
This article was downloaded by: [41.135.83.66]
On: 09 October 2013, At: 21:29
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

African Journal of Herpetology
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/ther20

Temporal changes in allelic variation
among Cape Dwarf Chameleons,
Bradypodion pumilum, inhabiting a
transformed, semi-urban wetland
Eric M. Katzab, Krystal A. Tolleyac & Jacqueline M. Bishopb

a Applied Biodiversity Research, South African National Biodiversity
Institute, Cape Town, South Africa
b Department of Biological Sciences, University of Cape Town,
Rondebosch, South Africa
c Department of Botany and Zoology, University of Stellenbosch,
Matieland 7602, South Africa
Published online: 07 Oct 2013.

To cite this article: Eric M. Katz, Krystal A. Tolley & Jacqueline M. Bishop , African Journal
of Herpetology (2013): Temporal changes in allelic variation among Cape Dwarf Chameleons,
Bradypodion pumilum, inhabiting a transformed, semi-urban wetland, African Journal of
Herpetology, DOI: 10.1080/21564574.2013.834852

To link to this article:  http://dx.doi.org/10.1080/21564574.2013.834852

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

http://www.tandfonline.com/loi/ther20
http://dx.doi.org/10.1080/21564574.2013.834852


This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

41
.1

35
.8

3.
66

] 
at

 2
1:

29
 0

9 
O

ct
ob

er
 2

01
3 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Temporal changes in allelic variation among Cape
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inhabiting a transformed, semi-urban wetland
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Abstract.—The Cape Dwarf Chameleon, Bradypodion pumilum, is threatened by extensive
habitat loss and transformation in theWestern Cape Province of South Africa. As a result, the species
exists as a collection of populations inhabiting an increasingly fragmented landscape within a
critically endangered ecosystem. In this study we monitored microsatellite genetic variation in one of
these populations of B. pumilum across a three-year period. From the results of a temporary site-
vacancy of adult chameleons during the study, we anticipated a significant shift in microsatellite
allele frequencies. Using data from eight highly polymorphic loci we detected differences in the
allelic composition of chameleons inhabiting the study site between pre- and post-site-vacancy
periods (AMOVA RST = 0.017; P = 0.019). Results suggest that recolonisation by immigrant
chameleons, from an adjacent vegetation fragment connected to the study site by corridors, caused
the recorded shifts in allelic frequencies. Pairwise tests of year by year comparisons revealed
significant shifts in allelic frequencies between years one and two and between one and three, but not
between years two and three. Our findings highlight the susceptibility of small vertebrates to
stochastic changes in the allelic composition of populations in a fragmented landscape, and can be
useful for the development of biodiversity management in an increasingly fragmented habitat mosaic.

Key words.—Chamaeleonidae; conservation; habitat fragmentation; population gen-
etics; temporal sampling; threatened species

Habitat destruction, fragmentation and transformation are recognised as ongoing causes of
global biodiversity loss (Rahbek & Colwell 2011). Habitat transformation is of particular
interest because, while it allows for the broad structural components of a habitat to remain
intact, ecosystem components are either lost or modified (Jansen & Di Gregorio 2002),
resulting in increased risk of population decline or local extinction due to stochastic events
(Fischer & Lindenmayer 2007). Local dynamics of potentially affected populations can be
assessed using a number of ecological methods, including the use of molecular tools for
monitoring changes in genetic variation and clarifying the effects of transformation on local
demography and ecological interactions (Haig 1998; Segelbacher et al. 2008). Establishing
estimates of population genetic variation can help focus conservation efforts towards
specific populations in need of recovery (Haig 1998; Frankham et al. 2012). Monitoring
the allelic composition of a population can be used to identify and flag threats to local
persistence as well as guide management and conservation strategy (Sandercock 2006).
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The transformation of species’ habitat can lead to the loss of population genetic
variation (Sherwin & Moritz 2000) resulting in potentially negative effects on species
conservation, including reduced ability to adapt to the changing environment, reduced
survival and reproduction, and an associated increase in the probability of local extinction
(Sherwin & Moritz 2000). Maintenance of population genetic variation in species exposed
to habitat alteration is the result of interactions between species and specific abiotic
landscape attributes. Therefore, quantifying population genetic parameters should be an
important tool for establishing estimates and carrying out temporal comparisons of genetic
variation within potentially imperilled populations inhabiting transformed landscapes (Haig
1998). Ultimately, with this type of data at hand, conservation managers are better able to
recognise and mitigate species-specific loss of genetic variation in light of ongoing and
often irreversible habitat change (Sherwin &Moritz 2000). Shifts in genetic variation can be
characterised by quantifying changes in allelic diversity over time (Wilson et al. 2012).
Allelic diversity may decrease more rapidly than local heterozygosity, and because of this,
allelic diversity is often used as an early indicator of population change (Allendorf 1986).
Temporal genetic monitoring, therefore, is a potentially powerful conservation tool because
it allows us to evaluate how close populations are to critical thresholds that may require
interventional management (Schwartz et al. 2007).

