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ABSTRACT. This article marks the coming of age of the meetings organised by the International Sorex
araneus Cytogenetics Committee (ISACC). These meetings have continued every three years for 18 years.
This paper complements the published proceedings for six of these meetings. It brings together in one place
the contents lists of all those proceedings, the lists of delegates for all the meetings and all abstracts of
posters and talks that were not published in the proceedings. Together with the proceedings this paper
represents the heritage of ISACC.
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Hacnepue MexgyHapoaHOro kommrteTa no LUTOreHeTUYECKUM
nccneaoBaHMAM o6blKHOBeHHOM Gypo3yoku (ISACC)

Ox.B. Cupn, X. Xonsep, A. 3uma, K. Ppeagra, A.M. Bynuuk, B.T. Bonobyes,
H.WW. BynartoBa, P.C. HapgxadoBa

PE3IOME. Hacrosmas my0iukanus 3ayMaHa B 03HAMEHOBAHNE COBEPIIICHHOJICTHS COBEIIAHUH, OPTaHu-
3yeMbIX MexX/yHapOoJHBIM KOMHTETOM I10 LIUTOI'€HETHYECKUM HCCIIEIOBAaHUSAM OOBIKHOBEHHOH Oypo3yo0-
ku Sorex araneus (ISACC). Ha npotspkennn 3tux 18 jiet Takue BCTpeud MPpOXOIMIN PETYIISIPHO KX Ible
Tpu roga. CTaThsi JOMOIHSCT COJEpP)KaHUE OIMYOJMKOBAHHBIX COOPHUKOB TPY/IOB IIECTH MPEANIECTBYIO-
KX COBENIaHni. B Hell mpuBeICHBI OTTIaBICHNUS BCEX 3THX COOPHHUKOB, OIHBIE CIHCKH YIaCTHUKOB BCEX
COBEIIAHNH, a TAK)Ke TE3UCHI CTEHI0BBIX COOOIICHNI U BBICTYIUICHHH, KOTOPBIE B TPyJaX HE MyOJIHKOBa-
nuck. BMecTe co cOopHEKaMH TPyAOB 3Ta CTaThg ouepuuBaeT HayyHoe Haciaeane ISACC.
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Introduction

On 30-31 August 1987, one of us (JBS) organised
a meeting in Oxford that focussed on the chromosom-
al variation in the common shrew, Sorex araneus. It
was attended by 23 delegates from Britain, Czecho-
slovakia (now Czech Republic), France, Italy, Poland,
Sweden and Switzerland. The meeting was friendly
and successful, and a grouping was formed to hold
similar such meetings every three years (the ‘Interna-
tional Sorex araneus Cytogenetics Committee’:
ISACC). Through these regular meetings the commu-
nity of individuals working on chromosome variation
in common shrews have been remarkably interactive
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and collaborative. The work promoted and fostered by
ISACC has helped make the common shrew one of the
foremost mammalian models for the study of chromo-
some variation.

The most recent ISACC meeting, in St Petersburg
on 28 August — 1 September 2005 was the seventh in
the series and, with 47 delegates, was the best populat-
ed yet. Remarkably, the ISACC meetings have been
continuing, in a regular fashion, for as long as 18 years.
So, they have truly come of age! Furthermore, they
have continued for a full cycle. The meeting has moved
from country to country (Britain, Switzerland, Czech
Republic, Sweden, Poland, France, Russia), jumping
between the centres of shrew research. It has been
agreed that the next meeting (in 2008) will return to
Britain, thus starting, we hope, a second cycle!
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To mark the coming of age of the ISACC meetings,
we decided to produce an article that documents the
ISACC heritage. Much of the achievements of ISACC
are laid out in the six volumes of conference proceed-
ings. However, we felt it helpful to bring together the
list of contents of these proceedings in one place. But
we wanted to do more than that. In this paper we have
also listed all the delegates of all the meetings, and have
reproduced (after minor editing by JBS) all those ab-
stracts of talks and posters that did not lead to publica-
tions in the proceedings. In particular, the first meeting
did not have any proceedings and it is important to have
some record of what was presented on that seminal
occasion.

ISACC has achieved a lot and can be proud of its
heritage. This article together with the previously pub-
lished proceedings document nicely the history of cyto-
genetic and related research in the common shrew over
the last 18 years. One of the reasons for the success of
ISACC is that it has had a very stable membership, and
amembership have all contributed to its success through
commitment and hard-work. The first six authors of this
paper all attended the founding meeting. They were
also the people who organised the first six meetings. All
these individuals are still members of ISACC and still
interested in shrew cytogenetics!

Although we have emphasised the stability of the
field of shrew cytogenetics, there have also been pro-
found changes over the 18 years of the ISACC meet-
ings. In particular, the centre of gravity of the field has
moved eastwards. Everybody at the first meeting was
based in western or central Europe. However, twenty-
eight of the 47 delegates in the most recent meeting
were from European and Siberian Russia. This is ap-
propriate: the majority of the species range of the com-
mon shrew is in Russia and it is excellent that so much
research should be conducted there (largely through the
support of the INTAS funding agency). The seventh
author of this paper (NSB) was the organiser of the
most recent (St Petersburg) meeting, is a member of
ISACC and a representative of the Russian component
of shrew cytogenetic research. The final author (RN)
was not a meeting organiser, but was the person who
largely constructed this paper, working with JBS.
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Abstracts of papers not published in
proceedings

First ISACC meeting, Oxford, 30-31 August 1987

Karyotype evolution — what we have
learnt from shrews

B.O. Bengtsson & I. Frykman

Department of Genetics, Sélvegatan 29, S-223 62 Lund,
Sweden

Karyotype differences are normally found between
and not within species, and the role of chromosomal
differentiation in speciation has been much discussed.
The spread of a new chromosome mutation is also of
great interest, since chromosome mutations are highly
“non-additive” in their properties, i.e. with heterozy-
gotes unlike an intermediary between the homozygotes.
From the general discussion of chromosome mutations
and evolution some questions have developed which
we would like to pose for shrews:

— Are chromosomal heterozygotes always at a dis-
advantage?

— Is chromosome evolution explained by inbreed-
ing?

— Do karyotype differences act as a barrier to gene
flow?

— Will secondary selection strengthen a karyotypic
hybrid zone?

To look for the answers to these questions informa-
tion will be taken from our own work, from articles
published by our colleagues and from data presented at
the conference.

Patterns of chromosomal and
biochemical differentiation of Sorex of
the araneus-group in Switzerland

F. Bosshard

Institut de Zoologie et d’Ecologie animale, Bdtiment de
Biologie, Université de Lausanne CH-1015 Lausanne-
Dorigny, Switzerland

The distribution of the common shrew, Sorex ara-
neus, in Switzerland is very fragmented because of the
relief of the Alps and the presence of the sibling spe-
cies, Sorex coronatus.

In Valais, we find a very interesting contact zone
between different chromosomal races of S. araneus.
Two races have already been described by Hausser ef
al. (1986). The Vaud race is characterised by the meta-
centrics ih, lj, mg, rk and on and is mainly situated to
the north of the Alps. The Valais race is defined by the

metacentrics ig, jh, nk and ol. Its geographical distribu-
tion extends from southern Italy to Valais.

A population with all chromosome arms from g to »
in acrocentric form (12 acrocentric pairs) has been
discovered in France at Cordon, near Chamonix. Hausser
considers this population as being the primitive race of
S. araneus. 1t recolonised Switzerland after the last
glaciation.

The presence of intermediate chromosomal forms
between the acrocentric populations and the Vaud race
can be explained by a previous geographical contact.
The Vaud race, which at this time, did not possess all of
the race-specific metacentric pairs, transmitted to the
acrocentric populations its characteristic /j, mg and rk
centric fusions. This contact was then disrupted by the
arrival of S. coronatus. The Vaud race took refuge to
the north of the Alps and differentiated chromosomally
and biochemically from the intermediate populations.

On the other hand, the Valais race originating from
Italy, crossed the Alps, its chromosomes invaded the
acrocentric populations of the Valais and are now to be
found as far as Chamonix in France.

There has probably never been any direct exchange
between the Valais and the present Vaud race which are
chromosomally well separated. Nevertheless, the bio-
chemical results seem to support the hypothesis that
gene flow was possible between the Valais race and the
intermediate Vaud-acrocentric populations.

DNA studies on shrews

F. Catzeflis

Inst. Sci. Evolution, L.A. 327 Univ. Montpellier II, Place
Eugene Batallion, F-34080 Montpellier Cedex, France

The unique-copy fraction of the nuclear DNA of
Sorex araneus has been labelled and hybridised with
the whole nuclear DNAs of: S. araneus, S. coronatus,
S. minutus, S. fumeus and S. cinereus and all the exper-
iments were repeated twice.

The percent nucleotide substitutions between these
taxa were respectively 0+0.5% (n=10), 0+£0.5% (n=10),
4.0+£0.8% (n=9), 13.3+0.5% (n=12), 13.8+£0.5% (n=5).
It therefore appears that the nuclear genomes of S.
araneus and S. coronatus are more than 99% identical,
as far as DNA/DNA hybridisation can be informative in
that way.

For comparison, there are from 1.0 to 4.5% nucle-
otide substitutions between chromosomal species of
Spalax ehrenbergi (Catzeflis et al., J. Mol. Evol., in
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press) or less than 2.5% between the semi-species Mus
musculus and Mus domesticus.

This, and other DNA data in the Soricidae, implies
that speciation of the XYY, complex of species is a
very recent phenomenon. Moreover, when compared to
similar data in naturally hybridising pairs of mammals,
the observed amounts of nuclear base replacements are
fully compatible with hybridisation in natura between
the different chromosomal races and species of the
XYY, group, were it not for the fixed chromosomal
differences.

Hybrid origin of some local
chromosome races of Sorex araneus

S. Fedyk

Laboratory of Genetics and Evolutionary Biology, Universi-
ty of Warsaw, Bialystok Branch, Sosnowa 64, 15-887
Biatystok

Two phylogenetic groups of European shrews (S.
araneus) have come into contact with each other in
Poland. In order to inspect the ranges of the Polish
chromosome races, shrews have been caught systemat-
ically in NE Poland since 1984. Over 70 populations
have been studied so far (Fig. 1).

There are five main types of autosome arm combi-
nations in NE Poland. The western part of the area is
occupied by populations belonging to the West Europe-
an phylogenetic group (WEPG), the eastern part occu-
pied by typical populations of the East European phylo-
genetic group (EEPG —nomenclature after Searle, 1984).
In northern and central parts of the studied area local
chromosome races occur (Fig. 2). Tab. 1 shows all
autosome arm combinations found in NE Poland (com-
pare Fig. 3).
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Table 1. Chromosome arm composition.
(1) [Northem part lj, ih, (ok)*
WEPG (2) |Central part lj, ih, ok, (mg)* (mp)*
(3) |Southem part lj, ih, ok, mg, np
(1) [North-west part |/, ki, rg
EEPG (2) |Central part lj, ki, rg, (nh)*, (mp)*
(3) |Southem part lj, ki, rg, nh, mp
(A) lj, kh, oi, (1g)*, (mn)*
Local Notthem part | lj, kh, (rg)*, (mn)*
chromosome | (B)
races Southem part lj, kh, (rg)*
© b, (ki) (qh)* 1g. (mn)*

*Explanation: (ok) — polymorphic pair “ok”

The whole studied area can be divided into two
regions: (1) monomorphic — southern part, and (2)
polymorphic — northern one. Hybrids (Fig. 4 and Tab.
2) were caught only in the zone of contact between the
WEPG and the local race A. In other contact zones high
frequencies of acrocentrics have been found (so-called
“Buffer zones”) and hybrids occur rarely there.

What conclusion can be drawn from such a geo-
graphic distribution of the two phylogenetic groups and
the local races in Poland?

(1) It can be supposed that homozygous shrews
differing in four pairs of metacentrics came into contact
in the south. Meiotic multivalents (Fig. 5) were formed,
which was the cause of infertility of hybrids. Here, a
very narrow hybrid zone was formed, existing up to the
present day.

(2) In the north, on the other hand, shrews differing
only in one or two metacentric pairs in a heterozygous
state came into contact. Probably only slight distur-
bances in the meiosis of hybrids made it possible to
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form a large sympatric zone. In this zone, shrews with
metacentrics i/, ok and np — of western, and with ki and
mp — of eastern origin coexisted with each other. Three
types of quadrivalents (Fig. 6) could be formed in the
meiosis of hybrids. The close proximity of centromeres
m-n, k-h and o-i made it possible to form fusions be-
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tween these acrocentrics, which caused new (local) arm
combinations to arise.

Table 3 presents the rule of formation (by hybridis-
ation) of new fusions in the polymorphic region. Simi-
lar rules can be found also in Sweden and Southern
Finland (see Tab. 3).
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Table 2. Hybrids (contact zone between WEPG and A).

I Hybrids with integrated karyotypes
(1) hi hi, ok ok (WEPG)
rg rg, mn mn (A)
(2) hi hi, ok ok np np (WEPG)
rgrg (A)
3) np - (WEPG)
kh kh, oi oi, rg - (A)
I Hybrids with monobrachial homologies

(1) hi hi, ok ok, rg -, mn/np
(2) hilkh, okloi, rg rg, mn mn
(3) hilkh, okloi, rg -, mn/np
(4) hilkh, okloi, rg/mg, --

Table 3.

North-eastern Poland (after Fedyk, 1987).
Races 1 Iyl f{ivaflv | vV | VI Vil
mg mgprg | rg - g | 18 rg
Autosome ok ok | ok | oi | oi - ki ki
composition ih ih | ih | kh | kh | kh | ki ki
- np pmn mn mn | mn mn mp

—
Origin 0 WEPG EEPG

fusions
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Sweden (after Fredga, 1982)

Races Southern Central Northern
Arm composition ok oq kq
Origin of fusions WEPG Hybrid ?

Southern Finland (after Halkka et al., 1985)

Races A% v 1 I
ro rm mo -
Autosome arm 2 <
.. qm q - m
t
composition o ok ) "
Origin of .
? Hybrid ?
fusions yon

The northern hybrid zone in Sweden

K. Fredga

Inst. of Genetics, Uppsala University, Uppsala, Sweden

At least six chromosome races of the common shrew,
Sorex araneus, exist in Sweden and one in Denmark.
Wide stretches of water separate the shrews of southern
Sweden (S) from those of Denmark (Ox) and Oland
(O). Thus there are four extensive zones of contact in
Sweden.

Although only the northern (MN-N) zone has been
studied in some detail, it seems fair to conclude that
great differences exist between the zones with respect
to frequency of single armed chromosomes. The S-SM
zone of contact has not been localised. The SM-M zone
is characterised by the presence of metacentric chromo-
somes and very little or no polymorphism.

The M-MN and MN-N zones are characterised by
large numbers of telocentrics. Within this area (Fig. 1)
162 shrews from 15 localities have been studied so far.
“True hybrids” (H) have been found at two localities,
Bredbyn (n=27) and Kubbe (n=1). “Pseudo-hybrids”
(psH) were found in four localities: Bredbyn, Odsby,
Langsele and Myckelgensjo, located 6, 8 and 15 km
apart, respectively. “True hybrids” have arm combina-
tions characteristic of both races, 4i and /n. “Pseudo-
hybrids” have Ai, h, i, n, p.

The number of shrews of the various races and types
was:

N MN psH H Total
Bredbyn 15 3 2 7 27
Odsby 0 9 5 0 14
Langsele 1 7 5 0 13
Myckelgensjo 1 10 3 0 14

17 29 15 7 68

The number of telocentric chromosomes reaches its
maximum in the hybrid zone. The frequency of telocen-
trics for each chromosome arm has been calculated.

The MN-M zone of contact deserves further study.
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Distribution of chromosome races in
Sweden and Denmark

K. Fredga

Inst. of Genetics, Uppsala University, Uppsala, Sweden

The karyotypes of more than 300 common shrews,
Sorex araneus, were studied from over 60 localities in
Sweden and the bordering parts of Norway. In addition,
18 specimens from one locality in Sjaelland and 15
specimens from one locality in Jutland in Denmark
were analysed.

So far six chromosome races have been identified in
Sweden and yet another race in Denmark, all character-
ised by their various combinations of telocentric chro-
mosomes into metacentrics (Tab. 1). The distribution
of the various races is shown in Fig 1. All but the
northern race (N) belong to the West European phylo-
genetic group characterised by the arm combination /i.

Robertsonian polymorphism is common in the north-
ern race and in a “hybrid” race (MV), located in a
relatively narrow zone (about 50 km) between the north-
ern and the central (M) races. Generally speaking the M
race is characterised by few telocentrics and polymor-
phism occurs only in the pair o/g. The races S™ and S

(southern Sweden) are monomorphic, all autosomes
being metacentric (2NA=18). In the isle of Oland the
arms k, n, o, p, g and r appear as telocentrics and only
occasionally (19 %) the arms k and o are fused (2NA=23-
24).

The Danish shrews belong to the Oxford race. The
Sjaelland population is monomorphic, 2NA=18. The
Jutland population is also monomorphic but the arms p
and r are not fused, 2NA=20.

