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Conservative resource utilization in the common blue butterfly —
evidence for low costs of accepting absent host plants?
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the common blue butterfly — evidence for low costs of accepting absent host plants?
— Oikos 107: 345-351.

We studied host plant preference of the common blue butterfly, Polyommatus icarus,
and larval performance on two different host plants, Oxytropis campestris and Lotus
corniculatus. The study species is a small lycaenid butterfly believed to be relatively
sedentary. The study populations originated from two different and widely separated
geographical areas. In one area both hosts are naturally occurring, with O. campestris
being most abundant at the study sites, in the other area only one of the host plants,
L. corniculatus, is present. There was no difference in oviposition preference or larval
performance between populations from the two different areas. Hence, P. icarus from
sites dominated by O. campestris has not evolved a higher preference for or better
performance on this host plant. More surprisingly, P. icarus from the area were
O. campestris is completely absent has retained not only good larval performance on
this host plant but also high female preference for it. This conservatism at a large
geographical scale is seen even though there seems to be genetic variation present in
both populations, at least for preference but perhaps also for performance. We suggest
that such lack of variation in resource utilization between populations may be evidence
for weak selection against “preferences” for plants that are rare or absent. A
combination of other constraining factors may also contribute to some degree,
especially stepping-stone gene flow between populations.

A. Bergstrom, S. Nylin and G. H. Nygren, Dept of Zoology, Stockholm University,
SE-106 91 Stockholm, Sweden (anders.bergstrom@zoologi.su.se).

Several studies have shown that habitat heterogeneity
affects genetic variation (Jaenike and Holt 1991,
Sandoval 1994) and that distinctness of resources even
can play a significant role in fostering resource poly-
morphism, with distinct intraspecific morphs showing
differential resource use (Smith and Skulason 1996).
More commonly found is intraspecific geographic varia-
tion in resource utilization behaviour, which has been
demonstrated in a number of animal species (Arnold
1981, Boinski 1999, Foster 1999). In those animals where
variations in habitat preference, such as for food
resource use and oviposition sites, have been most
extensively studied it is clear that genetic variation for
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such traits is common (Jaenike and Holt 1991). This is
not surprising considering the high spatial and temporal
variation in habitat between different areas, and the fact
that behaviour is the link between physiology and
ecology of animals (Bernays 2001). Resource related
selection leading to local adaptation seems to be the
norm rather than the exception. Phytophagous insects
have proven to be excellent organisms to study this
phenomenon, and rapidly evolving local adaptation in
resource use has been shown in a number of studies on
herbivorous insects (Diehl and Bush 1984, Singer et al.
1993, Kuussari et al. 2000). In insects the use of different
host plants in different populations can lead to large
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changes in gene frequency (Diehl and Bush 1984) and
host dependent selection can lead to divergent host
adaptations (Funk 1998).

In this light studies showing conservatism over large
geographic areas and time spans stand out as being the
exceptions. One study that has drawn attention to
conservatism in resource use is Wehling and Thompson
1997, concerning the butterfly Papilio zelicaon (Lucas) in
North America. Such conservatism in resource use is not
only of theoretical interest but can also potentially be a
danger to the preservation of a species, especially when
many environmental changes occur rapidly due to e.g.
changes in human land practises. An increased knowl-
edge and understanding of the evolutionary dynamics of
host plant use can thus be of importance in conservation
biology; especially concerning recovery plans for threa-
tened species.

In the present study we investigated whether any
differences in female host plant preference and/or
offspring performance can be found between two
populations of the common blue butterfly, Polyommatus
icarus (Rottemburg), inhabiting areas with different
resource availability. P icarus is a small lycaenid
butterfly believed to be relatively sedentary. The study
populations originated from two different geographic
areas (Fig. 1). In one area (the Baltic island of Oland)

1. Left:

Fig.
of Oxytropis campestris (indicated by squares), almost entirely
restricted to Oland. Right: map of Sweden showing the location
of the two study areas (S = Stockholm, O =Oland). The
shaded area indicates the approximate distribution of Lotus
corniculatus in Sweden.

map of Sweden showing the distribution
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both hosts are naturally occurring, with Oxytropis
campestris (L.) being most abundant at the study sites,
in the other area (Stockholm) only one of the host
plants, Lotus corniculatus (L.), is present and
O. campestris is completely absent. We predicted that a
difference in relative preference for the two host plant
species should be found between the populations, since
gene flow between them should be slight and differences
in selection on preference should exist. This expectation
is based on the assumption that a relatively higher
preference for a locally more abundant species should
increase realized fecundity in the field, especially in
comparison with high preference for a totally absent
plant species. If the shift in preference is large enough to
result in specialization on the locally abundant host there
may be additional advantages, such as better ability to
discriminate between plant individuals (within species)
that differ in quality (Janz and Nylin 1997).

