REVIEW

Eur. J. Entomol. 102: 325-333, 2005
ISSN 1210-5759

Syrphid aphidophagous predators in a food-web context

Francis GILBERT

School of Biology, Nottingham University, Nottingham NG7 2RD, UK; e-mail: francis.gilbert@nottingham.ac.uk

Key words. Syrphidae, hoverfly, predator, community, emergent properties, specialisation, holism

Abstract. The main influences on the specificity of hoverfly larvae (Diptera: Syrphidae) to particular aphids are outlined. There are
four main ones: aphid species, host plant, parasitoid impact and the presence of ants. Studies in the literature are used to illustrate the
effect of these factors on larval performance. The use of single components of fitness as measures of performance can be misleading:
only “individual fitness” includes all the appropriate components of survival, development time and reproduction. Even generalists
appear to choose among aphids on the basis of expected fitness. A new level of complexity is therefore required in studies of food

specificity in predatory syrphids.

INTRODUCTION

In an essay of dazzling scope, Simberloff (1980) pin-
pointed the major problem of ecology as one of levels of
organisation, of hierarchy in the natural world. Above the
level of the individual, there are at least four more layers
in a hierarchically ordered Nature, namely the population,
the species, the community, and the ecosystem. Pace eco-
system ecologists, Simberloff argued that there are no
properties of communities or ecosystems that cannot be
understood by a study of individual component species.
His opinion was that adherence to non-Darwinian holistic
concepts such as the “community” or “ecosystems” stems
from Platonic Idealism, and that studies at this level are
quite simply a waste of time unless demonstrated to
require it.

How do we demonstrate the necessity of holism?
Applying Darwinian thinking to the hierarchy of Nature
is clearly a more difficult thing to do than to apply it to a
field such as animal behaviour. Whilst the true impact of
Darwinian thinking was felt by ethologists in the late
1960s, it took at least another 10 years for theoretically-
minded ecologists to appreciate it. Furthermore, plant
ecology as a field worked through the paradigms of the
Clementsian superorganism to Gleasonian individualism
in the 1930s, but animal ecology only learned the same
lesson in the 1980s (Jackson, 1994). Thus in a very real
sense, theoretical ecology went back to basics in the
1980s and really started again from the null hypothesis
that animal communities were basically non-interactive,
Gleasonian entities. Now once again, with increasing evi-
dence for the importance to terrestrial ecology of tritro-
phic interactions (e.g., Ode et al., 2004), trophic cascades
(Matsumoto et al., 2003) and metacommunity effects
(e.g., Leibold et al., 2004), we have returned to the para-
digm of interactive communities, but grounded very much
more in truly Darwinian basics.

I am interested in understanding the feeding specializa-
tions of the aphidophagous Syrphidae (Diptera), and in
this paper I review whether we need to consider solely the
trophic relationship between these insect predators and

their prey, or whether we require a larger scale, food-web
approach.

Most insects are rather specific when choosing their
food (Schoonhoven et al., 1998), including predators
(Hodek, 1993), and even generalist predators display a
hierarchy of preferences for different hosts (Sadeghi &
Gilbert, 1999, 2000a). What determines whether any par-
ticular insect will feed on any particular food? The idea of
an interactive community suggests that the answer to this
question lies not merely in the availability and suitability
of the food itself, but also in the embedded network of the
food web within which the particular feeding relationship
occurs.

Until relatively recently, the main two aspects empha-
sized as important in understanding specialization were
specific just to the trophic relationship itself, namely the
foraging behaviour of ovipositing females among avail-
able hosts (especially in species with relatively immobile
larvae), and the subsequent performance of the devel-
oping larvae (e.g. Tauber & Tauber, 1987). Both of these
involve food availability and suitability. Among herbi-
vores, the balance of nutrients that the hostplant provides
is normally rather different from what they require (the
recent and burgeoning field of ecological stoichiometry),
and hence the biochemical and physiological ability of the
larva to cope with the food is important. In the case of
predators, there are fewer differences between nutritional
requirements and what prey provide: as a result the costs
of capture, the toxin content of prey, and the mortality
risks of foraging are probably relatively more important
(e.g. Malcolm, 1992).

