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T he Forest Sector of Taivwan, ROC

ABSTRACT

Tawan, the Republic of China, has atota land area of 36,179 square
kilometers and a population of 22,350,363 people by July 2001. The year
2000 per capita GNP is US$14,216. Thetotal exports and imports are
148,321 and 140,011 millions of US dollars, respectively, in year 2000.
The Taiwan Island is located in subtropical and tropical humid region of
the Asian Pacific and characterized by the complicated topography at
high mountainous areas. Such a broad range of environments nourishes
the idand of 36,000 km? to be full of high biodiversity in forest
ecosystems. The forests of Taiwan cover more than 2 million ha and
account for 58% of land area and hence are very important natural
resources for the country. Among them, the natural forests occupy 72.7%
of forest coverage and contain roughly 5 forest types, with the cypress
forests being the most valuable one. In addition, man-made forests of
422,600 ha (20.1%)and bamboo plantations of 152,300 ha (7.2%)have
been established at the elevations below 2,000 m. The total estimated
forest stock volume is 358 million cubic meters, which includes 310.5
million for natural forests and 47.6 million for man-made plantations.
Though the stock volumes of young man-made plantations are lower than
those of natural forests, the productivity however can be enhanced
through silvicultural treatments like thinning and pruning. The land
coverage of national forestsis more than 70%. But most bamboo
plantations (78.6%) are owned and managed by local private groups.
Taiwan forestry developed vigoroudy and was largely for timber
production during the 1950s and 1960s. However forestry policy has
gradually sifted from timber production toward resources conservation
since 1970s. Wood industry, like plywood and furniture industry were
export-oriented and very prosperously developed during 1960s and 1970s.
Nevertheless, plywood trade became an imported item since 1980 while
furniture industry gradually lost its ground due to higher costs since 1990.
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Timber production has decreased dramatically since 1990s because
harvesting natural forests has been totally banned from 1991, as a result
of highly developed economy and pressures from the general public and
environmentalists. Annual timber consumption is about 4.5 million cubic
meters and more than 99% of that is imported. Canada and Maaysia were
the countries exporting softwood and hardwood, respectively, to Taiwan
in year 2000. In order to support a prosperous forest industry, Taiwan
needs not only to diversify its timber purchasing but also to maintain its
domestic sustainable supply by intensively managing the plantations.
Management of both man-made and natural forestsis integrated into an
ecosystem-based approach that is environmentally sound, socialy
beneficial and economically viable. Sixteen forest recreation areas are
currently open to the public and have very high revenues. Three more
recreation areas are under planning. Totaly, 5 million peoples are
anticipated to enjoy these eco-tour opportunities. Both in situ and ex situ
conservations are operating in Taiwan. Nineteen nature reserves, 9
protected natural areas, 6 national parks, 13 wildlife refuges, and 28
important wildlife habitats have been established since 1965. Their total
areais 700,970 hectares and accounts for 19.5% of the total land area of
Taiwan. Three botanical gardens and an arboretum are also managed to
preserve plants gene pools. Land-use change and biodiversity loss are
current crucial forest issuesin Taiwan and, therefore, foresters should be
involved in the efforts of implementing nature conservation and
environmental education so that people can become more aware of how
important their forests are being managed to be sustainable.