Material and methods
Study species

The common blue, Polyommatus icarus (Lycaenidae:
Polyommatinae), is a Palaearctic butterfly. In Sweden it
is partially bi-voltine. The species is loosely associated
with ants (Fiedler 1990). Polyommatus icarus is an
oligophagous species with larvae feeding on a large
number of plant species within the Fabaceae family. The
exact number and hierarchy of host plant species are not
known. Preliminary tests have shown that females do
discriminate between plant species within Fabaceae when
given a choice (A. Bergstrom and S. Nylin, unpubl.); this
is also supported by field observations of ovipositing
females (Thomas and Lewington 1991).

Lotus corniculatus is often mentioned in the literature
as being one of the preferred host plants (Thomas and
Lewington 1991, Tolman and Lewington 1997, Asher et
al. 2001). Most records are from areas where Oxytropis
campestris is absent. In Sweden frequent oviposition on
this species has been observed on the island of Oland,
where the plant is abundant (O. Leimar, pers. comm.).

Experimental procedures and statistics

Experiments were conducted during the summers of
1999 and 2000 with butterflies from a total of four local
sites, from two geographically different areas. One study
area is located on the island Oland in the Baltic Sea, off
the south eastern coast of Sweden. The other area is in
the province of Stockholm further to the north (Fig. 1).
The distance between the two areas is approximately 450
km. Distances between study sites within the two areas
are approximately between 10 and 35 km. These sites
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were Alvaret and Tivelsrum on Oland, and Frescati and
Husa in the Stockholm area.

Both larval performance and female oviposition
preference experiments were conducted with two
different host plants within Fabaceae, common bird’s-
foot-trefoil, L. corniculatus, and yellow oxytropis,
O. campestris. L. corniculatus was collected at the
university campus area in Stockholm and O. campestris
came from potted plants originating from the study site
Tiavelsrum on Oland. Oxytropis campestris can be
considered as a remnant species in Sweden, from the
last ice age, and today has a very limited distribution. It
is still locally common on Oland but restricted to only a
few very small and fairly isolated sites on the adjacent
mainland and one site on Gotland. At the two study sites
on Oland it is abundant and outnumber L. corniculatus.
In the Stockholm area L. corniculatus is abundant while
O. campestris is completely absent. The current main
distribution of O. campestris is to the east in Russia on
the artic tundra.

Larval performance

Eggs were collected from wild caught females and larvae
were placed upon cuts of one of the two host plants as
they hatched. 15 larvae (5 from each of 3 different
females) from each area were raised on O. campestris
and the same numbers were raised on L. corniculatus (60
in all). These larvaec were weighed every third day and
then as pupae, for a total of four times. Larval growth
rates were calculated according to the formula: log
r = (logw1 — logwo)/d, where r is the daily growth rate,
w0 and w1 initial and final weights in each time interval,
and the number of days between measurements (Nylin
1991). For the larval performance analysis larval growth
was calculated as the mean value of the two obtained
larval growth rates. Another 197 larvae were raised on
L. corniculatus to be used for the preference experiment,
all of these individuals were weighed as pupae. All larvae
were tended to every day and supplied fresh plants when
needed. All inflorescence were excluded from the diet in
order to avoid inequalities. Larvae were kept individually
in plastic cups with stalks and leaves of host plants
standing in water and covered with mesh. They were
kept through all instars in a climatic room at 26°C and
L:D set at 22:2. Positions of the cups were randomly
moved on, and between, shelves in order to prevent
possible temperature and light differences within the
room.

