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Some predictions indicate that temperatures
for southern Africa could increase by

approximately 3-7°C by 2100 and, dependent
on region, rainfall could increase or decrease
by up to 20% of current levels (Boko et al.
2007). Presumably, changes in climate will
have an affect on life history traits, physiology,
and geographical distributions of species, pos-
sibly resulting in whole community shifts
(Hughes 2000; Parmesan et al. 2000; Root et
al. 2003; Root et al. 2005; Parmesan 2006).
Clearly, these predictions are of growing con-
cern in a conservation context because it is
unknown whether the current conservation
plans will provide sufficient protection a mere
100 years into the future. It appears that some
species have already responded to recent cli-
mate change trends (Hughes 2000; Parmesan et
al. 2000; McCarty 2001; Burns et al. 2003;

Root et al. 2003; Thomas et al. 2004; Foden et
al. 2007) and that community changes have
begun (Brown et al. 1997; Hughes 2000).
Although species distributions have altered nat-
urally throughout the millennia, recent rapid
trends are not to be taken lightly in the face of
our anthropogenically altered environment. 

Although there is a wealth of literature on
species-environment relationships in connec-
tion with the impacts of predicted climate
change (e.g. Janzen 1994; Gibbons et al. 2000;
Houlahan et al. 2000; Sala et al. 2000; Root et
al. 2003; Engler et al. 2004; Thuiller et al.
2004; Gavin & Hu 2005; Thuiller et al. 2006;
Tolley et al. 2009 and references therein), rep-
tiles are an under-represented group in this line
of research. Furthermore, some current reptile
declines are arguably linked to climate change
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(Gibbons et al. 2000; Araújo et al. 2006) and,
together with the low dispersal rate inferred for
reptiles (Kearney & Porter 2004; Araújo et al.
2006), they may be especially vulnerable to
predicted changes (Araújo & Pearson 2005;
Tolley et al. 2009). 

One group of reptiles potentially vulnerable to
climate change are the southern African dwarf
chameleons (Bradypodion). They are medium
to small chameleons and are widespread in
South Africa as a genus. Most species have rel-
atively small, allopatric distributions, and are
limited to distinct habitat/vegetation types
(Branch 1998; Tolley et al. 2006; Tolley &
Burger 2007). Anecdotal information suggests
their migration potential is low (K.A. Tolley,
unpubl. data), which together with their dis-
tinctly allopatric distributions (often confined
to a single vegetation type) suggests a high vul-
nerability to predicted rapid climate change.
Nevertheless, recent studies show that on an
evolutionary time scale, they are labile and can
adapt to novel environments (Tolley et al.
2008). Thus, it appears that dwarf chameleons
have the ability to adapt to, and thrive in novel
niches, but these occurrences are not on the
multi-decadal time scale which is predicted for
acute climate shifts. Because climatic factors
have been shown to affect species distributions
(e.g. Glor et al. 2003; Thomas et al. 2004;
Wiens 2004; Broennimann et al. 2007), we
assume that climatic changes could also alter
Bradypodion distributions and that niche-based
models could provide information on the nature
of these potential shifts. In this study we
address two main questions. Firstly, will the
future potentially suitable climatic habitat be
affected by climate change for Bradypodion?
Secondly, will responses to climate change sce-
narios be species specific? To investigate these
questions, habitat suitability maps were con-
structed for various Bradypodion taxa using
niche-based modelling. We hypothesised that
climate shifts as predicted by the
Intergovernmental Panel on Climate Change

(IPCC) might lead to changes in climatically
suitable habitat, which in turn could influence
chameleon distributions, but that the intensity
and direction of predicted shifts will vary
according to species. While the study is
focused on one genus, the results should not be
considered trivial. South Africa contains three
of the world's most important biodiversity
hotspots (Myers et al. 2000). It has the 3rd
most biologically rich lizard fauna on the
globe, numbering approximately 300 species
and more than 60% endemicity (see Branch
1998). Although broad extrapolations based on
our results cannot be made, chameleons make
an excellent study species as they are poor dis-
persers with limited distributions and have dis-
tinct habitat preferences (Tolley et al. 2004;
Tolley & Burger 2007). These qualities suggest
that they would have limited migrational move-
ments or distribution shifts under rapid climat-
ic changes. Thus, using chameleons as a model
could provide a preliminary indication of
potential risks to these centres of biodiversity. 