Globally, reptiles have one of the highest threat statuses among terrestrial vertebrates
(Böhm et al. 2013), warranting investigation of reptile populations inhabiting transformed
habitats. The Cape Dwarf Chameleon, Bradypodion pumilum (Gmelin 1789), is under
intense pressure from anthropogenic change (Tolley et al. 2010), as the majority of its
distribution in the Western Cape Province of South Africa falls within a critically
endangered ecosystem, the lowland Fynbos (Driver et al. 2012). Extensive alteration and
fragmentation of the natural habitat of B. pumilum has resulted in a collection of
populations which are more vulnerable to stochastic events because of their fragmentation.
Although local abundance often declines in areas following urban development, some
lizard species are capable of persisting in localised habitat fragments (Endriss et al. 2007).
Research suggests that the extent of connectivity through the matrix between remnant
patches can directly modify local dynamics for lizards inhabiting fragmented habitats
(Boudjemadi et al. 1999). Because Bradypodion species are primarily arboreal, in areas
containing fragmented vegetation their distributions can become constricted, and
separated by gaps of unsuitable habitat. Efforts to protect and preserve semi-natural
habitat, and the incorporation of corridors to join more fragments in urban areas, could
therefore be used as an effective management strategy for Bradypodion.

Capture-mark-recapture (CMR) analysis of a population inhabiting a 0.57 hectare
patch of transformed vegetation in the greater Cape Town area (Fig. 1) showed a sudden
absence of adult chameleons in October and November 2008, suggesting an extreme
demographic event of unknown origin, although some small juveniles were present
through this time period (Tolley et al. 2010; Katz et al. 2013). Adults were only re-
detected at the site by February 2009 (Tolley et al. 2010), but CMR in March–May 2009
indicated that only 5% of the adults from 2008 were present at the study site, and the
origin of the majority of the adults was unknown. Comparatively, between 2009 and 2010
this figure rose to 26% for recaptured adults, and overall this suggests an influx of
immigrant adults in early 2009 to the site, most likely from adjacent patches of vegetation
(Katz et al. in press).

In this study, we used microsatellite genotype data to explore allelic variation and
temporal shifts in allele frequencies in our study population of Cape Dwarf chameleons.
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We compared findings both for pre-vacancy (2008) and post-vacancy (2009/2010) data
partitions, as well as each of the years separately. Given that immigrant adults likely
recolonised from the larger adjacent fragment, using corridors of semi-natural vegetation,
we hypothesised that allelic frequencies at the smaller CMR site would shift, such that the
existing population (2009/2010) would be composed of a modified genetic profile
compared with the previous population (2008) as a result of recolonisation of the site. In
contrast, we did not expect to find differences between years (2009 to 2010) that post-
dated the recolonisation.

MATERIALS AND METHODS

Tissue samples (n = 119) were collected from individual chameleons at the Noordhoek
Wetlands Nature Reserve (34°06’S, 18°22’E), Cape Town, South Africa (Fig. 1). Samples
were collected during three sampling years: June to September 2008 (n = 40); February to
May 2009 (n = 40); and January to May 2010 (n = 39). Samples from year one were
collected prior to temporary site-vacancy, while samples from years two and three were
collected following chameleon re-occupancy of the study site. During CMR surveys at
the site, chameleons were temporarily removed from their perch for marking and
measuring. Tissue samples for genetic analysis were collected from chameleons using a
non-detrimental tail clipping method (Herrel et al. 2012).

