
Intraguild interactions promote assortative mating and
affect sexual attractiveness in a phytophagous fly

TOM READER* and IAN R. DUCE

School of Biology, University of Nottingham, Nottingham, NG7 2RD, UK

Received 28 November 2008; accepted 23 March 2009bij_1266 171..180

Changes in acoustic and substrate-borne sexual signals in phytophagous insects associated with host plant shifts
are known to have the potential to promote assortative mating, reproductive isolation and speciation. In this
article, we ask whether the switch between pure herbivory and intraguild predation (IGP), which is common
amongst phytophagous insects, has similar potential. Male flies in the genus Lipara (Diptera: Chloropidae) search
for females by vibrating reed stems and waiting for a reply. By kleptoparasitizing other phytophagous species in
the genus (a form of IGP), Lipara rufitarsis can increase its nonsexual fitness considerably. We looked at the impact
of IGP on the timing of hatching, body size and attractiveness of male calls in L. rufitarsis. L. rufitarsis males that
had engaged in IGP hatched significantly earlier than purely phytophagous flies and were significantly larger, but
their calls were less likely to elicit responses from females during playback experiments. We conclude that,
although behavioural observations of females provided no evidence of ‘like preferring like’, changes in phenology
associated with IGP are likely to promote assortative mating in this system. The general preference of females for
the calls of smaller males is a phenomenon worthy of further study: it may have no adaptive significance, or it may
indicate that mating with large males is associated with a fitness cost. © 2009 The Linnean Society of London,
Biological Journal of the Linnean Society, 2009, 98, 171–180.
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INTRODUCTION

Mate choice on the basis of sexual traits has the
potential to enhance the fitness of individuals of the
choosing sex, because such traits can provide infor-
mation about the condition, genetic quality, com-
patibility and species identity of potential mates
(reviewed in Andersson, 1994). When mate choice
evolves, it can play an important role in the processes
of speciation and diversification, especially if the dif-
ferent desirable characteristics indicated by sexual
traits are positively associated (West-Eberhard, 1983;
Andersson, 1994). For example, coevolution of mate
preference and sexual traits can reinforce the repro-
ductive isolation of closely related species if pheno-
types which make individuals of the correct species
more readily recognizable to potential mates also

indicate good condition or ‘good genes’. However, the
desirable characteristics indicated by sexual traits do
not necessarily correlate positively, meaning that dif-
ferent selection pressures may have conflicting effects
on the evolution of mate choice. For example, traits
which indicate the highest genetic quality or best
condition in a potential mate may also be those which
are most easily confused with the traits of other
species (Ryan & Rand, 1993; Pfennig, 1998;
Schmeller, O’Hara & Kokko, 2005). Empirical evi-
dence suggests that a conflict between species and
mate quality recognition can explain mate choice
strategies which might otherwise be considered mal-
adaptive (Barlow & Siri, 1997; Pfennig, 2000).

Many phytophagous insects communicate via
acoustic or substrate-borne signals. Such species have
provided a number of model systems in which to
study the different kinds of selection pressure affect-
ing sexual traits and mate preferences (Cocroft &
Rodriguez, 2005; Drosopoulous & Claridge, 2006).

*Corresponding author.
E-mail: tom.reader@nottingham.ac.uk

Biological Journal of the Linnean Society, 2009, 98, 171–180. With 2 figures

© 2009 The Linnean Society of London, Biological Journal of the Linnean Society, 2009, 98, 171–180 171



Females are known to use the characteristics of male
calls to identify mates of the correct species (for
example, Dewinter & Rollenhagen, 1990; Talyn &
Dowse, 2004; Safi, Heinzle & Reinhold, 2006) and
those of high quality (for example, Brown et al., 1996;
De Luca & Morris, 1998). There is also evidence to
suggest that the use of male sexual signals by females
to avoid heterospecific matings can influence the
value of these signals for distinguishing among con-
specific males (Safi et al., 2006).

