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Abstract
Few empirical studies have directly explored the association between Buchnera aphidicola

(Enterobacteriales: Enterobacteriaceae), the primary endosymbiont of aphids, and the life history 

strategies of aphid parasitoids. A series of paired-choice experiments were conducted to explore 

the preference of the parasitoid Lysiphlebus ambiguus Halliday (Hymenoptera: Aphididae) for

symbiotic and aposymbiotic Aphis fabae Scopoli (Hemiptera: Aphididae) and the suitability of 

these hosts for parasitoid development. When given a choice between symbiotic and 

aposymbiotic aphids of the same instar, the parasitoid significantly preferred symbiotic over 

aposymbiotic aphids only during the later instars (L4 and adult). The suitability of aposymbiotic 

aphids for parasitoid development was equal to that of symbiotic aphids in terms of survivorship 

and sex ratio, but was significantly lower than that of symbiotic aphids for L4 and adult instars in 

development rate and/or female adult size. When given a choice between similar-sized symbiotic 

L2 and aposymbiotic L4 aphids, the parasitoid preferred the former. No significant differences in 

preference or host suitability were demonstrated when the parasitoid was given a choice between 

different instars of aposymbiotic aphids. While parasitoid lifetime fecundity increased with aphid 

instar at the time of oviposition, there was no significant influence of previous development from 

symbiotic versus aposymbiotic aphids. These results suggest that while L. ambiguus can 

discriminate between symbiotic and aposymbiotic A. fabae during later instars and when the 

aphids are of a similar size, the primary endosymbiont is not needed for successful parasitoid 

development; and its absence only compromises parasitoid growth reared from later instar 

aposymbiotic host.
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Introduction

Symbiosis in aphids (Sternorrhyncha: 

Aphidoidea) has been extensively studied 

(Douglas 1998; Ferrari et al. 2004; Moran et 

al. 2005; Chandler et al. 2008). The majority 

of obligate aphid symbionts are bacteria, the

primary obligate -proteobacterium Buchnera

aphidicola (Enterobacteriales: Enterobacteria-

ceae), located in specialized cells called 

mycetocytes or bacteriocytes that are loosely 

aggregated through the abdominal 

haemolymph (see Douglas 1998 for a full 

review). Many aphids also have a variety of 

secondary bacterial symbionts that are either 

associated with the bacteriocytes of Buchnera

or found in the haemolymph (Moran et al. 

2005). The impact of the loss of the primary 

symbiont has also been well–documented in 

aphids (Wilkinson 1998). For example, 

bacteria-free or aposymbiotic pea aphids 

Acyrthosiphon pisum, produced by mild 

antibiotic therapy, have a reduced growth rate, 

attain a lower adult size, and are 

reproductively sterile (Sasaki et al. 1991; 

Douglas 1992). The principal conclusion from 

research on nutritional interactions in the 

aphid-Buchnera symbiosis is that the bacteria 

provide aphids with essential amino acids 

(Douglas 1998; Gunduz and Douglas 2009). 

However, not only does the number of 

primary bacteriocytes vary with temperature 

(Ohtaka and Ishikawa 1991; Li and Li 2006; 

Chen et al. 2009) and aphid development 

(Lamb and Hinde 1967; Douglas and Dixon 

1987; Li and Li 2006; Bermingham et al. 

2009), but also the function of the primary 

symbionts can be influenced by host plant 

(Wilkinson et al. 2001) and heat shock 

(Russell and Moran 2006; Dunbar et al. 2007).

In addition, a link between parasitoid develop-

ment and primary symbionts in aphids has 

been supported by several lines of evidence. 

Pennachio et al. (1999) found that the 

parasitoid Aphidius ervi performed poorly in 

pea aphids experimentally deprived of their 

symbiotic bacteria; Rahbé et al. (2002) 

demonstrated that essential amino acid 

synthesis by Buchnera is selectively preserved 

or promoted in parasitized aphids; and 

Cloutier and Douglas (2003) demonstrated 

that the number and biomass of bacteriocytes 

were elevated in parasitized pea aphids. It has 

also been shown that secondary symbionts of 

aphids can be strongly associated with 

resistance to aphidiine parasitoids (Ferrari et 

al. 2004; Oliver et al. 2005). For pea aphids, a 

toxin-encoding bacteriophage that is 

associated with the secondary symbiont 

Hamiltonella defensa appears to be the 

mechanism for resistance to A. ervi (Oliver et 

al. 2009).
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In a previous study a decline was observed in 

female proportions at emergence of offspring 

adults of Lysiphlebus ambiguus Halliday

(Hymenoptera: Aphididae) in relation to host 

instar at the time of oviposition for cohorts of 

Aphis fabae Scopoli (Hemiptera: Aphididae) 

reared at high temperatures (Xu et al. 2008). It 

was suggested that differential mortality might 

have caused the decline in sex ratio as a result 

of disruption of the primary symbiont at high 

temperature. This hypothesis was derived 

from the earlier observation that aposymbiotic 

pea aphids were found to be less suitable hosts 

for the growth and development rate of 

juvenile parasitoids (Pennachio et al. 1999). 

