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Abstract—The between-population and sexual differences in demographic and postmetamorphic growth
characteristics were studied in Rana arvalis from several habitats of Khanty-Mansiiskii Autonomous Okrug—
Yugra (KhMAO) with a relatively short (about 3.5 months) activity season. Skeletochronology was used for
age determination. The annual size increments and the rates of these increments were determined on the base
of back-calculated body length at each age. In three of four populations, a higher average age in females but
not significant sexual differences in the average body length were revealed. In both males and females of all
studied KhMAO populations, the rate of the annual size increment between the 1st and 2nd wintering was
maximal. The rate of the annual size increment between the 2nd and 3rd wintering was kept relatively high.
In comparison with R. arvalis populations of Bryansk, Moscow, and Kirov oblasts with a longer activity sea-
son (seven, six, and five months, respectively), frogs from KhMAO populations had a relatively small average
body length at each age and low population averages of the body length. At the same time, the character of
between-age dynamics in the rate of the size increments of KhMAO populations enabled us to reveal the
effects of counter-gradient selection not yet mentioned in the literature. These effects represent the mainte-
nance of a relatively high rate of annual increments up to the 5th wintering in R. arvalis from KhMAO pop-
ulations with a short activity season.
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INTRODUCTION

The variability of the life cycle characteristics
directed against the gradient of environmental condi-
tions represents interpopulation phenotypic differ-
ences, the manifestation of which is opposite to
genetic changes that form as an adaptive response in
populations located along a given gradient of environ-
mental conditions (for a review, see Laugen et al.,
2003; Conover et al., 2009). Already formed adaptive
genetic changes can be detected only in field experi-
ments with reciprocal interpopulation transplanta-
tions of individuals or under the same conditions of
laboratory experiments (Berven et al., 1979). When
studying the interpopulation variability of the post-
metamorphic growth of amphibians, there is, how-
ever, another, indirect way to reveal such genetic
changes. Its essence is that data are used not only on
the absolute value of the annual increments after
metamorphosis during each of the successive seasons
of activity, but also on the duration of the season of

activity, i.e., the time period during which these
annual increases occur (Ishchenko, 1999; Hjernquist
et al., 2012). Further, based on these data, estimates of
the rate of annual increments are obtained (Lyapkov
et al., 2009). Our preliminary study, carried out on
two wide range species of Eurasian brown frogs, the
moor frog (Rana arvalis) and the common frog (Rana
temporaria), made it possible to reveal in them inter-
population variability in the rate of such annual incre-
ments (but not in the average age sizes). This variabil-
ity was directed against the climatic temperature gra-
dient, which causes differences in the duration of the
seasons of activity in the habitats of populations that
are geographically distant from each other (Lyapkov
et al., 2009). However, in this work, populations from
habitats with a duration of the season of activity close
to the minimum were not studied. We later obtained
such data for the common frog: the growth rates of
individuals from populations with an extremely short
season of activity were maximum and corresponded to
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the general pattern of manifestation of variability
directed against the gradient of environmental condi-
tions (Lyapkov, 2019).

As a result of our study of moor frog populations in
habitats with a short period of activity (~3.5 months)
in two different areas of Khanty-Mansiiskii Autono-
mous  Okrug—Yugra (hereinafter for brevity,
KhMAO), it was shown that the individuals of these
populations are characterized by relatively small sizes
at each of the ages and, accordingly, by low annual
increments (Matkovsky et al., 2011; Ibragimova and
Lyapkov, 2018). A weak expression of size differences
between sexually mature females and males was also
revealed in these populations of KhMAO.

Later, we studied other populations of the city of
Surgut and near it. In this regard, the objectives of this
study were the following: (1) Determination of the age
of moor frogs of KhMAO populations using the skele-
tochronology method, a retrospective assessment of
body length, and identification of features of their
postmetamorphic growth (i.e., body length at each age
and the rate of annual growth) under conditions of a
severe limitation of the duration of the season of activ-
ity. (2) Revealing the relationship of sex differences in
body length with the absolute value of annual incre-
ments and their rate in each of the populations stud-
ied. (3) Comparison of the studied characteristics of
populations from urban habitats with a strong anthro-
pogenic load with populations from habitats with a rel-
atively weak anthropogenic impact. (4) Comparison
of the results obtained with our earlier data on the
growth of moor frogs from populations with a longer
season of activity from Bryansk, Moscow, and Kirov
oblasts, as well as with the published data.

