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ABSTRACT

Morphometric variation of the common shrew Sorex araneus Linnaeus, 1758 was studied in the Łęgucki
Młyn/Popielno hybrid zone in north-eastern Poland. The shrews of both races and their hybrids were measured.
Seventeen cranial and external measurements in 105 young shrews were analysed. Based on the results of canonical
analysis and multidimensional scaling we propose a hypothesis on morphometric differences between hybrids and
non-hybrids. They may involve three skull parameters: length of the upper and lower dental series, and the length of
the upper row of molariform teeth.
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INTRODUCTION

The common shrew Sorex araneus Linnaeus, 1758 is characterised by a large chromosomal variability. In this
species the number of diploid autosomes ranges from 18 to 30, while the number of autosomal arms is always 36.
Chromosomal variability of S. araneus makes it possible to divide its range into about 70 chromosomal races, of
which at least 11 occur in Poland. In many cases the neighbouring races form hybrid zones and several of them have
already been described [1, 2, 5, 6, 11, 12, 13, 14, 16, 22, 23, 25, 26, 38, 42].
All chromosomal races of S. araneus have been classified into three karyotypic groups: the West European
(WEKG), the East European (EEKG) and the Siberian (SKG) [37].

For years scientists have been interested in the analysis of correlation between the chromosome and morphological
variation of S. araneus. So far, morphometrical analyses of this species have shown that geographic location of the
site, i.e. latitude and longitude, altitude, as well as climatic differences, appear to be more important in determining
the morphology than the karyotype [36, 41, 44]. However, in some case, a correlation between the chromosome and
morphological variation has been observed.

Studies on the morphometric variation in S. araneus have dealt with variation between chromosomal races
representing different or the same karyotypic groups [3, 4, 7, 15, 16, 24, 28, 36, 44].

There are at least two cases of clear morphological divergence between races of different karyotypic groups.
Chętnicki et al. [7], during their studies on morphometric variation among individuals from three Polish hybrid
zones (Drnholec/Łęgucki Młyn, Drużno/Łęgucki Młyn, Drnholec/Białowieża) found significant differences in body
and tail length and body mass between hybrids and individuals of the two races in the Drnholec/Łęgucki Młyn
hybrid zone. In this case the Drnholec race represented WEKG, and Łęgucki Młyn EEKG. Similarly, Polyakov et al.
[28] found statistically significant differences in morphometric parameters of shrew skulls in the
Novosybirsk/Tomsk hybrid zone. Individuals of the Tomsk race significantly differed from those of the
Novosybirsk race with regard to nine features, and from hybrids with regard to three. In this case each race
represented a different karyotypic group: Novosybirsk – EEKG, and Tomsk – SKG.

In case of races representing the same karyotypic group, morphological differentiation is ambiguous. Most authors
failed to show any dependence between membership in a chromosomal race and morphometric parameters. For
example, Meyer and Searle [24] found no metric variation between populations of different karyotypes in Britain.
Comparison of mandibular parameters of specimens from three different karyotypic races (Aberdeen, Oxford and
Hermitage) in Britain revealed no clear morphological difference between them [36]. However, there were small
mensural differences between hybrids and non-hybrids in Oxford/Hermitage hybrid zone. The analysis suggests that
there may be non-additive genetic differences between the races. Banaszek et al. [3] found morphometric variation
in the submaxilla of juvenile shrews from the Guzowy Młyn/Łęgucki Młyn hybrid zone, according to where the
animals were caught (juvenile shrews found in the centre of the zone were smaller than those which came from the
edges or outside the zone). No such significant size variation was found among adults. However, shrews of the
Łęgucki Młyn race showed significant differences in the form of submaxilla, compared to individuals of the
Guzowy Młyn race and the hybrids.

The results obtained by Searle and Thorpe [36] and Banaszek et al. [3] do not solve the problem of correlation
between karyotypic and morphological variation within karyotypic groups of S. araneus. This encourages further
studies in this direction.

