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Developmental stability and phenotypic diversity of the bank vole Clethrionomys 
glareolus Schreber, 1780 were tested in a group of founders collected from natural 
population in Białowieża National Park (Poland) and in a sample taken from the 20th 
generation of a laboratory mass-cross strain derived from these founders. Fluctuating 
asymmetry of 28 skull characters such as the number of foramina were used as a 
measure of developmental stability. Variance of the foramina on the left and right 
sides of the skull for the same characters was used as a measure of phenotypic diver
sity. The data obtained indicate a developmental stability decrease and phenotypic 
diversity increase as a result of inbreeding during 20 generations in the laboratory.
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Introduction

The condition of the laboratory strains has both a fundamental and applied 
interest to detect possible changes in the health and future prospects of their 
survival in captivity. Genetic diversity decreases, resulting from a limited number 
of founders, and inbreeding are the main causes of alteration in a laboratory strain. 
A sensitive index of an organism’s condition is developmental stability. The 
simplest way to test developmental stability level is by fluctuating asymmetry of 
morphological characters. Developmental stability decrease under inbreeding has 
been reported in various studies dealing with different animals (Kat 1982, Leary 
et al. 1983, 1984, 1992, Wayne et al. 1986, Modi et al. 1987, Zakharov et al. 1995).

The aim of this study was to examine changes in developmental stability of a 
strain of the bank vole Clethrionomys glareolus Schreber, 1780 kept during 20 
generations of the laboratory maintenance in the Mammal Research Institute.
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Fig. 1. Cranial characters, as a number of foramina (1-28), examined in the bank vole Clethrionomys 
glareolus. 1 -  foramen praemaxillaris ventralis, 2 -  foramen diastemae, 3 -  foramen basis processus 
zygomaticum, 4 -  foramen palatinae, 5 -  foramen pterygoideum, 6 -  foramen ovale accessorius, 7 -  
foramen ovale accessorius anterior, 8 -  foramen basioccipitale, 9 -  foramen hypoglossum, 10 -  foramen 
hypoglossum accessorius internus, 11 -  foramen hypoglossum intracondylaris, 12 -foram en suprain- 
fraorbitalis, 13 -  foramen supraorbitalis anterior, 14 -  foramen supraorbitalis posterior, 15 -  foramen 
ethmoideum, 16 -  foramen ethmoideum accessory anterior, 17 -  foramen ethmoideum accessory 
posterior, 18 -  foramen squamosum, 19 -  foramen postglenoidale, 20 -  foramen mastoideum, 21 -  
foramen mastoideum accessorius, 22 -  foramen mentale accessorius, 23 -  foramen mentale accessorius 
internus, 24 -  foramen mandibularis pars alveolaris, 25 -  foramen mandibularis pars alveolaris 
posterior, 26 -  foramen basis mandibularis, 27 -  foramen mandibularis masseterica, 28 -  foramen 
processus condylaris.
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Material and methods

Skulls from the Mammal Research Institute, Polish Academy of Sciences (Białowieża, Poland) 
were used. We compared two samples of the bank vole (38 young specimens each): the founders 
collected from the natural population in Białowieża National Park (“generation 0”) and a sample 
taken from the 20th generation of the laboratory strain derived from them (“generation 20”).

Fluctuating asymmetry of 28 skull characters was examined to measure developmental stability 
(Fig. 1). Mean number of foramina was equal in both left and right sides of the skull for 5 characters 
and slightly higher on the left side in 9 characters in “generation 0”, while in “generation 20” it was 
equal for 3 characters and higher on the left side for 10 characters, with significant difference in a 
single character in each direction. As the direction for difference varied for the same characters in 
different samples we conclude that these differences appeared by chance only. As we did not find 
indications of either directional asymmetry or antisymmetry in variation of these characters, the 
difference in foramina numbers on the left and right sides of the skull (1-r) was considered as 
fluctuating asymmetry (Van Valen 1962, Soule 1967, Zakharov 1987, 1989).

All these characters as well as their asymmetries proved to be uncorrelated with each other in 
both samples studied. The coefficient of correlation in all possible paired comparisons (378) of the 
characters reached the statistically significant level in 5 cases for (1+r) and in 3 cases for (1-r) in 
“generation 0”; and in 3 cases for (1+r) as well as for (1-r) in “generation 20”, significant correlation 
values were revealed in each sample for different characters. These single statistically significant 
differences can be regarded as type I statistical error (Vrijenhoek and Lerman 1982, Zakharov 1987, 
1989). Absence of sex differences in analyzed parameters allowed us to compare the total samples.

Variance for (1-r) and for (l-r)/(l+r) were used to measure fluctuating asymmetry (Palmer and 
Strobeck 1986, Zakharov 1987). We used mean number of asymmetrical characters per individual as 
an integrated measure of developmental stability (Leary et al. 1985, Zakharov 1989). Total phenotype 
diversity was measured by variance for (1+r). The non-parametric sign-test was used for the inter
sample comparison of variances for the whole set of characters. An F-test was used for pairwise 
comparisons of the variances and Student’s ¿-test for the intergroup comparison of the mean number 
of asymmetrical characters per individual (Sokal and Rohlf 1981).

Results

Variance for (1-r) was used as the main measure of developmental stability for 
separate characters. It was higher in “generation 20” than in “generation 0” in a 
majority of the characters under study: for 24 of 28 characters with equal values 
for one character (p  < 0.01, sign-test; Table 1). This variance was significantly 
higher (p < 0.05) in “generation 20” for 13 characters and in “generation 0” for 
only 1 character (p  < 0.01, sign-test).

