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Abstract: The degradation of natural forests and environments has led to ecological and economic difficul-
ties in China. Forest fragmentation plays an important role in natural disasters but how forests are frag-
mented is poorly understood. This study utilized satellite Thematic Mapper (TM) data, a geographic in-
formation system (GIS), and spatial analysis tools (Fragstats) to examine the fragmentation of an old-
growth mixed forest in Northeastern China, one of the most important timber bases in China. The study
showed that the old-growth forest has been fragmented into small patches by leaflet-like “small-area
clearcutting”. The size of clearcutting was around 15 hm? on average at the beginning stage of forest har-
vesting but was expanded rapidly as clearcutting continued. No specific cutting preferences or restrictions
have been given to certain aspects or slopes where important winter or lowland habitats may be located.
Fragmentation conditions were characterized by the reduced forest patch sizes, the increased frequency of
small- or medium-sized forest patches, changes in patch shape, and the increase in forest edges. Several
recommendations have been proposed to improve forest policy and management planning in order to protect
the integrity of native forests in the region.
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1 Introduction

Forest fragmentation and its effects on species habitat have attracted world-wide concerns™ "

[11.12]

Although fragmentation occurs in natural landscapes through, for example, fire and windthrow , for-

est cutting has created additional large-scale disturbances™*!. Large forest tracts have been progressively
divided into smaller, isolated, and geographically more complex fragments. Developing alternatives for
cutting size . shape, frequency, and spatial distribution have become major issues in planning for sustain-
able use of forest resources and conservation of biodiversity at landscape scalest:'*~18],

Although the issues of forest fragmentation may vary across the world, studies of forest cutting prac-
tices and fragmentation in different geographic regions of the world will help better understand forest re-
source management practices in a common sense. In recent years, a number of studies have been conducted
to evaluate timber harvesting strategies at landscape levels in the U.S. using remote sensing and GIS ap-
[20~33]

proaches™* and computer simulation However, there has been little research on the details of cut-

ting practices and fragmentation conditions in China. where extensive and unique forest practices have been

([24.25

applied for more than four decades . and forest quality has sharply declined"**].

The Korean pine (Pinus koraiensis Sieb. &.Zucc. ) - broadleaf mixed forest is one of the most valuable

old-growth forest types for its high-quantity and quality timber production in northeastern Chinal?":2%-1*],
The complex ecosystem structure and rich soil fertility retain higher biological diversity than other forest
types in eastern Eurasia continent'®*J. This climax vegetation, which is similar to the old-growth mixed
conifer-northern hardwood forests (with the absence of characteristic dominants of Tsuga and Fagus
species) of North America®’. once covered most of the mountain areas in the east portion of northeastern
Chinal*-?7:28:32=31] 'The mixed forest provides habitats for many rare and endangered wildlife species such as
the Siberian tiger (Pantha tigris longipilis 1.. ), Sika deer (Cervus nippon Temminck), Chinese Qiusha
duck (Mergus squdmatus). and endangered plant species such as wild ginseng (Panax ginseng C. A.
May). Studies of forest distribution, conservation, and dynamics have been conducted at the regional scale

(24233235 Tt was found that forest cutting was approaching to the border of

in Changbai Mountain area
Changbai Nature Reserve but details about forest cutting were not studied. This study focuses on how sil-
vicultural treatments have caused forest fragmentation at landscape levels outside Changbai Nature Re-
serve. The analysis was carried out by: (1) using integrated satellite image processing and a GIS to char-
acterize old-growth forest landscapes and forest fragmentation and (2) applying spatial analysis tools to
quantify fragmentation conditions in both managed and unmanaged forest landscapes. Recommendations
are proposed based on the study for improving management of the old-growth forest landscapes in north-
eastern China.
2 Study sites and methods

