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Abstract Organisms often live in unpredictable environments and have to adopt life history 

strategies that optimize their fitness under these conditions. According to bet-hedging theory, 

individuals can reduce variation in fitness outcomes by investing in different strategies at the 

same time. For arthropods, facultative summer diapause enables survival during dry and hot 

periods of the year, and can be triggered by a decrease in resource abundance. However, the 
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effect of resource depletion on diapause induction has never been disentangled from the 

effect of the perception of the presence of competitors. Using two solitary parasitoid species 

of cereal aphids as a model system, Aphidius avenae (Haliday) and Aphidius rhopalosiphi 

(De Stefani-Perez) (Hymenoptera: Braconidae), we tested whether (i) low absolute host 

density and/or (ii) high levels of parasitoid females‘ competition lead to maternal-induced 

summer diapause in parasitoid offspring. Under summer-like climatic conditions, emerging 

parasitoid females were (i) reared alone and exposed to different host densities (from 5 to 130 

aphids), or (ii) reared together with competing females (from 2 to 20 females) and then 

exposed individually to 50 aphids. For both parasitoid species, low aphid densities did not 

induce summer diapause. However, the incidence of summer diapause increased up to a 

maximum of 11% with increasing levels of competition experienced by female parasitoids. 

More than 60% of the females produced both diapausing and non-diapausing offspring after 

being kept at the two highest competition densities. Such a ―spreading-the-risk‖ strategy has 

likely evolved to optimize parasitoid fitness by preventing the following generation from 

exposure to low populations of suitable hosts and high mortality from superparasitism. These 

results provide the first experimental evidence of direct maternal competition-induced 

diapause in insects, and may change the way we apprehend the evolution of arthropod 

seasonal ecology, by considering intraspecific competition. 

Key words aestivation; bet-hedging; host density; intraspecific competition; superparasitism 

Introduction 

Phenotypic plasticity allows a given genotype to produce a range of phenotypes in response 

to variable environmental conditions (Auld et al., 2010). For example, alternative life-

histories can arise from maternal effects (i.e. transgenerational plasticity), whereby the 

proportion of individuals expressing a given phenotype depends on the conditions 
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experienced by the preceding generation (Mousseau & Dingle, 1991). In insects, facultative 

diapause, a period of deferred development, can be induced by environmental cues perceived 

either by the diapausing individual or by its mother (Saunders, 1965; Tauber et al., 1986; 

Brodeur & McNeil, 1989). In the latter case, the female can change carbohydrates and 

polyols contents of the egg through hormonal regulation which acts on the egg‘s development 

(Yamashita et al., 2001; Denlinger, 2002). Such ‗anticipatory‘ maternal effects allow the 

mother to alter the phenotype of her offspring to increase their survival in the future 

environment by buffering against anticipated environmental stressors (Burgess & Marshall, 

2014). However, when a female cannot exactly assess which phenotype would be favored in 

the future environment, she may produce a range of offspring phenotypes to optimize her 

fitness (i.e. she ―hedges her bets‖). The proportion of each offspring phenotype may be 

adjusted to the probability of encountering a given environment, when biotic or abiotic cues 

make it partially predictable (Hopper, 1999; Menu et al., 2000; Marshall & Uller, 2007). 

Summer diapause is a phase of dormancy that is followed by an active phase in fall and 

occurs either at the same developmental stage as winter diapause, or at a different one 

(Masaki, 1980). Summer diapause should be distinguished from aestivation which is a form 

of dormancy mostly expressed in tropical insects during the dry season (Navas & Carvalho, 

2010; Denlinger & Armbruster, 2014). Although overlooked, summer diapause is likely to be 

as widespread as winter diapause among insects (Masaki, 1980), and has been observed in 

few hymenopterous parasitoid species from temperate regions (He et al., 2010, and 

references therein). Whereas the developmental, physiological and hormonal syndrome 

associated with summer diapause is quite similar to winter diapause syndrome (i.e. metabolic 

depression, developmental arrest and increasing resistance to adverse conditions) (Masaki, 

1980; Denlinger & Armbruster, 2014), there is still a black-box in insect ecology and 

physiology concerning diapause induction, maintenance and termination stimuli (Koštál, 
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2006). It has been shown that summer diapause is predominantly induced by overcrowding 

on a resource patch, by a decrease in food resource availability and/or by dry and warm 

environmental conditions (Masaki, 1980; Tauber et al., 1998). In the leaf-curling midge 

parasitoid Platygaster demades Walker (Hymenoptera: Platygastridae), there is a bet-hedging 

strategy on embryonic summer diapause levels and duration to match expected periods of 

host-shortage, thus avoiding fitness impairment and asynchronism with hosts (He et al., 

