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CROCODILE SPECIALIST GROUP

The Crocodile Specialist Group (CSG) is a worldwide network of biologists, wildiife managers,
governmeni officials, independent researchers, non-governmental organization representatives, farmers,
traders, tanners, manufacturers and private companies actively involved in the conservation of
crocodilians (Crocodiles, Alligators, Caimans and Gharials). The Group operates under the auspices of
the Species Survival Commission of [UCN. The CSG provides a network of experts to assess
conservation priorities, develop plans for research and conservation, conduct surveys, estimate
populations, provide technical information and training, and to draft conservation programs and policy.
CSG also assists monitoring international trade and identifying products. The CSG works closcly with
CITES to promote sustainable use and international trade that benefits the conservation of crocodilians.
The Group is headed by its chairman, Professor Harry Messel, and maintains offices in Gainesville, FL
USA. Working Meetings of the CSG are held every two years.
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FOREWORD

Once again CSG members have convened from around the world to address current urgent conservation
issues of crocodilians. This meeting was deliberately located in S.E. Asia to highlight (he high diversity
of crocodilians and the severe threats facing them in this region. Rapid economic development,
including an intense interest in crocodile farming and trade, provides us with the opportunity to ensure
that use of crocodilians in the region is sustainable and provides conservation benefits to the wild
populations and their habitats. At this meeting we have seen the benefits derived from highlighting one
species, Tomistoma schelegelii, which has resulted in funding and an intense survey effort. We are
confident that we can now change the conservation assessment of this species from Data Deficient to
Endangered. This is the way the CSG works, identify the problem, conduct the research, provide the
information to direct policy and conservation action. We express our great thanks to our friends in
Singapore and throughout the region for providing the venue and platform and the vital support on which
our ¢fforts rely.

Professor Harry Messel, Chairman CSG.

SUMMARY OF THE MEETING

About 140 CSG members convened in Singapore between 14 and 17 July 1998 for our biennial
worldwide meeting. The facilities and arrangements of the meeting hosts, Singapore Reptile Skin Trade
Association, were impeccable and participants were quickly made to feel comfortable among Singapore
skyscrapers. The meeting was opened by Dr. Ngiam Tong Tau, Director, Primary Production
Department, Ministry of National Development, after welcoming comments by Mr. Koh Choon Heong
representing the hosts, Singapore Reptile Skin Trade Association, and Professor Messel, Chairman of the
CSG.

The working part of the meeting began with a series of presentations on recent work on Tomisfoma in
Sarawak, Sumatra and Kalimantan, followed by vigorous discussion by participants. In the afternoon,
colleagues from China presented results and information on the rapidly developing situation there and
Gerry Ortega of the Crocodile Farming Institute gave a comprehensive description of the many advances
made with the captive population of the Philippine crocodile.

The meeting continued in high gear with a session detailing the newly recognized problem of sub-
lethal levels of pollution affecting reproductive hormones in alligators. The recent similar phenomena
observed in Lake Griffin, Florida, were described and in discussion the possibility that such effects might
be widespread in both wild and captive situations was presented. That afiernoon a series of presentations
on world trade detailed the current depressed state of the ¢rocodile skin market and led to a discussion of
more active measures CSG might take to promote the conservation value of crocodilian use .

The combination of in-depth papers and extensive discussion continued the following day with
sessions evaluating reintroduction as a conservation tool and more presentations on the situation of SE
Asian crocodiles. Quite striking contrasts between results of reintroductions obtained in different
situations and by different workers were reported. Therefore each particular situation should be analyzed
rigorously. An introduction to general principles of reintroduction programs by Pritpal Soorae of the
TUCN Reintreduction Specialist Group provided a valuable framework for discussion. New information
from Cambodia and Vietnam and an update on the situation in Thailand further broadened our
understanding of the need for conservation action in the region to harness the erergy of developing
commercial interests to ensure conservation of wild crecodilians.

In a special sessiou, participants used the IUCN criteria to re-assess the status of SE Asian species.
New information available on Tomistoma as a result of the activities promoted by declaring this species
our first priority in 1992 were evaluated and the meeting concluded that the correct status for Tomistoma
was Endangered. The current evaluations of crocodilians in the Asian area were confirmed. Alligator
sinensis, Crocodylus siamensis and C. mindorensis remain Critically Endangered, and C. porosus, C.
Johnsoni and C. novaeguineae remain Low Risk of Extinction, However, it was noted that C. porosus




may be Endangered in many parts of its range, but is secure in Australia, PNG and Indonesia. This led
to a detailed discussion of the applicability of the criteria to long-lived species like crocodilians.

On (he final day of the meeting Val Lance chaired a session on physiological basis of reproduction in
captivity and gave a comprehensive review of 20-years research. Additional contributions on the recent
mycoplasm disease outbreak in St. Augustine Alligator Farm and research on captive husbandry in
Queensland rounded out this usefu! practical session and again prompted extensive discussion. After a
brief closure and expression of thanks to the organizers, participants went on field trips to the Heng Long
tannery and Long Kvan Hung Crocodile Farm where again they received the generous hospitality of our
Singapore hosts.

Papers published in this volume include (hose presented at the meeting, extended abstracts of several
posters displayed at (he mesting and a number of relevant papers submitted by authors who were unable
to attend, As customary for CSG Proceedings these are presented as they were submitted by the authors
without review or correciion and serve as a ready source of current and new information on crocodilian
research management and conservation.

Perran Ross, Executive Officer CSG, Managing Editor 14" Proceedings.
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INTRODUCTION

Though known for over a cemtury as museum specimens, the false gharial Tomistoma
schlegeli, has remained somewhat of a mystery in terms of its distribution and abundance. A
cryptically coloured and secretive species, the inaccessibility of its swampy habitat makes it
difficult to detect, while its non-aggressive disposition does not betray its presence by conflict
with humans. There have been no surveys in Sarawak devoted exclusively to the species,
although Cox & Gombek (1985) included it in their general survey of crocodiles. There have
been few field surveys since, partly because traversing 7. schlegeli habitat is both difficult and
time consumning. Lack of interest could also be caused by the species having no local cultural
importance nor any significant economic value (the skin is not traded locally). Thus the
distribution and status of 7. schlegeli in Sarawak is yet to be properly documented, and the
species has received little attention despite its listing among Sarawak’s protected wildlife
(Anon, 1990).

DISTRIBUTION

The historical distribution for the false gharial was from southeastem China, Thailand and
Burma, Penminsular Malaysia, Sumatra and Borneo. Its current distribution in Malaysia-




Indonesia includes a small portion of Peninsular Malaysia (Tasek Bera), eastern and southern
Sumatra, and the island of Bomeo (Sebastian, 1993). De Rooij (1915) listed Sadong and
Muka in Sarawak, and Singkawang, Pontianak, Banjarmasin, Lake Lamuda (7), Kapuas River
and Muara Tebeh (=Teweh) as localities for the species in Borneo. Sebastian (1993) added
Kutai National Park’, Gunung Palung (surrounding swamps), Tanjung Puting and Danau
Sentarum (Kapuas) in Kalimantan. Cox & Gombek (1985) reported that in Sarawak, false
gharials could be found in the upper Rejang, Tutuh, Suai, Tisak, Seterap, Kelauh and Dor
Rivers and the Ensengei Baki River. Sebastian (1993) added the lower Baram River, Loagan
Bunut and Maludam swamp forest to the Sarawak list.

If plotted on a map of Bormeo, many records lie within a geological stratum known as the
Kuching Zone (Figure 1; van Bemmelen, 1949), which follows the northern edge of the ancient
Sundz Shield (H. Hazebroek, pers. comm.; Hall and Blundell, 1996). This zone extends
through western Sarawak into West Kalimantan in the vicinity of the Danau Sentarum (Kapuas
Lakes), then curves in a northeasterly direction to enclose part of the ulu Barito and ulu
Mahakam. 7. schlegeli has been reliably reported from most of these sites apart from
Singkawang, the Gunung Palung area and Tanjung Puting National Park. The sum of these
records seems to reflect a formerly continuous, now fragmented distribution for Zomistoma in
Bomeo, in interior wetlands.

Firsthand reports from western Sarawak are mumerous, most of them from swampy tributaries
of the Lupar and the Sadong Rivers, such as the Sg.* Ensengei Baki (Fig. 2; Table 1). This
vegetationchoked tributary of the Sadong, meanders through peat swamps for about 20-25
km, often obstructed by floating mats of vegetation. Cox and Gombek’s (1985) only sighting
of the species occurred in the Ensengei Baki, where one of us (EL) reconfirmed the existence
of the species during a 1996 survey. In late March, 1998, residents of Kampung Ensengai
Baki related firsthand sightings of I. schlegeli, despite the permanent lowering of water levels
by two metres, because of a recent drainage project.

Another recent record of 7. schlegeli originates from a site near the town of Engkelili (1I° 12
N, 111 ° 40 E) and in the Sg. Tisak, also a Lupar tributary. In August, 1994, at Sg. Runjing,
Engkelili, two adult false gharials were sighted, and about two weeks later, a three-meter
female was captured at her nest by Sarawak National Parks and Wildlife staff (Lading and
Stuebing, 1997). In the Sg. Tisak on Christmas day, 1996, an Iban woman bathing at the jetty
of a log pond was seized {probably by a Crocodyfus porosus) and killed. Her remains were
found the next day about one kilometer upriver. Several days after the incident, an
approximately 3 m long T. schlegeli female, with 20 partially developed eggs, was caught on a
hook and killed in revenge for the woman’s death, Its stomach was found to contain a small
amount of human remains (nose, lips, some hair). The most recent locality in Sarawak is was
reported in April, 1998 from the upper Sg. Mayeng, a tributary of the Sg. Kakus (M. Gumal,
pers. comm.). A compilation of the most recent information on the distribution of the species
in Sarawak is given in Table 1.

! Apparently an error (R. Blouch, pers. Comm.)
% 8g. = Sungai (river)




A = confirmed record

? =unconfirmed, doubtful record

xxxxxx =Quline of the Kuching Zone

Figure 1. Approximate distribution of Tomistoma schlegeli in Borneo in relation
to a geological feature, the “Kuching Zone” of Van Bemmelen (1949). 3




Figure 2.

Known localities for Tomistoma schiegeli in Sarawak
(revised from Cox and Gombek, 1985),
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Cox & Gombek’s (1985) records of 7. schlegeli from the lower Baram in the northwest,
including the seasonal lake, Loagan Bunut (also mentioned by Sebastian, 1993), are doubtful.
and may represent either small non-viable populations, or vagrants, in shrinking pockets of
habitat. A visit by one of us (EL) in 1996 could not confirm its existence there via direct
surveys, and comments from local people were vague. Both of the Mukah records are based
on old museum specimens, one from the Sarawak Museum and De Rooij’s from Leiden.
There have been no reports of 7. schlegeli from the Mukah area for many years (C. Tyller,
NPWO, pers. comm.). There are few reliable reports of the species occurring beyond the
Maludam River near the Lupar River. The only recent confirmed breeding population of false
gharnials from eastern Sarawak exists in the above mentioned Sg. Mayeng,

Table 1. Localities for Tomistoma schlegeli in Sarawak

Locality/River Source* Status** Comments

Sg. Ensengai Baki 1,6 A B Aduits and juveniles

Sg. Kerang 6 B Adult caughit and released, 1997
Sg. Seterap 1,2 B Crocodylus porosus present
Sg. Kelauh 1 B Crocodylus porosus present
Sg. Dor 1 B

Sg. Rumjing 4 A Nesting fernale, two adults
Sg. Tisak 23 A Crocodylus porosus present
Sg. Mayeng (Kakus) 6 A Flying fox survey

Sg. Mukah 1,2 C Extinct?

Loagan Bunut 2 C Crocodylus porosus present
Sg. Baram & trib. 2 C Crocodylus porosus present

* 1=DeRooij, 1917, 2 = Cox & Gombek, 1993; 3 = Surveys by Lading, 1996-97;
4 = Lading and Stuebing, 1997; 5§ = M. Gumal (pers. comm.); 6 = 1998 surveys

** A = Confirmed sighting; B = Reports by local people; C = Second hand reports
{presence doubtful}

HABITAT

The majority of records of 7. schlegeli in Sarawak are from peat swamps formed in the interior
tributaries of the Sadong, Lupar and Tatau/Kakus rivers. Vegetation is composed of a giant
species of Pandarmnss, and the river channels are often blocked debris and by large floating mats
of Hanguana malayana, and now with exotic water hyacinth. Based on the intensive fishing
practiced in these coffee~coloured rivers, fish evidently remain extremely abundant. Fish species
harvested from three rivers with known populations of 7. schlggeli are listed in Table 2.

For nesting areas, conditions observed at the Sg. Runjing nest suggest that forest cover is an
important feature of nesting areas. Unlike C. porosus, T. schlegeli apparently avoid the sun,
and if given the opportunity, choose to rest in the shade when out of the water.




NESTING

In July, 1994, a farmer near Engkelili, Sarawak (1°08’ N, 111 ° 39’ E) was clearing a plot for
wet rice and came upon a Tomistoma schlegeli guarding a mound of leaves and other debris on
a bank of the Sg. Runjing. Details of this nest have been reported elsewhere (Lading and
Stuebing, 1997), but the basic features will be mentioned here. The nest was constructed
under an approximately 5 m high canopy in disturbed peat swamp forest, at the base of a tree

Table 2. Fish species of economic significance in three rivers where Tomistoma
schlegeli is known to occur
Species Local name Sg. Sg. Se.
Ensengei Kerang Seterap
Baki
Charma sp. Blau + + +
Charma striata Udun + +
Oyclocheilichthys apogon Boeng + +
Hampala macrolepidota Adong +
Helostoma sp. Biawan + +
Hemibagrus spp Baung + +
Macrobrachium rosenbergii  Udang galah (prawn) + +
Osphronermus gourami Kalui + + +
Osteochilus sp. Bantak + +
Oxyeleotris mamorata Betutu + +
Puntius collingwoodi Kepiat + +
Rasbora spp. Enseluai + + +
Wallago sp. Tapah + + +

about 2 m from the stream bank about 1 m above a small stream. The nest materials differed
from that of C. porosus, because no grass was used, and the main materials were dry leaves
and woody debris. The false gharial nest was not built as a isolated mound (like nests of most
C. porosus), but was constructed at the base of a tree in relatively deep shade. This sftuation, if
it proves consistent, may mean that the heat generation and dissipation characteristics of T.
schlegeli nests differ significantly from those of C. porosus nests. The Sg. Runjing nest
resembled that of a megapode (Megapodius cuanmingii) seen on Pulau Tiga, in Sabah. The 7.
schiegeli clutch size was 16, and after the eggs were removed in mid-August, the relatively
docile fernale was captured by staff of the Wildlife Section and transferred to Matang Wildlife
Centre near Kuching.

The Jong Crocodile Farm on the outskirts of Kuching, Sarawak currently holds 39 false
gharials, most of which were obtained from tributaries of the Sadong River, including the
Ensengei Baki, Kerang(an) and Simunjan. Several males have been in captivity for 30 years,
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while several of the females have been kept for about 18 years. Interestingly, Tomistoma
schlegeli, unlike Crocodylus porosus can be kept in mixed groups (size and age) with minimal
aggressive interaction.. This difference in captive animals may imply differences between the
two species in the wild in terms of social interactions and territorial defense.

In the farm, the T schlegeli have survived well, and have been observed courting and mating,
Of a total of five nests over the last four years, all have been constructed ), between May and
July (1994-1997) by a single pair, a 2.6 m female and a 3.2 m male. Nest construction
commenced about six months after the farm enclosure was modified to stmulate conditions
seen in the 1994 Engkelili nest. Eggs were subsequently laid in four out of five nesting
attempts, with from 12-23 eggs per nest, but only one hatchling was produced. The reason for
the low fertility is not known, although the relatively young age of the male might be a factor.
The hatchling that was produced grew to a length of 64 cm in approximately one year,

LEGAL STATUS

Tomistoma schlegeli 1s listed as a Protected Species under Schedule II of the Sarawak State
Wildlife Protection Ordinance (Anonymous, 1995). Under this regulation, no person may
“hunt, kall, capture, sell, offer for sale, import, export or be in possession of the live animal,
trophy or flesh/organ except under an accordance with the terms and conditions of a license”
issued under the Ordinance. The penalty is a fine of RM10,000, and imprisonment for one
year. License fees to export or to hold in captivity are RM10.00/head/yr. Export of T.
schlegeli also requires CITES certification.

THREATS
Hunting

False gharials are not as likely to be hunted as C. porosus, as the skin currently has little value
in the local market. Hatchling or juvenile . schlegeli used to be sold, however, in the Balai
Ringin area. Cox & Gombek (1985) remarked that the trade at that time probably numbered
“less than ten animals”. It was probably substantially more than that then, and perhaps even
now. Only careful surveys and cooperation from local people can shed light on this. The Jong
farm keeps a substantial number of T. schlegeli under license obtained 20-25 years ago from
the ulu Sadong area, possibly from the Sg. Ensengai Baki and the Sg. Kerang.

Fishing

Cox & Gombek (1985) expressed concem over intensive fishing in rivers such as the Ensenge:
Baki. Fishing is carried out via the use of deep selambau nets up to 30 metres in length, which
are commonly opened across main river channels or mouths of tributaries. These nets entirely
block a channel, and if the villagers report that numerous I. schlegeli are drowned as a result.

The belxt net takes advantage of tidal fluctuations, an though less likely to trap an adult 7
schlegeli, could trap juveniles. Some fishermen regard faise gharials as a nuisance, killing




them and discarding the carcasses. Others will release the animals out of a superstitious belief
that crocodiles should not be disturbed. Hatchlings are not as likely to be released, however.

The use of pesticides for fishing has occurred in recent years near Serian, within 7. schlegeli
habitat (A Fong, Pers. Comm.). This practice has not been directly linked to any decline of 7.
schlegeli populations, but the long-term effects could be serious.

CONSERVATION

Until intensive surveys in Sarawak prove otherwise, Zomistoma schilegeli should be regarded
as threatened. From the most recent spotlight surveys and interviews with local people,
densities of false gharials seem rather low, though admittedly the animals are always difficult to
detect. A matter of great concern for long-term survival 7. schlegeli populations is the impact
of land development on peat swamps and their associated rivers in Sarawak. The main arez of
concem is specifically the area from Serian to Engkelili. Existing government lands still contain
small forest reserves, but the remaining areas are likely to undergo development for agriculture,
and drained via the construction of long, parallel channels. 7. schlegeli populations existing in
privately held lands (mostly under native title) may face a bleak future as well, since many peat
swamps are now targeted for conversion {o oil palm plantations.

