THE CONIFEROUS FORESTS OF TAIWAN

Chung K’'uei Wang

INTRODUCTION

Although much work of botanical survey has been done since the Chinese government again
took possession of Taiwan, little is known of the plant ecology of the island. The published work
of the botanical survey in the past was concerned primarily with the vascular flora of the island,
and the number of published articles, most of which are mainly of a taxonomic nature with incidental
ecological observations, is few.

It was ten years ago that the Forest-lype Survey of Taiwan was sponsored by the Taiwan Fo-
rest Research Institute. Field work was carried out in 1953-54. Being appointed as a member of the
five-man field crew, the writer was chiefly responsible for identification of plants, sampling quadrats
of lesser vegetation, and observation and description of the physiognomy of the forest to be in-
vestigated. This was immediately followed by a joint program of the Chinese- American governments,
the Land Use and Forest Resource Survey of Taiwan, in 1954. In connection with this program,
the writer was first appointed as one of the field crew members and did the cruising work. Later,
he took over the delineation job. Consequently, it was from the aerial photographs that much inform-
ation concerning vegetation ‘patterns of the island was obtained.

Being employed as a forest researcher at the Taiwan Forest Research Institute, the writer had
frequent opportunities to study the plant ecology of the island. The present work is concerned pri-
marily with the general features of the vegetation covering the upper slopes of most high mount-
ains ranging throughout the island, paying particular attention to the composition, the physiognomy,
and the detailed structure of the coniferous forest communities occurring in the more elevated
regions of the island. ,

During the past ten years ecological observations were made on forest communities in various
localities, including the summits of the highest mountains on the island, and numerical data were
obtained. The facts presented here are based mainly upon personal ohservations from more than
four hundred localities representative of the whole area of the island. Information concerning the
condition of the existing coniferous vegetation at localities which the writer has not yet visited has
been obtained from the aerial photos with which the writer did the delineation work briefly men-
tioned above.

Judging from the fact that logging operations, mainly clear cutting on a large scale, are steadily

reducing the acreage of cedar forest and that of hemlock, it will not be long before the virgin cedar
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and hemlock stands in guestion would have been cleared out. When that time approaches, the island
would have to be clothed with second-growth vegetation which may in no way suggest the original
forest. It was, therefore, felt that it might be informative to give at the present time a broad and
coordinated account of the entire coniferous forest of the island and to give data on composition

and aspect of the coniferous forest communities in all parts of the coniferous forest of Taiwan.

ALTITUDINAL DISTRIBUTION OF THE CONIFERS IN TAIWAN

As is known, the vegetation on Taiwan is exceedingly luxuriant and tree growth is definitely
a notable feature. In fact, the forest vegetation covers extensive portions of the island ranging from
sea level upward to about 3500 meters in elevation, and containing about 1,969,500 hectares (Dover-
spike et al, 1956), or 55 per cent of the total Jand area of the entire island. Consequent'y, forest
covers most of the island except the alpine tundra region. )

Within the forested area the vegetation is mostly composed of climax forests dominated by
evergreen broad-leaved trees at lower elevations, and by coniferous trees on upper slopes, therehy
permitting subdivision of the forest region into a hardwood forest zone and a conifer forest zone.
The conifer forest zone is much poorer than the hardwood forest zone both in the number of spe-
cies and of vegetation types; but so far as timber production or forestry economics is concerned,
the conifer forest zone is undoubtedly much the more important. Although the conifers cover only
one-fourth as much land as the hardwoods, they contain a greater volume of timber, and in terms
of economic value they exceed the hardwoods covering the lower mountain slopes.

“The coniferous forest on the island occupies a large area approximate’y 19 per cent of the total
area of the forest region (Doverspike et al, 1956). In altitudinal distribution this coniferous forest
extends from about 1500 meters upward to the timber line which is reached at about 3500 meters
on Yu Shan.

Apparently below the lower limit of the coniferous forest, the slopes are covered with hardwood
forests of various types. In these hardwood forests, certain coniferous trees are found. Species of
Podocarpus occur sparsely all over the ialand at lower elevations. Keteleeria davidiana var. form-
osana is scattered in the northern and southern parts of the is'and at elevations {from about 300 to
900 meters. Calocedrus formosana grows in the northern and central parts of the is'and, ranging
from 300 to 1900 meters in elevation. Taiwania cryptomerioides, Pscudotsuga wilsoniana and Cun-
ninghamia konishii are of comparatively rarer local occurrence in the central ranges on the island.
All of these three native coniferous trees appear to be differentiating species characteristic of the
mixed-type of forest made up of hardwood trees as well as conifers at various intermediate altitudes
between the hardwood and coniferous forest zones. Because of their scarce occurrence, all of these
coniferous species enumerated above are considered economically unimportant, at least at the present
time, although their woods are of such excellent quality that their multiplication and extensive pla-
nting are justified. Another three conifers are present in different parts of the island. These include
one species of the genera Tazus, Amentotazus, and Cephalotazus. They, like species of Podocarpus,
are of limited size and rarer occurrence. '

Pinus is represented on the island by {four native species. Pinus massoniana is the only
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coniferous pioneer that is found in the second-growth on thetropical lower slopes, mostly in the
northern part and also on the eastern coastal hills. On the whole, this pine'is mainly confined to
poor sites where the slopes are steep and the ground is rugged, and where thereis little vegetative
cover other than pine trees. The range of the species may extend upward to 1300 meters in-
altitudinal distribution on the island. Pinus morrisonicola is of wider occurrence, roughly from 300
to 2300 meters, in hardwood forests. In fact, the species is now scarcely found either at lower
elevations or mostly present in less accessible places at higher: elevations.

The other native pine species, Pinus taiwanensis and P. armandi var. masteriana, occur at
higher elevations; the former ranges roughly from 750 to 3000 meters and the latter is known to be
of comparatively narrower range in the northern and central parts of the island at high altitudes
from 2300 to 3000 meters. Stands of Pinus taiwanensis of relatively extensive area are of frequent
occurrence near the streamway and tend to be pure at higher elevations, though appearing as
scattered individuals in hardwoods at lower altitudes. Pinus armandi var. masteriana is found
scattered usually in the form of small colonies in forests made up chiefly of mixed coniferous
species in the subalpine regions.

Within the coniferous forest region, the cedar forests made up chiefly of Chamaecyparis
Jormosensis and Ch. obtusa var. formosana, with a scattering of deciduous broad-leaved {rees,
commence at about 1500 meters, but in reality the former conifer ranges from 1000 to 2600
meters and the latter from 1200 to 2800 metefs in their altitudinal distribution. The range of the
hemlock, T'suga chinensis var. formosana, is between 1800 and 3200 meters, above which the plant
in turn gives place to the fir, Abies kawakamii.' As to the spruce, Picea morrisonicola, it is known
to be only of local occurrence. In most cases, it appears as an associate species in the coniferous
forest of various types of moderately higher elevations in the coniferous forest region.

The genus Juniperus is represented on the island by three forms. Nevertheless, only the alpine
juniper, Juniperus squamata var. morrisonicola, is of common occurrence, forming the scrubby
vegetation characteristic of the alpine tundra region. Juniperus formosana var. formosana is wide-
spread over the mountain slopes ranging from 2300 to 3000 meters in elevation, but J. formosana

var. concolor is localized to the coastal hills of the northeast of the island.

THE CONIEEROUS FOREST AS A WHOLE

The coniferous forest formation on the island occupies an extensive area approximating 19 per
cent of the total forested land area or 10 per cent of the total area of the island of Taiwan
{Doverspike et al, 1956). Altitudinally the formation extends from about 1500 meters upward to the
timber line which is reached at about 3500 meters on Yu Shan (Mt. Morrison).

The coniferous forest formation of Taiwan is a complex vegetational unit most conspicuously
characterized by the prevalence of the evergreen but needle-leaved habit of most of the woody
constituents. This gives to it a certain uniformity of physiognomy. IHardwood or broad-leaved
species, both evergreen and deciduous, occur in the arboreal and shrub layers, particularly in the
sgral stages and in marginal and transition areas. They are not, however, entirely lacking in any

type of climax forest communities wherever they are located in the vast area of the formation.
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Since vegetation develops in large measure in response to climate, the great climax unit, the
formation, is the long-time expression of climatic control. Throughout the vast area occupied by the
formation, the seasonal distribution of rainfall and the length of the growing season are sufficiently
alike to favor the dominance of coniferous forest. Upwards, with decreasing precipitation, longer
and more frequent drought and poorer soils, the character of the forest changes; it becomes more
and more confined to valleys and ravine slopes, with intervening exposed areas occupied by alpine
grassland. Also, the shorter growing season and the very low winter temperature extremes eliminate
one after another of the tree species. Conversely, downwards, a gradual increase in broad-leaved
tree species and a gradual appearance of epiphytes are apparent.

The diversity of topography and greater altitudinal range result not only in local diversity of
communities but also in distinct altitudinal zonation of vegetation in this more elevated part of the
island. The existence of pure virgin forest stands dominated respectively by various conmiferous tree
species with distinctive limitation in altitudinal distribution is the most noteworthy feature of the
formation under consideration. Topographic features are exceedingly varied. Although only indirectly
affecting the nature of the climaxes, topography, especially maturity in the erosion cycle, is important
in determining the proportions of the surface occupied by climax and by developmental stages.
The principal topographic features of the island are the north-south trending mountain ranges
(Figure 1). The heavy rainfall has enabled streams to cut deep canyons into the mountain sides.
As a consequence, the mountain ranges are transversely separated by deep, narrow, straight valleys.
With high relief and steep slope, the forest-clad mountains are almost impenetrable.

Unity of the Coniferous Forest Formation is emphasized not alone by the evergreen needle-
leaved habit, but also by the presence of a number of widz-ranging genera and species, particul-
arly Chamaecyparis, Tsuga, Picea, and Abies. None of these genera, except the first, have repre-
sentatives in other formations. Additional characteristic genera abundantly represented in climax
communities over a considerable portion of the coniferous forest includs Pinus, Calocedrus,
Taiwania, Pseudotsuga, Cunninghamia, Taxus, and Juniperus. No coniferous tree species range
throughout the coniferous forest except those regularly associated with early seral stages. In fact,
pines, particularly Pinus taiwanensis, are widespread over much of the area of the Coniferous
Forest. By a number of reasons, e.g. the representation of Chamaecyparis and Tsuga in most parts
of the forest, the Coniferous Forest Formation may be more spzcifically called Chamaecyparis-
T'suga Formation.

One of the vegetational features of the formation is that forests comprised of various conifer
species together with intervening spaces occupied by herbaceous vegetation of higher elevations
give an over-all picture of the formation. The herbaceous vegetation of higher elevations is
represented by communities of a grassland type. These herbaceous communities, which are of
secondary origin, are found almost completely in possession of extensive areas and are commonly
spoken of as alpine grassland.

The forest is a layered community. The canopy, the superior or arboreal layer, is made up of
dominant and accessory species. Those trees which are used to designate the climaxes are, of
course, dominants of the superior or arboreal layer. In fact, the forest is represented mostly by

pure and aged virgin stands, or at least, tending to be pure in composition. The domina nts are
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generally characterized by the relatively large development of the trunk as compared with that of
the branches. In later life the tree generally loses its lower branches and the branching at the apex
becomes less irregular, giving rise to a tree of markedly pyramidal form. The leaves of these
coniferous components of the forest are evergreen and vary considerably in appearance. The adult
leaves are awl-shaped, linear, and acicular, or assume the form of closely appressed scales.

The subdominant trees and herbaceous vegetation are as much a part of the community as are
the larger trees, and in some instances, because of more limitied distribution, even more charac-
teristic of the climaxes of which they are a part. Frequently in disturbed areas, they are better
indicators of forest types than are the trees of the secondary forest. In the climax conifer forest
communities the sparse undergrowth is generally composed only of few species, in most cases
tending to be a single species, namely Pleioblastus niitakayamensis. In general, some of the
herbaceous perennials or small annuals are sparsely distributed, although some of the species might
occasionally appear as closed small patches covering the ground.

As is known, the grass-like alpine bamboo species, Pleioblastus niitakayamensis, varies
markedly in height, that is to say from half a meter to three meters, in accordance probably with
the effect of insolation on air and soil temperatures, and consequently on relative humidity
and evaporation and, through them, on the local water situation. It is found, however, that the
plant varies relatively little within a given forest region, a fact which is true even within the entire
coniferous forest. In fact, the species has its biological optimum in slightly open but evenly stocked
forest communities. In contrast, it appears as stunted growth, varying in height, usually more or
leés than a meter, and forming a type of herbaceous vegetation in possession of formerly forested
but then being exposed areas where the removal of tree layer has been brought about as a result
of fire disturbance. As a matter of fact, on the outskirts of patches of hemlock or fir forest are
usually found broad expanses of this type of herbaceous vegetation dominated by the alpine
bamboo species which have been favored by the gradual destruction of the forest trees through
the annual fires. The arboreal vegetation may linger on almost unobserved as stunted growth
among the grass-like bamboo plants, but it is gradually killed off. As has been seen, this' type of
herbaceous vegetation is found almost completely in possession of extensive- areas, but mainly
confined to the dry and sunny south-facing genﬂe or rolling slopes of high elevations which
support chiefly grasses and herbs with some scattered low juniper bushes. So sometimes are the
western slopes of mountains, for here the slopes may be noticeably warmer and drier than the
eastern ones, owing to the sun’s afternoon warmth.

The Coniferous Forest Formation is made up of a number of climax associations diffexing from
one another in floristic composition, in physiognomy, and in genesis or historical origin. While the
delimitation of associations may be made on a basis of dominant species, and it is from these that
the climax is named, dominants alone may suffice for the recognition of these wunits. Since the
climax association is an abstract concept based upon familiarity with numerous concrete examples,
differing in minor details from one another, its delimitation in space is difficult, if not impossible.
It is, however, entirely possible to recognize and to map forest regions which are characterized by
the prevalence of specific climax types, or by mosaics of types. These regions are natural entities,

generally with readily observable natural boundaries based on vegetational features. Boundaries
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may in part be determined by the limits of the more or less continuous ranges of characteristic
species although there may be relic or advance disjuncts beyond the general rangé limits. Where
bundaries are indistinct, either because of transitions or disturbances caused by various agencies or
the lack of sufficient detailed information on vegetation, it is necessary to use more or less arbitrary
boundaries, sometimes approximating natural physiographic boundaries.

Forest regions must not be confused with climax associations (cf. Braun, 1950). The determin-
ation of extent of any forest region is based upon physiognomy and similarity of composition of
forest communities, which in turn result from environmental influences, present and past. Most of
the boundaries of the forest regions appear to be determined largely by changing climates and
physiography. Although climatic control does not in general determine regional boundaries (Braun,
1964), the influence of climate must not be ignored. In many cases, the boundaries of the forest
regions, especially those of regions occupying much of the upper slopes at high elevations, are
primarily comparable, if not parallel, to those of the principal climatic types occurring in the
Coniferous Forest area. But only to the upper slopes, temperature and length of the growing season
are very important. The coniferous forest of Taiwan, which develops in a humid climate, is
determined by temperature factors.. The subdivision of the formation is in part due to differences in
moisture factor.

