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ABSTRACT

We examined polymorphism in an urban population of the ground beetle Pterostichus melanarius (Illiger, 1798) 
in forest plantations on the outskirts of Dnipropetrovsk (Ukraine). We took measurements for 130 males and 95 
females according to 14 metric, 10 non-metric parameters and 10 indices. According to 13 out of the 14 metric 
parameters (except for the length of the flight wings) P. melanarius showed a significant sexual dimorphism. 
The female specimens showed a normal distribution in body length and the males showed a significant positive 
excess. The 10 most significant body proportions of the ground beetles showed much lower sexual differences 
(0.26±0.86%) compared to linear measurements (6.56±0.96%). Females and males are practically isomorphic: 
when one metric parameter decreases, another decreases proportionally. Statistically significant differences 
between males and females were registered only for the ratio of elytra to length of prothorax, width of elytra to 
maximum width of prothorax and length of elytra to their width. A highly significant excess was registered in 6 
out of 10 assessments of body proportions for females and 5 out of 10 for males. The coefficient of variation 
is minimal for body proportions and is maximal for metric parameters, which proves the existence of isomorphic 
differences between P. melanarius males and females. Out of 10 non-metric parameters a statistically significant 
sexual dimorphism (P=0.01) was registered only for the shape of the front edge of the labrum (males mostly 
have a slightly concave, and females a strongly concave front edge of the labrum). Using PCA analysis it was 
established that 45.2% of the morphological variability of the studied population depends upon the individu-
als’ sex: the whole complex of metric parameters (length and width of head, prothorax, elytra and parts of head, 
body height) taken together synchronically varies among individuals of different sex. More or less defined groups 
 (morphotypes) were not found among the studied population of P. melanarius. The normal distribution of individu-
als in the studied population for a range of characteristics was altered by the impact of significant asymmetry or 
excess in certain features or ratios of metric characteristics. The data obtained can form the basis for monitor-
ing the condition of P. melanarius populations, the individuals of which accumulate a large amount of toxins in 
 conditions of anthropogenic impact.
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RESUMEN

Polimorfismo morfológico de una población urbana de Pterostichus melanarius (Illiger, 1798) 
(Coleoptera, Carabidae)

Se ha examinado el polimorfismo de una población urbana del carábido Pterostichus melanarius (Illiger, 1798) 
en plantaciones forestales de las inmediaciones de Dnipropetrovsk (Ucrania). Se han estudiado 130 machos 
y 95 hembras mediante 14 parámetros métricos, 10 no métricos y 10 índices corporales. De acuerdo con 13 
de los 14 parámetros métricos (a excepción de la longitud de las alas membranosas), P. melanarius mostró un 
dimorfismo sexual significativo. Las hembras mostraron una distribución normal en la longitud del cuerpo y los 
machos una diferencia significativa. Las 10 proporciones corporales más significativas de esta especie mostra-
ron diferencias sexuales mucho menores (0,26±0,86 %) que las mediciones lineales (6,56±0,96 %). Las hem-
bras y los machos tienen prácticamente la misma forma: cuando un parámetro indicador disminuye, otro lo hace 
también proporcionalmente. Se registraron diferencias estadísticamente significativas entre machos y hembras 
solo para las siguientes razones: longitud de los élitros/longitud del protórax, anchura de los  élitros/anchura 
máxima del protórax y longitud/anchura de los élitros. Una diferencia muy significativa se registró en 6 de cada 
10 cálculos de las proporciones corporales para las hembras y 5 de cada 10 para los machos. El coeficiente de 
variación es mínimo para las proporciones corporales y máximo para los parámetros métricos, lo que demues-
tra la existencia de diferencias de forma entre machos y hembras de P. melanarius. De los 10 parámetros no 
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métricos, se registró dimorfismo sexual estadísticamente significativo (P=0,01) solo en la forma del borde delan-
tero del labro (los machos en su mayoría tienen una ligera concavidad mientras que las hembras muestran dicho 
borde muy cóncavo). El Análisis de Componentes Principales (PCA) estableció que el 45,2 % de la variabilidad 
morfológica de la población estudiada depende del sexo de los individuos: los parámetros  métricos (longitud y 
anchura de la cabeza, protórax, élitros y partes de la cabeza, altura corporal) varían en conjunto sincrónicamente 
entre los ejemplares de distinto sexo. No se encontraron grupos más o menos definidos (morfotipos) en la pobla-
ción estudiada de P. melanarius. La distribución normal de ciertos caracteres en los ejemplares de la población 
estudiada se vio modificada por una asimetría significativa o un exceso en ciertas características morfológicas 
o proporciones métricas. Los datos obtenidos pueden servir de base para el seguimiento del estado de las 
poblaciones de P. melanarius ya que los individuos acumulan una gran cantidad de toxinas en condiciones de 
impacto antropogénico.

