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2005). This mosaic is often the product of spatial variation 
in the co-occurrence of potential host plants (Thompson 
& Cunningham, 2002). When there is more than one host 
species present in an area, the distribution of an herbivore 
often differs from that of its host plants and not all host 
plants occur in the same locality.

For insect herbivores, differences in host plant quality 
may result in spatial variation in selective pressures that are 
likely to lead to spatial divergence in patterns of host utili-
zation (Endler, 1977; Thompson, 1999; Laukkanen et al., 
2012; Stotz et al., 2013). Individuals within a population 
evolve under a particular local scenario of host quality and 
occurrence of host plants (Fox & Morrow, 1981; Reznick 
& Ghalambor, 2001; Kawecki & Ebert, 2004), which when 
variable across populations, may promote adaptive diver-
gence (Thompson, 2005) and differences in the degree of 
performance in terms of development and fi tness (Fig. 1). 
For example, a specialist herbivore that historically occurs 
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Abstract. In herbivorous insects, differences in the degree of specialization to host plants emerge when the distribution of an 
herbivore differs from that of its host plants, which results in a mosaic of populations differing in performance on the different host 
plants. Using a specialized butterfl y, Battus polydamas archidamas Boisduval, 1936, which feeds exclusively on the genus Aris-
tolochia, we test whether host plant co-occurrence and associated differences in host quality modify local adaptation in terms of 
larval preference and performance. We compared individuals from a monospecifi c host stand of Aristolochia chilensis with those 
from a mixed host stand of A. chilensis and A. bridgesii. Individuals were reared in a reciprocal transfer experiment in which source 
population and the host species fed to larvae were fully crossed in a two-by-two factorial experiment in order to quantify their pref-
erence, performance (development time, size and growth rate) and survival. Individuals from both populations preferred the spe-
cies they ate during their larval development over the other host, which indicates host plant-induced preference with non-adaptive 
implications. Larvae from mixed and monospecifi c stands grew faster and survived better when reared on A. bridgesii than A. 
chilensis. Larvae from a monospecifi c host stand grew slower and fewer individuals survived under the same local conditions, 
which is contrary to expectations. Therefore, rearing the butterfl y on A. bridgesii consistently resulted in better performance, which 
indicates that the monospecifi c population is less well adapted to its host than the mixed population. Variation in the occurrence of 
the two host plants in the two populations can result in divergent selection due to the variation in plant quality, which in this case 
could result in opposing adaptive processes.

INTRODUCTION

A wide range of herbivorous insects are highly host plant 
specifi c (Jaenike, 1990) presumably as a result of differen-
tial adaptation to those plants (Futuyma & Moreno, 1988; 
Kassen, 2002). Specialization arises by way of a process 
of adaptation to a restricted subset of possible host plants 
and/or because of a lack of variation in host plants (Bol-
nick et al., 2002; Devictor et al., 2010; Poisot et al., 2011). 
Host adaptation in herbivorous insects involves an insect 
genotype x host genotype interaction leading to divergence 
in performance across multiple plant species or fi xation 
of genotypes within these species (Via, 1990; Kawecki & 
Ebert, 2004). Herbivore performance (i.e., development 
and/or survival) on different species of plants differs re-
sulting in geographic differences in ecological outcomes 
or in the traits linked to the interaction (Zangerl & Beren-
baum, 2003; Toju & Sota, 2006; Laukkanen et al., 2012) 
generating a mosaic of local performance (Thompson, 
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under certain conditions such as when host resources are 
only available in some habitats (Via & Lande, 1985) or in 
processing secondary compounds specifi c to a certain host 
plant in the range used by a herbivorous insect (Kawecki, 
1994). Therefore, it is expected that when several resourc-
es are available individuals are more likely to accumulate 
deleterious mutations and/or less likely to fi x new adapta-
tions (Kawecki, 1994; Whitlock, 1996) and show a greater 
adaptation in monospecifi c host stands.