The study of phytophagous insects in general, and
those that rely on substrate-borne communication in
particular, has highlighted the potential of host plant
shifts to generate patterns of assortative mating
and reproductive isolation (Berlocher & Feder, 2002;
Funk, Filchak & Feder, 2002; Rodriguez et al., 2008).
For example, when different plant species have dif-
ferent effects on insect phenology, a host shift may
lead to the temporal separation of sympatric subpopu-
lations (for example, Wood & Keese, 1990). Alterna-
tively, host plant shifts may be accompanied by a
divergence in sexual signals used to attract mates
(Etges & Ahrens, 2001; McNett & Cocroft, 2008). This
raises the question: do other changes in the trophic
ecology of species have similar potential to bring
about assortative mating and reproductive isolation,
and hence perhaps to play a role in speciation? Host
shifts in parasitoids can certainly affect phenology in
such a way as to generate assortative mating (Henry,
2008), but, of particular interest in the context of this
study, is the frequent occurrence of intraguild pre-
dation or parasitism (IGP) amongst phytophagous
insects (Polis, Myers & Holt, 1989; Arim & Marquet,
2004). In theory, a switch from herbivory to parasit-
ism or predation, with all the possible associated
changes in spatial and temporal distribution and
nutrition, should be able to generate assortative
mating and reproductive isolation in just the same
way as a host shift in a herbivore. This possibility has
apparently yet to be explored explicitly.

In this article, we explore the impact of a change in
trophic ecology on male body size, and on the char-
acteristics and attractiveness of male mating calls,
in a phytophagous insect, Lipara rufitarsis Meigen
(Diptera, Chloropidae). Lipara rufitarsis is faculta-
tively kleptoparasitic on a congeneric species, and can
be considered to engage in a form of IGP (see below).
We focus on three questions. First, how does a shift to
a kleptoparasitic mode of life affect body size and the
characteristics of male calls? Second, do differences in
body size and call characteristics between phytopha-
gous and kleptoparasitic males impact on their
attractiveness to females? Third, do the effects of
trophic ecology on L. rufitarsis mating calls and phe-
nology have the potential to generate assortative
mating (flies mating preferentially with individuals

with the same trophic history), which might lead to
reproductive isolation?

Lipara rufitarsis and its congener Lipara lucens are
monophagous herbivores which form characteristic
apical galls on the stems of the common reed Phrag-
mites australis (Chvála et al., 1974). They have an
annual life cycle. Eggs are laid and hatch in June,
and each individual initiates and excavates a single
gall during the summer. Lipara lucens galls are large
and heavily defended against predators and parasi-
toids. Lipara rufitarsis galls are much smaller, and
larvae are vulnerable to parasitism and are easily
extracted by avian predators (Chvála et al., 1974;
Reader, 2001). Fully grown larvae overwinter within
galls and pupate in spring. Adults hatch out and leave
their galls in late spring.

The highly mobile adult males locate sedentary
females in often dense stands of P. australis by
moving from stem to stem, producing vibratory
signals and waiting for responses from females (Mook
& Bruggemann, 1968). Virgin females respond to the
relatively complex male signals by producing a simple
signal of their own, during or immediately after the
male call. On detection of a response, a male will walk
along a stem searching for the female. Mating usually
takes place rapidly once a male has located a recep-
tive female. Although males will continue to search
for females once copulation is complete, mated
females will no longer respond to male signals
(Kanmiya, 1990).

Because the vibratory signals of L. lucens and L.
rufitarsis appear to be the primary (and perhaps only)
mechanism by which a male locates potential mates,
opportunities for mating are probably controlled
largely by the female. There is marked interspecific
variation in the characteristics of male signals, and
this variation is used by females to distinguish
between conspecifics and heterospecifics (Chvála
et al., 1974). At least in L. lucens, male (but not
female) signals also vary significantly among geo-
graphically isolated populations of the same species
(Kanmiya, 1990), but the consequences of this varia-
tion for the reproductive compatibility of allopatric
populations are unknown.

