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Abstract Feeding in insect parasitoids can have significant implications from behavioral and evolution-

ary ecology standpoints. Females of many species not only search for hosts to lay their eggs

on, but also may use them as a food source. Host-feeding, as this behavior is known, occurs

mostly in the Hymenoptera. There is some evidence of benefits of host feeding at the

intraspecific level, but there are only few studies of the potential association between host

feeding behavior and life-history traits across hymenopteran parasitoids. The main goal of this

paper is to test for correlated evolution of host feeding and various other life-history traits,

aiming for an understanding of the diversity of parasitoid life histories. For this, we per-

formed a comparative analysis based mainly on phylogenetically independent contrasts (PIC),

using data for 187 species of hymenopteran parasitoids, and (1) examined whether host-feed-

ing behavior is correlated with life span, lifetime potential fecundity, and maximum egg load,

(2) re-tested the potential evolutionary correlation suggested by Jervis et al. [Journal of Ani-

mal Ecology 70 (2001) 442] between host feeding and the ovigeny index (OI), and (3)

re-tested the possible correlation between lifetime potential fecundity and life span across

species and examined whether host feeding affects this relationship. Results indicate a positive

evolutionary correlation between host feeding and both life span and maximum egg load, and

a negative evolutionary correlation between host feeding and OI. Lifetime potential fecundity

does not correlate with host feeding but correlates positively with life span. The effect of the

interaction between host feeding and life span on potential fecundity was not significant.

As has been noted in the past, the array of correlations between traits suggests the existence

of adaptive suites of life-history traits involving trade-offs based on resource allocation

patterns.

Introduction

Insect parasitoids are considered excellent models for

testing theories in behavior, ecology, and the evolution of

life-history strategies. This is largely because their host

searching and oviposition strategies are directly linked to

offspring production and fitness gain. Further, because

they are found in almost all terrestrial ecosystems, are tax-

onomically very diverse, and show great biological and

ecological diversity. Parasitoids also display a wide array of

specific adaptations and may be often reared and handled

in the laboratory with ease (Godfray, 1994; Wajnberg

et al., 2008).

In many species of parasitoids, females search for hosts

on which to lay their eggs but may also use them as a food

source. This mode of feeding has been termed host feeding

and is performed in various manners [i.e., concurrent,

non-concurrent, destructive, and nondestructive; see Jer-

vis & Kidd (1986) for a review]. Host feeding is part of a

complex suite of adaptations and is known to occur

throughout insect groups with the parasitoid habit, but it

is most common in the Hymenoptera. In this order, there

are nearly 140 species belonging to 17 families reported to

date that display host-feeding behaviors (Jervis & Kidd,

1986).*Correspondence: E-mail: fischbein.deborah@inta.gob.ar
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Feeding behavior in insect parasitoids, as in all animals,

can have significant implications for evolutionary ecology

(Stephens & Krebs, 1986; Jervis et al., 2008). Host-feeding

adult female parasitoids need to make decisions on how to

efficiently allocate their time and energy to reproductive

and feeding activities to maximize their lifetime reproduc-

tive success. This decision entails a trade-off between cur-

rent and future reproduction. When encountering a host,

females must decide on whether or not to take the oppor-

tunity to lay an egg and make use of the current reproduc-

tive opportunity or else feed on the host, thus promoting

future reproductive occasions. Several theoretical models

(mostly dynamic state-variable models) have investigated

the influence of several physiological (parasitoid age, egg

load, nutritional reserve) and ecological (host quality,

availability, distribution) factors on the host-feeding

strategies developed (Houston et al., 1992; Chan & God-

fray, 1993; Collier, 1995). Theoretical predictions vary

from model to model depending on the function assigned

to host feeding (i.e., whether host feeding provides materi-

als to increase fecundity, longevity, or both), but ulti-

mately all models have contributed to improve our

insights into the optimal behavior deployed by host feed-

ers. A balance would be reached between the risk of

becoming egg-limited (when females have insufficient eggs

to lay in all available opportunities) or time-limited (when

females lack sufficient time to discharge all their available

mature eggs). Ultimately, the relative incidence of these

limitations strongly depends on the evolution of resource

allocation (see also Rosenheim, 1996; Sevenster et al.,

1998; Ellers et al., 2000).

