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Abstract The Chinese Grouse (Tetrastes sewerzowi) is a rare, endemic bird in China, inhabiting
conifer-dominated mountain forests. Both the natural fragmentation and heavy cutting of mature
forests have resulted in patchy grouse habitats. We used SPOT (XS-sensor) satellite imagery to
discriminate between open land and conifer or broadleaf forests. The area analyzed is about
120000 ha in size and includes the Lianhuashan Nature Reserve and the Yeliguan Forestry Park. We
identified 4111 ha of mature coniferous forests in 229 patches (maximum 332 ha, mean 18 ha) as
the habitat used by Chinese Grouse throughout the year. We examined 31 forest islands of different
sizes and degrees of isolation for the presence of Chinese Grouse. We used generalized linear models
(GLM) with binomial error structure and logit link function to estimate the probability of Chinese
Grouse occupancy in a forest fragment. Habitat patch size (hs) and distance to the next occupied
fragment (doc) were used as predictor variables, important for occupancy. Small habitat islands were
disproportionately less likely to be occupied than large, nearby habitats. There was a clear specific
habitat size of about 40 ha, above which habitat fragments were occupied more often. Suitable habitat
fragments isolated by more than 2 km appeared to be inaccessible to Chinese Grouse. The results have
been used in reforestation projects to establish linking corridors in the study area.
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Introduction

Theories of island biogeography (MacArthur and Wil-
son, 1967) were developed to explain the occurrence
of species on islands. The most important variables
are island size and isolation from a source area, which
also can be applied to habitat fragments in landscape
mosaics (Hanski and Gilpin, 1991). The most obvious
distinction between real islands and habitat fragments
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is the matrix, which is water in the first case and other
kinds of habitat with varying degrees of unsuitability
for a given species in the second case. The matrix may
consist of anything except the habitat suitable for the
species and is also expected to indicate a more danger-
ous environment (Stamps et al., 1987). The quality of
the matrix is likely to affect the distances an individual
moves. More hostile surroundings may reduce the colo-
nization probability (Aberg et al., 1995). An open land
matrix could be an isolating barrier blocking any colo-
nization. Many forest bird populations have declined
as the result of human-induced habitat fragmentation
(Wilcove et al., 1986; Saunders et al., 1991) — a process
of subdividing a continuous habitat into smaller pieces.
This process includes the loss of habitat area, reduction
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of habitat size and an increase in isolation of the habitat
patches. One example is the Hazel Grouse (Tetrastes
bonasia), which seems to be a poor disperser (Swenson,
1991), whereas to a “good disperser” this kind of land-
scape may not be regarded as fragmented.

The Chinese Grouse (Tetrastes sewerzowi), a rare and
endemic bird in China (category I of the China Red
Data Book, “near threatened” in the IUCN Red List),
inhabits conifer forests at elevations between 2700 and
3500 m in our study area. The population is thought to
be in decline (Sun et al., 2003) because of habitat isola-
tion and fragmentation caused by logging, deforesta-
tion, agriculture and other human activities. Remote
sensing has been used as a powerful tool for obtaining
knowledge about the habitats of endangered species,
particularly in large areas that are difficult to access (De
Wulf et al., 1988; Homer et al., 1993; Klaus et al., 2001;
Jeganathan et al., 2004; Gottschalk et al., 2007). We
conducted this study in order to describe the habitats of
Chinese Grouse in a larger landscape and to determine
the most critical variables (size of habitat patches and
distances between occupied patches) as a precondition
for habitat linking activities.

Methods
Study area

The study area includes the Lianhuashan Nature Re-
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serve (34°40'67"N, 103°30'84"E), a protected area of
11691 ha established in 1983 and the neighboring Yeli-
guan Forest Park, both in the Lianhuashan mountains,
Gansu Province, central China (Fig. 1). The well char-
acterized Lianhuashan Reserve contains selectively cut
and uncut mature forests (28%), young forest (10%),
shrublands (19%) and grassland and cropland, includ-
ing villages (43%); its main vegetation types were de-
scribed by Li and Zhang (1992). Both parts of the study
area are separated by a grassland gap of less than 1 km.
Shrublands, however, can be extensive. Forests with
conifers occur to an elevation from 2700 m up to 3500
m, but grow only rarely on the southerly slopes. The
average annual temperature in the reserve is 5.1-6.0°C,
with extremes of 34°C and —27.1°C in the study area at
an elevation of 2100 m. The climate is semiarid and, at
the higher elevations, the annual precipitation is about
650 mm. The Lianhuashan Reserve has been described
in more detail by Klaus et al. (1996, 2009) and Sun et al.
(2003, 2008).

