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Variation in sizes of parasitoids Itoplectis maculator F. (Hymenoptera, Ichneumonidae) were studied in respect to their genetic
variation as well as to the genetic variations in their host insect (Tortrix viridana L.) pupae and their host plant (Quercus pubescens
Willd). The data obtained have shown that the interactions between genotypes of parasitoids and their host insects contribute up to
49%, and interaction between genotypes of parasitoids and oaks contributes up to 28% to the total variation in the parasitoid body
sizes. As the parasitoid body size is fitness related, we may conclude that fitness of a parasitoid depends on not only its genotype
but also on genotypes of its host insects and even the tree on which the host insects have developed. As a result the genotypes of
representatives of the studied food chain links were found to be stochastically associated.

1. Introduction

Throughout the 20th century, investigators sporadically at-
tempted to incorporate genetics into ecological explanations
[1]. These attempts developed ecological genetics and evolu-
tionary ecology, which complete each other with first study-
ing genetic responses to ecological influences, and second
examining their evolutionary consequences. In genetic sense,
both of them operate at the scale of populations, addressing
attention to their gene pools.

Recent investigations concerning interplay between ge-
netics and ecology raised a question on foundation of a new
field of enquiry “community genetics” [2—4], usefulness of
which was discussed in the Special Feature (Ecology, 2003,
vol. 84, no. 3). Commenters on the papers by Neuhauser et
al. [2] and Whitham et al. [3] did not reject the importance
of the obtained results, but expressed certain skepticism to
some of their conclusions and insights. Negative reaction was
evoked by use of such terms as “community heritability” and
“community selection,” which, by opinion of some authors
[5, 6], resurrects the apparently irrepressible idea of the com-

munity as superorganism [7, 8], long ago rejected by most
ecologists after decades of empirical study and argument
[9, 10]. Some authors argued that Neuhauser et al. [2] and
Whitham et al. [3] have not provided a compelling argument
that the community genetics perspective is fundamentally
different from the current emphasis of much of ecological
genetics and evolutionary ecology [5].

Community genetics, by our opinion, should address its
attention to the gene pools of the populations, which interact
in a community, discovering the situation when alteration
in gene pool of one population evokes corresponding alter-
ations in another one. Such situation may arise only in that
case when the fitness of a specimen depends on the kind of
another species representative, with which it interacts in a
community.

Direct estimation of specimen fitness is a difficult task if
possible at all. One of the useful ways lies in measurement of
quantitative signs related to average fitness, such as body sizes
in insects [11, 12]. The paper, thus, is focused on the study
of variation in body sizes of parasitoids Itoplectis maculator
Fabricius, 1775 (Hymenoptera, Ichneumonidea) in respect
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FIGURE 1: Variants of the T. viridana L. pupae cremasters with 1-8 peaks at their tops [14].

to their genetic variation as well as to the genetic variations
in their host insect (Tortrix viridana L.) and its host plant
(Quercus pubescens Willd).

2. Material and Methods

The material was collected in the T. viridana population
named “Lavrovoe” (chaparral on southern coast of Crimean
peninsula near Yalta). The leaf roller pupae were sampled
from 14 trees of pubescent oak (Quercus pubescens Willd)
(about 80 pupae per tree, 1142 in total). We choose the
trees from the same locality, as close as possible each from
other, to minimize influence of secondary factors, such as
climate, soil, and so forth, and address main attention to their
genetic heterogeneity. High gene flow among the parasitoid
micropopulations on the trees minimize local effects, and
variation in sizes of the parasitoids should reflect variation in
their fitness components during the period from egg laying
to adult emergence. We, thus, had a natural experiment when
more or less homogenized mixtures of genetically distinct I.
maculator specimens were placed in environments created by
genetically distinct leaf rollers or oaks.

Each pupa was placed in separate vial and stored under
the laboratory conditions. The vials were then daily inspected
in respect to emergence of adults or parasitoids. Some of
parasitoids from each of the trees were placed in liquid
nitrogen until analysis.

Genetic variation in the oak leaf roller pupae was studied
using morphological alternative signs as genetic markers
[13]. We studied following leaf roller signs [14]: pupa color
with variants: brown (1) and black (2); the number of peaks
at the pupa cremaster from 1 to 8 (Figure 1). Pupae with
2 and 4 peaks at their cremasters were most common and

presented in all the samples while other variants were rare,
and, as they were absent in some samples, we excluded them
from the analysis.

The emerged parasitoids were compared with descrip-
tions from the monograph [15]. All the parasitoids, emerged
in the laboratory, belong to Hymenoptera. We have chosen
for the study the most common species, Itoplectis maculator
E, which parasitized about 12% (137 from 296 emerged
parasitoids) of the leaf roller pupae in our samples. The
parasitoid specimens show contrast morphological polymor-
phism [14], which allows dividing them into genetically
distinct groups.

