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FOREWORD

The two volumes of this PROCEEDINGS are a record of the preseutations and
discussiotrs that occurred at the 1lth Working Meeting of ttre Crocodile Specialist
Group in Victoria Falls, Zimbabwe, 3-7th August 1992. The nanuscripts are
unreviewed and unedited. The CSG PROCEEDINGS, by definition, are records of
what occurred at the meeting. They are not tomes filled with articles tlat were
reviewed, edited, revised and polished subsequetrt to the meetiDg. Apalt from
prepadng a table of contents, cut-and-pasting captiotrs to ftures, compiling the
a icles alphabetically by author, and numbedng the pages consecutively, the papers
are published just the way tley were submitted. For ttris reason, they appear in a
variety of formats and typefac€s. Ian Games was tle managing editor.

The opinions expressed herein are those of the individual authors and are not tle
opinions of IUCN - The World Conservatiou Uuiou, or its Species Survival
Commission,

IUCN - The World Conservation Union was founded in 1948, and has its
headqua{ers in Gland, Switzerland; it is an independett interoational body whose
membership comprises states (i espective of their political and social slstems),
govemment departmetrts, atrd pdvate iNtitutions, as well as international
organizations. It represents those who are conc€rned about mau's modificatiou of the
natural environment through the rapidity of urban and industial development and
the excessive exploitation of the earth's tatural resources, upon which rest the
foundations of his survival. IUCN'S main purpose is to promote or support action
which wi ensure the perpetuation of wild natute and tratuml resources ou a world-
wide basis, not only for tleir intdnsic cultural or scientific values but also for the
long-term economic and social welfare of mankind.

This objective can be achieved through active conseryatiotr programmes for the wise
use of tratural resources in areas where the flora and fauna are of Darticular
iurportance and where th€ landscape is especially beautiful or striki-og, or of
histofcal, cultural, or scientific significance. IUCN believes that its aims can be
achieved most effectively by international effort in cooperation witl other
internatiotral agencies, such as UNESCO, FAO, and LiNEP, aDd international
organisations, such as World Wide Fund for Nature (WWF).

The mission of IUCN's Species Suwial Commission (SSC) is to plevent the
extinction of species, subspecies, and discrete populations of fauna and flora, thereby
maintaining the genetic diversity of the living species of the planet. To carry out its
mission, the SSC relies on a network of wer 2,500 volutrteer professionals working
through more than 90 Specialist Groups and a large number of afriliate organizations,
regioual representatives, and consultants, scattered through nearly every country of
the world.
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CFAZ CIIAIRMAN'S OPENING COMMENTS FOR THE IlTh WORKING
MEETING AT THE IUCN/SSC CROCODILE SPECIALIST GROUP

It gives me great pleasure to welcome you all here today, atrd my fist task must be
thank tlose of you who have tavelled around the world to be here. We have over
150 delegates from 27 countries outside Zimbabwe, which is good considedng the
tough economic times we live in.

My next task must be to thank our Minister of Natural Resources and Tourism for
finding the time in his busy schedule to be with us to participate in the formal
opening. You will be hearing from him in a moment.

We are also pleased to have with us the Director and other officials ftom the
Depa ment of National Parks, with whom we have a very close relationship, the
Chairman of the Campfire Association, the members of which provide much of our
crocodile egg resource, the Regional Director of the IUCN, the Mayor of Victoria
Falls and, of course, our local Chief
who will be guamlteeirg the success of the meeting by giving us a traditional African
blessing.

Those of you who were here 10 years ago will know that this is the second CSG
meeting in the Victoria Falls that I have hosted as Chairman of the Zimbabwe
Farmers and I sincerely hope that this meeting is as successful as the last and that
our hospitality comes up to the same standard.

We have organised a very full itinemry both in the conference rooms and on the
social side and I hope that you will all take full advantage of our organisation and
facilities.

If all goes to plan it promises to be a very constructive, rewarding and enjoyable

If there is anything we can do for you, or if you need assistance, please do not
hesitate to contact the Secretariat who wjll see what they can do.

On the crocodile side, we have made immense progress since the last CSG meeting
was held in Zimbabwe. We certainly do not have all the answers, but we know a gr€at
deal more about Nile crocodile biology, coDsewation and management.

Over 85 scientific papers on crocodiles have originated in Zirrbabwe, many of these
since 1982 and over this sho pedod our industry has glown from an output of 4000
skins a year to 30000, allowing us to invest much more heavily in research. Inst year
over 307o of our Associations budget went into research, much of it ilr suppoting
Government's programme.
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At the September 1982 meeting our major concem was lo have the Zimbabwe
crocodile population moved to Appendi{ II in order that we might trade freely itr our

lanch 
produced skins.

Everyone else's concern was whether our population was still endatrgered or not. At
the tiDe our slogan was "Crocodile utilisation is conservation" and to fudher our
cause we had stickers made for the occasion. We had them in Green too. '

We are very pleased to be able to tell you today that our crocodiles are well and truly
conseryed and are thriving both on ranches and in the wild. In fact, they have never
been so happy.

They certainly get lots of attention. From the production side we have research
projects otr nuhition, incubation and vete nary subjects. The wild crocs have been
chased all over Lake Kariba and elsewhere and theh privacy invaded so that we know
all about thejr most intimate habits including the way they progress whell retumed to
the wild.

The Zimbabwe programme has progressed to the extent that 58000 eggs ftom the
wild are collected each year and we pay over $60000 for those eggs that come out of
communal lands under CAMPFIRE. The intention is that the appreciation of the
monetary valu€ of crocodiles will make people more tolelant of their mor€
unpleasant habits.

We are proud of our consewation role in Zimbabwe and look upon ourselves very
much as an agent of the Department of National Parks in this country. We have
common aims and we are well aware of the need for us to do our part to help
Zimbabwe maintain a clean record as far as CITES is concemed.

I could go on telling you how successful the Zimbabwe progtamme is, but I think I
have just about spoken enough. You should all by now know who I am and please do
not hesitate to come and see me direcdy if anything is not to your liking

However, before I finish I would like to comment on the situation in the United
States which has tougher domestic legislation than CITES and which does not allow
our African Skins to enter. This is a complete violation of human dghts in that the
whole US population is being denied high quality crocodile products being compelled
to take tatty alligator rubbish instead. I think that this should be stopped!

Witlout further ado, I will ask the Minister, the Honomble Dr Herbert Murcrwa to
present to us his opening remarks.



PRESENTATION FROM THE MINISTER OF EN!'IRONMENT AND TOURISM
TO OPEN THE llth WORKING MEETING

OF THE IUCN/SSC CROCODILE SPECIALIST GROUP

Welcome to Zimbabwe. It gives me great pleasure to open this meeting of the
Crocodile Specialist Group with a few comments which I hope prove to be
appropriate and contribute to the spirit of your meeting.

From the perspective of the early 1970's, when it seemed that hunting would never be
controlled, crocodile conservation must bave looked very depressing ind it is no
wonder that all the species were placed on the CITES Appendices when the
Convention was colcluded.

Since then, of course, it has been recognised that s€veral of the most resulcrrve
listings, on Appendi! I, were not appropriate and in addition the status of many
sp€cies has improved. As a result, crocodiles have been on the agenda at CITES for
many yeals and over the last 20 years, we bave come to expect tf,e crocodiles to be at
the cutting edge of innovative conservation, especially in tte CITES context.

Before expanding on this, it is worth pointitrg out that the establishment of CITES
clearly drew the battle lines between those whose answer to the abuse of a natural
resource is prohibition, and those who believe that the answer to abuse is better
manag€ment to give sustainable use. In Zimbabwe we subscribe to the latter view,
especially since we strongly betev€ that sustainable use is a strong conservation tool
in many circumstances.

It would seem that this principle is more readily accepted and demonstrated with
crocodiles than with any other species and we are clearly not the only people who are
trying to conserve crocodiles through their use. I am happy that so many piople with
similar experiences to those of Zimbabwe are here todav - I can assure'you ihat it is
not often that I am asked to address an iotertrational aulience whrch almost
universally believes in the same consewation philosophy as Zirnbabwe!

I would now like to move back to the issue of crocodiles as conservation piotreers.

Although CITES is often seen as a catch-all conservation heaw it onh addresses
tade as a factor affectitrg the conservation of species. Where habitat ioss or other
facto$ are causing the decline, as so often is thi case, CITES cannot really help.
Indeed, it is our expe ence that under these conditions CITES is often a iefinite
hinderence.

Where a species is under pressure from habitat loss the intuitive r€action is to
ircrease protection from exploitation by banning international trade,

However, where the issue is habitat loss the removal of value from the soecies also
remlves m-anagement options, Some lateral thinking and a great deal ofixperience
l€ad us to believe that habitat loss can only be addressed by making it economically
unattractive to convert wild lands to agriculture and settlemetrt. In ihis, intematiotr;l



fade can play atr impo ant Pa and wildlile utilization and tlade should never be

stopped without verycareful assessment of the conseruation costs and benefits'

rn line with this principle, we are proud that Zimbabwe was the first country to move

its crocodile population to appenaix II under the lanching criteria' The last time the

CSG met heie,ilrnost exactly 10 years ago, Zimbabwe was stuggling to have its

CITES listing fol the Nile crocodile changed for its cons€rvation-benefit' Today we

can see the iesults of this succesful downlisting. Crocodiles, which eat a number of

our people each year, are at least tolerated by the average Zimbabwean and iD some

circles of course ihey are highly prized - trot just by the farmers, but also by Poor
rural people who now benefit economically from crocodiles.

It is of some satisfaction for me to be able to tell you that our farme6 have just paid

ooor rural communities over $ 60000 for crocodile eggs collected ftom areas in which

ihe people have been given appropriate authoriry for their wildlile under our

CAMPFIRE programme.

We have watched with interest as other countdes have gone through the same
process and as CITES has adapted to new circumstances and advances in crocodile

management. Indeed, at every CITES meeting it always seems to be crocodiles lor

which new management strategies are being developed and for which CITES most

readily adapts.

I suppose it is because they are not cuddly animals.

The Special C teda or quota system was a great advance as fat as we are concertred
which helped many of our neighbours in Africa a great deal. We support the idea of
Appendirll quotas, and of the strengthening of Appendix II in general. If Appendix
II worked properly it could accommodate many of the species and populations which

are on Appendix L While some crocodile species are clearly endangered, we would
always question the use of Appendix I and it is interesting to see CITES wrestling
with'thi problem of the Phillipines crocodile and the Chinese Alligator which, though

clearly endangered, will benefit from conholled trade from farms.

Finally, I have to say ttrat we have a very high opinion of the CSG and the way it has
supported pragmatic conservation and I hoPe that you intend to continue this process
at this meeting.

I believe that during this week you will be having a number of workshops including
one which is looking at the CITES resolutions which affect crocodiles.

CITES is peppered with crocodile resolutions and at the very least we would all
benefit greatly ftom the consolidation of these. I think it would also be worth your
whil€ to consider abandoning some of the outdated CITES models, such as ranching,
replacing these with a general system of quotas which allow mixed stategies.

Once again, welcome to Zimbabwe and good luck with your meeting,



Fitt ing Curves to crocodil ian Aqe-size Data:
sone Hesitant Recommendal ions

by
C. L. Abercroirbie. I I I

wofford College
Spartanburg, SC 29303

USA

frrtroiluction

While we are gathered together every tvro years, somebody
usually gets up to tel l  us about crocodil tan growth rates, and
as he or she tafks, most of us stay around to l isten. Beyond
nere poli teness, there are at least three reasons for our
forbearance. First, we believe that the relationship betr{reen
crocodil ian age and size is biological ly interesl ing and
directly relevant to most nanagement strategies. Second, we
understand that after you've caught a croC which is to be
released, you must do sonethinq to justi fy the trouble,
expense, and fun of the hunt. Measuring an aninalrs size isrrdoing something," and if  one can also es€ablish an age for the
varhint, so nuch the better. Third, as scientists most of us
really l ike to measure things, to systernatize our neasurenencs,
and to te]1 other scientists about what we have neasured. In
our vork rre concentrated on the t 'systenatiz ingtr part of the
process, and to do so r^re have (1) evaluated th; f i t  of three
nodels to sanples from a population of sinulated crocs whose
underlying growth pattern is known and (2) tr ied to deternine
horat wefl severaf hodels perforrn inductively vhen we use then to
generalize beyond sanples from an actual ciocodile population.

This paper is divided into six sections. In the f irst
ve explain how we createa our population of sirnulated crocodil_
aans and how we took satmples froh it .  In the second section we
describe the rnodel s hrhich we f i t  to the samples. In the third
section ve evaluate the f i t  of the variouJ rnodels. Next, in
section four, we describe another set of models and explain how
we applied then to sanples frorn a population of c;ocodvtus
acutus. In the f j . f th section. we evaluate rnodel perfonnance.
And in our concfusion we offer tentative recommendaiions on hovr
one night sunlnarize crocodil ian growth patterns.

Section I! Sinulateal populatiorls anal gaDples for AnaLygis

we constructed a simulated crocodile population whose
nembers grow according to a known function. we;I lornred random
wariabil i ty around that qrowth function (rnean ahpli tude of the
variabil i ty is proport ional to a given aniha-l,s predicted
size). Frorn ttrat population we tooi tr l 'enty-f ive priUaUit i ty
sanples according to each of three different sahpli ;g schenes.



Points 1-5 below describe the construction of the population'
Points 6 anal 7 explain how the samptes vere caught.

1. Each si l iulated crocodile in our population is
constructed to have a knor,in aqe (rneasured in days) and a known
total length (heasured in centimeters) .

2. The sinulated population of crocodil ians l^tas created
and ' tgrownl according to a formula that gives predicted total
Iength at t ine t (PTLt) as a function of age (t) and 4 growth
paramecers:

P T L I  =  [ S a 1 _ m  
- ( S " t " '  -  S o 1 ' n ) e ( _ 2 1 1 + n ] t / r ) 1 1 / ( 1  

n ) ,

where s^ is asyrnptotic fength, ir ' is the curve shape parameter,
s^ is ldnqth at t ime zero (hatchling tength), e is the base of
nhtural 

- loqarithhs, 
t is t ine, and T is the grouth-rate

pa rahe te r  a :  exp ressed  by  B r i sb ln  e t  a l .  ( 1986) .  Fo r  t h i s
sinulated population we chose parameter values approximatefy
equal to those estirnated for a south Florida population of
crocodvlus acutus. '

3. originafly this sinutated population had one animal
at ewery even-day age from 2 days to 8000 days. Then each
sihulatad animal was assigned a "survival probabit i ty." This
probabil i ty decreases r.r i th age in such a vray that:

by
a. From t=o to t=36o, survival probabil i ty, P, is gl iven

P  =  (o .998076 ) t ;

i . e . ,  abou t  ha l f  o f  t he  an iha l s  n igh t  be  expec ted  to  d ie  o f f  by
one  yea r  o f  age .

b. Frorn t= 361 to t = a000, survival probabil i ty rs
given by-  

F  =  (0 .5 ) * (o .999711 ) t ' 360  -

i .e., aninals that reach one year of age rnight be expected to
ffdecay outl by about IOZ/YeaY.

4. Aninals were "ki l l -ed off 'r  according to their P (or
survival probabil i ty, as described above) by conparison aqainst

r Many readers wil f  recognize the above equation as the
fuII,  four-pararneter Richards node1. S" i .s set at 400cm; n 1s
se t  a t  0 .273 ;  s "  i s  se t  a t  3ocn ;  t  ( age l  i s  measured  i n  days ;
T is set at 6000 days. Given these parameter values, the
equation sinpli f ies to approxinately

PTL r  =  177 ,929 - (66 .075 ) *EXP( -o .ooo4243 ' r t )  l ^1 .3755
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a.set of uniforrn random nunbers. fhis attr i t ion reducect thesinulated population fron 4OOO to 884 aninals.

5- rRandornn variabif i ty rdas introduceal into ,, total
lengthrr in the fol loving vay. Where TL is the length vartalteto be constructed, and iTL is total. length as predicted by thedeterminist ic forrnuta above, and z is 

" i=""a"^_i""Joln variable
-(nornally distr ibuted, uith average O and standard dewiation of

TL  =  pTL  +  pTL  *  ( o .1 )  : r  (Z ) .

5. We rnranted to examine three different sarnpling schenes: ( i)
?!":1,_:1p!:." probabitity for arr anirnals, iii j 

-"-"iignt 
uiu.

i :  : : :?I  : :  :u:" I '+ns younser aninars,  and ( . i i i )  a st rons bias
] l  . 1y9 .  o r  ca tch inq  younger  an ima ls .  The re fo re ,  f o r  each  o fEne  t s84  r rembers  i n  t he  s i rnu la ted  c rocod i l  i an  popu la t i on ,  , , / e
established capture probabil i t ies three ditfereni 

".u=, 
f '  

-

a. Capture probabil i t ies !, /ere equal
CPU =  O .4 )  ;  t h i s  $ r i l - L  be  ca l  l ed  the  UNIFORM

( fo r  a l I  an i rna ls ,
samplirtg scheme.

.  b. Capture probabil i t ies vere somewhat higher for young
an ima ls  than  fo r  o lde r  ones :  CpM :  O .5  -  O .OOOO25*AGE.  Tha t
i-s, the probabil i ty of catching an individual anirnal i= o.swhen the anirnal is a fresh hatchling and declines l ihearly rr i th
age to 0.3 by the t ihe the anirnal i !  8OOO days (about 22 years)
o1d; this wil l  be called the MEDIUM sanpli ig scnerne.

, . . . .  ca-pture _probabil i t ies vTere rnuch higher for young
an l l l l a l s  t han  fo r  o lde r  ones :  CpS =  0 .8  _  (o .OOOO]5 ) *AGE.  Thaa
is, the probabil i ty of catching an individual .rr ir i f  ," o.a
when the anihat is a fresh hatchiing and declines l ineir ly with
age to 0.2 by the t ime the anirnal i i  8OOO aays (about 22 years)
old; this ia' i t1 be catled the SMALL samplinf scierne.

7. Finally ve used a pseudo-random nurnber geherator to produce
a capture variabl€ which we cornpared against CpU, Cpl,t,  and CpS.
l?r :1"h. captu-re-probab i l  i ty algorithn, we ran through the
srrnu.lated population twehty-f ive t irnes to produce (for each
!fq9 "{ 

capture-probabi t i  ty sampling sctieme) twenty_five
Inqependen t  da ta  se ts  o f  an jna l s  " cap tu red . "

- _At this point vJe have seventy-f ive sanples available for
analysis. The next section, i"IODELS, wil l  explain what we did
!^t i th these sahDles -

2 The fol lowinq three capture-probabil  i ty rt l ines,, r^/ere
selected (i) to represent the three different sarnplinq schemes
and _(i i)  to produce approxinatety LOo aninals in Lhe ; inulated
samples -



Section II3 Uoifelg Applie't  to sanples of gimulate't  crocoil i les

we investigated three related nodels that give crocodile

renqtn aI l"'""v.i,i"ti", to""i""i""rry increasing function of

A. RICHARDS nodel '  This model is specif ied by four

p.rarn"t"ts (variously expressed by various authors) : ---STARTING
Sizil'-as".lpi.ric srzi' ci:nve sHAPE, and GRowrH RATE '
our other tvo rnodels are splcial cases of this nother of all

;;;;iA;";".. rn the bodv of this- paper:: =l:-rl.-"^ft"" 
""1r

iiil-tnf rnr,i MoDEL, 3 ana''tne atgeliaic forrn t'e used for it

i s :

S t  =  L S " 1 _ '  
- ( S . t - t  -  S o l  m ) e (  2 t 1 + m r t / r ) 1 1 / ( 1 - n ) ,

l rhere s, is size at t i l ie t,  sr is asynptot- i-c- si^ze. '^ m is the

. r i u .  . [ up "  pa ramete r ,  so  i s  s i ze  a t  t ime  ze ro '  e  i s  t he  base

oi n"tur^i iogarithrns, i  is t irne, and T is the growth-rate

p i r i . e t " r  as  e -xp ressed  by  B r i sb in  e t  a l '  ( 1986) '

B. voN BERIAT.ANFFY rnodels. These rnodels are frequently

used in the f i terature on repti le growth, perhaps because they

;;; b;;J-;" actual, serni-unaerstandabre phvsiological assunp-

t i ons .  4

1. VON BERTAI,ANFFY MODEL EOR LINEAR GROWTH ' 5

This node1, a decaying exponential function, is a special case

"i ' ln.-ni.it"iat 
cuive-fanity: the shape paraneter is set to 0'

i" iii" l"ay of this paper we shatt call this THE VoN RTIRTALAN-

FFY UODEL.

3 Readers wif l  recafl that this futf Richards rnodel ls

actually the rrcorrect 'r one, the pattern according to which our

;;; ; i ;ai"; of sirnulated crocodiles was actuallv grov'n' As ve

shall  see, however, exanrrnation of the sarnples does not al! ' /ays

Ii i"" ln" ' t".".rcher to te1I which noilel is correct '  even from

the l irnited assortment !, /hich ! 're investigate'

4 Basical ly, the von Bertalanffy model assumes that
qrosrth is a fut ict ion of the difference between anabolic

;;; ; ; :=". ("rt i"rt  
"." 

assuned proport ional to netaboric rate

;;; ; ;- iJ r" ' l ; ; ;-assumed to be €he-o.75 power or bodv nass) and

;;a;"ri" ;.;";sses (\n'hich are assuned to be proportional to

body  mass )  .  see  Andrevs  (1982) .

5 some authors cal l  this the tnononolecular rnodel (Bris-

bin, r.Ninth working meeting . .  .";  Brisbin and Neman, 1991;

Leberg gE g13, 1989) .



2. VON BERTAI"ANFFY MODEL FOR GROWTH IN MASS. 6
This rn_odel, a signoid function, is 

" 
sp""ii i 

-clse 
or tfre

:l:l: i:: c,r_.'r:. !umi_Ly:. trie shape paraneter is ser ro z/3.uur rous ry ,  A r l sb rn  (nN in th  work ing  nee t i ng  .n )  used  th i s
curve in one hodel of a' l l igator length. 7 Clearly, r, /hen
dealing with l inear dinensions this rnod-el lacks the vi l tue of
easy. physiologicat interpretabil  i ty, but i t  does sohettnesp rov rde -a  good  enp i r i ca f  f i t .  I n  any  case  ve  chose  to  use  i t
11 , : : f  , t " nS th  mode l s -as  -an_  a rb i t r a . r i f v  chosen .  f  i xed , , shape . , l
s l c rmorc t  cu rve .  I n  t he  body  o f  t h i s  paper  s re  sha l l  ca t t  t t r i s
THE FTXED SIGMOID MODEL.

Section fII :  Results of Analyses on Sirnulated Crocs

Here we deal with three overal l  questions: ( l) From ourl imited set of thodels, how easy is i t  to pi"f i fr" ct lrect one?(2) Hoi,r nuch difference does it  nake i i  you pick the wrong
tnodel? (3) How nuch difference does the satnplinq scheme nake?

- +. Picking the correct modet. We knor,/ that the
R:p : I , ?^ t l : I  ao t  s imu fa ted  c rocod i l es  was  g rown  acco rd ing  ro  the
!uL! f luu[L -; lnat ls the correct one. But i f  ve were ignorant
abou t . t he  ac tua .L  popu la t i on  l node I ,  how con f i den t f y  cou_Ld  we
f_ t :T  

ta , "Y t  by  exa rn ih ing  the  sa rnp fes?  The  c r i t e r i ; n  usua t l yemptoyecl ls analysis of residual variat ion around the modef.
Of course in ahy direct comparison of residual varian.a iha
FULL MoDEL can never do any worse than a t ie f"" f i"=[-; iu;;;
: : _ l : : ! : I  

wha t .  t he  ' , t r ue ' ,  popu ta r j on  g rowrh  reg ime  rn igh r  be .' l ne re ro re  l t  t s  conven t i ona l  t o  use  the  F_d is t r i bu { i on  i nevaluating hodet f i t :  Hord often 
".r,  

," 
"" i"" i  

fhe nu1lhypothesis that some reduced rnodel f i ts just a's wefi as tne
FULL one? The folto!,/ ing tabte tel1s the iather .uJ t ir",

" Our tvro Von Bertata nffy. models, for f inear dirnenstoh.:and. for 4qss, are algebraicatly interconvercoSlETi-i iE ."=rlr"=that hass is a function of the cube of tne fineir d=imensionunder  ana lys is .

^ 1 tl- this paper the curve is simply tenned rirhe von
P,:::: 

l : l f:I- 
I:dd " as _opposed to ,,rhe *tr, '"*oi""oiu" .oa"r,,,wnrch $re prefer to call rthe von Bertalanffy rnodef for l iheargrovth. , l

I That is the fu1l, four-pararneter Richards nodet_
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Type of model i
Type of sanpling schene:

UNIFORM I.{EDIUM SMALL ALL

VON BERT. },IODEL

! ' IXED SIGMOID UODEL

BOTH I,IODELS

rL /25

2 /25

o/  25

s /25

4 /25

o/25

e /25

6 /25

o /25

29//7 5

't-2 
/'7 5

o /7  5

Tab1e 1: Proport ion of sanples in vhich we had
statist ical ly signj-f icant evidence 1F, at the
o .o5  l eve l )  f o r  r e j ec t i ng  t he  ( " i nco r rec tn )
reduced  mode ls  i n  f avo r  o f  t he  ( t r co r rec tn )  I u l l
node I .

Note that vre can dist j-nguish the fuII rnodel from the von
ge i i a ran f r y  node l  on l y  abou t  a  th i rd  o f . t he . t i ne '  -  The  fu l l

nodel does even worse against the f ixed sigrnoid model'  And we

could not select the FUiL rnodef agai 'nst both conpetitors in any

"i-"" i  
.".r""tv-f ive sanples. The rnoral is sirnple: At least

l ]ndu. 
"oa" "ot_dit iott=, 

i t ts awful ly hard to f ind the underlying
popufation model by exanining residual variat ion to f i t  in

sanples I

B. If  one is unlikely to f ind strong evidence for the

(' ,correctr.) PttLL rnodel over i ts two competitors, then how

severe are the errors one is f ikely to nake in selecting one of

Ln" 1"r.ot1n,,, reduced rnodels? Any conptete lnsv?l 
to this

question d6pends on the context of oners inwestigation' For

dnis sirnulal ion study, we shall  address this question in two

ways .

1. Flrst, we can evaluate nodel perforrnance by seeing

which nodets do best how often in estinating three population
pararneters of Possible interest:

a. Hatchfing tength; HL. -
b .  Asyhp to t i c  l eng th ;  AL .
c .  Leng th  a t  age  10  Yea rs ;  L ( l " o ) .  "

e Readers should remember that the asynptotic length

Dredicted by a model is not rrthe biggest any crocodile ls ever

loino to q"t." n.th.t i t  is an expected (sort of an average)
i i" i i" .  

" ir",  
around \, ihich we night see considerable variabi l i-

ty .

lo we figured that expected length at an internediate life

staqe l l l iqht be more int;resting to researchers than either

ha t ;h l i nq  l eng th  (wh ich  t yp i ca t l y  i s  p re t t y -  we l l  - known)  o r

asyn rp toL i c  s i i e  (wh ich  n igh t  i n t r i gue  rno re  j ou rna l i s t s  t han
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The -fol lowing four tables give the nunber of t ines a grvenrnodel perforns best (of the three nodels) in e=t-i-m.t ing qtv"nparaneters under given sarnpling schenes:

Type of rnodel:
Pararneter being estirnated

HL t ( lo )  A I ,

FULL },{ODEL

VON BERT. T.{ODEL

FIXED SIGI, 'OID MODEL

2 L

2 I

14

Table 2: Which nodel is best at estihating
which pararneters under the UNIpoRt{ sanplin{
schene.

Type of model:
Paraneter being estirnated

HL  L (10 )  AL

FULL I.{ODEL

VON BERT. }.{ODEL

PIXED SIGMOID MODEL

1a

a4

Table 3: Which nodel is best at estirnating
vhich pararneters under the I,IEDIUI,{ sanpli;d
schelne.

Type of rnodel:
Parametera being estirnated

HL  L ( ro )  AL

FULL MODEL

VON BERT. MODEL

FIXED SIGMOID MODEL

22

r'7

Tab1e 4: Which hodel is best at estirnating
which parameters under the SI.IALL sarn;ii;;
schetne.

biologists). The exact aqe ve decided to evaluate vas cirosenrather arbitrarity-- becarlse we thouqht l t  rnl lni-te'J sort otcornlng-to-naturity age for a crocodil ian and be-cause lO ts sucha precty, round nurnber.
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Type of i rodel:
Paratneter

HL
being

L (10 )
estinated

AL

FULL MODEL

VON BERT. UODEL

FIXED SIGMOID MODEL

5

24

15

54

17

24

L'7

34

Table 5: which model is best at estinating
which parameters under ALL sampling schemes
taken together.

Exanination of these tabfes does not immediately

convince one that the |tcorrectl  FULL rnodel is al l  that rnuch

better t l tan either of i ts two reduced conpetitors '  rndeed, for

some specif ic ta-sks the other (" incorrectrr) rnodels appear to
perforn better. '

2. As ue investigate the problens that could result

from diff icult ies in nodLl selection, we ri ight afso uonder

i l"r] t  t ir" statist ical bias of each nodel in estinating the
three pararneters defined above. The fotlowing table addresses

that question:

11 The reasons for this are cornplex. The high end of al l

curves responds to the strong inf luence of a fev points whose
posit ion vlr ies videly across the samples. on the other hand,
Lhe relatiwe abundance of small animals in al l  sarnples "1ocks"
the lov end of alf curves into posit ion. within these con-
straints the FULL nodel, I 'seeking' a better overal l  f i t ,  is
l ikel-y to niss certain specif ic age-size points.by nore than
its cLmpetitors. on the other hand, by f lxing i ts shape, we

force t ie von Bertalanffy curve down in i ts center, tovards the
;correct" A(10). The r; lat ive perfornance of these conpeting
models srould EqE be the same given other 'r truer! underlying
nodels of grotth in the populatron.



UNIFoRU sarnpling MEDfUM sahpl ing SMALL sanpfing

FULL VON B SIGM FULL VON B SIGT.,I FUL], VON B SIGM

HL

L l 0

AL

+

+

-+

NS+

NS

+ N S

N S +

+

t

NS-+

+NS+

NS+NS

Table 6: I i IodeI bias in estinatinq three paraneters
under three sampling schehes. n+n indicated- statist l-
cal ly signif icant over-estinates; n-n ind cates statis-
t i ca l l y  s ign i f i can t  under -es t i rna tes ; ' rNSn  ind i ca ted  no
statist ical ly signif icant difference betveen popufation
paraneters and estirnates. rz

Again, no clear pattern emerltes, and one sees no terribly
convincing ernpir ical argument for preferring the correct. FULL
model over i ts reduced conpetitors. perhaps thatts fortunate
since itrs so hard to denonstrate that the FULL model is the
r igh t  one .

C. In addit ion to our concern about model selection, we
can also exanine to some degree the ihportance of sarlpl ing
schene. When we exanine estinates for our three l-ength
parameters (HL, L[lO], and AL), r^re f ind that in 17 out of 18
cases, for whatever modeI, predicted lengths are lbetterr, for
the UNIFORM sanpling scheme than for either the IifEDIttM or SI.{ALL
sanpling schehes or for both taken together. Furthernore, as
the fol lor4' ing tabfe indicales, several of the differences are
signif icant (though the sheer nunber of hypothesis tests should
rnake us sl ightly uncornfortable) . Thus we hawe at least l inited
statist ical evidence that sanpling schemes can be inportant.

12 caution should be used in interpreting this tab1e, for
statist ical ly signif icant biases can result from both (1) large
average errors in estimating a paraneter (rarhich is bad) and (2)
small variance in estinates (which is good).
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sarnpl ing
schene9

FULL
MODEL

VON BERT
UODEL

FIXED SIGI '{OID
},IODEL

HL L I O AL H L L 1 0 AL HL L10 AL

UNIFORI'l

MEDlUM
yg:

. 9 9 8 * .  o06 .007 . 8 4 8 . 002 . 9 6 1

UNIFORM

MEDIUM

& SI,IALL

.  o55 . 9 5 5 .  oo2 . 0 0 3 . 6 7 4 .oo2 . 5 4 4 .7  a7 . 1 0 6

Table 7: P-values on the nuII hypothesis tha!
there is no difference betlnreen parameter values
as estimated under the three different sampling
schemes. Three-way conparisons are by Kruskal '-
Wall is one-way oANOVAtr'  two-way cornparisons are
by Mann-whitney u. For afl  comparisons except
the one rnarked by * the relationship was in the
direction expected under the alternative hypoth-
eses of TUNIFORM allovs estimates better than
MEDIlt l , I  al lovs estimates better than sl ' IALL,rr and
TUNIFoRM allo\,rs estihates better than MEDIUI'I and
sI' IALr, taken together.I Evaluation under the
Bon fe r ron i  p rocedure  fo r  nu l t i p le  co rnpa r i  sons
sugrges ts  tha t  on l y  va lues .o f  p  <  0 .002a  shou ld
be considered signif icant. ' '

we have learned in these sections that there are no
part icularly clear winners in the conpetit ion of f i t t ing nodefs
to our simulated data. As we apply a different set of rrmodelsrt

to real-wor1d data on American crocodiles, we shall  at least be
able to idenli fy a set of real losers.

13 Non-pararnetric statist ics vere used because of doubts
about the shape of the theoretical distr ibutioD of paraneter
estirnates. For brief inforrnation on nult iple comparisons and
the  Bon fe r ron i  p rocedure ,  p lease  see  w i l k i hson .  1988 ,  pp .  490 -
49 t .
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Sectior IV: Actual Croc Data, l , todela aud Aptrl ication

1. The data. We used actual grorirth records taken frona population-of Cfocodvlus aeurus ln southern Florida. ThectaEa \{ere.col lected by paul l4oler (Florida Gane and Fresh WaterFish. cornnission) . In this paper hre are concerned not lr i th thespecif ic gror,rth of Arnerican crocodiles but rather with theperformance of various growth models in f i t i inq 
- lne 

aata.Therefore, in order not to poach 
"" 

pi" i ;  
" 

' ' i " 'Gllectua1

property, we hawe been carefui (1) newer to r i t  any qrowthcurves to his entire data set and 1i) never to rnaie putf ic anyspecif ic paraheter values for 
"rrrv". 

f i t  to =,,!="ta'Jf pa,_,f ,"
data. The subset of data r^re used included aUoui s!o-"aprur"_ewents for 34O knolrn_age anlmals.

2. Curve f i t t ing and testinq ptan.
a. We used a random nu-rnber generator to chop thedata set into tv/o approxinately equal parti, u 

-ca-r,-f-ei;rroN 
oafaSET and a TEST DATA sET.

t ' .  We f l t  the fol loving 12 ,rmodels,r to thecalibration data set:

REGRESSTON
LINE ALL :  f eng th  as  a  func t i on  o f  age ,  a l l  cap lu res ;
LINE LASI: length as a function of age, last capEures
on l y  f o r  each  an ima l .
OUAD ALL: length as i  function of age and age squareat,
al l  captures;
QUAD LAST: length as a function of age and age squared,
last captures only;

CUBE I"AST: Iength as a cubic function
captures only;
FOUR -ALL: length-as a function of age, age
cubed, and age to the fourth polrer;
FOUR tAST:  l eng th  as  a  qua r t l c  f unc t i on
captures oitfy.

VON BERTAI,ANFI'Y

CUBE ALL: length as a function
age cubed, al l  captures;

of age, age squared, and

of age, last

squared, ag,e

of age, Iast

VONB INl '  ALL: Von Bertalanffy model f i t  (by a nonlinearprogran using the euasi-Newton nethod of variance
mrnlnrzatlon; SYSTAT) to al l  inter_capture intervals fora l l  an iha l s ;
VONB INT IONG: Von Bertalanffy model f i t  (as above) toon ly  the  tonges t  i n te r - cap tu r ;  i n te rva l  f i i . = i  

" " " t " i "co  Ias t  cap tu re )  f o r  each  an iha t ,
VONB FD ALL: Von Bertatanffy nodet f i t  by a f inite
difference nethod (using l inear regression to estinate
asympEotlc Iength and the gror.rth rate pararneter; see
Andrews, 1982, p. 287) to a1t inter_capiure in*..r; t ;
for al l  anirnals;
VONB FD LONG: Von Bertalanffy nethod f i t  by a f inite
dj-fference nethod (as above) to only the tong-est inter-
capture interval for each aninal.
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c. The specif ic curves deriv€i l  as, 9lov,e 
(f i t  to

the CALIBRATIoN DATA SET) veie appfiea to the entirely- differ-

ent TEST DATA sET, ana resrdual iums of squares ltere conpared

i"'=li'"ni.in"."J.i. *otr"a iJ"i' Because--we -could not define

i i " -Jn" t .  
" i  

the  probab i l  i t v -Jens i tv  func t jon-  fo r -  th is  res idua l

i'ji:"."1''"1 1,,-e 
-rnu 

iirtui't'"a a recora or tne reo! of noder f it (r

;:;-il;;i, ;.'r.t-r-or "worst', ) for non-paranetric anarvsis'

d. We repeated steps a-c above for a total of 35

!escs .

gectioD vr Analysis an' l  EvaluatioD

There are sone classes of inodelsrr vhich the researcher

should not even consider '

( i)  Higher-order polvnonials' of course the best f i ts

t" tne t-eirinitroN data 
-set's 

were inevitably obtained bv the

;;;;-;;;;;;;tnomials, wnicn cor'r1a snake their w-av around to

ii i  wnai"v". points were at hand' As one shou-Id also suspect'

these I ' l l lodels" vere amonq the l torst  in explaininq varrance

within the TEST data sets '  Third-power polynonials vere almost

as bad a

Table 8: Higher Polynoniafs' Rank out of 12

Anong the fourth-order polynomiafs' there were- some reaf

rro..or 
. ' . ioi l"=, 

includinqt jome equations that left nore

;;;i;;"i;;;i.tion in the rE'r data-than the fit or a sinpre

;:;;:i i- r"itit"..".", for b;th cubic and fourth-order polvno-

.i.i., tn" .t"tisticar siqniiicance of coefficients associated

iiiiln-ii;".-".a"r t-erns (-in their fit to cALrBRArloN-q"!") ""8
o i - . ,o - lJp . t "n t  he lp  in  quess ing  goodness  o f  f i t  to 'TEST data-  ' '

Thus ,  in  our  s tuc ty ,  a r  L  r :ne 'o ia  warn inqs  aga- i -ns t  po lynorn ia l

r:;;::=i;"-.; . i i l ' j""a' rheY desqribe 
"":{ "ir,1-'-:*^ext 

rapo-

i l l l "n - i . - -p t "uub lyd isas t roLrs , -undg"n" ta l i za t ionsbevond the
data  in  hand are  dangerous '

l a  Yes ,  t h i s
You can think of

is a negative coeff icient of deternination'

i t  as leinq a sort of negative R_square'

15 The reasons for this are not mysterious' ,  Lar.ge animals

ut" ."u.-"" in the 
"amples 

(as indeed- they are.in-the popula-

i- i"" i .--r". this reas6n the regression is part icularly sensl-

i i .r" ' to vi-orations of the assuiption of homoscedasticity '

median
mean
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( i i )  L inea r  reg ress ron .
same rate throughout their I ives,
g rowth  by  a  s t ra igh t  I  i ne .  The i r
ab l y  bad :

RANK BASED LINEAR ALL LINEAR I,AST
O N :

hed ian  9 .5  g . s
hean I 9

RANK BASED
O N :

VONB FD ALL VONB FD I"AST

median
mean

9 . 5
l 1

a2
I2

I ab le  10 :  Von  Ber t . ,  F in i t e  D i f f e rence ,  Rank  Ou t  o f  t 2

b. Alnost-decent options.
Quadratic regressions f i t  the CALfBRATION data setsrarrly crgntly, and they usually perforn alnost as well on the

[ E 5  r  O a E a  S e L S :

RANK BASED
O N :

QUAD ALL QUAD I,AST

rnedian
nean

crocodiles dontt qrow at the
so  i t r s  s i l l y  t o  rnode l  t he i r

f i t  to TEST data r^ras predict-

Table 9: Linear Regression, Rank Out of 12

(i i i )  Von Bertalanffy f i t  by f inite difference rnethods.
l l9Jel ' :  -!r98_2) s-uggests that using f inear ieqression toesErhate von Bertalanffy paraneters should be avoided if  a non_rhear: curve-f l t t ing p_rogran is available. That is certainly
Erue tor our workl The f i t  of such curves to our TEST datasets is alrnost uniformly terr ible:

Table 11: euadratic Equation, Rank Out of 12

Thus ve rnight conclude that -quadratic equations do a prercygood job of describing crocodlle grolrth. oa;""r;; there tsone severe problern because the quadratic (= parabolic) equa_
tlons nust not be extrapolated to very ota aniriats-- unless one
assumes that some very serious crocodile shrinking is going on!
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c. oPtions to be considered'
The integrated forn of the von

the TEST data sets well :
Bertalanf fy equation fits

RANK BASED VONB INIr ALL VONB INT I'AST

O N :

median 3 1

mean 4 I

Table 12: Von Bert. Integrated Form, Rank out of 12

It is interesting to note that the f i t  using only.one rnEer-

"iniure 
interval i the longest) per aninal provided. s ignif icant-

iv'u"tt". -Perfornance than the f i t  to alr inter-capture

in te rva l s .  ' o

Section VIt conclusion

It should be clear that we have no fancy nev theoretical

insiqhts to tel l  you. Neverthefess, vre do have a few nodest

recoirnendations that verd l ike to offer '

1 .  Th ings  no t  t o  do .
al using l inear regression to estimate von

Bertalanffy parameters in f inite difference analysis appears

not to be a good idea.
b. Pofynonial regression (especiafly with

equations higher than iecond o:der).. tul 9"="1+!?. 
d-ata sets

o;ite vJett, but we recotrrnend against i t '  Extrapofation of such

6quations is always a bad idea, and if  regression assunptaons

;;;-; ; i ;";". try nret (thev seldom are), any general ization

beyond in-hand data is very dangerous'

2. Things to be careful about'
a. Transforning data for conventional regression

analvsis can create rnodels which are diff icutt to interpret '

; ; ;ait ; ; ; .-; ,  since transfornations arter variance, one must not

ai.""tfv co;pare residual variance around f i t ted nodels'
b .  G iven  rnos t :  samp les  tha t  b io log i s t s  a re  _L i ke Iy

to obtain, i t  is diff icult to determine with certainty i ' rhat the

""a"i ivl" i  
population modef really i6' For exanple, under

""""i i i  "-"*irr ing 
schenes, F-tests are not very powerful for

16 P is about O.O1 by SIGN test on ranks' This is rather

nice since the one-inlerval-per-animal f it -helps assure
independence of observations. such independence is approprJ_ace
ii lrr" wisne" to perform inference involving confidence
i"t"."ir" or hypothe-sis tests. overall, however, our work
l"a.r"" ,rt leer!_ of performing suclt procedures on crocodile
drowth curves, even under the best of circunstances'
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rejecting nufl hypotheses that reduced-parameter rnodels f i t  as
vell  as the ful l  Richards nodel.

c. Crocodil ian populations often have lots nore
young anirnals than 01d ones. 17 Furtherrnore, practicable

:lTpli"g schemes (especial ly those tnat secure known-age
anrnals) sornetihes exacerbate the problen of disproport ion;I
representation by age. For these rJasons, individual '  observa_
t1ons of o1der, larger ani-mals often have extrerne statist ical
leverage on the shape of f i t ted growth curves. Thus one neeats
to be careful- when f i t t ing nathematlcal curves to age_stze
data. For.exanple, one or tr^ro observations (perhlps of
aberrant individuals) can lar.gely define the asyhpt;t ic ienqth
estimated for a popufation. 10 ihus 

"" 
.""o..6.rd trr i t  peopre

renain cautious about describing crocodil ian growth palrerns
unti l-  their sarnple includes a substantial nirnber of large
an  rna l s .

d. Given (1) the typicat structure of wild
c rocod r  l  l an -popu la t i ons ,  (2 )  t he  na tu re  o f  samp l ing  s t ra teg ies
conventionally applied to their study, and (3) the behaviol of
our sanple statist ics under sirnulation, vre would reconnenal
caution in the use of inferential procedures involving confi_
dence intervals or fornal hypothesis tests. A1I too often our
sample statist ics did not f ie vithin purported ,,95? confidence
intervalsrr of the known population piraieters.

3. Things one rnight cons.ider doing.
a. I f  one is interested i;  the overal l  qro,rth

pa t te rn  o f  a  c rocod i l i an  popu la t i on ,  t hen  i t , s  p robab ly  wor th
the  ex t ra  t roub le  to  ensu re  tha t  o lde r ,  l a rqe r  an ima ls  a re
represented aq least proport ionat to their abunaahce in sanples
to be analyzed.

b. I , Ie believe that either the von Bertalanffy
model or the ful l  Richards hodel Inay often be used for sunna-
rizing the grovrth of crocodil ians. The forner is rnore appro_
priate i f  one \./ ishes to cornpare results with other published
data; the latter is probably better i f  one is concer;ed about
the possibit i ty of technical 'rspecif ication error.,,  ot course

" In a sense, even lf  one could examine every rnenber of
a.l iving crocodil ian population, the older, larger individuals
l19l: pl"" id.. in inadequare ' ,sampten of the groinrlh trajecEorres
ava  I I aD .L  e  to  the  sDec ies -

18 For exarnple, in our 35 sub-satnples of the C. acutusgrowth data, our best estirnation method produced e=titnaE""=ot
asynptotic length ranging froh 263.4cn t-o szz.scrn. inese tvo
extreme values were the exceptions to a general pattern lr i th a
sonewhat nore reasonable standard devi;t ioh (g3cm), but one
should note that they irere generated from randotn sarn6ies of thesane population of data boints
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neither should be applied. unti l  the researcher has exanined a
scatterplot of the data. ' '

c. We think that perhaps it  rnay be wise for
researchers to vrorry less about f i t t ing generaf curves to
scatterplots and to concentrate (at least init ial ly) on close
examination of the point_cloud itself ( lrhich scatterplot. we
are convinced, should certainly be presented in any forftal
publication). To soire degree al l  "growth curves'r are abstract
human generalizations. Even an individual crocodil ian does not
al- lrays grow according to a f ixed, internal schedufe (that 's the
lowly sort of thing that young nammals-- vhich basical ly nust
grov or die-- are forced to do) ; rather i t  responds to the
varyj.ng environmental condit ions that surround it .  growing
faster or slower as food and rtarrnth pernit.  And when you get
a whole population of crocs, the l^thole picture becones even
nore cohpfex.

Thus in a size-age scatterplot, cohort clusters of
outlying data points (or even single outl iers) nay, under
careful analysis, reveal hore relevant infcjrnation about the
biology of the beast than four-digit pararneters f i t  to abstract
rnathernatical curves. (Indeed the rnost important function of
these ' tgrowth curvest '  hay be that they assist us in the
iden t i f i ca t i on  o f  ou t f i e rs  fo r  sys temat i c  ana lys i s . )

Anyhov, vhen a1t is said and done, we reckon the very
best use of growth curves is to encourage managers and biolo-
gists to ask questions l ike, rr ls that extra-fast-growing mafe
qoinq to contribute hore than his share of genes to the next
generation?rr or 'rwhat the heck is happeninq to the hatch of
1987 anyhorn'?"
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Populatiott DyDanica, Ecgtog"y an't cgnservation of the Black

cainan, ltetalosuchus [iger in Equadorian Atlazonia'

Eiluartlo Asanza

Institute of Ecology, University of Georgia

AtheDg, Georgia 30602 u. s.A'

FuuaacioD cuyabeDo

gan Javier 195, Quitg - Ecuador

The Black cairnan, Melanosuchus Nider was distr ibuted widely

throughout the Amazon Basin untiMe niddle of the present

century, Although few reports are available in the literature

concerning the status of this species unti l  the beginning of the

t  en t i e th  cen tu ry ,  wa l race  (1853) ,  Ba tes  (1863) '  Goe ld i  (1898)

and Hangnan (1902) gave anectdotal accounts of abundant

populations along the I 'alto sol imoes" (Upper tulazon River) and

found large numbers of the species in the Mexiana' l{arajo and

Caviana Islands of the Amazon River delta' The occurence of

Melanosuchus nigel populations in Ecuadorian Amazonia has been

reported by La Condamine (1778), De Ulloa (1789) '  De Velasco

(1985) ,  De  ta  Espada  (18e1)  and  Schn id t  (1928)  '

Black caiman populations have been severely depleted because of

extensive hunting during the past 70 years' Aquirre (1956)

mentions that between 1950 and 1954 a quantity of 560'ooo skins

was exported from Manaus and Belem' He stated that the ninimurn

size of the Black caiman to be harvested should be 23o cn total



Iength lthich corresponds to the ninimun breeding size of

Me lanosuchus fe rna les (Agu1 r re ,1956 ) .F i t t kau (1973 )es t i na ted

that during the 196o's nore than 5 ni l l ion skins were traded and

in addit ion 1to 2 addit ional individuals were sacrif iced for

each skin reported in the trade' Carvalho (1967) '  Medem (1972'

1983) ,  Sn i th  (1980) ,  Rebe lo  an ' l  l t agnusson  (1983)  p rov ide  da ta

about the effect of huntlng on llelanosuchus Dlg populations in

Bras i l .

Aqu i r re  (1956) ,  l ' I eden  (1963) ,  Ca r r i l ] o  de  Esp inoza  (1970)  F i t t kau

(1970, 1973). Magnusson (1984) report sorne inportant ecological

data. Harron (1985), Harron and Emmons (1991) present data on

the popuLation and nesting ecology of the B1ack caiman in cocha

Cashu  (Pe ru ) .

Few ecologicat data have been conpj ' fed on the Bl"ack caiman in

Ecuador. Medem (1963, 1983) presents data rnainly based on

personal cornmunications frorn sett l-ers and hunters' Asanza (1985)

provides data on the distr ibution, ecology and conservation of

the All igatoridae in Ecuadorian AmazonLa'

R€suIt3.

ltelanosuchus lligcf lras heavily exploited by hunters in Ecuadorian

Arnazonia during a period of 40 years (1930 - 1970) (about 500'00o

trade skins vere taken) and in rnany locali t ies the species has

evidently been depleted (Asanza, 1985) '  Most Black Caimans rere

hunted during the 1950s and '6os and the skin6 exported to

Leticia (colombia) and I ' tanaus (Brazi l) '
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The Black Cairnan is protected by a 1970 federal law in Ecuador

which bans vri ldl i fe exploitat ion. In addit. ion, more specif ic

decrees and far^rs, the Decreto No. 487 (L}BO) and Ley No. 74 of

August 1981 prohibit connercial hunting of al1 repti les and the

export of any indigehous species.

Asanza (1985,  1998) ,  and Asanza e t  a l  (198g)  found tha t  B lack
Cainan inhabit lakes and rivers up to an altitude of 3oO rneters,

but its range is restricted by habitat preferences, interspecific

interactions vrith Cairnan crocodilus, and past hunting.

currently, hurnan activit ies such as continued hunting,

deforestation, pollution, f ishing and Live trading are then

causes for declining populations of Melanosuchus nider throughout

much of its ranoe.

Nonethefess, there are sone localit ies which remain irnportant for
naintenance of the species in the i^,itd. Significant populatj-ons

can sti l l" be found in the Aguarico river systern (cuyabeno lakes

and rj-ver. cuepi, Lagartococha lake systen and river, Inuya
Pacuya and Zancudococha lakes. and cocaya river); the Napo river
systern (Jivino and IndiLlana rivers, Taracoa, Linoncocha, Anango,
Challuacocha and pahacocha 1akes, Tipit ihi and yasunr rivers,
carzacocha and Jatuncocha lakes); loerer Nashino and Cotonaco

rivers; the niddle and lolrer Curaray riveri louer pindoyacu

river; the pastaza river systern (Bufeo, Capahuari and lolrer
Ishpingo rivers); Ior,rer yaupi and Upper Morona rivers. These
sysrems vere surveyed at least once since 1978 and sone of thern

nore than twice during the 198os.
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Because of lack of funds Eo carry out surveys in mosE of the
localit ies just four of then were censused annualfy. Site
selection lras based on the trophic quality of the vraters and
because they bel.ng to the protected Areas system of Ecuador and
therefore considered to nininize exteraal disturbance that could
confound survey resufts.

The Cuyabeno lake and river systen, Zancudococha, and
IJagartococha lakes and river belong to the rReserva de proatuccion
Faunisticatr Cuyabeno Reserve. Lirnoncocha belongs to the ,,Reserva
Biological Lirnoncocha Biotogical Reserve. In a1I the tocalit ies
Calnan crocodilus is sympatric lrith l,tetanosuchus niqer.

The popufations belonging to the Cuyabeno Reserve have shov/n very
siniLar abundance throughout the survey period. The cuyabeno
Iakes, and cuyabeno lakes and river sysenshave rnean densities
(5.68 aninals/ kn and 3,15/ km respectively) in a period of 9
consecutive annual censuses. (Figure 1) Zancudococha lake
presents sl.rnpatric populations of 23.53/ kn over a 5 year perroat
of consecutive censuses. Lagartococha (Inuya) shows a nean
density of 23.59/ km over 2 years of survey (fig.ure... ).

The Linoncocha lake belonging

Reserve shows a steady decline

annual surveys (figure 3.).

to the Linoncocha Biologrcal

of i ts population in I years of
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In zancudococha and Lagarlococha the population ratio of Black

cainan vs Spectacle'l caanan is approxinately 3:1' Limoncocha

shor{rs similar data during the first two years (1983 - 19e4) of

surveys. In subsequenc years (19a5 - 1990) the ratio has changed

in favour cainan crocodilus but r^tithout increasing the

abundanceo f thepopu la t ion .Beg inn ing in lgS5t l re rewasa

steep decline in population numbers fol-Iowed by continued

population decline unti l 1990 the nost recent year for which data

is availabLe.

In cuyabeno the ratio of

only about 1:5, as

(Asanza,  1985) .

Black Caunan vs

supporteal bY

spectacl-ed cainan rs

recent survey data

Digcussigl

The data related to the cuyabeno Reserve suggest lhat populatlons

found in the various tocalrties shovt stability but lack apparent

increase. The Cuyabeno lat<es and Cuyabeno lakes and riwers shoa/

no changes or trends 1n the 1 B1ack caiman per 5 cainan

crocodilus ratio' The other localities such as zancudococha and

Lagartococha (Imuya) sinilarly naintain the ratio of 3 Black

Cainan Per 1 SPectacfed cainan'

Thedens i t i eso f23 . : ,2 |knand23 .59 /kminzancudocochaand

Lagartococha (Ilrluya) are very sinilar' and differ strikingly vith

those of cuyabeno lal<es and cuyabeno lakes and river system {hich

present densities of 5'6al kn and 3'15/ kn where the specl'es

ration is much nore skeved toward spectacled caiman"
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Despite the fact that during a period of 40 years

the Black Caiman populations were heavily hunted

if not all i ts range in Ecuador, the Cuyabeno

in this century

throughout rnuch

Iakes poputaton

fast colonizer

by Black Cainan.

feature strong conpetition wrth caiman crocodilus. The
Spectacled Caiman appers to play the role of a
of rremptytr lakes and rivers fornerly populated

By being more adaptable to changing ecological conditions such
as intense hunting and habitat degradation (e.g. deforestation,
decline in trophic quatity. pollution), Cainan erocodilus tends
to outcompete the forner doninant species (Black Cailran), and
thus explains the hindered recoverey of Uelanosuchus Ln the
cuyabeno Region.
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FIGURE N9  2

BLACK CAIIIAN POPULAT ION
ZANCUDOCOCHA . ECUADOR

l 'z*rcuoccccrr

a- 21.52 /Kn

I  rm lYA

b-  23 .59  /Kn

;

BLACK CAI I1AN PO PULAT ION
LACARTOCOCHA - ECUADOR
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I'Effect of diets conplenented vith Sodiun L-Thyroxine' white corn flour and a

complement of vitanins and essential smino acids in Caiman Croco'lilus
grorth. rr

Avendaf io,  Gregorio;  B5ez, Leonor;  Michelangel i '  Leonardo.

1.- INIRODUCTION

In recent years, nany studies have been catr:ied out for optimizing the -

gro!,th of Cainan crocodilus in caPtivity' Such Par:ameters as water temperatu-

re, amount of food, feeding time, food tyPe and the combination thereof, are -

very important in the growth of tiabas-

It is Knovn that the thyroid hornone is essential to grovth dur:ing the

first stages of 1ife, not only in man but atso roonkeys, ruminants, rodents 3nd

birds- The thyioid hornone effect on huian gro!,/th is fundamentally nanifested
in children in the growth stage.

Precocious rnetarnorpbosis (1) was observed in expelinents car:ried out with -

" tenrporar ia" frog, "esculenta" frog, "Bufo r , 'u lgar is" and "Tr i t6n alPestr isrr ,  in

i.'hich tadpoles were fed with horse thyroid glands.

It is presumed that the thyroid hormone grotth promoter effect is based on
its abi l i ty to Promote protein synthesis.

It has been reported (2) that in the catbohydrate netabolisn' the thyroid -

hofimne stimulates almost all aspects: it accelerates the glucose intake in -

cells, incr.eases glycolysis, increases gluconeogenes i s ' incieases the gastroin_

testlnal tract absorption rate and increases insutin secretion {ith secondary
effects on the carbohydrate metabolisn.

The object of this $ork is to evaluate the effects of diets conplemented
lrith sodlun L-1'trytoxine, lrhite corn flour and cornPlenent of vitaroins and _

essential a$ino acids in Cainan crocodilus qrowth.

2.- MATERIAI,S AND MEIlIODS

Babas (Cainan crocodilus) of both sexes rere used. At 24 hours of emersing
frolo the eggs, the babas lrete Placed in 6x2 n tanks (density = 16.6 babas per

2m). Previous experi$ents indicated that the ltater temperatuie of the tanks -

during the sunner nronths had a naximun 9.2 'c temperature ftuctuation -

(Minirnum tempetature: 25 "C and maxinui temperature: 34'2 "C thetefore the

tanks were kept at a controled 30.5 'C tenperature (optimurn for the baba -

metabolism) and r,rith clean oater circulation 24 hours a day.



The anirnals wete kept on a basal diet for four nonths prior to initiation -
of the diverse experimental diets. Tte basal diet ( 102 of the {eight) -
consisted of:  752 f ish r | ,eal ,  247. bone and blood neal,  12 pecutr in,  84 ngs.-
Virgintanlcine/Kg of mix and 300 rngs oxytetracycline/Kg. of n1x

From the second month of the experiment, the basal diet (102 of the i{eight)
was nodif ied tor 752 f ish, 242 red. n,eat,  12 Pecutr in,  84 ngs Virgir tamicine/
Kg. of nix and 300 rogs Cxytetracycline/(9. of mix.

At four months of the experiment, the basal diet ( l0Z of the lreighr) vas -
nodif ied to:  502 red rneat,  502 Babarina, 12 Pecutr ln,  84 r0gs Virginiamicine/Kg
of mix and 300 ngs. Oxytetracycl ine/Kg. of nix.

2.1. Xxperimental  Desiqn

f00 Babas !,ere selected at randon from a group of 850 babas. The
renaining 750 vere used as a conttol group and continued !,ith the basal diet. -
The 100 babas llere divided into four groups of 25 babas each.

Gioup 1 : Basal aliet (foz of the veight) + 0,025 ngs/day of sodiun L-Thyroxine.

Group 2 : gasal diet (102 of the
+ 100 grs/day of nhite

Group 3 : Basal diet (ioz of rhe
essential anino acids.

eight) + 0.025 ngs/day of sodilrm L-Thyroxine
corn f lour.

veight) + 0.375 grs/day of v i tarnins and -

Group 4 : Basal diet (102 of the oeighr) + 0.025 mgs/day of sodiur L-Thyroxine
+ 0,375 grs/day of vitatnins and essential arnino acids.

As of 5 nonths of the experinent, the anount of
mgs/day),rhite cor.n flour (200 grs/day) and vitamins
(0.750 ers/day) was doubled.

soolum L-rnyroxrne \  u.u5 -
and essentlal amino acids

Sodium L-I'hyroxine (Testam) Laboratorio FAXMA was used.
- White corn f lour (P.A.N.) REMAVENCA
- vitamins and essential anlno acids cornpound (Pronotor 43)

CALIER
- Babarina -  Prot inal
-  Virsiniarnicine -  Laborator io Li l ly
-  Oxytetracycl ine: 200 ng/cc. concentrat ion -
-  Pecutr in -  Minerals -  Laborator io Bayer

Laboratorio -

Laboratorio Mc Kesson
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Two of the 6 x 2 m. tanks
four experimental groups vere

Treatment duration for all
weight and length control {as

2.2. Diet Adroinistration

lte ingledients
uooden table in the
( 4 p r o . . ) .

weie divided longitudinal ly vi th a
placed inside.

sr id and the -

A binonthLyexperirnental groups lras 8 nonths.
KepE.

were mixed and placed
dry zone of the tank.

in approximate
The diet was

2 cm. pieces on a -

administered once a day

2 .3 .  We ish t

The babas were veighed every 2 nonths per group on a 20 Kg. capacity -
scale (Jacobs Manvi l l ) ,

2 . 4 .  S I z e

2.5. Histopathologlcal  Study

Du.ing the first two nonths of treatment, nortality in aII babas
(fundanentalty in the control group) vas vely high, thus 10 controf group
specimens !?ete sacrificed by cervical dislocation and henatotogical and parasi-
tological exaninations lrere peiformed (Marine Biologist, Gina Annas de Conroy,
M. Sc. Aguatic Pathobiologist ) , These examinations were car:ried out by -

observing fresh pr:eparations of the different organs and annexes, such as -
1ungs, 1iver, spleen, intestine, stomach, trachea, oesophagus and blood.

The babas were neasured everv 2 nonths individuallv from tail to snout

Blood sanples were extracted by cardiac puncture. Sodiun heparine !/as
used as an anticoagulant. Blood snears uere, colored llith GIB,ISA.

Once all treatments lueie finalized (8
neasur:ed (Iength and r.idth) and the sex
works of (Chabreck, 1967; and Brazait is,
fe.na1 specitnens was obtained.

3..  RESULTS

nDnths), the babas lrere veighed,
was deteranined according to the
1969). The sane amount of male and

3,1. The effect of  diets
flour and a complemented

conplemented with sodium L-Thyroxine, white
of v i tanins and essent ial  anino acids on:
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3.3- Histopathological  StudY

3.3. 1.  Haemathological  Resufts.

Table III : Blood Values

VALT'E S A M P L E

3

N o .

t{ l (e/100 nl)

Hr (Z)

Elytshocyte
Count
(x 1o/sm3)

v.c .M.  (n3)

c .M.H .C .  (Z )

H .c .M,  (nng )

24 18 20 23 12 20 19

0.83

480

0 .50

400

0 .67

343

0 .56

411

0 .70

17L

0 .44  0 .73

455 260

Table III shows blood values obtained in the 10 samPles of the contlol anlnals

sacrificed fox thls PuxPose.

I l le plasm presented a clear color less aspect in samples No. I '  No'  2 '  No'  3 '  -

N o .  4 ,  N o .  6  a n d  N o . 8

The plasm ptesented a clear, pal'e stratr color in sanPle No. 5'

The plasm presented a "roi1ky", ltght colored asPect in sanples No' 7'
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Table IV : fl aernathological Results : t-eukocytic f ornula
Aspects

and Morphological -

VALUE S  A M  P  L  E No

1 3

3 l

61

5

2

0

I

100

4

45

36

7

11

0

I

100

6

28

2

4

0

0

100

:

60

40

0

0

0

0

8

58

40

2

0

0

0

r00

Lymphocytes (Z)

Monocytes lZ)

Netrophi les (Z)

Basophires (Z)

Eosinophi les(Z)

Macrophages (Z)

50

35

l0

5

0

0

100 100

* The blood smear reading could not be effected

Table IV shows ce11 count values obtaineal in control babas.

In the blood tests, sone nuclei in declePsidral fotm were detected irl the
peripheral bfood erythrocites of sanple No. 3 and No. 7. In othet inferior -

cul t ivatea aguat ic vertebrates (eg. teleostean f ish),  the Presence of

erythrocytes r.'ith these nuclear characters have been found in animals with a

fol l ic acid def ic ient diet .

clear signs of anisocytosis were obser:ved in the Peripheral blood of -

sample No. 3. In addition to this, the average corposcular volulre uas vety

"or"il 
in th. case of sarnple No' 6 and No. 7 and some!.hat snaller in the

case of sample No,4, iePresent ing 37.52 of the haemathological ly tested -

babas. The nicroc]'tosis presence at the peripheral blood level has been

related to a Vitarnin E deficiet diet in cultivated teleostean fish.

Tlle relative number, notphology and distribution of thronbocytes
apparently dortnal in the blood snears tested.
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A narked cytoplasnatic granularity
as r.rel1 as nunerous nelanophages in the

3.f  .2 Parasi tological  Results :

s inusoids.
at the hepathoycre level,

Table V :

S  A  M  P  L  E  N o .

Blood

Trachea

Esophagus

Liver

Splee'l

Stonach

Intestine

Rectum

I

+

5 9

.t-

I

+

+ : Abundant thiichononads were found inside the entire lntestine

Table V shovs the parasitological study resutts perforned control -

babas.

As observed in the T:ble, parasites vere only detected in the intestine'

In all C. Crocodilus specinens' the liver vas a clear grey color with a _

tendency to cream, and slightly soft on tact' t'Ihen observi[g fresh
preparations of this organ, a natked lipide infiltration $as found '

Hairiness attophia and fusion areas were detected in the intestine, as vell as
nixed leukocytic cellularity in the intestine nembrane itself.
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4.- CONCLUSIoNS

1) The most favorable basal diet for experinental babas \tas | 157" -
fts}), 242 red neat, 1Z Pecutrin, 84 ngs of Virginianicine/Kg. of mix
and 300 mgs Oxlrtetracycline/Kg. of mix. Sinilar works (5,6) report -
that fish feeding produces a higher yleld than 1:ed meat.

2) Mortality in group 2 (basal diet + sodium L-Thyroxine + white corn -
flour) increased significantly after six months of experinentation. It
is (nor,m that ehite corn flour contains a latge conplex carbohydrate -
proportion. The high mor:tality per:centage rnay be correlated with the
absence, in these aninals, of certain enzyDes involved in the degrading
of such carbohydrates, vhich vould cause their: accuoulation. Roland -
Coulson (1991) reported that babas vere unable to use rav plant
matter owlng to the absence of the sucrase enzylle required to hydrolyze
plant sucrose into glucose. (7)

3) The experimental groups cox0plenented rith vitanins and essential amino
aclds (gtoups 3 and 4) obtained louer: total nortallty values.

4) Diets complemented irith sodium L-Thyroxine, vhite corn flour, vitamins
and essential anino acids, did not signiflcantly altei size and lreight
gtot"'th of babas (Catunan crocodilus) bred in captivity.

5) Irom the parasitological lresults obtained, it roay be concluded that, -
although it is true that trichomonad presence is alrlost nornal in this
group of aninals, such a high anount of these, as observed, is not at
al1 beneficial for the aninals, since the intestinal absorptlon vi11 -
be loter owing to inflafinatory pioblens. In order to correct this
prob1e,m, the following was recodDended:

a.-Add x0etronidaxole in an arnount of 10 mgs/Kg. of food for 3 successive
days.

b,-Disinfect the tanks rdith Vanodine.

the described histopathological case is interpreted as one of rnetabolical-
nutritional t!.pe alterations, without evidence of steatitis type changes. The
conclusion was that fish, bone and meat neal are not sufficient food for sna1l
babas bried in captivity. The mortality caused by this nutritious deficit
wes compensated in the experimental groups . conplemented rith sodim
L-Thyroxine, rlhite corn flour and vitatnins and essential anino acids.
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THE INVOLVEMENT OF RURAL COMMUNITIES
THE CROCODILE RANCHINC PROGRAMME

IN MADAGASCAR

IN

O BEHM, MMANDIMBISON

1992

GENERAL

The declitre ol crocodile populations in the world, combined with their consta[t, if
not increasing, economic value, has led many countries to develop crocodile farming
programmes. Farming technolos/ as well as population management programmes
have evolved considerably during the last fifteen yean in many very different
countdes of the world. If it was hunting pressure that was the p ncipal cause
leading to the disappearance of crocodiles, then it is the notable socio-economic
differences tretween the couDtries that has led to the establishment of relatively
different management programmes, depending upon the country in questioo.

Also, in count es such as the Udted States atrd Australia, the management
problems faced are hardly linked to the ecouomic problems of rural populations
lMng on the vels alongside crocodiles, but nther, the authorities responsible for
crocodile conseNation have mainly to face the problem of public education where
crocodiles are still seen as a dangerous and undesirable atrimal (Buttler, 1987). In
Aftica this negative perception also exists but the conflicts between men and
crocodiles are often much more importatrt given the economic dependence of the
people on the habitats ftequented by crocodiles: artisanal fishing, tropical culture
such as ce culture, the use of waterways for transport and obtaining drinking
water, etc It is why, therefore, the ecooomic aspect seems far more important in
these count es. Indeed, it is even more obvious that in these developing nations,
abstract ecological concepts are less easily perceived by those in control thatr short
term economic projects. For many, "Environmental and ecological concems and
the dete orating renewable resource situation must therefore be depicted in
"concrete" economic terms" (Muthoo, 1990).

As the crocodile farming industy has trow really started eaming considerable sums
in terms of foieign exchange, more than 8,16 million Zimbabwe dollars per year in
Zimbabwe (Hutton & Lippai, 1992) numerous governments have become extremely
interested in and concerned with crocodile conservation. All the more given that
the system is established to collect crocodile eggs ftom the wild without dehiment
to the wild population because, with the advance of crocodile farming technology,
the natural mortality of these eggs can be offset via theii continued survival, after
collection, on crocodile farms.

Be that as it may, at the practical level, the benefit of these cooservation
management programmes is mixed because il t}re benefits ftom the crocodiles are
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in turn used for crocodile protection, then the rural communities living alongside
the crocodiles, do trot benefit at all aod. as a result have no motivation towards the
protection of crocodiles. Given that for these communities, the crocodile could,
quite justifiably, be considered a nuisance, they then proceed on a crocodile
extermitration course.

Also, it has become more and more evident in, for example, Zimbabwe and other
developing countries that rulal populations have to be implicated in management
programmes. However, to actually effectuate any tangible economic benefit for
these peoples has proved to be far fron simple (Hutton & Child, 1989). In fact,
schemes to involve rural communities in egg collection operations, such as those
aheady proposed in other countries, such as Botswana (Medem, 1981), have proved
to be not at all satisfactory especially given the delicacy required whilst collecting
the eggs, which is difficult to explain to the rural communities who are, by far and
large, poorly educated,

A similar problem occured in Papua New Guinea with an United Nations
programme which also tlied to involve the ruml communities directly into the
creation of farms and the farming of young crocodiles, One recalls that these small
farms did not work and that even though the project began with the best of
itrtentions, the village$ had to wait three or four years before they received any
revenue for their work (Sinba, 1989). Also, the intention to change the method of
collection to that of hatchlings in place of eggs proved to be notr-profitable because
of the problerns of hatchling conservatjon and ftagility together with the time limit
of collection (Bolton, 1990).

The only sytem wbich seemed to offer any hope of success was that attempted itr
the north of Zimbabwe in 1985 (Hutton & Child, 1989), which involved the rural
communities itr the location as well as the Drotection of crocodile nests. In
Madagascar, although there were only two farms, of little importance. before 1989,
no management programme has ever been established in this country. It was in
1989, following the request of the Government, that FAO financed a preparatory
project on the development of crocodile fanning in Madagascar. The project leader
slccessfully argued for the need to odentate the plan towards a ranching approach,
which advocates perfecdy the need to involve rural populations at least duringlhe
collection.

THE MADAGASCAR STORY

Situated in the Indian Ocean, east of the continent of Africa (more precisely
Mozambique), Madagascar is the foufth largest island in the world and is divided
ir two longitudinally by an important mountain chain. This chain is aligned more
to the east with a large difference between the Easten and Western slopes
(Bastion, 1967)

Situated in the topics, the island is subject to a rainy season and a dry season, with
a large variation in duration and intensity of each from area to area. The
geography of the country has an jmpact on the formation of flooded rivers during
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the rainy season and, in conhast, incredibly dry periods during the dry season. If
these conditions are not ideal for small crocodiles, there is no doubt tlat in tlle
beginning, the lor density ofhumans along with a very favourable biogeography for
crocodiles, provided the Nile Crocodile (Crocodylus niloticus)with avery favourable
tefiitory in Madagascar.

