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Bembidion (Talanes) aspericolle (Germar, 1829) is a Western Palearctic species which lives on the shores of the Atlantic Ocean, 
the Mediterranean, Black and Caspian Seas and saline inland habitats from Central Europe to Central Asia. Anthropogenic impact is 
one of the most important environmental factors affecting the morphological variability of ground beetles. The objective of our 
research is assessment of the morphological variability of this species in three ecosystems differing by intensity of anthropogenic 
impact. 13 linear characteristics, one angular characteristic, density of pores on the prothorax and elytra, contrast of spots on the 
beetles’ elytra were measured, and 6 morphometric indices were calculated. The mean value of body length in females is more than 
in males in the studied populations. In the ecosystem with high anthropogenic pressure, female body length is shorter by 3.7% and 
elytra length is shorter by 6.0% than in females in the ecosystem with low anthropogenic impact. Differences between populations in 
the body length of males are not significant. In the ecosystem with high anthropogenic transformation, sexual dimorphism is 
observed only on head and prothorax width. The ratio of maximum width of elytra to maximum prothorax width decreases 
significantly with increasing anthropogenic load. The impact of anthropogenic factors on the ecosystem produces significant changes 
in elytra length and head width of B. aspericolle and in four of the six morphometric indices. It is reasonable to use these 
morphometric characteristics of B. aspericolle adults in bioindication. The complex of anthropogenic factors does not have a 
significant impact on the value of anterior and posterior angles of prothorax, density of prothorax and elytra puncturing and contrast 
of the light spots at the top of the elytra. The sex of the specimen influences all linear characteristics. The absence of significant 
differences in morphometric indices between males and females shows that the body proportions of the beetles remain unchanged 
and only linear dimensions vary. Research on the morphological variability of B. aspericolle is important for understanding 
microevolutionary processes in populations of beetles under anthropogenically induced changes in the environment.  

Keywords: population variability; sexual dimorphism; morphometrics; riparian beetles.  

Introduction  
 

Selye (1976) defined stress as a set of reactions of an organism 
which are caused by any strong, super-strong and extreme effects and 
are accompanied by restructuring of the organism adaptive systems. 
There are three stages of response of an organism (Selye, 1982) to the 
stress effect, the so-called «Selye triad»: 1) stage of alarm – there is a 
mobilization of adaptive processes in the organism; 2) stage of resistance – 
increased resistance of the organism to stress is established; 3) stage of 
exhaustion – if the stress effect is too strong and prolonged, the adaptation 
mechanisms of the organism may be exhausted and resistance will 
decrease. The duration and characteristics of the course of each stage 
depend on many factors: the type of organism, its physiological state 
and also on the strength of the stress factor impact. The work of the 
hypothalamic-pituitary-adrenocortical system provides formation of stress 
reactions in vertebrates (Eremina & Gruntenko, 2017). For a long time, 
the absence of the hypothalamic-pituitary-adrenocortical system in insects 
was taken as proof of the absence of a stress reaction characteristic of 
warm-blooded animals. However the presence of stress reactions in 
insects, in which various hormones take part, was later proved (Raus-
chenbach et al., 2003). Invertebrate animals are convenient objects for 
studying the basic mechanisms of stress reactions (Mirth et al., 2014; 
Zakharenko et al., 2014). There are many publications on the mecha-
nisms of stress reactions at the larval stage (state of diapause, delay of 
metamorphosis, mutations) (Sukhanova et al., 1997) and imago stage 
(Rauschenbach et al., 2000; Hanna et al., 2015).  

The stress response of organisms was formed in the process of evo-
lution and it is an important part of a complex, holistic adaptation mecha-

nism (Sarup et al., 2014; Eremina & Gruntenko, 2017). Insects accumula-
te (summarize) the effects of factors over time (Hirashima et al., 2000; 
Moskalev et al., 2015; Zhuravel et al., 2016). Morphological variability 
is one of the manifestations of such adaptations to changes in environ-
mental conditions. The form and linear dimensions of the insect body are 
largely related to the adaptation of the organism to the living conditions 
at the larval and imago stage (Arndt & Putchkov, 1997; Lagisz, 2008). 
Morphological changes in the populations of the litter invertebrate 
groups make it possible to assess the state of the environment (Sukho-
dolskaya & Saveliev, 2014, 2016). Morphological variability is assessed 
by measuring linear parameters and morphological indices.  

