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Abstract: In our study we used the data set on morphimetric traits in beetles species. It has been 
constantly replenishing for 20 years by the samples, received from different regions of Russia and 
abroad. In this case we have selected data on nine species for which the left and right sides had 
been measured and fluctuating asymmetry (FA) could be estimated. The samples were from 6 
provinces of Russia and Belarus, which ranged in 3 degrees in latitude and 57 degrees in longitude 
and included more than 150 plots in different types of biotopes. FA was assessed according to the 
standard method in 5265 specimen in one dimensional trait and one - meristic. ANOVA showed 
that biotope, species and their interaction affected FA in both traits, that is different species reacted 
differently to biotope type. In uncommon biotopes (according to accepted in carabidology 
classification) FA was increased. In forest species the negative relationship between FA in 
dimensional and meristic traits in the range in biotopes was revealed. In those species only FA 
values were higher in males than in females. In generalist species FA varieв similarly in both sexes 
and in both traits being the highest in open biotopes. In eudomonant of arable lands biotopes – 
Poecilus cupreus – the highest values of FA were recorded in the meadows, being about equal in all 
types of crops. 

Keywords: fluctuating asymmetry; ground beetles; morphometric variation; biotope impact; 
species*biotope interaction; negative relationship between dimensional and meristic traits. 
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1. Introduction 

The body size of an animal is one of the most widely studied traits in biology because it has a 
potent impact on various aspects of the life-history of a given organism, from physiology to ecology 
and evolution 1. In a long-term macroevolutionary context, body size may have serious effects on 
speciation and extinction processes mediated by its effects on population density, resource 
exploitation, generation time, etc. 2–3. On the short-term ecological and microevolutionary 
timescale, body size is a crucial feature affecting individual fitness. 

That is why body size variation is frequently used in the studies concerning the level of 
adaptation of certain species. Apparently it is seen in the researches when fluctuating asymmetry 
(FA) is taken into account. The latter is the admitted indicator of development stress in the certain 
environmental conditions. In this aspect the most valuable studies were done in insects with 
holometabolism, because their imagoes do not change body size and its proportions during the 
remaining ontogenesis 4–5. Ground beetles are no exception. Being the recognized bioindicators 
6–9, they are widely used in bioindicative practice. Effects of urbanization and sampling region on 
FA manifestation were revealed, besides FA in carabids turned to be species and sex biased 10.  

The aim of this study was to research biotope peculiarities impact on FA in ground beetles,  
emphasizing biotope vegetation. Ground beetles are characterized by biotope confinement and in 
unaccustomed ones they decrease in size 11–12, change their population characteristics 13–25.   

We hypothesized that: (i) factors “biotope and species” interact when affecting FA;  
 (ii) FA level is biotope biased; (iii) in uncommon biotopes FA level is increased; (iv) FA in 

males is higher than in females. 

2. Materials and Methods  

Study organisms. We analyzed FA in nine carabid species: Carabus aeruginosus (Fischer von 
Waldheim, 1823), Carabus (Carabus) granulatus Linnaeus 1758, Carabus (Tachypus) cancellatus Illiger 
1798, Carabu arvensis Hbst. 1784, Pterostichus melanarius Illiger 1798, Pterostichus niger Schaller 1783, 
Pterostichus oblongopunctatus Fabricius, 1787, Poecilus cupreus Linnaeus 1758, Pseudoophonus rufipes 
Dejean, 1828. All of them (except C. aeruginosus) are widespread in Paleartic, generalists, 
zoophagous and mesophilous. C. aeruginosus is a Siberian species. 

