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Abstract:  Morphological variation of two species of water shrews, Neomys anomalus (N=401) and N. fodiens 
(N=192), from 13 areas in  Bulgaria was studied by taking 66 measurements of skull, mandible and denti-
tion. Univariate and multivariate analyses (Principal Component Analysis, PCA and Canonical Variate 
Analysis, CVA) were used to reveal patterns of variation, trying to separate the effect of physical factors, 
presented by altitudinal gradient, from the effect of the supposedly most important biotic factor, competi-
tion, expressed as character displacement/release. PCA revealed two general groups of characters. The fi rst 
group refl ects the differences between the two species. CVA distinguishes within this group two characters 
strictly related to species differences (the height of the upper incisive and the height of coronoid process) 
and one character (rostral length), affected by altitudinal gradient. The characters in the second group  
refl ect the differences between allopatric  and sympatric populations of N. anomalus. The analysis of inter-
specifi c morphological distances confi rms this interpretation. The obtained results are consistent with the 
hypothesis that N. anomalus has undergone a character release where it is allopatric from N. fodiens.
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Introduction
The distribution of the northern water shrew, 
Neomys fodiens (PENNANT, 1771) and the southern 
water shrew, N. anomalus (CABRERA, 1907) overlaps 
broadly in Europe. Zones of sympatric and syn-
topic co-occurrence are reported from many areas 
(NIETHAMMER 1977, KRYSTUFEK, PETKOVSKI 1989, 
RACZ, DEMETER 1998). Although species identifi ca-
tion based on external characters is relatively easy, 
the discrimination of both species using cranial 
characters meets diffi culties. Several studies have 
differentiated between both species using discrimi-
nant function analysis based on mandibular meas-
urements (BÜHLER 1964, REMPE, BÜHLER 1969). 

However, it was found that because of intraspecifi c 
variation  these functions do not work well in every 
case (PIEPER 1966, SCHMIDT 1969, PIEPER, REICHSTEIN 
1980, REMPE 1982). For instance, it was found that in 
some areas of Europe, including Balkan Peninsula, 
N. anomalus is presented by a large form, showing 
a great overlap in many skull measurements with N. 
fodiens (KRYŠTUFEK, GRIFFITHS 1989).  It was sug-
gested that at least partially the uncertainty in dis-
tinction of  the two species is a result of variability 
caused by the presence or absence of the congeneric 
competitor (RACZ, DEMETER 1998). 

In general, geographical patterns of morpho-