However, studies of A. ervi by Falabella et al.

(2000) and Cloutier and Douglas (2003) 

showed that host regulation of parasitoid 

larvae can ameliorate such stress to some 

extent. The study of L. ambiguus by Chen et 

al. (2010) even suggests that parasitoid larvae 

might be able to compensate for the 

detrimental effect associated with disruption 

of primary endosymbiotc bacteria in 

aposymbiotic aphids. These studies suggest 

that host quality in aphids for parasitoid 

offspring development can be closely 

associated to endosymbiotic activity. Thus the 

realization of any deleterious impacts on 

juvenile parasitoids is contingent upon either 

the ability of female parasitoids to 

discriminate at oviposition between host 

aphids with and without normally functioning 

primary symbionts, or the ability of parasitoid 

larvae to regulate host aphids with abnormally 

functioning endosymbionts. Until now, few 

empirical studies have directly explored the 

association between the primary 

endosymbiont of aphids and host preference-

performance of aphid parasitoids. 

Here, a series of preference-performance trials

were conducted using an aphid–parasitoid

system, Aphis fabae/Lysiphlebus ambiguus, to

explore whether aphid parasitoids base their 

host choice on activity of primary 

endosymbiotic bacteria, and whether 

parasitoid larvae can compensate for the 

detrimental effect associated with disruption 

of primary endosymbiotc bacteria in 

aposymbiotic aphids.

Materials and Methods

Insect cultures

A general colony of the black bean aphid,

Aphis fabae Scopoli (Hemiptera: Aphididae) 

was maintained on potted plants of the broad 

bean, Vicia faba L. (Fabales: Fabaceae), under

long day conditions (20 ±2° C, 16:8 L:D) in 

an insectary. To obtain aposymbiotic host 

aphids, the primary symbiont in A. fabae was 

eliminated using the antibiotic rifampicin 

(MDBio Inc., www.mdbio.com.tw), adminis-

tered via plants using the method of Douglas 

(1996) and Miao et al. (2003, 2004). The roots 

of 3-week-old V. faba plants were cleaned of 

excess compost by carefully washing them in 

tap water before transferring them to conical

flasks (50 ml) with distilled water containing 

200μg/ml rifampicin. Control plants were 

treated similarly, but transferred to flasks with 

antibiotic-free distilled water. One day later, 

these plants were infested with young 

apterous adult aphids, which were allowed to 

feed and reproduce for 5 h before being 

removed from the plants. The cohorts of 

newly-produced aphid nymphs were 

maintained on both the rifampicin-treated and 

control plants for two days. All aphid nymphs 

were then removed to plants in antibiotic-free

distilled water. 

Aphids from rifampicin-treated plants are 

referred to as aposymbiotic aphids, those from 

rifampicin-free plants as symbiotic aphids. 

Using the same method, the primary 

symbionts of the cowpea aphid Aphis
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craccivora began to degrade within 48 h at 

23° C, and to breakdown within 144 h;

although treated individuals were able to 

complete their development, development 

time was increased, adult size was reduced, 

and few were able to reproduce (Miao et al. 

2004). In the current experiments, A. fabae on 

rifampicin-treated plants showed the same 

developmental response as A. craccivora, and 

the degradation of the primary symbiont was 

confirmed by dissection under light 

microscopy. As rifampicin appears to be 

selective in eliminating the primary symbiont

while secondary symbionts may not be 

affected (Koga et al. 2007), the occurrence of 

the facultative bacterium Hamiltonella

defensa was also tested. This secondary 

symbiont can mediate host resistance to 

aphidiine parasitoids (Oliver et al. 2005), and 

is known from populations of A. fabae (Moran 

et al. 2005). Following Douglas et al. (2006), 

a PCR assay was used, based on the 

diagnostic PABSF and 16SB1 primers for H.

defensa, and its occurrence was not detected

in the aphid colonies used in these

experiments.

The aphid parasitoid L. ambiguus was 

collected in November 2005 from A. fabae on 

broad beans, V. faba, in Zhenjiang city (32.0°

N and 118.7° E), Jiangsu Province, Eastern 

China. The parasitoid was reared under the 

same natural conditions in an insectary using 

A. fabae on potted (15 cm diameter) V. faba in 

wooden cages (45  45  50 cm) with sides of 

plastic 60-mesh nylon cloth. Experimental L.

ambiguus were removed from the general 

culture as aphid mummies and placed in glass 

tubes where they could mate after eclosion. L.

ambiguus were provided with a 50% honey 

solution as food, but not given access to 

aphids. Females used in the experiments were 

24 h old, naïve, and randomly chosen from the 

vials (20 ± 2° C, 16:8 L:D).

