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Diet mixing enhances the performance of a generalist
caterpillar, Platyprepia virginalis
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Abstract. 1. Platyprepia virginalis caterpillars are dietary generalists and feed on
multiple host species within a single day. We conducted field experiments to evaluate
their performance on diets consisting of only their primary food, Lupinus arboreus,
or diets consisting of L. arboreus plus other acceptable host species.

2. We found that relative growth rates and rates of survival were higher when
they fed on mixed diets compared to lupine only. These results were consistent with
hypotheses that mixed diets provided balanced nutrition, diluted toxins, and/or allowed
recovery from parasitoids, although our data did not allow us to separate these non-
exclusive explanations.

3. We assayed alkaloids in their host foliage, in the caterpillars themselves, in
parasitoids within caterpillars, in food boluses passing through their guts, and in frass
that they excreted. We consistently found positive assays for alkaloids in foliage and
in frass but negative assays in caterpillars, parasitoids, and food boluses. This suggests
that the alkaloids that they ingest are metabolised or rendered non-reactive by unknown
means during passage through the gut. We found no support for the hypothesis that
mixed diets prevented caterpillars from exhausting food supplies or allowed them to
sequester chemicals from their alkaloid-containing hosts.

4. Behavioural observations revealed that previous experience influenced a
caterpillar’s likelihood of moving to a different host. Caterpillars that had previously
fed on other hosts were more likely to move to lupine while caterpillars previously
collected on lupine were equally likely to choose more lupine or a different host.

5. These results are unusual in providing a clear and consistent benefit of diet mixing
in a natural field setting where multiple ecological factors act upon the caterpillars.

Key words. Alkaloid; arctiid; behaviour; growth rate; optimal diet; sequestration;
specialist; survival.

Introduction

Early theory about food selection predicted that individuals

should restrict their diets to the highest quality food species as

long as that species remained abundant and available (Stephens

& Krebs, 1986). Theory also predicted that specialists should

be more efficient at using a given host species than generalists,
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‘the jack of all trades is master of none’ (MacArthur, 1972;

Smiley, 1978). The lack of empirical support for these two

predictions, especially among mobile insect herbivores such

as grasshoppers and some caterpillars (Scriber & Feeny, 1979;

Moran, 1986; Futuyma & Moreno, 1988), prompted ecologists

to consider alternative explanations for specialisation where

it occurred, and to consider reasons why many herbivores

are polyphagous. Much of our understanding has been gained

from experiments in the laboratory and may or may not reflect

plant–herbivore relations in nature.
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Even among most species of generalist herbivores, indi-
viduals are local specialists that consume only a single host
species (Fox & Morrow, 1981). True generalists—individuals
that mix their foods, often on a daily basis—are much rarer
than ‘species generalists’ composed of individuals that are spe-
cialists on different hosts. These true generalist individuals
have the potential to benefit from mixed diets in at least four
different ways that we attempt to address in this study.

1 Generalist herbivores have the obvious advantage of being
able to feed on more host species and therefore have more
available food (hereafter the ‘More Food Hypothesis’).
They experience less risk of running out of food and less
risk of predation or desiccation while trying to find a new
host plant if they exhaust their current one. For example,
populations of checkerspot butterflies that used multiple
host species fared more favourably during a drought than
did populations that used only a single host-plant species
(Ehrlich et al., 1980).

2 Mixed diets may contain foods with complementary
resources, such that a balanced diet allows herbivores
to grow more efficiently per foraging bout (hereafter the
‘Nutrient Balance Hypothesis’) (Pulliam, 1975). In general,
this mechanism has been better supported for mobile
grasshoppers than for relatively less mobile caterpillars and
bugs (Bernays & Minkenberg, 1997).

3 Since plants contain secondary chemicals that are often
detrimental to herbivores in a dosage-dependent manner,
mixed diets may allow herbivores to dilute their ingestion
of specific chemicals, thus reducing toxic effects (here-
after the ‘Toxin Dilution Hypothesis’) (Freeland & Janzen,
1974). This hypothesis has received relatively little atten-
tion from empiricists. Several authors have argued that it
is artificial to attempt to distinguish toxin dilution from
nutrient balance, since nutrients and secondary chemicals
interact to affect the benefits and consequences of the other
(Duffey & Stout, 1996; Hagele & Rowell-Rahier, 1999;
Simpson & Raubenheimer, 2001). For example, tannins
had more deterrent effects on grasshoppers when they were
feeding on diets low in protein (Behmer et al., 2002).