Total genomic DNAwas extracted using standard salt-extraction techniques (Aljanabi
& Martinez 1997). Amplification of eight species-specific microsatellite loci followed
Feldheim et al. (2010, 2012). Polymerase chain reactions (PCR) reactions were carried out
in a final volume of 10 µL. Each reaction used 0.5 units GoTaq polymerase or Super-Therm

Figure 1. Satellite image of the study site at the Noordhoek Wetlands Nature Reserve, Western Cape
Province, South Africa (Source: Google Earth). The solid line shows the study site and the dotted
line delimits the larger adjacent fragment of vegetation.
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polymerase (Promega Corp.) along with nuclease-free water and approximately 0.02 µg
DNA template, 1.0 to 3.0 X buffer, 1.0 to 5.0 mM MgCl2, 0.08 mM dNTPs, 0.1 to 0.4 µM
forward and reverse primer. Annealing temperatures ranged from 52.0°C to 65.0°C. PCR
products were checked on 2% agarose gels and genotyped on an ABI3130xl or ABI3730xl
sequencer (Applied Biosystems). Microsatellite DNA profiles were scored against a ROX
500 size standard in GeneMapper 4.0 (Applied Biosystems). Profiles were screened for
peaks and stutters of appropriate pattern and size, and alleles were identified using the
repeat motif(s) and allelic size range(s) reported in Feldheim et al. (2010, 2012).

Prior to analysis the dataset was examined for genotyping errors, Wahlund effect,
linkage disequilibrium and deviation from Hardy-Weinberg Equilibrium (HWE) using the
programs MICRO-CHECKER (Van Oosterhout et al. 2004) and GENEPOP on the Web
V.4.0.10 (Raymond & Rousset 1995; Rousset 2008). To test for linkage disequilibrium the
log likelihood ratio statistic was used (G-test, Goudet et al. 1996) under Markov chain
parameters of 1 000 dememorisations over 100 batches at 1 000 iterations per batch.
Twenty-eight pairwise comparisons indicated that none of the loci were linked (P > 0.003,
Bonferroni corrected α ≤ 0.0018). Although some loci showed signs of a Wahlund effect,
the loci involved differed depending on the data partition being analysed (total, pre-
vacancy, post-vacancy), suggesting that this was not due to the presence of a null allele.
Regardless, MICRO-CHECKER was used to generate adjusted genotypes (Brookfield
1 Method) for these loci, amending homozygote frequencies to appropriate Hardy-
Weinberg proportions by scoring the second allele as missing data. The dataset was
partitioned into pre-vacancy (n = 40) and post-vacancy (n = 79) datasets and analysed for
deviations from global HWE in GENEPOP on the Web V.4.0.10 (Raymond & Rousset
1995; Rousset 2008) using a Markov chain Monte Carlo (MCMC) with 1 000
dememorisations over 100 batches at 2006).

A Wilcoxon sign rank test was performed in BOTTLENECK V.1.2.02 (Cornuet &
Luikart 1996; Piry et al. 1999) to test for signs of a recent population bottleneck.
Following Piry et al. (1999), the two-phase model of mutation was used with 95% single-
step mutations and 5% multi-step mutations, at 1 000 iterations. We explored temporal
shifts in allelic frequencies between pre-vacancy (2008) and post-vacancy (2009/2010)
periods, and also between all three years, using hierarchical analysis of molecular variance
(AMOVA) in GenAlEx V.6.4 (Peakall & Smouse 2006). Both the original dataset and the
dataset corrected for the potential presence of null alleles were examined. The AMOVA
estimated both FST (Wright 1951) and its analogue RST (Slatkin 1995). The accompanying
P-values were obtained through 9 999 random permutations.

