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 Etholegica} Studies on the FIower-visiting Behavior ofLuehdorLfia
               Butterfiies (Lepidoptera; PapilioRidae)
I. Color Preference of Butterflies and Refiectien Spectra of Flewers
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Department of Zoology, Faculty of Science, Kyoto University,
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           (Received November 3, 1999)

Abstract Color preferences in flower-visiting behavior ofLuehaodia puziloi and L. japonica

were tested in caged conditions. When vatious colored papers were presented, both species
visited dark and vivid blue papers more frequently than others. L. puziloi occasionally visited

yellow (or bee-purple), while L. J'aponica did not. Neither species were attracted to red. In

addition, the reflection spectra of the colored papers and spring flowers were measuted and

compared. Both the bluish papers and purplish fiowers had a peak refiection around 450 nm.
Because Luehdoifia butterflies usually visit purplish flowers in the field, I suggest that a peak

refiection around 450 nm is a primary cue or releaser for flower-visiting behavior in both

specles.

Key vvords Flower-visiting behavior, Color preference, Luehdoifia, Papilionidae, Reflec-

Uon spectrum

Introduetion

    Butterfiies visit fiowers for feeding. They seem to favor certain species or color(s) of

fiowers (e.g. Fukuda et al. 1972; Unno & Aoyama 1981).
    Small tiger svvallovvtails, Luehdoifiajoponica and L. puziloi, are found in Far East

Asia including Japan (Fig. 1). They are univoltine, and adults are on the wing in early

spring. Adult butterflies fly abollt above sunny ground in deciduous broadleaf forests,

where many fiowers such as Erythronium japonicum, Heloniopsis orientalis (both
Liliaceae), Viola vaginata (Violaceae) are in bloom (e.g. Fukuda et al. 1982).

    It is well known among Japanese lepidopterists that Luehdoifia butterflies usually
visit purplish fiowers like E. japonicum but scarcely visit yellowish ones (e.g. Fukuda et

al. 1982; Hiura & Kanoh 1977; Tanaka 1982). Why do they prefer the purplish flowers?
How do they discriminate these fiowers from others? Which cue is important for them to
find nectar sources, shape, size, color or odor? To answer these questions, I started a
series of studies.

    The following hypotheses might explain why Luehdoi fia butterflies prefer several
plant species as nectar sources:
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   (1) Butterflies indiscriminately visit any available flowers at random, therefore visit-

ing common flowers in the habitat more frequently than others.

   (2) Luehdojfia tend to fly along suRny places ln forests (e.g. IF"kuda etaL 1982). For
this reason, they visit fiowersethat grow iR sunny places more frequently.

   (3) Luehdorfia but{erflies visit flowers mostly in the morning and iater afternoon

(e.g. Fukuda et al. 1982), therefore visiting flowers which excrete nectars during those

times more frequently.

   (4) Butterflies discriminate those fiowers from oÅíhers by size, shape, color andlor
odor. Tl}ey prefer some flower traits to others.

   Purplish flowers are more abundantthafi yellowish ones in most habitats in Honshu.
When observed in their natural habitat, LuehdorLfia visit fiowers of a limited number of

plant species. They seem to avoid not only yellowish fiowers but also several purplish
species. For example, in several habitats of Mt. Yasuteyama, Aomori, flowers of maRy
species bloom in sunny patches of the forest. Adults of L. puziloi are observed to visit

mostly E. J'aponicum and V. vaginata (both purple fiower species). However, they scarcely

visit other fiower species such as Viola brevistipulata (yellow) and Anemone pseudo-
altaica (purple). Several other butterfly species (e.g. Iycaenids, Celastrina argiolusand

Callophyrusferrea) visit the flowers avoided by Luehdoi77a (Fujii unpublished). There-
fore, nofie of the first three hypotheses are likely to prove valid.

   What about the last hypothesis? Because it is known in several butterfly species that

fiower color is a primary cue for flower-visiting behavior (e.g. Ilse 1928; Hidaka & Obara

1968; S. L. Swihart 1969, 1970, 1972; Swihart & Swihart 1970; C. A. Swihart 1971;
Miyakawa 1976), I canied out color preference tests first. I also compared refiectioR
spectra among the colored papers tested and the spring flowers found in or around their
habitat.

Fig. 1.
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Materials and Methods

ExperimeRt 1:
    If color is a primary cue for fiower-visiting behavior, LuehdorLfia butterflies will be

expected to visit purplish papers when tested.