Table 1. Arm combinations of chromosomes 3-8 in Sorex
araneus from Sweden and Denmark

Abisko N Vhn ) jl |\gm)ip | kq|or
Hattsjo N y\im)jl |gmip| kq | o |7
Sidensjo [ MNY ki | jl | gn Vk/ig| n | r |o|p
Sweden |Stugun | M | hi | jl [ gm | kp | nr Jo/g
Hallefors| SM | hi | jl | gn | ko | nr | pq
Akarp S Vhi|jl|gm]kolng|pr
Oland ONhi|jl|gnlkiod n|plqglr
Denmark Sjaelland| Ox | hi | jl | gm | kq | no | pr
Jutland | Ox Q ki | jl | gm Q kq | no | p | r

Figure 1.
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Sperm aneuploidy and its evaluation
in some mammalian models of
karyotypic variability

S. Garagna & C.A. Redi

Dipartimento di Biologia Animale and Centro di Studio per
1’Istochimica del CNR, Piazza Botta 10, 27100 Pavia, Italy

The correct chromosome constitution is an essential
prerequisite for the regular occurrence of spermatogen-
esis in mammals. The presence of structural heterozy-
gosities such as whole arm translocations (Robertso-
nian translocations, Rb) can impair the gametogenic
process to different extents:

1) segregational impairment, based on meiotic
anaphase malsegregation and

2) breakdown of spermatogenesis that can vary from
total arrest to a minimal disruption of the process.

In any case, germ cells can be lost at any stage of
their development. Owing to the high frequency of Rb
translocations, the house mouse represents a good mod-
el to study the influence of karyotype heterozygosity on
the gametogenic process. Following the spermatogene-
sis of those karyotype constitutions known to be subfer-
tile and sterile it was possible to determine the different
levels at which heterozygosity acts. Looking at the
cytological constitution of the seminiferous epithelium,
three main steps seem to be particularly sensitive and
can account for disruption of spermatogenesis:

1) a first step is at the premeiotic level, when the
number of the proliferative Ao-A gonia is reduced;

2) a second step occurs at the meiotic level when
most of the pachytene spermatocytes are unable to
follow the normal cytodifferentiation pattern;

3) a third step is at the spermiogenesis level when
spermatids undergo morphological and physiological
changes. In subfertile animals, the spermatid reduction
halves the population, but some spermatids can contin-
ue to differentiate until spermiation. In sterile animals,
the few spermatids that arose degenerate soon after.

For the germ cells that are able to complete the
spermatogenic process despite Rb heterozygosity, it is
possible to determine the “ploidy” cytophotometrical-
ly, measuring the DNA content of the sperm making use
of stoichiometric reactions for DNA like the Feulgen
reaction. Sperm DNA content determinations have
shown differences in the frequency of aneuploidy among
different Rb heterozygous constitutions, and among
different locations of the male germinal tracts: vas
deferens aneuploid sperm are always fewer than those
in the caput epididymis, probably partly related to the
phagocytic activity of the epididymis.

Utilising cytophotometric methods it is also possi-
ble to follow the sperm cells along the passage through
the female genital tracts; it was shown that no selection
against unbalanced sperm took place during the female
genital tract transit.

J.B. Searle, J. Hausser, J. Zima et al.

Analysis of the spermatogenic process was extend-
ed to other non-murine animals with karyotype vari-
ability such as Akodon molinae, Sorex araneus and
Spalax ehrenbergi.

Relationship between morphology,
chromosomal status and geographic
distribution of Sorex of the araneus
group in Switzerland

J. Hausser

Institut de Zoologie et d’Ecologie animale, Bdtiment de
Biologie, Université de Lausanne CH-1015 Lausanne-
Dorigny, Switzerland

Western Switzerland and the French department of
Haute Savoie is the contact area of four different forms
of Sorex of the araneus group: Sorex coronatus and
three main chromosomal forms of Sorex araneus, namely
the “Valais” and the “Vaud” chromosomal races as well
as a primitive form which retains all chromosome arms
g to r as acrocentrics. Intermediates exist between “ac-
rocentric” and “Vaud” forms as well as between “acro-
centric” and “Valais” forms.

A morphological study was performed on the man-
dible of these forms. Thanks to substantial intergroup
variance (38% of the total variance), a discriminant
analysis allows perfect separation of these groups. The
study of the Mahalanobis distances between groups
reveals a pattern of relationships quite similar to the
biochemical and chromosomal patterns.

Thus, in such a small area, morphological differenc-
es due to selection pressures by the habitat do not mask
the genetic relationships between the studied taxa, as
was the case in a similar study for four species of
Southern Europe. But the shrews of Switzerland are of
recent immigrant descent (Switzerland was entirely out
of the species range during the last glaciation). Hence
they could well be limited in their current geographical
distribution by a set of adaptations selected in the hab-
itat conditions of their native area.

The clear general morphological difference between
the two main forms of S. araneus allowed an easy
determination of chromosomally unknown individuals.
Consequently, a general study of the potential distribu-
tion of the three main chromosomal forms in Switzer-
land was possible. It was computed by comparing the
level of similarity of each square km of this country
with the square kms where each form was actually
observed; 39 ecological descriptors were used in this
analysis.

The graphical output of this shows that a habitat
differentiation exists at the species level (araneus ver-
sus coronatus), but is not obvious for the two main
chromosomal forms of S. araneus, the distribution of
which being due to historical factors above all. This
suggests thatS. coronatus was genetically isolated for a
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long time in a mild, Atlantic environment, when the
“Vaud” and “Valais” races either were submitted to a
shorter isolation or were able to incorporate genes of
the primitive acrocentric form during their progression.

In conclusion, both morphological distances and
habitat differentiation confirm the results of chromo-
somal and biochemical studies.

The relationships between non-metric
skeletal and karyotypic variation in
Sorex araneus

P. King
University College London, United Kingdom

1627 shrews of the taxon Sorex araneus sensu lato
were examined for 26 non-metric variants of the skull.
These animals represent 51 localities. No significant
differences were found between populations correspond-
ing to variations of chromosomal race within the British
Isles, and, in general, the differences between samples
are small. However, the populations from most of the
Inner Hebrides are extremely distinct from each other,
and also from mainland Scottish populations; only Skye
and Bute resembling the mainland closely. These dif-
ferences are almost certainly unconnected with chro-
mosomal variation, and can be attributed to founder
effect with some degree of confidence. Populations of
the sibling species Sorex coronatus from Jersey and
France can be distinguished quite easily from British
Sorex araneus on the basis of strong differences in
frequency at two non-metric variants, and lesser differ-
ences at some others. Populations of Sorex araneus
from North Norway, representing a distinct chromo-
somal race, are somewhat distinct from British shrews,
though whether this is due to the chromosome race or to
the extremely different environment and selective pres-
sures under which they live must be a matter of doubt.

Vocalisation in Swedish karyotypic
races of Sorex araneus

M. Malmquist
Department of Zoology, Box 561, S-751 22 Uppsala, Sweden

The karyotypic races of S. araneus have been stud-
ied with respect to variation in vocalisation. In confron-
tations between common shrews, typical sounds (con-
frontation screams) are emitted. Such sounds may also
be generated by handling the shrews. Tape recordings
of generated confrontation screams were made during
the summers 1986 and 1987. Analyses of quantitative
and qualitative features of these recordings have just
started, and preliminary results, primarily from the Siden-
sjo race (for race definitions, see Fredga, K., abstract
elsewhere in this communication) are presented.
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The confrontation screams are characterised by puls-
es repeated at intervals of ca. 100 ms.

There are sound pressure peaks at frequencies which
are more or less constant throughout the pulse (CF), but
different degrees of frequency modulation (FM) occur.

Each pulse consists of a series of FM-peaks of short
duration. It was found that the time interval between
these peaks was shorter in the hybrid zone, compared
with the Sidensjo and Stugun races, and in some cases,
the pulse had a totally different structure. These shrews
may be from the Hattsjo race (which dominates in this
area) but unfortunately they died before their race sta-
tus was determined. Moreover, a single hybrid (Siden-
sj0 x Hattsjo) female emitted a certain sound which was
different from any of the races studied.

I conclude that:

1. Larger samples from the hybrid zone and from
the Hattsjo race (sampling is in progress) may tell
whether the karyotypic races differ interms of vocalisa-
tion.

2. If so, characters exists which are of potential use
for avoiding hybridisation by means of positive assorta-
tive mating.

3. Vocalisation studies combined with field and
laboratory experiments may be important in the study
of evolutionary processes in the common shrew.

Niche and habitat of syntopic
populations of two closely related
species of the Sorex araneus group:
Sorex araneus and Sorex coronatus

C. Neet

Institut de Zoologie et d’Ecologie animale, Bdtiment de
Biologie, Université de Lausanne CH-1015 Lausanne-
Dorigny, Switzerland

The European pattern of distribution and the mor-
phological similarity of the two closely related species
of the Sorex araneus group, S. araneus (Vaud race) and
S. coronatus, suggest that interspecific competition is
an important factor in the biogeographical process. In
Switzerland, a dozen syntopic populations are known
and two of them have been investigated in this study.

The trophic niches of the species were compared by
measurements of niche overlap and several statistical
tests on prey spectrum and prey size. Habitat was de-
scribed by twelve variables on which a multivariate
discriminant analysis was performed.

Preliminary results showed high niche overlap and
no significant tendency for niche differentiation. On the
other hand, there is evidence that microhabitat selec-
tion occurs. S. araneus appears to occupy damp micro-
habitats with a thick litter layer and loose soils. S.
coronatus occupies relatively drier and denser soils.

Since the recorded population densities in the study
sites were high, it is concluded that the two species
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occupy the same niche, and that microhabitat selection
is a consequence of interspecific competition. There is,
thus, supportive evidence that a pattern of competitive
exclusion between S. araneus and S. coronatus is oc-
curing.

A detailed survey of karyotypic
variation in Britain

J. Searle

School of Biological Sciences, University of East Anglia,
Norwich NR4 7TJ, UK

The three British races of common shrew (Oxford,
Hermitage and Aberdeen) belong to the West European
phylogenetic group of karyotypic races, which appar-
ently was restricted to a refugium in south-eastern Eu-
rope during the last glaciation. The three British races
were formed outside Britain. Their distributions sug-
gest that they spread into Britain over the landbridge
now occupied by the North Sea as waves of invasion,
with each wave partially displacing the previous wave.
Thus the first wave of invasion was the Aberdeen race
(characterised by Robertsonian metacentrics ko and np)
which now forms a ‘Celtic fringe’ to the west and north
of Britain. The last wave of invasion was the Oxford
race (characterised by kg and no) which now occurs
over much of central and eastern Britain, while the
Hermitage race (characterised by ko and pr) was the
intermediate wave of invasion and has an intermediate
present-day range.

Metacentrics gr (which occurs in part of the distri-
bution of the Aberdeen race) and pr (which may be
found in Oxford as well as Hermitage race individuals)
may have arisen and spread once the races arrived in
Britain.

The hybrid zones between these races follow geo-
graphic features to a certain degree. The factors main-
taining these zones in their present locations will be
discussed.

J.B. Searle, J. Hausser, J. Zima et al.

Chromosome evolution of the
European species of the araneus-
arcticus complex (Insectivora,
Soricidae) with special reference to
the chromosomes of Sorex granarius

V.T. Volobouev

UA 620 - C.N.R.S., Institut Curie, Section de Biologie, 26,
rue d’Ulm, 75231 Paris Cédex 06, France

Comparative analyses of chromosome banding of
five species of the araneus-arcticus complex, namely,
Sorex granarius, S. arcticus, S. coronatus, S. araneus
(present paper) and S. tundrensis (Volobouev, 1983)
permitted analysis of chromosome evolution and to
give a new insight into the phylogenetic relationships
between the species of this complex (Fig. 1).

In accordance with this scheme, the karyotype of S.
tundrensis, one of the most ancient species of the genus
Sorex and the autochthon of North-East Asia, is the
most close to that of the presumed ancestor of the
araneus-arcticus complex (Volobouev, 1983). This
common ancestor (C-ANC), characterised by a sex
trivalent and 2NA=44 and NFa=52, appeared during
the Pliocene. Not later than the end of the Pliocene this
form gave rise to two lineages, one leading to S. tund-
rensis, which gave rise later to S. asper and presumably
to S. daphaenodon, and another to the ancestral form
(ANC-1) which gave rise to all the rest of the species of
the complex. This ANC-1 with karyotype very close to
that of modern S. granarius, spread over the Palearctic
and into Beringia, where it passed into North America
by one of the last Pliocene land bridges and spread over
there, giving rise to S. arcticus at the beginning of the
Pleistocene. As for the Palearctic branch of ANC-1 it
split in two populations during the Mindel. One of these
isolated populations gave rise to S. granarius and an-
other to the ancestor (ANC-2) common to S. coronatus,
S. araneus and presumably S. caucasicus. This last one
was characterised by the first Robertsonian transloca-
tion, a+f. During the Riss glaciation and Moscow glaci-
ation of the East European plane (Riss-II) in particular,
only some isolated populations in South Europe sur-
vived. One of these isolates gave rise to S. coronatus,
whereas another one acquired during this isolation a
new Robertsonian translocation, b+c. Subsequently this
last form spread over Europe and reached again West
Siberia and gave rise to chromosome races of S. ara-
neus during the last Pleistocene glaciation.

NB. Fig. 2 concerns suggestions for chromosome
nomenclature of S. araneus discussed in the paper.

Figure 1. Scheme of chromosome evolution of the shrew species of araneus-arcticus complex (Insectivora, Soricidae).
STU — Sorex tundrensis, SAA — S. arcticus arcticus, SAM — S. arcticus maritimensis, SGR — S. granarius, SCO — S. coronatus,

SAR — S. araneus with its chromosome races.
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Karyotypic races of common shrew
from Poland

J. Wojcik
Mammals Research Institute, 17-230 Biatowieza, Poland

The two karyotypic races of common shrew (Sorex
araneus) from Poland are described. Western, north-
ern, central, southern and south-eastern Poland are pop-
ulated by the “Western race”. This race is characterised
by a maximum of eight pairs of metacentric autosomes.
Four of these pairs are race-specific: i, gm, ko, np; and
Jjl, gm, ko, np display Robertsonian polymorphism.
Within the Western race, populations differ with re-
spect to autosome number. This is highest (2NA=25—
26) in shrews from the extreme north of Poland (near
Baltic Sea), and from south-eastern Poland (2NA=23—
24). Shrews from central and western Poland are char-
acterised by a lower autosome number (2NA=20-22).

The eastern part of Poland is populated by the
“Eastern race” which has a maximum of eight pairs of
metacentric autosomes; four pairs are race-specific: ik,
gr, hn, mp and jl, gr, hn, mp display Robertsonian
polymorphism. The autosome number varies between
20 and 22 in this race.

The secondary contact zone between the Western
and Eastern races was mapped in eastern and south-
eastern Poland. Inter-racial hybrids were found in one
population from the south-east. It is suggested that the
Western race colonised Poland from the south and west
whereas the Eastern race came from the east.
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Nomenclature of karyotype races and
forms of Sorex araneus

J. Zima' & J.M. Woéjcik?

!nstitute of Systematical and Ecological Biology, Kvétnad 8,
CS 60365 Brno, Czechoslovakia; *Mammals Research Insti-
tute, 17-230 Bialowieza, Poland

At present about 2500 specimens of the common
shrew have been examined karyologically and popula-
tions from more than 300 localities have been studied.
The observed karyotype variation is determined by a
Robertsonian system involving 12 acrocentric autosom-
al pairs (A) which can be combined by fusions to form
different metacentrics. Theoretically, there may be:

(=) =66

metacentric morphs with a specific arm combination;

Al 12!

@ a4zt 2 el

different homozygous karyotypes containing only Rob-
ertsonian metacentrics;

4/2-1 | 5
3) A = 2173!: 88 187

w0 (A—2m)!e2™ e m! 0 2!e2” 5]
different homozygous karyotypes containing at least
two acrocentric pairs.

The populations with unique arm combinations in
Robertsonian metacentrics might be designated as rac-
es, and populations differing only in the diploid number
as forms. Nomenclature and classification of these rac-
es and forms is extremely difficult, considering the
possible extent of variation and the large number of
theoretical combinations. Neither the traditional sub-
specific nomenclature nor artificial systems based on
alphabetic designation of races can be used properly.
Various possibilities (phenetic, cladistic, evolutionary)
of approaching this problem are discussed, with special
reference to some paleontological data concerning phy-
logeny and Pleistocene glacial refugia of the species.
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Second ISACC meeting, Lausanne and Arzier,
12-16 September 1990

The sex chromosomes during male
meiosis in Sorex araneus

K. Fredga' & T. Ashley?

'Dept. of Genetics, Uppsala Univ., Box 7003, S-750 07
Uppsala, Sweden; °Dept. of Human Genetics, Yale Univ.,
School of Medicine, 333 Cedar St., New Haven, CT 06510,
USA

Sorex araneus has XX/XY Y, sex chromosomes.
The X has arisen by a translocation between the origi-
nal X and an autosome. One centromere is lost or
inactivated. The homologue of the autosome is un-
changed and is designated Y,. Y, is the original Y
chromosome.

We have examined the meiotic behaviour of the sex
chromosomes by light microscopy and by electron mi-
croscopy in microspread preparations of spermatocytes.
Special attention was paid to the composition of the sex
vesicle and to the association of the sex chromosomes
during different stages of meiotic prophase. There is
extensive synapsis between the X and Y, in zygotene
and total synapsis in early pachytene. The synaptic
behaviour of the sex chromosomes of the common
shrew follows a pattern most similar to that of another
insectivore, Talpa occidentalis (Jimenez et al., 1990,
Cytogenet. Cell Genet. 53: 97-103), rather than other
species such as mouse and man. During the progression
of pachytene the original X undergoes shortening and
thickening, with development of progressively larger
electron dense modules on the X axis. There is no
evidence of desynapsis between X and Y, during late
pachytene. The autosomal part of the X and Y, are
completely synapsed by early pachytene in a way typi-
cal for autosomes in general, but are not included in the
sex vesicle.

