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Figure 4. Shore area of Nong Boua Ta Lake, 13 May 2018. 
Photograph: Paseun Souvannasy.

The status of Nong Boua Ta Lake as a local “holy” place (a 
ritual place protected by a god), benefits the protection of this 
crocodile population. 

Further research on population size, size structure and threats 
is currently being conducted by our team, and will assist in 
the formulation of appropriate conservation measures for 
the population. Additional discussions with Khammouane 
provincial authorities on crocodile conservation are currently 
planned. Two options are considered to better protect the 
habitat and population of the species: 1) establishment of a 
new conservation area in Ka Cham Village; or, 2) extending 
the BSCCA to cover both sites (ie at Ban Soc and Ka Cham 
Villages).

In addition, Cologne Zoo has been collaborating with different 
agencies and institutions in Laos and Vietnam to undertake 
genetic screening of both wild and captive C. siamensis. 
The goal of genetic screening was to identify pure-bred 
individuals for conservation breeding programs, including 
future release/restocking projects in protected areas in Laos 
and Vietnam. Preliminary results of the genetic screening of 
wild and captive individuals in Vietnam and Laos are now 
available (see Nguyen et al. 2018).
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GENETIC SCREENING OF SIAMESE CROCODILES 
(CROCODYLUS SIAMENSIS) IN LAOS AND VIETNAM: 
IDENTIFYING PUREBRED INDIVIDUALS FOR 
CONSERVATION AND RELEASE PROGRAMS. 
Historically, the Siamese crocodile (Crocodylus siamensis) 
was widely distributed in mainland Southeast Asia, including 
Cambodia, Indonesia, Lao PDR and Vietnam. As a result of 
a >80% reduction in its distribution, due mainly to habitat 
loss and hunting pressure, the species is listed as Critically 
Endangered on the IUCN Red List (Bezuijen et al. 2012). 

The wild population in Vietnam was probably extirpated 
due to extremely high hunting pressure, and populations 
in Cambodia, Laos and Thailand have also become highly 
fragmented and threatened. Most populations consist of 
less than 10 individuals, and may not be able to survive 
long into the future (Bezuijen et al. 2012). In Laos, recent 
surveys near Ban Soc, Khammouane Province, discovered an 
overlooked population of the species (Ziegler et al. 2015a). 
Like other documented populations, this one contains only 
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a few individuals, which, based on external morphology, 
could be identified as “pure” Siamese crocodiles. Interviews 
with local people revealed the population to represent a 
natural wild population (Ziegler et al. 2015a), but molecular 
testing is required to exclude the possibility that these 
animals represent escaped farm hybrids. The same concerns 
apply to the discovery of another very small population in 
Khammouane Province (Souvannasy et al. 2018).

One of the most cost-effective conservation options for the 
species is restocking diminished wild populations, or to 
establish populations in suitable habitat where the species 
existed previously, in combination with other habitat and 
species conservation measures. In Vietnam, the first population 
of C. siamensis was introduced in Cat Tien National Park in 
the early 2000s (Polet 2006; Murphy et al. 2004). Breeding 
was subsequently documented, demonstrating initial success 
of the program (Pahl 2012). The introduction program was 
carefully implemented by Cat Tien NP through genetic 
screening of captive individuals using microsatellite markers 
and mitochondrial genes (FitzSimmons et al. 2002).

A major challenge for restocking/reintroduction efforts is 
to identify purebred individuals from captive populations 
in the Range States. So far, captive populations in Vietnam 
and Laos have not been monitored closely to confirm 
purity of C. siamensis held in those facilities. For the 
reintroduction project at Cat Tien NP, only a few individuals, 
which morphologically appeared to be pure C. siamensis, 
were genetically screened at Saigon Zoo. Also, only a few 
individuals were tested at the Lao Zoo (Vientiane), and due 
to frequent shifts in management, records are difficult to 
reconstruct. 

