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Abstract—Patterns of interaction of an oligophagous insect, black-veined white Aporia crataegi L., with host
plants in years with a low density of its natural population are analyzed. In years with low A. crataegi popula-
tion abundance in the south of Sverdlovsk region (Sysertsky district), the species composition of caterpillar
host plants gradually decreases from several woody rosaceous species of the genera Padus, Sorbus, Malus, and
Crataegus to one species (Padus avium Mill.). It is shown that the mortality rate is higher for fifth-instar cat-
erpillars developing on mountain ash than for those developing on bird cherry. Adult A. crataegi developing
on bird cherry are not only larger but also grow faster than those developing on mountain ash, which may be
an additional factor responsible for the observed chronographic variation during the emergence of A. crataegi

generation in nature.
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Different aspects of interaction between phytopha-
gous insects and their host plants have been studied
quite thoroughly both in terms of theoretical ecology
of populations and communities [1—4, etc.] and in
terms of applied disciplines (agricultural and forest
entomology, plant protection and quarantine, etc. [5—
7]). Special attention has recently been paid to study-
ing the effect of climate change on the interaction of
insects with plants [8]. Phytophagous insects and their
relationships with host plants are a convenient model
for studying ecological specialization and associated
evolution of communities [9—12].

One of the most interesting problems concerns the
choice of certain host plants by oligophages and
polyphages. The literature discusses the hypothesis
that phytophage females prefer to lay eggs on those
host plants where the survival and productivity of their
offspring prove to be higher (the preference-perfor-
mance hypothesis). This hypothesis is confirmed in
the two-component phytophage—host plant system
(i.e., without regard to competition, predation, para-
sitism, mutualism, etc.) [10]. However, isolated phy-
tophage—host plant pairs do not occur in nature;
therefore, published data both in favor and against this
hypothesis are available.

It seems interesting and relevant to consider some
aspects of the ecology of phytophagous insects during
their interaction with different host plants in a natural

environment. The black-veined white (Aporia crataegi 1..)
was chosen as a model object; according to our obser-
vations and literature data [13—16], its outbreak was
recorded in the Middle Urals and neighboring regions
in 2010—2013. In the following years (2014—2019),
transition of the population into a low abundance state
was observed. The study of insect populations at a low
density level seems to be no less important than their
study at the prodromal and eruptive levels [17].

The purpose of this study was to analyze the pat-
terns of interaction between the oligophagous insect
characterized by the eruptive type of population
dynamics and its host plants in years with a low density
of its natural population. To this end, we needed to
identify the species composition of host plants for
A. crataegi caterpillars and evaluate the viability of the
caterpillars depending on their development on differ-
ent host plants under natural conditions.

MATERIAL AND METHODS

Study object. The black-veined white is a polyph-
age on woody plants of the rose and heath families
(Rosaceae and Ericaceae), but it is also characterized
by well-manifested zonal oligophagy [18]. Currently
available publications on this species provide not only
a sufficiently detailed description of food specializa-
tion of its caterpillars in different parts of the range but
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also data on some features of its physiology [7, 19—21],
behavior, migratory abilities, expansion [22, 23], and
population dynamics [24—26].

Bird cherry (Padus avium Mill.) is the main host
plant for A. crataegi caterpillars on a significant part of
the range (European Russia, the Urals, and Siberia).
Its thickets serve as natural reservations from which
the butterflies spread to gardens and parks [25—27]. In
the Urals and adjacent regions, the preferred host
plant for black-veined white caterpillars is apple tree
(Malus spp.) growing in gardens, urban agglomera-
tions, upland meadows, and near villages [13, 15].

The population under study lives near the biologi-
cal station of the Ural Federal University in Sysertsky
district, Sverdlovsk region (56°36” N, 61°03" E), in the
subzone of pre-forest-steppe pine—birch forests. The
prevalent plant communities in this area are south-
taiga and pre-forest-steppe pine forest of herb—dwarf
shrub and herb types and secondary birch and pine—
birch forests of herb type [28]. The undergrowth in
pine forests includes rosaceous tree and shrub species,
mainly bird cherry Padus avium Mill. and mountain
ash Sorbus aucuparia L.; there also occur apple tree
Malus baccata (L.) Borkh. (sparse) and hawthorn Cra-
taegus sanguinea Pall. (single plants).