MATERIALS AND METHODS

The material was collected in the habitats of several
populations of moor frogs in the Khanty-Mansiiskii
Autonomous Okrug. The habitat of the first of the
urban populations was in the industrial zone of the city
of Surgut (61°15’35” N, 73°32°45” E), near the dam of
Surgutskaya GRES-2. The habitat of the second urban
population was in the forest park (mixed small-
leaved—coniferous forest and raised bog, 61°14’38” N,
73°25°06” E), and the third habitat was in the Ob
floodplain (willow reed grass—sedge water meadows,
61°14°04” N, 73°25'44” E). The data for all these
urban populations, with high or medium anthropo-
genic loads, were pooled (hereinafter for brevity, Sur-
gut). The control population, the anthropogenic load
in the habitat of which was practically absent, was
located 28 km northeast of Surgut (hereinafter, for
brevity, Control, 61°38’35” N, 73°48’35” E). A more
detailed description of the habitats of the populations
of Surgut and Control was given earlier (Ibragimova
and Starikov, 2013). The capture of animals in the
habitats of these populations was carried out using
trapping cylinders, from May to September 2011, and
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the duration of the season of activity in the habitats of
a given population was 3.7 months, The habitat of
another studied population, also characterized by low
anthropogenic pressure, was located 50 km south of
Surgut, in the vicinity of the village of Yugan (herein-
after for brevity, Yugan, 60°52°41” N, 73°41’20” E).
This habitat includes forest and floodplain plant com-
munities, with activity season duration also of
3.7 months. The material was collected at the end of
May 2017 and 2018, manually, on land during the
period of migration of adults to spawning water bodies,
as well as in spawning water bodies. In addition, we
used our data on three populations of the northern
part of the Khanty-Mansiiskii Autonomous Okrug
(hereinafter, NKhMAO). The age and size composi-
tion of these three populations does not differ signifi-
cantly from each other (for more details, see Mat-
kovsky et al., 2011), so we combined the data on them
into one sample. The duration of the season of activity
in the habitats of populations NKhMAO was
3.5 months.

Postmetamorphic growth was studied using data
on the age and calculated body length of immature
and adult moor frogs from the populations studied. In
each individual, the body length was measured and the
age was determined by making sections of the middle
of the diaphysis of the shin, stained with Ehrlich’s
hematoxylin. A few immature individuals were also
used to determine the age and assess the rate of resorp-
tion of the endosteal bone. The main problem of accu-
rate age determination is the estimation of the number
of resorbed lines of stunting (otherwise referred to as
“lines of arrested growth”) corresponding to the first
and second (rarely) wintering (Hemelaar, 1985; Smir-
ina and Makarov, 1987). According to the measure-
ments, in individuals from the populations of Surgut,
Control, and Yugan, the diameter of the line of
arrested growth corresponding to the first wintering
did not exceed 0.87 mm, respectively. When determin-
ing the age, we assumed that in individuals with a bone
marrow cavity diameter of more than 0.87 mm, com-
plete resorption of this first line occurred. Similar data
(0.77 mm) were used to determine the number of indi-
viduals with a resorbed first line of population of
NKhMAO.

Since the transverse sections of the shin usually
have a shape close to an ellipse (rather than a regular
circle), the value of the outer diameter of the trans-
verse sections and each of the lines of arrested growth
was determined as half the sum of the minimum and
maximum values of the measured diameters (for
details, see Smirina, 1983). A retrospective assessment
of the body length was performed using the most com-
monly used Dahl—Leo equation (Marunouchi et al.,
2000): L; = LD;/D yerna» Where L; is the calculated
body length at a given age i, D, is the diameter of the
corresponding line of arrested growth, D, ma 1S the
outer diameter of the section measured in the caught
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Table 1. Average values of body length (mm) and age in the moor frog of the studied populations of Khanty-Mansiiskii

