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Host-plant genotype mediates supply and demand
of animal food in an omnivorous insect
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Abstract. 1. Omnivorous predators can protect plants from herbivores, but may also
consume plant material themselves. Omnivores and their purely herbivorous prey have
previously been thought to respond similarly to host-plant quality. However, different
responses of omnivores and herbivores to their shared host plants may influence the
fitness, trophic identity, and population dynamics of the omnivores.

2. The aim of the present study was to show that an omnivorous heteropteran
(Anthocoris nemorum L.) and two strictly herbivorous prey species respond differently
to different genotypes of their shared host plant, Salix. Some plant genotypes
were sub-optimal for the omnivore, although suitable for the herbivores, and vice
versa.

3. The contrasting patterns of plant suitability for the omnivore and the herbivores
highlight an interaction between plant genotype and omnivores’ access to animal
food. Plant genotypes that were sub-optimal for the omnivore when herbivores were
experimentally excluded became the best host plants when herbivores were present,
as in the latter situation additional prey became available. By contrast, the quality of
plant genotypes that were intrinsically suitable for omnivores, did not improve when
herbivores were present as these plant genotypes were intrinsically sub-optimal for
herbivores, thus providing omnivores with almost no additional animal food.

4. The differential responses of omnivores and their prey to the same host-plant
genotypes should allow omnivores to colonise sub-optimal host plants in their capacity
as predators, and to colonise more suitable host plants in their capacity as herbivores.
It may thus be difficult for Salix to escape herbivory entirely, as it will rarely be
unsuitable for both omnivores and pure herbivores at the same time.

Key words. Biocontrol, Cacopsylla pulchra, intra-guild predation, omnivory, Phra-
tora vulgatissima, Salix dasyclados, Salix viminalis, short rotation coppice, tritrophic
interaction, trophic interaction.

Introduction

Omnivores are important components of many food webs
(Thompson et al., 2007). In particular, their role as natural
enemies of herbivores (thus functioning as ‘plant protectors’)
has recently received much attention (Eubanks & Denno, 2000;
Lundgren & Fergen, 2006; Halitschke et al., 2008). In order
to control populations of detrimental herbivores, omnivores
should have sufficiently high population densities. Most
previous work on the importance of omnivorous insects as

Correspondence: Johan A. Stenberg, Department of Ecology,
Swedish University of Agricultural Sciences, P.O. Box 7044,
SE-75007, Uppsala, Sweden. E-mail: johan.stenberg@slu.se

‘plant protectors’ has examined how plants recruit omnivores
from a distance (Kessler & Baldwin, 2001; Kappers et al.,
2005; Halitschke et al., 2008). However, in addition to suitable
immigration and emigration rates, maintaining an adequate
omnivore population depends on the omnivores’ performance,
which depends in turn on their responses to variations in
resources at more than one trophic level (Eubanks & Denno,
1999, 2000). Thus, there is currently a need to understand
the relative importance to omnivores of the plant itself (plant-
source food) and herbivores living on the plant (animal-source
food), and how plant genotype may affect these two resources.

Omnivores often forage both for plant food and animal
food on the same host plant (Sabelis & van Rijn, 2006).
Thus, when selecting suitable host plants to satisfy their
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own metabolic requirements, omnivores need to assess the
nutritional quality of the plants, and the quantity of herbivorous
prey living on them (Coll, 1996; Eubanks & Denno, 1999,
2000; Coll & Guershon, 2002; Janssen et al., 2003; Magalhães
et al., 2005; Wäckers et al., 2005; Lundgren, 2009). Critical
questions are whether these two factors are: (i) in conflict with
each other, (ii) unrelated, or (iii) if they act complementarily
determining omnivore performance.