The purpose of this study was to characterise morphometric variation of S. araneus in the Łęgucki Młyn/Popielno
hybrid zone, and to check if there were any relationships between morphometric parameters and karyological
categories.



MATERIAL AND METHODS

A total of 105 young shrews (year-born) were trapped, from June to September and karyotyped during the 1996-
1999 field studies in Łęgucki Młyn/Popielno hybrid zone in north-eastern Poland [25].

Mitotic preparations were made from the spleen after colchicine treatment in vivo [10], and subjected to differential
staining for G-bands using trypsin and Giemsa stain [35].

The specimens were divided in five karyological categories. The karyological category was defined by the
complement of diagnostic metacentrics: hk, io for the Łęgucki Młyn race (category 1) and hq, ik for the Popielno
race (category 2). Inter-racial hybrids were heterozygous for those diagnostic chromosomes. They were additionally
subdivided in three categories, depending on the potentially forming meiotic complexes: i/ik/kh/h (category 3),
k/ki/io/o (category 4), i/ik/kh/hq/q (category 5).

The analysis of cranial and external features was carried out on 105 individuals. Seventeen features (two external
and fifteen cranial) were measured with electronic calliper.

External measurements (with 0.1 mm accuracy) have been taken according to Pucek [31] and referred to tail length
(C) and foot length (P).

Cranial measurements (with 0.01 mm accuracy) have been taken partly according to López-Fuster et al. [20], as
follows (Fig. 1): maximal length of the skull (Cb), maximal breadth of the skull (T-T), interorbital width (IO),
postglenoid width (p.Pg), rostral length (Lpo), zygomatic width (J-J), staphylion-basion length (LPS), skull case
length (LPO), length of the upper dental series (Lg I1– M3), length of the unicuspid tooth row (Lg A1– A5),
maximum length of the molariform tooth row (Lg P4-M3), length of the lower dental series (Ld I1 – M3), articular
length (LAr), angular length (LA), incisor-angle length (I1-a).

Fig. 1. Measurements used in morphometric analysis of Sorex araneus



The skull of the common shrew reaches essentially adult size during nestling development [29, 34, 36, 43, 44],
therefore possible differences in young shrews are age-independent. The only parameter which unambiguously
shows seasonal variation in shrews is the brain case depth [8, 18, 19, 29, 31, 39], and thus it was omitted from the
analysis.

We assumed the absence of sexual dimorphism in the common shrew with respect to the parameters measured.
Consequently, the sample was not split according to sex. Such a lack of sexual dimorphism has been found (with
reference to cranial and external features) by: Homolka [17], López-Fuster et al. [21], Pankakoski [27], Ruprecht
[34], Searle and Thorpe [36].

Descriptive statitics: mean and variance (Table 1) were given for raw data. In order to ascertain the degree of
morphological separateness between the karyologically defined categories, and to identify characters which might
affect it, we used uni-dimensional Kruskal-Wallis tests for characters departing from normal distribution [32] and
ANOVA for characters with normal distribution.

We also used discriminant and canonical analyses, which are rather resistant to waiving normalcy assumptions [9,
40] and to slight departures from homogeneity [40]. Compatibility of the data with assumptions of homogeneity of
variance was checked with uni-dimensional tests of Leven, as well as Hartley, Cochran and Bartlet. The characters
that showed non-homogenous variance in both tests were rejected from the analysis. In order to approach the data
distribution to the multidimensional normal distribution, most calculations (except descriptive statistics) were done
on logarithmically transformed data. Unidimensional normalcy was tested for all characters following
transformation, with Shapiro-Wilks W test.

No character proved to be non-homogenous in both tests. The results of the tests for normalcy of distribution
showed that most of them, in spite of logarithmic transformation, had abnormal distributions and thus the
multidimentional distribution was also abnormal (Table 2). We decided, however, tu use them in multidimensional
analysis. The absence of data was replaced with means of values for corresponding characters in respective groups.

