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Abstract

BACKGROUND: Mating disruption (MD) employs high doses of a pest’s synthetic sex pheromone in agricultural plots, to interfere
with its reproduction. MD is assumed to have few behavioral effects on non-target arthropods, because sex pheromones are
highly species-specific and non-toxic. Nevertheless, some natural enemies use their host’s sex pheromones as foraging cues,
and thus may be attracted to MD plots. To investigate this hypothesis, we compared parasitoid and spider assemblages in
paired plots in five Israeli vineyards during 2015. One plot was MD-treated against two key pests, Lobesia botrana (Denis
& Schiffermüller) and Planococcus ficus (Signoret). Both plots were insecticide-treated as needed. Natural enemies were
suction-sampled and collected from pheromone-baited monitoring traps.

RESULTS: The total abundance, species diversity and species composition of most natural enemies were unaffected by MD.
An important exception involved P. ficus’ main parasitoid, Anagyrus sp. nr. pseudococci (Girault). Anagyrus sp. nr. pseudococci
females were mainly captured in control plots, while male captures were low and not influenced by MD. Parasitized P. ficus
occurred only in MD plots.

CONCLUSION: Non-target effects of MD involved mostly A. sp. nr. pseudococci females and hardly affected other natural enemies.
These findings support the use of MD as an environmentally friendly pest management strategy.
© 2018 Society of Chemical Industry

Supporting information may be found in the online version of this article.
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1 INTRODUCTION
Mating disruption (MD) is an environmentally friendly approach
to pest control, based on flooding of agricultural plots with the
synthetic sex pheromone of a crop pest. This impairs the abil-
ity of the males to find their mating partners, and interferes with
pheromone emission, fecundity and longevity in the females.1

Sex pheromones comprise blends of volatiles that are highly
species-specific, and thus MD is generally assumed to have lim-
ited behavioral effects on non-target organisms.2 Nevertheless,
some insects are known to respond to sex pheromones of other
species to which they are closely related.3,4 Others are arrested by
or attracted to the sex pheromone of their prey, which they use as
a foraging cue.5,6 One well-studied example of this phenomenon
involves several parasitoids of aphids, which are attracted to their
hosts’ sex pheromones.6,7 Another example involves predatory
insects [Elatophilus spp. (anthocorid bugs), Hemerobius lacewings
and Aplocnemus spp. (beetles)] that were attracted to traps baited
with sex pheromones of their prey (pine bast scales).8,9 Similarly,

monitoring traps that were baited with the pheromone of the lep-
idopteran pest Helicoverpa armigera (Hübner) attracted (among
other bycatch) lady beetles, which are potential predators on
immature stages of this moth.10

The attraction of natural enemies to MD pheromones may
interfere with agricultural pest control in some scenarios, and
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enhance it in other cases. MD might impede biological control
by attracting natural enemies to the pheromone dispensers, and
consequently reducing their densities on the crop plant foliage.11

Alternatively, the pheromone cue may arrest natural enemies,
inhibit their dispersal, and enhance their foraging in the vicinity
of the pheromone source, and thus potentially contribute to
pest control efficiency. Evidence for the latter hypothesis has
accumulated concerning the encyrtid parasitoid Anagyrus pseu-
dococci sensu lato [Anagyrus pseudococci (Girault) and the closely
related Anagyrus sp. nr. pseudococci]. This wasp is an important
natural enemy of mealybugs. The synthetic sex pheromone of
the vine mealybug Planococcus ficus (Hemiptera: Pseudococcidae)
attracted the parasitoid when pheromone dispensers were placed
in agricultural plots with no MD,5,12 and in olfactometer trials.5 Sen-
tinel hosts that were placed next to a single pheromone source,
in agricultural fields that were not MD-treated, were parasitized
by A. pseudococci more often than controls that were placed away
from pheromone dispensers.13 A study that compared the rates
of parasitism on P. ficus between insecticide-treated plots and
MD-treated plots found no effect of MD.14 Another similar study,
in contrast, found that parasitism rates were higher in MD plots
than in control plots in the second of two experimental seasons.15

A third study yielded the qualitative finding that parasitism levels
of P. ficus were consistently higher in MD vineyards compared
with controls.16 These findings fueled the suggestion that the sex
pheromone of P. ficus arrests the dispersal of A. pseudococci wasps,
causing them to forage more intensively in pheromone-saturated
areas and consequently to parasitize more hosts.13