A number of distinct questions need to be considered
regarding the relationship between plant food and animal
food for omnivores. First, does plant genotype affect the
numbers of herbivorous prey available to omnivores? Several
studies have shown that plant genotypes of a given species
may differentially affect herbivore performance (Zangerl &
Berenbaum, 2003; Stenberg et al., 2006; Loe et al., 2007).
By attracting and supporting herbivores, a particular plant
genotype may provide plenty of animal foods. Other genotypes
may resist and deter herbivores, leaving omnivores with
mainly, or only, plant food. The suitability of a plant for
herbivores may thus indirectly affect its quality as a host
for omnivores by affecting the quantity of herbivorous prey.
Second, does plant genotype affect omnivore performance
directly? Omnivores are also herbivores, and are directly
affected by host plant quality (Coll, 1996; Eubanks & Denno,
1999, 2000; Coll & Guershon, 2002; Janssen et al., 2003;
Magalhães et al., 2005). However, as the metabolic needs
of pure herbivores and omnivores are likely to differ, these
groups may respond differently to the same host plant
genotype. Finally, the key issue is whether there is any conflict
between the direct and indirect factors of host-plant quality for
omnivores. More specifically, do host plants that are suitable
for omnivores as plant food also harbour herbivorous prey in
large numbers, or are these two host-plant attributes generally
associated with different plant genotypes? To answer this
question, it is necessary to investigate whether omnivores and
herbivores respond similarly to shared host-plant genotypes.

Heteropteran bugs often suck plant fluid from green leaves,
thus appearing to share host-plant substrates with their potential
prey, e.g. lepidopteran caterpillars (Halitschke et al., 2008),
chrysomelid larvae, and aphids (Sigsgaard, 2005). The latter
are all typical herbivores that have been shown to induce
recruitment of heteropteran omnivores to their host plants
(Halitschke et al., 2008). Although herbivores and omnivores
often share plant food with each other (Agrawal et al.,
1999; Gadd & Raubenheimer, 2000), we hypothesise that
these two groups have different nutritional and reproductive
requirements, and different natural enemies and thus respond
differently to specific host-plant genotypes. If so, some
plants may harbour herbivorous prey in large numbers, while
providing poor quality plant food for omnivores. In such cases,
the relative importance of animal versus plant food would be
expected to be critical to the success of omnivores. Thus,
the value of a specific plant genotype as a food source for
omnivores should depend both on the intrinsic qualities of the
genotype, and whether or not it harbours herbivorous prey.

The aim of the present study was to test the direct and
indirect (through herbivorous prey) quality of four different
Salix genotypes as food sources for the common omnivore

Anthocoris nemorum L. This omnivore is considered an
important ‘bodyguard’ for Salix short rotation coppices (e.g.
Björkman et al., 2003), i.e. the harvesting of reshooting
sprouts from stumps when trees are repeatedly cut down,
normally every third to fourth year. Omnivore performance
was evaluated on all genotypes in the absence of prey, and
in the presence of harboured psyllids and chrysomelids. We
hypothesised that plant genotype would directly affect the
performance of the omnivore, and that herbivore numbers
would also depend on plant genotype, with implications for
omnivore fitness.

Materials and methods

Study species

Anthocorids are often recognised as omnivores, presumed
to be able to feed on plant food when animal food is absent
(Lundgren, 2009). Some species can complete development
on plant food alone (e.g. Kiman & Yeargan, 1985), and some
even perform better on plant versus animal food (Obrist et al.,
2006). The omnivore used in the present study, A. nemorum,
is a generalist predator that is found on several plant species
(Collyer, 1967). The bug is applied in the biological control
of arthropod pests of fruit trees (Sigsgaard, 2005; Sigsgaard
et al., 2006), and it is common on willows (Salix spp.). Adults
and nymphs feed on various soft-bodied arthropods, and their
eggs, on willow. Anthocoris embeds its eggs in the leaves of
various plants, including willows.

The herbivores used in the present study were psyllids
(Cacopsylla pulchra Zetterstedt) and chrysomelids (Blue
Leaf Beetles, Phratora vulgatissima L.), which are common
herbivores on willow. Both larvae/nymphs and adults of these
insects feed on the leaves and may cause severe damage
and growth losses to the plants (Björkman et al., 2000).
Most species in these two groups are specialised herbivores
that feed on a narrow range of host plants. Cacopsylla
overwinters on conifers as an adult and disperses to willows
in the early spring when no or few leaves have developed.
The new generation of psyllids (Cacopsylla is univoltine)
emerges in late spring/early summer; Anthocoris feeds both
on the immatures and the adults of the new generation. The
chrysomelid, P. vulgatissima, is one of the most common
insect pests in commercial willow plantations; Anthocoris
feeds both on its eggs and newly hatched larvae (Björkman
et al., 2003, 2004).