Frequency-based summary statistics were also generated for the partitioned datasets,
including number of alleles, allelic size range, Hexpected and Hobserved (with accompanying
P-values) (GeneAlEx V.6.4 software; Peakall & Smouse 2006; Table 1). For all multiple
simultaneous comparisons, a sequential Bonferroni correction was applied using a global
significance level of α = 0.05 (Holm 1979; Rice 1989).

RESULTS

Pre-vacancy (2008) and post-vacancy (2009/2010) populations were polymorphic for all
loci, ranging from 4 to 19 unique alleles (Table 1). During these periods, both populations
met Hardy-Weinberg expectations after Bonferroni correction (Table 1) except for Bpu94
(pre- and post-vacancy) and Bpu28 (post-vacancy). Six of the eight loci analysed revealed

4 KATZ ET AL.—Chameleon genetic variation
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Table 1. Microsatellite allele summary statistics for Bradypodion pumilum for pre-vacancy (2008), post-vacancy (2009/2010) and annual (2008, 2009, 2010)
data partitions.

CMR Periods/
Years Locus N Na S Hexp Hobs P-value

CMR Periods/
Years Locus N Na S Hexp Hobs P-value

Pre-site
vacancy
(Year
1, 2008)

Bpu94 39 7 161–212 0.77 0.44 0.001 Post-site vacancy
(2009/2010)

Bpu94 82 9 161–212 0.76 0.55 <0.001
Bpu28 39 16 161–257 0.9 0.82 0.788 Bpu28 82 17 161–257 0.91 0.98 <0.001
Bpu26 39 14 175–267 0.91 0.80 0.369 Bpu26 80 14 175–267 0.88 0.76 0.026
Bpu115 40 15 125–209 0.89 0.88 0.637 Bpu115 80 19 125–213 0.91 0.89 0.098
Bpu132 40 12 158–262 0.86 0.90 0.772 Bpu132 82 15 158–262 0.86 0.82 0.888
Bpu238 40 12 178–254 0.89 0.85 0.894 Bpu238 82 12 178–254 0.87 0.82 0.374
Bpu507 40 11 211–263 0.87 0.85 0.201 Bpu507 82 12 203–261 0.87 0.83 0.024
Bpu557 40 4 104–114 0.35 0.38 0.09 Bpu557 82 4 104–114 0.33 0.35 0.908
Global 104–267 0.8 0.74 <0.001 Global 104–267 0.8 0.75 <0.001

Year 2 (2009) Bpu94 43 8 161–212 0.78 0.63 <0.001 Year 3 (2010) Bpu94 47 7 161–209 0.73 0.45 <0.001
Bpu28 43 16 177–257 0.91 0.95 0.25 Bpu28 47 16 161–257 0.9 1.00 0.172
Bpu26 42 14 175–267 0.88 0.79 0.383 Bpu26 45 13 175–267 0.89 0.71 0.26
Bpu115 43 16 125–213 0.9 0.86 0.11 Bpu115 45 17 125–209 0.92 0.93 0.176
Bpu132 43 13 158–262 0.83 0.74 0.523 Bpu132 47 13 158–262 0.89 0.87 0.59
Bpu238 43 11 178–254 0.87 0.86 0.903 Bpu238 47 12 178–254 0.88 0.79 0.964
Bpu507 43 10 211–261 0.87 0.81 0.528 Bpu507 47 12 203–261 0.87 0.83 0.018
Bpu557 43 4 104–114 0.4 0.44 0.891 Bpu557 47 4 104–114 0.27 0.28 0.59
Global 104–267 0.81 0.76 0.003 Global 104–267 0.79 0.73 <0.001

N = sample size; Na = number of alleles; S = allelic size range (bp); Hexp = unbiased expected heterozygosity; Hobs = observed heterozygosity.
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high levels of observed heterozygosity (Hobs = 0.76 to 0.98; Table 1). In contrast, loci
Bpu94 and Bpu557 were characterised by lower levels of observed heterozygosity
(Bpu94: Hobs = 0.44 and 0.55; Bpu557: Hobs = 0.35 and 0.38; Table 1) during both
periods. No evidence of a recent population bottleneck was detected in either period
(P = 0.95, 0.64 respectively).