Host preference experiments

Two paired-choice trials were conducted to 

assess L. ambiguus preferences between 

symbiotic and aposymbiotic aphids with the 

control for influences of host age and body 

size, and another one was performed to 

evaluate preferences between different instars 

of aposymbiotic hosts. The ensuing L.

ambiguus progeny was also observed for 

developmental performances. In the first 

choice trial symbiotic and aposymbiotic 

aphids of the same instar (L2 to adult) were 

simultaneously exposed to parasitism, so as to 

control for the confounding effect of host 

instar. In the second paired-choice trial that

was designed to control for the effect of host 

body size, symbiotic L2 and aposymbiotic L4

aphids were chosen as pairs in consideration 

of requirements of both complete 

disappearance of the primary symbiont in 

aposymbiotic aphids and easiness of 

distinguishing each treatment. The confound-

ing effect of body size was controlled for by 

using the analysis of covariance with body 

size as a covariable. In the third experiment 

pair-wise instars of L1 to L4 aposymbiotic 

aphids were subjected to parasitism.

In each of the above experiments, 20 aphids 

from each of the paired cohorts of aphids were 

introduced into a Petri-dish (5  1.5 cm) on an 

excised bean leaf with its petiole inserted into

a small glass-vial of water to keep the leaf 

fresh. A single female wasp was then 

introduced into the Petri-dish and was 

observed continuously for a period of 3 h to 

monitor probing events, after which the 

parasitoid was removed, and the paired cohort 

aphids were separated to different Petri-dishes

where plant leaves were provided as food. The 

aphids for each treatment were distinguished 

based either on body size where symbiotic 

(larger) and aposymbiotic (smaller) of the 

same instar and different instars of
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aposymbiotic aphids were paired, or on body 

color where symbiotic L2 (pale) and 

aposymbiotic L4 (darker) aphids with similar 

body size were paired. The leaf was replaced 

when necessary and the aphids were examined 

daily for mummification. Mummies were 

collected and kept in glass tubes for 

emergence of adults. From previous 

dissections of aphids it was determined that a 

probing event that lasted for more than 30 

seconds always resulted in egg-laying and is 

referred to as an effective sting. For each 

experiment, the number of effective stings 

(from direct observation), adult emergence 

rate (number of adults produced per effective 

sting), sex ratio (proportion of female 

progeny), developmental time (from effective 

sting to adult emergence in days), and adult

female body size (hind tibia length in mm) 

were noted. Fifteen replications for each 

paired comparison were carried out, but were 

subject to slight variation owing to rare cases 

where no mummies were formed.

Survivorship of L. ambiguus on different 

instars of symbiotic and aposymbiotic 

aphids

As the number of mummies produced in the 

paired-choice preference experiments was in 

some cases small, the sample sizes might have 

been inadequate for a rigorous assessment of 

the influence of symbiotic versus 

aposymbiotic aphids on the survivorship of L.

ambiguus. Therefore an additional experiment

was conducted to estimate host suitability 

from a comparison of the number of mummies 

produced from a larger number of observed 

effective stings. A naïve mated female 

parasitoid was introduced into a gelatin 

capsule where a single aphid was exposed to 

parasitism. The aphid and parasitoid were 

observed continuously until an effective sting 

of more than 30 seconds occurred, and then 

the aphid was removed from the gelatin 

capsule and reared on a potted bean plant. A 

total of 130-155 aphids from each instar (L1

through to adult) of both symbiotic and 

aposymbiotic cohorts were tested, from which 

mummy production was estimated.

Influence of aphid symbiosis on parasitoid 

fecundity

In order to measure the performance of 

parasitoid progeny produced from both 

symbiotic and aposymbiotic aphids, their 

lifetime fecundity was estimated. Parasitoid 

progeny emerging from aphids attacked as L1-

3 were initially kept in groups in glass vials to

allow mating, and then individual females 

were introduced into Petri-dishes with a 50% 

honey solution as food. The Petri-dishes were 

provisioned with symbiotic aphids (ca. 60) of 

one particular instar (with separate 

observations for L1 to adult aphids) and

exposed to parasitism for 9 hours (09:00-

18:00). The female parasitoids were 

transferred to new Petri-dishes of aphids each 

day. Three days after exposure to the female

parasitoids the host aphids were dissected 

under a stereo microscope and the number of

hosts parasitized was noted. The experiment 

was terminated when the female parasitoids 

had died. The lifetime fecundity of each 

parasitoid female was measured as the total 

number of host aphids parasitized. The 

experiment was replicated for 10 females 

produced from both symbiotic and 

aposymbiotic hosts.

Data analysis

In consideration of the non-independence of 

the paired-choice experiments, the Wilcoxon 

paired-sample test was employed, with 

Bonferroni correction for multiple tests, to 

examine differences in number of effective 

stings, adult emergence rate, progeny sex 

ratio, development time, and adult body size 

of the L. ambiguus between symbiotic and 
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aposymbiotic host aphid cohorts exposed to 

parasitism. In analyzing L. ambiguus

preference and host suitability in the trial of 

paired-choices between symbiotic L2 and 

aposymbiotic L4 aphids, generalized linear 

models were fitted to the observation 

variables as explained by variation in 

symbiosis and body size of hosts. Sex ratio 

was defined as the proportion of females 

among the parasitoid progeny. After arcsine 

square root transformation, a two-way

ANOVA was used to analyze L. ambiguus

survivorship experiment with aphid symbiosis 

(symbiotic or aposymbiotic) and aphid instar 

(L1 to adult) as factors. Similarly after log 

transformation, a two-way ANOVA was used 

to analyze the lifetime fecundity of parasitoids 

with host rearing type (symbiotic or 

aposymbiotic) and host instar as factors. Data

analyses were performed using R statistical 

software (R Development Core Team 2007).