Genetic variation in the I maculator was studied using
leg color of the adult specimens [14]: coloring of the hind
leg femur with variants: “long black band” (Figure 2(a)),
“short black band” (Figure 2(b)), “two spots” (Figure 2(c)),
“one spot” (Figure 2(d)), and “zero” (Figure 2(e)); coloring
of the tibia distal segment with variants: “light” (Figure 3(a)),
“brown” (Figure 3(b)), and “black” (Figure 3(c)). The vari-
ants, which were no presented in all the samples, were ex-
cluded from the analysis.

Frozen specimens of this species were examined in
respect to their heterogeneity in loci coding for esterase and
nonspecific protein using allozyme-analysis [16]. These loci
were both polymorphic in I maculator, each including two
alleles: F and S.

Thorax and whole body lengths were measured in each of
the morphologically assessed parasitoids under the binocular
microscope MBS-9 with precision +0.025 mm. Manipula-
tions with frozen parasitoids might change their body sizes.
To avoid this we measured last right femur length in each
of the frozen specimens prior to their homogenization for
biochemical analysis. As the femur length relates to body size,
it thus may reflect the specimen fitness component. The data
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FIGURE 2: Variants of coloring of dorsal side of hind leg femur in I. maculator F. adults [14].
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FIGURE 3: Variants of coloring of a tibia distal segment in I. maculator E. adults [14].

from males and females were analyzed separately because
males and females differ in their average sizes.

RAPD-PCR analysis was performed using DNA sampled
from each of the model trees. DNA was extracted from 10 mg
of fresh leaf tissue in accordance with standard method [17].
OPA-14 primer, TCTGTGCTGG (Operon Technologies,
USA), was used for RAPD-PCR. Amplification was carried
out under the following conditions: 95°C for 5 min, followed

by 45 cycles of 95°C for 1 min, 36°C for 1min, 72°C for
2 min, and final extension 72°C for 10 min.

The amplification products were separated by elec-
trophoresis in 1.8% TBE agarose gel [17], stained with
ethidium bromide and photographed under the UV light.
DNA-markers M 100 (IsoGen, Moscow) including fragments

with length of 100, 200, ...,900, 1000 bp, were used as the
molecular weight markers.
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TaBLE 1: Results of two-way ANOVA on the parasitoid body lengths variation in dependence from parasitoid tibia phenotype and cremaster

phenotype of the host insect pupa (see Figure 4).

Source of variation d.f. Sum of squares Mean squares F
Leaf roller phenotype 1 205.02 205.02 1.92
Parasitoid phenotype 1 1.05 1.05 0.01
Interaction 1 653.78 653.78 6.11*
Within 28 2994.15 106.93
Total 31 3854.00
*P < .05.
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FIGURE 4: Body lengths of the I. maculator males in dependence on
their phenotypes and phenotypes of their host insect pupae (results
of two-way ANOVA in Table 1).

The results obtained were statistically processed using
two-way ANOVA procedure. Total sample of the leaf roller
pupae, from which the parasitoids emerged, was divided
into groups in respect to their phenotypes. These groups
were parasitized by I. maculator specimens distinct in their
phenotypes or genotypes. Oak trees were divided into
two groups in respect to presence or absence of one or
another DNA fragment in their genotypes. These groups
were inhabited by I maculator specimens distinct in their
phenotypes or genotypes. Thus, T. viridana phenotypes and
L. maculator phenotypes, or Q. pubescent genotypes and 1.
maculator phenotypes were independent variables while I
maculator sizes were analyzed as a dependent variable. If
parasitoids of one variant were presented in one leaf roller or
oak group and absent in another one, then these parasitoids
were excluded from the analysis in both the groups.

3. Results

3.1. Influence of Genetic Heterogeneity in Oak Leaf Roller
Moth on the Fitness Components of Its Parasitoids. First step
of the study was focused on the analysis of variation in I
maculator body sizes in respect to their morphological and

F1GURE 5: Body lengths of the I. maculator females in dependence on
their phenotypes and phenotypes of their host insect pupae (results
of two-way ANOVA in Table 2).

genetic variation and to the morphological variation in their
host moths. Main attention was addressed to those cases
when variation in parasitoid quantitative sign depended on
the interaction between the genotypes of a parasitoid and
its host insect. Statistically significant interactions show that
the same genotype parasitoids may reach maximum sizes
when developing in the moths carrying one genotype and
remain small when developing in the moths which carry
alternative genotype.

The I. maculator males with the “light” tibia coloring
reached maximum body lengths when developing in the leaf
roller pupae with four peaks at their cremasters, but
remained small when developing in the leaf roller pupae with
two peaks at their cremasters. Totally opposite picture was
found for the I. maculator males with “brown” tibia coloring
(Figure 4, Table 1). Variation in thorax lengths showed the
same picture (interaction’s F = 6.09; P < .05).

