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Abstract. The paper presents the study results of the age structure and growth characteristics of
Rana dybowskii dwelling in the city of Fokino (Primorsky Krai, Russia). We measured a body length of
the captured frogs, removed the phalanx of the fourth digit of the hind limb and released the animals
in the place of their capture. Age was determined using the method of skeletochronology. A total of
48 specimens (10 immature frogs, 18 females, and 20 males) were studied. The age of sexually mature
females and males did not differ statistically and varied within 1-5 years (2.44 years on average) in
the first group and 1-4 years (1.95 years on average) in the second. Females were predominantly
represented by two-year (33.33%) and three-year-olds (27.78%), while males by yearlings (55.0%).
In females, only one-year and three-year-olds statistically significantly differed in body size. In males,
such differences were noted between the age 1 and age 3, the age 1 and age 4, as well as between
the age 2 and age 4 frogs. Most one-year-olds exhibited the pronounced signs of sexual dimorphism. A
significant age dependence of the body length was established for both sexes. In the urban population
of R. dybowskii, animals reached sexual maturity early, continued to grow after maturation, had a short
lifespan and, as a result, most of them participated in reproduction only during the 1-2 season.
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Hay4yHas cTates

BOBpaCTHaﬂ CTPYKTYPpPa U POCT naaneBocrquoﬁ
narywkm (Rana dybowskii) B ropoackon
nonyndaumMm Ha ore anMOpCKOTO Kpas

A.A. Kugos* , PA. Neonra , T.3. KoHgpaTtoBa

Poccutickuli eocydapcmeeHHbIl azpapHbil yHusepcumem — MCXA umeru K.A. Tumupsseea, 127550,
Poccusi, e. Mockea, yn. Tumupsizeeckasi, 0. 49

*kidov_a@mail.ru

AHHoTauus. B paboTte npeacraBneHbl pe3ynsratbl N3y4eHnsi BO3PacTHOM CTPYKTYpbl U 0COBEHHOCTEN
pocta Rana dybowskii B . ®oknHo (IMpumopckun kpan, Poccust). Y noMMaHHbIX NSrywek namepsinm
ONWHY Tena n oTtcekanu danaHry 4eTBepToro nanbua 3agHen KOHEYHOCTU, MOCIe YEero >XMBOTHbIX
BbINycKkanu B mecTte noumku. OnpegenexHve Bo3pacta OCyLLECTBAANN METOAOM CKENETOXPOHOMOru.
Bcero Ob1nv n3yyeHbl npenapathbl oT 48 ocobeli (10 HenonoBo3penbix naryLek, 18 camok n 20 camuos).
BospacT nonoBo3pernbix CaMOK U CaMLUOB HE MMeN CTaTUCTUYECKUX pasnvuni 1M BapbupoBan B
npegenax 1-5 net (B cpeaHem 2.44 roga) ons nepebix U 1-4 net (B cpeaHem 1.95 roga) ans BTOpbIX.
Camkn npeumyLlecTBeHHO Obinu npepctaBneHbl AByxneTHumu (33.33%) n TpexneTHMMn ocobsamm
(27.78%), a camubl — B ocHOBHOM rogoBukamu (55.0%). ¥ camok no anuHe Tena CTaTUCTUYECKM
3HAYMMO pasnuMyanucb TONMbKO OAHOMNETHUE W TpexneTHWe ocobu. Y camuoB pasnuuus no AnuHe
OTMEYEHbI MeXAy rogoBanbiMy U TPEXNIETHUMM MSATYLLIKaMW, MEXAY rogoBanbiMU Y YETbIPEXIIETHUMM
NArywKaMmn, Mexay ABYXAETHUMW W YeTbIpeXNEeTHMMM nArywkamu. BonblMHCTBO rogoBanbix
XMBOTHbIX MMEIOT BbIPaXeHHbIEe NPU3HaKM MONoBOro Avmopdwuama. Habnwopgaetcsi cTaTtucTUYecKu
3HayMMas 3aBMCMMOCTb AJIMHbI Tena ndarywek oboero nomna ot Bo3pacta. OTMedaeTcs, YTo B FOPOACKOM
nonynsaunn R. dybowskKii XWBOTHble paHO LOCTUralT MOMOBOWM 3PENOoCTM, NPOoAOoSHKalT pactn u
nocrne co3peBaHusl, UMEKT HU3KYI0 NPOOOIIKUTENBHOCTb XMU3HU W, BCreacTBUE 3TOro, OONbLUMHCTBO
NPVMHUMAIT y4yacTue B Pa3MHOXEHUN TONbKO 1—2 ce3oHa.

