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Abstract For many parasitoid species, the final step of
host location occurs on plants whose structure varies in
time and space, altering the capacity of parasitoids to ex-
ploit hosts. Plant structure can be defined by its size, het-
erogeneity and connectivity. We tested the hypothesis
that these three components and al possible interactions
affect the level of parasitism of Trichogramma evanescens
and that parasitism can be predicted if the structure of a
plant is measured. We quantified and varied the structure
of three-dimensional artificial plants to determine which
component(s) of plant structure explain variability of
parasitism and to develop a model that predicts parasit-
ism by Trichogramma females. This model was validat-
ed with three natural tritrophic systems. The experiment
with artificial plants revealed that plant structure affected
host-finding success, which was higher on plants with a
simple structure and low on plants with a complex struc-
ture. A response surface regression showed that the lin-
ear and quadratic terms of connectivity were highly sig-
nificant, indicating that connectivity best explained the
variability in the rate of parasitism obtained. The interac-
tion between connectivity and heterogeneity was aso
significant. Observed values of parasitism from experi-
ments with three natural tritrophic systems fit predicted
values of parasitism generated by the model, indicating
that parasitism can be predicted if heterogeneity and
connectivity of a plant are known. Consequences of
these results in regard to population dynamics, evolution
and biological control are discussed.
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Introduction

Parasitoids evolve in a multitrophic context (Hassell and
Waage 1984; Vet and Dicke 1992) and forage at multiple
scales (ecosystem, macro-habitat, micro-habitat, patch)
but for many parasitoid species the final step of host lo-
cation takes place on plants whose structure varies in
time and space. The definition of plant structure has, un-
til now, often been subjective and many terms have been
used to describe this characteristic (Bell et a. 1991).
Various models of plant structure have been proposed,
some based essentially on structural and phenological
characteristics and patterns of growth, but these remain
highly descriptive (Ross 1981; Lawton 1983; Tomlinson
1987 and references therein; Cremers and Edelin 1995;
Price et al. 1995). Others aimed to quantify structural
components such as branch length and branch angles
(Honda 1971; Leopold 1971; McMahon 1975; McMahon
and Kronauer 1976; Bell et al. 1979; Honda et al. 1981,
1982; Honjo 1995). Fractal geometry has also been
used to quantify the structure of habitats and plants
(Williamson and Lawton 1991; Foroutan-pour et al.
1999).

Andow and Prokrym (1990) and Bell et al. (1991)
recognized three components to plant structure: size
(height or volume of a plant), heterogeneity (abundance
and diversity of plant parts) and connectivity (abundance
of connections between plant parts). These three compo-
nents define to a large extent the potential searching area
and could be the most relevant to foraging parasitoids.
Previous studies on the effect of plant structure on forag-
ing behavior of parasitoids and predators have focused
on a single component. An increase in plant size was
found to decrease significantly the percentage of para-
sitism of various host species by different species of
Trichogramma parasitoids (Ables et a. 1980; Thorpe
1985). An increase in connectivity was found to reduce



host-finding success of Trichogramma species (Andow
and Prokrym 1990; Lukianchuk and Smith 1997; Romeis
et al. 1998), aphidiid wasps (Mackauer and Volkl 1993),
predatory wasps (Geitzenauer and Bernays 1996), and
coccinellids (Grevstad and Klepetka 1992; Frazer and
McGregor 1994).

Polyphagous species of predators and parasitoids of-
ten forage on a variety of plant structures used by their
prey/hosts. For example, parasitoid species of the genus
Trichogramma exploit eggs of several lepidopteran spe-
cieson alarge variety of plants, from herbs to large trees
(Suverkropp 1997). In nature, size, heterogeneity and
connectivity of plants vary and interact and therefore af-
fect host-finding success of parasitoids.

The objectives of this study were (1) to determine the
impact of plant structure, defined by different combina-
tions of size, heterogeneity and connectivity, on host find-
ing by Trichogramma evanescens Westwood (Hymenop-
tera: Trichogrammatidae); (2) to identify the plant struc-
tural component(s) that best explain variability in parasit-
ism; (3) to develop a model of parasitism by using artifi-
cia plants, and (4) to validate this model on natura tritro-
phic systems.

