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in Arkhangelsk in conditions of global warming
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ABSTRACT

The dynamics of the composition of the Adalia bipunctata L. population in Arkhangelsk for 21 years has been studied.
The proportion of black individuals decreased by almost 2 times; the average annual temperature at the same time increased
from 1.92° to 2.95°. A comparison of the population composition with the average annual temperature showed that the propor-
tion of black individuals in the population is negatively correlated with the average annual temperature. The observed change
in population composition is probably the effect of global warming.
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JKonormyecKas reHeTmka JXYKOB poja Adalia:
AUHaAMUKa HEPECTPOﬁKM nonynsuuu A. bipunctata
ApxaHrenbcxa B YC/I0BUAX rno6anbHoro norenneHus
N.A. 3axapos, A.B. PybaHoBuy

WHcTuTyT 0bLen reHeTuku uMm. H.W. Basunosa PAH, Mocksa, Poccus

AHHOTALIMA

N3yyeHa amHamuka coctaea nonynsumu Adalia bipunctata L. B ApxaHrenbcke Ha npoTsikeHun 21 roga. [lons yepHbIX oco-
Geln cHuaunacb NoyTM B 2 pa3a; cpefHerofoBas TeMmnepatypa B To e Bpems Bo3pocna ¢ 1,92° po 2,95°. ConocraBnexue
coCTaBa MonynsAuMW co CpefHel rofoBo TEMNepaTypoii NoKasano, YTo [0 YepHbIX 0cobelt oTpuULaTeNbHO KOppenupyet
CO CpefHerofj0Boii TeMnepatypoi. HabnioaaeMoe n3MeHeHne cocTaBa nonynsaumm SBASeTCs, BeposATHO, 3dhdeKToM rnobanb-
HOrO MOTEMJEHNS.

Kniouesble cnoBa: Adalia bipunctata; MenaHnaMm; nonynsauum; TeMnepatypa; rnobanbHoe noTeneHue.
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BACKGROUND

Global warming, which has been observed du-
ring the last half-century, has an unavoidable impact
on genetic processes in populations of various organ-
isms. However, in order to assess the effects of global
warming, long-term monitoring of the same popula-
tion is required, as well as easily detectable markers
of genetic processes occurring in the population. These
criteria are met by two-spotted ladybug (Adalia bipunc-
tata) populations. This species lives throughout Eurasia,
from France to Kamchatka and from Norway to Armenia.
Geneticists have been studying several populations of
this species for the past 100 years. Two-spotted lady-
bug populations are polymorphic in an easily detectable
morphological trait, which is under clear genetic control
[1, 2.

One of the authors of this paper spent 20 years
studying the composition of an A. bipunctata population
in Arkhangelsk. The study revealed a directed change in
the population composition, which is likely the result of
significant climate warming. Our findings and statistical
analysis are presented below.

The study aimed to confirm the impact of climate
change on the composition of an A. bipunctata popula-
tion in Arkhangelsk.

METHODS

A. bipunctata L. species (Coccinellidae, Coleoptera)
were collected in Arkhangelsk (64°33, 40°3’), primarily on
Troitsky Avenue and the Dvina River embankment, on Ta-
tarian honeysuckle (Lonicera tatarica), willow (Salix spp.),
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and caragana (Caragana spp.). Insects were collected
during the imago and pupa stages. In samples with a sig-
nificant proportion of pupae, phenotypes were assessed
separately for insects collected during the imago stage
and those that emerged from pupae. Insect phenotypes
were determined according to Lusis [1, 2].

Information on the climate of Arkhangelsk and its
changes was taken from www.meteoblue.com [3].
The composition of the studied population was compared
with data on the average annual temperature in Arkhan-
gelsk. Results were processed using Excel’s built-in
functions.

RESULTS AND DISCUSSION

The composition of the A. bipunctata population in
Arkhangelsk in different years is presented in Table 1.
Table 2 shows the calculated trend-based average an-
nual temperature for the year of sample collection. There
was a significant increase in the average annual temper-
ature over the study period (y=0.048x-95.82, R?=0.334,
p=0.00003). Over 21 years of observation, the propor-
tion of black morphs in the population decreased sig-
nificantly (Table 2). The graph in Fig. 1 shows a linear
relationship between this decrease and the increase in
average annual temperature (y=—23.71x+94.24; R?=0.950,
p=0.0002).

