Sesan
Sesan
Sekong
Sekong
Preah Vihear
Preah Vihear
Preah Vihear

River)
Sesan River
O’Lalay River
Sekong / O O’Kampa River
O’Chay River
O’Kandal River
Sen River
Bung Pdak*

Kampong Thom

Porung River

Tonle Sap
Tonle Sap
Stung Treng

Chi Kreng
Fishing Lot #1*
O’Talas River

Anlong Veng

Anlong Veng

O’Te

O’Te River*

Ratanakiri
Ratanakiri
Stung Treng
Stung Treng
Preah Vihear
Preah Vihear
Preah Vihear
Kampong
Thom
Siem Reap
Siem Reap
Stung Treng
Oddar
Menchey
Kratie

1+
3+
8+
2+
1+
1+
1+

TOTAL

184

1+
2+
2+
4+
3+
1+

Crocodile surveys carried out over the past 6 years (2001-2006) have covered more
than 1170km and targeted over 56 major rivers and streams (plus additional lakes and
swamps). At least 184 individuals have been confirmed (Table 2, Fig. 1) across 11
provinces in a total of 32 dry season sites. Some of these dry season sites may in fact
be continuous but are represented by at least 30 rivers or wetlands. The distribution of
sites identified, indicate that crocodiles are widely scattered and fragmented across
the country, with the majority of sites being confirmed by the presence of only a
small number of individuals (Table 2). The Cardamom Mountains, in the Southwest
of the country, however harbors 19 of the 35 sites and represents the species’
stronghold in Cambodia, with over 80% of identified found here.
Significant numbers of crocodiles (identified or estimated as more than 20
individuals) (Table 2) have only been identified from two sites - the Veal Veng marsh
and Areng River - and both sites are now the focus of community-based crocodile
conservation strategies (Daltry et al. 2004, 2006).
Table 2. Confirmed dry season crocodile sites in Cambodia (2001-2006), with a
conservative estimate of the minimum number of crocodiles found at each site.
* Information provided by Dept of Fisheries, WCS, WildAid and WWF
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Figure 1. Confirmed (dry season) and reported crocodile sites
in Cambodia (2001-2006).
3.2. Breeding
Breeding has been confirmed through the identification of nests, hatchlings or
assumed from reports of the capture of wild hatchling crocodiles. Ten (10) breeding
sites have been identified throughout Cambodia since 2001, and much like to the
distribution of crocodiles in Cambodia, the breeding sites are scattered throughout the
country. These sites have been identified in 7 provinces from 5 general locations
(Table 2).
Worrying though, are reports over the last few years (2004-2006) that nests or
hatchlings have not been seen from a number of earlier nesting sites (2001-2003),
where consequently reports of the capture of large crocodiles have been made.
Permanent habitat destruction (through land clearing and burning) at some sites have
also resulted in an absence of nesting recently.
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Table 2: Known or assumed nesting areas identified in Cambodia since 2001
Location

Province

Sites (river or area)

Cardamom Mnts

Pursat

Veal Veng

Cardamom Mnts

Koh Kong

Areng, Sre Ambel (upper, lower), Botum Sakor

Tonle Sap

Battambang

Prek Taol

Tonle Sap

Siem Reap

Chi Krang

Mondulkiri

Mondulkiri

Srepok

Ratanakiri

Ratanakiri

Sesan

Stung Treng

Stung Treng

OTalas

Kampong Thom

Kg Thom

Porung

3.3. Interviews
Interview results have provided information on a number of topics but specifically on
the recent sightings of crocodiles, hunting or other threats. Local residents of rivers
and wetlands often spend considerable time on the water, and so have a much better
chance of seeing crocodiles than that during a survey of short duration. A number of
areas were identified by local residents as having crocodiles present but we were
unable to confirm this by direct observation during field trips. These areas are shown
in Figure 1 as ‘recent reports’.
Although not the primary objective of our project, we have nevertheless gathered
reports from a number of sources, which indicate that wild crocodiles were still being
killed or captured during the period mid 2004 – mid 2006 (Appendix 1). The majority
of crocodiles, whether intentionally or incidentally caught, were then sold on to
traders or crocodile farms in Cambodia. Of the 57 crocodiles reportedly taken from
the wild, 89% (51 crocodiles) were for the crocodile trade, while three were killed
intentionally or accidentally, and three were later released by authorities. Details of
crocodiles caught in Cambodia prior to 2004 can be found in Simpson and Han,
(2004) and SCWG (2004a).

4. Discussion
4.1. Status
The Siamese crocodile population in Cambodia has been severely depleted, and
remaining groups are now small and scattered throughout the country. Dry season
surveys carried out in 12 Provinces over the last six years indicate that crocodiles are
found in the more isolated areas of the country and are often very difficult to find.
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Of the 35 sites (in 11 provinces) so far identified, most probably contain only a
handful of individuals, with only two sites – Veal Veng marsh and Areng River –
estimated to contain more than 30 individuals (Daltry et al 2003, Simpson and Han
2004). Although surveys in the last two years have focused on areas in the north and
northeast of the country, the Cardamom Mountains in the Southwest of Cambodia is
still considered the stronghold for the species with 54% of identified sites and more
than 80% of known animals being found here.
Surveys have identified or estimated at least 184 individuals, but this number
probably represents only a proportion of the real population. Hunting has been
prevalent throughout Cambodia, especially during the 1980s and 1990s (Thuok and
Tana 1994) and remaining crocodiles are extremely wary of disturbance or lights.
Identifying crocodiles under these conditions, and from other sign (tracks and dung),
will considerably underestimate the real number of crocodiles in an area. Thus,
obtaining a population estimate for Siamese crocodiles based on survey results
obtained so far, under varying conditions and methods, is difficult at best, and we
have made no attempt to do so. Bezuijen et al (2005) considered estimates made for
Lao C. siamensis populations (based on nesting) to overestimate of the real
population. This said however, we consider the population of Siamese crocodiles in
Cambodia to be extremely small and probably comprised of less than 200-250 adults.
A complete census of Cambodia’s waterways has not yet been achieved and there is a
good possibility of finding other crocodile sites in the future. However the likelihood
of finding other significant viable populations seems low, as most of the survey areas
targeted were based on the historical records and local reports. Of 35 dry season sites
known, possibly less than 10 now support known breeding areas and only two of
these breeding sites contain a significant number of crocodiles (estimated 20+
individuals). The number of breeding areas has diminished since 2001, with land
clearing and the killing or capture of adults from some of these sites resulting in a
lack of nesting in recent times.
4.2. Threats to the Crocodiles of Cambodia
Siamese crocodile populations in Cambodia have been severely depleted over the last
century. The conversion of wetland habitats for agriculture and the active hunting of
crocodiles for their skins and to stock crocodile farms, have greatly reduced their
distribution and abundance across the country. Many threats continue today, which
jeopardise their existence and hamper their recovery of remaining scattered crocodile
populations.
4.2.1. Trade in wild crocodiles
All crocodiles are protected by law in Cambodia, but despite this, the collection of
wild crocodiles for trade was reported as the single most important factor threatening
Siamese crocodiles in 2004 (Simpson and Han 2004). This is still clearly the case
today as more than 57 wild crocodiles have been reportedly captured for sale since
mid 2004. As documenting the illegal trade in wild crocodiles is not a primary aim of
our project, this number probably represents only a fraction of the real number taken
over the last two years. Once wild caught crocodiles enter one of the 900+ farms in
Cambodia, they are then impossible to distinguish from captive bred animals, and can
then be readily traded nationally or internationally.
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Although there are only 6 CITES registered farms in Cambodia, many of the exported
consignments from these farms are made up of crocodiles purchased from the
multitude of smaller non-CITES farms (Jelden et al. 2005), making the export of
wild-caught crocodiles not only possible, but probable. Trading crocodiles for export
between CITES and non-CITES farms is clearly in breach of CITES regulations
(Thorbjarnarson 2003), but controlling such transactions in Cambodia will prove
difficult. The Department of Fisheries has started to address many of the
recommendations of the Jelden et al. (2005) Cambodian CSG review.
A whole range of issues relating to farm and trade problems, threats and possible
solutions are discussed in detail by the CSGs Siamese Crocodile Working Group
(SCWG 2004) and the Crocodile Specialist Group’s mission to Cambodia (Jelden et
al 2005). In general however, stricter farm monitoring, policing and adherence to
CITES and national laws are needed before there will be any chance of a population
recovery for the wild Siamese crocodiles of Cambodia.
4.2.2. Habitat Destruction
Crocodile habitat in Cambodia continues to be degraded through the increased drive
for more agricultural land. Land around water sources, such as rivers and lakes are
prime areas for development, and the associated disturbance along these waterways
reduces available areas for crocodiles to thrive. Large tracts of flooded forest around
the Tonle Sap Lake for example have been cleared and burned (SCWG 2004b), and
such action has already destroyed known nesting sites from 2002 and 2004. That said
however, Cambodia still has large forested areas which provide excellent crocodile
habitat. Many of these areas are within protected landscapes which will provide some
protection against wholesale land clearing. The prime reason for the severe decline in
Siamese crocodiles in Cambodia is not from the destruction of crocodile habitat, as it
is for other critically endangered crocodilians, such as the Chinese alligator (Ross
1998), but because of the persecution of the crocodiles themselves.
4.2.3. Fishing Practices and Disturbance
With the vast number of rural Cambodians undertaking some form of fishing, the
chances of crocodiles coming into contact with fishing gear is high. Many of the
crocodiles sold to farms in Cambodia in the last few years have been captured (often
accidentally) in legally set fishing gear such as nets, traps and hooks (Daltry et al.
2003; Howard 2001; Simpson and Han 2005). Of the two crocodiles caught for a
radio-tracking study (see Simpson et al this volume) both had large hooks imbedded
in their bodies. Illegal fishing with explosives, poisons and electro- fishing gear is also
frequent in Cambodian waterways and such methods are also known to kill crocodiles
(Daltry et al. 2003; Simpson et al. 1997; Nguyen et al. 2005). Fishing related deaths
and captures continue to pose a threat to the recovery of Siamese crocodile
populations, especially in areas where breeding occurs. Once again the impact of such
captures could be lessened if national laws relating to the wild crocodiles were
heeded – and live crocodiles were released again after capture.
4.2.4. Other Threats
The killing out of fear, retribution or for meat does occur, although the reports over
the last two years have been uncommon.
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One large crocodile was reportedly eaten by indigenous residents in Ratanakiri
province (caught in fishing net) while another crocodile (2m long) was shot in a small
lake after upsetting local fishermen (Simpson and Han 2005). The removal of even a
few crocodiles (especially large mature individuals) can impact significantly on
depleted populations and such activities must be reduced in order for populations to
recover.
One of the indirect threats now facing the crocodiles of Cambodia is that the
population is now so scattered, that viable groups may only be represented in a few of
the 32 sites identified. Such isolation may result in crocodile sites that may not have
both mature males and females present, or that such breeding groups are so small that
inbreeding may be a problem in the future.

5. Recommendations
Detailed recommendations relating to farming, trade and management issues are
provided by Jelden et al. (2005), while general recommendations relating to the
conservation of Cambodia’s wild Siamese crocodile populations are:
1. The illegal trade in wild crocodiles needs to be curtailed with specific focus
on the monitoring of crocodile farms. Farmers must be educated regarding
national and international laws pertaining to crocodiles and trade.
2. Extend surveys to new areas and provinces to gain a more complete
understanding of the distribution and status of the species
3. Monitor known populations in order to determine if conservation strategies
are working effectively
4. Increase and promote public awareness of crocodiles and national laws
pertaining to them
5. Increase and encourage the participation of local communities in helping to
conserve local crocodile populations
6. Undertake detailed research in order to increase our knowledge of crocodile
biology and ecology ie. studies on movement or genetics
7. Increase and promote public awareness of crocodiles and national laws
pertaining to them
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8. Appendix 1.
Reports of captured / dead crocodiles gathered by CCCP from mid 2004-mid 2006

? 1 large (2.0 -2.4m) crocodile found dead in Areng river (skin hangs in CCPF
ranger station at Thma Bang), photos by CCCP end 2004 (death unknown,
possibly drowned)
? 1 large crocodile reported captured from Sre Ambel river in 2005 (DoF - CSG
report) (trade)
? 2 small crocodiles taken from Veal Veng marsh in 2005 (trade)
? 1 large crocodile caught from O’Talas in Dec 2005 by people from Kampong
Thom (trade)
? 1 large (2m) crocodile shot from small lake in Dec 2004, skin in Ta Veng,
Sesan River (retribution or security)
? 1 large crocodile (3.5m) drowned in a fishing net near Sesan River in 2002
and was eaten by locals (food)
? ca 42 hatchlings taken from nesting areas in Chi Krang July 2004 (trade)
? 1 crocodile electrocuted from Tapeang Plurng late 2004 ? (trade)
? 2 large crocodiles caught in fishing Lot #1 ? and offered to DoF (DoF) 2005
(re-release)
? 2 small crocodiles caught Moung Russei River (Battambang) mid 2004 (trade)
? 2 crocodiles caught from Sre Ambel area in 2004 and sold in Phnom Penh
(Sovannara, DoF) (trade)
? 1 large crocodile confiscated from fishermen by rangers and released into
Srepok River, March 2004. (photos) (re-release)
-----
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Abstract: The critically endangered and endemic Philippine crocodile Crocodylus
mindorensis used to occur on most of the larger islands of the Philippines but is now
very rare. Recent survey data is lacking for most historically know distribution
localities. The population in Northeast Luzon is currently the only which is well
known and studied in the wild. Distribution, population size, population structure,
reproduction and mortality are being monitored since 1999. In addition, ecological
and behavioral studies are being conducted. In 2005, three crocodiles have been
radio-tagged and their movements are being monitored. The studies provide new
information on the ecology and life history of C. mindorensis. This information is
important as an input into the conservation program which is being implemented in
the project area.

1. Introduction
Two crocodile species are found in the Philippines, the estuarine crocodile
Crocodylus porosus and the endemic Philippine crocodile Crocodylus mindorensis
(Groombridge 1987, Ross 1998). The Philippine crocodile is listed as globally
critically endangered (IUCN 2006). The estuarine crocodile is not listed as threatened
on a global scale but is severely threatened in the Philippines (Ross 1998). This paper
focuses on C. mindorensis.
Crocodile surveys in the Philippines
Published information on the distribution of both crocodile species in the Philippines
remains rare. C.A. Ross conducted surveys in southern and central Philippines
(Mindanao, Vis ayas and Palawan) in 1981 (Ross 1982, Ross and Alcala 1983) and
recently published an account on crocodile observations in northern Philippines
(Dalupiri island) in 1990 (Ross 2005). Ross (1982) has also inventoried museum
specimen collection localities, which provide the best source of information on the
historical distribution of crocodiles in the Philippines.
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Aoki (1985) observed C. mindorensis on Mindoro during the mid 1980’s. Alcala et
al. (1987) collected information on crocodiles on Negros. Ortega added information
gathered during the 1990’s, mainly from secondary sources (Ortega et al. 1993,
Ortega et al. 1994, Ortega 1998). Rebong and Sumiller (2002) reported on capture
localities of the Philippine crocodile in the wild in 1990-1992 on Mindanao and
Busuanga for a captive breeding program.
Pontillas conducted targeted surveys in areas with historical and recent accounts of
crocodiles on Luzon, Mindoro, Busuanga and Mindanao in 1999 and 2000 (Pontillas
2000). Manalo (2003) conducted estuarine crocodile surveys in southern Palawan.
Oliveros et al. (2005) conducted surveys on the Babuyan islands in 2005. Since 1999
we have been conducting crocodile (both species) surveys in northern Luzon (van
Weerd 2000, van Weerd 2002, Tarun et al. 2004). These surve ys are part of a larger
conservation program which is especially focused on protection of the Philippine
crocodile in its natural habitat (van Weerd 2002, van Weerd and van der Ploeg 2004,
Miranda et al. 2004, van der Ploeg and van Weerd these proceedings). Since 2004 we
conduct more in depth ecological studies of Philippine crocodile behavior, diet and
movement patterns (as promised in Tarun et al. 2004).

2. Methods
2.1. Distribution and population size
We gathered all published information on the historical and current distribution of C.
mindorensis and, combined with our own information, used this to construct a
distribution map and locality table for the species. The literature sources are
mentioned above and in the table. In addition we have used unpublished information
from various colleagues to complement the map (Frederick Pontillas, Ely Alcala,
Rainier Manalo). It is impossible to construct a reliable current distribution map as
recent data for many localities lack, especially for Mindanao. We have therefore
indicated whether localities refer to observations before or after 1999. Similarly it is
impossible to reliably estimate the total current population size of C. mindorensis in
the wild. Based on the findings of Ross (1982), Ortega (1998) and Pontillas (2000)
however it is evident that the Philippine crocodile survives in only very few localities,
at extremely low densities.
2.2. Philippine crocodile surveys in northern Luzon
Our own survey work in northern Luzon started in 1999. Several Philippine crocodile
localities were identified then and have been monitored every three months unless
weather and safety conditions did not allow for this (see van Weerd 2002). Interviews
among fishermen and hunters have been conducted to identify additional localities.
Sometimes crocodiles are accidentally caught as a by-catch in fishing nest and, more
often, as by-catch of electro fishing. Electro fishing (using car battery electricity to
stun and collect fish and shrimps) is illegal in the Philippines but is widely practiced.
Within the Northern Sierra Madre we are usually informed when crocodiles have
been caught, and have been able to release caught crocodiles back into the wild.
Crocodile catch information leads to the identification of new distribut ional localities.
Suspect new localities are visually inspected during the day for tracks, feces and
crocodiles. Night surveys, using standard spotlighting, are conducted in these sites as
well.
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Surveys are usually on foot as lakes and rivers in the mo untainous areas of northern
Luzon are too small or too shallow to use boats. Identified localities are visited at
least once a year for a crocodile survey, using repeated night spotlight surveys for
three nights.
We use three size/age classes: 1) hatchlings are new-born crocodiles, they stay in that
category till the next calendar year and then move to the juvenile category (hatchlings
are born in June-August) 2) all crocodiles that are not clearly adult are placed in the
juvenile/sub-adult category and 3) evidently large crocodiles (c. > 1.8 m.) are placed
in the adult category. It is very difficult to estimate crocodile size in the field,
especially during night surveys, but the survey team is very experienced and the three
night repetition offers opportunities to triple check observations. The maximum count
for one night is taken as count result. Survey methods and surveyors have been
constant since 2000 providing comparable population monitoring information from
year to year. Identified localities in the municipality of San Mariano are surveyed
every three months.
2.3. Ecological studies
Dunoy Lake in San Mariano provides an excellent locality to conduct ecological and
behavioral studies on crocodiles. Anecdotal information from people of Dunoy
suggested that crocodiles go to nearby Catallangan River during dry season and,
when water levels rise in the wet season, return to Dunoy Lake. In the wet season,
crocodiles can be observed almost every day in Dunoy Lake. We have built an
observation tower at the side of this lake to conduct behavioral observations.
Crocodile micro-habitat use, activity budgets, interactions, prey choice and hunting
behavior are being studied here. Results will be presented elsewhere when studies
have progressed further.
2.4. Telemetry methods
To study movements of crocodiles in the Dunoy Lake area, one adult female and two
juvenile females were caught using baited snare-traps. After measuring and sexing,
these crocodiles were radio-tagged with custom- made VHF radio-transmitters with
whip antennas (Advanced Telemetry Systems Inc., Isanti, Minnesota) and released at
capture spots. The transmitters were attached using a method following Kay (Kay,
2004a). Kay placed transmitters between the nuchal scales of preferably large
individuals, but since C. mindorensis is a small species, the transmitters were attached
between the double caudal verticils.
Crocodiles were tracked manually. This paper deals with observations made between
May and September 2005 but the telemetry study continues at the time of writing
(June 2006). All transmitters have survived till this date. The radio-signal was
received using a 3 Element Folding Yagi-antenna connected to a model FM-100
receiver. Locating the animals occurred cautiously and when possible, binoculars
were used to avoid disturbance. As soon as a crocodile was located within
approximately 50 meters, GPS coordinates were noted and its habitat was described.
Spatial analyses were performed using ArcView GIS software (version 3.3; ESRI,
Redlands, California) in conjunction with the animal movement analyst extension,
AMAE, version 2.0 (Hooge and Eichenbach 2001).
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Geo-referenced maps (scale 1:50,000) were used as a base layer. Home range
estimations were made using the mid-stream linear range method (Tucker et al. 1998,
Kay 2004b) and in addition fixed kernel home ranges (50% and 95% probability)
were calculated.

3. Results
3.1. Historical and current distribution of the Philippine crocodile
Figure 1 provides an overview of Crocodylus mindorensis observation localities in
the entire country. Numbered localities refer to observations since 1999, letter coded
localities to observations before 1999. Table 1 provides the locality names, last
observation year and source of information.

1

Figure 1: map of the Philippines with C. mindorensis observation localities.
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Table 1: overview of historical and recent Crocodylus mindorensis observation
localities in the Philippines
Loc
code

Last
obs.

Localities

Area/Province(s)

Island

Source(s)

Dalupiri
(Babuyan
islands)
Luzon
Luzon

Oliveros et al. 2005

Coastal plains Pacific
Ocean, Isabela Province

Luzon

This paper

Bukidnon

Mindanao

Pontillas 2000

Recent observations (since 1999)
1

2005

Caucauayan Creek

Cagayan Province

2
3

2004
2006

Abra Province
Cagayan
valley,
San
Mariano, Isabela Province

4

2006

5

1999

Binongan River
Dungsog Lake
Dunoy Lake
Catallangan River
Disulap River
Dinang Creek
Diamallig Creek
Po River
Dicatian Lake
Dibukarot Creek
Pulangui River

Manalo pers. comm.
This paper

Observations before 1999
A

Manila
Laguna de Bay
Vicinity of Naujan
Lake
Caituran River

Laguna de Bay area

Luzon

Ross 1982

B

Before
1981
1993 1

Mindoro Oriental

Mindoro

C

1993 1

Busuanga

D

Before
1981
Before
1981
1990s 2

Dimaniang
Dipuyai River
Busuanga River
-

Mandaon area

Busuanga
(Calamian
islands)
Masbate

Schmidt 1935, 1938
Ross 1982
Aoki 1985
Ortega 1998
Pontillas 2000
Schmidt 1956
Ortega 1998
Pontillas 2000
Ross 1982

-

-

Samar

Ross 1982

Pagatban River
Ilog River

Negros Oriental

Negros

Before
1981
1994 1

Placer

Surigao del Norte

Mindanao

Ross 1982
Alcala et al. 1987
Ely Alcala pers.
comm.
Manalo pers. comm.
Ross 1982

Agusan Marsh

Agusan del Sur

Mindanao

Nabunturan
Tagum
Malita
Linguasan Marsh

Compostela Valley
Davao

Mindanao
Mindanao

K

1979
Before
1981
1992

Mindanao

L

1992

-

M
N

1981
Before
1981

Zamboanga City
-

North Cotabato
South Cotabato
Maquindanao
Misamis Occidental
Lanao del Norte
Lanao del Sur
Zamboanga del Sur
Zamboanga del Sur
Jolo

E
F

G
H
I
J

1
2

Mindanao

Mindanao
Jolo
(Sulu
islands)

Ortega 1998
Pontillas 2000
Ross 1982
Ross 1982
Ross 1982
Rebong & Sumiller
2002
Ross 1982
Rebong & Sumiller
2002
Ross 1982
Ross 1982

no observations in 1999 (Pontillas 2000, Pontillas pers. comm..)
no observations since 1999 (Ely Alcala pers. comm.)

