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Abstract

 

The preference-performance hypothesis predicts that insect preference should correspond to host
suitability for offspring development. We studied the pattern of within-plant preference in the aphid

 

Sipha flava

 

 and its consequences for offspring performance on the host-plant 

 

Sorghum halepense

 

,
regarding the role of induced responses of plants to aphid feeding. The consequences of within-plant
preference on aphid population growth and host-plant traits were also evaluated. Our results showed
that winged and wingless aphids preferred to settle on mature rather than young leaves. In contrast,
aphid individual growth rate was higher on young leaves when compared with mature leaves, sug-
gesting that the outcome of this test rejected the preference-performance hypothesis. However, the
inclusion of the factor ‘previous aphid infestation’ changed the outcome from a maladaptive choice
to a neutral one. Thus, individual growth rates of 

 

S. flava

 

 increased when aphids developed on leaves
that had been previously infested. Interestingly, aphid growth rate on previously infested leaves did
not differ between young and mature leaves. On the other hand, aphid population reproductive rate
was higher and the percentage of winged aphids lower when infestation occurred on mature rather
than young leaves. Aphid infestation reduced plant and shoot biomass, and increased leaf mortality.
These negative effects on plant traits related to plant fitness were greater when aphid infestation
occurred on young leaves. Likewise, whereas infestation on mature leaves did not cause a significant
reduction in the number of flowering plants compared with control plants, aphid infestation on
young leaves did reduce the number of plants at the flowering stage. Consequently, if both the repro-
ductive rate of aphids in the mid-term, and host-plant fitness are taken into account, the results
indicate that aphid preference for mature leaves may be an adaptive choice, thus supporting the

 

preference-performance hypothesis.

 

Introduction

 

The link between host-plant preference and offspring
performance is a central theme in the study of insect–
plant interactions (Thompson, 1988; Mayhew, 1997).
The preference-performance hypothesis predicts that
oviposition (preference) should correspond to host
suitability for offspring development; female insects are
thus assumed to maximize their fitness by ovipositing on
high quality hosts (Jaenike, 1978). Tests of the preference-

performance hypothesis have mainly been conducted on
different plant species. However, this question also applies
to the use of various plant parts within a species
(Thompson, 1988; Pires & Price, 2000). While strongly
positive preference-performance correlations have been
found in a number of phytophagous insects, evidence
rejecting this hypothesis has also been reported (Courtney
& Kibota, 1990; Leather, 1994; Larsson & Ekbom, 1995; Leyva
et al., 2000; Leather & Awmack, 2002). Patterns of insect
preference and performance have been accounted for by
considering host-plant quality (Fritz et al., 2000; Pires &
Price, 2000), the relative abundance of hosts (Rowell-Rahier,
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1984; Thompson, 1996), and the influence of natural
enemies (Björkman et al., 1997; Gonzáles et al., 2001).

Insect herbivory may induce changes in host-plant
quality (Karban & Baldwin, 1997). The magnitude of the
induced responses may be affected, among other factors,
by the age of the particular plant tissue that is attacked
by the insects (Gianoli & Niemeyer, 1998). The impact
of induced responses on the behaviour and growth of
phytophagous insects has often been addressed (Agrawal
& Karban, 2000; McAuslane & Alborn, 2000). However,
the effect of induced responses on insect preference
and its subsequent consequences for insect perform-
ance has received little attention (Gianoli, 1999). On the
other hand, in preference-performance studies, measures
of insect performance are mostly carried out at the indivi-
dual scale and surprisingly few studies have included a
measure of population growth rate (Awmack & Leather,
2002). This is important because the effects of plant quality
on individual insect performance are not necessarily
translated to the level of insect populations (Larsson et al.,
2000). Finally, the negative impact of insect feeding on host-
plant fitness may have significant effects on further food
availability if the plant resource is scarce, or if the consumer
insect species shows a low vagility. However, the conse-
quences of insect preference for the persistence of the host-
plant as a food resource have not been included in evaluations
of the preference patterns of phytophagous insects.

Colonies of the aphid 

 

Sipha flava

 

 (Forbes) (Homoptera:
Aphididae) are usually located on the lower, older leaves
of host plants (mainly grasses) (Long & Hensley, 1972;
Gonzáles et al., 1998). Feeding by 

 

S. flava

 

 induces the local
production of a reddish pigment, chlorosis, and eventually
death of the leaf tissue (Breen & Teetes, 1986; Costa-Arbulú
et al., 2001). Nevertheless, the aphid shows a low vagility
and persists on heavily attacked leaves (Gonzáles et al.,
2002a). Attack by 

 

S

 

. 