On the other hand, captive stocks, if managed properly, can 
play an important role in future restocking/reintroduction 
efforts in both Laos and Vietnam. To address this issue we 
carried out molecular screening of 65 C. siamensis using 
mitochondrial and microsatellite markers to determine purity 
of captive colonies in Laos and Vietnam, and of the wild 
population reported by Ziegler et al. (2015a) in Khammouane 
Province, Laos.

Methods 

We analyzed a total of 85 samples (see Table 1), comprising:
•	 5 Cuban crocodiles (C. rhombifer) from Hoyerswerda Zoo 

(Germany), Terrariet Vissenbjerg (Denmark) and Zagreb 
Zoo (Croatia).

•	 5 samples from two Saltwater crocodiles (C. porosus) at 
Wilhelma Zoo (Germany).

•	 3 C. siamensis from Plzen Zoo (Czech Republic), 
descendants of a purebred pair held for some time at Zurich 
Zoo (Switzerland). The Zurich Zoo animals were progeny 
of wild-caught parents at Bronx Zoo and Miami Zoo. 

•	 3 C. siamensis from Benidorm Zoo (Spain) - a purebred 
male (Sample 69, Table 1) from Zurich Zoo (see above), 
and two females of uncertain status.

•	 4 tissue samples from tail scutes, collected in May 2018 
from 4 C. siamensis at Bau Sau, Cat Tien NP. All captured 

individuals were photographed and subsequently released 
at same site. Extant C. siamensis at Cat Tien NP trace back 
to purebred individuals.

•	 62 captive C. siamensis (tissue from tail scutes) in Laos 
(Lao Zoo, Vientiane; Fig. 1) and Vietnam (Hon Me Station, 
Kien Giang Province (Fig. 2); Saigon Zoo, Ho Chi Minh 
City; Thu Le Zoo, Hanoi).

•	 3 faecal samples from the wild C. siamensis population in 
Khammouane Province, Laos (Ziegler et al. 2015a).

Figure 1. Siamese crocodiles at the former Lao Zoo (now 
Lao Conservation Trust for Wildlife). Photograph: Thomas 
Ziegler.

Figure 2. Pure Siamese crocodile captured 10 km from Hon 
Me, Kieng Giang Province, Vietnam (Sample 1, Table 1), 
near the estuary to the Gulf of Thailand. See also cover 
photograph. Photograph: Thomas Ziegler.

Where feasible, captive animals were measured (snout-
vent length, total length), sexed (palpation), scute clipping 
recorded if present, scutes cut if not present, and microchips 
inserted (Fig. 3). 

Tissue samples were stored in 70% alcohol. Based on the 
known purebred individuals from Europe and Vietnam, they 
were subsequently tested for purity.

The majority of samples (from Lao and Vietnamese facilities 
and from the wild) were analyzed in the laboratory in Hanoi. 
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Table 1. Results of genetic screening of 85 crocodiles from Laos, Vietnam and Europe. Samples 2-4, 71-74 = wild; 1, 5-70, 75-
85= captive. Siamese crocodiles with a low probability of being purebred are highlighted (in red).

Sample	 Species	 Laboratory	 Field	 Proportion	 Proportion	 Proportion	 Locality
  No.		  No.	 No.	 C. siamensis	 C. porosus	 C. rhombifer	

	

