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Abstract 
Background More than half of Indonesia's national harvest quota for Varanus salvator originates from Sumatra, 
with Riau Province being one of the top five contributors on the island. Researchers from the National Research 
and Innovation Agency of the Republic of Indonesia have conducted studies on the reproductive organs of this 
species in North and South Sumatra, but Riau has not yet been studied. This kind of research is necessary to 
evaluate whether the commercial harvesting of monitor lizards in Riau is sustainable. 

Objective The present study aimed to investigate sexual dimorphism, reproductive organs, population repro-
ductive rates, and body size morphometrics of V. salvator in Riau Province, Indonesia. 
Methods A total of 660 V. salvator were measured for their snout–vent length (SVL) and body mass. For repro-
ductive assessment, direct gonadal inspections were performed after the animals were slaughtered and 
skinned. The parameters recorded included sex and gonadal condition (testes or ovaries) to evaluate sexual 
maturity and reproductive trends within the harvested population. All animals were euthanized following stand-
ard animal welfare procedures by staff at the slaughterhouse. 

Results The sex ratio of the study population was 58.48% males (n = 386) and 41.52% females (n = 274). 
Analysis of the reproductive organs, along with SVL and body mass, showed that males were larger than fe-
males. Females reached reproductive maturity at approximately 40 cm SVL, as indicated by the presence of 
developing follicles. Males of similar SVL exhibited enlargement of the right testis, suggesting the onset of 
reproductive maturity. 
Conclusion The assessment of the reproductive organs of V. salvator harvested from Riau Province, Indonesia, 
showed that for males, a larger body size correlates with a longer SVL and larger testis size. Similarly, for fe-
males, larger body size is associated with a longer SVL and larger secondary follicles. 
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Introduction  
Varanus salvator, known as the water monitor, is a highly 

adaptable and resilient species. This reptile species can be 
found in Indonesia, Malaysia, Sri Lanka, and India. In Indone-
sia, this species is distributed across the main islands, includ-
ing Kalimantan, Sumatra, Sulawesi, and Java, as well as 
smaller islands such as Nias, Enggano, Bangka, Bali, Lombok, 
Sumbawa, Flores, Wetar, and Natuna (Kurniati et al., 2025). 
Administratively, this species is distributed across 32 out of 
the 38 provinces in Indonesia. This species can be found at 
elevations of 0–1800 m above sea level (Quah et al. 2021). 
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The lifespan of V. salvator is up to 15 years, and potentially 
live for more than 20 years, under certain conditions, such as 
good care and environment, as well as a healthy diet (Briggs, 
2020). 

The V. salvator is a large reptiles that serve as both a pred-
ator and a scavenger, playing crucial ecological roles within 
complex trophic webs (Uyeda et al., 2015). Beyond its eco-
logical role, this lizard is valued for its skin in the commercial 
leather industry (Shine et al., 1996), as an exotic pet, and for 
its meat in certain regions (Arida et al., 2021).  

As one of the most commonly traded reptile species 
worldwide, this lizard is intensely harvested for its leather, 
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which is used in the production of handbags, shoes, and 
other fashion accessories. From 1979 to 2023, the trade rec-
ords indicate that a significant portion of the species’ skin 
exports (Kurniati et al., 2025). Indonesia is the primary source 
of the harvested V. salvator. Between 1979 and 2023, Indo-
nesia has exported V. salvator to international markets in 41 
countries, based on the CITES Trade Database. Singapore and 
Japan are the largest importers of the Indonesian V. salvator, 
which exceeds three million specimens since 1979. Italy and 
Mexico follow as the second and third largest importers. Re-
flecting their strong leather industries, particularly for luxury 
goods. China also ranks high, likely driven by demand for ex-
otic leather. Japan, Spain, the United States of America, 
France, Hong Kong, and Germany complete the list, with rel-
atively smaller import volumes (Kurniati et al., 2025). 

In some areas, water monitor meat is processed into var-
ious dishes. Consumers of monitor lizard meat are increasing 
because it is believed to act as an aphrodisiac and has prop-
erties that can treat itching, soften the skin, treat burns, and 
firm the breasts (Gaulke & Horn, 2004). In some local areas, 
intensive hunting could lead to declines in sub-populations.  