Opvviposition preference

After adult eclosion all butterflies were sexed and
individually marked before being put into cages for
mating. After mating, females were put individually into
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small plastic cages, 20 x 20 x 10 cm, for preference
testing. All tested females were given a choice between
sprigs of L. corniculatus and O. campestris. At the end
of each day, after 8 hours, all eggs were counted. To be
included in the analysis a female had to oviposit a
minimum of 10 eggs per day for three days in total.
Preference values were calculated by dividing the number
of eggs on a host plant by the total number of eggs laid
by a female. Host plants presented were randomly
circulated between cages and changed regularly for
freshness. Cages with ovipositing females were kept
outside if sunny and under artificial light when cloudy.
Throughout the day all cages were repositioned to avoid
differences in light emission and temperature. All pre-
ference values were Arc-Sin transformed before statis-
tical analysis.

Statistics

Statistical analysis used was Nested design ANOVA
(when not otherwise indicated) in STATISTICA ‘99
Edition, Kernel release 5.5. Sites were nested in areas,
and families (offspring of a single mating) within years,
sites and areas. Families and sites were treated as
random factors, but because of the small number of
levels (which leads to uncertain estimates of variance in
these factors) we also explored the consequences of
treating them as fixed factors.

Opviposition preference for individual plants

In an additional experiment we controlled for possible
differences in female oviposition preference based
on host plant individuals rather than host plant species.
This was done in a preference test with 18 females
using 16 individually marked potted plants, 8 of each
host plant species. These plants were randomly chosen
from potted plants originating from the populations
actually used by the tested butterflies. This preference
test was conducted in the same way as previously
described.

Results
Larval performance

Larval performance (growth rate and pupal weight) was
analysed in two models including geographical area, site,
family, sex and host plant (nested ANOVA, total N =43
larvae, N =43 pupae).

There was a significant difference in larval growth
(p <0.001) between the two host plants. Larvae raised
on L. corniculatus grew faster. Female and male larvae
did not differ in larval growth rate up until pupation
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(p>0.73). There was no difference in growth rates
between the sites (p>0.35) or areas (p>0.62), but
families tended to differ (p =0.08). We also performed
three factorial ANOVAs with sexes pooled (N = 54), in
order to study any interactions between host plant and
family, site and area, respectively that could indicate
variation in relative performance on the two hosts. No
such interactions were found, for family (p > 0,37), site
(p =0.,49) or area (p > 0,23).

Performance on the two host plants were subsequently
analysed in separate models including area, site, family
and sex (nested ANOVA, total N =26 larvae on
L. corniculatus, N =17 larvae on O. campestris). Inter-
estingly, the results differed between the two host plants.
On L. corniculatus there was no significant differences
between areas (p > 0.65), families (p >0.92) or sexes
(p >0.52). However, sites within areas did differ
(p <0.001). On O. campestris, areas, sites and sexes did
not differ (p >0.49, p>0.70 and p > 0.77, respectively).
There were however significant differences between
families (p <0.01).

Pupal weights also differed between host plants
(p <0.001; nested ANOVA, total N =26 pupae on
L. corniculatus, N =17 pupae on O. campestris).
Individuals grown on L. corniculatus attained larger
pupal weights. Pupal weights also differed between the
sexes, with males being heavier than females (p < 0.001).
For this reason we performed different analyses for the
sexes (nested ANOVA, N = 16, males, N =27, females).
There was no significant difference in pupal weight
between larvae from different areas (males p >0.73,
females p > 0.07), sites within areas (males p > 0.33,
females p > 0.58) or families (males p > 0.61, females
p > 0.55). For this reason we did not perform factorial
analyses on pupal weights.

Oviposition preference

Oviposition preference was analysed in a model includ-
ing year of capture, geographical area, site and family
(nested ANOVA, total N =49 females). No difference in
female preference between the two years was found
(p >0.94). There was also no significant difference in
oviposition preference between the sites (p > 0.87; Fig. 2)
or between the two different areas (p > 0.46). There were
statistically significant differences between families
(p <0.05). This difference was not significant when
excluding (from the complete model) families where
only one female could be tested (p=0.06, N =35;
Fig. 3). However, when years, areas and sites were
pooled in a non-nested one-way ANOVA (as suggested
by the non-significance of these factors) the family
differences were again significant (p < 0.02, N = 35).
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Fig. 2. Preferences of Polyommatus icarus females (originating
from different areas and sites) for Oxytropis campestris in a
choice between this plant and Lotus corniculatus. N =49

females: Tavelsrum N =20, Alvaret N =35, Frescati N=18
and Husa N =6.

