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a b s t r a c t

Quantitative food webs were constructed from the data collected, using visual observation technique,
from May to July in 2005 and 2006 to describe separately the trophic relationships between the commu-
nity of aphids and their natural enemies of predators and parasitoids in agricultural and semi-natural
habitats in Gembloux, Belgium. In the web, a total of six aphid attacked by six parasitoid and 21 predator
species were recorded in this study; 50 and 33 links between aphid and natural enemy species were
respectively observed in 2005 and 2006. Aphid density varied seasonally and among years, and three spe-
cies of aphid were particularly common in different habitats. The ratios of the number of aphid species to
the number of species of either predators or parasitoids changed also seasonally. Most communities of
insect herbivores are likely to be structured by apparent competition mediated by shared natural ene-
mies more than to be structured by resource competition. The potential of two guilds of natural enemies
to contribute in structuring aphid community through indirect interactions was assessed. The potential
strengths of apparent competition between hosts mediated by parasitoids and predators were assessed
using quantitative parasitoid/predator overlap diagrams. Symmetrical links were uncommon, and rare
species were severely influenced by the presence of common aphids with which they shared parasitoids
or predators or both. The study’s results suggest that (i) stinging nettle aphids, acting as potential sources
of apparent competition mediated by natural enemies, may be important in these highly connected com-
munities and can control whole-community dynamics, and (ii) stinging nettle habitats, in providing an
important alternative prey for natural enemies, are likely to play a key role in conservation biological
control.

Crown Copyright � 2011 Published by Elsevier Inc. All rights reserved.

1. Introduction

Semi-natural habitat diversity may promote natural pest con-
trol in annual arable cropping systems (Gurr et al., 2003;
Tscharntke et al., 2007). Non-crop habitats like forests, hedgerows,
tree lines and field margins including herbaceous habitats, such as
stinging nettle Urtica dioica L., are essential for the conservation of
a diversity of natural enemies in agricultural landscapes that can
play a role in suppressing pest populations in crops (Greig-Smith,
1948; Perrin, 1975; Marshall and Moonen, 2002; Duelli and Obrist,
2003; Frank and Reichhart, 2004; Gurr et al., 2005; Bianchi et al.,
2006; Alhmedi et al., 2007, 2009). Non-crop habitats may provide
plant-derived food resources, e.g. nectar or pollen, alternative prey,
refuge from pesticides and other disturbances, shelter, a moderate
microclimate and hibernation sites (Landis et al., 2000). By provid-
ing these resources, non-crop habitats can support natural enemy

populations and help enhance their impact on pest population
dynamics (Wilkinson and Landis, 2005).

Terrestrial ecosystems support a diversity of insect species that
are directly and indirectly linked to each other within food webs
that span multiple trophic levels. Insect herbivore communities
may be structured by different ecological processes such as compe-
tition, predation and parasitism. These communities often consist
of species that are restricted to feeding on non-overlapping sets
of plant species and therefore cannot interact through interference
or resource competition. Prey species that share natural enemies
may show apparent competition, which is an indirect interaction
defined as a reduction in the population density of one prey species
when that of another prey species increases, with the interaction
mediated by an increase in the natural enemy species (e.g., Holt,
1977; Holt and Lawton, 1994; Abrams and Matsuda, 1996; van
Veen et al., 2006b). Apparent competition can be meaningful in
structuring communities in which resource competition is not pre-
dominant (Abrams et al., 1996). Host–parasitoid communities
should be especially prone to apparent competition because para-
sitoids have generation times similar to their hosts, show remark-
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able responses to changes in host abundance, and constantly regu-
late host populations below carrying capacity (Holt and Lawton,
1993). There is in fact little evidence from field studies to support
this hypothesis (but see van Nouhuys and Hanski, 2000; Morris
et al., 2001, 2004). There is also evidence for apparent competition
mediated by parasitoids among leafhoppers (Settle and Wilson,
1990) and among rainforest leafminers (Morris et al., 2004).
Short-term apparent competition between herbivorous insects
mediated by predators has been demonstrated in field experiments
(Karban et al., 1994; Müller and Godfray, 1997; Rott et al., 1998).

Boller (1992) has found that the provision of flowers and alter-
native prey has been very successful at keeping pests below their
economic thresholds. The advantages of providing alternative
hosts for the natural enemies of crop and forestry pests that pre-
supposes indirect effects between herbivores have received much
attention in the last few years (e.g. Landis et al., 2000; van Veen
et al., 2006a). Recently, methods have been developed to allow
the quantification of interactions at the community scale (Müller
et al., 1999), thereby giving a more robust description of commu-
nity structure, and providing insights into the dynamic processes
that structure ecological communities (Morris et al., 2004). Food
webs can be used for describing trophic interactions, and to exam-
ine the potential for indirect interactions, such as apparent compe-
tition (Cohen et al., 1990; Polis and Winemiller, 1996).
Quantitative food webs consist of sets of binary links between ‘tro-
phic species’ representing feeding interactions. Most early studies
of food webs traced the presence or absence of trophic links be-
tween trophic species (e.g., Cohen et al., 1990; Rott and Godfray,
2000). On the other hand, some field research constructed food
webs that included quantitative information on trophic interac-
tions and provided information on the potential for apparent com-
petition (Memmott et al., 1994; Müller et al., 1999; Rott and
Godfray, 2000; Valladares et al., 2001; Lewis et al., 2002; van Veen
et al., 2008; Hirao and Murakami, 2008). Communities of hosts and
parasitoids provide good systems for studies using quantitative
food webs, because the trophic links between hosts and parasitoids
are relatively easy to establish and to quantify when compared
with predators. A number of such parasitoid webs have now been
described (e.g., Memmott et al., 1994; Müller et al., 1999; Rott and
Godfray, 2000; Valladares et al., 2001; Lewis et al., 2002).

