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FORSWORI)

The two volu'nes of this PRocgepnvcs are a record of the presentations and discussions that occurred
at the 12th Working l\dgsring of the Crocodile Specialist Group (CSG) in Pattay4 Thaila{ 2 - 6 May
1994. These volumes represcnt the latest in a series which has been published since l9llby the CSG,
reporting on the CSG Working Meetinos. To facilitate the rapid dissemination of these materials the
manrscripts are unreviewed and unedited. The papers are published just the way they were submitted
and for this reason, they appear in a variety of formats and typefaces. Some retain original page

but the volume page numbers appear centered at the bottom of each page. A number of
papers that were submitted for presentation and publication, but were not presented at the meeting
are also published here. This includes Harvesting WiU Crocodilions: Guidelines for Developing a
Susninable Use Progron, prepared by Dennis David for CSG, published in Volume 1. Dr. Janes
Perran Ross was ths 6enaging editor. These PnoceEDINGs were produced and distributed with a
grant from Mr. M. Temsiriphong Srirach4 Thailand.

Copies of the Pnocreowcs can be obtained from the the Crocodile Specialist Group or from the
IUCN Publication Unit. Copies of individual papers and, Huvestkg Wd Crocodilians: Guidctines for
Developing a Sustainable Use Progratn, should be requested from the authors directly.

The opinions expressed herein are those of the individual authors and are not necessarily the opinions
of CSG,IUCN - The World Conservation Union, or its Species Survival Commission.

ST]MMARY OF THE MEETING

The 12th Working Mssting of the Crocodile Specidist Group was hosted by the Crocodile
Management Association of Thailand (CMAT), the Royal Forest Department, the Department of
Fisheries, IGsetsart University and the Thai Association for Trade in Reptiles and Anphibians
(TATRA). Between 2 and 6 May 1994,96 members of the CSG from outside Thailan4 as well as an
additional lCI participants from within Thailan4 gathered at the Royal Cliff Beach Hotel in Pattaya
for the meeting.

The meeting was most ably organized by Dr. Pamtep Ratanakorn, assisted by Kriengkrai (Ken)
Chaimongkoltrakul, and Mr. Leslie George and his staff. Dr. Amara Thongpan acted as Moderator
throughout the meeting. Uthen Youngprapakorn provided extensive assistance to participants on
behalf of Mr. Utai Yonngprapakorn and Charoon fsungFrapakorn. Nu-rerous assistants and
volunteers from the host organizations contributed to the smooth running of the mssting. These
PRocEEDINGS were produced with financial aid from Mr. M. Temsiriphong.

The assistance of the above named individuals and organizations, the participants, and all the many
people who contributed to the success of the meeting is gratefully acknowleged here.

The meeting was honored by an opening address from H.E. Mr. Sawadi Suebsaiprom, Deputy Minister
of the Agriculture and Cooperatives fv{inistry. Forty two papers were presentcd in sessions covering
Consenation in S.E. Asi4 Taxonomy and Systematics, The Status of Priority Species for Conservation,
Captive hsgding and Conservation, Stress in Farmed Cronndilians, Monitoring populations, and
General papers. Particularly interesting reports were received from the S.E. Asian region indicating
both the high diversity ofcrocodile populations in this region and the precarious nature oftheir status.
The very great interest in sustainable use of crocodile resources in the region as a conservation
mechanism was presented. Of special interest was the new information revealed about the distribution
of wild populations of Siamese crocodile in Thailand and Cambodia and Tomistoma in Indonesia.
Conservation of these species is a priority of the CSG.
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The Meeting also provided a forum for discussion of the relative consewation merits of different forus
of crocodile use. It is evident from the papers presented and subeequent discussion that each of the
different methods of crocodilian use (cropping-hunting ranching capivc breeding-farming) can have
conscnration nalue and the key element in sustainable use programs is ensuring that the link to the
conservation of wild populations is established and naintained.

Field trips to several crocodile farms were arranged by the hosts and there was the intense discussion
and exchange of ideas between sessions for which CSG Working lV{gsrin$ are known. The CSG
Steering Committee met for two dap before the Working Meeti'g and the CSC-CITES Review
Committee for Thailand Crocodile Management met immediately fotlowing. The CSG would like to
express egain 6g1 grateful thanks to dl the many people who nade the meeting such a succesg and
particularly to our Thai hosts who made us so welcome.

ruCN. The World Consenation Union

Founded in 194t1, The World Conservation Union btiog together States, government agencies and a
diverse range of non-governmental organizations in a unique world partnership: over 800 member
organizations in all, spread across some 125 countries.

As a Union, IUCN seeks to inlluence, encourage and assist societies 1fu'9rrgh6ut the world to conserve
the integrity and diversity of nature and to ensure that any use of natural resourees is equitable and
ecologically sustainable. A central Secretariat coordinates the IUCN program and serves the Union
nembership, representing their views on the world stage and providing them with the strategieg
services, scientific knowledge and technical support they need to achieve their goals. Througb its six
Commissions, IUCN draws together over 6,fi)0 expert volunteers in specialist groups, project teams
a1d action groups, focusing in particular on species and biodiversity conservation and the management
of habitats and natural resources. The Union has helped many countries to prepare Nitional
Conservation Strategies, and demonstrates the application of its knowledge through the field projects it
supervises. Operations are increasingly decentralized and are carried forward by an expanding network
of regional and couutry offices, located principally in developing countries.

The World Conservation Union builds on the strengths of its members, networks and partners to
enhance their capacity and to support global alliances to safeguard natural resources at local, regional
and global levels.

CROCODILE SPECIALIST GROUP

The Crocodile Specialist Group (CSG) is a worldwide network of biologists, wildlife managers,
government officials, independent researchers, non-governmental organization representatireq
farmers, traders, tanners, manufacturers and private companies actively involved in the conservation of
crocodilians (Crocodiles, Alligators, Caimans and Gharials). The Group operates under the auspiccs
of the Species Survival Commission of IUCN. The CSG provides a network of experts to assess
conservation priorities, develop plans for research and conservation, conduct suneys, estimate
populationg provide technical information and 6ainin& and to draft conservation programi and policy.
CsG dso assists monitoring international trade and identi$ing products. The CSb worts ctosely wiih
CITES to promote sustainable use and international trade that benefits the conservation of
crocodilians. The Group is headed by its chairman, Prbfessor Harry Messel, and maintains olfices in
Gainesville, FL usA. working Meetings of the cSG are held every two years.
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Professor Harry Messel
Members of Crocodile Specialist Group
Distinguished Delegates
Ladies and Gentlemen :

On behalf of the Royal Thai Government and Thai people as the host country
of the 12th Working Meeting Crocodile Specialist Group, I would like to take this
opportunity to welcome you all to Thailand and hope that you have received a
warm welcome from the organizer of the Meeting. I firmly believe that this gathering
will provide a useful forum for the delegations to discuss with one another to share
knowledge and to exchange ideas about the conservation and utilization of
crocodile.

Ladies and Gentlemen :

Most Thai people familiar with crocodile for a long period of time due to the
abundant distribution of crocodile in the wild in Thailand previously. The distribution
of crocodile in Thailand diverses from freshwater to estuarine. With that, there are
many stories about crocodile in various Thai folk literatures. The famous crocodile
from Thai folk literature is Chalawan which is wellknown to all Thai peopte.
Recently, however, the number of crocodile in the wild in Thailand has been
decreasing. some species almost become extinct, tor example, Tomistoma
schleqelii. This is due to the fact that crocodile has been seriously threatening
from human activities. The most serious threat is the hunt for crocodile skin and
crocodile meat. The other factors are the degradation of environment; the damaging
of crocodile habitat, spawning ground and
'nursery ground; the loss of food supply form the wild; etc.,.

In Thailand, previously the private sector was actively play an important role
for the conservation and utilization of crocodile with some supports from the
government. Currently, the Thai government has taken serious measures to
conserve crocodile. This can be proved from the attempting to amend the Wildlife
Law and the new Wildlife Reservation and Protection Act, B.E. 2535 has come into
the force in 1992. According to this Act, all species listed in the List of protected
species shall be prohibited from hunting, trading, possessing, breeding, exporting,
importing, etc.,. There are three indigenous species of crocodile listed in the List of
Protected Species. Those species include Crocodvlus oorosus, Crocodvlus siamensis
and Tomistoma schleoelii. However, if any species in the List of Protected Species
can be bred in captivity for commercial purposes such species wilt be listed as
species for Breeding Purposes which will be permitted for breeding, possessing, and
trading under some conditions setforth by the Ministerial Notification of this Act" ln
addition, Thailand has strictly complied with the CITES regulations for controlling
crocodile utilization as well. By doing so, the Crocodile Specialist Group (CSGI has
given a very useful and constructive advises for us.



Apart from amending the Wildlife Legistation, there is also a change in
governmental agency responsible for crocodile matters. The authority of competent
official for crocodile matters has been transferred from the Royal Forest Department
to the Department of Fisheries. From now on, the Department of Fisheries is
empowered to control all crocodile farms, regulate crocodile registration system,
issue CITES Export Permit for crocodile and their products, enforce the law and
regulation concerning crocodile matters. However, for scientific research and study
of crocodile the researchers of Royal Forest Department, Department of Fisheries
and other academic institutions can do research and study for the purposes of
crocodile conservation and utilization.

For the management of crocodile conservation, the Ministry of Agriculture
and Cooperatives has given the policies for the Department of Fisheries to conduct
the research on Biology of pure bred Thai crocodile both freshwater species and
estuarine species for artificial breeding purposes. In addition, there will be many
conservation programs for Thai indigenous crocodile species to implement such as
releasing pure bred of Thai crocodiles back to their original habitat, rehabilitation of
crocodiles habitat,etc.,. The same programs are applied to Tomistoma schleoelii as
well. For the crocodile farmers and other people interested in crocodile farming,
there will be the programs providing information about crocodile farming, technique
of breeding, nutrition, diseases, etc. in order to improve the quality of crocodile for
sustainable utilization and conservation purposes.

The 12th Working Meeting Crocodile Specialist Group has been organized in
collaboration with both private sector and government sector. The organizing
committee of this meeting are Kasetsart University, Department of Fisheries, Royal
Forest Department, Crocodile Management Association of Thailand (CMATI and
Thai Association on Trading of Reptiles and Amphibians (TATRA).

Distinguished Delegates, Ladies and Gentlemen, permit me to hope that in
spite of your tight schedule, you will have some time to relax and enjoy your stay in
Pattaya, Thailand.

With that, I am pleased to declare open the 12th Working Meeting Crocodile
Specialist Group. I wish you have a very fruitful and constructive meeting.

Thank you very much.



COT]NTRY REPORT

ON

CROCODILE CONSERVATION IN CAMBODIA

Thuolq N., MRDM ;Tana,T.S., MSc Fisheries managernent

(This paper is prepared for presenting in the l2th working meeting on Crocodile
coruenration held in Pattaya Thailand from 2 to 6 \,Iay, 1994)

l. Introduction

Cambodia is one of the home range of nwo crocodilian species, the fresh water or
Siamensc crocodilc (C. siamcnsis) and the salt watcr or sstrrarins srocodilc (C.porosgs).
Both endemic species remained in the riven, lakes, streams, wetland, swamp ancl estuarine
areas. The former one is still prcsenting in ttre wild and in captivity while the lattcr is
reportedh existed some in estuarine areas where no human senlerneni is taken place. One
lcss populated coastal province (Koh Kong) is considered to have a peaceful habitat of this
r-emaining species population. Beside this 4 hcads of thcm ageing +-5 yean were brought
'foom the Mekong Delta in Vietnam and are now bred in captivity in a counry largist
crocodile farm in Siern Reap province.

Coruenration and managgment of crocodile is subject of the Dcparlment of FisheriEs since
it is an aquatic animd and it became more and more concern sincc this animal was
domesticated in the farm by the people in around the French colonial perigd.

Ewn crocodile is a dangerous animal for most of Cambodian people, the recent crocodile
trade value was led_this wild animal population dwindled yi"r rno year due to over
hmting for export . This was caused manv concern to the conc€pt of witi life conservation
of the authority which was later promulgated a regulation as a part of the fisheries law for
the purpose of wild crocodile consenration and crocodile farming managemcnt

2. Baclground

The tresh water or Siamese crocodile (C. siame,rmis) and the salt water crocodile
(C.porosus) are the two endemic species to Cambodia. They were vefy abund.rnt in the
past in wery water bodies. The ancient Khmer artists cawed tit". on the Angkor Wat and
Angkor Thom temples (constructed in ll-l2fi ccnnrry) as a legacy.



As the human settlernent being developed they compete with crocodiles for r.rsable space
and resourccs, as well as hunting them tbr foods and hides. When human convert tbrest
into farms. marshcs into rice fields. mangroves swamps into aquaculfure projects and riven
into human settlemenl thel'displaced the animals from their habitats. Cri"ing thern to the
periphery of their range, where they may, ultimatefy, never breed successfulty (Angel and
Maria 1989). As a result of the direct and indirect assaults on habitats from exploitation
colonisation, settlernent, exploration and habitat conservatioq crocodiles ari steadily
loosing ground and some species may be heading for e:ritinction. Reported[v. the wild
crocodile population is mainlv existinq in the hinter land and lrnaccessihle sn nmnv rreas

Concept of Crocodile conseryation

Because of the decline of crocodile species as mentioned above, crocodile rvas becoming
an cndangcred spccics. Tr: protcct this wild rmimal from c.xtinction, thc ban for hunting
was promulgated along with the fishery law in around | 945 during the French colonial,
thcn later thc ban was still lcgalized during the king Sihanouk and Soramarith rulc.

The enforcernent of the above ban was ineffectivety done during the civil war period from
1970 to 1975 then it seemed to be abolished during the khker rouge rule from 1975 to
1979. The laner siruation was continued until there was a promulgation of the new fshery
larv in 1987.

Verv recen! concerning to the environment degradation and wild life depletion the decree
of creation and designition of protected areas was issued by the fing ani came into effecr
in late of 1993 (see Figure l).

How wer, tluough information collected from many local kc-v persons during recent
mailing survey conducted tlu'oughout the country, numba'existing wild crocodile habitats
were detected that number of thern are located out of the precinct of the protected areas
created and designated b1' the the above decree. So the effort of crocodile conservation is
assumed ttrat it requires to tackling of those where location is isolated from the defined
areas.

3- Present Status of Crocodite Conserration

a-Distribution and Population

Even human actility hampers the population growth of thc wild crosodile, the prcsonoe of
these species is reportedty tbund in many remote areas of about 14 provinces oiCambodia
(sce Figue 2).

Table I is indicated the location of existing wild crocodile habitats and its populations.



Table l. Distritlution of wild crocodile in Cambodia

No. Provinces

I Stung Treng

2 Battamhang

3 Siem Reap

4 Kg Chhnang

5 Kg Thom

6 Kg Speu

7 Purcat

8 Kg Chanr

9 Kampot

Estimated No.(head)

3-4000

1500-2000

1000-1500

200-300

150-200

150-200

200-300

80-100

50-100

l0 Koh Kong 300-500

ll Svay Rieng 10-20

12 Kandal 10-20

13 Kratie 80j100

14 Preach Vihea 2-3000

Habitats

Sekong and Sesan region

Flooded forest in lot No.l-2-3-1

Flooded forest in lot No.l-2-3-4-6-7
& Srey Snam

Flooded forest in lot No.1-2-3

Region of the Seine stream

Triangle region of three provinces
Pursat, Kg Speu & Koh Kong

Fishing lot No.2

Anlong Vil, Prek Krieng & Stung
Kach

lVlondol Saynra districf Kbal clray

Kg Trach river

Prek Phnouv

Chhlong

Swanp area near Tbeng Meanchey
district

b- Enforcement of Crocodile Conservation

Article No. lE of the fishery law issued in 1987 is mcntioning that 'It is shicth tbrbidden
the catching, selling and tansportation of frrgerlings, fish eggs, crocodiles, Cio"t catfish....:
and All the above activities can bc takcn place on the contingenoy that special permission
is available", but the ban enforcement, even it was thoroughly done tttroogfr conhol
system, is still facing to many difficulties since the location of wild crocodile habitat are
mainl,v in the rcmote and unaccessible areas. On the other han4 widespread of unsecuriqv
in many part of the country especially rernote areas is subject of having gap in the law
enforcement. Whilc the decree of creation and designation of protected ;"*. even the



demarcated arqx arc not covering all the existing wild crocodile habitag but at lcast it can
be an additional form of the legal aspect to enhance the enforcement of the wild crocodile
conseryation in Cambodia.

c- Present status of Crocodile farming

After the free market economy of the country was settled down in around 1988, the
privatization of the production s€ctor $/as promoted in incredible speed inwhich all scales
of crocndile farminq hesan to hoom in the prirrate sector. In l98q and 1990. the market
demand increased lery high which was led the crocodile busness to a very lucrative
brsiness that just one single baby crocodile of one month old priced up to about US$ 200-
300. Because of it feasibility and profitability, farming of crocodile was became very
popular in many different corffnunitiss cspccially ths communities surounding the Great
I.ake area. So about 172 piwate and governmEnt farms including one country largest
govenrment farm were recorded in 1993. Tablc 2 below is shown the distribution of
crocodile farm and its culrured population in the overall of Cambodia.

Table 2. Distribution of Crocodile farms and number of breeding stocks in Cambodia
199{

No. of Crocodiles (heads)
No.of farms Female Male Sub-adults TotalNo. Provinces

P.PenlL Private farms
Siem Reap, gvt & pvt famls
B.Bang, gvt & pvt farms
Kg Cltrhnang gvt & pvt farms
Pursat, pvt farms
Kg ThonL gvt & pvt farms
B.lvfeanchey, pvt farms
Kand4 pvt farms
Kg SonU gvt farms
Total

I
1

;
J

4
)
5
7
8
9
10

50
354
307
75
15
20
20
?
0
843

6
76
7L
)
)
4
3
I
I
r72

?0 40
164 1.445
230 496
30 t0
820
l l  20
10 -30
112
07
474 2,080

110
1,963
1.033
I15
43
51
60
15
7
3,397

4- Domestication of Crocodiles

History:

Cambodia. is known to harrc started crocodile farming sincc 1945 when the countly wils
colonized by France. Farmers especially fishermen in the surrounds of the Great Lake
Tonle Sap began domcsticating by catching thcrn from thc wild and raise thffn in thcir
backyard since they leamed that crocodile are economicalty viable and important for skin
export.

In 1975, rvhen the Lon Nol Gorerrunent was collapsed the Pol Pot govcrnmcnt camc to
power. They then collected all crocodiles tiom private tbrms together and put them in to



two farms. One farm in Siem Reap province is the largest farrn with around 100 heads of
breeding stocks. fuiother is located in Kampong C.hhnang province with around 70
broodstocks.

ln 1979, aller the country had been liberated from the genocidal regime of Khmer
Rouge, these farm were tumed back to be real crocodile farrns again . In addition to this ,
3 more farms were also created in 3 provinces Battambrng , Kampong Thom and
Kampong Som.

.{s crocodiles hav'e besn constdcred as a laluablc rEsource tbr expo4 , man}' larms
sspccially fishcrmcn who wers awarc that this busincss was cconomically viablc and
important ,recommsnced the raising of crocodiles by catching thern from the wild and
raised thcnr as backyard animal.s since the beginning of thc 1980's.

Farming System in Cambodia

Ratanakorn (1992) classilicd the crocodilc farming in Cambodia into 3 classcs , according
to number of crocodile kept . the area and management .

Class l: small scale,small number of crocodiles, 2- 20 head kept in earthen or concrete
ponds or wooden cage. This class is the majoritv and may be called"family farming
"because of the small size and small number of crocodile . Thcrc were aroun d 142
small scale farms in Cambodia which scattered on the river banls or ncar and wen in the
lake .Cambodian villagen living on thc river bank used to kcep l-2 pain of breeders in an
area at the back of their houses . The natural fishes from the rive and lake is a good source
of natural food supply .Th"y uscd thcir family labour to satch lishcs or purchascd thcm at
low price. Some fishermen who live on floating house or boats preferred to keep crocodiles
in wooden cages that could float around their houses or boats .Thcy brought thlir breeders
to the river bank only during the egg.s -laying season when water has receded.

Ctass 2: lvledium scale 20 -70 head. kept in collective concrcte ponds .These farms were
genera$'on the'banli of riler or st€anr. The farms were constxrcted by concrete pond and
concrete or wooderi fence .Crocodiles wcre put together in social pond with l:2 to l:3
male - female ratio. Nesting materials of sod brought from the natural habiat were
provided for b'reeding purposes- there were 25 farms of this class.

Class 3 : large scale Farms which were big in area and numbcr of crocodile were usgalh
more than 100 head . The breeding stocks were kept in concrete ponds and nesting
matcrial and pens were providcd with sod and rotted vegetation brought from the natural
habitat. They uscd to hatch crocodile eggs in artificial nest imitating the natural condition
.Eggs were collected earty the day after laying and re-burying in artificial nest. There wEre
only 5 farms of this class.

All crocodile farms in Cambodia produced and sold hatctrling to other farmers who want to
growout or fattening and also to the Cambodian Fishery Import Export Company or to



brokers for export .The number of hatchings produced in 1993 was 10,322 head. Siem
Reap province eras the highest producer of baby crocodiles and Bat&ambang and Kampong
Chhnang were the second and the third most productive. respectivet_v (Table3) .

Table3 .Number of hatchling produced in 1993 and the expected number for 1994
Number of hatchling (heads)

No. Provinces
I PhnomPenh
2 Siem Reap
3 Banambang
4 Kg Chhnang
5 B.N{eanchey
6 Kg Thom
7 Pursat
8 Kandal
9 Total

Farm Management:

Crocodile farming in Cambodia was a close cycle farming which produced hatching
nu$lng and breeding stocks. All crocodiles were put in social ponds which were in very
restricted spaces and poor sanitation . some farmers had no drainage at all.
Since 1989 an efort has been made to dwelop the Siem Reap Provincial Crocodile Farm
into a modern one. This modernisation consisted of building new pcns, new rearing pens .
pens for juvenile and an upgrading for the hatchery . However. the farm could not be
dweloped so much due to limined budget allocations provided by the provincial
authorities. Nev'ertheless, some primary data on crocodile weight, size, eggs number and
incubation techniqucs havc been ablc to bc collEcted sincc then.

The stnrcture of farm man€ement could be presented as follows:.

After hatching offspring wcre brought to rear in nuning pens B wherc they remain for onc
year. The mortalit,v was 5 - l0 016 (7.So/oin 1990 ) during this pcriod.
During the scqond and third vcar, tho young brccding stocLr, remaining from salc, was
rcarcd in the jw'enils pens, pen c, where the mortaliry wa.s very low and generally nil.
The 4 - 5 1'ear old sub adults rvere kept in pen D, until the,v rvere mature and rvere firrther

1993
450
3.850
3.350
1.700
350
310
300
t2
10,322

Expected 1994
830
5.664
1.9t2
1.900
410
380
184
36
14,506



transfcrred to the pcn E, to becomc breeding stocla.

Breeding technolory

The breeding stock were kept in social ponds tbr breeding . The male, tbmale ratio was I
to 3 rvhile some farmers kcpt one pair of animals separately in concretc or rvooden ponds .
The water depth of each ponds varied tiom o.5 to 1.5 m. The animals began courting
from early januar.v to late lr{arch or Ap,ril . The female crocodiles bcgn laying ttreir first
clutch tiom the end of the tburth week of Febnranr or earlv lvlarch unril the encl of N,fav
or Juiie .

Production

In a study collected from the Siem Reap provincial crocodile farrns . from 1989 to 199-1,
an average of 77.33oh to 85 .35o./o of fernales laid eggs evetyyear with an average mean
clutch of around -30 eggs (iable 4 ). The hatching percentage varied from 60 : 00 to
76.30. The average number of hatclrlings produccd per tbmale varied tiom 18.10 to
23.01 (tablc5)

Table 4. Average mean clutch of Siamese crocodile bred in Captivity in Siem Reap
provincial farm.

Year Total No.of Toal o/o FEmale No.ofeggs .{vcrage
female females laids laid/Toal mean clutch

1989 123
1990 r29
l99l t33
1992 134
1993 150

Year

1989
1990
1991
t99?
t993

105
106
t07
ul
u6

(eggs)
30.s0
30.37
30.J?7

30.30
29.31

85.36 3,203
82"17 3,209
80.45 3,743
82.83 3,416
77.33 3,401

Table 5. Number of hatchlings , hatching percentages and Average number of
hatchlings per female Siamese crocodile , recorded from 1999- 1993 in Siem Reap
provincial farm.

No.Females Number of Number of Hatchingo,ir
laid eggs eggs hatchling
105 3,203 1,922 60.00
106 3,209 2,440 76.00
107 3"243 2.247 69.28
ll l  3,4t6 2.183 63.90
116 3,401 2,100 61.74

Hatchlings/
Femals
18.30
23"01
21.00
19.66
1  8 .10

Incubation of Eggs



Eges were incubated by Semi- anificial incubation, imitating their nanral condition.
Usua[v , in the early morning ,after eggs were laid ,the lbmale crocodile were transferred
to another pen and eqgs were collected carefulh. without changing their initial position
fi'om the nest. to incubate in the artificial hatchery. Eggs of one female wa'e placed into 2 -
3 piles, in the same position in which they were lai( in a hole dug about 25 - 30 cm wide,
30 deep. Before piling a handfirl of dried leaves and grass rvas placed at the bottom of the
hole. and before covering dried leales and grass mired with soil were added and a small
15 - 20 cm high compact mount rvas made. Each artificial nest was located about 0.5 m
from each other.

Thc artificial hatchcry rvas aboul 0.5 m high"t tham thc soil lcvcl and lillccl rvith sotl ancl
rotted vegetation tnought from the crocodile habitat near the Crreat l.ake. It wa.s fenced
with barbed wire to a height of 1.6 m. A 0.5 m wide and 0.3 m decp canal was dug around
the hatchery to retain water during dry season.

The hatcherv was lett to open sunlight tiom morning to noon when it was too hot. coconut
tree leaves rvcre brought in to shade thc ncst and lessen tfie heat. It rvas also exposed to the
raintall during the whole incubation period. During the dry season ( especiallf in april ) if
there was no rain. water rvas sprinliled over the nest and around the hatchery. filling up the
surrounding canal. Thc sprhkling of water was intendcd to add moistruc to the rotted
vegetatiorq to help in the dccomposition of these materials. Temperature was monitored
evay day ( wery two hours in Siem Reap Provincial Farm) by permancntty inserting a
ground thermomcter at the egg-layer. The ternperature varied between ?8,5 C" during the
fust month of incubation (lvlarch) to 33 C" in April and NIay.

Hatching

At the time of hatching 68-75 day of incubation, sound from thc hatchlings could be hsard
when one approached the nest. At that time, eggs were excavated and ofi'spring could
come ouL b.v usrng their egg teeth to slice the shell membrane and then puncture the hard
shell tiom the inside. It the ofi'spring could not puncture the shell and come out by
themselvcs. they were helped manualfv. After hatching if the umbilical cord was not yet
broken. it was cut with a pair of clean scissors.

Nursing

.'Lftcr hatching offspring rvcre brought t<l the nursing pcn, washcd and plaoed in scparatc
wooden cages, about 15-20 head in each 30 x 60 Cm compartment. If there were any
abnormalities, e.g. the yollt was not completely absorbed, it was reasonable to keep thcm
separate from the others and to expose them to adequate sunlight at about 31 C, which
hclpcd them to absorb the rcmaining yolli. During the first year, espccially the ftrst 2
months, ,voung baby crocodiles of about 28 Cm were, very difiicult to look after. Thw
suffered stress or shock when exposed to loud noise or sharp light, or changes of food or
variation of temperahre and would not eat for many days which led to stunting on some
cases. During the cool weather from December to February. they were unwilling to talie
any lbod because of lowered body temperature. Theretbre, farmers used to keep their



offspring in a warm environment by heating them with charcoal fire stoves or electric
lamps, where available.

Feeding

Hatchling fed with small whole fish (sometimes live) mixed rvith shrimps. grsrv rery fast.
The fishes were caught tiom the strearq and tbd to crocodiles right after catching.
Farmers used to feed hatchlings with small whole fish mixed with sfuimps in the first few
months. Ther increased the size of tish gradualtr', as the animals grelv up. Durine the
sccond and third ycar they' kept providing lishes daily. as much as the animals could eat.
By practising this tbeding technique they have recorded a considerabh f-ast growth rate.
The animals could grow from 28 to 120 Cm during the lst year, and reached 140-l'50 Cm
by the end of the second year. At the end of thc third year', the animals measured 160 to
180 Cm. Some specimens recorded 2m or more.

h the state farms, the growth rate was lower the animals reachcd 1.5 m in 4 ycas. This
low growtlt rate mav be because of large numbEr of crocodile and restricted areas.

I\{ortality

Depending on market demand hatchlings nere sold within l-6 months of hatching.
Farmers ued to sell all hatchlings and keep only a small number fbr breeding purposes.
Therefore, the mortality was low rangng from 0-7.506 during the first year. Some farmcrs
kept 50-100 head of hatchlings for fbttening without any mortaliry. Among 200 hcads kept
in the Siem Reap state fanr\ 15 head-s died during the lst year, coffesponding to 7.5o,,o
mofiality.

Diseases

Discascs were frequcnt in crosodilcs, from hatohing to I year of agc, anrl uspci:ially during
the cold montlls. tiom Novernber to Februarv. From the second vear onwards, crocodiles
were rarely found sick if food was available. Thc follolving diseases rvere usually fiequent
on the Siern Reap provincial tarm :
(1)- Pox Virus : the animals had gral'ish-rvhite circular skin lesions scattered over the bodl'
surface and particulartv on the jaw, eyelids and ear drurns.

(2)- Runt : Aom a tbw weeLls to a tbw months atter hatching some individuals remain
small and weak and could not grow, ewn though they received identical teatrnent to the
others.

(3)- Limbs panrlysis : lhe discasc appearcd to effsct to hatctrlings during the sold wcather
months. The animals could not move its four limbs and died some times later.

(4)- Gout : This disease occurred generall,v in the small and medium scale private farms
which was caused b,v ov.cr feeding.



Disease had been very rare for all small and medium scale farms. due to their small scale
which made management and cleaning very easy.

5- N{arketing of Crocodile

The hatchlings produced cvery year rvere sold to thc Kampuchea Fishery Import Export
Company (KAlvFNmX. Co), the state fuhery products import export enterprise, tbr
cxporl or to farmer and fisherneru for raising as broodstocla. or for further sale rvhen
market price rvere good. Depending on market dernand. hatchlings aged tiom one to sir
months rvere sold at the tarm gate price, rvhich rvas very cheap. For prilate tarmels, thet'
rsed io raise their hatchlings until thcy were big enough. They were only sold rvhcn the
price had peaked. They gencrally sold them to hrokers who would smuggle the animals to
Thailand. These brokers offered higher'prices.

The largest tnarket was Thailand. Theretbre, the lalue of crocodiles was dependant on the
demand for crocodiles in Thailand. Each hatctrling could be sold from I-lS$ 40-60 except
itt 1989 + 1990 during wtrich the market peaked rery high ( between S 200 and 300). 'fhe

export of baby crocodiles rvas channellcd through hvo routes: throueh Klmpong Som to
Trat and Poipel b .arunvaprathet.

6- Constraints in culture and Conservation

Cambodia has bcen in rvar tbr more than 2 decades. Information on crocodiles farming
management and conseration around the world is lacking. Thc crocodile tarming is still
considered illegal from the international point of view.

Political constraints: the country has been torn by the civil war and until now the political
situation is still unstable. The K.R guerrilks are still disturbing in some area^s. Thus, the
c.onservation of crocodile can not be undcrtaken.

'fechnological 
constraints: any international c.ooperation with the international communil-v

cxccpt a short triining sclurss in Cuba of 2 g"-t stall National park and rcscrv'ss had just
crcated. No technical staft available to use in this field.

.Uconomical constraints: because of war the coun[y had not enoupfr money allocated tbr
the conservation of this species. Furthermore. most people ar€ poor and they use to do
gathering fishing and also hunting for wild life as well as crocodile if it is profitable wen
these arc restricted or banned by the natonal l,aw.

Social and culturaral constraints:

Crocodiles have bee.n ancl still are considered to be one of the most dangerous animals to
human bcings and tlomestic stocks, comp:rablc to lions, Ligors ctc. rmd pcoplc t€nd to kill
them rvhenwer the.v meet them. either to use as food or simptv out of fear.

Legal constrainls:



Long run civil war and its adoption for national politique in the past led the country failed
to link with external coopcrations. Furttrermorc, thc prwiotu reglme had no management
policy. In addition, when the country was tiberated fiom the Khmer Rogge ,egi*r, no
corservation larv was settled down until 1987. And even the law **- rn"Jt.4 the
enforcement of the law rvas roughh' donc due to unsecurity in many parts of the counrry.
More over, Cambodia had not been acceeded to join any international crocodile
o'rg;anisations as well as CITES. so neither information nor assistance had been taken place
for developing the crocodile conservation in the country.

7- Priorities for dealing with crocodile conseryation problems

' To promote corxen/atiorr activities by the direct agreerneut and participation of local
people by providing them economic incentives for crocodile conservation.

- To join CITES and other international crocodile conservation in order to request legal
commercialisation of the resource and to participate in any international actilities related to
world crocodile farming management and conservation.

- To cooperate with developed farns in neighbouring country such as Thailand to seek its
technical assistance in the transferEnce of modern technolory.

- To conduct a wild crocodile population surv€y in order to assess the detail stocks and the
cxpcctctl outcomcs rclatcd to thc sonsewation in thc future. This might need finamciail
assistance from international orgrnisation.

- To promote crocodile extension progranrmes

- To monitor the tarming system tbr sustainable dwelopment.
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Fig.1 Map of Cambodia indicating the distribution of wild crocodile and crocodile farms
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Sirannavong Sawathvong Wildlife Inventory& Researcl, Natioaal Ofrice for Nature Cooscrva,tion

THE STATUS OF CROCODILE OF THE I"AO P.D.R

GENERAL INFORMATION

The Lao P.D.R is a land-locked counrty in SouthEast Asia bordered by China to the North
Vie[ram to the East,Cambodia to the Souttr,Thailand to the West and the Union of lvlvnnrar
to the North westThe total land area is 236800 square kilometres.

The Lao P.D.R is a mountainous country, on$ 2}o/orepresents the lowlands.The lr{ekong
river and its tributaries flow from north to south through the counrry.

The population is small and comprises of 68 ethenic groups with different cultural
backgrounds,spa$ely dispersed through out the counfy.The population in 1990 was
estimate to be 4.2 millions.About 1.7 million live in upland area and 2.5 million on the
lowlands formed by plains of the Mekong river.

The lwel of culttre,education and public health of the Lao people is not well developed
yet.The communication and traruport nctworks still remain inadequate.Economic
production is still at the subsistance levetouput is at low level.Gross Domestic product is
onty US$220 per capita.

A national reconnaissance survey indicates that the total forest cover was about 49o/orn
1982 and 47o/o n7989 .About 70000 Ha of forest have been lost each year during l9g?-
1989. The main causes of deforestation are strifting cultivatioqforest encroachmenfforcst
fire,inapproppriate forest managemenfinadequate law enforcemenlinadequate public care
for the forest and an increased demand for timber and fuelwood,

Lao P.D.R issituated in the Indochinese of the Indo-Mala1'an Realm.Laos contairu parts of
fo-ur Biogeographic Units:fuuram;consisting of the Anamite Range and extanding across
Victum to thc south china sea;and tropical lowlands,tropical montane and sub tropical
transition zone subunits of central fndolhina shared wittr,
Cambodi4ThailandBurmavietnam and China.The Anamite range and the Mekong rivcr
are the main natural barriers in the are4forming the limits of the range of a numbeecr of
species and subspecies.

TIIREATS TO TIIE SURVTVAL OF CROCODILES

There probtibty is some hadc in Siamcse Crocodile skins, and of hatchling destined for thai
crocodile farms. However;it is now being considercd by other parties in comUination with a
totuist development near Vientiane . A crocodilc ranching operation that would collect
hatctttings from the wild and raise them for skins and meat has also been proposed by
N.A.F Ptyltd,Canbera;Australia and has been approved by government but has nor yer
been established becaue of funding problem.The proposal for a crocodile ranch is of
paaicular concern as it was based on an incomplete feasibility study in which there was no



asempt to determine current level of crooodile population in project area.Although it
includes provisions for renrning crocodiles to the wild to rnaintain breeding stock

EXISTING I,AW \PROVISIONS

Atpresent Wildlifs lvlan4gement and Conservation in lao P.D.R aro govemed by the
following executive decrees and instnrctions for their implementation:

1./ Decrce of thc Coruroil of ministers No 185/CCM in relation to the prohibition of
Wildlife Tnde(2| October 1 986).
This decree specificallyprohibits dl kinds of wildlife hade( trade in live or dead
specimens,in tophies,or in articles produced from wild animals).

2.lDeqee of ths Coucil of Ministers No 118iPCM on the Management and
Protection of Wildlife and on Hunting ( 5 October l9g9).
This decrec prohibire hunt'lng usfu€ milifary weapons,grcnades,poison or other equipment of
a" mass-destntction"character.It is also prohibited tohunt protected or endangered species
(not specrfy),pregnant_or nursinganimals.Import or Export of wildlife (livfu€; deaC; or parts
thcreof requires specified forms of documen&ation.Protected species111uV G cayght or killed
in defence of human life but ownership of such animals rw€rts to the state.

3./ Instructions on the Execution of Council of Minister's Docree No ll8/pCM d.rted 5
Otober 1989 on the lrdanagernent and Protection of Wildlife and on hunting.
These irutsctions reqrrire the registration of all firearms used for hunting,a;a prohibit ttre
use of firearms modified from war weapons.They prohibit huntingcatchi;&ki[ing;damaging;
tansportingsellingexchanging or having in possession without authorization alive or dead
animals or parts such as homs,hides,bones,ivory,gall-bladders,skins,scales etc. They also
specry that import or export of wildlife should comp$ with international principles regaraing
certifcates of origin,certificates of health,and import-exporf licences;Thr*r r* br issuia Uy-
the National Office for Nature Conservation (Protected Areas snd Wildlife Division) not by
any local administrative committees. They also define man4goment categories for wildlife
species,as follows:

hohibind Catcgory- Q) : valwble and nearly extinct species .Hunt'urg is banned in all
seasorut except with the approval from the Council of Ministers. Indh'idual animals may be
killed in defence of human life or properfy but become thc property of the state.

Confrollzd Cotcgory p): rare species, which may be threatened with extinctionif hunting is
not controlled.Hunting is permitted only during the off(non-breeding) seasorqand only foi
food and not for sale or exchange.The breedingseason is taken to coincide with the Buddhist
Lent or fasting periodfrom the begiruring of August to the snd of october.

Generul category.' species that are not included in catergories I or 2.



Provinces may increase the level of protection for individual species (eg., by placing general
Catergory species in the Contolled Catergory,or Controlled Catergory species in the
Prohibited Catergory) but can not decrease the level of protection withoutauthorization from
the Minisfy ofAgriculture and Foresty.

4./ Hunting Ban during the Buddhist Lent (30 July 1993 ).
This notice, sent to a[ minisnies, provinces,municipality, special zones and districts in the
cortntry,reitErates thc need to snforce the provisioru of Decree Nol18 and the subsequent
instuctions for its implementation, and specifically to :

- stop the hunting captue or export of all wild animals cited in the lists of prohibited
and controlled species.

- prohibit the sellingsenice in restaruants,and coruumption of wild meat.
- prohibit the Sansport of live or dead wildlife including trophies.

5./ Penalties.
Penaltiss for violation of these decrees and instructions ire outlined in the Penal Code of the
Lao PDR (23 October 1989).

CI]RRENT STATUS OF CROCODILE

Crocodiles still occur in a number of the tributary drainages of the Mekong primarity
inhabiting perennial rhrers, oxbow lakes and freshwater lakes and ponds,but also swamps
,maf,shes,seasonally flooded grasslandpermanent reservoirs and (fansiting ttuough) rain fed
paddies.Th€y apparentty are absent from NorthEastern Laos and the fuiamites.

Population level are problablyvery low through out the range of this specie in
Laos,and it has recently disappeared from a number of areas.

Virtualty all remaining populations are threatened by hunting and habitat destruction.
Although most villagers reported that ttrey do not purposety persue crocodiles;they are
occasionally captured accidentally in fishing nets and there is some eggs collecting and
purposeful hunting of adulrc for skins. Wildlitb traders from thailand currently are the major
byer of both live animals and skins. There also is an active trade in live animals and skins of
this specie from Cambodia through Southem Laos in to Thailand.

The disribution of Siamese Crocodile as repofted during village interviews 1988-
1993 are as follows:

l. Nam lvla :A I.5m long individual reportedly was shot at the mouth of the Nam Ma in
I99a,and its shn sold.( prarious occurrence problably extralimital).
2. Nam Poui PA: Formerly ucured in the Nan Poui and Nam Gnam drainages but dis
appeared,atleastfrom the upper reaches,about 20-30 years ago;occasional individuak
may still occar in the adjacent lower Nam Gnam and mainMekong.( probably extirpated).



3.Nam Gnum Reseryoir : Small crocodiles have occasionally been caught infishing nets

in the reservoir,and whenever captured are sold.Villagers at the northern edge of Phou

Khao Khouy PA reported that crocodiles occur in the Nam Xan,which drains into the Nam

Ngum resentoir.( Probably on the verge of extirpation).
4.Phou Khao Khouy PA:Crocodiles are reportedfrom the area's peripheral drainage the

NamXan and its main drainages the Nam Leuhthe NamGnang and the Nam Mang and

its tributary the Nam Pa,@ndangered,probably on the verge of artirpation).

5. Nong Ngom Wetland : A population of 100 or more crocodiles reportedly occupied this

area,a smallfreslwater lalce at the northern edge of the Vientiane plain,up until about 30
yaers ago-4ccording to some villagers cruodiles are still ucasionally seen in

inaccessible,heavily vegetated par* of the wetland.( On the verge of extirpation if not

already gone).
6.Khammouane Limestone P.A :Currently report onlyfrom location,a small wetland at

the western edge of the area,near Nam Hinboun.
?.Phou Xang He PA z Reportedfrom the upper Xe Champhon during the rainy season the

Xe Kang and the Xe Xangxoy;previottsly occarred in the Xe Noi and the Xe Thamouak but

non, ha'e disappearedfrom these rivers,
E. Xe Banghiang : Reported by villagers to be common in the Xe Banghiang River and its

tributary the Houei Namkhan.They are reportedly seen baskingatery year and sometime
are caught infuhing nets.
9. Xe Champhon Wetland : Crocodiles occTtr throughout the southern part of this
wetland compler,with KoutXelat and Kout Chialc,and perhaps other small ubow lakes and
ponds along the xe Champhon,having resident breeding populations.Calling and
presumably matinf takes place during May,the early part of the rainy season Part of the

area has been declared a protected area by villagers but eggs,hatchlings and adults all are

at leat occasionally harttested and sold to itinerant thai traders or in the market in
Savannalcet.(Major threats include itwasion by the aquatic weedMimosa.flwdins of
breeding habiat if currently planned inigation projects go ahead,and illegal hamest of

e ggs, hatchlings and adults).
10. Nong Luang Wetland Group : Crocodiles occur in sarcralwetlands in this area,with
Kout Baldrolc and Kout Koang,two small ubow lalces south of the Xe Xangxoy,probably
providing the best habitat .Crocodiles also ocar in Nong Luang,where they are
occasionally seen maing arcrland through rice paddies and are sometime accidentally
caught infishinf nets.In addition to incidental caprye inftshingnets there is evidence that
cruodiles in this are have been and probably still are huntedfor their skins.( Available
information suggests that crocodiles were much more comnton in this area prior to the
mid-|98l,although a small population and some excellent habitat still remains).
1l.Xe Bang Nouane PA: Crocodiles are reported to qcar virtually all along the Xe
BangNuane,which rises at the eastern end of the protected area.(Widely distributed along
the river but probably uncommon).
l2.Phou Xieng Thong PA: Crocodiles reportedly @cur in deep pools in one or more of

the stream draining this low plateau.( A small and spatially limited population possibility

remaitu).
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13. Houei Khamouane:Wllagers in the area reported that there is a population of

crocodiles in the Houei Khamuoane,its tributaries the Houei Khala and others,and
passibly associated seasonalfu fluded wetlands.
14.Nam Lepou: Villagers in the arca reported crocodiles in the Nam Lepottwhichflans
intoyhe Mel<ong andfortns the border between Laos and Cambodia.
l$.Seephandon Wetlands: Iwa villages at the southeastern edge of this wetland( a

widening of the Mekong riverwith numerous islands,channels and rapids) reported that

crocodiles are ofien seen in the river channels in this area.
16.Dong Hua Sao PA: Crocdiles apparently stil occur in a number of streams and ponds

in the lovsland section of th PA.
l7.Xe Khampho: Crocodiles arefrequently seen in the middle section of the Xe
Khampho,whichtlov,s fron the southeastern corner of the Dong Hua Sao PA across aflat
plain to the northeastern of the XePiane PA.
lE. Xe Piane PA: Crocodiles reportdfrom Bung Gnai-Kiatngong ,a large ,s'wampy
wetland complq at the northen edge of the area.
lg.NathongsomlonglNong Houei Soymong Wetlands: Local residents reported that
crrcodiles occltr in the small lalces and pands of this wetland complex year-raund,basking
on rulrs in the wet season and staying in the heauy grass cover during the dry season.
20.Mid and Upper Xekong Drainage: Crocodiles appear to be widely distributed in the

Xelrong river and its left bar* tribuaries arising in the anamites and along theLae

Cambdia border.Villagers reportfrequent sightings and corcider crocodiles to be
common in some areas.

CONSERVATION MEASI]RES

The historic range of Siamese crooodile encompassesThailandkrdonesi4Ndalaysia
Cunbodia,Vietram and laos, It is cunent$ known from only few locations within this
range.It is listed in the SSC Crocodile Action Plan as exlremely endangered and is considered
to have the higlrest priority speoie for coruervation action and the specie for which the least
and poorest quality poptrlation sury€y data are available.So in I^ao PDR, i wotrld like to
suggest that :

l.The stahrs survey is the highest coruervation priority for this specie.
2.Establishment of wetlands protected areas.
3. Accession to CITES to help control illegal rade..
4. Develop of an educatinal program regardingvalues of crocodile conservation aimed

at local people to ensure their input and participation in crocodile managsnent.
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THE STATUS OF CROCODILIANS IN I ' IYANI.IAR

U B.  t : .  AUNG F|OE
Hanager
M y a n m a  F i s h e r i e s  E n t e r p r i s e
2  -  5  -  L 9 9 4 .

M r  p r e s i d e n t ,  C S G  m e m b e r s '  d i s t i n g u i s h e d  g u e s t s  a n d  p a r t i c i p a n t s -

F i r s t  o f  a l l ,  p l e a s e  a l l o w  m e  t o  e x p r e s s  r n y  s i n c e r e  t h a n k s  a n d
a p p r e c i a t i o n  t o  D r .  P a r n t e p  R a t a n a k o r n ,  S e c r e t a r i a t  G e n e r a l  o f
t h e  1 2 t h  C S G  W o r l ' ; i n g  r n e e t i n g  f o r  i n v i t i n g  r n € r  t o  t h i s  g a t h e r i n g  i n
o r d e r  t o  p r E s e n t  a  P a p e r  o n  "  T h e  S t a t u r €  o f  C r o c o d i l i a n s  i n
M y a n m a r "

I n  t r o d u c  t i o n

l ' l yanmar  i s  the  la rges t  cou tn t ry  in  ma in land Southeas t  As ia  w i th  a
t o t a l  l a n d  a r e a  o f  6 7 6 t 5 7 7  s q . h m .  I t  h a s  a  c o a s t l i n e  o f  ? r B 3 ?  1 . . m .

Myanmar  cou ld  be  taken es  a  fo res t  c lad  mounta ineous  count ry .
T h r e e  p a r a l l e l  " c h a i n s  o f  m o u n t a i n s  r a n g e s  r L r n  f r o m  n o r t h  t o
south l  the  l ^ les te rn  Yorna or  Raf , rh ine  yomar the  Bago yoma and the
s h a n  p l a t a u t e , T h e y  b e g i n  f r o m  t h e  e a s t e r n  e x t r e m i t y  o f  t h e
H i m a l a y a n  m o u n t a i n  r a n g e ,  T h e s e  m o u n t a i n  c h a i n s  d i v i d e  t h e
courn t ry  in to  th ree  r i ver  sys terns ,  the  Ayeyarwaddy,  i s  the
S i t t a u n g  a n d  t h e  T h a n l w i n r  o f  w h i c h  t h e  A y e y a r w a d d y  i s  t h e  r n o s t
i m p o r t a n t  r i v e r  w h o l e  l e n g t h  i s  a b o u t  2 r L 7 Q  k m .  A s  i t  e n t e r s  t h e
s e a r  t h e  A y e y a r w a d d y  f o r m s  a  v a s t  d e l t a  a r e a  o f  a 4 o  k m  x  ? 1 o  k m .

A s  i t  i s  m a i n l y  i n  t h e  T r o p i c a l  r e g i . o n ,  M y a n m a r  h a s  a  t r o p i c a l
c l i r n a t e  w i t h  t h r e e  s e a s o n s ; -  t h e  r a i n y  s e a s o n  f r o r n  m i d  t ' l a y  t o  m i d
O c t o b e r  a n d  t h e  c o o l  s e a g o n  f r o m  m i d  F e b r L r a r y  t o  m i d  f " l a y .  A n n u a l
r a i n  f a l ' l  v a r y  f  r o m  s O C )  c r n  i n  t h e  c o a s t a l  r e g i o n s  t o  7 5  c m  a n d
less  in  the  cent ra l  Dry  Zone.  l ' l ean  te rnpera tLr re  ranges  f rom S? C
i n  t h e  c o a s t a l  a n d  d e l t a  a r e a s  a n d  z l  c  i n  t h e  n o r t h e r n  l o w
I a n d s .

M y a n r n a r '  s  p o p L r  I  a t i o n  i s  e s t i m a t e d  a t  4 o .  o r  m i  I  I  i o n
i n c r e a s e  o f  L . A A  Z  o v e r  t h e  p r e v i o r l s  y e a r .  T h e
c u l t i v a t i o n  i s  8 . o  m i l l i o n  h e c t a r e s ,  F o r e s t  c o v e r g
t h e  t o t a l  l a n d  a r e a .

in  1989-9t- t ,  an
a r e a  u n d e r

abou t t  37  Z  o f
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I_he_-C:_e_g_e_d_il_ran5.__r.n__Uygc-U

C r o c o d i l e s  a r e  q u i t e  f a m i l i a r  t o  M y a n m a r  p e o p l e  f o r  a g e s ,  T h e y
a r e  f o u t n d  i n  t h e  o l d  p a i n t i n g s ,  d r a w i n g s ,  c a r v i n g s  o f  t h e  a n c i e n t
pagodas and monestar ies  o f  l1yanmar .  In  the  grea t  legendar ies  o f
M y a n m a r  c r o c o d i l e s  p l a y  a  g r e a t  r o l e  a s  t h e  m a i n  c h a r a c t e r .

l ' t yanmar  h : ings  us l ra l l y '  dug r - rp  moats  a round h iE  pa laee and reared
c r o c o d i l e s  t o  f e n d  o f f  e n e m i e s .

Fly-ang13_r_..S_pgc*ie-a

Accord ing  to  the  pas t
s p e c i e s  o f  c r o c o d i l e s  i n
Egf.g5llE species rernain,

i . Q_fe_q'q-dy_Lus_ ppl:oFue
d e l t a  r e g i o n s  o f

records ,  i t  seerns  tha t  there  were  four
Myanmar .  But  a t  p resent  on ly  e rocodyJurs_

is  found in  t ida l  Ayeyarwaddy waters  a t
B o g a I e  T o w n s h i p .

ii. kgg-od_y_I-L!g-_Ee-l_Ljg!4ls_ were found in fresh water ponds. At
p r e s e n t  t h e  e x i s t e n c e  o f  t h i s  s p e c i e s  i n  n o t  k n o w n  y e t ,

r l t  . Eg9_C_p_dy-lg_a. s.La11ef!.Er-s. is also not known for the present. Eut
Peacoc l , ;  in  h is  book  known as  the  "  6ame book  o f  Burma r r

s t a t e d  t h a t  b o t h  Q .  o a n e e J i c u s  a n d  q .  p a l u s t r i s  (  o r
poss ih ly  $ fesg ly lL !s_  s iamenEis  ra re ly  occur  in  the
A y e y a w a d d y  r i v e r .

6-ay-te]]-9._ qlgtlgle.!.i-g1t_s_ were folrnd e;<isted in the past burt
t h e r r e  i s  n o  e v i d e n c e  w h e t h e r  e x i s t i n g  n o w .

i v .

E-r--esen-t'.'rl-i--l.C-.--p-o-.Eu-l-aLr.s-a

There i= no surveys made as to the ex is tence of  _C_,  pg_Lg_sl_f is . -  g_.

=-l_6_{!t.F_U"=._+-F and E. qilLg"Fl_r=g.U_E in Myanmar.

I n  1 9 B C )  M r .  C a u t g h l e y  m a d e  h i s  s u r v e y  a t  B o g a l e  t o w n s h i p  i n  t h e
d e l t a  a r e a .  f  w a s  o n e  o f  t h e  m e m b e r s  o f  t h a t  S u r v e y  G r o u p . O n l y  1 6
c r o c o k i l e s  w e r e  s e e n  a n d  a c c o r d i n g  t o  h i s  s u r v e y  i t  w a s  f o u n d
t h a t  t h .  i s o l a t e d  p o p L t l a t i o n  1  i . e .  t h e  l a r g e s t  r e m a i n i n g
p o p L r l a t i r , ,  ,  i s  a b o r - r t  4 . O r - , 0 .  T h e r e  i s  a  d e c l i n e  i n  p o p L r l a t i o n  o n
e c c o L l n t  o f  i l  l e g a l  h u t n t i n g .  d e s t r o y i n g  o f  n e s t s  a n d  h a b i t a t
d e s t r u r c r t . t  n n g .

N o  s F e c : i  i i . c  l e g a l  p r o t e c t i o n  i s  e n f  o r c e d  f  o r  c r o c o d i l i a n s .  E u t t
p r o t e c t - i  c n  t l v  t h e  g e n e r a l  w a y  j . s  n o r m a l 1 y  m a d e  f  o r  i  I  i e g a l
c a t c l - r . t . t - t ( i "  h t t n t r n g  . t n d  f a r r n i r r c l  .  D u r r i n g  t h e  y e a r  1 9 9 f ,  t h e  f a r m  m a d e
a  L r L t r c : t t a L = , . e :  o f  L 7 7  t i a t c t r l : . n q s  f r o m  t h e  A y e r y a w a d c l v  d e l f - a  a r - e a  a t
t -he rate: r  r . i l '  l , : .s  Zt ) t : i t : t , r - -  each.
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Aqcord ing  to  the  in fo r rna t ion  rece ived f rom Kowthoung and S i t tway ,
c r o c o d i l e s  a r e  E t i l l  e x i s t i n g  t h e r e .  B u t t  i t  i s  n o t  p o s s i b l e  t o
e s t i n r a t e  t h e i r  p o p u l a t i o n .  A t  t h e  b o r d e l r  a r e a ,  i l l e g a l  b u s i n e s s e s
a r e  c a r r i e d  o u t .  I n  t h e  y e a r  1 ? 9 2  a  N a v y  B o a t  w h i l e  o n  d u t y
recovered LZ c rocod i leg  (  ?  o f  them breeder  s ize)  e  f ron  an
abandoned sh ip r  wh ich  were  la te r  handed over  to  there  c rocod i le
f a r m .

T h e  F o r e s t  d e p a r t m e n t  i s  p l a n n i n g  t o  n u r t u r e  a  c r o c o d i l e
Sanctuary  on  Meinma Hla  Kyun Is land ( in  the  Ayeyawaddy De l ta )  and
the  area  is  dec la red  as  a  r€ rserve  fo res t .  The Depar tment  o f
F isher ies  has  a lso  dec la red  th is  e rea  as  a  reseFved f i shery  a rea .

L e q i s L a t i o n

The present government enacted three Laws in respect to the
conserva t ion  o f  na tura l  r€ lsources  inc lud ing  c rocod i l ians .  They
ares  l " l yanma Mar ine  F isher ies  Law 1990,  Freshwater  f i sher ies  Law
L99L and Fores t  Law L992.  The laws pro tec t  c rocod i l ians .  No one
can hunt  o r  ca tch  or  fa rm wi thor - r t  L icence.  When eny  one is  found
g t - t i l t y  o f  v i o l a t i o n  a n y  o f  t h e  p r o h i b i t i o n s  s h a l l  b e  l i a b l e  t o  b e
p u n i s h e d  w i t h  f i n e  w h i c h  m a y  b e  e x t e n d e d  t o  K y a t s  S Q Q T O Q O  o r  w i t h
impr isonment  wh ich  may be  ex tended to  lCr  year  o r  bo th
c r o c o d i l e  f a r m i n g  i s  b e i n g  c o n d u c t e d  b y  t h e  g o v e r n m e n t  o n I y .
There  is  no  pr iva te  fa rm in  l " l yanmar .

_c*

The present  . .Government  iE  we l  I  acqua in ted  w i th  the  econorn ic  va lue
of  the  c rocod i l ians  and tha t  i s  why  sorne  Laws were  made fo r
c o n s e r v a t i o n  a n d  f a r m i n g .  T h e r e  w € r r e  t h r e e  m a i n  o b j e c t s  f o r
c r o c o d i  1 e  f a r m i n g  :  -
I .  F o r  c o n s e r v a t i o n  a n d .  r e s e a r c h .
2 .  F o r . s u s t a i n a b l e  n s e ,
f , .  T o  d e v e l o p  t h e  f a r m  a s  a  T o u r i s t  c e n t r e .

f .h-ar.h_gt a_l_r tl_qgr g t-I-E _5_a r m=.

T h i s  f a r m  w a s  e s t a b l i s h e d  i n
F i g h e r i e s  E n t e r p r i s e .  u f l d e r  t h e
a n d  F i s h e r i e s .

the  year  L979 by  the  Myanma
M i n i s t r y  o f  L i v e g t o c k  B r e e d i n g

A t  t h e  b e g i n n i n g ,  w i l d  c r o c o d i l e s  w e r e  b o r - r g h t  a n d  r e a r e d  a t  t h e
f a r m .  s i n c e  1 9 8 ?  e g g  l a y i n g  h a d  b e e n  s t a r t e d  i n  t h e  f a r m .  I n  t h e
y e a r  1 9 9 ?  ? 6  n e s t s  a n d  L ( ) 7 6  e g g s  w a s  o b t a i n e d .
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A t  p r e s e n t  t h e r e  a r e  n e a r l y  B S O  c r o c o d i l e s  o f  a t l  s i z e E  r e a r e d  a t
t h e  f a r m .  E i g  c r o c o d i l e s  a r e  b e i n g  f e d  w i t h  f i s h  a n d  h a t c h l i n g s
a r e  f e d  w i t h  s m a l l  p r a w n s .  R e a r i n g  p o n d s  a r e  n r a d e  o f  c o n c r e t e i ,
T h e  B r e e d e r  p o n d  i s  o f  4 5 o  f t  x  s s o  f t  i n  s i z e .  T h e r e  a r e !
a l t o g e t h e r  4 6  m a l e  a n d  6 9  f a m a l e  b r e e d e r s .  E g g s  a r e  i n c u b a t e d  b y
man-made nes t  and rear ing  is  be ing  done under  na tura l
e n v i r o n r n e n t .  T h e  m o r t a l i t y  r a t e  i s  s t i l l  h i g h  i n  h a t c h l i n g s .

F r o m  1 9 8 f ,  t o  1 9 8 9  a  t o t a l  n u m b e r  o f  1 8 3 0  l i v e  c r o c o d i l e s  w e r e
e x p o r t e d  t o  T h a i l a n d  a n d  S i n g a p o r e  b y  t h e  f a r m .  a t  o n  F . o . B  p r i c e
o f  U S $  1 1 6 ? . 6 8 9 .

Dis-cgtge;i"on

T h e r e  i s  a  N a t i o n a l  C o m m i s g i o n  f o r  E n v i r o n m e n t a l  A f f a i r s  t o
Preserve  the  na tura l  resc :urces  o f  Myanmar .  The Government  i s  very
keen in  cons€r rva t ion  and in te res ted  in  gus ta inab le  use  o f
c r o c o d i l e g .  T h e r e  i s  a  p o s s i b i l i t y  t o  d e v e l o p  a  s a n c t u r a r y  i n
Ayeyawaddy de l ta  a re la  and to  deve l .op  the  fa r rn  as  a  Tour r is t
C e n t r e .  F o r  t h i s  r  n e w  i n f  o r m a t i o n  t e c h n i q r - r e s  e r e  n e e d e d  t o
d e v e l o p  o u r r  c L r r r e n t  c r o c o d i l e  r e s e a r c h  a n d  f a r m i n g
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STATT'S AND CONSERVATIOI{ OF CROCODILES IN VIETNAH

Ho Thu Cuc
Ins t  i  t u t e  o f  Eco logy  &  B io l og l ca l

Resou rces .  NCNST V IETNAM

I. NA'I ' I 'RAT. AND SOCIN', CONDITIONS OF VIBTNAM

Vic tnan r  s i t ua tes  a l ong  t he  sou theas t  ma rg ln  o f  t he
Inc loch inese  Pen insu la .  I t  s t r e t ches  f r om l a t i t ude  80N  to
24oN.  To ta l  coas t l l ne  i s  abou t  3  200km and  t o ta l  l and  a rea
i s  329  600kn r2 .  The  ma in  moun ta in  r ange  -  T ruong  Son  range
I i r r n r s  t he  na tu ra l  bounda ry  w i t l r  Ch ina ,  Lao  and  Cambod ia .  The
rnn in l nn r l  bo rde r l i ne  i s  4  630km ( t  430km w i t h  Ch ina ,  2  O67km
wi  t h  l , ao  nnd  I  l 00km w i  t t r  Cambod  i a  )  .

' l ' l r e  coun t r y  i s  S -shaped ,  b roade r  i n  t he  No r the rn  and
Sou t l t e rn  pa r t s ,  whe re  i t  i s  swe l  l ed  by  t he  Rec l  r i ve r  and
Mekong  De l t a  and  ve ry  nn r row  i n  t he  m idd le ,  whe re  i n  t he
I l i nh  T r i  Th ie r r  p rov ince  i t  i s  on l y  5Okm w ide  a t  t he
I t n r rowes t  I ' o i n t .  so ,  t he  coun t r y  l t as  i t s  l eng th  much  l onSe r
t l t r u t  i t . s  w i< l t h .  A  b road .  s l r a l l ow  con t i nen ta l  she l f  f o l l ows
the  shapc  o f  t he  l and ,  w ide  i n  t he  No r th  and  Sou th  and
na r ro r v  i . n  t h6  n r i dd le .

Th ree -qua r te r  o f  t he  coun t r y  cons i s t s  o f  moun ta ins  and
l r i l l s .  ' l ' he  h i ghes t  peak  -  Fansh ipan  renches  3  l 44m i n
I ' Jo r t h r ves te rn  V ie t r r am,  whe re  t hey  f o rm  an  ex tens ion  o f  g rea t
I l ima laya r r  r a r t ge .  The  l and  . su l t ab le  f o r  ag r i cu l t u re
rec  l nmn  t  i on  cove rs  abou t  100  O00kmz  .  I  t  i s  s  i  t ua ted  mos t  l y
i n  t he  l a rge  f e r t i l e  p l a i n  o f  Nambo  and  Bacbo ,  wh l c t r  i nc l u t l e
t l t e  l r l eko r rg  an r l  Red  r i ve r  c l e l  t as ,  r espec t i ve l y .  To ta l  a rea  o f
n l l  cu r ren t  pa t t e rns  o f  l a r r r l  use  i s  33  m i l l i on  ha .  O f  i t  6 . 9
rn i l l i o r r  hn  f o r  ag r i cu l t t r r e ,  I l .B  r n i I l i on  ha  f o r  f o res t r y ,  1 .
4  n r i  l l i on  hn .  f o r  t owns  and  o the r  spec ia l  use  and  12 .9
m i  I  I  i on  ha  o f  ve r y  poo r  o r  unp roduc t  i ve  l an r l .

V i c t nan r  shows  a  va r i e t y  i n  c l  i r na te  cond i t i on  on  accoun t
o I  i t  w i r l e  r ange  i n  l n t i t ude  anc l  a l t i t ude .  A l t hough ,  t he
e r r t i r e  ( : ( ) r r n t r y  l i e s  l n  t l r e  i n t e r t r op l cn l  zone ,  c l ima te
vn t ' i e s  f r om hun r i r l  t r op i cn I  cond i t i on  l n  t l r e  sou the rn  l ow land
l ' o  l t r n r : ' i t r g  t e rnpe rn te  con t l i t i on  i n  t he  no r t he rn  h l l l s .  Mean
Rfun ra l  sen  l eve l  t empe ra tu res  c ( ) r r espond ing l y  t l ec l i ne  f r om
27oC i n  t he  Sou th  t o  z l oC  i n  t he  ex t reme  No r t l r .  The  me&n
Bnnua l  r a i n fa l  I  i s  2  000 rnm,  bu t  t h i s  i nc reases  i n  t he  na r row
t ' e t t  L  r n  I  f noun t r r i  r t ous  reg ion  t o  3  0O( ) rn rn r  su f  f  i c i en t  l y  heav l '  t < l
sup l f o r t  t r op i c :a l  r a i n  f  o res t s .  The re  a re  t h ree  monsoon
seasons ,  r r ame ly  t he  no r t heas t  w in te r  n tonsoon ,  and  t he
sou thens t  and  wes te rn  summer  monsoons .  Des t ruc t i ve  t yphoons
some t ime .s  < l eve lop  ove r  t he  Eas t  sea  du r i ng  ho t  wea the r .
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The  r i ve r  ne two rk  o f  v i e tnam i s  mazy  and  va r i ed .  The

Nor th  a l one  has  I  083  r i ve r s  and  wa te r  ways  o f  a l l  s i zes .  I n

Nambo ,  t he re  i s  a  b i g  r l ve r  eve ry  10km a long  t he  road t  and  a

r i ve r  es tua ry  eve ry  20km a long  coas t .
The  ve ry  r i ch  l ake ,  swamp  sys tem i n  conJunc t i on  w i t h

3  200km o f  coes t l i ne  and  i s l ands  p rov ides  V ie tnam w i t h  l a rge

we t  l and  a rea  as  f avou r i t e  hab i t a t s  f o r  wa te r  f auna '

i nc l ud ing  c rocod i  l es .
V ie tnam i s  t he  mos t  dense  l y  popu la ted  coun t r y  i n

Sou theas t  As la  w i t h  abou t  ?0  m i l l i on  res i den t s  i n  1993  and  a

meon  annua l  g row t t r  r a te  o f  2 .4  pe r  cen t .  Th i s  g i ves  a  mean

dens i t y  o f  abou t  200  pe rsons  pe r  squo re  k i l ome te r '  t he

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

T l r "  h i gh  popu la t i on  S row th  ra te ,  t oge the r  w i t h  seve re

des t ruc t i on  du r i ng  t he  recen t  wa r  has  b rough t  g rea t  nega t i ve

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

f  o res  t  l oss  f  o r  ag r  i c t t  I  t u re  l ' and  use  and  new  v i  I  I  ages  '
t owns ,  f o res t  l ogg ing  and  f i r es  e t c . . .

