DISTRIBUTION OF MOSSES IN FORMOSA
by

Wang Chung-k'uei

Problems of plant distribution have current scientific interest, especially for taxon-
omists or ecologists. Because of the changes in taxonomic and ncmenclatural concepts in
the past few decades, modern taxonomists realize the practical importance of kncwing
exactly whence his specimens are derived. Actually, since the time cf Hcoker, it has
been found that there is a clese correlation between range and the best classificaticn a
botanist can make of the taxoncmic unit. With wider viewpoints, the constitution and
history of the flora of a given gecgraphical area can only be explained by analysis cf
the range of the constituent species. The phytcgecgrapher concerns himself not cnly
with the distribution of plants in space but also with their distribution in time, since
great changes in the distribution of plants must have taken place in the course of geo-
logical time.

Formosa, as a geographical area, offers excellent opﬁortunities for the study of the
various geobotanical problems by reason of its geographical position as well as the fun-
damental topographical features of the island. As a matter of fact, modern scientific
research concerning the island botany was not initiated until 1854 when Robert Fortune,
a Scottish botanist sent by the Royal Horticultural Society to China, visited Formosa on
April 20 (Kanehira, 1936). It was with the turn of the century that the bryophytes of
Formosa were first investigated (Cardot, 1905).

Works on Formosan bryophytes published since 1905 are very fragmentary and widely
scattered. Bryological exploration has been limited to a number of easily accessible
areas which are widely scattered over the island. No one has assembled and reported
comprehensive distributional data on the mosses occurring on the island of Formosa.
Therefore Formosa may be considered as a whole a very superficially explored district
with respect to a bryophyte flora, although the vascular flora of the island has been
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studied by a number of Japanese botanists for decades. Even wuntil now no critical syste-
matic study of the en’c‘ire moss flora of Formosa has ever been made based on exten-
sively collected materials as well as specimens deposited in various herbaria. The prelim-
inary investigation reported in this thesis’® was carried out mainly based upon the
observations and collections of the writer even though data from reliable sources and
available literature were used in taxonomic revision in the study. It is hoped that this
thesis may thus serve as an up-to-date summary cf our knowledge of the taxonomic
composition and the correlation of-the distribution patterns with the dynamic interrela-
tionships between the mosses and the environment, which may make possible some better

understanding concerning the ecological and distributional affinities of the mcsses of
Formosa. ) '

Taxonomic Composition of the Moss Flora of Formosa

The moss flora of Fcrmoesa is ccmpcesed cf 565 species distributed among 206 genera
in 46 families. Among the 565 species ccmprising the known moss flora of Formosa 157
species are ehdemic to the island. Fleven cther species are represented in Formocsa
each by a variety. Taken as a whole, 52 varieties and nine forms of messes belonging
to 51 species, of which 28 varieties and two fcrms are endemic plants, occur in Formosa.

It is predicted another 50 to 60 species may eventually be found in Formoesa through
further exploration. N

Of the great number cf genera present in the -mcss flora of Fermcesa 96, cr 47 per
cent, are represented in Formcsa each by cnly a single é.pecies. Among these 96 genera
14 are monotypic genera, four of which, Taiwancbr yum, Horikawaea, Pseudoplenropus
and Neodolichomitra, are also endemic to Formosa.

In addition, the -average number of species per genus is a fraction Jess than three.
Consequently, the moss flora of Formosa is not only rich in species but also rich in
genera. In other words, in the phytogeographical studies no signif‘icant difference
would exist between the results from the analysis of the distributions of genera and that
from the analysis of the distributions of species.

Of the 46 families represented on the island 13 families are represented in Formosa
by a single genus, two of which are monotypic families. This may be an indication of
the peculiarity of the moss flora of Formosa.

Distribution of Mosses in Formosa

As is known, because of the great number of lofty mountains within a narrowly
limited area, the topographical conditions in Formosa are exceedingly favorable to a
diversified flora. Consequently,-the bryophyte flora, like the vascular flora, is very rich
both in species and in communities, and the distribution of the mosses in Formosa is
also broadly correlated with elevation. There is a general increase in number of species
of mosses with increasing elevation below an altitude of about 2000 m, the flora is lowest

in number of species of mosses in low-lying areas, even in the virgin coastal forests.
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In Formosa, the occurrence of mosses is so sparse in the lowlands that only a very
limited number of species may be found; these are scarce plants of shady and relatively
moist habitats By far the greatest profusion of mosses occurs on slopes between 1000
and 2500 m. where mists and clouds prevail and the humid hardwood forests grade into
cloudy conifer forests. Conditions here in the damp mountain forests admit the most
remarkably luxuriant growth of mosses, especially of the epiphytic forms.

