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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.

n



r-5

0t'r.......r IndomblayanRealm
ry IndocfrlneeSubregion'/ffi, trc

Biogeographic unirs.

2L



Digibution of Slrmcrc crccodlle, as r€portcd during villagc intcrviews
198&93. md fiom oher soutcer

7)



References
' Claridge. G 1993 b wetland of the Lao P.D.R. An interim inventory. IUCN, the world

conseration Bangkok Thailand.
- Bair4 I 1993 wildlife tade between the southern Iro P.D.R provinces and Thailand,

Cambodia and Vietram. Prepared for TRr{IIFIC south cast Asi4Kulalumpur.Malaysia.
- Thorbjarnsoq J(Compiler) and H. McsseLF.W king and J.P.Ross(eds)lgr}Crocodile :

An action plan for their coruervation IUCN ghnd switzerland.
- R.E. Salter 1993 wildlife in I-ao p.D.& a status reporr.
'N.A.F.Pty Ltd nodate.Feasibility study into crocodile ranching in l-eos.N.A.F.pry Ltd.

Canberra; Australia.



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 ,

31



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 '

45



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
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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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61



ffi. +rli.iiii:itiii,!r,i

:,::: .,'. ..lll 
'll

F i g . 3

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.
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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