In some habitats, L. lucens and L. rufitarsis
compete strongly for P. australis stems (Reader,
2003). A theoretical study of the dynamics of compe-
tition between the two species showed that L. rufit-
arsis can only persist in such habitats because it is
able to kleptoparasitize L. lucens (Reader, Cornell &
Rohani, 2006). When larvae of both species are
present on the same stem, an L. lucens gall forms, but
L. rufitarsis kills its competitor and takes possession
of the gall. Lipara rufitarsis individuals developing in
L. lucens galls (henceforth referred to as ‘kleptopara-
sitic’ flies) are more likely to survive to maturity, and
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emerge significantly heavier than those developing
in L. rufitarsis galls (‘phytophagous’ flies) (Reader,
2003). Kleptoparasitic females are also substantially
more fecund than phytophagous females (Reader,
2003). Despite the advantages to L. rufitarsis, evi-
dence from competition experiments and observed egg
distributions suggests that interspecific interactions
between the two species occur more or less at random,
and many L. rufitarsis populations persist in the
absence of L. lucens (Reader, 2001). Although it is
possible that some L. rufitarsis individuals possess
traits which make interactions more likely or more
profitable, we have no evidence that a tendency to
kleptoparasitize is heritable.

In this study, we examine the consequences of inter-
specific interactions for the phenology and mating
behaviour of L. rufitarsis. Given the clear fitness
benefits of kleptoparasitism to L. rufitarsis, we might
expect natural selection to favour traits which make
interactions with L. lucens more common. Such traits
might not evolve, however, if mating success is
reduced in kleptoparasitic flies. By experimentally
assessing female preferences, we tested the hypoth-
esis that, although enjoying enhanced growth and
survival, kleptoparasitic males produce vibratory
signals which are not typical of their species and are
less attractive to potential mates. Measurements of
the effect of interspecific interactions on L. rufitarsis
mating behaviour and phenology also allow us to test
for mechanisms by which sympatric populations of
kleptoparasitic and phytophagous flies might become
reproductively isolated.

MATERIALS AND METHODS

Approximately 500 L. lucens and 500 L. rufitarsis
galls were collected from Chippenham Fen Nature
Reserve in Suffolk, UK in April 2007, just prior to the
emergence of adult flies. Pupae were extracted from
galls and kept in individually labelled Petri dishes in
the laboratory at 20–25 °C until adult flies emerged.
On eclosion, flies were sexed and the date was
recorded. Interspecific interactions were common in
the population sampled: 33.9% of the 489 L. lucens
galls collected contained L. rufitarsis pupae, and only
26.2% of 225 surviving L. rufitarsis pupae were found
in their own galls.

RECORDINGS OF MALE SIGNALS

The vibratory signals of 41 adult males were recorded
2 or 3 days after eclosion using a modification of the
method employed by Kanmiya (1990). A male–female
pair of virgin flies was placed in a small (4 cm
long ¥ 3 cm wide ¥ 1 cm high) plastic box resting on
top of a paper membrane stretched across a metal

tripod. The stylus on a ceramic stereo cartridge
(Model BSR SC12H, Maplin Electronics) was brought
into contact with the paper membrane beneath the
box. The output from the cartridge was amplified
using an Isleworth A101 AC amplifier, and digitized
with a Lab-trax 4/16 A to D converter (World Preci-
sion Instruments). In the presence of a female fly,
males readily produced vibratory signals which were
recorded and analysed using Data-trax recording soft-
ware (World Precision Instruments). Recordings con-
tinued for 30 min, or until at least six calls had been
recorded. Measurements of signal amplitude made
using this technique are affected by the pressure
with which the stylus is pressed against the paper
membrane (Cocroft & Rodriguez, 2005). Therefore, to
ensure that any variation in amplitude was random
with respect to the identity of the fly being recorded,
the stylus was repositioned for each recording. The
technical limitations of our method mean that varia-
tion in the absolute amplitude of the calls did not
necessarily indicate biological differences among
males. For this reason, we only included information
about the relative amplitudes of the components of
the calls in our analysis (see below).