The present pattern of forest distribution in the more elevated area of the island of Taiwan in

terms of forest regions, as shown on the map of forest regions (Figure 2}, is somewhat ag

follows:
1. The Temperate Humid Forest region, occuping  much of the temperate lower slopes
immediately above the Subtropical Forest Formation.

The region is characterised by the development of climax communities in which red cedar
(Chamaecyparis formosensis) and yellow cedar (Chamaecyparis obtusa var. formosana) are
dominant. It is the stronghold of the humid cedar association, the climax of moderate elevations.
The association develops only on moist but well-drained sites. Deeply melanized soil and a duff mull
humus layer are the characteristic features. Cool humid climate with moderate high annual
precitpiation prevails. This climax reaches its best development in areas where heavy clouds and
mists prevail during the most part of the day through most of the year. Although characteristic,
the climax is not universally present. Moreover, the region is diversified by inclusions. of other
climax - associations, of which the hardwood-conifer mixed forests are particularly well developed,
and by altitudinal variations, because of its generally mountainous character- at intermdiate altitudes.
Podzols and gray-brown podzolic soils, together with certain melanized types, present a mosaic

pattern comparable to that of the vegetation.:
2. The Subalpine Forest region, occupying a position in rugged area between the lower

Temperate Humid Forest and the upper Alpine Forest.

This reglon is characterised by the prevalence of mixed mesophytic climax communities in
which dominance is shared by a number of species, particularly hemlock, fir, spruce, yellow cedar,
and pines. Its vegetation is a mosaic of unlike climaxes and subclimaxes, and thus may be thought
of as an ecotone. Representative examples of the mixed mesophytic association occur freguently in

its upper part, and more locally downward. Its most prominent vegetational features are the
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preponderance of hemlock trees and the great expanses of subclimax alpine grassland. However,
the almost universal dominance of pines in secondary forests and their widespread occurrence
throughout the region have obscured some of the regional features, even though the many edaphic
and secondary communities take part in the mosaic and further complicate the picture and add to
the diversity of the region. Soils found in this region are generally young or imperfectly developed,
and shallow, stony, slightly podzolized soils are the most widespread. Small patches of gray-brown
podzolic soils may occur on flat mountain tops or gentle slopes.

3. Tne Alpine Forest region, the uppermost region of the Coniferous Forest, occupying most
of the upper slopes approaching summits or ridges of lofty mountains elevated usually over 3000
meters above the sea level, extending upward to the timber line.

The upper boundary of the region is fringed with scattered juniper bushes or more frequently
with a type of shaggy scrub-like communities in which the alpine juniper alone is dominant. The
region is characterised by the development of a climax in which fir is the most abundant specise,
occurring in all parts of this region. The association, however, in the upper part, tends to be
confined to ravine slopes, stretching upwards into the contiguous alpine grassland comprised primarily
of the grass-like alpine bamboo species, Pleioblastus niitakayamensis. The climax, on the other
hand, of the lower part of the region appears to be transitional to the forest immediately below
because of the local codominance of spruce or hemlock, or sometimes both. The regional soils are
mostly young, shallow, and stony.

Species occur in different combinations in different regions; hence, the ecological significance
of a species in one region is often quite different from its significance in another. Also, similar
combinations of dominants may be different in their ecological status (Braun, 1964). One example
may clarify these points. The hemlock, in the Subalpine Forest region, displays great ecologic
amplitude, occurring in mesic slope forests as a dominant, and in many typical mixed mesophytic
communities. In the Temperate Humid Forest region, it is normally codominant with yellow cedar,
or sometimes together with pines, in the driest ridge-top communities. In the Alpine Forest region,
however, it may be codominant with spruce or fir in ravine-slope forests.

The climatic conditions over the area of the Coniferous Forest Formation are exceedingly
complicated although over the entire area a prehumid maritime climate is normal and where
anything drier is of very rare occurrence. Both altitude and topography play important roles.
Generally speaking, localities at different elevations are vsually under the influences of various types
of climate. Indeed, three types of climate can be distinguished, one in each forest region. As is
known, these climatic types may be briefly but precisely symdolized as ABy’ra’, ACyra’ and AC;’ra’
(cf. Thornthwaite, 1933; Chen, 1957), which are respectively characteristic of the Temperate Humid
Forest region, the Subalpine Forest region, and the Alpine Forest region.

Since floristic composition of plant communities is subject to the slow changes induced by
entering migrants capable of taking a place in seral stages or in climax stages, boundaries between
the forest regions do not exist. Consequently, boundaries must be chosen arbitrarily at the approxi-
mate borders of the temporary dominance of particular climax types in the great area involved.
The boundaries of the three forest regions have been determined chiefly by field observations, even

though all available information has been used in drawing these boundaries.
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THE TEMPERATE HUMID FOREST REGION

No definite limits can be given to this forest region where the topographic features are
exceedingly varied. The boundaries of the region are ill-defined, for this is a great tension zone
between encroaching more subtropical species and retreating more temperate plants, It is a region
of interpenetrating climaxes, but a region distinct in the grouping of its climax dominants. In
general, the Temperate Humid Forest region is coextensive with the slopes lying between 1500 and
2500 meters in elevation. Here, the vegetational boundary, like the physiographic boundary, is more
or less arbitrary, because of a transition area. As a matter of fact, a broad transition belt intervenes
between the Coniferous Forest Formation and the Subtropical Evergreen Forest Formation along
the indistinctive lower boundary of the fegion. The upper boundary is also indefinite and is drawn
within the transition to the yellow cedar-hemlock area.

Apparently the area of the Temperate Humid Forest is controlled by the frequent development
of prehumid climate of temperate nature, A number of forest communities are rather well illustrated
on the slopes of this region. The forest of the lower elevations exhibits many variations related to
topography and soil. Quite apart from the luxuriance and variety of the forest communities of
moderate elevations, the forest vegetation of the region, particularly that on the higher mountain
sides where virgin forest stands of red and yellow cedar trees were beautifully represented, has been
so profoundly modified by logging, that for the most part it bears almost no resemblance to the
original cover. Although many large trees remain and some parts are essentially virgin, large
untouched areas are lacking. Today, one may travel for many miles without seeing red or yellow
cedar trees once abundant through much of the area. No vestige of the original forest remains in
the most disturbed areas. )

The Temperate Humid Forest climax is a community in which the dominant trees of the
arboreal layer are Chamaecyparis formosensis, Ch. obtusa var. formosana, Cyclobalanopsis morii,
C. longinuzx, Actinodaphne nantoensis, Persea acuminatissima, and Schima superba var. superba.
In the valley of Tachia Chi, Calocedrus formosana is also one of the dominants. Additional more
or less abundant or local species include Taiwania cryptomerioides, Pseudotsuga wilsoniana,
Cunninghamia konishii, Pinus armandi var. masteriana, P. morrisonicola. P. taiwanensis, T'suga
chinensis, and Trochodendron aralioides. Moreover, Illicium philippinense, Lithocarpus amygda-
lifolius, Pasania kawakamii, P. ternaticupula, Cxyclobalanopsis stenophylloides, Beilschmiedia
ersthrophloia, Cinnamomum camphora, Sassafras randaiense, Acer kawakamii var. kawakamii,
A. morrisonense and Ternstroemia gymnanthera may occur in a large proportion of the stands
but are never abundant, being components of the understory stratum or the second tree layer. To
the species already mentioned, about a dozen others which sometimes appear in climax stands could
be added. Not all of these species, however, occur in any one area; some may not be found
everywhere that the typical humid cedar climax association occurs. The forest of this region contains
by far the largest number of shrubs of any part of the formation, and two or more times as many
herbaceous species as any other community in any other region of the conifer forest.

On the whole, the total flora of the forest climax characteristic of the region tends to decrease
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with increase of altitude. But whereas this decrease is particularly marked in the case of trees, it
“is not accompanied by any marked tendency to dominance by single species, because more and
more temperate species enter. The typical cedar climax forest community on ravine slopes is an
example of terrestrial stratification because there are a number of well-recognized strata above and
below the soil surface. In most cases, the forest communities representative of the climax of the
region are distinctly four-layered in structure. The interior of this type of forest is unlike that of
other forests of the Coniferous Forest Formation. Apart from the luxuriant shrubby undergrowth,
small climbers as well as epiphytes are abundant. The epiphytes are usually smaller, almost all
herbaceous, and mostly limited to ferns and bryophytes or more lowly cryptogams. Epiphytic mos-
ses tend to be particularly numerous and luxuriant where mists prevail in these forest communities,
characteristically blanketing the trunks and also hanging from almost every possible point, so that
they create far more of a ‘show’ than in the three-layered rain forest, and, hence then, the name
of ‘mossy forest’ is frequently applied to such a type of forest community.

Naturally, the aspect of the typical cedar climax forest is one of considerable luxuriance owing
to the profusion of shrubs, epiphytes, and climbers as well as of ferns and lower cryptogams.
Because of the large number of dominants of the climax, the composition and relative abundance
of the dominants vary greatly from place to place. This has resulted in the development of ap-

parently distinct climax communities, all of which are actually a part of one great climax unit.

The Incense Cedar Communities

Ecological studies by Chang (1962) in incense cedar community of moderate elevations furnish
data on the composition of this type of conifer forest. The incense cedar community is locally
represented on the ravine slopes in the valley of Tachia Chi by pure aged stands. Although only
two or three species are common in the canopy, the climax is a floristically rich community.
Stratification is apparently one of the integral properties of the climax. The climax, like many
found in the Temperate Humid Forest region, is a layered forest community in which four layers
can be recognized, although these strata are not separately distinguishable. Calocedrus formosana
is the predominant species in the canopy or overstbry stratum. Pseudotsuga wilsoniana is common,
and also local codominant, in the canopy. In general, individuals of Calocedrus formosana and
Pseudotsuga wilsoniana are of enormous size, being more or less than 35 meters in height and 130
centimeters in diameter. Some may attain a maximum height of more than 40 meters and a
maximum d.b. h. of about 160 centimeters. Tsuga chinensis is known to be an occasional tree of
the overstory.stratum.

Although it is the canopy layer or overstory stratum which primarily characterizes the climax,
lower layers also have distinctive features. However, the interdependence of canopy and herbaceous
layer is strongly marked. To the few canopy species must be added the lower trees, which seldom
or never attain canopy position, as Engelhardtia roxburghiana, Cyclobalanopsis longinuz, C. morii,
C. stenophylloides, Castanopsis carlesii var. carlesii, C. hystriz, Pasania kawakamii. Actinodaphne
nantoensis, Persea acuminatissima, and P. thunbergii. Among the shrubs, Barthea formosana, Blastus

cochinchinensis and Ardisia cornudentata are most generally present and abundant. Other species,
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more or less widespread, are Debregeasia edulis, Litsea cubeba, Fatsia polycarpa, Damnacanthus
indicus, and Viburnum taiwanianum. Woody climbers, neither numerous as to species nor abundant
as to individuals in the climax, include Piper futo-kadsura, Stauntonia keitacensis, Hedera
rhombea var. formosana, Smilax china var. taiheiensis, and S. hayatai.

The emphasis thus far in this specific consideration of the incense cedar community has been
upon its woody constituents. The herbaceous vegetation, particularly the pteridophytes, is exce-
edingly rich and varied. In fact, the herbaceous plants are chiefly those common at lower elevations,
that is to say those commonly represented on ravine slopes in the area of the Subtropical Evergreen
Forest Formation, as Pilea brevicornuta f. brevicornuta, Pellionia scabra, Elatostema lineolatum
var. major, Oreocnide pedunculata, and Alocasia macrorrhiza. The many ferns, incluluding Hicri-
opteris glauca, Plagiogyria formosana var. formosana, Nephrolepis cordifolia, Athyrivm mazximum,

Neottopteris antiqua and Rumohra amabilis emphasize the luxuriance of the herbaceous layer.

The Mixed Conifer-Hardwood Forest Communities

In deep ravines, there frequently occur along the creeks or near the stream the Chamaecyparis-
Schima-Cyclobalanopsis community. In such a conifer-hardwood mixed stand the structure is
usually stratified into four layers. The canopy is dominated by Chamaecyparis formosensis, Schima
superba var. superba, and Cyclobalanopsis longinux. The second tree Jayer or understory stratum
consists largely of Michelia formosana, Persea zuihoensis, Prunus phaeosticta, Symplocos divaricati-
vena, and S. konishii, with a scattering of youthful individuals of Chamaecyparis formosensis. The
shrub layer or undergrowth is mainly composed of Turpinia formosana, Barthea formosana, Fatsia
polycarpa, Rhododendron ellipticum, and seedlings of Actinodaphne nantoensis and Prunus
phaeosticta. The ground flora is characterised by Pellionia arisanensis and a variety of ferns, such
as Plagiogyria euphlebia, P. stenoptera, Pteris quadriaurita and Dryopteris melanocarpa, including
Selaginella delicatula.

Another type of conifer-hardwood mixed stand that is also of common occurrence on the
gentle slopes is the Chamaecyparis-Cyclobalanopsis community. The community appears to be a
transition, for its distributional range is usually limited below by pure stands of Cyclobalanopsis
morii and above by pure stands of Chamaecyparis obtusa var. formosana. The forest tends to be
pure in composition so far as the number of species is concerned. In fact, the community is equally
composed of Chamaecyparis obtusa var. formosana and Cyclobalanopsis morii. Frequently the
coniferous components are taller than the hardwood codominants, although there is no evident
difference between the frequencies of these two species codominating the community. Another

notable feature is the decline of undergrowth and herbaceous ground cover in number of species.

The Red and Yellow Cedar Communities

On the ravine slopes, in place just above 1000 meters, are encountered the first individuals of
the cedar communities, namely Chamaecyparis formosensis, and with increase of altitude trees of

Chamaecyparis obtusa var. formosana gradually appear. The red and yellow cedars, Ch. formosensis
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and Ch. obiusa var. formosana, are represented sparsely or scattered collectively in very small
groups in the hardwood forest which is usually considered as a part of the Subtropical Evergreen
Forest Formation, in which few individuals of Taiwania cryptomerioides are occasionally found as
invaders of the broad-leaved forest. T'aiwania cryptomerioides, in most cases, is only found as a
rare associate, often being accompanied by T'rochodendron aralioides, in the communities in which
Chamaecyparis formosensis and Ch. cbtusa var. formosana are dominant or in conifer-hardwood
mixed stands on slopes where the soil is deep and fertile and the atmosphere is rather damp.

The cedar forest is frequently composed entirely of Chamaecyparis formosensis and Ch. obtusa
var. formosana. These are closely related species which constitute the most important and valuable
virgin conifer forests of extensive areas that form the rather broad conspicuous cedar forest belt.
Pure stands consisting of each of these two species are commonly found on the lower and upper
slopes in the cedar forest belt, and communities comprised mainly of both species are not uncom-
mon. Both of the red and yellow cedar species flourish on the mountainous slopes where the
atmosphere is on the whole damp and foggy. The prevalence of either of them depends upon the
topographic condition; Chamaecyparis obtusa var. formosana occurs largely in areas where the
slopes are gentle, while Chamaecyparis formosensis is distributed mostly in the damp valleys and
on ravine slopes along creeks or near streams, the place where the slopes are very steep and the
soil as well as the atmosphere are constantly moist or damp.