Palabras clave: variabilidad poblaciones; tamaño corporal; dimorfismo sexual; Pterostichus melanarius; Carabidae.
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Introduction

The study of morphological variability of inverte-
brate populations allows to evaluate the resistance of 
a population system, its capacity to retain constancy in 
dynamic environmental conditions, and the possibility 
of change within a species, deviation of individuals 
from average sizes (Sota et al., 2000; Brygadyrenko 
& Reshetniak, 2014). Those species of invertebrate 
animals which have a wide range in different conti-
nental climatic zones face a great variety of moisture 
and temperature conditions, which indirectly affects 
their trophic resources, causative agents of parasitic 
and contagious diseases. This finally leads to certain 
morphological types obtaining advantages within a 
population. Pathological morphological changes of 
insect imagines with complete metamorphosis occur 
under the influence of larval parasites, bacterial, viral 
and fungal pathogens. They can be evaluated using an 
index of asymmetry, the values of which reflects the 
intensity of somatic mutations when a whole complex 
of environmental factors influence an invertebrate’s 
organism (Brygadyrenko & Slynko, 2015). The 
absence of disfiguring mutations and of sharp devia-
tions in the body structure of certain individuals in a 
population need not be an unambiguous indication 
that such a population is in a normal condition (Daly 
et al., 1998).

Morphometric study of variability of populations of 
ground beetles involves the expenditure of a signifi-
cant amount of time in collecting the beetles, measur-
ing them and analyzing the results, which may explain 
why very little work has been done in this sphere. 
While it would be of interest to study the variability of 
populations of rare species of ground beetle and those 
species that require protection, it would be equally 

rewarding to study the characteristics of common 
species of this family, which have a wide range and 
high degree of ecological flexibility (Brygadyrenko & 
Fedorchenko, 2008; Brygadyrenko & Slynko, 2015). 
One of the most abundant species in the ecosystems 
of almost the entire territory of Europe is Pterostichus 
melanarius (Illiger, 1798) (Thiele, 1977; Sharova, 
1981; Den Boer, 1985; Kryzhanovskij et al., 1995; 
Hurka, 1996; Irmler, 2003).

The development cycle of P. melanarius can vary in 
different types of ecosystems: within populations the 
duration of certain stages of ontogenesis can change, 
as can the seasonal linkages of these stages (Hurka, 
1975; Matalin, 2007). Under certain conditions this 
species undergoes two-year summer-autumn recycles, 
in other microclimatic conditions a one year variant 
of the cycle with overwintering of older larvae, and 
in others a two year cycle variant with overwinter-
ing imagines (Jørum, 1980; Basedov, 1994; Matalin, 
2006, 2007). The high abundance of this species and 
its significance in destroying agricultural pests is 
acknowledged in many studies in field and labora-
tory conditions (Desender et al., 1985; Wallin, 1988; 
Wallin & Ekbom, 1994; Frampton et al., 1995; Fadl 
et al., 1996; Symondson, 1997; Thomas et al., 1998; 
Chapman et al., 1999; Raworth & Choi, 2001; Collins 
et al., 2002; Fournier & Loreau, 2002; Raworth et al., 
2004; Kitaev et al., 2011). The morphological vari-
ability of populations of this ground beetle species has 
until now remained poorly studied. The major focus 
of research attention has been the wing polymor-
phism of this species (Lovei, 1996; Matalin, 2003). 
Lovei (1996) points out that the percentage of P. mela-
narius individuals with fully functional wings is 2% 
lower in stable ecosystems (that ar e not affected by 
periodic flooding with water, for example in forests), 
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and increases in conditions of unstable hydrologic 
regimes (for example in the polder ecosystems of the 
Netherlands, small river and lake islands of Poland).