1	 C. cf. siamensis	 Cr1		  99.6	 0.2	 0.2	 Kien Giang Province, Vietnam
2	 C. cf. siamensis	 Cr7	 Bs1	 99.6	 0.2	 0.2	 Khammouane Province, Laos
3	 C. cf. siamensis	 Cr8	 Bs2	 99.6	 0.2	 0.2	 Khammouane Province, Laos
4	 C. cf. siamensis	 Cr9	 Bs3	 99.4	 0.3	 0.3	 Khammouane Province, Laos
5	 C. cf. siamensis	 Cr10	 Saigon 1	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
6	 C. cf. siamensis	 Cr11	 Saigon 2	 98.3	 0.8	 0.9	 Saigon Zoo, Vietnam 
7	 C. cf. siamensis	 Cr12	 Saigon 3	 99.4	 0.2	 0.3	 Saigon Zoo, Vietnam
8	 C. cf. siamensis	 Cr13	 Saigon 4	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
9	 C. cf. siamensis	 Cr14	 Saigon 5	 99.5	 0.2	 0.2	 Saigon Zoo, Vietnam
10	 C. cf. siamensis	 Cr15	 Saigon 6	 99.3	 0.4	 0.3	 Saigon Zoo, Vietnam 
11	 C. cf. siamensis	 Cr16	 Saigon 7	 98.6	 1.1	 0.2	 Saigon Zoo, Vietnam
12	 C. cf. siamensis	 Cr17	 Saigon 8	 99.5	 0.2	 0.3	 Saigon Zoo, Vietnam
13	 C. cf. siamensis	 Cr18	 Saigon 9	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
14	 C. cf. siamensis	 Cr19	 Saigon 10	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
15	 C. cf. siamensis	 Cr20	 Saigon 11	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
16	 C. cf. siamensis	 Cr21	 Saigon 12	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
17	 C. cf. siamensis	 Cr22	 Saigon 13	 99.0	 0.4	 0.5	 Saigon Zoo, Vietnam 
18	 C. cf. siamensis	 Cr23	 Saigon 14	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
19	 C. cf. siamensis	 Cr24	 Saigon 15	 98.5	 0.6	 1.0	 Saigon Zoo, Vietnam 
20	 C. cf. siamensis	 Cr25	 Saigon 16	 99.4	 0.3	 0.3	 Saigon Zoo, Vietnam 
21	 C. cf. siamensis	 Cr26	 Saigon 17	 97.1	 1.0	 1.9	 Saigon Zoo, Vietnam 
22	 C. cf. siamensis	 Cr27	 Saigon 18	 97.4	 1.0	 1.6	 Saigon Zoo, Vietnam 
23	 C. cf. siamensis	 Cr28	 Saigon 19	 99.3	 0.3	 0.4	 Saigon Zoo, Vietnam 
24	 C. cf. siamensis	 Cr29	 Saigon 20	 97.5	 2.0	 0.5	 Saigon Zoo, Vietnam 
25	 C. cf. siamensis	 Cr30	 Saigon 21	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
26	 C. cf. siamensis	 Cr31	 Saigon 22	 98.4	 0.6	 1.0	 Saigon Zoo, Vietnam 
27	 C. cf. siamensis	 Cr32	 Saigon 23	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
28	 C. cf. siamensis	 Cr33	 Saigon 24	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
29	 C. cf. siamensis	 Cr34	 Saigon 25	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
30	 C. cf. siamensis	 Cr35	 Saigon 26	 99.5	 0.2	 0.2	 Saigon Zoo, Vietnam 
31	 C. cf. siamensis	 Cr36	 Saigon 27	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
32	 C. cf. siamensis	 Cr37	 Saigon 28	 99.6	 0.2	 0.2	 Saigon Zoo, Vietnam