In searching among food types, gravid females appear
to have a hierarchy of preference (e.g. Courtney et al.,
1989; Sadeghi & Gilbert, 2000a,b) with a variable out-
come because, for example, they become less selective
with increasing age. Jaenike (1990) concluded that a
female should oviposit in response to a particular food
item early in her search if (1) this item is very suitable for
her larvae, (2) the probability of finding an alternative is
low, (3) the egg load is high or (4) alternative food items

325



increasing
availability
of preferred
types

@ acceptance

! threshold l

|

|

|

|

1

Intrinsic 1
suitability |
of prey type "
|

1

egg-load,
age

A B C D E

Evolved rank hierarchy
of prey types

1
I
| increasing
1
1

Fig. 1. The hierarchy-threshold model of host choice
(Courtney et al., 1989) applied to a gravid female syrphid
searching among a set of possible prey (A to E). The assump-
tions of this model include that: slow (co-)evolutionary proc-
esses have moulded population genetics such that each
individual female has an intrinsic preference for each prey type,
resulting in a rank order of preference among prey types that
does not change throughout the female’ lifetime; females that
accept a low-ranking prey type will also accept all higher-
ranking types; actual acceptance of an encountered prey type
depends on whether the stimulus of that prey exceeds the cur-
rent acceptance threshold (which varies with factors such as
current availability of prey types, age or eggload).

are unpredictable in space or time. In their hierarchy
threshold model (Fig. 1), Courtney et al. (1989) formal-
ized these ideas about food choice by individual insects.
In this model, females possess an intrinsic evolved degree
of preference for each food type, producing a rank order
of preference among prey that does not change
throughout an individual’s lifetime; individuals accepting
a low-ranking food type will also accept all higher-
ranking types; and actual acceptance of an encountered
type depends on whether the stimulus of that food type
exceeds the current motivational threshold (which can
vary with factors such as age or egg-load). The model is
particularly useful because it synthesizes two disparate
strands of adaptive explanations of specialization (Beren-
baum, 1990), one involving slow processes of evolu-
tionary change based usually on various sorts of tradeoff
and coevolution, and the other invoking optimal foraging
and concentrating on the behavioural flexibility of the
individual in response to variation in ecological condi-
tions, acting via “rules of thumb”.

A positive relationship between oviposition preference
and larval performance is thought to be crucial (Janz et
al., 1994). However, in empirical tests of this prediction,
observed relationships range from good to poor. Reasons
put forward for the variation in outcome of these experi-
ments include the measures of performance used
(McGraw & Caswell, 1996), or differences in the ability
of larvae to move to alternative food sources (Price, 1997,
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p. 384-390). Evolutionary biologists insist on measuring
performance as overall fitness, and hence including sur-
vival, growth and subsequent adult reproductive output
(Nylin & Janz, 1993). In practice, larval performance has
usually been estimated from only one or two components:
more than 50% of preference-performance studies have
taken only one or two parts of the insect’ life-cycle into
account. This leads to difficulties in interpreting the
results precisely because components of fitness are used
as surrogates for fitness itself: as McGraw & Caswell
(1996) point out, responses of different components of
fitness to variation in the environment can be different in
both sign and magnitude. There are additional difficulties.
For example, relating laboratory data to the field situation
is problematic: survival in the field is the key parameter
for natural selection rather than the laboratory measure of
survival solely due to food quantity and quality.

Many discussions in the literature have a rather
typological concept of specialization in insects. In fact,
variation in degree of specialization occurs at all levels.
The most obvious is among species, but important varia-
tion occurs among populations within species (Fox &
Morrow, 1981), and among individuals within popula-
tions (Ng, 1988; Schoonhoven et al., 1998; Sadeghi &
Gilbert, 1999). The consequences of this variation are
profound. To take a single example, consider the textbook
cases of Miillerian and Batesian mimetic butterflies (Rit-
land, 1991; Moranz & Brower, 1998). In the standard
story, Monarch (Danaus plexippus) and Queen (Danaus
gilippus) butterflies sequester cardiac glycosides from
their milkweed (Asclepiadaceae) hostplants, making them
toxic; there exists a harmless Batesian mimic, the Viceroy
(Limenitis archippus). However, some Danaine caterpil-
lars feed on milkweeds with low toxin levels, or do not
sequester toxins at all even if present, and populations
differ in this propensity. Thus individuals and populations
of Danaine “models” vary greatly in toxicity. Futhermore,
at least some Viceroys are toxic, based on completely dif-
ferent chemical components.