4 Some caterpillars, both monophagous and polyphagous,
sequester chemicals from their host plants into their own
tissues (hereafter the ‘Sequestration Hypothesis’) (Nishida,
2002). Many arctiids are masters of sequestering dietary
alkaloids, using them to attract mates, as defences against
predators, and as precursors from which to synthesise a
diverse array of other useful chemicals (Weller et al., 1999;
Bowers, 2009; Hartmann, 2009). Host plants may provide
chemicals that are useful for reasons other than as nutrients,
and diet mixing potentially increases the availability of
these chemicals.

There are many deficiencies in our current understanding of
diet mixing by herbivores. Although most studies have focused
on hypotheses concerning the acquisition and balancing of
nutrients, there is no indication that these hypotheses are
more important than toxin dilution or reducing predation risk
(Singer et al., 2002, 2004). For example, most of the work

on diet mixing has been conducted in laboratory settings
which exclude predators and parasites as potential selective
agents; many have involved artificial synthetic diets, which
fail to capture the important interactions and complexities
of actual plant diets experienced by herbivores in nature
(Duffey & Stout, 1996; Hagele & Rowell-Rahier, 1999; Singer
et al., 2002). Moreover, most studies ignore the potential role
of herbivore movement and host choice in this complicated
process (Singer & Bernays, 2003, 2009).

In this study, we used several field observations and
experiments to understand the diet mixing behaviour of
the highly polyphagous caterpillar, Platyprepia virginalis
(Lepidoptera: Arctiidae) as it relates to the four hypotheses
above. While the questions considered in this study are not
new, our use of naturally occurring, caged caterpillars reared in
the field provides more realism than most previous studies, and
incorporates multiple potential selective forces that combine to
influence diet choice. In this study we conducted observations
of caterpillars reared in the field on only their primary host or
on a combination of hosts that they also use. In addition, we
conducted behavioural assays to evaluate how recent feeding
experiences influenced their foraging decisions. Finally, we
conducted a chemical assay to determine the fate of alkaloids
ingested by these caterpillars.

Materials and methods

Natural history

Platyprepia virginalis is a native, univoltine moth that
is found in isolated, locally dense populations in western
North America. We studied this moth at the Bodega Marine
Reserve (38◦19′N 123◦04′W), where lupine is the dominant
woody vegetation (Barbour et al., 1973). During the summer
months, P. virginalis adults lay eggs on or near lupine bushes
which hatch in a few weeks. Early instar caterpillars then
overwinter in lupine leaf litter (English-Loeb et al., 1993).
Late instar caterpillars feed on living vegetation in late
winter and spring. Previous observations at the study site
indicated that early instars of this caterpillar feed on litter
and leaves of L. arboreus, although they also consume other
decaying and living plant species (English-Loeb et al., 1993;
Karban & English-Loeb, 1997). Later instars (particularly
the last instar) become highly mobile, moving through the
vegetation, and taking bites of many plant species in a
single day. At the study site, late instars were found most
commonly on bush lupine (L. arboreus), hemlock (Conium
maculatum), fiddleneck (Amsinckia spp.), and thistles (six
species). Individual lupine bushes are short-lived and lupine
cover fluctuates markedly among years from close to zero to as
high as 60% (Davidson & Barbour, 1977; Strong et al., 1995).
Even in years when lupine is least abundant, there is never
an absolute shortage of food and P. virginalis caterpillars do
not defoliate individual lupine bushes. Over the past 25 years,
populations of P. virginalis never become large enough to
have a measurable impact on the abundance of lupine foliage
(R. Karban and P. de Valpine, unpublished). Common garden
experiments suggest that variation in lupine quality can
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affect densities of P. virginalis caterpillars, although we have
no indication that caterpillar herbivory induces resistance
in L. arboreus that affects the performance of P. virginalis
(Karban & Kittelson, 1999).

Two previous studies have examined the relationship
between diet and the performance of P. virginalis at the study
site. Results of these experiments were inconsistent and there-
fore, inconclusive (English-Loeb et al., 1993; Adler, 2004).