INTRODUCTION

Tawan, the Republic of China, consists of islands of Taiwan,
Penghu, Kimen, Matsu, and some other small idets. She has atotal land
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area of 36,179 square kilometers and her population is 22,350,363 by July
2001. The year 2000 per capita GNP of this country is US$14,216. The
total exports and imports are 148,321 and 140,011 millions of US dollars,
respectively, in year 2000. The idand of Taiwan is located in subtropical
and tropica trangtion zone of the Asian Pecific (21°45 t025°38' N;
119°81" to 122°61' E) and accompanied by abundant rainfall and high
humidity. The mean annua temperature is over 20 degrees Celsius. The
average temperature of July and February are about 28 and 14 degrees
Celsius, respectively. The mean annual relative humility is 81%. The
average annua precipitation is about 2,500 mm, ranging from 1,100 to
4,980 mm. The Central Mountain Ridge makes the backbone of Taiwan
and is characterized by the complicated topography and high elevations
with more than 200 peaks over 3,000 meters. Three major forest soils are
found, including red-yellow soils, brown forest soils, and podzolic soils,
which distribute at the elevation below 500 m, 500 to 1,800 m, and above
1,800 m, respectively. Such a broad range of environments nourishes the
island of 36,000 Kn¥ to be full of high biodiversity in forest ecosystems.
There are over 4,000 vascular plant species, more than 400 species of
birds (about 40% resident), 90 species of reptiles, 30 species of
amphibians, 140 species of fresh water fish, and an estimated 50,000
Insect species, including more than 400 species of butterfly. The forests of
Taiwan cover 58% of the idand area and hence are very important natural
resources for the country. Timber production had been the mgjor income
of Taiwan economy since 1950s and 1960s. Plywood and furniture
industry were export-oriented and very prosperous during 1960s and
1970s. Forest policy had gradually sifted from timber production to
resources conservation since 1970s. Furthermore, harvesting from natural
forests, which occupy 72.7% of the total forested land, has been totally
banned since 1991. These natural forests are being managed for the
purposes of water supply, soil protection, recreation, and conservations.
Man-made plantations, occupying 20.1% of the total forested lands, are
still at ardatively young stage and hence have low stock volumes. In
addition to increasing wood imports, these plantations have to be
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intensively managed to meet Taiwan’ s annua timber demands, averaged
around 4.5 million cubic meters. Sixteen forest recreation areas are
currently open to the public and make very high market revenues. Both in
Situ and ex Situ conservations are implemented to preserve animal and
plant gene pools throughout the national forests. Environmental education
has been carried out to make the public become more aware of how
important their forests are being managed to be sustainable.

TAIWAN’' SFOREST TYPES

Taiwan is a small idand with a high range of mountains and hence
exhibits vertically diversified habitats and climates (from the tropics to
the subalpine) from low to high altitudes. Therefore, a spectrum of five
natural forest types exists on the island, which occupies 1,527,500 haand
an estimated 72.7% of Taiwan forest coverage.

1. Spruce-fir-hemlock mixed forests
Thistype of coniferous mixed forests distributes at elevations of 1,700
to 3,000 m. The fir trees (Abies kawakamii) generally grow at higher
altitudes almost near 3,000 m, and sometimes are found to aggregate
as asmall pure stands. Most of spruce (Picea morrisonicola) and
hemlock (Tsuga formosana) grow at lower portion of distribution
range. The land area of spruce-fir-hemlock mixed forests is 79,700 ha
and accounts for approximately 3.8% of forested land.

2. Cypressforests
An estimate of 48,500 ha of cypress
forests accounts for only 2.3% of the forested land mass. However,
due to its fine wood properties for construction and furniture, this is
considered the most valuable timber tree species in Taiwan. This type
of forests extends its distribution from 1,500 m to 2,800 m in
elevations and often forms productive stands. Two species grow
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together and congtitute cypress forest type. Yet, most trees of
Chamaecyparis obtusa var. formosana grow at higher distribution
range. Fewer trees are often found to mix with Chamaecyparis
formosensis at lower sites.

3. Pinesand other coniferousforests
This is another type of coniferous
forests mixed mainly by Pinus taiwanenss, P. massoniana, P. armandi,
P. morrisonicola, Cunninghamia konishii, Calocedrus formosana and
Taiwania cryptomerioides. The distribution extends from 1,000 m to
2,800 m in elevations and covers 91,900 hawhich is 4.4% of the forest
area.

4. Conifer s-hardwoods mixed forests
Aside from the coniferous species
mentioned above, the hardwoods components of this forest type are
mainly the members of the families of Fagaceae and Lauraceae The
land mass is approximately 331,600 ha (15.8%) and distributes from
1,000 m to 2,000 m in elevations.

5. Hardwoods
Trees of Lauraceae and Fagaceae constitute the most of hardwood
forest type, which covers 975,800 ha and accounts for 46.4% of the
forested land. This type of hardwood forests are widely distributed
from 100 m to 2,000 m altitudes.