3.2. Philippine crocodile distribution and population size in northern Luzon
Table 2 shows the current distribution and population size of the Philippine crocodile
in the Northe rn Sierra Madre.
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In the first half of 2006, 25 non- hatchling crocodiles (10 adults and 15 juveniles/subadults) were counted in eight different localities. San Mariano remains the most
important distribution area with five distinct localities with permanent crocodile
residence and 21 crocodiles. Crocodiles have in the past been observed in several
other rivers in San Mariano (Kamalaglagan Creek, Disabungan River, Ilaguen River;
see van Weerd 2002), it seems that these areas do not have a permanent reproducing
population but are used temporarily or by roaming crocodiles, similarly to the
seasonal use of Catallangan River near Dunoy Lake.
At the Pacific Ocean side of the Sierra Madre, three localities have Philippine
crocodiles in three different municipalities. Po River in Maconacon is a newly
identified Philippine crocodile locality after a fisherman accidentally caught a live
adult male crocodile here early 2006 which was subsequently identified as C.
mindorensis and released at the capture spot.
In 2005, C. mindorensis was also confirmed at Cacawayan Creek on Dalupiri Island
off the north coast of Luzon (Oliveros et al. 2005). In 2001 and 2004 captive
Philippine crocodiles and crocodile tracks were found near and along Binongan River
in Abra Province in the Cordillera mountains of northern Luzon, confirming the
presence of the species in this central Luzon mountain area. There have been
additional but as yet unconfirmed reports of crocodile localities here (Pontillas pers.
comm., Manalo pers. comm., van Weerd 2002).
Table 2: Current distribution and population size of Crocodylus mindorensis in the
Northern Sierra Madre
No. Locality

Municipality

Year

Month

Adult

Juv/sub
-adult

Total

1

Disulap River

San Mariano

2006

May

2

1

3

2

Dunoy Lake

San Mariano

2006

April

2

6

8

3

Dungsog Lake

San Mariano

2006

May

1

4

Dinang Creek

San Mariano

2006

May

2

5

Diamallig Creek*

San Mariano

2006

June

1

6

Dicatian Lake

Divilacan

2006

Feb

7

Dibukarot Creek

Palanan

2006

Feb

1

1

8

Po River*

Maconacon

2006

Jan

1

1

Total

1
6

1
2

10

15

* New Philippine crocodile locality identified since last CSG meeting report (Tarun et al. 2004)
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8

2

25

3.3. Monitoring Results
Figure 3 shows the results of eight years monitoring of the crocodiles in San Mariano.
Survey effort and methodologies are comparable from 2000 onwards. During the
period 2000-2002, there was yearly successful breeding. In 2003 breeding failed
completely as a result of adverse weather conditions. Breeding in 2004 only yielded
two hatchlings (Dunoy). Breeding in 2005 was more successful with hatching nests in
Dunoy and Disulap. At the time of writing one nest near Dunoy Lake has hatched (17
surviving hatchlings) whereas two nests near Disulap River and Dinang Creek are
being monitored.
Successful breeding and hatchling survival are of extreme importance for a recovery
of the crocodile population in San Mariano. A successful breeding year is followed by
an increase of the non- hatchling population (recruitment of hatchlings into juvenile
category) whereas unsuccessful years such as 2003 and 2004 are followed by a
dramatic decline of the crocodile population. This is probably the result of a
combination of recruitment failure and increased natural mortality of juveniles as a
result of the same adverse conditions that impair successful breeding.
The adult population has remained fairly constant since 2001, a minimum of three
reproducing females is present. Several sub-adults in Dunoy Lake, Disulap River and
Dinang Creek are expected to reach reproductive size (> 1.5 m., Ortega 1998) within
the coming three years.

45
40
35
30
25
20
15
10
5
0

hatchling
Juv/sub-ad
Adult
non-hatchlings

1999

2000

2001

2002

2003

2004

2005

2006

Figure 2: monitoring results of permanent Philippine crocodile localities in San
Mariano 1999-2006. In July 2006 an additional 27 hatchlings were born from two
nests in the wild, these have not been included in the graph.
3.4. Breeding
Since 1999 five Philippine crocodile nests have been found and four additional
successful breeding events have been recorded on the basis of new hatchling
observations. All nests were mound nests, usually very close to water. In June 2005 a
nest was found on the banks of Disulap River.
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The nest was in the vicinity of an exit of a crocodile burrow (<2 meters away) and
was located on the boundary of secondary forest on a steep river bank 5.9 meters
from the river with dimensions 124x152x43 cm (short axis x long axis x height in
middle). It was composed of sand and vegetation (grass, twigs, vines). Grass grew
atop of the nest. The nest was located 1.7 meters above the water line but 2.0 meters
below the high water level mark (which is reached during flashfloods after typhoons).
When the nest was found by local inhabitants an adult crocodile was reported lying
atop of it but other than that parental care or nest protection was not observed.
On July 13 the eggs started to hatch. Of 23 eggs, 19 hatched. Ten hatchlings were
killed by ants that bit them to death in the nest, possibly attracted by remains of the
eggshells. It was decided to collect the nine surviving hatchlings and these are now
being kept in a head-starting program. Due to inter-specific fighting only four survive
to date, they are all kept separately now. A new nest was found in May 2006 on
another location along Disulap River and was permanently guarded by the local
crocodile protection group. Eggs were first found on May 18, hatching started July 22
(incubation time: 66 days). Of 26 eggs, 22 hatched (the other four were found to
contain dead embryos). One egg was double-yolked and yielded live twin hatchlings
which died soon. Three other hatchlings died, 18 remain and have been collected for
head-starting.
In August 2005 near Dinang Creek a mound nest was located in a harvested corn
field. A local farmer who did not realize this plowed the nest accidentally under.
Despite an effort to retrieve eggs and incubate them artificially all eggs were lost. A
new nest was found here in June 2006, on another location, which has been guarded
by a local crocodile protection group. On 27 July this nest yielded nine live
hatchlings.
In June 2006 a nest was also found near Dunoy Lake. This mound nest was located
1.5 meter away from the lake and was also composed of vegetation. Hatching started
June 28 and yielded 22 hatchlings. Two hatchlings were predated by Rufous Nightheron Nycticorax caledonicus which breed in a small colony near the lake. Three
hatchlings remain in the lake and 17 were collected and are kept in the head-starting
program, all survived at time of writing. Table 3 gives an overview of Philippine
crocodile nesting in San Mariano since 1999.
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Table 3: history of Philippine crocodile nesting in San Mariano
Locality

No.
hatchlings
8
12

No. eggs

Hatchling fate

Disulap
Dunoy

Hatching
date
August 2000
August 2002

25
Unknown

Dunoy
Disulap

August 2004
13 July 2005

2
19

Unknown
23

Dunoy
Dinang

August 2005
-

3
0

Unknown
Unknown

Dunoy

28 June 2006

22

Unknown

Disulap

22 July 2006

23*

26

Dinang

27 July 2006

9

Unknown

1 observed after 1 year, 0 after 2 years
9 observed after 1 year. 3 in Dunoy in 2006
(c. 1 m. long)
2 observed after 1 year, 1 observed in 2006.
10 killed by ants. 9 collected for headstarting (4 surviving)
2 observed after a year (2006)
Nest accidentally destroyed by farmer
August 2005
2 killed by Rufous Night-Heron
17 collected for head-starting. 3 in lake
Twins and 3 others died soon after hatching.
18 are kept in head-starting
9 in Dinang Creek

* includ ing one case of twins
Egg laying in captivity by C. mindorensis was from February – October at the
Crocodile Farming Institute on Palawan, with a peak around May – June which is at
the onset of the rainy season there (Ortega 1998). Incubation time was 79-89 days and
average clutch size was c. 25 eggs (Sibal et al. 1992). Multiple nesting (multiple
clutches) was reported in some cases. Another idiosyncrasy reported for some
females was hole nesting (Ortega 1998). In captivity on Negros, egg laying occurred
between April and August which is from dry season (April) till onset of rainy season.
The one female which was studied here produced multiple clutches in some years (up
to three clutches spread over April - August), always using the same nest site and
building a mound nest. Mean clutch size was 15.7 and incubation time 77-85 days.
The female guarded the nest and assisted in opening the nest at hatching and
transporting hatchlings to the water (Alcala et al. 1987).
In the wild in northeast Luzon, where the rainy period usually starts at the end of
May, egg laying seems to take place at the height of the dry season till the onset of
the wet, from half April – June. Clutch size was 23-26 in the three instances where we
have been able to find out the number of original eggs laid. Hatching rates seem to
vary considerably (0-23), possibly a result of nest predation, and in one case a nest
was completely lost. Clutch size seems to be similar to captivity but incubation time
of the one nest where we were able to monitor this reliably was with 66 days much
shorter. In Disulap there are indications of attempts at hole nesting or a combination
of hole and mound nesting. A striking difference with breeding in captivity is that all
nests have been found at different locations within a general locality whereas we
doubt more than one adult female is present per locality. Whether this is a result of a
limitation of suitable breeding spots in holding pens or crocodiles in northern Luzon
following a different strategy need to be studied further. A large public information
campaign on crocodile nests, active nest monitoring and protection and the head
starting program are expected to increase hatching rates and hatchling survival.
3.5 Crocodile movements
Three female crocodiles have been caught in the Dunoy Lake-Catallangan River area
during this study; one adult female crocodile with a TL of 185 cm (C1) and two
female juvenile crocodiles with a TL of 90.5 cm and 94 cm. (C2 and C3 respectively).
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Table 4 provides summary statistics for these individuals and their recorded
movements.
Table 4: Summary statistics for three Philippine crocodiles radio-tracked between
May 2005 and September 2005
Frequency (MHz)
Date captured
Body mass (kg)
Total length (cm)
Snout –Vent Length (cm)
Tail (cm)
Total number of fixes
Total number of locations (n)
Maximum distance moved from release
location

C1 (Zenni)
154.382
27-May-2005
25.5
185
84
101
49
10
4.3 km

C2 (Aida)
154.020
16-June-2005
2.1
90.5
44
46.5
29
11
2.9 km

C3 (Inday)
154.041
17-July-2005
2.0
94
45
49
15
2
0.3 km

Female C1 was radio-tagged on May 27 and released on the bank of the river. On
May 28, she was located in Dunoy Lake, where she stayed till June 7. From June 8-10
she traveled to a location 4.3 km. upstream the river. From June 11 to September 2,
C1 remained at the same location. Rate of movement calculated over the period May
27 until September 02 was 0.04 km day-1; when calculated only over the period of
actual movement (June 8 - 11), rate of movement was 0.94 km day-1 . In November
2005 she was back in Dunoy Lake.
Female C2 was radio-tagged on June 16 and released on the bank of the river. On
June 18 she was located in a small pool amidst dense reed vegetation where she
remained up to and including June 23. Between June 24 and July 7 all fixes acquired
on her concerned river locations. On July 9 she was in a small pool next to the river
and on July 11 she moved to a big pool (A). From July 15 – August 16 C2 continued
moving to upstream river locations or small pools next to the river up to 2.9 km from
the release spot but then returned to the large pool (A) and remained there. In
November 2005 she was back in Dunoy Lake. Rate of movement calculated over the
period June 16 - September 02 is 0.07 km day-1 . When rate of movement is calculated
over the periods that she moved most, July 6 to July 16 and August 01 to August 06,
rates of movements are respectively 0.13 day-1 and 0.29 km day-1 .
Female C3 was radio-tagged July 17 and released on the bank of the river. From
August 2 - 4 she was located in the river at the location of her release. On August 5
she was located in Dunoy Lake, where she remained the rest of the study and where
she was regularly observed. The shortest distance between Lake Dunoy and location
of release is 0.26 km. Rate of movement from July 17 to September 02 is 0.01 km
day-1 .
3.6. Size of home ranges and habitat preference
The size of home ranges for C1 and C2 has been estimated with fixed kernel
probabilities of 50% and 95% and with mid stream linear distance (figure 2; table 5).
C3 only used two locations and stayed most of the study time in Dunoy Lake.
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B

A

Dunoy
Lake
Catallangan
River

Figure 3: Fixed Kernel home range estimations with 50% and 95% probabilities for
C1 and C2.
A: Fixed kernel home range size of C1. The inner circle is the 50% probability home
range, the outer dark circle the 95% probability home range.
B: Fixed kernel home range size of C2. The inner circle is the 50% probability home
range, the outer dark circle the 95% probability home range.
Table 5: Home range estimations of the radio-tagged crocodiles (May – September
2005)
Crocodile

Kernel 50% probability

Kernel 95% probability

C1
C2
C3

27 ha
24 ha
N.A.

79 ha
110 ha
N.A.

Mid
stream
distance
4.3 km
2.9 km
N.A.

linear

The three crocodiles showed differences in movement patterns. The maximum
distance moved from the release spot was greatest for C1 (4.3 km), followed by C2
(2.9 km) and C3 (0.3 km). Although C1 covered the greatest distance, C2 moved
more frequently over small distances. C3 moved less frequently compared to both
other crocodiles and covered the smallest distance.
During 2005, eight crocodiles were regularly observed in the Dunoy
Lake/Catallangan River area: two adults (incl. C1), three larger juveniles (c. 1 m. TL,
incl. C2 and C3) and three smaller juveniles (c. 0.5 m. TL). The smaller juveniles
remained in the lake during the entire year. The larger juveniles made excursions to
Catallangan River where C2 moved over a distance of 2.9 km. and stayed in several
pools and the river itself for varying periods of time. C3 made excursions to the river
but stayed most of the time in Dunoy Lake. C1 and an untagged other adult crocodile
spent most of the year in the river where C1 stayed for prolonged periods in deeper
parts of the river with good hiding places offered by big boulders and underwater
caves (Table 6).
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Table 6: Descriptions of the sites where the radio-tagged crocodiles spent most of
their time
Crocodile
C1

Coordinates
N 16?59’57.7”
E 122?10’26.6”

Category
River

C2

N16?59’42.5”
E 122?09’57.2”

Pool

C3

N 16?59’55.7”
E 122?09’29.3”

Lake

Description
Secondary forest along the river. A small cave is
situated underneath some rocks, with an entrance
underwater. The river width is between 10 and 15
meters.
Small, shallow pool (12.5 x 6.3 meter, 1.1 meters
deep), bordered by secondary forest on one side. A
boulder lies opposite to the forest bordered side. The
pool is surrounded by dense reed vegetation.
Dunoy Lake (100 by 50 meters). On the eastern side it
is bordered by dense vegetation. On the western side
vegetation is less dense. On the southern side a little
stream is situated.

Seasonal movement of crocodilians in relation to water levels is a phenomenon
reported for many crocodilian species e.g. Caiman crocodilus (Ouboter and Nanhoe
1988, Coutinho and Campos 1996), Crocodylus johnstoni (Webb et al. 1983), C.
porosus (Kay 2004b), Alligator mississippiensis (Goodwin and Marion 1979) and C.
novaguineae and C. porosus in New Guineae (Montague 1983), but in all these
species animals tend to congregate more during dry season and disperse more during
wet season.
The seasonal shift in habitat preference in C. mindorensis in our study area seems to
follow an opposite pattern showing more solitary dispersal and movement during the
dry season and sedentary congregation in Dunoy Lake during the wettest period of
the year. A similar pattern was found for C. intermedius in Venezuela which became
mainly sedentary at maximum river levels and started moving again when river levels
dropped (Munoz and Thorbjarnarson 2000). There are two possible explanations for
this pattern: 1) Dunoy Lake is not suitable for larger crocodiles and high crocodile
densities during the dry season when lake level falls to as low as 0.5 m. and lake size
diminishes to less than 0.5 ha. 2) Catallangan River is not suitable for crocodiles
during the wettest part of the year when river currents can become very strong. More
field data is needed to test which hypothesis, or a combination, explains C.
mindorensis movement patterns in this area best. What is evident is that there are
age/size differences in habitat preference and movement patterns. Smaller crocodiles
stay longer (or entirely) in lake habitat compared to larger crocodiles and have
smaller home ranges.

4. Consequences for conservation
The crocodile population in the northern Sierra Madre is critically small but is the
best known population of the country. Recent data lack for many historical
distribution areas of C. mindorensis but a lack of observations, both on distribution
and population size, during surveys in the 1980’s and 90’s (Ross 1982, Alcala et al.
1987, Ortega 1998) and 1999/2000 (Pontillas 2000) indicate that the Philippine
crocodile is on the brink of extinction in the wild. The municipality of San Mariano
has the largest C. mindorensis population presently known to exist in the wild.
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Our conservation project here (the Crocodile Rehabilitation, Observance and
Conservation = CROC Project) which is focused on co-habitation of people and
crocodiles, and on participation of local people and institutions in crocodile
conservation (Miranda et al. 2004, van Weerd and van der Ploeg 2004, van der Ploeg
and van Weerd these proceedings) is trying to create conditions in which the
crocodile population can recover to viable levels. We use biological, socio-economic
and socio-cultural data as an input to adapt the conservation approach to best reach
this aim.
Crocodile population monitoring data for San Mariano show that good breeding years
are followed by recruitment of hatchlings into juveniles the following year. Hatchling
survival rates seem to be very high during these good years. In bad years, probably a
result of adverse weather when typhoons cross near and over San Mariano causing
extreme flashfloods, breeding fails and juvenile mortality seems to be high as well.
The relation between typhoons, rainfall and crocodile population fluctuations needs to
be studied further. Pronounced natural fluctuations in crocodile population size as a
result of typhoon impact must always have occurred in northern Luzon (Mindanao is
located south of the typhoon belt). But in an extremely small population such as here,
stochastic variation can easily wipe the population out.
Successful breeding is of the greatest importance for a recovery of the population to a
more resilient and viable level. Following the accidental destruction of a nest near
Dinang in 2005 the project has put much more focus on nest protection.
Community crocodile protection groups which have been established to guard local
crocodile sanctuaries (Miranda et al. 2004) have been trained to protect nests as well.
In 2006 three nests were discovered and guarded by this group (with 20 surviving
hatchlings in Dunoy, 18 in Disulap and 9 in Dinang as a result). A community
information and awareness program was set up to inform everybody on the
importance of crocodile nests and the do’s and don’ts when a nest would be found. A
reward was established for each hatchling that would be born within the boundaries
of a community; this reward (500 Pesos = c. 10 US$/hatchling) is deposited to the
local community development fund. Following the killing of hatchlings in a nest in
Disulap by ants in 2005 the project has also embarked on a hatchling collection and
head-starting program in co-operation with the local government of San Mariano.
Hatchlings will be collected when acutely threatened and will be raised for about 1.5
years when they have reached a size which will increase their survival chances. They
will then be released back into the wild. Currently four juveniles from the 2005 nest
and 35 hatchlings from the 2006 nests are being held in the head-starting program.
The results of the telemetry study have also been used to adapt the conservation
program. A much larger area is used by crocodiles in the Dunoy Lake area than we
had previously thought. Conservation efforts need therefore be targeted to a larger
area as well and not only concentrate on the lake which we did previously. Dunoy
Lake seems especially important as a breeding area and a safe area for hatchlings and
small juveniles. Disulap River, which is very similar to Catallangan River, seems to
have very low hatchling survival rates even in “good” years. The ever strong current
here could be responsible for washing hatchlings away.
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This happened in 2000 when three tail- marked hatchlings were captured by fishermen
10 km. downstream from the nesting area. To create more favorable conditions for
hatchlings in the Disulap River area we have started the construction of an artificial
pond on an elevated river bank in May 2006. This pond will be fed by a natural
spring and small creek and eventually become part of the natural system. The idea is
to introduce the head-started hatchlings of the 2005 and 2006 nests here. We will
monitor the evolution of the pond into a natural wetland and hope the resident
crocodile population will start to use it in a similar manner as in the Dunoy system
leading to increased natural hatchling survival rates and a recovery of the crocodile
population.
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Abstract: This paper covers progress made from the June of 2004 to the current, and
problems encountered and suggestions for the next few years for conservation and
reintroduction of Chinese Alligator. The paper comprises 4 parts. Part 1 introduces
the background for developing the China action plan for conservation and
reintroduction of Chinese Alligator. Part 2 presents the progress on main components
of action plan in recent two years, including the monitoring and current status of the
current wild populations, progress on the reintroduction programme, scientific
research activities, public education and other issues. Part 3 describes the main
problems encountered during implementation of the action plan. The last part
proposes actions that plan to be taken in the next few yeas.

