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Abstract

Introduced species may impact native species and communities in many ways. One which has received relatively little attention is
by serving as resources for natives, thereby altering their ecology. We address such impacts on the California butterfly fauna as
currently understood. Eighty-two of California’s approximately 236 butterfly species (34%) are reported as ovipositing or feeding
on introduced plant taxa. Many more utilize introduced plants as nectar sources. Interactions with introduced plant taxa are not

distributed evenly among butterfly species. Alpine and desert butterflies interact with relatively few introduced plants because few
exotic plant species have reached and successfully colonized these habitats. Other California butterfly species are specialists on
particular plant families or genera with no exotic representatives in California and have thus far failed to recognize any introduced

plants as potential foodplants. Some California butterflies have expanded their geographic ranges and/or extended their flight sea-
sons by feeding on exotic plants. However, negative impacts of exotic plant species can also occur. At least three of the state’s
butterfly species currently lay eggs on introduced taxa that are toxic to larvae. Impacts of introduced plant taxa on California’s

butterflies are expected to increase as both habitat conversion and alien introductions accelerate.
# 2002 Published by Elsevier Science Ltd.
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1. Introduction

Exotic plant species are increasingly recognized as
having broad scale effects on the structure and function
of biotic communities across the world (Cronk and
Fuller, 1995; Mack et al., 2000). California now has at
least 1057 naturalized plant species; these exotics are a
prominent feature of many California ecosystems and
completely dominate native plants in some habitats
(Rejmanek et al., 1991; Heady, 1995).
Although much of the research on invasive plants has

focused on competitive effects, there are many other
ways in which introduced plants can alter ecosystems.
Invasion of an area by an introduced plant can have
large direct and indirect effects on native herbivores,
particularly those species for which the plant serves as a
potential foodplant (see Bowers et al., 1992, and Nagy
et al., 1998, for examples). The effects of rangeland
weeds on livestock have been relatively well studied for

economic reasons (Lorenz and Dewey, 1988; James et
al., 1991). However, effects of exotic plants on herbi-
vorous insects have the potential to be much greater due
to the greater specificity and limited mobility of most
insects, especially in the larval stages.
Introduced plants may promote oviposition by native

herbivorous insects even if they are toxic to larvae, pre-
venting development to adulthood (Remington, 1952;
Straatman, 1962; Sevastopulo, 1964; Bowden, 1971;
Chew, 1977). For larvae with limited capacity for
movement in the early instars, this situation can lead to
complete mortality for eggs deposited on such a plant.
In the long term, we expect natural selection to produce
either physiological adaptations for feeding on the plant
by larvae or changes in oviposition preferences of adult
females resulting in avoidance of the plant for oviposi-
tion. However, in the short term, a toxic introduced
plant that promotes oviposition can serve as a popula-
tion sink, resulting in decreases in population size and
possible extinction, especially of small, vulnerable
populations (Courant et al., 1994; Porter, 1994). Intro-
duced hosts could also facilitate hybridization between
specialist insects, resulting in loss of genetic diversity
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(see Rhymer and Simberloff, 1996; this may be occur-
ring in the butterfly Glaucopsyche lygdamus in the
northeastern USA; Dirig and Cryan, 1991).
On the other hand, some introduced plants that pro-

mote oviposition may be high quality host plants for
native insects and result in the expansion of the local
host plant range. This can occur if native insects are
preadapted to feed on the plant or when they overcome
the initial toxicity or low palatability of introduced
plants via natural selection (Thomas et al., 1987; Bowers
et al., 1992; Karowe, 1990; Singer et al., 1993; Courant
et al., 1994). The addition of a novel plant to the host
plant range can buffer the insect population from fluc-
tuations in availability of native host species and/or
allow it to maintain itself in disturbed and urban areas
when native host populations decline or go locally
extinct (Shapiro, 2002). In the case of crop plant
monocultures, the increase in biomass of acceptable
host plants may permit much larger populations of a
species in a particular area than was possible prior to
cultivation (Shapiro, 1979; Tabashnik, 1983). If the
introduced host plant has a different phenology than the
ancestral host species, incorporation of the novel plant
into the host plant range may permit the evolution of
increased multivoltinism (Shapiro, 1975a, 1995; Shapiro
and Masuda, 1980). Phytophagous insects are often
limited by the geographic range of their hosts (Bernays
and Chapman, 1994; Loxdale and Lushai, 1999). Intro-
duced hosts, having a broader geographic range than
native hosts, may permit the expansion of the insect
population geographically. This may result in rapid
evolution of local adaptation (Carroll et al., 1998; Gro-
man and Pellmyr, 2000). In some cases, introduced
hosts may serve as refuges from parasitoids and/or pre-
dators if these natural enemies use different cues for
locating host plants of insect prey/hosts than the cues
used by the herbivores themselves (Fox and Eisenbach,
1992; Gratton and Welter, 1999) and may also alter or
reduce exposure to pathogens (Jaenike, 1990). The most
extreme consequence of adopting an introduced host is
speciation, as claimed for the apple maggot Rhagoletis
(Feder, 1998).
The goal of this paper is to examine the actual and

potential impacts of introduced plant species on one
element of California’s native insect fauna: the butter-
flies. Butterflies are well suited for such an analysis since
they are large and conspicuous compared to most other
insects and are studied by large numbers of both pro-
fessional and amateur lepidopterists. We are thus more
likely to have data on recent use of introduced plants by
butterflies than for most other insect taxa. It is hoped
that this paper will serve both to kindle interest in the
impacts of exotic plant species on phytophagous insects
in general and to accelerate and encourage the collec-
tion of this type of data for butterflies and other herbi-
vores.

2. Methods

Introduced plants naturalized in the state were iden-
tified by using The Jepson Manual (Hickman, 1993)
with a couple of exceptions. The plant Rorippa nas-
turtium-aquaticum (also called Nasturtium officinale) is
recognized as introduced (Munz, 1968) though it is not
so recorded in The Jepson Manual. This was assumed
to be an oversight, and this plant was considered intro-
duced in the state (Rejmanek and Randall, 1994).
Information on distribution and country of origin was
also based on designations in The Jepson Manual, and
all plant names used in the paper are based on this
reference. Information on ornamental and cultivated
plants came from the Sunset Western Garden Book
(Hogan, 1988). We omitted a few plants, such as Phyla
(=Lippia) nodiflora, usually considered aliens, but
whose status as such is in doubt (Rejmanek and Ran-
dall, 1994). We also treated Helianthus annuus var.
macrocarpus, the cultivated sunflower, as introduced,
although The Jepson Manual treats the species as
native.
Data on use of introduced plants by California but-

terflies were obtained by searching both the primary and
the secondary literature for references and by contacting
California lepidopterists. Some sources of information
covered a broader geographic area than the state of
California. Most secondary sources, such as field guides,
simply compile lists of hosts without specifying geo-
graphic sources or specific publications. Many of these
‘‘records’’ are probably erroneous and the vast majority
cannot be tracked down. In these cases, all references
for butterfly use of introduced taxa known to be natur-
alized in California were recorded though it was recog-
nized that some of these records undoubtedly came
from outside the state and some were based on mis-
identifications. Attempts were made to find the original
sources for these records and/or to corroborate them
with California data. If this could not be done, the
records were analyzed based on geographic overlap
(Stanford and Opler, 1993; Hickman, 1993; Whitson,
1996) and broad habitat affinities of the plant and but-
terfly taxa within the state. Those records that seemed
extremely unlikely to have come from California were
eliminated from the data set. Those that seemed rea-
sonable were retained as possible California records.
Some records indicated that larvae were taken from one
plant and reared on another—these rearing records
were not included in our data set.
Some host plant designations were given at the level

of the genus instead of the species. In these cases, it was
assumed that records were for native plant taxa if those
were available. Records at the level of the genus were
included in the data set only when all species in the
genus in California are introduced. The most recent
field guide (Opler and Wright, 1999) rarely identifies
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host taxa in detail, instead using broad descriptors like
‘‘rock cresses’’ or ‘‘wild buckwheats.’’ We did not
attempt to translate these into Latin binomials.
All records of California butterflies using introduced

taxa were ranked as to the level of confidence in that
record. Of interest was whether the butterfly naturally
uses the plant in California, even if rarely. Combina-
tions ranked as ‘‘High’’ were considered well docu-
mented in the state. A ‘‘Moderate’’ ranking was given to
combinations that seemed reasonable given known
foodplants of the butterfly and distributions of both
butterfly and plant in the state; these records represent
good possibilities but need confirmation. Records of
butterflies on plants that seemed possible though unli-
kely for this state given the distributions and habitat
affinities of the plant and butterfly species in California
were ranked as having ‘‘Low’’ confidence. Some records
were considered valid for oviposition but unlikely as
actual foodplants of the butterfly listed; these were
ranked as ‘‘Oviposition Only.’’ If the plant was known
to be toxic to larvae, the designation’’Lethal’’ was
added as well. A few plants seemed unlikely not only for
California but for the particular butterfly taxa in gen-
eral; these were noted as ‘‘Unlikely.’’

3. The California butterfly fauna

California has approximately two hundred thirty six
species of butterflies (Garth and Tilden, 1986) in nine to
eleven butterfly families, depending on accepted tax-
onomy (Comstock, 1927; Emmel and Emmel, 1973).
The butterfly fauna is primarily derived from three ele-
ments: Holarctic taxa that share affinities with many
temperate Eurasian butterflies, Sonoran taxa typical of
the western United States and northern Mexico, and
more tropical taxa that tend to enter California only in
the southern half of the state (Garth and Tilden, 1986).
Although the butterfly fauna itself is considered well-
known, there are still species for which life history and
host plant data are lacking. For example, early stages
and specific host plant data remain unknown for many
of the Hesperiid skippers that feed on unidentified
grasses. In addition, although the broad outlines of
butterfly species’ distributions in the state are well
characterized, there remain many remote, often mon-
tane areas that are little collected. This is especially the
case in months outside the prime flight season for local
butterflies. Largely because of this, new local records
and significant range extensions continue to be docu-
mented. However, the geographic locations where our
knowledge of butterfly hostplants is most lacking tend
to be remote, high altitude areas little impacted by
introduced plant taxa (Frenkel, 1977), so the holes in
our data are less significant for this paper than they
might at first appear.

