES
slth respect to C. porosus. Thtough the efforts of Appl led Ecology pty.
Ltd. the Austral ian CovernEent is wel l  advanced to\, /ard estabt lshlng lhe
f i rst  c losed-cycle crocodl le farm. t l le hvest lgattons by Appued Ecology
are being sponsored by the CoDnoNrealth covernmenr through the Mlntster
for Aborlglnal Ajfalrs and are aftned at asslstlng Aborigl$a1 connunltles
l l t  at talning sooe econonic independence. In accordance wlth Covern0e[t
pollcy the farn will oot becorne ful1y operatlonal unttl an Environnental
Inpact Statenent on the proposal has been subnit ted to and spproved by
the Coneonvealth Mirdster resporslble for envilonnental Datters. The
Northern Terr i tory covernnent recent ly announced l !s lntent ion to
e6tabl lsh two connerclal  crocodl le farns in that State,
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I'igure 2a.-- Type l Rivers in conservation areas in Westerll Australia'
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Markettng of skins derlved f ton capt lve-bred crocodl les Dust be
effected 1n such a nanner as to ptevent e{port  of  skins taken t t tegal ly.
Marketing cofltrols sinllar to those docuDented by Palnlsano et al.
(1973),  wrth the use of sealed, nunbered tags al td stock reglsters, are
cof ls idered suff ic ient to easure that export  ls restr lcted to farEed sklns
and that the provlslons of C1TES are sar isf ied.

Until it can be denonstrated that Crocodylus porosus populatlons in
northern Austral la have recovered suff ictert ly to enable the spectes to
be placed or Appendlx 11 of CIrAS, legal connerctal export of C. poro6us
skins nust be restr lcted ro lhose derived froro "farmed" anfnaG. I f
coDroercial  harvest lng becoDes a teal t ty,  restt lct ton of t rade to skln6
derlved fron faroed crocodiles would renove pressure on w11d populatlons
of crocodi les and facl l l tate their  recovery. An agreed percentage of
subadult  " farned" crocodl les n€y be released st predetermined locat lons,
to further enha[ce the recovery capacltt of wild crocodlles.

Cooloerclal crocodlle fanns, both Governnent and prlvately sponsoreat,
should provlde a source of enployDent for quallfted and unsk111ed loenbers
of the r i rorkforce, These establ ishnents, 1f  located 1n eas11y accesslble
reglons, v111 be tour lst  at tract lods whlch, ln addtt ion to suppleDentlng
the iDcoEe of the fantrs,  wi l l  assist  ln fostertng prbl lc appreclat ion of
crocodl les.

An al ternat ive market lng pol icy, l f  forelgn traCe relat1on6 nere not
jeopardlzed, would be to restr lct  export  of  crocodt le sklns to part les to
CITES whlch had no! entered reservarions lrlth respect to Appendtx I
crocodl l Ians. Austral ia,  as a responslble Party to CITES, r i /ould be
concerned i f  by al lowlng crocodl le sklns to e[ter the internat lonal
market 1t facl l t tated l11e8al.  lnternat ional t tade 1n crocodl le sklns.
The IUCN/SSC Crocodl le Special lst  croup and CITES need to d€velop a World
Crocodillan l,tarkettng Poltcy to ensure that all crocodlle sklns enterlDs
trade do so according to unlform conlrols on ldent i f icat lon.
cert l f lcat lof l ,  and volune.
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CI,ASSITICATION AND POPUI,ATION STATUS OF TT1E AMERICAN A]-LIGATOR

Ted Joanen and Larry }lcNease

I-oulslana Department of W1ld11fe afld Flshelles
crand Chenler,  Loulsiana 70643, U.S.A.

The U.S. I tsh and Wtldl t fe Servlce placeg the al l tgaror (441gator
nisslsstppiensis) in three basic classtf icat ions, i .e.  enaangEiEi l -
threatered, aod threatered S/A, throughout ils range ln the Southeast
United States. fhese categorles slnply destgnate status of the anlnal tn
relat lon to l ts recovery or rate of recovery. Ceneral ly,  the endangered
status would lndicate 1ow populat lons, whereas the threatened staEus
lndlcates sn increaslng populat lon no longer tn danger of ext lnctton, and
the threatened S/A status lndlcates a recovered populatton. Other
lxnportaDt factors are also consldered ln making the6e deteradnat lons,
such as habitat  evsluat lons and state research, naDagement,  and
enforceEent progiams. Today, alllgators ln 287" of the U.S. range ale
classi f led as threatened, 692 as endangered, and 3Z as recovered (Tab1e

Since the IUCN neet lng in l ladras, Indta, 3-13 Febl:uary t978r the U.S.
Flsh and Wildl i fe Service reclassl f led the blological  stetus of the
al l lgator only in port lo[6 of Loulsiana. As a result  of
reclassl f icat ion, nlne addit lonal coastal  per lshes were classtf ied ss
threatered S/A. Prese$t1y, 12 parlshes tn loulslana are classi f ied as
threatened S/A.

A11 lhe 64 counl les ln Flor ida were del lsted froE endanpered to
threatened status, al loning a 11D1ced experixoental  harvest ieginning tn
1 9 7 7 ,

Three Loulslana parlshes were del isted to threatened S/A f tr  7974.
A.11 or part  of  27 parlshes were deltsted fron endangered to threstened ln
1977, with 9 of these parishes betng further del lsted to rhreatened S/A
ln 1978; 33 parlshes retained endangered status. Texas del isted 14 of 74
count les report lng al l1gator populat ions. In South Carol ina 5 count les
nere deusted to threatened, wht le 23 renalned classl f ied as enda!8ered.
Al l igators 1n 21 ceorgla count les vere del lsted to the lhreateneal status;
74 coul l t les retalned thelr  endangered status. Al l  of  MtsstsElppi,
Alabana, and North Carollna are consldered endangered under rhe present
classl f lcat lon systen of rhe U.S. FIsh and Wlldl l fe Servlce (Joanen and
McNease 1978).
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Table 1. Al l1gator classi f lcat lon sratus by slare, 1 Juty 1980,

Nuriber of Countles
a

State Threatened s/A Ertdangered Threatetred Total

l , l isslsstppi

A.labama

North Carol ina

Texas

Oklahona

G€orgta

LoulsiaIIa

Flor lda

South Ca.ollna

TOTAI.

Percent

T2

2 .8

55

2t-

60

3

I

7 4

303

27

18

5

722

27 .9

55

,-

74

3

1

95

63

64

28

437

74

a

a

a

a

I

72

At the CITES ideeting held tn Co€ra RLca ln l,Iarch 19?9, oenbers of rhe
U.S. delegat lon subndtted a proposal to del ist  the al l lgator froo
Appendlx I to Appendlx II of the Conventlod on Idtedratlonal Trade tn
Eddangered Specles of W11d launa and l1ora. Thls DroDo6al nas
ul |anldously pa6sed, thus al lowtng lnternattonaf trat t ickfng tn 1egal ly
taken al l igator ski ts.  The U.S. l lanagenent Authorl ty,  along wlth the
Sctentiflc Authority, inpleEented the regulatloDs and requlrernents
governing shlpnent of skins.
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CURRXNT POPULATION STATUS BY STATE

TeIt  states reported having al l igators present in al1 or parts of
their  state. In general ,  al l igator populat lons are lncreastng throughout
the range. Areas on the fr lnges of the range general ly hav€ stabfe
populat ions and cannot blologtcal ly harbor the htgh detsi t ies
character lst lc of  Gulf  coast states.

LouiEiana

The coastal  narsh populat lon, where nest count lnde:<es were used to
calculate populat lon 1eve16, lncreased approxtnately 7OZ f torn 1977 Eo
1980. Nest court  data indicates an annual lncrenent of apploxioately 152
slnce inl t iat lor of  the surveys in 1970. In areas of rhe state whete the
nest counl nethod 1s not feaslble, standardi2ed nlght count transect
1lne5 were conducted. t-oulslans personnel surveyed 36 different areas of
the atate, coverlng a total  dlstance of sooe 327 nt1es. Al l igators per
ni le averaged 3.14 for the 36 transecrs (Chabreck 1980).

Florida

Populat ion lDcreases sre occurr lng throughout Flor ida (Ht l tes pers,
coon.). One inlarld lake surveyed by the nes! cou[t nethod lncreased froo
45 nests in 1978 ro 90 dests in 1979. Sunnarizaron of ntghr counr alara
by year denonslrated an average of 5.0 al l lgators per nl1e ln 7974, 4.6
t n  1 9 7 5 ,  6 . 3  i t L  1 - 9 7 6 ,  9 . 4  1 ^  1 9 7 7 ,  6 . a  1 n  1 9 7 8 ,  a n d  7 . 4  i n  L 9 j 9 .

Ceorgla

A 1980 al l igator populatton survey lndlcated popularton tncreases are
occurr lag in nost of  Ceorgta. Ar analysls of populatton tre[ds by
count les shor^'ed that 72 rrere lDcreaslng, and 36 were stable. The
state!. ide populat lon was est inated at approxtnately 95,000 over a
lo8-county area, with a 152 lncrease as conpared to the 1977 suivey (OdoD

Texaa

The 1980 statewlde populat lon va6 est lnated at 68,692, a 257. Ir . ,crease
slnce 1977. Listed as havtDg lncreased populattons rrere 48 count les, 21
showed 6tab1e trends, 4 \rere decreasing, and 23 u$deternlned, A, l l igator
habttat was est ioated at 5735 sq nl  ln 1977-78. The 6ratewtde averase
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densi ly was esl l . lated as
surveys covering solre 27
(Brotr'nl-ee pers, co[0n. ).

AlabaEa

11.79 al l lgators per sq ml.  Sever nlght court
tol averaged 4.5 alligators per D1le ln Texas

No current populat ion est inates are avai leble for AlabaDa. However,
the 1978 ntght counls conducted ln lloblfe and Baldwilr countleE lndlcate a
172 lncrease as coEpared to the 1977 surveyst Four routes fron 20 to 35
mile6 in length were run 1tr the 2-couflty area. In 1978, 1039 alllgators
$ere observed compared to 891 for the sarne routea in 1977 (Keeler pers.
cof ,D.  ) .

Arkansas

All lgator ra[ge ls l iEi ted in Arkansas. The trend 1rt  Arkansas's
al l lgator populat lon strce 1977 1s codsldered stable to 6l ight1y
lncieashg. Slnce L972, the state restocked 2000 alUgators fror
Louialane 1n 34 counttes ly lng wlthin the specles hlstor lc range. Today,
37 count les possess al l igators to soue degree (Barkley pers. coff l . ) .

South Caroulra

0f 28 coudt les containing al l tgators ln South Carol ina, 7 reported
lncrea8lr lg populal ions. Increaaes were est lozrted as nuch as 252. Nlne
count les reported stable populattons, and the status of 12 coult ies was
unknolt$ (Murphy pers. conn. ).

North Carollna

Al11gator populat ions 1n 23 North Carol lna count les w€re reported as
atable to al1ght1y lncreaslng. The largest concef l t rat lons of al l lgators
are located 1Ir  Brunswlck County h the southern part  of  the state
(Snttheon pers. conn.).  Norrh Carol lna based thls lnfornatton on several

l )  Quest ionnatre rerulns fron coasral  plaln hunters and f ishernen.

2) questtonrElre returns fron North Carolina Wtldllfe Resources
CoDfidssloo f ie ld personnel and other natural  resources f le ld
norkers.



D

D

t

I

I

t

D

I

,

,

t

4 )

JOANEN AND I1CNEASE 83

A conputer lzed f l le of al l lgator slght lngs nalntained by the
North Carol ina Natural  l ler l tage Progran.

Nlght cruise-count surveys conducted by nenbers of a North
Carol ina State research team durirg 1979 and 1980.

Intensive f le ld work on ol le study area fron 1977 to 1980 and on a
second study area from 1979 to 1980.

Mlssl8sippl and okfahona

No current populat lon est inares are ava11able for these states.
Mlssisslppl 's nlght couat data for 44,5 ni les of survey l tnes indlcated
an average of 1.0 aUlgators pei n11e (Chabreck 1980).  Oklahona reports
alllgators occurElng 1I1 only Mccurlain County. fhts smal1 populatlor ls
character lzed as stable (Janes pers. coon.).
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SIATUS.-- Endangered.

DISTRIBUTIoN.--  l - lstor lca1ly fron0
to ?eru and Veaezuela. AIso foudd ln
Flor lda, U. S.A.

Mexlco south through Central Anerlca
Cuba, Hispaniola, Janalca, and South

REGIONA1 STATUS

BAIIAMAS.-- Suitable habitat is found on the l'est coast of Andros
I61and, only 110 Dt1e6 (180 kD) north of Cuba aod 120 Dtles (193 kn) east
of Florlda, bo.h of lihlch have populatloas of ggUlgg acutus. ltowever,
exte[61ve surveys of the area have falled to reveal the presence of any
clocodi le (King pers. obs.) .  Al though exr lnct 1rt  the is lands today, and
oot recorded there i r t  hlstor lcal  t iEes, crocodl les once occulred 1n the
Behabas. The l lor ida State Uuseun, U.S,A.,  has precoluDbian fossi ls of
crocodl les f too New Provldence Island. Bahanas.

BEIIZE.--  The dtEtr lbut ion of Croeodylus acutus relat ive to C.
noreletil ln Belize is poorly unde-rsrooa. roiErllrgTl) reporree that c.
acutlrs was rare on the natnland but sonelrhat nore corlDon on the offshor;
ls lands. More recent hfornat lon indlcates that the populattons of the
islands have been el lDlnated (Ro6s and Ross pers, cotrn.) ,  and a recent
aurvey of the natr land focated only C. r0orelet i l ,  no C. acutus (Abercrornble
et a1, thls volune; see also charnoc-k-wffi6i-fT73, I,te-ilfi;-d Arren tgOr).

* Deceased.
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I Crocodl les are st l11 observed ln1and and occasional ly tn coasrat areas
in Bel lze, but oost lndlvlduals are C. oorelet i i  (Weyer pers. com.,
AbercroEble eE al .  this vo1.).  poputar ion 1eve1s (Abercronbie 1978) and
lntense publ1c educarion efforts (Weyer pers. co$m. )  have reduced lntenstve
hunttng, but crocodi les are 6t i11 ki l led as targets of opportunlty.
However, the Bellzean governnent badned the export of htdes 1n 1981
(Abercronbie p€rs. conn. ) .

CAYMAN ISLANDS.-- Although speclmens of Crocodylus acutus have been
collected oa both Llttle cayman aDd cayroan Bililth-$-nal-fi?e rcen
vagranta fron Cuba or Janaica, or possibly fron a resldent breedinq
populat ion (carnan 1888, crant 1940).

C0L0M3IA,--  Crocodylus acutus occrrs along bolh the At lanttc anat
Paclf lc coasts and thetr  dlalnaSes 1n Colonbta (Meden 1958, 1962) and 1s
noI, '  total ly protected (Resoluclon No. 411, 16 July 1968, Uinisrerto de
Agrlcul tura; Resolucion No. 573, 24 July 1969, INDERXNA).

l lunt ing for thls species began 1n the late 1920's.  and before t t  was
abandoned as an organlzed acl iv l ty in the late l940rs due to depletton of
the stocke, over 500,000 hides were raken (Ueden 1971, 1978).  Nattve
hunters cont lnued to k111 the renalDhg crocodt les through the 1960's.
Today, populat io[s in some r iver systens h.ave been total ly el in lnated.
Others are so depleted that they are unt lkely to recover \dthout asslstance
ln the forn of restocking. Btological  aurvey teans in the Atrato Rlver
ansops worklng olr sut veys for a new transisthnus shlp caD51 route tn the
late 19601s seldon reported seeing crocodi les (CanpbeU per6. com.0. ) .
Perlodic regional surveys throughou! the khole of Colonbta durlng the
1970rs have consistent ly conf lrned rhe 1o6s of this species froo nost of
1t6 forner range, and the absolute absence of even eoderale19 abnndant
populat ions anyvhere (Ueden 1978, per6. cown.).  The extst in!  protecttve
legislat lon is not rout inely or conslstent ly edforced. The specles oust be
conslder:ed endang€red 1n Cofoi0bla.

CoS!A RICA.--  I t istor lcal ly Crocodylus acutus occurred atong both coasts
and lDto the larger r lvers. Today, l t  ls seEn only Eporadlcal ly,  pr ioar l ly
ln Guanacaste Province and ln the Temptsque Rlver and roajor tr ibutartes
(Powe11 1971).  Crocodi les are afforded part lal  protect lon in that the
hunt ing season is closed for s lx nonths each year in the pactf ic dralnages
and four donths ln the At lal l t ic (powe11 1971).  Holrever,  enforceDe[t  of  lhe
legislat ion is di f f icul t  tn renote areas, wtth a f lour lshtng traf f ic tn
iuegal htdes across the Nlcaraguan border (powel l  1971, Vaughan pers.
conn.).  Sone populat lons are pror€cred withtn exlst tng natt ;na1 parks, but
outside these sanctuaries the specles Dust be consldered severely depleteal.

CUBA.-- Crocodylus acurus I ,a6 once dlstr ibured throughout the 1s1and in
sal lne hablrats,  being replaced by C. rhox0btfer tn freshrrater habttats.  By
1917 c. acutus had beer deplered a1one-TG=I;;;s of Ensenada ate cochtnos
(Bay of Plgs),  and by 1919 the personref of  the U.S. Navdl Base had
el lnidated C. acutus fron the r lvers and estuat les around cuantanaEo Bay in
eaatern Cuba (Barbour and Rarnsden 1919).  After th€ CaEtro governoent took
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po$er,  najor habitat  al terat lon prograns assoclated $l th agrlcul tural
expanslon were lnltlated, and all crocodlles that could be captured were
placed into corrales" localed near the Zapata SwaDp ln south coastal
Cube. Both C. acutus ard C. rhonblfer were nlxed ln the corrales. snd an
inlensi  ve hu;band-; t l rocra6 uiTTir trEtea, but unf orrunarety rhe ;wo
Bpecles were hybridlzing in the corraLes. A pule stock of C. rhonblfer has
no\r been segregated iDto a aeparate breedlng cobpound (Varona 1980), but
apparent ly no such faci l t ty has beea establ lshed for C. acutus. Scattered
aggregat lons of C. acutus st l11 occur on the norrh .o-rr t l - iEiT of L"
Habana, s:rd along the southeh coast, lrlcludtng the Isle of Ploes, but
crocodl les are st l l1 pers€cuted nhere they occur (Varooa in 1l t t .  to ! , lo1er
1980).  sone neasure of protect lon ls nov/ provided by nes6Tui i i i 'No. 21-79,
thich prohlbi ts al l  hunt lng ln several  lopor: tan! areas (Varona 1980).

DoMINICAN REPUBI-IC.-- lllstorlcally crocodlles occurred aroudd the
coastg of the country in suttable habl lat  and lnland ln large r lvers.
Today the populatlors are reduced or elfiolnated throughout roost of the
historlcal range, Irlth snall remnant populatlons ln the nangrove slranps of
the Rlo Montezuna nea! I!trontl Crlstt tn the northlrestero corner of the
country (Poidell 1971), pogsibly 1n the Rto Samana lrest of Sanana Bay
(Canpbel l  pers. obs,) ,  €nd s surpr lstngly large populat lot t  in the sal lne
Lago Enriqui l lo in the southwest of the country (Powe11 1971, Duval 1977,
King pers, obe.).  The species ls 1ega1ly protected, but local k l l l lng of
crocodl les as verxdn or for local apotbecary use cont inues (carr ick in
f!!!. ). rne populatlon in lago Enrlquillo, estirurted to nunber betw;n 175
and 250 adults,  nay be the nost loca11y dense populal lon of thls species
ati1l extadt anJawhere. Honever, 1t is threatened by land use ptactlces
around the lake ohich have already diverted the najority of the freshwater
streans avTay fron the lake for llrlgatiofl use. thls has lncreased the
hypersal lnl ty of the water to the poht that hatchl ing crocodl les can no
longer survlve tn the lake (Dlxon ln l i t t . ,  Inchaustequl pers. comD., l<lng
pers. obs.) .  In addlt lon there has been sone increase in local host1l1ty
toFard crocodl les (Carr lck 1n 1l t t . ) .  Tte species nust be codsldered
endaDgered ln the Donlnlcan Repub11c.

ECUADOR.-- Crocodylus acutus was once very abundant along the paclfic
coast and larger tlvers (1,a condal0lne 1778, Wh)'Dper 1882, Wo1f 1892,
Spt l lnan 1951, Meden 1973a, b) with peak populat lons rul lbertng tn rhe
thousatrds tn the Rlo Guayas, Rio Dau1e, and thelr trlbutarles. The lower
reaches of the l t lataje,  Sant lago, and Esneraldas r lvers also oere reported
to suPPort large poPulat lors.

CoDnerclal  hlde hunt lng began on an organlzed and sysleEatlc basls
perhapE 35-40 years ago; cuayaqull arld Esdereldas were the chlef export
ports for hldea novlng to the Unlted States, No stat ist lcs ol l  the extent
of the hlde trade are avallabLe (records were apparently not kept).

The Amerlcaf l  crocodi le recelved off lc lal  ptotect ion in 1977 by
Resolucion No. 818, but the specles 16 now apparently extltpated over rnuch
of l ts forner range lr  Ecuador (Meden 1973b).  Desplte rhe leglslat lon, C,
acutus hlde6 ale 6t111 purchased by Cuayaqutl dealers whenever posstble
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(Fr i t ts 1978).  Sna1l renna[t  populat lons reporredly occur 1n some of the
larger,  nore inaccesslble snamps, such as Laguna de Sade and Estero Vait ta,
and a few ana11 aoinals vere obsetved on the Rio Quevedo, a trlbutary of
the Rio Perdido ln 1972 (Ueden 1973b),  A survey of lare 197B found fewer
than 10 crocodlles ln the Estero Penafiel, R.lo Churute, and Rio cuayas
(I l t t ts 1978).  That survey also conf irned the wldespread be1lef aEong
knowledgeable Ecuadortan hunters, villagers, and dealers that Crocodylus
gggllg 1s extlnct throughout trrost of lts forner range in Ecuad;. The few
scattered poprlat lons that renain are 1n l l lElnent danger of ext lnct lon.

EL SALVADOR.-- Ll t r le histor lcal  i t r forrnat lon on the distr ibutton and
abundance of Crocodylus acutus 1s avatlable for E1 Salvador, but 1t ls
reported to be beconing scarce froE hunt ing and nal lc iols kl l l lng (powel l
197f).  Populat lons oay st l I1 exist  ln lake6 cui ja and Jocotal  (powel l
r97J-).

GUATIIIALA.-- Crocodylus acutus has been reduced seriously over 1ts
range ln the Paciflc versan! of cuatenala, although sone 6rda11 populatloos
nay st1l l  exlst  (Pove11 1971, J.  Canpbel l  E l l l ! .  to Moler 1980).

The distr lbur ion of thls specles ln the Carlbbesn draldage 1s poorly
understood, Reports of crocodl les (general ly ln eastelr  cuatemala) tn
receBt years do not Epecify whether C. acuius or C, Eorelet i i  1s lnvolved
(Dunerll and Duneril 1951, Nel1l 197T).--ml;heve? sp-iifEF-iJ lnvofveil, tr
1E beconing scarce. Crocoal l les are seldon seen in areas l tke Lago de
Izabel ! , rhere they were once nunerous (?openoe pers. conl0.) .  The species
nust be conaldered endangered in CuateDala.

HAITL-- Crocodi les once occurred around lhe coasts of Halt i .
lncludlng the offshore l11e-a-Vache, but are infrequenlly 6een or heard of
today (Schnartz and Thoeas 7975, SchwarLz pers. cox0n.,  Thompson pers,
coDn.).  Crutchf leld (pers. cono. )  reported seeing crocodl les tn 1974 on
the Tiburon penl l raula east and west of Jererde and was told that falr
$unbers st i l l  occurred ln the vlc inl ty of conaiveg on the northwesr coasa
and ln inland lakes, especial ly EEang Saunarre, along the southeastern
border wtth the Donlnlcan Republtc. Plans are cur!.ently betDg nade to
conduct a crocodl le survey 1n Halt i  (Ottenwalder pers. coEn.).

IION'DUR-AS. -- Crocodylus acutus ls dlstrtbuted 1It both rhe Atlartlc and
Paclf lc drainages in Honduras, posslbly betng replaced by C, norelet i l  in
the extrene northvest,  at  leasr in inland uaters (1,{e111 197l,- ' id l l i - l i
l i t t .  to Klng 1977).  Even though perlodical ly hunted for t ts hide u;Ei1
the nld-1920rs, C. acutus was st i11 sbuttdant 1n Lago TtcaDaya, Lago yojoa,
and at Puerto Cortes, and st111 occur:red in Tio Verdugo (Schnidt 1924).
Today, populat lons are depleted,

JAMAICA.-- Tradit lonal ly the range of Crocodylus acutus 1n Jaoalca has
been reEtr lcted to the southern coasts and associared targer r lv€rs (Crant
1940, Powel l  1973).  In 1969 the populat ions ! /ere estf ioated to contain
approxlrdately 2000 adults (Ha11 rn l i r t .  to Canpbe11, Carapbet l  pers.
ob€.).  About that t lme an attenpt uas made to attract tour ists for
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crocodife sport-huot lng, with the result  that the populat lons were quickly
depleted. A governnent sponsored Eurvey ln Decenber 1970 revealed that C.
acutus st t11 exlsted ln noderate to 1o!,  nunbers in no6t aval lable
iEIiiit, Uut donhere vas it abunilant (canpbeU, ?atton, and Prltcharit
1971).  In a 1975 survey, a total  of  41 1Iv1ng crocodl les was obtalned 1n
vlr tual ly al1 habitar on the south coast (Carr lck 1q ! ! t r .  to f . ing 1975).
Today the species appears restr lcted to lsolated p-opul i i - tons snd occaslonal
lndivlduala scattered throughout the hlstor lc iange (Canpbe11 pers. ob6.),
nith lhe greatest nuobers renalrlng in the Black Rlver Morass area (csrrick
ln l t t t .  to Canpbel l  ard to Ktng 1975).  Unfortunately,  the Black Rlver
llorass ls undergolng severe habitat nodlflcatlons as patt of a govern$ent
sponsored water diverslon aad r ice cul t lvat lor i  progren.

The species ls protected fro[ t  connerclal  explol tat lon, lncludlng
sport-hutrtiag safarls, to an indetermlnate degree, but 111€ga1 cordnerce
6t i11 occurs atrd crocodi les are ki l led as vernin wherever encounlered
(CampbeU pers. obs.,  carr ick 1n ! ! ! ! .  to _Canpbel l  and to King 1975).

I 'EXICo.--  Clocodl1es range throughout coastal  Mexlco fron central
Tanaullpaa on the east coast and Slnaloa on the west coast southBard lnto
Central  Anerlca. There ls sone quest lon on the aclua1 hiEtor ical
distr lbut lon of Crocodylus acutus relat lve !o C. borelett l  on the east
coaat.  Records for C. acutus exisl  as far north as La ?esca (Baker and
Webb 1966) fo faroaulTpas,--Tif these and all other eest coast recotcts north
of Caupeche are unsubstantlated by nuseun specfioens and nsy be based on
aisldent l f led C. nlorelet l i  (Ross and Ross pers. cooxn. ) .  Ihe lEsue is
current ly unresolved.

Siml lar ly,  on the Paclf lc coast C. acutus i6 ne1l docunented as
occur!1ng as far north as northeh S-tnalifi-if tmugfr poldell (1971), Klng
aod Brazalt ls (1971),  and Brazalr ts (1974) lndtcare thar C. rdorelet l i
occure 1n thls leglon. If g. 991919!11 does, in facr, oc&r-ii--IlE-Tactf tc
coast of Mexlco, l t  ls very lare and coexists I ,dth C. acutus, nhich 1s wel l
docunented fron rhe Pactf lc coa6t.

Present dlstr lbut ion of crocodl les ln Mexlco is great ly reduced fron
hlstor lc t lnes; todsy only scattered, l .ocal ized, and narglnal populat lons
exlst  throughout the hlstor lc r :ange of el ther specles (Alvarez de1 Toro
1972, canpbel l  1973, pers. conrn.,  Casa6 and cuzman 1970).

Ca6as and Cuznan (1970) glve documentat lon of the decl lne of crocodt les
throughout llexico as a result of excesslve huntlng and land-use changes.
Unfortunarely,  f igures for both specles are luidped; no data on C. acutus
elone are avat leble. these data shon the classlc Dattern of
overexplol tat lon whtch has already reEulted ln the List lng of C. norelert l
a6 an endangered species ln Mexlco and elsev,here throughout f t l  r l i lE-
Receot f le1d work along the east coast of Mexlco conf lrDs the great rar l ty
of crocodlles of any specles, but oore lDportantly revealg only very
infrequent speclnens preeuded to be C, Esgllgg; the grea! najoriry of the
apecidens observed are C. Eorelet l l  (Cax0pbel.1 1973, pers. obs.,  Ross aItd
Ross pers. conn. ) .
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tr'ron Casas and cuznan 1970
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fhe acconpanytng graphs (rlgs. I-3) froE Casas and Cuznad (1970) and

the nap showlng the decline 1n coDnerclal huntlng are seLf-explanstory.
The decllne ln coDr0ercj.al hunling areas is especially LnforEative: betneen
1937 and 1946 there were 37 areas reglstering cooDe.clal crocodile
explol tat ion, betreen 1947 and 1956 these had decl lded to 30, and between
1957 af ld 1966 only f3 local i t les were lnvolved (Dote espectal ly the 1066 of
al l  Paclf ic coas! hunt lng areas),  Between 1967 and L970 these localt t le6
were further reduced to 8. Today cornmerclal hudtlng of crocodlles ls
prohibi ted (data froo Casas and Guznan 1970),  but except ing e felr  ateas
where crocodlles are vlewed as a value for the tourlst trade, crocodlles
are gederal ly klued L'henever possible aB vernin (Canpbel l  1973, pers.
o b s .  ) ,

In Mexlco crocodylus acutus nust be considered endatrgered.

NICARAGUA,-- The Anerlcan clocodlle has been serlously reduced
throughout l ts range ln Nicaragua (Po!, 'eU 1971).  l lerpetologlcal
collectlotts in the northeastern regions of the country ln 1960 (Canpbell
dnd llor'e11 1965) failed to obtaln any specinens, and a nedlcal team
surveylng for blood parasltes and vlruses 1n the vlcinity of Blueflelds 1n
1966 6an no speclnens in over a oonth in the f teld (Canpbel l  pers. conn.).
In 1971 one 1oca1 hlde dealer 1n Bluefields had 2400 ealted crocodlle end
calnan sklns on hand analting the arrlval of an expatrlate buyer
(Nletschmann 1977).  His stock of hldes was obtalned fron hunters, loggers,
ranchers, and far]lers fron roany parts of Nlcaragua, and ev€n floD Costa
Rica.

PANAMA. -- The Anerican crocodlle once occurred along both coasts end 1n
all the Latgei rlvers 1n Panana, No organized, systenatlc hlde tnduEtry
exlsts,  but crocodl le8 are ki11ed for the novelty trade ot as ver lnln and
captuted for the pet trade rrhenever convenie$t.

The specles was 9t111 present lII sna11 nustbers ln sone areas of
Gultable habitat ,  especial ly catun Lake, Chagras Rive!,  Canal Zone, and the
lower Eayano River,  rhen data r^rere last obteined (Powel1 1971, Carr ick ln
l1t t .  to ( lng 1975, Canpbel l  pera. cooa.,  Raod ! !  l l ! ! .  to Uoler 1980).-No
aysteoat lc populat lon aurveys ln coastal  areas hav€ been conducted. but
three nights ln the Perlas Is lands 1r l  1968 fa11ed to yleld a slngle
spectnen (Caopbel1, pers. obs.) .  Populat ions nay st l l l  exlsr along the San
B1a6 coast where Indlan rel lgtous bel lefs confer sone Dlotect lon (Myers
1970, Poirel f  1971).  I { th1le not ln innediate danget of ext inct lod, nowhere
16 C. acutus abundant. In Panama crocodlles are sever€ly deDleted or
th rEa tii6?l-

PnRU.-- The Anerlcan crocodl le occurs in the foner reaches of the
larger rlvers ln the Paclflc drainage and apparently teaches the
aouthernnost polnt 1n 1ts dlstr lbut ior at  the Rto Chrra. Hofnann (1970)
end l4eden (1973a, b) conf lrned the conrlnu€d exlstence of C. acutus 1r1 the
Rio Tunbe6. The populat lons are not lar8e, for there ts tTtt- te cover
afforded the species ln thls arid reglotr. Mangroves are a1l but
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nonexistedt.  In 1970 e total  of  only 22 juventtes and subadults were
counted ln the Tumbes (Hofmann 1970),

Crocodl lea are plotected by 1a!r (Resoluclon Suprena No. 343, 16 October
1950),  but are kl l led by lanchere and sportsnen at every oppoltunl ty (Meden
1971).  Populat lons are sBa11 and lsolared, ard to!a1 protect ion 1s
r€qulred 1f thls endangered species is to gurvlve ln Peru. In addit lon.
sanctuaries shol ld be esrabl ished for l t  on the Rlo Tunbes,

PUERTO RICO.-- The specles has Dot been recorded ln puerto Rico ln
hlstor lcal  t ines (Schnldt 1928, Schwartz and Thonas 1975),

TRINIDAD.-- A.lthough Trlnidad has re6lden! populatlors of spectacled
calnan, Calnan crocodi lu6, l t  has no pelnanent populal lons of crocodifes.
At least flve crocodlles landed on Trinldad shores after apparently belng
carr led !o sea nhen Venezuelan r ivers rere f looded (Urtch 1893, Rousseau
f895, Meden 1973b).  Eolrever,  none of the6e sp€clnene was preserved 1n a
r lusuern, 60 l t  13 loposslble to ascertain whether they represent c.  acutus
or.9. -U!9:g9g1gg. In any event, all were kllleat sholtIy after. Eooii!--

U.S.A.,  ILoRIDA.-- Coordlnared studles are current ly being conducted by
the U,S. Nat lonal Park Service, Flor lda Came and Fresh l{ater Flsh
Comisslon, and llorida Power and Llght Cor0paay to deternine the status and
nanagenent needs of !:gggu.Eg g!g!!: in Florida, The specles ls oore or
less restr lcted to the coastal  f r lnge of extreme southern Flortda. l , luch of
thls area 1s protected nl thla nverglades Nat lortal  park, bur 9 (432) of the
21 knoin'n nests 1n 1978 were outside of Everglades park, The U.S, I ish and
Wildl t fe Servtce has approved establ lshnent of Crocodt le Lake Natlonal
Wlldl i fe Refuge on Key Largo, an area which tncluded 7 (332) of the 21
kaowrl  nests ln 1978 (Moler pers. comr.) .  l tabttats outstde of Everglades
National Park are beirg lost thiough habitst  af terat lon assoclated wlth
land developn€nt, and an occa6lonal crocodlle 1s struck afld ki1led by
autoaobl les whl l€ cro6slng hlghr.rays, Based upon ext iapolat ion froD the
tru.nber of known nests, the Florlda populallon 1s esttnared to lnclude a
total  of  200-500 crocodl les. UIrt11 protect lon 1s afforded to the lEportant
crocodl le habltats outslde Everglades Nat lonat Park, the U.S.A. populatton
of Crocodylus acutus Drust be conslder€d endangered.

VENEZUELA.-- Hlstorlcally, Crocodylus acurus r,ras found froio the
lowfands around r,ake ltaracatuo,-a lii!--iiE 

-errur'cr" 
.o."t to rhe Manzanares

Rlver 1n the vic inl ty of Cuoana (HuEboldt 1859, Donoso-Sarros 1965, MedeD!
1973b),  Exact detal ls of  i ts eeographic relatton6hlps to Crocodylus
lnternedlus are poorly understood, but C. lntel . toedlus essent lal ly bicuples
(occupied) the or lnoco dralnage, wtt tr  c l  aiuFoccurr ins 1n sui table
crocodl le habitat  outslde that area.

I-arge-scale coDr0€rclal  htde hunttng began about 1929. Houever,  rhere
are no detal led governnent records of the traf f tc in hldes of C. acutus ln
Venezuela. We only know that hides had becone scarce by 1940.- I ; -
contra€t,  the detai led records of t raf f lc ln the Orlnoco crocodl le,  C.
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alpternedlus, hides show a peak of 730,401 kg ln 1931, holdtng general ly
unt11 1934, and then decllnlng rapldly to only 2400 kg ln 1963 (l,Ieden
1973b).  Today the specles 1s protected by 1a!r.

Crocodylus acutus 1s now extiDct over nuch of lta forEer range ln
Venezuela, trlth sna11 isolated populatlons knol./n floo only a few areas. a
fhe Culf of Coro supports a sma11 rendant populatlon, as doe6 the reglon
around the larque Nacional Morrocoy. There are reports of sna11
populattons also 1n the ltlanzadares Rlver and around the eulf of Carlaco,
but Meden (1973b) l ras unable to conf lrn these populat lons durlng h1s 1972
sutveya ln Venezuela. C. acutu6 ouat be considered an eodanSeied specles.

a
SIJ}f{ARY

There appears to be no area !,rlthln the.hlstorlc range of Crocodylue
acutus where healthy populatlons exlst wlthout serious threat fron
exploi tat lon and/or habltat  degradat lon. The species exlst6 today only l I I
lsofated, 6oal l  populat lons scattered In the nore lsolated aDd lmpenerrable
areas lrithln the hlEtorlcal range a!td, !,herever found, 1s 6t111 hunted
coEnerclal ly or for loca1 consunpt ion (both eggs and f lesh) or k i l led a6
vernln. wherever deta exlst, overexploltatioo for hldes ls clearly
lndlcated a6 a najor factor ln the reduct lon of populat ions to rhe present
lows, but today thla threat 16 coEpounded by habitat degradatlon and/or
lncreased hunan act iv l t le6 (e.9. comlerclal  f tshertes) ln the renalnlng
habitat .  The specles 1s recognized as endangered by the IUCN/SSC Crocodi le
SDecial ls!  GrouD.
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TTIE STATUS OF CROCODILIANS IN SOUTII FI.ORIDA

Janes A. Kushlan

South Florlala Research Cenler
P. O. Box 279, Eonestead, Flortda 33030, U.S.A,

Tvo specles of crocodl l ians occur natural ly la South Flor lda, the
Anerican Crocodi le (Crocodylus acutus) and the Aler lcan a11lgator
(alltgator nississip;f;;;f;J; TEE--lmerican croco.tile is con;tdered by the
United States Governhent to be endangered, artd the AEerican al l tgator 1s
presently considered to be threetened in llorlda. Recent and orEorng
6tudles have provided an lncreaslngly ptecise understandtng of the status
of and threats to the6e specle6. In thls report  I  disclss 6oDe of the
pr€11Dinary f indings.

AMERICAN CROCODILE

The Arnerlcan crocodile has aD extenslve neotropical range, rrhtch
includes the west and north coasls of Sourh America, both coasts of Mexico,
the Gleater Ant i l les, and South Flor lda. Only 1n Jar0aica, l t lspaniola,
Cuba, and Flor ida do potenrlat ly viable populat lons perslst ,  and each of
these ls ln eone Jeopardy. Crocodi les ln Flor lda ate at the northern l in l t
of  their  range, grasplng tenuously ro the barety rroptcal  r lp of the
f lor lda peniasula. Thls fact is of  col ls iderable lnportance 1n
understanding the specles'  status ln South Flortda, as i t  1E probably near
the l inoi t  of  certaln of i ts ecological  or physiologlcal  tolerances. Unater
such clrcu.nstances, l t  would be unltkely to nalntaln a large populat lon
coverlng extenslve areas.

The status of thls populatton has long been a natter of  concernj
horever.  Moore (1953) docuDented i ts occurrence al ld dlstr tbut lon; Ogden
(1978) nonltored nest lng success froD 1968 ro 1974 and drew soDre
concluslons about i ts status. Prel i .0lnary resul ls fron that study
Eupported the speclesr placenent on the Federal  l tst  of  endangered
6pec1es, A recovery plan out l lntng steps for conservat ion has been
approved (Xlukas et a1. 1979).  Coordinated research efforrs by several
groups over the last few year6 have led to a substant lal  Increase in our
understandlng of potent lal  rhreats to thls populatton. My col leagues and I
began our work oll the core of lhe exta[t populatlon ir Everglades Nattonat
Park 1n 1977.
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Ogden (1978) est inated that the populat ior conslsted of 100-400 non-
luvenile anlnals. Ihls estlnate was ba6ed on the percentage of productlve
fenales in other crocodl l lan populat lonE, Although 1t ts probably a
reasonable range, lt ls not rlgorously derlved. Our nark-recapture studies
have proved ldeffect lve 1n generat ing a populat lon est inale. Eowever,  we
expect to do 60 fron populat lon and survey data, at  leaat 1n a Sross way.
l,ihatever the result of thal effort, rrhat we do understand well fron ou!
strrdles ls the distribulion of the populatlon, the nlnlDuo nunber of nest
6l tes, and, with lncleaslng preclslon, the lopact of sone pot€nt lal ly
l ln l t lng factors.

Crocodi les occur along both Flor lda coasts (Flg. 1).  P. Moler (pers.
cor0n. ) has verified northerfl occurrences at Folt Lauderdale, where adults
occupy power planl cool ina canal8, and at Naples. An anlnal recent ly took
up resldence on Sanlbel I61and. Farther 6outh, we knon of rellable lecofd6
on the edge of southern Blscayne Bay and south of Everglades Clty. On the
lorrer Florlda Keys, lecent Geaaches have not bee[ able to verlfy the
natural ,  current occurrences of crocodl les there (Jacobsen ln prep.).

Most remalnlng crocodlles occur along the oalnland of extrebe southern
Flor lda. fhey occupy canals at s nuclear power plant at  Turkey Polnt,  and
canal6, pools, aDd nangroves otr $orthern Key Largo. lhe bulk of the
populat ion occurs ln northern Flor ida Bay and associated coastal  s lraops ln
Everglades Nat lonal Park, the st te of our studlesr

The kt lonn xange of nest lng anlEalB la restr lcted'  Caby
(pers, conrn. ) has found a naxiEun of tlro neat 6ltea at Turkey Polnt, Moler
(pers. com.) has found a Daxll|utd of seven nest sltes on North Key t-argo.
Most of the Latter nests are located ln the area that has been authorlzed
to be purchased by the Federal government as the Crocodlle Lake Wildltfe
R€fuge. currently, no purchase activity ls undernay. over half of the
knoreD nest sl tes are tn Everglades Nat io[al  Park, with at least 14 clutch
61tes knor"'n to be used by thi6 subpopulatloo ln sooe yeats, Tvo sltes are
used sporadical ly near Flanlngo on the southweat coast.  As nany as 12 nest
61tes are knorrn fron a sDa11 area of northeast Florlda Bay.

I  have attenpted to develop a systen of i roni tor ing the populat lon on
aerlal  gurveys usiDg f lxed-ning alrcraft  and hel lcopters, each of whlch we
f lew roonthly for a year,  by boat surveys, and by capture-recapture
studles. I thl . le subslant lal  blologlcal  lnfor.nat lon has bee$ obtalned, 1t ls
probable !ha! none of these nethods wl l l  prove adequate as a populat lon
nonltorhg techntque. Although probably not all nest Eltes are nolr knolm,
nary are and l t  ts posstble to search careful ly the cote nest l rg area each
year.  Monltor lng these nest s l tee w111 probably be the best systen
aval lab1e for t rackl l tg populat lon status.

We can exa&loe the nunber of actlve flests found ln recent yeals froo
thls perspect lve. Ogden (f978) found a naxlmun of eight c lutches 1n
!97L-7 4 ln the prlnary area of crocodile occurreoce nea! l-lttle }{adelra Bey
and nearby Flor lda Bay. Since then, l re have increased the nunber to 12,
In certaln sl tes two clutches of egga occur together,  probably fron

a
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dlfferent anlbaLs, SoDe of the lncrease ln the nunber of knorn clutches ts
due to our lncreasltrg skll1 at flndtng nests, but 6orne neata are at
er l t l refy ner si tes. One ne6! contalned fen amafl  eggs ard was attended by
a 6nall anftna1. It seens such clutcbes oay be fron aniDals ner9 to the
breedlng populat lon.

We have been part icular ly concerDed wltb nest ing success (Patty,
Kushlad, and Robertson ln prep.).  ogden (1978) consldered "enbiyonlc
Dortal l ty" to be a' I  f i iportant l tnt t tng factor.  l lhether lack of hatchlng is
due to lnfert i l l ty or earfy death has not been cleer.  We studled thls
phenooenon, especlal ly therEal character i  et lc€ ,  dl f f rs lon, gas
coacentrat looe, and f loodlng of nest cavl t l€s. Prel lElnary results show
that high C02 aod low 02 levels occur late ln incubat ioo, and in sone
years teDperature€ can approach expected letha1 levels (38'C) (Lutz and
Dunbar-Cooper in prep.).  l l igh Dest teoperatures Eay affect sex of the
developlng enbryoE. Short-term floodlng takes place ltt sone yeers
<l4azzotti, Kushlan, and Dunbar-Cooper ln prep.). Nonvlable eggs have
occuued ln lp to 252 of the nests in sond years. HoFever, we have found a
bean egg 1os6 of 747" <Patty,  Kush1an, ard Robertson in prep.),  rhlch 1s not
over!.helbing, and lack of hatchlng does oot appear to be a Dalor llnlting
recrui tne[t .  Predat lon on nests a1€o has beeo consldered to be an
lopoltant cause of ne6t fal1u!e. However, we have fou[d predetlon to
averaSe about 2OZ over 12 years, a f igure that is not excessive for
crocodiliao populatlons. T1lus, lre belleve that hatchlng success ls falrly
htgh, wtth 642 of aI7 nests produclng young (Patty,  Kushlan, and Robertson
tn prep). In some years a conservative alnlnun of over 200 eggs are
hatched.

Llnl ted survival  of  hatchl lngs 1s another posslble l io l t lng factor: .  We
have studled the survlval of these hatchllngs through ladlo telenetry and
by tagging over 200 hatchllngs ln two yeara (\lazzottl and Kushlan ln
prep.). Although hatchlng occuls duriDg the seasor of naxlnuo freshlretet
runoff ,  sal lnl t les near nests are typlcal ly 50-1002 sea r.ater,  Evans and
EUls (1977) sho\red that in the laboratory hatchllngs suboerged 1n
sal inl t les as locr as 257" of sea nater lose lretght rapldly.  A6 a result ,  a
najor concern has been adverse effect of aDblent sallnlty on survlval. We
found, through tefeEetry,  that hatchl lngs lose wetght inl t laUy but begln
to galn neight at  t ro weeks of age (Mazzott l  and (ushlan tn prep.).  Crigg
and Tapltn ( tn press) demonstrated the existence of sal t  secret lng glands
ln qggglz\g porosus, and crlgg, Taplln, Dunson, and El1ls (pere. conm.)
have extended thls f tndlng to g. elggg. Dunson (1970, ln press) srudted
vl1d antnlals 1n Flollda Bay, and found that tholr survlvel nay be due to
drtnLlng fresh water and eat lng water-beartng prey. The funct lonl f lg of
glandA in rdld anlnals,  the €ffect of  hlgh sal lnl ty on gland funct lon, and
the energy costs of o6rnoregulaElon r€naln to be deternl l led; l t  appears that
sor0e oaDoregulatory conpensat ion exists,  el ther physiological ,  behavloral ,
or both (Dunson 1n press).  Data suggest that survival  of  hatchl lngs Is
posslble in sone locatlons, and that growth of young can be relatlvely
r a p l d .
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I  have also exantned whether adult  tnteract lon or lack of Ldteract lon
could be f indt lng to the populat ion. I t rough aerial  surveys anal radlo
telenetry, we have found seasonal shlfts of adult feoales fro, tnf,and
swaaps into Flor ida Bay during the sunner (Kushtan and l lazzott i  in prep.).
We have also deterElned that adults have rather large acttv i ty qreas. I rany
potent lal  nest s i tes exlst  and, as noted prevlously,  nore than one feDate
uaes a 6lng1e I lest s1te. t t  does not appear that adult  habitat
requlrenents adversely affect the populat lon.

Pesticide accuoulatlon lE often a matter of conceln for aII endangereil
carnlvore. l lowever,  Halt  er at .  (1979) have 6hor,rr  rhat levels ot pei trcrae
r€sldues in crocodl le eggs are unl ikely to affect reproaluct ive auccess ln
the South f lor ida populat lon. Eeavy netal  residue analvses are tn
progreas!

An answer to the basic quest lon of ' .does recauitrnent occur? seens .o
be yes. I1)e 6ize dlBtr lbur lon data 6hows the occurrence of juvent les (<1
n in length),  subadults (1-3 n),  and adults (> 3 m) in rhe pipulat ion.
Consldei lng the rapid growth rates, and perhaps the secret lve narure of the
subadults,  l t  16 encouraglng that the exlstence of thts potent lal  breedtng
pool hss been docueented. We now tteed to know ,aore about the (llstrlbutton
and gxonth rates of subadults,

Thus our prel inlnary analyses shor crocodi les have a restr icted
distr ibut lo[  and a telat tvely smatl  breedlng populatton, but one whtch nqy
be stable or perhaps lncreaslng. Our ecological  work and that of  our
col leagues suggest cause for opt imiso. I tere 1s also cause for opt lxnlslr  on
the pol i t lcal  f ront.  Most nesr si tes are in Everglades Nat ional park r"There
envlronnental condltions renain relatively natural. The NatiodaL park
Servlce has receDtly establ ished a crocodl le sanctuary in the ce[ter of  the
knolrn distr ibul lon, prohlbi t ing access by rhe publ1c. Thls ecosysEen
approach to nanageEent of crocodtles ln the park ts supplenenred by the
plaflned, although currently inacttve, purchase of the Crocodile Lake
Wildl i fe Refuge on Key Largo. There nosr of the addit tonal nest s l tes i r l l f
be protected and, 1f necessary, the habltat  can be enhanced for the beneft t
of  crocodl les. Thls conblned approach of ecosystem protect lon anal
restoratlon in oIte area and slngle-specles nanageEent in another, bod€s
wel l  for the future survival  of  the AEerlcan crocodl le 1n South F1ortda.

AT'IER1CAN ALLICATOR

Under hlstor lc condlt tons nearly al l  of  South Flor lda was wetland,
al though Schorterdeyer (1972) est lnated that about 3OZ of thts hlstor lc
al l igator habitat  has been lost to developnenr.  Much of the lnlanal area of
Bouthern Florlda renalns freshwater iretlands, ltrcludtng the Everglades, the
Blg Cypress SwaEp, and coastal  nangrove slranps, rnost of  rrhich ls nanaged or
protected by agenctes of the State or Federal  aovetnoents.
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A11lgator nu$bers wete reduced throughout South Florlda durlng the
1950rs and 1960's,  brt  the populat lon responded to leglslat lve protect lon
and popular support .  The recent populat lon recovery of al l lgators 1D
Florida 16 fairly well docunented (Eines 1980). A gtatewide Dzrflagenent
progran renove€ nuisance al l lgators fron contact wlth Flor lda reslderts and
se11s hldes and tleat under state control (Hi.nea and Woodward 1978).

l{unting and k111tng alllgators i6 l1legal throughout the uddeveloped
Everglades and Blg Cyples8 Snanp, but t1legal killing of alllgators appears
to have lncreased ln recent years. Such kt l l tngs do not yet seem to be
Irurlerous enough to lnpact populatloD 1evels, but they ale cause for
concern, especial ly along the bourdaries of reserves such as Everglades
Nalio[al Park,

The etatus of the Anerlcan al l tgator di f fers Eonenhat ln the var lous
rernalfllng natural areas ltr southern Florlda, the Big Cypress Swaop, the
northern Everglades included ln Water Conservat ion Areas 1, 2,  and 3, and
the southern Bverglades of Everglades NatIonal Patk (F19. 1).

the Big Cypres€ Snamp is a coioplex nosalc of cypress (Taxodlun
dlstlchus) suaxop, narsh prairies, and ponds. Much of the swaEp ls now
oFred by the federal governnent as part of the Bi8 Cypress Natlonal
Preserve. Al though sone data exlat on the ecological  role of al l lgators,
part lcular ly the ecological  ef fects of previous populatton 1osse6 (Kushlan
1974),  l t t t le lnforEat lon ls aval lable on the current slatus of al l lgetots
ln the swar0p. The populatlon appears to have increased in recent years,
especlal ly anong Juvenl le age classes, but old a111gator ponds renaln
overgrown in nany areas, suggestlng fulI recovery 1n nuobers of large
anieals hae not occurred.

The Everglades ls an extenslve sedge narsh, character ist ical ly
vegetated by sawgrass (Cladiun janatcense). The northern Everglade6 is now
enconpassed by the 1evee6 of three Water Conservat lon Areas, the
northelnoost (Area 1) being the Loxahatchee Natlonal Wlldl i fe Refuge (f ig.
1).  Thls area cont lnues to support  htgh aulgalor populat lons, Anlmal8
along perlneter canals especlal ly appear to be of la lge slze classes,
Nest ing sl tes on hlgh is lands are 1n good suppfy and overal l  the populat lo.
appears healthy. In contrast,  1f l  Conservat lon Area 2, neter levele have
been held unnatural ly hlgh for Beveral  yeara. ?here J.  Schorteneyer (pers.
conn. ) has been able to locate very fev nest6, nost of whlch flood before
halchlng.

The status of the al l lgator populat lon 1s better understood l l r
Conservatlon Area 3, where alllgators have been studled over a nunbet of
years by personnel of lhe Florlda Gaee and fresh Water Flsh Coonlssloo
under the dlrect lon of 11. Fogarty and J. Schorteoeyer.  Slnce the
conservat lon area general ly slopes fron north to solr th,  water drai ls f roe
the tlorth and lnpounds behlnd eouthern 1evee6. As a result, the northeur
part ls drler than it \.'ou1d be under natural condltlons and the southerd
part  1s wetter.  Al l igalors 1n the north endure a long dry season, ofteo
acconpanled by f i res. In the southern end, hlgh water f loods nests. l te
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have corducted surveys by hel lcopter and observed no nests tn the southern-
deep wate! end of Conservatlon Area 3-A. Thls confirnB the flndtngs of J.
Schorteoeyer (pers. coun.),  \" /ho has been unable !o f ind nests farrher south
than oidway donn the area. We have also conducted 3 years of nlghttlme
]1ne surveys along canals ln this area and have found fewer anlnals (avg
5/ni ,  nax 6.5/nl)  than just to the south ln Bverqlades Narlonal park.
Tbus, alugators occur throughout Cotrservarlon Aiea 3 but are stressed 1n
the north and south by drying and f looding, re6pect1vely.

These observat ions on al l igator status ln the Conservat lon Areas
suggest a primary factor lintting alhgator populatlons tn South Florlda ts
the effect of  waler nanagerdent,  provtded harassr lel t t ,  111egal kt11ing, and
habltat  destruct ion are nlnlnized. The pr imary objecttve of ny studles tn
Everglades National Park \ras to exemine the relarlon of water level
fluctuatlons to allj.gator population ecology. The Danagenent goal of the
park is to recreate, as closely as possible, natural  ecological  condtt tons,
end the al l lgator ls an essent lal  cooponent of thts ecosyster0.

Because of the levees surroundlng the ' rJater Conservat ion Areas, natural
surface nater sheet flow lnto Everglades Nalional park has been blocked.
! /ater enters the park fron rhe north by four gated structures, through
whlch f1o!r ls controlled by several govelnnent agencies. A certatn anounr
of l rater is guaranteed to the park each nonth by Federal  Legislarron.
Should lrater 1eve16 becone hlgher thaD deslred in the Corservatlon Area-
excess water ls vented lnto the park, the anount and t tninS depending on
hydrologic and englneerlflg conslderations upstrean. the statui of
al l igators ln Everglades Nat ional park 1s affected by such warer rdanagenenr
act ions. So far we heve been able to dlssect sone of these effect6 anal are
approachlng an understanding of the Everglades al l igator populatton.

As noted above, al l lgator populat lons ln the southeh Ever?Iades are
hlgher than those of the southern parts of the Conservat lon Ar;as. Llne
surveys were run nonthly for two years along a transect of the Everglades
fror0 the northern boundaiy of the park lnto the coastal  nangrove seanps,
nearly !o the Gulf  of  Mexlco. Our longest 6pan of data is frolo L-67 canal
on the eastern boundary of the park. There a111gator numbers vary
lnversely wlth water level and can achleve deflslties of over 50 anlnals per
I lnear n-LIe of survey.

Much of our research \ . ias conducted prtn€r i ty ln f ive lO kn2 study
areas along the northeast-southwest axls of the southern Everglades. Dry
seasol l  coults of al l lgators in ponds ln each of these areas were conducted
for three years. lhe nuEber of alllgators at any tlne appears to depenal on
watet fevel a!  the t i .oe of the survey, I lon'ever,  wlthin a single year,
al l igator denslt les per pond varled froD area to area. for exanDle frou 0.7
to over 2 aninals per pond. Thus, even wirhin a relartvely hoaogeneous
habltat  such as the Everglades, sl l lgator denstt tes can vary subetaot lal ly.

The lntensity of a111getor nesttng has var ied fron 3 to 1g nests in the
10 knz nain study area. Our prel ininary analysls suggests that the
oullber of [ests Day be directly related to rraler leve16 occurrlng in sprlng
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(Kushlan and Kushlan 1981).  Thus, nest ing effort  ls hlghest In years of
hlgh water condlt iong,

Very fe\ . i  nests are lost to predat lon, and as a result ,  water level
plays the nost cr l t lcal  role ln egg rdortsl l ty ln the Everglades. Once eggs
are deposited, their  posl t lon wlth respect to ground level ls set for the
2--donth incubat ion perlod. Attendlng al l lgators oay later add ve8etat loo
to the top of their  nest but l t  does not affect egg placeoent.  Thus, eggs
are sublect to lnundat lon should nater leve1s r lse too hlgh. I t  appears
that the helght of the lonest egg above ground leve1 ls correlated wlth the
oater level on the date of laylng. The hlgher the \rater leve1, the higher
the eggs are located.

Soee eggs are lost to f loodlng tn most years. The loss of eggs ln the
nain study aiea vsrled floo none ln 1976, to 352 1o 1978, and probably 1002
tn 1981. The lat ter was due to a troplcal  storrd. The 1978 loss r ,7as very
useful ln analyzlng the effect of water nanagenen! on alllgators (Ru6hlan
end Kushfan 1981).  In 1978 ! .ater levels ln Conservat lon Area 3 exceeded
regulatlon 1eve1 In July. In order to brlng nater stages down to
regulat lon 1evef,  a relat lvely large anount of reter va6 discharged lnto
the park beglnnlng ln Eid-July. this water reached the 6tudy area on 30
Ju1y, Al l igator eggs began f looding at the beglnning of August,  and
f loodlng increased throsgh 12 August.  Ov€rel l ,  352 of the eggs f looded
durlng a 2-rateek perlod. Slnce f loodlng can result  f rom elther on-si te
rahfall or fron discharge 1[to the park froE hlgher narshes to the north,
ve sublracted the effect of  ralnfal l  and deternlned that a 322 egg loss was
due to discharge of wate! lnto the park.

A-l though a 302 foss of potent lal  product lv l ty in one year probably
rould not adversely affect so othert lse healthy al l lgator populst lon, i t
does indlcate the potent lal ly severe inpact of water Eanageaaent act lons.
Conblned with the low al l lgator nest lng success ln deep water parts of the
Coltservat lon Areas, data fron Everglades Nattonal Park suggest that water
nanagenent can in ltself be a prlnary deternlnant of a11i8ator popufatlons
1n South Flor lda. Thus, even with protect lon, the a111gator populat lons
contlnue to be subject to nan-nade threats ln the remalning wetlands of
South Flor lda.
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BIOLOCICAT, ASPECTS OF

INPA, CP

TI1E CONSERVATION OF A}'AZONIAN CROCODILIANS
IN BRASI]-

Willia[l E. lr,agnusson

478, 69.000 Manals ,A11, Brasll

INTRODUCTION

The Anazon Basln covers approxlnately 7,O0O,OOO ko2, the greater
part  of  Trhlch fal ls rdi thln Bras11. Because the Basin ls latersected by
thousands of r lvers and streans, l t  ls ala0ost al l  good crocodl l lan
habltat, and supports four specles of crocodtltansi ltelanosuchus
nl ge r, ca ina n c ror od i I u s, Pa I e o s uc hu6 pa I p e bro 6us, anE-F. t rI e ona t u s .
rhe lour specles appear to have di f ferent habltat  prefereDces (I leden
1958, 1960, 1967, l97f) ,  but on a gross scale are sJrnpatr lc throughout
the Basln.

Morphologlcal ly,  the three genera are very d16t lnct,  presuxnably
ref lect lng di f ferences in habits and habitats,  One di f feredce that has
becone crltlcal since the advent of lntenslve coEnerclal huntlng ie the
degree of osslflcatlon of the ventral skt!. Melanosuchus skln contains
comparattvely few osteoderns ard cotrmand6 a trffiliiZE-i tle skrn
trade. Calnan crocodllus skln ts heavtly osslfled but anetrsble ro nore
conplicaT-ea taniin!-TEEnn-tques llhlch renove mosr of the bone and, slnce
the decfine in the note valuable specles throughout the woEld, has
taken a major place in the i l l lc l t  t rade. In contrast,  the skln of
Pafeoauchus ls so heavl ly ossl f ied that to date i t  has vlr tual ly no
value to the leather industry.

AI1 apecles of crocodl l ian6 are r igidly protected ln l rasl1, al |d
there ls Eo dlrect t rade 1n sk1n6 through najor Brasi l lan port6,
l lowever,  because of the lDnense size of the Anazon Basln ptthtn Brasl1,
the snal1 hunan populatlon and $ide1y-dispersed transport systens along
lhe r lvers, ef fect lve pol lc lng of the laws 1n this part  of  the country
ls a1no6t *0posstb1e. Each year oary hundreds of thousands of 6klns
are transported across r€note parts of the Coloubian borde. and shlpped
froD that country legalfy or l l . legatfy (Karlhel ip tuchs, pers. coEn.).

I I !  order to assess the effects of lUega1 hunttng l t  ls necessary
to have data on rhe nuebers and dlstr lbuttons of crocodl11an6 before
hudttng began. These are alnost total ly lacklng tn Brazi l .  Apart  f ron
nuseuD records (Carvatho 1951) the dlstrtbutlon and auDbers ot both
apecles of Paleosuchus ls unrecorded. The si tuatton I ' l th Catman
crocodllus 1s slxnifar, and 1t 1s frequerrly dlfflcult to iiEiII?y trre
sPecles ln reports deal lng ni th snal ler anlnals.  I t  is a l t t t te easter
to asaess the nagnttude of the or1glna1 populat lons of Uelanosuchus.
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Because of l ts large slze and the fact that t t  is the only Anoazonlan
crocodl l la l l  known to attack manr i t  ls of ten readi ly ident l f labl€ tn
the l i terature. Probably the best and r0ost rel iable accounts are tho6e
of Bates (1864),  nho spent eleven years naklng detal led observat lons
and col lect lons in Anazonla bet lreen 1848 and 1859. He encount€red
Ia.ge nunbers of large crocodilians 1n all areas that he rravelled and
gave a dranat lc account of a nar being taken by a crocodl l ian in front
of the present torr'nship of Tefe. There can be ltttle doubt that ar the
tir0e !.leljsnosuchus ri/a6 the nost conspicuous, lf not the no6t conmon,
crocodllian throughout the Anazon sysren. .An objecttve assessne[t of
the nuobers of Melanosuchus can also be obtatned fron the photograph 1n
Hagnann (1909) 6?-?i?EilE M.1""osu"h,.,s sunnlng together on a beach on
Mexiana Island at the nouth of the Anazon.

Infomatlon on whlch to assess the presert  status of crocodl l tans
h &oazonian Brasl l  ls alnost as def lc lent as for the or ieinal
populat lons. I  ao avare of ooly two recent €tudles shere blologists
have taken a f i rst  hand look at nuobers of c iocodi l ians in this
region. Vanzol l t l l  and cor ies (1979) lnvest igated several  aspects of the
biology of painan crocodl lus and paleosuchus tr tgonatus on the Rlo
Japura ln the cenrral  part  of  the basin. They found both specles to be
relatlvely comon aDd suggested that nelther lras sho!./tns aalverse
effects fron overhunLlng. I  have Iookei l  at  popular lons of C.
groco{{lus, f. g+99=gg, 3. parpsbrosus, and trr. niser at 

-Lago 
Anana

(an ett luent ot the RIo Japura),  the area around Manaus ( junct lon of
the Rio Sollooes ard Rio Negro), and the Parque Naclonal da Anazonla
(Rlo Tapajos! see Magnusson 1980).  Nunbers of C. crocodlfu€. p.
trigonatus, and P. palpebrosus were hlgh ln noJ a?6-a-s, and poiulatlons
appeared to be l lEi ted by habitat  preferences rather than dlsturbance
by Dan. In contrast M, n. iger consrt tuted only a snal l  proport lon of
the total  populat lon (  102),  and three-quarters of the antDals I  saw
were iD one very snal1 lake in the parque Nactonat da Anazonla
(Tapajos).

t tow do these observarions t le in wtth infornarton froD0 the sktn
trade? Both Paleosuchus specles have l l t t1e connerclal  value, are not
used by the leather lndustry,  and, as Elght be expected, are coEnor 1n
thelr  natural  habltat ,  even ln the lnrnedlate vtctnl ty of tor. ,ns.
Melanosuchus was once the nalnstay of the htde tndustry tn Brasl l ,
lrhich 1s 1n accordance r'ith the reports tha! lt na6 once one of the
nost coonon- crocodi l lans. Now Melanosuchus probably contr ibutes less
lhan -LuUlJ sklns a year to rhe bide tndustry (Xarlhlenz Fuchs pers.
conn. )  and thls,  untortunately,  concurg nirh observartons t t rat  r t  rs
rare or absent ovel rouch of l ts former range. The sl tuat lon l r i th C.
crocodl lua 1s nore dl f f lcul t  to reconcl le.  Atnost al l  the hundred; of
thouaands of sklns beidg shipped to colonbia each year are fron thls
6pecies, yet 1t remalns cor0Don throughout the sane range fron !.,hlch
Melanosuchus was ext l rpated by siEt lar hunttng pressure.

Data col lected durtng the aforenent loned surveys, I  bel ieve, give
inportant indlcat iorrs as to the blological  reasons behind the di f ferent
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responses of Melanosuchus and g. crocodfus to huntlng pressure, and
the rest of  thia paper nl l l  be dlrected toward a dlscussion of these
f a c t o r s ,

METHODS

Intenslve spot l lght Eurveys rdere carr led out Ln tuo areas: Lago
Abana and l ts aggocialed tr lbutar les, and the aquat ic systens of the
Parque Naclonal da Amazonla (Tapajos). Lago Anana ts a mtxed black
r.ater ( Iow aedlnent loads, $ater discolored by otganic acld6) and whlte
water (high aedlaent loads, 1oI' 1evel6 of organlc aclds) lake connected
to the Rio Japura and Rlo Solirooes by a conple:{ serles of paranas
(natural  canals).  Hunt lng for crocodl l ians is cerr ied on lntensively
1n lhe area by two famil ies nho l ive on the 1ake. Tladlng vessels,
natnly n'orktng out of Coarl ,  t ransport  the sktn6. One such vessel I
boarded contained approxlEaCely 10 Melanosuchus ard 40 C. crocodi lus
sklns. A11 were f ron aninals about-71fr-Ii-Eii-1 lengtt'-tt'lETid-aa U"..'
taken in the loca1 area.

The Parque Nacional da Axdazonta (Tapsjos) cofitains a nunber of
aquatlc habitala which can convenlently be dtvtded into flve categorles
(Magnusson 1980).  Br lef ly they are:

1) The nany snall forest 6treaos betneen 1 and 10 r0 wlde
dralning into the Rio Tapajos.

2) Sual1 lakes forned by the dardnl.Dg of snall etleaBs by the
TransaEazon llighway. These are connected to the Eatn tlvers by
sna1l forest strean6.

3) The Rlo lapajos, a clear water (1ow sedlnent 1osds, 1ow levels
of organlc aclds) r1ver,  ln the lower sect lons of the park
nhere i t  contalns nany raplds and rater fal ]E.

4) The Rlo Tapajos ln the nldsectlonB of the park where there are
felr raplds and the banks are forxned by sandy beaches 1n rhe dry

5) Small oxbow lakes and paranas (natural cada16) around the Rlo
Tapajos ln habltat  4.

For the purpos€s of discusslon here calegorles 3 and 4 !r t11 be
conblned as the R.lo Tspajos end for the putpose of tllustration ooe of
the oxbow lakes (I-ago das Plranhas) $111 be presented separately,
al though the only obvlous chsracter that dl f ferent lateE l t  f ron the
other nstural  lakes ls 1ts conplenent of crocodt l tans.
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Discusslons ! . ' i th people l iv lng around rhe r lvers in the park
lndicated that there had been l l t t le hunt lng of crocodi l lans 1n the
fou! or f ive years before the sutvey, but tha! prevlously hunt ing had
been lntelrsive.

Ralnfal l  and wster levels are hlghly seasonat ln both areas.
Varlat ion8 of up to 10 n are knoun, and at the p€rlod of hlgh rater lhe
r ivers f lood the surroundlng forest.  Conparing a survey undertaken a!
high water leveL ln whlch 15 crocodl l lans were slghted wlth a survey of
the aane area at lower water tn Fhich 49 crocodi l ians vere stghted
indlcates the superlor i ty of dry season surveys, Surveys were carr led
out ln Septenber (Lago Anana) and Novenber ( lapajos) when water levels
were close to niolna.

An attenpt vas nade to survey al l  habltats ln each atea. I t  was
not feaslble to use the same survey technlques ln each habltat ,  so
resulEs are presedted as relat lve nunbers of each species ln each
h a b l t a t .  C r o c o d l l l a n s  w e r e  l o c a t e d  a t  n t g h t  b y  e y e s h i n e ,  r h e
ref lect lon of the tapetur of the eye 1n a strong 1lght,  I tey were
apploached close enough to ldent l fy the specles and oake a 61ze
est loate. Abott  25% of t l td lv idualE of each species sighted were
captured to cal lbrate slze est lnates. Borh the forn and preclslon of
the relat lonship between roy est lEates and actual s izes var ied beLseeD
specles but not bel \reen areas. The geouetr lc nean regresslon5
describtng the relat lonshlp for each species are glven b€1ow:

111

llelanosuchus

Caioan crocodi l ,us:

y -  -26 .5  +  7 .42x ,  72=  0 .89 , *  n=10 .

\ -  -64 .96  +  2 .80  x  -0 .01006  x2 ,  R2=  0 .85 , *

l lhere Y = est lEated length, x -  actual lengrh, *  s lgnl f icant at 0.05.

The relat lonshlps betneeD est lnated and actual 61zes are suff lc lenr lv
precise to a11ow the product ior of  neanlngful  s ize frequency
dlstr ibut lon6 of those populat lons.

Detal ls of dlgtances surveyed in each habltat  tn rhe parque
Naclonal da Anazonla (Tapajos) are glven tn Magnusson (1980).  The Lago
Anana surveys covered approxlnately 150 kn of lake shorel ine and
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RESULTS

Populatlonsof Eunted of Melanosuchus alld Cslnan--
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T1le size distrlbutlons of l4elanosuchus and Caldan Blghted 1n the
Lago Anana area ale given ln Figure 1. The slze et irhich aninals enter
the hudted population ls b€sed on talks wlth 1ocal people and
lnspectlod of poached sklns. The stze at whtch Calnan breeds ia based
oa Sraton and Dlxon (1977), and the size at whlcfi-IG-lanosuchus breede
1s an educated guess based on knolt ledge of A. l  l igat-or nisstsslpptensis.
It can be seen that the potential recrultnrent of Calnar to the breedlng
a n d ,  p o t e n t i a l l y ,  t h e  h u n t e d  p o p u l a t J o n  i s  g r u u t , - b u t  t h u t  } l e l a n o s u c h u !
are belflg huoted at a slze much sn0a11er than that at nhlch they are
1lke1y to breed. Therefore the recruitlteqt !o the hunted and breedlng
segnents of the populatlons 1s low.

ResponEesof MelanoEuchus and cainan to Huntlng-Approachablf lty

Sublectlvely llelanosuchus are nuch easier than Cainan to approach,
catch, and subsequent ly handle. I t  ls dl f f tcul t  to quant l fy this
aspect because the physlcal  character ist ics of the habltat  of ten govern
holr close one can approacht Nonetheless, Melanosuchus snd Cstnan
overfap auff lc lent ly for conparlson, provided those ln dl f f lcul t  places
(e.g. behhd bushes) are excluded. The rat lo of the nunber of
Melanosuchus thst allowed spproach to touchtng dlstance (not
necessarl ly capture) es opposed to dlvlng before the boat reached theln
(17:13) ls alhost double that of  Cainao (68:155),  suggest lng that
Mefanosuchus ls epproxloately t!,rlce as approachable es Calnan.

Interactions betlreen Melanosuchus aDd Catman--Rio Tapa-ios

The dtstr lbutton of Melanosuchus al ld Calnan ln the var lous habltats
of the Patque tlaclonat d-a enazonia (tapaj;;)-G given in Table 1.
These data are extracted fron nore detal led tables tn Magnussot l  (1980).

Calnan crocodi lus ls the only crocodl l la l l  that has colonized the
nenly forned artlflclal lakes behlnd the Transamazon Elghway. This is
aurprising, as lg1gga would have to travel five or nore kllorneters
through sual1 forest streams to reach the 1ake6 froD the naln rlver.
Ihls Is habltat  occupied alnost excluslvely by Paleosuchus tr lgonatus
ln thls area. The one Cainan sirhted ln a saoal l  forest strean was
withlo 50 n of the arain-ifiEi. ielanosuchus !,as not aeen ln the sDall
forest streaos or the art i f ictal- I i lEi- i i l l lccordlng to loca. l
lDfornaats, never occurred there.
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Table 1.

1r3

Art i f lc ial  Forest
lakes streans

Natural Lak€s Lago das 'k
and paraflas Plranhas

Rio
Tapajos

)

Caixnan 5311

)

)

D

)

t

Melanosuchus
niser

29

Thls lake apparen!1y dtf fers 1n no inportal t  respect fron othet
natural  lakes and paranss but is separated here to l l lusrrate the
dlf felent ial  dlstr lbut ion of an1na1s.

Ilelanosuchus is extreDefy rare throughout tbe uain rlver and all
but one of the 1ake6 and paranas. Local resldents sald that fornerly
the 6pecles i ras codron in these areas, and that the present lack Is
direct ly at- tr l lutable to hunt ing. In contrast,  Melanosughus oas very
comnon in the Lago das piranhas, However, inspe-t-i6i'iT-tE6- size
dlstr lbut lon ln the lake tndicates that the populat ion coirslsts detnly
of anlnals 1- to s-years old and that the whole populat ion could be the
result  of  a slngte pair  of  adults b.eeding successful ly i l r  the lake
over auccesslve years (Magnusson 1980).  Catnan were conmon tn the natn
r lver and ln al l  of  rhe lakes ana paranasl- i i i i - the except lon of the
Lago das Plranhas nhere there ras rhe large populat ion oi  l te lanosuctrus,

DISCUSSION

There are baslc slnl lar l t ies tn rhe behavior and ecology of al l
crocodi l lans. lowever,  there are atso dl f ferences h the l t fe hlsrory
paraneters of each spectes that can cause major di f ferances in the way
each specles re€pond€ to a glven type of explol tat ion. Ihese
dif ferences rnust be understood in order to natage the stocks
rat lonaUy, whether for explol tat lon or conservat lon, This is
especial ly t rue ln nult i -species sysrens where one for in of nanaaenenE
nay benef i t  one species but be deterertous to anorher.  Beloe I  have
trled lo tie together vhat ts knoijn abour the varlous Anazontan
apecies. The date ba6e is not large, but then i t  never can be Fhen we
6et about rry ing to learn son€thlng of a specles after t t  has been
reduced to cr l t lcal  levels.  The polnt is rhat i f  the hypothesls I
present is t rue, even ln part ,  re have to reevaluate our approacn f ,o
the conservat lon of the group and nake l t  a 6pecles Uy species ettort .
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r IGURE 1. Slze frequency distr tbut lonq of Cal.nan crocodl lus and
Melanosuchus ntger tn l-ago Anans ana tts surrouna-ri!--t rr luta rree. l)
s lze at whlch C. crocodt lus connence breedlng. B) 61ze at ohtch both
specles are 
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First ,  i t  seeos that at  this point r^re need not lnvest much effort
1n the conservat ion of ei ther specles of paleosuchus. Neither ha6 been
connerctally valuable and both seem atre I6-T6Ii-TIEir own in close
assoclat ion l r l rh nan, despite sone hunt ing for food. Short  of  nasslve
habl lat  destruct lon or a new narker for thelr  sklns, rhey EeeE to be

S€cond, Cairoan c! 'ocodl lus does no! appear in atanger of ext inct lon
at the preseii-1-eveG-iF1iiTing ln Brasil-even rhough this huntlng 16
extreEefy widespread and accounts for hundreds of thousands of anlraals
per year.  Tvo aspects of the blology of C. crocoatylus that alnosE
certainly play najor roles in rls res rei'ce-ii-IGTlig are irs sna1l
slze at sexual natur i ty (1ess rhan rhe size hunred nos; intenstvely)
and, coDpared to Mefanosuchus, t ts relat tve shyness. These leacl  !o
irhat ls apparent ly a sustained yleld ( though not necessart ly a naxlaun
sustalned yield) harvest under present condlt ions,

The dlstrlbutlon of Calnan relatlve to l,trilatosuchus ln the Tapajos
area indicales that the t;;;-ent htgt mrnberii?-tllGan-ir, roo"t r,"trt"t"
1s a result  of  thi6 6pectes dispersal tnto habiGF-altered by Dan and
lts colonlzat lon of habitats fron ehlch other species have be;n
ellalnated or depleted by nan, The ltmlted evidence fron Lago itas
Piranhas seems to relnforce the suggesl lon that Cainan behaves as a
colonizl t rg species in that l t  fa!e6 poorly tn aF"ctut io. ,  \ r l rh closely
related species under stable condit lons. Cainan nay ir  fact benef i t
fron hunting lrhich reduces the numbers ot EElinosuc'tr"s nore rhan ir

, -  ,  
* ] lJ.u.""n.ct  

- l ,e need ro- conslder is how to oanase Melanosuchus,
tf tt indeed does dtffer from the orher spectes ln tts sue;;;ATifiit-
to hunt l [g.  There are sone areas \ , rhere 4elanosuchus nay stt i l  be
ptotected because of l tmtted hunan acces;.  There ar€ certalnly areas
where Mefanosuchus ls bore conmon than those dlscusseal here (p: E.
Vanzol inl ,  pers. conn.).  These areas need to be survered now, atrd l f
v lable populat lons are found they should be r lgorously protected. The
presence of other specles 1n an area ls not necessart ly an tndlcar ion
that ! , Ielanosuchus is being adeqrately protected. In fact,  the nunber
of Cairoan present oay be lnversely proporrtonal to lhe aDount of
protect ion. af forded l le lalosuchus. Whtle l felarosuchus nray or hay not
once nave Deen a oajor threat to catman, the reverse ls certainly true
no!r. The presence of large nurbers of Calnan a11ovs coD8erclal hunting
to contlnue long after populatlons of ltetanos-nosuctrus have droppeil befow
the level of connercial extincrton. rEE-iiEiEilErctte or--
Mefanosuchus skids going out with the flood of Cainan sklns coutd
eventual ly lead to the forner species, blologicl-ext inctton.

