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Do Nest-site Searching Bumblebee Queens Prefer Entering
into the Labelloid Cavity of Bumblebee-pollinated Orchid,
Cypripedium japonicum?

Ryohei Kubol, Masato Onol'2

Abstract
To assess the relationship between floral morphology and body sizes of bumblebees, we observed pollination of

Cypripedium japonicum by queen and worker bumblebees of Bombus ardens ardens. The workers are a poor fit with the

floral functional morphology and the queens are the effective pollinators. In an experiment using artificial flowers, mated

queens of B. a. ardens entered into a cavity of artificial flowers significantly more than virgin queens and workers of B. a.

ardens, suggesting C. japonicum may mimic nest sites to deceive bumblebees into entering.
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INTRODUCTION

The Cypripedioideae are a group of well-known
pollination-deceiving orchids; the flowers are one-way traps
with easy entrance into the labellum from the front, and
much easier exit to the rear, where insects must pass first
beneath the stigma and then the anther (Dressler 1993).
Many reported Cypripedium species attract pollinators by
deception (Nillson, 1979, Davis 1986). In C. calceolus L.,
flowers attract pollinators by general food deception (odor,
color, false nectar guides), as well as nest-site mimicry
(odor and cavity) and scent-mark mimicry (odor) (Nilsson
1979). In the recently studied C. guttatum Sw., the flowers
exploit innate susceptibilities of pollinator Halictid bees
(Bianziger et al. 2005). So far, a specific plant model has
only been identified in C. macranthos Sw. var. rebunense
(Kudo) Miyabe et Kudo. Sugiura et al. (2001, 2002)
suggests this species mimics the co-blooming Pedicularis
schistostegia Vved because the flower color within the
bumblebee’s visual spectrum of Bombus pseudobaicalensis

is similar and both species overlap in spatial distribution

and flowering time.

Cypripedium japonicum Thunb is distributed from Japan
to Korea and China. It starts flowering from May to June
with one large flower that is usually white-purplish with
bold sepals and petals, and a labellum (sac) with a
characteristically corrugated surface. The pollination and
pollinator attractant system of this orchid is unreported, but
it is well known that bumblebees are the functional
pollinators (Tanaka and Hirano, 2000).

In this study, we investigated the pollination system of C.
japonicum and measured floral size to discuss the
relationship between floral morphology of C. japonicum and
body sizes of bumblebees. Furthermore, we investigated
whether this orchid deceives bumblebees into visiting and

pollinating them by mimicking the nest site.

MATERIALS AND METHODS

1. Pollination observation by forced experiment
Studies were conducted in artificial habitat of C.

japonicum, Oshino, Yamanashi Prefecture, Japan, and in our
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laboratory in 2007 and 2008. On the observation of
bumblebee behavior in the labellum of C. japonicum,
queens (n=5) and workers (n=2) of Bombus ardens ardens
collected in Oshino before the experiments were forcefully
introduced to the labellum because bumblebees rarely
visited C. japonicum flowers during the observation

periods.

2. Floral functional morphology

Twenty fresh flowers were chosen at random to assess
the relationship between floral morphology and body sizes
of bumblebees. The floral traits, especially those
considered related to pollination success, including entrance
diameter of labellum (ML), distance between stigma and
bottom of labellum (SL), distance between anther and
bottom of labellum (AL), and exit width of labellum (EL)
(Nilsson 1979), were measured with digital calipers
(Shinwa) to the nearest 0.01 mm. ML and EL were

measured in whole flowers (Fig. 1(A)), while SL and AL
were measured in the longitudinal cross-section of flowers
(Fig. 1(B)). The body length (BL), body width (BW), and
thorax height (TH) of queen (n=10) and worker (n=7)
bumblebees, B. ardens ardens collected from Oshino were

also measured with digital calipers to the nearest 0.01 mm.

3. Investigation of bumblebee’s preference for

the cavity using artificial flowers

We done the experiment using artificial flowers made
from eggshell, tissue, wire, green tape and cellophane to
investigate whether this orchid deceives bumblebees into
visiting and pollinating by nest-site mimicry. Nine artificial
flowers were put into a mesh cage into which separately
released mated queens who have still searched for their
own nest sites (n=10) of B. ardens ardens collected in
Oshino, virgin queens (n=15) who have not searched for

their own nest sites, and workers (n=15) of B. a. ardens

Figure 1
(A) Close up of individual C. japonicum flower. ML=entrance diameter of labellum; EL=exit width of labellum.

(B) Longitudinal section of labellum of C. japonicum. AL=distance between anther and bottom of labellum,

SL=distance between stigma and bottom of labellum.

(C) Queen of Bombus ardens ardens escaping from exit of labellum of C. japonicum. Note C. japonicum pollen

mass on bumblebee.

(D) Queen of Bombus ardens ardens entering artificial flower.

12



collected in Machida, Tokyo. We investigated the number
of bumblebees who entered into a cavity of artificial flowers
in each experiment. Each experiment was observed for 7

hours and repeated five times.

