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Taiwan as a hub of fern diversity
(“The origin of fern diversity in the Indopacific realm (SE Asia, Australasia)”)
Wen-Liang Chiou', Yea-Chen Liu®, Cheng-Wei Chen', Li-Yaung Kuo®, Chun-Neng
Wang 3

'Division of Botanic Garden, Taiwan Forestry Research Institute. Taipei, Taiwan.
*Department of Biological Resource, National Chiayi University. Chiayi City, Taiwan.
*Institute of Ecology and Evolutionary Biology, National Taiwan University. Taipei,

Taiwan

Abstract

Taiwan, comprising the main island and its associated islets, is located near the
boundary between the Holarctic and Paleotropical regions. The complicated
topography forms various habitats with different climate patterns, harboring > 4,000
vascular plants, including about 700 species of lycophytes and ferns. The lycophytes
and ferns in Taiwan are diverse, with varied components of different geographical
regions. The repetitive glacial and interglacial events, followed by vicariance and long
distance dispersal due to their tiny spores have resulted lycophytes and ferns
colonizing among the Asian Continent, Taiwan and nearby islets, and paleotropical
regions. Athyrium (mainly distributed in temperate regions), Humata repens complex
(mainly distribured in paleotropical regions), and Deparia lancea complex (mainly
distributed in eastern Asia and southern China) are given as examples illustrating
Taiwan as a hub of fern diversity.

Keywords: Athyrium, Deparia lancea, fern, Humata repens, Indopacific realm,

Taiwan.
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INTROUCDUCTION

Taiwan, ca. 36,500 km?, comprising the main island and its associated islets, is
located near the boundary between the Holarctic and Paleotropical regions. Two-third
of the area in Taiwan is occupied by hills and mountains, and the elevation ranges
from seaside to about 3,950 m. This complicated topography forms various habitats
with different climate patterns, from tropical to temperate, and harbors some 4,000

vascular plants, including about 700 species of lycophytes and ferns.

The lycophytes and ferns in Taiwan are diverse, with about 25% of south to indo-
China element, 17% of Asiatic element, 16% of Himalayan element, 11% of Malesian
element, 9% of pantropical (ad hoc paleotropical) element, 8% of

Japan/northeastern-China element, 3% of temperate element, and 11 % of endemism.

The repetitive glacial and interglacial periods caused the plant migration between the
Asian Continent and Taiwan. The vicariance thereafter might have caused plant
speciation and evolution through hybridization, polyploidization and different
reproductive strategies. The functions of northeastern monsoon, southwestern
monsoon, typhoon, migratory birds, and probably the jetstream and trade wind
promoted the long distance dispersal of lycophytes and ferns among the Asian
Continent, Taiwan and nearby islets, and paleotropical regions by their tiny spores.
Athyrium (mainly distributed in temperate regions), Humata repens complex (mainly
distribured in paleotropical regions), and Deparia lancea complex (mainly distributed
in eastern Asia and southern China) are given as examples illustrating Taiwan as a hub

of fern diversity.
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Athyrium

The lady ferns (Athyrium Roth) comprising about 200 species are mainly
distributed in temperate and tropical-subtropical mountainous regions of Asia.
Nucleotide sequences of the chloroplast trnL-trnF, rbcL, atpA, rps4-trnS, and matK
were obtained from over 70 species representative of the infrageneric classification.
Integrating those molecular data and morphological characteristics, seven clades are
strongly supported and recognized as sections. Among them, species of sect. Athyrium
are mainly distributed in the temperate zone of the northern hemisphere; sect.
Wallichiana and Yokoscentia are restricted distributed in Himalayan and NE Asia,
respectively. These sections are the basal clades in the Athyrium phylogeny tree.
Section Biserrulata, Echinoathyrium, and Strigoathyrium are wide distributed in
eastern Asia, somewhat extending to India and Africa. The members of sect.
Polystichoides are endemic to Himalayan or disjunctively distributed in this area and
on western Pacific islands. These biogeographical patterns are considered as the

results of vicariance or/and long distance dispersal.

The ratio of endemism of Athyrium in the western Pacific islands is high, especially in
the tropical regions which include many mountainous islands. They are at the margin
of the Asia Continent and experienced the repetitive glacial and interglacial periods.
Our results show that those historical geographic events and the margin effect have

caused the formation of these endemics and their further evolution.

The spatial dispensation of the Athyrium species in the western Pacific islands might
be resulted by different events. Phylogeny of several restricted distribution or endemic
species in the eastern Asia were studied to reveal their genetic relationship and then

the reasons of their distribution. From the north, Japan has 36 including ten endemic
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species and their affinities could be found in Asian temperate zone such as mountains
of Taiwan. There are 24 Athyrium species in Taiwan, seven species are wide
distributing in eastern Asia, eight species disjunctive distribution between Himalayan
and western Pacific islands, and nine species including four endemics restrictedly
distributed in western Pacific islands. The sister species of the two endemic to the
Philippines were found in Taiwan. Based on the phylogenetic tree of the endemism
and comparison of the species composition of these islands, it suggests that the
Athyrium species common in Japan and Taiwan was mainly relic after vicariance as
glacial effect; whereas the endemic species occurring in the Philippines should be
caused by the long distance dispersal events because there was no continental junction

event occurred before.

