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The Hoang Lien Range in north-west Vietnam is 
home to more than 80 amphibian species (Tapley 
et al., 2017a) and the reptile fauna is comprised 
of at least 19 families (Uetz et al., 2024). The 
amphibians and reptiles of the Hoang Lien 
Range have been subject to formal scientific 
study for nearly 100 years (e.g. Bourret, 1937; 
Ohler et al., 2000) and reptiles and amphibians 
that are new to science continue to be described, 

many within the last decade (e.g. Hoang et al., 
2016; Matsui et al., 2017; Tapley et al., 2017b; 
2018; 2020a; Kropachev et al., 2019; Nguyen 
et al., 2021, Kane et al., 2023; Nguyen et al., 
2024b; Okabe, 2024) and it is likely that there 
will be further descriptions of species that are 
new to science, particularly in parts of the Hoang 
Lien Range that are yet to be surveyed for their 
herpetofauna.

Figure 1. The Hoang Lien Range in north-west Vietnam. Blue circle shows the location of the survey sites on Moun 
Po Ma Lung. Pale grey areas indicative of higher elevation, dark green indicative of lowest elevation.
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Some of these newly described species from 
the Hoang Lien Range are highly threatened. 
Botsford’s leaf-litter frog Leptobrachella 
botsfordi and Sterling’s toothed toad Oreolalax 
sterlingae were described as from the same 
high elevation stream site on Mount Fansipan in 
2013 (Nguyen et al., 2013; Rowley et al., 2013). 
Shortly after their description, both species were 
assessed as Critically Endangered, as the only site 
that they were known to occur was increasingly 
threatened by habitat loss and pollution associated 
infrastructural developments for tourism (IUCN 

SSC, 2021a; 2021b). Subsequently, O. sterlingae 
was recorded at another site 20 km to the north 
on Mount Pu Ta Leng (Tapley et al., 2020b), 
as a result it was reassessed as Endangered 
(IUCN SSC, 2021a). Recently, L. botsfordi was 
recorded from Mount Nam Kang Ho Tao 23.4 
km south-east of the closest reported location of 
the species on Mount Fansipan (Nguyen et al., 
2023).

There is still a knowledge deficit regarding the 
true range of L. botsfordi and O. sterlingae and 
there are several unsurveyed sites where habitats 
may be suitable. In August 2023 we undertook 
the first ever herpetological survey of Mount 
Po Ma Lung, in Lai Chau Province, north-
west Vietnam on the China-Vietnam border 
(Fig. 1). Mount Po Ma Lung is the 7th highest 

Family Genus Number of species
Bufonidae Duttaphrynus 1
Dicroglossidae Fejervarya 1

Nanorana 1
Megophryidae Oreolalax 2

Leptobrachium 1
Leptobrachella 3
Atympanophrys 1
Boulenophrys 2
Xenophrys 1

Ranidae Amolops 1
Odorrana 3

Rhacophoridae Theloderma 1

Table 1. Amphibians encountered during the nine day 
survey of Mount Po Lung.

Table 2. Reptiles encountered during the nine day 
survey of Mount Po Lung.

Family Genus Number of species
Agamidae Acanthosaura 1
Gekkonidae Hemidactylus 1
Colubridae Hebius 1

Pseudoxenodon 1
Viperidae Ovophis 1

Protobothrops 1
Trimeresurus 1

Figure 2. A. Oreolalax adelphos, B. Oreolalax sterlingae, C. Odorrana chapaensis, D. Theloderma bicolor.
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mountain in Vietnam. This site is not under any 
formal protection and is managed by the local 
commune. A nine day survey across an elevation 
gradient from 818 m a.s.l. to 2,967 m a.s.l. was 
undertaken. The primary aim of this survey 
was to detect the presence of L. botsfordi and 
O. sterlingae. Visual encounter surveys were 
undertaken by a team of experienced researchers 
during the day and at night, focusing on riparian 
habitats. Voucher specimens and tissue samples 
were collected to verify the presence of species.

A total of 18 amphibian and seven reptile 
species were encountered during the survey 
(Tables 1 & 2; Fig. 2). There was a particularly 
diverse assemblage of frogs of the family 
Megophryidae. The most notable finding was a 
population of Oreolalax which was described as 
new to science as Oreolalalx adelphos (Nguyen 
et al., 2024a; Fig. 2A). Oreolalax sterlingae 
was also encountered at elevations above 2,550 
m a.s.l. (Fig. 2B). This represents a 25.5 km 
range extension to the north-west for this range 
restricted threatened species (Nguyen et al., 
2024). Work to identify the remaining species 
encountered during the survey is ongoing and 
the full findings shall be published at a later date.

This survey was short in duration, and it is likely 
that we did not detect many species that are 
present on Mount Po Ma Lung. Future surveys 
should be undertaken at other times of the year 
to coincide with the activity periods of other 
species that could be present and much greater 
survey effort of Mount Po Ma Lung is warranted.
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Understanding human-snake coexistence in India: Insights from 
Goa

	 Shaleen Attre

Durrell Institute of Conservation and Ecology, School of Natural Sciences, University of Kent, Canterbury, 
Kent CT2 7NR, UK

Introduction
Snakebites pose a significant public health 
challenge, especially in tropical countries like 
India, which accounts for a staggering 45,000 
to 58,000 deaths annually (Suraweera et al., 
2020). Despite these figures, much remains 
unknown about the broader impacts of human-
snake conflict (HSC), including the mortality 
of domestic animals and the number of snakes 
killed in fear or retaliation. This article explores 
the complexities of snakebite management and 
mitigation in India, with a focus on findings from 
my ongoing doctoral research conducted in Goa.