The Salix genotypes used in the present study are all
grown in commercial willow plantations or have been used
in breeding programmes, and were selected to present a
wide range of plant qualities to the omnivore and herbivores.
Salix commonly hybridise and novel phenotypes with different
host-plant qualities arise. The high propensity to hybridise
together with the possibility to easily propagate genotypes with
interesting phenotypes, using cuttings, makes this genus ideal
for studying how insects with different feeding modes respond
to variation in host-plant quality. Although the delimitation
between Salix species taxonomically often is not clear,
the genotypes used here are characterised as S. dasyclados
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L. (Gudrun and Loden) and S. viminalis L. (78-0-21 and 78-
183) (see Kendall et al., 1996), both introduced to Sweden.
The genotypes were not selected to represent any specific
Salix species, but rather a spectrum of different Salix traits.
In fact, genotype Loden misrepresents its species to a large
extent by being relatively susceptible to Phratora beetles
(Stenberg et al., 2010). Thus, we do not intend to test for
differences between species, but rather between genotypes to
see if variation in the plant (at any level) is important for
Anthocoris.

Omnivore performance in the absence of prey

In the present study omnivore reproduction (number of emerg-
ing nymphs produced by a controlled number of individual
Anthocoris females) is used as a measure of omnivore per-
formance. Indeed, reproduction is only one of many perfor-
mance parameters; nonetheless this measure has previously
been shown to covary with Anthocoris survival and growth
(Stenberg et al., 2010). We therefore feel comfortable with
using reproduction as an approximate measure of performance
in Anthocoris.

As the total exclusion of herbivores was not possible in
the field, and psyllids continuously hatch on Salix in the
field, making it impossible to obtain herbivore-free space over
the entire experimental period, a glasshouse experiment was
performed in 2009 in order to score Anthocoris performance
on the four Salix genotypes in the absence of herbivorous prey.

Adult Anthocoris used in this and the below experiments
were obtained from stinging nettles (Urtica dioica L.) in the
field and reared on haricots verts (Phaseolus vulgaris L.) in the
laboratory until the experiments started (no prey were given
to the anthocorids before the experiments). To assure that only
mated females were included in the testings, we excluded those
that did not lay eggs on the beans (about 10% of the females).

Cuttings (20 cm) of the four Salix genotypes were planted
in pots. After 7 weeks (in June 2009) one branch from each
of the 15 plants of each of the 4 genotypes was enclosed in a
750 mm × 330 mm, perforated (diameter 0.5 mm) polythene
bag (Baumann Saatzuchtbedarf, Waldenburg, Germany). One
Anthocoris female was released into each bag. After being left
for 5 days to lay eggs on the leaves, the females were removed.
Scoring took 1 day and was done 8 days after female removal
(to allow all eggs to hatch) by carefully examining the leaves
and stems of all bagged branches for the presence of anthocorid
nymphs. The lengths of experimental and scoring periods were
decided after a pilot study. The numbers of nymphs emerging
from the bagged branches were analysed using a one-way
anova with type 1 sums of squares and with Genotype as the
explanatory factor nested within Salix species. The computer
package SAS 9.1 (SAS Inc., Cary, North Carolina) was used
for all statistical analyses.

