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ABSTRACT

The morphometric parameters of Acinopus (Acinopus) laevigatus Ménétriés, 1832
(Coleoptera, Carabidae) were studied and their altitudinal variability was assessed. The length
of head is the most variable, and the smallest value of the coefficient of variation is observed
for the width of elytra. The length of body parts (head, pronotum, elytra) were more variable
compared to their width. The correlation relationship between the morphometric parameters
of different parts of the body was analyzed. A high correlation was found between the elytra
length (EL) and the total body length (BL) (r=0.93), and the lowest correlation was found
between the elytra width (EW) and the pronotum length (PL) (r=0.57). According to all
measurement indicators, high-mountain representatives of beetles were inferior to middle-
mountain individuals, and the variation in traits was also less. Only the width of the elytra
turned out to be more variable in individuals of the highlands. Statistical analysis showed a
rather high reliability of the influence of altitudinal belts on the morphometric parameters of
beetles for all studied parameters. However, changes in body proportions in different
altitudinal zones were not significant, except for the EW/BL index.

Keywords: Acinopus, Correlation, Ground beetles, Morphometry, Zarafshan Range.

INTRODUCTION
Morphological structures of populations clarify the processes of adaptation of organisms to
the environment and the formation of their relationships. In recent years, the approach to
assessing the structure of insect populations based on morphometric characters has become
widespread (Bulgarella et al., 2015; Rusynov and Brygadyrenko, 2017).

Although ground beetles remain poorly studied in this regard (Venn, 2007; Koivula, 2011),
significant variations in morphometric parameters in these beetles have been revealed on the
example of agrocenoses and urbanized landscapes. For example, Carabus granulatus
decreases in size when living in the suburbs, while C. cancellatus decreases in size in the city
(Sukhodolskaya and Saveliev, 2014); and even the phenotypic plasticity of females and males
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to the action of some environmental factor in ground beetles of the same species can be
different (Sukhodolskaya and Eremeeva, 2013; Sukhodolskaya, 2014).

Two populations of Nebria kraatteri in the Sila Mountains in Italy showed significant
differences in many morphometric parameters (Talarico et al., 2020). An increase in the
length of the elytra and a decrease in the parameters of the head in Pterostichus melanarius in
the northern and eastern directions were established (Luzyanin et al., 2022).

In low-mountain and high-mountain populations of the beetle Carabus odoratus in the
conditions of the Barguzin Range, a difference in the morphometric structure of the
population was revealed, which gives the authors reason to assume that there is no constant
genetic exchange between populations (Ananina and Sukhodolskaya, 2019). In some works, it
is noted that in many species of ground beetles, body length and length of the abdomen are
the most variable, and the length of head is the least variable (Stachewicz et al., 2021).
However, using the example of Machozetus lehmanni, it was found that the most variable
character is the length of head, and the most stable character is the width of elytra. In different
parts of the range, depending on soil conditions, morphological modifications can be
observed, expressed primarily in the size of head (Zokirova et al., 2022).

Acinopus (Acinopus) laevigatus belongs to the Eastern Mediterranean species of ground
beetles (Abdurakhmanov, 2010) and is a widespread species in many countries of Europe and
Asia (Lorenz, 2021). In Uzbekistan, Acinopus laevigatus was first mentioned by Alimdjanov
and Bronshteyn (1956), and later Dadamirzaev (1978). It is one of the dominant species in the
Zarafshan Range (Khalimov, 2020). It is an omnivorous species and damages cereals (wheat,
rye, corn, barley, millet, oats), industrial (beets), vegetable (carrots), medicinal (plantain)
crops, and also feeds on wild species of herbaceous plants (cereals, haze, Compositae)
(Rusynov et al., 2019). The main morphological differences of Acinopus laevigatus from
other species common in Asia and the key to their identification are given in Azadbakhsh and
Wrase (2016) and Wrase and Kataev (2016).

In our research, we set the following tasks: to identify variations in morphometric features
in Acinopus laevigatus (1), correlations between different parts of the body (2) and to find out
the patterns of changes in morphometric parameters at different heights of mountain
ecosystems (3).

MATERIALS AND METHODS

The collection of material was carried out in the mountainous regions of the Samarkand
and Jizzakh regions of Uzbekistan during the period 2020-2021. The specimens were fixed
with ethyl acetate and laid out in cotton pads. Also, for research, the collected material of the
employees of the Department of Zoology of Samarkand University was used. A total of 79
beetles were studied. Species identification was carried out by R. Dudko (Institute of
Systematics and Ecology of Animals, Russian Academy of Sciences, Novosibirsk, Russia)
and I. Kabak (All-Russian Institute of Plant Protection, St. Petersburg, Russia).
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To study the variability of morphometric parameters in vertical zones, the collection points
were divided into two groups (A and B) according to the height above sea level. Group A
included points with a height of 700-1200 m, and group B included points with a height of
1500-2000 m (Tab. 1).