The feeding of this species in laboratory condi-
tions is decidedly nonselective. Until now it has 
been considered that P. melanarius consumes practi-
cally all species of invertebrate animals, even those 
over twice their weight (Thiele, 1977; Pollet & 
Desender, 1985; Currie & Digweed, 1996; Thomas 
et al., 2008). Invertebrates that contain in their body 
poorly studied poisonous compounds form an excep-
tion to this dietary pattern (Symondson, 1997). A 
detailed study of the diet of P. melanarius diet in 
laboratory conditions (Brygadyrenko & Korolev, 
2006; Korolev & Brygadyrenko, 2012a, 2012b) 
allowed us to show that this species has an extremely 
wide range of diet compared to other species of the 
Pterostichus genus. Searching for an explanation for 
such a wide trophic range, we attempted to define 
the individual preferences of certain individuals 
(Korolev & Brygadyrenko, 2014). Thus individual 
trophic preferences were identified for the first time 
for the ground beetle family. It was shown that tro-
phic preferences did not correlate with any morpho-
logic indicator (Korolev & Brygadyrenko, 2014). 
For further analysis of the reasons for individual 
variability of trophic preferences, evaluation of the 
morphological variability of P. melanarius popula-
tions will be necessary. If a clearly defined morpho-
type in P. melanarius populations is found, further 
research into differences in their trophic preferences 
can be conducted.

Therefore we have set the following objectives for 
this research: (1) to define the general variability of 
morphometric characteristics in a P. melanarius popu-
lation, (2) to find characteristics according to which 
sexual dimorphism will be most acutely manifested 
and (3) to define factors that contribute the most to 
morphometric variability of the studied population of 
P. melanarius.

Material and methods

The specimens were collected in June and July 
2013 from a P. melanarius population in an artificial 
forest plantation in the area surrounding Zapadniy, 
Dnipropetrovsk, Ukraine (48°27′N, 34°56′E). The 
beetles were collected using pit fall traps and manually 
from under logs, stones, plant remains. The studied 
forest plantation (Robinia pseudoacacia L., Quercus 
robur L., Ulmus laevis Pall., Acer negundo L.) is sub-
jected to intensive anthropogenic impact: recreational 
pressure (accumulation of garbage, bonfires, damage 
from trampling), aerogenic pollution with industrial 
pollutants (heavy metals, formaline, phenol, sulfur 
and nitrogen oxides) as a result of the operation of the 
biggest industrial plants in the region (Pakhomov & 
Brygadyrenko, 2005).

The collected ground beetles (130 males and 95 
females) were put for a day in a freezing chamber and 
then dried out on paper-cotton wool sheets. The col-
lected specimens were assessed according to 14 metric 
(Fig. 1) and 10 non-metric characteristics (Table 1). 
These characteristics are labeled as followed and this 
forms the key to Table 1 (all body measurements are 
in millimeters): Lb – length of body, from front edge 
of clypeus to elytra tips, Ll – length of labrum, Sl 
– width of labrum, Lcl – length of clypeus, Lc – length 
of head from front edge of clypeus to cervical suture, 
Sc – width of head before eyes, Lp – length of pro-
thorax along the central line, Spl – width of protho-
rax front edge, Sp2 – maximum width of prothorax, 
Sp3 – width of prothorax back edge, Hm – maximum 
height (thickness) of body at the level of central part 
of metathorax, Le – length of elytra, Se – maximum 
width of elytra, Lpen – length of flight wings.