33	 C. cf. siamensis	 Cr38	 Hanoi 41	 99.5	 0.2	 0.3	 Thu Le Zoo, Vietnam
34	 C. cf. siamensis	 Cr39	 Hanoi 30	 99.6	 0.2	 0.2	 Thu Le Zoo, Vietnam
35	 C. cf. siamensis	 Cr40	 Hanoi 31	 99.2	 0.3	 0.4	 Thu Le Zoo, Vietnam 
36	 C. cf. siamensis	 Cr41	 Hanoi 32	 99.6	 0.2	 0.2	 Thu Le Zoo, Vietnam
37	 C. cf. siamensis	 Cr42	 Hanoi 33	 95.7	 2.5	 1.8	 Thu Le Zoo, Vietnam 
38	 C. cf. siamensis	 Cr43	 Hanoi 34	 99.6	 0.2	 0.2	 Thu Le Zoo, Vietnam
39	 C. cf. siamensis	 Cr44	 Hanoi 35	 99.6	 0.2	 0.2	 Thu Le Zoo, Vietnam
40	 C. cf. siamensis	 Cr45	 Hanoi 36	 99.6	 0.2	 0.2	 Thu Le Zoo, Vietnam
41	 C. cf. siamensis	 Cr46	 Hanoi 37	 99.6	 0.2	 0.2	 Thu Le Zoo, Vietnam
42	 C. cf. siamensis	 Cr47	 Hanoi 38	 99.6	 0.2	 0.2	 Thu Le Zoo, Vietnam
43	 C. cf. siamensis	 Cr48	 Hanoi 39	 98.2	 1.3	 0.5	 Thu Le Zoo, Vietnam 
44	 C. cf. siamensis	 Cr49	 Hanoi 40	 99.6	 0.2	 0.2	 Thu Le Zoo, Vietnam
45	 C. cf. siamensis	 Cr52	 Lao Zoo 5	 99.5	 0.2	 0.2	 Lao Zoo, Vientiane
46	 C. cf. siamensis	 Cr53	 Lao Zoo 14	 96.7	 2.4	 0.9	 Lao Zoo, Vientiane 
47	 C. cf. siamensis	 Cr54	 Lao Zoo 18	 98.7	 0.4	 1.0	 Lao Zoo, Vientiane 
48	 C. cf. siamensis	 Cr55	 Lao Zoo 19	 99.5	 0.2	 0.2	 Lao Zoo, Vientiane 
49	 C. cf. siamensis	 Cr56	 Lao Zoo 15	 99.4	 0.3	 0.4	 Lao Zoo, Vientiane 
50	 C. cf. siamensis	 Cr57	 Lao Zoo 2	 99.6	 0.2	 0.2	 Lao Zoo, Vientiane
51	 C. cf. siamensis	 Cr58	 Lao Zoo 4	 99.6	 0.2	 0.2	 Lao Zoo, Vientiane
52	 C. cf. siamensis	 Cr59	 Lao Zoo 11	 99.4	 0.2	 0.3	 Lao Zoo, Vientiane 
53	 C. cf. siamensis	 Cr60	 Lao Zoo 1	 88.6	 10.9	 0.5	 Lao Zoo, Vientiane 
54	 C. cf. siamensis	 Cr61	 Lao Zoo 10	 99.5	 0.2	 0.2	 Lao Zoo, Vientiane
55	 C. cf. siamensis	 Cr62	 Lao Zoo 12	 99.4	 0.2	 0.4	 Lao Zoo, Vientiane 
56	 C. cf. siamensis	 Cr63	 Lao Zoo 3	 99.6	 0.2	 0.2	 Lao Zoo, Vientiane
57	 C. cf. siamensis	 Cr64	 Lao Zoo 16	 99.5	 0.2	 0.3	 Lao Zoo, Vientiane 
58	 C. cf. siamensis	 Cr65	 Lao Zoo 13	 99.6	 0.2	 0.2	 Lao Zoo, Vientiane
59	 C. cf. siamensis	 Cr66	 Lao Zoo 17	 99.4	 0.2	 0.4	 Lao Zoo, Vientiane 
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GeneJet Genomic DNA Purification Kit (Thermo Fisher 
Scientific) and QIAamp Fast DNA Stool Mini Kit (Qiagen) 
were used for extraction. The extraction process was carried 
out according to the manufacturer’s procedure with minor 
adjustments. Microsatellite loci were amplified using Dream 
Taq Master Mix and HotStarTaq Master Mix with 5’ fluoro-
labeled forward primers and regular reverse primers. The 
primers used were taken from FitzSimmons et al. (2001) 
(Table 2). The PCR volume consisted of 25 μl including 12.5 

