Qecologia (Berlin) (1986) 68:265-270

Oecologia

© Springer-Verlag 1986

Characterisation of the arrestment responses

of Trichogramma evanescens

Sarah M. Gardner and J.C. van Lenteren

Department of Entomology, Agricultural University, Binnenhaven 7, 6700 EH Wageningen, The Netherlands

Summary. Contact kairomones and oviposition in a host
egg stimulated arrestment behaviour in Trichogramma evan-
escens, characterised by a reduction in walking speed and
increased turning. Previous oviposition experience did not
influence a parasitoid’s response to contact kairomones,
but successive encounters with kairomone patches resulted
in parasitoids habituating to the contact chemical. Oviposi-
tion on a kairomone patch did not reverse this habituation
effect. It was concluded that contact kairomones and host
eggs will both contribute independently to the duration of
a patch visit. The selection of patches by 7. evanescens
will depend on its response to kairomones. Results from
this study indicate that the application of contact kairo-
mones to ficld crops will not necessarily increase the proba-
bility of parasitoids finding hosts.

Host finding in insect parasitoids is generally divided into
host-habitat location, host location and host acceptance
(eg. Weseloh 1981; Vinson 1984). At each stage, chemical
(eg. Read et al. 1970; Sandlan 1980; Sabelis and van de
Baan 1983; Vet 1983), acoustic (eg. Cade 1975) or visual
(eg. Levinson and Haisch 1983; Glas and Vet 1983) cues
derived from the host or host-plant, may be used to assist
orientation to host infested areas.

Egg parasitoids of the genus Trichogramma are known
to respond to several chemical stimuli produced by their
Lepidopteran hosts. The sex pheromones of Heliothis zea
(Boddie) and Mamestra brassicae (L), certain excretory pro-
ducs of Pieris brassicae (L) and host-plant materials have
been shown to act as long range attractants for 7Tricho-
gramma (Altieri et al. 1981; Lewis et al. 1982; Noldus and
van Lenteren 1985 a,b); substances found in the wing
scales, frass and fecal material of the host also act as contact
kairomones (Jones et al. 1973; Lewis etal. 1976; Smits
1982; Noldus and van Lenteren 1983, 1985).

Following observations of arrestment behaviour by Tri-
chogramma spp. to host contact kairomones, extracts of
these were applied in the field in an attempt to increase
percentage parasitism at low host densities. Results from
this work are inconclusive (Lewis et al. 1975; Gross 1981;
Gross et al. 1984), with significant increases in parasitism
being observed only at high host densities. The distribution
of kairomones and pre-release stimulation of parasitoids
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with kairomones are known to influence the searching effi-
ciency of Trichogramma (Gross et al. 1975; Lewis et al.
1979; Beevers et al. 1981), but little information is available
on the foraging strategy. Thus suggestions for manipulating
parasitoid behaviour to improve their performance in the
field, tend to be based on speculation rather than tested
hypotheses.

The responses of Trichogramma evanescens (Westwood)
to the contact kairomones and eggs of one of its hosts,
P. brassicae, are quantified in this paper and examined with
respect to a parasitoid’s oviposition experience. Results are
reviewed in the context of current foraging theory and cri-
teria suggested by which these parasitoids select patches
and determine the duration of a patch visit.

Materials and methods

The parasitoids

The parasitoids used in these experiments originated from
a population of T. evanescens parasitising M. brassicae in
cabbage, collected in The Netherlands in 1981 (strain 11
in Pak and van Lenteren 1984). Since then the species has
been reared in the laboratory on Ephestia kuehniella
(Zeller).

Parasitoids were reared at 25° C and were offered honey
after emergence. Experiments were carried out at 20°C
using 2-day old females; parasitoids were transferred to the
experimental room (20° C) one day before the experiment.

In most experiments, females had oviposited in one P.
brassicae egg (1-2 days old), one hour previously. These
females were then regarded as experienced. Inexperienced
females had not previously oviposited.

1) Influence of contact kairomones on the time spent searching
by parasitoids on leaves. Experienced females were released
onto Brussels sprout leaves (total surface area 84 cm?) on
the upper surface of which, wing scales of P. brassicae had
been brushed in three discrete areas (each 0.25 cm?). The
areas were arranged at random. Control experiments were
carried out using uncontaminated leaves.