KnioueBble crnoBa: HacTosILLME IAMYLLKA, CKENIETOXPOHOIOrns, Aemorpadus, NpoaoImKUTENbHOCTb XKMU3HMU,
HanbHun Boctok Poccun
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Introduction

Of all modern vertebrates, amphibians are most vulnerable to the growing anthropogenic impact
(Luedtke et al., 2023). This is due to increased demands for clean fresh water, where reproduction and
early ontogenesis of the majority of species take place (Wilbur, 1980). By now, the crisis has affected not
only narrow-range amphibian species, but also widespread and previously common ones (Baker, 1997;
Beebee et al., 1990). In this regard, ongoing investigations of urbanization influence on the age structure
of populations are topical (Cayuela et al., 2022).

Dybowski's frog (Rana dybowskii Gunther, 1876), is abundant in the southern Russian Far East
(Kuzmin, 2012), as well as on the Korean Peninsula and northeastern China (Borzee, 2024). The
dried oviducts (so-called "frog fat") obtained from this species are highly valued in traditional Chinese
medicine (Fan et al., 2022; Liu et al., 2023; Wang et al., 2023; Xiao and Jiang, 2010) that contributes
to animals overhunting throughout its range, including Russia (Kuzmin and Maslova, 2005). Cases
of mass mortality of R. dybowskii caused by viral infections (Park et al., 2021) are also recorded.
Disruption of the genetic structure of natural populations due to transportation and release of animals
from different localities by Chinese farmers brings the threat to this species (Xia et al., 2011). However,
among major factors of decline in species number are habitat destruction and range fragmentation
(Borzee et al., 2021; Othman et al., 2022).

Along with abundance, size and age characteristics are the most important indicators of the state
of amphibian populations (Ishchenko, 1978; Lyapkov, 2005). For almost 50 years, skeletochronology
(Kleinenberg and Smirina, 1969) has remained the main method for age determination in amphibians. It
is based on estimating the lines of arrested growth formed during wintering in tubular bones (Lyapkov et
al., 2020, 2021b; Sinsch, 2015; Smirina, 1994). Previously, the specialists studied the age structure of
the Dybowski's frog populations (Ishchenko, 1996). Meanwhile, these research were either carried out
in the special protected areas or combined the findings on separate species of brown frogs designated
as R. chensinensis.

The aim of this work was to assess the age structure and growth characteristics of Dybowskii's frog
from the urban population in the south of Primorsky Krai.

Material and methods

The material was collected in the third decade of July 2022 in the city of Fokino, Primorsky Krai.
R. dybowskii was caught in sites where they overwintered, i.e. to the west of Belashev street along the
left bank of the Promyslovka (= Kogotun') River (N 42.966° E 132.402°, 7-9 m above sea level). In the
city, reproduction of these frogs occurs in puddles on dirt roads and in drainage ditches along them.
Within Fokino, the habitats of the Dybowski's frog are not isolated due to adjoining (in the south) weakly
transformed forest massif of the Promyslovka River mouth.

Sex determination of the captured animals was implemented by external signs. Body length (SVL)
of frogs was measured with a digital caliper according to the standard method (Bannikov et al., 1977),
the third phalanx of the fourth digit from the right hind limb was removed, and the animals were released
in the place of their capture.

For age determination, we used the standard procedure (Smirina, 1989) of counting the lines of
arrested growth on digit phalanges decalcified and stained with Ehrlich's hematoxylin. Since Endosteal
resorption often affects the estimation of adhesion lines, we applied the back-calculation method
(Hemelaar, 1985). TThis method involves measuring the minimum and maximum diameters of the first
and second visible lines of arrested growth for each individual with further analyzing the overlapped area.
If diameters of the first visible line are smaller than the average of the second one, resorption does not



Kidov, A.A. et al., 2025. Ecosystem Transformation 8 (3), 138—-150 141

occur. To the contrary, if diameters of the first line are equal or greater than the average of the second
line, the first one is resorbed.

