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Abstract. Dinocampus coccinellae females which eclose in mid-summer have the opportunity to oviposit in overwintered or in
newly eclosed coccinellid hosts. Given the short further longevity of overwintered hosts, offspring fitness would be increased by ovi-
positing preferentially in young hosts. Laboratory choice tests show that female D. coccinellae do exhibit such a preference.

INTRODUCTION

Parasitoids encounter a series of potential hosts in
which they might oviposit. These may vary in suitability
as hosts. Natural selection should thus favour the devel-
opment of host recognition systems which allow recogni-
tion of the most suitable hosts. Evidence of the ability of
parasitoids to select more suitable hosts has been obtained
in several studies, whether the difference in host suit-
ability be dependent on host species (Kraaijeveld et al.,
1995), host developmental stage (van Alphen, 1980; Luck
et al., 1982), host nutritional state (Kouamé & Mackauer,
1991), host parasitisation status (Pijls et al., 1995) or host
age within a developmental stage (van Alphen & Drijver,
1982; Hurst et al., 1998). In some cases, the criteria deter-
mining host quality centre on the suitability of the host
for larval development, in others it is the ease or rate at
which oviposition may be achieved that is critical (God-
fray, 1994).

The hymenopterous parasitoid Dinocampus coccinellae
(Schrank) exclusively parasitises coccinellids of the sub-
family Coccinellinae (Hodek & Hon¢k, 1996). In Britain,
this wasp almost exclusively attacks adult coccinellids,
showing considerable reluctance to oviposit in pre-
imaginal stages if adults are available (Geoghegan et al.,
1998). The rarity of parasitisation of pre-imaginal stages
is probably due to the fact that, in most years, new adult
coccinellids eclose and become available as hosts before
the overwintering generation has died. This means that
wasps which have overwintered as eggs or first genera-
tion larvae within hosts, will, on eclosion, have adult coc-
cinellids of two generations available to them: old
overwintered adults which are likely to die within a short
time, and recently eclosed adults which will overwinter.
Intuitively, it seems probable that newly eclosed adult
coccinellids will be more suitable as hosts than old adults.
If so, selection may have acted on D. coccinellae to maxi-
mise its reproductive success by selecting young rather
than old coccinellid adults for oviposition.

In this paper we describe choice tests designed to
address the hypothesis that female D. coccinellae can dis-
tinguish between old, overwintered and young, newly
eclosed adult Coccinella septempunctata L.

MATERIALS AND METHODS
Stocks

Wasps were obtained by collecting samples of C. septem-
punctata in the Dundee and Cambridge areas, between March
and June 1997. Ladybirds were fed in captivity on pea aphids,
Acyrthosiphon pisum (Harris), to allow wasps to emerge. Fol-
lowing eclosion, wasps were kept in Petri dishes, with time and
date of eclosion recorded, and fed on honey-water, at approxi-
mately 21°C, 16L : 8D, until used in tests.

The “old” C. septempunctata used were collected as adults
from overwintering sites around Cambridge in March 1997.
These ladybirds were assumed to have eclosed the previous
summer. They were removed to the laboratory where they were
fed on an alternate diet of pea aphids and an artificial food
(Majerus et al., 1989) for 20 days, and thereafter on pea aphids
daily. Thirty days after collection, they were mated and allowed
to oviposit. Eggs were collected daily. Adults were retained for
a further 40-50 days before use in tests. The period of 60+ days
retention was to ensure that none of the field collected adults
used in tests were infected with D. coccinellae. Adults which
gave rise to cocoons of D. coccinellae during this period (none
after day 27) were removed from the stock.

“Young” C. septempunctata were progeny from the old
adults. Eggs collected from the old stock were allowed to hatch
and were reared on pea aphids. On eclosion, the young adults
were sexed and kept in dishes containing only one sex, on a diet
of pea aphids for 10-20 days before testing. All ladybirds were
kept at approximately 21°C, 16L : 8D, throughout the work.

Test procedures

Two types of test were conducted. In the first, 10 old and 10
young C. septempunctata, match-paired for sex and size (by
eye) were placed in a 14 cm Petri dish. A single wasp, that had
eclosed between five and seven days previously, was
introduced. Observations of all interactions between the wasp
and the beetles were recorded over a three hour period. Wasps
were then removed. Behaviours observed were categorised, after
Richerson & DelLoach (1972), as: pursuance and investigation
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of host (PI); ovipositional stance (OS); or ovipositional attack
(OA). Ten replicates were made, five using female ladybirds
and five using males. Ladybirds were then retained in the labo-
ratory and fed on an excess of pea aphids for 60 days. Emer-
gence of wasp larvae from any coccinellid and the date of death
of any coccinellid were recorded. Ladybirds that died during the
observation period were dissected to determine whether they
had been infected.