For some locals in Madagascar crocodiles were sacred and protected (Behm &
Hutton, 1988). At the same time, siuce tle beginning of the century crocodiles were
hutrted by many people (Petit G, 1925), although the hunten did not hunt regularly
but rather following attacks on humans - a practice which was not sufficient to stop
the proliferation of crocodile populations (Raffray, 1950). In the 1950's, the
colonial French adminishatiotr attempted to exterminate crocodiles in the country
by offering bonuses for killing crocodiles and collecting the eggs (J O Mad &
Depend N" 1539). However, this plan failed since from the firct few weeks many
thousands of eggs were collected and the administration could no longer pay the
people. For example, Decary R (1950) tells us that an inhabitant of Marovoay
collected, for his bonus, 7000 eggs in three weeks.

As in most African count es, it was hunting that was the main cause for the drop
in population numbers and if the high export trade figures in the 1940's are
surprisiag (Behra & Huttor, 1988), there is no doubt that during the 1960's the
drop in exports was linked to a simultaleous drop itr the populations.

The perception of crocodiles in the country is such that despite the ratification of
the Washington conventionby Madagascar on 05 August 1975, which broughtabout
the ban of all exports of crocodile skin products, it was not until 15 June 1988 that
the crocodile was lifted fiom the problem animal category to be classed as game.

Since 1985 Madagascar has once again been authodsed througb CITES to export
crocodile skins, the populations having, from all accounts, increased since the
international tade ban in 1975. Meanwhile, hunting has become quite
uncontollable and can only negate the management q/stem alieady considered
unsatisfactory for an animal such as the qocodile. Population surveys cgnducted
between 1987 and 1988 (Behra & Hutton, 1988) showed the populations to be low
compared with that of protected African rivers, or rivers exploited uniquely for
their eggs. However, their numbers were relatively similar to those in rivers with
considerable human settlement. It vas then itr 1989 that Madagascar asked for the
assistance of the FAO to establish a project for the development of crocodile
farming.

FAO PROJDCT FOR THE DEI'ELOPMENT OF CROCODILE FARMING

At the end of 1989, the FAO financed all assistance project for the development
of crocodile farming in Madagascar, following the request of that country's
government. The project leader was Olivier Behra with Ramandimbison acting as
one of the two technicians required as part of the project format. The main goal
of the project was to establish the feasibility ol establishing a program for the
development of crocodile farming. The project included the training of potential
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qocodile farmers as w€ll as officials ftom the Departrnent of Water and Forests.
At the same time suitable areas for crocodile egg collection were investigated as
well as the initiation of a programme for the development of fatming management
techniques.

Given the international constraints and the intention to work towards a programme
concerning the conseryation of crocodiles, it was decided to concentrate on
developing a ranching-biased programme which involved rural communities. A
training programme for potential farmers on the subject of farming techniques
(stressing the importance of having quality goods at the etrd of the day to market)
was organised as well as set up surveys to locate areas suitable for nest collection.

The surveys were carried out continuing the work of Behra and then Behra and
Huttol in very precise areas following a detailed analysis of the biogeography ofthe
western region, considered to be the most interesting. The surveys revealed three
zones of particular interest for the development of an egg collectiotr system. Out
of the dozen or so interested farrners, four finally embarked on farming projects
and began building the infrastructure required.

Egg collection occurred in rnany different zones (also hatchling collection) but this
report concentrates on the one specific area called Besalampy where special
attention focussed on a study of local response to their possible involvement in egg
collection.

In the three zones specified, the response from the locals was quite good with
regard to their interest in the subsequent sale of crocodile eggs but Besalampy had
the added advantage of being already designated a collection area by the
Department of Eaux and Forets, crocodile farrning havirg been established there
since the start of the projec! and thus presented the most value technically to this
repoft. The farm manager, in one year, had succeeded in building a brick-housed
farm with an incubator temperature conholled to half a degree and ponds heated
with similar accuracy.

BASAT.AMFT AREA

Basalampy is situated in the extreme west of Madagascar in a relatively isolated
area such that the road into the town is impassable for six months of the year.
Being close to the sea (16"44' S,44'29' E), the town is by the Maningoza River
which comes from ttre south east and is then joined by the Sambao River before
emptying into the ocean. These two rivers are surrounded by small lakes which
have, without a doubt, made the region such good crocodile habitat. If the road
is impassable for 6 months of the year it is in particular due to the major floods
occurring during the wet season, although during the dry season these dvers
become very shallow. The associated lakes therefore provide a good refuge for
crocodiles during these extreme pe ods.

The small villages that occur around the dvers are for the most part small hamlets
and the area is sparsely populated except for itinerant travellerc. The climatic
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difficulties and the isolation of the area make the region non-desirable for
settlement, the agriculture practised there barely supplyitrg the Deeds ofthe people
for an entire year.

ORGANISATION OF EGG COLLECTION IN THE AREA OF BESAI,AMPT

The first collection organised in tbe region was a r€sult of preparatory work canied
out by Ramandimbison. Many people replied positively to this preliminary work
assuring of their abili8 to lccate nests and that they would be interested in the
subsequent sale of the eggs. The collectiotr itself was headed by Behm, aided by
Ramandimbison and a techniciatr from the farm in question (under construction)
who was responsible for pafng the locals involved.

Although the people responded favourably to the preliminary enquiries rnade by
Ramandimbison, tbere was some disbelief concerning any follow-up that would
ensue and, combined with their negative attitude towards crocodiles, they destroyed
a considerable number of nests prior to the arrival of the collection team. The eggs
were eaten or destroyed to prevent any increase in crocodile numbers - it was troted
here, and elsewhere, that crocodile eggs are not traditionally eaten but living
conditions had so deteriorated that certain groups no longer had any choice and ate
whatever they could find.

Be that as it may, in less than eight days it was possible to collect more than 1000
eggs ftom locations that were not known by the team before the operation.
Ramandimbison remained in the area the following week and was able to collect
practically the same number of eggs. It was often the case that while the team went
to look for the first couple of nests with a villager other people also went to look
for other nests. For each nest found. the person who found it received 1000
Malgache francs (about 70c US at that time) per egg, a price calculated to make
a clutch worth as much as that of an adult skin bought locally.

The eggs collected were placed in polystfere boxes filled with vermiculite and
carried by men to a vehicle and then along the hacks back to the town - a journey
often lasting many hours. Usually arriving at the village every evening, the eggs
were stored until a certain number of boxes had accumulated when they were
collected by the farmer in a light aircraft (Cessna) and taken to the farrn, where
they were imm€diately incubated.

In the second season, a collector fiom the farm organised the egg collection and
took only 1500 eggs, at the request of the farrner.

THE RESFONSE OF RURAL COMMUNITIES TO THEIR INVOLVEMENT IN
CROCODILE EGG COLLECTION AFTER THE SECOND COLLECTION
SEASON

The resllts prestnted here are tbe oltcome of several days spent in the field by
Ramandimbison. The locals who were questioned numbered only 12 in the
Southem part and,24 in the North of the pilot site. Also, the questionnaire,
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comprising fody questiotrs, wad put to the group upon thei return and so the lack
itr certain opinions could lead one to consider following up this work with another
psychological enquiry after the third cotlection season.

Be that as it may, the fist rcplies are odgitral and tlerefore the most interesting,

The questions to which answe$ wele most sought after were prinicpally the
following:

a) are the people interested in crocodile egg collection?

b) are the people organised with regard to egg collection?

c) has the attitude of the people to qocodiles changed?

d) are the crocodiles still hunted? or the eggs destroyed?

e) is thele indifferetrt protectior from the locals for crocodiles?

f) what are the aspirations of the people for the future?

The results were different from the different sites of enquiry, However, it showed
that the most positive results invariably came from the area where collection was
the most important to the people and where the ecooomic incentive was equally
rmponanL

a) On the subject of the interest of the people towards clocodile egg collection the
respolse was undeniably positive. Indeed, the region was very poor and the
economic retums poor due to the frequent dry spells and so the revenue genelated
from crocodile egg collection is often relatively high and allows for luxuries such as
clothes, bedding, kitchen equipment and even carls or zebu in ce ain cases.

Although this is the general case, it sometim€s happens that the man of the family
(in the Southem region) is happy to spend his collection benefits himself outside
of the village for his own pleasure.

It is interestitrg to note that although the man played the main part in the
collection, women also participated and the benefits usually ended up within the
family unit.

b) No shuctural programme for the collection was set up by the people and it was
interesting to see if the local populations were actually able to set one up
themselves,

This was not the case at all but the success was linked to the importance of the
collectio! as well as the site in question.

The operatioll per se, however, was the same iu each locality.
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Eacb time that one of the villagers located a crocodile nest he went to theadminisrrarive head of tbe village io inform him. tI", i" t ri" t".l"r"L of ,h" ,ru_"or ro^ person aDd the approximate rocation of the nest and the,. registered thetranre,.date ard time of find on paper and went with rhat p"rroo il-fiia tl" o".t.rne prece ot paper was placed inside the nest. Tbis rimoved any confusionregarding the 'rownership,' of the nest as it *u, tt u, u""rii1i to trr"i"ii'p"."on *lofound it-

This. system was organised according to a traditiotral hierarchar svstem. Theadministrarive personnel in charge (ihe head of rh. , it i";; _-;;".; tbe rirte of
,ll^":Tlj :j i:l:rtany,' 

by the tocat adminisrrator in charge-) hajhis own personal

l:::j:r,.llT: -l:TTe 
as,he was. given a cerrain percentage of the numbei of eggsrouno. 

. t nrs.percentage (equivalent to 3 eggs per nest) was paid to him when iheperson tocatrng the nest was in turn paid by the farmerkolleitor. The head of the
:1,]iq:"11:r,:" 

a,major parr of ,th-e collection system and ii" tocut-p.o-otion
rnereor regardtng the protection of the nest sites.

In the norlh of the.country. the syslem was set up entirely by the locals and worked
Lil]illry: 

._",i" berng ac{ompanied by a relay syslem between the people of thev||rages or the surroundings lo keep an eye on lhe sile and prevenl anv outstdersrrom comtng In to eat tbe eggs or xebu passing over the nesis,

In the south the same system was attempted except that the results were not as
j1i3lt19l"g. Some people djd not declare rhe neits rhat rhey found so thar theywouto not have to pay lheir fee lo the head of Fokontany und one nesl was evenstolen and made to look as if it had been depredated.

However. this co-u ld be inlerpreted as a lack of surveillance due to a parallel lackrD rne number ot nests available to suitably justit continual site 
"u*eillun"".

Briefly, in the North a spontaneous organisarion of the people by tbe people waswitnessed wbich proved lo work very werr.

c) Except with those people for whom the crocodile was considered sacred inr\raoagascar, tbe general attjlude of people towards crocodiles still remarns a''eg-ahve one, such as one can gather from certain naturalists rike perrier de la
3i1|11.9:t^o].,1j ,t1 oeeinlils oj rhe cenrury. r"d."d ;;'ii;'"";;ary or anrnreresung aJttcie on crocodiles, "... th€- Madagascan crocodile is not giaceful,som€thing which spoils the rivers of the island. iertainly the Oriti""i."iity .f tf,i,land, with underhand manners, ferocious and with many victims beinfiaken peryear, it urgently demands that rhey be destroyed by 

"ry;;";;o;;;;i,i 
p".rt",

de la Bathie could add to this that;r the otl"i fr"ni, tf,! 
"r."oaiL 

i"a"n ioter."tinganimal and its eventual disaooearance could be neniioned with u 
""rtuin 

oo.tufgh,
9rl 

for.,ft. Malgache in general and ttr particular those living in crocodile rntestedareas, lhere is, for the most pat, nothing to add to rhose firri .tui"rn""t. of tf,l,natuElist.
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Perrier de la Bathie aheady said in his article in 1914 that the Malgacbe did not

"oA"it 
-A,ft"t -.codile populations could be diminished by killing the adults'

Tbe onlv resuh of killing big crocodiles is that lhe physical size of the.Population

i. a-."i"'"sed U"r not the-nuirber of crocodiles. The population actually increases

;;;;;;;ore space for subadults ln the caie of the area where the Pilot

.tudn *as conducted, it is interesring to note thal the people there thought the

;;; ,h;;--H.*"*r, they also b;l ieve that if the collection is carried oul

"?ii"l"",i""ii 
*ii""tttibu te to the decrease in numbers of crocodiles' or at least halt

their augrnentahon.

This was particularly so in the Norlh of the pilol study' where the.locals' who

r.ir"fi" f[.'l"a f- inv possible *ay to gel rid ;f crocodiles changed their attitude

;;;;;" ;i;i.i ;t. stiti a long *av from actuallv loring rhese animals' thev leave

ttrem to live in Peace.

In the South, this is not exactly the case with those involved in egg collection lt

i" i.o*"ti't" 
"*sider 

that in the su[ounding area during the last year four

p"opi *"t" injured by crocodiles and many zebu were killed'

d) It seems that there is practically no more hunting going on in tle area but it is

iim"J-i, ff"t ,nls to cillection because skin prices have dropped considerably

and the locals are tro longer motivated to hunt crocodiles'

If the actual price, offered locally, of 500 Fmg/cm belly width (atoxt 30 cts/cm)

*.ri t" .it" 
"L-. 

f200 Fmg, it is possible that some hunters would begin hunting

u""i". 
-Otii"g 

,ft" hst egg iollection season, it was still the case that those nests

n'ot colle"ted 
-*ere 

destroyed to stop the ioclease io crocodile ntrmbers'

e) The main subiect of the study was to see if there would be indifferent protection

.i ri" -*ti[l 
", 

the end of the crocodile ranching programme Even though

ifror" o""ol. in the South were evidenlly interested in egg colleclion tbey did not

.""m ioo ioncerned with lhe Deed to Preserve the breeding stock'

In the No h, at the pilot site, itr contrast, it is undeniable that protection measures

"t" 
tl"t". fit"y *it in th. form of cotttinual site monitoring to stop people from

a"tti""i"" the nests and also to prevent zebu ftom desttoying the nest areas' In

tuJut'.i"ptot""tlon of breeding stocks is a success story' This can be witnessed

oueide ofihe collection progtamme whele local populations asked' sPontaneously'

if thev coutd have an administrative autbority to prevenl zebu movemeDt over the

reproduction site as well as foreigners coming in to kill -J!bg!I crocodrles'

f) The expectations of ruml populations regarding the ranching programme are

i'.tu,irr.ly J"ty,o unerstand and ire. above all. to collect as many eggs.as possible'

i. .i*"rii* tit" collection a bit better so that those ilvolved can be jnformed in

^l"lri". 
"t 

it" 
"t-"ture 

and to increase the pdce to more than 1000 or 2000 Fmg

(US $1.3) per egg.
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CONCLUSION

Naturally, these rcsults have to be looked at bearing in mind that this was a pilotstudy, and thatlhe present economic situarion of th; crocoalte inaultry migtrt ,rotmake it replicable to other regions or countries. rrr. o.o.t tuniu,n.niar resulr isrnal an.antmat _ reagarded as negatively as the crocodile is can be, due to ils
il?llT11tL'".:.0. "onsidered 

by these peoptes as a renewabte resource betooging
to Ine communttv

It is even more fundamental to see that this slstem was set into action itselfbecause it was decided during the setting up of'tf," pro;""i io ,r"""iiutt uUout
crocoo e collservation.

y,111^11.^if il,"ge, 
of Dot.pltting rhe locats a€ainst rhe project and to reallysee rr tney can take lhe decision to preserve these problim'animals for theeconomic purposes they represent.

Having private. investors implicated in the collection, hatchiog, arld readtrgprogramme made the project more lasting. lndeed, the second co-llection was setup by the farmers themserves on the same principal of renurneration for the locals.

One caDnot expect that a 15 mooth project can really lead to th€ settitrg up of a
$l-:t:1"^"1-1":.ty-:lt 

programme. for crocodite popularions in a counif as uig asNlaoagascar that started with nothing. problems remain to be solved. io deuilop
111^1Tt^._T_ll: l-grarnme to a hig-her t",et 

"r irnportun"e io tlr" 
"lirni.y u" *erras rerntorce management organisations.

Be that as it may, these results show that one can seriously consider tbeinvolvement of local communities io exploitative proj""Is tlui ar" ieusinaufe analasting for wildlife and can be a more interesting mJans oipr"i""ii-r,g ,i."i"" uoatheir habitat in a developing country.
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LONG-TERM POPUT-A.TION S'ruDIES OII AMERICAN AILTGATORS INHABITINC
A RESERVOIR: INITIAL RESPONSES TO WArER LEVEL DRAWDOWN

I. L€hr B.isbitr, Jr., J.Merlin Benner, Laura A. Brandtr,
Roberr A. Kennamer and Thomrs M. MurDhl

Savrnnah Rrver Ecolory Laboralory
P.O. Drawer L:

Aiken, South Carolina 29802, U.S.A.

ABSTRACT: A population of Americ^n ^llieators (AlUgator n $'rr"pieari') irhabiting a 1130
ha nuclear reactor cooling reservoir has been studied for more than 20 years, producing a data
base th^l now can bc used to evaluate the responses of these animals to subsequent changes itr
their habitat. Beginning in June and conlinuing lhrough September 1991, the waler level in this
reservoir was lowered 6m lo allow for repair work 1() thc d:lm. Thc stuE reported here
extend€d from July l99l through the summer of 199, during which time thc reservoir remained
at the lowered level. The drawdown reduced the waler surface area by 507r, exposing and
killing the m.jority of the lake's subnerged/emergent aquatic vegeration. Both during and
immediately after drawdown activities, the number of alligalors counted in the reservoir by night
eyeshining techniques increased possibly ̂s a rcsult of increased visibility of smaller animals due
to the lack of emergcnt vegetative cover. High numbers of alligators were also obse ed during
aerial census flights during the spring following drawdowtr. Fourteen adult alligators outfitted
wilh radio tr&smitters in Septernber 1991 revealed differences in spalial distributions and
movement patterns between the s€xes during lhe fall and following winter in the drawdown
reservoir. Males showed more €xtensivc fall movemcnts while most females tended to remam
close to the locations where they were originally caplured. There was no evidence thnt tbc
drawdown adversely affecled the winler survival of adult alligators in Par Pond- Six of the
telemetered alligators spenl the winler in moderately deel water along a <300m stretch of
exposed reservoir shoreline- An ndditional fem.lc was found wintering with young in an
extensive circular subterrancan den system lh.t remained dry throughout the winter due to the
lowering of the water level. Sk ^lligxtors (four males/two fcmnlcs) werc recovered clsewhere in
the arca after having been marked or lelemelered in PnI Pond. Two of lhese alligators were
later killed in smaller nearby impoundments, most likely by hrger rlligators residing in the
habitats to which these enigr.nts had moved. Three nests initiated before drawdown activities
a[ successfully hatched young. Despite the greater distances of thcsc nests from the receded
shoreline, all three femrles continued 10 tend these nests .nd subsequently, moved

' Dep,utmenl of Wildlife and Range Sciences, University of Florida, Southwest Florida Research
and Education Center, P.O. Drawer 5127, Immokrlce Florida 33934, U.S.A.

'?South Carolina Department of wildlife and Marine Resources, Rt.2, Box 167, Green Pond,
South Carolina 29446, U.S.A.
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as much as 100 m with then rewly-h.tch€d young into the low()red rcservoir. Due to lhe lack of
cover however, it is unlikcly that many of these young suwived. Unfavourable conditions for
nestitrg and habilat conditions thal have undoubtedly resulted in low survival of juveniles, have
probably been the most imporlant impacts of the resewoir drawdown upon its resident alligator

INTRODUCTION

M.n'n.de impoundmenls are b€coming an increasingly abundant form of welland
habitat as natural lotic systems are allered for purposes of buman industrial, recrentional lrnd/or
irrigational needs. Crocodilian populations inhabiting such wctlands musl eithCr adapt to living
in these nerv resewoir habitats, move elsewhere or perish. Although some populations are
su iving in such impoundmerts (Alcila ^nd DyJ-iacco 1989), little intormalion is rv l?Lble
concerning these animals' population biolo$/ and produclivity in these h^t'itats. Particularly
hcking is any information concerning the responses of such animAls to thc pcriodic lowcring of
water levcls which is oommonly required in multipurpose reservoirs.

Among the beslstudied crocodili^ns utilizing . man-made reservoir arc the American
allie tors (Anigator mksissippiell'r') inhabiling the ll30 ha Par Pond reactor cooling reservon on
the U.S. Departmcnt of Energ/s Savannah River Sire (SRS) near Aikcn, South Carolina, in the
southeastern Unjtcd States (Murphy 1977, l98l; Brisbin 1982; Brnndt 1989, l99l). Throughout
the over 20 years that the Par Pond nlligalof potulalion hzrs been studicd, this reseruoir wffi
never subjected 1() clr^wdown rctivities, and the resultanl slabiliry of its waler levcls albw€d the
development of extensive beds ot submerged/emcrgcnt aquatic vcgctltion, pnrticularly in those
portions of thc lake \{,ilhin lhe 5 6m depth contour (l'arker st dl 1973; Snilh e/ da 19:i6).
Between cxrly July and mid-Seplember 1991, howcvcr, thc watcr level of I'rr l'ond wns lowcred
by approximately 6m 10 allow Ior repair work 10 the reservoir's relaining dam. lhis drawdown
reduced the surf^ce arm of rhe reservoir by approximalely 507, and exposed nearly all of the
submergent/emcrgent vegetrlion along the lake's margins. 'l}le reservoir has remained at this
lowered lcvel throughout thjs sludy (July l99l through July 1992), leaving n bare shorcUnu,
surrounded by approximrtely 526 h. of cxposed mudflats which, during the spring of 1992,
beg:rn to undergo terrestrial plant suct(iss in mnny arcas.

Previous studies of thc Par Pond rlligrtors havc revealed thnt the number of residcnt
animals hns more th^n doubled Irom An estimatcd 110 lC) 266 individuals frorn 1972-1978 10
1986-1988 (Muryhy 1977, 1981; Brnrdl 1989, l99l). Tbese same sludies hrve showr thal hilc
the sex rntio hns not changed during thrs period the populalion's age slruclure shifted slrikingly
from a high proportion (64%) of l:rrgc adults in the 19705 to a high propo ion (81%) of
iuveniles in the 1980s. As indicared by Brnndt (1989, 1991), these ch:rnges have been
accompanied by an incrersc in the reproduclive oulpul from an average of 2.3 10 ,t.0 nesls per
year during the samc pcriod, all being ind'cativc of n healthy and growing population which at
that time, had nol yet reached its cnrrying capacity. lllerc is now conccrn, however, that
chang€s created by the reservoir drawdown of 1991 night reduce ihe reservoir's suitability for
alligators, particularly juveniles as a resulr of cxposurc and des.ruclion of subnergent/emergent
vegeiation along the lake's margins.
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'Ile study reporled here was designed to documert the initi^l responses of Par pond

alligalors to the drawdown of P:rr Pond. By using census procedurcs and other telhniques
similar to those employcd in earlier studies of this Populalion and by taking advanlage of the

numerous individuals in the population thal hrd beeo previously marked, all efforl was made to
present thc responses observed in the conlext of previous information available for this
populalion (Murphy 1977, 1981i Brandt 1989, 1991). Reserch efforts were focussed on three
areas: (l) population rumbers ̂ nd sprtirl dislribulion, using stard:lrdized census tcchniques, (2)
behaviour and movemenl prtlerns of individurls within the population, using r^dio telemetry
techniques, and (3) reproductive biolog/. With thc exccption ot :rerialcensus suweys which
continued through July 1992, all asPecls of the study reported here wetc conducted between July
1991 and March 199.

The SRS is locnted along the northweslernmost limits of the nlligators' inland range in
lhe southeastern Udted States, and this study Provided an opporluniry ro document various
aq)ccts of ihe alligafors' posldrawdown wintering ecology, nnd lo prcsenl a comparison with the
results of earlier p.e-dr.wdown studies of the wintering ecolog/ of:rlligators in this same
reservoir system (Brisbin.l al. 1982).

MATERIALS AND METHODS

Studv area:

The Par Pond reservoir is located on the U.S. Depnrtment of Energy's Sav:rnnah River
Site (SRS). This 750 km: sile was closed to public rccess in rhe early 1950s and since that time
has been uscd for varjous nuclcat industrial aclivities. The SRS is located aloog the northern
shorc of the Savannah River ̂ nd occupies portions of Aiken, Allendale and Barnwell Counlies
of South Carolina. The area is located in the Upper Atlantic Coast,tl Plnin. Brisbin e, dl.
(1982) report that winler tempcratures in lhis area avcraged 4.9, 4.6 and 4.9'C for December,
January rnd February, rcspectively, for the poriod 1971_1981. Extreme lows for these same
monlhs during thh pedod wer€ -8.9, -15.6 and'10.0'C, respectively Further descriptions of the
climate, topography, flora and fauna of the SRS have been Provided by Jenkins and Provost
(1964), Murphy (1981) and Hilesrad and Bcnnett (1982).

The Par Pond rese,voir was constructed in 1958 by impounding an area that included
the confluence of several nnturnl stream watercourses. This qeated a rcserr'oir with three major
exteosions which bavc become known as the Hot Arm, North Arm and West tum (Figure 1).
The Par Pond reservoir system also includes two smaller reservoirs; Pond B (81 ha) and Pond
C (67 h:r), which have, along wilh Par Pond itself, rcceived the cooling water effluents of one or
two operating nuclear reaclors. The thermal gradients and early history of reactor oPerations at
the site have been described by Parker e, al (1973), Gibbons rnd Sh.ritz (1974) and Brandt
(1989), and the responses of P:rr Pond nlligators to .hese .hcrmal inputs have been described by
MuQhy (197, 1981) and Murphy and Brisbin (1974). All thermal inlut to tbe Par Pond system
ceased in Auglst 198?, and bolh of the associaled reacors have been inoperative sincc that
trnre.
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Nisht Eveshinc Counts ard Aerial Census Survcvs:

Nighr eyeshine counls and ncri^l census surveys were designed to incorporate, as much
as possible, the samc techniques used by Murphy (1977, l98l) and Brardt (1989, 1991) m
determining pre-drawdown population numbers ot alligalors in Par Pond. Briefly, eyeshinc
counts wcrc conducted fron an airbont on nights with reduc€d wind and wavc .crion in order to
maximize alligator visibiliry, wilh thc cntire periphery of the rcscrvoir (inilially 53 km but rhen
later reduced as the drawdown progrcssed) being surveyed during cach census. Night eyeshine
counts were conducted on 3, 8 and 29 July, 26 August, 24 September and 23 Ocrober, 1991.
Aerial census suneys were conducted from a fixed-wing aircraft flown at a speed of 130 knors ̂ t
an ahitude of about 90 m. Again, the entire periphery o{ the reservoir was suweyed on each
aerial census, with flights bcing conducled on 1l July, 12 Scplember, :ud 17 and 25 October in
1991, and on 9, 17 and 2s Miuch,22 Apri l ,  12 and 19 May,9 and 30 June, and 3 July in 199.
Discussions of sourccs of bias and assumptions th^t must b€ made or mct in thc desigr ot nighr
eyeshine counts and rcrial ccnsus suweys are providcd by Woodward and Marion (19787 anu
Caughley ( I 974), respectively.

None of the surveys conducled during the present study produced esdmatcs of actual
popul.lion size either during or after the drawdown of thc reservoir. Howevcr, botb night
eyeshinc counts and daylime aerial surveys can estimate the minimum numbers of alligators
present, and if certain assumptions concerning the probability of sighling of individuals .rre made
or can be discounted, information tiom such counts crn be osed ns indices of DoDulalion sizr.

Capture and lhdiotolemelrv:

Adull alligators werc c.ptured for ou(filting with radiotmnsmitters using ll modificd
version of baited trip snares (Murphy :rnd l.cndley, 1975; Murphy er lll 1983) that wcrc sel
along thc rcceding edge of Par Pond during and shortly after thc cessnrion of drawdown
activities. Snares were set for a total of tive nights and involved a loral of ,{4 rrap nighls. Thcse
sets rcsulled in the capture of 15 aduh nllignlors (trap success = 34.1%). Ninc mrles were
capturcd in snares in the North Arm bctrvccn 28-29 Scp(embcr 1991 (Fieure 2). Ijach was
meisurod, equipped wirh a radio transmilter and rclcascil al the sire of capiure. tle snares
were then moved in ordcr to :rchjeve more complelc covcmge of the reservoir's shorelin€. 'ltis

resulted in the capture of four additional temales on 7 8 Oclober 1991 (Figure 3). Thesc
females were also equipped with radio transmittcn and released, .s was a fifth tcmalc rhar had
been caplurcd from a boat with a snare pole h the Hor Arm on 19 Seprembcr l99l_ Two
addi l ional adult  malcs capiured in snares in thc wrsr Arm were mltrk€d by n.rching (r i t  scules
(Brandt 1989) and rele6ed without transmitlers. 'fhe ninc mrles equipped with transmitrcrs
rangcd from 2.41 - 3.56 m in total lcngth while the fivc tbmales ranged fron l_91 - 2.50 m.

I{adiotransmitters weighing less than 250g werc altachcd wilh 270 lb tcsr sraintess-sreer
Ieader line to thc dorsal nuchal scutes. Attempts were madc to derermine thc locations of alt
aUigators on 4, 9, 18 rnd 31 October, 8 and 19 November, 13, 23 and 30 Derernber in 1991, and
on 16 January,7 and 19 Iicbruary and 12 .nd 26 March in 1992, producing a lotal of 158
localions of individual animals. TransmitteFequipped Alligators that left the rescNoir were
locatcd :rt more frequent intewals to befler determine rhc extcnl ot their cxcursions and fntcs.
Radio locations wcre deternlined with :l hand,held ̂n(enna from ,t smalt boat or airboal or from
the shorc. Although visual observalio.s were occasionally
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made of transmilteFequjpped ndmals, most of the locations were dctcrmincd for submerged
alligabrs by recording the position directly above thc point of vertical exit of lhe strongest radio
signal tiom ihe wrter column. In a few c^ses, parlicularly in lhe case of animalswhich left the
resewoir, it was ne€cssary to estimate locations by visual lriangulalion. However it was usuauy
possiblc to plol individual localions with an ac€urfty of approximately alom.

In addition to the adults equipned with radio tr:rnsmitters, four smallor alligators were
cnpturcd by hand or with snare poles usiDg te.chniques described by Chabreck (1963) and Brandl
(1989, l99l). 'Ihese animals were captured bctween 18-20 July 1991, and were fitted with
coloured plastic collars to permit l:llcr visu.l idenlilication. Resightings of thcse .dditional
marked animals were used to furlher documerl alligator movemenl wilhin and emigration from
thc drnwdown reservoir. Recaplures of alligntors rnarked in previous sludies (Murphy 197,
1981; Ilrandt 1989, l99l) were idenlified by tril scutc nolches (Rrandl 1989).

Reproductivc Studies:

Ncsts wore localed during the sumrner of 1991 by visiting arcas of known pasl nesting
and seffching thc rcscNoir shorcline by boat and foot. Once located, nesls were visited at
approximately bimonthly or, when possiblq wcekly intervrls to determine hatching success and
the subsequent f:rte of the young.

RNSULTS AND DISCUSSION

Population Numbers:

ljyeshine counts conducled atter the initiation of the drawdown (Figure 4), were higher
th:ln thosc reported for the same monlhs in 1988 by Brxndt (1989; ligure 4). This may hnve
resultcd from thc continued increase in the population, as documented by that study aod/or may
have heen due to an incrcasc in tbe animals' visibility along thc lake's shoreline which was now
dwoid of vcget^tivc cover. 'fhe same faclors could also havc contributed 1l) an increase m thc
numbcr of rlligntors scen on ierial survey flights during and shorlly after drawdown (July-
November 1991), as compared to the number counted during rhese same monlhs ir prevrous
ycars (Figurc 5; Brnndl 1989). A sharp de.line in numbers or nllisators seen on nighr cyeshine
surveys beiween late July and mid-Seplember 1991, occu(ed during 1l period when oycshinc
counls recorded in previous ye.rs wcro cirher conslant or slighlly incrcrsing (Figure 4). This
declinc could not have been rn arlifacl relnted to the loss of shorcline vegeration and insread,
may havc reflecled thc bcginning ot emigration of alligrtors from the reservoir as will bc
discussed later.

Anrlyses of night eycshinc count datn indicaled thal rhe disrribulion ot alligators in the
reservoir lwo weeks after thc ioitintion of drawdown was significantly different than expected
based o the area ofwater avnilnble in each arn (X'= 11.07, p<0,05, df=3; Table l). There
w€re fcwer animAls obscrvod in the Mxin Lake than cxpccted nnd more in the Hot  rm. By
October 1991, the dis(ribulion had shifted, wirh nore animals in thc Wesr Arm lhan expected
nod tewer in the Mr n Lake (X'z = 25.95, p<0.05, dt=-r). A5 will b( shown later, (hesc resulrs
were further supported by the movements of several radio telemetered alligarors thal had been
capturcd elsewhere in the reservoir but by late Oclober, hnd moved inlo the Wesr  rm where ,l
winter concentration area w:ls subscquertly
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discovered (Figur€s 2 and 3). I.he Oclober 1991 increasc in lhe percentage of eyeshinc counts

in the West Arm contrasls with the tindings of Murphy (1977) who found the percentage o[

alligators in the West Arm to alecrease from Septcmber rhrough October of 1972-19?3. In the

ht6r case, however, lhis rcsponse was shown lo be relaled to the increasing uso of Par Pond's

Hot Arm, through the tall and wint€r months, in response to the introduction therc of heated

reactor effluents. The distribution of alligators tkoughout Par Pond in 1991 also contrasted

sh ply wilh the findings of Brandt (1989) whose ddn showed a concertration of :mimals in rh€

Mai; L*e in 1987 and relativcly low use of the reservoi/s arms. ln l99l however' the ltrms

wcre preferrcd and use of the Main Lakc was disproportionally low (l'able l)

Reproduclion:

Three nests were localed nt P^r Pond during 1991. All were in close proximily to if not

exactly xt nest sites from previous years. By lhe end of August all of these nests were al least

100m from the lowercd shoreline of the reservoir- In each case, the lemales r€mained in

attendance md all nests hatched even though in one cllse the female had to move the halchlings

l50m to the water. A tot ot 44 hatchlings was matked from two nests- No hatchlings were

marked from the third nest, bul a! lcast eight were later observed , ong the shorsline.

h one case the halchlings were found in a shallow pool adjacent to what may have bccn
a alen. Thcse animals may have soNived the wintcr because of the shelter provided by such a

den. In the othcr two cases, the halchlings were found along the shoreline in areas with no

vegetalion and v€ry little cover. It is unlikely thal many of these animals survived. As yet

unpublished sludies o{ the avian communiry of par Pond havc shown markcd increases in the

numbers of wading birds at the rese oir since the drNdown (Keilh Bildstein, pers comm.)' and

these birds along with larger alligators ̂nd large-mouthed bass (Micloptetus salmoidesr' th^t ^te

also abundanl in Par Pond (Gibbons and Sharilz 1974), would rcPresenl significmt sources ot
predation upor hatchling alligators inhabiting such exposed shorelines.

Movements and Distribulion:

The inilial capture locations and subsequent movements of the nine male and five
femalc :rdult alligators equipped with radio trllnsmitlers are shown in Figures 2 and 3,
respectivoly. The dislributions of lhe sexes differed markedly throughout the reservoir rn
September/October when initial captures were made. All alligators caplurcd by trip snares in
th; reservoir's North Arm were males, while fou. oul of the five females captured were taken in

the West Arm. Later in Octobcr, the males th:tt had been captured in tbe Norlh Arm showed
considerable movemert, with two moving as far as the West Arm and two leaving the reservoir
itself. However, only one of the females showed .Dy movement between regions ot the
reservoir. This female was captured near the west end of lhe retaining dam in the wesr Arm
and later moved the entire length of the reservoir to the upper reaches of the North A-rm where
it later spent the winter. By Oclober, thc tkee females thrt had been caPlured in the West

Arm began 1o concentrate, along with a radio{elemetered male from the North Arm, in a
limited portion of the Wesl Arm where they would later spend the wintcr.

With tbe onset of colder wcather in DecemberJanuary, all long-distance movements of the
radiolelemetered allig:rtors ceased, and their distribulion
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wilhin the reservoir was lypificd by thal shown in early Irebruary (Figures 2 and 3). A1 this
tine, ncrrly half (6/13) of tbe alligalors equipped with radio transmillers werc locatcd in opon
water aloDg a <300m strotch of south-facing shoreline bordering a narrow portion o[ the West
Arm. 'fte six telemetered alligators using this winter concentration area were equally divided
betweed thc sexcs, with the three males havina .ll beon origlnally cAptured in lhe North Arm.
Two olher telemelered mrles winlercd rl the northweslem-most extremo of thg Hol Arm where
earlier studies (Muiphy 197, 1981t Murphy and tsrisbin 1974) showed concellrations o[ larger
males to have occurrcd prior to 1987, when nuclear re.clor effluenls maintaincd elevrte., watei
temperatures at lhis locntion.

Rndio-trrcking studies were terminaled in lale March/early  pril. At this time, dcspite
the arrival ol warmer wealher, the females slill had not moved from thsir winter localions, and
all but one remained itr the samc gencrrl arc,r of the reservoir where they had been crpturecl
(Figure 3). 'lheir behaviour in this regard wns quite similar to lhat rcportcd by Goodwin and
Mffion (1979) whose r,rdio lelcnrctry studies showed thrt lhe lvinlering locations of alliga(ors
inlnbitiog x Florida Inke were generally n more limited subsct of .hcir ranges during warmer
months.

With the arriv.rl of wrrmcr u,c.thcr in March, some of the lelemelered males began to
show increased movemenls throughout the reservoir. 'lwo of thesc males on€ of which wintered
in the Norlh Arm ncar where it hrd been cnptured nnd the othcr lrom the West Arm winler
concentration area, respectively showod mid-winter and March forays into th€ Hot Arm. In
each c^se, the animal rcturned thereaftcr to its former wintcring site. This behaviour was
simil^r to that described before the rescrvoir drrwdown by Murphy (1977) who also obseNed
forays by radio-tclemetered males belween lheir winlering silcs lnd olhcr parts of the rcscrvoir
in late winler/early spring, wilh thc rnimals similarly returning lo their wintering sites
afterwards. In lhe present study however, the forays wcre cxrctly lhe rcvcrsc of those described
earlier since in lhc lxtter c.se (Murphy 1977) lhe wintcring sires hrd bijcn loc.red in the Hot
Arm ^nd spring forays were made to'rnd lrom the Wesl Arm instead of vice-versa. However,
this reversal of seasonal movemcnt pallerns mjght well have bcen duc lo tbe cessation of ihe
itrpul of thermnl cffluent lo the Hot Arm rxlher than being i consequcncc of the reservoir

Emisr^lion and Mortalitv:

Since initialiotr of lhc rcscrvoir drawdown, six alligntors (four males and two females)
have been documcntcd as hNing moved awry fron Par Pond proper, afler having been
previously m:rrked in that rcservoir (Trble Z Figure 6). In three of thcse c:lses (alligators D, B
and F, Table 2) it could not bc.onclusively shown that thc movemcnts actually resulled from
the rcscrvoir's drawdown since these individurls were Inarkcd selerrl ycars befbrc thc water
levclwff lowered. ln only one case did thc departing individual return 1() P:rr Pond (nlligator C,
Table 2i Figu'e 6). Two of tho cmigrrting allig:rtors were lound deAd in nearby reservoirs
(Pond B nnd Pond C) to which they had movcd (Table 2; Figure 6). Both of thesc smallcr
impoundments are known to hnvc several r€sident rduh ^lligators (Murphy l98l), some of
which were undoubtedly lnrger th:m the emigr.nts from Par Pond. In botb cases, the dead
animals showcd signs of hnving been savagely attacked by another larger alligator. Limbs, and
in one case the entire alligalor's head, wer€ torn from these animals; txrrlies (Table 2), and
althoush both carcasses were torn
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in many places, there was no €vidence thal eilher animal had been consumed by the attrcker.
While it cannot be shown that these alligalors did not die trom natural causes! it would seem
vcry unlikely that rcsident aligators would have so violently attacked the already dead carcasscs
of lh€se lwo animals wilhout the intenlion of feeding upoo them to some extent. Intraspecific
aggression resultirg in dsrth of one of thc comb,rt:rnts is well-known in a number of species of
crocodilians including the American alligator especially in the case of territorial males (Lang
1989; Pooley ard Ross 1989). Female'female ierrilorial aggression has also been recorded by
Pooley rnd Ross (1989), larticularly during fhe breeding/nesting season that included the period
when the adull female emigrant alligatorwas found dcad in Pond B (Table 2). No dealhs of
resident alligators were re€orded in any of ths wetlands surrounding Par Pond during the coufie
of this study. These considerations suggest that onc of the likely etlects of tbe Par Pond
drawdown has been to cause an incre.se in the morlaliE of adult ̂ lligatorc of both sex€s thal
enigrated from the shrinking reservoir and were subsequendy killed in aggressive encounrers
with resident aligators in nenrby h^bitals to which they h:d noved.

Only one aligator death was recordcd in P^r Pond during the course of this study. A
juvenile alligator measuring 0.96m in total lcnglh was found in a torpid stAte on 18 February
1991 on the mudnals. This ,nimal was loc^led 1l5m to the east of the entrance of a winter
den, as will be described later (Figures 6 and 7), :rnd was found on the edge of a small pool (5m
diameter) in the mudflal, tbat had the appearancc of having been excavated by the acrions of a
'arger alligator. This jnvenile was considernbly larger tban any of the young that had been
observed in the den but was very lhin and missing the distal portions of both forelimbs which
appeared to havc been amputated in a struggle with I conspecific or some other predator. 'fhis

juvenile was rotumed ro the laboratory for furrher obscrvnlion where il proved active and aterr.
It was marked and released at the site of c.pture lwo days later and was not seen again until ir
was found dead At the srme localion on 27 March 1991. 'nrc discovery of an alligator of this
small size in the open, during the winter months, is an unusual occurrence af Par Pond :rnd
suggests the possibility of stress"induccd winter movemenl related to the presently lowered water
level in the animal's habitat.

The c^use of the observed emigralions wff likely conspecific aggression which
undoubtedly increased as the f:rlling watcrs reduced the sizes of territories available to resident
animals of Par Pond. Twice as mnny males as lemales were documented as leaving Par Pond
and it is indeed lhe males which would be expected to show the greatesl incra:tse in conspecific
lenilorial aggression as the reservoit was drawn down. An extended aggressive encounter
beNeen two large alligators was observed in shrllow water nlong lhe eastern shore of the Main
Lake in mid-September 1991 (F.W. Whicker, pers.comm.). This encounter was the firsr of ils
kind ever recorded for the Par Pond alligrtor population and involved biring, rolling and tail-
slapping, but neither combarant was apparently scriously injured.

Winterine Ecolosv:

The American aligator h.s been reported lo make frequent use of den structures
during the winter months to provide protection from low lemper^ture cxtremes. The use of
such dens, that are usually localed either in shallow water or ^l the water's edge wirh submerged
entrances, has been reporled from lhroughout the species' range, including Florida (coodwin
and Marion 1979), Texas (Kellogg 1929), buisiara (Mcllhenny i9l5) rnd Norlh Carotina
(Hagan et dl 1983).
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However the use of such winter dens has never been documented in any of the
prevjous studies of Par Pond al l jgstors (Murphy 1977, 1981t Brisbin et a1. 1982;
Brandl 1989, 1991). Detai led descrjpt ions of the behavior of alt igators dufing cold
winter weather in this reservoir system by Brisbin et al, (1982) rather have shown
adult al l igators to submerge in either shallo!,r water in the reservojr 's coves or
along steeply-sloping bottom contours near deeper parts of the lake, where they
Iikely exhjbit the "icing behaviorl described by Hagan et aI. (1983) during periods
of part icularly lo\^r temperatures.

On 28 January, 1992 however, an adult al l igator was observed inside an
extensjve wjnter den that was located at what, before the drawdown, had been
the waterrs edge of a small cove along the eastern shore of par pondrs Main Lake
(Figure 6). Since only the head and forequafters of this al l igator coutd be seen
extending from one of the distant branching tunnels of the den (Figure ?), i ts
length could only be estimated as being approximately 1.5-2.5m. This al l igator
was presumed to be a femaie that was known to inhabit and nest in this part icular
cove. Further support for the identif ication of the denned aUigator as being this
female was provided during subsequent exploration of the den on l0 February,
1992 at wbich t ime a group of at ieast four small juveniles was discovered in a
side chamber of the den, approximately 1.0 1.5m from where the adult al l igator
(which $/as not seen at this t ime) had b€en previously located (Fig1lle 7). Tbe size
of the juveniles suggested that they probably had halched in the falt of 1990 at a
time when the entrance and much of the entrvwav of this den had almost
certajnly been undefwater.

The presence of water in winter dens has been thought to provide al l igators
with important thermal buffering during periods of cold temperature (Spoti la et
al. 1972; Hagan et aI. 1983). The possibi i i ty that the drawdown of par pond might
result in cold temperature stress to the juveniles and/or the adult at l igator in thjs
now dry winter nursery den was therelore examjned by monitoring it  with three
temperature probes! (1) 1.0m inside the den entrance, (2) 5.0m further inside the
den near the point where the juveniles had been located, and (3) 3.0m outside the
den entrance at an elevation of l .om above the dry lake bed (Fig1rre ?). These
three probes fecorded temperalures (10.01oC) every 30 min from -18 F'ebruary
through 22 Apri l  1992, During this period, temperatures outside the den showed
much higher variabi l i ty (CV =63.a%) than did temperatures inside the den
entrance (CV=29.0%), whjch in turn were signif icantly more vaaiable than
temperatutes further inside the den near the brood chamber (CV=10.6%; F=5.3?;
df-2736, 2830; p1 0.0r), Even on days when outside air temperatures felt
be low  -5 'C  and  va r ied  th roughou t  t he  day  by  nea r l y  25oC,  i ns ide  den
temperatures varied by less than 2.0"C and were at t imes more than 15oC warmer
than the outside air temperatures (eg. 13-14 March 1992; Figure ?). The dates for
which den temperature profi les are provided in Figlre ? were among the coldest
recorded during the period that the probes were in place at the den. Even so,
temperatures within the den r^rhere both the adult and juveniles were seen
remained well above the accepted lower l imit of body temperature for this
spec ies  (5 'C i  B f i sb in  e t  a l .  1982 ) .  Ahhough  the  den  tempera tu res  were
considerably below the speciesrpreferred body temperature of 32-35oC (Colbert
et al. 1946), the abil i ty of a den such as described in this study to function as a
blackbody cavity would indicate that al l igators withjn i t ,  regardless of th€ir body
sizes, should al l  be well within the l imits of their "c. l imate space'r (99!Eq Spoti la et
al. 1972), and that access to water under such condit ions should not be necessary
for thermoregulatory purposes. At some point during the winter, however, access
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to water st i l l  might be necessary to prevent dehydration/dessication - especial ly

in the case of juveniles.

Exploration of the winter den by crawling through its tunnels, reveal€d it  to

consist ; f  a circular main lunnel tnclosing an a'ea approximately 6-8 m !n

diameter (Figure ?). Three side lunnels branched from the main tunnel, one of

which \^/as too small in diameter to be explored. The den system included two
main chambersi (1) s smaller chamber of a l i t t le less than 1 0 m in diameter'
where the juveniles were seen' and (2) a larger chamber measuring- I '5-2'0m in

diameter and about 1.0m in height. The larger chamber also contained a small

amount of pine l i t ter, but i t  could not be determined \ jhether this material had
any relationship to the use of this den by al l jgators and no al l jgators were seen 'n

th; den during its exploration on 16 July 1992. The den's .tunnel system

represented a iotal length of about 24m' with a typical cross-section of the main

tunnel measuring 30-40 cm in height by ?0_120 cm in width' The trrnnel \ras

rcughly oval in ;hape with a f laltened boltom. Chen et al. (1990) described a

simitar strape for the cross seclion ol a tunnel from the den of a chinese al i igator
(All iEator ; inensis), Although these authors describe the construction and usb of

etaUorate aen/tunnel systems by lhe Chinese species, unti l  the present study'
t he re  had  been  no  ev idence  tha t  t he  Amer i can  spec ies  eve r  cons t ruc ted
subterranean dens with a conparable degree of complexity.

chen et al. (1990) indicate that the size and complexity of the chinese
sll igatoris burrord vary with age and sex' with those of females being more
cor;plex, Both the cross-sectional size and length of the Par Pond burrow were
within the range of sizes given by these authors for the burrows of adult chinese

all igators whoie tunnels are 33 36cm hjgh by 39-60cm wide and-whiah are

betieen 10 25m in length. l , ike the dens described by Chen et al '  (1990) for the
Chinese al l igator, the tar Pond den also had two entrances that were locatad in a
south-faeing thickly vegetated vert icai embankment near (what had been ) the
water's edgi. The;e authors also describe small diversionary side chambers fot
young, located at the point of bifurcation of den tunnels' which ls exactly the
configuration of the chamber containing young in this sludy (Figure 7). Chen et
al. (1-990) also describe the presence of a "sleeping platlorm,'r water pool and air
holes opening to the surface in the den systems of Chinese ai l jgators' While
theae w;s a ;ma hole in the roof of the easternmost side tunnel of the Par Pond
den (Figure ?), there was no evidence that thjs structure had been purposely

constru6ted by the al l igator. ' fhe absence of water from the Par Pond den
prevented a determjnation of which if  any port ion of the .tunnel system or
;hambers might have contained water when the den was originally construaled'
The entire Par Pond den system was generalty less than 10-20cm below the
surface of the ground considetably less than the 1.0 1.8m depth reported by
Chen et al, (1990) for the den of tbe Chinese al l igator.

With the exception of the adult found in the den described above, al l  other
al l jgators observ€d at Par Pond remained in the reservoir 's open water during the
winler months. Although few visl lal observations were recorded during the
winter, al l  of the telemetered al l igators spent the colder months in locatjons that
made it  extremely unlikely that any den use was taking place. AIl of the animals
were found in areas that unti l  only recently had been covered by a depth of 6-8m
of open wat€r, anal the single observation of den use described above as \!el l  as
other previous studies al l  indicate that when winter dens are used by al l igators of

either species, they are always constmcted either at the water's edge or ln

relatively sballow water (! 2m), thus al lowing the occupant easy access to the
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surface to breathe (Kellogg 1929; Mcllhenny 1935; Chabreck 1966; Goodwin and
Mar jon  19?9 ;  Hagan  e t  a ] ,  1983 ;  Chen  e t  a l ,  1990 ) .  W in te r  l oca t j ons  o f
telemetered al l igators monitored in this study were usually in the water adjacent
to the now bare shorel ine of the lowered reservoir and any evidence of den
construction on or near the water's edge would have been obvious.

The winter habital chosen by these adult al l jgators was quite similar to that
used by a large adul1 (total length = 2.??m) male al l igato. which was studied by
Brisbin et aL (1982) in the Pond B reservoir in 19?7. As described by these
authors, thjs individual endured winter air and water temperatures as low as 0.3
and 4.0-C, respeclively, whjle posit ioned approximately 2m olfshore along a bare
unvegetated port ion of that reservoirrs shorel ine. ' lhis al l igator was oriented
perpend icu la r  t o  t he  rese rvo i r r s  sho re l i ne  and  res ted  on  s teep ly  s lop ing
unvegetated bottom sediments in water that ranged from 0.80 2.00m in depth
from the al l igator's head to i ts tai l ,  respectively.

The general characterist ics of the reservojr shorel jne and bottom contour of
the West Arm location $/here six of the 13 telemetered al l igators spent the winter
months in close proximity to one another during the present study (Fi$rres 2 and
3), were str ikingly similar to those of the habitat chosen by the al l igator studied
by Brisbin e1 al. (1982), as described above. tsrisbin et al. (1982) described how
behavioral adjustments in the posit ion of the al l igator they studied apparently
al low€d that animal to uti l ize the deeper waters of the reservoir as a heat source
for thermoregllat ion during cold weather, and although such behavior was never
obse rved  fo r  any  o f  t he  a l l i ga to rs  mon i to red  i n  t he  p resen t  s tudy ,  t he
microhabitat condit ions chosen by al l  of these animals would have al lowed such
winter thermor€g!iatory behavior to st i l l  take place despite the drawndown state
of the reservoir. Although the winter of 1991-1992 was generally milder than
most in this region, the survivai of al l  13 telemelered al l igators from November
1991 through the spring of 1992 suggests that the drawdown of the feservoir was
unlikely to have affected the wjnter survival of adults in this population.

Conclusions/Management ImDlications:

Both night eyeshine counts and aerial census surveys suggest that a
considerable number of adult al l igators have remained in the Par Pond reservoir
despite i ts present low€red water levels (Figrres 4 and 5). 1'hese al l igators have
most l ikely subsisted on an increasjngly vulnerable food base including birds,
tuf i les, f ish and other prey species that no longer have the benefit  of protective
vegetative cover along the lakers mar8ins. How long this prey base wil l  continue
to persist under these condit ions however, is currently not known, and social
stress/cannibalism wil l  almost certainly increase if  prey resources decline, as
would be inevitable i f  the reseNoir is not refi l led within the fol lowing year.

Despite the number of al l igators st i l l  present jn the reservoir, this study has
shown that a number of sdults of both sexes have already emigrated from the Par
Pond population and that this has resulted in the deaths of at least some of these
individuals (Table 2). This wil l  result in a net decrease in the overal l  breeding.
population of al l igators on the SRS as a whol€. The deaths of some smaller males
(eg. aUigator B, Table 2) in this manner might not have a signif icant impact on
flture population productivity on the site, However the loss of large adult
femaies (eg. auigator D, Table 2) through such emig"ation and terri torial confl ict
would almost certainly have a negative impact on the population's reproductive
output. The female ki l led in Pond B for example, represented one of the largest
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size classes recorded for females from_Par Pond (Murphy 197?; 1981; Brandt
1989), and Joanen (1969) has reported a posit ive correlation between body size and
reproductive output (clutch size) in this species. Nevertheless, i f  the reservoir is
refi l led in the near future and proper nesting habitat is reestablished, a population
of large breeding adults should st i l l  be present.

The emigration of large adult al l igators lol lowing the drawdown of Par Pond
also has important implications for the safety of personnel working in the vicinjty
of this reservoir. tsy leaving Par Pond and moving elsewhere in the area, emigaant
al l igators increase the l ikel ihood that they wil l  come to reside in locations where
contacts with site personnel wil l  be more frequent. Just such a situation occurred
in the case of the largest male that emigrated from Par Pond in this study
(al l igator F, Table 2). After resjding in Par Pond for a number of years, this
individual left the reservoir and began to frequent the vicinity of a construction
site below the retaining dam, where its aggressive actions toward workers at that
l oca t i on  requ i red  i t s  subsequen t  cap tu re  and  "ha rassmen t "  ( t h rough  rad io
transmitter attachment by researchers). This acl ion resulted in the animal's
moving further downstream out of the conslrucl ion area, to a point where its
contact with site personnel has now been el iminated and yel the animal's
movemenl can continue to be monitored/assessed from a safetv Doint of vie\^,.

The drawdown of the Par Pond reservoir evidently had l i t t le effect on the
abil i ty of i ts remaining resjdent adult al l igators to survive the winter months.
The winter survival of smaller al l igators, part icularly very young juveniles, in Ihis
population is less certain. ' l 'he observations reporled here indicate that at ieast
some grorlps of young spent the winter wlth their mothers in subterranean dens
although these dens no longer contained water as a resull  of the drawdown. Even
in the case of the elaborate den reported here holrever, i t  is not known whether
the group of young observed underground in F'ebruary survived for the remainder
of the winter months. In any case, female al l igators in the Par Pond population
appear to be quite adaptable in caring for their nests and young, even under the
drastical ly altered environmental condit ions p.oduced by the drawdown.

Despite the extraordinary efforls of lemales that tended nesls at Par Pond
in the summer of 1991, i t  is unlikely thal many hatchling al l igators from that year
survived for long in the lowered reservoir with i ts almost complete lack of
vegetative shorel ine cover. Although some halchl ings may have been moved by
their mothers to other wetlands nearby, there are now probably few if  any small
al l igators st i l l  l iving in the reservoir i lself.  I iurthermore, as the water level
continues to be held at i ts lowered level, habitat condit ions in those areas
previously used for nesting by the reservoirrs al l igators, wil l  remain unsuitable for
this purpose in the future, as the result of the loss of extensive stands of shorel ine
vegetation, This suggests that the reservoir 's al l igator population wil l  l ikely
experience a second consecutive year ol almost complete breeding fai lLfe, with
sti l l  addit ional years of fai lure to fol low if  the reservoir is not refi l led. This
threat to both present and future reproductive output is probably the most
important single source of impact of the Par Pond drawdown upon its resident
al l jgator population, and if  continued through t ine, i t  could have the effect of
irsett ing backrr this populationrs numbers and age structure to those !vhich
characte.ized it  in earl ier years, as described by Murphy (f9??, 1981). To
h,hatever degree this may prove to be the case, the information provided by the
long history of previous studjes of these animals should be q vahable assel in
interpreting the importance of future changes in this reservoif and i ls resident
al l igator population.
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GROWTH RAIE OF CAIMAN (Caiman crocodihu yacare) tN THE
PANTANAL WETLAND, BRAZIL

Coutinho*, M.E., Mourao*, G.M., Campos, Z.M.da S., Pinheiro, M.S-ald
Abercrombie**, C.L.

* Laboratodo de Vida Selvagem, EMBRAPA"/Centro de Pesquisa Agropecuaria
do Pantanal, CxP 109, 79300, Corurnba, MS, Brazil

Box 13, Wofford College, Spartanburg, South Carolina 29303, USA.

Growth rate of Caimatr (Caiman crocodilus yacale) was studied at Nhumirim ranch.
southern Pantanal, Brazil. Animals were captured or recaptured from January 1987
to September 1990. The integrated form of Von Bertalanf!'s rnodel was used to
derive growth paramete$. Effects of ninfall, sex, year of capture and site on gro*.th
rates of small (< 25 SVL) and large (> 25 SVL) were tested. crowth mtes of small
individuals showed a high variability around ihe Von Bertalanffy's curye and were
affected by year of capture and site. Large animals €xhibited a more definite pattern
of linear decrease ilr growth rates and were less affected by etvironmental factors.
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Population Mod€l for The Nile Crocodile witb
Analysis of Sustrinabl€ Harvesting Strategies

G.C. Craig
P. Bag 8R165 Gaborone

Botswana

INTRODUCTION

In the late 1980's x model was requned by CI IES to help make more wide nnging recommcnuduons tor

conservation xnd management of the nile crocodile . The snme need had been idenfned by Zimbabwe's

Department of Nadonal Park and Wildlife Managemcnl where an inirirl studv (Craig 9l!3!' 1989)' $ew
int; a report to CITES (Craig q!4. 1992). This paper is a repelilion of the most impormnt conclusions

feached as a resuli of that work,

The main need was for predictons about likoly levels of sDstained yields of various harvesting stmtegies

and theil impacts on crocodile populations. It was recognised lhnt existing infomation mighl be

inadequate to give accumte predictions, but these were nevenhelcss urgenlly requi€d' based on such

informxtion as wa-s available, wilh some stalement of lhe reliability of the original information and about

the effecl of that on lhe confidencc in the prediclions- This approach, it was hoped, would provide

provisional options for cromdile man:tgement and at the same tirnc highlight those aspeds whcr€

;dditional information was urgently needed. In the event. exisling infornation was found to be so

inadequate in some respecls that novel infonnation was also incorporated.

It was felt lhat the lack of accurate informalion did not permit the construciion of a model incor?orating

the degrec of complexity ofsome previoos crocodilian models (c.g Nichols 9!!L (1976). This resulted

in an approach where, for tho most part, calculalion replaced computcr simulation, and where the results

and their underlying ceuses were intuitively simple to interpret.

ME"THODS

The model was based on the discrete Lotki-Volterm equation:

E ]x n* e''* = r ( 1 )

No attempt to simulate slochsticxlly determined outcomes was made' as lhis was considered unimporhni

under the envisaged circumstances of the populalion. Density dependen( effects were not allowed for

a) there is inadequate infotmation to allow thcse to be simulated realistically and

b) the conclusions can usefstly be linited to a strge of populntion devolopenent where densny

dependent effects are unimporlant.
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Values of the life lable parameters (lr and m^ in Equation 1) and the assumed confidence mnges were
denved from the lilemture on the Nile crocodile (6rdarn,l968, Hutton,l988) and otier crocodiliars
(Nichols q 4!, 196, Smilh and Webb, 1985, webb 9l!4!., 1989). These are summarised in Table l.

Some imprcvement to existing information on tho gmwth curve for the Nile crocodile was considered
essential and this was derived afresh using previously unpublished daia on size-relai€d growth increments
from scute sections t.ken ftom Cahon Bassa crocodiles. Grcwlh in crocodiles was assumed to lake the
fom:

l eng th(ne t res \  =  13 ,2  +  0 ,004C)  .  (1 ,  -  O,ge-c t l  - . .  - ) .  .

This (Craig g!d., 1992) is most sensitive to lhe value of g, which was the subject of the renewed
estimate.

Table 1. Values used to estimate life-table Dammeters

PARAMETER VALUE RANCE % IMPORTANCE

I Cbs$ .ne qihr s 0,093 0.073 - 0,126

2 ACe ar n$rnnry (flm ll l6 1.2 - 20

4 5 - 6 5 0,1

0.1 0,025 0,175 41.5

22,1

0,99 0.s8 - 1.0 0,8

7 Ess los 0, t  7 0.1l - 0,23 02

0,7 06 - 0,8 1,0

0,53 o.2

10 Esg inwiability 0,1I 0,09,0. r3 0, t

-128 -136 - -120 0,3

Equation 1 was solved for e' to oblain fi estimate of potenrial rate of increaie for the Nile crccodile. This
was repeated for upper and lower mnge values for all panmetets in which uncertainty was assum€d.
Regression coeffiicients of estimated e' against the confidence interval of each uncertain pammeter were
used to give overall approximale confidence limits to lhis estimate, and to estimate the relative
contributions to this uncerlainiy of the uncertainty of individual p:uamerers (Craie glel,1992).



80

Sustainablc harvcsls were calculaled by rsking what level of change in I, or m, would convert an
ircreasing populaiion to a slaiionary one, i.e. would mnkc c'= l Equation I is thcn solved for lhe new
parameter value, for example, fof egg harvests, wherc q is lhe proporiion ofeggs collected, m. in equation
I becomes (l 'q)m. at equilibrium, reananging thc equalion then gives:

\ - r  n

(craig 9! 4!. 1992).

RT]SUI,TS AND DISCUSSION

Given lhe pammeler values of Table 1, the polential rate of incrci$e for Nile crocodiles was estimatcd lo
be e'= 1.08, i.e. an 87, annual rate of incre.se. Unceilxirly in the parametea used. however. result in
npproximate conficence linits of e' = 1.03 lo e' = 1,13.

The vast majority of uncert:inty (Column 4 of Table 1) in lhe value of c' appears to derive from pmr
cslimatcs of three piuamctcn, namcly survivorship Io age l. survivorship from 1 lo maturily and ag€ at
maturily. ClcaJly, if lhere is to bc ar improvement in otu ability lo make prediclions, future res€lrch must
concentrale on obhining beller estimates of lhcse.

Susmined yields of a variety of harvesling slralegies show that egg collcclion xnd reffing to a size of 12
melres is superior to any other sIrxtegy. e.g. Txble 2 compares the yie,d o[ egg collection with crcpping
animals lrom lhc wild direclly for skin.

Table 2. Comparison of egg collection wilh cropping animals >1,2 metres

STRATDCY SUSTAINABLE
% TAKFN

SKIN YIELD

9t%

2 1 8

There may be less differential economically between the slrategies of Table 2, because of the cost of
hxrhing and rearing crocodiles. but in cons€rvalion terms. it is the absolute compxrison which is valid.

The robustness ofegg collcction as a slralegy is also obvious from lhc pcrccnlagc of eggs it is permissible
to collect. Such a high proportion collected would be unlikely to be achieved evcn if lhere were no
restrictions on egg collection. This robushess bsromes even mo.e apparent when options involving
replacement of juvcniles are investigated. Here the relum of 0,5% (of lhe number of collected eggs) as
crocodiles rearcd to the length of l.2m resulls in reslonlion of sustainabilily even when all eggs are
collecred (Gaig 9! 4., 1992).

The simple model of crocodllc population dynamics describcd here enables somo useful conclusions to
be drawn about safe harvesting slrategies. That these also seem inluilively acceptcbl€ is additionally
encouraging.
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HoRMoNAL DgrERMIt lATloN oF GENDER AND BBriAl.IouR lN REPI'ILES

David Crews 1'2, Alan Tousigna.ot 2, Thane Wibb€ls 2 and James Perran Ross 3

1. Reptile Conservation Intemational !rc., 16010 A$hlt Drii€, Austh Texas ?&734 USA'

2. Instituto of Reproductive Biologf, Departmont of zoologi/
University of To.as at Austin

Austin, Te)(as 78712

3. Ftorida Museum of Natural History
Gainesvile. FL 32601 USA

The success of captive breeding and husba-ndry oI qocodiLans for conservation ard for

cornnercial purposes depenrls upon sluccessful reproductio!. In addition, importan- t Pamm, €te's of

health, go;h, and successfut adaptation to captive coDdrtioDs are known to be influenced by

conditio,"ns during incubation. These effects, which have importad consequeoces for tbe-commercial

producer, are thJ result of interactions betw€en behavior of animals and the hormones they ses€te' In

iecent ycars significant advances have been made in understardbg the complex ielatioEshi-! between

the behavior, hlormonal activity, anal reproduction in reptiles. Matry of these results have diect

apolication to crocodile farming and others provide intrigui4 insights into some unsolied problems of

"iocoAiU" 
ho"taoa.v *d reproduction. In this paper we report otr recent results with reptiles as ttey

miglt apply to crocoiilians and we describe a tecbnique for madPuladry the sex oflatchlings

ind-epenieit of inc'batiotr temperatur€ that has far r€aching potential for conseflttion and commercial

production.

we focus on three factors that inlluence reproduction. These are:
(i) the importance of behaviors of corspecifics,

ii' trow 
"ipe.i"n"e 

as an embryo can influence th€ adult Phenotype, including reProductive

competence, ano
(iii) how these;nd other recent discovedes in reptile reproduction can be tsed to manipulate

sex ratios in caPtive and perhaps wild populations.
Disregaral of these factors may account for the poor success of some captrve breediDg progams'

Behavior of conspecifi cs.
An imporiant source of cues regulating reproducdoo is the animal\ social ervi'onmeDt'

Courtship displays €volved to assist in the identificntioE of individuals of tie same speoes, the

appropriate scx, and their competence to r€produco. The comPleme ary ioteractions-among

iniiviiuah dulng b.ee<ting c-an,like physical and biotic stimuli, regulat€ the onset, Eaintenance, and

offset of reprodu;tion (figure 1). They do so by syncbronizing and coordjlathg the intricate

ohvsioloqical processes that underlie both male and female reProducdoD_ Research on sp€cies of other

veitebra"te ctoises established that social cues include not only visual signalE but signals mediated by

everyknownsensorymodality.TherehavebeenfrbsuchdemonstratioDsinreptiles,threewithlizards
€ach representing a distinct ;lade, ard two with a sdake. Take[ together, this €vidence cl€arly indic'ates

|bat betavior is a potent r€gulator of reproductive petformance ir captiw leptrl€s.
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The mere plesence of a Dale is not sufiicient. Female geen anoles hous€d with a c?strated
male, who is Dot sexually active, show a Pattem of ovaria.o go*tl that is not drfferedt from that of

females that are housed in all-female goups or as isolates (Gews, 1C74b). On the other han4 if

females are exposed to castrated males that have received anilrogel replacement therapy (which

reinstates sexual activity), the pattem of ova;atr response i5 similar to that of females housed with

intact, sexually active males.
This'behavioral facilitation of reproduction is due specifically to the courtship display of th€

nale (Crews et al., 1974). Inde€d, the more fr€quently the mal€ displays, which in tlis species consists

of bobbing movements associated with extensions of tho dewlap, the more rapid the rate of ovarian
growth (Crews, 1974a). Talen together, these stuahes suggest that failure in a captivo br€eding

frogram requires asse*sment of the behavior and level of activity of males in the breeding population

It is important to keep in liind that sP€cific behaviors catr also iDhibit reproduction. Female
green anoles eq)osed to mal€-male aggression, rattrer than to male courtship, n€v€r i tiate ovarian

lrowth, even iI ihey are exposed to a stimulatory environmental regilren (Cr€ws, lnaa)Oigure 2).
iadeed this aggressive beLavior, which is not dilected to*ards the fenale but rathcr to other males, is

so potent a stimr. us that reproductive females rill cease all further reproductive activity ard any
yolking fotticle(s) that are Fesent will undergo atresi& obviously, a c-aptive breeding prograrn should

be dcsigned to minimize agonihc interactions among males.
It also is impofiant to Dnderstand that this behavioral modulation of r€production operates in

a redprocal matrner. That is, not only does male behavior inlluence female ovarian growth, bul so does

fernali behavior inlluence mal€ reproductive activity. This can be seen in male grecn anoles (Crews

and Garrick, 1980). Using the same conditions as in ttre above experiments, males hous€d ir all-male
groups or in isotation show a diminished pattern of testicular activity compared to males housed with

intact femal€s.

r00

?c<

t50
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SLANK PROG

F'ge3. Bosrnn|| idlirdbtr ofrcptlduci@ i! s@oduillic ud p.r6.!.e@li.3Fd6 ol
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2. Behavioral facilitation of reproductio! has been documenled also is teiid liz3rals such as lhe
wupl3ns (Cnemidophorus spp.). As ir the green anole, h the litde strip€d whipta;l (C inomatus), th.
presence, a[d more specificallt th€ leproductive statuE of the male is an important feature of the
feaaale's housing environrnent. Females housed as isolates or housed with castrate4 se)olaly i.nactive
Dales, fail to ovulate (Cre*s et al., 1986xFigure 3). ODly those feEales expos€d to htact scxually
active males undergo complete o\ariar growth aad lay eggs. It is not known what aspect of the male is
importalt for facilitatiDg th€ stimulatory etrects of the environment, altlough the behavior of the
animals suggest tlat chemicaf signals ale likely to be importa.nt.

3. The tunda&edal importarce of complementary behavioral interactions (e.&, nounting alxd
receptive behaviors) is seen parlicularly clea y i.n studies with the partbenogenetic whiptail,
C enlidophotus unipa.ens. ID this species there are no male individuals ard reproduction is via
obligate parthenogenesis. Rather, tle species coasists e irely of females and sperm are not required
for ovarian development. Intereslingl, these partherogeos exhibit both male-like and fenale-like
behaviors duri.ng spccific stages of the reproductiv€ cycle (Crews, 1989; Crews and litzgerald, 1980).
The,se behaviors are seeD bot! ia the laboratory as wel as in nature (Crews and Young, 191).
Experinents iDdicate that altlough nale individuals are Dot essedial for ovariar glowth id the
parthenogeA participation itr pseudos€xua.l interactioDs geatly facilitates tho nte of ovalialr growth
(Crews et al., 1986) (Figure 3) as wel as the total number of eggs producEd during a breeding season
(Crews ard Moorg 1991; Crelr$ €t al., 1983). The specific stimuli respoDsible for tffs facilitation is not
kno\n!, but lhe question is amenable to experime ation.