According to the Ministerial Regulation No. 
P.106/MENLHK/SETJEN/KUM/1/12/2018 on protected plant 
and animal species, V. salvator is classified as a non-pro-
tected species under Indonesian Law. However, despite its 
unprotected status, the harvest and trade of this species are 
strictly regulated under Law No. 7/1999 on the Preservation 
of Wild Flora and Fauna and Minister of Forestry Decree No. 
447/Kpts-II/2003, which governs the administration of har-
vesting, capture, and distribution of wild plant and animal 
specimens. As previously mentioned, the harvesting of com-
mon water monitors from the wild is subject to strict quota 
regulations, which are established by the Management Au-
thority based on recommendations from the Scientific Au-
thority to ensure sustainability. The total harvest must not ex-
ceed the provincial quota that has been allocated, ensuring 
that wild populations remain stable and are not over-ex-
ploited. 

Indonesia has implemented strict size regulations for har-
vesting specimens from the wild to ensure sustainable pop-
ulation management. In general, the minimum size limit for 
individuals that can be legally harvested is snout–vent length 
(SVL) of 40 cm, which corresponds to a belly width of 25 cm—
a regulation also reflected in the annual quota document. An-
other regulation is that gravid females are prohibited from 
being harvested. These restrictions ensure that only adults 
are harvested, allowing them to reproduce both before and 
after reaching the body-size range that makes them most at 
risk of being harvested (Kurniati et al., 2025). 

The National Research and Innovation Agency of the Re-
public of Indonesia (BRIN) conducted surveys at several 
slaughterhouses across North Sumatra, South Sumatra, 
South Kalimantan, and West Java. To determine the sex and 
reproductive condition of each water monitor, we conducted 
direct gonadal inspections after the animals were slaugh-
tered and skinned. The recorded parameters included SVL, 
sex, and gonadal condition (testes or ovaries) to assess sexual 
maturity and reproductive trends within the harvested popu-

lation. In analyzing harvested population trends, we com-
pared the data collected in 2019 and 2022 from North Suma-
tra and South Sumatra with historical records from previous 
studies by Shine et al. (1996). Survey results in North Sumatra 
show the sample size of 2019 was small due to insufficient 
time allocated for data collection. Nevertheless, overall, har-
vested individuals were predominantly adults, both males 
and females, in all surveyed years. Throughout the surveyed 
years, the most frequently harvested size class for both sexes 
was 52.5 cm. In South Sumatra, the sample size was almost 
similar in general in all years. The most frequently harvested 
size class for males was 52.5 cm, similar to North Sumatra, 
but for females, the most commonly harvested size class var-
ied across different survey years. In South Kalimantan and 
West Java, harvested individuals were also predominantly 
adults, with only two immature individuals recorded. In South 
Kalimantan, the most commonly harvested size class was SVL 
47.5 cm in males and SVL 57.5 cm in females, while in West 
Java, the SVL was 57.5 cm for both males and females. Both 
regions, South Kalimantan and West Java, exhibited larger 
maturation sizes than North Sumatra and South Sumatra 
(Kurniati et al., 2025). 

Since 1975, V. salvator has been listed under CITES Ap-
pendix II, which means that while international trade is per-
missible, it must be strictly regulated to ensure a long-term 
population sustainability of this species. According to the 
wildlife harvest quota for 2024, issued under Decree No. 
234/KSDAE/KKHSG/KSA.2/12/2023, over 50% of Indonesia’s 
national harvest quota for V. salvator comes from Sumatra 
(Directorate General of Nature Resources and Ecosystem 
Conservation, 2024). Riau Province is one of the largest con-
tributors to the quota for Sumatra. Most hunters of V. salvator 
in Sumatra are skilled individuals funded by middlemen or 
reptile dealers (Kurniati & Riyanto, 2008). 

The BRIN research has been conducted in two major prov-
inces in Sumatra (North and South Sumatra), but not yet in 
Riau, which is among the top five contributors to export quo-
tas in the region. Thus, this study examined whether com-
mercial monitor lizard harvesting in Riau is sustainable. This 
can be achieved by examining the reproductive organs of V. 
salvator in Riau (for example, determining whether harvested 
monitor lizards are predominantly adults or juveniles, and 
males or females). 
 

Methods 
Location and Period of Research 

Sampling was conducted from July to  September 2025 at 
five slaughterhouses in Riau Province, located in Siak, Pek-
anbaru, Kampar, Indragiri Hulu, and Rokan Hilir Regencies. A 
total of 660 V. salvator from five slaughterhouses intention-
ally caught and killed for their skin, meat, and bile (used for 
medicinal purposes) were used in this study. 
 
