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A B S T R A C T

The lifetime reproductive success of a female parasitoid is limited by (1) host (or time) limitation – the number of hosts available for oviposition during its lifetime;
and (2) egg limitation – its egg supply. Host limitation is expected to select for increased longevity and/or foraging efficiency, while increased fecundity is predicted
to evolve under egg limitation. If the limiting factor varies, phenotypic plasticity in egg maturation schedules may be advantageous, i.e. adjusting investment in egg
production to host availability. In the polyembryonic parasitoid Copidosoma koehleri, environmental conditions experienced during development indeed influence
resource allocation to egg maturation. However, whether parasitoids’ maternal environment also influences their daughters’ egg production has hardly been studied.
To address this knowledge gap, we tested whether exposure of C. koehleri females to previously parasitized hosts (signaling intraspecific exploitation competition and
risk of host limitation) reduces their daughters’ initial egg loads. We presented newly-emerged females with hosts that were either fresh or parasitized by conspecifics.
The following day, we exposed both groups to additional fresh hosts, and reared out the daughters of these previously experienced, 24+ h old, individuals. The
daughters’ egg loads and body sizes were similar under both experimental conditions. Nevertheless, their egg loads were ~30% higher, and body sizes were ~10%
lower, than in daughters of just-emerged parasitoids. We suggest that female experience or age, but not conditions associated with host exploitation, trigger maternal
effects on the reproductive and developmental physiology of their daughters.

1. Introduction

In many insects, the two main limitations on lifetime reproductive
success are the availability of hosts (or time to find them) and the
availability of mature eggs. Theory predicts strong selection for traits
that reduce the primary constraints to fitness, especially in the most
highly productive members of the population (Rosenheim et al., 2010).
Hence, if the population’s primary constraint to fitness is host avail-
ability, the evolution of increased longevity and/or foraging efficiency
is expected. On the other hand, if the primary constraint is egg lim-
itation, then we will expect increased fecundity to evolve. However,
these two forces act simultaneously. Hence, if the main limiting factor
varies in time and place during the course of an individual’s lifetime,
there may be a significant advantage to non-genetic phenotypic plas-
ticity. That is, the ability of each individual to invest in increased
longevity when hosts are scarce and in increased fecundity when hosts
are abundant.

Parasitoids, insects whose larvae consume a single arthropod host
during their development, have to face the constant challenge of
maximizing the match between egg load and host availability. Flanders
(1950, cited in Jervis et al., 2001) distinguished between parasitoid
species that have all or nearly all of their eggs mature at adult emer-
gence (‘pro-ovigenic’) and those that continue to mature eggs

throughout their reproductive life (‘syn-ovigenic’). Jervis et al. (2001)
suggested that ovigeny variation among parasitoid species (as well as in
other insects) is a continuum, ranging from strict pro-ovigeny, through
partial syn-ovigeny, to extreme syn-ovigeny, rather than a clear di-
chotomous distinction. They therefore proposed the ‘ovigeny index’
(OI) to denote the proportion of the initial mature egg load out of an
individual’s lifetime potential fecundity. An OI of 1 (strict pro-ovigeny)
indicates that the female emerges with all of her oocytes mature and
ready for oviposition; whereas an OI of 0 (extreme syn-ovigeny) denotes
that the female emerges with no mature oocytes.

Phenotypic plasticity in the temporal pattern of egg maturation,
rather than in the lifetime potential fecundity, provides an additional
mechanism for optimizing reproductive success under variable host
densities. While pro-ovigeny (or a high OI, in general) provides the
benefit of maximizing the number of eggs available early in life, it re-
duces the females’ reproductive plasticity, i.e. her ability to match her
egg supply to variation in host availability experienced during her
lifetime. By contrast, a low OI (syn-ovigeny) carries the disadvantage of
having only a small fraction of the lifetime potential egg complement
available for laying at any one time. On the other hand, it confers the
advantage of greater reproductive plasticity over the females’ life span
(Ellers et al., 2000; Jervis et al., 2001; Jervis and Ferns, 2004). Syn-
ovigenic parasitoids are plastic in their egg maturation schedule and
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can adjust their egg load in response to host availability. By doing so,
syn-ovigenic parasitoids can potentially reduce the risk of egg / host
limitation (Ellers et al., 2000; Jervis et al., 2001). Syn-ovigeny is clearly
adaptive in stochastic environments and indeed it is by far the most
common egg maturation strategy in parasitoid wasps (Jervis et al.,
2001; Wajnberg et al., 2012).

