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Phenology of the 28-spotted &S]
potato ladybird beetle -
Henosepilachna

vigintioctomaculata in
the south of the Russian Far East

Abstract

Relevance. The 28-spotted potato ladybird beetle, Henosepilachna vigintioctomaculata, causes severe
damage to plants of the Solanaceae family in the south of the Russian Far East. Today the application of
chemicals is the main method for protecting crops against the potato ladybird beetle. This leads not only
to the eradication of the pest, but also to the pollution of agricultural ecosystems and the emergence of
potato ladybird beetle populations that are resistant to pesticides. A study on the seasonal cycles of the
development of the potato ladybird beetle may help to devise new methods for controlling this pest.
Methods. We conducted laboratory experiments to study the developmental timing ofa potato ladybird
beetlepopulation. The number of eggs was counted, and then the eggs were placed in Petri dishes. The
number of emerged larvae was recorded on a daily basis. The hatched larvae were transferred to glass
containers (hereafter rearing cages) in batches of 10. We recorded the dates of the transition from one
immature developmental stage to another notingthe simultaneity of these transitions. At the onset of the
pupal stage, the date was recorded and food was withdrawn from the rearing cages. Scientific observa-
tions were carried out on the emergence ofyoung beetles. Field research on the phenology of the potato
ladybird beetle was conducted at afield site of 40 m?. The timing of the following events was recorded: the
emergence of the adult beetles from diapause, the colonization of the potato field, the beginning and the
end of oviposition, the emergence of the larvae and the pupae, the flight of the new insect generation.
Results and conclusion. Our laboratory experiment on the immature developmental stages of the potato
ladybird beetle revealed that the egg stage was 4-5 days in duration, the larval stage was 16-17 days and
the pupal stage was 4-5 daysunder optimal conditions. We also observed deviations from the mean val-
ues, which could be conditioned by external factors. For instance, the duration of embryonic develop-
ment depended either on humidity or on the time range of hatching from one egg mass. The observed
deviations of the developmental timing of the larvae and the pupae were most probably due to the quan-
tity and quality of the available food, and the presence of secondary metabolites and glycoalkaloids in it.
The field research on thephenology of the potato ladybird beetle showed that there was only one gener-
ation in 2020, but two generations in 2021. After comparing climatic conditions in 2020 and 2021, we con-
cluded that Henosepilachna vigintioctomaculata can produce two generations during dry and hot years.
Keywords: the 28-spotted potato ladybird beetle, phenological development, immature developmental
stages, ontogeny

deHosnorus kapTopesibHOM KOPOBKY
Henosepilachna vigintioctomaculata
Ha tore [lanbHero BocTtoka

Pesiome

AxTtyanbHocTb. Ha tore [lanbHero BocToka owlyTuMmblil Bpea pacteHusm cemeiictea MacneHoBbIx
(Solanaceae) HaHocHT kapTodenbHas kopoBka Henosepilachna vigintioctomaculata. B HacTosiwee
BpeMs OCHOBHLIM CpefCTBOM 60pb0ObI ¢ kapTodensHON KOPOBKOI ABNAETCA XMMUYeckas o6paboT-
Ka NocapokK, YTO MPUBOAMT He TOMNbLKO K YHUUTOXEHUIO BPeAUTens, HO U K 3arpsi3HEHUI0 arpo3KocH-
CTEM W MOSIBNEHWI0 YCTOMYMBLIX K MecTMLMAam nonynsuui kaptodensHon koposku. U3yyeHne
CE30HHbIX LIMKNOB Pa3BUTUS KapToenbHOM KOPOBKM MOXET MOMOYL B pa3paboTke MeTOA0B Gopb-
Obl C Hell.