The scale of the problem
Globally, snakebites claim 81,000 to 138,000 
human lives annually, leaving over 400,000 
people with permanent disabilities (Gutiérrez et 
al., 2017; Williams et al., 2019). Recognising 
the severity of this issue, the World Health 
Organisation declared snakebite envenomation 
a Neglected Tropical Disease in 2017 (WHO, 
2018). India, home to over 285 snake species, 
with nearly 20% being venomous (Whitaker, 
1978; 2006; Whitaker & Martin, 2015), bears 
the brunt of this crisis. Currently polyvalent 

anti-venom is produced from the venom of four 
snakes known as the ‘Big Four’: spectacled cobra 
Naja naja, common krait Bungarus caeruleus, 
Russell’s viper Daboia russelii and saw-scaled 
viper Echis carinatus (Whitaker & Martin, 2015). 
However, official data on snakebite-related 
deaths often excludes non-human impacts, such 
as livestock and domestic animal losses. There 
is also no count on the killing of snakes out of 
fear, ignorance or retaliation, many of which are 
harmless and non-venomous.

Figure 1. Bamboo pit viper Figure 2. Checkered Keelback with eggs
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Challenges in snakebite mitigation
Efforts to mitigate snakebite deaths are hindered 
by numerous factors. A significant issue is the 
tendency for many snakebite victims to turn to 
faith healers or traditional medicine rather than 
seeking professional medical care. This is largely 
due to a lack of awareness regarding the correct 
procedures after a snakebite, and the widespread 
belief that snakebites are curses, not medical 
emergencies (Malhotra et al., 2021). The delay 
caused by consulting faith healers or applying 
unscientific remedies, such as burning the bite 
site or using herbal treatments, worsens the 
victim’s condition and delays access to effective 
treatment (Price, 2017).

Another major barrier is the logistical difficulty 
in reaching hospitals that are properly equipped 
to treat snakebites. In rural or remote areas, 
hospitals with trained personnel or the necessary 
anti-venom and medical facilities are scarce, 
forcing many people to seek treatment at 
private hospitals. However, anti-venom can 
be prohibitively expensive in these private 
facilities, making it unaffordable for many 
families. As a result, patients often resort 
to faith healers as a cheaper, but ultimately 
ineffective, alternative (Bhargava et al., 2020; 
Malhotra et al., 2021). Moreover, the efficacy 
of anti-venom varies significantly by region and 
is often limited to treating bites from the Big 
Four species (Sirur et al., 2022; Whitaker & 
Martin, 2015). This leaves victims of bites from 
other venomous snakes with little recourse for 
effective treatment. Misconceptions and a lack 
of accurate information about snakes, combined 
with limited availability of anti-venom in nearby 
hospitals, can increase the danger these reptiles 
pose to humans and vice versa (Bawaskar, 2014).

Why Goa?
Goa presents a unique case study area for studying 
human-snake interactions. Despite being one of 
India’s smallest states, it has a relatively low 

snakebite mortality rate in humans compared 
to neighbouring states like Karnataka and 
Maharashtra. From 2019 to 2021, Goa recorded 
3,346 snakebite cases with 27 fatalities, a stark 
contrast to the higher death tolls in its larger 
neighbours. The state was chosen for this study 
due to its size and the preliminary data being 
gathered from local consultants, which led to 
the hypothesis that Goa’s unique geographical, 
demographic and socio-economic characteristics 
have helped it to mitigate snakebite mortality 
(Sawaiker, 2021). These factors have enabled 
the state to successfully promote human-snake 
coexistence, despite the concurrent presence 

Figure 3. Cobra bite after several years

Figure 4. Juvenile Spectacled cobra rescued in shopping 
bag

Figure 5. Juvenile Whitaker’s boa
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of threats to snake populations, including 
infrastructure development, climate change, 
deforestation, and urbanisation (TERI, 2015; 
Talule & Naik, 2014).

My research aimed to understand the factors 
contributing to Goa’s lower mortality rates while 
identifying effective strategies for mitigating 
HSC. This involved qualitative and quantitative 
data collection, including interviews to 
understand attitudes and perceptions, studying 
domestic animal mortality due to snakebites, 
analysing snake rescue records along with 
human snakebite data.

Findings and recommendations
The study highlighted several key factors 
contributing to Goa’s relatively low snakebite 
mortality. Community-led initiatives emerged as 
a cornerstone in promoting coexistence between 
humans and snakes. Awareness campaigns and 
first-aid training workshops, often spearheaded 
by communities, have been instrumental in 
dispelling myths about snakes and educating 
communities about safe practices. By rejecting 
traditional medicine and adopting scientifically 
proven methods, communities in Goa have 
demonstrated how collective action can drive 
meaningful change.

The availability of accessible healthcare, 
including hospitals equipped with anti-venom, 

ambulance services and trained medical 
professionals, has also been pivotal in saving 
lives. Emergency response systems, such as 24/7 
helplines and a dedicated network of rescuers 
supported by the Forest Department, play a 
critical role in reducing human-snake encounters 
and preventing retaliatory killings of snakes.

However, snake rescues can be a double-
edged sword. While they help mitigate conflict 
and reduce unnecessary snake deaths, the 
risks associated with unchecked handling and 
improper or unnecessary translocation of snakes 
highlight the need for stringent protocols and 
proper training and accountability for rescuers.

Despite these successes, Goa faces significant 
challenges, particularly from rapid, unchecked 
urbanisation, especially with an increase in the 
influx of immigrants. Expanding development 
increases the likelihood of human-snake 
interactions, underscoring the importance of 
outreach efforts targeted at both local and 
immigrant populations unfamiliar with local 
wildlife. Increased education about snake 
identification and correct actions following a 
snakebite is crucial for these groups.

Additionally, more research is needed to 
understand the socio-economic and mental 
health impacts of snakebites, as well as the scale 
of domestic animal deaths caused by snakebites 
or snake predation. Such data will enable 
the development of more holistic mitigation 
strategies.

Implications for conservation and coexistence
The findings from Goa underscore the power 
of community-led initiatives in fostering 
coexistence. Awareness campaigns that involve 

Figure 7. Release of juvenile Russell’s viper

Figure 6. Malabar pit viper
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local leaders, coupled with accessible medical 
care and robust emergency response systems, 
can significantly reduce snakebite mortality 
while promoting harmony between humans and 
snakes. When communities take ownership of 
coexistence strategies, they not only protect 
themselves but also contribute to the conservation 
of snake populations.