4. In the gekkonid lizard, the leopard gecko (n , kphoris ma.ularius), lenales will only lay eggs
if sexually active males are present (Figure 4). Fbtler, tle fertility of the ruale is i$porta . That i5,
females housed with sexuatly actrve but vasectohized Eales will lay eggq but the eggs often lack a shell
coati.ng (J. J. Bull unpublished data). This suggests t-hat not only is the b€havior of the male important,
but tlat at least id some species th€re must exist semory receptors withh the f€nale's reproductive
tract that are activated by sp€rm deposition. Sp€cialized sperm storage ducts occur id many .eptiles.
This may b€ why i! mary reptiles the female c-atr continue to lay fertile eggs for years in captivity in tte
absence of males. These data aiso suggest [hat wbjle it is advisable in a captii€ breealitrg prograD to
establish that each male is depositing sperm during math& a fortile male is not an absolute
requirement so long as the females mate successfully at least ocrisionally.
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Embrvomc Determinatrts of Adult Ph€lot}?e
'Iae importance of urderstatrdirgearly developmed in relation to captive breeding 'nd

-osenatioo -aaage-"ot progra:ns caLiot beunderstated. The embryo experiedces a host of ph'sical

and biol%ical stimuli iddep€ndent ofmatemal controlwlich car afTect their develoPment For

examole. 
-volk 

is a sirpficant repository of circulathg bormones ald as sucb rellects ihe bormoDal

p.ofile oithe.othei at the tini ofyolk depositiod (Berq 1990). This meatrs that-the hormonr levels

in the lainc fesale wil be iaposed on tleir offspri4, Steroid hormoDes have lradilionaly been

tfought 
-to 

Lve orgallizational effects during enbryouic develoPdrot, but they c,n affect the animal

after birth a[d even ilto adulthood. Thus, it is imporlad to keep in m|.[d ior caPuve 0r€€{lrrg
programs that factors which car adversely affect a females' hormonal Folile could also have long_term

consequences oD tte resulti[g young]
It is becoming evident that careful regulation and nanipulation of tle embryoDrc enviroDment

will aid in our efforts to naintain present speci€s diversity and conservation efforts. Ia tl|rs section we

consid€r how events and faclors experienc€d by the embryo inJluence the growth, Ph)siologt' aDd

behavior of the adult.
In oviparous reptiles, embryonic development is exquisitely sensitir€ to tbe lemperatue(s)

experieace<l during incubatron of the egg; Studies have revealed ratrges of temperarutes wbich

diermine sex in inurnber of r€ptilian sp€cies (se-e revie*s by BuI' 1980, 1983: Ralnaud and Picau'

1985; Deeming atrd Ferguso4 1988; Ewort and Nelson, 191).
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There are three general patterDs of TemPeratue dependedt Sex Determination (ISD) in

oviparous reptilas (Figure 5). In some species, a range of higher tempcratures Produce nales whereas

o lower.aoge oftempetatures produce females. Other species show ar oPposite pattem in which

higher tenperatures produce fimales and lower tempcrature produ€ nal€'s. Still others show a
paite- 1" wUcn i"t"t-ediate temPeratues producc males and higher and lo*er temPetatures produce

females. It Gimporta to note that i! ei?ry iDstatrc€:

(i) the effe.t of tenperatue is all-or_Done,

iii) tle ransition ton raa.le-determining to female_determining teDperatures Darroq and
(iii) rnorphological interscxes rarq even at intermcdrate teoperatues.
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TeEperature, hy&ic coaditionq aad hornoaas rlurilg ircubatior can inlluence eEbrroric
g.owth, hatchiDg suc{res, neonatal viability ad morphologr, sex rleterminatio4 ajrd cven adult
physiolog a.nd behavior. ID tlc America[ aligatof (/ligator nbsbsippienslt), relatir€ly low
ircubation tedperatures result i[ &e produdior of female,s, btermediate ircubado! temperatues
rcsult iD both malas ard femalas, ard high incubatior teBperatures producc m6lcs. Joaren et a.l.
(1987) exanircd the ctrect ofincubatiotr tedperature or the post-hatching glowth rate. Comparirg
individuals ion htermediate Eale-birs€d idcubatior tempcratureE malca grow signficadly fasfer
tlajr femalas h both total leogth and body weiglq at the iatermediatc female-biascd iacubation
teBperaturc the fcmales aro hcavie.. This relatiorship bctwe€n incubation tomperature alld gro*th is
seetr 6lso *itlin a serg wit[ fcnalcs ftom 30.6 "C incubation conditioDs growiDg faster thar femdes
fron 31.7 C. O!c.6ll, thc efiect of tempcraturc on groflth i'as such tlat, witlin a limired rote,
individuals fion Ligher incubatior tempcraturcs grow faster thaD do individuals ftom cooler ircubation
temperatue!. Howerc., tiit intcrpretatiotr G coDrplicated by a difrere ial .ru.ot cfiect betweetr
teEpcratuos; thal4 the temp€Iatute that r€$lteal h tte larg€ar aainals also Lad the lo*€st
p€rc€ntage of ruts (delineatcd as the bottoE 10% of tlc bast growing group), while the two erreEe
tchpcraturqs (29.4' a.nd 32.8 C) had ilc highcst iacidelce of ruds.

hcubatio! tempcratue ca! also alfecJ thermoregulatory behaviors that have consequodc€s for
growth. lang (19&7) studied thc elfod of i.ncubatiotr tempclature on body tempelature (Tb) selecrion
in the Sia$ese Gococlile (Oocodtlli sidmensis). Eggs *lle incubated at 28" c' a teDrperature
producing aI feEales, or at 32.t - 35" c, which Foduces all Eales. Individuals fron rtc higher
iocubatior teEperature not ooly grow faster but select a higher Tb.

In all of these studiixs, admals were Loused in social groups ad hencr social htenctions, such
a5 domi&rce a.nd subordi&tioo, Eay traDslate ilto acc€ss to foo4 thereby influercing the rasults.
Similady, thc tcDrpcnturc at wLictr animals are rais€d (versrB thc tomp€raturc at which they werE
iacubatcd as eggs) or possible s€x differcnccs ilr thermoregulalory behavior could have ar effect. To
avoid thesc problcms, reasoiabl€ controls would bc !o rairc 6ubjects at a constant teEperaturc prior to
tesB for thermoregdlation aid to rcar e3ch bdividul in isolation.

It is coBEor laowledge amoog breeders of capti!€ reptiles that ircubation temp€raturc can
iolluencc adult b€havior. Recelt studies with tLe leopard ge.ko (Eublepholit macaran'6) provides sn
excelled example of how tempefthuc duling embryogene.sis affects subs€quent developEeDt. In lhis
specieE Eosdy males are produc€d at futemediatc teEperaturcs (305 - 35. C), whereas only females
arc produced relativcly low ( - zA Q ai at rcar lethd incubatioo tcmperatures (3435. C). In our
studigs we have raised leopard geckos i! isolatioD at a temp€.atuie idtermediate to the i.ncubation
teEpcratrues.

As adults, leopard gectos hare marked scxual dimorphisms i.n morphologf. For c)(ampL, a
secondaty s€x ctraracter is thc spccializ€d secretory porcs loqtod arterior to ttc cloa@. Iu Ealcs, as
well as feEales from high incubation temperatues, thesc pores are opeo, while iD fedales ftom low
hcubatio! temperatures, tley are closed Head size also is s€xually dinorphiq rritl males having
widcr heads tha.u females. However, wit[in each sex, tLe higher the incubatiotr temperaturo, tle wider
the head of thc adult (Crew\ 1988)

It must be approciated that in spccies witl TS4 incubatior tcmperaturc atrd sex co-vary. That
is, in TSD rliflereuces between individuals coutd be duc to the incubatio! te&perature of the cg& the
gonadal sex of the individual$ or both factors combined. If the contribution of each is to be asssssed,
they mtlst be dissociated. Our studies with the leopard gecko Lave entailed removiDg the goaads of
individuals ou hatchiry (to determire tho role ofgonadal horDrones ir poshatal development),
admiDisteritrg honuonc to ircubating eggs (to overide the Ilorma.l effecG of tcmpcranrre), atrd
compariag tie growth ard behavior of individuals of the saee sex but produced at different
temperatures. Figurc 6 indic{te,s that b t[e leopard gecko, both iacubatioa teEpcrature ard the sex of
&e animal havc sigdifica.d effcds on body growtL Further, the presenc€ of the ovaries, but lrot tle
test€S attenuates body gro*tb" It should bc noted tbat tle opposite pattern is found ia the red-sided
garter sDalq itr this species males are staller thar fcmales an<l the presence of tle testes attenuates
groMh.
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The endocrine ph1'siology of the adult also appears to bo influenced by the temperature
experienced during incubation (Gutzke and Crews, 1988). Overall, &culating conc€ntratiols of

an&ogens are significantly higher in adult Eales compared to adult femalos Within females, however,

androgen t€v€ls ai€ significantly higher, and estrogen levels sieEificantly lower, h females ftom high
tempciatures compared to females ftom low incubation temperatur€s. Indeed, most fenales from high

temperatures appear to be functionally sterile, sugg€sting that tho primary alteration is at the
neuroendocrine level as it is in androgenized female rodents
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Fisure 6, The relaL've innuencc o( itrcub.Loo Lcmpcdrue ed Eonadrl s on bodv ltowLh in thc Ieopdd
g;ko, a sp€cies {irh @mperarue'dcpcndcnr s determinarion lllautLcd is 'ne avdagc bodv wergnr Lt
sandard eror) from drfiercnr incubatron Lcmpe€Lurcs or homonal man'pulctjonsi 30 0' C prodltccs a retn'iF

b,ased s€r n;o whe.6 32 5' C Drcduces a m.le'biased sq rario Each indiv'dual was mearure{l everv n\e

weeks fron tratching unr aadIhoo(I. A a nals are raied in holadon at an inl.mednrc (29'C) temp@turc

""a 
rea a srara-a"Oicr" ToD: Males !n{t fenales ncubated ar ci$€r 30 0' d 32 5' C Bo(l(|n: Animals

r'iir6i"a i*ir'. x c 
"'j2.5'c 

and $en Eccivins a shm opemion or susic'l cava!-or d tedav of
hatchins. Each mdividual was wciehed *eeuy liom hatching untjl adullhood Au aarmais wcre mrsd n

isolaLi; whde cxpos.d tc' a 14:10 hr / 30 :18' C dadv phoLoLhcrmal reSimen dd rcd a-srmd0rd drcL rnjs

samDle size iniuaily was betieled o bc Dine casuateJ mclcs. but hproscopved RIA ror andro8ens n tne

circulationIevgledtIemajo.itylobcincomp|cLccn5traLions'InLcsslin8ly'ontylwo|d
toJnd ro havc a Dddal ovdicc0sov es adul6 ln onc of U€* temalcs lhc rccords hdlcaLc o'l one gonlo war

iosr in Lhe toCv L'irv at rer acaclinc . This ovarv has ar6.hed lcl thc livq asd volks {ollicles bur does nor
ovulak lhem- 

'This 
ra consisEn! with d'c lit4nLm idicaung $ar !r inllcl neudl @nnccllon !o ue Somo s

necelsaly for ovulauon.

A.EFFECTDUE TO D.ICUBATION -,
TEMPIRATI 'RE AND -E!  T p..o s 005

p-, s .oolGONADAL S EX

Male32.5'(n=10)
Male 30' (n=5)
Female 32.5'(n=8)
Female 30. (n=25)

B, EFFECT OF CONADECIOMY Y

ON DA Y OF H ATCTI

/

Z Zf -< - uae lz.s' castrare (rF2)
-- tU"32.5' 5;6m 1n=13) :--.- Female 26'Ovex (D=7)-.-l"l : nn6
--e- Fernale 26'Sham (n=1)-) ' -



89

The sexual behaviors of irdividual leopard gcckos ftom dificrcnt hcubation tomperatures
varies in a systcmatic ma!.oer, witt thc rcsponses offomales to malc courtship stowing the greate,st
difercnce (Gutzke and Cre'; , 1988), FerMles ftom low ircubation tempratues readily cfibit
receptivity whetr courtod by a Balo. Or the oth€r hard, females fiom high hcubation tempcratures
r€spond more lile males tha! lite feEales fton low teEperatures. Ttey often lf,il aggessively reject
the malc or attack him as would occur in a dale-Ealo encouDter. This effect ofa Dale-ploducirg
temperature oD tbe feEalc phenotype is iemidscent of the well-tnown masculinizirg effecLs of
a.Dalrogen treatment ilr leonatal feEale mamDrals. In other wordE high i.ncubation teEperature Eay
be acring in a fashion aralogous to a.ldroge! duriDg developmeut in mamDrak.

Captive Ma&gement of Reptiles with TSD
Thc occurence of TSD io rBalry reptiles affords thc udque opportu.nity to artifici.lly codtJol

sex detcrmination lrithin a c.ptive populatioD" However, several basic questiols must be addlessed to
optid;ze thc captive DraDageEent ofrepdles qit[TSD. These questions include: (i) Whictr
temperaturcs produc€ a particular s€x? (ii) Do a[ temperatues producing a particular sex r€sult iD
iadividuals of equd sexual competeDce? (iii) Wlich sex ratios are best for a captive populatiotr?

The ftst questio! is b€giljlilg to bc arswered in a number of species. It is beaomiDg dear
tbat species which show sioila! patterDs of'ISD car bave different pivotal temperatures ( = idcubation
temperature p.oduciDg a Ll sex ratio) (Bull et al., 1982; Mrosoisky et al., 1984a; Wibb€ls et al., 1991).
Becausc of this variability i! tle patterns a.ud pivot3l temperatures of TSD, masipulatiry the sex ratio
of a given species qould r€quire ttrat a variety of incubation lcmperatures be studied simultaa€ously to
determine whid sFd6c teoipcratBro langes ploduce a giver sex ratio.

Are there ccrtair optimal temperatures for producirg sexually coDpetelt indrviduals? Itr the
leopard geckq the ocssional femalas resulting ftoru relatively high Eale-produciog hcubatron
temp€ratures are lrot reproductively c&petent (s€€ above). Futher, the "sexual poterq/ of alr
incubatiotr teEperature car vary (BDI et al., 1990; Wibbels et al., 191), For example, ia the red-eared
slider tlddtl (Tru.hemrs scliprd), shiftilg eggs to a higher (fenale-producing) or a lo*er (Drale-
producilg) tenperature wil rcsdt;n more stewed s€xratios. Such studies could prove difficult using
turdes becauso of thc length oI time sepa.rating ircubation and adult rcproductive success. However, a
liz-ard such as the leopard geckq wbich matures mpidly aDd adapt6 *€ll to captivity, could plove to be a
6odel species for such studies.

The ability to ma.!.ipulate sex dete.mjlatiotr by temperature nccessitates tle choosiag of ar
appropriate sex ratio for a g1vetr c:ptive reari.Dg progr6m. This issue car be approached using two
distinctly differert strategies. In the 6lst approach, one could attempt to duplicate the sex ratio of
naturally o..urring populatios. Thc sex ratios in natual populations of leptiles witl TSD do Dot
al*?ys conform to tle L1 ratio suggested by sex allocation tleory (reviewed by BuI ard Chanov, 1988;
see also Limpus, 1985; Mrosorsty and Provancha, 1989; Wibb€ls et al., 1991). In facl rnary feloa.le-
biased sex ratios have becn dotected as well as at least one Drale-biased sex ratio (Linpus, 198t, The
evolutionary basis of skewed sex ratios i6 ulkrcwq although Bu[ and Chamov (1989) have proposed
that factors such as tberEal envirooment prefererces and/or postLatchling groi+,tL rate,s could afiect
the fitoess of a particular sex ald thus selcct for biased 6e.( ratios. Regarau€ss, our presert knowledge
of TSD ard the resulting sex ratios pre!€nt us ftom .*ig"i"g a! evolutiorarily stable sex ratio to a
give! populatiod of reptiles *ith TSD.

Wlile lhe effects of sex ratio on the reproductive output of a population of reptiles witl TSD
has lot bee! empirically addrc,se4 it se€&s that h situatiols ir which reproductio! is female-limited,
an iocreased production of fenale offspring could signiEcardy i.ncrease the reproductive output of a
captive populatio& Thus, a.n altematirc 6trategt would simply be to disregard s€-r ratios that o€cur in
the wild a.rd Ea.oipulate the sex ratio of tle captive population i! order to msxiEize reproductive
sucacss.

If ole decides to generate a biased sex ratiq what ircubation temperahles should be used?
That is, should an iDcubatior teEperature that producls the desired sex ratio be utilizrd or should a
proportior of tbe eggs be incubated at a male-producing tempelature aDd lhe renfider incubated at a
female-ploducirg teEperafiirc? Thesc questiors ca! be addr€ssed by studies investigating t[€ effects
of hcubation temperature olt sexual colrpetence (as discuss€d above fo! lhe l€opard g€cko).
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If a feBale-based sex latio is desir€4 ar altertrative method would be the treatment of eggs

with estrogen. A variety of past studies have shown that injectiDg estrogen into develoPitrgiggs results

in or€riaD-differentiation regardless of iacubation temperature (reviewed by Ralnaud and Pieau, 19851

see also Gutzke and Bull, 1986; Crews et al., 1989) However, lhis metfiod sullers from a low

survivorship. A recent study has sho*Tr that toPicai applicadon of eskogen to tb€ egg shell-acts itr

similar fashion (Figure 7) and has neglgible nortality (Crews et al., 191)(Figure 8)-. Studies with the

leopard gecko indicate that such estrogen'induced females lay fertile eggs and exhibit normal nest-

building behavior.
We presently are investigating the mechadsm by which estrogen induces ovarian

differentiado;. Exp€riments ildicate that estrogen and tempelaturo act s)'dergistically on sex

dotermination, suggesting that they may act in a codnon Pathway (wibbels et al., 191)'
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Itr our most recent work (Wibbels, BuI & Cre*s 192) we have demonsrrated t[at a similar
techdque car bo used to at least partia y override ttre female producing idluerce of temperatule.
Topical application of androgens did not override t!€ f€mini'ing idluence of temperatues that
produce only female offspring. However, in a series of experiments with ied eared slider turtles
(Trcchemys scnp&) \ te show that in eggs trcated topicaly with androgeDs a.nd incubated at
temp€ratDres that Dormally produce males and females ir cqual proportio4 all tle ofispriry hatch as
nales (Figue.9). The goDads of males produced by topical androgen were bdGtinguishable fron
gonads of males produced by temperature manipulatoD and no hemapbroditic gonads were observ€d.
The results indicate that sex determination in these embrvos was biDotentiallv sensrtive to sex steroids.
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Discussion"

'Ite cons€rvatior of endargered o! threatered spccie's of reptiles is a press.in-g problem One

imDortant facror is lhe sex ratio oi the breeding populaion (t!e secondary sex ratio) wtich is strongly

;ii;;;;";;Jo at binh (rbc prioar! J ratio) rSD thus has profound{onsequenc€'s for

;;;;r;;;. iut l* ui* .o.t .r"-ty rlemorstrated in sea turtle hatchery-programs that

are feared to Lvl produced mostly malc tu4leE reducilg lhc co$ervation benehts oI tbese proglam'
- - - 

Maov c"ocoiiliaa progams-involw naaiir:latioo ;f eggE eiLber fton captivetreeding or ftom

.*"d;;;;;,,b" is,i'ios ton *hi.n a''e released b;d( to tbe wild' coltrol of the sex ratio or

ii;EJtt;"",v. 
'cap-tiue 

u.".atg p'ogra-s for scverlv esdans{red sPecies cir arso

ffii?5.t" *'"ii t"",,tat'oo or 
"ex 

'ati-oi i"i'cea;"g stocl to opli'is€ botb p'oducrioD and

g"rJ-U" a*-t"r,y.i*p*e-poputatioos for future tedocldrg iD the wild Tbete are also Practical
6"r"Ot" ," -tiptf.d"g si ratios. ooe s"x o. th" other may grow-faster or b€ norc anealable to

caouve conditio$. Wterc sustainable use progams are bcilg us€d as an rDc€nolE ror urc

tr'ose.vatioo of wiLl p"pulations the efiiciercy of producdon for cooEcroal use is aD inportant

comooneut of econonic viability arrd succ€ss.***ri" 

".r" """rr"ui" 
i"UJa o"tit 

"o* 
ro. -*ipulatisg sex ratios i-o c'ptive breediag groups has

b*" t;;t;i tht;;perature of incubatiott. Wtile this is a proven eflectire nethod practical

coDstairts lmit its applicability. Ir lemote ateas tec-hnicd support, equrP-Eent aDd rclraDle power

.uooru -" 
"".t"" 

.ii ,eropeiaturc naaipularioo facilities n;t fan witr disasterous coosequenc€s for

;;";;";;;; ii! i."t"iqu" or'"pottl's esss with h;rEoDqs to i'duce .tbe 
desired sex of

offsorios oro;id"; ao e*y anrl iaexpeosirc nethod- 
-i'hc 

proct'durc bas no nortality associatcd with its

aooicadoo -d ha" been demoDstratcd oD a s/ide variety of reptilian species Tbe reproductve

.ii*:" 
"i 

l-"t .t. ;ritJ offspriag appears to be nornat ir tlc several speries tesled and tte

-l*,r""rc oi t-u*" on pti"s is oft";"Lr"*i. Thc p'ocldure for conducting tlis proce'ss has a

iu-,eolo"-iair* *i* rl" iigfiassigned to a non-ptofit organization (Reptile Cocen-alion Intemational

il;;ilil. t!";'*-.ation-of reptites a.orl any iacomc derived fron the procedure will be used to

support fiuther researci add dcvclopment.

We have de'scribed how the sodal cDdrotseht car detemiDe tho level of reproduction in

caDtiveDoDulaliols.ltisalsoclearthatelvionmcntalvariableshaveeffectsonthedevelopmedof
Jur".i*iiJ *" ras, it to adulthood. Tbus, maintainarco of captive poPulatio!3 of e aryered (or

even acincr in the wild) reptiles should be nindful of thase factors'
i 

- 
th" d"u"lop-"ot oi ar effectirt mettod to treat developing eggs-.loPicalyrvith hormones allo*s

sex determinatioaio be manipulated in<lepedcntly of temperature Ttris opens the pos6ibility of

-*ioularioc lle other consequences of enbryodi conditions, such as gro*rh rate' without rcsttictirg

il 
-rL.f 

Oi .tf"pt*g. rli" i""lo;qu" 1". 
"l"ut 

potcnlial for both coos€rntioa a:rd commercial

aoolicdions,-"- 
rl" iorot-"tloo presetrlsd herc oDly scratches thc surfaco of thc problcD' More studies are

rcedcd oi tie phpiologr oftso 
"oa 

the pb*iotogi""l basis by whi,cb.embryonic -tempcratur€s affect

"a"r, 
*p-a".ii"! *.6"t*.. ,c15o occiei -. -or€ studies of (i) the etrects ol:'ex r1i99n the

reoroductivc Doteotial of captivc as w€ll as naturally ocaurri[g populauoos or repues atrq (!/

iltJ",i""'"ir* t"tL ia'tbe field by eithcr physical madpGtior (e g, crecti4 or remodng shade)

or hoimonal manipulation (e.g., horBone tleatment of eggs in the nest)'
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GROWTH RATES AND BODY CONDITION FACTORS FOR ALLIGATORS
IN COASTAL LOUISIANA WETLANDS: A COMPARISON OF WILD AND

FARM-RELEASED JUVENILES

Ruth M. Elsey, Ted Joanen and l-arry McNease

Louisiaoa Department of Wildlife and Fisheries,
Route 1, Box 20-B

Grand Chenier, louisiana 70643

and

Noel Kinler

Louisiana Department of Wildlife and Fisheries
Route 4, Box 78

New Iberia, Louisiana 70560

Gro*.th rates and body condition factors for native wild and captive-raised
juvenile alligators (Alligator mississippierJir) tbal had been released tothe wild were
studied usiDg tag-recapture methods for 274 alligators over a four-year period.
Alligators were grouped by sex, size class, source (farm-released vs. native wild), and
as to whettrer they had overwintered or not. In most groups, the farm-released
alligators grew significantly better than wild alligators matched for sex and size; in
the remaining groups the post-release alligators grew as well as their counterparts,
though not better. Overwintering tended to slow groMh rates in both groups, but
farm-released alligatoE still demotrstrated superior growth over native wild-alligators
even after overwintering Males tended to grow fast€r than females, though this
trend was not always significaqdy greater. In no matched group did femalis grow
faster than males. GroMh rates diminished with increasing size class in native wild
alligato$ (smaller alligators grew faster). but in farm-releaied alligators growth rates
remained accelerated even at the lalger size classes. Growth curves were
constructed usin€ ktown recapture data with three groMh models (von Bertlanf$,
Gompertz, and logistic); the calculated maximum atlaitrable length and growth
parameters were significantly larger (p<0.01) for farm-released alligators than wild
using aU three models. Body condition facton were trot differcnt in captive-raised
post-released alligators than native wild alligators. Managernent implicltions for
crocodilian restocking and utilization programs are discussed.
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FEEDING HABITS OF JUVENILE ALLIGAT'OR'S ON MARSI{ ISI,AND

wiior,r'n neruGE: A coMPARISoN oF wILD AND FARM-REI-EASED
ALLIGATOR'S

Ruth M. Elsey, Larry McNease and Ted Joanen
Louisiana Department of Wildlife and Fishedes,

Route 1, Box 20-B
Grand Chenier, Louisiana 70643

and

Noel Kinler
Louisiana Deparhnent of Wildlife and Fishe es

Route 4, Box 78
New Iberia, I-ouisiana 70560

Stomach contents wete anallzed ftom one hundred eleven juvenile alligators
(Allisator mississippierulJ, approximately 135-170 cm total length) to deternine if

alisitors hatched and raisCd in captivity (until 120 cm size) then released to the wild

woild be capable of foraging successfully for food. Eighty farm rcis€d alligators
were releasel in April 1991 and captured during an experimental wild alligator

harvest in Julv 199i on March Island Wildlife Refuge and viscera renoved' Stomach

contents from thirty-one native wild alligators of similar size were also- collected for

comparison. Crustaceans were the most important prey item, with tlue crabs
(Caltinectes\ being the most ftequently (70-807o) occurring item in both groups'

Cra,wfish (Procambaru"t), grass shrbrP (Palaemonetu)' and mud crabs (Sesarma)
occurred in 20-35% of stomachs in both groups Fish and molluscs occured more

frequently in native wild alligators, whereas farrn-released alligators consumed more

bird's and mammals. including nutria (Myocastor), mtskrat (Ondatra), mirlk (Mustela),

and rabbit (Sylvilagus). Insects were seen in approximately 157a of each group'

Total prey weight;nd total weight of stomach contents were not significantly
different Letween groups. VegetatioD,/plant material was seer, i\ 95o/o of stomachs
frcm each group, ind probably ingested incidentally. 57o of native wild alligators
and 7Va of farm-releasid alligators had no prey items in the stomach S6To olwi:ld
alligator stomachs contaired endohehrinths (averaging 14 worms each) whereas

farm-released alligators only had worms in 47Vo of the stomachs examined, with 4
worms/stomach contailing worms. Lateral fat bodies were twice as heavy in the
farm-released alligators than the native wild alligatols. These data suggest that
alligators raised entirely in captivity (and provided food ad libitum), then released

intJ the wild, are able to forage for food and hunt successfully as well as native wild
alligators. Farm-released juvenile alligators may be more "advanced" in their feeding
habits than wild juvenile alligators, as they were more likely to consuqte large prey

items (nutda, muskrat, birds) normally not taken by alligators until the adult size

class is reached.
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LIPID AND FATTY ACID COMPOSMONAL DIFFERENCES BETWEEN
EGGS OF WILD AND CAPTIVE BREEDING ALLIGATORS

(Alhgotot mississiwiens&): AN ASSOCIATION WITI{ REDUCED
IIATCHABILITY

Mark W.J, Fergusonr, R.C. Noble'? and R. McCartnef

rDepa metrt of Cell and Structural Biology, University of Manchester,
Stopford Building,Odord Road, Matrchester, M13 9PT, Enlland

'Department of Biochemical Scieoces, The Scottish Agricultural College,
Auchincruive, Ayr, KA6 5IIW. Scotland

A common problem in crocodilian farming is the reduced hatchability of eggs from
captive breeding programmes. In the Amedcan alligator, the typical hatchability of
eggs ftom captive breeding females is 507a, compared with 947o amongst wild eggs.
The major problem is ea y €mbryonic death. We perfomed detailed aoalysis of the
lipid and fatty acid compositions of the yolks of eggs from wild and captive breeding
alligators from the Rockefeller Wildlife Refuge l.ouisiana. There were extensive
differences between the wild and captive bred egg yolks. The lipid of the yolks from
the captive bred eggs displayed considerably lower levels of C20 aud C22
po\unsatunted fatty acids atrd higher levels of C18 polyunsaturates, compared to
the wild eggs. More specifically, overall levels of N6 polyunsaturates were increased
at the expetrse of N3 acids in the captive eggs. C20 al'd C22 polynsaturated fatty
acids play a key role in enbryonic development, e.g. of the newous system. It is
therefore likely that the yolk fatty acid compositional differences and the differences
in hatchability between captive bred and wild eggs are associated. We therefore
aualysed the lipid and fatty acid compositions of typical alligator diets, iDcluding
nutria, crocker fish and 3 commercial ratiotrs. The nutria and all 3 commercial
rations were deficient in C20 and C22 polynsaturated fatty acids and had high levels
of C18 polJrunsaturates; the levels bearing an uncanny resemblance to those found in
the captive bred eggs! Fish on the other hand, had higher levels of C20 arLd C22
pollunsaturates. It is therefore proposed that tle dies of breeding alligators need to
be supplemented (or the commercial composition of the rations altered) to itrclude
specific species ftom the C20 aad C22 polyumaturated fatty acids. However, these
fatty acids will need to be adequately protected with s€letrium aDd vitamin E, as
occurs in natural fresh fish. Preliminary analysis of the captive eggs for seleuium
ard_vitamin E sho*s that they are also deficietrt in these compounds which may
further potentiate the problem. Subtle dietary differences may be tle cause of
reduced hatchability in eggs from captive breedhg programm€s.
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A RADIOTELEMETRY AND MARK.RECAPTIJRE EXPERIMENT

tO ISSTSS TIIE SURVIVAL OF JUVENILE CROCODILES RELEASF]D
FROM FARMS INTO TIIE WILD IN ZIMBABWE

R. A. FERGUSSON

P.O. Box HG 1l
Highlands, Harare

Zmbabwe

ABSTRACT
Irrge numbe$ of Nile crocodile eggs arc collected by crccodile ranchers from Lake Kariba'

Zim-babwe. A small p€rcentage of this harvest is retumed to the wild at 1 to 1-5 m TL'

This paper describes ihe initial stages of a survey to monitor the success of this process'

nadioteiemetry and mark-recapture techniques are being used to estimate survival, growth

and dispersal of the captive raised animals comparative to that of the wild population - There

are indications of considenble mo ality caused by cannibalism and human interference'

Pattems of growth and dispersal after rclease are apparent. The rcsults of this investigation

have imolicitions for sustainable harvesting programs for crocodiles throughout Aftica and

also for conservation programs in which rcstocking of depleted habitats is concerned'

INTRODUCTION
This project originates from CSG research objectives. The objective is to evaluate the

,u""ot of th" 
".o.odile 

release prognm that is the current policy of the Crocodile Farmers

Association of Zimbabwe (CFAZ) and the DePafiment of National Parks and wildlife

Management (DMWLM). The background and relevance of this project are outlined

bdefly;

- Commercial crocodile ranches collect eggs from the wild and rear these animals in

captivity. I-ake Kadba is the focus of these activities in Zimbabwe'

- Prior to 1987 each of the 5 crocodile mnches collected less than 3000 eggs each
year - the quota being set by DNPWLM.

- Since 1987 unlimiled egg collection has been encouraged, pardy to estimate the size

of the adult population and uP to 40 000 eggs ate collected each year'

-Empirical evidence and modelling indicate that a very large proportion of eggs can
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be removed sustalnably, provided a number of juvenile animals are released each
year. Survival values of wild and released crocodiles have been assumed for
modelling and requirc field evidence.

- There has always be€n a provision for the subsequent release of juveniles as a
condition of the per it for egg collection. P or to 1990 this was not invoked, apart
from small scale releases above Victoria Falls in the 1960s and at Sinamwenda in
Lale Karjba in the early 1970s.

- Releases sta ed in 1990 and a number of animals equivalent to 2 % of the number
of eggs found 2 years previously are being released annually at a size which it was
anticipated have a low level of mortality.

- The Zimbabwean policy of crocodile anagement has been emulated by several
other African countries although none of these have yet reached the stage of releasing
animals. Validation of the successful integntion of released animals is thus essential
for successful crocodile management in Africa as a whole.

This pap€r constitutes a progress report covedng nearly six months of opention. As such
it is descriptive and does not attempt to provide calculated estimates for the parametels
studied. Insufficient data have been collected to provide more than indications of the pattem
that may finally be expected.

KEY QUF,STIONS AND METHODS
The key questions to be answered are;

l) What is the survjval rate of captive mised animals released to the wild ?
2) How does acclimatisation to the wild habitat progress ?
3) What behaviourial changes occur among released animals ?

These questions are also addressed to the wild population to provide a basis for compadson.

The Gachegache estuary, Irke Kariba, was chosen as the initial study area as access is
relatively easy and the area is representative of much of the Ka.iba envircnment, with
recrcational boating, line fishing, illegal gill netting and a rcsident human prcsence.
Mapping of the estuary at the present low water level and placement of position markers at
250 m intervals along the shoreline was carried out before the release began (See Figu.e 1).

The captive nised animals released in this project were supplied by l,ake Crccodile Park,
Kariba (82 animals) and Rokari Crocodile Farm, Bumi (67 animals). A pool of animals for
release had alrcady been made by management at both farms. Selection for rclease was
effectively mndom as none of the animals were identified and no previous history was
known. OnIy competent animals without injury or deformities were selected for release,

Processing included basic data collection on each animal. Mass, seven mqNurements of
body size and sex werc recorded for each animal. These parameters were selecied to
investigate possible moryhological co-variates of survival and to investigate possible
differences betwe€n farm and wild raised animals.

Individual identification was madc by attaching a numbered tag to the web of the left rear
foot and by partial mutilation ofa coded sequence of paired tail scutes. This duplication was
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Figure l. Locetion of the study area within Lake Kariba and detail of the estuary.
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necessary as the endurance of the foot tags was unknown. An aluminium tag which carries
an unique combination of rcflective colours was also applied to both sides ofthe head of each
animal by suture with surgical wire. This technique is essential in matk_relocauon procedure
as-the head is the only part of the body that is consistently visible. Tagging had no apparent
effect on the performance or survival of the anjmal. Head tags ci- bJ apptieO without
causing trauma or bleeding. No moiality occured as a direct risult of tagging.

Animals_were then held in damp jute sacks, transported by boat and released in balches atpieviously s€lected sites throughout the estuary. The rcleases were made in mid-February
and early April 1992. The second batch was delayed for the ar:rival of the radios, transpon
across 70 km of lake and to allow initial monitoring of the first batch to proc€ed.

"Recapture"- is in th9 form of resighting. The sarnpling procedure involves searching
s€ctions of the shoreline of the estuary at night with a ipo;-light and all crocodiles seen are
classified by size. Tags become identihable at approximately l0 m ahd the identity and
location of tagged individuals is specifically recorded.

Physical recapture of tagged animals js attempted at intewals of > 60 days to reweigh and
remeasure individuals for growth i.crements and to repair damaged or losi tags. Capiure of
wild crocodiles of similar size is attempted whenever possible diring night sampling. Such
animals are prccessed, tagged and rcleased at the site of capture.

The data takes the form of a series of ,,capture,, histories which are used to calculate survival
estimales bas€d on Jolly's closed model (Arnason and Baniuk lg7g).

Radio tansmitters were attached to 25 selected individuals before release. The transmitte$
(Model FRT-S; I-otek Engineering, Aurora, Canada) are small (160 g), sealed units designed
for aquatic strrcies. They are mounted dorsally on a neck collar witl- i t -s cm wHp antenna
directed backwards. Problems have been encountercd with rotation of the colhrJ although
acc€ptable range is obtained even when this has occurred and with prematurc rotting oia
degradable insert.

Each transmitter is located xt approximately 3 day intervals. The date, location and activity
of each fix is recorded, providing a similar series of capture histories. The data are often
retrospe.ctive as animals are seldom seen and are inferrej to be alive when subsequently
found at another location, The data are analysed following a restricted version of the iaplan
:.lr:r:t 

pl""dg." 
9lrlribed by pollock, Winrerstein, Bunck & Curtis (1989) and pollock,

Nichols, Brownie & Hines 0990).

CURRENT STATUS AND PRELMINARY RESULTS
149 l;€Eed animals were rcleased in two batches - g2 in Feb 'g2 and 67 in ADnl. 124
animals werc tagged only with visible head-tags and the rcst (25), aI had ndio tiansmitrers
attacted (/ l5 with h/rags and l0 without). Monitodng started in late March and has
continued more or less continually ever srnce.

l) Survival
A total of 374 locations have since been made on 89 individuals, The difference in technioue
is immediately apparent, for example only 2 animals have been located on 5 or more
ocesions while 17 radio-tagged animals have been located on more than 5 occasions, up to



a maximum of 12 locations for an individual'

1.1) Mark-resight results
ri" ,oi"trtins iat" trable 1), an index which reflects the proportion of tagged animals in the

;;ffi;,;.a.;d *i*rui"a This is broken down bv time in months after release and

iorrected for samplitrg effort.

Table 1. Resighting rate each month since release, calculated from the number of tagged

animals seen, corrected for sampling effort'

toz

CommentsMonth Km
Sampled

Number
Seen

Correction
Factor

Resighting
Rate

MARCH 29.'75 l5 1.43 lst batch

APRIL 26.50 49 1.60

MAY 40.25 60 1.06

JUNE 42.50 53 r .00

JULY 18.75 19 2.21

The decline in the resighting Iate seen in Table 1 rcflects the combined loss of tagged

animals from mortality, emigration and tag loss Emigration is-discounted.as considerable

efforts have been made to locate tagged animals outside the study area' wlthorlt success'

Tag loss is the biggest source of bias. Three means of estimating tag loss were built inlo the

deien - all animals carry both permanent marks (cut scutes) and temporary marks (head

l*tit-", *.fl sighting th; condilion and presence/absqnce of both lead- tags is specifically

Jt i; 
"na 

utotig tnJradio tagged animals, half have head tags and half have not' allowing

iot 
"orputiton 

ill"n these animals are recaPtured for measuremenl. Lost ta€s are rcplaced

wheneverananimalishandledandmodifiedtagsarenowbgingappliedwhichalelessprone
to working loose.

It is estimated flom sighting that tag loss in the first 3 months after release was around 10 % '

it e 
"umututiue "feciof 

ttti. loss on the pool of tagged animals available for sighting does

not alone explain the decline seen in Table l'

A sepamte analysis also indicates that the numbers available for resighting are decreasing

inroriet time. ihe ratio of firsr sighrings of a tag to second or repeat sightings has droPped

markedly each month since the release (Table 2).
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Table 2. The ratio of first sightings of a tag to subsequent sightings of a tag, for one month
period since release.

lst
Month

2r\d
Month

3rd
Month

4th
Month

First Sighting 26 9 l

Repear Sighting l0 17 18 l 6

Such a decline through time would be exp€cted as the number of fiIst sightings approaches
the total number released. In this case there are still more than 60 taga that have not yet
been seen. Tag loss is assumed to affect previously seen and unseen tags equally.

These preliminary results indicate the possibility of considerable mortality _ affecting up to
half of the animals released. Another factor that suggests that mortality is considenble is
that only 3 of the 54 animals released in the study area in January 1991 have be€n found
during this study, and one of those is known to have died since.

1.2) Radio telemetry results
Twenty five animals carrying ndio tags werc released in April 1992. In the thrce months
since release there has been unexpectedly high rnortality (Figure 2).

Five histories of relocation ended with the corlar being shed and these are not considered
further. . Of the 20 rcmaining, only 8 are currently known to be alive, while 6 are definitely
dead and contact has been lost with the rcmaining 6, in circumstances which suggest they are
also dead.

E Alive

/

,/ /4 
cRoc

2s _ s = 20\-6 Deadl,

\ 2 TnJMAN

\6 suspect dead

Figure 2. The present status of released radio tagged
juvenile crocodiles in the cachegache estuary.
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Thecauseofdeathisinteresting;4animalshavedefinitelybeenpredated-uponbylalgel
crocodiles. In all of these cases the radio signal was eithel received from a lalge adult male

and moved with this animal, or contact was lost lor period of up to 4 weeks after which the

"oitaf 
,r", ."to"ut"a after regurgitation. This suggests the original assumption that rclease

uil.z m rI- *outo avoid cannibalism was incorect A further two animals were beaten to

deatt Uy n.t poa"hers after becoming trapped in a shallow pool at the top of the estuary as

the water receded.

2) Acclimatisation - grcwth and condition
ihe;;mple size for this section of the results is fairly small (n = 30 or 20 70.of the animals

,"iL-.Ji n"*pat" of specific animals on set dates for remeasurcment is seldom successful

considedng the large area covered and the chance of successful capture Atl the animals

r"""oiu."a"ro far hive been included, irrespective of the capture date (33 to 147 days after

release) and all are first recapture.

This spread ol capture dates introduces problems with interpretation because it includes

;;il; ;d non-gro*ing pedods. significant differences in growth rate occur in these

periods in Kadba (Games 1990).

The limited data available however indicate considerable changes in linear dimensions and

i"-."rt ff"tf":1. The overall trend is increase in all dimensions except the circumference

of t" U"t" of the tail. There is wide variation between individuals and an indication that

thoseoverl.2mTLincrcasemoleinlinealdimensionsthansmalleranimals.Meanchange
in TL for animals < 1.2 m TL is negative while animals > l'2 m TL on average increased

by nearly 30 mm. These growth rates are considerably higher than. those found previously

for reteased animals 1l-overidge pg$'!q!q!!-) but may relate to previous feeding in captivity

and will decline with time.

Tabte 3. Mean change in body dimensions for rccaptured ani|rals over the period 33 to 147

days after release. (n = 30; all measurements in mm, except for mass (g)

Condition indices at the time of release are generally higher than when recapturcd, only 2

of the 30 animals recaptured had higher condition scores after a period in the wild' This

;attem is common to animal larger and smaller ihan the 1'2 m TL division descdbed above

and includes summer and winter data.

+1250;  -1000MASS G)

TOTAL LENGTH

+55;  -30

+ l3 ;  -20
BASE TAIL

+8.9;  +0.2

+ 18:  -3
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3) Movement and dispersal
The release sites were distdbltted along the length of the estuary, a pattern which is contrary
!o tlat found in the wild. In wild populations of C. niloticus the juveniles and sub_adulis
disperse downstream to more open sections of the watq body, generally away from adult
animals (Hutton 1984). This patiem of release sites was made intentionally in an effort to
determine the most successful position as previous releases have been maie without Drior
observation of the distdbution of wild inhabitants of the release arcas.

Most of the data on movement is from mdio tagged animals. The data fits this pattem in that
almost atl of the radio tagged animals released in the top half of the estuary have
subse4uently been killed or have dispersed downstream, Th; displacement of an animal
from the release site to the site of first location is very var:iable i; direction and distance
Cfables 4a,b).

Table 4a. Statistics of movement fron release site to fust location. (All distanc€s rn m)

(n = 89 animals).

The direction of first displacement from the release site is apparently nndom and it is
suggested this is to be expected since these are naive animals, a directional trcnd may appear
as they leam the local environment. The majority of long distance (>2000 m) movements
before first location are downsheam.

The trend in direction of repeated locations for the ladio tagged animals and those head
tagged individuals that have been located more than 3 times iJ mostly downstream, i.e 13
made a net displacement upstream, 20 went downstream and g moved very little from the
release site.

This pattern in which some animals are very sedentary while otheN are very mobile may
have significance as it appears that individuals which reguJarly move long distances are
eventually lost_ to predation. The pattern cedainly introduces a problem for mapping
distribution and displacements and in calculating activity ranges _ oneiype can be plott& on
a scale of metrcs but the long distance movers require a scale in kilomitres.

FTJTIJRE DIRECTIONS
This project will continue at the present site to obtain data for a year after rclease.
Dependant on funding, it is intended that a second field season will follow, using the
indications and the lessons leamt so far to develop a ,'best possible,' case. This will proiably
involve releasing larger animals, earlier in the hot season, at a site(s) previously found to b!
free of human disturbance and without a large adult crocodile popujaiion.

Maximum distance Distance/day

Table 4b. Direction of movement from release site to first location
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Disease Trend$ on Crocodite Farms in Zimbabwe

C M Foggin, Veterinary Research Laboratory,
P O Box 8101,

Causeway, Zimbabwe

Intaoduction

The crocodile farming industry in Zjmbabwe, reacting to market forces, showed rapld growth
from.1986 to 1990. In the last two years however, this trend has ceased. Most faimers nave
now tlad some o-pportunity to gain expetience in the techniques of raising crocodiles and a
certain _degree of standardization prevails in the inclustry. For example al'i farms, including
those situated in hot areas, now hold hatchlings in heaied ponds, generally at #C. n*."
ponds are either indoors, often with iittle ventilation or natu;al light, or are covered at night.
In addirion,^almost all farms keep rearing srock in similar heatJfa;ilites. Stocking densities
arc.usually from 6 ro 12 hatchlings per m: and about one-third of this for rearing stock. There
still exists some variation in dier, which can include f.esh fish, poulrry and fu meat from
abaftoir waste, hunting operations or from natural mortality of tlvestoct. ell farmers now
realise the importance of hygiene and the effect of stress onthe health of crocodiles, though
opinions differ on how to control these facrors.

With such developme s in the industry ir would be expected that mortality from disease should
decrease, and indeed lhis has becn the case. In the yeaft 19g0 ro l9g3 mian annual, hatchling
mortal ity throughout the industry in Zimbabw e vtas 3l,2Vo .In l99l it was llJ% . Howevei,
the importance ofdisease has nor disappeared altogether. previously_known dlseases are stillpresent and some have altered in their manif'estation on the farm, while new conditions have
been recognised and assumed some importance.

Pr€sent status of specified diseas€s and recent findings

specified diseases incrude the major, communicable diseascs of farmed crocodiles: that isadeno- and pox,virus infection, chlamydiosis, salmonellosis (Salmonella tvDhimurium
infection), and coccidiosis. A list of farms infected with these diseases is mainta'i'nea ano in
future, once the epizootiological factors have been fxrther elucidated, it is possilie that sales
of live harchlintss trom rh-esc farms may be restricted. Other diseases may ha;e to be controlled
oy tne osc ot vaccines. Some nukilional and other non_specified infectious diseases are alsoconsidered potentially important, because their aetiology i; not fully understood; these will bealso elaborated below.

Adeno-irus infec,ion - the manifestation ofacntc adeno_virus hepatitis, enteritis and pancreatitis
has been described previously (Foggin, 1997; Foggin, l99l). it has now been i""o'rO""r on z+
out of42 farms in production in zimbabwe (572o). The disease is unco.n'on in 

".oaodil"" 
ou".five months of age and usually affects slower-growing individuals. More ."cenily. it oecame

obvious that the virus could cause chronic inflammation of the liver un,t tt ut tf,ii i., in pu.t,
responsible for the development of runts. These chronic pathological changes include tibrosis
9f ,1h9.p"1{ tracts, bite duc hyperplasia and reduction of pa.eri.t yrna tisiue. iome atecteAindividuals have shown icterus. On some farms a high proportion oi runt. hau" been sno*n tohave been all'licted with rhis condition.
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Pox-rirus itfectiort - this disease has been rec-orded in a number of countties (for -literature
tatf"* 

'r"" 
i"lgf 

", 
1991) and has been adequately desc bed lt was fiist confirmed in

zimbabwe in lgg2 and is now known to o" pr".int on t3 fu.ms. However this figure is likely

ili;;;;",i;;;;e"ouse. atrt'ougtt *otuiditv is vefv high mortalitv is Iow and specimens

are not submitted as fbrmers can eas y recognise the tiondition themselves The signific?rnce

iiri'"'a'i""."''.* li* in o" to"t tt'i it piedisposes !ne.skll.t9 m91e t*:i: tu:91^^",i1

tu"t".iut inu^ion, described below, which may prove fatal Trials with autogenous vacclne

have eiven variable iesults Unvacclnated individuals are likely to develop generalised pox

J-"nih" liu" uu".in" uirus is introduced into the reaing environment'

Chlarn\diosis - this is a recently recognised infection of crocodiles in Southern Africa
"ti 

ii.i&. i,. a., in pressl, ihough it has been described in other reptiles (Newcomer e''

;;.:],Ji;;.'iJ,;;;;il" "'*u*ioition 
iit'itrcrogical specimens' demonstrated that the inrection

fr^ Ui* lr**, i'n Zimbabwe for some time an''l it his no* been diagnosed on 15 farms The

u.i ur -*ii""turion i. ucute hepatitis' often associated with adeno_virus infection Usually' there

[;;;;;;il;;i: tt 
" 

'.pt""o 
.nt" 

prevalence of asymptomatic caniers is unknown'

Cn'Jmyoia lntiction may be a potential zoontrsis' but there is no evidence that crocodile farm

workers have been al'fected

6aierial disease - this remains the major cause of mortality trom intectious dhease in

t;;;". As previously reported (Foggin' 198?)' gran negative e erottacterraceae are
"*"Jry 

i"r"r""rl r.l*rotii enteritis. a pa'iiruiarlv devastating form of baclerial disease' often

follows adeno-virus lnlecllon or cocclqlosis Of most concem has been lhe high proponion of

infections with Salmonella spp., a group which has public health significance Over a four year

o"ri"ll oS,a?, ,f t*"rial isolateifrom crocodiles submitted for post mortem were identified

!, iuitit"""ff" ,pp. wrtild salmonella arizonae is often isolated incidentally and may- almost be

;;;;; 
", 

a normal intestinat bacteria of crocodiles, Group c salmonella and s2lmonella

iuirri.*i"rn 
"pp*t 

*pable of acting as primary pathogens The practice of using poultry or

iiJ*** 
"".""ii", "i"iimnls 

which iay have diei from infectious disease, as a source of food

iJ"-.*"oir*, is likely ro have contributed to the increasing prevalence of infection by these

organisms,

Salmonella-contaminatedcrocodilemeatisunacceptableforhumanconsumption,yetclose
iJio67;'"i ""i..r, 

i..med crocodiles cary these bacteria (Madsen' pers' comm' ' 1992) and

ii"""iii" -ir"tp"i"a ,rtai it woulo ue difricult to produce crocodile^meat free of these bacte'ia'

inii;. 
-ffisei 

and Chambers (1991) found that 16'4% ,of tail-meat samples were

l'iiilr""iJ*rirt s"i.o*,lia, a ngut" d'at i" somewhat lower than the contamination raterfor

crocodiles in Australia (Manolis et al ' 1991)

co.ci., io. ' jJ-thisdiseasewasfiIstdiagnosedoncfocodi|efalmsinl9?8'thoughithadalmost
."""i,tf V- t*"- p*** betbre. lr h;.now beeo confirmed on 28 farms- Monality from

coccidiosis can still be very high. though it responds well . 
to, treatmenl with

."tpi"""nf"apy.-f"". Undersize indiiiduals arJ most susciptible' and death is often a result

o fnec ro t i cen te l i t i s . I nseve le 'acu tecases ,sh i zon tsandspo 'ocys tscansomet imesbe
1".""a""a4 in liver, lung atd othel viscera Coccidiosis can also be a cause of runting

i"""*" 
"iii" "rti""r" 

natuie ofthe inflammation that may be produced in the biliary system'

ii*Ji" trt" r* trt", r"rmers are urged not to pulchase hatchlings from infected farms' unless

,r,r^l,'"i" .".",rJ ,i*rgrtt from the ;cubator' ; number of farms are infected every year by this

practrce.
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Fuigol and other dermar,?ir - dermatitis, other than that caused by pox, is a condition that has
recently gained importance. It can occur in slaughter stock, as well as other age groups, and
therefore hide quality may be affected. Ulcerative or crusting dermatitis, seen ;b;wn lesions
between the ventral scales, and excoriation of the epidermis in the intertriga are presenting
features. Ophthalmia may also be present. Mortality may ocour in severe cases: especially whe;
the nares are blocked by exudate. Dermatophiluslike bacteria are demonstraied'histologically
insome lesions, while Fusarium spp. and other mycelia-producing fungi have been isolated in
culture. A number of factorc are believed to be responsibie for thiJsyndrome, and they include
lapses in the standard of hygiene, the type of housing now used on most farms and nutritional
factors. Tmuma atld pox may also be imponant.

Nutritional osteomalacia - is still seen on some farms evety year, despite adequate inclusion
of calcium and vitamin D1 in the diet. Osteomalacia ofthe veriebrae can result in compression
of the spinal chord and posterior paresis. Sudden death also occurs in well grown individuals
liom low levels of calcium in the blood, and subsequent tetany. Because vitamin anzuyses
cannot be routinely undertaken in Zimbabwe, it has not been possible to confirm if loss of
vitamin potency in the premix is responsible fbr some cases of this syndrome. Certainly,
calcium levels in supplements are fbund, at times, to be considerably lower than the stated
analysis.Jhere is some evidence to suggest that crocodiles which are marginally deficient in
Vitamin Dr do benefit from exposure to sunlight which chemically actiuateJ any p.ecursors of
Vitamin D which may be present in the diet. The relative role of these fictors requues
elucidation.

Vitamin E/selenium deJiciency - this is a nutritional deficiency which has recently been
recognised in Zimbabwe. It has occurred only where a diet of fi:h is fbd and causes typical
steatitis (yellow fat disease), as recognised elsewhere (Latsen et. al., 19g3). Indoor housing
appears to have contributed to the development ofthis condition because the high temperarures
and humidity in these facilities cause rapid decomposition of the fish plus oxidation of the fat.
A special vitamin E/selenium additive tbr inclusion in fish diets wa; fo.mulated because rhe
standard vitamin/mineral premix is not usually added to fish.

God - this was rarely seen on Zimbabwe crocodile farms until the last two years. The reason
for the recent increase in incidence and the pathogenesis ofthe condition are not proven but are
believed to be associated with the supplemenration of higher levels of calcium (up to 2,5% on
a dry matter basis) in rm attempt to correct nutritional osteomalacia. The kidneys may become
very distended with accumulated urates, resulting in destruction of most of the parencnyma.
Less common is the accumulation of urates in the peri-articular tissue.

In conclusion, while disease plays much less of a role in the economics of crocodile farming
than was the case ten yeats ago, there are a number ofconditions that still require investigation
and, at times, vigorous control measuies. The veterinarian's inputremains imiortant, espeiially
to inorease the efficiency of production in an industry whose viability is no\ropen to quesuoD.
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THE FEEDINC ECOLOGY OF TWO NILE CROCODILE FOPIJLATIONS
IN THE ZAMBEZI VALLEY - A PROJECT SUMMARY

Ian Games
P.O. Box U.A. 296

HARARE
ZIMBABWE

INTRODUCTION

This short paper is a summary of a p{oject on $e feeding ecology ofthe Nile crocodile in the
Zambezi valley in both Zimbabwe and Mozambique (Figure 1).

The primary objective of this study was to assess the effect of crocodiles on the fish populations
of Lake Kdiba. The lake supports boft a successful crocodile management scheme, based on
sustainable utilization, and a burgeoning a.tisanal or inshore fishery. There has been
considerable expansion of the fishery since independence in 1 980 (Murphree et al. , I 989) and
consequently there is pressure to open up areas prcviously closed to fishing. Conflict between
fishermen ard crocodiles exists (Chimbuya and Hutton, 1988) with many of the problems
centering around competition for the resource. This study represents fte first aftempt to
estimate fish consumption by crocodiles {iom a natural system which may be more typical of
other places in Africa, as previous studies were combinations of data from several localities
(Cott, 1961) or from "atypical" populations (Graham, 1968; Hufton, 1984).

The crocodile is protected in Zimbabwe and all sample,s were taken from live animals which
were subsequently released. A commercial cropping progranme on Lake Cahora Bassa in
Mozambique allowed the collection of data and samples from a shot sample (Games et. al,
1989)

STIJDY AREAS

The Zambezi river rises in the highlands ofAngola and Zambia and flows for more than 2 500
km through six countries before reaching the Indian Ocean. Two giant artificial lakes have been
built on the river at Kariba and Calora Bassa (Figure 1).

Lake Kariba has an area of 5 364 km2 and a volume of 156.5 km3 at a mean operating level
of 485 m a.s.l. A succession of drought yea6 since 1980 has depressed the mean openting
level of the lake to 479 m a.s.l., where it remained throughout the study period. A study site
was chosen in the Ume estuary which is protected on one sideby the Matusadona National Park
(Figure 2) and is relatively undisturbed by egg collection activities. Lake Kariba is one ol the
more intensively studied lakes in Afiica and a large body of information on all aspects of its
limnology and ecology exists (e,g. Balon and Coche, 1974; Bowmaker, 1973; J.M. Hutton Pvt.
lsd., 1991, Marshall, 1984)

The lake supports both inshore and pelagic (kapenta) fisheries. They are different not only in
the habitat exploited, but also in capital input and yields. The kapenta fishery began in 1973
and in 1984 produced 10 404 t, almost 1l times as much as the more primitive and under-
capitalized inshore fishery (Bourdillon, ?t. dl, 1985).
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Lake Cahora Bassa has a shoreline ofapproximately 1200 km'zand a surface area of 2665 km'?
when at the planned operating level of 326 m a.s.l. @ernacsek and topes, 1984). Since 1981
the mean operating level has dropped to 315 m a.s.l. and this has led to an unstable situation
at the head of the lake close the Zimbabwean border (the Zumbo basin) with a fluctuating
lakehiver interface. Most samDles were collected in this basin.

trlgure 1: The Zambezi River rhowing Lsk€s Kaiiba and Cahora Bassa

NIMBERS AND POPI]LATION STRUCTURE

The age structure and size of two populations was estimated for $e Zambezi river, the second
study site being located 300 km downstream fi:om Lake Kariba in Mozambique using methods
summarised in Bayliss (1988) and Graham (1988). The investigation at the Mozambican study
site was an opportunistic one with its principal aim to obtain a sample of larger orocodiles as
these were proving difficult to catch in Lake Kariba. Extensive work went into estimating the
size of the Mozambican population using several methods (aerial survey, spotlight munts,
cropping and nest counts) were available and was possible to ascertain if they gave similar
results. Population estimates from nesting data did agree with other methods and consequently
this puts confidence in the population estimates flom nest counts fo. Lake Kariba. The mean
populatio[ estimate for the Zimbabwean side of Lake Kariba was 6 500 crocodiles of all sizes
with approximately 3 500 of these being larger than 1.2 m total lengtl (i.e. sub-adults and
adults). This gives an estimated density of 3.51 animals per kilometre of shoreline. The
maximum estimate using correction factom from Hutton and Woolholse (1990) was
approximately l1 500 animals with nearly 6 000 ofthese being sub-adults and adults. However,
it should be remembered that in recent years aftempts are being made to collert all eggs fiom
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areas outside the National parks and this will affect recruitment into the DoDulation. AlsoZimbabwes' release programhe of farmed animals is underway una tfri. ,iiii,. 
"uff""t 

tf,"numbers and size and age structure of the population. Using thj size structure of the Zambezipopulation in three broad categories was assessed iiom cropping and wu comparJwith datafrom ̂ the literature. Mean figures of 4g % juvenilqs, 32 % sub'_artults 
"oj 

jO'i uOu,r. *"r"used for the final calculations.

Figure 2: Lake Kariba (Zimbabwe shore only) showing the Ume €stuary
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FEEDING

Using a new method of anatysis for stomach contents (Webb and Hollis, 1990) this study
showed. some-interesting dietary chanSes within the juv;nile sire ctass lanimats'< ZOOm.
Jvr-r. raxe ^aflDa ooqs not support crabs and consequently juvenile crocodiles have ro oowithout this potentially imponant nutrient source. Theluvenites appear to feJ on-iene,strial
insects, small mammals and liogs at low Ievels initially untit rhey ard about:OOmm SVf_ *fren
their intale.increases dramatically (from approximateiy 0.2 g d-i tor juvenil"s-<iO6mm SVI_ano Increas,ng to a peak of + t g d 'j forjuvenile,s >300mm svl). This increase is assocrated
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with a shift fiom terrestrial to aquatic invertebrates in their diet High water level were

associatedwithincleasedamountsolfoodinthestomachs.Thiswascontrarytowhatwas
e*pecteO as tfte frigft *ater peliod occurs during $e cool season and itx'as.suggested that any

effects of the cool season are masked by the high temperatures ln the zamDez' vallev'

The importance offish in the diet ofcrocodiles increases while they are between 700 mm sVL

and 1300 mm SVL and, when estimated by weight, accounts for 98 % ofthe diet This figure

dec l i nes toa round33%inadu l t c rocod i l es 'The rewasnocompe l l i ngev idence tosuppor t
Cott's (1961) tbeory that they frequently eat cl?Lriids lt should be noted that this was the first

.toJV 
"'f 

f"eriitg in-large Nile cromdiles that did not require wholesale slaughter in ihe name

of science (Gani and Pooley, 1976). The Mozambican data (taken from a commercial cropping

"i"r"ir" 
*iri"tt ttti. rtudy did not initiate or support) confirmed these conclusions and helped

io pui"onna"n"" in the smaller sub-adult sample from Lake Kariba Political problems in

Mo)ambique unfortunately meant that sample was only collecled during a single time of year

but this m;kes the data more comparable with Coft's (1961) data'

DIGESTION

Rates of digestion were investigated in different size classes of crocodiles The el'fbct of

i"rnp".utu."_una integument type of the prey on digestion rate was ascertained, in juvenile

croiodiles. Fish were digested to l0 % of their original volume atier 2 days in the stomacn'

This information was necessary ln oroer rc be able to assign an age to prey items found in wild

crocoalile stomachs and it was used to estimate feeding frequencies

CONDITION

Condition in juvenile crocodiles was significantly affected by water level butnot by season'

-omparisonsi"t*een ttte hot Zambeziv;lley and the cooler Lake Ngezi showed that the Ngezi

uni.uft (iuiog in less than ideal conditions at the edge of their demographic range) wele in

better conditio-n. It is hypothesized that this could be attributed to the presence of crabs in Lake

Ngezi which make up 51 % oftheir diet at this Iocality (Hutton, 1984)'

GROWTH ANID AGEING

Using skeletochronology (Hutton, 1986; Garnes' 1991) itwas shown that crocodiles Srew faster

in thiZarnbezi valley lboth study sites) and matrred some 15 years earlier than in Lake Ngezi'

It appeaied that juve;iles grew slowly for the first two years and then the growth rate increased

untiiabout I . iL uft". *tti"h it declined again. Females matured at between 15 and 20 years

of age. The growth cufles constructeal from t'emurs from Calora Bassa were similar which

sugg-ests thaathey may be a true representation of growth in wild Nile ctocodile's lt was

est]irated that a iemati crocodile in Lake Kariba will spend 6 % of her life as a juvenile, 19

% as a sub-adult ?|Ild75 % as an adult. As males gmw quicker they will spend 6 % as

iuveniles. ll % as sub-adults and 83 % as adults (average life span assumed to be 80 years)'

FEEDING FRDQI,'ENCY AND COMPETITION WITH TIIE ARTISANAL FISIIERY

Wild juvenile crocodiles ate small amounts of fbod compared to captive juveniles where they

*erc'lfd ad lib but tte data suggest tiat they were more efficient at converting it Using the

feeding frequencies an annual estimate ol fish consumption fiom Lake Kariba was poposed

(mean-= 1i0.14 tonnes; upper estimate 225 39 tonnes). This was the first time that this had
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been done for a tlpical population. Graham (1968) attempted this for a population living Lake
Ttrrkana, Kenya, but admits that this may not be representative of other populations in Africa
as the lake is sunounded by a desed. He also assumed a rate of feeding extrapolated ftom
scanty data on captive animals.

If the boundaries ofthe fishing areas on the Zimbabwean side of Lake Kariba are examined in
relation to concentrations ofcrocodiles it can be seen that $ey are generally mutually exclusive
(Figure 3). There are some exceptions to this but it would appear that most of thscrocodiles
are concentrated in the ver estuaries which are closed to artisanal fishing. The exclusion of
the estuaries was not for the protection ofthe crocodiles but rather to protect the fish and allow
them to breed in these areas.

If the estimate of total offtake is accepted then crocodiles (working with the upper estimate of
the population size) are only eating the approximate equivalent of 10 % ofwhat is removed by
the artisanal fishery (6.3 % ifthe mean population estimare is used). It should be stressed that
they are not t^king lOTo of the fishermens crop but rather an additional tonnage. Using a
production estimate of fish tonnage per annum (44 091 t yearl fo. the Iittoral spe;ies in Lake
Kariba; calculated by multiplying fte sranding crop by a production ro biomass ratio which is
specific to species - Hustler and Matshall, 1990; Malon and Balon, 1977) it can be seen that
the crocodile population is removing only 0.5 % of this amount. Lookjng at rhe problem ftom
another aspect it is speculated that an average female crocodile wjl eat approximately 1 g41
kg of fish in an 80 year life span while a male will consume I 671 ks.

CONCLUSION

In conclusion it appears that there is no major competition between the crocodiles and
fishermen for the fish resources of Lake Kariba. The crocodile industry is valuable and
provides income at both the local and national level and also generates foieign currency (an
estimated US $ 3 million in 1990). Further zonation ofthe shoreline to exclude fishermen ftom
crocodile areas is not a desirable option but perhaps thought should be given to removing
crocodiles from heavily fished areas, preferably by trapping as it is possible that these animals
will eventually be caught in nets aDd drowned. Their removal will also be seen as an aEemDr
to balance issues affecting the artisanal fishery as perhaps the major source ofconflict betw;n
fishermen and crocodiles is the destruction of nets; these are expensive to replace and time
consuming to repair. This exercise is already underway with the removal of43lirge crocodiles
fiom sensitive areas in 1992.

Although there may be several sources of error in the estimate of intake of fish by crocodiles
from Lake Kariba (e.g. numbers, feeding interval, mean prey size) it is evident th;t this study
has achieved its major objective. Information of this nature will be ext.emelv imDortant when
management decisions are made, especially as one can only expect the conilict (real or
imagined) between crocodiles and fishe(men to infiease. Lake Kariba may be representative
of other lakes which sustain African arrisanal fisheries (eg. Lakes Victoria, Tanganyika and
Malawi).
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THE STATUS AN'D DISTRIBUTION
OF CROCODILES IN TANZANIA
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P.O. Box U.A. 296

HARARE
ZIMBABWE
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Wildl i fe Division
P.O. Box 1994

DAR-ES-SALAAM
TANZANIA

INTRODUCTION

TaMania is one of the largest countries iD eastem and southern Africa with an area of almostone million square kilometerc. There are t: maior rivers and i iar*Li", 
"ri 

,r"V of rfr""are ln protected areas.

Tel lo ( 1 985) surveyed a number of rivers in the S elo s but the results of this survey nave norb,een obtainabre. However, he estimated a totar popuration of ?4 000 crocodiles in .lhnzania.
Hirji (1986) surveyed Lake Rukwa and recomrnended the cropping of tO OOO anrmats perannum on very Iirtte supforring evidcnce., Karalihwa and Lemu ?iSsil 

"rti.ui"J 
a populutionof +76 000 efocoJites in T nzania. Iargely on infbfmation t.k"; i; i;ii;;;;;;r,

In 1988, 1989 and 1990. suDDorted largely by lirnding from the Tanzanian goy€rnmem,Internationater Reptilecler-Verbind E.v (j"iT*v;, s*!,"ri",,""rl i.."ii"]E.iJ tn*^0,CITES. Hambo Crocodile proiecr lTanranzjnia-s de;ire ; ;;;:;il;; .;:fi Hl"T:.*f i:,fJ':,gJT:1,1];,ili,il**. ilsurveys were carried out (Hufton and Kataliwa. tqgg; Games ancl Severre, iq-Sg; iuln", onOSeverre, 1990). This paper is a summary
with some cr iscussion 

'oiih 

" 
irH;-;- l;8;*,:ie 

inibrmation obrained during rhe 1990 survev

The.1988 survey covere{l the Rufjgi and Ruaha rivers in March when the rivers were still inflo('d This was a preliminary surve-v tbr rhe CITes Nir" cr,r*iir"e.q.iii",,,i"" 
""'u 

o"rn*,1992). ln 1989 fundinE was made ivailab

:*HxxTtr sliT.*'n#t*Lt1li fitffji',ffi "':""'"x'": -if; J: J.x'$T::
The_1990 suwey (again carried out in October) investigared crocodile densities in l3 rivers and5 lakes. The survey was limired by tine, funds anj suitabte 

"i.",rt 
u",i-,riJ ro, 

"u*,otl_a::1ii: 
d,at1.for a m.rniroring pr.giamme. The principal aim was to survey as much suitablecrocodile hahirar as possibje anJ t.r u.ess ,:r,,r.,, l i te ahu"O""." i" t,o"i 

"7.. 

'""
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METHODS

ThreedifTerentailcraftandfoutdifferentpilotswereusedduringthe1990survey..Formost
;il;;.;:];;i;;;;i;;, 1oo.."ut"' c""nu i82' with a pilot and two observers was used Fuel

;;;i;i]; ftin 6ar-es-s^taa*, Dodoma, Tabota' Aruasha and Mwanza Drums or

;;td; tu"t;;ficJin tte nuala National Park (Msembe) and the Selous Game Resewe

fBeho-Beho). On one occaston a slx seater aircraft (Cessna 185) was available and- was used

ii'"^1"1.""i.,"J,ri"-r""ro.s io. t*o observers using the method outlinql by-Magnusson'

i",iii"t 
""J 

crr** {19?8). counling was carried out from alternate sides of the aircraft

ij,r'?';;;;;;:h" other had a beier view of the water) at vadable heishts and speeds

1""'""0i* 
"" 

rft"i"*"ln and the morphology ofthe riveJ Some large rivers were counted fiom

i"JJ niei,. simultaneouqly on both sides of lhe ailcraft

R ive isand lakeswerese lec ted forsurvey f rommapsbythe i reaseofac lessandreputeo
p"p"i".^ 

"i'"'"""Orres 
(intbrrnation fiorn Dtpt ot wildlifeotficl"! 

i"-u^:"lll:l] 
ot *"

fewof these i i versha( lbeenseenDeloreby thesurvey teami lwasno lposs ib lc toes tab l i sh
,i.",u.i,i.iru. 

"tar*rer 
before the survey. Noticeabliphysical features and survey and flight

iir*. *"* t""otO".f to aid subsequent itratification and subiivision Precision estimates

[-pr*rJ"t ,-rtl 
".-"mcient 

of variation [CV]) were calculated from sub-divisions'

During the surveys an eslimate was made ofpelcent coverage ofthe available hahitat Thiswas

lareetv subiect ive bul i t  a l luwal snme toffet t ion helwein channels which were intensely

lii.ti i. 
"""i 

"".t 
i'in"utt t., iollow an.'l those which were broad and easy to tbllow All density

estimates used in tables are adjusted fol the percentage coverage esilmale'

SDotliqht counts ofcrooodiles at nighl were carried out in the Selous Game Reserve Crocodiles

ffi""';;#;;;;;;;n. ui.iue'in't one tate wete countd in the beam of a s0 000 candle

power spotlight These figures were used n) correct the aerlal suNeys

RESULTS AND DISCUSSION

AERJAL SURVEYS

A brief d escription ofthe rivers and lakes surveved is shown in Table 
f: !::]l:T^uj 

tn" ttu"*

;";;;;il;y; ,.e marked in Figure I The type of river was imlnrtant as broad 
-olen

,'J".. *itn 
"unalunrc 

*ere easier to survey than intenscly meandering channels wrtt extenslve

"""J"tgl.g ""g"",i." 
Crocodile densities varied greatly between 0 and 1I 24 crocodiles pel

* .-"i"? fi"tr"" Zl. The following is a brief summary of each river surveyed'

Morogoro Region - Selous Game Reserve

These lousGamerese rve i ss i f ua tedon thesou th .eas tcoas ta lp la inandcove rsanareao t
;;;r.---,;",t; 000 km: Cranzania wildlife Department - selous census) The Rufiii is the

li':g*l ;ilit T;;ia and its drainage basin covers most of southern Tauania The Ruaha'

KilomberoandLuwegor|versare|rsmajorleeders(Figurel) 'Partsoftheselousdrainage
were surveyed in 1963, 1988 and 1989 (Iable 3)'
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Figure l: Crocodile Survey - Tanzania 1990



rl

5

zi

E
I

t

a ; t r .

*

- t E

I

I

e

i

e

E

4

F
2
!

,l

t 4

:a :

q f ?

; g , F

FE

3

2'

3 !

+:

E '

I . q

8

;

t

g
5

?
a
a

E =
: t
a :
9 q

?>

€9

3

t
8

E €--

i€

F€

F P

. t

rF
6e
! . ?

; i  6

c " i

: . i

: q
-Es
i i '

?€

3
a

?
?
F

9:
:
a

&
?

a

-L.
e
*

?

a

a

T

E

d 2

e

€

2

2

a

,

€
e

E
?

a

+

d

;

a

a
3

i

? - ,

d- '

a

?.

e

? :

tsa

zs.
?a

t s f

T F

g o -

t r E
E 9

i € .

Eq
! . 4

E€

e

.l

a

a
e
2

E

"s

:

s"

I
2

.?

B

&
!

e

! t

i a

;

F

I

E
2.

a

3H
i - <

: >
= =

! E

E !

2A

c:

t

6

F

"t

€

*

I

?

a

g

6c

E
: .
I

e
E,
6

?

3

L
6

6

f
c

a

c

li
3.

