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Modelling the future niche distribution of venomous snakes under climate change: a case study of the
Greater Black Krait (Bungarus niger), a recently identified cause of nheuro-myotoxic envenoming in Bangladesh
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1. Introduction

Snake bite envenoming, one of the most neglected diseases, causes massive morbidity, mortality and disability among the rural poor in subtropical and ' o
tropical countries, and thereby causes and perpetuates poverty. Climatic factors strongly influence the survival and activity of snakes. Thus, climate change -+ “%%
will significantly impact on their diversity, distribution and abundance, leading to extinctions, range shifts, and corresponding changes in health risks.

Here, we address this topic with a case study on the Greater Black Krait (Bungarus niger), a species that was recently found to cause fatal envenoming in

Bangladesh by destroying the nerves and muscles of bite victims (Faiz et al., 2010).
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2. Methods

We use a set of six ecological niche models of the BIOMOD package
(THUILLER, 2003) and a new approach (GPDF), which assumes that a
taxon is normally distributed in its ecospace (MicHEELS et al., in prep.).
According to the GPDF model, the relevant ecospace parameters
are described using Gaussian probability density functions.

We calibrate our set of seven niche models using the WorldClim
data set (http://www.worldclim.org/), representing the terrestrial
climatology of 1950-2000 in a high spatial resolution of 10 arc minutes
(Hiumans et al., 2005). Based on statistical analysis and ecological
aspects, we choose five climate parameters that are relevant to
describe the modern distribution of B. niger: maximum temperature
of the warmest month, precipitation of driest and warmest quarter,
mean diurnal temperature range, and annual precipitation.

Future projections of the distribution of B. niger are based on climate
simulations with the regional climate model COSMO-CLM for the
IPCC emission scenarios SRES B1, A1b and A2 for the periods
2046-2065 and 2080-2099 relative to the present-day control
experiment (DoBLER & AHRENS, 2010; DoBLER ef al., submitted).

4. Conclusions

The present potential distribution of B. niger covers much
of Bangladesh. Thus, the species may occur throughout the
country, with lower probabillities in the west. This has important
medical implications because envenoming by this species is
rarely diagnosed as such, and there is no specific antivenom
to treat it.

In the future, B. niger appears to be a “loser” of climate change
iIn Bangladesh. Although B. niger can survive in its core area
based on climate alone, its north-eastward range shift is limited
by topographic barriers. Together with competition from species
that are better adapted to wet and hot conditions, or changes
In human land-use, climate change may have overall negative
effects on its distribution area.

More accurate geographical data based on new, verifiable
physical specimens in museum collections are required to better
understand the present and future distribution of the venomous
snakes of Bangladesh. Field collections should go hand in hand
with studies on the movement ecology and niche competition of
these animals since such biotic data are essential for improving
model projections.
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Figure 1. Observations of Bungarus niger (left) and the
simulated modern distribution (likelihood in %) using all
ecological niche models (middle) and GPDF only (right).

SRES B1

30N

25N

2046—-2065

75E 80E 85E 90E 95E 100E

30N

25N 1

2080-2099

20N

15N .. . ; :
75E 80E 85E 90E 95E 100E

SRES B1

35N Wl
h
%

W

30N

25N 1t

2080-2099

20N 120

15N ; ' ' ;
75E 80E 85E 90E 95E 100E

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

SRES A1b

35N 1

30N

25N

20N

75E 85E 90E 95E 100E

30N

25N

20N

15N : : ; :
75E BOE 85E 90E 95E 100E

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

Figure 2. Simulated future distributions (likelihood in %) of Bungarus niger for the periods 2046—2055 (top) and 2080-2099 (bottom) for the scenarios SRES B1 (left), A1b
(middle), and A2 (right) based on all ecological niche models.
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Figure 3. Changes of the simulated future distributions (likelihood in %) of Bungarus niger for the period 2080-2099 for the scenarios SRES B1 (left), A1b (middle), and A2 (right)

relative to present (cf. fig. 1) based on GPDF.
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