HERPETOLOGICAL JOURNAL, Vol. 11, pp. 23-27 (2001)

A GENETIC ASSESSMENT OF BRITISH POPULATIONS OF THE SAND LIZARD
(LACERTA AGILIS)

TREVOR J. C. BEEBEE AND GRAHAM ROWE

School of Biological Sciences, University of Sussex, Falmer, Brighton BNI1 90G

Weinvestigated sand lizard (Lacerta agilis) populations in Britain by genetic analysis across
eight polymorphic microsatellite loci. Genetic diversity as determined by mean expected
heterozygosity was high in all three distinct regions where the species occurs (Dorset, Surrey and
Merseyside), though allelic diversity was lower on Merseyside than in Surrey or Dorset. There
was significant genetic differentiation between populationsin all three of these widely separated
zones, as judged both by Fst and Rst estimators. A genetic test for population bottlenecks
confirmed that in at least two of the areas currently inhabited, Surrey and Merseyside, L. agilis
has undergone substantial recent declines. The significance of these findings for sand lizard

conservation is discussed.
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INTRODUCTION

The sand lizard Lacerta agilis is one of only six rep-
tiles native to Britain. It is also one of the two rarest,
confined within recent historical times to three small ar-
eas of suitable habitat (Smith, 1951): the lowland
heaths of Dorset and south-west Hampshire, heathland
in the Surrey Weald, and the coastal dunes of Mersey-
side and North Wales. A major decline in the
distribution and abundance of L. agilis has followed
widespread losses ofthese critical habitats (e.g. Moore,
1962; Jackson, 1979; Corbett 1988; Webb 1990). Sand
lizard populations have also become increasingly frag-
mented within the three distribution zones. These
conditions can lead to genetic depauperization and in-
breeding depression, issues that have caused concern
among conservation biologists in relation to a wide
range of endangered species, including sand lizards
(e.g. Frankham, 1996; Olsson, Gullberg & Tegelstrom,
1996; Gullberg, Olsson & Tegelstrom, 1999). Although
successful management practices have been developed
for L. agilis in Britain and the species is given maxi-
mum protection under the law (Corbett & Tamarind
1979; Moulton & Corbett, 1999), neither of these im-
portant developments will necessarily alleviate any
consequences of genetic impoverishment.

Polymorphic microsatellite loci are widely used
markers for the study of population genetics in the con-
text of relatively short (ecological) time periods (e.g.
Jame & Lagoda, 1996; Sunnucks, 2000). A suite of L.
agilis microsatellites was recently developed by
Gullberg, Tegelstrom & Olsson (1997) and used to in-
vestigate the structure of Swedish sand lizard
populations (Gullberg, Olsson & Tegelstrom, 1998). In
this paper we describe a study of British sand lizards,
using those microsatellite markers to investigate ge-
netic diversity and differentiation among animals living
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in the three areas where the species currently exists in
Britain.

MATERIALS AND METHODS
SAMPLING

Terminal digits from toes were obtained, under li-
cence, from lizards in all three areas of the British
distribution (Fig. 1). Toe clipping causes no significant
damage to the animal and for many years has been used
as a marking procedure for L. agilis. Nevertheless, be-
cause the species is both rare and endangered the
sample sizes were small. Seven Merseyside lizards,
eight Dorset lizards and eleven Surrey lizards were toe-
clipped during 1999 and the toes were stored in ethanol
prior to DNA extraction. The Merseyside lizards and
some of the Surrey lizards were maintained in vivaria
for captive breeding purposes at the time of sampling,
but all were wild-caught animals. None were from sites
where there had been previous releases of translocated
lizards. The Dorset animals came from two separate
heathland sites (four from each). All the lizards were re-
leased immediately after sampling, either at the site of
capture or back into vivaria.

MICROSATELLITE ANALYSIS

DNA was obtained from each toe by a standard pro-
teinase K digestion, phenol-chloroform extraction and
ethanol precipitation procedure. 50-100 ng DNA were
used in PCR assays of final volume 20 pl, otherwise as
described by Gullberg et al. (1997), using a*P- dATP
as aradioactive labeland with separate primers for each
of the microsatellite loci. The PCR products were elec-
trophoresed through 6% polyacrylamide gels,
subjected to autoradiography and alleles were scored
by reference to M 13 sequence markers all as described
elsewhere (Rowe, Beebee & Burke, 1997).

