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Abstract: The clarifying ecogeographical rules contributes greatly into evolutionary the-
ory. We investigated 9 samples of ground beetle Pterostichus oblongopunctatus Fabricius,
1787 from regions differing in location at 4 degrees in latitude and 57 degrees in longitude.
Sexual size dimorphism (SSD) was estimated in 6 morphometric traits. In total 3847 indi-
viduals were measured. SSD in different traits changed sometimes significantly in inves-
tigated gradients. But its mean values for all 6 traits together had the same values in all
regions. Standard deviation in SSD values declines significantly towards the north and
towards the east

Keywords: Sexual Size Dimorphism, ground beetles, geographical gradients.

1. Introduction

A main concept of ecology is that organisms live in a multidimensional space. In this
space dimensions are interpreted as hypothetical axes of various quantifiable environ-
mental factors. The latter impact organisms and the organisms in turn response to the
factors [1]. The number of such factors is vast and their importance is well known at all
ecological levels [2-3]. Identifying these factors and modeling their effects on the func-
tional traits of species is a key issue in ecology. In insects that undergo metamorphosis,
morphological traits are particularly sensitive to developmental conditions because their
size is established during development through the proliferation and growth of cells in
the imaginal disks [4]. Besides growth, trajectories vary across tissues and thus plasticity
response to various environmental parameters can be tissue-specific [5]. Different traits
are not similarly response to environmental factors). For example, D. melanogaster wings
are more sensitive to temperature, femur and thorax are more sensitive to nutrition and
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genitalia are the least sensitive to environmental perturbations [5]. The existence of pop-
ulation genetic variation for plasticity is confirmed. Often it is sex-biased (sexual size di-
morphism, SSD). However, most studies that investigate intraspecific variation in plastic-
ity rely on a single morphological measurement [6-8], which is often used as a proxy for
body size, and the prevalence of divergence of tissue-specific changes in morphological
developmental plasticity between populations of the same species remains an open ques-
tion. In our study we tried to avoid such the limitations taking into research intra-specific
variation several traits in ground beetle Pterostichus oblongopunctatus (Fabricius, 1887).
Ground beetles populations are an attractive model for investigating the evolution of mor-
phological plasticity within species, as many species inhabit a range of habitats with high
to low environmental heterogeneity along a latitudinal cline [9]. Our previous study in P.
oblongopunctatus showed that its body size varied significantly in latitude gradient from
one region to another, but the whole trend displayed stableness [10]. Females and males
had the similar directions of body size variation but some discrepancies occurred. In pre-
sent study we hypothesize: (i) SSD in studied beetle is female-biased; (ii) SSD varies in
geographical gradients (latitude and longitude).

2. Material and Methods

Pterostichus oblongopunctatus (Fabricius, 1787) is a small-medium size beetle. It is rec-
orded throughout European ecosystems and prefers litter-rich soils of humid deciduous
broadleaved forests [11]. The species is noted in habitats of significant temperature span
and found susceptible to multitude of environmental factors. Animal’s metric traits to
both human activity and natural conditions are noted [12-13]. Despite of textbook attrib-
ution to ecosystems of Europe, given species is found abundant further in Palearctic and
in Mesouralic and Siberian ecosystems. Impact of different ecosystems, geographic loca-
tion is noted for similar species [14] yet remain not entirely researched in huge span of
environmental factors for P. oblongopunctatus.

Study design. In our work we widened the data set that had been used in our previous
work [10]. We added material from new provinces and new sampled beetles. Then we
classified all regions according to their geographical position and they received their num-
bers. Those numbers are mentioned further in figures in Results section and were as fol-
lows: 1 - Kemerovo Province (54°56'N 87°14' E), 2 - Byelorussia (55°11'N 30°18’ E), Ta-
tarstan Republic, where two distant localities were studied — 3 - Saraly (55°22' N 49°13' E)
and 4 - Raifa (55%6' N 48042 E), 5 - Mariy El Republic (56°37' N 47°57" E), Sverdlovsk
Province with two distant localities — 6 — Revda city suburbs and 7 - (57050" N 59955’ E) and
7 - Visimskiy Reserve (57924’ N 59°33" E), 8 - Kostroma Province (57°46" N 40956’ E), 9 -
Kirov Province (58°36' N 49939'E).

