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The Siberian weasels (Mustela sibirica) and ferret badgers (Melogale moschata) sympatric in the Guandaushi
Forest are of particular interest because, with low density of rodent prey most of the time, weasels in this area
perhaps adapt their diets and may compete with ferret badgers.  Dietary and spatial relationships between the 2
carnivores were studied by scat analysis and capture-and-recapture rates from March 1995 to August 1998.
Diets of allopatric populations reported by others are referenced for comparison.  As expected, by switching to
arthropod prey and shrews, weasels in Guandaushi Forest consumed food items different from weasels in alpine
grasslands.  Ferret badgers in Guandaushi and Fushan forests consumed similar diets.  The dietary overlap
between the sympatric weasels and ferret badgers was substantial; however, the occurrence frequencies of
vertebrates, arthropods, and earthworms in their diets differed significantly.  The major groups of arthropod prey
of the 2 species differed; this might be related to their foraging behaviors.  Results from preliminary trapping
(March to November 1995) suggested that habitat segregation exists between weasels and ferret badgers in the
3 regions (A-C) which differ in habitat types. This pattern was confirmed in the main study period.  More weasels
were captured in region A than in the other regions, while a reversed pattern was observed for ferret badgers.
Intensive human hunting in the spring of 1996 removed most of the marked animals.  This provided an opportu-
nity to examine the significance of current competition on the observed patterns of habitat segregation.  Ferret
badgers were almost eliminated after the period of hunting.  The occurrence of weasels was not influenced by
hunting, or by the disappearance of ferret badgers.  This suggests that there is no evidence for current competi-
tion between weasels and ferret badgers, and coexistence is achieved by the differences in habitat preference,
diet, and foraging behaviors of the 2 species..
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Competition theory predicts that potential
competitors coexisting in a community should exhibit
niche differentiation or resource partitioning to avoid
competition (Begon et al. 1986, Ricklefs 1990).
Habitat, food, and time have been suggested to be
the most important niche dimensions in resource
partitioning between species (Pianka 1969,
Schoener 1986).  If the species fail to differentiate in
niches, they may compete with each other directly,
which, in theory, may lead to coexistence in a subop-
timal state (i.e., population size less than the carrying
capacity) or to the eventual exclusion of 1 species

(Volterra 1926, Lotka 1932).  Empirical studies deal-
ing with mammalian carnivores show that coexisting
carnivores tend to have different diets, habitat use
patterns, or activity patterns, indicating that it is a
common phenomenon for coexisting species to
have different niches (Maddock and Perrin 1993,
Tatara and Doi 1994, Crooks and van Vuren 1995,
Chuang and Lee 1997, Medina 1997).  Recently, re-
searchers have also found evidence for direct com-
petition (in the form of interference competition) be-
tween sympatric canids as well as other mammalian
predators (Thurber et al. 1992, Creel and Creel
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1996, Cohn 1998).
However, both intense and weak competition

can be implied by differences in resource use be-
tween sympatric species (Pimm and Rosenzweig
1981, Begon et al. 1986).  If currently competing spe-
cies coexist by virtue of niche differentiation, they
should retain the ability to expand their niches in the
absence of competitors (e.g., Lofgren 1995, Luo and
Fox 1995, Haken and Batzli 1996, Vaughan et al.
1996, Sorensen 1997).  Otherwise, alternative ex-
planations, such as “ghost of competition past”
(Connell 1980) and results of independent evolution-
ary courses (Begon et al. 1986, Law and Watkinson
1989) should be considered.

One way to verify the importance of current
competition is by experimental manipulation of 1
species (Wise 1984, Vassallo 1993, Luo and Fox
1995, Haken and Batzli 1996, Underwood 1997), or
by comparing the niches of sympatric and allopatric
populations (Clade and Macdonald 1995, Sorensen
1997).  Experimental conditions provided by natural
or anthropogenic catastrophes or events can also
serve the function of removal experiments (e.g.,
Lofgren 1995).

Four species of Mustelidae occur in Taiwan
(Chen and Yu 1984).  Among them, 2 species
(yellow-throated marten, Martes flavigula, and otter,
Lutra lutra) are rare, while the other 2 species
(Siberian weasel, Mustela sibirica, and ferret badger,
Melogale moschata) are common and are frequently
sympatric to each other (e.g., Lee 1994).  How the
latter 2 species coexist, or how they differ in terms of
resource use, are the main purposes approached by
this study.