I I .  STATUS OP CROCODILES IN VIETNAII

t .  S ta tus  l n  t he  w i  l d

The re  a re  2  spec ies  o f
-  s i&mese  c rocod i l e  o r

s  i amens  i s  )

c rocod i  l es  in  V ie tnam:
f reshwate r  c rocod i  l e  (Crocody lus

-  Sa l twa te r  c rocod i l e  (C rocody lus '  po rosus )

Bo th  spec ies  has  d i s t r i bu t i on  range  on l y  i n  Sou th  V ie tnam
,  The  s i amese  c rocod i l e  i s  f r eshwa te r  one .  They  l nhab i t
b i e  r i ve r s ;  l akes '  swamps  i n  Tay 'Nguyen  p la teau  and  Cuu  LonB
< le l t a ,  suc l t  as  Sa  Thay  r i ve r  (Ko r r  Tum p rov ince )  r  Ba  r i ve r
(G i  { r  t ,B i  p rov ince  )  ,  Lac  l ake ,  K rongpac l t  t huong  l ake  r  Easup

r i ve r ,  K rongana  r i ve r  (Dac  Lac  p rov ince ) '  Dam Sau  Tay  Son
(Khanh  t l oa  p rov ince  ) ,  Bau  Sau  i n  Nan r  ba i  Ca t  T i en  Rese rve
(Song  Be  p rov ince  ) ,  Dong  Na i  r i ve r  (Dong  Na i  p rov ince )  '  La

Nga  r i ve r  ( Lam Dong  p rov ince )  and  Cuu  Long  r i ve r .
I n  t he  pas t ,  f r eshwa te r  c rocod i  l e  was re la t i ve l y

abunc lan t  i n  V ie tnam.  Pham Mong  G iao ,  1981  l n fo rmed  o f  2OO

crocod i l es  i n  80 -hec ta red  Tay  Son  "C rocod i l e  l ake "  (Khanh

l l oa  p rov ince ) .  I l un te r  and  l oca l  peop le  o f  t en l y  caugh t  t he

c roco< l i l es  i n  Lac  l ake  (oac  Lac  p rov ince ) ,  upe r  pa r t  o f  La

Nga  r i ve r  f o r  sa le  and  f o r  mea t ,  t hey  a l so  co l  l ec ted

c roco t l i  l e  eggs  i n  "C rocod i  l e  swamp"  o f  Nam Ba i  Ca t  T i en

Rese rve  f o r  f ood .  I t  was  i n fo rmed  t ha t  t he  c rocod i l es  r ve re

cap tu red  i n  l a rge  number  i n  K rongpach  l ake  and  Easup  r i ve r .

Sa l  twa te r  c rocod i  l e  (C rocody lus  po rosus  )  had  i nhab i t ed



nang rove  Swamps ,  r i ve r  es tua ry  i n  -Vung  Tau r  Can  G io r  wes t  t o

K ien  G iang  l j ,V ,  Phu  Quoc  I s land  and  Con  Dao  I s land .  Bu t  i t  l vas

decades  o f  i l a r s  ago  and  now  they  p robab l y  ex t i nc t  i n  t he

w i  l d ,  t he re  a re  some  o f  t hem now  a re  keep i r t r g  i n  sa i  Gon  zoo .

The  f o res t  l ogg ing  and  conve rs i on  o f  hund reds  hec ta tes

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

se r i ous l y  dec reased  t he  hab i t a t s  o f  w i  Ld l i f e ,  l n  gene ra l  '
and  c rocod i l es ,  i n  pa r t i cu l a r .  Meanwh i l e ,  ag ress i ve  hun t  has

a l so  se r i ous l y  dec ima ted  t he  number  o f  c rocod i l es  i n  t he

w i l d .  The  c rocod i l es  we re  cap tu red  by  d i f f e ren t  ways '  such

as  shoo t  l ng  by  guns ,  t r ap inS ,  exp loss  i ve  m ineg .  '  The  us ing

m ines  f o r  cap tu re  o f  c rocod i  l es  i s  ve ry  dange rous  due  t o

m ines  can  k i l l  no t  on l y  adu l t  bu t  a l so  young  c rocod i l es  end

seve re l y  des t roy  t he i r  hab i t e t s .  A t  t he  p resen t  '  acco rd ing

to  t he  hun te r s  and  l oca l  peop le  no t  mb re  t han  1OO c rocod i  l es

s t i l l  su r v i ve  i n  t he  na tu re .

2 ,  Cap t i ve  p ropoga t i on  o f  c rocod i l e

The re  a re  seve ra l  c rocod i  l e  f a rm  l n  V ie tnam (The

V ie tnam-Cuba  F r i endsh ip  C rocod i l e  f a rmr  Hano i  Zoo ,  Sa igon

Zoo ,  Cen t re  f o r  Fo res t r y  Sc ience  App l  i ca t  i on  r  e t c .  .  .  )  ,  bu t
mos t  l y  f o r  economica l  pu rposes  and  zoo  se rv i ses  r  l l o t  f  o r

conse rva t  i on ,  p rope r  l y .
Be  f o re  I  960 ,  Eano  i  Zoo  kep t  some  i nd  i v  i dua  I  s  o f

c rocod i l e  p rov ided  by  Ch ina ,  wh i ch  l i ved  f o r  10  yea rs  i n  t he

Zoo .  I n  1979  : ; a l  Gon  Zoo  have  rece i ved  7  s i amese  c rocod i  i es
f  r om S iem Rep  p rov i t t ce  o f  Cambod ia  (as  p resen t  )  ,  w i ch  have
ve ry  good  s ta tus  and  success fu l l y  b reed ing  i n  cap t i v i t y .

I n  Oc tobe r  1985 ,  e  g roup  o f  100  c rocod i l es  (C rocody lus

r l r omb i f e r )  was  impo r ted  f r om Cuba .  These  c rocod l l es  have
been  d i s t r i bu ted  t o  seve ra l  p rov inc .es  f o r  cap t i ve  b reed {ng :
5  i n  l l ano i  Zoo ,  10  i n  Sa i  Gon  7oo ,  o the rs  i n  Da  Nang  r  Nha
Trang  and  M inh  Ha i .  O f  t hem,  a t  p resen t  on l y  26  i nd i v i dua l s
s t i l  I  su r v i ve  (Sa i  Gon  Zoo : 4 ,  V ie tnam-  Cuban  F r i endsh ip
Crocod  i  I  e  Fa rm :  10  and  Cen  t  r e  f o r  Fo res  t  r y S c  i  e n c e

r \ pp l  i ca t i on :  l 2 ) .  O the rs  d i ed  o r  have  been  so ld  t o  p r i va te
f  a rms .  Recen ' ;  l y .  i n  I  l { a r ch  i 99+ .  one  c rocod i  l e  o f  Hano i

Zoo  d i ed  due  t o  swa l  l owed  a  res i n  t ube  g i venby .  a  v i s i t o r ,
The  keep ing  f ac i l i t i e s  he re ,  we re  a l so  no t  su i t ab le  f o r  t he
c rocod i l es .

Due  
' t o  budge ta r y  i nveS  tmen t  sho r t age  a i  I  t hese

gove rn inen ta i  f a rms  cou ld  noc  i : r ov i de  : he  c rococ l i l e

popu la t  i ons  w i t h  r e l evan t  cond i t  i ons  f o r  t he i r  deve  I . opm-en t .

The  f a rm  even  have  t o  coope ra te  w i  t h  p r i va te

fa rmers  f o r  l he  an ima l  keep ing .  Sa iGon  Zoo ,  f d r  examp le ,
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coope ra ted  w i t h  f a rmer  Bu i  Van  Do  l n  An  G iang  p rov ince  f o r
b reed ing  o f  31  c rocod l l es .  They  now  a re  o f '  3  yea rs  o l d ,

,  we igh t  abou t  L2ke  each ,  w i t h  cos t s  abou t  $700  each .  ,
Excep t  f o r  t he  gove rnmen ta l  f a rms  the re  a re  some p r i va te

c rocod i l e  f a rm  i n  V ie tnam.  Mr .  Nguyen  Thanh  Thuan  i n .Thu  Duc
p rov lnce  ( f o r  examp le )  have  l nves ted  $170  000  t o  se t  up  h l s
c rocod i l e  f a rm  o f  a rea  31  000m2 .  

' The  
f a rm  i s  keep lng  170

young  c rocod i l es  ( o f  abou t  20kg  each ) .  He  expec t s  t ha t  by
1997  h i s  f a rm  w i l l  have  150  b reed ing  f ima les  and  50  b reed ing
ma le .

The  p r i va te  f a rmer  r l nde rs tand  we l  I  t he  economic  va lue  o f
c rocod i  l es .  They  a re  pu re  b l ood l  l ne  and  have  h i gh
rep roduc t i ve  capac i t y  and  now  become  ve ry  r a re  i n  t he  w i l d .

Some  fa rms  (Sa igon  Zoo ,  V ie tnam-  Cuba  f r i endsh ip
c rocod i  l e  { a rm .  .  )  have  been  success fu l  i n  b reed ing
c rocod i l es .  Sa igon  Zoo ,  f o r  examp le ,  go t  t he  f i r s t  r esu l t  o f
c rococ l i l e  b reed ing  l n  cap t i v i t y  l n  Ju l y  1989 r  and  p resen t
pe rcen tage  o f  ha t ch ing  some t imes  reach  t o  80 -90%.  Espec ia l l y
t he  Zoo  has  been  success fu l  i n  hyb r i d i za t i on  o f  2  spec ies
c rocody lus  s i amens i s  ( f ema le )  and  c rocody lus  po rosus  (ma le ) .
The i r  hyb r i d  has  g i ven  20  eggs ,  17  o f  wh l ch  ha t ched
success fu l l y .  Bu t ,  i n  gene ra l ,  c rocod i l e  f a rm lng  i n  V ie tnam
is  no t  deve loped  and  t he  ach ieved  resu l t s  a re  ve ry  l im i t ed .
The  ma in  reasons  a re  sho r tage  o f  know legde  on  t echn iques  o f
husbanda ry  and  l im i t a t i on  o f  f und .

I I I .  CONSERVATION

Insp i te  o f  sma l l  number  o f c rocod i  l es  r ema ined  i n  t he
w i l d  t he  c rocod i l es  l n  V ie tnam a re , s t i l l  i n t ens i ve l y  hun ted
fo r  mea t ,  eggs  and  f o r  sk i n .  Mo reve r ,  i l l ega l  c rocod i l e
t r ade  a l so  becomes  more  i n tens i ve  du r i ng  recen t  yea rs .  The
c rocod i  l es  ( adu l t  and  young )  a re  cap tu red  and  sk i ns  a re
co l l ec ted  f o r  i l l eea l  expo r t  t o  Cambod la ,  Tha l l and  and  o the r
coun t r i es .  I n  V re tnam,  a  c ' r ocod i  l e  i s  so ld  f  o r  abou t  $100
$2000  depend ing  on  t he l r  s t a tus .  The  c rocod i l e  a re  so ld  i n
an ima l  ma rke t  o f  b te  c i t y  ( l l o  Ch i  M tnh  C i t y .  .  )  .  Some
broke rs  co l l ec t  c rocod i l es  cap tu red  by  l oca l  peop le  keep
them fo r  sho r t  pe r l od  o f  t ime  un t i l  t hey  mee t  t he  cus tomers
who  w i l l i ng l y  pays  h i gh  p r i ce .

The  conse rva t  i on  o f  c rocod i  l es  i n  V ie tnam i s  o f
gove rnmen i  i n t e res t .  The  gove rnmen t  has  adop ted  a  number  o f
r egu la t i ons  f o r  hab i t a t  p ro tec t i on r  s t op  o f  hun t i ng  and
an lma l  t r ade  o f  endange red  spec ies ,  l nc l uc l l ng  c rocod i l es .

Recen t  l y ,  a  na t  i ona l  wo rkshop  on  p ro tec t  i on  and
res to ra t  i on  o f  c rocod i  l es  was  he  l d  i n  t l o  Ch i  M inh  c i  t y  i n  3 l
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March  Lgg4  wh , l ch  po in ted  gu t  t ha t  t he  number  o f  c rocod l  l es

in  Ho  Ch l  M in :h  c i t y  O tp tP  t ras  l nc reased  f  rom seve ra l  . t ens  to

5OO heads  f o r  r ecen t  3  yea rs r  r l s l n l y  l n  p r i ve te  f a rmg .

Howeve r ,  t he  dea th  ra te  o f  youngs  i s  s t i l l  h i gh  (25  30%)

due  t o  de f t c i ency  o f  nu t r i t  i on  end  unp rope r  keep ing

fac l l i t l e s .  The  wo rkshop  ca l l ed  f o r  c l ose  coope ra t i on

be tween  sc i en t i s t s  gnd  f a rmers  f o r  p ro tec t i on  and  cap t i ve

b reed ing  o f  c rocod i l es  i n  V ie tnam.

Bo th  speb ies  o f  c rocod l l e  i n  V ie tnam a re  en l i s t ed  i n  t he

"Red  Da ta  Book  o f  V ie tnamm in  h l ghes t  ca teSo ry  -  '  B '  '
'  

"Endange red "  f o r  u rgen t  conse rva t i on  measu reg .
A  ne two rk  o f  87  na t i ona l  pa rks  and  na tu re  rese rves  has

been  Eeze t t ed  by  V ie tnamts  Gove rnmen t  i n '  1986  f o r  na tu re

conae rva t i on .  O f  t hem the re  a fe  3  r ese rves  w l t h  c rocod i l e

occupa t  i on :  ,

-  Nam Ba i  Ca t  T i en  Na t i ona l  pa rk  ( 36  000  ha )  i n  Dong  Na i
p rov ince .  Coo rd ina tes !  11025  N ,  LO |o26  E .  The  pa rk  has  a

swampy  a rea ,  whe re  t he  c rocod i  l es  concen t ra te  i n  h i gh
dens i t y ,  so  t ha t  i t  i s  named  "Bau  Sau "

"C rocod i  1e  swamp" . ,
Suo i  T ra i  Na tu re  Rese rve  (80  ha )  i n  Tay  Son  d i s t r i c t  '

Khanh  Hoa  p rov ince .  Coo rd ino tes :  13o20  N r  106045  E .  The re  i s

named  "Dam Sau t '  "C rocod i l e  Leke "  -  w i t h  h i gh  dens i t y  o f

c rocod i l e  i n  t he  Rese rve .
i n  Dac  Lac  p rov lnce .  Coo rd ina te :Lac  Lake  (540  ha )

15025  N ,  108011  E .

Due  to  many  reasons
no t  s t r  i  c t  enough  and
occas  i ona l  1y .

the  management  o f  these  reserves  i s
c rocod i les  a re  s t i l l  poached

IV. CONCLUSION AND PROPOSALS

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

sma l l  number  and  f ace  w i t h  t h rea t s  o f  ex t i nc t i on  i n  nea r
fu tu re ,  Seve ra l  conse rva t l on  measu res  have  been  conduc ted
bu t  no t  e f f ec t i ve l y  enough .  As  t he  resu l t ,  c rocod i  l e

hab i t a t s  a re  be ing  des t royed  and  d i s t u rbed ,  hun t i ng  p ressu re

i s  s t i t I  cons ide rab le ,
Meanwh i l e ,  ve r y  l i t t l e  i s  known  abou t  t he  na tu ra l

h i s t o r y  < i f  t he  c rocod i l es  and  s tudy  on  c rocod i l es  l n  V ie tnam
is  ve ry  unsu f f i c i en t ;

A l l  t hese  make  t he  conse rva t i on  o f  c rocod l l es  l n  V ie tnam
a  ve ry  u rgen t  and  d i f f i cu l t  p rob lem.  I n  o rde r  t o  ensu re
su rv i va l  o f  t he  l as t  r ema ined  popu la t i ons  o f  c rocod i l es  l n
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V ie tna rn ,  r es to r  t hem i n  f u tu re  an  ac t  i on  p l an fo r
conse rva t i on  o f  c rocod i l es  l n  V le tnam shou ld  be  deve loped
and  imp lemen ted  as  soon  as  poss  i b l e .  The  f o l  l ow ing
ac t i v i t i e s  shou ld  be  i hc l uded  i n  t he  ac t i on  p l an :

-  To  s t r eng then  t he  e f f ec t i veness  o f  ex ten t  po l i c y  and
measu res  o f  c rocod i l e  conse rva t i on ,  awa re  peop le  o f  t he .
gove rnmen t  po l i c y  and  regu le t i ons  f o r  c rocod i l e  conse rva t i on
and  i n i e res t  o f  c rocod i l e  conse rva t i on  by  rad io  b roadcas t i ng
and  TV  p rog rammes ,  v i deo r  pos te r s  e t c . . .

-  To  conduc t  f l e l dsu rveys  t o  de te rm lne  exac t  s t a tus  and
d i s t r i bu t i on  o f  c rocod i l es  i n  t he  w i l d  t o  e l abo ra te  re l evan t
recommenda t i on  f o r  t he i r  managemen t  and  conse rva t l on .

-  To  ca r r y  ou t  c rocod i  l e  f a rm ing  p ro j ec t  f o r
conse rva t i on  (no t  f o r  economica l )  pu rposes ,  t o  ensu re  t he i r
su rv i va l ,  i n c rease  t he i r  number ,  and  s tudy  t he i r  b i o l ogy  and
eco  I  ogy  .

-  To  t r a i n  V ie tnamese  o f f t ce r s  on techn iques  o f
c rocod i l e  managemen t  and  b reed ing .

-  The  conse rva t  i on  o f  c rocod i  l es  r eques t s I  a rge
manpower ,  expe r i ence  and  budge t ,  so  t ha t  t he  i n te rna t i ona l
coope ra t i on  f o r  c rocod i l e  conse rva t i on  i n  v i e tnam i s  u tnos t
impo r tan t .  We  a re  seek ing  f o r  i n t e rna t  l ona l  suppo r t  and
co l l abo ra t i on  on  t he  c rocod i l e  conse rva t i on  i n  V ie tnam.
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t ' t i l i l , lNl tNAltY SUllv l t l 's () t , '  cRocODILI iS tN' I ' I IAILANI)

b y

Punr tep  l ta t iu takor l t l ,  I lubphar  A t t rge tz  and Dre t t  Ot t ley l

rWildlil 'e l{cscarclt Laboratory, Departtnettt of Zoology, Kasetsart .

ul iversi ty,  Barrgkfuel,  ISangkok 10900' Tl tai land; 2Forest Technical

lJureau, ifoyat For.stty l)epartntent, Bangkok 109901 l'hailand;

rWildl i te Miuragertrent Internat ional I ' ty.  I - imited, P.O. I lox 38151'

Wi r rne l l ie ,  N .T .  0821,  Aus t ra l ia '

INI'RODUCI'ION

'fhe Sialncse l : resl t , ,vater Crocodi le (Crocodylus sianrensis) was once

widesprearl  rv i thin the freshlvater wet lands of Thai land

(l latalrakorn |  994).  l lorvever,  i ts status in tert l ls of  both distr ibut ion

a1d abult jancc has decl i l red dralnat ical ly ovcr the last 50 years,

duc to:  usc oI l tntural  l rabi tats for agr icul ture attd aquaculture;

trunt ing for s l l i l rs;  col lcct ion of wi l t l  stock over tnany years for sale

ro crocot l i le f i l r i l rs I rvhich st :u tet l  in l l re 1930's (webb arrd Jenkins

l99 l ) l ;  a t td ,  t l t c  t les t ruc t ion  o f  c rocod i lcs  as  ver t t t i l t

(Yanggr rap i tkor r t  e t  i r l .  lgT t ;  Webb and Jc l l k i r rs  l99 l ;
' I ' l rorbjartrarsou 199'2: l latal l lkorn 1994) '

S l lnva ter  C l r t l t :o t l i l es  (Crococ l ) ' lus  p t l t  osus)  a ls<- r  occur red  in  the

c : 'us t l r l  u rc^s . f  t l r c  s r iu t l rc t ' l t  ' c l t i t t s t l l l t : t l t4  Gr r l f  o f  
' I ' l a i la r rd  (Webb

I r r r t l  Jc rnk i r rs  lgg l  ) .  
' l ' l r c i r  s t i t tus  has  : t l so  tJcc l i l r cc l  d ra lna t ica l l y ,

prr ,r l r r l r l -v f<tr  t l tc s: l l l le rel ls() l ls ! ls C. si ; r-r l - rgl !s jg (Yalrgprapakorn et al '
'197l,  

iv. t rL,  arr t l  Jelki 's l99t;  
' l ' l r . rbjart tarsort  1992).  

' , l '5e Malayatt

l , ' f i lsc Gharial  (- l -grrr istoUta SEhtc-S,SJl i ) ,  norv al l l tost certainly ext inct i l l
' l ' |a i la lrd,  u 'as kt torvn hist<;r ical ly f rol t t  l tear t l te southern border

u , i r l r  I \ , l l l ays ia  (Yar rgprap lkorn  e t -  i1 l .  l97 l ;  Wct rb  and Jer rk ins  l99 l ;
' f ' l t t r rb j r r l t i t l ' so r t  1992;  l la t i t t takorn  1994) '

A reccrrr rcvicrv of the stiltus of crocodilcs in 'l 'hailand (llatarrakorn

l99rI)  rcvealed two locat iot ts wit l t i r t  which rel l lnal l t  populat ions of

Q. sialnel ts is t l i ly st i l l  exist  ( l 'ang Sit la Nat ional Park and Ang Lue

Nri  Wilc l l i fe Sattctuary; I r ig.  l ) .  An i lddi t iorral  area was ident i f ied on

t lre Is land of Phuket where e.f : -Wgs tnay st i l l  exist '

1'tre prirlary airn of tfie preserlt study, undertaken by the ltoyal

Foresiry Deparrnre'r  ( l tFD) and t le Crocodi le Management

Associr i t io l  of  
' lhai lnr ia (CUnf),  rv i th f i r rancial  asisstance from t l te

Asial  Colservat igt t  iutd Sustairrable Usc Gr<lup (ACSUG) and the
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Ccrr r rn r r  rc l ) t i l c  l ca ther  assoc i : t t io t ts  ( " l l t ten ta t iona le r
I tep t i l l cdcn 'c rbrnd- l l lV"  and " l t cp t i l -Ar te t tsc l tu l tz  e .V . -RA") ,  was  to
colr f inrr  t l re presclrce of crocodi les i t t  t l tese t l t ree areas. Secondary
ainrs rverc to:  establ ish basel i rre survey data that could be used for
nror r i to r ing  [u tu re  s ta tus :  asscss  thc  su i tab l i t y  o f  the  re rna in ing
hatr i tnts for the re-establ is lrrnent of crocodi les; farni l iar ise RFD staff
rv i th survcy nret l lodology and provi t le sonrc guidel ines for thent
( A p p c r r d i x  l ) .

MEl'IIODS

l 'a r rg  S ida  Nat io t ra l  I ' a rk
Locat  iq !

l ) l r rrg Sit la Nat iorr t l  l 'ark cort tpl ises 845 krrt2 of predominant ly
nntural  forest i t r  in thc l ( l ror i r t  I I i l ls,  in I ' racl t i l tbur i  Province,
eastenr 

' l ' l ra i land (Fig. 2).  ' l 'he vegetat iort  is dott t i l tated by deciduous
alrd cvctgrocr l  rainforest (Grcy ot : t l .  l99I) ,  al td there are areas of
lorvlarr t l  scrub and opcn grasslands at the foothi l ls,  whicl t  ref lect
past log,girrg i lnt l  c lcar ing for agr icul turc.  l {airr fal l  occurs throughout
t l rc ycar,  but thcrc is a dist i l lct  " tvet" scasot l  bct leen lv lay and
rrr id-Octotrcr,  rv lrert  rvaler levels r ise appreciably.  I 'he cool dry
se i l son  usua l ly 'ex tends  f ronr  t t t id -October  to  rn id -February  (Crey  9 .19
a l .  l 9 9 l ) .

I loua Narrr  Ycn Crcck ( l ; ig.  2) was selected as t l te survey si te
becausc a crocodi le wits sightcd and plrotographed froln a
hc l i coPtc r  t l r c rc  i r r  1992.  l t  i s  loca ted  i l r  t l re  westc rn  l la r t  o f  t l re
l ' r r l k ,  lb l r r rcd  l ry  t l la i l tnge  l i r rcs  f ro l t t  th t r  l r i l l s ,  t r rd  f l< . r rvs  ou t  o f  t l l e
\ve  s tc r  n  I r r . r r r r rd l r r ; '  o I  t l r c  l t : t t  k  i t r to  s t t t  t  ou l td i l tg  lo rv land count ry
( l ; ig .2 ) .  Agr icu l tunr l  usc  < . r f  lo rv lan t ls  o r t  thc  edge o f  the  Park  i s
i r r tc r rsc ,  rv i th  a l l  v iab le  a rers  u r r t l c r  cu l t i v l t t io t t  w i t l t  tap ioca  a l td
r i c  c .

' I 'he 
crcck is charactcr ised by steep blr t l<s, high sinuosity and

nunlerous sect iorrs of s lral low watcr attd rapids separat ing deeper
nlolc l )cnni lncnt bodics of w:t tcr.  I lc:rv i ly vegctated baltks are
dorrr i rratcd by dry t lcciduous forcst arrd bntt tboo t l l ickets.  Areas
rvlr ich hlvc previously bcen lc lgged, cleared arrd burned are nolv
t lolrr in l tct l  l - ry open vegctat ion consist ing of tal l  grasses, vi t te
t l r i cke ts  and shrubs  (e .g .  Ca lar r r i s  spp . ) .

n
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l;igure 3. I.Ioua Naln Yen Creek in Pang
Sida Natiortal Park. Nunrbers indicate
river kilorttetres (0= Khang Yai Mag
Patro l  Stat ion) .
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S u r v c y  
' l ' r a t t s c c t

' l ' l rc 
survcy tr  anscct rvas dcf i r ted by t l te Park boundary near Kartg

Yai l t lag Patrol  St l t ion arrd extended upstrearrr  for 9.3 knr to rapids
at \Varrg l r , lon ( l ; ig.  3).  A sect ion of rnpids (0.8 km) extending
dorvrrstrc:rrn l rolrr  Wang Kapoetn was not surveyed for logist ic
reasons. Upstrelnl of Wang lvlon tlre creek is too narrclw and
s l ra l low to  survey  by  boat .

Durirrg l l re r l r t l ' ,  sect ions of bartk wcrc rvalked alrd observat iot ls ol l
htbi t l t  arr t l  other inforrnat iorr  rvere rccorded. Part icular at tent iol l
rvas paid to : t r t l '  s igl ts t l rat  t t lay reveal t l re presence of crocodi les
(c .g .  s l i r l c ,s ,  t . r l t l  l r cs t .s i tes ,  bn .sk i r rg  s i tcs ) . ' I ' l re  scc t io t t  o f  the  r i ver  to

bc survt:yerJ cucl t  l r ig l t t  rvas padt l led duri l rg t l re day to farni l iar ise

thc otrscrvcr rvi t l t  t l tc creek course and to l rote habitat  type.

i \ lnpping thc Watcr Coursc

l)r ior to t l re survcys bci l rg ul tdertakelt ,  : t  rvorki t lg t l lap of FIoua Naln
y.s1 frcck wls l )r 'c l ) l tct l  f rorn aerial  photograglrs (scale I :  10,000)

as t lescr iber l  bv N' l t 'ssel  et  al .  (1981).  ' l 'he 
crcek course was traced

arrd l  gcared-rvlrccl  Ini l l )  l r tc:asurcr uscd to def i l re l l t idstreatn

t l i s ta r rccs  u l )s t rL t i l l r t  ( i r r  un i ts  o f  0 .1  k t r t )  f ro l t r  thc  bou l tdary  o f  the
park to lVang lvlon (Fig. 3).

S u o t l i g h t  S u r v e ] '

' l ' l r c  r ru r i r rs t rc i t r r t  o l ' l l o t ta  N l t t t t  Ycr t  Crcck  w i ls  SpOt l ig l t t .  S t t rveyed o l t

24-26  i . \uvcr r r l rc r  1993,  us i l rg  a  s lna l l  (2 .3  l r r  lo r rg )  f ib reg lass  boat .

Ac:cr:ss to t l rc crcck u; l .strcarrr  oI  t l lc I ' i t t rol  Stat iort  was by foot,  with

i r l l  e r lu ip r r re l t t  bc i t tg  c l t r r i c td  so t t te  5  k l t t  o t 'e r  h i l l s  to  Wang Kapoet t t ,

approx i r r r : r te ly  h i t l l ' r v i t y  a lo t tg  thc  l c r rg th  o f  t l r c  survey  t ra t l sec t . ' fhe

survey  lcar r r  co t ts is tcd  o f  a  spot tc r  t t t t l  a  boat  padd lc r .  To  the

cxtent possible, t l re boat was paddlcd. i l r  t l re nr iddle of the creek

ar rd  t l rc  bar tks  sc : t t t t ted  rv i t l t  a  l00W spot l igh t .

Ang Lue Nai  lV i l tJ l i fe  Sal rc tunry

[ . c lca t io l t

Arrg Lur:  Nai Wildl i fe Sartct t t l t ry is located in Cltachoengsao

Prrrvirrcc, south-castcr l r  
' l ' l ra i lat tc l  (Fig. 4).  l t  contpr iscs 108 km2 of

larrd, alrd enconrpi tsscs hi l ls covercd i l t  cvergrcelt  at td dry

t leciduous forcsts,  rv i t l t  opert  grasslal ids i I l  the lorvlandS. There are

lu l l c rous  c rccks  tJ r l i r r i l rg  thc  h i l l s  rv i th i r t  t l re  Sar tc tuary ,  a l td  t l lese
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cof l lescc tg fort t t  Iarger crceks whiclr  eventual ly f low into r iver

systcnls rvcl l  outsidc t l te Saltctuary. Duri l rg the dry sef lsott '  Inost of

thcsc stnal l  crecks dry into scr ics of s lrr i t l l  pools '

' l 'rvo 
slrrall creeks were selectcd for the survcy: Klorrg Ta Kraw

Creck, rv lrcre thcrc l tas been a recet l t  s iglr t ing and photogragh of a

2.5 rrr C. griuus_11s_1E, altl ]valrg Yang Sarl Soo Creek, wltere crocodile

tracks were rcccr l l ly photograglred by I iFD staff .  Bot l t  creeks are ot l

t l re rvestcrn sidc of the s:ulctuary (Fig. a).

Klong 
'l 'a l(rarv Creek is very nalrow (3-5 ln wide) and dries to a

scr ics o[ shal lorv pools less thart  1.5 t t t  t leep duri l rg t l re peak of the

dry sc1sol (accgr{ i rrg to I IFD rangcrs).  l ]arrks :u 'e covered in

sccgrrdary grou,t l t  dry decidious forest wit l t  a dense understorey

6grpi l ratcr l  ty biuntroo arrd ratan cal te palt t t .  ' I 'hese condit ions nlade

tfte use of 1 bo:tt for tfte spotlight surveys inrpractical. After a trail

rvils cut tlrrough the utt<Jerstorey' approxinrately 200 nl of the

crcck rvas rvalkcd during t f ie <lay to farni l iar ise t fue observer wit l t

cor rc l i t . io t ts  n r td  to  eva lua te  the  hab i ta t '

On t l rc rr ight of  t l rc 28 Novcrtr trcr 1993, a survcy rvas can' ied out by

rvalkipg t l ie b:r1k, al l<. t ,  wherever tracks i l t to the creek had been cut

(cletcrrr i i l recl  by thickr less of vegelat iolr)  scanlt ing the water surface

1r, i t I  a " IVtaglta- l i te" lorcl l .  Six obscrvat iol l  s i tes were used, eacl t

al lorvirrg t l re spotte:r  to vierv solne 10-20 rn of t l te creek. At each

sitc,  t f icrc rvas 1p i l r i t ia l  scatt  rv i t l t  t f ie l ig[ t ,  alrd t l ten i t  was
.srvi tcf ied ol ' f .  

' l ' l re spotter rer l tai l ted si lc l t  for 15-20 nt inutes before

q l i c k l l , s c u t t t t i t t g  t l t c  i t r c t  a g a i l t , ' f l t r c c  S c i r l l s  \ \ ' s r e  c a r r i e d  o u t  a t

e a c l t  s i t c .

Waltg Ytrrg Satt t  Soo Crcek is l tort l l -c i tst  ol  l ( lorrg 
' fa Krarv Creek

(l ; ig.  4) u, i , I  I luru, f roln l r i l ls to the sout l t -c: tst  al td out ot t to lowlal td

cuu-,r try.  Access t()  t r lost 9f  t l rc creek is restr ic led by t l r ick

u"g*fr t in, ,  alrd t Ic lack of al ty tracks. Durirrg t fue dry seAsot l '  water

f lo* in t l rc crcck cel lscs, alrd i l  dr ies to a ser ies of dcetr l  water lrc l lcs

sepur:r tct l  t ry '  s l t i r l lo, ,v grtvcl  bcds. St l  c l t t t t  rv idth was approxi lnately

I-5 rr t  urtd t t t i t ,x i t t t t t t t t  w:t tcr dcpth i l r  t l tc dcepcst l roles about 2 t ' t t '

l lurrk ve:gctat i1r l t  cotts istcd of f r i l tg ing scrub al td tal l  grasses, t l te

resu l t  o l '  pas t  c lcar i l tg  fo r  agr icu l tu re '

Orr ly I  krrr  o[  thc creek lvas accessiblc by foot.  A spot l ight survey

was not col tc lucted during t t r is v is i t .  Observat ions on the avai labl i ty

gf sui t lb le hnbitat  for crocodi les werc l t tade attd t l re logist ics

assessecl so thnt a future spot l ight survcy could be conducted in an

ef f i c ie r r t  t ) la l l t le r .
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I ' hu lce t  Is la t r r l

l rhuket ls larr t l  is s i tuated off  thc west coast of t l re southern

pc. l i r rsula gf ' l 'hni larrd, i t t  t l tc Andatnan Sea (Fig. l ) .  The hottest

ilerio.J of the ycilr is frotn February to May and the coolest from

3eptcrrrber to Decentber (Grey elal .  1991) '

' l 'he survcy arel is locatecl at tlie nortltern end of the island, at Ban

IUai I(haO (l;ig. -51, a rentnant peat swalnp and coastal lagoott

corpple.r .  I l istur ical ly,  t l re total  area was sott te 3 krn in length, but

nrosi  t r f  i t  h ls t ,cel i  al tcred through clrai l t i l rg and clear ing of

vcg,ct i l t io l l .  
' l 'hc Iagoolts al t t l  associatct l  swi l t lU)s l ie behi l rd coaStal

,nu. l  . lu, ,"s ( l rbout 100-500 lrr  i l t lat td frol l t  the sca),  and fortn a

chain ct-rttt,*.jt",J by slrlltow calli l ls. 
' l ' l lc 

swantps are fornred ilt

depressiols Ltort jcr ing t [e lagoons attd are cl taracter ised by a del lse

unierstorey r ; f  settges, t tangualta,  c l i lnbir lg fert t  and- cane grasses

(lrhrngrrr i tcs spp.).  1 'hcre is arr  overstorey of lorv Melqleuca spp-

i .o"-. t |  u iLf , ,g.r i -1, , ,u" cul t ivated al l  sui trrble areas to t l te water 's

eclge, arr tJ i l re lagoo's are i ' tensivcly t is lcd. I t  is est i r 'ated t6at

lesi  thrn l .5 krr l  of  lagoort  al td swatt tp rel t ln in '

Of t t re tSree sgtal l  rctr tai t t i t lg swanlps'  two lvere walked, for s igns of

nest ing att tJ crocodi les. A slnal l  boat was used to spot l ight survey

t losc l rarts ' f  t lc lagoo's art t l  swalt tp cclge t lat-rvere nccessible '
' l ' l re rcrpaini lg opetr wi l tcr was surveycd by walki l rg t f te bank and

sc:rrrrr ing rvi t l i  a 6V halr t l torch. Surveys wcre conducted on 2-3

lJccc l t r t rc r  I  993.

IuisuL'l'.5

l ' a r r g  S i d a  N a l i o n a l  l ' a r k

One el ,esl t ine wi ls located at k l l l  5.5 olr  I loua Natt t  Yelr  Creek (Fig'

3).  
' l ' l ie al i lual  surfacecl sotrrc 40 t t t  in frol t t  of  t l re [oat and swatl l

aruay fr t , , r ,  l l re boat before diving. 
' l ' l re angle of the aninlal 's l tead

rclai ive t ,  t6e s 'ot l ig lr t  bearrr  resulted i rr  a wcak eyeshit te,  and i t

divcd bcforc i t  c<-,ulJ bc apltroi tc lred. No posit ive ident i f icat ion

could bc l t tade.

No ottrcr eyi t le l tce gf crocot l i les was foulr t l  dur ing dayt inre searches

of the barrks by boat or walkirrg.  Al t l tough 8 basking si tes were

located on the l tanks, t tonc could bc nttr ibuted def ini t ively to

crococJ i les .  Ot tc rs  (Lu t ra  gcrsp ic i l la ta  o r  A< l l t ) ' x  c inerea)  and water

lroni tors ( trararrus' la l fat l l )  could alsg be responsible. Tracks and

tai l  gror. ,vci  at  t l r rec g[ t l rese si tes l t talchct l  the track patterns of
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V.  sa lv t to r .  Or r ly  one s l ide  four rd  a t  Wang Mol l  cou ld  poss ib ly  l tave

Gep 'radc by u slrr l l l  crgcot1i le.  I ' lowever,  evel l  here, t l te tracks

tvcrc lot  t l ist i r rct ,  ald t fue possibl i ty t |at  t f tey were lnade by a

large v. salvator c: lnlot  bc rcjectcd. I t t  gerernl ,  baski lg si tes are

l i rr i i tcd t luc t9 the steep banks ar l t l  ta l l ,  th ick vegetat ion'

Obscrvrt i ( ) ls t t tadc at l ig[ t  i r t  t f ie clcar rvl ter suggest t f t l t  t f iere is

a paucity g[ large f istr  spccies and turt les i r l  t f te creek, which ntay

," i I"" ,  , i  g", ,*rui ly t i rni tet l  food sspply for crocodi les. Potel t ia l

pest i , rg h, ibi tat  is l i r rr i tct l  to sorrte pi t tc l tcs of t l r ick grassy bank,

a l t l rou-g l r  ncs t i l lS  t r lay  be  poss ib le  in  lea f  l i t t c r  u r tder  ba t t tboo

thickets. 
' l ' l tc ovori t l l  i l l rpressiol l  wAs t l tat  I loua Nal l t  Yert  Creek

providcs gl ly l r targi l t i r l  crocodi le l rabi tat  i l t  tcr l t ts of  area, l lest ing

irabitat  al t rJ foot l  avl i labi l i ty.  I  l istor ical ty,  upstrc: l l l l  sect ions of sucl t

crecks nl i ty t lever have providet l  anythi l lg but nlarginal fuabitat '
, I .hc rcccnt photograglr  o[  a large crocodi le near wang Mon remains

ttrc t-rnly dci ' i r r i t ivt  record t l tat  ot te crocodi le st i l l  exists in t l te r iver '

Ang Lue Na i  Wi ld l i l ' e  Sanc tuarY

Dayt i l lc scarclres of t f ie battks arrd t l te torcful igI t  survey of Klong
, l 'a l (rurv crccrk rcvcalcd rro evidettce of crocodi lcs. A 2.5 m c.

s.ljuu-eild! rvits pltotograplted tltere itt Novettlbcr 1992, after 3 days

observat iol t  l rot l t  a bl int l .  
' l ' l tc t tarrow, highly si t tuous nature of t l te

cr ' rek, agt l  t Ie t l r ick vegct: l t io l l  wlr ic lr  ot tscures t l te waler 's edge,

rn lke  t I i s  sys te l l  u lsu i tab le  fOr  spot l ig l l t  surveys  (Bay l i ss  e !  4 I '

1986) .  S ig l r t l [ r l c  po t  t io t ts  o f  t l r c  c rcck  a t  a l t l '  l r t r i l l t  a re  res t r i c ted  to

5 ,6  r t r  in  l c l r !1 r l l .  Ar r l '  r rcs t in l l  rv tx r l t l  t rc  rcs i t  i c tcd  to  the  f loor  c r f  the

tJcn : ;e  l ' o rcs t .  i r t t ( l  t l r t ,  o r r l y  t rnsk ing  s i tc :s  $ 'c r ro  l la r t ia l l y  sub lnerged

t r c c  t t l l l : s . ' l ' l r c r e  w : l s  l t g  e v i d c l t c e  g f  l l t l g c  l - i . s f u  9 r  o t l r e r  p o t e n t i a l

p rcy  spcc : ies  i l r  l l t c  c rcek ,  aga i l r  suggcs t i r lg  l i r r r i t cd  fogd ava i lab l i t y '

wang Yalrg sanr soo creck wi ls l l lore sui table for spot l ight

survJyirrg, but logist ics t l id 'ot  at lorv t l te survev to be carr ied out.
' Ihere : r rc  l i rn i tc t l  bask ing  s i tcs  a t rd  po tc r l t ia l  ncs t i l l g  s i tes  a re

rcstr icter l  to thc levy blrrk wltcrc vegct i t t iot t  is predort t inant ly tal l

gr.asscs (a rcsult  of  extepsive clcar irrg i l t  t l rc past) ._ A pf iotograplr  of

i r , rct , t l i lc t racks (by I t l ;D ralgers) at t l tcr  croek i ld icates that at  least

one ar t i t t ra l  i s  p resent .

lloth wang Yang sarn sOo an<I Klolrg 
'l 'a Kraw Creeks apPear to !e

r r ra rg i r ra l  l i aU i ra i  fo r  C.  S ia r re r ts is ,  a t td  p rob .b ly  r lever  conta ined

s ign i f i car r t  der rs i t ies  o f  c rocod i les '
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I ' h u k e t  I s l a n d

Sporl ig|r  suryeys of [Jan lv lai  Klrao peat swatlrps by foot (using a

Iand hett l  torch) and by boat (with a spot l ight)  did not result  i r t

any crocodi lc sight i l rgs. Over t l re last t l t ree years t l tere have been 3

rccortJs of C. up-rus-ul ilt tltese lagoorts: it tttcdiutlt sized (2 m)

crocodi le rvas caugft t  in a lagoolt  af ter i t  rvas drai t ted; a srnal l

crocg<Ji le (possible a tratchl i l rg) was caught in a f ishing t let ;  at t t l ,  i t

s lpl l l  to gtet j iu l l t  crocodi le ( l -2 l1) was seet l  crossing a road

5crparat i rrg a lagoorr f rorrr  a canal ( infor lnat iol t  f rot t t  local v i l lagers

arrr l  f isherntert) .  With the except ion 9f the slr la l l  crocodi le,  t l tese

recgrds  p l 'gb : rb ly ' rc f l cc t  a l r i l r ra ls  e l r tc r i l tg  t l te  s rva t t tp  f ro t t t  t l te  sea

(p<.r.ssibly or igirrat ing froln l r{yanl l lar or lv lalaysia).

LIp unt i l  20 yclrrs ago crocodi les wcre cot l l t l ' lo l l  in the lagoons, and

vi i lagers ncvcr errtered t l te rvater for fcar of being attacked.

Ir is l reirr ten regulary saw crocodi les arrd t l tey renlel t tber a buffalo

bcing bi t fcrr .  l lorvever,  the interrsive use of the area by people and

thc rccerrt  tJestruct icxt of  a largc proport iol t  of  the rentainir tg

hab i tn t  l r r : rkc  i t  r l i f f i cu l t  to  avo id  the  cor tc lus ion  t l ta t  t l te  a rea  is  now

totally urrsuitlble f<,rr e. p!-1Ll-US. 
'l '[cy arc probably extinct in tlte

nrea  io t lay . ' l ' l re  da i l l ' use  o f  t t re  a rca  b1 'v i l lagers ,  the  la rge  s ize  o f

nuttule Sit l l rvatcr Crocodi les, at td the sl t tal l  area of habitat  lef t

(about 0.75 kln2) woult l  lnnke i t  rrear i l r tpossible for crocodi les to

ex is t  t l te re  rv i t l rou t  be ing  s igh tcd .

'  ' l ' l re coi tst l i l re of I 'hukei Is larrd l tas a l tuntber of tnal lgrove-l ined

c l c c k s ,  u , l r i c l t  u r t t i l  r e c e n t l y  w e r e  r e l : r t i v e l l ' u t t d i s t u r b e d ,  a t t d  l r l a y

Iravr:  l l rcrvi t l , ' r l  s1l t t tc rct l t l t l l t l t  rcfugcs f t l r  C-.  plu-gs-us. Crocodi les

f ronr  t l t csc  c r  ccks  l t t : t y  l t i t vc  used thc  lagoo l ts  dur ing  the  nes t ing

soasou, attd i ts i t  sottrce t l I  l resh watcr.  Sirrr i l : r r  uSe <l f  f reSltwatcr

swlrrll)s by C.1112I-ei!-S. occul's irt the Nortltcrtt 
'I 'erritory of Australia,

rv l rc rc  a t t i l t t t l s  c ross  f ro l l t  t l t c  sea  to  t l te  swa l l lps  (MeSSel  e t  a l .

t 97  9 ) .

D ISCUSSION

1'ltc survel,s did ttot provide evidettce of a rcltrnalrt population of C.

s iante l ts is  in ' l -h l r i lar r t l ,  a l t l rougl t  p l lo tographs takel t  recer t t ly  do

i*l i tot. thi l t  a ferv Q. siatttcttsis st i l l  exist irr thc wild. I lowever, the

extrcrrrely wary lature of any exist i l tg crgcodilcs and type of

habitats they are restr icted to (t lr ick fr inging vegetation at t lre

water's etlge; nal-row, si l tut lus creeks) greatly reducetJ t l te chances

of t l lerp bcirrg sigItcd usin8, cotlvertt ioltal spotl ight survey

tcc l r r r i qucs . ( l v t csse l  e t  a l .  l 98 l ;  Webb  e t  a l .  1989 ) .
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All  areas invest igated are considered to be marginal habitat  for

crocodi les. 
' l 'hey 

cortsisted of narrow creeks that are fast f lowing in

t l re wct season, rvi t l r  l i l t r i ted deep water in the dry season, l imited

ncst ing si tes; artd possibly a l i l r r i ted foot l  supply.  Tl tey nray never

Irave supported higlr  densit ies of crocodi les.

Olr Phuket ls land lhe rentaining pcat swanrp l tas no potent ial  for
rnairr tai l r i l tg even a slnal l  populat iotr  of  g.  porosus. There is
intensive use of tlte arca by peolllc wlto cannot afford to tolerate a

l l rge dalrgerous : t t t i l t ral  in sucl t  c l t lse ;rroxirr t i ty.  I t r  addit ion, t l te

rcrrrairr ing l rabi tat  l tas beett  extel ls ively degraded and reduced in

sizc. 
' l ' idal  creeks i t lortg t l te coast l i l te,  rv l tere l l lat lgroves have nOt

l lcelr  c lcured for at luaculture, l l l i ly st i l l  contai t l  solne e.pSrcSl.
Such arcas rvould bc t t tore al t te t tablc t t -r  spot l ight surveys.

l l  e c o l t t  t t t  e  n  d a  t i o l t  s

1. l (csurvey al l  areas by spot l ight dur ing the next cool-dry seasorr
(October to February).

2. l;ly all areas by helicolrter during tlte next dry seasott. This ntay
prove to be a rnore appropriate survey lnetllod for wary

crocodi lcs i l r  such habitats.

3. Prcplre working tnaps for Wang Yang Saltt Soo Creek, in Ang Lue

Nai Wildl i fe Sartctuary. 1 ' l re length of the creek within t l re

Salrctuary l rceds to be lnapped al td grouttd surveys cottducted to

dc tcnn i r re  thc  fe : rs ib l i t y '  o f  us i l tg  r t  s r r r : t l l  boa t  to  spot l ig l t t  survey

t l re creek. l r t furntat iol t  on t l tc extcl t t  of  dcep waterholes and t l te

t1'1-rc of habitat  alorrg t l re creck sl tuuld Lrc col lectcd for
: l s s e s s l l l e l l t .

4. l t lent i fy frr : rn t<lpographic r l taps, acr ial  Jr l rotos and ideal ly by
lrel icopter survcy, any ot l ler creeks rvhich lnay be suitable for

crocodi les in Arrg Lue Nai Wildl i fc Sanctuary. Croultdchecks of
thesc arcas rvould indicatc rvl tet l tcr spot l ight survcys can be
carr icd out t l terc.

5. Fly al t  areas durirrg the l rest ing scason, searcl t i t tg the banks for

sigrrs oI nests attd/or nest ing act iv i ty.

6. Concluct spot l ight surveys of t l re Phukct Is land coast l ine and

t ida l  c rceks .
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APPENDIX  I

SURVIIY N,Itr'I'IIODS USED TO I\{ONI'I'OR CITOCODILE
POI'ULA'I ' IONS

A lteport to t l te Royal l ;orestry Department and the
Crocotl i le Nlartagelttettt  Association of Tlrai land

GENI' ITAI,

Wlrcrr  desiglr i l rg a t t tol t i tor i l lg progri l l t t ,  i t  is i lnportatt t  that the

ntanagntent "problel tr"  that requires l t tol t i tor i t tg is c lear ly def ined'

I t  wi l l  i r r t lueirce t t le type of l t to l t i to l ' ing prograrn inst igated. I f  the

rtrairr  object ives are to ntott i tor changes in the total  populat ion, t l te -
survcy progriun rvi l l  neet l  to be desigrrcd to sample discrete units of

"ru.r i i l i  
l rabi t : t t  across t l te kl towtl  ratrge of the species'  Monitor ing

at r l l is lc:r ,c l  gI  resolut ion is ct-rrrcertrcd pr i l r tar i ly with whether the

populat iorr  is i l rcreasi l tg,  dccrcasi l tg or st i tble.  I t  lnay l lot  be

se,rsi t ive ertouglt  lo dctect c l tal tges within lc lcal  populat ions ( i 'e '

u, i thin any onc survcy urr i t ) :  for exalt t ; l le,  the populat ion in ol le unit

rrray bc dccl i rr i r rg,  rvhi lc thc total  populat iot t  is increasitrg.

u\ scp:tratc l l roblct l t  l t t ly bc t t r  asscss cl tal tgcs i l t  ot te Seglnent Of t l re

total  l ropulat ion or ol le i l rei t  over t i lnc- pcrhaps i t t  ol le r iver
' sys te ln .  ' l ' l r i s  n t i ry  rcqu i re  a t t  i r t t c l t s ivc  survey  program des igned tu

l l iov idc  tJa ta  o l l  bas ic  po l tu la t io r t  I )a ra t ) le l .e rS suc l t  as  a l tnua l

i r l t c , l r l i r rg  l cc l 'u i t r l c l t t  l y t t l  s ize  c lass  d is t r ibu t io ls  rv i t I i l t  the

poyru l : t t io r t  (Wcbb ar td  Sr r r i t l r  1987) .

' l 'hese two levels of l t to l t i to l i l tg arc trot  l lecessari ly excluSive, but

t l rey are t lu i tc di f fercnt and nced to be considered independent ly '

't '[e l{oyal l;grestry l)epartttteltt (l{FD) ald the Crocotjile

lv,lanageinent Association of 
'Ihailand (CMAT) lteed to determine

rvhlt  t l re lnal t i tg l l lc l l t  quest ions are t l lat  t teed to be anSwered by

surveys. I t  rvoult l  t l )pci l r  thir t  the f i rst  pr ior i ty at this stage is to

lucatc arry lcntai l t i l tg crocot l i lc pol lulai iorts in T'hai land. The

rrronitor i r tg prograt l l  nceds to be desigrred to provide presence or

absence i i r for lni t io l l  i l l  thc f i rst  i l tstal lcc.  
' l 'h is Inaybe fol lowed by

surveys desiglret l  to l l rovi<Je i l t fgrnlat iol l  o l l  populat ions in

irrdiv idual r iver systet l ls:  establ ishrrtent of  more systentat ic survey

prc)gral ls,  rv i t l r i l r  each r iver,  nray [e warratt ted. Thesc wi l l  provide

i" t , i  otr  t l rc 'u ' tbers ' rese' t ,  al t l tual  recrui t l t tet t t  al t<J lol lg-ternl

c: l rnlrgcs i1 t1c populat iLrrs.  Suclr  a I)rogratt t  could fortr t  t l te basis of

i r  totnl  Jropulat iot t  survcy ; l rogr l t t l  i l t  t l re future'



' l ' l re trvo rrr l in teclrnir;ues used to survey crocodile populations are
spot l ight  surveys arrc l  he l icopter  surveys.  Spot l ight  surveys are best
suited to rnorri torirrg in arels were the sightabil i ty of crocodiles is
high. Such areas are clrarnctcrised by a low sinuosity and a waters
edge which is rrot obscured by vegetatiorr. ln areas with t lr ick
vegetation t lurrg t lre lvaters edge and/or a high degree of sinuosity
thc sightabil i t l '  of crocodilcs is reduced and the accurracy of
spot l ighI  cornts  is  nccoru l i r rg ly  reduced (Bayl iss  c t  a l .  1986) .  In
arcus su i tn l r lc  to  spot l ight  surveys,  t l re  resul ts  wi l l  g ive prec ise
est i rnatcs for  ar r r rua l  chal rgcs in  hatch l i l tg  recru i t rnent  and s ize c lass
di .s t r ibut ior r  u ' i t l r in  t l re  one populat ion ( l lay l iss  1987;  Webb e!a l .
I  990). I  lcl icOgrtcr surveys tcnd to be lcss sensit ive to subtle
charrges withirr a population as this rnethod does not readily detect
t lre hatchling arrd juvenile size classes. Tlr is survey nrethod is best
suited to slrrrpl ing extensive sections of crocodile habitat cheaply
and quick ly  ( I lay l iss  et  a l .  1986;  Webb et  d .  1986) .

' l 'o rrreet the airns of the present nranflgenrent prograrn in Thailand,
both survcy tcchniques can arrd should be used. 1'he primary airn at
t lr is stage is to confirrn the presence of crocotJi les irr the wild.
Wlrcre the arrinrals are part icularly wary after a long lr istory of
exploitat ion, arrd have leanrt to avoid ntan [wlt ich is the case in
' l ' frai lantl  ( l{atarrakorn. 1994)l hel icopter surveys are probably tnore
l ikcly to locate aninrals. I lorvcver, wltere i t  is desirable to monitor

, charrgcs irr lny renurant pol)ulatiotts, spotl ight surveys nlay be the
best to use.

I;or ar survey l)rograrn to be of use irr t lre lolrg terrtt ,  i t  rnust be
designcd to bc l lEl ' l rA' l 'AIJLE over t inrc. ' I 'his is achieved by reducing
the sourccs of variut iorr in t lre lnethods usetl to conduct surveys, so
that a standarised procc<lurc can bc fol lowcd eaclr t irnc a sirrvey is
done .

SPO'I ' I , IG- I I l '  SUR VITYS

' l ' l rc [ ra.sic lnct l rod for corrduct i l rg spot l ight counts has been
described by l r lcsscl  q!  al .  (1981).  I 'hc cr i t ical  eler l rents of that
descript ion, as they relate to the nrethod ant l  pr inciples used to
design and corrduct spot l ight surveys, are:

I . 
' l 'he 

survey fransect (tlre section of lnairrstreanl river or creek
and arry associated sidecreeks to be surveyed) has to be def ined
try a STAI(1' POIN'I' arrd a S'I'OP POINT. Any sidecreeks off the
r r ra i l rs t l c iun  w l r i c l r  a rc  anre l rab le  to  spo l l igh t  survey  nrus t  a lso
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f tave def ini t ive stop poirr ts.  Both balrks of the mainstreant and

aly sidecrceks l re surveyed. Tl t is et tsurcs t fuat t l re exact Same

area is surveyct l  each t i r rre,  wlr ic lr  nrcal ts t l rat  t l re data col lected

frolrr year to year is related and catt be assessed for cltanges

ou", t i , , r" .  l t  is useful  to t t teasure the survey distal tce in unitS of

0.1 krn, as t l r is al lorvs t l re locat ion of eacl t  al t i lnal  to be recorded

reasolably :rccurately.  I t  at lorvs the distr ibut ion of animals

rvi t l t i r r  t l tc survcy tral lscct,  to bc l l lapped ovcr t i lne'

2.  Tirpe of year nrrd water level wi l l  af fect the nutnber of crocodi les

seerr.  I t  i i  i lnJrortart l  to do surveys f l t  t l te si l t l le t i l l le of  year.  For

f l re best resutts,  t l re cool dry seasott  is the lnost sui lable t ime to

cont luct surveys. At this t i r l te of ycar crocodi les tend to be in the

watcr at night because it is rvarltr relative to tfuc cool, nigfit air'

3.  Changing the stret lgth of the spot l ight or torcl t  uset l  on di f ferert t

surveys nl i ty af fect t l te nult tber of crocodi les Seen, and thus bias

f l re results.  I t  is i l t tportatt t  to use t l te satt te type of l ight each

tirne a1 area is surveye<L 
'l '[e cfiOice of ligfit used will be

<leteglilctJ by ffue Ititure of the wflterway to be surveyed. For

slnal l  narrorv creeks with t l t ick vcgetat ion fr inging t l te waters

edge a1d a ftigfu frequency of berr<ls, it is best lo use a powerful

hand torch as oppose<I to a l00W spot l ight.  Ul lder these

con4it ion.s thc ai ia effect ively scatt t ted wit6 t le l ig lr t  is usual ly

lcstr icted to distances of -50 rn or less. ' Ibe use of a powerful

spot l ight creates a glrre fronr l ight ref lected off  the vegetat ion'

l :h is i rray rcsult  in "eyeshirres" goi l tg ul tdetected as they tend to

be obscurc,r l  t ,y the ref lected l ig lr t .  Furt l tcr l t tore'  crocodi le eyes,

l i kc  ca t ' s  cyes ,  c luse  up  i r r  b r ig l r t  l i gh t '  l r r  w idg l - l l l o re  open

tvaterwi lys, wf icre the obscrver c:11 scal 200-300 nr ahead of

t l re boatt ,  a l00W spot l ight is ideal.

4.  When using the spot l ight i t  s l roul t l  be l reld so that t l te observer 's

eye is posir ionct l  behincl  the l ight so t l tey are looking along the

b la 'p . l i  the  l igh t . ' l ' l re  l igh t  i s  s rveJ t t  i l t  a t t  a rc  o f  180 degrees ,  so

1s to cover the waters edge alortg both baltks and t l te water

nlreatl of the boat. 
' l 'he eyeshiltcs flre ll lost casily detected from a

dist lnce, especi:r l ty t fue eyeshi l tes of l ratcful ings al td those of

crocodiles ltidtlen in tlrick vegetaticlll. 
'Ihe boat should be kept in

t fue lniddlc of the r iver rvlr i le seachirrg for eyeshines. Wlten an

eyeshine is pickecl up i r l  t l re l ig lr t  the spotter directs the boat

t l i iver to approach t l ie eyeslr i l te ul t t i l  c lose ettouglt  to see the

crocodi lc,  di terrrr ine species al td t t take a size est imate. I f  t l te

ani lnal  dives before i t  catt  be i tJent i l ' ied and "sized" i t  is recorded

as an "eyeshi l te".  l 'he boat should thcrt  be l l loved back into t l te

nr iddle of thc r iver.
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5. A col l l r rorr  faul t  wltet t  spot l ighr ing is t l re tendeltcy for some

spotters to holtl the liglrt on a eyesltine as they are approaching

it ,  unt i l  t l te crocodi le is s ighted and sized, artd t l tus fai l  to

celr t inuc searclr i r rg the area for ot l ter eyeshines. 1 'his wi l l  result

ip sgrpe crocodi les pot bei lg detected i f  they dive at t fue

approach of the boat or the boat Passes tltcrtt. The best

techltique is to give the boat driver the direction of the eyeshine

thcrr cont i l tuc to search t l te area as t l te boat approaches i t .

6. l 'he obscrver slrould be tlre sanle for all surveys. If spotters are

cl langed t l tet t  t l tc t tew spotter should be checked against t f te

or igi l ral  one, lo ct tsure thl l t  thcy arc cr;uivalel t t .  Solne obServers
just seelrr  urtablc to detect crocodi le cyeshit les i l r  the distance.

IIBLICOP'I'ER SUITVEYS

'fhe lnetltods used for helicopter countirrg of croco<liles has been

clescr ibed by Uayl iss et al .  (1986).  ' l ' fue sarne pr inciples apply to

sett ing up t f ie survey l ral lsect as for spot l ig lr t  surveys. In areas

t lrat  are spot l ight surveycd the satt te trnl lsect should be f lown.

When conduct ing a survey the hel icopler is f lown at a height of  100

fcct, a spccd of 60 ktrots arld is ptlsitioned out fronr the bank

torvard the Inid<tle of tlre river. Usually orrly olle bank is flown attd

thc l-rest tirrrc o[ year is tlte cool dry seasott, rvlten crocodiles bask

ant l  are rnore easi ly Seel l .  Eaclt  croco<l i le sighted is ident i f ied to

species, pl i tccd i l t  a size category, alrd i ts local iot t  alolrg the survey
transect rccorded. I f  t l re crocodi le ci lnnot Lrc idel t t i f ied to species i t

is rccorded as "uttk l town".

A I I l I S

'l 'he current survey progralll ltas tltrec lttain aittts. The first iS to

tJeterrrrirre if crocotJiles are prosettt. ' l ' lte second is to determine how

nl i lny arc l )rcsent attd wltcrc t l rey are. l 'he third is to set up a long-

terrn lnglr i tor i r tg progranl So that Accuratc data on nuntberS and

size classes can bc collcctetl. 
' l 'his inforrrtation will give estirnates of

the populat iolr  grorvlh and cl tartges in the size structure of the

populat ion over t in le.
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I{ECOMIVIIiNDAI'IONS

Gene ra l

l. Accurate work ntaps of the creeks to be surveyed need to be
p repared .

2. 'fbe survey teartr needs to be trailted to identify crocodile
cycslt i t tcs froltt  t l tose of spiders, frogs arrd tt tanrnrals.

3. Drawings of the crocodile hind foot pritrt  sltould be nrade fronl

ttre photograglr takelr in Ang Lue Nai Sattctuary. T[is drawing

calr tltett be tJistributed to ranger staff, tg aid tfuern in
t l ist irrguislr irrg crocotl i le tracks frotn t l tose of Varanus salvator

artd otters.

4. Post-hatctt irrg t i l r te is a good t i t l le to spotl ight survey al l  areas, as

thc lratctr l ings wil l  be close to t lre l tcst si le and sti l l  in clutch
groups. Location of t lrese hatchlings wil l  give some it ldicatiotr of

ihe nestittg effort arrtJ ilrdicates the presence of adult crocodiles,

wfuicft lrray |ave beel too wflry t0 be sighted during surveys.

5. A sIort worksltop ol l  crocodile survey technit lues rvould be
use fu l .

I ' a r tg  S ida  Na t io r ra l  I ' a rh

l. I t  rvould be wortl trvlr i le srrrvcying IIoua Nattt Yett Creek again

th is  dry  seasot l .

2. Arry sectigns of t l te creck wltere tracks and belly sl ides are
foulcl,  slrguld be closely lnott i tored. ' f l tese nray be regularly
userl basking sites, wlt iclt  catl  be observed froln hides buil t  near

these sites. I laits could be hurlg t lcar t l te sites to encourage t l te
crocodilcs to sltow t l telt tselves.

3. I-Ielicoptcr surveys of this creek will probably be more likely to

find crocotliles than the spotlight surveys. The crocodiles are

extrerlely rvary altd ltavc learncd to avoid man, boats and

spotliglrts. Ilorvevcr, they ltave not beett subject to iltterference

by helicopter.

{. Over the lrestirtg scason tltc creek baltks should be searched for

1ests, bgth try boar and by lrel icopter. Fetnale crocodiles visit  the
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nest sites regularly and create well defined paths through the
vegetatiotr to the nest. Careful searcltes of the bank front a boat,
may locate tlrese paths. Nest ntounds can often be seen from the
air if the helicopter is florvrr slowly along tlte bank.

Ang Lue Nai  lV i ld l i fe  SanctuarY

l. Maps of tlre creeks to be surveyed lteed to be drawtt. 'flte maps
Ireed to be of a scale thlt will sltolv tlte creek ilt detail (l: l0
000 would be suitable).

2. An assesslttcttt  of ottter creeks in the sanctuary which may be
suitablc for crocodiles rteeds to [.rr: tttade. FactorS such as the
presence of deep welter, especially during tlre dry season, bank
vcgetatiotr, availabi l i ty of basking sites attd food supply can be
used to fqrtrt att asscsstllellt of the potential of each creek for
crocodi les.

3. l f  possible Warrg Yattg Sant Soo Crcek should be spotl ight
surveyed this ,Jry season.
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CLASSIC IDENTIFICATION OFSOUTHEAST ASIAN CROCODILES

TRxorroNv RnosysrEMATIc  pRoBLEMS oF cRocoDILEs IN S.E.  AstA.

_ CHARLES A. Ross
. DepnRruENT oF VenresnnrE Zootoey
NnrroNAL MusEuu or Nntunnl Hrsrony

Sutrnson tnn Instt turron
l{nsuI lGToN, D. C, 20560- 

-USn

A NEVTEI{ OF THE HIsToRY or SouTTIEAsT AsTRru cRocoDILE

TAXONOMY WILL BE PRESENTED INCLUDIN6 THE CLASSIC CHARACTERS

HISTORICALLY USED TO IDEI {T IFY SPECIES SFECIF IC FOPULATIONS.

Dtnenost lc  cHARAcTERs FoR IDENTIFIcATI0N 0F popuLATIoNs t r ILL

BE PRESENTED,  EXNUPIES OF INDIVIDUALS WHICH DO NOT FIT

CURRENT CHARACTERIZATIONS OF RECOGNIZED POPULATIONS | { ILL  BE

DISCUSSED.
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KarSrotypes of 5 species of croeodile
kept in Samutprakan Crocodile Farrn and Zoo

Viuat chauananikul*
SumitraWattanodorn*
PanyaYoungprapokomt*

Abstract

Five species of crocodile bred in Samutprakan Crocodile Farm andZoo were used
in this shrdy. They were 8 Siamese freshwater (C. siarnensis). ? saltwater (C. porosus).
12 crossbreds produced by these two species, 3 Cuban (C. rhombifer). 2 New Guin ea (C.
nouaeguineap) and{Nile crocodiles (C. niloticzs). Lymphocyte cultures from heparinized
blood were performed usingAmphibian medium and incubated at 29 'c for 3 days. Well
spread metaphase cells were examined under light microscope and photographed. The
results from karyotype analysis were show in the following table.

Keyword : chromosome karyofpe crocodile

l!

* *
Facrrlty of veterinary science, chulalongkorn university. Bangkok
Samutprakan Crocodile Farm and Zoo. Samutprakan. Thailand
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Karyotype analysis of five species gf crocodile

Species of crocodile

1. Siamese freshwater croc.

(C roco dy lu s s iarnens is)

2. Saltwater croc.

(Crocodylus porosus)

3. Crossbred Fl

(C. siamensis x C.porosus)

4. Crossbred Fl-freshwater

(Fl x C. siamen'sis)

5. Crossbred Fl-saltwater

(F1 x C. porosus)

6. CrossbrcdE2-Inter se

(Fl x Fl)

7. Cuban crocodile

(C. rhornbifer)

8. New Guinea crocodile

(C. nouaeguineae)

9. Nile crocodile

(C. niloticus)

30

(58)

34
(58)

32

(58)

31.