In addition to these natura forests, man-made forests of 422,600 ha
(20.1%) have been established in the past 40 years at the el evations below
2,000 m. They include coniferous stands (218,400 ha, 10.4%), hardwoods
stands (144,600 ha, 6.9%), and mixed stands (59,600 ha, 2.8%). Bamboo
plantations can be considered as another type of man-made forest with
7.2% (152,300 ha) of forested land in Taiwan. The area and dtitude
distribution for various forest types are summarized at Table 1 and shown
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in Fig. 1 and Fig. 2.

Tablel: The area and atitude distribution for various forest types

Forest type Area Altitude(m)
hectare %
Natural Forests 1,527,500 727
Spruce-fir-hemlock 79,7 3. 1,700-
00 8 3,000
Cypress 48,5 2. 1,500-
00 3 2,800
Pines & other conifers 91,900 4.4 1,000-
2,800
Mixed conifers-hardwoods 331,600 15.8 1,000-
2,000
Hardwoods 975,800 46.4 100-
2,000
Man-made Forests 422,600 20.1
Conifer stands 218,400 104 1,000-
2,000
Hardwoods stands 144,600 6.9 300-
1,200
Conifers-hardwoods mixed 59,600 2.8 750
stands 1,500
Bamboo plantations 152,300 7.2 500-1,200
Grand total 2,102,400 100.0

in Taiwan

152,300
422,600

1,527,500

Fig 1. Forest types by area (ha)

O Natural Forests
(72.7%)

Man-made
plantations
(20.1%)

O Bamboos (7.2%)
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Fig. 2. Forest types of natural |® ﬁpfulcel;ﬁ;'zo/
forests (ha) in Taiwan emlock (5.2%)

79,700 Cypress (3.2%)
48,500

3900 O Pines and other
331,600 conifers (6.0%)
975,800

O Mixed conifers
and hardwoods
(21 7%)

The coniferous species grown in man-made forests are Pinus taiwanensis,
Cryptomeria japonica, Chamaecyparis formosensis, Cunninghamia
lanceolata, Taiwania cryptomerioides and others. Among them,
Cryptomeria japonica and Cunninghamia lanceolata are acclimated
exotic species but are vulnerable to the Taiwan red-belly squirrel. On the
other hand, the indigenous Taiwania trees exhibit high resistance and
growth potential. The hardwoods species used for man-made plantations
include Acacia confusa, Fraxinus formosana, Zelkova serrata,
Cinnamomum camphor a, Liquidambar formosana and others. All of them
are indigenous tree species of Taiwan. The areas of different plantations
areshown as Fig. 3.

Fig. 3. Forest types of man-made
plantations (ha) in Taiwan

@ Conifer stands
59,600 (51.7%)

e Hardwood
144,600 218,400 stands (34.2%)

O Mixed stands
(14.1%)

The average age of man-made forests are around 22 years old and need
tending treatments such as pruning, thinning or even understory planting
where the survival rates were low because of drought, pest or other
damage. We intend to establish multi-layered and species- mixed stands
for maintaining biodiversity in the woods and sustaining productivity at
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the same time. The coverage and uses of main species used for plantation
plantings are summarized in Table 2. It is interesting to note that although
hardwoods occupy a much higher percent of natural forestland, we
establish coniferous plantations of larger areas because of the high initial
survival rate of conifer seedlings. In addition to tree species, the mgor
bamboo species for plantations include Dendrocalamas latiflorus,
Phyllostachys makino, and Phyllostachys pubescens.