Currently, there are no gazetted parks or protected areas lying within the core distribution for
7. schlegeli in Sarawak. The Maludam Wildlife Sanctuary (8,700 ha), where I. schlegeli may
occur, has been on the proposed list for several years, but as of early 1998 had not yet been
gazetted’. This proposed Sanctuary may, in fact, lie outside the areas historically having the
highest density of 7. schlegeli in Sarawak.

To reiterate, most of the areas where 7. schlegeli has historically been abundant are unlikely
candidates for protection, since they already fall under other categories of land use. A multiple
use arrangement is probably the best solution to this dilemma, involving active management
fishing practices.

Considerable conservation effort has been underway during the last few years, t0 promote
legislation to discourage all forms of hunting in Sarawak. Unfortunately, species such as
Tomistoma schlegeli will benefit more from guidelines on sustainable use of resources and
wise land use, rather than a ban on killing. The disappearance of false gharial habitat must be
halted, followed by involvement of both government and local communities in management of
this unique wildlife resource.
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Abstract

The False Gharial (Tomistoma schlegelil) is one of the world’s least-known
crocodilians and is considered to be globally endangered. This paper presents the
results of a research project undertaken from 1994 to 1996 to assess distribution,
abundance and ecology of the species in Sumatra. The species is currently distributed
from North Sumatra to South Sumatra Provinces, with an isolated population in
Laompung Province. Historically, the species occurred in freshwater ecosystems
throughout most of eastern Sumatra, and its current distribution represents a range
decline of some 30-40%. Local people report a decline in distribution and abundance
over the last 30-40 years, coinciding with increasing loss of nesting habitat and hunting
for the skin trade in the 1950s-70s. It has always been considered that the species
occurred in low densities. The highest recorded densities (0.21/km and 0.26/kam) were
on the Merang River (South Sumatra Province) and Berbak National Park (Jambi
Province) respectively, where breeding populations were confirmed fo occur.
Tomistoma schlegelii was found to forage and nest in at least two forest categories in
Sumatra, peat swamp forest and lowland secondary forest. Nest and egg dimensions
are presented. Of significance, egg mass is almost double that of every other
crocodilian species. The global IUCN status of the species is Data-Deficient, but within
Sumatra the species may be considered to be Endangered or Critically Endangered.

Introduction

The False Gharal (Tomistoma schlegelii) is one of the world’s least-known
crocodilians, and is listed as the fifth-highest priority species for conservation action by
the TUCN-SSC Crocodile Specialist Group (CSG) (Thorbjamnarson 1992). Originally
widely distributed in South-East Asia, the only populations are now known from
Sumatra and Kalimantan (Indonesia), Sarawak and Peninsular Malaysia (Malaysia).
The formal status of the species is ‘Data-Deficient’ under the [UCN (1994) criteria.
Sebastian (1994) recently emphasised the need for clarification of the current status and
distribution of the species.

In 1994 the CSG initiated a project to assess the conservation and management needs of
T. schlegelii. Wildlife Management International (WMI) agreed to co-ordinate a
cooperative research project on the species on behalf of the CSG, with funding from the
Global Guardian Trust, WMI, the German Leather Industry Association (Internationaler
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Reptillederverband-IRV), CSG and the Asian Conservation and Sustainable Use Group
(ACSUG). Additional staff and resources were provided by WML

With the largest remaining populations thought to exist in Sumatra and Kalimantan
(Cox 1987), research efforts were directed at Indonesia. A co-operative project was
initiated with the Directorate-General of Forest Protection and Nature Conservation of
Indonesia (PHPA), which has identified T. schlegelii as one of the most endangered
crocodilians in Indonesia (Ramono and Raharjo 1993). Fieldwork was restricted to
Sumatra in order to maximise the amount of information obtained from a single, large
area.

The aims of the project were:
» to locate areas with breeding populations of T. schlegelii,

e to obtain a broad overview of the current and historical distribution, abundance and
status of 7. schlegelii in Sumatra;

e to conduct surveys for T. schlegelii in river systems in eastern Sumatra; and

» to collect as much additional information as possible on the ecology of T. schlegelii
in Sumatra, including nesting biology, morphometrics and scalation, diet, historical
trade and local beliefs.

This paper describes the results of the project, undertaken from 1994 to 1996.
Conservation and management of T. schlegelii in Sumatra is discussed.

Study area

Sumatra, the second largest island of Indonesia (after Kalimantan), extends from
5940'N, 95°10°E (northern tip of Aceh Province) to 5°55'S, 106°00°E (south-eastern tip of
Lampung Province). The island is divided into eight provinces (Fig. 1). Westemn
Sumatra is dominated by the Barisan Mountain Ranges, a large chain of mountains
which extend from the northern to southem tips of Sumatra. In many areas of western
Sumatra, only a narrow strip of coastal plain separates the mountains from the Indian
Ocean. Rivers in western Sumatra are relatively short, rocky and drain west into the
Indian Ocean. In contrast, eastern Sumatra is dominated by large plains of low
elevation, characterised by long, meandering rivers which drain east into the Malacca
Strait. Mudflats and extensive mangrove systems dominate the eastern coast.

The climate of Sumatra varies considerably due to its varied topography. Average
annual rainfall is 2500 mm, but ranges from 1500 mm (some areas of eastern Sumatra)
to 6000 mm (west of the Barisan Mountains) (Whitten ef al. 1984). Eastern Sumatra is
characterised by a poorly defined wet season lasting 7-9 months (October-April) and a
dry season lasting 3-5 months (May-September). Mean annual temperatures in eastern
Sumatra range from 23°C to 31°C and mean annual relative humidity is 85% (Whitten
et al. 1984). In eastern Sumatra there is usually one tidal cycle per day, but can be two
per day during neap tides. Tidal range can be up to 5 m in some areas, but is highly
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variable; tidal influence extends well upstream into totally fresh water areas (Hadi et al.
1977).

Methods

Field surveys were conducted in Sumatra from 1994 to 1996. In 1994, preliminary field
trips and interviews were conducted in Sumatra and East Kalimantan Province (Ramono
1994), In March 1995 a trip was made to South Sumafra Province to ascertain
fieldwork logistics and identify areas for research (Bezuijen er al. 1995a). Two
extensive field trips to Sumatra were undertaken from August-October 1995 and July-
October 1996 (Bezuijen et al. 1995b, 1996). Fieldwork and methods are described in
Bezujjen et al. (19953, b, 1996) and are summarised below.

Interviews. Interviews with fishermen, former crocodile hunters, Forestry officials,
reptile skin traders and crocodile farms were a key source of information. Provincial
Department of Forestry records of I. schlegelii sightings were accessed. A
comprehensive interview (consistent format) covered T. schlegelii distribution (current,
historical), abundance (changes in number and size structure over time), taxonomy
(different colour forms), nesting biology, local customs and beliefs and historical trade.
Interviews were conducted in all provinces of Sumatra and information was obtained on
a total of 27 river systems. Historical and current distribution was defined as records
prior to 1990 and after (and including) 1990 respectively.

Surveys. Surveys for T. schlegelii were conducted on several river systems in eastern
Sumatra, by speedboat or canoe using a spotlight (12 V battery) or torch (6 V battery)
respectively. ‘Eyeshines® were assumed to be 7. schlegelii unless they were within a
few kilometres of the sea and in brackish water, where they were assumed to be

Crocodylus porosus.

Capture, morphometrics, scalation and diet. Attempts were made to capture all
individuals sighted. Scale counts and morphometric data were recorded. Stomach
contents were removed following Webb et gl. (1982). To aid with analyses of T.
schlegelii stomach contents, fish and crustaceans were collected from the Merang River
in South Sumatra Province. Incidental observations of mammals, reptiles and
amphibians were recorded.

Nesting biology. Sidecreeks and mainstream banks were searcbed for mests. Nest
dimensions, nest habitat, clutch size and egg dimensions were recorded. Where
possible, one egg from each nest was opened, preserved and embryo age estimated.

Habitat quantification. To quantify the foraging and breeding habitat of 7. schlegelii,
forest type, structure, dominant tree species, river length, depth, temperature, salinity
and pH were recorded on most rivers surveyed.
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Results and Discussion

Historical distribution in Indonesia

In Indonesia, the species is known historically from Sumatra and Kalimantan. The
species was formally described from Kalimantan by Muller (1838) and later Boulenger
(1889), and the first T. schlegelii was brought to the Zoological Gardens of Amsterdam
in 1890 (de Lange and de Rooij 1912). There are no historic records from elsewhere in
Indonesia, except for 2 museum specimen with the collection locality as ‘Java’,
although the specific locality is unknown (Strauch 1866, as cited by de Rooij 1915).
Strauch did not see any on Java (de Rooij 1915) and it has never been reported there
since. Mountain ranges and oceanic isolation may have prevented dispersal to other
Indonesian islands (e.g. the Nusa Tenggara island chain east of Java).

In Sumatra, T. schlegelii has only been reported from provinces on the eastern side of
the Barisan Mountains: Aceh, Jambi, Lampung, North Sumatra, Riau and South
Sumatra Provinces (Fig. 2). Most historical records of T. schlegelii are from the central
and southern provinces of Jambi, Riau and South Sumatra (de Rooij 1915, de Lange and
de Rooij 1912, Sudharma 1976). There are no records west of the Barisan Mountains in
West Sumatra and Bengkulu Provinces, as this mountain range probably prevented
dispersal from eastern Sumatra. It is unlikely that the species has ever occurred in
western Sumatra.

Prior to the 1950s, T. schlegelii appears to have occurred from south-eastern Aceh to
Lampung Province, almost the entire length of eastern Sumatra (Bezuijen ef al. 1996).
A sighting in Aceh Province by a Forestry warden in 1993 was the most northerly
record reported (Bezuijen et al. 1996). A record from the 1960s in North Sumatra
Province near the border with Aceh Province indicates that until 20-30 years ago, T.
schlegelii occurred in northem Sumatra. If the 1993 record from Aceh Province is
confirmed, this would extend the historical (and possibly current}) range by
approximately 400 km north, There are no mountain ranges extending to the coastal
plain in southern Aceh which might have restricted dispersal, and it seems possible that
the species may have occurred in southern Aceh Province. In contrast, a narrow coastal
plain is present in northern Aceh, bounded by the foothills of the Pusat Gayo Mountain
Range, and it seems unlikely that the species would have occurred this far north, due to
a lack of upstream, freshwater habitat.

In Kalimantan, there are historic records from Central, East and West Kalimantan
Provinces, where the species appears to have been widely distributed (de Rooij 1915,
Frazier and Maturbongs 1990).

Current distribution in Indonesia

The only known breeding populations currently in Indonesia are in eastern Sumatra and
central, €astern and western Kalimantan. There are unsubstantiated reports from the
early 1980s from north Sulawesi (Thorbjarnarson 1992), although the occurrence of a
breeding population on the island seems unlikely, given its isolation from Kalimantan.
There are no records of the species from Java and the Nusa Tenggara islands.
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In Sumatra, post-1990 reports of T. schlegelii were recorded from local fishermen and
others from all eastern provinces: Aceh, Jambi, Lampung, North Sumatra, Riau and
South Sumatra (Bezuijen et al. 1996). Seventy-cight records of T. schlegelii were
reported by interviewees (24 pre-1990 and 54 post-1990) (Bezuijen et al. 1995b, 1996).
The majority of post-1990 records were from Jambi (26), Riau (11) and South Sumatra
Province (8). Records of 7. schlegelii sightings in Sumatra held by Asian Wetland
Bureau-Indonesia are from Riau (8), Jambi (5), South Sumatra (2) and Lampung
Province (1), of which 10 are pre-1990 and 6 are post-1990 (AWB-Indonesia Database,
September 1995, unpubl. records). Records of 7. schlegelii obtained by other
researchers are most commonly from Jambi, Riau and South Sumatra Provinces (J. Cox,
FAO-PHPA Crocodile Resource Management Project unpubl. data, Muin and Ramono
1994, Ramono 1994, Sebastian 1993b, 1994).

Currently, T. schlegelii is thought to occur from south-eastern North Sumatra Province
to southern South Sumatra Province, with an isolated population in Way Kambas
National Park in Lampung Province (Fig. 2) (Bezuijen et al. 1996, Sebastian 1994),
which probably represents the southem-most extent of the species’ current range in
Sumatra. The furthest west the species has been recorded is the eastern foothills of the
Barisan Mountain Ranges in West Sumatra Province (Bezuijen et al. 1996), which is
probably the western limit of its range in Sumatra.

Based on a synthesis of the above mformation and by comparing the approximate areas
encompassed by the historical and current range (Fig. 2), it is estimated that the
distribution of 7. schlegelii in Sumatra has contracted by 30-40% in the last 30-40
years. Jambi, Riau and South Sumatra Provinces are the strongholds of the species in
Sumatra.

Status in Sumatra

The TUCN-SSC status of T, schlegelii is ‘Data Deficient’, due to insufficient
information to enable an assessment of the global risk of extinction, based on IUCN
(1994) criteria. This situation is largely unchanged on a global basis, hut data from
Sumatra indicates that the species may meet the IUCN criteria for Endangered, and
possibly Critically Endangered within Sumatra. Data from the surveys cortfirms the
high priority listing given by the CSG to the species:

e there has been a documented decline in the distribution of 7. schlegelii in Sumatra
over the last 30-40 years, during which the species’ total range has contracted by an
estimated 30-40%,;

e there has been a documented decline in the extent and quality of habitat for T.
schlegelii in Sumatra in the last 30-40 years;

¢ the number of mature individuals and subpopulations within Sumatra has declined
in the last 30-40 years;

e T schlegelii populations within Sumatra and Kalimantan are separated by mountain
ranges and ocean and may be isolated from each other.
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Abundance in Sumatra

Prior to the 1950s, the species was considered relatively abundant by former crocodile
hunters. There are no quantitative data to indicate the species” historic abundance, but
interviews with fishermen and former crocodile hunters suggest they have always
occurred at low densities, although this may be partly because T. schlegelii is not known
to form large aggregations and appears to be a particularly shy crocodilian. De Rooij
(1915) found that T. schlegelii was ‘not rare’ in Sumatran rivers and Muller (1838)
stated that it was ‘fairly abundant’ in Kalimantan.

Surveys were undertaken on 10 rivers and their tributaries in Jambi, Riau and South
Sumatra Provinces in 1995 and 1996 (Table 1, Figures 3 and 4). Tomistoma schlegelii
were recorded on only two rivers, in Jambi and South Sumatra Provinces. The highest
mean density of T. schlegelii recorded during surveys was 0.26 individuals/km on the
Air Hitam Laut River in Berbak National Park (Jambi Province) in 1996 (Table 1). No
T. schlegelii were recorded during spotlight surveys elsewhere in South Sumatra, Jambi
or Riau Provinces (Table 1). However, survey conditions were not ideal on several
occasions (e.g. high water levels after rain). Local people reported that T. schiegelii
occurred at low densities on all 10 of these river systems.

Table 1, Spotlight survey results in South Sumatra (SS), Jambi (J) and Riau (R) Provinces,
Sumatra, 1995-1996. Results refer to Tomistoma schlegelii unless marked with ‘*’ (Crocedylus
porosus). ES = Eyeshine. Ahl = Air Hitam Laut River and Simpang Melaka Creek (Berbak
National Park). Btg = Batang Hari River. From Bezuijen ef al. (1996).

Yr  River (km surveyed)  Prov Size classes (ft) ES Total Density
<2 23 34 4.5 56 >0

95  Merang (0-45) ss - 2 - 2 - - 3 7 0.16
95  Merang {46-66.5) S8 - 2 - - - - 5 7 0.34
96  Merang (0-45) ss - 1 - - - - 1 2 0.04
96  Merang (46-66.5) S8 - 2 2 1 - 5 10 0.49
95  Medak (0-53) S8 - - - - - 2 - 2 0.03
95 Medaktrib’s(32km)  SS - - - - - . . 0 0
95  Lalan (0-160) sS - - - - - - - 0 0
95  Kepahyang (0-16.5) S8 - - - - - - - 0 0
96  Benu (0-38) ss - N L2 R 0
96  Ahl(0-27) J - 1 1 - - 1 4 7 0.26
96  Big (325465} J - - - - - - - 0 0
96  Ali(4-9.5) J - - - - - - - 0 0
96  Teso (0-14) R - - = e e 0 0
96  Kubu (26.5-34) R - - - - - - - - 0 0

The Merang River (South Sumatra Province) was surveyed in 1995 and 1996.
Spotlight-count densities on the Merang River ranged from 0.04-0.49 individuals/km.
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In the downstream section of the Merang River (km 0-45), densities were lower in 1996
than in 1995, but in the upstream section, were higher in 1996 than in 1995 (Table 1).
The overall densities of 7. schlegelii seen along this river (sections combined) were
0.21/km in 1995 and 0.18/km in 1996. The Merang River is tidally influenced along
km 0-45, where banks are often clear of vegetation and the mamstream is more than 30
m wide, providing good survey conditions. Along km 46-66.5, the banks are densely
vegetated and often only several metres wide, and survey conditions are poor. The
survey densities presented here provide an index to population fluctuations, rather than
an indication of absolute population size. Caution is required when interpreting these
data, due to the low numbers. One other survey of the Merang River was conducted in
1990, by J. Cox, who recorded the same density of 7. schlegelii along km 0-23
(0.04/km) as that recorded along km 0-45 in 1996 (Tables 1 and 2).

The few data with which to compare the above densities are unpublished records or are
included in the results of broader crocodile surveys, and do not present specific
densities of T. schlegelii. The raw data from these reports have been extracted and,
where possible, the specific densities of T schlegelii calculated. Table 2 summarises T
schlegelii densities recorded in other crocodile surveys in Indonesia and Malaysia.
Densities of T. schlegelii recorded by other researchers are of similar magnitude to those
in Table 1, and most densities appear to be low. Immediately apparent is that the
highest densities of 7. schlegelii are from three locations: the Merang River, South
Sumatra Province (highest overall density of 0.21 T. schlegelii/km in 1995), the Air
Hitam Laut River, Jambi Province (highest overall density of 0.34/km in 1990) and
Danau Sentarum National Park, West Kalimantan (0.12/km in 1994) (Tables 1 and 2).