MATERIALS AND METHODS

Data sets.—Chameleon locality data were
obtained from six national databases, as well as
dedicated field surveys to increase sampling for
selected species. A total of 446 individuals
encompassing nine taxa (B. pumilum (n = 122),
B. damaranum (n = 20), B. gutturale (n = 75),
B. occidentale (n = 23), B. melanocephalum (n
= 31), B. ventrale (n = 89), B. transvaalense (n
= 47), B. taeniabronchum (n = 19), and one
undescribed species (B. sp. 1; n = 20) were
used. Seven additional species in the genus
were not analysed due to the lack of a compre-
hensive set of point localities for those species.
In addition to the investigation carried out at
the taxon level, analyses were also carried out
at the level of phylogenetic clade. For this, data
from all taxa from each of three major phylo-
genetic clades identified by Tolley et al. (2004,
2006; Fig. 1) were combined and analysed to

AFRICAN JOURNAL OF HERPETOLOGY 58(1) 2009



HOUINIET ET AL. — Predictions of climate change on dwarf chameleons

30

examine potential climatic niche changes for
these clades. 

Environmental data were obtained from
Schulze (1997) comprising interpolated data at
1 x 1 minute grid cells for South Africa, and
included mean maximum annual temperatures
(°C), annual evapotranspiration (mm), mean
winter and summer precipitation (mm). Winter
was defined as May through August and sum-
mer from November through February. An
additional measure of human influence on the
land surface, the "Human Footprint"
(Sanderson et al. 2002), was included and
served as a conservative estimate for future
human impacts (e.g. Thuiller et al. 2006).

Future climatic scenarios.—Climate scenarios
for ~2080 were obtained from the IPCC
(Intergovernmental Panel on Climate Change)
Special Report on Emission Scenarios
(Nakicenovic & Swart 2000). The “A2” story-
line describes a heterogeneous world charac-
terised by a continuously increasing population
and regionally orientated economic develop-
ment. It represents an average global tempera-
ture increase of almost 4°C by ~2100. The
“B2” storyline is also characterised by a con-
tinuously growing population, slower than the
A2 storyline, and intermediate economic
growth. It represents an average global temper-
ature increase of just above 2.5°C by ~2100
(IPCC 2007).

Niche based distribution modelling.—We used
MAXENT 2.3 (Phillips et al. 2006), a pres-
ence-only niche-based model, to estimate
species probability distribution. Analyses were
conducted for taxa having 20 or more data
points. An exception was B. taeniabronchum
which was included despite having only 19
data points. Given its listing as Critically
Endangered (IUCN 2006, CR B1 + 2c), we
considered it important to include in the analy-
sis. We used the default parameterisation of
Maxent, and evaluated variable performance

by the highest AUC statistic, and by generating
a suitability map that best matched the known
distribution. 

RESULTS

Taxon level analysis.—The models for all taxa,
except B. occidentale, showed a decrease in
potentially suitable climatic habitat by 2080
regardless of IPCC scenario (Figs. 2 & 3;
Appendix). When all cells within the category
of 90-100% suitability ("fully suitable cells")
were totalled for each species, most species (B.
pumilum, B. damaranum, B. gutturale, B.
melanocephalum, B. ventrale, B. tae-
niabronchum, B. sp. 1) displayed a loss of suit-
able climatic habitat. Fourteen to 66% of these
fully suitable cells were lost under the A2 sce-
nario while 21%-63% were lost under the B2
scenario, depending on species. In contrast, B.
occidentale demonstrated an increase in the
number of fully suitable cells (34% and 35%
increases under the A2 and B2 scenario's,
respectively). One species (B. transvaalense)
displayed a loss of suitable climatic habitat
coupled with a southward shift (Fig. 2). Thus,

Figure 1. Bradypodion phylogenetic tree, showing
terminal taxa and the three clades used in analysis
(Adapted from Tolley et al. 2004, 2006).
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the degree and extent of response was species
specific with three different types of responses
of climatic habitat suitability: loss, southward
shift, and increase. Overall, there was little dif-
ference in model outputs between the A2 and
B2 scenarios (Fig. 3).