In the event rhat enforceDent of regulatlon€ over the entire Anazon
systen r ' i l1 nor be feaslbte for so.0e t ine, refuge areas ioay be cr i t l .cal
to the eventual reegtabl lshr0ent of the species. The exlst idg Nat lonal
Park Systeo (on1y one park in ADazonla funct loning wlth guar;s) 1s
certslnly not adequate to neet thls task,
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Merr l t t  Is land Narlonal Wtldl l fe Refuse
P . 0 .  B o x  6 5 0 4 ,  T i t u s v i l t e ,  F . t o r i d a  3 2 7 8 0 ,  U . S . A .

Thi6 report suDnarlzes tnforidatlon gathereil rrhtle the author was
engaged in other endeavors'  prtnar i ly baseltne invest igat ions of the
naturaf hlstory of Calr0all crocodilus clocodilu€ for the Venezuelan
covernment ( 1 973-197u;-I;-f;E;;A iffi-IiTEia ture ref erences. d I 16. r
observations and conversations r{'irh kn;rr1edgeabl. p..";"; i;;iiir;-;;;;
the specles ln questton. The cont inuing dublous siatus of nany species of
South Anerlcan crocodi l ians has pronpted ne to prese[t  the fol iowing
l n f o r n a t i o n  a t  t h i s  r i D e .

Crocodl l ians have tradi t ional ly been exploi teal  by tndlgenous peoples
ln Venezuela for food, nedlclnal, snd relistous purposes. 

-grlglIfgg

acutus is referred to "cai&an de la co6ta'. and Cainan c. cr6iiaitus ana
cainan c. fuscus are referred ro .,Baba or Bablfl:r-li ve";Gla:- sor"
aninals rrere el i idhated fron the vlctni ty of f tshing anal t rashing
local i t ies, These uses probabty had a negt lglble ei fect on rocat
populat ions of_ crocodi l iars,  and i t  was not unt l1 the aalvent of comnerctaf
nloe nuntrng that systenat lc degradattoo began to ser iously harD exlsl ing
populat ion6.

Through the forestghtedness of the Venezuetan covernment,  a rnorator lum
on al l  hunt ing of wl ldl1fe has been in effect s lnce 1974 anal conrhues to
offer protect ion to crocodt l ians. Despl!e strong legislat ton, i l tegal
poachlng conrlnues and I  have seen_ Clocodytys acutus and Calnan htdes
that were conf lscated by the cuardia l lacionaf as recentfy Fttre nia
1970rs. there also ras a report  of  an iUegal shlpraent of crocodlt lan
hldes sent to Europe fron Venezuela rhar was label ied .salred f lsh.. .

To a lesser extent,  the pet trade and the aaanufacture of crocodl l ian
curlos llave conrributed ro the dorr,nfall of !414 4 1n Venezuela. specln€ns
of Calnan c ,  c losodl lus and Cainan c .  r"scus j l l  

"- l  
eearry captured in and

snuggled out of Venezueta to Colonbla fbr cur ing and processing are rhen
legal.ly lllported back lnto Venezuela to be sold 

"" ",,ito".

STATUS OI
AND

The rest of  thts report  deals
acutus, Caina[ ctocodl lus fuscus,

CROCODYLUS ACUTUS. CAT}TAN CROCODJLUS FUSCUS,
g@14qcoi-r ws cnbEoD-r lu s--iF-lr vtr,.ezuru

l l l th the current s!atus
and Cainan c. crocodl lus

of Crocodylus
ln Venezuela.

1 Deceased.

1r7
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Following the lndlvidual status reports are reco&Eendatlons for future
surveys. A range dap deplct lng the hlstor lcal  and curre[t  dlstr lbut lon of
Crocodylus acutus and target survey areas ls presented (Fig. 1).

STATUS

Clocodylus

The Anerlcan Crocodl le has been great ly reduced and in so0re cases
eltEtnated froD Eost of l ts forner range. I l . lstor lcal ly l t  ls recorded
fron lhe states of Zul1a, !a1cot l ,  Mlranda, Anzoategui,  al t ( l  the Is land of
l,{srgarita. Current observatlona document lts oceurrence ln the states of
Falcon, Carabobo, Aragua, and Mtranda (see Fig. 1).

Perhsps one of the fen potent ial ly breedlng populat ions of thts
species ls located at the Refuglo de Fauna, Cuarl ,  in the stare of Falcon,
where Robert  Godshalk and I  counted 23 indlvlduals,  aI1 uEder 8 feet (2.4
n) to!a1 length, in 1975. There have been 6everal  unconf lrned reports of
recent nest ing froE th16 saoe area.

Calnan crocodi lus fuscus

a

I

a

I

I

I

a

I

Several .  local i t les for thts species exlst  ln the l i terature fron
trestern Zuf la (Meden 1973).  I t  has beea reported to enter bracklsh
!{ater.  A dr ied ski l t  f ron Chtchlr iv lche, Ialcon, belol lglng to fuscus, has
been brought to ny attent lon by Dr.  Federlco Meden (tn 1tt t .  31 January
1975).  Urt t l  detai led stalus surveys are carrred ou?; 

-no 
further comert

can be altebpted concernlng the status of Calnan crocodllus fuscus 1n

Calnan crocodlfus clocodllus

This species ls the nost connon crocodi l tan to be found ln Venezuela.
I t  has been recorded froir  pract lcal ly every 6tate (Ritrg 1973, Uedeh
1973).  Al thoueh 1t 1s ln no danger at thls t lne, l ts posl t lon ts by no
neans guaranteed. Very hlgh concenttat lons durtng the dry seasor,  nakes
CalEan c. crocodi lus an easy target for hunters and eventual Appendlx I
status i f  etr lct  control  i6 rrot  Ealntal f led.

RNCO}fi'IEN'DATIONS

- Determlne the soulhetn and el t i tudlnal l . lDl ts for al l  three specles.
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Is la Margari ta
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KXY

- l i terature reference

- observat lon

- target survey area

l cn = 100 kllonleters

Flgure 1. Hlstor lcal  and Current Dtstr lbutton of Crocodylus acutus ln Venezuela.
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Ctocodylus

Recoomended local l t les for status surveys:

-  A11 htstor lcal  local l t les
- Western zul ta (La Concepcion to Satr car los de Zulta)
-  Eastern zul ia (Palnarelo to Cabtnag)
- Truj i l lo (sabana de Mendoza to Buera Vlsta)
- Falcon (San Fe11x !o Coto) ( la vela de Coro to Bocs de Aroa)
- Sucre (Peninsula de Araya and Golfo de Carlaco) (Parque Naclonal

Mochtna) (Peninsula de Parla and Golfo de Parl8) ( f lde;
Dr. lleded)

- Terr l tor io Delta Anacuro (Pedernale6 to San Jose de Anacuro)
NoTE: This ls a vast area. Drt  Meden lnfornd ne 1t is not
knoL'n l rhtch spectes, t f  anyt st l l l  lnhabtt  thls region. Both
Crocodylus acutus erd Crocodylus lnlernedius Day overlap here.

Caidan crocodilus fuscus

a

a

a

a

I

I

I

I

a

-  Survey rorthern coa6t of zul la and Falcon
- Deternine current range and status

CalEan crocodl lus crocodl lus

Continue to protect
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This report  Day be considered in the fol lorning perspect lve: the
orlgtnal paper was prepared for the Specles Survtval Connlsslon neetlng ilt
San Jose, Costa R1ca, ln l , {arch 1979. for var lous reasons, rhe paper was
not presented, but the data pr lor to 1979 was subsequent ly offereal to ORYX
for publ icat lon; 1t  \ , ras accepted and w111 appear 1n_the next tssue.
Excerpts fron thls publ icar ion recent ly appeared as a slngle blbl tographtc
ertry 1n TRAIFIC (1980, vol .  r i (5-6):  55).  The or lglnat aata wl l l  be
referred to and coEpated lr i th th€ 1979-1980 data, whtch are not contained
i n  t h e  O R Y X  a r t i . l F .

The data presented herein were conpi led in 7977 and t97A by Alberto
Do[adla and n€. Ibose shoqin tn Table l fon0ed part of a repori on coloEbla
for the New York zoological  soclery in 1977, whl] 'e the othei f igures vere
publ ished 

_by a group of ecologlsts at the Untversi ty of Tol ina, Ibague,
Colonbia (Pa1o.dno and Dona.t lo 1978).  In Table r ,  ;nly the toiaf  nunber of
conplete caiman hides exported under off lc ial  sancttod tn 1976 is g1ven.
In order ro avoid confuston, rhere is no separat ion lnto categorles, suchas "hides less than 1.20 n, f lanks, etc. , , ,  Lut the inforamtioi  is gtven inT:b.I : ,2.  A large discrepancy of 164,a2e ls readi ly apparent in the roralsor nldes represented tn Table 1 and Table 2 for 1976. T,hls may beaccounted for by the dtf ferent nethods used in report lng. Al1" t t re Catafrot 1976 to present were copied fron the off tctai  , . ! i l .ur" or- .*po..r . ron
issued by rhe Insr i tuto Colonbiano de coroercia r*t . r i i r  i i r , l io l l iXl .

From 1951 to 1976 over tO nt l l ton hldes of Calman crocoal l lus wereexported fron colonbia (rabre 1).  rhis f lsure,-as wef i- ; ;=;-  ro,  r , t . .years represent complete cainan htdes of vartous lengths. In 1975 rhet o t a l  n u m b e r  u a s  4 a 4 , 6 7 3  ( T a b l e  t ) .  I n  1 9 7 7  s o o e : e ! , 2 + O  
" o r p i . t u  

t r a u s
were exported fron Colonbla t ' l th off tctat governEent sancrton (Table 3).The 

_data for 1978 are tnconplere ani l  conprtse onty the perloct i rom .ranuary
to June. There were 183,156 ent ire htdes exportei  f ron'rogota ana
B a r r a n q u i l l a  d u r J n B  t h a t  p e r t o d  ( T a b t e  4 ) .

I f  we total  only the number of coDplete htdes, wlthout consldering
s p e c i f i e d  p a r t s  ( e . g .  f l a n k s ,  t a t l s ,  b r e a s t  p l a t e s ,  o r  c l i p p i n g s ) ,  t t  i s
found that in the rwo and one-hau years trorn. la""ary fg;O' io j"""  fSZg 

"total  of  1,180,153 cainan hides l rere exporred froh colonbta under off tctal
government sanct lo[ ,  t .e.  the exportat lon rdas technlcal ly l11ega1 accoral tng
to the nat lonal conservatton 1aws. According to Resolut ion 536, hunt lng of
the black, snooth-fronred, and dearf  caiEans has been prohtbi te;  s lnce

SANCTIONED EXPORTATION OF CAII/"AN HIDES FROI{ COLOMBTA

Federtco Meden

Inst l tuto Roberto Frando Aparrado Aereo 2261
Vi l lavtcencto (Meta),  Co1o6b1a

L2I
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1970. Further,  according to Resolut ion 847, hunt lng or captur lng of 1lve
apeclnens of the spectacled calnan less than 1.50 m has been prohibl ted
slnce 1973. Thus, one can hardly stale, correct ly,  that the hides were
exported legal1y, but rather that they were exported lr i th off ic lal
kno\. ' ledge and sanct lon. Furtherx0ore, these f lgures represent the absolute
nlnlEuo, without conaiderat ion of i l legal,  udsanct loned trade nor of the
various discrepancies ln the off lc ial  f l les. I t  1s safe to assuEe tha! an
addit lonal one to tno hldee exl6t for every o$e off lc lal ly counted. i le
are, thelefore, dlscusslrg a total  whlch could be two ni11lon wlthln a two
alrd one-half year period.

We recent ly received a copy of a let ter f ron Peter Sand, ceneral
Secretary of CITES to the nain off ice of the Coloroblan agency responslble
for nat lonal conservat lon 1a!rs ( INDERENA), 1n rrhich he requested
cfar i f icat lon of sooe 71 exportat lon pernl ts slgned by INDERENA off lc lals
authoriz lng the e:.po!t  of  330,000 hldes and pieces of hides to Wesr cernany
durlng 1978 and 1979. These htdes are not lncluded ln the dsta tn Table
5. I t  ls bel ieved that they oay have comirtsed the bulk of the thus far
unexplalned 400,000 htdes anuggled frord Manaus to Let lc la 10 1978,
ul t luately dest lned for West CerDany.

Tab1e 5 represents the dsta taken fron the INCOMEX reglsters for the
perlod betneen February 1979 and February 1980; some xnonths ln thls pertod
are f lot  shonrn as the data could nor be obtatned. However,  for the elght
nonths that are shown, BoDe 66,826 ent lre hldes are 11sted wlthout count lng
parts.  Careful  study of the INCol lEX registers reveals dl6crepancles alnost
too nulneroua to llentlon, but aroon8 the loore freqlent ones are the
fol lowlng: reglsters for dl f ferent days r '111 often sholr  not only an
exact ly equal nuDbe! of hldes, but wt11 also nanlfeat that the total  nelght
corresponded exact ly l r i th the nunber of hides on a previous day; the
unltary deslgnat lons change !r1th Buch great frequency that one Day oot
lnlerpret ! , /hether they signi fy pieces or ent l re hides; the weight Siven
withln a part lcular category often doe8 not agree wlth the total  welght
gtven for that category.

In cootrast l r i th forner yeara, the lateat f igures for 1979 show a
slgnlf lcant decrease, vhlch one t 'ust assune lndlcates that fewer anlnals
lrere ava11ab1e to the hlde hunters. I t  1s !re11 knolrn that even hatchl ings
are kl l led for the hlde trade, as l rel l  ss juvent les aDd adults,  but this
does not sat lsfactor l ly €xplaln the ever present enigna of where these vast
nunbers of aninals coroe froD. Undoubtedly,  other borderlng countr les sle
lnvolved to extents which are di f f lcul t  to deternlne exact ly.

The future of crocodi l lans 1n Lat ln Anerlca can only be vlewed as
bleak, l , loreover,  our .oon1tor1ng systen 1s lacktng 1n lnterested and
qualt f led personnel actual ly 1n the f teld,  Daking l t  extrenely dtf f lcul t  to
obtain relevant data. I f  thls large scale slaughter ls to be halted ln
t i roe, f i0nedlate poslt ive effor ls nust be nsde by the spproprlate governnent
agencles. A def lnl le step in the r lght direct lon would be rat l f lcat lon of
the CITES conventlon by Colonbla.
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TAXLE 1. Export  of  hldes of
f u s c u s .

Cainan crocodi lus ssp. and Caloan crocodj lus

I
Year

Nunber
of

Hides Fron Source

L95I-7952 650 ,000 Magdalena; Slnu Ricardo A. Tinoco,
Dlrector,
Barranqul l la Zoo; in
1tr t .  19 July 1977-
Iblden.
lErdero.
lbtden.
}rffi ig7z::
Meden 1977 r 2
(unpubl lshed)
lTedew 7977 t2
M e d e n  1 9 7 1 : 6 6
Ibtdem.
lffiiErtl stattstrcs,
March  1973:12
Flgures taken fron
INCoMXX f i les;
ocr 7972
Scheuerman and Foote
l a  l 1 t t .  1 9 7 2
INIXRENA srat lst lcs
I97 3

Foote and Scheuerran
t n  l 1 t t .  1 9 7 4
rlSures taken iroD
INCoI{EX flles
ScheuerEan ln 11rt .
197 5
Flgures takel fron
INCOIIEX f l les

I

)

)

)

1953-1954
1955-1956
1958-1961
7966-1970
7967-r96a

1969
1969-7970
197 0
I97 0-197 3

r97 2

L912

1973

L97 4
t97 4

r974

I97 5

7975

r97 6
197 6

800 ,000
470 ,000
365 ,000*

1 ,842 ,000
30 ,000

70 ,000
L ,46 r , a7a

998 ,930
7 ,O47 ,77a

388 ,098

57 ,379

524,4O2

556 ,422
61 ,899

r r4 ,150

26 ,323

66  6 ,  90B

484 ,673
39 ,936

Ib lden.

Ibid"r.
A!.;."
Lower Caqueta;
Mlt l t t -Parana
Crsvo Norte
Total  for Colonbla
Tbldern.
-ii':i--r,a r to;: o"ry

Bogota, Jan l-Aug 23
ca1l,  Jan l-Ju1 t7

Let ic ia

Barranqul l la

Total  for Colol lbta
Let ic la,  Jun only

larranqull1a, Jan-Jul

Lettc la,  Jan-Aug

Total  for Colonbia

Ibldem,
r.tr"i-r. i", v.. 24-Apr tO Scheuernan ln

797 6
l t t t ,

Total nuBber
o f  h i d e s  1 0 , 6 5 0 , 7 0 8

* A.1l  these hldes Irere exported fron Barranqut l la.
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TABLE 2. Nunbers of conplete and

exported vi th off lc lal
specif ied parts of

sanctton ln 1976,
Catnan hides

Part/caiman 6lze Nuaober a

[ tdes < f  .2 ro
Hides 1.2-1.5 m long
It tdes > 1.5 n
TOTAI NT]MBER OF IIIDES

Breaats and tal1s
T a i l s  >  1 . 5  n
Flalks > 1.5 n
Flanks 1.2-1-5 n
Flanks < 1.2 n
Watchbands
Shoe vanps (ifl patrs)
TOTA]- NWBER SPICIFIf,D PARTS

ER.A]ID TOTA]-

138 ,065
72 ,972

108 ,808

L7,7O3
15 ,181

I , 272
21  ,561

9 ,883 '
3 ,000
1 ,054

319 ,845 a

a

I

a3,654

403,499

TA3LE 3. NuDbers of conplete hldes and
exported from Barranqul l la anC
1n 7977.

speclf ied parts of Csioan
Bogota nl th off lc ial  sanct ion I

ParElcaina'j' sTze NuEber Tota l

Htdes (stze not speclf led)
E t d e s  <  1 . 2  m
H t d e s  1 . 2 - 1 . 5  n
TOTAL NUI'1BER HIDES

Breaats and ta1ls
Heads
Watchbands
Belts
Rennants (cl tpptngs, etc.  )
?OTA]- NINBER SPECIFIED PARTS

CRAND TOTAL

232 ,646
117 ,530
42 ,O64

63 ,310
5 ,O24
4 ,150
6 ,382

380

392,240

7  2 ,246

477 ,486
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TAfLtr 4.  Eldes and spectf ied parts exported fron Boaola and
Sarranqui l la between January ana June 1978; dara for the
renalning half  of  1978 are sr i t t  unavat lable.

Part lcainlan size Nunber Total

I

I

H l d e s  <  1 . 2  m
H t d e s  1 . 2 - 1 . 5  n
H t d e s  >  1 . 5  E
TOTAI, NIJMBER HIDES

Breasts and rai ls
Flanks
Rennants (cl ippings)
TOTA], NI]MBER SPECIFIED PARTS

GRAND TOTAL

7O7,37 5
35 ,875
45 ,906

39 ,059
4 ,825
5 ,419

183 ,156

49,303

232 ,459

I
TABLE 5. Nunber of tanned

sadction between
Calnan crocodl lus
E;;-""r; 137t;a

hides exported wtrh off ic iat
rebruary 1980.

)

Uonth

Tanned hldes Tanned hides
of specinens of specinens

4 150 cn ) rso 
"'

lanned Hides Tatned
of unkno&.n tall

length pteces

Tanned
b r e a s t -  U .  S .  V a l u e
p l a t e  ( t n  d o l l a r s )

)
Feb
Mar
Ju1
Aug
Sept
Oct
Dec
Feb

TO1ALS

3 ,680
2 ,415
1 ,610

805

2 ,4 r5

805

14 ,32O
9,585
6 ,3  90

9 ,585

3  , 195

46,270

3 ,499

4 ,011

1 ,250

L8,O24 18, O30

12,076 72,O2O
8,004  8 ,480
1 .638

383 ,487 ,00
111 ,417 .40
222 ,42a .OA

47,7OL.60
133 ,869 .90
121 ,535 .4021 ,300*

63 .345 .00

11 ,730 8 ,826 68,282 38,530 1 ,370 ,710 .85

* Represents a conbined toral  of  tai ls and breast pfates for these INCOMf,X reatsters
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THN STATUS AND DYNAUICS OF CROCODYLUS POROSUS POPULATIONS
IN THE T]DAL l,lerrnuay3-iF-ToTT-nrHxFlusr-n ctr e*

I I .  Messel,  c.  C. Vorl icek, A. C. We1ls, anal W. J.  creen

School of  ?hysics, Untversi ty of Sydney, Austral la

* This paper ls based upon Chapter 9 of Monograph 1 (see reference l ist
for derat ls ) .

A-BSTMCT: Durtng a g-year explorar lon-survey-research study of t ldal
\ratersays ln northern Australia sone 1OO tldal syEtens rrere surveyed
systeEatlcal ly.  In the Northerr Terr l tory 3998 kn of r idal  warerways
were surveyed, in Western Austral la 527 km, and 1n Queensland 643 krn.
Easic naut ical  and habitat  dara uere obtalned for eact of  the warerways
and a systen of c lsssi fytng the r tdal  systeEs, based upon thelr
sal ini ty prof11es, was derlved,

_ 
The populat lons of Crocodylu6 porosus \rere lnventor leat ani l  thelr

s r z e  s t r u c t u r e  d e t e r n l n e d ,  A  p t c t u r e  o f  t h e  d y n a n i c s  o f  C .  D o r o s u s
populat ions vas derlvedr and our re6ulrs vere shol, In ro te- iniEl i iE?atte
1n a consistent fashton 1n tends of thls picture. Sundaries of
results,  pertaining to the general  Eightt ine crocodi le surveys aral
resurveys are presented. Using these results we arr lve at an est lDate
for the nunber of non-hatchltng C. porosus in northern Austrat la:
Northern Terr l tory 10,000, the f inbir fey Z,SOO, Northern QueenslaDd
3,000 (tota1 15,500).  These are very 1o! '  nunbers indeed, and l t  rEest l l lated thar the present poputat ion of non_hatchl lng 

" io.oaff ."  
r"probably no greater than IZ or 2Z ot t ts forner extenl.

The prognosls for recovery of C. porosus in notthern Aust ial ia
appears to be as fol lowsl

Northern Terr i tory -  populat ions slowly recovering tn t idal
lraterways of norrherr Arnhen tand and rhe Alltgator Rivers
Reglon; populattons fron rhe Adelaide River sei tward to t t re
l{estern Austral tan border are steady or st t l l  fa l t idg;
populat ions in rhe Cutf  of  Carpentar la are at ext lnci ion
levels r,lth the exceptton of the Roper anal Torrns .1vers-

WeEt€rn Austral la -  populat ions are probably recoverlng very slow1y
1 n  n a j o r  s e c t i o n s  o f  t h e  K i m b e r l e y  t t d a l  v a t e r w a v s .

Queensland - nlrh rhe except lon of che t idal  l rarerways drainrng
lnto Porr l lusgrave, populattons are probably st l11 fal l lng and
aie at dangerously fo\r  1eve1s.

127
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Attefltlon 1s drawn to the danger that recovery may be halted on a
nux0ber of the najor breedlng systerls because of the desrructlon of
r iver ine and 6wanp habitat  by fersl  rsat€r buffaloes. The tolerat lon of
both legal and lllegal net ftshlng for barranurdi lre1l upstrean of
l ldal  r iver nouths and often r lght up into the breedlr . tg areas ls
probably responslble for the dro&'nitrg of Eeveral hundred large C.
g?:g:ll1 annually. As barramundi are fished out, the fishing pr;ssure
lncreases and the nunber of g,  porosus drowned 1n nets lncreases. I f
thts fo11y is al lowed to cont lnue unabated then the reoalntng crocodl le
resource along wlth the f lah resource wl l l  be rapldly depleted.

INTRODUCTION

A najor study of t ldal  r lver systenrs in northern Austral is ua6
conpfeted ln Decenber 1979, The work, whlch requtred a concentrated
effort  of  nlne years'  durat lon, provldes for oany northern Au6tral lan
t ldal  systeEs rhe f l rst  systenat ic explorat lon ard bastc survey data
alnce BeltleEent of the coatlnent. The ains of the study lrere:

A. Ttdal n 'aterk 'ay studies,--  To explore, survey, and obtain baslc
nauttcal  dala and !o classi fy the t idal  idaterrays and their  essociated
habltats ln order to provide a foundat lon for future developbent and
6tudles. The work was to include: th€ prepsrat lon of detat led r lver
nork Eaps, showlng dlsrances and navlgatlonal hazards and thus
providlng a comnon basls of reference for all who nay use the
waterways; the dlscovery of channels leadlng lnto the waterways; the
PreParat lon of Eal l lng ln8truct lons; the preparet ion of seasonaL
teEPerature and r lver sal lnl ty prof l les; the determinat ion of t idal
patterna; the determinat lon of the dtsr l tburton and cover abundance of
nangrove species tn fr lnging rtverside vegetat lon.

8. Populat lon studles of C. porosus l t !  northern Austral la.--  To
deternlne the present nagnltude of the populat ions of Crocodylus
lglglgi  in northern Ausrral ia and ro Donlror the recovE?!-tn-di f ferent
knolrn habltats.  To examhe the populat io[  structure and !o quanri fy
such aspects as reproductlod and sulvlvorshlp. Studles rere plarroed on
feeding hablts,  grosth, and novenenr,  the last requlr tng the
developoent and use of radlo telenetry technlques.

C. Habltat  sui tabi l i ry.--  To classi fy the t tdal  l raterways tn
relat lon to habl lat  type and to relate these to abundance a[d/or
nest lng success of C. porosus, ln order to predict  habttat suttabl11ty.

D. I{anagen€nt procedures.-- To develop procedures for managenenE
and future ut l l lzat lon in a nanner whlch would ensure survival  of  the

Sone 100 t lda1 systens rrrere sutveyed systenat lcal ly and nany of
these vere 6urveyed oore rhan once. The overall progran nece€sltated
soue 50,000 kia of eaterr,ray travel.  The detal l€d resutts of the study

a

a

a

I

I

I

I



I

t

D

t

D

I

I

t

MESSEL ET AI. 129

and the analyses of these results have appeared or are appearing io a
serles of 17 Uonographs, publlshed by pergarnon press (see Monogiaph
Serles Sect loD) and 1n a ser ies of reports and special ist  papeis.

In thls paper we sunnarize the results pertalnlng to the general
nlghtt lne crocodl le surveys, for al l  t tdal  watemays surveyed.
Utl1lzing the asseEblage of these results enables us to nake att
assessoen! of the overal l  stalus of C. porosus 1n the t idal  svstens
of northern Australla. We have drar,,n- f;;;It-?ron the natertai ve
presenled ln the 17 Monographs and e€pecta11y fron Monograph 1, ln
which Chapter 9 contains iouch of the narerial presentea teiefn. Survey
technlques at ld nerhod6 developed for analyses of the survey results are
dlscussed at length in Monograph 1 aIId are not repeated here. Tlte
counta were found to be vel l  descr lbed by the blnoelal  aHstrtbut ion-
and confldence linits riere obtatned by approxinatldg the blltonlal
dtstr ibut lon by a nor.nal dlstr tbut lon of approprtate nean anal var lance.

C1ASSIFICATION OF TIDA1 WATERWAYS

Analysls of the nuEber, dlstr ibut lon and size structur€s of
crocodi les stghted durtn8 the general  surveys of northern Austr: l iar
t ldal  systens lndlcates rhat one of the Eost inportant psraueters
character lz ing a t ldal  waternay 1s t ts sal tni ty prof i le.  Ihe prof l le
and habltat  type lnage one anorher and appear to largely deterolne the
Euitabi l l ty or otherwlse of the r tdal  warerway for breedtng, nest ing
and rearlng. I t  was ln onograph 5, on the Coor0adeer and Ktne River
Systens, that l re f1r6t c lassi f led the t lda1 r lvers and cieeks on the
northern Arnhen Land coast l lne roughly into three dtf ferent types of
taterways. The classi f lcar lon plays a crt t ical  role h the unravel l tne
of the dynar0lcs of popular ions of C. porosus (see Monoeraphs 5, 9,  tO
and 11) and ts slven by:

TYPE 1.--  Tidal r iver systens nearldertag through coastal
floodplains and havlng a heavy freshwater lnput durlng the l'et season,
The freshwater inf lon decreases but renaids suff icte[ t ,  as the dry
season progres€es, to prevent rhe aaltnl ty upst leao (though plogresstng
upstrean gradual ly) f ron r ls ing above the sea water values neasureal at
the Eouth of the sysren. Such systens usuatly have gooat to excetteDr
nest ing hablrar and could be expected to have good recrul tnent
potent lal .  The Goonadeer R-tver Systen lras classl f ied as such a systed.
The Blyth-Cadet l  Rlvers Systen ls one of the besr examples of a
TYPE I systeD on the norLhern Austral tan coa6t l t re.

TYPE 2.-- Tidal systens that fa1l sorDerr'here between TypE 1 and TypE
3 and lrhlch tend !o show hypersaltne character lst tcs as the alry season
progresses. Such sysreus usual ly have good to poor nest lng habttat and
equlvalent recrui tDent potent lal ,  dependlne upon how close they are to
TYPE I or 3. The (lng Rtver (Monograph 5) and Dongau Creek on Me1v111e
Island (Monograph 6) sre exanples of such systens.
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TYPE 3.-- Tidel tsterways that also have a heavy fr€shlrater lnput
durlng the helght of the wet season, but 1n whtch th€ freshtrrater lnput
drops rapidly lrlth the onset of the dry season. These rsaterways, nrhich
usualfy have €hort surveyable length and often dlrect openlngs to the
sea, are typl f ied by sal lnl t tes nhich during the dry season are above
those r0ea6ured at their nouths and whlch lncrease lrlth lncreaslng
dlatance upstream--they are hypersaltne and becoae lncreaslngly so as
the dry season progresses. Nest lng habltat  1f l  6uch systens i6 nlnlnal
or nonexlstent.  Recrul tEent potent lal  ls also usual ly lon or
roflexlstent. Al1 Night Creek (Monograph 5) is an exanple of such s
systeo; most of the coastal  creeks surveyed on the southern coast of
the Culf  of  Ca.pentar la also fal l  into thls category (Monograph t3).

I t  wlU be seen that each of these three systen types has i ts orfn
character lst lc type of sal lni ty var lat lof l ,  ni th respect to both t tme of
year and to dlstance upstrean, and that the sal lnl ty cheracter lst lcs
largely detereine the nature of the systen. Flgure 10 shows typlcal
dry seaso[ sal lnl ty prof i les for the three systen rypes. The sal int ty
profile of a systen Eay be sald to be 1ts orsn unlque slgnature. A
large r lver systen roay have nult ip le signatuxes, one for 1t6 nainstrean
and dl f ferent slglatures for 1t6 creeks and subcreeks.
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DYNAMICS OF C. POROSUS POPTII"ATIONS

ln Modographs 1, 9, 10, and 1l we were
the dynamlcs of C. porosus populat lons on
coast l l f le,  vhlch accou[ted in a co$slstent
obtalned during the surveys and resurveys

able to d€rlve a plcture of
the northern Au6tralian

fashlon for the results $e
of the t ldal  weterways.

I t  ls the TYPE 1 aystens whlch aceount for the dalor recrul tbent of
C, porosus; al l  other aystens contr lbute to a lesGer degr€e and they
nust depend largely upon TYPE I systeEs for the provlslon of their
crocodl les. I t  appears tha! the populat lng of the non-TYPE 1 systens
lE by the excluslor of  a large fract lon of the subadult  crocodt les from
TYPE I systeBs. Adult  crocodl les appear to rolerate hatchf idgs, 2t-3'
(0.6-0.9.0) and sometloes 3r-4r (0.9-1.2 E) crocodt les, but I rot  larger
crocodl les. Thus once a crocodl le reaches the 3t-4'  (0.9-1.2 n) and
4t-5r ( f .2-1.5 o) slze classes, l t  iB l ikefy ro be chal lenged
increaslngly,  not only by crocodl les near or ln 1ts otrn size class but
by crocodt les ln the larger slze cfasses, and be excluded fron the area
it  l las able to occupy when i t  was snal1er,  A substant lal  f ract lon
(802) of the 3r-6r (0.9-f ,8 n) slze crocodl les nay thus be excluded
froE the r lver or be preyed upon by larger crocodt les. Of those that
leave, aox0e nay traveL along the coast untll by chance they flnd a
tron-TYPE 1 waterway; others may take refuge 1n freshwater srarDp areas
and bl l laboDga nealby; others go out to sea and posslbly perlsh
(perhaps because of lack of food, es they are largely shal low vater on
edge feeders, or they nay be taken by sharks). Those ftndlng non-TypE
l systen6 frequent these areas for varyl t tg perlods, nhlch act as
rearing stockyards, unt l l  reachlr€ sexual natur l ty,  at  whtch t1;e they
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endeavor to return to a TYPE 1 breedlng systen. Both subadults ancl
recent ly mature adults Etght atrenpt to returr anal be forced out of rhe
aystem Dany t ines before f inal ly belng successful  1n establtshins a
terr i tory ln a TYPE 1 systen. The crocodl les nay have a honinA
lnst lnct and even though a fract ion of crocodt les f tnal ly retu;n to and
rex0ain 1n a TY?E 1 systen, the overal t  nunbers ntssing and presuned
dead remain high (60-702).  Slnce a large fract lon of crocodttes
sighted 1n noo-TYPE 1 systex0s are derlved froh TypE 1 systeos, they are
predonlnant ly subadults or recent ly Eature adulrs.  The loss iactor
which appears to occur during the novenenr stage can be expected to be
lolrer fqr Eovenents lnto and out of slrsnp areas than for Dovenent lnto
and out of coasral  non-TYPE f systens.

The ranif icat lons of the above plcture for structurtng a nanagenenr
strategy and eventual ut i l izat lon of the valuable C. porosus resource
are of the giearest lnportaf lce. An adult  C. poros-us fG-T-verv v:1uab1e
asset,  whereas subadulrs are probabty ot fEssraf 

"e-ue 
as a conD;nent of

the populalion--but probably have a oore valiable sktn, The release of
hatchlings into river syslens should be questloned and lt lJoulal appear
that 1f  subadults are to be released for the restocking of r ivers, thel t
the non-TYPE 1 systens, especially permanent freshgater swanps anal
biUabongs rslth ari adequate food srlpply, should be chosen. Whettrer
auch aniroals would then be able to locare a TypE 1 system at sexual
naturlty ls aa open questlon. Those in srranps and billabongs near Typf,
l systeos would probably have a Duch better chance of ilolns so than
anioals released inro non-TYPt I  coastat Eystens,

Ihls picture of the dynantcs of C. polosus populattor ls ladlcates
that,  when discusslng populat io[  t fuEtuat lons. i t  is essent ial  to
conalder not only results for lndividual naterways, but also those for
broad groups of t idal  warerways, We nere able to shov ln Monographs 1
and 9 to lt that a decrease in crocodlles counted in a TypE I lrareEway
need not necessari ly tnply rhar the poputar lor of  C. porosus ls
decreaslng, The decrease nay only inply that a fri-ctlii-iFthe
Eubadult C. !g:9!g has been excluded frox0 rhe sysren by adults;
furtherr0ore, the surviving fract ion of the e:<cluded srbadults could
produce an increase 1n nunbers ln adjacent TypE 2 and TypE 3
raterways. Such crocodl les could 1n due course return to the TypE 1
Eysleos as adufts.  Because C. potosus 1s knoun to trav€l long
distances (webb and uessef f97e[-,  t t  ts f t rsr necessary to co;6ider
Bnal1 geographlc subgroups and then larger groupings of t tdal
waterways, 1f one lE !o appreclate the overal l  changes occurr lng in C.
porosus populat lons. The t ldal  waterways consider€d in each Monograth
normally forn a natural geographic subgroup and these often contaan a
Dlxture of TYPE f,  TYPE 2, and TypE 3 sysrens. For tnstance those 1n
Arnhen, Bucktnghan, and Ca6tlereagh bays forlo such subgroups, whereas
the overal l  assenblage of the uaterways on rhe northern coast of Ahherd
Land is alr example of a group coverhg a large geoSraphlc area. The
southern coast of the cul f  of  Carpentar la ls aDother such systen; in
Ilestern Australia the ttdaf systems of the northw€st Klober1ey forn a
large group, as do tho6e betrseen Darwln and Cobourg penlnsula (see
rlgs. 1 to 9, placed at end of rhls paper).
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SU}O,'ARIES OF RESULTS BY SIZE CLASS AND BY WATERI,IAY CLASSIFICATION

In Table 1 (at end of thls paper) l re present for the t ldal
water\irays of the Northern Territory! l{estern Australla, and Queelsland
rhe fo1lor,'tng results for each survey: rhe nunber of g. !9Ig:gg
slghted wlthln each slze c1ass, the nldstreai0 distance surveyed, the
density of non-hatchl ings slghted, and the 952 conftdence levels for
the est inate of the actual nunber of non-hatchf lngs present.  Also
shown ls the classlflcatlon of rraterway type as detehlned by the
sal ini ty slgnature of the oain rraterray; i t  usual ly does not lnclude
the often dl f fer l l tg waterwayrs sldecreeks. A11 crocodl les i rhose slze
class could r lot  be deterni$ed posit lvely ( the E0, EO< 6'  [1.8 n] and
E0 > 6'  [1.8 n] 61ze classes) have been ludped together and shown ln
the E0 slze classes. When i t  1s n€cessary to al locate these
crocodl l lans to var lous slze classes, probably the besr one can do ls
to use the scheae out l lned ln Table 6.2,30.and Sect lol l  6.3.4 of
Mooograph 1.

Our reaultE for the tidal waterl'ays of the Northern Terrltory are
presented ln the ssne sequence aa the llonographs. l,te then group and
auxo the results for the latest survey of each iTatensay'  accordlng to
TYPE 1 (any waterway who€e TYPE has a "1" lD it), 1YPE 2-3 (any
waternay whose TYPE has a 2" bur nor a "1" tn i t )  and TYPE 3; the
sunolng of these three then y1eld6 the overall reBults for the Northern
Terr l tory.  The percentage that each 6lze class const i tutes of the
total ourdber of C. porosua sighted ia shoun a1so, Next, we piesent the
resul ls for subgroups of water lrays, grouped accordlng to geographic
proxlnl ly.  Wherever posslble, we shors results for the L975 and 1979
surveys so that changes ln populat ion slze for the areas concelned nay
be exaElned. Flna11y the latest surveys of the tidal !,aternays of the
Northerl  Terr i tory are gathered and sunned for the four large
geographlc area6:

2 .

1 . Gulf of Carpentarla, lrhlch covers tldal {aterarays frorn
Queen8land border to cove (r lgs, 5 to 7).

North Arnhen Land, whtch covers th€ ttdal systems frou
Burungbtrtnung Rlv€r ln the east to the Klng River in
( r ls .5) .

Darwh eastr,tard to Cobourg Perlnsula tncludlng Ue1vll1e
waterways (Flg. 4).

Darir ln weslward, f ron Port  Danrln to the Vlctor la Rlver
the Western Austral lan Border (Flgs. 2 and 3).

the

the
the we6t
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DISCUSSION

Nunb€r of Crog9dl les and Their  Size Class Structure

Northern Terr l tory

The rotal  nunber of C, porosus sighted on the 3ggj.6 mialsrrean kro
of t idal  water! ,ay6 surveyed in the Northern Terr i tory \ras 5472, ot
which 1293 r 'ere harchl lngs. Slnce only sone 5OZ of hatchlhps survlve
f r o D  J u n e  o f  t h e l r  f t r s r  y e a r  t o  J u n e  o f  r h e  n e x r  ( T a b f e  S . 4 : f ,
Morograph 1) they should not be tncluded in ary esrtnate of the viabte
populat lon, We therefore usual ly glve densit ies and est l idates for the
actual nunber of non-halchl1ng cr 'ocodi les only.  On this basis the
overal l  density of t l : 'e 4L79 non-harchltng crocodi les sighted ls 1.o/kn
and the 952 conf ldence levels for the est inate of the number present ls
6724-6984, Thls f tgure and correct lons aade.to i t  fot  waterwiys which
I,ere not surveyed is dlscussed 1aEer.

The denslty f lgure of 1.0/ks 1s of very l in l ted value, for the
denslty of nod-hatchl ings sighted tn TypE t  and non-f ipE I  systens 1s
quite di f ferent.  On the 2175.5 kD of TypE l  t tatal  r{atereays surveyed,
the denstty of the (4491-1197) = 3294 non-hatchltnss slshted was t .S/tur
whereas on the TYPE 2-3 and TYPE 3 systems it was 0.5 and 0.4 per knr
respect ively.

The size-class structure of the crocodi les slghted in the TypE 1,
2, and 3 systens var i€s also (Table 1).  I t  should be cauttoned rhat
there can be considerable overlap betneen the sysleu! TypES, Ior
lnstance, large TYPE 1 watetways, such as the Adelatde and Llverpool
Rrlver Systens, contain TYPE 2 and TypE 3 systeEs as we1t.  I f  these
were subtracted f too the sysrems, the dtf ferences would be further
exaggerated. Table I  also shows the percentage which each size cfass
const i tutes of the total  number of crocodt les stghted. Thus in TypE 1
systeEs sone 272 of t } ] ,e crocodi les sighted are harchl ings, ! , /hereas tn
TYPE 2-3 systens thls f igure fat ] :s to t4Z and in TypE 3 syslens ro 42,
eho!, lng a much decreased hstchl ing product lon in nol l -TypE 1 systens.
In TYPE 3 systens 112 of crocodl les fal l  tn the hatchl inp 2r-3'
( 0 . 6 - 0 , 9  n ) ,  a n d  3 ' - 4 r  ( 0 . 9 - 1 . 2  n )  s i z e  c t a s s e s  c o n b l n e d  v h e r e a s  a n
TYPE 1 systens at least 527" are ln this group. On the_other hand the
percentage of crocodl les in the14'-5, (1.2-1.5 u) slze classes 1s 392
ln TYPE I systeus and 732 1n TypE 3 systel ls.  These percentages do not
take lnro accounr the Eo class which ai0ounts ro Ioz,76z, al ln 16"l  tot
TYPE 1, TYPE 2-3, and TYPE 3 sysrens respect lvely.  Stnce large
crocodl les are usualLy nore wary than snal l  ones (Webb and uessel
1979),  any correct lon for !hi6 class l rould tend to exaggerale fui ther
th€ dl f ferences betwee[ the lYpE l  and non-TypE 1 systeEsr I t  ts
I ikely that the dl f ferences 1n the EO slze class betrreen TypE l  and
non-TYPE I systeos ref lecrs the hlgher fract lon of larqe crocodi les j 'n
non-TYPE 1 systens.



On the 3997.6 mldstream kn of t idal  rarerways surveyed lrr  the
Northern Terr i toly,  542 (2!75.5 k| l )  were TYPE 1, 232 (938.4 kn) were
TYPE 2-3, and 222 (883.7 kn) rrere TY?E 3 sy6tens. In Daklng
correctlons for tidal watenrays not suiveyed one should use the denslty
appropriate to the lraterway TYPE.

Our est lnate of the surveyable dlstance of t ldal  naterways 1II  the
Northern Terlitory not surveyed systeoatlcally 16: I4e11v111e and
Bethurst Is lards 330 ka, Western Austral ian border to cove 280 kn, CuIf
of Carpentar la 50 kn ( total  660).  S1f lce pract lcal ly al l  of  these
eaterTrays are [on-TYPE 1 systems aDd aany ar€ dtfftcult to enter and,
furthernore, since we had a very large sanple of non-TYpE 1 watenrays,
lt was thought not r.orthwhile endeavoring to survey theE. Duridg 1972
one of the authors (HM) had surveyed dost of the lratenraye on Uelville
and Bathurs! ls lal tds; l t  was found the[ that the waterways later
onitted coltai[ed even feirer C. porosus than those t1da1 waterlrays or
MelvlUe Island chosen for no-re IiIEiEIve.study (Monoeraph 6).

The shores of the coastllne (aroounting to sorne 32OO kxa) heve noE
been surveyed fo! a number of reasons. Fl tst ,  there i6 the r lsk ro
life lnvolved 1n trylng to do so; secondly, on each occaslon that I'e
Itev€ surveyed long sections of bays and lnlets we have sighted elth€r
none o! only sporadlc C. !9199]9. Though the denstry of C. porosus
alons the shores of tlE cili?TGe nay have been greaier ri'tfioil-aays,
1t ls alnost negligible a! present and nust be eonsldelably less than
0.1/kn (Eee Moflograph 9).  The reasons for this are probably nany; the
nore lnportant belng that there ale so few C. !9!9!gg, ever 1II
favorabfe habitats, that C. !gl9:g: appear to dtsUke wave6 intensely
(see Appeodix A.1.2 of Monograph l; lrave actlon on the oorthern
Arstral lan coast l lne is high during much of the dry season),  and also
that there ts 1tt t1e vegetet lon to provlde cover along the long
stretches of 6andy and rocky foreshores.

In each tidal Faterway suiv€yed, the survey boats proceeded as far
upstrean aa water depth would penrit. In the ca6e of non-TypE I
systeds thia conetltuted a Euch hlgher fractlon of the overall iraterwsy
tharl in the case of TYPE 1 systens vhich have nore extensive dtatnage
courses. In rnost non-TYPE I 6y6teEs, the ext lene upstreao sect lons
have no water ln then at low t tde, and thus thelr  onisslon ylelds
alEost negf lglble error ln the est lEate for the actual_nunber of C.
!9Ig:gg present on lhe systen (see l4onograph 10 on Bucktngharn Bayl.
fhe case of TYPE 1 waterways ls Dore conplex, for here the water'way
courses nay have non-navlgable (by survey boar) fresh\.rater sectlons
greater in length thar the sect lot ts surveyed. These are usual ly beyond
the t1dal l in l t  and ofter conslst  of  tnrerntt tent waterholes with
sect lona h between rhlch are dry during the dry season. C. porosus
ale kno\rn to lnhabit rhe fleshwater sections, but thelr denslty rs
lo!r, On these sectlons of rhe waterrays !. lohnsont appear to be the
naln specles ( l ' lonographs 2,3,12, 13 and 16).  The ndghty Roper Rlver
is an exanple of such a r iver systen, as are the McArthur,  Adelalde,
Al l igators, Pl l rce Regent,  Mitchel l ,  Ord, Vtctor la,  and Blyth Rlver
Sy6!ens. As polnted out ln Chapter 6 of Monograph 1, tn our dlscusslon
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be taken when conparing non-hatchl lng C. porosus denslt ies of one
naler iday !dth another,  3y including long freshwater secttons one can

of the distr ibut ional patterd of C. porosus, the nunber of C. Dorosus
slghted on the freshwater seccron-of- i -he aryrh Rtver fal ls qrr-" try .na
drast ical ly as one proceeds further upstream. The sane phenobenon was
dlscussed again at Eone length in } lonograph 12 on the Roper Rtver and
ln }lonograph 10 on Buckinghan Bay where i! wa6 cautloned lhat care nust
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bring down the denslty f igure to very low values. For instance on the
Roper Rlver ire found a non-hatchllng densiry of 1.14lkn for the 324
non-hatchl ings sighted ol l  the 283.9 kn of waternay surveyed, I f  ve
exclude the long upstrean freshwater sectlons above ko 85. then the
density of the 304 Eon-hatchl lngs sighted rtses ro 1.41lkr.  The
denslty of the 20 non-hatchl ings slghted oD the 68.5 ke of f reshwaler
sect lons above ku 85 was only 0.3/kn. During the cal ibratton surveys
on the Blyth Rlver, the average den€ity of non-harchlings stghteil on
the f i rst  purely freshFater (krn 40-45) secr lon i .as oDly 1.1/kn conpared
to at least 2.7 /k:n for the whole rlv€r systen. The ilenstty coulal be
expected to fal l  rapidly as one proceeded upbtrean of kn 45. On the
basis of the above dlscusslon one could perhaps add sooe 1000 kn of
TYPE 1 r iver distance to rhe 2175.5 kn surveyed, but the density of C.
potosus on lhese unknorn sections ls unlikely to be nore than 0.2/kurl
Dtrtng I972 ne systenal lca11y surveyeC warerhole after waterhole on the
€ect iona of the coyder River upstrean of the coyder crossing and only
slghted two C, porosus. The coyder River runs into the Arafura Swaop
which ls knoFn to be one of the few large ierEatntng freshrrater seanp
areas ln [orthern Austral ia.

The relatlvely fen freshnater svranps, both large and sEra11, tn the
Northern Territory are known to contaln populatlons of C. !9I9!!g, but
these have not been invenlor led systecoat ical ly and the present exrenr
of the populatlons 1n the!0 renalns unkflo&.n. However, fion the nany
casual ob6ervat lons already made, l re bel ieve i t  ls 11keIy to prove Eo
be coDslderably 1es6 than 2O7" of the populat ion slghted tn TypE 1 t ldal
r lver systens.

On the basis of the above (wtth due reservat lon belng raade),  our
estlmate for the aunber of stghttngs of non-hatchltng 9. !gIg:!:E 1n the
Northern Terr l tory rhlch vere onlt ted fron our t tdal  r fver survey rs:

Unsurveyed t ldal  wsterways (660 kn x 0.5/kn)
Unsurveyed freshFarer sect ions of TypE 1

systeEs (1000 kn x 0.2/kn)
Unsurveyed foreshores of coast l tne

(3200 kn x 0.05/km)
freshwater snaDps, taklng 202 of the nuober

stghted ln TYPE I t ldal  sysreros
TOTAL

330

200

160

836
T5Z6

1f one appl les the sane conf idence 1lntrs for these f526 non-hatchttnas
as re have for our surveys ( thls procedure for the assumed 836
non-hatchllngs in freshlrater swanps ts dubtousr but 1s as valial an
assunpt lon as any other ar present l) ,  then there could be betFeen 2424
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end 2582 non-hatchungs added to t}!e 6724-6984 derlved fron out
surveys. l tus usrng (4179 + L526) -  5705 non-hatchl ings, there could
be between 9204 and 9508 non-lratchllng C, porosus ln the Northern
Terr l tory as of october 1979, and we feel l t  noufd require unreal ist tc
assunpt lons to carry thls f lgure nuch above 10,000. l te even retaln
sone doubts about the maxft0un figure of 10,000; It nay be a substadtlal
overest lmate. On the other hand, ne do feel  that our est lnate of 6724
to 6984 1s a reliable loeer one for the acrusl !!ur0bet of non-hetchltog
C. poroaus, for thts f lgure ls based upon careful  and systeloat1c
obaervatlons dade over a pexlod of alEost 5 yeals and sone 50,000 kro of
gaterwaY travel.

Western Au6tral1a

Tidal r iver systeBs in the Ktnberley (Figs. I  and 2) nere chosen
for survey by the Departeent of Flsherles'and Wtlat l t fe,  Western
Austral ia.  I t  ls bel ieved that the najor i ty of the large Ktnberley
tldal raternays were surveyed; the oltly slgnlflcant area6 not surveyed
are the Walcott In1et-Secure Bay area and rhe We6t Arn of the Cantbrldge
Gulf ,  r i th their  associated r ivers and creeks. I t  ls also bet ieved
that sDa1l populat lons occur ln such areas a6 lhe nouth of the Drysdale
Rlver. Comonly, snsl1 coastal rlvers and creeks in the l(lnberley have
short  surveyable t idal  sect ions whlch are ternlnated by rocky ledges
and often by waterfal ls.

We believe tbat r{'e exanlned nore than half of rhe berter C. lglgllg
habltat In the Ktnberley. In rhe 527,3 ko surveyed, e98 ctoc-odtF-
were slghted, of l 'Jnlch 227 were hatchl ings. The 671 non-hatchl lngs
yield a denslty of 1.3/kn and rhe est lnate for the actual nunber of
non-hatchl lngs present,  at  the 952 conf ldence 1evel,  15 1048-1152.
Assunlng that the runber of non-hatchlings that nould be slghted tn the
areas not surveyed is also 671, we obtatn lower l tni ts of 2727-22j 5 fot
the nunber of non-hatchllngs renatntDg 1n the Kloberley as of July
1978. (One can extend rhts est inale [of  6ay 25OO] alnost wlthout l la l t
1f  one care6 to oake what ne feel  would be unreasonable assunpt lons.)

QueenBland

A salople of four najor t tdal  $ater lrays on the rrrest coast of
6outhern Cape York Penlnsula (Ftg. 8), lrhtch lr€re knor,,n to have
contalned sone of the best populattons of C, porosu6 durtng the 1950,6
and 1960r6 was chosen by the eueensland NaElo;;f-Tar-ks and wtldlife
Servlce for survey. In addlt lon the Port  ) tusgrave area, contalntng
what 1s belleved to be the best reDainlns tldal watenray habltat for C.
!gI9g!g in Queengland, and lhe Escape River on northeastern Cape york-
Penlnsula rdere also chosen (Fig. 9).  As seen in Table 1, the results
for the ?ort  Musgrave area al ld the other areas rere qulte di f ferent,
WhereaE the non-hatchltng denstty eas 1.8/kn for the 241.0 ntdstrean lan
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elrveyed on the Port Musgrave iraterways, the non-hatchlinS density for
the groups of watenrays on south\restern Cape york pelr insula (359.7 kn)
lras 0.4/kr only and for the Escape Rtver (42.0 kE) i r  was 0.7/kn. Tbe
overal l  density for the 606 [on-hatchltngs slghted on Queenslanat t idal
waterways <642.7 k& surveyed) is 0.9/kn and the est i roate at the 952
conf idence level for the actual nunber of non-hatchl lngs present Is
945-7043.

What est lnate can one oake for the toral  aunber of non-hatchl lng C.
poro.sus ln northern queensland? The lengths of the renalnlng traterwa-ys
on the naps look large, but nost of  the r tvers have relattvety short
navigable sectlons. Wtthout csrrylng out further surveys oire can only
make a broad est inate; t r  would be surpr ls lng i f  non-harchl ing C.
p9I9S densities on then were as high as the 0.4/kn we found f;r rhe
southern lraterways surveyed, since these waterways \r,ere k[own to have
contalned sone of the best popufat loos. Err lng on the generous side,
we est lnate that there are probabty a further 24OO krn of rdaten ays noE
aurveyed, U€1ng a non-hatchllng densiry of 0.4/kn rhls r.'ould vleld a
further 960 crocodi les nhich a'ou1d be stghted. On thts ba6is,  the
eat inate at the 952 conf ldence leve1 for the actual nunber of
non-hatchl lng crocodi les present,  u€tng the (606 + 960) = 1566 value,
ls 2488 to 2648 or say 3000. Hor. ,ever,  wtrhou! further survevs one 1s
u n a b l e  l o  s u b s t a n L l a t e  r h l s  n u n b e r .

Northern Austral ia

W€ now have est lnates for the populat ions of non-hatchl lng C.
!9I9:y9 in the Northern Terrlrory, the Ktnberley of Western Aus;ralia
and northern Queensland. Only the f igures for the t idal  waterways
surveyed nay be deened re1lab1e; the renalnder are probably upper
l ln l ts and Day be overest iEated considerably.  OnIy surveys of the
waterways can yield accurale f lgures. In l ieu of rhts,  hon bigh the
est inate is depends upon individual predl lect ion. Wtth thls $arntng in
nind our upper est lEates for the Don-hatchl ing C. porosus populat lons
are: Northern Terr i tory 10,000, The Kinberley 2,SOO, l lort t rern
Queersland 3,000 (Total  15,500).

Ilolr large lrere the orlgtnal nunbers of ciocodlles? We can never
know for certaln, for a6 usual,  thts Austral lan resource $ras netther
inventor ied nor srudled uBti l  t t  ! , ras vtr tual ly exhausted. Those vho
perDlt ted or even encouraged the deplet ion argue veheDently about 1tE
forner extent.  (An excel lent example of rhe process ts nolr  seen wtth
barranundi ILates calcart fer]  I 'htch ts belng netted and poacheat out at
an a-tarolng rate before the exten! or biology of the resource has been
essayed.) I lowever,  reports fron hunters, f lgures on the sktn tr :ade,
and above al l  the lnnunerable starenents and journal entr ies by the
early exploters, at test to the fact thar the or l .glnal  nurnbers,nust have
been huge. Explor€rs such as King, Stokes, CadeU, Searcy, and others
reter t ine after t lne to the very [unerous crocodl les on northern
Austral ian r lvers, and to the problens they had lr l th then (see
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Monoglaph 4 and l2).  I t  is l ikely that the C. porosus populat ion ln
northern Australla wa6 lre1l in excess of one nillion tn the t1dal
r ivers, in assoclated fresh!, ,ater sr iTamps, and along the coast,  but as
stated above, one lr i l l  never be able to prove i t .  On the basls of thts
f lgure, whlch 1n our opltr ion is probably an undereBti&ate, the present
popuLatlon of non-hatchllng crocodlles ts probably no greater than 12
ot 2Z of 1ta forner exten!. Thus, nhat r0ay have taken !0111lons of
years to achleve lrae wlped out by voraclous hide hunters in 1es6 then 2
decadea.

The flgure of 15,500 is very 1on and one whlch I'ould 1n alnost any
other developed countr'y of the world evoke natlonal concern altd ensure
renedlal  act ion. Instead 1n nany (but fortunately not al1) quartets of
Auetral la there ls a hue and cry to al low lhe harveBtlng of C. porosue
agaln. One caII  only hope that thl6 ref lects nore th€ st l l l  sangulnary
a8pect of our piooeer Austral lan soclety rather than 1ts abl l l ty to
thlnk log1ca11y and nake rat lonal Judgnenr based upon sclentt f ic data.
In the U.S,A.,  the Anertcan al l lgator was-accorded fu1l protect lon froh
harvegtlng \rhen nunbers dropped to an estinated 450,000 (T. Joanen
pelst  coon.).  Very str lct ly supervised and l lnt ted cul l lng ls only noi" l
belng pernltteal when the estinated nunber of alligators is sone
7 5 0 , 0 0 0 .
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PROS?ECTS FOR RXCOVERY OF C. POROSIJS

The roatter whlch Eus! be ralsed first is, recovery where? As we
stated €arl ier,  because of the dynanics of C. porosus popular lons, t t
ia essef l t la1 to conslder nor only resulrs for lndtvldual waterways but
also for brosd groups of t ldal  uater! , /ays; not dotng so can ea6i1y yield
a false plcture of popufat lon decrease s / lncreases .

?he analyses of the results f tom our surveys of lndlvidual t idal
paternays and of those in adlacent areas are glven ln the relevanE
Monograph6 al td re refer the reader to rhese for deta11s. One Eay
deternlne roughly ehether there has beeD a signl f tcant lnclease 1n
non-hatchllng nuEbers froo one survey to another by exaiolntnA the 952
levels colunm 1n Table 1 and seelng whether or not the levels overlap,
I f  they do not,  then the lncrease ls sald to be slgni f tcant.

For closely adlacett groups of tldal waterlrays whlch !re!e surveyect
f trs!  tn f975 and again tn 1979 (those in Casrlereagh, Bucktnghaur
Ulundurst and Arnhen bays, Flg. 5) we were able to denonstrate E
atat lst lcal ly s ignl f lcant lncrease at the 952 level of  conftdence (and
sone at the 992 level) 1n non-hatchllng nunbers durlng the inrervenang
perlod, even thoueh tn soDe case6 the lncrease on a nunber of the
lndtvtdual l later l rays const l tut tng lhe group was not stgnlf lcant.  An
excef lent exanple of this nay be 6een h the ca6e of the Habgood Rlver,
a TYPE 1 systen 1n ArnheE Bay (Monograph 11). Exantnarior of Table I
shows that the nunber of non-hatchling C. porosus sighted on rhts
waterway durlng the 1975 and 1979 surveys l las essent iat ly cor i6tant.
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Ilol.r€ver there rJas a signlflcant lncrease on the adjacent non-IypE t
Darwarunga, Baralninar, and cobalpa rivers (Fig. 5) whose non-hatchling
C. porosus are I1kely to have been dertved fron the Habgood Rtver,  On
the other hand, on Me1v1l le Is land (Monograph 6),  the lncrease h
non-hatchllog nuEbers on TYPE 1 Andranangoo Creek between 1975 and 1979
was sufficieatly great that even rhough the numbers renaineal
essent lal ly constan! on non-TYPE 1 Dongau and Tinganoo creeks (Fig. 4),
lhe conbinat lon of the three st i l t  shor 's a slgni f icart  lncrease. An
even better exanple ls to be found 1n the case of the rtvers anat creeks
bet lreer the 31yth and Klng r lvers (Fle. 5).  The Btyrh-Cadel1,
Llverpool-Tonklnson, and coomadeer rivers are excellent TypE 1 sysEems,
yet the Blyth-Cadel l  and coonadeer r lvers do not show a signtf lcant
lncrease ln [on-hatchllng nunbers between 7975 ar1d 1979, llor do the
Ltverpool-Tomktnson r lvers berween 1976 ar.d a979. (Xecause of rhe
untr8ually high recrultoent of sone 260 hatchltngs on the TonktnsoD
River during 1979, a large increase ln non-hatchl i tg nunbers is to be
expected in 1980.) ttonever, the Don-lypE l rlvers and creeks such as
the King, l4ajar ie,  Wurugot j ,  and AI1 Nlght do show increases. as atoes
Nungbulgarrl Creek between a916 and 1979 (1975 was a spectal
Monograph 7).  Each of rhese non-TypE l  systens are l ikely to have
derived a high fract lon of lhelr  non-hatchl lngs fron the adjacent TypE
f systens, and uherl  the coDbi[ed r ivers frorn the Blyth to the Klng are
conslderedr the lncrease bet i" /een 1975 (holrever,  ustng 1976 Llverpool
r e s u l L s )  a n d  1 9 7 9  i s  s i g n l f l c a n t .

I^tren one then considers the cooblned rlvers and creeks on the
northern ArItheD Land coaEtline, fron the Burungblrlnung Rlver tn the
ea6t to the Xlng River in the l rest (Fig. 5),  rhe lncrease in
non-hatchl lng nuobers betveen 1975 and 1979 1s htahly slgntf lcant.
Thls there can be l i t t le doubr that we are witnesslng a slow but
lEportant recovery ln the C. porosus populartons on thls sectton of the
northern Austral ian coast l lne. This sect lon of the Northern Terr l tory
coast was chosetr for early study because of lts situation ln Arflheu
Land and the possibl l i ty that l t  had suffered tess hunrlng pressure
than other sect ions.

On the other hand, though there \ras a considerabte lncrease in rhe
nunber of crocodi les stghted 1n stze classes 5' .  the toss of
Bubadults (Dlssing, presuned dead) along the northern Arnhen Land coast
a p p e a r s  i o  b e  1 a r g e ,  D u r i n g  1 9 7 5 ,  1 0 6 9  ( 2 ' - 5 ' )  ( 0 . 6 - 1 . 5  m )  a n d  3 3 9
( 5')  crocodi les were sighred, nhereas in 1979 the numbers slehreal in
slze classe6 5r was 696. Thus rhe 1069 subadulrs of 1975 apfear to
have gtven r lse 1n 1979 to only (696-339) = 357 crocodi. les 1n ;rze
classes 5r.  Ihts repr€sents a loss (Elsslng, presuoed dead) of sone
672 (ako see Monographs 9, 10 and 11) durtng the interventng pet ioal .
(crowth of C, porosus ls dlscussed In Chapter 8, l tonograph 1 and Webb
e t  a l .  1 9 7 8 .  )

The fargest coroplex of TYPE 1 t idaf waterways tn northern
Austral la,  the Al l lgator Reglon Rlver SysteE 1s also recoverhg, anal a
slgf l i f lcant lncrease l l t  non-hatchl ing nunbers was found betueen the
7977 and 1979 surveys. Horever,  there 1s neeal for concern, for the
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excel lent habltat  provided on the systen 1s belng raptdly destroyed by
felal  buffaloes. Ur1es6 thls 16 halted, recrul toent or th€se r lver
aysteEs n111 cone alnosl to a halt ,  as 1t already has or the South
AUlgator Rlver ( l lonographs 4 and 14).  I l r  addlt ion, the cont inuat lon
of Iret  f lshing on innportant sect ions of rhese ntater! .ay6 leads
lnevltably to the cont i lued loss of large nunbers of large ciocodl les,
These natters are dlscussed agaln 1ater,

The Adelalde liiver, lrhlch lraa surveyed 7n 7977, 1978, and 1979,
shoss no slgn of ao iflcrease 1Ir non-hatchling C. porosus and in fact
tlte decrease ln nunbers 6lShted during the 1977 and 1979 surveys ts
stgnif icant.  Hoirever,  caut ion Dust be used when hterpret ldg this
result  for l t  ls po661b1e that eubstal t ia l  nuEbers of subadultG nay
have been excluded fro.d the river and entered other natenrays nhlch
have been surveyed only once (for exaDple, Cobourg Cooplex, Darlrln, and
Bynoe l larbours).

ExaDdnatlon of results for t lda. l  uateivays surveyecl only once
cannot by ttself te11 one vhether the populatlonE of C. !g:9:!g 1a then
are increasing or decreaslng, and one nust ut1Itz€ addlt lo l la l
lnfornatlon 1n order to obtaln aome indicatlon. lor lflstelrce, ln the
case of the t idal  t r 'aterways surveyed ne6t of Darr in (Flgs. 2 and 3),
only 33 hatchl lngs were seen out of the 463 crocodl le6 slghted on the
793.7 kE nldstreaD surveyed, Wlth the except lon of Port  Dandn, Port
Patterson, and Bynoe Harbour, these watersays ere TYPE 1 6y6teEs for
rdhich this is a very 1oI, ,  rate of product lon. The denslty of
non-hatchl lng crocodl les slghted is only 0.5/kn whlch ls to be coapared
vlth densit ies of at  least twice that value on other predohtnant ly TYP!
1 6ysteDs. Slnce harvest ing C. porosus has beer prohlbtted 1n the
Northern Terr l tory slnce 1972, any lncrease f lust be slow; ho\rever,  i t
is llkely that the nunber of 9. !g:9!gg ia a! best ateady or stlll
decreaslng. I f  there is to be a substant ls l  recovery, then the
recovery period nay have to be neasured in decades.

Matters are as bad or even worse ln the Northern Terr l tory sect lons
of the Gulf  of  Carpentar la.  Exaninat ion of the results for the t l .da1
water lrays surveyed in thls area shows th€t,  nr i th the except lon of the
Roper and To!|ns rivers ln the southnest corner of the Gulf, there ls
alDost no recrultnent laking place and the nunber of Don-hatchllng C.
pgIg:gg slghted 1s at dangerously lov levels.  For 1n6tance, only 2 C.

19g9gg wur. s ighted on the Calvert  Rtver (38,4 kn);  a9, poro6us, oF
whlch 2 were hatchl lngs, were slghted on the Wearyan Rlver (34.4 kn)t
r tol le l r€re stghted on the Robinson River (35,9 kn),  and 28 on the large
lt lcArthut Rlver Syster0 (232.6 kx0),  none of nhlch were hatchl lngs. I lon
the Calvert  Rlver near the Queensland border to the l - tnm€n Btght Rtver
next !o lhe TowIIs (Flgs. 6 and 7) only 61 C. porosus were aighted (of
shlch 3 were hatchl l l lgs) on a surveyed Dldstrean distance of 543,5 km,
ytelding a nol l -hatchl lng denslty of 0.1/ko, On the westerf l  6ide of the
Culf  of  Carpentar la 34 C. porosus I 'ere sighted of whlch 1 vas a
hatchllng; thls lncludes lhe Walker and Koolatong Rivers which both
contain excel lent C. !9:glgg habltat ,
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Thus ntth the exceprion of the Roper and Toruns rtvers. C. Dorosls
nui0bers in the renainlng secrions of the Cutf rldal w"te.w"]s h-Er,-
Northern Terr i tory are at ext inct lon 1eve1s. Thetr natn hop€ for
recovery would appear ro be novenent of subadult  C. porosus fron the
Roper and Tolrns River Systeos. Hov,,ever,  even tn the-case of rhese rwo
rlveris rre have no guarantee that non-hatchllng nu.Ebers are tncreasing.
The exceedingly heavy nerring for barraoundi !re11 upstrean ln the
breedlng secl ions of the Roper Rtver ts undoubtedly taktng a heaw tol l
on large crocodi les. During the stx days l re surveyed on the Roper
Rlver, tlro 10r (3.0 n) ll. !9l9g!a were dro!,ned tn fishernen,s n;ts srd
we nere able to rescue a 5'-6 '  (1.5-1.8 m) speciner rhich we founal
csught in a net.

The probabl l l ty of  the C. porosus populat lons in the KiDberley of
Western Austral ia recovertng over a perlod of several  decades 1s fatr ,
especlal ly in the George l , later,  St.  Ceorge Basin, Roe-l tunter,  arat OrZl
Rlver watefidays where barranundl net ftshtng 1n the rivers ls olnloal
and there i6 no destrucl ion of nest ing habltat  by feral  rsater

The sane cando! be sald for nost of  the r ldal  uater lrays 1I l  noi thern
Quee[sland, rhere the denslty of C. porosus ls probably already at
dangerously lon levels sl td recrui tr0ent is ntnlnal.  Barraounal l  net
f ishlng, which is al lo i 'ed ln the r lvers, ls not only quickly exhausttng
lhe barra.oundl resource but atso is dror,mlng a substant ial  f ract lon of
the fer,r  renalning large C. porosus. I t  ls i ikely that,  Tr l th the
except ion of the Port  Mrsgrave ar€a, rhe populat lon of C. porosus in
northern Queenslsnd is st i l l  fa l l lng €nd ts wel l  on rhe-roi  6--
exhau6t lon.

I{e nay lhus sunnartze our results and prognosis for lecovery of the
popufat lons of C. porosus 1n noithern Ausrral ia as fol lows:

Northern Terr i rory -  populat ions slowly recoverlng ln r idal
waterways of northern Arnhed Land and the Allleator Rtvers
Reglon; populat ions froD the Melatde Rtver weJtward to rne
Western Austral lan border steady or st i11 fa11i[g;  populattons
1n the Culf  of  Carpentar ia at ext inct ion 1eve1s. l r i tb the
except io[  of  the Roper snd Towns rtvers.

Western Austral la -  populattoDs probably recovertng very s1o!r1y
1n najor secttons of the Rinberley t ldal  Faterways,

Queensland - l r l th the exceprion of rhe r tdal  waterways dralnlng
lnto Port  Musgrave, populatton6 probably st i11 fal l ing and at
dangerously 1ow 1eve1s.

I t  1s necessary to drarrr  artedt ion again ro t t ro very txnportant
factols already al luded to. The f l rst  is rhe destruct lon of C. Dorosus
ne€t ing habl rar on Northern Terr l tory $arerways by ferat watei  

. -

buffaloes. The desrruct lon of r iver lne and suanp habltat  by these
anlEala has to be \rTi tnessed to be bel ieved, and on r lvers such as the
South Al l lgalor,  Wes! Al l . igator,  and Wildaan the habltat  1s Dow atso
being rapldfy destroyed (the ssne appl les to the Adelaide and Daiy
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r lvers).  Unless thls destruct lon ts halred, l !  can be safefy predicted
that any recovery of the C. porosus populattons on these excel lent TypE
I breeding €ystens wi l l  be halted,

The second natter,  erhich requires furth€r cornment,  ts net f lshtnS
for barranundi wel l  upstrean of t idal  r iver nouths, of teo ln the
breeding areas. This is done 1ega11y and i l1egal1y, Throughour the
sel les of MonoAraphs we have rel telated (Eee l lonographs 4, 72, 13, 14,
and 16, for exaxdple) that rhls 16 the height of  econonlc and ecological
fol ly;  Dot only ts l t  leadlng to the raptd exhaust ion of bar lanundl but
of C. porosus as l rel l .  The lega1 nett ing 1s belng carr led out wtth the
encouragelreot of the Fisheries Dlvlslon of the Northern Tertltory, aDd
t1legal t rel t lng appesrs to cont inue wlth inpuntty.

lhat numerous C. poroEus are dronned ln barranundl nets set legally
ls apparent ly denled by the Northerf l  Terrt lory Director of Flsherres,
though ne have x0uch dlrec! evtdence that l.arge dunbers are drorned ln
aets Fet both 1ega11y and 111e9a11y. We found approxlDatefy 30 dead
crocodl les langl l lg fron 10'  (3.0 rn) to 15t (4.5 u) 1n less than 3 tr 'eeks
(for detai ls see Monograph6 14 and 16).  On the basts of rhe above 1r
is likely that at least several hundred large C. !9l9lgg are dro$ned 1n
barraeundi nels each year,  As the barranundt are t tshed out.  t t"
f ishlng pressure lncreases and the nunbe! of C. porosus drosned tn nets
lncleases. I t  has been proven elsewhere 1n the l ror ld.  that the
crocodl le resource, as !re11 as the f lsh regource, Day be raptdly rulped
out through net f lshlng alone.

We are aware that there are no easy ansvers to the quest ions we
have ralsed, and that sinllar problens are betng faced ln nany other
ateas of the world.  A part tal  answer, r^ 'hlch ls becornlng accepted nore
end Eore, le the est€bl1sbx0ent of nst lonal or speclal tst  parks, In
AusEral ia both the nat lonal and 6tate governmenls are wlsely 6ett ing
sslde an lncreaslng nuober of these. Both the barranuf ldi  and C.
porosus resource6 of northern Austral ia could have their  survt-val  and
partial recovery ensured by the estebllsh&ent of a [unber of Spectaltst
Parks or closed areas ln Western Austral la,  th€ Northern Terrt tory,  and
Queensland, wheteln al l  nartne specles rrere accorded protect lonr Ou!
tork suggests that protecred areas should be establ lshed ln the Ceorge
Water and Clenelg Rlver re8lo[ (or St.  ceorge Bast[  area, ot the Roe
and Hunrer r tvers area) i r  l {esterB Austral ta;  rhe cor0piete Al l igaror
Reglon area (alreadt ?roposed for trcluston 1Il Kakadu Natloaal park),
the Arnhen Bay and the Roper Rtver areas tn the Northern Terr i tory!  a l
the Port l{usgrave a!€a ln north€fD Queensland. Net ftshing tn such
areas should b€ toEaUy prohlbi t€d, rnd steps taken to see that the
rlverine habltat ls protected; fur €one cases thts would necessltate the
cuf l lng of feral  buffaloes.
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MONOCRAPH SERIES

Survevs _of Tldal nlver SysteEs tn the Northern Terrt tory
of Australta and Thelr Crocodlle poputEiionl

A ser les of Donoglaphs covering the navlgable port lors of the t ldal
r ivers and creeks of the Northern Terl i tory.  publ ished by pergaoon
P r e s s  1 9 7 9 ,  1 9 8 0 ,  1 9 8 1 .

9 .

7 .

3 .

1 . The Blyth-Cadel1 Rlvers Sysrem Srudy and the Status of
Crocodylu6 porosus in Tidal Waterways of Northern Austr:a1ia.
Methods for analysis,  and dynamics of a populat ion of C.
!9l9ggg. Messel,  H.;  Vorl icek, C. C.;  Wefls,  A. G. anE
G r e e n .  W .  J .

T h e  V i c t o r j a  a n d  F i t z n a u r i c e  R i v e r  S y s t e o 6 .  M e s € e l ,  H . ;
Ga[s, C.;  Wel1s, A. c. ;  creeD, W. J. j  Vorl icek, c.  C. and
Brennao, K. c.

fh€ Adelatde, Daly and Uoyle Rtvers. Messel,  E.;  cans, C.;
Wel]s,  A, G. and Creen, l , / .  J.