Table 2. Summary of T. schlegelii densities recorded by other researchers during crocodile
surveys in Indonesia and Malaysia. Ahl=Air Hitam Laut River, NP=National Park. CK, EK and
WK=Central, East and West Kalimantan Provinces, SS=South Sumatra Province. ES=Eyeshine
(assumed to be 7. schlegelii for this summary). Km = total kilometres surveyed.

Location Survey date No.T. Km Dens Source
schlegelii
Sumatra
Merang River (S5) Sep 90 1 2275 0.4 ] Cox, in litt,
Medak River (SS) Sep 90 2 (ES) 36 0.06 I Cox,in litt,
Lalan River (S§S) Sep 90 2 150 0.01 L Cox, in litt.
Ahl (Berbak NP, T} Oct 90 7 205 034 I Cox, in litt.
Kalimantan
several rivers (EK)! Aug-Sep%) 5 156.8 0.03  Frazier & Maturbongs (1990)
several rivers {CK) Sep-Oct 90 19 8025 002  Frazier & Maturbongs (1990)
Danau Sentarum NP (WK)*  Aug 94 6 51.9 0.12  Frazier (1994}
Sarawak
several rivers’ Jul-Sep 8BS 3 102 0.03  Cox & Gombeck (1985)
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‘Total survey length derived by adding all krn surveyed by F&M (1990) except for ‘Tidal-Mangrove
Nypa habitat’ (assumed to be unsuitable habitat for T. schlegelii). 4xES in East Kalimantan were
assumed to be T. schlegelii for this calculation.

4xES were assumed to be 7. schlegelii for this calculation. All six crocodiles were seen on a 7.6 km
span of one river (=0.79 crocodiles/km).

*All 3 T. schlegelii were seen on a 13 km span of one tiver (=0.23 T. schlegelii/km).

Tomistoma schlegelii is a species which appears to occur at low densities throughout its
current range in South-East Asia. The highest recorded densities are from three river
systems in Sumatra and Kalimantan; the Merang and Air Hitam Laut Rivers (South
Sumatra and Jambi Provinces) and Danau Sentarum National Park (West Kalimantan).

Nesting biology and habitat

Breeding populations were located on the Merang River (South Sumatra Province) and
confirmed to exist in Berbak National Park (Jambi Province). The presence of a
breeding population in Berbak National Park has previously been noted (Atmosoedirdjo
1993, MacKinnon 1982, Silvius ef al. 1984).

Sixteen sites where 7. schlegelii nests were present or had been present were examined
in 1995 and 1996 (Bezuijen ef al. 19952, 1996). All except one site had been previously
located by resident fishermen and were shown to the survey team. Fifteen sites were on
the Merang River and one, a site from the early 1970s (shown to the team by the
fisherman who originally located it, and which no longer contained any traces of a nest)
was on a tributary of the Medak River (South Sumatra Province). Only three sites
contained intact nests with eggs. The fifieen nest sites on the Merang River were from
the following nesting seasons: 1996 (n = 2), 1995 (n=7), 1994 (n = 1), 1992 (n= 1)
and 1987 (n = 4). Nest information from seasons prior to 1995 was supplied by local
fishermen. Of the seven nests from the 1995 nesting season, six were intact when
located by fishermen and five contained eggs, although all five had been predated when
visited by the survey team 1-5 weeks after discovery by fishermen. One site contained
an unfinished nest (scratchings).

Tomistoma schlegelii is a freshwater, forest-nesting species. Nest sites on the Merang
and Medak Rivers were in peat swamp forest. Reports of juvenile 7. schlegelii and
nests from local fishermen on all other river systems surveyed were in lowland
secondary forest, a widespread forest category distinct from peat swamp forest.
Structural differences between these forest types was quantified. Peat swamp forest was
characterised by the presence of well-defined peat mounds along the banks (formed by
gradual deposition of organic matter around tree roots), poorly-defined river channels
and a myriad of short waterways adjacent to the mainstream, low pH and very low
elevation. This forest category was only recorded on the Merang River and Air Hitam
Laut River (Berbak National Park, Jambi Province). Lowland secondary forest was
characterised by well-defined river channels and river banks, absence of peat mounds,
dry land adjacent to the river channel (i.e. few waterways adjacent to the mainstream), a
higher pH and higher elevation. This forest type was termed ‘secondary”’ as virtually all
forest visited had been logged at some time. All river systems were freshwater
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(although some were tidally influenced) and all interviewees stated 7. schlegelii
inhabited freshwater,

The 16 nest sites had the following characteristics.

o All were situated at the base of a large tree on a distinct peat mound (Fig. 5). Nests
were made of peat and were compact.

e Nest sites were directly adjacent to (fifteen sites) or 100 m away from (one site) the

~ mainstream, swrrounded by a system of small, shallow sidecrecks (Fig. 5) with a

mean depth of 0.4 m and mean length of 18 m in July 1996 (n = 228). All nest sites
were within 2-4 m of a waterway.

o Nest sites were in mostly shaded areas, with all nests in shade at least 50% of the
day, and 13 nests which were in shade 80-100% of the day.

Three nests were intact and contained eggs (1 in 1995 and 2 in 1996). Nest height (top
of nest to bottom egg) was 33, 37 and 59 cm. Nest basal diameter was 1.2-1.4 m and
the bases were 1 1n above water level. Egg and embryo dimensions are summarised in
Table 3.

Table 3. Summary clutch data for 3 intact nests and dimensions of 2 semi-intact eggs from a
predated nest, Merang River (South Sumatra Province). Measurements are with + standard
deviation (range, n). TCM=Total Clutch Mass, NT=Nest Temperature, EHL=Embryo Head
Length, EA=Estimated Age of embryo (days). From Bezuijen et al. (1995b, 1996).

Nest  Clutch  Egg mass Egg length Egg width TCM NT EHL Ea
size (2) (mm) {mm) ® °C (mm)

1(96) 34  244+13.17  98.15+2.73 64.99+1.12 8300 31.8 1323 24-25
(221-276, (92.30-104.82, (63.01-67.90,
n=32) n=32) n=32)

2096) 29 2314467  97.19+1.89 63394070 6692 324 3439 52-53
(215236, (94.76-102.06, (61.82-64.82,
n=29) n=29) 1=29)

8(’95) 35 278+0.82  102.83+244  64.85+0.67 8759 314 3588 57-58
(253-295, (97.63-109.45, (63.47-66.00,
n=34) n=34) n=34)

5(°95) Predated nest 96.44, 95.11 57.67, 5546 - - - -

The nesting data from Sumatra are similar to data collected by other researchers.
Witkamp (1925) recorded three T. schlegelii nests in freshwater swamp forest on
upstream tributaries of the Mahakam River in East Kalimantan Province. Nests were on
dry river banks 2-3 m above the water and between thin saplings and moderate-sized
trees. Two nests were within 500 m of each other. Nests were 1.2-1.4 m diameter, 0.6
m high and contained 33, 34 and 41 eggs. Internal nest temperatures were 31°C (n = 2)
and 33.5°C (Witkamp 1925). Witkamp (1925) measured the dimensions of one egg as
103.5 mm diameter, 61.5 mm width and 206 g mass, and noted egg mass to be almost
double that of C. porosus eggs recently measured by another researcher in the region.
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Habitat, proximity to a stream and dimensions of a single T schlegelii nest in Sarawak
described by Lading and Stubing (1997) were similar to the nest sites on the Merang
River, although the Sarawak nest was located at the edge of arice field. Clutch size and
egg dimensions were notably smaller than those recorded on the Merang River.

Of significance is the finding that mean egg mass is almost double that for every other
species described by Thorbjamarson (1996) within the Order Crocodylia.

Nesting success

The most significant natural factor affecting 7. schlegelii egg mortality on the Merang
River appeared to be predation by non-indigenous wild pigs (Sus scrofa). Five of seven
nests (71%) from the 1995 nesting season on the Merang River had been predated by
wild pigs. Nests had been pulled open by pigs and eggshells were strewn around the
site when visited by the survey team. The extent of nest flooding is unknown and no
flooded nests were reported by any of the fishermen interviewed. Habitat loss and
modification by fire is probably a significant factor influencing the availability of
nesting habitat for T. schlegelii: extensive areas of swamp forest in eastern Sumatra
were burnt by human-induced fires in 1994 and 1997.

Human pressures

The habitat utilised by T. schlegelii is also extensively utilised by local people. Fishing
and logging are the two primary human activities within T. schlegelii habitat. Most
river systems in eastern Sumatra are populated and forest areas adjacent to waterways
are regularly searched for fish and turtles. All river systems surveyed except those in
Berbak National Park (Jambi Province) had been logged at least once and all were
fished to some extent, including the uppermost, remote creeks. Tomistoma schlegelii is
widely recognised by local people as having little economic value and is not usually
deliberately captured or hunted. Local people in most river systems surveyed were
familiar with the species and considered it to be harmless and shy. Human-induced
mortality of T. schlegelii listed by interviewees was incidental drowning of young
individuals caught in fish traps and, at two rivers in Jambi Province, occasional egg
consumption.

Tradition and local culture

There is a diverse range of cultures and socio-economic conditions at regional and local
scales in eastern Sumatra, which would need to be identified for conservation of T.
schlegelii on specific river systems. For example, in South Sumatra Province, a unique
system of river ownership exists (‘lebak lobang’), whereby local heads of villages
gather once a year and bid, on behalf of their village, for exclusive fishing nghts to
sections of a river or a whole river. At a local scale, fishermen on the Merang River
have private agreements as to where each fisherman may harvest fish, turtles and
snakes. Such agreements vary on neighbouring rivers. Tributaries or sections of a river
are often fished by a family, and the feeling of communal support is strong.
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Other

Information obtained on the diet, morphometrics and scalation, local beliefs and former
skin trade in 7. schlegelii is summarised below.

Dier. Based on interviews with former crocodile hunters and fishermen, 7. schlegelii
has a broad diet and is not a specialist fish-eater. The most frequently reported food
items by interviewees were monkeys, wild pigs and snakes. Birds, other mammals and
reptiles were also listed. Stomach contents were removed from six wild 7. schlegelii
(total lengths 66.6-190.0 cm) captured on the Merang River and included shrimp and
Pandanus leaves. At least two stomach contents contained numerous nematodes.
Galdikas and Yeager (1984) ohserved a 7. schlegelii predate a Crab-eating Macaque
(Macaca fascicularis) in Tanjung Puting Reserve (Central Kalimantan Province) and
noted that the local people in the Reserve traditionally used macaques as bait to catch T,
schlegelii. Muller (1838) stated the diet of T. schlegelii consisted of fish, monitor
lizards (Varanus spp.), waterbirds and mammals.

Morphometrics. From 1995 to 1996, morphometrics and scalation was recorded from a
total of 70 T. schlegelii (55 captive and 15 wild individuals, all from the Merang River
in South Sumatra Province except one captive individual from the Alai River in Jambi
Province) (Bezuijen et al. 1995a, b, 1996). Snout-vent lengths ranged from 32.4-188.8
cm. The largest individual measured was a nesting female captured on the Merang
River (total length 343.0 cm). The largest T schlegelii sighted was estimated to be 4.8-
5.2 m (16-17 ft), on the Merang River in 1995 (Bezuijen ef al. 1995b).

Scalation. Twenty patterns of precaudal scalation were recorded from 70 individuals.
Thirty-six individuals had a single precaudal pattern (*Type 1°, Bezuijen et al. 1996),
and the remaining individuals had ‘Types 2-20°. All T. schlegelii except the single
individual from Jambi Province were from the Merang River, thus no conclusions can
be inferred as to geographical differences in morphometrics and scalation that may

exist,

Local beliefs. No specific local beliefs were associated with T. schlegelii amongst
interviewees. Some former hunters used chanting and prayer prior to hunting to ensure
a successful crocodile hunt. Specific beliefs are associated with Crocodylus porosus.

Historic skin trade. The majority of crocodile hunting in eastern and south-eastern
Sumatra was in the 1950s-70s. Crocodylus porosus skins were of higher value than T.
schlegelii skins and all former hunters agreed that C. porosus skins were of better
quality. Hunters sold 7. schlegelii skins for about half the price of C. porosus skins.
Tomistoma schlegelii is still widely recognised as having little commercial value and no
evidence of commercial hunting of 7. schlegelii was recorded. Specimens are
occasionally captured in fish traps and sold by fishermen to crocodile farms, who keep
them (Bezuijen ef al. 1996, Webb and Jenkins 1991). Cox (1990) notes that skin traders
relate the presence of osteoderms in the ventral scales of T. schlegelii as the reason for
its low economic value, although the species lacks osteoderms (King and Brazaitis
1971). The large size of the ventral scales (relative to crocodile species with smaller
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ventral scales e.g. C. porosus) may also contribute to the low economic value (Brazaitis
1987).

Conclusions

1.

In Sumatra, the largest remaining populations of 7. schlegelii are in Jambi, Riau and
South Sumatra Provinces, where the species is widely distributed, although probably
in low densities.

The primary threats to the foraging and nesting habitat of T. schlegelii in eastern
Sumatra are outright loss of nesting habitat (logging, fire), modification or
disturbance of nesting habitat (logging, fishing, regular human visitation of nesting
areas, motorised boat activity) and egg predation by wild pigs. The extent of nest
flooding is unknown.

. Rivers with the highest recorded densities of 7. schlegelii and which are confirmed

to support breeding populations are in Berbak National Park (Jambi Province) and
the Merang River (South Sumatra Province).

Berbak National Park is the only protected area in eastern Sumatra which is
currently known to hold a viable breeding population of T. schlegelii. The flora,
fauna and management requirements of Berbak National Park is well-documented
(e.g. de Wulf 1982, Giesen 1990, Santiapillai 1989, Silvius et al. 1984) and a
framework for management and research thus exists.

Tomistoma schlegelii also occurs im Way Kambas National Park (Lampung
Province). However, given the widespread deforestation, clearance of river bank
vegetation and intensive fishing in the Province, this population is probably small
and isolated.

The Merang River is not protected and is currently under 2 logging concession.
From 1996 to 1998, km 50-60 of the river were logged to within 250 m either side
of the river (Indonesian law prohibits logging any closer); this is the section wbere
the majority of T. schlegelii nests were recorded. Upon expiry of the logging lease,
the Indonesian Government will decide the river’s future.

Protection of some viable breeding populations on selected river systems may be the
most effective interim and long-term method for ensuring the long-term
conservation of the species. This strategy would need to incorporate upstream,
freshwater forested areas with suitable breeding habitat.

A harvesting program involving T. schlegelii individuals or eggs, and which
provides direct financial incentives for local people to protect foraging and nesting
habitat, may be an effective long-term conservation strategy.

Most areas inhabited by 7. schlegelii are also utilised by humans and conservation
will only be possible with the support and involvement of local people, as has been
suggested for conservation in Danan Sentarumn National Park, West Kalimantan

21




(Jeanes et al. 1995, Jensen et al. 1995). The socio-economic conditions of local
people living on a river with a breeding population of T. schlegelii would need to be
assessed.

Recommendations

10.

11.

12.

13.

14.

15.

Conservation of I. schlegelii in Sumatra should focus on river systems in Jambi,
Riau and South Sumatra Provinces.

The following strategy is recommended for optimal use of conservation funds for
the species in Sumatra.

e Annual spotlight and nesting surveys on selected river systems. These will
provide baseline data on population size, structure and fluctuations.

¢ Formulation of management plans for selected rivers which are currently not
protected. Management plans should be specific to each river and describe and
identify: data on distribution, abundance and nesting of I schlegelii, threats to
foraging and nesting habitat; existing socio-economic conditions; local attitudes
towards the species; optimal methods for protection of nesting and foraging
habitat.

o Identification of other river systems which support breeding populations of T.
schlegelii.

Annual surveys should be conducted in at least one representative river system in
each of Jambi, Riau and South Sumatra Provinces. Based on the data collected from
1994 to 1996, recommended rivers are: Air Hitam Laut River and tributaries in
Berbak National Park (Jambi Province), Teso River (Riau Province) and Merang
River (South Sumatra Province).

Baseline surveys should be conducted in Way Kambas National Park (Lampung
Province) to assess the status of the species.

Nesting and foraging habitat for T, schlegelii in Berbak National Park is secure.
Aside from annual surveys, no active management of the species is considered
necessary at this time.

It is recommended that the Merang River be given high priority as a site for a
management plan for T schlegelii, for the reasons listed below.

¢ Baseline data on densities and nesting now exist from 1995 and 1996.

¢ Until recent years, the river has been subjected to relatively low levels of human
disturbance; most other rivers in the region have been extensively bumnt, cleared
or fished.
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» Local people on the Merang River are interested in the species and possess
extensive knowledge on 7. schlegelii. They have indicated their interest in the
conservation of the species and were involved in field work in 1995 and 1996.

e As a result of the project, the Provincial Ministry of Foresiry is aware of the
conservation significance of the Merang River for T. schlegelii. Preliminary
discussions on conservation of the species in the Province were held with
Provincial officials in 1996 (Bezuijen ef al. 1996).

e The river is one of few remaining in the north-east region of the Province with
peat swamp forest and which supports a variety of other threatened fauna.

s A regional conservation sirategy incorporating areas near to the Merang River
has been produced (see below) and a framework for conservation already exists.

16. The international importance of the mangrove and swamp forest ecosystems of
eastern Sumatra has been recognised for many years. Regional socio-economic
conditions and land uses have been described (e.g. Danielsen and Verheugt 1990,
GOI-World Bank 1995). A regional strategy for integrating conservation and
development of forested coastal wetlands in South Sumatra and Jambi Provinces has
recently been formulated (Davie and Sumardja 1997, GOI-World Bank 1995) and is
centred around Berbak National Park. The Sembilang River catchment (east of the
Merang River) is proposed for protection as an extension of Berbak National Park
(Davie and Sumardja 1997). The proposed extension currently does not incorporate
the Merang River. A formal proposal to National authorities describing the
conservation value of the Merang River for T. schlegelii and proposing that the river
be incorporated i this regional strategy may be the optimal method for initiating
conservation of 7. schlegelii in Sumatra.