Autonomous Okrug

Population Sex n Age Body length, mm
NKhMAO (a) Q 75 3.80 48.24
3 74 3.41 47.80
Surgut (b) Q 32 3.28 45.21
3 48 3.19 46.27
Control (c) Q 14 3.50 45.27
3 14 3.57 45.90
Yugan (d) Q 30 4.60 51.10
3 33 4.27 52.88

Significant differences in the mean values of females and males are marked in bold (p < 0.05). Significant differences between popula-
tions (letter designations of populations are in the left column of the table): age, females: a—b, a—d, b—d, c—d; age, males: a—d, b—d, c—d;
body length, females: a—b, a—c, a—d, b—d, c—d; body length, males: a—d, b—d, c—d.

individual, and L is the length of the body of the
caught individual. According to the calculated body
lengths before this one (L; ; ;) and the previous one
(L,) overwintering, the annual increments were calcu-
lated: L; . ; — L;, and according to them, the growth
rate for a given season: V(i —i+ 1) = (L;,, — L)/t
where 7 (months) is the duration of the season of activ-
ity in the habitat of a given population. For compari-
son with the KhMAO populations, the same calcula-
tions were carried out using our unpublished data on
the populations of Bryansk, Moscow, and Kirov
oblasts, for which the duration of the active season was
seven, six, and five months, respectively. It should be
noted that the need to use a retrospective assessment
of body length is explained by the fact that, since the
majority of individuals in the KhMAO populations
become sexually mature not earlier than after the
3rd wintering (see the Results section), the calculated
values allow us to estimate the body length before the
1st and 2nd wintering using larger samples, in com-
parison with a few samples of immature individuals
with a measured body length.

During the statistical processing of the material, a
two-way analysis of variance was used (factors: sex and
population, fixed effects model) and subsequent multiple
comparisons of means using the STATISTICA 8.0 statis-
tical software package.

RESULTS

Age Composition and Qualitative Features
of Post- Metamorphosis Growth and the Structure
of Growth Layers

In the Yugan population, a relatively small part of
individuals bred for the first time already after the
3rd wintering, the rest after the 4th wintering, and the
maximum identified age was ten years (Fig. 1). In
other populations, i.e., NKhMAO, Surgut, and Con-
trol, at the age of three years, a large proportion of
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individuals bred, not only males, but also females,
and, correspondingly, a smaller proportion of four-
year-old individuals (Fig. 1). In contrast to the Yugan
population, the maximum age of individuals in these
three populations was seven years old (NKhMAO)
and five years old (Surgut and Control).

Line of arrested growth, corresponding to the first
wintering, was completely (or almost completely,
which excluded the possibility of measuring its diam-
eters) resorbed in 40.9% of individuals of the Surgut
population, in 64.1% of individuals of the Control
population, in 46.9% of individuals of the Yugan pop-
ulation (Fig. 2), and in 85.3% of individuals popula-
tions of the NKhMAO. Line of arrested growth, cor-
responding to the second wintering, was completely
resorbed in 5.1, 20.5, 3.1, and 27.7% of individuals,
respectively.

Interpopulation and Sex Differences in the Mean Values
of the Age and Body Length

Comparison of the studied populations of
NKhMAO within the same sex revealed the maximum
average population age values (significantly differing
from all other populations) in both females and males
of Yugan and the minimum values in both females and
males of the Surgut population (Table 1).

Both females and males of the Yugan population
were characterized by maximum average body lengths
(all differences are significant, see Table 1), which
corresponded to the maximum value of their average
age. In comparison with the other two populations,
the females of the Surgut and Control populations
were characterized by significantly lower values of the
average body length and did not differ from each other.
Males of the populations studied were characterized
by the same ratio of the average population sizes
(Table 1).
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Fig. 1. Distribution (%, vertical axis) of ages (horizontal axis) of mature individuals of the studied populations of KhMAO.

(a) NKhMAO, (b) Surgut, (c) Control, (d) Yugan.

The general trend of sex differences in all popula-
tions, except for Control, was higher average values of
the age of females (significant differences in the
NKhMAO population). In accordance with the
revealed differences in age, the females of the
NKhMAO population were slightly (non-signifi-
cantly) larger than the males; however, in the three
remaining populations, the average body length of
males was slightly larger (also non-significantly) than
that of females.

