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The role of leaf defensive traits in oaks
on the preference and performance of a polyphagous
herbivore, Orgyia vetusta
I A N S . P E A R S E Department of Entomology, University of California – Davis, Davis, California, U.S.A.

Abstract. 1. Leaves possess traits that mediate the preference and performance
of herbivores. Most evidence for the importance of leaf traits as defences against
herbivory comes from studies of few model plant species.

2. In a phylogenetically explicit comparison, I explain the differences in preference
and performance of tussock moth (Orgyia vetusta Boisduval) larvae on leaves of 27
oak (Quercus) species using nine putative leaf defences.

3. The preference for an oak species correlated positively with the survival of
caterpillars. The correlation between preference and performance did not differ
between oak species native to the range of tussock moth versus those from outside
the herbivore’s range.

4. The first principal component of leaf traits predicted survival of caterpillars
on oak leaves but only marginally predicted their preference between oak species.
A multiple regression model showed that evergreenness, toughness, and condensed
tannin content were the best predictors of caterpillar survival, and leaf toughness was
the best predictor of host preference.

5. Generalist caterpillars may accurately assess the value of novel food sources.
Moreover, many leaf traits that have been found to affect herbivory within a plant
species can also be used to predict the fitness of a generalist herbivore between species.

Key words. Foraging, generalist, macroevolution, novel host, plant–insect interac-
tions, tussock moth.

Introduction

Plants invest in traits that reduce the ability of herbivores
to exploit their tissue and also in traits that repel herbivores
from feeding on that tissue (Feeny, 1976; Stamp, 2003). The
general theories that seek to predict the outcome of plant
defences on herbivores (Ehrlich & Raven, 1964; Feeny, 1976;
Rhoades & Cates, 1976) or the investment in defences by
plants in different habitats (Coley et al., 1985) all focus on
comparisons made between plant species that differ somehow
in their defensive traits. The most compelling evidence,
however, for the importance of particular plant traits has
come from intraspecific comparisons of plant traits (Zangerl
et al., 2008) or manipulations of plant traits on a few plant
taxa (Agrawal & Karban, 1997; Halitschke & Baldwin, 2003;
Karban, 2007). More recently, studies have begun to explore
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whether those plant traits that affected herbivore survival or
behaviour in intraspecific experiments or comparisons can
explain interspecific differences in herbivory (Becerra, 1997;
Thaler & Karban, 1997; Agrawal & Fishbein, 2006; Fine
et al., 2006). Current comparative methods explicitly model the
evolution of plant traits and interactions in order to estimate the
evolutionary origins of plant defences or herbivore associations
(Agrawal, 2007). Comparative analysis of plant–herbivore
interactions may help to explain which plant traits (such as
chemical or physical defences) affect host use by the herbivore.

Host use by a herbivore is driven both by the performance
of the herbivore on the plant tissue and the preference of the
herbivore for that plant. It is advantageous for herbivores to
match their preference for potential hosts to their ability to con-
sume those hosts. However, in reality, the cues that mediate
recognition of a plant by a herbivore are often different from
the direct defences of the plant, and the preference of herbi-
vores for particular hosts is often decoupled from the ability
of the herbivore to exploit that host (performance) (Thomp-
son, 1988; Craig & Itami, 2008; Gripenberg et al., 2010). The
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life-history strategies of different herbivore taxa can affect the
relationship between host preference and performance on their
hosts. For example, mobile, nectar-feeding adult insects (such
as most lepidopterans) often choose the host affiliation of their
larval progeny through oviposition preference. This strategy
can result in a mismatch between oviposition preference and
larval performance, as adults must both maximise their egg
output as well as maximise the performance of each individual
offspring (O’Brien et al., 2004). Likewise, diet breadth of the
herbivore may reflect how well its preference for hosts matches
its exploitation of them. For example, Gripenberg et al. (2010)
reviewed studies that correlated host preference and perfor-
mance in insect herbivores and found that herbivores that fed
on fewer hosts tended to more accurately choose hosts that
maximised their performance.