4. Introduced plants in California

The development of California’s rich alien flora has
been reviewed recently by Randall et al. (1998). It is
estimated that 16 exotic plant species became estab-
lished during the Mission period (1769–1825), 63 more
during the Mexican period (1825–1848), and an addi-
tional 55 during the Gold Rush period (1849–1860)
(Rejmanek et al., 1991).
The rate of exotic introductions increased significantly

in the twentieth century. Jepson reported 292 natur-
alized species in 1925, Robbins et al. (1951) reported
497 ‘‘weeds’’ in California, Munz and Keck reported
797 introduced species in 1957, updated by Munz to 975
in 1968 (Rejmanek et al., 1991). The recently published
Jepson Manual of Higher Plants of California lists 1057
species as naturalized in the state (Hickman, 1993).
These figures fail to include many crop plants (Cali-
fornia Department of Food and Agriculture, 1996) and
garden ornamentals (Hogan, 1988) planted in Cali-
fornia since they fail to propagate themselves outside of
cultivation, a distinction that probably means little to
phytophagous insects. The actual number of exotic
plant species to which the butterflies of the state might
be exposed is thus actually much greater than these
numbers imply, and most of the interactions have begun
in the very recent past.
Exotic plant species are not distributed uniformly

across the state. In California, the presence of intro-
duced species tends to drop off with increasing altitude
(Frenkel, 1977; Schwartz et al., 1996). More than 30%
of the 1057 introduced species of plants listed in The
Jepson Manual (Hickman, 1993) are found only at ele-
vations below 300 m and more than fifty percent are
found only below 500 m. Only approximately six per-
cent of all introduced species are found above 2000 m
and less than two percent are found above 2500 m
(Fig. 1). Fig. 2 demonstrates that this trend is well-dis-
tributed across both large and small plant families as
represented in the California flora. Therefore, the extent
of exposure to exotic plant species varies greatly
depending on the geographic distribution of particular
butterfly taxa. In California, maximum butterfly faunal
richness occurs at mid-elevation (1500–2500 m) on the
west slope of the Sierra Nevada and in the Trinity Alps
and High North Coast Ranges (Shapiro 1996; Stanford
and Opler, 1993; Shapiro and Richerson, unpublished),
with a second center of diversity in the deserts of the
southeastern part of the state. Low-elevation butterfly
faunas west of the Sierra–Cascade axis are relatively
undiverse. However, most of the records reported here
are from these low-elevation faunas.
The distribution of introduced plant taxa differs

greatly by region as well as elevation. In general, exotic
species tend to be more common in disturbed areas and
along transportation corridors that facilitate their
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spread. Approximately 5% (51/1057) of California’s
introduced taxa (data from Hickman, 1993) are broadly
distributed across the state; another 15 percent are
found in all or most of the California Floristic Province.
Coastal regions of the state are particularly rich in
introduced taxa; this narrow strip of land running the

length of the state and supporting truly coastal plant
communities harbors 73% of the exotic plant species
found in California (Fig. 3) (see Hickman, 1993, for
more detailed descriptions of the geographic subdivi-
sions of the state). The coastal fog belt harbors several
endemic butterfly taxa, but overall has a relatively

Fig. 1. Elevational distribution of California’s introduced plant taxa; date from Hickman (1993).

Fig. 2. Numbers of introduced plant species of five families as distributed by altitude in California (data courtesy M. Rejmanek).
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undiverse fauna, as is typical of cool, cloudy areas. The
Bay Area urban fauna is very heavily associated with
introduced host plants, however. California’s Central
Valley is home to almost half (47%) of the state’s
introduced plant taxa. Although it has relatively few
butterfly species, most of them are associated with
introduced hosts (Shapiro, 1974a,b, 1984). This is par-
ticularly true in ‘‘valley grassland’’ (Heady, 1995) where
native hosts are largely extirpated. Both the Sierra
Nevada and the Cascade ranges harbor approximately
39 percent of the state’s exotic plant taxa though the
numbers drop off as one increases in altitude. Desert
regions (14%) and the Great Basin Province (15%) have
fewer exotic plant taxa (Fig. 3).

5. Butterfly–exotic plant interactions

California’s butterflies interact with introduced plants
in a variety of ways. For example, yellow star thistle,
Centaurea solstitialis, is considered one of the state’s
worst weeds, but now serves as a major nectar source
for many Central Valley and foothill butterflies.
Migrating monarch butterflies, Danaus plexippus, now
predominantly utilize introduced Eucalyptus trees as
communal winter roosting sites along the California
coast (Lane, 1993). This is due to a scarcity of large

native trees (decimated by logging and development)
near the coast and possibly because Eucalyptus trees
provide both shelter and a source of nectar for the but-
terflies (Westman, 1990). However, the major direct
impact of introduced plant species on California’s but-
terflies occurs when butterfly taxa recognize these exotic
plants as potential larval hosts.
We have compiled records of 82 species of California

butterflies feeding on exotic plant species in the state. Of
these, 59 species (61%) have records that are well
documented in the state (a ranking of high in Table 1)
and 70 (85%) have records for which we have either
moderate or high confidence. The remaining 12 species
have records in which we have low confidence and may,
upon further examination, be invalid. The number of
exotic plant species reported to be used by different
butterflies varies greatly from a single species for 26 of
the butterflies to a high of 42 species for the painted
lady, Vanessa cardui (Fig. 4).
At least nine California butterfly species, and prob-

ably more, have increased their geographic range by
colonizing exotic host plants. Three of these evidently
entered the state only after the introduction of exotic
host plants. Agraulis vanillae, the Gulf Fritillary, is the
state’s only representative of the tropical butterfly
family Heliconiidae. In California, it feeds solely on
introduced passionflower species (Passiflora) planted as

Fig. 3. Distribution of exotic plant species in California by region. The numbers for individual areas include plant species distributed more widely.

Data and regional designations are from Hickman (1993). (C.R. and SnFB=Coast Ranges+San Francisco Bay area.)
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oramentals in urban and suburban areas (Copp and
Davenport, 1978). Papilio cresphontes, the Giant Swal-
lowtail, is found across most of the eastern United
States and ranges south to Colombia (Scott, 1986). It
was first recorded in California in 1963 (Emmel and
Emmel, 1973) where it feeds exclusively on planted
Citrus species, occasionally causing economic damage.
Calpodes ethlius, the Brazilian Skipper, invades Cali-
fornia from Mexico and breeds on ornamental Canna
species (Orsak, 1978). Although C. ethlius has been col-
lected on a number of occasions in southern California,
it does not seem to have established a permanent
breeding population in the state.
In at least two and possibly many cases, the use of

exotic hosts has enabled butterfly species in California
to extend their breeding seasons, resulting in more gen-
erations each year, in addition to extending their geo-
graphic ranges. Papilio zelicaon, the anise swallowtail,
typically has one to two generations in the mountains
and foothills of California where it feeds on native
apiaceous hosts. However, along the coast, in the San
Francisco Bay Area and the urbanized south coastal
plains and in the Central Valley, P. zelicaon feeds on
introduced sweet fennel, Foeniculum vulgare, and pro-
duces four to six or more generations each year. It is not
known if or to what extent P. zelicaon was present in the
Central Valley prior to the introduction of these plants.
It also breeds on cultivated Citrus in both southern

California and a small area at the north end of the
Central Valley (Shapiro, 1995). Although there are cur-
rently no native summer hosts in the valley, it is possible
that P. zelicaon used native species associated with pre-
viously widespread tule marsh communities (Shapiro,
1995). In any case, the use of exotics has greatly exten-
ded the range of P. zelicaon in lowland California.
In a similar case, Pieris napi is generally univoltine in

the Sierra Nevada foothills but becomes bivoltine in
these habitats by breeding on Rorippa nasturtium-aqua-
ticum, a perennial aquatic plant introduced from Eur-
ope (Shapiro, 1975a). The aquatic habit of R.
nasturtium-aquaticum results in it remaining green and
succulent long after most other vegetation has dried out.
Using R. nasturtium-aquaticum has allowed both P. napi
and the introduced P. rapae to extend their ranges into
areas of the foothills that previously had no brassicac-
eous hosts in summer (Shapiro, 1975a). The recently
established, very aggressive weed Lepidium latifolium
has facilitated a massive invasion of P. rapae into
riparian zones in the western Great Basin, where it was
formerly rare or absent (Shapiro, personal observation).
Shapiro (2002) hypothesizes that many of the weedy

multivoltine butterflies now associated with exotic hosts
in disturbed habitats in California originated in the
(now much reduced) marshlands, where they had native
hosts that remained usable for breeding in the otherwise
hot, dry summer. If this is correct, introduced hosts