Signals were characterized using measurements
taken from oscillograms and power spectra generated
by fast Fourier transformation. Each signal com-
prised a ‘preliminary vibration’ and a ‘main vibration’
(Fig. 1). The main vibration consisted of a series of
‘bursts’, each separated from the next by a pause (the
‘inter-burst interval’) and a ‘spike’. In some but not all
recordings, a small ‘pre-burst spike’ could be distin-
guished immediately before the burst. For each
signal, we measured the following: (1) the total length
of the signal; (2) the length of the preliminary signal;
(3) the length of the main signal; (4) the number of
bursts in the main signal; (5) the fundamental fre-
quency of the main signal; (6) the period of the first,
second and final bursts (measured as the time
between the beginning of one burst and the beginning
of the next); (7) the length of the first, second and
final inter-burst intervals; and (8) the ratio between
the maximum amplitudes of the burst (excluding any
pre-burst spike) and the subsequent spike for the
first, second and penultimate bursts. This final mea-
surement (the burst to spike amplitude ratio) was
used to quantify what was to the human eye the most
variable characteristic of the recorded signals; some
males produced signals with very low-amplitude
bursts, whereas others produced signals in which the
burst was nearly as loud as the spike.

PLAYBACK EXPERIMENTS

The responses of females to recorded male signals
were assessed using playback experiments. The first
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signal recorded from each male was converted into a
sound file using Scilab (Copyright © 1989–2007 Insti-
tut National de Recherche en Informatique et en École
des Ponts ParisTech; see http://www.scilab.org).
Signals from randomly chosen males were then played
back to individual virgin females, 2 or 3 days after
eclosion. Lone females were placed in a small plastic
box (as above) resting on a paper membrane stretched
over the housing of a small loudspeaker (Yamaha
model YST-M15). After a period of 10 min to adjust to
their environment, the membrane was vibrated by
playing the male signal through the speaker at a
standard volume. The playback was repeated ten
times (the same call each time), with an interval of 30 s
between signals. The responses of females were
recorded via the stylus of a ceramic stereo cartridge
using the method described above, except that the
stylus was placed in contact with the membrane
adjacent to rather than below the box housing the fly.
Each female was used in only one playback trial.

STATISTICAL ANALYSIS

Measurements taken from male signals, many of
which were obviously intercorrelated, were subjected
to principal components analysis (PCA) in order to
produce a small number of new variables which
described the measured variance in the characteris-
tics of the signals and could be used in subsequent
analysis. Of the components generated by PCA, those

with eigenvalues which plotted to the left of the
beginning of the tail on a scree plot, and which were
strongly associated (with factor loadings of > 0.6) with
at least three of the original variables, were retained
(Field, 2005). Varimax orthogonal rotation was per-
formed on the extracted component matrix in order to
improve the ease with which factors could be inter-
preted. This analysis was performed using SPSS
Version 12. The extracted components, together with
other data describing fly phenology, body size and
female responses to playback experiments, were
analysed using analysis of variance (ANOVA) and
generalized linear mixed effects models in R version
2.6.1 (The R Core Development Team, 2007). Mixed
models were used when pseudoreplication within
individuals necessitated the fitting of random effects.
Model selection broadly followed Venables & Ripley
(1997). First, a full model was fitted, containing one
or two fixed effects, an interaction where appropriate
and one random effect. Fixed effects were then
removed sequentially: interaction first, then the main
effects in order of likely significance (as indicated by
estimated coefficients in the full model). The signifi-
cance of the effect of each deletion was assessed with
likelihood ratio (LR) tests. Finally, the significance of
the random effect was assessed by testing the impact
of its deletion from the mixed model containing only
those main effects that were significant. Error struc-
tures were assumed to be Gaussian, except where
stated.
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Figure 1. Oscillogram of a typical male Lipara rufitarsis vibratory signal, and a typical female response. In this example,
the female begins to respond before the male has finished signalling. The magnified inset shows the detail of the iterated
components of the male’s main signal. A relatively lengthy ‘burst’ (b) ends in a short, high-amplitude ‘spike’ (s). The
spike is followed by an ‘inter-burst interval’ (i). In this case, the burst is immediately preceded by a small ‘pre-burst spike’
(p).
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RESULTS
EFFECTS OF INTERSPECIFIC INTERACTIONS ON

DEVELOPMENT

Male and female L. rufitarsis hatched simultaneously
(see Tables 1 and 2). Individuals that had developed
in their own gall hatched significantly later than
individuals that had developed in L. lucens galls,
regardless of sex. Females had longer wings and
thoraces than males, and kleptoparasitic individuals
had longer wings and thoraces than phytophagous
individuals, regardless of sex.