Body size and life span are negatively correlated with the OI in
cross-species (Jervis et al., 2003; Ellers and Jervis, 2003; Jervis and
Ferns, 2004; Abram et al., 2016) and intra-species (Thorne et al., 2006)
comparisons. This is probably due to a tradeoff between resource al-
location to egg maturation vs. fat body storage, which is strongly cor-
related with body size and improves life span and dispersal ability
(Ellers et al., 1998; Jervis et al., 2001). Thus, parasitoids that are re-
source-limited as larvae should benefit from a syn-ovigenic lifestyle,
which does not require heavy investment in egg production in pre-adult
stages, as it provides the ability to compensate by maturing additional
eggs after adult eclosion. In pro-ovigenic parasitoids, on the other hand,
carried-over resources are allocated mainly to egg maturation, at the
expense of somatic maintenance and longevity (Jervis et al., 2001). The
amount of carried-over resources to the adult stage in parasitoid wasps
(fueling both ovigenesis and somatic functions) is determined by a
combination of environmental factors such as host size and quality, the
period of time available for larval development and the intensity of
larval competition inside the host. These environmental factors affect
metabolic rates, lipid synthesis and other physiological processes in the
developing parasitoids (Ismail et al., 2012; Moiroux et al., 2018). They
are thus expected to be major determinants of intraspecific variation in
egg maturation schedules (Jervis et al., 2001). This prediction was
tested and supported in a small number of experiments, including our
own previous work (see below).

In one case study, pre-adult egg maturation was enhanced by low-
temperature stress at the pupal stage in Aphidius ervi (Braconidae), an
aphid parasitoid (Ismail et al., 2012). In a second experiment, Moiroux
et al. (2018) exposed A. ervi to different temperatures during their
development and adult stage. This resulted in increased OI at the lowest
end of the temperature range (12 °C), probably because this tempera-
ture was too low for the adult females to mature additional eggs. OIs
also increased at the highest temperature tested (28 °C). This increase
was proposed to be adaptive: since insect life expectancy decreases with
increasing metabolic rate, and thus with temperature, females should
allocate more resources to early reproduction at higher temperatures, to
maximize reproduction before dying. Another study, which focused on
fruit-fly parasitoids, found that reproductive allocation in Diachasmi-
morpha longicaudata (Braconidae) varied with the food supplied to its
host and hence with host resources. When reared on low quality host
substrate (yielding the lightest and least nutritious larvae) D. long-
icaudata females were relatively smaller, produced more and bigger
eggs and showed a higher reproductive investment relative to body
size. In three other braconid parasitoids of the same host, however,
reproductive investment was not affected by the host’s diet (Cicero
et al., 2011).

Another possible way to achieve phenotypic plasticity in egg ma-
turation may be through maternal effects on daughters’ life history
traits, according to environmental conditions experienced by their
mothers. Maternal effects were repeatedly suggested to provide a me-
chanism for adaptive trans-generational phenotypic plasticity, where
the environment experienced by parents is translated into phenotypic
variation in the offspring (Mousseau and Fox, 1998; Donelson et al.,
2018). According to this view, beneficial mutations accumulate too
slowly in the genome to provide organisms with well-adapted pheno-
types, if their environment changes occasionally across generations.
Phenotypic plasticity can provide selective advantages by allowing
rapid and appropriate phenotypic expression (West-Eberhard, 2003;
Jablonka and Lamb, 2014). This plasticity can be induced by the par-
ents to enhance offspring fitness, if offspring environmental conditions
are predictable from the maternal environment (Uller, 2008).