Karyotypic variation in the common
shrew (Sorex araneus) in Britain

S.J. Mercer & J.B. Searle

Department of Zoology, University of Oxford, South Parks
Road, Oxford OXI 3PS, UK

Since we last reported to this gathering in 1987, we
have continued our extensive sampling programme to
elucidate the pattern of karyotypic variation in the com-
mon shrew (Sorex araneus) in Britain. The general
picture remains the same. There are three major karyo-
typic forms: the Aberdeen race (characterised by meta-
centrics ko, np and sometimes ¢r) found to the periph-
eral north, west and south of Britain, the Oxford race
(metacentrics kg, no and sometimes pr) in central and
eastern districts and the Hermitage race (metacentric ko
and sometimes pr) that occurs between the Oxford and
Aberdeen races in southern Britain. We have concen-
trated our recent studies on the following:

(a) the nature of the transition within the Oxford
race between the area where metacentric pr occurs and
the area where it is absent,

(b) the detailed course of the Oxford-Hermitage
hybrid zone between the Thames estuary (to the east)
and the Severn valley (to the west),

(c) the characteristics of the presumed zone of con-
tact between the Oxford and Aberdeen races in Scot-
land.

Our detailed results will be presented and an ap-
praisal made both of the factors which determine the
gross pattern of distribution of karyotypic races in Brit-
ain and the precise location of individual chromosome
clines.
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Fourth ISACC meeting, Norr Malma and Uppsala,
22-26/7 August 1996

Historical biogeography of the pygmy
shrew (Sorex minutus) revealed from
mitochondrial sequences

D.T. Bilton

Dept. of Biological Sciences, Univ. of Plymouth, Drake
Circus, Plymouth PL48AA, UK

Mitochondrial DNA sequencies were used to recon-
struct the phylogeography of Eurasian populations of
the pygmy shrew, Sorex minutus L. 501 bp were se-
quenced from individuals obtained from throughout the
Palaearctic range of the species, and the resulting phy-
logeny interpreted in the light of Pleistocene and Ho-
locene events. Southern European populations in the
Mediterranean peninsulae are in the main strongly dif-
ferentiated from those further north, north European
populations appearing in the same clades as those from
northern Asia. This study suggests that the Mediterra-
nean regions have been relatively unimportant as sourc-
es of Postglacial recolonists, and emphasises that in
historical biogeographic terms Europe cannot be viewed
in isolation.

Chromosome geography of Sorex
araneus from Ural to Baikal

P. Borodin

Institute of Cytology and Genetics, Russian Academy of
Sciences, Novosibirsk, Russia

Animals were collected during June-September
1994-6 in different sites of Siberia. Six field trips were
carried out: from Ural to Baikal, from Novosibirsk to
Hanty-Mansijsk, from Novosibirsk to Altai, from Kras-
noyarsk to Nizhnyaya Tunguska.

The Novosibirsk race go, jl/jl, ik, mp/m.p, qr/q,r
was found 1200 km to the west (hybrid zone with Serov
race), 1100 km to the north and 400 km to the south of
Novosibirsk. At 300 km to the east the hybrid zone with
the Tomsk race was found. Our data demonstrate that
the Novosibirsk population has maintained a stable
polymorphism over a long period of time. Kral & Rad-
jabli (1974) found polymorphism for four chromo-
somes: go, jl, mp and gr. Twenty four years later we
found the three of them (j/, mp and gr) remained poly-
morphic. In the localities of Serov, Chelyabinsk and
Kedrovy representatives of a new Serov race were found
(go, hn, ip, jl, km, gr). This race differs from its easterly
neighbour, the Novosibirsk race, by four arm combina-
tions. The western, northern and southern borders of the
Serov race have to be determined. The race certainly

differs from the Pechora race (gi, hn, ji, kg, mo, pr),
described by Orlov ef al. by six arm combinations and
from the tentative South Ural race (Gabitova, 1991) (gm,
ho, in, jl, kp, qr) by eight arm combinations. Samples
taken from Eastern Siberia are under examination now.

Karyotype and morphological
differentiation of Sorex araneus in
Ukraine

A. Mishta
Institute of Zoology, Kiev 252601, Ukraine

Chromosome studies of Sorex araneus in Ukraine
allowed the distribution of four chromosome races to
localised. It was established that all Sorex araneus in
Ukraine belong to the West European karyotypic group
(WEKG): the Ulm race is distributed in Western Ukraine
(Ukrainian Carpathians), the Moscow race in Eastern
Ukraine, the Hermitage race in Central Ukraine (Kiev
vicinity). Besides these known chromosome races, a
new race of Sorex araneus was found in Central Ukraine
(Kanev vicinity), with the following chromosome for-
mula: g/m, hi, jl, ko, nr, p/q.

A multivariate analysis of cranial characters of Sor-
ex araneus from 14 localities of Ukraine and some
districts of Belorussia, Moldavia and Romania was
used to establish the range of macromorphological vari-
ability. It was shown that geographical variability of
cranial characters in Sorex araneus increase from north
to south. Southern populations of Sorex araneus differ
from northern ones by several characters. At the same
time morphological differences between neighbouring
populations in the northern part of the studied area are
less obvious than in the southern one.

There was no correlation between the variability of
chromosomal and cranial characters in the population
studied. Morphological differentiation in Sorex ara-
neus is perhaps determined by different ecogeographi-
cal conditions in the south. The greater differences
between the southern populations is probably connect-
ed with a higher level of isolation due to the insular
character of certain populations inhabiting wet biotopes
of the steppe zone.
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Ethological differentiation in the
speciation process of the Sorex
araneus group

N.V. Moraleva', B.l. Sheftel’, C.R. Neet?
& J. Hausser?®

IA.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow, Russia, *Wildlife and Nature
Conservation Service, Canton Vaud, Switzerland; ’Institute
of Zoology and Animal Ecology, Biology Building, Universi-
ty of Lausanne, 1015 Lausanne-Dorigny, Switzerland

In this work the behavioural mechanisms able to
support closely related forms of shrews in parapatric
areas are discussed for Sorex araneus and Sorex coro-
natus, as well as for two chromosome forms of Sorex
araneus — Vaud and Valais. Animals were taken from
wild populations in contact zones and placed into a
neutral arena of 80 cm? area. In over 300 experiments
staged in November 1994 and November 1995 the
level of activity and the character of contacts between
individuals were recorded. In the experiments, non-
adults, born in the year of observation, exclusively
same-sex animals, were placed together.

It was discovered that the character of the behaviour
both for the different species and the different chromo-
some forms essentially differs. The level of activity of
the Vaud form of common shrew was less than in Sorex
coronatus or in the Valais form. The amount of aggres-
sion when placing together conspecifics was at a maxi-
mum with Sorex araneus Vaud and at a minimum for
Sorex coronatus. In addition, for Sorex coronatus con-
specifics, we observed behavioural elements such as
the subordination of one individual by another without
a visible manifestation of aggression. In the experi-
ments with S. araneus Vaud conspecifics this behav-
ioural element was practically absent.

We made an attempt to evaluate the quantity of
victories when placing non-conspecifics together. A
victory was recorded if the animal initiating the contact
succeeded to displace the rival and stay in its place. As
aresult we have noticed that in inter-species contacts S.
coronatus won more frequently than S. araneus. The
larger species, S. araneus, shows the same aggression
both to conspecifics and to individuals of the other
species. However, the more social S. coronatus is char-
acterised by more frequent aggression to the other spe-
cies than to conspecific forms. The same tendency was
noticed in experiments both for S. araneus Vaud and S.
araneus Valais.

J.B. Searle, J. Hausser, J. Zima et al.

Analysis of allozyme variation and
cytochrome b sequence (mtDNA)
among chromosome races of Sorex
araneus from Northern and Eastern
Poland

M. Ratkiewicz' & P. Taberlet?

!Institute of Biology, Warsaw University in Bialystok, ul.
Swierkowa 20 B, PL 15-950 Bialystok, Poland, *Laboratoire
de Biologie des populations d’altitude, CNRS EP55, Univer-
sité Joseph Fourier, BP 53, 38041 Grenoble Cedex 9, France

Analysis of 30 protein loci in shrews from 6 chro-
mosome races revealed low genic differentiation be-
tween WEKG and EEKG races. None of the alleles was
diagnostic for a race and no clines of allele frequencies
were found between the races. Differences in allele
frequencies among the races were not considerably
greater than within a race.

Analysis of a cytochrome b fragment 1002 bp long in
12 shrews from 6 chromosome races showed only a few
nucleotide substitutions. Those slight differences found
in cyt b sequence between individuals were not associat-
ed with their chromosomal characteristics. There were
no differences between the races in amino-acid se-
quence after translation of the fragment studied, either.

The overall consistency of electrophoretic and mtD-
NA data which show no clear differences between shrew
races belonging to WEKG and EEKG in Poland may
indicate that these two groups are genetically very sim-
ilar and the remarkable chromosomal difference be-
tween them is rather a recent phenomenon.

Nomenclature of electrophoretically
studied loci and allozymes in the
common shrew (Sorex araneus L.)

M. Ratkiewicz', J.M. Wojcik?, L. Lukacova?
& M. Macholan®

!Institute of Biology, Warsaw University in Bialystok, ul.
Swierkowa 20 B, PL 15-950 Bialystok, Poland; *Mammal
Research Institute, Polish Academy of Sciences, ul. Waszk-
iewicza 1, PL 17-320 Biatowieza, Poland; *Laboratory of
Genetics and Experimental Embryology, Institute of Animal
Physiology and Genetics, Academy of Sciences of the Czech
Republic, Veveri 97, CZ-602 00 Brno 2, Czech Republic

A nomenclature of loci and allozymes is proposed
to standardise electrophoretic analyses of the common
shrew in the future. This nomenclature is based on
published papers which describe loci and allozymes
most extensively. For unstudied or not well studied loci
a new nomenclature is proposed. For common shrew
samples migration of allozyme bands on gels is shown
together with CBA or C57/BL mouse inbred strains to
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make studies in all laboratories comparable. Allozyme
patterns on starch and cellulose acetate gels are com-
pared. Although there is a good agreement in zymo-
grams on these gels, cellulose acetate is highly recom-
mended for future studies, as it gives much better reso-
lution of bands than starch gels.

Chromosome variation in the house
musk shrew, Suncus murinus

M. Rogatcheva

Institute of Cytology and Genetics, Russian Academy of
Sciences, Novosibirsk, Russia

A high-resolution G-banding technique was used
for identification of the chromosomes of the house
musk shrew and for characterising their individual G-
banding pattern. In order to outline the main identifying
characteristics of the individual chromosomes and make
comparable the previously published karyotypes of rac-
es and individuals we include in our analysis a detailed
study of G-banded chromosomes with different degrees
of resolution at metaphase, prometaphase and prophase.
On the basis of this study we have constructed an
ideogram of prometaphase chromosomes and proposed
a standard karyotype of Suncus murinus. A high-reso-
lution G-banding technique was also used to identify
chromosomes involved in five Robertsonian transloca-
tions characteristic of the chromosome race of Suncus
murinus in Sri Lanka. Two of the translocations proved
to be similar to those found in the Malaysian population
of the house shrew. This finding provided strong sup-
port to the suggested hybrid origin of chromosome
polymorphism in Malaysian shrews.

Ecological differentiation in the
speciation process of the Sorex
araneus group

N.V. Moraleva', B.l. Sheftel’,
C.R. Neet? & J. Hausser®

'A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow, Russia, *Wildlife and Nature
Conservation Service, Canton Vaud, Switzerland; 3Institute
of Zoology and Animal Ecology, Biology Building, Universi-
ty of Lausanne, 1015 Lausanne-Dorigny, Switzerland

This study analyses the habitat distributions for
parapatric species and chromosome forms of the Sorex
araneus group in grids of 1 ha area located in contact
zones. The contact zone under investigation between S.
araneus and S. coronatus was situated on the south-
west shore of Neuchatel Lake; the study of the contact
zone between the Vaud and Valais chromosome forms
of common shrew was carried out in the Haslital valley
(Bern canton, Switzerland). Animals were marked in
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November 1994 and November 1995. In addition to the
species under study, all other small mammals and veg-
etation in the grids were recorded. Attention should be
drawn to the fact that the centres of the contact zones
were located in habitats that appeared in this region
comparatively recently. On the shore of the Neuchatel
Lake the hyperhumid habitat is associated with manip-
ulation of water level at the beginning of the 20™ centu-
ry. The grid in Haslital was located in secondary alder-
willow forest that appeared in place of beech-spruce
forest destroyed by an avalanche twenty years ago.

The distribution of S. araneus and S. coronatus in
both investigation years was identical. S. araneus con-
fined itself to most humid areas, while S. coronatus
preferred more drained habitats in the presence of oak.
It should be noted that exactly the same distribution of
species was detected by K. Need (1989), who studied
the same area 10 years ago. Areas of habitats of the
different species practically did not overlap. In the
Haslital valley in 1995 the distribution of the habitat
areas for the chromosome forms of Vaud and Valais
was mostly identical to the distribution of S. araneus
and S. coronatus. The Valais form preferred the most
abundant habitats, while Vaud sticks to poorer quality
habitat. The areas of distribution of the different forms
did not overlap. But in 1994 the habitats of both chro-
mosome forms were practically evenly distributed in
the whole studied area. The reliable preference of cer-
tain habitats for the different forms was not revealed.
The reason for the differentiation in distribution of
these forms in different years is not clear yet, but it
cannot be excluded that this is connected with changes
in the structure of the small mammal community.

Chromosome phylogeny of the S.
araneus group revised after an in situ
hybridisation study with a telomeric
probe

V.T. Volobouev

C.N.R.S. UMR 147 Institut Curie, Section de Biologie, 26
rue d’Ulm, 75231 Paris, France and Museum National
d’Histoire Naturelle, Mammiferes et Oiseaux, 55 rue de
Buffon, 75005 Paris Cedex 05, France

The previous attempts to reconstruct a chromosome
phylogeny of the S. araneus species group were based
on a hypothesis that the acrocentric state is primitive
and that evolution goes towards formation of biarmed
chromosomes mostly by means of Rb translocations.
The observation that chromosome races in S. araneus
are characterised by numerous non-homologous Rb
fusions resulting in establishment of monobrachial ho-
mology has supported this hypothesis. The same ten-
dency of karyotype evolution at the interspecific level
is also consistent (Meylan & Hausser, 1973; Volobouev,
1989). In particular, all the schemes of chromosome
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evolution are in agreement considering the karyotype
of S. granarius as ancestral in relation to S. araneus and
S. coronatus (Wojcik & Searle, 1988). However bio-
chemical (Catzeflis et al., 1982) and molecular (Taber-
let et al., 1994) data established that there is more
genetic similarity between S. granarius and some chro-
mosome races of S. araneus than between certain races
of the latter. Together these two sets of data definitively
cast doubts on the phylogenetic position of S. granarius
established on the basis of chromosomal data.

To reconcile these approaches it is necessary to
propose the occurrence of the fission of two Rb meta-
centrics (af and bc) in the lineage leading to S. granar-
ius and one (bc) in that leading to S. coronatus. Consid-
eration of the arguments for and against this possibility
resulted in rejection of the hypothesis of double fission
as «neither the most likely, nor the most parsimoniusy»
(Taberlet et al., 1994).

In situ hybridisation experiments with telomeric
probes on the chromosomes of S. granarius, S. corona-
tus and three races of S. araneus have revealed a high
level of amplification of the TTAGGG motif in peri-
centric regions of the two former species compared
with the three chromosome races of S. araneus. Other-
wise, the molecular composition of pericentric regions
is different in these three species. I will consider how
these data are consistent with the fission hypothesis.

Telomeric sequences before and after
Robertsonian fusion: studies on
Sorex araneus and two related
species, S. granarius and S.
coronatus (Insectivora, Soricidae)

V.T. Volobouev,"? V. Vicherat,'
J.B. Searle? & B. Dutrillaux’

'C.N.R.S. UMR 147 Institut Curie, Section de Biologie, 26
rue d’Ulm, 75231 Paris Cedex 05, France; *Department of
Biology, University of York, PO Box 373, York YOI 5YW,
United Kingdom,; *Museum National d’Histoire Naturelle,
Mammiféres et Oiseaux, 55 rue de Buffon, 75005 Paris
Cedex 05, France

Data are presented on fluorescent in situ hybridisa-
tion (FISH) with the telomeric consensus sequences
(TTAGGG)n onto metaphase chromosomes of S. gra-
narius, S. coronatus and three chromosome races of
Sorex araneus. These species and races, although mor-
phologically very similar, have very different karyo-
types, both with respect to numbers of metacentric and
acrocentric chromosomes, and also the precise charac-
teristics of the metacentrics. In all specimens of .
araneus studied hybridisation signals of moderate in-
tensity (comparable with those usually detected on the
human chromosomes) were detected on chromosome
ends of both acrocentric and metacentric chromosomes
but never at the primary constriction of the metacen-
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trics. As each metacentric chromosome derives from
two acrocentrics by the Robertsonian fusion process, it
may be presumed that the large majority (all?) of the
telomeric sequence proximal to the centromere is al-
ways lost from the acrocentrics on fusion. The differ-
ence between metacentrics and homologous acrocen-
trics is particularly clear in specimens heterozygous for
Robertsonian fusions.