One increasingly prevalent case in which herbivore host
preference may not match their performance is when insects
feed on a novel, non-native hosts. In these non-coevolved
systems, the cues that mediate herbivore preference may be
decoupled from the cues that mediate herbivore performance.
As such, herbivores may prefer novel hosts to a greater or
lesser degree than the novel host’s actual value should reflect.
In extreme cases, non-native plants may act as an ecological
trap for herbivores by being attractive to herbivores despite
being poor hosts. For example, lycaenid butterflies showed
little preference in oviposition between introduced alfalfa and
the native host, Astragalus, despite alfalfa being an inferior
resource for the developing larvae (Forister et al., 2009). On
the other hand, it is possible that non-native plants may escape
herbivory by being repulsive to herbivores, despite having
nutritionally rich tissue. For example, sulphur butterflies co-
occurred with non-native crown vetch, an introduced plant in
Michigan, and were more fecund on it than on their primary
host. Despite their ability to exploit this host, females did not
oviposit on this non-native plant (Karowe, 1990).

In general, the herbivory observed on non-native plants
often does not match the apparent investment of those plants
in defensive traits. For example, oak species that had a
comparatively low level of quantitative defences escaped
herbivory in a common garden if they were distant relatives
from the local native oak species (Pearse & Hipp, 2009).
Such patterns could arise for multiple reasons. Preference
of a herbivore for the novel host plant may not match
the actual quality of the plant’s tissue. Alternatively, novel
defensive structures on a non-native plant may simply be more
efficacious against local herbivores than defences of native
plants, as the herbivore and non-native plant share no history
of interaction (i.e. the novel weapons hypothesis – Cappuccino
& Arnason, 2006). Likewise, rates of parasitism or predation
to herbivores could differ between exotic and native plants.
Here, I investigated the role of the preference–performance
relationship in shaping the potential for novel host affiliation
in a common herbivore.

I explore the relationship between preference and perfor-
mance of western tussock moth (Orgyia vetusta Boisduval),
a polyphagous caterpillar from western North America, when
feeding on leaves of 27 oak species. Of oak species assayed in
this study, 21 species do not occur as natives within the range

of O. vetusta. I used this opportunity to evaluate whether the
herbivore’s feeding preference better matched its performance
when feeding on native oaks versus non-native oaks, or when
feeding on non-native oaks that were close relatives of their
native hosts versus non-native oaks that were distant relatives
from their native hosts. Furthermore, I compared both the pref-
erence and performance of the herbivore to a dataset of putative
oak defensive traits in order to assess which oak traits most
affect herbivore preference and performance.

Materials and methods

Tussock moth natural history and oak leaf collection

Second through fourth instar western tussock moth caterpil-
lars [Orgyia vetusta (Lymantriidae)] were collected from an
outbreak population at Bodega Marine Reserve, California:
38.3213◦N, 123.0751◦W. This population fed predominantly
on bush lupine (Lupinus arboreus), and individuals from this
population were considered to be naive to oaks, as no oaks
were present on the Bodega Marine Reserve. Previous studies
have shown that larvae of this population of Orgyia vetusta can
be heavily parasitised by a tachinid fly (Brodmann et al., 1997;
Maron & Harrison, 1997). However, the tachinid eggs persist
on the cuticle of the larvae, such that obviously parasitised
individuals could be excluded from the study. Caterpillars used
in this study may have other, more cryptic parasitoids, how-
ever, but caterpillars were randomly assigned to different trials
or treatments – such that mortality due to parasitism would
appear as noise in the study. In only one instance did a parasite
emerge during a feeding trial and this observation was removed
from the dataset. As a species, western tussock moth feeds
broadly on trees and shrubs (including oak species) throughout
California and the Pacific Northwest (Furniss & Knopf, 1971;
Swiecki et al., 2010). As the adult females of this species are
flightless and sedentary, caterpillar movement determines both
the dispersal and food preference of this moth species (Har-
rison, 1997). Caterpillars were collected no more than 3 days
prior to feeding trials and were maintained on cut branches of
Lupinus arboreus so that they were naive to oaks at the time
of feeding trials.