Ferret badgers belong to the subfamily Melinae,
members of which are thought to be omnivorous
(Corbet and Hill 1992).  The major food items con-
sumed by ferret badgers in the Fushan Forest, a
subtropical moist hardwood forest in north-eastern
Taiwan, were earthworms and insects (Chuang and
Lee 1997).  Species in the genus Mustela are be-
lieved to be flesh-eating specialists that consume
vertebrate prey (Gittleman 1989).  They may also
feed on invertebrates to a varying degree (King 1991,
Korpimaki et al. 1991, Tatara and Doi 1994, Lode
1995, Murphy and Dowding 1995).  Siberian weasels
living in alpine grasslands in Taiwan mainly prey on
small mammals (Ma 1990).  However, unlike the
high montane areas with diverse and abundant small
mammals, mid-elevation forests in Taiwan, including
the present study site, are depauperate of terrestrial
rodents (Yu 1993 1994).  Only 1 species, the spiny
rat (Niviventer coxingi), can be found, usually at low
density (Lee 1994, Yu 1994, Wu and Yu 2000).  Al-

though several species of shrews (body weight less
than 10 g) are also present in these forests, they may
not be preferred prey for weasels (Churchfield 1990,
Ray 1998).  Considering the difficulties Siberian wea-
sels have in finding mammalian prey in these forests,
I hypothesize that they switch to alternative prey,
and, therefore, may compete with ferret badgers.
What prey items the Siberian weasels living in such
habitats depend upon, and whether they compete
with ferret badgers for common resources, are ex-
amined in this study.

In the spring of 1996, local hunters set traps and
snares within the study area. Interviews with the
hunters confirmed that they trapped some of the
marked animals. Although hunting only lasted a few
months, it had a devastating influence on the abun-
dance of animals. All ferret badgers and all except 1
weasel marked before mid-1996 disappeared. After
mid-1996, weasels soon established a new popu-
lation in the study area. However, no ferret badger
was captured during the same period except an
indivudual captured at the last trapping session.
The absence of ferret badgers after mid-1996 pro-
vided a condition of experimental removal of 1 spe-
cies and made it possible to examine the competitive
interactions of the 2 species. If competition exists be-
tween the 2 species, Siberian weasels would be ex-
pected to respond to the disappearance of ferret
badgers.

In this paper, I address 2 questions: (1) whether
the 2 carnivore species compete for food, by com-
paring their diets; and (2) whether the 2 species
compete for space, by comparing the spatial occur-
rence of the 2 species and the distribution of Siberian
weasels in the presence and absence of ferret
badgers.

MATERIALS AND METHODS

The study was conducted at the Guandaushi
Forest (24°04’N, 121°01’E) which is within the range
of the Huisun Experimental Forest Station of Na-
tional Chung Hsing University.  The climate is warm
and humid, and is characterized by distinct rainy
(May-September) and dry seasons (October-April).
The average annual temperature is 21 °C, and the
mean relative humidity is 83% (King and Hsia 1997).

The Guandaushi Forest is one of the 4 forest
sites of the long-term ecological research (LTER)
program in Taiwan (King and Hsia 1997).  The forest
site lies on an eastward slope extending from the
Guandaushi triburary to the Xiaochushan hilltop cov-
ering an elevational gradient from 850 to 1700 m.
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The natural vegetation is mainly subtropical rain for-
est dominated by Fagaceae and Lauraceae.  How-
ever, there are also patches of coniferous stands in
this area.

Siberian weasels and ferret badgers were
known to be sympatric in the study area from prelimi-
nary trapping attempts (May-November 1995).  The
main study period was from December 1995 to Au-
gust 1998.  The rugged terrain and the steep slope
deterred systematic trap arrangement.  Therefore,
traps were set on suitable sites along trails of about
5-km length. Nearly 100 traps were set at the most at
any occasion.  Some trap sites were abandoned due
to landslides or tree falls during the course of the
study.

Animals were captured with mesh-wire traps (24
x 15 x 11 cm) or Tamahawk traps baited with Pacific
saury (or Sanma fish, Cololabis saira) from local
market.  Captured animals were anaesthetized with
a combination of ketamine and thiazine-hydro-
chloride.  Sedated animals were weighed, measured
for body and tail lengths, and tagged with transpon-
ders for individual identification.

