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ABSTRACT 

Context. Masked water snakes (Homalopsis buccata, Homalopsidae) thrive in the muddy edges of 
agricultural ponds and canals in densely populated areas of West Java, Indonesia, and are harvested 
by local farmers to protect fish stocks and to provide meat, skins, and medicines for commercial use. 
Aims. Here, we aimed to quantify sexual dimorphism and reproductive biology of H. buccata, so as  
to deepen our knowledge of the species’ inherent ability to withstand commercial harvests. 
Methods. We examined carcasses of 4286 snakes at six processing sites to quantify biological 
attributes (e.g. sexual dimorphism in body size and shape, seasonality of reproduction, fecundity, 
reproductive frequency), with emphasis on traits that affect the ability of snake populations to 
withstand this intensive harvesting. Key results. The snakes we examined were primarily adults 
(<1% juvenile), with approximately equal numbers of males and females except in January (when 
females comprised >90% of specimens). Females grow larger than males, and they are more heavy-
bodied but shorter-tailed than are males of the same snout–vent length. Reproduction is seasonal in 
both sexes, with testis volumes decreasing to a minimum over the period August to November (late 
dry season) when most adult-size females were gravid. Litter sizes ranged from 1 to 37 (mean 12), 
increasing with maternal body size, with ~75% of females reproducing each year. Conclusions. On 
the basis of these results, we infer that the life history of H. buccata (viviparity, high fecundity, frequent 
reproduction, rapid maturation) renders it inherently resilient to harvesting, especially because that 
offtake is based on males as well as females. Because a lack of sustainability is evident only in hindsight, 
regular monitoring of the trade could assure that any problems are detected rapidly. Implications. To 
further buffer these populations from the impact of harvest, hunting could be restricted during January 
(a time when gravid females are disproportionately vulnerable) and the largest snakes (females, with high 
fecundity and reproductive frequency) could be excluded from harvests. 

Keywords: CITES non-detriment findings, harvest, Homalopsinae, Indonesia, offtake, population 
monitoring, puff-faced water snake, wildlife trade. 

Introduction 

Wildlife populations are harvested in many parts of the world, providing valuable resources for 
local people; however, excessively high rates of offtake can imperil viability of the populations 
being exploited (e.g. Campos-Silva et al. 2017). An extensive literature explores the 
sustainability of wildlife harvesting, and clarifies traits of the species involved (such as high 
rates of reproduction) and of the harvest (such as the degree to which hunters target critical 
cohorts such as reproductive females) that affect sustainability (e.g. Webb 2002; Leao et al. 
2017). However, such analyses are available primarily for harvests of mammals, birds, 
and fish in temperate-zone habitats (Dobson et al. 2019; Natusch et al. 2019a). In many 
parts of the tropics, local people harvest reptiles (e.g. turtles, snakes, lizards) for skin, meat 
and medicinal use, but sustainability of those harvests is less well known. Part of the 
problem lies in the location of these harvests (far from major research facilities) and, in part, 
from the attributes of the harvested animals. For example, ectotherms in lush tropical 
forests or swamps can be difficult to survey, especially if they remain inactive for long 
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periods of time (Shine et al. 1999; Natusch et al. 2019a). As a 
result, it can be difficult to quantify underlying abundances 
and demographic traits (e.g. growth rates, ages at maturation) 
of such animals, precluding the application of mathematical 
models such as population viability analyses (Natusch et al. 
2016, 2019a, 2020a). 

In the absence of robust data on underlying population 
structures and abundances, one logistically feasible alternative 
is to gather data on specimens that have been harvested. With 
the benefits of a large sample size, fundamental traits of the 
harvested species can be documented in detail, providing a 
basis from which to infer the population’s ability to withstand 
intense harvesting, and to identify modifications of harvest 
methods that might enhance sustainability (Shine et al. 
1999; Natusch et al. 2019a). If repeated over significant time 
periods, a consistency in offtake rates and in key attributes 
(such as mean body sizes and sex ratios) of the harvested 
specimens can give assurance that the harvest is sustainable 
(e.g. Fitzgerald 1994; Natusch et al. 2019b), whereas changes 
in those parameters suggest that the harvest is affecting 
population structure and/or abundance (e.g. Natusch et al. 
2020a). The information from such studies also is of interest 
from the standpoint of basic biology, because most tropical 
reptiles, even species subject to longterm intensive harvests, 
are poorly known (e.g. Keogh et al. 2001). 