Acknowledgments

We are very grateful to the many people who confributed to this project from 1994 to
1996. Sponsors (listed in the Introduction) provided funding for all project costs. Field
work in 1996 was undertaken jointly by staff from WMI and Central and Provincial
PHPA offices in Indonesia. Staff of LIPI identified fish and crustaceans. Bumi Raya
Utama Group, CV. Sumatera Aquaprima, P.D. Budiman and P.T. Sinar Gunung Mas
Jaya provided enormous help. The following personnel provided logistical support,
advice and information and were instrumental to the success of the project. In
alphabetical order, we give our sincerest thanks to: B.A. Baker, Dr P. Cannuccian, Ir
Dwiatmo, M. Elliott, Mr Hasan and Johnny, Ir. Hertiarto, R. Kadarisman, Ir. E.
Kusmarini, Ir. S. Legowo, Madari, Mawardi, T. Muk, T. Muladi, Nasrul, Y.R. Noor,
B.IL Ottley, D. Ottway, Ir. R. Palete, Ir. S. Panggabean, Rambi, A. Ruswan, Ruswendi,
A. Salmah, BX. Simpson, K. Soemama, Ir. H.W. Sukotjo, Ir. Suprayitno, Dr A.H.
Tjakrawidjaja, Z. Udin, Y. Usman, M. Vardon, S. Wartaputra and Dr D. Wowor.

This paper was improved by comments from G. Carr and B. Simpson. Ecologi
Australia Pty Ltd provided part-funding for travel costs of M. Bezuijen to attend the 14

23




CSG Meeting and logistic support for preparation of this paper. R.H. Bezuijen
translated Dutch scientific papers. Finally, we give our warmest thanks to the fishermen
of the Air Hitam Laut, Alai, Benu, Kubu, Merang and Teso Rivers, whose help, interest
and good humour allowed us to work on their rivers successfully.

References

Ammosoedirdjo, S. 1993. A Management Program for Crocodylus porosus, C. novaeguineae,
C. siamensis and Tomistoma schlegelii in Indonesia. Directorate-General of Forest Protection

and Nature Conservation (PHPA}), Bogor. 43 p.

Bezuijen, M.R., P. Cannucciari, W.S. Ramono & GJ.W. Webb. 1995a. Project Tomistoma.
Field trip to Palembang, Sumatera Selatan, Indonesia, 14 March-3 April 1995. Trip Report.
Wildlife Management International Pty Limited, Darwin. ii +41 p.

Bezuijen, M.R., P. Cannucciari, C. Manolis, R. Kadarisman & B.K. Simpson. 1995b. Project
Tomistoma. Field Expedition to the Lalan River and its tributaries, South Sumatra, Indonesia,
August-October 1995: Assessment of the Distribution, Abundance, Status and Nesting Biology
of the False Gharial (Tomistoma schlegelii). Wildlife Management International Pty Limited,
Darwin. vi+ 101 p.

Bezuijen, M.R., P, Hartoyo, M. Elliott & B.A. Baker. 1996. Project Tomistoma. Second
Report on the Ecology of the False Gharial (Tomistoma schiegelii) in Sumatera. Wildlife
Management International Pty Limited, Darwin. viti + 128 p.

Brazaitis, P. 1987. The Identification of Crocodilian Skins and Products. Pp. 373-386 In.
G.J.W. Webb, S.C. Manolis & P.J. Whitehead. Eds. Wildlife Management: Crocediles and
Alligators. Surrey Beatty and Sons Ltd. xiv+ 552 p. '

Boulenger, G.A. 1889. Catalogue of the Chelonians, Rhynchocephalians and Crocodiles in the
British Museum (Natural History). British Museum, London.

Cox, J.H. 1987. Proposed Recovery Plan for Malayan False Gharial: Tomistoma schlegelii.
Project GCP/INS/060/JPN. FAO-PHPA Crocodile Resource Management Project, Inan Jaya,

Indonesia.

Cox, JH. 1990. Crocodile Management in Indonesia: Problems, Policies and Progress. Pp.
161-195 In. Crocodiles, Proccedings of the 9 Working Meeting of the Crocodile Specialist
Group. Vol. 1. TUCN-The World Conservation Union, Gland, Switzerland. xvii + 399 p.

Cox, J.H., R.S. Frazier & R.A. Maturbongs. 1993. Freshwater crocodiles of Kalirnantan
(Indonesian Bomeo). Copeia 2: 564-566.

Cox, 1. H. & F. Gombeck. 1985. A Preliminary Survey of the Crocodile Resource in Sarawak,
East Malaysia. World Wildlife Fund Malaysia and the National Parks and Wildlife Office,
Forest Department Sarawak. IUCN/WWF Project No. MAL 74/85. 64 p.

Danielsen, F. & W.J.M. Verheugt. 1990, Integrating conservation with land-use planning in
the coastal region of South Sumatra. With cantributions from H. Skov, R. Kadarisman, U.
Suwarman and A. Purwoko. PHPA/AWB-Indonesia. Bogor, Indonesia, xxxiii + 205 p.

24




Davie, J. and E. Sumardja. 1997. The protection of forested coastal wetlands in Southern
Sumatra: a regional strategy for integrating conservation and development.  Pacific
Conservation Biology 3 (4): 366-378.

Frazier, S. 1994. A preliminary Dry Season Crocodile Survey of Suaka Margasatwa Danau
Sentarum (Lake Sentarum Wildlife Reserve) in Kalimantan Barat, Indonesia. Unpublished
report prepared for the Directorate-General of Forest Protection and Nature Conservation and
the Asian Wetland Bureau. UK-Indonesia Tropical Forest Management Project, Bogor,
Indonesia, iv+45p.

Frazier, S. & R.A. Maturbongs. 1990. Report on an initial series of crocodile surveys in East
and Central Kalimantan, Indonesia {1 August-22 October 1990). FAOQ/PHPA Project No.
GCP/INS/060/JPN, Jayapura, Indonesia. 53 p.

Galdikas, B.M.F. & G.L. Shapiro. 1994, A Guidebook to Tanjung Puting National Park., PT
Gramedia Pustaka Utama, Jakarta, 80 p.

Galdikas, BM.F. & C.P. Yeager. 1984. Crocodile Predation on a Crab-eating Macaque in
Bomeo. Amer. J. Primatology 6: 49-51.

Giesen, W. 1990, Berbak Wildlife Reserve, Jambi. Final Draft. PHPA/AWB Sumatra
Wetland Project Report No. 13. Bogor, Indonesia. xv +26 p.

GOI-World Bank. 1995. The Sembilang Region, South Sumatra: integrated mangrove
conservation and land use management plan. A report prepared for the Directorate-General of
Forest Protection and Nature Conservation, Ministry of Forestry, by ENEX of New Zealand in
conjunction with P.T. Manggala Epsilon Sigma, Indonesia. xvi + 210 p.

Hadi, S., A.). Hanson, Koesoebiono, M. Mahlan, M. Purba & S. Rahardjo. 1977. Tidal patterns
and resource use in the Musi-Banyuasin coastal zone of Sumatra. Marine Research in Indonesia

19:109-135.

IUCN. 1994, TUCN Red List Categories. Prepared by the IUCN Species Survival
Commission. Gland, Switzerland. 21 p.

Jeanes, K., J. Aglionby, R. Dennis, T. Wickham, W. Giesen & M. Ounsted. 1995. A Dmft
Strategy for Community-Based Conservation Management. Project 5: Conservation.
Indonesia-UK Tropical Forest Management Programme. Asian Wetland Bureau / ODA,

Indonesia. 9 p.

Jensen, R., W. Giesen, E. Widjanarti & V. Deschamps. 1995. An Introduction to the Danau
Sentarum Wildlife Reserve (Revised Edition). Asian Wetland Bureau, Indonesia. 13 p.

King, FW. & P. Brazaitis. 1971. Species identification of commercial crocodilian skins.
Zoologica 56 (2): 15-70.

Lading, E. & R. Stuebing. 1997. Nest of a False Gharial from Sarawak. Crocodile Specialist
Group Newsletter 16 (2): 12-13.

Lange de, D. & N. Rooij de. 1912. Amphibien und Reptilien. p. 518 I.n Maab, A. Durch
Zentrel-Sumatre, Berlin-Leipzig.

25




MacKinnon, J. 1982. National Conservation Plan for Indonesia. Vol. 2. Sumatra. FAO Field
Report 39. Bogor, Indonesia.

Muin, A. and W. Ramono. 1994. Preliminary survey of Buaya Sumpit (Tomistoma schlegelii)
and Buaya Kodok (Crocodylus siamensis) in East Kalimantan. Unpublished report to ACSUG
and CSG. 10p.

Muller, S. 1838. Tijdschrift voor natuurlijke Gesciedenis en Physiologie 5 (1): 61-87.
Amsterdam, Leyden.

National Conservation Plan for Indonesia. 1995. Volume 3F. Sumatera Selatan Province. A
review and update of the 1982 National Conservation Plan for Indonesia. Prepared for the
Ministry of Forestry, Directorate-General of Forest Protection and Nature Conservation, by
ANZDEC Ltd (New Zealand) in cooperation with AMYTHAS EXPERTS AND ASSOCIATES
P.T. (Indonesia).

Ramono, W.S. 1994, Tomistoma schlegelii in the provinces of Sumatera Selatan and Jambi.
Unpubl. report to Asian Conservation and Sustainable Use Group, Jakarta. 4 p.

Ramono, W.S. & Y.C. Raharjo. 1993. Management of Crocodiles in Indonesia: A Cwrent
Status. In. Crocodiles, Proceedings of the 2* Regional (Eastern Asia, Oceania, Australasia)
Meeting of the Crocodile Specialist Group. IUCN-The World Conservation Union, Gland,
Switzerland.

Rooij de, N. 1915. - The Reptiles of the Indo-Australian Archipelago. Vol. 1, Lacertiha,
Chelonia, Embydosauria. E.J. Brill, Leiden, Netherlands, xiv + 384 p.

Ross, C.A., J. Cox & H. Kurniati. 1996. Preliminary survey of palustrine crocodiles in
Kalimantan. Project Progress Report. Phase I — 1995, Pusat Penelitian dan Pengembangan
Biologi (LIPI) and the Department of Vertebrate Zoology, Smithsonian Institution. vi+ 84 p.

Santiapillai, C. 1989. Berbak: A Game Reserve in need of Management. Report 3769. World
Wildlife Fund — Indonesia Program. Bogor, Indonesia. 8 p.

Sebastian, A.C. 1993a. The Crocodilians of Malaysia. A Review, In. Crocodiles, Proceedings
of the 2™ Regional (Eastern Asia, Oceania, Australasia) Meeting of the Crocodile Specialist
Group. [UCN-The World Conservation Union, Gland, Switzerland.

Sebastian, A.C. 1993b. The Tomistoma or False Gharial Tomistoma schlegelii. The Need for
its Conservetion in South East Asia. In. Crocodiles, Proceedings of the 2™ Regional (Eastern
Asia, Oceania, Australasia) Meeting of the Crocodile Specialist Group. IUCN-The World
Conservation Union, Gland, Switzerland.

Sebastian, A.C. 1994. The Tomistoma Tomistoma schlegelii in Southeast Asia, a Status
Review and Priorities for its Conservation. Pp. 98-112 In. Crocodiles, Proceedings of the 12
Working Meeting of the Crocodile Specialist Group. Vol.1. TUCN-The World Conservation
Union, Gland, Switzerland. xii + 309 p.

Silvius, M.J., HW. Simons & WJ.M. Verheugt. 1984. Soils, Vegetation, Fauna and Nature
Conservation of the Berbak Game Reserve, Sumatra, Indonesia. RIN Contributions to research
on management of natural resources 1983-3. RIN, Amhem, Netherlands.

26




Sudharma, D. (1976). Studi habitat dan kemungkinan pengernbangan populasi buaya di daerah
aliban sungai Lalan dan Palembang, Sumatera Selatan. (Crocodile habitat and population
studies on the Lalan River floodplains, South Sumatra). Departemen Pertanian Direktorat
Jenderal Kehutanan, Palernbang, South Sumatra Province, Indonesia. 96 p.

Thorbjamarson, J. Compiler. 1992. Crocodiles. An Action Plan for their Conservation.
TUCN-The World Conservation Union, Gland, Switzerland. vii + 136 p.

Thorbjamarson, J. 1996. Reproductive Characteristics of the Order Crocodylia. Herpetologica
52 (1): 8-24.

Webb, G.J.W. & R.W.G. Jenkins. 1991, Management of Crocodilians in Indonesia (A Review
with Recommendations). Australian National Parks and Wildlife Service, Canberra. 47 p.

Webb, G.J.W., S.C. Manolis & R. Buckworth, 1982. Crocodylus johnstoni in the McKinlay
River area, N.T. 1. Variation in the diet, and a new method of assessing the relative importance
of prey. Aust. J. Zool. 30: 877-899,

Whitten, A.J., §.J. Damanik, J. Anwar & N. Hisyam. 1984. The Ecology of Sumatra. Gadjah
Mada University Press, Yogyakarta, Indonesia. xiv+ 583 p.

Witkamp, H. 1925. Een en ander over Krokodillen in Koetai. De Tropische Natuur, Jaargung
XIV. Aflevering II, Buitenzorg.

Wulf de, R. 1982. Berbak Game Reserve Management Plan 1982-1987. UNDP/FAO National
Parks Development Project, Field Report 38, INS/78/061. Bogor, Indonesia.

27




Fig. 1. Sumatra. Dots
represent provincial capital
cities.

.I'IIHD&
ACHEMW

¢

: -

3‘\\ PFEKANGARU

-~ R RIAU
N

e SUMATERA™_

EARAT .- .,

i
Y

.- SUMATERA
‘-"“\ SELATAK , parcunanc

Fig. 2. Historical & current
distribution of Tomistoma schlegelii
in Sumatra. ? = a single 1993
sighting from Aceh. ??=
populations may still occur in
southern South Sumatra Province.
A single population is known from
Way Kambas National Park;
Lampung. Dark shading represents
the Barisan Mountains.

HISTORIC
DISTRIBUTION

CURRENT
HSTRIBUTION

STALE
¢ _100_ 700 300400 500
[:+3

28




YiBd jeUOHeN YNeqleq @Ei
Alepunoq 8oulAolg —-—

pecy
UMOo], o

S18AlL ApNIS — -

"S30UTAOIJ BIJEUMNS UINOS 1Sea-HOU pue 1quiel ¢ *S1y

BUNAL,
~DUnAeg/
m.

- 1“
- - at ll.l.ll.ll.l.l.l

5 A %%@ »
_,.Hm_qw
®

Buzfued (ediy

| A
\ .~.. \..\ I/u\/
A
E h.&@

- ———
I....-f \

il

unBuejoies N wbuessgy

“yned

T

» oxbueg

Y buppeg

saqua
! Ew:_zh.

sialawopy

05 OF OB 02 Ol
ajels

%

29




Malacca Strait

Area

agan
D s S?apgi-api

5 Scale

Kilometers

Fig. 4. Riau Province.
~— Study rivers
b Town

Road

30




*a[eas 0) JoN o8pas © (seaderadi)

Anwey) unuv.gpuns wndyovisoov.toy] pue oikydooewr Juneoyy e s1 (eesseuenduely ATiure,]) vuodpjpw pupnIuUE "eneWInS
‘90UIA01J BXRUING YINOG ‘13aTy Suetopy o) Suole sa10) duresms yead urgyim punow jeod & uo Jsau 1270391y0s pwolstwo] g ‘314

}
1978M £q papunouns spunous jead

(Apr-aumy ur doop
W §'(-¢'() SABMIIIeM

S hatmeran e
»>al ‘...

.
s apre

weasureul

]
::‘:l c..:.

sjueq punouw jead punore
wnupgowns ' J 10/pue puvAoioud g

. [FeR Ip1[s S[elu=j
Q punowr jead

3




Tomistoma (Tomistoma schlegelii) at Tasek Bera,
Peninsular Malaysia.

Boyd K. Simpson’, Alvin Lopez?, Sharun bin abd Latif®
and Alias bin mat Yusoh®

! Wildlife Management International, PO Box 530
Sanderson, N.T. 0812, Australia

2 Wetlands International-Asia Pacific, IPSR
University Malaya, 50603, KL, Malaysia

* PERHILITAN, Jalan Bahagia, 28000, Temerloh
Pahang Darul Makmur, Malaysia

Abstract

As part of the management plan for Tasek Bera, Malaysia’s first Ramsar site,
spotlight surveys for Tomistoma were conducted over 12 nights in the
swamp and surrounding rivers. No crocodiles or "eyeshines" were sighted
in 928 km surveyed. Local residents reported commercial hunting of
Tomistoma for skins in the late 1950's and early 1960's, where all sizes were
taken and the population greatly reduced. Nests have not been reported in
recent times, although historically they were seen along the banks of the
Bera, Jelai and Tasek Rivers (but not in the swamp itself). Some Tomistoma
still occur in the swamp, but are seen infrequently.

The loss and alteration of large tracts of forest habitat due to logging, oil-
palm and rubber plantations may have hindered the recovery of
Tomistoma after the hunting period. The area has also seen a large influx of
people living and working in the area over the last 15 -20 years, with
recreational activities becoming popular. Fish poisoning and netting of
some waterways still occur.

Several tributaries of the Pahang River in Peninsular Malyasia reportedly
contain Tomistoma, and nests have been reported over the last 5 years.
Tomistoma and C. porosus may occasionally be hunted for meat in these
areas. Extensive surveys are needed in Peninsular Malaysia to confirm and
consolidate the scattered reports of this species, which is clearly endangered.
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INTRODUCTION

The Malayan False Gharial or Tomistoma (Tomistoma schlegelii) is a large,
slender-snouted crocodilian growing up to 5 m in length; it is considered to
be one of the least known of all crocodilians. The Species Survival
Commission of the TUCN has identified it as a crocodilian species with the
highest priority for research and conservation action (Thorbjarnarson 1992).
Historically the species may have ranged from south-eastern China through
to Indonesia. Tomistoma is now thought to be confined to Indonesia
(Sumatra, Kalimantan) and Malaysia (Peninsular Malaysia, Sarawak) where
it is found in the freshwater upper reaches of rivers and swamps (Sebastian,
1994). The species is thought to be extinct in Thailand.

