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Epigenetic variation of the common shrew, Sorex araneus,
in different habitats
Jan M. Wójcik*, P. David Polly, Anna M. Wójcik & Micha³ D. Sikorski
ABSTRACT. Epigenetic variation of the common shrew, Sorex araneus, was studied in three habitats
(floodplain forest, wet sedge bog and dry meadow) at Bia³owie¿a, north-eastern Poland. Previous chromosome and allozyme studies of the same population suggested that polymorphisms are related to environmental heterogeneity and that random factors influence frequencies of acrocentric chromosomes and
alleles. In the present study we tested whether similar processes influence epigenetic variation. Thirty-one
non-metric skull traits were scored in 274 individuals from samples collected in different biotopes. The
specific aim of the study was to estimate non-metric trait frequencies and fluctuating asymmetry in shrews
from different habitats, and to explain the factors involved in the maintenance of epigenetic polymorphism.
Significant differences found among samples of shrews from different habitats indicated that important
epigenetic variation exists within the population. This epigenetic variation in the common shrew appears to
be related to environmental heterogeneity.
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Ýïèãåíåòè÷åñêàÿ èçìåí÷èâîñòü îáûêíîâåííîé áóðîçóáêè,
Sorex araneus, â ðàçëè÷íûõ ìåñòîîáèòàíèÿõ
ß.Ì. Âóé÷èê, Ï.Ä. Ïîëëè, À.Ì. Âóé÷èê, Ì.Ä. Ñèêîðñêè
ÐÅÇÞÌÅ. Ýïèãåíåòè÷åñêàÿ èçìåí÷èâîñòü îáûêíîâåííîé áóðîçóáêè, Sorex araneus, áûëà èçó÷åíà â
3 ìåñòîîáèòàíèÿõ (ïîéìåííûé ëåñ, îñîêîâîå áîëîòî è ñóõîé ëóã) â Áåëîâåæå, ñåâåðî-âîñòî÷íàÿ
Ïîëüøà. Èç ïðåäûäóùèõ õðîìîñîìíûõ è àëëîçèìíûõ èññëåäîâàíèé òåõ æå ïîïóëÿöèé ñëåäîâàëî,
÷òî ïîëèìîðôèçì ñâÿçàí ñ ãåòåðîãåííîñòüþ ñðåäû îáèòàíèÿ è ÷òî ñëó÷àéíûå ôàêòîðû âëèÿþò íà
÷àñòîòû àêðîöåíòðè÷åñêèõ õðîìîñîì è àëëåëåé. Â íàñòîÿùåì èññëåäîâàíèè ìû èçó÷àëè, èìåþòñÿ
ëè ïîäîáíûå âëèÿíèÿ íà ýïèãåíåòè÷åñêóþ èçìåí÷èâîñòü. Ïðîàíàëèçèðîâàí 31 íåìåòðè÷åñêèé
÷åðåïíîé ïðèçíàê ó 274 ýêçåìïëÿðîâ èç âûáîðîê, îòíîñÿùèõñÿ ê ðàçëè÷íûì áèîòîïàì. Öåëüþ
ðàáîòû ÿâëÿëîñü îïðåäåëåíèå ÷àñòîò íåìåòðè÷åñêèõ ïðèçíàêîâ è ôëóêòóèðóþùåé àñèììåòðèè ó
áóðîçóáîê èç ðàçíûõ ìåñòîîáèòàíèé è âûÿâëåíèå ôàêòîðîâ, ó÷àñòâóþùèõ â ïîääåðæàíèè ýïèãåíåòè÷åñêîãî ïîëèìîðôèçìà. Çíà÷èìûå ðàçëè÷èÿ, íàéäåííûå ìåæäó âûáîðêàìè áóðîçóáîê èç ðàçíûõ
ìåñòîîáèòàíèé, óêàçûâàþò íà ñóùåñòâåííóþ ýïèãåíåòè÷åñêóþ èçìåí÷èâîñòü âíóòðè ïîïóëÿöèè.
Ýïèãåíåòè÷åñêàÿ èçìåí÷èâîñòü ó îáûêíîâåííîé áóðîçóáêè ìîæåò áûòü ñâÿçàíà ñ ãåòåðîãåííîñòüþ
ñðåäû.
ÊËÞ×ÅÂÛÅ ÑËÎÂÀ: Sorex araneus, îáûêíîâåííàÿ áóðîçóáêà, ýïèãåíåòè÷åñêàÿ èçìåí÷èâîñòü,
ãåòåðîãåííîñòü ñðåäû îáèòàíèÿ.