It is well known that trade-offs arise, among other

things, in response to the need to allocate limited energy

resources to competing traits (Zera & Harshman, 2001).

Hence, differences in resource allocation should result in

intra- and interspecific differences in parasitoid life histo-

ries (Jervis et al., 2008). Interspecific surveys on both the

relationship between the two main components of para-

sitoid reproductive success, life span, and egg production

and the influence of host-feeding habit on this relation-

ship, will undoubtedly contribute to improve our under-

standing of the diversity of parasitoids life-history

evolution.

Most adult female parasitoids commonly feed to fuel

reproduction and somatic functions (maintenance and

locomotion). For this, they can feed on either host materi-

als, such as hemolymph and tissues, and/or from several

non-host foods, primarily floral nectar and insect honey-

dew (Jervis & Kidd, 1986; Jervis, 1998; Bernstein & Jervis,

2008). However, the nutritional composition of host foods

is different from that of non-host foods and, in general

terms, attends differentmetabolic demands (Jervis & Kidd,

1986; Heimpel & Collier, 1996). Host foods are rich in

proteins, amino acids, lipids, essential vitamins, and salts,

all of them nutrients that are used in a broad sense for egg

production, though not exclusively. Besides, host hemo-

lymph can also be rich in sugars (mainly trehalose and

sucrose), which is utilized for somatic maintenance (Giron

et al., 2002, 2004). Both, the nature of nutritional

resources of host foods and the quantity of the compo-

nents, vary from species to species. Non-host foods, by

contrast, are generally poor in protein and lipids but rich

in carbohydrates and used mainly, but again not exclu-

sively, for somatic maintenance (Rivero & Casas, 1999a;

Jervis et al., 2008).

Theoretical and intraspecific studies have examined the

relationship of host feeding with either egg production,

somatic maintenance, or both. Hence, we know that there

is a positive correlation between host-feeding and fecun-

dity (reviewed by Jervis & Kidd, 1986; Heimpel & Collier,

1996). However, the effects of host-feeding on longevity

are less clear, varying among species as a function of exper-

imental conditions and food composition (Jervis & Kidd,

1986; Giron et al., 2002). Moreover, only a few studies

have attempted to empirically quantitate the gain attained

through host feeding on both maintenance and fecundity

(Heimpel et al., 1997; Rivero & Casas, 1999b; Giron et al.,

2004).

It has also been hypothesized that host feeding should

be associated with the egg maturation strategy, measured

as the ovigeny index (OI). In this sense, host feeding is

expected to be associated with low indices (Jervis et al.,

2001). The OI is the ratio of the initial egg load (the num-

ber of mature eggs carried at the start of adult life) to the

lifetime potential fecundity. Because this index measures

the proportion of the potential lifetime egg complement

mature upon female emergence (Jervis et al., 2001), it can

be used not only as a measure of the concentration of egg

production early in life, but also as a quantitative measure

of the allocation of capital resources (larval resources car-

ried-over to the adult) to reproduction at the start of adult

life (Jervis & Ferns, 2004). Females with a low proportion

of oocytes ready at emergence would need nutrients, not

only for maintenance but also for egg maturation, cover-

ing these needs through host feeding (Jervis et al., 2001).

Despite empirical evidence on the benefits of host feed-

ing at the intraspecific level (Jervis & Kidd, 1986; Heimpel

& Collier, 1996), and with the exception of the Jervis et al.

(2001) study, there is to date no work that has performed a

comparative analysis across hymenopteran parasitoids, to

assess the several potential associations between host-feed-

ing behavior and life-history traits. The main goal of this

study was to test for correlated evolution of host feeding

and various life-history traits with the ultimate aim of
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viewing, a posteriori, a set of traits as an integrated whole.

Fortunately, much data on host and non-host feeding spe-

cies and life-history traits has accumulated for many para-

sitoid wasp species since the Jervis et al. (2001) study.