Fig. 4. Numbers of exotic hosts reported to be utilized by those California butterfly species reported to utilize exotics.
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related to their ancestral native ones may have been the
critical factor allowing these taxa to maintain popula-
tions in the lowlands after the marshlands were deci-
mated by development. Shapiro (2002) also provides
data demonstrating that in Davis, Yolo County, in
California’s Central Valley, 29/32 butterfly species breed
on introduced plants and 13 have no known native
hosts in Davis at all. Introduced taxa have thus become
a critical component of the habitat within the city; this
is probably representative of the California urban and
suburban fauna overall.
Cultivated alfalfa, Medicago sativa, has proven to be

an attractive exotic host for a number of California
butterflies and its abundance has permitted increased
population size in addition to range expansion for some,
if not all, of them. California alfalfa fields can usually be
spotted at a distance in summer by the yellow swarms of
Colias eurytheme. Essig (1915) reported that in 1913,
less than 50 years after the introduction of alfalfa,
thousands of C. eurytheme were present over every acre
of alfalfa in cultivation from Imperial County near the
Mexican border to Modoc County in far northeastern
California. Use of alfalfa in California has also been
reported for Colias alexandra (questionably), Colias
philodice, Erynnis funeralis, Hemiargus ceraunus gyas,
Leptotes marina, Lycaeides melissa, Strymon melinus,
Thorbyes pylades, and Vanessa cardui (Table 1). Alfalfa
commonly escapes to roadsides and waste ground, and
some of these butterflies may ‘‘follow’’ it there, some-
times far from cultivation. The alfalfa-feeding L. melissa
constitutes a recently evolved ecotype or ecological race
(C. Nice et al., 2002). It can now be found breeding on
‘‘feral’’ alfalfa along roadsides throughout northeastern
California.
An apparently new ecotype of Glaucopsyche lygdamus

feeding on naturalized annual vetches has spread
rapidly along highway embankments in both the Cen-
tral Valley and adjacent foothills since 1970 and is now
penetrating foothill habitats where native perennial
hosts are still used. A parallel phenomenon in the same
species in New York state since the 1960s potentially
threatens the genetic integrity of a rare, endemic sub-
species (Dirig and Cryan, 1991).
The invasion of an area by an introduced plant spe-

cies can have negative consequences for butterfly taxa
that recognize the plant as a potential host. Papilio
zelicaon is currently laying eggs on Ammi visnaga, an
introduced apiaceous plant, in California’s Sacramento
Valley. Larvae of P. zelicaon from these populations are
unable to survive on A. visnaga and usually die before
reaching the third instar (Graves, 1997). Eggs laid on
this plant in the field are thus wasted, and continued
oviposition on this plant has the potential to reduce
population numbers, though there is no evidence this is
currently occurring. A similar phenomenon was noted
for Pieris napi macdunnoughii and P. occidentalis on the

exotic Thlaspi arvense in Colorado (Chew, 1977).
Although P. napi occurs in different habitats than the
plant in California, both P. occidentalis and P. protodice
lay on T. arvense here despite the fact that it is lethal to
larvae (AMS, personal observation). Overall, T. arvense
is less common in California than in Colorado.
California butterfly species are differentially exposed

to introduced potential host plants. The state’s 14 alpine
butterfly species have very little, if any, exposure to
introduced plant taxa due to their restriction to high
altitudes. None of these species is recorded as feeding on
introduced taxa in California; records in Scott (1986)
for Lycaena phlaeas on the introduced taxa Rumex
acetosella and Rumex crispus are almost certainly for
the eastern subspecies, which may itself be introduced
from Europe. Desert taxa are also exposed to fewer
exotic taxa than most. Of the 27 butterfly species that
are largely confined to the desert regions of the state,
only three (11%) are recorded to feed on introduced
taxa. These interactions have been facilitated by irri-
gated agriculture in desert areas and the towns that
accompany agriculture. All three of these taxa feed on
plants associated with cultivation and/or urban areas:
Phoebis agarithe on ornamental Senna (Cassia) species,
Hemiargus ceraunus gyas on cultivated alfalfa, and
Copaeodes aurantiaca on bermuda grass (Cynodon dac-
tylon), commonly grown in lawns.
Other butterfly taxa are exposed to few, if any, good

potential introduced hosts due to their specialization on
particular plant lineages with no exotic members in
California. Absence of phylogenetically-related plants,
while not necessarily a barrier to colonization of exo-
tics—especially if a secondary-chemical ‘‘bridge’’ unites
them (Ehrlich and Raven, 1964)—does make such
colonization less likely. There are 25 species in the
California butterfly fauna (10.6%) that are specialists
on plant families that, according to the Jepson Manual,
have no naturalized exotics present in the state (Table 2).
Of these, only two, Nymphalis californica, the California
tortoise-shell, and Erynnis tristis, the mournful dusky-
wing, are recorded on introduced hosts. In the case of
N. californica, the record, on cultivated alfalfa, is from a
single source and is considered somewhat unlikely. The
other species, E. tristis, feeds on the ornamental cork
oak, Quercus suber, a member of the same plant family
as its native hosts, on the University of California Davis
campus where it is widely planted (Shapiro, 1974b) and
thus falls outside our criteria for this group. This case,
like that of Agraulis vanillae on ornamental passion-
flowers, does illustrate, however, that localized orna-
mental plantings of exotics cannot be ignored in terms
of potential impacts on native insects even if these
plants fail to become naturalized. While there are no
recorded exotic host plants for the pine-feeders Incisalia
eryphon or Neophasia menapia in California, I. eryphon
has colonized planted Monterey pine, a native plant on
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Table 1

Records of California butterflies on non-native host plants (some of these records may not be from California—see Section 2 in text)

Butterfly species Plant species Confidence level Source

Agraulis vanillae Passiflora alato-caerulea High Copp and Davenport, 1978

Agraulis vanillae Passiflora incarnata High AMS, personal observation

Agraulis vanillae Passiflora caerulea High Copp and Davenport, 1978

Agraulis vanillae Passiflora manicata High Copp and Davenport, 1978

Agraulis vanillae Passiflora spp. High Emmel and Emmel, 1973; Garth and Tilden, 1986

Amblyscirtes vialis Poa pratensis Low Tietz, 1972

Anthocharis lanceolata Sisymbrium officinale Moderate Tietz, 1972; Scott, 1986

Anthocharis sara Barbarea verna High Shapiro, 1980; Scott, 1986

Anthocharis sara Barbarea vulgaris High Opler, 1967; Emmel and Emmel, 1973; Scott, 1986

Anthocharis sara Brassica napus High Shapiro, 1974b; Scott, 1986

Anthocharis sara Brassica nigra High Garth and Tilden, 1986; Scott, 1986; Brown et al., 1992

Anthocharis sara Brassica rapa Moderate Tietz, 1972; Garth and Tilden, 1986; Scott, 1986

Anthocharis sara Capsella bursa-pastoris Unlikely Scott, 1986

Anthocharis sara Hirschfeldia incana High Shapiro, 1974b; Scott, 1986

Anthocharis sara Tropaeolum spp. Low Scott, 1986

Anthocharis sara Raphanus sativus High Shapiro, 1974b; Scott, 1986

Anthocharis sara Sinapis alba Moderate Tietz, 1972; Scott, 1986

Anthocharis sara Sinapis arvensis High Opler, 1967; Emmel and Emmel, 1973; Garth and Tilden,

1986; Scott, 1986

Anthocharis sara Sisymbrium officinale High Opler, 1967; Tietz, 1972; Emmel and Emmel, 1973; Garth

and Tilden, 1986; Scott, 1986

Atalopedes campestris Cynodon dactylon High Tietz, 1972; Shapiro, 1974b; Garth and Tilden, 1986;

Scott 1986

Atalopedes campestris Digitaria sanguinalis Moderate Tietz, 1972; Scott, 1986

Atalopedes campestris Eleusine indica Moderate Scott, 1986

Atalopedes campestris Paspalum dilatatum High AMS, personal observation

Atalopedes campestris Poa pratensis Moderate Garth and Tilden, 1986

Atalopedes campestris Stenotaphrum secundatum Moderate Garth and Tilden, 1986; Scott, 1986

Brephidium exilis Atriplex rosea High Shapiro, 1973, 1974a, 1974a, 1974b; Scott, 1986

Brephidium exilis Atriplex semibaccata High Tietz, 1972; Emmel and Emmel, 1973; Shapiro, 1973,

1974a, 1974b; Garth and Tilden, 1986; Scott, 1986

Brephidium exilis Chenopodium album Low Tietz, 1972; Garth and Tilden, 1986; Scott, 1986

Brephidium exilis Salsola iberica/complex tragus High Shapiro, 1974b; Orsak, 1978; Scott, 1986; Haeger, 1988

Brephidium exilis Tetragonia tetragoniodes High AMS, personal observation

Calpodes ethlius Canna spp. High Comstock, 1927; Tietz, 1972; Emmel and Emmel, 1973;

Orsak, 1978; Scott, 1986; Brown et al., 1992

Celastrina arigolus echo Ilex spp. Low Scott, 1986

Celastrina arigolus echo Leucanthemum vulgare Low Scott, 1986

Celastrina arigolus echo Malus pumila Low Scott, 1986

Celastrina arigolus echo Melilotus officinalis Low Scott, 1986

Celastrina arigolus echo Prunus serotina Low Scott, 1986

Cercyonis pegala Avena fatua Low Scott, 1986

Chlosyne lacinia Helianthus ciliaris Low Tietz, 1972, Scott, 1986

Chlosyne lacinia Verbesina enceloides Low Scott, 1986

Coenonympha tullia Poa pratensis Low Tietz, 1972; Scott, 1986

Colias alexandra Medicago sativa Low Garth and Tilden, 1986; Scott, 1986

Colias alexandra Trifolium pratense Moderate Scott, 1986

Colias alexandra Trifolium repens Moderate Tietz, 1972; Garth and Tilden, 1986

Colias eurytheme Lotus corniculatus High AMS, personal observation

Colias eurytheme Medicago lupulina Moderate Scott, 1986

Colias eurytheme Medicago polymorpha Moderate Tietz, 1972

Colias eurytheme Medicago sativa High Comstock, 1927; Tietz, 1972; Emmel and Emmel, 1973;

Shapiro, 1974b, Scott, 1986; Garth and Tilden, 1986;

Brown et al., 1992

Colias eurytheme Melilotus alba High Tietz, 1972; Scott, 1986; AMS, personal observation

Colias eurytheme Melilotus officinalis High Scott, 1986; AMS, personal observation

Colias eurytheme Phaseolus vulgare Low Scott, 1986

Colias eurytheme Pisum sativum Low Tietz, 1972; Scott, 1986

Colias eurytheme Trifolium pratense High Scott, 1986; AMS, personal observation

Colias eurytheme Trifolium repens High Tietz, 1972; Scott, 1986; AMS, personal observation

