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Abstract. For assessment of individual developmental stability in two species – A. 
uralensis and M. musculus under different ecologic-geographical conditions of the 
Central Caucasus the levels of fluctuating asymmetry of skull phenes expression in 4 
samples for each species were studied. Impact of both anthropogenic pollution and a 
complex of environment conditions concerning locality altitude, was also studied. It is 
revealed that M. musculus as compared with A. uralensis, is characterized by the 
increased level of fluctuating asymmetry suggesting that the impact on M. musculus 
sampling is more smoothed because of the species dwelling in human houses. 
Anthropogenic pollution (pollution by agrocenosis pollutants) is the leading 
destabilization factor of the skull development in both species. In natural ecosystems 
weak positive correlation between the increase of asymmetry level and temperature 
lowering in middle mountains is revealed in M. musculus; positive correlation 
between the increase of asymmetry level and increase of environment humidity is also 
revealed in A. uralensis 
 
Keywords: A. uralensis, M. musculus, non-metric bilateral skull characters, the 
fluctuating asymmetry, correlation and factor analyses, Central Caucasus. 
 

1 Introduction  

Increase in the general anthropogenic load of the environment 
leads to essential change of habitation conditions. In this regard 
studying of the state of populations of the live organisms which 
are under the anthropogenic impact and also the research of 
processes of adaptations is important as live organisms bear the 
maximum information on their habitats. Similar researches are 
especially important in the conditions of mountain territories 
owing to specific conditions and fragility of mountain 
ecosystems. In most regions of the Central Caucasus the 
agricultural transformation of territories connected with use of 
inorganic fertilizers and pesticides acts as the main form of 
anthropogenic activity as dictates need of control of results of 
anthropogenic influence.                                                           

 For assessment of a condition of natural populations the method 
of assessment of stability of development in the size of 
indicators of the fluctuating asymmetry of morphological 
features is widely used (Baranov, 2003). 

 The fluctuating asymmetry is shown in the insignificant not 
directed differences between the parties which have no 
independent adaptive value and don't exert notable impact on 
viability of individuals. Level of the fluctuating asymmetry 
increases at a deviation of parameters of the environment from 
optimum conditions that gives the chance of detection of the 
populations living in the adverse environment. 

The analysis of publications shows that the results received 
when studying influence of stress factors on level of the 
fluctuating asymmetry are contradictory. So according to a 
number of authors this indicator increases at stressful influences 
(Shadrina et al., 2003; Vasilyeva et al., 2003; Yalkovskaya et al., 
2016; Parsons, 1990; Moller, Pomiankowski, 1993; Oleksyk et 
al., 2004; Øxnevad et al., 2002) whereas the similar effect isn't 
found by other researchers (Gileva, Kosareva, 1995; Gileva, 

Nokhrin, 2001; Owen, McBee, 1990; Kellner, Alford, 2003; 
McCoy, Harris, 2003). 

 So,  we have shown comparison of levels of the fluctuating 
asymmetry of craniological measurements at house mice from 
seven localities of Sverdlovsk region with the different level of 
technogenic pollution that any of the studied craniological 
characters from the polluted territories doesn't find growth of the 
fluctuating asymmetry in mice (Gileva, 1997). The analysis of 
not metric signs of a skull of the pygmy wood mouse occupying 
in zones of the East Ural radioactive trace is pointed, on the 
contrary, to increase of the FAnm index at young females of 
impacting samples in comparison with control whereas at adult 
females his decrease is noted. With age in impacting sites 
authors connect decrease in FAnm with more intensive rejection 
of asymmetric animals in zone EURT (Vasilyeva et al., 2003). 

In this regard the research of reaction of two species, widely 
widespread and numerous in Central Caucasus – pygmy wood 
mouse (Apodemus uralensis Pallas, 1811) and the house mouse 
(Mus musculus Linnaeus, 1758) on action as the natural factors 
connected with area height and anthropogenic factors is of 
special interest.Research objective – to compare stability of skull 
development of two species of rodents which are widely 
extended in the Caucasus, one of whom synantropic, a house 
mouse (Mus musculus), the second – the pygmy wood mouse 
(Apodemus uralensis) living under natural conditions middle 
mountains and highlands in anthropogenic and an environment 
of Central Caucasus. 