In June 2010, undamaged oak leaves were collected from
27 species of oaks from a 50-year-old common garden of oak
trees at the UC Davis Arboretum. Oak species represented in
this study were Quercus agrifolia, Q. ballota, Q. berberidifo-
lia, Q. brandegeei, Q. cerris, Q. chrysolepis, Q. coccifera, Q.
crassifolia, Q. douglasii, Q. faginea, Q. gambelii, Q. glauca,
Q. gravesii, Q. greggii, Q. ithaburensis, Q. lobata, Q. macro-
carpa, Q. mongolica, Q. muehlenbergii, Q. oblongifolia, Q.
palmeri, Q. parvula, Q. phillyreoides, Q. pungens, Q. sinuata,
Q. variabilis, and Q. virginiana. The native ranges of Q. agri-
folia, Q. berberidifolia, Q. chrysolepis, Q. douglasii, Q. lobata,
and Q. parvula overlap substantially with the range of western
tussock moth, so these oak species were considered ‘native’
to the range of tussock moths and represent all of the major
clades of oaks native to the range of tussock moths except for
the deciduous red oaks (represented within the range of tussock
moths by Q. kellogii ). Western tussock moth has been reported
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on almost all oaks within its range including both deciduous
and evergreen oaks from different oak clades (Swiecki et al.,
2010) where it feeds from April to June (the same developmen-
tal stage of leaves as assayed in this study). Undamaged leaves
were collected arbitrarily from three individuals of each species
when present, or two individuals where only two were avail-
able, i.e. Q. faginea, Q. brandegeei, Q. cerris, Q. crassifolia,
Q. glauca, Q. gravesii, Q. greggii, Q. oblongifolia, Q. sinuata,
and Q. variabilis and were immediately placed in feeding tri-
als. While these oaks vary in their degree of evergreenness, leaf
flush for all species occurs in spring, and leaves retained over
winter can be readily identified. All leaves used in this study
had expanded in spring 2010 and were of a comparable age.

Oak leaf traits

Putative leaf defensive traits (condensed tannins, evergreen-
ness, leaf toughness, peroxidase activity, phenolics, protein
content, specific leaf area, total tannins, and water content)
were described for these oak individuals by Pearse and Hipp
(2009) and I.S. Pearse and J.H. Baty (unpublished). Each of
the nine leaf traits were rescaled to their range to a value
between 0 and 1. The first principal component axis of the
normalised trait values was used in some further analyses.

Choice and no-choice feeding trials

For no-choice feeding assays, a tussock moth caterpillar was
starved for 8 h and then placed on top of an oak leaf, whose
petiole was wrapped in moist cotton, in a closed 10–15 cm
diameter plastic Petri dish. Leaves were replaced every other
day to avoid desiccation. Ten no-choice trials were conducted
per oak species and three oak individuals were represented for
each species, except in cases where fewer individuals were
available. Caterpillars were weighed prior to the feeding trial
and again after 3 days of feeding. Relative growth rates were
calculated as Mass3 days – Massinitial/Massinitial. The per cent
survival of caterpillars was recorded after 6 days of feeding.
In a small number of the 270 total feeding trials (n = 3), the
caterpillar escaped from the feeding arena, and the trial was
discarded.

For choice feeding assays, the petioles of leaves from
each of the 27 represented oak species were wrapped in
wetted cotton (to avoid desiccation) and placed at randomised
positions in each of 20 large (ca 30 cm × 50 cm) feeding
arenas, and 20–30 tussock moth caterpillars were added to
each trial spaced evenly throughout the floor of the feeding
arena. Multiple caterpillars (20–30) were used in choice trials
in order to more accurately estimate preference for individual
oak species, and the inclusion of multiple caterpillars within
a feeding arena is realistic given the patchy distribution
and feeding behaviour of tussock moths (Furniss & Knopf,
1971). Caterpillars were observed moving throughout the
choice arena. Of the 540 leaves in choice feeding arenas, 411
displayed any damage, indicating that caterpillars ‘probed’ and
rejected many leaves and may have simply avoided others
all together. After 2 days, leaves were removed and scanned

using an Epson Perfection V500P flatbed scanner (Long Beach,
California, U.S.A.). Total leaf area removed was assessed for
each leaf using Image J software (Rasband, 2010), and total
leaf dry mass removed (g) was calculated as Area Removed
(cm2)/SLA (cm2/g). The total leaf dry mass removed for
each oak species was averaged over the feeding trials for
comparative analysis.

