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ABSTRACT

Diaeretiella rapae is an important biological control agent of cabbage
aphid. Host searching, handling and oviposition behaviour were
investigated in relation to host age. The parasitoid spent 61% of her
foraging time searching for hosts. Host handling time of the parasitoid
decreased with increased number of host encounters. The females were
more successful in finding older hosts (7 days old) and spent more time
(94.9 + 20.5 s/encounter) and did more stings (9.9 + 1.4/encounter) on
them than the younger hosts. They preferred to sting the abdomen rather
than the thorax, head or legs of the host. The average number of eggs laid
per host was highest (1.4 + 0.2 eggs) in 7-day-old hosts. When attacking
7-day-old hosts, they gained 42% success in ovipositing the host compared
to 10, 18 and 30% success in 1-, 3- and 5-day-old hosts, respectively.
Results suggest that D. rapae may have adaptive preference for larger hosts
and mass production could be more efficient by using 7-day-old aphids.
Keywords: Diaeretiella rapae, Brevicoryne brassicae, host age, foraging,
oviposition, searching, encounter.

INTRODUCTION

Cabbage aphid, Brevicoryne brassicae (L) (Homoptera: Aphididae), is a cosmopolitan
pest of cruciferous crops (Hughes 1963). Diaeretiella rapae (M’ Intosh) (Hymenoptera:
Aphidiidae) is the most common natural enemy of the cabbage aphid (George 1957) and
can also be used for controlling other aphids like Myzus persicae (Sulzer) and Diurpahis
noxia (Mordvilko). It is solitary species, i.e. it lays one or more eggs in a host but only
one develops into an adult (Godfray 1994), and females emerge with fully developed eggs
(Flanders 1950). Diaeretiella rapae allows its hosts to feed and develop after becoming
parasitised. Foraging behaviour, including searching, handling and oviposition, varies
both among and within species (Lewis et al. 1990). Parasitoids may use chemical cues
(semiochemicals) and/or physical features like host size to select hosts for oviposition
(van Driesche & Bellows 1996).

Once a parasitoid encounters a host, the amount of time it spends on the host depends
on host quality (Godfray 1994). Host age or body size may reflect the quality of the
hosts for parasitoid development (Charnov et al. 1981; He & Wang 2006). Although in
some parasitoids, host age or body size has no effect on oviposition decisions (Mackauer
1973; Phillips 2002), many parasitoids prefer a particular host stage for oviposition
(Vinson & Iwantsch 1980). Larger hosts contain more resources and may give rise to
large offspring (Bennett & Hoffmann 1998) and are often preferred by parasitoids for
oviposition (Charnov 1982; Harvey et al. 2004). Host size can also affect a parasitoid’s
attack rate (Charnov 1982; Islam & Copland 1997) and its host handling time (Drost
et al. 2000).
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Time is considered as a limited resource for parasitoids so host handling time influences
the efficiency of parasitoids (Hudak et al. 2003). Understanding the foraging behaviour
of parasitoids is important for the success of biological control programmes (Lewis et
al. 1990), especially for optimising methods for mass production of biological control
agents. Some studies on foraging behaviour of D. rapae have been done in relation to
host plants (Gentry & Barbosa 2006) and pesticides (Umoru et al. 1996), but foraging
behaviour of D. rapae in relation to host age or size has not been studied in detail. To
help develop efficient biological control programmes for cabbage aphid and other aphid
species, host searching and oviposition behaviour of D. rapae was studied in relation
to host age.

