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Summary. In the conditions of Western Transbaikalia, Chlaenius tristis reticulatus
Motschulsky, 1844 has a one-year late spring — early summer life cycle with the hibernation
of a young generation of beetles. The interpretation of their life cycle is based on the study of
sex and age-related structure of imago, the seasonal activity of generative females, the above-
ground activity of larvae, and stages of the development of beetles in the laboratory
conditions. The changes in the seasonal activity of beetles on meadows with different soil
moisture (steppificated, moistened, and marshy meadows) were identified.
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JI. II. Xo6pakoBa, C. I'. Pyabix, II. Ya3el, Y. I'anturma. ’Ku3HeHHbIH IHKJI
Ky:xkeauubl Chlaenius tristis reticulatus Motschulsky, 1844 (Coleoptera: Carabidae) B
yeaoBusax 3anagnoro 3adaiikanabs // JlaabHeBocTouHblii 3HTOMOM0r. 2020. N 418. C. 19-
24.

Pe3rome. JXKuznennsiit uukn Chlaenius tristis reticulatus Motschulsky, 1844 B ycnoBusx
3amazgHoro 3abaiikaibs peaansyeTcs Kak OJAHOTOJUYHBIA M03HEBECEHHUH — paHHEJICTHUH C
3MMOBKOH MOJIOZOTO MOKOJEHHs XyKoB. Pacum(poBka >KN3HEHHOTO IMKJIAa OCHOBaHA Ha
TI0JIOBO3PACTHOM CTPYKTYpE MMaro, Ce30HHOH aKTHBHOCTU T€HEPAaTHBHBIX CAMOK, HAIIOUBEH-
HOU aKTUBHOCTH JIMYMHOK U M3YYEHHH CTaJui Pa3BUTHUS JKYKOB B JIAOOPATOPHBIX yCJIOBHUSX.
BrlsiBIeHO M3MEHEHHE CE30HHOH aKTHBHOCTH JKYKOB Ha JIyrax C Pa3HBIM YBIQXXHCHHEM
(OCTEITHEHHOM, BJIQKHOM U 3a00JIOYCHHOM).

INTRODUCTION

Chlaenius tristis (Schaller, 1783) is a meadow-swamp species with Palaearctic dis-
tribution and spread. Phenological peculiarities of the species in the European part of the
areal were obtained. Thus, in Ukraine, it is registered from the second half of April to the
second half of September (Petrusenko & Petrusenko, 1971). The peak of activity differs
depending on the natural zone. In the steppe, it is more often registered in May-June. In the
forest-steppe, it is more often observed in June-July (Petrusenko & Petrusenko, 1971). In the
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Asian part of the areal, Ch. tristis reticulatus Motschulsky, 1844 subspecies spreads from the
Altai-Sayan mountain system to the Far East, including Transbaikalia and Northern Mongolia,
and inhabits floodplain mixed forests, marshy meadows, and swamps (Khobrakova et al.,
2014; Schnitter, 2016). In 2009, data on the seasonal dynamic of the activity and life cycle of
Ch. tristis reticulatus in the conditions of Mukhinsky swamps of Western Transbaikalia
(Siberia) were obtained (Khobrakova, 2017). Ten years later, our studies were repeated on
the same plot due to a long-term drought in the Western Transbaikalia. In this period,
Mukhinsky swamps reduced in size, and the nearshore marshy meadows transformed into
stepped meadows.

Therefore, the present study was aimed to investigate the changes in the demographical
structure of Ch. tristis reticulatus on meadows with different soil moisture within Mukhinsky
swamps and to interpreted their life cycle based on the study of the parameters of sex and
age-related structure of beetles, seasonal dynamics of the activity of generative females, and
observation of different stages of the development in the laboratory conditions.

MATERIAL AND METHODS

The study of the life cycle of Ch. t. reticulatus and changeability of its seasonal activity
was conducted on Mukhinsky swamps in the area of Ivolginskaya hollow (Western
Transbaikalia). The material was collected every 7 days from May 20 to October 11, 2019.
477 imagoes and 172 larvae of ground beetles were collected in total with ground traps. The
obtained samples were fixed in a 4% solution of formalin.

The experiment included three lines of soil traps placed in salt mixed-grass sedge
meadows with different degrees of soil moisture. The first line of traps was placed on the
nearshore area on the steppificated meadow (49 imagoes, 7 larvae), the second one — 30 m
deep to the swamp on the moistened meadow (175 imagoes, 17 larvae), the third one — 60 m
deep to the swamp on the marshy meadow (248 imagoes, 172 larvae). Each line contained 20
functioning traps placed every 5 m. Live traps were used to catch 13 alive larvae that were
used to obtain pupae and imago.

To study the seasonal dynamics of sex and age-related structure and reconstruct the life
cycle of the species, the authors evaluated the degree of the development of genital gonads in
female and male imagoes with the identification of a teneral (t), immature (i), mature (m),
and spent (s) ages (Wallin, 1987). The number of eggs of the generative females (mature)
was estimated. The index of sex ratio was calculated by Sustek (1984).

RESULTS

The life cycle of Chlaenius tristis reticulatus in the conditions of meadows with different
soil moisture (Mukhinsky swamps)

Steppificated meadow, coastal part, first line. This site was not a natural habitat for
Ch. t. reticulatus and their reproduction. But some beetles invade the area from the nearby
moistened meadows. This site was characterized by the lowest abundance of beetles (49 spe-
cimens). In the sex composition, females dominated (217, 289), the sex ratio index was 0.14.
The duration of the seasonal activity of the species was 104 days from May 20 to September 1.
After the wintering, at the end of May, single immature specimens were registered. A small
peak of the activity of beetles was characterized as a mid-summer and was observed in the
second half of July and the beginning of August (Figure 1a). It consisted of immature, mature,
and spent specimens. Only mature males were registered in this site. Cumulatively, 7 larvae
were caught from June 28 to July 5. At the end of August — beginning of September, immature
beetles were registered.
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Fig. 1. Seasonal dynamics of activity of Chlaenius tristis reticulatus adult and larva.