2010). In addition to limited food resources, competition avoidance has been proposed as a 

factor selecting for diapause evolution in insects because competition may also lead to a 

reduction in resource availability (Danks, 1987; Lalonde, 2004). Induction of diapause 

through competition (i.e. due to overcrowding on a resource patch) has been reported in 

rotifers (Gilbert, 2004) and some insects among the Lepidoptera, Hemiptera, Coleoptera and 

Hymenoptera (Brown et al., 1979; Hagstrum & Silhacek, 1980; Harada & Spence, 2000; He 

et al., 2010; Togashi, 2016). However, to our knowledge, the influence of resource scarcity 

due to competition was never disentangled from the influence of competition perception by 

itself on diapause induction, and increasing maternal competition was never shown to induce 

diapause in their offspring. Separating these effects would bring new evolutionary insights on 

intraspecific interactions theories, on arthropods‘ seasonal ecology in response to varying 

environments and in the face of climate change, as well as on still overlooked token stimuli 

that control dormancy in insects. 

For insect parasitoids, the quality of their environment depends on both the suitability and 

abundance of hosts which vary throughout the seasons (Vercken et al., 2015). Parasitoids 

have evolved behavioral responses to cope with both intra- and interspecific competition for 

hosts which can be used as a proxy for measuring resource availability and the risk of 

superparasitism (Boivin & Brodeur, 2006; Cusumano et al., 2016). Superparasitism is 

repeated parasitism of a host by female parasitoids of the same species. It is typically 
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deleterious for solitary parasitoids (van Alphen & Visser, 1990; Harvey et al., 2013) and 

increases with the level of competition between females in a population. Competition should 

thus be avoided in order to reduce the probability of both resource (host) scarcity and 

superparasitism. In aphid parasitoids, competing females have the capacity to modify their 

foraging behaviour in response to the presence of competitors, mostly detected through visual 

and chemical cues (Mackauer, 1990; Barrette et al., 2009; van Baaren et al., 2009). For 

instance, Aphidius ervi Haliday (Hymenoptera: Braconidae) increase their patch residence 

time when exploiting an aphid colony in presence of competitors (direct perception of 

competition) or foraging on a patch previously exploited by competitors (indirect perception 

of competition) (Le Lann et al., 2011a). 

We aimed to disentangle the effect of low host availability from the effect of maternal 

perceived competition (i.e. low relative host availability) on the incidence of summer 

diapause. We also measured the duration of summer diapause, which remains un-documented 

in most parasitoid species. We conducted experiments under laboratory conditions using two 

sympatric parasitoid species of the grain aphid Sitobion avenae (Fabricius) (Hemiptera: 

Aphididae); Aphidius avenae (Haliday) and Aphidius rhopalosiphi (De Stefani-Perez) 

(Hymenoptera: Braconidae). In cereal fields, these parasitoid species experience rapid 

decrease in host availability in summer (Rabasse et al., 1983), especially because host-plants 

are drying and aphids are subject to deleterious heat shocks (Alford et al., 2012). Previously 

observed levels of summer diapause were relatively low in A. avenae and A. rhopalosiphi 

under natural conditions (< 5% of the population), when aphid abundance was low in the 

field (Starý, 1966; Krespi et al., 1997). The cues responsible for triggering summer diapause 

in these species were not identified. In cereal fields of Western France, A. avenae is most 

abundant from spring to fall while A. rhopalosiphi presents higher abundance from autumn to 

spring (Krespi, 1990; Andrade et al., 2016; Tougeron et al., 2016b). The two species differ in 
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their capacity to enter winter diapause; A. rhopalosiphi does not produce diapausing 

individuals whereas A. avenae enters winter diapause at low levels (Tougeron et al., 2016a). 

Aphidius avenae is about 1 °C more resistant to high temperatures than A. rhopalosiphi (Le 

Lann et al., 2011b) which may imply lower summer diapause incidence in the former species. 