Differences in insect performance on different host 
plants has been evaluated numerous times showing it 
is widespread in insect-plant interactions (e.g., Ehrlich 
& Raven, 1964; How et al., 1993; Hougen-Eitzman & 
Rausher, 1994; Van Zandt & Mopper, 1998). However, ef-
fects of host plant co-occurrence and plant quality on in-
sect performance have received far less attention (Jaenike 
& Papaj, 1992; Stotz et al., 2013). Using the specialized 
butterfl y Battus polydamas archidamas Boisduval, 1836, 
which feeds exclusively and depends entirely on plants of 
the genus Aristolochia to complete its development (Peña 
& Ugarte, 1996), we evaluated the infl uence of host plant 
presence in modifying patterns of local adaptation. Only 
two host species of the genus Aristolochia occur within 
this butterfl y’s distributional range, Aristolochia chilensis 
and A. bridgesii (Peña & Ugarte, 1996). Moreover, the dis-
tribution of A. bridgesii is nested within that of A. chilensis 
throughout its range (Riedemann et al., 2006). Therefore, 
populations of B. polydamas archidamas are found in either 
monospecifi c stands of A. chilensis or mixed stands with 
both species present. Specifi cally, we test the hypothesis 
that host plant (co-)occurrence alters insect development 
and/or survival (optimal performance) as a consequence of 
differences in plant quality that occurs when the number 
of hosts varies from one site to another. Accordingly, we 
predict that interspecifi c differences in host plant quality 
within a mixed host stand of Aristolochia should tend to 
restrain larval growth rates, development time, size and 
survival, as opposed to a monospecifi c host stand where 
performance on a particular host does not incur a fi tness 
trade-off with alternative host plants and/or there are fewer 
differences in allelic expression (Fig. 1; see also Kawecki 
& Ebert, 2004). Moreover, larvae from the monospecifi c 
host stand should better discriminate A. chilensis and trans-
late this choice into favourable life history performance 
traits by having higher growth rates, longer development 
time, greater size and increased survival. 

MATERIAL AND METHODS
System studied

The Neotropical swallowtail, Battus polydamas, is a large and 
fairly conspicuous butterfl y of the family Papilionidae. The upper 
sides of the wings are brown-black with a broad submarginal band 
of yellow spots on both the fore and hind wings (Peña & Ugarte, 
1996). B. polydamas has a wide distribution, extending from the 
south of the United States to Argentina (Peña & Ugarte, 1996). 
Aposematic larvae of this species feed exclusively on plants of 
the genus Aristolochia, which are known to contain toxic com-
pounds that include benzylisoquinoline alkaloids and aristolochic 
acids (Poonam et al., 2003). Toxic compounds are sequestered by 

locally with a single host plant should tend to show greater 
preference, life history performance, reproduction and sur-
vival on its sympatric host than on an allopatric host plant 
(Hereford, 2009; Poisot et al., 2011). Moreover, the perfor-
mance of this herbivore should be greater on its original 
host plant than that of an herbivore from a different popula-
tion feeding on the same plant (Kawecki & Ebert, 2004). In 
contrast, herbivores that occur locally with more than one 
host plant, should show poorer performance; the assump-
tion being that no insect genotype will be equally fi t on 
all hosts. When, herbivores indiscriminately utilize hosts 
in sympatry, trade-offs in fi tness on alternative host plants 
should result from differences in plant quality (i.e., plant 
defense or nutritional value), which coupled with physi-
ological, morphological and/or developmental constraints 
limit optimal insect performance (Futuyma & Moreno, 
1988; Jaenike, 1990; Agrawal, 2000a; Kassen, 2002).