Tomistoma is currently listed as '‘Data Deficient' in the TUCN Red Data List
(TUCN, 1996), due to the lack of information. Published information on
Tomistoma is meagre and scattered throughout the literature. In Peninsular
Malaysia, Tomistoma have only been confirmed from a few locations: The
North Selangor Peat Swamp Forest (Butler 1905, Prentice 1990, Sebastian
1994), Perak River (Boulenger, 1896) and historically, the Tasek Bera
Swamp. The Pahang and Setiu River Basins and the Southeast, Jemaluang
and Beriah Swamp Forests are all possible sites where Tomistoma may exist
or areas of unconfirmed reports (Sebastian, 1993). Tomistoma are now
legally protected throughout Malaysia but there have been no systematic
crocodile surveys carried out in the Peninsula.

Tomistoma surveys were undertaken at Tasek Bera, by Wildlife
Management International (WMI) under the auspices of the IUCN
Crocodile Specialist Group. These surveys were conducted in conjunction
with The Tasek Bera Project and had the following objectives:

+ Assess crocodilian species presence; historically and currently.

» Assess the status of spedies: their historical distribution and abundance
(in relation to habitat types) relative to their current distribution and -
abundance.

* Determine habitat conservation priorities for Tomistoma and identify
current or potential threats.

* Collect information on breeding status and reproductive biology if
possible

The Tasek Bera Project

The Tasek Bera Project involves the development and implementation of a
management plan for Malaysia's first Ramsar site: the freshwater swamp
ecosysfern at Tasek Bera (Lake Bera). The project is being developed by
Wetlands International - Asia Pacific (WIAP) in conjunction with the
Institute of Advanced Studies (IPT) of the University of Malaya, and aims to
integrate wetland conservation, recreation and ecotourism. The initiative
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will be carried out with the Pahang State Government and involves the
indigenous people of the area, the Semelai.

During the initial stages of the project, numerous flora, fauna and
hydrology surveys were being conducted to provide information for the
development of the management plan. The core zone of the Ramsar site
covers 26,000 hectares and includes the lake, surrounding swamp and
lowland forests. A further 27,500 hectares is a buffer zone comprising part of
the catchment area.

Study Area

Tasek Bera is a large alluvial peatswamp forest situated approximately 100
km east of Kuala Lumpur in central Peninsular Malaysia (Fig. 1). It consists
of a dendritic complex of meandering tracts of swamp forest some 35 km
long by 25 km at its widest point, though each arm of swamp may oniy be a
kilometre or two wide. The swamp covers over 60 square kilomefres
between areas of raised lowland forest. Water flows into the swamp
throughout the year and it drains northward through a single confluence,
into the Tasek River, which in turn drains into the Jelai and Bera Rivers.

During the dry season water is restricted to a single narrow channel which
flows through the heart of the swamp forest. The water is usually less than
1.5 m deep at this time of the year, but the channel is interspersed with
many deep, wide pools or lubuks. Channel width is usuailly between 3-7 m,
but widens into an open lake at the northern end of the swamp which is
approximately 3.5 km long by 500 m wide. '

The most common habitat, which occupies two thirds of the swamp, is
peatswamp forest, composed of Eugenia trees with Thoracostachyum sedge
fringing the waterways and forming an understorey. This forest type
dominates the dendritic arms and waterways of the southern swamp. The
northern reaches are dominated by Pandanus clumps and Lepironia reed
beds which make up the remaining third of the swamp area. This habitat
fringes the open lake which is dotted with many Pandanus islands.

The wetlands of Tasek Bera are surrounded by dry lowland Dipterocarp
forests, characterised by Dipterocarpus and Shorea trees. Most of this forest
has at some time been logged, cleared or altered, and very little (if any)
primary forest remains. Large tracts of this forest have been cleared under
the government's Federal Land Development Authority (FELDA) scheme,
which develops and allocates large oil-palm and rubber plantations to new
settlers. Such schemes have resulted in the isolation and enclosure of the
wetland of Tasek Bera, leaving only a small strip of dry lowland forest of
about10 000 ha, surrounding the swamp.
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METHODS

All fieldwork at Tasek Bera was carried out over 2 weeks (26 June - 11 July
1997) using local guides and boat drivers.

Surveys

Surveys were undertaken at night from a 4.2 m fibreglass boat, powered by a
15 HP Yamaha outboard motor. In some survey units, the motor was not
used and the boat was paddled. Spotlighting procedures followed that
outlined by Messel et. al. (1981). A 12 V spotlight or a 6 V ‘Dolphin’ torch
were used, depending on the width of the stream being surveyed. Four
narrow water holes, of varying lengths (100-400 m), were surveyed by foot
from the banks, using torches

Interviews

Interviews with local residents were carried out to assess local knowledge
on various aspects of Tomistoma. Most interviews were conducted in and
around the 14 villages of Tasek Bera (Fig 2) and the majority of interviewees
were known to have had dealings with Tomistoma at some time. Most of
the people residing at the swamp had lived in the area all their lives and
were only familiar with the Tasek Bera region. -

A standardised questionnaire (Bezuijen et al. 1995b) covered current and
historical prospectives on: species presence, distribution, abundance, nesting
biology, hunting and trade, and other information. 'Recent sightings' of
Tomistoma were classified as those which had occurred in the last five years
(ie from 1993-1997). All pre-1993 sightings are referred to as 'Historical
Sightings'. As Tomistoma sightings are quite well known throughout the
community, 'Recent sightings' of the Tomistoma also include secondhand
information: that is, reports made by the interviewee who knew of
someone else who had seen a Tomistoma.

Mapping

Broad scale habitat type was recorded for vegetation adjacent to the
navigable channel running south-north in the Tasek Bera swamp. Channel
depth was measured and width estimated visually every 2-3 km. Deeper
waterholes, or lubuks, were recorded with the aid of a Garmin GPS 40
Global Positioning System. Lubuk depths were measured using a weighted
cord with 1 m graduations. Local names for the lubuks were recorded and
the width and length estimated. Water temperature and pH were measured
in a number of locations throughout the swamp.
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RESULTS

Surveys

All navigable waterways within the swamp, from the Jelawat Bridge to
Pathir village, were surveyed twice over 8 nights (57.4 km). A further four
waterholes, the Tasek and part of the Jelai and Bera Rivers were also
surveyed (35.4 km) over 4 nights. No crocodiles or eyeshines were sighted
during any of the spotlight surveys (Simpson et al. 1997).

Interviews

A total of 19 people were formally interviewed from 8 villages (or areas) in
Tasek Bera and the surrounding region (Simpson ef al. 1997). An additional
number of people from the villagers of Kuin, Benal and Bukit Gegerish
reported that their village had no information on Tomistoma. Most of
those questioned had spent their entire lives at Tasek Bera or in the region.

Recent Sightings

Twelve reports of Tomistoma were recorded within Tasek Bera and
associated rivers to the North over the last five years (Fig. 2). Sightings have
occurred throughout the swamp from Jelawat village in the South, to the
Bera River in the North. Most Tomistoma were seen in the deeper waters
of the lubuks, and where the size was known, they were estimated at greater
than 3 m long. Large individuals were said to dive immediately on being
seen. One exception was a small individual (< I m long) seen basking on a
log. Usually 3-4 sightings of Tomistoma are reported from the Tasek Bera
region each year.

Historical Sightings

Sightings of Tomistoma prior to 1993 were reported by 16 of the 19 people
questioned, with nine of these people being involved in some form of
hunting. Of the people interviewed who were over 50 years of age, most
had been directly involved in hunting or had personally seen Tomistoma
in the Tasek Bera region during that period. Some interviewees reported
seeing "many" Tomistoma in the 1950's and early 1960's, with all size
animals being reported (hatchlings to animals 6 m long).

The greatest number of reports came from the Tasek, Jelai and Bera Rivers
directly to the North of the Tasek Bera swamp (Fig. 2). "Many" Tomistoma
were seen along these rivers, and were reportedly found all along the Bera
River from the Tasek Bera swamp to the confluence with the Pahang River,
a distance of approximately 50 km. Within the swamp itself, the majority of
sightifigs occurred in the northern half, from Benal village to Pathir village
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Saltwater Crocodiles, Crocodylus porosus, were also reported from the
Tasek Bera area, mostly in the 1930's and 1940's. Only two old hunters had
seen C. porosus in the region. Most reports came from sightings made by
the parents or grandparents of interviewees. Saltwater crocodiles have not
been reported in the region since the 1950’s.

Nesting

There were no historical reports of Tomistoma nesting within the swamp
itself. All historical nests reported were found outside the Tasek Bera
Swamp, on the banks of the Tasek, Jelai and Bera Rivers. Numerous nests
were sighted prior to the 1960's, but reports since have been sporadic.
Nesting was said to occur all along the Bera River, on the banks of the dry
lowland/secondary forest. Of those interviewed (n=19) the latest sighting
was of an old flattened nest in 1980, in Lubuk Perah, off the Tasek River.

Nest and egg descriptions were similar to previously published reports from
other regions (Bezuijen ef al. 1995b; 1997, Lading and Stuebing 1997).
Interviewees reported nests to be composed of leaves and small twigs raked
into a mound, 30-60 cm high and about 1 m in diameter. Clutch sizes were
reported as 15 - 30 eggs, each approximately 10 cm long. Nests were reported
to occur in the dry season, from June to August. Females did not defend the
nest which was usually within 20 m of the river. Wallows or depressions
beside the nest were not reported.

Diet

Tomistoma was reported to eat a variety of prey items, including fish,
mouse deer, dogs, pigs, snakes, monkeys and stones. One old hunter
reported that all Tomistoma caught greater than 15" in circumference
[approximately 1.2 m long] had stones in their stomach.

Hunting and Trade

Tomistoma were commerdially hunted for their skins over a 3-4 year period
from approximately 1958-1962. Hunting occurred in the Jelai, Tasek, Bera
and Serting Rivers (north of Tasek Bera), as well as the northern reaches of
the swamp, from Benal village to Pathir village (Fig 2). From those
interviewed, it was estimated that up to 150 Tomistoma may have been
taken from the Tasek Bera Swamp and the surrounding rivers during this
period. Tomistoma may have also been taken by hunters who were not
canvassed in these interviews.

The majority of Tomistoma were reportedly caught using a pointed stick 30
cm long which was baited, usually with fish or pig, and attached to a length
of dried rattan vine. The bait was set 15-30 cm above the water edge. After
the crocodile had swallowed the bait and swam off, the floating vine could
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be tracked down and the crocodile pulled to the surface with the pointed
stick lodged in it's stomach. This method usually caught crocodiles larger
than 1.5 m long. Teams of 24 professional crocodile hunters used this
method and worked during the dry season. Hunters mostly worked the
Tasek, Jelai, Bera and Serting Rivers and did very little hunting in the Tasek
Bera swamp itself, where the Tomistoma numbers were too low to produce
good returns.

Villagers also caught Tomistoma on an opportunistic basis, catching them
by hand, in fishing nets or spearing them. Most of the opportunistic catches
occurred within the Tasek Bera swamp and continued infrequently after
commercial hunting had ceased.

Tomistoma of all sizes, from hatchlings to 6 m animals were caught, killed
and sold. Animals greater than 1.2 m had the belly skin taken, while
smaller animals were sold whole or as hornback skins. Most of the
Tomistoma caught came from the Tasek, Jelai and Bera Rivers to the North.
Within the swamp proper, the number of crocodiles caught during the
hunting period from 1958-1962 was estimated at 20-30. By the end of 1962,
Tomistoma numbers were greatly diminished (in all size classes) and prices
were low, bringing an end to serious hunting in the Tasek Bera area.

Skin prices varied during the period of hunting, but generally the price for a
belly skin was RM2.00-3.50/inch After the main hunting period, the price in
the mid-1960's increased to approximately RMS5.00/inch. Smaller crocodiles
up to one metre in length could be sold whole, and would bring prices of
around RM15.00.

A Tomistoma skull was inspected at Papak village which had been obtained
from a fisherman about 20 years ago. The skull was 61.0 em long (Head
Length), which, using regression equations derived by Bezuijen ef al. (1995a;
b), equates to a Tomistoma with a total length of about 3.76 m (12'4").

Tasek Bera Swamp

The navigable swamp channel within Tasek Bera measures approximately
20 kms from the Jelawat bridge to Pathir village. Channel width is usually
between 3-7 m, with the depth usually less than 1.5 m. The water level at
Tasek Bera during the field trip (26 June - 11 July 1997) - the dry season, was
quite low. The standard water depth scale at the Tangung Kuin Jetty (Fig. 2)
measured approximately 80 cm for the duration of depth measurements.
The water level did rise to 110 cm with rainfall in the area during the last 4-
5 days of the trip.

There are 38 deep waterholes, or lubuks, which intersperse the dry season
channel from the Jelawat Bridge to Pathir village (Simpson et al. 1997).
Nine of these are in the open water of the northern swamp. Most of the
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lubuks in southern part of the swamp, from the Jelawat bridge to Benal
village usually measured less than 3 m deep. Those lubuks from Benal
village north to Pathir village were usually 4-6 m deep. Lubuk sizes varied
but were usually 100-300 m long, although some measured only 20 -30 m;
lubuk width was between 20-100 m.

Water temperature was lower in the faster flowing areas of shallow channel
(26 C) than in the deeper lubuks (27.5 - 28.5 C). Water pH was the same
throughout the swamp (5.5).

DISCUSSION

Tasek Bera
The population of Tomistoma at Tasek Bera and in the Tasek, Jelai and Bera

Rivers has been clearly reduced over the last 40 years, and only a few
individuals may remain. The commercial hunting of all sizes of
Tomistoma for the skin market was the most obvious reason. It appears
hundreds rather than thousands of Tomistorna may have been removed
from the region during that period (1958-1962), but such losses probably
represented a large proportion of the population. Very few animals
remained after the commercial hunting had finished in 1962. The species is
now legally protected and in conjunction with very low densities, is not the
subject of deliberate hunting in the area.

The loss or alteration of the natural habitat throughout the area is a factor
which threatens the recovery of Tomistoma populations. The remaining
dry lowland forest at Tasek Bera has been subjected to varying degrees of
clearing and alteration. Forest has been logged to varying degrees, and
subjected to shifting swidden agriculture. The large oil-palm and rubber
plantations of the and Federal Land Development Authority (FELDA)
schemes further isolate the swamp. These schemes result in large tracts of
forest being cleared for agriculture and greatly increase the potential for
fertiliser run off which can impact on the swamp in many ways.

The increasing number of people to the area, through tourism and FELDA
schemes, may also impact on the Tomistoma’s ability to recover. An
increase in the number of powered recreational and fishing boats on the
Bera River has occurred over the past few years, with river cruises
increasing in popularity. The increase in human activity since the main
FELDA settlements in 1983 has also resulted in an increase in fishing
intensity, especially netting and poisoning of the Bera River. These fishing
activities are real threats to Tomistoma and the aquatic fauna generally. The
use of traditional root poisons (which have a limited effective range) have
been Svershadowed in recent times by the use of pesticide poisons and
cyanide-based industrial chemicals. Such chemicals indiscriminately kill
and affect all aquatic life forms. Fish netting occurs frequently along the
Bera River, with large nets stretched across the river width. These catch all
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sizes of fish, restrict the movement of Tomistoma, result in individuals
drowning, and may decrease food availability.

No Tomistoma were seen during the surveys, but information from
villagers indicated that some individuals are still present in Tasek Bera.
These have been infrequently sighted over the past several years, with most
reporting large animals greater than 3 m long. It is probable that there are
only a few individuals which are seen as they move within the swamp. The
report of a small Tomistoma may suggest successful nesting somewhere in
the region, within the last 5 years or so. It is possible that breeding still takes
place, although clearly infrequently. All previous nesting reports indicate
that the lowland forest of the Tasek, Jelai and Bera Rivers provide suitable
nesting habitat for Tomistoma, although no nests have been reported in
nearly 20 years.

Peninsular Malaysia

Information obtained during the Tasek Bera surveys indicate that
Tomistoma can still be found in tributaries of the Pahang River. The
Department of Wildlife and National Parks (PERHILITAN) at Temerloh
have four Tomistoma in their minizoo. One was confiscated from a
fishermen in 1995 from the Jengka River (Fig. 3). The 3 others were
obtained since July 1997. Two small individuals came from Tasek Chini,
while the other from another tributary of the Pahang River (Fig, 3).

Information from Menchupu village (near the Rasau River) indicates that
all sizes of Tomistoma (as well as C. porosus) are frequently seen at night in
the Rasau, Lepar and Pahang Rivers (Fig. 3). The Luit and Rompin Rivers
were also said to hold populations of Tomistoma. Batin Kandol of
Menchupu reported seeing Tomistoma nests during the dry season on the
banks of the Rasau and Lepar Rivers 4-5 years ago. A 40 kg [estimated at 2.4
m long] Tomistoma was caught in a net in 1996. The lower jaw was
examined and the dentition noted as 4/15 (Simpson et al 1997), in
accordance with other described Tomistoma specimens (Jordansky 1973,
Bezuijen et al. 1995a). Tomistoma caught as incidental catch in fishing nets
in the Rasau River area can still be reportedly sold for RM5/kg, but during
the Chinese festive season prices can reach RM40/kg: Tomistoma (and C.
porosus) are sometimes hunted at this time.

The Tomistoma surveys at Tasek Bera were the first such surveys to be
carried out in Peninsular Malaysia although Tomistoma have been known
from the Peninsula for more than 100 years. Historically reported from the
Perak, Pehang and Selangor Rivers (Fig. 3) (Boulenger 1896, Butler 1905),
Tomistoma have only been recorded from the North Selangor Peat Swamp
Forest in recent times (Prentice 1990, Sebastian 1993). As the current status
and distribution of Tomistoma within Peninsular Malaysia is unknown,
comprehensive surveys are urgently needed. Tomistoma may still be under
some hunting pressure in some areas.
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Abstract

Three species of palustrine crocodilians reportedly occur in
Kalimantan (Indonesian Borneo): Crocodylus raninus, an apparent
Bornean endemic, C. siamensis, and Tomistoma schlegelii. A fourth
gpecies, C. porosus, also inhabits freshwater river systems, but is
more commonly known from coastal habitats, and was not a focus
species in this study. Tomistoma schlegelii and C. siamensis are
considered highest priority species for conservation action by the-
TUCN/SSC Crocodile Specialist Group (CSG). The most recent evidence
of C. raninus is a juvenile specimen collected ca. 1878.

