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Abstract. Substrates contaminated with abdominal secretion of first instar larvae of Chrysopa oculata
Say or Chrysopa perla (L.) deter females of these species from ovipositing. The intra- and interspecific
responses of the females were similar; however, the smaller species, C. oculata, showed a stronger re-
sponse overall. Although marking with oviposition-deterring pheromone is independent of encounters
with conspecific larvae, the contamination of a paper substrate by crowded larvae increases a female re-
sponse. The increase in response may be due either to the quantity of the pheromone secretion or the
amount of marking or both.

INTRODUCTION

In various phytophagous and parasitoid insects chemicals that deter oviposition are se-
creted by adults (Kerkut & Gilbert, 1985) and also by larvae (Corbet, 1971). Interspecific
recognition of these compounds appears to be an important phenomenon in species com-
peting for a common food resource. Egg-associated semiochemicals may deter the ovi-
position of related tortricid species (Thiery & Gabel, 1993). Hosts marked by a particular
parasitoid or sites that have been searched recently by a female parasitoid may also deter
related species from ovipositing (Lloyd, 1942; Price, 1970).

The presence of an oviposition-deterring pheromone (ODP) in predatory insects has
been described in Chrysopa oculata (Neuroptera: Chrysopidae) (RiZicka, 1994). Females
of this species are reluctant to lay eggs on substrates contaminated by a pheromonal sub-
stance secreted by their larvae from the tip of their abdomen and on substrates treated with
an extract of the larval ODP. This paper describes the intra- and interspecific responses to
the oviposition-deterring secretion of larvae shown by the adults of two common, geo-
graphically isolated, chrysopids, Chrysopa oculata Say and C. perla (L.).

When larvae of Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) meet, they release a
pheromone from their mandibular glands (Corbet, 1973). Low and high concentrations of
this pheromone, respectively, stimulate and inhibit oviposition. A similar response to lar-
val secretion has been described in Plodia interpunctella (Hiibner) (Lepidoptera: Pyrali-
dae) (Phillips & Strand, 1994). Therefore, experiments were conducted to determine
whether encounters between green lacewing larvae elicit secretion of their ODP.

MATERIAL AND METHODS

Chrysopids were obtained from laboratory cultures. C. oculata was collected in Kentville, Nova Sco-
tia, Canada in 1987 and C. perla in Ceské Budgjovice, Czech Republic in 1992. Adults were supplied
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with pea aphids, Acyrthosiphon pisum Harris
(Homoptera: Aphididae), drinking water and lig-
uid yeast hydrolysate diet with sucrose.

The oviposition experiments were performed
in a 40 x 40 x 40 c¢m nylon cage. Adults of both
sexes were present in equal numbers and in all
age categories; 100-200 females of C. oculata or
50-100 females of C. perla were present in the
cage. Room temperature was 24 x 2°C. The rela-
tive humidity was 40 + 10%. The light source
was two 40 W, white light fluorescent tubes posi-
tioned 0.4 m above and approximately 1.2 m to
one side of the cage. The light regime was

18L/6D.

The oviposition arena consisted of 15 square
substrates of dark blue paper (each 50 x 50 mm)
arranged in a design of 3 by 5 in which 5 squares were contaminated and 10 uncontaminated (Fig. 1). The
squares were attached to the underside of a 207 x 295 mm plastic sheet fixed 15 cm below and parallel
with the top of the cage. One of the shorter sides was in contact with the side of the cage nearest to the
light source. In order to determine whether the position of a substrate affected the number of eggs laid per
square, chrysopids were offered uncontaminated substrates in all 15 positions in a blank experiment.