MeToauka uccnegoBavus. [NA M3yyeHUs CPOKOB Pa3BUTUS MONYMNSALMM KapTO(enbHOM KOPOBKM
npoBoAATcA nabopaTopHble akcnepumeHThl. MoacunTaHHbIe ALa nomeLwany B yawku MeTpu, exe-
LHeBHO (uKCMpoBanu nosiBneHune NUYMHOK. OTPOAMBLLMXCSA NMUYMHOK NEepecaxnBani B CTEKNSHHbIE
cocyabl no 10 ocobeit. Mpu nepexoae ¢ 0AHON NpeMMarMHanbHOM CTagun Ha Apyrylo hUKCUpoBa-
nacb Aara M Ky4HoCTb CMeHbl Bo3pacTa. C HacTynneHuem hasbl KyKomnku hukcupoBanach jara, U3
capkoB ybupancs kopm. Benucb HabniogeHns 3a BLIXOAOM MOMNOAbIX XykoB. [oneBkle nccneposa-
HUA no cheHonorun kaptodhenbHOW KOPOBKM MPOBOAMNMCH Ha CTaLMOHapHOM y4yacTke 40 KB. M.
OTmeyanuchb Cpoku BbIxofa B3pOCIbIX 0C00eN U3 Ananay3bl, 3aceneHne UMK Nocapok KapTodens,
Havasno 1 KOHeL, OTKNazKM AL, CPOKU NOSIBMEHUS NINYMHOK U KYKOMOK, NET MONOZOr0 NOKOJNEHMS.
PesynbTathl u 3aknioyenve. B xope nabopaTtopHOro aKCnepUMeHTa Npyu U3yYeHn NpeumarmHanb-
HbIX CTagWi Pa3BUTMS NPU ONTUMANbHBIX YCNOBUSX ObINO YCTAaHOBMEHO, YTO CTagus snLa AnuTCA
4-5 cyTok, cTapus nn4mnHKM 16-17 cyToK, Kykonku 4-5 cyTok. Takke Obinu BbISBNEHbI OTKIOHEHNS OT
CPeAHMX 3HaYeHUI, KOTopbIe CBA3aHbI C BHEWHUMMU hakTopamu. Tak yBenuyeHue cpoka amépuore-
He3a 3aBMCUT OT BNAXHOCTW NGO OT PacTAHYTOCTM CPOKOB OTPaXAEHWA U3 OAHOW ANLEKNaaKM.
OTKNOHeHMe CPOKOB Pa3BUTUA NUYMHOK M KYKONIOK, CKOpee BCero, CBI3aHO C KONMUYECTBOM W Kave-
CTBOM MVLLM, COMEPXXaHUEM B HEN CofiepKaHUeM B HeM MPOAYKTOB BTOPUYHOTO 0OMeHa U rnmkoan-
kanougos. MNpu u3yyeHun dreHonoru B NONEBOM 3KCMEPUMEHTE ObiNo ycTaHOBMEHO, YTo B 2020
rogy kaprodenbHasi KOpOBKa Aana ogHy reHepaumto, a B 2021 — gee. CpaBHMBasA KnumaTtuyeckue
ycnosus 2020-2021 rogoB MOXHO NPeanoNnoXuThb, 4To B Gonee cyxue u xapkue roaa Henosepilachna
vigintioctomaculata paeT gBa NoOKoneHus.

KntoyeBble croBa: kapTodenbHas KOpoBka, (heHONOrUsi pa3BUTUS, MpeMMaruHanbHble CTaguu,
OHTOreHe3
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Introduction

hysiological responses of living organisms to tempera-

ture have been generating considerable interest in sci-
entific literature for more than a hundred years. The main dis-
cussion focuses on the metabolic theory of ecology (MTE),
where body temperature and body weight are fundamental
factors that determine the rate of central life processes, name-
ly metabolism, development, reproduction, population
growth, species diversity and even the rate of ecosystem
processes such as phenology and population dynamics [1].
For cold-blooded organisms, including insects, the impact of
the interrelationship between temperature of their surround-
ings and their development, survival, reproduction ranges
from a daily or even an hourly effect on some individuals to the
seasonal patterns of phenology [2][3], population dynamics
[4]1[5], and species distribution [6][7][8]. Models that are
aimed at predicting how temperature will impact these
processes should consider the non-linear character of thermal
responses [7,9,10] and their intraspecific and intrapopulation
variation.

Intraspecific variation in development rates among individu-
als in a population [11] affectsthe observed distribution of
phenological events in these populations. Thermal responses
are often distributed asymmetrically. They can thus change
the timing of life stage transitions [12] and influence its demo-
graphic consequences. In this regard, it is necessary to con-
stantly monitor the processes occurring in insect populations
in general and in phytophagous insectpopulations in particu-
lar.