Results

Host preference experiments

Paired-choice between symbiotic and apo-

symbiotic aphids of the same instar. When

given a choice between two equally available 

host cohorts, a comparison of the number of 

effective stings indicates that the parasitoid 

showed a significant preference for symbiotic 

aphids over aposymbiotic aphids in the L4 and 

adult instars, but that no such preferences 

were found between paired cohorts for earlier 

instars. In the case of host suitability for 

parasitoid development, adult emergence rate 

and sex ratio did not differ significantly 

between symbiotic and aposymbiotic aphids 

for any of the instars, but development time 

was significantly longer for aposymbiotic 

aphids in the L4 and adult instars; and adult 

female size was significantly smaller for the 

aposymbiotic adult instar. This suggests that 

although sample sizes were small in some 

cases (Table 1), the primary endosymbiont did 

not affect parasitoid survivorship or sex ratio, 

but that parasitoid preference was influenced 

in those later instars where progeny 

development time and adult female body size 

were compromised in aposymbiotic aphids.

Paired-choice between symbiotic (L2) and 

aposymbiotic (L4) host aphids of the same 

body size. The generalized linear model with 

quasi-Poisson error fitted to the number of 

effective stings showed that under the control 

for host body size which was not significant, 

parasitoid launched significantly more attacks 

on symbiotic L2 than on aposymbiotic L4

aphids (effective stings: L2, 13.17 ± 2.33; L4,

8.25 ± 1.92; p < 0.05). There were no 

significant differences between symbiotic L2

and aposymbiotic L4 aphid hosts in suitability 

for parasitoid progeny, as measured by adult 

emergence rate (L2, 0.92 ± 0.12; L4, 0.93 ± 

0.12) and sex ratio (female proportion: L2,

0.93 ± 0.13; L4, 0.77 ± 0.34). 

Paired choice between instars of aposym-

biotic aphids. Among all host instar-pairs of 

aposymbiotic aphids exposed to parasitism, 

the parasitoid only showed a significant 

preference for L2 over L1 (p = 0.04) and an 

almost significant favorite for L1 over L3 (p = 

0.07), as measured by the number of effective 

stings (Table 2). There were no significant 

differences in host suitability for offspring 

development (as measured by development 

time, adult emergence rate, proportion of

females, and female body size) between 

instars in any of the paired-choices examined 

(Table 2).

Survivorship of L. ambiguus on symbiotic 

and aposymbiotic aphids

The mummification rate, representing the 

survivorship of parasitoid juveniles from 

oviposition to host mummification, differed

significantly among host instars (Table 3, two-
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Figure 1. The mean lifetime fecundity (± SE) as measured by number 
of mummies formed of Lysiphlebus ambiguus, reared from either 
symbiotic (black bars) or aposymbiotic (white bars) Aphis fabae, in 
relation to aphid instar at the time of oviposition, where a parasitoid 
had access to 60 aphids for 9 h per day until end of reproduction. High 
quality figures are available online

way ANOVA, F4,50 = 8.83, p < 0.001) and 

symbiosis types (F1,50 = 16.42, p < 0.001), 

although there was also a significant 

interaction (F4,50 = 3.49, p = 0.007). The 

interaction resulted from different patterns of 

survivorship with respect to instar for 

symbiotic versus aposymbiotic aphids; the 

pattern for the former being a general decline 

from L1 to adult with the exception of L2

which was lower than might be expected, 

while the pattern for the latter peaked at L3

with a decline for both earlier and later instars 

(Table 3). Within each instar, survivorship 

between symbiotic and aposymbiotic aphids 

did not differ for L2, L3 and adult aphids, but 

was significantly lower for aposymbiotic 

aphids for L1 and L4.

Influence of aphid symbiosis on parasitoid 

fecundity

The lifetime fecundity of parasitoid progeny 

reared from either symbiotic or aposymbiotic 

aphids was estimated for females in relation to 

host instars of symbiotic aphids for 

parasitization (Figure 1). The two-way

ANOVA did not show a significant 

interaction between host instars at the time of 

oviposition and symbiosis of rearing hosts 

(two-way ANOVA, F4,50 = 0.57, p = 0.69), 

but indicated a significant influence of host 

instars (F4,50 = 19.07, P < 0.001) and 

symbiosis of rearing hosts (F1,50 = 4.36, p = 

0.04). The lifetime fecundity of offspring 

parsitoids showed a steady increase in relation 

to host instars available from L1 to L4, with 

that for adult hosts equivalent to L4 hosts.