CHARACTERIZATION OF MALE CALLS

The first three components generated by PCA
together explained over 60% of the variance in the
original 14 variables that were used to describe calls
(see Table 3). Calls which scored highly on the first
component (PC1) had long, low-frequency bursts.
Calls scoring highly on the second component (PC2)
lasted for a long time, and those scoring highly on the
third component (PC3) had relatively loud bursts and
quiet spikes.

There were highly significant differences among
males in all three principal components (mixed
effects model; PC1: LR = 189.377, P < 0.001; PC2:
LR = 113.468, P < 0.001; PC3: LR = 94.562, P < 0.001;
see Fig. 2). There were, however, no consistent differ-
ences between the calls of phytophagous and klepto-
parasitic males (PC1: LR = 0.870, P = 0.351; PC2:
LR = 0.969, P = 0.325; PC3: LR = 0.158, P = 0.691).

Table 1. The mean (±standard error of the mean, SEM) hatch dates, wing lengths and thorax lengths of male and female
Lipara rufitarsis individuals that developed as larvae in L. rufitarsis and L. lucens galls. Hatch date is given in days after
1 May 2007

Measure

L. rufitarsis gall L. lucens gall

Male Female Male Female

Hatch date (days) 20.84 (±0.65) 21.52 (±0.68) 16.68 (±0.42) 16.68 (±0.40)
Wing length (mm) 2.74 (±0.23) 3.13 (±0.27) 2.96 (±0.25) 3.41 (±0.29)
Thorax length (mm) 1.87 (±0.04) 2.13 (±0.04) 2.08 (±0.03) 2.36 (±0.03)

Table 2. Results of analysis of variance in hatch dates and two measures of body size of male and female kleptoparasitic
and phytophagous flies

Term

Hatch date Wing length Thorax length

F(DF) P F(DF) P F(DF) P

Sex 0.43 (1,105) 0.514 155.76 (1,103) < 0.001 74.47 (1,104) < 0.001
Gall type 74.62 (1,105) < 0.001 54.61 (1,103) < 0.001 46.31 (1,104) < 0.001
Sex ¥ gall type 0.43 (1,105) 0.515 0.86 (1,103) 0.356 0.09 (1,104) 0.766

Table 3. Results of principal components analysis (PCA)
of 14 variables describing a total of 220 calls from 41
different males. Details are shown for the three most
important extracted components which, together,
explained over 60% of the variance

Component

PC1 PC2 PC3

Eigenvalue 3.277 2.977 2.480
Percentage of variance

explained
23.405 21.262 17.714

Loadings:
Total call length 0.018 0.970 -0.022
Preliminary call length -0.029 0.647 -0.069
Main call length 0.061 0.905 0.037
Number of bursts -0.238 0.872 0.031
Fundamental frequency -0.732 0.033 0.106
First burst period 0.874 -0.044 0.009
Second burst period 0.868 -0.145 0.027
Mean burst period 0.900 0.076 0.024
First inter-burst interval 0.406 -0.070 -0.083
Second inter-burst interval 0.428 -0.027 0.001
Final inter-burst interval 0.031 0.019 0.008
First burst to spike

amplitude ratio
0.012 -0.022 0.891

Second burst to spike
amplitude ratio

0.000 0.012 0.931

Penultimate burst to spike
amplitude ratio

-0.053 -0.033 0.89
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Averaging across calls for each male, there were no
significant correlations between wing or thorax size
and characteristics of male calls (Pearson’s correla-
tions of PC1, PC2 and PC3 versus wing and thorax
size: r < 0.25, P > 0.1, N = 41).