The A-1l tgator Regjon River Sysrens. l turgenel la and Coopers
C r e e k s ;  E a s L ,  S o u t h  a n d  W e s t  A l l i g a t o r  M v e r s  a n d  W t l d a a n
River.  Messel,  I t . ;  Wel ls,  A. c.  and creen. W. J.

The Goonadeet and K-lng Rtver Systens and Majarie, Wurugotj
and AU Night Creeks. Messel,  H.;  Wel1s, A. c.  and
Green, W, J.

Sone River and Creek Sysrems on Melvi l te and crant Is landE
Johnston Rlver, Andrsnangoo, Bath, Dongau and Ttngattoo Creeks
and Pu11o1oo and Brerton Bay Lagoors on Melvi l le Is landi
North and South Creeks or crant Is land. Messel,  H.;  We1ls,
A. C. and Green. l , l ,  J.

The Liverpool-Tonklnson Rivers Systens and Nungbulgarr i
Creek. Messel,  H.;  Wel ls,  A. C. and Cree[,  W. J.

SoEe Rivers and Creeks on the East Coast of Arr lheD Lanat.  ln
the Culf  of  Carpentarta. Ro6e River,  Muntat Creek, Hari
R i v e r ,  W a I L e r  R j v e r  a n d  K o o l a t o n g  R j v e r .  M e s s e t ,  H . ;
f , l l tot t ,  M.,  WeUs, A. C.,  creen, W. J.  and Brennanj K. C.

Tidal Water! ,ays of Cast lereagh Bay and Hutchinson and
Cadel l  Srralrs.  lendett ,  Darbtt la,  Dl igaat la,  Djaburar
Ngandadauda Cteeks and the clyde and Woolen Rlvers.

2 .
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10. Tidal Waterways of Bucklngham and Ulundurwi Bays.
Bucklnghan, Kalaruol, l,laralruruwol and Kurala Rlvers and
Suppery Creek, Messel,  H.;  Vorl icek, G. C,;  We11s,
A. G. and Cree[,  W. J.

11. Ttdal Waterways of Arnhe.!  Bay. Darwarunga, Habgood,
Baralninar, Gobalpa, Goronuru, Cato, Peter Johlt and
Burungblr lnung Rivers. l tessel,  H.;  Vorl icek, c.  C.;
I , le l ls,  A. G. and Green, w. J.

12. t ldal  Waterways on the South-Western Coast of the cul f  of
Carpentar la.  LiEnen Blght,  Towns, Roper,  Phelp and
Wlltor! Rivers; Nayarnpt, Wungguliyanga, Palnrlyllatya,
Mangkurdulrungku and Yftsapa Creeks. Messel, E,; Vorucek,
G. C.;  Wel1s, A. C.,  Green, W. J.  and Johrson, A.

13. Tidal Systens on the Southern Coes.t of the Culf of
Carpenlar ia,  Calvert ,  &oblnson, Wearyan, McArthur Rlvers and
sorne l f l te lve[ ing Creek6. ] . Iessel,  E.;  Vor11cek, e. C.;
wel ls,  A. G.;  Green, W. J.  and Johnson, A.

14. Tidal l{aterways of Vao Dleoen eulf. llanaryi, Ilralg,
Saftwater artd Mininlnl Creeks afld Coastal Artns on Cobourg
Peninsula. Resurveys of the A1llgato! Reglon Rlvers.
M e s s e l ,  H . ;  V o r l l c e k ,  c .  C . ;  W e l l € ,  A ,  c .  a n d  c r e e n ,  W .  J .

15. Work naps of Tldal ltaterrays 1n Northern Australla.
l lessel,  H.;  Creen, l I .  J. ;  We11s, A. C. and Vorl icek, c.  C.

16. Surveys of Tldal Watenray€ on Cape York Peninsula,
Queedsland, Austral ia,  and thelr  Crocodl le Populat lons.
I l e s s e l ,  I { , ;  V o r l 1 c e k ,  c .  C . !  W e l l s ,  A .  C . ;  c r e e n ,  W .  J . ;
Curt is,  I l .  S.;  Roff ,  C. R. R.;  Weavet,  C. M. and Johnson, A,

17. Darntn and Bynoe Harbours and their Tldal llaterways.
M e s s e l ,  H . ;  V o r l i c e k ,  c .  C . ;  E 1 1 l o t t ,  M , :  W e l l s ,  A .  e .  a n d
Gree[.  I { .  J.

Appearing ln the sane serles and publ lshed by the Western
Australlan Governhent i

1.  The status of the sal t-rsret crocodt le tn sone r lver systebs of
the dorth-west KlDberley, Ilestern Australla.
D e p t .  r 1 s h .  I , l i l d l . ,  w e s t .  A u s t .  R e p t .  N o . 2 4 : 1 - 5 0 ( 1 9 7 7 ) .
Uessel,  t t . ;  Burbidge, A. A.;  Wel ls,  A. c.  and creen, tJ.  J.

2. t l le status of the sal t- l rater crocodl le ln the cle[e1g, prance
Regent and Ord Rlver Systens, Kinberley, Western Austal ia.
D e p t .  F l s h .  I , 1 1 1 d 1 .  l i e s t .  A u s t .  R e p r .  N o . 3 4 : 1 - 3 8 ( 1 9 7 9 ) .
Burbtdge, A. A. and Messel,  H.
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TIiE STATUS OF AT'RICAN CROCODILES IN 1980

A.C. Pooley

St.  Lucla Crocodl le Certre, 3ox 42, St.  Lucla Estuary
Zulu1and, South Afr ica

INTRODUCTION

Ihls report  1s an updated verslon of "The Slatus of Crocodi les ln
Afr lca by l t .B. Cott  end A.C. Pooley tbat l ras contr ibuted to the f l rst
Working Meetlng of Crocodl le Spectal ists,  I {arch 1971 (publtshed 1n
"Crocodl les," IUCN Pubucst ions, New Serles, Supplehenlary Paper no. 33,
January 1972).

Sl l lce the fohxal ion of the I ICN Survi ' ia l  Servlce Cor0nissionts Crocoal l le
Speclal lst  croup tn 1969, there ha6 been a l ror ld$lde exp1o6lon of interest
l I I  the crocodi l lans, and a nu.nber of projects to study aod breed endangered
Epecles are current ly ln operat loD.

In Afr lca, over the past decade there has been an increase in
connerclal  crocodl le farnlng enlerpr lses and ln p11ot projects.  Sone
countr ies have lDlt lated populat lon surveys or are current ly involved in
nonltoring prograEs and/or cropplng scheEes wtth a vle\r to harvestlog the
Ni le crocodi le,  Crocodylus nl lot icus, on a sustained-yleld basis.  More
iatense research has in sone f telds led to a better understandins of the
b l o l o S y  o f  l h e  N i l e  c r o c o d l l e .  I n t e r p r e r a r l o n  a n d  l o u r i s r  t n f o r ; a t t o n
centers lnvolvlng display of live crocodlles have been developed 1n sol0e
counlr ies but,  regrettably,  there has been l i t t le progress ln docunenttng
the 1l fe hlstor les of the l lest Afr lcan spectes. The blology and ecology of
the slender-snouted crocodl le Crocodylus cataphractus, the l , test Afr lcan
dwarf crocodlfe osteolaelrus tetrgiglg ggllgf}lg, and the nuch nore rate
congo dvsrf croc;:-di1e osteol-aemus tetr ts still poorly known.

Judgtng fron the data gathered over the past few years there has been a
gen€ral  decl lne in the overal l  status of the Afr lcatr  specle€. Most reports
are 1n agreeoent,  whether specif ical ly stated or Lnp1led, that populat ions
can only be restored by str lngent conservat ion oeasureiB.

In nany countr les our knolr ledge of the currert  Etatus of crocodl l tan
populat lons ts fragnentary, and 1t is hoped that rhls report  n111 st lnulate
further local invest lgat ion.

We urgent ly requlre data on lega1 status--the d€gree of 1ega1
protect lon accorded ln each country,  and rhether the specles are sdequatefy
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protecled ln reserves or ssncruarlest Infornat lon is needed on condlt lon
of habltat ,  on past and presenr dlstr tbutton, hablts,  ecology, ani l  future
prospecta. Data on decltne in populat lons because of explol tat ton for
hides or other hunan pressure6 should be cottected, lncluafng sEat ist ics on
nuubers of hlde€ exported anrually froE each country.

Crocodi les are imporrant predators of the water l 'ays, and the reEoval of
large nunbers fro!0 sone area6 has resulted in an lEbalaflce ln the flsh
fauna. Crocodl les are a nalor lourtst  atrracr ion in nany t i ld l i fe
preserves and the N11e crocodi le wlth l ts valuable hide cou1d. in soDe
countr les, be eanaged on a sustalned-yte1d bssts to earf l  revenue a$d
forelgn exchange for these under-developed [at lons. The spectaculat
tecovery in the USA of the Anerican al1lgalor,  A- l l tgator mtsslsslpplensls,
an eddangered species sooe ten years ago, rs an liiillE-iE-Eii-n antnal
can be aanaged successful ly.  Today i t  ls possible to al torr
control led harv€sl lng of populal ions 1n sone srates.

AJrican conservai ion departnents are thus urged to pay nore attelr t lon
to their  crocodl l ian Etocks. The lntroduct ion of protect lve legislat lon
ard effect lve conlrol  of  exploi tat ion could lead to ldse ut i l lzat io[  of  a
natural  resource, benef l t t l l tg both crocodt le and man.

The sett lng aslde of sanctuaries for the rare and lnoffenslve
long-snouted and dwarf crocodl les, now on the brhk of ext inct ion. wt11
earD the respect and adnlratton of conservat lonists uorld-wtde.
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STATUS OF THE I-ONC-SNOUTED CROCODILE Crocodylus calaphractus . . . . . 211

A n g o l a .  .  . . . . . . . 2 1 1
B e n l n  ( D a h o E e y )  , . . . 2 t 1

C e r l t r a l  A f r l c a n  R e p u b l t c  .  . . . . , 2 7 2
C h a d . . .  . . . , , 2 ] - 2
C o n g o :  R e p u b l t q u e  P o p u l a t r e  . . . 2 J . 3
c a b o [  . ,  . . , . . . 2 t 3
c a r n b l a  .  .  . . . 2 7 4
G h a n a  . ,  . . . . . . . 2 7 4

. . . . . . 2 1 5
L l b e r l a  .  . . .  . . 2 1 5
M a l i . . .  . . . 2 L 6
N i g e r l a  .  . . . . . . 2 1 6
S e n e g a l  ,  . . . . . . , 2 t 6
S l e r r a  L e o n e  . . . . . . 2 7 7

T o g o . . ,  . . . 2 f 8
U p p e r  V o l t a  , . . . 2 1 8

. . . . . . 2 7 9
. . . . . , . 2 7 9

STATUS OF THE WEST AIRICAN DWARI CROCODILE 06reolaenus tetraspis . 279

A n r o r a .  .  . . . . . . . 2 1 9
B e n l n  ( D a h o n e y )  . . . . 2 2 O
C a E e r o o n  .  , , . , , . . . 2 2 0
C e n t r a l  A f r l c a n  R e p u b l l c  .  . . . . . 2 2 O
C o n g o f  R e p u b l l q u e  P o p u l a t r e  . . . . 2 2 f
e a b o n  . .  . . . . . . . 2 2 1
G a r n b l a  .  .  . . . . . . . 2 2 f
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Liberia

Senegal

Upper Volta

ANGOI,A

Legal Status.--  Prolected
1969. Hunt lng in al l  fonos 1s
and Pooley 1972).

STATUS OF THE NILE CRoCoDILE C. nilotlcus

777

C u i n e a . .
222
222
222
223
223
223
224
224

Za l re  . ,  , . . . . . . 224

L ITERATURE C ITED .  .  . , . . . 225

throughout Angola by Decree No. 14539 slnce
prohibl ted and so ls export  of  6kins (Cott

Dislr ibut lon.--  Occurred ln the fol loning najor r ivers: Congo,
Ubrtdge, Loge, Bengo, Cuanza, longa, Cuga1, Kunene, Cubargo, Cuaodo,
Zanbezt,  Cuango, as rr ,el l  as 1n thetr
1n Itt t .  1971; van der Rier 1965).
Kunene, Cuanzer and the rivers to
1980) .

snal ler t r lbutar ies (Vet.  Dept,  Angola
cood nunbers occurred on the lower

the east (e.g. Kasal)  ( l tunt ley in 11rt .

Conservat ion Status.--  Con6ldered ro be rare to vulnerable (Hunt ley tn
!1!!. re80).

Reasons for Decltne.--  professtonal hunters operated along al l  the
Ea jo?-;rver-;=nd--?o-;iarge exren! reduced popul;trons, as h;ntins rras
al lowed for nany years (Cott  ard Pooley 1972).

Further decl lne probably escalared durlng 1975/1976 due to tncreased
avat labi l i ty of  arms and general  laer lessness, but probably stable t !oq, alue
to str lct  control  of  arms ava11ab1e to al l  but rhe el t t tary (Hunrrey tn
l i t r .  1 9 8 0 ) .

Angola shares oany of l rs r lvers r t th netghborlng countrtes, and
borders South West Africa/Bot swara /Zanbta /Congo. Illegal hunring 1s knor,.n
to occur on the borders. SEa11 nuobers of crocodttes are also no doubt
k1l1ed by f lshernen.



L78

EENIN (DAHOMEY)

!Sge!-j!!l!9. -- unknown.

DiEtr lbut lon,--  Unknowtl .

a
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a

a
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Conservat ion Status.--
and nearDy Da.t1 water hote.

Consldered to be "out of
(WiUlanson tn 11tt .  1980).

c.

Reasons for Decl lne.--  No data avai lable.

ni lot lcus occurs ln Pendjar l  Nattonal park
Burrovlng behavlor lras riecorded (Larsen 1975).

BOTSWANA, REPUBLIC OF

Legal Status.--  Crocodl les are scheduled uf lder the Fauna Conservatton
ProclaDatlon of f961, Part B. Schedufe 3. Thl€ covers Cane Reserves,
Sanctuaries, Pl ivate cane Reserves snd coatrol led Hunt lng Areas.
Protect ion and the issuing of pernl ts controla captute, k l l l tng, export  and
lmport of  anlnals,  t rophies, and neat,  and the sale and nanufacture of
art lc lea froD t lophles. In control led hunt lng areas crocodi les roay be shot
on a supplenentary l icense issued by the control l lng Wildl i fe Departdent.
Export on per1llt nay be alloared and a fee ls levled in respect of each skin
e x p o r t e d  ( C o t t  a n d  P o o l e y  1 9 7 2 )

danger" (1980).  No change in 1egal status
Considered by crahao (1976) as indetenninate.

Dlstr lbut ion.--  Pr lncipal ly the okavango Delte and Chobe River swanps
of BotsFana northward to the Caprlv l ,

Conservat lolr  Status,--  Exlst lne
.'".Ati; fifi;iE;", and rhere i;
survlve indef lni tely (Wil l ianson 1n l i t  t ,  r 9B0 ) ,

The Okavango Delta (6000 sq d1 or 15,540 kn2) 1s the natn habltat .
l luch of l t  ts dense papyr:u6 habttat dl f f icul t  to penetrate by boat;  rhts
habi lat  lB the crocodi les'  greatest protect ion and appears to be stable at
Present.

Graban (1976) proposed a naragenent plan tnvolvtng cropplng for sklns
on the assunpt io[  that l f  the Okavango crocodt lea are not exploi ted they
w111 be treated as pests regardless of any legal status they oay enjoy, and
as pests they nust be externl$ated sooner or later,  Thls pol lcy has not
yet been lnplenented. crahan (1976) also reconmended thar the Okavango
Rlver and l ts f loodplaln should be declared a wl ldl i fe Managenenr Area.

protected areas probably contal l t  v lsble
no reason to belleve that they cannot
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11tt .  1976; BloErberg 1975),  I {ablEat disturbance
cause contr lbut lng to decl lne of crocodl les (von
Along the upper reaches of rhe Okavango Delta

suffer f ron tranpl lDg by cart le alrd tr tbal  peoples

In certah areas the crocodi le ts the toren of vartous tr ibes and ts
not nolested by thero.

Reasors for Decl lne.--  Accordlng to A.c. canpbelt  (4 l1! ! .  1973),  over
the ;e rffi-TdBE:It 6-9';-prof e s s 1 onat hunte r 1 r.rr. i. wr n6T;..:o pe ra t ea a
coEnerclaf hunt ing schene tn rhe OkavanAo Delta and took an esttraated
40,000 crocodl les over a l2-yesr p€r1od. In 1967 rhe nimber of targe
crocodl les seen ln the Delta had dwindled enornously and the contractor vas
glven art  annual quota for 2000 crocodles, reduced annual ly by 5OO, to
nothing. This operator ceased hunt ing before his quota reached zero as 1t
waa no longer prof l table for hto (Taylor 1973).

A total  of  55 cr:ocodi les were shor by non-resident hunrers unaiet
l lcense over the perlod 7959-1972. Duri f lg 1974, t7 crocodites were sold
ard 9 shot (  Flennlng 1976).

A connercial  pi lot  cul l ing project nas l r i l t tated in 1973 and terntnateat
ln early 1975. Duriog rhe 2-year perlod a rotal  of  940 crocodltes were
shot ( l { .  von Rlchter ln
has been descrlbed as a
R l c h t e r  t n  l i l t .  1 9 7 6 ) .
clocodl le nest lng si tes
cof lec! eggs.

js !l l!. Ie73).

Expanslon of the f lshing lndustry and lnrroduct lon of gt l l  nets as
opposed to tradi t ional f lsh traps has accounted for a reduct ion of the
crocodi le populat lon l r  sone reglons accordlng to A,C. Canpbet l  ( in l i t t .
1973).  Grahan et al .  (1976) reporrs that reedbeds, l rhich fon0 an-Toi6-rtant
part  of  the crocodi le habltat ,  are regular ly burnt and this 1s an
undeairable prac!1ce. Populat lor!  expanslon al td agrlcul tural  developnent,
psrtlcularly alorrg the Linpopo river, and the drying up of Lake ltbabe have
also contr lbuted to a reduct lon 1n nunbers. Crocodt le traps on the Chobe
.and Llnyant l  r lvers have helped to cause a decl lne in nuDbers (Henley tn
1tt t .  1975),  snd poachlng has beerl  recorded fron the capriv i  area (At6;1I

BURUNDI

!9ggljlg!!g. -- unknown.

Distr lbut ion.--  St1I1 coff i Ion in mouth of Rustzt River near Capltal
Bujunbura (J.  Verschured in ! i ! t .  1977).  Lake Tanganytka crocodl les have
rot been externinated (Ve-rsc-uren 1973).

Conservatlon Status. -- UnknolrD.

Reasons for Dechne.--  No data ava11ab1e.



CAI4EROON

Legal Status.--  Protected ln Nat lonal Parks and cane Reserves.

Dlst t lbut ion,--  Occurs 1$ the Kalanaloue National park in the north, ln
the Chari Rlver, and h Benone, Uayo Rey, and Boubaudjldje Faor cane
Reserves l l r  the northern terr l tory.

180

CENTRAL AIRICAN RNPUBLIC.

!9€gl_..r!le!gg.-- unknolrn.

Dlstr tbut ion.--  Unknown.

Conservat ion Status. --  Unknovn
rr] .En zarre, sudan, unad, uaf ieroon,

According to Splnage (tn 11rr.
reduced ever)'wherer bu! sone Bll1l
s t J l l  f a i r l y  c o o D o n  l n  t h e  r l v e r s
ln the Salnt F1orls Natlonal Park
r lvers to the Eouth.

a

I

a

I

I

a

raerchants al though i t  ls t1lega1 (Dragesco in I t t r .  1971; ceerl lna in
1980).  Accordlng to Abercrondbie (1978) Ehe;;  G-ipparent ly no ." i t , r - t

Conservat lon Status,--  I t  appears that control  of  the reserves is not
very effectlve. Crocodiles are openly sold 1n yaounde and Douala to skin a

11 t t .

t rade, because populat lons large enough to support  regufat connerciaL
explol tat lon have not existd for at  least a decade.

A11 crocodi les are regaraled a6 enalangetecl  accordlng to the Fauna
DepartEent ( in 1tt t .  1980).  This species ts consldered to be scarce ard
has alnost disappeared fron inhabltated areas.

Reasons for Decl lne,--  l1 legal hunt lng for sklns.

Reasons for Decl lne.

l:!!:.-I%0t;;Iare'-E;!
oonopoly,  "La couronne, "
crocodl le skirs!  a1so, a
fron a poachersi  caBp ln

in 1980. Thls country shares borders
and Con8o.

1980) crocodi les have been drast lcal ly
exist  just about everJ rhere and are

1n the East.  They have been extennlnated
slr lce the 1950rs but 6t111 occur tn

--  Over explol tar ion for be11y hldes. Spinage ( in
about a year ago, the Ivory and DlaDond export i ;A
o b t a i n e d  p e r r 0 i s s l o n  r o  c o l l e c t  a n d  e x p o r t
team recent ly recovered about 20 sktns of 1-2 n
the Banjei  area.



t

t

l

t

)

I

POOLEY 18I

CHAD. RXPUBLIC OF

Legaf Status,--  Pr lor ro 1970, prorected by OrdirEnce 32 of 1965 lrhlch
wss repfaced by the fol lor lng cordl t tons:

1) Except for the conrrol led provistons descrtbed 1n Art lc le6 5.
6, 7,  8,  the capture of rept i les for the sale of skins ls free
t o  a l l  C h a d  n a t i o n a l  s .

i l )  Col lectors of sklns and agents nust be Ucensed. Llcenses are
lssued by Departoent of Forestry and Water Affalr .

i i l )  A ktUing tsx ls levted on al l  6klns exporred. Export  of  sktns
is allorsed only through Fort Lany or Fort Archanbault
aerodrone. Exporr of  skins is only al lolded on productton of the
necessary Pernl  t .

iv)  Hunt ing of rept i les ls forbldden tn Nattonal parks and Narure
Re6erves.

v) Hunt ing renains forbtdden north of 16oN, whlch 1s tn rhe
dlstr ict  of  B.E.T. snd victni ty.  I t  was not al lowed fo! a
period of two years fror0 f  January 1968 tn the l raters of the
distr lcts of Bongor and Moundou.

vl)  Capture or export  of  crocodl le skins less than the fol lowins
sizes lB prohibired: 25 cio ventral  stze neasured berweefl  rhe
horny scales of the two sides.

vi l )  The col lect lon of eggs Is forbldden throughout the country.

vi t i )  The tax for kt l l ing a crocodi le (rn 1968) was f  1OO.

Neirby (1r 1lr t ,  1979) reporr€ that by 1979 hudrtng pressure conrtnued
to be high and very di f f icul t  to control .  Stnce the civ l l  war the ent lre
Natlonal Park6 system has been abandoned. I te regards the crocodi le to
range fron rare to loca11y vulnerable.

Dlstr ibut ion,--  Occurs in the two ! [ain r tvers, Chari  and Lagone, wlth
al l  thelr  t r lbutartes that f lon lnto Lake Chad; as re11 as other lakes such
as lro,  Ftt t r i ,  Lere, Ticken, and Fiango (M. Anna rn tr t t .  1971).

Newby reports the najor populatlon centers to be Lake Chad and The B€hr
SalaDat lrater ba6ins, In the lower and rniddle resches of the Charl anil
Logone rivers, they lrere fa1r1y rare. However, the Bahr Salanat Rlver
systen r, /a6 quite r ich 1n crocodl les, and theorer ical ly nany of thern r .rere
protected by the Zakouoa and Manda Nattonal parks and the Babr Salanat altal
Sinlaka - Minia carne Reserves. The rtver systems borderjng on the Central
Afr ican Repubuc (Bahr Ko, and Bahr Aouk) were qulte r lch ln crocodi les.
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Conservat lon Status.--  According to M. Anna ( i I t  1t t t .  1971),  total
protect lon for f lve years l ras sought severel  t lnes by the conservat lon body
without success. The connerclal  operators sere agalnst such a proposal.
One of the probleos also ts the tllega1 trade ltlth nelghbortng countrles
such as Central  Afr lcan Enplre, Caneroon, NlSerla,  and Niger.

AtteDpts !o farn crocodiles conmerclally were colroenced h 1972, but
the project was abandoned because of c l lnat ic,  dletary, and other probl€ns
( K l n g  l n  1 i t t .  1 9 7 4 ) .

Newby reports that 1n 1979 huntlng pres6ure contlnued to be high and
very difficult to control Developldent around Lake Chad also had serious
consequeoces by reductng the narsh habltat .  Even before the civ l l  war,
there l.ras qulte a flouriehlog trade ln crocodlle sk1$6 and 6kln products.

Reasons for Decl ine,--  Hunt lng to sat lsfy the denand for sklns. In
1940-;i;I;;;;5;G;lE- crocodile popufatton of chad would be estlnsted et
nore tha[ several hundred lhousand and perhaps as nany aB ore m1l11on
tndtviduals.  I t  ls cotts idered that 902 of the populat lon haE gone (M. Anna

1g fig. 1e7I).

There are three llcensed dealers reho hold th€ bonopoly on the export
trade. Durlng the years L966-197O, one dealer.  exported 21,159 sklns. I t
ls considered that the oiher two dealers handle about the sane nunber8
annually. These three dealers handled a Dtnlnun of 1001000 skios durtDg
the perlod 1951-1954.

One of the reasons why crocodile externhatlott otl such a large scale
ha6 been allowed 1s the revenue earned froh llceflse and export fees. lron
21,159 skids an aBount of F 2,115 was pald ln hurl t lng l tcenses, and
F 5,057,480 1n custoE charges.

Judglng by the observat lons of Newby (1n 1l t t .  1979),  11leea1 hunttng
contlnueE uncontrolled 1n thls country.

CONCO: R.EPUB]-IQUE POPULAIRE

Legal Status.--  Protected in Nat lonal parks. (1980).  Consldered to be
an endangered specles (M. Nsosso 1n 11tt .  1980).

Dlstr{but ion,--  Urknown. C.A. Splnage (tn 1ttr .  1980) reports that
aloafl speclnens were present ln the Conkouatl Lakes and are plentiful
enough tn the Dorthern troplcal  forests up near the CAR border,  nuch of
whlch ls unlnhablted.



I

t

D

POOI,EY 183

Legal Status,--  In 1971 prorected only tn reserves e.g. a sna11 area of
the upper Awash Rlver, the OEo Cane park. Status in 1980 unkno!"h.

t

t

t

I

Conservat lon Sratus,--  Considered ro be poor,  poachlng ls r t fe and
uncontrol led due ro a scarci ty of conservat lon off lctals.  The exist ing
resetves and Nattonat Parks do not appear to provide adequate protect lon
( N s o s s o  1 9 8 0 ) ,

Spinage ( in 1l t t .  1980),  honever,  reports that crocodi les are plenrl ful
enough and secure ln the northern forested areas.

Reasons for Decl lne.--  There has been a sready trade in crocodlfe sklns
over a nuDber of years. Over the perlod I97 4-1979 a total  of  85,967 sktns
vere exported under l icense. Ir  1979, 13,853 sktns were exported. (E,
MrBert-MrBabou, 1n l1t t .  1980).

A decl lne in poachlng and hunttng is current ly thought to be a result
of  deplet ion of stocks in the r lvers.

Sptnage ( in l1t t ,  1980) reporrs that ;n0af1 crocodtfes are caught frod
tl.ne to tine in the Conkouatt Lakes. In polnte Nolre, sna1l stuffed
specioens were openly sold for tour ists.  Fron about 2.S to the coas! I
rsould gues6 that they have largely been externioated.

ETITIOPIA

Dlstr ibut lon.--  Awash Rlver and lakes ly lng rest of  the r lver;  t l ro
lakes adjacen! to the r lver alof lg t ts idddle reaches; Lake ] Iargher: t ta
(Abaya),  lake Chano and the connecrlng r iver;  I -ake Stephanie and f lve orher
r l f t  va11ey lake6 nay contaln crocodl leB seasonal ly;  the Webl Shebel i ,  Dalra
ParEa, and canale Doria r ivers; the Ono River and Lake Turkana (Rudolph);
Lake Dlpa: the Baro, Cl1o and Akobo rlvers ehtch flow west to the l^'htte
N1le; the Blue Ni le;  Lakes Hertale and Cadebassa on the Awash Rtver:  and
Lake Murle on the Omo River.  (See Cort and pooley 1972).

occurs ln the l11ubabor and carrbel la provinces tn S.E. Ethlopla
(Ducktr 'orth 1974),  in the proposed Mago Nartonal park (Stephenson 1978),  tn
the Danakl l  (northern provlnce),  and ln secttons of the AluEero Rtver.

Conselvat lon Sratus.--  I t  appears that nost of  the hunt lng took place
over the perlod f955-1970. Concesslons were granted by the Ethioptan
Governroent to varlous people and ln 1963 Dofan Ethtopla Share CoEpany
obtalned concessions on several  r lvers. UnCer supplenentary agreennt of t5
March 1966, Dofan w.as glven sole hunt lng r tghts on most r lvets provldtng
that they bu1lt  a tanneiy ln Ethlopia. Thts tannery was completed ln
1968. According to Brlgadier Ceneral  Mabratu Feseha (Head, l , t i ld l , t fe
Conservat lon Departoenr ! l !  !4! .  3I /3/ f911),  the species !ras.considered to
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be serlously depleted. (See Cott  al ld Pooley 7972, for results of Eiurveys
conducted by Colln ChapEan, May 7967-l4ay 1958.) Accordtng to Stephenson
(1978) the specles occurs comonly ln the proposed Mago National Park,
coverlng the easterf l  Rl f t  Va1ley depresElon. No recent data aval lable.

Reasons for Decltne.--  Hunt lng for sklns. A total  of  26,045 skins were
legalT-y exportea tr"r  t965 to 1971 (Ieseha 1n l l t t .  1971).  several
thousand skins were tsken fron rhe Rlft Val1ey lakes between 1960 and 1966
(M. Eolton lt fll!. 1968), Crocodlles itr the rlver6 flowlng west to the
Nlle are subject to poachlng fron the Sudan. Hunting and poachi[g heve
greatly reduced the nunbers of crocodlles ln all bat a few area6 of
Ethlopla (1971).  Accordlng to Brosn (1Ir  1t t t .  1973) crocodues ate heavl ly
huflted 1n the Illubabor and Csmbella provlnces ill S.W. Ethtopta and skins
exported through the Sudan. The Dofan Co. has now taken about 49,000 skin6
alnce lt began operatlng ln 1966. Dr. John Hukku nho vlalted the Alrash
Rlver (Danak1l reglon of Gewani,  Burl ,  Ba l-ake, Urfage, Kodo' l  fe ayt Debel
Gufferano, and Weinharra regions of Ethlopla) reported heavy exploltatioo
of crocodlles by Danakil trlbesEefl and Fhite hunters.

Duckntorth (1974) observed over a hundred Nuer trlbesoerl hudting
crocodiles on the Akobo River, They sold the skins at Jakoa and fron there
sklns would be shipped to Khartoun. Hunters qrlth skins were also seen at
Cian. Nuer hunters have cleaned out crocodl les from large sect lons of the
Alurero Rlver ( IUCN/CSG Newslett€r,  No. 11, 1975).  As ln other Afr lcan
countr les the bolders Inl th nelghbouridg countr ies are inpossible to
patrol .  Ethlopla ls bordered by Kenya ln the south, Sor0al la in the east,
Sudan ln the rest and Erltrea ir the north.

GA3ON, REPIELIC OT

Legal Statu6.--  Protected by Decree No. 0032/PR/MEF/SF 5234 dated
Ll/7/ f966, crocodl les are protected not only 1n Nat lonal Parks and
Reserves but also throughout the ent lre breedlng season. Honever,  perhi ts
are lssued each year for col0nerclal  operators. The export  quota for sklns
during the last few years reached 20,000 sklns, but l t  was hlgher than thls
f lve years ago (E. OBslnSa j ! !  ]11!.  1971).  Accordhg ro Powe11 (1976)
there is no de facto lega1 protect ion of cr:ocod11es in_Gabon, whatever lar. ts
nay exlst  on paper,  outside of Nat lonal ?arks and slbl far protected areas,
and protecl lon l r t  Nat ional Parks ts nebulous.

Dlstr tbutton.--  W1de1y dlstr lbuted throughout th€ country.
Part lcular ly ln the lguela, Sette Cama, ouanga, Moyen Ogooue, Nyanga
watelsheds (O6singa, tn l t t t .  1971).  Abundant in the low coaslal  str lp
between Port  Cent l l  and l ' layunbe (Couslns, 1978).  Thts specles ls reported
fron Lanbarene (Powe11, 1976).

a

a

I

I



I

I

POOI,EY

Corselvst ion Status,--
that I  an convlnced rhat
been reduced to rhe polnt
longer rr idely prof l table. "

Reasors for Dec11ne,--
as ..ma;i--;;rGE;-
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In 1980 unknown, but AbercroEbte (1978) stares
tn West AJrica the number of Nile Crocodiles has
at which regular conrnerctal exploltatlon is no

Conn€rclal huntlng and overexploilatton as well

Legal Status.--  None t t |  1970. A s-year ban
1970 but lega1 prorect lon was only inrroduced 1n

on huuting rsas suggested itl
February 1977 (Brer.er tn

l1!!.  1980). Descrlbed as vulnerabre 1n starus.

Distr lbut ion.--
seen except in the

Foroerly widespread but according to Brewer noi, rarely
Abuko Natiorlal Park.

Conservatton Status.--  In 1970, BrevTer stated; - I t  is fel t  that the
crocodl le populat ion 1n the Canbta is tn urgent need of cooplete
protectlon, havirE seriously declined to a very 1o!r 1eve1 over the pasr
lhree or four decades, due Dainly to lncessant hunrt trg of sktns, anat
aonet lEes for f1esh. I t  is nolr  possible to travel by boat froo 3athutst to
Basse and no! see a slngle specinen," (Bre$er 1n 1i t t .  1970).  Habltat
destruction has undoubtedly had an adverse effec-t, bu-t by far the greaEest
danage to the crocodi le poputat lons has been sustalneat hulr t lng over nany
yearsr There are, horever,  lndlcat iors that thls species ls begtnnlng to
lncrease ln nunbers agaln (Br:eoer in l i t t .  1980).

Reasons for Decl ine.--  As above.

GHANA

Legal Status.--  IorEerly,  u[der rhe curr€nt chana $i ldl i fe Act
crocodi les recelved no protectton at a1t.  They lrere classeat as ver inin and
could be kl11ed ni thout l lcense ar any r ine (Merz in l i r t .  1970).

The lars of Chana (The Wl1d Animats preservation Acr 1961) placed
crocodl les anong t 'genera as to whtch neasures nay be taken to reOuce t tre
nuEbers. "  There has thus been no 1ega1 protect lon for crocoatt leE (E.A.O.
A€lbey 1l  l i t t .  1970).  Aslbey atso reportea . . I r  is stgnigtcanr to note
that in chana al l  r t ld l l fe is to a greater or lesser degr;e endangered but
this Department is not large enough for ef fect lve nork ;utside reserved
areas. There are even 6one reserves which have not been nanneal..,



I f l  1971 the Wlldl l fe conservat ion Regulat lons, 1-. I .  585, were
pronulgated and 1n the Ftrst Schedule, Serles B. all thre€ species of
crocodi les were given the status of Anlnals Conpletely Protected.

Dlstrlbutlon.-_ IorDerly ln conslderable nunbers ln lagoons and lower
pa rtl-;F-tT;ETta, utnnba, altd Ankobra rlvers. Recorded floo Tanale
le6ervolr, near lolgatanga and ln the sacted Pool at PaSo and the Vo1!a dan
and the Densu Rlver ne6r Accra.

Reasons for Decl1ne.--  Aslbey ( in l1t t .  1971) reDolted that there are
no trade figures for 6kins obtalnable, but I aa aware of a lucratlve tlade
ln crocodi le skins.

! l rs.  v.  sackey ( ln 1tt t .  1970) reported that there appeats to be a
conslderable but unrecorded trade ln akln6 across the border to netghbortng
countr les, part icular ly Togo and Upper Volta,  and lhat local ly crocodi le
skins nere nade up into haf ldbags'  purses'  etcr '  and sold inslde Ghana.

Merz ( tn 1i t t .  1970) reoarked that " I t  seens they have been declnated
both for thelr neal and by the llausa traders for their sklns. In Kuraa€l
narket,  howeve!,  the bush-neat traders say they st t l t  get four a nonth fron
the Bolgatanga area. "

IVORY COAST
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conservat lon Sta!uE.--  Unknor, tn (1980).  see reEarks ln Cott  end Poofey a
(1972t;--fr;-?I;;Ai;;;f the volta Rlver as a result of the bulldlns of the
dan at Akosoabo has resulted in the creation of a lake of approxtnately
four ard a half thousand square nl1e6, of lthich nuch of the shoreltne ts
totat ly uninhabited. The creat ion of the lake could wel l  create ldeal
condlt lons for crocodl les (Merz in 11tt .  1970).

a

I

I

Legal status.--  Total  protect ion was 1nlroduced tn 1970' Described as
out of danger (Roth in 1i t t .  1980).

Dlstr lbut lon.--  Unknor"n, but occurs ln Parc Nat lonal de 1a Conoe,
Reselve drAssagny snd Parc Nat lonal de Tal '

Conservatton Statu6.--  I t  tE probable that crocodl le populat lors have
general ly decf lned 1I l  recen! years due to loss of habitat  as a result  of
expansion of agr lcul tural  act lv l t les and due to lncreastng 11legal hu$ttng
pressure. Theoretlcally the existing Natlonal Parks and Reselves ttoul.d
suff ice for the survlval  of  crocodi les; horvever,  ln pract lce lal t
enforcenent 1s not effect lve erough to ensute thisr Also, 6pecta1ly

protected areas along the coastal  lagoons do not exi6t as yet.
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tur experinental  crocodl le farrninS prolect has been establ lshed 1n thts
countty (D. Blake pers. cor is,  1980).

Reasons for Decl lne.--  Conslderable 111ega1 traale in crocoat l le skins.
wl l lch or iglnate fron nelghborlng countr les (Llber ia,  cuinea, Repubttc of
Mal l ,  Upper Volta,  and chana) and fron the Ivory Coast.  .poaching pressure
increases due !o agricul tural  developnent and thus lDcreasea 

". . .ei f t f f f t "EO renoEe areas.

KENYA

Legal Status.--  Co.oxaerclal  hunt lng ras stopped by 1aw ln 1955.
Protected in Nat ional Parks, Cane Reserves, local sanctuarles. Crocoal l le
hunt ing 1s l in i ted by annual l icense ro rwo antEals ( t{odha in l t t t .  t97O).
Condldered to be out of danger ln 1980. p;otected in flve lla-at]i-aa1 parts
and three Nature Reserves. Total  ban on hunt ing introduced 12 March I97g
(gJI eane antnals affected) (?arker in l1t t .  1980, Duff- l , racKay io 1i t t .
1 9 8 0 ) .

pistr ibutton.--  Unknonn. Occurs in large nunbe.s 1n Lake Turkana, also
in the northern Uaso Nyiro, Tana, Sabaki (ca1ana, Athi)  r lvers; Sanburu,
Tsavo East,  Tsavo Wesr aDd Maia parks (see Cott  and pooley 1972 fo!
observat ions by M. Modha on the Lake Turkana lRudolph] populat ion).  Occurs
ln concentrat lons in the Ono River whtch dralns lnro the lake from the
north (Ethiopla).

Conservat ion Status.--  Between 1946 and 1955 crocodl les were heavt ly
expGTted--l;;IT-tffi;arers except Lake rurkana, r,hich !,as roo rernore,
and r, 'here there is a very high incldence of "buttons' in the be11y skins,
In 1955 connerctal hunring was sropped by tsw, and nore effectively by
ecarcl ty of crocodl les. Since then they have nade a substant jal  coneback
lf l  the Northerd Uaso Nyiro, Tana, and Sabakl (ca1ana, Atht)  r tverE--to rhe
point where hunans and stock are belng taken once nore lrith some
regular l ty.  HoFever,  in Lake Turkana the treDds have been the opposlte.
Here the launching and gronth of a ! . , ldespread 8i t1-ner f tshtng industry has
brought about conslderable conf l icrs of lnterest.  As nett lng is dor. te wlth
very 1ar8e nesh ners for Lates l l l lot icus, crocodi les are easlty caught and
drowned. It is unttkely IEII-IIIi- trEl-'r-ot been conlnercially explorred,
though large scale sales are nor docuEenr€d (parker tn 1i t t .  1980).  Local
decl ines alnost certalnly conttnue outslde specif lcalTy i i6tected areas duerc !  Ldaury specar lca-L ly  Pr :ote
to hunan populat ion encroachr lent  (Duf f -MacKay jE 1r t t .  1980).

Ooe of the problerns tn control lhg crocodtte skin rraale in (enya is
that this country shares borders rsi th Sonal ia,  Ethiopia, Sualan, Uganda, and
Tanzanla.
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Reasons for Decl ine.--  t teavl /  coonerclal  explol tat lon Part lcular ly
bet\teen 1946 and
Turkana, and to a

drowoed 1It gl11 tlet6 on Lake
t l fegal poaching.

1955, antnal€ trapPed and
lesser extent lnsldious

llonrovla (Verschuren 1n r t t t .  1980) .

Accordlng to Insklpp and t{e1ls (1979),  Kenva exPorted 3000 crocodl le
sktrs in 1976. Durlng the Pet loA 1977'7979 export  of  crocodl le skins to

France, Japan, and Austr la anounted to 1520 kg. ( IUCN Traff tc Bu11. 11

t7 i ) .

I,IBERIA. REPUB].IC OF

Leqal Status.--  Consideted to be endangered. No legaf protect lof l
exlsts and 1ro reservea have been establ lshed to date (Stelne! 1n l i t t .
1 9 8 0 ) .

Dlstr lbut ion.
E h e  c a p l t a t  c 1 E y ,

--  Said to occur coDmonly ln nangroves on the outsklr ts of

a

a

I
conservatlon Status.-- Unknoft'n. Habltat destructlon and heavy poachtng

tor lIfiiIli6-aEiTEG' populatlons (stetner tn litt. 1980). sna11 trade
1n l lve crocodi les ls apparent ly cart led out fron thls country accordlng to
Jetf tey <1977).  l - lve exports of crocodl les were 138 crocodl les fron 1973
t o  1 9 7 4 .

Reagons for Declhe.-- UnkltolJn.

HAI,I, R.EPUBLIC OI

Legal Status.--  Protected ln the Nat lonal Park and ln Nature Reserves
and part lal ly protected ln classi f ied Forestry Areas by the dunttng code'
contaioed in Ordinance No. 60/cl t lN of 1I  Novenbet 1969. Establtshed
hunters nay trap crocodl les thtoughout the counlry (except in cfassl f led
areas).  A perni t  enables each hunter to trap three crocodl les per year
and, on paymeo! of a fee, ls lssued by the Departnedt of Foleatry and Watel
Affairs (M. Sangare tn 1tt t .  1971).

In response to a a suggest lon by Dr.  H.R. Bustard ( !g:9. coDn. 1973) of
the CSG that there was concern over kt l l tng of crocodl les 1n thls country '
the fol lontng reply was received: "W€ feel that the nunber of anlrala
ki l led legaUy is not e:<ces61ve 1n vlew of the present status of the
specles. The .nalor l ty of anlnals ki l1ed are taken 111ega11y'  and l t  is
unllkely that changlng the llcense plocedure would affect thls PoachlnS'
A1so, since bost of  the doney for wl ldl i fe conservat ion ln Mal i  cosFs fron
the sale of l lcenses lre need to keep the€e l icenses as attract lve as
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the ant l-?oaching f teld
able to cont inue to do eo' .

Possibler We have lllproved our perfornance
enoroously in the past felr years and should
(J-D. Kelta fq f! ! .  1973),

Sratus in 1980 unkrovn.

t

,

I

due to cutttng down oilndigenous forest, nalnly along
oalgins of swadp areas for the purpose of establtshin!
r lce).  Erosion too has been severe.

D l  s t r l l u t l o n . - -  N o  d a t a  a v a i l a b - t e .

Conservat lon Sratus.--  Suitable crocodl les habttats

Poslt lon ln 1980 unknown,

have deter iorated
the river banks and
f ields (nalnly

. -+r3:r!:lr:!ig!9. 
-- Ktrled for be11y sklns, partlcularly by peoples

or Ene sozos snd sononoa tr lbes, and because pr lor to lntroducl lon of aperl l i t  system tn 1969 crocodi les vere not protecteal in al ty q,ay. Also
there nas a great narket denand for hides which encouraged' hunilng. It 1s
considered that Ehe nunber of.rocodl les has alecreaseal lven tn r . ." . res,
snd without the partial protectlon ttow in force the species would soon be
exreroinated (M. Sangare i r  1rt t .  1971).

I tabl tat  deter iorat lon as descrlbed above may have affecteal breedtng.
Srounds,

IfALAWI

^. l -egal -  Stalus .  --  Protected under the Crocodl les acr (L€trs of xarawl)
Chapter 66: 06 page6 1-8 of 1968 (whtch replaced the Orjrnance of f95I) .
Crocodl les were regarded as a connon resource, the owdership of rrhich 1s
vested ir  the State. under Secrlon 3 of the Oral lnance, no;erson day hunt,
:"" .- ,  oI  l !  ln possession of any crocodl le or crocoat i l ;  proaluct,  un. less he
1s the holder of a l lcense, Such l lcenses wer€ 16sued ly t t"  nep."rrn"r, t
of  Fisheries and uere val id for specif ted areas (Innlstry of Agricul ture
1971). rhere has been no chanse 1n sratus (c.M. Nons". i" ulJ. rreoy.
Consldered to be tn no imnediate danger of exr inct io; ,  r-no"[E--r l  f t "  range nay
11": i* : , - i .9 st l l l  ls in rhe process of being constderably reduced
( K . n , v .  6 e l l  1 n _ . L i r t .  I 9 8 0 ) .  L e g a l l y  c r o c o d i l e s  n a y  b e  k i t l e d  o n

Kegulat lonE exisr concerntng slze ranges that nay be ktf led. I fkt l led tn defense of l i fe or property,  the tropht becones Covernnenr
p r o p e r t y  ( R . E . V .  B e 1 1  t n  1 i r t .  1 9 8 0 ) .
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Dlstrlbutlon.-- Lake Nyasa, Lake chluta' Lake l4alonbe' and the Shlre
RiveiEi-f"r as chlroEo; Nkhotakota GaEe Reselve (Bua Rlver) and ln the
Dwangwa Rlver! l,Iajete Gsme Reserve. APpear to be falrly comon ln nost
parts of l,ake Malawi, ln llarshy areas aod the eAtuaries of Dajor rlvere;
connon ln the ntddle Shlre, l.e. Liwonde to UPatsnoanga' and the densest

concentratlod appears to be betweefl the lower Shire and Elephant Margh.
Records exlst  for the fol lowing r ivers: Ruo, Dtatnpwe, Linthipe'  Li longne'
Bua, Dwangwa, South Rudura, tuteya' Llnphasa, Notth Rukuru' and 1n the
Lingadzi,  a tr lbutary of the Li longwe.

Conservatlon Status.-- There are four Natlonal Parks aod four Gane
neseiiEi- ri-Tifiill- wtrite a rrew Natlonal Patk 1s about to be proclalbed at
Cape }laclear on Lake Malaltl' Most of the crocodlle poPulatlons are outElde
conaervat lon areas and a nore or less cont lnuous conf l lct  exlsts betseen
human and crocodlle populatlons. The Seneral attltude toward crocodlle8 ls
negat ive, because they ate seen as a danger to l i fer as a source of danage
to property such as f i6h nets, aad as a ddiPres6lve inf luence on f lsh
atocks,

Reasons for Decl lne'--  Ihe crocodl le skln industry started in 1951 and
to soDe exlent owed 1ts orlgla to the publlcity surroundlng the Covernfient
Crocodl le6 Destruct lon Schene, f lnanced by the Nattve DeveloPlrent lund,
nhlch wa6 coflducled ln a$ effort to lDprove the glu-net fl6hery. I'he
Goveinment schene started ln 1949 and continued untl1 the early part of

1951 when conmerclal intexests wele awakened. Utder the Crocodile
Ordlnance of 1951, a ltcenslng systern ltas lntroduced llt favor of col0nercial
enterprlse. The total nunber of crocodlles destroyed by the Governbent
6chene of 1949-7951 was estinated et about 3000, of vhich 1000 neie
conf irEed by dead bodtes. The connerclal  ef fort  accounted for sbout 10'000
up to the end of the thlrd quarter of 1956, baking a total  of  13'000 slnce
1949. Al.1 observatlons by CaBe DepattDe[t Staff and the llcenaeea
theoselves suggested a narked decrease ln the nunber of cr:ocodt les (H.J. l I .
B o r f e y  1 9 5 6 ) .

lhere do not appear to be lecords for l lcense8 or sklns exPorted
bet lreen 1956 and 1967, but betFeen 1968 and 1978, 6976 eklns were 1ega11y
exported (R.I i .V. Be1l 1n l I t t .  1980) '

Ceneral ly l t  1s fel !  that the nunber of crocodl les has decl lned in some
area6 of Malawl in recent years. I1! certaln areas the decllne haa beeo
qulte signtf icant (G.I ' l .  Nonewa 1n l l t t .  1980) '  other reasons for a decl lne
ln recent years have arlsefl because lhere are a nutnber of hotels ltith
bathing beaches, and crocodl les appearlng 1n these areas are shot.

MALACASY RNPUBLIC

Leeal Status.--  None 197f.  I tnknold[ 1980.

a

a

a

a

I
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Di6t:1bu! ion.--  In the past,  Slbree (1880) recorded crocodt les tn everyriver and fake and even in snal1 poo1s. h.r"g 

" ;.".""y do;-ah"Betslkoka Rtver we saw as nanv as_a hundred 1n a aiy.  i l . i - r"a , . . r .y(1972) and osborn (1925) also conf inaed *re very laige 
""r i . l " -rn 

.n.letsikoka, rhe for-ner regardlng then as perhaps th" Ioro'oi."i-,r..t.1"rt""
in the ls land. The spectes is st i l1 wid;spreaa, even fn t t re-waters ot t f rehlgh\ventral  Plareau and renaineal abunatanr-"p t i r r  

" to,rJ 
i i -y"I ."  ,go f . . .

N o  r e c e n r  t n f o r n a r l o n  a v a t l a b t e  ( I 9 8 0 ) .

.Congerv.atton Status.--  In l97O 1t was Dot yet conslalered to bes e r r o u s . r y  r h r e a t e n e d ,  b u t  b e c a u s e  o f  t t s  e c o n o D l c  i n p o r t a n c e  ( s k i n s ,
taxidermy, tour ist  at tracr lon, erc.)  t r  wi l l  be absoiurel j  

""J""at"r  
t f r" ,the stock be restored (Ch,p. !1arc rn 1ir t .  1970).

In 1970, the Counci l  for Nature_ protect i ;d suggested the fouowingneasures for lnproved protecr lon (Ch.p. Btarc in i i t t .  feTOj:

a) Increase on the export  tax for sktns of less than 35 cn h fengthfron the pres€nt l3Z ad vaforen fOB to 352 io oraei to ai .ect
explot lat lon towards the larger aninals.

b) Prohlbi t lon on hunt ing of crocoi l i les unater 80 cn tn length.

c) Prohlbl t ion on destruct iol  of  dests and taktng of eggs,

d) Fixtng of an annual quota for the sr0a11 slzed specineos atlor\,ed totaxlderntsts.

No recenr infornat lon aval lable (1980J.

- Fea:or,rs for pectJne,-- chiefly hunrrns, but
D y  t h e  M a l a g a c h e s ,  v h o  c t a s s  t h e  c r o c o d i l e  a s  a
a ser lous reduct lon 1n nunbers.

. _ 
During 1957-1969 lro export flgures were recordeal but the Feights ofsk{ns af,ounted to 374,527 ke.

MOZA}{BIQUE

_ . 
Leg31 _Starus.-- Conpletely protecred r,t thtn the corongoza NatlonalPark, the l , tapuro Etephanr Reserve; also along a sectlon o7-i. t .-oryr"", ."aln southern Mozamblque as defined in off iciai nurr. irn lro. i t . ;  s". i"" 1,of 1967 whlch cane tnto operation in Septenber 1967.

191

afso destructton of nests
noxious anlnal, have led to
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In the southern area of the country no crocodi le below I .5 n ln length
may be hunled or Eolested. During the perlod SePtenber to March lncluslve,
no crocodi les nay be hunted ln southern Mozamblque (Cott  and Pooley 1972).

Regarded as belng vulnerable 1n Uozanbique outslde of conservatlon
areas. Crocodl les may be hunted under l icense outside of Nat lonal Parks
6nd Cane Reserves, according to the latest regulations: L77 /78 of
16/5/78. A huot lng l icense for resldents costs E€cudos 250 or about R 7,
whlle noa-resldents would Pay Escudos 8250 or about R 250.

Ior purposes of evaluat lng the f ine for k l l l ing a crocodl le wlthout a
l lcerse, an aaoult  of  Escudos 3000 or about R 80 ls st ipulated'

Nen con6ervatlon areas are being planned lthlch 911f conslderably extend
the exlst lng prolect lon afforded to the Populat lon ln the cotntry (A.J.
Rosinha ln 11tt .  1980).

Distr lbut lon.-_ Ihroughout the courtry 1n fordel t lnes, but popufat ions
have been very severely depleted--partlcularly ln the rlvera Savle,
Inconat l ,  Unbeluzl ,  Maputo, and lakes Sal lne, ?oolele, Banbene' Qutsslco'
Inhanpavale, Xua1t, l,landjane, Chitlgutl, Pitl' end CatuaBe 1n the south (da
c o s t a  h  l l r t .  1 9 6 7 ) .

The zar0bezt Rlver r,tas extensively hunted' and the bul1d1ng of the
Cabora Bassa dan ln the north brought ln thousands of constructlon workers
lrho hunted crocodlles. Th€re \ras evldence of illegal hunttDg and trsding
la sklns betreen MozaEblque, Tanzanla, Malawt, Rhodesls, and Swazlland (da
C o s t a  t r }  1 i t r .  1 9 6 8 ) ,

conservat lon Status.--  The increaslngly wldespread use of 8i11 nets has
resulted--ff-Tli-EiilTi6 of crocodlles, and nunbers are ktlted for nedlclnal
propert leE by loca1 tr ibes people. In addlt lon, nunbels of sDa1l
crocodiles are LiUed for e flourishlng taxlderny trade operatlng fron
Lourenco l larques (Pooley pers. obs. 1967-1969).

Durtng 1968, the Departoen! of Fauna and Veterlaary Servlces lssued 49
l lcenses, end durinA 1969 an sddit tonal 38 l1censes. The dePartnent keeps
no records of crocodlles shot or captured under pennlti The entlre country
1s patrol led by only a fec'  conservat ion off lctals and pol lc lng ls
hopelessly lnadequate. Techntcal s ld as glven lo the Departnent to start  a
rearing stat ion but lack of f inance, staff ,  and off lc ial  support  has t lot
eocouraged developnent (Cott  and Pooley 1972).

In reeponse to a request froio the IUCN/CSC the Governnent agreed to
suspend the k111log of crocodl les under l lcense for the yeals 797217973
(Palsana :! !!.1!l!. 1971).

Tinley et al ,  (1976) descr lbed the aniEal in Gorongoza ?arque da
Natlonal as belng very connon, and occurril8 ln falr nlrnbers 1n Reserva

t s p e c l a l  d o  M a p u t o ,

I

I
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No rel lable data od crocodi le status are aval lable for areas other thanMaputo eane Reserve and corongoza Nal iona1 park, 
"h"; ;  

; ; ;  io i i i " . r .o" . . .aecure. 
.Hovever,  as al l  legal exploi tat ion of thls rept l le wss teretnateda t t e r  i n d e p e n d e n c e  i n  I 9 6 6 ,  c r o c o d l t e s  j n  t h e  I e s s  d e n s e l y  p o p u l a t e o  a r e a sare probably abundant.  On the other hand increastng agrfcui tural  act iv i tywi l l  p lace greater pressuxe on nest ing habitars (Ro; in;a i r  l t r r .  -1980).

NICER

-. .  
Leggl_ Stgtus. --  UnknoFn 1980. presunably protected 1n Niger 's . ,W,.

National Park, adJolnlng Upper Volra ana natromey. C"""fi.."1'i" u.certainly an endangered specles (Newby:gl :g.  1980).  l . l .  Ci ."r l  1p"." ,conn. 1980) records thar crocodiles are-?tTTi-wi<tespr."a, lut ,r.,con_on r.,the reserves. probably rhe Ar1i ,  pendjart ,  Singou, Mekrou, 
"r)J 

nffUo.rr1ver6 have crocodlles. Anjnals rip to 4 n ln te"git frave ieen seen 1n thePend jar i  and l4ekrou r ivers,

Dislr lbyl lon.--  Known to occur in the Niger Rlver ott  rhe east,  and inseasonal t r lburar les'  the Tapoa ln the north snd the Mekrou rn ihe eouth rnthe "W" National park. Betr,reen Niaoey anal the l,ta1l froniter-"r"ff ,rurU.."are seen (Nenby in 1i t t .  1980).

Accordtrg to A.A. creen (pers. conrl .  1980) rhere are also crocodi les 1n6orne pernanent eaterholes on the ?eodjart floodplaln.

Cglgervarion status.--  UnknoL,n 1980. Jones (1973)
crocodifes can eas1ly be seen 1n a1t rhe r ivers withln

reported that
the Nat lol ta1 park.

, _ lg!9$--Ir:-+rs!Ig. 
-- clll-net fishernen kitl crocodlles in rheir nersIn the r lvers, Heavy losse€ are reported from the Nlger River.  I t  wouldseen that the sma1l crocodl le sktn trade that exlsts i . f f .s on i r ,po.tuasklrts fron Benin, Nlserla, and caneroon 1N."ry i" i i t i  

- ioioj" -

--  -According to poche (1973) there is no control  over poachlng ln the . . l . l , .
Natlonal Park. Lugaage make of crocodtte ektns 1s comon ana iany stinsare auspected to cone fron there.

NIGERIA

. .  
L9891 Sta!us.--  None of the crocodl le species are protecr€d ln the W11d*1llt 

l .* o_f Nigerla, and no protecrloo r" conterpraiea. in ruserv.a
areas, (e,9. yankart ,  Borgu, and Upper Ogun Reserves) al l  specles areprotected (Cott  and pooley 1972).
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Accoral lng to Geerl lng (1980) '  Yankari  ls the ol l1y leserve 1n NlSerla

where crocodl les are effect lvely protected'

The alea of Lake Chad south of Baga has been reserved as a Cane

sanctuary (ltonegse! jlg I$!. 1974).

consldered to be st i1l  widespread but ge[eral ly lare ( l lappold in

r97 A',) .
1 i t r .

Dlstr ibut lon.--  Gaj i  Rlver ln Yankarl  Game Reserve, Borgu'  and Upper

og""-f!EiiEii?'on the ieglon of ovu southward, extendlng towards

Abeokuta. Also fron the nid\rest, ln the Kyariua Park in llaldugurl ln the

northeast, ln southern Adadarta Provlnce, Lake Chad.

According to l tappold (1g l i t t .  1974),  formerly distr lbuted in most

1sr8e rivers thioughout th-e c;;;fry, exceq! ln the extreme nollh'

Conservat ion Status.--  f t t  var lous Parts of Nigeria,  crocodl les are kept

tn eiil6iii6i-fr-Tiitag-es and tolrns r This ls probablv because of iflterest

anal cur losl ty,  but also because of the suPposed nagical  Propert lEs of the

crocodi le (Cott  and Pooley 1972).

A smal1 ptlot breedtng schene wtth the aim of re€tocklng has been

sterteal 1n the Kyarlnl Park ln l'talduguri (Morgan-Davles tlr lit!. 1979)'

Status of lhe habitat  is 8eneral1y being destroyed or disturbed except

tn lhe fet t  ploclaioed gane reserves (Happold in 11tt '  1974) '

Reaso[s for Decl i [e ' --  There i6 a conslderable l rade in crocodl le skios

a

a

and lerther work (bags, casesr etc.) .  Most are sofd by
North Ntgeria,  Probably sone of the sktns or lghale in

undoubtedly other€ ate lnported fLon Nlger' Uppe! Volta'
( H a p p o l d  1 n  1 i t t .  1 9 7 1 ) .

ceexl ing (1980) nent lods sklns and handbags as belng on sale local ly '

the sktn trade ls carried on ealnly through (ano Iirternatlonal

Alrport. At one place near the Oshun River west of Ibadan one can buy

6na11 l lve crocodl les (Happold in 1l t t .  1974).

RWANDA

f€ggl_q!gl!S.-- unknown.

Dlstr lbut lon.--  Unknowt.

llausa traders froo
Nlgeria,  but

and Caneroon



o
POOLEY

Conservat ion Status.--  Accordlng ro
occurs 1n this country.

n. (7974), c. r l t lottcus
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Fuchs et:

D
SENEGAL, REPUBLIC OF

_ 
l_eggl Status.-_ protected in Nat lonal parks, Nature and Forest reserves

D :"1y. 
pernirs are lssued for conmercial  hunt lng by the Servlce des Eaux et-  lorets,  under Art tc le D.6. of  the l tunr ing and Fauna prorect ion Law.

Kilrlng of crocodlles nea'uring less thar 19 cn tn breadth at the widestpoi[ !  belween the horny f lank scales is forbi . lden (Cotr ani l  pooley 1972).

Reasons for Decline.-- Unknorn.

Distr ibutton. --  Forrnerly occurred
Casanance, and varlous smaller rlvers
ln Delta du Saloun Natlonal park. but
Koba (Verschuren 1n I i t t l  1980).

Conservat ion Status.--  Consldered to be
19S01;--

along the Senegal,  Falene, Cambla,
and tr lbutar les. (1971).  Very scarce
connon in Parc NatioBal du Niokolo

_ St l1l  reasonably coonon tn the Canbia r iver and t ts tr ibutar les tn 1977(Verschuren ! !  l1t t .  ) .

endangered (Dupuy ln t t rr .

899!!--19:-!e4!9.-- coDmercial overexploiration and i11ega1
poachlng. From 1961 Eo 1969, 153,667 skirs \ . iere lega11y export ;d,  r ' l th a
Elgnlf icanr drop in nunber.s exported anrua11y, frod 34, iJ9 in 1964 to 4,27a
tn 1969. Thls was thoughr ro ar ise because of the clo; ing of the frort lers
by the cusrons authorl t ies to the forner:  t raf f ic in sklns lnported from
Guinea, l {au, and the ca!)bl  (Dioun 1n 1ir t .  1970).

Accordlng to Verschuren ( in l i t t .  1977),  al- I  at tenptE to arrest rhe
decrease h thelr [unbers due-to-poachers have failed.' tte deEand for
6kins and the pr ices offered are so htgh that i t  is haral  to deter nen frold
defylng the regulat lons.

Dupuy ( in I i r r .  t98O) reports rhat the cot lapse of the crocodt le
populattons Is specracular and undeslrable slnce 1970. Ulegal poaching ts
the cause. No export  f igures are aval lable for recent vears,

SIERM LEONE

Legal Status,--  In 1967, before the N,R.C. Ml l i tary goverf i renr assuned
poFer, a bi l l  ent l t led The Wild Ltfe Conservat lon Act 1967 appeared as a
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countrY (or'en !!

conservat ion status.--  Unknoitd 1980' c locodi les are rately seeI l

acco;;T;E-l;-;Gl1t-o). There ls deflnitely a decrlne ln the
populatlons due to coorrercial hunting, and loss of habltat (?al|oei ln

1 9 8 0 ) .

T.S. Jones (1955) recorded that ln the. Bof l the dlstr lct  e88s were ln

de.nand for food, as well as the neat.

a

a
supplenent to the Slerra Leode Gazette (vo1. 98 No. 31 of 30 March 1967).
It llsted crocodlles as a Gane Anleal and Dangerous AntDal (Oi.'en tn lltt'

1970).  This bl l l  i tas apparent ly only accepteal in 1972 al td spectf ies-

crocodlles as gaoe aniDals to be hunted under llcense lrtth a bag 11nlt of

l0 per person (Palner in t l t t .  1980).

Dlstributlon.-- Unknowa. Satd to occut both 1n the peninsular and uP
1 i r t .  1970 ) .

l l t t .

a

a

a

SOMALIA

Legal Status.--  Unknoon.
occurs in this countrY.

According to luchs et a1. (1974) thts specles

Dl6tr lbut lon._- Unknowll  1980.

Conservat lon Status ' --  Unknottn 1980.

SOUTH AIRICA, REPUBLIC
NATAI", PROVINCE OF

Legal Status.--  Formerly Protected under the Rept l les Protect lon

orafnanceJlo. :z of 1968 (coonenced 24 Apr1l  1969).  This prohlbi ted the
kl l1ing, captur lng, or export  of  crocodi les dead or al lve, lncludlng the
6klns and hldes thereof,  without a perni t .  Provision al lowed for a
landoamer to ki l l  a crocodt le tn defense of 1l fe or proPertv.

In 1980, crocodtles were protected under the Natule Conservetlon
Oldinance No. 15 of 1974 :  ChaPter VII ,  AnPhlblans, Invertebrales and

Reptl les. thls ras subst l tuted by sect ion L3 of ordlnance 25/1979 d' l '

2/4/I98O w.e.f .  I l6/1980. In the nerrr  ordlnance there are cootrols for the

kl111ng or capture, the keeplng tn capttvt ty,  and exPort snd ldport  of
protected specles. A1so, there are Legulat ions and cont lols of enclosures

and cages, thelr dln€n61ons and appolotnents, and the nuEber of eninels

lrhlch nay be housed 1n enclosures and cages.
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Provislon is Eade for rhe kl l l tng of a crocodi le ln defense of hunanl1fe or property,  provtded that ary off lcer . .  t . rp". ; ;y-; f ; i ; ; .  , "yrequire thar any prorecred indigenous rept i le so t i t tea-or 
" .oi" . .d 

t .surrendered ro Natal  parks, cane and Fish p.."ervrt fon So".J."-

_  
p j B l r i b u t l o n . - -  F o r 6 e r l y  o c c u r r e d  I n  e v e r y  r i v e r  a l o n g  t h e  c o a s t  0 1zululand and Natat as far as the Untanvuna Rtver,  the tr i i fTi"o. 

" . ." t" . .border and farther southwards trro rhe Easrern c"p. ip""i"y' i i iol.

.  !y_1?701 .the occaslonal specinen lras found €outh of the TugeLa Rtver,the ZuIuland/Natal Border.

- In 1980, fair populst lons exlsted in Ndumu, Hluh1uwe, Unfolozl, andLake St. Lucla cane Reserves in the province. 
'r" 

"aafafi"-"r" i f  
tr. f". .apopufatlons occur ln the Kozt Lakes, Lake Zilonde, Late SfUVa,-ana uUtfpans, Ngobazelenl pan, l ibazet ana f loodplaiD, the pongola River anafloodplaln 1ake6, the t4akhattni pans, iakes Bangart i . .rf ,  l" i-"o"tt . :  t fr"Mkuze Rtver ftoodptaln, Mslnduzi, Mzinene, rluhiuwe, Ny"i";i; unsunaaztrivers and f loodplains, lakes Etza, Rtchards Bay, r.t . ' l rrr"eir i  

". ,a 
t l , .Enselenl, Inyoni, t"Ihlaluzi, A$attkulu, Htabane and f"e.f.  i iu"i" troor"y197 6) .

"^^ €r!::IJg!+g_j!el5. 
-- consrdere.t to be sood (1e80). rhe Naral park6

Doarcl operated an experlmenlal rearing and restocking statlon in the Ndunu
9:1:_l::::y.. 0".: 

" a te67-1e74, and rronr here ese ri"! y",.c-""..
orsErrDured to chosen habitats ln the provlnce and to Lther areas (pooley1 9 B 0 ) .

A nev crocodife center was estabushed ar Lake St.  Lucla Estuary rn
l : : : , 1 : ] i ,  

a n d  c a p t i v e  b r e e d t n s  o f  c r o c o d i l e s  f . . . ; ; . " ; k i ; ; ; ;
c o n E r n u e d r  T h e  c e n r e r  c o D p r l s e s  a  r e s e a r c h  s e c t l o n  p l u s  a  l a r p einterprerar ion center concenrrat jng on educat lonat extr i t r ts p" i i . t r rrng tocrocodl le blolosy and habirar6, and l tve display 

"f  " ; i ; ; i ; . ' - --
Extenslve research has been undertaken on capt lve study groups, anclf i e l d . s t u d i e s  h a v e  i n c l u d e d  n a p p i n g  o f  n e s t  s i t e s ,  t . " t i " e ' e i . r " a "  

" . ar e c n n r q u e s  r o r  t h e  c a p t u r e  o f  p r o b l e n  a n l n a t s .  I n r e r p r e t i c i o n  e t t o r t  h a sincluded naklns documentary Tv f11ns on t te r i re rr ist i iy. i - i i r . -r , r i r .
crocodl le,  and gulded lecru.e tours for school g.o"p" 

" i  
i f , . - i i " ."art"

In 1980 an area of the Mkuzt swanps a[ the northern end of ] .ake St.Lucta was set aside as a crocoal l te san.ruary. f f r fs aiea 
" i l i -oio. ,ro.protect ioo for an ieportant breeding populat lon.

ordinance of 1968, cJoc-codtte s lrere
Reptl fee Protect lon

the Provlnce.
to l lvestock;

for Decl lne.--  pr lor to lntroductton of the
regarded as verxoln ln

de8troyed by fa.rers because of the threat
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certal f l  t r ibal  peoples snared crocodi les for thelr  supPosed nedlclnal
properties, Agrlcultural developnent was lntens{ve throughout the range of

ihe crocodi les'  Rivers were damed, in sone cas€s leadlog to obst luct ion

of seasonal Dovernents along the watergtays. Swanps and feedlng grounds !te!e

reclalroed and nest ing sl tes destroyed by choPplng do$n xlverslde fores!s.

Irllgatlon schenes on rlvers flowing into l,ake St. I-ucla have cag€ed
concern durlng recent drought years' The salinity leve1s reached 6uch hlgh

levels in 1970 that sone 40 adult  c locodl les dled'  and l t  becane necessary
to caplute attd t lanslocate a further 40 adults to a freshwater strean to

aave then.

CorDxoercial hunters operatlng ln the llkuzl and PonSola rlver floodplalds
and on the Usutu Rlver ln the north, alld along the Ui0folozt' UDslnduze,
Nyalazi and llluhluwe rlvers in central Zululand took a heala to1l of the
populations. In recent years the steadlly lncreaslng hunan pressuras ln
the forn of shore and boat angl lng, launch tours, dredSlng operat lods, and
habltat  dlsturbance has affected lhe range. of the crocodl le (Pooley 1969,
L97 6) .

Bluton (1979) records dlsturbance of rest areas by herdsnen and catt fe
at Lake Slbaya.

a

a

a

a

SOUTE ATRICA, REPUBLIC OF
TRANSVML PROVINCE

Legal Ststus.-- Protected to a degree under Schedule 1I l  of  ordinances
of 195B, and No. 7 of 1969.17  o t  1967 ,  No .  22

l -andowners nay hunt crocodites $i thout a perrni t  on thelr  property.

Nofl-ownera oay hunt on the sarde basls, Provtdlng they have wrltten
perf l lssion fron the landovner.  No person nay possess, se1l '  buy'  donate'
recelve consequent upoft a donatlon, cotveyt keep ln caPtlvtty' or be ln
chaige of any l ive crocodl le wlthout havlng a Pemlt (Cott  and Pooley
7 9 7  2 ) .

Status ln Transvaal (1980) unchanged; however the Natule cons€rvat lod
Dlvlslon ls a slgnatory of the IUCN Codventlon on E[dangered Specles' and
thus crocodl le sklns are not al loned out of the provlnae unt l1 the Dtvision
recelves an lnport pernlt fron the country of \thich the hunter la a
resldent.  Only then ls an export  perndr lssued, subject to the addlt lonal
provlslon that the skln ls not used for cornnercial purposes. Al1 trade lfl
crocodl le products ls therefore Present ly at a mlnidun (Jacobsen in l l t t .
1 9 8 0 ) .

Dlstr tbul lon.--  In al l  the perennlal  r lvers of Kruger Nat lonal Park--
Crocodl le,  Sabie, Sal ld,  ol l fants '  I€taba, and Levubu. They are also
sidespread tn other perxnanent or send.-Pernanent waterways. See Plenaar'
(1966: I23) for dlEtr lbut lon \ , r i th in the K.N.P. Outside of the K.N.P.
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Lega] Status.--
stated that a perntt

Fornerly,  the care Ordlnance 3t of
was nece6sary to keep a crocodi le
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Letaba, Crocodl le,
and reserves.

t

t

: : : l l :  
t "  r lvers such as Konatt ,  ol i fants,  Blyde, sabie,

L l o p o p o ,  a n d  s m a l l e r  v a t e r c o u r s e s ;  o n  p r i v a t e  s a n c t u s r l e s

no knowledge of thts (Jacobsen it  ! t ! .  1980).

.-^ 9:l-_lJl+!_!ta!!g. 
-- 

_There are only a fer rtvers renainlns In therransvaa_L outstde prorected sanctuaries that are st I11 suttable forc.ocodi les. Extenstve trr igat ion schemes, dans, 
""a 

." . t . ,  . r""- to.r n o u s r r l a r  n e e d s  h a v e  t a r S e l y  a f l e c t e d  t h e  p r e s e n t  d a y  h a b l t a t  s n ddlstrtbution of thls anlnaf, and nuobers hr;" 
"";;.i;iy-';"r*""u"."a.

I ts current sratus in the Transvaal outside of the R.N.p, is codslderedvulnerable (Jacobsen rn 1l tr .  19SO).

Endangered rn the ol i fantE and Lewba r lvers, as nelf  as streans of theLetaba and Sable (van der Waal in 11tt .  1980),

.  In the K.N.p. the Dajor crocodt le populat ions are conftned to anatdependenr on perendial ttvers. provided thede rlver; 
"..-"rJif""r.a tylndustr lal  and other forns of us€ in their  catchnen. . ;J";- ; i l ; "  ,"  

""
f . i : l_. . , f f : : " .  

any drasttc chadse tn rhe crocodi le popul; t lons (Joubert

.  A_crocodlle farn is operated by Mr. J.C. Kuhlnann near prerorla.
Accordtng to the owner, he has releaseal sevetal thousand ii".-f"""g f"a"various rivers tn the Transvaal. The Dtvlslon of Nature Conr.ivation f,as

. 
There are also plans at presert for another crocodjle fart l  to beglnshortly on the Sabie Rivet near lhe Rruger e"te uotraoce to-ii. X.ug"I.Nationat park. A snauer undertaklns rJ arso in .hi;-; i"; ; i ; ;- . ,  the upperSabte Rlver.

^-_,+=91+gfj-I!S.. 
-- l.rlrhin the Rruser National park and durlns theearry year6 of 1ts existence crocodiles w€re culled in the belief that thiswould pronore a heatthy prealator-prey .elattonship; crocodlles r, iere shot atevery opportunlty, part icularlv fron 1933 to 1960 ( stevenson-ltanlr ton 1947,Plenaar 1959) -

.In forner years hunters operateal extenslvely on the najor r lvers. Thepoeit ion r,ras cooplicated, in rhat several target rtvers i i i i"g-i" af,"Transvaat f lor{ '  rhrough protecred areas and than trto uorrrt iqi", I , , t". .  noprotectlve neasure exlsted. The Linpopo rtver ts an exanple, as ft  tsshared by Bot sruana/zrr0bab'e/rransvaariuozarnriq"". F;";;iff;i.i. 
".r" 

o,regulatiods thus appty ro crocodltes occurrrnj i" thi;-. i ; ; ; :-- '-

SOUTII WEST AFRICA

1967 ,  Chap te r  7 ,
1n cait lvl ty and



f ls leal  specif ic dlnensions fol  pens. Provlsion was aleo nade in the Netui 'e

Conservat lon Ordinance of 1975 to control  any t ladet traf lsPort ,  ot

capt lv l ty of l r l ld aninals.

In 1980 there are a! least three Nature conservat lot !  lans for the

s.W.A. area. l<svango has legislat lon of 1975' and al though crocodl les are

not specif ical ly protected, 1t ls stated in thls otdhance that no anlmal

Day be caught,  kePt,  exPorted, etc. '  l t l thout a special  Pernl t '

In Kaokoland Proclamatioo Rf88 of 1976 (Nature conEervat lon) in certain

Natlve areas tn S.W.A. ls presetrt ly in force vhere the ciocodl le ls

6pectal lY Protected game.

Caprlv i  adoptei t  the S'W'A. Nature Conserval lon Ordlnance ln 1979'

lurthemore, tn 1978 Proclanatlon R6 Nature Consexvatlon ln Black areas was

passeal,  referr lng to S.A. Trust Areas ln al l  Provlnces. Here the crocodi le

ls regarded as Protected Garoe.

Dlstribution.-- Ihe Kunene and Okavango rlvers ln the south to the
BotsGif,-T6iiEi occurs ln the zalobezl, chobe' Llnvantl floodPlalns ln the
Caorivi area.

Conservat lon Status.--  Consldered to be out of danger 10 Kunene Revel '
EndailEid?-'fi-TEE-lGGigo area, ou! of danser ln caprlvl (van der WaaI
1980).  0vera11 thought to be vulnerable (Dtrector '  Depart i0ent of Nature
Conservatlon and Tourlsn 1g l1l!. 1980).