Hence, the following hypotheses were tested: the incidence of summer diapause in parasitoid 

offspring is higher (i) when females encounter low aphid densities, (ii) when females 

experience high levels of conspecific competition, and (iii) in A. rhopalosiphi than in A. 

avenae, considering differences in their heat tolerance and seasonal occurrence. 

Material and methods 

Biological material 

Aphidius avenae and A. rhopalosiphi were collected from cereal fields in Western France 

(Long Term Ecological Research area ZA Armorique, 48
°
08′N, 1

°
80′W) in 2014 and 2015

(details in Tougeron et al., 2016a) and have since been reared on a colony of the grain aphid 

S. avenae established from a single female collected at Le Rheu, France, in 1990. Parasitoids 

were reared at 20°C, 70% relative humidity (RH), and under 16 h∶ 8 h light∶ dark (LD) 

photoperiod while aphids were reared at 24°C, 55% RH, and 16 h∶ 8 h LD on winter wheat 

(Triticum aestivum var. Mégantic). 

General experimental conditions 

Experiments were conducted at 24°C, 55% RH, and 16 h : 8 h LD. These conditions 

simulate those that are typically encountered in the study area when aphid parasitoid summer 

diapause is assumed to occur, between 20th June and 31st August (Krespi et al., 1997; Météo 

France, 2015). Ten days prior to a test, apterous parthenogenetic aphids were placed on 

sprouted wheat (about 2 cm high) in experimental arenas (plastic pots Φ10 cm) to produce 
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aphid cohorts of 2nd or 3rd instar larvae. When necessary, aphids of the same age from the 

aphid colony were added to the infested wheat plants to reach the required density. 

Last larval instars of Aphidiinae parasitoids make a cocoon and pupate inside the dead 

aphid host; the resulting structure is called a ‗mummy‘. Aphid mummies were taken from the 

parasitoid colonies, isolated in small gelatin capsules (Φ 5 mm), and acclimated to the 

experimental abiotic conditions until adult emergence (3 to 5 days). Following emergence, 

each parasitoid female was placed in the presence of 2 males for mating and provided a 

honey solution (70% dilution) for 36 h. This duration allows females to reach their maximum 

egg-load (Le Lann et al., 2012). Parasitoid females were then held along with aphids and 

honey in the experimental arenas for 48 hours, following the two protocols described below. 

Mummy formation in the arenas was checked every day, beginning one week after 

oviposition. Mummies were kept individually in gelatin capsules at 20°C and adult 

emergence was checked daily. Twenty days after the first adult emergence within a single 

female offspring, the remaining mummies in the cohort were dissected, except for the 

diapause duration experiment (see below), and the content was recorded as being a dead 

individual or a diapausing golden-yellow prepupa (Tougeron et al., 2016a). 

Effect of host density on offspring diapause incidence 

To test the effects of host density on summer diapause incidence, we exposed parasitoids 

to the following host densities: 5, 20, 50, 65 and 130 aphids. These densities are encountered 

in the fields on wheat shoots (Roschewitz et al., 2005) and encompass the realized fecundities 

for 48 hours of both parasitoid species. Aphidius avenae and A. rhopalosiphi are able to 

produce about 62 and 31 mummies in two days, respectively (Le Lann et al., 2012). Naive 

mated females (i.e. without oviposition experience or contact with other females) were 

individually introduced into experimental arenas to parasitize aphids. This experiment was 
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replicated using four different females for each parasitoid species and aphid density modality 

(for a total of 20 females per species). 

Effect of competition between females on offspring diapause incidence 

To test the effect of competition among parasitoid females on summer diapause incidence, 

mated females were placed in plastic tubes (Φ = 4 cm, L = 9 cm) for 48 hours at the 

following densities: 2, 5, 10 and 20 females. These densities were chosen to represent the 

range of direct competition a female might experience in either natural (as indicated by 

natural parasitism rates , Roschewitz et al., 2005) or laboratory rearing settings; with two and 

twenty females competing being highly credible in the field and in mass-rearing condition, 

respectively. Females were individually introduced in an experimental arena containing 50 

aphids. This experiment was replicated using fifteen different females for each parasitoid 

species and competition treatment (for a total of 60 females per species). 

Diapause duration in the offspring after mothers‘ competition experience 

To measure the duration of summer diapause, four additional females of each parasitoid 

species from the 20-females-competition treatment were allowed to parasitize 50 aphids each. 