Table (1): Collection point information.

Collection points Ridge Height above Coordinates
sea level, m

Group A (height above sea level-700 -1200 m)
Hazrati Dovud Zarafshan Range 1000-1200 39.489996°N,
66.620332°E
Etty uilli Zarafshan Range 1000-1200 39.435941°N,
66.988170°E
Hazrati Bashir Zarafshan Range 1100-1200 39.266667°N,
67.100000°E
Ingichka Zarafshan Range 750-900 39.728009°N,
65.982234°E
Yalpogtepa Zarafshan Range 870-880 39.445450°N,
67.239336°E
Nurota Turkestan Range 1000-1200 40.516667°N,
66.750000°E

Group B (height above sea level-1500 -2000 m)
Zhum-zhumsoy Turkestan Range 1700-1800 39.686128°N,
67.848304°E
Tahtakoracha Zarafshan Range 1500-2000 39.303106°N,
66.891646°E
Kamangaron Zarafshan Range 1500-1900 39.375913°N,
67.193234°E
Kumbelsoy Zarafshan Range 1600-1650 39.329416°N,
67.312788°E
Yul soy Zarafshan Range 1500-1900 39.291875°N,
66.940346°E

Further study of the morphology of beetles was carried out in the entomological laboratory
of the Faculty of Biology of Samarkand University. The material can be found at
entomological collection of the university, where the weight of the collected material is
stored. The study of morphometric parameters was carried out using a dimensional binocular
microscope MBS-9 with a measuring ruler.

The following morphometric parameters were studied: HL-length of the head, HW-width
of the head, DE -distance between the eyes, PL-length of the pronotum, PW-width of the
pronotum, EL-length of the elytra, EW-width of the elytra, and BL-total body length
(HL+PL+EL). Because the total body length may vary slightly depending on the position of
the head and pronotum in different postures, the total body length was calculated as the sum
of HL, PL and EL (PI. 1). In addition, the proportions of different parts of the body were
studied: HL/BL, HW/BL, DE/BL, PL/BL, PW/BL, EL/BL, EW/BL, PW/PL and EW/EL.
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Plate (1): Acinopus laevigatus and scheme of morphometric measurements: (1-2) Length
of the head- HL, (3-4) Distance between the eyes- DE, (5-6) Width of the head -
HW, (7-8) Width of the pronotum- PW, (2-9) Length of the pronotum- PL, (9-10)
Length of the elytra- EL, (11-12) width of the elytra- EW.

Statistical processing of the obtained data was carried out using the standard package-
Statistica 10. In this case, the arithmetic mean values, standard deviation, standard error,
coefficient of variation and correlation coefficient between the sizes of different parts of the
body were calculated.

RESULTS AND DISCUSSION
The results of morphometric measurements of individual parts of the body of the beetle as a
whole for all samples and for areas of different altitudinal mountain belts are presented in
Table 2. The total body length of the beetle Acinopus laevigatus is 12-18 mm, that is, they
turned out to be larger compared to the European population (11- 16 mm) (Rusynov et al.,
2019).

The variation of the studied morphometric parameters within the population is not very

high and is a stable trait, since for unstable traits the coefficient of variation should be more
than 33.3%. Statistical analysis of the data showed that the most variable is the length of the
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head (Cv=11.95), and the smallest value of the coefficient of variation (Cv=6.67) is observed
for the width of the elytra. Sufficiently high variability shows the distance between the eyes.
In general, the lengths of body parts (head, pronotum, elytra) were more variable compared to
their width.

Table (2): Morphometric parameters of the beetle Acinopus laevigatus and their variation.