Parasitoids were observed until they flew off the leaf
or a period of 60 min had elapsed. The latter period was
chosen arbitrarily.

i) Characterisation of parasitoid walking behaviour. The
walking behaviour of experienced females was recorded
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using video egquipment and traced onto plastic sheets.
Tracks were divided into two second intervals (steps) tc
analyse changes in walking speed and turning behaviour;
the direction of turns was also noted — left or right respec-
tively. All experiments were carried out in open Petri dishes
(9.0 cm diameter) the base of which was covered with filter
paper. :
Parasitoid responses were recorded under three experi-
mental conditions:
a) behaviour on clean filter paper — control,
b) behaviour after contacting wing scales (known to act
as a contact kairomone) of P. brassicae brushed onto filter
paper in two spearate areas, each 30 x 3 mm,
¢) behaviour after ovipositing in one P. brassicae egg. A
parasitoid was released within 2 mm of the egg and record-
ing commenced after she had walked off the egg for the
first time.
In each case experiments were terminated after females
had walked off the filter paper and had spent 1-2 min walk-
ing around the edge of the Petr dish.

iii) Influence of oviposition experience on a parasitoid’s re-
sponse to host contact kairomones. The behaviour of experi-
enced and inexperienced parasitoids to the contact kairo-
mones of P. brassicae was compared.

Experiments were carried out on discs of white cabbage
maximum diameter 3.5 cm. Half of each disc was covered
with contact kairomones, wing scales and frass ‘deposited’
by ovipositing P. brasssicae females; the remaining area
which had not been exposed to the butterflies formed the
control. Each disc was attached to a filter paper and placed
in a Petri dish.

A single parasitoid was released into each disc and its
walking behaviour observed as in section ii).

iv) Response at successive visits to host scale areas. Experi-
enced females were allowed to search in a series of seven
Petri dishes, each containing a single area of P. brassicae
scales (0.78 cm”) brushed onto filter paper. A single P. bras-
sicae egg was also placed in the centre of the scale area
of arenas 1 and 6. An interval of 10 min was left between
the presentation of each arena. During this period parasi-
toids were offered clean (control) filter paper. Replacement
of filter papers was achieved by removing the base of the
Petri dishes when parasitoids were searching on the lid.
This method minimised the handling disturbance of a para-
sitoid.

Parasitoids were observed until they walked off the filter
paper.

Results

i) Effect of contact kairomones on time spent searching on
leaves. The presence of host scales resulted in an increase
in time spent searching by experienced parasitoids on Brus-
sels sprout leaves (Table 1). More time was spent searching
on the upper surface of kairomone treated leaves when com-
pared to the control, but no difference was observed with
respect to the lower leaf surfaces. Since kairomone was only
placed on the upper leaf surfaces, these resuits suggest that
it acts solely as a local arrestant, stimulating parasitoids
to search intensively within the immediate area of a kairo-
mone patch.

Table 1. Influence of contact kairomones on the time spent search-
ing by experienced parasitoids on different leaf surfaces (time in
min, mean £S.E.)

Treatment Upper leaf surface Lower leaf surface

Control 9.7 (£1.8)* 11.6 (£2.2)*
n=18 n=20

Kairomone 19.3 (£2.3)°® 121 (£2.3)*
n=19 n=18

Data followed by different letters are significantly different P <0.01
(Mann Whitney U test)
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c

Parasiteid Excursions

Fig. 1a—. Walking behaviour of 7. evanescens a on clean cabbage
leaf disc — control, b after contacting host scales (kairomone) of
P. brassicae, ¢ after oviposition in egg of P. brassicae



Table 2. Characteristics of the walking behaviour of T. evanescens
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Treatment Walking speed Activity Mean turning Directional changes
(mm/2 s) (proportion angle Percentage of paths in which
of time spent the proportion of left or right
searching) right turns is
<0.75 >0.75

Control (n=20) 5.8 (+0.1)? 0.96° 1302 602® 40
Inside kairomone area (n=15) 2.8 (£0.1)° 0.65° 25°° 912 9
Outside kairomone area (n=15) 51 (£0.1)° 0.932 30°® 42° 58
Oviposition (n=29) 4.0 (£0.1)¢ 0.95® 47°° 15¢ 85

IS-Initial step

Figures in the same column followed by different letters are significantly different P<0.01 (Kolmogorov-Smirnoff test for walking
speed and turning angle, chi-squared contingency test for activity and directional changes)

ity Characterisation of parasitoid walking behaviour. Figure
1 presents examples of the walking behaviour of T. evanes-
cens on control and kairomone areas and following oviposi-
tion. Changes in parasitoid behaviour were determined
from comparison of the distribution of walking speed and
turning anlges, and the frequency of directional changes.
The latter was given by the proportion of left and right
turns observed in paths of minimum length of five steps;
values greater than 0.75 indicated a bias in one direction.
a) Control areas: Parasitoids walked at an average speed
of 5.8 mm/2 s (Table 2) and showed little turning movement
(Fig. 2a). Turning behaviour did not vary significantly be-
tween individuals (median test for left turns: y2=4.04, p
NS; right turns: y%=6.58, p NS) or according to direction
(Kolmogorov-Smirnoff two sample test D=0.13, y2=23.83,
p NS). Consequently data from all females were pooled
to determine the median turning angle (Table 2). This was
13°. Initial direction was maintained in less than 50% of
cases (Table 2).

b) Kairomone areas: On entering a kairomone area parasi-
toids showed a singificant decrease in activity and walking
speed (Table 2). Turning behaviour increased significantly
(Fig. 2b, comparison with control area y3=24.39, p<
0.001) with frequent changes in direction (Table 2).