The Chamaecyparis formosensis community and that of Chamaecyparis obtusa var. formosana,
as well as the Chamaecyparis formosensis-Chamaecyparis obtusa var. formosana forest are com-
monly represented by well-closed, pure or almost pure virgin stands (Figures 3 & 4). The con-
spicuous components frequently are much as 30 meters tall, constantly have straight trunks free of
side branches, and are of enormous size. Most of the individuals are large trees, some of which
attain a maximum height of 50 meters and a maximum d.b.h. of 300 centimeters.

In the cedar communities Cyclobalanopsis morii, C. stenophylloides, Trochodendron aralioides,
Illicium philippinense, Sassafras randaiense, Acer kawakamii var. kawakamii, A. morrisonense and
Ternstroemia gymnanthera are frequent components of the understory stratum, being found usually
in admixture. There may be found several additional coniferous species as associate trees. Each of
these conifer associate occurs characteristically either as single trees of considerable size, or else as
crowded circumscribed groups of young trees, which undoubtedly owe their juxtaposition to the
accidents of seed dispersal. Among these conifers, which may form sub-communities within the cedar
forest, are Pinus armandi var. masteriana, P. taiwanensis, Tsuga chinensis var. formosana, Cunn-
inghamia konishii, and Taiwania cryptomerioides. Some of these species, particularly the hemlock,
may be found as independent pure stands or communities distinctive from the cedar community.

The relatively sparse occurrence of a small number of shrubby species makes the cedar forest
clearly distinct from the hardwood forest in physiognomy. Among the widely spaced undergrowth
are Neolitsea acuminatissima, Euonymus acutorhombifolia, Barthea formosana, Blastus cochin-
chinensis, Lyonia ovalifolia var. ovalifolia, Rhododendron formosanwm, Rh. morii, Vaccinium
japonicum var. lasiostemon, Viburnum jfoetidum var. rectangulatum, V. furcatum, and V.
luzonicum var. formosanum.

The herbaceous layer of such forest communities contains a variety of species including Rubus
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pectinellus var. trilobus, Crawfurdia lanceolata, Ainsliaea morrisoniccla, Pleioblastus niitakava-
mensis, Miscanthus spp., Arisaema arisanensis, and A. formosana. The ferns, such as Plagiogyria
cuphlebia, P. stenoptera, Monachosorum subdigitatum and Polystichum aculeatum, are also
noteworthy.

A very interesting instance of the relationship of epiphytes and associated tree species is the
case of Leucostegia immersa, a delicate fern species which is only seen on the trees of Chamaecy-
paris formosensis. Other epiphytic ferns that are of common occurrence in the cedar stands are
Cyclophorus adnascens and species of Vittaria. The only woody climber commonly found
throughout the cedar forest is Prinsepia scandens. , .

The floor of such a type of forest communities is usually covered with litter or by a clothed
carpet of mosses. Occasionally reproduction appears as sparsely scattered seedlings of very small

size on the outcrop or on the rotten logs lying on the floor.

The Secondary Hardwood Forest

The occurrence of the pure stand of Iilicium philippinense on the somewhat flattened top of
Tayuan Shan at about 2100 meters is of great interest. This broad-leaved tree species, with aromatic
leathery leaves, usually occurs in various types of the coniferous forest of moderate elevations. The
small isolated area of the mountain top to which the pure hardwood stand is confined is entirely
surrounded by the hemlock slopes, from which the species in question is absent. Therefore the
origin of the stand of Illicium philippinense is open to question. Consequently, the occurrence of
the pure stand of the hardwood species raises questions as to the seed source and the means of
migration, i.e. the method by which the seeds that gave rise to the individuals of the forest com-
munity under consideration are carried. Here, such questions seem to be worth separate study.

The pure stand of Illicium philippinense is indicative of clay soil and considerable moisture.
The stand is even-aged and regularly spaced, the individual trees varying from 5 to 12 meters in
height and from 5 to 19 centimeters in d.b.h. The stand is very dense; 124 trees were once tallied
in an one-twentieth-hectare area. According to the number of annual rings shown by the increment
borer the average age was about 80 years at that time. The stand is level-topped, with majority of
trees growing very slowly. The undergrowth is dominated by vigorous thickets of Pleioblastus
niitakayamensis, the exceedingly abundant occurrence of which usually excludes nearly all of the
shrubby species and the lesser vegetation or herbaceous plants. The scarcity of herbacouse plants
is similar to that which is usually found in the hemlock stands. Another very noteworthy feature
of this closed pure stand of Ilicium philippinense is the thick mat of mosses completely enwrapping
the whole stems of all of the trees forming the stand (Figure 5).

In addition, it is not uncommon that the talus slopes below the cliffs on the south face of
mountain sides are covered by youthful forest communities in which Alnus japonica alone is
dominant. Apparently, such a community is a type of developing secondary growth of early seral
stage, which is characteristic of the devastated area caused by severe disturbance, more frequently
by dislodgement of rock fragments {rom cliffs or steep rocky slopes, of the former forest growth
mostly representative of the climax of the upper part of the forest region under consideration. The
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occurrence of this type of seral forest community on such unusual type of habitat is probably
connected with the fact that the dominant species, Alnus japonica, perhaps others of the same
genus, with high water requirement, is capable of taking advantage of percolation water. Never-
theless, this community may gradually be replaced by a conifer community, more possibly a pine,

this in turn by a cedar or hemlock community.

. THE SUBALPINE FOREST REGION

The characteristic appearance of this region is brought about by the dominance of the hemlock
over much of the area. The region as here defined extends as a broad altitudinal zone from about
2500 to 3000 meters. As a whole, the boundary of the entire forest region is comparable to that of
the climatic type prevailing over the area. Its lower boundary is irregular and in places indistinct,
and it is more or less arbitrary and lies within a transition zone. Here, the invasion of the temperate
species of moderate elevations from the lower slopes has resulted in the mixing of forest types
more or less evident along most of the lower boundary of the region which is in contact with the
red and yellow cedér forest belt. On the other hand, the extension of the dominant species of the
Subalpine Forest into the forest communities of higher elevations, mostly along the ravines, has
made evident the transition from the Subalpine Forest. As a consequence, along most of the
boundary, both the lower and the upper, the occurrence of forest communities of a mixed-conifer
type will in general serve to distinguish the Subalpine Forest region from that below and above.

Vegetationally, in addition to the widespread and abundant hemlock, the region seems to be
characterised also by the common occurrence and local prevalence of pines, chiefly Pinus tia-
wanensis, over much of the area, and the dominance of northern conifers in various places, particularly
on the steeper slopes with thin stony soils at higher elevations.

The type of prehumid maritime climate characteristic of the region favors the establishment
of a coniferous forest, e.g. the hemlock forest occupying a broad band between the other two
forest regions of the same great Coniferous Forest Formation. Although not everywhere dominated
by the hemlock, the forests of this region have always contained a large proportion of hemlock.
True, the hemlock forests occur over a wide range of altitude. The hemlock forests, pure or almost
pure hemlock, contain trees of all size classes; there is no indication of successional change.
Typical hemlock communities occupy exposed and rocky mountain slopes and rock slides more or
less soil covered. Most of these are primary stands; the low-branching, broad-crowned trees of
such sites are not desirable to the lumberman. Apart from the widespread dominant species, Tsuga
chinensis var. formosana, various further conifers belonging to several different genera constitute
the other main dominants of a type of mixed mesophytic forest communities occupying the steeper
rocky slopes.

In spite of the small number of tree species involved, a number of more or less distinct com-
munities of the mixed-conifer type are recognizable. The mixed-conifer type of forest consists
primarily of variations in percentage of the conifers, including Tsuga, Picea, Abies, Pinus, and
Chamaecyparis. However, not all of the species occur in any one area. In other words, communi-

ties of this type differ from one another in constituent coniferous tree species and in proportional
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representation of species, and, in some cases, in the character of the ground layer. As a matter of
fact, variations in steepness or exposure and in depth of soil accumulation affect composition.

On the steeper slopes with thin soils at higher elevations, hemlock cannot successfully compete
with spruce, but on dry rock exposures, Pinus taiwanensis mingles with Pinus armandi var
masteriana. Indeed, the forest of this region also exhibits certain variations in connection principally
with topography. The steeper rocky slopes are, in many places, occupied by forest communities in
which hemlock, spruce and pine prevail, with locally a scattering of yellow cedar or fir. The pure
hemlock forest reaches its best development only in areas where gentle slopes prevail.

In general, the forests of this region lack the luxuriance and variety which are distinctive
features of those represented in the Temperate Humid Forest region. This is in part related to
less favorable climate, in part to a less varied topography. Climate, soil and forest fire are important
factors limiting the extent of the upper part of the Subalpine Forest region.

Quite apart from the so-called alpine grassland, which will be discussed later elsewhere,
outstanding in the landscape of this forest region, are the pine communities which in many places
extend for miles over gentle slopes formerly occupied by other forest. However, more shade-tolerant
species invade the pine communities, in the absence of fire, tending slowly to reestablish the hemlock

or other mixed mesophytic forest type appropriate to the habitat.

The Hemlock Communities

The forest which occupies vast areas of the mountain slopes above the cedar forest belt con-
sists of trees of the hemlock, Tsuga chinensis var. formosana (Figure 6). The hemlock
community is distinct in physiognomy because of the linear dark green leaves and the irregular
crown of the component species. The hemlock is found in fine development at 2500 meters on
gentle north exposures, and reaches its maximum development in stature and size of the trees,
which are as large as 50 meters in height and as 200 centimeters in d.b.h., on the ridges or tops
of most of the lofty mountains at 2700 to 2900 meters. In approaching both of the lower and upper
limit, the hemlock climax forest appears to be confined to ravine slopes, growing on rocky slopes
along creek.

The herbaceous and shrub layers of the hemlock forest are usually sparse unless the alpine
bamboo species is represented as vigorous undergrowth of thicket form dominating the entire
shrub layer. The only shrubby species that are of frequent occurrence in pure hemlock stands
are Berberis kawakamii, Sorbus randaiensis, Rhododendron morii, Viburnum parvifolium, and
V. taiwanianum.

The scanty ground cover includes few perennials. Noteworthy among the herbs are species of
Viola, Pyrola decorata, and P. morrisonensis. However, the occurrence of hemlock seedlings of a

very small size on moss carpet over the angular rock fragments or round outcrops is not infrequent.

The Mixed Mesophyfic Communities

The common occurrence of the Chamaecyparis-Tsuga-Pinus community in rugged areas or on
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steep slopes forms more or less conspicuous transitional zone between the cedar and the hemlock
belts. The vegetation characteristic of this transitional belt is the mixed-conifer type of forest in
which dominance is shared largely by Chamaecyparis obtusa var. formosana and Tsuga chinensis
var. formosana, with a slight admixture of Chamaecyparis fomosensis, Pinus armandi var.
masteriana, and P. taiwanensis. However, the absence of the pine species in these mixed forest
stands of conifers is not infrequent.

The forest varies considerably in age class, owing to landslides, fires, and other disturbances.
Some stands are composed of a mixture of both old and young trees. Others contain only trees of
the younger age classes. Density varies from almost complete closure to very open mixtures with
other plants, principally Lyonia ovalifolia var. ovalifolia, Rhododendron morii, and Pleioblastus
niitakayamensis. Most of the stands, however, are aged or overmatured; individuals may be 2000
to 8000 years old. The outstanding components of these virgin stands usually range in height from
21 to 31 meters and in diameter from 50 to 110 centimeters. It is usually cosidered that these aged
stands represent the maximum possible development of the component species.

Understory vegetation, like that of the hemlock stands, is very sparse. Regarding the under-
growth, notably interesting is the sparse occurrence of Vaccinium japonicum var. lasiostemon and
Mpyrsine stolonifera. The former is a bushy shrub with small leaves énd slender branches; the
latter is a subshrubby species having slender stoloniferous stems on which alternately arranged
Justrous leaves are distantly spaced. Myrsine stolonifera occurs only in the well-developed typical
mixed mesophytic communities represented by virgin mixed stands of Chamaecyparis-Tsuga-Pinus.
Here, Myrsine stolonifera is always accompanied by Vaccinium japonicum var. lasiostemon, which,
by way of contrast, may also appear in other type of communities in the absence of Myrsine

stolonifera.

The Spruce Communities

On some sites, the stands of hemlock of the upper slopes of this region grade into pure stands
of spruce. This conifer species, Picea morrisonicola, is found almost solely in possession of
considerable expanses on steeper rocky mountain slopes, where the soil is shallow but the
atmosphere is rather damp. Moreover, this coniferous tree species usually constitutes pure stands
isolated in small patches surrounded by alpine grassland on the gentle slopes or on the tops
of some of the high mountains. As a rule, the spruce forest normally, if not constantly, occupies
the upper slopes facing north or northeast, and is usually in connection with grassland on the
opposite south or southwest exposures of extensive area. The appearance of individual small groups
is not infrequent in some of the devastated areas on the tops of the mountains.

Today, forest communities of the spruce type are represented by pure stands of relatively
limited extent. These mostly overmatured but even-aged virgin forest stands are assumed to be the
relics of the originally extensive forest of spruce which once covered vast areas of the upper slopes
but which have since been disturbed by severe forest fires.

Under forest conditions, the crown of the spruce species is restricted to the upper portion of

the tree, and is-much broader and shorter than the spirelike top of the fir tree, which almost
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exclusively dominates the Alpine Forest region. The boles of the trees are long and cylindrical, and
arise from shallow and widespreading root systems. In old growth stands, trees 40 to 50 meters
high, with 90 to 110 centimeters d.b.h., are not uncommon, while individual specimens up to 55
meters high and 150 centimeters in d.b.h. have been reported. In most cases, however, the spruce
tree tends to develop dense stands (Figure 7) which, in many places, form the upper edge of the
Subalpine Forest. Although the spruce is always tending to constitute pure stands, fir may
occasionally become the sole associate in the otherwise pure spruce stands.

The undergrowth in the spruce forest stands is characterized by a scattering of Osmanthus
heterophyilus var. bibracteatus among the trees, but the widespread species, Osmanthus lanceolatus,
is also found in such a type of forest. Here, like in any other type of coniferous forest within the
formation, the luxuriant undergrowth of the alpine bamboo species, Pleicblastus niitakayamensis,
is not uncommon. Of noteworthy herbs there may be mentioned Impatiens uniflora, Ellisiophyllum
pinnatum, and the more characteristic ferns, e.g. Dryopteris lepidopoda. In many places, Pellionia
trilobulata and Rubus pectinellus var. trilobus may carpet the ground,; both of which are of com-
mon occurrence in most of the component communities of the Coniferous Forest Formation.