It should also be noted that the populations from
the urban habitats of Surgut with a strong anthropo-
genic load were most similar in terms of the average
body length and age to the suburban population clos-
est to it (Control), and all of them (i.e., both Surgut
and Control) differed from the more remote popula-
tions of Yugan and NKhMAO.
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Age Dynamics of Body Length and the Rate
of Annual Growth

According to the obtained retrospective assessment
of the body length (Table 2), individuals of the Yugan
population were characterized by the minimum size
before the first wintering (in males, they were signifi-
cantly different from all other populations, see Table 2),
as well as before the 2nd wintering (in females, it was
significantly different from all other populations; see
Table 2). Subsequently, their growth accelerated, and
before the 4th wintering they were already larger than
the individuals of the other three populations. At the
same time, no sex differences in the average body size
were found in any of the populations and in any of the
ages (the exception is individuals of the Yugan popula-
tion before the 1st wintering, see Table 2).

Both males and females of each of the four popula-
tions of Khanty-Mansiiskii Autonomous Okrug were
characterized by the maximum rate of annual incre-
ments in the interval between the 1st and 2nd winter-
ing (Fig. 3). Between the 2nd and 3rd wintering, the
growth rate remained the same in the Yugan popula-
tion and slowed down in the three remaining popula-
tions. Between the 3rd and 4th wintering, the growth
rate in the Yugan population began to slow down, but
remained higher than in other populations. Such fea-
tures of the change in the rate of annual increments of
the Yugan population determined the above-men-
tioned predominance in the size of individuals of this
population at the ages of four and five years (Table 2).

Sex differences in the rate of annual increments
were not revealed in any of the populations or in any of
the ages (the only exception is the increment rate
between the 2nd and 3rd wintering in the population
of the NKhMAO, Fig. 3).

We also note that the populations from urban hab-
itats (Surgut) were most similar, both in terms of the
average age values of the body length and in the rate of
annual growth and their age dynamics, with the near-
est suburban population (Control), and both of these
populations differed significantly from the Yugan pop-
ulation spatially distant from them. As noted above,
the same direction of interpopulation differences was
also observed in the average values of the body length
and age. On this basis, we can conclude that all the
demographic and growth characteristics considered
are most affected by the spatial disunity and the corre-
sponding climatic differences, and not by the anthro-
pogenic load itself.

Compared with the populations of Bryansk, Mos-
cow (Zvenigorod biostation, hereinafter referred to as
ZBS), and Kirov oblasts, the individuals of the
Khanty-Mansiiskii Autonomous Okrug populations
were characterized by a relatively high average rate of
annual growth over a wider range of ages (Fig. 3). In
the period between the 1st and 2nd wintering, almost
all the studied populations were characterized by a
high growth rate, regardless of the duration of the
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Fig. 2. Microphotographs of sections of the shin of sexually
mature moor frogs. Length scale, 1 mm. (a) Yugan, male,
body length 54 mm, five winterings; (b) Yugan, female,
body length 57 mm, ten winterings. Arrows point to lines
of arrested growth corresponding to wintering areas. In
both individuals, the line corresponding to the first winter-
ing is not completely resorbed, and the line of the last win-
tering is not marked, since it has not moved away from the
outer edge of the section.

