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Abstract.  Changnienia amoena Chien is a monotypic species and endemic to China, and was listed on
the Chinese Red Book in 1992. The species was once abundant but has become rare and endangered in
recent years because of the habitat fragmentation and unduly commercial collections. Previous observa-
tion showed that this species has very low and even no fruit set, and the pollinators are not observed
before this report. The present observation was conducted at the Shennongjia, Hubei Province during the
spring of 2002. The results showed that Bombus (Diversobombus) trifasciatus Smith §B. imitator Pittion
and one species of Apis visited the flowers of the orchid, but only B. trifasciatus could carry pollinaria on its
body and was the legitimate pollinators of C. amoena. During 113 h of observation, only nine visitations
were recorded. The bumblebees mainly appeared during 12:00-15:00 during the day. Bumblebees stayed in
a flower only a few seconds and never more than ten seconds. The flowers would persist in fresh for about
three weeks when they were not pollinated, but 3 or 4 d after pollinated, the pollinated flowers underwent
a series of color and morphological changes including stalk elongation and ovary swelling. Therefore, stalk
elongation can be considered an index of fruits set. Artificial pollination indicated that C. amoena is a highly
self-compatible and outcrossing species, but dependent on pollinators for fruit set. Based on the field
observations, we concluded that pollination system of C. amoena is deceptive. The fruit set in nature is not
very low (26.98% on average) compared to other deceptive orchids, which may be related to small popula-
tion sizes. The number of pollinia removal is much higher than that of fruit set, indicating that there are
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some degrees of pollinia wasting in C. amoena.
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Orchidaceae is one of the largest families of flowering
plants, with an estimated 800 genera and conservatively
20 000 species (Cribb, 2001). Orchids are considered asa
rapidly evolving pollinator-oriented family, and rely on me-
chanical or ecological factors for barriersto hybridization,
such as different pollinators, different microsites on the
same pollinator, and different phenol ogies (Romero, 1996).
Changnienia is a monotypic genus of the tribe Calypsoeage,
Orchidaceae (Dressler, 1993). The species Changnienia
amoena is endemic to China, and waslisted on the Chinese
Red Book in 1992 (Fu, 1992). Although investigation onthe
biology, ecology, phenological and reproductive charac-
ters of this species has been undertaken (Wang et al., 1994,
Xiong et al., 2003), the information on the pollination biol-
ogy of this speciesis still limited. Previous Sobservation
showed that this species has very low and even no fruit set
(Wang et al., 1994; Xiong et al., 2003). Wang et al. (1994)
specul ated that this phenomenon is attributed to the unique
flower structure and the lack of suitable visiting insects.
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Generally, orchids are pollinated mainly by insects and
birds with some of them being auto-pollination (Catling,
1990). Most orchid species provide only nectar or oil asa
reward, and many advertise fal se rewards, reaching pollina
tion through deceit. Within the tribe Calypsoeae there exists
great diversity in terms of pollination system. For example,
Tipularia is pollinated by noctuid moths, Aplectrum by
halictid bees, Corallorhia by syrphid flies, but Calypso of-
fers no rewards and deceives bumblebees by the clump of
anther-like hairson thelip (Dresder, 1993). In orchids, par-
ticularly in deceptive ones, alarge proportion of individuals
has no fruit set at all and a minority contributes the
population’s fruit set (Nilsson, 1992). In other words, the
average fruit set of orchidsis generaly low. For instance,
thefruit set of afood deceptive orchid, Hemipilia flabellata,
is12% (Luo and Chen, 1999). Therefore, it is possible that
the low fruit set in C. amoena isrelated to its pollination
system. In the present paper, we report our preliminary sur-
vey on the pollination biology of this species.
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1 Materialsand Methods

Changnienia amoena Chien is mainly restricted to the
mountainousregion in theeastern and central parts of China
The plants grow primarily at moist or shady place in the
forest with the elevation no morethan 1 800 m. The species
was once abundant but its number has been greatly re-
duced in recent years because of the habitat fragmentation
and unduly commercial collections. The present observa-
tion was conducted at the Shennongjia, Hubel Province
during the spring of 2002 (Table 1).