Ovipositing parasitoids can potentially transfer physiologically active
substances (such as hormones) to the eggs, thereby controlling their
size and biochemical composition. Such maternally derived factors may
regulate offspring gene expression (Ho and Burggren, 2010). Recent
studies have provided examples of heritable epigenetic effects in hy-
menopteran insects as a means of phenotypic regulation (e.g. Zwier
et al., 2012; Voinovich and Reznik, 2017; Gosh and Ballal, 2018).

As far as we know, the effects of maternal environments on
daughters’ egg loads have not been directly investigated. Segoli and
Rosenheim (2013) and Segoli et al. (2017) tested the hypothesis that
the fecundity of pro-ovigenic parasitoids is positively correlated with
the mean expectation for oviposition opportunities in the environment.
Females of the parasitoids Anagrus daanei and Anagrus erythroneurae
Trjapitsyn & Chiapini (Hymenoptera, Mymaridae) from agricultural
systems, where hosts are often relatively abundant, indeed emerged
with higher initial egg loads than those from natural habitats. These
differences can potentially result from epigenetic effects, namely
modification of offspring phenotypes by the foraging experience of their
mothers. However, Andreazza and Rosenheim (2015) found no evi-
dence for trans-generational phenotypic plasticity in fecundity of these
parasitoids and suggested that the intraspecific differences recorded by
Segoli and Rosenheim (2013) may have a genetic basis. Here, we ex-
tend the investigation to a syn-ovigenic, polyembryonic parasitoid
(Copidosoma koehleri (Hymenoptera: Encyrtidae)) with considerable
intra-specific variation in females’ initial egg loads. In polyembryonic
parasitoids, used in this study, several genetically identical embryos
(clones) develop from each egg via repeated embryonic divisions. This
provides the advantage of paired experimental designs when studying
non-genetic effects on phenotypic plasticity: Individuals from a single
genotype (clone-members) can be exposed to different environments,
and the effects on life history traits can be isolated. Our previous studies
have already shown both genetic and environmental contributions to
the intraspecific variation in egg maturation schedules in C. koehleri.
We found that the variation in initial egg loads decreased with in-
creasing relatedness between C. koehleri females. The lowest variation,
found among genetically identical clone members, may result from
environmental influences on egg maturation, while the higher, be-
tween-clone variation could be explained by either genetic or epige-
netic effects (Keinan et al., 2017). In another study we showed that
resource allocation between growth and reproduction in C. koehleri is
significantly affected by the developmental environment experienced
during the larval stage, within the parasitized host. Females that de-
veloped in starved hosts were smaller in size than females from non-
starved hosts. Though initial egg loads did not differ between the two
treatment groups, females from starved hosts invested a relatively
larger proportion of their resources to egg maturation (Keinan et al.,
2018). In the present study we investigate whether the perception of an
environmental factor experienced by mothers is translated into phe-
notypic variation in their offspring’s egg maturation patterns, in-
dicating maternal effects.

Our experiment manipulated the type of hosts (previously para-
sitized or not) encountered by mothers, as a proxy for the intensity of
intra-specific competition. Such competition for hosts between adult
parasitoids can be direct, when several females visit the same host
patch at the same time. It is considered as indirect exploitation com-
petition when a female visits a patch that has already been exploited by
another female, as in our experimental design. Unlike prey items, which
are immediately removed from the patch, parasitized hosts remain
available and can still be parasitized by conspecific or interspecific
competitors (Cusumano et al., 2016). However, parasitized hosts often
carry chemical marks that allow competitors to detect and sometimes
avoid them (Nufio and Papaj, 2001; Kishinevsky and Keasar, 2014).