1. Introduction
The Chinese alligator (Alligator sinensis) is one of the world’s most endangered
crocodilian. Thorbjarnarson (1999) reported that the wild population is less than 200
individuals with annual decreasing rate of 4-6%. The largest population size in one
site only consists of 10-11 individuals (total 4 sites) and usually only one of them is
female. Most colonies consist of 2-5 individuals. The wild population has been
brought to the brink of extinction by habitat loss and human population pressures on
its wetlands habitats in the lower and middle Yangtze River valley.
However, the Chinese alligator is a good candidate for reintroduction because wild
populations are approaching extinction but a large captive population exists.
To ensure the species does not become extinct in the wild, the State Forestry
Administration (SFA) of China issued “China Action Plan for Conservation and
Introduction of Chinese Alligator” (2002) in the International Workshop on
Conservation and Reintroduction of Chinese Alligator, Hefei, China, 2001.
Meanwhile, the alligator was also listed as the one of 15 species of National Wildlife
Conservation Project in 2001. Since then, China Government paid more attention to
the protection and management of the wild populations and their habitats, as well as
speed up the process of releasing project.
This paper concludes the implementation of the action plan in recent two years,
problems encountered and next steps to establish new breeding populations in areas
of suitable habitat and strengt hen protection and management of the existing wild
populations.
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2. Progress on components of action plan
2.1. Monitoring and current status of the wild populations
2.1.1. Current status of the wild populations
Based on the results of the questionnaires and daylight surveys of burrows and prints,
quantitative nocturnal spotlight surveys were conducted by Anhui Normal University
(ANU) and Anhui National Nature Reserve for Chinese Alligator (Abbreviated as the
ANNRCA, which occupy the same staff with the Anhui Breeding and Research
Center for Chinese Alligator in Captivity.) from July to August of 2005 in areas most
likely to have wild alligator populations. The survey area covered 119 sites of 79
villages in 41 towns of 7 counties (Xuanzhou District, Guangde County, Jingxian,
Langxi, Ningguo, Nanling and Wuhu) in Anhui Province, including 13 key protection
sites of the reserve.
During this survey, we counted 32 wild Chinese Alligators in 11 sites not including
66 young alligators incubated in 2005. According to the method of wild population
estimation for freshwater crocodiles formulated by Chairman Grahame Webb, the
direct counts would be 60-70% of the actual size of the wild population. We estimate
that the current size of the wild Chinese Alligator population in Anhui is no more
than 120 individuals, most remaining as single individuals or small, non-reproducing
groups. The population is fragmented into 19 isolated small local populations with 110 individuals each. Among them, 6 colonies consist of above 5 individuals such as
Changle, Zhongqiao, Heyi, Hongxing reservoir, Zhuangtou and Zhucun, the
remaining 13 colonies consist of 1-4 individuals each including Tianguan, Zhalin,
Meicun, Yanglin Forest Farm, Zhangcun and Jiagu. The results of this survey refer to
the table 1.
It is worthwhile to mention is that we found two new distribution sites - Tianguan and
Meishan, where no alligator occurred since 1999.
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Table 1: Actual count and estimated number of wild alligators in Anhui in 2005
2005 survey (individual)
County/District
Nanling County

Site

Actual
Count
3

Number by
questionnaires
2

Estimated
number
4-6

Changle*

4

12-13

7-9

Tianguan**

1

1

1-2

Zhalin*

2

2

3-4

Heyi

Others
Jingxian County

6

Shuangken*

2

4-5

3-4

Zhongqiao*

1

5-6

6-7

Others
Xuanzhou District

6

Hongxing*

9

18-19

13-15

Zhuangtou

4

2-4

6-7

Meicun**

1

3

2-3

Limucun

0

1

1-2

5

14-19

2-3

2-3

Others
Langxi County

Zhangcun*

1

Others
Guangde County

4

Zhucun*

4

8

6-7

4-5

8-10

69-77

96-114

Others
Total

32

Notes: One asterisk indicates that the site is one of the key 13 protection sites of the
reserve. Double asterisks indicate the site is new distribution site.
From the counts occurred in 1999, 2000, 2002, 2003 and 2005 (Table 2), the results
indicated that the wild population of Chinese Alligator tend to be stable in recent
years.
Table 2: Comparison of actual counts of the wild alligators in Anhui in recent years
County/District

Actual counts (individual)

Site
1999

Nanling County

Jingxian County
Xuanzhou
District

2000

2002

2003

2005

Heyi

1

-

0

1

3

Changle

5

4

3

3

4

Tianguan

0

0

0

0

1

Zhalin

3

0

2

1

2

Shuangken

3

3

2

3

2

Zhongqiao

1

1

6

2

1

Hongxing

4

0

2

4

9

Zhuangtou

2

0

3

4

4

Meicun

-

-

-

-

1

Limucun

0

-

1

0

0

Langxi County

Zhangcun

1

-

1

0

1

Guangde County

Zhucun

3

0

2

2

4

23

8

22

20

32

Total

Note: Actual counts in 1999, 2000, 2002 and 2003 were sourced from Y. Z. Ding and
X. M. Wang 2004.
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2.1.2. Breeding status of the wild populations in recent years
To protect and reinforce the wild populations, the ANNRCA started to incubate the
eggs of wild alligators in the natural conditions since 2003. In recent years, the nests,
eggs and hatchlings of wild alligators apparently increased year by year (Table 3).
The alligators in Zhongqiao have successfully bred for a few consecutive years. The
alligators released to Hongxing in 2003 started to breed in 2004 and 2005. It is worth
to mention that the alligators in Changle successfully bred in recent two years after no
breed record for a few years. In addition, we found two nests without eggs in
Shuangken during survey period of 2005, which indicated the alligators would breed
in the near future. In a word, with the enforcement of the protection and management,
the wild population would increase gradually. However, the survival rate of the wild
hatchlings is very low. To address this issue, ANNRCA organized a experts
workshop to discuss how to improve
Table 3: Breeding status of the wild alligators in recent years
2000

Nest
No.
1

2002

2

2003

2

2004

3

2005

4

Total

12

Year

Site

Clutches

Zhongqiao
Zhongqiao
Hongxing
Zhongqiao
Hongxing
Hongxing
Hongxing
Changle
Changle
Zhongqiao
Hongxing
Hongxing

19
18
25
22
28
25
28
22
40
12
29
27

Fertilizing
rate
100%
100%
100%
100%
89.30%
100%
100%
——
——
75.00%
75.86%
66.67%

295

(91±13.88)%

Hatchlings
17
18
20
18
23
25
25
9
39
8
15
4
221

Incubation
Rate
89.50%
100%
80.00%
81.90%
92.00%
100%
89.30%
40.91%
97.50%
66.67%
51.72%
14.81%
(78.49±25.
79)%

Note
Wild incubation
Artificial incubation
Artificial incubation
Wild incubation
Wild incubation
Wild incubation
Wild incubation
Wild incubation
Wild incubation
Wild incubation
Wild incubation
Wild incubation

2.2. Progress on the reintroduction programme
2.2.1. A trial release in Gaojingmiao Forest Farm
The Chinese alligator is a good candidate for reintroduction because wild populations
are approaching extinction but a large captive population exists. The release of
captive-reared crocodilians has been successfully used as a means of restocking or
reintroducing wild populations of crocodilians in a number of countries, including
India and Venezuela. In these and similar projects, reintroductions were made
possible by the existence of protected areas containing suitable habitat.
In 2003, 3 captive-reared alligators were released and monitored using radio
telemetry in Hongxing Reservoir. Primary results show the releasing project is
success based on the success breeding in 2004 and 2005. Due to the limitation of the
existing habitat, reintroduction of Chinese Alligator will be unique approach to reestablish the wild populations. Therefore, the ANNRCA planed to initiate the
reintroduction project since 2003. The releasing site is located in Gaojinmiao Forest
Farm (E119°12.132’, N31°00.978’) covering about 466 hectares. Due to the stateowned forest farm, conflicts between the alligators and local residents can be
controlled to the lowest extent.
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To ensure smooth implementation of the reintroduction project, the main activities
have been accomplished by the ANNRCA as the followings:
The valleys contain a variety of shallow and deeper water, freshwater habitats mixed
with vegetated terrestrial areas for basking and nesting.
The soil type is suitable for burrowing.
Ensuring enough water resources and water capacity for the newly established ponds.
Coordinating with the local communities and stakeholders, and obtaining their
supports.
Totally 6 artificial ponds were newly constructed up to now, to ensure natural suitable
wetlands habitats can be available. Meanwhile, a number of man- made islands were
also built to serve as terrestrial retreats and nesting sites
According to the requirements of the existing wild populations achieved from the
former research – Quantitative evaluation of the habitats by the wild Chinese
Alligators, the ANNRCA re-established vegetation diversity including submerged,
floating and or emergent vegetation and benthos communities providing an adequate
prey base for Chinese Alligators.
In late April of 2006, 6 alligators were released and monitored after health
examination and pedigree registration.
Details would be presented in the paper to be developed by Prof. Wu Xiaobing from
College of Life Sciences (CLS) of Anhui Normal University (ANU), which would be
included in the proceedings of 18th CSG working meeting. Any interesting agency or
individual like to know the specific progress of reintroduction project, please feel free
to contact Prof. Wu (Email: wuxb@mail.ahnu.edu.cn).
2.2.2. A feasibility research on the reintroduction of Chinese Alligator in
Zhejiang Province, China
Proposed reintroduction site (N119º38¹-119º39¹, E30º45¹-30º46¹) is adjacent to the
existing Changxing Breeding and Research Center for Chinese Alligator (CBRCCA)
with a total of 100 hectares, where the local residents have ever caught the wild
alligators in 1974. The site comprises of paddy fields, ponds and mudflats. Benthos
communities include fishes, shrimps, crabs, shells, and other reptile and amphibian.
Changxing County Government promised to provide fund to rent land and political
support for introduction of Chinese Alligator in this area. Currently the feasibility
research was accomplished by Changxing Institute of Forest Inventory and Planning,
with technical support from East Normal University of China, Zhejiang University
and the National Wildlife Research and Development Center of SFA. Main contents
include:
( 1) Conduct analysis of soil type, water quality, vegetation types, nature enemy,
potential agriculture development, water supply and distribution, and human
disturbance of the proposed reintroduction site in comparison with the former
research results of the existing wild populations of Chinese Alligator.
( 2) According to the habitat selection requirements of the wild populations,
different habitat types including shallow and deep water, vegetated terrestrial
areas for basking and nesting, a few internal islands for burrowing were designed.

( 3)
( 4)

Re-establish the vegetation diversity including submerged, floating and or
emergent vegetation and benthos communities providing an adequate prey
base.
Establish 2-3 wild monitoring stations and purchase related equipments and
yachts and so on.
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( 5)

Propose the specific process and objectives for the introduction project in
middle and long terms.
Details refer to the Feasibility Research Report on Reintroduction of Chinese
Alligator in Zhejiang Province (2005).
2.3. Scientific and research being undertaken
2.3.1. Establishing the pedigree of the Chinese Alligators in captivity of
ABRCCA
The project was financially supported by the State Forestry Administration of China
and Anhui Forestry Department, which is undertaking by the CLS of (ANU) together
with the National Wildlife Research and Development Center (NWRDC) of SFA.
The project is to establish the pedigree for the most captive population and make
markings, which would benefit to select suitable alligators for the releasing project.
2.3.2. Genetic variation and genetic conversation in population of Chinese
alligator
The research was completed by the CLS of ANU in the late 2005, which was funded
by National Nature Sciences Foundation of China. The study applied the techniques
of micro-satellite DNA and MHC polymorphic gene sequence to analyse genetic
structure and polymorphism of MHC genes, and to recognize the molecular
mechanism in this endangered species. Meanwhile, individual identification method
was also built based on the analysis of genetic variation between the wild and captive
populations. Finally a reasonable genetic management scheme was developed to
maintain the genetic diversity of this species to the largest extent.
2.3.3. A feasibility study of reintroducing Chinese alligator to Yancheng
Biosphere Reserve, Jiangsu Province, China
The proposal was developed by Mr. Teng Liwei from School of Life Science of East
China Normal University, and approved by the BP conservation programme.
Duration of this project is from May of 2006 to April of 2007. The main aim is to
provide the scientific basis for reintroducing the Chinese alligator in Yancheng
Biosphere Reserve and develop an effective conservation program for this critically
endangered species to ensure its long-term survival in the wild. We will evaluate the
study area through analyzing the biological requirements ( water quality, food
resource, soil condition, vegetation ) and socio-economic requirements ( human
interference, pollution, their impacts on agriculture and local human, opinions of local
people to the proposed reintroduction project) to reintroduce the Chinese alligator.
2.3.4. Behaviour monitoring of released Chinese Alligators in Anhui, China
The project was funded by the National Geographical Society of USA and undertaken
by the CLS of ANU. In addition, NWDRC also provide co-funding to support this
monitoring activity. The monitoring was initiated in the late of this April for 6
released alligators in Gaojinmiao Forest Farm and will be finished by the end of
2007, which would provide reasonable suggestions of management and conservation
for the released alligators. Meanwhile, the results would benefit to evaluate the
success or failure of the releasing project.
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2.4. Public education
2.4.1. Pubic education in the ARBCCA
In recent years, Anhui Breeding Center strictly separated the breeding area from the
tourism area, which allowed the tourists can only approach the tourism area and
avoided the human disturbance for the captive breeding populations. Meanwhile, the
center enhanced the capacity building for the public education staff including
interpretation and design.
2.4.2. Public education film
A public education film for Children, “Dear Chinese Alligator”, was contracted
between Changxing County Government and Haitian Film Co. of Zhejiang Province
in June of 2004. The local county government invested about 500 thousand USD to
support producing this public education film. The film would help raise the public
awareness for protection of Chinese Alligator, and popularize one harmonious spirit
between human being and alligators.
2.4.3. Public education in CRBCCA
Construction Project for Chinese Alligator’s Breeding Base at Changxing County of
Zhejiang Province was completed and opened to the public in May 1st holidays of
2005. The new center was divided into four areas with a total area of 10 hectares:
breeding area, integrated office area, main entrance area and tourism area. Breeding
area is composed of 20 breeding ponds with a total area of 2 hectares, where is
strictly separated from other three areas and not allowed to the public. Only the
tourism area covering 4 hectares is open to the public.
2.5. Others
2.5.1. Master plan of Anhui National Nature Reserve for Chinese Alligator
(2006-2015)
In 2005, the ANNRCA authorized the Academy of Forestry Inventory and Planning
(AFIP) to develop the master plan for the reserve. In Feb. of 2006, the plan was
accepted at the experts workshop hosted by the Anhui Forestry Department. Main
contents of the plan include designs for protection and management, public education,
scientific research and monitoring, infrastructures and cooperative project,
community co- management and ecotourism. The major change is to adjust the
function zones and total area of the reserve.
Anhui Provincial Nature Reserve for Chinese Alligator was established in 1982 and
was promoted as the national nature reserve in 1986. The reserve is located in the
conjunctions of low-hills in South Anhui and plains along the lower reaches of
Yangtze River. The coordinates is in the range from E118°30'~119°35' and
N30°18'~31°18'. The former reserve covers 88 villages of 52 towns in 5 counties.
Currently it just covers 56 villages of 18 towns in 5 counties. The total area is
decreased from the original 43300 ha to the current 30824 ha. Number of the
protection sites are also reduced from the original 13 sites to the current 10 sites
(Table 4).
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The principle why we modified the area and function zones of the reserve is to cover
all existing habitats with wild alligators and potential habitats as much as possible
except some isolated sites with limited suitable habitats, to avoid the habitat
fragmentation and isolated to the largest extent, to ensure genetic exchange of the
variant colonies and to make the population reinforcement and long-term survival.
Compared the adjusted reserve with the former one, the significance mainly include:
(1) benefit to control the destruction to the suitable habitats by human beings, (2)
benefit to reinforce the wild population; (3) benefit to conduct protection and
management business, (4) benefit to mitigate the conflicts between the communities
and nature reserve.
Table 4: Comparison of 10 adjusted protection sites with 13 original protection sites
in ANNRCA
County/District
Guangde County

Langxi County

Original No.
1
2
3
4
5

Xuanzhou District

Jingxian County

Nanling County

6
7
8
9
10
11
12
13

Protection site
Zhucun
Jiagu*
Huangshugang*
Zhangcun
Wangjiamen*
Gaojingmiao
Yanglin
Hongxing
Zhuangtou
Shuangkeng
Yantan*
Zhongqiao
Zhalin
Changle
Xifeng*

1990
-

2006
+

++
+
+
++
+
+
+
+
+

Note: The asterisk indicates no alligator was found since 1999 except one alligator
was observed in Jiagu protection site in the supplementary survey in August of 2005.
The dash indicates the site is one of the 13 original protection sites established in
1990. One plus sign indicates the site is original protection site and double plus signs
stand for the new protection site under the adjustment.

3. Problems encountered
3.1. Lack of key technical supports
With regard to the protection of the wild young alligators, it is difficult for us to find
a suitable approach to increase their survival rate and avoid preyed by the egrets and
other hunters.
Regarding some theoretical issues for the introduction of Chinese Alligator, such as a
Minimum Viable Population (MVP) and a minimum suitable habitat area, need to be
determined based on the current and next releasing trial.
3.2. Lack of appropriate management protocols for the existing wild populations
and their habitats
Even the surveys showed the wild populations of Chinese Alligator maintain stable in
recent years, most colonies consist of a few individuals in about 20 separately ponds.
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So far, an appropriate management protocols for the existing wild populations and
their habitats was not developed yet. It is difficult to ensure the effective management
of their habitats and long-term survival of the wild populations.
3.3. Lack of jurisdiction of the land with wild populations and their
surroundings
Even the Anhui Provincial Government established the Anhui Provincial Nature
Reserve for Chinese Alligator in 1882 and the reserve was promoted as the National
Nature Reserve in 1886 by the State Council of China, due to the lands owned and
managed by local residents or communities, it is always a impediment for the reserve
to coordinate with the local communities concerning the water supply and movement
of the alligators.
3.4. Lack of enough suitable wetlands habitat for releasing project
Currently, due to the lack of natural habitat is the greatest impediment to conservation
programs, re-establishing wild Chinese alligators would be critical and unique. The
ultimate success or failure of efforts to establish wild populations of Chinese
alligators will depend on the identification (or restoration) of areas of suitable
wetlands habitat, and the development of appropriate management plans. Therefore,
trial programs, involving small numbers of animals that are closely monitored, will be
important for determining the feasibility of these types of programs.
3.5. Lack of appropriate methodology and equipme nts
Even the staffs of the ANNRCA have some experiences in the wild population
counting, complete skills and methodology of wild population counting and
monitoring need to be systematic and standardized through receiving certain training.
Otherwise, the data would be controversial. In addition, the field equipments for
monitoring and patrolling also need to be increased to ensure theses activities can be
conducted regularly.
3.6. Lack of conservation fund
It is a common issue for conservation and management of wildlife in China as well as
other countries worldwide.

4. Key actions recommended
4.1. Conducting releasing projects
(1) In Gaojinmiao Forest Farm, we would continue to monitor 6 released alligators in
this late April to collect the basic information about the movement range,
requirements of different habitats for roosting, basking, burrowing and nesting, and
other ecological information. The results would benefit to evaluate the effect of the
releasing trial. Also the experiences would be adopted in the conservation and
management of the next releasing project.
(2) With regard to the releasing project in Chongming Wetland Park in 2006, which
was proposed by the Shanghai Forestry Department and WCS. Currently 12 Chinese
Alligators were imported from USA to the CBRCCA in this mid May. A feasibility
report will be developed by PhD John Thorbjarnarson in cooperation with Shanghai
Forestry Bureau and sent for approval of the SFA of China.
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(3) Regarding the reintroduction project of Chinese Alligator in Zhejiang Province,
the feasibility report was developed and sent for approval of SFA of China in
November of 2005. Currently it is still in the process of review and approval. If
approved in 2006, first step would restore the wetlands habitats according to the
requirements of wild Chinese Alligators.
4.2. Staff training
As mentioned in the 16th CSG meeting, the SFA of China likes to dispatch the
domestic technical and management staff to receive some technical training tour
overseas. In this regard, we would keep in close touch with the CSG members to
make this happen.
4.3. Developing the management plan for the ANNRCA
Since the establishment of the nature reserve for conservation of Chinese Alligator in
Anhui, no management plans have been prepared. In order to effectively guide
various management work of the reserve and promote reinforcement of the wild
population, development of management plan for the ANNRCA is unique and critical
to the long-term survival of Chinese Alligator. The management plan will focus on
the process of integrated wetland management planning and the whole process of
stakeholders and local community participation.
4.4. Conducting public education activities
The public education plans for ANNRCA and CNNRCA will be developed separately
in the next few years to guide the reserve to conduct variant forms of public education
activities. First step would collect and analysis the current and historical public
education activities occurred in these reserves, then conduct questionnaire survey to
identify different targeted groups, lastly would develop the public education plan
according to the needs of different targeted groups. The main objectives would
increase the public awareness of conservation of Chinese Alligator and their habitats.
4.5. Try to get more technical inputs from domestic and international colleagues
During the implementation of the China action plan for conservation and
reintroduction of Chinese Alligator, we are still lacking of some key technical
supports to promote the action plan to be implemented smoothly. In the future, we
will keep in close touch with related domestic and international colleagues to get
more technical inputs, especially from the members of CSG. Meanwhile, we
appreciate any interesting agency or individual to do research of Chinese Alligator in
China.
4.6. Expand the channels of fund-raising
Species conservation needs concerns and supports from the whole society. In the
future, we will distribute our achievements and progress timely to raise more
attention and supports from any potential agency or individuals.
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Ecology Of Reproduction Of The American Crocodile In Cuba
Manuel Alonso Tabet1 , Roberto R. Soberón1 , John B. Thorbjarnarson2 , Roberto Ramos
Targrarona3 .
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Abstract: In the Monte Cabaniguan Wildlife Refuge there is a high annual mortality
rate in American crocodile eggs resulting from four major factors: 1) subterranean
flooding of nests, 2) the excavation of prior nests by ovipositing females, 3) dropping
eggs on the surface of the nesting beach instead of in excavated nests, and 4) female
crocodiles not returning to the nesting beaches to assist hatchlings in escaping from
the nests.
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We believe that factors 2 and 3 are the result of high density nesting conditions that
result from a large population having to nest on a limited area of suitable beaches.
Between 1993 and 2001 an annual average of 31.1 % of the nests and 26.1% of the
total egg production were lost as a result of these factors. In some years the losses
exceeded 50%. The significant loss of eggs that results from high density nesting can
provide a biological basis for the commercial management of this population based
on ranching.
-----

American Crocodile (Crocodylus acutus) Egg Losses Related To
Nesting Females Behaviour, At The Delta Del Cauto Wildlife Refuge,
Cuba
Manuel Alonso Tabet1 , Roberto R. Soberón1 , John B. Thorbjarnarson2 , Roberto Ramos
Targrarona3 .
1
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3
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Abstract: In the Monte Cabaniguan Wildlife Refuge there is a high annual mortality
rate in American crocodile eggs resulting from four major factors: 1) subterranean
flooding of nests, 2) excavation of prior nests by females, while laying, or while
assisting hatchlings, 3) laying on the surface of the nesting beach instead of in
excavated nests, and 4) females non returning to the nesting beaches to assist
hatchlings going out from the nests. We think that factors 2 and 3 are the
consequence result of high density nesting conditions that result from a large
population having to nest on a limited area of suitable beaches. Between 1993 and
2001 an annual average of 31.1 % of the nests and 26.1% of the total egg production
were lost as a result of the se factors. In some years the losses exceeded 50%. The
significant loss of eggs that results from high density nesting can provide a biological
basis for the commercial management of this population based on ranching.
Resumen: En el Refugio de Fauna Delta del Cauto se produce anualmente una alta
mortalidad de huevos de Cocodrilo americano, como resultado de cuatro factores
principales: 1) inundación subterránea de los nidos, 2) excavación, en el momento de
ovipositar o al asistir a la eclosión, de nidos previamente puestos por otras hembras,
3) abandono de nidadas sobre la superficie del suelo, o en el agua, en lugar de realizar
la puesta en nidos excavados y 4) falta de asistencia materna en el momento de la
eclosión. Consideramos que los factores 2 y 3 están asociados a densidades de nidos
que son el resultado de una abundante población teniendo que nidificar en un área
limitada de playas apropiadas. Entre 1993 y 2002 un promedio del 31.3% de los nidos
y el 26.1% del total de huevos se perdió como resultado de esos factores. En algunos
años las pérdidas excedieron el 50% de los huevos. Las pérdidas significativas de
huevos que resultan de las altas densidades de nidos en las áreas de anidamiento,
pueden proveer de una base biológica para el manejo de esta población, basado en el
rancheo.
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1. Introduction
The American crocodile (Crocodylus acutus) is widely distributed along the coastal
swamps, estuarine rivers, lakes and reservoirs of the Northern half of the Neotropical
Region, where it plays an important ecologic role as top predator and “landscape
engineer” of those wetland ecosystems. The species is categorized as “vulnerable”
(IUCN), and listed in CITES Appendix I (Thorbjarnarson 1991). In the Cuban
Archipelago, the American crocodile is also well distributed on the main island of
Cuba, the Isle of Youth and many offshore keys. The largest local population of this
species on its entire range is located along the coast of the Gulf of Guacanayabo, in
the Wildlife Refuge Delta del Cauto, on the provinces of Las Tunas and Granma,
Southeast Cuba (Rodriguez 2000, Varona 1986).
The American crocodile is mainly a hole nester, but depending on factors supposedly
related to nest site conditions, it might also make mound nests (Campbell 1972;
Ogden 1978; Mazzo tti 1983). In locations where suitable nesting habitat is scarce,
seasonal migration of the gravid females to the nesting areas and gregarious nesting
in high densities has historically been reported, as for Lake Enriquillo, in the
Dominican Republic (Tho rbjarnarson 1989). This phenomenon has been rarely
reported during the last decades, but must studies have been conducted in areas where
the crocodile populations have been severely depleted through commercial overexploitation. Nevertheless, many local populations of the American crocodile are
experiencing a process of recovery, and gregarious nesting might become not so rare
in the future.