Field experiments in this system are limited in some years
by a scarcity of caterpillars, and in years of higher caterpillar
abundance by the demands of maintaining experimentally
assigned diets in field cages. This study is composed of field
experiments conducted over 6 years (2003–2008) to more
definitively evaluate the relationship between diet mixing and
caterpillar survival, growth rate, and behaviour. Specifically,
we compare the survival and growth rates of caterpillars caged
with a choice of hosts, including lupine and other common
species (poison hemlock and fiddleneck), and those caged with
only lupine. Many of the common host plants for P. virginalis
caterpillars at our study site contain one of several different
categories of alkaloids, plant secondary chemicals known to
be broadly toxic to most herbivore species (Hartmann, 1991).
Many species of arctiid caterpillars include alkaloid containing
plants in their diets and sequester alkaloids. However, not
all arctiids sequester alkaloids, and individual species respond
differently to different classes of alkaloids (Wink & Schneider,
1990; Weller et al., 1999). To determine whether P. virginalis
sequesters the alkaloids that it ingests and whether alkaloids are
passed to parasitoids, we performed qualitative assessments of
the common foods eaten by P. virginalis, caterpillars fed these
common hosts, parasitoids within the caterpillars, and frass
excreted by the caterpillars.

Many arctiid caterpillars are highly polyphagous and
individuals of other arctiid species have been found to benefit
by mixing their diets under some conditions (Singer, 2001).
For example, host switching allowed another arctiid, Grammia
geneura, to dilute its intake of secondary chemicals (Singer
et al., 2002) and to minimise its risk of parasitism by flies
(Singer & Stireman, 2003). Platyprepia virginalis caterpillars
are parasitised by tachinid flies (Thelaira americana) and
parasitism is not always lethal to these caterpillars (English-
Loeb et al., 1993). When parasitised, caterpillars were more
likely to prefer hemlock than lupine. This diet choice increased
the chance that a caterpillar would survive its parasitoids,
which provides preliminary support for some benefit to
P. virginalis of diet mixing (Karban & English-Loeb, 1997).
Previous studies involving arctiids have generally failed to
find clear and consistent performance benefits of diet mixing
in terms of growth rate, survival, pupal weight (reviewed by
Singer & Bernays, 2009).

Growth and survival rates

We compared the growth and survival rates of caterpillars
with access to mixed diets compared to those with access
to lupine only. We presented caterpillars with these two
treatments, diets of either lupine only or a mix of lupine plus

other host plants, in several different ways. All caterpillars
used in these experiments were collected from lupine foliage,
although their earlier feeding experiences were not determined.
Caterpillars were of the penultimate instar at the start of
the experiments. Experiments were conducted in 2003 and
2004 by caging caterpillars (one caterpillar per sleeve) on
lupine branches in sleeves of spun polyester (Kleen Test
Products, Port Washington, Wisconsin). Other host species
(poison hemlock, fiddleneck, and thistle) were added inside
each sleeve as bare root plants at weekly intervals throughout
the duration of the experiment to provide a mixed diet. These
added plants were readily and almost completely consumed by
the caterpillars. The experiment was continued until caterpillars
pupated, died, or escaped from their cages. Caterpillars were
weighed initially in late March and again 45 days later to
determine relative growth rates (weight gain/initial weight in
March). We also conducted shorter term experiments in 2008
with caterpillars in open deli containers (11 cm diameter)
placed under lupine bushes for 10–14 days. Fresh leaves of
either lupine only or lupine plus a mix of the other host species
were added to the containers every second day. The walls of
the containers were coated with fluon (Whitford dispersion
#1, Elverson, Pennsylvania) to prevent the caterpillars from
climbing out, and a window screen on the bottom of the
containers allowed water to drain.

Experimental results from 2003, 2004, and 2008 were com-
bined in a single statistical analysis to increase sample size and
power to detect treatment effects, although year and experi-
ment were retained as blocking effects. Since growth assays
were conducted for different lengths of time, growth rates
were standardised for a 14-day interval before analyses. Rel-
ative growth rates of caterpillars on lupine only versus mixed
diets were compared using anova (JMP 7.0). The likelihood
that a caterpillar would successfully survive (including those
that successfully pupated) during the course of the experiment
was compared for caterpillars in the two diet treatments using
non-parametric G-tests of independence (log-linear models for
multidimensional contingency tables) (Sokal & Rohlf, 1969).