DATA ANALYSIS

Conformance to Hardy-Weinberg equilibrium and
linkage equilibrium between loci were tested using the
computer programs BIOSYS-1 and GENEPOP 3.1
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FIG. 1. Distribution of L. agilis in Britain showing sampling
sites.
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(Swofford & Selander, 1981; Raymond & Rousset,
1995). Genetic diversity indices, notably mean number
of alleles per locus, percentage of loci polymorphic at
the 95% criterion (P?’), observed and expected (unbi-
ased) heterozygosities (H, and H, respectively) and
Cavalli-Sforza chord (D ) genetic distances (Cavalli-
Sforza & Edwards, 1967) were also estimated using
BIOSYS-1.  Genetic differentiation  between
populations was measured by pairwise Fst (Weir &
Cockerham, 1984) and Rst (Slatkin, 1995) using the
programs FSTAT 1.2 and RSTCALC 2.1 respectively
(Goudet, 1999; Goodman, 1997). Recent population
trends were investigated with the BOTTLENECK pro-
gram (Piry, Luikart & Cornuet, 1999). Randomization
tests were carried out using the program RT version 2.1
(Manly 1997) using 5000 randomizations in two-sam-
ple comparisons. Other statistical analyses were
performed using the STATISTIX computer package af-
ter testing data for normality as appropriate.

RESULTS

Of the 10 microsatellite loci available for study,
eight (La-1,-2,-3, -4, -3, -8, -9 and -/0) demonstrated
consistent polymorphic banding patterns in British L.
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FIG.2. Sample size dependency of genetic estimators. A: Allele number per locus. Data are averages of five randomly selected
groups of each sample size except 7 (for which there was only one possible group in Merseyside). B: Mean expected
heterozygosity, /,. Dataare averages of five randomly selected groups of each sample size except 7 (for which there was only one
possible group in Merseyside). C: Mean Fst. Data are averages of five random comparisons between some of the randomly chosen
groups used in A and B, excepting 7 where there was just one possible comparison. D: Cavalli-Sforza Chord Distance (D,). Data
are averages of five random comparisons between some of the randomly chosen groups used in A and B, excepting 7 where there
was just one possible comparison. Solid circles: Dorset population (A & B) or Dorset x Merseyside comparison (C & D); Open
circles: Merseyside population (A & B) or Merseyside x Surrey comparison (C & D); Open squares: Surrey population (A & B) or

Dorset x Surrey comparison (C & D).
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TABLE 1. Genetic variation among L.agilis populations. P,
percentage of polymorphic loci at the 95% criterion; £
mean observed heterozygosity; H_, mean expected
heterozygosity; SD, standard deviation.

Location  Total Meanno. P¥ H, H
alleles alleles/
locus+SD
Dorset 39 4.88+0.74 100 0.570 0.678
Surrey 37 4.63x0.68 100 0.549 0.691
Merseyside 24  3.00+0.57 75 0.423 0.500

agilis. La-6 yielded no PCR products from British sand
lizards while La-7 produced no products from Swedish
lizards (Gullberg et al. 1997) or from British ones. Dor-
setand Surrey lizards were polymorphic at all eight loci
whereas Merseyside lizards were monomorphic at La-3
and La-10. Only La-10 in Surrey lizards failed to con-
form with Hardy-Weinberg expectations and no sets of
loci showed significant linkage disequilibrium in any
population. The markers were therefore considered ap-
propriate for investigating genetic diversity in the
British sand lizard populations.

Because the sample sizes were so small it was impor-
tant to test the effects of this factor on the various
genetic estimators. To do this, random samples of 3-7
individuals were selected from each population and a
range of genetic parameters estimated as a function of
sample size (Fig. 2). Mean allele numbers per locus
and genetic distance (D ) both showed linear sample-
size effects within the range available for analysis. The
absolute values of these parameters were therefore
meaningless in the present study, but relative compari-
sons were nevertheless informative. Thus Merseyside
allele numbers were consistently lower than those of
Dorset and Surrey, whereas geneticdistances were con-
sistently similar between all three localities.
Randomization tests indicated that Merseyside allele
numbers were significantly lower than those in Surrey
(P=0.030) or in Dorset (P=0.025) but that there were no
differences in this parameter between Surrey and Dor-
set (P=0.356). By contrast, sample-size dependent
trends were weak or non-existent for heterozygosity
and differentiation estimators (#, and Fst respectively),
a situation which also held for Rst (data not shown). Es-
timates of the partitioning of genetic variation (pooling
across all loci) indicated that inter regional differentia-

TABLE 2. Genetic differentiation of L. agilis populations.
The probability (P) that Fst or Rst is not significantly
different from 0.

Comparison Fst (P) Rst (P)

0.133 (<0.001)  0.165 (0.02)
0.186 (<0.001) 0.295 (0.009)
0.241 (<0.001) 0.288 (0.001)

Dorset x Surrey
Dorset x Merseyside
Surrey x Merseyside

tion (mean Fst=0.191) somewhat exceeded variation
within regions (mean Fis=0.116).