Being the first to parasitize a host is considered advantageous be-
cause the offspring can start exploiting the host’s limited resources
before the competitors. In species with aggressive larvae such as C.
koehleri the temporal advantage is even more significant, as the first
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individuals attack their younger competitors and often cannibalize
them. The order of oviposition and the time interval between oviposi-
tions therefore play a role in mediating host acceptance and larval
competition (Giron et al., 2007; Segoli et al., 2010; Cusumano et al.,
2016). Tougeron et al. (2017) report previous evidence for a transge-
nerational effect induced by a cue of intra-specific competition. High
density of conspecific parasitoids, when no hosts are available, en-
hanced the induction of summer diapause in the progeny of two Aphi-
dius parasitoids. This diapause protected the following generation from
exposure to low populations of suitable hosts and high mortality from
superparasitism. They suggested that the perception of intraspecific
competition is a proxy for estimating the risk of both superparasitism
and host limitation for the future generation.

We hypothesized that high maternal intraspecific exploitation
competition (i.e., an environment with previously parasitized hosts) is a
cue for a host-limited environment, which will induce the production of
larger and more syn-ovigenic daughters. Complementarily, we pre-
dicted that low maternal intraspecific exploitation competition pro-
vides a cue for a host-rich environment, and a risk for egg limitation
that will induce the production of smaller and more pro-ovigenic
daughters.

2. Materials and methods

2.1. The study organism

Copidosoma koehleri (Hymenoptera: Encyrtidae) is a koinobiont,
polyembryonic egg-larval endoparasitoid that parasitizes the potato
tuber moth, Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae).
The species is syn-ovigenic (Keinan et al., 2017). The females emerge
with ca. 60 mature eggs in their ovaries and continue developing ad-
ditional eggs after emergence (Keinan et al., 2017, 2018). Adult body
length is ca. 1.5 mm. Adult life span is about 30 days after emergence at
25 °C (Keasar et al., 2006; Keinan et al., 2017). Superparasitism occurs
frequently as two or more eggs are often laid in a single host by one or
several females (Segoli et al., 2009b). While the host hatches from the
egg, and goes through four larval instars, the parasitoid egg proliferates
inside its body and forms a clone of approximately 40 genetically
identical individuals (Segoli et al., 2009a,b). The parasitoid larvae feed
on the host tissues until only its cuticle remains, then pupate in the host
mummy and eventually emerge as adults. Egg-to-adult development
requires ca. 30 days at 27 °C. Sex determination is haplo-diploid, i.e.,
virgin females produce only haploid sons, whereas mated females can
produce both haploid sons and diploid daughters (Doutt, 1947). Female
clone-members exhibit a larval caste system: a single soldier larva de-
velops precociously, attacks members of competing clones that super-
parasitize the same host, and dies before reaching maturity (Doutt,
1947, 1952; Keasar et al., 2006; Segoli et al., 2009b). The remaining
female larvae develop normally and form the reproductive caste. Male
clones do not form soldiers.

2.2. General methods

Insect rearing protocols, dissections, egg counting, body size mea-
surements and further general methods are described in detail in
Keinan et al. (2017, 2018). Insects were reared under conditions of
27 °C, 60% relative humidity and a 12:12 h L:D schedule. Hind tibia
length was used as a measure of body size.

2.3. Obtaining parasitized hosts for Day-1 high intraspecific competition
treatment

On the day of emergence, groups of 15–20 F1 females were allowed
to parasitize 30–50 fresh P. operculella eggs, in a petri dish, for two
hours. Under these conditions, all the eggs are parasitized 1–9 times, as
confirmed in preliminary tests. These parasitized hosts were used for

the high intraspecific exploitation competition treatment on day 1 of
the experiment.