MATERIALS AND METHODS
Insect colonies

Colonies of B. brassicae and its parasitoid D. rapae were established from parasitised
and unparasitised adults of B. brassicae collected from a commercial cauliflower field near
Palmerston North. Insects were reared in the laboratory on cabbage seedlings (‘Autumn
pride’) in plexiglass cages (30x30x30 cm). Two holes, each 13 cm in diameter, were
made on opposite sides of the cage and covered with metal mesh (aperture size of the
mesh <0.5 mm) for ventilation. One of the two remaining sides of the cage was fitted
with small circular opening (16 cm in diameter) for handling plants and insects in the
cage. The colonies were maintained at 22 + 2°C, 60-70% RH and 16:8 h light:dark and
reared for 20 generations before use in the experiments. The sizes of the aphids were
measured under a stereomicroscope (Leica MZ12, Germany) using a micrometer with a
readability of 0.01 mm. Body length of 15 aphids of each age class,i.e. 1,3,5 and 7 days
old, was measured, with means (+ SE) of 0.60 +0.01,1.13 +£0.02, 1.50 £0.02 and 1.92
+0.04 mm, respectively (ANOVA: P<0.001). The host sizes were positively correlated
with their age (analysis of regression: R>=0.9, F, ;,=1708.82, P<0.0001).

Searching and oviposition behaviour

The behaviour of D. rapae was observed during the light period under a light
intensity of 430 Lux supplied by broad-spectrum, high-frequency tube-lights (Osram
L36W/72-965). Four aphids, each of a known age (1-, 3-, 5- and 7 days old), were
released to a Petri dish (5.5 cm in diameter and 1.3 cm in height). To allow parasitoids
to mate, newly emerged male and female parasitoids were put together for 24 h in a glass
vial (2.5 cm in diameter and 7.5 cm in height) containing a cotton bud soaked in honey
solution. The mated and honey-fed female parasitoid was released in the aphid arena,
through a small hole (1 cm in diameter) in the lid of the Petri dish. Before observation,
the lid was replaced with an intact lid.

Host searching and oviposition behaviour was recorded for 20 min using a video
camera (JVC-TK-C1380E, Digital % inch CCD) connected to VCR and TV monitor.
The behaviour and length of time for host searching and handling were documented
manually via TV monitor and stop watch. The time budget of the parasitoid was divided
into searching and host handling periods. The documented searching time of the parasitoid
included walking, standing and preening between two host encounters. The host handling
time refers to the time period between the first and last stings (inserting ovipositor) on
the same aphid. The host handling behaviour of the parasitoid was quantified based on
the amount of time the parasitoid spent per host and number of stings done per host. The
number of stings on head, thorax, abdomen and legs was also recorded to determine the
body part preference by the parasitoids for attack.

After these observations the aphids were transferred to cabbage leaves for feeding and
development, and were dissected 4 days after parasitism to find the number of larvae in
the hosts, which was assumed to be equivalent to the number of eggs laid (Bueno et al.
1993). Twenty four parasitoids were tested in this experiment.

Statistical analyses

A goodness-of-fit test was used to test the distribution of the data. The percentage data

were arcsin transformed prior to analysis of variance (ANOVA). Analysis of regression
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(AOR) was used to determine the relationship between the number of hosts a parasitoid
encountered in 20 min and time spent per encounter. Data on handling time per encounter,
stings per encounter, time taken per sting, body part preference for stings, eggs laid per
host and number of stings required per egg laid were not normally distributed and were
analysed by non-parametric Kruskal-Wallis test (KWT) followed by multiple comparisons
using Bonferroni (Dunn) t test. Searching and oviposition success of parasitoids on hosts
of different sizes was estimated by Mann-Whitney U Test (MWT).

RESULTS

Host searching and handling behaviour

The foraging time of D. rapae was divided into searching and host handling time.
Parasitoids spent 61 + 3.1% (mean + SE) of their total foraging time searching for hosts,
significantly more than that on handling hosts (P<0.001). Host handling times decreased
as host encounter rates increased (P<0.001) (Fig. 1). During host searching, parasitoids
were significantly more likely to encounter older than younger hosts MWT: U,=36.76>
X005 =7.82,P<0.0001) (Fig. 2).
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FIGURE 1: Relationship between the time (seconds) spent on an encounter by
Diaeretiella rapae and number of encounters in 20 min.
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FIGURE 2: Host encounter rate by Diaeretiella rapae in relation to host age.
Columns with the same letters are not significantly different
(P>0.05).
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Parasitoids spent significantly more time handling older hosts (P<0.0001), and
stung them significantly more often than younger ones (P<0.0001) (Table 1). They
took a significantly longer time to sting 7-day-old hosts than younger ones (P<0.0001)
(Table 1). Older hosts appeared to attempt to defend themselves from parasitism by
shaking, swinging their antennae and kicking, and these behaviours appeared to disturb
parasitoids. With younger hosts, however, these behaviours were not as effective and
did not disturb the parasitoid. Parasitoids also appeared to use more power to penetrate
older hosts with their ovipositors.