Colias eurytheme Vicia benghalensis High AMS, personal observation
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Colias eurytheme Vicia cracca High Shapiro, 1974b; Scott, 1986

Colias eurytheme Vicia sativa High Tietz, 1972; Shapiro, 1974a, 1974b; Scott, 1986

Colias eurytheme Vicia villosa High Shapiro, 1974b

Colias harfordii Trifolium repens Low Tietz, 1972

Colias occidentalis Melilotus alba Low Scott, 1986

Colias philodice Cytisus spp. Unlikely Scott, 1986

Colias philodice Medicago hispida Low Scott, 1986

Colias philodice Medicago sativa High Tietz, 1972; Emmel and Emmel, 1973; Scott, 1986; Garth

and Tilden, 1986

Colias philodice Melilotus alba Moderate Scott, 1986

Colias philodice Trifolium hybridum Moderate Scott, 1986

Colias philodice Trifolium pratense Moderate Scott, 1986

Colias philodice Trifolium repens Moderate Scott, 1986

Colias philodice Vicia cracca Moderate Tietz, 1972, Scott, 1986

Copaeodes aurantiaca Cynodon dactylon Moderate Tietz, 1972; Garth and Tilden, 1986; Scott, 1986

Danaus gilippus strigosus Asclepias curassavica High Sakai, 1992; Scott, 1986

Danaus gilippus strigosus Nerium oleander High Sakai, 1992

Danaus plexippus Asclepias curassavica High Scott, 1986; SDG, personal observation

Epargyreus clarus Acacia spp. Low Scott, 1986

Epargyreus clarus Phaseolus vulgaris Low Scott, 1986

Epargyreus clarus Robinia pseudoacacia High Tietz, 1972; Shapiro, 1974b; Scott, 1986

Epargyreus clarus Wisteria High Comstock, 1927; Emmel and Emmel, 1973

Erynnis funeralis Medicago hispida Moderate Tietz, 1972; Scott, 1986

Erynnis funeralis Medicago sativa High Comstock, 1927; Tietz, 1972; Emmel and Emmel, 1973;

Orsak, 1978; Garth and Tilden, 1986; Scott, 1986

Erynnis funeralis Medicago spp. Moderate Comstock, 1927

Erynnis tristis Quercus suber High Shapiro, 1974b; Garth and Tilden, 1986

Euchloe ausonides Brassica napus High Shapiro, 1974b; Scott, 1986

Euchloe ausonides Brassica nigra High Shapiro, 1974a, b; Garth and Tilden, 1986; Scott, 1986

Euchloe ausonides Brassica rapa Moderate Garth and Tilden, 1986; Scott, 1986

Euchloe ausonides Hirschfeldia incana Moderate Scott, 1986

Euchloe ausonides Isatis tinctoria Moderate Scott, 1986

Euchloe ausonides Raphanus sativus High Shapiro, 1974a, b; Scott, 1986

Euchloe ausonides Sinapis arvensis Moderate Scott, 1986

Euchloe ausonides Sisymbrium altissimum Moderate Scott, 1986

Euchloe ausonides Sisymbrium officinale Moderate Scott, 1986

Euchloe ausonides Sisymbrium spp. Moderate Garth and Tilden, 1986

Euchloe hyantis Isatis tinctoria Moderate Scott, 1986

Euchloe hyantis Sisymbrium altissimum Moderate Scott, 1986

Euphydryas chalcedona Buddleja davidii Low Scott, 1986

Euphydryas chalcedona Cymbalaria muralis Moderate Scott, 1986

Euphydryas chalcedona Leucanthemum maximum Unlikely Tietz, 1972

Euphydryas chalcedona Lonicera spp. High Emmel and Emmel, 1973; Scott, 1986

Euphydryas chalcedona Plantago lanceolata High Emmel and Emmel, 1973; Scott, 1986

Euphydryas chalcedona Plantago major Moderate Scott, 1986

Euphydryas chalcedona Verbascum thapsus Moderate Scott, 1986

Euphydryas chalcedona Veronica anagallis- aquatica Low Scott, 1986

Euphydryas editha Plantago lanceolata High White and Singer, 1974; Scott 1986

Euphydryas editha Plantago pusilla Low Scott, 1986

Euphydryas editha Valerianella spp. Moderate Scott, 1986

Eurema nicippe Ornamental Cassia spp. (‘‘Senna’’) High Comstock, 1927; Emmel and Emmel, 1973; Scott,

1986; Garth and Tilden, 1986

Everes comyntas Lotus corniculatus High AMS, personal observation

Everes comyntas Medicago lupulina Moderate Scott, 1986

Everes comyntas Melilotus alba High AMS, personal observation

Everes comyntas Melilotus indica Moderate Scott, 1986

Everes comyntas Melilotus officinalis Moderate Scott, 1986

Everes comyntas Trifolium hybridum Moderate Scott, 1986

Everes comyntas Trifolium pratense Moderate Scott, 1986

Everes comyntas Trifolium repens Moderate Scott, 1986

Everes comyntas Vicia benghalensis High AMS, personal observation

Everes comyntas Vicia cracca High Shapiro, 1974b; Scott, 1986
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Everes comyntas Vicia sativa High Shapiro, 1974a, b; Scott, 1986

Everes comyntas Vicia villosa High Shapiro, 1974b; Scott, 1986

Glaucopsyche lygdamus Medicago sativa Low Scott, 1986

Glaucopsyche lygdamus Melilotus alba Low Scott, 1986

Glaucopsyche lygdamus Vicia benghalensis High AMS, personal observation

Glaucopsyche lygdamus Vicia cracca Moderate Tietz, 1972; Scott, 1986

Glaucopsyche lygdamus Vicia sativa High Shapiro, 1974b; Scott, 1986

Glaucopsyche lygdamus Vicia villosa High Shapiro, 1974b; Scott, 1986

Heliopetes ericetorum Alcea rosea Moderate Tietz, 1972; Garth and Tilden, 1986; Scott, 1986

Heliopetes ericetorum Malva nicaeenis Moderate Scott, 1986

Heliopetes ericetorum Malva spp. Moderate Garth and Tilden, 1986; Brown et al., 1992

Hemiargus ceraunus gyas Medicago sativa High Tietz, 1972; Emmel and Emmel, 1973; Garth and Tilden,

1986; Scott, 1986

Hemiargus isola Medicago sativa High Shapiro, 1974b; Scott, 1986

Hemiargus isola Melilotus alba High Shapiro, 1974b; Scott, 1986

Hemiargus isola Melilotus indica Moderate Scott, 1986

Hemiargus isola Melilotus officinalis Moderate Scott, 1986

Hemiargus isola Trifolium fragiferum Low Scott, 1986

Hemiargus isola Trifolium repens Moderate Scott, 1986

Hesperia comma Lolium spp. Moderate MacNeill, 1964; Garth and Tilden, 1986; Scott, 1986

Hesperia comma Phleum pratense Moderate Tietz, 1972

Hesperia comma Poa pratensis Low Tietz, 1972

Hesperia juba Poa pratensis Low Scott, 1986

Hesperia lindseyi Phalaris aquatica High AMS, personal observation

Hylephila phyleus Cynodon dactylon High Comstock, 1927; Emmel and Emmel, 1973; Shapiro,

1974b; Garth and Tilden, 1986; Scott, 1986

Hylephila phyleus Paspalum dilatatum High AMS, personal observation

Hylephila phyleus Pennisetum clendestinum High AMS, personal observation

Hylephila phyleus Poa pratensis Moderate Tietz, 1972; Scott, 1986

Hylephila phyleus Stenotaphrum secundatum Moderate Scott, 1986

Hylephila phyleus Digitaria sanguinalis Moderate Tietz, 1972

Junonia coenia Antirrhinum majus High Emmel and Emmel, 1973; Shapiro, 1978; Garth and Tilden,

1986; Scott, 1986

Junonia coenia Cymbalaria muralis Moderate Scott, 1986

Junonia coenia Digitalis spp. Moderate Scott, 1986

Junonia coenia Kickxia elatine High AMS, personal observation

Junonia coenia Kickxia spuria High Shapiro, 1978; Scott, 1986; Camara 1997

Junonia coenia Linaria marocanna Moderate Scott, 1986

Junonia coenia Linaria vulgaris Moderate Scott, 1986

Junonia coenia Plantago coronopus High Shapiro, 1974a; Scott, 1986

Junonia coenia Plantago lanceolata High Tietz, 1972; Emmel and Emmel, 1973; Shapiro, 1974a, b;

Garth and Tilden, 1986, Scott, 1986; SDG, personal

observation

Junonia coenia Plantago major High Garth and Tilden, 1986; Scott, 1986

Junonia coenia Plantago virginica Moderate Scott, 1986

Junonia coenia Veronica anagallis- aquatica Moderate Scott, 1986

Junonia coenia Veronica catenata Moderate Scott, 1986

Leptotes marina Lathyrus odoratus High Emmel and Emmel, 1973; Scott 1986

Leptotes marina Medicago sativa High Comstock, 1927; Tietz, 1972; Emmel and Emmel, 1973;

Orsak, 1978; Garth and Tilden, 1986; Scott, 1986

Leptotes marina Melilotus alba High Shapiro, 1974b

Leptotes marina Plumbago capensis High AMS, personal observation

Leptotes marina Plumbago spp. (Leadwort) High Comstock, 1927; Emmel and Emmel, 1973; Orsak, 1978

Leptotes marina Wisteria Moderate Comstock, 1927

Lerodea eufala Cynodon dactylon High Shapiro, 1974a, b; Garth and Tilden, 1986; Scott, 1986