   Females of Luehdoptajaponica and L. puziloi ineupecta were collected at Tatekawa,
Yamagata in May l982 and at Kiraka, Aomori in Apiil 1982, respectively (Fig. 1). Eggs

were obtained from these females, and the hatched larvae were reared in the laboratory.
Pupae were stored in a refrigerator till the beginniRg ofApril 1983. Adult butterflies tha{

emerged from these pupae from 19-22 April 1983 were used in the experiment.
   'Ilie experiment was carried out in an outdoor cage, in Hiraka, Aomori (Fig. 2) duriRg

the hours, 0700-1700 on 21 and 22 Aprii 1983. The weather was fair and the ambient
temperatures were 20-30"C throughout the experiment. Butterflies of 30-70 L. puziloi
and 10--40 L. J'aponica were present in the cage. Several plant species (mostly li7ola selkirkii)

were fiowering so that the butterflies involved could freely visit these fiowers for feeding.

   Twelve different colored papers (dark blue, vivid blue, light blue, pale blue, vivid
green, vivid violet, light violet, vivid purple, light purple, paie purple, vivid red and white)

were prepared for experiment. "Pale" here means being lighter than "light" in brightness.

'I'hese colors except vivid green represent those of the fiowers visited by Luehdorlfia but-

terflies in their natural habitat. The papers wefe square and 5Å~5 cm2 in size. Two sets of

colored papers were fixed upon the leaves ofAsiasarum shieboldii with cellophane tape.

   I observed the behavior of the L. puziloi and L. J'aponica butterfiies and counted the

number of contacts with the colored papers.

Fig. 2.
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Fig. 3. Structure of the indoor cage in Nagaokakyo, Kyoto (left). Experiment 2 was carried out in this cage.

The experimental board (right). Numbers indicate the lengths in cm.

Experiment 2:
   In Experiment 1 , the butterflies were expected to visit the purplish papers, but in fact

they approached and alighted on the bluish papers most frequently (see Results). I then
designed a series of experiments to determine color preference in detail.

   An indoor cage was set by the window in a laboratory, in Nagaokakyo, Kyoto, in
such a way that sunlight would illuminate the cage. To maintain brightness, fluorescent
bulbs (30WÅ~2) provided constant illumination during the experiments (Fig. 3, left). Tem-

perature was maintained at a range of 20-250C by means of an air-conditioner. Four
papers of different colors were attached to a white experimental board (Fig. 3, right). The

board was aflrixed to the center of the cage fioor (Fig. 3, left). The colored papers used in

each experimental series (a, b, c and d) are shown in Table 1.

    L. J'aponica adults were collected in Kyoto and those of L. puziloi were collected in

Morioka, lwate during April-May 1984 (Fig. 1). Butterflies were fed with sugar solution

every evening. The experiments were canied out during April-May 1984. In the experi-
ments, I released 10-20 butterflies into the cage. Behavior was videotaped with a Na-

tional MacLord throughout the experimental period (0800-1600 h), and was analysed
afterward.

Speetrescopic analyses:
   Spring flowers were collected in Kyoto and Aomori during Apri1-May 1984. Some
of the fiowers collected are known to be species frequently visited by Luehdopta butter-

flies in the field, and others are not (Hiura & Kanoh 1977; Tanaka 1982; Fukuda et at.

1982; Fujisawa 1983; Watanabe 1985; Kanda 1987; see Appendix). The petals andlor
sepals of the flowers were prepared for spectroscopic analyses. Visible colors were very

variable (Table 2). The colored papers used in the above experiments were also prepared

for analyses.

   Spectroscopic measurements were made with a Shimadzu UV-visible Recording Spec-
trophotometer UV-240 (Graphicord). Barium sulphate (KODAK White Reflectance Stafi-
dard, LOT NO. MOOI--2) was used for control white.



                     Flower-visiting Behaviour ofLuehdoijia I

Table 1. Colored paper used in Experiment 2. DB: dark blue, VB: vivid blue, LB: light blue,

PB: pale blue, W: vvhite, VV: vivid viojet, LV: light violet, VP: vivjd purple, LP: light purple,

VY: vivid yellow, VR: vivid red, G: gray.
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Table 2. The fiowers prepared for spectroscopic analyses.

Color (to us) Flower Family Locality Refleclion
spectrum

Red
Yellow

Pale yellow

Pale green-yellow
Purple

Pink

Pale pink
Violet

Light violet
Blue-violet

Blue
White

Camellia japonica
Kerria japonica
Fcirsytha suspensa
Carydalis hetrocarpa

    var. Japonlca
Ixeris dentata

Tarexacum japonicum
Ranuncutus japonicus
Brassica napus
Stachyurus praecox
Taraxacum albidum
Petasitesjaponicus
lamit"n album var. barbatum
Lindera umbeUata
Rhododendron sp.
Lamiun amplexicaule
Phlox subutata
Epimedium grandiflcrum
Astragatus sinicus
Vicia sativa angusttfolia
      var. segetalis
Orychophragmus violaceus
Erythroniumjuponicum
iVeigela hcv'tensis