FEMALE PREFERENCES

There was a significant effect of male origin on the
frequency with which female L. rufitarsis responded
during the playback experiment (mixed effects
model with binomial error structure: LR = 11.975,
P < 0.001). Females were more likely to respond to
calls from phytophagous males (average of 61.8% of
calls elicited a response) than to calls from klepto-
parasitic males (average of 34.1% of calls elicited
a response). There was no significant difference
between phytophagous and kleptoparasitic females in
the propensity to respond (LR = 1.244, P = 0.265), and
no interaction between the effects of male and female
origin on the propensity to respond (LR = 2.751,
P = 0.097). Considering only those instances in which
females responded to playbacks, there was no effect of
male (LR = 1.652, P = 0.199) or female (LR = 0.751,
P = 0.386) origin on the duration of the female
response, and no interaction between male and
female origin (LR = 0.002, P = 0.999).

The propensity of females to respond to male calls,
and the duration of responses, were not predicted by
the characteristics of the calls (see Table 4). There
was, however, a significant negative correlation
between the number of female responses to male calls
and male wing length and thorax length (see Table 4).

The response duration was also negatively correlated
with thorax size, but not with wing size.

DISCUSSION

Our results suggest that engaging in IGP has
wide-ranging effects on L. rufitarsis. Kleptoparasitic
flies hatched earlier and were larger than purely
phytophagous individuals. Furthermore, we found
evidence that engaging in IGP reduced the attractive-
ness of male calls to both kleptoparasitic and phy-
tophagous females. Analysis of call structure failed to
reveal which components of male calls were used by
females to distinguish among possible mates. These
results have interesting implications for our under-
standing of the selection pressures acting on mate
preferences and trophic niche in this species.

IGP, ASSORTATIVE MATING AND REPRODUCTIVE

ISOLATION

The reproductive isolation of phytophagous insect
populations as a result of host plant shifts has stimu-
lated considerable interest in the potential for such
shifts to facilitate speciation (Berlocher & Feder,
2002; Dres & Mallet, 2002; Bolnick & Fitzpatrick,
2007). Although other kinds of differences in trophic
ecology among individuals have not been studied in
detail, it seems reasonable to expect that they have
similar evolutionary potential. Lipara rufitarsis indi-

Figure 2. The mean first and second principal component
scores (±standard error of the mean, SEM) generated from
the calls of 41 male Lipara rufitarsis adults. There were
similar differences among individuals in PC3 (data not
shown). See main text for details of the interpretation of
the components shown.

Table 4. Results of correlations between the number and
length of responses of females to playbacks, male call
characteristics [represented by three components
extracted using principal components analysis (PCA)] and
two measures of male body size

Number of
responses
(N = 41)

Average length
of response
(N = 24)

Spearman’s
rs P

Pearson’s
r P

PC1 0.066 0.684 -0.260 0.220
PC2 -0.051 0.750 -0.031 0.886
PC3 0.188 0.239 0.398 0.054
Wing length -0.380 0.017 -0.174 0.438
Thorax length -0.402 0.010 -0.418 0.047

Note that, because playback experiments used only the
first recorded call from each male, the PCA described in
Materials and methods was repeated using only these calls
before conducting the correlation analysis. The first three
principal components extracted had very similar eigen-
values and loadings to those shown in Table 3, and can be
interpreted in the same way.
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viduals that developed in their own galls hatched on
average about 5 days later than conspecifics that
developed in the galls of L. lucens, and this strongly
suggests that IGP has the potential to lead to assor-
tative mating in this species. Given that females mate
only once, begin laying eggs within 1 or 2 days of
eclosion and have a reproductively active life of only
about 10 days when kept in optimal conditions in the
laboratory (Mook, 1967; Chvála et al., 1974), such a
difference in phenology must mean that flies are
much less likely to mate with individuals with a
different trophic history than with individuals that
develop in the same kind of gall.