2. Study area
Delta del Cauto is a wildlife refuge located South of the Las Tunas and Granma
provinces (Jobabo, Cauto River, Yara and Manzanillo municipalities), along the shore
of the Gulf of Guacanayabo, with a surface of 626 km2 (approximate geographic
position: 20o latitude N; 77o longitude W). This Wildlife refuge constitutes the most
important coastal wetland ecosystem of the eastern portion of Cuba (Jobabo and
Virama swamps). In 2002 it was declared as Ramsar site.
The local population of C. acutus was studied during the decade of the 70´s of the
past century by Ramos (1979) and systematically since 1987, population and
reproduction biology studies have been performed by the authors. The abundance,
structure and population dynamics, the nesting ecology and its productivity in relation
with edaphic, geomorphologic, climatic and behavioral variables have been described
in detail (Alonso and Rodriguez 1998, Alonso et al. 2000. Rodriguez et al. 2002). The
general results show the presence of an abundant, healthy population with a tendency
to growth that has been qualified as “the best conserved local population of the
species in all its geographical distribution area” (Ross pers.com).
C. acutus nesting in this wetland is concentrated in a few beaches scattered along the
gulf shoreline, and in a two hectares patch of raised land within the mangrove swamp,
situated 2 km inland. Five of these nesting areas have remained active during the
study period, and other five have been active part of the time. Both permanent and
temporary nesting areas cover a surface of 9.8 hectares, altogether (Table 1; Figure
1). As a consequence, crocodile nesting will be performed in a gregarious manner and
in high density.
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3. Methods
Crocodile nesting activity was recorded during regular daily or weekly visits along
the annual reproductive period (February to July) from 1993 to 2002. A total of 2025
nests of C. acutus were analyzed on 5 permanent and 5 temporary nesting beaches.
Nest fate and causes of nest and egg loss in particular, were recorded after analyzing
nest content or remains during hatching-season visits (mid May – early July). Recent
nests were located and marked with individually numbered wooden stakes. A sample
of nests was excavated to record the depth of the nest chamber, clutch size, egg
viability rates (percent of banded eggs in nests > 24 hr old), and egg dimensions and
mass (N = 5).
When females dropped their eggs on the surface of the soil without burying them we
classified these as discarded clutches. Discarded eggs were collected to calculate
total number, and measured.
From mid-May to early July the number of nests that had hatched since the previous
visit was noted based on evidence of nest excavations and eggshell remains. At each
nest we counted remains of eggs that had hatched, and recorded the number of eggs
that had died during incubation. When eggs were fo und to have no indication of
embryonic development they were considered to be unviable. If full-term embryos
were found in the opened nest these were marked and released with nearby groups of
hatchlings.Nests were considered to be successful if at least one hatchling emerged
successfully. During this period nests ready to hatch could be located by the
vocalizations of the full-term embryos. When vocalizations in these nests had
stopped for a period of more than 2 days, nests were considered to have been
abandoned by the female. In some cases we were able to locate abandoned nests by
exit holes left by hatchlings that were able to dig themselves out. These nests were
excavated and if it was found that at least one hatchling had emerged from the nest (=
1 empty eggshell within the still buried nest and a small exit hole to the soil surface),
it was considered a successful nest.
Four camera traps were situated and activated during the nights in the nesting area of
Jobabito, in order to document females’ behaviour during the nesting events.

4. Results and discussion
A significant fraction of the eggs produced annually by adult females are lost through
one or the other of three forms of female behavior: a) Discarded nests (when females
layed their eggs on the surface of the soil without burying them); b) Excavation of
prior nests, and c) Nest desertion. Over the 10-year period of this study, an average of
31.1 % of all nests and a 26.1% of the estimated egg production was lost due to the
combination of these factors. In some years this value was above 50%.
Discarded eggs (103 clutches) represented a 5.1 % of total clutches. Discarded clutch
size was significantly smaller than normal nest clutch size (t = - 16.51; p < 0.0001; n
discarded eggs = 103, n normal nests = 369). Mass of discarded eggs was also
significantly smaller than egg mass in normal nests (t = - 17.85; p < 0.0001; n
discarded eggs = 497, n normal nests = 370; Figure 2). Regression analysis of
discarded clutches with nest density was significant (p = 0.016; Figure 3).
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These results suggest that discarded clutches are left by smaller, younger females
(new recruits in many cases), which lay smaller eggs and less numerous clutches than
the bigger and older ones, and that might be unable to locate suitable nesting sites, or
that have lost agonistic interactions with larger females on nesting beaches, under
conditions of high nesting densities. This interpretation is supported by clear evidence
of aggressiveness between females obtained with the aid of automatic cameras
(Figure 6), and by the in situ analysis and interpretation of foot prints and tracks
associated to these events.
Excavation of prior nests happens when a female extracts another’s female clutch
from the ground, when opening her own nest in order to lay her clutch, or during the
hatch, when digging in the ground in order to assist her offspring to get out of the
nest. The affected clutch can be totally destroyed (all eggs are exposed, eventually
smashed, and killed) or partially destroyed (when some eggs remain viable in the
ground, and eventually hatch). Partially destroyed nests averaged 9.1 % of the total
number of nests. If totally destroyed nests had been left in the ground, they would
have represented the 10.4 % of the total number of nests, with annual values ranging
from 1.6 % to 21.8 % (Figure 4). Regression analysis of both totally and partially
destroyed nests with nest density were significant (p < 0.05 in both cases, Figure 5).
When females do not return to open their nests, the young remain trapped inside the
egg cavity and only a small fraction escape by digging their way to the surface. A
total of 200 nests (11.6 % of all nests analyzed) were deserted during the period of
study. Of a sample of 148 deserted nests examined, 122 hatchlings were determined
to have escaped, representing 5.3% of the total number of eggs in these nests.
We didn’t find a close relationship between the incidence of deserted nests and nest
density.
Nest or clutch losses attributable to these three female behavior-related causes
represented the 61.9 % of total losses; the remaining 38.1 % are nest losses associated
to climate events such as nest flooding and nest washout, after heavy rainfalls, or due
to wave and tide action in exposed seafront beaches. Nest site conditions such as
altitude, soil composition and exposition to wave and tide action modulate the effect
of climate events on nest survival (Rodriguez et al. 2002). These site conditions and
nesting densities were found to behave as interacting factors; E.g.: beaches with better
nesting conditions show higher nesting densities than sub-optimal sites, while high
nest densities on optimal sites would force sub-dominant females (e.g.: through
agonistic encounters) to utilize sub-optimal nest sites, with a consequent foster of
embryonic mortality. Also female behavior, and climate related factors are likely to
interact, as in the case of nest desertion, which has ever increased after flooding
events or severe drought during the incubation time, throughout the period of study.
Sustainable utilization through ranching is especially suitable to such areas as
DCWR, where large quantities of eggs and hatchlings are lost during the incubation
process, as effect of natural factors. An average of 2000 eggs could be recovered
every year by collecting them at an early stage of incubation in sub-optimal nest sites
and beaches with high nesting densities.
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6. Tables & figures
Table 1. C. acutus gregarious nesting areas in the Delta del Cauto Wildlife refuge
(Rodriguez, Alonso and Berovides 2002).
Area Name

Surface
(hectares)

Maximum
nest Year of maximum
number and density nests
(nests/hectares)

Soloburen*

2.7

17-6.29

1997

Ojo de Agua*

1.9

21-11.05

1997

Boca de Jobabo

0.2

4-20.0

1995

Alto de la Jijira*

2.0

28-14.0

2001

Jobabito*

0.8

101-126.3

1998

JobabitoII

0.4

5-12.5

1995

Jobabito III

0.2

8-40.0

1995

Jobabito IV

0.2

3-15.0

1995

Boca de Patabanes

0.2

15-75.0

1996

La Salina*

1.2

94-78.3

2001

TOTAL

9.8

* Permanent nesting areas

338

Figure 1. C acutus permanent and temporary nesting areas in the western sector of
the Delta del Cauto Wildlife Refuge.
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Figure 6. Camera trap photographs showing agonistic relationship between
ovipositing females, at the Jobabito nesting area.
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Body Temperature As Indicator Of Mating In Crocodylus acutus:
Breeding Behavior Compromises Thermoregulatory Behavior
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Abstract: There is little information on thermoregulation of large crocodiles during
breeding activities, specifically in the wild. We provided important data on thermal
relations on large American crocodiles during the breeding cycle.
Two populations of Crocodylus acutus, (wild n = 63; captive n = 61) were studied
during six months when mating, copulation and nesting occur. Cloacal temperatures
were taken on a monthly basis on animals ranging in size from 1.8 m to 4.5 m. A new
finding shows that body temperature has a significant relation with breeding cycle
during the peak of reproductive displays in wild males and females (stress and
reproductive hormones of females peak on March). Body temperature decreases
during mating peak of the species in our area (P< 0.05). Captive population did not
present any relation because of high temperature in the ponds. In all Crocodilian
species, mating and reproductive displays occurs in water. That effect produce a
significantly decrease in body temperature in wild American crocodiles. For that
reason mating behavior compromises thermoregulatory behavior during mating
season, resulting in a decrease in body temperature until it reaches the same
temperature as the water.
Thermoregulatory and reproductive behaviors and optimum body temperature during
breeding cycle are discussed.
Key words: Crocodylus acutus, México, body temperature; reproductive peak,
copulation, wild.
-----
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Effect Of Climate On Sex Ratio In Caiman
Armando H. Escobedo Galván1 , José Retana2 and Roberto Villalobos 2
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Abstract: Evidences of climate effect on ecosystems and species have been
increasing in last years. However, the potential effects of climate variability on
crocodilians sex ratio ha ve not been evaluated in natural conditions.
This study’s objective was to determine the effect of climate variability on sex ratio in
natural population of caiman, Caiman crocodilus, in Caño Negro National Wildlife
Refuge located in the Northern region of Costa Rica. We measured temperature in
caiman nest to evaluate if there is a relationship between incubation temperature and
weather variables. We observed a relationship of nest temperature with minimun
temperature and precipitation. Furthermore, we captured 103 caimans to evaluate sex
ratio and to predict caiman’s age using Von Bertalanffy model, this model can predict
the approximate borned age of each caiman. We analyzed the relationship between
precipitation pattern and sex ratio using the oldest caiman age. We observed a
negative correlation between number of borned males by year and precipitation
during 90´s decade. Viability of caiman population can be affected in the future if this
situation continues.
-----

Comparisons Of Innate Immune Activity Of All Known Living
Crocodilian Species
Mark E. Merchant1 , Kaili Mills 1, Noelle Leger1 , Erin Jerkins 1 , Kent A. Vliet2*, and Nola
McDaniel3
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Abstract: Serum samples from all twenty-three known living members of the
Crocodylia were tested for antibacterial activity against eight bacterial species. These
data were used to generate an immune profile for each crocodilian species. Statistical
analyses revealed that the three different family lineages of crocodilians,
Alligatoridae, Crocodylidae, and Gavialidae, were distinguishable by their
immunological activities. For instance, species within the Alligatoridae and
Crocodylidae exhibited remarkable immune activity similarities to others in their own
families. Comparisons of the members of the different families, however, revealed
substantial differences in immune profiles. Furthermore, species that are in the same
genus were shown to exhibit more immune similarities to each other than to members
of other genera within the same family. Finally, our immunological analyses reveal
that Tomistoma schlegelii aligns more closely with the Gavilidae than the
Crocodylidae.
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Habitat Use And Movement Of Wild Siamese Crocodiles In
Cambodia
Boyd K. Simpson1, Piseth Sorn2 , Sophak Pheng3 , Sambol Pok 4 , Ponlork Sok 4 and
Watanak Prumsoeun4
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Abstract: The ecology and wild habits of the critically endangered Siamese crocodile
(Crocodylus siamensis) are poorly understood, despite being discovered more than
200 years ago. Recent studies in Cambodia have shown that Siamese crocodiles can
be found in slower moving rivers, lakes and marshes to an altitude of 600m, and even
smaller oxbow lakes of less than 1m deep can provide suitable habitat during the dry
season. Radio-tracking and observational studies show that burrows play an important
role during the dry season, providing a refuge for numerous crocodiles of different
sizes at the same time. Adult crocodiles can move overland between oxbow lakes and
the river during the dry season, while juvenile individuals tend to remain in the lakes.
During the wet season when rivers overflow their banks, crocodiles can move
between adjacent riverside lakes via the flooded forest, or to areas otherwise
unsuitable due to their shallow nature. Radio-tracking of an adult male has shown
that his movement (so far during the dry season) has been restricted to an 11km
section of river, with travel up to 4.5km per night. Further work will continue to
elucidate movement patterns and habitat use of the Siamese crocodile in Cambodia.
-----
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Husbandry Techniques And Crocodilian Health Issues Applied To
Conservation And Commercial Husbandry
Nile Crocodile (Crocodylus niloticus) Urine: Collection Technique,
Chemical Parameters And Diagnostic Value
Jan Myburgh1 , Lizette Bekker1 , Volker Schillack 2 , Dirk Booyse3, Fritz Huchzermeyer4 and
Lou Guillette 5 .
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Abstract: With crocodile farming in South Africa growing - more veterinarians
should become involved with crocodile diagnostics. Wild crocodiles are also
considered to be valuable bioindicators of aquatic ecosystem pollution. As such
clinical pathology for this species is becoming more important. Collection of
diagnostic samples from life crocodiles (farmed and wild) is mostly limited to blood
sampling. The possibility of collecting clean urine from the Nile crocodile was
investigated.
Urine samples were collected from farmed crocodiles just before slaughter. The
technique of urine collection, using an ordinary dog catheter, will be discussed.
Sketches and pictures will be used to illustrate the anatomy of the cloaca and the use
of the catheter to collect urine.
Forty urine samples were evaluated for standard chemical parameters used in human
and veterinary diagnostics. Serum samples from the forty crocs were also analysed
for standard blood parameters. The urine and serum results will be discussed with
special reference to the diagnostic value of crocodile urine.
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1. Introduction
Environmental pollution is a problem all over the world 13 . Used chemicals and/or
their products eventually become environmental pollutants by ending up in our rivers
or dams as a result of: run-off from crops, soil and plants; being pumped via sewage
into rivers; direct spraying of surface water to control pests; or after industrial
accidents1, 2.
A hypothesis was proposed that certain chemical pollutants might be able to disrupt
the normal function of the body’s endocrine system1 . Today, these chemical
pollutants are known as endocrine disruptors or endocrine disrupting compounds
(EDCs), because they are thought to mimic natural hormones, inhibit the action of
hormones, or alter the normal regulatory function of the immune, nervous and
endocrine systems1 . Many of these EDCs exhibit estrogenic activity, but some
individual chemicals may also cause harm through anti-estrogenic, anti-androgenic
and androgenic effects13 .
Aquatic species are directly affected by aquatic pollutants and considered to be ideal
indicators of the chemical pollution situation in this ecosystem2, 4, 5, 12. These
pollutants influence the normal physiological function of the endocrine organs 1, 3, 4, 5 .
It is getting more difficult in South Africa and most probably also in the rest of the
world to get permission to kill crocodiles or alligators from wild populations for
research purposes. Permission is usually only granted for capture and immediate
release of these animals, and most often only blood samples are collected. Aquatic
toxicologists and endocrinologists, all over the world, are thinking of additional
samples (e.g. skin biopsies, urine, etc) that could be collected from individual
bioindicator animals that are caught for research purposes7, 9, 10, 11 (L J Guillette,
personal communication, 2005).
We investigated the idea of routine urine collection from crocodiles, so that it could
be used as an additional sample for investigating aquatic ecosystem pollution in
southern Africa. Urine samples from healthy pre-slaughter crocodiles were analyzed
for standard urine parameters used in human and animal health examinations. Urine
samples were also screened for steroids (see: Urinary steroid analysis in the Nile
crocodile (Crocodylus niloticus) by Bekker L, Myburgh J, Spies J, Botha C, Swan G).

2. Materials and methods
Urine and blood samples were collected from healthy crocodiles just before slaughter
from a crocodile farm ear the Veterinary Faculty, Onderstepoort.
2.1. Cloaca anatomy
Several Nile crocodiles, with an approximate length of 70-90cm, that were routinely
submitted for diagnostic post mortem purposes were used for the anatomical study.
The colon and cloaca of one specimen was dissected out and preserved in 10%
formalin and the pelvic region including the cranial part of the tail to caudally of the
vent of three further specimens were preserved in toto in formalin allowing colon and
cloaca to fix in situ.
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The loose specimen was opened longitudinally along the ventral midline and the
specimens fixed in situ were split longitudinally from the ventral midline right
through the spinal column.
2.2. Urine samples
Urine was collected with an ordinary dog urine catheter. The urine samples were
collected in sterile laboratory containers. All the samples were kept on ice and
centrifuged in the laboratory (after 60 minutes). The clean urine was transferred to
sterile tubes and frozen until tested.
The following parameters were evaluated: Na, Cl, K, Ca, P04 , Mg, creatinine, uric
acid, NH4 , total protein and osmolality.
Plasma samples

Blood was collected with 22G 1.5” needle and 5ml syringe from the occipital vein.
The blood sample was transferred immediately to heparin blood tubes. All the blood
samples were centrifuged in the laboratory and the plasma samples frozen until
tested.
The following parameters were evaluated: Na, Cl, K, Ca (total), Ca2+, P04 , Mg, urea,
creatinine, uric acid, total protein, osmolality and glucose. For the Na, Cl, K and Ca2+
a Rapidlap 865 (Bayer) was used. Calcium (total), P04 , Mg, urea, creatinine, uric acid,
total protein and glucose concentrations were determined with a Nexct analyzer from
Bayer. Osmolality was measured with an Osmomat analyzer.

3. Results
3.1. Cloaca anatomy
Our investigation revealed that the anatomy of the cloaca of the Nile crocodile closely
resembles that of the Estuarine crocodile (Crocodylus porosus) from Australia10 .
There is a prominent muscular sphincter separating the coprodeum from the short
colon. When filled with urine the urodeum widens and sags ventrally, giving the
cloaca a conformation that is similar to that described for the ostrich16 . There is
muscular sphincter separating the proctodeum from the urodeum. Two papillae are
visible in the dorsal aspect of the urodeum where the ureters enter the urodeum. Penis
and clitoris lie ventrally in the proctodeum. The anatomy of the cloaca of the Nile
crocodile is illustrated in Fig 1.

Fig. 1 Schematic illustration of the anatomy of the cloaca of the Nile crocodile and
route of catheter is indicated
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3.2. Urine and plasma results
A summary of the urine and plasma results is given in Tables 1 and 2, respectively.
Table 1 Summary of results: urine samples (n = 44 samples)
Parameter

Mean
Na (mmol/l)
Cl (mmol/l)
K (mmol/l)
Ca (mmol/l)
P04 (mmol/l)
Mg (mmol/l)
Creatinine (? mol/l)
Uric acid (mmol/l)
NH4 (mg/l)
Total protein (mg/l)
Osmol (mosmol/kg)

Median

5.53
17.59
28.02
0.54
11.99
0.27
109.50
0.47
4 296.59
152.09
225.14

SD

2.80
17.60
23.05
0.49
8.75
0.17
55.00
0.25
3 600.00
46.00
231.00

7.42
6.72
14.94
0.38
11.45
0.41
211.48
0.77
3 814.00
301.45
33.54

Table 2 Summary of results: plasma samples (n = 44 samples)
Parameter

Mean
Na (mmol/l)
Cl (mmol/l)
K (mmol/l)
Ca (total) (mmol/l)
Ca2+ (mmol/l)
P04 (mmol/l)
Mg (mmol/l)
Urea (mmol/l)
Creatinine (? mol/l)
Uric acid (mmol/l)
Total protein (g/l)
Osmol (mosmol/kg)
Glucose (mmol/l)

Median

133.75
110.23
4.21
2.66
1.31
1.56
1.34
0.35
27.84
0.30
63.13
297.57
6.43

133.90
111.00
3.99
2.67
1.31
1.49
1.34
0.20
28.00
0.22
63.13
296.00
6.40

SD
9.00
11.01
0.71
0.22
0.06
0.44
0.29
0.24
6.26
0.22
9.95
21.83
1.24

4. Discussion
The use of urine samples as a routine diagnostic sample in crocodiles is possible (Fig.
1) - it is not difficult to collect the urine (easier than blood collection).
More research should be focused on the diagnostic value of crocodile urine, before it
could be used routinely to evaluate the health status of individual animals, as is done
in other farm animals7 . Tables 1 and 2 could serve as baseline data for the Nile
crocodile at this stage. To be investigated further.
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The excretion of nitrogen via the urine in the Nile crocodile should also be
investigated in depth6, 8, 14, 15. Herbert (1981) reported that alligators fed ad lib 5 days
a week excreted the same amount of uric acid/day, but much more ammonia/day, than
those fed a single meal after a long fast6 . The value of this parameter to evaluate the
feeding of wild crocodiles should be investigated further.
Steroids in crocodile urine are being investigated as part of a PhD study. The
diagnostic value of steroid concentrations in crocodile urine, for the investigation of
aquatic pollution, should become clearer after the completion of this investigation
(Bekker L, Myburgh J, Spies J, Botha C, Swan G. Urinary steroid analysis in the Nile
crocodile (Crocodylus niloticus)).
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Abstract: Excretion of steroid metabolites has been well studied in humans.
However, nothing has been done in the Nile crocodile.
Juvenile crocodiles, two year old, were used. Urine was collected by using a urine
catheter. Several samples were pooled together when individual samples showed
low sensitivity.
Gas chromatography mass spectrometry was employed after solid phase extraction
of steroids from urine collections, an overnight enzymatic hydrolysis, and
derivatization of dried samp les. Separation was achieved with split injection onto a
capillary GC column, using electron impact ionization at 70 eV.
The total ion chromatogram in figure 1 obtained >30 peaks of which no mass spectra
were identical.
Additional analytical methods to be employed in elucidation of the steroid structures
include negative ion chemical ionization GC-MS and LC/MS/MS.

1. Introduction
Excretion of steroid metabolites has been well studied in humans 1 2 3 4 5 6. However,
nothing has been done in the Nile crocodile7 .
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2. Materials and methods
Juvenile crocodiles, two year old, were used. Urine was collected by using a urine
catheter. Several samples were pooled together when individual samples showed low
sensitivity.
Gas chromatography mass spectrometry (GC/MS) was employed after selective
extraction of steroids from urine collections in a five-step sample preparation. The
urine samples were centrifuged at 3000rpm for 6 minutes. For each urine sample, one
Varian Bond Elut C18 (octadecyl) solid phase extraction (SPE) cartridge was
prepared on a vacuum extraction chamber as follows: the cartridges were primed
with 10ml methanol, after which 10ml de- ionized water was aspirated. A volume of
the centrifuged sample was measured out. 200µl of a C23 (IS) solution (200µg/ml)
was added. The sample was loaded onto a designated cartridge, which was then
washed with 10ml de- ionized water. The conjugated steroids were eluted into tubes
with 4ml methanol. The eluates were dried under nitrogen gas, keeping the tubes in a
heating block at 37°C.
Hydrolysis : to each dried eluate, methanol (100? l) was added. The solution was
vortexed, and 5 ml of a sodium acetate/acetic acid buffer (0.2 M, pH 4.6) was added.
This was followed by the addition of 200? l glusulase, and the mixture was vortexed.
The tubes were stoppered and enzymatic hydrolysis was allowed to take place
overnight at 50?C.
SPE (second extraction): the hydrolyzed mixtures were centrifuged for six minutes at
3000rpm. One aminopropyl (NH2 ) SPE cartridge was prepared for each sample as
follows: one gram sodium sulphate (Na2 SO4 ) was placed into each cartridge on top
of the aminopropyl layer. An adapter was connected to each NH2 cartridge. The
previously used C18 cartridges were primed as for the first extraction with 10ml
methanol and washed with 10ml de- ionized water. The supernatants of the
hydrolyzed mixtures were aspirated through the C18 cartridges, which were then
washed with 10 ml de- ionized water. The C18 cartridges were connected on top of
pre-prepared NH2 cartridges and again connected onto the vacuum extraction
chamber. The free steroids were eluted with 6ml ethyl acetate, into final tubes
containing a second internal standard, cholesteryl n-butyrate (50µg) and C23 (20? g).
The latter was added as an aid in monitoring column deterioration. The eluates were
dried under nitrogen gas and derivatized.
Derivatization: a) Methoxylation - 100µl of a 10% O- methoxylhydroxylamin
hydrochloride solution in pyridine was added to the dried residue. The mixture was
incubated at 60ºC for 15 minutes. Silylation followed without removal of excess
methoxyamine hydrochloride. B) Silylation - following methoxylation, 100µl NTrimethylsilylimidasole (TMSI) was added to the incubation mixture. Additional
incubation was allowed at 100ºC for two hours. The sample was allowed to cool
down before opening the tube and transference to a vial. The vial could be stored at 20°C until GC-analysis was performed. Following storage, the mixture should be
allowed to reach room temperature before injection.
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Separation and detection: a HP 6890 gas chromatograph was used for gas
chromatographic/mass spectrometric (GC/MS) analyses, utilizing a HP 5973 mass
selective detector (Agilent technologies, Palo Alto, CA, USA). The system was
facilitated with split/splitless injection systems. Data collection and integration was
achieved with HP Chem. Station software.
Chromatographic conditions: helium (5,5 N) was employed as carrier gas, with a
flow rate of 1.2 milliliter per minute. The ion source of the mass spectrometer was
set to an electron voltage of 70eV. The split method of injection with a split ratio of
30:1 was performed in the chromatographic separations. 1µl sample was injected by
auto injector onto GC/MS. The carrier gas (helium UHP) was emplo yed in the
splitter-system. The inlet temperature was set at 250°C. To determine the split ratio,
the measured purge flow was divided by the carrier gas flow rate. The temperature
program was as follows: initial isotherm 215°C for 3 minutes; program rate: 1.6°C
per minute up to 226°C, second isotherm at 226°C for 3 minutes, second program
rate: temperature ramped at 1.6 °C per minute up to 300°C, final isotherm of 5
minutes.