RESULTS

1. Pollination observation by forced experiment
The forced experiment suggests bumblebee queens and
workers have different pollination efficiencies for C.
japonicum. The bumblebees enter the labellum from the
entrance (cavity of labellum) and usually stay inside from 1
to 5 minutes. Upon entering, they first walk around for a
few seconds, then they go forward to pass the stigma and
anther sometimes with buzzing for a few seconds. Finally,
they force their way out of the anther opening and fly away.
No workers carried pollen away. Four queens carried away
pollen masses (Fig. 1(C)) and succeed the pollination. Only
one queen did not receive a pollen mass, perhaps because
she was older and her thorax was hairless. We think that
thorax body hair is important in receiving the C. japonicum

pollen mass.

2. Floral functional morphology

The labellum of C. japonicum is 47.91+2.47 mm long,
39.59 = 2.29 mm wide and 38.04%=1.34 mm deep (n=20).
Table 1 lists the sizes of ML, SL, AL, and EL of the flowers,
as well as those of BL, BW, and TH of the collected
bumblebee queens and workers, B. ardens ardens. The
results show that the ML (15.70£1.29 mm, n=20) is larger
than the BW of the bumblebees, guaranteeing entry. The
depth (38.04 +1.34 mm, n=20) of the labellum is apparently
larger than the BL of bumblebees, which may stop them
escaping through the entrance. The SL (7.28+0.20 mm,
n=10) and AL (6.61 £0.27 mm, n=10) are less than the TH
of queens (7.32+0.31 mm, n=10), so queens can touch both
the stigma and anther when passing the column. However,
the AL and SL are larger than the TH (3.71+0.43 mm, n=7)
of workers, explaining why bumblebee workers generally
do not carry pollen away. The bumblebee workers are a
poor fit to the floral functional morphology and the

bumblebee queens are the more efficient pollinators.

Table 1 Floral functional morphology (mean*+SD) of C.
japonicum and body size of B. ardens ardens.

Floral traits | C. japonicum zujigi “(Iirjsis Bumblebee
ML (mm) |45 70+ 129 [19.85 = 1.63 | 12.09 = 1.53 BL
n=20) (mm)
SLmm) |7 o+ 020 | 736+ 033| 460+045| BV
(n=10) (mm)
AL(mm) | o1 2027 | 732+ 031] 371+043] 8
(n=10) (mm)
EL (mm) N
g0y | 780058

ML: entrance diameter of labellum

SL: distance between stigma and bottom of labellum
AL: distance between anther and bottom of labellum
EL: exit width of labellum

3. Investigation of bumblebee’s preference for
the cavity using artificial flowers
Mated queens of B. ardens ardens made significantly
more enters into a cavity of the artificial flowers than virgin
queens and workers (Fisher’s exact test, p<0.01) (Table 2,
Fig 1(D)). Only one virgin B. a. ardens queen entered into
a cavity of the artificial flowers in trial 4 and three B. a.

ardens worker entered in trial 1 and 3.

Table 2 Preferences of B. ardens ardens to a cavity of
artificial C. japonicum flowers

Trial Mated Queen | Virgin Queen Worker
(n=10) (n=15) (n=15)

1 3 0 1

2 2 0 0

3 2 0 2

4 7 1 0

5 1 0 0

Average 3.0" 0.2 0.6

*Fisher’s exact test, p<0.01

DISCUSSION

A common food deception does not involve models, but
exploits instinctive behavior of pollinators (Dafni 1984,
Schiestl 2005). Flowers of lady’s slippers (Cypripedioideae)
are generally regarded as belonging to this type (Van der
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Cingel 2001). In C. calceolus, Nilsson (1979) found
pollinator bees are attracted from afar visually by the yellow
labellum and the patterns of crimson spots on the
staminode, while veins in the labellum are false nectar
guides. The floral scent dominated by acetates might
interfere with pheromone-controlled alighting and marked
nest tunnels on the ground, thereby increasing labellum
entry. Consequently, C. calceolus may attract pollinators by
general food deception (odor, color and false nectar guides),
as well as nest-site mimicry (odor and cavity) and with
scent-mark resemblance (odor). On the other hand, Sugiura
et al. (2002) excluded food deception and proposed that C.
macranthos var. rebunense mimics Pedicularis schistostegia
to attract bumblebees.

Two species in the genus Cypripedium (C. acaule and C.
macranthos var. rebunense (Stoutamire 1967, Davis 1986,
Sugiura et al., 2001, 2002)) are reported as being pollinated
only by Bombus queens. Like C. japonicum, both species
flower in early spring when only Bombus queens have
emerged from hibernation. When queen bumblebees nest
in temperate zones, the fertilized females must find a
nesting site such as a rodent burrow or hole in a branch
soon after emerging (Proctor et al. 1996). In C. tibeticum,
Li et al. (2006) proposed that a queen bumblebee probably
enters the labellum of C. tibeticum as if examining a mouse
burrow, etc., and is trapped until exiting by crawling under
the stigma at the opposite end and carrying off the pollen
mass. Furthermore, the orchid is probably pollinated by
“naive queens” who have not yet made their own nest. Our
result shows mated queens who have still searched for their
own nest sites of B. ardens ardens entered into a cavity of
artificial flowers significantly more than virgin queens and
workers of B. a. ardens, strongly suggesting that C.
japonicum may mimic nest sites to deceive bumblebees
into entering.