Under the same experimental conditions as those
used for S. araneus, distal hybridisation signals in S.
granarius and S. coronatus chromosomes were ob-
served with difficulty, probably due to a reduced level
of amplification of the TTAGGG motif. Often the telo-
meric sequences were only detected on one of the sister
chromatids. In contrast, the centromeric regions of all
acrocentrics in S. granarius and most of the metacen-
trics in S. coronatus showed hybridisation signals sub-
stantially amplified relative to S. araneus.

These findings raise questions about the universali-
ty of telomeric sequence loss during the Robertsonian
fusion process and also shed some light on the possible
role of telomeric sequences in the promotion or inhibi-
tion of centromeric fusions. Some possible implica-
tions of the data presented to our understanding of the
general pathway of chromosome evolution in the S.
araneus group are considered.

Review of shrews from the Crimea
and southern border of the Sorex
araneus range

|. Zagorodniuk
Institute of Zoology of NAS of Ukraine, Kiev, Ukraine

The mammalian fauna of the Crimean peninsula is
relatively poor and includes only a third of the total
number of species of the Ukrainian fauna. Its main
character is the absence of most woodland, wood-steppe
and hydrobiontic species. From the geobotanical point
of view, the mountain part of the Crimea is a wooden
“island”, which is mainly related to the northeastern
Caucasus. The plain part of the peninsula seems to
relate to the steppe zone of the Azov region.

Five shrew species are traditionally included in the
Crimean fauna: one species of Neomys (anomalus), two
of Crocidura (suaveolens and leucodon), and two of
Sorex (minutus and araneus). An analysis of their taxo-
nomic history, ranges and morphological variation sug-
gest that the taxonomic status, as well as the systematic
position of most taxa, remains uncertain. Museum col-
lections of shrews from the Crimea were labelled as
follows:

C. suaveolens (132), S. minutus (34), C. leucodon
(15), N. anomalus (10) and S. araneus (1).

Re-investigation of the collections shows that tradi-
tional taxonomic views require essential amendments
and comments.
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Both Crocidura species are very abundant in the
peninsula, particularly in the steppe part, and suaveo-
lens is the shrew species which is easiest to trap. Crime-
an Neomys have often been designated as N. fodiens,
but the latter is really absent, not only in the Crimea, but
in the adjacent regions as well; the small Neomys from
the Crimea is related to the pair anomalus-schelkovnik-
ovi. Two Sorex species are known from the Crimea, but
only S. minutus is actually present in zoological collec-
tions. Moreover, this small Crimean shrew is more
similar to the Caucasian S. volnuchini, than to Europe-
an S. minutus. The only specimen of “araneus” known
from the Crimea was identified as Neomys anomalus.
Another specimen signed as “araneus”, has a faulty
confused label of S. minutus (from the town of Yalta).
Thus, among these five species, only Crocidura has a
clear status, and the others need further taxonomic
revision. Sorex araneus is absent in the Crimea and the
nearest findings to the peninsula are from the Lower
Dnieper region.

Most reviewers specify a continuous distribution of
the common shrew in Eastern Europe, The actual range
of this species covers only wood and wood-steppe
zones. In the south of Ukraine and in the northern
Caucasus, that is in the steppe zone, S. araneus is
absent. This fact is important for mapping and search-
ing for geographically isolated populations and new
chromosome races.

The southern border of the range of S. araneus
passes through the Odessa (central), the Nikolaev, the
Kherson (northern), the Dnepropetrovsk and the Kharkiv
(southern) regions of Ukraine. The only isolated popu-
lation known, is in the Kherson region in the Dnieper
delta.
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Cladogenesis in the Sorex araneus
group and its biogeographic
interpretation

I. Zagorodniuk' & M. Khazan?

nstitute of Zoology of NAS of Ukraine, Kiev, Ukraine;
’International Solomon University, Kiev, Ukraine

The phylogenetic relationship of the nine shrew
species that until recently were regarded as subspecies
of S. araneus were examined. The data on their karyol-
ogy were summarised using a first description of the S.
satunini G-banded chromosomes. The cladistic analy-
sis suggests a “comb”-shaped cladogram with the fol-
lowing taxonomic relations: S. tundrensis + S. asper?
[S. arcticus [S. granarius [S. daphaenodon + S. coro-
natus [S. satunini + S. “valaicus” [S. araneus s. 1. 1]]]].
The fusion de appears to be an apomorphy of the entire
group. The steps of the main stem of the cladogram
corresponding to the next apomorphic row are de ->
[ut -=> [fa > [cb -> [jI]]]]. Fusions bc, af, hg, ik, jn, lo
and fu and small elements that probably correspond to
the arms m, p, g and r of S. araneus were identified in
the S. satunini karyotype. Thus, the latter shows the
most karyological similarity to S. araneus of all species
of the group.

The evolutionary order of appearance of the taxa, as
well as peculiarities of the geographic distribution of
species and races, correspond to the main events of
Pleistocene history of the group. The most ancient
species and races are localised in the periphery of
postglacial regions, while more advanced forms (the
youngest races of S. araneus) occupy just the postgla-
cial zone. The stepwise character of the main stem in
the cladogram and the sequential manner of separation
of taxa, shows the continuous nature of the cladogene-
sis within the group studied.
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Chromosomal evolution of the genus
Crocidura and Suncus

L.S. Biltueva', M.B. Rogatcheva’,
P.L. Perelman’, P.M. Borodin?, S. Oda3,
K. Koyasu*, M. Harada®, J. Zima®’

& A.S. Graphodatsky'

!Institute of Cytology and Genetics, Russian Academy of
Sciences, Novosibirsk, Russia, *Institute of Biology, Federal
University of Rio de Janeiro, Brazil; *Laboratory of Animal
Management, School of Agricultural Sciences, Nagoya Uni-
versity, Japan; *The Second Department of Anatomy, School
of Dentistry, Aichi-Gakuin University, Nagoya, Japan, >Lab-
oratory Animal Center, Osaka University Medical School,
Japan; °Institute of Vertebrate Zoology, Academy of Scienc-
es of the Czech Republic, Brno, Czech Republic; 'Depart-
ment of Zoology, Faculty of Science, Charles University,
Praha, Czech Republic

A high-resolution chromosome analysis of eight
Palaearctic and Oriental species of white-toothed shrews
revealed almost complete chromosomal homology be-
tween the karyotypes studied. Extensive chromosomal
homology was demonstrated even between species of
the genera Crocidura and Suncus. Robertsonian trans-
locations, tandem fusions, fissions, reciprocal whole-
arm translocations, centromeric shifts, heterochromatin
additions, and a hypothetical ancestral karyotype with
44 chromosomes are proposed.

Optimal sample size in chromosomal
analysis of the common shrew
populations

J. Boltruszko, S. Fedyk, M. Konarzewski,
A. Banaszek, K. Szataj & W. Chetnicki

Institute of Biology, University of Bialystok, Bialystok, Poland

We used 384 common shrews from eight popula-
tions situated in two hybrid zones: between Drnholec
and Legucki Miyn and between Guzowy Miyn and
Legucki Mtyn karyotypic races. The races in both hy-
brid zones were characterised by five variable chromo-
some pairs. Thus, the karyotype of each individual can
be assigned to one of five chromosomal variants. In
effect about 20 chromosomal variants were distinguished
in each population. For each population we created a
table of karyotypes and chromosomal variants based on
a 0/1 notation. Each column of the table corresponded
to one chromosomal variant. The absence/presence of
chromosomal variant in the shrew’s karyotype was cod-
ed as 0/1. Each chromosomal variant was subjected to a
computer simulation of random trapping of shrews.

The simulated chromosome frequencies were compared
by Fisher’s Exact Test. Only the chromosomal variants
showing statistically significant deviations of chromo-
some frequencies were used for estimations of the opti-
mal sample size. We conclude that optimal sample
sizes range from 6 to 22 individuals and in most cases
the collection of 15 shrews is sufficient.

Studies on the molecular and
cytogenetic variation in Sorex
araneus over the former Soviet Union
— A summary of the 1995-1998 INTAS
project

S. Haynes', N.S. Bulatova?, A.V. Mishta?,
A.V. Polyakov*, A. Banaszek5, A.l. Kozlovsky?,
P.M. Mirol"®, R.S. Nadjafova?,

E. Piontkovskaya?, J.M. Wéjciks, J. Zima’,
P.M. Borodin4, V.N. Orlov? & J.B. Searle'

'Department of Biology, University of York, York, UK;
Severtsov Institute of Ecology and Evolution, Russian Acad-
emy of Sciences, Moscow, Russia; ‘Institute of Zoology,
Ukrainian Academy of Sciences, Kiev, Ukraine; *Institute of
Cytology and Genetics, Russian Academy of Sciences, No-
vosibirsk, Russia; *Institute of Biology, Warsaw University
Bialystok Branch, Bialystok, Poland; °*Mammal Research
Institute, Polish Academy of Sciences, Biatowieza, Poland;
“Institute of Vertebrate Zoology, Academy of Sciences of the
Czech Republic, Brno, Czech Republic and Department of
Zoology, Faculty of Science, Charles University, Praha,
Czech Republic; ®Present address: CIGEBA, Facultad de
Ciencias Veterinarias, Universidad Nacional de La Plata,
La Plata, Argentina

From 1995-1998 we conducted an INTAS-funded
project to study the molecular and chromosomal varia-
tion in the common shrew (Sorex araneus) over the
Former Soviet Union (FSU). The fieldwork and chro-
mosomal analysis was divided up among teams based
in Novosibirsk (Siberia), Moscow (European Russia)
and Kiev (Ukraine, Bialorussia and the Baltic States).
The molecular work was carried out by the York team.
At the outset of the project seven karyotypic races were
known from the territory of the FSU; by its conclusion
25 such races had been described! From the phylogeny
and distribution of the races, it is clear that race forma-
tion does not merely involve fixation of Robertsonian
fusions. Whole-arm reciprocal translocations (WARTS)
also appear to be important in the generation of new
metacentric combinations and, once races have formed
and expanded their ranges, they may hybridise with
other races and generate new hybrid forms (‘zonal
raciation’). There is remarkably little variation in cyto-
chrome b sequence over the FSU suggesting recent
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colonisation of the area from a single source area - but
there is doubt as to how ‘recent’. The chromosomal
studies indicate substructure over the FSU, suggesting
that the area was colonised from at least 3 (late?)
Weichselian refugia: Altai Mts, Ural Mts and the Car-
pathian or Balkan Mts.

Do riverine barriers, history or
introgression shape the genetic
structuring of a common shrew

(Sorex araneus) population?

N. Lugon-Moulin, H. Briinner, F. Balloux,
J. Hausser & J. Goudet

Institut d’Ecologie, Laboratoire de Zoologie et Ecologie
Animale, Bdtiment de Biologie, Université de Lausanne,
Lausanne-Dorigny, Switzerland

The common shrew (Sorex araneus) is subdivided
into numerous chromosome races. The Valais and Cor-
don chromosome races meet and hybridise at a moun-
tain river in Les Houches (French Alps). Significant
genetic structuring was recently reported among popu-
lations found on the Valais side of this hybrid zone. In
this paper, a phylogenetic analysis and partial Mantel
tests are used to investigate the patterns and causes of
this structuring. A total of 185 shrews were trapped at
12 localities. All individuals were typed for nine micro-
satellite loci. Although several mountain rivers are found
in the study area, riverine barriers do not have a signif-
icant influence on gene flow. Partial Mantel tests show
that our result is caused by the influence of the hybrid
zone with the Cordon race. The geographical patterns
of this structuring are discussed in the context of the
contact zone, which appears to extend up to a group of
two rivers. The glacier they originate from is known to
have cut the Arve valley as recently as 1818. The
recent history of this glacier, its moraine and possibly
rivers, may therefore be linked to the history of this
hybrid zone.

A hybrid zone between the Gotdap
and Popielno chromosome races of
the common shrew (Sorex araneus L.)
in Poland

M. Moska

Institute of Zoology, University of Wroclaw, Wroclaw, Poland

The common shrew (Sorex araneus L., 1758) has
one of the most variable karyotypes of any mammalian
species. The variation of chromosomes occurs both
within and between populations (polymorphism and
polytypy) as the result of Robertsonian rearrangements,
usually the Robertsonian centric fusion. Populations

149

(geographically contiguous or recently separated) that
share the same set of metacentrics and acrocentrics by
descent are considered to be a chromosome race. Fifty-
two different karyotypic races of common shrew have
been described, most of them from Europe. Karyotypic
races that come into contact give rise to hybrid zones.
Up to now several hybrid zones of the common shrew
have been studied.

In the present paper I describe the location and
preliminary results of my study of the contact zone
between the Gotdap and the Popielno races. The Gotdap
race (gr, hk, jl, mn, o, p, q) was first described by Fedyk
(1986) and the Popielno race (gr, hq, ik, jl, mn, o, p) by
Wojcik (1986). Both of them are from north-eastern
Poland and belong to the East European karyotypic
group. The Gotdap/Popielno contact zone is located in
the area of Mazury near Krutynia river (near Ruciane-
Nida town).

Up to now the shrews were collected from seven
populations: Prawdowo, Lipowo, Lisunie/Kulinowo,
Nowy Most, Zielony Lasek, Zakret and Karwica. A
total of 60 shrews were karyotyped. The shrews from
Prawdowo, Lipowo, Lisunie/Kulinowo, Nowy Most all
belong to the Gotdap race and shrews from Karwica
belong to the Popielno race. The populations from
Zakret and Zielony Lasek belong to the hybrid zone
Goldap/Popielno. Among 18 individuals from Zakret
there were 12 shrews with the race Popielno karyotype,
one shrew with the race Goldap karyotype and five
hybrids (complex heterozygotes). All of these hybrids
formed at meiosis chain configurations that consist of
four elements CHIV i/ik/kh/h (in two individuals), CHIV
k/ki/io/o (in one individual) or five elements CHV i/ik/
kh/hq/q (in two individuals). Because of the predomi-
nance of individuals with the Popielno race karyotype,
the population from Zakret probably marks the south-
ern limit of the zone. Among seven individuals from
Zielony Lasek there were four shrews with the Goldap
race karyotype, one shrew with the Popielno race kary-
otype, and two hybrids which formed a meiosis chain
configuration that consists of five elements CHV i/ik/
kh/hg/q. In the studied area, the Gotdap race is poly-
morphic in arm combinations /£, jI, io, mn, the Popiel-
no race is polymorphic in arm combinations j/, mn and
the hybrid populations in ik, kA, jI, gr, hq, io, mn.

Body size and Bergmann’s rule in
shrews: Geographical variation of
body size in Palearctic Sorex species

D. Ochocinska & J.R.E. Taylor

Institute of Biology, University of Bialystok, Biatystok, Poland

Bergmann’s rule states that “races from cooler cli-
mates tend to be larger in species of warm-blooded
vertebrates than races of the same species living in
warmer climates.” The usual explanation is that larger
animals have relatively smaller surface-to-volume ra-
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tios, and therefore also lower costs of thermoregulation
in the cold (northern) climates. The present study re-
views the published data on body size in Palearctic
species of shrews (genus Sorex) and analyses the in-
traspecific variation of body size in relation to climatic
parameters and geographic location throughout the geo-
graphical ranges of these species.

The condylobasal length of the skull was used as a
good indicator of the overall body size. Climatic vari-
ables included air temperature, precipitation, levels of
evapotranspiration, their mean values, and various mea-
sures of climatic seasonality and among-year variabili-
ty. The main finding is that body size in several species
under study is negatively correlated with latitude and
positively with ambient temperatures. The smallest
shrews of a given species live, therefore, in the coldest
climates. Sorex shrews follow the converse to Berg-
mann’s rule. The results suggest that body size of shrews
in cold climates may be limited by the amount of food
available in winter. This hypothesis is reinforced by the
fact that soricine shrews shrink their body size and drop
body mass in winter (Dehnel’s effect).

Dynamics of abundance in common
shrew (Sorex araneus L.) populations
in West Siberia

V.V. Panov

Institute of Systematics and Ecology of Animals, Russian
Academy of Sciences, Novosibirsk, Russia

Abundance dynamics of common shrew popula-
tions (eight localities populated by four different chro-
mosome races) in West Siberia have been studied. The
data sets comprise from 5 to 20 years for each locality.
Differences in dominance, level of abundance, ampli-
tude of fluctuation and the periods of cycles were de-
tected between localities. However, the difference be-
tween chromosome races did not exceed the difference
within races.

Comparative analysis of karyotypes of
Sorex araneus and Sorex minutus

P.L. Perelman, L.S. Biltueva, N.B. Rubtsov,
V.A. Trifonov, N.S. Zhdanova, I.A. Kumpyak
& A.S. Graphodatsky

Institute of Cytology and Genetics, Russian Academy of
Sciences, Novosibirsk, Russia

This study of the karyotypes of Sorex araneus and
Sorex minutus extends on the preliminary analysis made
by Dannelid. Detailed cytogenetic analyses of GTG-
banded karyotypes of Sorex araneus (Novosibirsk race)
and Sorex minutus (2n=42, NF=56) were performed.
The comparative analysis of the two karyotypes re-
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vealed significant conservatism between the two chro-
mosomal complements. Complete homeology of GTG-
pattern was shown for 15 chromosomes of Sorex minu-
tus with respect to the chromosomes of Sorex araneus.
Some Sorex minutus chromosomes were present in the
Sorex araneus complement in a fused state. However,
homeology of five chromosomal regions of Sorex minu-
tus is under question, due to the small size of these
regions.