Prunus tannesiana var. Iannesiana
Prtunus Å~ yedoensis
Coe }rdalis incisa

Glechoma hederacea grandis
Viota grypoceras
Hycbtangea hirta
Viola vaginata
Anemonepseudo-altaica
Veronica persica
Abelia spathulata
Spiraea thunbergii
Rubuspalmatus
Co,ydalis ambigua
Anemonepseudo-altaica
Anemoneftaccida
Viota sieboldii
Trillium kamtschaticum

Theaceae
Rosaceae
O!eaceae

Papaveraceae
Compositae
Compositae
Ranunculaceae
Cruciferae
Stachyuraceae
Compositae
Compositae
Labiatae
Lauraceae
Ericaceae
Labiatae
Gentianaceae
Berberidaceae
Leguminosae

Leguminosae
Cruciferae
Liliaceae
Caprifoliaceae
Rosaceae
Rosaceae
Papaveraceae
Labiatae
Violaceae
Saxifragaceae
Violaceae
Ranunculaceae
Scrophulariaceae
Caprifoliaceae
Rosaceae
Rosaceae
Papaveraceae
Ranunculaceae
Ranunculaceae
Violaceae
Liliaceae

Kyoto
Kyoto
Kyoto

Kyoto
Kyoto
Kyoto
Kyoto
Kyoto
Aomori
Kyoto
Aomori
Kyoto
Aomori
Kyoto
Kyoto
Kyoto
Kyoto
Kyoto

Kyoto
Kyoto
Aomori
Kyoto
Kyoto
Kyoto
Kyoto
Kyoto
Kyoto
Kyoto
Aomori
Aofnori
Kyoto
Kyoto
Kyoto
Kyoto
Aomori
Aomori
Aomori
Kyoto
Aomori

Fig.
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Results

Experiment 1:
   In this experiment, the busterfties were mainly presented with bluish and purplish

colored papers. Total "umber of visits and the percentage of visits to respective colored

papers are shown in Fig. 4. Buttei flies were strQngly attracted to dark blue and vivid blue

in both species. Light blue also had an attractive effect. However, the purplish papers

were less attractive. There was no difference in color preference between the two species

(P>O.05, Chi-square test).

Experiment 2:
Series a

   Vivid red, vivid blue, vivid yellow and gray papers were tested in this series. The

butterflies visited the vivid blue paper most frequently in both species (P<O.OOI, Chi-
square test andlor Fisher's exact test). L. puzitoi adults were also attracted to the yellow

one (P<O.oo1), while the L. japonica were not. The preferences were significantly differ-

ent between the two species (P<O.OOI) (Fig. 5-a).

Series b

   Among the three bluish papers (vivid blue, light blue and pale blue) and the white

paper, vivid blue was significantly preferred to others in both species (P<O.OOI). The
preferences were significantly different between the two species (P<O.Ol) (Fig. 5-b). This

is probably because vivid blue paper attracted more L. puziloi than L. 1'aponica.

Series c

   When the butterflies were tested with the bluish and purplish papers, they preferred
dark blue and vivid blue to vivid violet and vivid purple (P<O.oo1). There was no differ--

ence in color preference between the two species (P>O.05) (Fig. 5-c).

Series d

   When purplish papers were presented, there was no specific preference for any color

(P>O.05), and no preference difference between the two species (P>O.05) (Fig. 5-d).

VB4e% DB30%LB
10%

vv LV YG

VB
42%

DB
25%

LB
17%

v L v LR

I.

L

          o
Fig. 4. Results ofExperiment l.

violet, VP: vivid purple, LP; light purple, and VG: vivid green.

loo o/,

puiiloi
  (st=139)

7aponles
   (n=24)

VB: vivid blue, DB: dark blue, LB: light blue, VV: vivid violet ,LV: light
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square test andlor Fisher's exact possibility test).

     O loog,c) Series c, and d) Series d. Numerals above the

*"": P<O.oo1, *": P<O.Ol, and N.S.: P>O.05 (Chi-
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Spectroscopic analyses:

Color naming
   Kevan (1978) proposed that colors should be narned for insects analogously as for
man according to the insect trichromatic diagram (Daumer 1956, 1958). However, elec-
trophysiological studies have recently suggested that the color vision system of some

insects are not trichromatic: tetrachromatic (in Papitio aegeus) and pentachromatic (in

Papilio xuthus) color vision systems were reported in butterflies (Arikawa et al. 1987).

The color vision system may differ from species to species. Thus, I used traditional color

narning (Daumer 1956, 1958).

Flowers
   The refiection spectra of the sample flowers are summarised in Fig. 6.