Reasong for Dec1lne.--  occastonal ly speclnens are ehot as problen
a"r'iliTEilGE-ir att"-cks on hunars, or have caused danage to f ishing
gear.  In Capriv i  sone trade in sklns took place before 1977. The
department sold about 50 sk1[s to BotsFana (anlnals shot at I€ke ] . ianbezt).

SUDAN

Legsl Status.--  Pr lor to 1970, there $as no legal i rotect lon for

"roc-o-ai1."  
in t t r is country.  Hunters operated act ively.  In SepteEber 1970

the crocodl le l ras l lsted under Schedule I I I  of  Pratected Wl1d Anloals ln

the Ordlnaf lce, r4rhere 1ts ki11Ing Ls subjected to pemlssloon froE the
I lepartment of Cane and Ftshertes ( l tassan 1n 1l t t .  1970).  Status ln 1980
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Distr lbut lon.--  The
e t-t, tne w"ai',tr" ',
ln the Darfur provlnce;
Nat lonal Park.

Nlle and the Lake Chad dralnage systens' the Bahr
Bahr e1 Ada headFaters, Lake Tlsl/Nzi1i Pools ard
the province of Bahr e1 Ghazal; and 1a the Di.nder
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Conselvatlon Status.-- Populations have been seriously depleted and
thls seerns to have begun at least 20 years ago. Thu6, "On a 75 nt le
stretch of the Nlle north of l,la1akal and 6outh of Khartoud in 1948, 50
crocodi les ntght be seen in a dayrs passage. In 1952, atong the sarde
stretch of tater,  no[e. Crocodl les are belng hunted for sklns, havl trg been
ki l" led wlth spears, c1ub6 or foul-hooked on l lnea. The srdal1 skins were
nore in request than large sklos, the slze preferred for export  belng about
one neter ln length" (R.E. Taylor pers. conn. 1952).

Accordlng to Cloudsley-Tltonpson (1973),  ln the Dirder Nat ional Park
crocodiles rrere ktlled by an earlter chief narden soIle year6 ago but are
now begtnnlng to reappear.

Wrlson (1978) relates that this €pectes was unt1l  very recent ly of
conslderable to very great abundance 1n Darfur, the nesternnost provlace of
the Sudan. 0f Iate, probably rr l th ln the last 40 years, numbers have been
reduced to such an extent that 1t cafl Itow be descrlbed as very rare, The
reasoas for thls 3re probably attr lbutabld to a rapld lncr€ase 1n the
ouxobers of people and donestlc stock 1Ir the aarde perlod, lesu1tlng 1n
larger nunbers of crocodiles being ki11ed by hunans, not o!1y as a
l lvestock protect lon neasure, but also for the value (and easl ly saleable
natur€) of the sktns, and to a lesser extent the u6e of crocodi le eggs and
young crocodi les for food,

Wtlson (1978) further relate6 that Darfur 1s a center for the
collectlon and export of skln6. Legally, 5343 skins were exported betr4reen
L967 and L977. These f igures do nor loclude the very large nuobers of
skins that are used withln the piovlnce for the nanufacture of such ttenls
as shoes and bags, or of sklns brought tn by nonadlc Baggara Arabs, r{ho
exchange then for dl1k ard other llvestock products whl1e on thelr annuaf
niglatio[a outslde Darfur, ard also by Fulanl and Hausa iMrlgrants fr:om
West Africa. I,lilson also is of the oplnlon that nany sklos are il1egal1y
lnported into Darfur froD the province of Bahr el chazal to the south and
frorn Central Afrtcan Enplre and Chad to the ltest.

Psrker and Watson (1970) reported that nany sklns exported through
Uganda, orlglnated fron the southern Sudan.

R e a s o n E  f o r  D e J I J n e . - -  I l l e g a t  h u n t l n g  a n d tradins as described above.

I

D

D
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I

I
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I
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SWAzILAND

Legal Status,--  The crocodi le is not roent ioned ln the exlst ing CaDe
Regulat ions (Chapters 195 and 198 of the t-aws, 1950) and nay be freely
hunted. There is 1n fsct no Game Conserval lon Departnert  ln Swazl land.
One Natiollal Park and a cane Reserve have been proclalned. Consldered to
be elrdargered in Snazt land (Rei1ly in 1l t t .  1980).



202

I

a
. !1j::$$fgg.- Snall nwlbexs occur in the Usutu, Umbeluzl, Mkonari,

and Mgnavuoa rlvers.

Conservat iop Status.--  Corsldered to be very poor.  In addir lon to the
factlE;-Tf,-;G;1-l; not protecteal, except i; iwo snau sanaruarles
where only about 30 aninals reaain, any oeasure to lntroaluce protect lon
would be unpopula!. AtteEpts by the Natal parks Bosrd and th; IUCN tn 1971
to persuade Swazl land to tnt loduce legjslat ion sini lar to that ex{st ing 1n
South Af lrce Irere ignoted by S$azt land off ic ials.

Thlrty youlg crocodlles were donated to the Ulilwane Csme Sanctuary ln
Novenber 1974 by the Natal parks Board. Tlle exlstlng Nature parks do Dot
afford adequate plorect ion for rhls spectes (Reit ly L 1tt t .  f98O).

Regsons foT Dechle,--  In the past,  before stocks rrere depleted,
extensive hunt lng took place freely,  tn addi i ton to the capture of l tve
young for sale by coomercial hunters. One hunter intervierreal hed shot 88
crocodi les in the year 1971 ort  the Usutu Rlver despite the i lentals of local
off ic ials that hunt lng wes taklng place.

I
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Crocodl les are also k1l led by rrapptnA or snarlng nethods by lndlgenous
people because of the danger to l ivestock and huoans, and for o;dtcin; l  I

TA,}IZANIA

Legal Status.--  ForEerly protected under the fo11or, ,1f lg (see Cott  anat
Pooley 1972 for the text of these proclaDations) |

1) The Fauna Conservat ion ( l tunt ing of Crocodi les) prohibl t lon Order,
eovt.  Not lce No. 183 of 1959.

2) The fauna Conservatton (Hunt lng of Crocodt les) pernl ts Orde. of,
1959. covt.  Not lce No. 1B4 of 1959.

3) The Fauna Conservat ion ( I lunt ing of Crocoal l les) prohlbl t ion Order of
1960. Covt.  Norice No. 27 of L96O.

- Baslcal ly the ordlnances proclatDed areas where crocoi l l le hunrlng was
prohlbLted, or arhere hunt lng was al lored under perDlt ,  anal atetal ls of
l lcense fees ard condlt lons relattng to hunttng rrere ;et  out,

Until 1970 crocodtles were protected under the forner l.auna
Conservatlon ordidance huntlng regul.artons whtch prohiblteal hunttng of
crocodl lea less than 6 f t  (1.8 m) in length. Under Sect ion 16 of the
pres€nt la!r ,  the Wildl t fe Conservat lon Act of 1974, crocoal l les are f lsted
under Nat lonal Cane. Thls states that ' .No person shel1, except by, anal ln
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accordance lr l th tbe tr i t ten perElssion of the Director of Wt1d11fe
prevlously sought and obtatned, hulr t ,  k i l l ,  capture or l round crocodl les
less than two &etera in length" (Nlau 1n 1i t t .  1980).

Distr lbut ion.--  Mbeya Region: Ulanga, Kl l ' l ra,  Mbaka, Luf l r io,  Songwe,
Uonba river systeEs, atld ln Lakes Ruktra and Nyasa; IIEg3_BS&!9A: Ruaha,
l , i t t le Ruaha and Lukosl r lver systems; Dodona Region, Ruaha r lver i

Heavy explottal ion alnos! led to the exterEl lnat lon of crocodl les 1n the
Pangant,  Uga1la, and Kagera r lvers.

t
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Tabora Region: Lskes Chada and lkuu; Klgono Reglon: Malagarasl and
Rugufu rivers and tr l,ake Tanganyika; We6t l,ake Reglon: Kagera, Ruvuvu
rlvers and in Lakes Rushea and Vlctoria; llwanza Reglon: Lake Vlctorla;
Musoma Region: Mara, Grunet i ,  Orangl,  Baraget i ,  and Rubana l lver systeos;
Arusha Reglon: Ruvu River; Kiunanjaro Region: Lake Jipe and Ru"u
Rlver; f3!g_BSEpa: Ru\,.u River; Morogoro Reglon: Ruaha, and Rufijl
Rivers; !9gg!gllsg:!99: I,lani and Rufljt Rivers; I!!9Ig_&g!9!: I,tatandu
and Mvenxkuru rivers; ']@Bg&!99. Ruvuna River 6y6ten; Ulanga Regton:
Kllonbero Rlver; !qlgg!9_Bg&!9l: Kasara,Inver; Il]Ig:Le&!3!: Leke
lla11I'e.

Conservat lon Slatus.--  Despite the legiElat lon, the actual protect lon
afforded to crocodl les 1s ser iously affected by lack of suff lc lent staff
and equipnent.  Conplete protect lof l  ls given ln the Nat ionsl  Parks, cane
Reserves and control led areas (Cott  and Pooley 1972).

Increased poaching of key trophy anlnals in Tanzania 1ed to the hunting
ban of al1 species of gane, including crocodl les ln 1973. Accordlng to
Njau ( in l i t t .  1980) there has been no coonerclal  exploi tat lod since 1974,
and al though the Bpecles ls adequately protected in Gaoe Reserves, such as
Selous Reserve, he regards the Ni le crocodl le to be rare 1n Tanzanla.

In l-ake Rukta one hunter kllled several thousand a year, but by 1959
hls l lcense nas for 750 on1y, and locaf lnhabltants nere al lowed a further
750 because the 6talus of the anlDal was then described as very ser lous.
Mr. } . f l les Turner esl lDated lhat a total  of  35,000 crocbdi les had been taken
out of Lake Rukwa (1970) and stated that hunt ing was no longer econoldcal.
Considerabl.e tllegal hurtlng on the Great Ruaha resulted tn 300 skins gotng
out through l4beya alone. One trader rrras reported as buytng 400 sklns per
Eolrth 1It the Ifakara area, and thls 1s estlnated as about half the total
off- take fron thls r lver,

Reasona for Dec1lne.--  A decl ine ln crocodt le stocks nas noted tn 1954
lrhen sklns exported fron Tanzanla, Uganda, and Kenya for that year total led
about 60,000.
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In l ,ake Vlctor la crocodi les l rere st i l l  nunerous tn places: Enln pa6ha
Culf, near Nyar0lrenbe on SW shore of the lake in 1949. Most had
disappeared by 1952 tr 'her hunt ing was begtnning to be abandoned, end by 1955
l l  carne to a standst i l l ,  there were no crocodl les lef t  (see Cott  af ld pooley
7972),

TOGO, BXPUBLIC OF

Legal Statua,--  No lans or regulat lons provtde protect lon for
crocodl les. I r  ordlnance 4, of  16 January 1968 whtch governs protect lon of
fauna and hunt ing i l t  Togo, the crocodi le is c lassed as a predator.  The
kiulng of crocodl les ls al loned ln tnhabtted and agrlcul tural  aless, by
holderB of hunt lng l icenses, or 1n defense of 1l fe or property (Cnrofoun in
l t r r .  1970) .

Status in 1980 unkno!.n.

Dlstr lbut loo.--  No data aval lable.

Conservat lon St: tus.--  Apparent ly rDost r ivers in the north of the
country dry up for 5-7 rnoDths a year, but nany lakes, lagoons and rivers
at i l l  Bupport  crocodi les, though only about 1000 animals rere thought ro
survlve lD 1970 (Gnrofoun ln 1l t t .  1970).

The status ln 1980 is unknor,!.

Reasons for Decl ine.--  Al though not yet considered to be oJl  the way to
e x t 1 _ t l o " , c ! . o c o d i l u s h a v e c e r t a 1 n 1 y s u f f e r e . l a n a f k e d . l e c r e a s e h t h e
last 12 years and part icular ly ln the last 5 years.

The tnnlgration of a large nunber of Yoluba ard Itauss settlers has
recent ly al tered the sl tuat lon. Sone of these people eat crocodi le neat,
end others heve organlzed a trade ln the 6klns lrhlch lrere prevlously of no
coEEercial  lnteres! to the lndigenous people6 (cnrofoun in 1tt t .  1970).

In recent yeers, an anlnal dealer operatlng fron t-one has been 6e1Ung
l lve anlEals to zoos and other lnsr i tut lons. a

OGANDA

Legal Status.--  Fornerly protected onfy on Nat ional parks such as
llurchlaon Fa11s Natlonal Paik and Rtdepo Vauey Nattoral Park6 and ca!0e
Reserves. Legal status I 'as granted ln 1970, and 1n 1979 the covernnenr
banned hunt lng in the country (Edrona ln l l t t .  1980),

a

a
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Ir Uganda regarded as Htghly Endangered
1980) and as an endangered species by Prof.

Dr.  E. Edrona (In 1tt t .
o k e d i  ( i n  l i r t .  1 9 8 0 ) .

Dtstr tbutton.--  Lakes Vlctor ia,  Albelt ,  Kyoga and Klranla. In the oajor
r lvers, the Sen1lk1, Victor ia Nt1e, Albert  Ni1e, and lesser r lvers and
their trlbutariea. The6e are the Ooe, Achwa and Tangi flonlng into the
Albert  Ni lej  the Zoi la f lowing lnto Victoi la Nt1e, the walga ard i ts major
tllbutary the Jollya; and the Muzlzi and Wasa lhat flor.' lnro Lake Albert.
Crunet i  Rlvei  that f lows into Lake Vlctor la.

Con€€rvat ior Status.--  See Cott  snd Pooley (1972) and parker and lratson
(rsTTtldlE;;;;il;;; on starus for the perloal leoo-1971, Earrier
observat lons are contained In references 1n the bibUography, ?arker and
Watson (1970) nade a number of recomendatlons for the nanagendent of
crocodifes 1n Uganda. I{owever the recent clvtl war ln thts country and the
lncreased poachlng of crocodl les as descr ibed by Edrona (1n t i r t .  1980) and
Okedt ( in frrr .  19B0) sugeest thar the stalus of thts anff i1-tn Uganda ts
very poorr I t  appears that reBnant populat lons are st1l l  exi€ttng in
Xabalega Fa11s (e:r  Murchlson) and Ktdepo Va1ley Nat ional ?arks, but l l legal
poaching is st l l l  r i fe even ln these areast

&eeqonj for Decl ine.--  Co.0i0excia1 exploi tat tor for htdes, i l legal
poacEii!l?ii-?i66-l6id areas thls specles iras extetiinatal by offlciars of
the Wtld Li fe departnenr.  See Johnston (1902) and Chartes p{tnan in Cort
(1961):  Ugandars came Departmenr l&pfenented a pol lcy of externtnaFion.
part lcular ly of breedtng stock, on Lake Vlctorta in the 1930,s.

As Parker and Watson (1970) renark: "Qutte apart  f roo the danaae
crocodl les inf l lct  on a 9111 net f tshery, crocodi les are an unacceptable
feature of x0anrs envlro nenr a6 they prey both on htn and hls srock. ' .

See Cott  at ld Pooley (1972) for observartons on e€r1y hunt lng pressure.
Parker and Watson (1969) record the fol lowtngt "Conf ldenrtal  tnforoat lon
froo one of the najor crocodi le sktr  buyers 1l t  East Afr lca indtcare€ that
froo f950 unt l1 1965 the nutrber of crocodi le sktns corotng ol t  of  Uganda was
a! 1ea6t 7,200 annual ly and that this was probably an underest lnate. "

In the 1950-1965 period at leasr 108,000 crocodi les were exporred froE
or through Uganda. Probably at least hal f  of  these ortglnated fron
Uganda. Slnce 1965, the trade has dwindled to a nere tr lckle--Uganda 's
stocks have gone. Ar the outset of  the boon tn crocodt le sktns idost l rere
froE nalure anlnals.  By 1965 the aninals averaged 3 f t  6 tn.  (107 cn) in
length, at ld last yearts average was 2 f t  5 tn.  (74 cn) (?arker and Watson
r97O).

Accordlng to Edrona ( in 11tt .  1980) there has been a gross increase ln
poachlng as \re1l  as habltat  destrucl ton. In his oplnton, by Decenber 197g
lhere were no! nore than 1000 adult  crocodt les lef t  tn Usanda.
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okedi ( in I i t t .  1980) states that there nas a steady lncrease ln rhe
poachlng of crocodiles lrhtch nost likely reached a peak ln 1978 and early
1979, durlng the l rar years. Also that a large f lunber of crocodi les are
k1I led each year ln areas where conmerclal  9111 nett lng takes place.

S.N. Senakula ( In 11tt .  1971) est lnated thal  over the last decade the
nunber of hides exported vas 76,520, but that nsny of then ceme 1n fron
nelShborlng countr les,

UPPXR VOLTA

I

a

I

Legal Status.--  ?rotected 1f l  Nattonal
sanctuaries. Not speclf ied 1r the hunt lng
11tt .  1970),  Status 1n 1980 ls unknown.

Parks and ln certalll tilb.al
or fishlng regulatlons (Ro,oan

Data are urgent ly requlred.
1n

a

a

a

a
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a

a

Dlstrlbutlon.-- Found 1n large nuiobels 1n all the lal€s and rlvers ln
t l"  rg5Ori l -Ti i - ty the 197ors 1t ! ,as seldom seen, A.A, creen ( ln r l t t .
1980) bel ieveG that there are st l f l  crocodi les to be found tn t f6 El ict
Volta,  Red Volta,  and l^rhi te Volta r ivers ln this country.

Conservat lon Status.--  No conaelvat lon Deasures outslde of Nat lonal
fart{- l"t-Ti-i6il r.r-s tribal peopfes protect the crocodile because of
superst l t lon and for rel i8 lous reasonE. Also protected l l t  a few lakes as a
tourist  at tracl lon. Con8ldered to be xare (Ronan ln 11tt .  1970).  creen
(1n 11tt .  1980) reports that the classl f led forest-s a-re thoroughty overrun
by poacheis,  f lshernen, and herdsnen. Also that sklns poached are
traf lsported by bicycle southwest into Togo to be sold there.

Reasons for Decl ine.--  Hunted ln nost areas by local p€ople, as \re1l  a6
ttrosi-i?-iEr!frI6?ii!'Eibes, because of lts valuable skln. The ffesh is
r. 'e l l  l lked and the eggs are also col lected and ear€n.

ZAIRX

Legal Status.--  Protecled by ordlnance 6a - D74 ol  8 ! . I ! rch 1968,
Chapter 1, Sect lon I  (aroendlng the decree of 21 Aprl1 1937) in (atanga
Provlnce. These regulat ions stated:

1) Wlthout the perElsslon of lhe adndnlstrat lon no person nay hunt,
capture, se1l,  of fer for sa1e, buy, glve, recelve by any neans,
transport  or halrk crocodi les or thelr  6klds or anv Dart  of  these
creatures.



I

POOI,EY 207

I
2) Art lc le f  a11ows petsons holdlng l lcel tses to hunt for thelr  or thetr

fani l ies benef i t ,  Hunt ing l lcenses were lssued by the Departnenr of
Agrlcul ture.

3,4, and 5) A11 sklns, or crocodi les are required to be reglstered at
I  a fee of 10K each. PerrDlts are then lssued whlch have to be tendered

to the custoDs off icer at the potnt of  departure wher sktns are
exported.

Ihe species was considered to be rare in Katanga piovlnce ln 1971
(He, 'oaf ls ln 11tt ,  1971).

I
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Distr ibut lon.--  Forr0erly ln najor r iver syslens and fakes, unknor,n 1n
1 9 8 0 .

Conservat lor Status,--  Accordlng to Vers;huren (1975) optntons di f fer
r i idely on the current status of crocodi les tn Zalre. We conslder that in
rnany parts of the country crocodi les are decl ining rapldly but other
observers are fess pessinistic. Accldents 1flvo1vlng huEans have been
connonfy reported ln recent years, near the Dungu ferry,  1n the caranba
Park, on the banks of Lake Tanganyika, between Bujunbura ard Uivra, anal
even io the 1!,nediate vlc inl ty of Klnshasa on the Zaire r tver (Verschuren
1 9 7 5 ) .

Verschuren ( ln 1i t t ,  1980) renarks thar the species is very rare ln
estuarles but in sone areas loca11y coroDon and wel l  protected.

Reasons for Decl lne,--  I1lega1 poachlng chief ly,  s laughter by 1oca1
peoples who considered crocodl les harrnful .  Bount ies were apparent ly paid
for heads and eggs col lected ln fon0er t l rnes (  He) 'Bans :a ! ! ! ! .  19i0).

Poachlng has been l l l teo€e and 1r ls st i11 er. trenely dtf f tcul t  to
protect the few dozen anlnals ln the exlreme north of the Virunqa Natlonal
Park (verschuten 1975).

In Virunga National Park (ex Alberr)  no crocodl les are now seen above
the SeEltkt  Fal1s. These concentrat ions were lnportana t i l l  the 1950's,
great ly dininished bet lreen 1950-1975 (Verschuren :g ! ! ! : ! .  1980).

Attwel l  ( in l i r t .  1973),  an agent for the french Tannery
(Gordon-Choisey) based at Victor la Fa1ls in Rhodesla, srated that his
Parls-based f inn were handltng 100,OO0 sktns a year fron Afrtca, 60,000 of
whlch cane out of Zalre. Zalre shares borders wtth Angofa, Zambia,
Tanzania, lurundt,  R\randa, Sudan, Cenrral  Afr lcan Enplre, and Cortgo
Republtc.

I t  nould appear thar sklns fron these neighborlng countr les are
channel led through Zalte for export .
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ZAI'1BIA! REPUBLIC OF

Legal Status.--  Crocodl les nere regarded as game anlhals under the
Fauns Conservatioo oldinatlce and ptotected 1n Natlonsl patks and cane
Reserve6. Prtor to 1966 unltntted nunbeis nere allo\red to be hunted on
I lcense fron tbe Wlldl1fe, Fisherle6 and Natlonal ?ark6 Depsrtoent,
Crocodiles nay be hunted on an ordlnary or National Cane llcense \rith a
1ft01t of one crocodlle only per llcerse annually, but trapptng or snarlng
ls prohtbi ted (Anse11 tn 1i t t .  1970).

There has been no chsnge ln 1egal status (Sichone ln 11tt .  1980),

Dlstrlbution.-- Widespresd throughout the country but partlcularly ln
l,ake Mweru wa Ntlpa, Lake Kariba on the Zanbezl, and 1n the Zaribezi Rtver
and 1ts trlbutarles. The Kalungwlshl Rlver, fron Kundabldda to the
confluence of the Mutonfu and Kalungwlshl'arld from Kaunga on the Mukublre
River to the point vhere 1t enteis }ftrelu Mar6h cane Reserve. In the Xafue
above Heshl-Teshi towards the Dafue flats, and io the Lufupa Rlver 1n the
northern sector of Xafue Natlonal Psrk. Also 1n the Lusiwashl River afld
Lake Lusllrash1. The Bangueleu Swanps.

Said to be stl1l runerous in the Kafue and 1ts trlbutaly and the
Naopog!, Ie ln 1978 (Rees, 1978).

Conservatlon Status.-- Lr Lake Karlba 1t \ras cot6idered that dallnlng of
ttre Z6nuezi--iiGi-l??Eisety affecteat crocoalile breedlng, ancestral nest
ai tes were f looded. The range of the crocodl le and l ts status ho\rever has
aot beeo nater lal ly af fected (Anse11 tn 11tr,  1970).  popular lons ln
Natlonal Parks are considered to be reasonable to good (1970).

Consldered to be out of dangeri  (Slchone rn
no not iceable decl lne in nunbers.

1l t t .  1980).  Ttere has been

a

a

I

a

a

a

l lowever,  Be11-Cross (1974) reported that on the upper Zanbezl crocodt le
populatlons rtere extreuely 1o!.', also that iUegal huotlng nas prevalent
evetywhere outslde reserves and Nattonal Parks.

The cover nellt ls culrently cropplng a sanple of crocodlles from Lake
Mweru with a vlew to estft0atlng the population and auonlng prlvate
entelpr i€e to ha.vest a perceltage of the anlnals.  Conant ( ln 1l t t .  1980)
relates thaL these aEeas have large populat lons ana no tourt iE 

- tnaustry,

and the best way to ptotect these remote populatloDs oay !re1l be to
co[tract a ce.taln number of anlnals to pr lvate f i rDs rho would then f ind
i t  in thelr  intereBt to protect them, To date L08 anftdals heve been
cropped and ln Septenber s further 2000 w111 be col lected. I t  1s fron
these data that reconmendetlons for further cropplng !d11 be based (Colrant
1 n  1 t t t .  1 9 8 0 ) .



I

I

I

POOLEY 209

D

t

I

,

)

Reasone fo! Decl ine.--  Extenstve hunt lng prtor to 1966, notably on the
zanG;l, psr-;GuG;tt;1ons rhe stretch rhaa is now r,ake xariba, *re
Lusir,rashi Rlver and Lake Luslwashi, as well as la other snaller rlvers
(Ansel l ,  :g I ! ! ! .  1970),  Danntng of the Zanbezl nay have adversely
affected nest lng, and the increaslng use of gi l l  aets may have been
re8ponsible for the loss of stocks.

I11egal hunrhg st i l1 conthues, accoxdlng to Be11-Cross (1974).

ZIMBABWE

Legal Status.--  Tte crocodi le was scheduted under the l t11d Ll fe
Conservatlon Act I Chapter: 199 of 1967, irhich covered car0e Reserves.
Prlvate cane Reserves, Non-hontlng Reserves and Controlled ltunttng Areas.
Hunting r/as alloned under pernit ln certatn areas. Xxport and ftdport of
antnals,  t rophles, al ld neat rst thout pernl t  ra6 prohlbtted. The capture of
'llve anlDals for rearlng or dtsplay purposes lequtred a perroit, anal the
harvest ing or col lecttoo of eggs nas prohibl ted wlthour ;  perni t  (Cott  alrd
Pooley 1972).

In teras of covernnenr Not ice 969 of 1975 Act 1411975, crocodl les are
noi{ placed under the plorection of the Director of Natlonal parks and
lr l ld l i fe ManageDenr, along the whole of the Zanbezt !1ver ( lncluding Lakey.artba) on the ZiDbabwe 6ide. Thls means that no person without a perni !
shal1:

b )
lnlure, ni1uul1y disrurb or renove eggs of any crocodl le,  or
Hunt or renove any crocodile.

This l ras done as a Conservat ion neasure 1n order to protect the naln
source of the eggs for the Reartng Schene. A ctear_cut poff .y o"
crocodifes (Sect lon 5) has been laid atoly.n by the Witart te lepartoent rn
respect to conservatton and .aanagerrent of crocodl les. Thts pol lcy covers
the controls for harvest ing of wt ld lald egg6, hunt ing tn recreat ional
areas, capture or deatruct lon of problen ant.0a16 tn conf l ict  l { l th hunan
lntere€ts, and conrrols the cooI lerclal  exptottat lon of the crocodrle
t h r o u g h  a l 1  f a c e r s  o f  t h e  o p e r a t i o n .

The status of the crocodt le tn 1980, ts consialereal to be Out of Danger
( B l a k e  i n  l i t t .  1 9 8 0 ) .

E$4!!!lgg.- Lake Karlba and prlnclpauy the zanbezl Rtver and 1ts
feeder strearos, r lvers and tr lbutar ies: the Deka, Msuna, c\ ,at ,  Ultblz i ,
Sebungwe,- Senkni,  Ruztruhuru, Mlrenda, SengFa, Srbi lobr lo,  lunr,  Sanyatt ,
cache Cache, Tsororo, Charara, uyakasanga, RukoEeshe, Sapl,  and chewore.

Nunerous warer courses and tnrer l€ading lraterways shareat by rhts
country and South Afr ica, Botsrsana, and Mocanlbque. In nunerous streaos.
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r ivers, pans and lakes, bolh r ' i th ln protected Reserves, Tr lbal  Trust Lands,
Natlonal ?arks and Recreatlonal Areas ln Zlnbabne-Fhodesla.

Conservatlon Status,-- Adequately Protected ln Natlonal Park8 and GaDe
Reserves aad good concentratlons exlst la retDote axeas In l,ake Karlba.
There are, tn 1980, foui  Rearlng Stat lons w1!h pernl ts to col lect 8500 eggs
per anEulr. Crocodl,Ies cropped for skins oIr all rearlng statlons for the
past lwo and a half  years are as fo11o\ts:-

a

a

a

L97I
L97 9
1980

- 696

- 945 I

a

a

Tora l  -  2 ,253

Less than a alozelr anlnals lrere allowed to be huntetl on Penolt over the
r979l1980 perlod.

The fol lorlng RearhS Statl ions sre ln operatlon:

A)
B)

c)

D )

(ar lba crocodl le IarD (Pvt.)  l , td. ,  at  Kariba; estabushed 1n 1965.
Binga Crocodl le Rearlng Slat ion at Blnga (on l-ake Kartba);
establ lshed 1n 1967.
Spencers Creek Crocodi le Ranch (Pvt.)  Ltd.,  at  Vlclor ia Fa11s;
estabhshed la 1971.
Sengwa Rlver Mouth Rearlng Statlon at SengFa Uouth, Lake Karlba;
establtshed ln 1977.

In 1979 capt ive- and farm-reared anlnals produced 565 eggs fron about a
25 fenales at (ar iba and 134I eggs fron about 62 fenales at Vlctor la
fal ls.  The Binga Stat lon has also recent ly aet aside 30 fenales froD
reared stock for future breedlng.

Five per cent of the eggs taken by Rearlng Stat lons are avai lable for
restocklng purposes! Due to the l tar s l tuat lon no restocklng has teken a
place ln the last three years. I t  ls proposed to stock an addlt lonal 100
ln the Upper Zanbezl 1n 1980.

The wl ldufe Departnent has establ lshed a crocodi le lnt€rpretat lon
center ( the RoeU Att !re11 Interpretat lve Centre) at ] -ake Ryle where, in
addit loa to educat lonal dlsplay matertal ,  1lve aninals ln breedlng pens are

In col laborat ion with the o!.ne!s of the rearlng slat ions, of f ic lals of
the Vetellnary and Wildlife Department are undertaklng, and ln recent years
have carr led out a nueber of research projects ained at i r0provlng crocodl le
rearlng, anlnal husbandry, arld general nanage[ent technlques (Blake and
Loveridge f972, 7975t Blake, 1974).

A succeasful  workshop x0eet lng of biologtst6, conserval lonlst  s ,  and

coDmerclal  operators was held at v lctor la Fa1ls ln Septenber 1978.
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Itr additlon
nunber of fleld
surv1val,  growth

Reasons for
eonservaLlon Act,  rhe crocodt le waa aot ptotected and hunthg took place
free.ly on private lands alld farns. There lras no reslrlctlon on the sale of
the sklns and nany professional hunters operated, particularly along the
zanbezi Rtver.  No records are avat lable to lndlcaie nurbers ;hoc or
t tapped.

The danuing of the Zanbezi Rlver to fodn Lake Kartba had an effect on
breedlng because of uf iseasonal f looding, and as the water level rose.
ancestral  nest lng sl tes were lnundated (Attrrel1 1970).  t towever in recent
years the water 1eve1s have renatned stable, and lt is consldereal that the
populat ion. of  crocodl les has probably increased in Lake (artba (Btake 1I1
l1tt .  1980).  0f  lnportance ts the fact that Zlnbabtre-Rhodesla ehares 

-

l lvers and borders l r i rh South AJrlca, Zanbia, and Mozaroblque. I11ega1
poachlng is thus alEost i loposstble to control .  Also that dur lng the recent
Irar years there has been a cerraln anount of tndlscr ldinare sho;t tne of
wt1d11fe.

to these projects the Wildufe Departnent has inl t iateal a
studies to nonttor wi ld populat ions, breedi[g success,

l n  t h e  w i l d .  e ! c .

Decl ine.--  Pr ior to 1961 and trrroducrion of the Wt1d11fe

I

t

t

D

STATUS OI THE LONG_SNOUTED CROCODILN CROCODYLUS CATAPI{RACTUS

ANGO]-A

Legal Status.--  protected throughour Angola by Dectee no. 14539. l rhtch
prohlbi ted hunt lng ln at1 foros and export  of  sklns (1970).  Decltne
probably escalated durlng 1975-1976 due to i l lcreased avaitabi l i ty of  arns
and general  lawlessness, but probably stable now due to str lct  controt of
arns avai lable to al l  but the ni l l rary (1980).

lg$glgEpq St"t"s.-- Consldered to be endangered. Orly occurs 1n the
norlhern-northeastern r ivers borderlng the enclave of Cabioda.

Reasons for Decl ine.--  I l legal hunt lng al |d poaching, habttar
degradat lon (Hunt ley pers. coon. 1980).

BENIN (DAHOMEY)

!Cgalri!e!!9. -- unknown.
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Conservat loar Statts.--  I t  l ras
o.'eoE-IliEi6?-Ti!-Iii-butatie",
upper reaches of the r lver.  The
45 krd north of Dj ldja.

st111 very connon ln 1959 along the loFer
but did not appear to be present 1n the
best area found for the apecles was about

11r t .  1980) .

Reasons for Decl ine.--  I jnknown.

CA}IEROON

!9ggl_..1!!g!gg. -- unknot'n.

Conservat lon status.--  Accordlng to Abercroroble (1978),  the specles Day
be qulte conmon 1n the nore lexnote trlbutarlea of the Croas River. The
ffesh of this species ls highly esteebed, but the hldea uere not consldered
to be valuable. Accordlog to Po!re11 (tr  1t t t .  1976),  crocodt le€ have no
Dlotect lon outslde of Nat lonal Parks.

ConEldered to be gndangered (f'aura Cons, Dept. tn

Reasons for Decl lne.--  Hunt ing for 6kins.

a

a

I

a

CENTRA], AIRICAN RXPUBLIC

l,€gal Status.--  Unknown,

Conservat ion Status.--  Thi 6 but no further data isaPecles occurs

overexploi tet  lon for bel ly hldes.

svai lable.

Reasons fot Decl ine.--

cHAD, RXPUBI-rC OF

l-ege1 Status.--  Control  of  hunttng and
National Park6 (1971).  Endangered (1980)
nost resetves of adequate law enforcedent,
(February 1979).

export  of  sklDs,
due to clvll rJar

and abandonnent

no hunting in
and col lapse ln
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CONGO: REPUBI,IOUE POPU]-AIRE

Legal Status.--  Prorected In
danger by E. urBeri-UrBabou (1n

Conservat ion Status.--  Splnage
specles 1s secure in the northeru
nuch of \rhich is as yet unvislted
of lnundated forest.

S e e  a l s o  f o r  C .  n i l o t i c u s .

Nat ional Parks. Consldered to be out of
t l r t .  1 9 8 0 ) .

( in l i t t .  1980) conslders rhar the
tropicaf foiests up near the CAR border
by l rhl te ndn. There are extenslve areas

273

Conservat lon Status.--  Unknown. Thought to occur on the border of
and cenlra1 Atr ican Euplre, anC in the tr ibutar les of the Rlver Chari .
nanely the Aouk, Aoukale, and Bangoran.

Reasons for Decline.-- unknor.'n.

D

t

D

I

D

)

Reasons for Decl lne.-- See under C. nl lot lcus.Hunt lng for skins.

GABON, REPUBLIC OF

l-ePa1 Status.--  Protecred by Decree No. 0032/PR/MEF/Sr
D,/r71966.
throughout

dated

llowever perDlts

Crocodl les are protected tn Nat lonal parks ani l
the ent ire country during the breedtng season.
each year for coonelctat operators (1971).

Cgngervarion Status.--  Unknor,m. Accordlng to D. Couslns (1978),
crocodi les are abundant in rhe 1ow coastal  str lp bet l reen port  cent11 and
Mayuuba, Abercronbte (1978) reporred the species !o be connon on secr lons
of the Ogooue River and lrt the vlctntty of Lanbarene. flr t97O suttable
habltat  vras fouDd lhroughout the country.

Reasons for DecItne.--  Jsf,es Por-re 11 (tn -Ll t t ,  1979) observed rhar thts
aniolal is hurted
(1978) observed

for food by people of rhe Onkount tr tbe, Abercronbte
freshly kt l1ed carcas€ea at v i t lages on the Ogooue River,

and that sklns are also sold loca11y.

Coi0i0etclal  explottat ion for htdes ras severe. Over the past fe! ,  years
(1970) a quota of 20,000 crocodl le skins was exported annua11y, and tn 1965
thls f igure l ras higher.  I t  is not known horv nany htde6 of thls specles
were exported (E. Osslnga pers. coom. 1971).  Accordtf lg to powel1 ( tn l t t t .
7976),  tn lhe r€noter parrs of cabon rhts species s."r"  to,  the oonenr- ' i ; -
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be holding lts oim, due !o sparse hunan populatlon anal lnefficient hunttng I

Eethods.

GA}{BIA

a
Legal Stat ls.--  A11 crocodl les protected by 1aw froo ! 'ebruary 1977.

Co[servat lon Status.--  P€garded aa rare or endangered. Breoer ({n
ff t t .  1980) remarks: " I  personal ly have only seen three specftoens--al l  a
dead--ln 20 years or so, 1n the hards of flshernen lrho stated that they
were golng to eat then. However the fl€herrlen seeD to know of the specles
and say they are not plentlful. Thu6 I suppose one can assuE€ that ts has
a wlde but very thl l t  d istr lbut lon,"

Reasons for Decl lne.--  Sefore the law becane effect ive tn February 1977
croc-odil,es w.te srrblected to heavy exploltatlon over rany years.
Populat lons had been severely depleted. There lE 6t111 i l legal hunt lng
belng pract lced.

Habltat  destructton has undoubtedly had an adverse effect.  Great ly
depleted in Abuko Caee Reserve (Thonson 1970).

CHANA, REPUBLIC OF

l-ega1 Status.--  Unknown in 1980. A11 three specles of crocodl les
lncluded in the Wlldltfe Coflservatlon Regulatlons lniroduced ln Aprtl 1971
(Anon. 1971).  Protected by the Wt1d11fe Conservat lon Regulat ions, 1971,
r - . 1 . 6 8 5 .

Conservat ion Status.--  Thls specles is sometlme€ found ln coastal
fagoiii-iiI tl!-G?ffi-rivers of the forest zone 6uch as the Densu add
Pra. I t  has probably never beel l  very connon (Mrs. Anna Merz, I t t  l l t t .
1 9 7 0 ) .

Reported froE the lsrger r ivere in the forest zone. Also reported fron
Volta Lake and tn the Mole Rlver snd l ts tr lbutar les (E.D.A. Aslbey tn
t l r t .  1 9 7 0 ) .

a

t

a

a

a

I

Found in the OboEun Rtver and l ts tr lbular les, the Dwija Rlver and
trlbutalles, and the Sene Rlver and trlbutarles nhlch flow lnto Volta Lake
on the nestern shore (Gtlbert  Chl1d tn l l t t .  1978).  

a

Recorded on lhe (atnll Lake cear the dan (Happold Ln
the Densu Rlver near Accra (Cansdale 1955).

1l t t .  1971) and tn
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LIBSRIA, REPUBLIC OF

Reasons for Declhe.-- H u n t i n g ,  f t s h t n g .

2r5

MRt COASI

Leg+l Status.--  Crocodi les have been regarded as total ly protectei l
s ince 1970. thls specles ls cof lstdered to be presentty out oi  danger.

Conservst lon Starus.--  I t  1s probable that crocodi le populat ions have
8enerally declined 1n recen! years because the expansion of agitcultural
act iv l t ies has resul led in habirat loss and because of an lncrease in
i l legal hunt lng. There ls considerable i l legal t rade in crocodi le sklns
1oca11y and frod northern countr les. Theorettcal ly the Nartonal park6 and
Reserves should be adequate for survival of crocodiles. liowever. ln
pract ice law enforcenent 1s not effect ive enough to ensure thts.  A1so,
speclal ly protecred area6 along the coastdi  lagoons do not exlst  as yer
( D r .  H . H .  R o t h  i n  l i t t .  1 9 8 0 ) .

D

I

D

)

Reasons for Dec11ne.--  A6 for C, nt lot icus.

L e g a I  S t a t u s .  - -  N o t  p r o t e c t e d .
wl1dl1fe (ss' 'yerr : I  !Lg!.  1980).

No reselves exist  for the protect ion of

Conservat ion Starus.--  Sr111 ln great abundance in the St.  paul River.
Uollrovla, Montserrado County; the St. John River, Buchanan, Bassa County,
and the Maa-fa Rlver,  Robertsport ,  Capenount Counry (page in l r t t .  1968i:

Poachlng or hunttng for crocoal i les is very rare (T. Hector Mtl tor
G o r g l a  i n  l t t t .  1 9 7 0 ) .

--_-A999Idr"C to Jeffrey (1977),  the 138 l ive crocodi les exporreal durtng
1973-797 4 nay have lncluded rhis specles,

Conxaon
apParent ly
endangered

ln mangroves on the oursklr ts
l t t t le hunted (J.  Verechuren,
( San'yerr ln 1itt .  1980).

o f  t h e  c a p j t a l  c t t y ,  l l o n r o v l a ,  a n d
1n 1tt t .  1980),  Consldered to be

Reasons for Decl lne.--  Habitat
sklns,

destruct lor and heaw poaching for
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MALI, REPUB]-IC OF

Legal Status.--  Protected 1n Nat lonal Parks and Nature Re8erwes and
part lal ly protected ir  c lasstf led Forestry areas by the Hunt lng Code ln
ordlnance 60/CMLN of 11 Novenber f969.

Corservat lon Status.--  lnkrown (1980).  Threatened by hunt lng pressures
and E;fi;T?;;:mtl;; (sansare In lttt. 1971).

Reasoos for Dec11ne._- h 1971 establtshed hunterE under perbl t  were
ellorred to k11I three anlnals each per year on paynent of a fee to the
DepartEent of Forestry and Water AJfaf i :s.  Pr lor to 1969 there atas a gr€a!
EarLet denand for hides nhlch encouraged hunting, partlcularly by people of
the Bozos and Soaonos tr ibes, as pr ior to 1969 the specles was not
protected. I t  16 considered that cxocodi le habltats have deter lorated due
to cutt lng dolrn of indigenous forest ln order to establ lsh r lce f le lds.

NIGERIA

I-egal status.--  Urknown f98o. crocodl les were rot protected In !g71. 
'

Sklns uere belng exported through X.eno Internat lonal alrport  ( l , l ln lstry Nat,
Re6ources).

a

a

a

Conservat ion Status.--  Probably rare. No
lnto-tlt" rb"d"tt .oo sfirce 1964. rt occurs tn
Rlver,  S,E. of Bauchi (Happold ln t1t t .  1971).

a

a

specinens had been brought I
the GaJt Rtver, Yankart

I

Recorded in the Barkono Rlver Gorge, Yankari CaEe Reserve where It 1s
not coomon (c.  ceerhng, 1980).  considered !o be endangered (A.R.K. Saba
1n l : ! ! .  1971).  Recorded from Benue Rlver (NelU 1971).  Recorded fron the
creek country of Nlgerla by Cansdale (1955).

Reasots for Dec1lne,- No data aval lable,

SENEGA]., REPUBLIC OF

Legal Status.--  In the greater part  of  the country unprotected. Though
hunt lng ls conlrol led under l lcense 1s€ued by the Servlce des Eaux et
Forets,  under Art lc le D.6 of the Hunt lng and Fauna Protect lon Law. The
ki l l tng of crocodl les neasurlng less than 19 cn 1n breadth, or at  the
wldest polnt between the horny f lank scales, is forbldden. A reglster ls
Ealntaloed of the perar i ls lssued each year.
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Conservat lon Status.--  Protected ln Nat lonal parks, nature
e"d T;;F;;;;;G;-'(1971). occurs ir rhe Delta du saloun Natlonat park
and in Parc Nat lonal du Noikolo (oba (Verschulen tn l l t t ,  1980).  Occurs
also ln the canbia r tver and 1ts tr ibutar ies (Oupi!  l i i -verschurer 1977),
Stll.l occurred 1n Senegal, Faleoe, canbla, and Casamadce rlvers arld varlous
snal ler r lvers and tr lbutar les (1971).  Total  protect ion for crocodi les
lntroduced 23 /211973.

Reasons for Decl lne.--  During 1961-1969, a total  of  153,667 crocodt le
hlaei-iE?i-TElEl1]Epo-rteat f ron seresal. It ls not known how Eany were of
thls species (Mr. B. Diouna g l1! ! .  1940).

All attenpts to arrest the decrease ln nunbers due to poachets have
fai led. Denand for sklns and pr lces offered are so high that 1t  is hard to
deter nen from defying the regular lors (J.  Verschuren and A.R. Dupuy,
1977).  The col lapse of the crocodt le populat lons 1s spectacular and
undesirable slnce 1970. I11egal poaching ts the cause (Verschuren tn 1i t t .

I

I

t

I

D

,

)

1980) .

SIERRA I,EONE

Legal Status.-- UnknoFn.

Conservat ion Status.--  According to Dr.  Jennifer Owen (pers. conn.),  no
records of thls species have been traced. Eolrever Lo\. ,es (1970) states that
three specles of crocodl le,  non rarely seen, occut 1n thls country.

Cansdale (1955) states that 1r Slerra Leof le thts species ls nuch less
coEnon than the NiIe crocodi le and 1s found ln sone salt  nanprove areas.

Reaso:rs for Decl i re,--  No ava11ab1e deta (1980) .

TANZANIA

Legal Status.--  Up to 1970 crocodl les were protected under the Forner
Fauna Conservatlo[ Ordhance. Th1€ plohtblted huntlng of anlllals less than
6 f t  (1.8 n) in length. Under secttol t  16 of the W1ld1ife Conserval ion Act
of 1974 crocodl les are l lsted as Nat lonal cane. No person shal l ,  except by
and 1n accordance rr i th a ! ' r l t ten pernlsston of the Dlrector of Wt1d1ife,
huat,  kt11, capture, or wound crocodl les less than 2 n in length (F.S. NJau
i n  l t t t .  1 9 8 0 ) .
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a

aConservat ion Status.--  f i rst  recorded at nouth of the Lulchi  Rtver
6o.'6-;?EI;-l;;;6;; 1902 and stlll well knor,.n 1n that ares tr 1930
(Loverldge 1940).  Nol uncounon off  the shores of Rigono (Thonas 1961),  and
occurs betlreen Kala8o and Iragala on the l.Ialagsrasi Rlve! (east Lake
Tanganyih) a fel' iolles south of the Tabora to Kogoma rallroad (Thomas tn
1lt t .  1971),  Coosldered to be a vulnerable or threatened species occur;Tng
only in Lake TangaDyika ( f .S, NJau 1n l t t t ,  1980).

Reasons for Decl ine.--  Increased poaching of key rrophy
tr'e IGiTif-Eii-i?-?rt-specles of anlnals ln 1973 (I.s. Nlau
1980) .

TOGO, REPUBI,IC OT

Lesal Status.--  Unknogn 1980.

Conaervatlon Status.-- Unknory.n. Reports froo northern reglons of Togo
deec;?;;-;-Eavanna--h crocodller thought to be thls species. irocodile
f lesh 1s eaten by peopte of the Yoroubas and l laorssas tr lbes, During the
past f lve years th€re has been a roarked decl ine ln populat lons (1971).  C.
cataphractus l ras being sold by an anlnal dealer ln Looe (S.J. Maness ln
]rtt. l975t;

aninals led to
1 n  l 1 t t .

?arks and ln certaln
the hudtlng or flshing

I

I

I

a

I

a

a

Reasons for Decl ine.--  No data avai labl€.

UPPER VO]-TA

Legal Status.--  Unknonn. Protecred tn Nattonal
tr lbal  sanctuaries. Not spectf tcaUy nenttoned in
regulat lons (Ronan in 1i t t .  1971).

Conservat ion Status.--  In the 1950rs
lekes and r lvers, but ln recent years has
local i t iee. In sone areas tr lbal  people
auperst l t ion and for le11gious reasons.
lakes a6 a tour lst  at l ract ion.

Reasons for Decl ine.--  Tr lbal  people
they eat.  l lu[ ted for l ts valuable skln.

it occurred connonly ln all the
dlsappeared fron nost

protec! the crocodl le because of
They are also protected 1n a few

search for crocodl le eggs Fhlch
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ZAIRE, REPUBI,IC OF

Legal StaruE.--  Protected ln Nattonat parks.

Conservat lon Status.--  Recorded from Avakubt,
uareTal-fr6!686-TtiEi-i&r Med je, Niansara ( crose
borders) (Schnidt 1918).  Also fron Uele Rlver.

219

Dungu R-lver at Faradje,
to Ugandan and Sudan

I
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ZAMBIA, RNPUBLIC OI

L e g a ]  S t a t u 6 . - -  S e e  u n d e r  C .  n i l o t t c u s ,

Conservatlon Starus.-- Apparently confi$ed to Lake Mweru and the
Luapula River, a16o successfully hunted on r.a1ungr.,1shi Rlver, lrhtch flows
frord the east tnto Lake }tweru ( l t ,B. Cot!  pers. obs. 1956).  possibly ln
Lake Tanganytka as \re11 as 1n Lake Mreru !{anttpa (Stchone tn 1tt t .  t98O).

Reasons for DecLine.--  Connerclsl  hunt lng, prtor to 1966, notably 1n
l-ake- llpEi"l-

Reaaons for Decl ine,--  No data ava1lab1e.

STATUS 0F THE i/EST AFRICAN DWAIF CROCODII,E Osteolaenus tetraspis

ANCOI,A

Legal Status.--  ts for C. nt lot lcus.

Conservatton Srarus.--  unknor,n. Constdered to
occur onfy in rhe enclave of Cabtnda (veter lnary
Invest lgafao Cient i f tca tn 1rt t .  1971).  Rare o;

be very rare and seens to
Departnent,  Inst l tuto de
lndetenninate (Huntley tn

l t r t .  1980 ) .

Reasons for Decltne,-- No data aval1ab1e.
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BENIN (Dahoney)

!Sgg!_g!e$. -- unknown.

Consetvat ion Status.--  In 1959 thls species r las very cornELon
h:.gh-reglons. consldered to be harnless and very stupld, lt
regular ly eaten by the 1oca1 people (Roth in r l t t .  1971).

I

a

Reasons for Dec11ne.--  As above.

CAMEROON

l,ega1 Status.--  Unknown in 1980.

Conservat lon Statu6.--  occurs ln lhe vlc inl ty of Douala o$ the coast
a"a i?iiii--IfrE-liliia town of lla&fe (Abercroobie 1978). crocodtle leather
products are for sale 1n Douala. Crocodiles have rro legal protection
outslde of Nat lonal Parks and slElfar area6 (Powel l  tn 1tt t .  1976).

Elsentraut (1963) obtatned speciaens fron slorJ-f lo l , r lng, nuddy water
courses. not nore than 3 or 4 n broad oIr CanerooIt Mountaln.

Reasons for Decl ine.--  Eunted for the skiD and curlo trade.

Dlstr lbut lor.
6pecles 1s st i l l
of  the country,

--  According to Dr.
apparent ly plent l ful

c.A. spinase (1"_11!!.
1n the Blrao regl.on,

As for:  C. nl lot lcus.

As fot C. nl lot lcus.

tn the

1 9 8 0 ) ,  t h l s
a nost ar ld part

a

a

a

a

a

I

a

CEI{IRAL AFRICAN REPUBLIC

Legal Status.--  Unkno\* 'n 1n 1980.

Conservai lon Status.-- Unknotn 1n 1980.

Rea6ons for Decl lne.--  A6 for C. nl lot lcus.
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CONGO: RIPIELIQUE POPULAIRE

Legal Status.--  Protected ln
danger (E.MrBerl- l ' l rBabou tn l t t t .

Nat ional Parks; consldered to be out of
1 9 8 0 ) .

for C. nl lot icus) Sptnage (tn
1980) conelders that thls specles ls
forests up near the CAR border, nuch

Conserva! ion Status. --  (See also 1 t t t .
s€cure ln the [orthern t topical
of trhlch is as yet unvislted by nhlt€

GA3ON, RXPUBLIC 0I

l -ega1 Status.--  Unkno&.n ln 1980. See under C. nt lot tcus. Accordlng to
PoweU (ln 11rt. 1976), ourside of Nariodal partl ai?-iGffirly protecteil
areasr there i6 no de facto legal protect ion for crocodi les 1n cabon, Even
protect lon ln Nat ional Parks ls [ebulous. Crocodi le skln handbsgs were on
sale at almos! every narket sta11 in Llbrevl l le.

sr€npy and
l n  l l t t .

but pr€sent in
sale ln thls

Huntlng for sklns.

cl ty were no6t1y of ostegleemqs skin,

Reasons for Decl lne.-- See under C, ni lot lcus.

Conservat lon Status.--  Consldered to be plent i ful  in the
tlooEEE-ffi-f,iifi-il- tloleu Nrrerd anat ogooue rvlnato (ossinga
197r).  Accordl l tg to Abercronble (1978),  the spectes 1s rare
oangrove swanps near Llbreville. Crocodlle skln handbaps on

Explol tat lon for skids; posslbly for food.

CAI'181A

Legal Status.--  Protecred by law slnce lebruary 1977.

Reasons for Decl ine.--

Codservat lon Statu6.--
the western divls lon and ls

Endangered. Doe6 not apparently occur out of
noFhere abundaot (Brewer 1n 1i t t .  1980).

Reasona for Decl lne.--  Before the law of 1977 caue into force
crocodt les had been subjected to extensive and heavy explottat ion ower Dany
years, and populat lons have been severely depleted. Habitat  destruct ion
has undoubtedly had advexse effects on crocodi les (Brelrer ln l j t t .  1980).
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Lega-I Slatus.--  Unknown ln 1980. A11 rhree crocodi le specles were
gradted conplete protect lon ln the ner Wt1dl l fe Conservatton Regulattons
L.1. 685, Ftrst  Schedule, Serles B, introduced in Aprt l  197I (Anon. f971).

a

a

I

a

I

Conservat ion Statu6. --  I t eay stll1 be reasonably plenttful and in
sDal1 streans rather than r lvers of the hi8h forest srea6. Mrs. Sonla
Jeffreys (pers. coos.) has seen them in snares eIId offered for 6ale as Deat
ln the Bla River trlbutarles area. Tvo 6oall specinens vere caught ln the
off ln Rlver near Kur0asl (1969) (Mrs. Anna l lerz in t i t t .  t97O).

This crocodl le 1s not very co&l lon and found Eost ly 1n snsl ler srreans
aDd !1vers, although 1t ha6 been observed on the sbores of Lake Volta
( E , 0 , A .  A s l b e v  l n  l t t t .  1 9 7 0 ) .

osteolaenus evldert ly occurs tn Volta l -ake, as slx very recent ly
hatched speclaens were found on Obeng Island (C11bert Child tn litt.
1970).  Accordlng to Marl lo ( I979),  hunttng or capturtng rhi-s s;-ecles is
eb8olutely folbtdden. He records that 1t  1s sporsdical ly found tn baal ly
pol luted gutters on the outskir ls of  tor,rns. I t  ls,  horsever,  hunted
lllegal1y for meat and Day succutrrb !o huntlng pressure lr1 densely populated

Reasons for Decline.-- Cult lvatlorl  ls nor done righ! lnto streans anat
rtverll--frIi-iEii:ave-rse1y affects the preferreal habitat of this antnal.
A-lso used as food (Aslbey g l1l! .  1970). Exploitsrion for skrns. a

EUINEA

Legal Status.--  Unknown 1980.

Conservat lon Status.--  According
rivera of Gulnea, Confirned by Ne11I

to Schmidt (1919),  found in the upper
( 1 9 7 1 ) .

a

I
Reasons for Decl lne.--  No data aval lable.

IVORY COAST

Legal Status. --  Protected slnce r970.
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comoner lI| the nldwest and rtvers areas (Ilappold
1971).  At Abua tn Ahoada Dlvls lon was apparent ly
found ln r lvers aud streans of the folested areas
( A . R , K .  S a b a  i n  1 l t t .  1 9 7 1 ) .
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Weslern State, and
and Colding 1n l t t t .
connon ln 1948. Atso
1n East Central  State

a

t

I

t

I

t

t

)

Conservat ion Status.--  Consldered to be rare (Dr.  H. Roth 1n 1i t t .

R e a s o n s  f o r  D e c l i n e , - -  A s  f o r  C .  n l l o t l c u s .

Status.--  ADDarent lv rare ln the

]-IBERIA, REPUBI,IC OT

I-egal Status.--  Not protected 1980.

Conservatlon Status.-- Unknoi,.n. Sald to be comron in dangroves on the
outsli;;;-;Fl;;;;i;averschuren :a l:!!. re8o). rhere are u" y.. oo
National Parks or reserves to prolecr r ' I ld l t fe (Sa!, , ferr  tn 11rt .  1980).
The species ls consldered to be endangered.

The forest people of Llber la told Buett lkofer (1890),  that rhis specles
inhabtted holee dug iDto the baf lks of forest streaos.

Reasons for Decltne.--  I labi tat  destruct ion and heavy posching for
sklns. No f tgures avai labfe on aninals hunted (Sseyerr in 1l t t .  1980).

NIGERlA

I-epal Status.--  Unknonn ln 1980,

Conservat ion

Reasons for Decf lne.--  No data avai lable.

SENEGAI,

Leeal Statu8.--  Unknotrn tn 1980.

Conservat lon Status.--  CoDnon ln Parc
scarce in Delta du Saloun Natlonal Par:k.
and i ts tr ibutar les.

Nat ional du Nlokolo Koba, very
St111 occurs in the Canbla River
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a

Reasons for Dec1lne.--  Explol tat ion fo!  skins ha6 been spectacular
6i [ce 1970.

SIERM LEONE

Legal Status.--  Unknown ln 1980.

Conservat lof l  Status.--  Accordlng to Lowes (1970),  rarely seen,
Apparent ly occurs ln a 12 sq-nl1e v11d1tfe reserve that 1s belng ser up
around Manunta ln the notthern Provlnce.

Flrst  descr ibed froE thts country by Lr lr jeborg (1867).

Reasona for Decl lne.--  No data.

Toco, RIPUBLTC OF

L e c a l  S t a t u s . - -  N o  d a t a  a v a l l a b l e .

Conservat lon Status.--  Occurs 1It  Togo according ro  Ne11 ]  (1971) .

a

a

a

a

I

a

a

R e a 6 o n 6  f o r  D e c l l n e . - -  N o  d a t a  a v s i l a b l e ,

UPPER VO1TA

Legal Status.--  Unknoi"n ln 1980, Pr:otected in Nat lonal Parks and ln
certain tribal saactuaries. Not epeclftcally roentioned tn the huntlng or
f lshins resulattons (Rornan :A I ! !L.  1971).

Conserval lon Status.--  Unknonn ln 1980. Sald to be protected because
of superst i t ion and for rel lg ious reasons in so&e areas.

Reasons for Decl lne.--  Exploi tat ion for hldes.

ZAIRE

L e g a l  S t a t u s . - - Unknown ln 1980. Export  prohtbl ted (Honegger 1975).
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-  
qor lservst ion Status.--  Unknoun, A Eubspectes, 0.  tetraspls osbornl ,  is

found in norrheasterD zatre; o. terrsspts tetraspts-ts-fEiEii-fol-TEE-Iower
Coogo but occurs ln Sudanese subprovlnce of Zatre (Scbnidt 1919).

Reaaons for Decl lne.--  No data.
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PRESENT STATUS A.\D DISTRIBUTION OI TIIE CROCODILES
CHARIAI, OF BANCLADESII

MoIL{YMAD ALI REZA KItr{N

Departnent of ZooTogy, Urfverstty of Dacca
Dacca-2, Batgladesh
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I

t

y"ff H'l;,-en!if i#*,**tii*;"1rH**f iEo":n"li"P."..Lrit"*##**H"il;,
no oore. than 20 g. ganFeticus and about 2OO C. porosus are present 1nrestr . tcted habl tats,  ybereas C. palustr ls rs-f  ei iEi-Eir inc t  .

INTRODUCTION

, Bangladesh, ly ing between 20"34'  to 26. j8 'N and 88"01r to 92"40,E,h a s  a n  a r e a  o f  a b o u t  1 4 2 , 7 7 6  k n 2 ,  l n c r u d r n e  e : o o  k  t . i . i " " . . -
e6tuarles and atreans of var ious diEenstons (Ffg. l ) .  the niehtrestr lvera are rhe padroa (canges),  Jamuna (Brahnapui. . ; ,  . "a l l " l r , i . .  r rutrlbularles of these rivers are rhe Tista, S"rrna, i<rrsf,fy"ra] ldrnapnutty,?assur, Balleshwar, Bhadra, srbsa, sefs, itot., .t". i i" i i .g."a .r""."hsve all orlginared 1n the htgh Eountains of rhe fllna1ayas, 

"iJ 
.o"" ,.rn1n a north-south directton and Beer the Bay of Benga1 t"  t t iu 

"o". t .  
l lo".r lvers south of 22"30rN are rarher sal l re,  anat af,o!"  ,"uai ' -ot-  i :  "  r . r  . . "€ubjected to dai ly r ldes. The i ,arer of the r tvers of the Su;d;rbansllansrove I'orests becone Eore sallne durlag 

"t"a.i, "if"ri"g-iii.ry 
,..i.,"€lasnobranch fish (prlsrls sp.) ro inhabia tr,", 1i,q". lttE):--

A11 the r lvere nent ioned above had etther the narsh crocodl le( 9 r 9 S 9 9 y 1 , u g _ p a l u s r r i s )  a n d / o r . g h e r i a l / g a v l a I  ( c a v i a l i s  g " n g " i i f " " . 1  o u r i n gaE reas! the nonsoon perJod (June-septenber),  -TI i -E6it iEi iv-rrv".  
straverstng the Sunderbans Mangrove lorests supported gooJ plp" i" t for,"  ofthe estuarrne crocodl le (c.  porosus) up to 1960. The narsi  . to"oorr" . ,o."appears to be ext lnct f rom hosi of  1ts range in Bangladesh. The ghartal

habltat  has been restr lcted to trro snal ler poctets i t  paana anJ uanuna.
The estuarine crocodl le ts noIJ l tni ted to t i re southerly i f " . ."-" f  af , .Sunderbans.

I  have soloe records of the occurrence of t f , .  
" .o.oaff f . rr"  

f ,Sangladesh frorl 7972, natnty basect on the 1nfor.oatlor, ,.""ir"t iro.off tc lafs of the Foresr deparrEenr,  f lsherEen, Uoatr.n,  arra i i " - ."pturrr"
of the steaners and Dotor launches plylng thr;ugh the," jor. iv"rs ot t f , .country.  Sone lnfonnatton is aval lable i rom the Wotkfng' f fans otdl f ferent trore€r Divls lol ts aDd in the unpubt ished *p. i i "  . i - -afr ." .dlvlslons, as well as fron O,lralley (190e, 1912, rgrz,l, C.i i" if-<tgrOl,

I

a
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FIGURE l.-- M.sjor rlvers of BaDgladesh. I9!!9, C = Chlttagong; DA =
Dacca; G = Gatbandha; K = l&ulna; R = Rajshahl tor,.n; RA - Rangpur,

! I 9 : g :  1 -  ? a d n a ; 2  =  J a D u n a !  3  =  T l s t a ; 4  -  K a r o t o y a ;  5  -  A t r a l ;  6  -
Madhunat i ;  7 = Dhal leshrar l ;  8 = 01d Brahoaputra; 9 = trahI;  10 =

Kushiyara; 1I  = Surna; f2 = Meghna; 13 -  Karnaphul ly;  14 -  SanCu; 15 -
l latanuhurl ;  16 = Passur;  17 -  BalfeshEar; 18 = Bhola; 19 -  Sela; 20 =
Bhadra.
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Vas (19f1),  and Strong (1912).  I r  addit ton, I  have perEonat ly vtslred
i0ost of  the existhg crocodtte habitars.

Thls paper provtdes updated lnfornat ion regarding al t  species of
crocodl l ia l ls ptesent ln Bangladesh and enumerates their  chtef causes for
decl ine.

STATUS AND DISTRIBUTIO}I

The status aad dlshlbut ior of  the crocodl leE of Bangtaalesh nay be
described under three periods: the distr ibut ion pr ior to 1950, 1951 to
1960, and froro 1961 to rhe present.

Marsh Crocodi le

lglgggUlE palusrris was not uncormon over entire Bangladesh durtng
the f i rs!  per lod (Fig. 2).  The r lvers padna, Jarauna, l leghna, ani l  nost of
their  t r ibutar les fron the northernnosr l lDi t  of  the country to 22.30,N tr l
the south supported this specles. Possibly t t  was a16o present in the
lrountalnous rlvers (arnaphul1y, t4atamuhurl, and Sangu (Fig. l), as l,titra
(1957) reported thar rhe people of Chitragoog Dtstr ict  us;d ro eat
crocodi le eggs. He also reporred off ic ial  records of the kl l f lng of sone
1000 crocodi les between 1936 and 1946 fron lhe forested areas of wha! was
then 3enge1 (Bangladesh and West Sengat of Indis).  The l ionrs share of
this,  I  understand, wae fron Banglade6h. Off lc ial  esttnates for the
distr ict  of  Faridpur alooe reported crocodi les klUtng IO hunans durtng
1943-44, r 'h lch neans that narsh crocodi les rere coronon ln the r lvers
MadhuEati ,  Padna, and Meghna. They used ro becoue nore k ' tde1y distr ibuted
durlng the oonsoon Eonths, enter lng lnto 6Ea11er r lvers, streans, and
soEetines in the larger bodies of narshy aleas, local ly cal led haors,
Ihls habit is slnllar to the one exhiblted by the CaDges Susu diiinista
gangeEaca.

I-ocal residents lnterviewed have agreed rhar alDost every day of a
journey through the najor r lvers thls crocodl le could be seen durtng the
f i rst  per lod. They occastonaUy attacked bathlng vl l legers anit  catt le.
By the end of 1960 the specles had been vtr tual ly ldped out froD the
tr ibutar les of Padrda, Januna, and Meghn.a, and from Karnsphul ly,
l lata.0uhuEl,  and Saogu r lvers (Fig,3, cf  2).  Sight records afrer this
t iEe are ranl in8. Fron 1961 there is or ly one doubtful  s lght record fron
the Meghda estuary, A fet /  possibly survive ln the northern, less sal ine
raters of the Sunderbans l langrove foresrs (Flg. 4),  Hendrlchs (1975) has
reported i t  f ron the Sutrderbans, but l  cou1d not trace 1t there in 1980,
1981, nor 1982. Ther€ are two sent-capt ive populat lons of three
crocodl les each 1n the only zoo of the country and ln a large tank close
to the Sunderbans.
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Crocodtlus palustrts (+),
c. porosus (--), and Gavtal ls
gangetlcus (..  ) in Bangladesh
prlor to 1950.

FICURE 3. Dlstr lbutlon of
9. palustr ls (+), C. porosus
( - - ) ,  and  C .  gange t l cus  ( . . )
ir  Bangladesh fron 1951 to
1960 .

a

a

a

a

a

I

I

a

I

FIGUR-E 4. Dtstr lbutlon of C.
parusErls tn/, ! .  !9!9!!q
(--), and c. SglggjlSg9 (..) r"
Banpladesh iroD 196I to 1980.

tIeURX 2. Dlstr lbution of
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I
cavial ;s gangerlcus ras qutte coEnon tn the padna and JeEuna r lver

systeas t i l1 rhe end of the f t rst  perLod (FlA. 2),  I t  was wlped out fron
Tista, At lai ,  Karotoya, and other tr tbutar les of the JarDuoa (Ftg. 3),  and
the nuttrbe! srarted decl lning during the second perlod in the padna a6 wel l
as ln the JaDuna. One oI the padna specinens, a Juvent le ca 1.5 n. was

) " iugtr t  
acctdeDtal ly on a baited f tshing hook, Dear Rajshahi rown (Flg.

L).  I te other one l jas a targe gharial  (3.1 n) caught 1n a f ishing ;rag
Bet ehlch L'as lefr  on a f tar char for drylng, also n€ar Rajshaht rorrn. AE
the gharial  got up on the bank for basklng i t  rras entangted in the drag
aet. A thlrd gharlal lras caught by the flshernen with e drae net tn
Januna near Caibandha (Fig. 1).

Crocodylus porosus occurted in nost of  the r ivers south of 23'15'N
travelslng the Sunderbans and posstbly 1n the estuarles fa11itrs wlthtn 21.
and 22o N in lhe dlstr icr  of  Chlr tagong (Fig, 2) unt i l  rhe c]o;e of rhe
f l rst  per lod. By the beglrntng of the second per: lod, a1I populat lo*s froD
Chit tagong distr lct ,  Ieghna aad Bal leshl 'ar esruarles, and froo the
oortherly r ivers of the Sunalerbans were exterelnated. DuriDs 1967-68
three crocodi les were caught from Bhadra Rtver;  they dJed 1E capt lv lry.
Ihe corpses were transported to a proposed sanctuary at Katka (S-E
Sutderbans) and were lef t  oa chars (sandbars) tn basking postures to
enthrill the then presldeac 

"T-TlItst.", 
who r{as vtsttt;e the sanctuary.

Duri t rg hls three-nonth study in the Sunderbans in 1971r Hendrichs (1973)
sighted oDly one crocodi le.  At the t ine of dy vls l ts to the Sunderbans
during 1980-82 I  did nor see any bur Tdas €bIe to locare several  basktnp

Survey results sho*ed rhat thls crocodi le prefers r tvers which have
good basking grounds duriEg wlnter and less current during tldes. The
nost preferred areas appeared to be the Batteshrar,  Bhola, Se1a, (atka,
Anbarla Cha!,  and other tr ibutar ies of passur,  Bhadra, and the northern
belt  of  Sibsa bet\ree[ 22'  :nd 22'40rN. The r lvers around rhis belt  end in
lDnunerable streams travelslng the Dangrove forest, rejolning again sourh
of 22'N, and give r lse to the larger r ivers before Jolning the nay of
Bengal.

I ' Iy assunpt lon ls that rbe populat ion slze of estuarine crocodt le in
Bangladesh Eay not exceed 20O In nur0ber lrt the whole of the Sunderbansyangrove Forests,  an area of about 780 ko2 water ( f lg.  4) v i thtn about
6000 knz of lhe Sunderbans, inctuding lrarer courses iChoudhury 1968),

Betseen ) larch 1980 and DeceEber t98l  about 20 baby ghartats were
caught by the vi l lagers of Rajshahl and Strajganl.  About 16 of these
6Peci.0ens dled 1n capriv i ty \rhen the rest l rere pfocu.ed by rhe zoo anal
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FIG-RE 5. Photograph of a gharial fron the ?adoa Rlve., o€-:r Ralshahl

IEr i  a: thor i l les. So far I  have found four breedlng sl tes : i  gharial ,
?r'o cf these ale ln Padoa, near Ralshahl tow[, beteeeD 24":t to 24'22tN
anC 8t"35'  to 88'45rE. Of the renaining two, one is arorrai  Slrajganj
bet ieel  24'221 to 24'30'N and 89"40'  to 89"50'8, add othe!:ear ls
cai :ar i iha between 25"15'  to 25'30'N and 89'35'  to 89'50rI .

T5e Eulvey suggested that the Ahallsl populatlon ttr t:e Padna and
Jan,:oa nay be a dozen or so; .ny estlnate l.s around 20. Thi: rery snaU
popr:ation 1s dlvided lnto two sllallet sub-popu1at1ons, I'ii_r the nost
gha:--a.16 ln the Padoa. These tro sub-populatloos aEe lsola:ed frord one
aoo:ret fo! the nost part of e year, Only durtng lhe ooEso:a perlod, llhen
boti lhe PadEa and Jar0una becone confluent, are the chadceE Sood for the
Dee:iEg of the PadEa and Jabuna gharials.

!-a6 (1911) and Strong (1912) reporred rhis species frcE lhe
tri:utarles of the JaEuna, whereas llusaln (f974) has sugSes:ed lts
occlrrence only from the Padma and l ts tr ibutar les. Ny !e:.r t  conf lrns
the plesence of gharlal  1n both the r lver systens.
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REASONS FOR DECLINE

l) A11 three spectes of crocodi l ians of Bangladesh have declt t teal
stnce 1940 ehen thetr  persecut ion becane raDpant.  They rdere kl l ted Dost ly
wlth 12-bore guns, r i f les, bal ted hooks and traps, harpooning, and f tshlng

I gear.  The crocodl leE nere sought r iost ly for thetr  sklns; tan[ed skins
lrere uaed as drarr lng roor0 decoral ions in addlt ion to export .

2) Local of f lc lals and dignttar ies both before and after the
1947-part i r ioo of the country used to vls l t  crocodl le basklng spots anal
hunt rhen. lhls unrecorded k11l1ng has takea a heavy tol1.

,
3) Fishennen, other thad l lusl ims, used to eat crocodl le eggs anal

have dest.oyed the egg-beds. SoEe tr lbes aLe thetr  f lesh a1so.

I

I

I

)

4) Most of the tr ibutar les, as wel l  as the najor r tvers, have becoae
stlted up and lost thelr current during the lean period. The .naiE streao
of each r lver has been lnterrupted at var iou; potnts by the tecent
foroatlon of _g-Ig.:9, whlch have already been converted lnto huEan
habita!1on6.

5) After the coi0nissionlng of the tr'arakkah Bsrrage tn West Bengal
( Indla),  the sal l l l i ty has lncreased tn nany r ivers and the Drocess of
si l tat lon has been enhanced (Haque 1973),  Thts hss ' r l r lEat; ly dtsturbed
the aquat ic ecosyEtero.

6) After 1947, huoan aet iy i t ies in al l  the r lvers have lncreased
nanlfold,  upsett lng the dal ly acl lv l t ies of the crocodl les and the
gharlals and destroylng egg-laying beds or naklng then unaval lable to
breedlng anlEals. Urchins and the co\"/boys reDove clutches or othetrlse
traDple the Dests containing eggs wlth the help of the catt le,  usual ly
takefl to the rlver for bathl.g.

7) Uodern nylon nets, especial ly the drag and gt l t  nets,  are a real
nenace for the gharlals.

8) Despite a covernnent ban ol l  shoot lng (Bangladesh Wildl i fe
lPreservat ioD] Order 1973) there appears ro be l i t t te control  over kl11ins
of ctocodi le and gharlal .

CONC].USIONS

As Do systenat lc survey of the status of crocodi l tans bas been done
ln Bangladesh, this should be a prtor l ty venture of rhe Covernnenr Forest
DepartEent and Unlversl ty of Dacca. Oblect ives should be to trace the
remnant populat lons of marsh crocodi les and ghartals and to isotate the
crocodi le-r ich area6 of the SuDderbans Mangrove Forests 1n order to
suggest conservat lon Deasures. Before any survey ls done, crocodi le
farning eithin the Sunderbatrs nlst be discouraged, as there t6 every
chance that these farners rroutd explol t  the dlr tndl ing natural  poputat lon
of the estuarlne crocodi les lnstead of rear lng theD in thelr  farEs.

REZA KHAN
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STATUS OF ASIAN CROCODIT,IAXS

RoEulus Wh{laker

Madras Snake Park Trust
Raj Bhavsn P.0.,  I ladras 600 022, Indla

INTRODUCTION

fhe probleE of present ing dara on the Etatus of crocodl l ians 1n an
area coverlng Di l l tons of aquare ki looeters and nunerous pott t ical
boundaries has resulted ln resortlng to the foltowing data sheet
presentat ion. Nunerous lndividuals and orgaaizat lons have been
instruEental tn supplylng the itrforDatlon contained hereln and nost are
gtateful ly acknowledged by roeans of the References Ctred l ist .  I t  should
be polDted out that the lack of coDDenE on v;r lous aspects lndtcates the
paucity of data fron sorde countr ies, In f€\r  cases do ae have any
lndicat ion of present populat loDs l t r  the wt1d, whlch emphaslzes the
cr i t lcal  need for baslc survey efforts.

This report  ls an efforr  ro standardtze data presentat lon on
crocodi l ian statu6, and i t  ls hoped that l t  wi l l  act a5 a guide and
ibpetus for act io[  for the species and areas whlch are h need of the
oost al tent1on. The contact aCdresses provlde lnl t ia l  l tnks r ,r i th people
lltvolved in the conservatlon/EaDagement of crocodtllar6 ln the areas
dlscussed. As inforxnat lod ls received by the author these sheets are
revised to provide a cont lnual ly updated servtce by the IUCN/SSC
Crocodl le Special ls!  croup. Correspondence is encouraged.

DATA SHEET _ ASIA

sPEcIEs : ggggjUlgg palustris

LECAL STATUS: lota1 protectlon by Iralt Can€

CITES APPENTDII! I, signed

IUCN R.ED DATA BoOK: Endangered

l,fAIN ?OPUIATIONS: Baluchlstan

PROTECTED AX.EAS: Sarbaz River

ToTAL WILD P0PUI,ATIoN: 60-100 (estlnated)

COUNTRY: lran

and Flsh DepartEent

231
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TOTAI- CA?TM POPULATION: UnknoFn

MANACEMENT/COIISERVATION ErfoRT: Medlum. Protected area establlshed but
no fol low up.