The data were not corrected for body size and allometry (e.g. Burnaby method – [34]) since all the examined
animals were at a similar stage of ontogeny. Thus it would be hazardous to adopt the largest variability fraction
explained by PC1 as a complex indicator of body size [9, 33].

In order to describe the morphological similarity between specimens representing karyological categories, the
distance method and multidimensional analysis (MDS) were used. The matrix of D2 distances (square of
Mahalanobis distance) between populations was calculated and analysed with MDS.

All the calculations were carried out using the Statistica 6 package [40].

RESULTS

The division of hybdrids in three subcategories resulted from the assumption that each of the hybrid genotypes
might differently affect morphology.

Kruskal-Wallis test and ANOVA showed no statistically significant differences between karyological categories for
any character (Table 3).



Table 1. Means (in mm) and variance for the 17 external and cranial features of shrews representing different karyological categories. N – sample size.
Łg – Łęgucki Młyn race. P – Popielno race. i/ik/kh/h. k/ki/io/o. i/ik/kh/hq/q – different categories of hybrids

Łg P i/ik/kh/h k/ki/io/o i/ik/kh/hq/q
character

N mean variance N mean variance N mean variance N mean variance N mean Variance

C 66 40.38 5.65 20 40.78 5.79 10 39.49 6.51 2 39.25 0.50 4 40.81 6.68
P 67 12.70 0.24 20 12.66 0.39 10 12.52 0.11 2 13.00 0.12 4 12.58 0.15
Cb 68 18.81 0.11 21 18.78 0.14 9 18.67 0.19 2 18.98 0.02 4 19.08 0.15
T-T 67 9.38 0.04 21 9.32 0.06 8 9.40 0.02 2 9.35 0.02 4 9.30 0.05
IO 68 3.54 0.01 21 3.53 0.02 10 3.47 0.02 2 3.59 0.01 4 3.57 0.00
p.Pg 67 5.36 0.02 21 5.34 0.02 10 5.29 0.03 2 5.23 0.02 4 5.20 0.01
Lpo 67 8.33 0.06 21 8.37 0.03 10 8.26 0.07 2 8.28 0.00 4 8.42 0.03
LPS 67 8.54 0.10 21 8.55 0.06 10 8.60 0.03 2 8.72 0.00 4 8.66 0.06
LPO 66 11.16 0.03 19 11.19 0.04 9 11.20 0.11 2 11.02 0.00 4 11.24 0.02
J-J 52 5.33 0.01 17 5.29 0.02 10 5.29 0.02 2 5.20 0.00 2 5.25 0.12
LgI1-M3 65 8.56 0.03 20 8.62 0.03 8 8.53 0.03 1 8.30 4 8.57 0.00
LgA1-A5 66 2.89 0.00 20 2.90 0.00 8 2.91 0.00 1 2.80 4 2.82 0.00
LgP4-M3 67 4.67 0.01 20 4.66 0.02 10 4.60 0.02 2 4.70 0.02 4 4.65 0.01
LdI1-M3 65 7.92 0.04 20 7.95 0.04 9 7.94 0.03 2 7.65 0.00 4 7.92 0.00
I1-a 59 12.27 0.06 20 12.32 0.03 8 12.19 0.08 2 12.33 0.01 3 12.37 0.11
LA 57 9.89 0.07 20 9.91 0.05 8 9.87 0.09 2 9.98 0.02 3 10.12 0.01

LAr 65 9.62 0.04 21 9.56 0.04 9 9.56 0.02 1 9.50 4 9.70 0.00



Table 2. Results of tests for variance homogeneity and normalcy of distribution of characters; p –
significance level, Łg – Łęgucki Młyn race

Cecha
Cochran C. Hartley.