4
!

t

i

I

;

E

g

a

9

a

6
?

a
fr

.:

E

€

I
J

g

e

3 ; 'ga

7 1

AR

EB

ag



123

t

!t

F

I

F

: r D ES
6 9

e € a

PE
Er e 3

-
-

I
.9

o

z

.9

.E

g

E
6

:

9
.9

a
.:,

E
6

t

9
.9

3

6

t

.9

o

d

3

e

8

9

E

;
I

E

e
2

z

9

:

i
P

:

g
6

p
6

t

3

;

6
6

;

9

R

3

: :

na es a J

a s n I a
3
e
d a

-5

_l
P

a
I

e t 3o I

I

6

o

E
E

'E

A
I

z>

- -

9d.  ea

.9

I
€c

E *

4  - . r 6

z2

.- .E'Fn



124

Rufiji River (Figure 2)

The Ruliji was divided into two strata. The Upper Ruf'ti is a wide sandy river with moderate
crocodile densities between 2.1 and 4.94 crocodiles/km (mean = 2.89; Table l). In 1963
densities were estimated to be between L95 and 3.51 crocodiles/km (Grabam and Bell, 1963)
while Hutton and Katalihwa (1988) estimated a density of 0.98 crocodiles/km while the river
was in flood.

The lower Rufiji (within the Selous) is a very wide sandy .iver which flows into a palm
swamp. The main channels have extensive sandhanks but the river changed its course in
l980.The new channels are generally narrowe. and some have mud banks. Estimates of
crocodile densities are high and range from 0.91 to 34.78 crocodiles/km (mean = 10.82; Table

Figure 2: Selous crocodile survey - 1990

Se ous
Boundory

Ste ig le rs  9 .2
Gorge y  Ruf i j i  lo  kes

Ruoho

l f cko ro
Rul i j i /Ruohc
con uence

a e Numbers represent
overage densit ies
(crocslkm) between

Shiguli Foils

Ki lom bero
Ny'oTSh

RuJiji lakes (Figurc 2)

North of the main Rufiji channel are five lakes one of which is fed by thermal springs.
Travelling from west to east the lakes are named Tagalalla, Manze, Nzerakera, Siwando and
Mzizima respectively. Some cf these shalbw lakes are connected to the river allowing
movement of crocodiles. Density estimates were high ranging from 2.99 crocodiles/km in Lake
Mzizima to 18.0? crocodiles/km io Lake Tapalalla.
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Ruaha River (Figure 2)

The Ruaha river within the Selous Game Reserve has two strata. The upstream end flows over
rock bars while the central section is wide and sandy. Before enrering the Rufti it again flows
over rocks. Crocodile densities were moderate - 1.57 crocodiies/km - with a ranse of oerween
0.5 lo 2.74. This is comparable with prevjous cnunrs (t.56 crrrcorl i tes/km I Hutton and
Katalihwa, 1988 and 1.77 crocodiles/km - Cames and Severre, t989; Table 3).

Kilohbero River (Figure 2)

The Kjlombero river is fed by the Kilombero swamp (5 500 km, approx) and is contained
within a single channel fbr most of its course within the Selous. Thjs channel is interspersed
with rock bars and has mud banks. The upper section (Ifakara bridge to Bomalanga meanders
through a broad floodplain with extensive sandbanks. Crocodile dens;ties ranged between L04
and 8.88 crocodiles/km (mean 2.86; Table 2) within rhe game reserve buiLlr,rpped to 0.34
crocodiles/km once outside the boundary.

1989 surveJ

The density (crocodiles\km) for the 1989 survey are presented in Figure 3 as some areas were
not covered in the present survey.

Figure 3: Selous crocodile survey - 1989

\_.-_{,r,

Appor'matc ridits or Setous come Resede
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Table 3. Summary of crocodile densilies in the Selous Game Reserve as estimated
by aerial survey.

Iringa Region - Rutrhtr National Park

Ruaha River (Fiqwe 4)

This river can be divided into two strata. Upstream ofthe park headquarters at Msemhe (Figure

4) the river is moderately wide tlowing over rooks. There were occasional deep pools.

Downstream of Msembe it is a very wide and sandy meandering river. The water is very
shallow and there are few pools. Crocodile densities wete medium in the upstream section
(4.67 crocodiles/km) and low in the downstream section (0 15 crocodiles/km).

Most of the crocodiles were congregated in large pools upstream from Msembe (31.72

crocodiles/km) and once past the Foxtreks camp (Figure 4) densities were low (0 86
crocodiles/km). There was a noticeable decrease once the park boundary was reached.

Flgure 4: Upper Ru:rhr crocodile survey - 1990

Graham/BeU
1963

Hutton/Katalihwa
19EE

Games/Severre
1989

Gam€s/Severre
1990

Upper Runji 1 .95  -  3 .51 0.98 3 .15 2.89

Lower Rufiji 6 .75 11.83

Rufiji Lakes 3.35 8.46

Ruaha 1 .56 l.'7'l t.57

Kilombero 0.28 2.86

Upper
Luwego
Lowet
Luwego

0.33 1 .64
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lake Mtera (Figure 4)

This is a new Iake which supports a high density offishermen. No crocodiles were seen during
a survey of approximately 35 km of the western end.

Rukwa Region - Katavi Plains National park

Iake Rukwa (Figure 5)

The level of Lake Rukwa has recently (isen and this was evidenced by drowned trees along the
shoreline. Channels ofthe Rungwa and Kaluu rivers were located by the dtowned tree fringe
which extended out into the lake. Part of the western and northe$ ihores were surveyed but
only three crocodiles were seen. Lake Rukwa has the reputation olsupporting a targe crocodile
population (e.9. Hirji, 1986) and more rhan l? 000 crocodiles are thought to have been shot
here (Hutton and Katalihwa, 1988). Lakes are notoriously difficuk to survey and a survey of
Cahora Bassa in Mozambique in 1987 showed very few crocodiles in an are; that was later to
support a cropping exercise of 3 000 animals (Games, Zohlo and Chande. lggg). Further
investigation of Lake Rukwa is clearly needed.

Figure 5t Lake Rukwa, Lake Chada, Kavuu and Rungwa crocodile surveys - 1990
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Runl'ra Ri',)er (FiSure 5)

This river has three distinct strata. Between Lake Rukwa and the Rungwa falls it is a wide

meandering sandy river. For approximately 65 km upstream of Rungwa falls it is a moderately

*ia" .iu"."no*ing uu"r sand ind rock bars. The banks are lightly wooded Upstream of this

poin, i t,""o.", i u".y n"r.o* and sinuous channel with an extensive tree overbang' which
'made 

sighting ctocodiles difticult. There was a low overall crocodile density (0 46

crocodile's/krnj with lower densities being lound in the upstieam strata (0 21 crocodiles/km)'

The downstream strata between the talls and the constricted channel had a higher density (0 8?

crocodiles/km).

Kavuu River (Fiqurc 5)

This is a very sinuous and small river with a moderate vegetation oveLhang which is fed from

Lake Chada ;nd the surrounding ttoodplains. There were people and livestock all the way liom

the Katavi National Park boundary to Lake Rrkwa but there was also a surprising amount ot

wildlife. Crocodile density was low and estimated to be 0.03 crocodiles/km'

Lake Chada (FiSure 5)

Lake Chada is a large floodplain area within the Katavi Plains National Park when surveyed

there were an esti;ated 1i km of channels and pools which were tull of hippopotami

Crocodile density was estimated to be I 1 21 crocodiles/km.

Tabora/Kigoma Region - Ugalh Game Reserve

Ugalhl Ri',/er (FiSure 6)

The upstream section of this river is a series of deep pools These eventually coalesce into a

single channel flowing through a broad floodplain After reaching the Mpande railway bridge

thJriver flows into a seties of swamp areas which culminate near Lake Sagara Crocodile

densities in these two sections was estimated to be 0.31 crocodiles/km Downstream ofLake

Sagara it flows through a single channel beforejoining the Malagarasi. Crccodile densities were

estimated to be 2.38 crocodiles/km in this section. The average density tbr the Ugalla was

estimated to be 0.67 crocodiles/km.

Malagansi Rirer (FiSure 6)

The Malagarasi rivet can be clivided into five strata, two of which were not surveyed- ln the

uDstream iection it is confined to a single meandering channel. Crocodile densities wele

initially tow (0.17 crocodiles/krn) but increased as it approached the papyrus swaDrp (1 16

crocodiles/km) neat Lake Nyamagomo The papyrus swamp was not surveyed On emerging

from the swamp it flows through a single steep-sided channel to the Ugalla junction The

average estimated density here was low (0 84 crocodiles/km) but most ot'these were lbund in

a very short section near the Ugalla junction where the density was estimated to he 5 75

crocodiles/km. Between the Ugalla junction and Uvinza the river flowed over rocks and

through a wide braided channel system. Crocodile densities were low (0 18 crocodiles/km) in

this s;ction. Shortly after Uvinza the river flows thlough a series of spectacular gorges which

were not surveyed. No crocodiles were counted in the final 30 km of river between the end of

the gorges and the delta on Lake Tanganyika. The whole of this section is densely populated



with 6shermen
crocodiles/km.
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and subsistence f'aflners,The average density for lbg Malagarasj was 0.39

Figure 6: Ugalla and Malagarasi crocodile surveys - 1990

Mwana Rcgion - Rubondo National park

Rubondo Island , Rubondo National park

The entire island is a national park and is situated a few kilometers offshore. The tsland is
covered with tropical forest to the narrow beaches. Crocodile densities were low (0.62
crocodiles/km) but a masking fringe of Mimosa macle crocodile spotting difficult in some areas.
The highest densities were found on the soutb-eastern shoreline (0.95 crocodiles/km).

Lake Victoria

Although not formally surveyed the ighr path was over the Speke culfshoreline. The whole
area is densely populated and curtivation extends to the rake. I; is doubtful that there are many
ctocodiles along this shoreline.
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Maru Region S€rengeti National Pllrk

Gruneti/Orangi Riwr (Figure 7)

This is a narrow, tightly meandering liver with a thick tree tiinge and overhang ovelall

.."*ajr" a"".ird Geiow (0.83 c;codiles/km) but rnost o-f.these were contained within a

.i"" .""."-1""t itt" Kirawira research station where densities were estimated to be 8 75

crocodiles/km. Most of the sectlons surveyed were within the Serengeti National Park'

Seroneru RiYer (FiSure 7)

This is a short and very narrow tributary ofthe Oiangi river which had a low estimated den"\ity

"i".""".,r" 
to.:q 

"6codiles/km). 
Ali of the river was within the serengeti National Patk.

Mara Riwr (FiSure 7)

This is a meandering, moderately wide river with part of its course within the Serengeti

N;;;";l P.tl.- Th";t-;ere many rock and sand ba$ within the National Park the average

ai*-"-*"" *lf.""i ,o be 0.SSirocodiles/km but was as high as 1.3? crocodiles/km near the

i"tryu'n fo.o".. No crococliles were seen outside the National Park'

nvY

-n
j  ! .

,a
o^4

q\.
,J i',!.

GrLrm

I
I
t_

Fisure 7: Sercngeti crocodile survey - 1990
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Kilimmjaro/Tanga Region

Pa gani River

This is a very sinuous river with an extensive tree and reed overhang. There are very few
sandbanks and the river can be divided into two strata. The upstream section flows through an
extensive floodplain which was still holding water. Crocodile density was estimated at 0.17
crocodiles/km. The downstream section is similar to the upstream section but there are no
swamp areas. Density was estimated to be 0.02 crocodiles/km-

Lake l\Yumbo ya Mungu

This is a new lake which, like Lake Mtera, is heavily settled with fishermen. No crocodiles
were seen,

OBSERVER CORRECTION FACTORS

On one occasion it was possible to ctrry out a tanden count which allows some estimation of
observer error. The correction fictor for observer 1 (Games) was estinated to be 1.8 and for
observer 2 (Liyimo) it was estimated to be 4.2. This means that any sightings by those
observers should be multiplied by these corfection fhctors if the aim is to speculate ahout a
possible total population estimate.

SPOTLIGHT COUNTS AND CORRECTION FACTORS

Night counts were carried out in the Kilombero and Rutjji rivers and in Lake Tagalalla (Tables
4- 5 and 6).

In the Bomalanga area ofthe Kilombero river both banks were counted tbr 6 km. This channel
was surveyed tiom the air two weeks later. The night count showed 132 crocodiles while the
aerial survey located 4l crocodiles. This ireans that dle correction faotor is 3.22. It is doubtful
that this can be extrapolated to the enti.e length of dte Kilombero as much of the channel
flowing towards Shiguli talls is very difierenl in chffacter (the Bomalanga arca is a myriad of
channels flowing through reeded sandbanks while the rest of the river flows down a single
channel contained within steep mud-banks). This section is probably more similar to sections
of the lower Rufiji.

Two sections of the lower Rutiji were surveyed tbr crocodiles at night. ln a 12 km stretch of
the river from the Kidai ferry to opposite Lake Tagalalla 304 crocodile.! were connted. During
this survey only the northern bank was surveyed. It was estimated from 1:50 000 (1966) maps
that lhere were 32 km of shoreline between these two points. A correction of 2.6 woukl yield
an estimate of 790 crocodiles. A total ol 195 c.ocodiles were countecl fiom the air in this
section which would indicate a correction tac()r fir the aerial count of4.l. A similar corfection
is calculated for the section of river fiom Rutlji river camp (reserve boundary) to Lake
Nzerakera. The night count (both banks) revealed 168 crocodiles while 39 animals were
counted tiom the air giving a correction f'actor of 4.3.

The entire shoreline of Lake Tagalalla was su.veyed at night and 816 crocodiles were counted.
An aerial survey sbowed 181 animals which is a correction factor of 4.5-
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Table 4. Details of night counts in the Kilombero river, Tanzania' 1990 (CV =

l97o\.

Table 5. Detdls of night count - Lake T{galallt (CV = 2.197o).

Table 6. Details of ni,rht counts on the Rufiji river

Section Leng(h (km) Nos. Croqs Crocs/km

Kidai-Tagallala 9 304

Nzerakera-Rufij i 12 168 16.6

The channel lengths and lake-shores suNeyed during the aerial count in the lower Rul'rji total
105 km. It is estimated that 30 - 50 % were not coveted, especially where the river has fbrged
a new cou6e. The lower e,stimate would put the shoreline and channels at 135 km. Speculation
on the total amount of crocodiles in the lower Ruflii al.rne is as follows:

Total number of crocodiles seen tiom the air 804

Channel correction (1.3) 1 045

Night count correction (4.2) 4 390

Section Length
(km)

Nos. Cr0(5 Cro(s/km d'

Camp-Jtlnction 2 36 18 324

Junctiun-Tree 36 5't6

Tree-Single Channel 2 2'l 18 .2 .25

Channel-Game camp 2 l 5 '7.5 56.25

Came camp-end 1.5 l8 12 144

Total 9

Section Length
(km)

Nos. Crocs Cr(,Ls/km dr

Camp-Entrance 7 435 62.12 386t.734

Entiance-Camp 6 381 63 .5 4032.250

Total 816 r25.62 7893.984



The numbers of crccodiles during a night count can be as little as l0 % ofthe total population
but is usually between 30 and 60 % (Hutton and Woolhouse, 1989). This woutd give upper and
lower estimates of 7 024 and 5 707 respectively.

GENERAL

There were a numbe. ofproblems associated with this survey. All ol these tend to indicate that
the count were underestimates and they are detailed below.

Observers, although proficient and experienced on large mammal counts, were new and
inexperienced in counting crocodiles. The correction factor for the one observer tested dudnp
a tandem count was 4.1.

Many ofthe rivers were surveyed during the middle of the day. This was because of the long
distances involved, both transit and survey. It is known that many crocodiles will return to tbe
water during the middle ofthe day (e.g. Cott, 1961) where they are more difficult to spot from
an aeroplane.

The tightly meandering nature of many of the rivers surveyed meant that the percenrage
covered was less than ideal. This possibly leads to under-estimation which I have attempted to
correct (albeit subjectively) by estimating a percent covemge for each river. Densely wooded
or reeded banks with overhanging trees als,, ob\cure(l the view (rf some of the riverl.

Owing to several delays this suNey continued into the first of the ,'short rains'.. This meant that
sone surveys were carried out either while it was raining or under very overcast conditions.
Although there is no data it is considerecl that crocodiles are more dillicult to sllot under these
conditions.

If any survey of crocodile densities is to be used lor monitoring trends in a population then it
should have some measure of precision. The co-efficient oi variation (CV). which is the
standard eror expressed as a percentage ot the counr. is a commun method (Graham. lggg).
In crocodile counts estimation ofthe CV can be achieved in two ways but it should be stresse{.I
that these CVs are not corrparable between nethods_

l). The double counting or tandem method is the simplest and reqlires that one observet
record three categories of sightings crocodiles seen by himself,uld not the other
observer, crocodiles seen by the other observer but not by himself and crocodilqs seen
by both observers (Magnusson. Caughley and Grigg, 1978; craham, 1988). In pracrice
this means that one observer must point out every crocodile seen to tle
obseNer/aecotder or both observers independentjy record sightings on maps.

2). The second method is to divide the river iDao sub,sections and use these as samDle
counts to estimate the CV (Graham, lg88)
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Sample counting is problematic as some dvers are lacking noticeable t'eatures to form the
saople boundaries and it would be very difficult to replicate these in subsequent surveys. The
CV's obtained by this metbod become very large if there is uneven (listr;bution of crocodiles
along the river. Tandem counting has the advantage that observer errors can be estimated and
a correction factor calculated. It allows some estimation of variance between ohservers and the
CVs are used to decide if counts are precise enough to indicate trends.
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Densitv estimatgs were very variable and would be a poiotless exercise to take a mean figure

iti 
"-it"""i"i" 

i, ,r,r" 
"holJ 

country. one fact which emerges liom this survey is that densities

;;;r;i";;;i;;J;.",1 outsirle pr.tecte.l areas and this was noted tbr a oumber ol rivers (e g

i""*li"t" cr,"o", Rul.rji, Kilombero, Ruaha, Mara, crumeti). This indicates thar protection

is having a beneficial effeot, at least on the cfocodile populatlon

The low densities (often 0.00) tbund outside the protected areas also indicates that crocodile

popriutio". *iff continue to iecline when in competitioo with humans .One 
possible way to

im"p tti, A".tin" is to utilize these populations tbr ranching and farming operations Lake

nui*u i, on" ,u"h population that may benefit flom such a management policy'

SPECULATION ON EGG PRODUCTION FROM THE LOWER RUFUI WITHIN TIIE

SEI,OUS GAME RESERVE

The number of breeding females within a population is related tu the total size of that

DoDulation and this fhct is often used to estimate population size tiom counts ot nests

id;;k. ita' Grabam, 1988) Having spe.ulated I'n the l'rtal size ol the p-t'pulation in the

ir*", irtiii it is'then pos;ible to speculare on egg prnrJuttion The numher of.L'rrrcodiles less

thun t.Z oi totnt l"ng,tt is estimated to be alnroxinately 50 % of a Nile rrocodile ppulation'

ftre nu'rter ot treelOing t'emales within an avcrase Nile crocodilc f'ululatioi i\ estiNated to

be y4 of those crocorliGs longer than 1.2 m total length (Games, 1990). Cl tch sizes vary

nr"od, but tt 
" 

ou",^g" lor Laie Kariba on the Zambezi tiver is 't5 eggs lt' the above tigures

ir" ,ri"t t'U" t"o."i"nta!ive of the SeloLrs population then egg production for the k)wer Rufiji

within the reservi can be estimated by:

Lower estimate of crocodile numbers

Numbers longer than 1.2 m total length

Number of breeding females

Lower limit fbr average clutch size

Estimared egg Production
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ANNEX

THE POSITION OF TANZANIA WITH REGARD TO THE UTILIZATION
OF WILD CROCODILES AND CROCODILE RANCHING

OF THE NILE CROCODILE

ABSTRACT/TRANSCRIPT

2.1 Policy for Crocodile Management

Tanzanias crocodile policy states that crocodiles shall be conserved as stipulated by local
conservation laws aod CITES Suidelines for conservation

It is intended that all crocodilian modes of utilizatbD benefit local commu0ities. This approach
serves to enhance efforts directed to curb illegal trade and dealings in crocodilian parts and
derivatives

2.2 The Management Plm for the Nile cxocodile

The management plan is tailored to accommodate protection and utilization of rhe Nile
crocodile

3.1 The Status of the Nile Crocodile in the wild

3.1.1 Distributiotl

Tanzania has an estimated 4000 km or river and 2800 km of lake shoreline. Crocodiles are
known t6 occur in many of these systems.

3,1.2 Population Status

Tello (1985) estimated a total populat;on of 74 000 crocodiles in Tanzania and Hirji (1986)
estimated a population of 10 000 in Lake Rukwa alone. Aerial surveys have been carried out
in recent yea$ (Hutton and Katalihwa, 1988; Cames and severre, 1989; Games and sevefte,
1990) but these were aimed at density estinates rather than total population estimater'

3.1.3 Habitat

Crocodiles occur in stable habitats and especially in protected aleas where human activities are
limited.
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3.1.4 lagal Trad.e

Local trade in crocodile parts does not exist in Tanzania.

Repcrts prior to 1961 indicate that there was a thriving international trade in skins (Came
Division reports, 196l). During the early 1980's all crocodile skins enrering the market were
closely monitored. Today wildlife legislation and CITES regulations have put tradc in crocodile
products under levels of utilization that are not detrimental to the wild populations.

3.1 .5 lllegal Tra.le

Anti-poaching efforts have been slrengthened so that wildlite will conrinue t{} exisr and he
utilized in accordance with the paradigm of sustainable development. tt is on account of this
that illegal trade of crocodile pans or derivatives has been stamned out.

3.1.6 Ctocotliles as Problcn Animals

There is no doubt that crocodiles are a threat to humans and livesbck in Tanzania. It is likely
thal protection3nd trade controls have possibly resulted in some bcel populations 01 crocodilcs
increasing and consequently posing an increased threat to people and aninals.

An estimated 60 pzuple lose their lives to crocodiles annually as well a large number of goats.
sheep and cattle. Known areas of conflict are the Pangani river (Tanga region), the Ruvuma
river (Mtwara region), the Mara and Grumeti rivers (Mara region) and Lake Rukwa (Rukwa
regnn).

Tanzania would like to invite members of the Crocodile Specialist Group k) visit. witness anu
advise on the matter of allowing continued haNests ftom the wild population as a means of
control.

Conclusi0n

It is imperative to recognise the followingl

that the growing crocodile population continues lo be a threat () huDran lifc and
livestock

Tanzania has strengthened law entbrcement etibrts at enormous costs which must hs
realiscd through trade in Species whose populati{)ns are not endangered. The crocodilc
deserves no exception

that there is a need for members of the Croqodile Specialist Group (, visit Tanzania
and witness threats posed hy crocodiles to humans

TaMania needs support in its ettbrts to downlist the wild crocodile population

crocodile ranching will continue as described in the proposal prcacnled at thc Eighth
Conference of the panies to CITES.
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I n  o r d e r  t o  g e c u r e  c r e d i b i l i t y  a n d  n a i n t a i n

5 t r e n g t h  a n d  l e g i t i m e c y  i n  e n y  o r g a n i l a t i , : , n  i s  t o

e e t a b l i s h  a  o j . s s i s n  s t a t F m e n t ,  e c t  r e s p , r n e i i b l y ,  a n d

u e l c o m e  a c c o u n t a b i t i t y .  T h e  I U C N / C S G  i s  v e r y  c l e a r  i n

i t s  n i s s i , l n  s t a t e l l l F n t  o f  c r d c ' ! d i . l i a n  c D n E e r v a t i o n .  l ^ J h i l e

r e c B g n i z i n g  t h e  r i g h t  o f  t h e  i n d [ s t r y  t o  e r i i s t  a n d  t h e

r o l e  i t  F l a y s  i n  c o n s e r v a t i o n  i t s e l f ,  R e s F n n s i t l i l . i t y  a n d

a c c o l r n t a b j . l i t y  E t o € . ! 3  w i t h o . r t  E a y i n g .  F ' r t  t t e r e  e r e ,  a n d

t  i l l  d l u a y s  b B  o p p 6 r t L l n j . t i e s  e n d  n e e d s  t c ,  i m p r n v e .

S t A n d a r d i z e d  i n t e r n e t i o n a l  g r a d i n g ' : , f  c r , : r c , t d i l i a t l  a n d

' r . . r l d  $ i d e  t a q t g i l t q  o f  a l l  m a r k e t a b l e  c r c , c F d i l i a n  h , i d e 5  e r e

i r n p e r a t i v e  i n  b u i l d i n g  a n d  m a i n t e i n i n g  s t r e r l g L h  a n d

c r e d i b i l i t y  e i t h i n  t h e  o r g e n i z a t i o n  a n d  m a r k e t .

I n  i n i t i a t i n g  m y  i d e a , : ' f  a  s t a n d a r d i z e c l  g r ; x d i n g

s y s t e r n ,  I  a m  n . ] t  s L r g g e s t j . n g  t o  d r s c ' : . L { n t ,  r e ! , / r i t e ,  , t r r  r e -

m d t / e  s L r c h  e f f R r t 6  n f  t h e  J a p a n  R e p t i l e  A s B , 3 c i a t j . , : r n  , r r

s i m i l a r  w { . r k s  o f  t h , f , s e  l i k F  f i n g  &  W i I s . r n .  W h t ,  h a v e

p ( b l i s h e d  e x c e l l e n t  a n d  c a n c i l r e  d e s c r i p t i o n s  i n  e x p l a j . n _ 1 r , 9

c o f r E c t  g r a d i n g  p r o c g d  u r e s .

T h e r e  i . B  a  n e e d  t , i r  a  s i m p l e  o p e r a b l e  g r a d i n g

s t a n d a r d  t h a t  w o u l d  b e  i n t e r n a t i o n a l l y  u h d l = r s t o , j d .  O n e

u h i c h  \ " , o u l d  b e  c o n d u c i v e  t o  e f f e c t l v e l y  p l a c i n g . n e y . k e t

v a l u e  t o  c r o c o d i l i a . |  h i d e s  | , i t h D , . l t  r e q L t i r i n g  l e . n g t h y
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desc r ip t i ons  o r  con |p lex  eva l  $a t i onE .

.Fo r  yea rs t  c lass i c  sk ins  have  been  syn$ny lnguE w i th

h ig l '  f ash ion  e *pens i ve  handbags  n6de  p r i | n . r i . l y  f t om

be t l v / f l ank  a reas .  Th i s  sec t i on  o f  t h ! !  l l i n  heg

h is t r - , r i ca l l y  been  the  a rea  tons ide red  i n  g rad ing  and

ascev ta j , n ing  va lue ,  Bu t  u i t h  i nc reased  l t l anL l Jac t t ' r r i ng  . f f

h igh  fash i .on  be l t s  and  5me11  laa the r  g6od5r  e lonE  l i t h  t he

need  fo r  qua l i t y  gusEe t t$  and  bo t l gn  f c , r  bags  and  cases t

the  need  a r i qes  to  i nc lude .n , : re  than  be11y  a reas  i n  g rad -

ing  c rocc ,d i l . i ahs  a r |d  656ess ing  va lue '  As  ! , , i t h  t he  JRA

s tandard  I ,  t nn r  ag tee  tha t  t he  th roa t  a rea  and  upper  1 /3

, r f  t he  te i l  shou ld  be  cons ide red  i . n  t he  g rad ing  c , f

c r o c , r d i , l i a n t E  s k i h s .  6 r a d i . n g  c D u l d  b e  e a B i l y  e v a l  r " r a t f - ' d

by  b reak ing  the  pa t te rn  l n to  5 i r  gec t i c ' ns .  (As  sho ' , Jn

bri lo,r)

GLr Ia t

cone ide red

ind i . ca te  e

are-, end of 1695r and lower taj. l  r , ,ro{I1d

f ( r r  g rad ing .  I f  m j "sE ing  comp le te l y  t hey

de fec t  i n  t he  sec t i on  ad iacen t  t o  the ln .

nc.t trE

wo' l1d

6rada 6ncl value w,truld be determined by the alnc,unt 4t

ouadren t5  wh ich  con ta in  de fec ts .

Fase  p r j , ce  wou ld  be  de te r i t i ned  by  the  marke t  anc l
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' r ou ld  app ly  to  6k ins  o f  good  h ide  subs tance  and

!.r idth t6 length pr,trp,rrt ionE, wj.thout ps96essi.n9

degr€e  c . f  pu t re f i ca t i | : l r  and  Eca le  s l iF ,  These

Lrhen  p resen t ,  wou ld  reduce  bas€  p r i ce  . t rdn  Z : ' y .

Wh i l e  any  o the r  de fec tB  Oou Id  fu r the r  d i scaun t

va l ! | e ,

.|ofane I

any  marked

c'f,nd i  t ic 'ns

to  f  O (17 .

the  h ide

T h i 6  s y s t e m  c , l u l d  b e  m o d i f i e d  t , f ,  e f f e c t j . v e l y  g r a d e

' , / h o l . e  c a i h a n  s k i n s ,  O n l y  t h e  a i e a s  , r f  c o m r n e r c i a l  v a l q e

w i t h i n  t h e  q u a d r e n t s  u o u l d  b e  c o n s i d e r e d .  L a r g e  r a i n a n 5

u h i c h  p o s s e s  h e a v y  d s s i f i c a t i o n ,  o n l y  f l a n k ,  l e g ,

c h e e l i s  a h d  c h i n  a r r a s  s h o u l d  b e  c c | n s i c J e r e d ,  U l h i l e  s l n a t l

c a i m a n  c , f  E u c h  s p e c i e E  a s  F L t s c u E  w h i c h  c a n  b e  d e _ n s s i f i € d

d u r i n g  t a n n i n g  s h 4 u l . d  b e  g r a d e d  a s  c l a g s i c s  a r e .  l r l h i t e

o s r e o d e r m s  a r e  c h a r a c t B r i s t i c  i n  c a i m a n  a n c l  s o m e  h e r d

b e l l y  s p e c i e s  o f  c l a s s i c  s k i n s  s u c h  a s  t h e  A f r i c a n

c r o c c L d i l e  c a t a p h ! . a c i E  a n d  s h a u l d  n . 3 t  b e  c t ] n s i d e r e d  a s

c l e n o t i n g  d a o a g . r ,  T h e y  E h , r u l d  d o  s c l  l , h e n  t o n s i d e r a b l e

p r e E € n c e  i n  a n y  o f  t h e  q u a d r e n t s  o f  t h e  1 a r 9 e  s o f t  b e l l y , s

i . e ,  l a r g e  A m e r i c e n  A l l i g a t c , r g  a n c i  N i l e  C r { , c | 1 d i l e s .

S i . : e  ! , / 6 u l d  b e  r e . B r d e d  i n  e i t h e r  l i n e a r  i n c h e E  l r c , m

c h i n  t o  t a i l  o r  i n  q / i d t h  b y  c e n t i m e t e r s  a t  1 . / G  d E L J n

+ h e  b e l l y  a t  a b o u t  t h e  f i f t n  o o n e .

S k i n s  E h o u l d  b e  F u I l e d  a n d  r e l e a s e d  t o  n e a s ( r e ,  b u t

n o t  o v e r l y  s t r e t c h € d  o r  h e l d  t d  m e a F , { r e m e n t .

V a l u e s  f c . r  f r e s h  s k i n s  w i t h  g o o d  h i d e  s u b s t a n c e
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$rould be a5 tol lorrsl

Sk in€  conp le te t y  f ree  o {  de fec ts  -  Fu l l  FaBe  Pr i ce

5kin5 with one .f,r ts'o quadrants

con ta in ing  de fec ts  -  752  Base  P r i ce

Sklns ' . , i t tr  extreoe damage in t 'o

quadran ts  o t  t h ree  quadran tg

con ta rn ing  de fec tE  _  sOX Bage  F r i ce

Sk ins  con ta in ing  ex t reme damage  in

three quadrants or four or more

quadran ts  con ta in ing  de {ec ts  -  ?52  BaEe  p r i ce

to  ConPIe te

Re iec  t i on

De fec t  \ t , f , u td  be  eny th ing  vh i ch  occu r5  w i th in  the

pa t te rn  denc t i ng  damager  na tu ra l  and  nan_made  o r  any

marked  d i g rup t i on  o f  t he  no rne l  pa t t e rn - i ' e '  de fn rn i t i es '

i r r eou la r  umb i l i ca l ,  d t c .

I f  r equ i ted  an  aqen t  cou ld  p rov ide  fu r the r

de rc r i p t j . ve  i n fo rma t ion  to  exP ls in  co r r tBp$nd ing  E rade  o f

h ide  o f fe red  by  deno t ing  the  quadran ts  l , , he re  de feE tg

o c rur.

TAG I{].

92AO1e32
92001833
92001434
92001835
92001836

6RADE

I
I I

l l T

I 1
I

stzE
(c't)
34

30

r Et !q I

x
X x x

x
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Th is  i n fd r rDa t ion  cdu ld  be  supp l i ed  i f  necessa ry

for a custorner to understanct the value of the hides -

a l t hough  des igna t i on  o f  g rade  gh .3u Id  be  ad rqua te  tD  aEces r

inarket vA I ue,

Aga in ,  t h ie  l s  on l y  l ny  asse r t j . cn  to  r i np t i f y  t he

meane  to  convey  the  va lue  o f  c lass i c  sk inE- .

By  no  means  does  L t  a t teDp t  t o  app roach  the  e f fo r tg  o f

que l i f i ed  g red ing  s tandardE  o f  p r€v io i r s  sys tems ,  Bu t  i f

E radang  can  be  done  g i l l l p l y  end  e f fec t i ve l . y  by  th6  ave rage

person  engaged  in  the ,bus iness ,  t hen  i t  | , j . 1 l  be  ,no re

l i ke l y  t 6  be  emp loyed  by  the  i nd l r s t r y  as  a  manda to ry

stenderd prloced ure.

l j n i ve rsa l  t egg ing  o f  e l I  r na rke ted  c racod j . l i an  sk inB

w i l l  no t  on l y  l eg i t i , n i ze  the  i na rke t ,  ba t  e i l l  a i de  i n

g j . v i ng  i den t i f Lca t i on  o f  g raded  sk inE  by  p rc , v : i d ing  a

CITES tag  numbar  q r i t h  a  co r respond ing  g rade ,

Leg i t i f i i l i hg  the  t rade  i n  as  tuu rh  as  by  a l l o l r i ng

un tagged  gyoups  o f  c roc { rd i l i an  h ideE  fo \ rnd  i n  k ,a reh6u5es ,

tanner ies ,  and  Denu tac tu r i ng  fec j . l i t i es  by  i ngpec to rs  to

to  be  eas i l y  recogn i l ed  a5  i l l ega l  sh lpoen ts ,  Re (o rds

inE luded  w i th  sh ipmen t  sho r r i ng  co r respondLng  tag  an , f , un ts

equa l i nB  td ta l  aonun t  c ) f  sk inE  uou ld  dec rease  chana€s  fb r

ex t ra  l r n l i e ted  6k ins  to  be  i nc lqded .  Th i s  uey  fa l se

ha rves t  Bnd  expor t  numbers  wou ld  be  l e55ened .
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T a q t E  s h B u l d  t r e  C I T E S  a F F r o v e d  a n d  5 i ' n i l a r  i n

m a t e r i a l ,  m e c h a n i c s ,  s h a F e  a n d  n r d e r  o f  l n e r l t i n g '  S c '  t h e y

w i l l  b { +  € - . a s i l y  a t t a c h E d ,  i r n p a g s i b l e  t c ,  r e m B v e  r , r j " t h | : l | l t

b y e a l . : i f r ! r  a n d  e a i i i l y  r e : t d  a F  t o  6 P e c i e s r  c ' i u n t Y y  ' - r f  r l r i g i n t

" 1 r 1 d  : i n c j i v i d ' r a t  C I T F g  t A g  r r u n b e r .

S n m e  t a q  d e e l i q n F i  i r r t , '  s u c h  t h a t  t h e y  a r e  a a s ' i l y

c l e ! . 1 c 1 1 e d  a f t e r  a f { i v i n $  t h e . n  t ' : ,  t h e  6 k j " n '  A 1 ' - ' : ' t  I  d c ' { l l t

L h : r t  , r i i g n i . f  i c a n t  t - i e n e f i . t  i s  r e a l i r e l l  i n  t h a g  n e t n L ( f a c t i t r r i  r r q l

t f  t ; \ F s  w i t h i n  c ' : ' r r n t r y  r r f  s p e c i e $  1 3 r i g i n '  s i n c e  t I e  t a g

r e p r e ! : l r . 1 1 L | 3  l e $ i t i m a L y  . i n  t h € l  i  d r l ' 5 t r y ,  j t  i s : i ' n F e r i l l t t v e

L i l _ L " " r t  a t I  t i : r ! l : i  m . l n r ' f a c h \ l r ' e d  b e  c d ! p a i : r 1 e  . . f  u i t h ! t t ' c n c ' i ' n g

t a n n i  q  , { n c i  f i n r s t r r n {  p r n c r } r l L l v e s i  \ r h i I e  m a i n t . r i n i n G l  : i t e ;

f , ( l , c l r i , '  . , f  i d L , a L  - f 1 i : n r : j  J " "

T a U S i n g  r e F r r : : 3 s n t s  t L e  ( h e c l :  i r l  t h s  1 n { J [ s t r y "  r

. ' r d | | I  t , r  ' /  e p r e ' : t r . i r i t  t h e  t ! a l e n i : e  t h e v e  f l e e d l t  t n  t l e  e  c e n t r a l

l n c a t i r ' n  f i , r  r e c e i v i n g  . i p e n t  t B g s  f  r ' 3 m  f i n i E h l l c l  s k i r i ! ' j t

a f t e r -  b L . i n g  | r t  f r i r  n r a l r L r f  , a ( t ' r r i n g  n {  p r , : l d | ] c t s '  A n y  c r L r . i t

! : , r  ' f i n r E h e L l  s i , : i n  : l e f  t  i . n  i r ' v e D l o r y  y e a r l y  5 h + ! l d  b e

i n r l | l d l r d  i n  A n  s n n u a l  C I T : l E S  r e F r i r t ' j r 1 1 n t  t ' : '  + j h B  s a m e

c . e n t r a l  r c ' l l e c t i n g  t e r n t e r  a e  e i F e n t  t a g 5 "  T h i " i  w L ' ( 1 d

e n a b l e  m o n i t ' r r i . n q t  , r f  s k i n $  t h r a l r r g t '  t h e  i n d q e ; t r y  f  r ' l n  r ' " r w

tc f  i  n isherl  Pr( ld, .r  ct  '

S o m e  e : i c e p t i c , n s  a n d  F r o b L e n € ;  w i I I  r r c c u Y  '  b r ' t !  t f i s

, . J i 1 1  t l i f l d  t , : ,  f L t v t h e r  l e g i t i m i i : e  t h e  t r a d e  _  n a l i n q  i " t  m o r e

r e q p f J n 6 i b 1 e .

Standard i zed  tagg ing  and  g tad ing  l r i 1 l  add
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] . n te rna t i ona l  reEp l fns tb i t i t y ,  accoun tab i l i t y ,  and  unde ,_

s tand ing  to  the  c roc6d i l i an  6k in  t rade .  Bu t  t he  i ndus t r y

needs  tB  con t j , nue  to  pu rsue  p6s i t i ve  e th i ca l  p ra ( t i ceg

wh ich  ' " / i I 1  b r j "ng  a t ten t i , f , n  t a  thc l l i e  wh l ]  do  no t  c6mp1y

in  t he  e th j . ca l ,  r espDns ib l e ,  conse rva t i ng  t r ade  wh i ch

ho lds  f i r € t  anc l  f o re |nos t  t he  s r - - t a inab i l i t y  o f  t he

lvlany t ioes I have been confused j.n the past as to

h'1\", the be..s pl. ice6 heve been Eet for crc.cc,di l ians f r.rm

year  tL i  yec r ' r .  Genera l l y ,  supp ly  end  demand  a re  th r i  i . : ey

fac t i r6  i n  es tabL ish ing  ,na r i i e t  p r i ces ,  Eu t  , " r i t f '

f l ' . t c t | . r e t i ons  c , cc r i r r i nq  yea r l . y r  t oE .  ex t reoe  h i "ghs  anc l  . l o , r s ,

i l np l i es  ' t r t he r  f ac to rE  ey i6 t  i n  de tF rm in ing  mar !e t  p r i ce

E f  t h iE  I  im j . t ed  F rc ,duc t .

I n  specu la t i ' r n ,  I  f a {3 l ,

g r . ve  some exp lane t i sn  fo r  t h€

t  radE .

t h e  t o l  l o L r i n g  e i i s , " r m p t i a f l s

i r r e g u l a r i t i . e s  i n  t h e

( 1 )  1 f  one  can  acq ( t i r e  sc ,u r ce6  f o r  i l l ege l  r au

na te r i a l  a t  a t t r dc t i ve  p r i ces ,  t hen  by  push inq

the  p r i ce  R f  1e9a11y  taken  sk ins  r rpwardg  j . n

cohpe t i t i ve  buy ing ,  t hey  no t  on l y  p rn tec t  t he i r

i nves tnen t  bu t  , nake  i t  nc , re  p ro f i t ab le ,  Even

i f  p r i ces  a re  p {shed  fE r  d the r  spec i *s ,  due  t . _ ,

s im i l a r i t i es  o f  spec ies  a l , rne  l , r i I l  i nc rease  the

va lue  o f  i n i t i a l  i l  l ega l  i nvss tmen t ,

(2 )  Da i ,nan  hun te rs  i n  Cc r lu f l b iB  rece i v ing  the



146

eq l ] i va len t  t , :  s i !  do l . l a rs  l J 'S .  f o t  s ! : i n6  t ' f  be

marke ted  f r c , i n  30  to  60  d61 Ia rs  U .S .  by  bus ine - -5 "

men \th']  can sec$l.e tags and export F'!apersr have

hc '  l ess  i ncen t i ve  l hen  se l l i ng  a t  t he  same leve l ' 3

to  the  b leck  mar l . e t  wh ich  a re  eb le  t c '  se l1  a t

Ieve15  cons ide rab l y  l ess  than  the  f i i dd1e  man

ge l  I  i ng  l ega1  one6 '

(3 )  When  obEerv ing  50  nany  l nw  qua l i t y  t t k i ns  be ing

p rodL tced  f rom danag td  and  pu t re f i ed  ra ,  ma teF ia l

i t  wou ld  be  un l i ke l y  t ha t  t he  buy€ r  wo{ ]d  shoq  a

p rB f i t  un leFs  a  good  Fo r t i on  , r {  t he  tna te r i a l  v raE

erq , r i " red  a t  be1o , , ,  marke t  p r i ce5  i l l eqa I l y .

(4 )  under -c ' l t t i ' ng  l ega1  maYke t  comFet i t ' : r 6  l ou ld

ees i l y  be  ach ieved  by  pu rchas ing  a  pe rcen tege

d f  c rocod i l i an  p ra ,dL l c t i ' r n  f rod  i l l ega l  s ' : u rces .

Buye r  # i  buys  ?OTOOO Fcs ,  €  S6o , /h ide  l ega l

ava rage  co !3 t  860 /h ide

Buyer  *2  b ' rys  15 '0oo pcs .

1 O '  O O O  P c 5 .

$ 6 ( ' / h i d e  l e g a l

$ ! O /  h  j , d e  i l  l e g a l

G

e

average cost S4"l/hide

(Even  ! , / i t h  1ou  csmp le te  ta I l - nu i  fFJ f t

pu t re f i ca t j . , sn  due  to  poo r  hand ing l

average c|)st < i45lhide

(5 )  P r i ce  and  de f i and  co ! r l d  be  a r t i f i c j ' e l l y  i n f l a ted

f.fr legaI crrrcc.di l ians u,hen needed to f rc'nt 6nd

shdr i ,  f a l se  l eE i t i nacy  {d r  t anner ies  L | t i l i zang
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i l l e g a l  s t t j n s  i n  t h e i r  p r , r , d l . l c t i L i n 3 .

W e  h a v e  t o  r e l y  o n  t h e  m a r t i e t  a n d  ! . n d  r r r t r y  t 6

t D A i n : a j . n  t n e  c r e d i b i l i t y  D f  j t s e l f "  F , : , r  u . ) i ! t - , r r r t  d e r m a n d

t t , e r e  q r r , t | 1 c l  b e  n c ,  i . n c e n L i v e  t r ,  h a r v e . , i t  i l l , : r q . : ! I I y  t n f i e n

s k i n 5 .  O n c e  a  E i n c e r e  a l q u a i r , ] t e n c c n  f  r , : , f i i  G  t . r  b L . f i A I a

a t  t h e  l a s t  D S F  n e e t i n g  t n t c l  m ? . L h a l  t f , e  p 1 l , r r  r i -  n  f , i , ;

. , r u n t r y  u i l l  p r , : , d { c e  w h a t  t h e y  a , " e  p a i c l  t , . , ,  1 r ,  f a c b ,

t h e s e  p e , 3 F l € r  l _ , a v e  l i t t l e  c , 1 n ( j e r , 1  w i t l | b h e  r , . - , , 1 ! i e , r v . r d i , : , n  , _ i i

a n y t h i n g  b L r t  b h F  i i n , n e c l i a r : e  n e e d  t , : , r  t h e i r  f . r f i i l ; / ' ! :

e x i s t e n c e .  U n t i . l  t h e i r , F  a n d  d , t h e . ! i ,  n e e d  f , r r  b a e i (

q ( a 1 1 t y  , a t  I i { e  i E  s i  s t a i n a t r l e  n r  , : , t h e r  f , : , r m s  , : , 1

c o n s e r v a t i & n  r f , r e  r e  l  e v , : r  r | t  "

I n  c l , : , s i n q ,  t l r e r e  " 1 r e  n , : ,  q r l r  I  { i , i e _ - ,  f , r r  i l r i y

c o n s e r v a t i n n  j " E s u e 6  f a c i n g  l h € .  w ( , r  I C  t c , d a y ,  e ! , : i F r e i : r . r l  l ,

t h . x s e  t f i n g s  t h a t  i n c r e a s € :  h u m a n , , / e . r l t h .  F , r L  i r p r ! r i . - t E n . e

i n  J , r r t h r r  e d u c a t i c , n ,  s i m p l i f i e d  f  L r n c t i . c , n a t r i t  i t y ,

r e s p o n s i b i l i t y ,  a n d  a c c , : ,  n t a b i I  i t y ,  w i 1  : 1 .  . l r * r e  c , : , f ) E e r v ; : r 1 , : n

a n d  c o n 5 , - r l n p t i v e  L r s e . r f  c r c , c , 3 c l i l i a n  a n d  a I i .  r l a t , r i . \ l

res.Jur ces be c{,me syn,rnync, l . lqr ani l  s Ll . , ! i  1r ai  na b 1 f3.

I t  i s  e 6 l s e n t i a l  f , : , r  t h n | : e  i - n  t h e .  a n d i ( . , . r r y  f :  : i e l  . r . r , l

c h e c k p o i n t s  i n  t h e  n a r k e t  i n s r r r i n , l  l e g r i  t j f i r , r r /  , r f  L t , , ?

i n d u s t r y  a n d  p r , r t e c t i n f i  t h e i r  . i n v e l r t f l t F r ' r t  . )  n  r r t  i . r  i ( ? ! t . r t i

t r E d e .  F r r t h e r m c , r e ,  u h i l e  m a i n t a i n i n ! l  t h e -  m t $ , " i , 1 , n

s t a t e m e n t  o f  t t , e  I U C N , / C S G  w e  s i , ] , ' - | . t d  a l w a y - :  , : t r r ! d  1 , ,  f i r d

s o m e  c . l m m ' r n  g r c , ' t n d  t c '  a q r e e  , : , n  w h E n  c J i . f  l e r e n , : ( j , .  t i e , r i r r ( . e t i

m e m b e r 5  a r  i  5 e .
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Th is  , r i  11  i nsu re  tha t  ' - ' u r

v i  t h rn .  And  i ' u r  s t reng th

| , t n i f i ca t i l , n .

e f  f  ' r , r t s  a re  nB t

w i l l  t l e  l n  du r

d€iFtr , t ryed f  r ' fnr

d i  v{ i r  5i  tY and
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CROCODILE SKIN INDUSTRY IN ETIIIOPIA:

STATUS AI{D CONSERVATION PROCI{OSIS

PHIL IP  U .  f iALL l ,  Facu l t y  o f  Fo res t r y ,  A lenaya  Un ive rs i t y  o f

Ag r j . cu l t u te ,  p .O .  Bo8  l 3B ,  D i re  Da l ra ,  E th i op ia i  ; d

TADESSE HAILU,  E !h j . op ian  Conserva t i on  and  Wi ld l i f e  Organ iza t i oo ,

P .o .  Box  386 ,  Add i s  Ababa ,  E th i op ia

to  eva lua te  p rog ress . A rba  M inch  Crocod i l e  Fa rm (A l . t cF )  i s

Background

The  modern  c rocod i l e  sk in  i ndus t r y  j . n  E th iop ia  da tes  f rom 1983

rJhe ' l  an  ag reeme l r t  l r as  s igned  by  the  Un i ted  Na t j . ons  Food  a r l d

Agr i cu l t u re  Organ iza t i on  (FAO)  e j " t h  the  E th iop ian  M in i s t r y  o f

Ag r i cu l t u re  to  p rov j -de  ass i s tance  w i th  the  deve lopmen t  o f  a

comnerc ia l  ven tu re  to  ranch  N i l e  c rocod i l es  (C roco l l v l us  n ! I_o_ ! !_c_u_s_ )  .

cons t ruc t i on  o f  a  ranch  a t  A rba  M inch ,  I oca ted  be tween  Lakes  Abaya

and  chamo in  sou thees te rn  E th iop ia  was  begun  in  rn id - . I 984  and  the

f i r . s t  w i l d  c rocod i l { r  s t ocks  re re  co l l ec ted  i o  l 985  (Tab le  l ) ,  FAo

pro jec t  i npu t  has  i nc luded  cap i ta l  equ ipmen t  ou t l ays ,  ex te rna l

t ra in ing  fo r  ve te r i na ry  and  w i l d l i . f e  s ta t f ,  and  consu l tan r  se rv ] ' ces

admi .n j - s te red  by  the  E th iop ian  Wi ld l i t e  Cooserva t i on  Organ iza t i -on

(E , lCO)  and  was  des igned  to  p rov jde  a  sou rce  o f  f o re ign  exchange

th rough  the  deve lopmen t  o f  an  v iab le  i ndus t r y  t ha t  rou ld  a l so

'  P resen t  add ress :  F lo r i c ta  Museum o f  Na tu ra l  H i s to ry  -  He rpe to log1 l ,

Un i ve rs i t y  o f  F l o r i da ,  Ca inesv i l l e ,  FL  326L1  USA
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afford enpl oyrnent

economy.

fo r  na t ive  c i t i zenry  and benef i t  the  Ioca l

Bab le  1 .  Wi ld  c rocod i le  s tocks  used  fo r  Arba  u inch  c rocod i le

Farm a t  Arba  Minch ,  E th ioP ia ,  1985- I992 '

rebs 1e86 198? re89-_ 1e9 9,__19_9! ,-!-9ll___19-92

No.  o f  nes ts
ident i  t  i  ed
opened
N u t  i  1 i ,  zed

No.  o f  ha tch l  ings
co l  I  ec ted
1yr  su rv iva  I

ra te  ( t )

4 a't 206
2 72  l -26

50  83  6 r

181  2713  2500
50  5  88

292 74d O
225 63  0

7 '7  84  0

132

58

2547
8?

204
204
1.0 0

6000
7r

7L4o 2r2 f  0
290

Reduced  coun t  due  to  l ack  o f  sPace  on  fa r rn ,
F igu re  unava i  I  ab l  e .

Perf ornance Evaluation

E th iop ia  became a  s igna to r t  t o  t he  conven t ion  on  In te r [a t i ona l

T rade  i n  Endanqered  spec ies  o f  w i l d  Fauna  and  F lo ra  ( c rTEs)  i n  1989

and  a  quo ta  sys ten  fo r  E th iop ian  c rocod i l e  p roduc ts  was  aPproved  a t

t he  ? th  and  l l t h  mee t i ngs  o f  t he  Pa r t j . es  (Tab Ie  2 ) '
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Tab le  2 .  Ouo tas  f o r  E th i op ian  c rocod i l es  app roved  by  C lTES

Year

1990
19  91
1992
1993
1994
1995

R an c.h
ski.rrs

6500
6000
4500
2500
2000
4000

Adu l  t s
l  i ve

20
20
20

0
0
0

Ha t  ch l  i ngs
l  i ve

2500
2  500
2500
1000
1000
r000

Hunt  ing
t roph ies

50
50
50
30
30
30

Cur i  os  f r om To ta l
r  an  ch i  ng

300  9370
300  s870
300  ' t 3 ' 70

300  3830
300  3330
300  5330

A  toLa I  o f  17 ,000  ranched  sk i ns  was  app roved  f o r  expo r t  du r i ng

L990 -1992 .  To  da le  t he  number  o f  r an ( ' hed  sk i ns  p roduced  has i  f a I I en

fa !  sho r t  o i  t ha l  goa1 .  T i r e  f i r s t  ha rves t  a t  AMCF occu r red  i n  I 990

t {hen  2 .074  c rocod i . l e  sk i ns  we re  sh rpped  t o  Japao .  No  e :po r t s  t ook

p lace  i n  1991  as  a  p l anned  ha rves t  was  suspended  due  t o  l he  marked

d rop  i n  i n t e rna t i ona l  p r i ces  f o r  r ao  sa l t ed  c rocod j . l i an  sk i ns .  The

lack  o f  ha rves t  con t r i bu ted  t o  a  space  p rob lem a t  AMCF and  t he

ra r r ch  j . s  now  ove rc ro r , r ded .  Consequen t l y ,  ha t ch l i ng  co l l ec t i on  was

reduc€d  i n  1991  and  ceased  3 i t oge the r  i n  I 992 .  Th€ -  cu r ren t  s t ock

i s  abou t  10 ,000  an ima l s ,  o f  wh i ch  4 ,000  t h ree - t o - f ou r  yea r  o Id

i nd i v i dua l s  ( 30 -40  cn  be l l y  w id th )  a re  schedu ted  t o r  ha rvesL .

In  te rms  o f  husbandry ,  pe r to rmance  has  l e f t  much  to  be

des j r ed .  su rv j . vo r sh ip  o f  ha t ch l i ng  s tock  (21 ,121 )  du r r r i g  1985 -1990

was  on l y  528  a t  one  yea r  o f  age .  Such  mor ta l j . t y  i s  u l acc ,p tab le

b io l og i ca l l y  and  econon i ca l l y  i n  a  con ine rc i a l  r anc t r i ng  ope ra t i on .

c rowth  ra tes  o f  s tock  a t  AMCF have  been  w ; l  I  be loe  t  t , a t
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demons t ra ted  fo r  c rocod i l i ans  e l se l the re  where  be t te r  husbandry  i s

used ,  Desp i te  these  d rawbacks ,  AMCF has  P roduced  a  modes t  p ro f i t

t o  da t€  (Tab1e  3 ) ,  a l t hough  s i gn i t i can t  i np rovenen t  cou ld  be

rea l  i zed  w i th  be t te r  maDagemen t .

Tab Ie  3 , Budget summar Y

(mod i f i ed  f  ron

E th iop j .an  b i r r

l o r  A !ba  f , l r nch  C rocod i l e  Fa r rn ,  1986 - I992

A l l en -Row landson ,  1991 ) .  P r i ces  a re  i n

(ETB2 .05  =  Us$ I  00 )  .

Yea  r

i l 986 -87
196? -88
1988 -89
1989 -90
1 t90 -91
1991 -92

' I J ! a r 5

Expenses

5A913  . 22
1 ' : 33 :e .50
L90  443  . 93
;207120 .10
323L20  . 47
38??45 .00* *

743061 \ . 20

Income

0 .00
0 .00
0 .00

983016 .00
0 .00

L435000 .00* *

2418016 .00

Ba I  ance

-163328 .  s0
-190443 .93

6?5895 .90
-352 ' , 7 ' 75 .43
104?2s5 .00

957589 .82

* *  p ted i c ted  va lue : j .

Nb ,  -  P ro j ec ted  1992  i ncone
be I l y  f i i d t h  w i t h  ao  ave rage

aesumes  sa le  o f  { 000  sk i ns  a t  $5 .00  cn
! : L i n  s i ze  o f  35  cm.

Fu tu re  ou t  l  ook

From an  economlc  s landpo i .n t ,  AMCF Ls  a t  a  c !oss roads  '

A l t hough  ad rn in i s te red  by  Ewco ,  Ewco  i s  seve re l y  cons t ra ined  i n  i t s

cha rge  i n  tha t  i t  de r i ves  no  revenues  f ron  the  managemen t  o f  AMCF '

P ro f i t s  a re  re tu rned  to  the  cen t ra l  na t i ona l  t reasu ry  '  t hus
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depr i v ing  EWCO o f  i ncen t i ve  fo r  sound  f i sca l ,  husbandry ,  o r  l abo r

managemen t ,  Funds  and  manpower  t rom EJCo  a re  somet imes  d j . ve r ted

f rom o the r  a reas  o f  respons ib i l j . t y  t o  keep  the  p ro jec t  ope ra t i ona l .

A I iCF  wou ld  a lmos t  assu red ly  be  be t te r  rnanaged  by  a  p r i va te  conce rn

o r  co rpo ra t i on  tha t  wou ld  p rov lde  a  rno re  p red i c tab le  ope ra t i ona l

cash  f l on  and  the  p ro fess iona l  expe r t i se  needed  to  gu ide  l abo r  and

connnerc ia l  husbandry .  Such  a  recomnenda t ion  i n  t he  pas t  n igh t  have

been con t ra ry  to  the  p rev ious  po l i t i ca l  i n te res ts , However ,

p rospec ts  m igh t  pe rhaps  be  be t te r  no l r  f o r  such  a  conve rs ron  s rnce

the  i ns ta l l a t i on  o f  t he  T rans i t i ona l  Governmen t  o f  E th rop ra .

In  te r rns  o f  c rocod i l e  conse rva t i on .  AMCF has  had  a  neg l i g ib le

j .mpac t .  Res tock ing  o f  ha tch l i ngs  to  the  w j . l d  has  occu r red  on l y

when  space  \ " ras  unava i l ab le  to  house  them w i th in  AMCF.  Some bene f i t

t o  c rocod j . l e  nes ts  aga ins t  dep reda t i on  was  a f fo rded  du r ing  p rev ious

years  r . rhen  su rveys  were  conduc ted  and  nes ts  g r . ra rded  and  mon i to red

fo r  egg  co l l ec t i on  (Ha i l u ,  1990 ) ,  Ho r , r eve r ,  t h i s  p rac t i ce  i s  now

d iscoDt inued  and  no  su rveys  o f  w i l d  c rocod i l e  popu la t i ons  have  been

made  s l nce  1987 .  T rophy  hun t i . ng  t o r  c rocod i l es  i s  s t i l l  o f  no

i rnpo r tance  i { i t h in  E th iop ia  and  w i I l  p robab ly  rema in  so  fo r  t he  nea r

fu tu re .  The  mon i toE j .ng  o f  c rocod i l e  cu r ios  i s  p rob lena t i ca l  a t

bes t .  Wh i l e  t he  quo ta  f o r  E th i op ia  i s  ve ry  sna l l ,  t he  t r ade  i n

cu r ios  (and  o the r  w i l d l i f e  p roduc ts )  rema ins  i n  t he  e f fec t i ve  hands

o f  t he  tax ide r tny  i ndus t r y  f o r  wh j - ch  the re  i s  no  con t ro l  a t  p resen t .

P ro tec ted  and  endangered  w iLd l i f e  spec ies  a re  regu ) .a r l y  so ld  i n

Add is  Ababa  shops  hav ing  been  "ce r t i f i ed "  as  l ega l  by  l oca l
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ta r idern is ts .  fh is  looPho le  shou ld  be  c losed and cer t i f i ca t ion  o f

w i la l l i fe  p roduc ts  shou ld  be  Per fo rned by  E l {co '

Although the war that deposeil the previous regime ended in

Igg l ,nuchadn in is t ra t i veand ju r i sd ic t iona l rea ] ign tnen t / ! | i 11

cont inue r . i th in  E th io t t i ' a  fo r  the  ne t t  severa l  years '  fh is  fac t '  as

vJe l l  as  p rev ious ly  ex is t ing  shor tcorn ings  a t  AucF '  w i l l  necess i ta te

c lose  scru t iny  o f  the  pro jec t  by  o rgan iza t ions  guch as  the

crocod i le  spec ia l i s t  Group fo r  the  fo reseeab le  fu tu re '  The

potential for inProvement 1n the managenent at AMCr is considerable

as  is  tha t  fo r  the  management  o f  w i ld  c rocod i l ian  s tocks  in  genera l

w i th in  E th i 'oP ia .
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htroduction

A pre.lininar:-." as,sesstn<rntl lnas na,le t-o try i.:G tt!:tab l-j sh f-he pat_tern

ol chanqes which occur j .n egq production ancr hatchilnq sluccess y

lrrth j,n ; grc\:p ot gr:oq:QdJ1JJ4g ,Dilg=ti!,3ri f enales ' b]:ed and realed

undeJ: cani::r iol i  ed condll io;s ot naob,ab larl l t  (Kenya). ' tbe hlst 'Jrr* of

these crocodiies is knoltn as they have been Nonittred since heinq

.ray ol.ct hatcl i l . ings. ' lhej 'r  jndividua-t egg pioduction arlC haiching
suc""ss vau tecoz:ded trol i  thejr f  i l :st layjr iq seasot to presjeni '

Backqrormd Baobalx Aguacu.lt{re

uaobaL\ !a n, iocated lo i(n North of i lonbisa on ' ihe ?ionye coa€',

intr.Jduced Aquaculfure i-n 19?1 as pa!f- of an inteqrated plotle' ' ' : :  c ' f
land recfamation. The si ie is a i torked oui co!a1 l inestor' :e quarty

of the Ranb,irai Poreland Cenent CcnpanY . fhe ezcavat lons : ' ' :opperi.  '

cn ( i  2ccri i  above the ground i irater. ahel:e is an abuDdant si lpply of
watei: rnhlch vdries : i .n sa.l . inlty frolt o.5-15 ppt accorj inqi to the 

"ry
or lret season and the t idai- i .r f luence ct the nearl)y lndian oceab"
the  g round  ua+-e r  hag  a  nea r -cons tan f  t enpera tu re  o t  26  1 l  ( : 1C ;

t l r . ouqhou t  t he  yea i .  ( l { a l }e r ,  1988) .

BackqEound of cliocodiiesi

crocodiles uere introduced into the rnteqrafed Aquacultu: 'e 5)sLen
to f i l l  a gap in the Ban*)uri quarr"l  e3osysteni nai<irg use f l f  aif
aninal wasie- prolein fron Baobab tar.111. The nunber of cro' iodi ies
heLd is deterrt ined try the amounl of protein available. o! i117 jn thls
context ! ' ras crocodile uti l isatron jusLif iable ftof i  our polni of
vieu of rdi ldt i fe oon-<er.vati  orr.

oriqin of Parent Stock

ln  Oc to r re r  1975 ,  on  a  t ' l ap ia  .o l l ec t i on  t r i p  t o  Lake  Tu rkana ,  f i ve
crocorl i les, ranging berl. .er\ 12-86 cn in size' were co.i lected for a
gro\^rth experinent. I IJ! 'rr food \tas waste ' I i lapia and meat from
inimal carcasses. ' Ihe grouth perfor:nance l^ta-< very enaou! * '7ing, ' ' j th

an  ave rage  i nc rease  i n  l enq th  o f  2 .1 -2 '8  mn  pe r  day  ( I t a l l e r '  1976 ) '
1n 1976 i ive day old hatchl: inqs fron thc Tana River were present'ed
Lo the Farrn foi rearin( ' ,  these forning the basis cf the ples"enl
parent stock on the I'ar:n. Their egq proaluction and hai:ching success
was nonitored. these trends i lnd sone possible explanations are
discussed in this prel ininary paper. l the f- irst egg,g (non viatl ie)
t ere laid ir l  1983, 7 years after. hatchi.ng.
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Origin l Payert lltosk Breedinq Pen

The crocodl- le a-'reediiq .Jr1cin.. i l , i re i :overis an area rrf ITCO n:. I t
: r cns i s t s  o f  t i n . )  sn . r J_ i  ponc l s  o f  J65  D"  and  1 )8  n : , ( I t a1 l .e r /  l 9aA ;
Ha l l e r  199 !J  respe i i L i ve i y i  i , r i t h  sa t l c l  ba  ks .  6  adu l t  t e t l a le  anc l :L
rnale crocoCile, art|  use,:t in the L:eertrnq enclost:re. Of t l te breedibg
stock, 5 of f  en.L i .e,. , : ,r igin(l te tron the,lana It i .ver ( i ] I ' I /76, ' f5/76,
' t6l7b, L't3/ '16 ?\t l t) ' I ' / / '15) . lni i-  1 feinale {RA/75) and 1 rnaLe (R1Ol75)
.JrigiDate tror: .Laxe Turkaila.
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RESIJLTS /DI SCUSS IOII

Age of laying

Dur ing  1981 ,  a t  an  age  o f  7  yea rs ,  t he . f i r s t  2  oap t i ve  r :ea red

anin.is (colrected in i975176) ;tarted laYing eggs of a mean weight
of 46.7q. Bv 1984 J fetnales were faying and continued to do so,

untir ir i  1981. An addit ionaf 2 fenales started laying, at an age of

f2l13 years. I ' inal ly by 1989 aI1 6 fenales had connenced laying,
the 1a;t to start tayinq at an a.Je of .13 years' AII felnal es

continued to lay every season crnce they had conulenced their

breeding cyc1e.

The data for 1986 is discarded in this paper as lhe supervi sion and

accuracy of the reco!:ding is undera questicn'

Tlte results indicate that captive breal fenales can star.t egg laying

as early as 7 years o]d at a lenqth of arounC 2 n' but the in'r]or ' l ty

only st-art lai ing bet' , teen the ages of 12 to l3-years, r 'Ji th size
2.3-5n. It  hai been nentioned earl ier that fema-ie Iaying ts
dependent on length and not necessari-Ly on ;rqe. According !o lhe

re;ults (Table : l t ,  age seens to be tbe $ore pronineDt factor'

The age of a crocodi, le is very easily conlused, i f  the exact

hatchi;g date 16 not know. The above fenales showed qro! ' ths of 6'6

crn yr- 'after rEachinq 2 n in around 1941. This lrould nean that a
length difference of 66 cn between anihals would correlate to a 10
y"ui dif f". .n". in qrowth. These recults tend to indicate lhat i t
is the aqe of the fenale rather than her length rnhich is the

determining factor on the quantity of eggs produced.

xurber of eggs laid

The nean egg nunbets of all the fena-tes put together have
pr:oqressivety increased over the last l '0 years. In 1983 a total of

i :  .qq= uere taio, white in 1992 iL had j.ncreased to 199 eggs

irulf-.  z). The f irst laying -ln I98l saw only tto fernates laying,
n i t h  nes ts  o f  5  and  8  eggs  (av .6 .5 \ t  bY  L992  r " i t h  s i x  nes ts  the
cluteh sizes varied frcm 27 la 43 eggs, r" i th a nean of 33 eggs per

fe rna le  (Tab le  3 ) .

The largest female (f l /76) and t 'he last one to start laying at an
aqe of t3 years, renarkably produceci the largest clutch nunlrers

fion the f i ;st }aying season (13 eggs in 1989) to the present dat-e
(43 eqgs Lgg2). i t  produced nore eggs iD the f j ' rst layinq season
inan tne females who had already been -Iayinq for 6 years' Does
this trend mean that the older the fenale is before start ing to
tav, the greater wil l  be the init ial clutch sizes ? Is egg nunber

deiendent- on fenale size ? What nechanisn tr igge!'s the fenales

fi ist Iaying season ? can they controL this ? or is i t  iust
genetical lY determined.

The individual fenales have al l  sholrn increases in egg production

lr i th their increase in age. I{owever '  so!!e individuals have had

a""pr i" their egg production over 2 year perio<is eg. T6,/76 laid 30

"gq. 
i tr f9es, then the fol lowing 2 years the eqq production
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dropped, producing 23 and l9 eggs respectively, but then lncreastncragain in  1992 to  28 esqs ( t ,abt ;  l ) .  Dur ing tn j .  i " r . - i j " - i  i  i rJ . r i l i r . ifena le  exh ib i ted  the  sahe t rend,  T j l7b  l roauced 29 'eggs  in  19g9,
!l:::: l t?.- onry. producrnq 2a and 24 6sgs respectivejy, beforera ls tng  1 !9  DroCtuc t ion  to  27  eggs  in  1992.  T3 /76  a iso  shohred asinilar pattern two years previous. could this i i ,rdi cate that these
: : I11 : : .  T . . ,  n " t_ jn  top .  cond i t ion ,  there fore  had a  drop  in  eggproducrlon ? The interestiDg factors irowever are that ahesuspected slo9,t loss of condit: ion over the tr^/c y6ars and then a
::::y::I^_il, : l :- lhil.r year? bur stir I not achievins an essproquction as hrgh as 4 years previousLy (Tab1e 3). Could tnis sf6ri_Loss or condi.tron be as a result of the slolt, neLabolic rate of the
::?:"9i1-i i l :. 1! that.aqe ? rf it does show a toss of condition,
Enjs Lnqlcatton could be use..u.t reproduction managernent Eool , tos ing le  ou t  weak an i rna ls  and exan ine  then-

The lon egg clutch nurnber in j.988 of 14 eggs by Rgl75 rras alue tothe nest being raided by nonilor l izard,

Agq fleights/Egg r,enqths/Egg wi dths

In qeneral it is has been seen that there is an increage 1n egg
size ldith the age of the fenale.

fhe_f!ts!t_ eggs (non_viable) were laid iD 1.9g3, hrith rnean weights of
19 :7 ._5 , . .  Ih : . . t i . s t  v jabLe eggs  r , re re  ta id  in  1985,  by  on ly  one fe rdd le
{  r ' r l /oJ  wrEn hean egos  we iqh ts  o f  65 .8  g ,  hobrever  the  nean eqo
werghts of the three fenales together that. year was considerabii
l o$ re r  (  56 ,6  g ) .

The rnean egg weights steadily increaseal as the females got older.
by 1991 the egg rreights had Leached a nean overall 

-weight 
oi

96.5-g- Hordever, an exception occurred in 1992 r,rhere there was asrrgnlry lower overatt rnean of 96.2 g. A drop in nean egg weight
had- never occurred previ.ousilr. Coutd this d;op have been linked
rlith the nale being in poor con<iit ion ? could tie processes of egg
:?Il?:-i9".and derel{rphent (eq. ireight) have been 

-etfected 
by ti6

tertrltty/or weakening of the nale. Is it possible for fernalas to
reabsorb the eggs l i.ke in some fish?

I'he farh captive hrred fernales producecl heavier nean eqgr ireight than
rdild females r.rhose eggs were coll,ected .along the caiina niver in
1992 (Tab1e 2). Fron the dge of 13 years to t6 years the egg
weigh ts  have increasea l  ( f ron  89 .1  to  96 .5  E)  compaled  to  SB.Z-6
fron the calana River, (the fiean being taken fran 442 eqgs. f i
nests). The nean cluteh sizes hovrever being similar, 33 and 32. i.n
the capti.ve and erild feFales respectively.

tihen the total clutch egg biohass of each of the individuat fer0ale
eras cornpared-, rlith the drop i.n egg nurnbers exhibited by tlre above
3 fenales, tbe trend seems to conforrn ri'ith the above tieory, that
the reduction in individual fenale eqg nunbers indicated the _Loss
of  cond i t ion  o f  15 /76  t t6 /76  a^d  T3/?6 .

Rejecting the above theory and saying that egg clutch nuhbers could
not be correlated or dependent with fenale iondition, would nean
that the expected total egg biornass should have renaineal the same
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or i).ave increased, fcr tne in' l ividual tenalesr vt i t ir  th' l  redul- l i ' ion

i.n egg numbe?::, du!: irrq +-t l ls perioa' r irrs hct{evet was }lot ih'e case"

l,lir"Ji.iiiic- "q(r 
c Lut-.:rr b'icnass, 11"3?? ttlil ::^-t:: eqq nunber*

a".i .". .a aurir iq rhis period, so.l- id tbe egg hiorra.js. A6 t l ]e eq(!

nurnbers increase again, t" ai"r i ' l to eqq t ' ionass,'-a re'cucl l iol in F)qq

nunbers l lv the ind j .vr. l l iat t"nl i" i  t f"tn n'- ' t  eeen co corf e latt ' ' ' r i  tn

: n  i nc reose  o t  t h ( ,  i nd i v ; d ' r ' 1 :  equ  5 l ' e<

on l v  T1 l , / 0  Showec l  an  i r l c ' . as (  i t :  ecq  b t i J l n : ' : r  l n  l ; 4 i '  { r : n  t  r i r ' ;  u i t n

i i l" ' . . t i"" i i"" an eqgE' rhis +oul ' i . ' ! 'e i-qnor:r:d as ! 'L-oducij  or! ott lv

; ; ; " ; ; J - ; ; - l  . qq  t , i  t n t  ro iLow j rq  vea r '  bu t '  ' r t he r tw is '  i i :  r o i  l o ' ' i 3

. i . t . ' i r r * "  i r end  a .  ' f ! . . ' L .1  a t t t l  11 /  t ( ' .