Even if trade-offs are not ubiquitous, however, differ-
ential expression of fi tness components in different locali-
ties can still occur. These differences can be the result of 
allele substitutions at loci that have fi tness consequences 

Fig. 1. Graphical representation of how host plant co-occurrence, 
through variation in host plant quality, can determine local perfor-
mance in specialist herbivores. Variation in insect performance dif-
fers depending on the occurrence of one or more species of host 
plants, ultimately promoting adaptive divergence. Co-occurrence 
with more than one host plant should alter insect development, sur-
vival and reproduction when individuals feed indiscriminately be-
cause of trade-offs in fi tness, differences in allelic expression and/
or constraints associated with feeding on alternative host plants. 
Trade-offs and variation in allelic expression on alternative host 
plants result from differences in plant quality. When more than one 
host is present trade-offs tend to operate more strongly in decreas-
ing or relaxing optimal development and survival (performance) of 
individuals (thin arrows). When host species occur alone, perfor-
mance is enhanced and/or reinforced (thick arrows). Dotted lines 
represent different geographical settings in terms of host plant oc-
currence. 
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larvae, making both caterpillars and adult butterfl ies unpalatable 
to potential predators (Pinto et al., 2011). In Chile, the subspe-
cies B. polydamas archidamas occurs from the Atacama Desert 
(27°) to the Mediterranean region (34°), which coincides with 
the distribution of its two host plant species, A. chilensis and A. 
bridgesii (Peña & Ugarte, 1996). Both are pipevines of the family 
Aristolochiaceae and endemic in Chile; while A. chilensis ranges 
from the Pacifi c coast to the Andean mountains (26°S to 35°S) 
A. bridgesii is more restricted to the interior dry valleys (28°S to 
30°S). Given that the distribution of A. bridgesii is nested within 
that of A. chilensis, the former species tends to coexist locally 
with the latter. 

Chilean species of Aristolochia are summer-deciduous scram-
bling herbaceous plants and have very similar vegetative, re-
productive and growth habit characteristics (Riedemann et al., 
2006). Flowering and fruiting occurs from August to December; 
pipe-shaped fl owers are large (~ 8 cm) and release an unpleasant 
odour that attracts fl ies for pollination (Stotz & Gianoli, 2013). 
Fruits are dehiscent nuts, 3–4 cm long, bearing black seeds, 4–4.5 
mm long. Twining stems have many lobed-alternate leaves form-
ing dense foliage. The chemical composition of the aristolochic 
acids (AA) in these species is qualitatively similar; differences 
are found in the total amount and the relative proportion of the 
different AA, with A. bridgesii having more AA per mg of plant 
tissue and a higher relative proportion of phenolic AA than A. 
chilensis (Urzúa et al., 2009). Therefore, these host plants pre-
sumably differ in quality for B. polydamas. Studies conducted on 
the Aristolochia-Battus system have argued that AA play a crucial 
role in this specifi c plant-herbivore interaction (Sachdev-Gupta et 
al., 1993; Pinto et al., 2009a, b; 2011).
Experimental design

To assess the role of host co-occurrence and plant quality on lar-
val performance we conducted a reciprocal transfer experiment. 
From November to December of 2011 we collected on three oc-
casions a total of 50 egg clusters of B. polydamas. Each collection 
lasted a week and included eggs from two localities separated by 
a distance of 60 km: Totoralillo (coastal) and Antakari (interior). 
These populations differ in the host plant species available for 
B. polydamas larvae. Totoralillo is a semiarid coastal site with 
a large population of A. chilensis (monospecifi c stand), whereas 
Antakari is a dry interior valley site where both A. chilensis and 
A. bridgesii are dominant (mixed stand). At both localities Aris-
tolochia is abundant (> 200 plants) over an area greater than 1 
km2. Finding mixed stands with an adequate number of individu-
als of both host plants proved diffi cult; therefore, we used only 
these two sites in this study. To ameliorate to some degree the 
chance of a treatment effect being indistinguishable from chance 
effects, sampling at both sites was spaced-out in time (bi-week-
ly). Given that the Battus-Aristolochia system occurs in an arid 
environment and that the insect is multivoltine, generations of 
the butterfl y are in effect different subpopulations that experience 
different environmental conditions during the course of a season. 