Bartlett
p

Levene
p

Shapiro-Wilk
p for all groups

collectively

Shapiro-Wilk
p for the most numerous

group Łg
C 0.18 p=0.16641
P 0.68 0.366264

Cb 0.95 0.732975 p=0.94249 p=0.78696
T-T 0.157661 p=0.22832
IO 0.16 0.117027 p=0.45561 p=0.31512

p.Pg 0.99 0.807175 p=0.40605 p=0.13275
Lpo 0.83 0.184093 p=0.25702 p=0.36851
LPS 0.53 0.382313
LPO 0.89 0.651760 p=0.35380 p=0.15559
J-J 0.22 0.105816

LgI1-M3 1.00 0.260229
LgA1-A5 0.89 0.735919
Lg P4-M3 0.79 0.601953
Ld I1-M3 0.70 0.749549

I1-a 0.798236
LA 0.521712
LAr 0.48 0.237492 p=0.94621 p=.068447

Table 3. Results of ANOVA or
Kruskal-Wallis test for individual
characters

Character Kruskal-Wallis
p

C 0.62
P 0.60

Cb* 0.84
T-T 0.91
IO* 0.73

p.Pg* 0.63
Lpo* 0.85
LPS 0.70
LPO* 0.48
J-J 0.43

LgI1-M3 0.25
Lg A1-A5 0.37
Lg P4-M3 0.54
Ld I1-M3 0.36

I1-a 0.77
LA 0.45

LAr* 0.66

* ANOVA

Likewise, discriminant and canonical analysis did not reveal any significant differences between the karyological
categories. Significance level p for Wilks’s Lambda multidimensional test was < 0.23.

However, the relatively low p value, at the very low numbers within each hybrid category in the total sample, as
well as large differences in the effect of individual characters on canonical variables (Table 4), make it possible to
single out some characters which, when a larger sample of hybrids is analysed, might prove to be associated with the
karyotype to a different degree. These characters are dentition-related: length of the upper dental series (Lg I1 – M3),
length of the lower dental series (Ld I1 – M3) and maximum length of the molariform tooth row (Lg P4-M3).



Table 4. Standardized coefficients for the first and second
canonical variable. Characters with the greatest effect on the
variable underlined

Cecha CV1 CV2

C 0.05 -0.13
P 0.54 0.49

Cb 0.48 -0.30
T-T -0.18 -0.08
IO 0.30 -0.35

p.Pg -0.47 0.48
Lpo -0.01 0.09
LPS 0.20 0.20
LPO -0.47 -0.34
J-J -0.20 0.13

LgI1-M3 -0.72 -0.80
Lg A1-A5 -0.08 0.51
Lg P4-M3 0.73 0.70
Ld I1-M3 -0.60 -0.18

I1-a 0.33 -1.02
LA -0.22 1.00

LAr 0.56 -0.53

Proper values 0.42 0.29

Cumulated percent 0.42 0.72

Dependences between karyological categories presented within the space of the first two canonical variables (CV1
and CV2) (Fig. 2) show that the only karyological categories that may differ morphometrically from some of or all
the remaining ones are two hybrid categories: i/ik/kh/hq/q and k/ki/io/o.

Fig. 2. All karyological categories within the space of the first two variability axes CV1 and
CV2. Łg – Łęgucki Młyn race, P – Popielno race



A similar message is conveyed by the scatterplot resulting from MDS (Fig. 3). Though the D2 distances are in no
case statistically significant, it appears that there are reasons to suspect that non-hybrid individuals i.e. those of the
Łęgucki Młyn and Popielno races are the closest to each other, while the i/ik/kh/h and then i/ik/kh/hq/q hybrids are
more remote from them. The k/ki/io/o hybrids are the least similar to other categories.

Fig. 3. Karyological categories in two-dimensional space resulting from multidimensional
scaling. Numbers denote distances between races Łg and P and each category of hybrids,
considering all three measurements

Considering the three characters that may display differentiation, the k/ki/io/o hybrids seem to show lower values of
Lg I1 – M3 and Ld I1 – M3, and thus both dental series shorter compared to pure individuals of the races Łęgucki
Młyn and Popielno, and a higher Lg P4-M3 value, i.e. longer upper row of molariform teeth (Table 1).