3. Results
The total ion chromatogram in Fig.1 obtained >30 peaks of which no mass spectra
were identical.
Four of the EI (electron impact) m/z (mass:charge) spectra obtained from the peaks
on the total ion chromatogram showed similarities to endogenous human steroids
(androsterone/etiocholanolone, pregnanediol, pregnanetriol and 16a-OH-DHEA).
The other (>30) spectra are still unidentified.
Abundance
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Fig. 1 Total Ion Chromatogram of a pooled urine sample of the Nile crocodile after selective
extraction and derivatization.

4. Discussion
The sample collection technique is relatively simple and a-traumatic. Although all
the samples were collected for healthy farm crocodiles, in future urine of crocodiles
from polluted areas will be investigated. This will aid in the investigation to evaluate
the significance of urine as an indicator of endocrine disruption.
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Steroid profiling in humans can be indicative of numerous endocrine dysfunctions,
including reproductive and thyroid disorders, enzyme deficiencies/excesses, hypoand hypercortisism (including tumours of the adrenal), starvation.
Qualitative and quantitative investigation of steroids in crocodiles from clean and
polluted areas, may serve as a diagnostic tool to investigate similar problems in
crocodilians.
Additional analytical methods to be employed in structure elucidation of steroids
include negative ion chemical ionization (NICI) GC-MS and Liquid Chromatography
Tandem Mass Spectrometry LC/MS/MS.
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Abstract: The distribution of lymphatic tissue in the oral and pharyngeal cavities of
the Nile crocodile was studied in the heads of six 2.5 – 3 year-old, commercially
raised, Nile crocodiles (Crocodylus niloticus). Lymphocytic accumulations were
specifically associated with glandular tissue and epithelial specialisations in the oral
cavity and were also found at the base of the dorsal gular fold where it abuts the
palate. The rostral region of the maxilla contained glandular tissue between the
incisor teeth which was associated with nodular lymphatic tissue that constituted
gingival tonsils.
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Between the glandular tissue and the surface of the tongue, and intimately associated
with the secretory duct, were large aggregations of lymphatic tissue that formed
lingual tonsils. The dorsal pharyngeal cavity was dominated by tons illar tissue
situated caudal to the internal nares. Numerous nodular and diffuse lymphatic
accumulations were observed in the supporting irregular dense connective tissue of the
laryngeal mound which dominated the floor of the pharyngeal cavity. This study
revealed that diffuse and nodular lymphatic tissue is ubiquitous throughout the oral
and pharyngeal cavities of the Nile crocodile. The presence of tonsillar tissue,
particularly in the roof of the pharynx, should be considered as clinically important.
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Abstract: In a population of captive Alligator mississippiensis, several specimens
died after displaying unspecific symptoms.
According to the results of the dissection, histopathological, and microbiological
examinations a tuberculosis-like granulomatous infection caused by Mycobacterium
marinum was diagnosed.
The zoonotic potential of M. marinum is being discussed as well as the resulting
appropriateness of therapeutic treatment. Preventative measures to avoid spreading
these infectious agents are stated.

1. Introduction
Mycobacteria are organisms ubiquitously found in the environment and are often
detected in healthy as well as diseased reptiles (Brownstein 1984, Paré et al. 2006).
Saprophytically and commensally living mycobacteria can generate diseases in
impaired animals and this seems to apply particularly to fish, amphibians, and reptiles
(Brownstein 1984). Infections can affect the skin or the respiratory system or they can
become systemic (Wallach 1969). Sources of infection are contaminated soil, water
or food (Thoen & Schliesser 1984).
Different species, which are known to produce infections in human beings, were
isolated from reptiles, including Mycobacterium marinum, M. avium and M.
tuberculosis (Frye 1991, Marcus 1981, Brownstein 1984). Potentially pathogenic
varieties in reptiles are M. fortuitum, M. cheloniae and M. thamnopheos (Matlova et
al. 1998). These are real saprobionics, which are widespread in nature and occur in
food and water (Gedek et al. 1993).
M. marinum, M. fortuitum and M. cheloniae belong to the most common species,
which can cause tuberculous diseases in fishes (Hoffmann 2005).
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Mycobacterium fortuitum, M. marinum and M. thamnopheos belong to the class of
fast-growing mycobacteria and lead to tuberculosis- like symptoms in poikilothermic
animals.
Although mycobacteria are frequently isolated from cutaneous lesions in humans,
they can also induce systemic diseases, which are merely accompanied by unspecific
symptoms, such as anorexia, lethargy and emaciation (PARÉ et al. 2006).
In this context, tubercles can occur in all tissues and organs (Divers 1998). M.
cheloniae was proven to cause osteoarthritis and systemic diseases in sea turtles
(Greer et al. 2003). Zwart and Sassenburg (2005a) emphasize that osteomyelitis in
snakes may be associated with tuberculosis and salmonellosis. Snakes exhibit
granulomatous changes more frequently, possibly also in the subcutis and the oral
cavity (Quesenberry et al. 1986). In chameleons a strong swelling of the limbs, due to
massive formation of tubercles, complicated by circulation disorders, was detected
(Zwart & Sassenburg 2005b).
1.1. Mycobacterial infections in crocodiles
Snakes, tortoises and lizards are frequently affected by Mycobacterium spp., whereas
mycobacterioses seem to be rare in crocodiles (Ariel et al. 1997). Nevarez (2006),
however, mentions many unpublished clinical cases of alligators with acid-resistant
organisms, which correspond with mycobacteria. In the necropsy, these animals
showed an existing pneumonia, which manifested itself in the form of multiple, white
foci within the lung parenchyma of about 1-4 mm in diameter.
Mycobacterioses in farmed crocodiles is caused by mycobacteria from the
environment by facultatively pathogenic species (Huchzerme yer 2002). Due to the
specific temperature requirements of the causative agent, it is less likely that M.
tuberculosis and M. bovis are able to infect crocodiles (Huc hzermeyer &
Huchzermeyer 2000).
Generalized granulomatous lesions were caused by M. ulcerans in Crocodylus
johnstoni (Ariel et al. 1997) and by M. avium of porcine origin in Crocodylus
niloticus (Huchzermeyer & Huchzermeyer 2000). Youngprapakorn et al. (1994)
reported a number of crocodilian cases with granulomatous lesions of the lung, the
trachea and the intestine caused by mycobacteria.
A granulomatous dermatitis is described with Crocodylus porosus, which was caused
by an unknown mycobacterium (Buenviaje et al. 1998).
BLAHAK (1998) found acid- fast bacteria within granulomatous lesions in an
Alligator sinensis, and M. marinum was isolated from four Caiman crocodilus of the
London Zoo (Griffiths 1928).
1.2. Mycobacterium marinum as a causative agent of zoonosis - MOTT
In medical literature Mycobacterium marinum, as well as numerous other
mycobacteria, belongs to the so-called MOTT. These are mycobacteria, which do not
cause tuberculosis nor leprosy (Mycobacteria Other Than Tubercle). Besides several
human pathogenic species, many varieties belong to these, which can be less
important for human beings.
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MOTT- infections predominantly affect the lung (clinically, radiologically and
histologically they can not be distinguished from a real lung tuberculosis), the lymph
nodes, the skin (eczematous symptoms, which often result from water infections; the
specific causative agent is M. ulcerans, which provokes the Buruli- ulcer in tropical
areas) and create generalized infections, especially in human beings with reduced
immune defence (Hof & Dörries 2005).
Due to the growth optimum of 33-35 °C, M. marinum prefers poikilothermic hosts
(Clark & Shepard 1963), and the infections in humans are usually limited to the
cooler areas of the body surface like the extremities (Ramakrishnan 2004).
As a result of infections created by the causative agent of fish tuberculosis (among
others M. marinum), persistant granulomas, which are limited to the skin, appear in
humans. Particularly the hands are affected (so-called swimming bath or aquarists
granulomas). If the infection is not treated, usually a spontaneous healing occurs after
a few months up to a year, whereas a specific treatment is quickly successful.
However, a possible generalization cannot be excluded in immunodeficient persons,
so that particular caution is advised with this group of people (Popp 1982; Hoffmann
2005). Powers and Fisher (2004) describe several cases of tendovaginititis, which
were also caused by M. marinum.
Zoonotic infections with M. marinum from a reptile source have not yet been reported
(Hernandez-Divers & Shearer 2002).
Apart from this, a survey of MOTT- infections (including M. marinum) in human
beings is given in Bartralot et al. (2005).
Furthermore, the significance of M. marinum in food hygiene, with regard to fish and
fish products used for human consumption is discussed at the moment (Hensel,
personal report 2006). Throughout the last years more and more infections in farmed
fish, amongst others pacific salmons, were observed.

2. Materials and methods
Three alligators from a larger farm were examined. One of them was at the Clinic—
and died spontaneaously. The other both died at the farm and were prepared for
morphological studies at another institution.
At necropsy pathological anatomical findings were noted. Specimens from
parenchymatous tissues and lesions were fixed in 5% formaldehyde and embedded in
paraffine. 5µm thick sections were stained with H and E, additionally Ziehl-Nehlson
staining was done.
Further specimens of the organs as well as exudates from lungs were routinely
examined in the bacteriological and mycological laboratory. Specific examinations
were done for Mycobacteria by staining of smears according to Ziehl-Nehlson as well
by differentiation with GenoType® Mycobacterium CM (Hain Lifescience).

3. Case history and results
In a population of about 35 - 40 captive Alligator mississippiensis, consisting of semiadult, sub-adult, and partly very old adult animals, several animals from different
groups without direct contact developed unspecific symptoms within the last twelve
months. Despite several attempts at treatment the affected animals died.
Apart from the refusal to take up food and a slight weight loss the foremost symptoms
were a reluctance to move and a recurring somnolence.
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The cloacae were dilated and hypotonic. Clinically a viscous, grey- mucous urine, and
a flaky, grey, turbid mucus within the mouth were observed.
Furthermore large quantities of flagellates were found in the urine. A moderate
amount of fungi and Citrobacter freundii were detected in the oral cavity.
Two animals of the population died, but were initially not made available for
pathological examination.
Another adult, female animal was admitted for treatment at the Veterinary Hospital
for Fish and Reptiles, LMU, Munich.
The owner reported that the animal had shown emesis. Moreover, there was turbid
mucus with a slightly sour smell within the oral cavity. The microbiological
examination of the mucus showed a massive infestation of Citrobacter freundii and
Serratia rubida. There was no fungal growth.
The blood test showed a discrete leukocytosis (9500/µl), slightly increased liver
enzyme levels and no other abnormalities were detected. No bacterial growth was
seen in the blood culture.
Treatment started with antibiotic therapy (Marbofloxacin) according to the
antibiogram, additionally infusions, vitamin supplementation and Heparsal® were
administered.
During treatment a bilaterally symmetric, mucous eye discharge developed, which
showed massive growth of fungi (mould fungi and yeasts) according to the
microbiology, but no bacterial growth.
Almost at the same time the animal started vomiting large amounts of flaky, greybrownish, turbid mucus and several foreign bodies, among other things the padded
handle of a crutch, a tennis ball, plastic bags and many legrings from birds (chickens
and doves).
Thereupon the animal was sedated with Valium and narcotised intravenously with
Propofol. After opening the mouth and blocking the jaws, oesophagus and stomach
were exa mined manually.
In the area of mouth, tongue, root of the tongue, soft palate and glottis large quantities
of petechiae were found, as well as widespread ekchymoses of the mucous
membranes and ulcers with raised borders, up to the size of a lentil, with ye llowish
centre and reddish to black margins. Moreover, the mucous membranes of pharynx,
oesophagus and glottis showed an increased tendency to bleed when touched.
In the stomach itself there were several sharp-edged stones and more legrings. Huge
amounts of the above-described mucus and blood coagula were removed. Swab
samples were taken from the stomach wall with the following results: massive growth
of Penicillium spec. and Trichosporon asahii, Streptococcus uberis and Citrobacter
freundii (multi-resistent). Consequently yet another symptomatic treatment followed
with antibiotics according to an antibiogram, oral application of antimycotics,
antacida und mucins as well as vitamin supplementation and infusion therapy. The
general condition improved during treatment, however, anorexia remained and
irregular skin lesions developed, especially palmar and plantar on the limbs. C.
freundii was detected in these lesions.
About a month after admitting the animal to the clinic, it died unexpectedly.
Externally there was a moderate reddish discolouration in the area of the lower jaw
and palmar and plantar on the limbs; healed abrasive injury in the area of the lower
jaw; healed decubitus ulcers on all four limbs, an acute decubitus ulcer of about 4x5
cm with formation of rhagades on the left hind-leg, slight abrasive injury to the
gingiva.
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In the area of the tongue and of the lingual bulge there were cyanotic discolourations
of the hyperaemic lingual papillae, on the left side of the lingual bulge aphthous
changes of the lingual mucosa of about the size of pin heads, yellowish in the centre
and blackish on the periphery, moderate “smudge-proof” reddening at the root of the
tongue on the transition to the epiglottis.
Internal results showed (among other, secondary findings) a washed-out redness of
the mucous membranes of the upper respiratory tract with clearly visible blood vessel
injection, large amounts of viscous, flaky mucus. In the area of the pericardium a
serous effusion of 20-25 ml was observed.
The lung was palpatorically extremely dense with foci in the parenchyma, distinct
edema of the surrounding serous membranes, extreme atelectatic changes of the lung
parenchyma with purulent- fibrous areas and nodules that were slightly raised above
the surface, in the area of the distal lung extreme callosity on both sides with caseous
areas in its periphery that showed necrosis in their centre. Within the parenchyma
caverns had formed, filled with large quantities of turbid mucus and pancake- like
masses.
Within the liver and the kidneys there were disseminated, pinhead-sized to milletseed-sized, dense-elastic, yellow whitish nodules throughout the entire parenchyma.
The severely swollen spleen was interspersed with multiple disseminated, pinheadsized to millet-seed-sized, yellow whitish, dense-elastic nodules. The parenchyma
bulged out strongly from the surface of the cut area.
The mucous membranes of the gastrointestinal tract were highly reddened. In the area
of the stomach several irregular ulcera up to the size of a 1-Euro-coin were spread
over the leather- like surface of the mucosa. These ulcerative areas showed multiple,
disseminated, expanded, irregularly map-like fringed patterns, severely indurated by
connective tissue.
Hemorrhage was detected in the mesovaries.
Pathologically- histologically a focus- like, deep dermatitis was diagnosed, as well as
large amount s of giant-cell granulomata in lung, liver, thyroidea, spleen, and kidneys.
The lung contents showed numerous macrophages with acid- fast rods, whereas only
very few of these rods could be detected inside the giant-cell granulomata and
parenchymata.
Bacteriologically a systemic infestation with Xanthomonas maltophila and
Citrobacter freundii, as well as considerable fungus- infestation was ascertained.
Furthermore Mycobacteria were isolated and identified as Mycobacterium marinum.
Thus a generalized, tuberculous- granulomatous mycobacteriosis was identified as the
cause of death.
At about the same time, both of the above-described dead alligators were made
available for taxidermy at the Institute of General Zoology and Neurobiology in
Bochum. They were dissected and pathological-anatomical as well as pathologicalhistological findings analogous to the above- mentioned ones were discovered,
although the aniamls had ne ver had direct contact, and had been kept in entirely
separate groups and enclosures. These animals likewise had acid-proof rods in the
contents of their lungs, and Mycobacterium marinum was detected from their organs.
The histological changes basically match the above-described ones.
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4. Diagnosis
The diagnosis is based on the detection of acid- fast bacteria in Ziehl-Neelsen stains in
combination with typical histological findings. The species identification can be made
by PCR or by culture (Hof & Dörries 2005; PARÉ et al. 2006; Soldati et al. 2004).
The clinical diagnosis can be difficult but in the present case it can be made by biopsy
(Zwart & Sassenburg 2005a) or by the examination of sputum samples out of the
glottis or trachea. Divers 1998 considers endoscopic evaluation as possible. M.
marinum can also be detected in contaminated water samples.
In the present case the diagnosis was ascertained by using dissection, Ziehl-Neelsen
stain and also by culture.

5. Discussion and conclusions
In the present case the animals come from the same stock, but lived in different
enclosures without direct contact to each other.
The only link exists in the contact to the keeper and the staff, who enter the
enclosures and the water tanks without protective clothing. Mycobacterium marinum
seemed to have been spread to the whole population by these human vectors and
management. The contagiousness seems to be high and the infection of other animals
cannot be ruled out. Due to the fact that M. marinum is known to be able cause the
development of granulomatous to ulcerous changes of the skin, especially on the acra,
it is necessary to point out the possiblility of infection to people who have contact to
the animals. An examination of the other animals was recommended, in which
sputum samples and possibly bioptates and water samples should be analyzed. The
owner was advised to contact the appropriate public health department. Moreover, the
staff of the involved institutes, who had direct or indirect contact to the animals, were
asked to undergo an examination at the appropriate public health department, because
the possibility of an infection of the skin via small lesions, or, indeed, a systemic
infection, cannot be excluded. Indirect contact includes handling the sputum or other
infectious material from the pathological examinations, as well as breathing in the
aerosol in the dissecting room. Those people concerned were asked to have a lung
check- up by the public health department.
Yamamoto et al.(1991) were able to cause an infection with granulomatous,
tuberclelike lesions in the lungs of experimentally infected mice. Thus the assumption
that M. marinum affects mainly the cooler areas of the arcra of homoiothermic
animals, is relativised.
The risk of an infection is estimated as low, but possible. Persons, who are already
immunosuppressed, are regarded as endangered.
Predisposing factors
Basically, in regard to ubiquitously spread causative agents, it has to be considered, to
what extent predisposing factors play a part in the adhesion of these bacteria. The
amount of the infectious agent is certainly of fundamental significance, but also the
immune competence of the infected animals. The immune competence declines as a
result of stress, as for instance insufficient temperature of the surroundings, frequent
handling or invasive measures on the animals. In the present case social stress,
crowding, territorial behaviour and social aggression seems to be of great importance.
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Moreover, infrastructural parameters within the enclosures and possibly the food
quality may have played a role. Generally, a classical factorial disease can be
assumed. In contrast to this, the asserted mycoses of the animals seem to be a
secondary condition, a resulting superinfection rather than a predisposing factor.

6. Treatment and prophylaxis
There is no report on a successful treatment of mycobacteria infections in reptiles, yet
(PARÉ et al. 2006). In addition to the difficulties of treatment, there are indications of
a zoonotic potential of mycobacteria (Hernandez-Divers & Shearer 2002). In case of
clinically diseased animals, the option of euthanasia should be discussed with the
owner (PARÉ et al. 2006). The expense factor along with the very reserved prognosis
may further the decision making.
The prophylaxis is based on strict hygienic measures and on the avoidance of using
raw meat from unreliable sources as animal food (Huchzermeyer 2002).
Huchzermeyer & Huchzermeyer (2000), according to whose opinion the following
hygienic measure is growing in popularity, state the possibility of exclusively using
pellets as food. Another possibility, already mentioned by Huchzermeyer (1991),
namely heat sterilization of raw food to avoid food-conditioned infections, before
adding vitamins, is commonly used in South Africa, particularly with hatchlings
(Huchzermeyer & Huchzermeyer 2000).
In the present case treatment with medicaments for the use in humans with atypical
mycobacterioses is theoretically possible, but makes little sense.
First and foremost the entire alligator population ought to be examined by means of
sputum samples, or possibly biopsies, and, where necessary, affected animals ought
to be separated or even euthanised.
Furthermore the elimination of predisposing factors for the infection and of the
spreading of the bacteria via the staff seem to be adequate measures.
Contact with the animals has to be subjected to strict hygienic criteria or, as the case
may be, has to be prevented.
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Environmental Influences On Reproductive And Stress Hormones In
Crocodylus acutus During The Breeding Cycle
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Abstract: No information related to specific environmental factors influence on
reproductive and stress hormones is related in crocodilians. We present noteworthy
information of environment influences on reproductive hormones in wild and captive
Crocodylus acutus.
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Two populations (wild n = 63; captive n = 61) were studied during six months when
mating, copulation and nesting occur. Plasma estradiol ? 17, testosterone and
corticosterone were assayed in each month. Air and water temperature, light intensity
and humidity were recorded (Data loggers). Water level and salinity were recorded in
the wild on a monthly basis. Data were analyzed using Bray Curtis ordination on Pc
Ord 4.0. ANOVA, ANCOVA and linear regression were applied.Hormonal
relationship with the breeding cycle, and the influences of the environment on
reproduction and stress are described.
New findings show that the breeding cycle of males and females is asynchronic
because of different microenvironment utilization, and behavioral differences
between males and females. Temperature is the major factor influencing reproduction
and light intensity is a secondary (synergic) factor, which influences are showed only
in the wild. In captivity the latter factor is minimum or null because stocking density,
high water temperature of ponds, dominance and impossibility of microenvironments
use.
Key words: Crocodylus acutus; México; reproductive and stress hormones;
environmental influence on reproduction; wild; captive; breeding cycle.
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Febrile Response In The American Alligator
(Alligator mississippiensis)
1

M. Merchant1* , S. Williams 1 , P. Trosclair, III2 , K. Mills 1 , and R. M. Elsey2 ,
Department of Chemistry, McNeese State University, Lake Charles, LA 70609
2
Louisiana Dept. of Wildlife and Fisheries, Rockefeller Wildlife Refuge,
Grand Chenier, LA 70643

Abstract: Juvenile American alligators (130-140 cm) that were injected
intraperitoneally with bacterial lipopolysaccharide, and allowed to thermoregulate in
a thermal gradient, exhibited higher internal body temperatures (Tbs) than control
animals. The time to onset of the fever response was less than 5 hrs, and the duration
was approximately two days. The magnitude of the response (maximum body temp.)
varied from 2.6 ± 1.1o C higher than untreated control animals on day 1 and 3.5±1.2o C
higher on day 2. The animals injected with pyrogen- free saline did not display
internal body temperatures that were significantly different than untreated animals.
Alligators injected with 107 heat-killed Aeromonas hydrophila, a common gram
negative bacteria, exhibited Tbs 3.3±1.3o C higher on day 1 and 3.5±2.1o C higher on
day 2. In contrast, alligators injected with gram positive Staphylococcus aureus and
saline- injected alligators did not exhibit a febrile response. Alligators that were
injected with bacterial lipopolysaccharide and maintained in a constant temperature
environment did not exhibit elevated internal body temperatures, relative to control
animals. These data suggest that the mechanism of the febrile response is behavioral
in nature, as has been described for other reptiles.
-----
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Effects Of Bacterial Lipopolysachharide On Peripheral Leukocytes
In The American Alligator (Alligator mississippiensis)
M. Merchant1* , K. Mills 1 , S. Williams 1, F. Kleckley1, A. Sims 1, R. Elsey2 ,
and J. Bushnell3
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Department of Chemistry, McNeese State University, Box 90455,
Lake Charles, LA 70609, USA.
2
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Grand Chenier, Louisiana 70643, USA
3
Dept. of Biological and Environmental Sciences, McNeese State University, Lake
Charles, LA 70609, USA.