The study area is located at the lower elevations of Changbai Mountain, which lies along the border of
China and North Korea (Fig. la). With elevations ranging from 550 to 2690 meters, Changbai Mountain
is covered by five vegetation zones: hardwood forest, Korean pine-broadleaf mixed forest, coniferous for-
est, mountain birch forest, and sub-alpine tundra®”’. The Korean pine-broadleal mixed forest covers most
areas where elevations range between 700 to 1100 m. This forest is the major timber source for the local
forest industries and one of the core ecosystems inside Changbai Nature Reserve. With a total area of
190 000 hm?* of largely old-growth forests, Changbai Nature Reserve was established in 1960 as one of the
three stations within the UNESCO’s Man and Biosphere (MAB) network in 1979. The reserve is located

along the Chinese side of Changbai Mountain (Fig. 1b) and has been well protected since its establish-
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ment. Forests surrounding the reserve are managed by forest industries. locally called forestey hureaus.
Three study sites were selected in this area (Fig. 1b2. One site lies inside the reserve and is referred
to as a “Contral” site in this study. This 17 583 hm® landscape represents a large arca of contiguous
Korean pine-broadleaf forest inside the reserve, The other two sites, 19 798 hm? and 14 477 hm?, arc lo-
cated inside the territory of Baihe forestry bureau. and are referred 1o as “Site A” and “Site B” in this
study. Site A is ahout 15 km away from the Control site and is at an early stage of logging whereas Site B
is adjacent to Control site and has been logged for over 10 vears. Sites A and B represent different curting
stages but with the same cutring method. Topographic conditions are similar among the three study sites.
st are vegetation structures. Three rypes of {orest exist at each study site. The majar forest type is Kore-
an pine broadieaf mixed forest dominated by Pinus koraiensis Sieb. &. Zuce. » Acer momo Maxim. » Frazings
mandshurica Rupr, Quercus mongolica Fisch. ex Turcz, and Tilia amurensis Rupr. There are also sparsely
distributed aspen-birch {orest (secondary forest after fire or clearcutting ) and spruce-pine forest (located
at higher elevations, dominated by Picea boraiensis Makai. Abies nephrolepis (Travte) Maxim. , and Larir
olgensis A, Henrv}, Landsat Thematic Mapper (TM) images acquired on September 21, 1989 and May
28, 1993 were used to derive forest type maps for the study areas. The TM images were rectified using
1 = 50 D00 topographic maps and ERDAS (Earth Resources Data Analysis System) Imagine sofrware. The
RMS error was below . 4 pixel. Training statistics were defined using various types of information such as
field plot data (20 by 50 square meters in size), black/white aerial photographs, and calor infrared aerial
photographs combined with unsupervised cluster anzlysis. Supervised classifications were then applied and
a forest cover map was generated for the three study sites. A stratified random sampling scheme and sam-
pling polygon approach were selected for accuracy assessment. At each sampling site. a unit of 9 9 pixels
{ 6.6 bm®) was inspected using a stereascope on black /white and color infrared aerial photos. The overal
classification aceuracies of the 1989 and 1993 data, were 88% and 891, respectively., The “cutting field”
class was mapped with 80% and 929% accuracies whereas the mixed Korean pine-broadleaf forest was

mapped with 8524 and 88% for 1989 and 1993 images. respectively,
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Fig. 1 Three study sites are located inside and near Changhbai Nature Reserve of China

Topographic maps scaled at 12 30 000 with 10m intervals were digitized for generating slopes, as-

pects. and river networks for Site B. However, the same data were not available for Site A. Visual inter-
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pretation and simple correlation analysis were made to examine if the locations of forest cutting were relat-
ed with physingraphical conditions. Fragmentation conditions were guantified and compared among the
three study sites. Selected landscape indices, including Perceni of Landscape. Patch Density. Mean Patch
Size. Edge Density. and Arca- Weighted Mean Shape Index were compured for forest and cutting classes,
and Modified Simpson’s Evenness Index was computed for entire landscapes using FRAGSTATSE, Forest
patches were grouped into three size classes: small patches (<218 hm®), large patches {Z>1000 hn?), and
intermediate patches (10~1 000 hm?).