It is apparent that the distributions of individual species vary enormously. Most
mosses are confined to certain kinds of microhabitats;, their distributions are correlated
with microclimatic rather than edaphic conditions as is confirmed by their wide eleva-
tional distributions irrespective of edaphic factors. It is correct to say that the elevation-
al range of a vast majority of the ’mosses is wider than that of the vascular plants in
Formosa, although the latitudinal distributions of the mosses may be limited in certain
parts of the island. The most striking of these is Thuidium cymbifolium, which extends
upwards from the evergreen hill woods at low elevaticn into fir forests characteristic of
the much elevated areas. An observation of the occurrence cf the species cf mosses in
Formosa will make it clear enough that microclimatic factors are paramount in determi-
ning not only the range but also the relative frequency of the mosses. Therefore, it
may be concluded that the appearance of the mosses in certain suitable habitats is, pri-
marily at any rate, due to the existence there of certain particular microclimatic factors,
especially the relative humidity of the atmosphere; however, it may be hazarded to say
that temperature is the main component concerned.

Among the wide spread species some are generally found fairly well distributed over
the island as a whole and with notably great frequency. In addition to Thuidium cymbif-
olium, these include Pogonatum inflexum, Taxiphyllum taxirameum and Hypunum
plumaeforme. However, a number of these widely ranging species tend to show some
gaps in their elevational distribution, in a way which cannot be attributed solely to
direct climatic considerations. Notable examples of the somewhat discontinuous type of
altitudinal distribution are Papillaria semitorta, Homaliodendyron wmicvodendron, and
Pogonatum gymnophyllum. :

It is noteworthy that the more or less common Species, which form the great bulk of
the moss flora, tend to show very much the same distribution, namely a concentration
of species in areas at higher elevations between 1500 and 2500 m., and the general impor;
tance of the climatic factors, or more specifically the relative humidity of the atmos-
phere, is here particularly clear.

Also interesting are Trematodon longicollis and Dicranella coarctata, which not
uncommonly grow together but which have quite different total diétribution, although
the former is much more frequent. In fact, the iﬁdividuals of both species are wide-
spread and plentiful. Consequently, these are the commonest species. )

Another group of species is characteristic of the damp woodland covered with Hi‘ll
hygrophilous forests. General speaking, these are less common species which tend to
show a more or less rigid restriction to one or more of a small number of major habitat
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types. Therefore species in this group are mostly of lacal occurrence in hilly country.
Moreover, the great majority of the species found at low altitudes are concentrated in
the very northern part; some of them may extend from the north into the central part,
but perhaps only very few, if any, ever reach as far south as the southern portion of the
island. However, it is noticeable that the moss flora characteristic of the woodlands at
low elevations in the south is relatively poor not only in species but also in frequency
of occurrence. Species which are of wide occurrence in hilly country or in lowlands
throughout the island are very few. The most striking of them is Hyophila rosea, which
extends from the north as far south as Heng-chun Peninsula, which is the southern tip
of Formosa. Although the area of this species may be very large, the occupation appears
to be very slight. In contrast, both Fissidens sakourae and Hyophila stenophylla, chara-
cteristic of the low-lying areas, are widespread over the island and not only is their area
large but also their occupation is relatively intense. One species deserves to be mentioned
in this connection. Bryum argenteum is probably the most widely ranging species in )
Formosa, but its occurrence is generally well spaced, even though it may grow in great
quantity and become characteristic of the alpine grassland. As a matier of fact, its distri-
bution, at least in lowlands as well as in hilly country, takes the form of numerous but
very isolated records.

In the low-lying coastal areas environmental conditions are extreme and, therefore,
provide a very specialized kind of habitat which supports only a few particular species.
Hyophila rosea is the only moss species that was found and collected in the virgin coastal
forest which is distributed along the coast of Heng-chun Peninsula. The extreme poverty
of occurrence of mosses in the very low-lying areas is apparently due to the presence
of salt in the atmosphere.

The northern species form another group of mosses in distribution on the island.
Latitudinally, these species may be of wide occurrence over the island wherever subalpine
conditions prevail. In other words, their occurrence is predominantly restricted to the
subalpine areas, particularly the cold woods. In fact, the altitudinal range of these
species may not be so wide as that of those so-called common species widely distributed
over the slopes between 1000 and 2000 m. or higher, but the individuals of these species
of mosses are frequently exceedingly plentiful, and usually characterize the forest floor
in the fir forest or mixed conifer woods. Species such as Ptilium cvista-castvensis,
Hylocomium proliferum and Pleurozium schreberi are the extreme examples of this
type of distribution. As is known, Rhacomitrium heterostichum is probably another
instance of the same thing.