In the present study, we visited six processing facilities in 
West Java, Indonesia, to measure morphological and repro-
ductive traits of snakes collected by local people, which were 
then killed and skinned at local processing sites. In addition to 
quantifying traits (both of the snakes and of the patterns of 
offtake) that are likely to affect harvest sustainability, we took 
the opportunity to analyse basic biological traits of this abundant 
tropical species. Importantly, our sample size is larger than has 
been available for previous analyses of this taxon (Bergman 
1951; Berry and Lim 1967; Brooks et al. 2007a, 2007b). 

Study area 
We examined specimens of H. buccata in the city of Cirebon in 
the province of West Java, Indonesia (6°43 0S, 108°34 0E). 
The landscape around Cirebon primarily comprises coastal 
lowlands with very little topographic relief. Historically, the 
major habitats were lowland rainforest and swamps, but 
today the landscape is dominated by rice cultivation and 
associated urban development. Cirebon experiences high 
temperatures year-round (mean monthly temperatures 
25–27°C), with the annual rainfall (2120 mm) being broadly 
distributed among months, except for a short dry season (May 
to September) (https://en.climate-data.org). 

Methods 

Study species 
A freshwater species, H. buccata is one of the largest snake 
species within the family Homalopsidae (previously regarded 

as subfamily Homalopsinae within the Colubridae: Bernstein 
et al. 2021), with some specimens attaining more than a metre 
in length and over 2 kg in mass (Bergman 1951; present 
study). Heavy-bodied and with a relatively large head, most 
specimens are strongly banded (especially during juvenile 
life; Murphy (2007); see Fig. 1). Reflecting its abundance 
and wide geographic distribution through Southeast Asia, 
H. buccata has several common names (e.g. masked water 
snake, puff-faced water snake, see Murphy (2007) for an 
extensive list). The taxonomy remains confused, with multiple 
species-level lineages being likely to be occurring across the 
area from Bangladesh through Myanmar, Thailand, and the 
Indo-Malaysian Peninsula to at least as far east as Sulawesi 
(Murphy 2007; Bernstein et al. 2021). Commonly encountered 
at the muddy edges of waterbodies, H. buccata feeds primarily 
on fish and anurans (Murphy 2007). Females are viviparous, 
producing a litter of 2–37 neonates (see review by Murphy 
2007). The seasonal timing of reproduction appears to differ 
among locations, being relatively aseasonal in Malaysia 
(Berry and Lim 1967), but with pregnancy being most 
common in the period February to May in Cambodia (Saint 
Girons and Pfeffer 1972) and Thailand (Brooks et al. 2009) 
and in the period June to December in Java (Bergman 1951). 

Homalopsis buccata is a major pest for village-based 
aquaculture, consuming fish that are being raised for food 
and for commercial sale (e.g. Tweedie 1954; Hoesel 1959; 
Kusrini et al. 2022). For this reason, and reflecting the 
commercial value of skins and meat from this relatively large 
snake, the species is intensively harvested in Indonesia 
where the current annual quota is one million snakes. The 
Indonesian province of West Java is the focus of this 
harvest. Similarly intensive harvesting in Tonle Sap, 
Cambodia, has raised questions about population viability, 
with reports of declining abundances of snakes (Stuart 2004; 
Brooks et al. 2007a, 2007b). In West Java, these snakes are 
taken by a variety of methods, including nets, traps, electros-
tunning, and hand-capture at night (Kusrini et al. 2022). The 

Fig. 1. The study species, Homalopsis buccata. 
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live snakes are then taken to local processing centres to be 
killed and skinned (see Kusrini et al. 2022 for details). 

