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Abstract Adults of some butterfly species have odors,

several components of which are known to have phero-

monal or defensive functions. Little is known about the

odors of hesperiid butterflies, however. Erynnis montanus

(Hesperiidae), especially male adults, emit a pungent odor

that is detectable by the human nose. Chemical analysis has

revealed that crude extracts of wild individuals contained

10 volatile substances, of which docosane and heneicosane

were the main components. Because males contain a sig-

nificantly larger amount of p-cresol than females, this

aromatic compound is characterized as a strong male odor.

At the end of the adult occurrence period, p-cresol

decreased substantially in each male. Benzothiazole,

identified for the first time in lepidopteran adults, was

present in both sexes in almost equal amounts. Among the

10 volatile substances detected in males, biased distribution

in the wings rather than the body was observed for ben-

zothiazole, heptanal, and p-cresol. Male adults have and-

roconial organs in the costal part of the forewing on which

benzothiazole and p-cresol tended to concentrate. How-

ever, these compounds were detected not only in other

parts of the forewing but also in the hindwing and body,

suggesting the presence of undiscovered scent-producing

organs.

Keywords Skipper butterfly � Adult odor � Chemical

composition � Quantitative alteration � Androconia

Introduction

Adults of several butterfly species, especially males, emit

odors that are detectable by the human nose. These odors are

usually associated with morphologically specialized struc-

tures called androconia (Boppré 1989). Androconia are

diverse in terms of structure from wing patches to abdominal

hair pencils, in which modified scales with glandular bases

exist (Boppré 1993). Both the chemical nature and biolog-

ical significance of androconial odors have been revealed in

a limited number of Pieridae and Danaidae species, in which

some male-specific substances serve as sex pheromones at

close range (Honda 2008; Yildizhan et al. 2009). Moreover,

the phenolic odors from some butterfly species are thought

to function as feeding deterrents to potential predators

(Eisner and Eisner 1990; Nishida et al. 1996).

The family of Hesperiidae, consisting of about 4000

species distributed among 567 genera, is commonly known

as the skipper family (Warren et al. 2008). Thirty-seven

hesperiid species are found in Japan (Shirôzu 2006). In

many hesperiid species, male adults have different types of

androconial organs, for example the stigmata (patches of

characteristic scales) and tufts of hair-like scales (Warren

et al. 2009). The purpose of androconial organs has been

clarified in a few hesperiid species only. Thymelicus lineola,

T. acteon, and Hesperia comma have forewing stigmata

enclosing tubular scales within a hollow medulla (Pivnick

et al. 1992; Wüest 1998). These specialized scales can break

into small pieces called osmophores, which serve as pher-

omone dispensers. Adult female T. lineola had strong

electroantennographic responses to the androconial odor of

conspecific males, and copulation frequency significantly

decreased on removal of the male stigmata (Pivnick et al.

1992). These results demonstrate the presence of a male sex

pheromone in the T. lineola stigmata and the first evidence
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of it in the Hesperiidae family. Nevertheless, the androco-

nial substances of T. lineola have not yet been revealed, and

little knowledge of the odor components has been obtained

from hesperiid butterflies (El-Sayed 2009).

The spring flat Erynnis montanus Bremer is a montane

hesperiid species that feeds on a variety of host plants

belonging to the Fagaceae family. This skipper is univoltine

and occurs from the end of March to the middle of May in

Hiroshima prefecture. Male adults actively fly around in

sunny open areas, for example mountain paths and meadows,

whereas female adults tend to be found in sparse woodland

areas (Fukuda et al. 1984). Because male courtship behavior

is rarely observed in the field, details of the mating behav-

ioral sequence remain unclear. Adult skippers have a char-

acteristic pungent odor that is stronger in males than in

females. Interestingly, the male odor changes within the

period of occurrence of adults, with the odor being fainter for

aging males than for adolescent males. This skipper is sex-

ually dimorphic, especially in the forewing. Whereas

females have a unique white band in the forewing color

pattern, males have a distinct structure called a forewing

costal fold, which encloses characteristic scales that are

smaller than normal wing scales (Shirôzu 2006). This alar

structure is specific to males; other characteristic organs, for

example hairpencils have never been found in males. The

forewing costal fold is regarded as the androconial organ of

E. montanus. However, it remains unclear whether the

pungent odor is associated with it. In addition, the function of

the odor of E. montanus remains unknown. As a first step in

elucidating the biological significance of odors emitted from

adult E. montanus, we examined:

