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Abstract The degree of parasitisation, host feeding,

developmental time, adult emergence and female sex

ratio of the parasitoid Aphelinus abdominalis were

evaluated when different host stages of N. ribisnigri

(1st, 2nd, 3rd, alatoid 4th instar or newly moulted

apterous adult) were offered as hosts under no-choice

conditions in the laboratory at 22 �C, 70 % RH and

16:8 L:D. In addition, the parasitoid preference

between 2nd and alatoid 4th instar was examined. In

the no-choice experiments, the highest degree of

successful parasitisation (leading to mummy forma-

tion) (41–56 %) was observed when young and

intermediate stages of the lettuce aphid were exposed

for parasitism compared with older developmental

stages. This pattern was supported in the choice

experiment where significantly more 2nd instar lettuce

aphids were parasitised than alatoid 4th instars, with

Manly’s preference index (mean ± SE) for the former

stage being 0.79 ± 0.03. Incomplete parasitisation

was recorded highest in 1st instar (mean ± SE:

29.95 % ± 4.71), with much lower values (1–8 %)

attained in the 2nd, 3rd, alatoid 4th instar and apterous

adult with no significant differences. Host feeding was

low (2–4 %) and only recorded in 1st and 2nd instars.

The mean development time of A. abdominalis from

egg to adult emergence was longest for 1st instar

(19.03 ± 0.12 days) and the shortest for apterous

adults (16.59 ± 0.29 days). A high percentage of

adult emergence ([80 %) from mummified aphids as

well as a strongly female-biased sex ratio ([78 %)

were found across all host stages of the lettuce aphid.
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Introduction

The lettuce aphid, Nasonovia ribisnigri (Mosley)

(Hemiptera: Aphididae), is an important oligophagous

pest of lettuce. The aphid species is believed to have

originated from the temperate regions of Europe and

has now spread to most lettuce growing areas of the

world (Blackman and Eastop 1984, 2000). N. ribis-

nigri feeds mainly inside lettuce hearts and heads

(Mackenzie and Vernon 1988), and due to this cryptic

behaviour, frequent application of insecticides has led

to development of resistance against most insecticides

available on the market today (Rufingier et al. 1997;

Barber et al. 1999). Hence, without having reliable

chemical methods for the control of N. ribisnigri, this

pest may pose a serious threat to the future worldwide

lettuce production.
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Among lettuce growers biological control as an

alternative or supplement to chemical control of N.

ribisnigri has attracted increased interest within the

last ten years. Recent studies have demonstrated that

several species of predators (Hopper et al. 2011;

Shrestha and Enkegaard 2013), hymenopteran para-

sitoids (Nebreda et al. 2005; Shrestha et al. 2014) and

fungal entomopathogens (Fournier and Brodeur 2000;

Åsman 2007) have the potential either individually or

as a part of an integrated solution to control this aphid

species. Aphid parasitoids are especially regarded as

effective and reliable biocontrol agents due to their

generally high population growth rates and their

ability to respond in a density dependent manner to

increasing aphid densities (Hofsvang 1990; van

Steenis 1995). Recently, five commercially available

parasitoid species have been evaluated for their

potential against the lettuce aphid, revealing Apheli-

nus abdominalis (Dalman) (Hymenoptera: Aphelin-

idae) as the most promising candidate (Shrestha et al.

2014).

A. abdominalis is a koinobiont endoparasitoid, i.e.

it allows the host to continue development for a

certain period of time after being parasitised. Thus,

before depositing an egg inside a host, the female

parasitoid has to consider the chance of successful

development of her progeny against the risk of

failure as host quality and host immune defence

mechanisms may change in the course of parasitoid

development (Sequeira and Mackauer 1992; Walker

and Hoy 2003; Henry et al. 2005). Furthermore, host

selection by a female parasitoid depends on host

physiology (cuticular thickness) and host defensive

behaviour (kicking, jerking, drop-off and walking

away), which may differ from one host stage to

another (Hagvar and Hofsvang 1991). Consequently,

aphid parasitoids often show preference to certain

host instars with the preference being reported to be

both host and parasitoid species specific (e.g. Walker

and Hoy 2003; Perdikis et al. 2004; Wyckhuys et al.

2008). Through their mechanism of host selection

parasitoids can further influence the timing of their

own life history events as for example developmen-

tal time (Mueller et al. 1992; Harvey 2005; Colinet

et al. 2005), adult emergence (Walker and Hoy

2003) or sex ratio (Mueller et al. 1992; Honek et al.