The study area was about 3 km2 and could be
divided into 3 regions (A, B, and C) by habitat types
(Table 1).  Traps in regions A and B were set for the
entire study period as well as the preliminary trapping
period.  Trapping in region C was discontinued after
June 1997 because of low capture rates for a year (3
animals/yr).

Traps were set for at least 4 consecutive days in
a trapping session every 2 or 3 mo.  Results of trap-
ping sessions were combined on a seasonal basis
(spring: March-May; summer: June-August; autumn:
September-November; winter: December-Februa-
ry); therefore, a total of 11 seasons were defined
(winter 1995- summer 1998).  There were 1 or 2 trap-
ping sessions per season. Intensive hunting oc-
curred during the early part of the study (especially in
spring 1996).  In order to compare the capture-and-
recapture rates of the target species in periods of dif-
ferent hunting pressure, the study period was divided

into 2 phases.  Phase I was from winter 1995 to sum-
mer 1996 during which hunting occurred, and phase
II was from autumn 1996 to spring 1998 when no
hunting was known within the study area.  However,
hunting in the neighboring areas never stopped.

The occurrence of the 2 species in the 3 regions
during the 2 phases were compared by their respec-
tive capture-and-recapture rates and numbers of
individual animals captured.  Capture-and-recapture
rate is used as an index of the relative activity of ani-
mals in each region, while number of individual ani-
mals captured indicates the relative abundance of
animals.  Capture-and-recapture rate was express-
ed as the frequency of captures and recaptures per
100 trap-nights (TN) corrected for unavailable traps
(King 1983).  The significance of the interactions in-
volving the main effects (phase, region, and species)
on capture-and-recapture rates was examined by
multiway analysis of variance (Sokal and Rohlf
1981).

Scat was collected for diet analysis from trapped
animals.   Scat samples were dried at 60 °C for 3 to
4 d and stored in paper bags.  Dried scat was soaked
in warm water; contents of the scat were identified by
comparing with reference collections and sorted into
6 categories: mammals (including shrew, rats, and
squirrels), birds, reptiles (including snakes and
lizards), amphibians (frogs and toads), earthworms
and arthropods (insects, millipedes, and centi-
pedes).  The occurrence of earthworms in scat was
determined by the presence of earthworm chaetae
or dirt nodules ingested by earthworms.

A total of 157 weasel scat and 17 ferret badger
scat was collected for diet analysis.  The sample size
of ferret badger scat was limited for 2 reasons: (1)
disappearance of ferret badgers made it impossible
to collect their scat in phase II; and (2) the nesting
behavior of ferret badgers in cages would mix up the
feces with nesting materials, litter, and dirt the ani-
mals collected from beneath the cages.

Diets were analyzed by percentage of absolute
occurrence (percentage of scat in which a food item

Table 1.  Characteristics of the 3 trapping regions in the study area

Region-A Region-B Region-C

Elevation 1400-1700 m 1150-1400 m 850-1150 m

Slope 13° 20° 37°

Vegetation secondary forest coniferous plantations primary forest

Terrain flat ridge leading to a middle slope of the slope descending to
hilltop follthill with arivulet the Guandaushi

running through tributary
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occurred) and percentage of relative occurrence
(percentage of the occurrence of a food item divided
by the total occurrence of food items in scat
samples).  The latter index is considered a reason-
able indication of the relative proportion of different
food categories (Medina 1997).  Standardized niche
breadth in the diet was calculated by Levin’s formula
(Krebs 1989).  Percentage of overlap was calculated
by Pianka’s adaptation of MacArthur and Levin’s for-
mula (Krebs 1989).  Differences between the diets of
the 2 species were examined by Chi-square test of
association.  Diets of Siberian weasles inhabiting al-
pine grasslands (ca. 3000 m in elevation) (Ma 1990)
and of ferret badgers in Fushan Forest (ca. 700 m)
(Chuang and Lee 1997) were included for com-
parison.

RESULTS

Diets of the two species

Arthropods and mammals were the most impor-
tant components of the weasel diet, being present in
69.4% and 41.4% of scat, respectively, followed by
earthworms in 28.0% of scat (Table 2).  Shrews,
probably Crocidura kurodai and Chodsigoa sodalis,
were the most important mammalian prey for
weasels.  Shrews were present in about 1/3 of wea-
sel scat.