Thus characterizing a species as a “generalist” or a
“specialist” can be misleading, even though most ento-
mologists think about their study species in this way. Spe-
cies can indeed consist of individuals all of whom are
specialized to the same particular food type. However, a
generalist species may be made up of specialized popula-
tions, each specializing on different food types; or it may
consist of generalized populations made up of individuals
each specializing on a different food; or it may be made
up of truly generalized individuals. Real populations
probably consist of mixtures of generalized and special-
ized individuals.

Increasingly the importance of the food-web context to
our understanding of feeding specialization is being docu-
mented and explored (Price et al., 1980; Miiller & God-
fray, 1999; Ode et al., 2004). Often these are called
“tritrophic” relationships, but they are much more exten-
sive and sophisticated than merely including an extra tro-
phic level: plants recruit natural enemies to fight
herbivores (de Moraes et al., 1998; Kessler & Baldwin,
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Fig. 2. Influences on the degree of specialization of aphidophagous syrphids.

2001); herbivore defences vary on different plants (de
Moraes & Mescher, 2004); intraguild predation modifies
natural enemy impact (Borer et al., 2003); trophic cas-
cades occur in aphidophage communities (Matsumoto et
al., 2003); effects occur over more than three trophic
levels (Harvey et al., 2003); and community level effects
are assuming greater and greater importance as our
knowledge of them expands (e.g. Rutledge et al., 2003).

I shall outline selected aspects of the literature about
aphidophagous syrphids to place their biology in this rela-

tively new context. In this I consider the following ele-
ments to be important:

* prey availability in the habitat, and prey suitability: it
needs to be borne in mind that within a particular predator
species there can be substantial individual and/or popula-
tion variation in the suitability of particular prey items.

» mortality from natural enemies: intraguild predators,
predators, parasitoids

» mortality of natural enemies caused by their natural
enemies (i.e. the 4th trophic level)

« the impact of third parties such as ants
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PREY AVAILABILITY AND SUITABILITY

Aphids are classic examples of prey that are ephemeral
in space and time, requiring special adaptations to be able
to take advantage of them. Sometimes they are hugely
abundant, but even abundant colonies can disappear over
very short time scales. Aphids have also evolved a variety
of behavioural, morphological and chemical defences
against their predators and parasitoids. This range of
defences can be categorized under the headings of: wax
or “wool” production, galling, toxic chemicals, soldier
instars, escape behaviour and the recruitment of attendant
ants (Shibao, 1998; Branquart, 1999). There are specialist
syrphid predators adapted to overcoming every one of
these defensive strategies.

The evidence that is used to demonstrate differences in
the degree of specialization of syrphid predators fall into
a number of categories: catalogue data, field distribution
from single studies of multiple aphid and syrphid species,
and studies of oviposition preference and larval perform-
ance. Notice that all of these elements consider the
predator-prey relationship alone, independent of its
food-web context.

Catalogues

The non-taxonomic literature on the Syrphidae consists
of at least 5500 papers published in more than 1400 jour-
nals (Gilbert, unpubl.). The subset that mentions the
feeding ecology of aphidophagous syrphid larvae consists
of more than 1000 papers scattered among a large number
of journals (Rojo et al., 2003). The information of these
papers is dominated by records of the larvae of single
species feeding on single aphid species on a single plant,
usually a crop. Our main, typological ideas about the
specificity of each species in feeding on different aphids
overwhelmingly derive from the aggregate impressions of
this body of literature. Collations of such records are well
known to be potentially very misleading (e.g., Askew &
Shaw, 1986).