1998) may be influenced by the host stage

parasitised. It is therefore important to determine

which aphid host stage is most effectively

parasitised prior to undertaking large-scale releases

of parasitoids under field or glasshouse conditions.

No information is available on the influence of N.

ribisnigri developmental stages on the preference

and life history traits of A. abdominalis.

This study examined the level of parasitism by A.

abdominalis on different developmental stages of N.

ribisnigri under no-choice and choice conditions. In

addition, the parasitoid fitness on N. ribisnigri instars

was examined by measuring key life history traits such

as development time, adult emergence rates and sex

ratio.

Materials and methods

Plant and insects

Iceberg lettuce (Lactuca sativa L., cv. Mirette) plants

were grown in 9 cm plastic pots filled with peat soil,

perlite and vermiculite (mixed at 90:8:2) with a pH of

6–7. The pots were placed in insect-proof net-covered

cages (68 9 75 9 82 cm) in a climate-controlled

glasshouse compartment at 20 �C, 70 % RH and

16:8 L:D. Plants with three to four unfolded leaves

were used for the experiments.

The lettuce aphid N. ribisnigri (clone-4580a),

originally supplied by Dr. Gemma Hough (Warwick

Crop Centre, University of Warwick, UK), was reared

on Iceberg lettuce plants in similar cages and under

similar conditions as described above. The parasitoid

A. abdominalis was supplied as mummies by EWH

BioProduction, Tappernøje, Denmark, and placed in

climate cabinets at 22 �C, 70 % RH and 16:8 L:D in

plastic Petri dishes (diameter: 15 cm). Mummies were

checked daily for adult emergence. Four-day-old

female parasitoids were used for experimentation as

fecundity is low in the first few days after emergence

(Jarošik et al. 1996). Females of standardised age were

obtained by transferring (by aspirator) cohorts of

adults emerging on the same day to new Petri dishes

with a piece of cotton pad soaked with a solution of

10 % of honey water were left for two days at the

same laboratory conditions as above. On the third day,

adults were sexed under a stereomicroscope and

females and males subsequently transferred pairwise

by aspirator to a new Petri dish (diameter: 5 cm) and

left for mating for 24 h prior to use in experiments on

the following day.
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Aphid cohorts

To obtain aphids of the same stage, unwinged and

winged adults of lettuce aphids were transferred onto

uninfested Iceberg lettuce plants using a fine camel

hair brush and maintained in similar cages and at

similar conditions as above. After 24 h, the 1st instar

nymphs produced were either used directly for the

experiments or transferred onto uninfested plants and

maintained for another three, five and eight days for

production of 2nd, 3rd and 4th instar nymphs with

wing buds (alatoid 4th instar), respectively (Diaz and

Fereres 2005). Eight days after birth, some a propor-

tion of the 4th instar nymphs had moulted into

apterous adults. These unwinged adults were used

for experiments as well.

No-choice tests

The no-choice experiments were performed to deter-

mine the parasitisation rates and fitness of A. ab-

dominalis on each of the developmental stages of N.

ribisnigri by measuring total parasitism as well as a set

of life history traits (development time, parasitoid

emergence rate and sex ratio). The experiment was

carried out in vented Petri dishes (diameter: 9 cm)

lined with moist filter paper. A circular lettuce leaf disc

(diameter: 5 cm) was placed at the bottom of each dish.

Twenty aphids, either of 1st, 2nd, 3rd, alatoid 4th instar

nymphs or newly moulted unwinged adults, were

transferred to each lettuce dish using a fine camel hair

brush. Aphids were allowed to settle on the leaf disc for

1 h before the introduction of a female parasitoid.

One mated female parasitoid (four days old) was

released into each Petri dish arena containing 20

lettuce aphids and left for a 24 h parasitisation

period in a climate cabinet at 22 �C, 70 % RH and

16:8 L:D. The female parasitoid was subsequently

removed by aspirator and the number of dead and

live aphids in each dish was counted under a

stereomicroscope. The numbers of aphids dying due

to host feeding by A. abdominalis were determined

based on their shrunken appearance (Rohne 2002;

Tatsumi and Takada 2005). Live aphids from the

leaf discs were then divided equally between two

uninfested leaves. The petiole of each leaf was

wrapped with moist cotton and inserted into a 1.5 ml

Eppendorf tube containing demineralised water to

avoid leaf degradation. Each leaf was placed in a

new vented Petri dish (diameter: 15 cm) lined with

moist filter paper and incubated in a climate cabinet

at similar conditions as described above. After

4–5 days, the filter paper was replaced and a new

fresh leaf was placed in the vicinity of the old leaf

to allow the aphids to translocate themselves.