Irrespective of the dataset analysed (original vs. null-allele corrected), hierarchical
AMOVA did not indicate that allele frequencies, as measured by FST, differed between pre-
and post-vacancy periods (overall FST = 0.001; P = 0.25; Table 2). In contrast, overall RST

did show a significant difference between time periods (RST = 0.017; P = 0.02; Table 2).
This effect was also observed in the annual pairwise RST values (i.e. between 2008 and
2009, and between 2008 and 2010; Table 2). However, there was no significant difference
for RST between post-vacancy years 2009 and 2010 (Table 2). These AMOVA results
motivated post hoc exploration of the dataset, including AMOVA for individual loci to
determine which markers may be driving the significant RST results, as well as a clustering
approach (STRUCTURE; Pritchard et al. 2000) to examine whether a model-based
clustering method could detect temporal structuring. The AMOVA for individual loci
suggest that Bpu28 and Bpu507 are most likely responsible for the significant RST results.
Compared to the other loci, these showed elevated allele frequencies in one period, with
alleles absent in the other period (Table 3). Analyses also revealed that Bpu28 and
Bpu507 had substantial variation in frequencies for the remaining alleles (Table 3).
Interestingly, Bpu28 and Bpu507 also showed significant FST values despite a lack
of detectable significance overall for FST. The clustering method, however, was
uninformative, regardless of the model applied or run length of the analysis, suggesting
that the differences between years or periods are too subtle to be detected except by
AMOVA.

Table 2. Analysis of molecular variance (AMOVA) results comparing Bradypodion pumilum
microsatellite variation during the time periods.

Statistic Compared Periods/Years FST/RST Value P-value Source % Variation

Pre- and post-vacancy 0.001 0.245 Among 0.12
Within 99.88
Total 100

Years 1 and 2 0.000 0.446
Years 1 and 3 0.004 0.067

FST Years 2 and 3 0.000 0.450

Pre- and post-vacancy 0.017 0.019 Among 1.74
Within 98.26
Total 100

Years 1 and 2 0.015 0.046
Years 1 and 3 0.015 0.045

RST Years 2 and 3 0.000 0.392

Year 1 = 2008; Year 2 = 2009; Year 3 = 2010; pre-vacancy = 2008; post-vacancy = 2009/2010.

6 KATZ ET AL.—Chameleon genetic variation
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Table 3. Summary of microsatellite allele counts and frequencies for loci Bpu28 and Bpu507 for pre-vacancy (2008) and post-vacancy (2009/2010) data
partitions.

Locus

Allele
Sizes
(bp)

Allele
Counts for
Pre-Site
Vacancy
(2008)

Chameleon
Samples

Allele
Counts for
Post-Site
Vacancy

(2009/2010)
Chameleon
Samples

Allele
Frequencies
for Pre-Site
Vacancy
(2008)

Chameleon
Samples

Allele
Frequencies
for Post-Site
Vacancy

(2009/2010)
Chameleon
Samples Locus

Allele
Sizes
(bp)

Allele
Counts for
Pre-Site
Vacancy
(2008)

Chameleon
Samples

Allele
Counts for
Post-Site
Vacancy

(2009/2010)
Chameleon
Samples

Allele
Frequencies
for Pre-Site
Vacancy
(2008)

Chameleon
Samples

Allele
Frequencies
for Post-Site
Vacancy

(2009/2010)
Chameleon
Samples

Bpu28 161 1 1 0.013 0.006 Bpu507 203 0 1 0.000 0.006
177 11 11 0.141 0.067 207 0 1 0.000 0.006
181 11 2 0.141 0.012 211 1 6 0.013 0.037
185 9 20 0.115 0.122 213 19 33 0.238 0.201
189 1 0 0.013 0.000 219 8 14 0.100 0.085
193 9 23 0.115 0.140 221 4 17 0.050 0.104
197 0 3 0.000 0.018 223 3 8 0.038 0.049
201 5 17 0.064 0.104 225 7 17 0.088 0.104
205 4 11 0.051 0.067 227 7 33 0.088 0.201
209 9 14 0.115 0.085 229 7 16 0.088 0.098
213 1 6 0.013 0.037 231 1 0 0.013 0.000
217 1 6 0.013 0.037 235 0 3 0.000 0.018
221 2 5 0.026 0.030 261 17 15 0.213 0.091
225 1 1 0.013 0.006 263 6 0 0.075 0.000
229 1 8 0.013 0.049
233 1 2 0.013 0.012
237 0 9 0.000 0.055
257 11 25 0.141 0.152
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DISCUSSION