Lerodea eufala Echinochloa crus-galli High Shapiro, 1974a, b; Scott, 1986

Lerodea eufala Oryza sativa High Shapiro, 1974b; Scott, 1986

Lerodea eufala Paspalum ciliatifolium High AMS, personal observation

Lerodea eufala Setaria verticillata High Shapiro, 1974b; Scott, 1986

Lerodea eufala Sorghum bicolor High Shapiro, 1974b; Scott, 1986

Lerodea eufala Sorghum halepense High Shapiro, 1974a, b; Scott, 1986

Lerodea eufala Poa pratensis Moderate Tietz, 1972

(continued on next page)

422 S.D. Graves, A.M. Shapiro / Biological Conservation 110 (2003) 413–433



Table 1 (continued)

Butterfly species Plant species Confidence level Source

Limenitis lorquini Cotoneaster spp. Low Scott, 1986

Limenitis lorquini Malus pumila Low Tietz, 1972; Scott, 1986

Limenitis lorquini Malus sylvestris-apple Low Garth and Tilden, 1986

Limenitis lorquini Prunus cerasifera-plum Low Garth and Tilden, 1986

Limenitis lorquini Prunus cerasus-cherry Low Garth and Tilden, 1986

Limenitis lorquini Prunus domestica Low Tietz, 1972; Scott, 1986

Lycaeides melissa Medicago sativa High Scott, 1986

Lycaena cupreus Rumex acetosella High Emmel and Emmel, 1974; Scott, 1986; AMS, personal

observation

Lycaena cupreus Rumex spp. High Comstock, 1927

Lycaena editha Rumex acetosella High Emmel and Emmel, 1974 (ovip.); Scott, 1986; AMS,

personal observation

Lycaena helloides Polygonum arenastrum High Comstock, 1927; Tietz, 1972; Shapiro, 1974a, b; Scott, 1986

Lycaena helloides Polygonum persicaria High Shapiro, 1974b; Scott, 1986

Lycaena helloides Rumex acetosella Moderate Scott, 1986

Lycaena helloides Rumex conglomeratus Moderate Scott, 1986

Lycaena helloides Rumex crispus High Shapiro, 1974a, b; Scott, 1986

Lycaena rubidus Rumex crispus Moderate Scott, 1986

Lycaena xanthoides Rumex conglomeratus High Shapiro, 1974b; Scott, 1986

Lycaena xanthoides Rumex crispus High Shapiro 1974a, b; Garth and Tilden, 1986; Scott,

1979(80), 1986

Lycaena xanthoides Rumex pulcher High Emmel and Emmel, 1973, Garth and Tilden, 1986;

Scott, 1986

Nathalis iole Bidens pilosa High Emmel and Emmel, 1973; Orsak, 1978; Garth and

Tilden, 1986; Scott, 1986

Nathalis iole Cosmos Moderate Scott, 1986

Nathalis iole Erodium circutarum Ovip. only Scott, 1986

Nathalis iole Mollugo verticillata Ovip. only Scott, 1986

Nathalis iole Stellaria media Ovip. only Scott, 1986

Nathalis iole Tagetes erecta High Garth and Tilden, 1986

Nathalis iole Tagetes spp. High Emmel and Emmel, 1973; Scott, 1986

Nymphalis antiopa Celtis australis High AMS, personal observation

Nymphalis antiopa Celtis occidentalis High AMS, personal observation

Nymphalis antiopa Celtis sinensis High AMS, personal observation

Nymphalis antiopa Populus alba Moderate Scott, 1986

Nymphalis antiopa Rumex acetosella Low Scott, 1986

Nymphalis antiopa Salix babylonica High Shapiro 1974b; Scott, 1986

Nymphalis antiopa Ulmus americana High AMS, personal observation

Nymphalis antiopa Ulmus parviflora High Emmel and Emmel, 1973; Orsak, 1978

Nymphalis antiopa Ulmus pumila Moderate Scott, 1986

Nymphalis californica Medicago sativa Low Tietz, 1972

Nymphalis milberti Urtica urens High Shapiro, 1975b

Ochlodes sylvanoides Cynodon dactylon Moderate Scott, 1986

Panoquina panoquinoides errans Cynodon dactylon Moderate Tietz, 1972

Papilio cresphontes Citrus grandis Moderate Tietz, 1972; Scott, 1986

Papilio cresphontes Citrus limon High Tietz, 1972; Emmel and Emmel, 1973; Scott, 1986

Papilio cresphontes Citrus sinensis High Tietz, 1972; Emmel and Emmel, 1973; Scott, 1986

Papilio cresphontes Citrus spp. High Garth and Tilden, 1986

Papilio eurymedon Malus pumila Moderate Scott, 1986

Papilio eurymedon Melilotus alba Ovip. only AMS, personal observation

Papilio eurymedon Prunus domestica Moderate Scott, 1986

Papilio eurymedon Prunus persica High Emmel and Emmel, 1973; Scott, 1986

Papilio multicaudatus Fraxinus spp. High AMS, personal observation

Papilio multicaudatus Platanus spp. High AMS, personal observation

Papilio multicaudatus Prunus cerasus Moderate Tietz, 1972; Scott, 1986

Papilio rutulus Ligustrum japonicum High AMS, personal observation

Papilio rutulus Ligustrum lucidum High AMS, personal observation

Papilio rutulus Malus malus-apple Moderate Garth and Tilden, 1986

Papilio rutulus Malus pumila Moderate Tietz, 1972; Scott, 1986

Papilio rutulus Persea americana Unlikely Tietz, 1972

Papilio rutulus Prunus amysdalus High AMS, personal observation

Papilio rutulus Prunus caroliniana High Shapiro, 1974b; Scott, 1986
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Papilio rutulus Prunus cerasus Moderate Tietz, 1972; Scott, 1986

Papilio rutulus Prunus domestica var. galatensis Moderate Tietz, 1972; Scott, 1986

Papilio rutulus Prunus persica Moderate Scott, 1986

Papilio rutulus Salix babylonica Moderate Scott, 1986

Papilio rutulus Syringa vulgaris High Shapiro, 1974b

Papilio rutulus Ulmus spp. High Garth and Tilden, 1986; Scott, 1986

Papilio rutulus Platanus occidentalis High AMS, personal observation

Papilio rutulus Platanus orientalis High AMS, personal observation

Papilio rutulus Fraxinus velutina High AMS, personal observation

Papilio zelicaon Ammi majus Ovip. Only AMS, personal observation

Papilio zelicaon Ammi visnaga Ovip. Only Lethal SDG, personal observation; AMS, personal observation

Papilio zelicaon Anethum graveolens High Tietz, 1972; AMS, personal observation

Papilio zelicaon Apium graveolens High Tietz, 1972; Scott, 1986; AMS, personal observation

Papilio zelicaon Apium petroselinum Moderate Tietz, 1972

Papilio zelicaon Carum carvi High Scott, 1986; AMS, personal observation

Papilio zelicaon Carum spp. High Comstock, 1927

Papilio zelicaon Citrus limon High Comstock, 1927; Tietz, 1972; Scott, 1986

Papilio zelicaon Citrus limon High Emmel and Shields, 1978

Papilio zelicaon Citrus sinensis High Comstock, 1927; Tietz, 1972; Shapiro and Masuda,

1980; Scott, 1986; SDG, personal observation

Papilio zelicaon Citrus sinensis High Shapiro and Masuda, 1980

Papilio zelicaon Citrus spp. High Emmel and Emmel, 1973

Papilio zelicaon Conium maculatum High Goeden and Ricker, 1982; Scott, 1986; SDG, personal

observation

Papilio zelicaon Daucus carota High Comstock, 1927; Tietz, 1972; Garth and Tilden,

1986; Scott, 1986

Papilio zelicaon Foeniculum vulgare High Comstock, 1927; Emmel and Emmel, 1973; Shapiro,

1974a; Garth and Tilden, 1986; Scott, 1986; SDG,

personal observation

Papilio zelicaon Pastinaca sativa High Comstock, 1927; Tietz, 1972; Scott, 1986

Papilio zelicaon Petroselinum crispum High Scott, 1986; AMS, personal observation

Papilio zelicaon Ruta graveolens High Scott, 1986; AMS, personal observation

Paratrytone melane Bromus inermis Low Tietz, 1972

Paratrytone melane Cynodon dactylon High Tietz, 1972; Scott, 1986; Brown et al., 1992; Barbehenn, 1994

Paratrytone melane Digitaria ischaemum Moderate Tietz, 1972

Paratrytone melane Digitaria sanguinalis Moderate Tietz, 1972

Paratrytone melane Ehrharta erecta High Barbehenn, 1994

Paratrytone melane Lamarkia aurea High Garth and Tilden, 1986; Scott, 1986; Brown et al., 1992;

Barbehenn, 1994

Paratrytone melane Lolium multiflorum High Barbehenn, 1994

Paratrytone melane Paspalum dilatatum High Barbehenn, 1994

Paratrytone melane Pennisetum clandestinum High Barbehenn, 1994

Paratrytone melane Phyllostachys bambusoides High Barbehenn, 1994

Paratrytone melane Sorghum bicolor High Barbehenn, 1994

Paratrytone melane Stenotaphrum secundatum High Scott, 1986; Brown et al., 1992; Barbehenn, 1994

Phoebis agarithe Ornamental Cassia spp. (‘‘Senna’’) High Emmel and Emmel, 1973

Phoebis sennae Ornamental Cassia spp. (‘‘Senna’’) High Comstock, 1927; Tietz, 1972; Emmel and Emmel, 1973;

Orsak, 1978; Scott, 1986; Garth and Tilden,

1986; Brown et al., 1992

Pholisora catullus Amaranthus albus High Scott, 1986. Ams, personal observation

Pholisora catullus Amaranthus blitoides High AMS, personal observation

Pholisora catullus Amaranthus caudatus Moderate Scott, 1986

Pholisora catullus Amaranthus hybridus High Shapiro, 1974a, 1974b; Scott, 1986

Pholisora catullus Amaranthus powellii High AMS, personal observation

Pholisora catullus Amaranthus retroflexus High Shapiro, 1974b; Scott, 1986

Pholisora catullus Amaranthus spinosus Low Scott, 1986

Pholisora catullus Atriplex rosea High Shapiro, 1974b; Scott, 1986

Pholisora catullus Celosia argentea High AMS, personal observation

Pholisora catullus Celosia cristata High AMS, personal observation

Pholisora catullus Chenopodium album High Comstock, 1927; Tietz, 1972; Shapiro, 1974b; Scott, 1986