Oak phylogeny and statistics

An oak phylogeny was taken from Pearse and Hipp
(2009), who estimated relationships between oak taxa using a
minimum evolution model on a dataset of 2932 AFLP markers.
Pearse and Hipp (2009) reported high bootstrap values for
most nodes, a congruence between the phylogeny estimated
using minimum evolution and a phylogeny using a two-
state Bayesian model of AFLP evolution, and support for
the major oak clades estimated by previous authors (Manos
et al., 2001; Oh & Manos, 2008). The oak phylogeny was
ultrametricised, branch tips were pruned back to the nodes
of multiple accessions of the same species (I.S. Pearse and
A.L. Hipp, unpublished), and taxa not included in the current
study were pruned from the tree. Phylogenetically explicit
comparisons between oak traits or oak–herbivore interactions
were conducted using a generalised least squares (GLS) model
in which the expected covariance between species was set
to the variance–covariance matrix of the oak phylogeny. For
some analyses, an ordinary least squares (OLS) model that
did not take into account phylogenetic similarity was also
constructed. Leaf mass eaten and caterpillar survival were
square-root transformed in comparisons with the principal
component axis of traits in order to meet the assumptions
of linear regression. In order to assess which oak leaf traits
were the most important predictors of tussock moth survival,
a GLS multiple regression model was constructed using
the normalised values of each of the nine leaf traits. This
model was reduced based on summed AICc weights, where
predictor variables with a summed AICc weight <0.35 were
removed from the final model. Summed AICc weights were
calculated by creating models with all possible combinations
of predictors variables and summing the AICc weights of
each model with a given predictor (Burnham & Anderson,
2002). Parameter estimates (β) and probabilities (P) of each
trait remaining in the final model were shown. The GLS R2

were calculated following Judge (Judge, 1980, equation 2.3.16;
Lavin et al., 2008); in a GLS framework the partial r2 are not
readily interpretable and were therefore not presented in this
study. In order to assess whether the deviation from a linear
performance preference correlation was predicted by native
status or phylogenetic similarity to a native oak, I calculated the
absolute value of the residuals from a GLS model of caterpillar
survival in a no-choice assay on leaf mass eaten in a choice
assay and analysed this as a function of oak native status or
minimum phylogenetic distance to an oak that occurs within
the range of western tussock moth using OLS. All statistical
analyses were conducted using R packages: ape, MASS, and
nlme (Venables & Ripley, 2002; Paradis et al., 2004; R Core
Development Team, 2008; Pinheiro et al., 2009).
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Results

The relationship between performance and preference
for tussock moths eating oaks

Oak species significantly predicted both measures of perfor-
mance (relative growth rate; d.f. = 26, F = 2.14, P = 0.001)
and preference (mass of each species eaten; d.f. = 26, F =
9.74, P < 0.0001), and species means were used in further
analyses. Survival (after 6 days) and relative growth rates (after
3 days) of caterpillars on different oak species in no-choice
feeding trials were correlated (OLS: r2 = 0.46, P = 0.0001),
so survival is used as a more robust performance measure
hereafter. While caterpillars had 100% mortality on some oak
species, feeding was observed in the majority (217 of 267) of
trials, even when the caterpillar died.

Preference (mass of each oak species eaten in a choice
assay) for a given oak species was positively correlated with
performance (survival in a no-choice assay) of caterpillars on
that oak species (Fig. 1a, GLS: β = 0.017, P = 0.002; OLS:
β = 0.017, P = 0.0002). I also assessed whether deviation
from the preference–performance correlation was greater when
tussock moths fed on a non-native oak species, but I found no
support for this (GLS; β = −0.001, P = 0.44). Likewise, I
found that the phylogenetic relationship between each of the
27 oak species and a local native did not affect the deviation
from the preference–performance correlation (Fig. 1b, GLS:
β = 0.001, P = 0.68; OLS: β = −0.0001, P = 0.94).

