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ABSTRACT: Cleisostoma scolopendrifolium is an orchid species solely pollinated by the male bee Megachile

yasumatsui. Although C. scolopendrifolium is an endangered species in Korea, little is known about its pollination mechanisms or the profiles of its chemical attractants. This study provides evidence that the Cleisostoma
orchid attracts male bees as pollinators by mimicking female mating signals. We found 13 hydrocarbons in the
Cleisostoma orchid flower presumed to be involved in sex pheromone mimicry: five alkanes (tricosane, pentacosane, heptacosane, nonacosane, and hentriacontane), compounds of cuticular hydrocarbons which function
as chemical cues for the recognition of mates and species in social insects; and eight alkenes ((z)-9-tricosene,
(z)-9-pentacosene, (z)-11-pentacosene, (z)-9-heptacosene, (z)-11-heptacosene, (z)-9-nonacosene, (z)-11-nonacosene, and (z)-11-hentriacontene) which serve as sex pheromones in several insects. We suggest that these
hydrocarbons play a key role in the pollination mechanism between Cleisostoma orchids and Megachile bees.
Keywords: pollination, Megachile, Cleisostoma, hydrocarbon, sex pheromone

these compounds, that are a part of the wax layer on the cuticle,
is to prevent dehydration, and pollinator attraction seems to
have evolved secondarily through a shift in function (Schiestl
et al., 1999). Australian Chiloglottis trapeziformis attracts its
pollinator with a single compound, Chiloglottone (Schiestl et
al., 2003) which tricks the male thynnine wasp (Neozeleboria
cryptoides). As the result of analysis of C. trapeziformis scent
revealed the orchid was producing chiloglottone, which is also
a pheromone made by female wasps.
Cleisostoma scolopendrifolium (Fig. 1A–D), one of
endangered orchid species in Korea, is categorized as EN B2b
(iii, iv, v), c (iii, iv, v) in the Korean Red List of Threatened
Species and is currently protected under the Endangered Wild
Life Protection Law (National Institute of Biological
Resources, 2014). Despite its conservation status, we know
very little about pollinators, pollination mechanisms, and role
of pollinators in seed production.
Megachile yasumatsui male bee is the only one pollinator

Zoophilic plants attract pollen vectors with floral signals that
are associated with rewards or release innate responses in the
pollinators (Vogel, 1983). These plants imitate signals attractive
to pollinators, a phenomenon called floral mimicry.
Generalized mimicry is assumed to be common among food
deceptive plants (Dafini, 1984). Batesian mimicry has been
demonstrated only rarely among food deceptive species, but is
well established in sexually deceptive orchids. Sexual
deception differs from food deception by exclusive attraction
of male insect pollinators that have the motivation of mating
rather than searching food. Accordingly, pollination is often
species specific and floral odor, a mimicry of the pollinators
sex pheromone, is crucial for pollinator attraction (Paulus and
Gack, 1990).
In the European Ophrys sphegodes active chemicals are
simple, more or less ubiquitous constituents of plant cuticular
hydrocarbons that release behavioral activity only on specific
relative amounts (Schiestl et al., 2000). A primary function of
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Fig. 1. Cleisostoma scolopendrifolium and its pollinator, Megachlile yasumatsui. A. Population of C. scolopendrifolium in Mokpo. B. Before
pollination, pollinia are covered by anther cap. C. After pollination, pollinia are transferred to the stigma. D. Fruit. E. Pollinia attached to the
head of M. yasumatsui (front view). F. M. yasumatsui visiting a flower.

species of C. scolopendrifolim orchid and the bee visits only
when the flowers produce odor. It became evident that male
Megachile bees transferred the pollinia attached to the heads
which had visited the orchids (Son et al., 2017).
Sexual mimicry, pollination system functions primarily
through the species-specific imitation of female sex
pheromones. This mechanism of chemical mimicry showed
that specific patterns of n-alkenes (unsaturated hydrocarbon)
play a key role in Ophrys orchid for attraction of male
pollinators to the flowers (Schiestl et al., 2000). Alkanes,
saturated analogues of n-alkenes, were showed to have
synergistic effect by increasing the intensity of male responses.
This chemical mimicry is the presumed mechanism behind
the attraction of only male Megachile bees. Subsequently, the

objective of this research is to analyze the hydrocarbon patterns
of C. scolopendrifolium flowers, and to reveal the presence of
specific substances which only attract male Megachile bees.