1 the chemical composition of the odoriferous

components;

2 quantitative alteration of these components within the

adult occurrence period; and

3 the component distribution in male adults.

Materials and methods

Insects

Wild E. montanus adults were collected in Higashihiro-

shima in April and May in the years 2008–2010. Captured

butterflies were placed individually in cylindrical plastic

cases (75 mm high, 80 mm ID) and kept quiet for at least

1 h before extraction.

Extraction

Butterflies were frozen to death at -20�C and subjected

to 3-min extraction with purified (twice-distilled)

dichloromethane. We conducted the following sample

preparation. First, we examined sex-based differences in the

chemical composition of odor using 25 males and 7 females

collected in 2008. Within 5 weeks after the first collection of

adult butterflies, 5 males were collected every week for brief

examination of quantitative component changes, i.e., 25

males were divided into 5 groups (5 males each). Because

females were seldom seen in open areas and rarely collected

within the occurrence period, the 7 females constituted 1

group. Each individual was soaked in 1 mL solvent. Second,

the distribution of volatile compounds in male adults was

examined using 10 males collected on April 2 and 5, 2009.

One male was divided into 3 parts (forewings, hindwings,

and body), and each part obtained from 2 males was soaked

in 1 mL solvent. Five samples of each part were prepared in

this manner. Third, the distribution of 2 characteristic vola-

tiles on male wings was examined using 10 males collected

on April 3 and 4, 2010. The forewings and hindwings

obtained from 2 males were separated into costal, basal, and

distal parts (Fig. 1). The 6 wing parts were individually

soaked in 1 mL solvent. Five samples of each part were

prepared in this manner.

These resulting extracts were filtered and concentrated

to 100 lL under a stream of nitrogen at 10�C. The con-

centrated extracts were stored at -20�C until the chemical

analysis was performed.

Chemical analysis

The concentrated extracts were examined by gas chroma-

tography–mass spectrometry (GC–MS). GC–MS analysis

was performed at 70 eV using a Shimadzu (Kyoto, Japan)

QP5000 mass spectrometer and a Shimadzu GC-17A

gas chromatograph equipped with a Varian CP-Wax 58CB

fused-silica capillary column (0.25 mm ID 9 25 m,

0.20 lm film thickness). The column oven temperature was

programmed from 40�C (held initially for 2 min) to 200�C

at 5�C/min. The interface temperature was maintained at

250�C. Splitless injection of samples was performed at

220�C using helium as carrier gas. Compound identifica-

tion was based on comparison of retention times and mass

Fig. 1 The upper side of male Erynnis montanus wings. The wings

were amputated along the dotted lines for quantifying benzothiazole

and p-cresol in each of these 3 parts
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spectral data with those of authentic samples obtained

commercially. Heneicosane and docosane were obtained

from Sigma–Aldrich (St Louis, USA), and heptanal, non-

anal, decanal, acetic acid, octanoic acid, nonanoic acid,

benzothiazole, and p-cresol were obtained from Tokyo

Chemical Industry (Tokyo, Japan). Quantification of the

compounds was based on comparison of peak intensities in

total-ion chromatograms with those from 100 ng of the

authentic samples.

Results

Chemical composition of the odor from hesperiid adults

Dichloromethane extracts of the whole body of the skipper

yielded 10 highly volatile substances: 2 aliphatic hydro-

carbons, 3 aliphatic aldehydes, 3 aliphatic acids, and 2

aromatic compounds (Fig. 2; Table 1). Of these 10

components, docosane was the most abundant in both

sexes, and the average amount was [1 lg/individual.