(58)

33
(58)

32

(58)

30

(58)

32

(58)

32

(58)

2rt* = Diploid number
Meta- = metacentric

NFr* = Fundamental number

Acro- = Acrocentric Submeta = Submetacentric

59



t

,rdv.t<if.,

lllttttlrl
t5

I I I I | | f r
I t f l l f t . . .
FR€SHwatER CSOCOo|LE ra.3o

C. sirm.r3ir

;\:._\
t^ ,11 'r .

1.  \ r r  t t
t " -  \1  '

t a O

-  h \ - l '  I
I

l(ttIttI
l l l f"r ' ' . .
f  l  l l r

t t l t t r l . t r
SALTWATEF CROCOOTLE T* 34

crocodylur poro.u. o::ririu{ihrfl

t l
t lt \

:$Y,*.
ll t I r
\trlt
l l :s
larl t
t I T \ I

Crolbrod crocodllr, F2

C. r i rmonr i r  r  F - l

(f

- . 4

- l a a .

2n.  3 l

o::r!lnld!62 fi z

I r
rl

t  c r

$f
E I

I I
I Igt

lo
tt
TI

fflltI
oo l .

II

l l l l

I  I  I  t t : t

I
I

CROSSERED CROCOOILE,F '  2n .32

C..i.m.nrir x C. pogur lnlnui':f i  r

60



w
(f tllttln
lal t ' ' . )
t  t  t I  r t

t t t trs rtrr
cno8888Eo cRocoDllE' F-2 zn' 32

c.rllnrndr r c.goto.u. or:rinnsnu€zfl r

F'l r F-l

lgLg.firrl.ftr.rr.,i...Litl t(tl r ttt tr"'

' .. \Ut
,'1 \t
.t GT

' j.'' li; ''

ll tl It r; I
0f  lo  n!"

l l ; : r .
t t tX l t t t r r

cRossBn€o cnocoorr-e, F-2 en.33

F-l r c.eotoru. annal$zii z

lD - tU

:1,..c
f  f  r l

t, '- f t I- -aa I
- r  - - -  a l

-

llttlltrtt
n.
f f t l t f . ' r r
l l l l r l r r t !

CUBAN CROCoOILE zn' 30

c. rhombir.r ol:riirur

) e t r
J' - l  : ,

l D't 
f -r It r ,  
/  '  , l  '

e  r  t l  ;
I  t  , e

lll! Ilr!
!  I  t t t t

a  r .  l l  I  '

f  t  ,  t r :  | i  l  ' '  r i

t{.w Guin.. crocodil. 2" '32

Clocodylua novrginrtl

61



!l II ,trr
It lt.rft
loa..

13rat . . ,  ta f  r : r

NfLE cnocoor lE  z " -32

Crocody lus  n i lo t i cur

62



Differential Morphology of Crocodilian Leucocytes

S.Kadwryngka I arrd P.Yougrqakon 2

I Department of vet. Anatomy, Facultyof vet. Science, chulalongkorn Univ.,
Bangkok 10330,Thailand

2 Samutprakarn Farm and 7-oo, Samutprakarn 10280, Thailand

Abstract

Blood smear from 50 crocodiles of three breeds (Crocodilus siamensis, C. porosus
and crossbreds) are examined after Wright€iemsa slainning.Three types of granulocytes
are distinguished: heterophil, eosinophil and basophil. ln addition, 2 types of agranutocytes
are characterizecl: lymphocyrc and monocyte. Heterophil with the size of 8-10 um has
spiculate pink granules with oval eccentric ligbt blue nucleus. With the mixing of round, ro<t
and tear drop-shaped acidophilic granules, the eosinophil is 8-9 um., its pale blue nucleus
is also at the periphery. Basophil is the largas(9-!2 um) among the granulocytes. Granules
are of various sizes and stained purple. Nucleus is rounded aod surroundat by pale blue
cytoplasm. Granules of the heterophils and basophils are dissolved in metbanol. Moreover, it
is possible that the basophilic granules are also dissolved in water. Lymphocyte's diame3er is
7-9 um with eccentric or centrally located round nucleus. lts fine basophilic granules are
evenly distributed in the cytoplasm. Monocyte (8-10 um) is few, mostly with kidney-shaped,
eccentric nucleus and vacuolated blue cytoplasm. Crocodile hrc augleated thrombocyte
which is very much like lymphocyte but of smaller size (6 um). The surall thin rim cytoplasm
surrrounds the rounded nucleus. In addition, the unknown celt is also reported and discussed.
It is possible that the unknown cell is another white cell type, 'the aanrophil'.

Introduction

Addition information concerning the morphological and physiological
characteristics of crocodilian blood are needed to make a successful differential diagnosis
and disease monitoring. Examination of a stained btoocl film is integral anct very hetpful in
routine bematological examination. Apart tiom differences in the form and size of the
nucleus and cytoPlasm, staining characteristics of the celt constituents are essential in
classsification of the white blood cells Confusion an<t contraclictory interpretations on
nomenclature of the reptilian blood cells have been an interesting controversy for a long
time (5'6'7). Moreover, different staining techniques, Upe of anticoagulants and whether
or not are use<l all have various effects on blood cell morphological interpretations(4).

The present study is to provide informations on morphological differences (size,
shape, nuclear-cytoplasmic ratio and cytoplasmic granules) of the crocodilian leucocytes.
ln addition, de&ails and results of fixative used in bloo<t smear preparation are also discussed.
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Material and methods

Blood samples are collected from blood sinus located behind the base of the skull
of 50 crocodiles of 3 Upes (Crocodilus siamensis, C. porosus and hybrid type). Heparin
coated venoject tubes are of tremendous convenience in blood collection. Blood
samples are centrifuged at 2,5fl) rpm for JQ mins. to obtain the bufr coats. One drop of
bu$ coat is smeared on the slide and 4 slides are prepared from each sample. Two slides of
each sample are fixed in methanol fs1 I mins. The fixed and nonfixed bufr coat smears
are stained with Wright€iemsa (Clinical diagnostic Ltd.part. , Thailand).

Observations

Examination of the bufff coat smeani with Wright4iemsa stained under the light
microscope reveals the following leucocytes:

Granulocytes

1. Heterophils are abundant (Fig l) .The slightly oval cell of 8-10 um has ovat eccentric
light blue nucleus with spiculate pink granules densely packed in the cytoplasm. As
exp€cted examination of the ruprure<l heterophil exhibib acidophilic needle-liked granules.
The nuclear-cytoplasmic ratio(N: C) is | :2-2.5.

2. Eosinophils is round, 8-9 um in size (Fig.2) .The nucleus is round or oval and located
at the cell periphery. Dark acidophilic, rod and round granules are closely packed in the
cyloplasm. However, some of the eosinophilic granules are sparse in the nuclear area.
Studies of the disrupted eosinophits reveal a few tear dropshaped granules mixing with
the numerous round and rod shaped granules. The N:C ratio of the eosinophil is 1:2.5-2.8.

3. Basophils (Fig.3) are oot as numerous as heterophils aad eosinophils. The cell is the
largest (9-12 un) among granulocytes with N :C ratio of l2:1 . Granules are mostty round of
various sizes and stained dark purple. The nucleus is round and situatecl in the middle of the
cell.

Agranulocyte

l. Lymphocytes are small (7-9 um), round cells with round eccentric or centrally
located nuclei(Fig.4). ln some instant, very fine basophilic granules are observed in the
cytoplasm. The N:C ratio is 5:1.

2. Monocytes (Fig.s) are large (8-10 um) round cells with N:C ratio of l-2.5:1. The
kidney-shaped or oval nuclei are eccentric with vacuolate<t (ground-glass) blue cytoplasm on
one side. Some monocyte has prominent halo areas imprint in the cytoplasm.

Thrombocytes

Tbe thrombocytes (Fig. 6) are nucleated and very similar to lymphocytes but are
smaller (6 um). Tbe round nucleus bas a thin rim cytoplasm all around. Thrombocytr*s
always appear as clusters or clumps.
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Unknown leucocytes

Few uoknorvn leucocytes (Fig.7) are observed in the buffy.coat smeans. The celt is
round, about the size of lymphocyte (8 um) witb various sizes of basophilic granules
dispersing in the cytoplasm. It is possible that this uoknown leucocyle is aanrophil.

Additional reports from the present study are oo solubility of the
leucocyie granules. Bufff-coat smeans that ers fixed wi& metbanol display disinlegration
of basophilic granules (Fig. 7) aad granules of the heterophil (Fig. 7 and 8 ). Whereas,
eosinophils remain intact (Fig. 8).

Discussion

Three types of granulocyte are distinguished in the blood of brids and reptiles and
these cells probably have the same functions simitar to those of mammals. The difference is
that cells of brids and reptiles which are geaerally aszumed to be homologors with
mammalian neutrophils have cytoplasm containing a large number of strongly
eosinophilic spiculate granules.Therefore, the term 'neutrophil' is not appropriaie a1d thes€
cells are named as heterophils (6,9).

Heterophils and eosinophils of the crocodile have round or oval eccentric
nucleus. Spiculate eosinophilic granules in the helerophils give rise to problems in
distinguishing between these cells and true msinophils. Especially when the granules are
densely packed and no single granule can be examined. To add more confusion, ruptured
eosinophils always contaia a few tear drop-likat granules which sometimes appear very
much like the spicutate granules in the heterophils.

Neutrophils/heterophils are the most numerous granulocytes found in normal
mamrnals, birds and reptiles.Their primary function is bacterial killing througb phagocytosis,
ingestion and lysis (2,6). Some investigator (5) has reporte<l the presence of alkaline
phosphatase and peroxidase in reptilian neutrophils while the others(1,3,8) found tbat both
positive and negative alkaline phosphatase and peroxidase reactions in the heterophils.
Further investigation on histochemistry of tbe crocodilian betrophils would answer this
ambigity.

The unknown leucocytes of 8 um diameler display simitar characteristics as
basophils but are srnaller. Two possible interpretations may apply: l) The questionable
cells are degranulated basophils. This is based on the report tbat in adequate fixation would
results in degranulation of the heterophils and basophils(6). 2) These cells are another
white cell type, 'the aanrophil'. An outstandingfeature of oanrophils is the meiachromatic
reactioo of their cytoplasmic constituent with Rornanowsky stains. Little is known about
aanrophils and they have been consi<tered as allie<l to the granulocyte or monocyte
series.This is due to their roles in the inflamrnatory res:ponse(6).

In addition to degranulation of the heterophils and basophils causes by inadequate
fixation(6). Granules of the heterophils urrt basophils are dissolved when using an
alcoholic fixative (methanol).In contrast, the eosinophils remain intact. In aAaition,
degranulation of heterophil is not observed in the nonfixed bufff coat smears.
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Hffi

Fig.l An intact heterophil(8-10 um ) with spiculate pink granules (arrows). lnset is a smashed
heterophil, the pointed, needle-liked granules are scattered around. (N : nucleus).
(Wright-Ciemsa x3,600)

Fig.2 Eosinophil has 8-9 um diameter with eccentric nucleus(N). Round, rod and fusiform
granules are found in the cytoplasm. Inset is the disrupted eosinophil with round
(arrow), rod(R) and tear drop-liked (oval) granules. (Wright-Giemsa x3,600)
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Fig.4

Basophi l  (B,9-12 urn)  wi th round,  b ig basophi l ic  granules are scat tered in  the

cytoplasm. Three heterophi ls(H) are a lso observed.  The d isrupted basophi l  in

the inset disptays various sizes and basophilic intensity of the granules.

(N= nucleus) (Wright-Giemsa x3'600)

Lyrnphocyte (7-9 urn) is one of
round nucleus(N) surrounded bY
(Wright-Giemsa x3,600)

the agranulocytes. This lymphocyte has eccentric,

a srnall amount of basophilic cytoplasm.
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Fig.5 The monocyte (8-10 um) has
cytoplasm surrounds on one
observed. Monocyte in the
(Wright-Giemsa x3,600)

eccentric nucleus(N). A large amount of pale blue
side of the nucleus and halo area(arrow) is also

inset has a prominent foamy cytoplasm(C).
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Fig 6 Clurnp of thrombocytes(T) is displayed along with the nucleated red blood cells

(RBC) on the lower right corner. (Wright-Giemsa x3,600)
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Fig. 7 An unknown leucocyte which could possibly be an azurophil (A) is on the
far left. The granulated cell is round with 8 um diameter. The basophil ic
granules are of various sizes and dispersed in the cytoplasm. Ruptured
heterophil (H) is in the middle. (B:basophil)(Wright-Giemsa x 3,600)

Fig. 8 Blurred basophilic cytoplasm of the basophil (B) is observed after the granules
are dissolved away. The upper two cells (?) have eccentric nuclei (N) and
fainted remnant of spiculate granules. Disintegrated heterophils are
suspected. (Methanol tixed, Wright-Giemsa x3,600)
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Fig.9 Some spiculate granules (arrow) remain distinct giving ru impression that
. granules of the heterophil (H) are dissolving. lnterestingly, eosinophil(E) appears

intact and normal with densely packed round granules. (Methanol fixed, Wright-
Giemsa x3,600)
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Allozyme Variation in thc Nile Crocodilc Crocdylns niloticus from
Southern Africa
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Rand Afrikaans University, P.O.Box 524, Auckland Park, 20M,
Republic of South Africa.

Fax +27 ll 489-2411

INTRODUCTION

The Nile crocodile in South Africa is under severe pressure due to increased
human activity and habitat destnrction (Blake and Jacobsen, t992). This could
possibly explain the fact that almost ffi00 (75V") of the estimated 8000 animals
in the wild are at present found in National Parks. Although the remaining
animals are protected by local conservation legislation (Marais and Smith,
1991), their numbers are rapidly decreasing.

Crocodiles are also commercially bred on several farms located throughout the
countiy, mainly in the provinces of the Transvaal, Natal and the Cape. The
total number of crocodiles involved here are unknown, but is estimated to be
in the thousands. Most farmers obtained their breeding stocks from other
countries such as Zimbabwe, Botswana, Namibia and also Zambia, mainly
because it is illegal to utilize animals from local wild populations. However,
the lack of suitable broodstock and hatchlings have lately become a major
problem for the crocodile industry (Smith and Marais, 1990) and most farmers
now rely on captive-bred breeding stock.

Conservation authorities are understandably concerned that the present
inadequate control and coordination between crocodile farmers and various
authorities may lead to interbreeding and a loss of genetic variation in local
Nile crocodile populations. Although the re-introduction of crocodiles into the
wild is not taking place at present (Smith and Marais, 1990a), restocking of
river systems did occur in the Transvaal during the 1970's. Reasons for, and
possible implications of such mass releases were discussed by Loveridge
(1980).
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Little is known about the genetic structure (amount, distribution and pattern
of allelic variation) of natural as well as domesticated populations of the Nile
crocodile in South Africa. This information is of vital importance for the
formulation and implementation of coordinated management strategies (Adams
et a| . ,1980).

The purposes of this study were therefor (i) to determine the genetic variation
within and between natural and captive breeding populations and (ii) to
compare these results with those obtained for other crocodile populations as
well as for closely related crocodilian species. This information will
undoubtedly contribute to our knowledge of existing genetic resources and
phylogenetic relationships within the order Crocodilia.

MATERIAL AND METHODS

Nile crocodiles were sampled from a captive-bred population from Rustenburg,
Transvaal (originating from Zimbabwe) and a natural population from St.
Lucia Crocodile Centre (originating from the St. Lucia Estuary: 27-51'5;
28"25'S; 32"27'E').

During a routine slaughtering operation at the Rustenburg farm, tissue samples
(blood, eye-fluid fat-organ, heart, kidney, liver, muscle and testis) were
obtained from 100 two tg three year old individuals. The samples were stored
in liquid nitrogen (-196-C) and transported to the laboratory.

At the St. Lucia Crocodile Centre blood samples were obtained from 50
young adults. Samples were immediately centrifuged to separate the cellular
fiaction from the serum. Muscle samples were also collected from 20
individuals by performing biopsies" Crocodiles are not slaughtered at St.
Lucia and it was therefor not possible to obtain any other tissues from this
population. Samples were kept fiozen (-20-C) until used.

Tissue samples were prepared and analyzed in the laboratory by horizontal
starch-gel electrophoresis using standard electrophoretic procedures.
Histochemical methods of Harris and Hopkins<ln (1976) were used in staining
for protein activity. Interpretation of gel banding patterns was done as
described by Grant (1989), and genetic nomenclature as described by Shaklee
et al. (1990) was used. Statistical analysis of allozyme variation was executed
using a biochemical systematics computer program (Swofford and Selander,
1989).
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RESULTS AND DISCUSSION

A total of 5l protein coding loci were detected with 23 in all specimens and
an additional 28 in those individuals from which heart, liver and kidney tissue
were used. The larger number of presumed loci surveyed should provide a
more accurate estimate of heterozygosity compared to studies in which fewer
loci were studied (Van der Bank er al., 1992).

The mean number of alleles per locus was 1,12 (+0,06) for the Rustenburg
population and 1,22 (+0,05) for the St. Lucia population. Similar allelic
frequencies were found in related crocodilian species.

Allozyme variation was detected at only five of the 51 protein coding loci
(9,8 Vo). The percentage polymorphic loci were 7,84 % for the Rustenburg
population and 17 ,39 % for the St. Lucia population. Chi-square (X2) values
for polymorphic loci showed significant (P > 0,05) deviations of alleles from
expected Hardy-Weinberg proportions atthree loci (MPI-1, PGD-1, PROT-l)
in the Rustenburg population and at two loci (MPI-I, PGD-I) in the St. Lucia
population. These deviations from the Hardy-Weinberg proportions could be
the result of a sampling error, or it might reflect non-random mating during
breeding and/or tlte consequence of using limited brooding stock which might
lead to interbreeding. Genetic frequencies at one locus (MPI-2) in the
Rustenburg population closely approximated Hardy-Weinberg expectations and
at two loci (GPI-I, MPI-2) in the St. Lucia population. Heterorygotes at the
GPI-I and PGD-I loci were triple-banded, as expected for dimeric enzymes,
and they were double-banded for the monomeric enzymes PROT-I, MPI-1 and
MPI-2.

The mean heterozygosities per locus were 0,035 and 0,042 fbr the Rustenburg
and St. Lucia crocodile population, respectively. Heterozygosity usually
ranges from 0,05 to 0,18 with proportions of polymorphic loci berween 0,20
and 0,86 in most animal populations (Garside et al. 1976). Particularly low
heterorygosity values have also been obtained in other reptile populations (e.g.
Gartside et al. 1976; Menzies et al.,1979: Adams et al. 1980; Lawson et al.,
1989).

Low genetic variability could be attributed to various factors, such as genetic
drift where population size is small (as found at St. Lucia). Fixation of loci
would be inevitable where neither migration nor mutation takes place. Certain
breeding practises at some farms could reduce variability which might lead to
interbreeding.
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Gartside et aI. (1976) indicated that fixation of genes could be the result of
long periods of environmental stability. Selection for homozygosity might have
taken place and the high level of homozygosity could be advantageous if it is
an approach to optimal adaptation. Due to the protected status of the Nile
crocodile, it is unlikely that a reduction in numbers will take place. However,
habitat destnrction might cause a decrease in numbers.

CONCLUSIONS

This preliminary study of trro Nile crocodile populations indicated general low
genetic variability, yet revealed distinct differences between the populations.
These differences imply that uncontrolled release into the wild should be
avoided. The random mixing of broodstock from different populations is
therefore also not advisable.

One major goal of the crocodile industry should be to find a compromise
between the short-term need to achieve high-performance consistency, and the
long-term need to conserve genetic variability.

To conserve the Nile crocodile, it will have to be managed as a resource and
the routine implementation of genetic management programs on crocodile
farms could play a major role.

NQIE: A list of all loci assayed is available from the senior author on
request).
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STATUS AI.ID CONSERVATION OF GI{ARIAL IN NEPAL

Abstract
Afreldstudyofthegharial,freldalisgangetisrs,wasconductedintheRoyalchitwan

National Park and Royal Bardia National Park during 1993 to determine the status of

gharial in the Narayani, Kali, Karnali, and Babai river systems of Nepal' Systematic

"ortey 
.olrdrrcted in December and May revealed that a minimum of 58 wild gharials and

about ?0 released gharials survived in the Narayani, Kali, Babai, and Karnali rivers' the

sex ratio of wild gharials 1 male to 10 females, was at a critical stage' The low number

of males were tributed to the heary poaching of males in the past' The population may

be sustained by releasing captive-reared gharials

Introduction
The gharial, a large crocodilian with a long,slender snout, is the only surviving

member of a once well represented family, Gavialidae. The adult male gharial develops

a large, cartilaginous protuberance on the end of ist snout, and in fact, the name gharial

originated from the resemblance of the protuberance to a ghara or earthenware pot

common in India and Nepal (Smith 1931). Mystical beliefs have been attributed to the

ghara in Nepal. Local tribesmen (specially the Tharu) believed that a ghara placed under

apillowofexpectantwomenrelievedandspeededlabor(MishraandMaskeyl9Sl)' They

also believed that when the ghara is made into incense and burned in their fields, crops

are freed ofinsects and other pests'

Gharial eggs were believed to have medicinal value in parts of India and Nepal' In

Nepal, the local Thanr people beiieved that gharial eggs had aphrodisiacal and medicinal

value. For example, the dry powder of the egg is considered to be effective as a cough

medicine (Maskey 1989). Because the eggs do not taste good, they were mixed with flour

and prepared as bread (Bika Ram and Nathu Ram, pers. comm.). Eggs were sold for Rs'

30-40 (US $0.60-0.80) on both sides of the Nepali'Indian border'

until the early 1960s, gharials were found in all the major river systems of Nepal;

including the Mahakali, Karnali, Babai, and Rapti rivers in western Nepal' the Kali

Gandaki andNarayani Rivers in central Nepai and the Koshi riverin eastern Nepal (Fig'

1) By the Iate 1970s, there had been a drastic depletion in their abundance and

distribution; in fact, the wild gharial had become extinct in the Mahakali and Rapti

rivers in western Nepal and Koshi River in eastern Nepal' The gharial population in

Nepal would probably be on the verge of extinction were it not for the present gharial

conservation Program.

Many factors contributed to the decline of the gharial population: habitat loss and

disturbances, lack of strict enforcement of existing laws, entrapment in nylon gill nets



introduced for frshing construction of reserwoirs and dams in suitable habitat, and
poaching of eggs by the local people for medicine and food. Collectively, these factors have
resulted in the gharial becomingone of the rarest and most endangered crocodilians in
Nepal. A high priority was given to this species by the IUCN/SSC Crocodile specialist
Group during its working meetings in different countries. Gharials in Nepal are fully
protected under the National Parks and Wildlife Consenration Act 19?8, and are listed
as "endangered species" in the IUCN Red Data Book0g?S).

StudyArea
The study was conducted in the Karnali and Babai rivers of Royal Bardia National

park and the Narayani and Kali rivers of the central Nepal. The Narayani Nepal's third
largest river, flows through a relatively low gradient and is fed principally by two major
rivers, thekali andTlisuli, whichoriginatein theHimalayanregion" The NarayaniRiver
has a maximum width of a kilometer and consists ofmany channels and islands. It swells
to a maximum level duringthe monsoon ofJune-Septemder, and carries a high sediment
load. During the dry season (December-March) the river recedes to the center of the flood
plain, and is fed by snow-melt water from the Himalayas. the river is flanked b5r open
sand banks, rocks, and stands of phragmites (Phragtqjles Karka) and other grasses.

The Mugu Karnali River, originating in the Ladakh Himal, joins the Humla
Karnali which originates in China (Tibet), giving rise to the Karnali River (Fig. 2). The
Karnali, which flows for 50? km., is charaeterized by many gorges. One of the area that
provided habited for gharials was the Chisapani Gorge, which lies in the Royal Bardia
National Park in western Nepal.This habitat was severely degraded by the construction
of a bridge over the Karnali River at'the Chisapani gorge.

Mathods
Surveys of gharial were conducted in the Karnali and Babai rivers of Royal Bardia

National Park and the Narayani and Kali river of the Royal Chitwan National park.
Surveys were conducted from dugout canoes with the help of the members of the local
ethnic culture, the Bote. The main livelihood of the Bote is derived from fishing in the
rivers, and consequently, they are very familiar with the habits and natural history of
the gharial. During the study period, the entire lenghth of the Narayani, Kanali, and
Babai rivers within the park area, and Kali River outside the park was surveyed. and the
estimated size, sex, and location of sighted animals were recorded. The number of
gharials in the Koshi River was recorded on the basis of the warden report.

Results
Approximately minimum of 58 wild and about 70 released gharials were extant in

Nepal in 1993. The largest single population of wold gharial, consisting of minimum 39
adults, was found on the Narayani and Kali rivers. The smllest number of minimum five
wild gharials were recorded from Karnali River (Tabe1 1). Similarly among the released
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ghariais, 22were recorded from the Narayani and Kali rivers, 36 from the Babai River,
10 from the Karnali River and two in the Koshi River (Table 2).

TABLE 1: Present status of WiId Gharial in Nepal

RTVER MINIMUM NUMBER OF
WILD GHARIAI SIGHTED

Babai L2
Kali I
Karnali D

Koshi 0
Mahakali 0
Narayani 30
Rapti (west) 2

TOTAI, cd

TABLE 2: Number of relesed gharials and their survival to lggS

RIYER
NO.OF

GHARI,AL
RELEASED

NO.OF
GHARIAL
SIGHTED

SURVIVAL
PERCENTAGE

Narayani 273 20 7Vo

Koshi 84 , 2Vo

Babai 50 38 76Vo

Karnali 20 10 507o

Rapti (Chitwan) D 3 60Vo

TOTAI, 432 , o LTVo

In chitwan Shrma (L977) reported a population of 58 wild gharials in the Kali and
Narayani rivers. Minimum popoulation estimates of 53, 60, 57 ,56, and 51 wild gharials

were calculated from 1980, 1983, 1984, 1986, and 1987 surveys, respectively, in the
Narayani and Kaii'rivers.
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POPUI-ATION TREND OF GHARIAL IN THE NARAYANI BIVER
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Hundreds of gharials were observed on the lower Narayani River prior to the

constrution of the dam on the river near the indo-Nepalese border in 1964 (pers. comm.

with local people). In the early 1950s, about 235 gharials occured alongthe riverbetween

Narayanghat and Tribeni (Juthe Ram pers. comm.). These gharial had been extirpated

by poachers and dam construction (Jung Prasad pers' comm')

Many gharials and muggars were observed on the upper and lower Karnali River

prior to the survey of Karnali dam site in 1970s (Pers. comm. Krishna Man), but at

present the population of gharial in the Karnali River is highly uncertain. The local

people living near Kuinae reported that eariier in 1960s, they observed as many as 20

gharials in one spot ofthe kachali area (Shrestha 1990). Shrestha (1990) also reported

9 muggars, 1l gharials in the various spot of Karnali River, whereas 10 gharials were

detected in both 19?8 and 1979 (Bhim Gumng, pers. comm.). In 1987 Krishna Man

(Former Senior Warden, Royal Bardia National Park) reported the occurence of seven

adult and twojuvenile gharials in the Karnali River, seven in Babai River, and three (or

Iess) in the Rapti River of western Nepal. During the field survey in the Karnali River,

only E adult gharials all females were observed in the upper Karnali River (Chisapani

Gorge area), whereas not one gharial was observed in the lower Karnali area Among the

released gharials, the survival rate in the Babai River is l0 times more than in the

Narayani River (7Vo survival in 1993) and about twice more than in the Karnali River

(S0Zo survival in 1gg2). The main reason of high survival rate in the Babai River is

because of less disturbance by the people and less f-rshing activities, whereas these

activities are high in the Karnali and Narayani River'

During the monsoon season, wild gharials enter tributares to avoid the increase

force of waterflow in the Narayani River A maximum of firve wild gharials were counted

in the Rapti River of Royal Chitwan National park Three of the five young gharials that

escaped from captivity into the Rapti River in 1986 were observed regularly near

Dudhaura in Rapti River.
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The visually observed sex ratio of the gharial in the Narayani, Karnali and Babai

rivers strongly favors females, represent a problem. The highest sex ratio of the gharial

l male to 6 females was recorded in 1984, l male to 9 females in 1987 and l male to 10

females in 1993. The low numbers of males can be attributed directly to (a) heavy

poaching of the male in the past for the "ghara" and, (b) temperature effects on

incubation/hatching in the hatchery, because earlier superstitious beliefs about the

ghara have diminished, modern poachingmay not be selective. In the future the number

of male gharial might be increased by releasing more captive reared males, however,

that strategr does not lessen the severity of the current situation.

Consenration Strateg;y
The surviival of the gharial in Nepal is threatened primirily by continuous haditat

destnrction that is related to increasing human pressure on the environment due to

extensive agriculture, firewood collection cattle gtazing, grass cutting, and heavy traffic

in the river course. Since the gharial population has continued to decline, conservation

measures are necessary to protect the surviving population. Fewer than LVo of all ghrials

hatched in nature reach a length of 2m, a Iength at which they are generally secure from

nature predation (Singh 1978) One breeding female may lay from 14 to 62 eggs in a clutch
(Maskey 1989), but the eggs generally fall vicitm to predators, to poachers, and

particularly to flooding. To protect this animal from extinction, His Majesty's Govern-

ment of Nepal strongly supported by the Frankfurt Zoologlcal Society, launched its

Ghariai Conservation Project in Royal Chitwan National park in March 1978. The

objectives of the Chitwan rehabilitation project are to protect natural nest sites, to

carefully collect and incubate will eggs, and to rear hatchlings to a length of 2m for re-

stockingthe major riversystems in Nepal. Asimilar project was initiated at Royal Bardia

National Park Headquarter, but, later it was abandoned because of heayy flooding in the

rearing facilities

The gharial conservation Project released the first lot of 50 3-year old animals in to

the Narayani River on March 2, 1981; subsequent reieases were made in the Narayani

River in 1982, 1983, 1984, 1987 and 1989, in the Kali river in 1983, in the Koshi River

in 1983 and 1986, in Rapti River in 1985 (escaped from the enclosure), in the Babai River

in 1990, and 1991, and in the Karnali River in 1992.

Since 1981, the Gharial Conservation Project adopted several strategies. It in-

cluded updating the status of wild and released gharials in Nepal, identifying suitable

habitat for reintroduction and protection, collection of wild eggs from the Kali, and

Narayani rivers. The stratery also includes incubation, and reaing at Kasara, reintro-

duction of captive-reared stock, and long term monitoring of the effectiveness of the

reintrodution.

The Nepal Gharial Conservation proiect has successfully produced over two
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thousand gharials and reintroduced,4S2 into the Narayani, Kali, Koshi, Karndi and

Babai rivers. until now, budgets and extreme logistical diflictrlties have prevented the

development of an expanded program of this project'

Recently a crocodile Project was initiated in Nepal under the auspices of the local

IUCN oflice in collaboration with the Department of National parks and wildlife

Conservation. The main objectives of the project are:

- Creation of gharial and muggar sancturies outside the protected areas

Continueofcontrolhatchingofwildeggsofbothspecies
- continue of restocking of both species in different river systems

- Initiation of a country wide surver of both gharial and muggar

- Creation of data base to centralize crocodile information
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ABSTRACT

The Government of India has taken up a long-term conservation programme
for three species of Indian crocodiles. Due to hunting and habitat destruction, the
gharial population was reduced significantly. Its range is limited to few rivers in
North India. Massive fishing activities in the rivers w-here gharial occur have
caused mortalities of gharial. To save the species along with other crocodiles. the
Govt. of lndia in collaboration with FAO/LNDP has developed a National
conservation management plan for the g:harial and its habitat. Under this plan
gharial habitats have been declared as protected areas. There are 7 existing gharial
sanctuaries in 5 States with a total area of about 2986 sq. ti.m. In addition to these
special sanctuades about 520 sq. I(m. of protected area in Uttar Pradesh is also
available for gharial protection. To give more protection to the gfrarial habitat
sorne of the protected areas. especiallv the National Chambal Sanctuarl has been
proposed for National Park status. At present 3 gharial rehabilitation centers are
under operation where 'gro* and release' proerams aJe being taken up. I'hree
capitve breeding centers have been established where gharial is successfully
breeding. Monitoring of gharial populations in different protected iueas revealed
that the gharial population has been recovered. particularly in the National
Chambal Sanctuary where more than 64 gftarials are breeding in the wild. The
total population is estimated to be more than 1500 animals in the wild. Although
the speceis is recovered it is not suitable for commercial exploitation as the
Government laws are against wildlife exploitation in the Country.

u



INTRODUCTION

The gharial- Gm'ialis gangeticus, one of the three crocodilian species in
India suffered from a long period of habitat degradation and to certain extent
exploitation for skins (FAO. 1974). Gharial population dwindled down in many of
its distributional ranges. However, due to conservation prcgrammes talien up
since 1975, population in different areas has been recovered (Singh, et dl., 1984;
Rao. 1990). This paper deals with the historical background. conservation aspects
and current status of gharial in India.

DISTRIBUTION

The gharial orginally occured in the river systems of India Pakistan.
Bangladesh, Nepal. Burma and Bhutan (Smith. 1931), According to Steel (19g9)
occurence of an extinct fossil species in Sumatra that is allegedly referable to
Gavialis indicates that the genus probably had a much more extensive range in
South-eastern Asia in geologic times than is the case today. The gharial inhabits
major northern dver systems particularly Ganges, lndus, Bra]rmaputra and also
Mahanadi (FAO. 1974). It occur in Madhya Pradesh- Rajastharl Utar Pradesh.
Bihar and Orissa. Its occurrence in the Godavari in the South lndia (Andfua
Pradesh) rvas reported by Bustard and Choudhury ( l9g2).

HISTORICAL BACKGROTIND

Old records indicate that the gfiarial abounded in all the great rivers of
Northern India (shorrt, 1921. I.A.K. 1921, Rao, 1933). According to Adam
(1867)" ten to twentv gharial mav be frequent$ seen together in different rivers.
Honraday (1885) reported seeing 22 $tarial in trvo hours on the Yamuna river.

The gharial has been illegally hunted throughout its range for hides, meat,
and medicine. This "hzuvet", the loss of habitat frorn alteration and human
settlement. and the use of nylon set nets for fishing may have been significant in
regulating some local populations. By the end of 1960's the gharial dwindled to a
trace of its former abundance (Biswas. 1970. $hitaker et al., lg74). According to
whitaker and Basu ( 1982), during mid 1970's the largest known wild
concentration was 34 animals including adult and juveniles in 5-6 km. of river at



Katerniaghal U.P. , 50 adults and 100 smaller animals in 600 Km. of the Chanrbal
river and 14 adults in Rapti-Narayani River in Chitawan National Parlq Nepal.
They reported that an estimated 100 wild gharial survived in India in 1975. which
was half of the estimated world populaition.

CONSERVATION STATUS

Gavialis gangetictts, is listed on Appendix I of CITES. Under the National
legislation. the species is protected througfi Wildlife (Protection) Act, 1972. The
gharial is considered as endangered in IUCN Red Data Book.

CONSERVATION MANAGEMENT

A Nation-wide crocodile conservation project was initiated in the Counfiy
by the Govt. of India during 1975 in technical collaboration with FAO/LNDP
(FAO, 1974). Under this crocodile project many corcodile habitats were identified
and protected by declaring thirteen of them as crocodile sanctuaries where captive
reared crocodiles are released since 1977. Wild gharial eggs are being collected
for artificial hatching in different rehabilitation centres. The important captive
rearing cenftes for gharial in India are shown in table l.

Table No. 1. Gharial captive rearing centres in India.

SI. No. Centre State
I Kukrail Crocodile Rehabilitation Centre.

Lucknow
Uttar Pradesh

) Katerniaehat Centre Uttar pradesh

Deori Gharial Rearine Centre. Morena Madhva Pradesh
4. Gharial Research and Conservation Unit.

Tikemada
Orissa

5. Nehru Zoological Park. Hyderabad Andhra Pradesh
6. Madras Crocodile Bank. Madras Tamil Nadu.

The captive
protected rivers in

reared gharial from these
North lndia and Mahanadi

centres are released in many
in the east and also released in
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Pakisthan (Fig. 1). The number of gharial released in different rivers in lndia ar-e
shown in table 2. So far a total of 3342 captive reared gharial have been released
in these rivers.

Table No. 2.Year wise gharial releases in Indian rivers.
(Source : M.P. and U.P. Forest Departments)

Year River State No. of Gharials
1979-93 Chambal M.P./Rai./tJ.P. t7 l8
1985-93 Son M.P.AJ.P. 106
1986 Rapti U.P. l0
1979-94 Girwa U.P. 172
r986-92 Ghaehra U.P. 45
1982-94 Ramganga U.P. 257
t986-92 Sharada U.P. 105
r985-93 Ken M.P. 35
t977-89 Mahanadi Orissa 609
| 990-93 Betwa U.P. 55
1990-91 Dudhu'a U.P. )

r990-93 Ganga L].P. 225

The protected areas where gharial receives active protection are given in table 3
(F ig .2 ) .
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Table No.3. List of protected areas for gharial protection.

Sl. No. Protected Areas River State
I National Chambal Sanctuarv Chambal Ivf.P.[t.P./Rai.
) Jawahar Sagar Sanctuary Chambal Raiasthan

Katernia ehat Sanctuarv Girw-a U.P.
4. Ken Gharial sanctuarv Ken M.P.

Son Gharial sanctuarv Son M.P.
6. Satkoshia Gorge Sanctuarv Mahanadi Orissa
7. Papikonda Sanctuarv Godavari A.P.

Other Protected Areas
8. Corbett National Park Ramsansa U.P
9. Dudhwa National Park U.P.

PRESENT STATUS

Population estimates and counts have been made sporadically by various
investigators. Among the 34 protected areas in India where all three crocodilian
species are protected (Singh. et al.. 1984) gfrarial receives protection in 9 (3%)
areas. In a total of 13 crocodile sanctuaries in India 7(54%) sanctuaries with an
area of 2986 Sq. Km. are speciall.v created for the protection of gharial. ln U.P. an
area of 520 sq. tim. of Corbett National Park is offering protected area for glrarial
in the Ramganga River. Successful captive breeding of gharial has been reported
for the first time from Nandanlian Biological Park. Orissa (l98l) followed by
Kukrail Crocodile Rehabilitation Centre, U.P. (1939) and Madras Crocodile Bank
Tamil Nadu (1989) (Fig. 2).

The monitoring studies conducted in different parts of the Counny revealed
that the numbers and distribution of gharial have changed markedly over the last
15 vears. Presently, the important rivers where large number of gharial can be seen
are Chambal. Ramganga and Girwa. According to Singh et al (1984) the gharial
population in the Counny. before releasing any animal. was 230 including 72+
adults and by 1984 the population has been increased to 2518 including wild,
released and captive animals. The status surveys conducted in different rivers
indicated that the gharial population have recovered due to consen'ation
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managment programmes. But Matranadi
management (Singh, 1991).

requires a fresh effort for

Out of 609 gharials released in Mahanadi only about 25 including l0 in the
Satkoshia Gorge, are seen today (Sharma, S.S. in the Samaja- Cuttah Orissa.
26.11.91). Similarly, in both Ken and Son rivers less number of gharial are seen
than released. lntensive population surveys and studies were continued in the
Chambal river. Population monitoring was also continued in the Katerniag{rat
Sanctuary by the Uttar Pradesh Forcst Deparlrnent. These studies indicated that
more than I100 gharial are present in the Chambal river and over 50 indir.iduals in
Girwa dver. No data is available on population figues in other rivers, as
systematic census has not been carried out. Out of all rivers inhabited by Gharial
maximum number of gharial are found in the Chambal river. The total population
in.lndia is estimated to be more than 1500 animals in the wild. The census figures
from the Chambal river are shown in Table 4.

Table No. 4. Census of estimated population of ghar:ttll and No. of nests in the
Chambal river.

Year No. of Animals
(all sizes)

No. of Nests No. of Nesting Sites

1978 t07 t2 6

t984 451 28 I

r985 605 J- ) 7

1986 628 t0
r987 45 t2
1988 804 50 l 5

1989 57 l5
1990 982

r99l 60 l5
1992
r993 64 t5
t994 I 100+ 64+12; l5(?)

nver
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Gharial were seen in large groups (more than 20) in different areas in the
Chambal river (Singh, 1985). The nesting population w-as also greatly increased in
the Chambal river. According to Rao (19s8) 12 nests were located during 197g.
Every year the figure have increased and during the 1993 nesting period around 64
nests were located from the Chambal river (Table 4). The breeding records in the
Chambal river revealed that number of nests and nesting sites in early 1990's have
greatly increased over the figures in late 1970's. Although number of nests
increased in 5 years period from 50 in 1988 to 64 in 1993 the nesting sites have
not been increased (Fig. 3). This shows that there is a satruation of suitable
nesting sites for the increased breeding population in the Sanctuzuy. Gharials were
also successfully breeding in Gilwa and Ramganga Rivers (Basu" l99l).

These results show that the crocodile conselation plogramme in India is a
great success. The gharial population are increasing particularly in the Chambal
river' due to release of captive reared animals, highly protected habitat with
security against possible dangers (Rao, 1990).

CUNNENT PBjOtr,L.E fS..

a. Rehabilitation of ghariat

The problem identified in India for g{rarial conseryation is that the cost for
operation of rehabilitation centres is verv high. There are not sufficient protected
areas identified for releasing of captive reared animals. All rehabilitation cenrres
have reduced their activities by collecting very few' eggs from wild. Ar present
emphasis is only given to protect the wild animals. there bv reducing the
expenditure for captive rear-ing progxamme.

b. Human-gharial Conflict

There is an increase of human population in the bank-side villages along
most of the gharial inhabited rivers which resulted a conflict between crocodiles
and people' The impact of human activities like agriculture, sand mining and
fishing on gharial population and its habitat is very *tt*h. with the increase of
human encrochment in the gharial habitat. there is a loss of suitable habitat which
made the gharial to live in few isolated small stretches of the rivers.
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FUTANN GHANIAL IAANAGMAENr.

The continued survival of gharial in different rivers will depend
increasingly on the Govt.'s capacity to manage population in the protected areas.
The protected areas like National Chambal Sanctuary and Katerniaghat Sanctuary
should be considered as core areas and other gharial sanctuaries act as buffer for
introduction of the species. The Chambal river has the capacity to produce more
than two thousand hatchlings every year. but post-monsoon survival of the young
ones is estimated to be 67o only. It is necessary to control this high loss by'
collecting maximum number of eggs, hatch them in captivity and release them
after monsoon to assist mortality in monsoon floods. It is very essential for
protection of key breeding sites in the most productive gharial habitats.

The decline and/or non-survival of gharial population in the Matranadi
needs to manage human-crocodile interface with sensitit'ity. It is a challenging
proposition to manage community attitudes towards gharial conservation. The
locals will support proposals for crocodile conservation only after fulfilling their
demands.

SUSTAItrABLN USN

Conservation through sustainable use has proven to be very sucessful for a
number of crocodilian species, w'hen carried out under carefullv planned and
rigorousll'conholled management programmes (Messel & King; lgg2). lnstead of
harvest of commercial sized animals directly from the wild. use of captive reared
crocodilian product from wild laid eggs, which have higtr mortaliry-. rate. is
recormnended. This practice of ranching is economicalll' feasible for sustailable
use projects for crocodilians (Messel & King 1992). Since gharial breeds in large
semi-natural enclosures, cost for captive breeding for commercial exploitation is
very high. It is much cheaper to collect the wild laid eggs, incubate in conffolled
temperatures and use the young ones after releasing some percentage of animals in
the wild.

The nesting population in the National Chambal Sanctuary is around 64.
Considering the clutch size as 38.4 (Rao" l98S) and hatching success at gfiarial
rehabilitation centre as 87%o the annual production of g,harial in captivity will be
around 2000 if we collect and incubate all wild laid eggs. Rearing success upto
sub adult stage at different centres is more than 50%. If this figure is also taken in



consideration then 1000 gharial (Sub-adult stage) per year can be raised every
yeat'. In future if Govt. laws have some relaxation then gharial ranching can be
initiated for sustainable use of the resource.

TOUF,TSIW

Eco-tourism in crocodile sanctuaries is identified as a tool for public support for
the conservation programmes of gharial. At present tourists visitation is only
restricted to tiger areas in India. Tourist developments have to be initated in the
crocodile sanctuaries without disturbing the animals and their habitats to attract
more tourists whose participation will help in the crocodile management.

CONCLUSIOtr

The available information on crocodile population in India indicate that
population of gharial has increased in some habitats where they were formerely
verl' low in number. tn India large number of captive gharial are yet to be
released. It is suggested to conduct surveys in the Brahmaputra river system to
identifl suitable areas to release the captive gharial. There is a need for
monitoring gharial populations in the country and to extend the programmes to the
neigltbouring counhies like Bangladestr- Nepal and Pakistan to b.irg the
population to its fotmer distributional range in the Indian sub-continent.

Althouglr gharial are protected in India- grow"ing human interests are a
constant threat. There is a need to educate people on the biological and
commercial value of gharial to get proper support for gharial conserv'ation.
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The Tomistoma Tomistoma schlegeliiin southeast Asia,
a status Review and priorities for its conservation

by

Anthony C. Sebastian
Astan Wetland Bureau, IpT - University of Malaya

Lembah Pantai, 59100 Kuala Lumpur
Malaysia

INTRODUCTION

The Tomistoma or False Gharial Tomistoma schlegelii is one of the least known and most
endangered crocodilians in South-east Asia. Placed in u g"nx of its own, the Tomistoma was
formerly thought to be more closely related to the tnie crocodiles rather than the Indian
Gharial Gavialis gangeticus (Tarsitano et al. 1989). Recent evidence, however, seems to
suggest closer ties to this ancient Gavialis genus, Family Gavialidae 1D.nr-o.. & Owen
1e89).

Gharials are primitivg rentil.es, dating back to the Eocene of Africa and Asia. They havepoorly developed 
fimbs making them less mobile on land than most other crocodilians. They

are easily distinguished from true crocodiles by their long slender snouts. Adult male Gharials
develop a bulbous growth at the end of the snout. Adultirale Tomistomas do not develop the
bulbous nose and are distinctly marked with dark bands on the tail and snout. They can attain
lengths of over five meters and their modified jaw structure suggests * 

"J"pLion 
for feeding

primarily on fish. Juveniles are bright yellow with oblique dari bands on the sides of the body
and tail.

The Tomistoma is an elusive reptile, occurring in slow-flowing waters along the upper reaches
of small rivers, peat and freshwater swamps and lakes. These ,reas are often overgrown with
aquatic and riverine vegetation, usually species such as Pandanus, Baringtonia and Hanguana.
This species is thoughl to naturally occur in low densities and therefore can often beinadvertently overlooked in survey records of an area.

The Tomistoma is a mould nester and requires extensive areas of undisturbed riverine habitat
to breed' The extensive conversion of wetlands to agriculture and urban development in recentyears has resulted in a huge loss of this habitat. itt. subsequent fragmentaiion of suitablehabitat and the isolation of populations have also resulted in a reductiin in breeding successand a loss of their long term viability.

Tomistoma have been in captivity at crocodile farms throughout the region and have recently
been the focus of attention as stock for reintroduction programmes and also as genetic pools.
However, all attempts to breed Tomistomas in captivity hluu. been unsuccessful to date. It isincreasingly clear that more information on the nestin! habits in the wild is necessary to beable to breed this species successfully in captivity.

The large numbers of captive Tomistoma in these farms, presently of value only as exhibits,could form the base for reintroduction programmes. However, a possible restriction on thisis that information on collection localities ire usually uur"rrt, creating potential problems.
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Known to range from south-eastern Chin4 west to Burma and throughout southeast Asia and
Indonesia, this species has now been confirmed only in Malaysi4 and Indonesia (Sumatra,
Kalimantan). The Tomistoma is probably extinct in Thailand. The species may also occur in
Sulawesi and Vietnam. This resfticted range is emphasized further by the limited availabiliry
of suitable habitat.

STATUS OF WILD POPULATIONS

The Tomistoma today occurs in the wild in only two countries; Malaysia and Indonesia.
Con{irmed populations are known only from Malaysia and Indonesia with the Thai population
possibly extirpated over the last decade. The countries of the region are dealt with separately
below, describing the status of Tomistoma as known from existing literature. Appendix One
presents the records of Tomistoma in the region from the wild while Appendix Two indicates,
based on sightings and records, potential concentrations (hotspots) of Tomistoma populations
throughout its present range.

Thailand

No recent information exists on the status of populations in the wild. Last records of
Tomistoma were in the 70s from southern Thailand (Taylor, 1970) and the species may have
already gone extinct. The species exists in captivity at Samutprakarn Crocodile Farm but
claims of successful breeding are doubtful. Bain and Humphrey (19S0) state that if surviving,
the Thai population probably numbers fewer than 20 individuals. Fourteen years later, there
have still been no records.

Malaysia

No recent information exists on the status of this species in West Malaysia. Known to occur
in the Pahang River basin, Tasek Bera in Pahang and the North Selangor Peat Swamp Forest.
no recent surveys have been conducted to confirm the presence ofthis species. There have
been recent unconfirmed records of a crocodilian fitting the description of a Tomistoma from
the North Selangor.Peat Swamp Forest. A Tomistoma was caught here in the late 70s close
to the Bernam river (Marsh, 1982). The Setiu River basin in Trengganu, also provides an ideal
habitat for crocodiles and regular Crocodile Safaris are conducted for tourists. The identity
of the crocodilian here is unknown. Although C. porosus is more likely along the lower
reaches, the possibility of Tomistoma occurring in the dense riverine and swamp forests along
the upper reaches is high.

In 1983, a survey done in Sarawak (East Malaysia, Borneo) recorded Tomistoma in almost
all the inland river systems and freshwater swamps (Whitaker, 1984). A subsequent survey
in 1985 in Sarawak recorded the Tomistoma only once; two adults and one juvenile in the
Upper Ensengai Baki River in western Sarawak (Cox & Gombek, 1985). The most recent
records from Sarawak National Parks and Wildlife Office (NPWO) are from an animal
confiscated in late 1992 from Simunjan, First Division (Gombek, pers comm). This animal
is presently housed at the Semmenggok Rehabilitation Centre outside Kuching. Interestingly,
Sg. Simunjan (where this animal was most likely caught) flows into the Sg. Sadong, as does
Sg. Ensengai, where the 1985 sighting was recorded. This suggests the Sg. Sadong basin may

.support a population of Tomistoma, possibly a viable one.
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Another record is of an animal described as Tomistoma which was observed basking on a
mudbank of Sg. Maludam in the Third Division in 1993 (Ramli Ahmad, pers comm). That
this animal was seen in the same location on two separate days appears to fit more with C.
porosus, for two reasons; the animal has a particular basking spot and the habitat was
mangrove and Nipa swamp. The most recent record is that of a 20 inch Tomistoma bought
by Johnson Jong in December 1993, from a fisherman in Serian, apparently caught in a
fishing net (Johnson Jong, pers comm). This animal was very likely from Sg. Ensengai
although the fisherman was reluctant to confirm this.

In April 1994, a survey in the ninth Division of Bintulu heard from natives (Punans) that both
species of crocodiles were corlmon along the Kakus and Mayeng rivers, up-stream tributaries
of the Sg. Tatau (Elizabeth Bennett, pers. comm). Desuiptions fit T. schlegelii and C.
porosus. This is an interesting isolated wetland separated from the huge Third Division Peat
Swamp Forest by a high range of mountains. The habitat is, however, degraded freshwater
swampforest and fishing activity is intense and includes electro-fishing and Tuba poisoning.

Further surveys are required in Sarawak to determine the current status of this species. The
greatest number of Tomistoma in captivity is at Johnson Jong's Crocodile Farm, Kuching.
There are twenty-nine juveniles and ten adults in his farm but all attempts to breed have been
unsuccessful.

The species has never been recorded in Sabah, north-east Borneo (Whitaker & Whitaker,
1989) and is probably excluded from this corner of Borneo due to geographic topography.

Indonesia

Evidently the last stronghold of this species, the Indonesian populations of Tomistoma occur
only on the islands of Sumatra and Borneo (Kalimantan). There is little evidence to indicate
that the Tomistoma used to occur anywhere else in the archipelago. A report from Sulawesi
(reported from the Marisa river, north Sulawesi) has not been investigated to date (IUCN.
1992).If confirmed, this would be the furthest east its range extends.

The most recent surveys conducted in Indonesia were in 1990 by FAO-PHPA in Sumatra and
Kalimantan. The Sumatran populations appear to be restricted to the extensive swamp habitat
on the eastern and south-eastern part of the island. The northern most records come from
Buaya Bukit Batu, the lakes and swampforests along the Siak river (Giam-Siak Kecil, where
the species has been confirmed in 1992\ and Pulau Padang (where a lake, Danau Tanjung
Padang, supports populations), all within the Riau province. The nearby wetlands of Danau
Belat, Besar Sekak. Sarang Burung, Danau Bawah and Pulau Besar also support Tomistoma
but these areas have not been surveyed since 1982.

A second concentration comes from the southern region where the Strict Nature Reserve of
Kerumutan Baru has been recently confirmed to support Tomistoma (Martin Keith, 1992
unpublished data). Pulau Bakung, a mangrove island with a lake and some swampforest has
also been found to have Tomistoma in 1990. The Berbak National Park, Indonesia's first
Ramsar Site, has been known to support populations since 1981 and can be considered for a
base for ecological studies on this species. Nearby Sg. Lalan and the Ogan-Komering Lebaks
in the south are other confirmed sites, including Way Kambas Nationil Park in the extreme
south of the island.
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In Kalimantan, the National Parks of Kutai (in the northeast), Tanjung Puting (in the extreme
south) and Gunung Palung (in the west) all support significant populations. The Tanjung
Puting National Park also provides the base for ecological research. The Danau Sentarum
Wildlife Reserve, an extensive inland floodplain 700km upstream of the Kapuas river also
supports Tomistom4 as does the Katrayan Production Forest and the lake of Muara Along.
Frazier and Marnrbongs (1990) provides a complete listing for Kalimantan.

Singapore

Historically, there have never been records of Tomistoma in the wild on this island. This is
perhaps not surprising due to the small size of the island and the absence of any area of
swampforest of significant size. Tomistoma are kept in captivity in farms and as collections
and the Singapore Zoological Gardens have had eleven adults for many years. A lack of
suitable holding areas.have prevented any attempts to nest though gravid females releasing
eggs into the water have been observed for many years.

Brunei Darussalam

There have been no records of Tomistoma here to date. However, due to its close proximity
to the Baram River basin which has historically been prime crocodilian habitat, it is likely that
this species may occur in some areas of suitable habitat. The lake of Tasek Merimbun with
its surrounding swamp forests is a possible site to direct investigatations.

Vietnam

ln 1992, an Asian Wetland Bureau (AUIB) scientist on a visit to a crocodile farm in the town
of Ca Maq Minh Hai Province, South Vietnam noticed five young crocodiles in a concrete
enclosure, all with very thin, long snouts. The descriptions fit closely with those of
Tomistoma. The scientist was informed by the park officials that with the exception of the C.
rhombifer (gifts to the Govt. of Vietnam), all other crocodiles there were caught from the
surrounding areas. Subsequent attempts to communicate with the park authorities came up
with photographs of various animals at the farm (C. siamensis, C. porosus & C. rhombfer)
but none of these five young animals.

If these were indeed wild-caught Tomistoma, this would be a significant extension to the
existing known range of this species. Tomistoma used to occur in Indochina in the past.

STATUS OF ITS PROTECTION

Appendix Three provides a listing of the records of the species in the wild throughout
Southeast Asia. It must be noted that some of the sites listed encompass larger areas within
which more than one sighting/record/report of wild Tomistoma exist. As seen from the table,
a total of nine sites are presently not under any known legislative protection (Production
Forest is not considered a designation which provides any form of protection to wildlife
within). This would encouragingly indicate that 65Yo of wetland sites where Tomistoma have
been recorded are under some form of protection. This tends to differ from the true picture.



Most of the known threats (and those yet unknown) to Tomistoma continue to affect
populations even within protected areas. Even the threat of habitat loss is only slightly
dampened by these protective legislations. It is therefore clear that while protection is
essential, much more is required in terms of enforcement and implementation of on-the-
ground management practices. The glaring fact then rises that although general basic concepts
apply, little is known regarding how to manage a wetland for the conservation of this species.

THE NEED FOR CONSERVATION

Of the seven species of crocodilians identified as deserving the highest priority in the CSG
Action Plan, five are Asian. With substantial progress made in initiating conservation of the
Gharial Gavialis gangeticus, the Chinese Alligator Alligator sinensis and the Philippine
Crocodile Crocodylus mindorensis, two species remain unaddressed, the Siamese Crocodile
Crocodylus siamensis and the Tomistoma. This species is now becoming an urgent priority
(CSG Steering Committee, 1992). The Tomistoma is listed as Endangered in the IUCN Red
List 1990 and is an Appendix I species under CITES.

Natural wild populations are thought to have been reduced to dangerously low levels, mainly
due to habitat loss. Restricted to slow-flowing rivers with dense riverine and floating
vegetation, freshwater and peat swamp forests and lakes, the natural habitat of the Tomistoma
is undergoing conversion at an increasingly rapid rate. It is crucial to locate viable populations
of Tomistomas now, so as to be able to justiff and acquire legal protection for their habitats.

The fragility of freshwater wetlands used by this species requires the protection and
management of entire ecosystems and not representative parts of the habitat. The effort and
cost required to maintain an area as a sanctuary for Tomistoma is likely to be higher the
smaller the area is. It is therefore important to identify suitable areas of sufficient size to be
gazefted as sanctuaries for Tomistoma.

In the event that no viable populations are located in Thailand or West Malaysia, the option
of captive breeding centres with the purpose of scientific studies and reintroduction
prograrnmes must be examined.

Surveys should be conducted in West Malaysia, especially in the Pahang River basin,
concentrating on the freshwater lake systems of Tasek Bera, Tasek Chini and Ulu Lepar, to
establish the presence of this species and identify potential habitats.

lndonesia still retains vast areas of peat and freshwater swampforests in Sumatra and
Kalimantan. The presence of Tomistoma within protected areas has recently been confirmed.
These are probably the only areas supporting such populations of the Tomistoma in the world
and present good opportunities for detailed ecological studies of the species in the wild.

The urgency for the design of proposals and the allocation of funds for the conservation of
this species cannot be emphasized. Efforts should be made now to save this ancient reptile
from extinction.
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THREATS TO WILD POPULATIONS

Crocodilian populations in general, and the Tomistoma in particular, are threatened globally
by a series of factors. All these threats have one thing in common, the devastating influence
of the rapidly growing human population and its increasing demand on land and its resources.
Discussed below are the most serious threats to Tomistoma populations throughout its natural
range.

l. Habitat Loss

Whenever species specifically adapted and dependent on wetlands are discussed in terms of
threats to their survival, the loss of habitat invariably takes the foremost position. Both coastal
and freshwater wetlands throughout the region have been decimated at an alarming rate over
the past two decades. This conversion of riparian habitat through flood mitigation schemes,
channelling of rivers for irrigation and the damming of rivers for water supply and power
generation has been by far the most influencing factor on the decline of freshwater aquatic
species, in particular the larger and more conspicious species.

A further consequence of the loss of habitat for Tomistoma is the fragmentation of remaining
habitats and the resulting isolation of populations. The small pockets of riparian vegetation
left relatively intact are more often than not insufficient to support a population of large
reptiles, thus forcing these animals to wander off in search of a beffer refuge or to die. This
displacement is becoming more apparent in recent years, supported by the increasing number
of sightings of Tomistoma in irrigation ditches, canals and flood by-passes where the virtual
absence of riparian vegetation could not possibly support viable populations of these reptiles.

This loss of habitat also translates into a lack of suitable sites to nest. This has serious
repercussions on the ability of the population to reproduce and hence sustain itself in the long
terrn.

2. Depletion of Food Supply

This factor is often overlooked or not given due attention. Fish have constituted a major
source of protein and income to the rural people of the region. Today, it is evident among
local communities living along the rivers and lakes of Southeast Asia that fish catches have
declined and continue to decline every year. The reason for this is the ever increasing
populations dependent on this wetland resource.

The result of this decline is the intensification of effort into fishing. "Improved" fishing
techniques and equipment begin to weigh a heavy toll on the fisheries of theJe wetlands and,
in some areas, result in fish populations being depleted, to the extent that the prey base for
large fish-eating species such as crocodiles and otters have reached non-sustainable levels.
This leads to either the death or emigration. The effect is emphasised in the more specialist
species, i.e. those which are dependent on particular species for food or, in the case of
Tomistoma, sufficient fish of a certain minimum size.

Another destructive form of fishing is the use of poisons. Traditional use of root-poisons still
continue in many areas but this form of fishing has been expanded to include the
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indiscriminate use of chemical poisons such as rotenone. These pesticides completely wipe
out aquatic life along stretches of rivers and streams when used. Their use in first-order
streams leave little chance of recolonisation of fish populations and restocking from migratory
movements are seasonal, thus leaving these streams "empty" for long periods of time.
Crocodiles inhabiting these rivers die out or move upstrearn/downstream in search of food.

3. Hunting for Skins and Trade

Crocodile skin does not have the same value it used to command in past years. Strict
protection laws have ensured the virtual eradication of this market. Occasional hunting
continues, especially in Kalimantan Borneo but skin sought is mainly that of C. porosus as
Tomistoma skin has little commercial value.

Capture of live animals, usually yomg, is done on an opportunistic basis. These animals go
mostly to farms which today, are increasingly reluctant to buy Tomistomas. Other than being
of value as exhibits, they present a drain on resources.

4. Incidental Capture of Young

In areas where the wetland dependent human population is high, crocodiles suffer from getting
caught in fishing nets. Larger animals are known to destroy the nets and anger fishermen,
while younger animals are caught and either killed or sold. In some areas where fishing
activity is intense, the regular removal of young from the population can compromise the
ability of the population to sustain itself.

PRIORITIES FOR CONSERVATION

In view of the known threats to Tomistoma populations throughout its range, attention must
be directed towards ensuring this species continues to exist in the wild. There have been well-
documented cases of man's efforts to bring back species on the brink of extinction by
artificially breeding them in captivity. It is recognised today that the Tomistoma may be
headed towards extinction in the near future, maybe sooner if current influencing factors
continue to operate unabated. If this were to happen, captive breeding may become a missed
opportunity especially because there has been no success in getting this species to breed in
captivity so far. This stems mainly from the fact that the natural breeding ecology and biology
of the Tomistoma remains a mystery to science.

The concept of preserving areas solely for certain species of wildlife is a dying one. There
are few important protected areas which do not have hurnan populations intrinsically
dependent on the ecosystem for their survival. In fact, ethnic tribes today can be regarded as
being an indivisible part of that ecosystem. The approach therefore must be an integrated one,
combining the sustainable utilisation of the earth's resources with the conservation of all life-
forms, while attempting to include representatives of as many of the diverse environments and
species as possible. The presence and dependence (on the areas) of local communities in the
process of the management of reserves, parks, sanctuaries and wildlife cannot be ignored any
longer.
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In the case of the Tomistom4 many are of the belief that because the major cause of its
decline has been the loss of habitat, preserving suitable habitat within protected areas should
be sufficient to ensure the species' survival. This may not necessarily be true as other factors
which threaten Tomistoma populations could continue to operate even within protected areas.
The depletion of food resources, for example, is difficult to resolve if the management of the
fisheries cannot be effected.

The fact remains that there are too many gaps and guesses where Tomistoma is concerned.
The case here is not only to immediately protect but to protect and learn as well. Management
can only be effective if scientific information moulds the process. In order to focus
conservation efforts towards the most irnportant and urgent requirements for this species, a
listing of the highest priorities for the conservation of the Tomistoma is provided below.

1. Location of Viable Populations throughout its Range and the Design of Surwey
Techniques

While the past two years have contributed $eatly to our present knowledge of the range and
distribution of the Tomistom4 much more information is required. Kalimantan Borneo and
Sumatra in Indonesia have been covered superficially between 1990 and 1992, while
Malaysian Borneo and the peninsula have not been investigated since 1985. There have been
no surveys for Tomistoma in Thailand in recent years and even if carried out, may prove to
be an exercise in futility. No attempts have been made to investigate reports of Tomistoma
from Sulawesi (Indonesia) in 1982 and Ca Mau (Vietnam) in 1993.

Comprehensive surveys involving the accurate assessment of habitats is an essential step
towards understanding this species. It must be emphasised that without combining habitat
assessment with actual animal counts, the data is not particularly useful. It is the relation of
habitat and population density which is significant in terms of the conservation and
management of the species.

Although much can be said about the accuracy of present survey techniques, no field-tested
alternative exists. Perhaps a different methodology specifically.to survey for Tomistoma can
be designed. While an ecological study of Tomistoma would undoubtedly provide clues for
a superior survey technique,, a viable population must first be located (using standard
techniques) in order to conduct this investigation.

Factors which influence the accuracy of standard surveys include time of day, weather
conditions, tidal influence, water levels, river traffic volume, hunting intensity, availability of
prey, riparian vegetation and suitable natural cover. A single survey on a river therefore,
yields to a great number of variable parameters. More useful data can be obtained by
surveying each site (or river stretch) regularly over an extended period.

It therefore remains that comprehensive field surveys to assess and locate populations in the
wild in Peninsular and East Malaysia, Kalimantan Borneo and Sumatra in Indonesia are the
highest priority. Investigative surveys should also be conducted in Sulawesi. southern Thailand
and southern Vietnam.
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2. The Ecolory and Biolory of the Tomistoma

In order for us to conserve this species, we must understand its ecology. A long term study
must be conducted on an identified viable wild population. Ideally, this population should
exist within a protected area. The study should address the following:

- Habitat requirements and preferences of the Tomistoma in the wild.

- Dietary requirements and preferences of the Tomistoma.

- Breeding ecology of the Tomistoma, especially nest-site requirements and preferences.

- Ranging behaviour of the species in the wild.

Identified protected areas in Indonesia with on-site research facilities include Berbak National
Park (Sumatra), Siak Kecil Hunting Reserve (Sumatra), Danau Sentarum Wildlife Reserve
(Borneo) and Tanjung Puting National Park (Borneo).

3: The Gazetting of New-found Areas with Viable Populations for Legislative
Protection

Sites where Tomistoma are recorded must be re-surveyed more comprehensively to determine
the size of the population. If the population is viable and the area is of sufficient habitat to
support such a population, then immediate steps must be taken through the relevant
government agencies and departments to afford the site legislative protection.

Justification for recommendations made regarding affording protection for new areas can be
easily argued in the case of Tomistoma. The species is totally protected in all the countries
it is likely to occur today. Furthermore, its endangered status (Red Data Book listing),
demands appropriate attention to its protection, in particular, its habitat.

4. Effective Management of Protected Areas for the Species

In the short term, steps must be taken to ensure that existing Tomistoma populations occurring
within protected areas have the necessary conditions to maintain their viability. A population
within a protected area is not necessarily protected from all threats. These reserves require
careful management such as:

- No clearing of riparian zones throughout the reserve. This will ensure sufficient shelter
and potential nesting sites for the animals.

- Along stretches of rivers where dense rooted/floating vegetation obstructs navigation,
removal to maintain a navigable channel should be supervised to prevent unnecessary
clearance or damage to the habitat.

- Regulation of the fishing regimes and operations to prevent over-fishing and loss of
fry-stock. Poison fishing should be banned.



- Awareness campaigns among local communities regarding the species. Accidentally
caught animals (in nets) should either be released or handed over to the authorities
(such specimens are useful for tagging or radio-telemetry experiments)

5. Control over tr'ishing Regimes (in non-protected areas) to Ensure Sustainable
Prey-Base

Government agencies concerned with the regulation of fishing laws and operations within the
countries should be urged to table and enforce laws regarding non-sustainable fishing
practices, particularly with regards to freshwater fisheries. Some suggestions pre;

- Ban all use of poisons for fishing.