UAIN TITREATS: llabltat 1os6

RXIERENCES: I{onnegger 797I, 19'15; Hebb 1978

238

SPECIES: GavtaUs ganget icus

LEGA.L STATUST ltuntlng and export banned

CITES APPENDIX: I--PaTty

IUCN R.ED DATA B00K: Endangeled

a

a

a

a

I

I

I

l,lAIN PoPULATIONS: Nara Canal, Indua River

PROTECTED AREAS: Indus River Dolphln SaItctuary

TOTAL WII.D ?OPULATION: 30 (estlnate)

of wt ldl t fe

CoUNTRY: ?akistsn

COUNTRY: Paklstan

TOTA], CAPTIVE POPULATION: Few

I4ANAGEMENT/CONSERVATION EFFORT I

UAIN THR.EATS: Hunttng for sklns;

CONTACT ADDRNSSES:

Cooservator of WlldUfe
Natlonal Counci l  for Con€ervat lon
Ir lnls lry of Agrtcul ture
Street no. 51
Seclor F6l4
Islanabad

l ledlun. Reque6t for assistence
breedlng and restockhg

habltat  loss

sPEcIEs: ggSggilgg palustris

IJGAL STATUS: [untlng and export banned

CITES A?PENDIX: I--Party

IUCN RED DATA 800(r Endangered
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SPECIES: Crocodylus palusrr ls

LEGAL STATUS: Total  protect ion in a1l s lates

CITES APPENDIX: I--parry
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ITAIN POPULATIONS: Unknown

PRoTECTED AREAS: La1 Suhanra Nationat park

ToTAL WII"D POPTLATION: UnknorTo, extrenely Iow

TOTAI, CA?TM POPULATIoN: FeI.'

IIANACn'ENI/CONSERVATON EFFORT: Mediun. Wildllfe Deparrneor has

:::":::::.i1;:". 
on clocodile breedins

MAIN TmnATS: Foroerly for skln and alleged conpetltion wtth human
flshing tnrerests;  now hablrat loss

CONTACT ADDRESSES:

Conservator of Wtldtt fe
National Counci l  for Conservat lon of Wildl i fe
Minlstry of Agliculrure
Street no. 51
sector F6l4
I6lanabad

MIERENCES: I t , t t ,  Canpbel l  in 1l t r .

COUNTRY: India

IUCN RED DATA BOOK: Endangered

MAIN POPULATIONS:

Hlran Lake, cir Natlonal
Park, cujarat

Anaravathi  Reservoir ,

Sathanur Resetvolr

S I Z E ;

5Gr adults

25 adults

15 adults

STATUS:

stable

stable

6tab1e

TOTAL WILD POPULATIoN: Fewer thad 1OOO adults

mTAl CAPTM POPULATION: Ovet 15OO (nosr juvenlles)

I'IANAGEI{EM/C0NSERVATION EFF0RT: Excellent. Several states have
rehsbl l t rat ton progra&s rslrh Central
covernnent flnanctal asslstance and
UNDP/FAO expert lse
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MAIN THREATS: Habltat loss
interests

and al leged conpet l t lon with hunan flahing

CONTACT ADDRJSSES:

Director,  Wildl i fe
Dept.  of  Agricul ture
(rlshl Bhavan
New Delhl

B.C. Choudhury
L/U LrOCO(rare 6reeolng

& llsnagenent Training
Lake DaIe
Rajendranagar Road
Hyderabad, A.P.

and l lh l taker 1976, Webb 1978

R. & Z. Whltaker
llsdras Snake Park
Culndy Deer Park
Uadras 600 022

R.EFERENCES: Whttaker

SPECIES: eavtal ts ganget lcus

LEGAL STATUS: Total Prolectlon

CITES APPENDIX: I--Party

IUCN RED DATA BOOK: Endangered

MAIN POPULATIONS: SIZE:

Chanbal River Sanctuary, 300+ - all slzes
Rajasthsn

Katerdlaghat Sanct. ,  U.P. 50 -  al l  s iz€s
Satkoshia corge Sanct.  or lssa 100 - al l  stzes

T0TAI" WILD POPULATIoN: lewer than 50 adults

TOTAL CA?TM ?oPULATION: Ilore than 2000 juventles, 20

MANACEMENI/CONSERVATION EFFORT: Excellent. Successful
prograns, 6anctuarles
protect lon ln Pract lce
advlce

CoUfIRY: Irdta

STATUS I

lncreaElng

lncreasing
lncreaslDg

adults

rehabl l l tat lon
aEd enforced

unde! rAO/UNDP

l,tAIN TERIATS: Eabltat loss and alleged flshlng coEpetltlon rdlrh human
flehlng lnterests

CONTACT ADDRNSSES:

L.A.K, Stngh Chlef l,l11d11f€ Warden
Crocodi le Breedlng 6 Rana Pratap Merg

Managernedt lralning Inst. Lucknor,r, U.P.
S.aJendranagar Road
Hyderabad '  A.P.

REFERENCES: Whitaker 1976, Singh pers. coDxr. ,  Basu pers. coor0.,
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SPECIES: Crocodylus porosus

LEGAL STATUS: Total  protecl tor

CITES A?PENDIX: I--Party

IUCN RnD DATA B00K: Vulnerable

MAIN POPULATIONS:

Bhitar Kanlka, Orlssa
Sunderbans, West Bengal
Andaean & Nicobar Islands

CONTACI A.DDRESSES:

Dlrector,  W11dl1fe
DepartEent of Agrlculture
Krlshl Bhavan
New Delhi

REFERENCES: Whltaker and Daniel
r97 9

SPECIES I cavlal ts gangerlcus

LEGAL STATUS: Total  prorect lon

CIIES A?PENDIX: I--Party

IUCN R.ED DATA BOO(: Endangered

Mr. Sudhakar Kar
C/0 Crocodl le Breedtng and

I lanageoent Tratning Insr,
Lake Dale
Rajendranagar Rosd
Hyderabad, A.p.

1978, Webb 1978, Choudhury and lusrard

COUNTRY: Nepal

247

I

,

I

I

t

COUN?RY: Iddla

.  S I Z E :

2Gi adults

Unknowtr

STATUS:

stable

decreaslng

PRoTECTED AREAS: Shltar Kanika Sanctuary, Orissa; Sunaterbans Tiser
Reserve, W. Bengal; North Reef Island, Andamad;

TOTAL III].D PoPULATION: Unknolrn

TOTAL CAPTM PoPULATIoN: 2OO-3OO

I,IANAGEMENT/CoNSERVATIoN EffoRT: Mediun. Excellent protecrion ancl
restocklng prograns 1n We6t Bengal and
Orlssa but 11tt le protect ion &anageuenE
1n the Andanans and Nlcobars

MAIN T'REATS: Habitat  loss; al leged conpet l t lon nntth f isheries lnterests
and threat to hunans/ l tvestock; col lect ion of eggs for
hunan consuioption
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UAIN POPUI-ATIONS: SIZE: STATUS:

Raptl/Narayant Rtvers 15 adults stable
Karnal i  Rtver 7 adults stable

PROfiCTED AREAS: Royal Chltwan Natlonal Park; Royal (arnall Natio'lal
Park

mTAl WILD ?OPULATI0N: 30-40 adults

ToTAL CA??M PoPUI-ATIoN: 20Ot juveniles

MANAGEMENT/CoNSERVATIoN EFFORT: Good. Natlonal parks populatlons
6ecure; rear lng/release proglan
started 1n chttnan (Frankfurt
Zoologlcal  Soclety fundtng)

I |AIN THREATS: Hunttng for sklns; habitat  ioss

a

a

a

I

I

CONTAC? ADDRESSES:

Hemanta Mishra
C/0 Director,  Nat lonal Parks
Chief Conservator of Fores!s
r.atbmandu

charleB McDouga1
Tlger!opE

Royal Chitvan Natlotlal Park

R.EfERINCEST whltaker and B€su 1974

Dept. National Parks and
wildl i fe

P.0. Box 107
Kathdalldu

sPEcIEs: glgsgly.lgg palustris

LECAI- STATUS: Total protectlon

CITES A?PEMDIX: I--Psrty

IUCN RED DATA BOoK: Endangeled

},'AIN ?OPULATIONS:

Scattered feu ln nalor r ivers
and forest jheels (ponds) ln

COUNTRY: Nepal

S I Z E :

Unknown

STATUS:

Stable tn
Parks

the Teral

PROTECTED ARIAS: Royal Chitwafi Natlonal Park; Shukla-Phanta Reserve;
Royal Karnali Natlonal Parkg
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ToTAL WILD poPULATION: Remnan! few

MTAI. CA?TIVE POPULAII0N: Unknov/n

UANAGEIIENT/CONSDRVATON EFFORT: Uedlun.
but no
species

A fe$ survlve in prolected area6
attenpls to rehabl l i late the
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MAIN THRTATS: Habt lat  loss;

CONTACT .ADDRXSSES;

Mr. Ilenanta Mlshra
C/O Director,  Nat lonal parks
Chlef Conservator of I'orests
(athnandu, Nepal

R.EEERENCIS: l , lht taker 1976; Hebb 1978

SPECIES: cavial i6 sanpet icus

LEGAI, STATUS: Unknown

CITES APPENDIX: I--Party

IUCN lnD DATA BOOK: Endangereal

}IAIN POPULATIONS: Khan, thts volune.
Khan, pets.  conn. )

CONTACT ANDRESSES:

Dr. M. A. Rez.a Khan
DepartDent of Zoology
Dacca Unlverei ty
Dacca

S?ECIES: Crocodylus porosus

LEGAL STATUS: Total protection

CITES A?PENDIX: I--party

IUCN RED DATA BoOK: Vulnerable

UAIN PoPULATIoNSI

Sunderbans (canges delta)

aU€ged cordpert t ion el th f ishertes tnterests

CoUNTRY: Sangtadesh

One breeding patr knor.n (Reza

CoUNTRY: Bangladesh

S I Z E :

Unknown

STATUS:

Unknol^'n
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PROTECTED AREAS: SanTe

TOTAL I I ILD POPUIATToN: Reportedly "not unconnon"

T0TAI- CAPTM PoPULATIoN. Nll

MANAGEMENT/CONSERVATIoN EFFORT: Medlun. Though ptotected' ao
naragement fo1lolr-up. Governoent
lDterested ln farning

a

a

I

a

I

a

l'tAIN THREATS: llabitat loss; elleged conpetltlon !,ith fisherles
lnterests and threat to humans and ltvestock

CONTACT A)DRESSES:

Dr. M. A, Reza Khan
Depart&ent of zooloEy
Dacca Unlverslty
Dacca, Bangladesh

R.ETERENCES | l,]hltaker 1976; whltake! and

SPECIES: ggggulgg palustrls

lEGAl,  STATUS: Total  plotect lon

CITES APPENDIX: f-_PaTtY

IUCN RED DATA looK: Endangered

STATUS: Probably extlnct

CONTACT ADDRESSES:

Dr. M. A. Reza Khan
Departnen! of zoofogy
Dacca unlversl ty
Dacca, Bangladesh

sPEcIEs I qgggUlg !9l9Egg

I,EGAL STATUS: Huntlng and erport banned

CITES APPENDIX: I

IUCN RED DATA BOoK: Vulnerabl-e

CoUNTRYT SaDsladesh

COUNTRY: Srl Lalka
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I'AIN POPULATIONS:

S .  W .  C o a s t

CONTACT ADDRISSES:

Lynn de Alwls
Director
Nalional Parks and Wlfdlife

Presldef l t
Wtldl i fe and Nature

Protect lon Sociery
Marine Drlve, Fort
Colonbo

STATUS:

decreaslng

STATUS:

stable 1n nat lonal
parks, decreaslng
elsewhere

S I Z E :

PROTECTED AREAS: Yala Nat lonal park ( fev sighted, I t t t le habttaE.,

TOTAL WILD PoPULATIoN: Fever than 250 adults

T0TAI CA?TM PoPULATIoN: Few

IIANACEMENT/CoNSERVATIoN EFFORT: Mediun. Though protecred fron huntlng
and export  no protect ion of habltat  or
oanageoent undertaken

IIAIN THREATS t llabltat loss; killed for near and as allegeal threar ro
hunanE

REIERENCES: Whltaker and l{rtxitaker 1979

SPECIES: Crocodylus palustr is

LEGAL STATUS: Llnited huattng under license
export banned

CITES A?PENDIX: I

IUCN RED DATA BoOK: Endangered

},IAIN POPULATIONS:

Nunerous tanks and r lvers, notably in
the southeasr and northEest (see
Whitaker and Lt i taker 1979)

COUNTRY: Sri Lanka

(one per year per l icense);

PROTECTED AREAS: Wllpattu and yala Nattonal park6

ToTAl,  I , I ILD PoPULATI0N: 2,000-3,000 adulrs (heatthiest populatton tn
exlstence)

TOTAI, CAPTIVE POPULATION: T.el'
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MANAGEMENT/CONSERVATION EFTORT I l4edluo. Nattonal park populatlons ne11
nalntalned; crocodl les out6lde these
protected areas are sublect to
uDcontrolled, Datnly seasonal
exploi tat lo$

Presldent

Protect ion Society
Marlne Dr1ve, Fort
coloDbo

a

a

ITAIN TITRXATS: t{abttat loss and kll]ing by itlneratrt flshemen for n€at,
narketed along I'tth dried ftsh (rarely for skin)

a

a

a

I

I

CONTACT ADDPJSSES:

ltr. Lynn de Alr.'is
Dlrector
Natlonal Parks and wildtfe

R.EFERENCES: HoDeeger 1971, 1975; Lhltaker and Whttaker I979

SPECIES: Gaviaus gaoget icus

LECAI- STATUS: Unknolrn

CITES APPENDIX: I

IUCN RED DATA BOOK: Endangered

}{AIN PoPULATIONS: If Gsvtalts ls present in thls country lt ls an
occaslonal speclnen 1n the llanas Mv€r, Ilanas
Nattonal Park, whlch 16 cont iguous wi lh the Nat lonal
Park ln Aasam. An FAO consuttant (tt.R. Eu6tard) has
visl ted the country and reported on the prospecls for
relfltroductlon, Danageoent, and conservstlon (FAO,
Rone ' 1978)

CONTACT ADDRESSES:

Dasho C. Dorj t
Dlrector of Forest6
Royal eovernnetrt of Bhutal
Thtrophu

CoUNTRY: Bhutan

Country: Bunnaspecles: ggsggllgg !9Ig!!g

LEGAL STATUS: Recentfy protected

CITES A?PENDIX: I

IUCN RfD DATA BOoK: Vulnerable
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}IAIN POPULATIONS :

Irraffaddy delta

l(inister f or Agriculture
and Flsherles

STATUS:

decrea6lng

F.A.0, Representative
P .0 .  Box  650
Rangoon

Dr. Nyan Taw
Resesrch Off tcer
Peoples Pearl  6

Flshlng Co-op
llykh!€nye Street
Thaketa, Rangoon

Danlel  1978; Caughley

SIzE:

4000?

D

t

D

t

)

PRoTECTED AREAST Decreasing

TOTAL WILD PoIULATIoNT Seriously deplered but st i1l  exploired

T0TAI CAPTM PoPUI"ATIoNT 600

MANAGEMENT/CoNSERVATIoN EFFORT: Lledlun. Recenr prorectlon anal
nadagenent actlon taken. ReeenE
lnterest ln viUage 1evel fermtng lrlth
delegation vlsit to Papua New culnea

I'AIN IEREATS: Huntlng for sklns; habltar loss

CONTACT ADDRESSES:

REFERENCES: llhitaker and 1980; Taw and Uoe 1980

SPECIES: Crocodylus pafustr ts

CITES APPENDIX: I

IUCN R.ED DATA B0O(: Endangered

MAIN ?OPULATIONS:

Thayetno (reported 1ocal1ty)

CON1ACT ADDRESSES:

Mlnlster for Agrlcul ture
and FlsheEies

COUNIRY: Burna

STATUS:

E:{t lnct or possibly or iginal ly
nlsrecorded

Dr. Nyan Tarr
Research 0ff lcer
Peoples ?earl  &

Ftshlng Co-op
Uykhwarye Street
Thakera, Rangoon

F.4.0, Representatlve
P .0 .  Box  650
Rangoon

REFER,ENCES:Sntth 1931
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a

a
SPECIXS: crocodylus !9:9!!A

LECAL STATUS: No protectlor

COUNTRY: Thalland

CITES APPENDIX: I

IUCN RED DATA BOOK:

I'AIN POPU]-ATIONS:

vulnerable
a

a

a

a

I

SIZE: STATUS:

decreaslngPlan Buri  D1st. ,  Prachuab
Khlrikhan ProvlDce

PROTECTED AREAS: Nt1

T0TAI- WILD PoPULATIoN: Rennant feu

TOTAI" CAPTM PoPULATION! 3000-5000 at Sanut Prakad Crocodile Farro

MANAGEUnNT/CoNSERVATIoN EFFoRT: Poor. No protecti.on or m:rnageoent
act lon taken. Private capt lve stock
(Sarnut Prakan) has potentlaL for
helplng restock selected areas

l(AlN THREATS I Huntlng for skins; habltat 1os6

CONTACT ADDRNSSES:

FAO
Re8lonal offlce for Asta
Ilaluran trlanslon
Phra A8t l t  Road
Bangkok

Flsherles Department
Mln. of  Agrlcul ture and

ConperaE
Bangkok

Ur, Pong-Leng-EE, Director
WI1d1if  e Conservat lon Divls lon
Royaf forest Depart.aent
Paholyothln Road
8angkhetr, Bangkok

U. Yangprapakorn
Sairut Prakan Crocodlle Farrn
Bangkok

SPECIES; Totolstona sch1egl l

LEGAL STATUS: Unprotected

CITES APPENDIXT I

IUCN RED DATA BOOK: Endangered

UAIN PoPULATIoNS! Reportedly ext lnct

COUNTRY: Thatlaltd
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TOTAL CAPTM PoPULATION: Over 170 spectmens of at1 stzes at SanuEprakan

CONTACT A.DDRESSES:

249

I

t

,

)

rAo
Reglonal Office for Asia
llafuwan Manslon
Phra Ast l t  Road
Bangkok

I isheries Departnent
Min. of  Agrtcul ture and

Conperat
Eangkok

Ur. Pong Leng-EE, Dtrector
WlIdl i fe Conseivat ion Dtvislon
Royal Forest Departroent
Paholyorhill Road
Bangkhen, Bangkok

U. Yaogprapakorn
Sanut ?rakan Crocodlle larrd
Bangkok

COUNTRY: ThailatldSPECIEST Crocodylus stanensls

LEGAL STATUS: No protection

CITES APPEMIX: I

IUCN RED DATA BoOK: Endangered

MAIN ?OPULATIONS:

Bung Boraphet Reservolr ,
Nakhon Sawan Province

SIZE.

100-200

STATUS:

decreasing

PROTECTED AREAS: Dit to (under Ftshertes Departnent)

TOTAL WILD POPULATION: 100-200 (estlEared)

ToTAj,  CA?TM PoPULATION: 2O,OOO (est inared at Samut

MANAGEMENT/CONSERVATION EFFORT poor. No protectlon
The pr lvate capt ive
Prakan has potentt€l
selected areas

Praksn Fam)

or act ion taken.
stock at Samut

for restocklng

MAIN THREATS: Hunring for skins; habttat loss; hybrtat lzat ion of capt lve
6tock \r i th C. porosus



250

a

CONTACT ADDRESSES:

FAO
Regio[a1 off lce for Asla
}Ialuwan l,lansion
Phra Astlt Road
Bangkok

FleherieE Departnent
llln. of Agrlculture and

Conpelat
Eangkok

REFERENCES: Honegger 1971; webb 1978

Mr. Pong Leng-EE, Dlrector
Wl1dllfe Co[servatlon Dlviaion
Royal Forest Departm€nt
Paholyothin Road
Bangkhed, Bangkok

U. Yangprapakorn
Sanut Prakan Crocodile larn
Bangkok

a

a

a

IsPEcIEs: ggggrylgA!9l9!gg

LECAL STATUS: Protect lon 1n aone slates

CITES APPENDIX: I.-?aTIy

IUCN RnD DATA BoOK: Vutnerable

CoUNIRY: Ualaysla

I4AIN ?OPULATIoNS: Unknown, reportedly in larger r lvers l ike Lupan,
Baran Ri lan de1ta, Lokan

Kl la6 Nat lortal  P€rk (RI las penlnsula, Sabah)
Crocker Range Natlonal Park (Tenan)

PROTECTED AREAS :

XAIN TITREATS:

TOTAL WII,D PoPULATIoN: Ren$ant felt

TOTAI- CA?TM PO?ULATION: Several hundred on rearlne fantrs

MANAGEI'EN1/C0NSERVATIoN XFFoRT: llediun. Sone 6rates ere lnterested ln
consetvatlon/nanagenent aI}d itrtttal
surveys are being drafted. 800 on
Sandakan fantr belonglng to Chal Yau
look

Iluntlng for skins; eollectlon of egg6 and young for
lear lng; habltat  loss

CONTACT ADDRXSSES:

Patrlck Andau
Cade warden
P , 0 .  B o x  3 1 1
Forestry Departnent
Sandakan, sabah

f,ast Malaysla

K . R . S .  P r o u d
Natlonal Parks 6

W1ld1ife off lcer
Forestry Departnent
Jalan Gartak

Kuchlng, Sarawak

A.H.K. bln Morlshidt
0.I .c.  Nat lonal ?arks

forestry Department
saral{ak
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SPECIES: Tonistona achlegel i

LEGAL STATUS: Protect ion ln soDe srates

CITES APPENDIX: I_-!arty

IUCN RXD DATA BOOK: Erdangered

l,lAIN POPUIn{TIONS: Loagan Bunut Lake, Tinjar
Sadong Rlver; Tasek Bera
(peninsula r  Mataysla )

PROTECTED AI-EAS r Tasek Sera Natlonal park

TOTAL IIILD P0PULATIoNT Unknol{In but depleted

TOTAI- CAPTM ?oPULATIONT Unknol{n

Louis RathnaE
Dlrector ce[era1
Natlonal Parks
P . O .  B o x  6 1 1
Kuala Lumpur

R.EFEP\XNCES: Webb 1978;

Davtd Labang
Natlonal Parks
Jalang cartak
Kuchirg, Sarawak

Mitchel l  1n l i t t ,

Davtd Labang
National Parks

e Wtldl t fe
Jalang Cartak
Kuchtng, Sarawak

Chai Yau Look
? . 0 .  B o x  6 3 3
Sandakan, Sabah
E. l talaysia

Chal Yau Look
P.0 .  Box  633
Sandakan, Sabah
East Malaysla

COUNTRY: Ma1aysla

Rlver, Barao, Sara\,rak;
Lake; ?ahang Rlver

K.R.S. Proud A.H.K. btn Uorishidl
Nat ional Parks & O.I .C. Nat lonal ?arks

Wildl t fe Off icer and Wi1d1lfe Sectton
ForestryDepartment forestryDepartnenr
Jalan Gartak Saravak
Kuchlng, Saranak

MANAGEMENT/C0NSERVATION EFFoRT: Mediun. I,ittle enforceeent

}'AIN THREATS: Iluntlng for: skins; habttar loss

CONTACT ADDRESSES:

Patrlck Andau
Gane Warden
P . 0 .  B o x  3 L l
Forestry Departnent
Sandakan, Sabah
East Malaysia

Louls Ratnao
Dlrector General
Dept.  Wlldl i fe and

Natlonal larks
P , o .  B o x  6 1 1
Kuala Lunpur
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I

a

a

I

a

a

a

a

a

COUNTRY: Italaysla

1 9 7 8 ) .  D i t t o  f o r
unconflrned rePorts

LEGAL STATUS: Reportedly exttnct (Wycherly 1r Webb
Brunel,  Vietnarn, Laoe. In Indonesla,
froE Suoalra, (a11nantat, and Java.

CITES APPENDIX: I--Party

IUCN RXD DATA B00K: Endangered

SPECIES: Al l igator slnensls COUMRY:

slnce 1958

Peopler6 Republ lc
of Chtna

LECAL STATUS: Reportedly protected

CITES A?PENDIX: I

IUCN RXD DATA BOOK: Endangered

l,tAIN POPULATIONS: Klen, Chure, Xuancheng t/an plovlnces (yanzie River)

PROTECTED AREAS: Unknor\'n

ToTAL WILD POPULATToN: Rennant fer"r; 300-500 in XuaDcheng provtnce

?oTAL CAPTM PoPULATIoN: 150-200

MANAGEIIENT/CoIISERVATIoN EIFoPJ: Mediuo. Need for protectlon and study
publ lc lzed

ITAIN THRXATS: Habltat loss

CONTACT ADDRESSES:

Dr. Huang Chu-Chlen
Departnent of Zoology
Pekir tg Inst l tute of Sclef lce
Peklng

REIERINCES: H. .  Canpbel l  pers.

Dr, Myrna Watanabe
141 Columbla Hetghts
Brooklyn, NY 1120I
u,  s .  A.

comn. 1979

SPECIES: Crocodylus pg:g!!g CoUNTRY: Peoplers Republ lc
of Chlna

IEGAI, STATUS: Unknolrn

CITES APPE\DIX: I
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IUCN RED DATA BOOK: Vulnerable

MAIN PoPULATIoNS: Canton (?)

TOTAL WILD POPUI,ATION: UnKnown,
Knangtun

CONTACT ADDRESSES:

Dr. Euang Chu-Chien
Departnent of Zool-oZy
Pektng lnst i t r l te of Sclence

SPECIES: c. !9I9!!q

l"EGAl- STATUS: Unknor{'n

CITES APPENDIX: I

IUCN RED DATA B00K: Vulnerable

l.lAIN POPULATIoNS: Though there are no
several stlal1 farns
rearlng crocodi les

po8slbly a rennant fen extst

Dr. Myrna Watanabe
L41 ColuDbla Hts,
Brooklyn, N.Y, 11201
U .  S .  A .

CoUNTRY: Tatwan

reported \r11d populat ions,
or real lng stat lods have started

ToTAL CAPTM POPI'I,ATION: Several hunalreal on snal1 farns

COMACT AIDRESSXS I

Karlhetnz Fuchs
Schi l lerstrasse
6257 Hinfelden 2
West Germa[y

RXFERENCES: Karlheinz Fuchs pers. coion.

SPECIES: qcocodylus !9!9!gg

LECAL STATUS: Unknorn

CITES A?PENDIX: 1

IUCN RED DATA BooK: Vulnerable

TOTAL WILD POPULATION: Nothlng known

UAIN THREATS: Unknor-n

CoUNTRY: Laos



254

sPEcIEs: !:gggry:lgg sianensis

I,ECAI, STATUS: UtlKnowll

CITES APPENDIX: I

IUCN RXD DATA BOOK: EBdangered

MAIN POPULATIONS: Unknor"'D. In 197B several
the Burroese GoverDneat

REIER-ENCES: Taw ard Moe 1980

SPECIES: lgSglq\g!9I9S:g

LECAI STATUS: Unknonn

CIIES A?PENDIX| I

IUCN RED DATA BOOK: Vulnerable

TOTAL WILD POPULATION: Nor kno'n; Webb
overexplolted

REFERXNCES: I{tebb 1978

SPECIES: !g9gg[\g jglggyg

LECAI- STATUS: Unknotrn

CITES APPENDIT: I

IUCN R.ED DATA B00K: Vulnerable

TOTAT- WII-D POPIII,ATION: Nothtng known;
ext lnct

specinens rere gtf ted to

CoUNTRY: Ranpuchea
a

a

a

I

a

a

a

a

I

a

I

COUNTRY r Kanpuchea

(1978)  says probably

COUNTRY: Vletnan

Webb (1978) suggests spectes

SPECIES: crocodylus porosus coUNTRy: Brunet

CITES A?PENDIX: I

IUCN RID DATA BoOK: Vulnerable

I,,AIN POPULATIONS I Not Knoan

TOTAL I,IILD PoPULATION: NorhinA knoFn; Webb (1978) says probably
overexplol !ed
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l,tAIN THREATS: Hunting for sklnsj habltat loss

COMACT ADDRXSSES:

Curator
Btunei lluseuo
Bandan Seri Begawan
Brunel

NOTE: Corflineal stghttngs tn 1977 by heltcopEer ptlots (!,tacKinnon ln
11r r .  1978)

S?ECIES: TonlsloDa schlegelli CoUNTRY: Indonesla

LECAL STATUS: Protected, expfol tat lon on.permit

CITTSAPPENDIX: I--PaTty

IUCN R.ED DATA 800l(: Endangered

l,tAIN PoPULATI0NS: Beran Rtver, Tanjung Redeb (N.8. r.alinantan)
Baduhuda River (N.E, Kalinafltan)

255

TOTAL WILD PoPULATION: UnknoFn but depleted

TOTAI" CAPTM POPULATION: Unknonn but belng

UAIN THR.EATS: Hunthg for sklns; collectloo
habltat  1o5s

CONTACT ADDR.ESSES:

Dlrector
Dlrecl(torat Perllodungan den

Pengatetan Afao
J1. 1r.  t i .  Juanda No. 9
Bogor
Indonesla

ieared ln Tsnjudg Redeb

of young for rearlng;

John MacKlnnon
Project Maneger
C/O UN:DP
P.O. Box 2338
Jakarta
Indonesia

SPECIES: !:99gy\g relg CoUNTRY: Indonesla (Sunarra)

LECAL STATUS: Protected, explottatton on permlt

CITES APPENDIX: I--Par!y

MAIN POPULATIoNS: Rlan Province, S. Kuba
Northern half  of  ts lard contalns sul lable habltat
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ToTAL WILD PoPULATION: Unknown but depleted

TOTAL CA?TM PoPULATION: !,€rn ar Stkakap vlllage on pagat, W. Sumarra

IfANAGEI.IEM/CONSERVATIoN EFFORT: Unknown. 550 sklns exporteit 1n 1978

ITAIN TURXATS: ltunting for skins; habltat loss

CONIACT ADDRESSES:

I

a

a

a

I

a

a

I

a

I

I

IUCN RED DATA BO0(: Vulnexable

l,lAIN ?oPULATIONS: Ujong Ku1on, W, Jave

mTAl, gIl-D POPULATIoNT Unknown but sertously deplered

I4ANAGEI'IENT/CoNSERVATIoN EFFoRT: Uaknown, 1400 skirs exported in 1978

}IAIN THREATS: Iluntlng for skltts; habilat loss

CONIACT ADDRESSES:

Director
Direcktorat Perllndungan den

PedgarretaI} Alan
Jl.  I r .  I t .  Juanda No. 9
Bogor
Indonesla

SPECIES: Crocodylus porosus

LEGAL STATUS: Protected, explol tat lon on

CITES APPENDIX: I--Party

Director
Dlrecktorat Perlfirdungan den

Pengawetan Alao
JI.  I r .  H. Juarda No. 9
Bogor
lndonesia

RITERENCES: Inskipp 1979

SPECIES I Crocodylus porosus

LECAL STATUS: Protected, explol tat lon on

John llacKlnnon
Project Manager
C/O UNDP
P . O .  B o x  2 3 3 8
JaLarta
Indonesla

COUNTRY: lndonesla ( Java )

perlllt

John MacKinnod
ProJect Manager
c/O UNDP
P . o .  B o x  2 3 3 B
Jakarta
Indonesia

CoUMRYT Indonesta (Su1alresl)

perolt
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CITES A?PENDIX: I--Party

IUCN RXD DATA AoOK; Vulnersbte

}4AIN POPULATIONS: MaTIaa RiveT

T0TAI- WILD POPULATION: Unkro$n bu! depleted (C.
fornd on Sulawesi [C,A.

I4AIN THREATS: lluothg for aklrs; habltat loss

CONIACT ADDRXSSES:

Director
Dlrecktorat Perltndungan den

Pengawetafl Alara
J1. 1r.  F. Juanda No. 9
Bogor
Iodonesia

sPEcIEs: ]I9!!4I!gg porosus

John }facKlnnon
P r ^  l A ^ f  M . n . d a r

C/O UNDP
P,o, Box 2338
Jakarta

COUNTRY: Indonesla (Ttnor,
Bal l )

257

6lanensls Day also be
Ross pers. coaa.I  )

LEGAI- STATUS: Protected, exploltation on pernit

CITES APPENDIX: I--Party

IUCN RED DATA B00K: Vulnerable

UAIN POPULATIONS: Jaco Is.  (S,E. Coast Tinor)
Fatu Berl ln lu (S. Central  Coast,  Tlnor)

PROTXCTED AREAS I Lore Reserve (S,E. Coast,  Unor)

TOTAL WII-D PoPULATION: Unknown but depleted

IrAIN THREATS: Hunttng for sklns; habltat  1os6

CONTACT A.DDRESSES:

Dlrector
Dlrecktorat Perllndungan den

Pengawetan Alan
Jl.  I r .  H. Juanda No. 9
Bogor
Iodonesla

John Uacl(lnllon
Project Maoager
c/o UNDP
P.o. Box 2338
Jakarta
Indonesta
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sPEcIEs: glgslsuu !9I9!!q CoUNTRY: Indonesla
((al inoanran IBorneo] )

LEGAL STATUS: Protected, exploi tarton on perni t

CITES A?PENDIXI 1--ParIy

IUCN RnD DATA IO0(: Vutnerable

A-tI \  POPULATIONS: Banuouda River

PRoTECTED AREAS: Kutai Nature Resetve

ToTAL WILD P0PULATIoN: Unknos,n but deplered

I.IANAGEMENT/CoNSERVATION EFFORT: Unknorrrn. llOO sklns exported 1n 1978

l, lAlN THREATS: Hunt lng for sklns

I

a

a

a

a

a

I

I

a

I

I

CONTACT ADDIIXSSES:

Director
Dlrecktorat Perl indungan den

?engawetan Alao
j l .  I r .  E. Juanda No. 9
Bogor
Indonesia

REFEPJNCES: Insklpp 1979

NOTE: Conslderable good habitar

John llacKlnnon
Prolect Manager
C/O UNDP
P . o .  B o x  2 3 3 8
Jakarta
Iadonesla

SPECIES: Crocodylus porosus

LECAI- STATUS: Protecteil, €xploitation on penntt

C1TES APPENDIX: I--?arty

IUCN RED DATA BOOK| Vulnerable

TOIA.L WILD PoPULATIoN: Unknov.n but depleted

MAIN THRXATS: l{untlng for skins; habltat loss

COUNTRY: Indolesla
(uoluccas)
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CONTACT ADDRESSES:

Direc!or
Dlrecktorat Perltndungsn den

Pangar,relan Alan
j1. I r .  H. Juanda No. 9
Bogor
Indonesla

John llacKinnon
Project Manager
C/O UNDP
P.o. Box 2338
Jaksrt:
Indonesia

SPECIES: Crocodvfus Dorosus COUMRY: Indon€sta
(I t lan Jaya)

LEGAL STATUS: Protected, explol tat lon by pernlr

CITES A?PENDIXI 1--Party

IUCN R.ED DATA 800K: VulDersble

MAIN POPULATIONS: South coast 1n general and i.slar.d of Pulau Dolok in
part lcular
}IaEboraroo Rlver delta (north)
Teluk Beran (l,taccluer Culf)

PROTECTED AREAS: Lorentz River Reserve, proposed Mardborano R. Re€erve,
Pulau Dolok Is land, Wasar Reserve (eas! of  Uerauke)

T0TAI WILD PoPULATIoN: Unknown but signlftcantly declined

TOTAL C.{?TM PoPULATION: 500-1000 on vtllage ard comerclal rearing
faros for skln exporrs

MANAGEMEM/CONSERVATION EIFORT: Mediun. Protected 116t but no
enforcement,  s lze l ln irat lon 2500 sklns
exported ln 1978

MAIN THRIATS: Huntlng for sklns

CONIACT ADDRISSES:

Dlrector
Dlrecktorat Perltndungair den

?eDgalretan Alao
Jl.  I r .  E, Juanda No. 9
Bogor
Indoneeia

RIFERENCES: Bloirer pers. coEn.;  Lever pers!

John l,Iac(lnnon
Project Marager
C/O UNDP
? . 0 .  B o x  2 3 3 8
Jakarta
Indonesla

coon.;  Inskipp 1979
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SPECIES: qgggufgg n! novaeguineae

LEGAL STATUS: Protected (Mtnl8ter lal
exploi tat ion on perni t

CITES AI?ENDIX: Il--party

IUCN RfD DATA BOOK: Vulnerable

},IAIN POPU]-ATIONS:

lleervlakte plalns
l,tanberano delta

COUNIRY: Indonesla
( Ir lan Jaya)

327 /Kpts /rJvt/ 5/t 978),Decree No.

a

a

I

a

a

a

a

a

a

I

I

S I Z E T STATUS:

decreaslng
decreastng

?ROTECTED AREAS: Lorentz R1ver

TOTAL WII,D PoPUI-ATION: Unknol'n

TOTAI CAPTIVE POPUIATIoN: 4000

MANAGEMENT/CONSERVATION ETFORT I

ltAlN TIREATS: Huntlng for sklfls

CONTACT ADDRXSSES:

Director
Dlrecktorat Perlindungan den

Pengawetan Alan
J1. 1r.  H, Juanda No. 9

Reserve (South-central)

on v111age and connercial farns

} ledluB. Protect ive leglslat lon enacted
but 1l t t le lnpleoentattor.  Recent
survey by UNDP/FAO consultant. 22,OOO
skins exported in 1978

John MacKtnnon
Project Maoager
C/O UNDP
P . 0 .  B o x  2 3 3 8

Bogor Jakarta
Indonesla IDdonesla

REIEPGNCES: Dlower pers. conn,;  l ,evel pers. conrn.;  Van der Zon and
Mulyana 1978; Inskipp 1979; l ,ever 1980

SPECIES: C. novaeguineae nlddorensis COUNTRY: Phlupptnes

LEGAL STATUS: Unknol'n, appalently unprotected

CITES A?PEI{DIX: 1

1UCN RED DATA BOoK: Vulnerable
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}'AIN POPUI.ATIONS.

CONTACT ADDRNSSES:

C. A. Ross
c/o Dtv. ,Axophibs. 6 Rept l les
Nattonal Museum
Snlthsonian Inst i tut lon
washlngton, D.C. 20560, U. S.A.

llifldoro orlental
Quezon ?rovfirce (l-uzon)
}flndanao Island reportedly large

STATUS:

In general ,  cr i t leal ly
endangered accordlng
t o  C ,  A .  R o s s  p e r s .
coum. 1980

COUNTRY: Phtlipplres

26r

S I Z E :

PROTECTED AREAS: Unkoonn

TOTAL WILD PoPOLATIoN: Unknown; soEe populatlons extinct, others
Pressurlzed

TOTAL CA?TM PoPULATIoN: 6-10 knol'n

MANAGEMENT/C0NSERVATIoN EFFoRT: Poor. philtppine Flsheries Research
Society plannlng to create a "crocodl le
nurseay .at the Agusan Marsh on
Mlndanao

I,AIN TnREATS: Ituntlng for sklns; habilar loss

Bienventdo Y, Dat ingal ing
Chief Flsherles Blologist
Bureau of Flsheries
Intrsmuros, Mani la
Phi l ippines

I PdFERXNCES: Whltaker 1978; Webb 1978; Ross pers. comn. 1980

NOTE: The report  of  C. n. Eirdorensls 1n the Carol lne Is lands has yet
to be conflrneA. 

-rt--iF-ifE;Ty 
crra r g. fglgjlg ts found tnlartt on

this ls land as observed ln lnland crater lakes and streans on
lslands in PaDua Ner,, Gulnea

t

SPECIES: Crocodylus lgplIg

LEGAI- STATUS: Uflknbnn, appaaently unprotected

CITES A?PENDIX: I

IUCN RID DATA B00Kr Vulnerable

MAIN POPII,ATIONS: Palawar( ?),  Mtndoro(?)
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CONTACT ADDRESSES:

C. A. Ross
c/o Dtv. Anphtbs. d Rept i les
Natlonal Museun of Natural  History
Snlthsonian Inst i tut lon
W a s h i n g t o n ,  D , C . 2 0 5 6 0 ,  U .  S . A .

s?EcIES: !:gggLbg porosus

SPECIES: Crocodylus porosus

LEGAI- STATUS: Export of sklns over
neasurenent ) banned

CITES APPENDIX: II--party

IUCN RED DATA BOoK: Vulnerable

Bienverido Y. Dat lngat ing
Chief Flsheries Biologist
Bureau of Flsherles
Intranuros, Man11a
Phi11pplnes

COUNTRY: Solonon

IEGAL STATUS: Crocodi le sklns under 50 cio l r ldth cannot be sold
farn raised crocodl leE (Statutory In6ttunent No,
4.11.77, Fisheries fAnendnent]  Regulat iolr ,  1977)

CITES APPEMIX: I

IUCN RED DATA BOOK: Vulnerable

PROTECTED ARXAS: A11t l l  Is.  (Three Stsrer group) -  pr lvate

T0TAI- WILD PO?ULATION: Unknok'n

ToTAL CAPIIVE PoPULATION: Ullknor,,n - sone on learlng farns

MANAGEMENT/CoNSERVATION EFFoRT: Medium. Law exlsts but snuggltng
reports -  law opposlte to PNG'S
leavlng btg 1oopho1e. One dealer
exporLs about 600 sktns per year,

MAIN IIiREATS: Hulrtlog for sklns, unpopularlty a.norg lslanders

CONIACT ADDRESSES I

Mlnlster for:  Ft6heries
Honiara

RIIERENCES t/ebb 1978; R. Shaw 1979; Srone 1979; Cross 1980

Islands

except
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COUNTRY: Papua New culnea

510 rcl l  1n wtdrh (be11y wldth
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MAIN PoPULATIONS: Sepik Provtnce; t'Iestern province; West NeI' Brltlan
province; Bougatnvtt le provtnce; Mi lne Bay provlnce;
eutf provlnce

PRoTECTED AREAS: Tonda Wlldltfe Management Area; Alrd Hi11s

TOTAI WILD POPULATION! Unknonn

TOTA]. CAPTI\E POPUI,ATION! 3 - 4.OOO

UANAGEMENT/CoNSERVATIoN EFFORTT Monttortng progran belng f ornulateal ;
p u b l J c  e d u c a t l  o n ,  f a m i n g  r e p l a c i n g
huntlng, captive br:eedlng and
restocking belng pushed. 7,I50 6kins
exported annual ly for past elght years

UAIN THRXATS: overhuntlng 1r soEe areas
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CONIACT ADDRESSES:

Navu Kwapena
Dlrector
Wildl i fe Divlston
Ward's Str lp
Watgard

Melvtn Bolton
?roject l,lanager
FAO/UNDP Crocodi le Project
P.0. Box 3041
Port Moresby

Mlio Laufa
O,I.C. Nat lonal

Crocodl le
Project

P . o .  B o x  2 5 8 5
KoDedobu

Guinea

Export

RXFERXNCES: Webb 1978; Whiraker 1980

SPECIES: qgcodylus n, novaegutneae COUNTRY: Papua New

LEGAL STATUS: Crocodt le (Trade) protectton Act,  1969. Trade and
of skins over 510 tun (20,.)  connercial  bel ly wldth
prohtbi ted

CITES APPENDIXT 1l--parry

IUCN RED DATA BOoK: Vulnerable

MAIN POPU].ATIONS:

East and West Sepik Provinces
liladang Provlnce
Western Provlnce
Central  Provlnce

S I Z E :

larg€
large
large
large

STATUS:

appears stable
aPpears stable
appears stable
appears stable

PRoIECTED AXIAS: Tonda l,Illdlife Uanagenent Area

TOTAL WILD POPUIATTON: Unkno\,.n but could be several hundred rhousand
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T0TAr, CAPTM PoPULATION: 14,000

UANAGEI4ENT/CONSERVATION EFFORT: Excellent. Major nanagenent prosran
wlth IAO/UNDP assistance, IUCN advtce.
30,0O0 sktns exported annual ly for past
I years

IIAIN THREATS: (t11Ing adults; egg consunptlon

CONTACT ADDRNSSES:

a

a

a

I

I

a

I

a

I

a

a

Navu Kwapena
Dlrector
Wild11fe Dlvis ion
Ward I  s Str lp
Watgani

R.EFERINCES: webb

Melvln Bolton
Project Menager:
IA0/UNDP Crocodt le
P.o. 3ox 3041
Port Moresby

1978; lhi taker 1980

Miro Laufa
0.I .  C. Nat lonal

Crocodi le Project
P . 0 .  B o x  2 5 8 5
Konedobu

Project

SPECIES: Crocodylus porosus

LEGAL STATUS: Unknown

CITES APPEMIX: I

IUCN RED DATA BoOK: Vulnerable

T0TAI, WILD ?OPUI,ATIoN: Nothlng known; Webb
redrced

SPECIES: crocodylus !9-g!g

COUNTRY: Net. /  Rebrides

(1978) says 1lkely severely

COUNTRY: llestern Carollne
Islands (Palsu)

LEGAL STATUS: No protect lon

CITES APPENDIXI I

IUCN RED DATA B00K: Vulnerable

PROTECTED AREAS: Unknor,rn

TOTAI WILD POPULATION: Unkro&.n, reportedly "relartvely coneon" tn 1975

T0TAI- CAPTM PoPULATIoN: One adult, 10 luvenlles ar Entonology,
BabelthaoP
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MANAGEImNT/CoNSERVATION EFFORT: 1975 about 300 sklns exported by one
h u n t e r .  N o r , r  I 0 - I 5  c a u g h r / k i t l e d  p e r
ronth ln Airal and Koror Munlclpalltles
by four hunters of the Is land Crocodi le
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Farm Center

a n d  m e a t ;  l i t L l e  s u i t a b l e  h a b t t a LMAIN THREATS: Hunting for skin

CONTACT ANDRESSES:

Research off lcer
Entomology Departnent
Babelthaop, Palau
Weatern Carol lnes

RXFEMNCES: webb 1978; Inskipp

Hashida Kebekol
Ieland Crocodl le FarE Center
Aira1, Babelthaop
Palau, Western Carol lnes

1979; Kebekol pers. conm. 1980
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HUSBANDRY 0F oRINoCO CROCODILES (Crocodylus tnternedius) IN ITNEZUELA

]NTRODUCTION

The Orinoco crocodi le has been decl lnlng towards ext lncr lon for about
four decades. By 1946, when ne spen! 16 days tn the area of the Is lal td
of Pararuma, close to the conf luence of the Parguaza and Ortnoco r ivers,
tales about l ta pa6t abundance rere being told. f  At rhe conference
that ulote the Conventlon on Internatlonal lrade in Erdangered Spectes of
I ' I l ld Fauna and l lora, held in Washlngton, D.C.,  dur lng early 1973,
Crocodylus lnterEedlus was llsted under Appendlx 1 as a "Species
ThreaEened wlth Ext lnct ion, '

Tonas 81oh0

Apartado 69, Carscas 1010-A, Venezuela

Although off lc ial ly protected ln Venezuela, and ln 6plte of
lnternat lonal Deaaures, 11tt le Dore than an occaslonal conf lscat loo of
hides and the prosecut lon of t raders actual1.1'  takes place. I{unters are
alEost never caught 1n the act of  poachlng, and the sale pr lces are so
attract lve that f lnes do nor serve as a dererrenr.  Jal1 senterces are
no! al lowed under Venezuelars r ' l ld l t fe-protect lon lau.2 Campatgns to
pro&ote awarenesa of r,'t1dl1fe have nor really reached the hunters or
poachers. The vastness of the Venezuelan and Colonbian Orinoco Basln
doe6 not perElt  ef fect lve survei l lance. I t  ts a fo11y to bel leve thar
protect lve neasures nay al lor the specles to ever recuperate natural ly;
nan ei l l  cont lnue to shoor or t lap C. lnternedlus on sight.

Survlval  of  nature crocodt les ln rhe ! , r i1d depends on how wel l  rhey
can elude dan, and on their  presuned longevtty.  Heavl ly pursued adutts
cannot piotect their  nesr lng sl tes nor the hatchl tnas. The adults 1n rhe
thtnly spread remalnlng popularton nay nor always be able to f tni t  each
other to breed. I tolJever,  hope should not be gtven up. Urgent practtcal
al ternat lves to preserve Crocodylus lnternedlus rnust be tnplenented.
Relntroduclng l t  lnto a natural  habitat  !1111 EEke sense onty 1f ef fect ive
protect lon ls prevlously establ lshed ln such an area. I t  16 no
exaggerat lon to sngge€t thar efforts should be nade to at least "DostDone
ext lnct lon. "

Expedlt lon of the
1 9 4 8 ) .

Ley de Protecclon
100-124,

Socledad de Clencias

a la  Fauna St lvestre,

Naturales l ,a Salte (Blohm

11 August 1970. Art lc les

2 6 7
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The naln putpose of thls paper is to prese[t  suggest ions thar nay be
of aid ln the prevent ion of the ext lnctton of these crocodl les. Flrsr,  I
i rould l ike to suggesr rhat arrenpts ro ser up connercial  farrdinq shou_Ld
not be al lowed for a species that has alnost vanlshei l ,  and lrhos; genet ic
pool nay already be ln6uff ic ient for actual preEervat lon.

Non-blofogtcal  obstacles seen ro be the biggest problens. For
exanple, the procurexoent of funds for a sound project destgned for a
vlable sl te,  and the f indlng of a capable exper!  to do the Job.

the biologlcal  problens can be solved, and they $ere at the . .parque
Loef l lng, "  Puerto Ordaz, Venezuela (corzula et a7. 1977) 1n spl te of the a
paucity of specif ic inforDarton about the ecology of C, inter;edius
Reproductlon occurred there severat tln€s unttl bolh EreEiii!-iEIEE were
l o s t  ( 1 , e .  o n e  e s c a p e d ,  o n e  d i e d ) .

MSTING SITES AND NESTING BEHAVIOR

My personal observat ions of Crocodylus lnternedius nest lng involve
four si tes ln the wi ld and rwo tn capt iv i ty.  Near tE; vtuage of
Canatagt]a, State of Aragua, I  own a prtvate 996 ha r ' i ld l i fe refuge ea11ed
Hacienda Refugio de Fauna E1 Paratso or the shores of atr  art t f lc lal  lake
(Enbalse de CaDatagua) at 300 m above sea leve1. l tere I  bui l t  the
conpound in whtch I  keep ny breedlng pair .

Nesttng 1r the Wild

In 1946 r 'e found a nest of  C-,  internediuq on the col lapsing edge of
the sandbar "Playon de1 lreaio" neai:ff,i- Gliid of pdraruna 1n it. o.r.,o.o
Rlver,  I t  was belng act ively eroded by rhe r lstng waters. The eaa
chaxDber vas about 76 cn below the surface of coarse-pralned sand.
Iootpr ints of an adult  crocodl le l rere presenr and paietal ly vashed out by
the waves. The 6and was very hot alrd there were several dead hatchllngs
on l t .  Croaklng of hatchl tngs drea'  our artent lon, and cre dug tnto the
already natural ly opened nest.  As we Ufted up a few eggs th€.e l ras s
"tr igger effect,"  and the harchl ings l i rerat ly junp€d through the egg
shel l6,  leaving relat lvely sna11 exl t  ho1es. l te phoEographed a pair  of
twlns as they energed f lom a sl ight ly elongated egg. The co[tents of the
nest were not counted because the boat owner lnststed on leavlng. I te
bel leved the feDale I 'ou]d defend her rest and "eat her hatchl inss.--a
coEmon popu-lar be1 tef--bur she never appeared.

We tr led to force the hatchl ings tnro the water or back into the nest
chamber so they vould nor die on the hot sand, but they contlnued to rush
onto the 6and. Their  croaking iras clear ly audible. The she1ls of the
unhatched eggs showed no cracks, but af ter ecloston the br i t t le calcl f teal
layer easi ly crurf tbled off  the she1l nenbrane. The egg6 vere as rough as
sandpaper.  Thls nest provided lnfonEtton useful  for future. teference:
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(a) l t  wa6 located at the edge of rhe water,  (b) 1n deep ssnd, and
(c) the hatchhngs dld not votuntar i ly enter the ! .ater.  6n 24 May 1980,
the date of eclosiod of ny capt ive C. tntersedlus describeal beloe, one
hstchltng swaE into the nourh of tht f;;;G-l;; effort to cttnxb on her
head. The harchlldg reinalded for about one ndnute between her Jaws,turned around, spent another nlnure I ' i th 1ts head protruding froo her
teeth, and then sllpped lnto lhe \rqter for a[other try. Th; fenale
tolerated the hatchl lng. Eence there may be good rea;on to pay attent ion
to such popula! beltefs. Sintlar carrylng of young has been r;ported 1n
C. ni lot lcus (Pooley 1978) and C. scutus in r lor ida (ogden 1973).

On 29 July 1980, I-uis Feltpe parls, Luts lrendoza, and I founat three
C. lnternedlus ne6ts on an ls land td the CaEatagua reservolr .  Because
crocodlles today ate usually unable to elude nan, 1t tsas gooal news to
f lnd nore thar one nest in an art i f lc lal  lake l rhere nuch ioat ing,
flshltrg, alld poachtng tak€ place.

the sol l  of  the nest lng sl tes--schlsrs of nera,norphic rock 0dxeat with
clay-was certalnly not the sand Orlnoco crocodl les noroal ly use, C,
rgteroei ius does not srr icrty depend on sandy beaches fo! nesttng,;6 had
always been assuned. In 1951, Itugo ttartllla found a neat on a h111 on
whlch the Arlporo River had swept logs, branches, ani l  debrts.  ?hIs rest
has been butlt in "cat!!€n fashlon,,' and there was no sandy beach near the
nest,  onfy gravel and clay (Medem 1976).

269

The fenales had used a road bul1t dur lng August 1979 along rhe edge
of the water,  on nhat had been a steep ht1l  before the reservl i r  was
ftUed in 1969. The slope of rhe ht l ls ide has an angle of about 40.,  and
the road caused severe eroston. Several  t rees had been bul ldozed hto
the water,  and aquat ic vegeratton f loated into the bay. The nesr
chanbers were very clos€ to the fornerly vertlcal cut loade bv the
bul ldozet,  and eroslon had caused Elnor landsltdes on al l  nests.  tn
Jaduary 1980 I  v ls l ted the ptace, and sl te of ol te nest was subnergeat.
AJter col lect lng the fragnents of the she1I nembranes, analysls revealed
that ecloslon hed occurred ln the thtee nests. The distanc; l ras 29 n
between nests No, 1 and No. 2, 27 n bet lreen No. 2 and No, 3, thus dearly
equldistant.  There were depresslon6 nex! to al l  three nests, but becau6e
the ground was nost uneven, they nay or nay nor have been false nesEs,

Durlng June 1980, Colonel Leandro porenza saw slx hatchl lnss 3 kn
aouth of the sl te of the nests. In 1971 I  sau three crocodl le;  16 krn
eastlrards, and tn 1972 a poacher ki11ed one about 9 kD eastwards. The
recent diacovery of these three nests and Colol lel  potenza,s lnfornat lon
certalnly cal ls for of f lctal  protect ion of the CanataAua reservolr .
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Nesrs 1II  Capt iv i ty

Site Test lng for Fea61b111ty of Capt lve Breedlf lg tn the Orlnoco Crocodt le

No art i f lc lal  envlronment c.an fuUy replace a natural  habi lat .  but i re
can ofter select a sl te whete rhe specles ts st1l1 found or where i t  had
existed. 1f  such a place cannot be obtalned, a sire should be setected
1n lrhlch a nuEber of factors found 1n natural  habltats appear to be
present.  At Canatagua ve had seen Orlnoco crocodi les stnce 1971, but dld
not see evldence of reproduct loD unri l  1980. Other specles of r .11dufe
found ln crocodl le habitats wele present and reproduc;d natural ly.  We
found a Des! of C. crocodilus crlggg:Igg used durlng tno consecutive
yea rs, hatchlins; o?-!-Io-.t or sEl@19 carbona;ra, an abundanr
populat lon of Podocnenis vogl l  rurr tes, and tgua;as. In 1971 rde
collected a reFfrgs or cl-ii-ruonaria, ptaced then 1n a petroreun drum
flued !,'ith sand, ard fe?t Tl-iitaoors where-'the 

",_rrr..".h.d 
it r.o,

Iroont lEe on. After f ive i0onths the f l rst  hatchl ings energed, thus
provldlng lDdirect lnforeatlon about what could have haDDened 1f we had
I  n c u b a  t e d  c r o c o d l l e  e a g s  l n s t e a d ,

7n 7972 I  not lced calnan hatchungs in one of rhe tagoons lut l t  for
catt le;  ln 1974 l4ark A. Staton (Texas A & M Udiversl ty) released calnsns
1n another such lagoon, where they bred successful ly tn 1977. These
released calnans had been incubated and ratsed art t f ic lal ly.

Dr.  Pedro Trebbau suggested I  bui ld an art l f ic ial  lagoon for Ortnoco
crocodl les, snd in 1973 I  dld so. A nesnder of the Canatagulta Rlver rra6
deepened lr l th a bul ldozer,  and vegetat ion rdas al lolred to grow back
natural ly.  The heavy so1l did not seen f i t  for nest ing, al}d f tve cublc
r0eters of sandy gravel were dunped on a sunny 6i te close to rhe lagoon.
Iguanas began to nake use of the Eound frox0 then on, aflal thelr egg shel1s
and hatchltngs were observed several  t lnes. Thus, the art i f tc lal  nesrtng
sl te had been "tested," and s'e had addit ional reasors to exDect success
lt l th Orinoco crocodl les.

Searchlng for a Breedlng Pair

The search for a breedtng patr of  C. internedius cont inued. I \Jo
nature crocodtles were offered ty tr. GrT6!-IngIllE and Ricardo zuloasa,
but for udknown reasons borh dted before I  received thern.

In 1974 the 61te was fenced tn wtrh rdre ne6h. In 1977 Eueenlo
l tendoza offered FUDENA (Fundaclon para 1a Defensa de ta l iaturaieza) three
Orlnoco crocodi les, none of nhlch had been sexed, k 'hlch had been ralsed
together ln his pr lvate cht ldren's zoo a! a ceEent factory tn
Pert igalete. FUDENA transferred the offer to ne, aDd the crocodi les rrere
transported to ny farn, Haclenda Refugio de launa El paraiso. One
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specinen arr lved during the last qsarter of  7977, t ] . .e second one dled tn
the Zoologlcal  carden of Las Del lc ias (Maracay) due to a tuDor on t ts
upper Jav, and the lhird one arr lved ol !  23 January 1978. The 1a..er l ras
sexed ancl neasured by R. Godshalk and tuhed out to be a nale ldth a body
length of 3,5 d. The f l rst  one r i ras a fenale with an est inated body
length of 3.0-3.2 n.

Thelr nerd captlve envlronment consisted of a tagoon dug dor.,n to the
uater 1eve1, about 60 n long and 10-12 n l r lde. There ts a gal lery forest
to l ts south a$d brush along 1ts southern, western, and northern edges,
sonle of whlch overhangs the $ater. The eastern slde conststs of a
clearlng covered by grasses, weeds, and sone bushes. The nound of sand
is located on this clear lng at a distance of about 4 D fron the lagoon.
The perlEeter fence encoEpasses about 0.5 ha. The sl te looks l ike a
natural envlroDnent with hlding places both in the fagoon and on la[d.
The height of  the fence is 1.83 m, wlth t ts upper part  bent l f i tards. A 5
cm guage wlre t / 'aa uaed.

Drr lng the ralny seaso[ the r lver occaslonal ly f lo lrs over the s{te.
thu6 replaclng lhe water of the lagoon. In 1978 a f lssh f lood tore dol ' I t
the fence, but the crocodi les renalned ln th€ir  netr ly accepted t€rr l tory.

The Orlnoco crocodl le pair  bred unsuccessful ly dur lng the f t rst
ne€t lng s€asotr 1n 1979, but were successful  durtng the second breedlng
season ln 1980.

Nesrlng

The depth of the nest egg chanbers of Ey capt lve breedlng patr var led
throughout the lncubatlod perlods; sard had been added to and subtracted
fron both the real and rhe fs lse nest6 in 1979 and 1980. Three false
nests tn 1979 and t ! l 'o ln 1980 r{e!e located at distances of no nore than
1.83 n. Such addlng and subtract lng of sand occurred trot  only after we
had done sone excavat lng 1n an effort  to locate the eggs, but also when
there had been no hunan dtsturbance. Even after the fenale was already
guardhg her young, hatched on 24 May 1980, sand nas added to the enpty
nesi at  ao6e date between 13 and 24 June 1980, 1.e. f ron 20 to 3t days
after ecfoslon. In Caracasr I  keep a breedlng palr  of  CalEan crocodi lus
crocodi lus that also added nesring natertal  to the nest-.  I  sul l l - i I?--
neat lng mater lal  at  a dlstance of 2 n fron the nest.  and on t l ro
auccesslve nlghts the voluDe of the nest had been conslderable
lncreaEed. l latchl lnge !re!e later obtained (B1ohn 1973).

Knor,riDg the depth of a [est nay be 1e6s lErportant than knowlng that
at least capt lve Orlnoco crocodl les dedlcate part  of  their  t lne to
reshaplng nest lng sl tes, at td that such reshaptng lray not only affect the
tenperature 1r l  the egg chanbers but also fu1f111 other btologlcal
funct lons that l tkely affect hatchtng success. thus 1t probably is best
not to diaturb nests throughout the lncubatton perlod. Hunan
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intervent ion should be 1ftoi ted to bui lding a fence around the enErre
coinpound, to exclude predators. Measurements and counts can ahrays be
taken after natural  ecloslon has taken p1ace.

Sone diggtng by the parent crocodile seeEs to aEount !o the
explorat ion and select lor of  eventual nest ing sl tes. Through
observat ions of the fenalers behavlor we were able to ant lc lpate events
that actual ly happened later on:

1) As early as 8, 9,  and 12 Septenber f978, about 3 nonths before
the laylng season, the female becaDe aggresstve rshenever rue stood
betlreen the fagoon and the nould of sand or behind the site she
later used for nest lng.

2) Drr ing the f i rst  week of Deceober 1979, about one nonth before
the nest lng season, we found two excavat lons on the nesttns sl te.

3) In 1980 she used the sane nesttng side she had u6ed in 1979, and I
the egg chaEber was found exactly on the sane spot lt had been
the year before, but one foot deeper.

4) On 3 and 15 March 1980 the fenate cal idty approacbed my asslstant
as he q'as searchlng for eggs. 0n both occaslons she cl inbed on
L  e  n e s L f n a  s 1 E e .  a

5) Throughout the nest lng seasons of 1979 and 1980 borh rhe r0a1e and
the fenale were frequenrly seen on the nest lng 61te.
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a

a

a

a

I

a

a

a

Apparent ly a strong l ink exists between the C. inter.oedius fenale and
the general  nest ing area, and f lot  just dur ing th;  a-ctual f t r .nbrtron
period. observat lons of ny caprtve fenale indtcate that lnterest 1n the
nest lng afea seehs to last about 10 nonths--froD early septernber to
June, (The fenale launched our of the lagoon, crossed the nesrlrg srre,
and cornered my asslstants agalns! the fence on 12 Septerber 1979.)
Since basl i tng on the nesring si te \a7as observeal at  any t lne of the year,
the flesting slte llt the coDpound seens to be about as tn0portant as the
lagoon.

Shce 1977, when the feDale was f i rst  inrroduced lnto lhe capt lve
coEpound at Canaragua, af ld also after the nale was released tnto 1t on 23
January 1978, we not lced changes in the r , ' tdth and height of  the nest
conslructed frorn the art l f lc lal ly provtded nest lng nater lafs.  Hence a
certaln anount of shoveI l lng, r :eshaplng, and dlggtng was evident tn ny
conpound. The actual acr lon of addlng and subtract lng neEttng nater lals
was not observed.

On one occaslon after we had exanlned €11 the nests, the false ne6ts
were repalred befo.e the real nesr.  Repatr of  the false nests caused rhe
col lapse of two burrows, probsbfy dua by tegu l tzards (Tuptnanbus
nlSropunctatus),  whlch had reached the egg chamber. pr-edat lon caused the
loss of an egg found enpty oIt 13 I'Iarch, and a16o of twelve eggs found on
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27 Apri l  1979, the day the egg chanber was f tnal ly found. The col lapse
of the6e tunnels prevented furlher predation of the reloainlng 15
lnfert t le eggs, which we col lected on 12 l , Iarch 1979.

The false nests had decetved us. In 1979 the rrre nest ar ld egg
chanber \rere found by fol lowing the predatorEt tunnel;  1n 1980 we vere
not able to f tnd the real nest unt i l  the day of ec1o61on.

Behsvlor and Aggresslve of the Breeal lng Palr

The crocodlles never trled to clinb the fence. I{rhen lhe fenele l{as
f l rst  introduced lnto the conpound, she lralked frequent ly along the fence
and across the enclosed terr i tory,  crosslng the forest,  the elearlng, and
the art l f lc lal  nest ing si te,  and we never knelr  where she !ras. Several
t imes we dlscovered her on land after hearing her hlss. l ler t ral ls rere
clear. ly v is lble,  Durlng lhe f i rst  week she cleared a wel l  htdden basking
slte, not vi51b1e fron any point of the fence, on a reduced sunny spot on
the edge of the lagood and the gal lery forest.  She had also vtst ted and
f lat tened the art l f lc lal ly suppl ied nound of sand. The rral l  between the
Lagoon and the nound of 6andy gravel renalned. The other tra1ls trere
Eoon overgrown by vegetat lon, A! f l r6t  she approached us durldg feedtng
tlne, then she becaEe reserved and htd under the overhanging vegetatlon
at lhe \resterlt end of the lagoon, plcktng up the food only after rrre nere
out of stght.

For several vreeks we could not even locate her and we began !o wonder
1f 6he had escaped. On the afternoon that the nale l ras introduced, she
stat loned herself  ln the center of the lagoon and tatched the unlosdtng
procedure. After the nale had been untied, he headed slor'1y for the
nater,  and th€ fenale approached hin. Their  heads tere factng each other
at a dlstance of about 61 cn. Then she turded and both sr'an slon1y
to\,rard the hlding place at lhe weslern end of the lagoon, There r,ras no
doubt that th€y hsd recogntzed each other.

Slgna of act lve paclng along the fence and through the terr i tory were
egain observed after the arr lval  of  the xdale. On the nexr day, both
crocodi lea used the sane basklng sl te the female had beett  uslng. A
second basklng sl te was later bu11l f ron a nound of sand intended by us
to be thelr  nest lng sl le.  I^thenever re entered the enclosure, the pair
nould dlve lnlo the lagoon. After a l lh l le only thelr  nasal turretg
surfaced.

Later,  ln an atteopt to feed the crocodl lesr I 'e releases ducks,
rabblt6,  and three young goats hto the enclosure. the goats used the
crocodl les l ike 1ogs, junping on then and I 'a lktng over thelr  backs. The
f lr8t  to dlsappear were the two cainan6 or lglnal ly present ln the
lagoon. The ducks grerr wlng feathers and f1e!r  of f .  After a couple of
nonthE two of the goats were found ki1led but not eaten.
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I  spent the foUowing nlne reekends trying to get the pair  used to
just one feedlng s1te. I  tnl tated hatchl lng dlstress ca11s to atrracr
then, but there qlas no react ion. I {owever,  they dtd react to iEttar ions
of their  coughs. The nale was always the f t rst  to approach the edge of
the lagoon. He caught neat throFn at hfuo, but vrasted rouch of i t .  Meat
deposited oll land rlghr next to the water had to be .ooved lJtth a lone
st lck to draw his attent lon. Flsh thar were st i l l  f l tpping dld artr ;ct
hln, but were too slippery. Both were capable of picklng up even very
snal1 pleces of rneat by ustng their  teeth l lke pincer:s,  shorr lng
surpr ls lng f lexibt l t ty of  thetr  recks. Durlng feedlng t lne, the feDale
tended to remain in lhe background, and rhe nale chased her .alray rrhenever
6he oanaged to catch prey ne had thrown to her.

Chicken turned out to be rhe rnost deslrable food l ten: their
wlng-f lapptng after ne had jusr ktUed rhem troDedlately atrracted th€
crocodl les, Not only dtd the hens solve the food problen, but the
crocodi les also began to abandon the lagoon to ptck then up at ld they
becane readi ly vls ible.  In addtt ton, undete6ted food no longer pol luted
the lagoon.

Nov they lrere conditioned to strin to the feeding site, lrhere they
waited for food, But sinply "wait tng" rras not always the case; l t  nore
ofter tended to be an irdpetuous chase for food or a vtolent approach that
turned the feeding 6i te lnto a danger zone for stra[gers. Hor"/ever,  s lnce
they were not fed anywhere else along the lagoon, we were able to walk
around l t  and ldent i fy "safe" and ' .unsafe.,  

areas wlthtD the conDound.

Aggression seened to depend on severst facrors, l rhich were ror
constant throughout lhe year 1n ei ther the nafe or the feDa]e, I t  seened
to vary according to the object of  aggres€toD, the 61te where t t
occurred, and the phases of their  year: ly breedlng cycle,

A change tn aggressio[ was f l rst  observed on 8 Decenber 1979 between
the nale and tbe fenale, wlth a teDporary inverston of the "pecktng
order,"  naioly during feedlng rtne. Untt l  that date the na1; dld nor
a11ow the fenale ro approach the feeding slte and, 1f she naflageal to grab
sone neat,  he pursued her and forced her to speedt ly f lee and take refupe
on land- When panlcktng, the female absndoned the lsgoon by way of rhe
orlglnal  basklng sl te and took refuge in lhe forest,  The nale stopped
short  before the water,s edge and qulckly returned to the feedlng s1te.
After 8 Deceober he becane subolssjve, and the fenale began to take f trst
tur[s at feedlng tlne by hisstng aDd a qulck lsteral noveEent of her heacl
toward the na1e, thereby forcing hin !o wait .  l te then retreated
backwards, but he did not f1ee. Throughout the nestlng ancl tncubatlng
perlods ln 1979 and 1980 the fenale doniDated. After hatchtng, she k;pr
the Dale at bay \.'henever he caEe wtthtn approxlBarely 5 n of ihe
hatchl ings. The feDale arched her tat l  and htssed soft ly,  placlng
herself between the young and rhe na1e. [e rhen patroll€d around
rervously,  subnerging and reappearlng soDewhere e1se. At f l rst  I  thoueht
that he was nor wanted by the f€na1e and had nothlng to do Iflth caring
for the young, but by 24 June, four weeks after ecloslor,  61gns of the
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fenalers aggress{on toward the male ceased, and durlng feedlng t tne she
even retr leved a prey fron hls jaws as t f  there wss absolure xDutual
understandlng.

Before DeceDber 1979, the fenale approached the male fron the rear
and Dibbled on the slde of his tal l  and r ib area. The nale el ther htsseal
and tr tr i tched his head sl ight ly sldeways, or he dtd nor react at  a11.,  I f
he hlssed and twi lched his head, the female retreated iDnedtately.  I f  he
dld not react,  she cont lnued to advance ard to nlbble the side of his
oeck and the lateral part of his jarrs, her flank touching bis. Ih16
seeraed to be a Eubnlsslve begging slgnal. fron then on she could Dtck uD
food rlthout ruftdng any rlsk and feeding contlnueil on peaceful terms.

Aggressiveness torr 'ard people was also dtf ferent.  We regular ly
vlsl ted the crocodl les after they were placed ln the conpound, and nos!
of the feedlng nas done by ny assistant or de. Both crocodi les evldent ly
tecognized us, and we rrrere able to approach them up to alrout 1.5 n
!dthout not lc lng aggresslveness. Even after ectoslon, we only expected
aggression i f  ne approached the fenale closet than 1,5-2.0 n. However,
the nale and fe.oale vrere aggreseive toward strangers--hisslng, . 'head
energent tal l  arched postute" (as descr lbed by carr lck and Lang, 1977),
splashing, roar lng, and even chaslng then on land took place t f
apploached aa close as 8-1O rd. A stranger could approach then by staytng
close to us, but hisslng soor becane audible as rhe pair  spotteal  hiu.

Aggression also var led accordi [g to the si tes !dthln the coDpouncl.
I t  was ni l  1n lhe forest and intense near the hidlng places of the
hatchl ings; i t  nas not lceable in the area of the the nest inq si te froE
Septenber to } Iay; t t  did not occur when rhe crocodl les were baskine. On
the feedlng sl te,  aggression was hard to def ine when we were prese;t ,  but
strangers did get at tacked rhere. The crocodi les never attackeal vhen on
1and. They only hissed and headed f i rs!  for rhe lagoon.

On the edges of the lagoon aggression was unpredtctable whi le rhe
anlnals were ln the water. I! was not to be expected when the lrater tras
cleat,  but i f  the crocodi les st trred 1t up, thus turnlng t t  nuddy, I . ,e
c o u l d  e x p e c t  a n  a t t a c k ,

I lence the conpound of ny capttve crocodl les t6 not just a laAooD
surrounded by land and vegetat lon, but an area subdlvided tnto several
subterr i tor les, r l th no vtsible boundartes, but wel l -def lned bv the
crocodl les. A keeper should be lrel l  aware of these subterrt to. f"" .  

""astrangers should l rot  venture on their  own lnto a coErpound.

Agglesalon on the part  of  the female exci ted the na1e. Otl  8 and 9
Septenber 1.978 we were attacked by the feoale ehile stendine betr,reen the
lagoon and the nesttng sl te.  On boch occasjons she juoped ip,  roar lng
and splashlng, and 1af lded next to our feet,  Stnultaneously the nafe l ras
at'lnnlng and divtng in clrcles at about 15 n offshore, produclng great
quant l t les of bubbles and f tnal ly surfactng on the edge of rhe lasoor
next to us. thua lhere was coDnunlcatlon betFeen the male and feDale
durlng aggresslon.
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Aggression also happened before certain events took Dlace: even
before eclosion the fenale hlssed ar rhe si tes used rare; on ;o htde the
hatchl ings, and, as I  Eent ioned, aggression on the nesttng si te happened
long before ovlposlt lon.

The pair  of  croeodi les took their  t ine before decidlnA on al t  at tack.
Both the Dale and the fenale reDatned morlonfesE ! ' t thtn alrack dlstance.
The launch up from below the water surface wlth a roa! and a sDlash was
preceded by slor-motlon slnking and slolr-notion surfaclns at s;me other
slre, i .e.  atEack tr iggered off  f ron beloe the surface oi  the lagoon. No
prevtous bubbltng was observed before such attacks. I f  coplous bubbl lng
was observed! attacks did not occur.

Halchl lngs and Thelr  Behavior 1n CaDtlvi tv

On 24 May 1980 ire wenr ro feed rhe breeding palr  and not lceat that the
1979 nest ing si te bad spparent ly been sacked by prealators. We found
enply egg shel1s and fragi(ents of shells mlxed $lth the sand and on the
surface! The voluEe of excavated soi l  was 0.33-0.50 a3. A dead
hatctrUngl was founal at the botton of the eopty egg chaErber, covereat by
2 tnches of sand. The f t ist  fe! . '  egg she1ls (a11 badly snashed) shoved
blood vessels and srdeUed l ike f tesh chicken eggs. l , te began to search
for addit ional hatchl lngs bur,  at  f i rs! ,  could t lot  f ind any. At the
f l rst  basking si te of the adults I  found the fenaleJ and next to rhe
drainage of the lagoon I  heard a single dtstress cal l  of  a hatchl tng past
the snal l  peninsula (see Fig. 1).  ?o the 6ide of the f i rst  basktng si te
\re slghted a few young urder the overhalglng vegetatton. The hatchltngs
were divlded lnto two groups: 4 close to the dralnage and 8 next to the
guardlng feoale.

On 30 May 1980 ny son rook photographs, and lre found the group again
spl l t  up lnto 5 and 8 hatchl ings. Thus a toral  of  14 hatchl ings
( lncfuding the one dead speclmen) fron approxinarely 31 eggs 'as
obtalned.

We saw al l  13 l lvtng hatchttngs, agaln separated tnto two schools of
5 and 8, only on 5 July 1980. The school of  etght had noveat to rhe
feedlng sl te,  and the school of  f ive had noved to a terr i tory lO n away
f lon the feeding si te.  Thls ierr l tory has a waterfront of  about 5 m.
reaches 1nland about 3 n, and is covered with shade, brush, and lol . ,
grassy vegetat ion.

1 w. ight 8t  g,  body lergth 27.5 cn, snour/venr length 13.4 cm,
lal l lvent length 14.1 cn, head 4.2 cn, rear 1eg 6.4 cn, f lont leg 5
cm, welght of i ts sun-dr ied she11 neDbrane wlthout calcl f ied layer I0
8, {hbi . l ical  cord st l11 attached to she1l neEbrane when found. Tirde
of ecloslon, just before our 10:30 a.n. arr ival .
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IIGURE 1 Co{0pound of breedlng pair of Orlrrcco crocodllee G!o."dyl*
internedtus) kept ar "Haclenda Refuglo de Fauna el  pa ra tso, "- t i i " tug"",
State of Aragua, Venezuela. (r)  Hiding sl te of hatchl ing; one seen on
28 July 1980. (2) Hidtne sl te of one hatchl lng seen on 24 July 1980
next to 6nou! of aggre€alve Dale (parent).  (3) feedlng si te of sdults
and also sl te they use for rest ing ln shade. (4) Basking stte of school
of 8 hatchl lngs frorn 6 Jure 1980 unt1l  at  least 28 July 1980. (5)
Terr i tory used by school of  5 hatchl lngs seen on 5 July 1980. (6)
I l ld lng si te of school of  5 hatchl ings on ecloslon day, 24 May 1980. (7)
+ + = course fol loned by adults l rhen sulrching poslt lons durtng parental
care. (8) Basklng si te of 5 hatchl ings photographed on 30 June 1980.
(9) Origtnal basking stt€ used by feoale when f l rsr reteased tnto
conpound. St1l l  used for basklng by both adults.  (10) Basklng stte on
lrhlch the 8 hatchl ings ! 'ere seen on day of eclosion and photogr.aphed on
30 l4ay 1980. (11) Hldlng sl te used by both hatchl lng groups on 30 ! !ay
1980 ard by the group of 8 on ecloslon day.