2.4. Experimental design

The experiment comprised ten all-female F1 clones. On the day of
emergence, a pair of genetically identical F1 females from each clone
were mated and then separately subjected to either one of two Day-1
treatments for 20 h: a. Low maternal intraspecific exploitation compe-
tition: a petri dish containing 30–50 fresh, non-parasitized P. operculella
eggs; or b. High maternal intraspecific exploitation competition: a petri
dish containing 30–50 P. operculella eggs that had been previously
parasitized by non-related females. For details see section “Obtaining
parasitized hosts for Day-1 high intraspecific competition treatment”
above. 20 h later, on Day 2, each female was given ca. 40 fresh P. op-
erculella eggs for 4 h. All females were allowed to freely oviposit and
parasitize the hosts’ eggs. All Day-2 host eggs as well as some of the low
exploitation treatment hosts from Day 1 were reared on potato tubers,
separated by F1 clone, age and Day-1 treatment. After pupation,
mummies were collected, placed individually in glass test tubes (13/
100 mm) and left to emerge.

We aimed for all F2 females to have experienced similar develop-
mental conditions and to originate from a singly parasitized host, i.e. F2
clones of ~45 females (Segoli et al., 2009b). Therefore, on the day of
emergence of the adult parasitoid broods, the wasps were sexed and
counted to ensure their suitability (40–50 females). All suitable female
clones (mean ± SD numbers of individuals per clone: 43.73 ± 2.87)
were deep-frozen on the day of emergence. Three females from each
clone were measured and dissected to determine per-clone average
body sizes and initial egg loads. The experimental design is summarized
in Fig. 1.

2.5. Data analysis

We treated offspring clone as the experimental unit of replication
and calculated the per-clone mean tibia length and initial egg loads
(n = 10 for each treatment, the data collected from the three females
that represented each clone were averaged). We used paired samples t-
tests to check for differences between the two maternal treatments. We
applied a linear mixed-effects model to check whether mean per-clone
body size and treatment influence initial egg loads. In a second linear
mixed-effects model, we tested for the effect of treatment on the initial
egg-loads/body size ratio. We used two further LMMs to compare initial
egg loads and body sizes between the daughters of Day-1 and Day-2
females. Maternal ID was included in all models as a repeated measures
factor, to account for the paired experimental design.

Correlations between per-clone mean initial egg loads and per-clone
mean hind tibia lengths were calculated across all wasps, regardless of
maternal origin. Pearson’s coefficient for normally distributed data was
calculated for the low exploitation treatment and Spearman’s rho for
data that did not meet parametric assumptions was calculated for the
high exploitation intraspecific competition treatment.

SPSS version 19.0 and 24.0 was used for most statistical analyses.
The packages ‘lme4’ and ‘lmertest’ in r were used for the LMMs (Bates
et al., 2015).

3. Results and discussion

Our experiment tested whether the type of hosts encountered by
adult females affects their daughter’s investment in pre-adult egg ma-
turation. We expected maternal encounters with parasitized hosts (a
proxy for high maternal intraspecific exploitation competition) to en-
hance allocation towards body size at the expense of initial egg load in
their daughters. This trade-off was hypothesized to increase longevity
and dispersal ability, which are advantageous under conditions of high
intraspecific competition and host limitation. Contrary to our
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predictions, we found no difference in daughters’ initial egg loads and
body sizes between the two treatments of high vs. low maternal in-
traspecific exploitation competition (paired-samples t-tests: t9 = 0.169,
p = 0.870 and t9 = 0.693, p = 0.125 respectively), indicating that
maternal effects were not induced by this specific manipulation. As

parasitoids are more likely to encounter hosts that are parasitized by
conspecifics rather than heterospecifics, the ability to discriminate be-
tween parasitized and un-parasitized hosts is expected to be more
common at the intraspecific level (Cusumano et al., 2016). This ability
was indeed documented in C. koehleri (Segoli et al., 2010). Hence, the

Fig. 1. The experimental design: (A) fresh P. operculella eggs are collected and placed in petri dishes. One half of the petri dishes are parasitized by groups of 15–20 C.
koehleri females, and the rest are left un-parasitized. (B) On Day 1 of the experiment, two genetically identical females from each of 10 newly emerged F1 clones are
mated and placed in the petri dishes that already contain parasitized or un-parasitized host eggs for 20 h. (C) On Day 2 both females are presented with fresh un-
parasitized hots for 4 h. (D) Day-2 hosts (as well as some of the low maternal intraspecific competition hosts from Day 1) are reared out on potato tubers until
mummified. (E) Mummies (dead hosts containing parasitoid pupae) are collected and reared individually until F2 adult emergence. (F) Emergence tubes. On the day
of emergence all broods are sexed and counted to ensure their suitability for the experiment. Three females from each clone are sacrificed to determine their initial
egg loads and hind tibia lengths.
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different host-type treatments were probably detected by the females in
our study but failed to elicit the expected response.