Temporal reproductive isolation of sympatric insect
populations on different host plants, as a result of
plant-specific changes in phenology, has been identi-
fied as a potentially potent facilitator of speciation in
a number of systems (Smith, 1988; Wood & Keese,
1990; Pratt, 1994; Feder & Filchak, 1999). Our
results serve as a reminder that ecological changes,
other than those associated with host plant shifts, can
have an impact on phenology, possibly influencing
population genetic structure and conceivably promot-
ing speciation. Such potential can only be realized,
however, if the isolation of subpopulations extends
over many generations. As yet, we have no evidence
that L. rufitarsis adults emerging from heterospecific
galls are any more likely to have offspring which also
kleptoparasitize L. lucens than would be expected if
interactions between the species occurred at random
(Reader, 2001, 2003). Thus, the specific evolutionary
consequences of the trophic interaction we describe
here remain unclear.

We have shown a difference of 10–15% in wing and
thorax length between flies that developed in con-
specific and heterospecific galls. Kanmiya (1997)
observed mean differences of about 10% in body size
among allopatric populations of a closely related
species (Lipara japonica). He found that it was physi-
cally impossible for the males and females of most
extreme size from different origins to copulate
(Kanmiya, 2006). Therefore, it seems possible that, in
L. rufitarsis, body size differences may promote a
degree of mating incompatibility between flies from
phytophagous and kleptoparasitic backgrounds. Such
a possibility could easily be tested with appropriate
mating experiments.

The potential for the reproductive isolation of phy-
tophagous and kleptoparasitic subpopulations of L.
rufitarsis would be considerably enhanced if patterns
of mate preference in females facilitated assortative
mating. However, our results show that there is no
tendency for females to choose males with the same
trophic history. Instead, both phytophagous and klep-
toparasitic females showed a preference for phytopha-
gous males that had developed in L. rufitarsis galls.

Although our analysis of call structure showed that
individual males had strikingly different calls, it did
not reveal which component(s) influenced the propen-
sity of females to respond. As such, we cannot yet say
whether the calls of kleptoparasitic males are atypical
of their species, or are more similar to those of other
species. It may be that the female preference we have
detected involves a complex nonlinear response to
male call traits, or that there are strong interactions
among traits, but our current dataset is not suffi-
ciently large, and our measures of female preference
are not sufficiently sensitive, to warrant more
detailed analysis of the selection response surface.
Further work is obviously needed to clarify the
mechanism at work, especially as, in this study, we
were unable reliably to record the variation in abso-
lute call amplitude (see Materials and methods). Body
size might reasonably be expected to impact, in par-
ticular, on amplitude, so that the future analysis of
calls using apparatus that measures amplitude in a
standardized fashion would be of particular interest.

Despite the lack of assortative mating, the impacts
of trophic ecology on phenology and morphology in
this study system demonstrate that IGP, at least, has
the potential to promote the formation of sympatric
subpopulations which are more or less reproductively
isolated. Especially in the light of work which has
shown that host shifts in brood parasites can facili-
tate speciation (Sorenson, Sefc & Payne, 2003), we
believe that the role played by changes in trophic
ecology other than host plant shifts in speciation in
general, and sympatric speciation in particular, is
worth exploring further.

CONFLICTING SELECTION PRESSURES ON MALE

AND FEMALE BEHAVIOUR

Kleptoparasitic L. rufitarsis larvae are more likely to
survive to adulthood (Reader, 2003), and the resultant
adults are more fecund (Reader, 2003) and larger
(see Results). Given these benefits, we might expect
natural selection to favour the evolution of traits
which make encounters with heterospecifics and gall
theft more likely. We have yet, however, to find evi-
dence for the existence of such traits (Reader, 2001,
2003). The results from our mate preference experi-
ment suggest a possible cost to the kleptoparasitic
way of life which may negate the benefits: the calls of
males emerging from the ‘wrong’ galls are less attrac-
tive to females. If kleptoparasitic individuals are less
successful in the search for a mate, sexual selection
may inhibit the action of natural selection on traits
which might facilitate the utilization of what is poten-
tially an underexploited niche. The idea that natural
and sexual selection exert conflicting selection pres-
sures on traits has long been recognized (Darwin,
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1871). Although ‘good genes’ models have shown that
a positive genetic correlation between sexual and
nonsexual fitness can lead to a synergism between the
two selective forces (Lorch et al., 2003), the evidence
that sexual selection promotes adaptation is not
strong (Holland, 2002; Rundle, Chenoweth & Blows,
2006). Our system may turn out to be an example of
one in which the need to find a mate constrains the
abilities of species to adapt to their environment.