 

flava

 

 may negatively affect plant fitness
components such as plant biomass and seed production
(Breen & Teetes, 1986, 1990).

This study addressed the pattern of within-plant
preference of adults of 

 

S. flava

 

 and its consequences
for offspring performance on the host-plant 

 

Sorghum
halepense

 

 (L.) Pers. (Poaceae), including both short-
term individual performance and mid-term aphid
population growth. The differential effects of aphid
infestation on the preferred and non-preferred plant parts,
in terms of induced responses and host-plant fitness,
are also evaluated. Results are discussed highlighting
changes in the outcome of the testing of the preference-
performance hypothesis that may occur when it includes
not only parameters of insect individual performance but
also measures of induced responses, insect population
growth, and host-plant traits related to fitness.

 

Materials and methods

 

Insects and plants

 

Sipha flava

 

 individuals were collected from 

 

S. halepense

 

plants growing on the border of wheat fields in Santiago,
Chile. Aphids reproduced by parthenogenesis, and were
thus maintained in a greenhouse for several generations on
barley seedlings (cv. Union). Seedlings of 

 

S. halepense

 

 were
also reared in a greenhouse and were obtained from seeds
collected in cereal fields. Conditions in the greenhouses were
20 

 

±

 

 2 

 

°

 

C, a L14:D10 photoperiod, and 50 W m

 

−

 

2

 

 total
radiation from incandescent and fluorescent white lamps.
Plants at the six-leaf stage were used in all experiments.

 

Within-plant adult aphid preference

 

Aphid preference for various plant parts (leaves of different
ages) was evaluated for winged and wingless aphids. The
winged morph is considered a specialized morph for aphid
dispersal and migration, albeit the colonization of nearby
host-plants may eventually occur by walking of fallen
apterous aphids (Dixon, 1998). Experimental plants of

 

S. halepense

 

 grew in 5 l plastic pots filled with potting soil
and were individually covered with a transparent plastic
cylinder (40 cm diameter 

 

×

 

 90 cm height) with fine mesh
tops. For the winged aphids, groups of 25 adults were
placed onto open Petri dishes (4 cm diameter) located
approximately at mid-plant height (n = 12 plants). The
Petri plates were attached to a wooden stick anchored in
the pot, 10 cm from the plant axis. For wingless aphids,
groups of 25 adults were used, the Petri dishes being
located close to the plant base (n = 10 plants). All aphids
were manipulated with a fine camel-hair brush. After 48 h,
the location of aphids on the plant was recorded. This was
carried out after defining two plant parts: mature leaves
(from the base up to the third leaf) and young leaves (from
the fourth leaf up to the apical part). The percentage of
aphids in each plant part was compared using a 

 

χ

 

2

 

-test.
Winged and wingless aphid data were analysed separately.

The initial placement of wingless aphids at the base of
the plant could have biased the results towards a greater
proportion of aphids on lower, more mature leaves. None-
theless, we continued with this procedure for the sake of
biological realism, considering how aphids walking on the
soil surface reach the plant.

 

Offspring performance, induced responses, and leaf age

 

This experiment evaluated aphid offspring performance
on mature and young leaves. It also measured the effect of
induced responses on aphid performance. Thus, four
treatments were used: two leaf ages (mature: second leaf;
and young: fifth leaf) and two infestation treatments (with
and without aphids) (n = 10 plants per treatment, totalling
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40 plants). In the aphid induction treatments, the respec-
tive leaf was infested with 15 adult aphids. Aphids were
handled individually with a camel-hair brush, and remained
on the leaves where they were placed. Four days later,
aphids were removed, and all experimental leaves were care-
fully cleaned and immediately used. Second-instars from
the same cohort were then individually confined (one per
plant) into standard clip-cages (MacGillivray & Anderson,
1957) attached to the experimental leaves in all plants. The
mean relative growth rate of the aphids, MRGR (Adams &
van Emden, 1972), was determined as a measure of the
performance of individual aphids. Nymphs were individually
weighed (initial weight: 20–40 

 

µ

 

g) before placing them in
the clip-cages. Four days later, when the aphids reached the
fourth instar, they were removed from the clip-cages and
re-weighed. MRGR [(ln final weight – ln initial weight)/
number of days] was compared using a two-way ANOVA,
using leaf age and aphid infestation as main factors.