Ferret badgers appeared to consume mostly
arthropods, fragments of which occurred in 94.1%,
or 16 out of 17 scat samples (Table 2).  Earthworms

were the 2nd most important prey for ferret badgers,
being present in 41.2% of scat (Table 2).

Diets of the 2 species in Guandaushi Forest dif-
fered significantly in the occurrence frequencies of
vertebrates, arthropods, and earthworms in their
scat (χ2 = 7.6, df = 2, p < 0.05).  Niche breadth in the
diet for Siberian weasels was greater than that of fer-
ret badgers (Table 2).

Compared with allopatric populations, niche
breadth of the 2 carnivore species in Guandaushi
were greater than that of weasels in alpine
grasslands, but were less than that of ferret badgers
at Fushan (Table 2).  The niche overlap index of the 2
sympatric species in Guandaushi was similar to that
of the 2 allopatric ferret badger populations, and was
larger than the indices for all other allopatric species
pairs (Table 3).

Spatial relationships of the two species

Preliminary trapping period

Traps were set in regions A and B during the
preliminary trapping period.  Ten Siberian weasels
and 4 ferret badgers were captured, marked, and re-
leased in a total of 744 TN, respectively.  The 2 spe-
cies have different distribution patterns in the 2
regions; weasels were present in both regions while
ferret badgers were found only in region B.  In region
A, weasels were trapped with a capture-and-recap-
ture rate of 2.39 per 100 TN.  In region B, the cap-
ture-and-recapture rates of the 2 species were simi-
lar (weasels, 0.67 per 100 TN; ferret badgers, 0.89
per 100 TN).

Table 2.  Diets of Siberian weasels and ferret badgers in Guandaushi Forest and 2 other
areas by scat analysis

Guandaushi Alpine grasslandsa Fushanb

Siberian weasels Ferret badgers Siberian weasels Ferret badgers

%AOc %ROd %AO %RO %AO %RO %AO %RO

Mammals 41.4 26.0   5.9   3.9 97.0 92.0  0 0
Birds   3.8   2.4   5.9   3.9   4.5   4.3  0 0
Reptiles   5.1   3.2   5.9   3.9   2.5   2.4  0 0
Amphibians 11.5   7.2 0 0   0   0    39.2 16.1
Arthropods 69.4 43.6 94.1 61.5   1.0   0.9 > 95.0 38.9
Earthworms 28.0 17.6 41.2 26.9   0   0  100.0 41.0
Gastropods 0 0 0 0   0   0      1.4   0.6
NBe 0.475 0.299 0.045 0.566
No. of scat 157 17 401 64

aData from Ma (1990).
bData from Chuang and Lee (1997).
cPercentage of absolute frequency of occurrence.
dPercentage of relative occurrence.
eNiche breadth, as calculated by Levin’s formula (Krebs 1989).
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Main study period

During the main study period from winter 1995
to summer 1998, 31 Siberian weasels and 15 ferret
badgers were captured 183 and 62 times,
respectively, out of a total of 9808 TN.

Regional differences of the 2 species observed
in the preliminary trapping period recurred in the
main study period.  The overall capture-and-recap-
ture rates for weasels in the 3 regions decreased
from region A to C (4.34, 0.79, and 0.22 per 100 TN
in regions A, B, and C, respectively).  For ferret
badgers, a reversed pattern was observed (capture-
and-recapture rate: region A = 0, region B = 0.79,
region C = 0.14 per 100 TN).

Capture-and-recapture rates of the 2 species
were affected by region and phase (hunting
pressure) differently.  The significance in the 3 first-
order interactions in the multiway analysis of vari-
ance (Table 4) indicates that the 2 species have dif-
ferent regional and temporal patterns of capture-
and-recapture rates.  For ferret badgers in phase I,
the capture-and-recapture rates increased from 0 in
region A to the highest in region C (Fig. 1).  In phase
II, only one ferret badger was captured once in a total
of 5556 TN.  Hunting and the disappearance of ferret
bagders did not have an obvious influence on the
occurrence of weasels in the 3 regions.  The regional
variation in capture-and-recapture rates for weasels
followed a similar pattern in both phases; the cap-
ture-and-recapture rates decreased steadily from re-
gion A to region C (Fig. 1).

Regional and temporal variations in numbers of
individual animals captured are similar to the pat-
terns in capture-and-recapture rates, especially for
weasels.  More weasels were recorded in region A
than in regions B or C (Fig. 1).  For ferret badgers in
phase I, more individuals were captured in region B
than in region C (Fig.1), although the capture-and-
recapture rate was higher in the latter.