Of the total seven populations, three populations were
chosen for observation, two of which (populations 1, 2)
were located at the garden of the Biodiversity Station of
The Chinese Academy of Sciences where the orchidswere
transplanted from the field two years ago. In another three
populations (popul ations 3-6), the numbers of plants and
flowers, the flowers with polliniaremoved, and the flowers
pollinated were recorded in the field (Table 1). In the last
population (population 7), the breeding system wasinves-
tigated following Dafni’ smethod (1992). For thispopulation,
three experimentswere designed: (1) five plantswere bagged
before flowering with fine mesh nets to test whether this
orchid needs pollinators or not; (2) six flowers were
emascul ated, then pollinated with the pollinia from differ-
ent flower; and (3) seven flowers were pollinated with the
polliniafrom the same flower to eval uate self-compatibility.

2 Resaultsand Discussion

2.1 Floral traitsand flowering phenology

Thefloral morphological traitsin all populations showed
variation. The color of sepals and petals varied from pur-
plish-pink to pinkish-white. The leaf color was green in
upper-side and purple lower side, or purple on both sides.
The stalk height varied from 4.8 to 13.5 cm. Thelabellum of
C. amoena was 3-lobed with purplish-red spots and the
side-lobes erect and incurved at the front tip over the con-
vex column. The side-lobes, mid-lobe and the convex col-
umn formed an entrance, which guides pollinators into
flowers. The size of the entrance varied from 7 to 16 mmin

Tablel Population size, habitat of Changnienia amoena

height and from 1.2 to 2.0 cmin width. No nectar wasfound
in the spur at all populations. However, we found that the
flowersreleased perfume-like odor from about 9:30 am to
5:30 pm during the day when air temperature was high, but
the odor disappeared beyond this period and on overcast
or rainy day.

The longevity of flowers of C. amoena under natural
condition varied among different flowers, but as awhole,
there were two cases. One was that when pollinia were
untouched or removed by bumblebee, the flower would
persist in fresh for about three weeks until they wilted. The
other was that C. amoena flowers underwent a series of
color and morphologica changesin three or four days after
pollinated. The flower with originally expanding and fresh
sepals and petals and an ovary that projected out from the
stalk gradually developed a drooping ovary that ap-
proached the stalk, and sepals and petals that became
brownish-yellow and collapsed over the column and lip.
Sequentially, the light-brown stalk became green and
elongated, which was different from those in Calypso
(Proctor and Harder, 1995). Asthe stalk elongated, the flower
rose again until it stood almost upright to the stalk, but its
petals and sepals remained collapse over the lip and
withered gradually. Eventually, the stalk stopped
elongating, and the ovary began to swell.

2.2 Flower vigtors, pollinatorsand their behavior

Two species of bumblebee, queen of Bombus
(Diversobombus) trifasciatus Smith and B.
(Tricornibombus) imitator Pittion, and one speciesof Apis,
were captured on the flowers of C. amoena. Based on our
observation, honeybee infrequently entered into the
flowers, and B. initator visited the flowers but no pollinium
wasfound onitsbody. B. trifasciatus could carry pollinaria
on its body when visiting the flower, thus can be consid-
ered as the legitimate pollinators of C. amoena. Besides
this orchid, Mahonia bealei and one species of Prunus
were also visited by B. trifasciatus.

Usually, B. trifasciatus visit orchid at the beginning of
its blooming period, and rarely at the late stage of flower.
The visiting frequency of bumblebeesto orchids was very

Populations Habitat Altitude (m) No. of plants
Population 1 Growing with shrubs at the garden of the Station 1290 18
Population 2 Covered with black nets at the garden of the Station 1290 16
Population 3 On a sunny-slop, Carpinus sp. spare woodlands 1 300 22
Population 4 On a shady-slop, Carpinus sp. spare woodlands 1380 14
Population 5 On a half-shady-slop, Carpinus sp. spare woodlands 1420 33
Population 6 On aslop of valley, Carpinus sp. spare woodlands 1 000 17
Population 7 On a shady slope, mixed woodlands 1370 22
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Fig.1.