There are contradictory data on the number of generations,
population dynamics and the phenology of the 28-spotted
potato ladybird beetle in Primorsky krai despite the fact that
Henosepilachna vigintioctomaculata is a widespread pest of
agricultural crops in the south of the Russian Far East.

The study on the potato ladybird beetle has always received
much attention. For instance, Gusev G.V. [19] and Antipova
L.K. [20] considered the potato ladybird beetle to be a new
species in the fauna of the Russian Far East. By contrast,
Kurentsov A.l. [21] noted that H. vigintioctomaculata is a typi-
cal representative of the Manchurian fauna, whose habitat
includes mixed conifer forests and temperate broad-leaf
forests. After inspecting a collection of potato ladybird beetles
from different locations in Primorskykrai, lvanova A.N. [22]
reached the conclusion that the potato ladybird beetle is an
indigenous species of the Russian far-eastern fauna.

Many researchers report the presence of the potato lady-
bird beetle in several districts of Khabarovsky krai, Amur and
Sakhalin oblast and the Jewish autonomous oblast
[15][16][17]. This insect is also found in Korea, north-eastern
and central China, Japan, India, Vietnam and Nepal [18][19].
The expansion of thehabitat range of the potato ladybird
beetlecan be explained by an increase in the area of land
under potato cultivation and by a change in preferences of this
phytophagous for a new food source plant. In 1964, the habi-
tat range of the potato ladybird beetle encompassed all dis-
tricts of Primorsky krai, also Khabarovsky krai, the Jewish
autonomous oblast, Amur oblast, the southern districts of
Sakhalin Island and the south of the Kuril Islands [23,24,25].

The time when adult beetles emerge from diapause
depends on climatic and weather conditions in a particular
location. The emergence from diapause starts at +11°C +15°C
and the peak ofactivity is observed at +20°C. This coincides
with the time when the Asian bird cherry, Padus asiatica
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(Kom.) and the Ussurian pear, Pyrrus ussuriensis (Maxim.),
begin to blossom. After the emergence from diapause, the
potato ladybird beetle can be found on such plants as spike-
nard, oak, hazel, birch and jasmine. Then it moves to common
weeds in fields (e.g. field sowthistle, Sonchus arvensis L., and
black nightshade, Solanum nigrum L.). After weeds, adult bee-
tles start to feed on potato, also cucumber and tomato, on
leaves of common bean, soybean, marrow and squash
[26,27,28].

Potato ladybird beetles are polygamous and mate several
times during summer. Females that were inseminated earlier
in autumn and spring can start oviposition without additional
mating [17]. Overwintered females have a small volume of fat
body. In spring, with an increase in temperature, they start to
feed intensively and grow fat incessantly. Intense oviposition
begins approximately on the 25th day after hibernation termi-
nation and the fat body volume decreases [29]. The potato
ladybird beetle begins to oviposit from the end of the first ten-
day period of June. Its egg masses are compact and usually
contain 15-30 eggs, rarely from 50 to 70 eggs. One female can
lay 200-500 eggs in average. The potato ladybird beetle
oviposits predominantly on the undersides of potato leaves or
on weeds, such as common dayflower, Commelina communis
L., couch grass, Agropyron repens L., field sowthistle,
Sonchus arvensis L., and field bindweed, Convolvulus arvensis
L. [30].

Embryonic development depends on temperature and
humidity and lasts usually from 6 to 10 days under the condi-
tions of Primorsky krai but its duration can be 4-5 days in some
cases. Under laboratory conditions, the duration of this stage
is 7-9 days at 21-22°C and 75-80% humidity, but 4-6 days at 23-
25 °C. Larval cohorts stay close to each other at first and begin
to crawl away in 2-3 days. Larvae molt through 4 instars and
develop from 20 to 24 days. The development of larvae lasts
24 days at 19-20°C and 20 days at 20-22 °C. The pupal stage is
6-9 days in duration [29][30].

Oviposition takes place over a long period of time, i.e. from
the first ten-day period of June to the beginning of August. For
this reason, young beetles continue to emerge until mid-
September. This can create a wrong impression of a higher
number of generations. For example, Vulfson R.l. [26] and
Ivanova A.N. [22] suppose that the potato ladybird beetle pro-
duces one generation. By contrast, Panyukhov G.A., Bosenko
L.I. [29], Simakova T.P. [30] identify 2 generations.