During sampling, one egg cluster was collected per plant and 
sampled plants were separated from each other by at least 20m. 
Egg clusters were collected over a period of seven days in a sea-
son or until we reached our target sample size (50), which de-
creased the probability of collecting egg clusters from the same 
females and enabled us to sample individuals from more than 
one cohort for each population. During the collection of egg 
clutches, weather conditions varied between sites. At Totoralillo, 
a cloudy coastal site, the temperature was slightly lower (14–17 
vs. 16–19°C) and humidity higher (50–70% vs. 30–45%) than 
at Antakari, the sunny interior site. Immediately after collection, 
egg clusters were divided in half and each half placed in a single 

Petri dish and randomly assigned to one of the host plants for 
feeding in the laboratory, such that half of the emerging larvae per 
cluster were fed A. chilensis leaves and the other half A. bridgesii 
leaves throughout their lifetime. This factorial arrangement al-
lowed us to fully cross a source population (host co-occurrence) 
with a feeding regimen. Each cluster sampled contained from 4 
to 17 eggs and corresponded to a maternal family in host plant 
treatments.

Like other species of Battus the larvae of B. polydamas remain 
gregarious from egg hatch up to the third instar, after which they 
feed solitarily (Pinto et al., 2009a). To mimic this behaviour lar-
vae were reared in groups (about 2–9 larvae per Petri dish) until 
the beginning of the third instar (ca. 25 days) when all larvae 
were placed in separate plastic containers (15 × 15 × 15 cm). In 
the laboratory larvae were reared in growth chambers in order to 
keep the temperature (14.8°C), humidity (50%) and photoperiod 
(12 day light hours) relatively constant. Larvae were checked 
daily and fed with fresh leaves every other day until they pu-
pated. Leaves used for feeding larvae were collected every other 
day from both sites to insure freshness. During every leaf col-
lection, leaves that belonged to a particular Aristolochia species 
were combined to form a leaf batch independent of their origin. 
From these batches leaves were haphazardly sampled for feeding. 
Local larvae performance

We recorded the performance and preference of the larvae of 
the two populations of B. polydamas. Performance was defi ned 
by how well individuals developed during the larval stages in 
terms of their development time, size and growth rate. Prefer-
ence was defi ned in terms of the feeding choice of larvae offered 
both host species. Performance traits, such as development time, 
size and growth rate, and larval survival were quantifi ed for in-
dividuals that were reared in the reciprocal transfer experiment. 
Preference (evaluated using a choice test with individuals of dif-
ferent families) was considered to be a reinforcing mechanism if 
coupled with performance. 

Larval performance traits were recorded for individuals in all 
treatment combinations. We recorded survival and development 
time from egg to pupa. Relative growth rate (RGR) was calculat-
ed using the equation RGR = (Mass at t2 – Mass at t1) / (Mass at t1) 
(t2 – t1), where, Mass is caterpillar weight in g, t1 was when the lar-
vae were 10 days old (fi rst instar) and t2 when they were 45 days 
old (fi fth instar). Finally, 50 days after the experiment began, size 
was estimated by measuring larval head width (pre-pupal stage).

We haphazardly chose 20 fi fth-instar larvae, one per egg clus-
ter, per treatment combination (host plant feeding regime × origin 
population) for the choice test. Larvae were starved for 10 h be-
fore the start of the experiment. Caterpillars were released sin-
gly at the base of a Y-tube olfactometer. Leaves of different host 
plants were placed at each end of the olfactometer’s arms. Thus, 
at the Y-junction the caterpillar could choose between A. chil-
ensis and A. bridgesii leaves. The behaviour of each insect was 
observed for up to ten minutes and choices were scored when the 
larvae took a path to one of the host plants.
Host plant quality

We conducted a no-choice test to assess whether host plants 
vary in quality for larvae from mixed and monospecifi c stands. 
For this we reared 40 larvae of B. polydamas (one per egg clus-
ter, 20 per source population) on the host plants present at their 
original site until they reached the fi fth instar (~ 45 d) after which 
they were placed singly in a plastic container (600 cm3) and 
starved for 10 h. The 20 larvae per source population were hap-
hazardly divided in two and individuals from each half of the 10 
containers were provided with fresh leaves daily from one of the 
Aristolochia species according to a factorial design (10 × source 
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population × host plant). Both larvae and leaves were weighed 
just before the experiment began and then, 48 h later at the end of 
the trial. We quantifi ed plant quality as the ratio between weight 
gain by larvae and leaf biomass consumed, which is an approxi-
mate measure of the contribution of plant tissue to larval growth 
(Rausher, 1981; Scriber & Slansky, 1981).
Data analysis