Introduction
One method for studying genetic variation in mammal populations is to measure differences in non-metric
skeletal traits, so-called epigenetic polymorphisms.
These threshold traits are under the control of both
genetic and non-genetic factors. If the total genetic and
non-genetic effect is greater than the value corresponding to the threshold, the variant is manifested (Sjøvold,
1977; Andersen & Wiig, 1982). Both genetic and envi* Corresponding author

ronmental factors are known to be important in controlling skeletal epigenetic traits such as the number of
minor skull foramina (Berry, 1963; Berry & Searle,
1963; Andersen & Wiig, 1982; Pankakoski, 1985).
From non-metric traits a mean measure of genetic
divergence (MMD) between the samples can be estimated for use as a genetic distance measure. MMD is
one of many possible measures that can be made from
non-metric traits, but it is the most intuitive and commonly used (Sjøvold, 1977).
Non-metric traits can also be used for calculation of
fluctuating asymmetry (FA) and the mean number of
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asymmetrical characters per individual (NA). Fluctuating asymmetry, or differences between the two sides of
the body that cannot be explained by either genetic
factors, is a common index of developmental stability
(Palmer & Strobeck, 1986; Zakharov, 1992; Palmer &
Strobeck, 1992). When there is a genetic basis for
variability in a trait showing FA (i.e. its broad-sense
heritability is greater than zero), then FA represents a
measure of the sensitivity of development to accidents
(Leary & Allendorf, 1989). Each side of an animal has
the same genetic constitution, so bilateral differences
are non-genetic developmental characteristics that arise
through chance or environmental perturbation. It is
thought that canalizing processes minimize bilateral
symmetry, but when developmental stability is disrupted asymmetry becomes more common. Developmental
stability can be reduced by factors such as extreme
physical conditions, pollution or poor habitat quality
(Palmer & Strobeck, 1992). High developmental stability, that is low fluctuating asymmetry, is associated with
coadapted genotypes under optimal environmental conditions, but deterioration in stability, and higher fluctuating asymmetry, can be expected under stressful conditions. If environmental stress during ontogeny results in
greater asymmetry of various traits, then studies of morphological asymmetry can throw light on the ecological
conditions of animal populations (Pankakoski, 1985).

Figure 1. A schematic map of the study area.

In shrews, non-metric variation has been examined
by Hanski (1986), Hanski & Kuitunen (1986), Pankakoski & Hanski (1989), Zakharov et al. (1991), Pankakoski et al. (1992), Meyer & Searle (1994), Zakharov
et al. (1997a, 1997b), Badyaev & Foresman (2000,
2004) and Badyaev et al. (2000, 2005). Studies in
Eurasia showed that shrew skeletal growth is highly
sensitive to variation in environmental conditions (e.g.
Pankakoski et al., 1992). Shrews are short-lived insectivorous mammals with a majority of their breeding
occurring in a short period of time. They have a short
period of skeletal growth (Foresman, 1994) and their
entire lives are filled with nearly continuous prey-searching and foraging activity (Genoud, 1988). The type of
non-metric cranial traits that we studied would have been
formed during early skeletogenesis, probably in utero.
In the present investigation, we studied common
shrews in samples from Bia³owie¿a (north-eastern Poland) and tested whether epigenetic variation is associated with environmental heterogeneity. The specific aim of
the study was to analyse non-metric trait frequencies and
fluctuating asymmetry in shrews from different habitats,
and also an attempt to explain the factors involved in the
maintenance of epigenetic polymorphism in the population. Previous studies of Sorex araneus populations from
Bia³owie¿a showed mixed associations of habitat and
population differentiation. Wójcik (1991) and Wójcik et
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al. (1996) concluded that chromosome and allozyme
polymorphisms were related to environmental heterogeneity; however, morphometric differentiation of mandible shape was not (Wójcik et al., 2003). Previous studies
of mandibular shape in the common shrew have found
the greatest differentiation at higher hierarchical levels
than the population, notably among species within the S.
araneus-arcticus group and among karyotypic groups of
S. araneus (Hausser & Jammot, 1974; Polly, 2006),
whereas previous studies of epigenetic variation have
found significant differentiation at the population level.