The aim of this study was to construct sets of quantitative food
webs associating two guilds of natural enemies attacking commu-
nities of aphids in non-crop (stinging nettle) and crop (wheat and
green pea) habitats, and to compare their properties in particular
with regard to the potential for apparent competition. Based on
these quantitative webs, we assessed (i) the extent to which the
potential for apparent competition is likely to occur between aphid
species feeding on the different host plant species, and (ii) the po-
tential of stinging nettle aphids to be a source of natural enemies
for potential biocontrol of neighboring pests. The impact of a nat-
ural enemy on a focal prey species can depend on the availability of
alternative prey (Holt and Lawton, 1994). Then, we constructed
parasitoid and predator overlap diagrams to estimate the potential
for seasonal apparent competition.

2. Materials and methods

2.1. Study site

During the 2005 and 2006 growing seasons, the aphid–natural
enemy community was studied in non-crop (stinging nettle) and
cropping (wheat Triticum aestivum L. and green pea Pisum sativum
L.) habitats located in the Gembloux Agro-Bio Tech experimental
farm, Gembloux, Belgium. Crop fields were 3–5 ha in size, and sur-
rounded on one side by damp woodland containing natural area of
stinging nettle U. dioica L., and on the three sides by buildings,

fallows, grasslands and crop fields (wheat and rape). Established
100 m apart, two sampling areas (10 � 20 m each) of wheat and
two others of green pea were respectively selected each year in
wheat and green pea fields. Two stinging nettle patches of similar
size, placed 100 m away from each another, were also delimited
within the natural nettle area (�1000 m2) located on 3 ha of wood-
land. No insecticide treatment was applied to field crops. In total,
six insecticide-free patches were sampled each year.

2.2. Quantitative food web construction

The quantitative food webs were constructed in two steps. First,
the total numbers of herbivores and their natural enemies ob-
served throughout the season. Second, food webs describe the den-
sities of herbivore and related beneficial community corresponding
the three monthly sampling periods. From early May to late July
and on every sampling occasion, ten plants per patch of every plant
species were randomly selected and sampled for aphids. The den-
sity of each aphid species on plant species was estimated by count-
ing once a week the number of individuals per plant. Predator and
parasitoid densities were estimated at the same as aphids by
counting the number of predator individuals and parasitoid mum-
mies associated with each plant. To assess the composition of the
parasitoid communities, parasitoid mummies observed on plants
were taken back to the laboratory on each sampling date for adult
emergence and identification. The parasitoid mummies were
reared individually in plastic capsules, and the adult insects were
identified using the keys in Mackauer (1959); Starý (1966), Stary
(1976) and Pungerl (1983). Aphids were often fully consumed by
the parasitoid larvae and the species were practically indistin-
guishable. Therefore, it was assumed that parasitoid species shar-
ing the same plant species had trophic interactions with aphid
species in equal proportion to the abundance of each aphid species
on the shared plant (Rott and Godfray, 2000; Hirao and Murakami,
2008).

A similar challenge was found with building a predator web,
where the unit of measurement is of a predator individual on a host
plant rather than the actual predation event itself. One predator can
feed on individuals from different aphid species on the same host
plant or on different host plants. Difficulties arise more particularly
when there are more than one prey species present on the same
plant at the same time. Therefore, we constructed predator webs
based on the assumption that each predator feeds on the aphids
sharing the same host plant in proportion to their abundance. More
field and laboratory research on food specificity on aphidophagous
predator guild is needed for describing more accurately the preda-
tor web. Prey unsuitability may be the reason why some introduced
predators fail to establish (Hodek, 1993). According to Hodek and
Honěk (1996), a food may unambiguously be considered suitable/
essential for predators only when tested by experiments.

The aphids were identified using the keys of Blackman and East-
op (1984) and of Taylor (1981). For the predators we concentrated
on specialist predators of aphids, specifically Coccinellidae (adults
and larvae), Syrphidae (larvae), Chrysopidae (larvae) and Anthoco-
ridae (adults and nymphs). These were identified using the stan-
dard identification manuals for each group. The abundance of
each species was estimated as counts per plant.

2.3. Apparent competition and quantitative natural enemy overlap
diagrams

A necessary condition for apparent competition between two
hosts to occur is that the two species share natural enemies. We
follow Bersier et al. (2002) and use a series of metrics based on
Shannon (1948) information theory. Different host aphid species
are linked using the quantitative measure dij, representing the
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probability that a parasitoid or a predator attacking species i devel-
op on species j. The quantitative index dij for each pair of aphid spe-
cies is calculated as

dij ¼
X

k

aikP
l
ail

aikP
m

amk

2
64

3
75;

where aik is the absolute density of the trophic link between host i
and parasitoid k (and, hence, the summations in k and l are over all
parasitoids and in m over all hosts). The extent to which aphid spe-
cies were linked was conventionally represented using parasitoid
overlap diagrams (Müller et al., 1999), where host species are rep-
resented by discs of varying diameters and arranged in a circle,
numbered sequentially. The area of each host disc indicates the con-
tribution of the aphid species as a source of its own parasitoids and
predators. These diagrams consist of a set of vertices, each repre-
senting an aphid species. Two aphid species are connected by an
edge when they share at least one parasitoid or one predator spe-
cies. For example, if a pair of hosts, say i and j, share parasitoids,
the two species’ discs are linked by a bar. The width of the bar at
i is a measure of the importance of species j as a source of parasit-
oids attacking species i (and similarly the width of the bar at j is a
measure of the converse).