Pholisora catullus Chenopodium ambrodiodes Moderate Scott, 1986

Pholisora catullus Chenopodium foliosum Moderate Scott, 1986
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Pholisora catullus Chenopodium murale High Shapiro, 1974b

Phyciodes mylitta Carduus pycnocephalus High Shapiro, 1974b; Scott, 1986

Phyciodes mylitta Centaurea solstitialis High Shapiro, 1974b; Scott 1986

Phyciodes mylitta Cirsium arvense Moderate Scott, 1986

Phyciodes mylitta Cirsium vulgare High Shapiro, 1974b; Scott, 1986

Phyciodes mylitta Silybum marianum High Shapiro, 1974a, 1974b; Garth and Tilden, 1986; Scott, 1986

Pieris napi Barbarea verna High Shapiro, 1980; Scott, 1986

Pieris napi Brassica nigra Moderate Tietz, 1972; Scott, 1986

Pieris napi Brassica oleracea Low Comstock, 1927; Tietz, 1972; Scott, 1986

Pieris napi Brassica rapa Low Comstock, 1927; Tietz, 1972; Scott, 1986

Pieris napi Lepidium virginicum Moderate Scott, 1986

Pieris napi Raphanus raphanistrum Low Scott, 1986

Pieris napi Raphanus sativus Low Tietz, 1972; Scott, 1986

Pieris napi Rorippa nasturtium-aquaticum High Shapiro, 1975a; Scott, 1986

Pieris napi Sinapis alba Low Tietz, 1972; Scott, 1986

Pieris napi Alyssum sp. High AMS, personal observation

Pieris napi Sisymbrium officinale High Scott, 1986; AMS, personal observation

Pieris rapae Armoracia rusticana High AMS, personal observation

Pieris rapae Brassica napus High Scott, 1986; AMS, personal observation

Pieris rapae Brassica nigra High Tietz, 1972; Shapiro, 1974a, 1974b; Scott, 1986

Pieris rapae Brassica oleracea acephala High Emmel and Emmel, 1973

Pieris rapae Brassica oleracea capitata High Emmel and Emmel, 1973

Pieris rapae Brassica oleracea High Tietz, 1972; Shapiro, 1974b; Scott, 1986; Garth and

Tilden, 1986

Pieris rapae Brassica rapa High Tietz, 1972; Scott, 1986; AMS, personal observation

Pieris rapae Brassica spp. High Emmel and Emmel, 1973

Pieris rapae Cakile edentula Moderate Tietz, 1972; Scott, 1986

Pieris rapae Capsella bursa-pastoris Unlikely Tietz, 1972; Scott, 1986

Pieris rapae Cardaria draba High Shapiro, 1974b; Scott, 1986

Pieris rapae Descurainia sophia Moderate Scott, 1986

Pieris rapae Eruca vesicaria Moderate Scott, 1986

Pieris rapae Hirschfeldia incana High Shapiro, 1974b; Scott, 1986

Pieris rapae Lactuca sativa Unlikely Tietz, 1972

Pieris rapae Lepidium campestre High Scott, 1986; AMS, personal observation

Pieris rapae Lepidium latifolium High Shapiro, 1974b; Scott, 1986

Pieris rapae Lobularia maritima Moderate Scott, 1986

Pieris rapae Lunaria annua Moderate Scott, 1986

Pieris rapae Matthiola incana Moderate Emmel and Emmel, 1973; Scott, 1986

Pieris rapae Raphanus sativus High Tietz, 1972; Emmel and Emel, 1973; Shapiro, 1974a, b;

Scott, 1986

Pieris rapae Reseda odorata Low Scott, 1986

Pieris rapae Rorippa nasturtium- aquaticum High Shapiro, 1975a; Scott, 1986

Pieris rapae Sinapis alba High Tietz, 1972; Scott, 1986; AMS, personal observation

Pieris rapae Sinapis arvensis High Shapiro, 1974b; Scott, 1986

Pieris rapae Sisymbrium altissimum High Shapiro, 1974b; Scott, 1986

Pieris rapae Sisymbrium irio High Shapiro, 1974b; Scott, 1986

Pieris rapae Sisymbrium officinale High Shapiro, 1974b; Scott, 1986

Pieris rapae Tropaeolum majus High Emmel and Emmel, 1973; Garth and Tilden, 1986

Plebeius acmon Melilotus alba High Shapiro, 1974b; Scott, 1986

Plebeius acmon Polygonum arenastrum High Shapiro, 1974a, b; Scott, 1986

Plebejus saepiolus Trifolium hybridum Moderate Scott, 1986

Plebejus saepiolus Trifolium repens Moderate Scott, 1986

Plebius icariodes Vicia cracca Low Tietz, 1972

Polites sabuleti Cynodon dactylon High Tietz, 1972; Shapiro, 1974b; Garth and Tilden, 1986;

Scott, 1986

Polites sabuleti Digitaria sanguinalis Moderate Tietz, 1972

Polites sabuleti Poa pretensis Low Scott, 1986

Pontia beckeri Brassica nigra High Emmel and Emmel, 1973; Scott, 1986

Pontia beckeri Brassica spp. High Garth and Tilden, 1986

Pontia beckeri Descurainia sophia Moderate Scott, 1986

Pontia beckeri Isatis tinctoria High AMS, personal observation

Pontia beckeri Lepidium perfoliatum Moderate Scott, 1986
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Pontia beckeri Sisymbrium altissimum High Garth and Tilden, 1986; Scott, 1986; AMS, personal

observation

Pontia beckeri Sisymbrium loeselii Moderate Scott, 1986

Pontia beckeri Sisymbrium officinale Moderate Garth and Tilden, 1986

Pontia occidentalis Brassica nigra Moderate Scott, 1986

Pontia occidentalis Cardaria draba High AMS, personal observation

Pontia occidentalis Chorispora tenella Low Scott, 1986

Pontia occidentalis Descurainia sophia Moderate Scott, 1986

Pontia occidentalis Lepidium campestre Moderate Scott, 1986

Pontia occidentalis Lepidium virginicum High Shapiro, 1976; Scott, 1986

Pontia occidentalis Sisymbrium altissimum High Scott, 1986; AMS, personal observation

Pontia occidentalis Thlaspi arvense Ovip. only Lethal Scott, 1986; AMS, personal observation

Pontia protodice Alyssum spp. High AMS, personal observation

Pontia protodice Brassica nigra High Shapiro, 1974b; Scott, 1986

Pontia protodice Brassica oleracea Moderate Comstock, 1927; Tietz, 1972; Scott, 1986

Pontia protodice Brassica rapa Moderate Scott, 1986

Pontia protodice Brassica spp. High Emmel and Emmel, 1973; Garth and Tilden, 1986

Pontia protodice Cakile edentula Moderate Tietz, 1972; Scott, 1986

Pontia protodice Capsella bursa-pastoris Unlikely Tietz, 1972; Scott, 1986

Pontia protodice Cardaria draba High Scott, 1986; AMS, personal observation

Pontia protodice Decurainia sophia Moderate Scott, 1986

Pontia protodice Hirschfeldia incana High Shapiro, 1974b; Scott, 1986

Pontia protodice Lepidium latifolium High Shapiro, 1974b; Scott, 1986

Pontia protodice Lepidium virginicum High Tietz, 1972; Scott, 1986; AMS, personal observation

Pontia protodice Lobularia maritima Moderate Tietz, 1972; Scott, 1986

Pontia protodice Malcolmia africana Low Scott, 1986

Pontia protodice Raphanus sativus High Shapiro, 1974b; Scott, 1986

Pontia protodice Reseda spp. Moderate Scott, 1986

Pontia protodice Sinapis arvensis High Tietz, 1972; Shapiro, 1974b; Scott, 1986

Pontia protodice Sisymbrium altissimum High Scott, 1986; AMS, personal observation

Pontia protodice Sisymbrium officinale High Garth and Tilden, 1986; AMS, personal observation

Pontia protodice Sisymbrium spp. High Tietz, 1972; Emmel and Emmel, 1973

Pontia protodice Thlaspi arvense Ovip. only Lethal Scott, 1986; AMS, personal observation

Pontia sisymbrii Descurainia sophia High AMS, personal observation, Scott, 1986

Pontia sisymbrii Sisymbrium officinale Moderate Garth and Tilden, 1986

Pontia sisymbrii Sisymbrium spp. Moderate Tietz, 1972; Scott, 1986

Pyrgus albescens Malva spp. High Emmel and Emmel, 1973; Brown, et al., 1992

Pyrgus communis Abutilon theophrasti Moderate Tietz, 1972; Scott, 1986

Pyrgus communis Alcea rosea High Tietz, 1972; Shapiro, 1974b; Scott, 1986

Pyrgus communis Malva neglecta High Comstock, 1927; Shapiro, 1974b; Scott, 1986

Pyrgus communis Malva nicaeensis High Shapiro, 1974a, 1974b; Scott, 1986

Pyrgus communis Malva parviflora High Shapiro, 1974b; Scott, 1986

Pyrgus communis Malva spp. High Garth and Tilden, 1986

Pyrgus communis Malva sylvestris High Shapiro, 1974b; Scott, 1986

Pyrgus communis Anoda spp. Low Scott, 1986

Pyrgus communis Hibiscus trionum Low Tietz, 1972; Scott, 1986

Pyrgus communis Modiola caroliniana High Scott, 1986; AMS, personal observation

Pyrgus communis Sida rhombifolia Moderate Scott, 1986

Pyrgus communis Chenopodium album Ovip. only AMS, personal observation

Strymon melinus Callistemon spp. Ovip. only AMS, personal observation

Strymon melinus Campanula spp. (Ornamental) Ovip. only AMS, personal observation

Strymon melinus Citrus limon Low Scott, 1986

Strymon melinus Echium wildpretii Ovip. only AMS, personal observation

Strymon melinus Gossypium herbaceum Moderate Tietz, 1972; Scott, 1986

Strymon melinus Humulus japonicus High AMS, personal observation

Strymon melinus Humulus lupulus High Comstock, 1927; Tietz, 1972; Emmel and Emmel, 1973;