Riparian ecosystems are the separation line of land and water and 
are characterized by the complexity and instability of biotic and abiotic 
conditions. Here living organisms are under the influence of a large num-
ber of factors, the results of which impact on the morphological variability 
of populations (Tseng & Pari, 2019). Ground beetles (Coleotera, Cara-
bidae) are sensitive to the effects of abiotic and biotic factors, they quickly 
respond to environmental changes (Brygadyrenko, 2016). Therefore, this 
group of beetles is often used as bioindicators (Grumo & Lovei, 2016). 
Earlier we studied the morphological variability of two species of the 
Bembidion genus which are widespread in most riparian ecosystems of 
Eurasia: B. varium (Olivier, 1795) and B. articulatum (Panzer, 1796) 
(Slin'ko et al., 2008; Brygadyrenko & Slynko, 2015). One more species 
of this genus B. aspericolle (Germar, 1829) is considered in this article.  

B. aspericolle is a Western Palearctic species (Sigida, 2009), living 
on the shores of the Atlantic Ocean, the Mediterranean, Black and 
Caspian Seas, and saline inland habitats from Central Europe to Central 
Asia (Hurka, 1996). It is distributed in Austria, Croatia, France, Germany, 
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Georgia, Greece, Hungary, Italy, Kyrgyzstan, Kazakhstan, Moldavia, 
Romania, Russia (south part of the Russian plains; south part of West 
Siberia), Slovenia, Spain, Tajikistan, Turkmenistan, Ukraine, Uzbe-
kistan (Ratti, 1983; Nitzu, 2003; Makarov & Matalin, 2009; Matalin & 
Makarov, 2011). It has not yet been found in the Czech Republic and 
Slovakia (Hurka, 1996). B. aspericolle is littoral halophile (Trost, 2003; 
Müller-Motzfeld, 2007) which is part of saline biocenoses (Trost, 2006; 
Tilly, 2012; Michailov, 2013). In Ukraine, the species has been recorded 
in almost all the steppe zone (Putchkov, 2011, 2012). It is found along 
the shores of salt lakes, estuaries and seas. B. aspericolle is a hygrophil 
which is closely associated with sea club-rush (Bolboshoenus maritimus 
(L.) Palla) (Puchkov & Slynko, 2011). This beetle is a surface-litter 
stratobiont (Abdurakhmanov et al., 2010; Nakhibasheva et al., 2011). 
It is mainly found in summer and is a zoophage (Putchkov & Brygady-
renko, 2018). The morphological variability of B. aspericolle has not 
been studied so far. The main objective of this article is assessment of 
interpopulation and sexual variability of B. aspericolle in three ecosys-
tems which differ in the level of anthropogenic impact.  

Material and methods  
 

Specimens of B. aspericolle were collected manually using an 
aspirator and by soil traps. Beetles were killed by freezing during 24 
hours in a refrigerating chamber and then laid onto cotton mats. Each 
beetle was assigned a serial number including the number of the 
ecosystem it was collected from and its sex (male, female). Photographs 
of the collected insects were taken using a binocular МBS-10 and digital 
camera of 5 megapixel resolution. Morphometric measurements were 
made by digital photos in the TpsDig 2.17 program (F. James Rohlf, 
State University of New York at Stony Brook, USA, 2004).  

The research was carried in three ecosystems in Novomoskovsk 
district of Dnipropetrovsk region, Ukraine. The ecosystems differed 
(Table 1) in type of anthropogenic impact, mechanical composition of 
the soil, salt content in the soil solution. The рН of the aqueous extract 
from all areas examined was slightly alkaline (from 7.65 to 8.55). Me-
thodology of determination of soil mineralization and pH was reviewed 
in our previous article (Brygadyrenko & Slynko, 2015).  