The measure of importance that we use, dij, is the probability
(dij) that a parasitoid or predator attacking species i developed on
species j (where j may be the same species: dii). In summary, in
parasitoid or predator overlap diagrams, (a) the number and width
of the connections between host discs reflect the frequency and
strength of potential indirect effects; (b) asymmetrically connect-
ing bars suggest that one species has a strong effect on another
but not vice versa, and (c) the extent to which host discs are shaded
black reflects their predicted dynamical independence from the
rest of the community. All graphics and computing were per-
formed in the Mathematica software for statistical computing.

3. Results

3.1. Quantitative food webs

The two summary quantitative food webs were constructed as a
whole community structure using the aphid, parasitoid and pred-
ator abundances estimated from all samples (Fig. 1).

In drawing the webs we use the same conventions as in an ear-
lier work (Müller et al., 1999). Hosts are arranged as a series of bars
in a lower register with the width of each bar proportional to the
aphid’s cumulative abundance over the year. The total host density
is given in the legend below, the units being cumulative aphids on
plants per square meter (aphids were sampled once a week and
their densities added together to get a cumulative total). Natural
enemies are arranged as a series of bars in an upper register with
again the width of each bar being proportional to species’ cumula-
tive abundance. The width of the natural enemy bars are magnified
relative to those of the aphids by the factor given in the upper leg-
end. Natural enemies and aphids are linked by triangular wedges,
the relative widths of which at the natural enemy register repre-
sent the contribution of each aphid species to the diet or host range
of the natural enemy. All species are numbered and their identities
are provided in Table 1.

4. Comparison of guilds

4.1. Web size, seasonality and natural enemy–aphid ratios

The main summary statistics for the different webs are shown
in Table 2. In the two study years, a total of six aphid species

was recorded, five species each year. Aphid density varied among
years (F = 123.89, df = 1, 1438, p < 0.001), but three aphid species
were particularly common in the total; Microlophium carnosum
on stinging nettle, Acyrthsiphon pisum on green pea and Sitobion
avenae on wheat. Natural enemy densities varied, roughly in line
(proportionally) with those of aphids, and were as a consequence
higher in 2005 compared with 2006 (F = 149.22, df = 1, 1438, p <
0.001). Among 27 beneficial species, aphid species shared 16 pred-
ator species, belonged to the Coccinellidae (six species), Syrphidae
(eight species), Chrysopidae (one species) and Anthocoridae (one
species) families, and seven parasitoid species belonged to the
family Braconidae. Two predator species of Miridae and two other
of Anthocoridae were also observed but only on stinging nettles
(Fig. 1).

The number of aphid and natural enemy species changed sea-
sonally throughout the three months from May to July (Figs. 2
and 3). In the 2005 and 2006 seasonal webs, both aphids and their
natural enemies appeared earlier in May on stinging nettle com-
pared to field crops sampled in the present work. The host/natural
enemy species ratio also changed seasonally, and was higher in
May 2005 and 2006 (respectively 0.444 and 1.500) than in June
and July of 2005 and 2006 (respectively, 0.250 each; 0.222 and
0.333).

4.2. Connectance and compartmentalization

Connectance is one measure of interaction pattern and defined
as the fraction of all possible links that are realized in a web (or as
the proportion of all possible links that is realized in a web), but
may be defined also as the number of links divided by the product
of host and natural enemy numbers (Müller et al., 1999; Lewis
et al., 2002). It is calculated in this study as (L�P)/[(H�1).P], where
L is the number of links, P is the number of natural enemy species,
and H is the number of hosts. This measure ranges from 0 to 1 and
reaches the maximum (1) when every natural enemy fed on every
host or prey. In the present work, the number of links in the food
webs varied from 50 in the 2005 web to 33 in the 2006 web, while
the connectance was similar (0.270 and 0.266, respectively).
According to the variation recorded between years for the studied
guilds, there were fewer trophic links in 2006, the year when the
least number of parasitoid and predator species was recorded. Vi-
sual comparison of the food webs in Fig. 1 shows that connectance
decreased from predator guilds to parasitoid guilds. Hence, preda-
tors showed the highest potential to mediate apparent
competition.

The realized connectance of the food webs also changed season-
ally throughout the three months from May to July (Figs. 2 and 3).
It was higher in June (0.238), July (0.204) in 2005 and in 2006 May
(0.500) compared to the other months (0 in May 2005, 0.042 and
0.139 in June and July 2006, respectively).

Connectance is the best measure of sharing, whereas compart-
mentalization reflects how the sharing is arranged. Compartmen-
talization is the degree to which a food web is divided into non-
connected subwebs. The number of compartments in a food web
is defined as the number of subwebs with non-connection to any
other subweb. The present study web constitutes a single compart-
ment; in other words, all hosts that are parasitized are connected
to all other hosts at their respective site. As a similar, predator
web is fully connected (number of compartments = 1).