It is still largely unknown whether the behavior of other nat-
ural enemies is affected by the synthetic pheromones used to
disrupt the mating of mealybugs, or, in fact, of any other agri-
cultural pest. Here, we applied this question to assemblages of
arthropod natural enemies in wine-producing vineyards. A few
previous studies conducted in vineyards compared the compo-
sition of arthropods in plots that were treated either with MD
or with conventional insecticides. Gallardo et al. found that vine-
yards treated with MD against L. botrana received fewer insec-
ticide applications than vineyards without the MD treatment.17

This, in turn, led to a resurgence of secondary vineyard pests
[the coleopteran Altica ampelophaga (Guérin-Méneville) and the
hemipterans Planococcus citri (Risso), Jacobiasca lybica (Bergevin
and Zanon) and Aphis gossypii (Glover)]. Aslan compared para-
sitism rates of L. botrana in vineyards treated with MD and Bacillus
thuringiensis (Berliner) versus insecticide-treated control vineyards
over 2 years.18 The two types of vineyard were dominated by the
same parasitoid species, but parasitism was more frequent in the
MD plots than in the control plots in the second year. Parasitism
rates on the north American grape berry moth Endopiza viteana
(Clemens) were also higher in MD vineyards than in vineyards with
intensive insecticide applications.19 Similar findings were reported
from orchards of pears, apples and peaches, where plots treated
with MD had higher levels of pest parasitism and predation than
insecticide-treated plots.20–22 However, as a consequence of the
design of the above studies, it is not possible to separate the effects
of MD on parasitoids and predators from those of reduced insecti-
cide use. Thus, the effects of MD per se on communities of natural
enemies remain unclear.

In the current study, we focused on MD applied against two
major vineyard pests, and tested its community-level effects on
parasitic and predatory arthropods, while using the same insecti-
cide schedule in both MD-treated and no-MD control plots. One
of the pests, the vine mealybug Planococcus ficus (Hemiptera:

Pseudococcidae), damages grapes by secreting honeydew that
attracts molds, and by feeding on leaves and fruit. It also acts as
a vector of viral diseases of grapevines.16,23 The second pest, the
European grapevine moth Lobesia botrana (Lepidoptera: Tortrici-
dae), causes direct economic damage by feeding on the plant,
and indirect damage by increasing the susceptibility of the berries
to gray mold, Botrytis cinerea (Pers).24,25 Grape cluster loss from L.
botrana may reach 25% and 60% in table and wine grapes, respec-
tively. Both pests are polyphagous and exhibit an aggregated
spatial distribution.23,26 They are effectively controlled using MD,
which delays mating and reduces reproductive performance in the
females.27,28 We tested whether the MD treatment to control these
pests influences the abundance, diversity and composition of par-
asitoid wasps and spiders in wine-producing vineyards located in
the eastern Mediterranean basin. We studied multi-species assem-
blages of parasitoids and spiders, which included specialist natural
enemies of vineyard pests and of non-pest arthropods, as well as
species that are generalist foragers.

2 MATERIALS AND METHODS
2.1 Study sites
The study was conducted during the 2015 crop season in five
wine-producing vineyards, planted on brown grumosol soil and
nested in an agro-ecological matrix of rural northern Israel. The
area is characterized by a Mediterranean climate, with cool winters
and hot, dry summers. Annual rainfall is ca. 600 mm, mostly occur-
ring between October and April. The vineyards were composed of
Cabernet Sauvignon vines planted on at least 6 ha of land. Insec-
ticides and herbicide were applied to all vineyards, according to
the instructions of an extension specialist, as detailed in Support-
ing Information Table S1. Three adjacent 2-ha plots were marked in
each vineyard: a treatment sampling plot that received MD against
L. botrana and P. ficus; a buffer plot with no insect sampling; and a
control sampling plot without MD. All three plots received similar
insecticide applications.