In the experiments of choice, contaminated squares had been exposed to unfed first instar larvae, each
square in a 9 cm diameter Petri dish with a Fluon-painted rim to prevent larval escape. Substrates con-
taminated by 10 larvae were exposed to larvae kept together on the substrate for a period of 4 h, i.e., 40
larval hours. Substrates contaminated by a single larva were exposed to a single larva for a period of 48 h,
i.e., 48 larval hours. Due to the low survival of unfed first instar larvae during the second day in a prelimi-
nary test, each single larva was replaced by a fresh first instar larva after 24 h. Females of each species
were offered control squares and paper squares contaminated by either 10 first instar conspecific larvae,
by 10 first instar larvae of the other species, or by a single first instar larva of C. oculata. In a single trial,
. contaminated squares of a single kind only were always present. Each trial was repeated five times.

Statistics: Although the total number of eggs laid in each of five replicates varied, it is possible to as-
sume that the degree of avoidance of each particular type of substrate remained constant under the condi-
tions of the experiments. Therefore, differences between numbers (%) of eggs laid per contaminated and
uncontaminated square substrate unit were analysed by Student’s t-test (the percentage was transformed
with the arcsine transformation). Similarly, the t-test was used to analyse differences between percentages
of eggs laid per contaminated squares in two different trials.
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Fig. 1. The scheme of oviposition arena.

RESULTS

The number of eggs laid was dependent on the chrysopid species, the number of fe-
males present in the cage and the type of treatment with which the females had contact. In
all experiments, females laid many eggs outside the oviposition arena as well as within it.

Females of both chrysopid species laid very similar numbers of eggs on clean substrates
in the experimental and control positions. Average numbers of eggs + SE per clean sub-
strate unit in experimental and control positions were 76.32 + 11.83 and 74.22 + 8.79 for
C. oculata and 27.28 + 2.39 and 27.22 + 2.42 for C. perla. The differences between the
percentage of eggs laid per unit of paper substrate in the experimental and control posi-
tions were not statistically significant (P = 0.883 for C. oculata and P = 0.916 for C. peria)
(Fig. 2).

The percentage of eggs laid per substrate unit by C. oculata was lower on contaminated
than on clean substrates. This difference was statistically significant (P < 0.0001) in
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Fig. 2. Percentage of eggs laid by Chrysopa spp. per  C. perla than in C. oculata (Fig. 2). The
unit of paper substrate [J without and I with 1aryal difference between the response of C.
oviposition-deterring pheromone when given a choice, oculata and C. perla to 10 conspecific
The range of total numbers of eggs laid on all 15 o o
squares in each type of trial are given above the col- larvae was statistically significant (P <
umns. Each type trial n = 5. - 0.01). Nevertheless, the differences be-
tween the percentage of eggs laid by fe-
males of C. perla per unit of contaminated and clean substrate were statistically significant
(P < 0.0001) in experiments with substrates contaminated by 10 larvae of both species, as
well as in the experiment with substrates contaminated by 1 larva of C. oculata (Fig. 2B).
The response of C. perla to substrates contaminated by 10 larvae of its own and of the
other species was again similar (P = 0.987). The percentage of eggs laid per substrate unit,
contaminated by a single first instar larva, was slightly lower than the percentage laid per
substrate unit contaminated by 10 first instar larvae of C. oculata. The difference was not
statistically significant at level o = 0.01 (P = 0.026).

DISCUSSION

Females of each species showed a similar response to sites contaminated by conspecific
as well as the other species’ larvae. This may indicate that the chemical markers of these
species are either similar or identical. C. perla is slightly larger than C. oculata. However,
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there is no evidence that the size difference affects the intensity of the response shown by
the females to the pheromonal marker.

On encountering conspecifics, predators often increase their activity (Hassell et al.,
1976). The crowded chrysopid larvae were more mobile and this, apparently, resulted in a
certain increase of the contamination of the substrate with their ODP. However, in both
species the substrates contaminated by 10 larvae of C. oculata (40 larval hours in total) did
not deter oviposition significantly more than substrates contaminated by a single larva (48
larval hours in total). This indicates that pheromone secretion by larvae is independent of
encounters with conspecifics. Thus, ovipositing chrysopids do not respond to crowds of
larvae only, as reported for A. kuehniella (Corbet, 1971). The present author’s current pre-
liminary experiments on the persistence of chrysopid ODP indicate a very slow decrease
of the repellent effect of substrates contaminated by first instar larvae.