Ovviposition preference for individual plants

Preference for individual plants was analysed using
nested ANOVA with plant individuals nested within
plant species. Plant individuals were treated as random
factor. There was no difference in preference between
plant individuals (p > 0.61).

Discussion

The results of this study show that P icarus is
evolutionarily conservative in its utilization of the two
tested host plants, L. corniculatus and O. campestris, at
the population level. Why are P, icarus from Oland and
Stockholm so similar in their performance and prefer-

Family preference for O. campestris
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Fig. 3. Preferences of Polyommatus icarus females from differ-
ent families for Oxytropis campestris in a choice with Lotus
corniculatus. Total N = 35 females (2—8 females in each family).
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ences, despite the differences in plant communities
between the two studied populations?

That there is no difference in larval performance
between the populations is perhaps less surprising than
the lack of preference differences. In general it seems that
most insects are more conservative in physiological traits
than in behavioural, so that often there are weak or no
relationship between oviposition preference and off-
spring performance among populations or genotypes
(Futuyma et al. 1984, Janz et al. 1994, Craig et al
1999). However, the variation in growth rate observed
between families from the same sites on O. campestris,
and instead between individuals originating from differ-
ent nearby sites on L. corniculatus, shows that evolution
in performance variables is occurring and that there is
potential for evolution also in relative performance on
the two hosts.

Relative host plant quality (performance) could be
expected to often influence host plant utilization: if one
host plant is of higher quality there should be some
degree of selection for preferentially using that host. This
does of course assume that there is a genetic component
to host plant preference, which often seems to be the case
(Jaenike 1983, Fox 1993). Our results in the present
study would seem to indicate that L. corniculatus is a
more suitable host, but some uncertainty remains. There
might be factors in the field — making O. campestris a
superior host — that cannot be controlled for in the
laboratory. Furthermore, our result could partly be an
artefact of a better supply of plants with higher quality,
since we had better access to fresh L. corniculatus
towards the end of the rearing period. Based on results
of a more recent study using potted plants (A. Berg-
strom, G. Nygren and S. Nylin, unpubl.), we believe that
the two plants actually are of more similar quality than
indicated here. It does seem unlikely that two host plant
species are ever exactly equal in quality, but for the
purposes of the following discussion both plant species
can be considered as high-quality hosts.

Females from the Stockholm area have retained a high
preference for a plant, O. campestris, which is never
encountered in the wild. Conversely, females from Oland
have not evolved local adaptations for preferentially
using O. campestris, which is common in that area.
There are several possibly contributing factors that could
in part explain such a result.

Firstly, could it be that differences between the
populations cannot evolve, because of lack of genetic
variation? Zangerl et al. (2002) describes a case of
paradoxical preference for a low-quality host, possibly
explained by lack of genetic variation following a
colonization event 150 years ago. That there is in fact
genetic variation in preference present in the gene pools
of P icarus is however suggested from the experimental
result that families did show differences in host plant
preference.
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Secondly, Oxytropis and Lotus, and perhaps all
Fabaceae, might contain identical or very similar che-
mical cues that reveal them as suitable host plants.
Females might not discriminate between plant species
but between different levels of chemical cues. A recent
study done by Singer and Lee on the butterfly Melitaea
cinxia (L.) showed that some females discriminate
between individual host plants rather than between
host plant species (Singer and Lee 2000). A preliminary
cafeteria experiment (A. Bergstrom and S. Nylin,
unpubl.) as well as field observations (Thomas and
Lewington 1991) indicate that females do discriminate
between species within Fabaceae, all plant species are
not equally accepted. If O. campestris and L. cornicula-
tus contain similar amounts of the trigging substance(s),
then this could perhaps help explain the obtained
results — although this is very difficult to reconcile
with the observed variation among families in relative
preference for the two species. In addition, there was no
indication that individual plants were consistently pre-
ferred.