Scott, 1986; Garth and Tilden, 1986

Strymon melinus Lamium amplexicaule Low Scott, 1986

Strymon melinus Lantana macropoda Low Scott, 1986

Strymon melinus Lotus corniculatus High AMS, personal observation

Strymon melinus Malva neglecta High Shapiro, 1974b; Scott, 1986

Strymon melinus Malva nicaeensis High Shapiro, 1974b; Scott, 1986

(continued on next page)
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Table 1 (continued)

Butterfly species Plant species Confidence level Source

Strymon melinus Malva parviflora High Tietz, 1972; Scott, 1986; AMS, personal observation

Strymon melinus Malva spp. High Comstock, 1927; Emmel and Emmel, 1973; Garth and

Tilden, 1986; Brown et al., 1992

Strymon melinus Medicago sativa High Scott, 1986; AMS, personal observation

Strymon melinus Melilotus alba High Scott, 1986; AMS, personal observation

Strymon melinus Myoporum parvifolium Ovip. only AMS, personal observation

Strymon melinus Phaseolus limentis Moderate Tietz, 1972; Scott, 1986

Strymon melinus Phaseolus lunatus Moderate Scott, 1986

Strymon melinus Phaseolus spp. High Emmel and Emmel, 1973; Brown et al., 1992

Strymon melinus Phaseolus vulgaris High Tietz, 1972; Garth and Tilden, 1986; Scott, 1986; SDG,

personal observation

Strymon melinus Pisum sativum Low Tietz, 1972; Scott, 1986

Strymon melinus Senna alata High Orsak, 1978; Scott, 1986

Strymon melinus Trifolium arvense High Scott, 1986; AMS, personal observation

Strymon melinus Trifolium repens High Scott, 1986; AMS, personal observation

Strymon melinus Verbascum thapsus Moderate Scott, 1986

Strymon melinus Zea mays Unlikely Tietz, 1972; Scott, 1986

Thorybes pylades Medicago sativa Moderate Garth and Tilden, 1986; Scott, 1986

Thorybes pylades Trifolium pratense Moderate Tietz, 1972; Scott, 1986

Thorybes pylades Trifolium repens Moderate Tietz, 1972; Scott, 1986

Thorybes pylades Wisteria spp. Moderate Garth and Tilden, 1986

Urbanus proteus Phaseolus spp. High Emmel and Emmel, 1973; Brown et al., 1992

Urbanus proteus Phaseolus vulgaris High Tilden, 1976; Orsak, 1978

Urbanus proteus Wisteria High Emmel and Emmel, 1973

Vanessa annabella Alcea rosea High Tietz, 1972; Shapiro, 1974a, 1974b; Dimock, 1978;

Garth and Tilden, 1986; Scott, 1986

Vanessa annabella Ligustrum spp. Low Comstock, 1927

Vanessa annabella Malva mauritiana High AMS, personal observation

Vanessa annabella Malva neglecta High Shapiro, 1974b; Scott, 1986

Vanessa annabella Malva nicaeensis High Shapiro, 1974a, 1974b; Scott, 1986

Vanessa annabella Malva parviflora High Dimock, 1972, 1978; Shapiro, 1974b; Scott, 1986

Vanessa annabella Malva spp. High Comstock, 1927; Emmel and Emmel, 1973; Brown,

et al., 1992

Vanessa annabella Malva sylvestris Moderate Scott, 1986

Vanessa annabella Parietaria judaica High AMS, personal observation

Vanessa annabella Urtica urens High Dimock, 1978; Scott, 1986

Vanessa atalanta Boehmeria spp. Moderate Comstock, 1927

Vanessa atalanta Humulus lupulus High Comstock, 1927; Tietz, 1972; Emmel and Emmel, 1973;

Garth and Tilden, 1986

Vanessa atalanta Parietaria judaica High AMS, personal observation

Vanessa atalanta Pilea spp. High AMS, personal observation

Vanessa atalanta Soleirolia soleirolii High Emmel and Emmel, 1973; Shapiro, 1974b, 1975b; Scott, 1986

Vanessa atalanta Urtica urens High Scott, 1986; AMS, personal observation

Vanessa cardui Alcea rosea High Tietz, 1972; Shaprio, 1974b; Scott 1986

Vanessa cardui Alcea spp. High Comstock, 1927; AMS, personal observation

Vanessa cardui Beta spp. Moderate Comstock, 1927

Vanessa cardui Beta vulgaris Moderate Scott, 1986

Vanessa cardui Borago officinalis High Tietz, 1972; Scott, 1986; AMS, personal observation

Vanessa cardui Calendula officinalis Moderate Tietz, 1972; Scott, 1986

Vanessa cardui Carduus acanthoides High Scott, 1986; AMS, personal observation

Vanessa cardui Carduus nutans High Tietz, 1972; Scott, 1986; AMS, personal observation

Vanessa cardui Carduus pycnocephalus High Shapiro, 1974b; Garth and Tilden, 1986

Vanessa cardui Centaura nigra Moderate Scott, 1986

Vanessa cardui Centaurea solstitialis High Shapiro, 1974a, b; Scott, 1986

Vanessa cardui Chenopodium album Low Tietz, 1972; Scott, 1986

Vanessa cardui Chrysanthemum spp. Moderate Scott, 1986

Vanessa cardui Cirsium arvense High Tietz, 1972; Scott, 1986; AMS, personal observation

Vanessa cardui Cirsium undulatum Moderate Scott, 1986

Vanessa cardui Cirsium vulgare High Tietz, 1972; Shapiro, 1974b; Scott, 1986

Vanessa cardui Citrus sinensis Low Scott, 1986

Vanessa cardui Cnicus benedictus Moderate Scott, 1986

Vanessa cardui Cucumis melo Moderate Scott, 1986

(continued on next page)
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which it was not previously reported, in the San Fran-
cisco Bay area (Powell, 1997). Many of the tree and
shrub feeders in the table inhabit predominantly foothill
and montane areas which have only recently become
part of California’s suburban landscape. As development
and associated ornamental plantings become more com-
mon near the natural habitats of these butterflies, we may
begin to see greater use of introduced plants by them.
Specialization on different plant taxa can extend

down to the level of the genus. A number of California
butterflies feed on plant species in the Polygonaceae.
Many feed entirely on species in the genus Eriogonum,
while others feed exclusively on species of Polygonum
and Rumex. The genus Eriogonum has 111 named spe-
cies in California and numerous varieties, all of them
native to the state. Polygonum and Rumex, in contrast,
are moderate-sized Holarctic genera comprised of mix-
tures of native and exotic species. Fourteen Lycaenid
species are specialists on the genus Eriogonum in Cali-
fornia; none of these butterflies is recorded on intro-
duced plant taxa. In contrast, of the six Lycaenids that
specialize on Polygonum and/or Rumex, four are recor-
ded as feeding on introduced species of Polygonum and/
or Rumex within California and one other is reported to
feed on an introduced Rumex within its range in the

western United States though this record is currently
unconfirmed for California (Table 1).
Barring constraints imposed by specialization on

plants at the level of the genus or subfamily, we would
generally expect those butterflies which feed on plant
families well represented by exotic species in California
to be among the most likely to utilize introduced plant
taxa (Connor et al., 1980). California has 176 natur-
alized exotic grasses (Poaceae), 153 introduced plants in
the family Asteraceae, 90 in the Fabaceae, and 63 in the
Brassicaceae (Hickman, 1993). Of the 34 species known
to feed on grasses, 14 (41%) are recorded on exotic
taxa. However, this number is likely to be an under-
estimate. All of the grass-feeding species are either
hesperiid skippers or satyrids that remain poorly known
compared to other butterfly taxa. For many of these
taxa, native hosts are still undocumented. In addition,
grasses themselves are notoriously difficult to identify.
The lack of records for California butterflies on exotic
grasses should not therefore be taken to mean that such
interactions do not occur, but merely that more investi-
gation is needed. However, most of these butterflies feed
on perennial bunch grasses (MacNeill, 1964) while the
majority of naturalized exotic grasses are annuals; there
are hardly any published records of butterflies utilizing

Table 1 (continued)

Butterfly species Plant species Confidence level Source

Vanessa cardui Cynara scolymus High Shapiro, 1974b; Orsak, 1978; Scott, 1986

Vanessa cardui Gossypium spp. High Scott, 1986; AMS, personal observation

Vanessa cardui Helianthus annuus var. macropus High AMS, personal observation

Vanessa cardui Lactuca sativa Moderate Comstock, 1927

Vanessa cardui Lantana spp. Moderate Scott, 1986

Vanessa cardui Malva neglecta High Shapiro, 1974b; Scott, 1986

Vanessa cardui Malva nicaeensis High Shapiro, 1974b

Vanessa cardui Malva parviflora High Shapiro, 1974b; Scott, 1986

Vanessa cardui Malva spp. High Comstock, 1927; Emmel and Emmel, 1973; Brown

et al., 1992

Vanessa cardui Malva sylvestris Moderate Tietz, 1972; Scott, 1986

Vanessa cardui Medicago sativa Moderate Comstock, 1927; Scott 1986

Vanessa cardui Nicotiana glauca Moderate Scott, 1986

Vanessa cardui Onopordum acanthium High Tietz, 1972; Scott, 1986; AMS, personal observation