4.3. Potential for apparent competition and quantitative natural
enemy overlap diagrams

Quantitative parasitoid and predator overlap diagrams for the
web data are shown in Figs. 4 and 5. The six species of hosts are
represented as numbered discs arranged on a circle. The area of
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the disc represents the abundance of the different host species.
Each host disc is a vertex, and two vertices are connected if the
hosts they represent share parasitoids or predators. The extent to
which a host disc is shaded black represents the fraction of parasit-
oids, for example, attacking that host that would have developed as
parasitoids of that same species (dii) or of different species (dij).
Consider an edge linking two host vertices, i and j, the width of
the edge at species i and j represents dij and dji, respectively; that
is, the importance of species j as a source of parasitoids attacking
species i and vice versa.

The main patterns that emerge from the quantitative overlap
diagrams for the food web (Figs. 4 and 5) are

1. There was a considerable potential for indirect effects between
host species mediated by shared natural enemies. For most spe-
cies, there were parasitoids and predators recorded as attacking
them were likely to have developed on different host species
(asymmetric connectance). Of the two hosts that are exceptions
to this pattern and from Figs. 4 and 5 we can see that the most
common species was number 1 and that the large majority of
natural enemies attacking this species would probably also
have developed on it (d1,1 = 0.92 and 0.61 in the 2005 predator

and parasitoid webs, respectively; 0.67 in the 2006 predator
web). In the 2006 web, parasitoids were only recorded attacking
host number 4, thus all parasitoids in addition to a considerable
quantity of predator species probably tended to have developed
on the same host species (d4,4 = 1 and 0.77, respectively). In the
2006 web, an absence of apparent competition mediated by
shared parasitoids (specialist natural enemies) reflected the
low densities of aphid populations, more particularly in non-
crop area and wheat field. The sufficient presence of aphid pre-
dators recorded in 2006 may prevent the apparent competition
mediated by parasitoids (in other words, the potential intra-
guild interactions (e.g. intraguild predation) among aphidopha-
gous guilds may influence the potential apparent competition).

2. In the 2005 web, the nettle aphid M. carnosum (number 1) was
an important source of most natural enemy species attacking
aphid populations in crop fields (d2,1 = 0.29, d3,1 = 0.29,
d4,1 = 0.21, d5,1 = 0.21 in the predator web; d2,1 = 0.30,
d3,1 = 0.30, d4,1 = 0.53, d5,1 = 0.64 in the parasitoid web) than vice
versa (d1,2 = 0.02, d1,3 = 0.01, d1,4 = 0.05, d1,5 = 0.0003 in the pred-
ator web; d1,2 = 0.12, d1,3 = 0.04, d1,4 = 0.22, d1,5 = 0.001 in the
parasitoid web). Despite the low density of M. carnosum
recorded in 2006, which might account for the paucity that year

2005 season - Parasitoid and predator density (scale: host x 25)
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Fig. 1. Summary quantitative aphid-natural enemy food webs constructed in 2005 and 2006. In the top, white bars represent parasitoid abundance and black bars represent
predator abundance; in the bottom, black bars represent aphid abundance.
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of pathogenic fungi intensely occurring in nettle aphid colonies
in 2005, it was an important source for most predators attacking
the second nettle aphid A. urticata (d6,1 = 0.67).

3. Green pea aphid A. pisum (number 4) was the second most
important species as a source of natural enemies attacking the
other aphid species in the study site, particularly in 2006
(d5,4 = 0.72 in the 2005 predator web; d1,4 = 0.30, d2,4 = 0.64,
d3,4 = 0.64, d6,4 = 0.30 in the 2006 predator web).

4. The greatest potential for apparent competition, at least as indi-
cated by high values for dij, occurs when a rare species shares
parasitoids or predators with a common or moderately abun-
dant species. In the 2005 natural enemy web, species four
was likely to be affected severely by the presence of species five,
which was the source for a high proportion of its natural ene-
mies (d5,4 = 0.65). In the 2006 natural enemy web, species six
was likely to be suffered severely by the presence of species
one, which was also the source for a high proportion of its nat-
ural enemies (d6,1 = 0.67). In all of these cases, the potential
apparent competition is asymmetric. In part, this is due to a rare
species cannot numerically be a major source of natural ene-
mies attacking a common species.

5. The overlap graphs identify a species pair that is strongly, and
relatively symmetrically connected; species two and three
(d2,3 = 0.15 and 0.23; d3,2 = 0.42 and 0.12, in the 2005 and
2006 webs, respectively).

6. In the 2005 seasonal overlap diagrams for May (Figs. 4 and 5),
all predators and parasitoids attacking aphid species on stinging
nettle tended to have developed on the same host species
(d1,1 = 1), which likely acted as the major source of natural ene-
mies attacking other host species later in the season. According
to the overlap diagrams for June, aphid species 1 was probably
the predominant source of natural enemies attacking other host
species (d4,1 = 0.46 and d5,1 = 0.45 in the predator web;
d2,1 = 0.56, d3,1 = 0.56, d4,1 = 0.73 and d5,1 = 0.72 in the parasitoid
web); wheat aphids number 2 and 3 shown rather of a symmet-
ric apparent competition (d2,3 = 0.31 and d3,2 = 0.69 in the pred-
ator web; d2,3 = 0.13 and d3,2 = 0.29 in the parasitoid web);
green pea aphids number 4 and 5 showed a strong asymmetric
apparent competition, where the species 4 was probably an
important source of natural enemies attacking species 5
(d5,4 = 0.55 and 0.26 in the predator and parasitoid webs,
respectively). For the subsequent month (July), the large major-
ity of predators attacking the common species 1, 2 and 4 would
probably also have developed each on the same species
(d1,1 = 0.97, d2,2 = 0.57 and d4,4 = 0.88). Wheat aphid species
number 2 was probably an important source of predators
attacking the second wheat aphid species number 3
(d3,2 = 0.57).