TABLE 1: Time spent and number of stings by Diaeretiella rapae per host and
time taken per sting in hosts of different ages.

Mean time (s) Mean number of
Host age (days) per encounter stings per encounter  Time (s) per sting
1 151+30a 24+03a 55+06a
3 214+4.6ab 44+09ab 6.0+09ab
5 423+72b 6.5+1.0bc 86+0.8b
7 949 +20.6c 99+14c 115+22¢
H (df =3) 33.96 26.75 28.43

Means (+SE) with same letters in columns are not significantly different (P>0.05).

Preference for stinging different body positions in hosts
Parasitoids significantly preferred the abdomen over other body parts of the host for
stinging (KWT: H=28.66> X3 0.05 - P<0.0001) (Fig. 3). Legs were the body position least
preferred by the parasitoids.™
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FIGURE 3: Proportion of stings performed by Diaeretiella rapae on different body
parts of hosts. Columns with the same letters are not significantly
different (P>0.05).

Oviposition success in hosts of different ages

Females laid significantly more eggs in older hosts than in younger ones (P<0.0001).
However, the number of stings required by the parasitoid for ovipositing an egg in younger
hosts was significantly less when compared to older ones (P<0.001) (Table 2). Females
were significantly more likely to lay eggs upon encountering older than younger hosts
(MWT: Uy=10.38 >X3 0.05=7-82,P<0.001) (Fig. 4).
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TABLE 2: Mean number of eggs laid by Diaeretiella rapae per encounter and number
of stings required to lay an egg in hosts of different ages.

Host age (days) Parasitoid larvae found/host Stings required to lay an egg
1 03+0.1a 30£09a

3 0.5+0.1ab 65+1.1ab

5 09+0.1bc 98+£20b

7 14+02c 218+52c¢

H (df=3) 19.57 15.56

Means (+SE) with same letters in columns are not significantly different (P>0.05).
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FIGURE 4: Proportion of Diaeretiella rapae laying eggs when encountering hosts
of different ages. Columns with the same letters are not significantly
different (P>0.05).

DISCUSSION

Most parasitoid species have limited time for foraging (Rosenheim 1999) and they
show a great variability in searching and handling time (Vis et al. 2003). Female D. rapae
spent twice as much time on searching for as on handling hosts. Similar behaviour was
observed in Encarsia formosa (Hymenoptera: Aphelinidae) (Sutterlin & van Lenteren
1999) and Eretmocerus eremicus (Hymenoptera: Aphelinidae) (Hudak et al. 2003). Host
handling time of D. rapae decreased even more when the female encountered a greater
number of hosts. Hudak et al. (2003) also reported that the host handling time of whitefly
parasitoids, E. mundus and Amitus bennetti (Hymenoptera: Platygasteridae), is affected
by the number of hosts encountered.

The chance of finding a host during searching depends upon the size of host (van
Roermund et al. 1994). In the present study, B. brassicae age was highly correlated with
body length, and it was shown that D. rapae was more successful in encountering an older
host than a younger one. This agrees with the findings of Drost et al. (2000) on parasitoids
of B. argentifolii. It may be possible that parasitoids can detect larger hosts more easily
than smaller ones. Another factor that increases the probability of encountering larger
hosts is odours (semiochemicals) emanating from the host body (van Roermund et al.
1994). It is possible that larger hosts release odours in greater quantity.