Examination Methods 

The V. salvator were killed in accordance with the animal 
welfare guidelines by staff at the slaughterhouse. The SVL 
and weight of the V. salvator were measured. After removing 
the skin, the carcasses were inspected to determine sex 
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(based on gonads), fat-body mass (based on a subjective 4-
point scale, ranging from 0 to 3), and reproductive organs. 
Documentation of the measurements during the study and 
the morphological appearance of the male and female repro-
ductive organs of the V. salvator are presented in Figure 1. 

The parameters recorded in the present study included 
sex and gonadal condition (testes or ovaries) to assess sexual 
maturity and reproductive trends within the harvested popu-
lation. Females were classified as juveniles if they possessed 
thin, ribbon-like oviducts and had no ovarian follicles exceed-
ing 10 mm. Males were classified as juveniles if their efferent 
ducts appeared clear, while those with opaque and convo-
luted efferent ducts, indicating the presence of sperm, were 
classified as mature. The number and size of ovarian follicles 

and the clutch size (number of eggs) of females were rec-
orded. For males, the length and width of the right testis were 
also measured. Additionally, we noted the presence of vitel-
logenic follicles in females. After these assessments, the car-
casses were returned to the slaughterhouse staff. 
 
Data analysis 

The raw data obtained from the measurements were im-
ported into Microsoft Excel. Relevant data points were orga-
nized and presented in graphs to visually represent the find-
ings, highlighting key trends. Additionally, the data were dis-
played in tables to clearly describe the quantitative infor-
mation. 

 

 
Figure 1 Specimen observation and the morphological appearance of the reproductive organs of Varanus salvator. (A) measurement 
of the reproductive organs in the slaughterhouse; (B) male reproductive organ of an adult V. salvator showing a pair of testes 
(arrowhead); (C) female reproductive organs, showing secondary follicles (arrowhead) of an adult individual; and (D) the clutch 
consisting of several eggs on each side (arrowhead) in a gravid female. 
 

Results 
Sex Ratio  

The sex ratio of V. salvator in Riau was predominantly 
male, comprising 58.48% males (n = 386) and 41.52% females 
(n = 274). This trend was consistent across all five surveyed 
districts. The male dominance was particularly evident in Siak 
(69.44% males), Kampar (69.23% males), Indragiri Hulu 
(59.26% males), and Rokan Hilir (56.68% males). In contrast, 

the sample from Pekanbaru included only a single female in-
dividual, resulting in a recorded male percentage of 0% for 
that district. Complete data is presented in Table 1. 

 
Reproductive Organs 
Male V. salvator exhibited a greater average body mass 
(4,675.92 ± 3,244.38 g) and a relatively long SVL (58.97 ± 
11.96 cm) (Table 2). Most V. salvator examined in the present 
study were adults, consisting of 381 out of 386 males 
(98.70%) and 233 out of 274 females (85.04%).

 

C D 

B A 

➤ 

➤ 

➤ 

➤ 
➤ 

➤ 

https://doi.org/10.29244/jwcm.1.2.55


 Samosir et al. 

58 |                                           J Widl Conserv Med, 2025, 1(2): 55–61 

Table 1 Sex ratio in Varanus salvator from several slaughterhouses in Riau Province 

Districts Number  
of male 

Number   
of female 

Total sample (%) Male ratio Female ratio 

Siak 25 11 36 (5.45) 69,44 30,56 
Kampar 9 4 13 (1.97) 69,23 30,77 

Indragiri Hulu 144 99 243 (36.82) 59,26 40,74 

Rokan Hilir 208 159 367 (55.61) 56,68 43,32 

Pekanbaru - 1 1 (0.15) - 100 
Riau Province (Total) 386 274 660 (100) 58,48 41,52 

 
In general, a trend can be seen for the size of the right 

testicle to increase in line with body weight. Nevertheless, the 
distribution data we obtained showed that those with large 
body weights could have smaller testicular sizes compared to 
those with small body weights. Measurements of reproduc-
tive males indicate that right testicular enlargement begins 
at body weights as low as 1,000 g, indicating the onset of 
reproductive readiness (Figure 2A). 