DISCUSSION

Flexibility in diet

Siberian weasels

Siberian weasels in the Guandaushi Forest are
not exclusively flesh-eating specialists as generally
believed (Gittleman 1989, King 1989).  Instead, they
turn to alternative prey as hypothesized and depend
on invertebrates and shrews.  Their diet is different
from that of weasels in alpine grasslands (Ma 1990).
The difference between the 2 populations is not sur-
prising and could be related to regional differences in
small mammal abundance.  In high-elevation forests
and grasslands of Taiwan, there are at most 4 terres-
trial rodent species (Niviventer culturatus, Apode-
mus semotus, Microtus kikuchii, and Eothenomys
melanogaster) (Yu 1993).  But there is only 1 species
inhabiting forests at low to middle elevations, i.e., N.
coxingi, or spiny rat (Yu 1994).  Moreover, abun-
dances of high-mountain rodent species (e.g., Lin
and Shiraishi 1992, Yu 1993, Adler 1996) are higher
than that of spiny rats (Chang 1991, Lee 1994, Wu
and Yu 2000).  In other words, weasels at high eleva-
tions can live on the diverse and abundant small
mammal fauna (Ma 1990).  By contrast, weasels in
forests at low to middle elevations must rely on other
prey.  Thus, in the Guandaushi Forest, weasels be-
come opportunistic by turning to invertebrate prey.
They even include odorous shrews, often discarded
by other Mustela species (Churchfield 1990), in their
diet.  Therefore, I conclude that Siberian weasels are
opportunistic predators, depending on what is locally
available.  In the Tsushima Islands, Japan, where
there are few small mammals available, Siberian
weasels are also reported to have omnivorous and
opportunistic food habits (Tatara and Doi 1994).

Although weasels in Guandaushi switch to in-
vertebrate prey, they still retain the preference for
rats when available. In Guandaushi Forest, the popu-

Table 3.  Index of niche overlapa in diets of Siberian weasels and ferret badgers in
Gaundaushi Forest, Fushan Forestb, and alpine grasslandsc

Guandaushi Alpine grasslands

Siberian weasel Ferret badgers Siberian weasels

Guandaushi forest Ferret badgers 0.89
Alpine grasslands Siberian weasel 0.49 0.07
Fushan forest Ferret badgers 0.79 0.88 0.01

aCalculated by Pianka’s adaptation of MacArthur and Levin’s formula (Krebs 1989).
bData from Chuang and Lee (1997).
cData from Ma (1990).
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lation density of the spiny rat is low. The capture-and-
recapture rate in each trapping session was less
than 2.0 per 100 TN. However, more rats were cap-
tured in the mast year of Fagaceae trees than in
years of fruiting failure. There were also more spiny
rats identified from weasel scat in the masting sea-
son and the following winter than in other seasons
(Wu, 1999). Linked fluctuations in the amount of
seed crops and numbers of rodents and weasels
have been reported in high-latitude forest communi-
ties (King 1983, Pucek et al. 1993, Jedrzejewski et
al. 1995, Murphy and Dowding 1995). Interactions
among these 3 trophic levels in subtropical forest
ecosystems deserve further attention.

Ferret badgers

Ferret badges in the Gaundaushi and Fushan
areas have similar diets; the major food items are
arthropods (mainly insects) and earthworms
(Chuang and Lee 1997).  The similarity in habitats
with similar available prey may explain the high diet
overlap between the allopatric ferret badgers.  In
Guandaushi Forest, ferret badgers were mainly cap-
tured in traps alongside rivulets.  In Fushan Forest,
the animals frequent stream banks and open valleys.
Nevertheless, there are some differences in diets
between the 2 allopatric populations, such as higher
percentages of occurrence of earthworms and frogs,
and lack of rat, bird, and lizard fragments in the
Fushan population, which led to the 2-fold difference
in their niche breadths.

Competitive relationship between sympatric
Siberian weasels and ferret badgers

Dietary relationship of the two species

Both Siberian weasels and ferret badgers in
Guandaushi consume substantial and similar por-
tions of arthropods and earthworms (Table 2), result-
ing in the higher diet overlap between them in com-

parison to allopatric species pairs (Table 3).
However, there are readily observed differences:
more vertebrate prey (especially shrews) in weasel
and more arthropods in ferret badger diets.  Although
differences in resource use between sympatric car-
nivores may permit long-term coexistence, a sub-
stantial niche overlap preserves the potential for fu-
ture competition between the 2 species (Crooks and
van Vuren 1995, Holbrook and Schmitt 1995).