Young beetles migrate from potato fields to other crops
(cucumber, eggplant, tomato) when potato is harvested in the
end of August. In September, when there are no usual fodder
plants for the potato ladybird beetle, this pest starts to feed on
woody plants, which grow around potato fields. Young beetles
move to overwintering sites in the second part of September.
According to Ivanova A.N. [22], ladybird beetles do not fly
deep into the taiga and do not cluster at their overwintering
sites. They prefer to disperse in leaf litter at a density of 0.1-1.5
beetles per 1 m2 not far away from potato fields, or they can
stay under old potato stems and leaves in the fields.

To study the patterns of changes in insect population size,
it is advisable to use logic models, which are based on the
understanding of how a population responds to changes in
various environmental and biological factors. According to
systems theory, all biological systems are formed by subsys-
tems [31]. The systems of a lower order serve as components
to the systems of a higher order, thus the state of the former
affects the latter. A study on the individual role of ecological
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and biological factors in insect population dynamics from the
perspective of systems theory can help to discover the ecolog-
ical mechanisms of changes in population structure and to
provide rationale forthe optimization of pest control measures
against phytophagous insects [32].

Methods

A laboratory colony of Henosepilachna vigintioctomaculata
(Motschulsky) was formed in 2019. Adult ladybird beetles
were collected at different locations in Primorskykrai. For the
introduction into the insectarium culture, we collected adult
beetles, egg masses and larvae in their natural habitats: on lin-
den, Tilia amurensis, bird cherry, Padus asiatica, potato,
Solanum tuberosum, tomato, Solanum lycopersicum, and
eggplant, Solanum melongena. To maintain polymorphism of
the lines, adult beetleswere collected in nature in 2020 and
2021andthen introduced into the culture.

Standard methods for maintaining and propagating insect
cultures were used to optimize environmental parameters,
population density and food supply [33]. When creating the
laboratory population, we considered the parameters of mini-
mum mortality, minimum change in forms and maximum
fecundity. To achieve an ecological optimum, the culture was
stabilized. This excluded uncontrollable factors and seasonal
fluctuations. The dynamics of daily and seasonal tempera-
tures and humiditywas also excluded. The insects developed
in the rearing cages at 26 = 1.05 °C and at 75-80 % humidity.
These conditions were maintainedduring both day and night.
The photoperiod was set to 18 h light / 6 h dark.The rearing
cageswere placed on stands with timer delay. The racks were
equipped with the grow lights Quantum line ver. 1 (Im281b +
pro 3000K + SMD 5050, 660 nm) (Samsung, Japan). The split
system Rovex RS-07MST1 / RS-07MST1 (Aux Air, China) kept
the temperature constant. The aerator Aceline TFSL-6
(China) was usedfor aeration, which was an element of the
microclimate. Humidity was controlled by POLARIS PUH 9105
IQ (China). The laboratory insects were reared on leaves of
potato variety Smak, which was grown in soil in a culture room
at 26 = 1.5° C and 75-80 % humidity with a 18-h photoperiod.
We selected egg masses with more than 25 eggs for the
experiment. The egg masses were reared in Petri dishes on fil-
ter paper, which was moistened with autoclaved distilled water

a) b) 40
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cycle duration, day

Averege=16.40 N=110

5.0 7.50 1000 1250 15.00

250
cycle duration, day
Averege=4.86 N=66

when necessary. We examined the egg masses twice a day
until the emergence of the larvae. Scientific observations were
carried out during the incubation period to determine the mor-
tality rate and thesimultaneity of the larval emergence. We
selected active light-yellow larvae with dark satae, showing no
symptoms of an infection and having the percentage of emer-
gence close to 100 % [33][34]. The larvae were transferredin
batches of 10 to 80 ml glass containers, which were covered
with cotton cloth. Fresh leaves of potato variety Smak served
as a forage plant and were provided to the larvae every day.
We recorded the duration of the larval stage and the timing of
each molting and transition to the next instar. The pre-pupal
stage began when the larvae stopped feeding and became
less active. After the pre-pupa was attachedto the surface of a
container or to the filter paper, the pupation started. We
recorded the begging of the stage of the pupa, which differed
morphologically from the pre-pupa, and determined the dura-
tion of this stage [35][36].