Materials and Methods
Sample collection
Cleisostoma scolopendrifolium plants were collected at
Yudalsan Mt. of Mokpo in the southern part of Korea. For all
scent (hexane extracts) collection, fresh, unpollinated flowers
were used. Flowers and leaves were extracted by the same
dilution factor. One milliliter (mL) of hexane were extracted
from 0.1 g of each sample (Uvasol, Merck. Darmstadt,
Germany) by shaking in a 2 mL vial for 1 min. The flowers
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and leaves were then removed, and the samples were stored
at -20°C until the analysis.

Extraction procedure
Before the gas chromatographic analysis, 100 ng of
octadecane (purity 99.8%, Fluka, Buchs, Switzerland) were
added to all samples as an internal standard. For identification
of compounds, 1 µL of each sample was injected on column
into a Trace GC Ultra with a DSQ mass spectrometer (MS;
Thermo electron Corp., Milano, Italy), and equipped with HP5
columns (5% phenyl-methyl-polysiloxane, 30 m × 0.32 mm ×
0.25 µm film thickness, Agilent Technologies). Helium served
as the carrier gas (2 mL/min, constant flow mode). The oven
was kept at 45oC for 1 min and then heated to 280oC at a rate
of 10oC/min. The transfer line to the MS was heated to 220oC.
The ion-source of the MS was heated to 250oC, and starting
after 5 minutes it was run in full scan mode; 1.31 scans/s were
done at a scan rate of 500.3 amu/s, and the mass range was
50–420. Compounds were identified by comparison of mass
spectra and retention times with those of synthetic reference
compounds. On a HP-5 column, alkenes eluted before the
corresponding alkanes. Rather than identifying all compounds
present in the extracts, we focused on straight chain saturated
hydrocarbons (n-alkanes) and unsaturated (n-alkenes)
hydrocarbons with double bond position 5, 7, 9, or 11, and of
chain lengths 21–29.

Results
Occurrence of alkanes and alkenes
n-alkanes (saturated hydrocarbons) of chain lengths 21–32

were present in leaf and flower extract, but varying absolute
abundance (Fig. 2). Odd chain-lengths alkanes with 23 carbon
atoms or more were especially abundant in flower extract, i.e.,
tricosane, pentacosane, heptacosane, nonacosane, and
hentriacontane (Fig. 3, Table 1). These five alkanes are also
found in the cuticular layer of several insects. Tricosane is a
cuticular hydrocarbon (CHC) that is associated with mate
recognition in Drosophila suzukii (Snellings et al., 2018).
Pentacosane is released in the form of pheromones produced
by honey bees during their waggle dancing behavior (Thom
et al., 2007). Heptacosane is a CHC found in the weaver ant,
Oecophylla smaragdina (Bloomquist and Bagneres, 2010).
Nonacosane is a pheromone released by Orgyia leucostigma
(Grant et al., 1987), and functions as a chemical signal
transmitter among female Anopheles stephensi mosquitos (Brei
et al., 2000). Finally, hentriacontane, a substance composing
cuticular lipids in the male cricket, Gryllus bimaculatus,
induces sex specific behavior (Iwasaki and Katagiri, 2008).
No alkenes were detected in the leaf extract, whereas (z)-9tricosene, (z)-11-pentacosene, (z)-12-pentacosene, (z)-9heptacosene, (z)-11-heptacosene, (z)-9-nonacosene, (z)-11nonacosene, and (z)-11-hentriacontene were found in the
flower extract (Fig. 3, Table 1). (z)-9-tricosene is a sex
pheromone produced by the female housefly Musca domestica
(Carlson et al., 1971). (z)-9-pentacosene is a contact sex
pheromone in the locust borer Megacyllene robiniae (Ginzel
et al., 2003). (z)-11-pentacosene is a sex pheromone component
in Drosophila virilis (Oguma et al., 1992). (z)-9-heptacosene
is a mating stimulating pheromone of the horn fly Haematobia
irritans (Bolton et al., 1980). (z)-11-heptacosene is a sex
pheromone in the alfalfa leaf-cutter bee Megachile rotundata

Fig. 2. Mean relative amounts of saturated hydrocarbons in Cleisostoma scolopendrifolium flower and leaf extract.
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Fig. 3. Gas chromatographic analysis of Cleisostoma scolopendrifolium flower extract. Numbered peaks correspond to compounds. The
names of compounds are indicated in Table 1.
Table 1. Occurrence of straight chain saturated hydrocarbons (n-alkanes) and unsaturated (n-alkenes) hydrocarbons of flower extract of
Cleisostoma scolopendrifolium indexed by the insects which produce them.
No.