Collection sites and sampling methods. In our investigations we used our data set of morphometric 
measurements in ground beetles. It was funded in 1996 and has been complementing to date by new 
information: in the scientific contracts frames our colleagues – carabidologists have been sending the 
beetles to our laboratory, where we have been measuring them for several morphological traits. At 
present this data set includes more than 60000 rows and this data is used for different purposes. For 
the purposes of this study we have extracted the data, including the left and right sides 
measurements of beetles. So we formed the data set of our further analysis including data in seven 
species of ground beetles (Table 1). They were sampled in different years and in different provinces 
of Russia and Belarus (Fig. 1). But we compiled all data taking into account only two variables – 
species and biotope. The others were ignored, because factor “Province” impact had been studied 
earlier 10. Sampling year impact can be ignored also because sampling period in each province is 
no less than three years and the possible fluctuations in FA year by year neutralize each other. 
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Table 1. Sample size when estimating FA in studied species of carabids. 

  

C.
 g

ra
nu

la
tu

s 

C.
 ca

nc
ell

at
us

 

C.
 a

er
ug

in
os

us
 

C.
 a

rv
en

sis
 

P.
 m

ela
na

riu
s 

P.
 n

ig
er

 

P.
 o

bl
on

go
pu

nc
ta

tu
s 

P.
 ru

fip
es

 

P.
 cu

pr
eu

s 

Linden  
f 30 57 - - 67 - - 114 - 

m 25 73 - - 192 - - 167 - 

Pine  
f 8 7 49 9 279 44 157 22 - 

m 0 7 34 14 128 17 17 33 - 

Meadow  
f 26 0 218 - 94 - 31 - 41 

m 122 40 159 - 111 - 7 - 51 

Birch  
f 4 16 - - 0 - - - - 

m 4 35 - - 3 - - - - 

Lawn  
f 56 11 33 - - - 32 - - 

m 8 21 30 - - - 90 - - 

Spring wheat 
f - 22 - - - - - - 124 

m - 25 - - - - - - 74 

Winter wheat 
f - - - - - - - - 188 

m - - - - - - - - 207 

Raspberry  
f - 41 - - - - - 89 - 

m - 23 - - - - - 59 - 

Schrubs  
f 5 - - - - - - - - 

m 9 - - - - - - - - 

Swamp  
f 0 - - - - - - - - 

m 16 - - - - - - - - 

Barley 
f - - - - - - - - 166 

m - - - - - - - - 124 

Maize  
f - - - - - - - - 41 

m - - - - - - - - 30 

Lucerne  
f - - - - - - - - 36 

m - - - - - - - - 64 

Oats 
f - - - - - - - - 229 

m - - - - - - - - 117 

Pea 
f - - - - - - - - 105 

m - - - - - - - - 69 

Carrot 
f - - - - - - - - 48 

m - - - - - - - - 29 
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Figure 1. Provinces of Russia and Belarus, where the beetles were received from: 1 – Belarus Republic, 2 

–Tatarstan Republic, 3 – Bashkortostan Republic, 4 – Sverdlovsk Province, 5 – Kostroma Province, 6 - Mariy El 

Republic, 7 –  Kemerovo province. 

So studied beetles were sampled by the unified method (pitfall traps), all photos were taken by 
one person using the same method. Morphometric data was collected from images taken by Nikon 
D5100 camera with custom opaque light disperser and a box with opaque reflective surface. 
Measurements were made using program, designated specifically for the given method of 
measurement and utilized distance between manually pointed out elements of photos’ arrays as 
terminal point of measurements and fiducial scale, using the last to bind real scale to array output 
data (Fig. 2). For each of specimens  we measured the right and left elytra width (further – 
dimensional trait). Besides dimensional trait we analyzed meristic traits and counted: the number of 
tubercles in the first line near medial ridge of the scutellum (in C. granulatus, C. cancellatus), the 
number of spots on the left and right elytra (in P. oblongopunctatus), the number of furrows on the 
left and right elytra (in P. melanarius, Poec. cupreus). C. aeruginosus and C. arvensis have no such 
meristic traits, so data on it is absent in certain figures in Results and in the tables – in Supplement. 

Statistical analysis. For each specimen we calculated fluctuating asymmetry (FA) index (FA = |R 
– L|/(R + L)/2, where R- the value of trait at the right elytra, while L denotes the value of trait at the 
left elytra.  