Conditioning and diet choice

Since late instar caterpillars become highly polyphagous
and frequently switch between host plants, we hypothesised
that recent feeding experience might affect the choices
that caterpillars make. In this field experiment, we allowed
caterpillars to choose between lupine and other host plants.
In April 2007, we collected ultimate, penultimate, and
antepenultimate instar caterpillars from one of three host plants
at our study site: lupine, poison hemlock, or fiddleneck. We
caged caterpillars for 24 h on the host species where they
were initially observed and collected; after 24 h they were
starved overnight for approximately 12 h. We then placed each
caterpillar on a lupine leaf that physically touched either poison
hemlock (for those caterpillars collected from lupine or poison
hemlock) or fiddleneck (for those caterpillars collected from
fiddleneck). Release points were selected that gave caterpillars
roughly equal access to lupine and to other host plants. We
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followed each caterpillar for up to 1 h and observed which
plants it moved to, which plants it tasted, and which plants
it fed upon. We recorded the species of the first leaf that
they moved to and stopped at for at least 10 s. We assumed
that they were equally likely to move to another lupine leaf
or to a leaf of another species. Caterpillars that remained on
the release leaf or moved to an adjacent leaf on the same
bush were not considered to have selected lupine. Sixty-five
caterpillars moved to either the same or a different host species
within the first hour, 36 caterpillars tasted either the same or a
different host species, and only 16 caterpillars fed on the same
or a different host species. Tasting was defined as contacting
a plant with its mouthparts. Feeding was defined as cutting
and ingesting a portion of plant material. Observations were
stopped when a caterpillar either fed on a host plant or went
for 1 h without feeding.

We reasoned that if caterpillars have made optimal choices
among the various host species in their environments (i.e.
consuming the host plant that is most nutritious), they should
most often continue to feed on their current host. In contrast, if
diet mixing is favoured either to balance nutrient intake or to
limit exposure to a particular toxin, we predict that caterpillars
will choose a different host-plant species from the range of
acceptable plants other than their current host (Bernays, 1995).
Hypotheses about feeding choices that depended on recent
experience and developmental stage were tested using non-
parametric G-tests of independence.

Sequestration of dietary alkaloids

The three most common host plants of P. virginalis at
the study site contain concentrations of different alkaloids,
and they are avoided by the great majority of herbivores.
Lupinus arboreus (lupine) contains quinolizidine alkaloids,
Conium maculatum (poison hemlock) contains polyketide-
derived (piperidine) alkaloids, and Amsinckia menziesii (fid-
dleneck) contains pyrrolizidine alkaloids (Seigler, 1998). To
examine whether caterpillars sequestered alkaloids, we col-
lected 10 caterpillars feeding on lupine, poison hemlock, and
fiddleneck (total number = 30). Caterpillars were bagged on
these hosts for 48 h at the study site during March 2007, and
were then transported to Davis in unwaxed ice-cream contain-
ers containing additional leaves of the same host species. Ten
samples of plant material, caterpillars, and frass associated with
each of the three host plants were analyzed for the presence
of alkaloids using a Dragendorff reagent test (Harborne, 1984;
Adler & Wink, 2001). Alkaloids were extracted by grinding
the material (leaves, caterpillars, or frass) in a microcentrifuge
tube containing 100 μl of 1 M Na2CO3. We added 0.5 ml of
2:1 CHCl3 –MeOH and shook this mixture for several minutes.
We removed the chloroform layer and spotted it on a piece of
filter paper along with a drop of Dragendorff reagent (Fluka,
Steinheim, Switzerland). The presence of alkaloids was noted
by a colorimetric assay. We repeated this procedure during
March 2008 and also collected 10 tachinid fly larvae that had
emerged from caterpillars caged on lupine plants, samples of
food boluses dissected from 10 caterpillars caged on lupine,

and 10 guts dissected from caterpillars that had been caged on
lupine. These were tested for the presence of alkaloids. We did
not test for the presence of alkaloids from tachinid larvae, food
boluses, or guts from caterpillars feeding on other plant species.

Results

Growth and survival rates

The growth rates of caterpillars were not significantly
different among the years (experiments) (F2,44 = 0.52, P =
0.60) and the interaction between diet treatment (mixed vs
lupine only) and year was also not significant (F2,44 = 1.09,
P = 0.34), indicating that diet effects were consistent among
the different experiments. On average, caterpillars grew more
than twice as rapidly on mixed diets than on lupine only
(F1,44 = 5.29, P = 0.026, Fig. 1).