The natural fragmentation of forests due to dryness
of the southern slopes and heavy cutting of mature
forests that occurred prior to reserve establishment
have resulted in grouse habitats occurring as patches
surrounded by an open matrix (grassland, alpine
meadows). The Chinese Grouse population in the Lian-
huashan study area is isolated, with the closest known
neighboring population 30 km away (Sun et al., 1999,
2006).
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Fig. 1 Distribution (dots) of Chinese Grouse with nominate subspecies north and T. s. secunda south of the Yellow River (Klaus et al.,

2009) and location of the study area (square) south of Lanzhou.
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Estimation of patch size and distance

We defined a forest fragment as a forest patch sur-
rounded by open land (matrix), usually grassland with
or without shrubs, but rarely fields. Earlier studies have
shown that the Chinese Grouse habitat is character-
ized by conifers for cover and willows as the dominant
food (Klaus et al., 1996, 2009; Sun et al., 2006). Habitat
patches are dominated by conifers, and may contain
deciduous forest and/or shrubs as well. Pure deciduous
forests, which do not form year-round habitats used by
Chinese Grouse, often occur adjacent to a coniferous-
dominated forest.

We used a SPOT (XS-sensor) satellite imagery (dated
11.09.1998), which allowed the discrimination of open
land versus conifer and broadleaf forests. A detailed de-
scription of the classification process (software imaging
ERDAS on a workstation) has been presented elsewhere
(Klaus et al., 2001). The area analyzed was 25% of the
SPOT scene, a 30 km X 40 km area (120000 ha). The
analysis is based on the precise determination of pixel
color (spectral signature).

The classification process resulted in 5 main vegeta-
tion types: 1) conifer-dominated forest islands, the
preferred habitat for the Chinese Grouse (Klaus et al.,
1996), 2) deciduous tree-dominated forest islands,
mainly forest succession growing on logged areas (birch
Betula albo-sinensis, willow Salix spp., seabuckthorn
Hippophae rhamnoides, and other shrubs); without co-
nifers this is not a habitat for Chinese Grouse, 3) moist
alpine grassland, 4) dry grassland with scattered shrubs
and 5) bare ground (rocks, fields, settlements). The
resolution accuracy was tested by terrestrial vegetation
analysis combined with photographs showing the dis-
tribution of conifer-deciduous trees.

Digitized SPOT satellite images were used to identify
the number, size, and location of conifer-containing
forest islands, which is the major habitat for Chinese
Grouse. The minimum size of a Chinese Grouse terri-
tory is 3 ha, based on radio telemetry (Sun and Fang,
1997). Therefore, the results in Table 1 include for-
est patches > 3 ha up to the largest fragments < 2100
ha. The size and distances between remaining patches
were calculated by GIS analysis using ERDAS software.
From the resulting working maps (Fig. 2), we selected
forest habitat patches that were clearly separated by
a distance of > 100 m for checking the occupancy by
Chinese Grouse. A survey of Chinese Grouse presence
was conducted in May 2000 and 2001, when territorial
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Table 1 Size distribution of forest fragments dominated by
deciduous trees or by conifers

Size class (ha)  Deciduous dominated Conifer dominated

Frequency n % Frequency n %

<10 305 64 138 60
11-20 67 14 36 16
21-30 34 7 22 10
31-40 24 5 10 4
41-50 10 2 5 2
51-60 3 1 5 2
61-70 6 1 2 1
71-80 2 0 3 1
81-90 3 1 0 0
91-100 0 0 2 1
101-110 6 1 0 0
111-120 0 0 1 0
121-130 2 0 1 0
131-140 1 0 2 1
141-150 1 0 0 0
151-160 1 0 1 0
>160 12 3 1 0
Sum 477 100 229 100

) UG -

Fig. 2 Example of GIS generated field maps: the dark core area
represents conifer-dominated patches. The surrounding ring
structures define distances of 100 m each.
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activity was culminating. The landscape pattern had
not changed during the last 20 years, as indicated by
recent vegetation studies (Klaus et al., 2009). There was
no further logging, and so forest succession on older
logged areas proceeds very slowly because of high eleva-
tions and grazing by livestock on the open land.