7. In the 2006 seasonal predator overlap diagrams for May (Figs. 4
and 5), species 6 was likely to be affected severely by the pres-
ence of species 1, which was the source for a high proportion of
its predators (d6,1 = 0.90). In the overlap diagram for June, all
predator species of nettle aphid species 1 tended to have devel-
oped on the same species (d1,1 = 1); similarly was found for this
species in July. Aphid species 4 was probably an important
source of predators attacking aphid species 3 (d3,4 = 0.80). While
symmetric apparent competition was relatively found between
the two wheat aphid species 2 and 3 in the overlap diagram of
July (d2,3 = 0.27; d3,2 = 0.41), asymmetric apparent competition
was found between aphid species 4 and both aphid species 2
and 3 (d2,4 = 0.32 and d3,4 = 0.32).

5. Discussion

We constructed and described a summary quantitative food
web of a community structure including six aphid, six parasitoid
and 21 predator species. Parasitoid and predator diversity and den-
sity were higher on stinging nettle than on field crops, particularly
in the 2005 web. The predator web contains more links than the
parasitoid web, and predator food web connectance tends to be
higher than for the parasitoid guild. These findings are consistent
with those reported by van Veen et al. (2008) for the aphid–natural
enemy community studied in a damp field in UK. The present web
study constituted a single compartment; this meaning that the
beneficial webs were fully connected; and represent mainly gener-
alist natural enemy species to aphid species.

Regarding the apparent competition between hosts via a shared
parasitoid or predator, inferences about dynamic interactions from
quantitative webs provide necessary evidence to confirm the

Table 1
Identity of species in the food webs.

Code Aphid name – bottom bars Code Parasitoid name – top bars

1 Microlophium carnosum
Buckton (1⁄)

1 Aphidius ervi Halidae

2 Sitobion avenae F. (2) 2 Aphidius urticae Halidae
3 Metopolophium dirhodum

Walker (2)
3 Aphidius smithi Sharma et

Subba Rao
4 Acyrthosiphon pisum Harris (3) 4 Aphidius picipes Nees
5 Macrosiphum euphorbiae

Thomas (3)
5 Aphidius rhopalosiphi De St.

Perez
6 Aphis urticata Gmelin (1) 6 Praon volucre Haliday

All Braconidae

Predator name – top bars
Coccinellidae Syrphidae (next)
7 Coccinella septempunctata L. 27 Scaeva pyrastri L.
8 Harmonia axyridis Pallas 18 Eupeodes nitens Zetterstedt
9 Propylea 14-punctata L. 19 Eupeodes luniger Meigen
10 Adalia 2-punctata L. Anthocoridae
11 Adalia 10-punctata L. 20 Orius minutes L.
12 Anatis ocellata L. 21 Anthocoris nemorum L.
Syrphidae 22 Anthocoris nemoralis F.
13 Episyrphus balteatus DeGeer Miridae
14 Melanostoma mellinum L. 23 Deraeocoris ruber L.
15 Eupeodes latilunulatus Collin 24 Heterotoma meriopterum Scop
16 Sphaerophoria scripta L. Chrysopidae
17 Platycheirus scutatus Meigen 25 Chrysoperla carnea Stephens
26 Syrphus ribesii L.

Host plants.
Stinging nettle host (Urtica dioica).
Wheat host (Triticum aestivum).
Green pea host (Pisum sativum).

Table 2
Summary of food web statistics for the summary and seasonal webs.

2005 2006

Summary May June July Summary May June July

No. host species 5 4 5 4 5 3 3 4
No. natural enemy species 24 9 20 18 16 2 12 12
Host : natural enemy ratio 0.21 0.44 0.25 0.22 0.31 1.5 0.25 0.33
No. links 50 9 39 29 33 4 13 17
Realized connectance 0.27 0 0.24 0.20 0.27 0.50 0.04 0.13
No. compartments 1 1 1 1 1 1 1 1
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occurrence of apparent competition. Thus, the main motivation
behind this study was to compare the potential for apparent com-
petition mediated by the two guilds of aphid natural enemies. The
majority of aphids present in our community cannot compete
directly because they feed on different host plants. If our commu-

nity is structured by biotic interactions then they must be medi-
ated by processes other than resource and interference
competition. A likely route is that aphid species on different host
plants interact through shared natural enemies. The analysis of
the webs clearly shows that predators have the highest potential
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Fig. 2. Seasonal quantitative aphid-natural enemy food webs constructed in 2005. In the top, white bars represent parasitoid abundance and black bars represent predator
abundance; in the bottom, black bars represent aphid abundance.
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for mediating apparent competition that can theoretically occur in
space (Holt, 1996), and spatial perspectives have been considered
in recent years (e.g., Bonsall and Hassell, 2000; Holt and Barfield,
2003). A relatively significant fraction of the most common natural
enemies attacking a particular host species in the study’s commu-

nity is likely to have themselves developed on the same host
species.