Surveys were conducted in two phases during 1995 and 1996 as
part of a joint Smithsconian Institution (SI)-Indonesian Institute
of Sciences (LIPI} research project. Main objectives were to
document an extant population of C. raninus and occurrence in the
wild of C. siamensis; and to obtain specimen series for taxonomic
study. Specimens of T. schlegelii and C. porosus, and data on
distribution, habitat and nesting of all four crocodilians, were
collected on an opportunistic basgis. An evaluation of population
status was not a project objective.

In 1995 a wild population of C. siamensis was confirmed in the
Mahakam River system of East Kalimantan. Two individuals of a
raninus group crocodile were examined on a farm 1in South
Kalimantan, and tissue obtained from one. Phase 2 1in 1996
emphasized searches for C. raninus in the Arut and Jelai river
systems of Central Kalimantan, the general area where the raninus
group individuals were said to originate, but yielded no evidence
of the species. Mahakam surveys produced additional specimens of
C. siamensis and inspections of two active T. schlegelii nests, one
on land and the other on floating vegetation. Three nests with
spoiled clutches were also attributed to T. schlegelii.

Night counts in eleven lakes and rivers of West and Central
Ralimantan totaling 199 km were likely compromised by flooding
(d=0.01/km). The only eyeshine recorded was from a juvenile T.
schlegelii and an assumed C. porosus. In East Kalimantan, eight T.
schlegelii juveniles were recorded from Sungai Kedang Rantau
(d=0.11/km). Captive T. schlegelii were frequently encountered at
the village level (80 individuals at 20 sites), and is obviously
the common palustrine crocodilian of Kalimantan.

wetland sites appraised to comprise critical habitat for
palustrine crocodilians in Kalimantan are described and recommended

for formal protectiomn.
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Introduction

Kalimantan {(Map 1) is a region of special interest for
crocodilian research and management. Four species: Crocodylus
porosus, (. raninus, C. siamensis and Tomistoma schlegelii have
been recorded, the most of any area in the Asia-Pacific region. The
presence of two species (C. siamensis and T. schlegelii) in high-
priority need of status surveys according to the IUCN/SSC Action
Plan for crocodilians (Thorbjarnarson 1992), and a third little
known species, C. raninus, led two of the authors (Ross and Cox) to
formulate a research proposal addressing a suite of biological and
conservation problems.

The main objectives of the project were: 1} to document oOr
disprove an extant population C. raninus and confirm the occurrence
in the wild of ¢. siamensis; and 2) obtain specimen series of whole
animals, skulls and tissue samples for taxonomic study. Specimens
of T. schlegelii and C. porosus, and data on distribution, habitat
and nesting and other ecological aspects of all four crocodilians
were collected on an opportunistic basis. Assessment of population
status was outside the scope cf this study.

Grant money obtained by Ross through the Smithsonian
Institution allowed the proposal to be submitted to the Research
and Development Centre for Bioclogy (Puslitbang)}, a division of the
Indonesian Institute of Sciences (LIPI). After discussions with
LIPI and Puslitbang officials, the proposed project was revised to
facilitate fieldwork by expanding the duration of surveys to two
seasons or phases, and was approved. Prior to the start of field
work, Kurniati agreed to join the project as a co-implementor on
behalf of LIPI and Museum Zoologicum Bogor (MZB)}, and arrangements
were made for collaboration with the CITES Management Authority in
Indonesia: the Directorate General of Forest Protection and Nature
Congervation {(PHPA), Ministry of Forestry.

One of the most intriguing aspects of the research involved
attempts to document survival of . raninus. Commonly referred to
as the Borneo crocedile, the species was initially described as a
palustrine variant of Crocodilus biporcatus Cuvier (= Crocodylus
porosus Schneider 1801) from the type series of a skull obtained
from the Banjer {=Barito) River in 1836, and a juvenile preserved
in alcohol, collected between 1836 and 1844 by Diard from the

Pontianak area of West Kalimantan (Miller and Schlegel 1844). The
series is deposited at the Nationaal Natuurhistorisch Museum,
Leiden (RMNH). Two additional specimens attributed to C. raninus

are known. One is a skull ostensibly from "Borneo" in the American
Museum of Natural History, New York (AMNH). The other is an
alecoholic juvenile collected by W.T. Hornaday, and is housed at the
Museum of Comparative Zoology, Harvard University (MCZ). The only
data associated with the juvenile specimen is "Borneo, Hornaday”,
but it was likely collected by him in 1878 while collecting
orangutans in southern Sarawak (see Hornaday, 1885).

Despite the existence of museum specimens, confusion lgng
reigned regarding the unequivocal identity of this palustrine
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crocodile. Inclusion of one €. porosus and two C. siamensis skulls
among Miller and Schlegel’s syntypical series of five specimens was

the principal reason. In 1992 the confusion was resclved by
designation of the Diard juvenile from Pontianak as the lectotype
of C. raninus Miller and Schlegel 1844 (Ross 1992). In addition to

distinctive skull morphology, squamation was amended to include a
ventral pattern that places the species in a "large scale" group
(22-27 transverse rows) of crocodilians (idem 1992). The taxon was
therefore "resurrected" as a valid species, and to date no attempt
has been made to refute its status.

Methods

Series of specimens for taxonomic research were assembled from
animals whose origin was considered indisputable. Most juvenile T.
schlegelii and C. siamensis were obtained from holding cages at
villages and huts in the immediate vicinity of crocodile habitat.
One specimen, a juvenile Tomistoma was hand captured on a night
survey. Additional C. siamensis material was obtained from ranch
stock in Balikpapan that originated from the Mahakam River system,
East Kalimantan. Collected individuals were pithed and preserved in
15% formalin, then transferred to M2ZB, where the preservative
solution was replaced with 75% ethanol. Tomistoma schlegelil
skulls were collected where made available by local residents.
Distribution records were accepted for species in river systems
where captive individuals or skulls were observed, and where wild
individuals were sighted or captured.

Interviews were conducted with owners, managers and staff of
most crocodile farms in Kalimantan, and with persons professing
knowledge of crocodiles at the town and village level. At captive
locations information was sought on species present, numbers of
stock, age groups, origin, and breeding activity. A separate
standard procedure was followed at the village level, where
questions were asked regarding the number of species present,
distribution by habitat type, historical and current abundance,
exploitation patterns, and nesting bioclogy/ecology. During Phase 2
a laminated sheet of Crocodylus photographs showing neck and body
squamation without written species names was used to assist
identification of species by informants citing local names.

Night counts, conducted primarily to document species
occurrence and obtain specimens, followed standard methodelogy. A
bright beam of light was projected along the surface of lakes and
waterways, with particular care taken to cover shoreline indentions
and ‘cul-de-sacs’. The cbserver scanned from the bow of various
vessels: speedboats equipped with 40 h.p. outboard motors,
ketintings (narrow wooden vessels powered by shallow longshaft
propellers) and, less frequently, from small boats and paddled
sampans. Unavailability of large scale maps precluded calculating
precise distances of some surveys, particularly in West Kalimantan.

Morphometric data was collected from live animals by direct
measuremént of total length and ventral squamation. In addition,
35 mm film and Sony Hi-8 mm video were used to record dorsal
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lateral and ventral scale patterns. Clutch data were recorded with
a triple beam balance and vernier callpers, accurate to within 1 gr
and 0.2 mm respectively.

Global Positioning System (GPS) coordinates were taken for
villages where interviews were conducted, nest sites, survey
waypoints and crocodile eyeshine/capture points. Coordinates of
important map points were also recorded to assist speedboat
navigation when travelling via the sea between river systems.

Results and discussion

Phase 1 fieldwork in Kalimantan was conducted from 20
September through 13 December 1995. Most crocodile farms in
Kalimantan were examined for species present and to collect
morphological data. Information on the purported origin of stock
was used to plan for intensive surveys in Phase 2 of selected river
systems. As time allowed, river journeys were undertaken to village
holding facilities in the interior of West, Central and East
Kalimantan provinces to collect specimens and additional data on
occurrence. In conjunction with these excursions, night counts and
daytime assessment of habitat were conducted in lakes and rivers
where crocodilians were said to persist.

Phase 2 activities were carried out from 17 July to 21
September 1996. The research team was joined by Frazier for
surveys with Kurniati in West Kalimantan. On the basis of Phase 1
results, prlorlty was given to searches for C. raninus in the Arut
and Jelal river systems of Central Kalimantan and the Kapuas River
system in West Kalimantan. Continued investigation of C. siamensis
in the central Mahakam River of East Kalimantan was carried out by
Cox and local counterparts to fully document the occurrence of a
breeding population, and to collect data on basic breeding biclogy
and ecology. Incidental observations on T. schlegelii, including
nesting biology and ecology, were made as time and limited funds
permitted.

Species accounts
Crocodylus siamensis

Historical distribution of C. siamensis was until recently
considered to be the mainland Southeast Asian countries of
Thailand, Cambodia and Vietnam (Groombridge 15982), but skulls from
Java {Ross, 1992; Ross et al. 1985} suggest that the range extended
at least to that island. Until 1992 ¢. siamensis was reported as
virtually extinct in the wild, but a substantial extant population
(several thousand?) is now known from Cambodia, remnants of ca. 100
each persist in Vietnam and Lao DPR, as do a few individuals in

Thailand (Rcss, 199%8).

In 1990, an unusual 2 m captive Crocodylus was photographed
at Muara Ancalong in the Mahakam River, East Kalimantan (Frazier
and Maturbongs 1990). Although ventral squamation data was
unavailable, the dorsal characters were consistent with C.
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siamensis. Two years later, juvenile C. siamensis were documented
on farms in East Kalimantan, and were reportedly acquired as small
juveniles from the central Mahakam (Cox et al. 1993).

Morphology. During Phase 1, morphological data were recorded
from 42 captive specimens that originated from the Mahakam River
system. Most of these were farm stock at C.V. Surya Raya,
Balikpapan, but nine were juveniles (seven of which were examined)
from village holding facilities in the central Mahakam, and deduced
to be offspring from at least two, possibly three or more breeding
crocodiles. Full squamation data was obtained from 28 captive
individuals using Hi8 video. Tail scute clippings were taken from
the same group for DNA studies. An additional five adult C.
siamensis (from total stock of ca. 15 individuals} were
photographed at P.T. Alas Watu Utama crocodile farm near
Banjarbaru, South Kalimantan. Origin of these animals is less
certain, but purported to be Central Kalimantan.

Table 1. Morphometric comparison of mainland Southeast Asian and
East Kalimantan C. siamensis. Measurements include
+standard deviation (range,n). Mainland data are from

Ross (1550} .

Transverse ventral Transverse throat Bagal caudal

Sample scale rows scale rows irregularity
Mainland 31.3 £1.14 50.3 +1.49 yes {(n=15)
SE Asia (28-33,n=14) (49-53,n=15)

East 32.7 +1.23 52.2 +1.78 ves (n=35)
Kalimantan (30-35,n=35) {47-55,n=35)

In the East Kalimantan sample, the number of transverse throat
scale rows, of which C. siamensis exhibits the highest number of in
Crocodylus, and the number of transverse ventral scale rows,
typical of "small scale" Crocodylus were very similar to those from
mainland individuals sampled by Ross (1990). Small differences in
the two data sets are probably due mainly to variation in sample
size. All 35 individuals from East Kalimantan from which ventral
data were recorded showed median basal caudal irregularity as
reported by Brazaitis {(1973}.

No C. siamensis skulls were examined in Kalimantan, but few of
the sub-adult and adult captive individuals showed the extreme
raised squamosal ridges characteristic of mainland animals in
Thailand and Vietnam (Ross, pers. obs.), and many did not clearly
exhibit the unigque light coloration of these ridges. These
characteristics are ontogenetically influenced, and further study
is required before assessing the importance, if any, of these
observations (Ross 1956} .

The character data sets clearly show, however, that
individuals inspected in East Kalimantan during Phase 1 are
morphologically consistent with C. siamensis known from mainliand
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Southeast Asia (Thailand and Vietnam) {Ross, 1990; Ross, unpubl.
data), and individuals in Kalimantan examined by Cox et al. (1993).

QOccurrence in the wild. Results of a recent crocodilian
survey in the Danau (=Lake) Sentarum area, Kapuas River system of
West Kalimantan, included a photograph of an unusually patterned
juvenile Crocodylus {(Frazier, 199%4). Interviews with village
residents in the Kapuas drainage, in particular Danau Sentarum and
vicinity, showed no indication of C. siamensis inhabiting this
large river system. Visual inspection of stock at the P.T. Cipta
Khatuslistiwa Mandiri crocodile farm outside Pontianak also failed
to yield any evidence of the species.

From information in reports by Muin and Ramono (1994), Frazier
and Maturbongs (1990) and Cox et al. (1993}, and a wealth of
information provided by Messrs. Tarto Sugiarto (C.V. Surya Raya)
and Welly Makawang (P.T. Makmur Abadi Permai), surveys 1in East
Kalimantan were conducted in areas of the Mahakam River system
where wild C. siamensis was reported to occur.

At Sungai (=river or stream) Bongan in the lakes region of the
central Mahakam (Map 2), Mr. Saleh, a former crocodile hunter and
supplier of C. siamensis juveniles for captive breeding, guided the
gurvey team to several sites where young and nests of "buaya kodok™"
(frog crocodile), as €. siamensis is commonly referred to in the
region, were said to have been harvested.

Four juveniles (59.5-80 cm total length [TL])} being reared by
Mr. Saleh in October 1995 reportedly came from nearby Danau
Belibis. This is a largely overgrown, shallow (dry season depths
of ca. 1.5 m) lake that is fringed with floating mats of reeds
Phragmites sp., hanguana Hanguana malayana and Leersia hexandra.
Dense, boggy vegetation restricted an unproductive search for nests
to the outer edge of the lake.

Another reported area of C. siamensis breeding habitat, Danau
Tanah Liat, is connected to Sungai Bongan by a 2 km channel. This
relatively isolated lake is densely fringed with tall hanguana,
reeds, and broadleaved thickets draped with lianas. Water hyacinth
Eichhornia crassipes occurs as patches in open water and is braided
in the floating fringe. Since its introduction 20-30 years ago the
aquatic weed has apparently accelerated growth of the fringe and
constricted the area of open water by almost half.

Danau Tanah Liat has some non-floating shoreline where C.
siamensis were said to occasionally bask. A large individual
reportedly destroyed a bubu (rattan fishtrap) ca. two months
earlier, about the same time another villager, interviewed at this
lake, claimed to have seen a large crocodile floating in the water.
Although more than 100 bubus were placed in the floating fringe,
no reports were received of young crocodiles having been trapped.
Furthermore, juveniles and active nests have not been observed for
several years, suggesting poor nesting success and/or recruitment.
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Two evenings were spent conducting spotlight surveys by perahu
(paddle canoe) in Danau Tanah Liat, but no crocodile eyeshine was
observed {see Table 6).

At Danau Mesangat wvillage, in the Kedang Rantau tributary,
residents reported C. siamensis to be fairly abundant in the
adjacent overgrown lake system (Figure 6). A 73.5 cm TL juvenile
captured in Danau Mesangat about 10 days earlier was obtained as a
locality voucher for MZB.

Although most information indicated that (. siamensis
preferred permanent marshlands and small isclated lakes, villagers
in the vicinity of several large shallow lakes bordering the
central Mahakam reported that . siamensis also occurred there.
Kampung {=village) Melintang residents said juveniles obtained from
Danau Melintang were released in 1986 or 1987 after being informed
that it was illegal to keep them. At Kampung Resak two captive
juveniles were said by the owner to have been captured at nearby
Danau Jempang. '

Crocodylus siamensis was said to occur at Danau Sekentang, and
uninhabited lake that can be reached by foot from Muara Bengkal on
Sungai Wahau, and several small lakes or marshlands {(including
Danau Gendang), associated with Sungai Keteng, and accessed with
difficulty by perahu from Danau Padam Api. Due to time and funding
constraints none of these sites were investigated.

At least some of the captive (. siamensgis observed at
Banjarbaru reportedly came from western river systems of Central
Kalimantan {(Kasan, farm caretaker, pers. comm.). Surveys there
during Phase 2 in the Sungai Kotawaringan and Sungai Jelai
drainages found only anecdotal evidence of palustrine Crocodylus.
Three to four 1local names were used to described resident
crocodilians, among them "buaya kodok". In East Kalimantan the
name is referable only to . siamensis, but based on varying
descriptions and selections of species photos during interviews in
Central Kalimantan, the exact species 1is less certain. In the
Sungai Barito drainage, informants at several villages claimed that
"buaya kodok", which as described resembles C. siamensis, occurred
in the area. At Kampung Buyui on Sungai Ayu, a tributary of the
upper Barito, residents said "buaya kodok" was known to inhabit
lakes and rivers, but last seen five years earlier.

In West Kalimantan, "buaya kodok" was reported to occur in the
southern river systems (Ketapang area) by a former hunter at Kubu.
He cited catching two of these crocodiles in 1982 at Sungai Pinggan
in the Gunung Palung area, and said that the species lives in
freshwater lakes. In other areas of West Kalimantan, in particular
the Kapuas River system, there was no mention of "buaya kodok";
however, several reports were received from villagers of a
freshwater Crocodylus referred to as "buaya katak" {toad

crocodile) . This crocodile was frequently described as aggresgive,
dark colored, and distinct from C. porosus. On other occasions,
"buaya katak" was reported from large coastal rivers, sometimes in

brackish conditions. 5




Nesting. In addition to Danau Belibis, where successful C.
ciamensis nesting is inferred as recently as 1993 by the capture of
small juveniles in 1995, Danau Tanah Liat was also claimed to be a
nesting area for crocodiles, presumably C. siamensis. {(Crocodylus
porosus was said to be formerly sympatric there with C. siamensis,
but the former has been reportedly extirpated for many years) .
Nesting habitat was described by Mr. Saleh as floating mats of
herbaceous vegetation, including hanguana and saplings, found
inland from the fringe. He could not recall the months when active
nests were seen.

Mr Saleh also reported that Danau Pekah, a smaller lake S (?)
of Danau Tanah Liat, and connected by floating mats of vegetation,
was another good C. siamensis nesting area. Many vyears had
elapsed, however, since he last visited this secluded site.