Material. To determine the species composition of
host plants, we searched for wintering nests with early-
instar caterpillars in 2013—2019. The numbers of nests
collected from different host plants in 2013—2018 are
given in [16, 29]; in 2019, we continued to collect nests
in early spring, before the emergence of overwintered
caterpillars (April 6), and in autumn, after the onset of
wintering (September 13).

Fifth-instar caterpillars were collected from two
host plants (bird cherry and mountain ash) at the end
of May in warm years (2014—2016) or during the first
10-day period of June (if the air temperature was low
in May and caterpillars developed slowly) (2013 and
2017—2018)). A total of 2822 caterpillars were collected
(Table 1). In addition, pupae were collected from bird
cherry (202 spec.) and mountain ash (16 spec.) in 2016.
In 2019, the population was in the phase of depression,
and density of caterpillars was so low that we failed to
collect a representative sample (only six caterpillars were
found on bird cherry and three on mountain ash).

On the day of sampling, caterpillars and pupae
were weighed on a Kern 440-21N balance with an
accuracy of 1 mg and numbered. Each caterpillar was
placed in an individual 0.5-L plastic container covered
with cotton cloth and fed fresh foliage of the host plant
from which it was collected. The containers were
exposed on an open rack under tree crowns in uncon-
trolled conditions. Each container was checked daily
until the emergence of adults or death of caterpillars or
pupae. Records were kept of the dates and causes of
their death and the dates of pupation and emergence
of adults. The wet body weight of all adults on the day
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of emergence was measured using the same balance
with an accuracy of 1 mg.

The mortality rate of caterpillars was estimated in
all study years; variation in the body weight of adults
cultivated on different host plants was analyzed only
for the period from 2014 to 2017, since we failed to col-
lect representative samples from mountain ash in 2013
and 2018 (see Table 1).

Statistical analysis. Variation in body size (weight)
during the emergence of adults was evaluated using
regression analysis in PAST 2.17 [30]. The initial
weighing results were averaged for each observation
day. Each sample was analyzed independently, taking
into account insect sex and sampling year. The date of
emergence of the first adult individual was considered
as the first observation day. These dates for 2013—2018
are given in Table 1. The mortality rates of late-instar
caterpillars on different host plants were compared
using the x? test.

ANOVA with mixed effects was used to evaluate the
effect of factors “food plant” and “caterpillar health”
on caterpillar weight. The latter factor was understood
as either successful pupation and adult emergence or
caterpillar death of parasitoids or infections. The
“host plant” and “caterpillar health” were fixed fac-
tors, and the year of sampling was a random factor.
The effect of factors “host plant” and “sex” on the
weight of adults was evaluated by the same method.
These two factors were fixed, and the year of sampling
was a random factor. Calculations were made in the R
environment [31].

RESULTS AND DISCUSSION

During several years of observation on the state of
the natural A. crataegi population near the biological
station of the Ural Federal University, we revealed that
caterpillars developed on different species of woody
rosaceous plants (bird cherry, mountain ash, apple
tree, and hawthorn) in the last year of their outbreak
(2013) and the following year (2014). From 2015 to
2018, wintering nests with early-instar A. crataegi cat-
erpillars were found mainly on bird cherry, less often
on mountain ash, and very rarely on apple tree and
hawthorn. In April 2018, several nests occurred on
mountain ash, but all nests found in August—Septem-
ber of the same year (after the emergence of the fol-
lowing generation) and in 2019 were located exclu-
sively on bird cherry. Therefore, our observations show
that the species composition of A. crataegi caterpillar
host plants in the study region is reduced from several
to one species in years with low population abundance
of the species.

Some fifth-instar caterpillars cultivated in individ-
ual containers died of different causes. In most cases,
their death was caused by parasitoids of the family
Braconidae or by viral and fungal infections. The most
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Table 1. Sample size and caterpillar mortality during A. crataegi cultivation in 2013—2018 (Sverdlovsk region, Sysertsky district)