Collecting together the information from these papers,
there are 7000 records of 333 hoverfly species from 41
genera mentioned feeding on a total of almost 850 prey
taxa. The species with the most records is the Old World
Episyrphus balteatus (Table 1) with almost 900 records

TaBLE 1. The number of prey taxa and the number of records
in the literature for a selected number of common and rare spe-
cies of aphidophagous Syrphidae (data mostly from Rojo et al.,
2003).

. No. of
Species Prey taxa records
Episyrphus balteatus (De Geer) 234 890
Eupeodes (Metasyrphus) corollae (Fabr.) 124 421
Scaeva pyrastri (L.) 116 376
Syrphus ribesii (L.) 128 374
Sphaerophoria scripta (L.) 87 265
Ischiodon scutellaris (Fabr.) 49 187
Eupeodes (Metasyrphus) luniger (Meigen) 64 146
Sphaerophoria contigua (Macq.) 54 125
Melangyna (Meligramma) cincta (Fallen) 5 11
Toxomerus corbis (Walker) 1 1
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on some 250 taxa, and there are other species with simi-
larly high numbers of recorded prey taxa: Eupeodes
corollae, Scaeva pyrastri and Syrphus ribesii, amongst
others. One might be forgiven for concluding that these
were super-generalists that will feed on almost any kind
of prey. At the other end of the spectrum are species such
as Melangyna (Meligramma) cincta with only five prey
types ever recorded — it is usually thought of as a spe-
cialist on beech aphids (Phyllaphis fagi). Many species
have only ever been recorded once as larvae: the North
American species Toxomerus corbis, for example, has
only been recorded once, feeding on the Red Spider Mite
(Tetranychus sp). Clearly the assessment of degree of
specialization is confounded by relative abundance:
common species are recorded much more frequently as
larvae, and hence tend to be found feeding on more prey
types as a consequence, even if there were no differences
in specialization.

The literature is naturally very biased towards studies
of crop pests, and hence it is not surprising that the major
pest aphids are the most frequently recorded prey of aphi-
dophagous syrphids (Table 2): Brevicoryne brassicae and
Aphis fabae dominate, the former reflecting the enormous
number of studies of cabbage and its pests.

TaBLE 2. The number of times particular taxa have been
recorded as prey of aphidophagous Syrphidae (data mostly
from Rojo et al., 2003).

Prey species

Number of records

Brevicoryne brassicae 461
Aphis fabae 426
Myzus persicae 275
Aphis gossypii 249
Aphis craccivora 160
Hyalopterus pruni 134
Lipaphis erysimi 126
Acyrthosiphon pisum 109
Rhopalosiphum maidis 107
Myzus cerasi 105
Sitobion avenae 101
Hyperomyzus lactucae 100

It is very difficult to tell much from such lists of prey.
Each record has to be treated as equivalent in value, and
there is no information about the relative frequency by
which prey are used as food. The basic information
required is the same as for any study of niche relation-
ships, namely the abundances of the available prey types
in the habitat, and their usage by different predator spe-
cies: unfortunately there are hardly any such studies in the
literature. There are a small subset of studies (Table 3)
that have recorded several species of prey and/or several
species of hoverfly at the same time. These form only
8.3% of the literature on aphidophagous syrphids. I have
separated them into four categories according to the type
of evidence they provide: field distribution, larval per-
formance, oviposition preference and intraguild predation
(Table 3).



TaBLE 3. The number of studies on aphidophagous Syrphidae in the literature, sorted into categories relevant to the understanding

of prey specialization.

Number of papers on N Examples

field distribution of larvae on multiple hosts 20 Rotheray, 1980; Mizuno et al., 1997

performance on multiple hosts 29 Razicka, 1975; Sadeghi & Gilbert, 2000b

oviposition among hosts 32 Budenberg & Powell, 1992; Sadeghi & Gilbert, 2000a,c
intraguild predation 6 Benestad Hagvar, 1974; Hindayana et al., 2001

Field distribution

A female’ decisions about where to lay her eggs should
reflect the expected subsequent welfare of her progeny,
and this will vary among females (see Thompson, 1988;
Courtney & Kibota, 1990; Price, 1997). The field distri-
bution of eggs will therefore reflect the sum of the
responses of individual females, and will obscure indi-
vidual variation, if any. Since most records come from
two very common aphidophagous syrphids, Episyrphus
balteatus and Syrphus ribesii, we can explore what the
available data show by looking just at these two species.