Field research on the phenology of the potato ladybird bee-
tle was conducted on a 40 m2field site in Timiryasevskij settle-
ment, Ussuriysk district, Primorsky krai. The records were
made twice a week.The timing of the following events was
recorded: the emergence of the adult beetles from diapause,
the colonization of the potato field, the beginning and the end
of oviposition, the emergence of the larvae and the pupae, the
flight of the new insect generation.

Results and discussion

Sixty-six egg masses were described in our research. The
mean number of eggs per one mass was 26. The hatched lar-
vae were divided in 110 families: 10 larvae in each family. The
study on the immature developmental stages of the potato
ladybird beetle revealed that the egg stage was 4-5 days in
duration, the larval stage was 16-17 days and the pupal stage
was 4-5 days (Figure 1). The standard deviation was + 1.59 at
the egg stage but we also identifiedseveral egg masses,
whose developmental time increased to 11-12 days. This
could be conditioned either by an insufficient moisture content
of the filter paper, which might have increased the duration of
the larval emergence, or by a wide time range of hatching from
one egg mass (which is the norm for most of the insect popu-
lations) [33]. At the larval stage, two groups of the larvae were
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Puc. 1. Cpoku pa3Butus npenmMarmHasbHbiX CTaanii pa3BUTUs KapTopesibHOW KOPOBKHU.
a) ctagus aiiya b) ctagms nnuymnHku c) ctagusa kykonku (IBM SPSS StatisticsSubscription)
Fig. 1. The developmental time of the potato ladybird beetle at different immature stages:

a) egg stage, b) larval stage, c) pupal stage (IBM SPSS Statistics Subscription)
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Average daily temperature,C

Precipitation,mm

Puc. 2. CpegHecyTo4HbIe NOKa3aTesim TeMrneparypbl U CpegHeMecsiYHbIe rnoka3atesnu
kosmmyecTBa ocagkoB B 2020-2021rr (Mo gaHHbIM arpoMeTeoCcTaHLUuu noc. TuMMpsi3eBCKNIA)
Fig.2. Daily mean temperatures and monthly precipitation amounts in 2020-2021

(according to the agrometeorological station in stl. Timiryazevskij)

identified, the development time of which was significantly
shorter or longer compared to the average values obtained for
this stage. Presumably,the quality and quantity of the food
were responsible for it (the amount of nutrients, the availabili-
ty of secondary metabolites, in particular glycoalkaloids). At
the pupal stage, the developmental time also increased, which
could be explained by the amount of the nutrients that were
consumed by the insects at the larval stage.There are data on
the influence of forage plants on the duration of the ontogeny
of the 28-spotted potato ladybird beetle [37,38]. Moreover,
analogous correlations were discovered for other insect
species. For example, the turnip sawfly,(Athalia colibri Christ.)
when feeding on immature cabbage, develops from a young
larvae to an adult insect in 18 daysat 28°C and in 35.6 days at
17.7 °C. Although when the turnip sawfly feeds on mature cab-
bage at the same temperatures, it needs 22 and 39.3 days
respectively to fully develop [39]. The influence of food on the
development was discovered for the spongy moth (Porthetria

dispar L.), the grape phylloxera (Phylloxera vastatrix, Planch)
and Aphis laburni [40, 41, 42, 43].

The laboratory experiment allowed determining the timing
and duration of different developmental stages of the potato
ladybird beetle at constant temperature and humidity. Climatic
conditions are rarely so stable in nature. For this reason, we
conducted a field experiment and a study on the stages of
ontogeny under the conditions of changeable environmental
factors.

When conducting field research, environmental factors
such as temperature and precipitation amounts should be
considered. They can significantly affect the timings of phe-
nology and ontogeny in general. After comparing daily mean
temperatures and monthly precipitation amounts in 2020-
2021 (Figure 2), the conclusion can be reached that the year
2020 was cold and rainy. This affected the duration of the
ontogenetic stages and the timings when the adult beetlese-
merged from diapause and oviposited.