The nean conbined egg lengths cf t l le iD' lrf  i41:41,-f ortalt ' :e haii i

i ; : t .": ; ; ;  p."qt;" i"" i*- o"t i  i i tn last lc vear: '  s. 'rJ'r inq i^ ' i  t i r  ' re- '1:1

lenqt-hs of 6"8 crn ano 
" '"t"ui i t tg 

witb r i i l  l lnsbre-I i1-f lrr-Glr{ ieF' t€-arlY

;;";:?- ;  in 1e92 " Ihe individuii  f  et 'a1e mel:n os'; I  ' - :rrqt!rr:- n:r ' t 'n

incfeased overaf11 nuc ar- !r, is;t-aqe there j .s si i i I  , j  ! ! : fre3t ' leai . ' t

u". i . l i r ; tv in egq ler,gths f ! 'onl year to y' iai '

The Iargest incl ividual fenale loean Pgg 1et)qihs of 8'2cin vter'

" i l i" : t*-d- 
in rsea i,y R8/75 lAppendjx l) '  a r,ahol 'e L cN 1i l- i :qer thei l

;;-i;;;i;;J *.itt r"t tiri i ve'rr' 'this did c',incice witi\ a'n

apparently low egg pr:odrrcEi-on down fro :t: l egqs'in 193:; te 14 eqgs

TI'igis-, 
-li"""u"r 

ilis lt'ur egq nunber .:airnot be sulrslantiat:ed a"i til<l

;;";-i;A i."" ' iula.a prior i-L col1e(ting' But.rha.tt 'ean esrJ trrer-qrt ' i

did not seern tc be coinpensated ( ir 'crease i ' l  
"9:?ll] 

bY"this I 'r i:qth'

i " i rJ ' i r t i " - i *p1y  tha t  r - -he  egc ts  hac  la rqe  a i r  sgaces  ? 'Jh lc  requr res

further inve!:t j qa]:i ot '

The rnean bieadtfrs of a!] the indi?idual femele eqgs also si,ol*e-o

i;;r;;;; , 
- 

;;- ine renates det ol der ' r 'ron te8$ e prc'qr€'!:r ' \ 'e

inc rease i , s  seen (Appendrx  2 ,1  wr th  id t ; )s  o f  ] :? , * ; " .o ' '  
to  4 ' : r  t ' l

4.5 and 4.6 cn in ,orr. i" i,eve_'r l l lerc are sti '1. i l1cr;:a:t{t€ an'i

decreases f]:orir year to year: as tho indi.ridual iemal,es \- 'et olde]'"

cornbining the rnean nest 
"tg 

'enqth! .^:1{{ 1j9l-!:-: ' ."""i^ 
tt '" rc rr-c tt

; ; ; ; ' . ; ; ; " ;  i i  i s  d j f r i cL t r . i ' t o  see  a  d i rcc i  c ( ) r re rJL jou '  t i e t l  t J  a l '

in,fex is used conrrlnrng ' 
"t ' 'q!it, "iath 

' ln't. weighi' a cleai pa-f,tez n

i:"; i '"";. i i  oroura-.ne 
--tise'iur 

rt an i idex or lrorJel c("uid be

obta:ined finafly, ao ut"'*ttn the aqes of ihe tsxales in i j i lptjvjty

#-;i-.; 
- i;- i;; '  

wlro. arirrou<in this niqht nct be reas:! 'ble' it

J . . . tuu t  fu r ther  invesL iqa t  ion '

Hatchl ing Success

Ycung females  (aged 7  to  9  vearF)  in  tLe i r  i i I ' r j t  La '1 i r ' r  sec : ic 'n

u s u a l l y  p r o d u c e  a  v e r y  n : q h  p e r r ' ' c t a c t e r j  ' 1 t  i n J e r : i : e  ( " I ' t J  ( J p  I o

i6oz i , ' " i " " tu  be inq fer t i  re  ' ;suaLtv  " i ]e ' l  s t l rJ :  t l -y - -d^ i t  - - i  i ra lchrn ' '

i i l"l lt i i"niv oraei temates whose first ]aying s+a'scn wat at a n.ign

ilili*r-'!li'J'rz io r:; ti/ia, r''/'t"^^'?' -:-ir:f-'...1''r 
'/er:v hish

halchl ing survival rtc"" so" -o4 and ro0 ! respectivelY i 'ralqLe l) '

The nean hatching success of the six femaieg have shcated a t i t-eady

i;; . ; ; ;  i i" t  ress to l-eeo, (60 to 82'7 e)'  r-here has beeF' a drop

in  ha tch j .ng  success  eve r  . 1 i . t c t ;  l t  r g91  (12 . ' 4  t ) ' - t o .3  a l l  t i ne  Lov '

; ; ; ; . ; - ' ;  i "  19e2 ,  t he  ta rge  pe rcen tage  be ing  un fe r t i l e  ( l ' ab l c  l ' t '
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This f igure ts even lorrer than rdhen the fartn f irst star:ed
obtaining viable eggs in 1985. " lbe 442 eggs collected frotn the
Galana River in 1992 shotded a hatching success of 90.5 %.
hdicating that incubation procedures lrere satisfactory. The
reduction in hatching success could be l inked with the poor
condit ion of the nale (RLO/?5\ r{ho over the last 2 years has lost
considerable physical condit ion.

It also seens l ike i t  fron the data (Table 1) that the najority of
the hatchLj-ng clutches, erhich are the f irst to hatch each year
(ear1y March) showed the grealest percentage of hatchlings- lhis
again could be l inked rr i th the fert i l i ty of the nale in that the
Iast females to get nated had a poorer chance of having fert i le
eggs. This point ho\rever needs much deeper investigation/ as there
are one or two exceptions to the above.

The paper rnainly discussed and attr ibuted the fenales lour egg
nutdbers and bionass of Ta/76 and A6/76 d\rLnq the dates 1990 and
1991 ,  t o  a  l oss  o f  cond i t i on  o f  t he  fe r [a Ies .  Why  then  on l y  du r ing
tbeir lovtest eig numbers, 24 and 19, respectively and there
supposed 1ow condit lon, do both the fernales have a IOO Z hatching
success ???? Only I other Baobab fenale has had a 100 3 hatching
success in the -16 years, and that being TI/76 during its f irst
-Lavin(I seasoh.
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TABLE J BAOBAB CROCODILE FARM ORIGINAL PARENT STOCK STATISTICS
SHOWING HATCHING DATES, HATCHING SUCCESS AND STATE OF
UNHATCHED EGGS (WHE'THER DEAD IN SHELL' UNFERTITE,
OR ROTTEN,/DAMAGED )

EEMALE I.AYING ?OT.EGG HATC1I TOTAL HATCH REMARXS
NO YEAR LAID DATE HATCHED T'

117,/76 1947
19BA
1989 33 Ol - 03. B9 33 100
1990 34  07-03.90  32  94  z tJ
1991 38  01-03-91 25  66  3D,  3 l : r  '  7R
1992 43 03-03.92 3A 88 2r)' 3ll

" r5n6 1987 74  03-O3-BA I  57  4r ]  '  2F
19a8  18  18-03 .88  10  55  ID '  7R
1989 29  14 .03-89 20  76  8L l '  1R
15]90 2A 26. 03- 90 23 ',79 3tl '  3R
1991 24  01  -  03  -  91  24  1C0
7992 27  06-04-92 16  5A lD '  7U '  3R

T6//76 1987
1988 29  03 .03  -  Aa ?6  $O : lF
1989 30 08 " 03- 8:J ?6 e7 4h
1990 7a t  07-03 .90  ? i l  8€ ;  i * '  ]R
1991 :19  O2-q3.91  19  100
1992 2A 2'l-03.92 !3 ri? II j. 3r-r' 1R

RA/15 r9A7 : i3  2S-A2"81 31  94  1r ) ,  lU
1988 74  25  -  03 .8B 6  42  8R
1949 29  26 .0 : r .89  20  65  1D '  ;U '  6R
1990 29  05 .04 .90  24  83  3 l '1 '  3 i
1991 :10  12-c3 . t l1  15  50  lD '  1 l t ' , ' ,  ? f i
|gs"  32  13-0 . i .9 :  e  ? l t  a i t ,  15u '  5R

T3/76 i9B7 31 77 -O3.ti7 72 39 gtr. 1Oi
1988 24  15 .03 ,88  18  69  Bn
1989 ?4  3r ' J .C3-89 19  79  3 ! l '  ?R
1990 :9  26-03-90 20  69  2 l '  5U '  ?R
1991 3?  14 .03-91 16  50  B ' '  1U '  7n
1992 33  o9-O4-92 2A E9 11U'  3R

17,/76 1987
1938 17  07-O3-gB 16 9 ' l  1k
1989 25  ?9 .D3-89 2  t  1D '  5U '  17R
1990 31 02 - 04 - 90 24 '?7 7U
1991 32  18 ,03-91 27  A7 :D '  ?U '  1R
1992 36  13 .03-92 13  37  4D '  14U'  5F

* D : Dead iD sheLl U = UDfert i le R = Rottct l / ;a ia€ed
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8ro$B oococDtL[ rlxlt olIGIXlt PUnT Sm(x , K;G lffGrl stMrsTlcs 1981 - 1992

BEUIB lr0

trll6
'15176
15176
t8/75
13176
t7176

rN{t }, 1976
TIJI I. T975
TlltA l. 1976
lUKMtr 19?5
rul n, D15
ul l, 1976

1984
IV.t nxc! sD
(c!) (cI)

1

7.2 6.2-7.5
6.2 5.9-6.5

1985
lv.t nxfi sD
(cl) (cr)

6.5 6.3-6.8

1.2 5.9-7.7

1985
trv.gJ.ulrcB sD
(s) (s)

51 ,2 t9 .4-61.5

PB{ILB XO OTIGII{ DITB
NT([M

1986 1987
uf,G8 SD rv.l llXct sl)
(cr) (cr) (cl)

6,5 5.2-7.0 0.27

7.5 7 ,2-1 ,9 0.r8
7.2 5.5-7,1 0.29

1986 1987
w,Tl. Uf,GB SD lv.liT. llxcB sI)
(s) {e) (s) (s}

71.3 65.1-83,6{.92

78.5 59.5-85.02.75
'16 72.5-80.92.21

ONEIX DITB
rrm tv.r,

(cl)

BloEtB ctocoDILE FlXll ollclxLxnm sr0cfi , BcG ffire$ STITISTICS 1984 - t992

1984
lv,$T. nltc! sD

(s) (s)

12.7
rr/76
15176
16176
18/75
t3176
11116

TIIIA I.
rlxt l.
uxA l.
T0ltollt
Ttxr l.
$xA l.

1976
1975
1976
1975
1975
1975

57 13.3-61.3 4?.5 30.G59.2
52.5 31.t-58.1 65.8 58.1-?3.8

BI0DTB CIOCIDILX nXtt oXIeIx[ PlxBll smq( , xce BlB]rx srlTlsrlcs 1981 - 1992

rE$!x rc

rrl75
15116
16176
\8175
r3/76
11176

otrclll DITI 198{
la$[D rv.Br. xrxc! sD

(cr) (ct)
IlXi! l. 1976
TAln t. 1975 3
nn r. 1976
n&(ll 1975 3,8 3,5-{
T tA l.  l9?5 3.7 3'5-3.9
r}la t. L976

1985 1986
tv.BR.xlllc! sD lv.Bl. llllcB
{cr) (cl) (ct) (cr)

3.8 3.6-1.1

3.9 3.8-t.0
3.9 3.7-1,0

198?
sD AV.BI. l C[ SD

(o) (ct)

t.1 {.0-1.2 0.08
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{.1 l .5-{.5 0.21
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IPPIIDIX tt
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(cr)
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7.t  5.5-7,5 0. l t
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7.3 ?.2-7.5 0.1
?.6 t,2-t. l  0.23
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lf.t ufrt o
(.tl (cr)
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7.5 ?.1-7.t 0. l t
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u/75 ml r.
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1976
l9r5
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1975
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t .2 ' t . t -r . f  0,26
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DioBl[ cl@Dlt8 trxl ouc lr pum srux . 8cc T8tclt sTlusrtcs 19& - t99t

IEITI,I TO OTTGT| DTTI
nrctn

19!l
lv.*I. lllct

lq, (el
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t3 69-91
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to.t ?64t
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(el le) (9) (!l {El (!l (9) (!l
r5.l u-90 1.22 90.t 10-100 5.07. 97.t -102 2.01 96.1 9o-l0l t.l9

t.55 92.1 t5-r00 t:lt 102.5 9r-ll0 r.0r 9r.! 9r-102 2.96 lm.t t9-ll5 t.6
!.6r f6.3 t0-90 2,92 $,215-9a 2.u 97,' 9t-102 2.0t 91.5 9l-100 2.?5
,.72 90 15-91 !,01 u.9 u-t0, l,r9 99.t ,2-l0t t.2t 97.1 9t-l0l r.]l
!.t9 lr.5 t2-9t 3,79 92.t J0-96 l.ot 9t.6 9C.102 !.52 t? ?9-l0t t.ll
2.9 91,5 t0-9t t.2t tt.5 ?t-9t 6.57 90.7 tG97 l.O 9l lGlol 5.23

/75 nil l.
F/76 tr l.
t5l75 rrn I.
lt/7' nr n
r/76 $ft t.
r/75 ttfl L

1976
1975
1976
l97t
t976
1976

B,toBl! ctoclD ,E rur 0llcll PmBlt smo( , 8ec Brntn $lll$lcs l9ll - 1992

IBITJ D OTTGTI MN
ffiIE)

l9l3 l9t9
l9.tL fcB sD lv.8r. rrlcr
((rl (cr) (crl (cr)

t . t  l . F l . 5
t .5 2.!- t .2 0.32 l . l  l ,Gl.5

I  l . t - r .2 0.09 1.2 1.0- l . l
t . l  t .0-r .J 0.09 1.2 3.9r. t
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1990 l99l 1992
sD lt.n. ufcl tD

(ct) {cr)
0,75 a.t t . l- t . t  0.1:
0.7 t.7 t,5-t.9 0.0t

l .ot t .6 t. t-t .6 0.05
0.t3 t. t  t . l- t . t  0.u
0,96 t.t t,t-r.r 0.01
0.t9 t. t  t , t-r.r o,rt

rr/76 mt t.
t5/76 fl t.
15176 nn l.
$/t5 t0xfilfi
nt5 nfl r.
Trl75 tl r.

t9?6
l9t5
1975
l9?5
t976
t975

sD lt.n. ufct $ lr. , $fct
lcr) (c|) (cr) lcr)

0.u t. l  t .0-t,2 0.0t t . t  1.2-1.5
0.l l  1,5 l . l-r.6 0.07 1,6 1.5-1,7
0.09 r.r t .0-t.5 0.l l  t .6 t. t-t . ,
0.t6 t,r t . l- t .5 0.o t.5 r,5-r. l
0,15 t.!  t .0-t,5 0.09 t.3 t. l- t .5
0.13 r.2 t.Ft.3 0.09 t.t  t ,2-r.5
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Backqround

l, le lano5uchus nioer occurs througholr t  the Amazon region from thE'
Ama:on r iver mouth in the past to Ecuador in the west (Groornbridge t9A7).
I t  has apparent ly bppn Eeriously reduced in rnuch ot i ts range by ovpr
hunt ing (Broornbridqe 1987, Kinq 19S9). Smal l  populat ions of HelanoEuch|-rE
OfgE! uJere known to exiBt i'l the Amazon region of Ecuador in the L9€O's
(Plotkin et,al .  1983).  They },ere reportecl  to be conmon in the lower Rio
Aguarico, Rio YaEuni and Rio Lagartococha near th€'  Peruvian border
(6roornbridge 19El2).  AEenza, in (ThorbjarnaEen 1992) rpports that
populat ions occur in the Cuyabeno region, Limoncocha and Zancudococha.
However,  there are wery l i t t le publ ished survey data and n(]  information on
country wide status, nor is there an infraEtructure in place to .nonitor
oogulat. ion levels.

I '1.  nioer is present ly on the CITES Appendix I  l ist  of  pndangered
species, and under thie clas6rtrcat ion commerical  t rade is prohibi ted.
Before the qpecies can be tradecl internat ional ly a reguest tc lr  a change in
the l ist ing to Appendix I I  { to pernrt  t rade) mlrst  b€| presented to the
Conference ot thp Part ies ot CITES by the Ecuedor }4anRgement Authorrty,
The request mlrst  contain statLrs data as wel l  aE orooog'ed Banaoeoent

An ini t ia l  st-rrvey to evaluate the status oJ the blact:  caiman
l lelanosuch|"rs nioer in the Arna2on region ctf  Ect lador t . las cond(cted in wlarch.
1992. This survey was tunded by l1r PatJlo Evans! a busineserndn rnterested
in ranchinq black caiD€n in Ecuador- A proposal sLrbrni t ted to t  r  Evaus and
the government ot Ecuador to evaluetE'  the teaqi i r l l r ty of  ranEhrng btack
caiman provided the tnpetus for these sLrrveys, The c,r iqrnat p.aposal
contained the fol lowing three object iwes. 1l  To determine thp FRpLrtat ion
status and distr ibut ion oJ lv lelanoslrchus n_ioer ! ! i th in the Amazon regrirn o{
Ecuador,  2) To generate inforoat ion and recommendations concernmg the
manaqement of t l .  n&er in the er i ld,  inctudinq a lonq term monrtorrng svEtem,
3) To provide f4r Pablo Evans ht i th recommendations regardInq the fedsib. i t i tv
of ranching and/or farming M. niqer in E€uadoFt the survey we are rep.rr trng
on is the f i rst  step to! .Jard achiewir |g object iwe S L.

Study areas for the ini t ral  s 'urvey consisted of laqoons, bdctt  6aters
and disjunct oxbows ass.ociated with the Rio Napo (from Col:o to Rocafuertel .
and the Rio Lagarto Cocha.

l'lethods

T h e  o b j e c t i v e  o f  t h e s e  s L r r v e y s  ' j a s  t o  l o c a t e  a r e a s  o f  p o t e n t i a l
caiman habitat ,  conduct i r -r i t ia l  populatron inventor ies and estabt ish
permanent surwey routes, Routes were establ ished drrr ing da/t ight hoi-rrE;
and general  habitat  teaturps (eq, sLrrrounding vegptatronl were recorded.
SampleB oi  s igni t icant emprgent veqe'tat ion ,{ere col lectect for sLrospquenr
ident i f icat ion. Beginning and ending pointE ot routes were docLrBentpcj  bl i th
a Global Posit ion. ing SyEtem (GPS) and 6PS point€; were recorded arouno lne
perimeter ot lagoons to Jnap these arees. Errat ic ete!.1t  io.  readings t , iLh
the GPS did not al lo lr  tor dependable Hater le! ,et  elevatron reac'  ings.
Ho'.ever,  in sone cases,ulater depths | . ,ere measurecl  at  tnown pointg, and in
al l  cases observat ions by loc. l  residents concernrnl t  wite.  IevelEr Nere
recorded.
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Other parameters meaeured included water and air  temperatures and
general  observat ions concerning rainf a11..

Survey5 llere initiated approximately one hour aftetr sunset utilizing
either a motorized five n. alutniniu{n boat or three to five m. dugout canoes.
Animal5 were spotted with a 2OO OOO candlepower l iqht and recorded by .3
m size classes. l r lhen species could not be deterf i ined, animats were placed
into an unknown category by size class. These anjJnal6 were added to known
sp€cieE c(fuhts in the sane proport ion that the known animals were
obEerved. Addit ional ly,  broader size claEses were estabt ished for those
anirnals h,hich could not be sized accurately.

Even though we had beqinning, inter_ftediate and eoding points of the
najor i ty of the routes our lack ot a good map/photograph prevenEeo an
exact determinat ion of t ransect length, But in ord€r to establ ish an
approximate length of each ror.r te,  we calcslated the distance betr,een
begi.rning, intermediate and ending points.

Also! f - ive immature black caiman were captLrredr f ieasured and
rFleased and one adult  termale black caiman r, las ceptured in a Mlrrphy trap,
measured, and released. lv leasurements were algo obtajned frof i  tLlo animalg
taken for thejr  abdominal fat ,  by a local f iEherman. Primari ly,  these a. i .nals
were measurec, to Veri fy our size clessi f icat ions,

In addit ion, we ini t iated pffortq to acquire LANDSAT photogrcphs of
the study area to aid in the asseesment of habitat .  These nawe oeen
purchased but have not been received.

Results

During the 13 daye ot the survey, } le inspect€,d lagoons and other
cairnan habitat  alonq approxi$ately 24O km ol the Ris Napo and Rio Lagarto
Cocha. hle establ ished 1? separate slrrvey roLrtes and conducted at least
one niqht l ight gurvey along each route.

BeEauEe the var iat ion inherent in ni .ght l ight counts cannct b€,
quant i f ied when only one survey is conducted the data presented here are
of l i rni ted value. Ho|reveri  $re are presentty in the process oJ repl icat ing
the counts on a monthly basiE to quant i ty annuat var iat ion . in number5 of
caiman obEerved. But unt i l  those data are analyzed we nuEt rely on the
survey results as they are to provic,€' some preliminary insights into
DoFulat ion status, '

Crocodi l ians *ere observad along al l  12 survey routes and black
cairnan |,,ere observed in sone proportion along every route pxcept one. The
variat ion in the rat io ot I t .  nioer to Caiman crocodi]us is not readi ly
explainable by obvious habitat  di f ferenceg, But i t  ranged fro| | | .OO to ! .OO
of the total nuober observed bejnq identified as ft. nioer (Table I).

Of the en-imals sized, 627. were I.8 n or smaller, most of l.Jhich probably
represent the sub-adult  s ize classr t th- iJ.e 272 fel l  into the LA to 2.7 m
class and 9Z were the very large anjmals (qreater than 2.7 .n) (Fig, 1).  Even
though 24 hatchlings grere observed the fact r.re r4ere unable to access
areas that appreared to be good proctuct ion habitat  probably
sj.gnificant under-estimate of the proportion of hatchljnos in the
ooDulat ion.

A signiJicant proportion c|t the habitets surveypd |rere surrolrnc,ec,
by flooded torest./heavy cover .naking observab_ili.ty a problem. AlEo, there
lJere some populat ion6 that appeared to be , ' luch more *ary than others
suggest ing that hunan ect iv i ty tnay cause behavioral  changes which wi l l
at fect observabi l i tv.
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The numbers of black cainan c'bserved/km ranged frol l l  O to 14.7 anct the
number/hr.  f rom O to 4O.A (Table I I ) .  Actual t ransect tengthsin most cases
nay be longer than the calculated straiqht I ine lenghts presented result ing
i ' l  a sl iqht ly elevated density/kn. Ho!. tever,  coftpar ison of these data with

other such surveye in other parts of the world st i l l  wi l l  put the Ecuador
data in perspectrwe. (King et.al .  l99ol reported on ntght l iqht coLrntE of
Crocodylus acLrtus in Hondu.as and found densit ies ranqt^g trom O to 2.3/km.
(tr lood et.a1,1985) analy?ed 78 transects in Flortda that had been st-rrvpyed
for al l rgators Al l ioator lnississiFpinesjE; from 1 to 1J yearE, Erqht of the
78 routes { tO.27.) had mean densit ieE erceedif lg 13 aninalg/km. a..d 54
transectE {697-) had mean densit ies of lesE than 5/km.

Conclusion

rhrs 6rrvey rs a f i rst  step toward providing an ini t rat  assessnent of
black caiman E'tatL,s In Ec! 'ador,  Hclwever,  betore {Llr ther proqrpsE rs nade
t b e  f o l l o d r h g  4 e q d E  h L , s t  b e  n e t .

(1)  PoFLr lat lon data that  wi l l  t re  FLr t \ l lshed by othpr  researchprs
EhoLr ld be conbined Hi th thp data f roo tb is  pro ject  to  provrdF
a  m o r e  c a . r s l e t e  r | r . t L r r p  o {  s t a t L r s .

i ? )  I h  o r d e r  t o  r n t e . F r e t  t h e  n i g h t  i l q b t  d a t a  t f t l r s  t a r  g a t h p . e d ,
t h e  e J J e c t 6  o f  n n n u t s l  v a r i a t i o n  i n  w a t e r  l e v p l s  a n d  o t h e r
e n ! 1 r a n m e n t a l  f a c t o . s  o n  c o L r n t s  m u s t  b e  a d d r e s s e d .  N e  h a v e
Frovrded sorne shor t  tern t rarnng t6r  c lne EcLrador ian bro loqis t
and the jnr t ia l  l :  sLr .veys are pre=.ent ly  berng repl rcatec i  on a
n o n t h l  /  b a s i s .

r l )  uJe ot 'qerved v iable FoELr lat ior ,s  of  b lacf i  ca iman,  However.  the
q u a n t i t l  c . i  h a b r t a l  a v a r l a b l e  i n  t n e  A m a r o n  r e g i o n  o f  E c u a d o r
r€ l rnhno! . in i  hre bel reve LANDSAT i .naqery brr l l  a l lor  uE to
rdpr l r f ' .  and r tL 'ant i ta  ca. i rnan habi tat  throrrghot . t  the regron.

, 4 r  O t h e .  r r v e r  s y s t e m s  e r i s t  r n  t h e  r e g i o n t  p a r t i . L r l a r l y  t h e
sr i tensrve arpa sc ' l r th  of  the Rio Napo- Asan?a (pers-  conn.)
r p o o r t s  b l a c k  c a f m a n  l n  t h r s  a r e a ,  A e t a r e  w e  c a n  e s t a b i i q h  a
haEr-  tor  co l ln t rywide a='sess.nent  of  thE'  s tat l rs  ot  b lack
c a r m a o ,  s ) . s t e m a t i c  s u r w e y  d a t a  s h o l ' ] d  b e  o b t a i n e d  f - o h  t h e s e
I i l s L ' r ! e v e d  a r P a s ,

A lono- te-o br i , loq ic . l1y sol rnd crocodj l l ian manag€ment program 1n
E c L r B d o r  d l l l  r e c L , i r e  a  c o n t i n L r e d  r e s e a r c h  e { f o r t  t c '  e s t a b l i s h  t h e

dataf 'Bs.e.  In  addi t ion to the previousl . /  inent ioned Fro jpcts,
imn'ediate Er  rc ' r i t ies shol r ld  tnc lLrde research deat inq | . r l th  ( l ]  reprodLrct ive
c y c l e  o {  b l a c l a  c a r m a n  ( ? l  m o r t a l i t y  . n d  c r o w t h  ( 3 )  c o n t i n u m g  e f f o r t s  t o
lnFro.re pop! ' la t ion rnoni tor inq and (4)  rnter€ 'pec. i f ic  cornFet i t ion bet l reen
l!c]-{!-9E!!i!€_Bge! and Caijnan crocodv)1,E.

Snnul taneous { i th  the f ie ld research.  systemat ic  inwest iqat ion rnto the
pract ica l  aspectE of  captrve reaFing of  btac! .  ca inan should beglJ | .

Thts should a lso inc lude ident i fy ing the ro le that  r r |d igenous people
may p lay ' ln  the p.oqram and developinq a p lan where,  r f  a  ranchrnq program
iE feasib l .e .  the conservdt ion benef i tq  wi l l  be maximized.
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T a b l e  I  I l ' le l  anosuchus niger observed
survey routeg in Ecuador.

per km and per hour alono

Survey
T ioe  (  h r .  )

Survey
L e n g t h  ( k m )

Survey
Caiman /kln

Survey
Caiman /  kmRoute

3 .33

2 .34

2 .27

r . 72

1 .OO

1 .OO

.r .60

1  .30

o .50

2 .OO

?.  sa
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? . 4 0

4 . 7 0

3 . 2 ( }

2 .  O O

o.5 t

? .5 t )

3 . 6 C )
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. - -

r .62

a .  a3

70.42

o . 9 4
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1 3 . 7 5
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o.oo
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Hatun Cocha

Limon Cocha

Draga Lagoon,t

Lagarto Cocha
Ri ver-Sctut h

L a g a r t o  C o c h a
Ri ver-Nc'r th

l laoduri

C h a l  l u a

Huarltli t

Y a t u r i  R i v e r

U n a b l e  t o  m e a 3 u r e  t r a n s e c t
m a  I  J u n  c t i o n  .

l e n g t h  b e c a u s e  o t
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Parasites of Captive aril Farn€d Crocodiles in South
Africa

F.lf. HuclEerDeyer' , lDna verster**
and J. r. Putteriu'

Olrderstepoort Veterinary hstitute, Onderstepoort 01 1 0, Republic

of South Afr ica.
Departnent of Parasitology, Faculty of vetelinary Science,

Universi ty of Prelor ia,  Onderstepoolt  0110, Republ ic of South
Afr ica.

At present there are 40 crocodile farns in South Aflica breeding and
producing the Nile crocodile, Crocodvlt s piloticus. Wild-caught
breeding animals, impolted fron neighbouring countries, often carry
parasites rhich reguire internediate hosts, lrhile intensively reared
young stock ale rnore likely to be affected by parasites itith direct
developnent. The naterial for this study cane fron routine post nortem
exaninat ions.
tlepatozoon pe!!i!i is transnitted by tsetse flies, g&€g!!a spp.,
vrhich fee.1 on crocodiles. The tsetse flies in turn are swallonred when
bit ing rr  the gaping nouth. Schizonts are found in the l iver,  ! , ,hi le
ganonts lnvade .  -  !  ̂ u lat ing red blood cel ls.  Oocysts of an EiBeria sp-
fron hatchlrngs an(l  yearl ings presented a pi t ted outer wal l  l ike those
af E. cairani aod E- p4faqlqletgiE of the spectacled cainan, Cain:rn

SlgSSd!f,gE. The spor!13ter:
I nflaned nucosa and submu,

.ocysts ltrere found entrapped in the
-.  he intest ine. giE4l iS-1j  k-

i lagel lates were found !n ihe ral l  rntesirne of hatchl ings.
A ,strigeoid trenatode !89!L4qL€,, ,r lplAgtollq !]!?@g! (Jones, 1992

con ) vras found in the jelunur.  i  a wr. ld caught adult  nale .
Mature forns of the crocodi l ia '  ( !car ldoids p-Uj3!4!!4ESa! r ,  ! ry! t-rr(-  , , '

!. radacascariensis and 4g!!.{ Lchia lgqsselqlf we:P ,.rrLd L: .r

s t u n a c n  o f  c r o c o d r  l e s ;  l h e s e  : . *  , d : o o e F  p a o u a b : ) ,  o l  .
rnrermedl! te hos!s,
Large nunberr j  of  rhabdit ids wele found ' r  che br le ducLs of lhe r :7er

of a dwarf c! . . rodr1e, Osteolaemus tetraspis.  r t  is bel ieved lhat tnej . :
parasi tes were , .oo numerous and their  habital  too special ized for rhe!

to be oppoltunisl lc parasi tes.
Peota.stooes, EgbC!:a spp. {Ri1ey, 1990, pers. con.),  are often found
in the lung6 of wi ld-caught crocodi les. They also ut i l ize f ishes a:;
internediate hosts.
No cestodes are kno{n fron crocodiles. Filarioids, tdhich have beet.

described fro[ African crocodiles, vrexe not found in the presen'.

nater ial .
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t.I. lc8tnxltR .nd XrRt_U)t Dlnrtr
(bdaratepoort Vet riDaq' IDstttute, (bd€rstqboft OfiO, ReFrbltc

of Sqrth Mrl.ca

In 1989 the Onderstepoolt Veterinary Inatitut€ (OVf) opened a
Crocodile Diagnostic Unit. ehich plovides . futlttDe di.gnostlc
a€rvico to clocodile farDer6 in South Aflica aDd gv€n beyond its
boralels. Part of the service ia a codlnrterir€d literatut€
collection of veteli.naly iteDs related to crocodlleg anat oth€!
r€ptilaa presently cooprising ISOO tl.tles. Uaefut sulvsys of
crocodlle diBeases include Eapers by Foggj.n 09A7) and Ladats e
S ins  ( ' 1990 ) .
During routine post lorten €sadinatlon thrae rpparentl, hitherto
urdeaclib€d con(litions were found, shlch resisted our €fforta
of elucj,&tlon. They are pres€nted hore oith the aid to elicit
coenent6. TheEe conditions rere trared plovisionally: Rhino_
GastritiE or nhite Nose Syndrone, thldic Neclosis anal
Phartmgitis or Tonsillitis.

Rbino-ga.atrr.tLs
Since ;Iune, 1991, Rhino-gastritis has b€€lr diagnoEed in 52
crocodiles eith a n€an Length of ll6cs (rla,{e!} flo|! tro
crocodile farDs in th€ tlansvaal. Clinically the aff€cted
anj.Dal.s shoe inal4)etence and develop a whitish ar€. around th6
nostrila (tthit€ lfose Synalrone, Fig. l ). On post Dofte! exaDina_

Rhino-crat.ltls: tfhiti6h
thc nostlila of affect€d
sFrdroao.

aleag devaloplng lloutd
crocodile8 - tthl,te Noaa

l i g .  l .
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tion the stonach is found not to contain any food, but water,

[ucu6 atld hairs ard/or feathers. After reDoval of the contents

the nucosa sho$s nunerous 6nall ulcers of 2_{Dn aliaDeter, spread

throughout the entire surface or concentrated in the Pyloric
area and the duodenaL pouch (Fig. 2). In aatdition there is a

nild rhinitis in the nostril area and soDetirnes a glo6sitis,

E ig .  2 . Rhino-Gastritis : Sdall stonach ulcers.

Histopathologically there is ulcelation of the stonach [ucosa

with Dultifocat lydphocytic infiltration, nultifocal lvnphosytic
infiltration in the alerDi.s and nucosa of the nostril and in the
nucosa of the tongue. The nost striking featur6, ho{ever, i5 a

sovere polyarteliitis {ith thickening of the intina and

lynphocytic infiltaation of the rnuscularis ard atlventitia,

affecting arteries in various organs and parts of the Hy
(F igs .  3  &  { ) .
gactetiologrical and vilologica1 investigations have given

negative resufts 5o far. The vascular lesions Suggest a severe

chrodic auto-inrnune leaction which Possibly persistE 1on9 aftor

the disappealance of the original causal agent.

TtiFic r|ecro6i6
fbyDic Necrosis has been foutd nainly in aPparently norDal

slaughter€d ctocodiles but also in diseased crocodiles of

sinilar size or age, affecti.ng 14 out of 25 6peciDet!6 floo 4
farns. It does not appear to be linked to any clinical
condition.
In the Nil€ clocodlle the thynus glands ale found cranially and
caudally to the thyroids on both sideE of the ttachea close to
it6 bifulcation (Ptg. 5), In a t'eII nourished aninal they aPp€ar
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F i g . 3 . Rhino-Gastritis: lrteriitis eith intina prolifera-
tion and lynphocytic iltfiltration of nuscularis and
adventitia.

Rhlno-CaatritiE: Altellitta etth lnti.a p!o11l6rr-
tion and lydphocytlc tnfllt tlotr o! th€ .dv.ntl-
t 1a .

F i g ,  l .
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lDiligtlngnrl5hable fro. th€ surrounding fat tlaaue. rh€ n€c!o416
16 not aliscetnable Dacroscopical ly.

F i g .  5 . Organs of the thorax in situ: h: heart, li: liver,

1u: fung, t: thyroid, th: thynus tr: trachea.

HistopathologtcalLy there are foci of neclosis llith the
fornation of heterophific granulonas in the aedulla close to the
centre of the lobules (Ptg- 5). Different stains failed to
leveal the presence of nicro-o!gani$15. Thi6 condition could
possibly foln part of the nornal process of thlmic involution,
although unlikely with the severity of inflaa[ation, or lt could
have been caused by etr€ss fron lntensive production Eethods.
In the Latter case there nlght be ill effectB with regald to the
iaoune Syste[.

Plnrf'ngitts
I'he ba6thyal valve, particularly ltB alolsal part. norDally
containB lynahatic tissue, whieh can be asgutred to servo a role
siDilar to the tonallE of nan and othe! DaDDaIa.
I few neobers of a gtoup of 6na1l one-year-olal ctocodilesf which
haal beetr transported by load over a vety 1on9 diatanco, died
after the ev€nt ard 6hored aevele €wel1lng and r€ddening of the
basihyal valves anat the phatynx (rig. ?). Again [icrobiological
investigations gave negative results. Since then the conditlon
has been observed sporadically Ln single cases of Dortality.
Becauae of the suppoE€d ton6il-like functiott of the aloraal IErt
of the baslhyal valve the condltion haa also be€n refeded to
as tonatllitia.
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F i g .  6 . :Ihtmic necro6is: thyuus $ith necfotj.c
surrounded by granuloaa tissue.

! 1 9 .  ? . Inflaeation of doaaal ba6ihlal valve and phalynr.
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tlhite one rould prefer to rePort the lesulta of 6uccessfuf
inveEtigatione, a ne€d was felt to bring the above-Dentioned
conditions to the attention of veterlnarian6 and resoarchers
wolLing in the saoe field, in the hope that sode discussion
and/or correspondence night ensue.
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Co< Lagoon: A Preserve for qlocgYlE nDrelelii in Belize?

R. Hcr('ard Hlmt
Curatot HerlEtol-ogl/
Zoo Atla.nta
8r0 ClErckee Ave. SE
A + r  r n + i  a 5 r ^ i :  ? n l l q
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l\rgr York- Zool.ogical Society
St. Cafler.i-ners Island Wildlife Centet
Route 1, Box 207-2
uidnay, ceorgia 31320
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ABSTRT\CI

acD( Lagoon is a 4 kn extension of Cox Creek located approxi$ately
40 k0 !.ie3t of Belize Cltf, B.Iize, Central Arrerica. The qpen frestl
v/ater of Cox Iagoon is strrrounded by srarp forest, se{iges, rJalms
and nErsh !rit\ grasses. 'loreletrs crocodiles, arocodylu.t nDreletii
concentrat€ in t'1e lagoon and can be obserwe',l litffgttEurs.
Otl\e! sagnificant vd,ldl.ife in\abiting the area include jabir.u
sto:ks q92S ly.!e:]i?; kins \ rltures, sj{9qr*pL* q"pr; ,tapr's/ TaDfrus bal-di i ;  horler rncnkevs, Alouatla niq'aa rn.l
]aquar5, PanL'lera onca. -re ,etland5 of Lhe cox l-€qo n area 'ta\,e
.been dete'Effi--toE-critical \abitat but t\e prcrrerty has been
'in -ece i.v-rstu p for l0 vears. curra-ltly, tbe Beli.ze cinrnce
'linisLry is responsilrle for the.li.Dosition of the 14,600 1a
Big Ea1ls Rice Farln vAiclr (x)ntains cox T,agoon. I,Ie prcJpose that
13,00t ha of t]le f3rm be pr.otected .iith a rnanagenent plan cater.ing
to ecotouriq'l alIl :eaturing C. nDreletii.'

NIGDTCIION

Pq)ulaLions of a4oreletr s croco.liles. C. tlroieletii
ha\re l€en general\r de-Dleted in l{exico, iu;ted;-AF lize
(\,Iessel et a]., l9!2) . .In Beliz,e, Aurercrdit)ie (1980) found

C. norefetii to be depleted in ar:eas of \LmBn settlerent but
anurlffiG-inaccessible arearg. Historically, a nurber of forces
ha\te ccrri)ined to pregerve C. ]rr)releLii in Belize: {uc\ ha5i-tnt
is lnacessible lry road , t\[s lifriEE-inte::actions bet"€en
croccdiles and \uians; sdrsistence h@ters ha\re not unit€d to
t!rm+- croccli]es ard ccrrercia.l- tlrmtF.rs \ave not intelse-ly
focrrsed on crrcodiles (ffope and ,\bercronbie, 1'lP6). lor 11 -vears
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crocodiles have been protected frc.n @mErcial e)q)loitaticn by the
wild.life Protectiqr Ast. rn 1982 tlle act initiated a nrclatoriun
\irhidr fodids tne dea-ting for profit iJI arry wildlife dd additicnally
ba.rs tJte hr.!:!ting of 34 specie.s of ddrlals jncluding g. !9E3letii.

In rDrtheln Betize, l.tussel Cleel< and it-s r+trEr brandles
(Cooks lagocn. Mud<fehany Lagocn' UE4Er Batlass Creek and Co)< iagocn)
ha\E been prcposed as a preser\e for laie water birds and crocodiles
(Hartshorn et a1., 1984) . ibercl€[Ibie (1980) identified cox T,agocn as
a candidate for a ctocodile resen€. Cufiqltly, ue ate leccnneraing
tnat I3.0OO ha of Big FaUs Ri€ Fann (BFRF) including cox ragocn be
prot3cted as a go\rerrllEnt presenE featuring q. nDreleLii. Witi an
eotourign rnanagecrEnt plan; a cox r,agoon crocfriElE3aFrc would
ha\re a broad spectrun aFtEal for canoeists, hijrels and naturalists.

IOCATIOT.I OF BF'?F

rhe wdnpro\red dirt road to BrRF intelsects tie l€steln Rigtrtqf
near mile na-rker 24 on Lard Par.€I (LP) 49 of Reta]iation prEperty'
Road distan@ frcrn the l€stern Hidr^'ry to BFRF is 4 l<n' BFTIF drtairs
14.700 ha jr tlree par€l€ of tand: LP 47 Ccquericot- 5700 ha; LP 50.
Big Fa1ls ard Mcrn<ef/ RrF 4500 ha and LP 53. Erindale- 4500 ha
(Fiqs. 1-2). co>< Lagoon is ccntafuetl by r,P 50 ard 53.

DESCRIPTIC[.I

Average annuat rainfaU in tlte region is 1300-2000 fim; soils a-re
cdrposed of siliceous llnEstone with flints- and dEracteristically have
Icrr fertifi,t!' and sfctJ internal drainage; BF?E is iJl ttre sdltropical
nDist for€t life zone and dEracteristica-I1y sl4)I)orts fiEtlogany. cacba
sapot€, sapodiua. brea&lut, atlspice, dlicle, bullhooff irortrtood.
cc*rune ana n rqusta (Har.tshoh et a1., 1984). Ac@ss to BmF is Provided
bV a netflork of w npr('r€d dirt roads. cleared lard covers 248 of the
property ana inchdes 12* fafflable land. Wild and net lands @\'er t}re
rernainder of B!fF. wit! s^talrp and malsh, its '!.retlands Ptovide inForttllt
habitat for wi1dIife. Cox lEgoon, a 4 ]qn e-\tens.icn of Cox cree)<, al)I)ears
to be in pristfule qditicn ..,it}l abundant wildlife.

HISTOIII

Ix the fEriod beforc 1982, huge ijr\.€-sLft:rt3 were nade oBI tl|e
property for t-he ptr4)ose of rice production but tiese in\,€strEnt efforts
iaiiea 

-to 
nake riiE I profitable cr€,p. In 1982' tlre Pananranj-an Bank

Ocdeua plaed BF\F in re@ivelship and nanEd ffitin Hulse rarrager.
Iotal pricJ of BFRF !"as t}rce millidl U.S. dollarE. Because of lo6s
of capj-taf. ri@ ploducticn ceased in 198? ard since ttren falJn
facilities harre aecLinea. cuEently ' orE Iarge gererator and Inrft
are stiu cperatidral and aFproxirately 1800 cattle provide the
drly fa.rm prcduct witlt t0-14 shil)I)ed weekfy.
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In Uhe past. access to BFnF was effechirrely isdtored by faltn
staff. curfently. tlrere is an atr{)alent increase in sdlsistetrt€ and
Iecreational hu:!ti!g. llear Cor< Lagdr, tdrporaly bush caips are
being used as bases for squatteE gDaq^'ing srlall crolE ard poadrers
iuegauy hrrrting protected wild1ife. In ahy seasqr sdlsisten€
hurters walk to Cox lag@r flqn Lhe road or paddle dugouts frcrn:
Cox Creel<. Recreatj"crral huntels use bicycles and autos to patrol
roads. On 27 F&. , 1992 fitlile exaiinijlg laro hrfiEn bodies tiat \a'e
had dlsco\.eied cn tlre road to BIEF, police $EstidleC recreati@al
hwters d.riving an autcnEbile. nql identified tilsrEeh€s as sl[)lqlees
of the Belize land departfiEnt and said that C€!' were shooting at
arrhals crossing the road. It is prcbable tiat if the nuber of
refugees anal BelizeaDs irresp6nsiJrly using tJle resource increases
dj-versit). of wildlife on BFRF wiu abclease and t}!e tralrE of BmF
as a presen/e will equally dimi:rish.

TIII,DLIFE LTST

A, lbtl@ds

this list was preparecl frcm 40 hours of cbservations cn ?-10
l4ardr, 1990 and 90 hours of cbservaticDs dr 2l Pebrua4/-7 i{a.rCr,
1992. Ten km of roads and 5 l<n of C-)o)< Cleeh and lagoon \rele nDnitoreal.
Frcm 17'25r50"N, 88'33'20"w in Cox Creel< to 17'28r25"N, 88'3I '45"W in
Cox Lagcln, spot Li*rt colmt-s of crocodiles \[€re conalucCeal flqn a
6 m canoe vrith one cttseruer, one rec\dder and one lEddler, croc\cdiles
uere counted fron 1830 to 2100 h cn 28 Feb., 1990 and fron 2000 to
2230 h on 2L Feb.. 1992. Environtental paraneters: the nbon Ifiase
was cres@nt in 1990 and fu.Ll \^'iti clords in 1992; water tsqErature
at 10 on was 24'C in 1990 and 25'C in 1992; \rater 1e\./e1 diffelence an
t}Ie two periods \,ras 12 drL

lG!,!r4Ars

Felis pa.rdalis, ocelot- tracJ<s cbsen ed
FeLis yagoEotndi, jaguanndi
Pantlrcra onca , jaglra-r- traad<s cbserved
Uro<tlcn cirereoa-rqenteus, qrav fox
Tapirus bairdii, Baird's taipir- 1\ro v,rere cbserved in t-}|e 1a@on; crte

cc|\)lete skeleton found in hulter's callp.
MazaFa arrEricana, red br1cd€t deer
ffih5G-frEiniana, wtdte tail deer
Alouatta pigEa, black hon ler IIDnke]'
Nasua nasua, @ati-mrdi
ffi Eliifs, kinl<ajou
DidelFh-is virqiniana, Virginia oppo€rrn
Philarder cpossun, 4 eyed opossun
nqouti paca, gibnut
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lblGsops ma.Iaqai, Ibxical free-tailed bat
NocLilio IeDorrnus, lrsnrJrg Dat
ffi-tervxElUncata, rr?dte-lined bat
frffiEn6atun, bnt-b'.dlding bat
Lutra lonqicausllsi, n\rer oEEer
Tatnandua rexicana, tananduEt

BIFDS

Podiludcus rcdiceps, pied-billed grelE
ffiIEffirax oliva@us, reotroPic @lflDrant
Lnhinqa anhi.rlqa, anh$qa
Ardea herodias, gLeat b]l'E neron
B6IIG.f6I cattle egir.et
EG6ilEs-E-reserrs, green-bad<ed heron
casnErodiwn albus, qreat egLet
ffiGEIG 6ffiearius. boat billed helcn
Flonitta caerulea, l,lttle lrltE rrelonEg!etla
EGEEI 6EE-Eiro"'y eeretljqfetta tllular srKwy egreL
F(rrtf a tricolor. trl'@Iored net'OlrEgre*a qrdcolg!,
fi.rrisom ffi;nun, bare-tlroated tiger her:on
Jabim nwctena, taDlrril storK
lilvcteria arEricana, ltood storK
Eudocinus albrrs , wttrte ]ltrs
FFEIoETEte winged t€aI
dFrrffi-F:ra, turkev vultuJe
CofacrvEs atratus, DracK vurture
sa rooraiEhus papa' krng vu-Lltrre
Pandidl halizetus, osprev
eGGTlGTiEEAlris, blad(-@uored hav'k
Buteo maqni-rostris, roaclsrce naliK
Buteo niLldus, qraY navtk
66qJliE-6tfrracinus, olrrtcn blad< ha',k
EffiIE;-ro;fica€G; swallo^'- tai led kite
ffivEaetus :AIArj.us, solit -ry eagle
Rosuhanus sociabilis, snall klEe
SffittffiG; btad< ha,rk easle
FllcoEiffiEs; bat fat@n
E6toEiE;-E-*rij|'lans, taughing f al @n
Aranus quaratha, I]JY[xan
ffi-&iGjffia, qraY-necJced vrood rai 1
Lateralhrs nlcer, rudctl' craKe
Heliorrris fuf rca, swqre,te
Jffi; spnGE-nort}rern jacana
Charaalrium \,octterus, krr.L@er
Actitis nracularia, spotted sandPrper
ffi-topGlffianus , bl ad<-red<ed . stilt
colurba flavito€tris, recFbrl Lecl prgeon
6lfr-intffi;Elajn-breast€d qrowt&do\,€
61G5ffi passfrtna, @rnEn grorlrd do\'€
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Colurbiia talpacoti, rllddy qrourd tlove
I€ptotil.a verreauxi, !*rit€ tiFped do\re
Anazona autxrrELis, red-1ored parrot
Anazona xantholqa, !'ellq^r lored parrot
Aratinga ast€c, Aztec parakeet
CrotodEga sulcirosLris, groove-lrilled ani
Ot:ls gnratanalae, vermiculat€d screecir odl
SEEb-iG-Effiis, qreat ootoo
I,lycLidrqros albicollis, connDn paur4JrE
OtoptrarEs yucatanicus, ftcatan pootr"will

@-cffi; \ffite-beuied'rwningbird
Anazilia tzacatl, n fous-tailed rMningbiid

chlcoceryle alericarn, green kingf isher
P_C!99!999!g !9!Etq!F, coll ared aracari

PEEE6-rni]t!@cilio6us, Iong-tni led hermit hwndngbird
1tsggE citJeolus, citreoline trogon
C;lE ;lcyon;-Felted kinqf isher
cgryle torguata, rinqeci kijgf is:rer
chlorooe-lile ggg3, Iltqrv kingfisher
qlorgceryle anazona, Anazon kirgf isrEr

Iffi;ftre
Cer-/l-e alevo
Cervle torqu
chlorooe-q/Ie
chl9f."*yI"

Canpephilus guatgdmlensis, palebilled r^oodpecker
)ryocopua lineabrs, IirEated \iEodpecka-r'aebneroes auriforons, qolden-fronted ",oodoecker
Clanerpes @-r"a-r,orted !,roodpecker
I€pidocolapt-es souleyeti i, streak-heade(i woodcreetEr
YiphorhyncJrus flavigaster, i\rory-bi l led vroodcreelEr
Thannophilus doliatus, barred antsh-ril{e
d@@-tjffi, ...L\ern bear.dless tl.ramulet'4eqarhyndrus pitanqua, boa L-biIIcd f lr.ai.hpr
:tiol,ius su-Iphureitlqius, sulphur -rr.fiped flycatciEr
s/iozetetes sjmilis, social f lycatdrer
PitangNs sulphuratus, great kiskadee
lbdirostnnn cinereun, @nnDn tady- flycatdEr
Tyrannus lociferans, Cassin's kindird
FetroGlrj6;'=G, cave slallc n'
Petroc\el idon [ryrt'ronota, cliff $vallo"
TadlycirEata albilinea, manqrDve $rallo.r
Psilorhinus nDr:io, b(rrn iav
&tr!!gl5 maculilEctur, spot-breas ted wren
Uropsila leuc\cgastra, ntlite-bellied wren
Thryotlrcrus pleurostictus, barded wren
Dr-fiEte l I a carolijreaisis, qrav catbird'4elanoptila qlabfirostris, blad< catlird
Ittuus gil\,us, tropical nr)*irqbird
Hylociclrla nnEtelina, {oodCrrush
Fillrus notaffi r,ouisiana watert-trush
VI6-?riEG;ffi i te-eved vireo
vrreo pal_Lens, nanglo\7e vareo
Vireo solitarius, solitarv vireo
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Derdroica dqngfgC, YeIIq^,. throatFd warblel'
-effiftF naqnclia, maqnolia war5ler
ferdroica petechia. Ye!-Loul ltElrb.ter
lffica 6qrlna, :ape t4ay \,rarbrel'
eeoEl-vpis tri;Es, cdnncn yellqt tlrroat
ffi-varlt-bl ack a,'rd white warbler

&eFtrs@gg, red-\,tinged hl ackbi rd
AiiSFcercus holosericeus, yel lo^,-bi I led cacique
e asfiail fiExic-arus, sreat-tai led grackLe
)ives dives, rElcdlols b.LacKDlrcr
ffisllrpi,s nnntez,r'a, rDntezrfila oroperdoLa
GffiTiostEtas, black-co,rled oriole
fifrrvncfus waqIEiI;- cheslnut-headel oroPerdol a
mpei'riai Lrata, qray headed tarEgel
H,abia firscicauda, red-L\roated ant tanager
ffiopEla-toffira, white col I a-red seedeater
Sporophila aurita, \tallabre seeleaEer

REtrfI],ES

)eflnatsnvs Itlawii, laicl<ew turtle - Tn ttte lagoon, rdnains of adult
CGC-Tourd in t\n'o hunters' calq)s, ptedat rs destrc,yed eggs
at ttEee trest sites,
Pseudsnvs scripta, bakaEu-ra txlrLfe
Eilflds-niEtatrrs, striped basilisk
ffiE septentrionalis, cat-e!'ed sna-]€
Drynb-rehon corars, crlco

clocodvlus nDretetii, l'brelet's crocodile

ffiiuEirb : Arerican redstart
wifsoFcFina, bocded -darbler

2-24-90 juvenites (.4-1 rn estiiated total lergLh )
subadults (l-2 n etl)
adults (> Zn etl)

jrverliles
subadufts
adults

2-2r-92

10
27
2

I8
7
9

If UEre was an actuaf in€ease i.!t aduft crocldiles ard a 'lecrease

in tlle nuber of subadutts o!re! the tt"D yea! period, it -might irdicate

tl1at subadults are beiig q.cluded frcm a breedlrg a-rea (HwIt 1977;

l,te-ssel 1987). In Bel-ize, it is possible tfrat egg incdcation pericds

coijrcide witb tlle -April-JurE nesLing lEriod in edapas, lle')<ico - -
(Perez -Higareda 1980). During our activitjes in cox r'agoqr we dad

not iocate-""sts but rEar l{us;el cteet<. Jo}rn Polj-sar (pers ' cc[r0' )
fourd a rEst trDwd \tit} eggs. 44)arently, nDst Belizean hrmtels are



189

rnlable to ideoLi&' or locate crocodile nests (Itope and Abercrc.nbie 1986).
Jad< Rhaburn (pers. ccxlm.). a master Belizean hmter, knelr tl1e j.rnenslons
of a )er.natefi!'s egg but could not accurately describe a ctocodile nesL
or egq. After $larding their nests duing egg inculcat-ion, captive
C. noreletii e>*rinibd exterded sraternal behavior: Dods of neonat€s
r,rere gufrA anal interactions wiLh offspring occurrb (-qfvarez del
Toro 1974). At Zoo Atfanta, fellbles also guarded jweniles (<50 dl
in leBlti ard <l yea.r of age) frcrn hrmEns. (Hunt L977) . In soudl and
north Cox Lagoon \te located tsio pods of nine yor.lrq (.4 n etl) . NeiLrer
of tlle pods was within 100 m of an adult.but it k'as IDssible t\at
interactions occunaed vthen huians were not present. ltrarry crocodifes,
hq^rever. did rpt sean to be wary of hurlans. C,n six occasions in daylight
tlolrrs of 1990 and 1992 lre observed a la-rge crocodile ( 3.25 m etl)
arrl smaller crdiles were ccfirEnly visible during daylight hours.
this visj-bility of tlre crocodile population nrakes Cre a.rea especially
attractive for inpatient tourists.

JIJSI]FICATIO}J lOR I\A]{AGING COX I;&NO[I AS A CROCCDII,E PRESM,/E

As a tourist attraction, Cox Lagoon-BFRF is strateqically located
t€ar Belize City, ttle Comurdty Bsboon Sanctua4, and t.\e Belize zoo-
rn &lcrld conservaLion strategy, ecotourism can provide incorE ancl
dlq)1o!/rlEnt (It]'lio atd Hcldqate 1991). It is prcb,able that ec'otourism
w'il1 be inceasjngly jrportant as a souree of re!€nue jn Belize and
tltat BFRF wiU be a significant contrjlcutor if it can be effectively
plotected.

A diversity of tildlife can be seen on BFRF with minimal
investllEnts of tinE. I€ observed o\,€r 100 s[)ecles of birds dr]rillg
our cbservation petiods. On three successi\,/e days vte observed jabiru
storks. On four successive days \,ie obselved grol.{E of hotler ftrkeys.
on t$D occasions, \re observed tapirs. In prc[rDting BFRF as an area
for cbservjng \^'itdlife, tlte crccodiles of cox ragoon should be the
feature anir!a1. Sightjnq a large predator in tlle wild is an exciting
ereerience fo! vlsitors a.rd wiet a large poPulation of crocgd.iles in
cox Lagoon, such an errlErience is predictable. wiel less predictability
sightings of ja$Ers are also sctlEthing tourists can hoP for; on t*D
occasions rde fowrd craclG; Pat Shar, (Prs. ccm.) of BFm bas seen Lhe
large cat cro6sirg roads and furerer reports that jagNars trave rrJt
prqred oo catlle^ at tlp fann.

Altllough srtrsisten€ huters have irq)acted i"rildlife in sdtE
areis of Betize (Rabirsritz 1986), it is Ptoktable tiat wildlife
ulilizi-nq Btr'.RF have rDt been subjected to intense erploitaLion
fllrn eitier stbsisterrce or ccfirErcial hulting. ltris aburdant ard
visible wildlife is a valuable living lesource vhidl can pro(|cte tour'asn'

Land i'arcels 47,49,50,53 and 55 contain irFortatrt wet tand
corfi&rs (Fig 1). Xussel Creek and its r+pet branCles including
Cox Lag@n, Mudddlarff Lagoon ard cool<s r,agoon ha\re been identified
as irportant freslMater habitat for wildlife and ha\./e been proposed
as a;eserre (tlartshotn et a1. 1984). Cox LagK)on is an jjtportant

link in tttese wetlatds attd tle cpporturrity for securiig its protection
strould rlot be missed.
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$IT\GEISIf :IJRTII OF DdJBLE )IKES

I. A1e 1600 ha contairEd in this cleared section could be leased for
agricutture. Food crcps corld be qrq^'n on 200 ba sections cr

I)as{]lre for cattle could ]te lea3sl in 400 \a sections 'thidl corld
be leased to farttels.

2. snaU parcels of larrf ('I Ure Belize liver shorld be developed Ecr
tourist lodging,

3. LcCge ard lerse q)etaLions should include roaal maintenance.
4. Farm oper.ations should be cdp3tible'tiLh C1e interssts of Lhe

adjacent preserve: 1ql9e Cevelcpers lrust nEintain a forest cot:reilor
foi honrlei nonkeyst fanrers can not use pesticides or lrcrbici4es
in the pr:eserve; no one can engage in h'Jntinq insiCe Lhe preserve;
the borrxlary between preserve ard farm nlrst be strictly cbserved.

r'tAlAGe{A.{I SOUTII OF mUBLE DTIGS: COx IAGmII g-IOCCDILE PITESEI{/E (Fiq.2)

f. At €re intersection of E!'Rf ard ?etaliation (r,P 49), a quard
station sltould be maintained durirq daylight ho]I:i. After dark
L\e gate nhorld be loc}'-ed.

2. -At Cle intersection of BFRF road ard Cox Creek, a reception center
should be establisled. At tlie cente.r bicycles aaC carbes could be
rent€d. with IEunits issued at t:\e preserve, car:.oeists 'tould occuFy
trree designated canp sites in c.x Lagoon. triking and bicycling
trails would proviale access to ol\er areas of t\e preserve.

STAFT'

itanager- The Belize Ardubon ScEiety could alDoint or approve a nranager
to be gte'nard of the Ple3erve.

!,traralens- l\Vo would proviale security, prevent poaching and tlr.$Itas5 ing.
Intern ilaralens- Voltnteers fro'r tJorti Arcrican zoos colld assist waralens.

For each year of operati-on, a pool of 24 interns \iould be
selected ard trained by a cooralinator. h Belize. bto
interns lJcnrld !,ork for one nDntir ard l:\en !'rould be !:otatsl
brck to L\e'I .S-

ftnlDl{G

1. salaries, travel cost and naintenance of interns should be ptovided
by zoos.

2. with a pfan to nanage BFRF as a crocodile preserve, arcrican zoos of
Cre American AsscciaLion of Zoological Parks ard Aquarirans ard tl€i-r
associated contributors night be sources of furding for a long-term

3. To.jr groups ard irdividual torrists shorld be charged a substantial
fee for ent-:ing t]rc Preserve ard celqErs should be coErged an additional
fee. Profit frqn facility fees alrl equiF€nt rentals should go directly
into opeJation of tbe Preserve.



191

PROPG.AL

ue sent e prcrlos-ll recq'llr)Irlirg gorerrnErl sarcLj,o:r of BFItr
Cor( Iagoon as a r)re3e]1re ._eatu:ing C. nbreletj-i to -Jre tlin_strv
of Tcurier, tbe r.tinistry of ltatural-Re6iEE-and +,\e li_ze
Adubon Socieqr,. In .iuly, l.)q2, 'rDever, tle pr@errtl, alas ,!old
ard we are currentlv :rrDi ng {:o neqotiate t{i.tl r]]e o,n€,r; on +}le
preservation of ocr< T_Egoon,

.4lolJ,^]I,Efr?m]Is

lPds !,raLli j,s suf4orted by 26,lLlnnta arxl bv a qrant frdn
the Nixon criffis !\rrl of the \r€rr yor,: Zootogical S.Jciet.1.
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HUMANE KILLING OF CROCODILIANS

bY J M Hutton

CSG Vice Chairman for Africa

P O. Box HG 690, Highlands, Hararc' Zimbabwe

Introduction

The rancbing and farming of crocodilians for conservation and commercial purposes

requires that large numbers or antmals are killed every year for their produce: skins

und -eut.

Traditionally. crocodil ians have been kil led by direct deslrtrction of.the brain'

;;;-;;; i i l t  shooting. changes in technology have moved a significant portion.of

i".rin* tio"i in,o itd-oor enclosures where siooting is impractical ln.addition' in

";;;:.t;;;;.k;iit 
the animal is a valuable product which.would be destroved bv

sbooting. Following these changes in husbandrv' lhe crocodlle lnduslry nas

.r"""ni*"a accus-atjons of inhumane killing, principally from animal rights

orgarizations.

In Germany (J€lden, PgIs. comm.) animal welfare groups and the Press have

suggested:

1) That in Florida and Singapore crocodilians are skinned alive because this gives

a belter qualitY Product.
2) V;tt"bt"; of tie crocodilians are broken to prevent the animals injuring

handlers.

The claims are, of cource, ludicrous, but many crocodile conservation problems now

."i" ." 
"i.".alt 

harvestiog and it is of great ioncern that markets may be affected

;;'.*.t"-;;i;"i ttght" oiguni,utiont ihit b'i"f poper addresses the issue of

tr 'urnan" t l l l ing and riakes i number of interim recommendations'

Kllling methods

Shooting

Themaiolitvofclocodil iansonfarmsandranchesalesti l lki l ledbyshootingvery
;;;;;il; *itrt u'."po.t.ntitr.d 

'Euthanasia of Amphibians and Reptiles" bv the

ti"i""t"iA* n"a*"tion of Animal welfare (UFAW) wtich recommended that

i'-""ilri""t i" uir"d by destructior of the brain with firearms A small bore fle'

i"oal"n 
"i "uptit" 

Uoli was suggested for immature' farm animals'
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However, UFAW also recornmended that penetnting instruments be directed from

the front of the alimal betweetr, but slightiy caudat to the eyes This recommendation

is imDractical in a farming situation. Undei present management systems it would

i.quit. tftor a live round is fired in the direction of handlers, which is unsafe'

Spinal cord severance

Many producers have moved to a method of killing kDown in the USA as the nape-

stab in which the spinal cord is severed.

A recent report (Warwick 1990) showed that in one case, in Florida, spinal severAnce

took 5-8 blows 1of a hamrner on a chisel; After some tests jt was concluded that the

"ni-uf" 
in qu"tilon were conscious long after their spinal columns had been severed

unJinut tnJ 
"ystem 

was inhumane. Alihough the experimental design was extremely

poor, the infoimation presented does shongly support the conclusions made'

Soinal cord severance is commonly used in Zimbabwe, but is concluded by one blow

oi a h"uny hammer on a sharp chisel after which the head is immediately bent

io*ura u'na a sharpened stainless steel rod used to "pith" and destroy the brai'r' The

time b.t*een the h'amner blow and brail destruction is less than 2 seconds'

This is clearly an advance on the method described by Warwick fiom Florida' but the

question must still be raised: Is the method humane?

Determination of this hinges on whether the severance ol the spinal cord causes

sufficient neurogenic shoc-k to result in a loss of consciousness before the brain is

destroyed. The ivorkshop of experienced veterinarians at the 11th Working Meeting

of the'Crocodile Speciatist Croup discuss€d this malter and was of the unanimous

opinion that meth6d used in Zimbabwe (of spinal severance with a ch-isel, followed

iimediut"ly by pithing) does result in immediate unconsciousness and is humane' lt

was also noted that fuiiher detailed investigations oll methodology are continuing in

sevefal producer countries.

Recommendations on killing methodologr and research

The use of firearm,/captive bolt systems is clearly preferred for-killing crocodilians in

a farming situation, birt more research on methodology is needed because practically'

the trajeitory of any firearm should be from the rear of the head' away from

handleis. Even though UFAW suggest that substantial layers of bo,ne- may interfere

with and deflect bullets or bolts when this trajectory is used, it is likely that tlre

animal will be stunned. To avoid critisism it is strongly recommended that even when

this method is used the spine is severed and the brain destroyed by pithing'

It is clear that the addition of pithing to the nape stab method constitrrtes an

essential, immediate imp ovenrent over the Dape stab illolle. Where firearll's al

unavailable this method shorrld Le niverstl ly ad'rpl l u ' l ; l  further research suggests

otherwise.
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Conclusions on the Animal Rights issue

The accusations put forward by animal rights activists seem to have resulted ftom the
report in the Texas Journal of Science, but are so widesplead as to suggest an
orchestmted campaign against the industry. Similar suggestions have appeared
elsewhere in the world (such as the magazine "Common Cause", (April-June 1992;
Action Aid, UK)) and have caused concem within the British Royal Society for the
Prevention of Cruelry to Animals (Dr. A. Lindley, wild Life Dept., RSPCA, pglf.
comm.)

To coutrter this tendency, the lollowing is suggested:

1. The industry undertake or fund furlher research on routine humane killing
methods for crocodilians.

2. TIte CSG remain receptive to reports of inappropriate methods of killing from
all ranching and farming programmes and take any legitimate measures that
afe necessary to prevent inhumane slaughter.

3. That ranches and farmers take joint legal action against specific inaccutate
accusations. Recently, the German fur industry undertook successful legal
proceedings following irresponsible accusations made by an animal rights
group. The financial loss effectively closed tbe offending group
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J.M. Hutton atrd O. Behra

IUCN/SSC CSG AFRICA REP RESENTATIVES
P.O. Box HG 690, Highlands, Harare, Zimbabwe

Introduction

A keynote address is intended to set the pace for the following sessions and we thatrk the csc
for providing the opportunity to articulate our Alrican concerns with resoect to the
conservation of crocodiles. I hope we do indeed set the tone for this session.

It would be easy forxs to detail, yet again, how crocodiles were hunted in the 1940s and 1950s,
were protected- 

-and subsequently recovered. It would be easy laboriously to detail all
countdes' specific crocodile conservation and management procidures, but this would not
constitute much- of a ke)'note address. Instead, we are going to try and avoid specifics in
favour of principles.and general practices. Fundamentil to-our tiesis will be CIIES, a
conservation tool which we believe is distorting our conservation pdodties.

The Mixed blessing of CITES

The most severely etrdangered crocodjles in the world have reached this state because of
habitat loss. Don't just take my word for it - read the IUCN Action plan for Crocodile
conservation. There are 23 species of crocodirians. of thesg the csc has identified that
seven_are actually endangered. None of these species is from Africa. A few species have
virtually vanished from tbe wild, one or two are llmost ertinct. All of these species are on
CITES,Appendix_I. Indeed, they have been on Appendir I since the inception of CITES in
the early 1970s, about 20 years ago.

CITES has not helped these species because CITES is only able to address international trade
as a faclor which is contriSuling to pressure on species. but these species bave declined
because of babitar loss wbire crrFs has trol been very effective at cooserving these species.
it bgs been_singxlarly effective in deflecting attention fiom their plight to more cornmercially
importatrt, but less etrdangered species.

There is a sad trend in tbe conservation commutrity to view species on CITES Appendix I as
saved. CITES is a so of 20th century magjc cham _ warding olf extinction. Tiris is why in
theJast 20 years we have spent more time and resources on Ci iman crocodyhu, which is tne
of the commonest vertebrates of South Am erica, than Crocodylus intermedius which is oie.of
tle rarest. Within Africa this trend is clearly manifest by tie difference rn the amount of
knowledge we have on the Nile crocodile compared io the other two species, Osteolaemus
tet rups is and Crccodylu s ca tu phru.t us.

Crocodylus cataphractus and Osteoloemus could be endangered, indeed, they could go extinct
and it would besome tiure before anyone even noticed. Wi have neglecied, ind are n-eglecting
species which have no commercial value in international tade and in encouraging thii
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€mDhasis CITES has become a real liability' Of 1u11' 
the frult^doesnl lie with the

convention, flawed as it is, gr" priii"- l" titot *e doo't bave any equivalent mechanism

to address the real cause for specii"eiti-Jion - habitat loss (and I must say that we dor't

really see the new biodiversrty 
""""-ti"t "t 

itpt"ting the situation)- So ir' a mad rush

tohelD. tocontdbute, tocosomegood,*eouei -emphis iseandabuseCITES.

ln Africa we have the Nile crocodile' the second most valuable of the crocodilians The

Nile crocodile has n"u", u""r, in iln'g"-; of e"tinction, tttougtt easily accessible populations

were severely -reduc"a i" tne U+0s, iOs una eu"n eOs Theie is no sinSle"reason wh} over

#i:n,ru:lli#*illilfi :ll"i'l,i:f il;:;l'il"'$lliJ'ons qu ick'|v bui'. up
Anv lons-lived animal which h;i ;'; Sit 

"ggt 
a.Year is liab-le 

.to 
build up quickly in

il,il"Jhil*;. tur this will inlv'happen w-liere human Populations allow it ln some

;'Jliit"t ii" ue;;au ro' 
""utpt"j 

t*ii'' p'ettur"' m"an thut crocodiles will never return

rii" ir"tlriirn"t 
"itl 

be there, m6re or less' but it is denied to crocodiles'

It was after this time of severe exploitation that. CITES did 
.play 

a role with the Nile

crocodile. As crocodile numuer"s i" ,-rp'so aia pressure_to start another round of

;itlil;;, u,ri tli"-*u" "tt""tiuJrv 
uro"t"a'bv rhe Appendix t 

":t'"1t;:rf;tff;fi il:
i""ur'i i i i *"t"a like a good tbing in the 1970s' and it has perhap

best, but it could have u""n 
" 

il*?- i"i tft" Nif" crocodile and lt would have been if

CffiiS laa not adapted to new management srtuatlons'

H:l'.'ili:ffii""T,:i:un":il-*r,Il!;ff;lflti111i'ilii*Liii'Ilf"i$'::[1
which CITES has adapted to iiilitirirt tp""l"s management'- rather than constraining

;;t;;;s;;'*:1* :ly*l :il:1;n'i. il:iliJ :i:::3i':::'.TTlT:*il:ffi;
hard won and rematn only Partl i
we can now, fiom a 1990s persf,ecii"e' see that +-S m man-eating predaton do not stand

much chance of long term suivival in modern Africa where -water 
resources are at a

premium. The whole issue 
";;;;" 

obvious - crocodiles have to be valuable' very

valuatrle, to survive o,,t"la" p'oi""tJuteas- Ttris is not;ust-theory' This year' in southen

Zimbabwe we ar€ mountlng a rescue opelation for crocodiles affected by the most se'r'ere"*#ljJlT'J::*:f ?""1'nl":;'f ;m"'*..Iffi :',1?"'T"x'$:""iil':ff Jfl :
save in this heavilY settled area?

