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ABSTRACT - Several proxies can be used to estimate the fi tness of egg parasitoids: size, longevity, 
fecundity, mating ability and vagility. All these proxies are positively correlated with the lifetime fi tness 
gain of an individual. However, the phenotypic plasticity, which is the ability of a genotype to produce 
distinct phenotypes depending on environmental conditions, may alter the value of these proxies. Host 
related factors (host species and quality), competition and duration of development will infl uence the 
proxies expressed by a given phenotype. When the phenotype is modifi ed by the temperature at which 
an individual develops, the resulting phenotype will vary based on the life history strategy of the 
parasitoid. While in koinobiont species an increase in size is positively correlated with longevity and 
fecundity, the reverse occurs with idiobiont parasitoids. Using size as a proxy could thus be misleading 
depending on the factors that infl uence the size of the adult.
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Most optimality models are based on the assumption 
that organisms optimize some physiological or behavioral 
characteristics in order to maximize their lifetime fi tness 
(Stephens & Krebs 1986). Fitness, defi ned here as the success 
of an individual in passing on copies of its genes to future 
generations (Bolhuis & Giraldeau 2005), is therefore used 
as a measure of success and any change in the morphology, 
physiology or behavior of an animal that increases its lifetime 
fi tness is expected to be positively selected. This concept 
is central in behavioral ecology and both direct fi tness and 
inclusive fi tness are recognized. Direct fi tness refers to the 
fi tness gained by an individual through the production of 
its own offspring while inclusive fi tness refers to the sum 
of the direct fi tness plus the indirect fi tness gained by the 
reproduction of nondescendant relatives (Krebs & Davies 
1997).

Insect parasitoids are good organisms to test hypothesis in 
behavioral ecology as the expression of behaviors associated 
with host localization and parasitization are directly linked to 
a gain in fi tness. Indeed, fi nding and successfully parasitizing 
a host results in additional progeny and therefore in an 
increase in fi tness (Godfray 1994). Another research area 
where measures of fi tness are used for parasitoids is applied 
ecology and in particular biological control (Roitberg et al 
2001). When comparing different species or genotypes within 
a species for their potential in biological control programs, 
measures of fi tness can be used to assess their capacity to 
multiply and control a targeted pest.

However, measuring directly fi tness is a diffi cult and time-
consuming process. One would have to measure the relative 
performance of genotypes and quantify their representation 

in a population over several generations (Hoffman 1994). 
In general, proxies that give absolute values, such as size, 
longevity, fecundity etc., are used to approximate the fi tness 
of an individual. The different proxies that can be used for 
parasitoids along with their advantages and limitations have 
been discussed by Roitberg et al (2001). In this paper I would 
like to concentrate on egg parasitoids and discuss how the 
phenotypic plasticity found in these organisms infl uences 
their fi tness.

Egg Parasitoids

Egg parasitoids are found in several Hymenoptera families 
(Trichogrammatidae, Mymaridae, Eulophidae, Scelionidae, 
Aphelinidae and Encyrtidae) but most of the information 
available on egg parasitoids comes from the few families 
used in biological control. This is a polyphyletic group 
that has in common the complete immature development 
occurring inside the host egg. This group faces major 
constraints that infl uence which proxies should be used to 
measure their fi tness and what are the limits of these proxies. 
Obviously, egg parasitoids are small, most of them being 
barely 1 mm long. In fact, the smallest insect known is a 
Mymaridae, Dicopomorpha echmepterygis Mockford, that 
parasitizes eggs of Psocoptera and whose males measure 
140 μm (Mockford 1997, Gahlhoff 1998). Such a small 
size imposes strict limits to the capacity of these insects to 
disperse directionally and to the quantity of resources they 
can store. Not surprisingly they also display a very short 
lifespan, in the range of several hours to a few days. While 
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these characteristics result in diffi culties when it comes to use 
these insects in laboratory tests, they also open opportunities 
such a measuring the lifetime fecundity of females in less 
than a week.

Another characteristic of egg parasitoids is that most 
species display structured populations and often intense 
sib-mating at the emergence site, although some off-patch 
mating occurs (Martel & Boivin 2007). Such mating 
structure infl uences the relative importance of dispersion 
and insemination capacity of males in their estimation of 
fi tness.

Which Proxies Are Valid in Egg Parasitoids?