DISCUSSION

The results of our study, suggesting a possibility of correlation, in S. araneus, between the karyological category and
morphometric features seem interesting. Morphometric differences between individuals – members of different
karyological categories in hybrid zones were found, among others, by Chętnicki et al. [7] and Polyakov et al. [28].
Chętnicki et al. [7] studied the Drnholec/Łęgucki Młyn hybrid zone in Poland and found significant differences in
body and tail length and body mass between hybrids and non-hybrids. Similarly, Polyakov et al. [28] found a
morphological differentiation of shrew skulls in Novosibirsk/Tomsk hybrid zone in Russia. Individuals of the
Tomsk race had significantly greater values of cranial parameters (maximal skull length, rostral length, hard palate
length, maximal skull breadth, basal length of lower jaw, maximal length of the lower jaw, height of coronoid
process, length of unicuspid tooth row, length of maxillary tooth row) in comparison to individuals from the
Nowosybirsk race. The skulls of shrews of the Tomsk race seem also to be longer in comparison to those of hybrids.
This is indicated by the significantly greater values of the following parameters: maximal skull length, length of
unicuspid tooth row, length of maxillary tooth row. However, in both cases the research focused on hybrid zones
where contacting races represented different karyotypic groups. This fact could be an additional factor affecting the
observed differentiation. In our study the hybrid zone (Łęgucki Młyn/Popielno) involved two races of the same
karyotypic group (EEKG), and thus the possible morphological differences between the karyological categories
would have reasons other than group membership.

Some of our statistical analyses make it possible to conjecture that in the hybdrid zone Łęgucki Młyn/Popielno the
hybrids may significantly differ in some skull parameters from non-hybrids. The fact seems interesting though not
surprising. Morphological differences between categories were observed by Searle and Thorpe [36]. These authors
found small differences in the mandible parameters between hybrids and non-hybrids from the Oxford/Hermitage
hybrid zone in Britain. Also Banaszek et al. [3] found significant differences in the form of submaxilla between
shrews of the Łęgucki Młyn race and specimens of the Guzowy Młyn race and hybrids in Łęgucki Młyn/Guzowy
Młyn hybrid zone in Poland.



All the potential morphological differences, suggested by our results, are associated with dentiture and involve the
length of the two dental series (upper and lower), and the length of the upper row of molariform teeth. Literature
data suggest that dental morphology in S. araneus shows an intraspecific variation. Polyakov et al. [28] found for
example that the races Novosibirsk and Tomsk differed, among others, in the length of unicuspid tooth row and
maxillary tooth row. In this case the reason is sought in membership of the contacting races in different karyotypic
groups. However, research in Scandinavia showed that the length of the upper row of unicuspid teeth increased from
south to north, and the length of upper row of molariform teeth decreased slightly in that direction [41]. These
authors suggested that significant intraspecific differences in dental morphology of various chromosomal races of S.
araneus in Scandinavia depended on environment. A wide intraspecific variation in e.g. length of the upper dental
row in S. araneus from Poland was also mentioned by Bogdanowicz and Pucek [4]. Based on multidimensional
analysis, the authors found that skulls of shrews from western Poland were smaller than in the eastern part of the
country. An intrapopulation variation in mandible parameters was observed by Wójcik et al. [43] in a population of
shrews from Białowieża (Białowieża race).

The examples show that skull parameters, and especially dental morphology, vary much in S. araneus under the
effect of a variety of non-karyotypic factors. Our observations, suggesting significant differences in dental
morphology between hybrids and non-hybrids in the zone Łęgucki Młyn/Popielno, seem interesting because in our
studies most of the factors listed above could not affect the variation. The two contacting races represented the same
karyotypic group (EEKG). The zone, located in north-western Poland, is rather narrow, its width not exceeding 10
km [26], and thus the distance between the population was small, and so was probably the effect of geoclimatic
factors. All our shrews were trapped in very similar habitats – wet uncultivated meadows, which excludes the effect
of habitat heterogeneity on metric differences [43].