Temporal shifts in allelic frequencies of Cape Dwarf chameleons from a single locality
showed detectable differences between sampling periods, suggesting that the pre-vacancy
(2008) and the post-vacancy populations (2009/2010) were different sets of individuals.
The small, but detectable, difference in allelic frequencies for RST between pre- and post-
vacancy periods (and pairwise between 2008 and 2009, and 2008 and 2010) supports the
hypothesis that a shift in allelic frequency could occur after recolonisation of the site by an
influx of immigrants from an adjacent vegetation fragment. Consistent with this, there was
no temporal shift in allele frequencies between 2009 and 2010, suggesting that the
population composition was maintained after the recolonisation event.

When local populations decline or become extinct and are recolonised, immigrant
populations may have different variance properties than older groups (Whitlock 1992).
Temporal variations in demographic parameters, such as abundance, turnover rates or
migration rates, have previously been shown to affect the partitioning of genetic variance
(Whitlock 1992). Certain species regularly experience significant demographic instability,
subject to high periodic variations of their population size (Berthier et al. 2006). In these
populations, high levels of genetic diversity are often observed despite periodic low local
abundances (Berthier et al. 2006). High levels of genetic diversity may be explained by
weak genetic drift during periods of low abundance, preventing substantial loss of genetic
diversity, because the duration of decreased abundance is brief and followed by rapid
recovery (Berthier et al. 2006). Immigration from genetically well-differentiated sources
can counteract the loss of local genetic diversity and is often considered as the explanation
for maintained levels of genetic diversity in demographically unstable populations (Ehrich
& Jorde 2005). Anecdotal information and observations suggest that B. pumilum is prone
to population crashes with quick recoveries via migration. The brevity of reduced local
abundance (a few months) at the chameleon study site, followed by recolonisation via
genetically well-differentiated immigrant chameleons from the larger adjacent fragment,
likely explains why the bottleneck tests failed to detect a reduction in chameleon genetic
diversity.

Given that significant differences were found for RST only, we cannot entirely rule out
that the observed shift in allelic frequencies was the result of juveniles remaining in the
habitat patch, which then grew to adulthood. However, we consider this scenario less
likely. Had the adult chameleon population inhabiting the site been replaced by existing
juveniles with similar allele frequencies to their parents, we would have expected no
detectable difference in allelic frequencies between the two periods (2008 and 2009/2010).
CMR data from 2009 further supports the scenario whereby colonising chameleons were
immigrant adults rather than remnant juveniles. Adult chameleons captured during 2009
had snout-vent lengths ranging from 48 to 86 mm. During the 2008 CMR sampling,
juveniles less than 40 mm were not marked. Although these unmarked juveniles would
have grown between October and February, 77 of the 81 new captures had a body size
greater than 50 mm, providing strong support for the captured chameleons more likely
being immigrants due to their large body size (Katz et al. 2013). The shift in allelic
frequencies observed when comparing pre- and post-vacancy periods, as well as the
contrast between FST and RST values, warrants additional study incorporating larger
sample sizes collected across multiple habitat fragments and, if possible, over extended
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study periods to further elucidate local dynamics in chameleon population genetic
structure.

Comparison with a previous study on B. pumilum from across the region revealed
similar levels of heterozygosity across the loci analysed (Hobs = 0.28 to 0.93; avg. Hobs =
0.74; Feldheim et al. 2010), although there is a decreased allelic richness and number of
alleles per locus for the Noordhoek population (Table 1; compare to Na = 5 to 26; avg.
Na = 17; Feldheim et al. 2010). However, these differences may be because Feldheim
et al. (2010) incorporated chameleons from a much larger range (~100 km) in both
transformed and natural landscapes, suggesting that allelic richness may be higher when a
larger geographic range is sampled (Sherwin & Moritz 2000; Andersen et al. 2004).
Overall, the values obtained for the Noordhoek population do not appear to be unusually
low, as they are similar to those of other small-bodied lizards (e.g. Sumner et al. 2004).