Materials and methods

Three-dimensional artificial plants, on which Ephestia kuehniella
Zeller (Lepidoptera: Pyralidae) eggs were placed, were used to
study the effect of plant structure on host-finding behavior by
T. evanescens. The use of artificial plants eliminates the variability
of chemical (e.g. volatiles) and physical factors (e.g. color, tex-
ture) found in natural plants. The artificial plants consisted of a
main stem, two secondary stems, branches, leaves and buds
(Fig. 1). The three stems were made of wire covered with green
plastic. Branches were in flexible green plastic, whereas leaves
were in silk and buds were plastic green push pins. All plant parts
were inserted into each other and no glue was used. Size, hetero-
geneity and connectivity of artificial plants were varied and quan-
tified.

Size (S) was defined by the height of the plant, and was quanti-
fied by measuring, in centimeters, the main stem. To vary the size,
the main stem was cut at four different heights: S;=15; S,=30;
S;=45; S,=60 cm. Heterogeneity (H) was defined by the relative
abundance, per unit area, of structural components. To vary the
heterogeneity, we used a constant number of 45 leaves for all plant
structures but placed 2, 6, 12 or 45 buds along the main and sec-
ondary stems and on branches. Heterogeneity was calculated fol-
lowing the formula of the Shannon-Wiener’s index of biodiversity
(Barbour et a. 1987), which is, (== X; / X;) (In X; / X,). In that
equation, X; denoted the number of leaves and the number of buds,
while X, corresponded to the sum of leaves and buds. Four values
of heterogeneity were thus obtained: H,=0.1; H,=0.3; H;=0.5;
H,=0.7. Connectivity (C) was defined by the absolute abundance,
per unit area, of connections between plant parts. To vary the con-
nectivity, plants were cut to obtain four values: C,=3; C,=24;
C,=45; C,=66.

These variations of size, heterogeneity and connectivity gave
64 different plant structures (4 sizes x4 heterogeneities x4 connec-
tivities) that were used as treatments. The simplest plant structure
consisted of the main stem, 15 cm high, two secondary stems, 45
leaves, 2 buds and 3 connections between plant parts (Fig. 1A).
The most complex plant structure consisted of the main stem,
60 cm high, two secondary stems, 45 leaves, 45 buds and 66 con-
nections between plant parts (Fig. 1C). Because most of the sur-
face of the plant consisted of leaves rather than stems or buds, the
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Fig. 1 A Representation of the most simple plant structure; height
=15 cm, heterogeneity =0.1, connectivity =3; B a detailed view of
one branch and leaves; C representation of the most complex plant
structure height =60 cm, heterogeneity =0.9, connectivity =66.
The white dots represent the host eggs and the squares represent
buds

total surface area of plants varied less between treatments than the
other factors. The minimum and maximum values of surface area
were 412 and 552 cm2. Thus, a simple plant structure had low val-
ues of size, heterogeneity and connectivity, and the reverse applied
to acomplex plant structure.

For all experiments we used female T. evanescens reared on
cold-killed E. kuehniella eggs at 24+1°C, 50+5% relative humidi-
ty (r.h.) and 16L:8D. Females were less than 6 h old, mated, unfed
and naive.

Sixteen cold-killed eggs of E. kuehniella were individualy
glued with mucilage Elmer’s glue on the margin of 16 leaves per
plant structure (Fig. 1). The same leaves were used for each repli-
cate but they were washed with water between replicates. The
main stem of artificial plants was then inserted in a circular
wooden base of 18 cm in diameter and three T. evanescens fe-
males were introduced with a fine brush on one leaf located at the
base of the plant. Plants were then covered individually with a
closed plastic cylinder, 18 cm in diameter. In order to keep the
volumes of the plant and cylinder relatively proportional between
treatments, the heights of cylinders were the same as the enclosed
plants. A constant humidity level of 40% r.h. was maintained in-
side the cylinder by using a piece of cotton soaked in saturated salt
water. The experimental set-up was then placed in an incubator at
24°C (16L:8D). Parasitized E. kuehniella eggs turned black 6 days
after parasitization under our experimental conditions and parasiti-
zed eggs were therefore counted on the 7th day in order to mea-
sure parasitism during the first 24 h of the experiment.