We analyzed measurements from Poec. cupreus separately, because it is arable lands species and 
its biotopes differed drastically from all the others, where the other species were sampled. 
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Figure 2. The scheme of dimensional and meristic traits estimation: 1 – the width of the left elytra, 2 – the width 

of the right elytra, 3 – furrows on Poec. cupreus elytra (as illustration). 

We used LM to recognize what kind of biotope affected FA in ground beetles and how it is 
connected with species specificity and sex: 

lm(formula = FA_.dimensional ~ fBiotope * fSpecies + fBiotope * 
FA_.dimensional ~ fBiotope * fSpecies + fBiotope * fSex 
lm(formula = FA_.dimensional ~ fBiotope + fSpecies + fSex, data = p) 
FA_.dimensional ~ fBiotope + fSpecies + fSex 
lm(formula = FA_meristic ~ fBiotope * fSpecies + fBiotope * fSex, data = p) 
FA_meristic ~ fBiotope * fSpecies + fBiotope * fSex 
lm(formula = FA_meristic ~ fBiotope + fSpecies + fSex, data = p) 
FA_meristic ~ fBiotope + fSpecies + fSex 

3. Results 

FA in dimensional trait appeared to be affected by species*biotope, but not biotope*sex 
interactions (Table 2, S1). In other words, FA level in the beetles from the same type of biotope was 
depended from species, but it is not dependent by those beetles sex. This is especially clear forC. 
granulatus, C. cancellatus and P. melanarius (Table S1). 

Table 2. ANOVA results when studying species*biotope and biotope*sex interactions on FA in 
dimensional trait in studied species of carabids. 

FA_.dimensional ~ fBiotope * fSpecies + fBiotope * fSex 

Source Df Sum of Sq RSS AIC Fvalue Pr(>F)  

<none>   6.8809 -15950    

fBiotope:fSpecies 10 0.38842 7.2694 -15823 14.9590 < 2e-16 *** 

fBiotope:fSex 7    0.03617 6.9171 -15950   1.9899   0.05288 . 

Signif.codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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This conclusion became more pronounced when modeling different variables impact against 
the background of others (Table 3): biotope type and species affected significantly FA in studied 
samples. This was again especially clear for C.granulatus, C. cancellatus and all types biotopes except 
shrubs and swamp (Table S2). 

Table 3. ANOVA results when studying biotope, species and sex on FA in dimensional trait in 
studied species of carabids.FA_.dimensional ~ fBiotope + fSpecies + fSex 

Source Df Sum of Sq RSS AIC Fvalue Pr(>F)  

<none>   7.3023   -15825    

fBiotope 8 1.24616 8.5485 -15418 56.8914 <2e-16 *** 

fSpecies 8 0.80809 8.1104 -15559 36.8917 <2e-16 *** 

fSex 1 0.00645 7.3088 -15825   2.3572 0.1248     
Signif.codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

FA in meristic traits was affected by  species*biotope, but not biotope*sex interactions, similar 
to dimensional trait, though with lower significance (Table 4, S3). Though all species included to 
biotope*species interaction and Intercept was significant, the only one case of such interaction was 
significant (Table S3) and there were no interactions of biotope and sex. So FA in meristic trait was 
practically independent of biotope type where the carabid species dwelled. 

Table 4. ANOVA results when studying species*biotope and biotope*sex interactions on FA in 
meristic trait in studied species of carabids.FA_meristic ~ fBiotope * fSpecies + fBiotope * fSex 

Source Df Sum of Sq RSS AIC Fvalue Pr(>F)  

<none>   5.8319 -16380    

fBiotope:fSpecies 10 0.045564 5.8775 -16380   2.0688 0.02376 * 

fBiotope:fSex 7 0.010954 5.8428 -16389   0.7106 0.66314    
Signif.codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

That conclusion was confirmed by the next analysis (Table 5, S4): FA in meristic trait was 
species-specific in all studied species. 