The other C. siamensis breeding locality recounted by the
informant was Danau Panan near Resak village. The lake was said to
be a former hunting locality surrounded by forest and smaller
lakes. Mr. Saleh said he not hunted C. siamensis for its skin for
the past decade or so due to low prices and protection by
government regulations. dJuveniles were ne longer pursued, he said,
but were occasionally found in bubus.

Another former and renowned hunter, Abdullah Rahman, was
interviewed at home in the district center of Muara Kaman. He
hunted in the central Mahakam and further afield from 1948/1949
until the 1980s. Mr. Rahman reported that C. siamensis prefers
open lake habitat and commences nesting during August/September.
Nests are reportedly constructed on flcoating mats in lake fringes
and permanent mixed herbaceous swamp.

Danau Mesangat, northeast of the central lakes region in the
Mahakam, is a diverse mixed swamp woodland interspersed with open
pools and herbaceous asgsociations. Fleocating mats of hanguana,.
Leersia hexandra, Thoracostachyum sumatranum and Scleria spp.
sedges exhibit a patchy distribution. Introduced Eichhornia
crassipes covers most of the otherwise open water surface. Local
fishermen said C. siamensis nests exclusively on floating mats of
herbaceous vegetation. Clutches began to be laid in August or
September, but October was the best time to find eggs as mest, if
not all, nests were finished by that time.

A nest with a partial clutch of rotten eggs (MKM 001} was
shown to the survey team in October 1995 (Table 2). Egg size
appears too small for T. schlegelii (Bezuijen et al., 1995; T.
schlegelii section this report). Although well within the range
for captive €. siamensis in Thailand (Youngprapakorn, in litt.}), C.
porosus cannot be rejected because egg size is alsec within the
range of this species (Webb et al., 1973; Cox, 1985}, Furthermore,
evidence of C. porosus in similar upriver habitat in Kalimantan
(e.g. Danau Sentarum, Sungai Bila) was found in this study.

53




Table 2. Measurements of five eggs (in mm) from a nest at Danau
Mesangat, Mahakam River, East Kalimantan. October 1995.

Length Width
88.0 52.0
83.1 51.7
80.2 53.0
81.7 §1.5
B2.6 53.1
X = B3.1 X = 52.3

Further investigation of nesting in the Danau Mesangat and
Muara Kaman areas was carried out during 1996. Local fishermen said
the previous year that they could guide survey personnel to C.
siamensis nests on floating vegetation from July through October,
but the only active nests shown during our late August return
proved to be T. schlegelii. One informant at Danau Mesangat opined
that our searches may have been too early because high water levels
had not yet receded to prompt nest building. Local residents were
requested to report any active nests found on subsequent forays in
1996 to counterparts in Samarinda and Balikpapan, but no response
was received.

Conservation. Without intensive surveys emphasizing
peopulation monitoring, it is difficult to infer much about the
current status of C. siamensis in the Mahakam. Considering the

apparent extent of suitable habitat in the central Mahakam,
probable lack thereof elsewhere in the river system, and the
impression that our interviews yielded information on most sites
inhabited by the species, the population is roughly estimated at a
maximum of a few hundred individuals.

The occurrence of a wild population in Kalimantan is of major
importance to crocodilian conservation. The in situ biology of
Crocodylus siamensis and its ecology are poorly known, with few
studies of its natural history available (Kimura, 1969; Smith,
1919,1931). The main population of this species is in Cambodia,
where continued political instability makes it exceedingly
difficult to conduct field research. Peripheral populations in Lao
PDR and Vietnam appear similar in size to the one in Kalimantan,
but prospects for research and conservation are unclear. By
contrast, the Kalimantan population occurs in an area where study,
protection and management is currently feasible

Trade in C. siamensis has evidently ceased in East Kalimantan.
Although small clusters of captive animals were examined at Sungai
Bongan and Muara Muntai, area farm owners acknowledge the protected
status of the species, and report they no longer purchase wild
stock. Cbservations by the survey team of farm stocks in Balikpapan
and Samarinda supported this c¢laim. The greatest threat to the wild
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population is habitat degradation and disturbance. Intensive
fishing with nets and traps, and to a lesser extent, fires that
sweep across wetland habitat in times of severe drought, are the
main causes for concern.

A fortunate aspect of live juvenile trade in the recent past
is that a breeding nucleus, and if eventually needed, a potential
founder population, is secure at C.V. Surya Raya in Balikpapan.
Total stock of 37 subadults were obtained directly from the central
Mahakam as small juveniles (T. Sugiarto, pers. comm.), and are
separated from potentially hybridizing C. porosus.

About half of the 15 C. siamensis reared at P.T. Alas Watu
Utama near Banjarbaru, Central Kalimantan are adults. A pair of
them reportedly nested in January 13996, but no hatchlings were
produced from a clutch of 30 eggs (Kasan, pers. comm.) . To assure
the homogeneity of wild populations, C. siamensis reared at
Banjarbaru should be isolated from C. porosus. Communal stocks at .
P.T. Makmur Abadi Permai outside Samarinda evidently include
hybrids, some of which are adult size. Species there should be
segregated and all suspected hybrids culled. The practice of
mixing C. siamensis and C. porosus in common pens has been strongly
discouraged {Webb and Jenkins, 1%31; Ross et al., 19%86}).

Conservation of known breeding areas in the central Mahakam
also merits priority. There is pressing need to link Danau
Mesangat, and additional sites associated with Sungail Kedang Rantau
as confirmed, with nearby Muara Kaman Strict Nature Reserve {62,500
ha). This degraded mixed swamp is the only protected area in the
central Mahakam and a probable nesting area for C. siamensis. A
strict nature reserve of ca. 200,00C ha {(Perairan Sungai Mahakam)
has been proposed for the region to conserve distinctive lake
habitat, swamp forests and the rare freshwater dolphin Orcaella
brevirostris (MacKinnon, 1996). The reserve may require re-
classification to reflect the economic dependence on fisheries of
local communities, but the lakes region is one of the most
important freshwater wetland habitats in Kalimantan, and the
presence of breeding C. siamensis underscores an urgent need for
conservation action.

Development of a management plan for C. siamensis in East
Kalimantan should take into account the "classic skin" commercial
value of the species. Harvests of eggs from wild nests, rearing,
and eventual restocking of a percentage of offspring may provide an
effective local incentive to protect wild breeders and nesting
areas, as well as a mechanism that contributes to quantification of
population status (Ross, et al., 1936).

At present most individuals removed from the wild population
of C. siamensis are small juveniles accidentally caught in bubus
(rattan . funnel traps) used by local villagers for fishing.
Artificial incubation of eggs and release of larger young may
increase survivership in the wild, but safegquards against potential
tainting of the wild population through ex situ hybridization are
a prerequisite (Ross, et al., 1396).
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In situ management must alsc contend with more general
conflicts in habitat use by local communities and foraging
crocodiles. An integrated approach that decreases pressure on
overharvested fish stocks by emphasizing development of alternative
sources of income may ultimately provide the most effective
protection for C. siamensis in the wild.

C. ranminus

During Phase 1 no crocodiles identifiable as €. raninus were
observed on crocodile farms or in holding facilities in West,
Central and East Kalimantan. Interviews of wvillagers, farm
personnel and others in these provinces yielded no information
specifically referable to C. raninus.

In South Kalimantan, however, a visit by Cox in December 1995
to P.T. Alas Watu Utama crocodile farm in Banjarbaru revealed two
individuals that were identified, on the basis of ventral
squamation, as raninus group crocodiles® (Ross et al., 1996). These
crocodiles were captured, photographed (see Figures 1-4), sexed,
and measured for total length and ventral squamation. Tail scute
tissue samples from the male were obtained on a subsequent vigit by
Kurniati.

Table 3. Measurements of two captive raninus group crocodiles at
P.T. Alas Utama, Banjarbaru, South Kalimantan. Total
length in meters.

Total Sex Transverse ventral Transverse throat
length scale rows scale rows
1.8 1% 24 37

1.38 3 23 37

Farm staff were repeatedly and carefully questioned regarding
the origin of these crocodiles. The caretaker, Mr. Kasan, was
adamant that these animals were obtained, separately over a two
year period, from a logging camp foreman posted at or near
Pangkalanbun, Central Kalimantan.

The female was reportedly received in early 1991 as one of
five crocodiles in a group that included two C. porosus and two C.
siamensis. Mr. Kasan recalled that the unusual crocodile measured
53 cm TL when it was received.

The male reportedly arrived in 1992 as part of a second
shipment, again hand-carried by the foreman, that included 22
juvenile C. porosus. At the time of purchase the crocodile

*taxa of Indo-Pacific Crocodylus that exhibit "large scale"
ventral pattern: raminus, mindorensis, novaeguineae and johnsoni.
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measured 33 cm TL. It has since died {Moelyono, farm manager, in
1itt.), apparently from wounds inflicted by other crocodiles, and
has been preserved as a whole skin (Ross et al., 1996).

Our current taxonomic knowledge of C. raninus requires
examination of cranial sutures to positively identify the species,
because the only whole specimens known are small and inadequately
preserved, and comparative DNA studies of raninus group species are
lacking. Even so, identifiable wmorphological characters ({i.e.
ventral squamation and post-occipital pattern) have been used to
predict that C. raninus closely resembles C. mindorensis and C.
novaeguineae (Ross, 193%0).

One interview during Phase 2 suggested that C. raninus, or a
crocodile very similar to it, may persist in the wild. The
information was received in July 1996 from Mr. Jamain, a former
crocodile hunter and trader, at Kampung Pandulang, Sungal
Kotawaringan, Central Kalimantan. He recognized four types of
crocodiles in the Sungai Arut/Kotawaringan system: T. schlegelii,
which he referred to as "buaya sapit", a common local name for the
species; (. porosus, or "buaya toman", a name that refers to the
species in areas cof Central Kalimantan; C. giamensis, alluded to as
"buaya kodok", and correctly selected from the photo sheet; and
"buaya salak", for which Mr. Jamain picked the head/neck shot of
the raninus group crocodile, and the less distinctive body photo of
C. siamensis. "Buaya salak" was said to formerly inhabit Sungail
Sebingit, but may now be locally extinct.

DNA analyses of the raninus group individuals at Banjarbaru
may be instrumental in species identification, although this
requires a comparative series of material from C. mindorensis and
C. novaeguineae {north and south coast populations of the latter
due to differences in morphology and reproductive bioclogy; CoXx,
1985; Hall, 1989; Hall and Jochnson, 1987).

Tomistoma schlegelii

Commonly referred to variously as the false gharial, false
gavial, and Malayan false gavial, Tomistoma schlegelii is one of
the most taxcnomically distinct yet least known crocodilians.
Historically, the species was widely distributed in Southeast Asia,
but is currently reported only from Sumatra and Kalimantan,
peninsular Malaysia and Sarawak (Ross, 1998). Its long held
"Endangered" status (Groombridge, 1982) was recently revised by the
IUCN to ’‘Data-Deficient’ (IUCN, 1994). The species is of special
concexrn to the CSG. In 1994, "Project Tomistoma" was formed to
coordinate an assessment of conservation and management needs of
the species, and has undertaken field studies in peninsular
Malaysia and Sumatra. To not assist this effort while conducting
Crocodylus studies in sympatric habitats of Kalimantan would have

been neglectful on our part.

Observations were made on captive and wild T. schlegelii, and
data collected on the ecology, reproductive bioleogy and status of
this species. In addition, a representative series of whole
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specimens and skulls was assembled, primarily to assist studies of
variation in gecographic isolates of T. schlegelii.

Occurrence in the wild. Captive T. schlegelii were observed
in villages of all three provinces where fieldwork was conducted
(West, Central and East Kalimantan). Eighty individuals were
recorded, usually singles or pairs, ranging from small juveniles
(55 em TL) to adults >3 m TL. Most of these (47) were found at
Kampung Batambang in December 1535 on a circuit of tributaries in
the Barito River, Central Kalimantan (Map 3). Proof of T.
schiegelii (captives, skulls, direct sightings)}, or reports of its
occurrence by local residents, was found throughout all nine areas
of reconnoitered river systems: upper Kapuas, Kendawangan/Balaban,
Simbar, Pawan, Alr Hitam [Kecil, Jelai/Berais/Mapam/Bila,
Kotawaringan/Arut, Barito and Mahakam).

Almost all captive animals were maintained in semi-submerged
crates at the littoral of waterways, usually adjacent to floating -
residences of villagers and townspeople. Some had obviously been
reared for many months if not several years. In the Kapuas system,
villagers surmised that captive T. schlegelii would eventually be
sold to itinerant traders for glands and skins. This may explain
why relatively large stocks were reared in two villages {47 at
Kampung Batambang in the Barito; eight at Muara Anggalam in the
Mahakam), although apparent length in captivity suggested that
trade in the species had ceased 2-3 years earlier. Most of the
other individuals were said to be Xkept exclusively as pets or
exhibition curiosities. The species appears suitable for these
purposes, owing to its more docile character, compared to sympatric
Crocodylus, and peculiar appearance.

Captive T. schlegelii were frequently reported to have been
acquired as incidental catch {(usually small juveniles) in fishing
nets or bubus. Some evidence of pursuit was seen - a juvenile with
a spear wound, a prepared skin, and a skull with a mortal blow from
a parang (machete)— but the intensive level of fishing in many
waterways visited, and lack of commercial demand for T. schlegelii,
lent credence to much of the information.

In the Kapuas River system, T. schlegelii was observed at
three villages near Danau Sentarum Wildlife Reserve. At Kampung
Meliau, another village in the vicinity, local guides said that T.
schlegelii occurred at Danau Semati. This is a small lake fringed
with floating pandan Pandanus sp. that usually anchors during the
dry season. No crocodilians were sighted on a night spotting
circuit of the flooded 1lake. Tomistoma schlegelii was also
reported to occur at Danau Lintang ({partial floating pandan
fringe}, and to be sympatric with C. porosus at Danau Merbong
{swamp forest border). Sungai Leboyan, a known locality for T.
schlegelii (Frazier, 1994) was said by Kampung Meliau residents to
contain "many" T. schlegelii in the upper reaches during the dry
season, but disperse to adjacent swamp forest when flooded.

Sur%eys were also conducted in remote tributaries of West
Kalimantan that axe part of the proposed 150,000 ha Muara
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Kendawangan Nature Reserve. The area was recently assessed as
important for conservation of mangrove, freshwater and peat swamp
forest, and unlike all other existing and propcsed reserves in
lowland Kalimantan, "not threatened" (MacKinnon, 1836). Sungai
Kendawangan and Sungai Balaban showed moderate-serious habitat
disturbance from logging and intensive use of waterways and
adjacent lakes for fishing. Tomistoma schlegelii was said by local
residents to inhabit the rivers, but no crocodile eyeshine was
recorded in either system (Table 6&). Sungal Air Hitam Kecil, a
pandan and hanguana fringed small river that wends through peat
swamp, was also said to harbor the species, although ncone had been
seen in many years. The lower and middle reaches of this narrow
tributary have been seriously disturbed by recent extraction of
timber. A night count there yielded no eyeshine (Table 6) .

Extensive and fairly intact habitat for T. schlegelii was
found in tributaries of Sungai Jelai bordering West and Central
Kalimantan. Sungai Mapam (Fig. 5), and its upriver branch, Sungai
Bila, comprise perhaps the least disturbed habitat in the system.
A large T. schlegelii was sighted during the day on an excursion up
the Bila, and a small juvenile was captured on a night count in the
Mapam under floocded conditions. Nests were said to be easily found
in swamps adjacent to Pondok Palas in the middle Mapam. An
informant at Kampung Buntar, Sungai Berais, suggested that T.
schlegelii was fairly plentiful in that lengthy, narrow tributary.
Mr. Nuan estimated that 10-20 individuals congregate during the dry
season in a section of deep channel from Buntar to the confluence

with the Jelai.

In addition to the many captive T. schlegelii observed in the
Barito River system of Central Kalimantan, substantial anecdotal
evidence of the species’ occurrence was collected in the Arut and
Lamongan rivers in the western part of the province. Reports of
captures in 1995 near Kampung Pangkut, and recent nesting at Danau
Bau and Sungai Jampau were related to the survey team. In the lower
reaches, Sungai Sebingit was said to be good for T. gchlegelii.

Tanjung Puting National Park (300,400ha) in Central Xalimantan
was not surveyed, but is reported as an important area for T.
schlegelii and C. porosug in Kalimantan (MacKinnon, 1996), with the
former species fairly abundant (Abdul Muin, pers. comm. ) .

Habitat. Information from interviews and observations of
individuals in the wild indicates that T. schlegelii is broadly
distributed in the lowland river systems of Kalimantan. The

species was most often encountered, or reported to occur, in
sluggish freshwater tributaries and stagnant lakes, usually
associated with peat swamp forest. Waterways and lake margins are
typically fringed with pandan-hanguana associations. No information
was received suggesting that T. schlegelii occurs in brackish or

saline waters.

Crocodylus siamensis is sympatric with T. schlegelii in the
central Mahakam river system, but evidence of habitat partitioning
was suggested by informants familiar with both species. These were
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almost invariably experienced hunters who said that T. schlegelii
is found in lakes, streams and rivers, while . siamensis is more
likely to be occur in static environments: permanent herbaceous
swamps and lakes.

Nesting. During Phase 2 four T. schlegelii nests were
inspected, and one other, freshly raided nest was attributed to the
species. All nests were located in the central Mahakam except one
in a captive facility at Tengkiling Recreation Park, north of
Palangkaraya, Central Kalimantan.

Hatching data from these nests {Table 5) and information from
interviews in West, Central and East Kalimantan consistently
indicated that the nesting period for this species is from July/
August through October. This overlaps the normal dry season in
East Kalimantan, affording land nests the opportunity to avoid
flooding in most years.

Three types of nesting habitat were noted:

1) Mixed freshwater swamp. Composed mainly of fire-climax
herbaceous vegetation, mostly in floating mats of grass,
sedge and short fern. Includes patches of trees, standing
deadwood and thickets.

2) Secondary forest. Lowland tropical rainforest dissected
by small steams and logged for large trees in the past.
Ground vegetation is typically sparse.

3) Peat swamp. Nests constructed at tree bases on peat
hummocks as described by Bezuijen et al for T. schlegelii
nesting in Sumatra {1995, 1996). Trees at a Kalimantan

nest site (MKM 006) were heavily draped with lianas.
Surrounding herbaceous vegetation was hanguana, sedges
and water hyacinth. Subject to flooding.