Following parasitoid development, mummies were placed in gelatin capsules and parasitoid 

emergence was checked every day. Data are accurate to ± 2 days since parasitoids that 

emerged during the weekend were pooled with those emerging on Monday. Parasitoids with a 

delay of emergence > 20 days after first adult emergence were considered to be in diapause. 

This 20-days threshold was determined a priori since egg-to-adult development in non-

diapausing Aphidius sp. usually lasts from 12 to 16 days at 20°C (Zamani et al., 2007), and 

confirmed a posteriori following the distribution of emergence data. The remaining 
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mummies were dissected 30 days after no emergence had been recorded in a given cohort to 

determine the status (dead or in diapause) of the parasitoid. 

Statistical analyses 

No diapausing individuals were produced following the host density experiment (see 

results section) and therefore no statistical analysis was conducted on this dataset. To test for 

the effects of female competition (categorical effect), Generalized Linear Models (GLMs) 

with a quasi-binomial error distribution (to account for overdispersion) and a logit-link 

function were fitted to the data separately for each parasitoid species. The response variable 

was the number of diapausing and non-diapausing individuals, including dead ones, for each 

replicate (ovipositing female). Another GLM with a quasi-binomial error distribution was 

fitted to the data to test for differences in diapause induction between parasitoid species, 

competition treatment as well as their interaction. The significance of each factor was tested 

by implementing an iterative procedure with the ‗Anova‘ function from the package car, 

using F-tests for quasi-binomial data (Fox & Weisberg, 2011). Differences between 

competition levels were compared with Tukey Contrasts (Hothorn et al., 2008). Data for 

diapause duration within a species was pooled and thus was not compared among the 

offspring of different females. Statistical analyses were carried out with R software (R 

Development Core Team, 2015). 

Results 

Effect of host density on offspring diapause incidence 

Aphid density (5, 20, 50, 65 and 130 individuals) had no effect on summer diapause 

expression; none of the mummies contained diapausing individuals for either A. avenae (n = 

219 total mummies formed) or A. rhopalosiphi (n = 205). Parasitism rates (i.e. number of 
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mummies formed / total number of aphids proposed to parasitoids) varied between aphid 

density treatments but were constant within a given density. They ranged between 80% and 

100% depending on the female parasitoid at the density of 5 aphids and between 10% and 

30% at the density of 130 aphids. 

Effect of competition between females on offspring diapause incidence 

Increasing competition between females led to increasing summer diapause induction in 

their offspring for both A. avenae (GLM, F = 76.8, df = 3, P < 0.001, n = 1327) and A. 

rhopalosiphi (F = 89.2, df = 3, P < 0.001, n = 1174) (Fig. 1). In the competition treatment of 

20 females, diapause incidence reached maximums of 11.22 ± 1.5% and 9.92 ± 1.3% (mean ± 

SE) for A. avenae and A. rhopalosiphi, respectively. The 20-female competition treatment 

showed significantly higher proportions of parasitoids in summer diapause than the 

competition treatment of 10 females in A. avenae (Tukey Contrasts; z = 3.73, P < 0.005) but 

not in A. rhopalosiphi (z = 1.10, P = 0.69). There was no summer diapause in the other two 

competition treatments (2 and 5 females) for either parasitoid species. There was no 

significant difference in summer diapause incidence between species (GLM, F = 0.75, df = 1, 

P = 0.39) and no significant interaction between species and competition level (F = 2.28, df = 

3, P = 0.08). 

Not all females produced diapausing offspring; in the competition treatment with 20 

females, for both parasitoid species, 93.3% of the tested females (14 out of 15) produced a 

minimum of one offspring in diapause. In the competition treatment with 10 females, the 

proportion of females inducing summer diapause in their offspring decreased to 60% (9 out 

of 15) and 86.7% (13 out of 15) for A. avenae and A. rhopalosiphi, respectively. Moreover, 

there was high variability in the diapause incidence within each female offspring for females 

that produced diapausing individuals; from 2.9% to 20% in A. avenae and from 4.8% to 20% 
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in A. rhopalosiphi (in the 20-female competition treatment for both species). In the 10-female 

competition treatment this proportion ranged from 2.6% to 14.3% in A. avenae and from 

3.0% to 20% in A. rhopalosiphi. 