- Limit the mesh-size of gill nets which can be legally used.

- Enforce guidelines regading the use of "Jermals", which dam a river completely and
catch everything that comes down with the current.

6. Availability of Funds

The management of wetlands which acts as a foundation to their wise use is constrained by
the lack of funds. However, it must be remembered that increases in funding alone will not
solve the problems. Action is required at a number of levels and many of these processes do
not rely on increases in funding. Government budget allocations for wetland (and species)
conservation is usually very low and consequently, little gets done.

Development assistance aid from developed countries has had mixed results in the past.
Today, guidelines ensure the efficient channelling of aid in developing countries. In terms of
species conservation, the role of NGOs is becoming increasingly important. The provision of
technical expertise associated with aid is vital to the development and implementation of
species action plans.
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INTRoDUCTIoN & BACKGROTJND

The situation of crocodilians in Cuba was reviewed by a CITES team in 1991 (Ottenwalder and

Ross 1991). Three species of crocodilian are currently found in Cuba. Qocodylus rhombifer, the
'Cocodrilo' or'Cocodrilo Criollo' (Cuban crocodile), is endenic to Cuba and is found in a very

restricted nunber of fresh watet habitats; Crocodylus ocl.rtus, 'Caiman' (Americaa crocodile), is found

widely distributed in coastal areari, mangroves and offshore cays around the island; and Caiman

crocodilus fuscus, 
'Babilla de Colombia' (spectacled caiman), has bcen introduced to fresh water

habitats on the Isla de Juventud (Varona 1966, tn6, P86a, 1986b, 198Q. Detailed information on the

present status and distribution of these crocodilians in Cuba is lacking TVo of these, C rhombifer and

C. acurus are being raised in captivity in Cuba for commercial use and export. C. rhombifer and C.

ocutus are on CITES Appendix I and C. c.lusc.r is on CITES Appendix IL

Crocodilians in Cuba are viewed as a resouroe with the potential for valuable export earnings.

The farm at Laguna de Tesoro (7-apata Swamp) has been raising captive-born crocodiles for meat and

skins and the intention is to produce 5kins fq the international market.

The Cuban crocodile has the smallest knorm natural distribution of any crocodilian. Its present

distribution is restricted to the Zapata Swamp in southwestern Cuba and a small remnant population

nay still be found in the Lanier swamp on the Isle of Pines (Isla de Juventud). However, in the recent

past this species was more widely distributed on the main island of Cuba (Varona 19i6). Skeletal
material shows that this species was found on the Cayman Islands (Morgan, Franz & Crombie 1993).

A sub-fossil crocodile skeleton in the Florida Museum of Natural History recently recovered from an

underwater marine cave on Abaco Island in the Bahamas app€ars to C. rhombifer (G. Morgan pers

comm.).

The Cuban crocodile is without doubt the most threatened species of NewWorld crocodilian.

Wild populations have been greatly reduced and little or no work has been done on surve,,s of wild

populationg ff this species behavior and ecologt A large number of the wild aninals were collected
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and placed io peos during the 1950's and 60's. The largest farm at Laguna del Tesoro has about 800

adults. Some of the farmed animals are harvested for meat which is used locally.

Following the recommendations of Ottenwalder & Ross (191) a proposal to undertake the

recommended surveys was developed in conjunction with the Cuban authorities and the CITES

Secretariat and submitted to CITES. At the serne time, preliminary field work by Cuban biologists in

T.apata Swamp was expanded to becone the base for a detailed survey. In refining these plans it was

decided to place priority on the Tapata Swamp area which was thought to be the primary refuge of any
ye6eining wild population of. C. rhombifer.

The present survey was undertaken under the auspices of CITES, with support from the

European Comnunity, to determine baseline data on the distribution and abundance of the wild C.

rhombifer population of the Zapata swamp and make recommendations to develop a suitable

management plan.

MEf,HoDs

Information on crocodile numbers and distribution was collected during field work undertaken

by the CITES coordinators between 27 September L993 and?6 October L93. Additional information

collected on prior visits by JPR was also included. A signifrcant body of information has also been

collected by R. Ramos and the MIP field team during periodic site visits to the Zapata swamp since

1988 and data from this work is included.

Three basic techniques were used to estimate crocodile densities; aerial surveys, night spotlight

counts and mark and recapture studies. We used topographic maps of 1.:25,000 (190 edition), 1:

50,000 (194 edition) and 1:100,000 (1983 edition) scales covering the entire Tapata Peninsula,

constructed by the Instituto Cubano de Geodesia y Cartographia. Positions and straight line distances

between them were determined with a Magellan NAV 5000 Global p6silisning System (GPS) operated

bybattery power. The GPS receives information from polar srbiting satellites to calculate its position

on the earth's surface. The unit is rated at an accuracy of 100m when used under standard conditions

without differential correction (Magellan reference manual 193). Only readings with a satellite signal

strength of 7 /9 or greater and a geometric accuracy rating of 5/9 or better were used to determine
positions. Empirical estimation of GPS accuracy was obtained by recording the position of the same

point on numerous occasions over several days and noting the variation of indicated position. These

tests confirmed that the variation in Latitude or Longitude at one point was no more than one second
(i.e. about 80m at this latitude). For the puq)oses of the study, positions were accepted with an

uncertainty of 100m.

Quantitative aerial tr''nsect surveys were conducted from an MI8 PS helicopter flyrng a fixed

transect route at 70 m altitude and 100 km/hr velocity. Two obseners on each side of the aircraft (four

observers total) kept independent records of the transect section" time and crocodiles observed. Two

additional observers maintained a record of position and time, coordinated navigation with the aircraft

crew and made subsidiary observations of terrain and crocodiles. Observers rotated positions and side

of the aircraft each day to try and distribute srghting biases due to aircraft configuration. The transect

strip width was estimated by each observer and confirmed by geometrical calculations based on the
aircraft window aperture, altitude and field of view. Aerial reconnaissance overflights were conducted

by conventional biplane (ANDO AN-2) on 3 August 1993 and by helicopter on 30 September 1993
prior to beginning field work, to gain familiarity with the terrain and to train observers. The

LL4



quantitative aerial surveys were flown on three consecutive morningp 2l-B October 1993. The transect
route was chosen to be representative of the main area of distribution of C. rhombifer, but was
constrained by the lack ofelectronic navigation apparatus available to the aircrew and the subsequent
need to navigate by dead lssftqning between the few visible reference points in this largely uniform
terrain. Actual trenssct routes were determined from regular GPS positions obtained at section
endpoints and intermediate positions. Observers on right and left sides of the aircraft had
nonoverlapping fields of view and thus the transect sanple consisted of nro parallel strips of knoum
width and length. The independent observations of trro observers on the same side of the aircraft
allowed the application of the dual observer technique developed by Magnusson et al. (198) and
described by Graham (1988, 1989) and Bayliss 1987 for anal'4sis and calculation of crocodile density.
Care was taken to avoid the observers cueing each other to sightings.

Nght spotligbt surveys were conducted in Laguna Tesoro on two nights. This is the one
location where the terrain allowed the use of standard nighl spr61ligfo1 techniques. The lake was
circumnavigated in the early evening in a 4 m outboard powered boat and crocodiles were located with
a one million candle power (Brinkman Q-beam) spotlighi powered by a]r?volt battery. Crocodiles
sigbted were approached as closely as possible, identified to species and their total length estimated if
possible.

Attempts to modiS this technique for application at other locdities in the Zapataarea were
unsuccessful for several reasons. Foremost of these was the heavily wooded terrain and comple:g
shallowwaterwap of much of the area which made passage by outboard motor boat impossible.
Average water depth varied from 10 - 35 cn with many impassable shallow areas. Visibility was usually
restricted to between 5 - 10 m by the standing vegetation and passage in a straight line was rarely
possible for more than 30 m. We tried to conduct spotlight surveys from small (3m) boats powered by
a push pole but considerations ofpersonnel safety and the very real difficulty ofnavigating in the
swamp at nigbt even along previously marked routes, made this unsuccessful.

Mark and recapture studies were conducted for 21 days at a site in the South-western part of
the Tapata swamp accessible from the sea via a hand dug canal, Zanja (Canal) Diez. We operated
from small boats powered by hand and push-pole. Within the swamp, campsites are restricted to
occasional areas of a few square meters of slightly higfier ground amid the muck and water. Many of
these were traditionally used by crocodile hunters and have been rediscovered and utilized by the MIP
term.

Three of the more accessible of these camps were chosen as the centers of operation for the
mark and recapture study. They are narned'Jamon','Emetario'and'Rinconada del Canal Diez' and
are located approximately 4 km distance from each other in the southwestern part of the Zapata
swamp (Figure 3). At each of these camps three 'radial' ftenssg[s were established of approximately 1
km length. The actual direction and length of the transects was determined by the terrain and
accessibility by small boat. Along each of the transects a series of 6 bait stations was established. At
these locations baits consisting of offal and carcasses of either cows or Hutias (Capromys sp.) were
suspended 1-2 m above the water. The positions of camps, transect routes and bait stations were
established to the nearest 100m using the GPS. Routes were established and baits placed on the first
day at each camp and then the transects patrolled each morning and crocodiles captured on the three
subsequent days.

Crocodiles were captured by hand using a rope nq)se (lasso) during the day. Crocodiles in the
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Tapataswamp are remarkably tolerant of close approach in daylight and the field teams were very

skilled at capturing the crocodiles in this manner. Crocodiles were also captured using a spring-noose

trap modified from the designs described by Murphy & Fendley $n, and Mazotti & Brandt (1988).

We utilized the basic trap conformation and gravity trigger bar describedbyMazntti & Brandt but

modified the elastic spring for the noose to use a stretched length of suryical rubber, sinilar to the

Murphy trap. Four traps were baited and set along each transect on two nigbts. The sample of

crocodiles caught by hand and in traps were combined for the calculation of population data and

numbers.

Captured crocodiles were measured (totd length) to the nearest whole cm, their sex

determined by manual probe and the animals marked by removing a series of the double caudal scales

to code a unique number for each individual. Additionally, crocodiles were painted with white quick

drying spray paint so that marked individuals could be identified by sigbt at a distance. Tests

conducted on six captive crocodiles at the Laguna Tesoro crocodile farm indicated that such paint

marks remain readily visible for one week and have completely disappeared by the end of two weeks.

Paint narks were applied to a different location on the crocodile at each different campsite so that

exchanges of crocodiles between campsites could be noted visually. An inportant uncertainty in the

use of bait stations is the distance from which crocodiles are attracted to the bait. We noted

movements of crocodiles between stations and between g'nnsects, and the absence of exchange

between campsites, to calculate 6inimurn *6 6sximrrm attractive distances.

Air and water temp€ratures were determined with mercury io glass thermometers accurate to

05 e. Wind speeds were determined from 4 hand held'\ilind Wizard" field anemomslel. $alinity of

water was measured to the nearest part per thousand using a Zeiss Sdinity Refractometer. Crocodile

lengths and water depths were measured to the nearest cm using steel tape measures.

One of the important considerations of this study was the presence of sympatric populations of

C. rhombifer and C. rcaa$ and the possible presence of hybrids in the wild population. To identi$

crocodiles in the field we constructed a table of externally visible characteristics that differentiate these

two species (Table 1). These characters were developed from published soluces, particularly Varona

(1966, 1986a, 1986b) but were significantly augrnented by the experience of the field team who are very

faniliar with both species and who have arguably seen and handled more specimens of these two

species than any other workers. Captured crocodiles were usually unambiguously assignable to either

C. rhombiftr or C. acutus. A small nu-'ber of individuals demonstrated a mi:Cure of characters beyond

the normal range of variation and these we term 'Mixed phenotype" without making any comment

about the possible genetic origin of these individuals (see discussion below).

To further clari$, crocodile identifications we collected blood samples and preserved them for

future genetic analysis. Blood sanples of approximately 1 ml were collected from the cervical sinus, or

by cardiac puncture, into unhepariniscd sterile syringes and immediately decanted into DNA Lysis

buffer (White & Densmore 1992). This material preserves DNA for up to one year at room

temperature.
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Table 1. Differentiationof.Crocodylus rhombifer alrdCrocodyltu rcutus in the field. E*ernal
characters based upon observations of 693 wild C. rhombifer and several thousand captive bred
individuals. Scale counts overlap completely in these two species. See Varona 1965 and 1986b for
detailed skeletal descriptions.

C. rtombifer C. oanus

r Cranial table (squamosal) raised, forming distinct flat or sligbtly raised
Posterior-lateral margin crest or knob in specir"ens over 1m

r Color of the lateral nandible Crea- or yellow with Grey with smalt obscure
proninent black patches

Strong charactens
Usuallywell distinguished but some individual variation

black spots

r Dorsal scalation

Strong and reliable charac{ers
Obvious in all sizes, induding hatchlingq and showing little variation.

r Form ofthe rostrum broad and robust
length/width = 1.4 -- 1.6

long and narrow
length/width = 1.8-25

Usually irregular with several
scales offset from their rows,
variable 2{ scales/row.

Often irregular ia lrrmSsl
and placement

Usually grey and banded, rather
than spotted, but some individuals
yellow

Not rugose, scales flat

Usually M6 (i.e. llth tooth)

Relatively more slender, gracile,
posture rarely erect.

Often one or both penetrate the
premaxilla and are visible
e:rternally from above.

r Nuchal scales

r Body color

r Scalation of the limbs

r Longest maxillary tooth

r General body form

r First mandibular teeth

r Eve color

Usually completely regular
6 scales/row

Very regular

Always bright yellow with
black'checkerboard' pattern

Notably rugose, each scale
with a distinct central ridge

Usually M5 (i.e 10th tooth)

Distinctly robust, short robust
limbs and erect posture

Rarely/never penetrate upper
otternal premaxilla

Characters of larger individuals over 180 cm total length

Usually deep brown in adults Usually greenish with blue or grey
but subadults vary yellow-green-brown tinge in adults
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RESULTS

TheTapatapeninsula is located on the south coast of Cuba at approximately?f South latitude and 81'
West longitude. The psninsuh is approximately !75 km East to West and varies from 14 km to a
ma)dmrrm of 58 km North to South encompassing an area of.4$20 km2. Approximately?.ffi km2, or

57Vo of this areq is lrermanent wetland, Figure 1.

The whole peninsfl4 with its low relief and poor drainage, forms a huge area of shallow
wetlands, marshes, swamps and woodland. Rainfdl averages \m - f6ffi'nrn/year, falling in distinct

wet seasons associated with summer storn activity and winter cold fronts. Soils and sediments are

generally saturated and form a muddy layer L-2 m deep over the underlying limclsas rock. The fresh

water of the interior is heavily stained with plant lennins and has a low pH. Annual temperatures vary
from 15'C - 3f C with a median of 24.5o C.

The whole peninsula is quite heavilyvegetated with shrubs and small trees. The coastd
regions in the reach of tidal and ocean influences are dominated by Red and Black nangrov€s

(Rhimphora mangle andAvicennia germicans). In fresher water, buttonwood (Conocarpus erecta) 24
m high is the dominant tree and sawgrass (Cladium jutaicensis) and rushes (Wha domkgensis) form

dense stands. Trees form an almost continuous canopy over much of the area. A large variety of
aquatic and emergent plants grow in the wet areas. Prominent among these are the floating waterlilies,

Nynphea ampla and Nuphar luteum. Two kinds of tree islands are common. Sligbtly higher ground is
dominated by the paln, Sabal pawitlora, while areas arouod deeper pools and freshwater seeps support
Conocatpus and a variety of other trees. In the eastern portion of the peni"sula significant stands of
introduced Australian pne (Cauarino sp.) and paperbark tree (Melakuca sp.) occlu.

The swanp presents a complex, heavily vegetated appearance yift alrn6t no natural open
water areas of any size or coherence. Instea4 the area is characterized by complex networks of
channe\ a patchwork of isolated pools and large areas where shallow urater, unconsolidated sediments
and vegetation impede access by boat, vehicle or foot.

Significant wildlife of the are4 in addition to the endemic crocodile (Crocodylus rhombifer),
includes several endemic plants and birds, large populations of Hutias (Capromys pilorides), several
fsh species including an endemic garfrsh (Lepisosteus tristochus), numbers of the Cuban parrot
(Amazona leucocephala), numerous waterbirds, the Cuban boa(Epiuates angulifer) and the Cuban
freshwater fi;r1le (Traehemys dccussata). The area is a significant wintering area for many waterfowl
and migratory passerine birds from North America. Feral prgs (SuJ scrofa) and introduced white-tailed
deer (Odocoileus vhginianus) are also common. Manatees (Tichechus manonrs) and the American
crocodile (Crocodylus acua$) are found in the surrounding coastal waters and mangroves.

Hrrrnan influence in the peninsula is concentrated along the road running to the head of the
Bahia de las Cochinos and westward along the slightly higher (and dryer) ground separating the
southwest and northwest portions. 4 lrrmber of small villages support a permanent population of
several thousand people. Traditional land use in the area has been ortraction of hardwoods and
production of charcoaf fishing beekeeping and small scale garden agriculture, augmented by hunting
wild gane, including crocodiles. This area was one of the poorest in Cuba and a program of civic
improvement was initiated after 1959. Currently fishing and tourism provide significant economic
benefits to the area. A master plan for the orderly and sustainable deraelopment of the area (Plan de
Victoria Giron) guides the coordination of various sectors and interests in the region. Part of this plan
has been the desigration of an area in the central part of the peninsula as the Zapata National Park.
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AERIALSURVEY

Aerial reconnaissance was flown over a large part of the southeastern portion of the Zapata

Swamp on 3 August 1993. A single crocodile was seen. On 30 September 1993, a similar

reconnaissance was flown using the MI-8 helicopter. We exaerimented with velocity and altitude and
practiced observing and recording observations. Five crocodiles were sssn sna$ling all obseners to

gain confidence that crocodiles could be seen from the air. Based on the results of these two
preliminary fligbts a quantitative aerial survey was designed and conducted2l-B October using the

double (or tanden) observer technique.

The quantitative survey route varied from 70 to 80 km due to variations in the wind and the

consequent divergence from streight line trensects. Transect routes are shown in Figure 2. Nl

observers agreed that they were viewing a strip of approximately 100 m width and this was confirmed

by geometric calculations.

A total of 43 crocodiles were seen during the quantitative survey. Observations on the two

sides of the aircraft constitute independent samples and Table 2 indicates that most observers saw

between TVo and 50Vo of. the crocodiles apparently visible. The counts can therefore be corrected

upwards by a factor ef J-J times to account for differences bebreen observers. It was not possible to

identi$ species from the air in every case althougb in about half the observations observers were

prepared to offer an opinion. Many of the large crocodiles seen from the air were unmistakably C.
rhombifer. We have adopted the more conservative position of considerirg aerial observations to be
just 'crocodilesn and calculating the actual proportion of different species from the mark and recapture

study. The crocodiles seen from the air appeared to be larger individuals and most were seen in similar

circumstances, lyrng in or at the edge of open water pools. Much of the terrain observed is covered by
thick vegetation and it was not likely that crocodiles would be seen there, although our mark-recapture

work indicates that crocodiles are abundant in such heavily vegetated areas. The field work on the
ground also indicated that smaller crocodiles (below about 15 m total length) are quite c4ptic and

easily overlooked even when approached closely. We are therefore very confident that the density

calculated from aerial surveys is only a small proportion of the number of crocodiles present.

Observers on the left side of the aircraft consistently saw more crocodiles than observers on
the rigbt side even though observers rotated positions between fligbts to attempt to control any
'position bias'. This may be due to the orientation of the sun and shadows relative to the transect

directions which were the same on each flight.

The aerial survey results provide two very valuable pieces of information. The distribution of
sightings confirmed the results of earlier field work on the ground and our subjective inpression, that

there is a well defined core area of the southwestern 7-apata swamp where crocodiles have a high

densrty and where many of the crocodiles are C. rhombifer. We further confirmed this impression by

observing that the density of tracks which are made by crocodiles thtough the vegetation, and are
readily visible from the air, are dense within the general area of aerial sightings and rare or absent

elsewhere in the Zapata swamp. An exception was a small area of drainage canals at the eastern end

of theT-anja de los Patos where a small concentration of tracks indicated crocodile presence. An
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experienced local observer commented that these were thought to be C. rhombifer and this possibility

should be confirmed.
The density estimates generated :re a severe underestimate of the actual numbers present but

provide a clear and potentially repeatable index for the monitoring of the nunbers and distribution of

this propulation.

Table 2. Aerial surv€y results: 7-apata Swamp, Cuba

FIJGI{T DATE AITFA 1 SIGHTED 2 ESTIh,IATED 3 DENSITYC

Recon.l
Recon.2

3Aug
30 Sept.

approL 16 km 2

8.l2tf;o,2
8.0 km 2

8.0 km 2

7.025t,n2
7.025 km
7.108 km 2

7.108 km 2

0.63/1r&2
2.8/limz
25r/l&2
35r/k82
L.83/Ylo,2
2.39/k82
2.29/Yez
0.40

Suney 1 right side 21 Oct.
left side

Survey 2 rt side 2.Oct.
lft side

Survey 3 rt side 23 Oct.
lft side

1 -
) -
3 5.0
9 23.0
6 n.7

10 24.7
6 r'.0
9 r:l.o

Average density
Standard error

(CY=?8Vo)
(CY=/7Vo)
(CY=32Vo)
(CY=AVo)
(CY=37Vo)
(CY=*%)

1. Distance flown (km) x mean strip width
2. Nunber of individual crocodiles seen by two observers.
3. Estimated number of crocodiles cdculated by the double observer method of Magnusson et al.
1978. see TablE 3.
4. Estimated density = Estimated nunber (3) / Area (1) crocodiles /km.
5. CV = Coefficient of variation = Standard Error of the Estimate/ Estimate expressed as a
percentage.

SPo|ruGHrcoUNTs

Standard spotligbt counts were conducted on Laguna Tesoro on the 'ights of 30 September

and 21 October 193. The distance surveyed in both q$es was 4.0 km around the eastern, northern

and western shore of the lake and an additional 45 km along the canal from Boca del Laguna to the

lake. On 30 September we also surveyed an additional 1 km of the canals running east of Guema on

the east side of the Lake. Conditions were suitable during both survep with air temperatures 28o -

31oC, water temperatures of 29- 3ff and modest winds of up to 5 m/sec. The moon was full on 30

September and in its last quarter on 21 October.

On30Septemberwesawfivecrocodiles. Oneof thesewasaC. rhombiferof 1.5mlength.

The other four were very wary and recorded as eyes only (E O). Of these, one was a large individual

that was alleged by our guide to be a C. acutus of about 4 m that is a regular inhabitant of the locality.

The other three all appeared to be in the l-2 m sizp class. All the sightings were made around the

margins of the lagoon and none in the surrounding canals. On 21 October no crocodiles were sighted.

We concluded from these rather unsatisfactory surve)4s that crocodiles :ue present in Laguna
Tesoro but in low density (less than 1/km, all species). Both species of crocodile occur at this location

but, these crocodiles are remarkablywary and hard to approach compared to the very tolerant behavior

of the wild crocodiles of both species that we encountered deep within the Tapata swamp.
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IrdARK AND Recarrune sruDrEs; HAND CAPTURES

During the mark and recapture survey tU C. rhombifer and38 C. asus were first captured by

hand and an additional 27 crocodiles (A C. rhombifer and 4 C. ocratus) were seen but not captured

during twelve working days. Overall, approximately X)Vo of the crocodiles seen were captured. Two of

the three capture teams had success rates of 95Vo while the third team had a success rate of 837o. This

lower rate was largely due to two days when a very large number of crocodiles were encountered by

this team and it was not possible to capture all the crocdiles seen. Capture success wasS9Vo for C.

rhombifer andgLVo for C. aanus and this difference is not considered significant.

TRAPPING.

Crocodiles were captured in modified Murphy/Mazzotti & Bran& snare traps. A total of 67

trap nights resulted in the capture of 8 C. rhombifer and,l C. aartus (Table 3) with an overall trap

success nte of DVo. None of the aninals first captured in a trap were subsequently recaptured in a

trap or by hand but 4 crocodiles captured in traps had been first caught by hand during this study.

Fonr of the trapped crocodiles had been caught by hand and marked on previous field trips int99t-92.

C octtus were caugbt signifrcantly more often in traps (OVo of. czptwes) than their presence in the

population as indicated by hand captures (flVo) or crocodiles observed but not caught (1870). [Chi
squared ='l.76,1degree of freedoml. Sizes and se:res of trapped crocodiles did not appear to be

different from the general population given the small sample size. One crocodile, C. acuus # ffi, a

femalc 201 cm total lengt\ was found dead in a trap, having apparently been killed by other crocodiles.

This was the only mortality or injury suffered by crocodiles or the research team during the survey.

Table 3. Trap success:7.apata Swamp, Cuba. Traps were baited snare traps activated by stretched

surgical rubber springs and a gravity trigger.

LOCATION
TRAPS

DATE SET

C. rhombifer

CAUGHT

C. acuns

CAUGHT 7o SUCCESS

Jamon

Emetario

R. del Diez

TOTAIS

5 Oct

7 Oct
10 Oct

11Oct
14 Oct

15 Oct

t2
t2
12
L2
10
9
67 trap nights

2
2
1
1
0
2
8 (l2Vosuccess)

25Vo

42Vo

LTVo

tTVo

0Vo

33Vo
(107o success) n%

1
3
1
1
0
1
7

CRocoou.eMovgunrvrs.

A total of 503 C. rhombifer and 176 C. acutus inTapataswamp were marked during L989 -L992

by the Cuban field team prior to the present study. Of these,2S C. rhombiftr and 53 C. rcutus were

marked near the three camp sites used in 193. Not one of these was recaptured at a camp site other

than its original capture location. We captured 3O C. rhombifer and3 C. acutus from this previously

marked set, all near their original locations. 
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Emetario Area = 10.5

Rinconada del Diez Area= 8.55 km2

Jamon RreaE-8.55 km2

Figure 3. Rclativc poritioas ald arcas of tho study arca Scalc and diroclioa aro sccuatc. Solid &cJc.r

rcprcsclt ccutral canpsitcs and opca slabob rcprcscot bait station positioos Iarcr polygoa

rcprcssats oinimun studyrrca, cirdcs rcprcscat marinum $udy arcs (scc tcs).
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During our study we noted the rnovements of 14 crocodiles that were captured more than

oncc, all within three days of first cirpture. The mean distance of movement was 162 m and five were

recaptured at the same location as their first capture. The greatest distances of movement were 390 m,

34Om and 340m. Because the uncertainty of our positions generated by GPS was in the order of 100m

it is possible that both positioos recorded for each crocodile are as much as 100 m further from the

other than we estimated. We therefore have accepted the distance of 500m as the greatest docunented

movement of marked crocodiles during our study.

During the study 223 crocodiles were painted with a distinctive mark to enable us to recognize

marked enim6ls, and to identiS the location where they were marked (10 small juveniles were not

painted as we feared this would subject them to additional predation pressure). None of the croaodiles

marked during this study trere obsen'ed to move as far as the other campsites we use4 although we

took care to observe crocodiles during our movements between camps to test this possibility.

We infer from these observations that crocodiles in the Zapata snamp are relatively sedentary

and do not normally move .rs far as the median distance between our camps (35 kn). This enables us

to make some important assumptions about the attractive distance of our bait stations and the area

from which crocodiles were &awn for our mark and recapture study. These in turn allow us to

calculate densities based upon reasonable estimations of the actual area of the study sites. The

assumptions are these:

1) There was no interchange of crocodiles between the three srmpsites of this study. Each carnpsite

can therefore be treated as an independent unit for the purposes of calculating population and density

esfinations.

2) The smallest reasonable area of study at each of our camps is the polygon enclosing a radius of

500m from each point of our trensects. This area is shown in Figure 3. We assume that crocodiles can

and did move freely through this area during the study. We estimate the minimum area of each of our

capture sites to be Jamon t.7 Ud,Rinconada del Diez 15 km2 and Emetari o 2.4 kR or a total of 5.6

km2 for the three sites combined.

3) The largest reasonable area of study at each c,mpsite is the radius of half the distance to the closest

adjacent camp. There is no evidence that crocodiles have moved further than this either during this

study or in the prolonged period of up to 5 months since some of these crocodiles were originally

marked. This area is shoum in Figure 3. We estimate the madmum area of each of our capture sites

to be; Jamon 855 km2, Emetario 70.L7 k#, Rinconada del Diez 855 kmz, or a total of /7./7 km2 for

the three sites combined.

SIzE DISTRIBUIIoN.

Measurements of the slpight line distance from the tip of the snout to the tip of the tail (Total

length TL) were taken for 179 C. rhombife, nd 40 C. acaus. Measurements were not taken for several

crocodiles that had a portion of the tail missing. These measurements were made with a steel

measuring tape under field conditions in small and unstable boats. For this reason we did not attempt

to make measurements more acicurately than the nearest whole cm and an unc€rtainty of + 1 cm is

likelywi& these measurements. The distribution of TL is shown in Figure 4.

The largest proportion of both species in our sample was greater than 1Z) cm TL and smaller

individuals appear under-represented in our sample. We suspect that this is a reflection of the captue
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techniques we used and also of the cr5ptic behavior of snaller crocodiles and the heavily vegetated
nature of thcir habitat.

SMies of growth rates of captive cocodiles at the laguna de Tesoro farm (R. Ramos pers.
obs..) suggast that crocodiles up to 40 cn TL are young hatched this year (1993). Crocodiles up to 60
cm probably represent the previots year's (19!12) age class. The presence of animals of this size ctass
confirnls that both species nest and successfully producc yourg in the Zapata Swamp. At the farm
crocodiles of both species reach sexual maturity at around 180 cm TL. Crocodiles of 180 cm TL and
greater were presrrmed to be adults in the freld. The largest C. rhombifer (and the largest crocodile)
captured in this study measured'26 cn TL. Several C. rhombtfer sxcesding 3m length have been
captured in the wild by the Cuban field team and several captive C rhombifer at the farm approach 4m
TL. C. acuals achieve greater length in the wild (up to 7 m, Medem 1981), but aninats of this size harre
not been reported recently in Cuba.

The proportion of adult crocodiles in larger size classes was greater n C. acuus then f,.
rhombifer although the absolute number of crocodiles represented was less. This may reflect the larger
naximum body size achieved by C. acaus or may alternatively be an indication of a difrering age
structure in &e nn'o species. The largest individuats of either species seen in the Tapata swamp ar€
considerably smaller than the maximum sizp for the species.

SE)(RATIO.

The proportion of females in the sample of C. rhombifer greater than 60 cm is 0.75 (N= 168).
Gender was not determined for crocodiles snaller than 60 cm TL. In the sanple of adult C. rhombifur
(TL 180 cm and greater) the proportion of females is 0.65 (N= 26) which is not significantly differenr
from the e:rpectation of equal sex ratio. Adult females make up llVo of the sampl ed C. rhombifer
population. Sex ratio varied quite dramatically between locations (Figure 5). For nvo locationg Jamon
and Emetario, the proportion of males to females among adults was almost exactly 0.50 while the
Rinconada del Diez sample showed a strong bias in favour of females in both the adult (0.90) and total
samples (0.112).

For C. ocutus the ratio of females for all locatiou combined was 052. The small number of
iafivi{uals in the samples precludes msaningful analysis of sex ratio in the adult population or between
locations.

PoPUI.ATIoN Lmuanou.
To calculate the number of crocodiles apparently present in the study area we combined the

samples from hand capture and traps and used Schumacher's Method (Bayliss t9g7)

N = SUM Mi2 ni

SUM Mi mi
Where N is the Estimated Population
Mi is the number of marked animals in the population immediately preceding the ith captures
ni is number of ani-als captured on the ith occasion
mi is the number of previously marked aninals captured on the ith occasion

The assumptions of this method" in common with other similar mark and recapture indices, are:

ra



a. No anirnals are born or immigrate into the study area.

b. Marked 41d rrnmxrt€d aninals die or leave the study area at the sane rate.
s. All enimals are equally litely to be caught.
d. No marks are lost.

Given the short duration, limited movement of marked animals and the marting methods used
we consider assumptions a. and d. to be secure. Violations of assumpions b. and c. are considered in
Discussion below.

Table 4. Calculated nu-ber of crocodiles from mark and recapture studies at three locations in the
TapataSwamp, Cuba. N = SUM Mi 2 ni/SUM Mi ni, Standard Error from the equation in Bayliss
l9€7: fl4.

Location Date Mi tu ml Estimated population 2 Standard errors

C. rtombif*
Janon Canp 5 Oct. 0

6 Oct. 50
7 Oct. 58

Emetario Camp 9 Oct.

10 Oct.

11Oct.

Rinconada del 14 Oct.
Diez 15 Oct.

16 Oct.

0
D
49

0
43
56

50
L7
t2

E
24
18

43
m
L6

t74"0
L47.0

0
8
6

0
4
6

0
4
3

1063
116.0

59.1
n.7

53.3
4t.9

58.9
35.8

2L5.0
29/8.7

C. acuus

Jomon Camp 5 Oct

O O"t.

7 Oct

Emetario

0
1
1

0
T2
14

0
1
3

0
0
0

1
3
4

t2
3
J

24
28

63
30

9
13
5

12.0
6.0

2L.8
16.3

insuffrcient recaptures for calculation

9Oct  0

10 Oct 9
11Oct m

Rinconada del 14 Oct 0
Diez 15 Oct 1

16 Oct 4

This method allows a check on the assumption of equal catchability (c. above). If the
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as$mption is not violated a regression of ni/ni on Mi is linear through the origin and the slope of
thesc regressbns is equal to 1/t{. These regressions are shown in figure 7. "I\e estimates of
population size at thc threc locations are v€ry close tq and well withitr the confidence limits of, the
cstimates derirrcd above. (Jamon N = 111, Emctario N = 153 and Rinconada del Diez N = 261).

We calculated the estimated nunber of crocodiles of each species at each of the campq
combining the data from the three transects at each camp. We captnred and marked crocodiles for
three days and can calculate population esrimates for the second and third day at each location.
The results 6f this calculation are given in Table 4. lfinety five percent conlidence limits for these
estirnates (plus and minus 2 Standard Errors of the estimate) were calculated and the elttreme high and
lowvalues at each location summed to estinate the total number of crocodiles in the three sampling
areas, sho*a in Table 5.

Table 5. Population estimates andg1Vo conlidence limits for Croceyhs rhombifermark and recapture
studies at three locations inTapataswamp, Cuba.

Location Mean estimated population 95Vo nnge

Jamon Ca.mp

Emetario Camp
Rinconada del Diez

111
160
2fi

63 -165

r05 -m
rx-333

Summed totals 5n Min - Max 324-725

We also calculated populations uing the sanple of crocodiles marked at each camp by the
Cuban field team in preceding years. In this case we used the nodified Petersen estimate (slmbols as
above):

N  =  M .  n + 1 .

m+1.

In this case the total number of previously marked aninds is M and the total of all such
previously marked animds capured during the present study is m. One animal is added to both
semples and recaptures to compensate for small recapture numbers" Again, we calculated estimated
populations for each of the three camp sites separately. In this estinator there is a signfficant
probability that some aninals have been born or entered the area (assumption a.) which would lead to
an overestimate of the population, however, the greater time period for distributioa sf enim1fu makes
this estimator perhaps more indicative of the larger scale situation.
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T"bl" 6. Population estinaliols using the sanple of crocodiles marked in 19g9 -19e2ythe Cuban
ficld team and rccaptucd during the present study. Method of Petersen as described by Bayliss 19g7.

C. rhonb@

Number marked (year) Recapured October 19g3 Estimated N (a 2SE)
Jamon
Emetario
Rinconada Del10

75 (1e0)
n $w2)
78 (1ee0)

L6/6s
4/se
8/6s

291 (! 118)
864 (1675)
572 (,+ 3%\
1,7T1 (598 - 4856)Total Sum of three separate locations (wtth9lvo confidence linits)

C aants

Jamon
Emetario
Rinconada Del10

23 (1e0)
18 (1ee2) 3/24

130 (t 118)
tn (t n)
a$ N\
2U (y - s34)

2/16

n $9B0)
Total snm of three separate locations (*rithgsvo confidence limits)

DEr.IstTy

By combining the estimates of population size with the minirnum and maximu- estinated
areas of the study sites we can calculate the density of crocodiles(Table 7). In the interests 6f qhaining
the moot consewative estimates of density we choose to use the greater estirnate of study area derived
from the absence of movement between our study sites.

Table 7. calculated density of crocodile populations in the Zapata swamp.

Estimated population Area of studv 6inimrrm calculated density
(95% confidence range)

L/6

C. rhonbifer
Schumaker esfirnate this gldy
Table 5.
5z7 (n4-T?S) n.nrM2

Petersen estimate, this study
and earlier marking Table 7
L,7n 698-4856) n.n Y&2

193 (11.9 -%.6) individuals/km z

63.3 (2L.9 - LM.l) individuals/km z

C. acutus
Schumaker estimate this sludy
Table 5. (Jamon & Emetario only)
70 (38 - e8) t8.62Vo.2

n.n km2

PetErsen es,timxfs this study
and earlier marking Table 7.

3.8 (2.0 - 5.3) individuals/km 2

10.4 (L.2 - 19.6) individuals/km 2M(3/.-s3/-)
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Tablc 9. Summary of crocodiles captured and marked at rrarious localities within the SW Tapata
Swamp, Cuba by R. Ramos and the MIP field team 1989 - LW2. Technique uscd was hand capture
identical to the present study. Species, size class and effort (days worked) are showu. RB = C.
rhonbifer,AC = C. acatus. l-ocalities Janon, R. del 10 and Emetario are the same as tle present
study. Other localities are indicated on fi& 8. Data fron R. Ramos unpublished MS used with
permissioo-

Area

Date

Deleitosa El Jamon

Aug-Sep 89 Oct 90

R. del10 Castro R. del Pino

Oct 90 Sep 91 Oct 91

I-a Perra Emetario

Sept 92 Aug92

Spccies

q f$ crrr

CI-150cn

151- 180 cm

> 180cm

RB AC

48

t2 18

r7%

RB AC

n

t2

31 19

n4

RB AC

15

n3

m9

6 -

RB AC

11

n

256

307

RB AC

15

t 4 4

m9

B5

RB AC RB AC

35

n4  42  5

n 6 10 15

31 15 5 3

Total 33 62 75?3 78 12 7025 y2 A 83 13 72 18

Days capture t2t215

13{



DI TRIBT'nON AI{D TOTAL POPUIATION

Ttc arce occnpicd by C ,lrontb@ in the wild is indicatcd in Fgurc 7. This distribution is
dcrived in pan from thc acrial survey results (Figure 2), in part from the field work sf rhis study, and
(the majority of information) from field work conduded bctwcen 1988 and LW3W the Cuban field
team. Table 8 indicates numbers and species cargbt and marked by the Cuban team at a variety of
locations including the threc sites that we studicd intensivcly. It is evident from thc ratio of C
rhombiftr and C. acutus that there is a core area where C. rlnmbifu is more abundant, a traositional
area, and an eEensive coastal region of the peninsula where C. aatus is found exclusively. We used
the l.: 1@000 map of thc region and characterizcd the n.'mber of 4 km 2 quadrats on this map where
C. ,*onrbifer is known to be present (the shaded area on Figure 7). This area compriscs just over 300
kn2 which is the present knoqftr distributional area of this spccies in th€ wild"

The lowest estimate sf thic population we calculatc is to usc the density of crocodilcs seen
from thc atr (28/kn2) corected for thc average proportion of C. rhotttbifer in thc core area (about
74Vo from Table 9) and etrapolate to a total population of S hdividuals, $ut rhi< is snaller tho" rhe
total numbcr of C. drotrrbifcr caugbt and narked to date (692)! This is moat ccrtainly an
underestimate.

Errapolation of our estimates of mean density of between 193 - 633 individuals/l@ 2 to the
300 km 2 are4suggpsts the wild population of. C rlonrbifu is in thc ordcr of 5,?90 - 19990 individuals.
Onr samplc indicating l$Vo of the population are adult fcmales errapolates to aa adult female
Sjss.ling population of benrccn 579 and 1,899. The statistical uncertainties associatcd with thesc
estimatcs are around plns and minns 407o of the estimatc. Howevcr such etrapolations are perilous.
For the purposcs ef 6aneg€Dent we recommend the cautious approach of rsing the lower conli&nce
limis of thcsc estinates. We c^n therefore say with confidence that there 3;g tr 6inirnum of around
3,000 C' ,hurb@ in thc Zapata swamp and likely around 5,000-6,000.

Hvgruozarrox.
The two specieg C. aans and C. rhontbifer, are completely sympatric in the Zapata Swamp

and can be capturcd literally side by sidc" Hybrids are well known to occur in captivity, although the
Tesoro farm reports tbat only crosscs betwecn male C. rcua;s and female C. rhomb@ normally occur.
This would app€ar to be a result of thc non-syachrosou5 !rcgding seasons reported. The hybrids are
reported to be most similar to C. acuus in appearaace and in tempcrament, differing only in their
regular C. rhombifer-like scalation and a tendency toward an intermediate form of head shape.
llybrids are reported to have normal behavior and normal appearing gonads, but their fertility in
captivity has not been established (R. Ramos pers. obs.).

Among the83 crocodiles we handled during field work we identified six(2.5Vo) that appeared
to have ercernal characters similar to the hybrids described aborre. f[s5s enimals were Bost similar to
C. acuats, and were treated as such for the purposes of estimating population data and numbers, but
had intermediate head shape and regular scalation. We also recognized seven other crocodiles that
appeared to be C. rhombifer but showed some irregularity of dorsal scalation" however we interpret
these to be indicative of a degree of natural variability in the normal rhontbifer phenotype. \ly's cqnn6[
say that any of these aninds are natural hybrids, only that they show intermediate erernal characters.
What is much more striking is that even thougb each study site contained both species in significant
6rrm$grs, the great majority of individuals were dearly assignable to one species or the other. This
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suggests to us that hybridization in the wild, if it occurs at alt is not a common event and in particular
that C. drCInbW is naintaining its species iotegr,ty even though it is constantly in contact with C.
ocua$. Genctic tesring will darify this situation and we have begun to collect tissue (blood) samples
which are now lodged with the Cuban authoritieg to accomplish rhis.

DtsctrssloN

Our conclusions rest heavily upon the mark and recapture results, althougb they are supported
by other aspects of our data. It appears from inspection of Table 4 that the number of crocodiles
captured (ni) was reduced progressively from day to day at each site. At the same tims thg proportion
of marked aninals in the daily sample generally increased. This suggests the crocodiles may be
responding to capture by being more wary, but that marked animals are not preferentially leaving the
site. Numerous studies and abund"nt anecdotal information report the rapid reqnnse of crocodiles to
disturbance and this forms one of the most predictable biases in all kinds of survey tcchniques. [a thi.s
case' as marked snd nnrnat'lsd aninals seen equally affected, no distortion of the calculated
population size will result.

We remain cautiotts that our calculation of the area from which crocodiles arc attracted to tbs
bait stations may be incorrect and this ls6eins the most serious sourc€ of bias in our results. The one
possibility that we catrnot entirely refute is that these crocodiles range widely over the whole 300 kn2 of
their distribution and that most of them were attracted to our study sites during our study. This would
cause our estimate of population to be too high. The absence, in our sample, of crocod.iles marked in
previous years at distant locations tends to refute this concem. Some species of crocodiles are reported
to move over long distances while others remain sedentary (Joanen & McNease 19@ Hutton 1989,
Webb & Messel 1978). Studies of the movement of. C. rhombiftr involving both additional tagging and
radio tracking would help resolve this point.

The spotlight survey of Laguna Tesoro indicated a surprising paucity of crocodiles and those
that were pr€s€nt were very wary. It seems likely to us, although unproven, that crocodiles in Laguna
Tesoro originated in the nearby crocodile farm. The behavior of these animals strongly suggests that
they have been persecuted recently. Laguna Tesoro is the location of an important tourist center and
sport fishing industry. A population of large crocodile would be incompatible with this use and a
management plan for crocodiles should consider the aspects of control of nuisance crocodiles xt this
public location.

The aerial survey results indicate the presence and distribution of crocodiles but resolution of
the actual numbers, species and biological data requires additional study on the ground. The extremely
high cost of aircraft charter in Cuba makes the use of this technique difficult at present, but if a soruce
of cheaper air time could be identified (perhaps military or police aircraft) then aerial surveys provide
a rapid and repeatable index of crocodile populations. It is less important to measure the actual
nu'rber of crocodiles than it is to identi$ the trends in n"-bers. Graham (1983) suggests that in order
to detect a population trend of. fiVo from one survey to the nes, suryey coefficient of variation (the
Standard Error as a perc€ntage of the Mean value) needs to be reduced to 5- l}Vo. Coeffrcients of
variation for our surveys varied from 77Vo - 38Vo (Table 2.). Improved coefficients of variation would
likely result from additional obsener tvaining and experience and the application of appropriate
stratilication to the sample area. For the tine being it seems that ground survey techniques will
continue to be the most effective indicators of crocodile population trends in the Zapata Swamp.



In order to achieve comparable results ia successive surveys it is mandatory that a
standardizcd methodologrbc used The prescnt study provides a basc line for future evaluation, but
this will only be valid if the same sample areas and methods are uscd. 1n" lschnique of hand capture
owr bait stations appears to have provided an adequate suney with 6inimal sample biases. In the
futrue it wil b€ uscful to utilize the sane transects. A problem that may aris€ is if the crocodiles
become more wary as a result of repeated disturbance and capture. It seems likely that the present
approachability of the crocodiles results from them only seeing people every two or three years. There
is therefore a necessary trade offbetween sample frequency and maintaining capture efficiency close to
its present 90Vo vahre. In anticipation of likely changes in crocodile behavior it would be advisable to
derrclop alternative capture methods and apply them in parallel with hand capture so that future
comparisons between methods crt' be calibrated.

CoNcLUsIoNs

In the absence of any data, several recent r€ports expressed cioncern that the combinatioa of
heary hunting in the period prior to 1959 and the removal of a large number of wild animals to stock
the Iaguna Tesoro crocodile farm in the early 1!X0's might havc severely reduced, or even eliminated,
the wild population (e.g. CSG l99z). It now saems clear that survivors remained in the wild and that in
the ensuing 30 yearg and benefiting from complete protection from human persecution e ended by
the Cuban authoritieg this population is making a substantial recovery.

This study has demonstrated that a significant wild population of C. rhombip occurs in the
wild in the 7-apata Swamp. Even if the most consewative and pessimistic interpretation of our data is
adoped, it seems certain that the wild populatiea lrrrnls1s in the thousands and includes over a
thousand adults. Consideration of the size distribution, sex ratio and demonstrated breeding activity all
suggest that this is a vigorous and self-susteining population. Our study further shows that rhis
population is restricted to a rather small area. Prior uncertainty about the existence of the wild
population can be laid to rest and the primary ss6eining consern co" be focussed on ensuring this
population's persistence.

The restricted distribution of this population remains a serious concrern. It is evident that
small numbers of C. rhombifer occur outside the core area, for example in l-aguna Tesoro and possibly
in the Zanja de los Patos. All of these are:ui are outside the designate d Tapata National Park. The
area is currently buffered from h '-an impacts by the cxtreme difliculty of access and the unsuitabiliry
of the area for agriculture, industry, habitation or any other current use. However, this is a tenuous
level of protection for such a unique crocodile population. It is easy to inragine a future in which some
unanticipated new use, for example newly discovered mineral wealth (oil ?) or the requirements for
military training areas, might quickly change the present situation. The present Cuban system of land
management and development requires a formal consultation process between all interested
government entities prior to changes in land use. It is therefore unlikely that the area will come under
any threat that would affect the persistence of the crocodile population without the opportunity for
consideration of the crocdiles. Nevertheless, formal protection for the area where the crocodiles
actually live is highly recommended.

Beyond protecting the present crocodile population it would be advisable to ensure that some
other viable natural populations exist. Uncertainty remains about the status of C. rhombifer nits
reported range on the Isla de Juventud. The existencc of rnother population would be of great value as



insurance againstt natural disaster. Several suitable wetland areag including t -nisl Swamp on Isla de
Juventu4 could be thc location ofrcstocking programs and there is an abundant source of stocl from
the farm, and non, from the T.apataswamp. However, prior to restocking a careftrl evaluation of the
specias habitat nceis and the causes of its disappearance from its earlier range should be assessed. It
wogld be a waste of time to restock without this information only to have the restoched populations
fail There is also need for caution that any restocking uses the purest poesible stock of C. rhombifu
and includes adequate genetic variability.

Cuba presents a very favorable situation for the development of sustainable use programs that
ensure both national economic benefrt and the long-term conservation of crocodiles and their habitats.
In the present phase the production of products of. C. rlwnbifer from clqed clcle bree'ting farms is
jttstified by thc very endangered status of the wild population The possibility of produds (stcins) from
the wild population reaching international trade is virtually zero given the well oryani?Edregulatory
and enforccment capacity of the Cuban au&orities and the strong government control of export trade.
Similar use of other species in Cuba, particularly, C. uuttu, requires population suryeys of the type
reported here. For the longer term it would be beneficial to recognize the intrinsic merits of ranching
crocodiles by collecting eggs and hatchlings from self susteining wild populations.

Recommendations to meet these needs have been presented to CITES and the Cuban
authorities. These are divided into recomnendations to ensure the protection of the wild C. rtombifer
population' recommendations for future study and monitoring and recommendations for the
management of captive production in the farm to ensure conservation benefit to the wild population.
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STATUS OF CROCODITESIN  THE PHIT IPPINES.  AN UPDATE.  1994 .

Gerardo Ortegal ,  Patr ick  Regonie l r  and Char les A.  Ross2

r  Crocodi le Farming Inst i tute
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Palawan, Phi l ippines

2 Department of Vertebrate ZooLogy
Nat ional  Museum of Natural  History

Smithsonian Inst i tut ion
Wash ing ton ,  D.C.  20550 USA

Since the 1982 SI/WWF report on crocodiles in tbe

Phi l ippines the status of  crocodi les in the wi l .d has changed

l i t t le except we suspect a deter iorat ion caused in part  by

harvest,  but  most ly owing to cont inued loss of  habi tat .

Future rate of  habi tat  loss wiLl  l ikely increase as under

the Ramos regime, peace and order throughout the country is

improving and sone lowland areas, previously dangerous for

agr icul tural  use, are now becoming avai lable.  The immediate

future of  crocodi . les in the wi ld cont inues to be bLeak. As

such, emphasis on capti.ve management continues to form the

pr inciple component of  crocodi le conservat ion in the

Ph i l ipp ines .

Since L982, survey work conducted by CFI staf f  and

Smithsonian Inst i tut ion fauna inventory studies has revealed

three addi t ional  wi ld crocodi le populat ions.  These are

Crocodvlus mindorensis on Busuatgl ,  an is land where they had

previously been assumed ext inct ,  Crocodvlus porosus on
151



Siargao is land,  and a  ye t  un ident i f ied  popu la t ion  ( l i ke ly  C.

porosus)  on  Da lup i r i  Id . ,  no r th  o f  Luzon  (R .  I .  Cromb ie ,

pers  obs . ) .  A lso  the  ex is tence o f  C.  mindorens is  in  the

Agusan r iver basin,  previously a matter of  conjecture,  has

been  con f i rmed (J .  D iaz ,  pe rs .  obs .  ) .

Capt ive management of  crocodi le resources in the

Phl l ippines is best addressed in three categor ies:  the two

legal  farms at  Si l l inan Universi ty in the central  is lands

and the Crocodi le Farming fnst i tute,  non-sanct ioned farms,

and, foreign breeding programs.

SITLTMAN UNTVERSTTY (SU)

Owing to space and food restraints the SU project  wi l l

remain smal l .  Current ly they have 23 C, mindorensis which

include a s ingle breeding pair ,  several  adul t  males,  and

young. They are interested in obtaining one or two more

adul t  females for  breeding.

cRocoDILE FARMING INSTITUTE (Crr)

CFI started operat ions in 1987. Since that t ime they have

accumulated 28L C. porosus and 202 C. mindorensis f rom

private capt ive sources and the wi ld.  Act ive acquis i t ion of

crocodi les ceased in L992. Successful  capt ive breeding

started in 1989 and has increased drarnat ical ly wi th 1046 C.

porosus and 554 C. mindorensis produced dur ing the 1993

breeding season. The total  number of  crocodi les at  CFI as

o f  Dec  1993 was 2074.  I f  the  inc reased ra te  o f  success fu l

breeding cont inues, CFI wi l l  soon have to cul l  stock or
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exceed their  or ig inal  goal  of  2OO adul t  breeders and 5000

young.

CFI was in i t ia l ly  started as a research inst i tute and

training center.  To date their  accompl ishments along these

l ines have been l imi ted. However as excess stock of  C.

porosus become avai . lable,  CfI  wi l l  l ikely assist  several

pr ivate corporat ions in the Phi l ippines develop crocodi le

breeding/rear ing projects integrated with poul t ry or

l ivestock enterpr ises.  OnIy af ter  several  such projects are

ini t iated wi l l  CFI as a CITES registered farn for  C. porosus

start  cul l ing crocodi les for  their  skin

UNSANCTIONED FARMS:

The number of unsanctioned farms cannot be accurately

determined. We suspect that  there are less than hal f  a

dozen of  consequence, or holding 50 or more crocodi les.  In

addi t ion there are a seemingly endless number of  smal l  locai

zoos and private landowners with one to several crocodiles

in their  possession. The ul t imate statu.s of  these

enterpr ises is indeterminate but l ikely wi l I  have l i t t le

inf luence on the potent ' ia l  crocodi le industry in the

Ph i l ipp ines .

FOREIGN FARMS:

Gladys  Po: te r  Zoo,  Brownsv i l le ,  Texas ,  has  a  b reed ing  Pa i r

and two excess male C. mindorensis.  The breeding pair  are

successful ly producing young on an annual  basis.  Dur ing

1993, 5 progeny from this project  were returned to the
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Phi l ippines for disposi t ion by Si l l iman Universi ty and the

Department of  Environment and Natural  Resources. I t  is

ant ic ipated that young from this project  wi l l  cont j .nue to be

returned to the Phi l ippines for re lease in secure sanctuary

areas .

Melbourne Zoo (Aus t ra l ia )  recent ly  rece ived a  pa i r  o f  C .

mindorensis f rom the Si l l iman Universi ty project  noted

above.

Few other C. mindorensis exist  in foreign zoos and most

are without known provenience.

The Atagawa Tropical  Gardens, Japan, has sought C.

mindorensis f rom the Si l l iman Universi ty project  for  several

years but has not been able to obtain the requis i te CITES

import permit fron MITI even with support from the

Phi l ippine government and CSG. The control led export  of  C.

mindorensis to foreign zoological  parks is an important

component of  the conservat ion plan for th is species and in

this instance appl icat ion of  CITES regulat ions appear to be

working against  the conservat ion of  the species instead of

fo r  i t .
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Conservation Beneftts of Captive Breeding - A CITES Perspective

Background

The Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES) was concluded at an internationalconference held in
Washington DC in February/March 1973. lt wa a direct result of the United
Nations Conference on the Environment and Development (UNCED), held in
stockholm the previous year. Gountries represented at the 1972 UNCED
identified inadequate regulation of internationaltrade in wildlife as a major
factor contributing to the decline and extinction of many species of wild
animals and plants. Accordingly, UNCED resolved to develop an international
treaty to address and correct the problem. Twenty-one years later, with more
than 120 countries as Parties to the Convention, CIrES is one of the most
important multilateral legal instruments operating to enhance, through
international cooperation and appropriate regulation of trade, the sustainable
use of certain wildlife.

When CITES was formulated, the participating countries established two
principal categories of wild plants and animals - Appendix I and Appendix tl
based on the perceived threat of extinction and/or level of internationaltrade.
Appendix I contains those species which are considered to be in imminent
danger of extinstion and for which internationaltrade must only be authorised
in exceptional circumstances. Appendix ll was for the much larger number of
species which, although not necessarily threatened with extinction, may
become so unless internationaltrade was subject to appropriate regulation.
Appendix ll also contains species which closely resemble those in Appendix l.

CITES does permit commercialtrade in Appendix I species under certain
circumstances. Article Vll paragraphs 4 states:

"Specimens of an animal species included in Appendix I bred in captivity
for commercial purposes, or of a plant species included in Appendix I
artificially propagated for commercial purposes shall be deemed to be
specimens of species included in Appendix ll."

and Article Vll, paragraph states:

"Where a Management Authority of the State of export is satisfied that
any specimens of an animal species was bred in captivity or any
specimen of a plant species was artificially propagated or is part of such
an animal or plant or was derived therefrom, a certificate by the
Management Authority to that effect shall be accepted in lieu of any of
the permits or certificates required under the provisions of Anide lll, lV
or V."
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Thus, the Gonvention provides an avenue by which internationaltrade in
Appendix l-listed species may be undertaken; namely where they have been
derived from closed-cycle captive breeding or artificial propagation. ln this
case, they are considered as Appendix ll species and traded according to the
regulatory requirements applying to Appendix ll species.

The rationale for this provision was recognition that the captive production of
critically endangered species of plants and animals in isolation from the wild
populations, for the purposes of trading in products derived from them, was
unlikely to impact adversely on the conservation of the wild resource if
appropriate controls were in place. In fact it may benefit conservation by
removing pressure from the wild resource.

The situation with Appendix ll species is quite ditferent. Parties can apply any
form of sustainable management to Appendix ll-listed species. There is no
requirement to restrict trade to captive bred specimens (as for Appendix I
species) and in fact, the sustainable use of wild populations is often
encouraged. Mechanisms are provided by the Convention (eg Article lV.3) that
require the Scientific Authority of an exporting country to monitor export levels
and ensure that use is not excessive and detrimentalto the species concerned.

Gaptive breeding of Appendix I species for commercial purposes has been
problematicalfor CITES and has been the subject of numerous resolutions to
interpret the te)d of the Convention and guide etfective implementation of the
provisions of Article Vll.4 and 5.

The first etfort occurred in 1979 at the second meeting of the Conference of
the Parties. Resolution Conf" 2.12 (San Jose, 1979) provides an interpretation
of "bred in captivity", "artificial propagation" and other related terms contained
in Article Vll.4 of the Convention. The sustainability of captive breeding was
identified as an important element and operations were required to demonstrate
a capability of "reliably producing second generation otfspring in a controlled
environment". Fufthermore, captive breeding operatiOns were required tO
demonstrate that they had been "established in a manner not detrimentalto the
survival of the species in the wild". By incorporating this requirement into the
resolution, it is clear that the Parties to clTEs were directing their attention to
the application of captive breeding as a means of trading in specimens of
Appendix I species which were critically endangered.

The second resolution was adopted at the fourth meeting of Parties. Resotution
Conf. 4.15 (Gaborone, 1983) established measures to controltrade in material
derived from captive breeding operations involving Appendix I species. lt also
required the secretariat to establish and maintain a register of such operations.
Relative to later developments, the measures adopted at the fourth meeting
were superficial. No mechanism was in place to independently verify the bona
fides of individual operations. The Management Authority of the Party
concerned was responsible for advising the Secretariat and there was no
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requirement for the Management Authority to provide information on the
management of the captive breeding operation.

In 1987 the sixth meeting of the Conference of Parties recognised the
enforcement ditficulties of permitting trade in captive bred specimens of an
Appendix I species and adopted Reso/ution Conf. 6.21 (Ottawa, 1987). This
resolution introduced the requirement for approval of the Parties for captive
breeding operations involving the first use of an Appendix I species. lt also
provided a default mechanism whereby any Party, becoming aware of non-
compliance by any registered breeding operation, could propose, through the
Gonference of the Parties, deletion of the operation from the Register of
Approved Captive Breeding Operations maintained by the Secretariat.
Resolution Conf. 6.21 made the first serious attempt to identify products
derived from captive breeding operations by requiring a marking system similar
to that established for products derived from ranching (Resolution Conf. 5.16).

At the seventh meeting of the Parties, Resolution Conf. 7.10 (Lausanne, 1989)
established a format and criteria for proposals to register the first commercial
captive breeding operation for an Appendix I species. lt consolidated all
previous resolutions on captive breeding. ln adopting Resolution Conf. 7.10,
the Parties acknowledged that it was an interim arrangement and should be
reviewed and considered by the eighth meeting of the Conference of the
Parties. In formulating this resolution, the Parties acknowledged in paragraph
(a) that some Appendix I listings did not apply to critically endangered or even
rare species:

"a)(i) that if an Appendix I species is so numerous in the wild that its
survival does not depend on a captive-breeding programme, the
specimens used to start and maintain the first registered
commercial captive-breeding operation should have been obtained
without detriment to the wild population;"

Resolution Conf. 7.10 was subject to extensive review and a revised version
was considered by the eighth meeting of the Parties in 1992. Resolution Conf.
8.75 (Kyoto, 1992) provides a comprehensive registration procedure that
defines the respective roles and responsibilities of each participant (captive
breeding operation, Management Authority, Secretariat and the Conference of
the Parties) in the approval process. Res. Confs. 4.15, 6.22 and 7.10 were
repealed following the adoption of Resolution Conf. 8.15.

Under the present procedure, it is no longer necessary to obtain the approval of
the Conference of the Parties for every proposal to register the first use of an
Appendix I species for commercial captive breeding. However, the Secretariat
is required to notify Parties that it has received a proposalto register a captive
breeding operation and make that proposal available for examination, for a
specified period, by any Party. lf no objection is received during the review
period, the operation is approved and included on the Register maintained by
the Secretariat. Should any PaO raise an objection, a decision on registration
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is postponed and the proposal is referred to the next meeting of the Conference
of the Parties. Resolution Conf. 8.15 also introduced considerations related to
the establishment of commercial captive breeding operations in areas where the
ta(on is not indigenous, and where the complex issues of range state property
rights are involved. Resolution Gonf. 8.15 also requires the Management
Authority, where necessary, to ensure that a captive breeding operation will
continue to make a meaningful contribution to the conservation of the species
concerned.

The eighth meeting of the Conference of Parties also adopted a resolution
which provided additional criteria for the establishment of captive-breeding
operations and for the assessment of ranching proposals for crocodilians.
Resolution Conf. 8.22 (Kyoto, 1992) recognises that there is an inherently
greater conservation risk in providing incentives for the establishment of captive
breeding operations involving crocodilians than for ranching operations based
on harvesting from the wild. In the long term captive breeding may have a
negative impact and damage efforts to conserve wild populations than for
ranching operations which, in principle, are more beneficialto the conservation
of wild crocodilians.

Discussion

The Parties to CITES have devoted considerable etfort towards refining and'tightening" the standards and controls which apply to the registration and
operation of commercial captive breeding operations permified to trade in
specimens of Appendix I species. Clearly, the goal has been to ensure that any
internationaltrade in captive bred Appendix I species which are highly
endangered in the wild does not contribute to further threatening the survival
of the species in the wild.

Although the emergence of commercial crocodile farming based on ctosed-cycle
captive breeding predates CITES, the proliferation of this form of commercial
use can be traced back to the time when allthe commercially valuable species
were listed in Appendix I of CITES and trade in the species was only permitted
for materialthat had been derived from this form of close order management.
In this regard there can be little doubt that commercial captive breeding of
crocodilians has contributed to conserving some species of crocodilians and
benefited the continued recovery of formerly depleted stocks of the wild
resource. Further indirect benefits from the establishment of crocodile farming
have been their contribution to increasing community understanding and
appreciation of crocodile conservation. Farms also provide a pool of stock for
use in restocking programs such as that which is about to be commenced in
Thailand with Crocodylus siamensis. Many developing world countries do not
possess the administrative capacity to regulate etfectively broad scale wild-
harvest programs, particularly where harvests occur in remote areas and
involve a large number of individuals. Under such circumstances, closed-cycle
captive breeding may benefit conservation of the wild resource by enabling
Management Authorities to concentrate their regulatory effort on a smaller
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number of operations. Enhanced enforcement is also achieved by focusing
attention on exit ports or border crossings.

An assessment of the present conservation status of many of the species
formerly included in Appendix I suggests one or both of the following
conclusions:

a) that CITES has been successful and commercial use of these species
through captive breeding has served its purpose and benefited the
conservation of the wild resource; or

b) some species were inappropriately included in Appendix I in 1973 when
the Convention was formulated and the e)dent of information on many of
the species that were placed in Appendix I was less than complete.

The adoption of Resolution Conf. 3.15 on Ranching by the third meeting of the
Conference of the Parties in New Dehli in 1981 provides further recognition
that the conservation of some Appendix l-listed species may be enhanced more
by prescribing manipulative management of the wild resource rather than
restricting management to closed-cycle captive breeding. Resolution Conf.
3.15 acknowledges that the conservation of certain species or populations of
Appendix l-listed species can benefit from commercial ranching. Parties have
applied this form of management to Appendix I species sutficiently abundant to
withstand the regular removal of a component of the population to be managed
under controlled conditions.

The adoption of closed-cycle captive breeding, ranching or wild harvesting in a
particular country is dependent on a number of factors. The conservation
status of the species in some cases will directly determine the choice of
management. The commercial use of Appendix l-listed species is confined to
material derived from closed-cycle captive breeding. The socio-economic
conditions prevailing in a country will obviously influence the choice on
management. In Australia and some other countries is simply not realistic to
base commercial use of wild crocodilians on ranching alone. In order to be
commercially viable, the operation of many crocodile farms cannot be solely
dependent on stock obtained from the wild. Stock obtained from ranching the
wild resource must be supplemented by materialderived from on-farm captive
production. In many cases, it may be preferable to implement ranching as a
sustainable conservation strategy following the establishment of closed-cycle
captive breeding operations to enable on-farm husbandry technology to be
developed. This approach would provide the lead time to refine egg incubation
and hatchling husbandry in order to maximise the value of the wild resource. it
would also enable the relevant government regulatory agency to develop a
suitable monitoring program and control systems.

An increasing number of resource managers are subscribing to the concept that
effective long-term conservation of natural habitats and their associated wild
species will ultimately depend on the sustainable use of the wild resource. This



form of management has the ability to confer an economic value to natural
habitats in a manner that provides for an equitable distribution of benefits to
landowners. The present debate on the relative conservation merits of closed-
cycle captive breeding of crocodiles has evolved into a complex and potentially
divisive issue. Much of the problem has arisen as a direct result of species
which are not critically endangered being included in Appendix I of CITES. The
issue is not so much whether or not closed-cycle captive breeding is a valuable
conservation tool. The issue relates to the selection of species on which to
focus captive breeding. In this regard closed-cycle captive breeding should be
seen as one element, applicable to critically endangered species, in an overall
continuum of management options. Management of a species which was
formerly considered endangered but which is in the process of recovery and
becoming more abundant, must be flexible and have the capacity to adapt to
the constantly improving conservation status of the wild resource.
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Capti,vc Brecding aud Conservation.
AlJ.ics or &euies?

ilobn Levcr,
Iloorana Crocodilc Far.u,

U s 76, Coorrolgat
Aocuraqltoa tfail Centre t

Quccaslald 4742r
Aus t ra l i a

Crocodile conservationists, fa:mers and ranchers have a
conmonality of purpose whether they realize it or not. The
Crocodile Specialist Group has as its goal consetrvntios
of all crocodilian species, but there is a huge overlap
between conservation, trade in skins and the entire
crocodile industry.

With the principles of sugtained utilization of wildlife in
mind I suggest to you that not only any activity that
supports crocodile conseislation should be enbracedr but all
aclivities. If the end result is positive conseryation then
it must be considered.