Table 4. T. schlegelii nest data, 1996. Only nests in the wild
included. NR=Not Recorded due to disturbance of nest from
egg collection.

Nest Height Wwidth Distance
code Habitat (cm) (cm) to water Material
{m)
MKM 003 Secondary 52 145-150 7.2 leaves & twigs,
forest clay-lined
clutch chamber
MKM 005 Floating mats 55 135-165 at Leergia & ferns
in permanent base
swamp
MKM 006 Peat swamp N/R N/R ca.0.2 leaves & twigs
mound/forest




Nest MKM 003 {(Fig.7-8) was located at 0°32°20" N 116°41°49" E
on 24 August 1996 at the edge of an overgrown channel. The site was
mostly overhung with small trees, and the channel overgrown with
water hyacinth and Leersia grass with flooded thickets nearby. The
egg chamber was lined with finely speckled, crange-white clay, that
was conspicuously different than the other nest material. A tail
groove was present on the nest top. Although no adult was seen
during examination of the nest, water nearest the nest was recently
disturbed. About 300 m away was another nest (MKM 004} that had
been active a month earlier, but since raided by a wild boar (spoor
present) . All that remained of the clutch were egg shell fragments.

Nest MKM 005 (Fig. 9) was located at 0°31°01" N 116°41740" E,
also on 24 August 1996. The mound was a soggy mass of decaying
herbaceous vegetation constructed on a flimsy floating mat. The
informant assumed the species to be (. siamensis, because T.
schlegelii was said to nest exclusively on land. No reports of
floating T. schlegelii nests were received during the study, and
none are known from the few studies of the species in the wild.

Nest MKM 006 (Fig. 10} was located at Danau Ngibun
(encompassed by Danau Mesangat), 0°32’/15" N 116°41’12" E on 26
August 1996. The informant was unsure cf the species but said that
only C. siamensis nested in the area. Eggs had been translocated
several weeks prior for artificial incubation in wood shavings, but
none were alive when inspected later in the day.

Data for all clutches examined are presented below:
Table 5. 7T. schlegelii clutch data from Kalimantan, 1996.

Measurements are with standard deviation (range, mn). Clutch
temperatures not recorded. Hatching followed incubation at 30°C.

Nest Clutch Egg mass Egg length Egg width Hatching
code size {g) {(mm) (mm) dates
MKM 003 32 188.2+459.81 93.1+4.00 £0.0+0.78 1-2/10

{166-214, (83.3-100.0, (58.5-61.8,
n=24) n=29) n=29}
MKM 005 23 187.219.48 92.8+3.22 59.8+0.87 23-30/9
{(165-211, {68.3-101.3 {(58.3-61.3,
n=1¢) n=20) n=20)
MKM 006 27 209.5110.43 97.4+43.52 61.8+0.83 eggs
{185-238, (93.0-106.5, (59.5-63.0, dead
n=26) n=26) n=26)
Tengkiling, 30 193.517.43 93.6+3.10 59.7+0.59 infertile
Central (178-213, (88.5-101.5, (58.7-60.8, &/or dead
Kalimantan
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Nesting information collected in other localities (including
additional river systems) suggest that T. schlegelii clutches are
commonly predated by wild boar and monitor lizards. One woman in
the Sungai Arut area told of finding a nest the year before and

taking the eggs to eat.

Conservation. Tomistoma schlegelii has apparently declined in
all provinces of Kalimantan, although elder hunters assert that the
species was distributed in relatively low abundance (compared to
Crocodylus) prior to the commencement of hunting in the late 1940s
(A. Rahman, Ibrahim, Saleh, pers. comm.). A breocad vyet thin
distribution across freshwater habitates complicates the logistics
of ecological/bioclogical research and conservation of the species.
The apparent preference of 7T. schlegelii for small secluded
waterways, often choked with floating vegetation and in £flood
stage, makes direct population studies even more problematic.

Challenges to conservation and management are also compounded
by intensive wutilization of habitat by local communities.
Freshwater habitats were heavily fished in all areas reconnoitered.
villagers in the lakes region of the central Mahakam, Jelai and
Danau Sentarum areas cited overharvesting {(declining size of fish
and total catch) as the main threat to their economic livelihood.
Combined with severe drought and forest fires in 1997, many
villagers in the Danau Mesangat area are said to have turned to
gold mining in the Mahakam headwaters to generate basic income (T.
Sugiarto, pers. comm.) .

The low skin value of T. schlegelii (Bezuijen et al., 1996}
hinders employment of a commercial utilization strategy to conserve
the species. Inability of T. schlegelii harvesting to compete with
other land uses probably means that any effective strategy to
conserve remaining habitat will have to rely on community
development interventions that generate alternative means of income
(to reduce the pressure of intensive fishing and logging), and
persuading government authorities to set aside key areas of habitat
from extraneous, non-renewable development schemes.

Conclusions

A wild population of Crocodylus siamensis was documented in
the Mahakam River system of East Kalimantan. Based on recent
capture of small juveniles in the vicinity of reported nesting
areas, a breeding population was inferred to exist as recently as
1993. Considering the apparent lack of hunting for skins, breeding
crocodiles very likely persist in the central Mahakam.

The possibility that €. siamensis observed by Frazier and
Maturbongs (1990) and Cox et al. (1993) may have originated from
farms or. other facilities in Java or mainland Southeast Asia was
disproved. As noted in Ross et al.(1996), the hypothesis that this
population was translocated through 16th or 17th century trade is
unlikely for several reasons:
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1}). Several, evidently endemic, local names exist for C.
siamensis in the Mahakam River system. If this
population was a product of introduction, common names
should reflect such a phenomenon.

2). Evidence is lacking that early traders in the region
transported crocodiles, either as a commercial item or

tribute (Andaya, 1981).

3). Historical distribution of C. sgiamensis in the Mahakam
and possibly other adjacent river systems, some
comprising different watersheds, is reasonable from
zoogeographic patterns of freshwater fishes (Inger and
Chin, 1962; Roberts, 1989) and Pleistocene sea level
variations in the Sunda region (Inger, 1966; Umbrove,
1949} . The paleozoogeography of the Sunda region is
critical to understanding current, and possibly
relictual, distributions of crocodiles and other fauna
(Ross et al. 1996) . :

Although the prcject accumulated substantial anecdotal
evidence of C. siamensis in Central Kalimantan, and to a wuch
lesser degree from southern West Kalimantan, the species could not

be confirmed ocutside the Mahakam river system. Proof of a wild
population in Central Kalimantan would further strengthen the
likelihood that C. siamensis in Kalimantan 1s naturally

distributed. River systems in Central Kalimantan are effectively
isclated from those in East Kalimantan by the Meratus mountains.
Wild presence of the species in both watersheds would otherwise
have to be explained by multiple, exogenous introductions.

No evidence of a wild C. raninus population was found in this
study, but results of interviews suggest three palustrine
crocodilians have inhabited (and may persist in) the Sungai
Kotawaringan/Arut river system of Central Kalimantan. All
crocodilian populations there have apparently declined in recent
.decades, but additional surveys may serve to clarify species
composition and provide insight on ecological relationships.

If the raninus group individuals observed in Banjarbaru did
indeed originate from the wild in Central Kalimantan, then their
identity as C. raninus is highly probable. Crocodylus mindorensis
is a possibility due to its fairly proximate southern limit of
distribution (islands N of Sabah), but C. novaeguineae is far too
extralimital, unless the species was introduced. This is unlikely
as intra-archipelago shipments of juveniles (none of which are
known to have arrived in Borneo) began only in the lateé 1380s.

DNA analyses of tissue samples are needed to clarify the
taxonomic relationships of the three Crocodylus species in
Kalimantan, in particular the identity of the raninus group
individuals and affinity of the disjunct C. siamensis population
with those in mainland Southeast Asia.
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Tomistoma schlegelii was found in all reconnoitered river
systems. Although trade for skins and glands has apparently
ceased, numbers of T. schlegelii continue to be held in villages.
This species was the common crocodilian encountered in surveys of
freshwater habitat, but its ecological requirements remain poorly
understood. In the upper Kapuas River, T. schlegelii was sympatric
with (. peorosus, and with C. giamensis in the Mahakam. Although
there is pressing need for follow-up studies to provide additional
data on distribution, abundance, breeding biology and ecology, T.
schlegelii in Kalimantan is evidently not Critically Endangered, as
defined by IUCN (1994}, and is more appropriately categorized as
Endangered or Vulnerable.

Several areas that were appraised to comprise critical habitat
for the species merit formal protection and active management

programs.

® TFor (C. siamensis: Danau Belibis, Danau Tanah Liat and
sections of Danau Mesangat in the central Mahakam are fairly intact
and apparently represent crucial habitat for C. siamensis. The

species likely inhabits nearby Muara Kaman Strict Nature Reserve,
but this mixed swamp of trees, thickets and herbaceous vegetation
has been degraded by severe burning in recent years.

® For T. schlegelii: Sungai Mapam, Sungai Berails and Sungai
Bila, which are minimally-moderately disturbed tributaries of the
Jelai river system in West and Central Kalimantan. The relatively
large numbers of captive animals observed in the middle Baritc in
Central Kalimantan suggest that this area may contain impoertant
habitat for the species, although exact locations remain unclear.
Danau Jeras and small lakes associated with Danau Sentarum (West
Kalimantan) and Danau Mesangat (East Kalimantan) are lakes with
intact-minimally disturbed peripheral vegetation where T.
schlegelii was confirmed present. :

The entire central Mahakam warrants priority in Kalimantan for
future investigation of C. siamensis and T. schlegelii. The most
extensive inland area of palustrine habitat in the four provinces
is found in this heavily utilized lakes region. Vast areas of
freshwater swamp are found in Central Kalimantan, but large areas
are being converted for a huge rice production scheme.

Much of the information obtained on palustrine crocodilians in
this study came from local informants familiar with crocodiles.
Their reports often constitute important anecdotal evidence,
especially where consistency ameong informants is shown, and where
sources are former hunters well-experienced with local crocodile
populations. In the absence of written records and reports, such
knowledge is valuable for gauging former distribution and status of
crocodilians in Kalimantan, and for comparison with current
observations and conclusions. Anecdotal evidence from preliminary
surveys over an immense study area helps lay the groundwork for
more intensive future surveys by identifying key sites, support
personnel, timing and logistic considerations that save substantial
time, effort and limited funds.
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Table 6. Night counts of crocodilians in West (WK), Central {CK) and East
(EK) Kalimantan provinces, 1995-1996. TS=Tomistoma schlegelii.
CP=Crocodylus porosus. C8=C. siamensis. *= assumed TS. 0= assumed
CP. H=hatchling. J=juvenile.A=adult. EO=eyes only.

Date Survey site Prov. Species Start/end km H J EC Density
coordinates surv’'d

15-8-96 5. Kapuas WE TS /CP 0°51/10" N 10 Q0
112°51°'48" E/
Qep3rssr 8
109°21'39" E
le-8-9¢& 5. Sibau WK TS/CP 1°04’'38" N 20 0
113°Q2’'00" E/
geQ3rss" g
109°221/39" E
18-8-9¢ D.Termabas WK TS/CP 0°46‘40" N 20 0
. 112e30'16" E/
0°4e°'50" N
112°30°39" E
25-8-9¢ 5. Pawan WK TS/CP 1°4g*31" S 1S o]
110°09°49" E
1le51°11" §
105258*15" E
28-8-96 S. Belaban WK T5/CP 2023703" 8 25 0
110°3037" E/
2e27'45" §
110°26' 46"E
28-8-96 S. Simbar WK TS /CP 2°94453" 5 7 0
110¢14°05" E/
294303 8§
11021737 B
22-9-95 D. Pengembung WE  TS/CP 0°29*20" S 4.1 0
112°15748" E/
{circuit)
24-9-585 D. Basaulaut WK TS /CP 0=39’10" S 6.7 Q0
112°15’'50" E
{circuit}
5-9-95 D. Tanah Liat EK Cs?/TS? pe2g20" 8 3 o]
112°15’48" E
6-9-95 D. Tanah Liat EK Ccs?/TS7? 0pe29720" 8 3 Q0

112°15/48" E
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Date Survey site Prov. Species Start/end km H J EOQO Density
coordinates surv‘d

16-9-96 D. Belida- WK/ TS/CP/CS 29507 03" S 42.5 1* 0.024
S, Belida- CK 110¢58° 08" E/
5. Jelai 2°597 08" 8
110°44712" E

29-9-96 5. Kedang EK TS/CP? 0°13746" S 72 1 6 1o 0.11
Rantau 116°42’49" E/

oegg’ 50"

116943+ 23"

=

.03

L
b3
[
(e

13-9-96 5. Mapam WK/ TS 2929704"
CK 111e12°27"

2042!30"

111°10’ 06"

T

17-5-96 S. Air Hitam WK TS 204750"
CK 1100237 53"

2°54’57"

110°2324"
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Figure 1. Dorsal view of ca. 1.8 m TL raninus group crocodile.
P.T. Alas Watu Utama, Banjarbaru, Kalimantan Selatan.

Lateral view of 1.4 m TL raninus group crocodile.

Figure 2. -
P.T. Alas Watu Utama, Banjarbaru, Kalimantan Selatan.
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Figure 3. Ventral view of 1.4 m TL raninus group crocodile.
P.T. Alas Watu Utama, Banjarbaru, Kalimantan Selatan.

Figurc 4. Dorsal neck view of 1.4 m TL raninus group crocodiie.
P.T. Alas Watu Utama, Banjarbaru, Kalimantan Seiatan.
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Figure 5. Hanguana fringed Sungai Mapam. Good foraging
habitat for 7. schlegelii. Border of West and
Central Kalimantan provinces.

Figure 6. Crocodylus siamensis habitat. Herbaceous patches
and thickets in Danau Mesangat. Mahakam River
system, East Kalimantan. -




Figure 7. T. schlegelii nest at secondary forest edge.
Danau Mesangat, Fast Kalimantan.

Figure 8. Clay-lined clutch chamber of nest in Flgure 7.
Danau Mesangat, East Kallimantan.
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Figure 9. Recordipg data at 2 7. schlegelii nest on floating
vegeration, Danau Mesangat, East Kalimantan.

Figure 10. Tomistoma schlegelii nest on land in peat swamp
forest. Danau Ngibun/Danau Mesangat, East
Kalimantan.
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ABSTRACT
The Chinese Alligator (Alligator sinensis) - is restricted to Chinz and is generally
considered one of the most endangered crocodilians in the world. Since the 1970°s,
Chinese Government has paid high attention on the conservation of Chinese Alligator
and carried out a range of effective measures in succession to strengthen the
management of Chinese Alligator with considerable achievements being made.
However, the wild population of Chinése Alligator is still on the verge of extinction and
it urgently needs much concerns from national and international conservation
community. With the fast development of national economy, the activities related to
- import and export, farming, manufacture and utilization of crocodilians and their
products in China become more and more frequently. It is of great significance-for the
protection of global crocodilians to enhance the conservation and management of
crocodiles in China.

INTRODUCTION
China locates in the eastern part of Asia and western bank of Pacific Ocean with a

total land area of 9,600,000 square kilometer. It is a country with both coastline and
land border, which are 18,000 kilometer and 20,000 kilometer in length respectively,
neighboring 15 countries(e.g. Vietnam) with 6 countries(e.g. Japan) to its east and
southeast across the sea.

China is divided into 33 provinces, autonomous regions, municipalities and Spedial
administrative region. According to the census in 1994, the population of China is
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1.1985 billion (excluding the population of Hongkong) .

With vast territory and diversified natural environment, China is one of the
countries in the world with the most diverse varieties of wildlife resources. There are
6,347 species of vertebrate, accounting for over 14% of the world total, and 32,800
species of higher plant, taking up over 12% of the world totel. Among the wildlife
species listed in the appendixes of CITES, 1,700 were found in China.

CROCODILES IN CHINA

There are three crocodilian species ever known to be occurred in China. The
Saltwater Crocodile(Crocodylus porosus) and the Malayan False Gharial(Tomistoma
schlegilii} once lived in south coast region of China. However, Both of them have not
been found in China since 1922. Only the Chinese Alligator has fortunately survived to
now. Since 1993, many species of crocodilians such as Nile Crocodile{Crocodylus
niloticus), Siamese Crocodile(Crocodylus siamensis), Mississippi Alligator(Alligator
mississpiensis) and Saltwater Crocodile have been introduced or re-introduced into
China for farming, education or tourism purpose.

STATUS OF CHINESE ALLIGATOR
i. DISTRIBUTION

The Chinese Alligator is the most endangerd of the world’s 23 species of
crocodillians (Groombridge,1982; Thorbjarnarson, 1992) . The species is a relatively
small crocodilian with a maximum length of approximately 2.5 m {(Wang C.L., pers.
observation) .In China, local people uses the name Yangzi E (means Yangzi alligator)
or Tu Long (means muddy dragon) to designate the species. The local name indicates
that the alligator was once widespread along the lower Yangzi river valley. It was
recorded in the ancient Chinese books that the Chinese Alligator distributed densely
over the middle and lower reaches of the Yangtzi River in the 14th century. However,
with the dramatic climatic change and the increase of the human population, the range
of Chinese Alligator was sharply shrank to the lower reaches of the Yangtzi River in the
19th century. '

From the beginning of this century to 1960’s, due to lake drainage, land
reclamation, use of farm chemicals and excessive capture and killing, the habitats of
Chinese Alligator had been destroyed very seriously, resulting that the population size
declined year by year and its range continuously decreased. The investigation
conducted in the 1950’s indicated that its range had been shrunk to the area of junction
of Anhui, Zhejiang and Jiangxi provinces. The surveys in the 1970°s and early 1980°s
documented an even greater shrinking of the range within the three provinces. In recent
years, the wild Chinese Alligator has not trace in Jiangxi province and hardly to be
found in Zhejiang province. It seems that the remaining wild population is almost
confined to the counties of Jingxian, Nanling, Xuanzhou, Langxi and Guangde in the
southern area of Anhui Province and sporadically distributes in the small irrigation
ponds and reservoirs. In addition, small number and sites of chinese alligator are also
reported as being found. in Wuhu and Ningguo counties. In lowland habitat nerth
towards the Yangzi river small alligat