Table 1  
Brief characteristic of ecosystems (Dnipropetrovsk region, Ukraine) where B. aspericolle was collected  

Degree of 
anthropoge-
nic impact 

Administrative 
district 

Ecosystem 
coordinates 

Mechanical 
composition 

of soil 

Salt content  
in soil solution, 

g/l 

pH of soil 
solution  

Dominating plant species (density  
of herb layer), composition of litter 

Prevailing type  
of anthropogenic impact 

Low Novomoskovsk 48°38´55´´N 
35°21´03´´E loam 4.84 8.55 no grass stand and litter domestic wastes 

Medium Novomoskovsk 48°38´16´´N 
35°18´47´´E loam 4.50 8.16 no grass stand and litter domestic wastes,  

watering of livestock  

High Novomoskovsk 48°36´41´´N 
35°19´13´´E sandy loam 3.63 7.65 no grass stand and litter domestic wastes, watering  

of livestock, recreational loading 
 

For investigation of the morphological variability of B. aspericolle 
specimens, 13 linear characteristics, 1 angular characteristic, density of 
pores on the prothorax, density of pores on the elytra, contrast of the light 
spots of the left and right elytra were measured. The following linear 
parameters were evaluated: length of body (Lb), head (Lc), prothorax 
(Lp), elytra (Le), width of head with eyes (Sс), width of prothorax bet-
ween front angles (Sp1) and back angles (Sp2), maximum width of 
prothorax (Spm), maximum width of elytra (Se), distance between setae 
on the left elytra (L2l), distance between setae on the right elytra (L2r), 
distance from the base of the left elytra to the first setae (L1l), distance 
from the base of the right elytra to the first setae (L1r). Linear characte-
ristics were measured with an accuracy of ±1 pixel (0.96 µm) (Bryga-
dyrenko & Fedorchenko, 2008; Brygadyrenko & Korolev, 2015).  

The back angles of the prothorax were determined on the left (B1) and 
right (B2) parts of the body. For the further calculations, their arithmetic 
mean value was used (В). Accuracy of photographic measurement of 
angles was equal to ±0.1º. Density of prothorax puncturing (P1) was 
assessed from photographs by counting the quantity of pores on the area 
of 150 • 150 pixels. Density of elytra puncturing (P2) was assessed from 
photographs by counting the quantity of pores on the area of 234 • 234 pi-
xels between the back edge of the scutellar groove and the first groove of 
the elytra. The contrast of the light spots at the top of the left (Kl) and right 
elytra (Kr) was determined in a gradient from 1 (clear) to 4 (poorly dis-
cernible), and their arithmetic mean value was calculated for each beetle.  

Six morphometric indices were calculated: ratio of arithmetic mean 
value of the width of head, prothorax and elytra to body length 
((Sc+Sp+Se)/3Lb), ratio of prothorax length to its maximum width 
(Lp/Spm), ratio of elytra length to prothorax length (Le/Lp), ratio of 
maximum width of elytra to maximum prothorax width (Se/Spm), ratio 
of maximum prothorax width to its width at the back edge (Spm/Sp2), 
and ratio of elytra length to their width (Le/Se) (Brygadyrenko & Re-
shetniak, 2014; Brygadyrenko & Slynko, 2015).  

The results were processed by standard methods with the calculation of 
x – mean value, SD – standard deviation. Significance of variations bet-
ween samples was assessed by one-way ANOVA. For multiple compari-
sons of samples, the Tukey test was used, where the differences were con-
sidered significant at P < 0.05 (with taking into account the Bonferroni 
correction). Anthropogenic impact was evaluated by MANOVA using 
software Statistica (version 8, StatSoft, USA).  

Results  
 

In the three studied populations, the mean value of body length in 
females is greater than in males (Table 2). Sexual dimorphism of body 
length is most pronounced in the ecosystems with low and medium 
anthropogenic impact, where females are larger than males by 7.16% and 
7.03% respectively. In the ecosystem with high anthropogenic impact, 
females are larger than males by 3.57%. Interpopulation differences in 
body length (Lb) in males are not significant (Table 2). There are no 
differences in head length (Lc) between the beetles in the sample. 
Significant differences in prothorax length (Lp) between males and 
females are typical for all studied populations. In the ecosystems with low 
and medium anthropogenic impact, females have longer elytra than males 
(by 8.53% and 6.59% respectively). Differences in Le between males and 
females are not significant (3.45%) in the ecosystem with high anthro-
pogenic impact. Interpopulation differences in elytra length are significant 
in females, and no significant differences are revealed in males. In the 
studied populations, females have a wider head (Sc) (the differences are 
3.75–12.86%) and prothorax (Sp1, Sp2, Spm) compared with males. The 
interpopulation variability of these linear parameters is significant in 
males, and no significant differences are revealed in females. However, 
regular changes in these linear parameters are not detected with an 
increase in anthropogenic effect. Males of the ecosystem with medium 
anthropogenic impact are the smallest of the studied beetles in length (Lp) 
and width (Sp1, Sp2, Spm) of prothorax and head width (Sc).  