Generally lettuce leaves remained fresh for at least

six days using this setup.

Aphids were checked at 2–3 days intervals for

nine days for recording of aphids dying without

mummification. Subsequently the aphids were

checked daily for additional five days for appearance

of mummies. The aphid mummies that formed in

each dish were gently collected using a fine camel

hair brush and transferred individually into small

transparent medicine cups (15 mm) with screened

lids. Emergence of adult parasitoids was checked

daily and emerged parasitoids sexed under a stere-

omicroscope. For each of the five treatments, 10–15

Petri dishes (replicates) were set up with a total of

60 female parasitoids tested in the experiment.

Dishes in which any nymphs had been produced

or in which the parasitoid had died during parasiti-

sation were discarded. For the controls, the numbers

of replicates were five for each host stage and the

same procedure was followed without the addition

of parasitoids. Petri dishes were placed in a com-

pletely randomised design in the climate cabinet.

Choice test

To examine whether A. abdominalis has a preference

for either early or late instars of N. ribisnigri, 2nd and

alatoid 4th instars were chosen for the study. The

experimental procedures and experimental conditions

were similar to the ones described above except that

2nd instar (n = 25) and alatoid 4th instar (n = 25)

nymphs of N. ribisnigri were offered simultaneously

on the same leaf disc. Second instar nymphs were

introduced first and allowed to settle for 15 min in the

Petri dish prior to the release of the alatoid 4th instar

nymphs. Earlier instars of lettuce aphids were easy to

handle and settled quickly compared to later aphid

instars (G. Shrestha, pers. obs.). Alatoid 4th instar

nymphs are easily distinguished under a stereomicro-

scope by their size and by having wing buds. The

number of replicates for treatment was 15 and the

controls (replicates = 5) were performed in absence

of any parasitoids.
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Statistical analysis

The aphid mortalities inflicted by parasitisation were

grouped into three categories: successful parasitisa-

tion, incomplete parasitisation and total parasitisation.

The unit of replication for the parasitisation data was

the Petri dish. The percentage of successful parasitism

of the different aphid stages was calculated as percent

mummified aphids out of the total number of exposed

aphids minus host fed aphids, incomplete parasitism as

percent dead aphids (corrected for control mortality)

without signs of mummification out of the total

number of exposed aphids minus host fed aphids,

total parasitism as successful parasitism ? incom-

plete parasitism, female sex ratio as percent females

and adult parasitoid emergence as percent of para-

sitoids emerging from mummified aphids. Dead

aphids recorded in the incomplete parasitisation group

(Colinet et al. 2005) were corrected for control

mortality (Abbott 1925) prior to calculation and

statistical analysis.

One-way analysis of variance (ANOVA) was

performed to test for the effect of host stage on the

percentage of successful parasitism, incomplete para-

sitism and total parasitism in the no-choice ex-

periments and for any differences in successful

parasitism or incomplete parasitism when two host

stages were offered simultaneously in the choice

experiment. A normal quantile–quantile plot was

performed to confirm normality of data and equality

of the variance. A transformation (angular) was

required on the percentages to achieve normal distri-

bution prior to statistical tests. Tukey contrast pairwise

multiple comparisons were used to test for significant

differences in means (Hothorn et al. 2008). To test for

significant differences in development times from egg

to mummy formation, from mummy to adult emer-

gence and for total development, separate one-way

analyses of variance were performed. No transforma-

tion of development data was required.

The sex ratio and adult emergence data were found

to be non-normally distributed even after the angular

transformation, and the non-parametric one-way

ANOVA (Kruskal–Wallis test), was therefore used

to test for differences. A Mann–Whitney U-test was

used as a post-hoc test for multiple comparisons

between the means followed by a Bonferroni correc-

tion to adjust the probability (a = 0.01). The unit of

replication for development, sex ratio and adult

emergence data was the Petri dish. The preference of

A. abdominalis for a given host stage (2nd or alatoid

4th instar) was evaluated using Manly’s preference

index (Manly 1974):

b1 ¼
log e1 þ0:001

A1

� �

log e1þ0:001

A1

� �
þ log e2þ0:001

A2

� �

where b1 is the preference index attaining values

between 0 and 1. A b1 value larger than 0.5 indicates a

preference for 2nd instar aphids and below 0.5

indicates a preference for alatoid 4th instar aphids.