Stages of beetles development: t — teneral, im — immature, m — mature, s — spent. Biotopes: a

— steppificated meadow, b — moistened meadow, ¢ — marshy meadow.
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Figs 2-8. Stages of development Chlaenius tristis reticulatus. 2, 3 — larvae of third age
(12-16 mm), 4, 5 — pupa (8-10 mm), 6, 7 — adult (teneral age) (11-14 mm), 8§ — adult
(immature age) (11-14 mm). Photo by S.G. Rudykh and L.Ts. Khobrakova.

Moistened meadow, second line. This site was more typical for this species and was
located between dry and marshy meadows. The number of beetles was 3.5 times higher than
in the first line (175 specimens). In the sex composition, males dominated (923, 839), the
index of the sex ratio was -0.05. In this site, the seasonal activity was the longest — 144 days
from May 20 to October 11 (Figure 1b). The peak of the activity of beetles was characterized
as late spring and was registered at the end of May. The demographic structure of the species
was pronounced. At the beginning of the season from May 20 to June 14, immature specimens
that successfully wintered, reached generative condition, and started to reproduce were
observed. The period of egg-laying was registered within 5 weeks from May 20 to June 28
with its peak on May 31. On average, each female laid 22 eggs. The maximum number of
eggs per female was 38. Larvae appeared within three weeks from June 14 to July 5 with
71% of larvae appearing in the last week and starting to pupate later. Starting on July 12, the
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first teneral specimens started to appear. Teneral and immature beetles went wintering till
October 11.

Marshy meadow, third line. This site had optimum conditions for the inhabitance and
reproduction of Ch. t. reticulatus. The number of beetles increased by 5 times (248 speci-
mens) in comparison with the first line. In the sex composition, males dominated (14273,
1059), the sex ratio index was -0.15. The seasonal activity of beetles was characterized as
early summer. It lasted for 105 days from July 7 to September 20. The peak of activity was
registered on June 14 (Figure 1c). In the demographic structure of the specimen, all ages of
imago and larvae were present. The period of egg-laying lasted for 7 weeks from June 7 to
July 21. The peak of the reproduction was registered on June 14. On average, one female laid
12 eggs. The maximum number of eggs per female was 25-26. A long-term larvae activity
was observed within 7 weeks from June 14 to July 28 with two peaks on June 21 (80 speci-
mens, 47%) and July 12 (61 specimens, 36%). Consequently, the period of the appearance of
young immature beetles elongated from June 28 to September 20. In the second half of
September, teneral and immature beetles went wintering.

The stages of the development of Ch. tristis reticulatus in the laboratory conditions

Alive larvae of the third age (13 specimens) were collected using live traps on June 28.
The larvae were kept separately in Petri dishes at a temperature of 21 °C on moist filtered
paper. The length of larvae of the third age was 12-16 mm (Figs 2, 3). In 5-6 days, on July
2nd-3rd, mass pupation was observed. The stage of the pupa lasted for 4-5 days (Figs 4, 5).
Young immature beetles appeared on July 7-8th (Figs 6, 7). The hardening of integuments of
young beetles (5 specimens) took around 15 hours (Fig. 8).

CONCLUSION

The study of the sex composition of Ch. tristis reticulatus in the conditions of Mukhinsky
swamps in 2019 and breeding of beetles from larvae showed that their life cycle in Western
Transbaikalia was one-year late spring — early summer with wintering of a young generation
of beetles. In the study of Ch. tristis reticulatus conducted in 2009, because of the lack of
data in the beginning of the season and overlapping of the periods of reproduction of beetles
and larvae, the life cycle was interpreted as two-year with mid-summer activity and wintering
larvae and young immature beetles (Khobrakova, 2017).

The study of the seasonal dynamics of the demographic structure of Ch. tristis reticulatus
on meadows with different soil moisture allowed the authors to identify the most favorable
site for the inhabitance and reproduction. These were moistened and marshy meadows that
contained the highest number of imagoes and larvae.

It was noted that the peak of the beetle population on different types of meadows differed.
In the steppificated meadow, it was observed at the end of July — August; in the moistened
meadow — at the end of May — beginning of June; in the marshy meadows — at the end of
June — July. Probably, it was associated with mass reproduction of beetles on the marshy
meadow with the highest share of active beetles in September — beginning of October and
further active spread to the steppificated meadow.

The past 10 years of drought and warming in the region led to the drying and transfor-
mation of marshy nearshore meadows to steppificated meadows that became unsuitable for
the inhabitance and reproduction of Ch. tristis reticulatus. In comparison with the study
conducted in 2009 (Khobrakova, 2017), in 2019, the number of beetles and the share of
female specimens in the nearshore area of Mukhinsky swamps reduced by 5 times, and in the
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demographical structure, there were no mature females registered. The duration of the seasonal
activity of the species increased by two weeks from 90 days to 104 days, which was associated
with an increase of days with positive temperatures to mid-October (www.meteo.ru). The
overgrazing of the area with bovine and small cattle (cows, sheep) contributed to the reduction
of the beetle population on steppificated meadows.
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