The
. . Standard coefficient
Bod . Ma . Arithmetic - Standard

partg SIS X. b (% mean, M Ao, error, m .Of.
sd variation,
Cv,%
Group A | 4.3 2.7 3.9 0.32 0.046 8.27
GroupB | 4.3 2.7 3.5 0.22 0.048 6.29

HW ger:gral
" | 43 2.7 3.8 0.32 0.038 8.40

for the

species
Group A | 4.9 2.9 3.9 0.47 0.066 11.94
GroupB | 4.4 2.9 3.6 0.38 0.084 10.56

HL ger:gral
| 4.9 29 3.8 0.46 0.054 11.95

for the

species
Group A 4 25 3.2 0.30 0.043 9.44
GroupB | 35 2.6 3.0 0.24 0.051 7.99

DE ger:gral
' 4 25 3.1 0.31 0.037 9.83

for the

species
GroupA | 54 3.7 4.7 0.33 0.047 7.05
Group B 5 3.9 4.3 0.29 0.064 6.77

PW ger:gral
' 5.4 3.7 4.6 0.35 0.042 7.71

for the

species
Group A | 4.2 25 3.2 0.28 0.039 8.67
GroupB | 34 2.6 2.9 0.22 0.049 7.56

PL genlgral
| 4.2 25 3.1 0.28 0.033 9.01

for the

species
Group A | 5.8 4.6 5.2 0.33 0.047 6.36
GroupB | 5.8 45 5.0 0.36 0.078 7.09

EW genlgral
' 5.8 45 5.1 0.34 0.041 6.67

for the

species
EL Group A | 9.3 6.6 8.2 0.58 0.083 7.03
GroupB | 8.7 7 7.8 0.40 0.088 5.18
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In
general,
for the
species
Group A | 18.0 12 15.3 1.20 0.172 7.83
GroupB | 159 | 128 14.4 0.90 0.195 6.22

In
general,
for the
species

9.3 6.6 8.1 0.57 0.068 7.01

BL
18.0 12 151 1.20 0.143 7.94

As you know, the sizes of different parts of the body are closely interconnected. However,
the degree of dependence in the sizes of various parts of the body may vary. To determine the
degree of dependence, a correlation analysis was carried out between the morphometric
parameters of the measured body parts of beetles (Tab. 3). A high correlation was found
between elytra length (EL) and total body length (BL) (r=0.93), between pronotum width
(PW) and head width (HW) (r=0.92). The smallest correlation was found between the width
of the elytra (EW) and the length of the pronotum (PL) (r=0.57). Also, a weak relationship
was noted between the width of the elytra (EW) and the length of the elytra (EL) (r=0.66),
between the length of the head (HL) and the length of the pronotum (PL) (r=0.68).

Table (3): Correlation dependence (r) between the sizes of different parts of the body in
Acinopus laevigatus (n=79).

Body | HL DE PW PL EW =L Bl
parts

HW
HL 0.78
DE 0.87 0.80
PW 0.92 0.82 0.87
PL 0.80 0.68 0.82 0.76
EW 0.74 0.70 0.74 0.74 0.57
EL 0.84 0.71 0.75 0.81 0.73 0.66
BL 0.87 0.87 0.85 0.88 0.83 0.74 0.93

On different altitudinal belts of mountains, the morphometric characteristics of body parts
differed significantly (Diag. 1). By all parameters studied, beetles from low-mountain and
mid-mountain sites of research were larger than beetles from high-mountain habitats. The
variation of seven morphometric parameters out of 8 studied was higher in beetles from the
sites of group A. Only the width of the elytra turned out to be more variable in individuals
from the sites of group B (Tab. 4). Statistical analysis showed a rather high reliability of the
influence of altitudinal belts on the morphometric parameters of beetles for all studied
parameters (Tab. 5).
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Diagram (1): Comparison of morphometric parameters of Acinopus laevigatus found in
plots A and B (units - mm).

Table (4): Significance criteria for differences in the morphometric parameters of

Acinopus laevigatus between sites of groups A and B.
Parameters F P-value F critical
Head width 14.33816823 0.000300883
Head length 6.496938246 0.012794873
Distance between eyes 12.56866036 0.000670964
Pronotal width 21.86752971 1.22358E-05
Pronotum length 12.70575066 0.000630052 3.965094067
Elytra width 4.341575247 0.040510343
Elytra length 12.12339984 0.000823861
Total body length 12.9116339 0.000573393
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Table (5): Variability of morphometric indices of Acinopus laevigatus in different
altitude belts of mountains.

Indices Sites Index value Variation, Cv,% F at Fg05=3.96 P
Group A | 0.23+0,002 5.10