However, the ecological risks associated with 
snake rescues emphasise the need for balanced 
approaches that do not inadvertently harm snake 
populations. Rescue efforts must be guided by 
ethical practices to ensure both human safety 
and ecological integrity.

Conclusion
Snakebites are not just a medical emergency but 
a complex socio-ecological issue that requires 
multifaceted solutions. By addressing healthcare 
gaps, dispelling myths, promoting coexistence 
through community action and implementing 
responsible rescue practices, it is possible to 
reduce the toll of snakebites on both humans and 
snakes. The Goa model serves as a testament 
to how small, community-driven initiatives 
can lead the way in mitigating human-wildlife 
conflict, offering hope for similar efforts across 
India and beyond.
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Mitigating the impact of climate change in sea turtle 
reproduction: developing the evidence base for clutch-splitting as 

a low-cost management tool

Leo Clarke1, Nelson Semedo2, Diana Nadine Semedo2 & Samir Martins2

1School of Environmental Sciences, University of Liverpool, UK
2BIOS.CV, Boa Vista, Cabo Verde, SA

For sea turtles, like all reptiles, environmental 
temperature influences numerous life-history 
stages (Böhm et al., 2016; Ihlow et al., 2012). 
Temperature-dependent sex determination 
(TSD), in particular, has been highlighted as 
a cause for concern in much of the scientific 
literature regarding the conservation biology of 
sea turtles in a changing climate. The temperature 
during the second trimester of incubation, also 
known as the thermosensitive period, determines 
the sex of hatchlings (Standora & Spotila, 1985). 
Lower temperatures (26–28 °C) result in a 
higher percentage of males produced, and higher 
temperatures (30–34 °C) yield predominantly 
female hatchlings (Booth, 2017). Higher nest 
temperatures due to global climate change are 
already causing heavily female-biased hatchling 
sex ratios (Hays et al., 2014; 2017; Laloë et 
al., 2014; Tanner et al., 2019) and reduced 
hatching success (Montero et al., 2018; Tomillo 
et al., 2012). Thus, conservation managers are 
considering what mitigation techniques are 
available. 

Nest temperatures are further exacerbated by 
metabolic heat generated as the eggs develop 
(Broderick et al., 2001; Zbinden et al., 2006; 
Gammon et al., 2020), reaching up to 2.5 °C 
in the thermosensitive period (Gammon et al., 
2020). There is evidence that a novel, low-cost 
technique of halving an incubating sea turtle 
clutch size (clutch-splitting), thereby reducing 
the number of eggs and thus the amount of 
metabolic heat generated by the nest, can reduce 
overall nest temperatures relative to whole 
control clutches in an experimental conservation 
hatchery setting, demonstrating potential to 
improve hatch success and balance primary sex 
ratios (Clarke et al., 2021). This work aimed to 
investigate the effectiveness of the technique 
in the natural nesting environment of the 
endangered loggerhead turtle Caretta caretta for 
the first time and to collect additional data to 

understand the factors that influence metabolic 
heating of incubating sea turtle clutches.

The work was carried out on Boa Vista Island, 
part of the Cabo Verde archipelago in the eastern 
Atlantic Ocean off West Africa. Cabo Verde 
supports more than 95% of the loggerhead’s 
nesting activity in the entire eastern Atlantic 
(Marco et al., 2012). Data collection was carried 
out on Joao Barrosa beach within the Reserva 
Natural de Tartaruga, across two field trips in 
August and September 2023, in collaboration 

Figure 1. Hatchling loggerhead turtles heading for 
the surf.
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with BIOS.CV, a local NGO. We placed HOBO 
Onset Pendant UA-001-64 temperature data 
loggers (TDLs) in 19 loggerhead C. caretta nests. 
Nests were allocated to two treatments: control 
clutches (n = 9), which were left to incubate 
naturally, and split clutches (n = 10). In split 
clutches, half of the eggs were removed from the 
egg chamber during oviposition. An additional 
TDL was buried at nest depth 1 metre from 
the original nest at the same beach elevation, 
to monitor sand temperatures and to allow the 
calculation of metabolic heating of the nest. The 
elevation relative to chart datum was calculated 
using Finite Element Solution (FES) global tide 
dataset. After 60 days nests were monitored for 
hatching every two hours. Nests were excavated 
at least 48 hours after hatching to remove any 
hatchlings that had not emerged from the nest 
and to assess hatching success.

Of the 19 nests included in the study, eight 
nests hatched successfully. The failure of the 
remaining clutches to hatch was likely due to 
exceptionally high tides during August 2023 
which left many nests on Joao Barrosa beach 
inundated for prolonged periods (E. Silva, pers. 

comm.), and unseasonably high rainfall. Of nests 
that incubated successfully, nest temperatures 
increased gradually in the first trimester of 
incubation, and more rapidly in the second and 
third stages as embryonic development occurs 
(Fig. 2a). The temperature curve begins to 
plateau in the final stages as embryos complete 
development (Fig. 2a). The same trend is evident 
in MH profiles (Fig. 2b). Thermal profiles of both 
treatments diverged between natural and split 
clutches as incubation progresses (Fig. 2b). In 
the final third of incubation results indicated an 
almost 1 °C difference in mean nest temperatures 
between treatments (natural: 31.98 ± 0.57 vs 
split: 31.15 ± 0.37 °C) and mean MH in natural 
clutches 0.5 °C higher than in split clutches (1.49 
± 0.58 vs 0.99 ± 0.21 °C). Despite these trends, 
treatment comparisons of nest temperature and 
MH showed no significant differences across 
the whole of the incubation period, nor in any 
trimester individually, however. Despite this 
lack of statistical significance, split clutches 
nonetheless appeared to show lower MH overall 
and a trend towards lower MH in the final 
third. Our results show that MH of incubating 
C. caretta clutches can approach 0.5 °C in the 

Figure 2. a) Incubation temperature, and b) metabolic heat profiles across incubation period for natural (black line, 
n = 4) and split (grey line, n = 5) nests, represented by a LOESS smoothing function fitted to data from nests that 
successfully incubated.
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thermosensitive period of development and in 
excess of 1 °C in the final stages of incubation. 