Discussion

Numerous studies have demonstrated that the 

obligate bacterial endosymbiont, Buchnera

aphidicola, provides aphids with essential 

amino acids (Douglas 1998; Chandler et al. 

2008; Gunduz and Douglas 2009). It has also 

been shown for A. pisum that the growth and 

development of A. ervi larvae is closely linked 

to the activity of the primary endosymbiont 

(Pennachio et al. 1999; Rahbé et al. 2002; 

Cloutier and Douglas 2003) and to the 

presence of any detrimental secondary

endosymbionts (Ferrari et al. 2004; Oliver et 

al. 2005). Thus, it is generally assumed that 

the reproductive success of female aphidiine 

parasitoids is dependent on their ability to 

accurately assess the suitability of a host for 

larval development at the time of oviposition. 

For an idiobiont parasitoid that stops any 

further host development at the time of 

oviposition, the decision to parasitize a host 

should be based on whether the quality and 

quantity of the nutrients available outweigh 

the costs in terms of time and energy (Rivero 

2000). In contrast, for most koinobiont 

parasitoids the potential to assess host 

suitability is limited by the unpredictability of 

future host growth and survivorship following 

oviposition (Harvey 2005). However, 

although they are koinobionts, aphidiine 

parasitoids appear to use an intermediate 

development strategy in that, as for idiobiont 

parasitoids, both sex allocation and final adult 
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size are strongly influenced by host size at 

oviposition (Mackauer et al. 1997; Li and 

Mills 2004; Cao and Li 2007; Xu et al. 2008).

For aphidiine parasitoids, such as L.

ambiguus, to be able to detect, assess, and 

respond to host quality at oviposition they 

must employ cues associated with nutritional 

status that are not found in the hosts of other 

koinobiont parasitoids. Aphids differ from 

other phytophagous hosts in the prominent 

role played by symbiotic bacteria, and if these 

bacteria provide cues that can be used in the 

assessment of host quality it is expected that 

symbiotic aphids would be subjected to a 

greater number of effective stings than their 

aposymbiotic counterparts. Our study 

provides some support for this expectation. In 

two of the dual-choice experiments, in which 

either host instar or host body size were 

controlled, L. ambiguus showed a clear 

preference for symbiotic compared to 

aposymbiotic aphids, as measured by the 

number of effective stings. That this 

preference was exhibited only at the later 

stages of aphid development (L4 and adult) 

suggests that disruption of the primary 

endosymbiont through the rifampicin 

treatment did not cause sufficient change 

during the early aphid instars for the 

parasitoid to find a detectable difference 

between symbiotic and aposymbiotic aphids.

Where both preference and performance of 

parasitoids have been measured, there has 

generally been good concordance (e.g. Ode et 

al. 2005). In our study, when L. ambiguus did 

show a preference between symbiotic and 

aposymbiotic hosts in the dual choice 

experiments, although there were no 

significant differences in mummy production, 

adult emergence rate or progeny sex ratio 

(Table 1, 2) were significant reductions in 

either development rate and/or adult female 

size of the progeny (Table 1). The reduction in 

performance observed for L. ambiguus in late

instar aposymbiotic A. fabae was much less 

than the 50% reduction in adult size found by 

Pennachio et al. (1999) for A. ervi developing 

in aposymbiotic A. pisum and by Miao et al. 

(2004) for Lysiphlebus japonicus developing 

on aposymbiotic A. craccivora. Nonetheless, 

there was some evidence from L. ambiguus of 

a linkage between preference and performance 

in relation to the symbiont status of their A.

fabae hosts, and this linkage appears to be 

mediated through the growth rather than 

survivorship of the parasitoid progeny, as

found by Miao et al. (2004). Such linkages do 

not always occur for insect parasitoids, with 

exceptional circumstances including threat of 

hyperparasitism (Ayal and Green 1993), host 

defense (Gerling et al. 1990), parasitoid 

learning (Wardle and Borden 1991), 

physiological constraints on egg production or 

oviposition (Rivero 2000), and host transfer 

(Henry et al. 2005).

It is perhaps surprising that parasitoid progeny 

survivorship was not significantly impacted 

by disruption of the primary endosymbiont in 

aposymbiotic aphids receiving the antibiotic 

treatment, as both the number and biomass of 

bacteriocytes (Cloutier and Douglas 2003) and 

the level of amino acid synthesis (Rahbé et al. 

2002) increase in response to parasitism in 

normal symbiotic aphids. However, success of 

parasitism is not only dependent on amino 

acid production by the primary endosymbiont, 

but also on the activity of parasitoid-derived

teratocytes in incorporating the amino acids 

into proteins (Pennachio et al. 1999; Rahbé et 

al. 2002). Thus there is potential for variation 

in the influence of aposymbiosis in aphids on 

success of parasitism due to the unknown 

quantitative contribution of the primary 

symbiont to aphid success (Brinza et al. 