Checking forest fragments for the presence of
Chinese Grouse

Because resources and accessibility of the study area
were extremely limited by the wilderness and remote-
ness of the mountains (missing roads, steepness of
slopes and high elevations > 3500 m a.s.l.), 31 forest
patches of different sizes and different distances from
the next occupied patch or from the main forest were
selected and tested for the presence of Chinese Grouse
(Sun et al., 1999, 2006). Because only patches could be
selected which were accessible to us and could be visited
during the time field work was conducted, we tried to
cover a broad range of patch sizes and distances. Grouse
were observed during the periods of higher annual and
daily activity (morning, evening), when the birds were
feeding in willows or displaying. We also recorded in-
direct signs, such as feathers and excrements. In each
fragment we recorded the habitat quality (mixture
and/or close vicinity of conifers for cover and willows
for food) (Sun et al., 1999). A patch was considered to
be occupied where grouse were seen, heard, or indirect
signs were found. Indicators of presence and absence of
these forest patches were used in our statistical analysis.

Statistics

The research question was: what increases the prob-
ability of a habitat being occupied by Chinese Grouse
individuals? Habitat patch size (hs) and distance to the
next occupied fragment (doc) were used as predictor
variables known to be important for the occupation of
habitat patches by the grouse. The response variable is
binary, for it represents incidences (successful occupa-
tions or absence). Because binary responses are strictly
bounded to a lower (0) and an upper (1) threshold, the
error structure is not normal but binomial. Generalized
linear models (GLM) with a binomial error structure
and logit link function were used to estimate the prob-
ability of Chinese Grouse occupancy in a forest frag-
ment. This class of linear models is preferable to simple
linear (multiple) regressions and also to ordinary logis-
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tic regression, because it provides more flexibility: the
error structure can be specified appropriately as well,
since it allows the latitude to select a link function that
provides for the lowest deviance. With GLM, the dis-
crepancy between the data and the model is expressed
as “deviance”. It is equivalent to the sum of squares
in simple linear regression. The parameters in GLMs
are estimated by maximum likelihood estimation. We
started by fitting the full model containing the two
explanatory variables: occupancy by grouses ~ hs + doc.
Any model simplification by removing stepwise either
hs or doc, reduced the explanatory power of the model
significantly. Hence, the minimal adequate model is the
full model. To compare and simplify models, we used
the generic anova function in S-PLUS, which applies a
chi-square test. Afterwards, we also tested for nonlinear
and interaction effects using an extended model: oc-
cupancy by grouses ~ hs + doc + hs? + doc? + hs*doc. All
terms of the full extended model were significant (p <
0.05), except for hs? (p = 0.46). Hence, we deleted hs?
as well as doc? from the model, the latter because there
is no sensible interpretation of a quadratic relationship
between occupancy by grouse and the size of unoccu-
pied habitat patches. Just as with the previous simpler
model, any further simplification by deleting the inter-
action term resulted in a significant loss in explanatory
power, i.e., the current model is appropriate to explain
the probability of a habitat being occupied by Chinese
Grouse. An initial check for outliers resulted in just
one occupied habitat patch with a distance of 5396 m
to the next occupied habitat, which is 2.8 times (= 1.5
standard deviation units) more distant than the habitat
with the second largest distance (1955 m). We excluded
this data point from statistical analyses.

All calculations were done using the package S-PLUS
8.0 (Insightful Corporation, Seattle, USA).

Results

Table 1 summarizes the size distribution of forest frag-
ments of the entire landscape. In the 1200 km?2 area, we
identified and measured 229 conifer-dominated patches
(totaling 4111 ha) and 477 deciduous tree- and shrub-
dominated forest fragments (totaling 18760 ha). Only
eight fragments (3%) were larger than 100 ha. The
mean area of all conifer-dominated islands was 18 £
31.9 ha. Deciduous-dominated forest forms the major-
ity in the landscape. The mean area size of deciduous-
dominated fragments was 39 £ 199 ha. Due to the large
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variation in fragment size, the standard deviation was
high. This category included the three largest fragments
of the study area (1959 ha, 2090 ha and 2103 ha). Dur-
ing the search for Chinese Grouse, we found that this
bird can survive at very low density in deciduous-dom-
inated fragments when at least 5%—10% of the conifers
were left (Sun et al., 1999).