Experimental design and statistical analysis

The three factors (S, H, C) had four levels each, resulting in 64
treatment combinations (4Sx4Hx4C) that were replicated 12
times. Due to time and space constraints, only 32 treatment com-
binations could be tested simultaneously. The experimental set-up
consisted in a hierarchical incomplete block design with mini-
blocks nested within mega-blocks. The definition of these incom-
plete blocks satisfied the orthogonality condition (Mead 1988).
A first randomization occurred among the three pairs of complete
blocks or mega-blocks whereas the second randomization was car-
ried out between the two halves of each complete block or mini-
block. Thus, a mega-block was formed by all 64 treatment combi-
nations, whereas a mini-block was formed by only 32 treatment
combinations. Preliminary analyses showed that the mean rate of
parasitism was statistically different between mini-blocks within a
complete block. These differences were related to treatment ef-
fects, but there was no statistical difference between mega-blocks.
Accordingly, we eliminated the mega-block and mini-block struc-
ture and grouped the data into complete blocks. The parasitism ob-
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served in one block was much lower than in the other blocks prob-
ably because of lower quality hosts. This block was statistically
different from the others and it was removed from the analysis in
order to be able to use response surface regression. A response
surface regression was performed on the mean percentage of para-
sitism calculated over those five complete blocks, after arcsine
square root transformation (Sokal and Rohlf 1995). The stability
and robustness of the regression model were assessed using a
jackknife procedure (Efron and Tibshirani 1993) in which the per-
centage of parasitism of each block was predicted by fitting the
model to the mean of the four other blocks (see Dutilleul et al.
(2000) for a recent application in forest entomology). SAS soft-
ware, version 6.12 (SAS 1997), was used for all statistical analy-
sis.

To visualize how parasitism varied with heterogeneity and
connectivity, we plotted one three-dimensional response surface of
the percentage of parasitism against heterogeneity and connectivi-
ty. The minimum value of heterogeneity and connectivity was ze-
ro, whereas the maximum values were 0.9 and 72, respectively.

Model validation

The validation step compared predicted level of parasitism to val-
ues obtained from experiments using T. evanescens as parasitoid,
eggs of Trichoplusia ni Hubner (Lepidoptera: Noctuidae) as host
and either cabbage, broccoli or Brussels sprouts as plant. Seeds of
cabbage (Brassica oleracea L. var. capitata, cv. ‘Green Bartolo');
broccoli (Brassica oleracea var. italica, cv. ‘Green valiant’); and
Brussels sprouts (Brassica oleracea var. gemmifera, cv. ‘Hyb Jade
E’), were started in individual cells then, after 6 days were trans-
ferred into a growth chamber where the temperature was constant
at 25°C. After 12 days, plants were transplanted into 6 | pots and
placed in a greenhouse until they reached 80 days old, calculated
from the sowing date. The temperature within the greenhouse var-
ied between 22°C and 35°C during the day and between 15°C and
24°C during the night for the duration of experiments. Female
T.evanescens used in all experiments were reared on cold-killed
E. kuehniella eggs at 24°C and at 16L:8D. Females were less than
6 h old, mated unfed and naive. T. ni was reared in the |aboratory
on artificial diet (Shelton et al. 1991) at 23+1°C, 65+5% r.h. and
16L:8D. Adults were maintained in cages. To collect eggs, we
dipped a strip of polyethylene film into filtered cabbage juice and
introduced it into a cage to let the adult females lay their eggs. The
polyethylene film was cut into 6 mm? pieces and we made sure
that each piece contained one freshly (<12 h) laid T. ni egg.

Size, heterogeneity and connectivity of cabbage, broccoli and
Brussels sprouts plants of 30, 55 and 80 days old were quantified
on 21 plants for each age x crucifer combination and mean values
were computed (Table 1). Size was measured from the highest leaf
down to ground level. Heterogeneity occurred only on older plants
of broccoli and Brussels sprouts while only leaves were present on
cabbage. Connectivity was quantified by counting the number of
branching, mostly due to leaf stems, on each plant. Values of het-
erogeneity and connectivity were then incorporated to the equa-
tion of the response surface regression model of parasitism to ob-
tain predicted parasitism values for the three plant varieties and
the three ages.