Avoidance of deterrent semiochemicals by tortricids was more effective in isolated than
crowded females (Thiery & Gabel, 1993). Both chrysopids avoided strongly contaminated
substrates, despite of the high density of females in my choice experiments. It is possible
to expect that single chrysopid females will avoid ODP contaminated substrates more ef-
fectively than crowded females.

Adults of C. oculata and C. perla are predatory. A search for ODPs should continue in
chrysopids with non-predatory adults. Future studies should examine whether the chry-
sopids whose adults feed on pollen respond to the ODP of those species that have aphido-
phagous adults.

Egg production by satiated females of Adalia bipunctata (L.) (Coleoptera: Coccinelli-
dae) is fairly constant and independent of prey abundance (Mills, 1982). However, ovi-
position in this species decreases in the presence of larvae and this does not involve
competition for food (Hemptinne & Dixon, 1991). Females tend to withhold eggs and
leave after encountering conspecific larvae, but do not respond to conspecific eggs or pu-
pae (Hemptinne et al., 1992). Similarly, the number of eggs laid by the coccidophagous
coccinellid, Cryptolaemus montrouzieri Mulsant, decreased steadily as the number of con-
specific larvae per Petri dish increased (Lemaitre, 1992). In the field, females of the aphi-
dophagous syrphid, Epistrophe nitidicollis (Meigen) (Diptera: Syrphidae), avoid
ovipositing in colonies attacked already by their larvae (Hemptinne et al., 1993). This sug-
gests that, in addition to the two species of chrysopids studied here, ODP may also be pre-
sent in these other species of aphidophagous insects.

A key factor in the evolution of these types of oviposition inhibitors is that they may re-
duce cannibalism. That is, they appear to enable aphidophagous insects to optimize their
search for suitable patches of prey for their larvae and, apparently, serve to distribute the
predators more uniformly between patches of prey. However, this could reduce substan-
tially predator effectiveness as biocontrol agents in field crops after mass release if the re-
leased beneficials leave the target crop.

Ovipositing females of at least some aphidophagous species are able to evaluate the
quality of an aphid colony, not only by its size (Hafez, 1961; Hughes, 1963) and age
(Kindlmann & Dixon, 1993) relative to other colonies (Stephens & Krebs, 1986) but also,
in terms of the presence or absence of conspecific larvae. In nature, the frequency of
physical encounters with and the visual detection of larvae by ovipositing adults is likely
to be uncommon because larvae tend to be hidden in vegetation when not feeding and
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often are not active at the same times as the adults. Therefore, the oviposition-deterring
chemical markers left by the larvae are more reliable indicators of their presence. Resuits
presented here indicate that ovipositing females may also respond to the presence of larvae
of other species of the same taxon. When food is scarce, larvae of many aphid predators
will cannibalize larvae of related species. The ability of females to recognize the presence
of potential competitors and predators that may affect the survival of their progeny is
advantageous.

The inverse numerical response of some predators to prey at high prey densities
(Kuchlein, 1966) indicates a tendency to avoid patches where prey are abundant. This may
not be a response of predators to the high density of prey, but to the presence of ODP of
the larvae of prey-competing predators.

Females of Cydia pomonella (L.) (Lepidoptera: Tortricidae) avoid laying eggs on apples
treated with compounds from eggs of another tortricid, Lobesia botrana (Denis & Schif-
fermiiller) (Gabel & Thiery, 1994). Within each chrysopid species studied here, no differ-
ence has been found between intra- and interspecific response of females to the
pheromone. The ability of females of aphid predators to respond to larval ODP of poten-
tially competing species from other taxonomic groups should be explored.
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