Roitberg et al (2001) have identifi ed ten fi tness proxies 
of importance for parasitoids. Of these, fi ve are especially 
relevant for egg parasitoids: size, longevity, fecundity, 
mating ability and vagility. The other proxies proposed 
by Roitberg et al (2001) also apply to egg parasitoids, but 
in most cases the biology or ecology of egg parasitoids 
make them poor proxies for fi tness. These poor proxies 
are: 1) Progeny survival is certainly important for larval 
and pupal parasitoids where the host immune system must 
be overcome or where hyperparasitoids are a major source 
of mortality. In egg parasitoids neither occur and only 
mortality due to competition following superparasitism 
could occur; 2) Developmental rate has an impact on the 
population dynamics of most parasitoid species. However, 
the development of most egg parasitoid species lasts 8 to 
10 days and the observed variability in emergence is rather 
low (Doyon & Boivin 2006); 3) Sex ratio is considered as 
a weighting proxy when used in conjunction with realised 
fecundity, but it has no value as an absolute measure 
(Roitberg et al 2001); 4) Host acquisition measures the 
ability to fi nd, overcome and parasitize hosts. Because host 
eggs are immobile and defenceless, unless defended by 
the ovipositing female as in several species of Scelionidae 
(Waage 1982), vagility is more important as a measure of 
the capacity of egg parasitoids to fi nd and parasitize hosts; 
5) Finally, oviposition propensity measures the tendency 
to accept hosts (Bourchier & Smith 1996). It is diffi cult to 
measure and is linked to host preference.

The Proxies Adapted to Egg Parasitoids

Size is considered as a good indicator of fi tness although 
it has no direct relation with fi tness. However, most other 
proxies are infl uenced by the size of an individual and in 
most cases a positive relationship is found (West et al 1996, 
Nicol & Mackauer 1999) (but see the section on phenotypic 
variability). In several species of Trichogramma, size was 
found to be positively correlated with the number of oocytes 
at emergence, progeny produced over 24h, searching activity, 
host and female encounter rates for females and males 
respectively (Boldt 1974, Bai et al 1992, Kazmer & Luck 
1995, Boivin & Lagacé 1999). 

Longevity is critical for egg parasitoids especially when it 
comes to fi nding host patches. Most egg parasitoids are poor 

disperser and meteorological conditions such as wind, rain or 
solar radiation infl uence the capacity of these organisms to 
disperse to fi nd hosts (Fournier & Boivin 2000, Fatouros et al 
2008). Some species even respond to changes in barometric 
pressure by decreasing their propensity to fl y (Fournier 
et al 2005). Individuals with a longer life expectancy can 
survive unfavorable conditions and fi nd hosts afterward. 
The life expectancy of an individual also modifi es its patch 
exploitation strategy (Wajnberg et al 2006). 

Fecundity is probably the most important fi tness proxy for 
female egg parasitoids. In numerous egg parasitoid species, 
a single host egg mass may be suffi cient for a female to 
deposit all her egg load and a reduced fecundity will translate 
in lost opportunities and therefore decreased fi tness. The 
temporal distribution of investment in reproduction in female 
parasitoids is described by the ovigeny index (Jervis et al 
2001). Pro-ovigenic species have all their egg complement 
mature upon emergence, while synovigenic species have 
no mature egg at emergence and mature them during their 
life. Most species of egg parasitoids are either pro-ovigenic 
or moderately synovigenic, and a large proportion of the 
potential fecundity of a female is present at emergence (Jervis 
et al 2001). The potential fecundity at emergence is therefore 
a good fi tness proxy for these species.

Mating ability is the most important proxy for male 
egg parasitoids. The sex ratio at the emergence patch is 
normally strongly females-biased and the males have 
access to numerous females soon after emergence. The 
reproduction investment in male parasitoids is described 
by the spermatogenic index (Boivin et al 2005). Males 
of Trichogramma species are prospermatogenic (Boivin 
et al 2005, Damiens & Boivin 2005), males emerge with 
their full sperm complement and do not produce more in 
their adult life. In the Mymaridae Anaphes victus Huber, 
males are moderately synspermatogenic, having an ovigeny 
index of 0.27 (G Boivin, unpublished data). In species with 
prospermatogenic males, any increase in the number of sperm 
present at emergence could enable the male to mate more 
females if they are present, either on the emergence patch 
or on another patch.

Vagility is important both for males and females. In males, 
since off-patch mating occurs (Martel & Boivin 2007), the 
capacity to disperse to another patch containing females 
is essential once all females on the emergence patch have 
been inseminated. Any increase in sperm production could 
only be expressed if the male has the capacity to disperse. 
For females, vagility infl uences their capacity to disperse 
in search of hosts (Bourchier & Smith 1996, Bennett & 
Hoffmann 1998, Romeis et al 2005). Factors such as wing 
size and shape infl uence the capacity of Trichogramma 
females to disperse and therefore affect directly their fi tness 
through their capacity to fi nd and parasitize hosts (Kölliker-
Ott et al 2003).