Alligators were injected intraperitoneally with four different doses (10, 1.0, 0.1, and
0.01 mg/kg body weight) of a mixture of bacterial lipopolysaccharides (LPS) derived
from three different types of bacteria (Escherecia coli, Pseudomonas aeruginosa, and
Klebsiella pneumoniae). Injection of the alligators with the LPS mixture resulted in a
dose- and time-dependent increase in total peripheral leukocytes. Lymphocytes
increased at days 3 and 4 post-injection, and decreased back to baseline levels at day
7 for all doses. Alligators that were not treated, and those injected with pyrogen- free
saline, did not exhibit statistically significant changes in total leukocytes during the
course of the study. Injection of alligators with 0.5 mg LPS/kg body weight derived
from one of three bacterial species revealed that the leukocyte increases observed
were not statistically different for all three types of LPS. The animals displayed the
same increases in total counts and the levels of all circulating leukocyte types were
not different between animals treated with a combination of LPS from all three
bacterial species.
-----

Wound Healing In The American Alligator
(Alligator mississippiensis)
Mark Merchant*1, Mary Hiatt1 , Connie Kersten2 , Paige Sanders 1,
and Jessica Dronette 1
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2
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Captive juvenile alligators were wounded using 4 mm punch biopsy tools. The
wounded tissues were excised, using 8 mm punch biopsy tools, at 1, 2, 3, 7, 14, 28,
42, and 56 days after the original wounds were inflicted.
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Histological examination of these alligator tissues revealed heavy fibrin depositio n in
the wound at days 1-3. In addition, unlike mammalian wounds where collagen
synthesis does not occur until after the 5-7 day lag phase, collagen was present after
only 1 day, and heavy collagen accumulation was evident by day 2. During the first
two weeks collagen was deposited throughout the wound while leukocytes infiltrated
the tissue. There was also an increased blood supply to these areas. Fibrin
degradation occurred after day 14, and collagen resorption was apparent after day 7.
By day 56, most of the tissue has healed and there is little fibrin and collagen present.
The new tissue in the wound site was not distinguishable from the unwounded control
tissue. These data show that the onset of wound healing occurs earlier than that seen
in mammalian systems.
-----

Genetic Characterization Of Caiman latirostris Populations In
Santa Fe, Argentina, Applying RAPD And Isozymes Techniques.
Patricia Amavet¹ ², Esteban Rosso¹, Rosa Markariani¹, Gisela Poletta² and Alejandro
Larriera².
¹Universidad Nacional del Litoral, Ciudad Universitaria, Paraje El Pozo S/N, 3000,
Santa Fe, Argentina
(pamavet@fhuc.unl.edu.ar);
²Proyecto Yacaré, Aristóbulo del Valle 8700, 3000, Santa Fe, Argentina
(pamavet@arnet.com.ar).

Results of a genetic population analysis of C. latirostris performed in Santa Fe
(Argentina), using RAPD and isozymes techniques, are described. Blood and tissues
samples of 41 individuals from 4 populations of Santa Fe province were obtained and
10 animals from Formosa province were used as a control.
DNA samples were amplified with 8 RAPD-primers, and PCR products were
visualized on polyacrylamide gels. 233 RAPD markers were used to analyze genetic
variability and population structure by presence-absence of bands. Results showed
mid to low genetic diversity values, a high value of population differentiation (FST=
0.327± 0.283 SD), and an effective migration rate of Nm = 0.5. These data indicate
that an important structure exists in all populations, with a scarce genetic flow
between them, which suggests that each one has a similar behavior to a demo with its
own characteristics. The analysis of genetic distances showed that genetic differences
are in relation to geographic distances due to the high similarity found between
nearby populations.
Up to the moment, 4 isozymes systems were analyzed, and all of them showed a
heterozygosity value of 0 in the populations, in agreement with previous studies.
-----
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Developmental Toxicity Of The Hebicide Glyphosate (Roundup®) In
Caiman latirostris Embryos.
Poletta, Gisela. 1, 2 ; Marta D. Mudry3 ; Elisa Kleinsorge 2 and Alejandro Larriera1 .
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Proyecto Yacaré, A. del Valle 8700, 3000, Santa Fe, Argentina
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2
Universidad Nacional del Litoral, Ciudad Universitaria, Paraje El Pozo S/N, 3000,
Santa Fe, Argentina;
3
Universidad de Buenos Aires, Ciudad Universitaria, 1428, Capital Federal, Buenos
Aires, Argentina.

Glyphosate (N-Phosphonomethyl glycine) is the active ingredient of Roundup®, a
broad spectrum, non-selective herbicide widely used in agriculture to control weeds
in soya plantations and others crops. The relative low toxicity of the active ingredient
glyphosate increases in the formulation Ro undup® due to addition of surfactants.
In Santa Fe province, Argentina, some areas of the broad-snouted caiman (Caiman
latirostris) habitat are near to agricultural zones were agrochemicals such as
Roundup® are being used increasingly. Therefore, it was necessary to evaluate the
potential contamination risk to which the specie is environmentally exposed.
Reptiles have been used in several studies as biological monitors of chemical agents
contamination. The assessment of toxicological effects in embryonic development is
a bioindicator of ecological risk that permits the analysis of possible consequences in
subsequent stages of the animal life. The aim of this study was to evaluate the
potential developmental toxicity of sublethal dosis of Roundup® in embryonic
development of C. latirostris. We exposed 100 embryos to different concentrations of
Roundup® at early embryonic stage and after hatching we examined morphological
endpoints and evaluate genotoxic effects aplying two assays: the Micronucleus test
and the Comet assay.
-----

Does Time Spent In The Harvest Containers Affect
Caiman latirostris Egg Hatchability?
Piña, C.I.1, 2, 3 , Simoncini, M.1, 2 , P. Siroski1 and A. Larriera1
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España, (3105) Diamante, Entre Ríos. Argentina. E-mails: cidcarlos@infoaire.com.ar
3
Present address: Laboratório de Ecologia Animal / LEA / Universidade de São Paulo.
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Abstract: In an attempt to improve egg-harvesting efficiency, we tested whether
harvested eggs could be left for longer periods of time within containers without
reducing hatching success. We maintained C. latirostris eggs collected by ‘gauchos’
within the harvest containers in the gaucho’s houses for different time periods (<1
day, 2-7 days and more than a week), simulating the same procedures as if we were
harvesting the eggs commercially.
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We found no effect of time on hatching success. This result means that gauchos
involved in the program can harvest eggs on their first visit to the nest, and hold them
in containers until they can be sent to the incubation facilities, thus reducing the
chances of losing eggs through predation or flooding.
-----

The Temperature-Sensitive Period (TSP) During Incubation
Of Broad-Snouted Caiman (Caiman Latirostris) Eggs
Carlos I. Piña 1, 2, 3 , Pablo Siroski 1 , Alejandro Larriera 1 , Valentine Lance 4
and Luciano M. Verdade 3
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Abstract: All crocodiles studied to date exhibit temperature-dependent sex
determination. During the many weeks from egg laying to hatch there is a period of
10 to 15 d in the middle third of incubation (in the American alligator) during which
the sex of the embryo is irreversibly fixed, referred to as the temperature-sensitive
period or TSP. In this work we investigated the TSP in Caiman latirostris eggs
incubated at female- inducing and male- inducing temperatures (29°C and 33°C
respectively) by switching eggs from 29° to 33°C and vice versa at timed interval
throughout incubation. Compared to Alligator mississippiensis the duration of the
TSP was longer, and the onset of the TSP was at an earlier stage of incubation.
of Broad-snouted Caiman (Caiman latirostris) Eggs.
-----

Caiman Latirostris Hatchlings: A Genital Morphology
Characterization
Noelia Nuñez Otaño 1 – Alba Imhof 1-2 – Alejandro Larriera 1-2
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Santa Fe –Argentina
(yacare@arnet.com.ar)

Abstract: The goal of this research was to charactrize the genitalia of hatchlings
Caiman latirostris. We incubated fertile eggs (n=78) at constant temperatures of 30
and 33C, in order to obtain females and males respectively.

368

We measured (n 19) snout-vent length, total length and weigthed the animals.
The observations were made up with a Lupa Nikon SMZ-10. Gonads and external
genitalia were photographed with an Olympus camera C-5000 and then the images
were processed in IMAGE PRO-PLUS 4.5.0.29.
We measured three variables on clitero-penis: total length, vertical width and head
width. Also calculated CTP volume and transversal area of the clitero-penis tip in
AUTOCAD 7.0. Analysis doesn't show, at this moment, morphological differences in
the genitalia of hatchlings between males and females of C. latirostris.
-----

Classification And Comparison Of Juvenile Vocalizations
Of Caiman Latirostris
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For the study of the hatching calls, originating eggs of 14 nests collected in the
province of Santa Fe were used during the summer period 2002/03 from the ranching
activities of the Proyecto Yacaré. Registries were taken from the vocalizations of
hatchings during a sufficient time interval like registering the vocalizations that took
place at the time of the hatching.
For the study of the annoyance, distress and contact calls were used animals of three
different ages: new born (peri- natal period), of 8 and 20 months.
Using a personal computer and appropriate software came to the analysis and
selection from the acoustic signals the obtaining from oscillogram, frequency
spectrum and sonogram allowed the detailed characterization of the structures and
acoustic properties of the hatching, annoyance, distress, and contact calls.
Variations in the structures and acoustic properties of the annoyance, distress and
contact calls in relation to the age of the individuals appeared. The structures and
acoustic properties of the hatching calls were highly variable between vocalizations
of different nests. In individuals of 8 and 20 months of age, two different types of
distress calls and contact calls were identified. The acoustic properties showed
different variation patterns, depending on the type of call.
-----
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Photoperiod Effect On The Growth Rate Of Caiman latirostris
(Daudin, 1802) Under Experinmental Conditions
(Crocodylia: Alligatoridae)
Guillermo Príncipe 1, Alba Imhof 1-2 and Alejandro Larriera1-2
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We reared 72 hatchlings of Caiman latirostris, coming from three different nests
randomly distributed, under three different artificial lighting conditions: 12L:12D,
24L:0D y 0L:24D, during 60 days. We recorded the initial weight, the SVL, and the
TL and we calculated the Specific Growth Index. We did the statistical analysis with
ANOVA by mean of a factorial design of two factors: photoperiod and nest. We
observed significant differences on the growth in relation with the nest of origin, but
we did not find any differences considering the photoperiod treatment, neither on the
interaction of the nest and the photoperiod.
-----

Caiman yacare And Caiman latirostris Ranching Program In
Formosa, Argentina.
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The north of Argentina is known to have still many places that have not been
modified by human activities. The boost to programs of natural resources
management contributes to the preservation of these ecosystems under the same
conditions.
Since 2002, C. yacare and C. latirostris management program based on ranching
technique is being developed in the province of Formosa. Before to start the annual
harvests, population studies are carried out to evaluate the impact of the program. The
continuous increase of harvested eggs along these years has produced an income to
the regional economies. This is one of the best choices for habitat conservation, as
well as for the well-being of its inhabitants.
At the moment, a growing production volume is being reached, with a harvest of eggs
of about 40,000 a year. For that purpose, a slaughtering house has been built
fulfilling the sanitary requirements of the European Union for the commercial use of
the meat also.
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Infestation Of Caiman latirostris Nests By Red Fire Ants
(Solenopsis invicta)
María V. Parachú Marcó 1, 2 , Carlos I. Piña
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Laboratório de Ecologia Animal / LEA / Universidade de São Paulo. Caixa Postal 09,
Piracicaba, SP 13418-900. Brazil.

Abstract: Solenopsis invicta (RFA) reproduces during the warm months of the year,
like most of reptiles do. RFA use alligators (in USA) and caiman nests (in Argentina)
to establish new colonies. In Argentina, this topic did not call the attention of
researchers previously. Our study was focused in the analysis of the percentage of
Caiman latirostris nests infected by S. invicta under natural conditions in three
nesting habitats: floating vegetation, savanna, and forest. During last caiman’s nesting
season (Dec. 2005 – Feb. 2006), we registered the presence of RFA in caiman nests.
We also searched for ant’s nests in the same places using quadrants. Data were
analyzed by a Chi square test in order to know if RFA infection in the caiman nests
was independent of habitats sampled. The amount of RFA´s nests in the habitats was
analyzed by ANOVA where habitat type and place were the grouping variables.
There were no differences in the amount of ant’s nests between habitats. Our data
showed that RFA’s nests are equally represented in the habitats. On the other hand,
the higher rate of infection in the floating vegetation habitat could be the result of
weather conditions; repetition of this study could answer this issue.
-----
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Abstract: Ambient conditions during incubation affect development and survivorship
of reptilian embryos. In crocodilians, incubation temperature has a profound effect on
incubation period, development rate and hatchling sex. It has been suggested that sex
determination is more related to embryonic development rate than incubation
temperature per se. Yet little is known about the effect of the gaseous environment on
these parameters. Here we evaluated the effects of hypoxia on Caiman latirostris
embryos.
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We incubated 53 C. latirostris eggs at either of two temperature treatments (31ºC and
33ºC, producing 100% females and 100% males, respectively) and two O2
concentrations (10% and 21%), in a factorial design. To evaluate differences in
development among treatments, we opened eggs on days 28 and 42 of incubation
(beginning and the end of the thermosensitive period). Incubation under hypoxia
tended to reduce embryonic grow rates and survivorship, and increase the incubation
period. No hatchlings were produced at 33ºC with low O2 treatments, and hatching
success at 31ºC with low O2 concentration was reduced relative to that at normal O2
levels.
-----

Caiman latirostris Ranching Program In Santa Fe, Argentina:
PROYECTO YACARÉ (CONVENIO M IN. PROD./MUPCN )
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Abstract: The numerous benefits obtained from the application of ranching programs
in crocodilians have been described many times. The mainstay of these programs are
its econo mic, social and environmental contributions. The most tangible results are
evidenced in the progressive increase in the number of nests identified as
consequence of more local residents involved in the program.
Proyecto Yacaré began in 1990 with the aim of monitoring and recovering C.
latirostris population in Santa Fe, Argentina by means of the already mentioned
management program. This way, C. latirostris transfer to Appendix II of CITES was
achieved in this country. The release of more than 20.000 animals to its natural
habitat - which makes it easier to observe liberated females that are in the
reproductive stage-. And finally, the production of skin and meat for the domestic and
international trade. The average egg harvest is of 10.000 eggs. All these achievements
and the number of scientific papers place Proyecto Yacaré as a model enterprise of
management and conservation worldwide.
-----

372

Water Salinity Levels And Its Effect On
Caiman latirostris Growth
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In this experiment, we have evaluated the effect of three different salinity levels on
the growth of 54 Caiman latirostris hatchlings. We randomly distributed the animals
coming from four different nests, and reared them during a period of 135 days. The
concentrations we used were 0 ppt., 3,5 ppt. and 7 ppt. of marine salt. All the
treatments were kept under similar conditions of captivity (density, temperature and
feeding), except salinity. We collected data on weight, SVL and LT. We found
differences on growth and fitness, but not in the survivorship between treatments.
-----

It Is Possible To Recover The Slow Grower Caïmans
In A Farming System
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In all crocodilian farming facilities, a number of animals show soon after hatch, to be
“slow growers” or “dwarf”. During the rearing period of 2005, we taked 24 of these
slow grower Caiman latirostris from the Proyecto Yacaré facilities. We transferred
the animals from the 16 square meters pens for 300 caymans, to a plastic containers
of 0,2 square meter. We reared the animals during 142 days, with the only difference
of the full access to the food. We also used 18 “normal growers” as controls of the
experiment.
At the beginnin, the slow growers (three month old at that time), were significatively
smaller than the average for the specie at hatch moment. At the end, the slow grower
caymans showed a daily increase of weight of 1,94 grams, compared with the
controls, that showed a daily increase of weigth of 1,86 grams. The Specific Growth
Index was of 0,59 for the slow growers, and 0,39 for the controls. On the other hand,
the survivorship was of 71% for slow growers, and 100% for controls.
-----
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1. Introduction
Corrientes is undergoing a period of vast agricultural development. This entails an
impend ing destruction of natural ecosystems if their sustainability is not regulated.
With the aim to curb this process, a management plan based on the ranching
technique was designed. By means of it, caiman resource is used in a sustainable way
through a conservation strategy. So much so, that Yacaré Porá ranching program was
put into practice in this province in 2004.
The reintroduction of captivereared animals to the wild appears
as a biologically and economically
feasible tool to increase the size of
populations.
Local inhabitants’ commitment
with this project it is evidenced in
1
the duplication of the eggs
harvested during the last two years.
3
In turn, the beginning of the
marketing stage is foreseen before
the end of 2006.

2

Fig. 1. Maps of Corrientes Province, and
work areas.

1.1 Location
Yacare Porá facilities are located in Ituzaingo, Corrientes, 230 km. away from this
province’s capital.
1.2. Surveys
Population monitoring is carried out each year to evaluate how the program impacts
on natural habitat.
1.3. Working area
Three work areas have been established: Area 1, Area 2 and Area 3 (see map below).
Each area is given a name that may coincide with some representative place of that
area.
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1.4. Harvest
Harvest begins early in December starting from the data that obtained from local
inhabitants who inform about existence of eggs in the nests. The groups in charge of
the harvest are formed by local inhabitants accompanied by properly qualified
company staff who will transfer the eggs to the artificial incubator. In some cases and
under certain conditions, harvest teams are formed in neighboring places to the areas
where the nests will be removed. This is carried out mainly in very extensive areas
such as areas belonging to the State. The best moment to harvest is early or late in
incubation. It is very important that harvest takes place as early as possible. This
way, it is unlikely to lose the nest (fires, flooding, predation, etc.).
1.5. Incubation
During the whole period of incubation, incubator’s temperature and humidity data is
controlled and recorded for later evaluation.
1.6. Hatch
Immediately after their birth, animals’ caudal verticals are marked with a combination
of cuts in their caudal verticils to identify nests; and a numbered metallic tag is set to
allow each individual's monitoring. This has important advantages since it allows us
to obtain individual data and nests projections. This way, projections will be very
useful to determine different variables. Then, animals are put in pools – species are
not mixed- which will have a density of about 10/12 animals by m2 . Pools are adapted
with a heating system for animals to have a greater grow in less time. At the end of
each year, releases are carried out according to species and what has been harvested
in each area.
1.7. Release
Once cold months are over, animals are set free. These animals, which were not
subjected to any particular treatment, are bigger than animals in the wild. The fact
that they are bigger allows them to face challenges which animals from the wild will
not overcome.
1.8. Trade
Up to now, there has not been any transaction – leather and meat- because animals are
not big enough. Transactions are foreseen to begin in August. For this purpose,
facilities are being built based on the requirements of the organisms in charge of
controlling the implementation of standards regarding slaughtering.

2. Results and discussion
In some aspects, results were surprising. Above all in harvest places where one
species or another was thought to have predominance, or else, there was no evidence
of some of the species at all. Results of harvested nests per area were (fig. 2):
Area 1 -Virasoro - : At the beginning of the program, it was thought that it could be
an important harvest area. It has very interesting places for the development of
caiman populations and some physiognomic aspects which C. latirostris prefers. This
area in particular has undergone a very important agricultural growth, which has
outstandingly modified its habitat. This suggests that important caiman populations
that used to be in this area have disappeared.
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Harvests were low, but harvested eggs belong to the species previously mentioned.

C. yacare

C. latirostris

250
200
150
100
50
0
2004/5

2005/6

2004/5

2005/6

2004/5

2005/6

Fig. 2. Nests harvested by different year and zones.
Area 2. -Beron de Astrada- : This area was where bigger quantity of nests was
identified. The amount C. yacare born hatchlings coincides with what was known up
to now. This is a traditionally well-known area as being preferred by C. yacare. It was
also remarkable the amount of C. latirostris harvested eggs.
120%

Fig. 3. Hatching average by years and

100%

work areas.

80%
60%

2004/5

Area 3 - Alvear -: It has all the
characteristics that coincide with
20%
what broad snouted caiman
0%
prefers. In spite of this, C. yacare
Zona 1
Zona 2
Zona 3
nests were harvested. This
suggests
that
regional
characteristics are not determinant of one species or other, except for area 1 where
only C. latirostris eggs were harvested. Generally, the comparison between harvested
nests during the two years doubles, except for area 1, where habitat loss is evidently
increasing. Lastly, the proportion among species of the harvested nests stays the
same in 2004 as well as 2005.
2005/6

40%

A difference between the first and second harvest year can be observed if we compare
the number of hatch eggs in relation to harvested nests (fig.3). The drop in birth
average in area 1 may be due to several days of rain -200 mm3 - during December.
Great number of nests stayed underwater and harvest was delayed because roads were
impassable. The drop birth average is reflected in every area. One of the reasons
could be the bigger amount of nests found with respect to the previous year, which
causes a complete disorder. From the sustainable point of view of the program this is
very encouraging, since the number of people involved in the harvest is larger. As we
have already said, the impact is really verified in regional economy and the protection
of natural habitats.
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Fig. 4. Identification and eggs collection by different work
So much so that this effect was evaluated by incorporating local inhabitants in the
identification of nests and the harvest of the eggs between the two years and different
areas.
The variables evaluated between the 2 years harvest were (fig. 4): identification of the
nest and harvest of the eggs by the staff of Yacaré Porá (ID and CP), identification of
the nest by local inhabitants and harvest of the eggs by the staff of Yacaré Porá (IDT
and CP) and lastly, identification and harvests by the local inhabitants (ID and CT).
The result of the program in harvest areas has generated a great participation on the
part of local inhabitants. If we take a look at the total of harvested nests, the largest
quantity was that of ID and CT. It is also established that this situation had not been
observed in the first year of harvest. The harvest of eggs by the staff of Yacare Pora
was very important if we keep in mind that one of the major factors in embriological
death in egg management programs is the movement of eggs. This, simply, is a fact
that demonstrates how fast local residents learned to mark, harvest and transfer the
eggs. Moreover, local inhabitants were taught to measure some variables related with
the nest and the habitat where the nest was identified. All these data are being
processed to elaborate a geographic information system based on the data obtained
from the Yacare Pora program areas. The purpose is cover all over Corrientes.
The participation of local inhabitants in technical-scientific programs contributes to
the alimentary autonomy of these local communities.
Regarding release and taking into account that it has only been a year of work, 700
animals approximately (420 C. latirostris and 280 C. yacare) have been given back
into the wild. This decision was made based on population differences that can be
easily observed. C. yacare is more abundant than C.latirostris. This is opposed to the
number of C. latirostris harvested nests but it is shown in search intensity.
Frequently, it is more difficult to find their nests due to the places they choose to live
and to nest.
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Besides, the demands of the search are balanced when leather is trade, since it is more
expensive.
Some implications
Wetland natural resources are necessary for the development of numerous activities
such as fishing, forestation, the use of the wild fauna, etc. In spite of this, wetlands
have been classified as unproductive lands that should be drained. This conception is
changing towards sustainable use, which will allow the recovery of some
socioeconomic aspects of the area. This program maintains this principle as one of the
most important factors that will allow us to refer to these wetlands as an alternative of
conservationist production.