Omnivore and psyllid performance

The performance of Anthocoris in the presence of psyllids
naturally emerging from Salix was assessed in blocks in 2008

in an experimental garden belonging to the Swedish University
of Agricultural Sciences in Uppsala. Each of the four genotypes
was represented by one plant in each of 15 randomised blocks,
and one extra block with genotypes Gudrun and Loden was
available giving a total of 15 replicates for genotypes 78-0-
21 and 78-0-183, and 16 replicates for genotypes Gudrun and
Loden. There was no spatial gap between the blocks; the entire
plantation was one regular clone archive. Therefore, blocks
were not units perceived as separate areas. In April 2008,
before the emergence of the new psyllid generation, one branch
on each plant belonging to genotypes Gudrun, Loden, 78-0-21,
and 78-0-183 were enclosed in perforated (diameter 0.5 mm)
polythene bags (Baumann Saatzuchtbedarf), as described
above, to prevent immigration and emigration. The plants
were 3 year old at this time and the selected branches were
about 1.5–2.0 m above the ground (upper part of the plants).
As Cacopsylla psyllids overwinter as adults on conifers, the
numbers of psyllids emerging into the bags depended on the
natural colonisation of Cacopsylla, which in turn depend on
(i) the number of eggs naturally allocated to the respective
genotypes before bagging early in the spring, and (ii) the
hatching success and survival of early instars (Ossiannilsson,
1992). For convenience, however, we refer to psyllid number
as psyllid performance, although strictly speaking this cannot
be separated from psyllid preference. Fifteen branches each
of the Gudrun and Loden genotypes, and 16 each of the
78-0-21 and 78-0-183 genotypes, were bagged and two adult
Anthocoris females were released into each bag. At this time,
all psyllids had already emerged from the bagged shoots. The
Anthocoris females were removed after 4 days, and after a
further 10 days, the bagged branches were cut off and brought
to the laboratory where they were carefully examined and the
numbers of anthocorid nymphs and psyllids counted. As with
the psyllid, the Anthocoris preference and performance cannot
be separated in the present study, but a previous study shows
that they covary in Anthocoris (Stenberg et al., 2010). Hence,
we presuppose that preference and performance correlate
positively with each other. The effect of Genotype (nested
within species) on the number of emerged psyllids was tested
with a one-way anova, and the effects of Genotype (nested
within species) and Psyllids on the number of Anthocoris
nymphs was tested by ancova, after checking that the data
fulfilled the requirements for the analysis. Type I sums of
squares were used for both analyses.

Omnivore and chrysomelid performance

In order to score Anthocoris performance in the presence of
leaf beetles, the experimental garden described above was used
in an almost identical experimental design. Adult Phratora
were obtained from wild Salix cinerea.

Branches of the four Salix genotypes were bagged at the
beginning of June when most psyllids had already emerged.
Insects already present on the branches were first removed.
One branch from each of 15 plants of each of the 4 genotypes
was bagged. Two Phratora females were released into each
bag on 8 June 2009. After 3 days, one gravid Anthocoris
female was also released into each bag to oviposit into the
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leaves. The reason for only introducing one female Anthocoris
in a bag was to avoid intra-guild predation. All Anthocoris
females were removed after an additional 6 days, but the
Phratora females were left inside the bags to continue egg-
laying (when old Phratora eggs hatch they are no longer
suitable as a food for anthocorid nymphs). Eight days after
removal of the Anthocoris females, all branches were brought
to the laboratory, carefully examined and Anthocoris nymphs
and Phratora eggs were counted. As mentioned in the previous
section it is not possible to differentiate between preference
and performance in this data set. A previous study, however,
showed that they covary in both Phratora and Anthocoris
(Stenberg et al., 2010). Hence, we presuppose that preference
and performance correlate positively with each other. The
effect of Genotype (nested within species) on the number
of Phratora eggs laid was tested by one-way anova, and
the effects of Eggs and Genotype (nested within species) on
the number of Anthocoris nymphs was tested by ancova,
after checking that the data fulfilled the requirements for the
analysis. Type I sums of squares were used for both analyses.

Comments on the analysis

The three experiments described in the present study include
one glasshouse and two field experiments. As there were
differences in the experimental design of the two field studies
with 3- to 4-year-old plants (they were performed in different
years and for different durations), while younger, potted
plants were used in the glasshouse experiment, data from
the three experiments are analysed separately. We want to
stress, however, that parallel studies suggest that the relative
suitability of Salix plants to the included herbivores and
omnivores does not differ between young versus old plants
or between plants in the greenhouse versus in the field (for
a comparison, see corresponding data on the same four Salix
genotypes in Stenberg et al., 2010).