Methods for collecting data 
We visited six processing centres in and around the city of 
Cirebon, over the period from August 2019 to June 2021, to 
sample the commercial offtake of snakes across most months 
of the year. Sample sizes for snakes varied among locations 
and months (see Table 1). After a snake was humanely killed 
via brain destruction, we measured its snout–vent length 
(SVL) and tail length with a steel ruler, and mass with digital 
scales. Large prey items were removed from the gut before 
weighing, or the prey item was removed later, weighed, and 
its mass subtracted from the body mass of the snake. The 
snakes were then skinned, and we examined the carcass to 
record the sizes and numbers of ovarian follicles and oviductal 
embryos in females, the length and width of the right testis in 
males and vitellogenic follicles in females, and the thickness 
and appearance of oviducts and vas deferens to assess whether 
the animal had attained sexual maturity (see Natusch et al. 
2016, 2019b, 2020a for details). The amount of body fat was 
scored on a four-point scale (0–3), and treated as an ordinal 
variable in analyses. The carcass was then returned to the 
processing-facility staff. Our research took advantage of an existing 
trade; no snakes were harmed for the purpose of our study. 

Methods for analysis of data 
We analysed this dataset by using the statistical software program 
JMP Pro 15 (SAS Institute, Cary, NC, USA; see https://www.jmp. 
com/en_au/software/predictive-analytics-software.html). 
Variables were checked for normality and variance homogeneity, 
and ln-transformed when needed to improve fit to  these  

Table 1. Sample sizes of masked water snakes (Homalopsis buccata) 
collected from the wild and killed at six processing facilities near the city 
of Cirebon in West Java. 

Month Pak Pak Pak Pak Pak Pak 
Asep Durali Mukti Tasrip Tosin Wasir 

January 117 77 249 39 – – 

February – – 719 – – – 

March – 39 253 – – – 

April – – 288 – – – 

May 300 93 59 – – – 

June 245 – – – – – 

July 117 55 5 58 40 82 

August – 174 27 6 – – 

September 66 66 37 2 9 24 

October 65 – 17 – 26 – 

November – 29 226 – 46 5 

December 249 82 217 30 – – 

The table shows the numbers of snakes examined at each facility in each month. 

assumptions of parametric statistical tests. We excluded 
animals with incomplete tails from analyses of relative tail 
length. We measured the right testis of dissected males, and 
secondary follicles of reproductive females, and estimated 
the volume of those organs from their length and width on 
the basis of the formula for a prolate spheroid (4/3π (half 
testis length) × (half testis width))2 (Harlow and Taylor 2000). 

We compared the observed sex ratio (overall numbers of 
males vs females) by using a contingency-table test, against 
a null hypothesis of equal numbers per sex. We compared 
relative numbers of males versus females across the six 
processing facilities, and among the 12 months of the year, 
using nominal logistic regression. 

We used ANOVA to compare mean body sizes (ln SVL and 
ln mass) between males and females, including location as a 
random factor. We used ANCOVA to document a sex-based 
divergence in ln mass relative to ln SVL, and in tail length 
relative to SVL, again with location as a random factor. To 
assess inter-facility variation in the degree of sexual-size 
dimorphism, we included location (processing facility) and 
sex (plus their interaction) as factors, and either ln SVL or 
ln mass as the dependent variable. 

To look for seasonal variation in reproductive traits of 
female snakes, we conducted nominal logistic regression with 
month as the factor and reproductive state (reproductive vs 
not) as the dependent variable. To look for monthly variation 
in volumes of vitellogenic follicles and testes, we used ANOVA 
with month as the factor, organ volume as the dependent 
variable, and location as a random factor. To explore size-
dependency of reproductive output in females, we used ANOVA 
with maternal SVL as the covariate, fecundity as the dependent 
variable, and location as a random factor. To find out whether a 
female’s body size affected the probability of her reproducing, 
we used nominal logistic regression with maternal SVL as the 
covariate, reproductive state (reproductive vs not, within the 
main breeding season of August to October) as the dependent 
variable, and location as a random factor. 