Canonical analysis and multidimensional scaling indicate that the i/ik/kh/h hybrids are the closest to non-hybrids,
they are followed by i/ik/kh/hq/q, while k/ki/io/o are the least similar to non-hybrids. It can be conjectured that the
genotype of the last group has the strongest effect on morphology. At present this is only a hypothesis which can be
tested only based on a morphometric analysis of larger samples of hybrids.

CONCLUSIONS

Based on our results we propose a hypothesis on morphometric differences between hybrids and non-hybrids of
Sorex araneus in Łęgucki Młyn/Popielno hybrid zone. They may involve three skull parameters: length of the upper
and lower dental series, and the length of the upper row of molariform teeth.

ACKNOWLEDGEMENTS

We are grateful to Prof S. Fedyk for valuable advice and encouragement; Dr J. Bartmańska for kind help and
support; Dr W. Chętnicki, T. Wolski, Z. Moska, M. Wolski, Dr R. Maślak and Z. Zawada for help in the field work.
The study was partly supported by the grant no. 6P04C 078 15 from Poland's Committee for Scientific Research
(KBN).

REFERENCES

1. Aniskin V. M., Lukianova I. V., 1989. A new chromosome race and the analysis of hybridization zone of two
karyoforms Sorex araneus (Insectivora, Soricidae). Proc. USSR Acad. Sci. 309, 1260-1262.

2. Banaszek A., 1994. The structure of the contact zone between the chromosomal races Drużno and Łęgucki Młyn in the
common shrew (Sorex araneus) in north-eastern Poland: preliminary results. Folia Zool. 43, Suppl., 1, 11-19.

3. Banaszek A., Smakulska J., Fedyk S., Jadwiszczak-Szałaj K.A., Chętnicki W., 2002. Morphometric differentiation of
shrews (Sorex araneus L, 1758) from the hybrid zone between the Guzowy Młyn and Łęgucki Młyn chromosome races
in Poland. Mammalia 67, 217-224.

4. Bogdanowicz W., Pucek Z., 1995. Trends in skull morphology of Sorex araneus in Poland. 2nd European Congress of
Mammalogy, 27 March – 1 April, Southampton, England.

5. Brűnner H., Fumagalli L., Hausser J., 1994. A comparison of two contact zones between chromosomal races of Sorex
araneus in the western Alps: karyology and genetics. Folia Zool. 43, Suppl., 1, 113.

6. Brűnner H., Hausser J., 1996. Genetic and karyotypic structure of a hybrid zone between the chromosomal races
Cordon and Valais in the common shrew, Sorex araneus. Hereditas 125, 147-158.

7. Chętnicki W., Fedyk S., Banaszek A., Szałaj K., Ratkiewicz M., 1996. Morphometrical characteristics of the common
shrews (Sorex araneus L.) from interracial hybrid zones. Hereditas 125, 201-207.

8. Dehnel A., 1949. Badania nad rodzajem Sorex L. [Studies on the genus Sorex L.], Annales UMCS, Lublin, Sectio C, 4,
17-102 [in Polish].

9. Falniowski A., 2003. Numeryczne metody w taksonomii [Numerical methods in taxonomy], Wydawnictwo
Uniwersytetu Jagiellońskiego, Kraków [in Polish].

10. Fedyk S., 1980. Chromosome polymorphism in a population of Sorex araneus at Bialowieża. Folia Biol. (Kraków) 28,
83-120.



11. Fedyk S., 1986. Genetic differentiation of Polish populations of Sorex araneus L. II. Possibilities of gene flow between
chromosome races. Bull. Pol. Acad. Sci. 34, 161-171.