Table 2. The coverage and uses of main tree species used for plantation plantings

Uses Area

Speices hectare %

Pinus taiwanensis Paper making 52,100 23.9

Cryptomeriajaponica  Construction, utility 47,000 21.5
poles

Chamaecyparis Construction, furniture 26,300 12.0

formosensis

Cunninghamia lanceolata Construction, utility 21,300 9.8
poles

Taiwania cryptomerioides Construction, furniture 6,100 2.8

Other mixed conifers 65,600 30.0

Coniferstota 218,400 100.0

Acacia confusa Flooring, charcoal 21,200 14.7

Fraxinus formosana Furniture 9,900 6.9

Zelkova serrata Condtruction, furniture 5,500 3.8

Cinnamomum camphora Construction, furniture 5,000 35

Liquidambar formosana  Furniture, mushroom 3,100 2.1
raising

Other mixed 99,900 69.0

hardwoods

Hardwoods tota 144,600 100.0

FOREST STOCK VOLUME

The total estimated forest stock volume is 358 million cubic meters,
which includes 310.5 million for natural forests and 47.6 million for man-
made plantations (Fig. 4).
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Fig. 4. Forest stock volume (cubic
meters) in Taiwan

47,676,00 @ Natural forests
0 (86.7%)
@ Man-made
310,533,0 plantations
00 (13.3%)

Table 3 illustrates the stock volume of various forest types with the
highest stock volume per hectare being the hemlock and cypress forests.
Hemlock wood has been mostly used for making school-desks. The most
valuable cypress timber (Hinoki, as the Japanese called) had long been
harvested and exported to Japan during the period from the beginning to
the interim of 20 century. However the stock volumes of man-made
plantations are much lower than those of natural forests. Thisis because
man-made plantations are till at arelatively young stage and productivity
can be enhanced through silvicultural treatments since the site conditions
for them now are very high productive lands, once occupied by natural
forests. For instance, a Taiwania plantation of 29 yearsold at Liu-Kuel
Experimenta Forest of Taiwan Forestry Research Institute now shows
growth potential of 500 m*/ha which is comparable to those of hemlock
(599 n*/ha) and cypress (598 nP/ha) natural forests with age of more than
one hundred years. We have been practicing tending operations, like
pruning and thinning, on that plantation. It is also obvious that volume
growth of hardwoods is much lower than that of conifer species. This
may be due to branching habit, low growth rate or inferior site conditions
for most broad-leaved tree species.
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Table 3. Forest stock volume of various forest types

Stock volume
Forest type 10007 % mé/ha
Natural Forests 310,533 86.7 203
Spruce-fir 10,564 34 391
Hemlock 31,490 10.1 599
Cypress 29,045 94 598
Pines & other conifers 20,671 6.7 218
Mixed conifer-hardwoods 94,608 304 285
Hardwoods 124,155 40.0 127
Man-made Plantations 47,676 13.3 113
Conifer stands 34,065 715 156
Hardwoods stands 8,818 18.5 61
Conifer-hardwoods mixed stands 4,793 10.0 80
Bamboo plantations 358,429,617 ! 2,353 "2

*1 The unit for growing stock of bamboo plantationsis “culm”.
*2 The average unit is “culm/ha’.

FOREST LAND OWNERSHIP

According to the Constitution, most forests on Taiwan are owned by
the central government (Table 4). Therefore, central government agencies,
such as the Taiwan Forestry Bureau of the Council of Agriculture, are
responsible for managing most forest land, including 74.1% of natural
forests, 69.9% of man-made forests as well as19.4% of bamboo
plantations. Designated by related laws and based on forest plans, these
forests are being managed as national parks, natural reserves, protected
natural areas, wildlife refuges, protection forests, forest recreational areas,
and some timber production forests. The managing agency, Taiwan
Forestry Bureau has to propose forest management plans to the Council
of Agriculture for reviewing and monitoring purposes. Only small
portions of nationa forests are owned and managed by the Taiwan
Forestry Research Institute and the Experimental Forest Administration of
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some universities. Forest science researches are implemented in these
areas. Their findings serve as references for the Taiwan Forestry Bureau
to manage national forests accordingly. County governments, aboriginal
groups, private cooperatives and individuals manage communal & private
forests, including 24.4% of natural forests, 27.1% of man-made forests
and 78.6% of bamboo plantations. Most of these forests are managed for
timber production while the minor rest are for aboriginal reserves and
protection forests. However, some of these forests have been illegally
converted into orchards, tea and vegetable farms due to high economic
revenues. The bamboo plantations are mostly managed for production of
bamboo shoots that are consumed as a healthy vegetable with high fiber
content and low calories. Small portion of bamboo culms are used as raw
material for the craftworks industry. Besides, a bamboo charcoal industry
with promising potentia has recently devel oped.