The likelihood that a caterpillar would survive the exper-
imental period was also greater for caterpillars given access
to a mixed diet (44% survived) compared to caterpillars given
access to lupine only (25% survived) (diet × survival indepen-
dence in Table 1). The likelihood of surviving was not affected
significantly by year (year × survival independence) and the
effect of diet on mortality was consistent among the 3 years
that these experiments were run (diet × survival × year inter-
action was not significant). A majority of caterpillars did not
pupate and were not categorised as surviving, although these
caterpillars did not necessarily die during the experiment. This
category also includes caterpillars that escaped from the sleeve
cages or deli containers and may have successfully pupated
elsewhere (n = 36). We included ‘missing’ caterpillars in the
analyses as ‘did not survive’, under the assumption that both
leaving the caging and dying within the cages indicate that the
treatment was unsatisfactory to the caterpillars in some way.
A more conservative analysis that excluded or censored those
caterpillars that left the cage had a smaller sample size and less
statistical power. In that analysis, 61% of caterpillars fed on
the mixed diet pupated successfully compared to 42% on the
lupine only diet, but the small sample size precluded statistical
significance (G = 2.42, d.f. = 1, P = 0.12).
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Fig. 1. Relative growth rates of caterpillars (mean ± 1 SE) with
access to diets of lupine only or a mixture of host species during
the duration of the experiments. Relative growth rate is calculated as
weight gained over a 14-day period/initial weight.
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Table 1. Survival of caterpillars categorised according to the year
of the experiment (Year), the diet to which caterpillars had access
(Diet), and whether the caterpillar survived (including pupation) or
failed (including those that left the cage) (Survival). The lower part of
the table shows the tests of independence of diet, year, and whether
the caterpillar survived through the duration of the experiment.

Year Diet Survival?

Yes No Total

2003 Mixed 10 15 25
Lupine only 3 19 22
Total 13 34 47

2004 Mixed 6 9 15
Lupine only 8 15 23
Total 14 24 38

2008 Mixed 6 4 10
Lupine only 3 7 10
Total 9 11 20

Total Total 36 69 105

All years Mixed 22 28 50
Lupine only 14 41 55
Total 36 69 105

Hypothesis d.f. G P
Diet × survival independence 1 4.02 0.045
Year × survival independence 2 2.04 0.361
Diet × year independence 2 1.65 0.438
Diet × survival × year interaction 2 2.19 0.334
Diet × survival × year independence 7 9.90 0.194

Conditioning and diet choice

Caterpillars that were offered a choice between the host
species that they had fed on during the previous day and a
different acceptable host species moved on to the new host
species 63% of the time. This was not statistically different
from the 50:50 ratio expected if caterpillars moved randomly
(G = 2.26, d.f. = 1, P = 0.13). However, the identity of the
host plant that the caterpillars had previously been feeding on
affected their likelihood of moving to a different host species.
Caterpillars that had been collected and caged on lupine were
less likely to choose a different host species than caterpillars
that had been collected and caged on poison hemlock or
fiddleneck (G = 9.22, d.f. = 2, P = 0.01, Fig. 2A). In 27 of
the 31 cases where a caterpillar collected from poison hemlock
or fiddleneck chose a different plant species, it was found
that the chosen plant was lupine, indicating that caterpillars
have a higher likelihood of moving to lupine than to other
host species. Most of the caterpillars used in these tests were
late instars although there was some variation in stage. We
found no evidence that developmental stage (instar) influenced
the likelihood that caterpillars would choose to move to
a different host species than the one that they had been
collected from (G = 2.79, d.f. = 2, P = 0.25, Fig. 2B). Since
our sample of antepenultimate instars was relatively small, we

Fig. 2. Choices made by caterpillars for a different host species than
the one that they had been collected from or the same host species.
(A) Hosts that caterpillars moved to depending upon the host species
that they were collected from. (B) Choices for the same or different
host species depending upon the developmental stage (instar) of the
caterpillar. (C) Hosts that caterpillars tasted depending upon the host
species that they were collected from.

also performed this analysis combining antepenultimate and
penultimate instars, although this gave the same qualitative
result that stage did not significantly affect host choice (G =
2.50, d.f. = 1, P = 0.11).