 

Consequences of colonization site for aphid population and 
host-plant fitness

 

The consequences of different colonization sites for aphid
population growth, and subsequent effects on traits of
the host plant 

 

S. halepense

 

 were evaluated through the
following treatments (n = 15 replicates/treatment): (1) aphid
infestation on mature leaves, (2) aphid infestation on
young leaves, and (3) control, without infestation. Each
plant was isolated using a transparent plastic cylinder
(40 cm diameter 

 

×

 

 90 cm height) with a fine mesh top,
which was divided in two parts (top and bottom) by
placing a fine mesh between the third and fourth leaf. In
treatments 1 and 2, 10 adult aphids were placed on the
second and fifth leaves, respectively. Twenty-five days later,
the number of aphids was counted and the fundamental
net reproductive rate (R, Begon et al., 1990, p. 149) was
calculated from the equation N

 

t

 

 = N

 

0

 

 

 

×

 

 R

 

t

 

, where N

 

0

 

 is the
initial number of aphids and N

 

t

 

 the number of aphids
after t days. The percentage of winged aphids was also
determined. Data were evaluated using a t-test for
independent samples. In addition, plant biomass, shoot
biomass, number of leaves, percentage of dead leaves, and
number of flowering plants were recorded. Plants were
9 weeks old at this stage. For the first four variables, a one-
way ANOVA was used for a comparison of means. Chi-
square tests were used to compare the number of plants at
flowering stage among treatments.

 

Results

 

Within-plant adult aphid preference

 

Adult aphids preferred to settle on mature leaves (Yates-
corrected 

 

χ

 

2

 

 > 10.92, P < 0.001). This was observed for

both winged and wingless aphids (83 

 

±

 

 2% and 86 

 

± 

 

4%
on mature leaves, respectively).

 

Offspring performance, induced responses, and leaf age

 

Results of aphid performance on young and mature leaves,
with and without previous infestation, are shown in
Figure 1. Previous aphid infestation increased the mean
relative growth rate of 

 

S. flava

 

 (MRGR) (two-way ANOVA,
F

 

1,36

 

 = 9.4, P < 0.005). Leaf age had no significant effect on
aphid MRGR (two-way ANOVA, F

 

1,36

 

 = 1.7, P = 0.199) and
the interaction between leaf age and aphid infestation
was not significant (two-way ANOVA, F

 

1,36

 

 = 2.1, P = 0.155).
Planned contrasts indicated that, whereas MRGR on
control (uninfested) mature leaves was lower than on
control young leaves (LSD test, P = 0.052), no difference in
MRGR was found between young and mature leaves that
had previously been infested by aphids (LSD test, P =
0.923).

 

Consequences of colonization site for aphid population and 
host-plant fitness

 

Colonization site affected the development of aphid
populations (Figure 2). The aphid reproductive rate was
higher and the percentage of winged aphids lower when
infestation occurred on mature leaves than when it
occurred on young leaves (t-test for independent samples:
t 

 

28

 

 = 3.3, P = 0.003 and t 

 

28

 

 = 2.4, P = 0.023, respectively).
On the other hand, infestation by 

 

S

 

. 

 

flava

 

 reduced plant
and shoot biomass, and increased leaf mortality (Table 1).
These negative effects on plant fitness were greater when
aphid infestation occurred on young leaves than when it
took place on mature leaves (Table 1). Likewise, whereas
infestation on mature leaves did not cause a significant

Figure 1 Individual growth rate of the aphid S. flava on mature 
and young leaves of S. halepense, with and without previous aphid 
infestation. Mean + SE shown (n = 10 plant /treatment, P-values 
correspond to LSD test after two-way ANOVA).
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reduction in the number of flowering plants (Yates-
corrected 

 

χ

 

2

 

 = 2.30, P = 0.129) as compared with control
plants, aphid infestation on young leaves did reduce the
number of plants at the flowering stage (Yates-corrected

 

χ

 

2

 

 = 5.71, P = 0.017)

 

Discussion

 

Results of the adult preference experiments agree with
the pattern of within-plant aphid distribution in the field
(Long & Hensley, 1972; Gonzáles et al., 1998), showing a

strong aphid preference for mature leaves. This pattern was
observed for both winged aphids, which are the main dis-
persal agents (Dixon, 1998), and wingless aphids. Previous
work has shown that the nutritional quality of plant tissue
may explain the patterns of within-plant distribution in
herbivorous insects (Awmack & Leather, 2002). However,
our results showed that aphid individual performance on
the preferred plant site (mature leaves) was lower than
on the non-preferred site (young leaves), thus suggesting
that the outcome of this test rejected the preference-
performance hypothesis.