μl mastermix, 7.5 μl water, 1.5 μl each primer 10 pmol/μl 
and 1.7 μl mol. The thermal cycle was: initial denaturation 
of 95°C for 15 minutes with HotStarTaq Master Mix or 5 
minutes with Dream Taq Master Mix; 35 cycles at 95°C for 

Table 1 cont’d.  Results of genetic screening of 85 crocodiles from Laos, Vietnam and Europe. Samples 2-4, 71-74 = wild; 1, 5-70, 
75-85= captive. Siamese crocodiles with a low probability of being purebred are highlighted (in red).

Sample	 Species	 Laboratory	 Field	 Proportion	 Proportion	 Proportion	 Locality
  No.		  No.	 No.	 C. siamensis	 C. porosus	 C. rhombifer	

	

60	 C. cf. siamensis	 Cr67	 Lao Zoo 20 (CS20)	 99.6	 0.2	 0.2	 Lao Zoo, Vientiane 
61	 C. cf. siamensis	 Cr68	 Lao Zoo 21 (CS21)	 99.3	 0.2	 0.5	 Lao Zoo, Vientiane 
62	 C. cf. siamensis	 Cr69	 Lao Zoo 22 (CS22)	 99.5	 0.2	 0.2	 Lao Zoo, Vientiane
63	 C. cf. siamensis	 Cr70	 Lao Zoo 23 (CS23)	 99.5	 0.2	 0.3	 Lao Zoo, Vientiane
64	 C. cf. siamensis	 Cr71	 Lao Zoo 24 (CS24)	 99.5	 0.2	 0.3	 Lao Zoo, Vientiane
65	 C. cf. siamensis	 Cr72	 Lao Zoo 25 (CS25)	 99.6	 0.2	 0.2	 Lao Zoo, Vientiane
66	 C. siamensis	 Cr95	 S1	 99.6	 0.2	 0.2	 Plzen Zoo, Czech Republic
67	 C. siamensis	 Cr96	 S2	 99.5	 0.2	 0.2	 Plzen Zoo, Czech Republic
68	 C. siamensis	 Cr97	 S3	 99.5	 0.2	 0.2	 Plzen Zoo, Czech Republic
69	 C. siamensis	 Cr98	 COS002	 99.5	 0.2	 0.2	 Benidorm Zoo, Spain
70	 C. cf. siamensis	 Cr100	 COS003	 97.4	 1.7	 1.0	 Benidorm Zoo, Spain
71	 C. siamensis	 Cr77	 CT.2018.1	 99.5	 0.2	 0.3	 Cat Tien NP, Vietnam
72	 C. siamensis	 Cr78	 CT.2018.2	 99.5	 0.2	 0.3	 Cat Tien NP, Vietnam
73	 C. siamensis	 Cr79	 CT.2018.3	 99.5	 0.2	 0.2	 Cat Tien NP, Vietnam
74	 C. siamensis	 Cr80	 CT.2018.4	 99.5	 0.2	 0.2	 Cat Tien NP, Vietnam
75	 C. cf. siamensis	 Cr99	 COS004	 99.4	 0.3	 0.3	 Benidorm Zoo, Spain
76	 C. porosus	 Cp1		  0.3	 99.4	 0.3	 Wilhelma Zoo, Germany
77	 C. porosus	 Cp2		  0.3	 99.4	 0.3	 Wilhelma Zoo, Germany
78	 C. porosus	 Cp3		  0.3	 99.4	 0.3	 Wilhelma Zoo, Germany
79	 C. porosus	 Cp4		  0.2	 99.4	 0.4	 Wilhelma Zoo, Germany
80	 C. porosus	 Cp5		  0.2	 99.5	 0.3	 Wilhelma Zoo, Germany
81	 C. cf. rhombifer	 Crb1		  0.3	 1.2	 98.6	 Zagreb Zoo, Croatia
82	 C. cf. rhombifer	 Crb2		  0.2	 2.1	 97.7	 Terrariet Vissenbjerg, Denmark
83	 C. rhombifer	 Crb3		  0.2	 0.2	 99.5	 Hoyerswerda Zoo, Germany
84	 C. rhombifer	 Crb4		  0.2	 0.3	 99.5	 Hoyerswerda Zoo, Germany
85	 C. rhombifer	 Crb5		  0.5	 0.8	 98.6	 Hoyerswerda Zoo, Germany