The region of homology for one of the most conser-
vative chromosomes of the Sorex araneus complement
- tu - was also not evident. To solve this task an addi-
tional molecular biological experiment was conducted.
It has previously been shown, based on GTG-banding,
that chromosome 17 of Sorex granarius is homologous
to chromosome #u of the Sorex araneus. We proposed
from GTG-pattern comparative analysis that chromo-
some fu is homologous to chromosome 17 of Sorex
minutus. To prove it, FISH on metaphase chromosomes
of Sorex araneus, Sorex granarius and Sorex minutus
was conducted with a microdissected probe of chromo-
some 17 of Sorex granarius. This experiment com-
pletely confirmed our hypothesis.

Based on the data obtained we propose the probable
ancestral complement for Sorex araneus and Sorex
minutus.

Phylogeny of Sorex araneus: Old data
in a new coat

J. Piadlek' & J. Zima?

nstitute of Vertebrate Biology, Academy of Sciences of the
Czech Republic, Studenec, Czech Republic, *Institute of Ver-
tebrate Zoology, Academy of Sciences of the Czech Repub-
lic, Brno, Czech Republic and Department of Zoology, Fac-
ulty of Science, Charles University, Praha, Czech Republic

The karyotype of the common shrew, Sorex ara-
neus, is highly polymorphic due to centric fusions and
fissions. Altogether over 50 chromosome races have
recently been described based on chromosomal consti-
tution of fused arms (Zimaet al., 1996, Searle & Wojcik,
1998). Starting in the eighties several attempts have
been made to explain this variation on a phylogenetic
basis. The majority of these attempts were based on an
assumption that the acrocentric chromosomes are an-
cestral characters and that all recent karyotype varia-
tion stems from fusions to form different metacentrics.
Parsimony criteria were employed to minimise tree
length. The composition of metacentrics is more or less
similar within a geographical area, hence, four karyo-
typic groups were defined.

Hauffe & Pialek (1997) used another mechanism
able to generate chromosome variation — whole arm
reciprocal translocations (WARTS) — to explain evolu-
tion of karyotype races of mice in northern Italy. They
proved that employing WARTSs resulted in a shortening
of phylogenetic trees and more logical ordination of
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geographically located races. Here we report a new
model for the evolution of shrew races. The model
adopts the assumption that the acrocentric chromo-
somes are ancestral, but in addition, it takes into ac-
count the effects of WARTS and zonal raciation. Both
parsimony and geographic position of races were em-
ployed as criteria for tree optimisation.

Fifty races (sensu Zimaet al., 1996), four new races
described recently and novel recombinant products con-
fined only to hybrid zones were included into the mod-
el. Compared with the most recently published tree by
Searle and Wojcik (1998), based on the process of
fusions/fissions of a limited set of races, the resulting
tree reflects a more plausible geographic arrangement
of shrew karyotype races. We suggest that not only
mechanisms of fusion and fission, but also WARTSs and
zonal hybridisation play a significant role in the evolu-
tion of common shrew races.

Population structure of Sorex araneus
from different chromosome races
revealed by analysis of
the cytochrome b gene

M. Ratkiewicz', P. Taberlet?, S. Fedyk!,
K. Szalaj', A. Banaszek', W. Chetnicki’
& L. Gielly?

!Institute of Biology, University of Bialystok, Bialystok, Po-
land; Laboratoire de Biologie des Populations d’Altitude
CNRS, Université Joseph Fourier, Grenoble, France

DNA extraction from 28 individuals (12 popula-
tions, six chromosome races, West European and East
European Karyotypic Groups), amplification of the cy-
tochrome b gene with primers L14724 and H15915 via
PCR and sequencing of a 1024 bp fragment revealed 35
variable positions, defining 25 distinct haplotypes.
Unique mtDNA “fingerprints” provided for most shrews
studied indicate very high long-term effective female
population size (no recent population bottleneck).
Present-day populations of Sorex araneus may consist
of a mixture of several previously isolated populations
(e.g. populations connected by postglacial zones of
contact). Assuming a rate of 10% divergence per Myr,
then the pairwise nucleotide divergence (p=0.99%) be-
tween the two most divergent haplotypes indicates that
the common ancestor of all studied Sorex araneus hap-
lotypes existed about 100,000 years ago. No haplotype
divergence between WEKG and EEKG races of Sorex
araneus indicates recent origin of these chromosomally
different groups.
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Long-term chromosome and allozyme
studies of a Biatowieza race
population of the common shrew

K. Szalaj, A. Banaszek, M. Ratkiewicz,
S. Fedyk & W. Chetnicki

Institute of Biology, University of Bialystok, Bialystok, Poland

The Bialowieza race of the common shrew is char-
acterised by the diagnostic metacentrics An, ik, gr, mp.
The range of this race spreads through north-eastern
Poland. We have been studing a population from the
northern end of the range of the Bialowieza race for 11
years. Data on chromosome and allozyme polymor-
phisms are presented.

Anatomy of the shrew’s brain: Is it
conservative or evolved?

K. Turlejski

Nencki Institute of Experimental Biology, Polish Academy of
Sciences, Warsaw, Poland

Enormous differences in the brain anatomy of vari-
ous mammalian species must be created by modifica-
tions in some important genes and/or changes in the
sequence of their induction. As a result of investiga-
tions in comparative neurobiology there has been pos-
tulated a hypothesis of the “initial mammalian brain”,
the brain of the protoplast of mammals, which has been
inherited without major changes by the first eutherians.
Because insectivores, and especially shrews, are con-
sidered to be very close to the eutherian prototype, it is
interesting if their brains resemble the hypothetical
“initial brain”. Neocortex, the unique mammalian brain
structure, constituted a low proportion of the “initial
brain”, as in the extant shrews. Large olfactory and
brainstem structures in shrews may also be considered a
conservative trait. However, the external shape of the
brain, that is compressed antero-posteriorly and dorso-
ventrally, is a highly evolved trait in shrews, very dif-
ferent from the postulated elongated and conical proto-
type. Even more important are modifications of organs
of senses and of the neocortical areas responding to
particular modalities. The eyes of the majority of shrews
seem to be highly reduced, and in the neocortex there
exists only one small visual area, which is in contrast
with other primitive mammals (opossums, tenrecs),
which have at least two such areas. In spite of the good
sense of hearing, there seems to be only one cortical
auditory area. The sense of touch and especially the
specialised sensory hairs (vibrissae) are a very impor-
tant source of sensory information. In shrews there are
two adjacent cortical somatosensory areas with large
representations of vibrissae (in contrast to four in most
primitive mammals). The topography of the sensory
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areas in shrews is unique among mammals, as there is
no associative areas separating them. This trait seems
to be a regressive phenomenon (adaptation to the small
size), rather than a preserved state. As sensory and
motor areas occupy less than 50% of the neocortex, the
remaining half must be occupied by limbic and frontal
areas, that conduct evaluation of the emotional mean-
ing of stimuli, guide execution of complex behavior
and are involved in the memory storage and retrieval.
This proportion is much higher than that postulated to
exist in the “initial brain”. Therefore, the anatomy of
the brain in shrews is highly evolved as a result of the
reduction of size of these mammals. This evolution
depended on a mixture of both progressive and regres-
sive changes.

The necessity of creation of
cryopreserved cell and tissue
collections for chromosome races of
Sorex araneus

V.T. Volobouev

Museum National d’Histoire Naturelle, Laboratoire de Zo-
ologie, Mammiferes et Oiseaux, Paris Cedex, France

Well developed cryobiological methods allow so-
matic cells to be stored in liquid nitrogen indefinitely

J.B. Searle, J. Hausser, J. Zima et al.

without alteration of their vital characteristics. Frozen
then thawed, the cells retain their capacities to grow, to
divide and to transmit their hereditary information. The
10x10° cells easily obtainable after the third division of a
primary cell culture are sufficient to perform various
analyses such as cytogenetics, fluorescent in situ hy-
bridisation (FISH), DNA/DNA hybridisation, protein
electrophoresis, mini- and microsatellites, proteins, DNA
or RNA sequencing, etc. and thereby to establish the
complete genetic characteristics of any species. It fol-
lows that the cryopreservation under predetermined
conditions of cell and tissue fragments of no more than
0.3 cm® could prevent the irreversible loss of genetic
information about a taxon and could serve as a univer-
sal and practically perpetual source of living material,
useful in various research projects in the field of Mo-
lecular Systematics, Evolutionary Biology and Bio-
technology. Cryopreserved cell and tissue collections
(CC&TC) open large possibilities for effective and
planned international co-operation and allow numerous
studies in any taxon, from population genetics to phy-
logeny at various levels, from the unambiguous charac-
terisation of any biological species to the global de-
scription of mammalian diversity. The common shrew
S. araneus is a model of choice for the study of various
aspects of evolution and speciation in mammals. The
creation of CC&TC for chromosome races of S. ara-
neus will open a new perspectives in the study of the
milking cow of cytogenetics.
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Robertsonian polymorphism in the
common shrew (Sorex araneus L.,
1758) — are there any differences
between homozygotes and Rb
heterozygotes?

A. Banaszek, J. Taylor, D. Ochocinska,
W. Chetnicki & M. Ratkiewicz

Institute of Biology, University of Bialystok, Bialystok, Poland

Three general models — past hybridisation events,
de novo mutation and natural selection — explain Rb
polymorphisms in the common shrew external to hy-
brid zones. For the third model it has to be accepted that
there are allelic differences between the twin acrocen-
tric and metacentric morphs of a particular chromo-
some and that Rb heterozygotes are also genic het-
erozygotes. To test this hypothesis we compared sever-
al parameters between homozygotes and Rb heterozy-
gotes collected in the Jurowce population in Poland
(Biatowieza race) during 1996-1999. We found no dif-
ferences between two karyotypic classes in the follow-
ing parameters:

1 — allozyme heterozygosity

2 — basal and maximum metabolic rate

3 — fluctuating asymmetry

4 — index of locomotor activity

Concluding, the hypothesis that Rb polymorphism
in the common shrew could be maintained by het-
erozygous advantage of Rb heterozygotes cannot be
supported.

Comparative analysis of five Sorex
species based on high-resolution
GTG-banding and ZOO-FISH:
preliminary data

L. Biltueva

Institute of Cytology and Genetics, Russian Academy of

Sciences, Novosibirsk, Russia

Comparative analysis of the species Sorex araneus,
Sorex minutus, Sorex caecutiens and Sorex raddei was
performed using high-resolution chromosome banding
and ZOO-FISH. Painting probes were generated from
flow sorted chromosomes of Sorex granarius. They
revealed 32 conservative autosomal segments. Differ-
ent fusions of these segments have taken place in the
chromosomal evolution of the species studied. This
study represents an attempt to reconstruct the array of
chromosomal rearrangements during the karyotypic di-
vergence of these species.

Knowledge about the arrangement of conservative
segments in species from two main karyotypical groups
help us to understand the distinguishing features of
chromosomal evolution of the genus Sorex as a whole.

Acknowledgements: I thank V. Volobouev and N.
Zhdanova for fibroblast culture of S. granarius and cell
suspensions of S. raddei. 1 am also grateful to F. Yang
and P. Trish for painting probes of S. granarius. 1
would like to thank N. Vorobieva and P. Perelman for
FISH experiments and A. Graphodatsky for support.

Alps, genes and chromosomes: their
role in the formation of species in the
Sorex araneus group (Mammalia,
Insectivora), as inferred from two
hybrid zones

H. Briinner, N. Lugon-Moulin & J. Hausser

Institut d’Ecologie, Laboratoire de Zoologie et d’Ecologie
animale, Lausanne, Switzerland

During the Pleistocene glaciations the Alps were an
efficient barrier to gene flow between isolated popula-
tions often leading to allopatric speciation. Afterwards,
they strongly influenced postglacial recolonisation of
Europe and represent a major suture zone between
differentiated populations. Two hybrid zones in the
Swiss and French Alps between the genetically and
karyotypically well differentiated Valais shrew, Sorex
antinorii, and the common shrew, S. araneus, were
studied using karyotypes and seven microsatellite loci.
In the centre of the Haslital hybrid zone the two species
co-occur over a distance of 900 m. Hybrid karyotypes,
among them the most complex known from Sorex spe-
cies, are rare. F-statistics calculated on microsatellite
data revealed strong heterozygote deficit only in the
centre of the zone, due to the sympatric distribution of
the two species with little hybridisation. Structuring
within species (both F  and F_ ) was low. A hierarchi-
cal analysis showed high interspecific differentiation.
Results were compared with those previously reported
in another hybrid zone located at Les Houches (French
Alps). Genetic structuring within and between species
were comparable in both hybrid zones, although chro-
mosomal incompatibilities are more important in Hasl-
ital where a linkage block of the race-specific chromo-
somes should additionally impede gene flow. Evidence
for a more restricted gene flow in Haslital comes from
the genetically intermediate hybrid karyotypes, where-
as in Les Houches hybrid karyotypes are genetically
identical to individuals of the pure karyotypic races.
Genic and chromosomal introgression were observed
in Les Houches but not in Haslital. The possible influ-
ence of ariver, separating the two species at Les Houch-
es, on gene flow is discussed.
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Phylogenetic associations among the
karyotypes of the ip- and hk- lineages
in Sorex araneus of Western Russia

N. Bulatova

A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow, Russia

During the three-year interval since the 5th ISACC
meeting (Biatowieza, Poland, 1999) several new chro-
mosome races of S. araneus have been discovered in
European Russia. Two of them are characterised by the
two chromosome markers ip, hk. The St.-Petersburg
(SPb) and West Dvina (WDv) races are found west of
Moscow and are placed between the Moscow, Pskov,
Seliger and Ilomantsi races. Although they carry the
same metacentrics ip and &k, they differ in diagnostic
arm combinations g, o, mq, nr (SPb) and gm, no, qr
(WDv). Comparative chromosome analysis shows the
hierarchy of phylogenetic associations in the karyo-
types of shrews that might correspond to different phy-
logeographic complexes at lower intraspecific levels.
The report should be dedicated to Liisa Halkka due to
her pioneering works on races of the ip-lineage.

Perspectives in studying a border
zone between two chromosome races
- Moscow and Seliger - of S. araneus

N. Bulatova', N. Shchipanov', A. Kalinin',
A. Aleksandrova? & D. Aleksandrov'

1A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow, Russia; *“Moscow State Uni-
versity, Moscow, Russia

Among 16 karyotypically identified races of the
common shrew (Sorex araneus L.) known up to now in
European Russia, two races have attracted our special
attention since 1997.

The distributional ranges of the Moscow (g/m, hi, I,
kr, no, pq) and Seliger (g, hn, ik, jl, m/q, o, pr) races
come into contact in the western vicinity of Lake Se-
liger which is situated at the location of the edge of the
last glacial ice sheet. Among 27 animals caught in
mixed race sites no hybrid specimens were found. How-
ever, a mixed karyotype was revealed in one case (g/
gm/mq/pq/pr/r, hn, ik, jl, o). This suggests strongly
restricted interracial hybridisation. Five years of data
on chromosomal as well as population biology aspects
of the border zone are discussed. The work is supported
by the Russian Foundation for Basic Research, grants
Nos. 01-04-48412, 00-04-48787.

J.B. Searle, J. Hausser, J. Zima et al.

New type of recombined karyotype in
a hybrid zone

S. Fedyk, U. Bajkowska, W. Chetnicki,
A. Banaszek, & K. Jadwiszczak

Institute of Biology, Bialystok University, Bialystok, Poland

Two kinds of posthybridisation modifications mini-
mising the low fertility of hybrids are known in hybrid
zones between chromosomal races of the common shrew.
The first of them is a peak of frequency of acrocentric
chromosomes, which lowers the probability of produc-
tion of complex heterozygotes. This type of modifica-
tion occurs very often in Sorex araneus hybrid zones.
Conversely, the second type of modification, that is the
peak of frequency of recombinants which lowers the
frequency of complex heterozygotes too, has been de-
scribed only in the hybrid zone between the Drnholec
and Legucki Mtyn races in Poland.

The aim of the present study is the search for recom-
binants in another hybrid zone. We decided to investi-
gate the hybrid zone between the Gotdap race (hk, gr,
mn) and the Bialowieza race (ik, hn, gr, mp). The
hybrids theoretically should form the chain-VII meiotic
complex i/ik/kh/hn/nm/mp/p. Robertsonian polymor-
phism causes a high frequency of m, n, p and a moder-
ate frequency of k, 4 acrocentrics in the contact zone,
and consequently we have very often observed chain
complexes to be shortened to five (i/ik/kh/hn/n) or four
(i/ik/kh/h or k/kh/hn/n) elements and the trivalent of m/
mp/p excluded from the expected complex. In conse-
quence shrews with the recombined karyotype (hk, mp)
have arisen in the contact zone between the Goldap and
Biatowieza races.

Recent distribution of chromosome
races of the common shrew (Sorex
araneus) in Eastern Europe and
possible routes of postglacial
recolonisation in the region

A. Mishta

Schmalhausen Institute of Zoology, Ukrainian Academy of
Sciences, Kiev, Ukraine

Until the present time more than 60 chromosome
races of the common shrew have been described. As
fast as new information about distribution of chromo-
some races have appeared, there have been attempts to
explain their origin.

Hypotheses on the evolution of S. araneus connect
the origin of chromosome races with the period of the
last glaciation (Searle, 1984; Wojcik, 1993; Polyakov
et al., 2001). It is accepted that in the ancestral karyo-
type of the common shrew all variable chromosomes
were acrocentric. During the last glaciation the range of
S. araneus was fragmented and reduced to a number of
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refugial areas in southern parts of Europe, Ural and
Siberia. As a result, in several small isolated popula-
tions Robertsonian fusions could occur and fix. Later
on, after glacial retreat, the range of these populations
could extend and neighbouring populations could come
in contact producing in some cases new races with
hybrid characteristics (Searle & Wojcik, 1998; Zima et
al., 1996). Alternative hypotheses suggests a cascade
of successive whole-arm reciprocal translocations as in
the case of common shrews inhabited Scandinavia (Halk-
ka et al., 1987, 1994).