The mean size of habitat fragments (n = 16) occu-
pied by Chinese Grouse was 102 £+ 157 ha (range 5.7—
609 ha, median = 46 ha). The mean distance to the next
occupied habitat patch was 582 + 500 m (range 78—
1955 m, median = 450 m). The mean size of fragments
(n = 15), not occupied by Chinese Grouse was 8.5 *
11.5 ha (range 3.4-36 ha, median = 3 ha). The smallest
forest habitat patch occupied by Chinese Grouse was
only 5.7 ha. The matrix was alpine grassland, partially
interspersed with tiny (< 40 cm) shrubs of Potentilla
fruticosa. The minimum significant adequate model we
found (p < 0.01) was the full model including an inter-
action term of the two quantitative explanatory vari-
ables in this order:

occupancy by grouse ~ hs + doc + hs*doc

where hs is the habitat patch size and doc is the distance
to the next occupied fragment (see methods). The step-
wise model simplifications using the anova function in
S-PLUS did not allow us to reduce this model without
considerable loss of explanatory power. The larger the
habitat islands and the smaller the distance to the next
occupied habitat, the higher the probability that a habi-
tat fragment would be occupied by Chinese Grouse.
The reduction of deviance by including the three vari-
ables in the linear model was considerable; about 80%
of the original deviance (from 42.9 to 8.8) in the data
(Table 2). hs is more important than doc.

The probability that a habitat fragment was occupied
by Chinese Grouse increased with fragment size (Fig.
3). Above a fragment size of 50 ha, the probability a
habitat patch being occupied was 1.0. A fragment size
of 25 ha corresponded to a probability of occupation
of about 0.5 (50%). Habitats larger than denoted by the
dotted line (at about 40 ha) were always occupied.

The probability that a habitat fragment was occupied
by Chinese Grouse declined with increasing distance to
the next occupied fragment (Fig. 4). The 50%-thresh-
old is at about 1000 m. The upper limit appeared to be
about 2000 m (dotted line). Habitats outside this range,
except for one outlier at 5396 m, were not found to be
occupied.
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Discussion

Fragmentation of mountain forests in our study area is
a result of old historical land-use practices; dryness of
southern slopes, all valleys and lower slopes have been
transformed to grassland for grazing animals and in-
tensive clear-cutting during the last decades before the
reserve and the Yeliguan Forest Park were established.
According to Sun et al. (2003), habitat fragmentation
has the potential to affect negatively the Chinese Grouse
population in Lianhuashan. The low chick survival and
male-biased sex ratio found by Sun et al. (2003) are
consistent with models of the effects of habitat frag-
mentation on capercaillie Tetrao urogallus (Storaas and
Wegge, 1987; Kurki et al., 1997; Storaas et al., 1999).

Probability of occupation of forest fragments by
Chinese Grouse

Our main interest was to define factors limiting the
connectivity of the local population of Chinese Grouse,
including the minimum size of habitat fragments that
could be occupied and the maximum distances between
fragments that would allow the dispersal and coloni-
zation of distant forest patches. To occupy a habitat
successfully, its size (hs) appeared to be slightly more
important than the distance (doc) between habitats.
The effect of hs might have emerged even more clearly
if we could have included usable information about the
shape of these habitat fragments and therefore, about
the strength of edge effects into our analysis. Moreover,
whether Chinese Grouse occupy a habitat patch, or not,
in this landscape clearly depends upon the interaction
between hs and doc. This means that there is no simple

Table 2 Analysis of deviance table (Binomial model; response:
occupancy by grouse) produced by the S-PLUS function anova

df Deviance Resid. df  Resid.dev.  Pr(Chi)
NUL 30 42.94286
hs 1 17.33649 29 25.60637 0.00
doc 1 12.78574 28 12.82063 0.00
hs*doc 1 4.05611 27 8.76452 0.04

The terms (predictor variables) have been added sequentially.
Pr(Chi): probability obtained by a chi-square test that the
reduction in deviance (= goodness of fit) by including a new
variable is caused by chance alone (NULL model). The three
variables reduce significantly the residual deviance from 42.9 to
8.8.

doc: distance to the next occupied fragment; hs: habitat patch
size.
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Fig. 3 Relationship (logistic regression response curve) between
Chinese Grouse occupancy of fragmented habitats and fragment
size (ha) in a fragmented landscape in the Lianhuashan moun-
tains, Gansu Province, China. The dotted line marks the maxi-
mum size a habitat may not be occupied. Larger habitats were
always occupied.
1.0 }ooo@o o (?
0.8 '
06
04r