Table 5. ANOVA results when studying biotope, species and sex on FA in meristic trait in studied 
species of carabids.FA_meristic ~ fBiotope + fSpecies + fSex 

Source Df Sum of Sq RSS AIC Fvalue Pr(>F)  

<none>   5.8941 -16386    

fBiotope 8 0.02657 5.9207 -16390 1.5014 0.1513  

fSpecies 8 0.83126 6.7254 -16048 46.9817 <2e-16 *** 

fSex 1 0.00082 5.8949 -16388   0.3707 0.5427     

Similarly we analyzed data set in Poec. cupreus. FA in dimensional trait was significantly 
affected by biotope, but not biotope*sex interactions, sex by itself did not affect FA also (Tables 6,7, 
S5,6). In meristic trait, on the contrary, FA was significantly affected by biotope, biotope*sex 
interaction, but not by the sex by itself (Tables 8,9, S7,8). 
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Table 6. ANOVA results when studying biotope*sex interactions on FA in dimensional trait 
in Poec. cupreus.FA_dimensional ~ fBiotope * fSex 

Source Df Sum of Sq RSS AIC Fvalue Pr(>F) 

<none>   0.81375 -13332   

fBiotope:fSex 8 0.0038391 0.81759 -13340 1.0173 0.4206 

Table 7. ANOVA results when studying biotope and sex on FA in dimensional trait in Poec. 

cupreus.FA_dimensional ~ fBiotope + fSex 

Source Df Sum of Sq RSS AIC Fvalue Pr(>F)  

<none>   0.81759 -13340      

fBiotope 8 0.089004 0.90659 -13176   23.582 <2e-16 *** 

fSex 1 0.000327 0.81792 -13341    0.694 0.4049     
Signif.codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Table 8. ANOVA results when studying biotope*sex interactions on FA in dimensional trait  
in Poec. cupreus.FA_meristic ~ fBiotope * fSex 

Source Df Sum of Sq RSS AIC Fvalue Pr(>F)  

<none>   0.69716 -13601    

fBiotope:fSex 8 0.010471 0.70763 -13591   3.2387 0.001154 ** 
Signif.codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Table 9. ANOVA results when studying biotope and sex on FA in dimensional trait in Poec. cupreus. 
FA_meristic ~ fBiotope + fSex 

Source Df Sum of Sq RSS AIC Fvalue Pr(>F)  

<none>   0.70763 -13591    

fBiotope 8 0.095860 0.80349 -13386 29.3455 <2e-16 *** 

fSex 1 0.000472 0.70810 -13592   1.1563 0.2824     
Signif.codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

The actual values of FA in different species and in different biotopes are presented at the 
following series of figures. 

In C. granulatus FA in dimensional trait in females fitted in the row: 
linden=shrubs=birch<meadow<lawn, that is the highest FA level was in the lawn. In males already 
FA was roughly speaking similar in all biotopes (Fig. 3). If we exclude some biotopes from the figure 
due small samples in them (i.e. pine, birch, shrubs, swamp), then we can obtain the following picture 
of dimensional trait FA variation in different biotopes: linden<meadow<lawn. Noteworthy that for 
meristic trait in females relation was the opposite: lawn=meadow<linden. So for C. granulatus the 
opposite trend occurred: FA in dimensional trait was the highest in the forest biotope, and in 
meristic trait – in the open one. 

In C. cancellatus FA in dimensional trait in females fitted in the row: spring 
wheat<linden<birch<lawn<raspberry (biotope “pine” we counted out because of the small sample). 
In males the tendencies of FA variation were similar (Fig. 4). 

In meristic trait (similar to the previous species- C. granulatus) the opposite trend of FA in 
dimensional and meristic traits: the highest FA in C. cancellatus dimensional trait was observed in 
open habitats (lawn), and in meristic trait – in forest one (linden). 
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a b 

  
c d 

Figure. 3.FA in C. granulatus in different biotopes. Mean value (square), mean±SE (boxes), mean±SD (whiskers); 
a, c – females; b, d – males; a, b, - dimensional trait, c, d – meristic trait. 