12. Fedyk S., 1995. Geograficzne zróżnicowanie chromosomów i strefy hybrydyzacji międzyrasowej Sorex araneus L. w
północno-wschodniej Polsce [Geographic differentiation of chromosomes and interracial hybrid zones of Sorex
araneus L. in north-eastern Poland]. Dissertationes Universitatis Varsoviensis 439, Dział Wydawnictw Filii
Uniwersytetu Warszawskiego w Białymstoku, Białystok, 1-125 [in Polish].

13. Fredga K., 1996. The chromosome races of Sorex araneus in Scandinavia. Hereditas 125, 123-135.
14. Hatfield T., Barton N., Searle J. B., 1992. A model of a hybrid zone between two chromosomal races of the common

shrew (Sorex araneus). Evolution 46, 1129-1145.
15. Hausser J., 1984. Genetic drift and selection: Their respective weights in the morphological and genetic differentiation

of four species of shrews in Southern Europe (Insectivora, Soricidae). Z. zool. Syst. Evolut.- forsch. 22, 302-320.
16. Hausser J., Bosshard F., Taberlet P., Wójcik J., 1991. Relationships between chromosome races and species of Sorex of

the araneus group in the Western Alps. Mém. Soc. vaud. Sc. nat. 19, 79-95.
17. Homolka M., 1980. Biometrischer Vergleich Zweier Populationen Sorex araneus. Acta Sc. Nat. Acad. Sc. Bohem.

Brno 14, 1-34 [in German].
18. Kowalska – Dyrcz A., 1962. Zmiennosc sezonowa ryjówki (Sorex araneus araneus L.) w okolicy Wrocławia [Seasonal

variations in shrew (Sorex araneus araneus L. ) in the region of Wrocław]. Acta Univ. Wrat. 3, 5-22 [in Polish].
19. Kubik J., 1951. Analiza puławskiej populacji Sorex araneus araneus L. i Sorex minutus minutus L. [Analysis of the

Puławy population of Sorex araneus araneus L. and Sorex minutus minutus L.]. Annales UMCS, Lublin, Sectio C, 5,
335-372 [in Polish].

20. Lopez-Fuster M. J., Ventura J., Miralles M., Castien E., 1990. Craniometrical characteristics of Neomys fodiens
(Pennant, 1771) (Mammalia, Insectivora) from the northeastern Iberian Peninsula. Acta theriol. 35, 269-276.

21. Lopez-Fuster M. J., Ventura J., Garcia-Perea R., Gisbert J., 1999. The Sorex araneus group in the northern Iberian
System (Spain): a contact zone between S. coronatus and S. granarius? Acta theriol. 44, 113-122.

22. Lukáčová L., Pialek J., Zima J., 1994. A hybrid zone between the Ulm and Drnholec karyotypic races of Sorex araneus
in the Czech Republic. In: The Cytogenetics of the Sorex araneus Group and Related Topics. Ed. By J. Zima., J. B.
Searle and M. Macholan., Proceedings of ISACC’s 3rd International Meeting. Folia Zool. 43, Suppl., 1, 37-42.

23. Mercer S. J., 1991. Chromosomal variation of the common shrew Sorex araneus L. in Britain. Ph. D. dissertation,
University of Oxford, Oxford.

24. Meyer A., Searle J. B., 1994. Morphological studies on British common shrews. Folia Zool. 43, Suppl., 1, 115.
25. Moska M., 2003. A hybrid zone between the chromosomal races Łęgucki Młyn and Popielno of the common shrew

(Sorex araneus) in north-eastern Poland: preliminary results. Acta theriol. 48, 441-455.
26. Narain Y., Fredga K., 1996. A hybrid zone between the Hällefors and Uppsala chromosome races of Sorex araneus in

central Sweden. In: Evolution in the Sorex araneus Group. Cytogenetic and Molecular Aspects. Ed. By K. Fredga and
J. B. Searle. Proceedings of ISACC’s 4th International Meeting. Hereditas 125, 137-145.

27. Pankakoski E., 1989. Variation in the tooth wear of the shrews Sorex araneus and S. minutus. Ann. Zool. Fennici 26,
445-457.