However, above an elevation of about 3000 meters, most ot the above-mentioned conifers

drop out and another type of coniferous climax forest, mainly fir, prevail

THE ALPINE FOREST REGION

The uppermost forest region of the Coniferous Forest is one in which fir alone is dominant;
with it occur hemlock, spruce, and occasionally junipers. The fir occupies some of the higher
summits and northerly slopes, extending from about 3000 meters upwards to the timber line.
Timber line is reached at about 3500 meters in Yu Shan (Mt. Morrison). This alpine type
of forest is not made up of a number of distinct associations, rather a type of forest with only
one association which displays a series of faciations of decreasing complexity upwards. The
extent of the area of dominance of the fir forest association is controlled chiefly by climatic
influences. As a result, the alpine forest region is coextensive with the climatic province of Chen
(1957) which is dominated by the type of prehumid climate that may be symbolized as AC/ra’.
However, snow flurries may be expected during the winter time in this region, which lies entirely
within the zone of lithosol soil formation. Because of the steepness and poor consolidation of the
slopes, together with the severe weathering and denudation by strong wind and violent showers,
bare rocks are frequently exposed and the residual soil is very thin.

As has been seen, along most of the lower boundary of the forest region, where the fir forest
is in contact with the forest types of subalpine nature, a transition is evident. Here, infiltration
from the contiguous areas along the feeding tributaries of many of the major valleys has resulted
in a modification of the fir forest as illustrated by the transitional forest communities occurring
where fir mingles with either spruce or hemlock or both. On the other hand, the fir forest in turn
gradually gives way to the dwarfed and scrubby growth at timber line, with the fir trees scattered
and scraggy. Consequently, stunted and twisted trees and patchy scrub of alpine juniper and other
associate dwarf shrubs help to emphasize the vegetational boundary of the region. Unlike that of
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the other forest regions, the upper boundary of the Alpine Forest region, or that of the great
Coniferous Formation, is fairly sharp.

The fir forest is beautifully represented on the higher mountain slopes. The forest vegetation
of the region is quite similar throughout its broad expanse. Only in some locations the typical
and widespread phases of the fir forest is modified by an admixture of hemlock and sometimes of
pine or is supplanted by a mixed-conifer type in which fir, hemlock and spruce predominate as
previously mentioned. In general, only one arborescent layer is distinguishable. The interior
aspect of the fir forest is entirely different from that of any other community, for the hummocky
forest floor is well carpeted with mosses, liverworts, and lichens (Hylocomium, Hypnum, Cal-
liergonella, Bazzania, and Cladonia). Here, herbs are usually little in evidence. However, the
alpine fir forest bears some resemblance to the coniferous forest climax communities characteristic
of the other forest regions of the same formation only when the grass-like alpine bamboo,
Pleioblastus niitakayamensis, forms a type of undegrowth in the form of dense thicket, domina-
ting the shrub layer under the canopy of the fir stands occupying the moister sites. The sparse
herbaceous vegetation is made up almost entirely of species ranging throughout the region. Some

of these plants are circumboreal in distribution.

The Fir Communities

As has been noted, the vegetation occupying this forest region is characterised by the
dominance of the fir species, Abies kawakamii, although in many places the alpine grassland is
also of common occurrence, occupying extensive areas, but largely characteristic of the south-
facing gentle or rolling mountain slopes. The dense pure fir stands are mostly restricted to the
upper slopes approaching the summits or ridges of many lofty mountains. In general, the fir forest
tends to be even-aged, and is usually well developed at 3200 meters on steep north exposures. On
the north and northeast slopes of Yu Shan at about 3500 meters they reach maximum development
in stature and size of the trees.

The floor of the dense fir forest is much more heavily and continuously shaded. This is a
circumstance which is of great importance in determining the nature of the forest reproduction
and also in conditioning the character of the shrubby and herbaceous vegetation. The heavy
shade, dense litter, and drier lithosol soil and atmosphere often make the forest floor devoid of
any lesser vegetation and undergrowth. Under certain condition, however, the alpine bamboo
species appears, and may occasionally cover the ground all over the area occupied by the stand
{Figure 8).

In most of the fir stands trees are evenly distributed and equally spaced. The individuals are
mostly large trees with straight trunk of enormous size. The spire-like crown with horizontal
branches is restricted to the upper portion of the tree. All of the present stands are representative
of the old growth of the virgin fir forest. The component trees range in height from 20 to 27
meters and in diameter from 26 to 80 centimeters, while individual specimens with a 100 centi-

meters d.b.h. have been reported.
The heaviest fir stands are very poor in both shrubs and herbaceous plants. The shrubby
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species are usually sparingly distxibuted in the forest. Among them may be mentioned Rubdus
calycinoides var. calycinoides, Sorbus randaiensis, Rhododendron rubropilosum, Vaccinium
merrillianum, and Damnacanthus angustifolius. The Formosan juniper, Juniperus formosana var.
Sformosana, frequenently occurs as the only common undergrowth in the open fir stands of the
upper slopes. The poverty of herbaceous species on the fir foest floor is contrasted with the large
number of species found in the cedar forest. Conspicuous are Oxalis griffithii var. taimonii,
Pyrola morrisonensis, and Shortia transalpina. The only fern species occasionally found is
Dryopteris morrisonensis. Where the soil or atmosphere is moist or damp, the local occurrence of

mosses and Selaginella labordi on the forest floor is not infrequent.

The Fir-Hemlock Communities

Altitudinally, the fir species may expand its range down into the hemlock belt, while the
hemlock often extends upward beyond the upper limit of its normal distribution range and thus
may appear in the fir association. As a consequence, another type of mixed conifer forest consist-
ing of the fir and the hemlock is commonly found on the ravine slopes between 2800 and 3100
meters (Figure 9). This type of mixed conifer forest communities tend to be many-aged and open.
Fir is usually the most abundant canopy tree, while hemlock dominates in the understory.

The absence of shrubs and herbaceous plants in this type of mixed coniferous forest is the
most noticeable feature. The forest floor is chiefly covered with a mat of mosses on which grow
Shortia exappendiculata and Mecodium polyanthos. The abundant occurrence of mosses enwrap-

ping the boles of most of the trees indicates the moist nature of this type of forest.

The Alpine Juniper Forest

In connection with his work on the bryogeography of Formosa, the writer made a collecting
trip to Hsueh Shan (Mt. Sylvia) in 1961. Here, a type of alpine juniper forest was found. This is
rather an unusual type of forest which had been unknown to the island foresters and botanists
until it was reported by Liu (1961) who visited the area at the same time. This type of virgin
forest is represenfed by pure stand of the alpine juniper species, Juniperus squamata var.
morrisonicola, which is entirely confined to a specialized kind of habitat, the protected flattish and
rolling slopes in and around a depression of considerable extent. The depression is the place where
the Green Tarn is almost centrally located at an elevation of about 3400 meters in the vicinity, but
below, of the coupled peaks of Hsueh Shan. Here, the topography is almost entirely depositional.
The soils formed and accumulated in this spot are deeply melanized, deeper, richer, and much
moister.

The aspect of this type of virgin forest is unlike that of other forests in the alpine forest
region. The appearance of the forested slopes and the interior flats is almost park-like. Occurring
in a pure stand, the trees may be rather widely placed or clustered in dense groups. There is no
brushy layer; instead, there is a carpet of moisture-loving mosses, grasses, sedges, and other

herbaceous plants.
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The alpine juniper forest is overmatured. The individuals are mostly large trees with straight
but conspicuously tapering trunks of considerable size, some of which attain a maximum height of
18 meters and a maximum d.b.h. of 180 centimeters. The aged tree bears certain resemblance to
the spruce tree in over-all appearance.

A careful examination of the annual rings of larger branches reveals the exceedingly slow
growth of the alpine juniper species, for the annual rings are not visible to a naked eye, but more
or less easily discernible when examined with a hand lens. Here, although the individuals grow on
the best sites in the sheltered spot, the tree exhibits but exceedingly slow growth. Evidently, the
slow growth that characterizes the species must not be influenced by environmental conditions but
genetically controlled.

In reference to the relatively huge diameter of most of the individual trees of the forest and
their indistinctive annual rings brought about by the exceedingly slow growth, the alpine juniper
forest is estimated to be about 4000 to 6000 years in age. Thus, this unusual type of forest is sup-
posed to be the most aged of all the forests of various types occurring on the island.

However, the alpine juniper forest appears to be a physiographic climax. The possibility of the
representation of this particular climax type elsewhere on other highest mountains ranging on the
island (cf. Liu, 1961) remains doubtful. Although very limited in extent, the forest of this type is
so unusual in composition and so striking in appearance as to warrant separate mention.

Moreover, the occurrence of the unusual type of forest at timber line raises questions as to
causal factors. Of course, only further careful investigations can show how this may come about,

but it seems safe to assume that humidity and the protected depositional topography have a good

deal to do with it.

THE PINE FOREST AS PART OF THE CONIFEROUS FOREST

Noteworthy in the landscape of the area of the great Coniferous Forest Formation are the pine
communities which, in many places, extend for miles over the mountain slopes formerly occupied
by other forest types. Almost in any part of the area, pine forests or the intermediate types of
communities in which pines are dominant appear to be secondary. Any remnant of the original
pine forest is unknown.

As has been known, Pinus armandi var. masteriana, P. morrisonicola and P. miwmzensis;
singly or incombination, compose the pine forests of the area of the Coniferous Forest. On the
island of Tajwan, each of these pine species reaches the Temperate Humid Forest region; Pinus
morrisonicola does not enter the other regions of the formation. Pinus taiwancnsis is found
farther upwards than the other two species. Original pine forest stands are but all gone. Fires have
been particularly severe in areas dominantly pine. Even the humus may be completely destroyed,
leaving either the mineral soil or the rocky exposure.

Not much about the pine forest ecology has been investigated. According to the best knowledge
of the writer, Pinus taiwanensis forms open or closed communities, sometimes miles in extent, on
ravine slopes near the streamway, occurring in particular abundance in the valley of Tachia Chi,

at about 2000 to 3000 meters. In fact, pure stands of Pinus taiwanensis are frequent, being usually
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limited to the ridge-top areas of the mountains ranging over the central parts of the island. The

pine forest which contains Pinus armandi var. masteriana as dominant is always a part of the

Coniferous Forest Formation. Younger second-growth stands of uniform-size trees of Pinus -
armandi var. masteriana, sometimes with a scattering of Pinus taiwanensis, prevail over much of

the areas of the Coniferous Forest, excluding the Alpine Forest region. In many places, Pinus

armandi var. masteriana mingles with Pinus taiwanensis. Forest communities in which Pinus

morrisonicola alone is dominant are of rare occurrence, being probably confined to the inaccessible

areas of moderate elevations, Nevertheless, Pinus taiwanensis and P. morrisonicola usually appear

as scattered individuals among woods at lower elevations beyond the limit of the Coniferous Forest

Formation.

As an example, the pine forest commonly shows up as dense pure stands of old-growth on
drier slopes. The dense stock in the pine forest is composed largely of trees having tall, straight,
and clear cylindrical boles ranging from 25 to 32 meters in height and from 32 to 77 centimeters
in diameter. On the tops of mountains where slopes are gentle the forests are found as isolated
small groups in the alpine grassland. These small groups are composed of overmatured individuals
of enormous size; therefore they are conspicuouély the relics of the pine forest formerly occupied
the area and composed of Pinus taiwanensis or P. armandi var. masteriana, oxr of a combination
of both pine species, which have since disappeared due to forest fires. )

It is noteworthy that the pine areas have the poorest ground layer. The forest floor is com-
monly covered with a thick mat of litter of needles from the pine trees which excludes nearly all
of the lower plants, including shrubs, herbs, and ferns. Consequently, the pure stands of Pinus
taiwanensis are two-storied community in which the canopy is dominated by the conspicuous pine
components and the understory by Rhododendron mortii.

Although the forest of Pinus taiwanensis always tends to be pure, admixtures of hemlock,
spruce, yellow cedar, other than Pinus armandi var. masteriana, are not uncommon. The understory
consisting solely of Rhododendron morii, as is just mentioned, is of usual occurrence under the
canopy of the pine forest.

It is interesting to note that, in many places, there may occur a transition seral stage between
the alpine grassland and the pine forest in succession. Here, it has to be taken into consideration.
As has been noted, in the area of the Coniferous Forest, particularly at the higher elevations where
stands are exposed to the constant drying influence of wind and sun, fire may be so common as
to become a major factor controlling the vegetation of this part of the island. As a result, grass-
land of extensive area, frequently with relics of aged single individuals, or of trees in small
groups, of pine species, is characteristic instead of the potentially possible conifer forests. Also,
many instances have been observed of rapid invasion of grassland by arboreal species, particularly
Pinus armandi var. masteriana and P. taiwanensis, in the absence of fire. Nevertheless, the type of
alpine grassland maintains itself as a result of recurrent disturbance. Evidently, here, fire is
responsible for such a disturbance, preventing the successful establishment of a climatic climax
forest community. Apparently, the alpine grassland in this area is representative of a subclimax

stage in succession.
The transition seral stage between the alpine grassland and the pine forest is indeed ecologically
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significant and is much more important in connection with the conversion of the grassland to the
pine forest. Although the grassland may fill up steadily with pine trees if protected from fire, most
of the invading trees, especially the youthful individuals, may be killed as the periodic or frequent
fires sweep over the grassland interspersed with pine invaders. However, the transition or the
reversible succession between the alpine grassland and the pine forest is invariably influenced or
controlled by fire. Furthermore, the degree of transition may vary from one extreme to the other,
depending chiefly on the intensity and frequence of fire disturbance, in addition to the abundance
of seed -parents of pine species and the actual proximity of these seed trees to the grassland.
Nevertheless, the successional transition under discussion is worth further investigation or separate
study. But in reality logging and forest fire have tended to increase the extent of pine forest at
the expense of hemlock and red and yellow cedars, all commercially valuable species.

Mixed Pinus armandi var. masteriana-Pinus taiwanensis stands appear to be developmentally
more advanced. Only when the humus becomes well incorporated does vegetational development
g0 beyond a pine stage. When that seral is reached, the conversion to other type of coniferous
forest would have taken place finally as a result of the inability of the pines to reproduce success-
fully in the more advanced developmental stages and of the gradual dying of old pines. Succes-
sional development in the several pine communities will lead, ultimately, to the establishment of
the regional climax forest of hemlock and red and yellow cedars, or of the mixed mesophytic type
appropriate to the habitat. This development is exceedingly slow, taking centuries for its completion

and is possible only in the absence of fire.

THE ALPINE GRASSLAND AS A WHOLE

As has been seen, the vegetation of the Coniferous Forest Formation consists of forests of
various coniferous species with intervening spaces occupied by herbaceous vegetation. The
herbaceous vegetation is found almost completely in possession of extensive areas over a wide
range of altifude, usually above 2000 meters, and is commonly referred to as alpine grassland.