Variance of (l-r)/(l+r) showed the same pattern for intersample difference: it 
was higher in “generation 20” for 19 characters with equal level in both sample 
for 3 characters (p < 0.01, sign-test); it was significantly higher (p < 0.05) in 
“generation 20” for 8 characters and in “generation 0” for only 1 character (p < 0.01).

The mean number of asymmetrical characters was taken as an integrated 
measure of developmental stability. It revealed the same tendency being signifi
cantly higher (p < 0.001) in “generation 20” (13.42 ± 0.44) than in “generation 0” 
(9.26 ± 0.36). Total phenotypic diversity measured by variance for (1+r) proved to
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Table 1. The values of the total phenotypic variance [variance for (1+r)] and fluctuating asynmetry 
[variance for (1-r)] for 28 characters of skull morphology (Fig. 1) in two samples (“generation 0” and 
“generation 20”) of the bank vole Clethrionomys glareolus. Statistical significance (Student’s ¿-test) of 
the differences between two samples is presented as p. The higher value in a paired data conpared 
is underlined.

Number of Variance (1+r) Variance (1-r)
Pcharacter “generation 0” “generation 20”

P
“generation 0” “generation 20”

1 0.92 0.75 ns 0.22 0.49 < 0.01
2 0.98 1.10 ns 0.48 0.67 ns
3 0.65 0.71 ns 0.77 1.04 ns
4 0.77 0.56 ns 0.22 0.34 ns
5 0.73 0.84 ns 0.24 0.35 ns
6 1.45 1.67 ns 0.35 0.79 <0.01
7 0.12 0.25 < 0.05 0.13 0.05 <0.01
8 6.74 3.62 <0.05 0.85 2.48 <0.01
9 2.92 1.97 ns 1.19 2.45 <0.05

10 0.34 0.69 <0.05 0.23 0.34 ns
11 1.05 0.89 ns 0.92 1.10 ns
12 0.05 0.07 ns 0.05 0.07 ns
13 0.36 0.46 ns 0.41 0.39 ns
14 0.84 U A ns 0.56 0.68 ns
15 0.17 0.10 ns 0.07 0.10 ns
16 1.54 1.84 ns 0.17 0.95 <0.01
17 1.36 3.11 <0.01 0.62 1.73 < 0.01
18 0.57 1.20 <0.05 0.30 1.59 <0.01
19 0.93 0.87 ns 0.30 0.39 ns
20 0.47 0.88 <0.05 0.22 0.53 <0.01
21 0.03 0.15 <0.01 0.03 0.15 < 0.01
22 0.05 0.13 <0.01 0.05 0.03 ns
23 2.61 2.06 ns 1.32 2.18 ns
24 4.46 3.45 ns 1.38 2.74 < 0.05
25 0.19 0.36 < 0.05 0.10 0.43 <0.01
26 1.95 2.83 ns 1.11 1.11 ns
27 2.17 5.13 <0.01 1.05 2.12 <0.05
28 7.99 8.58 ns 1.57 4.47 <0.01

be also higher in “generation 20” than in “generation 0” (Table 1): the variance 
was higher for 19 characters in “generation 20” (p < 0.05, sign-test). In 10 
characters showing statistically significant differences (p < 0.05) the variance was 
higher for 9 characters in “generation 20” (p < 0.01). For 15 of 19 characters an 
increase of variance for (1+r) was accompanied by an increase in variance for (1-r) 
(p < 0.01, sign-test). The proportion of variance for (1-r) in variance for (1+r), 
measured by their ratio, proved to be higher in “generation 20” in 18 characters 
with an equal ratio in both samples for 2 characters (p < 0.05).
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Discussion

Decrease in heterozygosity is commonly considered as one of the main cause 
of deterioration of developmental stability. In many cases decline in developmental 
stability level is actually observed under inbreeding (Leary et al. 1992, Zakharov 
et al. 1995), but this is not universal (Fowler and Whitlock 1994, Strunnikov 1994). 
Developmental stability seems to depend on particular alleles with adverse effect 
on an organism’s condition rather then on average heterozygosity as such. This 
could be the explanation for these contradictory results. Whether decline in 
average heterozygosity is accompanied by transformation of these particular loci 
in a homozygous state or not will determine the presence or absence of develop
mental stability disturbance under the inbreeding impact (Zakharov 1987, 1989).

In this study we examined whether there was any decrease in developmental 
stability during 20 generations of laboratory breeding in a strain derived from the 
natural population. The data revealed a decline in developmental stability in 
“generation 20” compared with the founders, “generation 0” for different indices. 
Increased homozygosity can be assumed to be the main reason for the fall in 
developmental stability. While heterozygosity has not been determined in the 
samples compared, there is some evidence for this assumption. In particular, there 
has been a marked decrease heterozygosity in laboratory strain compared from 
the nature population in an electrophoretic study of esterases (Wójcik and Fedyk 
1984).

An increase of total phenotypic diversity is another evidence of change in 
condition under inbreeding (Handford 1980, McAndrew et al. 1982). The probable 
reason for such phenotypic increase in variability with genotypic decrease is the 
high level of developmental noise following deterioration in developmental stability 
(Robertson and Reeve 1952, Rasmuson 1960, King 1961). The results presented 
here show a developmental stability decrease during 20 generations of laboratory 
maintenance. A reduction in genotype diversity as a result of the founder effect, 
genetic drift or inbreeding may lead to changes in an organism’s condition.
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