The following indices were calculated: Lb/Hb 
– ratio of body length to body height, (Sc+Sp+Se)/3Lb 
– ratio of average width of head, prothorax and elytra 
to body length, Lp/Sp2 – ratio of prothorax length to 
its maximum width, Le/Lp – ratio of elytra length to 
prothorax length, Se/Sp2 – ratio of elytra width 
to maximum prothorax width, Sp2/Sp3 – ratio of 
maximum prothorax width to width of its back edge, 

Fig. 1.— Scheme of morphological measurements of P. 
melanarius: see Notes to Table 1.

Fig. 1.— Medidas morfológicas de P. melanarius: véanse las 
Notas de la Tabla 1.
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Le/Se – ratio of elytra length to their width, Sl/Sc – 
ratio of labrum width to head width, Spl/Sp3 – ratio of 
prothorax width on front and back edges, Sc/Sp – ratio 
head width to prothorax width.

The following non-metrical characteristics were 
analysed: F1 – shape of labrum front edge (1: straight, 
2: slightly concave, 3: strongly concave), Chl1 – num-
ber of setae-bearing pores on labrum, Chl2 – extent of 
indumentation of labrum front angles (1: weak indu-
mentation, 2: strong indumentation), Ch111 – depth of 
setae-bearing pores on labrum (1: the surface is flat, 2: 
pores of average depth, 3: setae-bearing pores are very 
deepened), Fcl – shape of clypeus front edge (1; con-
cave, 2: straight, 3: convex), M – arrangement of man-
dibles (1: left mandible is on top of the right, 2: right 
mandible is on top of the left), Ml and Mr – depth 
of furrow on left and right mandibles respectively 
(1: slightly manifested furrows, 2: furrows of aver-
age depth, 3: deepened furrows), Psl – presence of 
transverse grooves on prothorax front edge (0: trans-
verse grooves are absent, 1: one and 2: two curved 
transverse grooves), Ps2 – presence of indentations 
on front edge of prothorax (0: absent, 1; indentations 
present). For the assessment of the most important 
body proportions 10 morphometric indices suggested 
by Sharova (1981) were used, and in addition ratios 
suggested by ourselves (Table 1).

The measurements of the beetles were taken using 
an eyepiece micrometer MBC-10 with accuracy to 
0.05 mm. When analyzing the characteristics average 
and standard deviation, minimal and maximal mean-
ings, asymmetry and excess were determined. For 
determining the statistical significance of differences 
in averages single factor dispersion analysis was used. 
For finding factors that identify the variability of the 
morphological characteristics of P. melanarius we 
used PCA analysis (Statistica 8.0 program).

Results and discussion

For 13 out of 14 metric characteristics (except 
the length of flight wings) of P. melanarius there is 
a strongly significant (P=1·10−9 and lower) sexual 
dimorphism (Table 1). Females are larger than males, 
the greatest difference (Figs. 2-4) is for the labrum 
(the value for females is on average 8.8% higher 
than for males), maximum width of elytra (7.4%), 
width of labrum (7.3%), length of body (6.8%), 
maximum body height (6.8), width of front edge of 
prothorax (6.6%), length of clypeus (6.5%), width of 
head (6.5%), length of elytra (6.1%), length of head 
(5.9%), maximum width of prothorax (5.8%), width 
of back edge of prothorax (5.8%), length of prothorax 
(4.9%), length of flight wings (3.7%). If we take out 
of consideration the length of the flight wings, then 
on average for 13 metric characteristics of P. mela-
narius the size of females is 6.56±0.96% greater than 
those of males.Ta
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Apart from average values the range of variabil-
ity of the studied metric characteristics also varies 
(Figs. 2-4): females have a 88.9% greater length of 

clypeus, 18.8% greater length of prothorax, 11.1% 
length of labrum and 8.3% greater length of head. At 
the same time, males have a 33.3% greater variability 

Fig. 2.— Variability of upper labrum width (Sl), length of clypeus (Lcl), length (Lc) and width of head (Sc) of P. melanarius. On the 
left males (n=130), on the right females (n=95); abscissa axis, values of characteristics (mm); ordinate axis, number of specimens.