The ratio between initial egg loads and body sizes was also un-
affected by treatment, reflecting no difference in the allocation of re-
sources to egg production vs. body size (paired-samples t-tests:
t9 = 0.117, p = 0.909). Offspring body size but not treatment had a
positive effect on initial egg load within samples paired by their ma-
ternal origin (linear mixed model: F1,47 = 8.90, p = 0.005 for body
size). The ratio between these two parameters was also unaffected by
treatment, reflecting no difference in the allocation of resources to egg
production vs. body size (linear mixed model: F1,48 = 0.03, p = 0.86).
No correlation was found between initial egg loads and body sizes
across mothers in both treatments (rpearson = 0.009, p = 0.980 and
rspearman = 0.389, p = 0.266 for the low exploitation treatments and
the high exploitation treatment respectively).

Although counterintuitive and previously considered maladaptive,
superparasitism is frequent in several hymenopteran species and has
long been recognized as adaptive in some situations (Pereira et al.,
2017) such as host scarcity and high levels of competition (Kishinevsky
and Keasar, 2014). C. koehleri females do not avoid, and sometimes
even prefer, hosts parasitized by conspecifics over other host types in
two-choice experiments (Segoli et al., 2010). Two possible explanations
are that superparasitism increases out-breeding opportunities for the
offspring upon emergence (Segoli et al., 2010) and can also inhibit the
hosts’ defensive response and reduce parasitoid mortality (Keinan et al.,
2012; Pereira et al., 2017). These potential advantages of super-
parasitism may have overpowered the possible risks of high maternal
intraspecific competition in our experiment. Had this been the case, we
would have expected the response to be opposite to our initial hy-
pothesis: a cue for the presence of “good quality” or preferable hosts
that could have possibly induced the production of more pro-ovigenic
daughters. Either way, we found no effect of host types on the relative
investment to egg maturation.

In a previous study (Keinan et al., 2018) we determined the initial
egg loads of wasps from singly-parasitized hosts, which were mothered
by just-emerged females with no previous exposure to hosts. In that
study, initial egg loads were 37% lower and body sizes were 8% higher
than in the present experiment (Table 1). The ratio of egg load to body
size in the previous study was lower by 42% than in the present one.
The wasps’ source population, rearing conditions and the season of the
experiment were identical across the two studies. This raised the pos-
sibility that the mothers’ age or oviposition experience, the only major
differences between the two experiments, was the cause of this incon-
sistency. We explored this hypothesis further by comparing the body
sizes and egg loads of females that developed from Day-1 ovipositions
of three mothers in the present experiment to those of females that

developed from Day-2 ovipositions. As in the comparison between ex-
periments, daughters of just-emerged (Day 1) females had lower initial
egg loads and larger bodies than daughters of Day-2 females (Table 1).
These differences were statistically significant (linear mixed models: F1,

16.03 = 4.82, P = 0.04 for initial egg load, F1, 17.85 = 25.30, P < 0.001
for body size).

This higher relative allocation to egg production vs. body size in
daughters of oviposition-experienced females, as compared to just-
emerged females, suggests a maternal effect induced by experience or
physiological state. It complements evidence for trans-generational
phenotypic plasticity in other life-history traits in C. koehleri (Morag
et al., 2011a,b). The oviposition-experienced mothers in our study have
already encountered 30–50 fresh or parasitized hosts. Parasitized or
not, by the end of this experience the mothers probably perceived their
environment as rich in hosts. The high production of eggs by these fe-
males’ daughters can be interpreted as an adaptive response to the
perceived high host density, namely resource investment in early egg-
laying at the expense of dispersal ability.