As recent as 1980 it looked as if the crocodile's value would be lost- In order to trade in

iiff"'"t""Jf" ,tio on 'c'f i"un ";t"tty 
ft"a to obtain a down-listine of the.:Tiffi:tl;

ipp""ii."ii ""a"i :T:"::,"";;'il:f:fff,T,','#il#il"Jio a. th" *av th"v a,"
impossible, not so much oeca!

til;;;*.,i and enacted lt took immenie pressure' first of all to have the conservatron

il"i"ii*, ri""rorff"a traae recognised, thenio have the ranching system adoPtedand then

to have the separate 
"<lrrntty 

pof"rri'uiiclit downlisterl according to these new criteria Many

countries found the process too expensrye'

In 1985, by sticking together, African countries managed to introduce more innovations to

CITES - the special 
"'lt"'io 

ot tluol" system was int;duced' The idea was to allow
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utilisation under quotas with the aim of financing the introduction of ranching at a later date.

Quotas were meant to be temporary and later, in 1989, this was written into ttre system when
it was reviewed. This period saw a massive investment in Nile crocodile research and
management. In fact, by 1989 a few conservationists were beginning to wonder at tle
emphisis on a species which, it was grudgingly agreed (in a preamble to the resolution on
quotas), should never have been on Appendix I in the first place, especially if this effort was
at the expense of other species about which little was ktrown.

The Nile crocodile is not endangered as a species. Some marginal populations may have a
tentative hold, but this is analogous to alligators in the USA's North Carolina. No trade ban
will inqease a species on the edge of its range, nor will a ban increase a species affected by
habitat loss. This is where we find fault with the ranching system The ranchitrg cdteria are

{ocused on countries rather thatr sPecies "in essence, they continue the ban while allowing
some very limited, individual operations to recommence" (swarson and Barbier 1992). This,
essentially, is why there was such pressure to introduce the quota system and why the whole
CITES piocedure for the Nile crocodile - and other species - is now so complicated.

It is likely to get more complicat€d too. While the conservation status of the Nile qocodile is

secure, in ntioy cases this has been achieved through the use of commercial trade as a
conservatiotr tool. We have always been aware that there are dangers in this apProach - not

least whetr powerful commercial interests clash with long telm conservation aims - but the

market place holds other dangers too. How is the present slump in crocodiljan leattrer business
going to affect conservation? From our African Pe$pective it seems likely that many rauching
;he;es will not survive. In addition, the depressed market is distortitrg the relative advatrtages
of ranching and cropping ftom the wild. When prices were high, the high investulent and

operation Josts of ranthing *ere economically acceptable and we were able to travel around

A?ica recommending this harvesting strategl over cropping, which is demographically- much
more dsky. Now thit much of east and central Africa has gone ranching and are having
problerns witlr it, what do we tell our colleagues iD west Africa?

We see a need for new mixed harvestitrg shategies for Africa so that we can try aDd reduce
the cost of producing hide while keeping the risk to poPulations low. In this regard we are
inspired by the work with Green Iguanas in Cental Amedca in which the animals are hatched
and maintained for a sho Pe od in captivity belore releas€ back into the wild where they are

ultimately hunted (Wernei 1991). If we could teat Nile crocodiles in this way the costs of

rearing would be drarnatically reduced 4!!ldependence op wild ecosystems would be increased

ttrereby increasilg our conservation benefits.

Such a scheme is, we believe, workable. One of the mai{ impediments will be CITES.

Assuming that the target Population starts on Appendix I, the present complex set of
resolutions would allow a mixed strategf/ to start under the quota system, but because quotas

are tempomry it would very soon be necessary to move the affected Population to Appendix
II either under the Berne Criteria or the ranching criteria, neitler of which is really

appropdate. If the population is already being mnched any change of management also

requires attention fromCITES and as something new is likely to be viewed with considerable
sceDticism.



what is needed is a review of CITES as it affects crocodiles and to start we have to try and

tat.-u mot" gtoUat uiew and avoid becoming mired in detail' The system treeds simPlilying and

to become riore flexible so that mi\ed harvesting strategies can be accommodated'

This brings us back to the title of this keynote address, our conseNatio,n shategr for the Nile

crocodile"involves the itrtroduction of a new quota system fot Appendix II which would obviate

the need for a split listing. In practice, the whole species would beflaced on Apperdix II, each

range state t"""iuing ui appropriate quota approved by the C O'P in the first instance'

Corintries harvestingfthrougli ranching *ould very easily obtain quotas. those wishing to croP

fiom the wild woulirequirl more biological information and wonld receive smaller quotas in

line with the increased risk to the speciis. Those with small populations (on the edge of the

species range, or with degnded habitat or a history of over-exploitation) could receive a z€ro

quota.

Since we also happen to believe that this system would have wider application, not only to

other crocodiliani, it would appear likely that, ortce more, crocodiles will be setting the pace

in CITES.

The Difficult Species

This consideration of GITES has once again locused all our attention on the Nile clocodile,

which is under no threat whatsoever. What of our other two African species, what strategy is

there for them? The answer is that there is none.

Although not as significant as the Nile crocodile, these species have some commercial value,

both foi hide and meat but most of this is internal rather than international and the role of

CITES, and therefore the international profile of the species, is limited. However, CITES is
starting a crocodile project in west Africa and, to the credit of the Secretariat, management

issues ior C cataphraatus and Osteohemw will be important even though they are both on
Appendix I and not presently traded.

Conclusion

In conclusion, there seems to be no immediate answer to the conutrdrum of CITES and its
effect on conservation priorities. We hope that sometime in the future the consenation
significance of international trade in wild species will finally be recognised as secondary to loss
oihabitat and erren the local use of wild species. Until that time the Nile crocodile will have
a disproportionately high profile in our Aftican crocodile conservation strategy.
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Gernany

At the 8th l"leeting of the Conference of the parties of CITES at Kyoto,
Japan,  in  l ' 4arch  1992 four  reso lu t i cns  were  adopted ,  wh ich  do  no t  on ly
s ign i f i can t ly  a f fec t  the  c rocod i i ian  fa rming  or  ranch ing  indus t ry .
Moreover  the  new reso lu t ions  a lso  prov ide  fo r  s t r i c te r  ru les  concern-
ing  the  in te rna t iona l  t rade w i th  c rocod i l ian  sk ins ,  the i r  par ts  and
der i  va t  i  ves  thereo f .

The in ten t ion  beh ind  th is  paper  i s  to  g ive  a  very  genera l  and eas i l y  to
unders tand overv iew on the  conten t  o f  the  ne l4  CITES reso lu t ions  wh ich
are  o f  some s ign i f i cance to  the  c rocod i le  sk in  o r  lea ther  indus t ry .

Un iversa l  tagg ing  sys tem fo r  the  ident i f i ca t ion  o f  c rocod i l ian  sk ins
(  Res .  Con f .8 .14)

Th is  reso lu t ion  demanded by  the  IUCN Crocod i le  Spec ia l i s t  Group f rom the
in te rna t iona l  conserva t ion  communi ty  fo r  many years ,  in  o rder  to  be t te r
cont ro l  the  s t i l l  ex tens ive  i l l ega l  in te rna t iona l  t rade in  c rocod i l ian
nane ly  ca iman sk ins ,  p rov ides  fo r  the  tagg ing  o f  a l  I  c rocod i  I  ian  sk ins
or parts thereof, irrespective of whether they come from a species
l i s ted  in  Append ix  I  o r  I I  o f  C ITES and i r respec t ive  o f  whether  tne
skins come from farming and ranching projects or have been taken from
the  w i ld -
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other  h igh l ights  o f  the resolut ion in  br ie f ;

-  0n ly  l 'ho le  sk ins,  f lanks,  be l l ies ,  ta i ls ,  throats ,  legs and feet  are

to be tagged.

-  Standard ized tag in format ion should a lso be g iven on CITES documents
acconpanying each shi pment

- From June 1993 onwards parties should only accept any shipment if
sk ins are tagged and tag in format ion is  quoted on CITES documents.

Use of  coded n icrochip implants  for  mark ing I ive an ina ls  in  t rade
(  Res.  conf .8 .13)

The resolut ion a ims at  microchip nark ing for  ident i f icat ion of  on ly
CITES -  Appendix  I  an ina ls  nov ing for  ins tance between zoos,  c i rcuses,
wi th  t rave l l ing exhib i t ions or  as h igh va lue perscnal  pets .  In  th is
respect  i t  cou ld a lso af fect  the t ransfer  o f  one or  another  crocodi l ian
species, Furthermore the resolution acknowledges the need for standardi-
sat ion of  the type of  n icrochip be ing appl ied,  inc lud ing the locat ion of
inp lants ,  as t ie l l  as  the genera l  access of  a l l  CITES par t ies to  a  cent ra l
data bank wi th  the re t r ievable ch iD in format ion.

Addi t ional  cr i ter ia  for  the estab l ishment  o f  capt ive breeding operat ions
and for  the assessment  o f  ranching proposals  for  crocodi l ians
(  Res.  conf ,  8 .22)

ln i t ia l ly  i t  was the in tent ion to  persue two a ins wi th  th is  reso lut ion:

F i rs t ly  the resolut ion should once more make i t  very  c lear  that  i f  a
crocodi l ian resource is  used commerc ia l ly ,  ranching on the bas is  o f  egg
or  hatch ing co l lect ion,  as a very  robust  opt ion,  is  the preferable

management scheme which in contrast to pure farming can contribute
s ign i f icant ly  to  a  secure management  o f  wi ld  crocodi l ian populat ions.

secondly ,  because of  sone i r regular i t ies  in  the past ,  where commerc ia l
farming and ranching operat ions had harvested ! ] i  Id  subadul t  and adul t
an imals  ind iscr iminate ly  f rom the t ' l i ld ,  the in ternat ional  conservat ion
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community consented to the need of establishing some stricter rules to
prevent such shortcomings in the future.

l4a jor  h igh l ights  o f  th is  reso lut ion are:

-  wi th . regard to  famr i  ng:

-  0n ly  under  cer ta in  c i rcumstances should an imals  caught  f ron the
wi ld  be a l lowed to  forn the breeding s tock.

- The registration of farns l,/ith the CITES-Secretariat should only
be accepted if breeding aninals have not been acquired by depleting
DoDulat ions in  the wi  ld .

wi th  regard to  ranching:

- The projects should be limited to the tliay of exploitation of wild
populat ions as in i t ia l ly  approved by the Conference of  the Par t ies
to CITES and any change of  programmes for  harvest ing wi ld  an ina ls
should on ly  be s tar ted af ter  consul ta t ion of  the CITES-secretar ia t .

-  Any programme inc lud ing a wi ld  adul t  harvest  should be examined
nore stringently before an approval than those based only on egg
6 .  h  ! + . h  i  n ^  . ^ l  l a . +  i  ^ n

- Any programe aiming at a long tem conmercial harvest of wild
animals  has to  sat is fy  the cr i ter ia  ( "Berne Cr i ter ia ' , )  for  down-
l is t ing a populat ion f rom CITES Appendix  I  to  l I  as  adopted at  the
1st  Conference of  the Par t ies (COP),  i -e .  there must  be pos i t ive
scientific evidence, among others by a !,/el I docunented population
survey showing recovery of the population, and that the crocodilian
species concerned can ! r i ths tand the p ldnned explo i ta t ion.

Gu ide l  inesfor a procedure to register and monitor ooerations breedi
Appendix  -  I  an imal  spec ies for  connnerc ia l  purposes (Res,  Conf .  8 .15) .

This  is  not  a  rea l ly
revi sion of different
top ic ,  which had been

new resolut ion.  F i rs t  o f  a l l  i t  is  a  comDlete
resolut ions (Conf .  4 .15,  6 .2 ' l ,  7-10\  on the same
adopted at previous CITES conferences. It there-
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fo re  cont r ibu tes  to  an  acknot , { ledgeab le  s imp l  i f i co t ion  o f  the  inc reas-

ing ly  d i f f i cu l t  to  unders tand C lTES regu la t ions .

Major  h igh l igh ts  o f 'uhe  reso lu t ion  are :

-  Pr inc ipa l  respons ib i  I  i t y  fo r  approva l  o f  a  capt ive  breed ing  opera t ion

lies with the l4anagement Authority of -r,he party concerned.

-  The C lTEs-Secre tar ia t  t { i l l  ge t  nore  invo lved in  the  re -o is t ra t ion  process

than be fore ,  e .g .  i f  the  CITES-Secre tar ia t  agrees  and i f  no  par ty  has

any  ob jec t ions ,  a  capt ive  breed ing  opera t ion  can now be reg is te red

t,/ ithout puiting it to a vote at the next Conference of the Parties

(coP).

-  For  any  spec ies  known be ing  d i f f i cu l t  to  b reed or  d i f f i cu l t  to  d is t in -

gu ish  f rom I1 l i ld  taken spec inens ,  add i t iona l  c r i te r ia  fc r  reg is t ra t ion

can be  es tab l i shed by  par t ies  o r  by  the  CITES-Secre tar ia t .

-  F ina l l y  the  reso lu t ion  de f ines  very  c lear ly  in  i t s  four  append ices

which  o f  the  fo l low ing  ins"L i tu t ions  has  t ,vha t  k ind  o f  respcns ib i l i t y

in  the  process  o f  reg is t ra t ion :
-  the  capt ive  breed ing  opera t ion
- the Management Authority of the party concerned
- the CITES-Secretari at
-  the  CITES-par t ies .

Fi nal conments

S ince  the  1s t  CoP not , l  more  than 150 CITES reso lu t ions  have been adopted

in order to helD if lrDrove the effectiveness of the Convention. l '4any of

these reso lu t ions  are  meanwhi le  ou t  o f  da te ,  bu t  the  na jo r i t y  does  s t i l l

app ly .  i th  each CITES-conference nore  reso lu t ions  are  adopted  whereas

others  a re  repea led ,  Th is  has  c rea ted  over  the  years  a  s i tua t ion  where

i t  has  become increas ing ly  d i f f i cu l t  to  over look  the  lvho le  sys tem o f

recommendat ions .  fo r  ins tance scmeone comple te ly  un fami l ia r  w i th  a l1

these CITES regu la t ions  bu t  who has  the  in ten t ion  to  s ta r t  a  c rocod i le

ranch lnus t  cope today  w i th  a t  leas t  f i ve  bas ic  reso lu t ions  (3 .15 ,

5 .16 ,  6 .22 ,  7 .11 ,  8 -22 \  con ta in ing  var ious  ru les  to  fo l l o \ \ , .
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This  i s  an  unbearab le  s i tua t ion  and does  no t  he lp  to  fu r tner  rne
inprovement  o f  rhe  app l ica t ion  o f  CITEs,  the  major  a im reso lu t ions
shou l  d  ac tua l  l y  fu l f i  I  I .
l l ha t  rs  needed now and the  sooner  i r  i s  pu t  in to  p rac t ice  the  be t te r ,
i s  an  €n t i re  rev is ion  o f  the  CITES-reso lu t ion  sys tem.
The IUCN/SSC -  Crocod i le  Spec ia l i s t  Group shou ld  there fore  as  i t  has
done in  the  pas t  take  i t s  share  and cont r ibu te  as  nuch as  poss ib le  to
the  accompl ishment  o f  th is  cons iderab le  bu t  reward ing  task .
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SEQUENCE OF NESTING, CLUTCH SIZE, AND HATCH RATE FOR ALLIGATORS

IN SOUTHWEST LoUISTANA

Ted Joanen and Larry McNease
Louisiana Departrnent of wildl i fe and Fisheries

Grand Chenier, Louisiana 7064 3

Introduction

In 1989, the Louisiana Departrnent of wildl i fe and Fisheries

init iated a study to investigate the relationship of nesting

sequence, clutch size, fert i l i ty, and hatching rates for al l igator

(All iqator mississippiensis) eggs collected on its Rockefel ler

Refuge. The refuge is located in southirest Louisiana and cornprises

32,40O ha of coastal nar:shfand. The refuqe is bounded on the south

by the culf of Mexico and on the north by the Grand chenier-Pecan

Island stranded beach ridge conplex.

Marsh elevation averaqes 33.5 crn above nean sea level. Ti.de

lrater enters the refuge fron the Gulf of Mexico through f ive major

channels. Freshwater run off frorn the north f lows through the

refuge and di lutes the salty gulf vater. As a result of conplex

water f lov patterns, rnarsh types on the refuge are diverse and

consist of fresh, intermediate, brackish, and saline (Joanen and

McNease 1989). Eggs were collected in internediate and brackish

marsh.

The primary objective of Rockefel ler Refuge egg collections

rr'as to supply hatching year younq to a fledgling farnihg industry.

For this project, Departnent personnel col lected, incubated, and

hatched approxinately 4l-,ooo egrlts over the three-year period, 1949-

1991. As soon as the hatchfinqs beqan feed.ing they were
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distributed to fanns lrithin the state. The secondary objective of
this project lras to deternine sequence of nesting in relation to
clutch size, ferti l i ty, and hatchabitity.

The authors are grateful for the assistance of w. c. perry,

R. Elsey, and L. Theriot for the collection of f ielal data and
preparation of charts and figures used in this publicatj-on.

Methods and Materials

The peak of egg laying varies fron year to year depenating upon
sprj.ngtine tenperatures, as previously described (Joanen and
McNease l-989). In order to deterhine dates eqgs were Iaid, f ield
checks of nests vere ini.t iated at the onset of nest consEruction
and continued throughout the egg laying period. Sequence dating
of egg deposition according to individual clutch involved 2
nethodoloqies to detemine dates eggs were laid during r9a9, 199O,
and 1991 vhen large nunbers of clutches were collected daily over
a 30-day interval. One technique involved opaque banding of the
eggshell. From the degEee of opaque banding, we were able to
accuratery age eggs 5 days of age or ress (Ferguson r.gar-) and then
plot the sequence of nesting. A Dore refined nethod and one
probably vith the highest degree of accuracy for artificialLy
incubated clutches, nas to back date the number of incubation days
fron the date of first sign of hatching, Again, accuracy alepended
upon using freshly deposited eggs froD uild nests collectEd no
Iater than five (g) days after being Laid.

Clutch size. ferti l i ty, and hatchabil ity data fron slightly
over 1,10o nesta nonitored betseen 1989-91 were analyzed accordinq
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to date eggs were deposited. The 30 day interval during which

oviposition occurred itere divi-'led into 3 - lo-day periods' Tbe

periods were aimply designated 1 through 3 chronologically ' That

is, nunber 1 rras the earliest' 2 the nid. and 3 fatest period'

The progression of daily nesters is presented graphically as A

through U, vith A representing first clutches laid and U the last'

Data on relationship of sequence of nesting (periods) on nunber

of clutches (percent of clutches), average clutch size' percent

ferti le, and percent tratch tere subjected to ANov analysis'

Atl igator eggs ltere narked so as to preserve their original nest

orientation. Each clutch of eggs l 'as set individually in a single

layer and completely enclosed nlith natural nest naterial and placed

ins ideanenv i ronmenta lchahberasdescr ibedbyJoanenand l lcNease

(  le76)  ,

These data involve eggs which were collected ra'ithin a 20'0o0

ha area of Rockefeller Refugle' By keeping the study refined to a

retatively snall area, we vere able to negate lhe effects of

geographical. variation on time of nesting and clutch size'

Results

sequence of egg deposition vas related to springtine anbient

temperatures for all igators in southwest Louisiana' Nesting

occur redear l ies t r rhen l {a rch-Apr i l - l ' tayanb ien t te rnpera turesvere

higtrest (Figure l '). Rainfall had no sj-gnificant relationship ! ' i th

tine of nestinq activity although vater levels did affect the

degree of nesting (Joanen and ltcNease 1989) ' Egg deposition at

Rockefeller Refuge occurred fron 31 May to 2 JuIy during the 3
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years of study (Table 1). l.tost eggs, approximately 6Ot, were laid

during the middle period (Figure 3). When nurdber of cLutches by
period (percent cLutches) vas analyzed, a significant difference

vas noted (P = 0,033). period 2 i.ras significantly different fron

Per iod  3  (P  =  O.O3O) .

As described by l,rcllhenny (1935), all igators lay once in a

season and deposit all of their egqs at one tine, lr ithout any

nateriaL being placed betlreen the eggs. Our observations also

indicate a single fenale deposits all of her clutch at one tine,

usually at night (Joanen 1969). The najority of egg tayihg takes
place lrithin a Z-L/2 week period each year. Collectively, af1

individuals in a population wiII require at least 3 to 3_I/2 L,eeks

to conplete nest construction (Joanen and McNease 1.989).

Clutch size as reported by Joanen (1969) averaged 38.9 and

ranged fron 2 to 58 for Rockefeller Refuge. figure 2 shovs the

relationship of clutch size and nesting sequence rdhich indicated

that nests containing the largest clutches are laial earliest.

Nests lrhich averaged 40 eggs per clutch (range 3_55) Lrere Laid

during the first period of nesting (Figure 2) and represented 25*

of the nesting population (Figure 3). The second sequence of

nesting averaged 38 eggs per clutch (range 9-59). This group

coDprised the buLk of the nesting fenales and represented

approxinately 59* of the entire hesting populatLon. the third and
smallest nesting group conprised approxihately 16g of the nesting
population (Figure 3) and produced the snallest clutch size,

averaging Elightly under 35 eggs (range 4-53) per nest (Figure 2),
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Average clutch size by period was significant (P = 0'ot5) over the

three years. Between the individual periods' Period 3 was slightly

d i f fe ren t  f ron  Per iod  1  (P  =  O 'O2a)  and Per iod  2  (P  =  0 '053) '

Fertility rates for the three groups nrere found to be quite

high and alnost identical. Ferti l i ty averaged 96'54 for eggs laid

{ithin the first period of nesting and associated i''ith the largest

clutch size (Figure 2)' The nid nesting group with the

internedj.ate ctutch size averaged 95'6* ferti l i ty' The late group

of eqgs laid rt 'ere found to have a 95'63 ferti l i ty rate' Hatch

rates were sinilar for the early and nid group; with 81'5* and

81.38 hatchabil ity; whereas, hatchabil ity for the late group

averaged 73.22 (Fj'gure 2). Neither percent by hatch nor percent

ferti l i ty were found significant bet! 'een periods, P = 0'351 and P

= o ,5o3,  resPect ive ly .

Discussion

Ferguson and Joanen (1983) suggest that social hierarchies

favor breeding of larger females before snaller ones' They further

suggest if shaller (young) fernales mate at all, they do so late in

the breeding season. Therefore copulation and ovulation are

slightly asynchronous for larger nales breeding r' i th shall females'

Also, Joanen and litcNease (L949) found older and larger males

produced spenn cel1s earlier than did younger males' thus the

chances of older rnales copuLating wj-th snall (young) fenales nay

be nuch reduced.

Lance (19a9) reported the spematogenic cycle can begin as

earLy as Novenber if the weather is unusually warm and that
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all igator testes collected in an exceptionally warn February had

enlarged seniniferous tubules with actively dividing spermatogenic

and primary and secondary spematocvtes. Nomally, serniniferous

tubules were greatly enlarged by late l{arch and early April, and

contained abundant secondary spertnatocytes, but no nature

spermatozoa. l{ature spermatozoa were visible in the sehiniferous

tubules by late April and early l,lay, but spermiatlon riras not

apparent until late May and June. In nid-June, spermatogenesis

ceased abruptly and testicular regression increased.

Field data col-lected fron all igators on l{arsh Is]and in

southwest Louisiana over a 3-year period (19a0-82) indicated larger

nales becorne sexuaLly actj.ve earlier (data based on lncreaseal

weight of testes) than do srnaller nales. Also, plasna testosterone

Ievels have been found to be higher in 1arger nales as cornpared to

smaller nales bled on the sarne day (Lance and Elsey L98d).

Therefore, this data suggests the larger rnales copulate with the

larqer fenales (group 1 and 2) and the srnaller fenales (group 3)

mate rith the snaller nales, This nay help explain the low halch

rates by the late nesting group 3 females. Ferguson (1985)

sugqests young fenales in their f irst laying season usually produce

a high percentage of infertite eggs, and of those that are ferti le

a largte number rnay contain nalforned enbryos vhich die early in

incubation.

on Rockefeller Refuge suggest that nests

are laid fi.rst, probably by larger size

Recent

lrith larger

observations

clutch sizes

sequence b
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females. The second or middle group conprises the largest nuliber

of females (58.9*) and are possibly nade up of a relatively high

percentage of niddle age aninals. The late group (group 3)

conprises the smal-Iest nunber of nestinq fenales (15'54) and

probably represents young alligators witb just a felt years of

nesting experience.

The al.l igator poputation on Rockefeller Refuge is retatively

unharvested because rigid protection has been afforded these

aninaLs for the past 25 years' Theoretically' I ' i thin this

relatively undisturbed population, the late nestinq group (group

3) should provide us with an indicati-on of the recruitnent of young

breeders which may be expected to nove up into the nore productive

niddle age female qroup. If this is the case, eggs collected over

the entire laying period nay provide a means of detemining the

health of a population by cornparing the percentage of animals in

group 3 to ttre percentages for the other 2 groups (Figure 3) '

A declining alligator population vhich nay result fron over

exploitation or habitat loss, could very e'ell be detected by a

do!,Nrard trend in the percent of young nesters in group 3

indicating linited recruitltent of young breeding fenales' rt nay

well be possible to utilize a recruitment standard of younq

breeders into the largle nesting segment, as an indicator of the

health of the population under current managernent strategies'

Horrever, careful consideration nust be given to envlronnental

parameters that regulate nesting densities' Alligator nesting

effort is affected by vater level' and tenporary influxes of salt
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vater on an annual basis lrhich rnakes it inperative to consider

nesti.ng trend data when ihterpreting recruitrDent daEa or group

nesting standards. Conversely, a degrading habitat caused by l"ong-

tenn salt water intrusion or permanent flooding or dry-up vould

result in a declining populatj .on which should f irst be manifested

as a decline in recruitnent of young nesters.
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CCNSS]'IATICN :RaSB\q.CH -,rliD i'tlNAcElf+iT oF ESTUARINE CRoC0DI LES
CROCODYIUS FOR,OSTJS SC:INEIDER I!; 3HITiRKANIT-A :,{I LDLTFE
SANCTU.T-RY:ORISS.I :INDIA DUII}IG tlB IAST 17 - YEARS :

.,\N ,l'tJF-VIrri
-c-

, S.K.IGR-

ABSTRACT

'{1th ldtiatlon of the coverruaent of Ind.ia / FAO / UNDP
Proiect I CrocoCl]-e 9!'eeding and ManageBent t early 1n 1975 ,
a sclrere for conserration, rascach ard. manageDent of Estuarlnc
Crocodlles, CrocoCvluE porosus has been Lnplenented ln Bhltarkarlka
Sanctuary by the Forcst Deparbefit, Govcrament of fuLssa ra'lth
the purpose of qu1ckly Eu1tiplylng the populatlon uslng the
t gtrov and rclease r tcchriques. Thls paper dcals wlth the
n Conser.vatlon success rt of the Estus.iine Crocodlles ln Orlssa
iur'ing the last 17 years through releasc of 1150 captive rcared
crocodll-eg lnto naturc .

Stud.y on the ecology and blology of Estr.arine Crocodiles
ln Orlsaa cnphaslses tbe presence of nangroves to bc nost
inportant facet of envlrono at for the crocodlles. Irss or
depletlon of nangrove f,orest cause elther cooplete externinatlon
of the populatlon or draws the population to the verge of
exterml.natlon. The Estuarine Crocodil-es have been cxtinct in
the southern Indj.an states of AEdhra Pladeshr Tad lnad.u arrd
KeraLa . Ttrei.t populatlon ls not secure in AnCaoaJrs arrd
Sundarbans, the Latter being the largest @gUS poroaus

* Rca.arch Offlcer,Of,flce of the Chlef
l{lLd.life WarCcn, Orlssa, &Sahecd Nagar,
lhubanesv'ar-751 oo?, orlssa, Indla .
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habitat ln the ccuntry. the cll,nate and the natgrave ecosysren
are ths key factcrs fer sur/lval of the Estuarine Crocodiles .
in Orissa, the adult cohort of the populati?n ls cn the 1o'.rer
slde. The only :rope for the survlvaL of thc populatlon 1j.es
vl th very rlg1d protectj-on of, the habitat ( Mang'we Forests )
together wlth remova]. of aLl 1n1!01ca1 factors .

INTRODUCTION

The Sslt'.vatcr ( lstuarLne ) Focodllcs, orocod./Ius
porosua Scbneider la India critj-cauy raduced 1n nubers aE
a result of over hrmtlng for their skin as rrell as over
exploitation of nangrove habitat ( hlatard, 1974L1975 a
Daniel and Hussaln, 1n5, K^t, 1y/a & 19al ) . The nangrovc
ecosysteo, to whicb tlrts species is tLed ln India, j.s otx. of
thc cowrtrlr t s nost tbreatenci ecosystc[a . Orce o].eared and
bunded, the fertl]-e alhnriu! bulIt up by the langrovcE
provldes rlc.h agricu1tural land . The problen now ls tbat
popu]a'tLon pressu,re on good, agrlcu].tr.8al land conbined wlth
the need for fucl r{ood bas rrsuJ.ted ln incraaslng destructl,on
of the roangr:ove forcEts .

The Eatuarine Crocodl-le ls tled to the nangrove forast
r.yhl ch provides lts entlre habltat-shelter for adults and young
food supply, restlng and nestlng sltes lor fcoaJ.e crocodiles.
8he Estuartne C:'ocodlle ls now o(tinct ln ttre southen Indlal
States of KeraLa, laml,lnadu ard Ardhra haaesh and are v€ry
rare ln .the Sutdarbans in west tcngal and Andanans ( a:starA -"4
Choudhury, 198"1 ; Kar, 'l%1 & 1%4 ) ; The best futurc Ln the

. ,1ldl- l fe i l i l ic tuar.y ( ; :ar ' ,  i981 .?. 1985 ) .
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fhe iorest Depa!'tne4tr Governjneni ct Orj'ssa Ceclared

ihe entlre :ra ci +;t ci Es tuarlne croccdiles as a Sanctu^ary

tn 221i :?ri1'1975 end lt vas r:anei as .;i!- !af:'.anil:a 
"IiLdl"iie

Sanstuary . It ccvers an area of 17O Sq.^Kns. and it Is f-he

second largest patch ( rather conpact ) of na.ngrove forest !n

the coulby .

llith the lntilation of the covement of ld*a / FAo /

UNDP hoject I Crocod1le Feedltng and I'lanagensrt I early in

1979, a schEne for conservatlo!! of Saltuatcr Crocodiles xas

lnpLenelrted by the Forest Departn€ntr GoverE0ent of orlssa

along wlth tl{o other crocodl.llan specles Chalta1 ( Gavlalis

aanaettrqus ) and !tuggcr crccodl.le ( Gocodvlus paLustrls ) .

A SaLtxater Crocod,lle Resealch and Consrrvatlon Centre was

cstablisbed at Dangnal ln tha heart of the Sanctuary with the

purpose of qulckly llultlplyhg ttre populatlon uslng tha I g"or',

and rslease r tecbnlques to save ttlis endangereal reptile .

The lresent paper descrlbes the success of tids

conservatlon, resealch anal nanageaent progranne during last

17 yeers and enphaslss the need for protection of rlangrove

forest and Lts ecoslrstalo for survj.val of crocodll"es and other

anirnal 1Lfe. It Ls nost urgent to nanage viable areas for the

Saltwater Crocodjlles and these aleas shouLd be kept flee froE

hlrnan intmslon .

z . Vtrllu.lllll,'

1be prlne obiectlve of thl.s R!'ciect we!'e t'{o fold
( Kanungo ' 1976 ) z

1. (a) to conser,te thi.s
specles by Provldlng
threatencd habltat (

endangered archl c reptl lian

adeqlEte protectlon to lts

b) qulckly bul.ld uP the
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depeleted wlLd populatlon through large scale I rear
,h.l Fol.esF I ny.orra-.xre, and (c) to condugt research

on tha ecolos:r and biologJ oi Eiiiuarlne Cl'ocodlles '

z.Later, to exploLt the specles ( surplus population )
through large scale captive farrolng ( dr'u'lng the

second phase of Lhe ?roject ) .

Dul|.j-ng the last 17 yearsr rtaxLlfuo eEphasls 'rras given

for collectlon of '/'i1dla1d eggs froE ttre lhltarkaDlka Sanctuary

for safe fuoject hatchery lnqubation by sl-sulating the natura].

cond:ltlons, rearlng the young ones r,Ltlr sound husbatdry coldltions

and release of the crocodll,es ( abcve 1.0 n lengtb ) in tbr rlver

systeos of tbe SanctuaJy, nonLtoring the released crooodlles I

co].].ection of relcvant data on rd.ll ard captlve polufatlons'

study on the soclo-ccononlc aspects of the 1oca1 lnhabltantJ

and Inan and, crocodllc I coafllct etc ;

5. THN SANCTUARY:

Tbe Sanctuary, co lopr ising 17O Sq.Fr. of protected

fo?csts ( under Indian Forest Actr1972 )r I's located ln the

aleltalc reglon of the FahlDani - Bal'tarani rlvdrs ln Cuttack

DLstrict, OrLssa (Etg. 1 ). The habltat consists of deltaic

nangrove slramps growlng on rich alluviun . SoBe aleas have b"e!

bunded for cultivation purpose ald Ln a1l qnbrmded areas '
horrever r rrangrove vegetatl-on 1s doninant ( Kar and hrstard'1989).

The Annual- rain faLl averages 12oo w / annr'u ( based

on the data collected at Dart$!a1 Crocodi'le Research Centre

durlng ]ast 1'7 years ) wtth the Ealn t'alnfaI1 occr.Fing during

the mcnsoon nonths of August and Septenber. The area ls prone

to severe cyclonic stcrns during April - t'4ay and october -

Novenber every yesr and there occasional tldal bores. In ''r'lnter
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the teloperature cones down to 1O.OoC rnl.nllre and in StuEer
the o&dmuE tdrplrature reaches upto 45.OoC. Drie to _ttre coastal
environnent, hutddlty is also lrigh through out the year,
varyLng betrdeen 75 - 99il , tne aangrove habitat is lntersected
by nuneror.E creeka snd creeklets, th€ watc. .flow is tn8luenced
trl ce ial1y both by higb and tow tl.des at approodoatel,y slx
hourly lntervals

The naln nangrove ( ltangals ) specias are 4g!.g!A,
offlcinall's, E. aLba, A, oarina, Heritlera fones, H. lj!g!g;!!C
Sonneratia apetala, Dcoecarla aEaLlocba, Rhizophora nucronata
Cerlops ro*burghlana, Acanthus llltclfoLtus and 4E!gq gg.lgL
etc. Tbe paLn Phoenlx paludosa tlre aquadc fern @EL9q:4
aureuD and lllblscus teli.aceus are widespread tbroughout the
nangrove forests .

Tbe Eaeeallan fauna includes the leopard ( panthera

Eljlgg )rstriped hyaena ( Hrraena !t".n ) and the lesser cats
( Fells chaus. F. vlverrina )i spotted deer ( Axls axls ),Sanber

(cervus unlcolor ) and wtld boar ( $g scrofa ) . Iarge troops
of Rhesus nacaque ( t'lacaca gll{B )aIso occr.a ln the Sanctualy.
lhe larger repdlles lnclude the Indlan pytbon ( Artbon rnolunrs )
King Cobra ( Op-hlophasou.s trarrnah ) and tlre nonl.tor ll'zards
( @. salvator, Varanus fl,aveEceps a-t!d Varanus bat1ea].ensl,s )
( tl.swas & l{ar ,1942 ) . The avtfauna Ls rtch and varled
( f'antl|lgo,1975 ) . Kar ( 1991 ) prepercd a checkllst of blrds
in which 17O specLes of, birds have be€n ldentlfled ln thc
Sanctuary . llangrove areas support a range of lnter-comected
food weba whclh dLrectLy sustain the varletl es of crustaceans,
crabs and flshes .

4. DISTRIBUUoN:

The preseut day dlsblbutlonal range of the EsfiIarlnc
Crocodl'le ls llEl.tcd to tr{o pocketa Ln Eastern Indla Sundarbans
( west B€nga1 ) and Bhitarkanlka ( orlssa ) . A gna1I
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renarurt population of Saltb€ter Crocodiles stl11 exists in

the r\ndanans but these are threatened as a result cf heavy

hlr:rting pressuie' particulnrly on the nesi and nest-ruardj'ng

fenales ( Blrstard and choudhuaryrl gSo ) and as a resuLt of

repeated lBbitat encroachinent by settlers. The last renal.nj.ng

Ldeal babltat of tbe Saltw"ater crocodl.les ln India ls ln vhat

ls now the Bhltarkanika Wildlife Sanctuary, orissa' It has

also been reported ttlAt tltere Yras a good population of g'

Dorosus tn dettal-c areas of the river !4ahaDadl ( fu3anga area)

in orLssa but at present the crocodlle populatLon has alnost

exteruinated in thls area .

5. TE-PESJAII'IN.!
Prlor to sufvey' it ldas presuned that there were naly

nore sattwater crocodlles ln Bhitarka&ika than ]{as latter fo\.rd

to be the case. It was learart frol! the 1oca1 people' nore

partl,cularly fron the old peopLer that very large nlmber of

qrocodl]-es were kl11ed by shikaries coeing fron outsLde the

State and a].so a analler nunber were ki1led by the loca]

people .

5.1 . @._P!ulatlg:

The galtwater crocodi letfornerly occulred aburdantly

ln alL favourable habitats fron Cochj-n ( Kerala ) round the

Peninaula alrd up ttte east coast of Ildia to Bangal Desh

( FAOr1974 ) . far:.y urLters frequently eo@ented on lts

abund.ance. The distinguished HerpetoLoglst 6l,n111er' ( 1854 )

wroter rr Tbls is a Yery comon species along a].L the rlvers

of the East IndLan contLnental ArchlpcLego t :

More recently Deranlyagala ( 1919 ) noted: n It

fl-ourLshes along tbe shores of Bay of lcnal rr :
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Fo].]-owlng a catastrophj.c decline as a rasult of,
lndlscriidnate hurtr:13 in the tct:.i- abser-ce of cci'itrcls
( gustard, 19lB ), the sa ltJJater crocodt-l,e Ls ncw rarc or
extlnct 1n uost of 1ts lomer Indj,an h€bltat, startlng at
lts Westertl gcograpbl.ca]. llrdts, it 1s nov beli.ved to be
extlDct in Kcrala ( whcrc nost of the nangrove habltat 1s
lost ), extlnct in Tald.lnadu ( the last individual was shot
Ln '19t6, Bi.ddulph, 1916), and ertlnct 1n Andhra kadesh
( Bustard and choudhury, 1980 ). The cox0binatlon of nuEber of
factors have reduced the estuarlne crocodLle populatlon so
luch so that, ttri.s species has been lncluded in the Schedule-I
of tbe'rlild].ife ( hotectlon ) Act, India, 1972. Status of
rild populatlon of C. gg$l ia the $i1d ( Singh, Kar &
Choudhury, 1484 ) in Bhltarkanika and other geographlc ranges
of India, pri or to I rear & release I prog'a&ne has been shovn
ln Table - '1 .

I.ocati.on State Tota]. Solrce

2.Sundarbans
( 1978 )

West Bengal 4 :tc

50 15O upto

l.Ehltarkanlka Orissa
( 1y76-77 )

95 (!{ar & hstard, 1989,
based on thelr studv
dur lns lY/6-n)-

100

10O-2OO 511ngb, Kar &
Shoudhury' 198/+ )

50-100
n-ro
20.2'

AduIt

34

Juvenlle

6'l

80
20

t.inalanan and I'Ilqobc!'
North A

Mlddle A
South A
Nicobar

20
1O

Tablc-l : Pea-rclease
the Ul1d ln
and AndaDan

popul.atlon of
Bhl.tarkanika,
I s lands .

Dstuartnc Crocodl les In
Sundarban (i{est Benga l. )
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6. BEAEI}ILBE.SE- FR@:g :

Due to excellent conservation xtatta ge.nertt progranfle '
being operated at Dangrcal'titbin the Bhitarkaldka Sanctuary

by the .Forest Depart'lent' Governnent of orissa with asslstance

fron coveraulent of Indla, the al€plated popul€.tion of Saltwater

Crocodiles are nolJ gradlralty built up through large scale egg

coLlectlon, Lncubatlon of eggs Ln the hoiect Hatchery' rearlng

of young ones and release of captive reared crocodl].e into

tne w:. J.(l ( r'aDre - z, .

Dud.ng the last 17 years, a to+zj- 1541 eggs of c. porosus

have b"en coLlected, fron the forest blocks of the sanctuary' out

of l.'l!ich 1950 batchlfllg hatched ( 55.O7X ) and 1740 crocodiles

survived ( 89.itt( survival ) (Table :2 )8t Saltwate!' crocodlle

Research and Conservatlon Centre, DangBal .

Egg Laytng takes place ln the lrd week of May wlth a

varj.atlon of only a few days between Dests. The nean clutctt

slze 1s 45 eggs ( range 10 to 70 eggs ). It has been notLced

that larger fenales lald larger clutchea ( Kar, 1981 ). The

study lnaticated that experience is necessary fqr successf,ul

nestlng. Losscs of eggs are nore than ten tLnes greater ln

snaller ( clutch slze belolr 50 egas ) as opposd to large!

clutches of eggs ( clutch slze of 50 eggs ) .

Nestlng fenale CrocodlLes defeRd the nest agalnst
predators Lnclu nng their nost deadly enaray - oen . A nunber

of paraneters j.ncluding fertility, da.r0age and Ealntenance of

nest tenperature and hrnldlty ( but absence of flooding ) are

critlcal for hatctling of eggs. The nean nest ter0perature

recorded ln nests at the project hatchery throwh out tbe study
perlod lras 31 .5'C. Incubatlon perld of eggs at the Hatchery

Ls 75 - 8O days .
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The quantlty of food consuned by the young captlve
reared crccodll.es varled at dlfferent seasons of the year for
all year classes. l'larked reduction ln focd consunptioa occurred
during the winter ( i(ar, 1991 ) .

At present 59O crocodil€s j.ncludlng one l,Ihite (Sankhua )
fenale crocodile are being reared, ln the pools includlng nature
slnuLating rearlng / brcddlng pools vLtll sound husbandry
condltions at the Research Centre.

About 2O0 crocodj.Les of about 1.On length are awal'tlng
release lnto the rlver sFtens of tb.e Bbltarkanlka Sanctrary .
Tb.e Vhite Crocodl.]-e ( 195, August hatchllng ) bas been b.ying
lnfertile eggs slnce !985 ln captivity at tbe centre. Due to
want of a sultz.ble nale partxer ( a].J- her batchnates & lnnedlate
Juniors are feEa].es ) the breedlng prograrllte ls not auccessful .

6.1 . Restockins of Crocodiles:

The !d].d populatiqlr of, Esalarlne Crocodl.].es ln
Bltitarkanlka ras dcpletcd to such an .xtelrt tbat the only uay
to restock rdas by reJ.ease of Captlve reard, Jrouag crocod.l-].es
( 1.0n above slze ) . The f,1rst releases back lDto the wl1d
of 15 lndividuals took place ln Fetruary to May |977 ( Kar
& Eustard, 19e9 ) and then 80 croco4ile aturing 1978 ( Kar
& Bustard, 1991 ) and thls fotlowed by subsequent relaases
of 1055 crocodlles ln phascd, nanner lnto the rlver systens
of BhltarkaDl.la Sanctuary ( Tabl-e - 2 ) .

The average alcasLiry of EstuarLae Ctocodiles ( other
than hatchtlngs ) in Bhltarkardka was O.87 lndivlduals / Xr0
( Kar f Srstard, 1989 & 1991 ) durfng 1976-77 census ( Friorc
to re]'eq'se ) anrl 1.27t 1.62, t.t and,.84 indlvlaluat! / Icn.
durlng the ycar '19181., 1945, 19Aa & 199 rcapectl.vely .
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6.2. Ccnsus of Cr.c.dila prDu]atlcn :

To ascsrtain the status .f rc crocodlLe p.pul-ation
thc r'.h.lc salrctuary has been surveC ( Tablc _ III ) lncludlng
a-11 thc rlver and crcek s
*ocodilc c.nsrrvation *#H: ;- ffiff il;iiH",L*
thc wlntcr rontbs ( Dcc. - Jerr ) . lhc annual 

"*"rru 
.,

EstuaTlnc 6.ccdl1cs lnil.calca rost iraratLcally thc c]..se
carclatlon batwccn crcc.CiLe nulbrrE ( aCults, Sub_adults andJuvcnlles ) ani the prasancr ef bcalthy langrove ecosyster.

7?X 
.t ttre t.tal. C. pcrosus popuf,atlen rcstrlctcd t 1C,( et

thr tctal sanctuary area ( Kar, .198, & 1989; I{ar & Brstard
1991 ). Thcse forrst bLrcks provtde aI1 the rcqulretcnts frrtb.c ll'f,c of the adult Croccdiles, lncluCing protectet eag
laylng sltas, where thc nother Crocodlle can obtaln trest1ng
ratarlal readl,ly and havc easy acccss to crccklcts / etcela /rlvcrs . The r4dlsturcd Dangrove babltat ls chat acterls ed bynu&erous Crecks and Creeklets, gvcrhl.llg by nangrova forest,
aDd vith exposed Eu4 banks at Iov tldc .

9"nsus- LuLtsrng year (2.5r to
tn+)

Juvcnil,es
( o.rn to
1.6n )

Sub-
ad.ulta
t  l . on
to 2.5r)

Teta]. Perccntage R!!arks.
of incra_
-asa.

(1 ) (2) (t) (4) (6) Q)
1gt6-77

1984-85

198re
19@-89

191-92

15t+

t9

58

10

162

61

118

162

213

d

165

211

4tt

5OO+

172

124

2n<

115.5

Prlo! to
re lcasa.
Relcascd,
pfus
natural
recrul,ts .

{o-

Ilats wrdcr
corpal latl' olr.

Table-III : Censys .f CrocodlLe fnprf"tf* Ir tn-of Bhl tarkarulka SanctGry
RLver systeos
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Durj.ng the populatton stlrdyr the presence of four

\r[i te cc1oure,f, ciocodiles ( one aCult inale' one i-'m3 j-e and tf'c

sub-adulis ) h:.re beer :loilced in tbe rj.ve:' alrd creeks oi the

Sanctuary . These indlviduals are wel,1 known to the 1oca1 peopf,e

who ccnslder that they are dlstinct specles of Crocodlles ' They

called these ani-nals as rt Sankhua tt ( t[cans' vhite colou]' 1l-ke
'conch 

) to dlstlnguish thern froa typical c. porosus leooun as

I BAUIA I Ln oriya .

MonLtoring af the reLeascd crocedilgs havc baen taken

up regularly :

- to assess thcir surv"ival ln natrrle i
- te stuiy the habltat prefercnces and ;
- to record thcir EaveBent' hot0e range t

seasonal ojgratlen and g?oY-L\ ratc ctc.

7. It{O ',{tlp FozuUTTON:

A close carelation ?as found to exist bc'tvt'cn the

distributien ef ttre crocodile populstlon 1n the sanctlrary and

clstrlbution of good habitat ( Kar r 1981 ; Kar & Bustard ' 1989)'

The adult crocodiLe population of tlle sanctuary conslsted of

a couple of hugc tnates ( 5n + ) with a sllal]-er nr]nber of feEaLes

and sone recruiting indlvlduals ( sub-adults ' JrJvenlles ard

ha tchlings ) in addltion to the released ones. The largest

survlving nale saltwater crocodj'le Ln the sanctr'rary ( 7'0 -7'ln)

lnhabited 1n the river systens of the sanetuary' It has been

recorded ln Gulness Book of i{orld Record ( 1991 ) . The naxi-run

nunber of ( lunature ) crocodlles were stghted noctrq'nal-ly ln

the ri.vers and creeks oi the sanctuary during colder Bonths

of the ycar rather than ln hot season. Devefopnent of terrl.torlaUy

ln lenature crocodlles of arorrl 1.51 length results ln spaclng

out tlle poputations. During the rrinier nonths ( Dec- Jan )'

a largc nuDber of aduft crocodlles arc s"en besklng ln the rlver

& crcek b€nts Ltrdcr the frlndDg Dangrove vcgetatlon ln

conpatlsion to other dontbs of the year .
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A couple of released crocodiles ( 1n7 & 19ZB batch
!'e1ea-:es ) l,)3ve alrea{i bred anC lail e t;s Ln t:re '.rlLd, lrif ch
is posltlve indication of the successful conserratlon and
lanageme!1i prograllrre oi ihe lsiuarine .:rocodiles j.llpleEetrted

ln the Fidtarkanlka SaectuarJ' since ov€r a decadc and half .

a . 4r'tAt:' c:J til:i,lAiJ SEIi:G 3y rI lD C,'r.'lJC)I j-ts :

The Saltrater Crocodlle, is wlde1y stated to be Bost
dangerous specLes of Crocodiliar fron a hunan stand poj.nt
( Ne111, 1971 ) . However, j.n our: experience, lnstances of nar
eating have been greatel-y exaggerated ( Kar and Bustsrd, 198, )
There have been 15 lnstances of attacks on hrjnans In 17 years
whj. ch Lnclude nine eales and stx fenales. In 14 cases, largc
nale croeodiles of above 16r were responslbl-e but in only one
caae, a CrocoClle of 9t was lnvolved for kilung o.f, a hunen
belng . Durj.ng the year 1988, one Q'ocodlLe of about 21 t 1,las
responslble for kl.]-llng three persona wltir a span of few days,
who were catctling fLsb lUegalLy, at the nlght tLr0e ln one of
the creecks of t}re Sancfirary . Iater that erocodlle lras kIIled
by thc poachers .

It ls clear that the dlet of evetl largest irocodlles in
Bhitarkanlka ls aLnast entlr€ly fish. Thl-s also seens to hold
good for crocodlles ln Northem Australla and ln Papua Ncw
Cuhee, there beLng no lndl.genous large ra@a1s 1n these areas
( Kar & Brstard, 19et ). In tbe Bhlt2rkanika ',Illdllfe Sanctuary
al-L the ingredl ents tor hunan attack cxl.st, partlcuLarly,
frequent hwlan LntnElon l-nto the croccdl].ers habltat LUegally
and a crocodLle populatl,on ln tre sanctusry contalning a good
nr.L'nber of very Large males ( Kar & Slstard, 1989 ) . But lt has
been observed that the crocodlles never leeve thelr territory
to chase after the hu0an belng on l-ard un:Llke the tlgers &
other terresirial predatory ar:-inaLs . Most of the lncidences
occu:'i'ed when the vtctins entered lnto the c:'qccdile habftat(s)
either for l11egal fj.sf).i.ng or coLlection of flre}.ocd or collectLor
of Nalia grass from the rlver or creek banks or wblle settlng
the traps / noose for bapplng the deers / v"l1d boars etc. very
close to creek / river banks .
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8.  1

Instances of attack o:r Comes+lc live stock bi Esiuarlne
Crocodlles i'r.rve been recorded fron i-ugusi, 19?5 to Decerobet, 1947
lnc1usl./e. A total of 21 attachs involvlng buffaloes, bullocks,
cows, calves and a gqat 1{ere reeorded. A11 attacks were reported
were by very large qal,es of above 16i length . Iilghtlde ls
usually essentlal to trlng the croood:L1es lyj.ng trn walt ln the
water within striklng distance of the arinals grazLng on the
river bank . 90% of the attacks occured durtng th€ ralny
season r.hen the river banks were flooded by high tide / flood
The attacks all occurred at l-ocatlons where the natural DAngrove
cover had been desbqyed by the people . Cattle attacks increase
the wlpopularlty of the Saltwater Crocodlles and increase the
pressures orking against lts conaervatj.on ( far and Arstard,
19a1 ) . IdeaLly crocodlles an{i cattle should be separateal
there should be no grazlng ln Sarctuarles. The solution lies
ln nalntal,ng a strip of unaustrubed lrangrove forests, atleast
10OB wlde along al1 rlver / creeks adjacent to cultiyated land
1ns1de the sanctuary .

9. BEEEAESE-:
The aspects that are

aDd release I technlques ard
was given priority . Some of

lerlediately relevant to the t rear
the management of the Sanctuary
the lnportarlt aspects are :

interpretattons of yarLous types of data collected
durj-ng surrey and census,

studles ol the rustlng ecology of crocodlles in
tire na-buxe,

dete!'rdnatlon of paraneters for rnaxllluE hatchlng
success Ana! sur"vlval rate,

- hus barldrv of young crocodlles inoludlng food,
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feed.j.n6 aid tst cutir, tjel.levi o-rrri,r 1 b1olog_,' including
re rrcCrrctiorr, therlacrEJrJlt bi?n , ieedir:;, .!c..,elent
l:id. s .)Cia L lel:t''Ji :"j.I',

- stJdles Jn thc tcle oi teaperatru'e on sex
. l l f , ' a m + 1 . + { ^ -  ^ f  ^  n-_  _  _  _orosus ,

- studies on Lhe I t03n and croccdl-le ' conf11ct,

- studles on the caIrying capacity of C.porosus
in the rlver systems ot' the Sanctuary ,

Eonj,toring of the released crocodlles and,

t'abitat featru'es and population structure .

1 O. TNVCLVEIIN.IT OF zuELIC FOR, CONSERVATIOi.I FROGRAI,T4E :

Thls Crocodlle Conservation and Research project not
only ensures the conservation of this 6pecles but also, provldes

Job oppertunltles to a nunber of 1oca1 peopLe ln varl ous r{ays
such as boatTran, crocodlle / satctuary guards, husbandry
attendants, fish suppliers for captlve reareil crocodlles and
other such varioua work fron tlEe to tlne for upkeep and
progress of the project .

1.1. RTBCO}iTENnATIoNS :

The entire nangrove forest of Oris sa be declared as
a Natlona]. Pa?k under the Frovislon of 1,I11d life
( F?otection ) lct to aflord riglC protectlon to
the unlque crocodile population and the ecosysten .

&rcroach[ent on the nangrove habitat for rehabill--
-tation, agriculbdre and pr.awn cultrrre etc. sltould
be corapleteily barmed .

The'.rse of &t11 nets ltr the rivers, creeks a i
creeklets throughout the sanctuary should, be
strlctly prohLbl tcd .

1

?.

3.
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Degtaded nangrove forest shoui-d !e res tored by
pl3:)ra::cn 

"nC 
:r51d :r.otectlan .

large scah ecadevelopuleit irrcg:'alr0e shoul.d be
t:0plenented in and outsklrts of the sanctuary to
nl,nlmtse / reduce the pressure, on xnangrova forests
by loca1 peoFle .

Studl. es on the ecology of Estuarine Crocodiles
should be continued, considering the exlsting gap
ln the knowledge regarding various aspects of
ecology of the specles ln tshitarkanika and ;
other dlstributional range in Orlssa as 

"rell 
as ln

India .

CONCUISION:

Inspl.te of the. best efforts of I rearlng and
rehabllLtatlng I thl.s specl.es, the future calr not be brlght
unless the Sanctuary is adequately protected arrd untl. U large
nunber ol Jufenlle Estuarine Crocodl"les attaln breedlng sl,ze
and coEEence breedlng in the rdld .
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TTE REPROIX'CTIVE PERFO AICE OF CAP'TIVE BRED IIILE CR@OOTLES

H KELLY

RIVERBEiID CROOOOILE FARI
P O BOX 245

MfiSGATE 4245
REPI'8LIC OF SOUT'I AFRICA

A&STRACT

The ana lys is  o f  the  .ep foduc t ive  capab i  l i t l es  o f  cap t ive  bred  (F t
Genaration) Crocodv'lus ni lotiqus has becong an important conponEnt
in  the  eva lua t ion  o f  the  commerc ia l  v lab i  l i t y  o f  cap t {ve  breed jng
opsra t ions  in  South  Af r i ca .  The reproduc t ive  per fo rnance o f  cap t ive
b .ed  c rocod i les  p roduc ing  fo .  the  f i rs t  t ine  can now be ana lysed
and eva lua ted ,  Of  the  34  reg ls te rad  c rocod i le  fa rns  in  South
At r ica ,  on ly  f i ve  have repor ted  brsed ing  f foD F l  ganera t ion  capt ive
bred c rocod i les  and the  produc t ion  o f  F2  hr tch l ings .  Th is  paper
repoits the .eproductiv6 pgrfo.nance of captive bred crocodileg on
two of thege tarrns.

I I{TRODUCTI O[

Comnerc ia l  c rocod i le  fa rming  has  expanded t renendous ly  over  the
las t  twg lve  y6ars  in  South  Af . i ca ,  A  rq la t i v€  abundance o f  food,
mln i | ia l  ' l abou i  

cos ts r  a  favourab le  rand/do l la r  exchang6,  pos i t i ve
natura l  cond i t ions  and ' rc rocod i l ian  nys t ique ' i  hav€ rsgu l ted  in  en
es t ina ted  i  nves tnent  o f  s ix ty  n i l l l on  Rand (USg 20 n i l l i o f l )  in
cor lnerc ia l  c rocod i ' le  fa fn lng  in  South  Af r ' i ca .

Most of the orieinal breeding 3tock iras b.ought ln fron Zi,nbabve
and Bostwana and for fa.n6 which have been established no're
iecently stock has bsen pur"chaged fron existing farng. On only
f l ve  o f  the  or iO ina l  fa r [ ts  has  breed idg  by  F l  gonera t ion  c rocod i  los
been repor tod .  In  e8 tab l i sh ing  a  connerc l  a l  c rocod i le  fa rn  thg
reproduc t lv€  po ten t ia l  o f  th€  breed ing  s tock  ls  one o f  the
pr inc ipa l  fac to rs  in  de tern ln ing  the  f inanc ia l  v iab i l l t y  o f  ths
farn.

fh€  breed ing  capab i l i t les  o f  bo th  w i ld  o r  cap t lve  l te  c rocod i lcs
have be6n docunantedr analytod and €valuated in nun€rols paparg to
dat€ (Hutton 1989). Thls paper se.ve3 to docunant, analyre and
eva lua t€  the  brBed ing  pe f fo rnanc€ o f  cap t lv6  bred  F t 'g€n€ra t ion
crocod{ lc6  he ld  on  tuo  fa r [a  in  South  Af r i ca ,
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Riverbend Crocod i  le  Farn  is  s i tua ted  near  Southbroon (Es t  1981)  and
Ciocwor ' ld  near  Scot tburgh  (Es t  19AS)  -  bo th  coas ta l  resor ts  on  the
Nata i  sou th  Coast ,  S i tua ted  90kn apar t ,  these fa rms are  s i tua ted
a t  l a t i t ude  30 ,5  deg rees ,  Sou th . Aveaage  m i  n  i  nuo  w i  n tea

in fe r t j  i e ,  i nd i ca t i ng  poss ib l e  ma le  imma tu r i t y .

tenpera tures  o f  14 ,5  degrees  C and ho t  humid  sunmers  resu l t  in
favourab le  cond i t ions  fo r  c r "ocod i  Ie  ieproduc t ion ,  Records  show
tha t  na tu ra l  b reed ing  took  p lace  in  th i s  a rea  in  the  ear l y  1900 's '

SEXUAL I.IATURITY

I t  i s  gene ia l l y  accep ted  t ha t  N i l e  e .ocod i l es  become  sexua l ' l y
ma tu re  be twe€n  ten  and  twe lve  yeaas  o f  age .  I t  i s  accep ted  tha t
body  s i ze  a t  sexua l  ma tu r i t y  va r i es  w i t h  Spec ies  and  a l so  sex ,
Popu la t i ons  o f  t he  same  spec ies  w i t h  d i f f e ren t  r esou rce  bases  g row
a t  d i f f e ren t  r a tes  and  consequen t l y  na tu re  : t t  d i f f e ren t  ages ,  ( Lang
1981  ) .

Ma tu . i t y  i s  s i ze  dependan t  and  may  be  acce le ra ted  by  rap id  g ro r , r t h
i n  cap t i v i t y  ( Lance  1981 ) .  F rom s tud ies  done  a t  R i ve , ^bend  C rocod i l e
Fa r rn ,  i t  wou ld  appea r  t ha t  f ema les  f t a tu re  a t  sna l  l e r  s i zes  and  a
younge r  age  f han  ma le  c rocod i l es .  I n  t he  s tudy  un i t  A ,  f ou r
f e$a l€s  l ayed  eggs  i n  t he  1990 /91  b reed ing  season  bu t  a l l  eggs  ! r e .e

I  so  l  a ted
inc i dences  o f  f ou r  yea r  c l ds  l ay i ng  i n  r ea r i ng  houses  have  been
repo r ted  j n  Sou th  A f r i ca  t hese  an ima l s  had  a t t a i ned  l eng ihs  i n
excess  o f  1 .80m.  I t  wou ld  appea r  t ha t ,  g i ven  t he  coa rec t  c l ima t i c
. : ond1 t ! ons ,  a  su i t ab le  f eed ing  . eg ime  a rd  good  f a rm  oanagemen t ,  57%
.J  cap t r ve  b red  C l :oq ,qdy l  us  [ i  t q l iCqs  a re  capab le  o f .ep roduc ing  i n
the i  r  7 th  yea r  .

IARI{ DAIA

Da ta  has  been  ob ta i ned  f r on  t he  two  f a rms  men t i oned -  I t  shou ld  be
no ted  tha t  t hese  fa r rns  doub le  up  as  success fu l  t ou r i s t  ope ra t i ons
and  b reed ing  un i t s  aae  expoged  t o  t he  s t r ess  o f  seasona l  t ou r i sm .

In  add i t i on  t o  subs tan t i a l  adu l t
Fa rm and  Crocwo . ld  have  cap t i ve
wh i  ch  a re  now  b reed ing .

TABLE I

breeders  bo th  R i  verbend Crocod i le
b red  (F1  genera t ion  c rocod i  l es )

Rive rbend  C rocod j l e  Fa rm  -  (S tudy  Un i t  A )  -  F l  C rocod i l es

26 Females  born  1983 (February ) average  I  eng th  2 .44m

4  Ma les  bo rn  1983  (Feb rua ry ) av€rage I  ength  2 .56n



24s

IAE!qII

Crocwor ld  -  (Study Uoi t  B)  -  F- l  Gene.at ion Crocodi les

45 Fena ' les  born  1983 (January) Average Length  2 .42n

8  Ma les  bo rn  1983-  ( January ) Ave rage  Leng th  2 ,63n

A l  I  t he  c rocod i  l  es  spen t
env i  ronmen t  cond i  t i  ons  a t
an ima l s  have  been  f ed  pou l
the i r  f ood  be ing  red  mea t
g roups  a re  he ld  i n  conc re te
o f  3  n .

t he i r  f i r s t  yea r  unde r  con t ro l  l ed
a  tempera tu re  o f  32  deg rees  C .  These
t r y  ( 80%) ,  w i t h  t he  rema in i ng  20% o f
i n  t he  f o rm  o f  ho rse  o r  bee f .  Bo th

l i ned  b reed ing  poo l s  w i t h  f l ax imum dep th

giE!q.u,c-.9 ra
Eoth  R ive rbend  Crocod i l e  Fa rm and  Croc l vo r ' l  d  have  had  success fu l
b reed jng  ove r  a  pe r i od  o f  e i gh t  yea i s  w j t h  ha t chab i l i t y  r ang ing
l r on  54 ,4% to  87 ,5%.  Ma t i ng  conmences  i n  l a t e  Ju l y  con t i nu ing
th rough  Augus t  w i t h  egg  l ay i ng  t ak i ng  p ' l ace  f r on  t he  end  o f
Sep tenber  th rough  to  the  end  o f  December .

l vh i l e  i t  i s  i npo r t an t  t o  d raw  a  d i s t i nc t i on  be tween  f e r t i l i t y  and
fac to r s  med ia t i ng  ha t chab i l i t y  (Ma r .a i s  J  1988 ) ,  on  bo th  f a .ms  t he
same egg  aenova l  and  ha tch ing  techn iques  have  been  u t i l i sed  f i om
year  to  yea r  and  i n  the  case  o f  R iveabend  Crocod j l e  Fa rm pe r fo rmed
by  the  same pe rson .  go th  fa ros  use  i ncuba to rs  kep t  a t  a  cons tan t
t enpe ra tu .e  o f  31 .5  deg re€s  C  and  a  hu |n i d i t y  r ange  o f  85 -97% (RH) .
€ggs  a re  i ncuba ted  i n  mo i s tened  ve rm icu l i t e  and  i ncuba t i on  pe | i ods
range  f rom 72 -86  days .  Th i s  rep roduc t i ve  da ta  above  can  be  used  as
a  compar i son  o r  con t ro l  when  ana l ys i ng  t he  da ta  ob ta i ned  f r om the
cap t i ve  b red  c rocod i l es  i n  t h ' i s  s t r r dy .

Append i ) (  I  i n fo rma t ion  re fe rs  to
rep roduc t  i  ve  pe r fo rmance  du r jng  the
Apoend i x  I I  de ta i  l s  t he  i n fo rma t i on
sea90n .

t he  cao t i ve  b red  c rocod i  l es
1991 , / 92  b reed i  ng  season  wh i l e

f ro rn  Crocwor ld  fo r  t he  sane
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By mak ing  egg index  conpar igons  i t  i s  ev ident  tha t  thare  is  a
markgd d ' i f fe rsnce be twegn the  ind ices  o f  f i rg t  t ime breede is  and
those o f  na ture  adu l  ts ,

Egg ind ices  are  ca lcu la ted  as  fo l lows Eoq Lenoth  r  !10 ! l
Eqg lvl dth 1

An average egg lndex  o f ,  182,5  hag been ob ta ined fo r  ad l l t  fe rna les
on R iverbend Crocod i le  Farm du l ing  the  1991/92  breed ing  seaaon,
Tab les  I I I  and lV  de ta i ' l  ave fage ind ices  ob ta jned in  th is  s tudy ,

EGGS

TABLE I I I

RMRBEiID CROCODI L€ FARi.l EGG DATA

Average lreasur6mgnt s Egg Index

Length 6,1,0ntn
Wid th  43 , lmn

t48 ,49

TABLE IV

CROCIVORLD EGG DATA

Av€rage Measurenent s Egg Index

Length 61 ,onn
Width 39,6mn

t  5/t,  0 i l

TABLE V

HATCHLI'IGS

Average ha tch lJng lengths  and we igh ts  ob ta lnGd f ron  capt ive  br€d
femaleg  bresd lng  ln  the i r  ' l s t  yoar  ind ica te  |  2196 and 36 I  reduc t lon
respec t ive ly  ln  length  and we igh t  as  aga ins t  the  average length  and
weigh t  o f  ha tch l tngE obta ined f ron  na ture  ad ! l t  fona les .
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TABLE Vl

Average ha tch l ing  lengths  and wEigh ts  (capt lve  bred  fenates  l99 i i /92
breed lng  96ason) .

RIVERB€ND CR@ODILE FARM AT{D CROCtrORLD

Averaoe Length: 274 nn

Average wejght: 94 grana

ooficLusto

Al though nore  da ta  needs to  be  co l lec ted ,  thes6 pr6 l io ln r ry  6 tud ies
on the  reproduc t iv6  capab i  I  i t y  o f  cap t lve  bred  Crocodv lu r  n i ' l o t i cus
ind ica ta  tha t  57*  o f  fena les  are  capab la  o f  ieproduc ing  ln  the l r
7 th  year  p iov lded th€re  ara  na ]es  rna tu io  enough to  fg r t l l i ze  theo,
An averagg o f  28  oggs  wora  la id  pcr  fena le  in  the i r  l s t  b reed ing
yoar ,  however  a  very  low percentage ha tchab i l i t y  o f  on ly  21% r rag
at ta in€d.  The rosu l t ing  ha tch l lngs  ape.  on  av€rag€,  3mal le ruhan
coDpared h , i th  ba tch l tngg ob t l lnsd  f .o f i  adu l t  fena lgs ,

Data nor negds to be collectad end analysad as rcgardg the grouth
i r te  o f  thosa ha tch l tngs  and the  ccomonlca  o f  tha i r  p ropogat ion  to
slaughtgr, as coDpared to to lnfornatlon ys have on gronth rateg
for  ha tch l ings  fo r  adu l t  femeles ,

Havlng nou collectod data obtaia€d ft0t' tha t3t brsediog solaoo of
clptiv€ bred fe,|alss, it xould sppaar that those f.frcra t ho wore
expcc t l  ng  h igh  percentege ha tchab i l i t y  ln  F l  c iocod l  lo !  in  the i r
f i rg t  b regd i  n9  seaaon w i l l  no | '  hava to  ca lcu la ts  the  p to f l tab l l i t y
o f  tha l r  b rood lne  6 tock ,  ba6ed on  sooc  o f  the  rgsu l tg  o f  th l3
3tudy.

At present pfoduct prlces, an i nvEstnent of R 5000.00 (Ugt 20OO)
for adult brerding fenales can now be sutstantlatcd wlth tha
in t t i t l  r ssu l t !  o f  a tud loB done on  these c rocod i le3  a t  R ivorband
Crocodi l€ Faru lnd Crocworld, Indicationt rrc that edult broadort
are alno3t alx tines |!orc efficlcnt than young tr| it ler,
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.{PPBiIDIX I

REPRODUCTIW OATA - RIVENBEITD CEOCODILI FARII
CAPTIVS BRED fBI{{LES 1991/92 SEASON

APPEI{DIT T1

REPBODUCTIVE DATA - CSOCODILES
cAPTtVt BRED TEfiALES 1991/92 SiASol.r

Date
Latd

Feu€le
I .D

o Bggr o infert
BSas

Io Blbryo
Fai.lure

I nc rb to
Period

vi.bfe
Eatch

t Hatcl

I  1 1  0 1

2.  11  .91
3 .11 .91
3 .  11 .91
3 .11 .91
1 .  11 .91
5 .  11 .91
17 .  11 ,9
20 .11 .91
3 .12-91
9 .  12 .91

10  .  12  .91
1r  .12 .91
14 .  12 .  91
14 .12 ,91
t4  .12 ,91 .

FIJI
F 8
Fl{l6
FII9
Fl{3
Ftt11
Fl,t5
F55
F!I4
F62
F54
F59

F58
F64
F60

38
34
24
45
1 t

26
42
30
28
10
23

23
20
9

35

24
40
26
25

I5
26
7

23
1t.
72
7

i,
,

83

82
8 l
83
80

7 l
EO

80
EO
80

3
0
0
3
7
I

20
11
2
3

l4
0
0

10
8

7 ,89r
0,00r
0,00r
6,66r

21,27X
3, E51

47,62
36,662
7, l4 r

30 ,00r
60,872
0,00r
0 ,00x

43,481(
40,00r
22,22*

AVerages 28 ,09 6 20,48r

Date Lal d Febale
l .D

l{o gggs lo infert
Eggs

No EEbryo
Failure

Incbtn
Perlod

vlaole
Hatch

lllatch

23.10 .91 .
6  .  10 .91

26.10 .91
l .  l t  .9 l
3 .11 .91

10 .  1 l  .91
10 .  11  .  91
7 .11 .91

12 .11 .91

c6

c7
ct1
c9
c7

c2
ct4

20

35
36
33

20

27
33
Xt1
17
26
l6

7

1

s;
t:

76
78
EO

1

:

11

I

0,00r
0 ,00*
2 ,86r

0 ,00 t
0 ,00x

33 ,33r
lE ,75X
5,88X

AVerages 28,22 78. t 2 ,33 7 , i 1 l
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TtlE EXPERIMENTAL BREtrDING STATIoN OF (biun!-!0lLisDlrlrAT SANTA FE
CITY, ARGENTINA

(199rt92)

ALEJANDRO LARRIERA
Ministerio de Agriculturu, Ctnaderia, Industr'ia y Conrercio

Bv. Pell€grini 3100. Santir Fe-30U), Argentinil

IN'I'R()DUC'TI0N

As ir has been said iD my former work (Laffiera, in press)' the eili!]3L!j1!!ra$i! Exp€rimentnl

Breeding Station which belongs to the Agriculture Ministry of Siintl Fe Provinoe has nol

commercial aim. A! Iirst it tries to gel infonlriltioD nboul reprodtrctive biology ilnd lhe growlh

of the specie under controlled condidons in order to ttpply it on thc tr)nnagenrenl of natrrrl

populadons under Ranching system, for exarDple (Lffriera' 1990).

The Breeding Station is localed in Sanla F€ city and has I slook of 26 itdult aninrnls lhal are

separed into two groups in two differents ponds' one with l9 (7/12) aDinllls and the other

with 7 (2/5) animals.

With respec! to previous years, the incubiltion condilions and eggs manirgemenl hilve been

changed in this reprcductive season, making compleled ovoscopies at 2 rnd 50 dnys of lhe

incubation period.

ln this paper the results lhtt were obtained from clulch size' inoubation period and hatching

success are conrparcd to lhe ones of the fomler seilson. Besides lhere ale described twin tlses

ocurred in the Breeding Station, one egg fronl the Sliltiorl itsclfnnd two nlore thilt were h:rr-

vested from naturc.