There are no differences in elytra width (Se), angles of prothorax 
(B1, B2, B), density of prothorax and elytra puncturing (P1, P2), contrast 
of the light spots at the top of elytra (Kl, Kr, K), distance between setae 
on elytra (L2l, L2r), distance from the base of the left elytra to the first 
setae (L1l), not only between males and females but also between popula-
tions. Only males of the ecosystem with medium anthropogenic impact 
differ in distance from the base of the right elytra to the first setae (L1r) 
from all investigated specimens.  

According to the results of ANOVA, with increase in anthropo-
genic pressure, differences in body proportions are observed in females 
(Sc+Sp+Se)/3Lb, Le/Lp, Se/Spm, and Le/Se and in males Se/Spm. 
Morphometric indices Lp/Spm and Spm/Sp2 do not significantly differ 
(Table 3). Also differences in Lp/Spm and Spm/Sp2 are not found bet-
ween males and females.  
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Table 2  
Variability of morphometric characteristics of B. aspericolle body (x ± SD, n = 15) in the ecosystems under anthropogenic impact  

Characteristic 
Females Males 

low anthropogenic 
impact 

medium anthropogenic 
impact 

high anthropogenic 
impact 

low anthropogenic 
impact 

medium anthropogenic 
impact 

high anthropogenic 
impact 

Lb   2445 ± 104a  2376 ± 122ab   2354 ± 122b  2270 ± 118b  2209 ± 127b  2270 ± 122b 
Lc   395 ± 29a 407 ± 22a   388 ± 25a  374 ± 35a  370 ± 13a  384 ± 23a 
Lp   537 ± 32a   527 ± 27ab   543 ± 32a  511 ± 29b   493 ± 13bc  512 ± 33b 
Le 1513 ± 83a 1441 ± 33ab   1422 ± 102b 1384 ± 89b  1346 ± 124b  1373 ± 102b 
Sc   585 ± 25a  583 ± 13a   586 ± 24a   553 ± 30b   508 ± 35bc   564 ± 26ab 

Sp1   508 ± 29a  502 ± 28a   505 ± 24a   478 ± 27b   457 ± 14bc   486 ± 22ab 
Sp2   444 ± 24a  425 ± 27a   434 ± 26a   416 ± 22ab  387 ± 21b   417 ± 31ab 
Spm   634 ± 31a  630 ± 20a   634 ± 29a   599 ± 26ab  572 ± 15b   608 ± 35ab 
Se   996 ± 47a  985 ± 36a   970 ± 46a  931 ± 42a  882 ± 12b  930 ± 62a 
B1 103.0 ± 6.3a 107.0 ± 9.3a 103.1 ± 5.9a 101.3 ± 5.3a 107.0 ± 4.9a 104.5 ± 5.4a 
B2 104.9 ± 6.2a 107.7 ± 7.6a 105.1 ± 6.0a 102.8 ± 4.9a 104.2 ± 5.5a 105.2 ± 6.4a 
B 103.9 ± 5.7a 107.3 ± 8.4a 104.1 ± 5.6a 102.1 ± 4.6a 105.6 ± 5.2a 104.9 ± 5.7a 

L2l   543 ± 45a   528 ± 25a 528 ± 49a   515 ± 26a 511 ± 20a  530 ± 35a 
L1l   417 ± 34a   401 ± 22a 416 ± 34a   387 ± 47a 382 ± 32a  396 ± 32a 
L2r   545 ± 43a   547 ± 33a 523 ± 50a   514 ± 33a 497 ± 34a  533 ± 39a 
L1r   423 ± 36a   410 ± 33a 428 ± 38a   409 ± 33a 384 ± 16b   398 ± 34ab 
P1   16.3 ± 2.2a   17.1 ± 1.9a 16.6 ± 2.0a   16.9 ± 2.3a 17.7 ± 1.6a  16.1 ± 1.9a 
Р2   20.4 ± 1.7a   21.4 ± 1.4a 19.8 ± 2.0a   21.3 ± 2.8a 21.0 ± 1.7a  21.5 ± 2.1a 
Kl     2.26 ± 0.63a     2.57 ± 0.53a   2.47 ± 0.57a     2.48 ± 0.59a   2.89 ± 0.91a   2.79 ± 0.80a 
Kr     2.68 ± 0.65a     2.43 ± 0.53a   2.66 ± 0.70a     3.04 ± 0.71a   3.13 ± 0.58a   2.86 ± 0.86a 
К     2.47 ± 0.52a     2.50 ± 0.50a   2.56 ± 0.55a    2.76 ± 0.56a   3.17 ± 0.76a   2.82 ± 0.64a 