A few species of mosses in Formosa are characteristic of the alpine grassland, but
they grow only in places where it is well exposed and free from the competition of
grasses. These are largely members of Pottiaceae and Polytrichaceae, in addition to
Byyum argenteum. In most cases they usually grow in great abundance but their occur-
rences are almost entirely well spaced.
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Correlation of the Distribution of Mosses
and Vascular Plants in Formosa

The vegetational zonation of mountains is particularly distinctive in Formosa. The
vegetation of the island is composed mainly of two climax formations, one of which is
forest and the other alpine tundra. The former occupies nearly the whole area of the
mountain slopes while the latter is limited to areas above 3500 m. The altitudinal zona-
tion of the forest formation is conspicuously evident in the distinctive altitudinal distri-
bution of the hardwood forest and conifer forest. Within either the hardwood or the
conifer zone lower and upper slopes are distinguishable. The altitudinal limits of the
zones are equivalent to the latitudinal limits of the zones of the earth, each of which is
characterized by vegetation dominated by a particular floristic element. Thus, the forest
vegetation types characteristic of the altitudinally zonal slopes range from those of the
boreal and subalpine conifer forests to thcse of the subtropical and tropical evergreen
hardwoods.

In Formosa the altitudinal distribution of mosses is generally matched by that of the
arboreal species which deminate the forest vegetation. As was previously pointed out,
the occurrence of moesses is very scanty in the lowlands and over much of the hilly
country even though the island flora is very rich. By far, the greatest profusion of
mosses occurs in the evergreen damp woods covering the subtropical upper slopes of the
hardwood forest zone. Conditions here admit the most remarkably luxuriant growth of
mosses, especially of the epiphytic species and pendulous forms, which are known to be
quite similar to those characteristic of the tropical rain-forest. Here in the broad-leaved
evergreen mountain forests distributed over the slopes below 2000 m., the forest-floor is
frequently covered with a dense carpet of liverworts, mosses and filmy ferns; the trees
are often covered with mosses, lichens and ferns and herbaceous seed plants, and every
log is covered with translucent, moist greenery.

In the shady dense forest stands, the trunks of trees are mostly or even completely
covered with massive mats of various species of mosses. Furthermore, even the small
branches of trees or shrubs may be covered with largely pendulous masses of gold-hued
mosses, such as Pilotrichopsis dentata, Aerobr yidium taiwanense, Meteoriopsis formosana,
Neckeropsis lepineana, Barbella rufifolioides, Pseudobarbella levieri, P. laxifolia, Calyp-
tothecium japownicum, and C. cuspidatum. Those most characteristic members of mcsses
inhabiting the upright trunks of trees are represented by species of Homaliodendron,
Pinnatella, Pteyobryum, Meteorium, and by Piveela formosana, and Leucoloma molle.
Besides, terrestrial mosses are also found in abundance. One finds Rhkizogoniumn spinifor-
me of common occurrence on humus in deep shade while Bryum ramosum frequently
thrives as mesophytes on cliff or ledges. Species such as Philonotis sociae, P. plumulosa and
Bryum coronatum frequently appear on ground in wet places along the roadside where
they are moderately sheltered by the feorest canopy. Similarly, species which appear to
be pioneers colonizing mineral soil, such as Trematodon longicollis, Dicranella coarctata
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and Pogonatum inflexum, are commonly found densely covering the ground in extensive
patches in relatively open areas. | ‘

Just as in the hardwoods, environmental conditions in the conifer forests are also
favorable for the growth and development of mosses, and the luxuriant growth of mosses
also characterizes the vegetation aspect there. In many cases trunks, even branches, of
trees characteristic of the lower slopes of the conifer forest zone are so densely covered
with bryophytes as to resemble the rich moss communities which are commonly found
to be of maximum development in the hardwoods distributed below the conifer forests
in question. Moreover, the components of the abundant growth of the rich bryophyte
vegetation even include a number of tropical and subtropical species. Characteristic
epiphytes include Meteoviella soluta, Chrysocladium retvovsum, Isothecium subdiversi-
forme and species of Homaliodendron. Those commonly found on ground, either rocks or
humus, are represented by species as Fleischeroby yum longicolle, Syrvhopodon japonicus
and Pogonatum grandifolium in addition to species of Gollania, Hypnum, Dicranum,
Leucobr yum, and Plagiothecium. Splendid massive mats of species of Bartramia are not
uncommonly found covering damp cliffs or ledges in densely stocked stands. In relatively
open or exposed areas one finds Pogonatum wurnigerum, Oncophorus wahlenbergii, Ptyc-
homitrium formosicum and species of Rhacomityium of frequent occurrence on rocks at
higher altitudes.