   According to the refiection spectra, white flowers should be divided into the follow-

lng two groups:
   (1) Bee-white flowers, which refiect near-IJV (ca. 350 nm in wavelength) through
red (ca. 750 nm). Only Taraxacum albidum belonged to this group (Fig. 6-a).

   (2) Bee-blue-green fiowers, which refiect light longer than ca. 400 nm. Most visu-
ally-white fiowers belonged to this group (Fig. 6-b-d). The refiection spectra ofpale pink

fiowers were similar to this group.

   Purplish (including pink), violet and bluish fiowers have several different patterns of

reflection in longer wavelength (> 600 nm), so human perception of their color is highly

variable. In shorter wavelength, however, they usually have a peak reflection around 450

nm or blue--violet. If LuehdorLfia butterflies have a bee-type color sense, these fiowers

might be bee-blue (Fig. 6-e-i).

   However, the refiection spectra are slightly different from the above species in Weigela

hortensis, Epimedium grandi:florum (Fig. 6-j) and Hydrangea hirta (Fig. 6-k). Although
these flowers are visually purplish in color, the former two species reflect bee-violet (380-

420 nm) while the last one refiects bee-blue-green (480-520 nm), in addition to bee-blue.

These two groups might be divided from the bee-blue flowers.
   Yellow fiowers should be divided into three groups:
    (1) Bee-purple fiowers, which refiect near-UV as well as yellow (> 5oo nm). Most of

the yellow flowers belonged to this group (Fig. 6-l, m).

    (2) Pure yellow flowers, which do not refiect near-UV but yellow (> 5oo nm). Among

the samples, only Forsytha suspensa belonged to this group (Fig. 6-n).

    (3) Green-yellow fiowers including Petasites J'aponicus, Stachyurus praecox and
Lindera umbellata. These fiowers might belong to the forrner group, but have slight
refiection around 400-500 nm (Fig. 6-o). Since these flower species are occasionally
visited by Luehdoi fia (see Appendix), I separated this group from the pure yellow flow-

ers.

    I prepared only Camelliajaponica fvor the red sample, because few red fiowers were
available in spring. This flower refiects not only red (> 650 nm) but also near-UV (ca. 350

nm). Thus, this is not a pure red fiower but ultraviolet fiower for most insects (Fig. 6-p).
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Coloredpapers
   The results of the spectroscopic analyses on the colored papers are shown in Fig. 7.

Most of the papers did not have a peak refiection of near-UV (300-380 nm). White and
yellow papers had, however, a peak reflection ofnear-UV. Therefore, these papers might

be referred to as bee--white and bee-purple rather than white and yellow, respectively. 'Irrhe

yellow (bee-puple) paper had similar refiection spectra to most wild yellow (bee-purple)

fiowers, while white (bee-white) paper had different refiection from most native white

(bee-yellow) fiowers.
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Discussioit

    The results of experiments suggest that Luehdocfia butterflies recognize nectar sources

in response to the colors of fiowers. BIue-violet is the most attractive color for flower-

visiting behavior in both L. puziloi andjaponica, but hues are also of some importance.
Yellow, or bee-purple, has minor attractive qualities in L. puziloi only. Red is not attrac-

tive to both species at all,

    When refiection spectra of bee-blue flowers were compared with those of the dark
and vivid blue papers, all had a peak reflection around 450 nm in wavelength, or blue-
violet refiection, in addition to strong refiection over 700 nm. Purplish papers similarly

had two peaks of refiection, but a peak in shorter wavelength (around 420 nm) was slightly

shorter than that of the bee-blue flowers and the bluish papers. The red paper did not have

a peak refiection in shorter wavelength, whereas it refiected light over 700 nm.

    It is thus suggested that LuehdoiJfia butterflies frequently visit bee-blue flowers mainly

in response to a peak refiection around 450 nm in wavelength or blue-violet refiection

from flowers. Though electrophysiological studies are necessary, Luehdonfia butterflies

might be red-blind so that they sense slightly shorter wavelength light than human beings

(e.g. 3eO-650 nm like honey bees: Daumer 1956, 1958). Or they might be also able to
sense longer wavelength light as reported in severai butterfly species (e.g. Arikawa et al.

1987), but strong reflection over 600 nm might have reduced the attractive effect of a
peak reflection around 450 nm. In any case, the color preference for blue-violet should be

adaptive in nature, because purplish flowers are the most available nectar sources in the

habitat: natural selection favors those that initiates fiower-visiting behavior innately in

response to blue-violet reflection from fiowers.

    As for bee-purple (or yellow) fiowers, L. puziloi exhibited a minor preference, but L.

1'aponica did not. This difference in color preference is possibly a species-specific at-

tribute. It may also be a result of leaming because the materials were collected from the

natural habitats, L. puziloi butterflies could have leamed that bee-purple (or yellow) ob-

jects indicate nectar sources. Further studies are needed to determine this.
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