To evaluate differences in host plant preference, we used a logit 
model with categorical predictors analyzed as a log-linear model 
(Agresti, 1996). The logit model had a binomial error and a log-
link function using host choice (frequency of larvae choosing ei-
ther host) as a dependent variable and host plant feeding regime 
and source population as main effects. Plant quality was evalu-
ated in the same way but using a generalized linear model (GLM) 
with Gaussian error and an identity-link function. In this model 
the ratio between weight gain of each larva and the leaf biomass 
it consumed was used as the dependent variable and host plant 
feeding regime and source population the main effects. Models 
employed to evaluate differences in host plant preference and 
plant quality considered balanced designs and had sample sizes 
of 20 and 10, respectively.

To quantify performance, we considered host plant species 
feeding regime, source population and families (random factor) 
nested within source population, as independent variables. Rela-
tive growth rate (RGR) and head size were also used as depend-
ent variables but analyzed separately. In all three cases we used 
an analysis of variance for a nested design with random factors 
(nANOVA). Development time in days consisted of count data; 
therefore, signifi cant treatment variation was assessed using a 
GLM with a Poisson error and a log-link function. In all models, 
we calculated interaction effects between host plant feeding re-
gime and source population. In models where families were nest-
ed within localities that differ in host co-occurrence, signifi cant 
differences indicate genetic differentiation in performance traits 
within populations. Although the experiment to evaluate differ-
ences in insect performance traits started with the same number 
of individuals (50), larval mortality during development and up to 
the time of measurement, resulted in sample sizes varying among 
traits. To avoid unbalanced designs, we removed all individu-
als that belonged to the same family from the analysis when one 
of the family members died before the measurement was taken. 
Therefore, the model for larval growth rate had a sample size of 
32 and models used for head size and development time both had 
a sample size of 38. Signifi cant variation in the proportion of 
larvae that survived in each treatment was evaluated by fi tting a 
GLM with a binomial error and a log-link function, and a sample 
size of 50 individuals. All analyses were done using the R statisti-
cal environment version 3.0.2 (R-Core team, 2013).

RESULTS

Local larvae performance
Contribution of host plant preference

The species of host plant fed to the larvae throughout 
their lifetime determined their preference (Estimate = 0.94, 
X2

 = 11.70, P-value < 0.001). Larvae chose the host plant 
on which they fed throughout their lifetime 2 to 4.3 times 
more often than the alternative plant. The population of or-
igin (with differential host co-occurrence) did not infl uence 
larval choice (Estimate = 0.14, X2

 = 0.22, P-value > 0.63), 
nor was there a signifi cant interaction between host plant 
feeding regime and source population (Estimate = –0.25, 
X2 = 0.74, P-value > 0.38; Fig. 2).

Larval performance
Larval growth rate did not depend on the source popu-

lation (F1,132-value = 0.15, P-value > 0.70). Growth rate, 
however, varied depending on the host plant that larvae ate 
during their lifetime (F1,132-value = 33.19, P-value < 0.001; 
Fig. 3a). On average, larvae that fed on A. bridgesii grew 
1.4 times faster than larvae fed on A. chilensis. No evi-
dence for a signifi cant interaction between source popula-
tion and host plant was found (F1,132-value = 2.66, P-value 
> 0.10). There was, however, signifi cant genetic variation 
in growth rate among families nested within source popu-
lation (F83,132-value = 2.61, P-value < 0.001).