Table 2. Microsatellite primers used in this study (compiled 
from FitzSimmons et al. 2001). F= forward primer, R= 
reverse primer.

Primer	  Sequence
	

Cj16 	 F: CAT GCA GAT TGT TAT TCC TGA TG	
	 R: TGT CAT GGT GTC AAT TAA ACT C	
Cj18 	 F: ATC CAA ATC CCA TGA ACC TGA GAG	
	 R: CCG AGT GCT TAC AAG AGG CTG G	
Cj101 	 F: ACA GGA GGA ATG TCG CAT AAT TG	
	 R: GTT TAT ACC GTG CCA TCC AAG TTA G	
Cj104 	 F: TCC TTC CAT GCA TGC ACG TGT G	
	 R: GTT TCA GTG TCT GGT ATT GGA GAA GG	
Cj119 	 F: GTT TGC TGT GGA ATG TTT CTA C	
	 R: CGC TAT ATG AAA CGG TGG CTG	
Cj131 	 F: GTT TGT CTT CTT CCT CCT GTC CCT C	
	 R: AAA TGC TGA CTC CTA CGG ATG G 	
Cp10 	 F: GAT TAG TTT TAC GTG ACA TGC A	
	 R: ACA TCA AGT CAT GGC AGG TGA G	
Cr391	 F: ATG AGT CAG GTG GCA GGT TC	
	 R: CAT AAA TAC ACT TTT GAG CAG CAG	

Figure 3. Taking samples and inserting microchips in 
captive Siamese crocodiles at Saigon Zoo (left - Thomas 
Ziegler, middle - Anna Rauhaus, right - Saigon Zoo team). 
Photograph: Dao T.A. Tran.
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30 s, 58-63°C for 45 s, 72°C for 60 s; and final extension at 
72°C for 6 min.

A fragment of mitochondrial genes, including tRNA-Thr, 
tRNA-Pro, tRNA-Phe and a part of the D-loop, was amplified 
using the primer pair L15463 and H16260 (Glenn et al. 2002). 
Total PCR volume was 21 μl including 10 μl mastermix, 5 μl 
water, 2 μl each primer 10 pmol/μl and 2 μl mold. The PCR 
conditions were: initial denaturation at 95°C for 5 or 15 min; 
35 cycles at 95oC for 30 s, 50oC for 45 s, 72oC for 60 s; and 
final extension at 72°C for 6 min.

PCR products were checked by 1% agarose with 1X TBE 
buffer, ethidium bromide dye, and UV light. Successful PCR 
products were purified using GeneJET PCR Purification kit 
(Thermo Fisher Scientific). The purified products were sent to 
1st Base Malaysia for sequencing and genotyping, then edit 
by the package Sequencher v5.4. Mitochondrial sequences 
were blasted on GenBank to determine the maternal lineage.

Additional samples from European specimens, including the 
comparative samples of C. porosus and C. rhombifer were 
processed in Germany. DNA extraction and sequencing of 
mitochondrial DNA followed protocols described in Ziegler 
et al. (2015b). Microsatellite genotyping (same primers and 
cycling protocols as in Hanoi) was performed on an ABI 
3130xl capillary sequencer. Allele scoring was homologized 
by directly comparing peaks of Siamese crocodiles genotyped 
in Braunschweig with those genotyped in Hanoi.