NOTE 1: Sketch not dravn ro sca1e.
NoTE 2: observat lons of hatchl lngs took place between 24 May and 28 July

1980 (65 days) durtng 12 sporadic vlstrs of 1-3 hours each by
Tomas B1ohn.
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Why 5 and 8 and not 13 hatchltngs together? Ttrere nust be a reason
for the hatchUrgs to have nahtalned thenselves tn two separate 8loups
for exact ly s1:< l reeks and probably more. F1rst,  ecloslon of a slng1e
clutch does not necessari ly occur simultan€ous1y. Wtth ceochelone
carbonaria,  PodocneoJ s vos-Li ,  and cainan crocodi luE c'o. i?l f i i - l - - f r-uu.
nevtr outarnea unrtorn tratding un?;;tr?lE r --r.rut co"i?ifiiil-llerther dld
ecloElon occur sinul taneously ln the Playon de1 Uedlo Crocodylus
lnternedius nest ln 1946.

Dif ferences of days seeE to be comon for turt les, and this
va!1at ion, even l f  l t  only anounts to hours, oay explain the separat lon
of noy capt ive C. inrerrnedlus hatchl ings lnto two groups. Just as the
fernale and the hatchllngs recognlze each other through solle form of
" lmprint lng," 6o.ne 61n11ar mutual recognit ton nay have occurred betq'een
the nenbers of each of the tl'o schools. pexhaps each group only
establ ishes a dlr :ect relar lonship with rhe fenale and Ea1e. Such
subdivl8ion lnto two cohorts Eay be favorable to survlval :  the dlstress
caI1s of one cohort  i r rracked by a predator ndy al lor the secof ld Eo
escape. The dlstance between the tlro varled froDr about 3 to 12 n when
they lrere not hiding out.  I t  would be tdeal to nark the hatchl ings to
discover ev€ntua1 i.nternlngllng of the cohorts, but lhe process would
pxobably cause severe distuibance to rhe hatchl lngs and the adults.  I t
seens preferable to look for indivldual character ist ics of the
halchungs, such as dl f ferences in size, color,  and indlvtdual behavlor.

Ia'hen looklng for hldlng places, the cohort of etght left first anat
the other lagged behlnd. A1so, durtng repeared observat lons. t tuo
hatchl ings wlthln rhe group of eighr la8ged behind rhelr  neDbers. and one
L't lh l l t  the group of f lve dld the sa@e,

?arental Care
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Durlng the f i r6t  weeks naternal care of the hatchl lngs was clear ly
observed. The fenalers posit lon ahrays led to the locat ion of the young
after they had f i rsr been seen and subsequent ly gone tnto hiding. the
!o1e of the male \ras not so clear;  he also approached the htdln; places
of the hatchl tngs, bu! the fenale htssed and tnterposed her body tetween
the nale and the hatchllngs, as lf she were to prevent eventual
cannibal isn on hls part .  She adopted the "head energent tal l  arched
posture" descr lbed by carr ick and L€ng (1977).  This reject lon of rhe
nale when he was ln the proxlnl ty of the harchltngs seerned to jnply that
he dld not play a role tn the guardlng of the young. However,  e nonth
after eclosion there was no doubr that rhe nale helped care for the
hatchl lngs. Now lhe Ea1e, as tbe female had done before. Dosir ioned
htnself  next to the hlding ptaces of rhe harchttngs, f r tssei at  tntrualers,
adopted the lnf lated posit lor,  and also caused vlolent splashes.

0n 30 l ,hy 1980, stx days after ecloslon, ny son, Tonas Feltpe, was
taklng sone plctures. He had been stsndlng at a dlstance of 5 o fron the
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fenale and the hatchungs, c1o6e to the f i rst  basklng si te phen the nale
attacked hin from behind, The crocodi le speedi ly appioached t l tn through
the dralnage and stopped 3 m tDland, r tght next to the tr lpod. As tne
Eale attacked, the fenale noved up rhe ranp, roared, and t ien renatned
8t111, her froDt legs on land and her Jalrs opened, nlthout endttlng any
further sound. She had approached Tooas Fe11pe fron the front.

On 31 l,lay, one seek after ecfoslon, the aale aatopted the lnftared
posture when a stranger was 5 n lnland. In al l  these casee of
aggresslveness harchllngs !/ete [earby. 0n 24 July the nale was reluctent
to cl lnb to the feedlng sl te,  Afrer a close look we dlscovered a
hatchl lng f foat i [g next to hl€ snout,  obvIous1y he was guardtng t t .

Four week6 after ecloslolt, parental care !7a6 evenly shared by the
adults. During 12 observatlons pellods of 1-3 hours each between 24 l\tay
and 28 June we observed that the nale and fenale never guarded the cohort
of hatchl lngs together.  I t 'henever the cohorts got together ln hldtng,
elther ooe or the other adult guarded theB. The one lrho was nor on guard
renained at a relatlvely grear distance. Eowever, roale and fernale ,ou1d
suddenly Bwitch posit lons slmultaneously,  even t f  they had been at 6rtes
Iehere one could no! posslbly have seen the other. The most frequent
sr ' i tching of poolt tons occurred frorn the ortglnal  basking si te to the
srea of the feedlng 6ite and vlce versa, The dtstance betlreen the6e trro
6l tes ls about 30 m. They would el ther dlve or swtnr ldth their  heads
above the surface when perforolng the srsltchlng. I1t€se exchanges took
place 2-4 t ines durlng al l  observat ion perlods. I t  had nor beef l  observed
before hatching.

On 15 I'Iarch l-980 we flrst observed art odd behavlor on the part of the
fenafe. She carl ied a dead chlcken to the or iglnal  basklng sl te,  began
to hlss soft ly,  s ink, and surfsce, then to suddenly crunch and toss the
prey and Blan 1t on the rEter edge. After a whl le she iepeated the
process and f inal ly swal lored the chlcken. She returned for a second
one, but dur lng a repeat of the ciunching, tosslng, and htsstng, the prey
dlaintegrated. AJter hatchlng, thls procedure becaDe so standsrd for the
fer lale,  lhat sna11 btt6 of fat ty t lssue and tr tpe of the chtcken f loated
oll the water and appeared on la[d. She r,rould al6o carry prey to rhe
vtctnity of the hatchlings and leave tt floatlng nearby. On 19 June 6he
tossed a hen inland and lerr lev€d 1t af ter a few einutes.

On the day of eclosion the nale, rhlch had never delayed feedlng
befole hatchtrg occurred, conmenced to r€ratn the prey between its jards
to carry l t  back and forth af ld also to leave i t  f loattng. On 12 July he
begsn the san€ crunching, tosslng, and hlsstng procedure as the female
IJas dolng, also always ln rhe vtclnt ty of the hldtng sl tes of the
hatchl ings. Several  t lmes this procedure uas perfect ly synchronized by
the nale and fenale.

During the observattons the harchl lngs never pald attent io. l  nor fed
f.on the reEnants of the dlslntegrated chlckens. A total  of  18 hens were
fed to the fenale during nine observat ion perlods, and al l  rere subjected
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to the procedure described above. The nale was fed the sane nunber of
hens, but only dur:lng the last four observartons pertods dtd he slbroit
one of the hefls to the sane procedure.

Feedlng by only one of the hatchlings wa6 observed on 24 June, I|,helt
lt approached an insect on the 6hore and trapped and swallowed 1t. a
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The f i rst  basking sl te is surrounded by brush, 1o!r  grasses, and low
forest. The feedlng slte has 1ow grass to oire stde and sltade frolr trees
on the other.  The terr i tory of the cohort  of  f ive hatchl lngs seen on 5
July consisted of lorr  grassy vegetat lon, brush, and forest.  In al l  these
thtee sl tes ne have found hatchltngs scattered rhroughout the vegetatton,
DaLking s1owly, lylng dor,m, and agai[ advancing slow]y as if they lrere
stalking prey. We found f11es, ants,  and lrasps in abundance, but could
r lot  observe any of the hatchl ings feedlng.

The stgr i f icance of the crunchlng, toqstng, and htsslng procedure 1s
not clear to me. An observer nay think he is lrltnes6ing the eppalent
del lvery of food by the parenls to the young, but the young seeDed to
lgnore such "servlce." Fl les certalnly posed on the pteces of f loat lng
prey and on those rhar renained on 1and, but lndtrect feeding was not
obeerved el ther.

HOII TIIE EISTORY OF AN ATANDONED, OR SACKEDJ NEST UAY BN CONSTRIJED

The Ecarci ty of act ive Orinoco crocodi le nests nakes i t  nost
dl f f icul t  to obtaln ecologlcal  information about the sDecles. buE
absndoned, preyed-upon nesr6 yie-Ld Dany clues.

When an abandoned ot sacked nest ts found, absolute st lenc€ should be
kept.  Croaking of the young, hlsslng of adults,  and splashes should be
l lstened for.  Hatchl lngs oay renatn in the vic ini ty of the nest for a
perlod of several  reeks, af ter $htch they t l l rn l ratchful  and eluslve and
ni l f  be very dl f f tcul t  to f tnd. Thts happened wlth the capt ive
hatchllngs irhen they rsere about 2 reeks old, Unltke spectacled calnan
hatchl lngs, Orlnoco crocodt le hatchl tngs are rarher qutet and do not teni t
to answer lmltat lons of dlstress ca11s, Thts makes l t  rnore dtf f lcul t  to
locate theo. One nay hear an occastonal s lngle croak uhich cal1s for
apeclal precautlons because the guardtng febale and/or male nay be

There w111 be fragnents of egg shel ls,  an excavat ion, access trai ls
or rsnps headlng for the shore, and perhaps tracks. The search for
evldence should begln in the surroundjngs. phorographE should be taken.
Tracks should be measured, a€ wel l  as the slze of the excavat lon, the
dl6tance to the Fater,  and the hetght of the nesttng slre above the warer
1evel.  The length of the track of a rea! foot nuft lp l ied by 12 nay be
used as a "thumb rule" to est lnate the slze of an Orlnoco crocodt le.  Egg
shel ls,  shel1 nenbranes, and fragments of both should be col lected fron
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the surface. The excavated sand or soil should be carefully renoved and
sieved. The r i /ater nust also be searched for shel1s. Next,  the et8
chanber should be enptled of sand to look for dead hatchllngs or
urhatched eggs. Egg she1ls found 1n th€ egg chaEber Dight be f t l Ied tr l th
sand and should be l t f ted out careful ly.  A11 shel ls and thelr  f rag&ents
should be placed ln contalner6 and accurately 1abel1ed. These data a11or",
estlnatlon of how oany eggs i0ay have been ln the clutch, how nany
hatched, and how large the feDale nay be.

Nornal hatching w111 leave only .a relatlvely 6na11 exlt hole on one
end of the egg, 1f the calci f led layer is not too br i t t le.  In very
bri t t le eggs the shel1 nenbrane r l11 have a large s1l t ,  as l f  cut wtth a
razor blade, from the t tp of the egg dorrn one side. The cslct f ied layer
ti11 flake off the she11 oer0brane ea611y, nore so after the shell
denbrane drles up. The sun-drled she1l .nenbrade neighs about 10 g.
There may be blood and sometlnes a few capl1lary vessels tnstde such egg
she11s. The br i t t leness of eSgs that have ggne through nornal incubat lon
and produced halchl i rgs conttasts slgntf tcant ly ntth the herdness of
fresh or ster l le egg she11s. Unless they are rotten, ster l le eggs rhat
have been ln the egg chaEber durlng the enttre lncubatlolt pellod wtU be
as trhi te as fresh eggs. Rotren eggs have a grayish or even phklsh
appearance. Sterlle eggs, even after having reEained oany lreeks in the
slound, do rot snel l  bad, An egg fron whtch a hatchf ing has just eoerged
sneIls l1ke a fresh chickefl egg. I{ence, lf egg she11s found orl an o1d
nest lng sl te have a_ f l rnly adhered, hard, catcl f ted layer,  now narter hot
rraSmenrecl and crushed, $ere el ther stel i1e eggs that lasted through the
ent l le incubat lon period, or eggs that were depredateat dur ing early
lncubatlon. Usually harchltngs have eaerged fron eggs l.tth ;tterty
brt t t le sheUs or sheU nembranes nl thout rhe calci f ieat 1ayer,  Eggs wtth
flrn she116 and lateral holes rather than sna11 e:.it holes on one enal
wif l  nost l1kely have been predated, nore so i f  lhe border of the hole is
bent hward. Eggs that contain very vlslble blood vessels and have yolk
and blood sneared over thelr  she11s, r ,rhether br l t t te or not,  nl f l  mo6t
llkely have been the object of predators sfler erobryos rsere alteady
developine.

A rough estlmate of hor,r many eggs were tn the egg chanber calt be made
froru the shells and fragrnents found. Fragnents can be classifteat or1 a
ttay; the least danaged shel ls u1U gtve ar tndicar ion of how rdany
fragnents nay reptesent one egg.

the slze of the feoale can be derlved fron rhe rracks. Joanen (1969)
found no correlat lon betweef l  the stze of Al l lgator r l issl6slpplensts anal
nunbers of eggs produced, Dr. Evao Darto Uafaoniao l fllVeCe; teeps two
roaLe and one fenale C. lDtermedlus for breedlng purposes on hls ranch, El
Fr lo,  near Er Sanan,-St!?E-o?-I ! ' r -e.  one of the fenales (ca. 3.0-3.2 n)
unsuccessful ly la ld 30 eggs 1n 1979 and 34 in 1980. My fenale, abour the
sane slze, IaTd 27 ot 2A In L979 and abour 31 1n 1980, parts,  Mendoza,
and I found three abandoned C. rgglgCg:Ig nests on 29 July 1980 whlch
Eay have contalned 6, 11, and r: egE;;-;;;orarng to recorsaructron work.
The rear foot t racks next ro the nest of  13 eggs rdeasured 14 cE, but nay
not have belonged to the correspo[ding fedale.
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Nests lndlcate the presence of nature or lnoco crocodi les. My caprive
female used her f i rst  neat the fol lowlng year a1so, Knowledge of such
repeat behavior is useful  uhen a nesring si te ln the w1ld has been
discovered, because l t  nay al lon for the select ion of a research si te,
Thus, the sclent ist  wi l l  be able to take the necessary steps.
Instal lat lon of bl ind8 and lnfrared l l lunlnarion ought to be set up long
before the expected oviposi l ion t ine to habituate the crocodi les to such
alteratlons ln thelr envlronment. It ls recofioended that a research
project and a student be ready when l t  is t lne for f teld work, for
chances to Btudy the Orinoco crocodiles tn the wl1d are dlrlndllns a! a
faster rate lhaI l  the species l tsel f ,

AN AII,}TENT CASE

7n 7972 |  obtalned two Crocodylus tnteroedlus nales col lected neer
Puerro Paez on the lleta Riv;;--Jhei; lreEIT;;A lengrhs werer No. 1 -
675 g, 58.5 cn; No. 2 = 837 g, 60.5 cn. Thelr  body lengths corresponded
to those of yearl ings (B1ohn 1973).

Crocodi le No, 2 lost i ts appett te and regurgi tated food four weeks
before i ts death on 22 July 1980. On this day l t  neasured 225.5 cn aI 'A
*eighed 43 kg. At f t rst  l ts f ront legs seened ro be paralyzed, anal later
on 1t dld not use i ts rear legs el ther,  SaLoof lel losis was f l rsr
auspected, and i t  reacted favorably to ant lbiot lcs and s vt taldn B
conpfex, but only for a ferd days. A ereek before 1t died 1t ceased to
nove ln i ts poo1. Penlct l l ln 6hots were charged to Cloronycet ln,  and
Cort lsone was Injected rwo and one days before t ts death. fntesttnal
occlusion and brain or spinal danage nere afso suspected. X-tays teken
by Angel cracia Rodrlgo showed it had slrallo!,red a lrlre, clearly seen
anong oany gastrol l ths. As we were gett ing the operattng rooE ready, l t
d t e d .

We dectded to autopsy t t  anway, but f i rst  l ranted to experi ! )ent on
extract lng the rslre through rhe esophagus. We wrapped heavy clolh sround
each jar,r ,  thus coverlng the teeth. The lntroducrion of Dr.  cracta's f ist
and arn presented no problen. Clanp€ used to keep dogsr larrs separated
were used. The wire ras retr leved in a natter of  secodds. Thts
experinent wl l l  hopef l l ly prevent future waste of l tves of crocodi l ians
when Eearchlng for stonach conrent6, and also prevent abdontnat
operat lons l rhen capttve aninals sr.7a11o!r strange objects.  The loss of the
crocodi le was due to vandal lsD, as ofren happens tn zoologtcal  gardens,

The autopsy, perforned by Eglee },Iachado, teveated that th€ wtre had
oot perforated the stonach but blocked the pylorus. Sharp-edged
Sastrol i ths 6ay have worsened the severe gastr l t ls csused by the !r1re.

I t  ls recordrnended that the diagnosls of crocodt l tan t t lnesses begln
wlth taklng X-rays. It ls also recoEnended that round pebbles be used tlr
crocodi l tan conpounds.
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CONCI,USlONS

With l rhat we present ly knon about the Orlnoco crocodl le (Crocodylus
internedtus), a vlable breedlng project to save the spectes f;;;
ext inct ion could be set up. The project urgen!1y needs IUCN,s
inlerrat lonal endorsement,  inf luence, and support .  I t  re€ds FUDENA,s
pronot lon and assistance ln Veoezuela. Pr ivate and off lc lal  ef forts nu6t
join to create a wl1dI1fe refuge for Ol inoco crocodi les.
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APPEI\DIX

Data on the eggs of !:ggqlgg internedlus kept tn captlvlty at the
Haclenda Refugio de Fauns El Paralso, State of Aragua, Venezuela

clutch of 1979

The eand na6 found to be wet.  A 35.2 En ralnfal l  on 21 March 1979,
durlng the dry 6eaaon, eay have caused this huEldlty. The egg6 lrere
foudd on 12 l4ay 1979. 0f an estlnated totaL of 27 or 28 eggs, rhe 15
renalnhg eggs !'ere Deasured and lr€lghed tndtvldually.

Egg No. Grans
Length I,[ldth

1n cn Obselvatlons

I

t

I

t

t

I

t

I
2
3
4
5
6
7
8

10
11
12
13

15

Mean -

70.14
115 .531
r18 .631

110 .38
95 .93

r73.47
r12.44

L2r.7 2
115 .53

86 .65
Lr7.60
118 .63

7  . 17
8 .0B
8 ,36
8 .30
7 .67
7  . 66
7 .70
7 .98
7 .70
8 .04
7 .87
7  . 20
7 .70
7 . t o
7  . 20

5 ,93
5 .03
4 .95
4 .94
5 ,00
4 .99
5 .08
4 ,96
5 .00

5 .00
5 .98
5 .08

5 ,O0

Indented, rot ten
Tran6lucld
Traoslucid
Translucld, indented
Translucld
Translucld
Translucld
Transluctd
Translucid, lndented
Ttanslucid
Tranalucld
Translucld
Translucld

Indented, 1/2 tran6-
lucld, 1/2 dark

5.14*',

* I f  the four €ggs under 100 g are dl€carded, the average \reight of  the
renainlng 11 eggs 1s U5,89 g.

** The eggs var led as nuch as 1.15 co 1n length and 1.04 c.n tn wldth.
Such slze var lat lon 1n the C, lnternedlus of thls clutch were
speclally noticeable i" egg6 lt".---3-inE-fr6'. 4. Their elongared shape
resenbled the egg fron I'hlch trrlns eclosed 1n 1946.

1 0 6 . 6 6 *



BREEDING CRoCoDILES IN CAPTMTY,.I
A RETRoSPECT 1960 - 1980.

Rene E. Honegger

Curator of Herpetology, Zoologlcal  Carden, 8044 Zurlch, Swttzer land

Anafyztng the trend 1n the developurent of th€ breeding of crocodi les
urder capt ive condtt tons 1n the years between 1960 and 1980, t t  is apparent
that the number of crocodl l ians bred and the nunber of lnst i tut lons engaSed
ln breedlng have both lncreased (Tables l  and 2).  fhe rea€ons for such a
developnent,  r i ,h ich I  dld not dare to predict  ln ny earl ler paper (Honegger
1971),  are manyfold:

A very posit ive react ion to the var lous reconnendat ions by professional
olganlza!1ons (IUCN/SSC Crocodl le Speclal lst  croup 1971 and AAZPA
resolut lons on capt ive crocodl l lans frol t  1971) ( for derat ls see Honegger
r97s).

I  an sure that this ts also a react lon to the i [creaslng tnterest by
the general  publ ic tn crocodi le biology, rr lggered by the vartous popular
and technlcal  papers anC by sone of rhe outstanding Tv-f i lns on
prlne-t f t0e. St lEufated by such nedla, zoo vls l tors more readt ly accept
crocodl l lans as anioals that are able to 6how highly speclal ized behaviors,
e.g. rnaternal care.

Sone zoos that have nade connltnents ln their  zeal tor,rards educat lon
and conservat lon conslde! l t  an lEportant task to breed crocodl les. The
alngle-specles exhibi ts,  which are beconing nore and nore conmon, offer
nore space and nore natural  decorat lons.

the study of rept l l lan behavtor has becone a highly sophtsr icaled and
poputar dlsclpl tne of oodern zoology (see Carpenter and Ferguson f977),  and
the tecent lnterest in nodern herpetological  reEearch is \re11 docur0ented.
"Th16 ts ar exci t ing period in herpetology" (cans 1977).

Anothe! factor that probably has added to the lncreasing interest tn
crocodi l lan blology is the avai labtuty of reports fron var lous regloDs of
the globe through such publ lcar ions as rhe Internattonal Zoo yearbook or
the Inrernarionat zoo liev6 and the i ncreasii!-7l6ii?- afr;-f r;;Froutns
grou!'-o-i-Eioi6ffie-ileEiit r s t s .

I
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* Unlted Stales data not included; see Tryon and Behler thts votune.
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The two surveys on crocodl l lans 1n capttvl ty (Xtng and Dobbs 1975,
nonegger 1975) probably have st lEulated an exchange of speclnens nl th an
a1n to concentrate breeding efforts.  Publ ished records show that sone
instances of breedlng are chance success that breeding one specles over
consecut ive generat lons ts 6t i11 a novelty (Table 3).

Ilowever, I an sure that these data reflect soner/hst rhe rnodern trend
ln the developnent of zoo attltudes toirard the "last of the rullnt
rept i les,"  al though nuch understendlng frolo zoo dlrectots,  board nenbers,
and, last but not 1east,  f roe the vis l tors ls st1l1 requlred.

There ts st i11 nuch to do, espectal ly wlth those specles which are
col lectorsr l tens because of thelr  rar l ty 1n rhe wi ld.  Many languish as
16o1ated lndivlduals because their  orr 'ners regard then as status s)mbo1s
afld are unwl1ling to roaLe exchanges to produce breeding patrs (see Table
4 ) .

As pointed out recent ly ( l tone8ger 1980),  breedtng reprt les unater
capt lve condlt ions provides data needed for a nuch better understandlng of
a specles tn the wl1d (see Hunt 1980, Tryon 1980).  I t  also acr6, and I
conslder thi8 an lEportant factor,  as a st lnulus to potent lal  f lnanclal
supporters of sound conservat ion prograns lnvolvine wt ld populat lons. The
ioajor i ty of successful  capt ive breedlng of a gtven specles took place ln
inst i tut lons r1th1n or near i ts natutal  geographlcal  distr ibut ion.
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Table l .

a

a

Specles Year
llunber of

IoBt i tut lons

lnet l tut ionE, nunb€r '  of
specj.nens hatched
(fl8ure tn bracket€ -
dld not survive)

a
Refer€nce

ALL IEATORIDAN

All igator nlssl€slpplensls

1968 1
7973 1

Calnan crocodllu6

Jerusaleid
Gosford Aus 3(2)

Chiapas UEX
Tuxtla MEX 28
TuxtIa UEX 28(3)
T\.lxtla MEX 29(4);

Caracas VEli 5
Tuxtle l{EX 21 - fuscus;

A&eterdan N'1, 9-
Tuxtla l,I€x 21 = fuscus
M u n i c h D l = f u s c " s ; - -

shrzuoka J :C-= XSeE
Ansterdan NL 8
.A,naterdan NL 8;

S h l z u o k a J 2 = y a c a r e

Erfurt DDR
Rlo de Janelro BR 27
Hisasht J 7( 2);

Sao Leopoldo BR 6(3)
Rlo de Janelro BR 12(Ll)

1961
7966
1968
r970

197!

L97 2
1916

r971
L978

Cailoar lat iros!r ls

I
1
I
2

1
2

I
2

1
L
2

(rz\B 1970)
(rzYB 1975)

<rz\R 7962)
(rzY8 1968)
(rzYB 1970)
(rzaB 1972)

(rzYB 1973)

(rzYB 1974)
(rzrB 1978)

(IZYB 1979)
(rzYB 1980)

a

a

I

a

a

I

I

a

L964
7966
\97  6

r918

CROCODYL IDAN

Crocodylus lohnsorl

L97 5
797I

(rzYB 1965)
( rzYs 1968)
<12\rR 797A)

(rzYB 1980)

Melbouroe
Melbourne

(rzYR 7977 )
(rzYB 1980)

AUS
AUS

4
8 (2 )
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TABLE I ( Continued)

249

)

Specles Yedr
NuEber of

Inst l tut lons

Institutlotrs, number of
speclrnens hatched
(f lgure tn bracket6 =
did not survive) Reference

Crocodylus

I

D

I

)

t

D

I

)

1
2

I
I
I
2

t
t
1
2

Crocodylus

Crocodylus

7977

1979

moreletl l

L97 2
L97 3
19  75
L97 8

nlfot lcus

Berltr W
Santo

Berl ln W

Tuxlla
Tuxt la
T\rxt la

(rzYB 1979)

(Lange 1980)

(72'rB 7974)
<lZyB 797 5)
<rz\B 1917)
(rzYB 1980)

( rzTB 1965)
(rzYB 1966)

(lZrR !967 )
(rzYB 1968)
(rzYB 1969)
( IZYB 1971)

(72\B 797 2)
(rzYB 1973)
(rz\R 797 4)
<721R 7976)

(7z,rB L977)

MEX
I{EX
uex
l{Dx

1
I
I
t-

D 1 ;
DoDlngo DoU 14(6)
D1

15(2 )
25
43

1963
2964

7965
1966
L967
L969

L97 0
r977
L97 2
L97 4

797 5

797 6

Te1 Avlv Univ. IL
Tel Avlv Univ. IL;

El lzabethvt l . le CGO
Tel. Aviv Untv. IL
Tel Aviv Univ. IL
Tel Avlv Univ.  IL 11(5)
Te1 Avlv Unlv, IL B;

Parle F (2)
Tel Avtv U[tv. IL 7

Iel Aviv Univ. IL 5
l(atol ' lce PL 5(1);

Te1 Avlv Univ, IL 8
Cologne D 1;

(atowlce lL 3;
l taldugurl  NIG 4(2);
Tel Avtv Univ. IL 1

Budapest E (1) i
Cologne D 3;
(atowice PL 3;
lbidugurt  NIC 3

Dudley cB 1;
Ibadan Unlv.  NIG 18(1);
Katouice PL 2;
i , Iaidugurl  NIG 39(3)

<lzYB 7978)

7977 (rzYB 1979)
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TABLE 1 (continued)

I

a

Specles Year
Nraber of

Inst i tut lon6

Inot i tut lon6, nuDber of
6peclllens hatched
(f tgure ln brackets -
dld not survlve)

a
Reference

Crocodylua palustrl6

1960

1961
1962

1963
1964
1965

7966
1967
1968
1969
1970

7972

r97 3
L97 4
197 5

197 6

L97 I

797 7
1978

crocodylua porosus

I97I
L97 5
r97 6
L97 7

Berl in t{ D 3;
} laldugurl NIG U2(4);
Wa6senaar NL 6

1
2

1
I
2

1
1
2

1
1
I
I
2

2

Ahnedsbad II]D;
, '  Jdlpu! ' IND

Almedabad IND
Ahnedabad IND;

Jaipur IND
Jalpur IND
Baroda INs 2/3
Bangkok T 30;

Jalpur IND 23
Ahnedabad IND
Jalpur IND 29
Jaipur IND 12
Ahnedabad IND (23)
Ahnedabad IND;

Jatpur IND 31
Allnedabad IND;

Jalpur IND 10/13
AhDedabad IND 10
Ahmedabad IND 10
Almedabad IND 20(10);

Jalpur IND 20lI I
Almedabad IND 8;

Delhi  IND 12;
Jatpur IND L4/2o<3/ 4)

Ahnedabad rND 13(3)
Ahnedabad IND 12(4);

Jarpur IND r7(13) !
l,Iadras IND 96(6)

Hlgashi J
Slngapore
Slngapore

Dlakarta

18(5 )
32  (  30)

rNDoN (2)

(rzYB 1980)

(rzYB 196r)

(rzaB 1962)
(rzYB 1963)

(rzY3 1965)
(rzYB 1966)
(rz,tR 7967 )

(rzYB 1968)
(rzY3 1969)
( rzYr 1970)
( rzYB 1971)
(lzrB 797 2)

<rz.tR 7974)

( rzYB 1975)
(rzrB 7976)
(rz'tB 7977)

(rzYB 1978)

( rzYB 1978)
(rz\B 7979)
(12Y3 1980)

a

a

a

a

I

a

a

a

1
1
1
1

( rzYB 1973)
(7Z.rR 7977)
(rzYB 1978)
(rz\R 7979)
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IABLE I (Contlnued)

29r

t
Species Year

Nurnber of
Inst l tut ions

last l tut ions, nunber of
speci&en6 hatched
(f tgure in brackets -
did not survlve) Refer€nce

CrocodyluB rhonbifer

t

I

I

I

D

I
I
I
f
3

3

4

0steolaenus tetrasPis

r969
797 0
r97 2
I97 3
I975

797 6

19  78

Toni stoBa 6chlegel i l

797 6

Havana C 26(3)
Htgasht J 5(1)

victor ia cAM (6)

Tokyo Ueno J 4
Tokyo Ueno J 5(2)
Kunast CH (2/4);

Tokyo Ueno J 3;
Toronto CDN ( l)

Kinsha6a CGO 3;
Kuala Lunpur UAI- 5(1);
Tokyo Ueno J 2

Kuala Lunpur UAL 6( 2);
Te1 Avlv IL 10;
Tokyo Ueno J 8

Helferberger (Prlvat)  CH

(rzYB 1971)
(7zaB 797 2)
<12'iR 7974)
( rzYB 1975)
(72\B 1977)

( rzYE 1978)

(rzYB 1980)

(Helfenberger
pers. eonn. )

19  65
197 6

(rzaR 1967)
<7zyB 7978)

Ktnshasa CCO (1) (rzYB 1978)

(rZ'{R 7972)

C!ocodylus
Crocodylus

acutus X
nlfoticus

1970 Ba.oburg D 1

I

t
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7
24

a

I

a

a

a

I

a

a

a

a

a

Table 2.

Perlod

N{rnber
Species

Sred

llunber
Zoo Breeding

Crocodl les

1960-1965
r975-1980

5
11
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},IANAGEMENT OF THE AI,LICATOR AS A RENEIIABI"E RESOURCE IN LOUISIAXA

Ted Joanen and Larry McNease

a

a

a

a

a

I

a

I

I

Louisiana Departnent of Wildl t fe and Fisherles
crand Chenler,  Loulsiana 70643

The flrst progral! establlshed to nanage the a11lgato! (4111Cg!9=
Elssissippien6l8) on a sustained-yle1d harvest was lnl t lated 1n Loui6iana

INTRODUCTlON

The f l r B t

tn 1972. The rnanagenent program resulted f].on 15 years of re€earch,
dedicated enforcement,  al td enactnent of ef fect ive state and federal  laws
governlng the taklng, possession, and transportat lon of al l lgators end
thelr  products. By 1970, such 1e81s1at19n wa6 tn effect in Loulslana
(Joanen et a1. 1981).

Publ ic LaL'  91-135, knonn as the "Ahended tacy Act,"  I ras passed in
Decenber 1969. lacy Act provlslons oade lt a fealeral crlEe to se1l or
tran8port  ln lnterstate or forelgn connerce any forn of l r i ld1l fe or
productg Eade fron ntldlife taken ln vlolatlon of the taws of ary state
or forelgl t  country.  In 1970 the Loutsiana l"eglslature enacted Act 550
givlng the deparrmenr of Wl1dltfe and I'tsherte6 fu1l aurhoriry to
regufate the al f igator 1n the state. Loulslaoa law classl f les the
a1118ator as a non-gane quadruped along rlth \d1d fur-bearlng anlnels
valuable for thelr  skins or hldes. The aUtgator is therefore consldered
a comnerclal w1ldllfe specles, and Act 550 forsred the franeiJork that
perni t ted the lnplenentat ion of a closely regulated connerclal  harvesr
( Pa1rd8ano et a] .  1973).

Al l lgators occur throughout the state, and populat lons heve
demonstrated dlanat lc lncreases ln recent years. The 1algest populat lons
are found ln the southern one-third of the state the coastal  marsh and
cypress tupelo awamps. Due to 1ts value and vulnerabl l l ty to hunt lng,
the specles requlres speclal  regulat lons, which Eust be deslgned to
regulat€ the harveEt of sutplus aninals yet dlstr lbute the k111 over the
area oPened for harvest.

A conplex systen of appl icat ions, l tcenses, tags, and report  forrns
were necessary to lnplenerlt the r0anagernent p!o8ran.

298
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t
MET'IIODS AND MATERIALS

I[ventory

Nest Surveys.--  Aerlal  nesr censuses have been conducted annual ly in
the coastal  Darsh zone stnce 1970. Atugaror nest6 were counted frorD a
hel lcopter f ly lng pernanedt ly establ ished transecr l tnes. Each t tne
exterded fron the marsh-sr{anp denarcattoo to a cutoff Dolnt tn brackish
narshes rdhere nest lng did not occur ( l4cNease and Joanen 1978).  The
ertlre l-oulslalla coastal naxsh, tncludtng salt Barsh wblch is norEally
not used by al l igators, coDprises 1.7 .d1l1on ha (Chabreck 1970) and is
subdlvlded lnto three najor subdivistons accordlne to ortglnr the
Chenler P1ain, Sub-De1ta, and Act ive Delta Zones, The Chenler plaln Zone
Eakes up 0.5 ni l f lon ha alrd is located in the southpest corner of the
6tate. Ihe Sub-De1ta Marsh Zone conrains 1.1 ol t l lon ha (2/3 ot total)
ard extends fron the vemtl ton Bay lonplex.to the Mjsstsslppl-Loutslana
border.  The Act ive Delta comprises 0.1 ni l l ion ha and co;6ists of the
piesent Mlssisslppl River De1ra. Each nar6h zone 1s furrher dtvlded
accotdlng to sal ini ty al ld vegetat ion. ceneral ly,  rhe bracklsh narsh ls
located nearer the culf of llexlco and experi€nces hlgher sal-inlty 1eve1€
than do the other tr{o rypes. The inreroedlate mar:sh generslly is a band
separatlng fresh fron brachlsb. tr'resh narshes lle farther lufand aDd are
Dot usual ly affected by r idal  act ion. Al l lgators do l tot  nortdal ly ut i l {ze
the sal i re narsh type; hence the 0.4 ml11lon ha of thts rype nas on0it ted
fron the 6urvey.

The fresh narsh n0ade tp 477" of the area (0,53 nr l l ion ha),
internedlale narsh conprised 222 (O.28 Ei l l ion ha),  and the bracklsh
narsh, ninus narshes over 10 ppt sal ini ty,  conprised 372 (0.48 ml11lon
ha).  Data analysls nas based pr lnar l ly or chabreckrs (1966) f igure of 5Z
for the percentage of nesr inS fenales ln a populat lon. The number of
nests transected by narsh type and zone were converred to ha per nest.
The halnest f igure was then divtded inro total  stze of each lndivtdual
sanpfe area to arr lve at total  nest lng fenales. A slEple 20 t l l les
converslon converted to total  populat ion.

E6iabltshlng I tarvest Regulat ions

The Loulslana Departnenr of Wildl t fe and l isheries authortzed l tght
seasona for the taklng of al l igarors for rhe 6a1e of sktns betneen 1972
and 1981 (Pafntsano et a1, 1973, I ' IcNease and Joanen 1978).  The f trsr
hunt,  authorized 7n L972, was conf lned to one Dartsh 1n southwest
Louisiana which according to the aerial  nesr survey housed the largest
coastwlde a111gator populat lon. The hunt area was gradual ly expandei l
unt1l  1981 when the season was opened 6ratevide (Tab1e 1).

Infornat lon obtained fron nlght counts on Rockefel ler Refuge tn 1966
and data gathered fron Eanaged hunrs on Sablne Nat ionat Wildl i fe Refupe
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a
Season dates and
197 2-1987.

Table 1. areas opened to al l igator harvest ln Loulslana

Year
Season

Dates

Nudbe!
Itunrtng
Days

a
Parishes

7972
r97 3
t97 5
! 97  6
L97 7
L979

5-17 Sepr
10-28 Sept
20 Sept-19 Oct

9 Sept- 8 oct

7 sept-7 oct

13
19
30
30
30

Carnerotr, Vernlliotr
Caneron, Verni l lon, Calcasleu
Caneron, Verni l ioE, Calcesleu
Cameron, Vernt l ion, Calcasl€u
Calderon, Calcasleu, VerElllon,

, .  Iberta, St.  l lary,  Terrebonne,
Lefourche, St.  Charles,
Jeffersor,  Plaquenines, St.
Berdard, St. Tamany
Cane.on, Calcasieu, Vernl l ion,
Iber la,  St.  l lary,  Terrebonne,
Lafourche, St.  Charles,
J€fferson, Plaquenines, St.
Bernerd, St.  Tamany
Statewlde

a

a

a

1980 4 Sept-4 oct

1981 31 Aus-30 sept

a

a

a

a
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State 1aw prohlbited the taking of
sunset and sunrise and those aninals less
provlslons regulatlng the taklng and
establ ished by the Departm€nt.

llunter Applicatlon ard Tags

al l lgators beteeen the hours of
than 1.2 n ln length, Other

shlpnent of al l lgators Pere

301

t

a

a

a

o

a

o

O

ln 1947 and 1948 were used to detemdde the slze conposlt ion of a11lgator
populat lonE (Chabreck 1966).  These data tndtcated that al l igators 1.2 m
1r length and larger const l tuted 39.47 of the populat lon, and suggested
DaxiDun harvest ot 2OZ of these alugators was deternined to be a rate
which l rou1d provide for the cont inued increase in the al l igator
populatlon and at the sane time pernlt ar ecotlonlcally feaslble harvest
(Palnisano et aI .7973).  The season was expanded in 1973 to lnclude two
partshes of southwest l -oulslana. No season was al lowed 1n 1974 as a
result  of  the passaS€ of the Federal  Erdangered Specles Act.  After an
18-Eonth delay, caused by dellsting requlreoents of the U. S. F16h and
Wildl i fe Service, Louisiana again ini t iated i ts harvea! progran expandlng
to three partshes in 1975. The hunts nere held annual ly In the
three-parlsh area through 1977. Due to l lmited rnarkets for skins wlthln
the UDlted States 5nd the ban on overseas shlpnent of sklns as a result
of  the Conve[t lon on Internat lonal Trade of Endangered spectes (CITES),
no seaao[ was al lowed tn 1978. In March 1979, CITES under conveot l .on
regulat ions, al lowed the er.port  of  skins ln lnternat lonal codnerce.
Aloag vl th thls,  the U. S. Flsh and Wl1d1tfe Servlce del lsted an
addit lonal nlne coastal  Loulslana partshes, As a result  of  the changes
ln the legal status af id lestr lctons of shlpnents, the ]"oulslada
Departnent of Wildl i fe and l lsheries authortzed a regulated harveEt in 12
coastal  par lshes in 1979 and 1980. In 1981 the al l igator l ras
reclassl f ied statewide and a stalewide harvest was authoi lzed,

A potent lal  hunter had to sat isfactor l ly conplete an appl lcatton
provtded by the Departnent aod shou proof of ownershtp or a notarlzed
stat€nent froE the landoFner stal lng he had pernlsslon to take al l . lgators
fron a spectf ted plece of property,  Infornat lon as to the locat lon and
acreage of the property ras lequlred. To qualt fy for a resident l lcense
the hunter nust have restded tn Loulslana for I year precedtng the
sea6on. The fee for a resident l lcense va" $ZS.OO, and the non-resident
fee was $150.00. A.1l  l lcenses ! ,re!e non-t  ransferable. Non-resldent
hunters coordinated their  hunt through lando\" 'ners and l iceneed resldent
hunters. In addlt tor to a val ld connerclal  al l igator hunt ing l lcerse,
the hurter had to obtain fron the Departneot off ic lal  al l igator tags
nhlch rnust be flrtnly attached to each sktn lnnedlately upon taklng. The
6erla11y nuobered tags had to be attached in the last 15 cn of the tat1.
The nurnber of tags lssued were baeed on the quafltlty and quallty of the
habltat .  Tags could only be used on the lands appl ied for and approved
on the appllcatlon. Unused tags had to be returned to the Departnent no
later than 15 days after the close of the season. Lost or stolen tags
w€re not replaced but had to be leported.
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To avold the possibi l i ty of  sktns taken l l1egal1y pr ior to the
aeasotr f lon enter lng the legal t raf f ic,  hunters ! .er;  lssued speefal
skinning l l lstrucl lons by Departnent petsonoel.  Skins processed contrary
to the Gpeclflc requiredents of the Departnent were c;nsialered it]egal
and conf lscated.

A-1I tgator Pa rts

Meat and other parts fron lawfu]ly taken alligators could only be
6o1d accordtng to Loulsiana Health Departnent regilatlons, Loutslana
Departrnent of wl ldt i fe and Flsheries regutar lons, 

""a 
f"a.. . i  tatrs.  The

Louislana Departroent of Wt1dl1fe atld Flsherles regulations requlreat that
al l  al l lgator hunrers and patts dealers naintain recot js of al l
t ranssct loos, purchases, aDd sales on foros provlded by the Departnent.
Tratrsacrior forns were submttted to the Departnenr vlthln 30 ilays
fouowins the close of the season and ther;after at 60-day lot€rvals
unt i l  a l l  parts were sold. A11 al l tgator oeat and parts had t ;  be tagged
nlth an off tc ial  al t igator parts tag furnlshei l  by the Departnent.
Hunters and dealers had to furnish a bi l1 of 6a1e t ;  a1l  retai fers anal
restaurants purchaslng al l lgator parts.  Transact lon records had to be
naintalned for s lx nonths.

Al l lgators had to be sklrned in state approved processlng plants t fthe Eeat was sold for hux0an food. trocesslng, packagtng, storage, anallabel l tng 
,of  near ts reSulated by Chaprer Vi of  ;he- ioulsiana StateSanltary Code as welt  as the Loulstana St"te food, nrug, anl  cosmetfcLaw.

The special  rule on the Anertcan al t . igator (50 CFR pertE 13 and f7),pronulgated-under authori ty of the Endange;ed Species Act of 1973, wasrevlsed-on 25 Novenbe!,  1980, to el1oe the sale of meat and other parts
oat lonwlde, provlded 6uch sale 16 1n accoralance $l th the laws andregulat ions of:  (1) the state in rrhich the taking occurs, and (2) theatate ln whlch the sale occurs. Spectal  rulei  ,n.r .  .doot.a *, t .h
standardlzed the taggtng and labelt lng oi  any pactage o. 

"orr i" i r , . ,  
, r"uafor shtpptng al l lgator parts.

Al.llgaror Harvest

Stze class and sex lnfornarton were obtatned for 1972 through f977
froE freshly-kl l led a. l l1gator6 by checklng huntels et their  pt€ce of
6Klnnlng. Reproducrlve organs, espec{al1y fena1e6, were cateSorlzeat a6
aexual ly acl lve, barren, of qulescent for the €eason kl l led. Sine rtacts
were 

-preserved for laboratory study when quest lons arose about the
reproduct lve condtt ton.
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The harvest na8 nonlEored by elther checking sklns at a central
check-in polnt o.  at  the cor0nercial  dealer 's plant whenever a shlpoent
was b€tng prepared. Hlde lengths by lfld1vtdua11y serlally nu.obered tags
irere obtalned afrer the c10se of each season.

As the hunt area and kl11 was expanded so dld the anount of
paperFork lnvolved in oonttor ing the kiU and coomerclal  a8pects of the
harvest. Consequently, tn 1979 a cornputer piogran r/as developed to
fol lo$ htdes (by tndlvldual ly ser lal ly nunbered tags keyed to hunter or
buyer/dealer license nudbers) fron the hu[ters level through coometce
unt l l  tanned lnto leather.  Taxlderr0y or trophy hides, whlch did not
enter coi0merclal channels, nere n0onltored through a systen of report
forns, as !7ere al l lgator rneat and parts (other than hides).

Buyers and Dealers

A fur buyer l lcense or fur dealer l icense ! ,ras requlred for
purchastng and handllng raw alllgator sklns ln loutstans. An alltgator
parts dealer l lcense nas required of anyone purchaslng al l lgatoi  patts
(other than hldes) for tesale, nanufactur ing, processlng, and
dtsrr ibut ion, excludtng relai lers and restauranis.  Persors or f l rns
enter lng al l lgstors ln lnterstate/forelgn coEnerce ln the course of a
coEnercial  acttv l ty had to be l tcensed 1n accordance wlth state attd
federal  regulat lons.

A11 buyers and dealers naklng purchases of autgator sklns had to
nalnlaln a conplete aet of records of all purchases and sales on forlls
furnished by the Departnent.  Such records included nanes and addresses
of buyers and/or sel lers,  al l lgator htde tag nunbers, date, and length,
A-I l  raw ski l ls shipped out-of-stare had to bear off lc lal  shipping tags
provlded by the Departnent.  Forns provlded had to be f t l led out
coopletely and returned to the Depart i0ent etthln 15 days after each
shipment.

Nulsance A.1l igator Control  Progran

As the al11gator populat lon throughout the state lncreased, so d1d
huEan/aUigator conf l lcts,  which presented nany problens to Department
personnel and affected cl t izens. I -arge nunbers of al l lgators were found
withln the conflnes of nany rural co[nunlties and lrithln the netropolltan
areas of Bator Rouge and New OrlearrE. Durlllg sulme! nonths, sone
Departnent personael ltere spendlng as Euch as 502 of their tlne
respondlng to al l lgator complalnts and telocat ing nulsance al l igators.
It lras apparent that alligators were v€ry abundant ilr l-ouislaDa and dld
represert  a potent ial  threat to hunans, l lvesiock, and pels.  Ltve
reooval of nuisance alligators by Departnent personnel proved fut11e,
t lne consuuing, and cost ly.
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atL f919, the State of Loutsiana inl t lated a nulsance al l isator
control  prograi0 uslng pr ivate l lcensed hunters l l l  12 coastal  par l ihes.
Durtng the 1979 and 1980 seasons, this progran r,ras incorporateal lnto the
alligator harvest progran ln an atteDpt to renove problen alligators
occurring nilhln the confines of coonurdties whtch could not be huntecl
under the tag allotnent systen. The saroe baslc regulations rrhlch
governed coEmerclal hunters were applled to hunters of nulsence
al l lgators such as l lcense requlrenents, sklnnlng lastruct loDs, xol Ir tnun
size cfass, and melhods of take. However,  thts progran devlated fron th€
connercial harvest prograo 1n that tags lrere allocated by lrepartnent
personnel on a conplalnr basls rather than by habltat  apprai ;al .  Skins.
nest, and parla taken 1n the nulsadce alllgator control ptogran were
al loFed to be sold under the sarde regulat lons governtng the ekins, rneat,
and parts taken in the conmerclal harve€t program.

The select lof l  of  nulsance hunters was in cooperat io[  wlth local
governlng bodlesr 

.  e.g. po]tce Jur ies, ,_ parish adalnlstrators, c l ty
adelnistrators, lake comnlsslons, etc.  The f tnal  select lon of hunters
reBted wlth Departnent personnel. The n0ost econonical and effective
approach for resolvtng al l igator coDplaint6 tn tr lortda rras the use of
contracted hunters ( f l ines and Woodward 1980).

RESULTS A}ID DISCUSSION

PopuLation Surveyg

Populat lon est lnates ln the coastal  narsh var ieal  f ron a low of
134,000 1n the droughr year of 1971 to a hlgh of 52O,OOO 1n 1979 (Tab1e
2).  Overal1, populat ions lncreased dranat lcal ly ln the Chenier plaln and
Sub-Delta Zones fron 7970 b A979. The Acttve Delta shorreat a decreese 1n
al l lgator populat lons and rrra6 adversely affecteal by drast lc changes
occurr ldg to earsh habltat :  hurr lcane danage, narsh subslstence, and
f1ood1ng. A conperlson of a11tgalor atenslt tes, expresseal as acres
(ha)/a111gator, sholrs nuch higlter popufatlon 1evels 1n the Chenler ptaln
Zones. The Chenler platn avelaged I  a7] l |axort6.2 acres (2.5 ha),  rhe
Sub-Delta 1_:19.8 acres (8.0 ha),  and the Act lve Delta l :34.6 acres ( f4.0
ha).  Populat lon dlsrr tbutton by narsh types on a coastwlde basls showed
the lntel l0edlate narsh type cort talned htghest al l tgator i lensl t les, t
aUlgator to 7.9 acres (3.2 ha).  The bracklsh anal f tesh Darsh wete about
equal ln area aDd populat lon d€ns1ry; l  a l l igator to 14.1 acres (5.7 ha)
(McNease and Joanen 1978).

-^_^ T!:^ coastrslde average annual i rcrease of nests for the perloi l  of
7970-1979 vas 16.92. The avetage annual tltcrease 1n the Chenter plaln of
aot l thwest Loutslana , , !aE fA.2Z for the saoe perlod. A further analysis of
populatlon dynanics ln the Chenier plain alenonstreteal average anllua]
lncreaaes in ne8t product lon were considerably gr€arer on 85O,OOO acree
(344,250 ha) or pr ivately owned properry rhan ior 285,000 ac!e; (1I5,425
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Table 2. I -oulslana coastal  nar8h al l lgator populat lon based on Best
sulveys, 1970-1979.

I Popul.atlon
Est loate

Pelcent Change ln
codpar lson to 1970Yesr

t

a

197 0
7977
197 2
r97 3
797 4
t97 5
1916
L917
t9l a
L97 9

172 ,000
134 ,000
182 ,000
153 ,0O0
213 ,000
27  2 ,0OO
282,OOO
274 ,OOO
285 ,000
520 ,000

-22
+6

+24
+58
+64
+59
+56

+202
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aha) of refuge property.  ?rtvately o!, ' I led property,  g4Z of whlch was
huflted, sholred an average annual lncrease fn neet producti ort of 23.42
over the 9-year period of I97O-L979, Refug€s, r , rhere no hunt ing occut led,
had an average annual lncrease ot 73.3"1 ln nestlng for the laroe 9_yearp e r l o C .

A1r temperature affects the t isdng of nesr ing and egg laylng
act lv i ty (Joanen aDd McNease 1979).  Nesttng occurrea in early June for
the years with the hlghest March-Msy terpe. i t , rres and occurred as late as
the flrst neek in July when sprlngtlEe renperstures were the lowest.
Itrls factor nilst be taken lnto account lrhen estabhshlne tlEe tables for
nest censuslng and seaaon dates. Extreees 1D wate! levels,  alroughts, ard
fLood condlt ions adversely affect nest lng (McNease and JoaneD It78).
Sulface water conditlons probably affect neetlng potentlal nore than any
other environmental  factor,  and thereby ,"y 

"ro"u 
constderable blae in

annuaf populat lon est lnate6 based on nest t ransects.
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A-l I igator Harve6r

Durlng rhe pet id ot 7972-!979, 37,892 at l igator tags were lssued ro
1501 bunters. Average tag al totment per hunter i " ,  ZS.Z- (Tab1e 3).  Of
the prlvately oe'ned narshlands open for harvest, g4Z lias acrua]fy
hunted. A total  of  34,854 al l tgators were taken, replesent lng a 922hunler 6ucces6. No! al l  sklns were sold; 1768 skins !re;e tanned at the
expense of the hunter or landovner for trophy skins or nanufactured lnto
boots, ssddles, gun cases, be1ts, erc,  pr lces varted fron $16.ss/t lnear
foot (0.3 n) ln 1976 ro $7.88 l I I  1975. pr ices var ieat accordhg to rhe
denand for sk1rts,  restr lct lons placed on the sale of products i . , i th ln
cerlain states, and internat lonal prohlbl t ton on for!1gn conmerce.
Internat lonal rrade restr lcr ion6 along I ' t rh a resrrtctei l  tn i ted states
narket reduced the denend for sklns !o such an extent that lhe Louislena
Departnent of Wtldlife and Flshertes did not recoronend a harvesr prograE
t n  1 9 7 8 .

As a result  of  the CITES del i6t ing of 1979, lnternat lonat conoerce
was alloned under a rlgtd pernlt systen. The U. S. Fish end wllatflfe
Service del lsted ntne addlt ional coastal  Louislana partshes. Louislana
resuned harvest 1Ir  12 parlshes 1n 1979. Howev€r,  1979 hiale pr lces were
I0uch beloo world narker value because only one forelgn buyer was
perDlt ted.

Sex and Slze Conposlt ton of I tarvest

Telernetry srudles (Joanen and McNease tgz),  j ,g72a) suggest a aSeptenber hunt restricted to daytloe hunting alld open !.ater areas woufd
result  ln a k111 conposed lareely of larger Eales .rra fr* . t r .e anlnats of
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both sexes. By restr tct ing the pole hunt ing nethod ln inter lor narshes,
the take of breedtng ferla1es \Jas hlnlntzeal. Durldg rhe 1972 harvest
Geason, 303 aUtgator carcasses were exanlned. Adult  nales over 6 feet
(1.8 n) nade up 83.17 of the nat lre al l tgatorE inspecteal,  anat aalutt
fenales codst l tuxeA 76.97..  Durtng the 1973 rrarvest,  843 al l igator
carcasses !.ere exadlned. Adult nales tuade tp 67.92 of the dature
a111ga!or6 harvested (total  percenrage of nales in ki l1 66.32),  and adult
fenales 32.12 (Tab1e 4).

Af l tgstor populat lons appear to have Dore nales than fenales in the
larger slze classes (Chabreck 1966).  Joanen and McNeas€ (1972b, 1973)
est lBated 2500 e^d 2662 (52 of populat ion) breedtng fenales in the area
open for harvest durlng 1972 and, j-973. The projected adult feriale ktU
vaa 140 ln 1972 and 550 1n 1973. The hlgh Lt l t  on fenqles in 1973 as
coDpared to the 1972 seaGon wa6 attrlbuted to the floodeal codalttlons as a
ieault  of  Tloplcal  Storn D€1la. Excesslve anounts of rainfal l  coupled
r '1th hlgh t ldes provtded h_unter6 easy. access lnlo nar€hes ,hlch were
usuaf ly not accesslble ar that r tne of the year (Joanen et a! .7974).

7n 1975, 85,52 of 684 nature al l lgalors exanined were na1es. uature
:91::  :1:9 coaprlsed the najor i ty of the ki l l  the fot towlng rwo years;
78,32 ot 398 checked 1n 1976 aD,d 70.32 of 212 ssnpled rn r t77 (Table 4).
The average slze c1a6s of rhe anlnals taken durlng the 6 year6 of hsrvest
renaiDed fal!1y constant froo yeaE to year. fh€ averege skin s1z€ rraEr
7 t 7 - l / 2 "  _ ( 2 . I 4  n )  l r t r h  a  r a n g e  o f  4 t - 7 4 1  ( 7 . 2 - 4 . 2  h ) .  o f  t h e  s k i n sr a K e n ,  t t . z / .  w e r e  b e t w e e D  5  a n d  8  f e e t  ( I . 5 _ 2 . 4  D )  ( F l g .  f ) ,

The largest fenale harvested was taker ln the Mernentau Baslr of
southwest Loulslana. Thls feDale neasured 9r1,.  (2.73 n) and rreigheat 208pouDd8 (94 kg).  Internal exahlnal ion of the ovaries inal icated she iras
barren. The largest oale was taken ln the pearl River cornptex of
southeast Loulslana and Eeasured I4tO" (4.2 E).  No rreight ,""  ol . . f rr"a.

The slze of harvested nature anlnals appeared to be at s pe.cenEage
at which they exlsted in the hunt area for the 7r (2.1 n) slze ctass and
above. lloFever, other factors such ss hunte! accessibtlity to anlnafs
durlng_low rslr fal l  year6, easy accesslbi l i ty durhg htgh ." i rr t r t1 y." ." ,
aad 6klr prlces nay affect rhe harvest to sone degiee. Ithen htgh pttces
were paid for skins, bunter tnterest was st inulate. l  the foLlolr ]ng year.
The reverse ras true when prlces were lower,

l{ost of the large animals q'ere taken by the flshtng eethod. Tho6e
shot free-slJftoalng were generally of the sDaller slz! classes. No
lnsta[ces rere r€ported of at l lgators less thar 4'  (1.2 h) betng caught
on 1lnes. SEalLer alllgators usually reDain 1n shallol' lDterlor Darsh
ponds and feed on crustaceans or sna1l f tsh (Chabreck 1971, Vafenttne et
aL 7972, l {cNease aDd Joanen 1977).  McNease anct Joanen (1674) found the
lEEature fenales, 3r-5r (0.9-1.5 rD) stze ctass, Eholreal a preierence fot
the natural nar6h durlng the autunn period, slnllar to that preferreal by
adult feEales durlng the 6ane peilod. OnIy 4OZ of the lon;ture fenale
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segnen! of a populatlon nould be available if huntlng nere r.estrlcted to deep
water bayous, 1akes, and canals.  Data col lected durlng Loulstana,s 1972
experlmental  al l igator season (Palmlssno et a1. 1973) lndlcated lmature
f€roales const i tuted 29.6% of the lDnature 6tze classes of al l lgators
harvested. In L973, 7975, 7976, a' ] .d 7977, tEmature fenales nade up 37.52,
36.72, 29.A2, ar.d 36.27. respect lvely of the lnDature al l lgators harvested
(Table 4).  IDnature Dales shoved a narked preference for deep rater ateas
during Eumer and autunn. Ussge by nales of natural Earsh area t{as substandard
for all seasons shen conpared to availablllty (LlcNease and Joanen 1974).

Val.ldatlon and Sale of Sklrs
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At the close ot the 7972-1977 6easons, all hunlers were required to brlng
thelr ekina to one certrally located place !o be tnspected by Departnent
personnel. The alllgator tag nuober afld hlde neasuleEent wa6 recorded for each
skln and a nonef valldatlon tag rtas attached. Sklns nere also dade avallabLe
to the buyers for lnspectlon and gradlng. After all 6klns \rere validated and
graded, buyera subDlt ted sealed btd6 for each tndivldual hunterrs lot .  Hldes
lrere sold to the highest bldder.  Hunter report  fodrs wete coEpleted at t loe of
valldatloo aad public auctlon. Froo these forns, the buyer of each sklll wes
ldentt f ied. Dealers shlpplng thei !  6kins out-of-state were requtred to
conplete officlal shipping tags furdlshed by the Depaltnent of Wildltfe and
Flsherles, the dest inat io[  of  the shlpnent and content lnforDat ion l rere
recorded on the shtpping tags.

With the expanslon of the harvest to 12 parlshes In Lg7g, sklns were
valtdated at the dealersr 1evel just prtor to shlpment. Hunter report forns
and unused tags were retutded to Department personnel wlthtn 15 days after the
cfose of the season, A11 buyers and alealers nallng purchases nalntatned a
conplete set of records on forns furfltshed by the Departnenr. Itese recorals
lncluded naEe€ and addresses of buyers aDd/or sel lers,  al11gator hlde tag
nunber,  date of purchases, and length of sklns. Deal€rs subldtred thes;
teporta to the Departnent rllthln 15 days after each shlpbent.

0f the 33,086 be11y sktn6 sold durlng the 6 hunts, 39.52 were purchased by
a South Carollna-based tannery. A French tanntng conpany puichased 35.72 ot
the sklns. Two Loulsiana dealers purchased 22.72 ot t :ne sklns. These sklns
pere cont iact- tanned 1n I ta1y, returned to Baton Rouge, and later sold to
nalufaclurers r,'lthln Ehe Unlted State6. A New Orfeans-bsseal
tsnnery/nanufacturer purchased 2,OZ of the sklns. The O.1Z renatnlng, a Edal]
Bhlpnent of hornbackE, were purchased by a Japanese tanner.
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Nuisance Al l igator Control

Durtng the 1979 nuisance hhunters rh; kt11ed 51 .iii;;;";:'::' 3ll'iil;.li'"ji?!r::"ir:;i:.i):. i:1e80, 265 tass iTere rssuea to 34 hunrers t" ; ; ;1;;.-; ; ; ; ; ; ; ;"". rhe1980. take lncreased sbarply to 225, The 
"rrt"" 

oi- i .gi- i" i i" i"r."" o"""aon the nunber of conplaints receiveat (Ltnscordt..fgiSj. 
-- i"r" 

comptainrs
y:::  randonly tnvestigated by Departhenr personnel on the stte.Alrrgators taken under this prograi' were taken ln accordance ,"1th statealld local regulatlons/ordldances.

.  -  -  
D": lng 1979-1980, Departnent personnel relocated al l igators 1n thedeltsted areas. The Dasnitude of thes" . .q"." i "- l r" i ! - l i iy 

" trgh.rylessened wlrh the nuisance conplalnr p; .e; ; ; : -- ' ; ; " ' ; , , i i i . , ,u". ,n""
conplalnt prosralx should be conducteat ;" 

-. 
y"".;;"";--i"rt" 

"oa 
rnconjunction nlth the annualnuiJanee conplaln. p."e"";;ii ;:'ffi:fl".T":il.ffi::'i;rr:':i:il*;

lnstructlons tssued by the Departnent !ri1t be for one catenaar year anaany skin not prepared accordlng to the lnstructtors issued lrttt beconsidered i l lega1. Dtsposit ion of sklns, neat,  and p". i r- i i t . "  , r ,  
"n.nuisance cornplaint progran wiu be the .."p"""rtri i iy- Ji ' tt" ro"rrg o v e r n l n g  b o d y  a n d / o r  t h e  h u n L e t .

Alllgator Meat and parts

During the 1979 season. aDDroxlnately 1O0,OOO pounds (45,0o0 kg) ofal . I lgator l Ieat eere so1a. 
' f r icee 

var ied across the coast;  however,  theaverage pr lce paid to hunters in southea€t Louisiana,",  
" to"t  

$l .OO perpound (0.5 ks),  nhereas in southwest Louistana ra 
"" . ."g. i  

g2,oo perpound (0.5 ke).  Over half  of  the neat solai  r i ,as purchased t i  inatota"ur"for hone consunpt ion. The rematnder was Eold i .  
- i . "a." ."1a"" 

""o 
tr"r ,

Reports received fron 15 l tcenseat a111garor parts
teeth and skutts were sold to the :ewefry t iaae ana--
houses. l iost Jewelry t tens $ere sold wit i r in f ,oufsfana,
Nen orleaDs area.

SU}!}.lARY AND CONCLUSION

__. The Loutslana Department of l { i l1d1lre and Flshertes esrabttshed 8al l igator harvest seasons tn sourh Loulstana t .a""""  igZi_iSgf.  f l , "prlnar:y objectlve of thls prograi! was to nansge the alllgator on asustalned-yieId harvest.  Thlsharvest or surprus anrnars ""t rli"5ii?.riii" :i:"irri'r"T::ll::ff".i:

dealers lndtcated
blologtcal  supply
pr lmarl ly in the
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JOANEN AIID MC NEASE

sal lne e[vironnents in Loulsiana. proc. Southe;st.  Assoc. cane Flsh
conn. 25t 1L7-724.

Elnes, T. C.,  and A. R. ! , ioodward. 19B0. Nuisance al l tgator control  ln
Flor ida. I , , t i1d11fe soc. But1. 8(3):  234-241.

3r3

the exlsting popslatlo4 ovet the area opened for harvest. In otder to
acconpl lsh thls object lve, a system of appl icartons, 1tcen6es, tags, and
rePort forns lrere nece6aaly.

A total  of  1,501 l tcensed al l lgator hunters aas issued 37,992 tags.
Durlng slx harvest seasons, 34,854 ektns averagtng 7tt- t /2, ,  (2. I4 n) vere
teken. Skin€ sold to dealers in Louisiana rotaled 33,086 and rrere va_lued
a t  i 3 , 2 7 9 , 4 1 8 .

As predicted, nales coeprlsed the najor i ty of the harvesteat aninals;
74.62 for 7972-L977. popularion surveys lndtcateit a lb.92 averaSe annuaf
populat loa increase of nest lng fenales in the area open for harves!.

_ A nulsence coroplelnt progran was tnltlated uslng prlvate llcenseal
hunters durlng the f979 harvest;  however,  the nunber of conplalnts the
Departnent recelved the folloFing year rrrere only sltghtly lesseneal wlth
lhe nuisance removal ptogran. It l,as r€co-nnended that iuture nuisance
conplalnt progra&s be ao[ducted on a year-round basls not Jrst in
conjunction wlth the annual harve6t progran.

Alltgator roeat sold for huroan consunption rras Eonitored by the
Louisiana Depart ent of ltealth as ve11 as the Lout6lana Departraeflt of
Wtldllfe a4d Flsheries. The Dajortty of alltgator neat sold I'as for hoae
consunP!ron.

Al1lgalor parrs ( teerh ard sku11E) were sold onty by l icensed
hunters or dealers atrd a conplete set of records concernhg e11
transact ions nere reported to the Deparrnent.  per iodlc inspect lons trere
carrled out by Departnent personnel.

Sklns, neat, and parts lrere folfowed through conoercial channels
with no evidence of i f1eg51 skias or parts enter lng the 1ega1 traff ic.
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NATIONAI, CROCODILE PROJECT IN PAPUA NEIT, CUINEA
A SIJ}I}{ARY OF POLICY AND PROGRESS

Navu K\rapena

Flrst  Asslstant Dlrector,  Wtldl t fe Dtviston
DepartEent of Land and EnvlronnenE

covernEent of papua Ne!, Guinea

and

ltelvttr Bolton

Project uanager (FAo)
rAsslstance to rhe Crocodl le Sktn Industry '
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- It 1€ now well over . y".. 
""rr"" 

.the Second Conference of the
P-arties to CITES, ard recently our tttoughts have been turnlng toward
the approaching third neeting snd to the tirne, lrhtch 

".r,r,oa 
io" t" t".

off, lrhea UNDP/FAo assiGtance is phaseal out, and the governoent of
?apua Nelr cuinea (pNG) assunes ful1 respon6ibility fo; the long_terh
ldanageoent of the crocodlle resource.

,  N e e d l e s s . r o  s a y  r h e  p r o j e c t  h a s  b e e n  c o n r t n u a l t y  s u b l e c r e d  r u
.r .nEensrve and crt t . ical  revtew by the prolect leaders, goiernnent

departnenrs, aid by UliDp/FAO. But rre are also aware oi the keer-
lnterest with nhlch the project ts regarded by lnternat ional
conservat lon and ! , ' l ldt i fe orgsntzat ions t ,ho, ihough not dlrecr ly
lnvolved wlth the project,  would unclerstanalably l ike to te tet t 'e.
l n f o r n e d .  O f  c o u r 6 e ,  a t  t h o r g h  p N C  f u l f i l l s  h e r  j n t e r n a t f o n a i
oDl lgat lons to CITES by provldlng the requlred trade reports,  ue
belteve that a br ief ,  per lodlc appratsal  of  rhe projecr wout i  not onry
be welconed but would lead to a betrer undersranl i r i  . f  t t .  

"" io*s i t u a t i o n  v h i c h  p r e v a t t s  l n  p a p u a  N e ! , ,  c u t n e a  l r t t h  r i g a r a  t o  t h e '
crocoal i le tesource.

The purpose of thls sunmary therefore ls sinply to offer an
overvle\r  of  the project,  a6 l t  stands now, and to inal tcate what nay beexPected ln the future.

BACKGROUND TO THE PROJECT

_ _11"_l". lol.J pollcy for nanaSenent of the t lro specles of crocoatifestn PNC (Crocodylus Dorosus and C
earry re i,os, rorlo!,1ns .r,u uo"o,,i.Hfrff*HF'].fi : fi i'";t;::t.:1":*
place durtng the previous decade. Basicauy th. p" l i . ; - ;" ; ; ;  ; ; ,
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1) Replace the lndiscr lninate and wasteful  hunt lng of wi ld
crocodlles for sklns by the capture of very young crocodlles to
be reared to conmercial  6lze ln capt lv l ty.

2) E$sure that the vtllage people, 1n lrhose terrltory the
crocodi les 1lve, are lnvolved in and benef i t ,  lnsofar as
posslble, f ron nanagenent and ut l l lzat lon of the resource.

3) Ensure that the resoulce Is namged on a long-t€rr0r sustained
yleld basis in the natural envlronnent !

In 1975 a law that prohibi ted tradlng l f l  crocodl le sklns of nore
thao 20 tncheE (51 cE) be11y wldth iras accepted by the people and
becane operat lve ln every provlnce. ThlE was a f i rst  step 1n
tnplenentlng the national pohcy 1Il that lt afforded some protectlon to
crocodi les of breedlng slze. The next,  and va€t1y nore di f f tcul t  step,
wa6 to establlsh a natlonl7lde syate.0 of rearlng pena (far!05) ao that a
harvest of  very young crocodl les (note eas1ly sustalned by the wi ld
populatlons than 16 the loss of adult breeders) could repface the
exlstlng reEoval of blgger antnals being hunted for sklns. It was for
a6slstance 1n thi8 task especlally thet the governnent of Papua Nei/
Culnea approached the Unlted Nat lons.

The UNDP/!Ao prolect PNc/14/O29 "Assl6tarce to the Crocodl]e Skln
Iadustry" was set up arrd conoe$ced operatl.oas h January 1977.

PROGRXSS WITIT T1IE FATMING NETWORK

The Vtllage

Perhaps the no6t fundanental  fact that nust be addresaed ln any
pollcy for crocodlle nanagenent ln PNC 13 that the crocodiles belong to
the people in whose terr l tory they exist '  Thts means that v ir tual ly
al l  wl1d crocodi les are the property of rural  comunlt les'  for ln ?NG
about 982 of the lard renalns under tradl t lonal tenure'  Any Pol lcy for
m:rna8erlent of this natural reaoutce llust therefore have the suPpolt of
the people involved. I t  uust also be accepted that nany of the
6narnpland coEnunltles have few or even no other natural resource which
can be used to earn cash, aDd for decades crocodlles have beell en
lnportart  part  of  lhe econony ln 6uch local1t ies.

In tecognlt lon of these facts l t  l ras accepted that any attenpt to
dlnlnlah the traale ln sklns lrou1d need lhe cooperatloo of large nunbers
of v11lage people--aany of then 1n very renote sett leEents.
Consequently lt ltas also accepted that a village capeclty for rearlng
crocodl les would ne€d to be establ ished before a correspof ldlng
leduct lol l  ln hunt iDg large crocodl les for sklns could be expected.
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KWAfENA AND BOLTON

Covernnent Farms and Llve Crocodile Buylng

It  nas stated at rhe ourset ("An Explanat lon of the Nat lonal pol lcy
on Crocodi le Farning," Wildl i f€ Dtvlsion 1974) that the farnins net! ,rork
would have to include technical ly sophist icaled farEs as u,el l  is s irople
vi l lage rearing pens. 1r was foreseen that v l l lage holdings noutd be
extrerely vuherable to adverse factors such as drought, floodtng, end
seasodal food shortages. Nevertheless, unrt l  1979 the nalD thrust of
the field \rork lras dlrected toward the establlshnent of a svsten of
rural  rear lng pens ranglng fron r iny seasonal holdJngs to larger group
enterpr lses with several  hundred crocodl les each.

By the end of 1979 an enornous anount of rural tratnine and
denoDstrat ion had been conducted by governoent extenslon wirkers, ana
nore than 200 vluage crocodile-rearlng establisheents had been ser
up. Scores of water punps and kiloroeters of plpe had been installed 1n
the viUages and f ishing nets had been distr lbuted at heavt ly
subEldtzed prlces to those vlllagers fleedtng help ln obtatnfug fooit for
thelr  crocodl les, The resu1t6, in terns of crocodl le grolr th rates and
output of skins, has beell -illsappolating, lliith perhaps 152 of the
"farns" rear ing crocodl les sat lsfactor i ly.  The problenE confront ing
ainple village fofk in reroote settlenenls and with no traditlon of
anlnaf huEbandry are of course nanifold, but two of the xoost
{ntranslgent probleos have been the exttene seasonal fluctuatlons in
rater supply and the dl f f tcul ty of obtalning an adequate suppty of
crocodlle food in sone areas. In the Sepik, 1n the aorth of pNG, the
Epread of the aquarlc weed Satvtnis mofesta has total ly preventeal
t lshjng on iormerly product ive lagoons.

3L7

I

I

t

t

I t  becane apparedt that,  t f  most of the vl t lagers were not to lose
Lnterest ln the po11cy of harvesttng and keeplng sna11 l tve crocoat l les,
there would have to be a reliable outle! for theD shen, for lrhatewer
reason, people wished to dlspose of young stock! Io thts el ld a buying
and redlstrlbution aervice was put tnto operation based on governEent
crocodl le fantrs ln rhe two provlnces (Western af id East Sepik) $here the
Deed vas greatest. During the per:tod June-Decenber 1979 about 5O0O
young crocodl les were purchased aDd redistr ibuted under thls scheEe
and, at governmeDt pr ices, the v11Iagers averaged nore than double what
they would have reallzed olr the equtvalent 6a1e of sklns. There are
6t111 sone 7000 crocodi les reared tn v111age farns.

The provinclal governn€nr farros, however, have beer establisheat
prlnarlly for demonstratlon and tralnlng ir vtllage husbanalry, and they
are nelther sul tably located l lor equipped for the ro]e of larqe-scale
connerclsl  rear lng establ ishoents. In facr,  they are vutnerai te to t t re
6ai0e aeasonaf feed shorrages as the adjacenr v1l1ages. Clearty,  the
technlcal ly sophlst lcated farns envlsaged at the or l tset r 'ere essent ial
to support  the chanSe fron skin-hunt lng to harvest ing of l ive young
crocodi les.
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Large-Scale Coxmerclal  Iarns

The flrst triro large-sca1e farroa were approved and conne[ced
operat ions in Etd-Ig79. Both are assoclated with large poultry farns
and consequent ly have a rel iable and lnexpenslve supply of crocodi le
feed tn the forn of poultry offal .  They are located 1n Port  Moresby
and l t r  Lae. A third farD, also 1n Port  Moresby and assoclated wlth a
plg fa!6, ha6 been approved slnce thed. These three farEs now hold a
total  of  7300 crocodi les, alEost al l  of  ! . 'htch have been suppl led at
governnent-controlled prlces through the governnent buylllg echene.

CROCODILE REATINC VERSUS SKIN HUNTING

Tbe advantages of ttansferll.ag the bulk of the annual harvest fron
wild-caught sklns to farn-reared skins are eaological aa well as

l) The main harvest could be taken fron the biologlca11y nmst
expendable portlon of the !d1d populatlon, l.e. the younger
crocodiles nhtch are nore qutckly and easily replaced ln the
rlld snd Bost adult breeders would be protected.

a

I

I

I

2) Because of
oPPosed to
lncreased

the greater value
6na11 sklna),  the

of youtrg l ive crocodl les (as
lncone to the vlllagers could be

harvest fron the rr'lld.through a rgduceq

3) The ex16te[ce of a large stock of captlve crocodiles, Iacludl$g
stocks ln governnent farn6, facl l t tates the restocktng of
selected areas 1f l  the wi ld.

4) The serlous waste lnvolved in exportlng sna1l sklns could be
virtually brought to a ha1t, and expor! earnings for the lratlon
could approach the potent ial  value of the crop of opt lnum alze.

The beneflts, as far as cafl be foreseen, will abply reward the
effort  and expense of br lnglng about the propoaed restrucEurlng of the
sk1tt  lndsstry.  But perhaps the greatest dt f f tcul ty wlU l le i .  galntng
the understarding and cooperat lon of the vl11agers nhen the support ive
and esset l t la l  leglslat ive changes have to be lntroduced. Thls point
has nou been reached because the capaclty for farn rearing ls such that
the vllfagels deed have no diffLculty tn keeptng aod/or se1llng enough
l1ve crocodl les under 7" (be11y Ir tdth = 178nn) to earn nore than they
can expect fron the existing annual crop of sklns 1n that slze range.

Accordlngly,  aa a f i rst  leglslat ive step, i t  ls nors proposed to
prohtbl t  al l  t rade h sklns of less than 7 1nche6 (178 En) bel1y
nldth. An explanatton of thls proposal has been pr lr ted h t ! , ,o local
Ianguages, as 1rell as Engllsh, aad a leferendun 16 beltrg conducted
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throughout the provlllces wbere crocodlles
6lgnlf icant resoulce.

I l  1979, 43,O93 skln6 were exported as
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are an econonlcal ly

fol lows:

Total sLlns
<7 iflches bel1y wldth

C. porosus

7 ,623
3 ,382  (44 .36 "1 )

C. novaegulneae

35 ,474
17 ,7 45 <33 .172)

I t  w111 be noted that sklns of 1e€s 7" be11y wtdrh (1.e. f ron
crocodi les about 96 cn or less ln length) constt tuted a higher port lon
of the sal twater harves! than of the freshwarer harvest.  The reasons
for this are not c1ear,  but this dtf ference tndicates the signtf icance
of the propoEed leglslat ion for conselvatton.