Results

Omnivore performance in the absence of prey

The mean number of emerging Anthocoris offspring per
bagged branch varied considerably between the four genotypes.
Seventy-three per cent of the females on the Gudrun and Loden
genotypes gave rise to at least one offspring; on the 78-0-21
and 78-0-183 genotypes, means of 0.2 and 0.6 offspring
emerged per female, respectively. On average, more than three
nymphs emerged from each bagged branch on Gudrun, more
than two nymphs emerged from Loden; and fewer than one
nymph per branch emerged from 78-0-21 and 78-0-183 (Fig. 1,
Table 1). The pattern closely resembles omnivore survival
from first instar to adulthood on these respective genotypes
(Stenberg et al., 2010).

Omnivore and psyllid performance

Negligible numbers of psyllids emerged from bagged
branches of the Gudrun and Loden genotypes, while on

Table 1. Effects of host-plant genotype nested within Salix species,
on the reproduction of the omnivore Anthocoris nemorum and the
pure herbivores Cacopsylla pulchra and Phratora nemorum, as well
as effects on Anthocoris reproduction when the herbivorous prey were
allowed to colonise the host plants.

Variable df MS F P

Anthocoris reproduction
Genotype (species) 3 24.42 6.44 <0.001
Residuals 56 3.80 — —
Cacopsylla reproduction
Genotype (species) 3 10 411 21.44 <0.001
Residuals 55 486 — —
Anthocorid reproduction

with Cacopsylla
Genotype (species) 3 19.73 1.80 0.160
Psyllids 1 171.39 15.60 <0.001
Psyllids:genotype (species) 3 10.74 0.98 0.410
Residuals 51 10.98 — —
Phratora reproduction
Genotype (species) 3 14 324 12.65 <0.001
Residuals 56 1132 — —
Anthocoris reproduction with

Phratora
Genotype (species) 3 20.95 3.71 0.017
Eggs 1 34.92 6.19 0.016
Eggs:genotype (species) 3 9.93 1.76 0.166
Residuals 52 5.64 — —

average almost 60 and 40 emerged per bagged branch of 78-0-
183, and 78-0-21 genotypes, respectively (Fig. 2a, Table 1).
On average about four Anthocoris nymphs emerged from
bagged Gudrun and Loden branches, while about five and
eight nymphs emerged from 78-2-21 and 78-0-183 branches,
respectively (Fig. 2b, Table 1). The ancova showed that
both psyllid numbers and host-plant genotype were highly
significant explanatory factors when placed as a first factor
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Fig. 1. Mean numbers of Anthocoris nymphs on individual bagged
Salix branches of four genotypes. Nymphs were scored 8 days after
a single, mated anthocorid female was released into each bag. Error
bars denote SE. n = 15 per genotype.
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Fig. 2. Mean numbers of (a) overwintered emerged psyllids, and
(b) Anthocoris nymphs on individual bagged Salix branches of four
genotypes. Psyllids and nymphs were scored 14 days after the release
of two Anthocoris females, which remained in the bagged branches
for 4 days. n = 14–16 bagged Salix branches per genotype. Error bars
denote SE.

in the model, but highly insignificant when placed as a second
factor. This is consistent with expectations when two factors
are highly correlated with one another (Crawley, 2002).