2009), and the poorly understood interaction 

of the primary symbiont and parasitoid 
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teratocytes (Cloutier and Douglas 2003). It is 

also possible that secondary endosymbionts 

(other than H. defensa, which was not found 

in PCR assays) may have been present in the 

aposymbiotic aphids used in this study and 

could have played a role in compensating for 

the loss of the primary endosymbiont (Koga et 

al. 2003).

In addition, the absence of a significant 

difference in secondary sex ratio between 

symbiotic and aposymbiotic aphids (Table 1) 

suggests that there was neither a response in 

the sex ratio allocation by female L.

ambiguus, nor any evidence for differential 

survivorship of the two sexes during 

development. Thus it seems unlikely that the 

decline in secondary sex ratio that was

observed for symbiotic A. fabae reared at high 

temperatures in previous studies (Li and Mills 

2005; Xu et al. 2008) would have been caused 

by heat-induced disruption of primary 

endosymbiont activity. While both 

aposymbiosis and heat stress lead to a 

reduction in aphid growth and heat stress 

reduced primary symbiont activity in A.

craccivora (Chen et al. 2009), heat stress may 

also have a greater impact on host suitability 

for parasitoid development, as (unlike

aposymbiosis) heat-stressed aphids continue 

to be reproductive. Thus our earlier 

observation of a reduction in the secondary 

sex ratio of L. ambiguus in aphids reared at 

high temperatures may have resulted from a 

reduction in host nutritional quality due to 

continued aphid reproduction rather than 

disruption of the activity of the primary 

endosymbiont.

The lifetime fecundity of similar-sized

parasitoid progeny reared from both symbiotic 

and aposymbiotic aphids was equivalent 

irrespective of the aphid instar supplied 

(Figure 1). This further indicates that 

disruption of the primary endosymbiont 

through antibiotic treatment did not 

compromise the reproductive capacity of L.

ambiguus reared from early instar 

aposymbiotic hosts. In contrast, Miao et al. 

(2004) found that the lifetime fecundity of L.

japonicus was significantly reduced for 

females that had completed their development 

in aposymbiotic A. craccivora, although this 

was mediated through a reduction in adult 

female parasitoid size.

Thus, overall, it appears that parasitism of A.

fabae by L. ambiguus is less dependent on the 

activity of the primary endosymbiont than is 

the case for A. ervi in A. pisum (Penacchio et 

al. 1999; Cloutier and Douglas 2003) and L.

japonicus in A. craccivora. Further analysis of 

a broader range of aphid-parasitoid systems 

will be needed to clarify the extent to which 

the primary endosymbiont contributes to the 

success of parasitism in aphids.

Acknowledgements
We thank Ge Zhao-yu and Wang Cai-yun for 

help in field collection of the aphid parasitoid, 

and Yang De-song for review of earlier 

versions of the manuscript. This study was 

supported by the Natural Science Fund of 

China (NSFC, 30370237, 30871670).

References

Ayal Y, Green R. 1993. Optimal egg 

distribution among host patches for 

parasitoids subject to attack by 

hyperparasitoids. American Naturalist 141: 

120–138.

Bermingham J, Rabatel A, Calevro F, 

Vinuelas J, Febvay G, Charles H, Douglas A,

Wilkinson T. 2009. Impact of host 

developmental age on the transcriptome of the 

symbiotic bacterium Buchnera aphidicola in 

the pea aphid (Acyrthosiphon pisum). Applied

Environmental Microbiology 75: 7294-7297.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 26 Dec 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Insect Science: Vol. 11 | Article 81 Cheng et al.

Journal of Insect Science | www.insectscience.org 10

Brinza L, Vinuelas J, Cottret L, Calevro F,

Rahbe Y, Febvay G, Duport G, Colella S,

Rabatel A, Gautier C, Fayard JM, Sagot MF,

Charles H. 2009. Systemic analysis of the 

symbiotic function of Buchnera aphidicola,

the primary endosymbiont of the pea aphid

Acyrthosiphon pisum. Comptes Rendus 

Biologies 332: 1034-1049.

Cao L, Li B. 2006. Effects of Aphis fabae

instars on Lysiphlebus ambiguus parasitism 

and its progeny fitness. Chinese Journal of 

Ecology 25: 1380-1383.

Chandler SM, Wilkinson TL, Douglas AE. 

2008. Impact of plant nutrients on the 

relationship between a herbivorous insect and 

its symbiotic bacteria. Proceedings of the 

Royal Society of London B 275: 565-570.

Chen CY, Lai CY, Kuo MH. 2009. 

Temperature effect on the growth of 

Buchnera endosymbiont in Aphis craccivora

(Hemiptera: Aphididae). Symbiosis 49: 53-59.

Chen R-X, Meng L, LI B. 2010. Effects of 

Aposymbiotic and Symbiotic Aphids on 

Parasitoid Progeny Development and Adult 

Oviposition Behavior Within Aphid Instars. 

Environmental Entomology 39: 389-395.