When these hypotheses were being developed, in-
formation about distribution of chromosome races in S.
araneus was lacking from the most part of Eastern
Europe. By 1995, only three chromosome races of the
common shrew were described from the European part
of'the territory of the Former Soviet Union (Ivanitskaja,
1986; Aniskin & Lukianova, 1989; Mishta, 1994). By
now, intensive investigations (Bulatova et al., 2000,
2002; Zaitsev & Bulatova, 1999; Mishta et al., 2000;
Kozlovsky et al., 2000; Orlov et al., 1996) have result-
ed in the description of more than 10 chromosome races
and their distribution in the region.

On the basis of data analysis on paleoclimate, and
the distribution of mammals and vegetation during and
after the last glaciation and on the recent distribution of
S. araneus chromosome races, a scheme of possible
ways of recolonisation of the territory of Eastern Eu-
rope by the common shrew is proposed.

The phenomenon of the inactivated
“true” X-chromosome in male meiotic
metaphases of Sorex araneus

R. Nadjafova

A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow, Russia

In spite of the absence of any prominent amount of
C-banded heterochromatin in the chromosomes of S.
araneus, the phenomenon of X-chromosome inactiva-
tion is demonstrated as a compaction of the short arm
(“true” X) in the sex-autosome trivalent (XYY, sys-
tem) shown in G-banded meiotic cells of males.
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Post-Pleistocene expansion of Sorex
araneus in Poland revealed by mt cyt
b gene sequences and implications
for chromosomal evolution

M. Ratkiewicz', S. Fedyk', A. Banaszek!,
L. Gielly?, W. Chetnicki', K. Jadwiszczak'
& P. Taberlet?

!University of Bialystok, Institute of Biology, Bialystok, Po-
land; ’Laboratoire de Biologie des Populations d’Altitude,
Université Joseph Fourier, CNRS, UMR 5553, BP 53 38 041
Grenoble, Cedex 9 France

Genetic variability of the common shrew (Sorex
araneus) in Poland was assayed by sequencing a 1023
bp part of the cytochrome b gene (mtDNA) from 28
individuals.

Thirty four variable positions defined 21 distinct
haplotypes with a maximum sequence divergence of
0.88%. Haplotype diversity estimates were high (h=
0.800-0.928), while nucleotide diversity estimates were
low (7=0.0034-0.0053%). The distribution of pairwise
nucleotide differences fits well with expectations of a
“sudden expansion” model. No evidence was found for
arecent bottleneck after the process of post-Pleistocene
recolonisation of Poland by shrews. Thus, for S. ara-
neus chromosome races in Poland, the data on the mt
cyt b gene variability support the hypothesis that Rob-
ertsonian fusions spread into an ancestral acrocentric
distribution.

Population border. Is it reality?

N. Shchipanov', A. Kalinin', T. Demidova’,
V. Oleinichenko?, A. Aleksandrova?,
D. Aleksandrov', A. Kouptsov' & N. Bulatova'

"A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow, Russia, *Moscow State Uni-
versity, Moscow, Russia

Surveying S. araneus in Tver Province (Central
European Russia) for 7 years we have found nonsyn-
chronised population density fluctuations in two areas
separated by 3 km distance. This may be affected by
different movement activity of shrews in these areas. In
studies of population structure, we noticed that differ-
ent proportions of nonresidents are present in popula-
tions in different years. Thus, nonsynchronised density
dynamics may result from preferential movement of
nonresidents within the population area. And so, the
population border may be treated as a zone of restricted
trespassing. To check the hypothesis, we conducted a
study of fungi carried on the fur of small mammals.
This allowed us to reveal two arecas where different
fungal species were found on fur. The border as shown
using this method coincides with the border between
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different patterns of density dynamics. Finally, we stud-
ied the distribution of the Moscow and Seliger chromo-
some races. The analysis of 62 specimens revealed a
narrow border zone, which could be considered in
terms of nonresident inter-population trespassing. The
study was supported by the Russian Foundation for
Basic Research, grants Nos. 01-04-48412, 00-04-48787.

Chromosome polymorphism of the
Neroosa race (Sorex araneus) in the
territory with radioactive pollution
after the Chernobyl accident

B.l. Sheftel & E.Y. Krysanov

A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow, Russia

This work was conducted in the territory of No-
vozybkov District of Bryansk Province (Russia). This
territory was radioactively polluted after the catastro-
phe at Chernobyl NPP in 1986. The current level of
radioactive pollution of the soil is 1480 kBg/m? (*’Cs)
(compared with a background level of radioactivity in
non-polluted territories, which is 37 kBq/m?). Karyo-
types of 77 animals were analysed. Shrew trapping was
done in 1995-2001. The maximal distance between
points of captures was 1 km. Diploid number of auto-
somes in the studied specimens (2NA) varied between
19-25. By G-banding analysis of seven animals with
different chromosome numbers it was shown that they
belong to the Neroosa race. The high level of chromo-
some polymorphism is typical for this race and was
described earlier at different geographical points. It
should be specially noticed, that we did not find ani-
mals with 2NA=18, which were described earlier as
typical for representatives of Neroosa race in other
geographical points. The animals with 2NA=22 or 25
have not been described before (according the litera-
ture). Most animals had 2NA=22 (23). Such chromo-
some polymorphism discovered in one place can be
caused by a reaction of the population to radioactive
pollution, but it can be a unique natural phenomenon as
well.

2NA

Years

19 20 21 22 23 24 25 | Total
1995 2 1 1 1 5
1996 2 1 3
1997 2 4 3 9
1998 3 1 4
1999 1 2 8 9 7 1 27
2000 5 2 7
2001 1 3 5 4 6 2 21
Total 2 5 11 23 16 18 2 77

J.B. Searle, J. Hausser, J. Zima et al.

Phenotypic plasticity in spatial
behaviour and brain structure in
Sorex araneus

V.A. Yaskin

Department of Vertebrate Zoology, Biology Faculty, Mos-
cow State University, Moscow, Russia

The hippocampus is involved in processing of spa-
tial information in the environment, and its size is
known to correlate positively with spatial ability (with
size of home range in particular) among mammal spe-
cies. Differences in space use predict differences in
hippocampal size. The aim of my study was to find out
if such a regularity is manifested also in ontogenesis
and during the cyclic changes of spatial behaviour ob-
served, for example, in some small mammals. Over an
annual cycle, home ranges of Sorex araneus decrease
in autumn and increase in spring. It is known that
seasonal changes in the type of spatial behaviour of
immature S. araneus transform from wide, active move-
ments in summer to the restricted movements within the
single home range in autumn. The decrease of the home
range size reflects the end of the exploratory period and
stabilisation of the home ranges. Comparison between
the dynamics of the hippocampus formation size and
data on the annual dynamics of the size of common
shrew home ranges showed certain parallelism of the
two parameters. A reduction in hippocampus size coin-
cided with the shrinkage of the animals’ home ranges.
A morphometrical analysis showed that areas of sec-
tions of both the dentate gyrus and the hippocampus
significantly declined from autumn to winter. Thereaf-
ter, however, another growth spurt occurred in the spring;
it followed the winter decline. During a period of gain
in brain mass in the spring, the rate of size increase was
different in different brain structures. The most consid-
erable increase was observed in the hippocampus (+33%;
p<0.001). The highest relative mass increase (com-
pared to the whole brain) during the winter-to-summer
period was found in this brain region (+15%; p<0.001).
Thus, the predicted growth processes in hippocampal
formation of adult animals were found. Calculation of
the number of nerve cells per mm? of sections of the
dentate gyrus in the common shrew supports the exist-
ence of neurogenesis in this brain region. In contrast,
the hippocampal volume decrease in winter might be
particularly dependent upon apoptosis. The data ob-
tained support a great seasonal morphological plastici-
ty and protracted growth in behaviourally relevant brain
regions. Seasonal dynamics of hippocampal size most
precisely coincided with the dynamics of morphologi-
cal development of the hypophysis and reproductive
system. Seasonal modulation of the sex differences in
the hippocampus size was also revealed. Sex dimor-
phism in both hippocampal volume and size of home
ranges became distinct (favouring males) in the early
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spring when sexual maturation of the shrews began.
Since gonadal hormone levels also fluctuate among
seasons in shrews, these data raise the possibility that
sex differences in hippocampal volume may differ in
close connection with both hormone levels and sexual-
ly dimorphic spatial ability. Both the behaviour and the

brain structure in adult animals may be phenotypically
plastic in response to the seasonally changing demands
of the environment. The study raises a new understand-
ing of some mechanisms of Dehnel’s phenomenon in
Sorex species.
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Micromycetes on the fur of common
shrews Sorex araneus L. as a natural
marker for population studies

D.Y. Aleksandrov', A.V. Aleksandrova?
& N.A. Shchipanov'

" A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow, Russia; ?“Moscow State Uni-
versity, Moscow, Russia

Studies were conducted on samples of the fur of
common shrews (Moscow chromosomal race) and soil
samples from Central Russia (South-east of Tverskaya
area). Specimens of the fur and soil were placed on
standard wort agar and Chapek mediums. Sporiferous
stages of micromycetes were used for identification.
Samples of the fur of 106 common shrews and 272
individuals of other small mammals (bank vole, masked
shrew and pygmy shrew) were examined. The number
of Petri dishes with presence of a micromycete species
was considered as a positive test (PT) and was used for
statistical analyses. In total, 107 micromycete species
were found on the fur of common shrews (846 PT), 158
from the fur of all species studied (5726 PT) and 119
(1914 PT) from soil in the same habitats. Seventy-
seven species of micromycetes were isolated exclusive-
ly from fur. Temporal monitoring of fungi on the fur
showed that it changed significantly within a month.
Correlations (r) between subsequent months ranged
from 0.53 to 0.60 while over a month correlations could
be as low as 0.06 to 0.28. The fungal composition on
the fur of common shrews was more closely correlated
to that observed on bank voles (#=0.73) than that ob-
served on masked shrews (0.54) and pygmy shrews
(0.47). 1t was found that micromycetes both on the fur
and in the soil differed less in geographically close
habitats compared to those in similar but remote habi-
tats. In the common shrew the correlation of micro-
mycetes diminished with distance between areas sam-
pled. The correlation between the composition of fun-
gal spores on the fur of common shrews sampled from
pine and spruce habitats at 300-m distance in one forest
site equalled 0.98, in another forest at 500-m distance =
0.52; between spruce and alder at 1 km distance = 0.08.
This correlation abruptly became negative at the zone
of contact of neighbouring populations, reflecting re-
stricted mobility of individuals. In homogeneous alder
habitat at a distance of about 200 m, =-0.20.

The first results of this study suggests that: 1) com-
mon shrews (together with the other small mammals)
play a rather important role in the ecosystem, greater
than expected on the basis of'its role in the food web; 2)
the composition of fungal spores on the fur could be

used as a measure of temporal and geographical simi-
larity of samples; 3) the composition of micromycete
spores could be used to study ecological niches; 4) the
composition of spores on the fur could be used as a
natural marker for studying dispersal.

This study was supported in part by grants of RFBR
04-04-48733 and INTAS 03-51-4030.

Fennoscandian phylogeography of
the common shrew (Sorex araneus).
Postglacial recolonisation —
combining information from
chromosomal variation with
mitochondrial DNA data

A.-C. Andersson, C. Alstrom-Rapaport
& H. Tegelstrém

Program in Evolutionary Functional Genomics, Depart-
ment of Evolution, Genomics and Systematics, EBC, Uppsa-
la University, Uppsala, Sweden

When the ice retreated after the Last Glacial Maxi-
mum, Fennoscandia was primarily recolonised by two
routes, from the south via land bridges and from north-
east through prehistoric Finland. In several mammal
taxa the bi-directional recolonisation resulted in sec-
ondary contact between evolutionary differentiated lin-
eages, in northern Sweden. The location of these zones
coincides with a contact zone between two chromo-
some races of the common shrew, Sorex araneus. These
races have very differentiated karyotypes, and belong
to the North and West European karyotypic groups
(NEKG and WEKG).

We found no mitochondrial DNA (mtDNA) varia-
tion between these two karyotypic groups in Sweden.
MtDNA variation suggests that most haplotypes arose
in situ and that the populations have undergone a rapid
size expansion. Genetic variation is as large between
populations within a race as between populations among
the races or karyotypic groups. A noticeable exception
is the Oland race, which shows higher mtDNA diversity
compared to the other Swedish races. The high diversi-
ty of the Oland race is difficult to explain as cyto-
chrome b variation suggests that the Oland race most
likely evolved from mainland Swedish races. Further-
more, we also find significant mtDNA structure in Fen-
noscandia, but discordant with the chromosomal group-
ings. Common shrews from south Finland belong to a
different evolutionary mtDNA lineage from other Fen-
noscandian shrews, thus the evolutionary history of
south Finland might be different from remaining Fen-
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noscandian regions which seem to share a common
evolutionary history.

MtDNA variation suggests that the evolution of
karyotypic groups appear to be more recent than previ-
ously proposed. However, by combining mtDNA data
with existing karyotypic information we suggest that
the Northern and Western groups recolonised Fennos-
candia via the two different routes.

Effects of genetic drift and selection
on the Drnholec/Biatowieza hybrid
zone of the common shrew:
morphometric study

A. Banaszek, K.A. Jadwiszczak
& M. Ratkiewicz

Institute of Biology, University of Bialystok, 15-950 Bialystok,
Poland

Morphometric differentiation of shrews from the
Dn/Bi hybrid zone was examined by the use of 19
cranial and skeletal measurements described by Polya-
kov et al. (2002). Two sets of immature shrews were
used for this study: 29 shrews of known karyotype — for
morphometric analysis related to karyotype and 42 un-
karyotyped shrews — for analysis related to habitat.

The shrews collected in different parts of the hybrid
zone did not show any morphological differentiation in
spite of habitat differences in the area studied. As the
morphology of shrews is strongly influenced by habitat
conditions, it suggests that populations in this hybrid
zone are not stable, i.e. there is not enough time to
diverge morphologically due to habitat conditions.

The shrews of three karyotypic classes —Biatowicza
race, Drnholec race and hybrids did not differ signifi-
cantly in any single measurement. However, discrimi-
nant analysis revealed a rather clear grouping of the
karyotypic classes.

The observed slight differentiation is similar to that
acquired in other genetic studies in this hybrid zone and
suggests the same conclusion. The races Bi and Dn
were not differentiated except chromosomally when
they met. However, from the time of contact the re-
stricted gene flow in the hybrid zone has resulted in the
accumulation of slight genetic differences including
morphology.
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Mitochondrial and nuclear DNA
variability of the East European and
Siberian chromosome races of the

common shrew Sorex araneus L.

A. Bannikova', N. Bulatova?, V. LebedeVv?
& D. Kramerov?

'Moscow State University, Moscow, Russia; > A.N. Severtsov
Institute of Ecology and Evolution, Russian Academy of
Sciences, Moscow, Russia, *Enhelhardt Institute of Molecu-
lar Biology, Russian Academy of Sciences, Moscow, Russia

Mitochondrial DNA and microsatellite studies initi-
ated in response to the discovery of remarkable chro-
mosome variation in the common shrew mainly deal
with chromosome races of West Europe while the East
European and Siberian parts of the range of the com-
mon shrew remain unexplored. The objective of this
study was to examine the genetic differentiation among
populations of common shrew of European Russia and
Siberia using mitochondrial cyt » and nuclear DNA
regions flanked by short interspersed elements (inter-
SINE-PCR). For mtDNA data NJ and MP network
analyses were performed. The IS-PCR data were analy-
sed using UPGMA, NJ and multidimensional scaling
(MDS). The analysis of the 16 haplotypes found by us
for European Russia and Siberia and >15 haplotypes
from Western Europe retrieved from GenBank revealed
no well-supported groupings which could correspond
to geographic populations or races. However, the spec-
imens from Kemerovo region, the Yenisey valley, and
the Baikal region showed some weak tendency for
separation from the majority of shrews from West Eu-
rope and European Russia. The average level of diver-
gence between haplotypes was relatively low being
about 0.4% for intra- and 0.65 % for interpopulation
comparisons. Such a pattern of cyt b variation based on
haplotype data from most of the species range is consis-
tent with the hypothesis postulating the existence of a
single ancestral population surviving the last glacial
cycle in a refugium in Europe and rapid recolonisation
during the last 10-20 000 years. In this case most of the
contemporary races must have originated in the Ho-
locene. The division between common shrews of Euro-
pean Russia and Siberia may have occurred not earlier
than in some late Wurmian interstadial.

In contrast to the cyt b data, the IS-PCR fingerprints
reveal some evident pattern of geographical variation.
NJ and UPGMA analyses as well as the results of MDS
clearly show the division of all examined common
shrews of European Russia and Siberia into two main
groups, the first one comprising specimens of the Mos-
cow, Seliger and Manturovo races, the second consist-
ing of the Yenisey and Kemerovo samples. The Neroosa
race is closely related to the European group while
Pechora specimens of the Serov chromosome race ap-
pear to be close to the Siberian group. The specimens of
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the Sok race demonstrate no clear affinity to either of
the large groups and, hence, might represent a separate
cluster. The relationship between the Seliger and Mos-
cow races is of particular interest due to a reduced
observed level of hybridisation in the zone of sympatry.
The cluster comprising the Moscow race specimens
from the contact zone tend to join the Seliger race
cluster rather than other Moscow race representatives.
This pattern suggests the existence of gene flow be-
tween sympatric populations of the two races.