Fragment size data were analyzed using Bayesian clustering 
method as implemented STRUCTURE v2.3.4 (Pritchard et al. 
2000) to detect potential hybrid individuals. Ten independent 
runs were performed for each K value from 1 to 4 using 
106 MCMC steps, following burn-in of 100,000 iterations. 
However, we mainly focused on the results employing three 
clusters (K= 3), equivalent to the number of species included 
in the analysis. Individuals with the genetic proportion of 
more than 99% similarity to C. siamensis were categorized 
as pure.

Results and Discussion

All samples were successfully amplified with the 
mitochondrial gene fragment. Blast analysis showed that 

all uncertain samples were C. siamensis with a high level 
of genetic similarity (~99%). Amplifications were positive 
with all microsatellite loci except Cj131 and Cr391 for 
some samples of C. porosus, C. rhombifer and samples of 
purebred C. siamensis. When employing three clusters (K= 3 
in Structure), pure samples are correctly assigned to distinct 
groups. The results show that most screened individuals have 
more than 90% of the genetic characteristics of C. siamensis 
(Fig. 4). In total, 52 of 65 (80%) screened individuals from 
Laos and Vietnam have a high probability of being pure 
(ie a genetic proportion greater than 99%; Table 1). Hybrid 
animals are crosses between female C. siamensis and male C. 
porosus or C. rhombifer, with a higher proportion attributed 
to C. porosus (Table 1), because all maternal mitochondrial 
fragments were assigned to the former species.

It is clear that all crocodiles sighted at Ban Soc (Laos) 
(Samples 2-4 in Table 1) are highly likely to be pure. It is also 
likely that Samples 2 and 3 belong to the same individual as 
microsatellite alleles were identical. The genetic differences 
between Samples 2-3 and Sample 4, support the finding 
of Ziegler et al. (2015a), that more than one individual 
has survived at the Ban Soc Crocodile Conservation Area. 
However, this population is very small, and thus in need of 
further protection - restocking this small population should 
receive a high conservation priority in the future. This activity 
can be undertaken in collaboration with the Lao Conservation 
Trust for Wildlife (previously Lao Zoo), where at least 18 C. 
siamensis are confirmed as pure in our analysis (Table 1). 

In the past, a conservation breeding program of the Lao Zoo, 
in partnership with the Wildlife Conservation Society (WCS), 
operated for several years, but it was terminated several years 
ago. One adult female (Sample 53), which historical records 
identified as pure, and which was kept together in past years 
with a pure male (Sample 50) in a separate facility, could not 
be confirmed as being pure in this study. We thus recommend 
that purebred individuals in captive facilities in Laos and 
Vietnam be kept separate from hybrids, and are used to build 
up conservation breeding programs. 

Further samples from Lao Zoo are currently being analyzed, 
and there are plans with Lonnie McCaskill (WCS) and the 
new managers of the zoo in Vientiane to extend the genetic 
screening to all Siamese crocodiles held there (Fig. 1) for 

Figure 4. Admixture analysis of 85 individuals with K= 3. Individuals with a low probability of purity are highlighted in Table 1.
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improved management of resources and ex-situ conservation 
measures. This finally will also improve these conclusions, as 
the more samples that are involved the better the outcomes 
of the study.
 
This study also allowed the first insights into the composition 
of European crocodile populations. Of the two female C. 
siamensis held at Benidorm Zoo, one was confirmed to be 
of hybrid origin, and the other was pure (and could be paired 
with the pure male at the facility in the future). 

Moreover, two Cuban crocodiles (Samples 81 and 82; Table 
1) had low proportions of purity and thus should be separated 
from pure individuals. Cuban crocodile Samples 83-85 were 
derived from the same parents, however, Sample 85 showed 
a low proportion of purity (98.6%), so relations/analyses 
should be double checked/repeated to better resolve this case 
in the future.