Heneicosane was the second most abundant compound in

both sexes and was present at 300–1000 ng/individual. In

terms of abundance, the compounds following these

alkanes were p-cresol in males and nonanoic acid in

females, average amounts of which were approximately

200 ng/individual. Other components were present in

amounts \100 ng/individual. Docosane and p-cresol were

significantly more abundant in males (N = 25) than in

females (N = 7) (P \ 0.05 for docosane and P \ 0.001 for

p-cresol, Mann–Whitney U test).

Among the males collected over 5 weeks of 2008, the

maximum quantity of each compound was found in those

collected in the second week (Table 1). Of the 10 com-

pounds identified, a substantial decrease in the average

amount per male was observed for p-cresol only; in fact, the

quantity was significantly lower in the fifth week than in the

first and second weeks (P \ 0.05, Mann-Whitney U test).

Fig. 2 Typical total-ion

chromatograms obtained from

crude extracts from 1 adult

Erynnis montanus.
Chromatograms were run on a

Varian CP-Wax 58CB capillary

column (0.25 mm ID 9 25 m,

programmed from 40�C (held

initially for 2 min) to 200�C at

5�C/min). Compounds 1
heptanal, 2 nonanal, 3 acetic acid,

4 decanal, 5 benzothiazole,

6 octanoic acid, 7 p-cresol,

8 heneicosane, 9 nonanoic acid,

and 10 docosane

Table 1 Chemical composition of adult Erynnis montanus scents

No. Amount/individual (ng, average ± SD)

Collection time 1st 2nd 3rd 4th 5th Total Total

08 4/3–6 08 4/10 08 4/17 08 4/23 08 5/1 08 4/3–5/1 08 4/3–5/1

Compound RT (min) # 95 # 95 # 95 # 95 # 95 # 925 $ 97

1 Heptanal 5.2 23 ± 9 43 ± 12 5 ± 4 13 ± 7 22 ± 12 20 ± 5 46 ± 27

2 Nonanal 10.1 60 ± 14 95 ± 22 23 ± 11 57 ± 4 70 ± 17 59 ± 8 45 ± 19

3 Acetic acid 12.0 71 ± 12 157 ± 31 21 ± 14 56 ± 13 30 ± 13 64 ± 13 66 ± 21

4 Decanal 12.8 17 ± 3 10 ± 4 3 ± 3 3 ± 2 6 ± 3 8 ± 2 8 ± 5

5 Benzothiazole 22.8 63 ± 9 162 ± 101 40 ± 6 36 ± 2 115 ± 72 80 ± 27 78 ± 17

6 Octanoic acid 25.3 38 ± 5 69 ± 25 21 ± 14 24 ± 1 23 ± 15 34 ± 7 61 ± 36

7 p-Cresol 25.7 262 ± 72 376 ± 86 154 ± 49 194 ± 42 69 ± 22 203 ± 33***a 10 ± 5

8 Heneicosane 26.2 430 ± 100 1001 ± 235 311 ± 102 670 ± 142 664 ± 118 591 ± 81 389 ± 191

9 Nonanoic acid 27.4 73 ± 7 160 ± 37 43 ± 24 48 ± 2 73 ± 23 76 ± 13 197 ± 105

10 Docosane 28.1 3198 ± 546 4579 ± 1048 1704 ± 615 3722 ± 798 2373 ± 532 2996 ± 385* 1408 ± 514

a Significant sex differences in amount are represented by asterisks (Mann-Whitney U test: * P \ 0.05 and *** P \ 0.001)
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Distribution of adult male volatile components

The 10 compounds were detected in all 3 amputated parts

of the male adults: the forewings, hindwings, and body

(Table 2). To assess possible biased component distribu-

tion on either the wings or the body, the wing/body ratio in

amount per individual was calculated for each compound.