The best-fitting models applied to metabolic 
heat data included nest depth, elevation and 
clutch size as predictor variables. Only elevation 
and clutch size showed a significant effect, with 
greater elevations associated with less MH, and a 
positive effect of clutch size on the magnitude of 
MH. The best-fitting model fitted to data on MH 
in the middle third of incubation retained only 
nest elevation as a predictor variable, which again 
revealed a significant negative influence on the 
amount of MH produced in the thermosensitive 
period. The models fitted to overall MH and MH 
in the final third of incubation both included nest 
depth and elevation as explanatory variables, 
although only elevation had a significant effect 
and only in the model fitted to MH in the final 
third, with higher elevations associated with less 
MH during this period. 

Modelled hatchling sex ratios were similar 
in both natural and split clutches, with mean 
proportions of female hatchlings >95% in both 
treatments (Fig. 3a). Higher proportions of 
females were produced at lower beach elevations 
(Fig. 4). Whilst mean hatching success was 
lower in split clutches than natural clutches 
(Fig. 3b), model outputs indicate no significant 

treatment difference, likely due to low sample 
size and high variability in the data. We did 
not detect an effect of clutch-splitting as an 
effective management intervention in reducing 

Figure 3. a) Mean modelled proportion of female hatchlings, and b) hatch success in natural and split nests in 2023. 
Boxplots show the interquartile range whilst the horizontal line represents the median value. Whiskers indicate the 
range of the data and data points indicate statistical outliers.

Figure 4. The relationship between hatchling sex ratios 
(% female) and nest elevation (m) (F 1,7 = 20.59, R2 = 
0.71, p = 0.003). 
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the magnitude of MH produced by incubating C. 
caretta nests and in doing so reducing overall 
nest temperatures and female-bias in primary 
hatchling sex ratios. However, the failure of 
eleven nests to hatch due to prolonged tidal 
inundation and heavy rain markedly reduced our 
sample size and thus the statistical power of our 
analyses. Yet, despite the high variability in our 
data, the observed trends in nest temperatures 
and MH throughout incubation in nests that did 
incubate successfully provide some insight and 
suggest that split clutches may generate less MH 
and incubate at cooler temperatures compared to 
natural clutches, despite the lack of a statistically 
detectable effect. This is particularly evident 
when considering overall MH and in the final 
third of incubation. 

We found no difference in the proportion of 
female hatchlings produced and in fact clutches 
from each treatment produced >95% female 
hatchlings. Clutches in both treatments thus 
incubated at high temperatures above the pivotal 
temperature approaching complete feminisation. 
This suggests that ambient temperatures during 
the study period were particularly high and 
may have contributed to the lack of successful 
development of a number of nests (Howard et al., 
2014). The high sex ratios we observed might be 
interpreted as of concern for future population 
viability although fieldwork was conducted in 
the warmest months of the nesting season and 
temporal variability across the nesting season 
will likely create more balanced primary sex 
ratios overall.

We found a negative relationship between nest 
elevation and metabolic heat and the proportion 
of female hatchlings. Sand moisture content is 
both negatively correlated with beach height and 
a strong driver of nest thermal properties. Eggs in 
cooler, wetter nests at lower elevations typically 
demonstrate slower embryonic development and 
increased male hatchling production (Sifuentes-
Romero et al., 2018), a signal that we did not 
observe in our nest temperatures or MH profiles, 
nor in the proportion of females being produced. 
Our responses to nest elevation contrary to that 
reported in other literature may be an artifact 
of our small sample size, or the relatively small 
range of elevations across which nests were 
monitored. Greater beach slope and elevation 
has been shown to represent preferential nesting 
habitat with higher survival probability (Wood & 
Bjorndal, 2000). Our results suggest that in such 
preferred nesting areas at higher elevations MH 
may be reduced compared to lower elevations.

The loss of several nests limits the conclusions 
that can be drawn with any certainty from our 
results, although trends in MH and temperature 
profiles provide some indication that clutch-
splitting may be effective, despite the lack of 
statistically detectable results and any elicited 
change in hatchling sex ratios. Fieldwork was 
carried out during the hottest part of the nesting 
season, which meant that all nests produced 
>95% female hatchlings, combined with our 
reduced sample size, thus potentially limiting 
the potential for any change in sex ratios to be 
detected. In fact, it suggests that during this 
time of year the method may be less effective 
in altering sex ratios. Nonetheless, the technique 
may prove effective at other times in reducing 
nest temperatures away from the upper thermal 
limit, towards which it appears they may be 
incubating. Given the remaining uncertainty 
around the rate and magnitude to which sea 
turtles can adapt to mitigate the effects of global 
temperature increases, clutch-splitting may 
provide an alternative and low-cost management 
intervention for conservation managers.
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The Neotropics, encompassing Central and 
South America and the Caribbean, harbours 
incredible biological diversity, supporting 
approximately 50% and 32% of the world’s 
amphibian and reptile species respectively 
(Urbina-Cardona, 2008). The Neotropics support 
such a diverse array of species thanks to the 
wide variety of habitats found within the region, 
from vast swathes of primary tropical rainforests 
supporting amphibians found nowhere else on 
Earth, to sandy Atlantic and Pacific coastlines 
providing suitable areas for female sea turtles to 
return to land and nest. Amphibians and reptiles 
perform vital roles in Neotropical ecosystems 
as both predators and prey, as well as providing 
ecosystem services to humans living throughout 
the region, such as controlling pest populations 
and providing sources of protein (Valencia-
Aguilar et al., 2013). However, the shared 
environments of humans and herpetofauna 
also lead to significant coexistence challenges, 
including conflicts arising from fatal injuries 
from reptile bites, turtle egg poaching and 
habitat encroachment (Nyhus, 2016; Pheasey 
et al., 2021). Here, I will briefly describe two 
socio-herpetological observations I have made 
during ecological research trips to Costa Rica 
and the Peruvian Amazon, and provide examples 
of human-herpetofauna coexistence issues 
arising where human society and wildlife habitat 
overlap.  