The photographs of preparations were taken using a Levenhuk M500 BASE digital camera (Fig. 1).
In total, phalangeal sections from 48 individuals (18 females, 20 males, and 10 young animals of
indeterminate sex) were examined.

Statistical processing and visualization of the data were performed in STATISTICA 10 and Origin-
Pro 2022 programmes. The arithmetic mean and standard deviation (M + SD), as well as the range of
features (min—-max) were calculated. Hypotheses about the normality and homogeneity of sample dis-
tribution were checked via using the Lilliefors and Levene tests. Data analysis was made based on the
one-way ANOVA (F), Tukey's test (Q), Student's t-test (tst), Mann—Whitney U-test (U), and Spearman's
rank correlation test (r). The growth of frogs was described by nonlinear estimation (R?) using the von
Bertalanffy equation (Bertalanffy, 1938):

SVL; = SVLax — (SVL, . — SVL, o) * e K (E¥017)

where SVL, is the average body length at a certain age, SVL__ - the maximum body length (may
differ from the maximum recorded), SVL __ — the body length of metamorphs, k — the growth coefficient,
t — the age (in years). The size of young frogs emerging on land ( (SVL,__) was taken as the average
body length of yearlings immediately after metamorphosis (16.5 mm) in accordance with the data of
S.L. Kuzmin and I.V. Maslova (2005).

The survival rate (S) of sexually mature frogs distributed by age was estimated with the Robson
&Chapman formula (1961):

, S=T/(T+n—1)

where T=n_, +2n_,+3n,, +..;n=2Zn, n is the number of individuals in the age group i (starting with 1+).
The life expectancy (ESP) of frogs was identified due to the Seber formula (Seber, 1973):
ESP=05+1/(1-5)

Note that ESP may differ from the maximum recorded age of the studied individuals.

Results

In the examined preparations, the first line of arrested growth was partially or completely preserved
in 39 individuals (81.25%), while fully resorbed in 4 females (8.33%) and 5 males (10.42%) (Fig. 1).

The age of sexually mature females varied within 1-5 years (on average 2.44 + 1.149), males —
1-4 years (on average 1.95 + 1.234), showing no statistical differences between males and females
(t, = -1.27; p = 0.211). Females were mainly represented by two-year (33.33%) and three-year-old
individuals (27.78%); the modal age of males made up 1 year (55.0%) (Fig. 2).

Apparently, most R. dybowskii from Fokino mature before the second wintering period. Life
expectancy for females after reaching sexual maturity is 3.03 (S = 0.605), and for males — 2.50 years
(S = 0.500).

Females of different age groups differed in body size (F = 4.457; df = 3, 13; p = 0.023). At pairwise
comparisons of the means, statistically significant differences were noted only between one-year- and
three-year-old individuals (Q = 4.59; p = 0.029 ). Males of different ages also differed in their length (F =
15.088; df = 3, 16; p < 0.001): one-year-olds were statistically significantly smaller than three-year (Q =
4.14; p = 0.044) and four-year frogs (Q = 9.19; p < 0.001), while two-year-olds were inferior in body size
only to four-year individuals (Q = 5.52; p = 0.006) (Table 1).

In the sample, females were generally much larger than males (t, = 3.19; p = 0.003). However, the
pairwise comparison of the body size of frogs of both sexes showed significant differences only between
the age 1 females and males (U = 6.0; p = 0.033). The calculated values of the maximum body length
of females (63.94 + 2.345; p < 0.001) and the growth coefficient (0.992 + 0.167; p < 0.001) were greater
than for males (59.14 + 2.653; p < 0.001 and 0.918 £ 0.141; p < 0.001, respectively) (Fig. 3).

Most yearlings exhibit the pronounced signs of sexual dimorphism; their growth slows down, but
does not stop. A statistically significant age dependence of body length is observed for animals of both
sexes (r=0.72; p < 0.05 for females; r = 0.77; p < 0.05 for males).