Changnienia amoena, attachment of pollinaria on pollen vector. A. Bombus (Diversobombus) trifasciatus on the flower of C.

amoena. B. B. trifasciatus queen with pollinaria attached on the scutellum.

low. During 113 h of observation, only nine visitationswere
recorded. No individuals of the bumblebees appeared in
rain or overcast weather. The bumblebees mainly appeared
during 12:00-15:00 o’ clock in aday when the flowers have
astrong and perfume-like fragrance, rarely before or after
this period. Usually, bumblebees stayed only a few sec-
onds and never more than ten secondsin aflower (Fig.1A).
After finding no reward, bumblebees would quickly get
away. When the bumblebee was back out of the flower, the
pollinaria attached to the hairless region of the scutellum
(Fig.1B), or it brushed the stigma where it had deposited
pollinaria aready on its scutellum. Occasionally, we ob-
served that the bumblebees had a short stay on labellum of
the neighbor flower after previous visitation, but they did
not strivingly enter into the flower. Bumblebees appeared
only one or two times, even none within one day except
once we observed four times within one day at population
3
2.3 Breeding system and fruit set

After artificial self- and cross-pollination, all of C.
amoena’s flowers exhibited the elongated stalk. On the
contrary, the flowers bagged before

observation in July). The functions of stalk elongation pre-
sented by Xiong et al. (2002) include (1) to promote cap-
sule development because the green and long stalk will
increase the area of photosynthesis; and (2) to be benefi-
cial to wind-mediated seed dispersal (Xiong et al., 2002).
Manual pollination indicated that C. amoena is a highly
self-compatible and outcrossing species, but dependent
on pollinatorsfor fruit set.

In orchids, especially deceptive ones, fruit set is gener-
ally lower under natural condition. In Cypripediumacaule,
20 (2%) fruits were set from 895 flowers over aten-year
period (Nilsson, 1992). The explanation for low fruit setin
deceptive Calypso species, isthat native bumblebee queens
probably learn to avoid flowers after one to a few attempts
(Mosquin, 1970; Stoutamire, 1971; Ackerman, 1981; Cribb,
2001). Fruit set of C. amoena exhibit congregative distribu-
tion pattern. The fruit set (26.98% in average in popula-
tions 3-6, Table 2) isnot very low considering the fact that
fruit set in outcrossing orchids is generally low under natu-
ral conditions (Mendel, 1995). Based on our observation
that low visiting frequency, distribution of fruit set in

Table2 Fruit set of six populations of Changnienia amoena in Shennongjia

flowering have not shown stalk elon-

No. of flowers with
stalk elongation

No. of flowers
with pollinia removal

No. of flowers

. . Populations
gation although they wilted too at last.
Therefore we took stalk elongationas ~ Population 1
anindex of pollination success (fruits ~ -opulaion 2
. . Population 3
set) of C. amoena (in fact, those with Population 4
the elongated stalk devel oped fruit fi- Population 5
nally according to Xiong's observa- Population 6

tion in consecutive years and our Total

13 9 3
9 7 0
15 15 4
11 9 2
13 11 3
10 9 4
71 60 16
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population, particularly, no nectar was found in the flowers
of al populations, we conclude that pollination system of
C. amoena is deceptive. In addition, the way that pollinia
of C. amoena attached to the bumblebee (Fig.1B) was simi-
lar to that of Calypso (Mosqguin, 1970; Ackerman, 1981)
that is considered having a close relationship to
Changnienia, which also indirectly supports our
conclusion. Stoutamire (1971) suggested that if pollinators
learn to avoid the non-rewarding flowers after afew of visits,
pollination efficiency and plant fecundity might be lower in
large population than in small one. In present study, the
sizes of natural populations (populations 3-6) with totally
108 individuals are much smaller than those of other or-
chids with deceptive strategy for pollination. For example,
H. flabellate has 635 individuals in a population (Luo and
Chen, 1999). However, fruit set of C. amoena (26.98% in
averagein four natural populations) is not low in compari-
sonwith that of H. flabellate with 12%. Our result seemsto
support Stoutamire’ sidea. The number of polliniaremoval
isfar higher than that of fruit set (Table 2), indicating that
there are some degrees of polliniawasting in C. amoena.

Most orchid speciesare self-compatible (Gill, 1989), but
under natural conditionsfruit set in the Orchidaceaeis pre-
dominantly pollinator dependent. Based on observationin
the field, we speculate that the possible reasons that Wang
et al. (1994) did not observe pollinators and fruitsin their
study might be that (1) the pollen vectors in Tiantangzhai
was different from ones in Shennongjia; (2) observation
time may be not long enough, since bumblebees is very
astute, and visits infrequently to C. amoena; and (3) the
best favorable observation time might be missed since the
pollinators had learned the deceptive flower so that they
hardly appeared in the late flowering period of C. amoena.
Acknowledgements. Wethank Prof. YAO Jian for identi-
fying the specimen of insects. We are a so grateful to Dr.
XIE Zong-Qiang and Mr. JIA Xian-Ping for their valuable
assistance in the field and Dr. TAN Dun-Yan and LI Gui-
Sheng for their comments on the manuscript.