2.2 MD dispensers
Dispensers with the synthetic female sex pheromones of the
two pests were hung in the MD plots in the first week of May,
2 weeks before the first sampling of arthropods. The L. botrana
pheromone components are the E7,Z9-12:Ac isomer with 15–20%
of the E7,E9-12:Ac isomer and trace amounts of the other isomers
in a polyethylene tube dispenser. The dispensers and pheromone
were manufactured by Shin-Etsu (Tokyo, Japan). Each tube con-
tained an average of 220 mg of active ingredient. Shin-Etsu’s tubes
(500 tubes per hectare) were placed 6 m apart in every row, and the
distance between rows was 3 m. This provided a pheromone appli-
cation rate of 86 g ha–1, as recommended by the manufacturer.
The pheromone release rate was 1 mg/day. The dispensers for P.
ficus MD were loaded with 150 mg of racemic (+)/(–)-lavandulyl
senecioate. Both the dispensers (CheckMate VBM-XL) and the
pheromone were produced by Suterra (Bend, OR, USA). They were
placed at a density of 620 ha–1, at canopy height. The pheromone
release rate was ca. 0.8 mg/day, depending on local weather con-
ditions. The dispensers were effective for 4–5 months and did not
require replacing during the crop season.29

2.3 Monitoring traps
To test whether MD effectively reduced the pests’ flight towards
pheromone sources, 12 monitoring funnel traps (six for each pest)
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Figure 1. Mean daily captures of L. botrana (left) and P. ficus (right) males in the pheromone-baited monitoring traps, in MD versus control plots. Error bars
are 1 SD.

were baited with the sex pheromones of P. ficus and L. botrana and
placed in each vineyard. Three traps were evenly distributed in
the MD plot, and three in the control plot (Fig. S1). The chemical
composition of the pheromone lures was similar to that used
for MD, and the traps were baited with 100 mg of pheromone.
The lures were replaced every 6 weeks (P. ficus) or every 4 weeks
(L. botrana). Traps were emptied at ca. monthly intervals during
May–November, and the trapped male P. ficus and L. botrana were
counted.

2.4 Sampling of pests on the vines
To monitor mealybugs on the grapevines, we searched the stems,
branches and fruit of six grapevines along each of eight vine rows
per vineyard. Each vine was searched for 5 min. The abundance of
adult mealybugs and crawlers was scored using a discrete scale
(0, no mealybugs; 1, 1–10 individuals; 2, 11–30 individuals; 3,
>30 individuals). Mealybug egg sacs were counted. Sampling was
conducted in May, July and October.

To estimate infestation by L. botrana, we inspected 100 grape
bunches per vineyard for damaged berries in May and again in July.
The bunches were sampled randomly from different areas in the
vineyards.

2.5 Sampling and identification of parasitoids and spiders
Vegetation-dwelling arthropods were suction-sampled in May,
July and September in the MD and control plots, using a Vor-
tis Insect Suction Sampler (Burkard Manufacturing Co. Ltd, Rick-
mansworth, UK). We collected three samples from the vine foliage
and three samples from herbaceous vegetation in each plot (Fig.
S1). Sampling was conducted in the margins of the vineyards that
bordered natural habitats (Fig. S1) because preliminary studies
indicated that these areas contain the highest abundance and
diversity of parasitoids within the plots (I. Shapira). We collected
a total of 180 samples (3 samples × 2 habitats × 2 plots × 5 vine-
yards × 3 sampling dates). Samples were collected on clear days
between 08:00 and 13:00 h. The ambient temperatures during the
sampling sessions ranged from 20 to 25 ∘C in May, and from 25 to
35 ∘C in July and September. Suction duration was 15 s per sam-
ple, and the area covered per sample was about 1× 3 m. Samples

were stored in 75% ethanol and refrigerated until sorting. The par-
asitoids from the samples were classified to families and sorted to
morpho-species. The abundant parasitoid species (>20 individu-
als in all samples combined) were also determined to genus level.
Classification was based on several taxonomic keys.30–42 Spiders
were identified to family level, as only 1.5% of the collected indi-
viduals were adults that could be identified to species level.

Anagyus sp. nr. pseudococci wasps were sampled from the
pheromone-based monitoring traps baited with the P. ficus syn-
thetic sex pheromone. The trapped parasitoids were sexed and
counted at approximately monthly intervals.