Over the two study years, the number of aphid species re-
mained relatively constant despite the significant difference in
overall aphid density. Field data are often difficult to interpret as
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Fig. 3. Seasonal quantitative aphid-natural enemy food webs constructed in 2006. In the top, white bars represent parasitoid abundance and black bars represent predator
abundance; in the bottom, black bars represent aphid abundance.
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they depend on a lot of uncontrollable factors regulating insect
populations, such as weather (Campbell et al., 1974; Logan et al.,
1976; Schowalter, 2000). Meteorological observations provided
by a permanent official station adjacent to the experimental site
(located at Walloon Agronomic Research Center in Gembloux)
indicate that mean temperatures and rainfalls were higher in
2006 than in 2005 (22.2 �C and 2.7 mm/day, 20.8 �C and 1.4 mm/
day, respectively). In the 2005 web, predators and parasitoids were
more abundant in the different habitats than in 2006, this was not
only associated with climate changes but also with a decline in the
aphid population (Alhmedi et al., 2009). The major difference be-
tween the two years was that the most abundant aphid species
in the 2005 web differ form that in the 2006 web, on which it
was probably the main factor influencing the natural enemy distri-
bution. A large potential for the occurrence of apparent competi-
tion, which is likely to be caused by a predominant aphid species
on rare species. Although Askew and Shaw (1974) argued that
plant species had a major effect on parasitoid fauna, the present
study shows that the presence of a marginal plant species like

stinging nettle supporting a large population of a natural enemy
may strongly affect the other aphid species particularly the rare
ones; i.e., asymmetric apparent competition (Müller et al., 1999;
Lewis et al., 2002), in which aphid species, particularly M. carno-
sum, on stinging nettle were likely the predominant source of par-
asitoids and predators attacking other host species. The earlier
intense apparition of M. carnosum particularly in 2005 may support
this hypothesis as an important source of natural enemies.

Predators and parasitoids could have selected to stay in the
non-crop habitat where the aphid preys were present in sufficient
amounts and did not migrate to crop fields. Rand et al. (2006) re-
ported that as long as resources in the border are more abundant,
the population of predators and parasitoids will stay within the
borders of the field and do not migrate to field. The passage of nat-
ural enemies from the stinging nettle (or the border in general
term) to the field might depend on factors such as the prevalence
of alternative food (nectar, pollen) and preys but also the oviposi-
tion and prey preference (e.g., Sadeghi and Gilbert, 1999; Alhmedi
et al., 2008). Parasitism and predation aggregate generally around

Fig. 4. Summary and seasonal quantitative overlap diagram constructed for the predator web. Each aphid species is represented by a numbered disk, the volume representing
the aphid species’ abundance. A: summary; B: May; C: June; D: July. A measure of predator overlap, dij, is defined in the Methods. The extent a species’ disk is colored black
represents dii; if two species, i and j are connected, then the width of the link at i represents dij and at j represents dji.

Fig. 5. Summary and seasonal quantitative overlap diagram constructed for the parasitoid web. Each aphid species is represented by a numbered disk, the volume
representing the aphid species’ abundance. A: summary; B: May; C: June; D: July. A measure of parasitoid overlap, dij, is defined in the Methods. The extent a species’ disk is
colored black represents dii; if two species, i and j are connected, then the width of the link at i represents dij and at j represents dji.
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individual plants of species preferred by the predominant host or
prey. The spatial aggregation of parasitism from predominant
patches to other patches has been suggested in host–parasitoid
systems (Brodmann et al., 1997; Maron and Harrison, 1997).

The overlap diagrams reveal a few cases of pairs of equally
abundant hosts species that share parasitoids and predators rela-
tively symmetrically, but a much more frequent pattern is for a
common host to be a major source of natural enemies attacking
a rare species. There are many possible reasons why the second
species may be rare, but one possibility is the presence of a com-
mon host supporting a large population of a shared parasitoid.
The asymmetric apparent competition observed in the parasitoid
and predator overlap diagrams suggests that the effect of aphid
and natural enemy dynamics, which would underpin the observed
structure of the quantitative food webs. If two hosts share a com-
mon parasitoid or predator, but occur on spatially isolated plants
that rarely grow in close proximity, the opportunities for apparent
competition between these herbivores may be substantially dimin-
ished (Morris et al., 2005) highly for parasitoids compared with
predators, this later contest is explicated by the difference in pop-
ulation dynamics between the two guilds. In our system, asymmet-
ric apparent competition occurred highly between aphid species of
the same host plant species but also it occurred between aphid
species of different host plant species, which this may be under-
pinned by the observed structure of the quantitative food webs.
If asymmetric apparent competition between aphid species occurs
via a shared parasitoid or predator, it is expected that adult para-
sitoids or predators would disperse from plant species on which
the predominant aphid species feeds to other plant species. We
conclude that indirect interactions such as apparent competition
that might structure aphid communities are most likely to be med-
iated by predators (Müller and Godfray, 1997; Rott et al., 1998; van
Veen et al., 2008).

Food webs contain information only about the trophic interac-
tions in a community while populations may interact by other
means, which can affect community structure. For example, plants
responding to herbivore attack by releasing volatile chemicals that
attract parasitoids and predators (Turlings et al., 1990; Guerrieri
et al., 1999; Zhu et al., 1999; Tinzaara et al., 2005). Interactions
among the guilds of natural enemies may also play a role.

In conclusion, more experimental works in field and laboratory
are needed to test the effect of nettle aphids on crop aphids via
shared natural enemies taking into account intraguild interactions
among these beneficials. Moreover, a permanent installation of the
stinging nettle strip and the influence of this management on crop
aphid population should be studied over longer periods on the
crops implicated in the whole rotation. Stinging nettle habitats
seem to be important refuge for natural enemies and may play
an essential role in conservation biological control. Quantitative
food webs and natural enemy overlap diagrams offer promise for
future studies. Consideration of the biological and ecological needs
of natural enemies is critical for the success of any biological con-
trol effort. It is one of the easiest ways for producers to initiate bio-
logical control on their farms and should be a major consideration
in any importation or augmentation program. Apparent competi-
tion, mediated by a shared natural enemy, plays a key role in con-
servation biological control. Appropriate agroecosystems
management may favour this type of indirect interaction. Because
quantitative food webs have been constructed using standardized
methods based on Müller et al. (1999) in a variety of communities
and climates (e.g., Rott and Godfray, 2000; Valladares et al., 2001;
Lewis et al., 2002), comparing these food webs would offer an
opportunity to study geographic variation in the potential for
apparent competition and macroecological patterns in food web
structure.