-----

Antibacterial Activity Of Caiman Latirostris Serum
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The demand for the discovery of anti- microbial drugs leads to the testing of
thousands of molecules coming from natural sources and from chemical
modifications of natural compounds. Taking into account the many ways in which
microorganisms penetrate and with no pathological signs, we may possibly think that
they have a well developed immune system that provides them a quick and effective
defense line. Several studies have been carried out in vitro and in vivo to detect the
anti- microbial activity of some tissues belonging to different organs and the serum of
some crocodilians species. This work tries to compare the antibacterial activity of
Caiman latirostris serum and that of human being and also the serum of chicken as
compared to a Escherichia coli stump. (ATCC 11105).
-----
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Sex-Specific Recombination In Crocodylus porosus: A Species With
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Abstract: The first evidence of genetic linkage and sex-specific recombination in the
order Crocodylia is reported. This study was conducted using a resource pedigree of
saltwater crocodiles consisting of 16 known-breeding pairs (32 adults) and 101
juveniles. A total of 21 microsatellite loci were available for analysis. Ten of the 21
loci showed linkage with four linkage groups: three pair-wise (Cj131/Cj127,
CUD68/Cj101 and Cj107/Cp10) and one four- locus (Cj122, CUD78, Cj16 and
Cj104) being found. Linkage analysis on the 21 loci revealed evidence of sex-specific
differences in recombination rates. All seven non- zero inter- locus intervals were
longer in females than males, with the four-loci linkage group 3-fold longer in the
female than the male (41.63 cM and 14.1 cM, respectively). This is the first report of
sex-specific recombination rates in a species that exhibits temperature-dependent sex
determination (TSD).

1. Introduction
Haldane’s (1922) law states that genetic recombination is lower in the heterogametic
sex. Genetic maps from many species have been consistent with Haldane’s (1922)
prediction, but there are sufficient exceptions at the species (for example, sheep and
the tammar wallaby) and chromosomal level to seriously question its general validity.
All crocodilians, like some species of turtles and lizards, have temperature-dependent
sex determination. An incubation temperature of 32o C in the saltwater crocodile
produces mostly males, whilst a 1o C deviation decreases markedly the proportion of
males produced. Therefore, it was expected that no sex-specific recombination would
be discovered in C. porosus. However, we report the first evidence of genetic linkage
and sex-specific recombination in the order Crocodylia. This study was conducted
using a resource pedigree of saltwater crocodiles consisting of 16 known-breeding
pairs (32 adults) and 101 juveniles. A total of 21 microsatellite loci were available for
analysis. Ten loci showed linkage consisting of four linkage groups: three pair-wise
(Cj131/Cj127, CUD68/Cj101 and Cj107/Cp10) and one four- locus (Cj122, CUD78,
Cj16 and Cj104) linkage group. Conducting a sex-specific linkage analysis on the 21
loci revealed evidence of sex-specific recombination. All seven inter- locus intervals
were longer in females than males, with the four-loci linkage group 3- fold longer in
the female than the male (41.63 cM and 14.1 cM, respectively). The higher frequency
of recombination in female crocodiles suggests that some aspects of the timing,
duration or other biological features of female meiosis are responsible for the
observed increase in recombination. Clearly sex chromosomes and genetic sex
determination have nothing to do with it.
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2. Methods and materials
139 individuals were sampled from Janamba Croc Farm (Northern Territory,
Australia), consisting of 32 parents with an average of 6.7 offspring per family.
Parents were wild-harvested and nothing was known about their relatedness. Parents
were housed in unitised breeding pens, as known-breeding pairs, where mating errors
could be excluded. Offspring were sampled at various opportunities and the clutch-oforigin was identified using clutch-specific scute cuts. Correct pedigree had previously
been determined by Isberg et al. (2004).
Twenty previously developed microsatellites (FitzSimmons et al. 2001) were
evaluated for polymorphism using PCR, and both an ABI 373 and ABI 3700
sequencer. CRI-MAP (Green et al. 1990) was used to detect evidence of linkage
between all of the microsatellites tested.

3. Results and discussion
Using the 21 microsatellite markers, we found four linkage groups. Three were pairwise linkages (Cj127 and Cj131; Cj101 and CUD68; Cj107 and Cp10), whilst the
fourth linkage group consisted of four markers (Cj16, Cj104, Cj122 and CUD78;
Table 1). These are the first reported genetic linkage groups in any reptile. In all cases
involving non-zero recombination, the recombination rate is higher in females and for
all four linkage groups, a sex-specific model of recombination fits the data
significantly better than a model assuming equal recombination in males and females.

Table 1. The four linkage groups identified using 21 crocodile microsatellite markers. The
recombination fractions (r) and LOD scores are presented for sex-averaged, male and female maps.

Cj127
Cj101
Cj107
Cj16
Cj16
Cj122
Cj104

Cj131
CUD68
Cp10
Cj122
CUD78
CUD78
CUD78

Sex-averaged

Female Male

r
0.19
0.06
0.14
0.00
0.10
0.00
0.12

r
0.25
0.16
0.22
0.00
0.15
0.00
0.25

LOD
6.97
8.78
3.29
7.53
8.09
3.31
6.52

r
0.09
0.00
0.00
0.00
0.06
0.00
0.03

Sexspecific
LOD
8.24
10.58
4.76
7.53
8.76
3.31
7.75

Genetic maps from many species have been consistent with Haldane’s (1922)
prediction, but there are sufficient exceptions at the level of species (for example,
sheep and the tammar wallaby) and individual chromosomes to seriously question its
general validity (Moran and James 2005). All crocodilians, like some species of
turtles and lizards, have temperature-dependent sex determination (Sarre et al. 2004).
An incubation temperature of 32o C in the saltwater crocodile produces 86% males,
whilst a 1o C deviation decreases markedly the proportion of males produced (16% at
31o C and 17% at 33o C; Lang and Andrews 1994).
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The higher frequency of female recombination in crocodiles suggests that it is some
aspect of the timing, duration or other biological features of female meiosis that is
responsible for the general tendency for elevated female recombination and shows
clearly that sex chromosomes and genetic sex determination have nothing to do with
it.
These linkage groups are the first to be reported in crocodilians. With the eventual
addition of more markers, this map can be extended to assist with MAS (Miles et al.
2006).
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1. Introduction
Traditionally, genetic improvement programs have selected animals based on the
measurable (phenotypic) performance of an individual and its relatives for
economically important traits (reproduction, growth rates, survival, etc.). In general,
this selection is undertaken with little or no knowledge of what is occurring at the
DNA level. To bridge this gap, quantitative trait loci (QTL) studies are being
conducted in many livestock industries and enable genotypic data to be incorporated
into the selection process. The eventual aim is to select animals more efficiently aided
by marker assisted selection (MAS) and increase the rate of genetic gain.
In order to develop a MAS program, we require a high resolution genetic linkage
map. The first evidence of microsatellite linkage in the order Crocodylia was
presented by Isberg et al. (2006). However, this map consisted of only 21
microsatellite markers. We report the development of an additional 600 microsatellite
markers for the construction of the first dense genetic linkage map, and for future
QTL mapping in the saltwater crocodile.

2. Constructing the first Dense Genetic Linkage Map for C. porosus
Constructing high-density genetic maps requires many polymorphic markers spaced
evenly across the genome. After these markers have been evaluated on a resource
pedigree, linkage analyses are performed to identify markers that are genetically
linked together (in close proximity on a chromosome). Figure 1 illustrates the process
of microsatellite marker development and linkage map construction.
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Figure 1. A flow chart of microsatellite marker development. Once the microsatellites are genotyped
on our resource pedigree, a linkage map can be constructed

3. Genetic Linkage Maps
Linkage maps provide a true picture of the order of genes along a chromosome
(Figure 2). Genes located on the same chromosome are physically linked. The term
linkage refers to the tendency of two or more genes (or markers) on the same
chromosome to be inherited together. The closer the two genes (or markers) are on
the chromosome, the higher their probability of being inherited together. Markers
tightly linked to QTLs or genes of economic importance can be utilised to detect the
presence or absence of desirable genes in individuals for selection. This is known as
Marker Assisted Selection (MAS).

Chromosome

QTL

Linkage

Figure 2. Illustrative example of genetic linkage between a marker and Quantitative Trait Loci (QTL)
and associated linkage group.

The Applications – Quantitative Trait Loci (QTL) Mapping and Marker Assisted
Selection (MAS)
A QTL is a region of DNA associated with a particular trait (e.g., growth rate).
Though not necessarily genes themselves, QTLs are stretches of DNA that are closely
linked to the genes underlying particular traits. A single phenotypic trait is often
controlled by multiple genes. Consequently, many QTLs can be associated with a
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single trait. QTL studies are useful for ident ifying candidate genes for economically
important traits and are being conducted in most livestock industries with the
eventual aim to select animals more efficiently aided by MAS. MAS is a valuable
adjunct to performance based selection since:
1.) Favourable alleles for economically important traits can be introduced into
commercial populations from exotic stocks using Marker Assisted Introgression
(MAI),
2.) Markers linked to QTL can improve selection accuracy by incorporating marker
information into the estimation of breeding values, and,
3.) Marker information can increase selection intensity and reduce generation interval
for traits difficult to measure or which are expressed late in life since genotyping can
be achieved from day of hatch. This is especially important in a species whose
generation interval is estimated at 13 years.
Before such selection tools can be developed for the industry, a comprehensive
genetic map must first be constructed, and we have completed the first major step in
this process.
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A Strategy For Managing Crocodiles In The Greater St Lucia
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Abstract: It has been recognised that within the context of maintaining the Greater St
Lucia Wetland Park World Heritage Site as a healthy ecosystem, specific management
actions are required for the needs of species such as Elephant, Rhino, Tsessebbe, Wild
dog and the Nile crocodile (Crocodylus niloticus).
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The conservation vision for C. niloticus is to maintain and restore viable crocodile
populations as an integral part of all the waterbodies within the Park. C. niloticus is
the largest predator of the Park’s estuarine and freshwater habitats and plays an
important ecological role. The Park includes the largest population in a single
waterbody in South Africa (Lake St Lucia) and hosts one of the three remaining viable
populations in the county.
Important management actions includ e the following: the maintenance and restoration
of sufficient habitat to allow viable populations, conducting surveys for crocodiles
and nests in all major waterbodies, protecting crocodile nesting and basking sites
from disturbance, excluding cattle from breeding sites during the nesting season,
preventing crocodile killings and the destruction of nesting sites, minimising negative
interactions between crocodiles and local communities through the construction of
“safe areas” for lake users and livestock, implementing awareness and educational
programmes and removing potential problem crocodiles, minimising conflict between
crocodiles and tourists through prominent signage, pamphlets and the capturing of
potential problem animals, investigating methods to enhance the value of crocodiles
to neighbouring communities and implementing a programme where communities
receive benefits from living with crocodiles.
All management actions are
underpinned by scientific research.
This management strategy is directed to ensuring the long-term conservation of C.
niloticus and their habitats in the Greater St Lucia Wetland Park World Heritage Site
in partnership with neighbouring communities, who are fundamental to the success of
this programme.
-----

Two New Diseases: Chlamydiosis In C. porosus And Atypical Pox
In C. niloticus.
F.W. Huchzermeyer1 , E. Langelet2 , D. B. Wallace 3, J. F. Putterill3 and G. H. Gerdes 3
1
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South Africa

1. Chlamydiosis
Outbreaks of chlamydiosis have previously been reported in farmed Nile crocodiles
in Southern Africa, either in the form of acute hepatitis or as chronic conjunctivitis
(Huchzermeyer et al. 1994). In 2003 and 2004 very high mortality occurred in young
Indo-Pacific crocodiles on a farm in Papua New Guinea (Fig. 1). During an
investigation carried out in December 2004, 102 postmortem examinations were
performed. Most of the examined crocodiles suffered jointly from conjunctivitis and
an acute hepatitis (Fig. 2) associated with splenomegaly and swollen pharyngeal
tonsils. Histopathological examination of liver specimens from these cases showed
the presence of chlamydial colonies in the hepatocytes (Fig. 3).
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After the introduction of strict hygienic measures together with a treatment with
tetracycline, the mortality rapidly declined to the level of preceding years (Fig. 1).

2. Atypical pox
The literature on crocodile pox virus outbreaks in crocodiles and caimans has been
reviewed by Huchzermeyer (2003). Winter sores in farmed Nile crocodiles (Fig. 4)
were reported by Huchzermeyer (1996). Small pithole lesions in Nile crocodile skins
were described by Huchzermeyer and Putterill (2004). Gerdes (1991) described the
morphology of the crocodile pox virion. The genome of the crocodile pox virus from
Zimbabwe Nile crocodiles was sequenced by Afonso et al. (2006). A thorough
histopahological investigation of the lesions in the above mentioned conditions
revealed the presence of discrete pox- like formations including inclusion bodies
(Bollinger bodies) (Fig. 5) and a tendency of the affected epidermis cells to form
column which penetrate into the depth of the dermis (Fig. 6). Electonmicroscopical
examination of scrapings from such lesions showed that they contained
morphologically identifiable poxvirus particles (Fig. 7). DNA was extracted from
virions purified from the pithole lesion material. A 550 bp region of the viral genome
was PCR-amplified using the sequence data of a unique region (contained within
open reading frame 19) of the Zimbabwe crocodile pox virus for primer design. The
amplification product was then sequenced (ABI sequencer) and compared with the
Zimbabwe crocodile pox virus genomic sequence and was found to contain one
additional nucleotide and seven substitutions. This virus appears to be responsible for
a range of damaging skin conditions in Nile crocodiles and possibly also in other
crocodilian species.
Strict hygienic measures (cleaning and disinfection of the indoors pens) led to a
drastic reduction of the incidence of the associated lesions and thereby to an
improvement of skin quality.
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Gross Pathology In The Long Bones Of Farmed And Wild Crocodiles .
F.W. Huchzermeyer1 and J.F. Putterill2
1
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Stress-associated bone pathology in Nile crocodiles has been reported by
Huchzermeyer (2002; 2003). Three cases of combined fibrous osteodystrophy,
osteochondrosis and osteoporosis in adult and subadult Crocodylus intermedius and
C. acutus were described by Blanco (1997). A detailed description of the morphology
of the normal humerus does apparently not exist. The present study is based on a
collection of bones from routine postmortem examinations of juvenile and adult
farmed as well as adult wild Nile crocodiles, consisting of 26 humeri, 3 femora, 9
radii and 7 ulnae (Fig. 1) which were obtained by removing the soft tissues after
boiling the legs. The humeri ranged in length from 21 to 220 mm.
The long bones consist of a proximal and a distal head and between the two the
hollow shaft, the outer cortex around the inner marrow cavity. In the proximal third of
the cranio- lateral aspect of the humerus is situated the prominent tuberositas
deltoidea (Fig. 2). The area where the shaft joints the proximal and distal heads,
practically always shows signs of active remodeling (Fig. 3). Here severe loss of bone
substance is seen most often (osteoporosis) (Fig. 4). In advanced cases of
osteoporosis there is also a collapse of the surface of the articulation (osteoarthrosis)
(Fig. 5). Occasionally a slight bending of the shaft was seen (Fig. 6) or a slight
rotation around the longitudinal axis (Fig.7). A small group of ulnae and radii showed
a swelling of the shaft together in one case with the collapse of proximal joint surface
(Fig. 8).
Osteoporosis and osteoarthrosis are degenerative processes caused by loss of calcium
during severe and chronic stress. It is believed that increased blood levels of
corticosteroids lead to an excessive excretion of calcium via the urine. This calcium is
taken out of the active remodeling zones of the bone. Bending and rotation of the
shafts could have happened earlier during a phase of nutritional osteomalacia
(Huchzermeyer, 1986). However, no cases of active osteomalacia were seen in the
present study. The swelling of the shaft could have been caused by an inflammation
(osteitis, osteomyelitis). Generally the severity of the degenerative lesions increased
with the size of the bones (age of the animal).
For most of the bones in this study the correspondent leg has been preserved in
formalin for future histopathological study.
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The Gharial Report - India
Janaki Lenin; Romulus Withaker
P.O. Box 21, Chengalpattu 603001, India

Summary: Katerniaghat Wildlife Sanctuary is less than 5 km of gharial habitat in the
State of Uttar Preadesh. Despite being a fragile and vulnerable habitat, sustains the
most significant gharial population outside Chambal River with about 50-60 adults.
Enforcement of wildlife laws is effective with boat patrols every morning and
evening. The threats include illegal fishing, disturbance at basking and nesting sites
by humans and livestock.
Son Gharial Sanctuary is 160 km of gharial habitat in the State of Madhya Pradesh.
Two gharial nests were found in 2006 for the first time in 30 years.
Recommendations for this Sanctuary include no further releases of gharial and
intensive monitoring. Its long term sustainability lies in expanding its limits upto the
State’s border with Uttar Pradesh.
National Chambal River Sanctuary is thought to be the last stronghold of the gharial.
It has been the focus of several decades of gharial conservation and re-stocking
programs. The gharial population suffered a more than 75% crash between 1998 and
2006.
The causes for this decline are: (in order of decreasing severity):
Total lack of enforcement and political will, fishing, agriculture, sand mining, water
extraction, turtle poaching and banditry & harassment of enforcement personnel.
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Conservation Action Needed to get Gharial conservation back on track:
1. Focus on 5 countries – India, Nepal, Pakistan, Bangladesh and Bhutan
2. Enforcement and political will
3. Survey habitats in 5 countries
4. Captive rearing facilities to be upgraded in Phuentsholing, Bhutan.
5. Community participation in gharial conservation
6. Alternate livelihood options for poachers in Chambal, Son and Nepal.
7. Education and awareness – for Locals and Outsiders.
8. Enforcement of fishing and turtle poaching ban will stem the mortality rate.
9. Assess threats from dams and fishing in Nepal.

Workshops reports

CSG Industry Committee Workshop And Pane Discussion
(20 june 2006)
The CSG Industry Committee met in Montelimar with Don Ashley, Y. Takehara, M
Sakamoto, E. Chiesa and T. Kralle present.
The primary focus of discussions were on the importance to pass the California bill to
clearly legalize the sale of alligator and crocodile in that state and avoid confusion of
exporters. (note: The California bill has passed and was signed by the Governor on
September 29 which is effective January 1, 2007). The harmonization of the CITES
Personal Effects Resolution was also discussed as a top priority and the Committee
recognized the adoption by the European Union to harmonize legislation so all 26 EU
member countries accept up to 4 crocodilian products as personal effects.
Discussions continued with Japan to consider ways the Personal Effects Resolution
could be implemented in that country, which committee members felt was important
before retailers worldwide, would widely promote the personal effects exemption.
In general the Industry Committee members felt all efforts to further streamline
CITES permitting and expedite port inspections were important to the business. An
updated CITES ID Manual for use by the trade, Customs and port inspectors
continued as a priority along with support for compliance and enforcement initiatives
that enure the crocodilian trade is legal, sustainable, verifiable and perhaps someday,
certifiable.
Finally the work to enhance conservation education by removing more negative trade
messages and replacing with positive images of sustainable use benefits to people and
wildlife should be a continuing commitment. With world trade in classics reaching
600,000 skins in 2004 and exceeding 1.3 million skins a year including caiman, the
Industry Committee felt it was important to better tell the "Marsh to Market"
conservation success story of crocodilians.
-----
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Veterinary Workshop
(20 june 2006)
Fritz Huchzermeyer

The following delegates were invited to join the group:
Terry Cullen, Sam Seasho le, Manuel Muniz and Maria paz Lopez.
The terms of reference were decided to be:
1 - Reduction of rearing mortality
2 - Improvement of skin quality
3 - Prevention of the spread of contagious diseases
The poxviruses and chlamydiosis were discussed in detail. It was decided to establish
a monitoring network, to inform each other of new outbreaks and other new
developments.
A detailed discussion ensued on the effect of stress on precipitating outbreaks of
disease and in particular of the mechanisms of stress septicaemia.
-----

Skin Quality Workshop
(21 june 2006)
Fritz Huchzermeyer

The workshop was attended by nine delegates. Fritz reported on progress with his
work on the causative agent of a range of skin conditions in several crocodilian
species. The conditions include pit holes, pix, brown spot, winter sores, tail necrosis
and dermatitis on the underside of legs. All have a similar histopathology like the one
proven to be associated with the pit holes in Nile crocodiles. It was decided to cooperate to confirm or otherwise this assumption and to find optimal solutions for the
prevention and treatment of these conditions and also possibly get more work done on
the DNA sequencing of the other crocodile poxviruses.
Further it was determined that the second condition of great concern is wrinkling or
crinkling of the skin. Several hypotheses were put forward and here also it was
decided to co-operate with the collection of data and later with possible laboratory
investigation.
Fritz Huchzermeyer is to collect data and to co-ordinate the work on the above
infectious skin conditions and Sally Isberg to do the same for wrinkling.
-----
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CSG’s Tomistoma Task Force Workshop
(20 june 2006)
Ralf sommerlad