Fig. 2.— Variabilidad de la anchura del labro superior (Sl), longitud del clípeo (Lcl) y longitud (Lc) y anchura de la cabeza (Sc) de 
P. melanarius. A la izquierda, machos (n=130) y a la derecha, hembras (n=95); abscisas, dimensiones (mm); ordenadas, número 
de ejemplares.
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of length of elytra, 200% width of elytra, 14,3% width 
of labrum, 2.6% length of body, 5.0% width of front 
edge of prothorax, 4.8% body height.

For body length a normal distribution of individu-
als in the population was observed for females (excess 
and asymmetry are statistically insignificant, Table 1) 

Fig. 3.— Variability of length of prothorax (Lp), maximum width of prothorax (Sp2), width of prothorax at front (Sp1) and back 
edges (Sp3) of P. melanarius. On the left males (n=130), on the right females (n=95); abscissa axis, values of characteristics 
(mm); ordinate axis, number of specimens.

Fig. 3.— Variabilidad de la longitud del protórax (Lp), la anchura máxima del protórax (Sp2) y la anchura del protórax en el borde 
anterior (Sp1) y posterior (Sp3) de P. melanarius. A la izquierda, machos (n=130) y a la derecha, hembras (n=95); abscisas, 
dimensiones (mm); ordenadas, número de ejemplares.
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Males, on the contrary, showed a statistically significant 
(P<0.001) positive excess. According to Geodakyan 
(1983), the smaller size of males compared to females 

(in this case by 6.8%) indicates a gradual decrease in 
body sizes of the species in the process of evolution. 
However, in the case of P. melanarius this decrease has 

Fig. 4.— Variability of length (Le) and maximum width of elytra (Se), length (Lb) and height of body (Hm) of P. melanarius. On the 
left males (n=130), on the right females (n=95); abscissa axis, values of characteristics (mm); ordinate axis, number of specimens.

Fig. 4.— Variabilidad de la longitud (Le) y la anchura máxima de los élitros (Se) y la longitud (Lb) y la anchura del cuerpo (Hm) de 
P. melanarius. A la izquierda, machos (n=130) y a la derecha, hembras (n=95); abscisas, dimensiones (mm); ordenadas, número 
de ejemplares.



Morphological polymorphism of Pterostichus melanarius 9

Graellsia, 71(1), Junio 2015, e025 — ISSN-L: 0367-5041 – http://dx.doi.org/10.3989/graellsia.2015.v71.126

stabilised, which indicates an absence of asymmetry in 
distribution of the body length of the males collected 
for study. A similar distribution is seen in the head width 
of P. melanarius: females have a normal distribution, 
males have a statistically significant (P<0.001) positive 
excess (a sharply peaked distribution is observed).

The length of prothorax of males and females shows 
a normal distribution (Table 1, Fig. 3), and within 
this distribution were observed the least significant 
sexual differences out of the 13 metric characteristics 
(only 4.9%), which indicate the microevolutionary 
stability of this characteristic.

For width of front and back edges, and also maxi-
mum width, of the females’ prothorax (Table 1, Fig. 3) 
a statistically significant positive excess was regis-
tered (P<0.001, i.e. distribution of the characteristic 
“peaked”) and a negative asymmetry (P<0.01, i.e. 
individuals dominate with greater values of measure-
ments, compared to average). Males have no statis-
tically significant asymmetry according to the three 
measurements of prothorax width.

Body height is, on one hand, connected with the abil-
ity to shelter in narrow crevices under stones, in cracks 
in the soil etc., and on the other hand with the ability 
of females to increase reproductive capacity (increase 
in belly volume not only due to length and width of 
elytra, but also due to body height). The distribution of 
P. melanarius males according to body height is nor-
mal (i.e. body height is optimal for living in the shel-
ter of litter and soil horizons), among females there 
was observed a negative asymmetry (P<0.01), con-
nected with presence (among the females collected) 
of a small amount of individuals that oviposited at the 
time of collecting beetles (June, July).

It is interesting to note that a normal distribution of 
individuals was registered in the studied P. melanar-
ius population according to length and width of elytra 
of females and a sharply peaked distribution (posi-
tive excess, P<0.001) for these characteristics among 
males (Table 1, Fig. 4). The absence of statistically 
significant asymmetry for length and width of elytra 
among individuals of both sexes either sex indicates 
the stability of these parameters.