2 Methodology 

Material by both types gathered at the same time in the same 
years on Central Caucasus Mountains: middle mountains – the 
surrounding item Elbrus (1800 m above sea-level), the foothills 
– the surrounding village of Bedyk (950 m above sea-level), the 
surrounding village of Psynadakha (700 m above sea-level), 
surrounding Nalchik (550 m above sea-level). Vicinities of the 
item Elbrus and Nalchik belong to natural biotopes, and the 
surrounding villages of Bedyk and Psynadakha to anthropogenic 
(a biotope near agrocenosis) (fig. 1). 

 

Fig. 1. Sites of sampling: 1 –environs of Elbrus village; 2 – 
environs of  Bedyk village; 3 – environs of Psynadakha village; 
4 – environs of Nalchik town. 

Some physiographic characteristics of points of origin of 
material are provided in tab. 1. 

 

 

 

- 35 -



A D  A L T A   J O U R N A L  O F  I N T E R D I S C I P L I N A R Y  R E S E A R C H  
 
 

  

Table 1. Some physiographic, climatic characteristics of places 
of origin of material on small forest and house mice on Central 
Caucasus Mountains 

Material origin 
place 

Above sea 
height, m 

Average yearly 
temperature, 

0С 

Average 
annual 

quantity of 
rainfall, mm 

Gamma 
noise, 
μSv/h 

middle mountains (1001-2000 m above sea-level) 
1. Surrounding 

p. Elbrus 1800 3.8 917 0.20 

foothills (200-1000 m above sea-level) 
2. Surrounding 

v. Bedyk 950 7.9 785 0.22 

3. Surrounding 
v. Psynadakha 700 8.6 630 0.17 

4. Surrounding 
c. Nalchik 550 9.6 724 0.17 

 
It is visible that gamma background level in all studied areas low 
(less than 0.5 μSv/h) and in the annex to the person is considered 
as normal, not defiant pathological changes in an organism. 

In work adult animals whose relative age was determined by 
abrasion of molars were used. The volume of the studied 
material was on a small forest mouse –264, and on a house 
mouse – 192 copies of skulls of small animals.  

The most part of the phenes used in work is taken from 
references (Vasilyev, etc., 1996; Sands, Yemelyanov, 2000; 
Vasilyeva, etc., 2003). The latin system of coding of phenes 
developed by I.A. Vasilyeva is assumed as a basis (Vasilyev, 
Vasyleva, 2009).  

Communication of manifestation of phenes with a sex, age, with 
each other estimated on the basis of calculation of nonparametric 
coefficients of correlation of Spirmen then a small part of the 
signs which are strongly correlated with the specified factors was 
excluded from the further analysis (Vasilyev, 2005). By each 
look the analysis was carried out on 33 not metric signs of a 
skull.  

However a part of the signs characteristic of a small forest 
mouse had other condition of sign at a house mouse, coincidence 
is noted on 21 signs from 33. The list of 33 signs is provided in 
fig. 2.  

For assessment of level of the fluctuating asymmetry counted the 
average population index of the fluctuating asymmetry of S.E. as 
an average share of bilateral asymmetric manifestations of the 
hair dryer on sign at different individuals (Zakharov, 1987; 
Markowski, 1993).  

Data processing was carried out by means of the PHEN 3.0 
program (Vasilyev, 1995), by PAST (Hummer et al., 2001) and 
Statistics 10 programs. The importance of differences between 
selections was estimated by means of a method of nonparametric 
statistics of Kraskela-Wallice which is similar to the one-
factorial dispersive analysis (Vasilyev, 2005).  

For identification of influence of factors used the multiple-factor 
dispersive analysis (ANOVA). Existence of communication was 
established with use of the nonparametric correlation analysis 
(Nonparametrics, Gamma). 