The I maculator females with alternatively colored
femurs in the same manner differ in their sizes with respect
to the host pupae coloring (Figure 5, Table 2). For thorax
lengths interaction’s F = 7.50 (P < .01). Interaction of the
factors contributes up to 45% to the total variation of the
fitness-related signs in I. maculator females.

Except phenotypic variation these parasitoids were also
described in respect to their genotypes in two allozyme loci,
Est and Pt. Host insect phenotype influences dependence of
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TaBLE 2: Results of two-way ANOVA on the parasitoid body lengths variation in dependence from the parasitoid femur phenotype and the

host insect pupa coloring (see Figure 5).

Source of variation d.f. Sum of squares Mean squares F
Leaf roller phenotype 53.52 53.52 1.00
Parasitoid phenotype 264.32 88.11 1.64
Interaction 3 789.79 263.26 4.90*
Within 28 1503.04 53.68

Total 35 2610.67

*P<.0l.

TaBLE 3: Results of two-way ANOVA on the parasitoid femur lengths variation in dependence from the parasitoid two-locus genotype
(number of heterozygous loci) and the host insect pupa coloring (see Figure 6).

Source of variation d.f. Sum of squares Mean squares F
Leaf roller phenotype 0.01 0.01 0.05
Parasitoid genotype 2 0.03 0.01 0.14
Interaction 2 1.02 0.51 4.92%
Within 40 4.15 0.10

Total 45 5.21

*P < .05.

the parasitoid sizes from number of heterozygous combina-
tions in their two-locus genotypes. Homozygotes were large
when developing in the brown-colored host insect pupae
and small when developing in those black colored while
two-locus heterozygotes showed quite an opposite trend
(Figure 6, Table 3). Interaction contributes up to 49% to the
total variation of the fitness-related signs in I maculator
males.

As the parasitoid femur length relate to body size, and
body sizes relates to specimen fitness, we may say, for
example, that homozygous parasitoids survive better and
produce more offspring when they develop in brown than
in black host pupae. If this is the case, then we should find
statistic associations between corresponding genotypes of the
parasitoid and its host insect. Significant association was
found only for the I. maculator “light” tibia phenotype and
“four-peak” cremaster phenotype in the T. viridana pupae
(r =0.43;d.f. = 1; y* = 5.88; P <.05).

3.2. Influence of Genetic Heterogeneity in Oaks on the Fitness
Components of 1. maculator. RAPD-PCR analysis of oak
leaves with OPA 14 primer gave a range of DNA fractions
(Figure 7). Model trees exhibit wide polymorphism on the
obtained RAPD-markers. Individual spectrum could contain
from 4 to 12 amplified DNA fragments.

Two-way ANOVA was applied to study how the I. mac-
ulator sizes varied in respect to their phenotypes and geno-
types of the oaks, at which their host insects had been fed. In
this case we also have found an interaction between studied
factors. The I. maculator males with “black” tibia phenotype
were small on the oak trees with OPA 14-4 DNA fraction
in their RAPD-PCR spectrums and reached maximum sizes
on the trees without that fraction. Alternative phenotype
showed opposite trend (Figure 8, Table 4). Statistics for body
lengths was some lower the 95% confidence level while tho-
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FiGUrk 6: Femur lengths in the I. maculator males in dependence
on their two-locus (Est, Pt) genotype (number of heterozygous
loci) and phenotypes of their host insect pupae (results of two-way
ANOVA in Table 3).

rax lengths showed significant results. The OPA 14-5 DNA
fraction in oak leaves also influence mean sizes of the para-
sitoids with alternative tibia phenotypes (Figure 9, Table 5).

Statistically significant association was found only for
the “black” tibia phenotype of the parasitoid, which was
frequently observed in the oak leaf roller pupae from oaks
without the OPA 14—-4 DNA fraction in their RAPD-PCR
spectrums (r = 0.25; d.f. = 1; y* = 4.44; P < .05).

4. Discussion

In this paper, we show dependence of parasitoid sizes not
only from their genotypes, but also from phenotypes of host
pupae, which they parasitize, and from genotypes of oak
trees, on which the hosts have developed. Body size of an
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Figure 7: Individual electrophoretic spectrums of amplified DNA fragments from leaves of 14 model oaks with primer OPA 14; M: molecular

markers (100—1000 bp).

TaBLE 4: Results of two-way ANOVA on the parasitoid thorax lengths variation in dependence on the parasitoid tibia phenotype and
genotypes of oaks (presence or absence of the OPA 14-4 DNA fraction; see Figure 8).