Utilized morphometric data corresponded to six linear scalar float recordings as de-
pendent variables and is given for following values (denoting letters are given as Cyrillic
transliteration of reference material’s source) by R.A. Sukhodolskaya [14] (Figure 1).
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Figure 1. Placement of morphometric measurements: A — Elytra length as distance between poste-
rior end of scutellum and terminus of right elytron (in absence case of intact right elytron, left one
is acceptable), B — Elytra width as distance between anterior-distal corners of elytra, V — Pronotum
length measured along of central furrow pronotum, G — Pronotum width as distance between pos-
terior corners of pronotum, D — Head length as distance between labrum and juncture of occiput
and postgena (This trait despite of its clear wording, is prone to erroneous deviations due to mo-
bility of head joints and following inconsistency of the anterior terminus), E — Head width as dis-
tance between proximal innermost sides of eyes.

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 termi-
nal point of measurements and fiducial scale, using the last to bind real scale to array
output data.

Measured sample size is presented in Table 1.

Table 1. Sample size of measured P. oblongopunctatus

Number
of studied plots Females  Males

Kemerovo 1 231 96
Byelorussia 2 12 37
Saraly 3 328 354
Raifa 4 224 356
Mariy El 5 91 77
Sverdlovsk 6 368 385
Visimsky 7 342 291
Kostroma 8 174 170
Kirov 9 92 54

Data processing. To study variation of sexual size dimorphism (SSD) we calculated the
size dimorphism index (SDI) [15] by dividing the trait size of the females by the trait size
of males and subtracting one, resulting in negative SDI when males trait is larger and
positive values of SDI when females trait is larger.
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3. Results and Discussion.

In all cases (exuding the only one — head length in 6-th region) SDI was positive,
indicating that females were larger by all traits. So SSD in P. oblongopunctatus was female-
biased like in the other ground beetles species [16]. SSD values varied by regions, being
the lowest by all traits in Sverdlovsk region (Revda city suburbs) (Figure 2). SSD was ex-
pressed similarly in traits relating to separate organs of the animals, i.e. its values were
equal in elytra, pronotum and head length and width, respectively. This fact meant that
beetles studied developed harmoniously and their size proportions were not disturbed.
The highest values of SSD in pronotum parameters were in Belarus and Mariy El, then
they decreased towards the North. SSD in other traits was about the same in all regions
excluding the 6-th one (Sverdlovsk-Revda).

We averaged SSD values for all traits in each region and performed mean SSD vari-
ation in latitude gradient (Figure 3): it did not change significantly (excluding the 6-th
region). The same was shown for longitude gradient (Figure 4). So SSD had the single
value in the populations of P. oblongopunctatus along 4°in latitude and 57° in longitude.
But standard deviation of SSD differed by regions significantly (Figure 5, 6). It was the
highest in Belarus and Kostroma and the lowest — in Sverdlovsk-Revda. But in both cases
it had the negative trend especially expressed in longitude gradient.
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Figure 2. SSD values in different traits in P. oblongopunctatus in studied regions (A- elytra length,
B- elytra width, V-pronotum length, G-pronotum width, D-head length, E- distance between

eyes).



Proceedings 2021, 68, x FOR PEER REVIEW 5 o0of 8

NeanSSD

NeanSSD

0,07 ensrmmsesmmresmmessmesssemesesseessssesseseeesesesssessssesssessesesseseseees:
T

0,05 -

=)
2

o

o

—
1

1 2

w
"=
@
(=}
|
(o 2]
O

Regions

Figure 3. Mean SSD variation. The regions were arranged northwards.
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Figure 4. Mean SSD variation. The regions were arranged eastwards.
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Figure 5. Latitude gradient in standard deviation of SSD in P. oblongopunctatus
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Figure 6. Longitude gradient in standard deviation of SSD in P. oblongopunctatus

We did not take into account the environmental factors in each locality. Anthropo-
genic press, landscape features, habitat vegetation could impact beetles body size, as it
had been published earlier [17-18]. Such variation in size might influence SSD, if the sen-
sitivity to environmental factors differed in both sexes. Alternatively SSD variation in ge-
ographical gradients can e genus-specific: in Carabus genus species SSD decreased in lat-
itude gradient but in Pterostichus genus remained unchanged [19].

4. Conclusion

SSD in P. oblongopunctatus was female-biased females being larger than males by all
traits. Values in SSD did not vary in neither latitude nor longitude gradients, but its stand-
ard deviation tended to decrease northwards and eastwards. Such a phenomenon could
be associated with the homogenization of habitat conditions at the margins of area or it
was genus-specific. Additional researches need in females/ males sensitivity to environ-
mental factors to clarify the process.
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