Compound

1

(z)-9-Tricosene

2

Tricosane

Properties
Sex pheromone produced by female housefly (Carlson et al., 1971)
CHCs of Drosophila suzukii (Snellings et al., 2018)

3

(z)-11-Pentacosene

Sex pheromone component in Drosophila virilis (Oguma et al., 1992)

4

(z)-9-Pentacosene

Contact sex pheromone of the locust borer (Ginzel et al., 2003)

5

Pentacosane

6

(z)-11-Heptacosene

Sexual pheromone in the alfalfa leaf-cutter bee Megachile rotundata
(Paulmier et al., 1999)

7

(z)-9-Heptacosene

Mating stimulant pheromone of the horn fly (Bolton et al., 1980)

CHCs of honey bee (Thom et al., 2007)

8

Heptacosane

9

(z)-11-Nonacosene

Sex pheromone of Sirex noctilio elicited copulatory responses from males (Böröczky et al., 2009)

CHCs of weaver ant (Bloomquist and Bagneres, 2010)

10

(z)-9-Nonacosene

Major component of the contact sex pheromone of beetle Megacyllene caryae (Ginzel et al., 2006)

11

Nonacosane

12

(z)-11-Hentriacontene

13

Hentriacontane

Sex pheromone of Orgyia leucostigma (Grant et al., 1987)
Mating stimulant pheromone of Fannia femoralis (Uebel et al., 1978)
CHCs of male cricket (Iwasaki and Katagiri, 2008)

CHC, cuticular hydrocarbons.

(Paulmier et al., 1999). (z)-9-nonacosene is major component
of the contact sex pheromone of beetle Megacyllene caryae
(Ginzel et al., 2006). (z)-11-nonacosene is sex pheromones in
Sirex noctilio that elicited copulatory responses from males
(Böröczky et al., 2009). Lastly, (z)-11-hentriacontene is a
mating stimulating pheromone in Fannia femoralis (Uebel et
al., 1978).

Discussion
In early 1900s, Coleman (1927) discovered independently
that some orchids, without producing nectar, mimic mating
signals of insects and are pollinated by males attempting
copulation on the flowers. It took some years to establish the
concept of chemical mimicry between the European Ophrys
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sphegodes orchid and a male Andrena nigroaenea pollinator
(Schiestl et al., 1999). In the preliminary research, it was believed
that the male bees attempted copulation with an orchid flower
due to physical mimicry of the female bees’ appearance.
However, further investigation of orchid floral scents elucidated
that semiochemicals which elicit copulation behavior are located
on both the surface of the females’ cuticle and the surface of
the flowers. Most of the alkanes and alkenes occurred in similar
patterns in both the bees and orchids (Schiestl et al., 2000).
As for C. scolopendrifolium, odd chain- lengths n- alkanes
in the leaf and flower were present in similar patterns, but
there were especially abundant in the flower than in the leaf.
While no alkenes were found in leaf extract, eights were found
exclusively in flower extract. In the case of C.
scolopendrifolium, male M. yasumatsui are the sole pollinator.
This is in large part because hydrocarbon patterns in
Cleisostoma orchid proposed possibilities, the orchid flowers
produce semiochemicals similar to that of Megachile females’
sex pheromones and adopts chemical mimicry as a pollination
mechanism to utilize male Megachile bees as its pollinator.
Future research should focus on two additional goals—to
identify hydrocarbon patterns in female Megachilie bee, and
to verify whether male Megachile bees respond to dummy
flowers coated with compounds from actual C.
scolopendrifolium flowers. This further evidence would add to
the robustness of the current findings.
ORCID: Hyun-Deok SON https://orcid.org/0000-0002-3504-

1908; Seon A YUN https://orcid.org/0000-0002-4961-7189;
Seung-Chul KIM https://orcid.org/0000-0003-0559-6782;
Hyoung-Tak IM https://orcid.org/0000-0002-6333-6244.
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