Sample 1 represents an individual brought to the former Hon 
Me Station of Wildlife at Risk (WAR) in 2012 (Fig. 2). The 
crocodile had been sighted in the canal near the estuary to the 
Gulf of Thailand, and was caught by farmers at village “Canal 
No. 9” of Son Kien Commune, Hon Dat District, Kien Giang 
Province, about 10 km from Hon Me Station (Ziegler et al. 
2015c, 2016). Interestingly, this individual proved to have a 
high probability of being pure. So it is either an escaped farm 
animal, or, because of its purity, suggests an overlooked wild 
population in Vietnam - although probability of the latter is 
quite low. Sadly, local authorities in Kien Giang Province 
transferred this individual to the Vin Pearl Safari on Phu Quoc 
Island in 2015, before we were able to insert a microchip. 
Thus, although this individual is pure, it is unavailable for 
conservation breeding programs in Vietnam, as it cannot be 
identified with certainty among other crocodiles held at the 
Phu Quoc Safari.

All other captive individuals captured and sampled by us 
in Laos and Vietnam were marked by scute clipping and/or 
microchipped (Fig. 3), so retrieval of pure individuals for 
future conservation breeding programs is relatively easy.
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Abstract: Most vertebrates use a genetic sex determination system, 
whereas a diverse set of reptile taxa use an environmental sex 
determination system - more specifically, a temperature-dependent 
sex determination (TSD) system. The TSD system is where sex is 
established by the incubation temperature during a critical stage 
of embryonic development. It has been almost a half century since 
the first TSD system was found in a lizard species. Thermal effects 
on sex determination have been described in many other reptile 
species since then. TSD has been found in all crocodilians and 
tuataras examined and in most turtles and some lizards. However, 
clarification is needed about this unique mode of sex determination 
in reptiles, in particular, factors triggering the intrinsic genetic 
cascade, which leads either to development of a testis or ovary. In 
several instances, TSD has evolved separately in reptilian lineage 
and, therefore, the adaptive significance of TSD is an attractive topic 
from an evolutionary view. In this chapter, the general background 
and recent advancements for TSD research in reptiles is discussed.

                              

Adame, M.F., Jardine, T.D., Fry, B., Valdez, D., Lindner, G., Nadji, 
J. and Bunn, S.E. (2018). Estuarine crocodiles in a tropical coastal 
floodplain obtain nutrition from terrestrial prey. PLOS ONE 13(7): 
e0200983.

Abstract: The estuarine crocodile (Crocodylus porosus) is one of 
the largest and most widespread crocodilians in the world. Although 
considered an apex species, the role of the estuarine crocodile in 
aquatic foodwebs is poorly understood; we know what crocodiles 
ingest, but not what nourishes them. In this study, we used a 
combination of stable isotope measurements (δ13C, δ15N, and 
δ34S) and direct feeding observations to identify the source of 
nutrition of estuarine crocodiles in Kakadu National Park, Northern 
Australia. Our results show that most crocodiles sampled (size 0.85-
4.2 m, with 76% of them being >2.5 m) consume a large variety 
of prey, however a large proportion of their nutrition is derived 
from terrestrial prey. Introduced species such as water buffaloes 
(Bubalus bubalis) and pigs (Sus scrofa) could contribute between 
53 and 84% to the nutrition of the sampled crocodiles. The isotopic 
composition of large crocodiles (total length >3 m) suggested 
possible increase in marine prey consumption with size (R2= 0.30; 
p= 0.005). Additionally, we found crocodiles sampled in the dry 
season had on average higher terrestrial contributions compared to 
crocodiles sampled during the wet season (84.1 ± 2.4% versus 55.4 
± 7.0%). Overall, we found that terrestrial prey are important source 
of nutrition for many crocodiles in this region where introduced 
herbivorous mammals are abundant.

                              