Head size of larvae was on average 1.2 times greater 
when fed on A. bridgesii than on A. chilensis (F1,156-value 
= 18.23, P-value < 0.001; Fig. 3b). Size did not vary with 
source population (F1,156-value = 0.64, P-value > 0.42); 
there was, however, a signifi cant interaction between 
source population and host plant feeding regime (F1,156-
value = 5.15, P-value = 0.025). Individuals from the mono-
specifi c stand (A. chilensis as the only host) that fed on A. 
bridgesii had the largest head size of all treatment com-
binations, whereas individuals from this same stand that 
fed on A. chilensis had the smallest. In addition, there was 
signifi cant genetic variation in size among families nested 
within a source population (F23,156-value = 2.24, P-value = 
0.002).

Larvae reached the pupal stage 1.2 times faster when 
they fed on A. bridgesii (Estimate = –0.04, X2 = 7.71, P-
value = 0.006; Fig. 3c). Source population alone did not 
determine development time (Estimate = –0.01, X2 = 1.25, 
P-value > 0.26). A signifi cant interaction, however, be-
tween source population and feeding regime revealed that 
larvae from the monospecifi c stand feeding on A. chilensis 
took the longest time to reach the pupal stage, while indi-

Fig. 2. Host plant preference of B. polydamas in relation to host 
co-occurrence and host plant feeding regime. The monospecifi c 
stand occurred at a locality with a large population of A. chilensis 
(Totoralillo), while the mixed stand occurred at a locality where both 
A. chilensis and A. bridgesii co-occur (Antakari). The percentage 
of the larvae from both types of stands that chose a host plant are 
shown in relation to host plant feeding experience. White bars are 
for larvae reared on A. bridgesii and black bars for larvae reared on 
A. chilensis. Letters within bars indicate the particular host chosen 
(Ab – A. bridgesii, Ac – A. chilensis). Data are for 15 individuals per 
treatment combination subject to a no choice test. 
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viduals from this same stand that fed on A. bridgesii were 
the fastest in all treatment combinations (Estimate = 0.04, 
X2 = 9.79, P-value = 0.002).

Survival was on average 4.5 times higher when larvae 
fed on A. bridgesii compared to A. chilensis (Estimate = 
0.98, X2

 = 101.4, P-value < 0.001; Fig. 3d). Survival, how-
ever, was independent of the source population (Estimate 
= –0.11, X2

 = 1.14, P-value > 0.28) and there was no sig-
nifi cant interaction between source population and host 
plant feeding regime (Estimate = 0.06, X2

 = 0.29, P-value 
> 0.58).
Host plant quality

Larvae grew 3 times more when fed A. bridgesii com-
pared to A. chilensis when they consumed the same amount 
of plant tissue (Estimate = 0.70, X2

 = 8.04, P-value = 0.005; 
Fig. 4). This pattern was independent of the source popula-
tion (Estimate = 0.08, X2

 = 0.11, P-value > 0.73) and no 
signifi cant interaction was evident with host plant feeding 
regime (Estimate = 0.24, X2

 = 0.96, P-value > 0.32).

DISCUSSION

Overall, our results show that host plants have a strong 
infl uence on important fi tness components of B. poly-

Fig. 3. Variation in performance traits and larval survival in relation to source populations that differ in host plant co-occurrence and host 
plant feeding regime. The monospecifi c stand occurred at a locality with a large population of A. chilensis (Totoralillo) and the mixed 
stand at a locality where both A. chilensis and A. bridgesii co-occur (Antakari). Larvae were reared on either A. bridgesii or A. chilensis 
throughout their larval development. A – relative growth rate (RGR); B – head size after 35 days used as a surrogate of larval size; C – de-
velopment time from egg to pupa; D – proportion of larvae that survived. Different letters indicate signifi cant differences among treatment 
combinations (P-value < 0.05, likelihood ratio tests). Error bars represent 1 SE of the mean.