Observed values of parasitism for simple (30 day old), inter-
mediate (55 day old) and complex (80 day old) cabbage, broccoli
and Brussels sprouts were obtained experimentally. On each plant,
a piece of polyethylene film, containing one T. ni egg was glued
on each side of eight different leaves for a total of 16 eggs per
plant. On simple plants, two or three eggs per leaf were glued be-
cause they possessed fewer than eight leaves. The eggs were all
located within 1 cm of the leaf margin. Plants were then placed in
a cage (85x85x100 cm) covered with white muslin located within
a greenhouse where the temperature varied between 22°C and
35°C during the day and between 15°C and 24°C during the night.
Twenty-five T. evanescens females were introduced on a leaf lo-
cated at the base of the plant. This number was established follow-
ing preliminary experiments to obtain a measurable level of para-

Table 1 Mean values (+SD) for each component of plant structure
and for each plant variety and age. Heterogeneity is expressed as
the Shannon-Wiener’s index of biodiversity and varied from O to
1. Connectivity corresponded to the absolute abundance of con-
nections between plant parts and varied between 1 and 72. n=21

Plant age/plant variety Size (cm) Heterogeneity Connectivity

Age=30 days after sowing date

Cabbage 21.7+1.7 0.0£0.0 6.2+0.7
Broccoli 20.2£2.1 0.0£0.0 4.2+0.6
Brussels sprouts 21.9+2.1 0.0£0.0 8.0£1.0
Age=55 days after sowing date

Cabbage 35.4+4.8 0.0+0.0 12.5+1.1
Broccoli 41.0+4.3 0.0£0.0 10.5+0.7
Brussels sprouts 40.9+1.8 0.0+0.0 18.6+1.8
Age=80 days after sowing date

Cabbage 36.3+t2.3 0.0+0.0 21.0+1.2
Broccoli 50.5+94 0.1+0.1 17.4+1.8
Brussels sprouts 48.5+6.6 0.7+0.05 35.3+7.1

Table2 Overal anaysis of the response surface regression of
parasitism of T. ni eggs by T. evanescens for the experiment with
artificial plants

Regression df F-ratio Prob>F
Linear 3 23.99 0.0001
Quadratic 3 5.36 0.0026
Cross-product 3 2.64 0.0589

sitism under the prevailing experimental conditions. The plants
were |eft into the cage for 24 h, after which the 16 eggs of T. ni
were removed from the plant and incubated. The proportion of
parasitized eggs was determined by counting, 7 days later, the
number of eggs that turned black. This experiment was replicated
20 times.

A linear regression of predicted versus observed parasitism
served to evaluate the performance of the model. Statistical tests
using regression procedure were done to determine if there was
equality of slopes and if slopes were significantly different from 1.
SAS software, version 6.12 (SAS 1997), was used for al statisti-
cal analysis.

Results
Parasitism on artificial plants

The response surface regression model had significant
linear and quadratic effects and non-significant weaker
cross-product effects (Table 2). A more detailed analysis,
term by term, revealed that only the linear and quadratic
terms of the connectivity component were highly signifi-
cant, whereas the cross-product of connectivity and
heterogeneity was also significant (Table 3). There-
fore, the component of plant structure that best explained
the variability in the rate of parasitism was connectivity.
The equation of the statistical model for the response
surface regression is then: Parasitism=1.115 (0.1032)—
0.01273 (0.0021) C+0.00454 (0.0022) CxH+8.60x10-5
(2.22x10-5) C2. Errors of the estimate are in parentheses.



Table 3 Response surface regression analysis of parasitism of
T. ni eggs by T. evanescens for the experiment with artificial
plants

Parameter df t-vaue Prob>t
Size (9 1 -1.084 0.2832
Heterogeneity (H) 1 —0.058 0.9539
Connectivity (C) 1 -6.132 0.0001
SxS 1 -0.001 0.9992
HxS 1 1.197 0.2364
HxH 1 -1.086 0.2822
CxS 1 1.473 0.1465
CxH 1 2.075 0.0428
CxC 1 3.861 0.0003
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Fig. 2 Response surface of the percentage parasitism of E. kuhni-
ella eggs by T. evanescens females on artificial plants as a func-
tion of heterogeneity and connectivity of these plants. Heterogene-
ity is expressed as the Shannon-Wiener's index of biodiversity
while connectivity corresponded to the absolute abundance of
connections between plant parts

An inverse relationship of parasitism as a function of
the linear and quadratic terms of connectivity appeared
when we plotted parasitism as a function of heterogene-
ity and connectivity (Fig. 2), and parasitism tended to
decrease with increasing values of heterogeneity and
connectivity indicating that female parasitoids were
more efficient at finding host eggs when foraging on
simple plant structure. The values of parasitism were be-
tween the interval of 20% and 60%. At low levels of het-
erogeneity, connectivity had little influence on parasit-
ism but as heterogeneity increased, parasitism declined
as connectivity increased (Fig. 2).