By having overlapping yet different diets, do the
2 species in Gaundaushi compete for food directly?
This is not likely for 2 reasons.  First, although they
both consume a large proportion of arthropods, the 2
species feed on different groups of arthropods.  At

Table 4.  Results of multiway analysis of variance on
capture-and-recapture rates by species, phase, and
region

Source of variation df F p

Species 1   8.557 0.005
Phase 1   0.058 0.811
Region 2   6.811 0.003
Species x phase 1   5.088 0.029
Species x region 2 15.413  0
Phase x region 2   3.624 0.035
Species x phase x region 2   0.386 0.682

Fig. 1.  Means and standard errors of seasonal capture-and-re-
capture rates (frequencies of captures and recaptures per 100
trap-nights, or TN) for Siberian weasels and ferret badgers in re-
gions A, B, and C (1400-1700, 1150-1400, 850-1150 m in
elevation, respectively) in phase I (winter 1995 - summer 1996)
and phase II (autumn 1996 - spring 1998). Hunting by local
people in the study area prevailed in spring 1996.  Trapping in
region C stopped after summer 1997.  The number on top of each
bar indicates the number of individual animals captured in each
region.
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the moment, it is difficult to identify the heavily
chewed arthropod fragments in scat to the level of
order or family.  However, from the identified frag-
ments, I found that orthropods, adults of coleopter-
ans and centipedes were common in weasel scat,
while coleopteran larvae were frequently recorded in
ferret badger scat.  More detailed examination of the
arthropod fragments in the feces would help to differ-
entiate the diets of the 2 species.

The 2nd reason is that the 2 species differ in
their foraging behaviors.  Siberian weasels seem to
search in forest litter and on the ground for shrews,
orthopods, adult beetles, and millipedes.  It is also
likely that they find these prey in caves or crevices.
Ferret badgers might dig out their prey (earthworms
and coleopteran larvae) from soil and rotten logs.  I
suggest that Siberian weasels and ferret badgers in
Gaundaushi do not have direct dietary competition
with each other because they forage for different
groups of animals in different ways.

Spatial relationship of the two species

In addition to food, sympatric species may com-
pete for other resources, such as foraging grounds
and nest sites (Crooks and van Vuren 1995, Dooley
and Dueser 1996, Robertson 1996, Vaughan et al.
1996, Sorensen 1997).  Spatial segregation due to
interference competition or interspecific territoriality
has been reported between sympatric carnivores
(Lofgren 1995, Creel and Creel 1996, Cohn 1998)
and is suggested to be a way to reduce food compe-
tition (Clade and Macdonald 1995, Cohn 1998).

Competition between Siberian weasels and fer-
ret badgers for space in the study area was sus-
pected by the patterns observed in the preliminary
trapping period and in phase I, i.e., the higher cap-
ture-and-recapture rates of weasels in region A than
in region B, and the reversed pattern for ferret
badgers.  In phase II when ferret badgers disap-
peared, the regional difference in the capture-and-
recapture rates of weasels remained.  In other
words, in the absence of ferret badgers, weasels did
not invade the region formerly occupied by ferret
badgers. Interspecific competiton as the driving
force for niche partitioning is often refuted by the lack
of niche extension or shift in 1 species in the ab-
sence of the other (Arlettaz et al. 1993 1997,
Vassallo 1993).  Therefore, I suggest that region A is
the preferred habitat for weasels, and the spatial
segregation between the 2 species may not be the
result of food competition.

The conclusion that region A is the preferred
habitat for Siberian weasels needs further elabora-
tion.  Some weasels were captured in regions B and

C. However, most captures in region B were in winter
or were of old or weak individuals.  These weasels
were mainly captured in region A during their resi-
dency and were only present in region B for a short
time.  All 4 animals captured in region C were adult
males that were captured only once.  Compared with
regions B and C, region A sustained a breeding
population with adults of both sexes and young ani-
mals that stayed in the study area for 1-17 mo (Wu,
unpubl. data).  More studies are needed to determine
the microhabitat features preferred by Siberian
weasels.