Length of the flight wings for P. melanarius is 
characterized by acute polymorphism (Table 1), 
which reaches 14.3-15.5 mm in long-winged indi-
viduals in the population we studied (1 of 95 females 
and 2 of 130 males). Among short-winged males 
(3.75±0.37 mm) and females (3.94±0.33 mm) the 
length of wings differed significantly between the 
sexes (F=15.17, F0.05=3.88, P=1.3·10−4). On average, 
according to the number of long-winged individuals 
(1.3%), the studied population can be characterized as 
a stable lowland P. melanarius population, in which 
long-winged individuals do not obtain advantage 
(Lovei, 1996; Matalin, 2003).

For determining the most significant body propor-
tions of the ground beetles we examined 10 indices, 

which in general showed a much lower sexual dimor-
phism (0.26±0.86%) compared to linear measure-
ments (6.56±0.96%). In other words, females and 
males are according to 10 the examined indices, prac-
tically isomorphic (with decrease in one of the metric 
characteristics, another one also decreases, and on the 
contrary with an increase in one, there is an increase in 
another). Statistically significant differences (Table 1, 
Figs. 5-6) between males and females were registered 
only for ratio of length of elytra to prothorax length 
(Le/Lp, Р=0.04, among females this on average is 
1.1% higher), width of elytra to maximum width of 
prothorax (Se/Sp2, Р=0.0013, among females is 1.5% 
higher compared to males) and length of elytra to 
their width (Le/Se, Р=0.01, among males this is 1.2% 
higher compared to females). Among females a highly 
significant (P<0.001) excess was registered in 6, and 
among males in 5 out of the 10 examined body pro-
portions (Table 1).

The joint variability of the examined metric char-
acteristics of P. melanarius (Figs. 5-6) indicates that 
there are more complex regularities in the distribu-
tion of body proportions then was earlier described by 
Sharova (1981). Regression analysis showed signifi-
cant differences for the slope of the curve (coefficient 
a in the equation у=aх+b) among males and females. 
From this it can be seen that certain individuals can 
significantly diverge from the cluster of the main 
selection, which is more evident among females.

The coefficient of variation (ratio of average qua-
dratic deviation to average quantity, expressed as a 
percentage) is minimal for proportions and is maxi-
mal for metric characteristics (Fig. 7), which indicates 
isometric differences between P. melanarius males 
and females. The most constant index in the studied 
selection was the ratio of average arithmetical mean 
of head width, prothorax and elytra to body length 
(males: 2.1%, females: 2.3%).

Out of the 10 analysed non-metric characteristics 
(shape of front edge of the labrum, number of setae-
bearing pores on the labrum, extent of indumentums 
on corners of the labrum, depth of setae-bearing pores 
on the labrum, shape of front edge of clypeus, dispo-
sition of mandible, depth of furrow on left and right 
mandibles, transverse groove on front edge of protho-
rax, and impression near front edge of prothorax) a 
statistically significant sexual dimorphism (P=0.01) 
was registered only for shape of front edge of the 
labrum. Among males front edge of the labrum is 
mostly slightly concave, among females highly con-
cave (Table 1, Fig. 8).

Among most specimens the left mandible is disposed 
on top of the right (79% of males and 75% females), 
though about a quarter of individuals in the studied 
P. melanarius population have another disposition of 
the maxillae. The biological meaning of differences 
in mandible disposition remains uncertain, though we 
can presume that their proportions are significant for 
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eating gastropods, the cuttlebones of which also have 
different variants of spatial orientation. This question 
needs further research.

A combined analysis of metric and non- metric 
characteristics enables the general factors to be iden-
tified that define the morphological peculiarities of 

Fig. 5.— Regression analysis of linear body measurements of P. melanarius: for name of the characteristic see Notes to Table 1. 
On the left males (n=130), on the right females (n=95); abscissa and ordinate axes, value of the characteristic (mm).