A complementary interpretation of our results involves differences
in physiological state, rather than in learning experience, between the
host-exposed and the host-naïve females. Host-exposed females were
older, both chronologically and physiologically (in terms of previous
egg-laying) than the host-naïve wasps. Both of these factors could be
involved in maternal effects on their daughters’ egg maturation.
Consistent with this interpretation, female Eupelmus vuilleti
(Eupelmidae) parasitoids reduced nutrient provisioning of their eggs as
they became older. This led to lower protein and glycogen levels in the
adult offspring of older mothers (Muller et al., 2017), and could po-
tentially explain the lower body size in daughters of host-exposed
mothers in our study. Nevertheless, differences in maternal age are
unlikely to fully explain our results because of the following con-
siderations: (1) the age difference between host-naïve and host-ex-
perienced mothers was only one day, out of a life span of > 30 days. (2)
Reduced provisioning of nutrients by older mothers does not directly
account for the higher initial egg loads of the offspring. (3) Maternal
age had only minor effects on offspring body sizes and initial egg loads
in the parasitoid Lysiphlebus fabarum (Braconidae) (Najafpour et al.,
2018).

A few previous studies documented evidence for a genetic influence
on the ovigeny index in parasitoids. Laboratory cultures of the syn-
ovigenic parasitoid wasp Asobara tabida Nees (Hymenoptera:
Braconidae) that had been collected from different geographic areas
(southern vs. northern Europe) showed differences in initial egg loads
that persisted over several generations (Ellers and Van Alphen, 1997).
These differences were proposed to reflect natural selection, adapting
the populations to local conditions, in particular the average avail-
ability of hosts (Jervis et al., 2001). Differences among populations in
initial egg loads, which are probably genetically based, were also de-
monstrated in Anagrus daanei (Hymenoptera: Mymaridae) (Segoli and
Rosenheim, 2013 followed by Andreazza and Rosenheim, 2015). Ad-
ditional evidence is provided by Wajnberg et al. (2012) who showed a
significant genetic component to phenotypic variability in egg ma-
turation patterns in a strain of Trichogramma brassicae Bezdenko (Hy-
menoptera: Trichogrammatidae) maintained as separate lines under
laboratory conditions. We found similar results in C. koehleri (Keinan
et al., 2017).

The present experiment, combined with our previous work (Keinan
et al., 2018), suggests some phenotypic plasticity in C. koehleri’s initial
egg loads even in the absence of genetic variation (i.e., among clone-
mates). Altogether, we find a great deal of intra-specific variation in
pre-adult egg maturation schedules, mediated by a combination of ge-
netic, epigenetic and environmental factors. This suggests that the
Ovigeny Index (calculated as initial egg load divided by total fecundity)
should also be interpreted as a flexible life-history trait rather than a
rigid species-specific measure. Learning to control this intra-specific
variation in life history traits in general, and pre-adult egg maturation

Table 1
Mean ± SE initial egg loads and body sizes for daughters of Day-1 and Day-2
females, recorded in the current experiment and in a previous experiment with
a similar design (Keinan et al., 2018).

Data source Number of
clones

Initial egg load Body size

Keinan et al., 2018
(Day-1 females only)

15 53.96 ± 2.87 0.393 ± 0.004

Current experiment, Day 1
Low exploitation
competition treatment

3 68.22 ± 0.23 0.439 ± 0.024

Current experiment, Day 2
Low exploitation
competition treatment

10 84.70 ± 4.36 0.360 ± 0.004

Current experiment, Day 2
High exploitation
competition treatment

10 85.73 ± 4.95 0.366 ± 0.006

Current experiment, Day 2
All clones combined

20 85.22 ± 3.21 0.362 ± 0.004
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in particular, is a promising direction to improve management of
parasitoids for pest control programs.
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