Ethical standards 
Research was conducted under Indonesian Government Permits 
B2252/IPH.1/KP.06.01/VI/2019, B4033/IPH.1/KP.06.01/ 
X/2019, B2342/IPH.1/KP.06.01/VI/2019, B502/IPH.1/ 
KP.06.01/II/2020, and B-51/IPH.1/KP.06.01/I/2020. 

Results 

Demography 
Our sample almost entirely comprised adult snakes, with only 
21 juvenile females (of 2615 female snakes in total, so <1%) 
and 11 juvenile males (of 1671 male snakes, so <1%). 

The overall sex ratio was female-biased (2615 females vs 
1671 males, i.e. 61% female), being significantly different 
from 50:50 (χ2 = 103.96, 1 d.f., P < 0.0001). Females 
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Tosin. Logistic regression confirmed significant differences 
among locations in sex ratios of the snakes that were 
processed (χ2 = 79.39, 5 d.f., P < 0.0001). 

Sex ratios also varied among months (χ2 = 388.85, 11 d.f., 
P < 0.0001), primarily due to a highly female-biased sample 
in January (479 of 482 snakes, i.e. 99.4%), whereas sex ratios 
(% female) ranged between 45% and 67% in all other months 
(Fig. 2). The highly female-biased ratio was evident in all 
three sites sampled in January (Pak Asep, 100% female; 
Pak Durali, 99%; Pak Tasrip, 95%). 

Sexual dimorphism 
Fig. 2. Monthly variation in sex ratios of masked water snakes 
(Homalopsis buccata) collected from the wild and killed at processing 
facilities near the city of Cirebon in West Java, between August 2019 and 
June 2021. The graph shows the mean proportion of female snakes. 

outnumbered males in all locations except Tosin, with the 
proportion of males varying from 20% at Durali to 56% at 

Female snakes attained larger average and maximum body 
sizes than did conspecific males (for ln SVL, F1,4208 = 221.63, 
P < 0.0001; for ln mass, F1,4198 = 788.36, P < 0.0001; see 
Fig. 3). The disparity was greater in mass than in SVL, 
reflecting the fact that females were heavier-bodied than were 
males of the same body length (ANCOVA interaction term, 
sex × ln SVL, F1,4197 = 84.05, P < 0.0001; see Fig. 4a). Our 

Fig. 3. Frequency distributions of body sizes ((a) snout–vent length, and (b) mass) of masked water 
snakes (Homalopsis buccata) collected from the wild and killed at processing facilities near the city 
of Cirebon in West Java between August 2019 and June 2021. 
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degree of divergence between males and females in mean 
body sizes was similar among facilities, despite differences 
in absolute body sizes (Fig. 6). The statistical significance of 

Fig. 5. Monthly variation in fat-body sizes (on the basis of a 4-point 
scale) of masked water snakes (Homalopsis buccata) collected from the 
wild and killed at processing facilities near the city of Cirebon in West 
Java between August 2019 and June 2021. Data (means and standard 
errors per month) are shown separately for male and female snakes. 

Fig. 4. Sexual dimorphism in body shape of masked water snakes 
(Homalopsis buccata) collected from the wild and killed at processing 
facilities near the city of Cirebon in West Java between August 2019 and 
June 2021. (a) Females were heavier-bodied than were males and (b) had 
a shorter tails than the snout–vent length. The graphs show mean values 
and associated standard errors for 100-mm intervals of snout–vent 
length, to facilitate depiction of patterns, but statistical analyses in 
the text treat body length as a continuous variable. 

scores of fat-body mass during dissections showed that part of 
this sex disparity in body shape was due to larger fat bodies in 
females. Because fat-body size varied seasonally as well as 
differing between the sexes, we analysed variation 
in fat-body mass with a two-factor ANOVA that included 
month as well as sex. The interaction term was highly signifi-
cant (F11,4127 = 9.72, P = 0.02), but the main effect of sex is 
interpretable because fat-body scores for females were consis-
tently higher than for males (Fig. 5). Both sexes had larger fat 
bodies in the first half of the year, when males had enlarged 
testes and females were commencing vitellogenesis (Fig. 5). 
Males had longer tails than did females of the same SVL 
(ANCOVA, sex × ln SVL, F1,4065 = 5.43, P < 0.02; see Fig. 4b). 