While Episyrphus and S. ribesii larvae feed on a huge
variety of aphid species, even within a single habitat (e.g.
Mizuno et al., 1997), there are clear indications of host
preferences. Episyrphus is recorded as being more gener-
alized than S. ribesii (e.g. Ninomyia, 1957), but more
usually the two species occur in different prey colonies
within one habitat (Wnuk, 1972, 1979; Malinowska,
1979; Wnuk & Medvey, 1986; Mizuno et al., 1997).
There are strong indications that Episyrphus is best
adapted to the aphids of Gramineae, and hence its huge
abundance on many crops: it is often the dominant
predator in aphid colonies on wheat, but Syrphus spp.
dominate in the herb aphid colonies surrounding wheat
fields (Salveter, 1998). In Poland Episyrphus was domi-
nant in crop habitats, but S. vitripennis was dominant in
aphid colonies on fruit trees and S. ribesii sub-dominant
on both (Malinowska, 1979). Even among different
aphids on a single hostplant, there are strong indications
of selectivity (e.g. Wnuk, 1972).

Rotheray’ (1980) still unpublished PhD work is one of
the best examples of looking at multiple aphid and syr-
phid species, a type of study represented by only 20
studies in the literature. Working near Cardiff in Wales,
he sampled all the aphid colonies of the herb, shrub and
tree layers along a transect between woodland and grass-
land. He found that there were two distinct periods of
aphid abundance, early (May—June) and Ilate
(July—August), with a gap in between. Most syrphid
larvae exploited either one or the other period, but not
both. For example, Episyrphus occurred only in the late
period, mainly on Cavariella aphids on hogweed (Hera-
cleum sphondylium). S. ribesii was one of only three syr-
phid species to exploit both periods of aphid abundance,
with most of its larvae on nettle aphids (Microlophium
carnosum on Urtica dioica) during the early period, and
huge numbers on hogweed aphids during the late period.
The other two species were Eupeodes Iluniger and
Platycheirus scutatus. The extremely uneven distribution
of S. ribesii larvae suggests a much higher degree of spe-
cialization than expected for this very widespread species.

Is there any evidence for substantial geographic varia-
tion in the field distribution of aphidophagous larvae
among prey species? There are very few comparable data,
but those that exist indicate that broad-scale consistencies
in the average choices made by populations of at least
these two common “generalists”. There are two datasets
that can be compared with that of Rotheray’s from Car-
diff: a season-long systematic sampling of aphid colonies
from Nottingham, and a set of semi-systematic samples

TaBLE 4. The four most- and least-preferred aphid prey of Episyrphus balteatus and Syrphus ribesii, as assessed from field distri-
bution in three areas (data from Sadeghi, 2000; Rotheray, 1980; and P. Laska, unpubl.). Full details in Sadeghi et al. (in prep. ).

Hoverfly Nottingham Cardiff Czech Republic

Episyrphus balteatus Most Aphis grossulariae on willow-herb  Cavariella on hogweed Aphis fabae on thistle
Cavariella on hogweed Hyalopterus on reed Aphis fabae on spindle
Macrosiphum on rose Brevicoryne on cabbage Brevicoryne on cabbage
(Schizoneura on elm) Aphis fabae on thistle Rhopalosiphum on bird-cherry

Least Phyllaphis on beech Aphis fabae on bean Phyllaphis on beech

Aphis ruborum on blackberry Drepanosiphum on sycamore  Aphis sambuci on elder
Microlophium on nettle Hyperomyzus on milk-thistle ~ Uroleucon on cichory
Aphis pomi on apple Aphis fabae on mugwort Mpyzus cerasi on wild cherry

Syrphus ribesii Most Drepanosiphum on sycamore Cavariella on hogweed Hyalopterus on plum

Cavariella on hogweed
Microlophium on nettle
(Macrosiphum on rose)

Least Phyllaphis on beech
Aphis grossulariae on willow-herb
(dock, apple, blackberry, elder,
elm aphids)