HW/BL 2.38 0.13
Group B | (.23+0,001 2.57
Group A | 0.25+0,002 6.82

HL/BL 0.45 0.51
GroupB | 0.25+0,003 5.88
Group A | 0.31+0,002 3.92

PW/BL 1.25 0.27
Group B | 0.30+0,002 3.33
Group A | 0.21+0,001 4.67

PL/BL 2.29 0.13
Group B | 0.20+0,002 4.13
Group A | 0.34+0,002 4.75

EW/BL 5.06 0.03
GroupB | (.35+0,005 7.03
Group A | (.54+0,002 2.93

EL/BL 1.89 0.17
Group B | 0.54+0,003 2.63
Group A | 0.21+0,002 5.22

DE/BL 1.42 0.24
Group B | (.21+0,002 4.24
Group A | 1,48+0,01 5.36

PW/PL 0.37 0.54
Group B 1.48+0,02 5.53
Group A | 0,630,005 5.49

EW/EL 2.68 0.11
Group B | (,64+0,010 6.89

A significant decrease in body size with increasing altitude was also noted in other groups
of arthropods (Janes, 1994). Smaller body sizes in high-mountain populations can be
explained by more severe conditions of high-mountain stations, expressed primarily by lower
temperatures. In the studies of Krasnov (Krasnov et al., 1996), in three species of tenebrionids,
a decrease in body size along the altitude gradient was observed, which the author explains by
the influence of ambient temperature. However, in one species, the opposite trend was
observed. Highland populations of the dung flies Scathophaga stercoraria and Sepsis
cynipsea were smaller, and under laboratory rearing conditions, high temperatures led to a
decrease in body size (Blanckenhorn, 1997).

In a laboratory experiments on ground beetles, a decrease in body size with increasing
temperature was also noted. Moreover, it is reported that larger species decreased
disproportionately more than beetles with a smaller body size (Tseng et al., 2018). However,
due to the presence of rather opposite data on the effect of altitudinal gradients on the
morphometric parameters of beetles, this issue requires further study.
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According to some authors (Sharova, 1981; Slinko et al., 2008), the analysis of
morphometric characters does not give a complete picture of the population variability of the
species. According to them, body proportion indices are more informative. However,
differences between beetles in different altitudinal zones were observed only in terms of the
EW/BL index (F=5.06 at F0.05=3.96, p<0.05). The difference between the beetles of different
belts in terms of other indices of body proportions was not statistically significant.

Thus, the studied morphometric parameters of the beetle Acinopus laevigatus are more or
less stable and their variation is not very high. However, the variation in the size of different
parts of the body differed significantly. It should be noted that the length of body parts (head,
pronotum, elytra) were more variable compared to their width. Comparison of the beetles of
the studied territories did not show significant differences in the horizontal direction.
However, in the vertical direction, which includes, the individuals of the high-mountain and
mid-mountain stations differed significantly. The vegetation cover of the studied points
differed both horizontally and vertically. However, these differences are not very significant,
since all points are located on the territory of neighboring regions. Horizontally, climatic
conditions do not differ much. But vertically, climatic conditions change significantly.
Apparently, the size of the body of beetles is more dependent on climatic conditions and less
dependent on the vegetation cover. Of course, these statements require more detailed study.

CONCLUSIONS

Acinopus (Acinopus) laevigatus Menetries, 1832 is the most widespread species of ground
beetles in the mountain ecosystems of Uzbekistan. The study of the morphometric features of
such organisms is very important for understanding and presenting the ways of morphological
adaptations of organisms in different altitudinal zones. In individuals from different altitudinal
zones, there are obvious differences in morphometric parameters, which is proved by
statistical analyses. Beetle specimens from the upper belts of mountains are characterized by
smaller sizes of body parts, as well as their low variability.
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Acinopus (Acinopus) laevigatus Menetries, 1832

(Coleoptera, Carabidae)
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Acinopus (Acinopus) laevigatus Ménétriés, 1832 ¢l 4, Lall Lol ;‘_2@3
ASY s wlydl Job ool o 31 Jshall Ll eusds @39 (Coleoptera, Carabidae)
Jlshol il guadll 7Ll (ayad sYl Jalal degd yinl o) lasgl LS <lyls
Loy Lylaa Lyl AST (guasll zlidl  Al¥l juiall pils < ol,1) muadl 65
Ol dzg 3l fpuudl o Aalizes 152 Lydall cledall o Lol 28N s @
« (BL) (= 0.93) JSII ! Jslog (EL) (gerail 7 Lill Jsbo oo S Lolisyl elllia
PL) (1 =) ool aal els Jsbog (EW) guseill il sy o s Loy JaTs
(057

oo ol il Jll Jlel @ pudlisd) 581 ols colulall ol ydige arazd a9
zlall (ose o sl LS« J81 Uayl clagall § colall o «Jladl oy o8
dl adle 8gisn Slasl deleall plol culaas,dl 51,80 § gis AST (055, (ke
A gyl laall arezd Gudlizel Gy dall @bl e g lasdl dosai il L o
Agiae Aalinll olelan¥l bl § pucddl s § Sl (S5 o cells s
EW/BL yége slifiuly

153



