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Psychotria boninensis (Rubiaceae), endemic to the Bonin Islands, Japan, is distylous
in floral morphology, but uncertainty remains as to whether the two morphs of the species
have self- and intramorph incompatiblity system and if they are functionally distylous.
We examined self- and intramorph incompatibility and reproductive output in natural
population of the species. Pollination experiments indicated that this species presents
incompatibility preventing self- and intramorph fertilizations. Fruit set percentage of the
L-styled morph flowers was significantly greater than that of the S-styled morph flowers
in artificial cross-pollination as well as in open pollination. These results indicate that P.
boninensis functionally maintains a distylous breeding system in the Bonin Islands and
also suggest that the female reproductive potential of the S-styled morph flowers may
decline functionally, despite the fact that reciprocal pollen flows occur between the two
morphs.
Key words: Bonin (Ogasawara) Islands, breeding system, distyly, incompatibility,
pollination experiment, Psychotria boninensis, Rubiaceae.

Distyly is a genetic floral dimorphism in
which plant populations are composed of long
(L)-styled and short (S)-styled morphs, and
their flowers usually have self- and intramorph
incompatibility (Ganders 1979, Barrett 1992,
Naiki 2012). However, it is also known in
some species that despite the distylous floral
nature their flowers have self- and intramorph
compatibility (Bawa and Beach 1983, Riveros
et al. 1995, Barrett et al. 2000). Therefore, in

order to assess the reproductive nature of distyly,
it is important to clarify the incompatibility
system of the two morphs in self-and intramorph
pollination.
Psychotria L. (Rubiaceae) is a large woody
genus containing more than 1800 species and
widely occurs in tropical to subtropical regions
of the world (Mabberley 2008). In Japan, there
are five Psychotria species. Among them,
Psychotria boninensis Nakai is a perennial liana
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Fig. 1. Flowers of Psychotria boninensis Nakai on Chichijima Island. A. Long-styled flower. B. Short-styled
flower.

endemic to the Bonin (Ogasawara) Islands (Ono
and Kobayashi 1985, Yamazaki 1993). In a
recent study it was reported that the flowers of
this species were distylous with L- and S-styled
morphs (Kondo et al. 2007). However, there
still remains uncertainty whether the species
shows incompatibility in self- and intramorph
pollination and whether its two morphs truly
function as distylous in natural populations,
since it is well known that the distylous species
occasionally show the evolutionary transition
from distyly to dioecy (Wyatt 1983, Barrett and
Richards 1990, Sugawara et al. 2011, Watanabe
et al. 2013), and indeed species showing
dioecy derived from distyly have been reported
frequently in oceanic islands, such as Hawaii
Islands (Sohmer 1990, Sakai et al. 1995) and La
Réunion (Pailler et al. 1998).
The Bonin (Ogasawara) Islands are also
an oceanic island group, about 1000 km
directly south of Tokyo, Japan. In this island
group, several dioecious species evolved from
hermaphrodite ancestors have been reported
(Kawakubo 1990, Kato and Nagamasu 1995,
Sugawara et al. 2004). However, up to now there
is no example of any species with dioecious
breeding system derived from distyly in the
Bonin Islands. To make clear the reproductive
nature of Psychotria boninensis that is
distylous in floral morphology, we investigated
the incompatibility in self- and intramorph
pollinations and the reproductive output in

