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Behavioral responses to parasitized and
unparasitized hosts of Venturia canescens
(Gravenhorst) (Hymenoptera: Ichneumonidae)*
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Summary

When presented with unparasitized Ephestia kuehniella Zeller larvae to Venturia
canescens (Gravenhorst), the wasp parasitized them within five minutes. However, the
parasitoid did not parasitize previously parasitized larvae in a five minute period. In addition
to these results, using chronometer, the ratios of different behavioral reactions of the parasitoid
to parasitized and unparasitized larvae were recorded. Both “stabbing” and “cocking” beha-
viors were not observed when presented with parasitized hosts, and for this reason super-
parasitism did not occur. In case of “probing” and “not searching” behaviors, no significant
differences were found between parasitized and unparasitized hosts. The parasitoids spent
significantly more of their time in “contact with host”, “searching for host” and “cleaning”
behaviors when presented with unparasitized rather than parasitized ones. However, they
spent significantly more of their time in “escape from hosts” and “avoidance from host”
behaviors when presented with parasitized rather than unparasitized ones.
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Introduction

The parthenogenetic ichneumon wasp Venturia canescens (Gravenhorst)
(Hymenoptera: Ichneumonidae) is a solitary internal parasite of the caterpillars of
various species of phyctid moths and has often been used in studies of
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superparasitism (Salt, 1961). Many hymenopteran parasitoids are able to
distinguish parasitized and unparasitized hosts, through the application of external
or internal markers at oviposition (Salt, 1937; Guillot & Vinson, 1972; van
Lenteren, 1976; Hubbard et al., 1987; Wolk & Mackauer, 1990; van Alphen &
Visser, 1990).

Solitary wasps usually reject host that have been previously marked by
themselves or by conspecifics (Harvey et al., 1993). Superparasitism occurs when
a host contains more parasitoid eggs or larvae than able to develop successfully
through to adult emergence (Wylie, 1965; van Lenteren, 1976; van Alphen & Nell,
1982; Waage, 1986; van Alphen, 1988; Bai & Mackauer, 1990; van Aiphen &
Visser, 1990; Harvey et al.,1993).

V. canescens, an endophagous solitary parasitoid of Ephestia
kuehniella Zeller (Lepidoptera: Pyralidae), is able to recognize the parasitized
hosts, and consequently reject them as unsuitable sites for oviposition (Fisher,
1961). In order to be able to reject parasitized hosts, parasitoid must be able to
recognize a change in the host after oviposition (Harrison et al.,, 1985). V.
canescens can recognize the presence of an egg in the host within five minutes
of the oviposition (Rogers, 1972).

Behavioral experiments with V. canescens have demonstrated that the
secretions from its Dufour”s gland are topically used as an external marker
pheromone which affects the behavior of the other wasp towards host caterpillar
bearing it. (Harrison et al., 1985).

The aim of this work presented in this study was to determine whether or
not V. canescens is able to recognize parasitized E. kuehniella larvae and if
the wasps recognize them, define behavioral responses of V. canescens to
parasitized and unparasitized hosts.

Materials and Methods

The stock of E. kuehniella and V. canescens were supplied from
University of Ankara, Faculty of Agriculture, Department of Plant Protection.
Both hosts and parasitods were reared at 25+1°C constant temperature with a
16:8h light and dark photoperiod and 60-70 % relative humidity.

E. kuehniella were reared in the clear plastic containers (27x37x7 cm)
on a 2:1 mixture of wheat flour and wheat bran containing approximately 800 g
food and 2000 E. kuehniella eggs. The eggs hatched approximately in 4 days.
The moths completed five instars average 35 days after the eggs” hatching under
the conditions of temperature and nutrition we used. Pupa stage continued
approximately 8 days and adult moths lived approximately 8 days.

V. canescens were reared in the plastic containers (27x37x7 cm) containing
2000 29 day- old host larvae. 4-5 day old ten adult wasps fed with honey were
placed in these containers. Development of the wasps from ovipositing to adult
hatching completed approximately in 25 days. In order to separate wasps according
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to age for experiment, hatching of the adults from the hosts was checked regularly
2 or 3 times everyday. All the adult wasps used in the experiment were 2-4 days-
old. This was due to prevent different searching activity depending on the age and
parasitization capacity of parasitoids. These adult wasps were fed with honey and
water each day regularly before the experiment.