Cloutier C, Douglas AE. 2003 Impact of a 

parasitoid on the bacterial symbiosis of its 

aphid host. Entomologia Experimentalis et

Applicata 109: 13-19.

Douglas AE, Dixon AFG. 1987. The 

mycetocyte symbiosis in aphids: variation 

with age and morph in virginoparae of 

Megoura viciae and Acyrthosiphon pisum.

Journal of Insect Physiology 33: 109-1131.

Douglas AE. 1992. Requirement of pea aphids 

(Acyrthosiphon pisum) for their symbiotic 

bacteria. Entomologia Experimentalis et

Applicata 65: 195-198.

Douglas AE. 1996. Reproductive failure and 

the free amino acid pools in pea aphids 

(Acyrthosiphon pisum) lacking symbiotic 

bacteria. Journal of Insect Physiology 42: 

247-255.

Douglas AE. 1998. Nutritional interactions in 

insect microbial symbioses: Aphids and their 

symbiotic bacteria Buchnera. Annual Review 

of Entomology 43: 17-37.

Douglas AE, Francois CLMJ, Minto LB. 

2006. Facultative ‘secondary’ bacterial 

symbionts and the nutrition of the pea aphid, 

Acyrthosiphon pisum. Physiological

Entomology 31: 262-269.

Dunbar HE, Wilson ACC, Ferguson NR, 

Moran NA. 2007. Aphid thermal tolerance is 

governed by a point mutation in bacterial 

symbionts. PLoS Biology 5:1006-1015.

Falabella P, Tremblay E, Pennachio F. 2000. 

Host regulation by the aphid parasitoid 

Aphidius ervi. Entomologia Experimentalis et

Applicata 97: 1-9.

Ferrari J, Darby AC, Daniell TJ, Godfray 

HCJ, Douglas AE. 2004. Linking the bacterial 

community in pea aphids with host-plant use 

and natural enemy resistance. Ecological

Entomology 29: 60-65.

Gerling D, Roitberg BD, Mackauer M. 1990. 

Instar-specific defense of the pea aphid, 

Acyrthosiphon pisum: influence on 

oviposition success of the parasite Aphelinus

asychis (Hymenoptera: Aphelinidae). Journal

of Insect Behavior 3: 501–514.

Gunduz EA, Douglas AE. 2009. Symbiotic 

bacteria enable insect to use a nutritionally 

inadequate diet. Proceedings of the Royal

Society of London B 276: 987-991.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 26 Dec 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Insect Science: Vol. 11 | Article 81 Cheng et al.

Journal of Insect Science | www.insectscience.org 11

Harvey J. 2005. Factors affecting the 

evolution of development strategies in 

parasitoid wasps: the importance of functional 

constraints and incorporating complexity. 

Entomologia Experimentalis et Applicata 117:

1-13.

Henry LM, Gillespie DR, Roitberg BD. 2005. 

Does mother really know best? Oviposition 

preference reduces reproductive performance 

in the generalist parasitoid Aphidius ervi.

Entomologia Experimentalis et Applicata 116: 

167-174.

Koga R, Tsuchida T, Fukatsu T. 2003. 

Changing partners in an obligate symbiosis: a 

facultative endosymbiont can compensate for 

loss of the essential endosymbiont Buchnera

in an aphid. Proceedings of the Royal Society 

of London B 270: 2543–2550.

Koga R, Tsuchida T, Sakurai M, Fukatsu T.

2007. Selective elimination of aphid 

endosymbionts: effects of antibiotic dose and 

host genotype, and fitness consequences. 

FEMS Microbiology and Ecology 60: 229-

239.

Lamb KP, Hinde R. 1967. Structure and 

development of the mycetome in the cabbage 

aphid Brevicoryne brassicae. Journal of 

Invertebrate Pathology 9: 3-111.

Li B, Mills N. 2004. The influence of 

temperature on size as an indicator of host 

quality for the development of a solitary 

koinobiont parasitoid. Entomologia

Experimentalis et Applicata 110: 249-256.

Li X, Li B. 2006. Effect of temperature on the 

abundance of mycetocytes in Aphis fabae

Scopoli (Aphididae, Homoptera) and body 

size of their hosts. Acta Entomologica Sinica

49: 428-432.

Miao X, Gan M, Ding D. 2003. The role of 

bacterial symbionts in amino acid composition 

of black bean aphids. Entomologica Sinica 10: 

167-171.

Miao X, Huang Y, Zhu X, Ding D. 2004. A 

comparative study on development and 

reproduction of the parasitoid Lysiphlebus

japonicus (Hymenoptera: Aphidiidae) in 

symbiotic and aposymbiotic host aphids. 

Applied Entomology and Zoology 39: 243-

248.

Moran NA, Russell JA, Koga R, Fukatsu T. 

2005. Evolutionary relationships of three new 

Enterobacteriaceae living as symbionts of 

aphids and other insects. Applied

Environmental Microbiology 71: 3302-3310.

Ode PJ, Hopper KR, Coll M. 2005. 

Oviposition vs. progeny fitness in Aphidius

colemani parasitizing different aphid species. 