Measurements of the male reproductive organs showed 
that enlargement of the right testis begins at approximately 
40 cm SVL, indicating the onset of reproductive readiness 
(Figure 2B). Based on SVL data collected, sexual maturity in 
V. salvator generally occurs at SVL ≥40 cm. A small number 
of individuals below this threshold may appear large-bodied 
but remain immature, likely due to variation in capture loca-
tions or differences in food availability influencing body con-
dition. 

Based on our data, secondary follicles can be found in in-
dividuals weighing between 2,000 and 8,000 g. In general, the 
heavier the female V. salvator, the larger the secondary folli-
cle area. However, our sampling period, from July to Septem-
ber, did not include April and October, unlike the study in 
South Sumatra. Thus, the trend in body weight compared to 
secondary follicle size is more random and widespread (Fig-
ure 3A). 

Female reproductive status increased with SVL. Body size 
(often measured by SVL) is closely related to reproductive ca-
pacity. Secondary follicles were observed in females ≥40 cm 
SVL, while gravid individuals occurred from approximately 50 
cm SVL (Figure 3B). Clutch size, based on counts of oviduct 

embryos, ranged from 8 to 19, with a mean of 9.93 (Figure 
3C, D). 
 

Discussion 
Indonesia enforces strict regulations for harvesting V. sal-

vator. The minimum legal size is an SVL of 40 cm, and har-
vesting gravid females is prohibited. These measures are cru-
cial for ensuring sustainable reproduction (Kurniati et al., 
2025). 

The findings in the present study may differ from those in 
other regions. The size differences at maturity between males 
and females, or between locations, are part of the reproduc-
tive strategies developed by water monitor lizards. Given the 
widespread distribution of this species, adaptation to local 
biotic and climatic diversity, commonly referred to as repro-
ductive variation or diversity (Zug et al., 1979; Ramírez-Bau-
tista et al., 2015; Setyawatiningsih, 2016), is likely due to the 
presence of environmental factors. including temperature 
and food availability, as well as genetic factors, such as re-
productive methods. Environmental factors have a greater in-
fluence than genetics (Cruz-Elizalde & Ramírez-Bautista, 
2016; Setyawatiningsih et al., 2016). Depending on geo-
graphic location, number of samples collected, and sampling 
time. Due to the short sampling period, we cannot yet con-
clude the seasonal reproductive schedule of either males or 
females in this article. According to Shine et al. (1998), the 
body size of males is larger at the same age and has a larger 
SVL ratio, while the body size of females is smaller at the 
same age and has a smaller SVL ratio. 

 
Table 2 Sexual dimorphism in Varanus salvator harvested and used in the present study during July–September 2025 

Trait 
Sex 

Total 
 

Male Female  

Sample Size 386 274 660  

Average mass (g) 4675.92 ± 3244.38 3321.90 ± 1578.20 4113.80 ± 2761.73  

Average SVL (m) 58.97 ± 11.96 53.67 ± 7.80 56.76 ± 10.74  

Mature among harvested  381 233 614  

Immature among harvested  5 41 46  

% Mature among harvested  98.70 85.04 183.74  

% Immature among harvested  1.30 14.96 16.26  

% Gravid among harvested - 6.00 -  

Average mass (g) 4690.56 ± 3260.30 3637.12 ± 1491.50 4290.81 ± 2773.61  

Average  SVL(m) 59.04 ± 11.98 55.57 ± 6.63  57.72 ± 10.41  

Average of eggs (per female) - 6.89 ± 1.83 -  
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Figure 2 Comparative size of the right testis of Varanus salvator 
in Riau Province (July–September 2025), showing the trend of the 
right testicular size compared to (A) body mass and (B) the 
snout–vent length. 

 

In this study, reproductive organs parameters were eval-
uated mainly in relation to snout–vent length (SVL). As shown 
in Figure 3D, females exceeding 50 cm SVL exhibited higher 
reproductive output, as indicated by the greater number of 
eggs recorded. Previous research conducted by Shine et al. 
(1996) and Shine et al. (1998) on a larger sample size showed 
a correlation between increasing SVL and egg number (Shine 
et al., 1996; 1998). The correlation between increasing SVL 
and clutch size would affect clutch size, not egg size (Shine 
et al., 1996; Thompson & Pianka, 2001; Setyawatiningsih, 
2016). Compared to other varanid species, water monitors 
exhibit high variation in egg number and clutch weight. A 
larger egg count results in larger females having heavier 
clutches (Thompson & Pianka, 2001). Consequently, gravid 
females should not be harvested, and the implementation of 
a minimum capture threshold of >40 cm SVL should be rein-
forced. This regulation must be clearly communicated to col-
lectors to prevent the capture of gravid individuals or to en-
sure their release back into the wild if unintentionally cap-
tured. 