Phylogenetic clades.—The models for phylo-
genetic clades showed a loss of climatically
suitable habitat by 2080, but the extent of this
loss was clade specific (Fig. 3). Clade B lost
approximately half its predicted fully climati-
cally suitable cells (51% and 48% under A2
and B2, respectively), whilst clades A and B
showed less substantial losses of fully suitable
cells (Fig. 3).

DISCUSSION

All Bradypodion taxa investigated were pre-
dicted to respond to climatic change given the
IPCC climate scenarios used in this study. The
most common response of species (and clades)
within the Bradypodion were contractions.
However, in terms of degree and direction of
responses, the models showed species respons-
es to be individualistic. For example, B. occi-
dentale was predicted to display an expansion,
while all others displayed contractions. In addi-
tion, B. transvaalense displayed both a contrac-
tion and a strong southward shift. When taxa
were grouped into clades, contractions were
still observed suggesting that entire phyloge-
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Figure 2. Habitat suitability maps for Bradypodion pumilum (top row, geographic area enlarged), B. occiden-
tale (centre), and B. transvaalense (bottom) for the present day, A2 scenario, and B2 scenario. Darkest areas
represent most suitable climatic habitat while lightest areas represent least suitable.
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netic clades could undergo reductions in cli-
matically suitable habitat. Although the uncer-
tainty inherent in the models must be acknowl-
edged (Pearson 2006; Dormann 2007), the
results suggest that careful attention should be
paid to these species, and to entire phylogenet-
ic clades, to ensure they are not vulnerable to
future climatic shifts. 

Even in species such as B. occidentale and B.
transvaalense, which showed an expansion and
shift respectively, the slow migration rate sug-
gested for some reptiles (Kearney & Porter
2004; Araújo et al. 2006) still makes these
results notable. It is likely that chameleons
could not keep pace with any range shifts that
would be required to remain within a suitable
climatic envelope. Compounding the problem
of the implied range shifts is the effect of shift-
ing community compositions (Burns et al.
2003). For example, in the event that B. trans-
vaalense was forced to shift out of its present
range and if that shift could keep pace with the
model predictions, those areas will be occupied
by other chameleon species. At the moment no
two species occur sympatrically, suggesting
that competition or some other factor is partial-
ly limiting distribution. This leads to the ques-
tion as to whether range shifts would be imped-
ed by biotic interactions, even in cases where a
species has the ability to migrate in pace with
the shift in suitable climate. This is a factor that
present models cannot take into account, but
one that is clearly imperative in order to accu-
rately predict the effects of the IPCC climate
scenarios.

While these predictions regarding potentially
suitable climatic habitat shifts suggest that
dwarf chameleons could experience range
changes in the future, the limitations of this
modelling exercise are multifaceted, and
include compounded uncertainty in climate
change scenarios (IPCC 2007), lack of the
inclusion of biotic interactions, adaptation
potential, or dispersal ability (Pearson &
Dawson 2003; Heikkinen et al. 2006; Dormann

2007). Regardless, work on Malagasy
chameleons demonstrated that niche-based
models were useful in understanding present-
day species distributions in both sampled and
unsampled regions, and provided a useful tool
for conservation and conservation planning
(Raxworthy et al. 2003). Thus, despite the
inherent uncertainties, the models could be
used as framework to support conservation
planning and to provide a first step in under-
standing the possible effects of rapid climate
change (Guisan & Thuiller 2005). For dwarf
chameleons, ecological niche modelling may
be informative in the estimation of future range
changes, and the losses in climatically suitable
habitat predicted by the models can be taken as
a first warning that these species could be sen-
sitive to rapid climate shifts.

HOUINIET ET AL. — Predictions of climate change on dwarf chameleons

Figure 3. Total area (km2) of climatically suitable
habitat (90-100% category) for Bradypodion a) indi-
vidual taxa and b) clades. Shaded bars indicate the
total climatically suitable area (km2 on y-axis) at pre-
sent (black), under the A2 scenario (white), and the
B2 scenario (grey).
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Appendix. Habitat suitability maps for the present (left), A2 scenario (centre) and B2 scenario (right).
Species shown are (top to bottom) Bradypodion damaranum (geographic area is enlarged), B. gutturale, B.
melanocephalum, B. ventrale, B. taeniabronchum (geographic area is enlarged). Darkest areas represent
most suitable climatic habitat while lightest areas represent least suitable. 