Material and methods
Samples of common shrews were collected in three
distinct habitats within the Bia³owie¿a Primeval Forest,
north-eastern Poland (N 52°42', E 23°55'): floodplain
ash-alder forest (Circaeo-Alnetum), wet sedge bog and
dry meadow (Fig. 1). Floodplain forest is a heterogeneous biotope with high levels of ground water year
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Table 1. Material used in this study.

Habitat and
trapping period

Males

Females

Total

adult

young

adult

young

Floodplain forest
19931995

4

15

0

12

31

Sedge bog
19881995

20

75

14

82

191

Meadow
19871994

10

20

3

19

52

Total

34

110

17

113

274

round. Sedge bog (Carex spp.) is a homogeneous wet
and open biotope. Meadow is homogeneous dry grassland biotope located on higher ground and surrounded
by wet sedge bogs.
Shrews were trapped in 19871995. A total of 274
individuals (144 males and 130 females) belonging to
the Bia³owie¿a chromosome race (see Zima et al., 1996

Figure 2. Non-metric traits on the skull of the common shrew used in the study.

A0  foramen incisivum, unilateral; A1  medial palatine foramen; A2  posterior palatine foramen; A2  accessory posterior palatine
foramen; A3  accessory terminal palatine foramen; A4  foramen ovale; A5  accessory foramen posterior to the basisphenoid foramen;
A7  median basioccipital foramen, unilateral; A8  posterior basioccipital foramen; A9  accessory hypoglossal foramina I (1 or 2);
A9  accessory hypoglossal foramen II; B1  premaxillary foramina; B2  anterior maxillary foramen; B3  accessory foramen outside
infraorbital foramen; B4  accessory foramen above the rim of infraorbital foramen; B5  accessory foramen posterior to B4; B6 
accessory foramen posterior to lacrimal foramen; B7  accessory foramen below lacrimal foramen; B8  accessory posterior alisphenoid
foramen; B9  pneumatic foramen between the two articular condyles; B10  anterolateral parietal foramen; B11  anterior lateral sinus
foramen; B12  mesial lateral sinus foramina; B14  posterior lateral sinus foramen; C1  parietofrontal foramen; C2  median
supraoccipital foramen; D1  anterior accessory foramen to the major mental foramen; D2  lower mental foramen; D3  dentary canal;
D4  lower coronoid foramen; D5  upper coronoid foramen.
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and Wójcik et al., 2003) were used in this study. Thirtyone shrews were trapped in floodplain ash-alder forest,
191 in wet sedge bog, and 52 in dry meadow (Tab. 1).
Most of the shrews were young (still in their first year),
sexually immature animals caught between early August and November.
Skulls were cleaned by dermestid beetles (Dermestes lardarius), then digested in a papain solution and
bleached in 3% hydrogen peroxide to separate the elements for non-metric trait scoring.
Thirty-one non-metric traits (foramina for blood
vessels or nerves) were scored (Fig. 2). The number of
foramina in the 29 bilateral traits was used in fluctuating asymmetry analysis. Classification criteria for 29 of
the traits were described by Hanski & Kuitunen (1986).
Only three of the traits were new to this paper: A0, A2
and A9. Occurrence of each variant was scored separately on the left and the right side of the skull.
Differences between samples were quantified using
the Mean Measure of Divergence (MMD), which is the
mean squared difference between frequencies of nonstandard traits (Sjøvold, 1977; Sikorski, 1982). Frequencies were first normalized using the angular transformation
È = Sin-1 (1  2 p),

(1)

Table 2. MMD values among samples of young shrews
from different habitats.
Samples (habitats)

MMD

Variance

p

Forest  sedge bog

0.0426

0.0004

<0.05

Forest  meadow

0.0034

0.0003

ns

Sedge bog  meadow

0.0135

0.0001

ns

icant differentiation in MMD between samples from
floodplain forest and sedge bog but no differences were
found comparing samples from forest and meadow and
those from sedge bog and meadow (Tab. 2).
Asymmetry. Statistically significant differences were
found in the fluctuating asymmetry values (FA) between
adult and young shrews, therefore adult individuals were
excluded from further analyses. Furthermore, in a case of
nine traits (A2, A2, A9, B5, B9, B11, B14, C2 and D4),
sex-linked differences in FA were found and those traits
were also excluded from further analyses.
Table 3. The values of fluctuating asymmetry (FA) and
numbers of asymmetric traits per individual (NA) in samples of young common shrews from different habitats.
Habitat
Forest
n=27