Source of variation d.f. Sum of squares Mean squares F
Oak genotype 1 1.23 1.23 0.22
Parasitoid phenotype 1 0.85 0.85 0.15
Interaction 1 28.27 28.27 4.97*
Within 28 159.37 5.69
Total 31 189.72
*P <.05.
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FiGure 8: Thorax lengths in the I. maculator males in dependence
on their phenotypes and genotypes of oaks (presence or absence of
the OPA 14—4 DNA fraction) on which their host insect pupae were
developed (results of two-way ANOVA in Table 4).

insect, as a rule, relates to its fitness [11, 12]. This is true both
for insect viability and reproduction, because females choose
large males as their mates and ignore small males.

Parasitoid size usually relates to the size of its host
insect and this is also true for oak leaf roller moth and its
parasitoids, but the correlation is not strong with coefficients
ranged between 0.2 and 0.4 [14]. Pupa size, thus, is not the
main factor influencing size of a parasitoid developing in it.
Insect size usually relates to its fitness. In our case this means
that, for example, homozygous parasitoids survive better and

on their phenotypes and genotypes of oaks (presence or absence of
the OPA 14-5 DNA fraction) on which their host insect pupae were
developed (results of two-way ANOVA in Table 5).

produce more offspring when they developed in brown than
in black host pupae.

We may, thus, say that oak genotype and phenotype of
oak leaf roller pupa, which has develop on this tree, influence
fitness of a parasitoid that parasitizes this pupa. In other
words, genotypes of host plant and host herbivore drive
the parasitoid selection, changing genotype frequencies in
its population. By this reason, genotype frequencies become
related in three links of food chain. Earlier we have detected
this as associations between genotypes or phenotypes of oaks
and moths [18].

Found associations represent ties among the gene pools
of populations, interacting in a community. As we have
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TaBLE 5: Results of two-way ANOVA on the parasitoid thorax lengths variation in dependence on the parasitoid tibia phenotype and

genotypes of oaks (presence or absence of the OPA 14-5 DNA fraction; see Figure 9).

Source of variation d.f. Sum of squares Mean squares F
Oak genotype 1 30.12 30.12 0.65
Parasitoid phenotype 2 23.50 11.75 0.25
Interaction 2 396.67 198.33 4.26*
Within 40 1863.37 46.58

Total 45 2313.65

*P < .05.

elements, gene pools, and ties among them, we may say
about some system, “genetic” system of a community. M. A.
Holubets [19, 20] heuristically described this system as eco-
system “memory,” regulatory, informative subsystem driving
ecosystem functioning, and called it genoplast. As genoplast
arises on the base of selective processes within each of
the interacting populations, its explanation requires no in-
troduction of such categories as “ecosystem selection” or
“ecosystem heritability” [3, 4]. Of course, as heritability is
peculiar to each of the individuals included in a community,
there should be some succession among the past, present and
future states of the community. This ecosystem succession
is equivalent to the heritability at the level of individuals,
and may mimic it in the case, when species participants
of a community strongly differ in their life cycle durations.
Genoplast is the next hierarchy level after population gene
pools. It arises from interactions among the representatives
of different species, and its succession integrates individual
heritabilities in the same manner as pressure of a gas inte-
grates velocities of the molecules it consists of.

The concept of “extended phenotype,” which some inves-
tigators put into the base of ecosystem genetics, is very close
to the concept of individual and species consortia, peculiar
to the East-Europe ecological tradition [14, 21]. Individual
consortium is an elementary ecosystem, which consists of
central organism (as a rule, large organism such as tree or
mammal, e.g.) and all the other organisms living in, on, and
around it. Population and species consortia integrate indi-
vidual consortia of population and species representatives
correspondingly Genoplast, thus, seems to be more reason-
able candidate as a matter of ecosystem genetics study than
“extended phenotype.”

Ecologists often conclude that intrapopulation genetic
variation very little contributes to the total dynamics of stable
ecosystems. But this stability may be a function of those ge-
netic variations, which occur within each of the populations
and interact across them. At the same time, genetic hypoth-
eses found their places among others, explaining population
numerical dynamics [22, 23].

Sexual selection, influencing mating system, evokes rapid
genetic changes and may have dramatic impact on the popu-
lation numbers [12]. With that, sexual selection presupposes
that no each of the population members has a chance for re-
production and these “losers” differ from “winners” in their
genotypes. Thus, genetic lows influence the “decision,” how
many population members could contribute to the offspring
quantity and quality.

Strength of genotype-genotype interactions among the
representatives of different species in the ecological com-
munity may be critical for answering the question: whether
the genetic-ecological interplay is really sufficient for under-
standing of ecosystem functioning. Strong impact of inter-
action between genotypes or phenotypes of different species
representatives, reaching 49% from total variation, on the
fitness of one of them argues for incorporation of genetics
into ecological explanations.
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