When discussing Neotropical herpetology, 
the minds of many are instantly drawn to the 
variety and elusive beauty of snakes inhabiting 
the rainforests of Central and South America. 
A particularly notable group of snakes in 
human-herpetofauna coexistence discussions 
is the Bothrops genus, known worldwide for 
the potency of their venom and their readiness 
to shelter in human settlements (Resiere et 
al., 2020). Members of this genus cause more 
snakebites than any other group in the region 
(da Silva et al., 2023). This has led to a strong 
aversion to snakes in general being commonplace 
across Neotropical America due to the threat 

of physical harm and death, with hunters in 
some regions indiscriminately persecuting 
Bothrops snakes whenever they are encountered 
(Mendonça et al., 2014). A vivid memory of mine 
from the Peruvian Amazon is walking with an 
indigenous community member and discussing 
his hatred of snakes, and him showing me the 
scar from a Bothrops atrox bite he suffered 
many years before, permanently changing 
his and his family’s perception of snakes (and 
any creature resembling a snake, such as the 
electric eel (Electrophorus sp.)). Bothrops atrox 
is responsible for most of the snakebites in the 
Amazon, with rural and agricultural workers, 
children, and people with lower socioeconomic 
statuses facing greater coexistence issues with 
the species due to higher exposure (da Silva et 
al., 2023). In the short time I was stationed in the 
forests near the Caribbean coast of Costa Rica, 
I had several encounters with Bothrops asper, 
with a subadult individual returning daily to 
rest beneath my accommodation building during 
the day. This is far from an unusual incident, 
as human settlements provide dry, rodent-
populated microhabitats favoured by the species, 
which is notorious for its defensive tendencies 
and readiness to strike. In Costa Rica, B. asper 
causes 90% of snakebites and the majority of 

Figure 1. Bothrops asper in Costa Rica.  This snake 
was living under the accommodation of the author.
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fatal accidents (Solórzano, 2022), with deep 
social and psychological impacts for local rural 
residents (Millán-González, 2023).

As mentioned above, I have spent a short time 
based near the Caribbean coast of Costa Rica, at 
the Caño Palma Biological Station, situated in the 
Barro Colorado Wildlife Refuge. The location of 
this research station has largely been determined 
by another example of a human-herpetofauna 
coexistence issue – illegal turtle egg poaching. 
The issue is of such severity and importance in 
this part of the Neotropics that it warrants the 
majority of the attention from an entire research 
station, to try and prevent sea turtle population 
declines at the hands of egg collectors. On Costa 
Rica’s Atlantic Coast, there are three species of 
sea turtle that return to land and nest: the green 
Chelonia mydas, the hawksbill Eretmochelys 
imbricata and the leatherback Dermochelys 
coriacea. Despite the legal protection, each of 
these species are directly harvested for their 
eggs, meat or carapace, for direct consumption 
or decorative purposes (Mejías-Balsalobre et 
al., 2021). On the beaches monitored by Caño 
Palma, nest poaching caused 12.5% and 21% 
nest loss in hawksbill and leatherback turtles 
respectively between 2006 and 2019, and a 
1.1% nest loss in the green turtles, on account 
of their much greater abundance (Pheasey et 
al., 2021). Turtle eggs and meat are not vital 
sources of nutrition for either the poachers or 
eventual consumers, with the primary driver 
of this activity instead being the procurement 
of illegal drugs by marginalised members of 
society (Pheasey et al., 2023), highlighting 

how human-herpetofauna coexistence issues 
can be driven by social inequalities in human 
communities. I engaged in several casual 
conversation with local poachers during beach 
survey work in Costa Rica, who all appeared 
largely unaware of the negative consequences 
of their activities, possibly demonstrating the 
fact that education levels among poachers in this 
region are low (Pheasey et al., 2023). Notably, 
during one conversation, we had returned a data 
logger that we had previously placed in a green 
sea turtle nest, to monitor climatic variables, 
that had been discovered during a nest poaching 
event. Community-based programmes are 
desperately needed in areas with high poaching 
rates, in order to provide alternative employment 
opportunities, and deter and prevent narcotics-
driven turtle poaching from persisting.

The examples of human-herpetofauna 
coexistence issues highlighted in this article 
underscore the complex interaction between 
biodiversity conservation and socioeconomic 
factors in the Neotropics. Species such as 
Bothrops snakes and the green, hawksbill and 
leatherback turtles illustrate the significant 
challenges faced by both wildlife and local 
communities when their habitats and livelihoods 
overlap. In the case of snakebites, the lack 
of adequate healthcare infrastructure and 
educational outreach exacerbates human-
herpetofauna coexistence issues and negative 
perceptions, while the poaching of turtle eggs 
demonstrates how social inequalities and illicit 
activities drive unsustainable exploitation. There 
is no one-size-fits-all approach to addressing 

Figure 2. Bothrops asper contained in a perspex tube 
ready to be translocated from a human settlement.

Figure 3. View over Tortuguero, Costa Rica, displaying 
the overlap between human settlement and primary 
rainforest habitat.
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complex and deep-rooted human-wildlife 
coexistence issues, such as those highlighted 
in this article. Community-based conservation 
approaches are required to develop programmes 
aimed at fostering coexistence over conflict, 
prevention over retaliation, and the provision 
of alternative livelihoods over destructive 
exploitation, ensuring a future where both 
human communities and herpetofauna can thrive 
together.
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Setting the scene
Madagascar is one of the oldest and largest 
islands in the world and also one of the 
biologically richest places on earth (Goodman, 
2022). However, Madagascar faces considerable 
conservation issues; for example, over 71% 
of its land has been converted to agriculture 
while over 71% of its population live below 
the poverty line (CIA, 2024). Madagascar’s 
human population size is predicted to approach 
60 million by 2050 (UN, 2022) and extreme 
weather events, both droughts and cyclones 
that hit Madagascar are increasing in frequency 
and intensity resulting in deaths, displacement 
and insecurity. While severe localised food 
insecurity also resulted from the extreme weather 
events, and slow economic recovery, revenue 
from forest resources was 4.34% of national 
GDP (CIA, 2024). Furthermore, Madagascar’s 
political and institutional structures lack 
robustness in their ways of working, thus, 
leaving opportunities for illicit behaviours; for 
example, CITES (2024) requirement to suspend 
commercial trade of specimens of Diospyros spp. 
and Dalbergia spp. from Madagascar in 2022. 
Within country scenarios exacerbated these 
situations. For example, in 2020, Madagascar’s 
environment minister, Ms Raharinirina stated 
that Madagascar’s 144 protected areas (PAs) 
were a failure for conservation and that PAs 
needed to be more people-centric (Mongabay, 
2020). While, in 2021, the U.S. Agency for 
International Development (USAID) launched a 
program aimed at undermining illegal wildlife 
trafficking and the corruption that helps it 
flourish (USAID, 2021). Yet, in 2024 alone, 
Thailand itself returned nearly 1000 endangered 
lemurs and tortoises to Madagascar that had 
been confiscated from the illegal wildlife trade 
(BBC, 2024), highlighting how rife the illicit 
trade in fauna from Madagascar still remains. 