The parameters that were significant in the response
surface model were stable in the jackknife procedure.
These parameters were the coefficients of the linear and
guadratic terms of connectivity and, to a lesser degree,
the coefficient of the bilinear term of connectivity and
heterogeneity. The connectivity linear coefficient ranged
from —0.0141 to —0.0118 with a probability of signifi-
cance of 0.001 for all values, while the quadratic connec-
tivity coefficient ranged from 0.000075 to 0.000100 with
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Fig. 3 Observed values of parasitism of T. ni eggs by T. evanescens
against predicted values provided by the response surface model
from an experiment with A cabbage plants of 30, 55 and 80 days
of age, B broccoli plants of 30, 55 and 80 days of age, and C
Brussels sprouts plants of 30, 55 and 80 days of age

a probability of significance below 0.005 in al cases.
The bilinear coefficient of connectivity and heterogene-
ity ranged from 0.0035 to 0.0059, with a probability of
significance of 0.011-0.195. Some of the parameters that
were not significant in the original response surface
model with all five complete blocks changed sign while
others sometimes drastically changed in magnitude, but
never became significant in the jackknife procedure,
with one exception (i.e., linear effect of size when block
5 was removed). On that basis, we considered that our
response surface regression model was stable in the
frame of our experiment.

Validation of the model

All three regressions of observed versus predicted per-
centage of parasitism were significant, which gives a
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Fig. 4 Observed values of parasitism of T. ni eggs by T. evanescens
against predicted values provided by the response surface model
from an experiment with cabbage, broccoli and Brussels sprouts
grouped. The solid line represents the simple linear regression of
the observed values of parasitism on the expected values

predictive power to the expected values generated by
the model (df=1, F=80.75, P=0.0001 for cabbage;
df=1, F=121.47, P=0.0001 for broccoli; df=1, F=30.53,
P=0.0001 for Brussels sprouts) (Fig. 3 A—C). Slope val-
ues varied between 3.4 and 4.1 and al were significantly
different from 1 (df=1, t=5.73, P=0.0001 for cabbage;
df=1, t=6.12, P=0.0001 for broccali; df=1, t=2.89, P=0.01
for Brussels sprouts). A test for slopes equality revealed
that the three slopes’ values were not significantly differ-
ent from each other (df=2, F=1.24, P=0.2976), which per-
mitted merging of the data from the three plant varieties
(Fig. 4) and led to a more general model. The regression
presented in Fig. 4 was significant (df=1, F=98.57,
P=0.0001). The high R? values of al regression models
indicate that most of the variability is explained by the
model. Observed percentage of parasitism of T. ni eggs
increased with increasing values of expected parasitism
and the observed values of parasitism corresponded well
to the expected ones over the 40-80 range (Fig. 3 A—C
and Fig. 4).

Discussion

Size, heterogeneity and connectivity define to alarge ex-
tent the habitats of herbivorous insects and the potential
searching area of parasitoids. It was initially thought
that al three components may be relevant to foraging
Trichogramma parasitoids and this is why we varied all
three components in our artificial plants. With respect to
the scientific objective of determining the plant compo-
nent that best explained the variability of parasitism, on-
ly one of the three main factors and two of the six inter-
active factors came out significant.

As shown by the results of the response surface re-
gression, connectivity of artificial plants best explained
the variability observed in parasitism. The important ef-
fect of that component of plant structure may be attribut-
able to the fact that Trichogramma searches for hosts on
plants mostly by walking (Bigler et al. 1988) and indeed
when T. evanescens females were observed on similar ar-

tificial plants, flying was noted only when the female | eft
the plant never for within plant movements (Gingras
2001). Chemical stimuli play a major role in the detec-
tion of habitat and host plant in Trichogramma species
(Nordlund 1994) but host location on the host plant is
mostly done by walking (Schmidt 1994). Plant connec-
tivity could be less important for parasitoids that search
by flying or use chemical cues to directly land near their
host.