Fig. 4. Mean plant quality in the different host plant feeding re-
gimes (A. bridgesii and A. chilensis) for the larvae from localities 
that differed in host plant co-occurrence. The monospecifi c stand 
occurred at a locality with a large population of A. chilensis (Toto-
ralillo) and the mixed stand at a locality where both A. chilensis 
and A. bridgesii co-occur (Antakari). Plant quality was assessed in 
terms of larval growth per unit of plant biomass ingested. Different 
letters indicate signifi cant differences among treatment combina-
tions (P-value < 0.05, likelihood ratio tests). Error bars represent 
1 SE of the mean.
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damas, such as its life history performance traits and larval 
survival. This is mainly due to differences in plant quality, 
which is associated with the variation in host plant (co-)
occurrence between populations. Individuals from both 
populations developed best (i.e., shorter development time 
and greater larval size) and survived more when fed on A. 
bridgesii from mixed stands than on A. chilensis, which 
usually occurs in isolation. Overall, however, larval perfor-
mance varied in an unexpected way because preference for 
and performance on the host plants have different roles as 
drivers of the recorded patterns in host utilization success 
and potential adaptive divergence between the two popula-
tions.

Optimal larvae performance would be facilitated if host 
preference was adaptive, that is, if individuals choose to 
feed on host plants that enhance their own long-term fi tness 
(Scheirs et al., 2000). Results, however, indicate host plant-
induced preference at the population scale. B. polydamas 
is a voracious herbivore whose late instar larvae fi nd and 
recognize host plants using olfactory cues, the aristolochic 
acids present in Aristolochia (Pinto et al., 2009a). Larvae, 
however, are inclined to choose the Aristolochia species 
on which they fed during their development, regardless of 
its quality: relative preference was similar for both host 
plant treatments (ca. 75%). Host preference appears to 
be dependent on previous feeding experience rather than 
a maternal imprint, even though the maternal provision-
ing documented for Battus species results in the transfer of 
aristolochic acids (AA) from adults to eggs (Urzúa et al., 
1987; Fordyce et al., 2005).

Whether preference results in an adaptive or non-adap-
tive outcome will depend on the host on which the larvae 
developed and whether this host is associated with better 
performance and survival (Jaenike, 1978; Mayhew, 2001). 
For larvae exposed to a mixed host stand, host plant-in-
duced preference can lessen performance by exposing in-
dividuals to stronger trade-offs in plant quality between 
plants given that individuals do not generally select the 
better quality host plant. These patterns, however, need to 
be viewed with caution because the preference trials were 
done under laboratory conditions and thus, not all aspects 
of preference and fi tness were measured in these experi-
ments (e.g., natural enemies). Thus, larval behaviour at the 
two localities might be adaptive in the broader context that 
induced these preferences.

Plant quality is a strong selective agent in determining 
the performance of herbivores (Awmack & Leather, 2002). 
If differences in host quality are strong enough, they can 
drive variation in performance across herbivore popula-
tions (Laukkanen et al., 2012; Stotz et al., 2013). Specialist 
herbivores are often adapted to the chemical composition 
of their host plant (Fox & Morrow, 1981; Kraft & Denno, 
1982; Bowers & Puttick, 1988; Laukkanen et al., 2012), 
and can use putative defensive compounds as cues to lo-
cate their host or exploit those compounds for their own 
benefi t (Bowers, 1983; Karban & Agrawal, 2002) and B. 
polydamas is no exception. Unlike generalist herbivores, 
B. polydamas performs better on host plants with high lev-

els of secondary compounds, as is common in other in-
sect specialist (e.g., Bowers & Puttick, 1988). Larvae of 
B. polydamas performed better on A. bridgesii although it 
contains almost twice as much AA as A. chilensis in terms 
of total yield and relative amount (Urzúa et al., 2009). 
Larvae tripled their weight gain per unit of plant biomass 
consumed when they fed on A. bridgesii compared to A. 
chilensis. Other studies have reported a similar pattern for 
B. polydamas: fewer larvae fed on leaves with low con-
centrations of AA survive and are smaller than those fed 
leaves with high levels of AA (e.g., Miller & Feeny, 1989; 
Pinto et al., 2009a). Consequently, variation in life history 
performance between populations of B. polyadamas can be 
defi ned by the differences in host plant quality that result 
from variation in host plant co-occurrence in the two popu-
lations studied. Variability in host plant quality was greater 
in the mixed than in the monospecifi c stand. 