The match between B. a. ardens queen size and floral
morphology found in the forced experiment suggests that B.
a. ardens queens and workers have different pollination
efficiencies for C. japonicum with queens being the

effective pollinators.

ACKNOWLEDGEMENTS

This work was partially supported by Grant-in-Aid for
Scientific Research (B) of JSPS (17380038) for M. O. and
the Strategic Research Center Establishment Program
(50901017) from the Ministry of Education, Culture, Sports,
Science and Technology of Japan.

REFERENCES

Binziger H, Sun HQ, Luo YB (2005) Pollination of a slippery
lady slipper orchid in south-west China: Cypripedium
guttatum (Orchidaceae). Botanical Journal of the Linnean
Society, 148: 251-264.

Dafni A (1984) Mimicry and deception in pollination. Annual
Review of Ecology, Evolution and Systematics, 15: 259-278.
Davis RW (1986) The pollination biology of Cypripedium acaule

(Orchidaceae). Rhodora, 88: 445-450.

Dressler RL. (1993) Phylogeny and classification of the orchid
family. Cambridge University Press, Cambridge.

Li P, Luo BY, Bernhardt P, Yang QX, Kou Y (2006) Deceptive
pollination of the lady’s slipper Cypripedium tibeticum
(Orchidaceae). Plant Systematics and Evolution, 262: 53—63.

Nilsson LA (1979) Anthecological studies of the lady’s slipper,
Cypripedium calceolus (Orchidaceae). Botaniska Notiser, 132:
329-347.

Proctor M, Yeo P, Lack A (1996) The natural history of
pollination. Timber Press, Portland.

Schiestl FP (2005) On the success of a swindle: pollination by
deception in orchids. Naturwisenschaften, 92: 255-264.

Stoutamire WP (1967) Flower biology of the lady’s slippers
(Orchidaceae: Cypripedium), Michigan Botanist, 3: 107-119.

Sugiura N, Taketoshi E, Ken I, Kenji K. (2001) Flowering
phenology, pollination, and fruit set of Cypripedium
macranthos var. rebunense, a threatened lady’s slipper
(Orchidaceae). Journal of Plant Research, 114: 171-178.

Sugiura N, Goubara M, Kitamura K, Inoue K (2002) Bumblebee
pollination of Cypripedium macranthos var. rebunense
(Orchidaceae): a possible case of floral mimicry of Pedicularis
schistostegia (Orobanchiaceae). Plant Systematics and
Evolution, 235: 189-195.

Tanaka H, Hirano T (2000) Face of flowers. Yama-Kei, Tokyo

Van der Cingel NA (2001) An atlas of orchid pollination. Balkema
A. A., Rotterdam.



IR RS IVNFNTFLEIEZ 7= HTA V7D
BRI AL T L 27 ?

IARETEY, NEIEN

E: i

SUNFNFILT »TH B =T AV (Cypripedium japonicum) DILE < NINFINF OIBEO R % FH-Mi %
7201 ATEMTTa~ I 3F (Bombus ardens ardens) DXL L@ EBICL D 7 ~<H A VI OZHEHBEL,
B L DKM OIIETNE L7z, ZORE. B X KIIMEOTBE LR A AR —FE T B2 45 L. —FHTL
FAIRY A XD —F LIEH M E T 2N R A =5 —Th -7,

F72. BRELERIHTAVIDOBRNICALOMN? ZWGET 572012, RIUNFNFZ OB IERITEIC
HHL7 ERTIEIMENICI A VI 2BLAATREEZHEL, BF (RREAKE) L@EBKaihl 4 lks,
BRINALEEEZ R L2 ZOFE, I WA FANFORRIKE GEEEITRELT) 3. AR LERMH X
WL i U CAHBICATEDERINCAY ALE LS H B ERW SR ol OB VR LTFIRX. 7~
HA VT OFEFR % R E BHEZ TIROPRICA VAR N T v TENLHT, WML TH L 7~ H 1 V7 D%
MEESELNTVALIRENEDE 2 7z,

F—T—F :NFH, TUNFNF, T, EESIHRE,. 2h

VENIREZARGERT 3 Y N F RS v 5 —  HOGCRE T H T R 44 6-1-1
P RNIRAFR AP RE B TR O B B A2 F 7 00 B SOOI HH 7l )11 27+ 6-1-1

Do Nest-site Searching Bumblebee Queens Prefer Entering into the Labelloid Cavity of Bumblebee-pollinated Orchid, Cypripedium japonicum? 15


Ryohei Kubo
テキストボックス
1,2

Ryohei Kubo
テキストボックス
1