The effect of oak traits on tussock moth feeding

The first principal component axis (PC1) of nine putative
leaf defences in oaks accounted for 41% of the variance

in that dataset and was dominated by evergreenness, leaf
toughness, phenolic content, and peroxidase. The PC1 of
nine oak leaf defences predicted the performance (survival)
of tussock moth caterpillars during a no-choice feeding trial
on leaves of one of 27 oak species using a phylogenetically
explicit generalised least squares (GLS) model (GLS: R2 =
0.26, β = −0.31, P = 0.004, Fig. 2a) or an ordinary least
squares (OLS) model that does not take into account lack of
independence of closely related species (OLS: R2 = 0.35, β =
−0.30, P < 0.0001; Fig. 2a). The same principal component
axis marginally predicted tussock moth preference (mass
eaten/oak species) for each oak species in a choice feeding
trial when the phylogenetic correction was not made, although
with correction the regression was non-significant (GLS: R2 =
0.05, β = −0.012, P = 0.206; OLS: R2 = 0.10, β = −0.015,
P = 0.056; Fig. 2b).

In order to assess which leaf traits affected performance
(survival) of tussock moth caterpillars and their preference
(mass eaten) on different oak species, a GLS multiple
regression model was constructed in which all nine leaf traits
were used to predict survival of tussock moth caterpillars
in a no-choice feeding assay and the mass of each oak
species eaten in a choice feeding trial. As various leaf traits
showed autocorrelation (Table S1), the models were reduced
independently based on summed AICc weights (Burnham &
Anderson, 2002). The reduced models for both preference and
performance are shown (Table 1). Total tannins, peroxidase
activity, phenolic content, specific leaf area, and leaf protein
content were removed from the final model of caterpillar
performance. Evergreenness and leaf toughness were the leaf
traits most predictive of caterpillar survival in the GLS model,
where caterpillar survival was low on evergreen or tough
leaves. The directionality of the relationship that water content
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Fig. 1. The relationship between (a) the feeding performance and preference of western tussock moths for 27 oak species, and (b) the deviation
from a preference–performance correlation based on the phylogenetic distance of an oak species to a native host of western tussock moth. Lines
indicate the best linear fit using a phylogenetically explicit GLS model (solid line) or a non-phylogenetic OLS model (dashed line). No lines
were drawn for non-significant correlations. Filled circles represent oak species native to the range of Orgyia vetusta, and unfilled circles represent
non-native oak species.
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Fig. 2. A regression of (a) performance (caterpillar survival in a no-choice assay) or (b) preference (mass of a leaf species eaten) on the first
principal component axis of nine oak defensive traits. Tussock moths were reared in choice or no-choice assays on the leaves of 27 species of oaks.
Lines indicate the best linear fit using a phylogenetically explicit GLS model (solid line) or a non-phylogenetic OLS model (dashed line). No lines
were drawn for non-significant correlations. Caterpillar survival and leaf preference were square root transformed in order to meet the assumptions
of linear regression.

Table 1. Oak leaf traits predicting the survival rate of tussock moth caterpillars over a 6 day no-choice feeding trial on 27 oak species (performance)
and the amount of damage experienced by leaves of in a choice feeding assay using the same oak species (preference).

Survival % (performance) no-choice assay Mass eaten (g) (preference) choice assay

R2 = 0.49 R2 = 0.22

Trait β P Summed AICc β P Summed AICc

Evergreenness −0.25 0.03 0.854 — — 0.265
Toughness −0.45 0.06 0.672 −0.009 0.15 0.676
Water content −0.34 0.11 0.352 — — 0.233
Condensed tannin −0.30 0.03 0.739 — — 0.212
Total tannins — — 0.349 — — 0.277
Phenolics — — 0.261 — — 0.336
Peroxidase — — 0.258 −0.005 0.138 0.439
Specific leaf area — — 0.309 — — 0.346
Protein content — — 0.237 −0.004 0.39 0.391

A full GLS model of nine leaf traits as predictors of caterpillar performance or preference was reduced based on summed AICc weights. Model
parameters and R2 for the reduced model as well as summed AICc weights from the full model are shown.

had to caterpillar survival was opposite of a priori expectations
for that trait. Evergreenness, water content, condensed tannin,
and total tannins, phenolics, and specific leaf area were
removed from the final model of caterpillar preference. Leaf
toughness was the only consistent predictor of caterpillar
preference of oak leaves, and this model only accounted for
22% of the variance in caterpillar preference.