The absence of significant effect of size and heteroge-
neity under our experimental conditions does not mean
that such effects do not exist or are not important to for-
aging Trichogramma parasitoids. An increase in plant
size has been found to decrease host discovery in various
Trichogramma species (Ables et al. 1980; Thorpe 1985;
Wang et a. 1997). Differences in plant configurations
may explain the results obtained with these studies that
used natural plants and natural hosts and our results
where we used artificial plants and cold-killed hosts,
which emitted no or few chemical cues. Chemical char-
acteristics of plants and hosts modify searching behavior
of parasitoids by increasing searching time or by retain-
ing them in a limited area or patch (Lewis et a. 1975).
Because no or few cues were emitted from the artificial
system, arrestment effects did not occur and females
may have explored most of the plant. Also, the last-cited
studies used T. pretiosum (Ables et a. 1980), T. minutum
(Thorpe 1985), and T. ostriniae (Wang et a. 1997), while
we used T. evanescens and, as observed by Thorpe
(1985), some Trichogramma species are less influenced
by plant size than others.

In our experiment with artificial plants, heterogeneity
was created by using different numbers of green push
pins, simulating buds, over a constant number of 45
leaves. Host-finding success may not be affected by the
relative number of plant parts. It could rather be influ-
enced by texture of plant parts (waxy, hairy, smooth |eaf
surface; plant topography) as revedled by previous
studies (Evans 1976; Carter et al. 1984; Juniper and
Southwood 1986; Obrycki 1986; Kareiva and Sahakian
1990; Van Lenteren et al. 1995; Sitterlin and van Lenteren
1997).

Plant structure will affect the frequency of host en-
counters and therefore oviposition success. In a study on
the proximate mechanisms of parasitoid foraging deci-
sions, Waage (1979) proposed that responsiveness in-
creases with successive encounters with hosts and de-
creases in the absence of encounters. Based on our re-
sults, responsiveness of parasitoids may reach more fre-
quently the lower level of responsiveness when parasito-
ids forage on complex plant structure and therefore we
could expect lower patch residence time on complex
plants.

Because instantaneous host-finding rate of parasitoids
is reduced on complex plants, selection pressure for
host or prey to occupy these regions preferentially must
be strong, and this appears to be true (Askew 1980;
Hawkins and Lawton 1987). Availability of hosts to par-
asitoid is then affected, which in turn has an impact on



population dynamics (Price et al. 1980, 1991). Further-
more, more microhabitats are available within complex
plants, which permit greater niche diversification and
consequently provide a greater measure of enemy free
space (Berdegue et a. 1996). A decrease in host-finding
success with an increase in complexity of plant structure
may tend to stabilize parasitoid/host interactions (Smith
1972; Crowley 1978) and alow coexistence of both
parasitoids and hosts.

Our validation of the model indicated that connectivity,
which had significant effect on artificial plants, can predict,
at least qualitatively, the effect of plant structure on host
finding by Trichogramma. By measuring the characteris-
tics of plant structures on three different varieties of cruci-
fer, we were able to obtain a highly significant relationship
between predicted and observed values, indicating that our
model has a predictive value over a range of plant types.
The experimental conditions of the development and the
validation of the model differed but the objective of the
model was not to predict a precise level of parasitism,
which can vary according to the host plant and the host in-
sect, but rather to predict the impact of changes in plant
structure on host-finding success of Trichogramma.

Results from the experiment with natural plants con-
firm that we can be confident of our approach in defining
and quantifying plant structure. Also, the assumption
that size, heterogeneity and connectivity are relevant to
foraging female Trichogramma appears to be partially
right. Modeling the impact of plant structure on host-
finding success was achieved, suggesting that we cap-
tured the essential biological phenomenon associated
with host searching by Trichogramma parasitoid on a
plant. Because the predictions of the impact of changes
in plant structure on host finding hold for three tritrophic
systems and under different experimental conditions, the
model can thus be trusted. We have then good reasons to
believe that such predictions may hold in the field. The
model can find application in biological control pro-
grams by being a tool helping to plan the number of
parasitoids to be released based on quantification of
plant structure. Reliable predictions of natural enemy re-
lease rates before the onset of a biological control pro-
gram can provide practitioners with an estimate of the
economic feasibility of the releases.

Moreover, the broadly comparable structure of very
different plant types and the quantitative approach to
plant structure used here for studying parasitoids re-
sponses to plant structure appear to provide a promising
avenue for comparative research on plant—herbivore—
parasitoid interactions. The challenge remains to collect
relevant data on other parasitoid and plant species to test
the consistency of the model developed here. Also, future
studies should test how the model responds to variation
of host density and under semi-field or field conditions
where other factors influence host searching.
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