The patterns in sexual dimorphism were relatively 
consistent across the six processing facilities, with mean 
body sizes differing between the sexes and among facilities 
for both length and mass, with no significant interaction 
term for ln mass (F5,2727 = 0.48, P = 0.79) but a significant 
interaction term for ln SVL (F15,2735 = 2.74, P < 0.02). The 

Fig. 6. Inter-facility variation in the degree of sexual dimorphism in (a) 
snout–vent length and (b) mass of masked water snakes (Homalopsis 
buccata) collected from the wild and killed at processing facilities near 
the city of Cirebon in West Java between August 2019 and June 2021. 
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the among-facility difference in body-length dimorphism 
reflects an unusually large mean body size of males as well 
as females in a small sample (N = 6 males, 23 females) 
from one facility (Wasir) (Fig. 6). 

Seasonality of reproduction 
As for sex ratios (Fig. 2) and fat-body mass (Fig. 5), seasonality 
was apparent in the incidence of gravid snakes, and in the 
sizes of reproductive organs in both sexes. The proportion 
of females with enlarged vitellogenic follicles increased over 
the period from March to June, with ovulation in July–August 
and pregnancy often continuing through into December– 
January (Fig. 7a). Vitellogenesis thus occurs in the dry 
season, and parturition in the wet season. Vitellogenic follicles 
were small early in the year, increasing up to the size at 
ovulation by mid-year (Fig. 7b). Testis volumes showed the 
opposite pattern, with larger size in the first half of the year 
(Fig. 7c). Statistical analysis showed that this monthly varia-
tion was significant for the proportion of reproductive females 
(logistic regression, χ2 = 1109.95, 27 d.f., P < 0.0001), follicle 
volumes (ANOVA, F8,31.97 = 26.05, P < 0.0001) and testis 
volumes (ANOVA, F9,481.8 = 33.08, P < 0.0001). 

Body size at maturity 
Among our small sample of juvenile snakes, SVLs ranged from 
39 to 53 cm (males) and 39 to 55 cm (females). The smallest 
adult snakes were 41 cm SVL (male) and 49 cm SVL (female). 

Fecundity 
Litter sizes ranged from 1 to 37 offspring (mean = 12.05, 
s.e = 0.30, median = 11) and increased with maternal body 
length (r2 = 0.25, P < 0.0001; see Fig. 8a). 

Reproductive frequency 
Some females had thin straplike oviducts and small follicles, 
even during the time of year (August–October) when most 
females were reproductive. The proportion of these non-
reproductive animals during the August–October period was 
high for females <600 mm SVL, but consistently low for all 
larger size categories (Fig. 8b; nominal logistic regression 
χ2 = 22.91, 6 d.f., P = 0.0008). These data suggest that 
around three quarters of adult-size females breed each year, 
although that may be an underestimate if some females 
breed earlier or later in the year. 

Discussion 

Our data on >4000 field-collected H. buccata support the 
results of previous studies on this species complex in other 
parts of its wide geographic range. These snakes are abundant 
in disturbed areas, where they are pests of commercial fish 