 

Fig. 2. An arrangement of phenes of not metric signs on a skull 
of a small forest mouse: 1 – the doubled preorbital opening 
(FPodu); 2 – an additional frontal opening ahead of main 
(FFracan); 3 – lack of a frontal opening (FFracan (-)); 4 – single 
orbital opening (FIO); 5 – single forward opening of a scaly 
bone (FTmacan); 6 – single opening of the temporal course 
(MeTm); 7 – lack of a window on a mastoidal bone (FeMs (-)); 8 
– single hypoglossal opening (FHg); 9 – the trebled hypoglossal 
opening (FHgtr); 10 – side hypoglossal opening (FHgla); 11 – 
forward side maxillary opening (FPmla); 12 – a single opening 
in the basis of a wing-shaped shoot (FPT); 13 – the doubled 
opening in a wing-shaped pole (FRTI); 14 – single additional 
round opening (FPD); 15 – the doubled opening on a partition 
between oval and round openings (FLTIdu); 16 – the trebled 
opening on a partition between oval and round openings 
(FLTItr); 17 – an additional opening in the field of an oval 
opening from the ventral party in a wing-shaped pole (Fasac); 18 
– single additional palatal opening (FPl); 19 – more than three 
openings on a palatal bone ((FPlmx)); 20 – a single small 
opening at the M3 level (FPLmn); 21 – side openings on the 
ventral surface of the main wedge-shaped bone (FBsla); 22 – 
multiple openings on an occipital bone in pole (FFsOc(mx)); 23 
– an additional subchin opening ahead of main (FMTA); 24 – a 
single opening from lingval side of an alveolus of M1 (FMtlg); 
25 – the doubled opening from lingval side of an alveolus of M1 
(FMtlgdu); 26 – a single opening from lingval side of an 
alveolus of Sq.m (FMblg); 27 – the doubled opening from 
lingval side of an alveolus of M3 (FMblgpodu); 28 – the doubled 
opening in the Sq.m area on an internal surface (FPCdu (M2)); 
29 – the doubled additional opening in a wing-shaped pole of the 
lower jaw (in connection-angular cutting) (FMbmst); 30 – more 
than three additional openings in a wing-shaped pole of the 
lower jaw (connection-angular cutting) (FMbmst(mx)); 31 – a 
single opening on "body" of the lower jaw (FOM); 32 – the 
doubled opening on "body" of the lower jaw (FOMdu); 33 – 
more than three openings on "body" of the lower jaw (FOMtr). 

3 Results and Discussion 

The lack of significant sexual distinctions when comparing level 
of the fluctuating asymmetry at both types has allowed uniting 
the corresponding selections of males and females for the further 
analysis. 

For the purpose of identification of trans-species distinctions, 
without imposing of influence of various conditions of dwelling 
comparison is carried out by Kruskal-Wallis test for equal 
medians method of selections of small forest and house mice of 
the same habitats. Comparison has revealed reliable intergroup 
distinctions at multiple comparison (Nanosecond =40.83; d.f. =7; 
p &lt;0.0001).Apparently from the table 2 the range of variation 
of the average level of the fluctuating asymmetry at a forest 
mouse (23.5-28.4) is wider at lower maximum value, than at 
house (27.1-30.2) that is confirmed by variability of coefficient 
of a variation.  
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Table 2. Levels of the fluctuating asymmetry (S.E., %) in populations of small forest and house mice of Central Caucasus Mountains 

Selection N S.E. CV% 
small forest mouse 

1. Surrounding p. Elbrus 122 24.2 ± 0.69 31.6 
2. Surrounding v. Bedyk 54 26.8 ± 1.04 28.6 
3. Surrounding v. Psynadakha 47 28.4 ± 1.41 34.0 
4. Surrounding c. Nalchik 41 23.5 ± 1.62 44.2 

house mouse 
5. Surrounding p. Elbrus 51 30.2±0.85 20.1 
6. Surrounding v. Bedyk 50 26.5±1.02 27.2 
7. Surrounding v. Psynadakha 49 29.6±0.97 23.0 
8. Surrounding c. Nalchik 42 27.1±1.31 31.3 

Note: N – volume of selections, S.E. – a standard mistake, CV, % – variation coefficient 

When comparing selections of the house and forest mice coming 
from the same geographical points taking into account height of 
the area it is revealed that the level of the fluctuating asymmetry 

practically in all selections of house mice above, than at forest, 
however, reliable trans-species distinctions have been found only 
in middle mountains (item Elbrus) (tab. 2, 3).  