These stretches of grassland are usually communities dominated by grasses of medium height.
Many different species are found, but they are predominantly perennials. All of them, however, are
light-demanding species and have certain features in common. Some are creeping forms, rooting
at the nodes, others are deep-rooted and very xerophytic tufted forms. Some of them grow in
excess of two meters in height, but sod-forming species are also dominants. Among the dominants
the most noteworthy is perhaps the alpine bamboo species, Pleioblastus niitakayamensis, which is
more or less abundant, ranging all over the area of the Coniferous Forest Formation. Miscanthus
transmorrisonensis, too, is plentiful and frequent over much of the grassy slopes, but perhaps not
commonly present in woods. As a matter of fact, both species are predominant. Upwards, however,
Miscanthus transmorrisonensis exhibits dominance with diminishing frequence but Pleioblastus
niitakayamensis shows notably increasing prevalence of occurrence. Also included are various
species distinctly less abundant but nevertheless thus completely distributed. Among these are
Agropyron ciliare, Agrostis canina var. formosana, A. flaccida var. morrisonensis, A. morrison-

ensis, Andropogon shimadae, Anthoxanthum formosanum, Aulacolepis agrostoides var. formosana,



142 X # F M nooEK — M

A. treutleri, Brachypodium kawakamii, Bromus formosanus, B. morrisonensis, Calamagrostis
matsudana, C. morrisonensis, C. nittakayamensis, C. sublanceolata. Deschampsia caespitosa var.
Jestucaefolia, Festuca japonica, F. ovina var. vulgaris, F. ovina var. purpurascens, Miscanthus
kanehirai, Phleum alpinum, Poa nankoensis, P. takasagomontana, P. tenuicula, Trisetum spicatum
var. formosanum, Bulbostylis densa, Carex spp., Luzula effusa, Scirpus morrisonensis, and Juncus
modicus.

Herbs which are characteristic of this type of alpine grassland include a number of species.
Some are geophytes while others are more or less xerophilous. The distribution of these plants
varies a good deal. Among the grasses they illustrate almost every kind of distribution over the
extensive grassland area. Some are by no means evenly distributed over the grassy slopes while
others are more local or uncommon. Still others occur in only some of the apparently favorable
places. Evidently, in the distribution of these species over the grassland area, there is predominantly
correlation with edaphic conditions of one sort or another. The question of shade and mutual
protection is also of great importance. Among these species are Cerastium takasagomontana, Viola
stenocentra, V. tozanmensis, Hypericum nagasawai, Polygala japonica, Hydrocotyle nepalensis,
Mazus japonicus, Gentiana arisanensis, G. formosana, G. scabrida, Swertia randaiensis, Anaphalis
horaimontana, Cirsium kawakamii, Senecio morrisonensis, Solidago decurrens, Sonchus arvensis,
Lilium formosanum, Veratrum formosanum form. albiflora, Aletris formosana, and Platanthera
brevicalcarata. Among the pteridophytes Lycopodium complanatum, L. obscurum and Pteridium
aquilfnum occur over a wide area and are often enough to be seen, but their occurrences are
generally well spaced and they rarely grow in great quantity. The last-mentioned species, however,
may be locally codominant with Miscanthus transmorrisonensis.

Plants of a shrubby nature are often associated in this type of alpine grassland but do not
reach a greater height than the herbaceous cover. Prominent among these are Juniperus formosana
var. formosana and J. squamata var. morrisonicola; the former is found over a wide range of
altitude but the latter is usually confined to high mountain tops, where the sloping is gentle, at
timber line. Both species, however, frequently appear as low bushes scattered over much of the
area of the grassland communities of higher elevations. Among others may be mentioned Saliz
Sfulvopubescens, Berberis kawakamii, Ribes formosana, Elaeagnus morrisorensis, Gaultheria
cumingiana, G. itoana, Rhododendron noriakianum, Rh. pseudochrysanthemum, Rh. rubropilosum,
and Vaccinium merrillianum. Again, except Photinia lasiopetala, which may appear as a small tree
or shrub of local occurrence among the grasses, various further shrubby species belonging to several
different genera of rose family are also widely represented in the communities of this type, such
as Cotoneaster morrisonensis, Rosa morrisonensis, R. transmorrisonensis, Rubus calycinoides var.
calycinoides, R. elegans, Spiraea formosana, S. morrisonicola, and Stranvaesia niitakayamensis.

The arboreal vegetation may linger on as stunted growth among the grasses, but it is gradually
killed off. The old growth of hemlock consists of a small number of trees and is frequently found
along the waterway or streams running through the grassland. Sometimes the same is true of red
and yellow cedars and fir. Old trees of spruce and pines (P. armandi var. masteriana and P. tai-
wanensis) are of occasional occurrence, either singly or in very small groups scattered over vast

stretches of grassland. Both pines are found to be the common invader of this type of grassland
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communities.

On the whole, the general unity of this type of alpine grassland is evidenced by the commonest
and most widespread predominants, Pleioblastus niitakayamensis and Miscanthus iransmorrisonensis,
occurring in nearly all of the component communities. Since there is altitudinal difference in
frequence of distribution of these two predominant species, within the grassland local segregation
and variations in relative abundance of the predominants result in the development of somewhat
distinct communities which may be termed Miscanthus, Miscanthus-Pleioblastus and Pleioblastus,
or, more generally speaking, alpine grass, grass-bamboo, and alpine bamboo. The alpine Pleioblastus
community is most widespread, occurring chiefly on high mountain slopes and tops, which appears
magnificent in its extent and identity. Commonly, on gentle slopes of moderate elevations,
Miscanthus transmorrisonensis becomes abundant, resulting in the Miscanthus type. The Miscanthus-
Pleioblastus community is very local, sometimes forming a strip between the other two types of
alpine grassland under consideration.

Most of the grass communities in this area of the Coniferous Forest Formation are undoubtedly
natural but no small part represents areas that have been cleared, then cultivated, and finally

abandoned. Some of these communities, however, are slowly reverting to woodland.

THE ALPINE TUNDRA REGION

The alpiné tundra lies above timber line in high mountains. It occurs on Hsiukuluan Shan,
Nanhuta Shan, and Kuan Shan, besides the two well known highest mountains, Yu Shan (Mt.
Morrison) and Hsueh Shan (Mt. Sylvia), which are about 120 kilometers apart. Yu Shan is located
in the south-central part while Hsueh Shan is situated in the north-central part of the island.
The summit of Yu Shan is 3997 meters above sea level while Hsueh Shan is about 3884 meters.
The alpine tundra is bounded on the lower margin by fir forest which has already been mentioned.
The timber line on Yu Shan occurs at about 3500 meters while on Hsueh Shan it is reached at
about 3400 meters.

The climate is much more severe than in the forested areas which are roughly peripheral, but
below, to this region. The growing season is short and its temperatures are relatively low. Here,
the winters are very cold, and the whole area is usually covered with snow during the period
from December to April. Precipitation is less than that of the fir slopes lying immediately below
the tundra. The constant high winds, however, prevailing throughout the year, -undoubtedly cause
high rates of evaporation and transpiration. As a result, both temperatures and water often become
limiting factors.

In this region the ground is covered largely with typical coarse, angular soil particles and very
little organic material. The soil particles tend to increase in size along with the increase of
elevation. Consequently, the tops of most of the high mountains mentioned above are merely
accumulations of rock fragments of huge dimensions.

The alpine tundra is conspicuously characterized by vegetation that is low, dwarfed, deformed,
and frequently matlike, and includes a high proportion of grasses and sedges. The herbs are mostly

perennials of a rosette type. Mosses and lichens may grow everywhere and form a thick carpet with
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the low herbs. The number of species is small compared with floras of temperate climates. Most of
the genera, however, are found throughout the Northern Hemisphere wherever tundra occurs.
Because of the pronounced difference between the vegetation covering the lower portion of the
Alpine Tundra region and that which is found on the upper slopes in proximity to the summit of
Yu Shan, the region may be divided into two parts, namely the Juniper Scrub area and the Bare

Rocky Summit area.

The Juniper Scrub Area

This is the relatively small area, estimated to be about 1500 hectares, above the altitudinal limit
of tree growth. In fact, the area lies below the bare rocky summits and ridges of the high
mountains, a constant exposed area whose lower margin is at about 3700 meters. The surface
materials that mantle the ground of this area consist largely of typical coarse, angular rock fragment
with little organic matter. Big rock fragments, however, are also frequently found.

The transition from the fir slopes to the treeless area is usually gradual, with a thinning out of
fir trees, which here are commonly dwarfed and distorted. Characteristic of timber line are several
scattered fir trees that cannot survive in the treeless area, although they are the conspicuous
components of the fir forest covering the forest region immediately below it.

The vegetation of this area is characterised by the presence of dense thickets made up largely
of the alpine juniper species, Juniperus squamata var. morrisonicola (Figure 10). This juniper
rarely reaches two meters in height, although it appears in place of Hsueh Shan in the form of
tree-growth, and is usually many-stemmed or branchy and procumbent in appearance, ordinarily
forming pure stands in the form of impenetrable thickets that are conspicuously characterised by
the uniform tips of numerous crowded branches. As has been known, the alpine juniper stands
almost constantly dominate the mountain tops or slopes approaching the bare rocky summits and
ridges of some of the high mountains. Rhododendron pseudochrysanthemum and Berberis mor-
risonensis are the frequent associates found in the more or less extensive tracts of the alpine juniper
scrub.

As has been noted, the scrub area is almost entirely covered by the low, dwarfed and densely
matted alpine juniper stands. Besides, the occurrence of a number of species of grasses and sedges
is also a noteworthy feature. Among the grasses may be mentioned Anthoxanthum formosanum,
Calamagrostis morrisonensis, Deschampsia caespitosa var. festucaefolia, D. flexuosa, Bromus mor-
risonensis, and Brachypodium kawakamii. Conspicuous sedges are Carex alliiformis, C. apodosta-

chya, C. oxyandra, C. pseudo-arenicola, and C. transalpina.

The Bare Rocky Summit Area

This is the particularly striking area above the upper limit of the scrubby vegetation area,
which is reached at about 3700 meters on the tops of some of the high mountains. It occupies the
highest parts, but the least area, of the Central Range, including only the summit ridges and peaks
of Yu Shan, Hsueh Shan, and Hsiukuluan Shan. The ridges have been formed where stronger
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rocks have resisted erosion. These often extend unbroken for miles, with slopes but slightly indented
by streams; in places they are cut by gaps. They may decline in elevation toward their ends, or
may bifurcate, or be joined by other ridges. The sandstones which form their crests are often
steeply inclined or almost vertical. The slopes in man§‘7 places are vast rock slides, tumbled masses
of sandstone blocks, or steep barrenshale slopes.

The areographic extent of this limited area is estimated to be about 400 hectares, which is
really too small to be noticeable by the layman; even the foresters or botanists scarcely pay
attention to it. Therefore the whole alpine tundra region, inclusive of both areas here delimited, has
often been considered a part of the Alpine Forest region. However, the separation of the alpine
tundra from the forest region is more logical in many respects.

Edaphically, this area is an accumulation of big angular rock fragments, some of huge
dimensions, broken loose from their native strata. So far as the landscape is concerned, the area is
vividly characterized by the absence of any vegetation cover. Consequently, this peculiar bare rocky
area deserves to be referred to as a desolate cold desert constantly exposed to the influences of low
temperatures and high winds.

Although this area seems to be entirely devoid of vegetation, sparse perennials may get a
foothold in the seams or fissures of the rock fragments, and frequently a close examination will
reveal minute crusts of lichens attached to the rock as if a part of it.

A very small number of species of grasses and herbs are infrequently found to be singly and
entirely confined to the fissures of some of the rock fragments. All of the small perennials that
are found to be of occasional occurrence in this area are mostly xerophytes of a rosette type. Some
of them are succulents, while others have massive fibrous root systems; a few species are perennial
woolly herbs. These herbaceous plants include Cerastium trigynum var. morrisonense, Cardamine
arisanensis, Arabis alpina, A. morrisonensis, Hypericum randaiense, Sedum alfredi, Parnassia
palustris, Potentilla morrisonicola, P. tugitakensis, Geranium uniflorum, Oreomyrrhis involucrata
var. involucrata, Ellisiophyllum pinnatum, Hemiphragma heterophylia, Gentiana arisanensis,
Galium morii, Scabiosa lacerifolia f{. leucantha, Adenophora morrisonensis, Leontopodium
microphyllum, Anaphalis horaimontana, A. nagasawai Ariemisia niitakayamensis, Ponerorchis
kiraishiensis, and Pleione formosana. Among the noteworthy annual grasses here may be mentioned
Trisetum subspicatum and Brachypodium kawakamii.

An interesting case of altitudinal distribution of the species found in this unusual bare area is
that the species occurring at the highest stations are not herbaceous plants but rather the woody
species, Berberis morrisonensis. A single specimen of the plant, Berberis morrisonensis, about 50
centimeters high was once found growing alone at 3995 meters on the east exposure of the summit

of Yu Shan.

DISCUSSION

A forest community exists in a physical environment composed of the atmosphere surrouning
the aerial portions and the soil containing the subterranean portions. This environment is not static

but rather is changing constantly due to the rotation of the earth, the fluctuations in solar radiation,
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the changing atmosphere, the weathering of the soil, and indeed the effects of the forest community
itself upon both the local climate and the locall soil. The forest community and its habitat together
comprise an ecological system, or ecosystem, in which the constituent organisms and their environ-
ments interact in a vast and complex energy cycle.

The forest community is produced by the interactions between forest trees and other forest
organisms on one hand with the forest environment on the other, over a period of time. Consequently,
the forest should be cousidered as a complex ecosystem arising out of the interactions of the forest
trees and their environment, so many factors are involved over so long a period of time that it is
wise to conclude with a consideration of forests as they actually are and not necessarily as they
should appear to be in accordance with our philosophy.

A forest community is affected most strongly by the conditions that existed at the time the
present individuals became established on that site, but it is also affected by all that has happened
since that time. In the forest, the history of logging, land clearing, fires, windstorms, insect and
disease epidemics, and other happenings that affect the life and growth of the trees all will influence
the present forest stand. Climatic fluctuations and the development of the soil profile also cannot
be ignored. The more we can learn of the history of the land and of the plants and animals that
occupy it, the better we can understand the present communities, As Braun (1964) sums the
matter up:

The pattern of forest distribution, the ~configuration of forest regions, is a result of environmental
influences of the present and of the past. The development of the land surface has been slow, and it has
been shown that many of its features are reminiscent of the past. The development- of soil is in part
dependent upon topography and climate, in part on the reactions of occupying vegetation, which in turn
is influenced by topography and climate. Changes in climate, ir} topography, or in soil bring about changes

.in vegetation. These, however, do not always keep pace with the environmental change. Vegetation is not
everywhere in complete equilibrium with its present environment. This is attested by its lack of
uniformity even within single forest region.

On the island of Taiwan, forests are widespread on land surface in humid climates below the
alpine tundra. Each forest community follows a definite life-cycle in which it becomes established,
develops, reaches maturity, and in turn gives way to another community either similar or different
in composition. The structure and composition of the forest community change from time to time
and from place to place. The spatial variation within a forest may include abrupt changes from
one type of forest to another and also gradual changes in which the character of the forest changes
with changing dominance or abundance of the component species, the appearance of new species,
and the dropping out of others. Forest associations or types, therefore, may change in composition
either drastically or gradually over space.