As with most species when numbers becoane dangerously lotr it
would be foolhlrdy to 'leave it to nature' Eo ensure their
su:rrival. Nature has already been prostituted with the
introdr.rction of exotic species and foreign predators- To
sit back and watch a species demise because of a principle
against captive breeding would be ridiculous to the
extreme.

As little as three decades ago caPtive breeding was hailed
as the ideal nethod to ensure a genetic reserve of
crocodile species that were considered endangered-

To actively reuove the oPPortunity for'or fail to.suPPort'
captive br-eding as one of the tools of consenration has to
be-challenged. The argr.rment for this action seems to be
based on the succes€t of captive breeding fa:ms as
businesses and the perceived threat that they may impede
development of more esoteric sustainable uti l ization of
wi ld l i fe  pro jects .

Captive breeding's contribution to conse:rration is under
atl,ack and by placing it so we risk the reputation of being
politically flirtatious and embracing fashionable, trendy
policies. eonsenzation issues are long term ones and the
future holds oary more traps Lfran the past-

We do live in a complex world where most people are seeking
an increased standard of living but are also concerned
about the environment - rJe ca.oraad nustrhave economic
develolment side by side with concern and care for the
environment. UnfortunatelYr r{e are being told that the
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natural environment is a fragile and complex eguilibrium;
that hr::nan caused disturbance will lead to irreversible
destnrction.

Realistically no natural system has ever been in
equilibrium and Daver will be. Natural systems get burnt,
blown over and inundated. Climate is not constantt it
varies under forces which are not understood and which go
beyond the concentration of greenhouse gases in the
atmosphere. Volcanoes and earthquakes obliterate entire
ecosystems and fill the air !,tith dust particles and acid
gases. Without adaption to these changes many species will
die. Man's intervention may save many of them but at a
cost .

Let me quote from the Report of the World Commission on
Environment, better known as the Bnrntland Report:

Quote:

"The downward spiral of poverty, inequality and
environmental degradation is a waste of opportunities and
resources. In particular it is a waste of human resourees.
These links between poverty, inequality and environmental
degradation formed a major theme in our analysis and
reconmendations. What is needed is a new era of economic
growth - growth that is forceful and at the same time
socially and envirorunentally sustainable"

Unquote.

This most substantive report on the environment draws
attention to the effects of poverty on the environment and
calls for a nerd era in economic Ar.o*th. It is only
countries that have achieved high standards of living and
have technology available to them that can afford, have the
interest in and the technology to meet the increasing
demands for an irnproved environment - mosc countries with
crocodiles are not in this category.

The world's population is grcming - from 2 bi l l ion in 1930
to over 5 billion in 1990. Population grcn'rth is intimately
connected with most aspects of current human predicament,
including rapid depletion of non renewable resources,
deterioration of the environment (including climate change)
and increasing international tensions. Nearly one billion
people are hungry every day"

Expanding populations are impacting on natural plant and
animal comrnunities. Plants, animals and microbes are novrr
being threatened with a colossal extinction epidernic.

Global warming, acid rain, depletion of the ozone layer,
wulnerability to epidemics, exhaustion of soils and ground
\^rater are all related to population size.
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The relationship bet-ween popr-rla-tion clensity and a-vailable
resources is constantly ehanging'

Poorer nations will double their popr-rla-tions in 30 years '

Richer nations wil l  take 120 years'

The distribrrtion of the world's resor-lrees is not even and
'Lhr-rs there are pressr).res in the poorer eor-rnt-ries to exploit
resor-lrees for sr:r:rriwa-l of their people"

We can argrle substantially to pre-vent cornmercialization or
exploitation of resourees in the richer nations as we only
efieet peoples wealth - but in the Poorer nations the sa-me
argr:rnent may rp-move their a-bility to survive, let alone
have m-ueh of any quality of life.

The population problem is not a private matter. The world's
population is inereased try 80 million nore.eaeh year and
pressr-rre on our natrlral resources is beeoming extreme.

Predieting the future effeets of the exponential grolrth of
hr-rman population will be diffieult but it is unlikely that
any go'vernment will choose the well being of crocodiles
over-the sunrival of its people. Population growth will
result in depletion of sound crocodile habitat, reduction
of numbers and maybe even extinetion of severa-l speeres-

The philosophy behind sustainable use of anlr wildlife is
one based on the future seeurity of its surviva-'l -

Sustainable use of crocodiles is not necessarily based on
wild population size - even smal1 populations ean be
rrtil-iied- and the speeies can benefit as long as the rewards
are rrsed to srtpport the ongoing eonsel:lta.tion Progra-mme.

Srr .s ta inab ' le  r rse a lso has i ts  er i t ies-  The faet  that  most
srrstaina.ble r.rse projects are singUlarly speeies specif ic,
there is littl-e knolvledge of the irnpact of these projeets
on the !>io diversity of the rest of tha-t ecos]tsLe-.m' The
arg"r.uD.eDts for and. a.ga-inst ea-Ptive breeding, sr-:.sta.inable use
and t lre eonserwation valrre of eaeh of them m.r-lst ta-ke rnto
a-ceor-r-nt the soeial a-nd- er:Itr:.ral importanee that eroeoci.i les
have in a sorunrrnit!, their eeologiea-l- im.porta-nce a-nd- thelr
eer:ncrrr-r.ie impo;;6-3tt. The interaer:ion of these three
elem.ents wil l  w"ry per eroeodile species,- a-nd- Per country'
and will ehange in the ftrttrre.

History should have taught us by noht to be f lexibl-e wrth
r;ur ur-anage-ment praetiees ' To re-move a-ny el-ement of
eonsenra.t ion praet-iee or 

"ny 
manage-ment iool wor: ld only

redr:,ce orrr options for the frrtr:-re, Sr.:re11r part of ft:tt-tre
eonservatior ineludes plaeing strategie ineentiwes for the
well Lreing of erocod1l-ran speeies. ft  see.ms ineongn-rorls
that -  v te aceePt  eommereia l -  f ish ino anr i  f  ish farmincr-



forestry and.timber plantations as industries exploitable
for consr:mtrltion. we also can accept dmesticated animals
and plants that have originated frou wild species in the
faming situation - so wtry not the wi.1d spe-ies themselves?

To suggest that closed cycle crocodile farning rnay be
detri"mental to the viability of sustainable utiliiation
projects is fallacious and should not be considered.
crocodile faming has a notoriously slorc rate of return on
capital investment and is generally taken up by those
people who actually like the anirnal and corunercial
interests are secondary. Conversely where a substantial
utilization programme is in place, it is more like1y to
attract people who have strong business interests br.rt uay
have little eepathy for the crocodiles themselves.

lo suggest that one fa:m could be large enough to irnpact on
sustainable utilization prograrmes would be like saying
that the cattle industry in Australia could be owned by one
company. Econmics of scale, conflicting interests ,
available senrices etc- help trnsition any farm at an
appropli3te-leve1 within its environrnent and its industry.
Natural business laws deternine the leve1 of olreration.

Farns provide a focal point for crocodile research,
behavioural studies, comunity education and are generally
self funding. They hold a genetic reserye of the ipecies
used and fa:mers are generally cognizant of the probleus of
conservation. To alienate these facilities as bel_ng
separate and apart from the objectives of the Crocodile
Specialists Group would be ururise, weak and inappropriate.
Economic Danageuent is playing a vital role in the -ostly
job of conservation and will be even more vital in the
future-

Also in the future crocodile farming will cone into
ccnpetition for protein required for the health of the
growing hr:man population and so limit develolment.

HJ.story has also denonstrated that gr:ite often it is the
purists of the conse:ruation world i.e. those that want
areas locked up under government, supenzision and the
banning of wildlife trade that quite often win support.
Their argurnents are often fu11 of eraotive substanL-e whj.ch
can daraage the future prospects for conservation and limit
our managenent prerogatives.

Unfortunately we have heard too much in the past of
nanageDent prerogatives. There really aren,t many but there
are very definite rDanagernent responsibilities. The nost
important of rrtrich is to ensure the sunrival of all of the
world's crocodilian species.

I suggest that it is far better to have 4,000 Chinese
alligators in captivity than to have none at all - or
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201000 Crocodylus Siamensis captive with very few in the
wi1d. At least there is sti1l a genetic reserve on which to
base a revival prograune.

ltanragenent has a responsti.bility to create within an
organization a clinate which is conducive to improved
sunrival opportunities. People must feel they can be
creative and try new approaches to problems' not be
restricted in their choices. Certainly under these
circumstances some mistakes will be made but it is not a
case of organizations such as the Crocodile Specialist

Group not being able to nake mistakes - rather
organizations cannot afford the cost of liniting
alternatives.

Crocodile farning is an a1ly, not an enemy, in the
conseryation process.
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CROCODILE MANAGEMENT AND RESEARCH
IN THE NORTHERN TERRITORY: 1992'94.

Grahame J.W. Webb,  s .  char l ie  Manol is  and Bret t  o t ley

Wildlife Management International Pty. Limited,
P.O. Box 38151, Winnell ie, N'T. 0821, and,

Conservation Commission of the Northern Territory, P.O. Box 496,
Palmerston' N'T. 0831' Austral ia.

The central aim of this paper is to summarise progress with crocodile

research and management in the Northern Territory over the last two years

(August 1992 to April 1994). It is intended to complement the four previous

updites presented it successive Crocodile Specialist Group (C!G) meetings

tiggO, t9gA, tggO, lgg} (Manolis and Webb 1990; Webb 1989a; Webb et al. 1990a'

1992)).

MANAGEMENT PROGRAMS AND CITES

Both species of crocodi l ian (Crocodylus porosus 1nd C. iohnston i)  in the

Nonhem Territory are on Appendix II of CITES. Crocodylus iohnst-oni has

always been on Appendix I I ,  whereas C.porosuJ was transferred from

Appendix I to Appindix II for the purposes of ranching (Resolution Conf.

3.15) in 1985 (Webb et al .  1984).

Within Austral ia,  wi ldl i fe conservat ion and management is a State/Terr i tory

responsibility, but the export and import of wildlife and products derived

from them, into or out oi Australia, is a Commonwealth responsibility. It is

controlled by the Australian Customs Service and the Australian Nature

Conservation Agency (ANCA - formerly Australian National Parks and

Wildl i fe Service) according to the provisions of the Wildl i fe Protect ion
(Regulation of Exports and l^ports) Act /982. This Act makes export and

itnp"ort of spicies lisred in CITES Appendices subject to the Federal Minister

approving management programs for those species.

The current Northern Territory Crocodile Management Program, approved

in January 1990 (CCNT 1989), terminates in January 1995, and a new 5-year

program is in preparation. However, where management in the Northern

iet i i tory has piogiessed beyond ranching of eggs, Resolut ion Conference

8.22, pissed at-the Kyoto CITES Conference of Parties, now requires

,nunug.-"nt to be restricted to ranching indefinitely if the original

transfir to Appendix II occurred under Resolution Conf. 3.15' Thus, Australia

has prepared a proposal for the 9th CITES Conference of Parties to have their

C . poritrt popuiation retained on Appendix II pursu_ant to Resolution Conf.

1.2 ( the nern6 Cri ter ia),  rather than Resolut ion Conf.3. l5 (Ranching) so that

more flexible management programs can be implemented.

Ranching has proved a very successful interim management strategy in the

Northerri Territory. As desciibed later, the wild population has increased by

507o since it was introduced in 1984. However, it also has some serious

l imitat ions. For example, the only landowners that can benef i t  f inancial ly

from the increasing pbpulations of C. porosus are those with nesting habitats

on their lands. Those without nesting habitats have had to Put up with

significant cosrs, in terms of stock losses, without any tangible benefits. The

egg collection program has also proved to be only marginally profitable in

remote areas, where the costs of hel icopter access are signi f icant.
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HARVESTS

Under the current Northern Territory management program, wild harvests
for all purposes come under a single, annual harvest quota (Table 1)._ These
quotas were developed to allow increased utilisation by landowners, but
Resolution Conf. 8.22 now restricts the ability to do so'

Table l. Annual harvest quotas under the current Northern Territory
management  program.

C.  porosus C .  j o h n s t o n i

Viable Eggs
H a t c h l i n g s
J u v e n i  l e s
Adults

l 5 ,000
400
500
250

4000
6000
1000
200

The estimated total wild take of C. porosus in the Northern Territory, since
1980. is summarised in Table 2. Estimates of Aboriginal harvests and mortality
as a by-product of fishing indicate a reduction in the subsistence use of eggs
(partly ai a consequence of the ranching program) and a planned reduction
in commercial fishing effort.

Table 2. Estimated numbers of C. porosus removed from the wild in the
Northern Terr i tory,  1980- 1993, including est imates for Aboriginal
harvesting and fishing mortality based on a reassessment (reduction) of

estimates derived in 1984 (Webb et al. 1984).

Year Crocodi les Eggs ----. -
H  a rv  e  s t s  Abor i  g .P rob lem S tock  Abo r i g .  F i sh ing

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
199  I
r992
r993

ALL

39
142
55
34
38
39
51

130
Lt2
116
205
235
139
220

I , 555

6
t?

150
150
150
150
150
150
150
150
150
150
150
150
r50
150

2,100

250
250
200
170
170
150
150
r20
t2Q
r20
r20
r20
r20
r20

2,1  80

, , :

2,320
3 ,518
3,737
4,401,
5,300
6,497

12 ,010
9,2L2

15,298
12,379

75,589

2,500
2"500
2,500
2,500
2,500
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000
2,000

30,50056
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CROCODILE INDUSTRY STRATEGY

Up until 1992, most issues associated with crocodile conservation, use,

research and monitoring in the Northern Territory were the responsibility

of the Conservation Corimission of the Northern Territory (CCNT)' with ad

hoc assistance from other Government Departments as required. In -1992' the

Government introduced a "Northern Territory Crocodile Industry Strategy"

", 
ttt. request of some crocodile farmers, and this Strategy came into effect

in October 1992.

All monitoring within farms and research into farm production- aspects of

crocodilian b6togy are now undertaken by the Northern Territory

b"purtrn"nt of Piimary Industry and Fisheries (DPIF). Issues associated with

industry development and maiketing are t!" responsibility of the- -Northern
Territory Department of Industries and Development (DID). The CCNT retains

,rrpont ibi t i ty for the conservat ion, use, monitor ing and management of the

wi ld  popu la t ions .

MONITORING . PROBLEM CROCODILES

Since August 1992, there have been no fatal attacks on people in rhe

Northern Territory, although interactions between crocodiles and people

swimming and fishing are legularly reported in .the p_re!s. -Added.-.to this are

steadily fncreasing stock losses on cattle properties. Calls for culling are on

the intrease and the economic value of crocodiles remains the single most

important incentive for the public to accept the negative side of having

large wi ld populat ions of C. porosus throughout the coastal  wet lands'

As part of the public safety campaign within the Northern Territory,

"proll"rn" crocodiles are removed lrom the wild and assigned to crocodile

farms. Such animals are broadly defined as "those within settled areas or

areas of intense recreational use where public safety is a prime

consideration and those individuals which affect a land-use activity (e.g.

taking stock on pastoral land). In intensive contact areas such as Darwin

Harb6ur and Gove recreational beaches, any crocodile, regardless of species

or size, constitutes a 'problem"' (CCNT 1989). Annual numbers of "problem"

crocodi les removed are summarised on Table 3.

Table 3. Numbers of problem crocodiles removed from the wild: I986'L993.

Year C. porosus C. johnstoni Tota l

r 986
t987
I  988
l  989
1  990
1991
r992
r993

Tota l

) )
r57
t46
r32
220
z ) t

741
220

l  308

I
8
1

4
1 l

I
1 5

47

) )
158
r54
r39
224
248
r42
235

r355
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During L992 and 1993, 36L problem C. porosus were dealt with by the CCNT
(Table 3). Of these,346 (95.8Vo) were distributed to crocodile farms, 4 (l.lVo)
were relocated in the wild, LL (3.0Vo) died at capture. Most of the animals
came from Darwin Harbour (82.5Vo) and Gove (6.6Vo).

Sixteen C. johnstoni were also regarded as "problem" animals during 1992
and 1993 (Table 3); three were taken to crocodile farms.

MONITORING . HARVESTS

C r o c o d y l u s  j o h n s t o n i  H a r v e s t s

No harvests of C. johnstoni hatchlings took place in 1992 or 1993. Egg
harvesrs were limited to 49 eggs collected in 1992 (Table 4), all of which were
considered viable at the time of collection.

In 1993,27 C. johnstoni ranging between 1.0 and 1.72 m total length (mean=
1.37 m) were harvested from the Daly River, and were provided to crocodile
f a r m  s .

Table 4. Numbers of C. johnstoni hatchlings and viable eggs (eggs containing
a live embryo at the time of collection) harvested from the wild between
1986 and 1991.

Y e a r H a t c h  l i  n g s Viable Eggs

I  986
1987
I  988
I  989
1 990
1991
1992
r993

Total

928
29r6
I 804
3400
r62r
ou?-

15,248

I  50;
250r
207r

953

7079

C r o c o d y l u s  p o r o s z s  E g g  H a r v e s t

The results of C. porosus egg harvests are in Table 5. Crocodylus porosus have
a prolonged nesting period (November to May) that coincides with the wet
season. Large numbers of eggs are flooded before collection, and in some
locations, where nests are constructed in the open, the eggs overheat (Webb
and Cooper-Preston 1989). There is also a significant relationship between
the extent of mortality in the field and the extent of mortality after collection
Iduring art i f ic ial  incubat ion;Webb (1989b)] .  Thus al though our assessments
of "viable" eggs are based on live embryos at the time of collection, many of
those embryos are already compromised. Variation in the numbers of eggs
harvested each year (Table 5) reflects annual variation in nesting effort
(Webb et al. 1990a), and also variation in harvest areas. Annual variation in fil
nesting effort for some areas is summarised on Table 5.
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Table 5. Numbers of C. Porosus eggs
assessment of viability (containing
and the percentage of viable eggs

harvested from the wild with an
live embryos at the time of collection),
that produced viable hatchlings.

S  e  a s o n Total Eggs
Col lected

Vo Viable
Eggs

7o Yiable
H a t c h l i n g s

1986/87
1987 /88
1  988 /89
1 989/90
199019r
r99u92
r992t93

4401
5300
6497

12,010
92r2

15,298
12,379

62 .7
64.3
67 .2
74.5
s9.6
64.3
68.7

80 .1
82.7
84.5
85 .5
77 .4
80 .5
79.0

Table 6. Numbers of C. Porosus
eggs collected, in three areas
less constant in most years. 'r'

nests located (excluding
where collection effort
indicate where effort

false nests) and total
has been more or

was reduced.

S  e a s o n Adelaide River
(ma ins t ream)

Nests Eggs

Adelaide River
(Melacca Swamp)

Nests Eggs

F inn i ss
R i ve  r

Nests Eggs

r983184
1984 /8s
I  985 /86
1986/87
1  987 /88
1  98  8 /89
1989190
r990191
r99r /92
1992/93
1993194

)F

23
2 l
26
37
39
56
27
45
56
56

r025
695
859

r272
1756
2250
tL7 7
t547
r974
2041

28
22
22
26
t2
27
37
11
32
2 l
3 l

678
9s9
934

1002
581

I  189
1560
622

1327
939

r252

4 l
51
64
46
50

960
1057
r t72
1443

x

1936
1 848
3179
1  395
1603

x

20
23
36
4 l

*

To ta l  Ha rves t  L im i t s

Total harvests
the tenure of
in Table 7.

of both C. iohnstoni and
the current Management

C. porosus, for
Program (CCNT

all purposes, during
1989) are summarised
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Table 7. Numbers of C. iohnstoni and C. porosus
and adults taken from the wild during the last
limits applicable in those years.

-

eggs, hatchlings, juveniles
two years, with harvest

S pec ies Yea r L im i t Harves ted

C. johnstoni

C. johnstoni

C. johnstoni

C. johnstoni

Viable Eggs
Viable Eggs
Viable Eggs
Viable Eggs

Ha tch l i ngs
Ha tch l i ngs
Ha tch l i ngs
Ha tch l i ngs

Juv  en i  I  es
Juven i l es
Juven i l es
Juven i l es

Adul ts
Adul ts
Adul ts
Adul ts

1990
r99r
r992
1993

1990
r99r
t992
r993

1 990
1991
r992
r993

r990
r99L
r992
r993

4000
4000
4000
4000

6000
6000
6000
6000

1000
1000
1000
1000

200
200
200
200

207r
953
49

0

r621
4579

0
0

20
187

I
r9

0
2
0

23

C. porosus

C. porosus

C. porosus

C. porosus

Viable Eggs
Viable Eggs
Viable Eggs
Viable Eggs

H a t c h l i n g s
H a t c h l i n g s
H a t c h l i n g s
H a t c h l i n g s

J u v  e n i  l e s
J u v e n i l e s
J u v e n i l e s
J u v e n i l e s

Adu l ts
Adu l ts
A d u l t s
Adu l ts

1990
1991
r992
I  993

1990
L99l
r992
r993

1990
1991
1992
r992

1990
1991
r992
1993

10,000
10,000
l5 ,000
15,000

400
400
400
400

400
400
400
400

200
200
200
200

8953
5491
983  8
8498

l3
l 0
7

l5

r20
r62
r02
168

70
63
32
35

MONITORING - WILD POPULATIONS

C rocody lus  i ohns ton i

Annual spotlight and helicopter surveys are conducted in representative
samples of C. johnstoni habitat as part of a long-term monitoring program.

The Daly River (Fig. l) is surveyed annually, and is one of the main rivers
from which C. johnstoni hatchlings are harvested. It provides a good system
for evaluating the general impact of harvesting. For surveying, the river is
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subdivided into 9 segmcnts scparatcd by rockbars and waterfal ls ( total

distance = 196.3 km). Hatchl ing and cgg harvcsts arc restr ic lcd to the

upstream 91.9 knr an<J the {ownstrcam 68'5 km; t l re central  area of 35'9 km

has bcen surveyed but not harvested'
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Figure l .  Locat ions of major r ivers in the Northern Terr i tory.
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3 2 0 0

3 0 0 0

2 8 0 0

2200

2 0 0 0
' t 8 0 0

1  6 0 0

1  4 0 0
1  9 8 2 1  9 8 4 1  9 8 6 1 988

Year

1  9 9 0 1992 1  994

Figure 2" Total numbers of C. johnstoni counted by spotlight in the annual
surveys of the Daly River between 1983 and 1993.

The population of C. johnstoni in the Daly River has continued to increase
(Fig. 2) regardless of the harvest of 866 eggs and 15,655 hatchlings between
1982 and 1993 (Table 8). The natural logarithm of the density of crocodiles
sighted in the spotlight surveys was regressed against year to estimate r, the
exponential rate of population increase (the regression line slope)(Caughley
1980). To express r as a mean percentage change, the exponent of r is used

[percentage change =  (e r -  l ) *100] .

Table 8. Numbers of C. johnstoni hatchlings and eggs harvested from the
Daly River between 1982 and 1993.

Y e a r Hatch l i ngs Eggs

2 6 0 0

2400

8
E
.9)
U)
d

o

1982
l  983
r984
1  985
1986
t987
I  988
1  989
r990
l99 r
r992
r993

Total

r299
825

t3t7
0

928
2297
1560
2700
r223
3506

0
0

15,655

0
548
318

0
0
0
0
0
0
0
0
0

t75

866



The exponential rate of populati_on increase for all sightings in all areas of

G Oufy River (fabte 8) wai 0.055 + 0.014 (P= 0.003), indicating an average

increase of 5.7Vo per year over the period 1983 to 1993'

Table g. Annual spotlight counts in ? harvested and 2 non-harvested sections

of the Daly River. 
"- 

= the exponential rate of increase; sE = standard

e r ro r ;P= thep ,ouuu i t i t y t ha t r i sdue tochance .To ta l s f o r l g83and1984
are based on estimates for the 3 segments not surveyed.

S e c t i o n  I
k m 14.3

N on -ha rves ted
2

2r .6
5

31 .0

A l l
1 -9

196.3
45

15 .5  22 .0

Harves ted
6789

18 .9  39 .4  r7 .L  16 .5

1983
I  984
1985
1  986
1987
1  988
1989
1990
t  99 l
1992
r993

t7 r
240
292
203
220
303
195
196
20r
308
245

0 .01
0.02
0 .51

r97
247
346
331
470
380
313
442
462
426

0.07
0.02
<0.01

70
109
t12
229
383
266
398
312
277
360

0.  r7
0.04
<0.01

2t6
L 3 J

197
r99
303
422
27s
262
276
453
316

0.05
0.02
0.03

448
400
297
263
520
567
390
434
352
627
441

0 .03
0.02
0 .31

205
r64
210
2r0
20r
235
200
161
r92
22r
200

r
SE
P

r39 r72
95 283

t t4 t77
r73 413
91  303

165  423
150 329
85  252

I  10  361
153 434
t27 353

0 .00  0 .06
0 .02  0 .03
0.88 <0.05

95  1600
-  1800

r32 1775
206 2125
166 2364
223  3191
165 2350
127 2228
239 2485
244 3179
276 2744

0.0  0 .08  0 .055
0.01  0 .03  0 .014
0.84 0.02 0.003

Table 10. The size srructure of c. johnstoni sighted in spotlight surveys in the
- 

baty River between 1983 and 1993. Percentages refer only to non-

hatchlings whose size could be estimated. Haivests in any one year (Table

8) are conducted after the surveys'

>8'
( vo )Year  Tota l  EYes 4 '

C o u n t  O n l Y
2-4 ' ,
( vo )

4-6 ' ,
( vo )

6 -  8 '
( vo )

1983
1984
1985
1986
1987
1988
1989
1990
199  I
1992
1993

r433
1682
I  843
21,25
2364
3188
2350
2228
2485
3179
2744

706
889

r495
t402
l5  10
185  8
t512
143  8
t448
I  866
1644

105
9 l
64

183
50
7 l
87
83
99

106
r02

81 .0
82.5
45.4
69.3
83 .5
75 .0
92.4
77 .8
79.7
75 .6
75 .4

r6.4
15 .5
43 .0
26 .9
t4.3
21.8
7 .1

19 .1
17 .6
21.0
22.2

1.8
2 .0

11 .3
3 .7
2 .2
3 .1
0 .5
3 .0
2 .6
J . J

2 .4

0.8
0 .0
0 .4
0 .2
0 .0
0 .2
0 .0
0 .1
0 .1
0 .1
0 .0

Within the 9 individual survey sections (2 non-harvested and 7 harvested) r

reached significance in 5 sections ( I non-harvested and 4 harvested)(Table

9). In all cases the change was positive, indicating annual average increases

r'16



of 7.6Vo (Sect ion 2; non-harvested) and 9.6Vo (Sect ions 3,4, ' l  and 9:
harvested). There is almost certainly interchange of animals berween the
harvested and non-harvested populations, which confounds any detailed
a n a l y s i s .

In both harvested and non-harvested areas of the Daly River, the percenrage
of juveniles in the population (2-4' long) has remained high (Table l0),
indicat ing that recrui tment cont inues despite the harvests.

The helicopter moniroring program for C. johnstoni started in 19g5, and
involves counts over 31 survey areas within the Baines, Daly, Victoria and
Wickham Rivers (Fig. 1). The results to 1993 are summarised in Table 11. All
but three survey sections have shown a positive exponential rate of
increase, and the mean rate, over all areas, is 0.171 + 0.022, indicating an
l8.6Vo increase per year.

Table 11. Exponential rates of increase (r) for C. johnstoni in areas surveyed
by helicopter annually. In surveys where no crocodiles were spotted in a
particular area, in any one year, I sighting has been added so that a log
(ln) value could be computed. * indicates a significant regression
r e l  a t i  o n  s h i p .

R i v e r Survey Area N  Y e a r s  r

Da ly
Da l y
Da ly
Da ly
Da ly
Da ly
Daly
Da ly
B  a ines
B  a ines
B  a ines
B  a ines
B  a ines
Ba ines
B  a ines
B  a ines
Wickham
Wickham
Wickham
Wickham
Wickham
Wickham
Wickham
V ic to r i a
V i c to r i a
V  i c  t o r i a
V i c to r i a
V  i c  t o  r i a
V i c to r i a
V ic to r i a
V i c to r i a

Mean all areas (+

Downstream tidal
C ross ing - I s l and
Is l  and -F i  sh
Fish-Witch Wai
Witch Wai-Beeboom
Beeboom-Rockbar
Rockbar-Ool loo
Oolloo-us rapids
Bu l l i t a
ds East Baines Pool
East Baines Pool
Homestead Pool
TH Hole
us East Baines Pool A
us East Baines Pool B
us East Baines Pool C
Homestead Hole
Humbert River Pool
Humbert Station
Irr igation Hole
Stoney's Crossing
Victoria/Wickham Jn.
Y  a r ra l  i  n
Downstream Bridge
Jasper A
Jasper B
Old Vic. R. Crossing
Pigeon Hole
Policeman's Point
Rockho le
Upstream Bridge

SE)

0.208
0 .1  63
0 .1  68
0 .1  30
0. r62
0 .1  85
0.2r3
0.283
0"223
0.208

-0 .012
0 . t77
0.027
0.232
0.071

-0.042
0.367
0.223
0 .1  66
0.283
0.282
0.304
0.367
0.294
0.058

-0.173
0.341
0.077
0.028
0.086
0.204

0.171 + 0.022

9
9
9
9
9
9
9
9
7
9
9
8
9
1

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

I  985 -93
1985 -93
1985-93
1  985 -93
1  985 -93
1985-93
1985-93
1985-93
1987 -93
1985-93
1985-93
1985-93
I  985 -93
l  985 -93
1985  -93
l  985 -93
1985-93
I  985 -93
l  985 -93
1985-93
I  985-93
l  985 -93
1985-93
I  985 -93
l  985 -93
l  985 -93
1  985 -93
1985-93
1985-93
l  985 -93
1985-93

0.00
0.03
0.02
0 .19
0.04
0 .17
0.07
0.05
0.25
0 .  13
0.92
0.09
0.75
0 .15
0.55
0.79

:F

*

0.02 *
0 .  l 0
0.04 *
0.01 *
0 .07
0.04 *
0.01 *
0 .07
0 .55
0. r7
0.05
0.39
0.6  r
0 .17
0.03 *



Most river systems were monitored originally b1 spotlight, and some continue

to be monitoied by this method. The results (Table 12) indicate a mean

exponential rate of ittctease of 0.029 + 0.017; the population has been

expanding at about 2.97o per year over the,p_eriod,o.f Study. The mean rate of

increase ln the harvesred tiu"ti (0.043 + O.Ot+; 4.47o per year) was positive

and higher than the rate from the non-harvested rivers (-0.002 + 0.043: -0.2vo

per year) which was itself highly variable'

Table 12. Exponential rates of increase (r) for C. iohnstoni in river systems

spotlight surveyed regularly in the Northern Territory. * indicates a

significant regrlssion 
-relati-onship 

at the 5Vo level; fr[= number of years

surveyed; P= the probability that r is due to chance'

Rive r Survey Area N Years

B  a i n e s
K  a t h  e  r i n e
M a r y
M o y l e
F i n n i s s
R e y n o l d s

Mean Non-harves ted

East Baines River
Katherine Gorge
Downstream bridge
Moyle River
Buffalo Hole
W a t e r h o l e

TH Hole
Daly River
Finniss mainstream
Upstream bridge
Reyno lds  mains t ream
Fish Camp
R o c k h o l e
Upstream bridge
Pigeon Hole
Downstream bridge
Y  a r r a l  i  n
Homestead

r  982 -86  -0 .002  0 .97
1980-8  8  -0 .084  0 .06
1984-93 0.059 0.08
1984-88  -0 .025  0 .91
1984-90  0 .176  0 .02
1984-90  -0 .1  15  0 .35

-0.002 + 0.043

1883 -91  -0 .017  0 ,72
1983-93  0 .055  0 .01  *

1983-91  0 .009  0 .75
1984-93 0.029 0.44
1983-93  0 .012  0 .81
1984-93  0 .006  0 .88
1982-91 -0.019 0.56
1984-88  0 . r r2  0 .47
1982-91 0.041 0. r2
1982 -88  0 .101  0 .28
1982-87 0.066 0.38
1982-87 0.124 0.16

0.043 + 0.014
0.029 t0.017

J

9
9
4
7
1

6

West Baines
D a l y
F i  n n i  s s
M a r y
R e y n o l d s
R e y n o l d s
V  i c  t o  r i a
V  i c t o r i a
V  i c t o r i a
V  i c t o r i a
W i c k h a m
W i c k h a m

Mean harvested
Mean All rivers

n

l 1
11
l0
11
l0
7
)
5
7
)
)

t 2
18

The disparity between the rates of increase indicated by helicopter . and

spotlighf ,onnt, reflects in part tle Iimitations of helicopter counting with

i. j ihnstoni. A small ptopotiion of the total population is sighted, and-in this

.u.", it could be refleiting changes in the larger animals' Although the

disparity is under investigition, it is significant that both survey methods

indlcate a positive rate of increase despite harvesting'

C r o c o d Y l u s  P o r o s u s

As with C. johnstoni, monitoring of the C. porosus population involves.

surveys at two levels of resolulion. Firstly, spotlight counts in selected rivers

are carried out annually to monitor the biological aspects of continuing

recovery (see "Recovery Trends in the Blyth-Cadell River System" below)'

Helicopier counts are tire method used to monitor the population as a whole'
L18



Within individual rivers subjected to intense harvesting of eggs, the
population has continued to increase despite harvesting (Fig. 3). Significant
numbers of nests are not detected and local recruitment still occurs (Fig. a).
The population size structure does not reflect a "missing" cohort that could be
expected to influence adult numbers in the future (Table 13).

9 0 0

8 0 0

7 0 0

6 0 0

5 0 0

4 0 0

3 0 0

200
1  9 7 6 1 9 7 8  1 9 8 0  1 9 8 2  1 9 8 4  1 9 8 6  1 9 8 8  1 9 9 0  1 9 9 2  1 9 9 4

Year

Figure 3. Annual spotlight counts of non-hatchling C. porosus in the
mainstream of the Adelaide River, Northern Territory (60 km easr of
Darwin). Numbers of eggs harvested from 1984/85 to 1992/93 are in Table
5; in 1983/84 525 eggs were collected from the mainstream. Since 1983,
24,989 eggs have been harvested from the system.

3 5 0
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0
1  9 7 6  1  9 7 8  1  9 8 0  1  9 8 2  1  9 8 4 1  9 8 6  1  9 8 8  1  9 9 0  1  9 9 2  1  9 9 4

Year

Figure 4. Numbers of hatchlings sighted during spotlight surveys of the
Adelaide River mainstream (117.0 km). The line indicates the period in
which eggs have been harvested (1983/8a to 1992/93 wet seasons).
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Table 13. Size structure of C. porosus sighted in spotlight surveys in the
Adelaide River between 1977 and 1993. Percentages refer only to non-

hatchlings whose size could be estimated. Survey results are those nearest

June in each year. * indicates years in which eggs were collected in the

wer season beiore a survey; between 1977 and 1979 animals greater than 7'

in length were recorded as ">7".

Year Total
Count

Eyes
Only

2-4' ,
( vo )

4-6 ' ,
( vo )

6 -  8 '
( vo )

8 -10 '
( vo )

>10'
( vo )

4',

r977
r978
r979

*1984
*1985
*1986
*1987
*1988
f1989
*1990
*  1991
*t992
*1993

427
388
387
6r8
582
572
785
75 r
709
936
876

l  082
869

36
33
36

144
t37
IL2
130
t54
161
168
161
233
290

48
62
53
80

r37
99

259
56
76

350
85

403
89

36.r
36.4
23. r
36 .5
31 .5
40.7
46 .7
47.3
45.2
41 .8
) ) . J

43.9
54.7

52 .6
51 .0
56 .8
28.9
32 .1
30 .5
26 .8
22.0
22 .6
16.7
18 .0
2t . r
t4.5

. . - - . . . .
2r .8
2Q.8
17.5
19.7
15 .0
17 .8
22 .6
14 .0
23 .8
15 .5

11 .3
12.6
20.1
10 .4  2 .3
9 .7  5 .8
8 .9  2 .5
5 .8  1 .0

11 .5  4 .3
11 .0  3 .5
16 .0  3 .0
7 .2  5 .4
9 .2  2 .0

r2 .2  3.1

Annual spotlight count surveys were carried out in 8 river systems in both

1992 and,- 1993 (Table 14), the majority of which had eggs harvested from

them. The exponential rate of increase was calculated for each major river

section. ThosJ wirh a significant change in population size over the study
period had all increased. The mean r value for all survey sections was 0.056 +

0.012, indicating a mean annual rate of increase of 5.8Vo per year over the

period of study. The rate of increase in the harvested sections (0.048 + 0'012;

4.9Vo per year) was less than the mean rate in the five non-harvested
secrionl (0.085 + 0.037; 8.9Vo per year), although they were highly variable.

Table 14. Exponential rates of increase (r) for C. porosus in river systems
surveyed by spotlight. In the 5 instances where no crocodiles were spotted
in a particular creek, in any one year, I sighting has been added so that a

Iog (ln) value could be computed. * indicates a significant regression
reiationship; 'H' indicates areas from which eggs are harvested each year.
"NH-D" = the non-hatchling density recorded during the last survey.

Survey Area Years NH-D

Adelaide - downstream
Adelaide - upstream
Adelaide - sidecreeks
Blyth -  mainstream
Blyth - sidecreeks
Cadell - mainstream
Daly - mainstream
Finniss -  Bul lcoin
Finniss - Patj Patj
Liverpool - Gudjerama Ck
Liverpool -  mainstream

* H
* H

H
* H

H
H

i.

H
H
H

*H

12
t7
13
t9
t7
19
11
8
8

l6
r7

1977 -93
r977 -93
1977 -93
r975-93
r975-93
r975-93
r979-93
1984-91
1 984-9 I
r976-93
r976-93

4.9 t  0 .038
6.80  0 .068
0.94 0.025
4.3r 0.023
0.70 -0.029
2.56  0 .005
4.30  0 .085

20.00 0.092
22.58  0 .086
0.83 0.023
2.48 0.042

0.002
0.0001
0 .108
0 .011
0.090
0.590
0.001
0.t37
0.435
0.237
0.0001
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Table 14 continued

Survey Area Years NH-D

Liverpool - Atlas Ck
Liverpool - Maragulidban Ck
Liverpool - Morngarrie Ck
Liverpool - Mungardobolo Ck
Liverpool - Tom's Ck
Reynolds - Deep Hole
Reynolds - Horseshoe
Reynolds - McEddy's
Reynolds - Noaklies
Reynolds - Welltree
Tomkinson - mainstream
Mary - Sampan-Alligator Ch.
Mary - Sampan-Shady Camp

Mean: Harvested
Mean: Non-harvested
Mean: All

15
t7
t7
L7
L2
10
10
10
10
10
t7
7
7

19
)

24

r976-93
r976-93
r976-93
1976-93
1976-93
1984-93
1984-93
t984-93
1984-93
t984-93
1976-93
1984-93
1984-93

0.48
2.28
2.07
1 .15
r .92
0.00
6.25

15.75
33.08
16"40
2.24
2.30

17.00

-0 .034 0 .2r2
0.047 0.006

-0 .014 0 .528
0.042 0.023
0. r  l5 0.003

-0 .051  0 .513
0.r44 0.069
0.171 0 .003
0 .1  10  0 .018
0.082 0.047
0.021 0.036
0.085 0.039
0.  161 0 .0001

H
*H

H
*H
*H

* H
* H
* H
* H
:r

*

0.048 t 0.012
0.085 + 0.037
0.056 + 0.012

Monitoring of the total population involves helicopter counts within seventy
segmenrs (<10 km long) in 68 tidal rivers and creeks around the complete
colstline. As explained previously (Webb et al. 1990a,b), in order that the
extensive historical database of spotlight counts (4 to 17 years after
protection; 1975-88) not be lost with the changeover to helicopter surveys, a
procedure was adopted for correcting the spotlight counts to helicopter
count equivalents (Webb et al. 1990b). The results of this monitoring
program up to 1993 are on Figure 5.

. 2
1 9 7  4 1 9 7 6  1 9 7 8  1 9 8 0  1 9 8 2  1 9 8 4  1 9 8 6  1 9 8 8  1 9 9 0  1 9 9 2  1 9 9 4

Year

180 b
Figure 5. The relationship between the mean density of non-hatchling C.

porosus (helicopter count/count equivalents) and years since protection
(1971). Values for years 4-17 (1975-1988) are corrected spotl ight counts.
The last 5 values are mean helicopter counts.
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Over the last five years, the helicopter counts have demonstrated mean values

and levels of variaiion consistent with those predicted from spotlight counts.

This tends to support our contention that the corrections used to derive

helicopter count equivalents from spotlight counts - were realistic. It also

,upport, the hypotiresis that a large proportion of the variation in numbers

of-i. porosus 
-seen 

in tidal rivers from year to y€ar- reflects variation in the

extent of the population found in such rivers; real rises and falls in the total

population are much more subtle.

The regression line relating helicopter count density (HD) to years since

fror".ri6tr (YXFig. 5) desciibes !h; mean increase in the density of animals
iigtrteA with time-since prorection (Y; L992 = 21,, 1993 = 22, etc.);

HD = Q.126 +0.0280Y t0.003 1p2 = 0.94; P = 0'0001)

The exponential rate of increase, using helicopter counts, is 0.061 + 0'006 (P =

0.0001), indicating a mean rate of increase of 6'3Vo per year over the period

1975 io 1993. This esrimare is consistent with the mean value derived from

spotl ight counts within 8 r iver systems (0.056 + 0'012; 5.8Vo per year)

discussed above. The two methods are thus giving comparable results for C '

porosus, whereas they are widely divergent with C. johnstoni (see above) '

The size distribution of crocodiles sighted in 1993 was significantly different

from rhose in 1989-1992 1'y2= 11.62-28.46; P= 0.0001-0.0088; Table l5). This was

due to a lower proportio; of smaller crocodiles and a higher propo(ion of

large ones.

Table 15. Size distribution of C. porosus sighted in helicopter surveys'
Numbers in brackets are percentages.

Y e a r Total S m a l l  M e d i u m  L a t g e E x t r a - l a r g e

I  989

1990

199 r

r992

1993

454

407

535

491

4 l
(8 .e)

48
(  1  0 .6 )

38
(e.3 )

49
(e.2)

20
(4 .  1 )

115
(24 .e )

116
(2s.s)

r22
(30.0)

196
( 3 6 . 6 )

r29
(26.3)

224
(48 .6 )

236
(s2 .0 )

184
(4s .2 )

227
(42.4)

269
(s4 .8 )

8 l
( r7 .6)

54
(  1  1 .e )

63
(  15 .s )

63
(11 .8 )

t 3

( r4 .9 )

461

In 1984, the total wild C. porosus population (hatchlings and non-hatchlings)

was estimated to be at least 40,000 individuals (Webb er a/. 1984). As mean

densiry derived from the regression line on Figure 5 has increased from 0'50

km-l to 0.74 km-l between 1984 and 1993 (a 48Vo increase), the total

population in 1993 is now estimated to be at least 59,200 C. porosus' 180c



MONITORING . CROCODILE FARMS

There are currently six crocodile farms in the Northern Territory. Total
captive stocks have been increasing steadily (Table l6), as has the
production of C. porosus through captive breeding (Table 16). Culling for
skins and meat was initiated in 1987, and since that time there has been a
steady increase in production (Table l7)" On-farm monitoring is now the
responsibility of the Department of Primary Industry and Fisheries (since
1992).

Table 16. Captive population of crocodiles held on Northern Territory
crocodile farms. Stocks are at 31 December each year, as reported in the
monthly stock returns. Culling and export of skins started in L987.

Y e a r No. of Farms C. porosus C. johnstoni Total

1987
l  988
I  989
1990
199  I
r992
r993

4
4
4
4
6
6
6

57 r l
7 r72
9183

12,986
t4,407
16,750
18 ,870

10,543
12"267
15 ,601
15,450
17,837
14,712
9,904

16,254
t9,439
24,774
28,436
32,244
3L,462
28,774

Table 17. Numbers of
Northern Territorv

produced through
farms.

captive breeding onhatchlings
crocodi le

Ye  a r No. of
Fa rms

C. porosus C. johnstoni Total

r983
1984
1985
1986
1987
r988
1989
1990
1991
r992
1993

3
3
J
a
J

J

J

J

4
6
6
6

99
362
463
675
6r4
444
922

r1,20
r57 6
2436
3226

125
467
5s8
842
730
534

1086
tzrr
r634
2479
3226

26
105
95

167
116
90

r64
91
58
43
0
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Table 18. Numbers of
*the number refers
real production from
year stock returns.

skins produced in the Northern Territory since 1987.
to the number exported; **approximation based on
3 farms and estimate from one farm based on end-of-

Yea r No. of
Fa rm s

C. porosus C. johnstoni Total

1987
1988
1989
1990
199  1
r992
1993

25r
962

t402
1954
2381
3277

* 4625

1,020
923

1373
908

2314
** 4460

574
1982
2325
) ) z  I

3289
559 1
9 .085

A

4
4
A
T

6
6
6

Given that mortalities on farms are usually highest during the first year of
life, the monitoring program is based largely on inventories of 1-year-olds.
There is significant variation between farms, and within the one farm from
year to year, in both growth and mortality rates. Mean mortalities and sizes
at one year of age, are summarised on Tables 19 and 20 respectively.

Table 19. Mean percentage mortality between hatching and one year of age
on Northern Territory crocodile farms. N = number of farms. * = two farms
had C. johnstoni, but inventories at one were at 18 months (data not
included). Year refers to the year in which they were one year of age.
**moftalities calculated at approximately 8 months of age.

Yea r C. porosus
Mean + SE Min. Max. N

C. johnstoni
Mean +  SE Min .  Max.  N

1  986
1987
I  988
1  989
1990
1991
1992
1 993

62 .5  +  18 .0
24 .6  +  6 .5
29.9 + 2.5
31 .2  +  3 .9
26 .3  +  10 .1
36 .3  t  11 .7
23 .5

** 17.5

28.r  89.0
18 .0  31 .1
25.7 34.3
24 .6  38 .1
10.9 45.3
7  . 2  63 .9

J

2
J
a
J

J

4
6
6

r7 .0
t5 .2
9 .8

r6.4
13.4
23.0
No hatchlings collected in

+ -  17.0 17.0
+  10 .6  4 .5  25 .8
+  5 .2  4 .6  15 .0
r .  6.1 4.s , : . t

I
I

2
2
J

1 *
2

t992
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Table 20. Mean total length of one-year-old crocodiles on Northern Territory
crocodile farms, for years in which there are comparable data. N = number
of farms. * = two farms had C. johnstoni, but inventoriEs at one were at 18
months (data not included). For C. porosus, detailed inventories were not
carried out in 1992 or 1993.

Year C. porosus
Mean t SE Min. Max.

C" johnstoni
Mean a SE Min. Max.

1987
I  988
I  989
I  990
1991
r992
1,993

696.4 +
689.7 +
675 .8  +
687 .5  t

? ' )

z " J
1 1

313
340
307
304

1075 3
1262  3
1279  3
1374 4

-6
-6

558 .3  +
569.2 + 1.2
561 .7  x  1 .2
573 .1  +  1 .1
54 i . 1  +  1 .9
609.4 + 2.1

No hatchlings

408  811  1
407 791 2
347 820 2
354  1  198  3
359 635 I r'
410 894 1

collected in 1992

RESEARCH

1.  A l l i ga to r  m i ss i ss i pp iens i s

In January 1993, 49 Alligator mississippensis eggs, from three clutches, were
obtained from the Australian Reptile Park (Gosford, New South Wales).
Twenty-eight eggs (57Vo) were infertile, two (4Vo) died at the time of
collection, and the remaining 19 eggs were incubated on open racks in
water-jacketed incubators. Nine hatchlings were produced; 3 died soon after
hatching and 6 hatchlings were raised in controlled-environment tanks
maintained at 32C. The incubation and raising regimes (temperature, diet,
etc.) were the same as those used for C. porosus previously.

Hatching success was low (47Vo of 'viable' eggs produced hatchlings; 32Vo
produced viable hatchlings; see above). Incubation of 20 eggs (from two
clutches) received in 1994 also resulted in low hatching rates (40Vo hatched;
30Vo produced viable hatchlings) under the same incubation conditions.
Similar results were obtained by Craig Smith (Macquarie University) in the
s:rme year. It is possible that transport may have affected the eggs, as they
were very cool by the time they reached Darwin. However, the hatch rate of
captive-laid eggs may be lower than for wild alligators, as encountered by
Ted Joanen and his colleagues in Louisiana.

The growth rates of the 6 alligators hatched in 1993 are shown on Figs. 6 and
7. Size of the alligators at 12 months of age was compared to a group of 60
fast-growing C. porosusi the fastest growing animals raised under these same
raising conditions. The mean size of the alligators was greater than the
mean for the 60 C. porosu.s, and also greater than the mean of the top 6
animals within that group (Table 2L).
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Figure 6. Total length of. Alligator nrssisslppiensis hatched in March 1993.
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Table 21. Mean sizes [total length (TL) and bodyweight (BWt)] of Alligator
mississippiensis and Crocodylus porosus incubated and raised under
similar conditions. The data for C. porosus refer either to a group of 60
fast-growing animals, or to the top 6 animals within that group.

Age TL
( m t h )  ( m m )

NBWt
(e)

60
6
6

60
6
6

60
6
6

60
6
6

0
0
0

r2
L2
t2

C.
C.
A .

C.
C ,
A ,

porosus
porosus
rnississipp ie nsis

porosus
porosus
mississipp ie ns is

297.1
290.5
222.2

869.3
t074.2
l  152 .8

1 .11
2 .62
6 .28

13.57
23 .92
19 .09

64.9 0.47
64.0  1 .48
47.2  2 .41

2149.2 r29.73
4323.2 367.77
5742.2 385.00

Although the sample size of alligators was small, and they originated frgm
three clutches, there was clearly a species difference with regard to growth.
The alligators accepted food more readily than C. porosus raised alongside
them" The differences in growth between farmed alligators and crocodiles is
probably due largely to genetic differences, rather than differences in
fa rming  prac t ices .

2.  Scal ing of  Anaerobic  Muscle Work in  C.  porosus

As reported in a previous report (Webb et al. 1992), John Baldwin (Monash
University), Bill Runciman (Royal Adelaide Hospital) and Roger Seymour
(University of Adelaide) carried out another set of experiments on the
physiological effects of capture (exercise) on C. porosus (see Baldwin et al.
1994).

Exercise time to exhaustion increased with body size; small animals Q U g)
were fatigued in 3.5 minutes, and the largest animals (180 kg) in 57 minures.
Lactate concentrations in the blood and tail muscle also increased with
increasing body size, with muscle lactate concentrations always being
higher than those in the blood. Small animals produced lactic acid faster, but
for shorter periods.

Muscle glycogen also showed positive allometric scaling, and the effects of
pH on muscle phosphorylase and phosphofructokinase were independent of
body size. It is proposed that anaerobic activity may be determined by the
size of the muscle glycogen reserves and by glycolytic inhibition at the
lower pH levels in larger crocodiles. Mean anaerobic scope and
phosphorylase activity (tail muscle) decreased with increasing body size, but
dehydrogenase activity was not dependent on body size.

The negative allometric scaling of anaerobic scope is possibly related to
changes in predator-prey and social interactions, with reduced dependence
on anaerobic muscle work with increasing body size.

3. Stress in Hatchl ing C, parosus 180 h

Jenny Turton and Phil Ladds (James Cook University of North Queensland)
carried out trials to investigate the relationship between husbandry
practices, stress, immunity and disease susceptibility in C. porosus hatchlings



(Turton 1994). Animals were held at high (36C), low (28C) and optimum (32C)

water temperatures. Plasma corticosterone levels were used as indicators of
stress, and plasma immunoglobulin levels and total and differential white
blood counts as indicators of immune fuction.

A total of 140 hatchlings from five clutches were divided between five
treatments after 10 weeks at 32C, to initiate feeding. The treatments were:

1 ,32C
2 .36C
3. 36C for 10 d,
4.28C
5. 28C for 10 d,

then back to 32C

then back to 32C

Blood samples were taken on four occassions, before and after temperature
changes were appl ied.

Mean cort icosterone level was 7 .09 ng ml- l  l range 0.25'16 ng ml- 1; .

Crocodile immunoglogulin was determined to be IgG, with a molecular weight
of 218 kDa, and light and heavy chains of 27 and 57 kDa respectively.

The high temperature treatments resulted in elevated cort icosterone levels
and total white blood cell counts. Immunoglobulin levels were not
significantly affected by water temperature. Growth was affected by clutch
of origin, and there were clutch-specific differences with regard to
corticosterone and immunoglogulin levels. Change in bodyweight (as a
proportion of initial bodyweight) was negatively correlated to both
cort icosterone and immunoglobul in levels,  al though there was no
interact ion between the two.

The findings of the study indicated that the high temperature treatments
were stressful ,  whereas the low temperature treatments were signi f icant ly
s o .
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A COMPARISON BETWEEN THE BREEDING RESUTTS
OF CAPTIVE AND WIID NILE CROCODITES AND THE
CONSERVATION MERITS OF CLOSED CYCTE BREEDING

IN SOUTH AFRICA

HOWARD R.XEtLY

RIVERBEND C8OC6DItr.E FARM
P.O.  BOX 2 {5
RAMSGATE
4285

REPUBLIC OF SOUTH AFRICA

AESTRACT
This paper serves to document, compare and evaluate the
breeding resul ts  of  capt ive and wi ld  Ni le  Crocodi les in  South
Afr ica,  in  an at tempt  to  i l lus t rate the conservat ion mer i ts
of  c losed cyc le breeding in  South Afr ica.

INTRODUCTION
rt  is  assumed that  whi le  crocodi les have varue,  man wi l l
str ive to conserve them. rn order to conserve then as best
possible, these crocodile popurations must be managed
accord ing to  speci f ic  economic and ecorogicar  cr i ter ia .  A lso
to propose a genera l ised conservat ion s t rategy for  crocodi les
without due consideration being given to the economic well
be ing of  the humans in  that  reg ion is  shor t  s ighted and wi l l
be detrimental to the crocodiles in the long term.

Habi ta t  loss remains the s ing le b iggest  threat  to  the
surv iva l  o f  crocodi les.  No t rade ban or  leg is la t ion wi l l  save
a species on the edge of i ts range nor increase t lre nurnbers
of a species affected by habitat toss (Hutton & Behra rgg2)
r t  is  obv ious in  many areas that  crocodi les are va luable to
?he hunan population and are surviving outside protected
areas.  In  many instances the protect ion af forded the
grocodi les by these populat ions is  d i rect ry  propor t ional  to
the  va lue  p laced  on  the  c rocod i l es .  rn  sou th  A f r i ca  th i s
protect ion is  a f forded both by wi ld  protected areas and by
c losed cyc le breeding.  The mer i ts  o f  c losed breeding g iven
certain predetermined economic and ecologicar parameters is
therefore demonstrated.

PISTRIBUTION 9F THE NILE CROCODITE IN SOUTH AFRICA (CURRENT
AND HISTORICAL)
The Ni le  crocodi le  in  south Afr ica was former ly  extensive ly
d is t r ibuted in  a l r  eastward f lowing r ivers f rom tne L impopo
in the nor th (Transvaal )  to  the mouth of  the Keiskamma r iver
(some 76km west of East London, Cape province) in the south.
westwards d is t r j .but ion in  these r ivers being rest r ic ted by
c l ima t i c  cond i t i ons .
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Current  d ls t r ibut ion is  s t i l l  in  the eastward f lowlng r ivers
from the Limpopo in the north to the Tugela r iver in the
sou th  (Na ta l ) .Wes tward  d i s t r i bu t i on  i s  res t r i c ted  by  c l ima t i c
condit lons as well as hr:man pressure. Major and ful ly
protected populations occur in the Kruger National Park,
(Transvaal ) ,  Ndumu Game Reserve and Lake St  Luc ia (Nata l ) .
(B lake  1993  )

H igh  sk in  p r i ces  and  re la t i ve l y  l ow  cap i ta l  cos ts  saw a  rap id
growth in  the crocodi le  farming industry  in  the ear ly  1980's .
Since then approx imate ly  twenty f ive mi l l ion dol lars  have
been spent establishing the thirty four farms which are
present ly  reg is tered wi th  conservat ion author i t ies in  South
Afr ica.  Whi le  a few of  the farms are only  considered tour is t
farms the rnajority of the farms in the North East of the
country conduct close cycle breeding. At present
approximately 2400 adult breeding animals which have been
obtained either from neighbouring countries or from other
farms,  are accomodated on these farms.  Approx imate ly  37 000
skins have been produced in South Africato date. The annual
est imate for  the L994 season,  (as conducted by the Ni le
Crocodi le  Farmer 's  Associat ion of  South Afr ica)  ind icates
that  approx imate ly  15 500 sk ins wi l l  be of fered in  L994 and
c lose  t o  25  000  i n  1995 .

TABTE 1 :  Survey of  wi ld  crocodi le  poPulat lons ln  South
A f r l ca ,  L979  L992 .

Transvaal
Outs ide protected Area
Kruger National Park
Nata l
Lake St  Luc ia
Ndumu Game Reserve
Hluhlwe
Lake Sibaya

*  Ind i ca te  es t ima t ions

79/8L  e4 /8s

6A2
1 750*

545
99
37
67

9L/92  %Increase

442
- 402

806  48 t
339*  341 t
238t 643*
24Ox 358?

88 /89

868
2453

:

The last  12 years have Seen a s teady but  gradual  increase in
the number of  crocodi les in  the wi ld .  I t  must  however  be
emphasised that  the wi ld  cannot  susta in a populat ion much
greater than that which exists at the moment. In unprotected
areas habi ta t  loss as a resul t  o f  a  rap id ly  expanding human
populat lon and pol lu ted r ivers is  o f  major  concern.



THE EcoNoMrc vrABrtrrY oF ExrsTrI: ' IG c:LosE_clclE BREEDTNG FARMSLow skin prices and a aepresseo tociGaJiEifrT.arxet haveresulted in many of the crocodile farms running at a loss andindeed sone crosing down. rt would appear that farms havefinal ly reached the bottom of tne ecbiromic trough consideringthe current skins prices, exchangre rates and increasedproduction on the farms. The farrns which have nature adultbreeders are only now start ing to attain the breeding resur.tswhich can be compared with the reproductive results of wildcrocodi  les .

gres gYCI,E BREEpTN9 vs wrrp EREEpTNG
rt wourd be impossiSre to torGilfrf iether or not close cyclerepcodrrt iarwil l  ever attain the reproductive success of wirdpopurations per se. However we are certain that these farnsexhibit a far higher post hatching survival rate than do wildcrocodiles. Based on this facts there is no doubt thatovera l l  product iv i ty  per  breeding animal  is  h igher  in  c tosecycle breeding systerns than in the wild.

The breeding capabi l i t ies of  both wi td  and capt ive Ni le
croeodiles have been well documented, analysed and evaruated(Hut ton 1989) .  However ,  in  an at tempt  to  compare the breedingab l l i t y  o f  N i re  c rocod i l es  i n  t he  w i ta  ana  i n  c losed  cyc lebreeding farms in south Africa this p"per serves to documentsuch data obtained over the rast f ive ireeding 

""""or,;-;- l ;"o f  the farms and f rom wi ld  nests  co l rected in  south Afr ica.

FARM AND WIID DATA
Data has been cor lected,  f rom the two o ldest  c losed cycrebreeding farms in Natal namely Riverbena crocoJii" i ; . ,  (est1 .981  )  and  the  s t  Luc ia  c rocod i re  cen t re  (es t  Lg74)  .  Bo thfarms are succesful l  tourist operations and breeaing unitsare exposed to the s t ress of  seasonar  tour ism. Both farms aresituated on the East coast of south Africa less than lkn fromthe rndian ocean and experience rnitd winters and hot humidsunmers. Riverbend is situated approximately 250kn south ofst tucia and egg laying normalty-Lorunences in the last weekof septenber, while st Lucia raying begins at the end ofNovember.

Data co l lected f rom wi ld  nests  has been obta ined f rom theNatar  Parks Board who have under taken a wi ld  ut i l izat lonprogram over  thg last  5  years.  Data f rom the co l lect ion of"doomedn nests has been correlated and can now be comparedwi th c losed cyc le data.  A "doorned,"  nest  is  ident i f ied as anest  which,  due to  a number of  factors ,  is  un l ikery io  uesuccess fu l  ( see  Append ix  1 ) .



The data obtained from the two farms represent the averages
for clutch size and percentage hatch for al l  nests in a given
season.  The wi ld  data represents in format ion obta ined for  a l l
doomed nests col lected for a part icular season. Incubation
of eggs in al l  three sets of data have been exactly ttre sane
with both the closed cycle and wild eggs at St Lucia being
incubated ln the same incubator. The obvious fact that had
the ndoonedn eggs not have been collected none would have
hatched cannot be overlooked.

TABLE2 :  C lu t chE l ze

St  Luc ia Crocodi le  Centre
Riverbend Crocodile Farm
St Lucia Estuary

TABTE 3 : Percentage Hatch

St  Luc ia Crocodi le  Centre
Riverbend Crocodile Farm
St Lucia Estuary

89/gO 90 /91  9L /92  92 /93  93 /94
4r .  45  52  36  44
3s  33  30  33  34
47  52  49  43  47

89 /90  90 /91  9L /92  92 /93  93 /94
65 .  1  68 .4  56 .5  49 .3  45 .5
55 .5  48 .5  57 .0  70  . 4  67  .A
75 .3  79 .4  82 .9  83 .5  66 .0

Smal1 c lu tch s izes and low percentage hatch in  the seasons
92/93 and 93/94 can be at t r ibuted to  two successive droughts
which had a devis tat ing ef fect  on these areas.  The smal l
clutch sizes for the Riverbend crocodiles can be attr ibuted
to the fact  that  these are smal l  F l  generat ion crocodi les.  On
the posit ive side, a gradual increase in percentage
hatchabi l i ty  is  ev ident  suggest ing matur i ty .  Analys is  of  th is
data indicates no gross irregularit ies between close cycle
and wi ld  crocodi les in  terms of  nest  s ize and percentage
hatchabi  I  i ty .

THE CONSERVATION MERITS OF CLOSED CYCLE FARMING IN SOUTH
AFRICA.
Given the s tatus quo of  crocodi le  farming in  South Afr ica the
fo l lowing quest ion needs to  be asked.  " Is  the crocodi le
populat ion in  South Afr ica bet ter  o f f  now than what  i t  was in
the  ea r l y  1980 ' s  ? " .  The  answer  i s  obv ious l y  " yes "  and  wh i l e
we cannot  ignore shr ink ing habi ta t  and pol lu t ion problems i t
is  obv ious that  the crocodi les in  South Afr ica especia l ly  the
wi ld  populat ion in  protected areas is  in  a bet ter  pos i t ion
now than what  i t  was in  the ear ly  1980's .  Based on sound
economic t rade foundat ions the c losed cyc le farms wi l l
cont inue to  operate af ford ing both capt ive and wi ld  animals
p ro tec t i on .



The conservat ion mer i ts  o f_ c losed cycre farming in  southAfr ica can be l is ted as fo l lows
1.  There has been an increase in  the wi ld  popurat ion as aresult of a decrease in poaching even in unprotected

areas.  (sge Table 1) .  poachers cannot  compete wi thfarmers when it  comes-to quali tv ana guantity-of skins.Farming has a lso resur ted in  a ieaay iuppty l r - " ro"odi lefat which is used medicinarly and hence a reduction in
-  ggaching.  (Mara is  and,  Smi th f iSal
2- The tourism industry has been boosted by the crocodilefarms result lrg-in employment for many people and theestabl ishment  of  associated industr ies.  

-Approx imatery

^  500  000  peop le  v i s i t  t ou r i s t  f a rms  annua l l y .
3- rmportant research is taking praJe on an on going basisat many of the farms and in-ttri.s way more and more is
. being rearnt about crocodiles ana otrrer animars.4.  crosed cycre farming has resur ted in  the easy regurat ionof the skin trade and the establistrnent of standards forthe t rade.

5' From an educational point of view, thousands of studentsand scholars are able to learn about crocodiles byvisit ing the farms. Closed cycle tarrns have resulted inthe image of crocodile being-improved as trre puotic isnow able to learn and underitana the crocodiles role innature.
6. The expenses of establishing and running crosed cycrefarms ensure that crocodilei wir l  irr"ayi have a monetaryvalue which has s igrn i f icant  pos i t ive implcat ions for  thew i ld  c rocod i l es .

coNcrusroN
rn pure economic terms cl0sed cycle farming is the onlyopt ion for  crocodi le  producers in  south Afr ica.  wi th  theexcept ion of  s t  Luc ia,  the wi ld  populat ion in  south Afr icawould not be abre to sustain a susiainabre use progr€rm. Theconservation of genetic integrity and the imporlanre otmainta in ing a b io log ica l  barance- in  the wi rd can never  beover emphasised. The maintenance of habitat and value of thecrocodiles rernain the primary conservation incentives for a1lthose concerned wi th  the i r  surv iva l .
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APPENDIX' I

High salinity of above 35ppt is measured in the lake adjacent to the nest. At this salinity, mostprey items (fish etc) move ou of the system, also the young crocodiles are rir<erv to suffer fromdesiccation. This condition does not apply if there is frish witer within zo m tnatin"y."n ,.',ou"into.

There is no available protection from wave action within 50 m (vegetatipn, inlets etc). Thefemale crocodile can possibly transport her young this distance to'a Juitabl" nrr*.y site whenthey hatch.

The nest is so low that it will be flooded by a.1o cm rise in groundwater level. The average nesrdepth is 40 cm, therefore if the water level is within so im of the surface, the nest can beregarded as "high risk". The depth of the water table is to be measured in a hole dug ctose tothe nest (within 0,5 m). l

The nest is situated along a bank in a site where there is more than an g0o/o probability of beingflooded. Tlre probability is to be calculated from measured water levels

The nest is situated where there is a constant daily threat by people in a manner thar cannotbe controlled by the NpB.

The nest is in soil so impervious, that the eggs will be saturated by heavy rain falls.

As well as the above, no crocodile egg collection will be permitted in the area demarcated aswilderness area. The wilderness ethic is such that any interference by man is to be minimised.This therefore precludes egg collectirrg.

NOTES:

These criteria can be assessed in November or December each year, but if conditions haveameliorated at the time of egg collection, the "high risk" status is no longer valid and eggcollection should not take place. similarly, if condit'lons nave oetirio*i"d, ror. nests may beplaced in the',lrigh risk,, category.

There is a need for all these criteria to be considered for each nest. yet only one need to applyfor the nest to be placed in the "high risk" category. These criteria .r" 
"i 

presenr rough andresearch should be conducted to be able to refine them.

with the present lack of understanding of the population dynamics of the crocodiles, it lsconsidered that additional ecological disruption could _be iaused by releasrng t m tongcrocodiles into the system to try and compensate the effects of egg removals. we thereforeadvise against this action at this stage.

RH Taylor (R//sL) '  Gw Forrest (cLS), WD Densham (ccN), H Benttey (wLs),  DK Blake (wcc) & cPul len (SR)

December 1988
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Caiman latirostris RANCHING PROGRAM
IN SANTA FE, ARGENTINA,

WITH THE AIM OF MANAGEMENT

ALEIANDRO LARRIERA
CONVENIO INTA/MAGIC/MUPCN

Bv. Pellegrini 3100, Santa Fe 3000, Argentina.

INTRODUCTION

Cahun latirostris is one of the nvo species of crocodilians occuring
in Argentina, it is widely distributed in northern Santa Fe and certainly it is the
most abundant specie in the Province.