The ratio for benzothiazole (the highest value among the 10

components) was 5.78, indicating this compound emanated

primarily from the wings. For heptanal and p-cresol the

ratios were 2.43 and 1.95, respectively, demonstrating that

the content of each was approximately twice as high in the

wings as in the body. The other 7 compounds were almost

evenly distributed between wings and body (ratios

0.83–1.70). Equal amounts of benzothiazole and octanoic

acid were present in the forewings and hindwings, whereas

the other 8 compounds were somewhat more abundant in

the hindwings. Although p-cresol and benzothiazole were

detected in all 3 (costal, basal, and distal) parts of the male

forewings or hindwings, in terms of amount per area these

aromatic compounds tended to be most abundant in the

costal part (Table 3).

Discussion

To the best of our knowledge (El-Sayed 2009), this study is

the first to report on the odor of hesperiid butterflies. Ten

volatile compounds were identified in adult E. montanus

extracts. Whereas 8 of these were present in almost equal

amounts in both sexes, p-cresol and docosane were sig-

nificantly more abundant in males than in females. Among

the 10 components identified, docosane was the most

abundant, followed by heneicosane. Because these ali-

phatic hydrocarbons were present in significantly higher

amounts than the other components, they seemed to be the

cuticular hydrocarbons (CHCs) of this skipper. n-Alkanes

with 21–31 carbon atoms have been identified as the CHCs

of the adult butterflies Danaus erippus and D. plexippus

(Hay-Roe et al. 2007). Compounds present in moderate

quantity (ca. 200 ng/individual) were p-cresol in males and

nonanoic acid in females. Benzothiazole was detected at

80 ng/individual in both sexes. These three compounds

are regarded as the major substances of the odor of

E. montanus adults. In particular, p-cresol is regarded as

the characteristic compound of the strong male odor.

Quantitative decreases of this phenolic compound are

responsible for most of the male odor changes within the

occurrence period.

Several volatile compounds found in adult E. montanus

have been reported in other lepidopterans also. p-Cresol is

one of the compounds secreted from the hairpencils of the

male giant danaid butterfly Idea leuconoe (Nishida et al.

1996). The sex pheromone of the adult male cabbage

looper Trichoplusia ni contains p-cresol to attract conspe-

cific females (Heath et al. 1992). Nonanoic acid is found in

several danaid butterflies (Schulz et al. 1993), and heptanal,

nonanal, decanal, and acetic acid have been identified in

Papilionidae (Honda 1980; Ômura et al. 2001; Ômura and

Honda 2005). On the other hand, this study is the first to

Table 2 Distribution of volatile

compounds in adult male

Erynnis montanus

No. Compound RT

(min)

Amount/individual (ng, average ± SD) Wing/body

ratio
Forewings Hindwings Body

1 Heptanal 5.2 5 ± 3 12 ± 3 7 ± 4 2.43

2 Nonanal 10.1 9 ± 4 16 ± 2 20 ± 4 1.25

3 Acetic acid 12.0 17 ± 7 29 ± 4 27 ± 8 1.70

4 Decanal 12.8 3 ± 2 6 ± 0 6 ± 2 1.50

5 Benzothiazole 22.8 68 ± 49 65 ± 38 23 ± 5 5.78

6 Octanoic acid 25.3 13 ± 2 12 ± 2 20 ± 4 1.25

7 p-Cresol 25.7 64 ± 18 113 ± 21 91 ± 23 1.95

8 Heneicosane 26.2 81 ± 19 130 ± 8 226 ± 46 0.93

9 Nonanoic acid 27.4 14 ± 4 21 ± 2 27 ± 5 1.30

10 Docosane 28.1 557 ± 163 825 ± 62 1674 ± 283 0.83

Table 3 Distribution of benzothiazole and p-cresol in the wings of

adult male Erynnis montanus

Wing

region

Area

(mm2)