Consequently, an updated and taxonomically more exten-

sive database, mainly compiled from the literature, pro-

vides an excellent opportunity to make rigorous,

phylogenetically controlled, analysis comparisons to, first,

investigate whether or not host feeding behavior is corre-

lated with life span, lifetime potential fecundity, and maxi-

mum egg load (i.e., main components of parasitoid

reproductive success); second, to re-test the evolutionary

correlation, suggested by Jervis et al. (2001), between host

feeding and the OI; and third, to re-test the correlation

between lifetime potential fecundity and life span across

species (Blackburn, 1991) to assess then whether host feed-

ing lifestyles affect the assumed relationship.

On the basis of current understanding of host feeding,

we are able to make several predictions. First, host feed-

ing should be associated with longer-lived species and

with both higher lifetime potential fecundity and maxi-

mum egg load. This is because of the differences in the

nature and quantities of nutritional resources included

in host and non-host foods. Furthermore, because of the

possible differences in the dynamics of nutrient acquisi-

tion and allocation to biological functions across species

that experience differential host feeding lifestyles. Sec-

ond, host feeding should be associated with species bear-

ing low ovigeny indices, according to the ovigeny

hypothesis proposed by Jervis et al. (2001). Finally, in

line with the trend reported by Blackburn (1991), a posi-

tive correlation between lifetime potential fecundity and

life span is predicted across species. Then, when host-

feeding lifestyle is considered, host feeding should mod-

ify this relationship. Decreased lifetime potential

fecundity for non-host feeders, that live longer (i.e., a

trade-off generated by limited resources) is expected as

is an increased lifetime potential fecundity for longer-

lived host-feeding species. Gaining insight into such

host-feeding postulates might contribute, together with

further comparative studies for other life-history traits,

toward an overall understanding of life-history evolution

and diversity in parasitoid wasps (Jervis et al., 2001;

Jervis & Ferns, 2011).

Materials and methods

Database

The original database we used for our analysis is that of

Jervis et al. (2001) and Jervis & Ferns (2011) but updated

and with the addition of new species. This original data-

base, derived largely from the literature, was modified to

include only those hymenopteran species whose host-feed-

ing lifestyle was identified (i.e., host-feeding and non-

host-feeding parasitoids). In our study, we updated this

database by adding new information on the listed species

and also by including 69 new species to the original data-

base (see Appendix S1). Accordingly, the database used

here has an expanded species composition that totals 187

species.

For species included in the database, we collected infor-

mation on life span, lifetime potential fecundity, maxi-

mum egg load, initial egg load, and OI on the existing

literature to date. The sample size for each life-history trait

was different: life span was obtained for 144 species, life-

time potential fecundity for 152, maximum egg load for

65, and OI for 125.

We considered insect parasitoids as host-feeding spe-

cies, if they reportedly use hosts not only for oviposition

but also as a food source (Jervis & Kidd, 1986). Further-

more, if a species could not be stated as host feeder or non-

host feeder, it was excluded from the dataset.

Data on life span, lifetime potential fecundity, maximum egg load,
and ovigeny index

Life span data were collected for females supplied with

an abundance of hosts (this took account of the cost,

to survival, of reproduction) as well as with food (this

accounted for increases in life expectancy resulting from

nutrient gains from the diet). If in a source publication

female life span data were given for a range of tempera-

tures, we used either the grand mean (that we calcu-

lated from the various regime means), or the mean

value for a specific regime if the authors explicitly stated

(or implied) it to represent the mean temperature of

the natural habitat of the parasitoid.

Estimates of lifetime fecundity were obtained from

either dissections of newly emerged females (by combining

numbers of immature eggs, if any, andmature eggs, if any)

or from data for lifetime realized fecundity recorded in

females that had been presented with both food and an

abundance of hosts (ad libitum, or the highest host density

if multiple density regimes had been used). Maximum egg

load was represented by the maximum egg load achieved

at any point in time in adult female life.