Omnivore and chrysomelid performance

The reproductive patterns of leaf beetles and psyllids were
very similar. On average, only one beetle egg was laid per
bagged branch of the Gudrun and Loden genotypes, whereas
about 52 and 57 eggs were laid per bagged branch of the 78-
0-21 and 78-0-183 genotypes, respectively (Fig. 3a, Table 1).
[The response of the beetles (life time egg production, and
larval development) to these four genotypes has previously
been tested in the greenhouse using young potted plants,
obtaining a similar pattern as the one reported here (Stenberg
et al., 2010)]. Anthocoris performance in the presence of leaf
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Fig. 3. Mean numbers of (a) Phratora eggs, and (b) Anthocoris
nymphs on individual bagged Salix branches of four genotypes. Eggs
and nymphs were scored 6 days after two mated anthocorid females
were released into each bag, and 9 days after two Phratora females
were released. Error bars denote SE. n = 15 per genotype.

beetle eggs was also very similar to that observed in presence
of psyllids. On average, about two nymphs emerged from
bagged branches of the Gudrun, Loden and 78-0-21 genotypes,
whereas twice as many emerged per bagged branch of the
78-0-183 genotype. Both Salix genotype and Phratora egg
number were significant explanatory factors for the number of
Anthocoris nymphs found on the branches (Fig. 3b, Table 1).

Discussion

Omnivorous insects may feed on both plant material and
animal prey, or, if either food source is not available or of
sub-optimal quality, they may be obliged to feed only on one
of the sources (Agrawal et al., 1999; Gillespie & Mcgregor,
2000; Coll & Guershon, 2002; Janssen et al., 2003). Our results
show that plant genotype can influence both the supply and
the demand of herbivorous prey for omnivores. For example,
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genotype 78-0-183 was a sub-standard host-plant genotype if
herbivores were excluded; but when psyllids or leaf beetles
were present it was the best host. By contrast, the Gudrun
genotype was the best host-plant genotype in the absence
of herbivorous prey, intrinsically supporting a high omnivore
reproduction. However, the suitability of this genotype for the
omnivore did not improve when herbivorous prey were present,
because it did not support more than a negligible number of
herbivores.

We know of very few other studies in which the effect of
plant quality on omnivores and herbivores was simultaneously
addressed. Agrawal et al. (1999) studied herbivore-induced
versus un-induced plants, and showed that induction had a
direct negative impact on both omnivores and herbivores.
The induction forced the omnivores to consume less plant
material and increase their intake of herbivorous prey, thus
leading to both bottom-up and top-down control of herbivores.
In contrast, Eubanks and Denno (2000) suggested that plants
susceptible to herbivores may, in the long run, be subject to
less herbivory as they should stimulate the growth of omnivore
populations, which should in turn lead to an increased
consumption of herbivorous prey. Thus, both Agrawal et al.
(1999) and Eubanks and Denno (2000) consider that pure
herbivores and omnivores respond similarly to their shared
host, while they disagree on the consequences for herbivory.

Our results demonstrate that the omnivorous predator
Anthocoris, and the purely herbivorous psyllids and leaf
beetles, respond differently to their shared host-plant genotypes
[see also data in Stenberg et al. (2010) showing that the
herbivores respond similarly under enemy-free space]. Thus,
for the omnivore, high-quality direct and indirect (through
herbivorous prey) host attributes are not necessarily associated
with the same plant genotypes. This implies that omnivores
may be able to utilise a wider range of plant genotypes,
as most of them are likely to provide either good plant or
animal food, but few single plant genotypes are likely to
provide a high-quality mix of both plant and animal food.
Potentially, this dichotomy may be of less importance in
natural habitats, where omnivores may have access to several
different plant genotypes, than in commercial cultivations
where it is common for only one genotype to be used
throughout large plantations. In the former situation, omnivores
may be able to move between host plants and thereby
obtain a satisfactory supply of both direct and indirect host-
plant resources. However, in commercial cultivations the
dichotomy may have more dramatic consequences, because
the omnivores cannot compensate by feeding on alternative
hosts. For example, a field of Gudrun genotypes might be
expected to form a fairly stable environment for Anthocoris: it
will find few prey, but will have a reliable supply of high-
quality plant-source food. By contrast, a field of genotype
78-0-183 will provide a high supply of valuable prey during
herbivore outbreak years, but will be sub-standard during
years with no, or low densities of, herbivores. Thus, it may
be hypothesised that Anthocoris will have rather low, but
stable populations in Gudrun plantations and highly oscillating
populations in 78-0-183 fields, implying frequent crashes
during periods without prey, and re-colonisations during

herbivore outbreak years. However, although our data spur
some intriguing hypotheses regarding omnivore population
dynamics, ultimately they have to be tested under realistic field
conditions with controlled emigration, immigration, birth, and
death rates.