Estimates of the sample-size independent param-
eters for the full data set are shown in Tables I and 2.
Taken together the data imply that genetic diversity in
the Merseyside sand lizards was lower than in Surrey
and Dorset lizards, which were broadly similar, though
differences in H_ were not statistically significant
(Kruskal-Wallis  statistic = 2.1359, P=0.3437).
Randomization tests of heterozygosity also failed to
show any significant differences between regions. Ge-
netic differentiation, however, was substantial between
all three regions with both Fst and Rst values signifi-
cantly different from zero in all pairwise comparisons.

Application of a bottleneck test based on excess het-
erozygosity relative to allele numbers (Cornuet &
Luikart, 1996) supported the inference that there have
been substantial recent declines in sand lizard numbers.
Despite the fact that sample size was lower than that
recommended for adequate statistical power in this test,
two of the three areas (Merseyside and Surrey) demon-
strated significant heterozygote excess — indicative of
bottlenecking — with P=0.023 and P=0.027 respec-
tively.

DISCUSSION

Although sample sizes were small, microsatellite
analysis across eight loci has provided useful insights
into the British sand lizard populations. Larger samples
would have permitted statistically more robust analy-
ses, but in our estimation these would probably not
have altered the main conclusions. Genetic diversity
was related to population size in the expected way, with
the smallest and most isolated population, in Mersey-
side, demonstrating the lowest diversity of the three
British regions. Recent estimates of adult sand lizard
population sizes in Merseyside, Surrey and Dorset are
in the region of 200-500, <1000 and 6000-8000 adults
respectively (Corbett, 1994; Wheeler, Simpson & Hou-
ston, 1993). This relationship was unlike the situation
in Sweden where, surprisingly, no such correlation be-
tween genetic diversity at microsatellite loci and
population size was evident (Madsen et al., 2000). Rea-
sons for this difference are unknown, but the Swedish
study was at a finer level of scale than ours and there is
clearly scope for more detailed analysis of British sand
lizard genetics within each region. One consequence of
heathland fragmentation, in particular, may be a reduc-
tion in the genetic diversity of sand lizards at a local
level. However, assuming our data are representative of
regional patterns, lizards in all three areas maintained
substantial diversity at microsatellite loci. Indeed, Brit-
ish L. agilis compare favourably in terms of
heterozygosity with Hungarian animals tested across
the same loci (mean 4 =0.70) and proved substantially
more diverse than Swedish sand lizards with a mean H,
of 0.45 (Gullberg, Olsson & Tegelstrom, 1998).

Sand lizards also make an interesting comparison
with natter jack toads (Bufo calamita), a species with a
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similarly restricted distribution in Britain (Beebee,
1977). Natterjacks on the Merseyside coast were also
assayed across eight microsatellite loci and exhibited
lower genetic variation than sand lizards in the same
area, despite the fact that the current census population
size of natterjacks is at least tenfold larger than that of
sand lizards (Corbett, 1994; Rowe, Beebee & Burke,
1998; 1999). Thus Merseyside natterjacks (with a sam-
ple size of 200) exhibited a mean of only 2.35 alleles
per locus, a P?’ of 62.5% and a mean H, of 0.295. These
differences may stem from the very different popula-
tion dynamics of lizards and toads, with the latter
undergoing larger population fluctuations over short
time periods (Beebee, Denton & Buckley, 1996). Un-
like lizards, toads have a breeding system in which
many individuals in any particular generation probably
fail to reproduce successfully (Scribner, Arntzen &
Burke, 1997). Effective population sizes (i.e. numbers
of animals reproducing successfully averaged over
multiple generations) are therefore likely to be much
smaller in these amphibians, relative to census sizes,
than is the case with lizards. Both of these features are
likely to impact on genetic diversity, although other
reasons (such as different mutation rates in toads and
lizards) could also account for the interspecific differ-
ences observed.

The estimators of genetic differentiation in sand liz-
ards revealed significant differences between all three
sample areas that are consistent with separation of the
three regions at roughly the same time, presumably
soon after postglacial colonization when forest devel-
opment eliminated intervening open habitats (Vincent,
1990). These results also suggest that for conservation
purposes populations in the three regions should be
considered as distinct clades worthy of protection in
their own right.

The genetic bottleneck tests indicated that there have
been substantial recent declines of sand lizard effective
population sizes in at least two of the three geographi-
cal regions. This independent genetic assessment of the
fate of British sand lizards accords with conclusions
derived from direct field survey (Corbett, 1994;
Moulton & Corbett, 1999). There can be little doubt
that this species has responded dramatically to the ex-
tensive losses of, and damage to, its sensitive heathland
and dune habitats, and that conservation measures for it
are fully justified.
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