HARVEST REDUCTIOI.} AND RESTOCKINC

It 16 expected that the prohibl t ton of t rade in snal l  skins wj l1
sutonatlcauy brlDg about a reductlon in the proportion of the w11d
stock being harvested, because i t  t6 nore dtf f lcul t  to catch youug
crocodlles unharr0ed than it ls to catch then by the tradtttonal killlng
Dethods. However,  the resource ir i l1 be further Drotected asainst
overexplol tat lon by the exlstence of such a large reserve o; capt lve
aninals.

In Gulf  Province, local l r les have been selected for a tr tal  release
of C. porosus that have been reared to breedtng stze 1n the
governnent 's nain research farD near Port  Moresby. plans are no\r wel l
edvanced to locate sul table el tes and secure the agreeEent of the 1oca1
people not to hunt or nolest the breedlng anlEals,  nor ro hold the
goverDnent reEponslble for any danage or lnlury that the crocodlles nay
cause. The results of this restocklng tr tal  rs i l1 be closely
notltored. In the Eeantftoe extenslon rrorkers throughout the counlry
are encouraging v11lagers to leave breeding crocodi les and nests
undisturbed, and there ls sone evidence that v1l1agers are now
real lz ing the past fol1y of col lecr ing crocodi le eggs for food.

THN MONITORING PROCRAM

Without doubt the crocodl le has le!0ained relat ivelv Dlent l ful  in
PNc because of the 1ow huoan popular lon denslty,  the vasiness of the
wetland habitat ,  and the extraordtnary di f f icul ty of hunan access to
6one of the najor rest lng grounds. l lad 1t not been for these factors,
the lntenslve hunttng of the lare 50rs and 6O,s l rould have had an ever
greater l lopact.
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Today these sane factors st11l operate in favor of the wl ld
crocodile populatlons, but for the saDe reasons they present a Bevele
practlcal problen0 trhen lt cones to census and Eonltorlng work. To
cohpouf id the p!ob1en, both species of crocodl les are clypt ic ln
behavior and frequent ly lnvlslble f lon the air .

The \rell-trled cen6u6 technlque developed itt other parts of the
r.or1d are sftip1y not appllcable 1fl PNC, and an experienced FAO
oonilorlng speclallst has concluded that "a roonltorlng systen based orl
dlrect observat lon of w1ld crocodl les for the purpose of messurlng
populat lon slze snd structule is le jected as too dl f f lcul t  i f  l lot
iEposslbLe. "

Iortunately,  direct ob6ervat ion of tdld crocodi les is not the only
basls for a nonltorlng systeD, and the nonltorlng teat! 1s currently
developlng a progran lrhlch lrlU nake oaxlnun use of the slatlstlcs
generated by the sk1[ lDduatly ltaeltj fhese data ntl1 be handled by
conputer lll Port Moresby so that an approprlate and thorough analysls
nt l l  be avatfable each year.

f le1d uork w111 cof lcentrate on recording the pattern of nest lng
act lv l ty in sefected areas, becauee ln both crocodl le specles the nests
are easier (perhaps one should say less di f f icul t)  to f lnd than ale
breedlng crocodi les. So far Eonltor lng f le ld nork has been Dost
lntenslve in the Seplk using 1ight,  f lat-bottomed boats and outboard
rnotora, but 1t  ls consldered thar an acceptable 1eve1 of ef f lctency can
only be reached wlth the use of an alr boat whlch has yet to be
obtallled. In the Septk and elsewhere helicopter tlDe 1s afso
consldered easent ial ,  as n€st surveys wlth f lxed Flng alrcraft  are of
very l dlted value. lhe probleo, of cour6e, la one of fuflds but the
proposals wi l l  certatnly be glven hlgh pr lor l ty ln budgettng.

}leanwhlle the policieg outlided earller nil1 be pursued ln the
bel lef  that the changes they br lng about !"111 be ln the direct io!  of
l r .ghter,  nore easl1y sustalned and more prof l table explol tat ion, wtth
the added safeguard of a large reserve of capt lve clocodl les aval1ab1e
for select lve restocklng prograus. In future years, wl. th feedback froD
an onSoing honltor l rg progran aval lable, l t  Bhould be posElble to keep
DanageneDt pol lcy better tuned to the product lv l ty of the lesource.
Unt l f  then, l r i th ln the econoidc and socto-po1lt tca1 constralrr ts
preval l lng, po11cy nl f l  seek to err on the Flde of caut lof l .

INTERNATIONA], ASSISTANCE

Ttre UNDP/FAO progranme of asslstance ls nolr ln lts fourth year and
LncLude 8 Unlted Nat lons volunteers, 4 FAO experts,  an I 'AO assoclate
from l{est Cermany, and admlnistrat lve suppolt !  Thls lnternat ional tean
has asslsted in al l  aspects of the nat lonal project and ls present ly
heavily fnvolved 1n village exterlglon work, the organizatlon of flve
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crocodlle purchase, and redistrlbutlon and the develoDnent of the
nonltor ing progran, the Wtldl t fe Dtvlslon conrlnues io expertence
lnst l tut lonal dl f f lcul t ies tn the recrul tnent and acconnodat lon of
nat ional of f icers, and i t  1s anttc ipated that Ut lDp/FAO asstsrance rr i11
cont lnue into 1981.
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Applted Ecology Pty Ltd ts an Austra1lan conpany sponsored by lhe
Australlan Governnert (through the Minlster for Abortgtnal Affairs)
engsged tn the f le ld of research and developaent of natural  resources
capable of connerclal developnent oD behalf of Aborlglnal and Islander
coErnunltles throughout Au6tra11a. At present the conPany haa projects
a66oclated ldth crocodiles (Crocodylus porosus)' enus Qlglglfg
novaehol landlae ) ,  and troplcal  oysters (Crassostrea echinata and C.
an0asa), wtth several others under revlew for sultable connunltLes.

Ihe nalor alevefopment over the pa'st  t rro year6 a! the Ednard Rlver
Crocodlle Farn Project has been the connencement of captlve breedlng and
the conthued developnent of the facl l t t les necessary to lnvest lgate the
breeding, hatching, reartng, and Earketing of crocodllea (9. fg:ggg:) as
an econoEic lesource for the Xd\rard Rlver Aborlgloes.

Crocodl le Stock Situat ion

Th€ fann had a total
categorlzed ln Table 1.

of 647 c. porosus aE of June 1980' whlch are

Age Category (Years)

Source 0-1 2-3 3-4 5 plus Total

Wtld Caught
r r r o  r a K e n  D g g s /

Farn Raised
Farn Bred and

Ral6ed

Totals

90

159

732 3 8 8

184

75

a7183427

25

249 52 132 34 1B 762 647
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The goal of  the project ls st i l l  to produce 3O0O crocodi le ski l ls per
year at four years of age fron 100 act lve breedlng and nest lng fenales.
The prolect should also provlde dlrect enploynenr for at  leasl  t5
Aborigines fron the Edward River Colrnunlty.

Breeding Lagoon

The breedlng lagoon is a "narura1" xnangrove and grassed area of 20 ha
Fith a 13 hs nater area nhen fu11. The area prese[t1y holcls 111 feEales
(slze range 1.8 n -  3.5 n ln length ! 'hen or lglnatty tagged and ptaced 1n
the lagoon 1n 1978 and 1979).

Baseal on feeale sal twaier crocodl. Ies raturtng at 10 years of age aDd
uslng snout-vent length as an lndlcato. of  age, re est i rDate that rhe
lagoon should hold 55 sexual ly nature feEales by the end of the year 1980,
snd that thl8 nunber wl1l  r lse ro 107 tn 1983 and 111 tn 1985.

Captlve breedlng perforEance to date has resulred ln one fert i le nest
(5 t lests nade) tn 1979 and 10 fert i te nesrs (19 rests rnade) tn 1980,
giviog 872 and 442 hatch respect lvely for rhe fert t le nests.  An averase
of 40 eggs (range 18-55 eggs) was recorded for al l  19 nesrs. The 1o!,  egg
laytng and hatch rate nay indicale (1) a lack of successful  fert i l izat l ; ; ,
(2) aninals,  part lcular ly the roales, st111 largely ienature or too
disturbed to br€ed ,  and (3) the breedlng lagoon does not neet the aninals
breedlng requirenents,

To invest lgate these natters,  i t  ls plarmed ro study breedlng in the
fagoon next breedlng season (October -  Aprt l )  to assess the bteedlne
act lv i ty and terr i tor lal  r€qulreeents of the crocodi les. In addtt i ;n,
aperE counts of selecred nales wi l l  be conducted and a ser les of tncubator
tr lals undertaken.

Hatchllng llusbandry

The crocodi le eggs are hatched, or f lntsh their  hatching, in an
art l f lc lal  lncubaror.  The oosr sulrable syste.o ts st i l1 being
lnvesi lgated and e111 folrr  a ser ies of t r tals next season. t t i tchl fngs
fron the 1978 and 1979 seasons in non-control led concl i t ions returned
survival  rates of 657" and 642 at l -year-old respect lvely;  these relattvely
1o!r levels of perfornance pronpted the need for researcir  1n thls area
which tr '1 l l  colr t lnue at least unt i l  the 1981 season.
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A doctoral  student,  Steve Garnett  f rom Janes cook Unlversl ty of North

Queensland, 1s conducthg a serles of trials at Edward trtlver lnto
hatchl ing husbandry, growth and nutr l t lon, coEparlng foods (ptg, beef,  and
f lsh [s11 with vl taDir ls ard calciun] and pet-food oeat Pel lets) '  stock
density (4, 8,  16 hatchl ings per per [1.92 nz]) '  ard handl lng ( teekly or
nonthly).  Results are ss yet lncoBplete, though lhe Pe!-food pel lets tere
fourd unaccepEable; pig ls gtvlng the most consistent growth rates, and
stock denslty at 15 l teeks of age had l l t t le effect on growth rates.
survival  at  15 weeks of age vas 872' For cooparlson, a group of
hatchl lngs are afso belng ra16ed lo di f ferent condlt lods ln an outdoor
"creek syslem" pen using hsects (att facted by l ighl)  as feed. Thls group
has grown well with otrly a l1tt1e supplenentary feedlng.

Crocodile Raietng Husbardry

Fron six months of age the crocodl les go through a ser les of three pen
types (one 3 tn x 15 E and two types 6 n x 35 n) wlth a "creek"
f1olr'through water supply syste&s and vegetatlve land cov€r. The
crocodl les are kept,  Llsofar as ls posslble '  1r peer-312e groupa, witb the
Iargest a[ ina1s belng Eoved up to the next s lze stage nheo obvlously
Larger than thelr  peer group. Fina11y, the crocodi les are kept 1n 2 ha
enclosures unt l l  opt lxoum skin slze at 40 cE bel ly skin wldth and 1.5.n tn
body length (about four years of age).  l te creek systens are dralned aDd
sFept out s lx l ines a week, wherea€ the enclosures aie pernanent q'ater

areas. The crocodl les are fed wl1d pi8 neat or f lsh slx days a week. lbe
system at this stage appears easy to nanage i . ' i th few probl€ns evldent,

Crocodlle Sklnnlng and llarketlng

In June 1980. 40 farE_raised crocodi les ! 'ere kl l led af ld skinned at
Edward Rlver C.ocodlle Farn under llcence as part of s feaslblltty study
of thelr  narket lng potent lal .  The exerclse wae largely coEpleted by the
staff of Edward Rlver Crocodile Farlo, under the guidance of l1r. Srlan
Venables, a forn€r crocodl le skln dealer.  Al l  staf f  were lnsttucted ln
the sklnnlng of crocodt les, as ! tel1 ss the f leshing, cur lng'  and gradlng
of the sklns. The crocodt les ranged ln slze from 3 feet (0.9 xd) to B fee!
(2.4 o) ln length. Tl le sbal ler crocodl le sklns were used as "horf l -backs"
and the larger as "be1ly sk1ns. '

The everage bel ly skln wldth was 37 cn, of  whlch 22 $ere classed as
f l rst  grade and 10 as second glade. The 40 skl l ls were dlvided lnto elght
repl lcated sanples of f lve skins. Slx of these samples rere aent
overseas, whl le ten sklns l rere retalned 1n Auslral la fo!  tannlng. Thls
exerclse, when conplete, r i11 assl8t ln an econonic evaluat ion and
plannlng of the project 's future developnent whlch t€ present ly underaray.
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Table 2. Spotllght survey of crocodlles in the Edward Rlver areg
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E$vlronnental Inpact Statenent (EIS)

An EIS to neet the requlrenenrs of "The Envlro oeot protect ion ( Inpact
of Proposels) Lct 1-97 4-197 5" has been conpleted and released for Dublic
revle\r  (Crant and ontons 1979).

Due to the fact thar C, porosus ls on Appendtx I  of  CITES, the EIS
only concentrated on a closed-farn systeD to fufly meet CITES requiaeroents
rather than posslble future rlver oanagement prograns lrhlch were
originalfy part of our research progtsn for crocodtle developneflt in the
EdFard River area.

l thi1e the EIS ts pr inar i ly concerned wlth rhe project farn area of
about 32 ha and food 6upp1les for the farn rhen developed, sone ilata on
the crocodi le sl tuat ion in the Edward Rlve! area was col lecteat (Table 2).

Actual Stghttngs
South of the Settlemeflt

*Sept/0ct 1977 Sept 1979*,1

Chapnsn River
MalaDan River
Colenan Creek
Ilunkan Rlver
Edward Rtver (Breakfasr &

Chrlstnas Creeks)

Total  Stght i [gs

Slghttngs plus 502***

2 I
I 7
29

26

l5

77

728

792

A11 but three crocodl les est i .nated to be 1.5 n 1n length or larger:
fnconplete Survey
Nunber of anlnals sighted dependent on rhe srate of the t lde, noon
phase and the total  €rea that could be covered by a l4r dlnghy.
Alfovlng for these factors ao addit ional 502 1n total  nunbe;s
ptesent is not u[reasonable.
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obviously lt is unolse to nake anything olher than a general
observat lon fron thls l tmtted data. However,  the esttnate of 192
crocodl les ln 1977 for the survey area of approxloately f00 kn of t tdal
rdetlands is i.n excess of l,lebbrs (1978) average deosity for Queensland of
1.0 crocodi le/kn. Thi6 higher f igure nay be due largely to the fact that
645 juvenlles were released 1n 1973 1n the area by the then Austla11an
National Unlverel ty Applted Ecology Unit .

Sone 51 crocodi les (21 na1e6 and 30 fenales) !re!e taken 1n 1978 and
1979 under pendlt  to stock the breedtng lagoon; these ranged ln slze f lon
1.8 to 4.95 x0 ln length. l lore than half  of  these aDlEals were tdent l f ted
as recaptures of crocodl les previously released. In addit lon, 14
crocodiles of 1.5 !0 or greater in len8th afe known to have drowned ln
f lshi l lg nets ln the area 1I!  the pas! two years (R. Bredl pers. coau.).

A total of elght nests have been taken under llceoae fron the wild
over the past l rso yeaisi  1980 nas the- last season l t  is planned to take
fron the wild. The effects of renovlng the 6ggs fron the wl1d 1s 1lkely
to be sEal l  when ls glven to conslderat lon the fact that Dany of these
would have been lost due to f loodirg. Webb (1978) stated that the area
beteeen the Mitchell and l{olroyd Rivers (rhlch lncorporates the Conpany's
col lect lng area) ls subject to heavy I 'et  season f loodlng, and thus there
1s f lEi ted chance of successful  natural  recrul trDent in C. Dorosus
populat loas,

Technlcal Economlc and social Revlew

The prolect ls present ly the subject of  a detal led technlca-,
econonic,  and soclal  revlew to plan future tesearch, developsrent,
o€Lnage&ent, and tralning Deeds of the prolect as an eventual Edtard Rlver
Aboriginal Connunity controlled and Eanaged venture. The tnltlal stody
and report  1€ scheduled to be coopleted l f l  late 1980.

Future Research and Development

The najor research effort  of  the project for the next co{rple of years
w111 concentrate olr:

a

I

a

a

a

I

1 )
2>

b )

fhe Ednard Rlver Crocodlle larh Developnent vl1f conce[trate on:

lncubal lon and hatchl lng nanageden! ard nutr l t lon.
Crocodl le fel t l l1ty,  breedtng and breedlrg lagoon nanagenent.
Dry 6eason \rrater nanagenent and uater quallty nonttorlng.

Cont inued construct lon of pens at ld enclosures,
Aborlginal trainlng.
The developnent of manageoeot strategles to meet the projecl8

part lcular need6 as a future Aborlginal  Coronunlty Etterpr lse,
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INTRODUCT ION

During the lasr decade the major emphasls of Dost large zoo rept i le
collectlong ln the United States haa evolved fron nerely houstnC
nuEbers of s lngle or urpalred representattve specles fo!  exhlbl l  to the
pract lce of establtshtng breedlng groups of rare snd endangered
varlet les, el ther on or off  exhtbl t  to the general  publtc.  Zoo
peEgonnel have becone aware that the only chance for future acqulsltlon
of nany species wt l l  most probably result  f ron capt lve breedtng rather
than froo speclnens taken fron nature. Thls Eay be partlcularly true
for crocodl l ians because of thelr  endangered status and exlst lng
vl1d11fe regulat lons. I t  1s our feel tng, therefore, that the capt lve
breedtng of crocodl l ians as re11 as other rept l le groups, has a
deflntte value and an eatabllshed place ln lhe overall goal8 of artlnal
conservat ion, i f  for no other reason than to assule a supply of
speclnens for pub11c exhtbi t ton snd educat lonal and research purposes.

Honegger (1971) presented the f l rst  overvle\r  of  the crocodi l ian
sl tuat lon in zoological  gardens. Thls report  was updated (Hodegger
1973) and reports on stocks and breedlng fror0 European zoos (Honegger
1975) and frod those of the Unlted Statec (Klrg and Dobbs 1975)
fo11owed. This paper glve6 an update on capt lve breedlng of
crocodl l lans ln Unlted Slates zoos fron 1976 through 1979, as !re11 as
current lnfornat ion on nurnbers and breedlng potent lals of those 6pecies
nalntalned ln these inst i tut ions. Conroents are nade on the fers
conslstentfy successful  prograrns. A brtef dtscussion of sone of the
factors that nust be considered by zoos attenpt lng to establtsh
breeding prograns 1s included.
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},IETHODS

The inforoatlon contained ln this teport was taken 1n part fron a
conpl lat ion of Eore than 50 Untted States lnstt tut ional inventor ies by
Slavene (1980).  Those zoologtcsl  parks knoun to house crocodi l tans
that were not incfuded in Slavenrs survey r lere personal ly contacted and
their  inventor les added to the results,  As mentloned 1n earl ler i
reports (Honegger 1975; Klng and Dobbs 1975) survey response l 'as
usually lncordplete and anillal lnventorles can vary on a day to day or
seasonal bas1s. Addit ional ly,  surveys of thls nature rnust rely for the
nost part  on publtshed infonoat lon for breedlng iecords. To date, the
only reasorFbly rel lable source has been the Internat lonal Zoo
Yearbook, el ther fron specif lc art lc les deal lg--E-h reprod tou or
fron l lsts ot reporred breedings located tr  nost recent volunes. In a
pubLished l ist  of  herpetologlcal  t i t les fron the IZy (Tryon 1979) fron
1ts incept ion 1n 1959 through 1978, only 19 arr ic les have dealr
excluslvely with crocodl l ld;  husbandry and breedtng. The l lsts of
reported breedtngs are less rel lable. We personal ly know of lnstances
where offsprlng fron wild-caught gravid fenales or eeg ctutches found
1n nature have been recorded, probably intent lonal ly,  as havjng been
capt lve-bred. An addlt lonal publ ished source of tnfon[at lon has been
the Nensletter of  the Anerican A6sociatton of Zoological  parks and
Aquariuns, where bir ths and hatchlngs are reported on a nonthly basts.
These reports are also biased, as sone inst i r l r tons st i11 refuse Eo
roake thelr records available in publlshed forn. The problens of Eexlng
and specles tdent l f lcatton have not tnproved 1n spite of avat lable
publ icat lons (Brazait ts 7969, 1973).  Thetefore, rhe infornatton
contalned in the present report  csnnot be constdered note than an
approxlnat lon of the current status of crocodl l lan nunbels and bleedtns
potent ials.

RXSULTS A-l{D DISCUSSIONS

Aninal NuDbers

329

Table 1 glves speciDren nurxbers of crocodt l lans reportedly hous€at in
Unlted States col lect lons. In nosr cases subspectf tc namea are r lot
used because proper ldenrl f lcatton could not be deter.oined by reporr lng
lnst l tut lons. Nuobers of knol 'n nales, feroales, and unsexed lndlvldualE
are l lsted as, for exanple, Al l igator nisslsstpptensls,  61 nales/38
f emales/463,,nsu*ud spectrenil--1i-u*pEi?Eil-11-ilii-ssrpprensis is
held in srearest nunbers, wtrh a very conserv-ttvE-FtgffiT-333.
S u b s t a n t i a l  f l g u r e s  e x l s t  t o r  C a i n a n  c r o c o d l l u s  c r o c o d t t u s  ( 7 8 ) .

9 s L e o { a g x r u s  t e t T a s p t s  ( / 5 ) ,  C a t n a n  c r o c o d i l u s  J g l e l g  ( 7 1 ) ,  a n d
crocodylns Eorelet i i  (62).  I t  ts should be Doted, hoq,ever,  that these
apecles are bred consisrenrly by one or .nor€ insr i tut ions (Table 2),
atrd a large percentage of these f igures are conprtsed of hatchl tng and
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juveni le age classes. For exanple, in 1979, the Fort  l lorth (Texas) Zoo
held 36 hatchl ing and Juvenl le 0. tetraspla, artd Dost of the unsexed C.
l lorelet i l  were housed at the At lanta (Georgia) Zoo. With the except lon
of Cainan crocodl. lus ssp. (32),  al l  other var let les exist  1n nuxibers of
24 (lglggylfg ggflfg) or less, Nine spectes number l0 or ferer
lndlviduals:  A1l igator slnensis 8, CaiEan crocodl lus apaporiensls 3
(Dlsident i f icat ion poss1b1e, see Klng and Dobbs 1975),  Ca. iDan
lstlrostrls 2, Paleosuchus palpebrosus 10, Crocodylus 93lgAlgggg 8,
C. internedius 5, C. johnsont 9, C. palustr is 10 and Gavlal ts
gangetlcus 2. Every effort Ehould be nade to ensure the establlsbEent
of breedlr tg sl tuat lons for these specles.

Breedlng Potent ial

Table I  glves the breedi[g potent lal  as yes or no, deternlned by
whether or not at least one knol'n sexual palr is housed ln the sane
lnsl i tut lon. Agaln, A. pisslsslpplensls tops the l ist  with 18 of 35
holdlng lnGtl tut lot ts report lng at ledst one 6exua1 palr .  cood
potent lal  exlsls for CaiEan crocodl lus yacare (5 zoos),  gggl l lgg
rhonblfer (4 zo@), Osteolaenus tetrasplg (7 zoos),  ard Topistoma
6chlege11 (4 zoos).  0f  the above, only T. sch1ege11 ha6 not been
successful ly bred tn a Unlted States zoo.

Seven varletles norl have breeding potenrial 1rt only one lnsrltuttotl
(Al l tgator stnensls,  Calpan g4!f !q fugcus, crocodylus cataphracrus '
S--. l4gra!s, E.l.i**T,E@]iEie' aft-:s. rEIsi;iE ,--T6--
knosn potent ial  exists for Cainan crocodl lus apaporien8is,  C.
latirostri6, Paleosuchus palpebrosus, and cavlalis gegg:!i:gg. Foi
these, breeding agreenents nust be establlshed belrseen lnstitutions or
tndtvlduals houslng stngle or sane ser. specinens. Ereedlng potentlal
in nost cases ls probably belter than lndlcated herei [  because of the
dlf f icul ty ln sexing juvent le speclnens.

Breedlng Success

Behler (1978) sunuarized capt lve breedings as repo.ted ln aval lable
I l terature fron 1960 to 1975. Durlng these years, only four specles
tere reported aE having been reproduced ln Untted States zoos. These
nere A-l l lgator nlsslsslpplensls (24 breedlngs),  Caloan clocod11us (10
breedlnss),  crocodylus acutus (2 breedlngs) and g. g9-! !gg (6
breedtngs),  for a total  of  42 breedtngs in thar 15-year perlod, I t  1s
of note that al l  breedings of C. acutus and C. norelett t  dur lng rhis
t lne occuried at one lnst l tut lon, At lanta, Georgla.
Table 2 suDmartze6 successful  capttve breedlngs fron 1976 to 1979 and
tndtcates successful  hatchlngG that have occurred at the t lne of thts
wrl t tng tn 1980. IBnedtately evideDt 1s the fact that rrot  only ls
there an increase 1d nunbers of specles bred, but that nore
lnst l tut lons have been successful  nl th at least one species. Durlng
this 4-year period, 44 successful  hatchhgs occurred, with 4 specles
produced 1n 1976, 4 tn 1977, 81n 1978, and 9 7n 1979. Although nany
of the6e have been one t lne breedlnga, they do deDonstrate a potent lal
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TAALE 1. Stocks, sex rat los, and breeding potent lal  of  crocodt l iads housei l  tn
Unlted States zoos.

Species Sex Rat lo Hold lng

.  Sex lnst i tu t lons
d/i,/ un r.non'n

Nunber
Breedlng of
Potent ial  ZooE

o

I

All lgator rolsslsslpplensls
AI l isator Einensls
Caiman crocodl lus ssp.
Cainan c. aDaDoriensls
Caioan c. crocodi lus
Cainan c. fuscus
;=::: ; :::::-

Calnan lat i rostr is
ItE.ra--ra""e;;I;;;I;;
Paleosuchu6 DalDebrosus
Paleosuchus tr lgonatus
Crocodylus acutus
Crocodylus cataphractus
Crocodyfus lnternedius
Crocodylus johnsoni
Crocodylus oorelet i i
Crocodylus nl lot lcus
Crocodylus novaegulneae
Crocodylus Dalustr is
Crocodvlus Dorosus
Clocodylus rhonblfer
Crocodylus 6lamensls
0ateolaeeus tetrasDis
Tonistorda 6chleAel i
Gavial is ganget lcus

67138 / 463
7 /4 /3
3 /4 /25
2 to /7
7  / r / 16
r /7 /77

74/12/45 '

2 /A /O
6/2/3
4 /2 /4
5/s /6
7  t7  /10
4 /2 /2
3 /2 /0
5 /2 /2

70 / 20/ 32'7 
/9/8

B/3/1-
5/4/ r
s /4 /3
4 /10 /3

ro /9 /3
r8/70/47
ro/5/3
7 /7/O

35
I

1 l

18
1

_1
2
1
5

3
-;

2
1
1
1
2
3
I
1
2
4
5
7

yes

yes

yes
yes
yes

yea

ye6

yes
yes
ves
ye6
yea
ye3

yes

yes

3
7
6

t2
I
5
6
6

1 0
3
2
4
6
6
4
4
6
5
7

a7
7

D

I

I

,

)
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a
Table 2. Crocodl l ian var let les successful ly

1976-1979. * lndicates successful
bred ln Unlted State6 zoos,
hatchlng tn August 1980.

Specles IT}stttutlon Year(s ) a

All igator lnisslssippiensls Fresno Zoo, Cal i fornla
San Dlego Zoo, Cal i fornia
Jacksonvllle Zoo, I'lorlda
Busch Gardena, Tanpa, Flor lda
Ilonolulu Zoo, llawall
llonroe Zoo, l-oulsiana
JachaoD Zoo, l r issls8lppl
Tulsa zoo, oklaholla
Fort Wor,th Zoo, Texas
Houston Zoo, Te*as

Bronx Zoo, Nelr York
Rockefeller Ref uge, Loulstana

San Antonlo Zoo, Texa6

Cal l fornla A1l lgator tr .ano,
Buena Park

Fort  Worth Zoo, Texas

Ctnclnnatt  Zoo, ohlo

Dade County Zoo, f lor lda

Atlaota Zoo, Georgla

1978, 7979
797I
1976
797 6
7979

7976, I97 7
L976, 7978, 797 9

7977, t97B
7916, 1978
7976, r97 7

797 7
1979 ,  1980*

7976 ,  1978 ,7979

1974

1977 ,  L97a ,  t 979

1979

1980*

7976 ,  1977 ,  197A,
1979 ,  1980*

1979 ,  1980*

197I

1979  (d ted  a t

t97 I

7976 ,  t 977 ,  7978 ,
7979

7976, 7977, 1978,
t979

7977 , 7978, 797 9

a

a
A]-ligator alnensls

Calnan crocodt lus fuscus

Cai.oan crocodllus rg93:9

Paleosuchus tt igonatus

I

I
Crocodylu6

Crocodylua

Crocodylus

Crocodylu6

CrocodyluE

OsteolaeEus

lnternedlua

norelet i l

n i lot lcus

rhonbifer

tetraspls

Buach Gardens, Tanpa, Florlda

Cal l f  ornia Al l igator Farro,
Buena Park

Eronx Zoo, Ne!/ York

Dade County Zoo, Flotlda

Menphls Zoo, Tennessee

Fort Worth Zoo, Texa6

Seatt le Zoo, I lashlngton
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for cofltinued success and perhaps lndicate an awaredess that success is
possible when correct huabandry techalques are ut i l ized.

In recent years there have been felr  conslstent ly successful
breeding prograns for crocodl l lans. foremost 1s the At lanta Zoo with
their  prograrn for Crocodylus nore1et1l  ( f lunt 1973, 1975, 1977, I98O).
others lnclude the Fort  Worth Zoo for O6teolaenus tetraspis (Tryon
1980) aod gai!+ lrocogllus yacare, thE-IEilII-s zo6-T6it.-teuraspls
(Beck 1978),  the SeatLle Zoo fot O, retraspis,  and the SEn l-ntonto Zoo
for Cainan crocodl lus fuscus. Fron records avai lable in 1980, vtable
prograns may be establ lshed for A1l lgator slnensls (Bronx
Zoo-Rockefel ler Wtldl i fe Refuge),  Crocodylus ni lot tcus (Busch Cardens,
I lortda),  aDd C. siamensls (Dade County Zo;;  Flor ld; t  For nosr orhers
a predlction would be prermture because slngle breedings do not
necessarl ly indlcate a level of  success.

Previous accounrs of zoo crocodlllqn bieedldg (Honegger 1975; (lng
and Dobbs 1975; Tryon 19SO) have stre;seal the husbanalry i€ctors thar
should be considered in order to €stab1i6h a successful .  prograo.
Whereas in the past Eost breedl.ngs have been a natter of luck rather
lhaI l  careful  planr lng, those codststent ly successful  prograns l lsted
above have lacorporated a nunber of ge[era1 nalntenance factors that
should be, but are nor nece€sar1Iy comrnonplace in Eny eodern zoo.
Forenost, these zoos have begun codcentrating on one or rore varletles
of crocodi l lans (deperdtng on facl l i t les) and have establtshed
specles-speclf lc groups per enclosure! l t  is now unconnon r as oDDosed
t o  j u s t  f t v e  y e a r s  a g o ,  r o  f l n d  l a r g e  n u n b e r s  o f  a  v a r l e t y  o f  s p e c i e s
housed together. Although these large aggregations of anlllals provldeat
fo! populer exhlbl ts,  breedtng of any klnd was iotnimal or non-exaorenr.

Wlthl l l  speclf lc breeding groups, attent lon has been focused upor
the elaborale soc1al behavlors exhtbtted by crocod111ans. Llunt (1975)
and Tryon (1980),  for ey,anp1e, found l t  tnpossible ro house two
s e x u a t t y  n a t u r e  o a l e  C r o c o d y l u s  D 0 o r e l e t  t 1  a n d  O s t e o l a e D u s  r e t r a s D t s .
EogeEner wrEn renates rJt tnout agonlst lc behavlor result ing in injury to
one or both oa1es. Agonist tc behavlor nust be considered in any
carefully pfanned progran, and Dore than one breedlng enclosure per
specles may provide an addlt tonal x0easure of success. Fenales nust be
given adequate nest lng areas supplted wlrh approprt .ate nest ing
bater ials.  Qutte unbeltevably,  sone zoo personnel st111 fat l  to
realtze thts,  and as s result  eggs are danaged, eaten or laid 1n pools
befole they can be recovered. A review of the l l terature on
crocodl l lan breedlng $t1l  reveal a nult i tude of techntques for
art i f lcal  egg lncubarton. These range fror pr iol t lve ao sophtst icsted
and sholr varying degree€ of success. We suggest the slnple technlque
of using a verx0lcuute substrate (TEyon 1975) which has proven
except lonal,  l latchlng rates for fert i le eggs have been ; lose to l0O
percentr not only for crocodi l tans bur for other repr i les as wel l .
Slnce tenperature-dependent sex determlnat lon ls connon in turt les and
has been recent ly reported ln rhe :Anerlcan al l igator (Bult  19SO),
lncubatlon tenperature nanlpulatlon could becone a Dajor nanageoent
tool for rept l le breedlng prograns.



334

Iofelttllty has b€en a najor problen ln nany zoo prograbs. If hlgh
retes of lnfert l l l ty occur,  the dlet of  the breedlng specimens should
be exanlned. When a diet co posed largely or exclusively of t rozen and
thalred f tsh nas given to C. aorelet l l  ln Al lanta ( l tunt 1973) and A.
nlsslssipplensls ln fort  Worttr ,  l fgn lnfert l l l ty rates exlsted fo;
both. A dtetary shl f t  to rodents snd fowl brought ebour lncreased
ferttllty ln the eggs of both specles, The A. gEglggb}lsglg housed
1Il an outdoor eoclosure at the Eouston (Texas) Zoo have ploduced
several  c lutches of eggs 1n co[secut lve yeals ldth a fert i l i ty rate of
approxldalely 1 percent. Theae speclnens are glven a diet conposed
ent irely of thatred f lah. To date a dletary shl f t  has purposely not
been attenpted but would nost 1lkely result ln lncreased fertillty
rates. Frozen f t8h should not be ut l1ized. and crocodl l lan dlets
includlng fre6h rough ftshes should be supplenenteal rslth rodents or
foa'1.

CONCLUSIO}I

I

I

Because successful breedlng proglans began for the nost patt as a
Datter of  luck rather than plannlng, certaln lnportant factors were not
tntttaUy considered, Before plunging headlong ltrlo a breedlng prograD
for alry crocod1l1an, the fo11ow1[g quest ions nu6t be answered. Firs! ,
nhat facllitles are available rhlch are sultable for crocodillan
reproduct lon? In order for the faci l l ty to be sui table, i t  nust be of
adequate slze 1n both pool and land area (Klng aDd Dobb6 1975);  1t  Euet
provlde areas for aecluslon, ba6ktng, and nest ing; and l t  rnus! be
capable of nalntatning the proper aobleDt condltlons for tenperate or
troplcal  forEs, I f  the paograo 1s successful ,  l rhat faci f l t tes are
aval lable for the hatchl lngs? Are these nerely holdtng ereas, or wi l l
they be sui table as the anlmals double and tr lp le ln slze? Most
inatltutlona have discovered that they cannot toalntaln large numbers of
any species, and therefore perhaps the nost i rDportant
quest ion of al l  ls nhat can be done \r l th the offspr lng? A few
specinens Day be retained ln order to expand the progran, but nost w111
have to be t laneferred to other lnst l tut lons or lndlvlduals interested
in establ ishtng addlt lonal breedlng groups. In late f979, the United
States Fieh and Wlldl l fe Servlce eased restr ict lons on capt lve-bred
endangered speclea born ln the Unlted States, reduclng these frord
Appendix I  to Appendlx I I ,  and therefore perolsslon to transport  wlthln
the Unlted States has been shrpl i f led and is less t lne coosuulng. The
Lnplementatlon of these regulatlons lras {r real boost to zoologlcal
lDat i tut lons.

Recent ly,  the posstbl l t ty of  restocklng narural  areas wlth
capt lve-bred crocodl l lans has received at lent lon. Before this can
becone a real i ty,  hlstor lcal  and geret lc lnfornat lon nust be obtalned.
The or lgln of Dost zoo gpeclnens ls u[fortuaately in doubt,  and
therefore a real concern for gene pools rnust be expressed before
restocklng can be consldered. other considerat lons are transdisslon of
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dlsease, inabl l l ty of  the capt lve-breat specinens to accl inate, analpolt t ical  or ant l -conservartonisr acl ivt t ies r{ , t rhin rhe natur; t  ranSe
of the specles.

At the very least,  capttve breeding prograns can assure codt lnued
survival of a specles ln captivtty. The potenttal educatio[al vatue ofcapt lve crocodi l iars is undenlable and, i f  properly presenteal,  I lay
inpress the general f'ub1ic into an lncreased arareness of the
lmportance of conservat lon programs and pracl ices. Zoological
lnst l tut lons can no longer afford to be consuners of wt1di1fe, and l t
nould seen a leglti.Date goal of any zoo i:o nove toward the
eatabllshrnent of a collectlon cohprlsed lsrgely of captlve_breitI

I
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REVIEI,I OF CROCODTLE MANACEUENT OPTIONS AID PRACTICES IN ASIA

RoBulua Whitaker

Madras Snake Park Trust,  Cuindy Deer park
}fadra8 500 022, Sourh India

.ASIA

I

I

)

I rar (Ctocodylus palustr is)

-  39"9h rotal ly prorected by 1aw, the snatt  populat ion 1s threarened.
I t  would be destrable ro suggest a narageeeDt/co;s; .vat ion 6ch;;e to rhe
I r a n t a n - g o v e r n l l e n r . c o n s J s r j n g  o f  ( a )  s u r v e y ,  ( b )  e g g
col lect loD/rearlng/release, (c) protect ion ot eurt : t le habltats,  andposstbly (d) developnenr of cobElerc1a1 tnterest in rneat ana tr ia is once tne6pecie6 16 considered nurn€rous end vlable enoueh.

?akistan (C. palustr is,  cavtal is ganget icus)

Both apecies teceive part lal  protectton but thelr  aleplet€d staEerrarranla urgent act lon. The progran suggested for I ran would be
appl lcable to Paklstan. Sna11 populartons of both species could exlst  inaanctuarles now being proposed, but the prevai l lnS ai t i tude is thar
crocodl les compete wlth nan for f1sh. there te t iue an urgenr need for
educat ion and developnent of conurerclal  tntere6t 1n cro.oaifes .no
iecognlt lon of thelr  ecological  v€1ue.

IDdla (C. palustr ls,  C. porosus, c.  ganget lcus)

- The survey/egg coltect lon/ iear lag/release/research progran devl6ed by
l i^*:-::::,:! 

of. rhe Food and.Agrlcutiure orsanizarlon ."a irpr.,"nt.o ryEne rorest departnent8 of vErlou6 states ls an urqual l f led success,
Pub1lc educatton and lnvolvenenr of 1ocal people 

"t  
."" .y t ."" i -"r  , t .

var loua prolecrs nt11 hopeful ly ensur€ 6uEtalned 
"uc..r" .  

T}e".  p_o3.cts
provlde an excel lent . rodel for countr les wlth sl l l i lar sf tuatfons 1i .e.drast lcal ly depleted crocodi l lan populat lons and heavy h,r .uo pr"""ur.  on
the environnent).

337
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sr i  Lanka (c.  palustr is,  C. porosus)

Both species receive protect ion but are being pressured ln several
dlstr icts because of (a) lack of protect ion 1n the f le ld and (b) lack of
lntetest In crocodl les as a resource by 1oca1 people. The Populal tons of c.
palustr is h the two large nat lonal palks (Wt1patt i . r ,  Yala) should ensure
survival  of  this species, but both C. paltstr is ard C. porosus outeide the
palks w111 cont lnue to be depleted. A detal led survey and study of the btology
of the t!/o specles 1s reconmended on the basis of ithich a Eanageuent plan for
controlled coErderclal uttllzatlon can be dra\tn uP. If the plan wete ba6ed on
royalt ies payable to vi l lagers under whose jur isdlct lon the habltat  l les, 1t
I'ould provide an lncentlve to Plotect the crocodlle as a resource. Cutrent
uncontrol led l l legal explol tat ion for neat is carr led on by i t ineraf l t
f isherDan. There ls conslderable scope for a large scale cornnerclal  crocodl le
farm based on egg col lect lon'  royalt les to vl l legers'  and release of a
percentage of the offsprlng, as occurp ln the Zlobabr,Te aodel.

Nepal (C. palustr is,  G. garget icus)

Egg col lect ion and rearlng of young gharial  ls ln progress at Royal
Chltrdan Natlonal Park, wlth releases ln lh€ Raptl and l{arayanl rivers. Whlle
both species ale assured of protect lon l t l th in the park, strvlval  outside thls
protected area Eay depend on devefoplng control led conmercial  iaterest anong
rlver dwel lers and f tshera€n, u6tng seed stock froD the rearing schene of
Chttnan.

Bhutan (G. ganget icus?)

A farning scheEe has been reconnended by FAO consultant H. R. Bustard.
Stock fron India or Nepal could be u6ed aod a ldld breedlng stock e€tabltshed
ln the Uanas River (Nat lonal Park),  the only suttable habltat  ln th€ country.

Sangladesh (C. palustr i6,  C. poroaus, C. ganget lcus)

Simi la.  to lhe Indtan sl tual lon, develoFrent of crocodl les as an econol i ic
and ecologlcal  resource would appear to be the best opt lon. Whl le DuSSels are
no lorger seen and gharlal  are fewer than 10, the sal tuater i  crocodl le ls
apparently not urco[rnon ln the Sunderbans. A well organlzed egg collectio[ and
breedlng scheEe could be not only comerclal ly v iable but also help
rehabl l l tate the w1ld populat lons. Sultable habltat  needs to be protected.



o

I

339

Developlng crocodl les as a vi l lage 1eve1 resource for neat and sklns based
olr survey liork appears to be the be6t option tn the absence of alata on the
status of the specles there.

I{lIITA(ER

Vietnan (C, porosus, C. Elamensts)

Sane as above.

I-aos (C. porosus, C. slaEen6ls)

Save as above.

D

I

t

Burba (C. porosus)

There ls current ly tntereet tn vt l lage crocodl le farEing sinl far to tbePapua New culdea netlrork. Accordingly three delegates of th; Bumese
GovernDent vls l ted PNC thls year.  I t  1s importani to enphastze thst thts
approach ls vorkable only as a network: vtUage rearlng pen6 as a basts of therural  aspect of the industry and large coDnercial  farns ( ;bbattolr  based) rosupply expert lBe and rdater lals snd to act as buffers in t l res of drought and
fo6d scarclry,  Habirar is being lost to agrtculrurat 1rf ." j  a.v"r"p"r, t .

Thai land (C. porosus, C. slapensts, Tomlstooa 6chlege11)

--  There has been 1i t t le governnent act ion on crococl i le nanagenent but the
ltell known Sanut PreLan Crocodile Farn has_ beer breedtng C. poiosus ana C.
slapensls for a nunber of lears. Lhi te t t iey rrave a r  rowialyi i i?rE i" . ,=ir , .
proprietors 

_ ioalntatn that they have large breedtng stocks oi  pure specres. In
the early 1970t6 the proprretor offerear to restoci  i lepletear. leas r '  r t" i ra.ra
once govern'ent piotect ion of habltat  was assured. This g€nelous offer 6hou1cbe considered ott  the basls of a survey of sui table habita;  and a nanagenenE
plan for in i t ia l  rehsbt l l tat ion and, later,  a control lei l  harveEt of ! r i1d
stock. Ini t ia l  eophasis should encourage bre€ding and rehabt l i tat ion of therare Topistona schlege-l t  and C. slanensls.  Tourtst  tnterest in the Samut
lr€Kan rann Buggests that observable populattons ot crocodl les in nattonal
parks $ould hcrease vlsl tor at tendence.

Xaiapuchea (C. porosus, C. starLensts)
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Chlna (C. porosus, Al l igator sinensls)

the chlnese al l igator has apparent ly been protected since 1958. Dr.  I luang
Chu-ChleIt  of  the Pektng Inst l tute of Sclence ls working on the lnl t lat lon of
studles on the ecology and evolut ion of the specles "to establ ish growing sl tes
and to prolect and develop thts valuable \ t1ldI l fe resource" (see art lc le thls
voluoe), g. !9:9llg apparently sti11 exlsts in sma1l nunbers tn Kl^'angtuna
Province. FoUowing lltltial surveys and studies, nanagenent should flrst
con6i6t of  ensurlng species survival  ni th posslbly a futule cotrmerclal  use'
The l in i ted avai lable habltat  is a patt lcular ly lnportaf l t  conslderat ion.

Malaysia ( includlng Sarawak and sabah) (c.  porosus, C. sianensls,  Tonistona
schleeel i )

Protect ion of rhe three specles exlsts in sone areas, but no DanageEent of
the populatlons ha6 been lnplerdented. At present the urgent need is for
distr lbut lon and status sutveys fol lowed by conservat lon lEnagenent.  As
Malaysta has had a recent hlstory of soa11 rearhg stat lons, a control led
harvest of  young crocodi les for comnercial  rear lng would be a logical  approach,
i f  breeding adults st l l l  survlve in the wt ld and a percentage of the young ate
returned to the wi1d. In Sabab a pr ivate fann near Sandakan is reartng about
800 crocodl les, and the proprletor is lnterested ln capt ive breedtnS. Wh11e
creat ing a control led conmercial  nanagenent po11cy oo crocodi les, governl lent
and/or pr lvate efforts tonards rehabt l t tat lon of the iare T. schlege11 and C.
6ianensis should receive pr lor l ty.

B r u n e i  ( C .  p o r o s u s ,  T .  s c h l e g e . I i )

Same as above.

lndonesla (c.  porosus, C. sianensis,  C. novaegulneae' T. schlegel l )

Crocodl les are on the protected l tst ,  bul  explol lat lon cont inues to be
heavy. In the past,  in addit ton to adults ki l led for sklns, large nunbers of
young crocodi les tere sent to rearlng stat lons ln Slngapore. I t  1s suggested
that Indonesia uodel a crocodi le management program on the PNG faxnlng n€twork,
protect lng lhe !r11d breedlng stock and col lect lng young for rear lng and/or
supply to large corDnerclal  farms. An FAo consultant recent ly nade a survey of
the crocodl le lndustry ln Ir ian Jaya; hls reconmendatlons are along the above
l lnes.

a
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Phtl lpptnes G. porosus, C. n. nlndorensts)

Wh11e very l l t r le i6 knorrn sbout the crocodt l€s ln the pht l lppines, theyare known fron several  local l t tes ln the ls lanalF. At presenr there Is anurgenr need for a 6tatus survey and study, a Job "ol .r  
lef"g unalertaken by C. A.Ross of the Snithsonian Inst l tut ion. 

.  
Based oi  hls f lndto;s r i  wrrr . f ropefuffybe posslble Eo tdent l fy populattons which can be protect j  . ; ;  ; . . " .  

""reatocking nucrel for the future. .The phillpplne covernnent can be hade a'areof lhe pressure on rhe rlro specles of crocoaiies 
"rra 

tt," 
".i"r,iirt" 

.naecologlcal  vslue of protect ing then. In the long tein t to"gh; i t  seeos thatthe-eventual control led exploi lat1on u111 be a t .y t .  sr i" i i ; ' " igDl f icant
off ic lal  involvenent tn crocodi le conservat lon,

OCNANIA

Papua New Cutnea (C. porosus, C. novaeguineae)

A decade-old crocodi le nanagelrent progran 1s unalenday ani l  now conelsts ofa rearing faro network of 200 vt11ag€, 6 government, aud i conneretal fareswlth over 20,000 crocodites betng reareal ior skins.-  Kft t ln;  ;  s i t -at  crocodt lesfor sktns ts to be gradual ly phased out tn favor of . r f i " i i ig- i r  y"""g
crocodi les for rear ing. The major conservat lon ,"r"" . i ,  f , . "  i . "n protect lon ofa large segment of the wt ld breedtng stock by a lau prohlbl thg the trade InE k l n s .  o v e r  2 0  ( 5 r  c D )  i n  b e r i y  v t d t h  ( e q u i v a r e n t  t o  a n t n a l '  o i  a u o u t  z  m  t o t a r
rengtnr.  A Ia$ prohibtt ing trade ln sklns under 7..  (19 cD) bel1y l r idth l rasrecent ly passed. uNDp/rAo involvenent sidc€ 1977 has atded v lage exte.sion
work, aDd technlcal  lnputs tnclude the recent fornulatton of a populat lon
nonltor lng progran.

Solonon ls lands (C. poroEus)

. .  
Crocodi les are part ial ly protecteal (see "Status of Aslsn Crocodi les,.  inthts volune). Though feared by Dost people, crocoarrles could becone a valuableresource to v111agers lnterested in rearing then or captur lng the young for

6ale to a connerclal  fan0. Several  vt l lagers are ln fact reir fng snarf
crocodi lea. LeAtslat lon constsrent i r i rh ;eighborlng pNC,s 1a!rs ts essent laf ,
and technlcal assistance in a progran along ihe ]in;s of the pNC netrrork tsreconnended. Tourlst  v leving of the r . ,11d irocodl les could provlde another
source of lncone to local vt l lagers.
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Westeln Carol ine Is lands (Palau) ( ! .  porosus)

Though data are lacklng, l t  ls reported that ls landers have conslderabte
ant lpathy tolrard large nunbers of crocodi les though a snal l  populat ion ls
tolerated. A prelinlnary slrvey 16 rrge[tIy recomended, add the econoElc and
ecological  value of crocodl les needs to be deEonstrat€d to 1oca1 people.

Nen Hebrldes (C. porosus)

Sane as above,

a

a

a
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RIVERJ BOTSWANA

coran E. D. Blonberg

Departnent of Flshertes and Wlldl t fe,  Mtchtgan State Unlversl ty
East l -ansIng, t f ichigan 48824 U.S.A.

Brlan C. St.  plerrel

Col lege of Engineertng, Mtchigan Srate Untversl ty
East Lan€idg, Mlchigan 48824 U.S,A.

KeUey D. Sndth2

Departnent of Ftsherles and l{ i ld l l fe,  Mlchlgan State Universi ty
East Lanslng, Ulchigan 4B824 U,S.A.

' -steven 
u. c;dd;113

D e p a r t D e n t  o f  F l s h e r t e s  a D d  W t l d l t f e ,  M t c h i 8 a n  S t a t e  U n l v e r s l t v
E a s r  L a n s t n g ,  M J c h l g a n  4 8 8 2 4  U . S , A .

Sanuel R. ?ett4

D e p a r t o e n t  o f  F t 6 h e r i e s  a n d  H i I d t i f e ,  t c h l g a n  S t a t e  U n i v e r s l r v
E a s t  L a n s l n g ,  l r i c h J g a n  4 8 8 2 4  U . S . A .

D

I

gggqt. Grovrh of rie clgcodytus nlloticus populatlon 1n rhe Okavango
r c v e r ,  b o t s v a n a ,  a n d  t h e  e t f e c r s  o t  p r e d a r l o ;  a r ' d  f l o o C l n g  o n  e g g s r  o f
cannibal iEm durtng drought,  and of hunt jng were stnulatedi preiarron on
eggs and f loodtng of nests were siAnlf icart  l in lr ina factors. After
Stowth the populat ion began osct l lart l tg around 2t,OOO ln 130_140 years,
The nest lng fenale cohort  began osci l lar lng.ro,_rna l+OO 1n l I2 years.
?ested huntlng schenes lol'ered the population to 1400_2000, and the
.rest lng fenale cohort  to 50-10o. comnerctal_ly prof l table hunt lng rates
appeared unfeastble; egg col lectton and capt lve rearlng appeared to be a
vlable nanageDent al ternat lve.
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INTRODUCTION

A coi0puter sinulat ion of the populat ion dvnanics of the Ni le

crocodlle qllgggryUg ntlottcus) 1n the OkavanSo R.lver, Botswana' begar

tn tgZS. We f i rst  at t ;npted to f ind hon nuch t lne the total  populat ion

and the nesting fernale cohort required to leach the flunbers belleved to
have existed pr lor to 1957, when intersive hunthg began. Eff€cts on the
populat lon of var ied waler levelst  nhtch would lnf luence hatch and
cannlbal lsn on o-2-year 'o1d a' t loals,  of  predat lon on eggs'  and of

slnulated hunttng ( for skins) vere also lnvest lgated.

Con0nerclal  explol tal lon'  on a sustalned-yield baals,  is v le! 'ed as a

notlvatiag force in crocodile conservatlofl. Sinulated huntlng severely
reduced the populat lon'  though far below rates considered cont!€rclal ly
plof l table. I t  appears that the nait t  Eethod of connercial  explol tat lon
ls capt ive rearing f toE col lecled eggs.

Ihe crocodiles were overexplolted by cord[erclal hulrte!6 ln the Past
(see Table 1),  but now appear to be recovering ln f lunbers (Crahan 1976).

S. M. Lurle and Co. (Pty.)  I , td '  and B. wl lnot took an esttnated 18'900
crocodl les. Of this take, the total  of  sexual ly Bature females l l 'as

est lnated as, rounded off '  3,200. S. M. Lurle and Co. contt ibuted 1222

and B. Wllmot 1941. Both contr lbut ions are ba6ed on actual or sssuned

takes (Table 1),  ald the roughly 1:1 sex rat io fron the kt l l  In 1974-75'
which concurs ldl th lhat of  laylor (1973) and fron olher areas (Cott  196I '

GrahaE 1968).  According to S M. I"ur le (1975' pers'  cotrm' )  thetr

crocodl les averaged 3 u long in the f i rst  year,  so al l  1000 females were

consldered sexual ly mature. In the subsequent two yeals,  the remainlng

160 and 62 slature females are guesses (= 40"1 and 24'82 of total  nunber

taker) because the average length for the f l rst  of  these off takes car be

roughly calculated'  f roo waist  neasulenents, at  2.4 E. l .  Wtlnot 'e

contr ibut lon results fron sunned values of a curve (Ftg. 1) that beglt ls

in 1957 at 600 (I /2 of assuned snnual take) and droPs at the sane rate as

the nurnbers 1n S. M. ]-ur le and Co'rs ki11, to a f l l la l  value of 60 tn

1969.

Ihe senior author began f ield work ln early 1974 h connect ion nt l th a

hunt lng concession obtalned by Botsirana Gane Irdustr ies (Pty.)  Ltd.
(hereinafter BGI),  and concluded in nid-1976. The populatton had a hlgh

perceDlage of lndtvlduals under 120 ctn 1ong, whlch ls attr lbutable td the

hearry hunt lng (Sustard 1970, cot l  1961, Pooley 1973a).  v labl f i ty rates

and hatchhg rates of eggs werc'16.47" (concurs ! . i th Blake 1974' Blake and

l,overldge 1975, and Pooley 1969) aod 54.67",  respect lvely (Blomberg

1977),  The nonttor l tzard (Vararus nt lot lcue) was the l rnportant
extrinstc cause of egg nortaifr-, 

".tE-TE-..fore 
of nestlng failure

(BloEberg 1977).

the study area (Fig'  2),  BGI'S forner concession area, begins at the

Nanlblan border. and includes roughly the uPper 30 kn of the delta. The

area lncludes rouehly 2740 kn2, of whtch 2350 kn2 conslst  of  narsh'

a

a
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r lver channels,  and lagoons, In the southeast 1s an area of 390 kn2,
oost of  \ rhlch ts f looded inteini t tent ly.  t l i th ln the nar6h are nunerous
bank6 ard lglands which, dependtng on hetght,  are reeutar ly,  l r regufarty,
or perhaps rarely f looded, but rhetr  torat area at any season 1s unknown.

-_ fyerage dai ly 1on and hlgh tenperatures durlng the col i t  seasor ( f5
May-Ls August) are 8.8"c ar 'd 24.O"c and durtng lpir l  and seDtember
through Decenber are 16.3.C a' : 'd 29.2"C, Averages for the s;asods are
based on 18 and 25 dste6, respect ively,  chosen at randoD, frod recorcts a!
Ehe weather stat io[  in Shakare, in 1974. Water tenperatures ranged froo
19oC to 29.5'C. the rahy season begins ln Ocrober and ends tn eprrt  and
resufts fron ralns in the Angola highlands (Earnest 1977),  l rhere the
okavaflgo Rlver begtn6. Eggs on the okavango Rtver hatch in late DeceDber
and January, when the water ts r is lng (Btonlberg 1977).  Sinulared
f loodiog of eggs repreeef l ts unusual ly €ar ly r t6es tn the water levet,

METHODS -

Pertinent functlons of the conputer prograE (see Aipen<llx) itescribeat
below are derlved fron the l i ldted data aval lable, 

"oruttr""  
iu

e x t r a p o l a t l o n .

.  Funct lon."Fl"  (Ftg. 3) esEimates rhe percentage of egg nortal i ty i tueto preDaturety high rdarer tevels.  I rs shipe is j ist l f ie i" ly t i "  f . . tthat 682 of the nests wi l l  be between 0.8 ana 1.8, 
" to,ru 

rol t . . -rrr  rro.r" faeasons (hean + 1 standard devtat ion = 1.3 + 0.5),  ."  a. tu.r i . ,ua fyneasurenents in the f letd, Funct lon ' .F2..  (- I1g. 4) esttnates the percent
of egg loss caused by monitor l tzard preaat loi .  i t "  

" f , .p" " f  
i i .

funct ion ls based solely on t \ ro data points:  apparent f ! . t  of-" ." tpredat lon on the 40 nests ln 1974 and predat ion ;n Z3Z of 82 nests rn1975 (Blonberg 1977).  the di f ference in nest mtnbers for the teo seasons
was rea1. Addtt lonat justt f lcat ion for the general  shape of the funct ion
ls the denslty-dependent nature of predat lon rD general  (EDnet i973),
The predat ion rate for 1975 nay have been sonewhit  lower 1f ; i " i ""  .o
nests could have been very br lef  or not undertaken, horrever,  The reason
ls that fedales tend to leave the nests unguarded i f  hunan vlsl ts last
about 30 nin (crahan er aI.  7976).  The nai lnr:n predarlon . . . .  

" . ,  """  " .2BZ, whlch seens reasonable, considertng thaL 2Or, of [ests were robbed at
Ndunu (Republ lc of South Afrtca) rhere denslry was 1o!. ,  (pootey 1969),  and
33.82 (Pooley 1969) and 49.4% (pool-ey 1973b); t  r ,ake st.  Lucia where nesr
den8lty ls hlgh. Nest density was 1o!,  along the Okavango Rtver.

In their  f l rst  3 years, the young crocodt les are suscept lble ro
cannlbal lsE by older crocodi les (Blake 1974, Cotr 1971, po;tey 1969).
crahaE (1968) lmp11ed that nearly all young arounil ttorih and ientrar
Islaf lds i l t  Lake Turkana nlght be cannlbaltzed, due to the vtr tua] tack of
shelter.  I lh l le we lacked f teld data on rates of candlbaltsm anal
knowtedge of i ts tnpact on rhe crocodi le populat ion on rhe Okavango
Rlver,  we bel ieved thet at  1or water levels the young croeodi les vould be
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forced into the rnaln channels. There they nould fall prey 1n large
nuEber:s to older individuals.  During f loods i t  1s bel ieved that the
caf lnlba1lsm rate wi l l  narkedly decrease due to fontat lon of extenslve
sheltered areas. we used an ent irely hypothet lcal  approach, namely
"F3M1" (Flg. 5).  I t  is a slEpuf led adaptat ion froo Nlchols et al '
(1976) nhich conputes fron a given water leve1 a cottespondtng mult lpl let
effect on the assuned nornal cannlbaltsE rate of 6Z' We u6ed the sane
value (4,65) that Nichols et a1. (1976) used for severe drought
cannlbal isn, in F3M1, though for a water 1evel of  -1.3 n, heoce the slope
of F3M1 is only half  that of  Nichols et aI . 's (1976) ioul t tpl ier
funct lon. A nult lp l te!  funct lon of some type seens Just l f led ln vlew of
the densiry-dependent nature of predat ion (Emnel 1973).

Funct lon "PSURV" (Fig. 6) represents the probabl l l ty of  survlval  f rord
age 0 to age 65. The nlaxinuD age sPan aPproximates that hyPothestzed by
crahan (f968).  For the f l rst  four age classes'  the lncreasing port ion of
the curve ls based on derived populatton structure and thereafter 1s
hypothet lcal .  We asslgf led ages to lengths based on the grol t th curve fot
olre free- l iv ing specitner ln Zinbabne (reported i t i  Cott  1961 and Grahan
1968).  More recent calculal ions show that PSLBV Sives an tndtvldual
crocodi le a 22 probabi l i ty of  survlval  to age 20. As the chance of
survival  to reproduct ive age 1s bel leved to be 1-52 (B1ake and l-overldge
1975),  PsURv seens realtst ic.

Funct ion "PERBRD (Fig. 7) t 'as used to deter.nine the petcentage of
neEl ing fenales for each age c1ass. The earl lest a fexrsle cal l  nature
sexual ly is age 10 (Cott  1961).  By age 37 ( length = 290 cn, based on the
free-l tv lng specinen 1n Zlnbabwe) al l  feroales are bel leved &ature, and
two-thirds of these wif l  nest ln any one year (see I tC. 18 tn Cott  1961).

Iunct ion "CLUTCII" (Frg. 8) shows the cube root of c lutch stze (Grahan
1968) in relat ion to the age of the crocodi le.  (of  course, the cube of
CLUTCIT ls used to calculate the clutch size 1n the node1.) This funct ion
1 s  a - L s o  a d a p t e d  I r o n  c o t t  ( 1 9 6 I ) .

A condensed f lon chart  (Fig. 9) shows the general  structure of the
crocodtle populatlon .nodel . It ls annolaled by the com0ent cards of the
coEputer progran (Appendtx) to facl l l tate understandlng of the lat ter.
(The prograrn 16 nr l t ten tn FORTRIX 4.)

The inl t tal  populatton est idate ( for 1975) was nade as fol lov's.  I t
was f i rst  assuned thal BCI 's k111 of sexual ly nature fenales was not
lntense enouSh to get the Eore renote nest ing port ion, but of l ly that
portlon whlch did not llest and whlch nulrbered 11. An unblased ssnpllng
of the sexual ly nature fenales would have numbered 33, assunlng that
two-thlrds of the oature fernales nested that year.  Thlr ty-three sexual ly
nature feDales sould i rcrement the febale ki77, by 22, to 220, of rrhich
these 33 fenales const l tute 15.02. I t  ls then assuned that there l rere
123 sexual ly nature fenales in the populat ion ( two-thtrds of ! . 'h lch were
the 82 known nesters) in 1975, alrd that these 123 fenales l lkel ' lse
const l tuted 15.02 of the huntable fenales (at least 120 cn long).  The

a
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huntable fen: les t l t  the populat ion ,oulal  rherefore nuober g2O. Thehuntable cohort ,  as deterr ided by repeared 
"rgfra "o"" i" ,  

-  

"J iJ i fa". .aI7,OZ ot the enrtre populat lon. By use ot thie perceai lg" 
-  
i i . - ." . , r .feoale cohort tn the study area should eqtat 4824, 

""d 
dca;;; of the 1:lsex rat io the enrtre populat lon ts est lnatei l  at  9648. We srbttrar i lyralsed thls-esttnate to 9730, an inconsequen!1a1 0.82, to get ine nuutersof unhunrable crocodi les (under 120 cn) io better f t t ' t ie Sirr i t "re 

"rthe-rest of  the populatrof l ,  as deternlned by lengrh_fr; ; ;e;"y- i r t ,  rn t t"k t 1 1 .

When hunt lng l ras slnulated (F1g. 9),  a ntntnum nunber of huntablecrocodl les in the populat lon, below whlch no hunt ing coula tate 
" tr"" .uas set.  Three nlninuD nunbers used were 300, 4OO, and SOO, 

-  ' - - ' - '

nf f lc iencies, lnrended to approxlnately bracket the 
" i i . . i i . ,urr"""  

or arr"hnnter on the avai lable antnats, were var led ar 3OZ, 4OZ, and 502, TheElnleun number and the efficlency renained 
"orr"t.rrt'tr, 

..ry oi"
61nulat ion. Huntable crocoat i les ln our prggraxD were fZO_ieO cn rong,based on current hide prlc6s and_ rhe pau;it; ot 

"auit. icirr,. i-rgzzl,."acorresponded ! . ' l th 2- to 4-year-o1d nates ana 3_ to 6-year_o1i feaates.

After speclf tcat lon and calculatton of a nuFber of var lables, theprograD began t ts nain do ]oop, conslst ing of 300 i terat ions. each ofrnrcn represeoted one year.  In each i terat lon, reproductton, groq,th ofthe popu. lat lon, and l lmit ing facEols, were stnulateat as fol1ovs, I fnuwrng rrere sioulated the do loop began vtth tni t tal lzat lon of a fewaddlt lonal var iables.

Weather,  because of t ts effect on rrater levels,  was conslalered an
iEportant inf luence on survtval  of  eggs and youtg. A 

". . f . i f " ,  
xr,represenrlng water 1eve1 and ranglng fron 1 to 10, was obtalnei uy arandoe nunber generator, The variable .o.re"pond.d - afr" iyp" ."a

aeverl ty of i rater 1eve1s (6ee I ' ig,  lO).  Only one of the t t rree posstUe
types of r , rater levels,  t ,  e.  prematute f1ood, drought,  or nornai,  coutdexist  Ln a glven year,  and these types r j rere ."p."" .rr t"a by values of Z,1, and 0 respect lvely,  for ILAC, a water 1evel tndex on wir lch certatn
declsions ln the prograE rere baseal.  The al lstr jbut lon of f f  vrs U""ea or,the probabtury of a droughr equat ro 0.4, and probabl l i t res of t tooa andnornal leve1s equal to 0.3 each. In case of f1ood, funct ion subp.ogran
TABLIE, whtch catculated consequent egg ioortal l ty (r , t ) ,  l rss cat led.

- 
The number of eggs latd depended on the percentage of sexually naturefenales- that aclua1ly nesred (PERBRD), and t i re clutci  erze lCr,Uica;,  lot frof  i rhlch depended on age of rhe female. Nexr funcl ioD 

",r lp iot ." ,  
rmrXn,

rhlch deterrntned oonltor t tzard predat ion on egss (F2),  
"" !  " i i i .o.  

T},"slnulared hatch of eegs was reduced ty p.er. t . . i !  t i . " i i re,  
-"h"r-r t

occurred, and-by oonitor l lzard predat lon. I t  was furthl i  reduced by aDlnor extr tnstc facror (constant,  0.072) l rhjch sunned up . f i . . i "  
" foccasional heavy raln, abandonment of nest,  anal death oi  the feoafe, a6recorded by Blonbere (1977),  The hatch 

"""  "r"o 
. .a"."a i"-"r- i i . . inrr"

n o r t a l i t y  f a c r o r  ( c o n s t a n r ,  0 . 2 3 6 )  l r h t c h  r n c f u a e a  p r r n a r i i y  i n r " . . r r r a y ,
51so death of rhe embryo, as observed by Blonberg i tSZZl. 'Th" 

" l r , . rr .a"a
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hatch was divided by 2, to produce equal nunbers of fenale and nafe
halch1tngs. A separate hatch of lDales was calculated when hunt lng nas
sinulated, as age classes of hunted nales dl f fered from those of hunted
fenales, due to dl f ferent ial  growth rates. (Wlthout slnulated hunt ing
the prograo pr inai t ly fol lowed fetnale numbers-) Each age class l tas then
adva[ced by a year,  to Sive place to the hatchl ings in the Populat lon.
This was done lr i th an array inlechange procedure'

Next, if huntiflg lrere siEulated' the huntable nale and fenale cohorts
were calculated from sevelal  age classes. The ki11 of nales and femafes'
and total kiII, \rere then obtalned. l-astly the cumulative harvest for
the year was pr inted.

I f  the water 1evel hdex (FLAG) was not 0 '  I '  e.  drought or prenature
f lood occurred, the value of the nult lp l ler that af fected cannibal lsE,
F3M1, exceeded or fel l  below 1, respect ively '  The actual value of F3M1
r.as obtained by again cal1lng fu[ction subprograa TA]LIE' If F1AG
equal led 0 however,  I3M1 equalted 1, 'and IAII- IE was bypassed. The 0- to
2-year-o1d crocodl les \ tere subjected to cannlbal lEn by 19- to 65-year_o1d
nales and 37_ to 65-year_o1d fenales; the age dl f ference was due to the
nales'  greater growth rate, y leldlng an average length of 1.12 t tnes the
length of the fenales i r  any given age class (see Grahan 1968 for
probable age classes).  I r t  our prograe, 19-year-old Dales and 37-year-old
feBales had attained a length of 290 crn. This was chosen as 5 nininudl
length of cannibals,  because Cott  (196r) recorded only 2 of 17 canntbals
as under 3OO cro 1ong. the Predat ion on the young crocodl les nas

dependent ott  the nuEber of cannlbals,  F3]41, a denstty factor (U2) of 0-

to 2-year-o1d crocodi les, and the assumed corstant rate of 0.06
(NORPRED). (M2 equal led 0l f  the 0- to 2-year-o1d anlnals nuobered less

tha$ 500, 1 t f  they nuobered at least 500, and 3 l f  the nunbet of nest lng
fenales reached 1360, a nurber thought at f l rst  to saturate the nesl lng

areas.) The result  was divided by 2, as the progralD pr lnar l ly nor l tored

the female nurobers. (h case of slnulated hunting, the nunber of
cannlbal izeal nales ! .ere se! equal to the nunber of cannibal ized femdles.)

Itre slze of the fenale cohott equalled the sun of the number of
fenales in al l  age classes'  nul t lp l led by PSURV. The slze of the nele

cohort  wasr l f  hunt lng were slnu1ated, calculated ln the eame way. In
the absence of hunt lng, the size of the nale cohorE ! .as sinply set to
equal that of  the fenale cohort .  The hunttng kt l1 '  thethet equal to O or
posit ive, was sublracted. Next lhe total  populat lon for the year qtas

flgured by adding lhe feoale and male cohorls.

Touard the end of the nain do loop nuch of the lDfornatlofl that ttas
acqulred for the year was pr lnted. In case of sf tnulated hunt lng, the
annual harvest I 'as pr lnted, The[,  dependlng on two decislon blocks, or

always 1o the absence of hunting, the followlng lnforoatlon nas Prlnted:
nur0be! of fenales 1t! each age c1as5; nunber of 6exua11y oature fenales
for the year;  totaf nunber of crocodl les for the year;  values for KK' Fl '
f2,  F3M1, M2, and FLAC for the year;  and values for the total  nunber of

a

a
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eggs, hatch of females, and rotal  nunber of O_ to 2_year_old crocodt lesfor the year.  Many sinulated v(.". .."rir..pir",t;i,";;.;;': i;:l:,:::'l;:: ;:"fi 'Li:';;..:.ilili; ".
bypass  a l l  t h t s  ou tpu t .  A !  rh l s  po ln r  o " "  i , . . u . i on  o r  ; ; ;  ; ; - i . . 0 , " "codplere. I{rhen the 300 iteratioDs rrere conpleted, tt}.  tot" l  poo,jrrt ion(ATPOP) and the nunber of nestlng rerates lelwrrlrj 

"...-iil.5i"i". 
.."r,year. Then the prograE ternlnated.

After-producing a norktng nodel, rre studieat the effects of twosourcea-of dlsrurbance on tbe population. ft" fr i"a 
-r"J-i ."""."rr""

vears of extreme rrarer revels, and rhe seconar 
""" 

ai ri"i""i' iii.r",,r. 
"of hunttns.

. .  To_slnulate consecutlve years of extreoe \rater levels, rre f irsttnduced four consecutlve years of drouShls 
"*.,  

io-"""." ' f".  i i"duration of rhe progra'. 'oe also-ran itre nodel" r, , f  t l '  i ie-f" i"._i.""el,aintervals reduced to 20 years. FinaUy, ve 
""t:"" i"a-i i .-o. i"r i .ror, .oprenature f loods on the saoe scheilutes

several runs, to test harvesnunbers or :oo .ia !oo-.i ;;il;:ff,::ff:":::: ;:::i"'i:i":'":i"i"T:.."rrere kl11ed accordlng ro rhelr relattve piop"rtro"" i" i i .- iz6:iso 
",]: lg:f-="":: as it-ts_inposstbte ro sex these anlnars wtrhout cloacalh6pectton (Crahan 1976, 1977).  The hunttng kiU f"  

"" .  
pi .g."r ' , ""addi l lve to natural  tsortat i rv.

R]]SIJLTS AND DISCT:SSION

Stnulated Nonnal Cordittons

. 
Patrerns Senerated by the si 'u lat ion for the totar populat lon anar fo.t h e  n e 6 t i n g  f e m a t e s ,  u n d e r  u n d l s r u r b e d  ( n o r o a t )  c o n a r t r i " i .  

- , , " '

represenred by the upper curves in Ftgures lk"a fZ, . ."pi" i i rery.  Thetotal popufatlon gre!,/ fron 9730 to a consistent 
"""fif"tfor, 

.ior,.,aroushty 21,000 indlviduats in 130-140 years. rhls ; ; ; ; ; - t"- ; ; ;p, ."0. .
. o  o u r  e s t r D a t e d  p r e h u n r l n e  D o d r l a t i o n - o f  2 9 , 6 0 0 ,  o b t a J n e d  i y  . i o r n g  o " .t n i t t a t  popu la r i on  (9 ,7 r0 ) -w i t i r  r he  k l l r s  o r ' r u r i e ,  w i r , o i ,  i r ' J ' r c r(19,840, Table 1). (I f  B, I , l i lnot took about 10,006 

"." l . i i t .r .  ""believed by crahan [1976, r977] , the p*r,, . i t"c 
' ." i t ,"; ; ; ; 'b" 

"l i t t le belos 24,000') yearlv i tranges exceearng 4ooo crocoarl les were norunconnon. Nestlng feEale numberyea16, which'"uI ..p'.""n"-iiil ::::,iir';:::l:T:*i":'ff il""'populatton, i f  two-thl ids of the Eature fe.ales nest i ; ;"; ; i ; ;" 
".", ,

as ls bel1eved. Tht6 nunber 1s cooparab_Ie ro rhe 32OO 
""*.,"ii"1..,r."fexasles we esrt 'ated to have been t irrea ly i  .  

-": 
; ; ; ;": ; ; ' ; ; :  ."o u.Wlfnot.



Tsble 1. I tunt ing hlstory of crocodl les on the okavango River,  Botswana'
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NuDbeis Enterprlses SourceYears

a
t9 57

1958
1959
1957-r969
r97 3
197 4-L97 5

lota1!

2 ,000

800
500

15 ,0001
500
440

E;B4o--

s. 11. Lur le and Co. (PtY.)
Ltd.,  Bulal taYo '  Rhodesia

B. l i i lnor
3GI, Franclstol tn '  Botswana

S .  M .  L u r l e  ( 1 9 7 5 ,

Pers '  conn.,

Assumedl
T a y l o r  ( 1 9 7 3 )
Blonberg and BGI

1 I t  ls only known that B'  Wllnotrs-annual ' iuota of 2 '000 crocodi les i tas

seldon f i11ei (Grahan 1976, pers. coBm.) '  I le have assuoed an avelage of 1 '200

annuaUy; Grahan (1976' 1977) bel ieved the total  to be about 10,0oo'

In coolrasE to the total  populat lon, the nest lng fenales exhlbl ted

relattvely less deviat ion fro.o thelr  apparent mealr '  The relat lvely greater

f luctuat l ;ns in the total  poPulat lon may be attr tbutable to the htgh
percentage of Juveni les 1tr  the populat lon. crocodi les iangl l lg from 0 to 3

y€als o1d [orr0a11y conPrised 50-852 of the total slr0ulated populatlon and

have a high nortal l ty rate (31ake and Loverldge 1975, Grahan 1968).  High

mortal i ty of  luvenl les in any one year causes drast ic decl lnes ln the total

poputat ion. Nest ing fenales, however,  have grown beyond thts vulnerable

stage, 60 their  nudbers should be oore stable.

Another ioportant factor causing total  populat ioo f luctuat lons is the

hatchlng rate of eggs. Tvo phenoEena, iteatber and no$ltor 11zard

predat ionr play a aajor role 1n detennlnlng this rate'  Inclenent weather '

iesult ing ln f loods, can cause extenslve desEruct lon of eggs'  soDetine8

el ix0inattng the ent lre yearrs ploduct ion (Pooley 1969) '  Losses to

hatchl ings, uhlch general ly conprlsed 20-45% ot the total  populat lon'  vould

certainly cause severe year-Eo-year f luctuat iolrs ln the total  populat ion'

l , loni tor prealat ion on eggs over nany years ls at least as destruct ive as

nortal i ty due lo occaslonal f loods.
The upper curves h Figures 11 and 12 lesulted after r ' /e reduced the

naxrnun raie of pledat lon on eggs to 282. (we f l rst  tested a tate ol  562'

epproxlrnat ing thaE 1n Kabslega Fal1s Nat loral  Park, Uganda lcott  1968] '

vili:"ft se"ur.fy lowereal the Populatton. ) lroia these patterns ve concluded

that nortal l ty of  young' ( 'h lch nornal ly seens to exceed 802 durlng the

ftrst  three years of l l fe (Blake and l-overldge 1975) dlctates thet a

hatchhg rate over 5OZ ts necessary for perpetust lon of the crocodl le

populat ion. This concluslon agrees nl th the hatchlng rate (54'62) on the

Okavango Rlver (Blonbere 1977).
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SiEulated Severe Water Leve16

No stgnif lcanl ef fects on the total  populat lon appeared from four
consecut lve years of droughts every 50 years, nor every 20 years, as seen
1n Flgure 13. The four years of consecurive f loods every 20 years
resulted 1n the conplete destruct lon of al l  eggs lald.  Tl te total
populat ion, with complete el l t rdnat lon of four consecut lve year classes,
often dropped Dottceably every 20 years, but recovered qulckly.  The
aest lng feoale cohort !  as one would expect,  appeared unaffected by the
drought and f lood condtt lons.