Table 4. The forestland ownership and managing agencies

Ownership & Natural forests Man-made forests Bamboos
managing agencies hectale %  hectare % hectare %
National Forests 1,154,90 75.6 308,000 72.9 32,700 21.4

0
Talwan Forestry Bureau 1,131,800 74.1 295500 69.9 29,600 194
Other agencies” 23100 15 12500 3.0 3100 20
Communal & Private 372,600 24.4 114,600 27.1 119,600 78.6
Forests
Grand total 1,527,500 72.7 422,600 20.1 152,300 7.2

* Other agencies include the Taiwan Forestry Research Institute and the
Experimental Forest Administration of some universities.

FORESTRY POLICY, TIMBER INDUSTRY, AND



FOREST MANAGEMENT STRATEGIES

Tawan forestry developed vigorously during the 1950s and 1960s.
Large-scale of forest exploitations were carried out largely for producing
timbers, which made up more than 90% of total forestry output values.
Starting from the 1970s, forestry policy has gradualy shifted from timber
production toward resources conservation. This was due to Taiwan had
become more industrialized and devel oped and people had more income
than before. Hi-tech industry was aso developing prosperoudy in 1990s.
Therefore the public has gradualy begun to emphasize the importance of
living quality, environmental protection, and natural resources
conservation. In 1975, the government approved the Taiwan Forestry
Management Reformation Act. Based on the Forest Law, the major
objective of forest management in Taiwan is long-term profit of national
land protection. Timber cutting is no longer the magjor income of forest
management. According to Taiwan Forest Management and
Administration Act, which was sanctioned in 1990 and revised in 1991,
the conservation of natural resources and ecosystems are the principal
objectives of forest management. Therefore, demanded by the genera
public and pushed by environmentalists, no cuttings were alowed for
natural cypress stands within national forests since 1990. From 1991, all
the harvesting was prohibited in natural forests. Table5and Fig. 5& 6
Illustrate that the timber production and cutting areain Taiwan had been
decreased from 490,215 and 5,546 in 1987 down to 35,179 cubic meters
and 632 hectares in 2000, respectively.

Table 5 Timber production and cutting area
in Tawan in 1987 — 2000
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Yeax Cubic meters Hectares
1987 490,215 5,546
1988 310,371 5,208
1989 191,215 2,493
1990 139,796 1,917
1991 126,058 1,046
1992 118,323 1,036
1993 71,735 575
1994 56,128 439
1995 63,176 625
1996 56,362 500
1997 52,173 448
1998 49,529 458
1999 42,945 393
2000 35,179 632

Fig. 5. Timber production in Taiwan

in 1987 - 2000
«» 600000
31‘3 500000
@ 400000
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Fig. 6. Forest cutting area in Taiwan
in 1987 - 2000
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For decades timber production has played an important role in supporting
Taiwan' s economica development. However, in 1999, agricultural
production only comprised 2.61% of the Gross Domestic Product, and
forest product value just accounted for 0.2% of the agriculture product
value. In recent years, although the economic value ratio of forestry is
very low, its non-market values of ensuring the safety of the economic
infrastructure, protecting residents’ lives and properties, and conserving
soil and water resources are very high. Therefore current forestry policy
emphasi zes nature conservation, sustainable management, multiple-use
management, and ecosystem management.

In 1960s and 1970s, plywood industry had been alocomative and
export-oriented product industry with an annual export more than one
million cubic meters. However plywood trade had turned from a mainstay
of export to an import item since 1980 due to huge domestic demand.
Furniture industry development was also export-oriented and fast
growing in early 1960s and 1970s. During 1980s, automation of
production techniques further facilitated the expansion of furniture export
to the peak of US$1,073 million in 1987. However, due to increasing
costs of raw materials and labors and the recession of global economy,
the furniture industry gradually lost its ground year by year since 1990.
From 1960 to 1970, timber used to support wood industry was roughly
equal from both local production and imports. After 1970, timber
consumed relied more and more upon imports. Since 1990s, Taiwan' s
timber industry has been largely depending on imported timbers. More
than 99% of timber supply (Table 6) comes from foreign countries.
Figures 7, 8, and 9 illustrate the annual sawtimber consumption, local and
imported sawtimber, respectively, in Taiwan in 1991 — 2000. In year 2000,
Canada and Malaysia were the biggest countries exporting softwood and
hardwood, respectively, to Taiwan (Table 7).