Although we only included four plant genotypes, our data
raise the question whether there is an inverse relationship
between host suitability for the omnivore and for the pure
herbivores. Intriguingly, the two herbivores have different
feeding styles (one is a leaf chewer, the other a sap feeder).
Nevertheless, the two herbivores respond to the different plant
genotypes in a similar fashion, while the omnivore – also a
sap feeder – responds differently. In general, if the pattern
is produced by nutritional differences between the genotypes
one may expect that omnivores and herbivores should divide
themselves into different response groups as they have different
nutritional needs (Wäckers et al., 2005). On the other hand, if
the pattern is produced by plant defence differences, one may
expect that insect performance should depend more on their
ability to circumvent or tolerate the specific defence trait. In the
latter case, host-plant breadth (specialisation) should be more
important than whether the insect can consume animal food
in addition to plant food. In the present case it is known that
genotypes Gudrun and Loden have high contents of phenolics
in their leaves which is likely to be one factor limiting the
pure herbivores (Julkunen-Tiitto, 1986; Glynn et al., 2004).
For unknown reasons, this seems not to be the most limiting
factor for the omnivore.

As host-plant genotype affects the relative supply of animal
and plant food for Anthocoris, its trophic identity is also
affected. For example, on the Gudrun genotype, where the
supply of prey is practically zero, Anthocoris might be
categorised as a pure herbivore, whereas on genotype 78-0-183,
where the plant food is sub-standard, it might be categorised
as a predator and perform a ‘bodyguard’ function. Thus, the
ecological role of the omnivorous Anthocoris varies depending
on the properties of its host plant. This blurring of trophic
levels, depending on plant genotype, has been recognised
previously (e.g. Coll & Izraylevich, 1997; Agrawal et al.,
1999; Eubanks & Denno, 2000; Janssen et al., 2003) but
the dissimilar response of pure herbivores, highlighted in the
present study, adds a new dimension with implications not
least of applied importance. For example, the implementation
of ‘bodyguard’ support by plant breeders might be attempted
by selecting plant material with either good direct, or good
indirect host-plant quality; however, both strategies may have
drawbacks. Plants with good indirect host-plant qualities
favour herbivores, by definition, whereas plants with good
direct host-plant qualities might also turn omnivores into pure
herbivores. Ultimately, the overall level of herbivory may be
difficult to predict.

The dichotomy between the effects of host plants on pure
herbivores and omnivores may have a repressive effect on
the top-down regulation of herbivores on susceptible plants.
While Eubanks and Denno (2000) predicted that susceptible
plants should enjoy a strong top-down regulation, our results
suggest that omnivores may rarely find an optimal host plant
providing both high-quality plant-source food and prey at
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the same time. Herbivore-susceptible plants may therefore
not support omnivore populations as large as suggested
by Eubanks and Denno (2000), leaving these plants more
exposed than herbivore-resistant genotypes to pure herbivores.
However, herbivore-resistant plants may still be susceptible
to consumption by omnivores, condemning almost all plant
genotypes to at least some damage by at least some consumers.
In our specific case Salix would probably benefit from
the replacement from pure herbivores to the omnivore as
Anthocoris has been considered relatively harmless to host
plants (Lauenstein, 1979).

Omnivorous insects have often been viewed as important
‘plant protectors’ in many systems, for example Geocoris
pallens (Fallén) and G. punctipes on Nicotiana (Kessler
& Baldwin, 2001; Halitschke et al., 2008). Ecologists and
breeders should be aware that host-plant genotype can
influence the supply and demand for animal food in omnivores,
with implications for the amount of herbivory that might
be experienced by the plant. Further studies are required to
investigate the ‘bodyguard’ effect of omnivores, as a function
of the host plant’s direct and indirect food quality, for which
the Salix system appears to provide a valuable model.
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