Discussion

The preference of tussock moths for an oak species in a choice
assay was strongly predicted by the performance of caterpillars

on that species in a no-choice trial (Fig. 1a). Such a strong
preference–performance relationship is somewhat surprising,
given that studies often find a preference–performance mis-
match in generalist herbivores such as tussock moths (Thomp-
son, 1988; Gripenberg et al., 2010). The survival of tussock
moth caterpillars on oak leaves in a no-choice feeding trial was
predictable based on a suite of leaf traits. However, the prefer-
ence of tussock moth caterpillars for those species in a choice
assay was predicted to a much lesser degree by these same
traits, and was not significant after phylogenetic correction
(Fig. 2). This suggests that while tussock moths tend to prefer
hosts that they can exploit, the link between food preference
and those leaf traits that result in a fitness loss for the caterpillar
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may be indirect, such that plant traits that are attractive or
repulsive may not be the actual traits that affect caterpillar
growth. For example, condensed tannins were strongly sup-
ported as a predictor of tussock moth performance on oaks but
not of tussock moth preference (Table 1). Alternatively, the
foraging strategy for caterpillars presented with multiple food
plants may be different than for caterpillars presented with only
a single host. Experiments with polyphagous arctiid caterpillars
have shown that when moving between different host plants,
these caterpillars tend to avoid moving onto a plant of the same
species as their most recent host, and that caterpillars fed on a
mixed diet had a higher fitness than caterpillars reared on a sin-
gle host species (Singer et al., 2002; Karban et al., 2010). This
effect likely results from balancing nutritional requirements or
dilution of individual plant toxins in a mixed diet (Singer et al.,
2002). The feeding style of arctiid moths, however, differs dra-
matically from that of tussock moths, as arctiid moths often
feed on multiple hosts as a larva, whereas tussock moths often
complete their life-cycle on one or a few hosts. Thus, the ‘pref-
erence’ of a tussock moth for a given host in a natural setting
more reflects the acceptance of that host (in which case it con-
tinues to feed) or the rejection of that host (in which case
it either walks or balloons away from that host) (Harrison,
1997). The correlation between preference and performance
in tussock moths is higher than is seen for most studies of
insect foraging (Craig & Itami, 2008; Gripenberg et al., 2010;
reviewed in Thompson, 1988). This is perhaps unsurprising,
as the adults of most holometabolous insects choose the food
source (preference), while the larvae incur the fitness conse-
quences of that action, resulting in both a separation of cues
used to detect food quality and a potential conflict of interest
between adults attempting to maximise their reproduction and
larvae optimising their survival (O’Brien et al., 2004). This is
not the case with tussock moths, as the adult females are wing-
less and sedentary, and the larvae actively choose their food
source (Furniss & Knopf, 1971; Harrison, 1997).

The relationship between a non-native oak species and any
of the oaks native to the range of western tussock moth did not
predict the ability of tussock moths to choose the leaves that
best optimised their fitness (Fig. 1b). These results contrast
other systems, where adult insects preferentially oviposit on
non-native hosts that are actually a poor food source for
larvae (Graves & Shapiro, 2003; Forister et al., 2009). In
this case, native status of an oak taxon did not predict the
match between host preference and performance by tussock
moth larvae. Traits that allow tussock moth caterpillars to feed
broadly as generalists (such as mobile larvae, reduced adult
stages, and sensory systems that accurately assess the quality
of diverse food sources) may also allow these caterpillars to
accurately assess the quality of novel food sources (Bertheau
et al., 2010; but see Gripenberg et al., 2010).