Trade in Madagascar’s amphibians
Madagascar’s amphibians have had a long 
association with the wildlife trade having been 
consistently exploited for the international 
pet trade (Carpenter et al., 2005; 2014; 2022; 
Rabemananjara et al., 2007; Carpenter & Robson, 
2008; Carpenter & Andreone, 2023a; 2023b). 
Madagascar has 365 species of amphibians 
formally recognised with many more species 
awaiting formal description (Fig. 1, Goodman, 
2022; Carpenter & Andreone, 2023a). However, 
there were 313 species listed on the IUCN Red 
List (2024) with 6.7% categorised as Critically 
Endangered, 26.2% Endangered and 14.1% 
Vulnerable, and pretty much all of those species 
reported with declining populations (Fig. 2).

Hence, there have been several studies 
investigating conservation action planning 
(Carpenter et al., 2007; Andreone et al., 
2008), socio-bioeconomic models (Carpenter 
& Robson, 2008) and alternative income 
sources (Carpenter & Andreone, 2023b) for 
Madagascar’s amphibians. These conservation 
actions are set against the background of the 
wider conditions cited previously.                    

Build a suitable model 
In recent years, knowledge of the ecology and 
breeding biology of Madagascar’s amphibians 
has increased rapidly. For example, for many 
species we now have robust information on 
the distribution and population localities, 
their breeding strategies and fecundity 
(CITES Secretariat, 2008; Goodman, 2022). 
To the extent where it is possible to develop 
sustainable harvest models (Andreone et al., 
2021). Additionally, robust information exists 
on both (1) the trade and financial structures 
operating within this trade and (2) the levels 
and trends of the trade (Carpenter & Andreone, 
2023b). Furthermore, we also have detailed 
enough information on the seasonal activities 
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Figure 1. A random selection of the Malagasy amphibian community, highlighting the declining population levels for 5 of the 6 species shown (Source: IUCN Red 
List, 2024).
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Mitsinjo’s breeding facility (Edmonds et al., 
2012; Rakotoarisoa et al., 2024). The drivers for 
securing ark populations for species often being 
chytrid fungus and habitat destruction, which 
are constant conservation issues on Madagascar.
However, hobbyists and zoological organisations 
in the US, Europe and other global localities have 
been able to both sustain and captively breed 
populations of Malagasy amphibians too. Often 
resulting in breeding more individuals than a 
centre requires, that are then distributed to other 
localities (Murphy & Gratwicke, 2017; Browne 
et al., 2018). This has the possibility of leading to 
the alternative supply of Malagasy amphibians 
sourced from within non-native countries, 
which has the implications on Madagascar of 
disconnecting the supply of amphibians away 
from the country and removing these species as 
a valuable resource for local people (Mattioli et 
al., 2006). 

In 2023, an IUCN SSC Position Statement both 
embraced and endorsed the actions of zoos 
and aquaria into the wider IUCN community 
(IUCN SSC, 2023). Despite zoos using 
Madagascar amphibians for viewing, breeding 
and marketing purposes, there have been no 
individuals returned to Madagascar from these 
organisations. However, there is the possibility 
of an alternative impact from these species 
being displayed within bright and attractive 
enclosures. On viewing these creative and 
attractive displays in zoological collections 

and income sources and values for local 
communities in some localities (Carpenter & 
Robson, 2008; Carpenter & Andreone, 2023b). 
These multiple datasets all combine to allow the 
building of bio-economic models that provide 
local communities with enhanced income from 
non-timber forest products (NTFPs) to mitigate 
deforestation at sites. As long as the supply of 
the resource stays connected to the habitat, such 
practices can provide conservation benefits 
with sustainable local income opportunities. A 
potential win/win scenario.

The resource: habitat disconnect
As stated previously, the trade in Madagascar’s 
amphibians has a long history, the driver for which 
has been the international pet (and zoo) trade. 
Hobbyists from all over the world have constantly 
demanded amphibians from Madagascar, as the 
trade review papers reported (see section “Trade 
in Madagascar’s amphibians”). However, as the 
trade reviews also reported, the demand from 
Madagascar has witnessed a slight declining 
trend in overall numbers of individuals 
while expanding the number of species being 
traded. Specifically, including novel species 
not previously traded and often only recently 
formally described (Carpenter & Andreone, 
2023b). On Madagascar, conservation actions 
have included the maintaining in captivity 
and captive breeding of multiple species of 
amphibian, which has made great advances in 
recent years; most notably at the Association 

Figure 2. The number of amphibians (n=313) from Madagascar reported under each of the IUCN Red List 
categories (Source: IUCN Red List, 2024).