Amount/area/individual (ng/mm2,

average ± SD)

Benzothiazole p-Cresol

Forewings

Costal part 26 0.33 ± 0.11 0.12 ± 0.10

Basal part 92 0.51 ± 0.73 0.07 ± 0.07

Distal part 188 0.05 ± 0.03 0.05 ± 0.03

Hindwings

Costal part 22 0.34 ± 0.19 0.16 ± 0.09

Basal part 82 0.08 ± 0.07 0.07 ± 0.03

Distal part 198 0.09 ± 0.09 0.08 ± 0.05

284 Appl Entomol Zool (2011) 46:281–286

123



identify benzothiazole as a volatile compound in lepi-

dopteran adults (El-Sayed 2009), suggesting that this

compound is one of the characteristics of this skipper’s

scent.

Many insect species discharge a secretion in response to

disturbance. The secretion is usually regarded a chemical

weapon against potential predators, because of the presence

of repellent and irritating compounds. Of the volatile

compounds identified in this study, p-cresol and benzothi-

azole have been reported as effective repellents against

predatory ants (Eisner et al. 1978; Drilling and Dettner

2010). In addition, p-cresol, benzothiazole, and nonanoic

acid have strong antimicrobial activity (Smith and Grula

1982; Drilling and Dettner 2010). This evidence suggests

that the pungent odor of adult E. montanus has the potential

function of chemical defense.

Some butterfly species produce male-specific volatile

compounds that serve as sex pheromones, e.g., citral in

Pieris napi (Andersson et al. 2007) and danaidone in

several danaid species (Honda 2008). Moreover, sexual

dimorphism has been found in CHCs of several butterfly

species (Ômura and Honda 2005; Dapporto 2007). In this

study, amounts of p-cresol and docosane were signifi-

cantly higher for male adults than for female adults.

These compounds are likely to have potential roles in

chemical communication of E. montanus between the

sexes.

The several compounds identified in this study were

localized in both the forewings and hindwings rather than

in the body. The wing/body ratio was highest for benzo-

thiazole, and p-cresol, the male-specific compound, was

relatively concentrated in the wings. These results suggest

that biosynthetic or storage organs for these compounds are

present in both wings. In Atrophaneura alcinous (Papili-

onidae) and several species of Danaidae, male-specific

volatiles are discharged from the androconia organs in the

hindwing (Honda 1980, 2008). Male adults of E. montanus

and Pyrgus maculatus (Hesperiidae) have forewing costal

folds that enclose fine scales with a string-like upper part

(Kawazoé and Wakabayashi 1976). The presence of mor-

phologically peculiar scales indicates that this alar structure

is the androconial organ of E. montanus. Our current

results support the theory that the forewing costal folds are

related to the discharge of benzothiazole and p-cresol. On

the other hand, these aromatic compounds were detected

not only in other parts of the forewing but also in the

hindwing and body. Moreover, volatile substances were

found in females despite the lack of costal folds in the

forewings. These results indicate the possibility that hith-

erto undiscovered scent-producing organs are present.

Despite our extensive examinations of male wings using

optical and scanning electron microscopy, the existence of

androconia has not been detected in locations other than the

forewing costal folds.

With regard to quantitative changes of the compounds, a

significant decrease within the occurrence period of male

adults was observed for p-cresol only. Similar quantitative

changes have been reported for the sex pheromone com-

pounds of the moth species Sesamia nonagrioides and

Helicoverpa assulta (Babilis and Mazomenos 1992;

Kamimura and Tatsuki 1993). The distinct quantitative

change of p-cresol in E. montanus males suggests a pos-

sible biological function that differs from that of other

compounds. Further studies are needed to elucidate the

biological significance of the scent substances emitted by

adult E. montanus.
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Boppré B (1989) Chemically mediated interactions between butter-

flies. In: Vane-Wright RI, Ackery PR (eds) The biology of

butterflies. Princeton University Press, Princeton, pp 259–275
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