Diapause duration in the offspring after mothers’ competition experience 

Most parasitoids did not enter diapause, emerging from 12 to 27 days after oviposition 

(80.5%, n = 62 for A. avenae; 75%, n = 54 for A. rhopalosiphi). Nine (11.7%) A. avenae and 

seven (9.7%) A. rhopalosiphi individuals emerged more than 32 days after oviposition (i.e. 

more than 20 days after the first emergence in their cohort) and were considered to be in 

summer diapause. The mean summer diapause duration was similar for both parasitoid 

species (A. avenae, 55.6 ± 5.2 days; A. rhopalosiphi, 54.7 ± 4.3 days), although emergences 

spread over a longer period in A. avenae (Fig. 2). All remaining mummies dissected 113 days 

after oviposition (last adult emergence occurred at day 83 after oviposition + 30 days without 

any emergence) contained dead, non-diapausing individuals (15 adults and 2 pupae). 

Discussion 

In addition to its other functions, diapause allows species exploiting the same ecological 

niche to avoid competition (Danks, 1987; Alekseev & Starobogatov, 1996; Tauber et al., 

1998; Lalonde, 2004). Although competition avoidance has been invoked as a potential biotic 

factor selecting for the evolution of diapause (Danks, 1987), perception of competition has 

not been identified as a cue per se for summer or winter diapause induction in insects – 

probably because it has never been decoupled from the influence of resource scarcity due to 

overcrowding. We report no effect of resource scarcity (host density), but we did observe a 

clear effect of increasing maternal competition on summer diapause induction in the progeny 

of two Aphidius parasitoids. This is the first evidence, to our knowledge, of maternal 
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perception of competition for resources being identified as a biotic cue for summer diapause 

induction in insects. Summer diapause was triggered by the same cues and expressed in a 

similar way (i.e. incidence and duration) in both A. avenae and A. rhopalosiphi. Summer 

diapause led to a developmental arrest occurring at the same developmental stage (prepupa) 

as for winter diapause (Brodeur and McNeil, 1989; Tougeron et al., 2016a). Although only 

expressed in a part of the population, summer diapause can have important consequences for 

parasitoids‘ life-cycle, population dynamics and interactions with their hosts. 

Although the syndrome associated with summer and winter diapause is similar (Masaki, 

1980; Denlinger & Armbruster, 2014), their inducing environmental cues differ as suggested 

by Masaki (1980), Tauber et al. (1986) and Koštál (2006), mostly because summer diapause 

serves different ecological functions from winter diapause. Maternal effects on winter 

diapause expression in Aphidius sp. can be significant but remains marginal compared to 

other environmental stimuli, mainly photoperiod and temperature (Brodeur & McNeil, 1989; 

Langer & Hance, 2000). In the genus Aphidius, conditions directly encountered by the early 

sensitive stage (egg, young larva) represent the main cues initiating diapause (Brodeur and 

McNeil, 1989; Tougeron et al., 2016a). In contrast, for other parasitoid species such as 

Nasonia vitripennis, winter diapause is triggered only by maternal environmental perception 

(Saunders, 1965) and is linked to seasonal patterns of host availability (Saunders et al., 1970). 

In contrast to winter diapause, our results suggest that summer diapause has a strong maternal 

component in Aphidius species. 

Summer diapause induction in Aphidius offspring appears to arise from the perception of 

direct conspecific competition among females, when no hosts are available. This perception 

may be a proxy for measuring the risk of both host shortage and superparasitism in the future 

offspring environment. Our results also suggest that solitary parasitoids may respond 

differently to the risk of self-superparasitism (i.e. by a single female; host-density 
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experiment) which can be neutral or beneficial (van Alphen & Visser, 1990), than to the risk 

of conspecific superparasitism (competition experiment), which is typically detrimental. 

Indeed, in the experiment on host density, transgenerational diapause induction was not 

observed, even when only 5 aphids were offered for 48 hours, which strengthens the idea that 

increasing competition alone induces summer diapause. 

Not all parasitoid females produced diapausing offspring, and individual mothers that did 

lay diapausing offspring did so in only a subset of their progeny. This variability could be 

explained either by differing sensitivity to competition among mothers (i.e. high genetic 

polymorphism in the population) or high degrees of plasticity in parasitoid females. Because 

the offspring‘s environment cannot be fully predicted from the conditions experienced by the 

mother, evolution can select for maternal genotypes that produce both diapausing and non-

diapausing offspring, and modify the frequency of each phenotype regarding relevant 

environmental cues (Hopper,  1999), such as the level of competition for host resources. In 

this context, summer diapause expression induced by parasitoid mothers could be viewed as a 

type of ‗conditional diversified bet-hedging‘ strategy (sensu de Jong et al., 2011). In the light 

of the above, we hypothesize that risks may be spread both among mothers at the population 

scale (not all mothers produced diapausing offspring) and at the progeny scale (individual 

mothers induced diapause in only a part of their offspring). 