Note: names of characteristics are given in section Material and methods; the same letters designate ecosystems for the males and females, differences between which are 
insignificant according to results of the Tukey test (P < 0.05) with Bonferroni correction.  

Table 3  
Variability of 6 morphometric indices of B. aspericolle body (x ± SD, n = 15) in ecosystems under anthropogenic impact  

Characteristic 
Females Males 

low anthropogenic 
impact 

medium anthropogenic 
impact 

high anthropogenic 
impact 

low anthropogenic 
impact 

medium anthropogenic 
impact 

high anthropogenic 
impact 

(Sc+Sp+Se)/3Lb 0.302 ± 0.011a  0.308 ± 0.004ab 0.311 ± 0.012b  0.306 ± 0.008ab 0.295 ± 0.021b  0.309 ± 0.011ab 
Lp/Spm 0.848 ± 0.053a 0.836 ± 0.026a 0.857 ± 0.035a 0.854 ± 0.039a 0.860 ± 0.016a 0.843 ± 0.028a 
Le/Lp 2.821 ± 0.166a  2.737 ± 0.118ab 2.621 ± 0.161b 2.711 ± 0.163b  2.731 ± 0.272ab 2.682 ± 0.154b 
Se/Spm 1.571 ± 0.040a  1.564 ± 0.063ab 1.531 ± 0.032b  1.555 ± 0.037ab  1.542 ± 0.027ab 1.529 ± 0.030b 
Spm/Sp2 1.432 ± 0.048a 1.485 ± 0.079a 1.463 ± 0.055a 1.441 ± 0.047a 1.480 ± 0.075a 1.461 ± 0.048a 
Le/Se 1.519 ± 0.066a 1.463 ± 0.032b 1.466 ± 0.083b 1.486 ± 0.050b 1.527 ± 0.153a  1.478 ± 0.082ab 
Note: see Table 2.  

Following the result of the Multivariate Analysis of Variance 
(MANOVA) for the morphometric characteristics of the studied B. as-
pericolle populations, no significant influence of anthropogenic factors 
(Table 4) on body length (Lb), prothorax length (Lp), prothorax width 
between front angles (Sp1) and back angles (Sp2), maximum prothorax 
width (Spm), elytra width (Se), distance between setae on the left (L2l) 
and right elytra (L2r), distance from the base of the elytra to the first 
setae (L1l, L1r) is revealed. Intensity of anthropogenic impact has an 
influence on elytra length (Le) and head width (Sc). These morphometric 
characteristics of B. aspericolle imagoes could be used in bioindication 
research in the future. Significant differences between males and females 
are observed on all linear parameters. Angles of the prothorax (B1, B2, B), 
density of prothorax and elytra puncturing (P1, P2), contrast of the light 
spots at the top of the elytra (Kr, Kl, K) do not show significant differences 
between ecosystems under different anthropogenic effect and between 
males and females. The only exception is the contrast in the light spots at 
the top of the right elytra (Kr), which is different in males and females.  

According to the MANOVA results (Table 5) males of B. asperi-
colle do not differ from females in the six studied morphometric indexes. 
Intensity of anthropogenic pressure has an influence on four of the six 
studied body proportions: ratio of arithmetic mean value of the width of 
head, prothorax and elytra to body length ((Sc+Sp+Se)/3L), ratio of elytra 
length to prothorax length (Le/Lp), ratio of maximum width of elytra to 
maximum prothorax width (Se/Spm), ratio of maximum prothorax width 
to its width at the back edge (Spm/Sp2). These morphometric indexes 
could be also used in bioindication research.  