We used the OI calculated as the ratio between the ini-

tial egg load and the lifetime potential fecundity. For initial

egg load we used the egg complement that is mature upon

emergence into the environment. Interspecifically, the OI

ranges from 0 to 1. In proovigenic species the index is 1,

i.e., all of female’s lifetime potential complement of eggs is

mature at adult emergence, whereas in synovigenic species

it is <1, i.e., either some or all of the eggs are immature at

adult emergence (Jervis et al., 2001).
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Data analysis

To investigate the correlated evolution of host feeding

and various life-history traits across species of hyme-

nopteran parasitoids, we used PIC (Harvey & Pagel,

1991; Garland et al., 1992). All analyses were per-

formed using the ‘caper’ package (Orme, 2013) of R

(R Core Development Team, 2014). Under the null

hypothesis that evolution in the continuous variable is

not associated with evolution of the categorical trait,

one would expect half the contrasts in the continuous

response variable to be positive and half negative, and

the mean value of the contrasts to be zero. We used

the ‘brunch’ function that estimates independent con-

trast values of the continuous trait on the nodes where

the state of the categorical variable changes (Burt,

1989). A one-sample t-test was done to determine

whether or not the mean of the independent contrasts

of the continuous response variable was significantly

different from zero.

When we studied the relationship between lifetime

potential fecundity and life span across species, in addi-

tion to using the PIC method (‘crunch’ function for

testing correlation between contrasts of two continuous

traits), we also applied another type of phylogenetic

comparative analysis: the phylogenetic generalized least

squares model (‘pgls’ function in ‘caper’) (Felsenstein,

1985; Grafen, 1989). Then, as both methods did not

result in a qualitative difference in the results, when we

investigated the effects of host-feeding lifestyle on the

previously mentioned relationship, we opted for the

PGLS analysis because it provides the additional flexibil-

ity required.

When PGLS was used, the parameter k was also consid-

ered. Lambda ranges between 0 and 1, and reveals the

extent to which correlations in traits reflect their shared

evolutionary history. Its optimum value and confidence

limits were estimated using the ‘pgls’ function in ‘caper’

with a maximum likelihood (ML) method when perform-

ing a correlation analysis. If k = 0, the variation in a trait is

independent of the phylogenetic history. If k = 1, the trait

shows variation expected under the Brownian model (i.e.,

the evolution of traits along branches of phylogeny occurs

at random with trait variance accumulating linearly with

time). When k is significatively different from the two

bounds (0 and 1) it indicates that the evolution of traits

depends on their phylogenetic history (not random) but

might not strictly follow the Brownianmodel.

Because of the absence of data on all variables for all spe-

cies, only species with data for the specific traits to be ana-

lyzed were used. In this way, sample sizes vary among

correlation analyses performed on particular characters.

Continuous variables were transformed to logarithms, to

achieve normality, except for maximum egg load and OI

where the inverse fourth root and arcsine square root

transformations were used, respectively.

The information on phylogenetic relationships neces-

sary to make the comparative analyses was largely resolved

in the composite tree presented in Jervis & Ferns (2011).

On the other hand, the phylogenetic information for the

new species considered in this study, when available from

publications, was compiled and used to intuitively include

these species in the tree [Gauthier et al., 2000 (Eulophi-

dae); Fontal-Cazalla et al., 2002 (Figitidae); Murphy et al.,

2007 (Scelionidae and Platygastridae); Owen et al., 2007

(Trichogrammatidae); Quicke et al., 2009 (Ichneu-

monidae)]. To improve phylogenetic resolution, COI gene

sequences for the families Trichogrammatidae, Aphelin-

idae, Encyrtidae, and Pteromalidae were obtained from

GenBank (Appendix S2). Gene sequences were aligned

and ML was used to estimate evolutionary relationships

among taxa (Guindon et al., 2010). Despite all this, phy-

logeny remains not fully resolved, and we assume soft

polytomies where we found uncertainty about the true

pattern of relationships. As no branch length information

is available for phylogeny, we assumed that every branch

in the phylogeny has equal length.

Results

Wewere able to identify the feeding lifestyle for 187 species

belonging to 22 families within the order Hymenoptera.

