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Genetic diversity of island populations of the common shrew
Sorex araneus

Thomas A. White & Jeremy B. Searle*

ABSTRACT. Populations of many species are currently being fragmented and reduced by human interac-
tions. These processes will tend to reduce genetic diversity within populations due to genetic drift,
inbreeding and reduced migration. Conservation biologists need to know the effect of population size on
genetic diversity as this is likely to influence a population’s ability to persist. Island populations represent
an ideal natural experiment with which to study this problem. In a study of common shrews (Sorex araneus)
on offshore Scottish islands, 147 individuals from 6 islands of different sizes and 2 mainland sites were
trapped and genotyped at 10 microsatellite loci. Pairwise F', values (between 0.06 and 0.56) showed that all
the island populations were significantly genetically divergent from one another. All island populations
exhibited lower allelic diversity and heterozygosity than the mainland populations, and these measures of
genetic diversity were positively correlated with log island size.
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FeHeTn4Yeckoe pa3HooOpa3ne OCTPOBHbLIX NONYNALUN
OoObIKHOBEHHOU Oypo3yOkn Sorex araneus

T.A. YawuT, Ox. B. Cupn

PE3IOME. Apeansl MHOTHX BHAOB MOTYT PEIyIIHPOBATHCS WK (PParMEHTHPOBATHCS MO BO3ACUCTBUEM
XO3AHCTBEHHOH AeATENbHOCTH YenoBeKa. OOBIYHO TaKME MPOLECCH BEAYT K CHIDKCHHUIO YPOBHS I'€HETH-
4eCKOro pasHooOpa3us Buja 3a cuet Jpeiida reHoB, MHOpUAMHra U CoKpalieHus: Murpanuu. Crenuaimc-
TaM, 3aHSATHIM IPUPOOOXPAHHBIMU MEPOIPUSATHIMH, HEOOXOJMMO YUUTHIBAThH B3aUMOCBSI3b MEXKIY pa3-
MEpOM IIOIYJISIUH ¥ YPOBHEM €€ I'€HETHYECKOTO PasHOo00pasus, 4To, KaK MPUHITO CUUTATh, CBA3AHO C
JKM3HECIIOCOOHOCTBIO 3TOH nomyssinu. OCTPOBHBIE MOIYJISIMN MTPEACTABISIOT COO0H MACAIBHYIO NPH-
POAHYIO MOJIENb JUI M3yUCHUSI TaKOM B3amMOCBsA3U. B xozxe mcciaenoBanus 0OBIKHOBEHHOH Oypo3yOku
(Sorex araneus) reHorunupoBanue 1Mo 10 MUKpocaTEIITUTHBIM JIOKYcaM ObLTO TpoBeAeHO i 147 uHIu-
BUJIyYMOB, MPEJCTABIISIONIMX MOIMYJISIIUY IECTH YAAJICHHBIX OT Oepera HIOTJIaHICKHX OCTPOBOB Pa3iify-
HOTO pa3Mepa M, KpOME TOro, 2 MaTepPUKOBBIE TOMyJiAnud. OleHKa FeHeTHIECKOM ToipasaeneHHocTy (£,
ot 0.06 1o 0.56) nokasasna, 4To BCE OCTPOBHbIEC NOMYJISIIUH CYLIECTBEHHO AUBEPTHPOBAIIN JIPYT OT JIpyTa,
IpUYEM pa3Max M3MEHYMBOCTH B HHUX OKa3ajcs YK€ 10 CPAaBHEHHIO C MATEPUKOBBIMH ITOMYJISIIMSIMU.
KoppensiunoHHbIi aHanN3 TO3BOINI BEIIBUTE HO3UTHBHYIO CBS3b MEXK/Iy Pa3MepaMHt OCTPOBOB M YPOBHEM
aJIJIETBHOTO Pa3HOOOPA3Hs U TETEPO3UTOTHOCTH HACEIAIONINX 9TH OCTPOBA MOMYJISALUH.

KJIFOYEBBIE CJIOBA: renetnyeckoe pa3HooOpas3ue, OCTPOBHBIC MOIMYJISALUU, Sorex araneus.
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Introduction

According to traditional population genetics theory,
small isolated populations such as those existing on
islands are expected to lose genetic diversity through
random genetic drift and inbreeding (Frankham, 1996;
Frankham et al., 2002). Loss of genetic diversity is
expected to lead to reduced evolutionary potential, in-
breeding depression and increased probability of ex-
tinction. This has been shown by many studies (Eld-
ridge et al., 1998; Hinten et al., 2003), but not all
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(Frankham, 1997). Many habitats are now becoming
fragmented due to human actions, and populations in
these fragments exhibit many of the same properties as
island populations. From a conservation and species
management point of view it would be very useful to
find out at what rate populations of different sizes lose
genetic diversity. Island populations represent ideal
natural experiments for this kind of study.