Both a principal component index of nine oak leaf defensive
traits (Fig. 2) and several of those traits individually (Table 1)
predicted the survival rate of tussock moths feeding on
the leaves of 27 oak species. To a lesser degree, some
of these same traits predicted the preference of caterpillars
for oak leaves in a choice feeding assay (Fig. 2, Table 1).
The oak leaf traits that best predicted tussock survival in

no-choice feeding trials were evergreenness of leaves, leaf
toughness, condensed tannin content, total tannin content, and
leaf water content. The negative correlation between caterpillar
survival and evergreenness, leaf toughness, and condensed
tannins supported their role in leaf defence. Contrary to
expectation, however, the relationship between water content
and caterpillar survival was negative. This suggests that a low
water content may not protect leaves from tussock herbivory.
In contrast to intraspecific studies of oak defences (Feeny,
1976; Schultz & Baldwin, 1982), total tannin content of
leaves in this study was a poor predictor of tussock moth
survival (Table 1). Recently, a complex role of tannins in
plant–herbivore interactions is emerging, as different studies
find either a negative, positive, or neutral effect of total
foliar tannins on herbivore growth rates and host affiliations
(Forkner et al., 2004; Roslin & Salminen, 2008; Barbehenn
et al., 2009). This study also shows that total tannin content
alone may be a misleading predictor of plant defence in the
oak genus. A more thorough investigation of the role of
individual tannin metabolites in plant–herbivore interactions
may ultimately be the best approach to understanding the
selection pressures that shape tannin content in leaves. While
‘evergreenness’ is unlikely itself a defensive characteristic of
leaves, it has been suggested that leaf longevity selects for
other traits that defend the leaf against herbivores (Coley
et al., 1985), a view that has received some support in
other oak–herbivore systems (Puttick, 1986; Karban, 2007).
Leaf toughness has been used to predict herbivory to many
plant taxa such as milkweeds (Agrawal & Fishbein, 2006),
where species-level differences in leaf toughness predicted
the growth rate of monarch caterpillars. In willows, leaf
toughness reduced chrysomelid foraging by wearing down the
mandibles of the herbivores (Raupp, 1985). Interestingly, leaf
toughness was also by far the best predictor of caterpillar
preference for leaves (Table 1), suggesting that this trait may
be important in both the acceptance of hosts and utilisation of
hosts by tussock moths. Studies have provided evidence for
and against the role of condensed tannins in defence against
herbivory. Higher condensed tannin contents were reported
in Quercus rubra after wounding by gypsy moth (Schultz
& Baldwin, 1982) and in Quercus emoryi after wounding
by various chewing lepidopterans than in unwounded leaves
(Faeth, 1986). Likewise, the presence of late-season leaf mines
as well as various measures of lepidopteran abundance and
diversity were negatively correlated with condensed tannin
content (Forkner et al., 2004). In contrast, condensed tannin
content of an artificial diet did not affect the fitness of
four folivorous, oak-feeding caterpillars (Roslin & Salminen,
2008). Moreover, from a physiological perspective, Barbehenn
et al. (2008) suggest that condensed tannins may not be
effective plant defences, as they are unable to manipulate
oxidative state of herbivore guts as much as hydrolysable
tannins.

Explicit phylogenetic comparisons of tussock moth pref-
erence, performance, and oak leaf traits supported the same
qualitative conclusions as the corresponding comparisons that
did not take the relationship structure of oaks into account
(Figs 1 and 2, Table 1). A study that included a richer taxon
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sample of oaks found evidence for convergence in leaf defen-
sive traits in oak such that oak species that occupied habitats
that were very seasonal, dry, or hot tended to have more
defended leaves than oak species in less stressful environments
(I.S. Pearse and A.L. Hipp, unpublished). In the current study,
I found that caterpillar preference for leaves from different oak
species was coupled to its feeding performance. Leaf traits such
as toughness, evergreenness, and condensed tannin content pre-
dicted the feeding performance of a generalist caterpillar, and
these same leaf traits, to a lesser degree, were predictive of
caterpillar preference between oak species.
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