Terrestrial mosses usually attain their most luxuriant grochh in the cold woods char-
acteristic of the upper slopes of the conifer forest zone where mosses of pendulous forms
gradually diminish. In the fully stocked fir stands, the gravelly or rocky forest-floor
is usually covered with extensive dense carpets c¢f mosses. These mcssy carpets are
frequently composed entirely of Piilium crista-castrensis, or more often woven by a
mixture of Hylocomium proliferum and Pleurozium schreberi. Under certain circum-
stances, Munium punciatum, which is a hygrophilous upright form, alone forms pure patches
of considerable extent, and thus characterizes the ground vegetation in the cold woods.
However, this species is more often scattered or intermixed with the mosses just men-
tioned above in the fir fcrests cr cccasicnally in hemlock stands distributed cn the tops
or ridges of some of the high mountains. Among those of common ocgurrence in
moderately stocked woods or somewhat open  areas in the subalpine regions are species
of Polytrichum, Grimmia, Rhacomitrium, Oncophorus and Ptychomitrium growing chiefly
on rocks. Besides, only a very limited number of species of mosses are usually found
in sunny places. Byyum argenteum and a few species in Pottiaceae are the familiar and
prominent examples.

Often almost nothing represents ¢ryptogamic vegetation above the timber line except
for a few species of mosses and lichens occurring sparsely on rocks of various dimensions.
Among the mosses noteworthy are species of Ulota, Grimmia, and Andreaea.

According to what has just been stated, it is demonstrated that the distribution of
floristic elements in the Formosan moss flora parallels that of the corresponding elements
among the ssed plants. This is especially noticeable with reference to the subalpine
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-and boreal mosses which occupy the same altitudinal zones as the subalpine and boreal
conifers. Therefore it may be stated that the distribution of mosses is generally correlated
with that of the vascular plants.

However, it must be noted that bryophytes frequently exhibit patterns different from
their floristic counterparts of higher plants in distribution. Some species are found
restricted to certain stations but others are commonly wide ranging mosses. A number of
species of mosses may be found in the woods which are ecologically different from those
with which they are usually associated. Consequently, some diversification of the
distributional ranges of mosses from those of their related 'higher plants is found; this
is particularly noticeable in regard to the altitudinal ranges of some tropical or subtro-
pical forms of mosses occurring in Formosa. It is, of course, a matter of observation that
mosses generally are more widespread than their commonly associated higher plants.
Apparently, the divergence between the distributional ranges of the mosses and their
floristic counterparts lies in the fact that mosses are more sensitive fo micro-environmental
factors, especially the relative humidity of the atmosphere prevailing over the microha-
bitat; in fact, this seems to be the limiting micro-environmental factor to the occurrence
or distribution of mosses, a fact which undoubtedly accounts for the wider ranges of a
majorit;} of species of mosses.

Ecological Factors Influencing the Distribution
of Mosses in Formosa

A thorough knowledge cof brycecology is fundamental to a full understanding of
bryology. The relations between the distributions of bryophytes and environmental
factors have been occasionally noted or discussed in various bryological works by a
number of bryologists. As far as is known, the various distribution patterns of mosses
in Formosa are determined primarily by ecological relationships.

With regard to plant distribution,climate is generally classified into four components,
and most fundamental among them is the temperature of the atmosphere. Next in impor-
tance to temperature comes moisture. Besides, light and wind are usually to be regarde
as secondary. In Formosa the temperature conditions are always more or less at an
optimum, and plant growth generally continues all the year round. However, the tem-
perature values actually tend to be widely modified under the influence of the great
number of lofty mountains since elevation of the land has the general effect of reducing
the normal latitudinal values of temperature. Temperatures still play an important role
in the latitudinal distributions of mosses and also are responsible, in part, for the presence
of particular floristic elements in various elevational zones in Formosa.