Of these, 85 species (45.5%) are non-host feeders, whereas

102 species (54.5%) are host feeders.

Consistent with our predictions, host feeding was posi-

tively correlated with the life span (t = 2.67, d.f. = 15,

P = 0.017; Figure 1). Host feeding accounted for 27.7%

of the variation in life span, correcting for phylogeny.

Nonetheless, the result from the comparative analysis

based on independent contrasts did not support the

hypothesis that evolutionary shifts in host-feeding lifestyle

have been accompanied by shifts in lifetime potential

fecundity. Host feeding was not correlated with lifetime

potential fecundity (t = 0.69, d.f. = 15, P = 0.50; Fig-

ure 1). On the contrary, host feeding was significantly

positively correlated with maximum egg load (t = 6.11,

d.f. = 9, P<0.001; Figure 1); and host feeding accounted

for 78% of the variation in maximum egg load.

As expected, the independent contrasts test yielded a

negative correlation between host feeding and OI

(t = �3.064, d.f. = 15, P<0.01; Figure 1). In other words,

the mean of contrasts was significantly below zero indicat-

ing that low ovigeny indices evolved together with host
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feeding. Host feeding explained 36% of the variance in this

life-history trait.

On the basis of our independently derived database, we

were able to re-test the correlation between lifetime poten-

tial fecundity and life span, as previously studied by Black-

burn (1991). The PIC analysis showed that lifetime

potential fecundity positively correlates with life span

(PIC: t = 2.51, d.f. = 91, P = 0.013; Figure 2). Then, to

examine the influence of host-feeding lifestyle on this latter

relationship, the interaction between host feeding and life

span was analyzed to predict potential fecundity. The

interaction was not significant (PGLS: k = 0.567,

d.f. = 3,120, slope = 0.485, t = 1.80, P = 0.074). Namely,

non-significant differences in potential fecundity among

host feeders and non-host feeders were found, both for

short- and long-lived species.

Discussion

We show that host feeding is positively correlated with life

span in hymenopteran parasitoids. This finding is consis-

tent with our specific prediction but it contrasts with the

ambiguity claimed, at intraspecific level, of host-feeding

gains in terms of parasitoid longevity (Jervis & Kidd,

1986). Thus, we conclude that host feeding can offer addi-

tional resources to fuel maintenance in parasitoid wasps,

Figure 1 Distribution of contrasts

obtained from the phylogenetically

independent contrasts analysis. Amean of

contrast values greater than zero indicates

that the evolution of host feeding is

correlated with the evolution of higher

values of the continuous response variables

such as life span (LS) andmaximum egg

load (MEL). Amean of contrast values

below zero indicates that the evolution of

host feeding is correlated with a lower

ovigeny index (OI). Themean value of

lifetime potential fecundity contrasts

(FEC) is not significantly different from

zero.

Figure 2 The relationship between lifetime

potential fecundity and life span as

revealed by the phylogenetically

independent contrasts analysis.
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maybe by providing large amounts of proteins as well as

carbohydrates.

Conversely, we did not find an association between

host-feeding and potential fecundity at the interspecific

level analyzed, although a positive correlation between

these two life-history traits appears to be well established

at the intraspecific level (reviewed by Jervis & Kidd, 1986;

Heimpel & Collier, 1996). We expected an increased life-

time potential fecundity with the host-feeding habit, espe-

cially if we take into account that resources obtained from

host meals could be partly stored for later use in egg pro-

duction (Rivero & Casas, 1999b). Therefore, long-term

host feeding gains could have been apparent through life-

time fecundity records.