natural populations of the species.
Materials and Methods
Psychotria boninensis Nakai is a common
plant distributed widely in the Bonin
(Ogasawara) Islands (Ono and Kobayashi 1985,
Yamazaki 1993). In its natural habitats, it either
creeps on the ground or climbs up tree trunks
and along branches, and it usually occurs in
sunny open area or forest edge. The flowers are
small cup-shaped, less than 5 mm long, bloom
from May to June, and each flower lasts for a
single day (Fig. 1). The white drupes mature
from September to October and each usually
contains two seeds. In this study we examined
the population located at Mt. Shigure-yama
and its surrounding area (alt. ca. 200 m) on
Chichijima Island, the Bonin Islands, Tokyo,
Japan.
During the flowering period in 2009,
artificial pollination experiments were conducted
to determine the breeding potential of both
morphs. We examined the following three
treatments on flowers from three individuals
of each morph occurring in Mt. Shigureyama on Chichijima Island: 1) hand selfpollination with pollen grains from the same
individual; 2) intramorph pollination with
pollen grains from other individuals of the
same morph; 3) cross-pollination with pollen
grains from the different morph. In addition,
we examined 4) open pollination on flowers
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from nine individuals of each morph occurring
in the same study site as in 2004. The fourth
treatment was conducted on five individuals
with L-styled morph and four individuals with
S-styled morph. To exclude flower visitors in
1) – 3) treatments, inflorescences were covered
with nylon mesh before anthesis, and recovered
after the treatments. Three months later, fruit
set percentage (the number of flowers fruited /
the number of flowers examined) and seed set
percentage (the number of matured seeds / the
total number of ovules in fertile ovary) were
recorded.
Statistically, the difference between the two
morphs or treatments in fruit and set percentages
per flower was examined with Fischer’s exact
test (R Version 3.0.0 software, The R Project for
statistical computing; http://www.r-project.org/)．
Results and Discussion
The L- and S-styled morph flowers did
not produce any fruits in self- and intramorph
pollination experiments (Table 1). In contrast,
both of the two morph flowers produce fruits in
intermorph pollinations, although the fruit set
percentages of the L- × S-styled morph flowers
are significantly greater than those of the S- ×
L-styled morph flowers (Fischer’s exact test, p
< 0.05)(Table 1). These results indicate that the
two morphs of Psychotria boninensis are selfand intramorph incompatible and their male
and female organs are functional. Distylous
species usually display self- and intramorph
incompatibility and lack mechanism for selfpollination (Barrett 1992, Naiki 2012). Typical
incompatibility has been found in other distylous
species of Rubiaceae (Bawa and Beach 1983),
although self-compatibility has also been
reported (Bawa and Beach 1983, Barrett et al.
2000).
In the majority of distylous species which
have been examined experimentally, the
fruit production of floral morphs, following
intermorph pollination, is usually similar.
However, Psychotria boninensis shows a
greater fruit production in the L- × S-styled
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morph flowers. This is atypical for distylous
species. A few known distylous species provide
examples where the L- × S-styled morph flowers
successfully produced more fruits than the S× L-styled morph flowers (e.g., Coussarea sp.
and Rudgea cornifolia, Bawa and Beach 1983;
Persicaria japonica, Hiratsuka and Nakao
1996). Although the reason for this phenomenon
is uncertain, it may be due to the difference of
reproductive property of floral morphs. In seed
set percentage, no significant difference was
found between L- × S-styled morph flowers and
S- × L-styled morph flower (Fischer’s exact test,
p = 1). As each fruit contains only two seeds,
there can be no measurable significant difference
between the two morphs in seed set per flower.
In open pollination, the fruit set percentages
of the L-styled flowers were greater than those
of the S-styled flowers (Table 1), and the
difference is statistically significant between the
two morphs (Fischer’s exact test, p < 0.001).
In contrast, no significant difference was found
between the two morphs in seed set percentage
(Fischer’s exact test, p = 0.625). The difference
of fruit set percentages between the two morph
flowers is consistent between the two years,
2009 and 2004 (Table 1), and is parallel with the
difference found between L- × S-styled morphs
and S- × L-styled morphs, as just described
above. The lower fruit set percentages of the
S-styled morph flowers are presumed to show
the unequal pollen flow, that is, pollen removal
from low-level anthers and its transfer to lowerlevel stigmas are reduced. However, considering
the fact that the fruit set percentage is significantly
greater in the L- × S-styled morph flowers than
in the S- × L-styled morph flowers in artificial
pollination experiment, it is more reasonable to
consider that the female function of the S-styled
morph flowers may decline, despite the fact that
reciprocal pollen flow is done between the two
morph flowers.
As briefly mentioned in the introduction, all
of the Psychotria species (11 spp.) occurring
in the oceanic island “Hawaii” are functionally
dioecious and thus their breeding system is
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Table 1. Pollination experiments performed on L- and S-styled morph flowers of
Psychotria boninensis in 2004 and 2009
Treatment

No. of individuals No. of flowers Fruit set (%) Seed set (%)
examined
examined
Self-pollination (2009)
L
3
49
0
S
3
45
0
Intramorph cross-pollination (2009)
L × L
3
31
0
S × S
3
26
0
Intermorph cross-pollination (2009)
L (♀) × S (♂)
3
29
27.6
75.0
S (♀) × L (♂)
3
42
7.1*
83.3 ns
Open pollination (2009)
L
9
2254
12.6
83.9
S
9
2839
9.2***
82.8 ns
Open pollination (2004)
L
5
511
18.6
S
4
367
8.4***
The difference between the floral morphs or treatments was examined with Fischer’s
exact test (ns = not significant, * p < 0.05, *** p < 0.001).