Vanessa cardui Petunia spp. Low Scott, 1986

Vanessa cardui Phaseolus vulgaris Moderate Tietz, 1972; Orsak, 1978; Scott, 1986

Vanessa cardui Pisum sativum Moderate Scott, 1986

Vanessa cardui Plantago lanceolata High Shapiro, 1974b; Scott, 1986

Vanessa cardui Raphanus sativus Low Comstock, 1927; Scott 1986

Vanessa cardui Silybum marianum High Tietz, 1972; Shapiro, 1974a, 1974b; Scott, 1986

Vanessa cardui Solanum tuberosum Moderate Comstock, 1927

Vanessa cardui Soleirolia soleirolii Moderate Scott, 1986

Vanessa cardui Symphytum officinale High Scott, 1986; AMS, personal observation

Vanessa cardui Urtica urens High Shapiro, 1974b; Orsak, 1978; Scott, 1986

Vanessa virginiensis Alcea rosea Low Tietz, 1972; Scott, 1986

Vanessa virginiensis Carduus spp. Low Scott, 1986

Vanessa virginiensis Cirsium arvense Low Tietz, 1972; Scott, 1986

Vanessa virginiensis Gazania uniflora High AMS, personal observation

Vanessa virginiensis Onopordum acanthium Low Scott, 1986

Vanessa virginiensis Silybum marianum Low Scott, 1986

Zerene eurydice Medicago sativa Low Scott, 1986
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the many annual grasses, and the few that do exist tend
to be on summer–autumn, not spring, annuals.
Pierids that feed on plants in the Brassicaceae repre-

sent the other extreme; they tend to be well-studied and
many of them are recorded from introduced taxa. Pieris
rapae, the European cabbage butterfly, itself was intro-
duced in Quebec around 1860 and from there, spread
rapidly. Records of a butterfly thought to be P. rapae
appear in California as early as 1867, suggesting that
this butterfly may have been introduced there by the
Spanish sometime before that date (Shapiro, 1975a).
The use of crucifers introduced from Europe by P.
rapae probably represents little more than recoloniza-
tion of hosts from its native land. However, 9 out of 10
of California’s native pierids are also recorded as feed-
ing on one to many introduced crucifers (Table 1). This
is not surprising given the chemical basis of this host
specialization. Chemically unusual crucifers such as
Capsella and Lunaria are typically eschewed by North
American Pierids. The one species not recorded on
introduced plant taxa is Anthocaris cethura, pre-
dominantly a desert species with an isolated subspecies
found on Catalina Island. Of the 40 species that feed on
natives in the Fabaceae, 22 (55%) are reported on exo-
tics. However, the number of naturalized Malvaceae is
relatively low (12 species), but virtually all of them are
used, often heavily, by 5 of the 9 (55%) native mallow-
feeding butterflies. Thus, the number of species of exotics

in a family seems at best a crude predictor of butterfly
exotic host use patterns.
Insects colonizing newly introduced exotics tend to be

largely polyphagous (Strong et al., 1984) so we might
expect oligophagous or polyphagous butterfly taxa,
those that naturally feed on plants in multiple plant
families, to utilize exotic hosts. Garth and Tilden’s
California Butterflies (1986) records 21 butterfly species
as utilizing native California plants belonging to more
than one family. Of these, fully 16 (76%) are also
recorded on introduced taxa. In contrast, the remaining
67 taxa recorded as associated with exotics come from a
pool of 200 species (34%) which, according to Garth
and Tilden (1986) utilize only a single family of native
plants (taxa whose host plants were unknown in Cali-
fornia were omitted for this analysis). Two California
species exemplify this pattern of taxa with broad native
host associations easily colonizing exotic taxa: S. meli-
nus, the common hairstreak, and V. cardui, the painted
lady. Strymon melinus is broadly distributed across
North America. Vanessa cardui is considered the most

Table 2

Plant families with specialist butterflies in California but no natur-

alized host plants

Plant family Butterfly species

Acanthaceae Dymasia chara imperialis

Agavaceae Agathymus alliae

Agavaceas Agathymus baueri

Agavaceae Megathymus coloradensis

Aristolochiaceae Battus philenor

Cupressaceae Mitoura barryi

Cupressaceae Mitoura loki

Cupressaceae Mitoura muiri

Cupressaceae Mitoura nelsoni

Cupressaceae Mitoura siva

Cupressaceae Mitoura thornei

Fagaceae Adelpha bredowii

Fagaceae Erynnis brizo

Fagaceae Erynnis propertius

Fagaceae Erynnis tristis

Fagaceae Habrodais grunus

Fagaceae Satyrium auretorum

Fumariaceae Parnassius clodius

Pinaceae Incisalia eryphon

Pinaceae Neophasia menapia

Rhamnaceae Erynnis pacuvius

Rhamnaceae Tharsalea hermes

Rhamnaceae Nymphalis californica

Rhamnaceae Satyrium saepium

Fig. 5. Factors affecting and affected by colonization of exotic hosts.
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widely distributed butterfly in the world and is well
known in California for occasional migrations of mil-
lions of individuals northward from the deserts of
southern California (Garth and Tilden, 1986). Both of
these taxa are recorded as feeding on many different
exotic plants, from a number of plant families in Cali-
fornia (Table 1). V. cardui is particularly likely to be
found utilizing unusual hosts—both native and natur-
alized—in years of outbreak.
Many of the records listed in Table 1 are undoubtedly

invalid; such records often get repeated without con-
firmation in the secondary literature, thus multiple cita-
tions do not necessarily imply multiple records (Shields
et al., 1969). Shapiro (1983) traced eight errors in the
Mexican butterfly literature to two sources in the US
literature; one was a 19th century error, endlessly repe-
ated. Shields et al. (1969) report that Lincoln Brower
traced another error; Papilio rutulus was incorrectly
reported as feeding on Humulus lupulus (‘‘hops’’) due to
a report by Comstock of P. rutulus on ‘‘hop’’, meaning
Hop-Tree, Ptelea baldwinii (Rutaceae). Other records in
Table 1 are no doubt valid in other states, but not in
California. It is also true that seemingly unlikely records
can be true, e.g. Papilio eurymedon, a butterfly that
feeds on woody Rhamnaceae, ovipositing on Melilotus
alba, white sweetclover (AMS, personal observation).
Therefore, the subjective rankings assigned to the but-
terfly – plant combinations in Fig. 1 should be taken
seriously, but not literally.

6. Conclusions

California butterflies now feed on a number of intro-
duced plant taxa. Some of these reports of oviposition
or feeding are no doubt rare compared to use of native
host plants however, use of exotic hosts by a number of
taxa has resulted in range expansion, increased popula-
tion size, and/or extension of the breeding season.
Feeding on exotic taxa has also allowed some butterfly
species to remain in areas that have lost most native
host plant species due to development and other human
activities. The use of exotic taxa may sometimes bring
previously isolated ecotypes into contact with one
another, resulting in genetic homogenization within the
species. Use of introduced hosts is also leading to
homogenization of urban butterfly faunas (Blair, 2001;
Shapiro, unpublished). In other cases, exotic, usually
ornamental or cultivated plant species, have permitted
butterflies from other areas to invade and breed in the
state. There are three documented cases where a native
California butterfly commonly lays on an introduced
plant toxic to larvae; other cases may exist as well. A
summary of these possible direct consequences is pre-
sented in Fig. 5. Indirect effects of introduced species on
California’s butterflies were not considered in this paper

though they be important in individual cases. An example
of such an effect is where exotic plant taxa have excluded
native host plants from all or part of their natural range,
thus reducing the range of the associated butterfly taxa.
The use of introduced hosts varies greatly across but-

terfly taxa. None of the high elevation (alpine) butterfly
taxa and few of the desert taxa in California are recor-
ded as using exotic hosts, a pattern that likely results
from their restriction to habitats that have experienced
few or no successful invasions by introduced plants.
Butterfly species specialized on plant lineages that con-
tain no exotic species in California were almost never
associated with introduced hosts. In addition, taxa
whose native host range encompassed multiple plant
families were much more likely to utilize exotic taxa
than those whose native host range was limited to a
single family. Strong et al. (1984) predict that the initial
rapid colonization of an exotic host by native species
will result primarily from these two pools: polyphagous
species and species whose native host affinities preadapt
them to feed on the exotic taxa. Colonization by spe-
cialized feeders on other plant taxa, when it does occur,
is expected to take longer and be less predictable. Thus,
the probability a given butterfly taxon will use intro-
duced plants increases if it is found in areas of the state
with large numbers of exotic plants, if there are many
exotic plant species in the plant family and genera on
which it feeds, and if it is oligophagous or polyphagous
rather than being more specialized (Fig. 5). Once ovi-
position occurs on a plant (a phenomenon that may be
facilitated in disturbed habitats, especially when native
hosts become rare) the probablility of true colonization
of a plant will depend on suitability for larval develop-
ment, presence or absence of competitors and natural
enemies, and other factors (Fig. 5). Colonization is even
possible in cases where females oviposit on exotics toxic
to larvae. Given sufficient variation in tolerance, natural
selection may result in improved performance on the
plant instead of avoidance by ovipositing females. Such
a scenario seems possible for Papilio zelicaon on Ammi
visnaga in California in that tolerance varies greatly
among populations in the state (Graves, 1997).
As the population of California grows and develop-

ment of natural areas continues at a rapid pace, more
and more introduced plant taxa will invade the habitats
of California’s butterflies (Bossard et al., 2000). Our
ability to mitigate negative effects of interactions
between exotic plants and native butterflies will depend
on documenting and studying these interactions as they
occur. We may also be able to predict potential pest
situations before they occur or identify native butterfly
species that might serve as biological control agents for
invasive weeds. On the other hand, the extensive adop-
tion of introduced host plants has clearly been beneficial
for a significant segment of the California butterfly
fauna, including most of the familiar species of urban,
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suburban and agricultural environments. Some of these
species are now almost completely dependent on exotics
(Shapiro, 2002), and would disappear were weed control
more effective than it currently is.
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