Apparently, the moisture content of the air is of prime importance as far as the
distribution of the mosses in Formosa is concerned. In general, rainfall is abundant but
varies greatly with elevation as well as with topography. The high and continuous hu-
midity favors the development of particularly luxuriant growth of epiphytic mosses in the
mountain forests at intermediate elevations where mists and clouds prevail. Actually
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over much of the slopes rainfall is extremely heavy and rainy days are very frequeht.
Apparently, the concentration of a vast number of species in the damp mountain forests
between 1000 and 2500 m. is closely correlated with the prevalence of cloud and mists
which is often a matter of topography together with wind. In connection with the mois-
ture factor, the occurrence of mosses in great abundance in the woods is due to the fact
that evaporation is significantly reduced becauss of the reduction of air movement, limited
radiation, and low vapour pressure deficit. However, the writer is convinced that the
moisture content or relative humidity of the atmosphere appears to be a fundamental,
if not limiting, distributional factor, at least with regard to the local distribution of
messes in Formosa.

Among the epiphytic mosses many are found on the trunks of broad-leaved trees
while others are characteristic of conifers. Furthermore, the distributional ranges of
these mosses as well as the level at which the species of mosses occur on the trees are
also correlated with a number of environmental factors. Accordingly, various patterns
of distribution of mosses on the trees are usually recognized in the same forest community.
In fact, the distribution of bryophytes on trees has attracted the interest of a great many
bryologists, and works dealing with one or another of its phases have been published at
various times. A number of factors have been investigated for correlation studies of the
distributicn of mosses on various trees. However, the occurrence of mosses on the trees as
well as the restriction of some species to particular groups of arboreal species are believed
to be correlated with bark factors, such as pH, texture, field moisture, water-holding
capacity and rate of water absorption of the bark, each of which may impress a quite
different pattern of distribution on the mosses. According to Billings and Drew (1938) the
values of these factors decrease with height above the ground. Moreover, the zonation
of bryophytic communities could be correlated with the changing water relationships of
the bark. However, the matter in relation to the occurrence of mosses on a tree at
different levels may not be quite so simple. Rather, these variations are biological reflec-
tions of the holocoenotic influence of the environmental conditions which appear to be
combinations of relative humidity, light intensity, topography and bark factors prevailing
over the microhabitats.

As regards the terrestrial mosses it may be said that some amount of soil is of pri-
mary necessity for their growth. In this connection, the importance of the edaphic factors
in the distribution of mosses must be recognized. In fact, mosses occurring noticeably
on limestone often exhibit anomalous distribution because of their specific edaphic
requirement.

In reference to the discontinuous type of altitudinal distribution of certain species
in Formosa, it is believed that the present distribution is a reflection of the climatic
changes that have occurred on the island and, therefore, cannot be explained by the
_existing factors.

It has already been noted that the poverty of the occurrence of mosses in the lowlands
is very pronounced because of the adversity of the environmental conditions. Moreover,
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through the agency of man, especially in the destruction of the original vegetation
over vast low-lying areas, it is very probable that some local indigenous low-altitude
forms of mosses may have been exterminated, even though it is, of course, always diffi-
cult to be sure that any species has actually disappeared.

In view of what has been said, it would be evident that the occurrence of mosses at
any station is related to climatic variations. Consequently, the local distribution of the
mosses generally indicates the mosaic of the environmental conditions prevailing over
the microhabitats, which are the products of the interaction of climatic, edaphic and
biotic factors at each station.

Summary and Conclusions

Formosa offers excellent opportunities for the study of the various geobotanical
problems because of the geographical pcsition and the fundamental topographical feat-
ures of the island. Tree growth is the prominent feature of the islaﬁd; the mountain
slopes remain primarlycovered by primeval or virgin forests of different types.

The island moss flora is particularly rich not only in species but also in genera. It
possesses a high degree of endemism which would testify the antiquity of the island.
The modern Formosan moss flora is demonstrated to be a complex mixture of species
of great diversity in affinities.

In Formosa, the occurrence of mcsses is so sgarse in the lowlands that only a very
limited number of species may be found. The greatest profusion of mosses cccurs in
evergreen damp woods on slopes between 1000 and 2500 m. A few species of mosses are
characteristic of the alpine grassland, -growing only in places where it is well exposed
and free from the competition of grasses. Almost nothing represents cryptogamic vege-
tation above the timber line except for a few species of mosses and lichens occurring
sparsely on rocks of variopis dimensions.

The distribution of mosses is generally correlated with that of the vascular plants,
even though bryophytes frequently exhibit patterns different from their floristic count-
erparts of higher plants in distribution and are more widespread than their commonly
associated higher plants. The distributional ranges of these mosses as well as the level
at which the species of mosses occur on the trees are correlated with a number of envi-
ronmental factors, and the moisture content or relative humidity of the atmosphere
appears to be a fundamental distributional factor, at least with regard to the local
distribution of mosses in Formosa.
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