Participants: Oliver Arnoult (Act for Nature, Monaco), Markus Baur (Munich
University, Germany), John Bendon (IUCN/SSC Iguana Specialist Group), Christian
Buchert (DGHT AG Krokodile, Switzerland), Terry Cullen (The Cullen Vivarium
Wildlife Conservancy, USA), Peter Dollinger (WAZA - Director, Switzerland),
Gonza lo Fernandez-Hoyo (Tomistoma ESB-Koordinator, Fungirola Zoo), Bernadett
Lapis (Research Institute for Fisheries, Agriculture and Irrigation, Hungary), Akira
Matsuda (CSG- TTF), Pavel Moucha (General Curator Dvur Kralove Zoo, Czech
Republic), Miroslav Procha zka (private keeper and Tomistoma Foundation, Czech
Republic), Ivan Rehak (Chair EAZA Amphibien/Reptile TAG, Prague Zoo, Czech
Republic), Katarina Rehakova (Prague,, Czech Republic), Uwe Ringelhan (DGHT
AG Krokodile, Germany), Sam Seashole (Alligator Adventure, USA), Boyd Simpson
(CSG-TTF), Ralf Sommerlad (CSG-TTF), Joe Wasilewski (CSG-TTF), Uthen
Youngprapakorn (CSG-TTF).
The workshop was opened with the presentation of a report on activities of the CSG
Tomistoma Task Force over the past few years. This included a summary of fundraising activities and the completion of status surveys in West Kalimantan (2004) and
Central Kalimantan (2005). Priorities for conservation action by CSG-TTF were also
presented.
A very open brainstorming discussion was held regarding future priorities for
conservation action. This included discussions on the need to create sustainable
funding for continuation of the CSG-TTF’s ongoing initiatives.
Some attendants proposed the purchase of large tracts of peat swamp forest in which
Tomistoma still exist for the purpose of creating additional conservation areas. The
participants supported the planning and organization of future surveys by Mark
Bezuijen in Sumatra, as previously undertaken by Wildlife Management
International. These could include follow up surveys of the Merang River and at
Berbak National Park along with surveys considered to be a higher priority by CSGTTF (i.e. the remaining swamp forest in Sumatra where no previous surveys have
been conducted). Status surveys for Peninsular Malaysia were also discussed. Terry
Cullen, who reported that he has visited this region in the past to observe wild
Tomistoma, has offered $USD5000 towards the funding of a survey which would be
conducted by Boyd Simpson. The TTF Chair thanked Terry Cullen for this generous
offer, which was gladly accepted.
Status surveys in Peninsular Malaysia along with the continuation of surveys in
Kalimantan and Sarawak are a high priority for CSG-TTF.
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EAZA-ARTAG Chair Ivan Rehak will propose a campaign for “Endangered
Crocodilians” to the EAZA board. This campaign would include activities conducted
over a period of one year and which would involve every EAZA Institution. These
campaigns are designed to promote awareness and conservation fundraising ha ve
been extremely successful in the past for tigers, turtles, i.e. “Shellshock Campaign,”
and most recently for rhinos. Next year EAZA will have a campaign for promoting
conservation issues regarding the worldwide amphibian crisis. Ralf Sommerlad will
attend the EAZA Meeting in Madrid in October 2006 in order to support Ivan’s
proposal.
Oliver Arnault of Act for Nature (in Monaco) offered support by his organization
which is working closely which the German Organization ZGAP. This offer of
support was gladly accepted as well.
Akira Matsuda will create a listserv to keep the workshop attendants as well as the
“Friends of Tomistoma” and “TTF Partners” informed about news and recent
activities.
The workshop closed with two very interesting presentations about husbandry and
captive breeding of Tomistoma. Gonzalo Fernandez-Hoyo of the Fuengirola Zoo in
Spain reported on the first captive breeding of Tomistoma in Europe. Uthen
Youngprapakorn reported on the annual reproduction of Tomistoma at the Utairatch
Crocodile Farm in Thailand. Uthen currently maintains two large breeding groups of
Tomistoma at Utairatch and another enclosure is now under construction for the
establishment of a third group. Over 700 Tomistoma have been hatched from eggs
laid at this facility. These animals are being reared at Utairatch and they are also
being reared at the Samutprakarn Crocodile Farm and Zoo.
-----

Community-Based Crocodilian Conservation Workshop
(22 june 2006)

1. Introduction
1.1. Top-down approaches towards crocodilian conservation
Several threatened crocodilian species survive in small, fragmented populations in
developing countries where crocodile conservation approaches have, for various
reasons, so far not been very successful in creating possibilities for the protection and
recovery of wild populations. Sustainable use and strict protection have often been
cited as the most effective methods to conserve these crocodilians. Responsibility for,
and decision making authority over, these solutions is generally placed in the hands
of national governments. This centralized approach, often characterized as “top-down
conservation”, has proved its potential in several countries; its pitfalls are also
increasingly becoming clear.
Sustainable use of crocodilians has created benefits from crocodile conservation in
various parts of the world. Sustainable use of wild crocodilians however is only
possible when a species is not severely threatened. Crocodile farming, captive
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breeding and reintroduction schemes have been successful in augmenting captive
populations and the restocking of historical distribution areas but have in some cases
also contributed to a depletion of wild populations, or to problems with hybridization
between species. Moreover, they have in some cases also contributed to a focus on ex
situ crocodilian conservation and taken attention away from in situ conservation.
Captive populations of several threatened crocodilians (eg. A. sinensis, C. siamensis,
C. mindorensis, C. rhombifer) are many times larger than wild populations. Skewed
political, financial and conservation attention for ex situ crocodilian conservation can
perhaps be explained by the problems that in situ conservation pose: (local) public
acceptance, human-crocodilian conflicts, sustainability, and the need for effective law
enforcement.
Protected areas for crocodilians and other species are an effective way to protect wild
populations. In many developing countries, however, protected area management and
environmental law enforcement are seriously hampered by a lack of resources,
capacities, a lack of political will, corruption or societal resistance. The lack of
successes and the continued decline of wild populations have frustrated
(inter)national crocodilian conservation programs in several countries.
1.2. Community-based crocodilian conservation
An alternative or complementary strategy to conserve wild crocodilian populations is
to use community-based approaches, often labeled as “bottom- up conservation”.
Several developing countries (for example Indonesia and the Philippines) are actively
experimenting with the decentralization and devolution of power from central
governments to local governments, or even village counsels. This offers possibilities
for conservationists to work on smaller scales, without the bureaucratic, political and
financial constraints of the national level. Local solutions for local problems can
sometimes be more effective in dealing with contextual threats to crocodilian
populations than national conservation programs.
In developing countries rural communities intensively use and depend on natural
resources, especially freshwater wetlands. Critically endangered crocodilians in
countries like China, Vietnam, Thailand, Indonesia, the Philippines, or Cuba are
threatened by hunt ing (for food, for trade, for crocodile farms, out of fear, or as pest
eradication), unsustainable fishing methods, the disappearance of suitable habitat, and
pollution. Population growth will only aggravate these threats in the near future. Top
down approaches to address these threats are often ineffective as a result of weak
governance.
Centralized management runs the risk of aggravating human-crocodilian conflicts in
rural areas where national government policies often have little impact or are
regarded as unjust or irrelevant by poor rural communities.
Participation of rural communities and local governments in decision making can
create the right conditions for negotiated, generally accepted, legitimate and above all
effective crocodilian conservation efforts. Combined with efforts to create tangible
benefits from crocodilian conservation these might offer an alternative for failing top
down approaches or an addition to supra-local policy frameworks.
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1.3. Issues
There are few documented experiences with community-based crocodilian
conservation. In order to strengthen these alternative approaches it is important to
highlight and document the potentials and difficulties of working with rural
communities. There are several issues that need be resolved:
-

-

-

How to facilitate the functional participation of communities in crocodilian
conservation?
How to make sure there are benefits from crocodilian conservation for local
communities and/or local governments, often in the (current) absence of
possibilities of sustainable use or creating tourism revenue? How to make sure
benefits are equally distributed so they will add to a widespread societal
acceptance of crocodilian conservation?
How to deal with human-crocodile attacks on humans and/or livestock?
How to make community-based crocodilian conservation sustainable on the long
term with the absence of government or continued donor support?
How to make sure local legislation and policies are being implemented and laws
enforced?
How to create better links between ex situ conservation (crocodile farms, zoos)
and in situ conservation and make sure ex situ programs contribute to the
conservation of wild crocodilian populations?
How can education and public awareness campaigns play an important role in
creating local support for crocodilian conservation?
What are the dangers and pitfalls of devolving decision making power and
authority to local governments and communities? Is there a need for more checks
and balances? How to make sure local crocodilian conservation activities fit in
national and regional strategies?

We identified four main questions for the workshop that cover these issues:
1. How to mobilize community support for and community participation in
crocodile conservation? (Communication)
2. How to create benefits from and incentives for communities that participate in
crocodile conservation? (Incentives)
3. How to deal with human-crocodile conflicts? (Conflicts)
4. How to deal with governance issues such as institutio nal arrangements,
devolution of power, legitimacy, transparency, accountability and
sustainability? (Governance)

2. Workshop set up
The workshop was announced at the 18th CSG meeting website from April 2006
onwards. A downloadable document was available with the workshop rationale, goals
and set up (edited into the introduction of this report). At the CSG meeting itself the
workshop was advertised several times during paper presentation sessions, especially
during session 7 (Wednesday) which dealt exclusively with community participation
in crocodilian conservation. The workshop was open to anybody, i.e. to participants
with personal experience in the subject but also to those who were interested to learn
or develop ideas for future projects or who were just curious.
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Despite a general lull in activities on Thursday afternoon about 30 people
participated.
After a short general introduction on community-based conservation, what it could
mean for crocodile conservation and the goals of the workshop, four sub-groups were
formed to address the following topics:
1.
2.
3.
4.

Governance
Creating incentives
Mobilizing community support/communication
Crocodile-human conflicts

These sub- groups discussed among themselves what the main issues and possible
solutions were regarding their specific topic in respect to community-based crocodile
conservation. Inputs were noted bullet-type on presentation paper. After about an
hour each group presented their output to the entire group. Outputs were briefly
discussed. The workshop ended with a short discussion on how to proceed with the
outcome (this is the result), on how to progress on information sharing and case
history collection of community-based crocodile conservation projects and on the
possible role of the CSG in this.

3. Workshop output
3.1. Introduction
The workshop introduction was followed by a short discussion on sustainable use of
crocodiles. It was argued that communities need a commercial incentive to accept
crocodile conservation and that sustainable use has proven its merits in providing this
incentive. Several workshop participants remarked that this is true but that sustainable
use of critically endangered species with very low population sizes in the wild is not
an option as long as those species are severely threatened. Effective conservation and
a recovery of the wild population of these species is a first condition before
sustainable use could be considered an option. The workshop goal, as indicated in the
rationale of the announcement document, was to especially discuss options for
community participation in the conservation of these most threatened species.
However, it was also noted that experiences with community participation in
sustainable use/conservation projects (eg. Papua New Guinea) could provide
important inputs for the development of programs that do not (yet) include
sustainable use.
3.2. Output sub-groups
We have tried to summarize the points brought forward by the sub-groups in a
systematic matter using log- frames and boxes. As many of the identified issues
overlapped between sub- groups, general issues can be derived from them. Table 1
gives an overview of issues (that is problems, constraints, challenges) that were
identified in the sub-groups. Issues are grouped below a main descriptive header
(Context, Continuity/sustainability, Communicatio n, Capacity, Crocodiles and
Implementation). Where possible a general issue is identified from the inputs of the
four groups.
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Table 1: Issues identified in four sub-groups per main header. Last column shows the
general issue if it was possible to define one.
Governance Incentives
Communication Conflicts
General issue
Context
Ignorance
Myths,
Perceived
Information
misinformation
threats/fear
and low opinion
on crocs
Cultural
Cultural
Cultural
differences
idiosyncrasies
differences
Language
barriers
Lack of social
coherence
Keeping
up
with change

Benefit
sharing
Changing
markets
(tourism,
skins)
Effective
Government
authority
stability
Legal
constraints
Scale
Carrying
Two levels: target
capacity (eg. communities and
tourism)
general public
Continuity/sustainability
Short
term Sustainability
commitments
of
incentive
programs

Community
organization
Change

Authority
Legal issues
Scale

Sustainability

Long term vs.
short
term
benefits
Unfulfilled
community
expectations
Link between Incentives needed
incentives and to
win
crocodiles
community
support
Communication
Language
barriers
Differences in Local interest
worldview/
and

Incentives

Local
support
and participation
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Governance
norms

Incentives
Communication
willingness to
participate

Conflicts

General issue

No control of
how
community
adapts
incentive
programs
Lack
capacity

Capacity
Conservation
projects often do
not
hire
communication
specialist

of

Accountability

Capacity needs

Benefit
sharing

Accountability

Power abuse
Conservation
status
Increase
of
crocodile
population
leading
to
conflicts

Crocodiles
Threats
to
crocodiles

Threatened
crocodiles
Human
Human/
injuries & crocodile
fatalities
conflicts
Losses to
livestock
and
fisheries
Disruption
to
lifestyles/
livelihoods
Perceived
threats/fear

Implementation
Projects need
to be contextspecific

Implementation

Lack of time
and
funding
for incentive
projects

Lack of funding
for
communication
programs
Lack of case
studies,
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Funding

Cases

Governance

Incentives

Communication Conflicts
experiences and
examples

General issue

Key issues that were repeatedly identified as a problem that had to be solved for a
community-based crocodile conservation project to succeed were:
Ignorance, misinformation, a low opinion on crocodiles and perceived threats from
crocodiles (not to be confused with real threats that some species pose to people and
livestock). Obviously these stand in the way of getting support for community-based
conservation, but also might hamper getting support from higher
authorities/government.
The workshop participants not only identified issues but also came with (ideas) for
solutions. These are summarized per general issue (input from all four groups
lumped) in Table 2.
Table 2: Suggested solutions to the issues defined during the workshop
General issue
Suggested solutions
Information
Information campaigns
education programs: schools, village elders, teachers
develop teachers manuals and include crocodiles in formal
education system
Involve media
Search celebrity
conservation

Cultural differences

ambassadors

to

promote

crocodile

Involve communities in research activities: - exchange of
information
Build on traditional beliefs/religions
Actively solicit suggestions from communities

Community
organization

Devolution of decision making to community level
Identify key people in a community

Change

Use creativity/flexibility

Authority

Campaign for crocodile conservation at political levels as well
Mobilize public (voters) to persuade politicians to put
(crocodile) conservation on agenda

Legal issues
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General issue
Suggested solutions
Scale
Sustainability
Incent ives
See box 1
Local support and Actively solicit suggestions from communities
participation
Devolution of decision making to community level
Involve communities in research activities: - trust/fun/interest
Strive for fairness / sincerity / integrity / openness / trust
Respect local knowledge and customs
Adapt mutual learning practices
Try to create an early win (direct gains) situation
Capacity needs
Accountability
Threatened
crocodiles
Human-crocodile
conflicts

Look at legitimacy of community actions

Education:
- conflict avoidance
- economic and ecological value of crocodiles
Compensation
Alternative livelihood development
Removal of nuisance crocodiles
Sustainable use of crocodiles

Implementation

Start with context specific problem analyses

Funding

Include enough funding for a communication specialist in
conservation programs
Collect information on (un)successful cases as examples to
encourage-discourage project activities

Cases

Many possibilities to create or enhance incentives for community-based crocodile
conservation were put forward. These are summarized in Box 1. A division has been
made between direct material (or financial), indirect material and immaterial
incentives. The direct material incentives have further been sub-divided in a category
where sustainable use is an option and where this is currently (species with extreme
low populations) not an option.
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Box 1: Possible incentives for community-based crocodile conservation (+ countries
where these incentives have been established, based on inputs by participants so not
complete)
Direct material
Without possibility of sustainable use
Tourism:
-

fee to see crocodiles (South Africa)
services to visitors (food/accommodation/transport/guides)

Local employment:
- paid researchers/field assistants (Guyana)
- incentives to teachers (Columbia)
- paid rangers/local community protection groups (Venezuela,
Cambodia, Philippines)
- paid PA managers
With sustainable use of crocodiles
Ranching
-

eggs/hatchlings

-

Direct (share of) proceeds
collection of food to sell to farms
Process hides in communities (Venezuela, PNG)

Farming

Hunting
- Proceeds of selling of meat and skins
- Transporting services
- Handicraft production of crocodile derived products
Bio-prospecting
- Immune system studies
- insect repellent dung of crocodiles (Cambodia)

Indirect Material
Livelihood options
- link to development aid
- land allocation (Cambodia, Philippines)
- direct link enhancement income generation/food and crocodile
conservation (Cambodia)
Provision of educational materials/improvement of general educational possibilities
Improvement of health care
Immaterial
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Environmental benefits
- Crocodiles as flagship species of wetland conservation and sustainable
fisheries (crocs = fish = food/income) (Philippines)
- Habitat conservation: environmental services (water, flood control,
erosion control)
Tourism:
- pride
- local tourism: fun, interest
Empowerment
- better communication/community coherence (Guyana)
- involvement in environmental management
- increased local control over natural resource use
- knowledge how to avoid conflicts with crocodiles/awareness that
crocodiles are not dangerous
Involvement of local communities in research activities: education/fun/pride/interest
(Guyana, Philippines)
Religious, spiritual, nationalistic, intrinsic values (Philippines, Cambodia, Cuba)
Historical and/or cultural awareness (Venezuela, Cambodia)
The human-crocodile conflict subgroup came with four examples of possibilities to
mitigate these conflicts. These are shown in Box 2. Two of these solutions are
especially focused with the problem of livestock predation and livelihood (fisheries)
disruptions, the other two deal with the direct threat that some crocodile species might
pose to humans. Examples of countries are mentioned where programs use these
solutions in reality.
Box 2: Examples of human-crocodile conflict mitigation possibilities
1. Aquaculture and alternative fishing methods (eg. India)
2. Changing livestock management practices (eg. Australia)
3. Nuisance crocodile management (eg. USA, Australia, India, Papua New
Guinea)
4. Education programs (eg. Cambodia, Australia, Cambodia, Colombia, USA,
PNG)

4. How further?
The workshop was by many participants, and by the conveners, considered a success.
In two hours an inventory was made of issues that play a role in the establishment and
implementation of community-based crocodile conservation projects and solutions
were put forward to address these issues. Though there were several very experienced
specialists present who contributed much with their actual experience, a two- hour
workshop can obviously not be completely inclusive.
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This report should therefore be regarded as a first attempt to evaluate the
opportunities and constraints that relate to a relatively unexplored field in crocodilian
conservation. Many participants have indicated that they would like to see examples
of (un)successful crocodile conservation projects that work with communities. Others
have asked for guidelines or a blueprint for community-based crocodile conservation.
We doubt whether such a blueprint exists; one of the issues defined during the
workshop was that local conservation programs need to be context-specific, i.e.
would not use a blueprint but would make an assessment of the local situation and
work from there in an adaptive manner. But there must be general lessons that can be
learned from existing projects, eg. the identified necessity of involving
communication specialists to design an effective and comprehensive communication
strategy when working with communities.

5. Participants (who noted their names):
Janaki Lenin, Audrey Detoeuf- Boulade, Boris Marioni, John Thorbjarnarson, Jack
Cox, Georgina Thomas, Dominic Rodriguez, Kent Vliet, BC Choudhury, Clara Lucia
Sierra, Perran Ross, Kevin Wallace, Mitch Eaton, Alison Leslie, Xander Combrink,
Paul van Damme, Christin Borgwardt, Rom Whitaker, Jenny Daltry, Jan van der
Ploeg, Merlijn van Weerd
-----

Gharial Workshop
(22 june 2006)
Janaki Lenin (Acting Coordinator, GMTF), Romulus Whitaker (CSG Steering
Committee) and Nikhil Whitaker (Chairman, GMTF)

At the 17th CSG Working Meeting in Darwin, Australia, in 2004, a report by R.K.
Sharma and D. Basu showed that the gharial (Gavialis gangeticus) was in a state of
rapid decline and that urgent action was needed. In response, several CSG members
formed a task force now named Gharial Multi-Task Force (GMTF). At that time the
statement of purpose and objectives was prepared and circulated by the Task Force
Chairman, Nikhil Whitaker and the registration and groundwork for a gharial website
(http.gavialis.org) was done by Akira Matsuda.
A workshop was organized at the 18th CSG Working Meeting to discuss the gharial
situation and to push the GMTF into operation. The workshop was attended by 22
participants (listed below) and was divided into two phases.

Phase I
An update was presented on the current status of the Task Force. The website is due
to be up and running very shortly and though sparse at the moment, inputs from
various members for the different pages in the site are gradually coming in to be
added to the site. It was suggested that a Core Group be formed to guide the activities
and achieve the goals of the GMTF and that membership be open to anyone who is
interested in the gharial and its conservation.
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Tomistoma Task Force Chairman, Ralf Sommerlad mentioned that they generally
drop any members who do not communicate or contribute.
The role of the international zoo community was discussed and it was agreed that
building up awareness around the world was closely linked to zoo visitors being able
to see this wonderful and unique crocodilian. Young, captive-bred gharial will be
sent to overseas zoos from Indian crocodile breeding facilities like the Madras
Crocodile Bank for this purpose, and in response these zoos and participating
individuals have agreed to help raise funds and generate publicity for the GMTF for
in situ gharial conservation in the range countries.
The workshop discussed urgent measures that need to be taken to try to reverse the
decline of the gharial, which is reckoned to be due to:
a) closure of the gharial rehabilitation projects and withdrawal of financial support at
the State and Central levels in India several years ago;
b) lack of political will and general disinterest by many of the key authorities in the
plight of the gharial and river deterioration in general
c) gharial drowning and deliberately killing and de-snouting in nets by fishermen;
d) recent emergence of an illegal fishing/turtling mafia on the Chambal River;
e) already marginal habitats become less hospitable for gharial due to barrages, dams,
canals, siltation, sand mining, water removal for agriculture, livestock and human
disturbance at basking and nest beaches; and,
f) in the future, the environmentally disastrous plan to interlink India’s major rivers.
Remedial measures include:
a) media blitz and local education programs to raise consciousness about the grave
plight of this totally unique crocodilian;
b) restarting the gharial rehabilitation programs in the range states with Central
Government support;
c) encouraging the Government of Nepal to revive its gharial rehabilitation project
in Chitawan National Park and develop a collaborative program with India, as
gharial move across the Nepal/India border;
d) continue and boost the gharial census surveys/monitoring/research in the main
habitats, being the Chambal and Girwa in India and Rapti/Narayani in Nepal:
scientific presence can be a vital conservation tool;
e) carry out surveys (both to confirm exis tence of gharial and to assess suitability of
habitats for reintroduction in less known gharial habitats including the rivers in
Punjab, West Bengal, Assam, Arunachal Pradesh and in the Kingdom of Bhutan,
where it was suggested that the royal family be approached for endorsement of an
all out effort to reintroduce and protect the gharial there. Since Myanmar once
had gharial, it was also suggested that a habitat suitability survey be carried out
there. Similar surveys are needed in Pakistan and Bangladesh to ascertain
whether it is worthwhile starting rehabilitation schemes there.
f) it was suggested that a full- time, Gharial Conservation Coordinator be designated
and funds be found for a salary, to ensure that this urgent work is carried out.
An Action Plan to undertake the remedial measures is in preparation. Like any such
plan, it is only worth the paper it is printed on (or the cyber-space it is sent via) unless
we all pitch in and do what we can to make it happen, according to our abilities.

403

Phase II
Because of the grave threat to the survival of the gharial it was deemed necessary to
re-list it as “Critically Endangered”. The rest of the Gharial Workshop was chaired
by Perran Ross and devoted to running through the IUCN Red Data Listing criteria
and to determine which criteria the Gharial fits.
After going through the various criteria, the latest census data compared with
historical records and with the inputs from members from India and Nepal, it was
determined that the gharial probably fits into Criteria A2 – Declining Population and
Criteria B1 – Extent of Occurrence.
It was further determined that the gharial definitely fits Criteria C1 – Small
Population Size and Decline. This is the concluding sentence from the draft up- listing
proposal: “As detailed above in C1, in 2006 there were an estimated 145 breeding
adults in the last remaining gharial habitats in India and Nepal. The decline from 302
in 1997 to 145 in 2006 represents a 48% drop across its range, qualifying the gharial,
under these criteria, to be listed as Critically Endangered.”
Comments will be sought from GMTF and CSG members of a draft up- listing
proposal.
Participants: B.C. Choudhury (India), T.M. Maskey (Nepal), Bruno Gattolin
(France), Antoine Cadi (France), Ivan Rehak (Czech Republic), Katarina Rehakova
(Czech Republic), Janaki Lenin (India), Rom Whitaker (India), Christian Buchert
(France), Markus Baur (Germany), Rene Hedigaard (Denmark), Eddy Even
(Netherlands), Antoine Joseph (France), Terry Cullen (USA), Jean-Marie Balloua rd
(France), Ralf Sommerlad (Germany), Akira Matsuda (Japan/Australia), John
Thorbjarnarson (USA), Perran Ross (USA), Jack Cox (USA), Sam Seashole (USA),
Luc Fougeirol (France).
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