The frequency of parasitism on P. ficus was estimated by inspect-
ing the leaves, branches and stems of 24 vines in each MD and
control plot of all vineyards. Each vine was inspected for 5 min,
in May, August and October 2015. Six vines, at different locations
along four planting rows, were selected for inspections. Parasitized
P. ficus were identified based on the grayish color of the mummy or
the parasitoid’s exit hole. We recorded the numbers of vines that
carried at least one parasitized individual. Based on our previous
studies of P. ficus in this area, most of the parasitism is attributable
to A. sp. nr. pseudococci.

2.6 Data analysis
2.6.1 Suction samples
Parasitoid and spider abundance counts from the suction sam-
ples were averaged across the three replicates collected from
each combination of vineyard, habitat, date and MD treatment,
to prevent pseudo-replication. The total abundances of all par-
asitoids and spiders were calculated for each of the averaged
suction samples. Shannon’s species-level diversity for parasitoids
and family-level diversity for spiders were also calculated for each
averaged sample. We rounded the total mean abundances to the
nearest whole number, and used an exponential transformation
on the mean species diversity values, to obtain data sets that
were Poisson- and gamma-distributed, respectively. General linear
mixed models (GLMMs) were used to test the effects of MD (yes
or no), habitat (vine or herbs) and sampling month (May, July or
September) on the abundance and diversity of parasitoids and spi-
ders. The GLMM for abundance included a Poisson link function,
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and the GLMM for diversity included a gamma link function. MD,
habitat and month were defined as fixed effects, while site (the
repeated measures factor) was considered a random-intercept
effect. Using likelihood ratio tests, we compared each full GLMM
with three reduced models, in which we consecutively excluded
effects of MD, habitat and month as explanatory variables. This
allowed us to test the effect of each variable separately on the total
abundance of parasitoids and spiders, and on their diversity scores.

Eight parasitoid species (to which we refer as “common species”)
were represented by >20 individuals in all samples combined.
Individuals from most of these species were sampled from several
combinations of site, month and habitat. We used the data set of
these common species to test whether the frequency of capturing
an individual in an MD plot varied among parasitoid species,
habitats and months. For this we calculated a GLMM for binomial
data with a logit link function, where presence in an MD plot
was defined as a binary response variable (either yes or no) for
each individual of the common species. As in the previous GLMMs,
species, habitat and month were treated as fixed effects, and site
was a random-intercept effect. We compared the full model with
reduced ones to test for the effects of species, month and habitat
on the abundance of the common species in the MD plots, as
described above.

We used “Adonis” [permutational multivariate analysis of vari-
ance (PERMANOVA)] analyses to examine the effects of MD,
sampling month and habitat on the composition of the parasitoid
and spider assemblages. The data were stratified according to site
to account for the paired sampling design.

2.6.2 Anagyrus sp. nr. pseudococci wasps from pheromone traps
The daily capture rates of male and female A. sp. nr. pseudococci
wasps were averaged over the three replicate traps for each combi-
nation of site, date and MD/control plot. Following an exponential
transformation, we used a GLMM for gamma-distributed data with
an inverse link function to analyze the effects of MD, month (fixed
factors) and site (a random-intercept factor) on A. sp. nr. pseudo-
cocci abundances. Separate models were run for male and female
wasps.

All statistical analyses were conducted in R version 3.1.2.43 The
packages “lme4” and “vegan” were used for the GLMMs and the
Adonis tests, respectively.44,45

3 RESULTS
3.1 Captures of pests in monitoring traps
Planococcus ficus captures per vineyard were 28.00± 13.49
(mean ± standard error) males in MD plots and 152.40± 85.41
males in control plots. In MD and control plots, 7.20± 2.03 and
60.80± 28.20 adult L. botrana males, respectively, were cap-
tured per vineyard. Accordingly, the mean daily capture rates of
both pests were much lower in MD plots than in control plots
throughout the study (Fig. 1).

3.2 Monitoring of pests on the vines
The mean (± standard error) score for adult mealybugs per vine
(on a scale of 0–4) was 0.21± 0.03 in MD plots and 0.27± 0.03
in control plots. Crawler scores were 0.22± 0.03 and 0.26± 0.04,
while egg sac counts were 0.49± 0.15 and 0.68± 0.19 in MD and
control plots, respectively. Grape infestation levels for L. botrana
larvae were negligible, and therefore larval densities of L. botrana
could not be compared between the two types of plot.