The highest female density we tested (n = 20) is likely to occur in laboratory or industrial 

mass-rearing but are less credible in field conditions. In cereal fields, Aphidius sp. 

abundances per aphid patch are relatively low, greatly vary between years (Roschewitz et al., 

2005), and high levels of direct intraspecific competition may rarely occur among solitary 

parasitoids (Vollhardt et al., 2008; Wajnberg et al., 2008). It may however occur for 

interspecific competition (e.g. host-patches exploited by different parasitoid females at the 

same time leading to high multiparasitism levels) or in other parasitoid species (e.g. 
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gregarious parasitoids). The incidence of summer diapause induced by maternal competition 

under natural conditions nevertheless remains unknown. Our results are likely to translate to 

other parasitoids, including those released in inundative biological control programs. In the 

context of biological control, improving knowledge of factors inducing diapause is also of 

great importance if we aim at improving conditions of mass-rearing (Boivin et al., 2012). 

The emergence of A. avenae and A. rhopalosiphi individuals following summer diapause 

was spread over a long period of time (up to 11 weeks after oviposition). This pattern could 

represent a form of temporal risk-spreading to avoid parasitoid overcrowding on a resource 

patch and would also be beneficial when extreme climatic events could impair parasitoid 

survival. However, summer diapause duration, maintenance and termination mechanisms 

remain to be measured in field conditions. This pattern contrasts with other aphid parasitoid 

species, such as Aphidius nigripes (Ashmead), in which spring emergence after winter 

diapause is highly synchronized and occurs within three weeks (Brodeur & McNeil, 1994). 

We also showed that development from egg to adult emergence extended to a maximum of 

83 days for parasitoids entering summer diapause. This is substantially less than winter 

diapause, which lasts for several months in overwintering aphid parasitoids from temperate 

areas (Brodeur & McNeil, 1994). These findings strengthen the idea that summer diapause 

has evolved in insects to cope with short-term deleterious conditions such as high 

competition for hosts - which are ephemeral resources - rather than predictive, long-term 

environmental fluctuations. 

Parasitoid pupae developing inside the aphid mummy are highly vulnerable to natural 

enemies and adverse climatic conditions (Brodeur & Rosenheim, 2000). The optimal 

proportion of offspring entering summer diapause might be selected to balance risks of 

competition for hosts and mortality from, disease, extreme climatic events, predation or 

hyperparasitism (which levels can be high at the end of the summer , Holler et al., 1993). 
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There are, for instance, a few examples of predator-induced diapause in arthropods 

(Slusarczyk, 1995; Kroon et al., 2008). Rausher (1986) also argued that a female butterfly‘s 

decision to induce diapause or not in a given proportion of its offspring may also depend on 

the ‗decision‘ taken by its competitors. In this regard, intra- and interspecific interactions 

between insects as well as predation and hyperparasitism levels must be considered in future 

research when studying summer diapause as a density-dependent process. However, the 

underlying ecological processes behind summer diapause induction and duration are poorly 

understood for insects from temperate regions and substantially more knowledge is needed 

concerning the multiple biotic and abiotic factors other than competition, and their 

interactions, that modulate summer diapause. 
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Fig. 1 Percentages ( ± CI 95%) of aphid mummies containing parasitoid prepupae in summer 

diapause in relation to the number of females in competition for Aphidius avenae (grey) and 

Aphidius rhopalosiphi (black). Different lower case letters (for A. avenae) and upper case 

letters (for A. rhopalosiphi) indicate significant differences between competition treatments 

(Tukey Contrasts). The total number of mummies is provided for each experimental 

condition. 



. 

Fig. 2 Distribution over time of parasitoid (Aphidius avenae and Aphidius rhopalosiphi) 

emergence at 20°C for non-diapausing (grey bars) and diapausing (open bars) offspring 

developing in Sitobion avenae. For each parasitoid species, distributions represent pooled 

offspring data from four females. Vertical dashed lines represent the mean emergence time of 

parasitoids in summer diapause. Day zero is the day of oviposition. 