Ta6bnuuya 1. ®eHonozusi pazeumusi kapmodgbesibHol kopoeku e [Tpumopckom kpae (n. Tumupsizeeckuti) 8 2020 200y
Table 1. Phenology of the development of the potato ladybird beetle in Primorskykrai (stl. Timiryazevskij) in 2020

Months (I-XIl) / ten-day periods (1-3)

v Vi Vi

a a o o (] L] o L] o
o} O O o}

n | | ] n

O o m]

Vil IX X XI-IvV
2 &) 1 2 &) 1 2 & -
° ° ° ° o o o o o

Legend. e — active adult beetles; m— adult beetles in diapause; o — egg; m — larva; o —pupa
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In 2020, the first potato sproutsappeared on May 20th. The
synchronous emergence of the potato ladybird beetle from
diapause was recorded on May 23d (Table 1). The coloniza-
tion of the potato field was observed during the first and the
second ten-day period of June. After colonizing the potato
field, the overwintered adult beetles started to oviposit. The
larvae of the first generation were observed from the second
ten-day period of June to the third ten-day period of July. The
pupae could be found from the first ten-day period of July to
the first ten-day period of August. The young beetles of the
second generation were observed from the third ten-day peri-
od of July to the second ten-day period of September. A part
of the second-generation beetles laid eggs, which hatched
later. The larvae began to die in the first ten-day period of
September. The adult beetles started to prepare for diapause
from the second ten-day period of September. They began to
feed on woody plants, whichgrew near the potato field.

In 2021, the synchronous emergence of the potato ladybird
beetle from diapause was recorded on May18-20* (Table 2).
The first potato sprouts appeared on May 19%, The first signs of
the insect damage that was caused by the potato ladybird bee-
tle were observed on May 20-21¢. The first egg masses were
found during the second ten-day period ofJuneafter the addi-
tional feedingphase. The larvae of the first generation could be
observed from the end of the second ten-day period of June.
The synchronous pupation of the larvae took place during the
second and third ten-day period of July. The emergence of the
second beetle generation was recorded from the third ten-day
period of July to the first and the second ten-day period of
August. The young beetles of the second generation oviposited
until the first ten-day period of September inclusive. The emer-
gence of the young beetles of the third generation was record-

ed during the third ten-day period of August. The egg masses
and the larvae of the first and the second instar were also
observed during this period. Daily mean temperatures started
to decrease (17°C) from the end of the second ten-day period
of September. For this reason, the developing larvae died, the
adult beetles were preparing to enter diapause and moved from
the potato fields to nearby forests.

After comparing the phenology of the potato ladybird bee-
tle in 2020 and 2021, we reached the conclusion that the pota-
to ladybird beetle hadtwo generations in 2021. Presumably,
the potato ladybird beetle produces more than one genera-
tions in hot summers. We could also observe the second and
the third generations overlapping. This can create a wrong
impression of a higher number of generations. This issue
requires further research.

There is a vast amount of foreign literature on the phenolo-
gy of the potato ladybird beetle and its closely related species.
Kohji Hirano made a significant contribution. His works pro-
vide an opportunity to compare the life cycles of the potato
ladybird beetle in Primorsky krai and Japan. According to
Hirano, the potato ladybird beetle has two generations in
Japan. Moreover, the phenology of this phytophagous insect
is similar to the phenological data that we obtained in 2021
(Table 3) [44].

Unfortunately, we could not find foreign literature on the
period in question, though a comparison of climate features in
Japan and Primorsky krai showed that the weather conditions
of these two regions are very similar with only minor humidity
fluctuations (Fig.3).

Thus, the conclusion can be reached that the potato lady-
bird beetle can have two generations per year in warm climate
regions. Although physical environmental factors jointly affect

Tabnuya 2. ®eHosnozus pazsumusi kKapmogbesibHol kopoeku e [Tpumopckom kpae (n. Tumupsizeeckuti) 8 2021 200y
Table 2. Phenology of the development of the potato ladybird beetle in Primorsky krai (stl. Timiryazevskij) in 2021

Months (I-XIl) / ten-day periods (1-3)
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Legend. e — active adult beetles; m — adult beetles in diapause; o — egg; m — larva; o —pupa
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Tabnuua 3. PeHoso2us pazeumusi kKapmogbesibHol Kopoeku e SinoHuu, Fujimaki (Hirano, 1995)
Table 3. Phenology of the development of the potato ladybird beetle in Japan, Fujimaki (Hirano, 1995)

Months (I-XIl) / ten-day periods (1-3)