Table 1. Mean (± SD) per-vineyard abundances and diversity scores
of parasitoids and spiders in MD and control plots. Shannon’s
species-level diversity for parasitoids and family-level diversity for spi-
ders are reported

Parasitoids Spiders

MD Control MD Control

Per-vineyard
abundance

24.13 ± 6.17 28.60 ± 6.70 22.00 ± 14.88 14.4 ± 11.37

Per-sample
diversity
score

1.04 ± 0.18 1.27 ± 0.09 0.57 ± 0.14 0.44 ± 0.15

3.3 Arthropods from suction samples
3.3.1 Overall arthropod abundance
A total of 8991 arthropod individuals were collected in all suction
samples combined. They were dominated by aphids (37% of all
sampled individuals), whiteflies (16%), thrips (16%) and leafhop-
pers (4%). Parasitoid wasps (8% of the arthropods) and spiders (2%)
were the most common natural enemies.

3.3.2 Parasitoids
Totals of 283, 186 and 300 parasitoids were present in the
suction samples obtained during May, July and Septem-
ber, respectively, with 114 morpho-species represented. The
per-vineyard abundance and diversity of parasitoids in MD
and control plots are reported in Table 1. Parasitoid abundance
was significantly affected by sampling habitat (vines versus
herbs within the vineyard) and sampling month, but not by
the MD treatment (GLMM: 𝜒2 = 11.27; df= 2; P = 0.004 for
month; 𝜒2 = 105.51; df= 1; P < 0.0001 for habitat; 𝜒2 = 1.53;
df= 1; P = 0.22 for MD). Shannon’s index for parasitoid species
diversity was also influenced by month and habitat, but unaf-
fected by MD (GLMM: 𝜒2 = 15.85; df= 2; P = 0.0004 for month;
𝜒2 = 13.64; df= 1; P = 0.0002 for habitat; 𝜒2 = 1.73; df= 1;
P = 0.19 for MD).

Details of the common species (represented by >20 individ-
uals over all suction samples combined), including information
about their putative hosts, are provided in Table 2. Note that
several of the common species are not potential natural ene-
mies of P. ficus and L. botrana. The abundance of the common
parasitoids in the MD plots varied significantly among species
(logistic regression: 𝜒2 = 53.10; df= 7; P < 0.0001) and months
(𝜒2 = 24.24; df= 2; P < 0.0001), but not among habitats (𝜒2 = 1.15;
df= 1; P = 0.28). However, when we considered the compo-
sition of all 114 parasitoid species we found no significant
difference between MD and control plots. Both sampling
month and habitat, but not MD, explained significant pro-
portions of the variation in parasitoid composition among
samples (Table 3).

3.3.3 Spiders
A total of 182 spiders from 12 families were found in the suction
samples. Ninety-two individuals were sampled in May, 62 in July
and 28 in September. Table 1 lists the per-vineyard abundances
and family-level diversity scores of the spiders in MD and control
plots. As with the parasitoids, the abundance and diversity of
spiders in the samples were significantly influenced by month and
habitat, but not by MD (GLMM for abundance: 𝜒2 = 15.55; df= 2;
P = 0.0004 for month; 𝜒2 = 22.27; df= 1; P < 0.0001 for habitat;
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Table 2. Common parasitoid species (represented by >20 individuals) in the suction samples. The number of sampling sites and dates denote the
number of vineyards (out of five) and months (out of three) in which each species was found

No. sampled

Species Family Putative hosts MD plots Control plots
No. sampling

sites
No. sampling

dates

Anagrus sp. Mymaridae Leafhoppers 88 11 2 1
Encarsia lutea (Masi) Aphelinidae Whiteflies 13 33 3 1
Eretmocerus sp. Aphelinidae Whiteflies 36 35 4 2
Diglyphus isaea (Walker) Eulophidae Leafminer flies 14 16 4 2
Ceranisus sp Eulophidae Thrips 14 35 4 2
Oligosita sp. Trichogrammatidae Leafhoppers 18 19 5 3
Telenomus sp. Scelionidae Lepidoptera 8 24 5 3
Alloxysta sp. Figitidae Hymenoptera (a hyperparasitoid) 0 21 2a 1

a 20 out of the 21 individuals were sampled from the same vineyard.