The fieldwork for this project was carried out in the
Inner Hebrides off the west coast of Scotland, where
there are a range of islands of different sizes but with
similar habitat types and climatic conditions. It is thought
that these islands were colonised at the end of the last
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glaciation, approximately 10,000 years ago (Yalden,
1982, 1999). Here we report our first results and the
patterns of genetic variation in common shrews on
these islands.

Material and methods

Collection of samples. Trapping of common shrews
was carried out in the summer of 2004 on the west-
coast Scottish islands of Raasay, Skye, Lismore, Gigha,
Sanda and Islay. Mainland samples were also collected
from Appin and Kintyre. Trapping locations are shown
in Fig. 1. As far as possible, trapping sites were chosen
to ensure a representative sample of the whole island or
region. Specimens were collected for deposit at the
National Museums of Scotland (Edinburgh, UK) and
will be used for morphological and genetical analysis.
The first molecular studies are described here. The
specimens were stored in absolute ethanol.

PCR amplification. Twenty individuals from each
island were genotyped at 10 microsatellite loci, except
for Sanda where 7 individuals were used. For each
individual, DNA was extracted using one hind foot with
the Dneasy® kit (Qiagen). DNA was PCR amplified for
10 autosomal microsatellite loci (L2, L33, L68, L97,
L14, L69, L9, L62, L57, L67) (Wyttenbach et al.,
1997; Balloux et al., 1998; Borodin, 2002).

Figure 1. Outline map showing locations of island and main-
land trapping sites in western Scotland: 1 — Raasay, 2 —
Skye, 3 — Lismore, 4 — Appin, 5 — Gigha, 6 — Kintyre,
7 — Sanda, 8§ — Islay.

Amplification was carried out in 25ml reactions
containing 2ml template DNA (approximate concentra-
tion 50ng/ml), 2.5ml PCR buffer (Bioline), 0.8mM
dNTP, 0.2mM of each primer and 5U of Taq poly-
merase (Bioline). MgCl, concentrations used were 4mM
for L33, 1L.97, L57 and L67, 3mM for L2 and 6mM for
all other loci.

PCR comprised initial denaturation for 4 min at
94°C, followed by 37 cycles of denaturation for 30 s at
94°C, annealing for 45 s at 60°C (for loci L14, L69, L9
and L62) or 55°C (all other loci) and elongation for 45
s at 72°C, and terminated with a final elongation step of
7 min at 72°C. Allele lengths were scored using Gene-
Scan® 3.1.2.

Intra-population data analysis. The number of
microsatellite alleles, observed and expected levels of
heterozygosity and inbreeding coefficients for each lo-
cus in each population were calculated using the pro-
gram FSTAT 2.3.9.2 (Goudet, 1995). Significance lev-
els of F',, were calculated using exact tests in FSTAT.
FSTAT was also used to assess linkage disequilibrium
between all pairs of loci within each population.

The program STRUCTURE 1.0 (Pritchard et al.,
2000) was used to confirm that there was no internal
structure within the island populations. The program
was run for 10° iterations after a burn-in period of
30000 iterations. Replicate runs were carried out to
ensure that consistent results were produced with these
parameters.

Each population was tested for heterozygote excess
in order to detect recent population bottlenecks. The
program BOTTLENECK (Cornuet & Luikart, 1996;
Piry et al., 1999) was run under the two-phase model of
microsatellite evolution (Di Rienzo et al., 1994) with
10% of the infinite allele model and 90% of the step-
wise mutation model.

Inter-population data analysis. The degree of mi-
crosatellite genetic differentiation between pairs of pop-
ulations was determined by calculating F, (Weir &
Cockerham, 1984) and R, (Slatkin, 1995) using the
programs FSTAT and GENEPOP 3.4 (Raymond &
Rousset, 1995). The significance of the genetic differ-
entiation was calculated using exact tests carried out in
FSTAT.

Island size and genetic diversity. Two measures
of genetic diversity, mean number of alleles per locus
and expected heterozygosity were calculated for each
island population and each measure was regressed onto
log island size.

Results

Intra-population. Tests for linkage disequilibrium
revealed that all loci were segregating independently.

Mean numbers of alleles per locus, mean expected
heterozygosity, and mean F for each population are
shown in Tab. 1. It can be seen that the mainland sites
Kintyre and Appin have large numbers of alleles and
high heterozygosity levels. Skye, which is the largest
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Table 1. Summary statistics for each of the populations in the study (* p<0.05).

Population Island size Mean expect.ed Mean number of Mean F
(Hectares) heterozygosity alleles per locus s
Kintyre not applicable 0.78 10.2 0.05
Appin not applicable 0.81 10.4 0.15*
Skye 164215 0.80 7.9 0.22*
Islay 60427 0.52 4.7 0.08
Raasay 6140 0.57 4.6 0.12
Lismore 1972 0.48 4.0 -0.06
Gigha 1267 0.39 35 0.12
Sanda 55 0.35 2.2 0.35*

island and the one most connected to the mainland, is
also characterized by high genetic diversity. The other
islands clearly have reduced genetic diversity com-
pared to this background level.