Had the former experiment been restricted to control
plants, as is usually the case, the conclusion would have
been that the pattern of within-plant preference of 

 

S. flava

 

did not match the quality of the host plant tissue. Interest-
ingly, the inclusion of the factor ‘previous aphid infesta-
tion’, which is relevant because feeding by 

 

S. flava

 

 induces
a modification of the plant tissue and the aphid shows little
vagility (Gonzáles et al., 2002a,b), changed the outcome
of the evaluation. Thus, these results suggest that aphids
made a neutral choice of plant site because no difference in
short-term aphid individual performance was observed on
previously infested young and mature leaves. In other
words, induction by 

 

S. flava

 

 enhances the nutritional value
of the preferred plant part at the same quality level as the
non-preferred site. The rapid leaf senescence produced
by the typical feeding pattern of 

 

S. flava

 

 (Gonzáles et al.,
2002a) might accelerate nutrient translocation via the
phloem vessels, hence acting as a sink of assimilates (e.g.,
Hawkins et al., 1987), in particular for nitrogen, which is a
limiting resource for aphids (Dixon, 1998). Previous stud-
ies have shown that feeding by the aphid 

 

Schizaphis grami-
num

 

, which produces leaf damage similar to that produced
by 

 

S. flava

 

 and other 

 

Sipha

 

 species (Dixon & Shearer,
1974), may increase the soluble nitrogen available in
phloem vessels and thereby enhance aphid performance
(Dorschner et al., 1987; Formusoh et al., 1992; Sandström
et al., 2000).

The inclusion of induced responses in the plant-insect
system under study modified the outcome of the preference-
performance analysis, changing it from a maladaptive
pattern to a neutral one. Furthermore, as is explained below,

Figure 2 Effect of S. flava colonization site on aphid population 
parameters on mature and young leaves of S. halepense (n = 15 
plants/treatment). In (A) aphid reproductive rate, and 
(B) percentage of winged aphids. Mean ± SE shown 
(P-values correspond to t-test).

Table 1 Effect of colonization site by the aphid S. flava on host-plant S. halepense
 

Infestation site Plant biomass (g) Shoot biomass (g) Number of leaves % of dead leaves

Young leaves 0.99 ± 0.09 a 0.86 ± 0.07 a 6.6 ± 0.13 a 84.05 ± 1.42 a
Mature leaves 1.83 ± 0.15 b 1.68 ± 0.14 b 7.8 ± 0.10 b 75.12 ± 3.05 b
(Uninfested) 3.17 ± 0.20 c 2.99 ± 0.20 c 8.2 ± 0.20 b 16.75 ± 1.21 c

Mean ± SE are shown (n = 15 replicates/ treatment). Means within a column followed by a different letter are significantly different 
(P < 0.001, Tukey’s test following a one-way ANOVA).
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if both the reproductive rate of the aphid population and
host-plant fitness are taken into account, the results
indicate that aphid preference for mature leaves may be
adaptive.

Results showed that aphid colonization on the preferred
site allowed a higher aphid population growth rate and
lower production of winged aphids than on the non-
preferred site. Increased production of the winged morph
is considered a signal of deterioration of host-plant quality
for aphids (De Barro, 1992; Dixon, 1998). On the other
hand, infestation by 

 

S. flava

 

 produced a negative impact on
shoot and total plant biomass, leaf production and life-
time, and flowering, which are host-plant traits related to
plant fitness. Interestingly, these negative effects on host-
plant traits were of greater magnitude when the aphid
infestation occurred on the non-preferred site (young
leaves) than when it took place on the preferred site
(mature leaves) (Table 1). In summary, the preference pat-
tern of 

 

S. flava

 

 leads to the maintenance of a higher aphid
population growth rate and diminishes the detrimental
effects on the host-plant caused by aphid feeding. Since
this aphid species shows a low vagility in its apterous
morph, the latter may represent an adequate strategy to
prevent overexploitation of the plant resource. Even
though ‘the world is green’, host-plants for rather specialist
insects may become scarce if overexploitation takes place
(e.g., Schops, 2002).

This study illustrates the importance for preference-
performance research of considering different aspects of
the insect–plant interaction, besides the effect of plant
quality on individual insect performance. A seemingly
maladaptive preference pattern at the individual insect
scale may turn out to be adaptive, after inclusion of the role
of induced responses, the consequences at the population
level, and the detrimental effects on the host-plant.
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