Entomologia Experimentalis et Applicata 115: 

303-310.

Ohtaka C, Ishikawa H. 1991. Effects of heat 

treatment on the symbiotic system of an aphid 

mycetocyte. Symbiosis 11: 19-30.

Oliver KM, Moran NA, Hunter MS. 2005. 

Variation in resistance to parasitism in aphids 

is due to symbionts not host genotype. 

Proceedings of National Academy of Science

USA 102: 12795-12800.

Oliver KM, Degnan PH, Hunter MS, Moran 

NA. 2009. Bacteriophages encode factors 

required for protection in a symbiotic 

mutualism. Science 325: 992-994.

Pennacchio F, Fanti P, Falabella P, Digilio 

MC, Bisaccia F, Tremblay E. 1999. 

Development and nutrition of the braconid 

wasp, Aphidius ervi in aposymbiotic host 

aphids. Archives of Insect Biochemistry and 

Physiology 40: 53-63.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 26 Dec 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Insect Science: Vol. 11 | Article 81 Cheng et al.

Journal of Insect Science | www.insectscience.org 12

R Development Core Team. 2007. R: A

language and environment for statistical 

computing. R: Foundation for Statistical 

Computing, Vienna, Austria. ISBN 3-900051-

07-0. Available online, http://www.R-

project.org.

Rahbé Y, Digilio MC, Febvay G, Guillaud J, 

Fanti P, Pennacchio F. 2002. Metabolic and 

symbiotic interactions in amino acid pools of 

the pea aphid, Acyrthosiphon pisum,

parasitized by the braconid Aphidius ervi.

Journal of Insect Physiology 48: 507-516.

Rivero A. 2000. The relationship between 

host selection behaviour and progeny fitness 

in a koinobiont parasitoid. Ecological

Entomology 25: 467- 472.

Russell JA, Moran NA. 2006. Costs and 

benefits of symbiont infection in aphids: 

variation among symbionts and across 

temperatures. Proceedings of the Royal 

Society of London B 273: 603–610.

Sasaki T, Hayashi H, Ishikawa H. 1991. 

Growth and reproduction of the symbiotic and 

aposymbiotic pea aphids, Acyrthosiphon

pisum. Journal of Insect Physiology 41: 41-

46.

Wardle AR, Borden JH. 1991. Effect of prior 

experience in the response of Exeristes

roborator (Hymenoptera, Ichneumonidae) to a 

natural host and microhabitat in a seminatural 

environment. Environmental Entomology 20: 

889-898.

Wilkinson TL. 1998. The elimination of 

intracellular microorganisms from insects: an 

analysis of antibiotic-treatment in the pea 

aphid (Acyrthosiphon pisum). Comprehensive

Biochemistry and Physiology A 119: 871-881.

Xu QH, Li B. 2007. Parasitism and fitness-

related performances of Lysiphlebus ambiguus

Haliday (Hymenoptera: Braconidae) in 

different instars of the host Aphis fabae reared 

at high temperature. Acta Entomologica

Sinica 50: 488-493.

Xu QH, Meng L, Li B, Mills N. 2008. 

Influence of host-size variation on the 

development of a koinobiont aphid parasitoid, 

Lysiphlebus ambiguus Haliday (Braconidae, 

Hymenoptera). Bulletin of Entomological 

Research 98: 389-39.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Insect-Science on 26 Dec 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Journal of Insect Science: Vol. 11 | Article 81 Cheng et al.

Journal of Insect Science | www.insectscience.org 13

Table 1. Mean (± SE) parasitoid preference (number of effective stings) of Lysiphlebus ambiguus and host suitability for parasitoid 
development when given a choice between symbiotic and aposymbiotic Aphis fabae of the same instar in paired-choice experiments.

1Stings that lasted more than 30 sec. within 3 hours
2Proportion of adults emerged among effective stings
3Female proportion among parasitoid progeny
4Time from the effective sting to emergence of adult wasps
5Hind tibia length (mm) of adult female wasps
* indicates a significant difference between symbiotic and aposymbiotic aphids of the same instar (p < 0.05,Wilcoxon paired-sample 
test with Bonferroni correction).

Table 2. Mean (± SE) parasitoid preference (number of effective stings) of Lysiphlebus ambiguus and host suitability for parasitoid 
development when given a choice between different instars of aposymbiotic Aphis fabae in paired-choice experiments.

See Table 1 for explanation of observation variables.
* indicates a significant difference between instars of aposymbiotic aphids (p < 0.05, Wilcoxon paired-sample test with Bonferroni 
correction).
# indicates an almost significant difference between instars of aposymbiotic aphids (p = 0.07, Wilcoxon paired-sample test with Bonferroni 
correction).

Table 3. Host suitability for development of offspring parasitoids of different instars of symbiotic and aposymbiotic aphids at the time 
of oviposition as shown by effective stings and mummies formed.

1Effective stings were stings lasting more than 30 sec.
2Number of mummies formed from effective stings.
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