 

Discussion  
 

The body size of invertebrate animals is controlled by environmen-
tal factors (Grumo & Lovei, 2016; Tseng & Pari, 2019). Anthropogenic 

impact is one of the most important factors which influence the mor-
phological variability of beetles. Research on morphometric variability of 
ground beetles under the influence of anthropogenic factors is intensi-
vely developing in our time (Weller & Ganzhorn, 2003; Lagisz, 2008; 
Sukhodolskaya & Saveliev, 2014). The response of different Carabidae 
species to anthropogenic pressure is diverse. The results of research are 
contradictory: in some species body size decreases, in others it increases 
or does not change with increase in anthropogenic impact (Sukhodol-
skaya, 2013).  

Data on morphometric characteristics of the studied species is limi-
ted to general information about body length of B. aspericolle: Hurka 
(1996) – 2.0–2.5 mm, Neri (2011) – 2.0–2.8 mm. According to our 
data, mean body length values vary in the range of 2.35–2.44 mm in 
females and 2.21–2.27 mm in males. Changes in linear body dimen-
sions are observed in females with increase in anthropogenic impact. 
This pattern is not followed for males. Following the result of ANOVA, 
in the ecosystem with high anthropogenic impact females are character-
rized by decrease in body length by 3.72% and elytra length by 6.02% 
compared with females in the ecosystem with low anthropogenic im-
pact. Similar data were obtained by Lagisz (2008) for Pterostichus 
oblongopunctatus (Fabricius, 1787) and by Sukhodolskaya (2013) for 
Carabus aeruginosus (Fischer von Waldheim, 1823). In the ecosystems 
with low and medium anthropogenic impact, sexual dimorphism is 
observed in body length, head width, prothorax length and width, elytra 
length. In the ecosystem with high anthropogenic impact, sexual dimor-
phism is observed only on head and prothorax width as in B. varium 
(Olivier, 1795) (Slin'ko et al., 2008). There is a significant decrease in 
absolute value of ratio of maximum width of elytra to maximum 
prothorax width (Se/Spm) at increase in anthropogenic transformation.  
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Table 4  
MANOVA results for morphometric characteristics  
of the studied populations of B. aspericolle  

Characteristic Factor F P 

Lb 
Anthropogenic impact 2.43 0.093 
Sex 21.39 <0.001 
Anthropogenic impact * Sex 1.87 0.159 

Lс 
Anthropogenic impact 0.07 0.928 
Sex 7.25 0.008 
Anthropogenic impact * Sex 1.66 0.194 

Lp 
Anthropogenic impact 1.11 0.332 
Sex 13.15 <0.001 
Anthropogenic impact * Sex 0.10 0.901 

Le 
Anthropogenic impact 3.88 0.024 
Sex 13.43 <0.001 
Anthropogenic impact * Sex 2.07 0.311 

Sc 
Anthropogenic impact 6.36 0.003 
Sex 44.15 <0.001 
Anthropogenic impact * Sex 5.18 0.007 

Sp1 
Anthropogenic impact 1.25 0.290 
Sex 19.79 <0.001 
Anthropogenic impact * Sex 1.07 0.348 

Sp2 
Anthropogenic impact 3.05 0.052 
Sex 16.03 <0.001 
Anthropogenic impact * Sex 0.82 0.443 

Spm 
Anthropogenic impact 1.6 0.206 
Sex 25.54 <0.001 
Anthropogenic impact * Sex 1.12 0.329 

Se 
Anthropogenic impact 1.92 0.151 
Sex 29.99 <0.001 
Anthropogenic impact * Sex 1.81 0.169 

B1 
Anthropogenic impact 2.65 0.075 
Sex 0.00 0.965 
Anthropogenic impact * Sex 0.69 0.502 

B2 
Anthropogenic impact 0.81 0.450 
Sex 1.30 0.256 
Anthropogenic impact * Sex 0.53 0.590 

B 
Anthropogenic impact 1.76 0.176 
Sex 0.39 0.532 
Anthropogenic impact * Sex 0.62 0.539 

L2l 
Anthropogenic impact 0.22 0.806 
Sex 1.80 0.183 
Anthropogenic impact * Sex 1.54 0.220 

L1l 
Anthropogenic impact 0.55 0.579 
Sex 5.34 0.022 
Anthropogenic impact * Sex 0.29 0.749 