There are two possible explanations for this unexpected

result. First, it is likely that we did not register an increase

in lifetime fecundity attributable to host feeding because

this is obscured by the fact that host feeders mostly have

anhydropic eggs (i.e., contain large, yolk-rich eggs), with a

corresponding small ovariole number per ovary (Jervis &

Kidd, 1986; Le Ralec, 1995). Host-feeding parasitoids, per

se, should have smaller potential fecundity than non-host

feeders which are assumed to typically have yolk-deficient

eggs (hydropic) andmany ovarioles per ovary. An interest-

ing topic for future research would be to perform a phylo-

genetically controlled comparative analysis to actually

establish how host and non-host feeding conditions relate

with these divergent reproduction strategies, based on the

contrasting egg types. As parasitoids with anhydropic eggs

would need sufficient nutrients for the production of yolk-

rich eggs, host feeding should be a selective advantage to

them. Note that in some cases, species have been classified

as having anhydropic eggs, largely on the basis of indirect

evidence including host feeding (Jervis & Kidd, 1986). Sec-

ond, the contribution of host feeding to fecundity would

depend largely on the nature and quantities of the nutri-

tional resources included in the host foods and on the

dynamics of nutrient acquisition and allocation to repro-

duction. Host foods have traditionally been considered to

contribute greatly to egg productionwith lipids and amino

acids, but maybe this is not enough to translate into differ-

ences in potential fecundity across species that experience

differential host-feeding lifestyles. Perhaps, there are sev-

eral key larval nutrients for egg production and matura-

tion that cannot be obtained from adult feeding (Rivero

et al., 2001). These essential nutrients of exclusively larval

origin, if they are limiting, could make for differences in

lifetime fecundity rather than adult feeding. It is known

that, at least, lipids stored during the larval development

are ultimately a constraint on egg production because par-

asitic wasps are unable, both, to synthetize new lipids from

adult intakes of carbohydrates and proteins (lipogenesis),

and to replace the capital lipid reserves from the larval

stage by lipid ingested through host feeding (Olson et al.,

2000; Rivero & West, 2002; Giron & Casas, 2003; Casas

et al., 2005). Still, carbohydrates and proteins obtained

from host feeding may increase egg production, but only

at a given time in the parasitoid’s life, by enabling females

to invest less capital lipid reserves in maintenance func-

tions (Casas et al., 2005).

Our interspecific analysis shows that host feeding corre-

lates positively with maximum egg load at any time of the

adult life. This can indicate that host meals may be espe-

cially advantageous in indirectly attending energetic

demands of reproduction. Ingested nutrients such as sug-

ars and proteins from host feeding would be used to cover

maintenance costs, thereby allowing females to spare lipids

for reproduction (Casas et al., 2005); this apparently

occurring at a given moment in life, without modifying

lifetime fecundity. Host feeding may thus have a selective

advantage to parasitoids that need greater flexibility, for

example, to respond to highly dispersed, and maybe

scarce, host.

On the basis of a taxonomically more extensive data set,

we confirm the correlation proposed by Jervis et al.

(2001), between host feeding and the OI. Host-feeding

species are associated with a low OI. This result was not

unexpected as the OI can be related to the reliance of adult

females on feeding. The Boggs (1986, 1997) and Jervis

et al. (2001), Jervis & Ferns (2004) studies suggest,

through a comparative analysis among species of the Lepi-

doptera and Hymenoptera orders, that the lower the OI is,

the more dependent females are on an external nutrient

acquisition for fueling post-emergence eggmaturation. An

OI = 1 (strict proovigeny) or nearly one (weak syn-

ovigeny) indicates a complete or large investment of capi-

tal resources (larval resources) to egg manufacture early in

life; and adult females would not be specifically reliant on

food of any nature. Conversely, an OI << 1 (strong syn-

ovigeny) indicates that the nutrients used for the egg man-

ufacturing derive only partly from larval resources and the

remaining needed is obtained by income nutrient during

the adult stage. Synovigenic species may feed on a variety

of food sources, within which host materials can be

included. In this way, Boggs (1986, 1997) and Jervis et al.

(2001) Jervis & Ferns (2004) suggest the existence of inter-

actions between patterns of larval resource allocation to

reproduction and survival (i.e., represented by the OI) and

adult feeding habits (e.g., such as host feeders, nectar-only

feeders, pollen feeders, and non-feeding adults). We add

to this that host feedingmay not act directly on post-emer-

gence egg maturation by increasing the potential number

of eggs produced in life, but could minimize a possible

catabolic drainage that somatic maintenance exerts upon
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lipid capital reserves that are actually involved in fueling

eggmaturation.