Wherever one type of forest association abuts on another distinctly different type of forest
association, it will be found this abrupt change is related to an abrupt change in site conditions
or to a completely different vegetational history of the two associations. The existence of discrete
associations, therefore, is evidence of the existence of discrete differences in growing conditions,
either now or in the past. The boundary between two associations is usually a belt rather than a

sharp line. It is a belt or zone, though, which may vary widely in width. It usually embodies some
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of the ecological features of the two associations, but has a characteristic ecological structure of
its own. '

The interrelationship between condensed moisture and trees has been the subject of much
speculation. Fog and dew may well be quite important in determining the growth and distribution
of forests, but the extent and mechanism of the effect has proved difficult to demonstrate in precise
experimentation (Spurr, 1964). There seems to be an obvious correlation in many parts of the earth
between the distribution of certain trees and the presence of fog belt. In Taiwan, the most
spectacular example occurs on mountain slopes of moderate elevations where red and yellow cedars
characterize the typical temperate humid forest.

The general tendency towords cooler and damper conditions as we ascend mountains usually
leads to marked attendant changes in the vegetation. A good example of the usual forested sequence
in mountainous districts is well seen in Taiwan. Here, the vegetational zonation of mountains
appears to be fairly familiar to most island foresters and botanists. True, the altitudinal zonation
of vegetation on the island is conspicuously recognized by the distinctive zonal distribution of the
hardwood forest and the coniferous forest on the forest slopes. On the high mountains, eg. Yu
Shan and Hsueh Shan, there is usually interposed between the bare rocky summit area and the high
forest a shrub formation forming a girdle commonly known as the zone of juniper scrub. Finally,
above the alpine shrubs a zone of alpine herbs is more or less distinguishable. Above this there is
no appreciable vegetation. The major and most obvious segregation of the coniferous forest of
Taiwan is into three altitudinal zones or, as already described, forest regions. However, this
zonation is hardly detailed enough and it is usually to incorporate a fourth zone and to speak of
temperate, subalpine, alpine forest, and ‘alpine tundra.

The major associations of the Coniferous Forest Formation of Taiwan are recognized as cedar,
hemlock and fir. Each of these major associations is, in some part of the coniferous forest, a
regional climax, there occupying a variety of sites within the limits of - altitudinal zones, and thus
generally emphasizing climatic control, rather than topographic or edaphic control, Yet each
of these associations occurs in favorable situations outside of the area of its dominance, outside of
the region it characterizes. Communities representative of different associations, and even of different
formations, may occur side by side. This is particularly true of the lower part of the temperate
humid forest region.

The climax is not static althoug its period of endurance may be thousands or hundreds of
thousands of years. Slow changes, which may be due in part to- gradual evolution of species and
changing magnitude of adaptability, in part to changing climate resulting in change in range of species,
in part to continuing migration of species, modify each climax. Although each has its unifying char-
acters, no climax is the same throughout its area.. Spatial variations emphasize the variable responses
of the climax or illustrate the long-time development which is possible. The recognition of three
major associations in the Coniferous Forest Formation is an illustration of man’s attempt to classify
forest vegetation, Each is a more or less artificial unit. All of these associations are variable, and
intermediate or transitional types of climaxes may occur. ‘

Here, the extent of the area of dominance of, any forest association is equal to' that ~of the

éorresponding forest region previously delimited and is controlled chiefly by climatic influence.
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- Extremes in annual variations in temperature or precipitation, while they may adversely affect the
vegetative vigor or the seed production of individuals of particular species, will not affect the climax
as a whole. Even if continued for a number of years, they can have little effect except by causing
slight oscillations of margins through their limiting effects on species distribution. However, long-
protracted trends or climatic shifts, such as have taken place in the past, have had profound effects
upon the extent and distribution of climax associations and are in part responsible for differences
in composition in different geographic areas. Such climatic shifts have brought about mass migra-
tions, or expansions or contractions of vegetation types. We may be justified in assuming that the
climatic requirements of a given association have remained reasonably constant through the ages,
that protracted dry periods must have resulted in contraction of mesic associations and corres-
ponding expansion of xeric associations. At the same time, we must certainly admit the possibility of
slow progressive changes in requirements or rather adjustments of vegetation. Migration and evolution,
not alone of species but of physiologic adjustments of species and hence of vegetation, must have
been determinative, the attempt to reconstruct the past must be based chiefly upon the paleobotanic

record, the disjunct distribution of communities and species, and physiographic history.

The Future of the Cedar Forest

In the forest as a whole, the most valuable conifers are two cedar species. Chamaecyparis
formosensis and Ch. obtusa var. formosana. Both have been a major forest resource for decades,
and it will continue to be so by reason of the superior qualities of the wood in resistance to decay
and in adaptability to /many uses. Unfortunately, in reality these valuable species are now in danger
to become extinct (Lee, 1962).

Both species are represented in virgin stands of matured to overmatured trees ranging in age
from 200 to 2000 years. In these virgin stands the individuals of both species have been found to
be very unevenly spaced, ranging from four or five to about a hundred or more per hectare,
averaging about 40 trees. Irrespective of the density of the forest stand, in many places, usually
not a single seedling of natural reproduction can be found under the canopy of the forest. Only in
places seedlings or small‘youthful trees are found scattered here and there along roads in the
cutover areas. This is 'undoubtedly indicative of the fact that both species appear to be light-
demanding plants, although the red and yellow cedars have reached their best development only
on ravine slopes where mists prevail most of the time in the forest. However, in areas where the
cedar forests prevail, it seems too cloudy or too foggy for seed to germinate and for seedlings to
develop successfully under the forest canopy. Consequently the lack of seedlings or natural
. reproduction in the cedar forest is to be expected.

As a matter of fact, logging, basically clear cutting, on a large scale, has taken place in the
cedar forest since the beginning of this century. The commercially important cedar forest resource
is almost entirely exhausted, and only overmatured virgin “stands of both cedar species are found
in but few inaccessible mountain areas. The components of the tree layer of these virgin cedar
forest stands are mostly overmatured or diseased, and have lost their ability to produce seed.
Logging operations are steadily reducing the acreage of cedar forest. Furthermore, within recent
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years logging in hemlock forest, which is mainly confined to the higher altitudes, has been
practiced. The excellent timber stands of cedar have supplied a continuous stream of timber for
the past sixty years, but the natural vegetation, the valuable virgin coniferous forests, has been
eliminated from vast areas. In general, the sudden and complete exposure of the soil following
clear cutting cannot be other than less favorable to the new stand and on steep slopes may lead
to an actual loss of top soil by erosion.

Conditions in natural stands point strongly to the fact that there is no factor more important
in relation to disease than tree vigor. Stands on good sites are generally not damaged significantly
by native diseases, but those on poor sites often suffer severely. Where forest conditions have been
largely destroyed over extensive areas by unregulated cutting, the new stand, particularly in its
juvenile stages, is likely to suffer more severely from disease than would normally be the case.
The destruction of normal forest conditions can lead to such profoun'd changes in site that on the
less favorable locations it may be impossible to establish again a satisfactory stand . of the climax
species for decades, even by planting. It is evident that in cutting timber the selection method or
one of its modifications should be practiced, where possible, instead of clear-cutting, unless clear-
cutting has been nature’s method. In Taiwan, as a rule, clear-cutting with natural regeneration is
to be preferred to clear-cutting with artificial reproduction.

Reforestation on the cutover areas previously occupied by the cedar stands is urgently needed,
but the difficulties relating both to the natural regeneration and artificial planting of cedar trees
must be overcome. In fact, extensive areas that have been logged are growing only weeds and
shrubs that make reforestation more difficult each year. Natural regeneration in most areas is
unsatisfactory either because it is too slow and too sparse, or because only inferior tree species
become established. As a consequence, natural regeneration of the cedar forest, under the present
forest conditions, abpears to be hopeless.

After the removal of the canopy trees in the cedar forest, the individuals of the understory,
almost exclusively broad-leaved tree species, now fully occupy the space, converting the forest into
a hardwood stand. This conversion to hardwood forest would have taken place finally as a result
of the inability of the cedar seeds to germinate and of the seedlings, if any, to develop or compete
successfully with the hardwood species. As has been noted, the grass-like alpine bamboo species,
Pleioblastus niitakayamensis, which is known to be an aggressive pest to the coniferous forest of
Taiwan, has the ability to invade the forest stand promptly when natural openings are made in the
forest as a result of severe disturbance. When the invasion of the stand by the bamboo is once
carried out, the stand is usually kept closed by the thick mat of densely widespread rhizomes of
this pest as long as it exists in the stand, and all of the shrubs and herbaceous plants that were
formerly of common occurrence in the stand are excluded, let alone the seedlings of both cedar
species. In addition, a kind of tall grasses, species of Miscanthus, in other cases, frequently takes
over the cutover areas immediately after the removal of the tree layer, and stands equaling the
original forests will probably never again occupy most logged areas. This serious disturbance of
natural vegetation has resulted in the devastation of the primeval forests and the deterioration of
the forest soils, which once supported desirable climax forest communities. Evidently, the cutting of

the cedar forest has far exceeded reforestation and if this is to continue, the island will lose one of
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its .greatest natural resources.
The most valuable commercial forest of cedar on the island has long been attacked by heart-

rotting fungi. Because diseases in - general work slowly and insidiously, control is likely to be
neglected until too late to prevent loss. Although there is no available information on the actual
loss resulting from diseases in the cedar forest of Taiwan, that the wood-destroying fungi have
reduced the stand of saw timber by tremendous quantity is apparent. The loss from diseases is
mainly composed of heart rot.

Stereum sulcatum Burt. is found invariably associated with Chamaecyparis formosensis, in
which it. causes white pocket rot. The advanced stage appears as few to many elongated, somewhat
spindle-shaped, more or less pointed pockets or cavities parallel to the grain and separated by
apparently sound wood. In the pockets the wood is reduced to a white soft fibrous mass of
cellulose., In some cases the péckets may be empty.

Hymenochaete sp. is restricted to Chamaecyparis obtusa var. formosana. The Heart rot of this
species is just as common and widespread as the white pocket rot of Chamaecyparis formosensis.
In cross section the rot is usually circular in area, commonly destroying all the heartwood and
leaving only a shell of sapwood; the decay does not encroach on the living sapwood.

The roles that these fungi play in the cedar forest in terms of succession, and the
final result of their serious attack to the cedar forest in the future, is unknown at the present time.
It is that the fall of the attacked trees brought about by wind during the visit of typhoons usually
results in openings in the stand. As soon as the openings are made in the canopy of the forest,
the alpine bamboo, Pleioblastus niitakayamensis, frequently invades the stand. As a result, the
invasion by this pest usually makes the natural reproduction impossible and crowds out the seedlings
already present. In the cedar forest, however, seedlings only occur on the outcrops and on the
rotten trunks lying on the forest floor; thus the fall of attacked trees may furnish suitable seed
beds for the natural regeneration of the attacked tree species.

It is interesting, even fortunate, to note that only aged trees are susceptible or affected by
these fungous diseases, while the immature trees are mostly immune. The association of Chama-
ecyparis formosensis with Stereum sulcatum versus the connection of Chamaecyparis obtusa var.
Sormosana with Hymenochaete sp. is a very interesting case in the infection of these fungous
species to the susceptibility of these allied cedar species. The two cedar species are phylogenetically
and morphologically closely related; but each of them is only susceptible to one of these two fungus
species, and neither of them is found affecting both cedar species.

The cedar trees have been subjected to serious attack by these fungus species, or at least to
attack which would cripple them sufficiently to prevent their successful competition with other
immune or less susceptible individuals; therefore, these pests, and the means of combating them,
should have been intensively studied. Unfortunately, in reality the effects of these parasitic fungi on
the particular cedar communities have been but very little studied by the island pathologists. There
is, however, need of critical study of the relation of the fungus species to their habitat and on the
means of fighting against the pests, difficult as the problem may be.

In brief, heart rot is of importance in connection with the loss from disease, and it is particularly

true of the diseases occurring in forests for wood production. Although it is difficult to evaluate
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exactly the damage caused by the diseases, trunk and butt rots predispose to windbreak and wind
throw, especially in areas like Taiwan, v;rhere typhoons usually visit frequently during the period of
time from May to October, and such trees are dangerous in the immediate vicinity of roads, trails,
and camps.

Since diseased trees are undesirable to the lumberman, logging has been practiced so far in the
way that trees in good conditions are cut, while those overmutured and diseased individuals are left
over in the forest. Apparently, the aged or overmatured trees are no longer reproductive, for they
may have already lost their ability to bear seeds. The diseased trees may be genetically susceptible
or less resistant to the fungous diseases. However, this has been the way of logging practiced on
the island. Trees of inferior qualities are usually left standing and scattered over the logged area in
the forest as if they were mother trees, and in reality they do function as seed trees in the natural
regeneration of the forest. Of course, these trees which are left over, on account of their poor
qualities, are indeed undesirable as regards health and vigor. Consequently the health of the forests.
is steadily declining, and the damage by pathogenic fungi is constantly increasing. However, this
type of modification of selection method, by means of which the best trees are taken out, leaving
only the aged and diseased individuals scattered in the logged area to perform the function of
normal seed ftrees, will deplete the strength of the forest. This: means that, wherever natural
regeneration is possible, the way of logging, which has been practiced so far on the island, is even
worse than clear-cutting with artificial reproduction.

It is unlikely that decay of the heartwood only will have any effect on the quality of seed,
although this demands investigation to determine whether undesirable hereditary characters may be,
associated with liability to decay. It is well known that races of trees within a species and indivi-
duals within a race vary in their susceptibility to both nonfectious and fungous diseases. In selécting‘
seed trees, however, those individuals which éppear to be less vigorous or actually show disease
should be avoided. Furthermore, diseased trees should be removed during the intermediate and final
cuttings because each one, unless it is soon to die, continues to occupy growing space that could
be better utilized by a thrifty tree and also increases the likelihood of the spread of infectious
diseases to other trees in the stand. In general, repeated intermediate cuttings should consistently
improve the seed quality of a stand. Natural regeneration, however, if possible, under the present
forest conditions, will be slower as to the lack of suitable healthy and vigorous seed trees.

From the above-mentioned facts, it appears to be predictable that both of the red and
yellow cedars will be of bﬁt little importance in the coniferous forest on the island in the near
future. Also, the future of the cedar forest may be foreseen, which at least seems to be unpromi-
sing, if not entirely hopeless. Nevertheless, it should be born in mind that the cedar forest has been
one of the greatest natural resources of Taiwan, and it has supplied a continuous stream of timber
for the past sixty years. Therefore, every effort should be made to protect the most valuable endemic
conifers, i.e. Chamacecyparis formosensis and Ch. obtusa var. formosana, from becoming extinct.

In addition, except on an experimental basis, there is little need for introducing exotics into this
country, which has a great variety of conifers as well as hardwoods admirably adapted to the

various forest regions.