Table 6. Saw timber consumption (cubic meters) in Taiwan in 1991-2000.

Yea | Totd Local production|Ilmported products |Share of
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imports
1991 | 6,314,285| 74,188 6,240,097 98.8%
1992 | 7,101,492 72,909 7,028,583 99.0%
1993 | 6,240,192 | 46,844 6,193,348 99.2%
1994 | 5,626,501 | 38,616 5,587,435 99.3%
1995 | 5,234,245 32,311 5,201,934 99.4%
1996 | 4,669,077| 35,453 4,633,624 99.3%
1997 | 5,061,607 | 32,056 5,029,551 99.4%
1998 | 3,983,753| 29,069 3,954,684 99.3%
1999 | 4,040,001| 23,333 4,016,668 99.4%
2000 | 4,034,793| 21,133 4,013,660 99.5%

Cubic meters

Fig. 7. Annual sawtimber
consumption in Taiwan in 1991 - 2000
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Fig. 8. Local sawtimber production in
Taiwan in 1991 - 2000
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Fig. 9. Imported sawtimber in Taiwan
in 1991 - 2000
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Table 7. The first five countries exporting timbers
(cubic meters) to Tawan in year 2000.

Softwood | Canada New Chile Audtria United
lumber Zedand States

144,877 89,457 49,991 11,586 8,219
Softwood | New Canada United Vitnam | Madaysa
log Zedand States

53,166 12,571 3,249 1,059 989
Hardwood | Maaysa | Indonesa | United Canada Burma
lumber States

257,234 167,099 52,756 22,207 17,399
Hardwood | Mdaysia | Gabon Papua United German
log States

749,714 | 45,122 37,017 33,805 11,375

For the purpose of supporting a prosperous forest industry, Taiwan
needs not only to diversify its timber purchasing but also to maintain its
own sustainable supply. Besides, it is predicted that wood demand
worldwide will increasingly rely upon timber production from man-made
forests. Thistrend will continue and may aleviate pressures on the
natural forests. Halting natural forest logging has been announced by the
administration in Taiwan since 1991. Hence, how to enhance productivity
and maintain sustainability in plantation forests becomes an important
issue. Small forestland parcels, complex topography varying in elevations,
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consideration of soil and water conservation, and lack of accessibility
have created a new perspective for man-made forests. Setting priority for
timber production from man-made plantations, coupled with development
of appropriate forest industries in Taiwan, has been a crucial decison to
be made. Recent studies suggest that among various alternatives, the best
choice is a series of measures. adopting uneven-age management,
prolonging rotation age and producing high grade wood for the furniture
industry and house construction. To meet that end, we have devel oped
practicable methods of pruning, thinning, underplanting, and even
tending of naturally regenerated valuable seedlings and saplings, in
addition to retaining parts of snags and dead wood on the forest floor.
Thus we have aimed at to create an uneven-aged and multi-layered forest
condition at the originally young, even-aged stands. Such management
strategies not only may provide suitable wildlife habitats, but also will
yield significant timber harvest over the long run. Both forest scientists
and environmentalists believe that we can produce more wood and at the
same time conserve biodiversity by adopting sustainable management of
forest ecosystems. How long for rotation age will depend upon different
timber species. Nevertheless timber in national forests would not be
harvested until the trees are at |east over 40 years of age. For the most
valuable Chamaecyparis formosensis, we even set the rotation age up to
100 years.

