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Summary

Chapter 1: General introduction

Oceanic islands, which have never been connected to any continental landmass,

generally have flora/fauna and ecosystems different from the continental islands/fragments

and continents. For plant breeding systems, many major oceanic islands have a high

proportion of dioecism, although many researchers pointed that the self-compatible plants,

rather than the self-incompatible ones, would be favored in their establishment after long-

distance dispersal. Lately, researchers have noticed that this high proportion of dioecism on

the oceanic islands is attributed to not only the colonization of dioecious ancestors, but also

the autochthonous evolution of dioecism and adaptive radiation of the dioecious species, and

this phenomenon is still regarded as one of the major issues in the evolutionary biology.

Meanwhile, distyly is thought to be rare on the oceanic islands, although this breeding system

is a highly efficient outbreeding system. However, only a handful of studies have investigated

the occurrence and biology of distyly on the oceanic islands.

The genus Psychotria (Rubiaceae) is the third largest genus in flowering plants; it

comprises more than 1800 species, including the largest number of distylous species, and

occurs widely in the tropical and subtropical islands and continents of the world. However,

almost no reproductive study has been performed on any island in the world.



The subtropical islands of Japan and Taiwan are the northern limit of the genus distribution

in the western Pacific, and six Psychotria species occur in the oceanic Bonin (Ogasawara)

Islands, Lanyu and Ludao Islands, and the continental Ryukyu Islands. Although the

breeding systems of these species have never been documented, they seemed to be

distyly or its derivative breeding systems from my preliminary observation. These species

could offer an excellent opportunity to study the patterns of occurrence, maintenance, and

breakdown of distylous breeding systems both on the oceanic and continental island

groups. If we consider the fact that distyly is rare on the oceanic islands, the breeding

systems of two species on the remote oceanic Bonin Islands could be changed from

distylous to non-distylous, while three species on the continental islands maintain distylous

breeding systems. Meanwhile, P. cephalophora on oceanic Lanyu island could maintain

distyly because Lanyu island is geographically very close to Taiwan with rich biota.

The aims of the present study were to understand the reproductive nature of these

Psychotria species on the oceanic and continental islands of Japan and Taiwan, and to

review the occurrence, maintenance, and evolutionary modification of heterostyly on the

oceanic islands based on the studies conducted worldwide. For this purpose, first, |

investigated the breeding systems and pollination of four Psychotria tree species (P.

homalosperma, P. cephalophora, P. rubra, and P. manillensis) in Japan and Taiwan (Chapter



2-6). Second, | presented an overview of the studies on heterostyly on oceanic islands, and

discussed the occurrence and rarity of the heterostyly on islands. Finally, | discussed the

maintenance and evolutionary modification of the distylous breeding system on islands

(Chapter 7).

Chapter 2: Distyly and incompatibility of Psychotria homalosperma, an endemic

plant in the oceanic Bonin (Ogasawara) Islands

Psychotria homalosperma in the Bonin Islands was found to be morphologically and

functionally distylous with self- and intramorphic incompatibilities. This is the first report of a

distylous species from the Bonin Islands together with the liana species P. boninensis.

Chapter 3: Recent pollinator shift promotes unidirectional pollen flow in distylous tree

Psychotria homalosperma endemic to the oceanic Bonin Islands

| found that P. homalosperma was originally adapted to moth pollinators with floral traits,

including the chemical composition of floral scent. However, the introduced honeybees

visited flowers most frequently, whereas the moths visited only several times in more than

100 hours. This is probably because of the disruption of pollinator fauna caused by the

anthropogenic impacts on the island. Honeybees could carry pollen grains unidirectionally



from the short- to the long-styled morph, resulting in higher fruit set in the long-styled morph.

This result inferred that the maintenance of heterostyly on oceanic island is difficult partly

because the insect fauna is vulnerable in such areas.

Chapter 4: Distyly and floral morphology of Psychotria cephalophora on the oceanic

Lanyu (Orchid) Island

Psychotria cephalophora on Lanyu Island was found to be morphologically and

functionally distylous, with self- and intramorphic incompatibilities. | could not perform

pollinator observations for this species; many fruit and juveniles in the field indicated its

successful reproduction.