The Future of the Alpine Grassland

As has been stated, in the area of the Coniferous Forest Formation many tracts which were
once covered with coniferous forest are covered largely with grasses of medium height, through
which fires of great intensity rage frequently during the drier seasons. When fires have once been
started, they may carry on over enormous tracts of country, and may, or may not, occur over the
same area each year, The effect, however, is the same, although the origin of the vast majority
of the fires is unknown,

As the fires sweep over the forested areas, most of the trees are killed, the forest canopy is
thus opened, the litter is burned off and the soil is exposed to the drying influences of sun and
wind. The humus in the soil disappears, and without litter or trees to furnish litter no more humus
is formed: A soil lacking humus and batre of litter is subject to erosion. This process carries away
the most fertile portion of the soil. In extreme cases the entire surface layer of soil may be eroded,
leaving exposed the subsoil or even the underlying rock. Thus the forest vegetation is impoverished,
and more often stretches of vegetation of natural grassland have entirely replaced the burned forest
as a result of fire. The grassland, like bamboo grove, is usually regarded as subclimax vegetation
which is the result of fire disturbance. ‘

It is believed that these grasslands when protected from fire, fill up steadily but slowly with
tree-growth, which, as a rule, advances from edges towards the center of the grasslands. The
invasion of grasslands by trees may be very slowly as illustrated by the infiltration of fir trees from
the forest into the contiguous alpine grassland dominated by the alpine bamboo species on high
mountain slopes, or it may be very rapid in areas where there is no frost and rainfall is heavy,
together with abundant seed trees of pine species in proximity to the grassland. Many instances, in
fact, have been observed of rapid invasion of grassland by atboreal species, particularly Pinus
armandi var. masteriana and P. tatwanensis, following the introduction of fire-protection. True,
northerly slopes and moist sites afford some advantage to reforestation by the above-mentioned
conifers.

The tendency of grasslands, if protected from fire, to be invaded by forest, raises the guestion
as to the extent to which the former are a natural formation in the high mountais in Taiwan.
Evidence points to the fact that at all events Taiwan is primarily a forest country, and that most
of the extensive grasslands have been brought into existence and maintained as such By the agency
of periodic fires. In the absence of fire, this type of grassland communities tends to be replaced by
tree-growth. Consequently, the alpine grasslands of the mountains ranging on the island of Taiwan,
like the alpine meadows existing in other parts of the world, e.g. those of the western American
mountains, are certainly good examples of fire-cauesd grassland that have persisted for hundreds
of years under climates suitable for tree-growth. Field observations, however, emphasize that the
possible shifting of the grassland type of vegetation to forest communities, or vice versa, as postu-
lated by Liu (1963), is beyond doubt. In the present century, grasslands within forested regions
are being invaded by forest throughout the world, partly because of the improvement in modern
fire-suppression techniques and, in some cases, partly because of a change in climate (Spurr, 1964).
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In Taiwan, however, natural grasslands are to be found particularly on the cliffs and river-beds
which have partly or wholly dried up, but these are probably not permanent but rather seral stages,
and m'ay be expected in time to become clothed with tree-growth. On the tops of high mountains,
where tree-growth is absent owing to exposure, perhaps, and coldness, grasslands of an apparently
permanent character are to be found; here, as a rule, the grasses are short and wiry, and their

occupation is also limited in area.

The Future of the Work

The present work which deals with the Coniferous Forest of Taiwan is indeed embryonic.
Although it presents much of the writer’s knowledge resulting largely from field observations and
investigations made by him through many years, there is still much work to be done. From the
survey of vegetation, particularly of the climax communities, of the three forest regions already
presented, it is possible to determine only certain distributional facts which are significant in the
study of forest distribution and its controlling factors. But the underlying causes of these distribu-
tional facts have been left untouched.

The problems of forest distribution involve a broad survey of the nature and extent of
development, and of the distributional characteristics of the major forest climaxes, together with a
search for evidence of past distribution and past influences. Their consideration should lead to an
orderly, if not complete, story of forest distribution and relationships.

As a matter of fact, the lack of fossil records that may afford information as to the vegetational
history during the past ages has prevented the writer to elucidate the fascinating natural history of
the Coniferous Forest Formation of the island. Since the topography of the land surface, its altitude,
the nature of the substratum, and the development of soils are intimately related to, in fact partly
determine the nature of, occupying vegetation, a knowledge of the history of development of the
land surface is requisits for an understanding of its vegetation cover. Unfortunately, facts which
may be used in the construction of the physiographic history of the island are also meager. As a
consequence, under the present conditions, it is almost impossible to bring to this work a depth and
a breadth that could have been achieved otherwise.

It is believed, however, that a dynamic approach to the vegetation of this great area as a
whole, an approach such as is frequently used in developmental studies in limited areas, will enable
us to relate and to differentiate the three generally recognized forest regions of the area, to under-
stand the pattern of interpenetrating climaxes.

' Finally, it is hoped that the publication of the present work may be able to prepare the way
for those island foresters or botanists who may be ambitious as to a prefect elucidation of the

Coniferous Forest of Taiwan.
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CONIFEROUS FORESTS OF TAIWAN

Chung Kuei Wang

Because of the great range of altitude in the area of the great coniferous forest formation of
Taiwan, where the forests are interrupted here and there by expanses of alpine grassland, distinct
altitudinal sequences occur. A number of peaks rise above timber line.-

Within the coniferous forest formation, the forest of lower elevations exhibits many variations
related to topography and soil. Mixed hardwood-conifer forest occupies usually the lower slopes,
generally below 1500 meters. Pure cedar forest occupies most of the slopes ranging from about
1500 to 2500 meters. But this cedar forest is all being gone. A forest of hemlock thrives on slopes
from about 2500 to 3000 meters. Higher, fir becomes more abundant, and hemlock finally drops
out. Lastly, the fir forest in turn gradually gives way to the dwarfed and scrubby growth at timber
line.

The major aisociations of the coniferous forest formation are recognized as cedar, hemlock,
and fir. Each of these is a regional climax. Accordingly, the segregation of the area of the great
coniferous forest of Taiwan is into three forest regions, ie. the femperate humid, subalpine, and
alpine forest region.

The alpine tundra occurs above the timber line on some of the highest mountains. Timber line
is reached at about 3500 meters on Yu Shan. A number of arctic-alpine species are found on the

summits of the highest mountains.
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Fig. 3. Pure young stand of second growth
of Chamaecyparis formosensis occurring on the
temperte slope at about 2300 meters. Note the
fair depsity of the stand and the better distri-

bution of the components.

Fig. 4. Virgin pure stand of Chamaecyparis
obtusa var. formosana eccurring on the steep
temperate slope at about 1900 meters. Note the
fairly straight bole of the huge tree standing on
the left in the foreground.

Fig. 5. Pure stand of Illicium philippinense
isolated on the top of the mountain at about 2000
meters. Note the unusual density of the stand,

the poor development of the trees, and the

thick mat of mosses wrapping the stem of the’

trees. The dense undergrowth showing up in

the foreground is Pleioblastus niitakayamensis.

Fig. 6. Pure stand of Tsuga chinensis var.
formosana on the gentle temperate slope at about
2000 meters. The broad-leaved tree showing up
on the top in the foreground is Illicium Philip-
pinense. The grass-like undergrowth on the right

inthe foreground is Pleioblastus nittakayamensis.
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Fig. 7. Pure stand of Picea morrisonicola Fig.8. Pure stand of Abies kawakamii occurring
occurring on the mountain slope atr abont 3000 on the ridge of the mountain at about 3100
meters near Yu Shan. meters. Note the fair density of the stand and

the egual spaced distribution and the straight
clear stems of the trees. The grass-like under-
growth on the right in theforeground is Pleio-

blastus niitakayamensis.

Fig. 9. Mixed stand of Abies kawakamii- Fig. 10. Dwarf scrub of Juniperus squamata

Tsuga chinensis var. formosana on the steep var. morrisonicola densely mated on the west
slope at about 3050 meters in Pahsien Shan, facing slope above timber line near the summit

Taichung. . of Yu Shan.



INDEX OF PLANT NAMES

The following is an alphabetical list of scientific names of plants mentioned in the text. English
and Chinese names of most of these plants are also included.
Abies Miller; Fir; %12
4, 13. .
Abies kawakamii (Hayata) Ito; Taiwan fir; EEBSE
3, 17, 38.
Acer kawakamii Koidzumi var, kawakmii; Alpine maple; = E R
8, 11
Acer morrisonensé Hayata; Taiwan red maple; KA
8.
Actinodaphne nantoensis (Hayata) Hayata; Nantou actinodaphne; RSP
8, 9, 10.
Adenophora morrisonensis Hayata; Alpine lady-bell; EUIHZ
25, .
Agropyron ciliare (Trinius) Francht; Ciliary wheatgrass; #EIEREE
21,
Ag;'ostis canina Linnaeus var. formosana Hackel; Taiwan velvet bentgrass; 22T
21. B ,
Agrostis flaccida Hackel var, morrisonensis Honda; Alpine soft bentgrass; & EHERIE
21.
Agrostis morrisonensis Hayata; Alpine bentgrass; EILBEREE

21 .

Ainsliaea morrisonicola Hayata; Alpine ainsliaea; LR E
12.

Aletris formosana Hayata; Taiwan colicroot; BRI
22.

Alnus japonica (Thunberg) Steudel; East Asia alder; WEE G
12, 13,

Alocasia macrorrhiza (Linnaeus) Schott; Indomalaysian alocasia; ISR
10.

Amentotazxus Pilger: Amentotaxus; FE{EZ
2.

Anaphalis horaimontana Masamune; Alpine pearly everlasting; EUEREE
22, 25,

Anaphalis nagasawai Hayata; Stony pearly everlasting; FHEBEGEREH
25,
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Andropogon shimadae Ohwi; Shimada beardgrass; BHKEHZ

21.
Anthoxanthum formosanum Honda; Taiwan vernalgrass; EiHE
21,24.
Arabis alpina Linnaeus; Alpine rock-cress; B-FIFE
25.
Arabis morrisonensis Hayata; Taiwan rock:cress; FEILAFIER
25.
Ardisia cornudentata Mez; Common spearflower; Fifij4hiAR
9.
Arisaema arisanensis Hayata; Alishan dragonroot; [ (Lg%
12.
' Arisaema formosana Hayata; Taiwan dragonroot; ZiE R
12.
Artemisia nittakayamensis Hayata; Alpine wormwood; EIIF{EE
25.
Athyrium mazximum (Don) Milde; Big lady fern; KWk
10.

i

Aulacolepis agrostoides Ohwi var. formosana Ohwi; Taiwan eastern grass; sEiEH i
21
Aulacolepis treutleri Hackel; Alpine eastern grass; 5L 5E

22.

Barthea formosana Hayata; Taiwan barthea; &7 H
9, 10, 11.

Bazzania Gray; WE#E
17.

Beilschmiedia erythrophloia Hayata; Red bark slugwood; i
8.

Berberis kawakamii Hayata; Kawakami barberry; JI| LG/NEE
14, 22.

Beroeris morrisonensis Hayata; Alpine barberry; F|lj/NEE
24, 25.

Blastus cochinchinensis Loureiro; Cochinchina blastus; AR
9, 11.

Brachypodium kawakamii Hayata; Alpine short-stalked grass; fi/#EHE
22, 24, 25.

Bromus formosana Honda; Taiwan bromegrass; EM%Es%
22.

Bromus morrisonensis Honda; Alpine bromegrass; %%
22, 24,

Bulbostylis densa Handel-Mazzetti; BIERFH
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22.

Calamagrostis matsudana Honda; Matsuda reedgrass; FAHICEFFHF
22. | :

Calamagrostis morrisonensis Hayata; Yushan reedgrass; ELIEHF
22, 24,

Calamagrostis niitakayamensis Honda; Alpine reedgrass; LU H
22.

Calamagrostis sublanceolata Honda; Robust reedgrass; HIELHF
22.

Calliergonella Loeske; Red-stemmed moss; #R¥EH
17.

Calocedirus Kurz; Incense cedar; {51
4,

Calocedrus formosana (Florin) Florin; Taiwan incense cedar; ZEHEHIE
2,8, 9.

Cardamine arisanensis Hayata; Alpine bitter-cress; BB UFEKTE
25.

Carex Linnaeus; Sedge; %
22,

Carex alliiformis Clarke; 77 3E%
24,

Carex apodostachya Ohwi; BiiREE
24,

Carex oxyandra Kudo® $}#EZE
24,

Carex pseudo-arenicola Hayata; 7F1L17p%EE
24.

Carex transalpina Hayata; Alpine sedge; BILUZE
24.

Castanopsis carlesii (Hemsley) Hayata var. carlesii; Carles chinquapin; RZHRHER
9,
Castanopsis hystriz A. de Candolle ex Seemann; Red chinquapin; $53€

9. .
Cephalotaxus Siebold & Zuccarini; Plum-yew; B2
2.

Cerastium takasagomontana Masamune; Mountain mouse-ear chickweed; &IUEH
22.

Cerastium trigynum Villars var. morrisonense Hayata; Alpine mouse-ear chickweed; ZRILZESEHT
25.

Chamaecyparis Spach; Cedar; R
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4, 10, 13, 14, 15.
Chamaecyparis formosensis Matsumura; Red cedar; fT#&
3, 6, 8, 10, 11, 12, 15, 28, 30, 31, 37.
Chamaecyparis obtusa Siebold & Zuccarini var. formosana (Hayata) Rehder; Yellow cedar; ZE##
JR#
3, 6, 8, 10, 11, 15, 28, 30, 31, 37.

Cinnamomum camphora (Linnaeus) Siebold; Camphor tree; 4%

8.

Cirsium kawakamii Hayata; Alpine thistle; 51#]
22.

Cladonia; Reindeer moss; 7
17.

Cotoneaster morrisonensis Hayata; Taiwan cotoneaster; 51148 i
22.

Crawfurdia lanceolata Hayata; Alpine trailing gentian; 3k¥3EZiE)E
12.

Cunninghamia R. Brown; China fir; #K
4,

Cuninghamia konishii Hayata; Taiwan China fir; Fi
2, 8, 11.

Cyclobalanopsis Oerstedt; Eastern oak; 5[k
10.

Cyclobalanopsis longinux (Hayata) Schottky; Long-glans oak; #fEifi
8, 9, 10.

Cyclobalanopsis morii (Hayata) Schottky; Taiwan red oak; 5L
8, 9, 10, 11.

Cyclobalanopsis stenophylloides (Hayata) Kuto & Masamune; Alishan oak; BeIEf
8, 9, 11,
Crclophorus adnascens Desvaux; Trailing fern; i
12,
Damnacanthus angustifolius Hayata; Narrow-leaved damnacanthus; #H3E b
18. '
Damnacanthus indicus Gaertner; Indian damnacanthus; 22852
10. '
Debregeasia edulis (Siebold & Zuccarini) Weddell; Edible debregeasia; 7K
10.
_ Deschampsia caespitosa Beauvois var. festucaefolia Honda; Fescue-leaved tufted hairgrass; |Lj#E%
22,24
Deschampsia flexuosa Trinius; Crinkled hairgrass; 433
24.
Dryopteris lepidopoda Hayata; Taiwan evergreen wood fern; B&HR
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16,
Dryopteris melanocarpa Hayata; Black-dotted shield fern

10.
Dryopteris morrisonensis Hayata; Alpine shield fern; TELB§ER

18.