All the experiments took place at 25+£1°C with an overhead illumination.
An area was constructed by inverting a sterile petri dish (9 ¢cm diameter) over a
circular Whatman filter paper (12.5 ¢cm diameter). One wasp was placed in the area
with one caterpillar. Foraging behavior of the wasp was observed and recorded 5
minutes. After 5 minutes another wasp was given to the caterpillar which had
been parasitized once and behaviors of the wasp in petri dishes were observed
and recorded for 5 minutes. Both experiment were repeated 10 times.

Fresh filter paper and sterile petri dishes were used for each trail and forceps
were cleaned with 70 % alcohol before picking up the caterpillar. Throughout the
trial healthy adult wasps and healthy host larvae were used. The behaviors of
Venturia canescens on parasitized and unparasitised host larvae were
recorded using one channel event recorder and sound recorder.

The behavioral patterns of V. canescens enumerated by Harrison et al.,
1985 were used as follows:

Stabbing: before stabbing the ovipositor is flexed downward and forward.
The ovipositor is then quickly inserted into the caterpillar like a hypodermic
needle.

Contact with host: with either legs or antennae

Probing: the ovipositor is unsheathed and flexed forwards beneath the
abdomen. The tip of the ovipositor is repeatedly brought into contact with the
host or substrate. No insertion ovipositor occurs,

Searching: searching behavior involves directed locomotion. The wasp
turns quickly and repeatedly, presumably in response to the odor emitting from
the host, until it comes, in contact with the host. The antennae are continually
vibrated in the vertical plane and their terminal segments make contact with
substrate or host.

Avoidance: this normally occurs when a wasp comes into contact with a
previously parasitized and on a contact attempts to fly or host.

Escape: the wasp becomes positively phototactic and ceases directed
searching behavior on the floor of the petri dishes. A wasp walking on the sides
and top of the inverted petri dish is counted as attempting to escape from the
arena.

_ Cleaning: cleaning behavior is commonly observed directly after egg-
laying or after contacting on already parasitized host. The antennae, legs and
. ovipositor are groomed. This process may involve receptor cleaning, especially on
the antennae and ovipositor.
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Cocking: cocking can be observed prior to egg- laying or after an egg has
just been laid. The ovipositor is swung above the abdomen in a characteristic
movement and then returned to its normal position. The action positions a single
egg in a groove at the tip of ovipositor in preparation for egg laying (Rogers,
1972).

Not searching: this is brood category including two main types of
behavior pattern. The first is resting when the wasp remains still. This is more
often observed after egg-laying and cleaning. The second is when the wasp walk
around the area in a slow, undirected manner in contrast to searching behavior
which is more active and directed movement.

Results and Discussion

From the sound recorder the average values for the ten replicates were
calculated for the percentage of the tfotal time spent on each of the behavior
replicates when the wasp was attacking parasitized and unparasitized host larvae.
These values were showed in table 1.

Table 1. Average values for percentage of total exposure time (5 min.} spent performing each
behavior pattern

Behavior Unparasitised host Parasitised host

Mean % time = S.D. (Min.- Max.)
Stabbing 0.320 {0.20 - 0.60) -
Contact” 5535+ 0.38 (4.00 - 7.80) 1.424 = 0.21 (0.65 - 2.65)
Probing 8.725 £ 0.94 {5.34 - 14.87) 8.241 £ 0.72 (4.27 -12.27)
Searching® 25.851 + 1.70 (17.35 - 31.05) 3.750 = 0.61 (1.68 - 8.12)
Avoidance” 0.050 = 0.02 {0.00 - 0.20) 9.012 £ 0.82 (5.08 - 13.41)
Escape® 10.679 £ 1.29 (4.87 - 17.36) 42.519 + 5,58 (35.99 - 50.33)
Cleaning* 21.013+1.49 16.18 - 31.10) 6.242 + 0,88 (3.12-12.10)
Coding 0.148 (0.11 - 0.20) -

Not searching ~ 27.679 = 3.05 (10.35 - 42.43) 28.812 + 1.68 (20.77 - 37.03)

* =Significant at the 95 % level of probability.

In the experiments, the wasps parasitized all the unparasitized host larvae.
within five minutes oviposition period. However, after five minutes from the
previous parasitization they rejected the parasitized host larvae within five minutes
oviposition period. This result shows that V. canescens is able to recognize
parasitized hosts. In addition to this result, different behavioral responses to
parasitized and unparasitized larvae were recorded.

Both “stabbing” and “cocking” behaviors engaged only a very small percentage
of the total time when presented with unparasitized hosts. However, these two
behaviors were not recorded when presented with parasitized hosts. That”s why a
t-test analysis cannot be prepared on zero data and therefore no statistical
evidence is available for the two behaviors.