Microlophium on nettle
Drepanosiphum on sycamore
Brachycaudus on campion

Phyllaphis on beech
Myzocallis on hazel
Hyalopterus on Prunus
Hyperomyzus on milk-thistle

Brachycaudus on plum
Mpyzus on wild cherry
Aphis sambuci on elder

Uroleucon on cichory
Aphis fabae on spindle
Uroleucon on hawksbeard
Aphis fabae on beet
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done over a number of years in the Czech Republic
(Table 4). Despite the only partially congruent sets of
aphid colonies being sampled, there are surprising simi-
larities in the aphid colonies in which the greatest and the
least numbers of larvae were found, as study of Table 4
demonstrates. This argues for consistency of the cumula-
tive choices of females among populations in these two
“generalist” species, and suggests consistent differences
in suitability among aphid species as prey.

Variation in larval performance

As Table 4 again shows, there are rather few studies in
the literature that compare larval performance on different
aphids. A very good example is the study of Rizicka
(1975) on Eupeodes corollae. He compared various
measures of larval performance on 13 aphid species, and
found strong differences in some measures such as mor-
tality and pupal weight, but few differences in develop-
ment times. The main difference was that elder aphids,
Aphis sambuci, and hogweed aphids, Cavariella sp., were
clearly toxic since all or almost all larvae died very
quickly. Similarly a study of larval performance of Epi-
syrphus and S. ribesii larvae found one aphid species, the
apple aphid Aphis pomi, to be detrimental to survival
(Sadeghi & Gilbert, 2000b).

The neonate larvae are particularly vulnerable to aphid
defences since they have few stored resources and must
find food quickly to avoid starvation. Thus newly hatched
first instars can often be killed by their first meal: young
Paragus larvae, for example, were killed by cabbage
aphids (Brevicoryne brassicae), and Aphis fabae from
beans (but not other plants) were toxic to neonate Afro-
syrphus larvae (Schmutterer, 1972a). There will probably
turn out to be substantial genetically-based individual
variation in the susceptibility of neonates to particular
aphid-hostplant combinations.

We know (e.g., Vanhaelen et al., 2001) that host-plant
defensive chemistry affects aphid chemical defences, and
hence influence the detoxification enzymes in the larvae
of Episyrphus. A priori we would predict an impact of
enzyme induction on overall performance. As far as I
know there are only two studies that set out to compare
the performance of larvae feeding on one aphid species
but from different host plants. Vanhaelen et al. (2002)
demonstrated that hostplant effects on development times,
mortality and subsequent fecundity were very significant
for Episyrphus feeding on Myzus persicae or Brevicoryne
brassicae from beans, mustard or oilseed rape. Hindayana
(2001) showed that development times were shorter and
pupal masses greater when larvae were fed potato aphids
(Aulacorthum solani) on cucumbers rather than on pota-
toes: since sample sizes were rather small, it was not clear
whether emerging females were also more fecund in the
former. Development times were also shorter and pupal
masses greater when fed potato aphids on cucumbers
plants that had been treated with NPK fertilizer, as
opposed to unfertilized control plants.

To complement this study are some strong indications
from observations in the literature that this kind of varia-
tion is very important generally. For example, Kaufmann
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(1973) fed Toxoptera aphids on cocoa leaves to larvae of
Paragus borbonicus and they developed normally,
whereas the same aphid on citrus leaves resulted in the
death of all larvae within 1-3 days. Emrich (1991)
studied the development of Episyrphus larvae on the
lupin aphid, Macrosiphum albifrons. The larvae did not
do very well, with longer development and higher mor-
tality than normal, but this depended on which lupin spe-
cies and variety was being used as the aphid hostplant:
these plants differed strongly in their toxin content.

Thus host-plant effects, especially on neonates, are
likely to be very important in aphidophagous syrphids.