Though logging operations in natural forests have been banned since
1991, some proper measures of conservation management are still needed.
This is because ecosystem structures and functions of natural forests are
often subjected to either eugenic or dysgenic changes over time,
especialy in response to natural and human-caused disturbances.
Typhoon and land-use conversion exhibit significant impact on forest
ecosystems in Taiwan amost every year. Under the circumstances,
Taiwan Long-term Ecologica Research Network (TERN) has been
established since 1992. TERN is one of the branches of The International
Long Term Ecological Research Network (ILTER). Five studying and
monitoring sites have been set up in natura forests from the north to the
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south of Taiwan. Periodical investigation and monitoring on succession
mechanism for ecosystem structure and function can provide database for
subsequent series of silvicultural manipulations to promote natural
regeneration. The god is to restore forestland productivity, maintain
optimal biodiversity and ecological integrity as a whole. In short,
management of both man-made and natural forestsis integrated into an
ecosystem-based approach that is environmentally sound, socialy
beneficia and economicaly viable.

FOREST RECREATION AND ECO-TOURISM

Following the admirable economic growth attained especialy during
the past two decades, people in Taiwan have improved their living
standard and lifestyle to a new height. Naturally, leisure and recreationa
programs have become aregular part of their lives. Since 1965, the
Taiwan Forestry Bureau has planned and developed forest recreation
areas to meet the increasing needs for eco-tourism. Currently, there are 16
forest recreation areas open to the public, including 4 in northern, 5 in
central, 4 in southern, and 3 in eastern part of Taiwan. Each year, there
are about 3.5 million people participated in the eco-tourism activities in
these areas. Market revenues are very high for eco-tourism (Table 8). The
Ali-Shan High Mountain Train in Ali-Shan Forest Recreation Area alone
made more than NT$82,680,000 (US$2,334,000) dollarsin 1998. The
decrease in 2000 was due to some recreation areas were damaged by the
big earthquake occurred on September 21, 1999. However restoration has
being progressively carried out since then. In addition, three more forest
recreation areas are under planning. Five million people in one year are
expected to enjoy the eco-tour opportunity that these forest recreation
areas will supply in the very near future.

Table 8. Revenues from Forest Recreation Areas

Year Revenues Number of Vigtors
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(NT9) Visitors Accommodated
1993 382,869,940 3,278,902 367,775
1994 348,339,756 3,167,442 322,366
1995 405,617,718 3,859,552 341,480
1996 319,367,031 3,129,250 266,711
1997 412,148,493 3,397,946 288,289
1998 508,691,029 3,723,498 298,674
1999 536,802,663 2,803,351 314,756
2000 410,106,622 2,281,956 294,233

In order to accelerate the devel opment of forest recreation areas and
Increase their management efficiency, five candidate areas of rich
resources are identified and selected for private investment. According to
the rules of the “ Encouraging Private Sector Participating in the Traffic
Construction Regulation”, the investors can manage hotels and
restaurants and install self-provided facilities. The other forest recreation
areas will be managed by a cooperation system with the assistance of
private sectors. They will invest in lodgings and restaurants to provide
any comfortable leisure environment.

NETWORKS OF NATURE CONSERVATION

Like other countries in the world, Taiwan' s industrialization and
economic prosperity in the past four decades can not at all compensate for
forest over-exploitation and ecological degradation. Therefore recent
nationa policy has placed emphasis on maintaining the ecological values
and sustainability of ecosystems. Besides the innovative ecosystem-based
approaches to forest management mentioned-above, other actions we
have been taking is the establishment of networks of nature conservation.

In-situ conservation. The program for in-Situ conservation was
mainly the designation of protected natural areas in forestland. First,
according to the Cultural Heritage Preservation Law, the government has
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established 19 nature reserves covering atotal area of over 64,477
hectares throughout the iand of Taiwan. They range from a4.9 ha
volcanic mud landforms at the lowlands to the 47,000 ha forest reserve at
the mountainous area. Protecting individual species and entire ecosystems,
these reserves provide a solid base for organized protection. Secondly, the
government has also set aside 9 protected natural areas that are nationa
forest lands recognized as having unique natural characteristics such as
wildlife, landscape and fossil. A third designation is 6 national parks.
These parks range from 3,780 ha (Kinmen, an off-shore isand) to
105,490 ha (Y ushan in centra Taiwan). The entire ecosystem of the
ecological protection area within the parks is strictly preserved. At the
same time the parks also provide opportunities for eco-tourism
development. Furthermore, in order to compliment the whole
conservation network, Taiwan has established 13 wildlife refuges and 28
important wildlife habitats. These refuges and habitats serve to protect
wildlife throughout the whole island, like Formosan landlocked salmon,
green seaturtle, waterfowl, and so on. At present, there are 19 nature
reserves, 9 protected natural areas, 6 national parks, 13 wildlife refuges,
and 28 important wildlife habitats, with atotal area of 700,970 hectares
and account for 19.5% of the total area of Tawan (Table 9).