28. Polyakov A. V., Onischenko S. S., Ilyashenko V. B., Searle J. B., Borodin P. M., 2002. Morphometric difference
between the Novosibirsk and Tomsk chromosome races of Sorex araneus in a zone of parapatry. Acta theriol. 47, 381-
387.

29. Pucek Z., 1970. Seasonal and age change in shrews as an adaptive process. Symp. zool. Soc. London 26, 180–270.
30. Pucek Z., 1984. Klucz do oznaczania ssaków Polski. Państwowe Wydawnictwo Naukowe, Warszawa [in Polish].
31. Pucek Z., Markov G., 1964. Seasonal changes in the skull of the common shrew from Bulgaria. Acta theriol. 9, 363-

366.
32. Quinn G. P., Keough M. J., 2002. Experimental Design and Data Analysis for Biologist. Cambridge University Press.
33. Rohlf J., 1998. NTSYSpc. Numerical taxonomy and multivariate analysis system. Applied Biostatistics.
34. Ruprecht A. L., 1971. Taxonomic value of mandible measurements in Soricidae (Insectivora). Acta theriol. 16, 341-

357.
35. Seabright M., 1971. A rapid banding technique for human chromosomes. Lancet 2, 971-972.
36. Searle J. B., Thorpe R. S., 1987. Morphometric variation of the common shrew (Sorex araneus) in Britain, in relation

to karyotype and geography. J. Zool. 212, 373-377.
37. Searle J. B., Wójcik J. M., 1998. Chromosomal evolution: The case of Sorex araneus. In: Evolution of shrews. Ed. By

J. M. Wójcik and M. Wolsan. Mammal Research Institute, Polish Academy of Sciences, Białowieża: 219-268.
38. Searle J. B., 1986. Factors responsible for a karyotypic polymorphism in the common shrew, Sorex araneus. Proc. R.

Soc. Lond. B, 229, 277-298.
39. Serafiński W., 1955. Badania morfologiczne i ekologiczne nad polskimi gatunkami rodzaju Sorex L. (Insectivora,

Soricidae) [Morphological and ecological investigation on Polish species of the genus Sorex L. (Insectivora,
Soricidae)]. Acta theriol. 1, 27-86 [in Polish].

40. StatSoft, Inc., 2001. STATISTICA (data analysis software system), version 6. www.statsoft.com.
41. Sulkava S., Vahtola M., Fredga K., 1985. Structure of the upper tooth-row of Sorex araneus in Scandinavia. Acta Zool.

Fennica 173, 237-239.
42. Szałaj K. A., Fedyk S., Banaszek A., Chetnicki W., Ratkiewicz M., 1996. A hybrid zone between chromosome races of

the common shrew, Sorex araneus, in eastern Poland: preliminary results. Hereditas 125, 169-176.
43. Wójcik J. M., Wójcik A. M., Sikorski M. D., 2003. Morphometric variation of the common shrew Sorex araneus,

indifferent habitats. Mammalia 68, 225-231.
44. Wójcik J. M., Bogdanowicz W., Pucek Z., Zalewska A., 2000. Morphometric variation of the common shrew Sorex

araneus in Poland, in relation to karyotype. Acta theriol. 45, Suppl., 1, 161-172.



Magdalena Moska
Department of Genetics and Animal Breeding,
Agricultural University of Wrocław, Poland
Kożuchowska 7, 51-631 Wrocław, Poland
Phone: (071) 3205921
email: moskam@gen.ar.wroc.pl

Łukasz Paśko
Institute of Zoology, Wrocław University, Poland
Sienkiewicza 21, 50-335 Wrocław, Poland
Phone: (071) 3754011
email: pasko@biol.uni.wroc.pl

Responses to this article, comments are invited and should be submitted within three months of the
publication of the article. If accepted for publication, they will be published in the chapter headed
'Discussions' and hyperlinked to the article.

Main - Issues - How to Submit - From the Publisher - Search - Subscription