Fig. 5.— Regresión lineal de las medidas corporales de P. melanarius: para el nombre de los caracteres véanse las Notas de la 
Tabla 1. A la izquierda, machos (n=130) y a la derecha, hembras (n=95); abscisas y ordenadas, medidas (mm).
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P. melanarius individuals. Using PCA analysis 
(Figs. 9-10, Table 2) we found that 45.2% of the 
morphologic variability of the studied population is 

determined by factor 1, which we identified as the 
sex of the P. melanarius specimens (in Fig. 10 in 
the positive zone of the factor are mostly males with 

Fig. 6.— Regression analysis of linear body measurements of P. melanarius: for name of the characteristic see Notes to Table 1. 
On the left males (n=130), on the right females (n=95); abscissa and ordinate axes, value of the characteristic (mm).

Fig. 6.— Regresión lineal de las medidas corporales de P. melanarius: para la denominación de los caracteres véanse las Notas 
de la Tabla 1. A la izquierda, machos (n=130) y a la derecha, hembras (n=95); abscisas y ordenadas, medidas (mm).
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numbers from 1 to 130, in the negative mostly females 
with numbers from 131 to 225). The whole complex 
of metric characteristics (length and width of head, 
prothorax, elytra and parts of the head, body height) 
together is determined by factor 1, the individual’s sex 
(Fig. 9). The consistency of variation of these char-
acteristics is upheld also by low coefficients of varia-
tions in body proportions (indices) compared to linear 
measurements (Fig. 7).

The remaining 20 factors contributing to the mor-
phologic variability of P. melanarius individuals 
(Table 2) ranged from 0.3% to 6.3% of the total disper-
sion (total: 54.8%). The point of directional turning, 
where the derivative changes its sign from positive 
to negative, is situated between factors 10 and 11 
(Table 2), thus only factors 1-10 have a practical effect 
upon the morphology of P. melanarius individuals.

Factor 2 (6.3% of dispersion) differentiates non-
metric characteristics, not affecting the metric char-
acteristics. It affects the shape of the clypeus and 
formation of impressions on the front edge of the 

prothorax. Factor 3 (6.0% of dispersion) manifests 
itself in the extent of indumentums at the corners of 
the labrum and depth of furrows in the mandibles. 
Factor 4 (5.4% of dispersion) is identified by the 
formation of transverse grooves on the prothorax. 
Factor 5 (5.1% of dispersion) influences the disposi-
tion of mandibles (right on top of left or left on top 
of the right), and is also connected with depth of fur-
rows in the mandibles. Factor 6 (4.7% of dispersion) 
influences the quantity of setae-bearing pores on the 
labrum and formation of impressions near the edge of 
the prothorax.

In this way the results of PCA analysis upheld the 
high consistency in variations in linear body sizes 
of P. melanarius individuals in the studied popula-
tion, and also allowed us to numerically evaluate 
the significance of such non-metric characteristics 
as shape of clypeus, impressions on front edge of 
the prothorax, indumentation of front corners of the 
labrum, depth of furrows on mandibles, disposition 
of mandibles, number of setae-bearing pores on the 
labrum and impressions near the front edge of the 
prothorax.

In the course of our previous research we registered 
the individual differences in the food range of certain 
P. melanarius individuals (Korolev & Brygadyrenko, 
2014). In our current research we attempted to distin-
guish morphologically distinct groups of individuals 
according to a single (Figs. 2-4, 8), several (Figs. 5-6) or 
all examined characteristics (Figs. 9-10). However, no 
more or less distinguished morphological groups (mor-
photypes) were found in the population. Morphological 
homogeneity (normal distribution of individuals) of 
population was violated for a number of characteris-
tics by the appearance of asymmetry or excess for cer-
tain features/parameters or ratios of metric functions. 

Fig. 7.— Values of coefficient of variation for 13 metric 
characteristics and 10 body proportions of P. melanarius 
males (m) and females (f), from a Ukrainian population 
(Zapadniy, Dnipropetrovsk, Ukraine): For the names of the 
characteristics and the indices see Notes to Table 1.