ROPR()DUCTI()N

ln this season rhe firs! nrates ocured in the first week of Noyentber, :lnd the first hid hap-

pened on December l4rh. In all cnsss the eggs were collecled fron] lhe nest in lhe san)e day of

being laid, so the disarmed nest was able to be used tgaiI by others fenrales lbr ^ new ovl-
position.

In pond #l four nests were oonslructed, only lwo were used through lhree tinres each (Tolal: 6

clutches).

ln pond *2 only one nes! was consruoted and one lsid w1ls registered

Dates of laids and clutch sizes are shown in Table l.
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LAIO
NEST DATE

1 14/12191
2 24/14e1
3 2s/14s1
4 27/12/91
5 2e/12/,e1
6 3y12/e1
7 28/ 1/s2

TOTAL

TAALE 1

CLUTCH
SIZE HATCHLINGS

39 31
3a 34
34 24
40 31
3a 27
2a 16
zt6 1

263 164

INCUBATION
PERIOD

a3
a3
76
7A

76

79,2{t)

ri(;(;s AND Bni l ns MANA(;uN,rEN'l '

Tritnsportalion to incubalor:

At the monlent of being hrrvested r nrrrk nrxde by print w:rs pLrt orr the upper tace of rhc eggs
and then lhey were moved to the incubator. II frct, the incubrtion roonr thrt has beer used
consist in a nylon tentof l .{t  mrs. high, L8 nl ls. wide rnd 4 mts. Iong, with r hei l ler, r ventih-
tor and a thermostat that keep the tempenurc irt 30o C. (+- 0.2o C.) rlong the whole pcriod ;
the humidity was kept ar 95olo d)rough pcriodicrl spriokled wirtef.
The eggs were clun)ped per nes! in dle iDcubrtof lnd put ovef wooden rl1ri ls pi lcrl  up on
shelves.(Figure l).

INCUBATION

FIGURE I
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Ovoscopies:

Ovoscopies on all eggs were made at 2nd
those which were not fenile and viable.

and 50th deys of incubation, in otder to discard

The 2nd day ovoscopy detected presence or absence ofopaque band' and at lhe 50th day

ovoscopy eggs partial or totally transhoent were discarded
Discards made per nesl aI the 2nd and 50lh day of incubalion and at lhe moment of binh as

well as hatching success regislered are shown in Table 2.

DISCARDED
CLUTCH EGGS

NEST SIZE (Oay 2)

1 3 9 2
2 3 4 3
3 U
4 & 3
5 3 4
6 2 4  1
7 4 , 6 2

TOTAL 263 'tI

TABLE 2
DISCARDED DISCARDED

EGGS EGGS HA'CHING
(Day so) (Halch) SUCCESS

5 r 7 9 7
1 A9%
3 7 7 0 %

2 4 7 7 2
2 9 7 1 2
5 6 5 7 : Z

4 2  1 2 %

2A 62AZ

Comparison between 91' and 92' incubations:

Therc have been some differences among incllbalion variables tlsed this year with respecr to
lhe previous year. Results obtained in clutch size, hntching success, and incubation period are
displayed in Table 3.

TABLE 3
CLUTCH HATC}II}TG INCUBAfION

srzE succEss PEBtoo
r91 36,5 4q3Z

6232

71

79,2

Therc has been an improvemenl in hatching success this year and il can be as a result of using
nest medium dufing incub{lion, and an enlilrgentnl of the incubalion period in 8 days, probn

bly becalse incubation temperature has been reduced aboul lo C. lhis year.

TWINS FINDING

A twin birth among the 263 eggs laid in this breeding stttion was verified (0.3870). In particu-

lar this egg had a size significanlly bigger lhilll lhe avernge, its longitude and wide were 8 2

cm. and 4 cm. respeclively (Figure 2). When the egg was open nranullly lhe twins were

united by yolk, one was alive and in good condition (l1l cnr. lenght and 29 grs. of weight)' lhe

orher was formed completely bul dead ( 17 om lenght And 24 grs. of weigth) (Figure 3)'
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FIGURE 2

, IGURE 3

Two twin birlhs were verified among the 903 eggs collecied for the Ranching Progranr pre-
senred irl this Meeting (0.2270), but the size of the eggs this time was normal, in one ofrhem a
hatchling alive and completely formed was found (17 cm. lenght and 33 grs. ofweight) and
th€ other united to him by yolk, was alive but malformed and nor viable (Figure 4); in rhe
other case the halchlings were alive and completely formed but were too snrall (15 cnr. on
l€nght each and l8 and 20 grs. of weight rcspecrively), and rhey di€d afier 24 hs.
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FIGUNE 4

Considering lhe total amount of eggs (1166), the twins findings average wns of 0 25 o/'' in all

the cases the unions occured by yolk, surviving to this dnie just 2 of the 6 hntchlings

IIEARIN(;

Afrer hatch the newttorns are lociltcd into cenlenl pens, 50 d/. of its su llce is covcred by

waler. The place is wormed with electrics heitters.(Figure 5).

F I G U R E  5
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The feeding is pmvided ad libitum lhree rimes a week over rhe brsis of rhe 207, of lhe body
weight per week. The food consist on nlinced chicken (with booes), brln cereail and ir vitam
inic mineral mixlure.

The rearing density used is 14 hatohlings per square nreler.

CONCLUSrcNS

The imount of nests (7), rhe lotal number of eggs (263), and lhe h ching success (62.37a),
have inrproved wirh respecr to lhe l i tsr year.

The rearing ofthe animals fronr previous year is going good, so prcbxbly olderanimals (5
years old) will stlrt reproducing in one or two yenrs from now, closing the cycle in the
Experimenlal Breeding Statioo.

BII}LI(X;RAI'I IY
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ENVIRONMI]NTAL VARIABI,I'S AND ITS INCIDENCE
oN Cdtln[ltlf]ootdr COUNTS

LARRIERA ALEIANDRO, d€l BARCO DANIEL
IMHOF ALBA altd VON FINCK CRISTINA

Mirisrerio de Agricullura, Ganaderia, Indrsbia y Comercio
av. PeUesrini 3100.3000-Sanu Fe, ARGENTINA.

INTRODUCTION

Thc Wild Fr[oa Maoagcnreot Prognms atie bascd nuillly oo a close nooitoring ot lhc Doprlatioo
trcods. Ofcorrse io crocodiliaos this silualiorl occur (Bayliss, 1987.)' aod we have collsisrcnt
iolbmulio lo soplx)se that in nros! oflhe sD@ies nighl co[nls arc lhe most itrF)rla (aDd accessiblc)
way to 8et $e toowlcdSe abo t lhe slatus (or tre ds) ofa populaliotl.

DrsDilc oftbis, ficrc arc nuny c vimm|colal variablcs which finrully i lccts llrc Possibilily lo walch
arinrnh.

t aog (1987) studicd the thernral seleclion ir crccodilians, aod his conclrsiorl was llral lhe behalior is
lhc Drincipirl mechanhnr (hey have for nigulation. Becarse oflhis lhe possibilities lo walch crocodiles
will bc rcl|tcd with the lenucnure.

There is a work abonl lhcmral FefereDces i|l Cai!!a!!-gac!4ill1! (Dicfc[bach, 1975), which is lhe only
slrdy on lhe behavior relaled to lhe lenlpenl|re iD soolhamerica q*cies.

woodward aod Marion (1978) did an interesti g survey or a poplrlatiou of Alli84!Irui!ri!tiu!eL$! irl
Florida (USA), aod after co sidcriog ten eoviroDnrenbl varilbles they conchded lbt|! water tcmlcrltlre
was llrc nlost importaDt ilenr ir cool wealher a|rd lhe walcr level in wa r wci]lhcr.

Thh particrlar study was dol|e on a koowo Dopulalion of CainuUdi&Sldf io a llace with sinrilar
condirio||s as the wild. Ir the survey were coNidered variables easy (o record i atuie, wilh lhe aim lo
gel ar uscfrll ltrcchadsn to inrprovc lhc Ucsicion of{rc oiShl couts i |llc wil{.| aDd itr o.dcr 1o koow
lhe Dcrccltage lhat confon s lhe connled crinraos from lolal l)opulaliol

MATDRIAI,S AND MT]'tHODS

The slldy was nradc oD an ilitral loDllalioD o[ 19 irdividoals, wbich war rcduccd lo 18 bccausc ooc
alinlal dicd durinS tbc survcy. They a.e lolalcd iD a platjc of 1800 sqrurc mclcnt ol lo(al slrl-acc wilh n
60% of it covcred by \ralcr. (FiSore l). Bcsides. lhcrc aru a|l aboMaol vcgctalron
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47m,

Tlrc aniouk fiave bcc|l there for nmrc ftar six yerr. We rhink rhal aD indicrto,lhl)l ttlc t)trcc isadccralcd lor lhc ci|irnittls is llrc tacl thcy havc rcl)rod ccd th€rc t.or t.ivc ycrrs.

NiShts conrls wcrc nudc ahrosl daity bclwccn onu to ttrrcc hotrrs bclorc drwo rlul|jrr ,r yurr. Wc uscdan a n)cdnr' hrr righr ar al rlrc n,r)cnl otlrr! corrn. Thruc !rvironnrrul'iriJrrre;w,irc currrocrcuWATER TEMPBRTURE; AIR TEMPERTURE AND MOONLTCHT. Il wa$ cur.,,rri",r rr,", .,,,,", u,,,,,,ol- l hc lol l ix.ouo t ol citinu.s wirlchcd with ttnsc varinblcs, itnd tr ana lys is ot. t);r(ial co'cl.tu oo rcr.ulal anr(nrrr or-cairur*i w.rchcd rchrcd wirh n o.right. rl wirs do,c wilir rhe airn r. risc,rnt var,rrron,duc lo rhc othcr itcnrs.

rl w,s rol made arr anarvris ofrcSrcssior bcca.se thc drh recordcd did Dol show r rnrcrr dishburo),d.c ro lhc pop.rrrion wns rirrc a d firire. rvhich fron' ccnai, vrrr*s or.rhc i.,rqr",a",ii 
"r.i"t, 

r" r,", *rrrcalt)os'iibility |o i crcrsc thc de|rcrl(tenl vitriabtc.

For circh ron!)crhre rccordcd ir lllc.rir and ir lhc wrlcr, wns cnrcurnrcd rhc nrdiu..rd rrrc srr.0rr(rdcvi,ti.,r ot crim.rrrs cotrDrs io ttrc warcr, o.t ot.it aftl rhc ,uUt. tl wirs dctioc,f r r," .,,,iii,f",,." f,,,,,," ,,,l 'ccarcurirrcd mc{r iorrs tbrrhe tornror 'c i rn. .s co.nrcd. lxey wcrc cxjrrsc(rt$ rc. l  v.rhrcs,rd i rs i lF:rccnlrSc ot ltrc lotat trtowl pol)ot.rtioo.

lr odcr l(, anoalizc thc ctltcl of ltrc air rnd w)tc. lcD)pcrr urc ovcr lt,c lout ot.couorcd canniurs, rnatrnlysis ot vrr inncc ol  s i t |8 lc ctrsi t icat iur war
rcsrs arxnrg Dre(tiurN. 

dor)c :l'r{l it wrs cortrltcrDcrrlcd w'th lhttc coorl)t)rnlive

RI.ISUl,t.s

Thc ao!lysis ofcorrcblion show|l lhat cxisl a sigriljcanr .j$r(riatim trclwocn llrc lotaj nr)un)l olcou lcd caiDaris alld lhc lhrcc cnvirouDct)titl vArinl,lcs considerod,
'flrc vrhrcs oflhc corrctali(nt cohcticicnt wcrc:
n= Air'l emperarrc: 0.5t?.
z- Walor 'l-emperhrre: 

0.6f,t.
rv= MooDlight: 0.t56.

FIGURI I

{Thc tr i l ic valrD of r  wir tr  27-5 d.t  y p< 0.0J is ol  0.1 t9).
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whc|l parlial correlalioll for lhe nroolli8hl was dotlc ill orderlo discard lhc iDllllcncc ol lhe oll|er

va| iablcs' i lsassocia| iolwithlhclolal l t lx) t l ' t lofcai l l l l t |scout l lcdhslsig| l i l ' ic ' l | rcc{ryw.xz=0.u'o '

Tlr0 aoalysis of variarrce shown lhal thceflect otlhc Walcr and AirTenucnures Trcitl crrl'onthetolJl

anrourr ofcainrans couflted, wils hiShly siSnificat|l(Tablcs I ar 2).

TABI,E I

Analyisis ofvrri:!n&

Night Counas: Relation b€!}rec *at€r tenrperl r re and aotal tDrou na of cairDirns cou ntcd.

Sou.ce ofyariation d.t. S.S. M.S- l"s

Anrong lempertures 20 22511.6 I 12'9.3 14.529264*'

Inb lemp€ ures 255 191t2.01 1.172584
'l o]AL 27s 42'to.6l

l'0.05(20io)= 1.57 !'0.001(20;o)= 2.27

Very signiticnnt.

TAllLll 2

An:rlYsis ofVarlaNc

Night Count!: Relation between ahe air lempe'ture and rhe 'otrl amount of c:|irn:rns counted'

The Conrlarisor ofMcdiuuls Tcst (Ttlble 3), showr lhrl lllc cotrnts nradc wheo ll|c air cnrpcrlrre was

highcr th;n t?a C. and lhc wllcr lcotl)crlrrrc wls nnrc lhno 20!C. arc siSnilic.lrrlly tlilierc0l lhnrr lhosc

flrzdc under lowcr lclruciurcs.

Source ofvariati0n

***. vcry signilicut.

Amonf, t€mpertures 20 2241.56 ll237a l4'1793E '*

Into aempertures 255 202nJ9 7.925450
'LO LAr, 215 4268.55

l'0.05(20;o)= 1.57 I0J0l(20;.)= 2.27
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.t,Al ,t) 3

Mediums Compnrison

Tolal a|nouni ofcainutns rnunted in relalio shil to:
x= Air 'l'emperiure.

z= waaer Tempertrre.

rs 1Ef,.4.. 2656.. 0.725 4942.. 0.040

d.f.: r;255 Fo.00l 0.120)- r r.4 F0.00 ( 1.00)- l0-E F0.05( 1.00)=.1.E4

.. V.ry Signincnt.

Ir lablcs 4 rr 5 arc showr thcficdir|ms ot ltrc tolal rnrount of cninrans corntcd t)y Aradcs ot-rrrirnd
walcl lcnrl)ciurcs a,l(| ils conlidc0cc i lcrvals.

I 'ABI, l l4

M€dirms and conlid€nce interv:rls

D r i 3 n

y: M.drun orih. b.rr nod or.rrEA ounkd

*: M.drun or.!. ret .'|uni ololrpB ojdd, dDmd 5 . p.r.nr.€r or$. $ h,r. ||or!b d,

|,llr,,*: l.r.r.nd hl3b...ontd.N nn dpEd I. p.rc..bF oar!. *bot. FDr,.ri...
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'LAllLll5

Medilms rrd conlidcnce inlerYals

*: M.dlln ofrh! robl .mu!t ol olrols rouit.d, .48*d ., . Frhl4. of r!. $hol. popuh{o'.

tl *r,2*: l.a.r .nd hql.. onnd.m. ll,nn .:DKd $ r p.Rrhg. ot th. $nol. !op!|.!ion.

CONCI,TJSIONS

Moorlighl do ol i cidc ou Cairun lalios(ris counls.

Air and walcr lempcn re could bc rsefirl ir ic.rlorsloir prov€ thc prccisior of e-Ltli!$tjr oight
courls iD lhe wild, rsi g for ris the coDfidcDcc irlcrvals cxprcscd as a pcrcc|lt,r8c ol lhe whole
l)opfllalioo ,s il i$ shown ir Trblcs 4 and 5.

I} I I I I , IOGRAPHY
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A PROGRAM OF MONITORING AND RECOVERING OF WILD POPULATIONS
OF CAIMANS IN ARGENTINA WITH TIIE AIM OF MANAGEMENT TIfE

SECOND YEAR

ALEJANDRO LARRIERA
CONVENIO INTAMACIC

Bv. Pellegrini 3100. Santa Fe-3000, Argentina

INTRODUCTION

Monitoring and recovering ofargentine caiman populstions' program with managemenr linr
has as an objecdve lo determine if ranching reohniqre is useful as a mechanism ofconser-
vacionist exploitaiion based on sustained yield of broad-snouted caimaD (Caiman larirosrris)
mainly whose population situation is weak€r than the other argentine specie fcaimrn vacare).

The work is on and it is based on the methodology thar was displayed a! the loth Working
Meeting of the CSG (Laniera, 1990), and the fi$t progress report was presented rt the
Primera Reunion Regional del CSG in Colombia (Laffiera, in press).

The first animals release in the wild took place lasl November (Figure l).

This paper is about the second year wild habitrt harvest and infornutioir on arnount of nest
found, amount of harvested nests, clutch size, hatching success rDd night counts in the wild
are shown

FIGURE 1
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STUDY AREA

This year lhe work has been carried out in thtee differcnt places (Figure 2)

Z O N E  1 :  E L  L U C E R O
ZONE 2: MAYONAZ
ZONE 3'  CORRALITOS
Z O N E 4 : C A M P O  F I S C O
ZONE 5: ISLAS DE LA PAZ

FIGURE 2

Zone #l is "Estancia El Lucerc" which is located in the marshy lands of Sa'ado River in San
Cistobal Srate (29o 55'S;60o 50'W). Here we already worked lasr year.
Zone #2 is "Mayorcz" which is in the marshland ofLas Conchas Brook (30o 5'S; 600 55'W).
Zone #3 is "Conalitos", San Javier State (30o l0' S; 59o 55' W) and it is formed by Saladillo
Dulce River marshes.
There are some other places in the Province were nest were found bu! for diff€ren! reason
they couldn't b€ collected. There spots are: "Campo Fisco" (30o 15'S; 60{) 50'W) by Las
Vizcacheras Brook (Zone #4); and "Islas de La Paz" (30o 50' S; 59o 55' W) by dre Parana
River coast (Zone #5).

ECGS' HARVBST

In Zone #l (Estancia El Lucero), an area of 27,000 has. l7 nest were narked and l5 of them
were harvested (11 on Fehuary 19th 1992, and 4 on M&rch t 8rh 1992). (Figure 3).
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Inznne *2 (Mayoraz), an area of 2,000 has, 5 nest were marked, 4 of them were hlwesled on
February 19ft 1992. (Figure 4).

MAYOFAZ

I  Unhatvesteo nesr

t  Harvested nesl

.(.4 swam D

FIGUAE 4

ln Zone #3 (Coffalitos), an arerr of 3,500 hns, 9 nest were nnrked, 6 of the w€re hitrvesled

on February 22th 1992. (Figure 5).

F I G U R E  3

f"sc.."r,-ffi;
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I unh6r!'sl€d n'rr

t  HatvF led

ffi sw6ne
:IGURE 5

ln Zone #4 (Campo Fisco), an arca of 1,500 h^s,2 nest
vested.

were marked but they were nol hi|r-

In Zone #5 (lslas de La Paz), an area of2,500 has, 2 nest were marked but xny of thenr were
hawested.

Due to the diffioulties the land offered, eggs' harvesls were caried out in the same way as tt
was done last year, first on ho$ebrck itnd lhem by truok. Plastic conniners were used for
uanspoflanon.

This year $e eSgs were painted by an aerosol bomb ir1 order lo mark its position into the nesl
so as to keep it into the inoubator (Figure 6).

f I G U B E  6



265

In Table I amount of nest marked and hrrvesied, amount ofeggs and births per smlple areas
are displayed. The average of clutch size recorded was 36.12.

TABLE T

NESIS NESIS EGGS HATCHIINGS
RECORDED COLLECTED I IARVESTED

zoNE I t7 15 561 39A

142

903

ZONE 2

ZONE 3

ZONE 4

ZONE 5

TOTAL

'157

CHARACTERISTICS ()F ' I ' I I I I  NES'[S

Some comments musl tre ade about the characteristics of the Desls found in nrrture occause
there are many differences of hgight and materitl belween nesls and lherefore Iwo types of
Caiman latirostris nests can be clearly distinguished.

Savanna nests: (Figure 7) They are built up ne r iagoors, switmplands and marshiands. .fhey

are only made ofgmss cut in the sunoundigns and they do Dot have any shadows ne^rby. In
general this lype of nesls are very big (abou t 65 cn1. of heighl and abour I 20 cnr. of di ameter.
The area of gmss cut near the nests is very big as well. Ninereen nests were like this.

25

SAVANNA NEST

rl

!t,t
.t:l

FIGUBE 7
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Forest nests: (Figure 8) They are built up in the forcst far front impo ilnt mirorlike sur-
faces of waler but close to clearings of senipermanent water. They are ade of some neros,
copious quantilies of soil and a lot of branches and wood. As a consecence of this, it i\ quire
common to find cracked eggs in lhis kind of nests. In generll lhe forest nests are snraller than
the savanna nests. They can be found in the shadows under rhe lrees and 5onrctimes piur of
the tnrnk of a tree is a pan ofthe nesl. Six nests were like this.

FOREST NEST

FIGUBE 8

Despite the clear differences between the two types of nesrs, there irre nor significanr differ-
ences neither in clutch size nor in the hatching success ofone and aoother.

ARTIFICIAL INCUBATION AND HATCHIN(;S

At present the incubator is working at a temperture of 30o C. (+, 0.2o C.) and humidiry is
kept at 95qo,

With the aim of lessering humidity variations, nesr nurerinl is being $ddirionrred ro rhe
incubatar. (Figore 9).

The time that eggs remained into the incubator until hatching, varied between 0 to 42 days, no
significant differences on hatching success berween rhe were observed.

In Table 2 the clutch size, anifici4l incubation period, amounr of hatchlings and hatching
success per each nest and total are shown.
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FIGUAE 9

TABLE 2
NEST EGGS/NEST ARTtFtCtAL HATCHLTNGS HATCHING

SUCCESS(%)

6

Tola l

33

I N C U B A T I O N

"-.

26

a

,:

3t

.fh. ned w!3 rolhd op€n al lh. nohcnt ot th. con.cr,
. ! p . ob .b l t  du .  I  ne l i p t .  n€s t i ng .
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HATCTI AND REARIN(; CONDITIoNS

The nests in the incubator were examined twice a day, and when lhe fil1j! call of harchling was
registered, the nest was put in the bi(h box, where it was kept in dry conditions for ftree days
to make possible natural binhs. When this period was over, the birth of lhe rennrant eggs was
provoked and lhe animals were moved to cement rearing pens . The rearing rook pllce ln
pools warmed with electric heaters (Figure l0).

The rearing density was of 14 aninrals per sclltare meter aproximately and lhe feed (milled
chicken with bones, bmn cercal and vitaminic-mineral mixture) was suppljed ihree Iimes a
week and a(Lllbilu.D (207, ofthe corporal weight per week aproximately).

NICHT COUNTS

In lhe counts i! was registered the number of animals, height, moonlighl. waler lemperture and
arr tempe ure,

The results obtained from night counts done between Nove ber l99l rnd April 1992 are
shown in Table 3 and they are compared with those rcgisrered between Nove ber 1990 and
October 1991.

TABLE 3

D e c . 9 0 l o O c t . S l  N o v . 9 1  l o  A p r .  9 2

Los N,4ol les
( 2 0 h a )

\?3T;: 11 c.imans/ha

\..bli:1. oe.aimans/ha

. i l  
| i l i t  13caimans/h.

FIGUAE 'O
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In general the differences are nol importrnt despile the releasing ofilrinlals that took place in
November 1991, with the exception of Lot 16 b where the increase in the nunlber of animals
is very significant. This can be easily explained since the Lot 16 b is rhe only place wherc rhe
nesl was in the same place ofthe count: consequenrly the liberated animals remilined rhere
during the following counts. The oiher resring places ar€ relat;vely far away from the counl
places, because of which it is probable that the aninrals released there rvill sta( appearing in
places of deeper waters (co nt plitces) during this winter (Mny of 1992).

CONCLUSIoNS AND PROSPECTS

The number ofcoll€cted eggs (903) has been increased considerably and rhe nLlnlber of birrhs
thlt took place (701) this year produoed a hatching soccess of 77.6 o/o.

If the rates ofmortality in relring are kept on rhe same level as those of l st ycar, we will
release in the wild on November 1992, more than 600 rnintrls with a nredium weighr of 400
8ms. aproximately.

This year we will altach telemetric equipment to some anintals before liberalion in order to
follow them.

Now sampling points have been ohosen and will be iDclLrded to the work so rhar quantity of
collected eggs will be increased again.

BIBLIO(;RAI'HY
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Abstract

Spermatozoa were collected from I live male Caiman /atirostris during
December in Piracicaba, Sao Paulo, Brazil. Sperm cells were collected by
aspiration from the penile urethra or "groove". In one animal spermatozoa were
not found. Two animals produced over one billion sperm cells. To study
maintenance of spermatozoa in semen extenders and assess the toxicity ol
glycerol, six diluents were prepared. These were: 1) BEST - BES (n,n - bis - (2
hydroxyethyl)-2-amino€thane sulfonic acid), TRIS (hydroxymethyl aminomethane),
NaCl, glucose, and egg yolk; 2) NaCl with egg yolk; 3) clucose with egg yolk;
4) BEST with glycerol; 5) BEST with 6% glycerol; 6) BEST with 10% glycerol.
All extenders were titrated to pH 7.0 and 327 milliosmoles (before addition of
glycerol in diluents 4,5, and 6). Glycerol at '10% caused immediate loss of motility.
Glycerol at 6% caused more rapid loss of motility than did 2%. BEST maintained
motility at a higher level than did NaCl or Glucose for tive days of storage at
5C.

lntroduclion

The broad-nosed caiman (Caiman latirosttis\ is an endangered species,
uncommon in zoos in Europe and North America (Honegger and Hunt, 1990).
The native range of this species is the tributaries of the Parana and Sao Francisco
Rivers in southern Brazil. A number ot C.latirostris have been born in captivity in
Brazil (Verdade and Lavorenti, 1990) and some observations on reproduclion in
the species have been made at zoos in North America {Widholzar et al, 1986;
Honegger and Hunt, 1990). A colony of C. latircstris is maintained at the
University of Sao Paulo, Piracicaba, Btazil, fot investigations in captive
management (Verdade and Lavorenti, 1990).
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The purpose of this study was to attempt semen collection in Caiman
latirostris, assess the numbers of spermatozoa available for artiticial insemination
and sperm cell preservation €fforts, and compare the etficacy ot different diluents
in maintaining motility of spermatozoa.

Matenials and Methodg

fhe Caiman ,latTostrs colony maintained at piracicaba, Sao paulo, Brazil
was utilized for male subjects. Eight males, in apparent good health, were
captured by noose from drained concrete ponds where they were maintained
either alone or with other animals. Animals #1 and #2 were kept in individual
pens. Animals #3 #4, #5, and #6 were housed together in one pond. Animals
#7 and #8 werc each maintained as the lone male in a pond with three temales.
Animals were captured without tranquilization by neck snare, the jaws taped shut,
and weighed and measured. They were held in dorsal recumbenry for exposure
of the cloaca.

Setnen Collection: The highly concentrated spermatozoa present in the penils
urethra and penile groove of males were collected by aspiration and scraping o,
the groove. The penis was manually exteriorized'and held in place by one
operator. A second operator passed a soft plastic catheter (size: 04) into the
groove and.moved it proximally to the fully enclosed urethra. Gently aspiration
!993pptieO with a 3 cc syringe. Before ptacement the catheter wa! fi ed with
BEST diluent to prevent loss of cells from wetting the interior of the catheter.
Spermatozoa in the more djstal open groove of the penis were scraped trom the
nher surface of the groove using the smooth end of a scalpel handle as a sparuta.
The spermatozoa and mucus were mixed with a drop of BEST diluent.

After collecling all retrievable spermatozoa the cells were dilut€d in different
extenders at approximately 10 x l O6hc. pooled samples of the remaining cells
from all animals evaluated in a single day were reconstjtuted in BEST at 2OO x
105/cc.

Semen Diluents: Stock sotutions of BES (n, n-bis-(2 hydroxyethyl)_2_aminoethane
sulfonic acid), TR|S- (hydroxymethyl aminomethane), NaCl, a;a gtucose were
prepared at 350 mOsM. 1) EEq[ solution contained approximate-iy 50% NaCt,
25% glucose, and 25% BES and TRIS to titrate the mixture to pH 7.0. Tabt€ 1 ljsts
the relative concentrations of components required to produce a final solution with
pH 7.0 and osmolality of 327 mOsM allet 2oo/o egg yolk v/v is added. The
concentrations listed are for the clear solution prior to addition of the yolk. A
treeze-point osmometer was used to assess osmolality so all solutions could be
adjusted to 327 mOsM after yolk was added. The concentrations listed in Tabt€'I include the addition of BES, TRIS, and water to titrate the solutions to pH Z.O
and 327 mOsM. 2) NaQ sotution was primarity NaCt with 20% egg yotk v/v and
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sufficient BES and TBIS to titrate pH to 7.0. 3) Glucose solution contained
primarily glucose with 20% egg yolk v/v with TBIS titration to pH 7.0. 4) BEST
with 2% GLYCEROL was BEST with 2o/. glycercl added v/v. 5) BEST with 6%
GLYCEROL and 6) BEST with 10% GLYCEFOL vyere prepared simitarty.

TABLE 1

Composition of semen extenders used for dilution ot Caiman latirostris
spermatozoa. Concentrations of BES, TRIS, NaCland Glucose are calculated for
solution before addition of volk

Constltuent BEST NaCl Glucose

BES 1.192 g % 0.143 I "h
TRIS O.a30 9 "/o 0.091 s % 0.120 g %

NaCl 0.515 g % 0.980 g %

Glucose 1.590 g % 5.507 g "/"
Na Pen 10O0 u/cc 1 000 u/cc 1 000 u/cc

Yolk m"hvN 2oo/o v|v 2O/" vlv

mOsM 327 327 327
pH 7.O 7.O 7.O

Motiliv evaluation: Diluted spermatozoa were maintained at 5C in capped airtight
plastic tubes. Once daily, a drop of diluent with spermatozoa was placed on a
glass slide, coverslipped, and examined at room temperature by two observers.
Motility was estimated to the nearest 5 percent. Because no more than three
males were handled on each day, some samples were evaluated for longer
Deriods than others.

Rcsults

Two of eight males stored sufficient semen in the penile groove that over
one billion cells were collected, One male was not apparently producing
spermatozoa. Of six attempts to collect the maximum number ol cells from the
penile urethra, mean yield was 576 t 384 cells. This included a second attempt
on a male subjected to collection two days earlier. For all collection attempts in
which sperm cells were obtaingd, motile spermatozoa were present in the material
evaluatod oable 

'l 
).



Spermatozoa obtained by aspiration were highly concentrated in a votume
less than 0.1 cc. These cells were sometimes in clumps when viewed bv
microscopy, but dispersed into solution as motjlity was acquired, evidently fro;
the dilution etfect. Semen obtained by scraping of the penile groove contained
mucus.

In some cases, the catheterization of the penile groove lumen caused
bleeding and most of the samples had a slight pink tinge due to contamination
with blood. The tissues lining the groove are fragile with a highly vascular tissue,
possibly erectile, lining the lumen.

Table 3 summarizes the motility ol sperm cells diluted in BEST, NaCl, and
Glucose over a five day period. Animals 1, 2 and 3 are included in every
observation as spermatozoa were obtained from them on the first dav of collection
efforts. Other considerations made it impossible to treat subsequent;amoles from
other animals in exactly the same way, but means for all samples available for the
specific time period are calculated. BEST maintained a slight advantage over NaCl
and Glucose for 3 days. Al 4 and 5 days the ability of BEST to maintain motility
of spermatozoa was markedly superior to NaCl or glucose.

2'7 3

TABLE 2

Weight and length of animal, total sperm cells recovered, and initial motility and 2,!
hour motility of sperm cells recovered from the penile groove ot Caiman latirosttis,

Animal Weight
(Ks)

Length
(meters)

Total Cells Initial
Motility

2+Hl
Motility

1 ( 238) 44.9 1,025 x 106 90 85
2 (2568) 41.3 1 .97 360 x 106 90 90
3 (3478) 32.2 '1 .80 22O x 106 90 90
4 ( 378) \ t  t . J 1.89 No sperm cells

s(28) 29.8 1 .79 1 ,100  x  105 70

6 ( 267) 20.3 1.59 430 x 106 60 80
7(s7) 30.0 NA 70"/" 400/"

8 (3467) 38.8 1 .95 NA a0"/o 4oo/o

1 (2nd collection) 320 x 106 400/" 700/"

NA: No attempt made to collect maximum number of cells
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TABLE 3

Mean motility (-+ s.d) of spermatozoa recovered from 7 Caiman /afirostnlt (one
anlmal was used twic€) over time in semen extenders BEST, NaCl, and Glucose
(n = number of samples available at each time period)

TABLE 4

Motility of Caiman latircstris spermatozoa diluted in BEST semen extender with
glycerol added at concenlrations of 2,6, and 10%

TIME BEST NaCl GLUCOSE

lnitial 75.0 + 17.5 (8) 71.4 + 15.7 (4 s2.8 + 29.3 (4

24h 73.0 + 24.6 (8) 66.6 + 28.5 (4 6s.7 + 2s.9 (4

2d 57.s + 2.5 (81 sa.o + 27.7 (5) 36.0 + 33.6 (s)

49.1 + 30.7 (8) s6.0 + 23.0 (s) 39.0 + 30.5 (s)

4d 63.3 + 5.8 (3) 20.0 + 17.3 (3) 20.0 + 10.0 (3)

66.7 + 5.8 (3) 13.3 + 11.5 (3) 0.67 + 1.2 (3)

Glycerol concentration

Time Animal 2% 6v" 10%

24h
1
2

90
80
80

70
10
5

0
0
0

2d
1
2

70
70
70

20
10
0

0
0
0

3d
1

J

70
50
60

o

0

0
0
0

4d
1
2
3

30
20
40

20
2

0
0
0
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Table 4 presents the results of incubation of spermatozoa from animals 1,
2 and 3 in BEST with 2, 6 or 1070 glycerol. Glycerol at 10% eliminated sperm cell
motility. Glycerol at 6% was detrimental but allowed some motiljty. Glycerol at
did not cause a diminution in motility over that seen in the same diluent without
glycerol until the fourth day.

Discussion

Results from this pilot study in short-term maintenance of liquid cooled
semen in Caiman /attostns are similar to those obtained in work wfth Alligator
mlsslss,ppiersrs (Larsen et al., 1984). The method of colleclion used is not
completely atraumatic in €ither insult to the tissues involved or in stress to the
animal. A semen sample obtained two days after the first collection from one male
was decidedly inferior in both quality and quantity to the first.

Motility of cells was maintained befter in a solution with a mixture of NaCl
and glucose and strong buffering capacity than in a solution with only yolk
constituents providing buffering elements. Glycerol was toxic at 6o/o and'lof]h,
though at 2% it did not markedly inhibit motility for the first three days of tiquid
cooled storage.

The optimum number of cells for oviductal anificial insemination is unxnown
in this and other crocodilian species. Work with A igator mlssissrpplensls
suggests that artificial insemination can be successlul with 3OO to IOOO x 106
spermatozoa deposited in each oviduct (Cardeilhac et al., t982; Larsen et al..
1 982) . The number required for artificial insemination in Calman /attostris mav well
be smaller but no successes have been recorded.

Freeze preservation of spermatozoa would be helpful in building up the
numbers of stored sperm cells for an effort to inseminate multiple females. The
studies in cryopreservation could be carried out with spermatozoa collected in the
manner described here. Even younger, smaller males would serve to provide 2OO-
300 x 10o spermatozoa for investigations of this sort. For studies in artificial
insemination with fresh semen, it would appear that larger males providing in
excess of one billion cells per collection attempt are necessary to build a pooled
sample of spermatozoa adequate for ventures utilizing multiple females.
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ESTABLISITMENT, CROCODILE FARMING METHODS, HATCHLING PRODUCTION AND HIDE
PRODUCTfON OF Crocodvlus niloticus, Af CROCWORLD, SOUTH AFRICA 1984 TO
L992 .

LELLO, JONATHAN V
CROCWORLD
PO
RENI SHAW
4l -81
REP. OF SOUTH AFRICA

TEL:  0323  2O2A2
FAX: 0323 2L423

ABSTRACT I

1) ESTABLISHI,IENT: HOLDING CoII{PANY AND FEASIBILITY STUDY, SITUATIoN,
CLIMATE, ORIGIN OF BREEDING STOCK AND RIJN AS T'ARMING AND TOURIST
OPERATION.

2' t FARMING },IETHODS

BREEDING PONDS. DESIGN,
REPRODUCTION PERIODS.

RATIO OF MAI,,E TO FEI4ALE. AND

b) INCUBATION. TEI'IPERATIJRE, INCUBATION ROOM DESIGN, MATERIALS
AND EQUIPT.IENT USED.

C) REARING HOUSE (CONTROLLED ENVIRONMENT). DESTGN, POND
DESIGN, HEATING BY L.P. GAS BROILER HEATERS, STOCKING R,ATE
AND AGE AND SIZE WHEN REMOVED.

D) . FEEDING SCHEDULES. TYPES OF }.{EAT FED, ADDITIVES TO MEAT
DTET, II{ONTHLY TNTAXE PER cRocoDILE IN EACH AGE GRoUP AND AN
ESTIUATE OF FEED INTAKE OT A CROCODILE AT SLAUGHTER SIZE,

a)

3 ) IIATCHLTNG PRODUC'IION:
TIATCHTINGS AND BRE"AKDOI{N

HIDE PRODUCTION: TABLE
WIDTH AND TOTAL DRY qNS.

TABLE SHOWING EGGS
OF DIFFERENCE.

LAID, HEALTHY

SHOWING NT'Ii{BER OF HIDES, AVERAGE BELLY

E STABLI SH}.{ENT

CROCWORI,D IS OWNED BY CROOKES BROTHERS LTD (CBL) WHICH IS AN
AGRICTJLTTJRE COMPANY AND TS LISTED ON THE JOHANNESBTIRG 

.STOCK 
EXCTIANGE.

THE COUPANY IIAS ITS ROOTS IN SUGAR CANE FARMING BUT HAS A WIDE VARIETY
OF FARMINC ACTIVITIES THROUGHOUT SOUTH AF'RICA TODAY. AT THTS TIME THE
COMPANY HAD BEEN INVESTIGATING VARIOUS FORI.IS OF AOUACULTURE BUT NONE
WERE VIABLE IN 1983 }{R DOUG COOKE WAS EI,{PLOYED TO CO-ORDINATE AND
WRITE-UP A FEASIBILITY STUDY AND NATAL PARKS BOARD MADE THE SERVICES
AVAILABLE OF I4R TONY POOLEY, A LEADING CROCODILE EXPERT.



n8

RENTSHAW IS SITUATED 30 DEGREES AND 15 I4IN. SOUTH AND 30 DEGREES AND
45 MIN. EAST. THE FARM IS SITUATED ON THB HII,LSIDE ABOVE THE
AMAHIONGWA RIVER AND 2OO METRES INLAND FROM THE SHORELINE OF THE WARIIT
INDTAN OCEAN. THE TOTAL AREA OF' THE COUPLEX IS 20 HECTARES. THE
DEVELOPED AREA COT4PRISES COASTAL DIJNE FOREST AND OLD SUGAR CANEFIELD.
INDIGENOUS TREES WERE REPLANTED WIIEN LANDSCAPING WAS DONE.

THE SITE WAS CHOSEN BECAUSE IT HAD THE POTENTIAIJ TO SUPPORT A TARGE
TOURIST INDUSTRY, HAD MOST OF THB INFRASTRUCTT'RE REQUIRED, AND A
SUITABLE CLIMATE. (TABLE 1}.

TABLE 1: FIGI,RES OF WEATHER DATA TAKEN AT CROCWORLD, MONTHLY
SUMMARIES FOR 1991.

ABS
I.,IAX.
TEMP.
(c)

ABS
MIN. MBAN
TEIIP. TAI{P.

(c)  (c)

HOttRS
SUN krn
TOT WIND

ABS ABS
MAX. MIN.
HT'MI HIJM?RATN

JANUARY
FEBRUARY
I'{ARCH
APRIL
MAY
JIJNE
JULY
AUGUST
SEPTEMBER
OCTOBER
NOVEI.{BER
DECEMBER

99  .7
99  . 6

104 .3
8 .0

97  . 8
18 .3
47  . 5
L l . 2

L19 .7
] .64 .9

96 .6

30 . ' 7
29  . 4
31 , .  0

25 .5
24 .2
24 .O
t9 .  6
t4 .9

29  . 6

15 .5
L7 .L

a3  . 2
11 .  1

4 .4

8 .O
1 .3  .4
L2  . 5
13  . 9
13  . 9

23  . 7
24 .L

2L .3

16 .5

16 .8
19 .0
20 .o
27 .7
22 .6

203
2to
20L
2]-3

L4a
l -83

5  439
4 '7  46
5283
3427
5210

5568
6r67

7089

49
42
19
I7
19
l-1
l-a

4 I
26
32

EGG
B TT
THE

9 6
9 6
9 6
9 5
9 4
9 3
9 0
9 2
9 6
9 5
9 6
9 6

THE GENERAL TEMPERATURE RANGE FELL WITHIN THE REQUIRED NORMS FOR
I,AYING AND GROWTH IN SIJMUER MONTHS. WINTER TEMPERATURES ARB LOW
THE WATER TEMPERATURE WILL NOT DROP BELOW 12 DEGREES CELSIUS IF
DEPTH OF PONDS IS ]- .2 TO ]- .5 UETRES.

DIIRING SEPTEMBER 1983 THE FIRST CROCODILES ARRIVED AT CROCWORLD. TONY
POOLEY WAS AT CROCWORLD AND DID MUCH OF THE PIONEER WORK. DURING 1984
NINE ADULT MALE CROCODILES AND THIRTEEN ADULT FE}.{ALES WERE ACQUIRED.
DURING 1985 A FURTHER FOUR I4ALES AND FORTY FEMALE ADULT CROCODILES WERE
ACOUIRED FROM BOTSWANA AND ONE IHOUSAND HAICHLINGS FROM ZIMBABWE. THE
FIRST EGGS WERA LAID IN 1985.

CROCWORLD IS DIVTDED AND RUN AS TWO SEPARATE OPERATIONS. FTRSTLY A
TOTJRTST OPERATTON (60 rO 120 THOUSAND VTSITORS PER ANNttM) WHrCH
INCORPORATES THE BREEDING PENS, A I 'EW CROCODILIAN SPECIES, BIRDS.
TRADITIONAL TRIBAL HUTS AND DISPLAYS OF OTHER REPTILBS AND NATURAL
HERITAGE. THE SECOND OPERATION IS THE FARMING OPERATION WHICH IS
CLOSED TO THE PUBLIC AND CONCENTRATES ON THE HATCHING AND REARING OF
CROCODILES FOR HIDE PRODUCTION.
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FAR}.{ING I{ETHODS

BREEDING PENS

AN AREA OF 3OOO TO 45OO SQUARE METRES HAS BEEN ALLOCATED I'OR EACH
BREEDING PEN. THE POND SURFACE AREA TS APPROXIMATELY 1OOO SQUARE
METRES (35* OF TOTAL ARE,A). EACH PEN HAS TWO PONDS, SO TITAT WHEN WATER
IS DRAINED THERE IS ALWAYS A POND WITH WATER, DECREASING THE STRESS ON
CROCODILES, PONDS ARE CONSTRUCTED OF GITNNITE AND HAVE AN IRREGUI,AR
SHAPE. THE BOTTOMS OF THE PONDS ARE CONTOI'RED TO ALLOW SHALLOW AREAS
OF 0.6 m FOR I{ATTNG ACTIVITIES, DROPPING TO A DEPTH OT' 2 n AT THE
OUTLET. THIS DEPTH ENSURES A MORE CONSTANT WATER TEI{PERATIIRE.

ISI,ANDS IIAVE BEEN INCORPORATED IN THE
BASKING AREAS AND , IN PARTICUI,AR, AS
FIGHTING. MALES SWIM AROI'ND AND AROUND
OTHER MALES.

POND AND ARB VERY USEFUL AS
OBSTRUCTIONS WHEN MALES ARE

TIIE ISI,AND FLEEING OR CHASING

THE TWO PONDS IN EACH PEN ARE NOT AT THE SAME LEVDL AND HAVE A BANK
IigTCH IS WEST FACING BETWEEN THE}.{. NEST SITES ON THESE BANKS ARE THE
I'IOST UTILIZED SITES IN THE PEN, FEUALES wHIcH LAY oN THESE sITEs oFTEN
ESCAPE UPHILL TO THE TOP POND AND ONLY USE THIS TOP POND. THIS IS
CONTRARY TO THE BETIEF THAT NEST SITES HAVE TO BE ABOVE THE LEVEL OF
THE WATER. NEST SITES ARE SAND PITS OP 1 !I IN DEPTH. TIIESE SAND PITS
OFFER GOOD NESTING I4ATERIAL AND LIMIT EGG DAI4AGE. UANY FE ALES USE THE
SA!'IE NEST SITE EVERY YEAR. SOI4E NAST SITES HAVE BEEN USED BY FOITR
DIFFERENT F4.IALES IN THE SAI,IE YEAR.

SHADE I{AS BEEN PROVIDED IN THE FORM OF TREES, SHRUBS AND REED FENCES
(20 TO 30? OF TOTAL AREA). THESE AREAS ARE WELI UTILIZBD DURING HOT
SUI{Ii{ER MONTHS. THE GROUND AREA HAS BEEN PLANTED WITH GRASS LAWNS,

A N.ATIO OF 5 TO 7 FEMALES : 1 }'ALE IS APPLIED I{TTH GOOD BREEDING
RES{JIJTS - CERTAIN PENS HAVING 1OO3 OF FEMALES LAYING FERTILE EGCS.
MOST PENS IIAVE 20 FEMALES AND 3 TO 4 I{ALES. COURTING AND MATING ARE
FIRST OBSERVED IN EARLY MAY AND CONTINUE IJNTIL I,ATE IN AUGUST. TIIIS
ACIIVITY IS I!{OSTLY SEEN IN THE }'ORNING JUST BEFORE AND AFTER SIJNRISE.
THE FIRST IAYER STARTS LAYING IN THB THIRD WEEK OF SEPTEMBER AND THE
I.AST I,AYER IN THE SECOND WEEK OF DECEI,IBER, WITH A PEAK PERIOD DURING
OCTOBER (UP TO SEVEN FEI{ALES I,AYING ON ONE DAY). LAYING TAKES PLACE
FROI{ 1500H TO 2000H.

INCUBATION

PATROLS OF BREEDING PENS ARE CARRIED OUT IN THE AFTERNOONS AND
EVENINGS. THE SAI4E A!'TERNOON OR NEXT MORNTNG FEI.,IALES ARE CHASED FROI,T
TIIE NEST SITE USING A LON6 BA.T!'BOO POLE. THIS TASK TIAS BECOI.IE EASIER
EVERY YE,AR AS FEI.{ALES BECOI{E ACCUSTOI.{ED TO FAR}.,IING ACTIVITIES (STOCK
col.tEs FRol.t THE wrLD). STYRoFoAI{ COOLER BOXES ARE USBD TO PACK THE EGGS
INTO AND VER}{ICULITE IS USED AS PACRTNG MATERIAL. DATA COLLECTED AT
THE NEST SITE ARE :- DEPTH OF NEST, NT]I'BER OF EGGS AND ANY DAI{AGES,
FEI.{ALE NI'},IBER, SOTL TEMPERATI'RE AND MOISTURE ACCORDING TO TOUCH,

TIIE EGGS ARE TAXEN TO AN INCUBATION ROOM, OF I']HICH FIVE OF THE CLUTCH
ARE ME.ASURED, AND THEN PACKED INTO SLATED WOOD CRATES. THE WOOD CRATES
ENSI]RE GOOD EXCHANGE OF GASES AND ALLOW DRAINAGE OF EXCBSS WATAR. ARA
CHEAP AND HAVE NO IART'{FUL ELEMENT}.
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SHADE CLOTH IS USED TO LINE THE BOX AND A LAYER OF },{OIST VERI.{ICULITE,
5 cn THIC(, IS PI,ACED ON THE BOTTOI.{. THE EGGS ARE I,AID DowN
HORIZONTALI]Y IN ROWS AND PACKED IN I,AYERS. IF A CLUTCH IS TJARGER THAN
60, IT IS PACKED INTO TWO BOXES. VERMICULITE IS PLACED OVER AND AROTND
THE EGGS ENSURING A COVERING OF AT LEAST 6 cn. A LABEI Is PLACED oN
THE BOX WITH THE FOLLOWING INFORMATION : NUI.{BER oF EGGS, FBMALE NIII.,IBER.
CLUTCH SIZE, DATE LAID AND EXPECTED HATCHING DATE.

rHE INCUBATOR TS INDOORS AND DOES NOT NEED HEAVY INSUI,ATTON. THERE IS
A CENTRE WALKWAY WITH RACKS ON ETTHER SIDE, TWO FAN HEATERS ARE
UOI'NTED ON THE WALLS ON EITHER SIDE OF THE PASSAGE AND CONTROLLED BY
A THERMOSTAT SWITCI{. A CEILING FAN ENSURES EVEN HEAT DISTRIBUTTON AND
TWO EXHAUST FANS SUCK IN FRESH AIR AND BLOW OUT STALE AIR (THE EXHAUST
FANS ARE CONNECTED TO TII{E SWITCHES AND ONLY RUN FOR SHORT PERIODS).
HWIDITY IS MAINTAINED BY SPLASHING WATER ON THE f'LOOR AND KEEPING THE
VERI4ICULITE MOIST IN THE EGG BOXES.

INCUBATION IS CONTROLTED AT A TEMPERATURE OF 32.5 DEGREES CELSIUS AND
A HIJI.IIDITY OF OVER 85? RESULTING IN 80* FEMALES. AIR TEMPERATURE IS
NORMALLY 1 DEG. C IIIGIIER. AT HATCHING TIT.{E WE LISTEN F'OR THE SOUND OF
THE HATCHLTNGS AND REMOVE THE}.{ TO OUR IIATCHERY I{HICH IS NEXT DOOR,
THIS TASK MUST BE DONE AS SOON AS POSSIBLE OR ET,SE PRELII4INARY HATCHING
OCCURS IN OTHER CLUTCHES.

IIATCHLINGS ARE LEFT TO TIATCH BY THEI.,ISELVES AND IINHATCHED EGGS ARE
BROKEN OPEN 24 HOURS I,ATER. THE CAUSE OF AN EGC NOT HATCHING IS
RECORDED. HATCIILINGS ARE RINSED IN A SALTNN BATH To REII{oVE ALBIIMIN AND
IT ACTS AS A SAFE WEAX DISTNTECTANT. THE CROCODILES ARE LEFT TO DRY
FOR A NIIMBER OF HOURS. THE TAIL SCUTES ARE CUT IN A CODED SYSTEM AND
ARE THE SAME NIJIT{BER AS THB }IOTHER. THE YoUNG ARE THEN TAKEN To
CONTROTLED ENVIRONI,,IENT HOUSE. THIS IS NOR},IALLY WITHIN A 24 HOUR
PERIOD.

REARING HOUSE TCONTROLLED ENVIRONI.,IENT. CE)

THIS HOUSE IS A LARGE BUILDTNG (38 X 35 n) WITH A HIGH RooF wHIcH TIAS
A ZIG-ZAG SHAPE AND DIFFERs TO WHAT IS CONSIDERED THE IDEAL CONTROLLED
ENVIRONI'IENT. BIII DESPITE THESE DIFFERENCES THE GROt'i/rH RATE OF TItEsE
HATCHLTNGS fS ON A PAR WITH ANY OF THE TOP FAR},{S IN SOUTH AFRICA.
THERE ARE FOUR ROWS OF PENS, EACH ROW CONSISTING OF FOUR PENS (SIXTBEN
ROWS TN TOTAL). THIS DESIGN WAS USED TO FIT IN WITH THE ORIGINAL
TIEATING SYSTEM - AIR CONDITIONING. WARM AIR WAS TO CONVECT IN EACH
ROW. THIS DID NOT WORK. THE TEMPERATURE AT GROUND LEVEL WAS LOW AND
RESULTED IN HIGH A MORTALITY RATE. A NUI,IBER OF HEATING SYSTEI.,IS WERE
EXA}.{INED AND THE I,IOST PRACTICAL, AND COST EFFECTIVE CHANGE AT THE TIME,
WAS GAS BROILER HEATERS. WE FEEL THAT THIS IS AN ADVANTAGE AS THE
WHOLE PEN DOES NOT HAVE A CONSTANT TEMPERATURE. THERE IS A VARIATION
OF 5,DEGREES C IN EACH PEN. THE CE ALSO HAS WINDOWS ALONG ONE WALL
ALLOWING DAYLIGHT TO ENTER THE BUILDING. THE HATCHLINCS SHOW NO STRESS
AND AN ADVANTAGE IS THAT WE CAN MAKE PROPER VISUAL OBSERVATIONS AT ALL
TII ' IES,

EACH PAN SIZE IS 8 n x 8 m. THERE ARE TWo PoNDs TN EACH PEN wHIcH HAVE
GENTLY SLOPING SIDES WITH A DEEPER BOX AREA TN THE MIDDLE WITH A LIP
ON THE PARAI.{ETER. A FLOOR AREA OF 60 cTn WIDE SEPARATES THE Two PoNDs
AND IS USED AS A FEEDING AREA.
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GAS BROILER IIEATERS ARE HUNG 1.5 n ABOVE TIIE GRoIJND A QUARTER oF THE
WAY INTO THE PEN ABOVE TFE TLOOR MENTIONED ABOVE. TIIBRE IS A AIJSO DRY
FIOOR AREA AROUND TI{E PARAMETER OF THE PONDS.

THE STOCKING RATE TS 2OO PER PEN. THE T'I.OOR AND POND AREIA CAN ALIOW
l4oRE, BLrr DURING Trl.lES OF STRESS HATCHLTNGS FORl.t HEAPS WHrCH RESI'LTS
IN DEAT}IS. A GROUP OP 2OO IS I{ANAGEABLA. A HIGH LSVEL OF HYGIENE IS
I.{AINTAINED. FLOOR AREA AND FEEDING PLATES ARE WASHED DOWN DAILY AND
ONE OF THE TWO PONDS IS CLEANED ON ALTERNATE DAYS. CLEAN WATER WHTCH
FLOWS INTO THE EI4PTY POND TS AT ROOTT{ TEMPERATURE AND IS HE,ATED BY THE
RADIATION FROM GAS HEATERS. IT TAXES 6 TO 8 HOURS TO HEAT UP TO 27 -
28 DEGREES C. BY ENSTJRING THAT ONE POND ALWAYS HAS WATER IN, THE
IIATCHLINGS ALWAYS HAVE A SAFE REFUGE TO ESCAPE TO, FLOORS ARE SPRAYED
TWICE A WEE( WITH A DISINFECTANT (PRESEPT). WHEN HATCHTINGS ARE
TRANSFERRED OUT, THE BUILDING IS SPRAYED DOWN WITH A ITIGH PRESSIIRE
STEAU PUll{P AND FT]I.{IGATBD TWICE BEFORE A NEW LOT OF IIATCHLINGS IS
BROUGHT IN. MAINTENANCE WORK IS ALSO DONE DURTNG THIS PERIOD.

IIATCHLINGS ARE HOUSED IN THE CONTROLLED ENVIRONMENT UNTIL AN AGE OF 9
TO 10 }TONTHS. THEY ARE THEN GRADED INTO SIZE CATEGORIES, USING A
STRINC MARKED AT DIFFERENT LENGTHS, AND PLACED IN PENS IN THE OPEN AIR
ON THE RA,ARING IJNIT. AT IIATCHING THA SIZE Is APPRoXIMATELY 30 clO AND
WHEN TRANSFERRED THERE fS AN AVERAGE SIZE Op 85 crn - WITH THE LARGEST
BEING OVER 1n AND THE RUNTS 40 TO 45 crn.

OPEN AIR REARING UNIT (RUI

THE RU IS THE AREA AT TIIE LOWEST ELEVATION OF THE FAXI,T AND IIAS THE I4OST
PROTECTION FROM TI'E WIND. RESULTING IN WARM CONSTANT TEMPERATURES
TTIROUGHOUT THE YEAR AND GIVING IDEAL CONDITIONS FOR GROVJTII. THERE ARE
35 PENS DIVTDED INTO SIX ROWS OF SIX PENS. THREE ROADS RUN THROUGH
THESE PENS I,IAKING FOR EASY ACCESS. EAeH PEN IIAS A sIzE oF 20 x 20 cm.
EACH PEN IIAS A SINGLE ROUND POND (GUNNITE, }IITH A SURFACE AREA OF 7A.5
SQUARE I!{ETRES ) MIICH HAS A CONE SHAPE WITH A GENTLE SLOPE ON THE
PARAI,IETER AND STEEP SIDES IN THE CENTRE WTTH A FLAT BoTTou 2.5 Tn IN
DIAI{ETER. GR,ASS LAWNS HAVE BEEN PLANTED. AS WELL AS TREES, TO PROVIDE
S}IADE (2O3 OF THE ARE.A). EACH PEN HAS A CONCRETE FEEDING PLATFOR}T THE
LENGTH OF THE FENCE ALONG THE ROADWAY, I.IHICH IS 50 cm WIDE.

STOCKING RATE FOR CROCODILES 10 TO 20 MONTHS IS 3OO PER PEN AND 150 FOR
cRocoDrlEs FRoM 20 MONTHS UNTIL SLAUGHTER (30 - s4 I{ONTHS). I'HE CROUND
AXEA CLOSE TO PONDS IS WELL UTILIZED, WHILE OTHER AREAS ARE UNDER
UTTLIZED. SHADE AREA UNDER TREES IS T{ELL UTITIZED DURINC THE WARM
SUI,II.IER I.{ONTHS. PEN SIZE COULD BE MADE SI.IALLER AND I,TORE PENS BUILT ON
THE TOTAL AREA OF RU. SMALLER PENS WILL IIAVE A IOWER STOCK PER PEN
WHICH I'ILL BE EASIER TO I,IANAGE AND RBSULT IN A HIGHER STOCKING RATE FOR
THE TOTAL AREA OF THE PRESENT RU.

EVERY WEEK PONDS ARE DROPPED BY 208, FILLED, AI{D ALIOWED TO OVERFLOW
FOR 1 HOIJR WITH A TOTAL DRAINAGE ONCE A l,lONTH DURING Stn4t{ER, WHEN FOOD
INTAKE TS AT A PEAK. DURING WINTER MONTHS THTS IS NOT DONE AS OFTEN.

PROS AND CONS OF SUCH A REARING PRoGRAUI.TE AIiE :-

PROS - NO COST OP IIEATING, IJESS CAPITAL SPENT, LARGE NUUBERS OF
STOCK (8000 ON RU), LESS LABOUR AND I.IANAGEI,{ENT INTENSM.
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coNs A LONGER GRO!{IH, PERIOD (NO OR IJITTLE GROWTH DURING WINTER),
I{ORE OBSERVATION SKILLS NECESSARY TO DETECT SICK OR PROBLEI.I
cRocoDrLEs.

FEEDING SCHEDULES

I{ATCHTINGS ARE FED EQUINE MINCE MEAT, IF AVAILABLE. OR BEEF. CHICI{EN
IS AVOIDED. THIS MEAT HAS A LOW FAT CONTENT AND HIGH QUALITY. ANIMALS
COME FRO}I VETERINARY SIJRGEONS WHO HAVD PUT TIIE ANIMALS DOWN FOR MEDICAI]
REASONS. ADDED TO THE MEAT RATION, BEFORE MINCING. ARE BONE ME,AL (59
OF TOTAL MASS FED), AND A 50\50 }{IXTURE OF' CARCASS MEAL AND F]SH }IEAL
(5t oP TOTAT, MASS FED). ON TUBSDAy AND THURSDAY CROCODILE VITAI,IIN
PREMIX (0.8* OF TOTAL I.IASS FED) IS ADDED AND ON WEDNESDAY AND FRIDAY
A CROCODILE MINARAL AND TRACE ELEMENTS PREI4IX (0.43 OF TOTAL MASS FED).
HAICHLINGS AXE TED SIX DAYS A WEEK, I.TONDAY TO SAIIJRDAY. WITH SUNDAY A
REST DAY.

CROCODILES IN THE RU ARE FED ON MEAT WHICH HAS BEBN CI.]'I INTO CIJBES.
I4E.AT WHICH IS SELECTBD FOR THESE CROCODILES IS GOOD QUALITY CHICKEN,
PORK AND BEEF. ON VIEDNESDAYS CROCODITE VITAMIN PREI{TX IS ADDED TO
RATIONS (O.8* OF TOTAL I4ASS f'.AD) . CROCODILES ARE FED FM DAYS A WEEK
WITH SATURDAY AND SI'NDAY REST DAYS.

ADULT BREEDING CROCODIIJAS ARE PART OF THE TOURIST OPERATION AND EACH
OF THE FIVE PENS IS FED ON A ROTATIONAL BASIS, RESUTTING TN A FEEDING
oNcE EVERY FM DAYS, WITH A I, iORNING (1100H) AND AFTERNOON (15OOH)
FEED. DURING I,IATING AND EGG PRODUCTION SEASON VIIAUINS AND BONEMEAL
ARE SPRINKLED OVER THE I.,IEAL. }TEATS FED ARE WHOLE CHICKEN, LIVERS AND
UEAT WITH BONE (RIBS AND NEC( OT' BEEF AND HORSES'}.

AIiTOI'NT OT FOOD TO BE FED IS DETERMINED ON A WEEKLY BASIS FROI.I DAILY
RECORDS OI' FOOD WASTAGE. IF THERE IS NO WASTAGE, FEED IS INCREASED;
10* WASTAGE OR LESS. FEED REMAINS THE SAME, AND IF I.IORE THAN 1O*, FEED
IS DECREASED.

FROI,I RECORDS IT IS NOW POSSIBLE TO ESTI}IATE FOOD REQUIREMENTS FOR
BUDGET PINNNING, STOCK PIITING IN FREEZER AND ORDERTNG MEAT. BELOW IS
A TABIJE (TABI'E 2) SHOWING THESE MONTHLY ESTIIi'ATES FOR EACII CROCODILE
AGE GROI'P.
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TABLE 2: FEEDING ESTII,IATES IN Kg PER CROCODILE PER II{ONTH, CROCT{ORLD.

SUB-
ADUTTS ADULTS

HATCH- 1
LINGS

YEAR
LD

2 YEAR
OLD

3 YEAR
OLD

JANUARY
FEBRUARY
UARCH
APRIL
UAY
JI'NE
,'ULY
AUGUST
SEPTE!{BER
OCTOBER
NOVEI.{BAR
DECNiIBER

L7 ,O
L4 .7

10 ,  0

3 .7
5 .0

L2  . 5

L4  . 7

5 .6

2 ,O

3 .2
4 .5

4 .7

0.20
o ,24
0  .41
o .64
o . '12
o . '72
o .77
0 .4
0  .45
0 .9
o .7
1 .0

1 .9

o .8

0 .8

3 .6

0 .9
0 .4
o.7
0 .8

L .7
2 .2

4 .1

3 ,O
2 .6
o .9
o.a
o.7
0 ,8

3 .1

L23.L 7  . 9 9 1 8 .  O 24 .9

AN ESTIT.IATE CAN NOI{ BE MADE ON FOOD
SI,AUGHTER AGE. WITH THB CURRENT DEI,'AND
CN IN BELLY WIDTH, THE AVER,AGE AGE
CROCVIORID, TOOD INTAKE UNTIL THIS AGE

HATCHLING PRODUCTION

TABLE 3: SU}IMARY OF EGG PRODUCTION AND BREA(DOWN OF BREEDING RESULTS
AT cRoc[,loRLD.

1945  1986  t9A7  1948  1989 1990  r99L

TNTAKE OF A CROCODILE IJNTTL
FOR SKINS OF THE SIZE 35 TO 40
OF CULLING IS 42 I"IONTHS AT
IS ABOUT 60 kos.

No. FEMATES
No. FEMALES I,AID
TOT. OF EGGS I.AID
INFERTTLE
ROTTEN
EI,TBRYO FAILURE
DEFORMED
HEALTIIY HATCH
3 HEALTHY IIATCH
FIRST DATE LAID
I,AST DATE I,AID
MORTALITIES

4L
2027

423
66

15
14  55'7  L .  AZ
24 /9

7 /L2

'7L

55
2455

393
100

54
L97 5

69 .L2
27  / 9

6 /12
L72

7 7
6 9

3  4 L 7

2rr

2'700
792
2A  /9

7  / L2

L32
a0

4ro7
4t4
442

110
3  015

73 .42

20 3'7
881  L7  67

r72  50
ao  42

238
314  r23 t
363  69 .62

r t  L L  z o t  l L

8a

IN TABI,E 3, IN 1986 AN TNCUBATION METHOD OF LAYING EGGS OUT FI,AT AND
OPEN WITH HIGHER TEI{PERATURES FOR MALES WAS ATTEMPTED WITH POOR
RESULTS.

TABLE 3 SHOWS, IN 19A9 A TRIAL ON STYROFOAM BOXES WAS DONE. ALL THE
BOXBS WERE PLACED ON THE TOP SHELF IN THE INCUBATOR. THIS RESULTED IN
A HTGSER PERCENTAGE OF EMBRYO FAILURES. THIS HAS RESULTED IN A CEILING
FAN BEING INSTALLED TO ENSURE A.}{ EVEN DISTRIBUTION OF HOT AIR, AND
CROCWORLD WILL CONTINUE TO USE WOODEN BOXES FOR INCUBATION.
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1990 AND 1991 INCLUDE THE EGG PRODUCTION OF FIRST TII.{E LAYERS, OF WHICH
IIIANY EGGS WERE INFERTILE.

!.IORTAI,ITIES INDICATED ARE DEATIIS DURING TNE TIRST YEAR (T'NTI'- PIRST
BIRTHDAY). }TANY OT' THESE DEATHS OCCTIR IN THE FIRST MONTH AFTER
HATCHING. POSTMORTEIT{S SHOW THAT I.,IORE THAN 9OA OF DBATHS IS CAUSED BY
YOLK SAC INFECTION. SINCE HATCHLINGS TAIL SCUTES HAVE BEBN CUT, IT HAS
BEEN SHOWN THAT MOST OF THE DEATHS CAN BE TRACED BAC( TO THE OFFSPRING
OF A F'EII FEMALES.

HIDB PRODUCTTON:

TABLE 4: SI,MMARY OF HIDE PRODUCTION AT CROCWORLD

7947  1988  1989  1990  1991  L992

NO. OF HIDES

TOTAL qn or

AVE. SIZE OF

500 700

19460

27  ,A

800  475 900 1586

SKIN (DRY)

HIDE IN cn

L5441 32350

IN TABLE 4, NO OTHER DATA FOR ].947 WAS KEPT ON RECORD. DATA FOR 1989
WAS LOST BY COMPUTER AND WTLL HAVE TO BE EVALUATED AGAIN. DATA TOR
1992 IS NOT COMPLBTE AS NOT AIL THE HIDES IiAVB BEEN EXPORTED. THE
AVERAGE STZE OF THE HIDE HAS INCREASED AS THE MARKET DEMAND HAS
SHIFTED. THIS HAS RESULTED IN A LONGER GROWOUT PERIOD AND LARGER
ANIMALS. THE PBRCENTAGE OF DOWNGRADE HIDES HAS INCREASED. AT PRESENT
TITIS IS A PROBLEM AS THE MARKET IS OVER SUPPLIED AND TANNERS ARE
SETECTIVE AND TAXB FIRST GRADE HIDES ONLY.

CLOSING STATE},TENTS

CROCWORLD HAS BEEN ONE OF THE PIONEERS AND LEADERS IN THE CROCODILE
INDUSTRY IN SOU'IH AFRICA. THTS IS DUE TO THE SOUND AND THOROUGH
BACKING OF CROO(ES BROTHERS LTD. THE FARI.I WAS SET UP BY A WORLD EXPERT
IN CROCODILES. TONY POOLEY, WHO STILL SHOWS AN INTEREST IN CROCWORLD
AND PAYS REGTJI,AR VISITS TO THE STAFF.

CROCODILE FARIT{ING fS STILL GOING THROUGH GROWTH PAINS AS COMPARED TO
OTNAR I,IVESTOCK FARMING eg BEEF OR DAIRY, I.IHERE MANY EXPERTS IN E,ACH
FIETD IIAVE ALL THE ANSWERS. THIS IS WHAT MAKES CROCODILE FARMING SO
INTERESTING AND CHALLENGTNG. EVERYDAY NEW KNOWLEDGE AND EXPBRIENCES
IIAKE ONE RETURN TO THE DRAWING BOARD. MANY CHANGES IN FARI.IING METHODS
iIAVE BEEN MADE AT CROCWORLD, AND WILL CONTINUD TO BE !.IADE.

CROCWORLD IS EXPANDING PRODUCTION AT ABOUT 2O3 PER ANNUI.{. WE ARE
ALWAYS I,OOKING FOR NEW I,IARKETS. II.,IPROVBT.{ENTS AND TO SHARE KNOWLEDGE.
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PREDICTING BELLY WIDTH OF Crocodykts nilotiaus
FROM TOTAL LENGTH AN'D/OR TOTAL MASS

Jonathan V. I-ello
Crocworld, PO Renishaw, 4181,

Republic of South Africa

Data collected du ng annual cullitrg operation, Crocworld, South Africa, from 1988
to 1992. This shows a very high correlation, r=0.9 of belly width to total letrgth
aodlor total mass.

Data collected on a persoral computer using a spr€adsheet (Lotus 1-2-3), data
sorted and summarized. Summary plotted on a graph.

Using tiese graphs, belly width can be predicted and used as a management tool
during culling operation, e.g. cut off total length, for minimum belly width wanted.
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Trends in Nes! Numbers and Clutch Sizes
of Crocodylw niloticus at Four Localities

on t ake Kariba, Zimbabwe

by

J.P. LOVERIDGE
Deparhent of Biologica.l Sciences, University of Zimbabwe,

P.O. Box MP 167, Mt Pleasant, t{arare.

J.M. HU-|ION and Chdstine LIPPAI,
16 Cambridge Avenue, Highlands, HARARE, Zimbabwe.

ABSTRACT

Analysis of crocodile egg colle.tion returns completed by Zimbabwean crocodile mnchers
from 1967 to 1991 has befl made fo! fou! localities on t-ake Kdiba. Th€se loca.lities arc
repGsentative of different present land use pattems on the lakeshore, although lhey would
have all been wilderness at the time of the formation of Lal<e Kariba in 1958. The Deka
river runs through communal land before ente.ing the Z.ambezi at the upper end of the lake.
The Gwaai river is bouoded by communal land on ils western bank aid by forest land on part
of its eastem banl. Similarly, the Mwenda river's eastem bank is (unsettled) communal
land, while its westem bank is safari arca. The nest collection area of the Ruziruhuru river
runs through the Ch€te safari aJea. Although therc have been marked changes in egg
collection pressures over the years, with or y one crocodile rancher collecting t'rom these
areas in 1967 with a perrnit fo.2 000 eggs to an unlimited quota irl 1987 and subsequent
years, a notable trend has been a decrease in the numbers ofcrocodile nesls on the Deka and
the Gwaai from 1981 onwaids and 1984 onwards respectively. No such !rcnds are obvious
for the Mwenda or Ruziruhuru. It is suggested lhat pressures of human settleme!! are
respoosible for the changes to rhe nesting areas and crocodile poputations of the Deka and
Gwaai, with livestock farming and gill-net fishing being particulariy inimicable ro successful
oesdne.

INTRODLICTION

The reproducrive cycle ard nesring biology of C niloticus h^s been described by
Kofron (1989; 1990) based on research on the Runde river in the south-easr of rhe country.
In essential details there is no difference between the timing of rep.oduction in the Lake
Kariba populations of crocodiles and those in the south-east lowveld.

Zimbabwe's crocodiie ranching industr_v was started in 1965 with the Department of
National Parks ald wild Life Managemen! issurng permrts for lhe colleclron of eggs and
juvenile crocodiles fiom the wild to p.ivate individuals and companies. The crocodiles were
to be reared to cropping size and rhe skins marketed (Blake, l9?,1: Child. 1987). As a.ll rle
eariy crocodile ranches were situated along the Zambezi river, including t-ake Kariba, rr was
the nesting crocodiles of the lnke, its intlowing rivers and th!, Zambezi dver that oore ne
brunt of egg collection. Collection of juveniies e/as soon phased out as being non cost-
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effective (Child, 198|. From a small stan of 101 eggs collectei in 1966 (Blake, 1970), wild
colleated eggs numbered 13 319 in 1983 (Child, 1987), and 58 210 in 1991.