3 Results

The Contral site represents a naturzl forest landscape where human disturbance is minimal (Fig. 21,
and only sparse cutting practices were abserved. The cutting areas accounted far only 134 of the entire
area of Control site (Fig. 3a). The percentage of forest cover at this site was much higher and remained
more stable over time than at Sites A and B {Fig. 3a), where cutting operaticns occurred, the percentage
of forest cover declined dramatically white percentages of cucting areas increased over time {Fig. 3a). For
example, percentages of the mixed forest were reduced from 76% to 7% at Site B and from 675 to 534 %
at Site A between 1988 and 1993.

The cutting operations had generated an interesting leaflet pattern alang roadside (Fig. 2} although
the harvest intensity and patch size varied berween Sites A and B. Parch density of forest areas was nearly
doubled from 1988 to 1993 for both Sites A and B, while patch density of cleared areas increased by 70%
for Site A but decreased by 40% for Site B.

Land cover and land use type

Cutting patch between 1988 and 1993
Cutting patch before 1988

Korcan pine-Broadleaf mixed forest
Coniferous forest

Sccondary forest{ aspen and birch)

N
] 2 4 km
W E e —— |
5

Fig. 2 Land use and land cover types including cuting fields,in three study sites
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All the three study sites have elevations within the range from 650 to 1 100 m. The old-growth
forests at these sites should have had similar composition and structure before logging occurred in 1970s.
The forest cutting activities created the difference in landscape structure between the managed and Control
sites. For example, forest cutting activities not only have reduced forest cover to 54% , and but also frag-
mented the remaining forest into smaller patches (Fig. 2, Fig. 3c). The mean forest patch size for Control
site was relatively stable over time, but decreased by 50% for both Sites A and B from 1988 to 1993. The
mean patch size of clearcutting slightly increased from 14 to 16 hm? for Site A but doubled (from 54 to 107
hm?) for Site B between 1988 and 1993 (Fig. 3c). The mean cutting patch size was more sensitive than
land percentage in terms of quantifying landscape fragmentation. For example, in 1993, forest coverage at
Site B (54%) was more than a half of that at Control site (93% ), while forest mean patch size at Site B
(69 hm?) was as low as 20% of forest mean patch size (1 362 hm?) at Control site.

Among the three study sites, Control site had the lowest values of Area-Weighted Mean Shaped Index
(AWMSI) (Fig. 3d). Though AWMSI values of cutting patches became higher when cutting intensity
was increased, AWMSI values of forest patches declined at Site B where the forest cutting was more inten-
sive. It seems that the AWMSI of forest patches had similar sensitivity to the cutting patch density to for-
est cutting intensity (Fig. 3b&d). Cutting Patch Edge Density (Fig. 3e) and Modified Simpson’s Even-
ness Index for the entire landscapes (Fig. 3f) shared a similar trend, increasing over time and with cutting
intensity.

It appears that the managed forest landscapes contained all the three size classes, while Control site
consisted of only small and large forest patches but did not contain intermediate patches (Fig. 4). Compar-
ing the two managed sites, Site B, where forest cutting was more intensive, had more intermediate forest
patches. The number of intermediate patches is a reliable index for explaining forest cutting intensity.

Overall, each landscape index used in this study remained stable at Control site but showed great
changes at Sites A and B from 1988 and 1993. It appears that the fragmented old-growth forests at Sites A
and B were undergoing continuous fragmentation in the past decade. Some newer logging roads in forests
could be seen on the 1988 satellite image and most of the forests along the roads disappeared on the 1993
image (Fig. 2). Because logging road networks were built along rivers in Changbai Mountain area, forest
cutting along the roads indicated that many riparian forests were removed along the rivers.. Visual inter-
pretation also indicated that the cutting operations did not change with topographic conditions (slopes and
aspects). The harvested area on different aspects or slope was closely related with total land area of the
aspects or slopes at Site B (R?>>0.92), meaning that forest cutting was applied equally to all the aspects
and slope positions.