considered to have evolved from distyly within
the islands (Sohmer 1977, Sakai et al. 1995).
In contrast, Psychotria boninensis in the Bonin
Islands maintains a distylous nature. This makes
a contrast to the Hawaiian Psychotria species in
breeding system. Although we cannot provide
the data to explain the difference of breeding
system among the island groups, it is generally
thought that the change of pollination system is
important for the evolution of distyly (Barrett
and Richards 1990). Therefore, further studies,
especially on flower-pollinator interactions in P.
boninensis and Hawaiian Psychotria species, are
necessary to provide the information available
for considering the difference of sexual systems
between the two islands.
Morphologically, Psychotria boninensis
has been considered to be closely related to P.
serpens distributed widely in eastern Asia (Ono
and Kobayashi 1985, Yamazaki 1993). Indeed,
flowers of these species are very similar in shape
as well as in sharing a distylous nature. In our
recent study, it was confirmed that the fruit set
percentages of P. serpens attained 40 to 50% in
the natural populations examined on Okinawa

Island (Sugawara et al. 2013). In contrast,
the fruit set percentages of P. boninensis just
described above are limited to only about 10%.
This difference is probably associated with the
fact that the native pollinators have decreased
in the Bonin Islands, especially in its two main
islands, Chichijima and Hahajima Islands (Abe
2006). The lower fruit set percentage found
in P. boninensis appears to be caused by low
pollinator availability.
We thank Drs. K. Sugai and H. Kato for
their help in field survey. We are also grateful
to the Environmental Agency of the Japanese
Government for permissions to collect samples
used in this study.
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カネ科）における不和合性と果実形成率
小笠原諸島固有種であるオオシラタマカズラ

Psychotria boninensis Nakai は，長花柱花と短花柱花
をもつ二型花柱性の植物であることが最近確認された．
しかし，この種が二型花柱性の重要な特徴である自家・
同型花不和合性をもつのかどうかについては不明であ
った．ボチョウジ属や二型花柱性を示す他属の一部の種
ではこの特性を欠く例も報告されている．本研究では自
家・同型花不和合性の有無を交配実験で確認するととも
に，野外における二型の花の果実・種子形成の割合を調
べた．二型の花は自家授粉，同型他家授粉のいずれにお
いても結実がみられないが，異型花間では結実すること
から，この種は典型的な二型花柱性の植物であることが
わかった．果実あたりの種子形成率において，二型花間

第 89 巻

第1号

2014 年 2 月

morphologically heterostylous island endemic
Chassalia corallioides (Rubiaceae). Biol. J. Linn. Soc.
64: 297–313.
Riveros G. M., Barría O. R. and Humaña P. A. M. 1995.
Self-compatibility in distylous Hedyotis salzmannii
(Rubiaceae). Pl. Syst. Evol. 194: 1–8.
Sakai A. K., Wagner W. L., Ferguson D. M. and Herbst
D. R. 1995. Origins of dioecy in the Hawaiian flora.
Ecology 76: 2517–2529.
Sohmer S. H. 1977. Psychotria L. (Rubiaceae) in the
Hawaiian Islands. Lyonia 1: 103–186.
Sugawara T., Watanabe K., Kato H. and Yasuda K. 2004.
Dioecy in Wikstroemia pseudoretusa (Thymelaeaceae)
endemic to the Bonin (Ogasawara) Islands. Acta
Phytotax. Geobot. 55: 55–61.
Sugawara T., Tanaka N. and Murata J. 2011. Dioecy
derived from distyly in Morinda villosa Hook. f.
(Rubiaceae) occurring in Hukaung Valley, Kachin
State, Myanmar. J. Jpn. Bot. 86: 9–14.
Sugawara T., Watanabe K. and Tabata M. 2013. Distyly
in Psychotria serpens (Rubiaceae) occurring in the
Ryukyu Islands, Japan. Acta Phytotax. Geobot. 64:
127–136.
Watanabe K., Shimizu A. and Sugawara T. 2013. Dioecy
derived from distyly and pollination in Psychotria
rubra (Rubiaceae) occurring in the Ryukyu Islands,
Japan. Pl. Spec. Biol. (in press).
Wyatt R. 1983. Pollinator-plant interactions and the
evolution of breeding systems. In: Real L. (ed.),
Pollination Biology. pp. 51–95. Academic Press,
Orlando.
Yamazaki T. 1993. Psychotria L. In: Iwatsuki K., Yamazaki
T., Boufford D. E. and Ohba H. (eds.), Flora of Japan
IIIa: 225–227. Kodansha, Tokyo.

に違いはみられなかったが，これは一つの果実に最大 2
個の種子しか形成されないためと考えられる．花あたり
の結果率を異型花間の人工授粉において調べてみると，
長花柱花の結実が短花柱花よりも有意に高く，野外で調
べてみても同様の傾向が得られた．したがって，短花
柱花はその柱頭へ花粉が運ばれにくい傾向にあるので
はなく，雌機能それ自体が低下していることが考えられ
る．
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