Refer ences:

Ackerman JD. 1981. Pollination biology of Calypso bulbosavar.
occidentalis (Orchidaceae): a food-deception system.
Madrofio, 28:101-110.

Catling PM. 1990. Auto-pollination in the Orchidaceae. Arditti J.
Orchid Biology: Reviews and Perspectives. V. Portland,
Oregon: Timber Press. 121-158.

Cribb P. 2001. Orchidaceae. Pridgeon A M, Cribb P, Chase M W.
Genera Orchidacearum. Vol. 1. Oxford: Oxford University
Press. 92.

Dafni A. 1992. Pollination Ecology: aPractical Approach. Oxford:
Oxford University Press.

Dressler R L. 1993. Phylogeny and Classification of the Orchid
Family. Cambridge: Cambridge University Press.

FuL-K ( ). 1992. China Plant Red Data Book: Rare and
Endangered Plants. |. Beijing: Science Press. (in Chinese)
Gill D E. 1989. Fruiting failure, pollination inefficiency, and spe-
ciation in orchids. Otte D, Endler JA. Speciation and Its
Consequence. Philadelphia: Academy of Natural Sciences

Publications. 458-481.

Luo Y-B ( ) Chen S-C( ). 1999. Observations of
putative pollinators of Hemipilia flabellate Bur. et Franch.
(Orchidaceae) in north-west Yunnan Province, China. Bot J
Linn Soc, 131:45-64.

Mendel G. 1995. The geneticsof orchid pollination. Cinged NAV
D. An Atlas of Orchid Pollination, European Orchids.
Rotterdam, Netherlands and Brookfield, USA: A. A. Balkema
Publishers. 47-52.

Mosquin T. 1970. The reproductive biology of Calypso bulbosa
(Orchidaceae). Can Field Nat, 84:291-296.

Nilsson L A. 1992. Orchid pollination biology. Trends Ecol Evo,
7:255-259.

Proctor H C, Harder L D. 1995. Effect of pollination success on
floral longevity in the orchid Calypso bulbosa (Orchidacese).
AmJ Bot, 82:1131-1136.

Romero GA. 1996. The orchid family (Orchidaceag). IUCN/SSC
Orchid Specidist Group. Orchids-Status Survey and Conser-
vation Action Plan. Gland Switzerland and Cambridge, UK:
IUCN. 3-4.

Stoutamire W P. 1971. Pallination in temperate American orchids.
Corrigan M J. Proceedingsof the 6th World Orchid Conference.
Sydney: Halsted Press. 233-243.

Wang N-H ( ), LOY ( ), Cheng Z-L ( ). 1994.
Observation of biological properties and preliminary study
on reproduction of Changnienia amoena Chien. Chin Bull Bot

( ) 11(Suppl.):53-55. (in Chinese with English
abstract)

Xiong G-M ( ), XieZ-Q ( ), Xiong X-G ( )
FanD-Y ( ), GeS( ). 2003. The phenology, repro-

duction and community characteristics of Changnienia
amoena, arare orchid, in southern part of Shennongjiarange.

Acta Ecol Sin ( ), 23:187-194. (in Chinese with En-
glish abstract)
Xiong Z-T ( ), Wu J( ) LiY( ) GeS(
) Zhao Z-E Gui X-Q
Cheng Z-L Huang Z-Y . 2002.

Relationship between flowering and vegetative status of
Changnienia amoena Chien: afield population study. Chin
Bull Bot ( ) 19:87-91. (in Chinese with En-
glish abstract)

(Managing editor: HAN Ya-Qin)



SUN Hai-Qin et al.: A Preliminary Study on Pollination Biology of an Endangered Orchid, Changnienia amoena, in Shennongjia 1023

100093
Changnienia amoena Chien
2002
3.4 2 5 Bombus
(Diversobombus) trifasciatus Smith Bombus (Tricornibombus) imitator Pittion
113 h
9 (population 3) 4 12:00.15:00
10s 3 3 4d
26.98%
1 Q941 DA : 0577-7496(2003)09-1019-05
:2002-11-27 :2003-02-20
: (G20000046805 ; (39893360-2-07 ;
(2001CB711103
* E-mail: <gesong@ns.ibcas.ac.cn>