The work was supported in part by the Russian
Foundation for Basic Research (05-04-49240a) and
INTAS (03-51-4030).

Chromosomal rearrangements and
gene flow in the Sorex araneus group

P. Basset, G. Yannic & J. Hausser

Department of Ecology and Evolution, University of Lau-
sanne, 1015 Lausanne, Switzerland

The species and races of the Sorex araneus group of
shrews exhibit a huge range of chromosome polymor-
phism. European species and chromosome races of this
group are parapatric and exhibit contact or hybrid zones
showing an extraordinary variety of situations, from
absolute genetic isolation to almost free gene flow. This
variety seems to depend for a large part on the chromo-
some composition of populations, which are primarily
differentiated by various Robertsonian fusions of the
same acrocentric chromosomes. Various data suggest
that chromosomal rearrangements severely impede re-
combination in heterokaryotypes. In such circumstanc-
es, gene flow should be more restricted for markers
housed on chromosomes involved in rearrangements
than on chromosomes identical in both parent species.

In the present study we address the possibility of
such a differentiated gene flow in the Sorex araneus
group.

This work was supported by the Swiss NSF (grant
No. 3100-05943), a Vaud Academic Society grant (Swit-
zerland) to P.B. and an Agassiz Fondation grant (Swit-
zerland) to P.B.

Karyotypic versus genetic structure in
the Sorex araneus group

P. Basset, G. Yannic & J. Hausser

Department of Ecology and Evolution, University of Lau-
sanne, 1015 Lausanne, Switzerland

Identification of the morphologically very similar
sibling species of the Sorex araneus group is of primary
interest for the localisation of unknown hybrid zones.
Different techniques based on karyotype, morphology,
biochemistry and diagnostic genetic markers have been
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developed to identify individuals from this group but
all have drawbacks. Recently, numerous assignment
methods based on assignation of individuals to a genet-
ic sample have been developed and seemed especially
effective. However, before using these techniques to
allocate unknown samples to taxa, it is necessary to
check the good agreement between genetic and taxo-
nomic structure. This last point should not be underesti-
mated in the Sorex araneus group as the genetic rela-
tions among taxa are not straightforward and no real
trials have been done to link genetic and karyotypic
structure at a larger scale than the hybrid zone. In this
study, we explore this issue in the context of the species
and chromosome races of the Sorex araneus group in
western Alps.

This work was supported by the Swiss NSF (grant
No3100-05943), a Vaud Academic Society grant (Swit-
zerland) to P.B. and an Agassiz Fondation grant (Swit-
zerland) to P.B.

Pattern of meiotic recombination in
interracial hybrids of the common
shrew

N. Belonogova & T. Karamysheva

Institute of Cytology and Genetics, Siberian Branch of the
Russian Academy of Sciences, Novosibirsk 630090, Russia

The Novosibirsk and Tomsk chromosome races of
common shrew display a narrow hybrid zone close to
Novosibirsk. The hybrids are complex Robertsonian
heterozygotes that form a chain-of-nine configuration
at meiosis I. A simple Robertsonian polymorphism for
qr, mp, and go chromosomes is also observed in this
area. To estimate the gene flow between the races it is
essential to assess how meiotic recombination is affect-
ed by these chromosomal rearrangements.

We analysed 260 pachytene cells from specimens
of the Novosibirsk and Tomsk chromosome races and
their hybrids. Using immunofluorescent detection of
the recombination complex protein, MLH1, followed
by FISH with arm specific DNA probes, we localised
precisely the positions of crossover events on spread
synaptonemal complexes. This allowed us to generate
exchange distribution diagrams (recombination patterns)
for all recognisable chromosomal arms including m, o,
D, g, v that were present either as acrocentrics or meta-
centrics. The analysis revealed an increased exchange
frequency near the centromeres in acrocentric chromo-
somes o, p, g, r when compared with the same arms
involved in metacentrics mp, qr and go. The pattern of
recombination in ¢/r trivalents was skewed towards the
telomeres, but the overall recombination rate was high-
er than in ¢r metacentric bivalents. The results are
discussed in view of the possible effect of the rear-
rangements on the divergence of chromosome races of
the common shrew.
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This work was supported by INTAS 03-51-4030,
RFBR 04-04-48024, RAS Research Programs “Bio-
sphere Origin and Evolution” and “Dynamics of Ge-
nomes of Plants and Animals”.

Chromosome evolution in the
Insectivora

L. Biltueva, N. Vorobieva, P. Perelman
& A.S. Graphodatsky

Institute of Cytology and Genetics, Siberian Branch of the
Russian Academy of Sciences, Novosibirsk 630090, Russia

We used GTG-banding and comparative chromo-
some painting to identify regions of chromosomal ho-
mology in fourteen species from four genera: Sorex,
Crocidura, Suncus and Talpa. Karyotypes with 2n val-
ues within the limits from 20 to 64 were considered.
The set of conservative segments and their rearrange-
ments in the investigated karyotypes were revealed.
This approach provides a basis for reconstructing the
ancestral insectivoran karyotype.

Here we confirm that tandem and centric fusions
play a fundamental role in the chromosome evolution
of the order Insectivora. Different types of tandem
fusions provide morphological distinction in karyo-
types of closely related species such as Sorex minutus
and Sorex caecutiens with the same value 2n=42. Ac-
cording to our data, the putative ancestral insectivoran
karyotype is composed of 33 conservative autosomal
segments.

Acknowledgements: We thank Dr Vitaly T. Vo-
lobouev for cell suspensions of some species and also
we are grateful to Dr F. Yang for painting probes. The
study was supported by INTAS grant 01-2163.

Craniological characteristics of Sorex
araneus of two chromosomal races in
Northeastern European Russia

A.V. Bobretsov, E.A. Poroshin
& I.F. Kupriyanova

Pechora-Ilychskii Nature Reserve, Institute of Biology of
Komi Scientific Centre, Russia

The morphometrics of common shrews of the Man-
turovo and Serov chromosomal races from six locali-
ties in Northeastern European Russia were studied us-
ing 27 craniological parameters (553 skulls of yearlings
were measured). Three series of skulls from lowland
(61.82° N, 56.83° E), submountain (62.07° N, 58.46°
E) and highland (62.11° N, 59.08° E) areas of the
Pechoro-Ilychskii Nature Reserve could be assigned to
the Serov chromosomal race. Another three series have
been collected in the Kotlas region of the Archangelsk
Province (61.25° N, 46.96° E), and in the Priluzskiy
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(60.64° N, 48.67° E) and Kortekerosskiy (61.82° N,
51.85° E) regions of the Komi Republic, which repre-
sent the Manturovo race. Cluster analysis on the basis
of Mahalanobis distances revealed clear differences
between these races. The most significant contribution
in the discrimination can be attributed to the lower jaw
length (LJL) and rostrum breadths (RB). Those were
maximal in the Serov race. The LIL in the Serov races
was 10.29+0.01 mm versus 9.83+0.01 mm for the Man-
turovo race. The representatives of a given race from
various landscapes differed by condylobasal skull length
(CSL) and by facial length (FL). Thus for example CSL
in lowland populations of the Serov chromosomal race
averaged 19.7140.03 mm, and for highland populations
it was 19.99+0.03 mm (p<0.001). The same differential
was found for other skull characters: the height of the
skull, interorbital breadth and RB. And so, highland
populations of the Serov race possess morphological
characteristics distinctive from lowland populations,
whereas representatives of the Manturovo race differed
to a lesser degree and formed a more compact group
under cluster analyses.

Molecular cytogenetics of
chromosome pairing and
recombination in the common shrew

P. Borodin, T. Karamysheva, N. Belonogova,
M. Rodionova, A. Polyakov & N. Rubtsov

Institute of Cytology and Genetics, Siberian Branch of the
Russian Academy of Sciences, Novosibirsk 630090, Russia

Chromosome pairing and recombination at meiosis
involves scheduled formation and repair of double-
strand breaks of DNA. There are two proteins that play
a crucial role in these processes: Rad51 — the eukaryot-
ic homologue of bacterial RecA protein, and MLHI,
the protein involved in mismatch repair. Rad51 has
been shown to bind double strand breaks. The distribu-
tion of MLH1 foci in human, mouse and chicken gono-
cytes has been shown to mark crossing-over events.
The extended length of pachytene SCs, as compared to
more condensed diplotene-metaphase I bivalents, makes
mapping crossover events and interference distances
using MLHI1 foci more accurate than using chiasmata.

We used antibodies against these proteins and SCP3,
the main component of the lateral elements of synap-
tonemal complex (SC), to examine the temporal and
spatial distribution of Rad51 and MLH1 in the sperma-
tocytes of the common shrew. SCs were identified by
their relative size and arm ratio.

We found that hundreds of Rad51 foci appeared at
leptotene. At the beginning of zygotene their close
association with axial elements of meiotic chromo-
somes became apparent. From early to late zygotene
the number of Rad51 foci gradually decreased. At
pachytene we observed a very small number of foci.
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These were distributed irregularly along the autosomal
SCs. We detected a prevalence of Rad51 signals on arm
d at early pachytene and on arm e at late pachytene.

The MLHI1 foci in the common shrew were found to
occur at early pachytene and remained visible until late
pachytene. They showed a very regular distribution
pattern along the arms of bivalents and multivalents,
similar to the chiasma distribution at diakinesis-
metaphase [. We assessed the general pattern of recom-
bination in the common shrew (dependence of MLH1
focus number on SC length, interference between neigh-
bouring foci within the same arm and across the cen-
tromere) and arm-specific patterns of MLH1 distribu-
tion. We compared these parameters in homozygous
and heterozygous specimens of the Novosibirsk and
Tomsk chromosome races and their hybrids and found
significant differences between them. We discuss im-
plications of these findings in relation to genetic ex-
change between the chromosome races.

This work was supported by INTAS 03-51-4030,
RFBR 04-04-48024, Research Programs of RAS “Bio-
sphere Origin and Evolution” and “Dynamics of Ge-
nomes of Plants and Animals”.

Analysis of hybrid fitness in the
Tomsk and Novosibirsk chromosome
races of the common shrew by means

of chromosome qr variability

M. Bukina, P. Borodin & A. Polyakov

Institute of Cytology and Genetics, Siberian Branch of the
Russian Academy of Sciences, Novosibirsk 630090, Russia

The Novosibirsk and Tomsk chromosome races of
the common shrew form a hybrid zone in West Siberia.
In addition to the chromosomes that combine within a
“chain of nine” at meiosis in hybrids (go, hn, ik, mp —
Novosibirsk complement and gk, hi, mn, o, p — Tomsk
complement) these two races are distinguished by chro-
mosome gr that occurs as a metacentric morph in the
Novosibirsk race and in a telocentric state in the Tomsk
race. In comparison with the “chain of nine”, the simple
trivalent gr/g, r should hardly affect the fitness of hy-
brids. If this is true, the pattern of transmission of
variants of chromosome g7 through the hybrids may
help to evaluate the level of hybrid unfitness. The
karyotypes of 124 shrews from the area of the hybrid
zone were studied for association of the ¢r or ¢, r
variants with chromosomes of the Novosibirsk and/or
Tomsk chain complex. It was found that the Novosibir-
sk chain chromosomes more frequently combine with
the Novosibirsk variant of chromosome gr and likewise
with the Tomsk chain chromosomes and Tomsk variant
q, r. This observation suggests that transmission of
chromosome gr through the hybrids is depressed. Mech-
anisms of this depression will be discussed from the
point of view of hybrid fitness.

J.B. Searle, J. Hausser, J. Zima et al.

This work was supported by INTAS 03-51-4030,
RFBR 04-04-48024, Research Programs of RAS “Bio-
sphere Origin and Evolution” and “Dynamics of Ge-
nomes of Plants and Animals”.

Sequencing Sorex araneus:
implications of a low coverage (2x)
genome

J. Chang, S. Gnerre, C. Wade, M. Clamp
& K. Lindblad-Toh

The Broad Institute of MIT and Harvard, 320 Charles Street,
Cambridge, MA 02141, USA

With the recent completion of a high-quality se-
quence of the human genome, the challenge is now to
understand the functional elements that it encodes. Com-
parative genomic analysis offers a powerful approach
for finding such elements by identifying sequences that
have been highly conserved during evolution. We pro-
posed an initial strategy for detecting such regions by
generating low-redundancy sequence from a collection
of 16 eutherian mammals, beyond the seven for which
genome sequence data are already available. These 16
eutherian mammals were divided into two sets of eight
mammals, with the first set receiving NHGRI funding
last August. Sequence is now available for four of these
mammals and all eight will be sequenced to two-fold
redundancy by September of this year. We show that
such sequence can be accurately aligned to the human
genome and used to identify most of the highly con-
served regions. While not a long-term substitute for
generating high-quality genomic sequences from many
mammalian species, this strategy represents a practical
initial approach for rapidly annotating the most evolu-
tionarily conserved sequences in the human genome,
providing a key resource for the systematic study of
human genome function.

The first set of mammals to be sequenced for this
initiative, in chronological order, include: African sa-
vannah elephant, nine-banded armadillo, inbred New
Zealand white rabbit, lesser hedgehog tenrec, inbred
strain 2N guinea pig, common shrew, European hedge-
hog and domestic cat. Using the results from elephant
and armadillo, we will discuss what to expect from the
2x common shrew assembly available later this year.
While the goal of the sequencing is rather human cen-
tric, a vast amount of information will be available
about the common shrew, its gene content and relation-
ship to other mammals as well as a significant resource
of SNPs for phylogenetic analysis.

To optimise the properties of the genome assembly,
we wished to select the best DNA donor available.
Because one of the critical factors in whole genome
assembly is the heterozygosity of the individual se-
quenced, we tested eight common shrews from five
different Scottish islands to determine the heterozygos-
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ity level within individual shrews. Heterozygosity test-
ing results for Sorex araneus will be presented and the
expectations and limitations of a low-coverage (2x)
genome assembly will be discussed.

Parental care in the common shrew,
Sorex araneus L.

T. Demidova, V. Oleinichenko
& N. Shchipanov

A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow 119071, Russia

Time budgets, maternal behaviour and mating were
studied in common shrews, using three over-wintered
females and four over-wintered males. The females
were caught pregnant in the wild and they produced
their litters in enclosures. Females with litters were
maintained in two-section outdoor enclosures, and males
in one-section outdoor enclosures. The enclosures of
males were linked to female enclosures through an
additional one-section enclosure just after parturition.
No copulation was observed. In the first two days after
parturition, females spent almost all their time with
their pups. On the 2™ day after parturition, females built
their own separate nests and from that time periodically
abandoned their litters for a long time. Overall, their
activity included eating, moving around the enclosure,
caring and feeding pups, and guarding an area. From
the 10" day until the end of the experiment, the enclo-
sures of the males were linked with those of the females
and litters. The total time spent feeding was similar
among females, but they differed in their periodicity of
caring for pups. For example, one female visited her
young frequently, another female much less so. The
first female was more careful towards her pups but did
not defend an area beyond several centimetres around
the pup’s nest. The second female was not a careful
mother and she guarded the whole enclosure including
the intermediate section and attacked males even in his
section. Those attacks were so effective that we had to
change the male. Pups were born blind, naked and with
toes joined together. On the 11™ day the toes separated,
on the 18" day the eyes opened, and on the 26" day
autonomous eating was observed. The first copulation
of a yearling female was seen on the 40" day and after
the 60" day all yearling females were found to be
pregnant. Given that the litters were maintained in com-
mon enclosures, we can conclude that the maturation of
yearling females was not suppressed by social interac-
tions between mother and siblings.

This study was supported in part by grants of RFBR
(05-04-49355) and INTAS 03-51-4030.
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Annual variability of the skeleton of
the common shrew (Sorex araneus)
from the hybrid zone between the
Novosibirsk and Tomsk chromosome
races

V.B. llyashenko & S.S. Onitschenko

Department of Biology, Kemerovo State University, Kemerovo
650043, Russia

A significant difference for a series of morphomet-
ric traits between shrews of the Tomsk and Novosibirsk
chromosome races in the zone of their hybridisation has
been described earlier (Polyakov et al., 2002). In this
report we analyse year by year variation of the same
traits in the shrews from the hybrid zone and from pure
race populations during 1998-2004. Altogether we ex-
amined more than 1500 skeletons of shrews from the
Novosibirsk race (Akademgorodok), Tomsk race (Te-
letskoye Lake and the middle stream of the Tom River)
and the hybrids of these two races. Patterns of year by
year changes were found to be similar in populations of
the same race but different between the races. Skeletons
of hybrids were more variable in comparison with pa-
rental forms. In 2000 they revealed more similarity with
the Novosibirsk race, while in 2004 — with the Tomsk
race. The difference between shrews of the Novosibirsk
and Tomsk races from the area of the hybrid zone was
maximal in 1998-2000. Such dynamics can be ex-
plained by different reactions of shrews from different
races to adverse climatic conditions.

In this analysis we have found that interracial differ-
ence was well preserved in this period and was not
confounded by annual and/or seasonal variability.

The validity of using samples collected in different
years for investigation of morphological divergence
between shrews from different chromosome races will
be discussed.