Parasitoids prefer to oviposit in hosts of specific size to increase the oviposition success
(Drost et al. 2000). In the present study, D. rapae spent more time and stung more while
handling older hosts, which agrees with Godfray’s (1994) suggestion that larger hosts have
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stronger defence capability. This may be due to frequent kicking and shaking by large
hosts. The stronger cuticle of larger hosts probably makes it harder for the parasitoids
to penetrate their ovipositors into hosts’ bodies, which may result in the longer handling
time. Ardeh et al. (2005) also observed the difficulty of Eretmocerus sp. in inserting its
ovipositor in third instar compared to the younger instars of whitefly.

While attacking a host, D. rapae preferred to sting the abdomen of the host. A
parasitoid of ants, Elasmosoma sp. (Hymenoptera: Braconidae), also preferred to sting
and oviposit in the abdomen of its host (Poinar 2004). Phillips (2002) also observed
preference of the parasitoid Microctonus sp. (Hymenoptera: Braconidae) for the host’s
abdomen compared to the head, thorax and legs. The preference for stinging the abdomen
could be because it is a suitable site for oviposition. Stings on the thorax, head and legs
could paralyse the hosts, which would reduce their defence capability and facilitate the
oviposition process.

Although older hosts show stronger defence, D. rapae still prefers them for
oviposition. This may be because these hosts are large and thus contain more resources
for development (Charnov 1982) and produce large offspring which increases the fitness
of the parasitoids (Bennett & Hoffmann 1998). Diaeretiella rapae deposited more than
one egg in larger hosts to increase the chance of success in survival and emergence
(Rosenheim & Hongkham 1996). Depositing more than one egg per host by D. rapae
was previously observed by Lu et al. (1992). Therefore, when parasitoids encounter hosts
of different quality, they adjust their foraging strategy and maximise their reproductive
fitness per unit time by attacking larger hosts.

Results of this study indicate that the parasitoid D. rapae shows an adaptive preference
towards older hosts for oviposition, which may result in larger offspring being produced.
Older aphids may be provided as hosts for parasitoids to improve mass production in
biological control programmes of cabbage aphids.

ACKNOWLEDGMENTS
The research is supported by a Massey University Doctoral Research Scholarship.
We are grateful to Solar Produce Farm, Palmerston North for allowing us to collect the
aphids and parasitoids from their farm, and to Drs Craig Phillips and Sue Zydenbos for
their constructive comments on this paper.

REFERENCES

Ardeh MJ, de Jong PW, van Lenteren JC 2005. Selection of Bemisia nymphal stages for
oviposition or feeding, and host-handling times of arrhenotokous and thelytokous
Eretmocerus mundus and arrhenotokous E. eremicus. BioControl 50: 449-463.

Bennett DM, Hoffmann AA 1998. Effects of size and fluctuating asymmetry on field
fitness of the parasitoid Trichogramma carverae (Hymenoptera: Trichogrammatidae).
Journal of Animal Ecology 67: 580-591.

Bueno BHP, Gutierrez AP, Ruggle P 1993. Parasitism by Aphidius ervi (Hymenoptera:
Aphidiidae) preference for pea aphid and blue alfalfa aphid (Homoptera: Aphididae)
and competition with A. smithi. Entomophaga 38: 273-284.

Charnov EL 1982. The Theory of Sex Allocation. Princeton University Press, Princeton,
NJ. 355 pp.

Charnov EL, Los-den Hartogh RL, Jones WT, van den Assem J 1981. Sex ratio evolution
in a variable environment. Nature 289: 27-33.

Drost YC, Qiu YT, Posthuma-Doodeman CJAM, van Lenteren JC 2000. Comparison of
searching strategies of five parasitoid species of Bemisia argentifolii Bellows and
Perring (Homptera: Aleyrodidae). Journal of Applied Entomology 124: 105-112.

Flanders SE 1950. Regulation of ovulation and egg disposal in the parasitic wasp
Hymenoptera. Canadian Entomologist 82: 134 -140.

Gentry GL, Barbosa P 2006. Effects of leaf epicuticular wax on the movement, foraging
behavior, and attack efficacy of Diaeretiella rapae. Entomologia Experimentalis
et Applicata 121: 115-122.

© 2008 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http://www.nzpps.org/terms_of_use.html0



Biocontrol of Insect Pests 361

George KS 1957. Preliminary investigations on the biology and ecology of the parasites
and predators of Brevicoryne brassicae (L.). Bulletin of Entomological Research
48: 619-629.