A1 and A2 are the number of available 2nd instar and

alatoid 4th instar aphids, respectively, and e1 and e2

denote the number of mummified 2nd and alatoid 4th

instar aphids. The preference index was tested for

significance (i.e. difference from a value of 0.5) with a

one-sample t test. The data were analysed using the

software statistical package R 2.15.1 (R Development

Core Team 2012).

Results

No-choice tests

Parasitisation and host feeding

A. abdominalis was able to successfully parasitise on

each of the five developmental stages of N. ribisnigri

(Table 1), although the percentage of parasitised

alatoid 4th instars and the newly moulted apterous

adults was significantly lower than for 1st, 2nd and 3rd

instars (df = 4, 54, F = 7.63, P\ 0.001). There was

no significant difference in the parasitisation of the

three young to intermediate stages of the lettuce aphid

(Table 1).

The percentage of incomplete parasitisation was

highest for 1st instar lettuce aphids and significantly

different from the percentages found for the four other

aphid stages (df = 4, 54, F = 10.09, P\ 0.001).

Although not significantly different, the percentage of

incomplete parasitism showed a tendency to decrease

with increasing development stage with the lowest

percentage recorded for newly moulted apterous

adults (Table 1).

The highest percentage of total parasitisation was

found when young and intermediate developmental
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stages of the lettuce aphid were exposed to A.

abdominalis (61–71 %), while the lowest level of

parasitism (9–10 %) was found in the older develop-

mental stages (df = 4, 54, F = 15.17, P\ 0.001).

Aphid mortality in the controls was less than 8 % and

non-significant across host instars (df = 4, 54,

F = 0.80, P[ 0.05). Host feeding percentage in the

no-choice experiments was found to be negligible and

only occurred in 1st (mean ± SE: 4.23 % ± 0.52)

and 2nd instar (mean ± SE: 2.33 % ± 0.67) aphids.

Development time

The development time of A. abdominalis progeny was

significantly influenced by the aphid host stage at the

time of parasitisation: egg to mummy formation

(df = 4, 54, F = 32.64, P\ 0.001), mummy to adult

emergence (df = 4, 54, F = 5.43, P\ 0.01) and total

development time from egg to adult emergence

(df = 4, 54, F = 34.93, P\ 0.001). The shortest

total development time was found in the oldest aphid

stages (alatoid 4th instars; newly moulted apterous

adults), whereas medium development times were

found in the intermediate stages (2nd and 3rd instar)

and the longest in the youngest stage (Table 2).

Parasitoid emergence and sex ratio

Both parasitoid emergence and female sex ratio were

significantly influenced by the aphid host stage

parasitised (parasitoid emergence: v2 = 13.25,

df = 4, P\ 0.05; female sex ratio: v2 = 18.27,

df = 4, P\ 0.01). More than 80 % of mummified

aphids emerged irrespective of aphid host stage, with

100 % emergence from mummies resulting from

parasitisation of alatoid 4th instars and adult aphids

(Fig. 1). A female-biased sex ratio ([78 %) was found

for all of the five developmental stages of the lettuce

aphid (Fig. 1), with solely females emerging from

mummified alatoid 4th instars and newly moulted

apterae adults.

Choice test

The choice experiment showed that A. abdominalis

successfully parasitised significantly more 2nd instar

than alatoid 4th instar aphids (df = 1, 14, F = 88.79,

P\ 0.0001) (Fig. 2), resulting in a preference index b
for 2nd instar aphids of 0.79 ± 0.03, significantly

different from 0.5 (df = 14, t = -8.12, P\ 0.0001).

With respect to incomplete parasitisation, no sig-

nificant difference was found between the two exposed

host stages of N. ribisnigri (df = 1, 14, F = 1.49,

P[ 0.05) (Fig. 2).

Discussion

The understanding of female parasitoid preference for

different host stages is an important aspect in the

development of efficient biocontrol strategies against

aphid pest species including the lettuce aphid N.

ribisnigri (Hagvar and Hofsvang 1991). In this study,

we have examined different host stage-specific pa-

rameters for A. abdominalis parasitising N. ribisnigri.