Data from Southern Sumatra indicates that all adult fe-
males in the samples gathered in April and August were in a 
state of reproductive activity, although this was less apparent 
in October. The egg-laying season extends from April 
through at least October, with most female V. salvator pro-
ducing several clutches annually (Shine et al., 1996). Larger 
females tend to begin breeding earlier in the year compared 
to the smaller ones. Clutch sizes are positively correlated with 
maternal body size, with the number of eggs ranging from 5  

 
Figure 3 Comparative size of the female reproductive organ of Varanus salvator in Riau Province, showing the trend of secondary follicular 
and clutch sizes. Secondary follicle size compared to (A) body mass and (B) snout–vent length (SVL); Clutch size compared to (C) body mass, 
and (D) SVL.
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to 22 eggs (Shine et al., 1996).  Heavier females generally 
have sufficient energy (fat reserves) to produce secondary 
follicles (mature/egg-ready follicles). The presence of sec-
ondary follicles indicates that the monitor V. salvator is in its 
reproductive phase. In V. salvator, follicle development oc-
curs seasonally, and heavier females tend to produce more 
follicles.  Although gravid females represented a small pro-
portion of the sample, their capture should be minimized to 
reduce impacts on reproductive females. According to Kurni-
ati et al. (2025), the minimum harvestable size for V. salvator 
is an SVL of 40 cm. 

Our findings show that the testicular size increases with 
body size and age, especially SVL, which is also consistent 
with the findings reported by Mahfud et al. (2015). However, 
our distribution data shows that even individuals with large 
body weights have smaller testicular sizes compared to those 
with smaller body weights. This observation aligns with Shine 
et al. (1996), who also note that there is no established stand-
ard for adult testicular size in male water monitors. 

Males are generally larger than females, reaching maturity 
at approximately 40 cm SVL, while females mature at about 
50 cm SVL (Shine et al., 1996; 1998). Maturation occurs when 
individuals reach a small percentage of their maximum size, 
which is typical in larger reptile species. Adult males are bulk-
ier than females and have longer tails, although their fat re-
serves are similar between the two sexes (Shine et al., 1996). 
The smallest adult male examined weighed 1.0 kg (105 cm 
total length; SVL 38 cm) and was also the shortest SVL. The 
largest adult male we examined weighed 18.5 kg (213 cm to-
tal length; SVL 87 cm) and measured the longest SVL at 73.5 
cm (189 cm total length; 9.2 kg). The largest adult female we 
examined weighed 8.0 kg (158 cm total length; SVL 64 cm) 
and measured the longest SVL at 69.0 cm (177 cm total 
length; 6.9 kg). The smallest adult female we examined 
weighed 2.0 kg (120 cm total length; SVL 44 cm) and was also 
the shortest SVL. Based on previous research, the size of male 
monitor lizards from East Java has entered the adult category 
at a size of 43–44 cm SVL (Aliffudin, 2022), from Medan 40–
44 cm (Shine et al., 1996), and Riau SVL 50 cm (Setya-
watiningsih, 2016). 

Male V. salvator exhibits a greater SVL and body mass 
than females. However, the reproductive status of males and 
females differs slightly. Males’ bodies weigh 1,000 g and have 
an SVL of ≥40 cm, being classified as reproductively mature. 
Females weigh approximately 2,000 g and have an SVL of ≥40 
cm, being classified as reproductively mature. Assessment of 
reproductive organs of V. salvator harvested from Riau Prov-
ince, Indonesia, the larger the body size and the longer the 
SVL, the larger the size of the testes and secondary follicles 
obtained. 

 

Conclusion 
This assessment of the reproductive organs of V. salvator 

harvested from Riau Province, Indonesia, indicates that larger 
male body sizes correspond to longer SVL and larger testic-
ular sizes. Similarly, for females, larger body sizes are associ-
ated with longer SVLs and larger secondary follicles. Further 
studies are needed to validate the onset of sexual maturity in 

both male and female V. salvator. Additionally, collecting 
physical morphometric data, especially from pregnant indi-
viduals, is essential to ensure that pregnant females can be 
released into the wild instead of being slaughtered. 
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