farms, and are harvested in large numbers (Kusrini et al. 
2022). Reproduction is seasonal in West Java (as also 
reported by Bergman 1951), with testes maximal in size in 
the wet season, and females ovulating late in the dry season 
and carrying offspring through the first part of the wet 
season (see Fig. 7). That timing differs from that seen in 
previously studied populations of H. buccata, most of which 
(unlike Cirebon) are north rather than south of the equator. 
As a result, seasonal schedules of precipitation differ (and 
are affected by local topography, such as monsoon-induced 
backflow of water into Tonle Sap Lake in Thailand: Brooks 
et al. 2009). Both rainfall patterns and temperatures may 
influence reproductive seasonality. Thus, for example, 
testes are largest in the latter part of the year in H. buccata 
from Cambodia, Malaysia and Thailand (Berry and Lim 
1967; Saint Girons and Pfeffer 1972; Brooks et al. 2009), 
whereas the reverse timing occurs in Java (Fig. 7). Similar 
reversals across the equator in reproductive timing occur in 
other Indonesian snakes such as Malayopython reticulatus 
(Natusch et al. 2019a). If selection favours synchronisation 
of parturition, with the abundant food resources generated by 
wet-season flooding (as suggested by several authors: e.g. 
Brooks et al. 2009), then we might expect to see substantial 
geographic variation in the timing of pregnancy within 
tropical snakes. 

Despite that variation in seasonality, most aspects of the 
morphology and reproductive biology of H. buccata in Cirebon 
accord well with the results of previous studies. Thus, for 
example, females grow larger than males, are more heavy-
bodied, and have relatively shorter tails (Bergman 1951; 
Murphy 2007). Reports of a lack of sexual size dimorphism 
in this species (e.g. Karns et al. 2010) is likely to reflect 
inadequate sampling, exacerbated by habitat differences in 
body sizes and sex ratios. Thus, for example, Kusrini et al. 
(2022) reported that larger snakes of this species were 
generally collected from fish farms rather than irrigation 
canals. Our data on litter sizes, on the relationship between 
litter size and maternal body size, and on the high proportion 
of adult-size females reproductive each year, also are 
consistent with the results of earlier studies (Bergman 1951; 
Murphy 2007; Brooks et al. 2009). 

Our results clarify factors that render this species resilient 
to the heavy harvesting pressure to which it is exposed over 
much of its range. First, the commercial offtake that we 
quantified was focused almost entirely (99%) on adult rather 
than juvenile snakes. That situation is likely to reflect aspects 
both of the snake species, and the nature of our sampling. 
Maturation in both sexes is attained at a relatively small 
body size relative to maximum adult sizes (at body masses 
of ~50 g, vs 2 kg maximum size). Thus, only a relatively small 
proportion of the population comprises juvenile snakes, 
except (presumably) in the period immediately after parturi-
tion. However, our sampling doubtless underestimated the 
numbers of juveniles, because individuals too small for the 
commercial trade may be released, or are never captured 
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Fig. 7. Variation among months in reproductive state of masked water snakes (Homalopsis buccata) collected 
from the wild and killed at processing facilities near the city of Cirebon in West Java between August 2019 and 
June 2021. (a) Proportion of female snakes that were reproductively active (i.e. had large vitellogenic follicles or 
were gravid); (b) estimated volumes of vitellogenic follicles per month (means and s.e.); (c) estimated volume of 
the right hand-side testis per month (means and s.e.). 
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Fig. 8. The relationship between maternal snout–vent length and reproductive output in masked 
water snakes (Homalopsis buccata) collected from the wild and killed at processing facilities near 
the city of Cirebon in West Java between August 2019 and June 2021. The graphs show data for 
100-mm intervals of snout–vent length (SVL), to facilitate depiction of patterns, but statistical analyses 
in the text treat body length as a continuous variable. (a) The upper panel shows the relationship 
between maternal snout–vent length (SVL) and fecundity (litter size, or number of vitellogenic 
follicles. (b) The lower panel shows the relationship between maternal body size and whether or not a 
female was gravid, on the basis of data from the main reproductive season only (August–October). 

using the methods employed by harvesters. Kusrini et al. 
(2022) reported that professional harvesters captured many 
juvenile snakes along irrigation canals by using electrostun-
ning equipment, but that these animals were released. In 
the Cirebon region, harvesters took approximately equal 
numbers of male and female snakes in most months of the 
year, a pattern that should be more sustainable than an 
offtake comprising primarily females (Dalerum et al. 2008). 