In the no-choice experiment, the highest parasiti-

sation rate leading to formation of mummies (suc-

cessful parasitisation) was observed when young and

intermediate stages of the lettuce aphid were exposed

for parasitism compared with older developmental

Table 1 Mean percentage (±SE) of successful parasitisation, incomplete parasitisation and total parasitism (sum of successful and

incomplete parasitisation) of Aphelinus abdominalis in the different developmental stages of Nasonovia ribisnigri in no-choice test

Host stage Successful parasitisation Incomplete parasitisation Total parasitisation

Mean ± SE Mean ± SE Mean ± SE

1st instar (13) 40.61 ± 7.98a 29.95 ± 4.71a 70.56 ± 4.44a

2nd instar (15) 55.86 ± 6.82a 7.76 ± 2.58b 63.62 ± 5.80a

3rd instar (15) 56.00 ± 8.30a 4.91 ± 1.90b 60.91 ± 7.55a

4th instar (alatoid) (7) 5.00 ± 1.89b 3.64 ± 1.32b 8.64 ± 2.65b

Adult (apterae) (8) 8.33 ± 1.88b 1.26 ± 0.69b 9.59 ± 2.01b

Mean values within columns bearing the same letters are not significantly different (Tukey test, P[ 0.05). The values in parentheses

denote the numbers of replicates per treatment
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stages. This pattern was supported in the choice

experiment where significantly more 2nd instars of the

lettuce aphid were parasitised than alatoid 4th instars.

The preference for young and intermediate host stages

is in accordance with results reported for many other

aphid parasitoids (Chau and Mackauer 2000; Perdikis

et al. 2004; Wyckhuys et al. 2008), although in

contrast to observations suggesting that A. abdominal-

is prefers 4th–1st instars of potato aphids, Macrosi-

phum euphorbiae (Thomas), and shows no significant

differences in its parasitisation of intermediate and

older stages of this aphid species (Honek et al. 1998).

Difference in successful parasitisation between host

stages of aphids has been reported to be influenced by a

number of factors such as developmental disruption of

the parasitoid larvae (Beckage and Gelman 2004),

aphid injury caused at the time of parasitisation

(Rakhshani et al. 2004; Colinet et al. 2005), host

physiology (Walker and Hoy 2003) and aphid defence

behaviour (Gerling et al. 1990; Wyckhuys et al. 2008;

He et al. 2011). The low parasitisation rate observed in

the present study of alatoid 4th instars or newly

moulted apterous adults seems best explained as a

result of effective defence mechanisms, e.g. body

shaking, kicking, walking away or clustering rather

than internal defence mechanisms disrupting para-

sitoid larval development or the influence of host

physiology. This suggestion is anchored in the fact that

the number of older aphids dying without mummifi-

cation was low and in contrast to the high degree of

incomplete parasitisation when young aphid stages

Table 2 Developmental time (days) (mean ± SE) of Aphelinus abdominalis in different developmental stages of Nasonovia

ribisnigri in no-choice test

Host stage Egg to mummy formation Mummy to adult emergence Egg to adult emergence

Mean ± SE Mean ± SE Mean ± SE

1st instar (13) 7.90 ± 0.09 (101)c 11.13 ± 0.09 (89)b 19.03 ± 0.12 (89)c

2nd instar (15) 7.44 ± 0.10 (164)bc 10.83 ± 0.09 (151)b 18.27 ± 0.12 (151)b

3rd instar (15) 7.28 ± 0.05 (168)bc 10.96 ± 0.08 (147)b 18.24 ± 0.10 (147)b

4th instar (alatoid) (7) 6.25 ± 0.14 (7)a 10.75 ± 0.43 (7)ab 17.00 ± 0.35 (7)a

Adult (apterous) (8) 6.42 ± 0.24 (11)a 10.17 ± 0.34 (11)a 16.59 ± 0.29 (11)a

Mean values within columns bearing the same letters are not significantly different (Tukey test, P[ 0.05). The values in parentheses

in the host stage column denote the numbers of replicates per treatment. The values in parentheses in the development time columns

denote the total numbers of individuals observed per treatment

Fig. 1 Percentage (mean ± SE) of adult emergence and female

sex ratio of Aphelinus abdominalis when different host stages of

Nasonovia ribisnigri were offered as hosts under no-choice

conditions. Different letters above bars indicate significant

differences in adult emergence or female sex ratio [Mann–

Whitney U-tests followed by Bonferroni correction (a = 0.01)]