active season. However, already in the next warm sea-
son (between the 2nd and 3rd wintering), the rate of
growth in individuals from the population of Bryansk
oblast was significantly lower than the year before.
Further, between the 3rd and 4th wintering, the
growth rates also decreased in the two more northern
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Table 2. Back-calculated body length (mm) in each of the ages in the moor frog of the studied populations
Population NKhMAO (a) Surgut (b) Control (c) Yugan (d)
age sex Q 3 Q 3 Q 3 Q 3
1 X 22.23 23.24 23.03 22.65 23.93 24.48 21.98 19.34
n 10 3 68 73 13 9 19 14
min 16.58 21.34 15.41 15.00 19.87 20.85 15.84 16.60
max 24.82 24.19 29.37 28.38 27.23 29.96 27.51 23.00
2 X 33.17 33.24 33.27 32.92 33.98 34.75 30.96 31.17
n 68 64 65 77 22 16 30 31
min 23.83 22.31 23.10 19.85 24.68 29.61 21.43 23.41
max 44.18 43.14 43.78 47.52 40.72 39.37 41.36 41.20
3 X 40.54 41.81 42.29 42.85 41.16 41.61 42.08 43.88
n 72 73 21 29 11 13 30 33
min 27.50 25.22 32.30 32.30 31.86 35.94 31.42 33.20
max 55.00 53.77 50.78 52.36 47.98 46.46 51.72 52.00
4 X 46.67 46.97 48.24 49.79 47.40 46.51 49.16 52.06
n 44 22 2 3 3 3 28 28
min 36.77 39.87 46.97 48.41 45.40 40.70 40.51 46.61
max 56.62 52.93 49.52 50.49 50.66 49.91 57.00 59.09
5 X 51.88 49.56 51.87 52.85 55.25
n 13 6 2 0 0 0 9 11
min 45.30 46.02 51.64 44.99 52.00
max 57.07 52.13 52.10 58.00 62.00

X is the average, 7 is the sample size, min is the minimum value, and max is the maximum value. Significant differences in the mean
values of females and males are marked in bold (p < 0.05). Significant (p < 0.05) differences between populations (letter designations of
populations are in the heading of the table): age one year, males: a—d, b—d, c—d; age two years, females: a—d, b—d, c—d; age two years,
males: c—d; age four years, females: a—d; age four years, males: a—d, c—d; age five years, males: Yugan-NKhMAO.

(than the population of Bryansk oblast) populations of
the ZBS and Kirov oblast, while the growth rates
remained relatively high in individuals from all four
populations of KhMAO (with one exception, males of
the Surgut population). The most likely explanation
for the revealed age dynamics is that, in the southern
populations, most individuals (and not only males,
but also females) reach maturity and then grow much
more slowly (because they annually allocate a signifi-
cant proportion of resources for reproduction) already
before the 2nd wintering. In more northern popula-
tions, this occurs before the 3rd wintering, and only in
populations of Khanty-Mansiiskii Autonomous
Okrug with the shortest season of activity does it occur
before the 4th wintering.

In contrast to the KhMAO populations, sex differ-
ences in the growth rate between the 1st and 2nd and
2nd and 3rd wintering were revealed in most of the
more southern populations (Fig. 3). In all these cases,
males grew faster than females, which corresponds to
the general trend of sex differences in the size of

annual increments that we revealed, which is mani-
fested in the fact that males are usually larger than
females at each age (Lyapkov et al., 2007).

DISCUSSION

There are no data on the annual increment rates in
moor frogs (except for our data on several populations
(Lyapkov et al., 2009)) in the literature, and therefore
we can compare populations of the species from dif-
ferent regions only by the age-specific size dynamics.
The most complete set of such published data is con-
tained in our review (Lyapkov, 2013). Let us clarify
that the average age values of the body length pre-
sented in the review are not a retrospective estimate
based on “back-calculation,” but data obtained
directly from the measurement of frogs. This age-spe-
cific body size dynamics is the result of age-related
growth dynamics, which, as we have shown, are spe-
cific for populations from regions that differ greatly in
the duration of the activity period. Record-breaking
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low average body length values for each of the ages
were found in the extreme northern population of the
species in Yamal (Ishchenko, 2005). When compared
with the populations of other regions with a longer
season of activity, the individuals of the studied four
populations of Khanty-Mansiiskii Autonomous
Okrug were also characterized by relatively small aver-
age body length values at each of the ages and average
body length values of the population (cf. Lyapkov,
2013, Table 3 and Figs. 3 and 4). The similarity in the
average size of KhMAO populations was observed
only with populations from habitats with a duration of
the season of activity close to the maximum (more
than seven months) (Lyapkov et al., 2010), which is
explained by the significantly higher contribution to
the reproduction of southern populations (Lyapkov
et al., 2008) and, correspondingly, by relatively slow
growth upon reaching sexual maturity. It is also possi-
ble that in some southern populations the humidity
regime is not close to the optimum during the entire
season of activity.