The goal of the " caiman latirostris ranching program in Santa Fe'
is to determine if there are a mensurable caimans population recovering in the
shrdied area. The program starts in 1990 and throughout the first threi yqus
of the work differents activities were carried out:

Nests detection and harvest of eggs: Nests were marked by us or by local
inhabitants. The eggs were always harvested by us.

Artificial incubation: It was carried out at the rearing station in Santa Fe
city, in a humed chamber (about 957o of hummidity), with automatic control
of the temp€rture (31 degree c.). The incubation room has a capacity of 3000
eggs-

Controlled rearing: It was carried out in concrete heated pools with a rearing
density of about 12 to 15 animals per square meter, fed ad libitum three times
a week.

Caimans releasing: After 8 to l0 months of controlled rearing, the animals
were rehrrued to the wild (at the same place in wich the eggs were harvested
befbre). The young animals were released tagged by.year and by nest number.

Night counts: In all the sampling poin6, spot light counts were carried out
from boats, horses and airboats, recording the animals' quantity, air and water
temperture and moonlight. A correction factor was used in order to determine
the real populational situation.

RESULTS

Nest detection and harvest of eggs
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During the first three years of the program 59 Caiman /arirosrni nests
were harvested in the differents sampling places. Those places were:

1) 'Estancia El Lucero". San Crist6bal State. (29o 55' S; 60o 50' W)
2) 'I-as Conchas'. San Crist6bal State. (30o 5' S; 60o 55' w)
3) "El Estero". San Javier State- (30o 15' S; 59o 75' W)
4) 'Campo Fisco'. San Crist6bal State. (30o 15' S; 60o 50' W)

The hanrested eggs come from four differents sampling places (Figure
r).

The average clutch size registered was 37 -3 and it was recorded year
by year (Figures 2,3 and 4).

Figure I
Harvested eggs

Conpo feo (52)

L'is tnffi0s ltri/.,I
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Figure 2

Cnutch Size (n991)
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Figure 4

Clutch Size (1993)

Kx
Ljj'

D{J

J

40

JO

n

t 0

0

Neds

The amount of eggs harvested year by year was registered by place
(Table 1).

TABLE I
Eggs by Place

Year

l99l

r992

r993

TOTALS

Placc

El Lucero

El Lucero
Las Conchas
El Estero

El Lucero
Las Conchas
Campo Fisco

Nests

l0

l5
4
6

8
6
l0

59

Eggs

372

561
160
r82

312
242
372

220r

Artifrcial Incubation

Throughout the three years work were artificially incubated 220r eggs,
obtaining 1527 hachlings (average hatching success of 69.3 %).



.Figure 5

F{atching Success (nggn)
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The amount of eggs and hatchlings produced nest by nest in each vear
were recorded (Figures 5, 6 and 7).

Figure 6

Flatching Success (lgg2)
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Figure 7

Hatching Sr-r.ccess (n993)
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Controlled Rearing

After 8 to l0 months of controlled rearing in concrete heated pools,
feeding ad libitun the animals three times a week with a food composed by
minced chicken, bran cereal and vitaminic mineral mixhrre, the average weight
increased troughout the three years work wu 655 Vo.

The final average weights of the hatchlings by year in the differents
sampling areas were recorded (Table 2).

TABLE 2
Released animal weight

Year Place Final weigth (gms.)

350.5

224.3
191.3
r85.6

337.8
3t5.7
326-6

275.1

l99l

1992

1993

El Lucero

El Lucero
Las Conchas
El Estero

El Lucero
Las Conchas
Campo Fisco

tv3
AVERAGE



Animals releasing

The zunrivorship of the animals untill the releasing moment, as an
average of the three years work was 93 %.

The amount of hatchlings and the animals finally released nest by nest
and year by ygar were recorded (Figures 8,9 and 10).

F'igrere B
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Figure 10

Survivorship (100S)
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Monitoring

In the different sampling areas an improvement of the populational
situation was detected and in some cases grew significantly. A corriction factor
was used, taking into account the environmental variables recorded in each
night count (Larriera et. al. 1993) and it was found that the water temperture
was the best indicator of the real sinration. In Table 3 it is zummarized the
recorded results from three differents places and the populational increase
considering the water temperture.

Place

El Estero

Date W Temp.

OEl92 l4o C.
12192 24o C-
lll93 29o C-

03192 29o C.
lll93 22o C.

TABLE 3
Monitoring

Found

7
t29

Estimate Increase

l2
t2
66

22
28

4
7

40

l5
l6

t2
2rl

550%

t27 %

r758%

El Lucero A

El Lucero B l2l9l 23o C-
lll93 29o C.
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Despite the fact that this is not a capture-recapture work, we did 15
captures in the field, founding that 8 (53 %) of the animals were released
caimans, indicating that the captive reared animals are an important portion of
the actual population.

1994 EGGS HARVEST

This year 57 c. latirostris nests (219T eggs) were detected and 44
(1715 eggs) were incubated because 13 nests (482 eggs) were lost due to the
flooding. Finally 1196 hatchlings were obtained and discarding the flooded
eggs, the Hatching Success was 74.5%.

We did the harvest in three embryo developing moments and found that
eady harvest (more than 60 days of artificial incubation) and medium harvest
(between 30 to 59 days of artificial incubation), produced better hatching
success than late harvest (less than 30 days of artificial incubation) (Figure l l),
(Table 4).

Figure X"l
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Harvest Moment
Variance

Late
Medium
Early

Between groups 2
Tret- 2 Vs. others I

q7i-hin groups 54
Total 56

TABLE 4

Medium Hatching Success

39.536%
73.8t3%
63.615%

r768.85
687"89
36E.92

An analysis of variance of single design was carried out for the
differents treatment (early, medium and late hanrests) and a 'Test A priori' in
order to detect differences between mediums was done (Table 5).

TABLE 5

Analysis of Variance

Source of variation d-f- SS MS Fs

13313.50 6658.25 5.725**
8168.74 Et6g.74 7.057++

62504.47 1t57.49
75820.9E

The very significant Fs value (p 0.025) shows that early and med.ium
harvest produce a real improvement of the hatching success.

PROSPECTS

It is clear now that the c. latirostris population is growing up in santa
Fe province, because we a.re f-rnding more animals, more eggs and more
sampling places (places in wich we did not found caimans before). May be this
gowth can recognize two sources, on one hand the released animals are
apearing now in the wild and probably they are a significative portion of the
young population in the sampling places, and certainly on the other hand, stop
poaching from the tanneries requirements (may be waiting for a manage*eoi
program, may be because the low prices), could explain the improved situation
of the adult population.

The obvious improving of the populational situation of C. latirostris
in the Province, and the success in the use of the Ranching technic here,
make us think that it will be useful for the conservation of the specie, to
change the santa Fe c. latirostris population from Apendix I to Apendix II
of CITES in a near future.
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LOUTSIA}IA' S ALLIGATOR R.ESEARCH AND
MANAGET4ENT PROGRA}I: A}T UPDATE

Ruth M. Elsey, Ted Joanen, and Larry McNease
Louis iana Depar tment  of  wi ld l i fe  & F isher ies

Rockefe l ler  Wi ld l i fe  Refuge
Rt .  l -  Box  20 -B

Grand Chenier ,  LA 70643

12th Working Meeting of the Crocodile
Specia l is t  GrouP

MaY 2 -6 ,  ] . 994
Pat taya,  Thai land

Louis iana/s vast  wi ld l i fe  resources are managed and regulated

by the state operated Louisiana Departtrent of Wildl i fe and

Fisheries. The headguarters for the al l igator Progran is

Rocke fe l l e r  w i l d l i f e  Re fuge .  Th i s  84 ,000  ac re  re fuge  i s  l oca ted  i n

coastal southwestern Louisiana. The prirnary objective of this

refuge is  to  serve as a winter ing area for  water fowl  in  t rhe

Miss iss ipp i  and Centra l  F lyways.  Many years of  research at  -uhe

refuge has Ied to development of narsh management techniques

pract iced today for  mul t i -species use.  Enphasis  is  on product ion

o f  des i rab le  vege ta t i ve  spec ies ,  ma ln tenance  o f  hyd roLoqy /  sa l i n i t y

stabi l izat ion.  and marsh enhancement .

An ex iens ive research program on che b io logy of  the Amer ican

A l l i ga to r  (A l l r oa to r  m iss i ss ipp iens i s )  was  under taken  some 35  yea rs

ago by the s taf f  a-u Rockefe lLer  Refuge.  Management  pract ices

developed and regulat ions enacted have led to  the recovery of  the

a l l i ga to r  f rom low  popu la t i ons  o f  t he  ea r l y  1950 /s ,  and  th i s  i s

genera l ly  recognized as one of  the success s tor ies in  wi ld l i fe

management. 
Lgg



Further  research and leg j .s la t ion Ied to  the development  of

a l l i -gator  progl rams based on the concept  of  susta ined ut i - I izat ion,

nanaging the a l l igator  as a renewable resource.  This  has been

wel l -docurnented in  the sc ient i f  ic  1 i - terature (paln isano et  a l  1973,

Joanen  and  McNease  t_997) .

The object ives of  th is  paper  are to  rev iew the recent  s tatus

of  Louis iana/s ar l igator  management  program; and present  updated

information on our research f indings since the last rneeting of the

crocodi le  Specia l is t  Group in  z imbabwe,  Afr ica in  t992.

I,fA}IAGEMEr{I
ni ld All igator Earvest

A commerc ia l  harvest  o f  a l l igators has taken p lace each

september s ince L972 (exc luding L9i4 and 1978) .  This  program

expanded  to  a  s ta tew ide  ha rves t  i n  1991 .  rn  1993 ,  some 24 ,ooo

al l igators were harvested by approx imate ly  L6oo hunters.  Sales of

meat  and sk in generates 6 -  7  rn i l l ion dol lars  annual ly .  (Tab1e f . )

A l l igator  tag quotas are carefu l ly  ca lcu lated each season

based on aer ia l  nest ing surveys.  Landowners/hunters are a l located

a closely regulated number of tags based on the amount of ]and they

own or  manage,  and the gual i ty  o f  the a l l igator  habi ta t  based on

vege ta t i ve  t ypes  (b rack i sh ,  i n te rmed ia te ,  o r  f resh  marsh ;  cyp ress -

tupero s ! /amp,  pubr ic  lake,  e-uc.  )  .  Methods used f  or  t .he nest

surveys (coasta l  he l icopter  t ransec+-  counts,  n ight  counts in

nor- -hern Louis iana)  are descr ibed in  deta i l  in  another  paper  at

th j -s  conference (McNease et  a I  Lg94)  .

Harvest techniques for the annual September hunt have been

descr ibed prev ious ly  (Joanen and McNease,  1987) .  Telemetry  s tud, ies

have shown that at this t irne of year nesting females are deep in

t 'he marsh in ter ior  a t  iso lated pond,s;  whi le  males move f ree ly
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through large open canals ,  bayous,  and lakes (Joanen and McNease,

1970 ,  L972) .  Thus,  a  September season would se lect  for  harvest  o f

adul t  ma1es,  and protect  the nest ing females in  the populat ion.

In  September 1993,  w€ checked 2,774 harvested a l l igators

brought to skinning sheds for processing. Five hundred twenty-

e igh t ,  (L9 .0 * )  were  immatu re  (<6 '  + .o ta l  ca rcass  l eng t ' h )  o f  wh ich

65 .3 *  we re  ma les  and  34 .7 *  we re  f ema les .  O f  t he  2 ,246  ma tu re

aduL ts  ha rves ted ,  76 .02  were  ma les  and  24 .O2  were  fema les  (See

F igu res  1  and  2  be low) .  Overa l l ,  i 3 .62  ma les  were  taken .  The

averagie to ta l  length of  a l l  2774 checked was 5 'LOl"  carcass length;

the hide length vould be several inches longer-
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Nuisance AJ- l igators

Nuisance at l igator  compla ints  are,  in  genera l ,  handled by the

LDWF's Enforcement  Div is ion and by Fur  and Refuge Div is ion

personnel .  L icensed nuisance a l l igator  t rappers may 1ega11y

harvest  a l l igators that  are considered a threat  to  humans,  the i r

I ivestock,  e tc .  Smal l  a l l igators consj -dered a problem are

generally l ive captured and relocated. Eight hundred twenty

nuisance tags v /ere i -ssued in  L992 to 55 nuisance hunters.



Al l igator- induced human casual i t ies are very rare.  A 32-year

o1d nan l iv ing in  French Set t lement ,  Ld.  was b i t ten by an a l l igator

on Ju ly  25,  L992.  He was doing repai r  work under  h is  house on the

bank of the Amite River when he was attacked. Just one rnonth

ear l ier  he had been b i t ten by a water  moccasin,  a lso at  h is  house

on the rnuddy riverbank.

To our  knowledge there have been no a l l igator- re la ted

fata l i t ies in  Louis iana,  a l though i t  was bel j .eved that  a  b lacksrn i th

was at tacked and k i l led by an a l l igator  whi le  bath ing in  the Red

River  at  For t  St .  Jean Bapt is te in  Na+'ch i 'uoches,  LA in  L734.

All igator Far: l ing/RancbiDg Progr:n

Louis iana has an extensive a l l igacor  farming/ranching program

which has been descr ibed prev ious ly  (Joanen and McNease 1987,L99l - ,

E lsey et  a I  1991) .  Most  s tock is  der ived by ranching of  wi ld  e99s

collected from privately-owned wetlands. A percentage of the eggs

hatched is returned to the wj-Id when al l igators are approxirnately

4 feet  in  length to  ensure wi ld  populat ions are not  depleted.  A

conservative program such as this was establj .shed due to the

aggress i ve  egg  co l l ec t i ons  (nea r l y  300 ,000  ha rves ted  i n  1990)  and

super imposed annual  September harvest  o f  25,000 (predoninant ly

adults ) aJ.J-i-gators .

Decl in ing pr ices of  crocodi l ian sk i -ns causeo some of  the

smal1er ,  Iess wel l -establ ished far rns to  d j .scont inue product ion in

recent )rears. The maxirnum number of farms l icensed was i35 in

l -99L,  however  onJ.y  119 had stock.  Some " I icensed farmsrr  actual ly

are land managers set l ing eggs,  or  egg hatcher ies that  co l lect ,

incubate,  hatch eggs and seI I  hatch l l -ngs,  e tc .  but  do not  have

fac i l i t i es  to  ra i se  a l l i ga to rs  no r  se l l  sk ins .  A t  p resen t  t he re

are 101 l icensed farms in  Louis iana,  o f  which 86 have stock.  ? f fz



The s izes (by inventory)  o f  the farms in  La.  is  shown in  TabLe

2 below.  t 'enty  fa ts ls  are very sma1L,  hav ing only  1-1Oo a l l igators

le f t  in  s tock.  Ten have between 101 and 500 a l l igrators ,  and the

rest  are larger  farms.  s ix  farms have over  10,000 a l l igators;  the

Ia rges t  has  some 59 ,000  a l l i ga to rs .  To ta l  yea r -end  s tock  (December

L993 )  was  app rox ima te l y  258 t3 t4  (Tab le  3  be low) .

LOUISTA}IA ALLIGATOR FART'TS
YEAR END I}TVENTORIES

r}rVENTORY 1 9 8 9 1 9 9 0 1 9  9 1 1 q o "

.  I  A A
I U U o I \ J 1 n L 7 20

101  500 z + z 2 2L

501  1 ,  000 J - d z . L z z L 7

1 ,  0 0 1  2  , 5 O O 4 L 30 29 20

2,sOL 5 ,  ooo 8 t7 11 10

5 ,001  10 ,000 q I

>  10 ,000 6

Fi f ty  farms were ' ract ive"  in  egg ranchj .ng in  1993,  some

L22,409 hatch l ings e/ere added to Louis iana farms f rorn ranched eggs.

The downward trend in egg collection since the peak in 1990 appears

to be s tabi l iz ing;  on ly  four  fewer far rns ranched eggs in  t  993

compared  to  l - 992  (Tab1e  4  be low) .

ALl sheds on al l igator farnrs/ranches were inspected by Fur and
N3

LOUISIANA ALLiGATOR FARMS

YEAR
HATCHLINGS

ADDED
# FARI'IS

W/HATCHLINGS
TOTAL YEAR
END STOCK

1 9 8  9 150 ,095 5 7 L > + , l J U /

1 9 9 0 2 4 9  , 6 L 6 l 6 325  , 45L

1 9 9  1 I t ' U , J I J 72 ?  1  R  1 ' 7 ' 7

L992 L 4 6  , 0 7 7 C A A A <
4 > L , > 6 J

1 q a " L 2 2 , 4 O 9 < n 2 5 8  , 3 I 4



Refuge Div is ion personnel  in  L992/L993 to ensure cornpl iance wi th

f ar-ming regrulations and standards of care. Extensive annual

reports documenting inventory, hatch rates, etc. are required and

rev iewed in  deta i l  pr ior  to  issuance of  the new year 's  far rn ing

l i cense .

Recent  changes (Sept  L992)  in  a1 lJ-gator  regulat ions s t ipu late

that every skin (farm or wild) be inspected by LDWF before shipping

in state to a tannery or overseas. A mani.fest containing CITES tag

numbers, lengths, buyer deaLer records and severance tax must be

prov ided;  and each CITES 
"d9 

is  ind iv idual ly  ver i f ied before a

sh ipp ing  t ag  i s  i s sued .  A l so  ( s i nce  Sep t .  1993 ) ,  t he  S4 .00  C ITES

tag fee is now paid by the dealer at the t j .ne of shiprnent, rather

than by the farmer/hunter before the al l igators are harvested. It

would be naive tro presume the dealers do not adjust their skin

pr ice so the farmer pays a l l  or  a  por t ion of  the tag fee,  but  th is

does prevent the farmer from having to pay the tag fee "up frontrl

before a def in i te  sa le for  h is  sk ins is  set .

More interest has been seen recently in the demand for smaller

( 3 , ) f  arm skins (Figrure 3 belon) , whereas the wild skins taken

st i l l  average 7t  length.

FREOUENCY BY  S IZE  OF  ALL IGATOFIS .  1992  -  93
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The nurnber of Louisiana farms sell ing skins and the number of

skins sold is shown in Table 5 berow. Again, the r ising number of

sk ins so ld in  199L/L992 ref lects  the very h igh egg co l lect i -on rates

f ron 1989 /L99o,  tak ing L-2 years for  an a l l igator  to  reach market

s ize.  The number of  sk ins so ld in  the 1993 tag year  should.

decrease in  propor- . ion to  the decrease in  eqg cor lect ion in

L99L /L992 ,  and  then  s tab i l i ze  as  has  the  number  o f  ha tch l i nqs  aoded

annual ly  recent ly .

Major  receivers of  Loui -s iana sk ins is  shown in  F igure 4.  This

represents skins soLd in the L992 tag year (Septernber Lg92-August

1993 )  .  There has been a substant ia l  increase in  the percent  o f

sk ins  sen t  t o  S ingapore  (72  i n  1990  ,  L7Z  in  Lgg2)  and  tanner les  i n

the  un i . t ed  s ta res  (4e .  i n  l - 990  ,  L6z  i n  l - 9  92 )  ;  wh r le  r * -a1y  rece i vec i

39 t  i n  1990  bu t  j us t  158  i n  1992 .  Th i s  may  be  d .ue : -o  che  -u rade  ban

at  that  t ime in  I ta ly  and expansion of  US tanner ies,  inc lud ing two

in Louis iana.  France cont inues to  receive the major i ry  of

Louis iana produced sk ins.

LOUSIANA ALLIGATOR FARMS
SKINS SOLD BY TAG ).EAR

TAG YEAR
TOTAL SKINS

SOLD
# FARMS
SELLING

1 9  8 8 2 7  , 7  4 9 ? 1

1 9 8 9 5 6 , 7 3 7 o t

1 9 9 0 88  , 220

l  q q l 1 1 q  ' 7 a e
- 1 v  I  t  r  v > U

L992 L Z O , J J ) 80
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MAJOR RECEIVERS OF LOUISIANA SKINS

F H A N C E
44",L

FFIANCE
27",',"']-i1. 

::::'*-*
UN|TED STATES rTALY 1se. .

P A N
8",'o

ITALY
149' , "

1" " "  16 "  s rNGApoRE
1  6 / "

Wi ld Skins = 25,864

UNITED STATES
18.,L

Farm Sk rns  =  125 .31 ' t

Faru rrreturus to tbe wildrf Progran

Due 'r-o the very large number of al l igrator eggs harvested in

Louisiana and the superi-mposed adult harvest, al l igat 'or ranchers

nust return a percentage of eggs hatched to the wild as juvenile

al l j-gators. The amount to return is based on estimated natural

surv ivorship/nor ta l i ty  curves in  a l l igators (Taylor  and Neal  1984)

and var ies wi th  the s ize of  the a l l igators.  A s l id ing scale of

return percentages is based on the averagre length of the al l igators

to  be  re tu rned .  Fo r  examp le  a t  35 t r  ave rage  l eng th ,29 .6Z  o f  e99s

hatched are returned;  at  48rr  a  L7*  return rate is  needed,  and at

EOi l  on ly  9.  Bt  are returned,  ES larger  an imals presunably  surv ive

bet ter  and would be less prone to cannibal ism,  probably  the h i .ghest

mor - .a l i t y  f ac to r  i n  subadu l t  a l l i ga to rs  (Roo tes ,  1989) .  A l l i ga to rs

a re  measured ,  Sexed ,  and  tagged  by  LDWF pe rsonne l  and  re leases

carefu l ly  noni tored.  The number of  eggs ranched and a l l iga*-ors

returned is shown in Table 5 below. The rancher has tvo years from

the  yea r  - . he  eggs  were  co l l ec ted  un t i l  a  3 ' -5 ' a l l i ga to r  mus t  be

returned' ,o  the wi1d.  Pre l in inary resul ts  documented that  re leased

al l igators grow as wel l  as wi ld  a l l igators and feed normal ly  (E lsey

e t  a I  1991 ,  L992 )  .
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STOCKING AND WILD RETURNS

I!.AK

RANCHED
Elr('D

ATLIGATORS
RETIIRNED

r : r t ' 0 L ,  ) Z J

L > 6  t 1 8 , 0 4 1

5 4  , 8 8 ' l 1 ,  5 8 0

- v L t v - J t , v t < 5

' l  a q n 2 9 3  , 4 L 2 5 ,  0 g g

t 98  ,  089 4 4  , 4 0 5

L O +  ,  A > Z ? q  F ' l  1
J J ' J J L

L 4 4  , 8 4 l . 2 8  , 5 L 2

An ex' i-ensive wild I 'mark and recapture[ prograrn of night work

was started in 1990 for comparison of growth and survivorshj-p to

the farro-released al l igators, and also to attempt to recapture

farm-re leased a l l igators.  In  l -990,  183 a l l i -gators were caught  in

2  n i gh t s ;1004  a l - l i ga to r s  we re  caugh t  i n  1991  i n  8  n i gh t s ;3oo

al l igators were caught  in  !992 in  3 n ights ;  and in  L993 over  14oo

al l igators were caught  in  9 n ights .  A lso dur ing september wi1d.

harvests, al l igators trapped and brought -,o skinning sheds are

searched by LDWF personnel  a t  process ing sheds to  check for

ret rapped wi id  or  farm a l l igators.  Over  i lOO ret raps have been

reco rdeC.  Numerous  fa rm- re leased  j uven l i es  have  reached  adu l t  s : ze

c lass ,  ano  seve ra l  5 ' - 7 ' f a rm- re l eased  a l l i - ga to r s  we re  ha rves t . ed  i n

1993 .  The  i a rges t  f a rm  re t rap  was  a  7 ,3n  na re  caugh t  9 - l o -93  wh rch

was re leased near ly  4 years ear l ier  a t  3  /  3  "  .

A ser ies of  reproduct ive t racts  has been col lected f rom rarm-

re ieased a l l igators which v /ere harvested in  the wi ld  season.  f t

has been shown that  a l l igators can at ta in  sexual  matur i ty  earL ler

when ra ised in i t ia l ly  in  heated tanks than wi td  a l l igator  (Joanen

and McNease 1987) .  we are compar ing the reproduct ive t racts  of
N7



farm-re leased a l l igators (gonad d i rnensj -on and status)  to  s imi lar

s ized wj . ld  a l l igators.

As the ranched egg co l lect i .on peaked in  1990,  the a l l igators

re leased peaked in  L991 (Table 5 pr ior  page) .  Genera l ly  re leased

farmed a l l igators average 42 ' t l  thus these a l - l igator 's  growth races

in the wi ld  should have them approaching 6 feet  in  Iength in

1994/L995 and appear  in  the September harvests  those years,

generating more recapture data. Cornbined with addit ional years of

night work data v/e anticipate having an adequate database upon

whj .ch to  evaluate surv iva l  o f  the farm-re leased a l l igators.  A

recent telernetry study also showed good survival of farm-released

a l l i ga to r ' s  (57 t  a f te r  t vo  yea rs ) ,  no t  s ign i f i can t l y  d i f f e ren t  chan

radj .o  co l lared wi ld  a l l igators (Addison,  L993) .  Surv iva l  should

probably have been higher than this, as the author noted the radio

collars hj.ndered rnovement and feeding.

Our current prel ininary data (excellent growth, normal

feeding, many retraps) suggests our required experimental return

rates (L7Z at  48rr  average iength)  need not  be ra ised.  Fur ther  daca

col lect i .on and analys is  is  underway to  see ! f  re turn rates could be

lowered,  thus decreasing th is  overhead cost  to  a l l igator  far :ners

and ranchers.  A l imi t ing fac:cr  is  i .hat  our  populat ion numbe:s are

based on nest  surveys,  so an overharvest  o f  eggs wi ' -hout

supplementa l  juveni les returned to  the wi ld  would noc be seen for

many years.  wi ld  a l l igators reach sexual  matur i ty  a t '  10 vears of

d9€,  thus a decl in ing populat ion t rend in  nest  counts wouldn/ t  be

seen unt i l  10 years af ter  a  poss ib le  egg overharvest  wi thout

compensatory returns.

To ass is t  in  evaluat ing the necessi ty  of  re turn ing juveni . le

a l l igators to  compensate for  egg harvest i .ng and adur ts  t raoped,
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experimental harvests on several dif ferent sites were es"ablished

with varying harvest rates and return rates. Nesting surveys and

result i-ng population f igures on these areas wil l-  be analyzed in

conjunction with recapture data for wild and farm-released

al l igators to  determine the need for  and/or  degree of  re turns

needed at  d i f ferent  harvest  levels  to  ccnserve the wi ld  resource

while promoting rnaximum sustained uti l ization.

RESEJilRCS

The technica l  s taf f  a t  Rockefe l ler  Refuge has numerous ongoing

research projects related to the biology and culture of the

al l igator .  These pro jects  are out l ined br ie f ly  be low as are some

stud.j.es cornpleted since the last vrorking meetj-ng of the Crocodile

Special ist Group

Nestiag Vegetation and Eatcb Rates

Dur ing rout ine egg co l lect ions made in  1989-1991 v/e not iced

high egg mortal i ty early in incubation from nests conscructed of

certain fresh marsh vegetative species, part icularly bull tongue

(Saqqi t tar ia  sp.  )  ,  oD Salvaoor  wi ld l i fe  Management  area in

southeast Louisiana. Several nests of each vegetative type were

Iocat ,ed and cont inuous 24o Taylor  recorders p laced to  moni tor

t,emperature through the nest cavity. Vegetative cypes s:uci ied

inc lude  bu l l t ongue  (Saqq i - . t a r i a  sp .  )  ,  cu tg r rass  (Z i zan iops i s )  ,  and

maidencaine (pai l1e f ine,  Pani -cum hemitomon).  Temperatures in  the

Sactg i t tar ia  nests  were wel l  above 100oF wi th in  the f i rs t  few days

of  incubat ion,  associated wi th  near ly  to ta l  mor ta l i ty  ear ly  in

erobrvonic development. Moderate mortal i ty was seen i.n the

cutgrass/organic  mater ia ls  nests  and less in  the pai l Ie  f ine.  A

fol low-up study in L993 again documented marked embryonic mortal i ty

associated wi th  a l l igator  nests  of  cer ta in  vegetat ive types.  Data
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f rom th is  s tudy is  present ly  be ing analyzed in  deta i l  for

pub l i ca t i on .

Eurricane Aadres 6tudY

on August  25-26,  L9g2 coasta l  LOuis iana was h i* '  by Hurr icane

Andrew wj- th  winds of  Lzo nph near  Atchafa laya Del ta  Wi ld l i fe

Managemen*- Area and 110 -  i15 nPh surrounding l {ew lber ta,

Louis iana.  A s tud.y  was in i t ia ted to  evaluate the '  e f fect 's  o f  the

storm on a l - I igator  populat lons;  o f  note the hurr j -cane h i t  just  a t

the t i rne hatch ing was beginning in  the Lggz nest ing season'  Three

si tes e/ere chosen ( two designated " impacted"  by the s torn/s

location and one control area rrnot impactedrr, not in the path of

ttre st,orm surge) . Trips were made to conduct'  night counts in each

area (three tr ips to each site) over the weeks fol lowing the storm'

Data wi l ]  be analyzed to  see i f  there are changes in  the s lze c lass

freguency d.istr ibution (scFD) seen in af f  ected vs '  non-irnpacced

areas.  A1so,  harvest  data f rom wi ld  a l l igator  seasons wi l l  be

reviewed from three years preceding the hurricane and two years

fo l lowing the s torm,  again to  look for  changes in  SCFD possib ly  to

do mortal i ty or d,ispersal caused by the hurricane' This study is

being d i rected.  by NoeI  Kin ler  o f  the New Iber ia  of f lce '

Egg lEa tcb l i ng  S ize

we  have  l ong  no ted  a  w ide  va r ia t i on  i n  t he  s : - ze  o f  a l l i gacc r

e99s between c lu tches,  a l t ,hough eggs wi th in  a s ing le c lu .uch are

ful ly uniform. we assumed that larger eggs would produce larger

hatch l ings,  and smal I  eggs would produce smal l  hacchl ings,  buc had

not  prev ious ly  documented th is .  Two c lu tches of  r rvery large"  e99s,

f  our  ClutChes r rvery smal l "  eggs,  and f  ive "normalr r  egg-s ize

clutches were selected for this study. Just after e99s were

col lected f rom the wi1d,  each egg v/as weighed,  measured,  and
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incubated at  g9 o .  one day af ter  ha- .ch ing,  the ar l igators r . /ere

weighed to the nearest gram, and totaL body length recorded to the

nearest  0 .  1  cm. Hatchl ing weights  vrere s t rongly  pos i t iveJ_y

co r re la ted  to  egg  we igh ts  ( r2  =  0 .9691 ,  p

study this sulnmer wil l  compare growth rates of the extremely larqe.

and ext remely smal l  hatch l ings.

6 0
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Sex rat io  wi ld  a l l igators/TSD

Many pr ior  s tud ies have examined sex rat ios of  crocodi l ians.

Sorne studies have been d i f f icu l t  to  analyze as adul t  a l l igators

have sex-sPeci f ic  habi ta t  preferences (Joanen and McNease !g-70,

L972)  and  co l l ec t i on  o r  ha rves t  cechn iques  may  favo r  t he  se lec+ - ion

of  one sex over  the other .  such a problem does not  occur  rn

juvenJ. le  a l l igators before they choose chei r  adul t  habi ta t .  As par t

of  our  ongoing n ight  work co l Iec+, ing a l l igators to  evaluate our

farm-reLease program, w€ were abre to  cor lect  a  large sampre

(n=2500)  o f  j uven i l e  a r r i ga to rs  to  check  sex  ra t i os .  A  h lghe r

pe rcen tage  o f  ma les  ( s7 .42 )  was  found .  Th i s  i s  pa r t i cu la r l y

interesting as temperature dependent sex determination in

{

-/

|  =  0 .9691

p <  0 .0001
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al l igators has a narrow window at  which males can be produced

(Figure G below) .  A rnanuscr ip t  d iscuss ing poss ibLe rnechanj -sms to

e:p la i -n  why natura l ly  occurr ing sex rat los d i f fer  f rom what  TSD

(ternperature dependent sex determination) night, predict would occur

is  be ing authored by Dr .  Va1 Lance and Rockefe l ler  personnel .

7  2 8  2 9  3 0  3 1  3 2  3 3  3 4  3 5  3 6  3 7

rNcuBATloN TEMPERATURE (CELCIUS)

Culture of Capture Bteeder All igators

As  d . i scussed  i n  de ta i l  r ecen t l y  (E l sey  e t  a I  1993  Darv in ) ,

capt ive breed. ing of  crocodi l ians has met  wi th  l in i ied success,  but

can p lay a ro le  in  crocodi le  conservat ion and pose some in terest inq

physio logy quest ions.  Recent ly  we have noted a decl ine in

reproauc- , i  ve per formance in  a group of  known age capt :ve breecing

a l i i ga to rs  a t  Rocke feL le r  Re fuge  (E l sey  e r -  a l  1993  Darwrn )  .  We  a re

examrning the ro le  of  d . ie t  in  the low fer t i l i ty /hatchabi l icy  of

capt ive-produced eggs in  associat ion wi th  Dr .  Mark Staton &

Professor  Mark Ferguson.

The breeding pens at  Rockefe l ler  Wi ld1 i fe  Refuge are genera l ly

co lony- type pens,  wi th  mul t ip le  males and females in  one pen;  a l l

o f  which were ra ised ent i re ly  in  capt iv i ty  and in  recent  years have

been fed nutr ia  rneat .  In  1993,  w€ added v i tan in E and se lenium to
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the d iet  o f  i ,he females in  two pens,  added v i tamj .n E,  se lenium and

fatty acids to the diet of females i .n two other pens, and had one

con t ro l  pen .  fwo  o f  each  o f  -uhe  s i x  un i t i zed  pen  (1  o  w i th  1A)

were placed as controls. The addit ives were provided i-n the form/
of  f rsausagesrr  and fed ind iv idual ly  to  the pen females i  * ,o  avoid

possib le  ox idat ion by a l Iowi .ng addi t ives 'go be exposed to the sun

for extended t irne periods before consumption.

Hatchabi l i ty  in  one of  the co lony pens (Pen 5)  increased

dramat ica l ly  to  56;58 wi th  the addi t ion of  v i tan in E and se l -en ium.

However, Do such increase was seen in che other colony pen under

this treatrnent. No improvement was seen in the colony pens

receivi-ng vitamin E, selenium, and fatcy aci.dsl however very few

females would approach to take the trsausagelr as offered; and thus

a fair tr ial was not really given. No improvement was noted in the

unici-zed Dens on either treatment and overal l  nesting rernains poor.

However the marked inprovernent in Pen 6 is encouraging and further

work on thj-s project is ongoing.

The irnportance of fresh food for breeders cannot be ernphasized

enough.  Prev ious ly  we found that  f rozen nar ine f ish was an

infer ior  d ie t  as cornpared to  red meat  (nut r ia ,  Mvocastor  ccvpus)

(Joanen & McNease 1987)  and causeci  lower  natch rates.  Recen- .11,"  we

discovered that  ' ro ldr f  f rozen nutr ia  (5  L2 nonths)  can undergo

oxidat ion and have h igher  TBA ( th iobarb icur ic  ac id)  ranc id i r -y  and

perox i .de va lues than f resh f rozen nutr ia .

Wi ld-caught  capt ive breeders- t run i t izedr t  pens

Amer ican a l l i .gators are so l i tary  nesters in  the wi ld ,  so

colony type pens may create adverse social interactions and

stressors which l in i t  reproduct i -on (Elsey et  a l  t -993 )  .  some

improved capt ive breeding was noted in  C.  porosus in  t run i t ized
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Pens' r  o f  one male s tocked wi th  one fenaLe (Webb 1990,  Hut ton & Webb

L992) .  Ear ly  at tempts at  un i t ized pens at  Rockefe l ler  in  the

1960's  s tocked wi th  wi ld-caught  a l l igators resul ted in  excessive

fighting and rnortal i ty, with a nesti.ng rate of 4ez (Joanen and

McNease,  L97]- ) .  we constructed s ix  un j . t ized pens in  L99o and

stocked these wi th  a l -1 i -gators bred ent i reJ-y in  capt iv i ty  and.

prev ious ly  housed in  the co lony pens at  Rockefe l ler .  Nest ing rates

have been good,  but  fer t i l i ty  and hatchabi l i ty  remaj-n qui te  low.

Some problems nay be due to  obesi . ty  o f  the animals or  nut r i t ional

de f i c i enc ies .

In  June 1993,  w€ bui l t  ten new uni t ized pens (approx i rnate ly

55 '  x  35 ' )  and stocked these wi th  wi ld  caught  adul t  females.  ?he

females were captured defending successfuL nests, So they are

proven nesters.  we caught  srnal l  a l l igators ( ranging f rom 5,6Lzu to

7 | 5n ) and wil l  l init  feeding to try to avoid overfeeding and

resul t i -ng obesi ty .  Af ter  the females were r rset ' , Iedrr ,  we caught  the

male a l l igators in  October  1993 (  s ize range 6,  3 lz ' r  to  7 '  4n )  and

stocked theur  wi th  the appropr ia te ly  s ize matched female.  The d iet

wi l l  be dead,  day-o1d ch i .cks rather  than nutr ia  as our  other  pens

a re  fed  due  to  poss ib le  ox ida t i on  p rob lens  w i th  f r czen  nu r r i a ,

which is  on ly  avai lab ie f resh in  ' " ; i -ncer  monc.ns.  F ive of  t ,he ten

pens  w i l l  be  supp lemen ted  w i th  f i sh  o i l s / f a t t y  ac ids .

I t  should be s t ressed that  we fee l  chat  co l lect ing wi ld  eggs

is  the preferred and more economical  method of  acqui r ing s tock for

a l l lgator  farming/ranching.  However  there is  a  ro le  for  capt ive

breeding in  crocodi l ian conservat ion and a chal lenging husbandry

problem that must be solved in order to further understand captive

breeding phys io logy of  crocodi l ians.
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LoDg telm growth ia captive al l igators

The captive breeders at Rockefel ler are a unique and valuable

herd,  ES they are known-age animals (hatched in  t9 i2  or  1973) .  A

database is being maintained on lengths and weights when al l igators

are captured per iod j .ca l ly  for  any reason ( re locat ion to  a new peD,

obta in ing b lood samples,  or  s imply  to  check in terva l  growth) .  S ix

males hrere caught  on Ju ly  26,  L993 to be weighed and measured.

Un f  o r tuna te l y ,  two  (  1L '10 r r ,  590  l bs ;  and  L ! '  6 t t  ,  585  l bs .  )  had  no

remaining web tags as growth of the massive foot di.splaced the

tags.  Changes in  growth are as belov in  Table 7.

Thus, these al l igators are continuing to grow slowly in length

but  substant ia l ly  in  weight .  The a l l i .gator  a t  Lake L4 is  an o lder

a l l i ga to r  and  was  i n i t i a l l y  caugh t  i n  t he  w i l d  as  a  h : i . ah ] i nn  i n

1953 .  I t  was  dona ted  to  Rocke fe l l e r  Re fuge  i n  1959 .

Four  adul ' .  pen females were caught  in  June/Ju1y l -993 and

ranged  i n  s i ze  f r om 8 / l 0 r r  t o  9 t  4n .  I n  l 99L  chey  ranged  f r om 8 / i r l

to  9 '  o i "  .  Weights  were not  obta ined as we t r  j -eo tc  min imize the

t i rne rest ra ined for  the nest ing fenales.

Cbinese a l l igator  (A.  s iaensis)  cu l ture

Rockefe l ler  Refuge has on loan one pai r  o f  Chinese a l l igators

(A.  s inensis)  obta ined f rom the New York Zoo.  They have

successfu l ly  nested severa l  t imes,  and in  each of  the last  three

years .  We ob ta ined  4  ha tch l i ngs  i n  1991 , ,  ! 4  i n  L992 ,  and  20  i n

Location Length
Weight
(  l bs .  ) Last Cauqht

Pr ior
Length

Pr ior
w t .  ( I bs )

Lake 14 1 4  r  0 r l o l  n Aug .  5 ,  1985 L3 |  4 t l

Pen 1 1 2  '  1 0 r 1 6 Z O Aug .  5 ,  1985 L 2 t  5 t l 1 ^ t r

Pen 6 1 1 '  9  r l 6 4 5 A p r i l  2 5 ,  1 9 9 1 1 1 ,  1 0 r l

Pen 7 /8 L 2  '  0 , 1 550 Apr i L  19 ,  1991 l L / 9 | l 520
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1993.  The nest  i -n  1993 was located on 6-L6-93 at  which t ime 
"he

eggs appeared to be 7 days of age. We were asked by the NYZS to

|ncubate the eggs at 91o to attempt to further study ternperature

dependent sex deterrnination in this species, and try to produce

males.  On 8-6-93 the eggs began to hatch and 20 hatch l ings were

obta j .ned from a clutch of 3 L eggs ; of the rernainder one egg was

' in fer t - i ' le :  3  d ied at  2  weeks incubat ion,  one at  four  weeks,  threeb - - -  t  -

d.ied at 8 weeks of incubation and 3 at an undetermj-ned stage. All

hatchlings $/e,re shipped to the Bronx Zoo.

Another study on the rnorphology and ultrastructure of the

Chinese a l l igator  eggshel l  has been conpleted in  co l laborat ion wi th

Dr.  C.  S.  wink and is  " in  rev iewrr  for  publ icat ion in  the Journal  o f

Morphology.

Juveaile All igators Feeding Trials

Annual feedj-ng tr ials are conducted at Rockefel ler Refuge to

ass is t  the farn ing industry  by test ' inq conmerc ia l ly  avai lab le d ie ts

(alone or supplenented with meat) to nake reconmendations to

a l l igator  farmers on the best  d j .e ts  avai lab le.

One of our recent tests in 199I-92 showed that growth achieved

wir .h  commerc ia l ly  avai lab le ext rudeo dry pel le t ized rat ions

inc reased  L inea r l y  w ich  l nc reas ing  ava i i ab ie  p ro te in  by  pe :c€ f l -ua$e .

D j -e t s  tes ted  i nc luded  Bur r i s  A l l i ga - ' o r  Feed  w i th  4OZ,  472 ,  anC 56?

prote in;  and ground nutr ia  (Mvocastor  covnus)  meat .  Nutr ia  gave

the best grrowth (Figure 7), though the economics and convenience of

providing dry foods which need not be stored frozen must be

consi .dered.
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DAYS IN STUDY

In L992-9 3 we tested f  eeds wi . th  repor t ,ed ly  4SZ,  562,  and GO?

prote in versus nutr ia , '  surpr is ing ly  th is  year  no d i f ferences were

noted wi th  prote in leveIs  throughout  the s tudy (F igure 8) .  tna

roanufacturer felt that there nay have been a quality

control/nanufacturing problem and the actual protein 1evels were in

guest ion.

Both years three repl icat ions of  each of  the four  d ie ts  were

used, and twelve al l igators were used in each group to study each

d. ie t  ( to ta l  t44 a l l igators used each year)  .

.{vERAcE IVEIGI{T (g)

157oB' Sb?oB 60?o

FOOD TYPE

NUTRIA
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Septcrnbcr 13, 1992 through February 5, 1993

This year  (1993-94)  we are s tudy ing the ef fects  of  var ious

feed components (cer ta in  v i tamins,  minera ls ,  arg in ine,  e tc .  )  on



skin guality. These have been shown to improve skj-n integrity and

promote wound healing in other species. This should be useful to

the farning industry as recent competition due to the falling skin

Pri.ces has made the grade of the ski.n of unprecedented irnportance.

Prel iminary results have shown signif icant differences in growEh in

the three d iets  tested (Three repl icates of  each d iet ,  23 animals

per treatment group for a total of 207 aniurars in the study). we

wil l  assess skin quali ty and wound heali-ng frorn the various d.iets.

This study is being rnanaged under the direction of Dr. Mark Staton.

A second feeding tr ial was conducted in 1991-92 to dets:mine

if the addit ion of steroids as an appetj. te st irnuLant wou1d enhance

growth in juvenile al l igators. Three groups of al l igators were

supplemented with increasing doses of prednisone, and a control

giroup l'as f ed only dry pelletj-zed rations. A nodest increase in

growth rate was achieved with the addit ion of steroids (conpared to

controls) but i t  was not suff icient to warrant the required testing

as to clearance of the drug from all igator t issues/meat to be used

for human consumption. (f iqure 9).

Effect oI  Prednisone (Steroids)

Avl i t t^( ; l ;  lvEIGl lT ( l t )

1,00o i
I
I

300 !
I
I

6 ( l ( )  !
I
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{t
r \ :  B  C  D

FOOD TYPE

Sc;rrernbcr ZG, l99l lhrrngh lvlnrch 27, 1992 2L8

I = t:iI;,i*"? l'ilil7if,'j"t"'t = 2nrg/ kgqorr D = 2nre/ ks/ rr

Juvenile al lJ.gator nutri t ion is being studied intensively by

Drs. R. coulson and Dr. J. Herbert at the LSU School of Med.icine,



Department of Biochernistry. The addit ion of gelatin and glycine

are being studied this year. Much of their work suggests that

al l igators fed pellet ized diets supplemented with neat grow better

than those on dry pelletized feeds alone. Work continues studying

the stomach enptying t irnes of d.ry dj-ets, the ef f  icacy of prol ine

and other supplenents, and attenpts to find the least arnount of

neat needed to add to a dry pelletized diet to get maximum growth.

Rockefeller Refuge Egg Earvest

All igator nesting study sites are napped careful ly each-year,

and data recorded on nesting efforts relative to water levels,

sali-nity, tenperature, etc. Intensive egg harvests contj.nue at

Rockefel ler Wildl i fe Refuge to supply eggs for research,

trRockef e1ler Sutriplement" f arm progrram, and 'rPrivate Assistedrl

programs. The Rockefeller Supplement is a continuatj-on of an early

progrram wherein the first few alligator farmers in Louisiana were

provided hatchlings from eggs from state-ovned properties as a

source of stock to encorlragle the f ledgling industryi as egg

ranching was not alloved at that point. Later, when the deuand for

eggs exceeded what could be provided from Rockefel l-er wildl i fe

Refuge the ranching program was developed. !.tany early ranchers

collected eggs with the assistance of Louisi.ana Departmenc of

wi ld l i fe  & F isher ies personnel  whi le  the ranching program

technigues were being developed. These progrrams are phasinq out,

only four fa:mers have not yet conpleted their ten years on the

supplement program. Eggs are st i l l  col lected extensively for

researchers as outrined elsewhere in this paper. rn L993

approx imate ly  41000 eggs r r rere co l lected for  researchr-  and 11,G95

hatchlings were provided for the private assisted and supplernent

Programs.



Alligator hbryology/lanperature Depeudeat sea Detemiaation

Numerous dj.stingruished international scientists have worked

out highly special ized aspects of the developurent of the al l igator

enbryo using sanples collected at Rockefel ler Refuge. A wealth of

data has been generated by these ind,ividuals and their expertise in

molecular biology technigues, radioirnmunoassay, t issue graft ing,

etc. ' has answered many questj.ons on the reproductive biology and.

physi.oloqf of the alligator. We have had the pleasure through the

last several years of providing al l igator eggs and t issues to Drs.

Paul Cardeilhac, Harriet Austj-n, Mark Fergruson, Anne Marie Coriat,

Jean Joss, Va1 Lance, Jeff Lang and Craig snith and others in order

to support their research.

t{olecular Geaetics of tbe American Alligator

Work continues with Dr. Herb Dessaue,r to study questions of

uultJ.ple parentage, pair bond existence, etc. in al l igators using

blood samples from captj.ve breeders at Rockefeiler and resulting

hatchlings. Preliminary data suggests all genotype distributj-ons

can be explained by single nale-to-fenale crosses (on1y one male

alligator fathered the entire clutch in the 5 clutches studied in

1993 ,  i . e .  o the r  ma les  d i -d  no t  con t r i bu te  to  the  femaLe ,s  c lu t ch ) .

There is no evidence of rnult iple rnale parentage of a single brood

thus far. A single dominant nale appeared to have nated with three

females in Pen 6; this large maLe was the presurnptive father of 3

of the 5 clutches in that pen.

Bil iary 
"yrt"r 

ot tbe al l igator

Several Projects were init iated in early L9g2 in associatj .on

with Dr. Steve Tint and Dr. Guorong Xu to study the rate of

production of bi le in the A:nerican al l igator and its/ exact

composit ion using labelled cholesterol. Bi le f istulas Irere
nn



surgical ly constructed to al low complete col lection of bi le, and to

monitor the anount produced over certain t ine periods. Final lab

analysis of the sanples collected i.s nearly cornplete. Another

radiologic study on the ultrastructure of the biliary system was

done in L992-93 as several variations were noted in the anatomv of

the b i l iary  t ree on in i t ia l  d issect ions.

All igator nornatodes

During a study of food habits of farnr-released and native wild

a l l igators,  we not iced that  wi ld  a l l igators more f requent ly  (83.3?)

hadnema todesp resen t t han fa rm- re1easeda11 j . ga to r s (47 .4z ;P<

0.05)  (E1sey et  a1 L992) .  A lso,  neuatodes were more numerous in

nat ive wi ld  a l l igators (13.1 t  3 .8 nematodes/stomach)  when present

in wild al l igators versus 2.I :  0.5 nernatodes/stomach in f a:m-

re leased a l l igators wi th  nematodes (p < 0.05)  (E lsey et  a l  L992) .

These nematode samples are being identifj-ed by Dr. Robin Overstreet

and his staff at ' the Gulf Coast Research Laboratory.

rrF (Forld r i ldl i fe 3u!d) Project/Sustaiaed Uti l izatiou

A special project is unde::vay to docr:nent the conservation

benefits of sustained uti l ization of crocodil ian speci.es. Although

the philosophy of 'rsustaj.ned use!r is wj-dely accepted by most

crocodi l ian b io log is ts  and managers,  the conservat ion benef i ts

derived frorn the economic Aain of ut i l ization of these species is

not well documented, though generally accepted by those in the

field. We are preparing an extensive nanuscript for the World

Wildl i fe Fund to document the conservati.on benefits of the well

nanaged and strictly regrulated sustained use programs involving the

A:nerican al l igator (wild harvest and egg ranching). Interviens with

Iand managers and the role the al l igator plays in their wetlands

managrement practices will be included to demonstrate how
NL



crocodil ian uti .1i-zation can conserve and enhance marshlands and the

many species uti l izing those rretlands.

Exteasion Services

Due to the resources available at Rockefel]er Wildl i fe Refuge

and the interest in support ing al l igator research, we often provide

sanpies to various investigators to help support their research on

al l igators or  rept i les in  genera l .  A par t i -a l  l is t  o f  those

indivj,duals, their insti tut ions, and general areas of research

fo l l ows .
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CAPTIVE BREEDING IN COLOMBIA:

Some Aspects ofPolicy and achiervements

Antonio Villa
Jefe Divisi6n Fauna

II{DERENA

The Conference of the CITES Parties Resolution 8.22 (environmental value of captive breeding and
ranching) and the Editorial Note in CSG NewslgrrER 12 (2) make u think n€, as a whole community, 

-coutO

go to one exu€me. Past experiences have shovm that extremes arc not good or safe and provide very limited
management conditiorrs.

Within ttte debate on captive breeding verss ranching Colombia nould like to stay somervhere in the
middle and keep optiors open in both directions. Of course, we will strive to keep our attention on ecosy$ern
dyunics and productivity while achiwing conservation and sstainable gse of species.

C.onditions paniolar to Colombia have led ts to work very hard on the captive breeding side of t6g
suainable use options, and we are interested in teuing the public about oru wor* with some ryecieq their wild
populatiorq restocking and sustainable utilization

With many species (crocodiles for example), rre think it will be easier to refocrs our consenration
efforts on the wild poputation once regrrlated legal trade and the economic benefits firom closed<ycle frrming are
esnablishe4 rather than it would be to conserve the species in the wild while at the same time trying to regulate a
wild tu|rves. After a case by case analysis, we should know which option to follow. Building managernnt
expertise and aprpropriate trade conditions cannot be accomplished in one day, and in the Fst re were very close
to losing some crocodilians.

This presentation will be brid. Colombia has presented to prwiors Steering Corunitree meetings of
the CSG and to the 29th and 30th Standing Comminee Meetings of CITES (Washington and Bnrsselq t-9s:)
r€ports on the captive brceding scheme we have been managing. More recently, the Chairman of the Animals
Committee of CITES and the Vice€hairman of the CSG have presented a comprehensive r€port on Colombia
to the 3lth meeting of the Standing Committee of CITES (Geneya N{arch 1994) and to this l2th meeting of the
CSG Steering Commiuee.

At this time n'e would like to su€ss sonp main relevant considerations about the Colombian prognurl

l. The totat internal and external uade in anfunals in Colombia has decreased sigrificantly since
regulations bonnd commercial hunting ofwild anfunals and opened the captive breeding option

2. Crocodilians became truIy protected and the legal sustainable use is helping to stop illegal non-
sstainable trade. Wild crocodilian populations in Colombia are recovering or stable in most forested
ar€as.

3. The most endangered species in Colombia, Crocodylus intermedius, urgently needs captive breeding
before wild poprtations can be restocked

4. The costs of protecting the thrcatened crocodiles and rearing them in captivity have been paid by the
closedcycle farms and legal bade in 'babilla', Caiman crocodilus.

5. 'ls$ille' (caiman) legal trade also has helped pay tlrc cost of dweloping ftrms for s$ainabale
utilization of other species, giving continuous employment to people in rurat depressed zoneq and
contnbuting to increased awareness ofnanue conservation and sustainable use.
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6. Closed'cycle Anns in Colombia are located mostty in areas where nature is highly disuube4 where
main human sefiIements are locate4 and where cattle ranching and extensive agiqd1111e has
developed. Thtts, the close-cycle &rms help bring wild animals back to these regioru as land use
alternatives.

7. In Colombia closed-cycle frrms, and also crocodilian tannerieg are e,xamples of advanced enterprises
taking care of the environment They control water disposal, recycle nutrientg avoid soil erosioq and
promote economic investrnent in conservation in rural areas where cattle and agriorlture raditionally
arc not involved in conservation

8. Closed cycle operations in Colombia have provided a valuable opporhrnity for tearn work between
gwernment and the private sector, thrs helping policy developnrcnt and implementation

9. Closed cycle firms in Colombia are contnbuting to the knowledge of wild species and to the naining of
people for management Thsy are also prwiding much more information than in the past, when ttre
aryttrre and export of wildlife uas widespread and uncontrolled

10. The program we have developed now is giving tu the opporuurity to approach new fore*ed regiors
where local people could be implementing options for ranching or lrarve*ing frrom the wild under
technically based quotas.

Colombia is re-evaluating ia wildtife progams. That rwieril will lead to imprwed regulation and
policyforwildlife utilization It might lead to a general policy of captive breeding of CITES Appendrx I ryecies,
and ranching and wild turvest of Appendix tr and III species.

The management of the market for sustainable utilization of species is not a single country task In
sriving to reach that goal, we want to share experiences and efforts with other countries and organizatiors.
Cmperation will be needed to ensure that trade will b€ carried out with products of legal origin If this is not
possible, Colombia will have to stick to captive breeding as the only option to maintain cDntrol.
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2. Introduction:

Bangladesh is a largely alluvial country in southcentral Asia (Figure 2l ot
approximately 120 million people and supports one of the world's highest densities
of rural human population. Most lowland habitat has been converted for agricultural
purposes to meet the basic needs of a burgeoning class of hard-core poor. Almost
all remaining crocodile habitat is under intense pressure from fishing, transportation,
and forest product extraction.

At least three crocodil ians have historical ly occurred and persist in Bangladesh:
the gharial Gavialis gangeticus, mugger (or marsh crocodile) Crocodylus palustris and
estuarine crocodile C. porosus. The gharial is restricted in present distribution to the
Indian sub-continent (and possibly Myanmar), while the mugger extends to the Near
East and Sri Lanka, and the estuarine or saltwater crocodile is a wide-ranging lndo-
Pacif ic species.

A two week review was carried out from 10-25 January 1993 to assess the
current status of crocodile populations in Bangladesh and potential for conservation-
based rehabilitation of the resource. Pertinent literature and data were collated and
studied. Interviews were conducted with a variety of government officials, aid agency
personnel, researchers, captive stock managers, and other interested entrepreneurs.
Most captive stock locations and potential farming/ranching areas were visited, but
time constraints did not allow direct inspection of representative examples of
remaining crocodile habitat. Emphasis was given to evaluating the economic viability
of ranching and farming, and how such potential operations could enhance the in situ
prospects of crocodil ians in Bangladesh.

This report is an updated version of a report prepared in May 1993 for CTAA
that describes in detai l  the f indings of the visit  and recommendations for fol low-up
action.

3. Crocodilian Status and Distribution:

3.1 Gavialis gangeticusi

Gharial were reportedly common about 1OO years ago in large freshwater r ivers
such as the Jamuna,  Padma, Meghna and Brahmaputra (Sarkar  1986) .  Unt i l  1950 the
species was also distr ibuted in many tr ibutaries (Faizuddin 1985). Since then sub-
populations throughout Bangladesh have undergone a steep decline. In 1 982 the total
population was estimated at 20 (Khan 1982), and a 1985 survey recorded 28 gharials
in the Padma, Jamuna and Brahmaputra r ivers (Faizuddin 1985). A year later, only
8-1O was estimated (Husain et al. 1986a). Caution with these f igures is advised
because systematic survey methodology has not been used. Most surveys have relied
on counts of basking crocodiles and anecdotal information from local communit ies.
The f igures should be regarded as minimum approximations of population size,
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although owing to the relatively conspicuous behavior of gharials, their novelty as a
rare species, and the highly dispersed local presence of human informants, it is
unlikely that gharial abundance has been seriously underestimated.

Since 1986 there have been very few sightings of the species in degraded
primary habitat comprised by the main channels of the Padma, Jamuna and
Brahmaputra rivers. No nests have been reported for the past three years along the
best known nesting-banks near Rajshahi on the Padma (M. Rahman, pers. comm.),
whereas during the period 1982-1985 two nesting colonies produced 12 nests
(Rahman 199O). The last incidental capture of a gharial appears to have been a
yearl ing in 199O from Aricha near the confluence of the Padma and Jamuna (Md.
Samsul Alam, caretaker, Dhaka Zoo, pers. comm.). The animal is beihg reared under
good condit ions at Dhaka Zoo, where an addit ional 1.7 m juvenile (9?) is kept (pers.
obs.). The only other captive stock are two juveniles at the Rajshahi Zoo (Rahman
1991a), which was not visited.

Although the gharial is protected by legislation in Bangladesh (Wildlife
Preservation Act of 1973), the law is yet to be effectively implemented for
crocodil ians. Local people unintentionally drown gharials in f ishing nets and attendant
females tip off villagers to the location of nests, which are excavated and destroyed
with the unfounded belief that gharials reduce the fish catch.

Gharial habitat is intensively utilized throughout Bangladesh for fishing and as
major transportation arteries. The nesting banks SE of Rajshahi are said to be still
relat ively undisturbed (vi l lage informants, pers. comm.); however, no comprehensive
survey has been conducted in Bangladesh to assess the extent of suitable remaining
or recoverable habitat.

To further complicate the situation, much of the suitable habitat in the Padma
River system was lost in 1986 due to a course shift  in the r iver to the lndian side of
the border. After subsequent recovery, the monsoon of 1991 again transferred the
gharial populated section of the Padma to Indian jurisdict ion (Andrews 1992).

Considering the extremely low, decreasing population estimates and continuing
degradation of remaining habitat. the gharial in Bangladesh now faces the imminent
threat of being extirpated from the wild.

3.2 C. palustrisi

The mugger is evidently extinct in the wild in Bangladesh. ln captivity, only six
individuals - al l  wild-derived adult pairs - remain. Two of these are housed at Dhaka
Zoo, where the females are said by the grounds keeper to nest annually, laying as
many as 25 eggs each. However, successful hatching has yet to occur. The other
pair is well-maintained in a shrine pond at Bagarhat, south of Khulna. The female,
ostensibly aged and very tame, was reported by the caretaker to st i l l  nest annually
beginning in March. Since 1984, 25-30 hatchlings have been produced in most years,

I
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but (al l?) were al legedly cannibalized by one or both parents. Clutch data for the
period 1981-1987 has been compiled by Rahman (1991b). A hatchery is being
construct8d by the Bangladesh Forest Research Institute (BFRI) at Chittagong. lt is
envisaged that this facility will be used to incubate fertile eggs produced by the last
remaining breeders.

Mugger were probably once widespread in rivers and associated haors
(marshes) of Bangladesh but extensive habitat loss and modification, in addition to
hunting for hides, has virtually extirpated the species. Although mugger are highly
adaptable to a variety of aquatic habitats, no significant expanses of intact habitat -
and in part icular any suitable nesting habitat - could be identif ied.

3.3 C. porosus:

The estuarine crocodile formerly inhabited the coastal mangrove associations
of Chiftagong district in SE Bangladesh (and probably inhabited the main inland rivers
of the country as welll but is now restricted to the 3,8OO km2 Sundarbans Reserve
Forest (Whitaker 1982). This vast maze of mangrove forest and tidal mudflats
features some 1 ,2OO km2 of waterways, much of which remains good general habitat
tor C. porosus (Figure 3.3).

Estuarine crocodiles were common in the Sundarbans until unregulated hunting
for skins between the 1940s and 1970s reduced the population from a minimum of
severalthousand to probably no more than a few hundred (Whitaker 1982). Despite
the impfementation of a hunting ban since 1972, the population showed little if any
sign of a recovery over the next decade, possibly as a result of a severe reduction in
female breeding cohorts (Whitaker 1982).

No comprehensive survey of the estuarine crocodile population in the
Sundarbans has been conducted, but an indication of population status can be gained
from one major and several prel iminary surveys. Akonda (1981) conducted day and
night counts of crocodiles in the Swarankhola - Katka area. Supplemented with local
information, he estimated a minimum (non-hatchling?) density of 0.16 crocodiles/km
over a course of 56 km. During a nine day, wide-ranging stay in the Sundarbans,
Forestry Department officers confirmed the persistence of a breeding population
(Husain, et al. 1986b). Other non-systematic estimates of minimum population size
range from 4O (Rahman 1992) to 20O (Khan, cited in Rahman 1g91bl.

A major population survey was carried out by Whitaker in 1982 but because
of weather and logistical constraints night counts covered just 95 km. However,
forest product extractors recounted the presence of some 85 nests and numerous
sightings of estuarine crocodiles. On the basis of this information, i t  may be inferred
that a minimum population on the order of a few hundred existed.

The most recent indication of status cornes from initial fieldwork conducted in
early 1993 during the current FAO/Government of Bangladesh project to assist
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sustained-yield management of the Sundarbans. Although there are no data to

suggest that crocodile numbers are increasing, evidence of a further decline is lacking.

Estuarine crocodiles are occasionally seen basking on mudflats and there are several
repofts of nests destroyed by local gatherers. Poaching of wildlife is considered
uncommon if not virtual ly non-existent (K. Tamang lAppend. 4], pers. comm.). As
surmised by Whitaker (1982), the human disturbance generated by the collection
activities of some 100,000 daily users (latest estimates) may be causing females to
abandon their nest guarding behavior, leading in turn to increased clutch predation and
lack of recruitment into the population. l t  is also interesting (and somewhat puzzling)
that t iger mauls remain frequent but no crocodile attacks have been reported in recent
years (K.  Tamang,  p€rs.  comm.) .

4. Ranchino and Farmino Prosoects:

4.1 Concepts and strategies

Where crocodile populations have been depleted to the level that direct cropping
of animals is no longer feasible, there are two other management strategies: farming
and ranching, that can be uti l ized to develop commercial potential and simultaneously
promote recovery of the resource. Both strategies possess conservation value in that
a proportion of reared animals can be returned to the wild in order to replenish
populations. The adoption of such strategies is especially appropriate in countries
such as Bangladesh where mult iple species of crocodil ians feature dissimilar
population status and utilization potential. Where suitable tracts of crocodile habitat
still exist, a conservation-based farming scheme may later be phased into a ranching
program.

Farming of crocodiles is based on the breeding of adults in a control led
environment. Eggs laid by females are collected from nests and artificially incubated;
hatchlings are then reared to desired size for slaughter. An important advantage of
this strategy is that optimum condit ions for breeding stock enable eggs of maximum
fitness to be produced.

The ability to obtain young eggs is very important because they can be
manipulated by temperature to choose the sex of offspring. Incubation under ideal
condit ions also al lows maximum growth rates to be 'programmed' for the entire l i fe
of the animal, thus enhancing performance and profi t .

The major drawbacks of farming l ie in i ts closed-cycle character. The costs of
constructing breeding faci l i t ies and maintenance of breeding stock are substantial and
can hurt the profi tabi l i ty of the operation, part icularly in today's increasingly
competit ive marketplace. Moreover, because there is no economic dependence on the
maintenance of healthy wild populations, benefits to conservation are minimal
(Thorbiarnarson 1 992).
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Ranching of crocodiles is based on the collection of eggs or young from the

wild. Because these population components exhibit high natural mortality, the risk of

adversely impacting the population is considerably less than a harvest of larger

animals subject to much lower mortalities in the wild. By salvaging a largely doomed

component, ranching stretches the productivity of the resource to the mutual benefit
of conservation and commercial production.

The recent worldwide surge of interest in this strategy is attributable in part to
its abil i ty to confer a high degree of conservation value. Ranching forges a direct l ink

between the health of wild populations and the abil i ty to obtain rearing stock
(Thorbjarnarson 1992). Dependance on a harvest of eggs or young animals also

underscores the value and importance of protecting breeding stock in the wild.

Eggs are particularly well-suited to this strategy due to 6ven greater mortality
in the wild (- 5O-9O%) than hatchlings or yearl ings. Another advantage of choosing
eggs over young animals is that higher quality "starter material" can be obtained if

eggs are harvested soon after deposition and transported properly to a rearing facility.

Early collection also allows a higher percentage of vulnerable eggs to be salvaged
before the effects of flooding and predation take their toll.

Ranching is also more favorable to the economical conduct of a rearing

operation than farming. Less investment is required because the costs associated
with pen construction and maintenance of breeding stock can be by-passed.

4.2 Species suitability

. Ranching prospects for the Bangladesh populations of mugger and gharial are
bleak because the species have been nearly extirpated and suitable habitat for

eventual recovery is evidently very limited. Even so, commercial farming of mugger
for skins and by-products should be a viable long-term strategy. The skin quality of
this species falls within the valuable "classic" category and by-products such as meat,
oi l  and glands could add another 30-5oo/o to export value.

A possible near-term contingency exists for the ranching of mugger uti l izing
stock obtained from India. Since 1975 a recovery program init iated with the technical
assistance of FAO has succeeded in resuscitat ing the mugger resource in lndia by
rearing juveniles from wild-collected eggs (and more recently) captive breeding for
reintroduction.

However, mugger habitat in lndia is l imited to a small network of refugia within
suitable protected areas and al l  locations now approach (or have reached) population

carrying capacity (H. Andrews [Append. 4], pers. comm.). More than 1 2,OOO mugger
remain in captivity (Anon. 1993) due to the lack of addit ional release sites and the
government's continued unwil l ingness to permit commercial ut i l ization. The cost of
feed and shortage of pen space for stock is creating hardship for rearing faci l i t ies, and
contrary to the aim of their establishment, leaving no alternative for many but to
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destroy clutches or al low them to rot (Andrews 1992). Bangladesh would appear to

be the ideal country within the home range of C. palustris to help alleviate this

unfortunate situation by import of eggs or excess juveniles and, in turn, demonstrate

the many merits of a ranching strategy to lndian authorities. Such a scheme would

mutually benefit  Bangladesh by expedit ing development of mugger ranching in addit ion
to providing founder stock for a possible re-introduction program.