142 Kidov, A.A. et al., 2025. Ecosystem Transformation 8 (3), 138—150

A B

Fig. 1. Cross-sections of Rana dybowskii digit phalanges. A is a two-year-old female (SVL = 60.63 mm); B is a three-year-old male
with the first resorbed line of arrested growth (SVL = 55.40 mm); C is a four-year-old male with the first resorbed line of arrested
growth (SVL = 58.13 mm). White arrows indicate the lines of arrested growth. The 0.1 mm scale bar is used in all photographs.

Fig. 2. Age structure of Rana dybowskii in the south of Primorsky Krai.
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Table 1. Body size of Rana dybowskii of different age groups. The arithmetic mean + standard deviation is indicated above and the

feature range below the line.

Age aro Immature individuals Females Males
u
ge grotp SVL, mm n SVL, mm n SVL, mm
25.82+2.624
0+ 6 21.45-08 24 - - - -
1+ 4 37.40+5.874 4 51.35+1.635 11 47.21+2.602
31.01-45.10 49.59-53.06 44.39-50.56
ot _ _ 6 55.15+5.539 3 50.08+5.030
47.38-61.01 45.08-55.14
3+ _ _ 5 63.82+3.603 5 55.12+0.403
58.56-68.15 54.83-55.40
4+ _ _ 2 62.76+14.595 4 60.54+5.133
52.44-73.08 54.93-66.74
5+ - - 1 67.25 -
30.45+7.148 58.2317.480 51.0916.309
In total 10 21.45-45.10 18 47.38-73.08 20 44.39-66.74

Fig. 3. Growth trends of Rana dybowskii in the south of Primorsky Krai.
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Discussion

In urban conditions, most males and females of the Far Eastern frog reach sexual maturity after the
first wintering. Since the material was collected in July and spawning of frogs in Primorsky Krai occurs in
April-May (Kuzmin and Maslova, 2005), we did not register breeding frogs at the age of one year. In this
regard, we cannot be sure that R. dybowskii begins to breed before the second wintering. The results
of our work demonstrate a low threshold of maturation for this species (R. dybowskii is believed to
reach its sexual maturity only by the third wintering (Ishchenko, 1996)). At the same time, the maximum
lifespan of city animals is significantly lower (5 years for females and 4 years for males) as compared to
the studied natural populations (up to 5-8 years) (Ishchenko, 1996; Kolobaev, 2000). The reproductive
core of the population obviously consists of individuals breeding for the first time. This is probably due
to high mortality of adult frogs, primarily, crushed by vehicles during the period of reproductive migration
and spawning.

It is interesting that the growth of the Dybowski's frog in the studied population after reaching sexual
maturity slows down, but does not stop, unlike many other species (Borkin and Tikhenko, 1979; Kidov et
al., 2018; 2023a, b; Lyapkov et al., 2021a). The preservation of stable somatic growth after maturation
is also noted for a number of synanthropic amphibians (Stepankova et al., 2023) and rarely for individual
natural populations (Kidov et al., 2023). Bearing in mind that fertility of females of many Palearctic
amphibians correlates with their size (Matushkina and Kidov, 2013; Stepankova et al., 2020), it can be
assumed that accelerated growth rate and, consequently, the greater reproductive potential compensate
for high mortality of animals in the urban environment.

It is known that under conditions of high anthropogenic transformation of habitats, older animals
become extinct (Ushakov et al., 1982). For example, individuals with a high growth rate, early sexual
maturity and a shorter lifespan predominate in the core producers of urban populations of the common
frog R. temporaria L., 1758 (Vershinin, 1997). Also, in the urbanized areas of cities Kazan (Zamaletdinov,
2003) and Tolyatti (Zamaletdinov et al., 2013), the age of the marsh frog Pelophylax ridibundus L., 1758
reaches maximum 6 years, in contrast to populations (with a 7-year lifespan) dwelling in suburban forest
parks (Zamaletdinov, 2003).

Conclusion

Thus, the Dybowski's frog from the urban population and populations of other synanthropic amphib-
ians show similar trends in demographic features (Cayuela et al., 2022; Stepankova et al., 2023). For
instance, animals reach sexual maturity early, continue to grow after maturation, have a short lifespan,
and as a result, most individuals breed only during the 1-2 season.
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