Phenotypic Plasticity

All the factors previously mentioned act on the fi tness 
gain of an individual. Any individual with characteristics that 
are favorable under the set of conditions it encounters will 
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leave more progeny and therefore gain more fi tness. This 
selection acts on the genotypic variability that is observed 
for the proxies within a population. Several studies have 
looked at genetic variation in life history and behavioral traits 
of parasitoids (Carton et al 1989, Cronin & Strong 1996). 
For example, a female with a better vagility will have more 
chances of fi nding hosts and will be able to express her full 
potential fecundity (Kölliker-Ott et al 2003, 2004).

Another factor acts on the fi tness proxies. Within a 
genotype, phenotypic plasticity occurs when the expression 
of a trait changes with the environment in which the organism 
is raised (Roff 1992). Phenotypic plasticity is thus the ability 
of a genotype to produce distinct phenotypes by altering 
its physiology, morphology, or development in response to 
changes in the environment (Pigliucci 2005, Colinet et al 
2007). Thus, within the same genotype, different individuals 
will show fi tness proxies that differ based on the conditions 
under which they developed. Selection will act on the 
genotype via the expressed phenotype and in a sense will act 
on the choices made by a female when allocating its progeny 
to different hosts or habitats. A genotype that expresses 
phenotypic plasticity in response to external conditions is 
therefore expected to have a selective advantage in a given 
condition (Zhivotovsky et al 1996, Moreno-Garcia et al 
2010).

Phenotypic plasticity is a major factor in insect parasitoids. 
For example, the size of adult parasitoids depends on the 
quality of the host in or on which they developed (Godfray 
1994). Siblings that develop in different hosts may express 
phenotypes that are very different. We will see later which 
factors infl uence host quality and therefore the expressed 
phenotype of the adult parasitoid. Such phenotypic plasticity 
has been demonstrated in several species of egg parasitoids 
(Olson & Andow 2002) and we expect the fi tness of egg 
parasitoids to be strongly infl uenced by the factors acting 
on the phenotypic plasticity.

In egg parasitoids, data support the presence of phenotypic 
plasticity in morphological and physiological characteristics 
along with aspects of behavior.

Morphology: size. Size is the most obvious effect of 
phenotypic plasticity on egg parasitoids. Adults vary in 
their size based on the host species in which they developed 
from, the level of superparasitism and factors such as age of 
the host egg at the time of oviposition. Variation can reach 
32-fold in the Pteromalidae Nasonia vitripennis (Walker) 
(O’Neill & Skinner 1990). Wing length can vary by 36% in 
the Mymaridae Anaphes nitens Girault when reared on eggs of 
the snout beetle Gonipterus scutellatus Gyll. (Santolamazza-
Carbone et al 2007) and tibia length decreases by 13% in A. 
victus when females superparasitize host eggs parasitized 
seven days before (van Baaren et al 1995a). In Trichogramma 
euproctidis (Girault), female tibia length is 115 μm when they 
emerge singly from Plutella xylostella (L.), but increases to 
196 μm when emerging singly from Trichoplusia ni (Hubner) 
eggs (V. Martel & G. Boivin, unpublished data). In general, 
variations in size due to host quality are positively correlated 
with other fi tness proxies as mentioned before. However, 
when size differences originate from development at different 
temperatures, the relationship may be inversely correlated (see 

section on duration of development).

Physiology: rate of development. Little information 
is available on the phenotypic plasticity of duration of 
development in egg parasitoids. Duration of development is 
obviously dependent on temperature, but even at the same 
temperature, the host species could infl uence the duration of 
the immature stage of egg parasitoids. In T. euproctidis, females 
that develop in eggs of Plutella xylostella emerge in average 
after 10.0 days when reared at 24˚C, while females that develop 
singly in the larger eggs of T. ni emerge in average after 9.4 
days (G. Boivin, unpublished data). 

Physiology: fecundity of females. Fecundity in most insects 
varies with body size (Honek 1993) and, as expected, the size 
of female egg parasitoids has a positive effect on the number of 
oocytes (O’Neill & Skinner 1990). Lifetime fecundity has been 
reported to vary from 18 to 56 eggs in females of T. euproctidis 
that emerged from P. xylostella (head width 140 μm) and 
Anagasta kuehniella (Zeller) (head width 166 μm), respectively 
(Boivin & Lagacé 1999). In Trichogramma brassicae 
Bezdenko, T. evanescens Westwood and T. cacoeciae Marchal, 
lifetime fecundity increased by 25-30% when reared on A. 
kuehniella rather than in the smaller eggs of Cadra cautella 
(Walker) (Özder & Kara 2010). The effect of this parameter 
is likely to infl uence the number of progeny a female can 
have and therefore it will infl uence the selection occurring on 
the associated genotype. A positive correlation between body 
size and egg size has been reported in Trichogramma species 
(Klomp & Teerink 1966, G. Boivin unpublished data).