Elacagnus morrisonensis Hayata; Alpine oleaster; =Kl T
Elatostema lineolatum Forster var. major Thwaites; Big-leaved elatostema; KIEXHE

22.

10.
Ellisiophyilum pinnatum Makino; Taiwan ellisiophyllum; ZgpE#

16, 25.
Engelhardtia roxburghiana Wallich; Common engelthardtia; %2
Euonymus acutorhombifolia Hayata; Rhomboid-leaved evonymus; $RZEEHT

9.

Fatsia polycarpa Hayata; Taiwan fatsia; #7176/ A

11.
10.
Festuca japonica Makino; Japanese fescue; HIEEERETH
22.
Festuca ovina Linnaeus var. purpurascens Honda; Purple sheep fescue; S5RSREIHE
22. '
Festuca ovina Linnaeus var. vulgaris Koch; Common sheep fescue; &1 $RE1%EE

22.
Galium morii Hayata; Alpine bedstraw; & 111F550501

25.
Gaultheria cuttitgiana Vidal; Taiwan winter green; FKEH

Gaultheria itoana Hayata; Alpine winter green; HERH

22,
22.
Gentiana arianensis Hayata; Alishan gentian; [ ilI5ENE
22, 25.
Gentiana formosana Hayata; Taiwan gentian; ZE#ETE[E

S
Sy =3

22.
Gentiana scabrida Hayata; Rough gentian;
IR

22.
Geranium uniflorum Hayata; Alpine craneshill; B{E#E

25,
Hedera rhombea Bean var. formosana (Nakai) 1i; Talwan ivy;
10.
Hemiphragma heterophylla Wallich; Himalayan snapdragon; # BRI JESZRE

25.



It {\ — The Coniferous Forests of Taiwan 165

Hicriopteris glauca (Thunberg) Ching; Common weedy fern; 5
10.
Hydrocotyle nepalensis Hooker; Himalayan pennywort; & FEH7HER Bizk
22.
Hylocomium B.S.G.; 5
17.
Hymenochaete Leveille; Heartwood-rot fungus; ZE#EMA0LEE
30.
Hypericum nagasawai Hayata; Nagasawa tutsan; rpiE /N
22.
Hypericum randaiense Hayata; Alpine tutsan; ZE# & Hbk
25, .
Hypnum Dillenius; K&
17.
Lllicium philippinense Merrill; Alpine anise; 51/
8, 11, 12, 37.
Impatiens uniflora Hayata; Alpine snapweed; EI1LSIEIE

16.
Juncus modicus Braun; Alpine wire-grass; F|IUEFHRL
22.
Juniperus Linnaeus; Juniper; J&
3, 4.
Juniperus formosana Hayata var. concolor Hayata; Coast juniper; #&iFHlHi

Juniperus formosana Hayata var. formosana; Formosan juniper; Zi&
3, 18, 22.

Juniperus squamata Lambert var. morrisonicola (Hayata) Li & Keng; Alpine juniper; E[IUZH
3, 18, 22, 24, 38. '

Keteleeria davidiana (Franchet) Beissner var. formosana Hayata; Taiwan Keteleeria; 22
2.

Leontopodium microphyllum Hayata; Taiwan edelweiss; MISEREIEY

25,

Leucostegia immersa Presl; Red-cedar fern; Z2ZEj%
12.

Lilium formosanum Wallich; Taiwan lily; 2=
22.

Lithocarpus amygdalifolius (Skan) Hayata; Almond-leaved tancak; & #kIEL#E
8.

Litsea cubeba (Loureiro) Persoon; Mountain spicy tree; LIl
10,

Luzula effusa Buchanan; Alpine wood rush; FE ¥R
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22.

Lycopodium complanatum Linnaeus; Ground pine; Hifil-F
22.

Lycopodium obscurum Linnaeus; Japan stone crop; i
22.

Lyonia ovalifolia (Wallich) Drude var. ovalifolia; Tibet lyonia; Fg
11, 15.

Mazus japonicus (Thunberg) O. Kuntize; Japanese teat flower; 3HR%E
22.

Mecodium polyanthos (Swartz) Copeland; Wood filmy fern; ZEIEFEER
18.

Michelia formosana (Kanehira) Masamune; Taiwan michelia; E/.0H
10.

Miscanthus Andersson; Eulalia; 3k
12, 23, 29.

Miscanthus kanehirai Honda; Kanehira eulalia; ZE75 T
22.

Miscanthus transmorrisonensis Hayata; Alpine eulalia; 31T
21, 22, 23.

Monachosorum subdigitatum (Blume) Kuhn; Budding fern; FF¥ERT-#%
12.

Myrsine stolonifera (Koidzumi) Walker; Stolon-bearing myrsine; ZA518
15.

Neolitsea acuminatissima (Hayata) Kanehira & Sasaki; Alpine neolitsea; RIEFHAET
11.
Neottopteris antiqua Masamune; [U#EFTE
10.
Nephrolepis cordifolia (Linnaeus) Presl; Common sword fern; BB
10.
Oreocnide pedunculata (Shiral) Masamune; HIFEREHR
10.
Oreomyrrhis involucrata Hayata var. involucrata; Mountain myrrh; [UEZS
25.
Osmanthus heterophyllus (Don) Green var. bibracteatus (Hayata) Green; Polymorphic tea olive;
FIEM
16.
Osmanthus lanceolatus Hayata; Narrow-leaved sweet olive; FZEILHTE
16.
Ouzalis griffithii Edgeworth & Hooker f. var. tasmonii (Yamamoto) Masamune; Alpine wood-sorrel;
I U BRSE R
18.
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Parnassia palustris Linnaeus; Alpine grass-of-parnassus; #g{E7
25.
Pasania kawakamii (Hayata) Schottky; Kawakami tanoak; KHERZIE
8, 9.
Pasania ternaticupula (Hayata) Schottky; Three-cup tancak; =}
8.
Pellionia arisanensis Hayata; Common mountain pellionia; FfIEL¥K7E
10.
Pellionia scabra Bentham; Trailing pellionia & 7REL
10.
Pellionia trilobulata Hayata; Alpine pellionia; #5775
16.
Persea acuminatissima (Hayata) Kostermans; Acuminate machilus; ZRZERIAR
8, 9. ‘
Persea thunbergii (Siebold & Zuccarini) Kostermans; Common machilus; %4
9.

Persea zuihoensis (Hayata) Li; Incense machilus; 74

10.

Phleum alpinuwm Linnaeus; Alpine timothy; =1l R
22.

Picea A. Dietrich; Spruce; ZE#
4, 13.

3, 15, 88.

Pilea brevicornuta Hayata form. brevicornuta; Common artillery-plant; B L% HE

10.

Pinus Linnaeus; Pine;
2, 4, 13, 14, 15.

Pinus armandi Franchet var. masteriana Hayata; Taiwan Armand pine; ZZEFEILIR
3, 8, 11, 14, 15, 19, 20, 21, 22, 32

Pinus massoniana Lambert; Chinese red pine; BZ%
2.

Pinus morrisonicola Hayata; Taiwan white pine;
3, 8, 19, 20.

Pinus taiwanensis Hayata; Taiwan red pine; =58 _"IEM
3, 8, 11, 14, 15, 19, 20, 21, 22, 32.

Piper futo-kadsura Siebold & Zuccarini; Pepper; BB

10,
Plagiogyria euphlebia Mettenius; Wart-foot fern; 2R
10, 12.

Plagiogyria formosana Nakai var. formosana; Taiwan wart-foot fern; /R Bk

167
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10. .
Plagiogyria stenoptera Diels; Wood wart-foot fern; EZELHK
10, 12.
Platanthera brevicalcarata Hayata; ¥yuEHH
22.
Pleioblastus Nakai; Alpine bamboo; FEHR
23.
Pleioblastus niitakayamensis (Hayata) Ohki; Alpine bamboo; FELUZEAT
5, 12, 15, 16, 17, 21, 23, 23, 30, 37, 38.
Pleione formosana Hayata; Alpine orchid; Z&ig—3EfH

25.
Poa nankoensis Ohwi; Mountain bluegrass; FgHEEEE
22,

Poa takasagomontana Ohwi; Alpine bluegrass; yRILIZEE
22.
Poa tenuicula Ohwi; Slender bluegrass; (IIR

22.

Podocarpus L'Herit; Podocarp; FEEIL
2.

Polygala japonica Houttuyu; Alpine milkwort; {4
22.

Polystichum aculeatum Schott; Hairy Hardy fern; FEpk
12.

Poneorchis kiraishiensis Ohwi; Taiwan golden orchid; Zif&<4:14
25.

Potentilla morrisonicola Masamune; Alpine cinquefoil; E U4
25.

Potentilla tugitakensis Masamune; Silver cinquefoil; BILIZERLE
25,

Prinsepia scandens Hayata; Taiwan prinsepia; {834
12.

Prunus phaeosticta (Hance) Maximowicz; Dark-spotted cherry; AR
10.

Pseudotsuga Carriere; Douglas-fir; 5z
4.

Pseudotsuga wilsoniana Hayata; Taiwan Douglas-fir;
2, 8, 9.

Preridium aquilinum (Linnaeus) Kuhn; Bracken fern; §%
22.

Pteris quadriaurita Retzius;, HIHRLE
10.

%
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Pyrola decorata Andrews; Elegant shinleaf; i FEE;E
14.

Pyrola morrisonensis Hayata; Alpine wintergreen; E[LJEFFE
14, 18.

Rhododendron ellipticum Maximowicz; Common rhododendron; YeiEFLAR
10.

Rhododendron formosana Hemsley; Taiwan rhododendron; 2
11.

Rhododendron morii Hayata; Giant rhododendron; ZZEZEH-pE
11, 14, 15, 20.

Rhododendron noriakianum Suzuki; Mountain rhododendron; FH4I#HEE
22.

Rhododendron pseudochrysanthemum Hayata; Alpine rhododendron; F[IH:EE
22, 24, :

Rhododendron rubropilosum Hayata; Red-hairy rhododendron; #T54:RE
18, 22.

Ribes formosana Hayata; Taiwan gooseberry; ZE{HZEET

SELER

22,
Rosa morrisonensis Hayata; Alpine rose; FE|1IE%
22.
Rosa transmorrisonensis Hayata; Glandular rose; iEp358%
22.
Ritbus Linnaeus; Raspberry; &+
1L

Rubus calycinoides Hayata ex Koidzumi var, calycinoides; Yushan dewberry; T||i&45T
18, 22.

Rubus elegans Hayata; Alpine raspberry; ElEEs-1~
22. ’

Rubus pectinellus Maximowicz var. trilobus Koidzumi; Alpine dewherry; 2% 75E
12, 16.

Rumohra amabilis Ching; Graceful shield fern; 2:ZEE RBRR
10.

Saliz fulvopubescens Hayata; Alpine willow; [Lif]
22.

Sassafras randaiense (Hayata) Rehder; Taiwan sassafras; %}
8, 11.

Scabiosa lacerifolia Hayata form. leucantha Masamune; Taiwan morning-bride; Zp57E
25,

Schima Reinwardt ex Blume; Choisy good timber; 7}
10.

Schima superba Gardner & Champion var. superba; Chinese guger-tree; il

Bieny
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8, 10.

Scirpus morrisonensis Hayata; Alpine bulrush; #7
22.

Sedum alfredi Hance; Alpine stonecrop; &= LIfHE
25.

Selaginella delicatula Alston; Tender spike-moss; ZZEE
10. .

Selaginella labordi Hieronymus; Alpine spike-moss; EIL4EH
18.

Senecio morrisonensis Hayata; Alpine groundsel; T3
22.

Shortia exappendiculata Hayata; Taiwan bells; Z#EZEIE
18.

Shortia transalpina Hayata; Alpine bells; E1ZHAE
18.

Smilax china Linnaeus var. fatheiensis (Hayata) Koyama; Mountain catbrier; |[H3EzE%E

10.
Smilax hayatae Koyama; Hayata catbrier; A K

10.

Solidago decurrens Loureiro; Taiwan goldenrod; J¥&#:#7E
22.

Sonchus arvensis Linnaeus; Common sow-thistle; EEEZ
22.

Sorbus randaiense (Hayata) Koidzumi; Taiwan mountain ash; ZiE7EH
14, 18.

Spiraea formosana Hayata; Taiwan spirea; 258554
22,

Spiraea morrisonicola Hayata; Alpine spirea; L%
22.

Stauntonia keitavensis Hyaata; Nantou stauntonia; BRI AJL
10. .

Stereum sulcatum Burt; Heartwood-rot fungus; ALAGHEMR.OEHE
30.

Stranvaesia niitakyamensis (Hayata) Hayata; Taiwn stranvaesia; Z£#ME D51
22.
Swertia randaiensis Hayata; Talwan columbo; Z/EE
22.
Symplocos divaricativena Hayata; Alpine symplocos; [E%jLIs
10.
Symplocos konishii Hayata; Mountain symplocos; /g5 1LIE
10.
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Taiwania Hayata; Taiwania;
4.

Taiwania cryptomerioides Hayata; Taiwania;
2, 8, 11.

Tazxus Linnaeus; Yew; %5
2, 4.

Ternstroemia gymnanthera (Wight & Arnold) Sprague; Japanese ternstroemia; E 7
8, 11.

i

Trisetum spicatum Richter var. formosanum Ohwi; Taiwan spike trisetum; ZEf#—=7=80
22,

Trisetum subspicatum Beauvois; Alpine trisetum; &= 78
25,

Trochodendron aralioides Siebold & Zuccarini; Bird-lime tree; BEHi%
8, 11.

T'suga Carriere; Hemlock; iz
4, 13, 14, 15,
T'suga chinensis (Franchet) Pritzel ex Diels var. formosana (Hayata) Li & Keng; Taiwan hemlock;

3,8 09,11, 13, 14, 15, 87, 88.

Turpinia formosana Nakai; Taiwan turpinia; Z5j8
10.

Vaccinium japonicum Miquel var, lasiostemon Hayata; Scarlet blueberry; kstii
11, 15.

Vaccinium merrillianum Hayata; Alpine blueberry; & 1LI#ERI%
18, 22.

Veratrum formosanum Loeske form. albiflora Masamune; Taiwan false-hellebore; Z
22.

Viburnum foetidum Wallich var. rectangulatum (Graebner) Rehder; Mountain viburnum; 2jLZ¢sk
11.

Viburnum furcatum Blume & Maximowicz; Round-leaved viburnum; [EJZEHSE
11.

Viburnum luzonicum Rolle var. formosanum (Hance) Rehder; Common viburnum; &LF{F
11.

Viburnum parcifolium Hayata; Small-leaved viburnum; /P3EMEE
14, .

Viburnum taiwanianum Hayata; Taiwan viburnum;
10, 14.

Viola Linnaeus; Violet; #EZ5
14.

Viola stenocentra Hayata; Mountain violet; Z#ini
22.

S
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Viola tozanensis Hayata; Wood violet; EiliiiERE
22.

Vittaria Smith; 2855
12.

%