0.2r

Of,awo 000 | o® ) -

0 2000 4000 6000

Distance to next occupied habitat (m)

Probability a habitat is occupied

Fig. 4 Relationship (response curve) between Chinese Grouse
occupancy of fragmented habitats and their distance (m) to
the next occupied habitat in a fragmented landscape in the
Lianhuashan mountains, Gansu Province, China. The dotted line
marks the maximum distance the grouse are able to cover and
eventually occupy a new habitat in a fragmented landscape.

additive relationship between the two variables and the
occupation probability of habitats by Chinese Grouse;
the common effect is synergistic (multiplicative). Small
isolated habitat islands are disproportionately less likely
to be occupied than large, nearby habitats.

Complex, i.e. nonlinear relationships may also occur,
because the distances between the habitat islands in our
study are measured as linear distances. However, the
shortest distance between two suitable habitat patches
may not be a straight line, but may depend on various
environmental circumstances, such as landscape relief,
cover, obstacles, for example small shrubs, lakes and
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rivers, streets and other urban structures, agricultural
areas with hedges, as well as suitable stepping stones.

Based on our data, we found a clear threshold habitat
size of about 40 ha, above which fragments were more
often occupied (Fig. 3). On the other hand, suitable
habitat fragments farther than 2000 m from occu-
pied fragments obviously were inaccessible to Chinese
Grouse (Fig. 4). There may be a certain bias, because the
habitat patches included in our study were not sampled
completely by random selection, so, we cannot fully ex-
clude that there are even larger unoccupied patches.

Our results fit well with the idea of limited coloni-
zation of new habitat patches by individual birds of a
population depending on the degree of patch isolation
(Levins, 1969, 1970), which basically applies the classic
theory of island colonization by species (MacArthur
and Wilson, 1967) at the population level. It also is in
accord with results of similar studies on the closely re-
lated Hazel Grouse in Sweden; its occurrence in habitat
patches in intensively managed landscapes was also
negatively affected by increasing distance between suit-
able habitat fragments (Swenson 1991; Aberg et al.,
1995). The threshold distances for Hazel Grouse were
about 200 m in an agricultural landscape and 10 times
greater in forests, suggesting a strong effect of the ma-
trix. Hazel Grouse occupancy increased considerably in
habitat patches larger than 10 ha (10 ha is a mean terri-
tory size for this species in Sweden). Dispersal distances
of juvenile Hazel Grouse (September) were 4.8-5.7 km
in a forest landscape in NE China (Fang and Sun, 1997).
The Chinese Grouse is able to move over larger distanc-
es (upper limit 2000 m) in grassland with small shrubs
and up to 4 km in forests (Sun and Fang, unpubl.).

Conservation implications

Most of the 229 conifer-dominated patches identified
by the remote sensing technique can be regarded as
“habitat patches” for the Chinese Grouse, because they
are close to each other (open land barrier < 2000 m)
and the majority of patches is linked by large tracts of
deciduos forest and/or shrubland, allowing dispersal of
the grouse in summer. They need special conservation
attention. There are two ways to improve the Chinese
Grouse habitats on a landscape scale: 1) creating habitat
links by conifer plantations in places of large open land
barriers and 2) favoring conifer growth by natural suc-
cession or planting in deciduous and shrubland patches
(both require strict control of livestock grazing in these

© 2013 Beijing Forestry University and China Ornithological Society
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forests).

Larger habitat patches are most important for the
Chinese Grouse and biodiversity in general, because
there is room for more territories in a larger patch, sto-
chastic processes are more dramatic to species survival
in smaller patches, while predation pressure is higher
in landscapes with a higher degree of fragmentation
(smaller habitat patches).

In a fragmented landscape, the only way to enable
a species to disperse from one patch to the next is to
maintain a highly specific connectivity. On the basis of
our results, we have suggested to the Forest Administra-
tion of Gansu to connect the isolated forest fragments
of the Lianhuashan Reserve and the nearby Yeliguan
Forest Park and so to increase its connectivity for Chi-
nese Grouse. We also proposed habitat linking by corri-
dor networks with new plantations of conifers between
isolated forest fragments within the entire Lianhuashan
Mountain range. These suggestions have been accepted
and are being implemented. The first plantations have
been made, with the objective to form stepping stones
and corridors, so that open land barriers will be re-
duced to < 2000 m.
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