Physiology: number of sperm in males. An equivalent 
effect of size on the number of sperm in males is described 
(Henter 2004), but is not universal (Burton-Chellew et al 
2007). In general large males have more sperm available on 
emergence than small males. This reduction in the number of 
sperm is defi nitive in prospermatogenic species whose males 
do not produce sperm during their adult live (Boivin et al 
2005). However, even in partially synspermatogenic species, 
where males produce sperm during their adult life, small size 
could result in fewer sperm that can be stored in the seminal 
vesicles (Lacoume et al 2006). Obviously males that are 
limited in the number of sperm available will inseminate fewer 
females or only partially inseminate females they mate. This 
limitation will have an effect only in situation where mating 
opportunities exceed the sperm capacity of males. We expect 
such situation to occur as a proportion of T. euproctidis males, 
a prospermatogenic species (Damiens & Boivin 2005), that 
disperse from the emergence patch after mating is sperm-
depleted (Martel & Boivin 2007).

The size of an individual could affect not only the number 
of gametes (oocytes or sperm) they can produce or carry, but 
also the size of these gametes. The fact that small females 
produce smaller eggs has been described in several egg 
parasitoid species (Arakawa et al 2004, Jervis et al 2008). 
A similar effect on the length of sperm has been described 
in the Hymenoptera Bombus terrestris (L.) (Baer et al 2003) 
and has recently been found in two egg parasitoid species, 
T. euproctidis and the Mymaridae Anaphes listronoti Huber 
(G. Boivin et al unpublished data).
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Behavior: patch exploitation. Patch exploitation by female 
parasitoids integrates several behavioral mechanisms (Pierre 
et al 2003, Wajnberg 2006) and is also expected to show 
phenotypic plasticity. Size, through variation in vagility, 
walking speed, egg load etc.., should influence both the 
duration of patch exploitation and the number of hosts 
parasitized. In Aphidius rhopalosiphi De Stefani Perez, smaller 
females that developed at higher temperature showed a longer 
patch residence time than larger females (Le Lann 2009). In 
Trichogramma nubilale Ertle & Davis phenotypic plasticity 
was found for both percentage parasitism of European corn 
borer masses and secondary sex ratios (Olson & Andow 
2002).

Factors Infl uencing Phenotypic Variability in Egg 
Parasitoids

Host species. Parasitoids show some phenotypic plasticity in 
their host choice (Vos & Vet 2004). Obviously, the size of the 
host in which an egg parasitoid develops infl uences the size 
of the emerging adult and therefore several of its life history 
traits including host fi delity (Henry et al 2010). The quality of 
the host could also infl uence the size of the emerging adult. 
Two host eggs of the same size but from different species 
could represent resources of different nutritive values. This 
factor is likely to be more important in generalist species 
exploiting different host species. 

Host condition. The size of the host is not the only factor that 
could infl uence the fi tness of the developing parasitoid. As the 
host embryo develops within the egg, resources are used and 
although egg parasitoids can recycle part of the transformed 
resources, some of it is lost. As a result, egg parasitoid 
immatures that develop in older eggs have fewer resources 
to use and old host eggs are generally less preferred by most 
Trichogrammatidae species (Godin & Boivin 2000). However, 
because the size of the host egg does not change markedly as 
it ages, adults emerging from old and young host eggs show 
only a 15% difference in size, but females emerging from old 
host eggs show a reduction in fecundity of 80% (G. Boivin, 
unpublished data). 

Other factors acting on host egg quality could also 
influence the phenotypic plasticity of the developing 
parasitoid, but few data is available to support this (Jervis 
et al 2008). The quality of the food of the host adult is 
expected to modify the quality of the egg content and 
indirectly act on the developing egg parasitoid. When the 
Scelionidae Telenomus podisi Ashmead developed in eggs 
of the predatory pentatomid Podisus maculiventris (Say) 
that fed on caterpillar that developed on herbivore-resistant 
soybean, its overall reproductive capacities was negatively 
affected (Orr & Boethel 1986).