178



The behavior “not searching” occupied about one fourth of the total time
for both parasitized and unparasitized hosts, and no significant differences were
found between the two treatments. Similarly, in the behavior “probing” no significant
differences were found between parasitized and unparasitized hosts.

The parasitoids exhausted significantly more of their time in “contact with
hosts”, “searching for hosts” and “cleaning” behaviors when presented unparasitized
rather than parasitized ones. However, they exhausted less of the their time in
“avoidance” and “escape” behaviors when presented unparasitized rather than
parasitized ones.

The entire wasps in the experiments recognized the parasitized hosts within
five minutes of oviposition and therefore superparasitism was not occurred. V.
canescens can detect the presence of an egg in the host within 5 minutes of
oviposition (Rogers, 1972). V. canescens is able to recognize the parasitized hosts
and consequently rejects them as an unsuitable sites for oviposition (Fisher, 1961).

Both “stabbing” ‘and “cocking” behaviors were not seen when parasitized
hosts were presented. However, these two behaviors were observed when
unparasitized hosts were presented. To be able to discriminate the host, the
parasitoid must be able to recognize a change in the host after parasitization
(Harrison et al., 1985). Many hymenopteran parasitoids are able to distinguish
between parasitized and unparasitized hosts, through the application of external
or internal markers at oviposition (Salt, 1937; Guillot & Vinson, 1972; van
Lenteren, 1976; Hubbard et al.,, 1987; Wolk & Mackauer, 1990; van Alphen &
Visser, 1990). This marking may be accomplished in several ways. The wasp may
deposit an external pheromone on the host in its vicinity preceding, during or after
oviposition, or wasp may inject an internal marker pheromone into the host
during oviposition. Alternatively, the developing egg may give off a substance, or
there may be a concentration change of body fluids, or the formation of “new”
substance by the host as a reaction to parasitization {van Lenteren 1976, 1981).

Harrison et al. (1985) have demonstrated that the secretions from its
Dufour”s gland are used as an external pheromone which can affect the behavior
of other wasp towards E. kuehniella larvae bearing it.

From the behavioral observations with V. canescens, it can be concluded
that the high capacity of “avoidance”, “escape” and “not searching” behaviors
may aid in avoiding “contact” behavior when presented with parasitized host, and
therefore reduce the incidence of superparasitism. Conversely, the high capacity
of “searching” behavior may aid in increasing “contact” behavior when presented
with unparasitized host and consequently increase the parasitization.

In the behavior “probing”, no significant difference was found between
parasitized and unparasitized hosts. In fact, while “probing” behavior was mostly
observed on the body of hosts when unparasitized host was presented, it was
mostly observed on the substrate {petri dishes and Whatman filter paper) when
parasitized host was presented. The reason that the wasp prefer the substrate for
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“probing” when parasitized host was presented is because of recognizing and
rejecting the parasitized hosts.

The wasp spent much more time in “cleaning” behavior when unparasi-
tized hosts were presented rather than parasitized ones. The reason that the wasp
spending much more time for “cleaning” behavior when presented with unparasi-
tized host is because of spending much more time for “contact” behavior with the
unparasitized ones.

(")zet

Venturia canescens (Gravenhorst) (Hymenoptera: Ichneumonidae)”in
parazitlenmis ve parazitlenmemis konukculara davranissal tepkileri

Venturia canescens {Gravenhorst) bes dakikalk bir siire icerisinde parazitlenmemis
Ephestia kuehniella Zeller larvalarim parazitlemistir. Fakat parazitoitler bes dakika énce
parazitlenmis konukculann parazitli olduklarini algilamis ve parazitlemek icin ret etmistir.
Avyrica kronometre yardimy ile parazitoitin parazitlenmis ve parazitlenmemis konukculara
olan farkli davrams reaksiyonlarinin oranlan belirlenmistir. Parazitlenmis konukgularda
“konukcuyu delme” ve “yumurtanin konukcuya hazirlanisi” davramslan gerceklesmemis ve
sliperparazitizm gérilmemigtir. “Sondalama” ve “konukeuyu aragtirma” davranslan bakimindan
parazitlenmis ve parazitlenmemis konukcularda istatistiki bakimdan énemli bir fark
bulunamarmustir. Parazitoitler parazitlenmemis konukeularda parazitlenmis konukgulara gore
“konukgu ile temas”, “konukcuyu arastirma” ve “temizlenme” davranislan bakimindan daha
fazla zaman harcamgtir. Ancak parazitoitler parazitlenmis konukcularda parazitlenmemis
konukculara goére “konukcudan sakinma” ve “konukcudan kacma” davraniglar bakimindan
daha fazla zaman harcamstir.
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