The coexisting Siberian weasels and ferret bad-
gers in Guandaushi Forest have overlapping yet dif-
ferent diets, and they prefer different habitats.  The
differences are not the result of niche shifting in the
presence of competitors, but are more likely due to
well-established individual species characters.  It is
these species-specific characters that make coexist-
ence possible as suggested by studies on other ani-
mals (Arlettaz et al. 1993 1997 for bats, Vassallo
1993, Sekijima and Sone 1994 for rodents).  In other
words, there is no severe current competition for
food or space between the 2 species where they oc-
cur sympatrically.

Acknowledgments: I thank the Huisun Experimen-
tal Forest Station of National Chung Hsing Univ. and
the staff for permission to work in the station and for
their logistical support.  I am grateful to Dr. M.Y.
Chen for inviting me to join the LTER project; to Drs.
J.J. Yang, L.L. Lee, and Mr. S.A. Chuang for techni-
cal advice; and Dr. H.T. Yu for comments on an early
draft of the manuscript.  I acknowledge those who
participated in and contributed to field work and scat
analysis, especially J.W. Chen, S.M. Chen, C.Y. Hu,
P.J. Lee, S.Y. Lee, L.L. Liu, M.H. Tsai, H.S. Wen, and
C.W. Zhan.  The study was supported by the Nation-
al Science Council, R.O.C. (NSC 84-2621-B001-
A07, NSC 85-2621-B001-003-A07, NSC 86-2621-
B001-002-A07, NSC 87-2621-B001-002-A07) and
the Institute of Zoology, Academia Sinica.

REFERENCES

Adler GH. 1996.  Habitat relations of two endemic species of
highland forest rodents in Taiwan.  Zool. Stud. 35: 105-110.

Arlettaz R, N Perrin, J Hausser. 1997.  Trophic resource partition-
ing and competition between the the sibling bat species
Myotis myotis and Myotis blythii.  J. Anim. Ecol. 66: 897-
911.

Arlettaz R, M Ruedi, J Hausser. 1993.  Trophic ecology of two
sibling and sympatric species of bats, Myotis myotis and
Myotis blythii (Chiroptera, Vespertilionidae), first results.



450 Zoological Studies 38(4): 443-451 (1999)

Mammalia 57: 519-531.
Begon M, JH Harper, CR Townsend. 1986.  Ecology: individuals,

populations and communities.  Oxford: Blackwell Scientific
Publ.

Chang SW. 1991.  The population ecology of Niviventer coxingi
in the Miantienshan area. Master’s thesis, National Taiwan
Univ. (in Chinese).

Chen JTF, MJ Yu. 1984.  A synopsis of the vertebrates of Taiwan.
Taipei: Council of Agriculture. (in Chinese).

Chuang SA, LL Lee. 1997.  Food habits of three carnivore spe-
cies (Viverricula indica, Herpestes urva, and Melogale
moschata) in Fushan Forest, northern Taiwan.  J. Zool.,
Lond. 243: 71-79.

Churchfield S. 1990.  The natural history of shrews. Ithaca, NY:
Cornell Univ. Press.

Clade D, DW Macdonald. 1995.  Evidence for food competition
between mink (Mustela vison) and otter (Lutra lutra) on
Scottish islands.  J. Zool., Lond. 237: 435-444.

Cohn J. 1998.  A dog-eat-dog world?  BioScience 48: 430-434.
Connell JH. 1980.  Diversity and the coevolution of competitors,

or the ghost of competition past.  Oikos 35: 131-138.
Corbet GB, JE Hill. 1992.  The mammals of the Indomalayan

region.  New York: Oxford Univ. Press.
Creel S, NM Creel. 1996.  Limitation of African wild dogs by com-

petition with larger carnivores.  Conserv. Biol. 10: 526-538.
Crooks KR, D van Vuren. 1995.  Resource utilization by two in-

sular endemic mammalian carnivores, the island fox and
island spotted skunk.  Oecologia 104: 301-307.

Dooley JL, RD Dueser. 1996.  Experimental tests of nest-site
competition in two Peromyscus species.  Oecologia 105:
81-86.

Gittleman JL. 1989.  Carnivore group living: comparative trends.
In JL Gittleman, ed. Carnivore behavior, ecology and
evolution. Ithaca, NY: Cornell Univ. Press, pp. 183-207.