20

British Herpetological Society Reports, No. 5, June 2025

A

B

C

Figure 3. Three factors of socioeconomic information collected. A. Researcher interviewing a village 
representative and a map of the localities of the survey. B. A list of resources collected in Ansagabe (F 
= forest sourced, A = agriculture sourced). Shaded data indicates negative impact on forests, unshaded 
indicates reduced impact. C. Seasonal activities for 3 village communities.
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(Fig. 4) could excite members of the public 
to copy what they have seen and set up their 
own vivariums within their homes. Ultimately, 
this adds demand to the supply chain for these 
species, which is met from CB rather than 
originally sourced individuals. This potential 
scenario presents a conservation conundrum 
that requires much further research, regarding 
the impacts of alternative supply chains to 
the Malagasy sourced supply and on the wide 
conservation negative and positive impacts that 
result. 
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Introduction
The fire salamander Salamandra salamandra 
ranges from Spain and Portugal in the south 
and west to Germany in the north, all the way 
through Europe to Romania and Bulgaria in the 
east. Salamandra algira occurs in both Algeria 
and Morocco. (See Raffaëlli, 2022, Seidel & 
Gerhardt, 2016; Sparreboom, 2014 for more 
information).

Substrates and enclosures used 
Since 2000, a range of substrates and enclosures 
were trialed to determine which would be ideal to 
easily rear and maintain both adult and juvenile 
fire salamanders. These attempts were my own 
personal experience, and I am aware of others 
successfully  maintaining fire salamanders using 
alternative substrates. 

Substrates used, but largely dismissed, included 
damp paper towels, live moss, rehydrated dried 
sphagnum moss, leaf mould and coco fibre. (See 
Seidel & Gerhardt, 2016 for a full critique of the 
potential substrates for fire salamanders). 

The final choice of substrate for adults was 
small pine bark chips (orchid grade) up to a 
depth of 5 cm in Wham Crystal (What More UK) 
plastic boxes (L 60 cm x W 40 cm x H 26 cm, 45 
litres). A double row of holes was drilled on each 
side of the box close to the lid. This provided 
enough ventilation to prevent condensation in 
the boxes. Within each box were stacked cork 
bark curved/flat hides and an Exoterra (Rolf C. 
Hagen, Germany) large water dish. The large 
water dish, which was replaced daily, meant that 
adult fire salamanders were able to both immerse 
themselves and deposit larvae. The bark chips 
were spot cleaned as necessary and removed and 
replaced after three to four weeks. Enclosures 
of this size were suitable for single adults of 
larger subspecies such as tingitana and pairs or 
trios of adults for smaller subspecies including 
bernardezi.

The isopod Porcellio scaber was added to 
newly set up enclosures as an attempt to control 
any mould growth. They also provided some 
additional food for the salamanders.
To prevent contamination of the outside 
environment, all soiled substrates were disposed 
of in the garden waste composting bin, as this 
material is composted at high temperatures by 
the Local Authority. 

Water bowls were cleaned daily and soaked 
overnight in Milton sterilising solution (Procter 
& Gamble, UK), rinsed with water, and left 
outside for at least 24 hours before being used 
again. This meant that for every enclosure three 
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Figure 1. Male Salamandra algira splendens in large 
Exoterra water bowl.
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water bowls were needed; one in use, one in 
soak and one drying off outside. The plastic 
boxes were also washed off in the same solution, 
rinsed, and left to stand outside for at least 24 
hours.

Temperatures and lighting
Since 2010 all animals have been maintained 
between 10–20 °C, although in the summer the 
temperature could reach 27–28 °C for short 
periods. Fluorescent lighting was maintained 
for 12 hours during the summer with the hours 
reduced to 8 hours in the winter. There was 
no specific lighting used for individual fire 
salamander terraria.

Rearing juveniles
For juveniles, Wham Crystal (What More UK) 
boxes, 11 litres (36.5 cm x 25 cm x 17 cm) or 
17 litres (43 cm x 33 cm x 17.5 cm), were used, 
depending on the size of the juveniles, or the 
number being maintained. Boxes were set up 
with a 2–3 cm layer of small orchid bark chips, 
cork bark and either live moss or rehydrated 
dried sphagnum moss. The smaller boxes were 
used for either single large juveniles or groups 
of three or four newly metamorphosed juveniles.

Both P. scaber isopods and springtails were used 
in each box as these provided both food and a 
clean-up crew. In some cases, the isopods were 
sieved so that only smaller individuals were 
used. 

Feeding
The basic diet for all salamanders has been small 
or medium sized banded crickets Gryllodes 
sigillatus, depending on the size of the adults 
or juveniles being fed. All crickets were dusted 
with calcium plus multivitamins. It was found 
that Repashy Calcium Plus with vitamin D3 
adhered to the crickets longer than some other 
multivitamins. Tubs of red worms were used 
weekly as a supplement to the crickets, as were 
worms collected from the garden.

Rearing larvae
The 17 litre plastic boxes were used, with 3–4 cm 
of water, and dried dead oak leaves to provide 
cover for the larvae and increase the tannin level 
of the water (Seidel & Gerhardt, 2016). Tap 
water with the addition of a water conditioner 
(King British UK) was left to stand for at least 
one day before being used in the larvae boxes. 

These boxes were suitable for eight small larvae, 
although as they grew the number of larvae was 

reduced. As metamorphosis approached, the 
boxes were rested on 1 cm strips of wood so 
that they became tilted and allowed the young 
juveniles to climb out of the water more easily. 
Diet for the larvae included whiteworms, 
daphnia, bloodworms, tubifex worms and 
chopped earthworms. Tubifex worms eventually 
became the preferred choice as they were 
suitable for all sizes of larvae and could be kept 
for at least a week, if the water in which they 
were kept was changed daily. Daphnia was used 
mainly for smaller larvae. 

Hibernation
Frost-free garages or household refrigerators are 
often suggested as the best place to hibernate fire 
salamanders. As these were not readily available 
it was decided to work with fire salamander 
species from the southern part of their range, 
principally Portugal and Morocco. These require 
cooling to 10 °C over the winter months. Because 
of the high summer temperatures, species and 
subspecies from these regions regularly breed 
during the autumn and winter months. 

Figure 2. Salamandra s. gallaica larvae in box with oak 
leaves.
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Salamandra s. bernardezi Covadonga 
Salamandra s. bernardezi occur in northern Spain 
and a group of adult bernardezi originating from 
Covadonga were maintained for many years. 
Colouration and patterning of bernardezi across 
its range is extremely variable and Donaire et 
al., (2016), document the range of phenotypes 
for this subspecies.