Fig. 7.— Coeficiente de variación para 13 caracteres métricos y 
10 medidas corporales de P. melanarius machos (m) y hembras 
(f) de una población ucraniana (Zapadniy, Dnipropetrovsk, 
Ucrania). Para la denominación de los caracteres y los índices 
véanse las Notas de la Tabla 1.

Fig. 8.— Form of front edge of labrum in P. melanarius males and 
females from a Ukrainian population (Zapadniy, Dnipropetrovsk, 
Ukraine). 1, straight; 2, slightly concave; 3, strongly concave.

Fig. 8.— Forma del borde anterior del labro en machos y 
hembras de P. melanarius de una población ucraniana 
(Zapadniy, Dnipropetrovsk, Ucrania). 1, recto; 2, ligeramente 
cóncavo; 3, muy cóncavo.
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The use of certain invertebrate species (for example 
ground beetles with no large-scale migration capac-
ity and which accumulate large amounts of toxins in 
the conditions of anthropogenic activity) is suitable for 
incorporation into regional programs of environmental 
monitoring (Lindqvist & Block, 2001; Pakhomov & 
Brygadyrenko, 2005).

Conclusions

For most metric characteristics (except the length 
of flight wings) P. melanarius shows a clear  sexual 
 dimorphism (females are larger than males by 
6.56±0.96%). The studied population, judging by the 
proportion of long-winged individuals (1.3%), can be 
classified as a stable lowland population of P. mela-
narius. For evaluation of the most significant body 
proportions 10 indices were analysed that manifested 
much lower sexual differences (0.26±0.86%) com-
pared to linear measurements (6.56±0.96%). Females 
and males are practically isomorphic: with decrease 
of one metric characteristic, another decrease propor-
tionately. A statistically significant excess was regis-
tered for 6 body proportions for females; and 5 out 
of 10 evaluated proportions for males. Regression 

analysis of metric characteristics shows statistically 
significant differences of angle of slope of the curve 
for most metric characteristics of males and females. 
The most constant in the studied selection was index 
of ratio of arithmetical mean for width of head, pro-
thorax and elytra to body length (males’ CV: 2.1%, 
females’ CV: 2.3%). Out of 10 non-metric charac-
teristics statistically significant sexual dimorphism 
is registered only for shape of the front edge of the 
labrum. Males mostly have a slightly concave and 
females have a strongly concave upper edge of the 
labrum.

With the use of regression analysis it was found 
that 45.2% of morphological variability is conditioned 
by sex. The whole complex of metric characteristics 
(length and width of head, prothorax, elytra and parts 
of head, height of body) varies simultaneously among 
individuals of different sex. We did not succeed in 
finding more or less distinct morphological groups 
(morphotypes) in the studied P. melanarius popula-
tion. A normal distribution of individuals in the pop-
ulation was violated for a number of characteristics 
by the appearance of a statistically significant asym-
metry or excess of certain features or ratios of metric 
characteristics.

Table 2.— Significance of factors which define metrical and non-metric characteristics of the studied population of P. melanarius 
(Zapadniy, Dnipropetrovsk, Ukraine), obtained through PCA analysis

Tabla 2.— Importancia de los factores que definen las características métricas y no métricas de la población de P. melanarius estudiada 
(Zapadniy, Dnipropetrovsk, Ucrania), obtenidos mediante Análisis de Componentes Principales (PCA)

Number of 
the factor 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Percentage 
of the 
dispersion%

45,17 6,27 6,03 5,43 5,05 4,71 4,45 4,14 4,12 3,61 2,26 1,58 1,39 1,30 0,99 0,87 0,69 0,63 0,54 0,41 0,33

Fig. 9.— Graphic interpretation of results of PCA analysis of morphological variability of P. melanarius individuals from a Ukrainian 
population (Zapadniy, Dnipropetrovsk, Ukraine): for the names of the characteristics see Notes to Table 1.

Fig. 9.— Interpretación gráfica de los resultados del Análisis de Componentes Principales de la variabilidad morfológica de 
ejemplares de una población ucraniana (Zapadniy, Dnipropetrovsk, Ucrania) de P. melanarius. Para las abreviaturas véanse las 
Notas de la Tabla 1.
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