4 Discussion

The harvest patches appeared as a “leaflet” pattern in the landscape, primarily because logging prac-
tices have been concentrated along the road network. The leaflet pattern may be more expensive than the
conventional continuous-strip clearcutting but the logging costs could be reduced if the residual forests
were minimized. This economic consideration explains why the existing clearcutting pattern is character-
ized by narrow forest belts between cutting patches. In many cases, several cutting patches were connect-
ed , forming larger clearcutting patch clusters as the fragmentation proceeds, and caused a sharp increase
in mean patch size'). If the remaining forest blocks were removed by either natural or human distur-
bances, more clearcutting patches would be connected as a single large patch (Fig. 2). This will result in
a large-scale damage to a forested landscape.

South-facing slopes should be maintained as a contiguous unit of old-growth habitat type, because
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they provide critical late winter habitat needed by wildlife, particularly deer. The upper portion of a water-
shed is also suggested to be harvested first, as this will retain important lowland habitats during most of
the first rotation. It appears that no specific cutting priority or limitation has been given to certain aspects
or slopes during practical logging operations. The overall design of forest cutting did not concern issues of
preserving wildlife habitats at certain topographic positions in Changbai Mountain area.

Riparian zones are specifically eritical {or maintaining water quality and serving as habitats and corri-
dors for wildlife-”-. Wildlife species diversity associated with the riparian system is usually rich and
unique. A study by Li et 2/1 has showed that 10 of a total of 120 forest breeding bird species in Changbai
Mountain area were observed within riparian zones. More importantly . all the species occurring in riparian
zones were exclusively associated with riparian forests. They represented 183 of the toral 36 unique bird
species on Changhai Mountain although riparian zones accounted for <(6% of total land in the region. For
example. both black stork (Ciconia nigra} and Chinese Qiusha duck (Mergus squdmarus) are the forest
breeding bird species found only in Changbai Mountain area. They have been listed as the most rare and
endangered species at national level in China. which are solely depend on riparian forests with an elevation
range between 630 and 1130 m. Clearly, continuous forest cutting within the riparian zones will produce

the most significant threaten to these species,
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Forest edges of a landscape arc often critical in a

study of fragmentation!®!. An increasing edge density may oo F %? Control
indicate & growing loss of large and contiguous forest - gg i %é
paiches and our analysis has showed thar bath the man- atn} 60 %g
aged landscapes had much higher forest edge density than g :g [ %g
the protected landscape. Because forest cutting continued ;g : %?
between 1988 and 1933, edge density values have hecome 10 e ‘\\
even higher with time. Studies have showed that maximiz- 0= <0 l 10~1000 I > 1000 I
ing forest edges by management activities may greatly af- 1% [ %? Site A
fect interior species ™ **, found that forest edges or & gg %g
shrubs were tmparrant habitats for many characteristic & 60 %ﬁ
forest hreeding bird species in Changbai Mountain area. E :g %
At what level forest edges should be maintained depends ;g %g
on the major conservation objectives in a managed forest, 10 %ﬁ
* o N \.
A fragmented landscape with a kigh edge density and con- <10 10~1000 > 1000
trast may degrade quality of certain wildlife habitats, but lgg [ Site B

it may also create new types of habitats near the edges.
Obviously, understanding amount of edge needed in a

landscape for sustainahility of different species and ecologi-

Percent(%)

cal functions remain as a great challenge for the future re-

search. The differences in forest patch density and patch

i

size distributions between the managed and unmanaged <10 10~1000 > 1000
. . . - . . 2
forest landscapes are indicators of interactive relationships Avea (o)
\ . Patch area 1988 Patch arca 1993
between natural succession and human disturbances. The Patch number 1988 Patch number 1993

gap-phase dynamics are common in old-growih forests %1,
but normally create only smaller-scate gaps. This natural Fig. 4 The frequency and total area of three
forest dynamic process leads tw a number of small sized patches levels for forest in three study sites
“cutting” patches. Human disturbance at Cantrol site included limited forest cutting {or power lines. roads
or ginseng farming atong the reserve horders. These activities also led to smaller cutting patches. Because
of most of the old growth forest ecosystems around Changbai Mountain have been develaped under vela-
tively bomagenous geographic conditions, it is not surprising to find large and contiguous forest patches at
Control site. At Sites A and B, the leaflet clearcutting firstly split a part of large forest patches into many
small-size patches berween cutring patches. As forest harvesting continues, clusters of cutring patches are
connected across the landscape and large forest patches are divided into medium-size patches. Tt is expected
that the medium-size patches may disappear when forest harvesting spreads to an entire landscapet!, In
this case. extreme forest fragmentation occurs. Forested landscapes in Changhei Mountain area witl under-
go such an extreme fragmentation within a couple of decades if the current forest management system con-
tinues.
5 Conclusions and suggestions