There are two important caveats when considering
possible explanations for the absence of a specialized,
parasitic way of life in L. rufitarsis. First, although
we have found evidence to suggest that kleptopara-
sitic males may be disadvantaged when looking for a
mate, we have no evidence of any fitness cost for
kleptoparasitic females. Valuable insights into the
evolutionary significance of the presence or absence of
kleptoparasitic traits in L. rufitarsis may be gained by
considering the fact that the result of any trade-offs
that exist are likely to be different for the two sexes.
Second, we have no evidence to suggest that a ten-
dency to kleptoparasitize L. lucens is heritable and,
as such, it is quite possible that, whatever the poten-
tial selective forces in this system, there may be no
traits on which these forces can act; a more definitive
leap from herbivore to parasite may simply not be
possible in this particular lineage at this particular
point in evolutionary time.

The observed female preference for small males
that developed in conspecific galls is potentially
maladaptive. Why choose less fit males? There are
several possible explanations. Firstly, and most obvi-
ously, the observed preference may have no adaptive
significance – it may have no consequences for fitness,
or there may be no genetic variation in preference on
which selection can act. Alternatively, female prefer-
ence may be adaptive, and may reflect a conflict
between the need to find a high-quality mate and the
need to find one of the right species (Ryan & Rand,
1993; Pfennig, 1998). Females in this genus are
known to be able to distinguish among males of four
Lipara species, all of which feed on reed stems in the
same habitats, on the basis of their calls (Chvála
et al., 1974). However, mistakes in species recognition
have been observed (Chvála et al., 1974). It is con-
ceivable that females receiving unwanted attention
from a male of the wrong species will have reduced
fitness, and matings with heterospecific males are
certainly likely to yield fewer, less fit offspring (for
example, Harrison & Hall, 1993; Noor, 1995; Pfennig
& Simovich, 2002). There may therefore be selection
pressure on female L. rufitarsis to respond to those
male calls that are most typical of the species, as is
the case in, for example, the grasshopper Chorthippus
brunneus (Butlin, Hewitt & Webb, 1985). Alterna-
tively, it may benefit females to respond to males

whose calls are most unlike those of other species, as
is the case in Chorthippus biguttulus (Safi et al.,
2006). Although our analysis of call structure failed to
reveal which components allowed females to distin-
guish between phytophagous and kleptoparasitic
males, it seems quite plausible that changes in body
size associated with gall theft subtly modify male
calls in some way. Unusually large, kleptoparasitic L.
rufitarsis males may be avoided because they have
calls which are in some way atypical of the species, or
which are more easily confused with calls of larger
species, such as L. lucens. Such a phenomenon is
known in spadefoot toads (Spea multiplicata), where
females in populations which are sympatric with
those of a larger species choose smaller mates in
order to avoid mating with heterospecifics, even
though larger conspecific males are better at fertiliz-
ing a female’s eggs (Pfennig, 2000).

Female L. rufitarsis may be keen to avoid large
males for other reasons, such as a correlation between
male body size and physical harm caused as a result
of copulation (see, for example, Pitnick & Garcia-
Gonzalez, 2002); however, in the absence of direct
evidence of an impact of mate choice on female
fitness, any discussion of adaptive explanations for
the observed preference remains speculative.

CONCLUSION

The study of acoustic and substrate-borne signals in
phytophagous insects continues to yield insights into
fundamental questions about the evolution of traits
and the diversification of lineages. Our results high-
light the potential of plant–insect and herbivore–
herbivore interactions to generate subtle, interesting
and informative patterns of behaviour. Specifically,
they suggest that switches between pure herbivory
and IGP may promote reproductive isolation of sym-
patric populations. They also add to a growing body of
evidence suggesting that patterns of resource use and
female mate preference are influenced by a suite of
sometimes conflicting selection pressures, and that,
as a result, the observed behaviour is not always
immediately intuitive.
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