The rratet 1evel sioulatlons showed that the total populatlon was r0ore
reapo[slve to f loods than to droughts. Prenature f loods caused extenslve
deairuct ion of the eggs, but had l i t t le other effect.  Dloughts, holrever,
nalnly affect luveniles by iflduclng intenslfled carnlballsnl and other
predat lon. Al though predat ion nay be slgnl f icant,  the nuEber of juvenl le
crocodl les lost dur ing droi ight nas snai l  ionpared to the nunber of eggs
lost dur lng severe f loods. Thus, our nodel lndicates that factors
affect lng eggs effect greater changes la the populat lon.

The severe drought and flood slnularlons rre generated for the
0kavango area are plobably unreal1st1c. That rhe crocodile populatton
placed under these unusi lalLy harsh condlt ions malntalned i lsel f  at  c lose
to undl€turbed (nornal)  levels over 300 year€ tnpl ies rhat the populat lon
is reLat lvely insenslt lve to extrene lrater levels.  The abiLtty of feroale
crocodl les to reproduce fron ages 10 to 65 foros a populat lon structute
l lel l  buffered agalnsl  recrrr ing large losses of eggs and young.

Sinulated Huntlog

At a nlnlnuE of 300 harvestable crocodl les (120-190 co lof lg),  t t re
total  populat lon reacted slrDl lar ly at al l  three hunt lng eff ic iencles
(Fig. 11).  Snal ler oscl l lat lons occurred with increaslng eff ic lency, but
al l  three teaded tolrard a level of  1,400 antnals.  The nesttng fenale
cohort  responded 5ln11ar1y (Flg. 12),  but osct l lsted around 50. At a
lnlnl iaun of 50O harvestable crocodl les the total  populat lon f luctuated
around 2000 and the nesttng fenale cohort  around 100. A larger
populat lon size at a ntnl i0un of 500 huntable crocodl les Dlght be
explained by the .oughly 60Z tevet years of huntlng wher fi8ures 1n Table
2 are averaged for both tnlnlnum nuDbers. That the ratlo of nestlng
fer lales to total  populat ion should be greater (5:100) at a mtnimun of 500
huntable crocodl les than at a nlnlDuu of 300 huntable crocodi les
(3.75:100) is noteworthy. The dl f ference is suspected to be an art l fact
of the progran, chsngeable by incr€asing the vslue for the nurber of
fenales ortglnal ly thought to saturste the nesttng grounds (CCAP), There
ls l l t t1e dl f ference betweer total  harvest averages over 300 years (Table
2 ) .



the besr yearly hunt was reauzed at a 3OZ eff tctency at the 3OO
ratni un, r'hich also gave the fewest years lrlthout huntldg. However,
sccordlng to Crahan (1-976,L977),  at  least 2OO crocodl le€ oer hunElns
n o n t h  a r e  n e e d e d  L o  n a k e  a  p r o f t c .  H u n r t n g  w o u l d  b e  d o n e  f r o E , r u g u i t  t o
perhaps f'ebruary (5-7 nooths) lrhen rhe water lev€1 16 low, so the
crocodi les concentrate tn the naln channels.  Thls would near an annual
harveat of 1000-1400 crocodlles, whlch far exceeds our slnrrlateal huntlns
scherdes (77-78 crocodi les per year),  and therefore appears unfeasible.
Furthemore, such annual cropplng rates approxinate the alegtructlve ones
ot L957-1-969.

Tab1e 2, Harvests of crocodl les under tested hurt lnA schenes.

a

INfunber of
years slth-
out huntlng

Mlnlnua
nunber of
huntable
crocodi les

Total  Mean
harvest annual

(300 yr.  )  harvest

I 500
500
500
300
300
300

30
40
50
30
40
50

192
223
85

737
180

82 .2
79 .2 I23  ,7  48

26,046
24 ,4a2
23,780

17  . 3
86 .8
81 .5

!€g Col lectton

Egg col lect lon appears to be Eo-e acceptable than hunttng as a Eethod
of ut i l lz lng the crocodt les on the Okavango Rtver.  Conraerct i l  ut iLlzat lon
of the crocodi les, on a suslained-yte1d basis,  w111 not lvate conservat ion;
hunan sent iEent alone 1s nor 1tke1y to suff lce (B1ake and Loverldge 1975,
Bustard 1970).  crahan (1976, 1977) bel ieved that wirhout co.anerclal
harvestlng the Okavango crocodlles lrou1d be treated as Desrs and
e l i n l  n a t e d .

- _Egg col lect lon, fo1lon'ed by lncubarion and caprtve reartng, ts the
ba6ls for the prtmary method of harvesttng crocoailes in Zlnbaiwe (Blake
and Loverldge 1975).  The crocodt les are kepr for three years, af ter a,htch
nost are k1l1ed and sklnned. The anlnats not k11ted (reiresent lng 5Z of
the nunber of col lected eggs) are released to the r . , i1d t ;  natntaan
breedlng stock. Tl l ls percentage 1s bel ieved to conpensate aalequately for
lost natural  recrui tDenr to the popular iod (n1ake ana loveridg; 1975).

a

a

I

a

a
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N€ar1y 8OZ of the col lecreal eggs can be expectea to hatch and about 502
of the hatchl lngs should reach age three. 1D the wi1d, survlval  to that
age is nuch 1ess. Egg col lectton al lors nore product lon fron the
populat lon because the hlgh nottal t ty of young is clrcunventeal,  and
crocodl les of age three ln a rearlng stat lon are nearly t \ r tce as long as
those tn the I ' i ld (Blake and Lovertdge L97S). r f  rre1l  fed. crocodi les
released at thts age can be expected to have a high survlval  rate.

Blake and Loveridge (1975) suggested that ar l [ost 1500 eggs be
co11€cted per rearing sration annually in Zinbabire. On the Okavaneo
Rlver,  because of the average clutch slze of 60.8 (Blomberg LgjT>, only
about 25 nests I 'ould have to be robbed. (Fo! thts reason and the
bel leved adequacy,of the 5Z release, l re dld not lncorporate egg
col lect ion and release of juvent leE lnto the slnutat ion. )  Greater
nunber6 hed lower hatchlng rates, probably because the rearirE statlolts
hsd nore clutches than could be careful . ly n€naged at harching rtrDe.

CONCLUSIONS

CoDnerclal  use of the okavango crocodi les! on a sustatned-vle1d
bas16, ls v ielred as a bot lvat l f lg force ln conservatton. On rh; basts ct f
the descrlbed computer sl f tulat ton, hunttng car only play a Dir tor role.
It 16 coflcluded that comnerciaf use should take the form of captlve
reat lng for the valuable sktns, and that l t  should include the r€lease of
the nurnbet of 3-year-o1d anlnals that represent perhaps 52 of the nunber
of eggs col lected, To lncrease lncone froid the reartng schene, there
should be guided pub11c tours.

The codputer sleulat ion shoufd, however,  be vleared only a6 a f l rst
approximatlon of the behavlor of the crocodile populatlon 1n the Okavango
Rlver.  Further work ls under way to nake rhe sloulatton a better
approxlnat lo[ .  One of tuo recent correct lons has been to ral6e the
lnl t taf  nwrber of nest lng fenales f ton 0 ro 82, a6 observed in 1975 (wlth
the result of lncreoenting each polnt on the upper curve ln Ftgure 12 by
82);  lh is correct lon, which appears ln the present progran, has been to
change the subEcrlpts of duony varlable VAL In rhe funcrton subproarans
to be co[slstent rs i th corresponding dumny argunents i l t  the Eatn progran.
Ihe effect of  thls error on outpur of the progran has been [eghgtbie.

The col lect ion of data for c€rtatn parameters, f ron the Okavanao
River,  to replace the correspondlng data present ly tn the slnulatton, 1s
being conteoplated. Thls woutd nak€ the slnulatton a berter
approxlnat ion of the crocodi le populat ion's dynaf i lcE, hence a ldore
rel lable guide to sound iaanagenent.  Holrever,  f le ld data would be useful
1n a glnulat lon only t f  the slnulatton proved senstt lve to changed sets
of hypothet lcal  data for the paraDeters constdered. The Daran€ters
consldered are: survival  rates (PSURV), growth rates (as exDresseat in
age spans of vulnerabl l l ty to canntbal isn and hunt lng, age ai  ehlch
fenales reach sexual naturt ty,  and age at onset of cannibal lst lc
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behavlor),  perceDtage of feEales breedtng by age class (PERBRD), and
clutch slze ln relat lon to age class (CLUTCH). The slnulat lon has
responded to cha[ged survlval  rates, and a set of  hlgh rates has caused
the total  populat lor to leveI of f  tn about 75 years at about 28,000r
!.hich seens nore reallatlc than the upper curve ln Figure 11. The curve
for nunber of nest ing fenales respodded slnl lar ly.  Senslt lv l ty to
changed grok' th rales 1s present ly belng tested, I f  the stnulat ior!
operates real lst ical ly,  changes in data set6 for rhe percentage of
nest ing females by age class and changes ln dat€ sets for the relat lon
between clutch slze ard age of fenale should br ing about changes in rhe
curves for total  populat ion and nest ing feDales.

Ceitaln other manipulat lons are needed. The results of delaylng the
start  of  hunt lng for one or nore decades, or even r^1a1t lng unt11 the
populat lon levels off ,  l rould be useful .  The slnulat ion wi l l  probably be
nore real lst lc l f  hunt lng nortal l ty replaces natural  mortaUty (Al1en
1962) up to a polnt.  I t  seens that hunt lng Eortal l ry that fal ls beloe
natural  l lortal l ty should be set equal to zero, whl le that l rhlch equals or
exceeds natural  nortal l ty hlght replace 952 of I t .  lhe effecrs of naking
the life span less than 65 years should be lnvestlgateal, because rnaxlmum
1lfe spans of v l1d crocodt les are ut lknown (craham 1968).  our:  s lnularton
assunes that crocodl les reproduce unt11 death, The ini t la l  popularton
size r ,r i l l  be experlnenlal ly lowered. The reason ls that the 1975
populat lon of 9730 t€ posslbly an overest lnate. In 1975 the 82 nest lng
femafe8 produced ar est inated 5002 eggs, 54.62 should have hatched
(Blonberg 1977),  resulr i rg ln 2731 o-year-old crocodt les. A sonewhat
lower lni t ia l  popularton slze appears rnore conpat lble with thls nuhber.
The lower populat lon slze can be obtatned by realtz ing rhat tal f  of  rhe
13 feoales 11-18 years o1d in the 1974-75 kTaL coutd well have been
sexual ly Dature, rais ing the proport lon of nature fenales 1n the fehale
ki1l  f roo 0,150 to 0.184. By otherr ise using the saoe nethod of
est inat lng, the hi t ia l  populat lon now becones 7858. Accordlng to our
est lnates for calculat lon of the ortgtnal populat lon, 612 of the 4003
o-to 2-year-o1d females, 1.  e.  2447, ate o-year-old aninals.  Wlth a 1:1
sex rat io the total  nunber of o-year-old anlnals ln the populatton nould
be 4894. The sane calculat lors,  f ron an tntt la l  populat lon of 7858 would
result  ln 3987 O-year-old crocodl les. The closer agreenenr rrr l th the
est lnated 2731 hatchltnAs for 1975 supports the posslbl l t ty of  9730
c r o c o d l l e s  1 n  t h e  s a n e  y e a r  b e j n g  a n  o v e r e s t i m a t e .

The number of crocodlles killed frorn 1957 to 1969 tr'ou1d have a
bearlng on the est imal ion of prehunt ing popularton stze, hence grolrrh
rate of the population and lhe approxlmate nunber st which tt r0ust 1eve1
off .  Wel l  af ter the product lon of thts stmulat ion the senlor author
learned of another est lnate of B. Wilmotrs k111. Mr. A. C. Canpbel l ,
former director of the Departnent of Wl1d1ife and Tourtsn in Bot6nana.
and rho was acqualnted wlth B. Wllnot,  stated Ln a l€t ter (1973) that the
latter k i l led ar est lmated 40,000 crocodi les. This by far exceeds the
value presented ln T€b1e 1. A declaton on lrhlch f lgure to use ln future
uork on the slnulat ion nust be reached.
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Final ly,  nanlpulat lons of certain var iables that const l tute guesswork
nexlt  considerat ion. Ao exauple nould be ro lalse the value of CCA? (the
nunber of nest lng fenale6 thoughr at f l rst  ro saturale the nest ins
grouncls) f ron 1360 to 2000, and nore the results.  Certaln other
variables would be al tered or el ln inated, or both, experlrdental ly.
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APPLIED ECOI,OCICA], STUDTES OF THE AT'IERICAN A]-LICATOR AT THE SAVANNAH
RMR ECOLOCY LABOP*\ToRY| AN oVERVIEW OI PROGRAM COALS AND DESIGN
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I .  Lehr Brlsbln, Jr.

Savannah Rlver Ecology Laboratory, P. O. Dralrer E
Alken, South Carol lna, U,S.A. 29801

ABSTRACT: The al l lgator research progran at lhe U[ iversi ty of ceorgiars
Savannah River EcoloSy Laboratory operates ss alr lntegral conponent of
the laboratoryis general  tesearch prograo in the area of thernlal  ecology.
46 suchr the progran has beer pr lnart ly dlrected tol 'ard assessnent end
predict ion of lnpacts result lng fro6 the lDtroduct lon of heated eff luents
frorn operat lng nuclear reactors lnto natuxal aquat lc ecosyste.0s of the
southeaslern United States. gar ly studles concentrated on an assessnent
of the novenent,  behavior,  and populat ion dynenlcs of the al l igator
populat lon tnhabit ing Par 'Pond, an 1120. h: i  reactor cool lng reservolr
located on the Departnent of Energy's Savannah Rlver Plant near Alken,
South Caro11na. Later studies ut i l ized nult lchannel radlotelenetr ic
technlques and dealt trtth body tenperature proflles ard thernoregulatory
behavior of f ree-ranglng al l lgators 1n the Par Pond reservolr .  In 1976,
adult  al l igators experlenced increased dortal l ty levels fol lowlng rout ine
trapping and handl ing operat lons. Subseque[t  studies suggested that
lncreased 1eve1s of the bacteriurn Ae-rononas hy4roph_ila ln the reservotr
were at least part ly responslble for these stress-related deaths,
However,  the preseot lack of control  studles 1n unheated reservoirs makes
l i  di f f icul t  to dl f feient late the ecologlcal  ef fects of water tenperature
elevations pe_r -s€ fron the general ecological responses of lhe reEldent
al l igator populat ion to the possibly rnarginal reservoir  habitat .

The Savannah Rlver Plant (SRP) Is a 750 km2 protected area located
near Alken, South Carol ina (USA). Thls area nas closed to publ lc access
in 1952 when 1t l ras f i rst  designated as a nuclear product lon and xesearch
fac1l1ty by the United States Atoldc Energy Comxnlsston (nov the Unlted
States Deparleent of Energy).  The research progran of the Savannah Rtver
Ecology Laboratory (SREL), whlch 1s located at the sl te,  ls pr lEarl ly
dlrected tonard evaluat lng and predict lng the envlronnental  lnpac!s of
nuclear- and other energy-related lndustr ial  act lv l t les at the SRP. An
lnportant conponent of thls research deals ul th the effects of aquat lc
stress, part tcular ly lncreased \rater tebpelature€ result lng froD the
lntroduct ion of reaclor cool ing eff luents, upon natural  aquat ic
ecosystens and their  inhabitants.  A general  overvlel '  of  the6e research
efforts (Clbbons and Shart tz 1974, Cibbons, Sharirz,  and Brlsbtn 1980)
tndlcates that this progran of " thermal ecology" ts dlrected at a vartety
of levels of btologtcal  organlzat lon and at specles occupying a var lery
of t rophlc leve1s wlthln the SRP aquat lc ecosystens, tncludtng top
carnlvore€ such as the Anerican al l lgator (qf- ig4!g! roissis€ippiersls).
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Early studies of the fauna of the SRP sl te (Freenan 1955, Jenktns and
Provost 1964) have i .ndlcated that the Anericao al l igator has ahrays been
resldent on the SRP site, although it rsas probably nor cor0nonly
encounteled untt l  af ter the closure of the area to publtc access reduced
hunt lng pressures and other forms of hunan dlsturbance.

A1l lgator research act lv l t les at the SRP have nalnly focused upon the
populat ion of anir0als resident in the Par Pond reactor coottng reservolr
(F19. 1).  The Par Pond reservolr  syster na6 created by datudlng a natural
strearn r4ratercourse on the SRP stte in 1958, fornlng a najot reservolr  of
over 1100 ha of open water and two snal ler teservoirs of 67 and 81 ha.
The6e reservolrs current ly recelve and have recelved throughout thejr
pas!,  varylng 1eve16 of heated water input froE the si ters reactors.
Heated waters leave the reactors at teDperarures often in excess of 7OoC.
although the highest tenperatures ln those port lons of the reservolrs
tnhabited by al l lgators seldon exceed 35-40'C (Uurphy and Brl6bln 1974,
Murphy 1981).  Detai led studles chara,cEeriz ing Par pond habitats have
been publ ished elsewhere by Park, Hirshf ield and cibbonE (1973) and leni6
(!974).  A general  overvlew of rhe status of the al l igator:  1n the par
Pond reservoir ,  as i ie l l  as 1n other aquat ic habitats of the SRp, has
recentfy been coEpl led by Uurphy (1981).

Systenat ic sclent l f lc studles of the SRP al l igators began tn 19681
wlth a four-year dlGtr lbut lonal Eurvey of the local lons of al I lgator
slghtlngs rhroughout the main body of the Par Pond reservolr (Murphy and
Brlsbin 1974).  These studles euggested, bur dtd nor conclustvely prove,
that at  least soDe of the al l igators ln the reservolr  sho\red a tendency
to move wlth the falllng teroperatures of autunn tnro the portton of the
reservolr  l rhere heated reactor eff luents nahtalned wamr uater
teoperatures throughout no6t of the colder Eonths of the year.  The
al l lgators wlnter lng tn the so-caued "Hot Arn" of the reservotr ( I lg.  1)
reneined actlve and were observed capturing and feedtng on nigratory
r i raterfowl dur ing rhe colder wlnter months, wh11e at l lgators that renalred
in other parts of the teservoir ,  whlch experienced aobient wlnter
teDPeratures for the reglon, becane lnact lve and seened to enter torpld

The later developoent of an eff ictent rechnlque for captur i t rg
al l lgators wlth ba1led tr ip-snsres (Murphy and Fendley 1975) al lowed the
lni t iat ion of surveys and radlo-telenetr ic noverdent studies by t lurphy
(1977).  These studles lndlcated lhat nosr of rhe reservolr  al l lgators
tended to have di f ferent nr lnter and sunDer "core ateas" of acttv l ty,  l r i th
theae areas being, ln l lany cases, constant and predlctsble 1n locat lon
between years. Shutt l ing long-dlstance moveneDts back-af ld-forth between
$lnter and sunner "core areas," of ten a dlstance gieatet than 3 ko, began
if l  the spr ing when aDblent $ater tenperatures exceeded 15'C or shen
anbient water tenperarures fell belon 25"C tr the autunn. Tro major
wioler "core" areas were identt f ted in the reservoir ,  one belng the sl te
of entry of the heated eff luents and the other being a cove along the
aoutheastern shore of the reservolrrs "Norrh Arn" (Fig. 2).  More rhal l  10
adult  al l igators l rere found h the lal ter area f toE late October Eo
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Flgure 1. Map of the Par Pond r€servolr  at  the U. S. Departnenr of
Bnergyrs Savannah Rlver. Plant, Ghovlng locatlons nentloned ln the rexr.
I leated reactor eff luents from an operat ing nucleaf product lon reac!or
currently enter the reEervolr at polnt "8" and pa6s southward to the naln
body of the lake (polnls "D" and "B").  ADblent tenperature water ls then
puEped back through the reactor fron polnr 'A," forElng a closed cooftng
loop. In earl ler years, a r low-abandol led reactor sln11ar1y lntroduced
heated water 1trto the teservolr at point "C." Ihe heated water fro:n thls
abandoned reactor s16o noved southrard through the reEervoi! and at the
preGent t i tne, the reglon enconpasslng potnts "C," "F," and through "D"
nay be thought of as behg ln a srate of post-therEal lnpact recovery.
the lrltenslty of stlppllng 16 roughly proportlonal to the degree of
Present therEal lnpact produced by the renalnlng operet lng reacto!.
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Flgule 2. Seasonal changes tn the distr lbut lon of ABertcan al l lgators
sighted durlng four nlght ceflsus cruisea in the par pond reservolr of the
U. S. Departnent of Energyrs Savandsh Rlver plant.  Each alot represelro
the Elghting of a 6lngle 1ndlvldua1, whose locatlon nay be Eelated to the
wster tenperature gradletlt6 of the reservoli by cooparlng rrlth ltgure 1.
(Fron Murphy and Brlsbln 1974).
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old-March, during lrhich perlod of ttne they were usually tn a generally
dornant state, aB opposed to t t lose act lve anlnalE that l r lntered and
renalned act lve ln the reservolr 's " I tot  Arn."

In addltlon to provldlng lnfornatlotr on the seasooal r0oveoents and
behavlor of the Par Pond al l igators, Murphy (1977) also ut i l ized several
census nethoda to eat lnate the nuaber of al l lgatore resldlng ln the Par
Pond reservoir .  Tht6 work ylelded est lEates of 40 juvent les and betreen
62 arr.d. 70 adults ln the resldent populatlotr. Even ilore lx0portaDt
however,  thls work provlded a rneans of quant i tat tvely co.oparlng the
populatton est lnate6 derived f  ron nark-and-recapture procedures,
tncluding the Schnabel and l-incoln lndex irethods, !,rlth those provlded by
the Hansen plot-removal nethod ( l ladsen 1968).  The lat ter nethod provlded
poPulatton est lmates that qrere ln close agreement wlth those of the
nark-and-recapture nethods and 6hou1d eventually prove to be a
part lcular ly useful  nethod for esl lDat l l tg populatton nunbers of
crocodi l lans, as l t  ls especlal ly sutted t9 the census of anlnals that
can or-]y be sighted (as for exanple by thelr eye-shine tn a ntght
spot l lght survey) but not narked or tndlvldual ly tdentt f led. In addlt lon
to populat lon censuses, Uurphy (1977) also est lmated Juvenl le growth
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f lgure 3. Fiequedcy dlstr ibut iof l  of  s ize classes of nale and feoale
al l lgators froE lhe Par Pond reservoi!  of  the U. S. Departx0ent of Energyts
Savatnah Rlver P1ant. Adjuslnents of frequency dlstrlbuttons were nade ao as
!o conforro to aclual populat lon esttnates (see Murphy 1977, l98t for detal ls).
(  Froo Murphy 1981).
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lat€s, 6ex rat los, ard slze-cfass frequencles for the Par pond
populat lon. Thls lnforoat lon indlcated that,  al though juyentte
al l igators ln the reservolrrs "Hot Arn" grew nore raptdly than those fron
the "North Arn," the gronth rates of Juvenl les fron al l  parts of the
reservoir  tended to be.general ly lowet than those reported for al l tgato.s
froD Louisiana (Mcllhendy 1935). The Par Pond populatton also shoried a
greater excess of xmles that l  any orher populat lon of al l lgators reported
ln the l i terature, a€ sunf,ar lzed by Ntchofs and Chabreck (1980).  The par
Pond populatlon was a16o characterl?ed by a top-hea\,f pyraotd of
slze-structure, ldth relatlvely few lf any tndlvlduals In the juvenile
slze classes (F1g. 3).  This infornat lon suggested that t l te par pond
reservoir  rnay represent subnaiginal habl lat  for at11galors, and that
repr 'oduct ion and populat lon recrul tnent nay be considerably less than
opt lnal .  Speclf lcal ly,  Uurphy (1977, 1-98L) has used the calculatton
pr:ocedures of Chabreck (1977) to denonstrate rhat the esr inated nunber of
al l lgator nests on Par Pond (2,3 per year) 16 852 lower thar the nunber
of nests that should be expected on the. teservolr  t f  the feoale resldents
there Ehowed the sane repfoducrtve potehttal as those studl€d by chabreck
(1966) in Louisiana.

Concerns regardi[g the apparenrly 1ow rate of reproductlo[ 1n the par
Pond populatlon and the posstble lnvolvenent of water teDperature
changes, pronpted l turphy (1977, 1981) to underrake surveys of the dates
of spern productlon by nale alllgators in the reservolr. Tlre lnportance
of this lnfor i0at lon was based on the fact thar those al l lgators restdlng
within the healed iratels of the "Hot ArD" during the lrinter r0onths.
lncludtng a disproport lonately hlgh nunber of larger nales! uould
presuEably be the i rdtvlduals 11kely to donlnate the breedlng act lv l t les
durlng the fol towing spr lng (Joanen and McNeas€ 1980).  per iodtc
recaptures of Darked lndtvlduals durhg rhe wtnter and sprtng of 1975 and
1976 revealed that the eales tesldtng in the "Hot Aro" of the reservoir
first showed the presence of sperxn ln the penlle groove 30 and 12 days,
respect ively,  before the f i rst  appeararce of sperrD in the bafes of the
nearby "North Arn" 1n the saEe years. Al though dates of ternlnatton of
sperbatogenesls were not docunented by thts study, these f lndtngs
suggeeted the posslbl l l ty of  the d€velopnenr of 6orde degrees of
reproductlve asynchrony between the large .na1es, lrhlch spent the r,rinter
1n the heated lraters of the " l tot  Arn," and the reservolr  fenalee, whlch
had a greater tendency to spend the l r inter nonths in l ratet of  hore
anblent tenperatutes.

As lndicated by Joaf len and McNease (1980),  Loutstana dafe al l tgators
produce spenn for a period of about 43 days each year,  I f  this ls also
true of Par Pond anlnals,  the t lne of sperB productton coulal  be shtf ted
for "Ho! ArE" resldent nales by as nuch as 7O7. of the total  per iod of
6perE product loD! Spernatogenesls was lnl t laEed ln ?ar Pond nales, f ron
both heated and aoblent portlons of the reservolr, betlreer 25 March add
17 l . lay, r 'h i fe the earl iest date for spernatogenesls ln l rutsiana !0ates,
rhlch actual ly lnhabit  a rdore southerly port lon of the species, range,
was 9l lay (Joanen and McNease 1980).  These prel lolnary data sugges! thar
the Eovenent patterns of the larger Par Pond nale alligators, and thelr
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consequent ial  wlnter resldercy ln the heated waters of the reservolrrs
"I lo!  ArE," nay be slgni f lcant ly related to the reduced repioducl lof l  as
descrlbed earl ler,  Further studles are treeded, horeve!,  to deternlne the
total  durat lon of spernalogenesis for rnales tesldl l lg in var lous port lons
of the Par Pond thedral gradlent.

In addlt ton to populat lon surveys of the Par Pond al l lgators, the
SRXL alligator research prograrn has also emphaslzed otudies of
therEoregulatory behavior and thernal energetlcs. These studles have
made extellslve use of mu1li-channel radio-teleoetric technlques whlch
nere deslgned to conttnually nonltor both the experlenced nlcrocllmatlc
tenperatures of alr and/or water, and the body tenperature proflles flon
severaf locat lons throughout the bodies of large free-ranging al l lgators,
as they doved about through the water teDperature gradlents of the Par
Pond reservolr  (Standora 1977),  A- l though nuch of the data col lected 1n
thls prograo ha6 not yet been analyzed and plb1ished, prelftdlnary
analyses have suggested that such data nay provide f ie ld ver i f icat lone of
prev-tously publ ished theori  and laborator i  nodels of crocodlf lan
thernolegulat loo and blophyslcal  ecology (Spot l la,  Sou1e, and Gates 1972,
Spot l le 1974, SElth aod Mans 1978, Solth 1979).  The f i rst  tno studles,
for exanple, lndlcate the slgnlficant role of water tII lhe body
t€nperature control of larger a11lgators, and this l.elatlonshlp can flo\.l
be exarnhed under fleld coodltlons where a gladledt of water teoperatures
1e aval lable.

The sRP 1s located alotlg the northnesternnost lnland lilllts of the
speclest ranSe iD thls part  of  the Eoutheastern Ut l l ted States (Ke1logg
1929).  With the possible except lon of the range of the Chlneae al l lgator
(A. sloensls),  thl8 si te thus provldee an opportunlty to exanlne
thernoregulatory behavlor aod body tenperature proflles unde! what oay be
sone of the coldest wlnler eavlroni0ental condltlons ever naturally
experienced by any l tvtng crocodl l lat l .  In studles ptesent ly subi l l t ted
for publ1cat1on, deep body tenperatures have been reEotely recorded froo
free-l1v1ng al l igators durl t tg perlods when alr  tenp€ratures dipped aE 1ow
a6 -3.1'c and lce several  cn ln thickness forDed on the reser 'volr  above
the torpld anlnals.  These studles have suggested that the €elect lon of
an appropriate ldlcrohabltat ,  located in close proxiral ty to deep ! ,rater
ehlch nay act as a heat source to the anlEal durlng cold perlods, nay be
of crltlcal idportance to the survlval of Par Pond alllgators durlng such
nlnter cold spe11s. The physlcaf propert tes and thermal lnert la of the
bodles of such large al l tgators, $hen placed 1n approprlate
Elcrocl lnates, Beened to be suff lc len! to explaln the general  patrerns
ard levels of body tenperature changes observed, wlthout lnvoklng atly
slgnl f lcant degree of homeotherny such as has been Eugg€sted for sonle
6pecles of dinosaur (Desnord 1976).

A najor research effort  has also been undertaken at the SRXI-
concelnlng the ecologlcal  genet lcs of f tsh and wi ldUfe
populat lons--part lcular ly enphaslzing the use of hor: lzontaf starch-ge1
electrophoresls as a Deans of deternlnlng levels of genet lc var labt l l ty
ard degree of genet ic relatedDess between populat lorF of endangered
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species in a generaf sense and large! lept i l€s ln part icular (SEith et
al ,  1978, Che€ser,  Smith, and Brtsbtn 1980).  A study of btochenical
var lat lon in the Aoerlcan a111gator has receat ly b€en conpleted as a part
of thls progran (AdaEs, SDtth, and Baccus 1980) and conpares levels of
genet lc var labi l l ty and degree of genet ic relatedress betueen al l tgator
populat lons found on or near the SR? I ' l th those of other al l igator
populat lons fron Flor lda and Loutstana. Brief ly,  thts l rork has conf lrhed
the relatlvely lon level of genettc varlablfity whlch had been reported
for the al l lgator by earl l .er studles in the l l terature (e.g. cartslde et
a7. 1977).  FurthenDore, wh1le al l lgator populat loDs fron the three
atateg wele shown to have dl f fer l l lg a11e1e frequenctes, th€ degree of
overall genetic divergence betFeen populatlons ras found to be snall
(Fig. 4).  These f lndings suggest that,  i f  lon levels of genet lc
varlabl l l ty are foudd 1n ei ther capt lve or wl1d populat ions of
crocodl l lans, l t  nay not necessarl ly indicate that such species have beeo
Senetical ly "bott lenecked" to rhe polot where recovery of v i .able
populat ion level8 ls no loDger posslble. Anerlcao al l igaror populat lons
have surviveal very ne1l and have been restbcked and restored to abundance
1n thei i  forner habltats wlthout displaytng a great deal of  genet ic
vartabl l t ty dur lng thelr  recovery (cartslde et aI .  1977, Adans, Sbith,
and Baccus 1980).

With the poEslble except ion of the creat ion of reproduct lve
asynchroEy ltr sooe Par PoDd eale alllgators as a result of thernel
gradlents created in the reseivoir ,  the majort ty of the studtes of thts
specl€s oo the SRP have falled to sho\r aoy notlceable Degative effect€
upon the anlnals as a result  of  ongoing nuctear:  indusrrtat  act lvt t tes at
the sl te.  In fac!,  the securtry ar ld protect lon fron dlsturbance or
harrassnent by the publ ic nust cettainly be benef ic ial .  One sigDlf lcant
exception, however, was the dlscovery of 1ow levels of sublethal
lnfecl iono of the bacter luD Aerononas hydrophlta tn certaln ?ar pond
alllgators durlns 1975 

""d 
1976-;--5;;i;;-his pu'loal, nlne targe aalulr

al l lgators dled short ly after rour lne trapptrg, handl inA, measurlnS, and
radlo-col lar ing operat lons. Slnce nost of  the6e anlDals had been
sle11ar1y captured and haddled a nunber of ttmes durlng the precedlng tl{o
to three years wi lh no i11 effects,  the presence of sone addlt ional
stressor agert  l ras suspected. AutopsteE were conducted, result tng ln rhe
lsolat lon ard ldent l f icat ion of the bacter lal  agent a6 the probsbte cause
of the nortal i ty observed (cordo[ et al .  1979).

This rrork,  together r . / l th related studles by Classnan and Bennetr
(1978) also suggested that thermal stress, lnposed by the heated
eff luents being lntroduced lnto the reservolr ,  nay have acted
synergist ical ly wlth the stress of capture and the bacter lal  infect lons,
to produce the observed nortality--partlcularly durhg the warner suEEer
nonths. other studies being conducted at the SRp have lndependent ly
deoonstrated a 61E11ar synerglsr lc relat lonshlp betveen therf ,al  stress
and A€romonas hydrophl la-assoclated red-sore dlsease of largelouthed
bass (ylslgglggg salnoldes) ln rhe Par Pond reservolr durtng the saDe
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general  per lod (Esch srd Hazen 1978).
lnvolvtng associatlons wl!h Aeronodas

Slnl lar stress-related deaths,
lnfect ions, have a16o been reported
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for f tshes, al1ig.ators, and other rept i le species froo other lakes ln rhe
southeastern United Srates (Shotts et a7. L972).  Other SRp research,
current ly being prepared for publtcatton, has used laborarory srudtes to
furthe! descr lbe the synergist lc relat ionshlps bet lreen therEal stress and
AeroEonas infect ion al ld nortal i ty in al l igators, with sp€cial  at tent lon
belDg focused upon xoodes of bacter ial  t ransElsstorr and the possibfe use
of prophylacttc agents to reduce the lnclderce of srress-related deaths.

lhe Aeroroonas-related deaths of the Par Pond alllgators sugges! that
further liil?-es are needed to ilererntn€ rhe rote of 

""ter 
t."p"i"cure

gradlents and the react ioos of al l lgators to thero. Such studies nould be
of iEportance beyond their  lnnediate appl lcar ion to the si tual lon on the
SRP, because al l lgators are knotrn to be attracted to the vtci t r l ty of
heated-water outfal ls f ron operar lng power plants in l lor ida and several
other soulheastern states (H. W. Caropbel l ,  pers. eonn.).

1n order to pr€clsely deternine the role of heated-wate! ef f luents in
the ecologlcal  relat lonshlps of Par fond al l tgators, coDrrof studtee nust
be lDlt lated in sfuoi lar sourhesster[  reservoir  systeDs ln shich there 1s
no ldtroduct ion of heated vatets.  fhe studles of the par poEd al l lgators
replesent the ol ly systenat ic study of the ecology of this species l r  a
naa--Eade reservolr  systen. I t  ls therefore not possible at thls t lne to
deterolne whlch, l f  any, of  the ecologlcal  le lat tonshlps of these
al l igators are attr ibutable to the effects of heated water,  as opposed to
the lrays 1n lrhich al l lgator populat lons night respond to a protected
raD-aade res€rvolr  habi lat .  Considering the charactertst lcs of opt lEal
habitat  for Ehis specles thloughout i ts range, i t  is possible that
relat lvely open and deep nsn-made reservolrs,  such as the ?ar pond
systeo, oay represent narginal a1l lgator habitat  in a nunber of
respects. Studie8 of such reservoit  habltats should becone an ldportant
coEcern to al l  crocodl l ian blologlsts,  because t t  appears that a nubber
of clocodillan specles froD various parts of the Forld have sho$n a
teDdency to colonlze and renaln wlrhln 6uch habitars.  In thls respect,
the alligalor studies belng undertaken at the Savannah Rtvei Ecology
Laboratory nay suggest sooe useful approaches for such future
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TECHNIQUES OT SURVEYINC FOR CROCODII,IANS

WiI l1an E, Magnusson

Dept.  Peixe-boi,  Inst i tuto Naclonal De Pesquisas Da Anazonia
C? 478, 69.000 Manaus Al l ,  Brasl l ,  South Axoerica

INTRODUCTION

A great llur0ber of technlques have been developed for surveying
crocodi l ians, and Ehe6e vary with regard to the si tuat ions i r t  whlch they
are appllcabl€ and the type of data they ploduce, l^rhen planlllng a survey,
the f i rst ,  Bost inportanr and often the Dost di f f lcul t  stage 1s to l1nk a
nethod of data col lect lon wlth a nethod of analysis that wi l l  a11ow a
deftni t tve anster to the quest lon belng asked. Sone quest lors nay Dot be
anenable !o study wlth the t lne and resources aval lab1e, and l t  ls best to
be aware of thls at the start  of  the study. Two coEEon and lnportant uses
of survey technlques are to establ lsh the status or the DaxlmuD
suslainable yteld (MSY) of a populat ion. As nany studies to deteralne the
status or Baxinal perf , issible levels of explottat ton for a populat ion are
based on one survey, their  t l t les are probab. ly n1s1eadlng. Neither the
stalus, nor the llaxlrdun sustalned yeild of a popufation can be detenfllned
fron a slngle survey. One survey can at best deternine thatr  (1) the
specles was very di f f lcul t  to observe; or (2) large nunbers of anft la ls
were seen in the area. Result  (1) t ranslates lnto: the species requtres
urgent study (conservat lon organizat lon) or the specles Is too rare to
consider for exploi tat lon ( !0ansgene[t  authori ty).  Result  (2) t ransfates
lnto: lo the absence of other lnformatlon the specles can be glven 1ow
prior i ty fo!  research in cor0parison with other species (conservat ion
organlzat ion),  or Ehe specles ggl be suff lc lel t t ly connon to support  sooe
forn of exploi tar ion (nanagemenr authort ty).

These results are v€ry general  aDd in EoEt lnstances could hav€ been
predlcted before the survey. Iair ty obvlously,  i f  sutveys are !o be
cost-effect lve, they Dust recognlze the dynantc aspect of the populat lon
urder study. Thts ts not to say thst a survey to invesrlgste the status
of a populat ion should be undertaken only l f  noney is guaranreed for
futule €urveys. Rather,  care nust be taken to ensure that the results are
collected in such a way thaE !rll1 allo\r conparlsons lf and rhen the
opportunity foi  fol lorJ-up studles occurs, In the case of at tenpts to take
sustained ylelds frord popular lons the si tuat lon 1s stated clear ly by
Caughley (1977);  "The calculat lon of an MSY must be trested as a f t rst
approxlnst lon and the effect of  lhe harvest ing nust be fol lor,red careful ly
to a1low f lne adjustnent towards the opt imun."
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A11 too ofter the results of a survey are presented as the nunber
seen, or souret lnes, more aobit iously,  as the absolute nuEber of aninals
present.  Even 1f the results are taken at face value, thelr  stgntf icance
ls l tkely to be hot ly debated. Except in the case of extrenes (e.e. none
or n1l1lors),  t re need Dore baslc blological  lnfornat ion tn order to dake
lnfonned decislons:

(1) populat lon agelsize structure;
(2) distr lbut ion of populat lon, strat l f led by size aI ld Eex,

anongst habitats;
(3) dist l lbur ion of habltats 1n the area 6urveyed,

When the blology of lhe species ls already fa1r1y ee1l koown l'e can
aonet ines streamline the fol lo lr-up surveys by concentratton on a cr i t ical ,
or represenlat ive, seSdent of the populat lon. Thls can be useful  as i t
nay aUoir us !o use art i facts (such as nests or tracks) ro Eonitor the
populat ion, 60 reduclng lntel ference aqd/o! expense, In get leral ,  the
col lect ion of addlt lonal blologlcal  lnforErat lon adds very l I t t1e cos! Eo
the survey (often as l t t t le as er. tra lnk and a fear ootebook pages) but nay
be cr i t lcal  to the lnterpretat lon of results,  Conslder the case of an
lsolated populat lon occupylng only one hectare. The populat lon is
considered endangered and a proposal to cteate a 10,000 hectare reserve
for the species is nade. I t  may be that the populat lon ras l lb l ted by
lack of a part lcular resource, perhaps habltat  r i rh cover for juveni les.
In that case a 10,000 hectare reserve not contalnlng noie of the resoutce
would have onfy half  the potenttal  for recovery as a 10,001 hectare
reserve that contalned an addlt lonal one hectate of the resource.
Al lernat ively,  a 5 hectare reserve of a di f feren! shape oight be equal ly
effect ive and Eore l ikely to gain legislat ive approval.

Basic to any sanpl lng prograrn is that surveys be object ive, unbiased,
al ld repl lcated. Object lve rneads as lndependent of the observer as
po3slble. Unbiased Eeans not subject to sy6leroat ic error.  Repl icated
lndicates that a var lance est inale can be rnade. In real l ty no systen of
survey ls total ly object ive or unbiased, and l t  ls of ten di f f icul t  to
achleve suff lc lent repl lcat ion, especlal ly when 1t is necessary to
strat i fy by habltat .  Nevertheless, a 1i t t1e thoughr at rhe planning stage
can save a lot  of  headaches larer on and great ly increase the ut i l l ty of
the ! 'esults.

In the fol lor"/ ing secr ion I  w111 revtew rno6t of the techniques that
have been used io surveylng for crocodl1lans. None ts necessari ly bett€r
than the others, though some are appl icable over a wlder:  range of
condlt lons. The would-be surveyor needs to look for s lnl lar l t tes between
hls si tuat lon af ld that descr lbed 1n tenns of habltat ,  resources, and th€
blology of the apecies. A nore general  discusslon of plannlng the survey
ls gtven tn the f1nal sectton.
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Intervier,rs and opportune :ersonaf observartons are u€ual ly the least
preferred nethods of oblaiDi.g lnforDat lon, as both nethods are l lkely to
be subject ive, biased, and u:: :ep1lcab1e. However,  they are cheap and are
frequent ly used by biologists io obtaln lnfornat ion l rht le vls i thA an area
for other reasons ( l {oore 1953; Charrock-W11sor I97O; Abercroobie 1978;
Whltaker and Whltaker 1978) or to augrnent nore detat led studles (parker
and Watson 1970).  SoEetines rLe results are so draoat ical ly obvlous that
decislons can be based dlreci l f  on then, Joanen (1974) I 'as able to
establ ish the general  dlstr i lut ion ard trends 1n nunbers of s l l tgators in
the southern U,S.A. froE a delai1ed quest lonnatre sent to al l  wi1d1lfe
agencies 1n the area; Morgan : :d Parton (1979) esrabl ished, on the basiE
of lack of records, that C. ecutus hid been rtxt i rpated fron the CaFlan
Islaltds; and Ehe staff of ttFaras snake park lsere able to show by 50OO
nilea of aurvey (lntervlews ard opportune obEervatlons) !'hlch revealed
only 6 antnals that the gharial  had been reduced to crt t lcal  levels
(Whltaker 1975).  Often lntervlews are useful  to expose publ ic att i tudes
to crocodl l lans and have beei used so1e1y for this purpose (Htnes at ld
Scheaffer 1977).

Whatever thelr  Derl ts as survey teclnlques in soEe si tuat ions,
lntervlews and opportune persoaal observattons wllt generally be used by
researchers addleasing a speci i ic problen only as a r0ears to identt fy
appropriate study areas ln pre5arat ion for the use of one of the
fol lowing, Eore detal1ed, tec::r iques.

Daylight eround Counts

Dayl ighl  ground (foor,  boaE, or car) surveys of crocodt l ians general ly
reveal only a sEal l  perceErage of the populat lod (erahan 1968).  Chapma[
(1970) has est lEaled that pe;centage aE 2O-5O7, for Crocodylus nl tot icus,
but there have been no delailed studies and tt w111 sureJ.y vary EEG
species and habltats.  In ge:eral  such techniques are used only when sone
aspect of the blology of lhe ar l tdal  rEakes the populat lon, or a subset of
the populat lon, abnonnal ly i : i i f ferenr to exposure. C. nl lot lcus rn sooe
areas ls except lonal- ty easy ro count dur lng the breea-tng-i-eason, as a1l
nature adufts congregate on a iew beaches. Modha (1967) gave derai ls of
r |est i f lg congregat lons od Cenr.al  Is land, l ,ake Rudolf ,  and pooley (1969)
described the concentrat iotr  c i  matute crocodl les tn Lake St.  Lucta (45
ni les long) orto I  1/2 nl les oi  nest ing beaches. Inchausteaul et  a1.
(1980) reported sl .1lar bre€i ing aggregat ions of C. ac'r tus in the
Donlnlcan Republ lc.  Thonpsor aDd cldden (.1972) counFea l l r restor
nlsslssJpplensls baEking durina the f t rst  sprtne l{arD 

"pai- i i ' - ro-. thernFlor ida. Cott  (1968) reporred ground counrs of nesr ing C. nl lor lcus but
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presented data that indlcate counts fron the air  ( f ixed{. tng aircraft)
reveal a greater propott ion of the populat ion. The only careful ly
control led dayltght ground surveys of crocodl l lans repeated ove! a nrnb€r
of years seen to be those of Pooley (1969) fn Ndurnu Cane ReEerve betpeen
th€ year:s 7962 and 1968. Hls data afso denonstraEed the lnportance of
laking the biology of the species lnlo account durlng such ssrveys.
Counts durlng winter irhen a greater proportlon of the crocodlles wete
basking on nud banks lrere conslstelttly nuch higher than those undertaken
durlng suaner.

In sumnary, dayl ight ground counts general ly reveal only a fract ion of
the populat ion, but nay be used effect lvely by a blologist  eho already has
a fair ly int inate klronledge of the blology of the specles.

Dayllght Surveys fron A.lrcraft

llost of the sane conroents apply to this technique as to dayltght
ground surveys. The techntque has l ts greatest value in habltats without
tal l  vegetat lon thar hides crocodl l lans fron vlen. the oDly dtrect
conparlson of dayllght ground counts with counts fr:o[ the alr seeDs to be
that of Cott  (1968) whlch lndicates that aer lal  counts are Dore
effect ive. Hhere appl leable, aer lal  counts would probably always be
preferable because of thelr :  speed and rep1l.cabi11ty. Data fron crahan
(1968) and Parker aDd Watson (1970) lndicare rhat dayl ighr counts fron
aircraft  record only a snal l  proport lon of the anirnals that are revealed
by night spot l tght counts,and that the dayl ight counts frod atrcraf!  are
strongly biased agalnst sna11 aninals,  craham attenpted to use aerial
photography to census but found that sui table weather cotrdl t lons vere not
suff lc lent ly frequent to ju6t i fy l ts use. Parker and Watson (1970)
successful ly surveyed part  of  the Vlctor la Nt le ustng eerial  photography
and by use of standardized length oarkers anchoted near shore uere able to
est imate the slzes of lhe ctocodi les appearlng in the photographs.
Unfortunately lhere was an obviously very 1arge, but umeasurable, bias
against sor0e slze classes, uaktng thelr  postulated slze structure of lhe
populatton so hypothettcal  as to be of 11tt1e pract ical  use.

The cholce bet\reen use of a hellcopter or a flxed, high-wlng atrcraft
largely depends on co6t.  One would expect to see nore aninals at s lower
apeeds but thls mnsi be weighed against the note frequent ratntenance,
l€ss personal safety '  and hlgher operat ional costs in a hel lcopter.  In
any case Parker and Watson (1970) reported no slgnl f lcant al l f ferences 1n
the count€ obtained fron l lght alrcraft  and fron hel icopters surveying the
sane areas for C. nl lot icus. General  aeronaut lcal  aspects of survey by
flxed-wins airc-rari-E?iiTEen revleved by crtss (1979),
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Count ing at nt8ht,  usual ly fro6 a boat,  ni th the ald of a spot l ight is
the Dost wldely used nethod of censustng crocodt l tans. The reftect lve
tapetun of a crocodi l ian's eye glows red in a spot l ight and can be seen
for a considerable dlstaDce. Thts ls the nethod Eosr coef ionly used.for
lntenslve poaching, and therefore rhe x0ethod direct ly neasures the hunted
population. fhe biases due to anln0als learolng to avoid the spotltght
under heavy huntlng pressure nay reduce the nunber seen, but this ls
lEportant nainly with older,  Eore expet lenced, age groups.

The nethod frequent ly has been used to Eonltor hunted populat lol ls
(e.g. Chabreck 1976; Ontons tMs vofune) and fot surveys of status (e.g,
Canpbel l  1972; craham 1958; Messel et  al .  1978i parker and Watson 1970;
Pertetta and Burgin 1980).  the ptoport lof l  seen varles wtth habltat ,  t rater
leve1, and ! , /eather condit lons. Messel er al .  ( tn press) est lnared 60-702
for t ldal  r lver systens 1n norrherr Austral i6,  but f requent ly rhe
researcher " feels" that he ls s€elng a very hlgh percentage (e.g. Crahan
1968; Chapnan 1970).  For sone age groups end soBe sl tuat lons the
percentage seen nay be very high (e.9. Staton and Dlxon 1975; Uagnusson
1981),  but general ly i t  is safer ro assume that a slgni f tcant proport ion
ts belng nlEsed and to try ro keep thls cof lstant by standardizinA
procedures (e.9. Chabreck 1966.,  1977).  l lark-recapture techniques are
1ike1y to be of u6e only in l in ired circunsrances (Chabreck 1966),  Messel
et al .  (1978) dlscussed factors affect lng the sightabi l i ty of  Crocodylus
!9:9gS in tldal rivers of norrhern Australia, and WoodFarat ."d lt"rl."
(1979) evaluated the factors affectlns nishr counts of 4]llgg!9:
nisstsslpplensts in lakes in Flortda, U.S.A. Dtf ferent rnethocls of survey
are appl lcable ln dl f ferent areas. Uagnusson (1979) and Sraron and Dlxon
(f975) used foot rather than boar surveys, and parker and Warson (1970)
surveyed areas of thick papyrus at nlght fron a hettcopter. whatever the
uode of t ransport ,  the northern Austral lan and l lor lda studies plve the
factors nost 11kely to blas the resulrs.
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N l g h t Counts

Surveys for Art i facts

The lwo nost obvlous art i facts that crocodi l ians leave ate oarks ln
the mud or sand end nesrs, Sone specles, notably A. ntsstsslpplensjs,
cal l  alur lng the breeding season, and on those occa; ion6 nhen the al l tnal  1s
not aeen the cal l  also can be regarded ss an art l fact.

Estf tdates of numbers and sizes of crocodl l ians can be nad€ fron
footpr lnts (Ultcheu 1969; JoaDen 1969) and tai l  6cute narks (Bustard and
Stngh 1977),  but the ut l1l ty of rhese oethods ts l ln i ted. The proport ion
of anlnals basklng on a sul table substrate, the effecrs of season and
dlsturbance on basklng behavlor,  and the nunber of t lnes and places an
anlEaf will leave the \rater oo a glven day are largely unknom for nost
specles. The greatest use of the nethod is ln derernlnlng the presence
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(but not absence) of a part lcular lndivlduat or c1as6 of lnal lv laluals which 
'

are not aroenable to other oethods of aurvey. obvlous exanples aie large
"l ight shy" aninals.  webb el  a1. (1977) used tracks !o lnfer the presence
of an attendaot adult lrith a group of hatchllngs even though the adult nas
n o t  a c l u a l l y  s e e n  t ' l t h  t h e  Y o u n 8 .

Chabreck (1966) susgested that calls of nale A. gl=EgEglslglg could
be used to give an index of populat ion denslty but thle technlque does not
6eem to have been u6ed extensively,  Probably,  cal1s, l tke tracks, are
nost useful  to lndlcate the presence of large ar lnals that cannot be
surveyed by other rneans.

I I t  contrast to narks on the bank, nests of !0ound nest ing specles are
easy to see and ln sone circuEstances can b€ telaled !o a known or
est lnated proport ion of the populat lon. Ogden (1978) est i r0ated the f lu[ tber
of C. acutus ln Floi lda Bay, U.S.A.,  f ron the knowyr ounrbe! or nests that
had be€r located over a nunber of years. Chabreck (1966) estf iaated t te
nudber of A. ntsstsslppienbls on Rockfel ler Refuge, Louislana, fron the
nudber of nests found during 1966. ?robably the naln advantage of nest
counts is that for some 6pecie6, ln sone habitats '  they can be done fron
the alr  (e.a. Chabr€ck 1966; Joanen 1969; Coodwin ard Marlon 1978; Kushlan
aIId Ku6h1an, 1981). In aany cases surveying for nests oay be the only
feasible nethod of nonitor lng the populat ion (Kwapena and Bolton this
volume). I t  is possible !o est lnate the absolute nunber of nests In an
area by var lous stat igt ical  methods even irhen stghtabltuty 1s not 1002
(e,g. Magnusson er a1. 1978),  bur 1r ts unltkely that rhi6 inforx0at lon is
normally requlred. The nuBber seen nay be used as a ntntrluE Dumber
prese[t  but in any case al1ows trends in the breedtng €ect lon of the
populat ion to be oonltored. The t inlng and inrensity of nest ing oay vary
beteeen years, depending on the wearher (McNease and Joaned 1978),  and
al lovance nust be nade for this ln rhe evaluat lon of long terd trends ln
populat ion slze. To date the only appl lcat lon of the technlque for direcr
danagenent has been the monitor lng of al l igaror populattons tn rhe
l,oulslana oarshes (Chabreck 1966; palmisaf lo et al .  1973; XcNease and
Joanerr 1978).

Bloloslcal  Data That  Can Be Col lected Durlng Surveys

Except in the case of total  absence i t  ls of ten very dtf f tcul t  ro
lnterpret the signl f lcance of nunbers of crocodl l laBs r l thout further
lnformatlon. One of the slmplest and i0o6t l rnportant pleces of lnfornat lon
that can be taken during surveys 16 the slze dlstr ibut lon of the
populat lon. Most experlenced btologtsts feel  that they can est lEate slzes
of crocodl l lans with about 902 accuracy (ChapEan 1970),  but this 1s
experlence and species specif lc.  Varlous rules of thubb have been put
for l rard for eettnat ing stzes of crocodi l lansr such as lhat the distance
froE the eye to the snout io lnches equafs the length ln feet (Chableck
f966),  bul  in real l ty oost blologlsts probably est imate slzes froDr sone
"Gestsl t"  conblnat lon of s ize and 6hape. Only experlence a1loes accurate
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est lnat ion for each species. Nonetheless, host relat lvely nalve observers
can group crocodl l lans as betng hatchl lng, sEa11, and large (Messel et  al ,
1978),  hatchl tng, snal l ,  nediun, and large (pernetta and Burgtn 1980),  or
youDg, juvent le,  and adult  ( l {oodwald and Marlon 1979).  The
hatchltng-nedtun boundary is reasonably easy ro dererojne bu! the
Dediun-1arge bouodary wi l l  vary with species. I t  ls best to Dlace 1t at
lower breeding size for fenales of the species betng invesrlg;red t f  this
is knowo. Data froh Pooley (1969) l l lustrate the lDportat lce of stze
sttat l f icat lon ln deterEinlng the effect of  huDttog on a popular lon. The
dra6tlc decline he dedonstrates in the larger size classes woulil have been
nasked conslderably l f  he had lunped al l  s lzes logether.  l tagnusson (1979)
reported large nuDbe.s of Paleosuchus tr lgonatus in a nunber of habltats
sanpl ed, bu t exantnatt on oT-Th--s I z e t?lliEiiy-?l s t rt but t on revea 1 ed a
total lack of anlmals less thall one yea. old. Thls apparentfy healthy
populal ion therefore probably lacked sone resource essent lal  for breeit lds
or for glolrth of young altd was nalntalned by recrultnent froEl elsewhere.
the relat ive proport lons of anirnals ot each size also can be inDortant for
est lnat lng populat lon slzes fron surveys oI Dart icu.Iar segEenrs of the
populat lon, such as rest ing feDales (Chabreck 1966; palnisal lo et a1. 1973;
N l c h o l s  e t  a l ,  1 9 7 6 ) .

Another aspect that nay be lnportan! ls the distr lbut ion of sexes.
Joanen af ld McNease (1972),  McNease and JoaneD (1974),  and coodir ln and
lbrfon (L978) discussed sex-related di f ferences in novements of
al l igators, aDd Palnlsano et al .  (1973) di6cussed how thls relates to
posslbfe strategies of harvest lng. I , /ebb and ] !essel (1978a) dtscussed
sex-related dl f ferences ln noveoent of C. porosuE in northern Ausrral la.
Unfortunately,  crocodi l lans usual. ly havE t-be captured to be sexect.  Thls
takes. the exercise froD a pure survey into a long-lern study. Chabreck
(1963) and webb and Mess€1 (7977a) gave detai ts of var ious caDture nerhoals
that have been developed for crocodi l ians. I t  ls ueII  to ree;nber that
di f ferent specles vary tn thelr  habitat  preferences, behavior,  and
ternpement.  Methods used for captur lng one spectes Eay lrel l  be useLess
for af lother.  Loverldge (1979) revtewed merhods of imnobi l tz inp
crocodl l lans l r i th drugs i f  thts is necessary ( i t  rarely is tn ihe context
of surveys).  The crocodi l lan can then be sexed by nelhods described by
Brazalt is (1968),  Chabreck (1963),  or Joaren and McNease (1978).  Most
crocodl l lans older than slx months can be sexed wlrh a falr  degree of
accuracy, but A. misstsstppienslE nay not be sexual ly dtf ferenrlated untt l
nore than 12 months old (Joanen and McNease 1978; Nlchols and Chabreck
1980).  The most effect ive oethod 1s direct observst lon of the Denls or
cl i torts by gent ly opening Ehe cloaca, though lnsert tng a r tngei and
feel ing for the penls 1s rel lable for larg€r antnsls.

once the anlnal is 1n hand l t  ls worthFhl le to l reigh, neasure,and mark
It ,  and hence lncrease i ts value 1f caught again, Webb and Messel (1978b)
dlscussed norphonerr lc dara that are coDnonly taken,and Chabreck (1963)
and Whltaker (1978) dlscussed Earkjng techntques. I t  roay even be
consldered worthvhl le to take other btologtcal  dara, such as stonach
contents (Taylor et aI .  1978),  record narks aad lnjur les (e.g. Webb and
Uessel 1977b),  and exlernal parasl tes.
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Whlle capture of anlnals under survey condit ions ls di f f icul t  and
hence subseque[t  data di f f lcul t  !o obtal tr ,  ' raklr t8 est lnates of s lzes ls
no!.  I t  is di f f icul t  to see how not naktng 6ize est lDates durlng surveys
conld be just i f ied as the potent ial  galns are ao great.

llabltat Data

Detat ls of habltet  are easy to record and nay be cr l t lcal  to the
l l l terpretat lon of results.  Dif ferert ial  use of habltat  by part lcular
€exes and ages has already bee[ dlscussed ( Parker and Watson 1970;
McNease and Joanen 1978; Webb and Messel 1978a).  Sonet lnes a detai led
habtrat descrtpt ion $111 al lon the area to be recogulzed on future
surveys, and presentat lon of results strat l f led by area and habltat  al lows
nore detal led analysls (Grahan 1968; Perker end Watson 1970) as wel l  as
faci l i tat lng conparlson wtth fol1ow-up .sur-veys (see Pernetta and Burgln
1980 for an excel lent presantat lon of survey dala).

Sonetlnes a detalled knowledge of habltet use by a specles nay allow
lnfornat ion to be galned f ton a survey of that habltat  a1one. I l ines
(1979) dlscussed the exteot of habltat  sul table for A. nlssls€lpplensls ln
! , lor lda, and McNease and Joaf len (1978) establ ished the relat lve
suttabtf t ty of var ious narsh types for al l lgator nest lng ln l -oulslara.
Thelr  study fonned the basls of populat loo est lnates for al l igators in
Loulslana and lhelr  subsequent harvest (Palntsano et al .  1973).  Magnusson
(19B0) establ ished the sui tabi l i ty of  a range of habltats for nest lng by
Crocodylus porosus ln Arnhen Land, Northern Australla, and thls forned the
basis of aet ial  surveys of sui table nest lng habltat  ln Arnhen Land
(I{agrussor et al .  1978),  Cape York Peninsular (Magnusson et al .  1980),  and
the Al l igator Rlvers reglon (crtgg ard Taylor 1980).

PLANNING A SURVEY

There is no single 6utvey plan appl icable to al l  specles and
condlt lons, I f  there eere, the var iety of techniques al luded to ln the
foregoing sect lons would not have been developed. I lovever,  there are e
nunber of basic aspects that wi l l  eDter lnto al l  surveys:

1. f 'now your anix0a1.--  Desplte the nethod used, the baslc truth ls
that the qual i ty of the survey is dlrect ly proport lolal  to the experlence
of the researcher.  I f  pladning a survey and lacking a great deal of
experlence ei th the anlnal ln quest lon, t ry to spend sone t ime wlth
another researcher who has experience r/r l th slnl lar specles 1n sirnl lar
habltats.  This nay avoid repet i t ion of a 1or of nistakes t l ; ; -T;; ; je-en
nade before.

2, Use ]ocal kno\^ ' ledge $l th care.--  A researcher errtvtng in a new
area 1s usual ly lnpressed wtth the detat led knowledge of the 1oca1 people,
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and r ight ly so, The probleu l ies in translar lng this knowldge into data
interpretable by the researcher.  ! 'or exanple, ln i t tal  studies on
crocodi le nest lng habitat  in northern Austral la lndicated a strong
preference by crocodi les for a part lcular grass, IschaeDud australe, l lost
nests q'ere located by aboris inal  hunters wJ Lh ae t  aTM--[ i -ovG?!E- o? cr,e
area, 1t was only in the second year of the study that the hunters
real lzed the researchers rere interested as nuch 1r the range of habitats
used a6 ln the trurober of nests found and denonstrated that the crocodiles
use a range of habitats ln proport lon to their  avai labi l l ty ( l {agnusson
1980).  Whl1e accepl ing the extent of rhe 1oca1 peoples, knowledge,
researchers should always quesrlol l  thelr  interpretat lons of what they are
belng showtr.

3.  Research the hlstory of the populat ion to be studied.--  Before
conEencing try to deter lmine hlstor lcal ,  present,  ard predtcted lat ld use
patterns 1n the area, the past and present levels of explol tat ton of
crocodl l ians, and r ihat research has already been carr led out on the
species whlch night al low special  types of survey.

4. Be fani l lar rr i th the geography of the area.--  DeterDlne the aEount
and distr : tbutton of the var ious habitats that rhe crocodi l ians mtght be
using aIId do repl lcate sanpltDg ln each, even 1f this reduces the nunber
of crocodl les seen. Try to cover as representat lve a nuEtber of areas a6
pos8ible and avotd the cordnon tendency of concentrating on areas in whlch
It  is easy to f ind aninals.  Detai led naps or aertal  photographs are
1nvaluab1e.

5. Col lect dara on populat lon structure,--  A roinlnun requisi te for
lnterpretat ion of results is the slze 6tructure of the populat lor,
strat i f ied by area aod habltat .  I f  necessary, practtce oaklng stze
est iroales on zoo ar l iDals.

6. Decide how to analyze the results before start lng,--  l IoF, where,
and \rhen to col lect dara wi l l  depend on what the study ts atteopt lng to
deroonstrate. Be sure the quest ion or preiDise 1s clear before start tng.
Treat al l  surveys as l f  they weEe the f l rst  of  a ser leE, nhether funds are
present ly avaitable for repeat surveys or no!.  Any e1€nentary stat lst ics
book w111 glve a range of analyses for naktng tests for dt f f€rences
betteen areas and/or surveys. Be sure that data are cottected in such a
way that they can be plugged lnto sone such test,  Bastc requirenenrs for
af l  al la lyses are repl lcat lon and strat l f icat ion.

7. Standardize condlr lons as far as pracrtcable.--  I !  ts not always
po€s1ble to standardlze al l  factors, but be avare of the probable causes
of blas and record enough data regardlng thed thar senstble decistons can
be nade as to thelr  probable effect on the f lnal  results.

8. A11oi. '  suff lc ient t lng for the survey.--  How nuch rtne is
I ' l ]1 vary accordlng to lhe area to be covered, the reseaacher.6
experience, and the support  fact l l t ies. In developlog countrtes
wel l  to al low one leek of deal lng I ' i th the bureaucracy for each

requlred
prevlous
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of al teEpted survey, and, to expect one k'eek of lneffectual survey
(traDsport ,  equipment dtf f tcul t tes) for each rdeek of ef fect ive survey.
Most people unfani l iat  l t i th an area underest lnate the t ine required to
survey. Even a snafl area usually requlres several nonths (or several
years of experience leading to several  teeks of survey).  Often a
blologlst  v is i ts a country fot  several  *eeks and produces a status
report ."  In fact such studies do not gtve data on the status, they
establ lsh the urgency (pr ior l ty) for deterElnlng the status of the
populat lon. A true status reporl  fo!  even a t lny country lequlres nany
oonths! l f  oot years of work. For thls reason the advantage of persons
resldent,  or with regular access to the area, belng lncluded lr l  the aurvey
tean cannot be ovetest lnated.

The fo11ov1ng people are experienced tn crocodi l ian surveys and are
currently nrorklng lt! the ftetd:

Al istalr  Grahan - C. t l i lot lcus, c.  noveasulnae, 9. !9I9:g9 (Papua
Iew-dliEl;

Gordon Grlgg -  C. porosus (aertal  survey of habltat ,  Austral la)

Ted Joanen and Larry l lcNease - A. !0isslsslppief ls ls (Louislana)
Janes Kushlan _ A. ntssissipptenslG, C. acutus (Flor lda)

Wll l lan t{agnusson - C. porosus (Austral la),  }1.  nlger,  C. crocodi lus,
P. palpebrosus, P. l5!€9g9lgg (Brazt l )

Halry Messel -  C. porosus (Austral ta)

Tony Pooley -  C. nt lot icus (South Afr lca)

Crahane webb - C. johnsont (Au6tral ts)

Alan Woodward and Tonny Hlnes - A. nisslsslpplersls (Flortda)

The followtng people can glve detalls of nooitorlng prograes non ln
e f f e c ! :

Tonny l t tnes, Flor ida, U. S.A.
Slxto lchaustegul,

Dodnlcan Republ lc
Robert  Jef lk lns, Austral la

Ted Joanen, Loulsiara, U. S.A.
Navu KFapena, Papua New Culnea
Tony Pooley, South Afrtca
RoEulus Whltaker, lndia
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ABSTMCT: Although there are rany excellent studles of ecological and
behavloral  factors affect ing crocodl l lan nest lng, the nonunlfor l l l ty of
tertulnology, oeasurerDent,  and observat ional techniques used renders the
msktng of lntra- and lnterspecif lc coaparlsol ls dl f f icul t .  The6e
variat lons nay l1nl t  lhe use of conputer ized stat lst ical  analyses to
evaluate factors slgol f lcant h nest ing succes€. I  ao hereln suggest lng
DeasureDents to be nade and protocols to be fol lowed. the ldeas
expfessed in thls paper should not be construed as a rnandate, but lather
6 u g g e s t i  o n 5  o p e n  t o  d l s c u s s i o n .

NESTING DATA

Data taken at the nest nay be dlvtded into four Eajor categories: (1)
nest stage, (2) ecological  faclors,  (3) nest and egg ioeasurene[ts,  and
(4) lnfonoatlon about the adult (presuDed or kltolrn fenale), other adults,
and/or imrnature afllnals at the Irest slte.

1) Nes! stage lnfornat lon requlres an evaluat ion of the state of
conplet lon ard/or survlval  of  the nest.  A coaplered ne6t contatns
crocodl l lan eggs (see Table 1 for €tage detetulnarlon).  Dates of nest
construct ion and stage on observat lon dates, date of egg laytng, and, for
hatched nests, date of hatchlng, should be noted. la lse nesttng
attenpts, ln the forn of part ial  or coEplete nounds for hound-bui ldlng
apecles, lncludlf lg eLze ol  hounds and lnforroat lon regarding the feroale
that bu1lt  the mound, should be noted.

2) Ecologlcal  factors lnclude, for exanple, rhe hablrat type in whlch
the nest ls located, nes! construct lon hater lel ,  proxlnl ty of the nest to
standlng water (best taken fron the central  polnr of the nest where the
two widest axes lntersect) ,  and average depth of wster surrou[dhg rhe
nest.  Hlghest and lowest water levels 6hou1d also be takef l .  These data
afso lnclude basic cl ln0atological  factor€, l .e.  tenperature, ralnfal l ,
relat ive huoldl ty,  \ rater 1eve1s, baronetr lc pressure, etc. ,  vhlch should
be conttnual ly xnonltored.

3) Nest ar ld egg measure!0€nts are l lsted in Table 2. In specles rhat
bul ld both hole and nound nests, the type of nest should be noted. Note
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I have dtvtded nest tending
observed at Okefenokee Nattonal
( Ida tanabe 1980);

1) Consrant vtgl lance--adu1t
defenslve;

behaviors of Al l lgator pississlpplensls
Wtldl t fe Refuge lnlo f lve categorles

always present at nest;  ahsays
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l f  a nest s l te has been used before and rhe roate.ta1 of which the nesr is
constructed. Al l  n@asure.aents should be nerr lcr Because addlt lonal
nlater lal  nay be added !o nound ne6ts as incubat lon proceeds, and ir lnd and
rain tend to conpact these nests, only length, I ' tdth, and hetghr
deasurements taked wlthin the f l rst  several  days of tncubatton l rould have
conparal ive stat lst lcal  value. Thi6 caveat also holds for hole nests
that Eay be coopacted by the parent or by rneteorological  fsctor6. The
nes! should be measured olrce lt ls conpleted, and the approxtr0ate age of
the nes! f ron the date of ovlpostr ion should be nored. Wtdth and lenerh
oeasurenents should be taken fron the tr{o nlalest, dear-perpendtcular
axes, and should be nult ip l ied by each other.  As tengrh and \r idrh are
arbl trary deslgnat lons, the f tgure 1x r , / ,  which ls an est lnate of area
(nests not necessarl ly belng perfect ly clrcular) shoufd be used tn
stat ist lcal  analyses. I le lght should be neasured f .oo the actual base of
the nest,  rhelher i t  be on lal ld or under ! /ater,  to the highest poin! of
the nest.  I f  a nest ls located part ial ly unde! water,  the longest vecror
Bhould be used. Eetaht should be measured perpendicualr  to the
substrate, as should depth of the upperDos! iayer of eggs fron the top of
the oest and height of  the lol 'ernost layer of eggs above the base of the
nest. Mean and Eaxinuo high rater ln relatlol! to the egg cavtty should

Egg cavity neasurenents should be Dade at both the vldest and deepest
port lons of the cavi ty,  Dlsjunct lon of the cavi ty 6hou1d be noted.

I f  neasuresents of eggs are taken, f i rst  nark the top of the eggs
wlth a non-wster soluble, nod-tox1c substance, srch as anlnaf narklng
paint,  ard take care rot to turr  or ro11 the egg as turning can resulr  in
death of the enbryo during e€rly stages of developnent (see Fergusor 19gO
for Dore lnformatlon on eggs and enbryonic developDent).  Counttng of
eggs and not ing condlt lons of eggs aDd r ldth of central  band are other
standardlzed measure.aents that could be taken. The band wtdth should
lncrease wlth the etages of developrdent (Ferguson f979, l98O). In
general ,  i f  egg roeasurenents aie to be done, the sanple slze should be
l lnl ted to 10 randoDly selected eggs per nest.  Thls should give a
suff lc ient sanple size, especial ly i f  nany nests are observed, and
nlnftDlze destruct lon of enbryos due to handltng.

4) fnfornat ion about the adu1t.  Not ing only the presence or absence
of an adul!  or defedslveness versus passivi ty of an adult  near the rrest
in response to huoan inrrusion, does nor yleld suff lc lent inforroat ion
about lhe parent.  l lu l t lp le vls l ts to a nesr area along with observat lon
perlods of 30 lohutes or longer,  €spectal ly 1f  v ls l ts are randonly
dlstr ibuled around the clock, give a oore conplete plcture of the role of
an lndivldual adult  ar the nest,
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2 ) Tenporal defense--adult

Constant tending_-adult
defenslve;
Tenporal tendlng__adull
defensive; and

sooet lnes present at nest

alr^'ays present at the nest

and sonetines

sonet ines preseot at dest

5) Adults that are never seen, but evldence, such as fresh crawl
narks, eet and/or new vegetat ior,  etc. ,  lndlcates that they have
b e e n  a t  l h e  n e s t .

The above calegorles Eay not be suff ic lel t  to descl lbe behavlor of
adults at f lests ln al l  s i tuat lons; ho\rever,  they are a start lng polnt for
determlrdng other posstble behavlols.  Actual defenslve behavlors of a
feraale Anerican a1l1gator at a nest were descrlbed by Kushlan and (ushlan
(1980),  Use of thelr  ternlnology, sooe of which was adopted fron Garr ick
and I"ang (1977) and Garr ick, Lans, and Herzos (1978),  i r l11 a1d ln
n a i n t a i n i n g  u a i f o r m t t y  o f  d e s c r l p t t o n s  o f  b e h a v t o r .

Presence of young froE prevlous year classes should be noted, as
should the presence of other adults or other Epecles of crocodi l lans in
the f lest a!ea.

I f  i t  la not possible to measure the size of the fen€1e dtrect ly,
est lmated 6tze, bas€d on el ther est inated rare6 to anter ior eye length or
actual neasurement of htndfoot pr lnt-- longest digi tal  t tp to base of
paln--should be noted. All estlnated rneasureroents should be clearly
designated as such.

Nest deEtruct lon and suspected (or actual)  neans of destruct lon
6hou1d be noted, and d€stroyed Besls should be vls l ted for several  days
after destruct ion to check for presence of adult  and for any rebui ldlng
act iv l ty.  Rebui lding 16 often evidef iced by fre6h vegetat ion aod/or l ret
freEh spoor on an otherwlse destroyed nest.

For behavloral  observat lons, data col lect lon nay dlsturb a tef ldlng or
guardlng adult ;  thus nany of the measurenente suggested are lnappr:oprtate
at such nests. !-e8t neasurenentE have already been nade for Eany
species. Addlt lonal neasurement data nay be unnecesary for the specles
and/or populat lon belng studied. A careful  search of the l l terature
beforehand nay spare unessent lal  wotk and avold unnecesary disturbance.

I  now have aval lable a nult lvar late Etat lst lcal  program (SPSS) that
ls easi ly adaptable for use wlth standardlzed data on crocodl l lan
nesltng. Use of thls program rdl f  help analyze dl f ferences and
alxnl lar l t ies betveen populat lons, Eowever,  l t  is only val id l f
neasurements and neasureoent lechnlques are conDarable and staddardlzed.



t

I

I,TATAXABE

TABLE f.  Nest stage evaluarlon for nound nests
A-111gator xr i6sissippiensis ) .
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(based on data for

I

I

)

I

)

Stage 2

Stage 3

Stsge 4

Stage 5

Stage 6

Intact

Destroyed

Stage I

Hatched

?u11 - sna11 clunp (nor 1 m tn dia.0eter) of  f reshly torn
vegetat ion ln area I ' i th Dany spoors ( trar ls),  especial l i
sPoors intersect lng at.pu1l.

Inco.0plete nest -  larger than a pul1, perhaps as large es aconpleted nestr but contains no eggst*

Fresh complete nest -  (24 hrs or less) eggs have fresh clearnucus coat;  nay not have central  bandlng.

Less than 1 i" /eek o1d - eggshel ls l rhlre;  narrow ba l lng.

creater. than_ 1 ri,eek o1d - eggshells colored fron alecaying
vegetat lon; bandlng of eggshel l  increastng tn wial th.

Near.  hatching - eggs at top are s!ro11en \r l th tongttudtnal
cracks and some f laking of shel is.

Eggs present.

Evidence of egSs or egg fragnents. Flattened top or
irregular large openlng. I f  destroyed by f t re a;rs,  only
shel1 frasnenrs wt11 remain. r f  destroyed Uy r looding, ihe
Dest wl1I be tntact but al l  enbryos ! , , t I l  be dead.

IeEale (or nale) excavated - horseshoe-shaped opentng or
large hole at top of nest.

Unexcavated - no horseshoe-shaped openlngs, but several  snat l
round openings ar top and sldes of nest.  Eggs, enbryos,
and/oi  shel l  f ragnents should reloal l ! .

*  Sone_ researchers (Mclthenny 1935; Joanen f969; Ne111 L977; Metze| Ig77,
Deltz !979) found an eepty egg cavity tn the nest several  days before theeggs were lald.

NOTE| 
-Thls table ts adaptable for use wlth hole nesters, begtnnhg atstage 3. Eggs nay not be djscolored by vegetat lon, but ;se ; f  r . rg. ,"orr ,"(1980) band vidth iat tos nay aid ln deiernintng 

"e;. ;  " ; ; ; " : -  

-
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TABLE 2. Measurenedts to be taken at the nest.

Nest (based on Joanen 1969) r

hetght*
length*
vldth*
depth fron top of l test to top of eggs**
egg cavtty depth
egg cavity length I
egg cavi ty ntdth
nurober of cr:acked eggs

Eggs (based on Deltz and Hlnes 1980):

egs lengih
diameter at \ r idest point
weight
width of band (fo11ow formula of Ferguson l98O)

a

a

* May not be aval lable for hole nesters.
** Ior hole nesters, depth froB subst late surface to top of

a

I

a
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