Of those caterpillars that tasted a host plant within the
hour of observation, 56% tasted a different plant than the
one they have been collected from. This was not statistically
different from 50:50 expectations based on random tasting
(G = 0.22, d.f. = 1, P = 0.64). In this case we failed to find
evidence that the host plant that the caterpillars had previously
been feeding on affected their decision to taste lupine or a
different host (G = 4.02, d.f. = 2, P = 0.13, Fig. 2C). This
failure is partly attributable to reduced statistical power
associated with a smaller sample size, and two of the six
entries in the contingency table we used consisted of values
of less than five. If we repeated the analyses on data that
considered only two host types, lupine and non-lupine, we
found that caterpillars collected from lupine were marginally
more likely to taste another lupine leaf than it were for
caterpillars collected from the other host plants to choose that
same species (G = 3.80, d.f. = 1, P = 0.06). There were too
few independent replicates to evaluate whether previous host
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Table 2. Dragendorff assays for the presence of alkaloids in assayed
tissues.

Tissue assayed 2007 2008

Lupine foliage + +
Caterpillars fed lupine − −
Frass from caterpillars fed lupine + +

Poison hemlock foliage + .
Caterpillars fed poison hemlock − .
Frass from caterpillars fed poison hemlock + .

Fiddleneck foliage + .
Caterpillars fed fiddleneck − .
Frass from caterpillars fed fiddleneck + .

Food boluses dissected from caterpillars fed lupine . −
Empty guts dissected from caterpillars fed lupine . −
Parasitoid tachinid larvae . −
Positive responses are indicated by (+) and negative responses are
indicated by (−). Missing entries are indicated by (.). All 10 replicates
gave similar responses.

experience influenced the host that caterpillars chose to feed
upon (rather than simply taste).

Sequestration of dietary alkaloids

For all three of the host species examined, the leaf samples
gave positive responses to the Dragendorff assay, indicating the
presence of alkaloids in the foliage (Table 2). The 10 samples
(replicates) gave qualitatively similar results in this and all
other assays. Similarly, results of assays that were repeated
in 2 years were similar. Caterpillars that were caged with the
host plants tested negative for alkaloids when entire caterpillars
were ground up and assayed (Table 2). Frass that was collected
from sleeves that caged the caterpillars on each of the three
host plants tested positive for alkaloids, indicating that no
detectable levels of alkaloids were sequestered, but rather that
the alkaloids were excreted in the frass. This prompted a
more detailed examination of the fate of alkaloids in assays
in 2008. Large clumps (boluses) of food similar in size to
frass pieces move through the guts of the caterpillars before
excretion. However, both food boluses that were dissected
from caterpillars that had been feeding on lupine and from
gut tissue without food, tested negative for alkaloids. These
negative responses were not caused by insufficient masses of
food boluses or gut tissues, as equally small masses of foliage
or frass gave positive responses (Table 2). Furthermore, no
alkaloids were detected in the larvae of tachinid parasitoids
(Thelaira americana) that were dissected from caterpillars that
had been feeding on lupine, indicating that the alkaloids were
not being transferred to parasitoids.

Discussion

Caterpillars of P. virginalis move from host to host, sampling
and feeding on numerous different species and we found clear

support for the benefits of a mixed diet. Those caterpillars
that were caged with a mixed diet experienced greater relative
growth rates (Fig. 1) and a greater likelihood of surviving
and pupating than those caged with lupine only (Table 1). In
interpreting results from these experiments, we assumed that
individuals that left their cages were unsuccessful. While this
assumption may not be strictly correct, leaving a cage indicates
that the food or other conditions within it were unacceptable
for the caterpillar. Qualitative results that included only those
caterpillars that actually died during the experiment were
consistent with this conclusion, although the sample was too
small for statistical analysis. Our experiments were conducted
in the field where other natural sources of mortality (predation,
deaths resulting from unfavourable environmental conditions,
etc.) were also operating. We found consistent positive effects
of diet mixing across years, which further strengthens our
conclusions that a mixed diet is generally beneficial for
caterpillars at this study site.