L2r 
Anthropogenic impact 0.13 0.882 
Sex 4.23 0.042 
Anthropogenic impact * Sex 3.48 0.034 

L1r 
Anthropogenic impact 1.06 0.349 
Sex 6.02 0.016 
Anthropogenic impact * Sex 0.64 0.530 

P1 
Anthropogenic impact 0.96 0.388 
Sex 0.15 0.702 
Anthropogenic impact * Sex 0.82 0.442 

P2 
Anthropogenic impact 0.24 0.788 
Sex 1.53 0.219 
Anthropogenic impact * Sex 0.97 0.382 

Kl 
Anthropogenic impact 2.78 0.066 
Sex 3.55 0.062 
Anthropogenic impact * Sex 0.13 0.876 

Kr 
Anthropogenic impact 0.28 0.757 
Sex 6.74 0.011 
Anthropogenic impact * Sex 0.88 0.417 

K 
Anthropogenic impact 0.65 0.525 
Sex 7.32 0.008 
Anthropogenic impact * Sex 0.48 0.621 

Note: names of characteristics are given in section Material and methods.  

The MANOVA results show significant influence of anthropoge-
nic factors on two of 13 linear parameters: head width and elytra length. 
Also four morphometric indices change significantly. In the future these 
morphometric characteristics of B. aspericolle imago could be used in 

bioindication studies. The sex of the specimen affects all linear characte-
ristics. It can be supposed that absence of spatial heterogeneity of B. as-
pericolle populations is compensated by pronounced sexual dimor-
phism. A similar fact is observed for B. articulatum, which we studied 
earlier (Brygadyrenko & Fedorchenko, 2008; Brygadyrenko & Slynko, 
2015). The absence of significant changes in morphometric indices bet-
ween males and females suggests that the body proportions of B. aspe-
ricolle stay unchanged with a variation in linear dimensions. This phe-
nomenon is typical of B. varium and B. articulatum (Slin'ko et al., 2008; 
Brygadyrenko & Slynko, 2015) and is not typical of many other species 
of ground beetles, in which females have longer and wider elytra than 
males (Brygadyrenko & Reshetniak, 2014).  

Table 5  
MANOVA results of morphometric indexes   
of studied populations of B. aspericolle  

Characteristic Factor F P 

(Sc+Sp+Se)/3Lb 
Anthropogenic impact 3.66 0.029 
Sex 1.61 0.207 
Anthropogenic impact * Sex 2.48 0.089 

Lp/Sp2 
Anthropogenic impact 0.01 0.989 
Sex 0.28 0.596 
Anthropogenic impact * Sex 1.17 0.314 

Le/Lp 
Anthropogenic impact 5.58 0.005 
Sex 0.18 0.674 
Anthropogenic impact * Sex 3.13 0.048 

Se/Spm 
Anthropogenic impact 8.72 <0.001 
Sex 1.75 0.189 
Anthropogenic impact * Sex 0.48 0.623 

Spm/Sp2 
Anthropogenic impact 4.30 0.016 
Sex 0.00 0.975 
Anthropogenic impact * Sex 0.17 0.840 

Le/Se 
Anthropogenic impact 2.06 0.133 
Sex 0.53 0.469 
Anthropogenic impact * Sex 2.21 0.115 

Note: see Table 4.  

The study of morphological variability is very important for under-
standing ecological processes in populations of beetles. Changes in the 
state of beetles are probably caused by entry of pollutants into their in-
testines and by changes in the number and activity of their parasites (Bry-
gadyrenko & Reshetniak, 2016). It is possible to use both linear characte-
ristics and indices for study of morphological variability of B. aspericolle 
under the influence of anthropogenic factors. Linear body sizes are more 
informative for identification of intrapopulational variability of B. asperi-
colle in anthropogenically transformed semi-aquatic ecosystems.  
 
Conclusions  
 

Particular attention should be paid to further study of the morpho-
logical variability of other semi-aquatic ground beetles under the influ-
ence of various environmental and anthropogenic factors. A significant 
amount of factual material on different species is required for such 
research. Research on the variations of linear characteristics and metric 
indices will provide an opportunity to identify the causes and mecha-
nisms of species stabilization in natural and anthropogenically transfor-
med ecosystems in the future.  
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