Farest cutung practices at Sites A and B demonstrated common management procedures of the old-
growth forests in Changbai Mountain area, The leaflet clearcucting practice formed large-area cutting
patches and cut large forest patches into smaller pieces. The forest fragmentation was rapid and extensive.

The mean patch size of clearcutting was abour 153 hm? at the beginning stage of forest harvesting but was
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doubled and redoubled when intensity of clearcutting reached a higher level. There was no cutting priority
or limitation given to certain geographic locations where wildlife may find proper habitats. Forest zones
along rivers have also been damaged by clearcutting activities within riparian zones. This had negative
impacts on habits of wildlife species associated exclusively with riparian forests. Forest cutting along the
border of Changbai Nature Reserve was at the same intensity as in areas with a distance from the reserve
border. If such a forest harvesting method continues for another decade, the functional transition zone of
the biosphere reserve will probably disappear, and Changbai Nature Reserve will become an old-growth is-
land in the region. The old-growth forest fragmentation was characterized by reduced forest patch size, in-
creased number of medium-sized forest patches, altered distribution patterns of forest patch classes, and
increased shape complexity of forest patches and forest edge density. All these landscape analyses support
a conclusion that the leaflet clearcutting method led to severe fragmentation, and further. led to changes in
ecological processes and functions of the old-growth forests on Changbai Mountain.

Several measures must been taken to slow down or minimize {orest {ragmentation in Changbai Moun-
tain area. Firstly, clearcutting should be with the transition zone of Changbai Biosphere Reserve. Uneven
aged forest management methods should be applied. Secondly. the design of forest cutting patterns must
consider protection of wildlife habitats. Cutting intensity, topographic conditions, forest edges, and ripari-
an zones should be carefully considered and determined based upon both timber production and habitat pro-
tection/restoration requirements. Research on home range size for target wildlife, the relationship between
wildlife population and old-growth distribution patterns, and ecological impact of different clearcutting
patterns (dispersed or concentrated) should be established and continuously operated to guide further for-
est management. Thirdly, the local authorities and forest managers should pay attention to the rapid de-
crease of old-growth coverage on Changbai Mountain. The conventional principles of evaluating a forest
landscape should be changed from only looking at its timber value to referring to its ecological, social and
economic values, as well as from short-term benefits to long-term sustainability of forest resources. Un-
even aged forest management methods should be encouraged in Changbai Mountain area. Fourthly, for a
large area of managed landscapes where old-growth stands have already been fragmented, habitat restora-
tion program should be considered as early as possible. Gradually, natural or semi-natural forests should
be regenerated on the cutting sites. Mono-species larch or pine plantations should not be regenerated
around the reserve. Design for corridors between isolated old-growth habitats, fences, forest roads, inter
open space , and roadside should facilitate migration, foraging, sheltering, and resting of wildlife. Finally,
communications between the reserve and its surrounding forest industries must be improved. Forest man-
agement and harvesting plans of adjacent forestry bureaus should be designed to support conservation goals
of the reserve. Conservation programs operated inside the reserve could not be successful without suffi-
cient cooperation from its surrounding forest industries which provide a large area of buffered forest land-
scapes. Since Changbai Nature Reserve covers only higher-elevation portions of Changbai Mountain, it
may not be large enough to provide safe habitats for large mammals such as Siberian tiger. All the previ-
ously insufficient conservation programs should be re-defined, corrected, and extended from the reserve to
the adjacent managed forest landscapes. An integrated conservation plan to be developed by the Reserve
and forestry bureaus together will help protect the integrity of forested landscapes from further fragmenta-

tion.
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