In addition to a decrease in the size of annual
increments with a strong reduction in the duration of
the season of activity, a decrease in the average popu-
lation sizes is also facilitated by a relatively high mor-
tality (primarily from unfavorable abiotic factors),
which causes a decrease in the proportion of older ages
among mature individuals, which is probably typical
for many populations with a short activity season.
Thus, in all the populations of the Khanty-Mansiiskii
Autonomous Okrug studied by us, relatively high age
values were not revealed, which are characteristic, for
example, of some mountain populations of the species
(Altai with up to 17 winterings and, at the same time,
relatively large sizes, Ishchenko, 1996).

The proposed explanation for the decrease in the
average population sizes does not contradict the com-
pensation of relatively low growth rates in populations
of moor frogs with the short period of activity that we
revealed. This compensation cannot be complete, pri-
marily because of the need to allocate a significant
proportion of resources not to growth, but to the stor-
age of reserve substances necessary to survive a long
winter (for a review, see Berman et al., 2017; Berman
and Bulakhova, 2019). It is also likely that, in the com-
plete absence of such compensation, all sexually
mature individuals of populations with a short period
of activity would be relatively small, despite the higher
average population age values, which is not observed
in reality (Lyapkov, 2013, Figs. 1, 2).

Separately, the absence of significant sex differ-
ences in the size in each of the studied populations of
KhMAO should be noted. Despite the higher average
values of the age of females (in the population of the
NKhMAO, the differences are significant, see Table 1),
females and males did not differ significantly in body
length, although the trend of larger males remained in
the three other populations. Such weak sex differences
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Fig. 3. Annual growth rate (mm/month) during the first
four years of life on land after the first wintering (1-2,
from leaving the Ist wintering to leaving for the 2nd win-
tering, 2—3, from leaving the 2nd wintering to leaving for
the 3rd wintering, 3—4, from the exit from the 3rd winter-
ing to leaving for the 4th wintering, 4—5, from the exit from
the 4th wintering to the leaving to the Sth wintering) in the
moor frog of the studied populations of Khanty-Mansiiskii
Autonomous Okrug, and from other, geographically
remote populations with a longer season of activity.
(a) Females; (b) males. Note: significant differences
between males and females were revealed: in the interval

1-2,

in the populations of Kirov oblast, ZBS, and Bryansk

oblast; in the interval 2—3, in the populations of the
NKhMAO, Kirov oblast and ST; in intervals 3—4 and 4—
5, there were no significant differences between males and
females revealed. For the significance of differences
between populations, see Table 3.
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Table 3. Significance levels of differences between the average population values of the rate of annual growth (V) during the
first five years of life on land (1—2, from leaving the 1st wintering to leaving for the 2nd wintering, 2—3, from leaving the

2nd wintering to leaving for the 3rd wintering, etc.)

Population Kll\lll(\)/iilo Surgut Control Yugan (Ifbllr;)s\; ZBS B(fglag;ik
V(1-2)
NKhMAO X 0.803 0.301 0.015 0.982 0.618 0.061
Surgut 0.845 X 0.279 0.002 0.620 0.668 0.002
Control 0.612 0.141 X 0.164 0.146 0.346 0.580
Yugan 0.437 0.136 0.020 X 0.000 0.002 0.153
Kirov oblast 0/309 0.002 0.001 0.611 X 0.207 0.000
ZBS 0.735 0.558 0.065 0.207 0.001 X 0.000
Bryansk oblast 0.950 0.557 0.196 0.044 0.000 0.080 X
V(2-3)
NKhMAO X 0.045 0.126 0.000 0.023 0.001 0.000
Surgut 0.794 X 0.006 0.212 0.000 0.000 0.000
Control 0.004 0.004 x 0.000 0.737 0.969 0.018
Yugan 0.020 0.072 0.000 X 0.000 0.000 0.000
Kirov oblast 0.000 0.000 0.538 0.000 X 0.438 0.000
ZBS 0.001 0.004 0.179 0.000 0.074 X 0.000
Bryansk oblast 0.000 0.000 0.303 0.000 0.000 0.000 X
V(3—4)
NKhMAO X 0.465 0.036 0.768 0.000 0.000 0.000
Surgut 0.075 X 0.428 0.412 0.102 0.022 0.012
Control 0.351 0.520 X 0.030 0.439 0.119 0.064
Yugan 0.000 0.000 0.005 X 0.000 0.000 0.000
Kirov oblast 0.000 0.870 0.298 0.000 X 0.012 0.004
ZBS 0.000 0.997 0.365 0.000 0.588 X 0.242
Bryansk oblast 0.000 0.958 0.345 0.000 0.737 0.838 x
V(4-5)
NKhMAO X 0.656 0.004 0.004 0.000 0.009
Surgut x 0.262 0.047 0.015 0.045
Control X
Yugan 0.388 X 0.000 0.000 0.000
Kirov oblast 0.057 0.188 X 0.521 0.852
ZBS 0.000 0.001 0.285 X 0.777
Bryansk oblast 0.007 0.029 0.650 0.425 X