In the second type of test, one old and one young C. septem-
punctata, match-paired for sex and size (by eye) were placed in
a 9 cm Petri dish. A single wasp (5-7 days old) was introduced.
The ladybird to which the wasp first directed an oviposition
attack was noted. The wasp was left with the coccinellids for 24
hours before removal. Twenty-five replicates were made for
each sex. Following the tests, beetles were killed by freezing
and were dissected within 72 h to determine whether they had
been parasitised. The number of individuals which contained
parasitoid eggs and the number of eggs found in each were
recorded.

RESULTS

The results of the first type of test, shown in Table 1,
show that wasps exhibit PI of old and young wasps
equally (x> =0, d.f. = 1, p = 1 for sexes combined). How-
ever, OS and OA were directed significantly more
towards young rather than old females (for OS, ¢* =
4.566, d.f. =1, p < 0.05; for OA, y* =4.0,df. =1,p <
0.05). For male hosts, the higher level of OS directed
towards young compared to old beetles was not signifi-
cant (> = 0.190, d.f. = 1, p > 0.05), but that of OA was
significant (x* = 5.0, d.f. = 1, p < 0.053).

TaBLe 1. Total number of interactions of a single D. cocci-
nellae with 10 old and 10 young females or males of C. septem-
punctata (for five runs with each sex).

Old hosts Young hosts
Host sex No. of interactions No. of interactions
PI oS OA PI 0SS OA
Female 80 42 24 84 64 40
Male 72 40 15 68 44 30
Total both sexes 152 82 39 152 108 70

Table 2 summarises data on the longevity of ladybirds
(excluding those from which wasps emerged) and on their
parasitisation and mortality following the tests. There
were no significant differences between male and female
hosts. The mean longevity of both female and male hosts
was significantly less for old compared to young hosts
(Mann-Whitney U test adjusted for ties; for females W =
915, p < 0.0001; for males W = 922.5, p < 0.0001). The
proportion of infected hosts that died before wasps com-

pleted development was significantly greater for old com-
pared to young hosts (3*=21.333, d.f. = 1, p < 0.001).

The results of tests offering a wasp a single old and
young host are summarised in Table 3. Although for both
females and males more initial attacks were directed to
young rather than old hosts, the difference is not signifi-
cant, even when the sexes are combined (x> = 2, d.f. = 1,
p > 0.05). There was no significant difference in the
number of young compared to old ladybirds, or in the
number of males compared to females found to be
infected. However, the total number of eggs found in
young hosts was significantly greater than the number
found in old hosts, both for females (¥* = 19.355, d.f. = 1,
p < 0.001) and males (x* = 9.470, d.f. = 1, p < 0.001). Tt
may be noted that the number of eggs found in females
was significantly greater than the number found in males,
both for old (x* = 4.654, d.f. = 1, p < 0.05) and young (x’
=12.188,d.f. = 1, p <0.001) ladybirds.

DISCUSSION

Dinocampus coccinellae females were not initially
attracted more to young compared to old hosts. However,
initial PI of young ladybirds was more often followed by
the wasp taking up an OS and performing an OA than it
was when initial PI was directed towards old ladybirds.
The wasps thus appear to be assessing the suitability of
individual ladybirds as potential hosts before ovipositing
in them. This behaviour appears to be adaptive as the
number of wasps that successfully emerged from hosts
was greater in young than in old hosts, both in absolute
terms and as a proportion of those infected. This is not
surprising given the higher rate of mortality of the old
ladybirds during the work, for larvae of D. coccinellae
die if their host dies (M. Majerus, pers. obs.). By prefer-
ring to oviposit in young rather than old ladybirds, the
wasps reduce the likelihood that the hosts that they have
oviposited in will die before the wasp’s progeny have
completed larval development.

The evidence thus supports a correlation between host
acceptance and host quality. Such a correlation has been
shown in a variety of other studies, with a variety of cri-
teria affecting host quality. A number of workers have
shown that trichogrammatid egg parasitoids favour attack
into young compared with old host eggs (Marston &
Ertle, 1969; Pak, 1986), and that the age of host eggs is
negatively correlated to its quality as a host to tricho-
grammatids (Lewis & Redlinger, 1969; Juliano, 1982;
Strand, 1986). The instar at which hosts are attacked has
also been shown to reflect host quality in a number of
cases (e.g. Hooper & King, 1984; Nechols & Kikuchi,

TaBLE 2. Mean longevity and infection data, and the number of individuals of C. septempunctata which survived following tests in
which single D. coccinellae were offered 10 old and 10 young coccinellids.

No. of wasps

No. infected No. uninfected

- .