Oviposition preference and larval performance

There are also rather few studies of the oviposition
preferences of gravid female aphidophagous syrphids
towards different aphid species (Table 4). A good
example of such a study (Budenberg & Powell, 1992)
found that Episyrphus females would lay eggs in response
to some aphid species such as cereal aphids, but not to
others such as the nettle aphid, Microlophium carnosum.
These responses also occurred towards the honeydew
alone. In another study, female Episyrphus balteatus and
Syrphus ribesii preferred to oviposit in response to par-
ticular aphid species (Sadeghi & Gilbert, 2000a), and
their preferences altered in magnitude but not in rank
order with female age and host deprivation (Sadeghi &
Gilbert, 2000c). Despite the overall absence of a relation-
ship between preference and performance (Sadeghi &
Gilbert, 2000b), some individual females of E. balteatus
differed from others in their preferences, and at the indi-
vidual level there appeared to be life-history trade-offs in
performance with these preferences (Sadeghi & Gilbert,
1999). In contrast there appeared to be a weak preference-
performance correlation overall among females of S.
ribesii (Sadeghi & Gilbert, 2000b). Thus part of the
female population of Episyrphus seems to be specialized
to particular aphids as prey, whereas part of the popula-
tion may consist of truly generalized individual females.
In contrast, overall female S. ribesii agreed in their prefer-
ences and this correlated with larval performance, if only
weakly. While both are generalist species, Episyrphus
seems partly to be specialized at the individual level,
whereas in S. ribesii it seems to be at least at the popula-
tion if not the species level.

The mechanism of specialization involves female ovi-
position behaviour: in hoverflies like many other insects,
host selection is made by ovipositing females. For a
polyphagous syrphid, ovipositional preference by females
has a profound effect on the performance of the offspring,
since syrphid larvae probably have rather limited dis-
persal abilities. Even if larvae were mobile and could
make their own choices to a greater or lesser extent, the
suitability of the first few prey items is probably critical
in determining survival (cf. Schmutterer, 1972a). There
are some indications that larvae can move to new aphid
colonies to a certain extent: from his samples, Banks
(1968) suggested that even quite small syrphid larvae
must move between plants and possibly “considerable
distances”. Kan (1988a,b) suggested that a single maple-



or pea-aphid colony was insufficient to support larval
development to maturity, and “older larvae are observed
actively migrating among maple branches” or pea plants.
Despite these opinions, most authors agree that the larvae
are more or less sedentary, almost completely dependent
on their mothers to choose a suitable host-prey. Much
more data are needed on this point.

The role of aphid defence is beautifully demonstrated in
Japanese work on the bamboo aphid, Pseudoregma (Shi-
bao, 1998), an aphid species that has huge colonies and a
soldier caste for colony defence. These soldiers pierce the
eggs and neonate larvae of aphidophagous syrphids. A
gravid female Fupeodes confrater circles the colony care-
fully: if she finds soldiers present, then she lays a batch of
eggs on a spider’s web nearby, up to 1 m away. The first
larva to emerge cannibalizes the rest of the batch to pro-
vide the energy to crawl to the colony: having a meal or
two before meeting a soldier will make all the difference
between surviving and succumbing. If the gravid female
does not encounter any soldiers in her search, then she
lays single eggs in the colony, as is normal for most aphi-
dophagous syrphids. Another syrphid, Eupeodes hakkien-
sis, has adapted to dealing with the aggressive soldier
instars of their Ceratovacuna aphid prey by evolving a
hard impenetrable eggshell, and larval behaviour that
leads them to forage only at the edge of the colony, and
move away when not feeding (Mizuno et al., 1997).

MORTALITY

Most of the mortality of aphidophagous syrphids arises
from parasitoids and from bacterial or viral infections.
Despite its importance, very little is known about diseases
of syrphid larvae. In contrast there are a huge number of
records of parasitoids, especially by the group of ichneu-
monids that are specialized to these larvae, the Diplazon-
tinae. Little is known of other sources of mortality,
including intraguild predation.

Diplazontines

Although there are many records of diplazontines para-
sitizing particular syrphid species, there is great confusion
in the identity of both parasitoid and host. Diplazontines
can be difficult to identify and many literature records of
the commonest species by far, Diplazon laetatorius, are
suspect. Because only the remains of the immature stages
are left, identifying their syrphid hosts is also a job for a
specialist. As with aphidophagous larval prey records, a
false impression of generalization arises from collating
these records. When experiments are carried out with par-
ticular populations of parasitoids, the species turn out to
be either monophagous or oligophagous (Rotheray,
1984). There are interesting battles between parasitoid
larvae within the host for control (Schneider, 1951;
Rotheray, 1984), but nothing is known about the impact
of differential parasitism on prey specialization. Female
diplazontines respond primarily to aphid odour (Rotheray,
1981), raising the possibility of aphids being able to
signal to them when attacked: nothing is known about
this. Because aphid species may be distinguishable at a
distance from their odours, there is every chance that

diplazontine impacts vary systematically, and hence may
indeed be important in influencing syrphid specialization.