Humata repens complex

Humata repens (L. f.) Diels and its close relatives were defined as a species
complex because of the continuum in their morphological variations. It widely
distributes in Pacific islands, Asia, to Africa, with eastern boundary at south Pacific to
the west boundary at east Africa and south boundary at north Australia to the north

boundary at Taiwan and Okinawa islands.

Four scientific names have been used for the Humata repens complex in Taiwan.
However, the principal components analysis of 14 morphological characters revealed

nine morphological forms within the H. repens complex in Taiwan, where both

triploid (2n=120) and tetraploid (2n=160) existed.

Diploid individuals (2n = 80) were found outside of Taiwan. Examining the spore

sizes of different ploids, results show that the average spore size of diploids was
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35.47+4.12um, which is significant smaller than that of polyploids, including triploid
(53.56+£7.91um) and tetraploid (53.13+7.8 1um). The spore sizes of triploids and
tetraploids were not significantly different. Based on this observation, the diploids can
be distinguished from the polyploids which including the tri and tetraploids.
According to the spore sizes, the diploid plants were only found in the Melasian
regions, whereas the polyploidy plants were mostly found in the margin areas, i.e.,

Taiwan, Indochina, west Indonesia to Africa, and north Australia.

To determine the relationships of the complex components, sequences of cpDNA
(atp-rbcL + rbcL-accD + rpsl6-matK IGS + matK) and nrDNA (PgiC) trees of
Humata repens complex in Taiwan, Japan, Vietnam, and Philippines were analyzed.
The incongruence between cpDNA and ntDNA (PgiC) trees indicates that the hybrid
origin of most individuals. Both phylogentic trees also show that at least two close
ancestors belonging to this complex in its diversity center. Through hybridization and
polyploidization, some polyploidy genotypes dispersed to elsewhere and shaped the

extant distribution.

There are two spore numbers per sporangium in this complex which indicate their
ploids and different reproductive strategies. Those diploids have 64 spores per
sporangium, whereas those polyploids have 32 spores per sporangium. It indicates
that the former reproduced sexually, and the latter reproduced apogamously.
Assuming the diploids were the ancestral group, after polyploiding (hybridization or
autopolyploidzation) the offspring move to other places. Because of the characters of
apogamous reproduction, polyploids had a better strategy to produce offspring and
colonize on the new habitat by a single spore through long distance dispersal. After

the successful colonization, speciation and subsequent multi-genetic progenies have
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occurred. The alternative scenario is that the multi-genetic progenies occurred in the
original localities and disperse elsewhere, but only those apogamous polyploids have
survived successfully. Taiwan, due to its complicated geographical topography and

various habitats, is an ideal location to adopt those complex components.

Deparia lancea complex

Deparia is a fern genus in Woodsiaceae (sensu Smith et al., 2006, 2008),
comprising around 70 species and mainly distributed in Asia, while several species
are distributed and endemic in the Hawaiian Islands, North America, and Africa. We
conducted a phylogenetic analysis of DNA sequence data and found support for seven
major clades within Deparia. The East Asian + Southeast Asian clade had greater
diversity and/or species richness than the other clades. According to their distribution,
these clades could be further identified as either oceanic or continental. Basal clades
were composed of continental taxa while derived clades were composed of oceanic
taxa. Molecular dating analyses were undertaken to estimate the divergence times of
all clades. The results suggested that Deparia taxa dispersed from Asia, and then
colonized Pacific islands, North America, and Africa during the Pliocene. In addition
to these ancient dispersal events, there were some recent expansions in oceanic groups,
and the cytogeographical pattern of these oceanic groups implied that polyploidization

may play an important role in their expansion.

Deparia lancea group (Woodsiaceae) comprising Deparia lancea (Thunb.) Fras.-Jenk.
and Deparia tomitaroana (Masam.) R. Sano (Woodsiaceae) is particularly interesting
in that there were five cytotypes found, from diploid to hexaploid. Although they

were widespread in eastern Asia, little was known about the link of their

biogeography and evolution of polyploids. To reveal their cytogeography and
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phylogeography, individuals from Japan, Taiwan, China, Vietnam, Thailand, Burma,
Nepal, N. India, and Borneo were analyzed in this study. The haplotypes inferred
from rps16-matK + trnL-L-F + nadhF regions were separated into two distinct groups
(A & B). Haplotype group A was consisted of both diploids and polyploids, and
distributed in Japan, Taiwan, China, Vietnam, Nepal, and N. India. However, diploids
in haplotype group A were only found in Taiwan. Haplotype group B was only
consisted of polyploids, and mainly distributed in Japan (Honshu and Kyushu).
Diploids in haplotype group B were probably extinct; or were distributed restrictedly,
and thus were not discovered by our current samplings. Estimated from ate-smoothing
by penalized likelihood, the divergent time of these two haplotype groups was around

0.8 million years.

Based on these results, we proposed the scenario of their biogeographical history. The
ancestral diploidy population had been suffered fragmentation during the early to
middle Pleistocene, during when the land-bridge of Japan-Ryukyu-Taiwan were
disappearing. The possible refuges of diploids were in pacific regions of eastern Asia,
such as Japan and Taiwan, in where subsequent polyploidization might occur. The
polyploidy individuals, which are generally considered with higher ability in long
distance establishment than diploids in ferns, were further selected due to land/habitat
discontinuity of islands in pacific regions, and then dispersed to continental East Asia

and other regions.
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