Host sex Host age Mean longevity produced which died which died No. survived

Female old 27.630 4 6 34 6
young 57.235 26 1 3 20

Male old 24.022 4 8 30 8
young 55.895 16 1 6 27

* Hosts from which wasps successfully emerged are excluded. Longevity of those surviving to day 60 is assumed to be 60 days.
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TaBLe 3. Number of cases of the first D. coccinellae oviposition attack directed at old and young C. septempunctata and the para-
sitisation data from those hosts in choice tests offering wasps one old and one young coccinellid.

Old hosts Young hosts
Host sex  No. of times No. infected Total no. Range of no. of  No. of times No. infected Total no. Range of no. of
attacked first of eggs eggs per host attacked first of eggs eggs per host
Female 9 24 63 1-6 16 25 123 1-19
Male 11 21 41 1-4 14 19 74 1-11
Total 20 45 104 30 44 197

1985). Van Alphen & Thunnissen (1983) demonstrated
that the pteromalid Pachycrepoides vindemiae, which
parasitises drosophilid pupae, is reluctant to oviposit in
pupae that have previously been parasitised by other spe-
cies. Previously parasitised pupae were shown to be of
lower quality to P. vindemiae than unparasitised pupae.
Another parasitoid of drosophilids, the braconid Asobara
tabida, selects host species on the basis of their quality,
the probabilty of a host species being rejected for oviposi-
tion being inversely correlated to larval survival within
that host (van Alphen & Drijver, 1982; van Alphen &
Janssen, 1982; van Alphen & Vet, 1986; Janssen, 1989).

The D. coccinellae—C. septempunctata situation, in
respect of parasitoid fitness, appears to be similar, if less
extreme, to that found by van Alphen & Drijver (1982)
who demonstrated that larvae of the parasitoid wasp A.
tabida were only able to survive in young larvae of D.
melanogaster. In the case of D. coccinellae some parasiti-
sations of what might be deemed low quality (i.e. old)
hosts, are successful.

It is not known how D. coccinellae distinguishes
between young and old ladybirds. Either visual or olfac-
tory cues may be involved. The ground colour of over-
wintered adults is substantially darker red than that of
recently eclosed C. septempunctata, so that they are easily
distinguished, at least by the human eye. However, as the
levels of PI of old and young hosts did not differ, visual
discrimination in the initial stages of interaction seems
unlikely. It is possible that host colour has a role to play
at close quarters, but the alternative explanation of olfac-
tory cues seems more probable. For example, chemicals
secreted by the adult ladybirds may provide information
to the parasitoid. Such chemicals (kairomones) have pre-
viously been reported to be used in host location by
hymenopteran parasitoids (e.g. Sternlicht, 1973), but
whether they are used in assessing host suitability has not
been demonstrated.

If kairomones are involved here, volatiles that are
picked up by the parasitoid before tactile contact are
probably of little significance in determining host age as
the rate of pursuance and investigation did not differ
between young and old potential hosts. More probable is
that surface chemicals, detected by wasps when they
touch a coccinellid with their antennae, or occsasionally
their legs, are involved in the transition from PI to OS. In
some studies, surface chemicals have been shown to be
recognised by parasitoids and to elicit oviposition behav-
iour (see Arthur, 1981 for review). For example, Strand &
Vinson (1982, 1983) found that the scelionid Telenomus
heliothidis, an egg parasitoid of the moth Heliothis vires-

cens, will attempt to oviposit on glass beads covered by
an accessory gland protein of the female moth, but not on
uncoated glass beads. The data presented in Table 1 sug-
gest that a host-age-dependent decision as to whether or
not to insert the ovipositor, may be made even later, i.e.
after the OS has been adopted. The proportion of parasi-
toids that proceded from OS to OA is 0.648 for young
hosts (sexes combined), but only 0.476 for old hosts.
Chemical cues from the surface of the abdomen and
picked up by sensory cells on the ovipositor may allow
discrimination at this stage

The significantly greater number of D. coccinellae eggs
found in females compared to males, in the second set of
tests (Table 3), may also reflect host assessment. This
may simply be a function of the greater mean size of
female compared to male C. septempunctata, leading to a
higher encounter rate with females. However, it is also
feasible that D. coccinellae may be actively preferring to
oviposit in female hosts. Many parasitoids are known to
insert their ovipositor into potential hosts but fail to lay an
egg (Godfray, 1994). Experimental evidence suggests
that, in some of these cases at least, the decision to lay an
egg depends on chemical stimulae obtained by the parasi-
toid from the interior of the host, for example, the ichneu-
monid [toplectis conquisitor can be induced to oviposit
into dummy hosts of plastic film if these are filled with
host haemolymph, but not those filled with saline or dis-
tilled water (Arthur et al., 1969; Hegdekar & Arthur,
1973). As the prevalence of D. coccinellae has been
reported to be higher in female than in male hosts in some
Scottish samples of C. septempunctata (Geoghegan et al.,
1997), specific tests designed to investigate differential
host sex selection by this wasp would be valuable.
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