  

a b 

  

c d 

Figure 4. FA in C. cancellatus in different biotopes. Mean value (square), mean±SE (boxes), mean±SD (whiskers); 

a, c – females; b, d – males; a, b, - dimensional trait, c, d – meristic trait. 
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C. aeruginosus  did not show any differences in FA values in different biotopes neither in 
females nor in males (Fig. 5). 

  

a b 

Figure 5. FA of dimensional trait in C. aeruginosus in different biotopes. Mean value (square), mean±SE (boxes), 
mean±SD (whiskers); a – females; b – males. 

In C. arvensis in a single type of biotope FA was significantly higher in males than in females in 
studied traits (Fig. 6), but in P. niger in the same biotope FA was similar in males and females (Fig. 7). 

In P. melanarius FA in both traits and in females and males as well fitted in the row: 
birch<pine<linden<meadow, thus, FA being the highest in open biotope (Fig. 8). 

  

a b 

Figure 6. FA of dimensional trait in C. arvensis in different biotopes. Mean value (square), mean±SE (boxes), 
mean±SD (whiskers); a – females; b – males. 

  
a b 

Figure 7. FA in P. niger in different biotopes. Mean value (square), mean±SE (boxes), mean±SD (whiskers); a – 
dimensional trait; b – meristic trait. 
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a b 

  

c d 

Figure 8. FA in P. melanarius in different biotopes. Mean value (square), mean±SE (boxes), mean±SD (whiskers); 
a, c – females; b, d – males; a, b, - dimensional trait, c, d – meristic trait. 

The opposite trends in dimensional trait were observed in P. oblongopunctatus, the highest value 
of FA being in open biotope (lawn) and the lowest – in the forest (pine) (Fig. 9). But in meristic trait 
FA values were the highest exactly in forest biotopes (pine, linden), that is the opposite trends in 
relation to two studied traits were revealed. Those trends were similar to observed in C. granulatus 
and C. cancellatus. 

In Ps. rufipes FA in both traits and in females and males as well fitted in the row: 
raspberry<linden<pine (Fig. 10). By the similarity of the variability of asymmetry for both traits it is 
similar with P. melanarius. 

As for the last species studied – Poec.  cupreus – the highest value of FA in it was in meadow. It 
was true both for females and males by dimensional trait and meristic trait (Fig. 11 – 14). 

4. Discussion 

In previous paper 10 significant species, anthropogene, sex and locality effects on FA 
manifestation were shown. In this article similar biotope effect was revealed.   Especially important 
is that that effect interacted with species level. In other words, FA realized differently in different 
species in the same biotope. This conclusion has the direct relation to bioindication where FA is 
used. That is to say, for instance, if we estimate FA in the C. cancellatus in the city biotopes (these are 
lawns and meadows as a rule) and in natural ones (linden, for instance), the high level of FA in the 
city populations will be determined exactly by biotope peculiarities, but not by factor “the city”. And 
the conclusions about negative environment in the city will be wrong.  
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a b 

  

c d 

Figure 9. FA in P. oblongopunctatusin different biotopes. Mean value (square), mean±SE (boxes), mean±SD 

(whiskers); a, c – females; b, d – males; a, b, - dimensional trait, c, d – meristic trait. 

  
a b 

  
c d 

Figure 10. FA in Ps. rifipes in different biotopes. Mean value (square), mean±SE (boxes), mean±SD (whiskers); a, 
c – females; b, d – males; a, b, - dimensional trait, c, d – meristic trait. 
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Figure 11. FA in females dimensional trait in Poec. cupreus in different biotopes. Mean value (square), mean±SE 
(boxes), mean±SD (whiskers). 

 

 

 

Figure 12.FA in males dimensional trait in Poec. cupreus in different biotopes. Mean value (square), mean±SE 
(boxes), mean±SD (whiskers). 