Table 9. Coverage of designated areas for natural conservation in
Tawan.

Category | Nature | Protected | National | Wildlife | Important | Tota

reserve | Natural | park refuge | wildlife
area habitat
Numbers | 19 9 6 13 28 75
Coverage | 64,477 | 21,739 | 322,845 | 23,200 | 296,572 | 700,970

(ha)

% of 1.8% 0.6% 9.0% 0.6% 8.3% 19.5%
Tawan

Ex-situ conservation. Botanical gardens play an important role in ex-
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Situ conservation and also serve as educational and recreational areas. The
Taiwan Forestry Research Indtitute (TFRI) is in charge of managing 3
botanical gardens and 1 arboretum in Taiwan, which are dispersed
through the north, the middle-south and the south-tip of the idand. They
occupy atotal area of 892 ha and contain 2,818 plant speciesin 479
families. In addition, planning for an alpine botanical garden (30 ha) and
a coastal one (12 ha) is now underway. Other specific biological
conservation measures have also been explored to maintain biodiversity,
such as establishment of provenance plantations for 10 species and clonal
banks for 9 species of forest trees. Assessments continueto yield
information on genetic variation and will be used to develop agene
conservation strategy.

ENVIRONMENTAL EDUCATION IN NATIONAL
FOREST SYSTEM

Forests can provide an amazing range of goods and services.
However, forest issues such as land-use change and biodiversity loss are
increasingly reflected in national and international policies. This has
resulted in a series of initiatives to improve forest conservation, promote
sustainable management and recognize the rights and need of local forest-
dependent communities. Taiwan has also confronted by the same issues.
Forestlands of 300-1,500 m were cleared and converted to monoculture
plantations, which induce biodiversity losses, and farms to produce tea,
Arecanuts, fruits, and vegetables, which cause soil erosion problems.
Mud and rock flows often follow heavy rainfall at watershed areas in
central Taiwan, particularly after the 1999 earthquake. In these
circumstances, the new administration started paying more attention to
implementation of ecologically appropriate, socialy beneficia and
economically viable forest restoration and management programs.
However, it is critical that the accurate policy- decision and effective
program implementation on forest ecosystem management and nature
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conservation depend upon the public perception and support. Similar to
some situations in North America, the Taiwanese public is woefully
under-informed, or misinformed, about the state of their forests. The
forest sector did not do an appropriate job of conveying to Tawanese
how important the forest ecosystems are in terms of supplying goods and
services to human society, and how carefully the forests are being
managed. In order to let people in Taiwan recelve complete, accurate and
unbiased information about their forests, the forestry agencies recently
started taking a series of actions to promote environmental education and
nature interpretation programs. This was done through (1) setting up
visitor centers, science park for forest ecology and interpretative trails in
forested land and botanical gardens, (2) sponsoring workshops or eco-
camps for school teachers and students on conservation of biodiversity,
water and soil resources, and (3) holding activities in accordance with
specia themes for general citizens as well as local communities. Some
program examples are “ Observing Migratory Birds’, “ Viewing Esthetic
Forest Landscapes’, “ Wildlife Protection and Hunting Culture
Renovation”, “ Technical Assistance on Development of Eco-tourism” and
“Promotion and Extension of Green Construction”. In summary, through
sustainable management of forest ecosystems, education of the general
public, enforcement of environmental laws and protection of key natural
forest areas, Tawan is striving to reach a goad—* Sustainable
Development for The Green Silicon Idand”.
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