Evidence for the above is the effect host-feeding regime 
has on life history traits. This effect is dependent on wheth-
er individuals of B. polydamas come from the mixed or the 
monospecifi c host stand. For instance, individuals from the 
mixed stand that were fed on A. chilensis were larger and 
developed faster than those from the monospecifi c stand 
fed on the same host. However, individuals from the mixed 
stand have a similar development time and are the same 
size when fed on A. bridgesii and A. chilensis, but their rel-
ative growth rate and survival were higher on A. bridgesii. 
Performance results indicate that the degree of local adap-
tation is relatively low and in particular, local maladapta-
tion may even be occurring in the monospecifi c stand. On 
the one hand, host co-occurrence, may lessen performance 
at the mixed stand, possibly due to higher local variability 
there in host plant quality, differences in allelic expression 
and/or underlying trade-offs in performance on alterna-
tive host plants (Agrawal, 2000a, b; Kassen, 2002). On the 
other hand, if the only available host plant is of low qual-
ity, optimal performance on that plant may not be possible. 
This would occur if there is no genetic variation for either 
performance or preference within the population, dimin-
ishing a potential evolutionary response to the selective re-
gime associated with the low quality host. Contrary to our 
predictions, the latter appears to be occurring in the mono-
specifi c host stand. Individuals from this stand performed 
better when they fed on a host that was not present in the 
stand where they occurred (i.e., A. bridgesii), suggesting 
that individuals from this population may be maladapted 
(sensu Crespi, 2000). Not only did larvae from the mono-
specifi c stand perform poorly in terms of all the life his-
tory traits recorded when they fed on their original host, A. 
chilensis, but survived better when they fed on A. bridgesii 
(a host not present where they were collected). Moreover, 
larvae from this population preferred the low-quality host 
in choice tests. Maladaptation is usually thought of as a re-
sult of lack of enough genetic variation for selection to act 
on, or, alternatively, due to weak selection (Crespi, 2000). 
In the monospecifi c population there was enough genetic 
variation in the performance traits (growth rate and larval 
size) for it to respond to selection. Thus, it is likely that 



156

Rios et al., Eur. J. Entomol. 113: 150–157, 2016 doi: 10.14411/eje.2016.019

selection imposed by the variation in the quality of a single 
host is insuffi cient to trigger a response in the population, 
unlike when more than one host is present. 

We acknowledge, that our comparison is limited to two 
populations. Unfortunately, fi nding mixed stands with an 
adequate number of individuals of both insects and their 
host plants proved to be diffi cult. This diffi culty raised the 
underlying confl ict between a fl awless experimental design 
and relevancy of the question addressed. Therefore, we ex-
plicitly delineate the scope of the results and the patterns 
recorded to the two populations studied and the informa-
tion gained to a specifi c system. One should be cautious 
when extrapolating these results to a wider system of popu-
lations. Nevertheless, the variation recorded in this study 
is similar to that reported in previous fi ndings. Studies 
that evaluate performance in plant-herbivore interactions 
have shown both that herbivores tend to be locally adapted 
to their host plants (e.g., Mopper et al., 1995; Van Zandt 
& Mopper, 1998) or that host adaptation is absent (e.g., 
Strauss, 1997; Spitzer, 2006). The incidence and degree of 
performance on sympatric host plants are repeatedly found 
to vary among populations (e.g., Hanks & Denno, 1994; 
Thompson, 2005; Ortegón-Campos et al., 2009). Here, 
we report evidence based on two populations that this 
phenomenon may be partly explained by differential co-
occurrence of host plants that vary signifi cantly in quality. 
The use of alternative host plants may result in divergent 
selection pressures across localities that, in the absence of 
other forces or constraints, could drive opposing adaptive 
processes. Moreover, host plant-induced preferences may 
impede adaptive host choices. Consideration of these phe-
nomena may enhance our understanding of how perfor-
mance evolves in specialized herbivorous insects. 
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