Despite the lack of significant difference for FST, the significant differences for RST

suggest that a temporal shift in the allelic composition of the population occurred.
Slatkin’s RST, an analogue of FST, measures changes in allele frequencies but also accounts
for differences in microsatellite allele lengths, following the stepwise mutation model that
most commonly characterises the high mutation rates found within microsatellite loci
(Slatkin 1995). In contrast, FST reflects changes in allele frequencies, relying on the
infinite allele model, which assumes low mutation rates and is not particularly suited for
the higher mutation rates often found in microsatellite loci (Slatkin 1995). As a result of
these differences, many recent studies include both metrics when investigating temporal
scale changes in genetic variation at microsatellite loci (e.g. Ando et al. 2011). For
B. pumilum, the significant RST without corresponding significant FST values suggests that
the allele frequencies may be similar overall, but the two loci driving the significant RST

results (Bpu28 and Bpu507) have a different allele size composition between time periods
(Table 3).

It is also important to investigate whether the non-significant result for FST between
2008 and 2009/2010 was due to low statistical power, caused by insufficient sample sizes.
When FST > 0.05, sampling fewer than 20 individuals should be sufficient; however,
when FST < 0.01, sampling 100 individuals is more appropriate (Kalinowski 2005). Our
AMOVA results show FST values as high as 0.004 in any comparison, whereas the
significant RST values ranged between 0.015 and 0.017 (Table 2). Sample sizes per annum
were only 39 or 40 individuals, and therefore the statistical power may have been too low
to detect significant differences for the less sensitive FST. Had larger sample sizes been
included, it is possible that FST may have shown significant shifts in allelic frequencies.

Subtle shifts in patterns of genetic variation for dwarf chameleons inhabiting
transformed landscapes may be the result of demographic fluctuations and other stochastic
events which influence both immigration and emigration. Therefore, studies attempting to
generate conclusions regarding local genetic structure from investigations within small-
vertebrate populations experiencing demographic fluctuations may be strongly influenced
by local temporal effects. Such limitations are not often considered in the design for
population genetic studies, which could prove problematic. Additionally, results affirm the
importance of temporal genetic investigations for small-vertebrate populations inhabiting
transformed landscapes. If such populations regularly experience demographic shifts or
other stochastic events, founder effects may be prominent, relegating population structure
to a function of time rather than space. Genetic assessments would therefore become less
useful on a spatial scale when attempting to generate conservation strategy regarding
protected areas.
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Results from this study provide valuable information towards managing chameleon
populations, and potentially other small-vertebrate populations, inhabiting transformed
landscapes. Determining management strategy for such populations regularly involves the
integration of genetic, demographic and environmental variables. For B. pumilum,
establishing estimates of allelic diversity provides data otherwise difficult to obtain using
non-molecular methods of data collection (Schwartz et al. 2007; Frankham 2010). If the
persistence of fragmented chameleon populations is compromised by inbreeding and/or
loss of genetic diversity, for example, it would likely result in increased extinction risk
(Aguilar et al. 2008). Long-term genetic monitoring to identify chameleon populations
experiencing genetic erosion could help to determine when management strategy is
required, such as the augmentation of gene flow between populations through connecting
corridors of vegetation between fragments (Frankham 2010). Bradypodion inhabiting
fragmented landscapes are typically restricted to vegetation with suitable structure to
support their arboreal lifestyle. Therefore, efforts to protect and preserve semi-natural
habitat in urban areas, including corridors containing suitable vegetation, should maintain
movement between fragments across the overall landscape. For example, local survival
for meadow voles was higher in corridor-linked landscapes compared to isolated habitat
patches because movement rates were improved, validating the use of constructed
corridors in conservation biology (Coffman et al. 2001). Given our results, we also
suggest that corridors connecting urban habitat fragments could improve the chances of
long-term population survival for Bradypodion, and possibly other small vertebrates.
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