Sedge bog
n=157

Meadow
n=39

p

A1

0.00

0.06

0.03

ns

− Θ 2 ) 2 − V(1, 2 ) ,
(2)
m
where V (1,2) is the variance of the estimate of the difference, which is calculated as

A3

0.00

0.08

0.07

< 0.01

A4

0.00

0.01

0.00

ns

A5

0.04

0.02

0.00

ns

A8

0.00

0.01

0.05

< 0.01

1
1
,
(3)
+
n1 + 0.5 n2 + 0.5
where n is the sample size. Significance of MMD distances were determined using V(1,2). For á=0.05, significant differences are those larger than 1.96 times the
square root of V(1,2).
Asymmetry was estimated using two indices: (i) an
index of fluctuating asymmetry (FA) as the variance of
the difference between the right and left elements of a
bilateral pair (RL) for a sample of individuals (Palmer
& Strobeck, 1986), and (ii) the number of asymmetric
traits per individual as an integrated measure of developmental stability (NA) (Leary et al., 1985; Zakharov,
1987). Differences in FA values among samples (whether the variances were homogeneous among groups)
were estimated using Levenes test (Levene, 1960; see
also Palmer & Strobeck, 1986).

A9'

0.04

0.14

0.17

ns

B1

0.24

0.26

0.28

ns

B2

0.13

0.15

0.17

ns

B3

0.04

0.05

0.05

ns

B4

0.10

0.09

0.03

< 0.05

B6

0.00

0.01

0.03

ns

B7

0.20

0.13

0.15

ns

B8

0.04

0.09

0.09

ns

B10

0.04

0.19

0.17

< 0.05

B12

0.23

0.32

0.29

ns

C1

0.04

0.02

0.09

< 0.01

D1

0.48

0.21

0.23

< 0.01

D2

0.07

0.01

0.00

< 0.01

D3

0.10

0.19

0.23

ns

D5

0.16

0.27

0.23

ns

FA median

0.04

0.09

0.09

< 0.05

NA

2.19

2.59

2.79

< 0.01

where È is the transformed frequency p. MMD was
then calculated as
MMD =
MMD

∑ (Θ

1

V(1, 2) =

Results
Mean Measure of Divergence (MMD). Comparison between samples of adult and young shrews in the
combined sample revealed significant differences
(MMD=0.0376, variance=0.0002, p<0.05) so further
analyses used young individuals only. There was signif-

Trait

Differences in FA values among samples were compared using
Levenes test (for heterogeneity of variances). Differences among
FA medians and NA values were compared using t-tests.
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The FA values for seven traits (A3, A8, B4, B10,
C1, D1 and D2) differed significantly among samples
of young shrews from different habitats (Tab. 3). There
were differences in the FA medians in the samples.
The value for the sample from forest was significantly
lower than those for samples from sedge bog and
meadow (Tab. 3). The numbers of asymmetric traits
per individual (NA) were also different among samples. The lowest value was again in a case of the
sample from forest but the highest one for the sample
from meadow (Tab. 3).