Caterpillar Number of fifth- Caterpillar Emergence period
sampling dates Host plant instar caterpillars | mortality rate, % of adults* Number of adults
. June19-23 2
Bird cherry 285 93.0 E—— =
June 2026 18
June 1-6, 2013
. June 2127 5
Mountain ash 107 93.5 —_— =
June 2123 2
. June14-22 63
Bird cherry 363 284 R —— —_
June15-24 184
May 2224, 2014
. June14-21 32
Mountain ash 260 48.8 _— ==
June18-July 1 74
June 1419
Bird cherry 310 23.9 et e 104
May 28—June 1, June16-22 132
2015 June 1620
Mountain ash 261 61.7 _ 32
June 1621 52
. June 817 56
Bird cherry 238 90.3 E—— =
June 920 66
May 2426, 2016
. June10-21 14
Mountain ash 202 90.6 _— =
June 1221 12
June 26-July 9
Bird cherry 330 59.4 June S5y 2 44
May 31—June 9, June 27-July 15 96
2017 June 29-July 13
Mountain ash 262 72.9 e sy 2 31
June 29-July 17 39
July 1-8
Bird cherry 174 64.4 e 26
July 2-10 36
June 6—11, 2018
. July 8 1
Mountain ash 30 83.3 _— S
July 810 4

* Above the line, males; below the line, females.

prevalent infection was by nuclear polyhedrosis virus
(det. by A.V. I’inykh).

It is well known that the mortality rate of late-instar
A. crataegi caterpillars and pupae can be very high in
nature. Thus, the survival rate of adults was only 5.6%
in Sverdlovsk region in 1962, which led to a sharp
decrease in their abundance and stopped their out-
break [32]. According to our data, the mortality rate of
fifth-instar caterpillars was also very high (93%) in the
last year of their outbreak (2013). The mortality rate
varied in a wide range during several years with consis-
tently low population abundance (Table 1).

As a rule, the mortality rate was higher in caterpil-
lars developing on mountain ash than in those on bird
cherry. Comparison of the mortality rates of caterpil-
lars on the two host plants showed a significant differ-
ence (x?>=15.8, d.f. = 5, p = 0.008). The average total
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mortality rate of caterpillars was 59.9% on bird cherry
and 75.1% on mountain ash for the period from 2013
to 2018. The fairly high average mortality rate of late-
instar caterpillars is presumable one of the causes of
their low population density in these years.

The growth and final body weight of last-instar cat-
erpillars prior to their pupation in nature depend on
many conditions such as the sum of accumulated
degree—days, food consumption efficiency, biochem-
ical (including antibiotic) foliage composition, etc.
Therefore, it is incorrect to perform between-year
comparisons of the weight of caterpillars during their
growth process. In turn, comparison of caterpillars
that were simultaneously collected from different host
plants is quite informative.

According to the results of ANOVA, the effect of
both factors under study (“host plant” and “caterpillar
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Table 2. Results of ANOVA for the body weight of A. crataegi fifth-instar caterpillars

Factor SS d.f. MS F p
Host plant 1499925 1 1499925 136.13 <0.001
Caterpillar health 7847349 1 7847349 741.90 <0.001
Host plant X caterpillar health 99519 1 99519 9.40 <0.01
Year 8344 4 2086
Residual variance 27278083 2579 10577
Table 3. Results of ANOVA for the body weight of adult A. crataegi

Factor SS d.f. MS F Y4
Sex 374159 1 374159 180.78 <0.001
Host plant 161420 1 161420 77.99 <0.001
Sex X host plant 7257 1 7257 3.50 0.06
Year 4040 4 1010
Residual variance 2051370 991 2070

Table 4. Average body weights of adult A. crataegi that developed from caterpillars cultivated on different host plants in

2013—2018
Year
Host plant Sex
2013 2014 2015 2016 2017 2018

Bird cherry Males 166.0 £ 31.8 1912+ 5.6 | 1599 +4.5 119.5+31.8 | 128.3+6.8 | 1159+ 173

Females | 223.2+10.6 | 255.0+3.3 | 187.5+3.9 1739+ 101 | 1599+46 | 123.9* 14.1
Mountain ash Males 139.3 £ 26.0 1819+ 6.2 | 129.0£6.2 97.2 £15.0 | 120.8 £8.0 —

Females 189.0 + 31.8 | 2064 +5.2 | 158.5+6.2 167.7 £ 14.2 | 148.3+7.2 | 131.8 £20.6

health”) and their interaction proved to be significant
(Table 2). Naturally, the weight of the caterpillars
affected by parasitoids and infections was significantly
lower than that of healthy caterpillars. Thus, the aver-
age weight of the infected caterpillars collected from
bird cherry over all study years was 260.1 & 3.8 mg and
that of the healthy ones was 393.7 + 4.4 mg. The aver-
age weight was significantly lower for caterpillars that
developed on mountain ash than for those on bird
cherry: 217.5 £ 4.1 vs. 377.3 £ 6.2 mg.