Intraguild predation

An early example of studies of competition among
aphidophages is the work of Benestad Hégvar (1972,
1973). She placed larvae of S. ribesii and Eup. corollae
together or alone in a Petri dish with aphids, and watched
the outcome. Eup. corollae larvae never cannibalized
each other, and suffered greatly from attacks by S. ribesii
larvae, which killed and ate them when hungry. S. ribesii
larvae would cannibalize each other when hungry. The
experimental conditions may, however, have disadvan-
taged the larvae of Eup. corollae, since the way these
larvae move makes them specialists on stem aphids; the
flat Petri dishes may have prevented the larvae from
moving efficiently, and made them much more vulnerable
to the more generalised movement patterns of S. ribesii
larvae. More recently Hindayana et al. (2001) have shown
that the eggs and first-instar Episyrphus are especially
vulnerable to other aphidophagous insects, but they
become less vulnerable as they grow. Final-instar larvae
are only rarely killed by ladybirds and act as intraguild
predators when confronted by lacewings and smaller
ladybird instars. Such interactions are likely to be very
important in influencing the choices made by ovipositing
female syrphids.

THE IMPACT OF HYPERPARASITISM

Nothing is known about even the occurrence of hyper-
parasitoids on diplazontine parasitoids, let alone of any
impact on syrphid larvae. The only information to be
gleaned is that hyperparasitoids are extremely rare, and
are not at all specialized. Thus the only ones ever
recorded seem to be accidental (G.E. Rotheray, pers.
comm.).

THE IMPACT OF THIRD-PARTIES SUCH AS ANTS

Some aphids are nearly always attended by ants,
whereas others never are: why this is the case is still
obscure (Way, 1963; Buckley, 1987; Stadler et al., 2003).
Whatever the cause, as has been shown repeatedly via
experiment, the presence of ants makes a big difference to
mortality rates of aphidophages including syrphid larvae.
Not surprisingly, selection caused by encounters with ants
seems to be a major cause of the evolution of larval adap-
tations in aphidophagous syrphids. The use of ants can be
viewed merely as one of a range of adaptations of aphids
for defence, and predictably there are counter-adaptations
by predators: Mizuno et al. (1997) highlighted a guild of
syrphid predators (Paragus) with morphological adapta-
tions that allow them to exploit ant-tended aphids.

A nice example of the complexities that ant-tending
introduces to understanding prey specialization occurs in
East Africa (Schmutterer, 1972a,b, 1974). Two ant spe-
cies are particularly important here in tending many spe-
cies of aphid: Pheidole megacephala is extremely
aggressive towards any insect approaching the tended
colony, and kills the larvae of anything that manages to
get through its defensive shield to oviposit in the colony;

331



Lepisiota (= Acantholepis) capensis is less aggressive, but
still manages to prevent most gravid females from laying
eggs. Only the eggs and larvae of Paragus species
manage to survive the attacks of Pheidole ants to prey on
the aphids of the colonies they tend, whilst larvae of some
other genera also manage it in Lepisiota-tended colonies.
The benefits of doing this include a complete absence of
parasitism from diplazontines, which are warded off by
the ants. Ant-tended colonies thus constitute a very
important “enemy-free space” for many species of East
African syrphids.

CONCLUSIONS

I conclude that there is plenty of evidence that the
food-web context has an important and perhaps decisive
influence on prey specialization in aphidophagous syr-
phids. This means that we should abandon typological
characterization of species as “generalist” or “specialist”
and move to studying and analysing variation in perform-
ance in different food webs at the individual and popula-
tion levels. Without doing this we risk missing most of
the important features that determine prey choices.
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