Duration of development. The phenotypic plasticity of egg 
parasitoid could also be infl uenced by the duration of their 
development. As in most poikilotherm species, duration 
of development is infl uenced by temperature, individuals 
developing at higher temperature develop faster than at low 
temperature. The rate of development infl uences the size of the 

adult according to the Temperature-Size Rule (TSR) (Atkinson 
1994, Angilletta et al 2004). The longer the development, the 
larger will be the adult at the end of its development. The TSR 
has been verifi ed in several parasitoid species (Elliott et al 
1995, Bazzocchi et al 2003, Colinet et al 2007) and the rate 
of development infl uenced negatively not only size, but also 
fecundity, lipid reserve and longevity (Colinet et al 2007). 
The mechanism behind the TSR is still debated (Angilletta et 
al 2004), the individuals developing at low temperature could 
grow larger either because they have access to resources for 
longer or their use of the resources could be more effi cient at 
low temperature.

The application of TSR to idiobiont parasitoids, such as 
egg parasitoids, is more problematic. Once an egg parasitoid 
immature is within its host egg, the resources are fi xed and 
the size of the egg chorion does not change. Nonetheless, in 
preliminary tests, we showed that T. euproctidis reared at 
15°C were signifi cantly larger than when reared at 30°C as 
predicted by the TSR (G. Boivin unpublished data). However, 
the other parameters measured showed the opposite trend. The 
adults reared at 30°C, even if smaller, had a longer lifespan 
and the females were more fecund. Because the resources 
were fi xed, the increase in size found in individuals reared 
at low temperature could be compensated by a decrease in 
reserve that refl ected in longevity and fecundity. On the other 
hand, selection experiments showed that over 15 generations, 
the temperature at which oviposition occurred changed the 
effi ciency of female Trichogramma pretiosum Riley at low 
and high temperatures (Carrière & Boivin 2001).

These data on TSR on egg parasitoids stress the fact that a 
positive correlation between size and other life history traits 
should not be taken as granted. 

Competition. In solitary species, when two or more larvae share 
a host, contest competition occurs and supplementary larvae are 
killed either by direct fi ght or through physiological suppression 
(Mackauer 1990, Carignan et al 1995). Superparasitism is 
generally avoided through host discrimination (Roitberg 
& Mangel 1988), a behavior not unique to Hymenoptera 
parasitoids (Royer et al 1999). In gregarious and facultative 
gregarious parasitoid species, resources within a host have to 
be shared through scramble competition. The less resources 
available per developing immature, the smaller will be the 
adults emerging from that host (van Baaren et al 1995b). 
Immatures of Trichogramma feed very rapidly at the beginning 
of their development and most of the host egg resources are 
consumed within 9h after hatching at 25°C (Wu et al 2000). 
When several Trichogramma larvae share a host egg, some 
will be consumed by other larvae while the others will reach 
the pupal stage. Depending of the outcome of the scramble 
competition, the size of the emerging Trichogramma can be 
quite variable (G. Boivin unpublished data). 

This factor is probably the one infl uencing most the size 
of the immatures and emerging adult in egg parasitoids. 
When Trichogramma australicum Girault develops in eggs of 
Corcyra cephalonica (Stainton), the pupae length varies from 
0.56 mm for pupae developing singly to 0.34 mm when three 
larvae shared the same host (Brenière 1965). Differences in 
size (total body length) ranged from 0.52 mm (solitary) to 
0.34 mm (eight individuals per egg) in Trichogramma poliae 
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Nagaraja females (Ahmad et al 2002) while the hind tibia 
length of T. evanescens varied from 192 μm for solitary 
individuals to 142 μm (four individuals per host egg) in 
eggs of Mamestra brassicae (L.) (Grenier et al 2001). There 
is generally a positive relationship between the size of the 
adults and most of the other fi tness proxies measured when 
the difference in size is caused by competition within the 
host egg. 

Conclusion

Measuring fi tness in egg parasitoids is important both in 
behavioral ecology and biological control studies. The value 
of an individual can vary tremendously within the same 
genotype and this phenotypic plasticity has to be taken into 
account when evaluating behavioral choices or the effi ciency 
of egg parasitoids to control a pest population. While size is 
often used to assess the value of individuals, the use of this 
proxy can be misleading. 

When the variability in size is caused by intraspecifi c 
competition within the host egg, a positive relationship is 
found between the size of the adult and its reproductive 
capacity. The slope of the relationship changes when the 
difference in size is due to the quality of the host egg. Females 
developing in old host eggs are only 15% smaller than those 
developing in young host eggs yet their fecundity is decreased 
by 85%. When the difference in size is due to difference in 
rearing temperature, the effect can even be reversed, larger 
individuals that developed at lower temperature show a lower 
fecundity and longevity than smaller individuals reared at 
higher temperature. The safest solution remains the measure 
of several fi tness proxies to provide a true picture of the value 
of an individual.
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