Table 3. PERMANOVA analysis of the factors affecting the assem-
blage composition of parasitoids in the suction samples

Explanatoryvariable df
Sum of
squares

Mean
squares F R2 P

MD 1 0.32 0.32 0.74 0.01 0.858
Habitat 1 0.89 0.89 2.08 0.04 0.001
Month 2 2.36 1.18 2.75 0.09 0.001
Residuals 51 21.88 0.43 0.86
Total 55 25.45 25.45 1.00

Table 4. PERMANOVA analysis of the factors affecting the assem-
blage composition of spiders in the suction samples

Explanatory
variable df

Sum of
squares

Mean
squares F R2 P

MD 2 0.39 0.19 1.31 0.04 0.204
Habitat 1 0.44 0.44 2.93 0.04 0.020
Month 2 1.89 0.94 6.34 0.18 0.001
Residuals 49 7.29 0.15 0.72
Total 54 10.01 1.00

𝜒2 = 2.34; df= 1; P = 0.13 for MD; GLMM for diversity: 𝜒2 = 11.97;
df= 2; P = 0.003 for month; 𝜒2 = 19.39; df= 1; P < 0.0001 for
habitat; 𝜒2 = 1.32; df= 1; P = 0.25 for MD). MD did not explain the
variation in spider family composition among samples, whereas
sampling month and habitat had significant effects (Table 4).

3.4 Anagyrus sp. nr. pseudococci from pheromone traps
Significantly more female A. sp. nr. pseudococci were trapped in
control plots (per-vineyard mean± SE: 44.80± 10.04 individuals)
than in MD plots (13.00± 2.77 individuals; Fig. 2). The number of
females sampled also varied among months (GLMM: 𝜒2 = 20.30;
df= 1; P < 0.0001 for MD;𝜒2 = 34.39; df= 6; P < 0.0001 for month).
The numbers of trapped males were much lower (11.80± 6.91 and
15.40± 12.68 individuals in control and MD plots, respectively).
Sampling month, but not MD, affected the abundance of males
collected in the monitoring traps (GLMM:𝜒2 = 0.59; df= 1; P = 0.44
for MD; 𝜒2 = 12.07; df= 5; P = 0.03 for month).

3.5 Parasitism on P. ficus
A total of 15.6% of the sampled vines in the MD plots and 19.2%
of the vines sampled in the control plots were infested by P. ficus.
Parasitized mealybugs were found on 2.8% of the 360 inspected
vines (24 vines/plot × 5 vineyards × 3 sampling dates) in the MD
plots. None of the vines in the control plots contained parasitized
mealybugs.

4 DISCUSSION AND CONCLUSION
The considerable decrease in P. ficus captures and the almost
complete shutdown of the L. botrana traps (Fig. 1) indicate that the
MD treatment effectively interfered with the pests’ orientation to
pheromone sources. Yet, MD of P. ficus and L. botrana did not affect
the total abundance, diversity and community composition of
most parasitoids and spiders in the experimental vineyards. These
results are in line with the common view that the sex pheromones
used in agricultural MD are highly species-specific, and therefore
have few non-target effects.2 Many of the common species in our
samples are not potential natural enemies of P. ficus and L. botrana,
but rather parasitoids of leafhoppers, whiteflies, leafmining diptera
and thrips. This may explain why the influence of MD on the
assemblage of natural enemies was minor. The availability of
non-crop plants and of arthropod prey in the vineyards, together
with lethal and non-lethal effects of insecticides applied to the
crop, probably had more influence on the community of natural
enemies than the MD treatment.46 Overall arthropod densities
in the study vineyards were low because of repeated insecticide
applications (Table S1). Therefore, the generality of our findings
should be confirmed in sites with higher populations of pests and
natural enemies.