In addition, it has been hypothesized that the degree of

stochasticity in reproductive opportunities (i.e., host avail-

ability) is a key selective force in the evolution of the OI

(Jervis et al., 2001). In fact, differences in OI imply differ-

ent levels of reproductive plasticity. Now that we know

that the host feeding strategy has evolved together with OI,

it would be interesting to pursue work on how host feeding

integrates into the relationship between OI and habitat

characteristics, including host availability. Theoretical

modelling predicts, on the one hand, that OI = 1 might be

merely advantageous when there is no stochasticity in the

rate of patch encounters, because of uniformity in the spa-

tial distribution of hosts (Ellers & Jervis, 2004). Note that

an OI = 1 or nearly 1 denotes that females are not able to

adjust their reproductive output to variations in host avail-

ability (Ellers et al., 2000). On the other hand, low-OI spe-

cies gain in reproductive plasticity, besides being able to

manage nutrient resources, whatever they are (capital or

income), to adjust their life span. Thus, low-OI species can

achieve a bettermatch betweenmature eggs and host avail-

ability, when variation in the abundance and distribution

of the latter occurs (Ellers et al., 2000; Bernstein & Jervis,

2008).

The relationship between lifetime potential fecundity

and life span at the interspecific level, as we expected

and confirming a relationship that was not previously

put forward by Blackburn (1991), shows that long-lived

species have evolved associated with an increased poten-

tial fecundity. Several reasons can explain the discrep-

ancy in our result concerning that of Blackburn’s

(1991) survey. In this study, data on potential fecundity

were used in contrast to realized fecundity; however,

these traits are closely correlated. Also, Blackburn’s

dataset can be more complete in coverage of families

than our dataset, although it may be less strict on his

criteria for data inclusion.

In parasitoids, reproductive success depends strongly

on the time and energy required in producing eggs and

in locating hosts to finally oviposit on them; hence, allo-

cation of resources to life span and reproduction will be

under strong selective pressures. The trade-off between

individual reproduction and somatic maintenance has

been studied in parasitoids and it has been shown that

these two life-history traits can use some common

resources (Ellers & van Alphen, 1997). As the trade-off

arises, among other factors, from the necessity to allocate

limited energy resources to competing traits, then inter-

specific differences in potential fecundity would be

expected between long-lived non-host-feeder and long-

lived host-feeder species. Given that long-lived non-host

feeders should be more constrained in energy resource

availability than host-feeder species, a lower potential

fecundity would be expected in non-host-feeding species.

However, when we analyze whether host feeding can

contribute to an increased potential fecundity, no statis-

tical difference between host feeders and non-host feed-

ers was found. Remarkably, no trade-off between

potential fecundity and longevity is demonstrated for

non-host-feeding species. This result may be explained

by a low statistical power; therefore, outcomes of similar

analyses, based on taxonomically even more extensive

data sets, could shed further light on this. Alternatively,

it might be that non-host feeders have evolved strategies

that allow females to efficiently balance the energy

resource allocation to the various competing traits, max-

imizing in this way their lifetime reproductive success.

As Jervis & Ferns’ (2011) detailed study remarks, para-

sitoid wasps share a fundamental lifestyle; however, they

are interspecifically highly diverse with respect to a wide

array of life-history traits (large difference in life span, in

body size, in lifetime potential fecundity, etc.). Explaining

this diversity in life-history evolution has attracted much

attention and focus has been set on seeking for a single

predictor of variation in a suite of life-history traits (e.g.,

Mayhew & Blackburn, 1999), considering both potential

trade-offs between traits as predicted by general life-his-

tory theory, and the necessity to view suites of traits as an

integrated whole. This study, in line with Jervis et al.

(2001) holistic approach, has focused on understanding

correlated evolution of some traits with the aim of extend-

ing the comparative analysis on host feeding associations.

We expect our findings to contribute further to achieving

the much sought-after theoretical framework for

parasitoid wasp biology.
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