Godfray HCJ 1994. Parasitoids: behavioral and evolutionary ecology. Princeton
University Press, Princeton, New Jersey USA.

Harvey JA, Bezemer TM, Elzinga JA, Strand MR 2004. Development of the solitary
endoparasitoid Microplitis demolitor: host quality does not increase with host age
and size. Ecological Entomology 29: 35-43.

He XZ, Wang Q 2006. Host age preference in Aphidius ervi (Hymenoptera: Aphididae).
New Zealand Plant Protection 59: 195-201.

Hudak K, van Lenteren JC, Qiu YT, Penzes B 2003. Foraging behaviour of parasitoids
of Bemisia argentifolii on poinsettia. Bulletin of Insectology 56: 259-267.

Hughes RD 1963. Population dynamics of the cabbage aphid, Brevicoryne brassicae
(L.). Journal of Animal Ecology 32: 393-424.

Islam KS, Copland MJW 1997. Host preference and progeny sex ratio in a solitary
koinobiont mealybug endoparasitoid, Anagyrus pseudococci (Girault), in response
to its host stage. Biocontrol Science and Technology 7: 449-456.

Lewis WJ, Vet LEM, Tumlinson JH, van Lenteren JC, Papaj DR 1990. Variations in
parasitoid foraging behavior: essential element of a sound biological control theory.
Environmental Entomology 19: 1183-1193.

LuH,Zhang ZL,, Shi BC 1992. Effects of host density, exposure period and environmental
temperature on the reproduction of two aphid parasitoids, Aphidius gifuensis and
Diaeretiella rapae (Hymenoptera: Aphidiidae). Chinese Journal of Biological
Control 8: 49-53.

Mackauer M 1973. Host selection and host suitability in Aphidius smithi (Hymenoptera:
Aphidiidae). In: Lowe AD ed. Perspectives in Aphid Biology. Entomological Society
of New Zealand, Christchurch. Pp. 20-29.

Phillips CB 2002. Observations of oviposition behavior of Microctonus hyperodae Loan
and M. aethiopoides Loan (Hymenoptera: Braconidae: Euphorinae). Journal of
Hymenoptera Research 11: 326-337.

Poinar G 2004. Behaviour and development of Elasmosoma sp. (Neoneurinae:
Braconidae: Hymenoptera), an endoparasite of Formica ants (Formicidae:
Hymenoptera). Parasitology 128: 521-531.

Rosenheim JA, Hongkham D 1996. Clutch size in an obligately siblicidal parasitoid
wasp. Animal Behaviour 51: 841-852.

Rosenheim JA 1999. The relative contributions of time and eggs to the cost of
reproduction. Evolution 53: 376-385.

Sutterlin S, van Lenteren JC 1999. Foraging behavior of the parasitoid Encarsia formosa
on Gerbera jamesonii leaves. Journal of Insect Behavior 12: 105-122.

Umoru PA, Powell W, Clark SJ 1996. Effect of pirimicarb on the foraging behaviour of
Diaeretiella rapae (Hymenoptera: Braconidae) on host-free and infested oilseed
rape plants. Bulletin of Entomological Research 86: 193-201.

van Driesche RG, Bellows TS 1996. Biological Control. Chapman and Hall, London.
539 pp.

van Roermund HJW, Hemerik L, van Lenteren JC 1994. Influence of intrapatch
experiences and temperature on the time allocation of the whitefly parasitoid
Encarsia formosa (Hymenoptera: Aphelinidae). Journal of Insect Behavior 7:
483-501.

Vinson SB, Iwantsch GF 1980. Host suitability for insect parasitoids. Annual Review
of Entomology 25: 397-419.

Vis RMID, Mendez H, van Lenteren JC 2003. Comparison of foraging behavior,
interspecific host discrimination, and competition of Encarsia formosa and Amitus
fuscipennis. Journal of Insect Behavior 16: 117-152.

© 2008 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http://www.nzpps.org/terms_of_use.html0