F levels show some inbreeding in some popula-
tions (Tab. 1). However, results from the program
STRUCTURE (not presented here) show that each is-
land is clearly acting as one population and there is no
internal population structure on any of the islands.

Using the BOTTLENECK test for heterozygote ex-
cess none of the populations show any evidence of
recent bottlenecking except for Raasay (Wilcoxon test,
p<0.01).

Inter-population. Significant allele divergences
were found for all populations (p<0.001). Genetic di-
vergence levels as measured by pairwise /', and R, are
given in Tab. 2. The two mainland areas, Appin and
Kintyre, are the least divergent (F,=0.06, R ,=0.24)
and Skye is also comparatively genetically similar to
these mainland populations. As Skye is a very large
island this may be caused by retention of ancestral
lineages rather than recurrent migration. All of the
other island populations are highly divergent from one
another. Islay in particular is very highly diverged from
all the other populations. However, in each case island
populations are most closely related to their nearest
mainland population.

Relationship between island size and genetic di-
versity. Both measures of genetic diversity increased
with log island size (Figs 2 and 3). Significant regres-
sions were found for both expected heterozygosity
(F, ;=8.243,p=0.045, adjusted °=0.592) and mean num-
ber of alleles per locus (#, =12.281, p=0.025, adjusted
*=0.693).

Discussion

All the island populations in this study showed
reduced levels of genetic diversity when compared to
adjacent mainland populations. The island populations
showed no internal structure, indicating that common
shrews are able to disperse widely within islands. How-
ever, we found high levels of genetic differentiation
between populations, indicating that marine channels
are strong barriers to dispersal. As genetic differentia-
tion is so strong we expect that migration between
island and mainland populations is extremely rare.

There is a significant positive relationship between
island size and genetic diversity. If island size is a good
correlate of population size then these data support the
theory that small populations lose diversity more quick-
ly through genetic drift and inbreeding than large popu-
lations. Different habitat types support different num-
bers of common shrews, so island size may not be
directly proportional to population size, depending on

Table 2. Matrix of genetic distances between pairs of populations. /, values are shown above right of

the diagonal and R, values are shown below left.

Raasay Skye Lismore Appin Gigha Kintyre Sanda Islay
Raasay - 0.21 0.29 0.17 0.37 0.18 0.37 0.32
Skye 0.43 - 0.24 0.07 0.35 0.10 0.26 0.28
Lismore 0.39 0.27 - 0.21 0.50 0.23 0.43 0.43
Appin 0.33 0.13 0.19 - 0.31 0.06 0.24 0.27
Gigha 0.84 0.70 0.77 0.49 - 0.27 0.57 0.40
Kintyre 0.69 0.43 0.57 0.24 0.38 - 0.26 0.19
Sanda 0.72 0.39 0.59 0.30 0.60 0.40 - 0.48
Islay 0.91 0.75 0.88 0.60 0.83 0.51 0.85 -
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Figure 2. Relationship between expected heterozygosity and
log island size. The line is fitted by least-squares regression.
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Figure 3. Relationship between the mean number of alleles
per locus and log island size. The line is fitted by least-
squares regression.

the habitat composition of each island. However, is-
lands of the Inner Hebrides tend to be similar in their
habitat composition so this is unlikely to be an issue.

Island size may also have been important during the
initial colonisation of these islands. From the Theory of
Island Biogeography (MacArthur & Wilson, 1967) col-
onists are more likely to reach larger islands, so these
may have started out with greater levels of genetic
diversity. As mentioned above, however, we expect
that after the initial colonisation (by land or ice bridg-
es), further migration was highly restricted.

In a meta-analysis Frankham (1997) found that in
165 of 202 comparisons, island populations have less
allozyme variation than their mainland counterparts,
the average reduction being 29%. The magnitude of
these differences was found to be related to dispersal
ability. The large reduction in genetic variation on
islands found in the present study clearly accords with
the limited marine dispersal associated with common
shrews. Frankham (1996) also found significant posi-

tive correlations between genetic variation and the log-
arithm of island size in 16 of 19 studies involving
mammals, birds, reptiles and an insect. Neutral models
predict a sigmoidal relationship between heterozygosi-
ty and log population size. Frankham suggests that the
linear relationship in his data set, and the one presented
here, could be due to a proportion of mildly deleterious
mutations or populations not having sufficient time to
reach equilibrium. Microsatellites are generally con-
sidered to be neutral. Recent evidence suggests that
this may not always be the case (Hammock & Young,
2005). Microsatellites may also appear to be under
selection if they are closely linked to mildly deleteri-
ous alleles or if there is associative overdominance
(Frankham et al., 2002).

Nevertheless, the clear relationship between island
size and genetic diversity found here supports the hy-
pothesis that small populations lose genetic diversity at
a higher rate than larger populations. If a reduction in
genetic diversity reduces the fitness of a population and
makes it more likely to go extinct, then this has impor-
tant implications for conservation biology.
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