Table 3. Assessment of the importance of differences on the level of the fluctuating asymmetry between selections of A. uralensis and M. 
musculus of Central Caucasus Mountains (Tuuki-Kramer's test). The top triangular matrix – values of probabilities of p), and the lower 
triangular matrix – values of the posteriori pair Q-test of Tuuki-Kramer 

Note: Small forest mouse: 1. surrounding item Elbrus, 2. surrounding village of Bedyk, 3. surrounding village of Psynadakha, 4. surrounding 
Nalchik; House mouse: 5. surrounding item Elbrus, 6. surrounding village of Bedyk, 7. surrounding village of Psynadakha, 8. surrounding 
Nalchik. Significance value of intergroup distinctions: * p &lt;0.05; ** p &lt;0.01; *** p &lt;0.001. 

The following stage for realization of a goal has carried out the 
correlation analysis for identification of communication of 
variability of the fluctuating asymmetry with a number of 
physiographic factors of the environment and existence of 
anthropogenic influence (pollution by pesticides) in the 
conditions of agrocenosis. 

Assessment of communication of stability of skull development of 
small forest and house mice with natural and anthropogenic 
factors of the environment. Existence of communication was 
established with use of the nonparametric correlation analysis. 
The fluctuating asymmetry (tab. 2) increases among: at a small 
forest mouse – 1. Nalchik; 2. Elbrus, 3. Bedyk, 4. Psynadakha; at 
a house mouse – 1. Bedyk, 2. Nalchik, 3. Psynadakhaa, 4. 
Elbrus. 

Connection of S.E. with temperature of habitats (tab. 4) is 
established weak correlation for a house mouse, the fluctuating 
asymmetry of a skull of a look is higher in middle mountains, 
i.e. at the difference of heights more than 800 m above sea-level. 

Table 4. Correlation of the fluctuating asymmetry of a skull of 
mouse-like rodents with a habitat temperature in the conditions 
of Central Caucasus Mountains. 

Specie N Gamma - correlation p-level 

House mouse 151 0.39 0.000 

Small forest mouse 96 0.06 0.414 
 
Connection of S.E. with humidity of habitats (tab. 5) is 
established weak correlation only for a forest mouse, the 
fluctuating asymmetry of a skull of a look is higher in the middle 
mountains which are characterized by the maximum humidity 
(tab. 1). 

Table 5. Correlation of the fluctuating asymmetry of a skull of 
mouse-like rodents with humidity of the habitat in the conditions 
of Central Caucasus Mountains. 

Specie N Gamma - correlation p-level 

House mouse 151 0.041 0.452 

Small forest mouse 96 0.25 0.000 
 
Connection of S.E. with anthropogenic loading (pollution by 
pesticides) in places of dwelling (tab. 6) is established for both 
species of rodents. 

Table 6. Correlation of the fluctuating asymmetry of a skull of 
mouse-like rodents from anthropogenic loading (pollution by 
pesticides) in habitats in the Central Caucasus 

 
However at a house mouse correlation of S.E. with an 
anthropogenic factor average while the maximum value of the 
S.E. level is noted under natural conditions (the surrounding 
item Elbrus). At a small forest mouse dependence of stability of 
skull development on existence of anthropogenic loading 
absolute, the asymmetry of a skull is higher in the conditions of 
agrocenosis (the surrounding village of Psynadakha and the item 
Bedyk). 

For specification of the revealed correlation of asymmetry with 
high-rise and anthropogenic factors the two-factor dispersive 
analysis (tab. 7) has been carried out. Significant communication 

Selection 
small forest mouse house mouse 

1 2 3 4 5 6 7 8 
1  ns ns ns *** ns ** ns 
2 2.40  ns ns ns ns ns ns 
3 3.82 1.42  * ns ns ns ns 
4 0.61 3.01 4.43  *** ns *** ns 
5 5.42 3.02 1.61 6.04  ns ns ns 
6 2.06 0.34 1.76 2.68 3.36  ns ns 
7 4.94 2.54 1.12 5.55 0.49 2.87  ns 
8 2.66 0.26 1.16 3.27 2.77 0.59 2.28  

Specie N Gamma - correlation p-level 

House mouse 151 0.48 0.000 

Small forest mouse 96 1.00 0.000 
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of level of the fluctuating asymmetry with a factor 
"anthropogenic influence" whereas "look" and a combination of 
these two factors don't exert significant impact is revealed. 