Effects of genetic drift and selection
in the Drnholec/Biatowieza hybrid
zone of the common shrew: molecular
and morphological studies

K.A. Jadwiszczak, A. Banaszek
& M. Ratkiewicz

Institute of Biology, University of Bialystok, 15-950 Bialystok,
Poland

The Drnholec/Biatowieza hybrid zone, localised in
eastern Poland, is the most narrow described in the
common shrew so far. Potential genetic differentiation
between the Dn (specific metacentrics i, ko, gm, nr)
and Bi (hn, ki, gr, mp) races may result from differenti-
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ation of these races in separate glacial refugia or it may
be a consequence of reduced gene flow due to selection
acting against hybrids forming 10-element chain con-
figurations at meiosis I.

In order to give a detailed decription of genetic
differentiation between the Dn and Bi races we used
both molecular markers (seven autosomal microsatel-
lites, a Y-linked microsatellite and allozymes) and mor-
phological measurements.

Analysis of molecular variance (AMOVA) showed
little differentiation between the chromosome races for
autosomal microsatellites (F_,=0.00169, p>0.05), a Y-
linked locus (F_=0.00000, p>0.05; R_..=0.00698,
p>0.05) and for allozymes (F .,=0.01052,p<0.05). Nine-
teen cranial and skeletal measurements did not reveal
significant differences between the Dn and Bi races,
either. We suppose that a lack of molecular and mor-
phological differentiation between the races results from
a common glacial history.

Allozyme analysis showed that populations situated
in the centre of the Dn/Bi hybrid zone were unstable
and they were characterised by low N /N ratio (0.2-
0.6). Next, analysis of microsatellites indicated that
these populations experienced a bottleneck. Hence, it
seems that any genetic differentiation between the Dn
and Bi races resulting from a strong selection pressure
against hybrids is obliterated by genetic drift caused by
habitat instability.

The study was partially supported by the State Com-
mittee for Scientific Research (grant KBN No. PO4C
043 22).

The Oxford-Hermitage hybrid zone

R.M. Jones & J.B. Searle

Department of Biology, University of York, PO Box 373,
York YO10 5YW, UK

There are several chromosome races of common
shrew (Sorex araneus) in Britain characterised by dif-
ferent combinations of metacentrics and acrocentrics
composed of the chromosome arms %, n, o, p, ¢, r. In
this talk we define the Oxford race as characterised by
metacentrics kg and no and the Hermitage race by
metacentric ko and acrocentrics n and ¢g. The chromo-
some arms p and » may occur in either a metacentric or
acrocentric state. The Oxford and Hermitage races make
contact in southern Britain and form a hybrid zone.
Although this hybrid zone was already unknowingly
described in the 1950s and was partially characterised
in the 1980s, we present here the first description of the
complete length of the hybrid zone, which runs 300 km
from the Thames estuary westwards to the Severn estu-
ary northwards to the Mersey estuary. A total of 1621
individuals from 210 sample localities have been kary-
otyped from the vicinity of this hybrid zone, making it
one of the best characterised chromosomal hybrid zones.
The hybrid zone can be described in terms of the clines
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of frequency change in each of the metacentrics in-
volved in the zone (kgq, no, ko). The standardised cline
widths for the Oxford race metacentrics kg and no are
similar to each other (24 and 25 km) and greater than
the cline width for ko (19 km). Along the whole length
of the zone the Oxford race metacentrics have coinci-
dent clines which are staggered from the Hermitage
race cline by 23 km on average. The cline centres of the
metacentrics are in some cases localised at rivers or
high ground. The roles of selection in generating these
various characteristics of the Oxford-Hermitage hybrid
zone are discussed.

We acknowledge support from NERC and INTAS
03-51-4030.

Seasonal population dynamics in the
common shrew Sorex araneus
(Moscow race) in the southeast of the
Tverskaya area

A. Kalinin, V. Oleinichenko, T. Demidova
& N. Shchipanov

A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow 119071, Russia

Data on 1181 Sorex araneus (4895 recaptures) ob-
tained in the course of 10 years of monitoring are
discussed. We distinguished three gradations of maxi-
mal population density: peak years =43.5+3.6, ordinary
years = 9.5+£2.2, and 2.140.7 ind/ha under depression.
The first young shrews were found on June 2. The
numbers reached a maximum at the end of July in the
years of peak numbers. In the years of ordinary num-
bers the maximum was observed at the end of August —
early September. In the years of depression the maxi-
mum occurred at the end of September — October. The
most substantial autumn decrease was found in the
years of peak and ordinary population density. In all the
years the numbers decreased in the late autumn to a
value similar to the early spring numbers. The decrease
in numbers through winter was low. Spring numbers
was similar for all years while snow cover remained.
The number of over-wintered individuals diminished
substantially after the snow thawed, at a time when
sexual maturation occurred simultaneously with moult.
Maturation in females started a bit later and those
individuals became mature only at the end of April. The
number of adult females just after wintering in all the
years was similar (3.4+1.3 per 100 traps). In the peak
years and in the years of regular population density the
number of adult females in summer was almost identi-
cal (2.3+1.2 versus 2.3+0.8 per 100 traps). Under de-
pression this was lower (0.8+0.4). A positive correla-
tion of numbers in a given year and the summer num-
bers of over-wintered females (=0.83, p<0.05) was
found. First mature yearling females were found at the
end of June. No mature males in their first calendar year
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were found. Five percent of yearlings marked in June,
6% in July, and 8% from those marked in August were
found in the next calendar year. The last pregnant
females were found at the end of August. The longest
life span for marked individuals was 14 months.

This study was supported in part by grants of RFBR
(01-04-48412,05-04-49355) and INTAS (03-51-4030).

Nonresident activity and dispersal in
the common shrew, Sorex araneus L.,
with regard to the Moscow
chromosome race

A.V. Kouptsov & N.A. Shchipanov

A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow 119071, Russia

Data on 1756 common shrews (Moscow race)
marked in live-traps (7600 recaptures) and 353 individ-
uals caught in pit-falls modified to be live-pits were
obtained during long-term monitoring in the Southeast-
ern corner of Tverskaya area. Patterns of nonresident
activity such as pre-resident dispersal of yearlings, ex-
cursions, and nomadic activity in mature males were
found. The incidence of these nonresident activities
differed between years. It was found that in the same
area at the same time nonresident individuals fall pri-
marily into live-pits while residents regularly visited
live-traps. The greatest proportion of nonresidents in
the population was observed under population depres-
sion (2.1+0.7 ind/ha) when it was 62.8%, while under
ordinary population density (9.5+2.2 ind/ha) the pro-
portion of nonresidents equalled 41.7%, and under peak
conditions (43.5+3.6 ind/ha) nonresidence was 19.4%.
The maximal capture rate of nonresidents as revealed in
live-pits was found under ordinary density (22 ind/100
live-pits per day) with significantly lower values in
years of population depression (18) and peak (16) den-
sity. Regarding the demography of dispersal, we found
that on average 13.1% and 20.1% of over-wintered
females and males, respectively, dispersed. The de-
mography of nonresidents differed significantly (p<0.01)
between years. In the years of peak population density
the proportion of over-wintered females that dispersed
was 3.7%, under ordinary density this proportion was
9.7% and under depression the proportion equalled
15.9%. The proportion of mature males that dispersed
for those years was 22.2%, 16.8% and 21.4%, respec-
tively. Social activity was tested for 114 shrews in 57
tests. Nonresidents displayed significantly less social
activity compared to residents under conditions of pop-
ulation depression. Under peak population density non-
resident individuals were more socially active. We re-
garded this as evidence of socially motivated dispersal
under peak density.

The study was supported in part by grants of RFBR
(01-04-48412, 05-04-49355) and INTAS (03-51-4030).
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Climatic features of the modern area
of Sorex araneus and the possibility
for species survival in glacial refugia

V.N. Orlov, A.E. Balakirev & N.M. Okulova

A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow 119071, Russia

Common woodland rodents (Clethrionomys glare-
olus and Microtus agrestis) and Sorex sp. have been
found in several regions of Eastern Europe and the Pre-
Urals at the periphery of the glacial area at the maxi-
mum of the Late Valdai (Late Weichselian) glaciation
(Markova et al., 1995; Fadeeva, 2003). Conversely,
such species have not been reported for the southern
part of the Russian Plain (to the south of the Oka River)
in that period.

These observations agree with available data on the
natural processes during the Late Valdai glaciation.
The annual precipitation in the extraglacial area de-
creased to 200 mm (as currently in modern semideserts!),
while precipitation near the ice sheet boundary (West
Dvina basin, Upper Volga basin, and south of the North
Dvina basin) was higher.

In this communication, we consider the possibility
of common shrew survival in glacial refugia. We made
use of the method of “climatic fields” to analyse factors
that limit the distribution of the common shrew. In East
Europe and West Siberia the distribution area of the
common shrew is exposed to an annual precipitation of
250-850 mm and annual mean temperature of -2.3°C to
+7.5°C, but the microclimate depends on the relief. For
example, in Mongolian mountainous forest steppe the
annual precipitation and radiation may vary over wide
limits according to relief.

It may be inferred from the data reviewed that the
common shrew could inhabit some forest isolates at the
periphery of the glacial area at the maximum of the Late
Valdai glaciation.

This study was supported in part by the Russian
Foundation for Basic Research (grant 03-04-48908)
and the Research Program of RAS “Dynamics of Ge-
nomes of Plants and Animals”.

The annual cycle of the common
shrew population in Western Siberia

V. Panov

Institute of Animal Systematics and Ecology, Russian Acad-
emy of Sciences, Novosibirsk 630091, Russia

During 1991-2005 we examined abundance, repro-
duction, sex and age structure of a population of the
common shrew (Sorex araneus) inhabiting a suburb of
Novosibirsk city. Population number was assessed by
capture efficiency of a series of trapping transects. Data
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were plotted monthly. The reproductive season in shrews
begins in the second half of April. Maturation of ani-
mals coincides with a rapid increase of body weight and
size during a short period of time (10-15 days). A
seasonal minimum in population number is observed in
May, after the mating season but before the appearance
of offspring. Then, population number grows continu-
ously until the end of the summer. Overwintering fe-
males produce 2-3 and sometimes 4 litters. Some shrews
born in spring and early summer take part in reproduc-
tion in the year of their birth. This group of animals
makes a considerable contribution (about 30%) to pop-
ulation growth. The reproductive rate gradually de-
creases from the middle of August to the end of Sep-
tember. Population number is at a seasonal maximum at
the end of August and then gradually decreases. The
shrews that survived winter die first. We found none of
them in October. The majority of animals which were
born at the beginning of summer and took part in
reproduction, die before November. After an abrupt
decrease in population number in autumn, it remains at
a relatively stable level during winter and only slightly
decreases to spring. During the winter the population
consists of young animals of small body mass (5-6 g),
and size (60-64 mm).

Microscale analysis of the structure of
the hybrid zone between the
Novosibirsk and Tomsk chromosome
races of the common shrew

A. Polyakov, M. Bukina & P. Borodin

Institute of Cytology and Genetics, Siberian Branch of the
Russian Academy of Sciences, Novosibirsk 630090, Russia

The hybrid zone between the Novosibirsk (go, /n,
ik, mp, qr) and Tomsk (gk, hi, mn, o, p, q, r) chromo-
some races crosses the southern part of West Siberia.
Earlier we reported that the position of this zone coin-
cides with an altitude of 200 metres above sea level and
that there is reduced gene flow between the races. In
this report we are going to discuss the high resolution
analysis of landscape structure within one of the sec-
tions of the hybrid zone under study. It seems that
fragmentation of the forest habitat (where shrews live)
by agricultural fields may decrease migration and thus
generate narrow but important barriers to gene flow.
Abrupt change in the frequencies of race specific chro-
mosomes over distances of 300-400 metres supports
the idea that local landscape structure may influence
the structure of this hybrid zone.

This work was supported by INTAS 03-51-4030,
RFBR 04-04-48024, Research Programs of RAS “Bio-
sphere Origin and Evolution” and “Dynamics of Ge-
nomes of Plants and Animals”.

J.B. Searle, J. Hausser, J. Zima et al.

Effects of genetic drift and selection
in the Drnholec/Biatowieza hybrid
zone of the common shrew: allozyme
study

M. Ratkiewicz, K. Jadwiszczak & A. Banaszek

Institute of Biology, University of Bialystok, 15-950 Bialystok,
Poland

We investigated spatial and temporal aspects of
population genetic structure in the Drnholec/Biatowieza,
or Dn/Bi hybrid zone in Poland.

About 450 individuals from nine populations were
studied using allozyme electrophoresis. Significant
changes in allele frequency data throughout time were
recorded in the centre of the hybrid zone. Some hybrid
populations were genetically unstable and were charac-
terised by a low Ne/N ratio when compared to the other
populations from the hybrid zone. Moreover, the spa-
tial pattern of genetic variation differed among three
temporal samples. We conclude that environmental in-
stability in the centre of the hybrid zone is the most
important factor responsible for changes in the genetic
structure of the Dn/Bi hybrid zone. However, selection
against hybrid individuals may also have an effect on
the observed spatial and temporal patterns in this hy-
brid zone.

Chromosome microdissection,
fluorescent in situ hybridisation and
immunostaining in the cytogenetic
study of the common shrew

N. Rubtsov & T. Karamysheva

Institute of Cytology and Genetics, Siberian Branch of the
Russian Academy of Sciences, Novosibirsk 630090, Russia

For a long time chromosome studies on mammalian
species have been performed with techniques devel-
oped for morphological analysis of mitotic and meiotic
chromosomes, numerous types of banding, and the study
of the synaptonemal complex. A drastic change in cyto-
genetics took place due to the development of new
methods based on fluorescent in situ hybridisation
(FISH), immunostaining, new types of fluorescence
and confocal microscopy, and genetic engineering. Gene
mapping, comparative chromosome analysis, studies
on interphase, mitotic, and meiotic chromosomes and
the architecture of the interphase nucleus as a whole,
were performed as part of the new approach.

The power of new molecular cytogenetic techniques
depends on the availability of DNA-probes, specific
antibodies, cell cultures and general information on the
genome of the species being studied. Numerous DNA-
probes and specific antibodies have been obtained in
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studies on human and mouse cells. Some of them ap-
pear to be suitable for shrew chromosome analysis.
FISH with whole and partial human and mink DNA-
probes were successfully used for detection of the ho-
mology between chromosomes of shrews and other
mammals. Then the whole and partial chromosome
paint probes of Sorex araneus and Sorex granarius
were generated with metaphase chromosome microdis-
section followed by degenerate oligonucleotide-primed
polymerase chain reaction (DOP-PCR). The sets of
chromosome-specific paint probes of Sorex araneus
and Sorex granarius were also obtained by DOP-PCR
from flow-sorted chromosomes.

In spite of the special place in taxonomy provided
by cytogenetical studies, investigation of mitotic and
meiotic chromosomes in Sorex araneus and Sorex gra-
narius plays an important role in modern cytogenetics.
The karyotype of Sorex araneus is composed of almost
identical chromosome arms but includes numerous chro-
mosomal races that differ by the number and composi-
tion of biarmed chromosomes. As a result Sorex ara-
neus provides unique possibilities for analysis of the
influence of chromosome morphology on chromosome
behaviour in meiosis and on nucleus architecture at
interphase. Perspectives from the molecular cytogenet-
ical studies of Sorex araneus and Sorex granarius are
discussed.

RFBR grant support 05-04-48221a is acknowledged.

Ecological mechanisms of range
formation for chromosome races of
common shrews (Sorex araneus L.)

B.l. Sheftel

A.N. Severtsov Institute of Ecology and Evolution, Russian
Academy of Sciences, Moscow 119071, Russia

At the moment, about 70 different chromosome
races of the common shrew (Sorex araneus L.) are
known. We studied the spatial distribution of these
races. It was shown that the size of their ranges varied
substantially. We tried to analyse distinctions in distri-
bution of chromosome races with different range sizes.
We have shown that the races with a small range are
situated most often in the central part of the total distri-
bution of the common shrew, while races with a wide

167

range occupied the Southern and Eastern peripheries of
the common shrew total distribution. We analyse the
role of geographical barriers in the formation of bor-
ders between races. It was shown that large rivers (with
width more than 800 m) practically always served as
race borders. We analysed the ecological conditions of
race borders in places where a visible geographical
barrier was absent. The role of ecological factors in
race border formation is especially important when
hybridisation between races is limited. In such cases
contact zones could only be formed in very rich habi-
tats. The productivity of these areas should be higher
than in neighbouring regions inhabited by only one
race. This is the case with limited hybridisation because
the races behave as two different species. For the sym-
patric co-existence of two very close species additional
resources are necessary.

The INTAS grant support 03-51-4030 is acknowl-
edged.

Hybrid zone evolution in space and
time: the case of the S. antinorii - S.
araneus hybrid zone in the Swiss Alps

G. Yannic, P. Basset & J. Hausser

Department of Ecology and Evolution, University of Lau-
sanne, 1015 Lausanne, Switzerland

After the Pleistocene glaciations, the Alps influ-
enced the post-glacial recolonisation of Europe and
represent a suture zone between differentiated popula-
tions or species. Such a suture zone is now well studied
in the Swiss Alps where two species of the Sorex
araneus group form a hybrid zone. Here we propose an
analysis of the evolution of a hybrid zone in space and
time, ten years after its initial study. By analysing the
distribution of several microsatellites markers and by
using the assignment method, we determine genetically
the taxonomic status of each individual, the localisation
of S. antinorii, S. araneus or sympatric populations, the
hybrid zone centre and finally the level of introgres-
sion. Results are compared with those previously re-
ported.

This work was supported by the Swiss NSF (grant
No. 3100-05943 (PhD of P.B.)) and a Fondation Agas-
siz (Switzerland) grant to G.Y.