Our field results provide some insights about the likely
mechanisms that favour diet mixing for P. virginalis caterpil-
lars. Returning to our original hypotheses, we found no support
for the More Food Hypothesis that diet mixing provides cater-
pillars with a greater absolute quantity of food, although our
results do not permit us to evaluate differences in the qual-
ity of food. Our results (Fig. 1 and Table 1) were consistent
with both the Balanced Diet and Toxin Dilution Hypotheses.
We were unable to distinguish whether caterpillars that mix
their diets consume complementary nutritional resources or
toxins (or both). Previous work at this study site indicated
that caterpillars parasitised by tachinid flies were more likely
to select poison hemlock than lupine, and were more likely
to survive their parasitoids when feeding on poison hemlock
(Karban & English-Loeb, 1997). Further research is needed
to test hypotheses relating diet mixing to parasitism loads of
caterpillars, as we could not include parasitism as a conditional
variable in our analyses.

We found no support for the Sequestration Hypothesis
despite the observation that the three common host plants
in this study (lupine, poison hemlock, and fiddleneck) all
contained alkaloids. Platyprepia virginalis caterpillars choose
to consume these alkaloid-containing plants even when grasses
and other forbs that lack alkaloids were readily available. Wink
and Schneider (1990) suggested four different, but not mutually
exclusive, ways for insects to deal with chemical defences of
plants: (1) they can choose to eat only those plants that contain
minimal amounts of allelochemicals, (2) they can evolve a gut
that allows uptake of nutrients but not allelochemicals, and
rapidly excretes foods that contain allelochemicals, (3) they
can detoxify or deactivate the allelochemicals while in the
gut, and (4) they can exploit the allelochemicals, sequestering
them for their own purposes. We found no evidence that
the caterpillars either avoided plant alkaloids or sequestered
them, at least not in a form that would react with the
Dragendorff’s reagent. The alkaloid assay that we used is
quite sensitive to most alkaloids and their N-oxides (non-
toxic) forms, so it is unlikely that the negative results stem
from a problem in detectability. Similar results were acquired
using thin layer chromatography to assay alkaloids (Susanne
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Dobler, University of Hamburg, pers. comm.). Our results
suggest that the alkaloids may be detoxified or deactivated
during the time that they reside within the caterpillar’s gut,
and that they again become reactive following excretion.
The alkaloids may also have been metabolised in the gut,
enabling the caterpillars to assimilate some metabolites and
to excrete others via the Malpighian tubules as alkaloids in
the frass. The mechanisms responsible for our results are not
known although similar observations have been made for other
caterpillars (Wink & Schneider, 1990; Fiedler et al., 1993;
Hartmann, 2009).

Behavioural observations reinforced the hypothesis that
highly polyphagous P. virginalis caterpillars prefer lupine
under many circumstances, and are spatially associated with
lupine stands. Caterpillars that had recent experience with
poison hemlock or fiddleneck were more likely to move
towards lupine and to taste lupine than they were to continue to
choose poison hemlock or fiddleneck. In contrast, caterpillars
with recent experience with lupine were equally likely to
remain on lupine or to move to one of the other hosts. All
caterpillars were initially placed on lupine at the start of the
behavioural observations, which may have biased the results
towards over-representing lupine as the chosen host. However,
this experimental procedure was the same for caterpillars
collected from all previous hosts, and the protocol should
not have biased the results toward the effects of previous
conditioning that we observed.

In conclusion, we found that caterpillars performed better
on mixed diets than on diets of lupine only under natural
field conditions. Diet affects the acquisition of nutrients,
secondary metabolites, enemy free space, etc. and multiple
factors must be considered when trying to understand the
evolution of diet mixing by generalist herbivores such as
P. virginalis. Unfortunately this means that explanations for
diet mixing are unlikely to be simple or involve single factors.
Furthermore, it is often difficult to separate the various causal
hypotheses in field experiments. We found support for the
Balanced Diet and Toxin Dilution Hypotheses, no support for
the More Food and Sequestration Hypotheses and we did not
evaluate the Predation Risk Hypothesis. Field observations
and chemical assays allowed us to rule out an absolute
shortage of food, or a strategy of sequestering alkaloids
as mechanisms favouring diet mixing. However, it is still
possible that caterpillars sequester metabolites of the alkaloids.
Behavioural observations suggested that recent exposure to
hosts influenced diet choice and that caterpillars actively chose
diets that included a majority of lupine with lesser amounts of
other alkaloid-containing hosts.
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