Discussion
Patterns of epigenetic skeletal variation have often
been considered to characterise the genetics of animal
populations (e.g. Berry, 1963; Berry et al., 1978; Andersen & Wiig, 1982; Sikorski, 1982; Hanski & Kuitunen,
1986). In addition to the genetic component of epigenetic character regulation, environmental factors influence variation by decreasing developmental stability
and hence increasing asymmetry. These factors include
adverse temperatures, chemical pollutants, nutritional
deprivations, high population density and audiogenic
stress (Møller & Swaddle, 1997) as well as diet and
physiological state of the mother (Howe & Parsons,
1967). Hartman (1980) and Hanski & Kuitunen (1986)
concluded that habitat effects (acting through individual size) influenced observed differences between localities in non-metric trait frequency and Pankakoski (1985)
demonstrated that asymmetry in these traits was highly
dependent on habitat quality.
Shrews are short-lived and do not move long distances, so their development can be expected to reflect
local and transient environmental conditions (e.g. Pankakoski & Hanski, 1989; Badyaev & Foresman, 2000,
2004; Badyaev et al., 2000, 2005). In a cyclic population of the common shrew in Siberia, developmental
stability, as measured by FA, was highly correlated
with measures of habitat quality as population numbers
waxed and waned (Zakharov et al., 1991). The evidence is convincing that greater levels of FA in shrews
indicate more stressful environments.
Our results suggest that habitat quality affects nonmetric variation in Sorex araneus in Bia³owie¿a. We
found significant MMD values between shrews sampled in floodplain forest and sedge bog habitats, suggesting genetic divergence between these two subpopulations. This is consistent with the earlier finding of
Wójcik (1991) and Wójcik et al. (1996) of chromosome and allozyme polymorphisms whose frequencies differed between the same habitats that we studied. Together, these results indicate that there are
genetic differences, probably arising through the action of selection rather than random processes. But,
similar changes were not detected from mandible measurements (Wójcik et al., 2003). However, it is often
assumed that populations differentiate at the chromosomal and biochemical levels before consistent mor-
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phological changes are detectable. The mandible especially is known to be slow to respond to genetic
differentiation (Polly, 2007).
Most likely the MMD differences that we detected
between habitats correspond to genetic differences in
the subpopulations, but FA can affect MMD by elevating the variance in the expected values. In our study, the
FA median value for the floodplain forest sample was
significantly lower than those for the sedge bog and
meadow samples. The total number of asymmetrical
traits, NA, was also lowest in the forest sample and
highest in the sample from meadow. This suggests that
our MMD results are not biased by FA because the
latter would increase spurious significant results in samples where it is higher. The floodplain forest and sedge
bog samples were the most significantly different, yet
they had the lowest asymmetry.
The FA results show that asymmetry is correlated
with the quality of each habitat for common shrews.
Forest and sedge bog are better biotopes for shrews
than meadows. Both the frequency and number of asymmetrical traits were lowest in the desirable forest habitat. FA was equal in sedge bog and meadow, but NA
was highest in meadow habitat. This pattern is consistent with forest habitat being optimal for Sorex araneus
at Bia³owie¿a, and meadow habitat being suboptimal.
The distance between our habitat samples was very
small and no obvious physical or environmental barriers exist between them. We presume that shrews could
move easily between study plots, and it is known that
they are capable of dispersing quite widely (e.g. Hanski
& Kaikusalo, 1989). Therefore, the differences in epigenetic variation found in this study cannot be only
considered as a direct selective effect of the environmental heterogeneity. Other factors than ecological adaptations probably play an important role in the shrew
population in Bia³owie¿a. For instance, differences may
be a consequence of the competition between shrews
for good territories in different habitats. The stronger individuals may try to establish their territories in
the forest and bog habitats, while weaker shrews
might be driven off to less attractive dry meadows. This
sorting may result in genetic differentiation if competitive fitness is heritable (less fit meadow shrews would
have less fit offspring, which are confined by competition to the suboptimal dry meadow habitats), but it will
certainly result in sorting of animals of different fitness
by habitat. The combination of low individual fitness
and a more stressful environment are likely to be the
cause of the greater non-metric asymmetry in the meadow habitats.
Why are meadows suboptimal for Sorex araneus?
Badyaev & Foresman (2000, 2004), and Badyaev et al.
(2000, 2005) found a strong increase in asymmetry in
shrews born in habitats suffering vegetation removal.
Our results are consistent with their findings: open
habitats such as sedge bog and meadow are more stressful for shrews because of factors like predation susceptibility and prey availability.
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Conclusion
We found that epigenetic differentiation among common shrews, Sorex araneus, was related to environmental heterogeneity. Frequencies of non-metric traits
were significantly different between floodplain forest
and sedge bog habitats, probably corresponding to genetic differentiation between subpopulations in these
areas as suggested by previous analyses of karyotype
and allozyme polymorphisms. The amount of asymmetry was highest in meadow habitats, apparently associated with this habitat being suboptimal for shrews. The
pattern of epigenetic variation combined with previous
studies of allozymes, chromosome polymorphism and
mandibular shape suggest that competitive interactions
associated with habitat preference can drive genetic
differentiation in Sorex araneus.
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