As pan of the justification for allowing an unlimited collection quota of crocodile eggs
in Zimbabwe, Craig, Gibson and Hutton (undated) pointed out (p.23, p.57) that nest numbers
and mean clutch sizes would be useful in monitoring popuiation trends. Both Cott (1961)
and Gnham (1968) provide data suggesting a correlation betwern clutch size and total length
in C. nilotictat. If this is true for a[ populations mean clutch size could be cooverted using
the apprcpriate regression equation to mean size of females breeding at that loca.lity and
season; size could also be convened to age (Cnig, Gibson and Hutton, undated), allowing
esdmales of the age structure of breeding females.

In January 1969 the senior author, itt consultation with Angus ard Kevin van
Jaa$veldt, two of the pioneer crocodile rdnchers, devised a 'crccodile egg record" card to
collect data for each collecled nest on various aspects of nest biology in the wild along with
details ol incubation and hatching success (Loveddge and Blake, 1976). Two of the recorded
details are the locality of the nest and the clutch size. Analysis of these data forms the basis
oi this paper.

METHODS

Originally the crocodile farmers recorded the data on a voiuntary basis, but in 1976 it
was made a condition of the permit. The first cads had a space on which ''locality' was
recorded. The accuracy of this was found to vary grcatly and in 1985 a new card was
introduced which requested the use of six-figure rnap refercnces, thus greatly reducing
ambiguities that had previously arisen. Both cards specify 'number of eggs in clutch " which
is the variable considered in this paper, as well as "number of eggs removed", the difference
betwe€n them being the number of eggs rejected,

For each of the four selected localities - Mwenda. Ruziruhuru. Gwaai and Deka
(Figure l), the number of clutches and the me€n clutch size:L 2 x standard errors (S.E.) was
calculated ard plotted. L?ke level data were obtained from the recolds of Centrat African
Power Corporation (now the Zambezi River Authority). 1967 and 1968 nest numben ard
clutch sizes were made available lo the senior author by Angus and Kevis van Jaarsveldt.

RESULTS

Crocodile egg .ecords ior the Mwenda .iver close to the University of Zimbabwe
reseaich station at Sinamwenda arc the most contiruous, starting in 1967 and continuing to
the present (Figure 2). The numbers of nests collected at this site varied berwe€n 10 and 13
over the yeais 1961-1919. In 1980 the number of nests removed .ose to 38 and remained
above 30 fbr the succeeding.two yeafs. This is attributed to additional collecting pressure
being placed on this locality by seve.al crocodile ranches where only one had previously be€n
collecting there. The number of nests collected declined in 1983-1987 but rose again once
unlimited egg collection was permitted io 1987. Mean clutch sizes at Mwenda remained
steady each year, being mostly above,l0 and below 48. The three years when the mean
clutch size fell below .10 were 1968, 1969 and t973 (Figure 2).
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Figure l. Map of western Zimbabwe showing Mwenda, Ruziruhuru, Cwaai and Deka
in relatron to lhe centles Vicloaia Falls, Hwange and Binga.
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Al Ruziluhuru in 1967 egg collection yielded 3l nests with a mean clutch sizeof42.0
:t 1.6. As this area was, at that time, a game resewe, no colle4tion was subsequently
allowed until 1976, so no data arc available fo! 1968-1975. In 1975, Chete was declarei
a safa.i arca and clocodile egg colleclion in the Ruzi.uhulu was once again permitted. Being
generally a athe! inaccessible site, the number of oests removed betwe€n 1976 and 1986
varied berween eight and 42 (Figure 3), with this being not a good indication of nest
availability but perhaps more of coilection effon. In latter years, alld panicularly since
unlimited quotas were allowed in 1987, many more nests have be€n collected, witi the
marimum of 90 being removed in 1991, representing 3 960 eggs. The mean clutch size at
Ruziluhuru has remained fairly steady from 1976-1991, although the tlend has been mostly.
downwards (Figure 3) from 48.8 :t 4,4 in 1976 to 43.7 ! 3.0 in 1990.
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Figure 3. Changes in the number of nests coilected a.nd me.n clutch size at Ruziruhuru
in 1967 and 19?6-1991. Error bars l2 x S.E.

At Gwaai rive., no nests were collected in 1967 alrd 1968; in fact the Gwaai and its
tributary, the Shangani, were searched in 1967, bur no nests were found (A.B. van
Jaa.rsveldt, pers. comm.). In 1969, however, five nests were collected on the Gwaai and this
rose over the years to a steady 15-20 from 192-1983 (Figure 4). In 1984 the number of
nests collected dropped !o five again and the average number of nests in the ye3rs L9g4-1991
was 7.0, neve! again exceeding 12. Me3n clutch sizes fluctuated widely at cwaai, with large
error- estimates (Figure 4), This is pattly attriburable to an unusually high incidence of large
clutches at this locality. Clurches larger than 70 eggs were recorded therc for five of the tl
collecting years, and in 1978 a clutch of 72 and one of 85 were collected.

IBUHUR

1975
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At the westemmost egg coll€ction locality, the Deka river, the most obvious changes
have occured in the [umber ol nests rcmoved (Figurc 5). In the years 1969-1979 large
numbers of nests were found annually, ranging betw€en 12 and 39. Fairly la.rge annua.l
variations did occur, however, with fewer nests being collerted in 1974, 1976 and 1978.
The 39 nests removed in 1975 represent 1509 eggs. This should be compared with 1986-
l99l when only four to nine nests were found each yea-r and the ma\imum number of eggs
being 358 in 1990. No marked trends are apparent in the Deka mean clutch sizes 1969-1981
where they have a running mean of 40.4:t 1.2 (Figure 5). The mean clutch sizes 1986-
1991 are somewhar higher, though not statistically so.

DISCUSSION

Trends in Nest Numbers

Provided an accurate estimate of all nests at a locality can be made, this intbrmarion
cnn provide the basis of estimating the size of the breeding female populadon. lt is doubdul
that egg collection alone can provide reliable estimates of nest numbers since some nests are
invariably niss€d by even the most experienced collectors. For example, in 1990 oo the
Ruziruhuru 59 nests were collected initially and a further hve were subsequently found by
a second team of egg collectors. On the Mwenda in the same year, 35 were found initially
and one was missed. To get even more reliable data it is necessaly to visit the atea at the
time of hatching to enumemte nests that have hatched, and even rhis will not allow for
abandoned nests in which all the hatchlines failed to reach the surl'ace.

1975
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For the two sites least subjec! ro human distu.barce, Mwenda river (Figure 2) and
Ruziruhuru aiver (Figure 3), trer(ls in nests collected are explicable in lerms of collection
ef'fort. At both localities, collection pressure up io lhe mid 1980's was consistently low, with
one o-r two rc:rnng stadons squching the area to collect thei! quota of eggs (initially 2 0OO,
later 2 500 per starion). After the introducrion of unlimited quotas tbr th;19g7 seasol based
on the recommendations of Craig, Gibson and Hulton (undated), the nests collected at
Mwenda and Ruziruhuru incieased ma-rkedly (Figules 2 and 3). At Gwaai and Deka,
however, nests collected declined in rhe 1980's. At Cwaai this decline occurred in l9g5 with
a drop from L9 in 1984 to 5 nests (Figure 3), At the Deka river this decline occurred morc
gradually betwe€n 1979 and 1981, though the data are confounded by no collection lalong
place at this locality in 1982-1985 (Figure 5). The conclusion of declne in rhe nests 1s
probably justified since collecrion from 1986-1991 yielded no nore than nine nests in any
year, as compared with the peak of 39 in 1975. Wlat is mo.e import nt, perhaps, is that
unlimited egg collecrion from 1987 onwards did not result in more;ests ftom eitier Gwaai
or Deka (Figures.1,5). The rcasons fo. nesting decline at cwaai and Deka a.re not certain,
but probably are artributable to an incrcase in human settlement at both $ese locatities. With
human settlement came increasing numbers of domestic stock (including ca$lcl wnose
grazing and trampling activities are klown to make crocodile nesting sires uns-uifable lBruton,
1979). There is a large amount of gill-net |ishing activity in the Zambezi and at rhe moutis
of both the Deka and Cwaai rivers which is a further disturbance to the c.ocodile
populadons, as well as mal<ing crocodiles unpopular with the fishermen (Chimbuva and
Hu(ton. I98n.
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Erooatrtock Productio!

caDtive breedinq, to date, has been Iinited and the first
trieding took pl;ce in 1989 when eleven fenales laid 353 egga'
averagiig 3z eggs per fenale. only 58 eggs hatched and very few
of the young survived.

Ircubator

An incubator rneasuring 5 m x 5 n x 2 m was conslructed in 1988
anal was equipped ltith underfloor heating and electronic
tenperature lnd nurnidity controls. The cost of the incubator lras
Rls:ooo. The heating system was improved in 1991 at a cost of
approx .  R3.  OOO.  OO '

In 1990 1,250 eggs were produced by 34 fenales' averaging 37 eggs
per fenale. 5o-o eggs hatched and nany of the young had swoll-en
Lell ies. several prbblems srere encountered r't i th diseases and by
septenber 1991, less rthan 164 of the 1990 production sti l l
6UrVlveq.

During the 1991 season a total of 1,632 eggs. were produced by 44
tJ^"f5., averaging 37 eggs per females (nininun -8 eggs; naxinun
66) .  A  to ta l  o i  L ,o29 eggs  were  fe r t i le  (5 ,3 t . ) -  a -nd  805 eqqs
hai:ched (78*). 218 of the ferti le eggs that failed to hatched
showed evidence of enbryonic death.

Analyzing the 1991 resulls more carefully, the folloj! ing came to
ttre 

-tore: 
There were 17 defornities and 36 hatchlings had

rnassive bell ies at hatch. Four eggs contained twins and sone
vounq hatched with abnomally sltollen eyes. Abnormalities of
ini"-:. ina nay have a detrinental effect on the perfornance of the
unit,

Roarilrg F.cilitieg

Two hothouses, each rneasuring 40 x L2 tn, lrere constructed of
bricks, steel and fibreglass. The cost of the buildings, in
1985, ltas R5O,OOO.Oo. Both buildings proved to be unsuitable as
they were not insulated. one building lras properly insulated in
1984 and Drovided vrith a diesel heating systen, This sras done
a t  a  cos t  o f  R15o ,ooo .oo .

rn addition to the cost of these facil i t ies there are the cost
of rearing the hatchlings.

Discussio!

caDital expenditure on broodstock enclosures anounted to R3o,00o
in 1985 and R36,Ooo in 1988. The investment j 'n broodstock was
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R10O,000 in  1985 and.  up  to  1991,  R5t ,OOO l ras  inves ted  to  ra ise
and care for these crocodiles, Rl5rOOO was spent on an incubator
in 1988 and another R3,OOO on ihproving the h;atinq systen of the
rncuDacor rn 1991.

A certain amount of the rnoney invested in 1995 was borroved at
an interest rate of 26?. the prime rate of interest in the
Republic of south Africa is, at present. in the reqron of 19t
whereas the officiaL rate of inflation is closL on 17*.
Investnents in governnent stock, on the other hand, currently
earn 168 tax free. Bearing lhese factors in nind it is essentiai
to add finance costs to the ahount invested, in this case a value
of 2I,52. This results in a lotat j.nveslnent anounting to
R692  ,57 I .

A value has to be attached to each hatchling irrespective of
whether it is to be sol_d or noved to a reariinq unit. If the
lnve-stment of R692,5?1 is to be recovered by iel l ing the 8OO
hatchlings, they should be sold for R865,71 each!
(R592,57I/eOO). This is obviously not realist ic and it  $ras
decided that the investnent shoutd 6e recovered ovE . fi.r" y"ai
p9!l9dr result ing in a cost of R115 per hatci ing
(R692 ,57L /  6 ,OOO)  .

fhe rearing faciLit ies cost R5O,OOO in 19g5 and a further
R15O,00O \^ras invested in 1989. Aqain, f inance costs were
calculated at 21,52, addi,ng ano€her' nZ2 per hatchling
(R429 ,A94 /6 ,OOO) .  rhe  to ta l  cos t ,  pe r  ha tch l i ng ,  p r i o r  t 5
ra6 ing ,  t hus  amouh ts  to  n feZ  l n f fS  +  n lZ ; .

The f ixed costs to raise the hatchlings consists of heating,
t{ages, transport and rnaintenance. These costs wil l  not very even
if double the number of hatchtings are raised. Heating, by means
g! I gie,sel. burner, costs R24,obo per year. over the two year
perloct heating costs amount to R6O per hatchling raised(R48,00O/8o0). Wages, transport and 

-rnaintenance, 
on this

partrcutar farn, amounts to R36,OOO per year, thus R9O per
hatchling reared (R72,OOO/SOO). It  is t irus e-vident that the unit
costs can only be reduced if the nunber of hatchlings reared per
Year is increased.

Variable costs in the forn of food anounts to R1g per crocodile.
Food is costed out at .45 c per k9 and 4okg of fo;d is required
per crocodile over the trnro year period.

If the faci l i ty costs, f ixed costs and variable costs are
sunmarised, the total cost to raise each crocodile over a rvroyear period anounts to R355. With 8Oo crocodiles being reared,
this indicates that R134.40O in disposabl.e cash wiLl fe-requirea
ove r  the  two  yea r  pe r iod  ( (R6O +  R9O +  R t8 )  x  eOO) .

With regards to incorne, and for the purpose of this paper, i t  is
assuned that after 24 rnonths 30 cn bellt $ridth skins irl produced
.1f-t!" i  th,es_e -skins, on average, wil l  generate 94 (USD) per cn.$ , rEn  a  ranc t / c lo -L la r  exchange  ra te .o f  R2 .71  to  the  do l l a r  t he
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incorne per skin !.I i l l  anount to R325.20 (30 x 4 x 2.7L). A
further R5o per crocodile could be generated fron neat sold to
tha restaurant trade,

The internal rate of return on investnen! therefore anounts to
5,67* on this particular farrn. cornpared with an internal rate
of return of 389 before tax, as proposed by Brurnrner (1992), this
particular unit is nolthere near an acceptable rate of return
;hich could ensure the long-tern profitabil ity of this
enterprrse.

The question arises whether a similar situation prevail 's on other
crocodile farns.
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INIR.ODUCTION, The Crocodile Specialist Group (CSG) ofrhe Species Survival

Commission (SSC) of the World Conservation Union (ruCN) has prepared an

Action Plan for conserving the qocodilians of the world. This plan provides the

most up-to-date assessment of the conservation status of the various species and it

highlights the critical problems which must be addressed to eDsure their

conservatior and to maintain biological diversity.

One of the highest p odties of the CSG Acrion plan is to detemine the

status, size class ard distribution of qocodilians in areas that have not been

systematically surveyed in recent times. The Republic of Palau, in the western

Pacific Ocea[ is one such area.

During 1989, Messel and King (1990) carried out a sysrematic survey of rtre

crocodile populations of the Solomon Islands, which once were known to have

sutrstaatial crocodile populations and to have supported an important crocodile skin

industry. However, in the 30 years prior to the survey, the qocodile populations had

been decimated by both expatdate and local hunte$ thus precluding the

establishment of a viable local sustainable utilization program.

The above issue is of some importance. Firstly, there is the important matter

of the conservation of a keystone species and the maintenance of biodiversity. The

removal of a cocodilian from the top of the food chain is likelv to have damaglng,

unforeseerL and far-reaching consequences. Secondly, there is the issue of the

severe degradation of a valuable economic resource, usually in developing

economies, struggling to inoease or even maintain a standard of living.
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There is now much evidence that one of the most powerful tools for

conserving certain species of crocodilians is the sustained yield utilization (SYU) of

the wild populations based on the biological requirements of the species. Presendy,

countries such as Austalia, Papua New Guinea, Venezuel4 the U.S.A, and

Zimbabwe, have been operating successful SYU conservation prograrns for their

crocodilians for some time. Economic incentive has been turned into a valuable

conservation tool to the benefit of both wildlife and the local people. IUcN-The

World Conservation Union has embraced SYU of wildlife as one of its corne$tones

for helping to preserve biodiversity. Our task, for tie present survey was to

determine the conservatior status ofthe crocodiliaru of Palau and the potential for

developing a SYU program for this resource.

SPECIES IDENTIFICATION OF THE PALAU CROCODILES. Unwaranted

confusion has surrounded what species of crocodile occurs on the Palau islands; all

the Palau qocodiles are the saltwater or estuarine crocodile, Crocodylus porosw.

No other species occurs in Palau.

Motoda (1937 and 1938) stated that the Palau crocodiles were the sarne

species as occun in Ilrdi4 Crocodylus porosw, or possibly Croco$hts palwtris , All

other early published records of the crocodiles of Palau refefied to Crocodylw

porosrJ until Wataru Kimura (1968) reported finding three species of clocodile in

Palau during his trip to the islands in 1967, the Philippine crocodile, Crocodyhts

mindorewis, ald the New Guinea crocodile, Crocodyh.u novaeguineae, i\ addition to

Crocodyh.ts poronu. Without questioning the accuracy of Kimura-s identification,

most subsequent autho$ simply repeated his declaration tltat the three species

occur in Palau.
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Kimura (1968) reported that pior to World War II, a Mr. Saeki, of the Kimi
Marine Products Company, operated a crocodile farm on Arakatresang Island in
the Koror area of Palau. In 1938, Mr. Saeki stocked the farm with 900 crocodiles
from Davao in the Philippines; 1,000 crocodiles were purchased but 100 died in
tralsit. These imported crocodiles could have included, C. poroxu and,f or C-
mindorensis- In additio& 10 native crocodiles from palau were captured for the
farm and 10 American alligators also were obtained from a Mr. Tahasaki in Tokyo.
A second 1,000 crocodiles were later impoded from the philippines to replenish the
fa.m stocb and 10 crocodiles also were imported ftom New Guinea. The crocodiles
from New Guinea could have been C. poroJu, arrd,for Crocodylus novaeguineae.
O[e of the crocodiles from New Guinea, a 12_foot long specimerl was sent to the
Atami crocodile farm in Japan, the rest stayed in the patau farm. prior to the start
of World War tr, the farm stock had been reduced to approximately 200 animals.
During the war, soldien ate mary of the crocodiles, and few if any remained by the
end of the war. Some may have escaped, though Mr. Saeki, who was interviewed by
a third person in 1948, did not believe that the wild qocodiles of palau were derived
from escaped or releaJed farm stock. Kimura (196g) agreed.

Kimura (1968) did not explain how he distidguished between C. porofls, C.
mindorewis a]od, C. novaeguineae,bul apparently it did not involve the
morphological characte$ used by most crocodile biologists, the presence in
mind.orensis andnovaeguineae oflou enlarged, bilatemlly symmetrical (i.e., rwo on
each side of the midline) postoccipital scutes on the nape between tlle skull and the
enlarged nuchal cluster, and their absence in poronu. possibly Kimura recognized
different forms based on skin color as in February 1.969, he wrotc to Robert Owen a
biologist for the U.S. Department of tlte Interior, Office of Terdtorial and
International Affairs, Trust Territories Administratio4 seeking replacemeuts for
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"New Guinea black skin crocodiles" ftom Palau that had died Possibly he

mistal<enly believed that the occasional C porosar with one slightly enlarged

postoccipital scale on one side of the neck was C. novaeguineae or C' mindDrensis'

Kirnura (1968) reported Ihat Crocodyhu novaeguineae was lound in the east

coast dven of Babel daob,while Crocodylus porosw and Crocodylw mindorercis, and

a.few Crocotlylw novaeguineae, occurred itthe west coast dvels' We found only C'

porosas in Palau's riven, estuades, and in the freshwater Ngerdok I-ake. We also

examined every captive crocodile that we could in Palau (see list below) ald 2

specimens in the Belau National Museurn; without exception they are all C porosus'

More recently several popular publications (e.g., Thyssen 1988) have

suggested that two species of crocodiles, Crocodyhts potosus an.d C' novaeguine'e,

are found in Palau and that a third form, a hybrid between the two, now is

widespread throughout the islands. There is no evidence that C. tavaeguineqe ever

ocaurred in Palau and there is no evidence of ary hybdd on the islands. Until

evidence to tie contary is produced we will continue to believe lhatCrocodylw

poron-as is the only species of crocodile that occurs in Palau.

HISTORY. While in Palau, we managed to research the early history of qocodrles

and crocodile management in the country. Using a number of reliable sources we

docurnented the fascinating but sad story of the decimation of the crocodiles of the

Republic. The respomibility for the decimation must be attributed largely to the

recornmendations ,rnd actions (or lack of action) of the U.S. Department of the

Interior, Office of Territorial and Intemational Affain, Trust Teritories

Administratiotr (hereinafter U.S. Administration), during the 1960's and 1970's and

of the Chief Conservationist and Entomologist in Palau, Mr. Robert P. Owen.
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We located two importart scientific papers by Sigeru Motoda (1937, 1938) of

the Tropical Life Sciences Research Center, Korot Palau, These were published in

JapaDese, but fortunately English translations were available to us. Motoda states

ihat a survey was conducted by the Ministry of Educatioq Special Education

Bureau, immediately after the Japanese took possession of the islands in 1914.

According to Motod4 the results of the suweys by Messrs. Narabayashi, Ishibashi,

ard Horii appeared in 1916 and 1917 and were reprinted in the 1923 T.eport on the

Survey of the Mandate Islands of the Pacific.' Each of them declared that crocodiles

were found in Palau, and that a few crocodile attack had occu.rred. Mr, Risabura

Kyota who had been livirg in Ngerer engui since 1910 also gave information on

qocodiles in Palau and his observations on nesting a"ud behavior appeared in tle 25

February 1937 Sorm: Pecrsrc News MAcAzr\E. The first crocodile reported to be

caught in Ngatbang ( = Ngeremeduu Bay) was between 1898 ard 1905 when the

islands were administered by the Germans. Most of the qocodiles were between 2

aDd 3 feet in length, Interestinglt t}le GermaD administration prohibited the

capture of qocodiles in Ngatbalg Bay in order to cooserve them.

Motoda reported a number of crocodile attack, some of which were fatal,

for the period 1915 to 1920. He also enumerated the 54 crocodiles captued during

the period 1915 to 1936 ard reponed that qocodiles were observed 20 times in four

years in Galrniskan While individual nuisance crocodiles were happed, both the

German and Japan€se administrations apparendy were determined to coexist with

the crocodiles of Palau and there is uo record of trying to exterminate them.

In 1947, Palau became a trust territory of the United Nations administered

by the U.S. government. We were unable to discover much informatioD about

crocodiles for the period 1947 to 1958 by which time Mr. Robert P. Owens was the
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U.S. Administration's Stafr Entomologist in Koror and apparently was responsible

for overseeing many wildlife mattels, including the crocodiles of Palau.

Then on 28 December 1965, while spearfishing at night, Mr. Ngiramulei

Yoroi of Koror was attacked and killed by a 12 foot 7 inch oocodile weighing 427

pounds. This crocodile was trapped on 8 January 1966, was put on public display,

atrd the public charged a fee to view tiis man-ealer. Yoroi's widow eventually

received $70.@ from the viewing fees. The public display of this crocodile so

enraged the public that several people attempted to kill it. It died several days later,

allegedly alter being poisoned. Its remains eventually were shiPped to the U,S.

National Museum of Natual History Smithsonian Institution, in Washingto$ D.C.

The U.S. Administration in Palau had hoped to sell the qocodile to a zoo or pdvate

collector for a large sum of money, part of which was to be paid to the deceased's

family and the remainder to be used to purchase materials for constructing traps for

eliminating the crocodiles. In response to the exceedingly unfortunate death of this

one fisherman, the Administration launched not a prognrn to control individual

crocodiles that threaten humans but a campaign to eradicate all crocodiles iu Palau,

no matter where they occurred. It was little more thar a war against the species.

It should be noted here that prior to the death of Yoroi, hatred of crocodiles

by local Palauans was not as pervasive as it was after the publicity given his deaah by

the U.S. Administation. In fact, local villages regarded crocodiles as special

collaborators if not friends - see 'Local Beliefs' below.

The udortunate death of Yoroi tlus appears to have determined the fate of

the crocodiles of Palau under tlle U.s. Administation for alarm bells immediately

w€re set ringing and calls were made for the destruction of all crocodiles, No
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attempt was made to calm the citizens of Palau or to discoumge eradicatiotr. The

October 1966 session ofthe Palau I-egislature passed Resolution No. 7-10-66 which

requested the Disfict Administrator of the palau District to provide for

constructior of crocodile taps to be distributed to all municipalities. In July 196g, a

Bill was introduced in the Congress of Micronesia providing for a bounty for killing

of clocodiles and alligaton for the purpose of encouraging the destruction of these

animals which "...have increasingly posed a menace to the health, life and limb,

safety and welfare of the people of the palau District.,' Interestingly, we were

unable to find any record of dissent.

During the period 4 Decamber 1967 to 8 January 196g, a crocodile survey of

Palau was carried out by a goup under the direction of David Imes and Jack Hardy

(Austalians?). They made 21 crocodile counting sorties, spent $1,000, and only

sighted 23 crocodiles. The surveys were initiated by the U.S. Admidstntion

officials in an attempt to determine whether or not tlle crocodiles of palau could be

harvested profitably for the benefit of locals. Apparently the results of these suweys

did not confirrn the belief of the U.S. Administrators who were convinced that palau

was infested with thousi.nds of crocodiles. As a result, nothing much appears to

have come ftom this effort to establish a socodile fishery even though an allocation

of $16,200 was proposed by the Fisheries Division of the U.S. Administation.

However, in November 1967, a Mr. Rene Henri ofvarious addresses in

Melbourne, Australia, (after a previous meeting) contacted Robert Owen, then Staff

Entomologist in Palau, with a proposal to have Austalians ftom ,,crocodile shooting

clubs" come to Palau to shoot crocodiles for sport and for their skiru. [Interestingly,
after 40 years in Australia and working there for 21 yeaxs on crocodiles one of the

authon of tiis report (HM) has never heard of such clubs.l Robert Owen wrore ro
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Mr. Henri on 23 Janury 1969 (orty l2months after the Imes and Hardy suveys

had found only 23 crocodiles) stating that he thought there were aPProximately

5,000 crocodiles of all ages in the Palau Islands.

After a very lengthy organizational and bargaining period, on 24 Jwrc 1969,

the govenunent of Palau, under U.S. Administratio4 eltered into a contractual

agreement il/ith the'Ausnalian Crocodile and Big Game Associalion" ofwhich Mr.

Rene Henri was President. Apparently no check was made on the credentials of the

Association. This a$eement granted the Association exclusive dghts for three yean

to hunt, kill ard skir qocodiles in the District of Palau and to sell the hides and

remains. In retun, the Association contracted to tain local Palauans in the killing

and skinning of crocodiles and the narketing of hides. Importarltly, the conract

drawn up by the U.S. Administration required the Association "...to kill all

crocodiles which it had the opportunity to extermjnate regardless of sizo." As Peter

T. Wilsoq the Fisheries Mauagement Biologist in Palar! stated in May 1969, "We

find the people of Palau have one unanimous desire and that is to get rid of all

crocodiles." The U,S. Adminisrration apparently was doing its best to see to it that

this desire was met.

However, the Australiar Crocodile and Big Game Association quickly tired

and disappointed the government. After only two months ( 11 August 1969) they

broke tleir 3-year contract and left in their ship the 'Mia-Mia' for further shores.

The Association had found that contmry to wbat the government repo ed to them

earlier there were at best or y several hundred crocodiles of a size suitable for

comnercial hunting and that these were best left to their local trainee, Rik-Rik Spis.

They had shot a total of 85 ard reported that only 6 remained in areas where they

could tbreaten humans and these would be elirninated within a month or two.
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Amazingly, Mr. Henli was congatulated for his efforts by Robert Owen and the

High Comrnissioner of the Trust Teritories. Fortulately, this strange episode did

not wipe out the crocodiles of Palau.

Rik-Rik Spis continued hunting crocodiles and it is recorded that!y 1972he

had shot almost 200, but thereafter the enterprise appears to have come to a halt.

By 1975, the crocodile population of Palau was gaining the attention of a

number of ove$eas scientists and naturalists. James H. Powell, Jr., of Plainview,

Texas, U.S.A., contacted Robet Owen, by now the Chief Conservationist of Palau.

Powell visited Palau during the pe od October-November 1975 using an Explorers

Club of New York grant to study crocodilians in the field. His objective was to

"Determine from first-hdnd field observations the distribution and status of

Crocodylus porostu populations throughout the Palau Islands, from Kayangel in the

north to Angaur in the south." He also wished to do the same for Crocodyhu

novaeguineae which Owen had stated was present in Palau. Such a project would be

a major undertaLing requiring considerable logistic suppo .

Powell reported on his visit in al unpublished document dated 2 February

1976 which was cirolated by him pdvately. From his repor! it appears tlat he was

singularly unsuccessful ir his mission and only sighted one qocodile in Palau and

this animal was swimming ir open but sha.llow sea.

During 1976, Professor W..d Dunson, Pennsylvania State Univenity,

expressed an interest in studying the crocodiles of Palau (with the aid of a National

Science Foundation grant) and specially the issue ofwhich species of crocodilians
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but we have been unablo to locate anv reDort on the results of his visit.

In July 1978, Dr. Ian R. Sv/ingland, Oxford University, U.K., and c.urrently of

the SSC To oise and Freshwater Chelonian Specialist Group, also showed interest

in studying the crocodiles of Palau. However, it appears that his visit did not

eventuate. If it did, we have not located a report on it,

During the late 1960's, Inoue Tarming Company of Tokyo showed

considerable interest in starting a crocodile farm and hide production industry in

Palau, but nothing came of this. Strangely, though Owen had received extensive

information ftom Max Downes on tle important SYU qocodile program in Papua

New Guinea (PNG) as early as 1968, he was not interested. Owen was aware that

in 1965-1966, the export of hides was worth $ 1,000,000 to PNG. Wbile the Papua

New Guinea program protected adult crocodiles greatet then g-feet in length so

they would continue to breed and produce eggs ard hatchlings that could be reared

on farDs, Owen stated in a letter to Downes dated 18 October 1968 that he was

doing just the opposite, he was exterminating the adult breeders in Palau. Owen

negotiated tle confact with the Australian Crocodile a.nd Big Game Association

following this exchange with Downes.

In December 1977, in a letter to John IJvcr, PNG Crocodile Project, Owen

stated, "I will continue to gat}let what hformation I can aDd possibly initiate a small

farming project in hopes ttrat some economic benefit can be derived for the people

of Palau from crocodile farming without endangering the existence of the species

here." Apparendy, the decision to exterminate the crocodiles in Palau had been
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dropped, but by then many people in Palau hated the crocodiles ard econoruc

incentives for their conservation were minimal

The final major assault on the socodiles of palau came in the period 1979-

1981. It is difficult to find the actual repo s documenting this; however, in late 197g

or early 1979, ajoint enterprise between two Palauans, Kikuo and Hashida. and two

Japanese, Hasegawa and Oshima was established for shooting crocodiles in palau

and selling their skitrs. This enterprise used thee hunting boats and apparently was

under the supervision of Joshua Eberdon, who is the local member of the present

crocodile survey team. He states that between 500 and 1,000 crocodiles of all size

classes were shot, from all parts of Palau, before the enterprise folded in 19g1.

Toshio Yamanak4 President of Yanatoshi Hikaku Co. Ltd. which purchased the

skins, reports that Hasegawa and Oshima "sent approximately 200 skins ard the

number of skins for one shipment was in the region of 30/50 skins...The size of the

skins was mostly 30 to 40 cm of belly width and about 10Zo of tle lot were 50 cm."

The money from the sale of the skins was to be us€d in part to estabtsh a crocodile

farm in Palau. A few pens were built and about 50 animals captured, but one night

all the anima.ls were stolen so Yamatoshi Hikaku Co. Ltd. abandoned the project,

At the presert time, Elterdonhas 4l Crocodylus porosls on a farm in Koror.

Because Crccodyh.ts polofl,,s is listed on the U.S. Endangered Species List and

Eberdon lacks permits from the Office of Management Authority, U.S. Fish anrl

Wildlife Service (FWS), the oocodiles on his farm are illegal. They range from 3 to

11. feet in length and are in excellent condition. Eberdon states the crocodiles were

all caught dudng the past 2 to 3 years (1989-1991), that this pretty well cleaned out

the wild population, and that only relrlnant crocodiles remain here and there. While
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the goverment of Palau does not operate a plogram to remoYe nuisalce oocodiles

that might threaten humans, Eberdon has operated one p.ivately. Menever he

hears by word of mouth that some village is trying to kill a uocodile' he has tried to

discourage this. Whon the village or individuals involved are uuelenting in their

determitration to kill the crocodile, Eberdon has volunteered to catch it alive and

place it in his farm.

We also inspected two (7-8') and two (9-10') Crocodyha pororus belonging to

ex-Senator Baules in concrete pens behind the 'Crocodile Iounge' in Airai,

Babeldaob. In addition, we examined the single (6-7') C porosrs in a small

enclosure in front of the Hotel Nikko Palau, and a single (7-8') C. porosu.s ir a small

enclosure on Belilou Island, Mark Vereen, Angaur Island, came to see us in Koror

and discussed his desire to establish a crocodile farm on Angaur, He curently has 4

(6-7') C. porosus which he is raising in captivity on Angaur. Senator Lucius Malsol

hx a (4-5') C. porotu in a pen at his house, and Baste Terulii has a (9-10') C.

porosus in excellent conditioq h a concrete pen, both in Koror. FWS permits have

not been issued for any of these captive crocodiles in Palau, hence all of them are

held illegally.

LOCAL BELIEFS. Prior to the anti-qocodile hysteria of the U.S. Administratioq

some Palauau cornrnunities did not always try to kill oocodiles but instead tried to

live with them even though the reptiles were dalgerous. An example of this is the

following story involving a village on the Ngerdorch River in eastem Babeldaob:

'Ksau ma lus'
(Ksau and the Crocodile)
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A man named Ksau lived with his family in the small village of

Ngenuul on the bank of the Ngerdorch River. All the people living in

Nge$uul knew that a crocodile lived in the dver and Ksau coustandy

reminded his family to be careful because of the crocodile.

Every time his cbild.en wanted to go near ttre river, when tley

wanted to swim in the river, Ksau would protect them by using magic

to determine if the qocodile was near. If so, they did not go near the

nver.

The crocodile also used magic before hunting in the river. The

crocodile tried many times to overcome Icau's magic but was

unsuccessful; the crocodile's magic was not strong enough to

overpower Ksau's magic,

Eventually, tlte qocodile approached Ksau in the middle of the

night when no one would see them together. Ksau was asked to share

his magic so the qocodile could tell if prey was near, magic which the

crocodile promised to use for hunting elsewhere. They debated the

issues but initially Ksau could not agree to the crocodile's requests.

After lengthy discussions, the qocodile told Ksau, "If your children

want to swim in the river, you should rub them rvith a new coconut

leaf and then tie it around their necks. If you do that. I will not bother

them."

Ksau finally agreed, making a strong binding promise ttrat his

children would swim in the river only after being rubbed with new
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cocotrut leaves and had the leaves tied around their neck.

The story spread all around the village and soon every child

that went swimming would wear a coconut leaf around his or her neck

and thev were not hun bv the crocodile.

The people of the village named Ksau's family, Keblil ra Ius

( = crocodile family). Today, all Palauans know this family name.

This story clearly illustrates that the curent hatred of cocodiles is not

traditional in Palauan culture, The story first was told to us by Joshua Eberdon and

his brother ard later vedfied from a storyboard in the Belau National Museum

(though the museum storyboard records the man's name as Sechemlong),
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METIIODS. The survey metlods for repeatable night spotlight censusing of

crocodile populations are given in detail in Messel et a/ 1981, Monograph 1 of
'Survey of Tidal River Slstems in the Northern Territory of Australia and Their

Crocodile Populations.' This publication is one of 20 monographs on crocodile

surveys by Professor Harry Messel and co-workers and published by Pergamon

Press. Since tlte Palau Islaads crocodile survey is only concerned with the species of

crocodile, their number, size class, and distributiotr, it was not essential to measure

and record a number of parameters usually recorded in a survey. State of the tide,

amount of bank exposed, water salinity and temperature were monitored. Salinity

measurements indicate whether the aquatic habitat is a freshwater system or not.

This is of irnponance as salinity generally determines the suitability of the particular

waterway as a potential breeding area - see Monogaph 1, page 100.

Nonnaltt on long hazard-free tidal waterways, with a team of three (i.e.,

spotter, recorder-navigator, and ddyer), surveys are made at a speed of 20 to 30 km

per hour and cover from 40 to 100 km per dght befor€ the tide rises and the amount

of exposed bank decreases to less tlan 60 cm making it harder to see the qocodiles.

Such ideal conditions do not exist in Palau. The waterways are short, narrow and

often quite shallow. Each waterway was surveyed from the zero point at its moutl

to tlle upstream terminal point that was determined by shallow watel rocks, log

jams, or mangrove roots that prevedted ravigation further upstream. The

waterways have extensive mudllats and/or coral reefs fronting their mouths making

it difficult and often inpossible to gain entrance near low water. This is especially

true on the east coast of Babeldaob. ODce in a waterway, it often is impossible to

gair entanca to the next one near low water, especially at night. This ensures

minimrl night-time survey distaoces.
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The tidal variation between high and low water was ofteD in excess of 2
'meters during June 1991 and hence required careful plinning both for daytime

reconnaissance of the survey routes atrd for the nighttime surveys. Along the

northeast coast of Babeldaob, surveys can only be effectively conducted for 2 hours

on either side of high water. Extensive reefs and mudflats surround Palau ard

expert loca.l knowledge of their location is a prerequisite to navigate tlese waters at

night. We were fortunate to be able to engage the services of Mr. Joshua Eberdon,

proprietor of the 'Crocodile Farm' in Koror, mentioned above. His knowledge of

the reef strewn seas and the tidal waterways of Palau made it possible for us to work

safely and efriciently. His knowledge of where the remaining qocodiles of Palau

were most likely to be found proved accutate and saved us much valuable time. In

addition, Mr. Swingly Nginkiang acted as poler for the surey boat and helper to

Eberdon. While workirg with us, w€ hope that Eberdon was able to pick up the

rudiments of rigorous crocodile suwefng techniques.

Optimum morths for surveying are April ard May (see Fig. 1). February ard

March have less raiq but they also have higher winds which can whip up rough seas.

Survefng in June or July in the rainy season is miserable and sometimes impossible.

Prior to conmencing our surveys a Cessna 207 afucraft was used for rnaking a

broad aerial suwey of the coast of the main island, Babeldaob, Belilou, a.nd the

Rock Islands. Boats of 5 to 7 meters in length with either twin 75 hp or single 55 hp

outboard motors were used for the surveln, although ftequendy the tides combined

with extensive mudflats, grassflats, and coral made the motors useless and poling

necessary. For the surveys of Ngerdok I-ake, a 3-meter inflatable claft was used,

and for Jellvfish lake. a 4-meter canoe.



320

Quick response probes for temperature measurement, a temperature

compensated refractometer for rapid salinity measurements, a digital compass, a

Magellan GPS NAV 1000 PRO for fast alld accurate determination of latitude and

longitude, spotlights and recording lights operated off a 12-volt automobile battery

5-cell Magnalites, marking tapes and special reflective tabs were all required and

used. In additioq survey sheets and book, large scale maps, cameras, photographic

film of vadous speeds, cassette tape recorder, and a laptop computer and portable

printer were used ard are requisites for systematic and repeatable day and

nighttime surveys and rapid data analysis.

RESULTS. Our findings are presented and discussed separately for each of the

general areas surveyed.

1. Belilou Island.

During the nights of 10 and 11 June 1991, the following waterways were

surveyed (to locate the latitude alld longitude zero starting points see U.S.

Geological Survey Map, Republic of Palau, Caroline Islands, 1/25,000 sedes,

Belilou sheet):

Irngitude I-atitude

North Estuary - West Channel

No h Estuary - East Chamel

South Estuary

Mlk Fish Pond

134'16',E

134"15.5',E

134"74.2'E

r34"1,5.9'E

7"02.1',N

7"00.7'N

6"59.3'N

102.3'N
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Midstream distance surveyed and the numben of crocodiles sighted were:

km number sighted

North Estuary - West Channel

North Estuary - East Channel

South Estuary

Milk Fish Pond

3.4

2.9

1.8

0.5

13

2

0

2

Total 8.6 17

There are three main areas of mangrove on Belilou Island ard each of tlem

is difficult or impossible to survey near lorr water because of the shallow nature of

the mangrove channels and the extensive mud flats between the many smal'

mangrove islands in the estuaries. For optimurn spotlighting of crocodiles there

should be at least 60 crn of exposed bank. On Belilou Island it is best to spotlight on

a rising half tide.

There is one important swamp draining into the North Estuary and this could

provide good breeding habitat. Measured salinities showed that tiere was a large

freshwater inllow to the estuaries at this time ofyear, the beginning of the wet

season. The South Estuary was more saline than the northern one.

The size classes of the 17 crocodiles sighted were: 1 (2-3'), 5 (3-4,),2 (4-5'),I

(5-6'),2(6-7'),1(9-10'),3(EO<6'),2(EO>6').'EO'standsfor.eyesonly,,those

animals for which size estimate could not be obtained.

We also exarnined a captNe (7-8') C. potosw which had been captured in
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Milk Fish Pond. This animal was penned up in a very small area and its condition

was not opumum.

Considering the limited crocodile breeding habitat and the smallness of

Belilou Island, tbe sightings of a small population of crocodiles there covering a

wide range of size classes, provides hope for a slow recovery of the population if it

can be protected. In due course, this could become the basis for a Sustained-Yield

Utilization (SYU) program through wildlife tourism which would provide real

economic incantive for the local People to conserve their crocodiles and their

habitat.

2. Ngeremeduu Bay Area.

Dudry the nights of 13 and 14 June 1991, the following waterways were

surveyed (the zero starting points can be located on U.S. Geological Survey Map,

Republic of Palau, Caroline Islands, 1/25,000 sedes, Oreor and Ngermetengel

sheets):

I-ongitude I-atitude

Ngermeskang River

Nkebeduul River

Ngetpang River

Tebecheding River

7343\'E

same

134"31.1'E

134"30.7'E

7'3o',N

same

729.1'N

7"28.7'N

Midstream distances surveyed and the number of crocodiles sighted were:
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km number sighted

Ngermeskang River

Nkebeduul River

Mainstream at km 2.0

Creek at km 3.8

Creek at km 4.5

Ngetpang River

MainstIeam

Creek and km 0.4

Tabecheding River

Ngeremeduu Bay Shoreline

7.8

0

0

0

4.7

o.2

0.3

3.4

0.3

4 .1

4.9

0

0

1

1

Total 25.7

Ngeremeduu Bay ard its four small tidal waterwals provide an excellent

crocodile breeding and readng system. Both the Ngermeskang and Nkebeduul

Rivers are excellent Type 1 breeding systems (salinities decrease to freshwater

upstream) and the Ngetpang and Tabecheding Rivers are slightly less so, but still

provide good rea ng habitat. The mouth sections of each of the rivers are heavily

vegetated, with Rhizophora stylosq which Etadually give way to freshwater complex

vegetation on tle upstream sections, sp€cially on the Ngermeskang and Nkebeduul

rivers. Enclosed Ngeremeduu Bay with its extersive mud flats also provides good

crocodile feeding habitat. There are numerous signs of increasing development

along the upstream sections of the four waterways which could impinge severely on

the crocodile breedine habitat.
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Only 3 crocodiles, | (5-6'), 2 (6-1') were sighted in the whole systerL

rerDrants of a once far greater population, numbering in hundreds. Records

irdicate that over 200 crocodiles were taken for their skins frorn the Nseremeduu

Bay area alone.

Surveying near low water is very difficult due to the problem of gaining

entrance to the dver mouths. It is preferable to survey on a rising tide, for near low

water it is impossible to pass from one dver to the next, especially at night.

3. Airai Area.

During the night of 15 June 1991, the following waterways were surveyed

(zero starting points can be located on U.S. Geological Survey Map, Republic of

Palau, C-aroline Islands, 1/25,000 series, Oreor sheet):

I-ongitude I-atitude

Kadebel River

Ngrikill River

River'A'

River 'B'

Klai (Oikull or Airai) Chamel

t34"31,.38

73434'E

13434.6',F,

13434.7'E

734"35.7'E

7?1.3',N
'722.r',N

'722.l',N

121.9',N
'1"n'N

Midstream distances surveyed and the number of crocodiles sighted were:
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km number sighted

Kadebel River

Mainsteam

Creek at km 0.9

Ngrikill River

Mainstream

Creek at km 0.5

River'A'

River'B'

Klai (Oikull or Airai) Chamel

t.4

r.6
0

1,

2.2

0.5

0.4

0.7

0

0

0

0

Main chanael

Oikull tdbutary

New short chanlel

Bay shoreline

, 1

0.3

0.2

13.6

0

0

0

0

Total 23.0

The Airai area with its bays, inlets, channels, and rivers provided some good

habitatlor Oocodylus poro.r4.r but that is changing rapidly as the area is developing

and fishing, farmin& and residential activities are infringing everywhere. Crocodiles

have no future in this area and nuisance crocodiles would have to be removed. The

area was known to have a larg€ oocodile population even 15 years ago.

Only one crocodile was sighted du ng a long nighttime survey. This animal

was very wary and submerged the minute the light beam hit it.

The Ngrikill River has some good crocodile breeding habitat and is a small



326

T'?e 1 freshwater system. All the stlealns are heavily vegetated with the stilt rooted

RhEophorc stylosa on the dowlsteam sections. River 'A' is a hlpersaline system.

Survefng near low water is practically impossible due to the extensive mud

flats throughout the area and the shallow nature ol many of tlle streams. It is better

to survey on a dsing tide.

4, Babeldaob Island, East Coast Area.

During the stormy nights of 18 and 19 June 1991, the followirg waterways

were surveyed (zero sta ing points can be located on U.S. Geological Survey Maps,

Republic of Palau, Caroline Islands, 1/25,000 series, Ngermetengel and Oreor

sheets):

I-ongitude I-atitude

Ngiit Creek 'F'

Ngiit Geek 'E'

Ngeredekuu River

Imolch North Creek

Imolch South Creek

Ngerdorch River

Ngermerecheraki Creek'H'

Ngermerecheraki Creek'I'

134'38.2',8

134'38',E

134'37.2'E

134'37'E

134"36.9'E

13435.6'E

134"35.1',E

134"35.2'E

r34.9',N

r34.8',N

7'32.5'N

732',N

731',N

7'25.g',N

7"23.7'N

7'23.5'N

Plus 19,5 km of coast between (Jlimans and Badibei.

Midsfeam distances surveyed and the number of crocodiles sighted were:
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km number sighted

Ngiit Creek 'F'

Ngiit cleek 'E'

Ngeredekuu River

Mainstream

West alm at km 0

East arm at km 0

Tributary 'G' off East

Arm at km 0.5

Imolch North Creek

Imolch South Creek

Coastal ftinge from Ulimang to

Ngeruling 14.0

Ngerdorch River

MaiDst!eam

Estuary at km 0.2

West arm at km 3.6

Ngermerecheraki Creek'H'

Mainsfeam

West Arm at km 0

NW Arm at km 0.1

Ngermerecheraki Creek'I'

Coastal fringe from Ngerdorch River

to west of Badibei

0.6

0.4

0

0

0

0

0

2.5

1.3

1.0

0.4

0.5

0.7

0

0

0

0

4.4

0.2

0.3

0

0

0

1.2

0.4

0.3

0.8

0

0

0

0

5.5

Totals 34.5
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The northeast coast of Babeldaob Island is a singularly difficult area to

survey with its coral reefs and mudflats. The area caa only be worked comfortably 2

hours before and after high water and even then the shallow water requires that the

moto$ be abandoned and the boat be poled over long distances. The area is such

that locat Lnowledge of the waters is a prerequisite for night survey work. From the

Ngerdorch River southward, the area is more amenable to surveys and work can be

conducted closer to low water. Generally, surveying on a dsing tide is to be

preferred.

There are two Type 1 crocodile freshwater breeding systems in the area,

Ngeredekuu and Ngerdorch Rivers and numerous h)?ersaline coastal creeks; only a

few of which are navigable. Ngerdorch River with its many small upstream

tributaries and freshwater swamps downstream undoubtedly provides the best

crocodile habitat in Palau. In addition, it is a scenic dver with q.pical Iush TyPe 1

dver vegetation. Unfortunately, it is not possible to navigate upsheam beyond km

4.4 because of blockage by fallen timber.

We surveyed 34.5 km of this east coast habitat both during the day and night

and did not sight a single crocodile, nor did we sight any signs such as track or

slides of crocodiles on the banks. We were told proudly by the locals that they killed

any crocodile they saw. The locals also told us that there were many crocodiles left

in the area" and the reason that neither we nor they saw any crocodiles was because

they were hidden. It is difficult to convince the locals that they have been singularly

successful in bringing C. porosut to the verge of extinction.

It is well known that there was a substantial population of crocodiles in the

area in the past. Joshua Eberdorg who guided and worked with us on this survey
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was bom and raised in a village on the Ngerdorch River, some ofhis family still live
there and his Mother is the traditional owner of the downsteam fieshwater swamps
mentioned above. He reports that there was a major population of crocodiles in his

area and that these were eradicated during the 1969-1972 a 1979_19g1 shoor-ours.

In additioq the locals have deliberately killed every crocodile they could since those
Deriods.

During our daytime recomaissance of the Ngerdorch River we noted very
heavy red lateritic soil run-off following the healy rains the previous evening.
Apparently, this silt originates from highway corutruction upstream. Ifnot

remedied quicHn it will undoubtedly kill the reef around the mouth of the
Ngerdorch where the silt is deposited.

5. Babeldaob Island, Mid-West Crast Area.

During the day and night of 21 June 1991, the following waterways were
surveyed (zero sta(iag points can be located on U.S, Geological Survey Map,
Republic of Palau, Caroline Islands, 1/25,000 series, Ngermetengel sheet):

I-ongitude I-atitude

Imeong and Ngerutecher Rivers

Ngeremasech River

Irur River

Iwekei River

1343t'E

13432.3'E

13433.7'E

134.34'E

732.2'N

7'33.9'N

736'N

736.3'N

Plus 10.3 km of coast between Imeong and Iwekei Rivers.



330

Midstream distances and number of crocodiles sighted were:

km number sighred

Imeong River

Ngerutecher River at km 0.4 on

Imeong

Ngeremasech River

kur River

Iwekei River

Coastal fringe hom Imeong to

Iwekei Rivers

1.8

1.O

0.9

1.0

2.2

0

0

2

0

10.3

Total 11.8 3

The four rivers and coastal mangrove fringe suweyed are known to have

contained some of the major crocodile populations of the west coast of Babeldaob

Island. These are just to tlte north of the Ngeremeduu Bay area discussed above

ald the crocodiles were cleared from this are as they were in the Ngeremeduu Bay

area. we sighted thee docodiles, 1 (2-3') and 1 (a-5') in the Irur River and 1 (7-8')

along the coastal fringe. Crocodiles sighted along the coastal mangove ftinge

would be animals from one of the four Type 1 freshwater river systems. These

animals do not inhabit the coastal fringe but use it for feeding ard for passidg from

one waterway to another.

The Imeong, Ngerutecher, and Iwekei rivers all contain some good docodile

breeding habitat but these dven are used heavily by local people aad the Imeong

aad Iwekei each have a village on their uPstr€am sections. Again the villagors told

us that they kill any crocodile they see. Ircal people trim back sections of
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mangrove along these rivers and crocodiles have no future along them even tlough

there is somo excellent breeding habitat upstream of the villages. The dowDstream

sections of these two rraterways are heavily vegetated with mangoves and provide

good feeding areas fot crocodiles.

The Irur and Ngerernasech rivers are again Type 1 freshwater tidal

waterways much like tie Iwekei and Imeong systems; however, there are no major

villages on their banks. They both have freshwater swamps on their upsteam

sections which usually signifies a good breeding area, Their freshwater sections are

clear water sfeams.

The waterways of the nid-west coast area are easy to survey once eltrance is

gained into the rivers, but the shallow reefs and mud and grass flats requires a lot of

poling near low water. It is preferable to survey or a dsing tide.

6. Ngerdok I-ake.

During the day and night of 20 June 1991, we suweyed inland freshwater

Ngerdok lal(e. Its positior is 13436.3'E, f30.7'N (see the U.S. ceological Survey

Map, Republic of Palau, Caroline Islands, 1/25,000 series, Ngermetengel sheet) and

a 4-wheel drive track from Melekeok extends to \yithin 0.5 km of the lake's

perimeter (Melekeok is reached by boat ftom Koror).

The lake is surrounded by a river swamp type forest and its shore has a heavy

fringe of dense lily-like vegetatioq much ofwhich extends out from the bank as a

floating mat. The open water of the lake is easily navigable in a small boat, and has
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requires clearing a 5 m long channel through the dense lilylike fringe.

The lake is divided into a north and a south sectio[ by a dense stdp of the

floating lily-like vegetation mats approximately 25 m ir width. The water is clear

and ftesh and is inhabited by various aquatic insects and fish. Birds and flying foxes

abound and it is difficult to visualize that this area was settled some 50 years ago by

the Japanese. It has since reve(ed to its present mature second growth or Ilear

climax state. Our co-worker, Joshua Eberdon, recalls visiting and playing in the

area over 30 years ago and he states there were no crocodiles in the lake at that

time. In all probability the crocodiles were there but scarce because the habitat was

just recovering from the Japanese modification of the habitat, ard Crocodyhu

poloJal certainly occurs in the lake now.

Dudng the nighttime survey we sighted 17 qocodiles, 4 (2-3'),6 (3-4'),3

(EO < 6'), and 1 (EO). We had very close views of some of the smaller animals and

they were definitely Crocodyha porosw. The larger animals were very war.r.

Undoubtedly the small but very important population has been hunted in recent

times, The lake provides excellent habitat for C. porosw ard animals from it must

find their way into surrounding creeks and dvers, acting as a qocodile supply

source. The lake is a source of tie Ngerdorch River, the longest ver in eastern

Babeldaob.

This was only the second viable population of crocodiles we sighted in Palau.

It is of tie same size as that sighted on Belilou. A1l other sightings have been of

isolated crocodiles, remnants of a once more abundant population.
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7. Madne I-akes in the Rock Islands,

There have been many reports of sightings of crocodiles swimming in the

clear wate$ of the Rock Islands. A number of the islands have lakes on them which

can be reached after a vertical climb of 100+ feet through island rain forest

vegetatior $owing on sharply eroded coralline limestone. Most of tbese lakes are

tidal, brackish or saltwater, and are connected to the sea through eroded cracks and

tunnels in the limestone. A few are freshwater.

Crocodiles have been sighted ir several of the lakes. These have been in the

(3-4') size class and most likely gained entry to the lake through one ofthe rock

tunnels rather then by climbiry over the limestone dges. These animals are

subadults and are those which have been excluded by adult crocodiles. They use

areas such as the marine lakes as stockyards in which to grow (Messel et al,

Monograph 1) arrd will endeavor to return in due course to the area where they

\rere hatched. It is highly unlikely that adtll C. porons hhabit the madne lakes.

There is simply no visible breeding habitat though small fish are plentiful for

subadult food.

On the day and night of24 June 1991, we suweyed 'Jellfish Marine Lake,on Eil

Malk Island in the Mecherchar Island Group, zero point coordinates 134"22.6'8,

7"09.7'N (see U.S. Geological Suwey Map, Repubtic of Palau, Caroline Islands,

1/25,000 series, Chelbacheb sheet). To get to the lake required a climb of some 30

m over jagged cora.l rock on a well defined trail and then a similar descent. We

were able to carry in a 5 m ABS plastic canoe ftom which to do the night survey.

We sighted 1 (EO<6') crocodile for some 30 seconds before it submerged.

Undoubtedly it had become wary from the many tou sts who snorkel in the lake to



334

view the jellyfish. The subadult poses no threat or danger to tourists and in due

course should leave,

DISCUSSION.

Habitat. The quality of the habitat for crocodiles in Palau generally is good, but the

quantity of it is very limited. There are a number of small T,?e 1 tidal-fteshwater

systems and some of these have associated fieshwater swamps. Such systems

provide excellent breeding habitat. Often such systems are also associated with

hlpersaline coastal creek (known as Type 3 systems) which provide rearing areas

for subadult crocodiles.

The total land area of Palau is roughly 450 km/. The largest island,

Babeldaob, constitutes about 90 percent of this area and is roughly 40 km long and

16 km wide at irs broadest point. Thus, there are no long meandering tidal

waterways. The rivers and creek rise in the hills immediately behind a narrow

coastal frioge of mangroves and are short. Often there are villages upstueam and

the villagers trim tle mangroves back frorn the edge ofthe waterway. Downstream

Rhizophora stylosa the stilt-rooted mangrove dominates tie saltwater channels.

Dudng the rainy season, June-July, when we surveyed, healy tropical

downpours ensured that tlere was a heary input of freshwater into the waterways.

Thus, marry of the coastal creek, and tributades of Type 1 freshwater systems, had

salinities below tiat of seawater. Dudng the dry season many of these waterways

would be h)?ersaline or Tlpc 3 waterways.

The swamp habitat associated with the tidal waterways is like\dse limited,

but is of $eat importa.nce for breeding, Unfortunately, some of this habitat has
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been drained for agriculture. Ngerdok lake is the only major freshrrater lake on

inland Babeldaob. It has a pedmeter of 1.8 km. It is heavily fringed vrith lilylike

vegetatiod and provides excellent habitat for crocodiles.

The famous Rock Islands of Palau do not provide breeding habitat for C

porosls even though straggle$ are often seen in the channels between the islalds.

These are either adult crocodiles dn the move and feeding, or as mentioned

previousln subadults which have been excluded from the breeding area by the

tenitorial adults. some of the marire lakes on the rock islands are used by these

excluded crocodiles and thus when crocodiles are sight€d in them, they are usually

subadults. 
'I'he Rock Islands certainly are rot prime qocodile habitat.

The best overall crocodile system in Palau is the Ngerdorch River,

Unfortunately, the crocodiles on this system have long since been shot out.

Aside from the fact that present-day Palauans hate qocodiles and kill them

on sight, the additional major threat to C. poro.tuj is destruction of habitat.

Waterway after wateryay is being trimmed and used as a boat highway. It is

unlikely that this will decrease and hence one can predict the contraction of the

areas where crocodiles can live. At best, we believe that a number of well chosen

reserves need to be established where the habitat and crocodiles are protected'

Sl4iA'.. Crocodyhts porosus is nearing extinction in Palau,

by the U.S. Adminisfation, with the help of Palauans, to

give below a summary of the results of our surveys.

after a determined effort

eradicate the animal. We
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Arca km surveyed crocodiles sighted

Belilou Island

Airai

East Coast

Ngeremeduu Bay

Mid-west Coast

Ngerdok I:ke

Jellyfish I-ake

8.6

23.O

34.5

?5.7

17.8

1.8

1.0

l7

1

0

3

3

7'.7

1

Totals 712.4

It is evident that only two very small viable populations of socodiles remain

in Palau, each with 17 animals sighted. The remaining 8 crocodiles sighted are

remnants of former larger populations. It is important to note that we did not see a

single hatchling or one year old crocodile on the 112.4 km of waterways surveyed.

What fraction of crocodile habitat was surveyed by us and how many

crocodiles remain in the wild in Palau? After studying topogmphic maps, talking

with former crocodile hunten, and reviewing the published literature and

government records, we believe we surveyed at least 75 percent of those waterways

worth surveying. Similarly, we surveyed at least 50 percent of the coast worth

surveyrng.

Because of the few animals we encountered, using statistical means to gain

an eslimate of tie actua.l number of crocodiles in Palau is meaningless. We do not

believe that tlere is another viabl€ population in Palau the size of those in Ngerdok

I-ake and on Belilou Island.

42
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There undoubtedly are more straggler qocodiles scattered throughout Palau

than we sighted, but scattered singletons do not make a breeding population. Based

on our estimate that 75 percent of the impodant waterways were surveyed,

multiplying the 7 stragglen sighted, including the one in the marine la"ke, by 1.25

would provide an estimate of the number of crocodiles in Palau's waterways.

Instead, we have been generous and rnultiplied the number by 10. Similarly, we

have multiplied the one qocodile sighted along the coast by 10 instead of 2, thus

making a huge correction for crocodiles rot sighted. These two sources thus lead to

a charitable estimate of 80 crocodiles. When standardized methods are used for

surveying crocodiles, 66 percent of the crocodiles present are sighted and 33 percent

remain unseen. Again, using a sighting fraction of 50 percent, rather than the usual

66 percent, for the 34 crocodiles in the two small viable populations lelds at upper

limit of [(2x34) + 80] = 148 crocodiles. However, since too few animals were sighted

to estimate the actual number of crocodiles in Palau, rattrer than use 148, which is

an exact number and implies exact results, we prefer to say that there are fewer than

150 crocodiles remaining in the wild in Palau. This is an exceedingly small number

for a population that is scattered in the wild and it highlights the serious plight of

the crocodile resource in Palau.

How many crocodiles were in Palau in former times? There is no way to

loow for certain because no systematic survey of the crocodile population was ever

conducted before ard complete records of exports of crocodile skins were not

maintained. Thus, we are forced to rely upon inforrnation from former qocodile

hunters and to some degree upon guesses made by the U.S. Administration.

Robert Owen in 1969 estimated that there were 5,000 crocodiles in Palau

though he apparently never made any penonal attempt to veriry that estimate with
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nighttime surveys and actively ignored the lower estimates of others. The

Australian hunte$ estimated there were some 500 crocodiles in 1969. Rik-Rik Spis

is reported to have shot some 200 by 1972. Joshua Eberdon estimates that between

500 and 1,000 crocodiles were shot during the crocodile hunting operation he

oversaw in 1979-1981. There is no way to detemine whether or not Hasegawa and

Oshima sold additional skins to other buyers, but Yamatoshi Hikaku Co. Ltd. only

received about 200 skins. From this we are guessing that the population was never

more than about 1,500 animals in all size classes. This population, managed on a

sustained leld utilization basis could have provided a valuable economic resource

providing a substantial annual income to Palau. Instead, the resource has been

almost destroyed. It will require a concentrated effort by the authorities to nurture

the present scant resource, to conserve it and turn it to economic gain. In can be

done and we make recornmendations to this effect.

CONCLUSIONS.

1. During the German administration of Palau, 1899-1914, crocodiles were tolerated

and protected in some areas. During the Japanese admilistration of the islands,

1914-1945, crocodiles were able to exist side by side with the general population -

an easy peace erdsted.

2. Since the beginning of the adminisration of Palau by the Office of Territorial and

Intemational Affairs, U.S. Department of the Interior, oveneeing the GoverDment

of the Trust Teritory of the Pacific Islands, dislike and active hatred of cocodiles

by Palauans has increased. This was sparked by the crocodile fatality in Koror on 2ll

December 1965. The wish of many Palauans is to see the crocodile exterminated-
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3. The U.S. Administration, during the late 1960's and 1970's did much to see that

the wish ofthe Palauans was fulfilled and instituted a deliberate policy to eradicate

crocodiles. That policy has been in violation of the U.S. Endangered Species Act of

1973 (ESA) since at least 18 December 1979 whet\the Crocodylw poros4r was listed

as Endangered. Section 2 (c) of the ESA requires that "...all Federal departments

and agencies shall seek to conserve endangered species and threatened species and

shall utilize their authorities in furtherance of the purposes of this Act..."; Sec. 3 (12)

specifically includes ihe Trust Territory of the Pacific Islands in the definition of
'States'; Sec. 6 (0 states that,

"...Any State law or regulation which applies with resDect to the

importation or exportation of, or interstate or foreign commerce in,

endangered species or threatened species is void to the extent that it

nay effectively (1) permit what is prohibited by this Act or by any

regulatiol which implements this Act..."

and Sec. 7 states that,

"...AIl other Federal departments and agencies shall, in consultation

with and with the assistance of the Secretary, utilize their authorities

in furtherance of the purposes of this Act by carrying out programs for

the conservation of endangered species and threatened species listed

puGuant to section 4 of this Act and by takilg such action necessary

to insure that actions authodzed, funded, or carried out by them do

not jeopardize the continued edstence of such endangered species

and threatened sDecies...."
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Clearly, the 1979-i981 crocodile hunt in Palau authorized by the U.S.

Administration was in vioiation of these provisions of the ESA If the statute of

limitations has not run out, the USDI officials responsible should be prosecuted

uDder the ESA, The U.S. Government is responsible for t}le present sorry plight of

crocodiles in Palau and for the wastage of a valuable economic resource.

4. The qocodile resource of Palau has been severely depleted and only a very small,

widely scattered remnant population remains. 
'We 

found only two small viable

populations covering various size classes -- the 17 qocodiles sighted on Belilou

Island and the 17 sighted in Ngerdok I-ake. We estimate that the maximum number

of crocodiles remaining in the wild in Palau to be fewer than 150.

5. Unless urgent and strict measures are taken to protect the species, the saltwater

crocodile will soon become extinct in the wild in Palau and cause a further severe

decrease in the species' range.

6. In view of the possible extiryation of C. poro,lrs in the wild in Palau, the only

viable genetic bank fo r Palauat C. porosus is the 41 crocodiles in Joshua Eberdon's

farm. It is vital that this Palauan C. porar&.r gene banl be preserved.

7. The Eberdon crocodile farm has the potential to become an economically viable

operation. The other much smaller captive crocodile operations contain too few

animals and their facilities are unsuited for breeding and commercial propagation.

8. The crocodile resource remaining in the wild is so small that a qocodile ranching

proposal is out of tlle question for a number of years.
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9. There does not exist in Palau any legislation to protect and conserve the

crocodile,

10. In spite of widespread and continued discussion over the past 30 yea$ that 3

species of crocodiles exist in the wild of Palau, Crocodyhls porosw, Crocodylw

mhtdorensis, alod Crocodyltu novaeguineae, there is no evidence to support this

belief. Otly Crocodyir.s porosas occurs in Palau.

RECOMMENDATIONS.

We recommend that:

1. The wild crocodile population of the Palau remain on Appendix I of CITES and

Iisted as 'Endangered' on the U,S. Endangered Species Act.

2. The total export ban on oocodile skins of all sizes and from all sources in Palau

be effectively implemented and policed until such time as the wild crocodile

population is recovered in Palau and/or a Palau crocodile farm becomes productive

and is reeistered with the CITES Secretadat.

3. The Palau national and state goverunent authodties immediately commence the

task of educating the public about the vital importance of conserving their natural

resources ard their lational heritage, including crocodiles, for the future benefit of

their citizens.

4. The Palau national and state governments find some way to protect and conserve

the remaining scant crocodile resource. The killing or taking of crocodiles in the



wild should be prohibited except by a licensed nuisance crocodile trapper.

5. The government institute a program to control individual nuisance crocodiles

which pose a potential tireat to humans. Such animals should be captured by a

Iicensed trapper. Small crocodiles should be released in a reserve ard large ones

placed in a crocodile fam.

6. The U.S. Fish and Wildlife Service, coordinating with Palau's Bureau of

Resources and Development, should act irnmediately to place the illegally held (i.e.,

non-permitted) crocodiles from the various small holdings in Palau onto one major

crccodile farm which would serve as the gene bank for Palauan C, porouu. 'fhis

farm of Palauan C. poloJUJ could be made into an economically viable operation

and, more importandy, into a major public education center for crocodile

conservation.

7, Since his farm is the only program in Palau which has the chance to become a

bona fide crocodile propagation center, the U.S. Fish and Wildlife Service, again

coordinating with Palau's Bureau of Resources ard Development, should

inmediately issue the necessary permit to Joshua Eberdon to hold his present

crocodiles and to receive large crocodiles captured by the licensed nuisance

crocodile trapper and to propagate them for conseryatiol and commercial purposes.

The permit should be issued contingent upon the Eberdon farm making available to

conservation officials 15 percent of the (3-4') size class crocodiles raised on the farm

for restocking specified areas where they can be adequately protected and where

they pose no threat to humans, until such time as the wild population is well re-

established.
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8. The Eberdon farm should function as a professionally operated crocodile

education and research center. Facilities and mateda.ls for such a center should be

provided by the U.S. Government immediately and should include tie provision for

captive breeding.

9. The U,S. Fish and Wildlife Service, coordinating with Palau's Bureau of

Resources and Development, should assist in the establishment of two additional

captive breeding crocodile farms and assist each of them to obtain 50 pairs of

breedirrg C. porosus ltom overseas sources. Even though they will utilize the same

species, to preserve the genetic diversity of the Palauan crocodiles, offspring from

these extra-national sources must not be released into the wild.

10. The appropriate Palauan authodties should establish a profitable sustained use

program for crocodiles through encouraging wildlife tourism based on boat tours of

scenic waterways with small and large crocodiles.

11. Establish three or four reserves, one on the east coast of Babeldaob, one on a

west coast waterway, and one on a southern waterway.

12. The government provide wildlife conservation cur culum material to the public

schools ol Palau so the role of important predato$ such as sharks and crocodiles

can be understood.

13. The status of C. polojllJ in the wild of Palau be monitored systematically and

carefullv. at least once every three vears,
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SIJRVEY SCIIEDULE

Saturday, 8 June 11:00 to 12:45 hrs aerial survey of Babeldaob, Belilou, Rock

Islands usins Paradise Air.

Monday, 10 June 09:00 hls meet at the Marine Mariculture Demonstration

Center (newly renamed the Belau Mariculture

DemoDstration Center) and use 23 ft boat with twin 75 hp

outboard moton to go to Belilou. Day and nighttime survey

of North Estuary, West Channel i8:48-20:06 hrs. Spend

night at Keibo Hotel. Arrange for vehicle and small

pollurethane foam boat for tomonow's survey.

Tuesday, 11 June 06:30 hrs start daytime survey of North Estuary, East Channel,

until 12:00 hls. Move pollurethane boat to South Estuary.

Start daytime reconnaissarce survey 18:49-2004 hrs, then

move boat back to East Channel at 20:30 hls. Nighttime

survey of East ChaDnel,21,:.10-22:.52hrs- Spotlight Milk Fish

Pond from road, 23:51-00:02 hrs.

Wednesday, 12 June 08:30 hls depart Belilou by boat for Koror. Work on data

reduction for remainder of day.

Thursday, 13 June 07:00 hrs depart Koror for Ngeremeduu Bay in 23 ft boat.

Daytime survey of Ngemeskang and Nkebeduul rivers.

Back to Koror 14:15 hrs. 16:30 hrs drive back to wharf at

Ngatpang (Ngeremeduu) to meet boat for nighttime survey.
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Friday, 14 June

19:00-01:00 hrs survey the two rive$ and north shore of the

bay.

08:00-12:00 hrs drive to Ngatpang and carryout daytime boat

survey of the Ngetpang and Tabecheding riYers. Return to

Koror following daytime survey. 16:30 hrs ddve to Forestry

Camp dock on Tabecheding dver to meet boat lor nighttime

survey. L8:30-20:15 hrs nighttime surey of Tabecheding

and Ngetpang dvers and southerl shoreline of Ngeremeduu

Bay.

10:00-13:52 hrs daytime survey from Koror-Babeldaob

causeway, Airai area to eastern mouth of Klai Channel,

including Ngrikilt River. 18:00-23:15 hrs nighttime survey of

Airai area.

Saturday, 15 June

Sunday, 16 June Data reduction.

Monday. 17 June Storm, visit Airai and Nikko Hot€l qocodiles; National

Museum of Palau specimens;work on report.

Tuesday, 18 June 09:30 hrs depa for daytime survey of east coast waterways up

to Ulimang. 21:30-01: 15 hrs nighttime survey of coast and

waterways from Ulimang to Ngechesar. Spend night in

Ngechesar due to rain storm.

Wednesday, 19 Ju[e 06:15-10:15 hrs daytime survey ofNgerdorch River and creek
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of Ngermecheraki. Retum to Koror at 11:15 hrs. 17:00 hrs

depafi for nighttime survey of Ngerdorch River and creeks

of Ngermecheraki, and eastern coastline. 19:00-22;00 hls

nighttime survey of these waterways. 23:00 hrs back in

Koror.

Thursday, 20 June 10:30-11:30 h$ boat trip ro Melekeok then 4-wheel drive

vehicle to Irke Ngerdok, Take small inllatable boat.

14:00-19:30 hrs clear trail into north and south sections of

lake and do daytime and nighttime surveys.

Friday, 21 June 09:30 hrs depart Koror for da,'time survey of Imeong,

Ngerutecher, Ngeremasech, Irur, and Iwekei dvels until

14:00 hrs. 18:3G0:00 hrs nighttime survey of the above

vers and NW coastline. Back in Koror 01:15 hrs.

Saturday, 22 June Data analysis and repon wddng.

Sunday, 23 June Report wdting.

Monday, 24 June 10:30 hrs depat Koror for Jellyfish Marine I-ake on Eil Malk

Island for dapime survey. L3:00 hls back in Koror. 15:30

hrs depart for Jellyfish l-ake trarsporting canoe. Complete

nighttime survey at 19:10 hrs. Back in Koror at 20:30 hls.

Tuesday,25 June Finish repo on Palau crocodile surey.
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