Above the diagonal are females, and below the diagonal are males.

in the KhMAO populations correspond to the
revealed direction of sex differences in size (males are
larger in general and for each of the ages) in most of
the range, except for the regions with the shortest
period of activity (Lyapkov, 2013).

Thus, the most obvious effect of countergradient
selection, i.e., a higher growth rate in the same periods
in populations from regions with a shorter season of
activity, was revealed by comparing a number of pop-
ulations of the species whose habitats cover a wide

range of the duration of the season of activity. Such
differences are revealed, for example, when comparing
the population of Bryansk oblast with the more north-
ern population of Kirov oblast (between the Ist and
2nd wintering, as well as between the 2nd and 3rd win-
tering; Fig. 3). At the same time, there is a great simi-
larity when comparing the average age values of the
body length, for example, the same population of
Kirov oblast with other populations of the species from
habitats with a similar duration of the season of activ-
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ity (Baitimirova and Vershinin, 2017). Less obviously,
but no less important for local adaptations, is the effect
of countergradient selection manifested in the fact that
in populations with the shortest season of activity (in
our work, these are the KhMAO populations; Fig. 3),
there is not such a strong slowdown in the growth rate
between the 2nd and 3rd, as well as between the 3rd
and 4th and between the 4th and 5th, winterings as in
southern populations. This growth rate dynamics is a
partial compensation for the relatively small sizes
before the first and subsequent winterings, due to the
relatively short season of activity. Note that we were
unable to find in the literature other examples of such
an effect of countergradient selection, at least among
ectothermic vertebrates. Known cases of secondary
growth acceleration of some fish species (Alekseyev
et al., 2013; Fig. 4) are explained by migration from
small rivers to lakes and the transition to feeding on
larger prey, and such an acceleration of growth occurs
after reaching sexual maturity. It should also be noted
that sometimes the authors of amphibian skeletochro-
nological studies mistakenly interpret the border
between the endosteal and periosteal bones, or even
lines in the endosteal bone located close to each other,
as the first few periosteal lines of arrested growth
(Kumbar and Lad, 2017, Fig. 2C; Yilmaz et al., 2005,
Fig. 2). This explains the cases of apparent violation of
the pattern of rapid growth from the Ist to the 2nd
wintering and slower further growth.

CONCLUSIONS

(1) The severe limitation of postmetamorphic
growth of the moor frog from populations with the
shortest season of activity leads to relatively small sizes
at the end of each growth season and usually to low
average body lengths of adults, as well as to a weak
expression of sexual differences by body size.

(2) Despite the strong anthropogenic impact, the
urban populations of the city of Surgut were most sim-
ilar both in terms of the average body length and the
age, and in the rate of annual growth and their age
dynamics with the suburban population closest to
them, and both of these populations differed more
strongly from other, spatially remote from them,
KhMAO populations.

(3) When comparing the populations of moor frogs
from a number of regions that differ in the duration of
the season of activity, only in populations from habi-
tats with the shortest season of activity was the effect of
countergradient selection, which was not previously
noted in the literature, revealed, which is manifested
in the fact that a relatively high rate of annual incre-
ments persists up to 5th wintering.
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