Table 7. Results of the two-factor dispersive analysis of 
influence of factors "look" and "anthropogenic influence" on the 
S.E. levels of two types 

Factor 
(variability 

source) 

Sum of 
squares 

Number 
of 

freedom 
degree, 

d.f. 

Average 
square 

Fisher 
criteria, 

F 

Importance 
level, 

p 

Specie (А) 250.4 1 250.4 3.2 0.08 
Anthropogenic 
pollution (В) 614.4 1 614.4 7.8 0.006 

Interaction 
(АxВ) 63.4 1 63.4 0.81 0.37 

Intra group 
variability 13743 175 78.5   

General 
variability 14667.9 178    

 
The lack of selection of middle mountains with similar type of 
pollution (pesticides of agrocenosis) hasn't allowed establishing 
influence of this factor on asymmetry of a skull of both types. 
However the dispersive analysis shows that at a forest mouse the 
level of asymmetry is almost identical in the foothills and middle 
mountains at a difference of heights more than 1000 m above 
sea-level (selections Nalchik and the item Elbrus). Distinctions 
at a house mouse from the same two habitats are considerable.  
 
During the carried-out comparative analysis it is revealed that 
significant increase in level of the fluctuating asymmetry under 
the influence of height factor only at a house mouse, and in the 
conditions of anthropogenic pollution – at both types is 
observed. At the same time differences between selections of a 
forest mouse are expressed more brightly, than at house. 
Variability amplitude under the influence of height factor at a 
forest mouse already than at house, and at house opposite 
variability amplitude under the influence of a pollution factor 
already than at forest. 

The obtained data on asymmetry of a skull house and small 
forest mice of Central Caucasus Mountains significantly differ 
from those for Central Russia and South Ural (Vasilyev, etc., 
2000; Vasilyeva, etc., 2003) in a pollution zone radionuclides of 
the territory of the Totsky radioactive trace (TRAS) and the East 
Ural Radioactive Trace (EURT). At the forest mouse living in 
zone VURS increase of the index of the fluctuating asymmetry it 
is noted at young females of a forest mouse (26.02±0.80), with 
age the index of the fluctuating asymmetry decreases and makes 
– 20.86±1.75. At females from control groups the index of the 
fluctuating asymmetry is low and doesn't change with age: 
23.22±0.77 and 23.39±1.32 (Vasilyeva, etc., 2003).  

4 Conclusion 

1. Level of the fluctuating asymmetry at a sinantrop, a house 
mouse, above, than at forest in spite of the fact that spends 
the most part of adverse season in more smoothed 
conditions (temperature, humidity, etc.) in comparison with 
a small forest mouse, and in middle mountains of Central 
Caucasus Mountains at the height of 1500 m above sea-level 
and above a house mouse isn't moved in the nature and all 
the year round lives in the dwelling of the person. Also 
rather low coefficient of a variation at the high level of the 
fluctuating asymmetry attracts attention that indicates 
destabilization of process of individual development of the 
majority of individuals in selections of a house mouse. It is 
possible to assume that the house mouse is to a lesser extent 
subject to action of selection in connection with dwelling in 
more favorable conditions. Possibly, a little smaller values 
of the fluctuating asymmetry in selections of a "wild" forest 
mouse are connected with more intensive rejection of 
"asymmetric" animals. 

2. The most adverse are conditions of middle mountains for 
both types, at the same time for a house mouse as the 
destabilizing factor decrease in temperature in middle 

mountains, and for small forest – increase in humidity 
middle mountains acts. 

3. Pollution by pollutant (use of chemicals in agrocenosis) 
makes an adverse effect on skull development as a 
sinantrop, a house mouse, and "wild living" a small forest 
mouse. 
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