The A. bipunctata population in Arkhangelsk (Table 1)
had a relatively high percentage of black morphs (6-pus-
tulata and 4-maculata morphs), along with the regular
presence of a rare morph named pantherina by Lusis [2].
We never encountered this form in Moscow, and it is
extremely rare in Saint Petersburg. One of the authors

Table 1. Composition of the Adalia bipunctata population in Arkhangelsk in different years
Tabnuua 1. Coctas nonynsuum Adalia bipunctata ApxaHresnbCKa B pasHble rogpl

Year of sa."‘p‘e Stage Number (n) Morphs
collection typ pan pust mac other
2003 Imago 170 87 1 18 62 2
2005 Imago 126 64 5 25 31 1
2005 Pupa 144 78 1 22 40 3
2010 Imago 264 155 2 16 88 3
2010 Pupa 42 20 1 6 14 1
2011 Imago 165 94 1 10 60 -
2011 Pupa 72 40 1 10 21 -
2012 Imago 179 113 2 17 L6 1
2014 Imago 117 75 - 17 22 3
2024 Imago 92 62 8 4 18 -

Note: typ, typica; pan, pantherina; pust, 6-pustulata; mac, 4-maculata; npoune — other.
lMpumeyaHue. typ — typica, pan — pantherina, pust — é6-pustulata, mac — 4-maculata, npoune — 4epHble 0C0BM C HEMpOSBNEHHBIM

UM HEOObIYHBIM Y30POM U3 KpacCHbIX MATEH.
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Table 2. Composition of the Adalia bipunctata population in Arkhangelsk and average annual temperatures in the years of collecting
Ta6nuua 2. Coctas nonynsumm Adalia bipunctata ApxaHrenbcka v cpefHerofoBble TeMnepaTyphbl B rofibl CO0poB

Year of sample

collection Number (n) Black morphs, %* Average annual temperature, °C
2003 170 48.2 (40.52-56.01) 1.92
2005 270 45.2 (39.15-51.33) 2.02
2010 306 41.8 (36.24-47.58) 2.26
2011 237 42.6 (36.24-49.18) 2.31
2012 179 35.8 (28.74-43.25) 2.36
2014 117 35.9 (27.24-45.29) 2.46
2024 92 23.9 (15.63-33.94) 2.95

*The left and right limits of the 95% confidence interval (Fisher’s exact test) are shown in parentheses.
*B ckobKax yKasaHbl eBble 1 NpaBble rpaHuLbl 95% [oBepuTeNbHOTO MHTEpBana (TouHbIi TecT Guiwepa).
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Fig. 1. The dependence of the population composition of A. bipunctata in Arkhangelsk on the average annual temperature.
Puc. 1. 3aBucumocTb coctasa nonynsumum A. bipunctata ApxaHrenbCcKa 0T CpeHErof0BoN TeMnepaTypei.

had previously performed a genetic analysis of the elytra
pattern characteristic of this form [4], which, like other
variations in elytra coloration and pattern, is determined
by one of the alleles of the gene S.

The observed changes in the composition of the
A. bipunctata population in Arkhangelsk coincided with
the reorganization of populations in several other cit-
ies. The decline in the proportion of black morphs in the
A. bipunctata population in Saint Petersburg began in the
early 1980s [5]. Subsequently, the proportion of mela-
nists in the two populations in Saint Petersburg gradu-
ally decreased until 2018-2019 [6]. Similar changes in
the gene pool were reported in the Netherlands [7], Ber-
gen (Norway) [8], and Yalta (Crimea) [6]. Because of its
widespread occurrence, this phenomenon can be linked
to global warming, which has become particularly notice-
able in the last half-century. To confirm the impact of
global climate change on the composition of A. bipunctata
populations, it is important to assess changes in gene
pools of other populations where a high proportion of
melanists was previously observed. The population in
Arkhangelsk, the composition of which has been studied
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by one of the authors since 2003, meets these criteria.
Table 2 presents the results of these observations, which
showed a clear, almost twofold decrease in the propor-
tion of black morphs over the past 20 years.

Experimental findings show different responses of
black and red A. bipunctata morphs to solar radiation [9]
and, at least in some populations, greater reproductive
success of black morphs compared to red ones during
the summer period [10].

CONCLUSION

The study findings support the hypothesis that tem-
perature increases cause changes in the composition of
A. bipunctata populations. To confirm our hypothesis, it
is desirable to continue observing various geographically
distant A. bipunctata populations. In this context, of par-
ticular interest are several populations in Southern Eu-
rope (Marseille, France; Ostia (Rome), Italy), where one
of the authors discovered an unusually high percentage
of melanists for Western Europe several decades ago
[11, Table P1].
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AOMO/THUTENIbHASA UHOOPMALIUA
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Lenuma W ausanH uccnenosaHus, cbop u obpaboTka Matepua-
noB, HanucaHue TekcTa; A.B. PybaHoBWMY — aHanu3 nonyyeHHbIX
JaHHBbIX.

WUcTouHnk dmHaHcupoBaHuA. ABTOpbI 3asBnsOT 06 oTCyT-
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