According to the literature and our data [14, 24,
26], A. crataegi is characterized by sexual dimorphism
in size: in general, females are larger than males. The
results of ANOVA for the body weight of adults are
given in Table 3: the “sex” and “host plant” factors
have a statistically significant effect on variation in
their size, while the interaction of these factors is
insignificant. The effect of the random factor “year” is
determined both by the growth rate and accumulation
of degree-days (depending on weather conditions in a
particular year) and by the fact that the caterpillars
were weighed on the date of sampling (rather than
prior to pupation) and then continued feeding and
growing. Table 4 shows average body weights of adult

RUSSIAN JOURNAL OF ECOLOGY Vol.51 No.6

A. crataegi males and females cultivated on bird cherry
and mountain ash in 2013—2018. As follows from these
results, females that developed on bird cherry were the
largest, while males that developed on mountain ash
were the smallest. At the same time, the average body
weight of males from bird cherry prove to be compara-
ble with that of females fed on mountain ash (e.g., in
2015), which minimizes sexual size dimorphism.

Caterpillars probably use assimilated food energy
more efficiently when they develop on bird cherry
than on mountain ash. According to some authors [7],
the environmental costs of food consumption by
A. crataegi caterpillars and their food consumption
efficiency can be compared with the experimental data
on food consumption by gypsy moth caterpillars.
Vshivkova [33, 34] showed that, compared to bird
cherry, mountain ash is unfavorable for the growth of
gypsy moth caterpillars, since its leaves contain sec-
ondary compounds that have influence on their use
and consumption. In addition, the energy value of bird
cherry leaves was higher than that mountain ash
leaves. Adult A. crataegi adults developing on moun-
tain ash are smaller and grow longer than those on bird
cherry. Although caterpillars were always collected
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Fig. 1. Variation in the body weight of adult A. crataegi during the emergence of males and females cultivated on different host

plants in (a) 2014, (b) 2015, (c) 2016, and (d) 2017.

simultaneously from both host plants, the emergence
of adults from caterpillars was recorded one to several
days later on mountain ash than on bird cherry (Table 1,
Fig. 1). Regression analysis revealed a statistically sig-
nificant dependence of the body size of adults on the
date of emergence (except adult males cultivated on
mountain ash in 2017 and adult females cultivated on
mountain ash in 2016). These results are consistent
with and complement the results of our previous stud-
ies [14]: the largest adults are the first to emerge, while
the smallest ones are the last to appear, regardless of
sex and caterpillar host plant. It was also shown for
A. crataegi that the larger the size of a female, the
higher its fertility [7, 21], which is generally typical for
many insects [35—37].

RUSSIAN JOURNAL OF ECOLOGY Vol 51

Consequently, the chronographic variation of adult
A. crataegi during the flight period in nature can be
described as follows: the largest males that develop on
bird cherry appear first, followed by the emergence of
first large females from bird cherry and relatively small
males from mountain ash, and females developing on
mountain ash are the last to emerge. The smallest
males and females that develop on mountain ash are
the last to emerge from pupae. Therefore, not only the
earlier emergence of large adults but also the asyn-
chronous emergence of adults developing on different
food species (large individuals from bird cherry and
small individuals from mountain ash) is an additional
factor accounting for the observed chronographic
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variation during the flight period of A. crataegi gener- 4.
ation in nature.

During the outbreak, A. crataegi in the study region

developed on several host plants, with bird cherry -
being the preferred species. According to the prefer-
ence-performance hypothesis, female insects prefer to
lay eggs on the host plant on which the survival and
productivity of the offspring is higher [10]. However,
there is no instant transition from oligophagy to

monophagy on the most preferred host plant under 6
conditions of reduced population density and, conse-
quently, reduced competition for food. On the con-
trary, female A. crataegi under conditions of low pop- 7

ulation density continue to lay eggs on mountain ash
over several years, despite higher mortality rate of late-
instar caterpillars, prolonged period of preimaginal
development, and lower fecundity of adults due to
their small size. Our results indicate that A. crataegi ¢
gradually changes its diet from oligophagy to almost
complete monophagy during several years after its
outbreak, i.e., with decrease in its population density.
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