 

 

 

Figure 13. FA in females meristic trait in Poec. cupreus in different biotopes. Mean value (square), mean±SE 
(boxes), mean±SD (whiskers). 
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Figure 14. FA in males meristic trait in Poec. cupreus in different biotopes. Mean value (square), mean±SE 
(boxes), mean±SD (whiskers). 

In our work we used modeling not by chance. Environmental factors are unpredictable and 
occur at random in time and space. The course of the weather or disruptive changes in the 
environment are environmental factors that can affect the FA in insects. In our data set we compiled 
samples taken in different provinces, in gradient of anthropogenic press and in different year, so that 
possible random deviations of FA in certain plot of sampling  could neutralize each other and the 
only biotope impact on FA variation could be estimated.  

We confirmed  hypothesized biotope*species interaction when affecting FA. Every species has 
its own preferences for humidity, lightness, canopy cover etc.  

The fact remains unexplained in negative relation on FA variation in dimensional and meristic 
traits in C. granulatus and C. cancellatus again: in both species FA levels in dimensional and meristic 
trait changed in opposite in relation to biotope type directions. And exactly in those species FA in 
males was higher than in females. In other studied species males responded to biotope characters 
about the same as females.  So unlike the previous studies 10 we did not find sex*biotope 
interaction in effect to FA in most cases. Perhaps it can be explained by species-level peculiarities of 
C. granulatus and C. cancellatus. Both are large forest zoophagous and very rarely are met in open 
habitats and arable landscapes. These uncommon habitats affect negatively those species including 
developmental stability and lead to high FA values in lawns and raspberry (Fig. 3,4). P. 
oblongopunctatus is the forest species too. And the discussed negative relation on FA variation in 
dimensional and meristic traits was revealed in it too, though it is relatively small species.  

Unlike discussed above forest species, P. melanarius and Ps. rufipes are ubiquists. They feel 
equally good both in forest and open biotopes. Perhaps due to their “generalists” characters they did 
not show differences in male/female response to habitats and multidirectional variation of FA in 
dimensional and meristic traits (Fig. 8,10).  

Separate part of discussion should be devoted to Poec. cupreus because its data set was based on 
arable land habitats. The latter are characterized by soil and pesticide treatments. Crops provide 
different environmental conditions and food availability which are two of the most important 
factors influencing carabid beetle distribution 26–28. In addition, crops also differ in the intensity 
and timing of management practices, such as soil tillage and harvesting, which are determined by 
crop successions 29. Agricultural practices have been shown to influence carabid beetle abundance 
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either directly, through mortality and emigration, or indirectly, by affecting local microhabitat 
conditions 18–20, 22. Accordingly, studies which investigated the effect of crop management 
practices on the species composition of carabid communities concluded that the crop type was one 
of the most influential factors 30–32. Taking into account all these factors it was not surprising that 
FA in P. cupreus dimensional and meristic traits varied greatly in different crops. But some 
conclusions should be done: the lowest FA in spring wheat was observed (as in C. cancellatus, by the 
way). The low soil disturbance in that crop can lead to the more stable development of beetles, 
especially their larva. The second feature was the highest FA in both traits and in both sexes in the 
meadows. That fact can be related to the natural conditions in meadows, where P. cupreus has its 
natural enemies and competitors, unlike arable lands where it is the eudominant. And the last 
feature of FA variation in this species: in tall crops (lucerne, maize) FA standard error were 
significantly higher, suggesting that those kinds of crops affected beetles selectively. 

So we confirmed three out of four hypothesized suggestions: factor “biotope” and its 
interaction with factor “species” affected FA in ground beetles the latter being higher in uncommon 
biotopes. FA were higher in males than in females in a small number of cases. 

5. Conclusions 

The use of FA as the bioindicator of environmental stress is complicated by the fact that 
information on the basic ecology of individual species is relatively scant and contradictory for even 
the most common species. Revealed habitat impact on FA values in ground beetles demands the 
detailed understanding of species distribution among habitats at the different life stages. The latter 
can provide insights into their ecological requirements, possibly allowing to design ecological 
strategies of management through environmental engineering. 
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