Although the ossif ied character of gharial skin renders i t  of low value for the
production of leather, cost-effective breeding of the species could be facilitated by
integrating such a venture with tourism and the rearing of other resident crocodil ians.
Excellent potential to integrate domestic tourism was found in the Chittagong and
Cox's Bazaar areas (see sections 4.4.1 and 4.4.21. The uniqueness, rarity and

unusual appearance of the gharial make it an exemplary tourist attraction.

C. porosus continues to command the highest price of all crocodilian skins on
the international market (USD 7-1O per cm bellywidth), and because captive breeding

of the species has thus far met with only limited success, and in sr'fu utilization is

limited by the seriously depleted nature of most remaining populations, marketing
prospects for the near future (and perhaps well beyond) are likely to remain favorable.

A systematic survey is first required to confirm a viable breeding population of

estuarine crocodiles in the Sundarbans and the practicality of locating active nests,

but a ranching scheme based on wild egg harvests should present an attractive

management option for this species. Ranching could be tai lored to not only

sustainably uti l ize the exist ing estuarine crocodile population but promote its

replenishment and provide a stronger economic incentive to conserve habitat.

l f  the apparent high rate of fai led nesting in the Sundarbans can also be

corroborated, then the wild population should incur virtual ly no risk from egg

harvesting. Indeed, to rapidly restore the estuarine crocodile resource and expand the

source of commercial "starter material", a proport ion of harvested eggs could be
restocked within two years as young juveniles with greatly increased chances of

survival.

4.3 Critical factors

Other than accessibi l i ty of stock, the single most important factor in

establishing a ranching or farming venture in Bangladesh is a secure, regular supply
of cheap, fresh protein as crocodile feed. Rural sources in the form of cow and goat

offal are reportedty available (Whitaker 1982), but these appear diff icu' l t  to mobil ize

for the almost daily delivery and quantity required. Moreover, such sources are

dangerously unrel iable because the investor would have to bank on uninterrupted
cooperation from several small scale ventures or a host of independent farmers.
Lacking control over feed cost could prove risky, especial ly when suppliers see a
profi table venture coming on l ine. The importance of feed security is further
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emphasized by the lengthy period (> 5 yearsl needed to bring a ranching or breeding
enterprise into full operation and recoup the substantial initial investment.

Waste animal protein is scarce in Bangladesh and there is virtual ly no trash f ish.
The 'hanging meat" (brain and connective t issue) discarded by the shrimp industry
was found in interviews with factory managers to be minuscule (< 1 kg per ton of
catch). Crocodile feed would be largely restricted to locally marketable fish, of which
several species are suitable and relatively cheap (USD O.2O - O.S0/kg), and incidental
catches of even less expensive skate and shark.

A long-term joint venture with a large parastatal such as Bangladesh Fisheries
Development Corporation (BFDC) could alleviate feed cost uncertainty, but there are
not yet any competing large suppliers to assist the prospects of smooth sourcing.
Ample supplies were found in most centers but availability drops seriously during the
monsoon months of June through August when trawlers are reluctant to venture into
the stormy Bay of Bengal. Because even a few weeks without feeding can induce
stress in rearing stocks that carries over well beyond the time feed is again provided,
installation of freezers may be necessary to extend supplies of fish.

Relying on f ish is also potential ly r isky as this can lead to imbalances in
metabolism and result in disease if the feed is not fed fresh or is composed of a high
fat content. The problem can be overcome with vitamin and mineral supplements,
and the use of freezers, but these add considerably to the overall cost of operation.

To further ensure a regular supply of feed and less expensive procurement, the
potential for development of a fish meal based pellet feed merits scrutiny.

Alternative sources of feed are questionable because commercial production of
meat and hides in Bangladesh is highly decentral ized and largely rural-based. Offal
from local production of frog legs and chicken is available in small quantities, but
greater potential exists with integrated poultry production and to a lesser degree with
commercial rearing of frogs for legs and skins. The potential for frog farming is still
largely unknown (Fugler 1983) and part icularly deserving of further investigation as
Bangladesh has in recent years become the world's largest exporter of frozen frog legs
(Anon. 1992). Conservation-based frog farming could also prove valuable as there
are increasing concerns that a decline in frog populations due to overharvesting has
led to the prol i feration of insect pests, which are in turn adversely affecting
agricultural production and community health through the increased use of pesticides
(Fug le r  1983) .

Notwithstanding the current weak international market in crocodile leather,
economic prospects for ranching and farming in Bangladesh are promising. These are
typified by:

. availabi l i ty of suitably priced feed in the form of sea f ish and possibly other
sources;
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o inexpensive land, costs of construction and general labor;
. a favorable export market and near-future prospects tor C. porosus skins;
o excellent potential for integration with tourism to enhance viability;
o a tropical climate conducive to low cost grow-out of rearing stock; and,
. creation of a new export market to generate much needed foreign exchange;

Because of less than ideal feed costs, the design and establishment of rearing
enterprises must, however, pay particular attention to the scale and efficiency of
operation. This includes incorporation of advanced technologies, where feasible, to
compete effectively with established producer countries. Present indications are that
for a venture to be economically viable, skin production costs must not exceed USD
2.OOlcm bellywidth.

Integration with domestic tourism was appraised as an excellent way to
significantly cut overhead at two locations and perhaps singularly finance a ranching
or farming venture at one of them (c.f.  sections 4.4.1 and 4,4.2!.,

Similarly, joint ventures with overseas tanners to produce processed skins for
export could increase operationalviabil i ty and in-country profi ts (and thus add value
to the resource), as well as enable tanners to cut their manufacturing costs.

4.4 Evaluations of potential rearing locations

Several towns and cities were investigated for the feasibility of ranching and
farming of resident crocodil ians. The availabi l i ty of freshwater, feed, eggs and
tourism potential were the primary factors considered in evaluating the fol lowing
locations.

4.4.1 Cox 's  Bazaar

This small town at the southeastern t ip of the country is the center for
domestic tourism in Bangladesh. The principal attraction is a wide, largely
undeveloped beach, which from September through Apri l  draws as rnany as 10O,OOO
visitors on weekends and 20,000 to 3O,0OO on weekdays. As there is a near total
lack of recreational and entertainment faci l i t ies, an attractively designed, well-
managed and publicized crocodile enterprise should be able to offset most i f  not al l
operational costs. In addit ion, an excellent venue could be developed to raise public
awareness concerning crocodile and other wildl i fe conservation.

The al l- important factor of a cheap dependable source of protein as crocodile
feed is to some degree l imit ing. Only fresh ocean f ish is available, but can be
organized by BFDC in suff icient quantity (> 5OO kg/day) during most of the year.
While there is a local market for nearly al l  the catch, less palatable small species are
suff iciently inexpensive (USD 0.35 - 0.50/kg). Tuna, which is a part icularly good
feed species, and small prawns are usually available in the same price range. From
September through November, the prime commercial species, hilsa Hilsa /rsa floods
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the market at reduced price (USD 0.25 - 0.40/kg). Skates and sharks are available
most months and cheapest of al l  (USD O.2O '4olkg).

Alltypes of feed are subject to reduced supply during the monsoon months and
there is a lean period in supply from early December through mid-February.
Nonetheless, the annual catch appears adequate to feed a minimum of 2,5OO mixed
age class crocodiles, and may be expandable with supplements such as unpopular
chicken cuts, and offal from local slaughterhouses and frog leg producers. There are
at least eight fish and prawn processing factories operating in the vicinity of Cox's
Baza(, but viftually no waste feed other than fish guts, which due to its high oil and
fat content is usually unacceptable for crocodiles.

An adequate source of clean freshwater is somewhat problematic. Only the
river at the outskirts of town appears to contains ample volume. Groundwater
supplies are said to be barely sufficient for the town in the hot months before the
arrival of the monsoon. The feasibility of an artesian system is worth exploring.
Acceptable quality of the river water could be attained with installation of a filtration
system made primari ly of localmaterials and a back-up pump and headertank system.

4.4.2 Chittaoono

Similar potential exists for integrated development with tourism as most visitors
bound for Cox's Bazar and vacation areas in the Hill Tracts must pass through this
busy city of one million. Chittagong is the country's largest port and a center of fish
and prawn (shrimp) exports.

' The feed situation is more encouraging with large quantities of inexpensive and
suitable f ish species available through BFDC. One interested, well-diversif ied
entrepreneur plans to establish a commercial poultry operation in the near future
which could supply quality cheap feed in the form of guts, heads and feet for a
ranching or farming venture. The combined feed sources appear suff icient to support
a commercial operation of 5,000 - 1O,OO0 crocodiles.

4.4.3 Khulna

This small city in southwestern Bangladesh is an important transit point for the
several hundred foreign tourists who annually visit  the Sundarbans. Domestic tourism
remains insignif icant but the planned development of addit ional faci l i t ies could boost
this sector of the industry as well.  One exist ing tourism enterprise plans to add
crocodile farming to i ts attractions. A small hatchery for estuarine crocodile eggs
collected from the Sundarbans appears eminently suitable.

Khulna is best known as the principal f ish and prawn producing region in
Bangladesh. More than 6o0/o of the country's prawn exports transit the city.
Although these industries produce a negligible amount of waste feed, small prawns
and f ish are regularly available for USD 0.40 - 1.00 per kg and constitute a feed



source for the rearing of >2,500 mixed size class crocodiles. The relatively high cost
of fish feed can be partially offset by integration with tourism and perhaps further
reduced by procurement of frog and other offal.

4.4.4 Satkhira

About 30 km north of the Sundarbans and the same distance west of Khulna
lies the marshy area of Satkhira where freshwater is reportedly available in suff icient
quantity and feed prospects are bolstered by an abundance of crabs in nearby brackish
channels (8. Hoque, Crocodil ian Tanning Assistance Associates, pers. comm). The
crabs, which for rel igious reasons are not locally consumed, can be harvested by area
residents at low cost during much of the year, except the cold season months of
December and January when they are harder to f ind. Fish from the docks at Khulna
can probably be arranged in times of decreased supply and to complement the diet.

Although Satkhira was not visited by the authors, the area appears too distant
from the Sundarbans to attract a substantial number of foreign tourists. A more in-
depth study of the crab resource and its potential for sustained harvesting, as well as
for other possible feed sources (f ish and frogs), is needed to confirm the economic
feasibi l i ty of a ranching or farming operation in the Satkhira area. The location should,
however, attract government support because of the income a crocodile enterprise
can generate for impoverished local communit ies which supply feed.

4.4.5 Dhaka

The economics of ranching and farming in the vicinity of the capital are
favorable because of the availabi l i ty of chicken offal from several poultry operations;
however, most of these are small-scale. Prospects for f ish feed are less promising

because of erratic supplies and signif icantly higher (30-65%) costs than other centers.

One advantage the capital offers is the proximity of major insti tut ions of higher
education, part icularly Dhaka University, and the main off ices of the government.

4.5 International considerations

Owing to concern for the possible effects of commerce on the conservation of
wildl i fe resources, the Bangladesh government signed and rati f ied the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES) in '1981.

This agreement regulates the export and import of species considered to be
threatened or potential ly threatened by international trade. Species are l isted by
appendix depending on the severity of the threat and updated at Conferences of the
Parties (COP) to CITES which are convened every two to three years.

Appendix I is the most restr ict ive and includes species threatened with
extinction which are or may be adversely affected by trade. Although the intent of
this category is to prohibit trade for primari ly commercial purposes, an important
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exemption is afforded animals bred in captivity, where it can be demonstrated that the
operation is not only innocuous to the survival of the species in the wild but accords
conservation value.

Appendix l l is more flexible and applies to less endangered species. This l isting
is compatible with trade primarily for commercial purposes; however, a system of
strict regulation is necessary in order that trade is brought under effective control.
Specimens of captive-bred Appendix I Species meeting the non-detrimental and
conservation value criteria are treated for purposes of trade as Appendix l l l isted.

Appendix l l l  is seldom employed and primarily for individual.Parties that wish
to enhance in-country trade control and for which the cooperation of other Parties is
sought for monitoring and reporting of trade.

Because of their apparent highly endangered status, populations of all three
crocodil ians in Bangladesh are currently l isted by CITES as Appendix I species. While
the listings are certainly appropriate for the mugger and gharial, indications are that
population surveys of the estuarine crocodile would confirm the feasibility of a
conservation-enhancing commercial uti l ization scheme.

Several resolutions have been adopted at COPs which define the criteria for
amendments to the Appendices. The most important of these for threatened
crocodil ians prior to the 1992 COP specify procedures to downlist populations of
Appendix I species to Appendix l l under ranching criteria. These are Ranching
(Resolut ion Conf.3.15),  Trade in Ranched Specimens (Resolut ion Conf.5.16) and
Monitoring and Reporting Procedures (Resolution Conf. 6.221.

The basic criteria set forth in the resolutions are that:

the harvest of eggs or young to supply the ranching operation shall not have
a detrimental effect on wild populations;

the operation shall  be primari ly beneficial to the conservation of the local
population ( i .e., where applicable, contribute to i ts increase in the wild)
through reintroduction or in other ways;

the operation shall  be carried out in a humane (non-cruel) manner;

a uniform marking system is adopted for products entered into trade,.
including an inventory of current stocks of specimens and products on hand.

a monitoring program is established to track changes in the status of wild
populations, including information on the number of eggs or young taken
from the wild; an estimate of the percentage of the total population taken;
the number of animals released and their survival rates as ascertained by
surveys and tagging programs, i f  any; and, the mortal i ty rate in captivity and
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causes of mortality. Results are to be reported to the CITES Secretariat
along with data related to production, sales and exports of products.

(source: Briut igam 1989)

Recognizing the signif icant conservation spin-offs of ranching, a resolution
setting forth additional criteria (Conf 8.22l, was adopted at the March 1992 COP.
Ranching proposals based on collection of eggs and young are to "be accepted as a
matter of routine provided that appropriate inventories, harvest level controls and
monitoring programmes are proposed and that suff icient safeguards are established
in the proposalto ensure that adequate numbers of animals are returned to the wild
if  necessary;" (CITES 1992a; emphasis added). Because of the crit ical reproductive
functions of adult crocodiles in the wild, schemes based on a wild harvest of these
cohorts are discouraged by other parts of Conf. 8.22 and call for much more stringent
appraisal by the Parties.

Another section of Conf 8.22 and a separate resolution Conf . 8.1 5 have revised
criteria for the approval of captive breeding operations and replace several earlier
resolutions. More stringent procedures are set forth to register and monitor operations
which breed Appendix I species primarily for commercial purposes. Such enterprises
must now be registered with the CITES Secretariat and satisfy the national
Management Authority that "the captive breeding operation will make a continuing
meaningful contribution to the conservation of the species" (CITES 1992b). Such
concern for populations of crocodiles in Bangladesh should be easily allayed by the
important role a captive breeding facility can perform in the preservation of remaining
gene pools. This is particularly so for C. palustris, due to the current reproductive
fai lure caused by apparent lack of proper incubation faci l i t ies, technical know-how and
hatchling care. l f  a remnant breeding population of gharial is found to persist, this
species may be similarly rescued by captive breeding.

Marketing prospects for crocodile products is another international aspect of
farm and ranch development that should be carefully considered. There appears to
be negligible potential for domestic demand in Bangladesh because of very limited
purchasing power. For virtually all producer nations, the markets for crocodile skins
exist overseas in developed countries that manufacture luxury items such as
handbags, wallets, and belts. Most of these products are sold in-country but some
are exported, primari ly to other developed countries. Japan, France, l taly, and
Singapore import the great majority (> 90%) of raw or semi-processed crocodile skins
for tanning and manufacture of f inished products.

The history of the skin trade has been a volati le one, with the industry at
present in a depressed cycle. Prices for classic skins have fal len to less than half that
received three years ago. The current downturn is a result of two main factors: 1) the
continuing international recession and 2) oversupply of crocodile products coupled
with large rearing stocks, brought on by the boom in ranching and farming during the
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past decade. The industry finds itself in a shakeout period in which many enterprises
that cannot substantially reduce their production costs are failing.

However, in a longer term view, there is a si lver l ining to this dark cloud. l f
failures occur on a wide scale, the decrease in overall world production of crocodile
skins and ensuing depletion of stockpiles should serve to stimulate price recovery.
Moreover, even if prices remain at current levels, this will enable manufacturers to
reduce the costs of products and make them affordable to many more potential
consumers, thus serving to increase demand. There remains vast, untapped potential
for an international campaign to promote the value-added returns to conservation of
purchasing crocodile products from approved programs worldwide, both to educate
the general public and effectively counter the arguments of animal welfare rights
groups.

5. Develooment of a Management Prooram: -

Available data on the status and reproductive biology of mugger and gharial in
Bangladesh was recently reported in detai l  by Rahman t1991a; 1991b). Sponsored
by the UNCTAD/GATT International Trade Centre, Whitaker (1982) conducted an
earlier in-depth and favorable evaluation of export prospects for commercial farming
of crocodiles, particularly C. porosus. Although the findings by Whitaker and Rahman
clearly present a critical yet opportune situation, Bangladesh has yet to formulate a
program to conserve and sustainably utilize its crocodile resource. With at least two
of Bangladesh's three crocodil ians in apparent dire straits, there is urgent need to
movr ;uickly before the situation deteriorates further and renders rehabilitation of the
resource a much costl ier and t ime consuming endeavor.

5.1 Conservation requirements

Because of the current severe threats to the viability of crocodilian populations
in Bangladesh, a management program should init ial ly emphasize a strong
conservation component. lmmediate efforts are needed to secure the gharial and
mugger breeding stock in captivity as at least part ial founder populations. Indications
are that the current reproductive failures of the mugger females can be easily resolved
by applying proven, cost-effective techniques in the design and management of
hatcheries and hatchling care faci l i t ies. Madras Crocodile Bank in Tamil Nadu, South
India is an ideal regional center, well-experienced in the transfer of necessary technical
knowledge and ski l ls involving a variety of crocodil ians, part icularly the mugger and
ghar ia l .

Exist ing founder stock for recovery of the mugger and gharial could be
supplemented by acquisit ion of eggs and juveniles from countries within the home
range of the species. The Department of National Parks and Wildl i fe Conservation
(DNPWC) in Nepal has indicated its wil l ingness to provide captive-reared juvenile
gharialfrom Chitwan National Park (T. Maskey, pers. comm.). As described in section
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4,2, a large excess of captive-bred mugger and eggs, in addit ion to substantial
numbers of juvenile gharial, are maintained in lndia (Anon. 1993).

Boosted reintroduction of mugger and gharial by import of excess juveniles from

regionalrearing centers should not present a species introduction (or related) problem.

Due to proximity of range and absence of topographical barriers, Indian and Nepalese
stocks of these species are unlikely to exhibit significant differences in genetic
composit ion at the population level. However, this assumption should be
substantiated by comparative DNA and other biochemical analyses.

In laying the foundation for a comprehensive program, the conservation
component of a Management Plan for crocodiles in Bangladesh should stress a
recovery strategy for each species. Because of the dissimilar status and commercial
potential of each resident crocodilian, a combination of strategies is appropriate.

C. porosus. An initial, comprehensive survey is urgently required in the
Sundarbans to assess population status and recovery potential. Particular focus
should be afforded to nesting cohorts and the formulation of a nest protection * egg
harvest - restocking plan. The interaction of crocodiles with local communities
should be studied, and where potential exists, the support and active part icipation of
local people with sustainable utilization of the resource encouraged.

C. palustris. Efforts should be directed at achieving successful reproduction of
relict breeding stock and acquisition of appropriate extralimital specimens. An aftempt
should be made to identify and protect any remaining and potentially restorable habitat
considered suitable for reintroduction of the species to the wild.

Gavialis gangeticus. The immature stock at present should be reared at
locations and in condit ions conducive to captive breeding for eventual reintroduction.
Acquisition of additional stock to supplement this effort and improve its chances of
success should be investigated. A systematic survey of the rel ict wild population and
assessment of remaining habitat, part icularly in the Padma and Jamuna rivers, should
be conducted with the maior aim of effectively protecting crocodiles and at least some
primary habitat (especially nesting banks).

The BFRI hatchery can perform a important role in the recovery of crocodile
populations by hatching eggs and rearing hatchlings for eventual release. Priori ty
should be given to obtaining eggs from mugger breeding stock at Bagarhat and Dhaka,
and possibly later from estuarine crocodile nests in the Sundarbans. Refinements of
present construction in order to ful ly meet the requirements of incubation and
hatchling care wil l  enable the hatchery to function as a conservation center as well
as benefit  private enterprise by demonstrating the proper techniques of egg and
hatchling management. With addit ional upgrading, there is also scope for husbandry
research and expanded conservation education.
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5.2 Establishment of a monitoring unit

A unit within the Management Authority will be needed to oversee ranch and
farm operations and monitor the trends of crocodile populations in the wild. Field
surveys should be established as a regime that affords repeatability in order to
maximize their interpretive value. Standard night counts of crocodiles over a
representative sample of habitat types appears to be the most appropriate method,
but an investigation of nesting for egg harvest potential could include assessment of
nest counts during the peak nesting period as an indicator of population status. Nest
counts may be efficiently conducted in tandem with egg collection activities. For
whichever technique used, its conduct should be cost-effective in relation to the
returns from resource utilization. Baseline surveys of the relict gharial population
should also be an initial priority of the monitoring program.

As the designated CITES Scientific Authority in Bangladesh, the Bangladesh
Wildlife Advisory Board should be involved in the decision-making process concerning
harvest quotas for eggs of C. porosus, and after assessing population survey results,
assist in the determination of restocking requirements.

With some 1OO,0OO people directly dependent for their livelihood on collection
activities in the Sundarbans, local people's support and participation will be essential.
To achieve this they must receive significant benefits (extending to th6 long term) so
that the renewability of the estuarine crocodile resource is recognized as fundamental
to its economic value, and therefore acts as a stimulus to further its conservation.
Part of the unit's responsibilities could be to identify interactions of forest extractors
with crocodiles and their habitat, and to pose incentives (particularly economic onesl
that.would elicit local support for crocodile conservation.

5.3 Revised legislation

To put the Management Plan into effective action, revision of current legislation
will be required to permit ranch and farm establishment and to incorporate key
protection needs for each crocodilian species.

Private enterprise should be encouraged to play a leading role in firmly
establishing the industry. An attractive mix of investment incentives and regulations
sett ing minimum standards of operation and providing for a reasonable percentage of
fit stock to be made available for reintroduction will likely prove pivotal to success of
the program. lts effectiveness will also be advanced by incorporation of recording and
reporting procedures for ranching and farming operations. This will greatly enhance
the ability of the Management Authority to adequately monitor resource utilization and
the preparation of required annual reports to CITES.

Legislation is also needed to set aside habitat for reintroduction and regulating
the C. porosus egg harvest. Existing legislation (i.e., The Wildlife Protection
Ordinance of 19721 needs to be strengthened to include enforceable penalt ies for
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serious violations (e.g., poaching, nest disturbance). The representativeness of the

country's protected areas system should be reviewed to ensure that each type of

crocodile habitat is included. For any gaps found to exist, initiatives should be

undertaken to formally protect examples of sufficient size to promote perpetuation of

the country's crocodile populations.

5.4 CITES endorsement

The CITES Management Authority designated by the Government of Bangladesh
is the Office of the Chief Conservator of Forests located in the Ministry of Forestry.
In order tor a C. porosus ranching scheme to be considered for approvalby CITES, the
Management Authority must submit a C. porosus downlisting proposal pursuant to
Res. Conf. 3.15 and 8.22 at least 330 days prior to a Conference of the Part ies
(COP). Because the deadline for the 1994 COP in Ft. Lauderdale has passed, CITES
approval cannot be sought unti l  the fol lowing COP, approximately mid-1997.

In order to encourage investment by private enterprise in the development of
a crocodile industry, efforts are needed to convince the Manag€ment Authority of the
critical, yet opportune, situation facing crocodiles in Bangladesh, and for the agency
to endorse the conservation-enhancing strategy of ranching based on wild-harvested
eggs.

The objectives of the current FAO/Government of Bangladesh proiect to
strengthen integrated resource development of the Sundarbans Reserve Forest would

be well-served by inclusion of a crocodile component. A modest amount of funding
would allow a extensive survey of the wild population, as well as preparation of a
comprehensive Management Plan and draft CITES proposal.

6. Recommendations for Follow-uo Action:

l.  Given the exist ing policy priori t ies for a country such as Bangladesh it  is
unrealistic to expect the government to devote scarce resources to crocodile
management. External assistance with funding and expeftise is needed for program

start-up but this should be viewed as a short-term measure phased into local
execution as soon as possible. Owing to a perceived strong, mutually beneficial
linkage between the needs of conservation and commercial interests, private

enterprise should be encouraged to play a leading role in the rehabil i tat ion of the
resource. This sector arguably has the most to lose or gain, and the fates of
crocodilians in Bangladesh appear inextricably tied to the conservation spin-offs of
successful ranching and farming operations.

l l .  As a matter of urgency, the services of a crocodile special ist should be engaged
to assist formulation of a management strategy, including preparation of a
Management Plan and draft ranching proposal to CITES, for the Government's
consideration of approval.
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lll. External governmental and non-governmental organizations should be
approached to provide assistance with the training of national researchers in the
techniques of crocodile husbandry and population monitoring. Due to limited sources
of in-country funding, external assistance should be considered to support the
purchase of basic equipment and other capital inputs of the BFRI hatchery at
Chittagong, and possible establishment of a similar one at Khulna.

lV. Contacts should be initiated with appropriate crocodile enterprises and the
CITES Management Authority in an effort to obtain mugger eggs and/or juvenile stock
for experimental rearing and release in Bangladesh. Indian authorities should also be
solicited as to their willingness to export C. palustris stock (eggs included) for
eventual commercial rearing as ranching products.

V. Because the Sundarbans ecosystem extends considerably into the Indian state
of West Bengal, initiatives should be undertaken to coordinate management of
crocodiles and other wildlife with the Government of India.

V. Cooperation should be established with officials of the Management Authority
in Nepal (DNPWC) with the view of obtaining gharial eggs and/or juveniles for the
purposes stated in point lV, and initiating other forms of collaboration relating to
crocodiles.

Vl. Contacts with overseas tanners should be established to attract added-value
to the resource through joint ventures in the manufacturing and export of high quality
products from raw classic crocodile skins, particularly top-of-the-line luxury items
made from the estuarine crocodile.
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Appendix 3. ltinerarv

Date

1O January 1993

1 1 January 1993

12 January 1993

13 January 1993

14 January 1993

15 January 1993

16 January 1993

17 January 1993

Location

Kathmandu - Dhaka

Dhaka and vicinity

Dhaka and vicinity

Dhaka - Chittagong

Chittagong city

Chittagong-Cox's Bazar

Cox's Bazar

Cox's Bazar-Chittagong

Chittagong - Dhaka

Dhaka-Jessore-Khulna

Remarks

f lew via SO 413 direct to Dhaka.

booked flights; visited FAO/UNDP.

visited Mirpur Zoo & Dhaka Univ.

departed on BG 611 to Chittagong.

no activities due to generalstrike.

visit to BFRI, hatchery; afternoon
departure by bus to Cox's Bazar.

toured 2 fish processing plants;
offices of tourism, district forestry.

early morning visitto fish markeq
met O.l.C. at BFDC; returned to
Chittagong by bus in afternoon.

no morning activities due to strike;
afternoon visits to landing docks,
BFDC and A.K. Khan Co.

travelled by al l  day (12 hrl train.

departed on BG 461 0945 hrs;
continued to Khulna by car; visited
Sundarban Tourist Complex Ltd.

visited GOB/FAO Sundarbans
project office at Boyra; afternoon
at Conservator of Forest office.

afternoon excursion to shrine of
Mahzar Khan Jahan Ali .

18 January 1993 Chittagong

19 January 1993

20 January 1993

21 January 1993 Khulna area

22 January 1993 Khulna-Bagarhat-Khulna
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23 JanuarY 1993 Khulna

24 January 1993 Khulna-Jessore-Dhaka

25 JanuarY 1993 Dhaka - Kathmandu

Mugge r  b reed ing  f ac i l i t i e s  a t  M i rpu r  Zoo ,  Dhaka .

f ish market and bazar in AM;
afternoon at Sundarbans Project
office, Boyra.

departed via bus at noon to
Jessore; evening f l ight BG 468 to
Dhaka.

late afternoon return flight to Nepal
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Managing Director
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Md. lssa Gazi
Managing Director
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Sheikhpara,  Khulna,  Bangladesh

Dr. Mir Md. Hassan
Director
Bangladesh Forest Research Insti tute
G.P.O.  Box 273
Chittagong 4OOO, Bangladesh

Munshi Anwar Hussein
Officer-in-Charge
Division Forest Office
Khulna, Bangladesh

A. K. Shamsuddin Khan
Director
A. K. Khan and Co. Ltd.
G.P.O. Box 223
Chittagong 4OOO, Bangtadesh

Md. Golam Mortuza
Project Manager
Bangladesh Fisheries Dev. Corp.
Chittagong, Bangladesh

Mr. Peter Myers
FAO Representative
P.O. Box 5039 (New Market)
Dhaka 1205, Bangladesh

Dr. Kirti M. Tamang
Wildlife Management Specialist
FAO/UNDP/GOB Project BGD/84/OS6
G.P .O .  Box  11
Khulna 9OOO, Bangladesh

Dr. Gusti M. Tantra
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ECOLOGICAL STUDIES OF INDIAIY CROCODILES

AN OVERVIEW

RJ. RAO
SCHOOL OF STUDIES IN ZOOLOGY

JIWAJI TINTYERSITY,
GWALIOR,474 011, M.P. II{DIA

Since the initiation of the Indian Crocodile Project n 1975 studies of
crocodilian biology, ecolory and conservation management have been carried
out through collaboration anlong FAO, Government of India, State Forest
Deparftnents and different Universities in the Country. This paper deals with
the progress that has been made with research and management of three
species of crocodiles, Gavialis gangeticus, Crocodylus porosus and
Crocodylus palustris. Recent developments in the field of crocodilian
management are described.
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1.w
In India many rivers, lakes and marshes offer a variety of habitats for

three species of crocodiles. They are gharial (Gavialis gangetictts), mugger
(Crocodylus palustris) and saltwater crocodile (C. porosus). The early
records reveal that these aquatic reptiles at one time, were. very abundant
throughout their distributional range (Smith, 1933). However, due to
commercial exploitation and habitat destruction populations of crocodile
species were reduced to near extinction GAO,1974). A timely action was
taken during 1975 when Govt. of India initiated a crocodile project to save all
three species of crocodiles, by adopting a number of rehabilitation programs

@ustard, 1980). Since then attempts have been made to evaluate population
trends and other ecological aspects of crocodiles in India.

This paper highlights the research activities carried out on the ecolory
and conservation management of crocodiles in India.

IJ.CNOCODILN Ptr,OTECT

With a view to conserve Indian crocodile species whose populations
were depleted throughout their distributional range, the Govt. of India started
a crocodile breeding and management project during 1975 in collaboration
with FAO/LINDP (Bustard, 1980 b). The success of the project was mainly
due to the significant research activities carried out on biology and ecology of
crocodiles by various scientists in the country.

2. RESEARCH

Since 1975 a significant research effort into crocodilian sftrdies has
been made in India. In the early stages of crocodile research Gorrt. of India, in
collaboration with FAOruNDP, had promoted management oriented studies.
A major research program on all three species of crocodiles was started in



Orissa in collaboration between FAOAJNDP, Orissa State Forest Deparfinent
and the Utkal University, Bhubanswar, Orissa (Bustard,1980). Other
establishments involved in crocodile research in the counS are Wildlife
Institute of India (Crocodile Research Cenfie, upto 1986), Dehradrn" Madras
Crocodile Bank (Tamil Nadu), Lucknow University (U.P.), Aligarh Muslim
University (U.P.), Bharatidasan University (Tamil Nadu), Kurukshefra
University (Haryana), Jiwaji University (M.P.) and Saurashtra Universitv
(Gujarat). Various doctoral and other studies carried out in different
Universities and other establishments itre aimed broadly on the ecology,
habitat selection and behaviors of all three species of crocodiles (Singh,1978;
Choudhury, l98l; Shrivastav4 1981; Kr, 1981; Singh, 1985; Rao, 1988;
Sharma, L9!_l; Hussain, l99l; Sharma. & 1991). The crocodile rearing
stations where active research was carried out are Gharial Research and
Conservation Unit, Nandan Kanan Biological park, Orissa; Madras Crocodile
Banlq Tamil Nadu; Kulcail Crocodile rehabilitation Centre, Uttar Pradesh;
Nehm Zoological Padq Andhra Fradesh; Crocodile and Fresh water Turtle
Rehabilitation Centre, Madhya Pradesh.

2.I NAtr,ITATS

Research studies have been undertaken to identiS the habitats
occupied by saltrrater crocodiles in West Bengal (Bustard" 1982), Orissa
(Kar, 1981), and Andaman and Nicobar Islands (Choudhury and Bustard,
1980). Fairly good population of saltrvater crocodile occur in the mangrove
habitats of Sunderbans and Bhitarkanika tidal rivers and Andaman islands.
Reports are also there for stray animals of saltwater crocodile in Tamil Nadu
(Whitaker, 1982) and Andhra Pradesh (Bustard and Choudhury, 1980; Rao,
r9e1).

The major habitats of Gavialis gangeticzs were also identified in most
of the North Indian rivers (Singh U., 1978; Whitaker, 1979; Choudhury,
l98l; Shrivastava, 1981; Whitaker and Basu" 1983; Singh, 1985; Rao, 1988;
Basu, 1991) and East India in Mahanadi river system (Singh U., 1978) as also
in neigbbouring cotmtries like Nepal, Bhutan and Bangladesh (Btstard, 1982
a,b).



The mugger (C. palustris) inhabits in large and small rivers, lakes,

marshes md village ponds in different States except Himachal Pradesh and
Jarnmu and Kashmir (Whitaker and Whitaker, 1989). It is sympatric to
gharial in latter's distributional range (Rao and Choudhury 1990).

2.2 STATUS SUnVnYS

Large number of Crocodile habitats in different States have been
snrveyed to determine the status of different species (FAO, 1974; Behrna and
Singll 1979; Whitaker and Daniel, 1980; Sin$ and Choudhury, 1982; Singh,
et  a l . ,1984). .

23 NCOLOGIY AIUD NA'ruINA/- EISTONY

2.3. I GAVIALIS GAIYGETICUS

The ecology of gharial has been studied in India in the lvlahanadi river
(Singh, 1978,1993), Chambal river (Choudhury, 1981; Sineh"1985; Rao,
1988; |lu3snin, 1991) and Narayani river in Nepal (Bustard, 1982).

2.3.2 Cn,OC OD,mLUS POnOSUS

An extensive study on the ecolory of saltwder crocodile has been
mdertaken in the Bhitarkanika Sanctuary in Orissa (Kar, 1981). Choudhtrry
and Bustard (1980) studied the ecology of C. porosz.r in Andaman and
Nicobar islands.

2.3.3 CNOCODYL US PALUSTEIS

Research studies on ecolory of C. palustris have been undertaken in
different States particularly in Tamil Nadu (Choudhury and Bustard, 1982;
Whitaker and Whitaker, 1989), Andhra Pradesh (Choudhury and Bustard,
1982), Orissa (Singh, 1984) and Rajasthan (Choudhury and Rao, 1988).



2.4 LI]WNOLOGICAL STUDIES

Detailed studies on limnological characteristics of different aquatic
ecosystems where crocodiles inhabitat have been undertaken in the Jiwaji
University, Gwalior (Sharma H. 1991, Rao, 1993).

2.5 SDX lrlr':r:nnnnntaTloIv

Sex ratio in nature particularly at the time of hatch is a major study
developed in India (Singh,.lg84 a). A study carried out at Madras Crocodile
Bank revealed that incubation temperature determines sex in the mugger
crocodile C. palustns (Lang et al ,1989)"

2.8 EGIG CTEI}flSTF.Y

Studies based on the relationships of micro-habitat in a nest to the
development of embryo were initiated in the National Chambat Sancflrary. ln
collaboration with Jiwaji University detailed analysis of the Chemistry of
ghadal eggs were turdertaken (Sharma 1991).

2.7 BEEAWOR

Snrdies on various behavioral aspects such as parental care of gharial
(Singh and Bustard, 1977, Bustard, 1980c) salt - water crocodile (Bustard
and Choudhnry, 1980)., Mugger (Lang et al. 1986) courtship behavior of
mugger (Singh, 1984b), nesting behavior of gharial (Bustard, 1980 d; Rao and
Singh, 1993), territorial behavior of saltwater crocodile (Bustard and
Maharana, 1982), mugger (Singh 1991) and gharial (Bustard and Maharana,
l98l; Singh and Rao, 1990) and other general behaviors of crocodiles (Lang,
1987; Rao and Singh, 1987) were carried out.
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2.8 CIil(rcODILE NSNABILITATION

Significant research efforts have been undertaken by various
establishments for successful implementation of crocodile rehabilitation
program in the Country. The crocodile rehabilitation progrzrm aims in
establishment of captive populations of crocodiles, which can be released in
the wild in specially protected areas or sanctuaries (Rao, 1985). The number
of areas in which active protection is given to crocodilians is 34 and the
number of specially created crocodilian sanctuaries is 13 (Singh et al, 1984).
Since the initiation of &e project in 1975 sixteen crocodile rearing centres
have been established as part of State rehabilitation schemes in different
States throughout the Country @e Vos, 1982). Under the rehabilitation
program more than 5000 crocodiles of all three species were released in the
wild (Sin * et al, 1984; Choudhury and Choudhury,. 1986; Rao, 1988, 1992).

2.9 POPULAITION DTONITOBING

Periodic or annual surveys have been carried out in different States by
the respective State Forest Departnnents to monitor the populations
(Choudhury and Choudhury 1986; Rao and Sharma, 1987; Kar and Bustard,
1991, Prusty and Singh,1994; Sagar and Singh, 1990). The Wildlife Institute
of India has carried out crocodile surveys in the National Chambal Sanctuary
in collaboration with M.P. Forest Departnent while using radio fracking
method (Singh, 1985). The State Forest Department of Madhya Pradesh is
regrrlarly conducting monitoring studies in the protected areas (Sharma,
1e93).

2.IO CAYTIVN tr,tr,NDI'ING

Research studies have been carried out to develop and improve
techniques for breeding of crocodiles in captivity (Bustard, 1980a; Whitaker,
1984, Dani et al,199l). Successfrrl breeding of mugger has been taken place
in lnore than 15 centres, of the gharial in three centres-Nandankanan
Biologlcal Park, Bhubaneswar (Orissa), Kulaail Crocodile Rehabilitation



Cente, Lucknow (U.P.) and Madras Crocodile Bank, Madras (Tamil Nadu)
and of saltwater crocodile in two centres - Bhagabatpur Crocodile
rehabilitation cenfie, (West Bengal) and the Madras Crocodile Bantq Madras
(Tamil Nadu) (Singh et aL,1984, Anon, 1993).

2.II CON/In,Ir,I./TION TA CNOCODILE RESEARCE

Since the initiation of the crocodile project n lglslarge number of
papers, thesis and rqorts on crocodile biology, ecology and conservation
management have appeared. The proceedings of the First Indian Crocodile
Researchers' symposium prepared by Si"gh and Choudhury (1982) is a
significant contribution towards the Satus and conservation of crocodiles in
India. Other significant reports on different aspects of crocodiles irre
management (FAO, 1974 and 1975; De Vos., 1982 a,b; Singh. 1984 a) and
ecology and population monitoring (Singh, 1985; Rao, l98S). A
comprehensive list of Indian crocodile literattre tiil 1982 was prepared by
Bustard and Singh (1982) hnd this bibliography was very much used by
scientists working with Indian crocodiles. The major National Journals which
publish research work on ecological studies are Joumal of Bombay Natual
History Society, Bombay; Hamadryad" Madras Crocodile Bank, Ma&as;
Journal of Ecological Society, Pune; Cheetal and Indian Forester, Dehradun
etc. Research findings were also presented by Scientists who participated in
the ruCN/SSC/Crocodile Specialist Group working meetings at Victoria
Falls, Zimbabwe; Caracas. Venezuela; md Florida,.U.S.A (Singh, 1984;
Singh et al. 1984; Choudhury, 1990; Rao, 1990; Rao and Choudhury 1990).
The results of crocodile research crried out at National Charnbal Sancflrary
were incorporated as significant contributions in Life Sciences of the
Encyclopedia of Britannica, Book of the year 1990. A report on evaluation of
crocodile project was prepared as a follow up of a workshop by the lndian
CSE members at Madras during March 1993 (Anon; 1993).
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3.@

As a result of the Wildlife (Protection) Act, 1972, and the subsequent
crocodile project in 1975, crocodile populations in different States have
recovered. Monitoring of crocodiles in different habitats is under progress by
various State Forest Deparffirents. New areas were identified for
rehabilitation of gharial. So far a total of 3342 captive reared gharial have
been released n L2 rivers. Eco-development programs are initiated to help
nral people dependent on nattnal water supplies especially in areas like
National Chambal Sanctuary. Effective measures have been taken to control
conflict between crocodiles and nral people. The Eco-tourism in crocodile
areas has been identified as one approach for crocodile conservation. A
workshop was orgrrized during March 1993 at Madras Crocodile Banh
Tamil Nadu to evaluate crocodile management programs to prepare an Action
plan for sustainable use of the crocodile resources in India.

4.

I am thanlftl to Dr. L A K Singh and Mr. B. C. Choudhuryfor
comments on the manuscript.

26



5. BIBLIOGRAPHY

Anon, 1993. Crocodile conservation and management in lndia. Report of
CSG workshop. MCB Madras, 1-3 March 1993.

Basu.D. 1991. The gharial in the Katherniaghat Sanctuarv. Vol.l l No. I

,Bustard. H.R.l98l. Maternal behavior in the gharial (.Gavialis
gangeticus) Cmelin. J. Bombav Nat. Hist. Soc. 78(2);39A-392.

Behura, B.K. and Singh, L.A.K. 1979. Conservation of crocodiles in India.
Indian Forester 83-92.

Bustard. H.R. 1980 a. Captive breeding of crocodiles. Special publ.
Hemetological Societv'. 1 -20.

1980 b. The Government of India Crocodile Project. Cheetal22
(112):1 l-16,

.1980 c Maternal crre in the gharial Gavialis gongeticus
(Gmelin). British Journal of Hemetolos'r'. 6:63-61,

,1980 d A note of nesting behavior in the Indian Gharial
Gav ial i s gangeti cu.s (Gmelin). (Reptilia, Crocodilia). J. Bornba.v--
Nat. Hist. Soc. 76 (3);51,9-521,

1982 a The status of the saltwater crocodile n 1974.In: Indian
Crocodiles Conserv'ation and research. Ed. Singh & Choudhury
PP. 10.

.1982 b . Status of gharial in Nepal. Ibid pp" 9.

.1982 c Status of gharial in Bhutan. Ibid. pp 9,

British



.and Choudhury. B.C. 1980. Parental care in the saltwater
crocodile (Crocodylus poi'osus Scheider) and management
implications J. Bombav Nat. Hist. Soc. 77(.1\.64'69.

.and Maharana. S. 1981. Fatal male-male conflict in the ghatial,
Gar-ialis gangeticus (CenilinXRepiilia, Crocodilia). J. Bombav
Nat. Hist. Soc. 78 (1): 1-3.

.and Maharana S. 1982 Female territorialit-v in immatr:re
saltw-ater crocodile Croca,iylus porosus Schneider. in captiviry-
and its effect on growth and survival. J. Bombav Nat. Hist. Soc.
1 T r . A 1 f t ^  A a A
t  7 . + L > n L a -

and Singh, L.A.K. 1982. An annotated bibliogaphy on Indian
crocodilians. Field Doc. 9, FO; IND/74l046,Dec. 1982.

Choudhury. B.C. 1990. Indian crocodilian conservation : Situation report and
acdon plan fbr the i990s. i0ih working meeting of
IUCN/SSC/CSG Florida. USA.

.& Bustard. H.R. 1980. Predation on natural nests of the
saltw'ater crocodile (Croco,iylus porous Scheni,ier) on nofrh
Andaman island with notes on the crocodile population. J.
Bombav Nat. Hist. Soc. 76(2):311-323,

1982 Restocking mugger crocodile (Crocodv"hts palustris.
Lesson) in Andhra Pradesh: Evaluation of a pilot release. J.
Bombav Nat. Hist. Soc. 79 (2):275- 279.

,and Choudhury S. 1986. Lessons from crocodile reintroduction
project in India. Indian Forester 112 (10):881-8 90,

.and Rao. R.J. 1988. Effect of drought on the mugger crocodile
population in the Jawai lake, Paii Dist. Raj. in'iia. ivfimieo PP. 8.

28



Choudhury S. 1981 Some studies on the biology and ecologv of Gavialis
gangeticus , the Indian gharial (Crocodilia; Carialidae) Ph.D
thesis. Univ. of Lucknow.U.P.

Dani C.S.. Sagnr.S.R. and Singh. L.A.K. (1991): Mugger crocodile research
at Rama tirtha. A review'. Indian Forester 117(10):881-891.

De Vos, A 1982 a. An evaluation of the UNDP/FAO Crocodile breeding and
management project in India. FAO. Rome Field Doc.
S.FOII}{D/7UA4

1982 b A manual of crocodile conservation & management in
lndia. Field Doc. 10. FO:INDi74IM6.

FAO. 1974. A preliminar-v ilrvey of the prospects for crocodile fanning
(Based on the work of Dr. H.R, Bustard) FO:IND/TL1A33.

FAO, 1975.India. Gharial and Crocodile conservation management in Orissa
(Based on the work of Dr. H.R. Bustard) FO:IND/711033.

Hussain S.A. 1991. The ecolory of gharial (Gavialis ganseticus ) in the
National Chambal Sanctuary-. iv{.Phil thesis. Aligarh iv{uslim
University. Aliearh.

Kar, S. 1981. Studies on the saltwater crocodile. Crocodvlus porosus
Scheider. Ph.D thesi*. Utkal Univ'ersity, Orissa.

,and Bustard. H.R. 1991. Rehabilitation of saltrrrater crocodile,
C.rocodylus porosus Scheider in the Bhitarkanika Wildlife
Sanctuary, Orissa. J. Bombay. Nat. Hist. Soc. 88(3):395 -399.

Lang J.W. 1987. Crocodilian behavior :Implication for management. pp 223-
294 n Wildlife nunagement, Crocodiles and Alligators Ed. by G
J.W. Webb, S.C. Manolis and P.J. Whitehead. Surrey Beatty
and Sons: Sydney.

?s9



srJ and Whitaker. R. 1989. Sex determination and ser<
ratios rn Crocodylus palustris. Amer. Zool . 29:935:952.

Whitater, R. and Andrews. H. 1986. Male parental care in
Mugger Crocodiles. Nat. Ceographic . 2$):519-525.

hsqv. B.C. and Singh, LAK. 1994. Status of mugger in Sirnilipal Tiger
resera€, Mimeo paper presented at symposiiim on Siatus of
wildlife in Orissa Zr,ol. Soc. Orissa.

Rao. R.J. 1985 Mmagement of crocodiles and turtles in Wet-land Sanctuaries
of India. Tiger paper i2 @):l-5.

1988. Nesting ecology of gharial in the National Chambal
Sanctuary. WII, Mimeo pp. 105,

1990. Recovered gharial population in the National Chanbal
Sanctuary. Paper presented in 10th ruCN/SSC/CSC meeting
Florida, USA

l99l Saltwater crocodile Crocodylus Dorosus in Andhra
Pradesh. J. Bombav Nat. Hist. Soc. 88(1): I 16-1 17,

1992. Impact of human activities on Wildlife in the National
Chambal Sanctuary, trndia. pp. 171-177 n Tropical ecosystems :
Ecology and Management. Ed. by K.P. Singh and J.S. Singh.
Wiley Eastern Ltd. New Delhi,

1993 Studies on bioloeical restoration of Ganea River in Uttar
Pradesh: An Indicator species approach. Interim sfridy report
GPD/ru. Mimeo pp:65.

land Choudhury. B.C. 1990. Sympatric distribution of gharial and
mugger in India. Paper presented in l0th IUCMSSC/CSC
meeting Florida, USA.

n0



and Sharma R.K. 1987 . Annual ghanal census in North National
Chambal Sanctuary', 1985. Tigerpaper 14(1):9-1 l,

and Singh, L.A.K. 1987. Notes on ecological relationship in
basking and nesting site utilization :rmong Kachuea sp. (Reptilia,
Chelohia) and Gavialis gangeticus (Reptilia, Crocidilia) in
National Chambal Sanctuary'. J. Bombay Nat. Hist. Soc.
84(3):599-604,

1993 Cornmrmal nesting by gharial Gavialis gangeticus
J. Bombav Nat. Hist.(Gmelin) in National Chambal Sanctuary,

Soc. 90(l):17-22.

Sagar, S.R. and Singh. LAK 1990. Rehabilitation of mugger crocodile
(Crocodylus palustris) in Similipal Tiger Reserve, Orissa, India.
188-200pp. In crocodiles. Proc. 10th working meeting of the
CSG. ruCN. The World Conservation Union, Gland,
Switzerland. Vol.2 ISBN 8327-X Vi +345.

Sharma H.D 1991. Limnological studies of aquatic ecosystems in Gwalior
region with reference to Crocodile habitats. M.Phil thesis-,
Jiwaji University, Gwalior. M.P.

Shanna R.K. 1991. Detailed chemical study on the egg of gharial Gavialis
gangeticus (Gmelin) (ReptiliE Crocldilia) with reference to
environment, Ph.D. thesis. Jiwaji University. Gwalior (M.p.)

1993 Annual gharial census in National chaurbal Sanctuary
(1992-93). J.Trop. Ecol. 9(1 ):90-93.

Singh, L.A.K. 1978. Ecological studies on the Indian gharial Gavialis
gaitgeiicus (cmeiin) Geptiiia crocodilia) ph.D. thesis utkai
University. Bhubaneswar. Orissa.

1984 a. Developments in crocodilian research and Management
Fieid Doc. i. FOlD.lD 1821A03,



1984 b. The Indian mugger C.rocodylus palustris Lesson:
Observations on the behavior of a female from nature. J.
Bombay. Nat. Hist. Soc. 80(3):499-506.

1985. Gharial population trend in National Chambal Sanctuarlv
with notes on radio-fiackittg. Study report. CRC/WU. mimeo.
PP. 167.

1990. Indian mugger Crocodylus palustris LessonlTerritorial
resource partitioning and its implication in sanctuary
management . A Zoo project under Animal Management Course,
National Extension college U.K. Mimeo pp 49,

1993 An Intoductory study of Gharial (Gavialis gangeticas ) in

Riv-er i'{alianadi, Orissa. Zoo Zen 8(7):43 pp,

.and Bustard, H.R. 1977 . Studies on the Indian Gharial (Gavialis
gangeticus ) (Gmelin) V: Preliminary observations on maternal
behavior. Ind. Forester 103(10\: 671'677.

,and Choudhtrry, B.C. 1982. Indian Crocodiles-Conservation and
research. Proc. First krd. Crocodile Researcher's slnnposium Jan.
1979 PP.1 - 48.

_,ild Rao, R.J. 1986. Significance of residual egg fluid to
hatching patterns in the Gharial (Gavialis gangeticus ) and
embydid freshwater turtles (Reptilia: Crocodilia and Chelonia) J.
Bombav. Nat. Hist. Soc.83(1):217 -220.

.and Rao. R.J. 1990. Territorial behavior of male ghatial Gavialis
gangeticus in ihe iiational Chambai Sanctuary'. in,iia. i.
Bombav Nat. Hist. Soc. 87) (l) : 140-151.

T2



.Kar s. and choudhury. B.c. 1984. India. Status of wild
Crocodilians. Paper presented at the working meeting of the
ruCN/SSC Crocodile Specialist Group. Caracas. Venezuela.
Oct. 198-1.

Singh V. B. 1978. Status of the gharial in Uttar Pradesh and its rehabilitation
J. Bombav Nat. Hist. Soc. 75(2):668-683.

Smitb" M.A. 1933. The fauna of British India including Ceylon and Burma.
Reptilia and Amphibia Vol. I Loriata. Testudiness. inlian
Reprint Ed. 1974.. Today and Tomorrow printers and
Publishers, New Delhi.

Srivastava, A.K. 1981. Biology of Indian &arial Gavialis gangeticus with
special reference to its behavior Ph.D thesis, Unil'ersity of
Lucknow. U.P.

whitaker R. 1979. The crocodilians of corbett National park-

Igry 2(1): 38-40.
Indian J.

1982 Saltwater crocodile in South India, first record for fo{v
y ears. Hamadravad . i (2):12,

1984. captive breeding of crocodiles in India. Acta Zool;. and J.
oathol. Ant. Vol. V pp.309-318 in Maintenance and
reproduction of reptiles in captivity. Ed. by Bel a V.L./ and
Sande. A.P,

.and Basu D. 1983. The gharial (Gavialis gangeticus ).A review
i. Bombav l.iat. Fiist. Soc. 80(3): 53i-548,

.and Daniel, J.C. 1980. The status of Indian crocodilians J.
Bombav Nat. Hist..Soc. 7 5:1238-1245

:and whitaker, z. 1989. Ecolory of the mugger crocodile. rucN
Publ. new Series. pp2i6-196.



Hanesting Wild Crocodilinns:

Guidelines for Developing a Sustainable Use Program

Dennis N. David
Florida Game and Fresh Water Fish Commission

4005 South Main Street
Gainesville, Florida 3260f-9099 U.S.A.

Submitted to the
L2th Working Meeting of the
Crocodile Specialist Group

2 - 6May 1994
Pattaya, Thailand

n4



Table of Contents

PREFACE

BASIC CONSIDERATIONS FOR PROGRAM DEVELOPMENT
1.1 Sustainable Use
1.2 CITES Criteria and Controls
1.3 llarvest Strategy
1.4 Economic Feasibilitv

BIOLOGICAL INFORMATION
2.1 Population Assessment

2.ll Population Status Surveys
2.12 Effects of Harvest
2.13 Habitat Avaitability

2.2 Monitoring the Effects of llarvest
2.21 Monitoring Population Trends
2.22 Monitoring Harvest Levels
2.23 Monitoring Habitat Change

INFRASTRUCTURE AND REGULATION NEEDS
1.1 Responsible Government Agency
3.2 Harvest Regulations . . . . . .

3.21 Harvest Program - Controls and Tagging Requirements

i

I
I
1
3
4

5
)
6
6
6
7
7
I
8

9
9

10
10
t0

3.22 llarvest and protected Zones
3.23 Seasoru and Methods of Take

L2
13

13
13
t4

15
t5

t7
l7
l9
ZJ

29

FUNDING SOURCES
4.1 Divcting From Other programs
42 InternationalAidOrganizations
43 Industry Funding
4.4 Sale of Ilarvested or Confiscated products
4.5 License and rag Framework Based on Raw product varue
4.6 Severance or Export Tax Based on Export Value

ATTACHMENTS
CITES Controls
History of CITES Control

t4
l4

Established Crocodilian Utilization programs
Developmental Aid Expertise

n5



PREFACE

There has been considerable interest in the farming, ranching and harvesting of crocodilians
following both the economic and conservation success of sustainable use prog:uur in many parts of
the world. The Crocodile Specialist Group (CSG) of the IUCN's Species Survival Commission is
commonly asked for guidance in the development of new crocodilian programs. With the benefit of a
great deal of experience and expertise the CSG, at the suggestion of the author, decided to develop
clear guidelines for a "modeln management program appropriate in the majority of situations that are
likely to be faced. Subsequently, a workshop was held on the subject at the 1990 CSG meeting in
Gainesville, Florida U.S.A. However, it was not until February 1992that sufficient funding was
available (from TRAFFIC (USA) and industry) to allow the author to travel to countries with
successful crocodilian programs to document approaches that could be replicated elsewhere.

Using attributes and elements from most crocodilian management programs around the world,
the first draft of this document w:rs detailed and established review criteria that generated a nscore' to
define acceptable programs. In review, however, the consensus was that this was too "idealistic" and
there was a danger of the guidelines being misinterpreted as minimum requirements.

This document primarily seeks to develop practical guidelines which are close to the minimum
necess:lry for success. A secondary objective (in part a hold-over from the 'idealistic" first draft) is
to identify practical measures that can be taken to enhance a program to improve is likelihood of
success and enhance its conservation merits.

The trvo most important elements of any sustainable wild crocodilian use program iue
effective trade control and technically sound monitoring. However, there is no single prescription for
a program to utilize wild crocodilian resource; each and every region of the world has unique needs
requiring a different emphasis. Considerable effort has gone into attempting to define minimum
requirements that are flexible and relatively simple, while ensuring high technical stmdards are
maintained to safeguard against depletion of wild stocks. It is impossible to prescribe specific criteria
for the establishment of every possible crocodilian use progr:rm. In the most unique and difficult
cases, cofilmon sense, coupled with a conservation community commitment to promoting wise
resource stewardship, will hopefully prevail. This document should prove useful in guiding and
provoking innovative thinking for those considering developing a program aimed at the sustained
commercial use of a wild crocodilian re"source, and it will provide a standard for judging the
adequacy of new and existing commercial crocodilian use programs.
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BA,SIC CONSIDERATIONS FOR PROGRA}T DEVELOPMENT

l.l Sustainable Use

Man has relied on the natural resources sharing his environment for millennia. Only in the lastfew hundred years' with expanding human populations and increasing consumption rates, has a need toconserve renewable natural resources been recognized. Cases of ovei-exploitition of natural resources
have left many people with the opinion that utilization and conservation are incompatible. On thecontrary, sustainable_ule _can encourage conservation. Sustainable use of natural resources is use at alevel that can be indefinitely replenished. Establishing systems that allow sustainable use of commercially
valuable natural resources can provide economic inciniives for their conservation.

Crocodilians have been commercially utilized for their valuable hides for nearly two centuries.
In recent years' commercial use of the meai has further enhanced the value of crocodiiians. The high
economic value of .crocodilians, coupled with effective harvest and trade controls have resulted in
successful and sustainable programs. Widespread success of well planned and implemented crocodilian
use progralns senred, in part, as a stimulus for broad acceptance of ttre opportunities and consenration
merits of sustainable utilization.

Development of a sustainable crocodilian utilization program can result in the formation of a'constituency of beneficiaries that may be comprised of hunteis, iar.ers, landowners, processors, hidetanners' exporters' and product manufacturers. Such a diverse group of constituents thit all rely on thesustained production of raw materials (i.e. wild crocodilians) from natural areas can become a formidableproponent for long term conservation of crocodilian habitats. The protection of wetland habitats benefits
not only crocodilians, but all forms of wetland wildlife.

1.2 CITES Criteria and Controls

, Historically, uncontrolled commercial hunting led to declines of many crocodilian populations and
endangerment of others. To slow the decline, intirnational trade controls in crocodilians and their
qroduca were imposed through an international treaty convened in l975,The Convention on International
Trade in Endangered Species of Witd Fauna and Flora (CITES). CITES took the first steps to establish
international standards to ensure trade in crocodilian products does not adversely affect crocodilianpopulations. To encourage sustainable harvests, CITES ianctions trade only from harvest programs thatare biologically sound and have adequate controls to prevent illegal trade. 'ihe majority of cou-ntries thatimport raw materials and consume crocodilian produis rt. partie, to the cITEs, ano all trade with suchcountries must be in compliance with the provisions of CI'igS. Nations that are not parties to CITES
may trade with CITES parties, provided that they substantially comply with the provisions of theconvention.

CITES controls are complex, having evolved through a number of "Resolutions', that outline
criteria under which.crocodilian populations may be classiired for international trade. A history andexplanation of ClTEST'esolutions and Appendices can be found in Anachments I and Z attheend of thisdocument. Under CyEs.controls, all species of witd crocodilians are listed as either Appendix I, forwhich no commercial trade is permitted, or on Appendix II where they may be traded, with certain
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restrictions. It is possible for a species to be listed as Appendix I in one country, and Appendix II in
another.

The establishment or expansion of a crocodilian management program involving international
trade often requires a change in the CITES appendix classification of the crocodilian population in
question. CITES meets every two years to consider such changes. The timetable for seeking action by
CITES is lengthy and strictly adhered to, often requiring submission of documents in excess of a year
in advance. Because timetables are critical and subject to revision, it is advisable to check directly with
CITES regarding current deadlines and procedures for submitting proposals (fhe CITES Secretariat may
be contacted at: 15 chemin des Anemones, Case postal 456, CH-1219, Chatelaine-Geneva, Switzerland;
Tel: 4122 - 9799n91n; tex: 415391 ctes ch; fax: 4t22 - 7973417).

For a CITES appendix classification change to be considered the Management Authority of the
country concerned must submit a proposal to CITES, and this will usually include a management plan
describing and justifying the proposed program. The plan is critically reviewed by various CITES
technical committees and the international conservation community. CITES relies heavily on the CSG for
recommendations. Reviewers evaluate the information provided in the management plan to judge the
likelihood of whether the harvest is sustainable, and if adequate controls will be provided to guard against
illegal harvest. Unfortunately, CITES controls do not identify clear standards that plnns must meet,
which can result in inconsistencies in the evaluations. This is particularly true of comments sought by
CITES from technical review committees and the international conservation community

Although CITES resolutions are complex their implementation has been important to the
successful conservation of crocodilians throughout the world. The lack of clarity in CITES regulations
is, in part, necessitated by the variety of circumstances that must be accommodated. The "riskn posed
by different types of harvest under differing circumstances requires varying levels of regulatory control
and supporting biological information. Individual countries often have differing goals and motivation for
instituting a program. Hence, it is impossible to write a single prescription for a crocodilian management
program. Fundamentally, however, crocodilian management plans need only address the principles of
CITES; to ensure that harvest programs are not detrimental to the survival of crocodilians, and that
effective controls are in place that assure that crocodilian products are legally obtained and traded.

One of the principal purposes of this document is to outline the CSG position on the regulatory
and biological information standards that should be provided in a Crocodilian management plan to
accommodate the fundamental principals of CITES. The guidelines attempt to explain the varying
biological and regulatory "risksn associated with different types of harvest of different species and
different cultural and political constraints; provide insight on the biological information needed to support
different types of harvest programs; identify regulatory approaches, resource needs, and funding
mechanisms that should be considered; suggest scientit'ic methodologies that are generally accepted as
effective and technically sound; and provide examples of successfully established commercial utilization
programs in differing regions. Countries proposing programs that satisfy these guidelines can be assured
of receiving the support of the CSG.

Judgement of a management plan will be based on how well the plan can: (l) identiff the type
and extent of harvest; (2) demonstrate the plannal harvest is biologically sound, feasible and sustainable;
(3) identify the biological monitoring and regulatory controls intended to limit over harvest and illegal
trade; and (4) show that adequate infrastructure will be provided to oversee the program.
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1.3 Harvest Strategr

The harvest strategy selected (type and extent of wild crocodilian harvest) depends on the life
history of the species, its population status, traditional economic value and the ability of Or management
authority to control wildlife use. The harvest strategy and intensity of harvest will dictate the amount of
resources required to implement a program.

The Ranching and hunting of wild crocodilians are the two most widely practiced forms of
commercial crocodilian utilization. Ranching relies on the collection of eggs and/or juveniles from the
wild for rearing in captivity until the animals are large enough to producJcommercially valuabte hides
and meat. Hunting involves the killing of free ranging crocodilians from the wild for the immediate sale
of the hides and meat. There are varying levels of biological and regulatory "risk" involved with
allowing either type of harvest. When iOentifying the type ind extent of Oe harvest in a management
plan there must be a clear declaration of the type of harvest and the anticipated number of animali to be
taken (usually on an annual basis).

Adult crocodilians P_roduge many eggs and young to compensate for high juvenile mortatity.
Under some circumstances, the offspring from only one in a hundred eggs are neeOeOio sustain. **od
generation. Consequently, it is possible to remove substantial numbers of eggs and juveniles in a
ranching program without adversely affecting the number of animals reaching UieeOing-size. In these
programs regulatory controls are generally focused on the rearing facilities ffarmsl ttrat can be inspected
and monitored relatively easily. The "regulatory risk" of a ranching program .an-be minimized through
implementation of stringent harvest quotas, stock inventory, and skin tagging requirements.

The 'biological risk" increases with the propoftion and the age of animals removed from the wild.
Thus, the hunting of sub-adult and adult crocodilians is much harder to manage for a sustainable yield.
The risk of hunting can be greatly reduced if ways can be found to avoid-taking breeding females.
Breeding-size females can be protected by (1) allowing hunting of only those animals that areimaller or
larger than breeding size females or by (2) restricting hunting to specific seasons when males and females
occupy different habitat and permit hunting only in those areas piefened by males. predominantly male
harvests pose little or no biological risk to a crocodilian population provided harvest restrictions are
effectively enforced. Hunting programs generally require a great degree of control and enforcement,
particularly in the field. This may entail enforcing quotas on the number, size and areas where animals
are taken, and requiring a system of hide tagging and'inspection to monitor compliance.

The amount of "evidence" required for a proposal to obtain the approval of the CITES parties
follows a gradient that is directly tied to the 'risk" of a proposed harvest. Gaining the support of the
conservation community requires reasonable assurance that the proposed utilization scheme isiustainable.
Adult harvests require extensive monitoring and control while harvests that target low risk ages and/or
harvest at very conservative levels require less controls. For example, ranchirig progran* that rely on
the collection of eggs lom only a small proportion of the nests of i widely oistiiouteo species ,u.h ,,
the common caiman (Cai{nan crocodytus sp.) would be considered low iisk, and t"ouid require less
biological information and require less regulatory controls than a program that sought to harvist eggs,
juveniles and breeding adults of a more narrowly distributed-species such as the black caiman
(tvtelanosucM--qief). Because the "risk" posed by harvest programs varies for different crocodilian
species and for different populations, it is not possible to establish i single set of criteria. Each proposed
program will ultimately be judged on the circumstances affecting the crocodilian resource and the
information provided in a country's management plan.



Risk factors are graphically depicted in
Figure l. The relative biological risk increases as
the size or age of the crocodilian hanrested
increases. These are compared with additional
relative economic risk discussed in section 1.4,
and the trade control risk and the number of
participants (i.e. potential benefactors) discussed
in 3.21.

1.4 Economic Feasibility

Although it may be possible to provide
ample evidence that a harvest strategy is
biologically sound and can be carefully regulated,
it is usually pointless to implement a program that
is not economically feasible. After all, the
objective of commercial utilization is aimed at providing economic benefis. Therefore, economic
feasibility should be considered in selecting a hanest srrategy.

It is commonly assumed that there are enormous profits for those involved in the production,
processing or sale of crocodilian products. Although crocodilian products, particularly finished luxury
goods, have a high value, commercial utilization is not always profitable. Indeed, recent history
demonstrates that the market for crocodilian products is volatile in response to typical supply and demand
factors, changes in global economy and luxury fashion trends. Additionally, regional oi ipecies*pecific
factors can influence the commercial value of a crocodilian resource, which, in turn, may influence the
type of program implemented. Some of these are: (1) the traditional value of a species; 12) the suitability
of a particular species for captive rearing; (3) capital and operating costs of rearing facilities; (4)
operating costs (collecting eggs or hunting, processing, and transporting products) in difficult-to-access
regions; and (5) agency costs incurred from inventory, monitoring, and administering a program
(generally offset by industry user fees).