Acknowledgments

We are grateful to Drs. F.J.F. van Veen and T. Hirao for their valu-
able discussions and contributions on food webs. We sincerely thank
Dr. H.C.J. Godfray for providing food web package. We are also grate-
ful to both the National Funds for the Scientific Researches, Belgium,
and Al-Furat University, Syria, for the financial support.

References

Abrams, P.A., Matsuda, H., 1996. Positive indirect effects between prey species that
share predators. Ecology 77, 610–616.

Abrams, P.A., Menge, B.A., Mittlebach, G.C., Spiller, D., Yodzis, P., 1996. The role of
indirect effects in food webs. In: Polis, G.A., Winemiller, K.O. (Eds.), Food webs:
Integration of Patterns and Dynamics. Chapman & Hall, New York, pp. 211–217.

Alhmedi, A., Haubruge, E., Bodson, B., Francis, F., 2007. Aphidophagous guilds on
nettle (Urtica dioica) strips close to fields of green pea, rape and wheat. Insect
Science 14, 419–424.

Alhmedi, A., Haubruge, E., Francis, F., 2008. Role of prey–host plant associations on
Harmonia axyridis and Episyrphus balteatus field distribution and efficiency.
Entomologia Experimentalis et Applicata 128, 49–56.

Alhmedi, A., Haubruge, E., Francis, F., 2009. Effect of stinging nettle habitats on
aphidophagous predators and parasitoids in wheat and green pea fields with
particular attention to the invader Harmonia axyridis (Coleoptera:
Coccinellidae). Entomological Science 12, 349–358.

Askew, R.R., Shaw, M.R., 1974. An account of the Chalcidoidea (Hymenoptera)
parasitising leafmining insects of deciduous trees in Britain. Biological Journal
of the Linnean Society of London 6, 289–335.

Bersier, F., Banaek-Richter, C., Cattin, M.-F., 2002. Quantitative descriptors of food-
web matrices. Ecology 83, 2394–2407.

Bianchi, F.J.J.A., Booij, C.J.H., Tscharntke, T., 2006. Sustainable pest regulation in
agricultural landscapes: a review on landscape composition, biodiversity and
natural pest control. Proceedings of the Royal Society B of London, Biological
Sciences 273, 1715–1727.

Blackman, R.L., Eastop, V.F., 1984. Aphids on the world’s crops. An identification
guide. Natural history, pp. 500.

Boller, E.F., 1992. The role of integrated pest management in integrated production
of viticulture in Europe, pp. 499–506. Proceedings of the British Crop Protection
Conference, Pests and Diseases, Brighton, 1992.

Bonsall, M.B., Hassell, M.P., 2000. The effects of metapopulation structure on
indirect interactions in host–parasitoid assemblages. Proceedings of the Royal
Society B of London: Biological Sciences 267, 2207–2212.

Brodmann, P.A., Wilcox, C.V., Harrison, S., 1997. Mobile parasitoids may restrict the
spatial spread of an insect outbreak. Journal of Animal Ecology 66, 65–72.

Campbell, A., Frazer, B.D., Gilbert, N., Gutierrez, A.P., Mackauer, M., 1974.
Temperature requirements of some aphids and their parasites. Journal of
Applied Ecology 11, 431–438.

Cohen, J.E., Brian, F., Newman, C.M., 1990. Community Food Webs: Data and Theory.
Springer, Berlin.

Duelli, P., Obrist, M.K., 2003. Regional biodiversity in an agricultural landscape: the
contribution of semi-natural habitat islands. Basic and Applied Ecology 4, 129–
138.

Frank, T., Reichhart, B., 2004. Staphylinidae and Carabidae overwintering in wheat
and sown wildflower areas of different age. Bulletin of Entomological Research
94, 209–217.

Greig-Smith, P., 1948. Biological flora of the British Isles Urtica dioica L. Journal of
Ecology 36, 339–355.

Guerrieri, E., Poppy, G.M., Powell, W., Tremblay, E., Pennacchio, F., 1999. Induction
and systemic release of herbivore-induced plant volatiles mediating in-flight
orientation of Aphidius ervi. Journal of Chemical Ecology 25, 1247–1261.

Gurr, G.M., Wratten, S.D., Luna, J.M., 2003. Multi-function agricultural biodiversity:
pest management and other benefits. Basic and Applied Ecology 4, 107–116.

Gurr, G.M., Wratten, S.D., Tylianakis, J., Kean, J., Keller, M., 2005. Providing plant
foods for natural enemies in farming systems: balancing practicalities and
theory. In: Wackers, F.L., van Rijn, P.C.J., Bruin, J. (Eds.), Plant Provided Food for
Carnivorous Insects: A Protective Mutualism and its Applications. Cambridge
University Press, New York, pp. 341–347.

Hirao, T., Murakami, M., 2008. Quantitative food webs of lepidopteran leafminers
and their parasitoids in a Japanese deciduous forest. Ecological Research 23,
159–168.