After leaving a kairomone area an initial increase in
turn angle was observed (Table 2), followed by increased
activity and walking speed. Subsequent turning behaviour
was similar to that observed within the kairomone area
(Fig. 2¢). Directionality was maintained in 50% of cases
(Table 2) but was not correlated with that of the initial
turn.
¢) Oviposition in host egg: Following oviposition, parasi-
toids made several excursions from the host egg during
which walking speed was reduced (Table 2) and turning
behaviour increased (Fig. 2d) compared to that occurring
in the control area. Initial turning direction was maintained
in 85% of cases until the egg was re-encountered (Table
2), resulting in a characteristic circling pattern (Fig. 1c).

iii) Effect of oviposition experience on a parasitoid’s response
to host contact kairomones. Inexperienced females walked
faster than experienced females, but both showed a reduc-
tion in walking speed within the kairomone area (Table
3). Individual experienced females spent longer searching
in kairomone areas than in control areas (Table 3) but the

response of inexperienced females varied considerably. The
time spent searching in kairomone and control areas did
not differ significantly between the two female types (Mann
Whitney U test Time in control areas U=65.5, n; =11, n, =
13, p NS; time in kairomone area U=55, n, =11, n, =13,
p NS).

iv) Effect of successive visits to kairomone areas. Table 4
presents the time spent searching in and around seven host
scale areas, presented to parasitoids at 10 min intervals.
The time spent searching decreased significantly between
visits 1 and 2 and visits 4 and 5. The first decrease may
be attributed to the absence of a host egg in the second
arena, since host eggs also elicit significant arrestment
behaviour; the second decrease signifies a change in parasi-
toid response to the contact kairomone. A second oviposi-
tion resulted in a temporary increase in time spent searching
around the host egg (Visit 6, Table 4) but did not influence
a parasitoid’s response to host scales (Visit 7, Table 4).
Handling time also decreases significantly between visits
1 and 6 (Table 5). This resulted from a change in time
taken to ‘recognise’ parasitised eggs, which decreased sig-
nificantly during the course of a first visit (Table 5).

Discussion

Parasitoids searching in control areas walked in relatively
straight lines interspersed by erratic turns. Such behaviour
has been observed in many motile organisms (eg. Jander
1975), and would seem to form the most efficient strategy
for moving between patches of hosts or orientating along
a chemical gradient (Bell and Tobin 1982).

Oviposition or contact with host scales stimulated a
change in walking behaviour characterised by a reduction
in walking speed and increase in turning frequency. The
pattern of each response differed with respect to frequency
in directional changes. Following oviposition initial direc-
tion was maintained, resulting in a circling pattern which
increases the chance of 7. evamescens finding other eggs
laid within the vicinity (Laing 1938; Yano 1978; van Len-
teren et al. 1982). Similar behaviour has been demonstrated
in insects after feeding (Dethier 1957; Carter and Dixon
1982) and during mate-finding (Schal et al. 1983).

Parasitoids searching inside a host scale area showed
frequent changes in direction, resulting in an intensive scan-
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Fig. 2a-d. Distribution of turning angles of parasitoids walking
in a Control area, b within kairomone area, ¢ after leaving kairo-
mone area, d after oviposition

ning of the area. On leaving the area, an initial increase
in turn angles was observed, following which turning tended
to be unidirectional. This ‘boundary response’ is common
to many searching insects (eg. Nelson 1977; Waage 1978;
Havukkala 1980), and will assist T. evanescens to re-enter
a patch and to follow trails of contact kairomones deposited
by hosts searching for suitable oviposition sites (Smits
1982).

Table 3a, b. Parasitoid responses to the contact kairomones of
P. brassicae {mean +S.E.)

Control Kairomone

a Experienced females n=13

Walking speed 1.8° 1.4°

(mm/s) (£0.1) (£0.1)

Time spent searching 63.1% 99.2»

in each area (s) (+16.1) (£19.6)
b Inexperienced females n=11

Walking speed 2.5° 2.04

{mmy/s} (£0.2) (0.1}

Time spent searching 90.9¢" 102.38h

in each area (s) (£344) (£40.4)

Figures followed by different letters are significantly different P<
0.05 (Mann Whitney U test)

Table 4. Response of experienced parasitoids to the contact kairo-
mones of P. brassicae over a sequence of seven visits (time in
s, mean +S.E.)