Chapter 5: Dioecy derived from distyly in Psychotria rubra in the Ryukyu Islands

Psychotria rubra in the continental Ryukyu Islands was found to be functionally dioecious

with male and female plants. Because the flowers of P. rubra still had distylous morphological

traits, the dioecism of P. rubra was thought to have probably evolved from distyly. The

evolution of dioecy from distyly has not been frequently reported, and plant-pollinator

interactions (such as pollinator shift from long- to short proboscis or tongue) can be related

to this evolution.



Chapter 6: Polygamous breeding system identified in Psychotria manillensis in the

Ryukyu Islands

The breeding system of Psychotria manillensis in the continental Ryukyu Islands was

found to be polygamous mainly with monoecious, female, and some male and

hermaphroditic plants. To my knowledge, this is the first report of monoecism not only in the

genus Psychotria, but also in all heterostylous species groups. It is very difficult to explain

the evolutionary pathway from distyly to monoecy only by plant-pollinator interactions. P.

manillensis is octoploid (2n=84). If we consider that its closely related ally, P. rubra, is

tetraploid (2n=42), the evolution of monoecism in P. manillensis can be related to

polyploidization.

Chapter 7: General discussion

Sexual systems and reproduction of Psychotria in East Asia

The results of the current field investigations were contradictory to my hypothesis: two

species on the oceanic islands showed distyly, while the other two species on the continental

Islands were dioecious and polygamous with monoecism. Together with our separate studies

on the breeding systems of the two liana species (P. boninensis and P. serpens in the Bonin

and the Ryukyu Islands, respectively), the breeding systems of all six Psychotria species in



Japan and Taiwan were revealed.

Psychotria homalosperma and P. boninensis are the first examples of distyly on the

oceanic Bonin Islands. In P. homalosperma, the observed phenomena of pollen limitation

and unidirectional pollen flow caused by the introduced honeybees might partly explain why

this species is now facing extinction. Psychotria rubra is the second example of dioecy in the

genus, following the Hawaiian species. Monoecism in P. manillensis is a unique example,

because there has been no report of monoecism in the distylous species groups. These

evolutionary modifications of the breeding systems are probably caused both by plant-

pollinator interactions and genetic modifications such as polyploidization.

Occurrence of heterostyly on oceanic islands in the world

Only 11 examples of distyly on oceanic islands have been reported till date.However,

the present study was an opposite case. However, if we pay more effort to examine the plant

breeding systems on oceanic islands, we might be able to find more examples since three

new examples were found in this study.

There are three possible difficulties for heterostylous species to colonize, evolve and

maintain its sexual system on oceanic islands:1) plants with sexual dimorphism are generally

difficult to colonize the remote oceanic islands, 2) autochthonous evolution of distyly on island

is extremely difficult compared to the evolution of dioecism, and 3) changes of plant-pollinator



interactions can cause extinction or evolutionary modification of distyly to the other breeding

systems on islands.

Unidirectional pollen flow by the introduced honeybees found in P. homalosperma

(Chapter 3) suggested the possibility that the unstable pollinator fauna on the oceanic islands

could cause the breakdown of heterostyly. Meanwhile, the oceanic islands with different

areas, altitudes, and distances from the continent have different situations with the

maintenance of distyly. For example, the oceanic Lanyu Island, where P. cephalophora grows,

is close to Taiwan, and its ecosystem is more like that of continental islands (Chapter 4).

Meanwhile, heterostyly could breakdown even on the continental islands, probably because

of several reasons such as the pollinator shift, polyploidization, and small populations on the

islands (Chapter 5 and 6). To understand the island-heterostyly relationship, we need to study

many cases in different island environments and integrate them.

Future directions

To understand the general patterns of the maintenance and evolutionary modifications

of heterostyly on islands, focusing on the particular species group with many species on

different types of islands, is one of the most effective strategies. The genus Psychotria can

probably be a good system for this purpose, when we combine its phylogeny, history with the

ecosystems of the islands. We can also deepen our understanding of the diversification of



the breeding systems starting from distyly in the flowering plants using this system.

Furthermore, this study can contribute to understand how this large genus diversified all over

the world tropics.
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