Fig. 2 Percentage (mean ± SE) of incomplete parasitisation

and successful parasitisation of Aphelinus abdominalis when

2nd and alatoid 4th instar of Nasonovia ribisnigri were offered

as hosts under choice conditions. Different letters above bars

indicate significant differences in incomplete parasitisation or

successful parasitisation (Tukey test, P\ 0.05)

468 G. Shrestha et al.

123



(primarily 1st instar) were parasitised. This result is in

line with previous findings reporting a decrease in

incomplete parasitisation rate with increased aphid age

(Rakhshani et al. 2004; Colinet et al. 2005). The higher

mortality of 1st instar lettuce aphids due to incomplete

parasitisation indicates that young nymphs are more

susceptible to the injuries caused at oviposition, e.g.

stinging or venom injection.

A. abdominaliswas able to complete its development

until adult emergence, irrespective of the aphid host

stage parasitised. However, the lower adult emergence

rate in the third instar together with the tendency

(P = 0.03, a = 0.01) to a lower emergence rate in the

first instar of the lettuce aphids is consistent with the

findings obtained by Rohne (2002), indicating that

young stages of the lettuce aphids may provide sub-

optimal conditions for parasitoid progeny development.

The development time of A. abdominalis was

affected by the aphid host stage parasitised as has been

reported elsewhere in the literature (see review by

Harvey 2005) where decrease (Mueller et al. 1992;

Sengonca et al. 2008) as well as increase in parasitoid

development time with aphid host age (Wyckhuys et al.

2008) have been observed. In some cases parasitoid

development time has been recorded to be uninflu-

enced by host age (Cate et al. 1977) or been observed to

attain the lowest value in intermediate aphid stages

(Harvey et al. 2004; Colinet et al. 2005). No previous

information seems to exist regarding the effect of host

stage on development time of A. abdominalis. How-

ever, our results resemble the findings of Mueller et al.

(1992) and Sengonca et al. (2008), who reported that

the development time of Aphelinus mali (Hald) and

Aphelinus asychis (Walker), respectively, decrease

with the age of the hosts, the woolly apple aphid

(Eriosoma lanigerum Hausmann) and the cotton aphid

(Aphis gossypii Glover), respectively. Furthermore,

developmental time of A. abdominalis on 2nd instar of

the rose-grain aphid [Metopolophium dirhodum

(Walker)], the bird cherry-oat aphid [Rhopalosiphum

padi (Linnaeus)] and the grain aphid [Sitobion avenae

(Fabricius)] is well comparable with our results

(Haardt and Holler 1992).

The overall sex ratio of the progeny ofA. abdominalis

parasitising lettuce aphids was female-biased for all

aphid host stages studied, although with some grad-

uation as fewer females were produced when young and

intermediate aphid stages were parasitised. This result is

consistent with Honek et al. (1998), who reported a high

percentage (96–100 %) of female parasitoids resulting

from parasitisation of 4th instar and adult aphids of M.

euphorbiae, while parasitisation of young and interme-

diate aphid nymphs produced only 44 and 68 %

females, respectively. In addition, female sex ratio

seems to depend on the parasitoid isoline as Haardt and

Holler (1992) demonstrated a sex ratio of 100 % A.

abdominalis females resulting from parasitisation of

2nd instar of M. dirhodum, R. padi and S.avenae by one

isoline of A. abdominalis but less female-biased sex

ratios (33–80 %) after parasitisation by other isolines.

In conclusion, this preliminary research has provid-

ed information that may improve the utilisation of A.

abdominalis for biocontrol of lettuce aphids. Our study

suggests that young and intermediate host stages of the

lettuce aphids would be the optimal target for A.

abdominalis in field or greenhouse releases. The

strongly female-biased sex ratio and the high adult

emergence of A. abdominalis, irrespective of the

mummified host stage, hold promises for a potential

use in inoculative biocontrol programmes aimed at

temporary establishment and reproduction in lettuce

cropping systems. However, further investigation on

the influence of plant architecture on the host-finding

ability of A. abdominalis in whole lettuce plants is

essential for evaluation of the possibilities for the

parasitoid to access N. ribisnigri when feeding on

lettuce heart leaves.
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