Visit n Time spent Time spent

number searching in searching around
kairomone area kairomone area

1* 23 156.7 (£29.3)" 62.6 (+16.3)*

2 24 50.7 (£9.4)° 32.2 (£7.5)°

3 24 38.3 (+6.6)° 31.2 (+8.0)°

4 24 43.7 (+£7.9)° 232 (£71.7)°

5 22 28.2 (+10.9)° 0.0°

6* 20 55.4 (£11.7)° 46.5 (£13.6)°

7 19 21.3 (£3.6)° 4.8 (+3.0)°

* Parasitoids oviposited in one host egg placed in kairomone area.
Data followed by different letters are significantly different P <
0.01 (tested within columns only, Kruskal Wallis and Mann
Whitney U tests)

Foraging experience is known to influence the behav-
iour of many insects, although the processes responsible
for observed behavioural changes are frequently difficult
to separate (see Papaj and Rausher 1983; for review). Pre-
vious oviposition in a host did not influence the time spent
searching by T. evanescens in the kairomone area of the
encountered species. Oviposition experience does however
influence the response of 7. evanescens to kairomones of
hosts in which they have not oviposited (Gardner et al.
1985).

T. evanescens is known to mark host eggs following
oviposition (Salt 1937), although the response of females
towards parasitised hosts is dependent upon their oviposi-
tion experience (Klomp et al. 1980). Results from this study
indicated that successive contacts with parasitised hosts re-
sulted in a reduction in time spent examining them on sub-
sequent encounters. Such behaviour is common in insect
parasitoids and may arise from an increased sensitivity to-
wards chemical markers associated with parasitised hosts
(van Lenteren 1981).

Habituation to chemical odours has been demonstrated
in several insect species (eg. Thorpe 1938; Bartell and T.aw-
rence 1977; Kuenen and Baker 1981), and has been sug-
gested as a basic mechanism by which parasitoids determine



Table 5. Parasitoid response to host eggs during visits 1 and 6
(mean values +S.E.)

Visit 1 (n=23) Visit 6 (1=20)

836.8 (£72.5)°
3.9 (+£0.6)*

Oviposition time (s) 882.6 (£76.9)*

Number revisits to egg 5.5 (£0.8)*

Time spent on
parasitised egg
— Visits 1&2 (s}

2154 (£18.2)° 1424 (£24.9)°

(n=42) (n=27)
— Subsequent visits 139.9 (£13.1)° 1242 (£17.4)°
(n="61) (n=30)

Time spent in kairomone  156.7 (430.0)* 554 (+11.7)°

area (s)

Time spent searching 62.6 (+16.3)* 46.5 (£13.6)*

around kairomone area (s)

Data followed by different letters are significantly different P<0.01
(Mann Whitney U test between columns)

the duration of a patch visit (Waage 1979). Successive en-
counters with ‘empty’ kairomone patches resulted in a sig-
nificant decrease in time spent searching by 7. evanescens.
Oviposition in a host egg did not however increase a parasi-
toid’s response to contact kairomone (see also Gardner
et al. 1985). Unlike Newmeritis canescens (Grav.), the insect
studied by Waage (1978, 1979), both contact kairomones
and oviposition e¢lecited significant arrestment behaviour
in 7. evanescens. Both factors will therefore contribute inde-
pendently to the time spent searching on a patch, the dura-
tion of which would seem to depend on a parasitoid’s initial
response to kairomone and the number and/or rate of ovi-
positions (Gardner and van Zoest in prep.).

Parasitoids searching in a patchy environment must de-
termine which areas are the most profitable in order to
maximise their chances for survival and reproduction (Hub-
bard and Cook 1978). Patch selection by T. evanescens will
depend on its response to host kairomones. This response
is not influenced by the number of ovipositions (Gardner
et al. 1985) but apparently on the frequency of oviposition
in a particular patch type. Caraco (1980, 1981) has sug-
gested that a strategy in which patches are ranked according
to ‘reward’ probability rather than mean benefit, may be
a better solution for animals searching within a stochastic
environment. Such a strategy will reduce the risk of an
individual accumulating a large energy deficit while search-
ing for patches with the highest mean reward (Real 1980;
Caraco and Chasin 1984).

Results from this work have important implications for
the use of contact kairomones in the field. Contact kairo-
mones have been shown to induce arrestment behaviour
in T. evanescens, but do not stimulate parasitoids to search
outside the treated area. Their application will not therefore
increase the probability of parasitoids finding hosts, unless
applied to the actual oviposition sites of hosts. Parasitoids
will be retained initially in the crop, but the effect of search-
ing in unprofitable areas will reduce their expectation of
finding hosts and subsequently their response to kairo-
mones. The consequences of this behaviour for the control
of the host will depend on the size and distribution of both
the host and parasitoid populations (Waage and Hassell
1982).
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