Vv Vi Vi Vil IX X XI-IvV
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Legend. e — active adult beetles; m— adult beetles in diapause; o — egg; m — larva; o —pupa
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B Pyasumaku n TummpsaseBckomM(A —Tumupszesckuii, B —®dynsumaku)

3esieHas, KpacHasi N CUHSISI IMHNU NMOKa3bIBalOT CpeAHeMeCsIYHble 3Ha4eHUs1 CPeAHEeCYTOYHOV, MaKCUMaJslbHOW U MUHUMAaJlbHOW
TemMmneparypbl, COOTBETCTBEHHO. 3e/IEHbIe CTOJI6UKMN NOKa3bIBaIOT MECSIHHOE KOJINYECTBO OCaAKOB U MECSIYHYIO MPOAO/DKNUTETb-
HOCTb COJIHE4YHOI O CUSIHNSI, COOTBETCTBEHHO (10 AaHHbIM SINTOHCKOro MeTeopoJiornieckoro areHTcTsea [45]).

Fig. 3. Monthly variation of meteorological elements in Fujimaki and Timiryazevskij(A- Timiryazevskij, B — Fujimaki)

The green, red and blue lines indicate monthly averages of daily mean, maximum

and minimum temperatures, respectively. The green bars show monthly precipitation amounts

and monthly sunshine durations, respectively (according to Japan Meteorological Agency [45]).
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insects, the individual impact of each factor differs. Insects are
poikilotherms and their body temperature depends largely on
the temperature of their surroundings. Environmental temper-
atures determine the metabolic rates of insects, also their
development rates, longevity and fertility, the number of their
generations, their feeding rate and behavioral responses [46].
The effect of temperature is inseparable from the influence of
humidity.

Temperature has both a direct and an indirect effect on a
population and its viability.When temperature values deviate
rapidly from the ecological optimum, it directly affects individ-
uals in a population and causes death. The indirect effect
occursmainly through fodder plants [47]. This is conditioned
by impossibility to satisfy the ontogenetic needs of a species
and by changes in the character of hygrothermal factors in the
optimum zone [48].

Additionally, climate variability has increased over the
last decades and will continue to do so according to projec-
tions. This will lead to an increase in the duration, intensity
and frequency of extreme climatic events [49][50], which
may significantly affect functions of ecosystems
[51][52][53]. For example, an increase in day length com-
bined with extreme heat led to a reduction in the diversity of
bumblebees [54], which are important pollinators of agricul-
tural crops [55][56]. A recent meta-analysis of weather
events in the wild showed that high resistance was rare
among populations and many of them could not recover
after exposure to severe weather events despite the fact
that many species had compensatory mechanisms for miti-
gating negative consequences [57].

Climate variables can produce a synergistic effect, which is
greater than additive effect of each separate variable on the
environment [58,59] and thus creates “ecological surprises”
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when the decline of a population is extreme [60]. Although an
ecological response to extreme climatic events is often nega-
tive (e.g. reduction in population size), such consequences
can be minor [61], and some climatic variables can also be
antagonistic, which leads to a positive ecological response
[62]. For this reason, the prediction of ecological responses to
climatic events requires the understanding of mechanisms
regulating these processes. Therefore, our data can be useful
for predicting changes in population size for the potato lady-
bird beetle. It is logical to assume that a higher number of pest
generations may facilitate the accumulation of this pest in an
ecosystem. In consequence, a higher number of beetles will
enter diapause (a considerable part of femalescan be insemi-
nated in autumn). This may trigger a pest population outbreak
in spring causing severe damage to potato crops during
sprouting.

As for other negative factors, which affect the population
size of the phytophagous insect (scarce food resources, a
low nutritional value of forage plants during drought peri-
ods), a higher number of generations allows the pest to
maintain a sufficient population size. This demonstrates the
ecological plasticity of the phytophagous insect under the
unstable conditions of monsoon climate in its habitat.

In conclusion, our research is the first step towards
understanding how the interrelation between processes,
which depend on density, and abiotic variations affects pop-
ulation dynamics. This interrelation is also an example of a
model that describes phenological responses to tempera-
ture. The model predicts the patterns of changes in popula-
tion size. Such predictions can be verified by census data.
We showed that this scheme, which was parametrized by
empirical data on the events of the life cycle, could reflect
complex dynamics observed under field conditions.
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