Several factors should be examined when evaluating the economic feasibility of a program,
potential operating procedures, and regulations. Traditionally, "classic' skins (e.g. crocodiles and
alligators which have very few bony plates or osteoderms in the skin) are more valuable than 'non-
classic" (e.g. caiman) skins. Programs dealing with classic skins, therefore, can absorb higher harvest
and/or rearing costs. Behavioral differences among species make some species more suitable for breeding
and/or growing under intensive culture that requires more crowded conditions than animals experience
in the wild. Constant warm temperatures are necessary to achieve optimal growth in captive crocodilians,
and fluctuating or suboptimal temperatures can often lead to decreased growth rates and high mortality.
Establishing and operating captive ranching facilities with high capital investment and energy demands
is costly. The cosi and feasibility of collecting and transporting eggs or juveniles from remote areas
differs considerably among regions. Moreover, many species of crocodilians nest during the wet season
making access to the eggs difficult and expensive. The development of sanitary processing facilities to
suitably process meat for human consumption, particularly for export, coupled with the logistics of
obtaining freshly killed carcasses can be extremely costly. Markets for crocodilian meat are small and
difficult to develop or expand. The manpower and operating funds necessary to provide a sound technical
basis for supporting harvests and to effectively administer a program may require substantial user fees.

E'GNII.
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Generally, ranching involves gf,eater
economic risk than hunting prograru, Figure 2.
However, the economic and conservation benefits
of a successful ranching program can be geat. A
high capital inveshent is needed to build and
operate ranching facilities. In poor market
conditions, ranchers are usually forced to harvest
the annual crop to pay the bills. Anempts to
"hold" animals until markets improve results in
losses form overcrowding. Alternatively, hunting
program participants are not forced to take
animals from the wild if it is not profitable.
When prices are depressed, participants can forgo
the opportunity (and income) that year.
Historically, crocodilian hunters have turned to
some other form of natural resource use to
supplement their income until market conditions become more favorable.

Economic feasibility assessments are rarely given adequate attention. However, it is necessary
to carefully consider the economic feasibility of a program prior to actual implementation. An objectivl
assessment of the economics of a management program, preferably by a qualified economist, can help
preclude investment losses by ranchers, hunters, and processors. When confronted with economic losses
the industry will typically seek relaxed regulations, operational procedures, and fees, which may
ultimately jeopardize conservation of the resource.

BIOLOGICAL INFORMATION

2.1 Population Assessment

Some sectors of the wildlife management and conservation community strongly believe that, in
an ideal world, crocodilian utilization progr:uns would be started or expanded onfy wfrin there is a strong
biological 'evidence' that the effects of such use will not be detrimentai to the population being exploitedl
In fact, with the exception of programs in developed countries (such as Australia and the Un-itedstates)
no progrimrs stafted with this concept. Management has generally involved an adaptive approach in
which crocodilians were harvested, the effects were monitoieO, and subsequent harvests were modified
accordingly. However, success is highty unlikely when the management authority has little idea of the
basic status of the target population and where there is no monitoring of population trends through direct
or indirect means- In addition, although many well established prog.atni were developed throulh "trail
and errorn, under the requirements of CITES, this approach is more difficult today. As a result, new
programs generally 

Tart with surveys of ttre wild resource and often rely on harvest program results in
other regions as models, though this approach requires some mcchanism for local "validation".

roqrrc
lt[

qAcr orcrc

Figrurc 2

NL



2.ll Population Status Surveys

Survey data give the wildlife manager the information needed to plan, implement and monitor
harvests. Population stahls surveys are designed for many reasons, from determining minimum number
of animals present to the establishment of population indices for monitoring purposes. Crocodilians are
difficult to count because of their cryptic habis and because they often inhabit inaccessible areas. The
most courmon techniques to estimate population densities and/or establish population indices include direct
methods such as night spotlight counts and daytime basking counts, and indirect methods such as the
counting nests. Each technique is suited for different habitat characteristics. To detail survey techniques
is well beyond the scope of this paper, but it is important that surveys are conducted by trained personnel
to ensure their accuracy, repeatability, and credibility.

2.12 Effects of Harvest

During the past two decades a number of excellent studies have evaluated the effects of hanrest
on crocodilian populations. The findings from these studies can provide a basis for justifying the
sustainability of harvests in other regions. This is particularly true when studies were conducted on the
same or closely related species. Information from Nile crocodile ranching in Zimbabwe has been used
to design similar ranching progranu in neighboring African countries, while experience of hunting and
ranching in Louisiana and Florida, U.S.A. has been used in programs in several other states. However,
such an approach should be taken with care - there is considerable evidence demonstrating that different
crocodilian species, and even individual populations within the same species, respond very differently to
harvest.

Experimental harvests can evaluate different procedures and regulations on a small scale, prior
to implementing an operational program. They also allow limited utilization of the resource while a
balanced harvest scheme is being developed. Because crocodilians have long generation times, long-term
monitoring is usually necessary. The simplest approach is to monitor population trends through
systematic surveys, measuring changes in population abundance, population size strucntre, and
reproductive effort. The experimental harvest approach has been used to develop hunting programs in
Venezuela and Florida, and ranching programs in Florida and the Northern Territory, Australia, though
in the latter, there has been a strong element of adaptive management.

In some cases, the effect of proposed harvests can also be evaluated from the outcome of
computer simulations. There are a few population models available that can, through computer
simulations, estimate the effect various egg, juvenile, or large crocodilian harvest strategies have on
populations. Accuracy of a population model, however, is dependent on the availability of regional
information on survival, growth rates, and fecundity. Where such regional information is lacking, models
should be used to provide general approximations of sustainable harvest rates and to determine population
sensitivity to changes in selected p:uameters. A balance of existing and regional biologicat information
should be used in simulating harvess through population models. Too much reliance on studies from
other regions can provide misleading results when modelling populations.

2.13 HabitatAvailability

The quantity and the quality of habitat available to crocodilians is obviously an important factor
in conservation and the evaluation of sustainable use strategies. However, it should not be assumed that
because habitats (and by implication, crocodilian populations) are small or declining that there should be
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no harvesting program. An economic incentive for conservation is often essential where habitat is being
converted and lost because of land use pressures. Crocodilian harvests can often provide such economic
incentives for conservation.

It is often assumed that the measurement of different habitat t)?es, when coupled with population
inventories, will provide a means of estimating the total crocodilian iesource. However, care should be
used in extrapolation. Population estimates should be obtained systematically (i.e., randomly) to ensure
all habitat t)?es are represented. Where extrapolation is unavoiiable, it is usual for the fo*ert O.nrity
estimates for each habitat type to be used.

2.2 Monitoring the Effects of Ilarvest

Crocodilian populations most commonly decline as a result of over-harvesting and/or habitat loss.
Any crocodilian harvest program must employ a monitoring scheme capable of deteciing adverse declines
in populations before the population is badly harmed. ThJability to sustain a harvest anO Oe credibility
of a management progrirm depend on the ability to detect changes in population levels, identify the cause
of change, and adjust harvest levels accordingly.

Monitoring techniques fall into three categories. These include: (1) monitoring population trends
through on-site surveys; (2) monitoring the harvest trends (e.g., number and size ofiiocodilians taken
annually); and (3) monitoring habitat cfrange. A management plan should identify the operationat
procedures and the manpower needed for monitoring. It is timpting to avoid the added cost of
monitoring when there are many other pressing economic or social neOs. However, a well designed
population monitoring system is an obligation that comes with the harvest of any species, regardlJs of
its status or the level of harvest" It is certain, however, that population leveis will change whether
harvested or not, and monitoring is the only vehicle that will ptouiOe a quantitative rrasure of changes
that can be used to ensure credible and sustainable harvests.

2.21 Monitoring Population Trends

Sustainable utilization requires limiting the harvest of crocodilians to a level that can be replaced
through natural reproduction. In an adaptive management approach, monitoring of population Lends
provides the basis for the setting of annual harvest quotas and for the restricti6n o, liberalization of
harvests, provided the monitoring technique is capabte of measuring changes in the population.

If monitoring is to provide credible population trend information, particular attention should begiven to technical design for appropriate statistical analysis. The type of monitoring system selected and
the associated costs in manpower and equipment depend on halbltat accessibiliti, species status and
distribution, and the risk of the harvest imposed (i.e. ianching or hunting). physical characteristics of
the habitat impose obvious limitations on the types of surveys that can be considered. For example, aerial
surveys are of no value in an area where the ctosed forest canopy obstructs potential observation of
animals or their nests. Similarly, nighttime spotlight surveys from iboat ." noipru.tical on impassable
water bodies. Survey techniques and associated statistical analyses should be designed to account for
variation due to habitat and environmental variables.

Basking surveys have been used to monitor crocodile populations through aerial surveys of
representative rivers in Australia and Tanzania, and from ground observations oriprivate lands in the
llanos of venezuela. Aerial nesting surveys are used as an inde* of alligator population trends in the



relatively open and homogenous coastal brackish and freshwater marsh in Louisiana and the portions of
the Brazilian Pantanal and remote swamps of PNG. However, in many areas such surveys are ineffective
because nests are obscured by vegetation. Annual night-spotlight surveys have been useful as a
population monitoring tool in Zimbabwe, Tarzania, Venezuela, Guyana, Florida, Georgia and Louisiana
U.S.A., and the Northern Territory in Australia, and to a lesser extent in Papua New Guinea, Irian Jaya,
and Indonesia. Night-light surveys allow technical personnel to obsenre changes that otherwise would
be unobservable from the air (such as habitat degradation, changes in reproductive success, behavior, and
physical condition of juvenile and adult animals).

2.22 Monitoring Harvest Levels

Where species are entering international trade, CITES requires that a record of the number and
size of animals harvested is compiled annually. This same harvest record can provide, to a limited
degree, biological information about ttre size of animals taken under hunting progranx. In hunting
prograns, hanrest levels can be monitored through inspection of hides (which should be tagged at time
of offtake). Under a ranching program harvest levels are most often monitored through stock counts on
farms, but it is also common to inspect at the time of collection and slaughter.

Trends in the number or size of animals taken (or hide size) have limited utility in evaluating the
impacts of hunting. This is because a decline in the size of hides can be a sign of a real decline in
populations or only reflect changes in "availability' of animals to hunters. Changes in availability of
crocodilians to hunters can occur because of numerous causes; examples include 1) increased wariness
of animals as a result of harassment associated with hunting activities or other u/aterbody uses, 2) changes
in environmental conditions, such as increases in water levels that allow animals to access extensive areas
of inaccessible flooded marsh, 3) changes in demand for different size hides, which gives hunters
economic incentives to "target" specific size animals. Information on the number and size of hides from
hunting programs is relatively inexpensive to collect, but because of its potential bias is best utilized in
conjunction with some form of on-site survey technique.

Programs in Indonesia and Papua New Guinea rely heavily on information derived from the
number and size of hides produced. Much of the crocodilian resource in these countries occurs in remote
areas, where traditional on-site surveys are simply not feasible. There are dangers, however, in such an
approach. False impressions of the status of the population can result from fraudulent or delayed reports.

2.23 Monitoring Habitat Change

Degradation or loss of habitat can have much greater long term adverse impacts on crocodilian
populations than harvest programs. If a harvest program is to be sustained and remain credible, managers
must be capable of adjusting harvest quotas in response to changes in habitat. Habitat alteration (such
as impoundments for hydroelectric projects, drainage projects that change natural water level fluctuations,
eutrophication from agricultural and urbanization) can have adverse affects on crocodilian populations.
Increased human activity, such as residential development, fishing practices and industrial activities, often
accompanies habitat changes that can displace crocodilians or cause inadvertent mortality.

Monitoring habitat change is usually more costly and less precise than population surveys for
tracking population status. However, it is presented here as an alternative approach where no other
system of monitoring population changes is adequate. Additiondly, there is considerable merit in the
inclusion of habitat monitoring as part of an overall monitoring scheme.
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The monitoring of habitat changry cg be accomplished at individual sites or over broad areas,or both' A habitat inventory compiled 
P ,hu initial program development phase can provide a vitalbaseline for assessing future changes in hirbiu,t_quaity -o q-u-tity.- wtrere 

"ili;;;p"tation 
monitoringsurveys are conducted. annually, changes in habitat can be measured at little additiona cost. euantitativemeiNures should provide a record of habitat changes that are most likely to affect crocodilian populations.These should include changes in available water Jurface area; proportion of the shoreline or area affectedby human encroachment such as villages, agriculture, mining o-r other industry; and natural changes inriver courses or water levels as a result ofdroughs'and fl;ods. where potintia adverse affects aredocumented, quick remedial actions can be $.i. If a proposed habitat change will generate fewereconomic benefits than the sustained harvest of crocodilian pojulations, then the sensible course of actionmay be to leave the habitat in a natural state.

INTRASTRUCTURE AI{D REGTJLATION NEEDS

Illegal harvests usually have a deleterious affect on crocodilian populations and damage marketsfor legal products by undercutting prices and damaging the image of crocodilian products in the eyes ofretail consumers' Therefore, both the conservation community and the legal crocodilian productionindustry demand assurances that the infrastructure is in ptace to adequately control and administer a-program.

Implementation of an operationalprggram requires (l) an agency which has the responsibility forestablishing programpolic.v a1d enacting legiJtation; 1); regutations to define operational procedures, and(3) a method of indefinitely funding thJprogram.

3.1 Responsible Government Agency

one governrnent agency should have authority and responsibility for the crocodilian utilizationprogr:rm' Where the program results in internationai trade, this requirement is enshrined through thearticles and resolutions of CITES.

under the provisions of cITES, the national govemment must appoint a "Management Authority'and a "scientific Authority" to administer the clTEfsystem. The scientific Authority is responsible formonitoring the effects of harvest and for ensuring that harvest progr:rms are not ,,detrimental to thesurvival of the species". This is generally accoirptished through monitoring. In many cases it isbeneficial to write into legislation thai monitoring information be provided or funled by those undertakingthe exploitation' The Management Authority is responsible for administration of the program (from thecITEs perspective). This inclirdes the deveiopmeni and enforcement of regulations, issuance of permisand harvest tags, compilation of harvest reports, authorization of exports and reporting of trade figures.

where the crocodilians have limited national distribution, central government is generally aneffective management authority, but where habitat and crocodilian populations are dispersed over widegeographical regions with social and cultural differences, management authority may be most effectivewhen delegated to a regional level. when regio.nal auttrority is granted, the central govemment usuallycontinues to provide a supervisory and coordiiating role. negionar management programs typically meet
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some reasonable minimum criteria established by the central govemment. Where diverse cultural and
social practices exist, regionally managed programs may enhance local involvement, tailor programs to
the specific needs of communities and encourage the development of technical expertise within the
immediate region. The distribution of responsibilities over several different governmental agencies is
usually problematic. The benefits of a single wildlife management agency include improved
accountability, efficiency, specialization and, most importantly, resource stewardship. The proper
authority and support for a wildlife management agency comes from a commitment at the highest level
of government. The consolidation of wildlife and natural resource conservation responsibilities under a
single cabinet or ministry level office has been advocated by the IUCN, in "Caring for the Earth'.

All programs should aim for a minimum of bureaucracy. In relatively small programs little
additional govemment bureaucracy is necessary; it is possible to assign duties to.only one individual that
may be responsible for authorizing annual harvest quotas, and monitoring and compiling annual reports.
However, in cases where a program is large and/or expected to generate a significant industry,
considerable burdens may be placed on the responsible agency. Under some circumstances, it is possible
to minimize "government' costs of a program by reliance on industry or outside technical consultants to
undertake critical tasks. Many programs utilize this approach to one extent or another, though
considerable care must be taken to ensure that sound biological information is obtained. In both
Venezuela and Florida, USA, govemment relies on qualified consulting biologists to provide survey
information used to establish annual hanrest quotas on private property. In Zimbabwe and Australia's
Northern Territory, programs rely on consultants to provide biological research and monitoring to support
their programs. Papua New Guinea relies on the industry to contribute aircraft for annual surveys used
for monitoring and to establish annual egg collection quotas.

3.2 llarvestRegulations

Regulations are needed to provide controls that will restrict a harvest to sustainable levels and
ensure that products for export are legally acquired. A management plan should identify regulatory
controls that will be imposed, and also show how proposed regulations will work. Euly enactment of
regulations ensures that regulatory issues do not delay the start of a program and is often considered an
administrative demonstration that regulations can and will be enforced.

There are a number of functioning regulations in ranching and hunting programs throughout tlte
world (Attachment 3). Most of these programs have developed effective controls that have been
practically tested. Prior to developing new regulations, functioning regulations used in other programs
should be reviewed as possible models.

3.21 Harvest Program - Controls and Tagging Requirements

Biological information coupled with an assessment of economic feasibility provide the basis for
electing to establish a harvest program that focuses on ranching or hunting, or some combination of the
two.

In a crocodilian program relying on export, the Management Authority is responsible for issuing
CITES export tags and permits for each export shipment as a measure to guard against illegal trade. To
be an effective control, all tags must be self-locking and bear information on the country of origin, year
of production, and a unique serial number. Different tagging systems may be necessary for controlling
hunting programi and ranching programs.



Huwing - Regulatory controls for hunting programs should be aimed at ensuring animals are takenin the corect number and sizes from design.t.a ti..litio. control and monitoring of harvest levelsun{e1 hunting programs i. b-* accomplished thpus! hide tagging requirements uro requirements for hidevalidation (i.e.' the inspection, measuring, ano marting otlioes prio, to sale or export).

Under some progrems, huntets or landowners are t'?ically issued harvest permits and seriallynumbered harvest tags that authorize the taking of a specific numberbtcrocodilians po,n oolg.iil;;during a specified time period. To prevent stockpiling of hides prior to the designated harvest period,a common practice is to require adherence to'skinning instructions' that are rrurird immeoiatety priorto the beginning of the harvest period. Skinning instnictions denote a unique stinning pattern that is nottypically followed in the normal course of skinning an animal (i.e. flaps of dorsal scutes or specified footpads anached to the hide). Tagging animals imrieoiately upon taking reduces the oppornrnity to takeanimals from improper-localities. Inspection and measuring of nioes at-central "validation', sites providesthe oppornrnity to cleck for compliance with skinning instiuctions, collect biological information on thesize of harvested animals, collect any h_g. fel that rnay be charged, and attachtlTES export tags andreturn unused harvest tags. Hide validation requiiements often provide a reasonable time-framefollowing the close of the designated harvest period to allow for logistical transport of hides from remoteharvest iueas to central validation sites.

A hunting program is usually adequately controlled through a system of permits andaccompanying hanrest tags, tagging of carcasses, written harvest records doiumenting the size andtransport of animals talto, followed by a physical inspection and validation of individujhides prior tJexport authorization- Regulations should be adopted ttrat identiff procedures for: permit requirements;issuing and possession of tags; carcass and/or hide tagging requiiements; the specific information aboutthe carcass and hide to be reported; restrictions on thipJssasion and processing of the carcass, meat,or hide; and requirements and time frame for meeting p'hysical inspeaion and viioation of hides.

Manpower requirements for hide validation can be considerable - particulady for programs thatproduce thousands of ljg* annually. However, a physical inspection is the most effective means to limitillegal activities. validation is best accomplished through the auachment of a separate numericallynumbered cITEs export tag. when the attachment of ttrJcrrgs export t"g i, riro to the collection ofa hide tag fee then revenues can be generated (see section 4.5) and the incentive to provide adequate staffand accurately account for each trioe is enhanced. Additionally, regulations can be formulated thatrequire the industry -suppty manpower and facilities to assist with validation of hides and off-setmanpower demands of the agency. This arrangement can often be mutually advantagmus to the exporterbecause they are able to solicit a validation it ttrrir hide storage facility and avoid the added cost oftransporting hides to an agency facility.

layhirys 
- Regulatory controls for a ranching program are primarily needed to ensure that all stockis legally acquired and that no illegally taken wift hidl, dlegeoly reared in captivity, are ,,laundered,'

through ranches. Harvest permits, on-iite inventories of reariig ficilities, and maintenance of inventoryrecords by ranchers are an effective means of monitoring r*chrd production. negutations should existthat ensure the collection of eggs or juveniles does not oeitete wild stocks. under iow intensity harvests(where there is little impact on the resource) regulations on the number of animals taken by ranchers areunnecessary or minimal.

where harvest rates approach the maximum sustainable level, more stringent controls arenecessary' Regulations may require crocoditian ranchers to obtain harvest authorization for a specified
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number of eggs or juveniles from designated areas during a specified time period. Some mechanism that
verifies the number of captive crocodilians legitimately reared in captivity are needed to ensure illegally
hunted wild hides are not laundered through ranches. This may include regulations requiring physical
counts of the young immediately following completion of hatching (in the case of egg collection) and
immediately following the specified collection period (for juvenile harvests). A suitable inventory
approach will establish the minimum number of eggs/juveniles removed from the wild and the maximum
number of hides eligible for tagging at slaughter. Additional controls may include requirements for
ranchers to maintain inventory records and periodically report any changes in stock resulting from natural
mortality or transfers to other rearing facilities.
Often, it is not feasible to conduct a complete
inventory of large animals in captivity because the
handling of such animals is often dangerous and
stressful. Under such circumstances, the issuance
of harvest tags up to the limit of the ranch
inventory is often the most effective control.

Regul ations requiring period ic spot-checks
of stock and a review of farm records iue
generally adequate to avoid abuse by ranchers. A
trained inspection team may be necessary to
ensure the proper treatment of eggs and stock. It
may be necessary to regulate for the design of
facilities and for minimum rearing performance
standards to promote good husbandry practices
and minimize the waste of the resource through
mismanagement and poor husbandry care.

Generally, there are a greater number of
participants involved in hunting programs than in
ranching programs, Figure 3. Hunting programs
can benefit a greater number of individuals; a
larger constituency can increase the incentives to
conserve crocodilians and their habitat. However,
hunting can be more difficult to control because
it typically involves large numbers of hunters
taking animals in remote iueas. This is in
contrast to ranching operations that are usually
much more limited in number and are easilv
subject to inspection, Figure 4.

UGIB{G

Figurc 3

IATGIINE

Figiure 4

3.22 Harvest and Protected Zones

Regulations should identify protected areas. The establishment of protected areas, such as
selected national parks or preserves, that represent a cross section of suitable crocodilian habitat in the
region is often important to serve aesthetic, ecological and scientific needs. This is particularly important
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in areas where tourism may be an important component of the econgTy, and in unique circumstances mayprovide the greatest economic return from crocodilians. Although the ecological rote of crocodilians isnot fully understood, the establishment of preserves where ctocodiliur popuiations are totally protected
from any harvest or molestation ensures that "natural' populations exist for future study. Therefore,provisions should call for the periodic 're-establishmenti 

of t a*.*t areas based on a technical reviewof the effects of harvest on the wild population"

3.23 Seasons and Methods of Take

All crocodilians follow an annual behavioral cycle in which some members, such as breedingfemales, iue more vulnerable to hanrest. It is particutarty important to consider the breeding season whendeveloping regulations governing harvests. Seasons anO metfroOs of take should be established afterconsidering their biological, logistical and economic costs. Regulations should clearly define the calendardates that harvest mal occur' any specific records or permits-required, and clearly identifi the methodsthat are permitted. Regulations should prohibit harvest during any period or by any mea^ other thanthose defined in the rules.

FTINDING SOTTRCES

In spite of what seems to be a constant lack of funding,for new progranN, the relatively higheconomic value of crocodilians provide an ideal means of financing'ruri.i*ule-use managementprogriuns' In the developmental stages of a program it is not unusual for-the private sector, interested inestablishing a crocodilian industry, to provide significant contributions to fu;d studies that will providethe biologicat basis that support a harvest program that will provide a sustainable source of product. Thepotential rural employment and foreign currency earningi also commonty moiiuate govemment andinternational aid organizations to fund programs. Support ior sustainable programs makes wise economicsense when industry hT T."9t high capital investments in the establisirmJnt and building of captiverearing and processing facilities.

Some funding sources are more appropriate for supporting the initial stages of a program, othersthe oPerational phase- The most important consideration should bi to settle on airnding source that willprovide a stable frrnding base. Agencies that are responsible for the stewardrhip ;i the resource cannotremain credible if they fail to carry{ut monitoring and regulatory functions as a result of widefluctuations in a funding base. we iecommend using several different funding sources to spread outprogram cost among all participants in the utilization program and provide aiushion againit loss ofrevenue from any one funding source.

4.1 Diverting From Other programs

Diverting or reassigning technical personnel from other programs within an agency is often ameans of initiating a crocodilian utilization program where a very cursory review of the population statusand the feasibility of initiating a program must be assessed. Such personnel can often serve as the ,,seed,,
necessary to germinate 

-other funding sources (such as those discussed below) and formulate acomprehensive package that will allow development of a program. Agencies may find that adequate
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manpower or funds can be provided by the elimination of existing outdated or less important progrilnu.
However, the diversion can affect other conservation programs or may be inadequate to meet the needs
of a credible and biologically sound program.

4.2 InternationalAidOrganizations

Funding from international aid organizations is often designed !o promote the development of
sustainable-use programs. The greatest obstacles to such funding is often the bureaucracy involved and
the long lead time berween application and granting of support. International aid is most useful as one
component of a comprehensive package that also includes the diversion of resources from other programs
and industry funding for pilot projecs (see section 4.3).

43 Industry Funding

The crocodilian industry has demonstrated the ability and desire to work with governments to
develop new programs. Often entrepreneurs from the private sector are willing to provide financial
support for experimental harvests or ranching pro$iuns in the hope of encouraging an industry.
Landowners who are custodians of crocodilian habitat are often potential supporters, :ls are agriculturd
associatiorn (such as cattle ranchers). Governments seeking to develop funding should initiate an eady
dialogue with the private sector. However, govemments and the private sector generally have different
objectives. Governments are primarily interested in wildlife conservation and the well-being of citizens;
businesses, on the other hand, are generally interested in realizing a profit from utilization of
crocodilians. Private industry is often willing to take some risks that governments cannot afford.
However, in exchange for their risk, the private sector often seeks exclusive access to the crocodilian
resource. This may or may not be advantageous to the govemment, local inhabitants, and, most
importantly, conservation of the crocodilians. Although the vast majority of those in the crocodilian
industry deal honorably, an uninformed govemment can be at a disadvantage at the bargaining table.

4.4 Sale of Ilarvested or Confiscated Products

The sale of hides produced under an experimental harvest, or those taken illegally and confiscated
can be used to generate substantial revenues during the early stages of program development.
Experimental hunting prograrx generally involve the removal of a proportion of the animals. The cost
of hunting and properly processing the hides and meat can be relatively high. However if adequate labor
is available, or can be temporarily contracted, the sale of the products can be used to fund research. Any
studies that are funded in such a manner should be of the highest technical caliber to avoid any perception
that science is being used to cloak an ill-conceived harvest program.

In some parts of the world, thousands of crocodilian skins are seized by government enforcement
agencies and customs officials each year. Generally these hides are destroyed under the provisions of
national law. However, under some circumstances, the hides may be legally sold or auctioned on the
international market with the approval of CITES. Generally this will require that the species is already
listed on Appendix II.
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4.5 uccnse and rag Frameryork Based on Raw product varue

A license and tag framework for funding is generally enacted through legislation in theoperational stage of a program. By this stage, oe narvest $ategy (hunting and/or ranching schemes)as well as the anticipated annual harvest levei, manpower and funJing oreos-are well defined. provided
monies are not available elsewhere (as invariably ii the case) license-fees and tag fees must u. .a.q".r.to operate the program on a self-sustaining basii.

Tag fees are a charge or tax imposed on each individual product (e.g., hides), a license fee is acharge or til( imposed on a participant involved in the taking or possession oi crocodilians (e.g., rancheror hunter). often, the costs of a program increase with th-e number of animals harvested. Therefore,it is preferable to tie the bulk of program revenues to tag fees rather than license fees, which are lesslikely to track program expansion and costs.

Although there are commonly inequities in the costs of producb from ranching and hunting, atag fee system based on the average value of hides is often adopted. Each individual program is uniqueand many factors must be considered when establishing equitable 'taxn rates.

Ranchers generally are permitted to take far greater number of animals than hunters and, althoughtheir net profit per animal may be lower than wild h-unted animals, their overall net can be considerablygreater' The time ft: *g fee is imposed can also have a bearing on the real cost to a rancher. A fee tharis paid at the time of egg collection and must be carried as debt for the I to 3 years during rearing is amuch greater burden on the rancher than a 3g !* that is paid at the time of slaughter. However, underthis system, ranchers that exercise poor husbandry and loose considerable numbei of animals pay no feefor the resource removed from the wild (and no ienarty for a wasted resource).

on the other hand, hides produced 
_from hunting progranu are, almost invariably, cheaper toproduce than those from ranched animals. However, rruriting costs also can vary, and in remote regionscan be substantial.

The most equitable method of determining tag fees is to consider the costs of production andcalculate the average hide value (the net vaue itreie possible) for each ,)rp" or animal taken anddetermine the percentage tar( neces.*y 
lo_ fund the program. tn a program tirat permits hunting andranching, a fee of approximately r% tD 15. % of the aviage raw product value can generate adequaterevenue to make the program self-sustaining. Generally, when legislation is needed to enact tag andlicense fees it is advisable to establish . tag tre of 'up io" a giuen fee amount. This will provide theflexibility to increase or decrease fees in inirements *ithout need to revise state or national legislation.

Those seeking to develop a license and tag framework should investigate the systems employedin other programs to draw on thl experience and mistakes of other progr.*.-1rr" an".hrent 3).

4.6 Severance or Export Tax Based on Export Value

In many cases value is added to crocodilian hides prior to export (e.g., through partial orcomplete tanning). In these cases an alternative to forcing the entire tax burden on'tire primary produceris to place a til( on produgts at export. This can be an adiitional tax that pays a portion of the program,soperating costs, or which functions as the sole support mechanism. ii, sotu support mechanism,however, a loss in revenue could result if the internal market for products strengthens or market forces
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cause extended slumps in exports. In creating a tax structure for exports a minimum fee per piece,
regardless of size, should be considered to circumvent possible low export value declarations by
unscrupulous exporters.

The revenue from expoft ta(es can be erratic because the sale of crocodilian hides and products
follows the demand of fashion. Producers often reduce production or exports when prices and profia
are low, awaiting improved market conditions. This can cause agency revenue shortfalls in some y."tr,
followed by surplus in good market years. Therefore it is wise to consider reliance on this revenue
source in combination with some other form.
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ATTACHMENTS

ATTACHMENT I

CITES'Controls

Excerpt from: Luxmoore, R.A. 1992" A Direaory of Crocodiliut Farming operatons. Second Edition.IUCN, Gland Switzerland and Cambridge, UK. g3Opp., PART l: AN tNrnOpuCTION TO THEFARMING oF cRocoDILIANs, Edited by J.M" nution and G.J.w. webb (pp.5-7).

l. Regulations

The term ffocdilians is used to refer to the 23 different species of crocodile-like animals aroundthe world: alligators and caimans (E species), true crocodiles (13 ipecies), *o gn.ri.rr and false gharits(2 species). Within most countries, crocodilians carnot just be kepi and t .O.O iik. do*otic animals andpets' They are 'wildlifen, ild there will usually be laws restricting what private individuals can do withthem' For example, wild crocodiles may ue totatty protected, or tbey ray u. managed through a systemrequiring licenses and permits for catching, teeping, selling, trading, killing, etc. As oesJ tarns uaryfrom country to country, and enforcement of our-.*go?or strict to lax, we make no attempt tosummarize them here. However, they are of critical 
-hportance 

to anyone considering crocodilianfarming.

At the international level, trade in crocodilians and products derived from them is controlledthrough CITES - the Convention on International Trade in End-angered Species of Witd Fauna and Flora.The mechanisms by which CITES exerts control are more compl& with crocodilians than with any othergrouP of living organisms. There are two basic levels of control. Most crocodilian species are listed inApperdix / of CITES, for which no commercial trade between nations is allowed, unless the animalsbeing traded have been bred-in captivity. The remainder are in Appendix II, forwhich trade is permittedif expoft permits are issued by the relevant authority. Since the inception or Crrpi in 1975, all speciesof crocodilians have been listed on Appendices I or II.

Since 1975, a number of local populations have been transferred from Appendix I to Appendix
ll.'^lot a variety of reasons, and using a variety of mechanisms. Consequently, nrie ar" now at least fivedifferent levels of control accorded io crocoditans under GITES:

1.1. Appendix I

Appendix I contains 'all species threatened with extinction which are or may be affected by trade.Trade in specimens of these species ... must only be authorized in exceptional circumstances,' (GITES,Article II, para. l). The export of wild animals to be used as breeding stock for establishing farms orzoos is not permitted, unless the aim is to instigate a breeding programme intended to ensure the survivalof the species. Hunting trophies intended for lersonal uru litot resale) may be exported, although somenations (e.g. the USA) prohibit their importation unless a specific exemption is prornioea in their domesticimport regulations.
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1.2. Appendix I (Bred in captivity for commercial purposes)

Appendix I animals are controlled as though they were Appendix II animals if they are "bred in
captivity for commercial purposes". This has been defined as: 'born or otherwise produced in a
controlled environment, ... of parents that mated ... in a controlled environmentn. For crocodilians, this
means that the offspring must hatch from eggs laid in a farm, and that the breeding stock must be
"established in a manner not detrimental to the survival of the species in the wild" and must be
"maintained without augmentation from the wild, except for the occasional addition of animals .." from
wild populations to prevent deleterious inbreeding'. Resolution Conf. E.22 forbids the removal of
breeding stock from a depleted wild population unless it "is justified in a national management plan
demonstrating conservation value'. The breeding stock must also be managed in a manner designed to
maintain it indefinitely, and that 'has been demonstrated to be capable of reliably producing second-
generation offspring" (Resolution Conf. 2.12). This does not mean that the farm cannot trade until it has
achieved second-generation breeding, but rather that it must be using suitable and reliable husbandry
techniques. Farms must also be registered with the CITES Secretariat (via the local Management
Authority) and approval may be withdrawn if they fail to comply with the required conditions.

13. Appendix II (trarnfened from Appendix I for ranching)

Under CITES Resolution Conf. 3.15, Appendix I animals "which are deemed by the Parties to
be no longer endangered and to benefit by ranching" may be transferred to Appendix II, if strict
management criteria are adhered to. Ranching is defined as 'the rearing in a controlled environment of
specimens taken from the wild'. The operation must be 'primarily beneficial to the conservation of the
local population (i.e. where applicable contribute to its increase in the wild)". In order for a country to
transfer a population from Appendix I to Appendix II for ranching, it should have carried out research
on the wild population and be able to ensure 'that the taking from the wild shall have no significant
detrimental impact on wild populations". With crocodilians, the harvesting of eggs and hatchlings (for
ranching) appears to have a minimal impact on the wild populations relative to the harvesting of adults.
Resolution Conf. 8.22 recognized that the removal of eggs and hatchlings carries less threat to the wild
population than the harvesting of adults, and it recommended that proposed ranching operations based
on such offtake should be 'accepted as a matter of routine', provided that sufficient safeguards are
established in the proposal.

1.4. Appendix II (an interim trarufer from Appendix I on the basis of a quota)

CITES Resolution Conf. 5.21, now replaced'by 7.14, was adopted as an interim measure in 1985
to allow limited quotas of skins of Appendix I animals to be exported, pending transfer of the population
to Appendix II by other means (e.g. for ranching). Quotas are set by international agreement and must
be based on surveys predicting the likely impact of the harvest. Quotas may be set separately for the
expoft of wild-caught and ranch-reared animals or their skins. The system is intended to operate for a
maximum of four years, after which a country is expected to have accumulated suffrcient information to
show either that the population has recovered and merits retention on Appendix II, or that a ranching
scheme can operate.
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1.5. Appendix II

Populations on Appendix II, or which have ben transferred back to Appendix II after havingrecovered, may be oqud. internationally provided that the Management Auttrorityirruo * export permit.
This, in turn, may only be done when scientific advice indicates that the trade "will not be detrimentalto the survival' of the species.

In order to export skins under any of the systems described under Sections l.z-1.4 above, theskins must be marked *ift I tag bearing i unique number. In practice, several countries also tag skinsfrom Appendix II animals (1.5 above), and there iue now few ciocodile skins in legal international tradethal are not tagged. Resolution conf. 8.14 was adopted in t992 recommending thai all crocodilian skinsin international trade be tagged.

ATTACHMENT 2

History of CITES Controls

Excerpt from: Luxmoore, R.A. 1992. A Directory of Crocodilian Farming operaions. second Edition.IUCN, Gland switzerland and cambridge, uK. 350pp., PART 2: DIRECTORY oF cRocoDILAN.
FARMING OPERATIONS, Edited by R.A. Luxmoori (pp 55-57).

History of crrRS contror of rrade in crocodile products

The mechanisms by which CITES exerts control over the trade in crocodilian products :ue morecomplex than for any other group of organisms. They are surnmarized in Table 4. All Crocodylia wereincluded in either Appendix I or II in 1975, with the majority in Appendix I. The only taxa left inAppendix II were the two freshwater crocodiles from Oceani a, Crocodylus johnsoniand C. novaeguincae
novaeguineae, two saltwater species, C, porosus and C. acutus,two dwarf caimans from South Alerica,Paleosuchus spp., and three subspecies of Caiman crocodilus (all except C. crocodilus apaporiensis).ln 1979' a reassessment of the status of the American Alligator led to its transfer to Appendix II, whilecertain geographically defined populations of the trvo widespread saltrvater species were transferred toAppendjx I: all populations of C. porosus outside Papua New Guinea and the population of C. acutusin the USA. Later, in 1981, the remaining populations of C. acurus were transferred to Appendix I.

Many countries, having experienced heavy exploitation of crocodiles in the past, had introducedprotective legislation which had resulted in scattered population increases. These, together with thegrowing realisation that some other populations *ere noi sufficiently rare to justify inclusion in AppendixI, were to bring calls for mechanisms to allow a resumption of trade in crocodilian products from somesources.

Article VII, para. 4 of CITES allows specimens of Appendix I species which were ,,bred incaptivity" for commercial purposes to be treated as if they ,"eri Appendix iI specimens. A Resolutionadopted in 1979 in Costa Rica (Conf .2.12) narrowed oe oeRnition'of "bred in captivity".
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At that time there were very few crocodilian farms which fulfilled this definition. One of the
oldest, and largest, was in Thailand, which was not then a Party to CITES. The growing crocodile
farming industry in Zimbabwe relied on the collection of eggs from the wild and therefore did not fulfil
the new definition of 'bred in captivity". Recognising that it nevertheless did not threaten the wild
population and, indeed, benefitted it, the third meeting of the Conference of the Parties sought to arrive
at a formula which would allow trade. As the only exemption allowed by the Convention to permit trade
in Appendix I species (specimens bred in captivity) had been denied by the adoption of Resolution Conf.
2.I2, the remaining option was to transfer the population to Appendix tr. The normal mechanism for
transferring species from Appendix I to Appendix II, as defined tin Resolution Conf. 1.2, requires that
the population should be shown to have recovered sufficiently to justify its transfer. As this was not
always possible, a new procedure was adopted @esolution Conf.3.15) under which "ranched"
populations could be trensferred to Appendix II. This was first used in 1983, when the Zimbabwean
population of C. niloticrJ was transferred to Appendix II and, later, in 1985, for the Australian
population of C. porosus.

The criteria for ranching, defined in Resolution Conf. 3.15, although not requiring the
demonstration that the population has recovered, demand such strict controls on the management of the
wild population and the conduct of the ranching operation that many countries without a long history of
crocodile management would have great difficulty in fulfilling them. Furthermore, it was realised that
as most crocodilians had been included in Appendix I in 1975, before the Berne Criteria for the addition
of species to the appendices (Resolution Conf. 1.1) were adopted, their was, for the most part, no
information on the size of the wild population at the time of inclusion in Appendix I, and therefore no
e:uy way of demonsuating a population recovery since then. These considerations led to the adoption,
in 1985, of some "special criteria for the transfer of taxa from Appendix I to Appendix Il"(Resolution
Conf. 5.21, later replaced by Resolution Conf. 7.14). These were intended as a temporary measure, until
some other mechanism for allowing trade could be complied with, which would allow countries to
transfer their populations of the species to Appendix II and export only limited quotas of certain producs.
Under this system, ttre populations of C. niloticus in Cameroon, Congo, Kenya, Madagascar, Malawi,
Mozambique, Sudan, Tanzania and Zambia, and C. porosus in Indonesia, were transferred to Appendix
II in 1985, followed in 19E7 by those of C. niloticzs in Botswana, and of C. cataphracrus and
Osteolaemus tetraspis in Congo. To these were added, in 1989, the populations of C. niloticus in
Ethiopia and Somalia, and in 1992, those of South Africa and Uganda. Populations of C. niloticus in
Botswana, Malawi, Mozambique and Zambia were retained in Appendix II under the terms of Resolution
Conf. 3.15, and therefore no longer restricted by export quotas, followed by the populations of Ethiopia,
Kenya and Tanzania in 1992. A further complication to the quota system is added by the practice
adopted of specifying the source of the specimens which go to make up the quota. Thus the Ethiopian
quota for 1991 comprised 2300 ranch-reared, live hatchlings, 6500 ranch-reared skins, 20 skins obtained
from the wild and 50 wild hunting trophies. The Quotas adopted are shown in Table 5.

Further refinements were added in 1987 and 1992 to the mechanisms for allowing trade in
captive-bred Appendix I species, to allay concerns that there was insuffrcient control over the
establishment of breeding operations. Resolution Conf. 6.21 recommended "that, excepting species for
which one conrmercial captive-breeding operation is included in the Secretariat's Register on24luly 1987
[i.e. C. niloticus, C. porosus, C. siatnensis], the first commercial captive-breeding operation for an
Appendix I species be included in the Secretariat's Register only by approval of two-thirds majority vote
of the Parties". Alligator sinensis was added to the register by this process in L992. Resolution 8. 15 set
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controls over the acquisition of breeding stock to ensure that farms were not established to the detriment
of depleted wild populations.

The year l9E7 also saw the introduction of mechanisms omitted from the early resolutions to
terminate the trade ftom captive breeding (Resolution Conf. 6.21) or ranching (Resolutlon Conf. 6.22)
operatiorur which fell short of the requirements.

The procedure for transferring ranched populations to Appendix II as it was originally envisaged
allowed the export both of the products of animali reared on ranches and those of wild--caugit *i'nitr.
The rationale for this is that there is a continuous interchange between the wild population and the stock
held on the ranches and so they are both part of the same polulation. However,'it was later realized that
this might result in the extraction of large numbers of skins from wild populations. Resolution Conf.
8.22 ttrerefore imposed clear restrictions by requiring Parties "to limit the manner of exploitation of wild
populations to those techniques described in the proposal and not, for example, later to initiate new short-
tenn programmes for taking wild animals without notifying the Secretariat;. It further recommends that"any wild hanest component of a ranching proposal normally be limited to a reasonable number
commensurate with the control of nuisance animals and sport hunting'.

The result of this convoluted history is that there have been at least seven different mechanisms
for exerting control over trade on crocodilians under cITEs, ranging from Appendix I listing and a
complete trade ban, through various limited trade regimes, involvingl"ptiur UreeOing, quota systems and
ranching, to simple inclusion in Appendix II. Different populatiois oi.ny species miy be included in
different categories, the current record being held by C. niloticrrs, whicir is subject to five different
control categories throughout its range (fable 4). The controls in force are so*.arized in part I of this
book.

Impact on Conservation

Crocodilian populations have declined in many parts of the world, and this has been linked to the
unconuolled trade in their skins which took place before the implementation of CITES. Crocodilian skins
are a luxury product and, with the exception of alligaor misiissipprznsls and Crocodytus acutus in the
southern USA, most major wild populations are remote from the main markets. As they are seldom
hunted for meat, the majority of trade is international and therefore susceptible to control by CITES.

The ban on cornmercial trade imposed by inclusion in Appendix I varied in effectiveness: in
some countries, such as the USA and Australia, the trade was brought under control with the aid of strict
domestic protection measures. In others, commercial extinction contributed to a decline in trade, as with
Melanosuchus niger in South America and C. porosus in the Indian sub-continent. Elsewhere, where
large populations of Appendix I species remained, such as C. porosus in Southeast Asia and C. niloticus,
trade continued, mostly to non-Parties and Parties holding reservations, especially Italy, Franc, *d
Japan. From 1984 onwards, these routes became progressively restricted, *d th"r, ir uui.i.n.. tt.t ti*
volume of trade in Appendix I skins began to fall as a resuti of CITES controls @ixon and Barzdo,
1988). It is perhaps no coincidence that this was accompanied by widespread moves from around the
world to find legitimate alternative methods to continue trlde in the morelbundant populaqions and thisprovides evidence that CITES may have begun to work as it was intended. In the foliowing sections, the
implications for the conservation for crocodilians of the various different trade control regimes will be
discussed.
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Appendix I listing

Although theoretically providing the greatest level of protection, a complete trade ban has several
drawbacks. It requires substantial investment in local protection measures by the range states if it is to
be effective in the absence of unanimous efforts by all potential markes to control imports. More
importantly, it provides no immediate commercial incentive to counter the conflicting demands for the
eradication of crocodilians. If sometimes ill-informed, these are numerous because, even if crocodilians
are not perceived to pose a threat to humans or livestock, they are often considered to damage fishing
gear or compete for fish stocks. There is therefore the double cost of policing protection measures
amongst a potentially alien public who would wish crocodilians removed even in the absence of
commercial skin hunting.

In compensation, a complete trade ban is more simple to police and legislate for than a partial
ban and, if it is successful in reducing the demand for the final product, may result in a drop in price
which could reduce the incentives for illegal trade. Both of these advantages are offset by the existence
of several populations of crocodilians in Appendix II, the skins of which are scarcely distinguished by
the final consumer and only with difficulty by the enforcement agencies.

Captive brceding

The breeding of crocodilians in captivity in accordance with Resolution Conf. 2.12 need havE
minimal direct impact on wild populations. Theoretically, once the founder breeding stock has been
obtained, the breeding operation can be entirely self-contained and place no further drains on the wild.
In practice, captive'breeding operations are often only set up after the local wild populations have become
seriously depleted, and obtaining breeding stock depletes them further. Crocodile farming is an expensive
business, and the need to hasten a positive cash flow may encourage even successful farmers to obtain
further stock from the wild. It was in response to concems such as these that a resolution was adopted
at the CITES conference in 1992 controlling the permissible means for establishing the breeding stock.

Furthermore, although captive breeding need have no direct negative impact on wild populations,
it also has no direct positive impact. A captive-breeding operation, once independent of the wild,
provides no incentive for conserving wild populations.

One final problem associated with the commercial captive breeding of crocodilians concerns the
deliberate release or accidental escape ofexotic (non-native) species. Although the breeding and release
into their former habitat of severely endangered crocodilians, such as the Gharial, can and does benefit
their conservation enormously, the release of crocodilians into areas outside their natural range has caused
problems. If the habitat is suitable they may breed and establish feral populations which may have
serious effects on the local ecosystems. Feral populations of Caiman crocodilus have built up in Florida,
Cuba and Puerto Rico where they have proved impossible to eradicate. The Caiman introduced to Isla
de Juventud, Cuba, have been blamed for the disappearance of the native Crocodylus rhombifer from the
island as a result of ecological competition. These releases are thought to have resulted from animals
originally imported as pets and none has yet occurred as a result of farming activities. However the
industry is still young and, if not checked, releases are bound to occur eventually. The experience of the
fur farming industry has many examples of such escapes and it is responsible for the introduction of
Mink, Coypu, Raccoon Dog and Musk Rat well outside their natural range. In &e early stages of an
industry, the livestock command high prices and great care is usually taken with their security, but as
time goes by and profitability declineg, maintenance of the facilities tends to be neglected. These
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concenN led the ruCN/SSC Crocodile Specialist Group to recommend against the use of crocodilians forfarming operatiotltt outside their natural range especially within the rangJof other species of crocodilian.

ATTACHMENT 3
Established Crocodilian Utilization programs

An alphabetical list of CITES Management and Scientific Authorities for countries having established
crocodilian utilization programs recognized by CITES, and examples of selected provincial institutions
that have developed harvest progranx with innovative approaches and regulations that are suitable forreplication in other regions.

* Australia

Australian Nature Conservation
Agency (ANCA)

G.P.O. Box 636
Canberra, ACT 2601, Australia
tel: (6162) 5c[270 500200
tex: anpws aa6297I
fax: (6162) 500303;500399; SO0Z74
Provencial institutions: Conservation Commission of the Northern Territory, p.O. Box 496, palmerson,
N'T' 0831, AUSTRALIA, tel. 6189 894533; contrachral crocodilian.or.t.it provided by G.Webb p3y.
Ltd., P.O" Box 3851, Winnellie, N.T. 0821 AUSTRALIA, tel 6tgg 22135.5,'fax 6lEg 47M7g.

* Botswana

Fauna:
Departrnent of Wildlife and National parks
P.O. Box 131
Gaborone, Botswana
tel: (267) 37t405
tex: 2674 trade bd
cbl: GAME CABORONE
fax: (267) 312354

* Colombia
Manaeement Authority:
Instituto Nacional de los Recursos

Naturales y Renovables y del
Ambiente (INDERENA)

Gerente General
Carrera l0o
Numero 20-30
Apartado Aereo 13458
Bogota, Colombia

Scientific Authority:
Unidad de Investigaciones Federico Medem
Instituto Nacional de los Recursos

Naturales y Renovables y del
Ambiente (INDERENA)

Carrera 10o
Numero 20-30
Apartado aereo 13458
Bogota, Colombia
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tel: (571) 2$ffi 1; 2431850
1sa: 4442$ inde co
fax: (571) 2833458

* Ethiopia
Management Authority and Scientific Authority:
Ministry of Agriculture and Environmental

Protection and Development
Environmental Protection Main Department
Wildl ife Conservation Organization
P.O. Box 386
Addis Ababa, Ethiopia
tel: (251 l) 514411; 514418
tex: 21460 gtzfu et (At. Wildlife

Conservation Organization)
cbl: WILDGAME ADDIS ABABA
fax: (2511) 518977

* Guvana
Manasement Authority:
The Permanent Secretary
Ministry of Agriculture
Attn: Head, Wildlife Services Division
P.O. Box 1001
Georsetown. Guvana
tel: (5922) 75527
fax: (5922)73638

* Indonesia
Manasement Authority:
Directorate General of Forest Protection

and Nature Consenration
Departemen Kehutanan
Direktorat Jenderal Perlindungan Hutan

dan Pelestarian Alam
Manggala Wanabakti VIIIth floor
Jalan Gatot Subroto
Jakarta, Indonesia
tel: (6221) 58a818; 5803312; 5803313
tex: 45996 dephut ia (for 'PHPA-BOGOR')

cbl: DITPALAM BOGOR
fax: (6221) 584818; (6225r) 32367

* Kenya
Manasement Authority and Scientifi c Authority:
Kenya Wildlife Senrice
P.O. Box 44241
Nairobi. Kenva

tel: (571) 243n7\ 2431850
lsal 444/$ inde co
fa:r: (571) 285987

Scientific Authority:
The National Science Research Council
Institute of Applied Science and Technology
University of Guyana Campus
Turkeven. Guvana

Scientific Authority:
Indonesian Institr,rte of Science
Jalan Gatot Subroto 10
Tromol Pos 1250
Jakarta 10012, Indonesia

tel: (6221) 511542
tex: 67554 ia
cbl: LIPI JKT
fax: (6221) 5207226
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tel: Q542)501081-7
tex: 25016 utalii ke
cbl: MLDLIFE NAIROBI
fax: QsA) 505866; 505752

* Madagascar
Manasement Authority:
Direction des eaux et forets
Foiben'ny Rano sy Ala MpAEF
8 .P .243
Antananarivo 101, Madagascar
tel: Q6L2) 408il;40610
tex: 22520 mpaef mg
cbl: DIRFORET ANTANANARIVO
fax: Q6l2) 40230

* Malawi
Manaeement Authority:
The Chief Parks and Wildlife Offiicer
Department of National parks and Wildlife
P.O. Box 30131
Lilonewe 3, Malawi
tel: Q65) 72356;723676
1sal 44465 forenar mi (to/at. Dept. of

National Parks and Wildtife)
fax: (265) 723059

* Mozambique

Scientific Authority:
Ministere de I'enseignement superieur
Antananarivo, Madagascar

Ministere de la recherche scientifique
et technologique pour le developpement

Antananarivo, Madagascar

Scientific Authority:
The Senior Parks and Wildlife

Research Officer
Department of National Parks and Wildlife
P.O. Box 30131
Lilongwe 3, Malawi
tel: Q65)72356;723676
tex: 44465 forenar mi (to/at. Dept. of

National Parks and Wildlife)
fax: Q65) 723089

Scientific Authority:
First Assistant Secretary
Division of Wildlife
Department of Environment

and Conservation
P.O. Box 5266
Boroko, Papua New Guinea

Direccao Nacional de Florestas e
Fauna Bravia

Ministerio da Agricultura
Cx. P. 14O6
Maputo, Mozambique
tel: (2581) 460036; 460129:4ffi96
tex: 62W sogma mo; 6195 monap mo;

6596 mademo mo
fax: (2581) 460060

* Papua New Guinea
Management Authority:
Secretary
The Conservator of Fauna
Department of Environment

and Conservation
P.O. Box 6601
Boroko, Papua New Guinea
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tel: (675) 271793
fax: (675)2719ffi;271044-

* Somalia
Manasement Authoriw urd Scientific Authoriw:
Wakaaladda Daaqa Qaranka
(National Range Agency)
P.O. Box 1759
Muqdisho, Somalia
tel: 80710
tex: 715 SPC
cbl: SOMALRANGE MUQDISHO

* South Africa. Reoublic of
Manasement Authori8:
Department of Environment Affairs
Environmental Conservation Branch
Private BagX 447
Pretoria 0001
Republic of South Africa
tel: Q7I2) 3r0E742; 310391 1
tex: 320142 enom sa
cbl: OMGEWING PRETORIA
fax: Q7l2) 3222682

* Sudan
Manaeement Authority and Scientific Authority:
Wildlife Conservation and

National Parks Forces
Central Administration
P.O. Box 336
Khartoum, Sudan
tel: 70458; 74573: 72593
tex: 22203 siaha sd
cbl: SAYADIN KHARTOUM

* Tanzania- United Republic of
Management Authority:
The Director of Wildlife
Wildlife Division
Ministry of Tourism, Natural Resources

and Environment
Ardhi House
Kivukoni Front
P.O. Box 1994
Dar es Salaam
United Republic of Tanzania
tel: (25551) 21241-9

tel: (675)271793
fax: (675) 27190f;271W

Scientific Authoriw:
The Director of Nature and

Environmental Conservation
Orange Free State
P.O. Box 517
Bloemfontein 9300
Republic of South Africa
tel: Q75L) a055245: 4n54262
fax: (2751) 4054873

Scientific Authority:
The Coordinator
Tanzania Wildlife Conservation

Monitoring Program
P.O. Box 1994
Dar es Salaam
United Republic of Tanzania

tel: (25551) 21241; 21246
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tex: 41725 nareto tz
cbl: MALHSILI DAR ES SALAAM
fax: (25551) 23230

* Thailand

Wildl ife Conservation Division
Royal Forest Department
Paholyothin Road, Jatujak
Bangkok 10900, Thailand
tel: (ffiz) 5791565; 5792776: 5794847
fax: (662) 5798611

* United Sgtes of America
Management Authority:
Chief, Office of Management Authority
U.S. Fish and Wildlife Service
4401 N. Fairfax Drive, Room 4ZO C
Arlington, Virginia 22203
United States of America
tel: (1703) 3582W3: 3582095
cbl: 4900005150 WASHINGTON
fax: (1703) 3582280 (Chief and Operations

Branch); 35822E1 @ranch of permits)

* Vengzuela
Management Authority:
Ministro del Ambiente y de los Recursos

Naturales Renovables
Director General del Ministerio del

Ambiente y de los Recursos
Naturales Renovables

Ministerio del Ambiente y de los
Recursos Naturales Renovables (MARNR)

Torre Sur, l9o piso
Centro Simon Bolivar
Caracas 1010, Venezuela
tel: (582) 4833917; 411030
tex: 24434 manr vc
fax: (582) 4831 148

41725 nareto tz
MALIASILI DAR ES SALAAM
(25551) 23230

Scientific Authority:
Chief, Office of Scientific Authoritv
U.S. Fish and Wildlife Service
725 Arlington Square Building
Washineton. D.C. 2AZ4A
United States of America
tel: (1703) 3581708
cbl: 4900005150 WASHINCTON
fax: (1703) 3582276

Scientific Authority:
Consejo Nacional de la Fauna Silvestre

(coNAFASD
Ministerio del Ambiente y de los Recursos

Naturales Renovables (MARNR)
Centro Simon Bolivar
Edificio Camejo Norte
(frente al Pasaje Zingg)
Entrada Oeste; Nivel Mezzanina
Caracas 1010, Venezuela
tel: (582) 4081643

fax: (582) 5453912

tex:
cbl:
fax:

Provencial institutions: Florida Game and Fresh Water Fish Commission, Alligator Management Section,4005 south Main street, Gainesville, FL. 32ffi1,u.s.A., tel. g04 336223},fax. g04 376535g;Louisianawildlife and Fisheries Commission, Route 1, Box 20-6, Grand Chenier, LA.7o&3 U.s.A., tel.3lg5382165, fax 318 491 2595.
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* Zambia
Manasement Autbority:
The Director
National Parks ard Wildlife Senice -
CITES Management Authority
Attn: Chief Wildlife Research Officer
Private Bag I
Chilanea, Zanhia
tel: Q6AD 278366; 278524: 27824
tex: game za 70520
cbl: DIROCAM CHILANGA
fax: (2601) 278365

* Zimbabwe
Management Authority and Scientifi c Authority:
Departnent of National Parks

and Wild Life Management
P.O. Box t365
Causeway
Harare, Zimbabwe (WL)
tel: Q634) 792786-9
tex:. 425412141 zimgov zw (Io/At. Dept. of

National Parks and Wild Life Management)
cbl: PARKLIFE HARARE
fax: Q634) 79lLI4

Provencial institution: Contractual research and
Cambridge Ave, Highlands Harare, Zimbabwe.

CITES Secretariat:
CITES Secretariat
15, chemin des Anemones
Case postale 456
CH- l2l9 Ch atel aine{eneva
Switzerland
tel: (4122) 9799'391n
tex: 415391 ctes ch
fax: (4122) 7973417

Scientific Authority:
The Wildlife Research Division of the

Deparunent of National Parks
and Wildlife Service

Private Bag 1
Chilanga, Zambia

tel: Q60l) 278366; 278524; 27824
tex: game za 70520
cbl: DIROCAM CHILANGA
fax: (2601) 278365

monitoring provided by J.M. Hutton @vt) Ltd, 16
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ATTACHMEI.IT 4

Developmentsl Aid Expertise

Fund raising suggestions for crocodile projects contributed by:

James Perran Ross, Executive Officer, CSG
Florida Museum of Natural Historv
Gainesville FL 32611, USA

Funding support for crocodile projects is potentially available from hundreds of sources. It is
not practical to try and list them all here, and directories ditailing many of these can be found in most
libraries. Instead we can offer an overview of the wide scope of possiUitities and some tips on how to
approach them. Funding sources can be roughly classified as follows:

International Aid agencies
National Aid agencies
International Conservation Organizations
National Conservation Organizations
Business groups and Commercial Associations
Private Companies
Private and non profit Foundations
Private individuats

These are listed in inverse order of the ease and speed in which they usually provide assistance.
In general it is far easier and quicker to make-a direct ipproach to an individual or a company. A
company president or a wealthy individual can often just wiiie a check. In contrast the higher up Oe tistyou ask, the more complex the process and the more committees, reviewers and special conditions are
required. A few of the more prominent sources are listed in Table l.

In most instances a proposal must be submitted to the source and the normal period between
submission and receiving funds is 1-3 years. Minimat information you need to know is the following:

1) The address and name to which to submit an apprication.
2) The format and content required in the proposal.
3) The deadlines for submission and the time when a decision wilt be made.

Most proposals require the following content although the order and specific details requested are
very variable:

l) The name, address and description of the submitting individuals and organization.
2) A statement of the period of time and the amount oi support requested.
3) Background information on the problem.
4) A description of the scope of the proposed project.
5) A detailed account of the activities proposed and the schedule of work.
6) A description of the specific results and outcomes that are expected.
7) The names and qualifications of personnel.
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8) A deraild budget indicating major types and amounts of expenditures.

In mrny cases the succ€ss of an application is only partially related to the merit of the project you
have in mhd. The key to success in soliciting financial support for a project is to correctly match the
proposed activities with the interests of the funding source. You may think you have a terrific proposal
but if the agency you approach doesn't support that sort of project, you iue unlikely to succeed. In most
cases each source has specific guidelines for submitting proposals and specific interests that it will
support. It is absolutely mandaory to submit a proposal in the format that the source requires, if they
want it in Swatrili, on pink paper with scalloped edges, that's the way to do it. Remember that most
sources receive many more requests for assistance than they can support. Therefore they are always
looking for a way to eliminate your proposal quickly and minimize the number of proposals they have
to spend a lot of effort to review. A great deal of your time and energy can be wasted preparing and
submitting proposals to inappropriate sources.

The most important activity you can undertake is researching potential sources. It is also
instnrctive to review the past giving history of a source. Public libraries maintaiir reference material on
many sources and most agencies, organizations and foundations will provide written guidelines on their
interests and requirements upon request. Universities often collate aid information for their faculty and
embassies and consulates can usually provide information on aid available from official sources fromtheir
country.

Another critical factor, independent of the merit of your project, is the re-iuisuraoce you provide
that you and your organization are fully capable of compleing the work successfully. Agenciesdislike
wutilS their money and usually have requirements to qualify. They are often as interested in your
qualificationsr lour bookkeeping ability, the members of your board of directors and your track record
of organizational accomplishments as they are interested in the project itself.

Another important consideration is to match the request to the amount the source wants to give.
It is obviously unproductive to request $100,000 from a small foundation that usually gives $500 ravel
grants. It is equally unrewarding to request a small personal grant from FAO who usually provide very
large grants to national govemments, they just can't be bothered with small grants.

You can't beat the personal touch. Like everything else, who you know is just as important as
what you know. It is usually beneficial to make personal contact with a representative of the source you
are considering. Most agencies and organizations and many companies and foundations have paid staff
dedicated to managing the gift program. These people get their professional credit and often their
personal gtatification, from their success at picking good projects for their agency to support. They will
often provide detailed information and valuable advice. Use them. Begin with a phone call, arrange a
visit, follow up, keep them informed of your activities while your proposal is pending and while your
project proceeds. These people are the ones who usually present your proposal, with their
recommendation, to the review board. A relationship of confidence and trust based on good
communication can really help your project.

Reports are very, very important. Most funding sources require you to report during and at the
termination of a project. A disnrrbingly high proportion of fund recipiens fail to fulfill their reporting
requirements. As a result they do not get renewed support. Most successful fund raising builds on
success. A small proposal for a pilot project can be the introduction for a larger proposal later and
ongoing support. Developing a relationship of success with a funding agency is a very valuable activity.
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Finally, it should be clear from the preceding material that fund-raising is a serious, time
consuming activtty. It takes effort to succeed and success is usually proportional to your effort.

Having made these dismal points, don't be discouraged. There is lots of assistance money out
there and most of these sources are required by their charters to give it away. It's just a case of mating
the best match betrveen what you want to do and what they want to fund, and presenting a convincin!
proposal that you can accomplish what they want to achieve.

Table 1:
Potential sources of funding for projeas on sustainoble use of crocodilians.

A. Information about funding sourc€s.

The Conservation Directory. National Wildlife Federation, 1400 Sixteenth St. NW Washington DC
200362266 USA.

The Foundation Directory. The Foundation Center, 79 Fifth Ave., New york, t{y 10003-3026 USA.

The National Directory of Corporate Giving. The Foundation Center, 79 Fifth Ave., New york, Ny
10003-3076 USA. ISBN 0-8795,+-485{.

World Directory of Environmental Organizations. California Inst. of hrblic Affairs, p.O. Box 10,
Claremont CA 9l7ll USA.

World Environmental Directory. Business Publishers Inc., 951 Pershing Drive, Silver Spring, MD 20910
USA.

B. Internationsl Aid agencies.

These maintain impossibly ponderous bureaucracies and fund multimillion dollar projeca. They
usually work directly with national governments.

UN FAO - Food and Agricultural Organization, Rome , Italy.
UN UNDP- United Nations Development program
uN UNEP- united Nations Environment Program. p.o. Box 30552, Nairobi, Kenya.
The V/orld Bank, 1818 H St. NW, Washington DC 20433 USA.

C. National Aid Agencies

Most of these function as anns of ttre foreign policy of their country and their aid allocation can
be very focussed and political. Most maintain offices in the countries bf tneir interest and can be
contacted through the embassy and scientific attache"

us AID -Agency for International Development, washington Dc 20523, usA.
NORAD- Norwegian Agency for Development
AUSTRAD- Australian Agency for Development
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EC- European Commission
JICA - Japan International C... Aid

D. Internationrl Conservation Agencics

IUCN-World Conservation Union. Ave du Mont Blanc, Gland CH-l196, Switzerland.
WWF- lnternational. World V/ide Fund for Nature, Ave du Mont Blanc, Gland CH-l196, Switzerland.
WCI (NYZS)- Wildlife Conservation lnternational, 185th and So. Blvd., Bronx, NY 10460.
CI- Conservation International, 1015 18th St. NlV Suite 1000, Washington DC 20036 USA.
National Geographic Society.

E. National Conservation Organizations

WWF- World Wide Fund for Nanrre- National organizations, function and provide grants
independently of WWF-lnternational. Major WWF affiliates in US, UK, France, Netherlands, Germany,
Malaysia.

F. The commercial sector.

Corporations - Nearly every international corporation gives away some funding in every country
it operates in. They do this for reasoffr of prestige, public relations and sometimes tax benefits. Oit
companies, car companies, electronic companies, food companies are all potential sources. Contact the
national office and the director of public relations and enquire about the corporate giving pro$am. Of
course if your boss fishes with the company President, that should help. The obvious targets are
companies with a commercial interest related to your project. For crocodilians, manufacturers, fashion
houses, retail stores, tanners, traders and commercial farms and ranches are all possibilities. This
publication was prepared with financial assistance from conservation organizations, tanners and traders.

Crocodilian related Trade groups

ACSUG- Asian Conservation and Sus&tinable Use Group. Y. Takehara, Pres. Horiuchi Trading Co. No
2-174 Tsukasacho, Kanda, Chiyoda-ku, Tokyo, Japan.

JLLA- Japan Leather Industries.Association, CITES Promotion Committee, 2F, Meiyu Bldg., 249
Kaminarimon, Taito-ku, Tokyo 111 Japan.

NCFA- Nile Crocodile Farmers Association of South Africa, C/) Riverbend Crocodile farm. P.O. Box
245, Ramsgate,4285, South Africa.

CFAZ- Crocodile Farmers Association of Zimbabwe, P.O. Box 2569, Harare, Zimbabwe.

FAFA- Florida Alligator Farmers Association, C/O Ashley Associates, P.O. Box 13679, Tallahassee,
Fl 32317 USA.

ICFA- Indonesian Crocodile Farmers Association. S. Tazir Pres. P.T. Sentani Valley, JL Ciputat Raya
No 192, Pasar Juma'at, Jakarta, Indonesia.
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CMAT- Crocodile Management Association of Thailand, Dr. P. Ratanakorn, Pres. Wildlife Lab. Dept.
Zool. Kasetart University, Bangkhen, Thailand.

ACFA- Australian Crocodile Farmers Association, CtO I. Bache, P.O. Box 3gT4l,Winnellie NT 0g21,
Australia.

AZOOCOL- Associacion Zoocriaderos de Colombia, c/o M. Stambulie, Zoocriadero Bucaintu Ltda.
Cartagena de Indias, Colombia.
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