Hodek, I., 1993. Habitat and food specificity in aphidophagous predators (a review).
Biocontrol Science and Technology 3, 91–100.

Hodek, I., Honek, A., 1996. Ecology of Coccinellidae. Kluwer Academic Publishers,
Dordrecht, The Netherlands, pp. 464.

Holt, R.D., 1996. Food webs in space. an island biogeographic perspective. In: Polis,
G.A., Winemiller, K.O. (Eds.), Food webs: integration of patterns and dynamics.
Chapman & Hall, New York, pp. 313–323.

Holt, R.D., Barfield, M., 2003. Impacts of temporal variation on apparent competition
and coexistence in open ecosystems. Oikos 101, 49–58.

Holt, R.D., Lawton, J.H., 1993. Apparent competition and enemy-free space in insect
host-parasitoid communities. American Naturalist 142, 623–645.

A. Alhmedi et al. / Biological Control 58 (2011) 103–112 111



Author's personal copy

Holt, R.D., Lawton, J.H., 1994. The ecological consequences of shared natural
enemies. Annual Review of Ecology and Systematics 25, 495–520.

Holt, R.D., 1977. Predation, apparent competition and the structure of prey
communities. Theoretical Population Biology 12, 197–229.

Karban, R., Hougen-Eitzmann, D., English-Loeb, G.M., 1994. Predator mediated
apparent competition between two herbivores that feed on grapevines.
Oecologia 97, 508–511.

Landis, D.A., Wratten, S.D., Gurr, G.M., 2000. Habitat management to conserve
natural enemies of arthropod pests in agriculture. Annual Review of
Entomology 45, 175–201.

Lewis, O.T., Memmott, J., Lasalle, J., Lyal, C.H.C., Whitefoord, C., Godfray, H.C.J., 2002.
Structure of a diverse tropical forest insect–parasitoid community. Journal of
Animal Ecology 71, 855–873.

Logan, J.A., Wollkind, D.J., Hoyt, S.C., Tanigoshi, L.K., 1976. An analytic model for
description of temperature dependent rate phenomena in arthropods.
Environmental Entomology 5, 1133–1140.

Mackauer, M., 1959. Die europäischen Arten der Gattungen Praon und Areopraon
(Hymenoptera: Braconidae, Aphidiinae). Beiträge Zur Entomologie 9, 810–865.

Maron, J.L., Harrison, S., 1997. Spatial pattern formation in an insect host–parasitoid
system. Science 278, 1619–1621.

Marshall, E.J.P., Moonen, A.C., 2002. Field margins in northern Europe: their
functions and interactions with agriculture. Agriculture Ecosystems &
Environment 89, 5–21.

Memmott, J., Godfray, H.C.J., Gauld, I.D., 1994. The structure of a tropical host
parasitoid community. Journal of Animal Ecology 63, 521–540.

Morris, R.J., Lewis, O.T., Godfray, H.C.J., 2004. Experimental evidence for apparent
competition in a tropical forest food web. Nature 428, 310–313.

Morris, R.J., Lewis, O.T., Godfray, H.C.J., 2005. Apparent competition and insect
community structure: towards a spatial perspective. Annales Zoologici Fennici
42, 449–462.

Morris, R.J., Müller, C.B., Godfray, H.C.J., 2001. Field experiments testing for apparent
competition between primary parasitoids mediated by secondary parasitoids.
Journal of Animal Ecology 70, 301–309.

Müller, C.B., Godfray, H.C.J., 1997. Apparent competition between two aphid
species. Journal of Animal Ecology 66, 57–64.

Müller, C.B., Adriaanse, I.C.T., Belshaw, R., Godfray, H.C.J., 1999. The structure of an
aphid–parasitoid community. Journal of Animal Ecology 68, 346–370.

Perrin, R.M., 1975. The role of the perennial stinging nettle, Urtica dioica, as a
reservoir of beneficial natural enemies. Annals of Applied Biology 81, 289–
297.

Polis, G.A., Winemiller, K.O., 1996. Food Webs: Integration of Patterns and
Dynamics. Chapman & Hall, New York.

Pungerl, N.B., 1983. Morphometric and electrophoretic study of Aphidius species
(Hymenoptera: Aphidiidae) reared from a variety of aphid hosts. Systematic
Entomology 11, 327–354.

Rand, T.A., Tylianakis, J.M., Tscharntke, T., 2006. Spillover edge effects: the dispersal
of agriculturally subsidized insect natural enemies into adjacent natural
habitats. Ecology Letters 9, 603–614.

Rott, A.S., Godfray, H.C.J., 2000. The structure of a leafminer–parasitoid community.
Journal of Animal ecology 69, 274–289.

Rott, A.S., Müller, C.B., Godfray, H.C.J., 1998. Indirect population interactions
between two aphid species. Ecology Letters 1, 99–103.

Sadeghi, H., Gilbert, F., 1999. Individual variation in oviposition preference, and its
interaction with larval performance in an insect predator. Oecologia 118, 405–
411.

Schowalter, T.D., 2000. Insect Ecology: An Ecosystem Approach. Academic, San
Diego, CA.

Settle, W.H., Wilson, L.T., 1990. Invasion by the variegated leafhopper and biotic
interactions: parasitism, competition and apparent competition. Ecology 71,
1461–1470.

Shannon, C.E., 1948. A mathematical theory of communications. Bell System
Technical Journal 27, 379–423.

Stary, P., 1976. Aphids parasitis (Hym, Aphidiidae) of the Mediterranean area.
Academy of Sciences, Prague, p. 56–83.
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