Between 1993 and 2010, adults were kept in 
outdoor enclosures and regularly produced 
fully metamorphosed young or larvae each year. 
From 2010 onwards, adults of bernardezi were 
maintained indoors during the winter and only 
moved to outdoor enclosures between May and 
November.

Fully metamorphosed juveniles and occasionally 
larvae were produced between March and May 
each year. A total of 12 juveniles were produced 
by a single female in 2020; in 2021 the same 
female produced 13 juveniles, and in 2022 
she produced 10 juveniles. In 2023, 3 fully 
metamorphosed juveniles were produced.

On average, the fully metamorphosed juveniles 
ranged from 3.5–3.6 cm in total length, the larvae 
were smaller at just over 2 cm total length.

Salamandra s. gallaica Serra de Grandola
In 2017 juveniles of gallaica from the Serra de 
Grandola in Portugal were obtained. The Serra de 
Grandola is close to the northerly distribution of 
Salamandra s. crespoi (Malkmus, 1983; 2004). 
By 2019, there were two pairs of adults, neither 

of which were subjected to hibernation and were 
maintained between 10–15 °C during the winter 
months. One of the females produced 66 larvae 
between December 2019 and January 2020 at 
an average of 4 larvae per day. The maximum 
number of larvae deposited by this female in a 
single day was 9. The second female produced 
a total of 23 larvae over the same period at an 
average of 2 larvae per day. 

The first larva metamorphosed after 39 days, 
with a total of 80 larvae metamorphosing (from 
both females) by March 2020. The length of 
time until metamorphosis for later deposited 
individuals was 52 days.

Salamandra algira tingitana Beni Arous 
(larviparous)
There are two main forms of algira tingitana 
found in Morocco (Bogaerts, 2018). The more 
northerly form is live-bearing (juviperous) and 
occurs in the areas around Tagramt and Ceuta 
(Spain). The more southerly, larvae-bearing form 
(larviparous) occurs in the Beni Arous area.

Figure 3. Salamandra s. bernardezi young Covadonga 
females.

Figure 4. Juvenile Salamandra s. gallaica Serra de 
Grandola.
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A trio of Beni Arous adults from juveniles 
metamorphosed in 2017 were maintained in two 
of the large 45 litre plastic boxes. One female 
was kept in each box, with the male being moved 
from one box to another every three to four 
weeks. In 2021, the largest female produced a 
total of 11 larvae between January and February 
2021. A further 70 larvae were deposited between 
December 2021 and February 2022.

Data from 54 of the larvae showed an average 
time between deposition and metamorphosis of 
51 days, and an average length at metamorphosis 
of 5.4 cm.

The second female produced 24 larvae in 
March of 2021 and a further 12 larvae between 
November 2021 and March 2022. Data from 6 of 
the larvae deposited in November and December 
showed an average metamorphosis time of 65 
days and a metamorphosis size of 5.5 cm.

Both females also produced small numbers of 
unfertilised eggs and deformed larvae at the 
same time as producing viable larvae. 

Salamandra algira splendens Chefchaouen
Salamandra algira splendens occurs further 
south in Morocco than either of the two tingitana 
populations and can be found in the Rif and 
Atlas mountains. Salamandra a. splendens has 
been bred successfully in the past and Bogaerts 
(2018), details his experiences and those of 
others with this subspecies.

In 2019, juveniles of splendens were obtained 
and by 2021 there were two adult pairs of this 
subspecies. One of the females produced larvae, 
with 19 being produced in October 2021. There 
were 16 unfertilised eggs and 18 larvae that were 
either dead on deposition or were premature and 
had large yolk sacs still attached. The level of 

Figure 5. Salamandra algira tingitana male Beni Arous (note pores on head which occur on the males of this 
species).
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unfertilised eggs and dead larvae could have 
been due to the young age of the adult female.

Eleven larvae were reared through to 
metamorphosis. Some larvae died soon after 
being deposited and three others died close to 
metamorphosing, possibly drowning, even in 
shallow water. For this subspecies the larger 
larvae were reared individually as it was seen 
that some attacked each other as they grew. 

Metamorphosis took place between January 
and February of 2022. The average size at 
metamorphosis was 6.7 cm (n = 10), with 
some larvae reaching 7.5 cm whilst they were 
still in the water. The average time taken to 
metamorphosis was 93 days (n = 11), with the 
shortest time being 85 days and the longest 109 
days.

Acknowledgements
I am extremely grateful for the help and advice of 
many people over the years. These include, but 
are not exclusive to Dave Herbert, Tim Green, 
Dave Perry, Chris Mattison, Carl Miles, Simon 
Townson and Stuart Worth. 

References
Bogaerts, S. (2018). Salamandra algira Bedriaga, 1883 

North African Fire Salamander. Mertensiella, 28, 
160–171 pp. Threatened Newts and Salamanders - 
Captive Care Management Vol. 2.

Donaire, D., Fonoll, R. & Rivera, X. (2016). Revisión 
fenotípica de las poblaciones asturianas de 
Salamandra salamandra (L). Butlletí de la Societat 
Catalana d’Herpetologia 23, 7–38.

Malkmus, R. (1983). Beschreibung einer neuen Form 
des Feuersalamanders der Serra de Monchique 
(Portugal): Salamandra salamandra (gallaica) 
crespoi. n.subsp. - Faunistische Abhandlungen 
Staatliches Museum für Tierkunde Dresden 10(9), 
169–174.

Malkmus, R. (2004). Amphibians and Reptiles of 
Portugal, Madeira and the Azores Archipelago, 
Distribution and Natural History Notes. Gantner, A 
R, 522 pages.

Raffaëlli, J. (2022). Salamanders and Newts of the 
World. Penclen Edition. 1,100 pages.

Seidel, U. & Gerhardt, P. (2016). The Genus 
Salamandra. Edition Chimaira Volume 16, 
Frankfurt am Main, 543 pages.

Sparreboom, M. (2014). Salamanders of the Old World. 
The Salamanders of Europe, Asia and Northern 
Africa. KNNV Publishing, Zeist, 431 pages.

Figure 6. Adult pair of Salamandra algira splendens 
Chefchaouen.