Although MD did not affect the natural enemies’
community-level metrics, we did sample some of the com-
mon parasitoid species mainly in MD plots, while others were
mostly found in control plots. However, detailed inspection of
the common parasitoids (Table 2) reveals that many of them are
patchily distributed in time and space. This could generate, by
chance alone, unequal abundances of some species in the MD
versus control plots. For example, Anagrus sp. (Mymaridae) wasps,
parasitoids of leafhoppers that were frequent in our samples, were
collected in only two vineyards in a single month. Although they
were seven times more abundant in MD plots than in control plots,
this may merely reflect a tendency to aggregate; that is, individual
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Figure 2. Mean daily captures of Anagyrus sp. nr. pseudococci females (top) and males (bottom) in pheromone-baited monitoring traps, in MD versus
control plots. Error bars are 1 SD.

captures may not be independent of one another, leading to the
occurrence of many individuals in a small number of samples. In
support of this interpretation, ca. 80% of all sampled Anagrus sp.
originated from just three samples which contained 37, 26 and
15 individuals, respectively. Similarly, 21 individuals of Alloxysta
sp. (Figitidae) were found exclusively in control plots, but 20 of
them were concentrated in two suction samples (17 wasps in one
sample and three in the other) from a single vineyard. Telenomus
sp. (Platygastridae), which was more abundant in control plots
than in MD plots, provides a better-replicated example, as it was
found in all five vineyards and three sampling months. The species
from the genus Telenomus mainly parasitize eggs of Lepidoptera,
potentially including the moth L. botrana that was targeted by
MD. The possibility that Telenomus sp. preferred the control plots
to the MD plots, as they contained higher densities of L. botrana,
warrants further testing. However, experimental evaluation of this
possibility is complicated by the presence of numerous additional
host plants of the pest in and near the vineyards.26,47

Anagyrus sp. nr pseudococci females, which are known to use the
sex pheromone of their P. ficus host as a foraging cue, showed two
clear responses to MD. First, their captures in pheromone-baited
traps were significantly higher in control plots than in MD plots

(Fig. 2). Second, parasitism on P. ficus (presumably by A. sp. nr.
pseudococci), although low overall, was restricted to plots treated
with MD. These findings suggest that the wasps foraged actively
for hosts in the MD plots, but that they were not attracted to the
monitoring traps.

In agreement with our results, earlier studies found enhanced
levels of parasitism by A. sp. nr. pseudococci in MD-treated
vineyards.15,16 Possibly, flooding of the plots with P. ficus’ sex
pheromone interfered with the parasitoids’ orientation towards
the pheromone-baited monitoring traps and reduced their
captures. In previous experiments, the presence of a single
pheromone source in non-MD plots attracted A. sp. nr. pseudo-
cocci females, and increased their parasitism rates on nearby
hosts.5,13 In our study, in contrast, the environment was saturated
with the host pheromone, which originated from several MD
dispensers in the vineyards. This could have interfered with the
parasitoids’ navigation to the monitoring traps. We propose that
a similar “shutdown” of captures of A. sp. nr. pseudococci females
in the monitoring traps occurred in our MD plots, but not in the
control plots. Consequently, pheromone-baited traps may not
be suitable for monitoring of A. sp. nr. pseudococci parasitoids in
agricultural areas with MD. Unfortunately, suction sampling was
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also ineffective for monitoring of A. sp. nr. pseudococci, as only one
individual was collected in all suction samples combined.

The captures of A. sp. nr. pseudococci males in the monitor-
ing traps were not affected by MD, and were much lower than
those of females. This could indicate that male wasps orient less
strongly to P. ficus’ sex pheromone than do females. As males seek
mates, rather than hosts, they may be more strongly attracted to
cues associated with A. sp. nr. pseudococci females, or to semio-
chemicals emitted by host plants, than to kairomones associated
with P. ficus. Nevertheless, in the parasitoid Lariophagus distinguen-
dus (Förster), both males and females respond to kairomones
emitted by their weevil hosts. This was proposed to improve the
males’ chances of encountering female aggregations near hosts,
and thereby enhance their mating prospects. Possibly, A. sp. nr.
pseudococci males are also somewhat attracted to host-produced
volatiles. The odor preferences of male and female A. sp. nr. pseu-
dococci should be compared in olfactometer assays to test this
possibility.

In summary, the MD protocol used in our study most clearly
influenced a single species (A. sp. nr. pseudococci) of the diverse
community of parasitoids and spiders in the vineyards, and the
effect was positive from a pest control point of view. Environmen-
tally friendly pest management aims to promote plant protection
strategies with minimal adverse effects on non-target beneficial
organisms. Our findings support the use of MD to achieve this aim.
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