Viviparity may also affect the species’ resilience to 
harvesting, depending on the timing of offtake and the 
determinants of embryonic survival in eggs laid in external 
nests. By retaining the developing embryos within her body, 
a female protects them from mortality owing to desiccation or 

flooding of the nest, or predation on eggs. However, viviparity 
means that if a gravid female is collected and killed, all of her 
offspring die as well. Indeed, oviductal embryos can be highly 
prized food items for local people, encouraging culling of 
gravid females (e.g. Shine 1986; Brooks et al. 2007a, 2007b). 
Because the harvest of H. buccata is motivated by a desire to 
reduce predation on fish as well as the commercial value 
of the snakes, it seems unlikely that gravid animals are 
specifically targeted. 

Less ambiguously, the high reproductive output of 
H. buccata enhances its resilience to harvesting. Consistent 
with data on other populations, a high proportion of adult-
size females reproduce each year, and individual females 
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(especially large ones) produce large litters (Figs 7, 8). 
Maturation also occurs at a small body size, and likely at a 
young age; for example, Bergman (1951) inferred growth to 
450 mm SVL in the first year of life for this species in Java 
(on the basis of seasonal distributions of body sizes), 
suggesting that some individuals may mature at 1 year of 
age (as do males in other tropical semi-aquatic snakes such 
as Tropidonophis mairii: Brown and Shine 2002). This ‘fast’ 
life-history of rapid maturation, frequent reproduction and 
high fecundity results in a system that can withstand high 
rates of mortality (e.g. Caughley 1985). 

The most intensive examination of harvesting impacts 
of homalopsid snakes centres on the massive offtake of 
animals from Tonle Sap in central Cambodia (e.g. Stuart 2004, 
Brooks et al. 2007a, 2007b). That harvest is a relatively recent 
phenomenon, possibly owing to an increase in snake 
populations linked to the loss of large predatory fish and 
waterbirds in the lake (Stuart et al. 2000), and a shift by 
local people to capitalise on this abundant resource (J. Murphy, 
pers. comm. 2014). In contrast, the harvest of homalopsids in 
many other regions of Asia (including in West Java) has been 
ongoing for a long period, to protect farmed fish (e.g. Tweedie 
1954; Lim and Lee 1989). In conversations with harvesters and 
with the managers of processing facilities, we were told that 
harvest levels have been stable for decades, and that fluctua-
tions in offtake are driven primarily by economic factors 
(e.g. the prices offered for snake skins and meat, compared 
with alternative products such as frog meat), rather than by 
fluctuating availability or capture rates (D. Natusch, unpubl. 
data. 2021). 

Management implications 
How might we further enhance our confidence in the 
sustainability of the commercial harvest of H. buccata in 
West Java without substantially reducing economic returns 
to harvesters and farmers? The problem is difficult because 
of the snake’s role as a pest (fish eater) as well as a commer-
cial product (skins and meat). Nonetheless, two obvious 
possibilities are as follows: (1) restricting harvesting during 
January, a period when collectors obtain mostly gravid 
female snakes (Figs 2, 7a), and (2) imposing an upper size 
limit on snakes that are collected in January, because the 
largest snakes are females, and have exceptionally high 
fecundity (Figs 2, 8). Limits based on body size are easily 
enforced by measuring skins, and the method has been 
employed to manage impacts of harvesting other reptile 
species (Fitzgerald and Painter 2000; Colteaux and Johnson 
2017; Natusch et al. 2020b). However, we note that collectors 
motivated by pest control (i.e. protecting farmed fish, rather 
than earning money from snake skins) might be reluctant to 
spare large specimens; the rationale for any such initiative 
would have to be carefully explained to local communities. 
Last, continued monitoring of the harvest would be worthwhile, 
because shifts in traits such as capture rates, body-size 

distributions and reproductive output can provide early 
warning of any unsustainable pressure enforced by commercial 
hunting (Natusch et al. 2020a). 
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