Thirdly, gene flow between areas and populations can
counteract local adaptations for host use. Immigration
of individual butterflies between Stockholm and Oland
within a season is highly unlikely, but the species is
common in most parts of Sweden. In a study on
distribution and abundance of lycaenid butterflies in
Colorado, USA, the study sites were at least 0.5 km
apart. This, the researchers claimed, was likely to
minimize migration since lycaenids are weak-flying
butterflies (Hughes 2000). Personal observations
(A. Bergstrom) suggest that the common blue is a fairly
strong flyer for a lycaenid, a view supported by Asher
et al. (2001). It is not unlikely that individuals are
capable of migrating between the local sites within the
two compared areas. If individuals from sites without
O. campestris on Oland migrate to the experimental sites
local adaptation can be precluded at the source sites for
this study, where the plant is very abundant. The amount
of gene flow between the two compared areas (Oland
and Stockholm) is however probably small, but it cannot
be ruled out that some “stepping-stone” gene flow
contributes to the lack of local adaptation (Peterson
1996).

We suggest, however, that the most relevant inter-
pretation of results such as those presented here is that
they challenge the basic assumption behind predictions
regarding adaptation to the local plant community. It
may well be that there is no or little cost of retaining
preference for a host plant never encountered in the wild.
If there is no cost then there is no direct selection against
retaining an absent host plant in the repertoire, and
evolution of host plant range would occur only through
genetic drift and other indirect evolutionary processes
that do not necessarily produce local adaptation. Several
potential costs have been suggested for organisms being
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generalists — in this case utilising several different host—
plant species — compared to specializing on a narrow
range of resources (Janz and Nylin 1997). However, most
of these are not relevant as costs of having preferred but
absent potential hosts, instead they are typically costs of
actually utilizing several hosts.

Some more relevant costs in the present context that
have been discussed in the literature recently are: less
efficient search images, longer search and handling
times, increased risk of predation during search and
oviposition and an increased risk of oviposition mistakes
(Bernays 2001). The mechanism for these costs might be
found in the information processing theory which states
that organisms are limited by their neural capacity for
information processing (Janz and Nylin 1997, Nylin et
al. 2000, Bernays 2001). It has been suggested that
efficiency factors could influence both diet breadth and
changes in host plant use (Bernays 2001). We suggest
that future studies of conservative host plant ranges
should include preference studies in situations where also
the search behaviour over larger distances can be
included. This is because it is possible to imagine that
costs of wide host plant ranges occur only or mostly in
terms of information processing by ovipositing females
searching for plants. Preference differences among
populations may be found in more natural situations
even though they are not revealed in relatively small
cages, such as those typically used in the laboratory.

The lack of local adaptation for resource use in some
butterflies (present study, Nylin, S., Nygren, G. and
Windig, J., unpubl., Wehling and Thompson 1997) is a
phenomenon that we believe is worthy of more attention.
It is at present not at all clear how general such patterns
are. Recent results (Novotny et al. 2002) suggest that
phytophagous insects even in tropical areas may be less
specialized than has previously been thought (impacting
strongly on estimates of global biodiversity). In other
words, it now seems probable that most phytophagous
insects have host plant repertoires including several plant
species. The degree of conservatism of such host plant
ranges will have clear and important consequences for
theory on the evolutionary dynamics of host plant
utilization, including the possibility of speciation and
biodiversity being influenced by host plant use.

In conclusion, we would like to stress that conserva-
tism in host plant use is not necessarily non-adaptive.
Retaining a conservative and relatively wide host plant
range (including also absent plants), rather than quickly
specializing on locally abundant hosts, might be adaptive
in a changing environment. Such a species could be pre-
set for use of other host plants than the ones being
locally abundant at present (cf. Wiklund 1981 on the
function of preference hierarchies). In other words, what
seems like a conservative trait — under evolutionary
constraints — can actually turn out to be a mechanism
that enables flexibility under changing circumstances.
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The wide and conservative host plant range observed in
e.g. P icarus may not be an adaptation for this function
in the strict historical sense of the word, i.e. that selection
has acted to form and preserve it because it serves as a
safe-guard against environmental change. It may be
purely due to genetic and other constraints on evolution.
Ironically, however, such constraints may clearly have
adaptive consequences.
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