Haken AE, GO Batzli. 1996.  Effects of availability of food and
interspecific competition on diets of prairie voles (Microtus
ochrogaster).  J. Mamm. 77: 315-324.

Holbrook SJ, RJ Schmitt. 1995.  Compensation in resource use
by foragers released from interspecific competition.  J. Exp.
Mar. Biol. Ecol. 185: 219-233.

Jedrzejewski W, B Jedrzejewski, L Szymura. 1995.  Weasel
population response, home range, and predation on ro-
dents in a deciduous forest in Poland.  Ecology 76: 179-
195.

King CM. 1983.  The relationships between beech (Nothofagus
sp.) seedfall and populations of mice (Mus musculus), and
the demographic and dietary responses of stoats (Mustela
erminea), in three New Zealand forests.  J. Anim. Ecol. 52:
141-166.

King CM. 1989.  The advantages and disadvantages of small
size to weasel, Mustela species.  In JL Gittleman, ed. Car-
nivore behavior, ecology and evolution. Ithaca, NY: Cornell
Univ. Press, pp. 302-334.

King CM. 1991.  Body size-prey size relationships in European
stoats Mustela erminea: a test case.  Holarc. Ecol. 14: 173-
185.

King HB, YJ Hsia. 1997.  Establishment, progress and perfor-
mance of the Taiwan ecological research network program.
In HB King, S Hamburg, YJ Hsia, eds. Long-term ecological
research in east Asia-Pacific region.  Taipei: Taiwan For-
estry Research Institute, pp. 83-96.

Korpimaki E, K Norrdahl, T Rinta-Jaskari. 1991.  Responses of
stoats and least weasels to fluctuating food abundances: Is
the low phase of the vole cycle due to mustelid predation?

Oecologia 88: 552-561.
Krebs CJ. 1989.  Ecological methodology.  New York: Harper and

Row.
Law R, AR Watkinson. 1989.  Competition.  In JM Cherrett, ed.

Ecological concepts, the contribution of ecology to an un-
derstanding of the natural world.  Oxford: Blackwell
Scientific, pp. 243-284.

Lee LL. 1994.  Long-term ecological research in Fushan Forest-
mammal commuinty.  In CI Peng, CH Chou, eds. Biodiver-
sity and terrestrial ecosystems.  Taipei: Institute of Botany,
Academia Sinica, Monograph Series No. 14, pp. 433-440.

Lin LK, S Shiraishi. 1992.  Demography of the Formosan wood
mouse, Apodemus semotus.  J. Fac. Agr., Kyushu Univ.
36: 245-266.

Lode T. 1995.  Activity pattern of polecats Mustela putorius L. in
relation to food habits and prey activity.  Ethology 100: 295-
308.

Lofgren O. 1995.  Niche expansion and increased maturation
rate of Clethrionomys glareolus in the absence of
competitors.  J. Mamm. 76: 1100-1112.

Lotka AJ. 1932.  The growth of mixed populations: two species
competing for a common food supply.  J. Wash. Acad. Sci.
22: 461-469.

Luo J, BJ Fox. 1995.  Competitive effects of Rattus lutreolus
presence on food resource use by Pseudomys gracilicau-
datus.  Aust. J. Ecol. 20: 556-564.

Ma HC. 1990.  The ecology of Siberian weasel (Mustela sibirica
davidiana) in alpine grasslands of Taiwan-study of feeding
habits, habitat and population.  Master’s thesis, National
Taiwan Normal Univ. (in Chinese).

Maddock AH, MR Perrin. 1993.  Spatial and temporal ecology of
an assemblage of viverrids in Natal, South Africa.  J. Zool.,
Lond. 229: 277-287.

Medina G. 1997.  A comparison of the diet and distribution of
southern river otter (Lutra provocax) and mink (Mustela
vison) in southern Chile.  J. Zool., Lond. 242: 291-297.

Murphy EC, JE Dowding. 1995.  Ecology of the stoat in
Nothofagus forest: home range, habitat use and diet at dif-
ferent stages of the beech mast cycle.  New Zealand J.
Ecol. 19: 97-109.

Pianka ER. 1969. Sympatry of desert lizards (Ctenotus) in west-
ern Australia.  Ecology 50: 1012-1030.

Pimm SL, ML Rosenzweig. 1981.  Competition and habitat use.
Oikos 37: 1-6.

Pucek Z, W Jedrzejewski, B Jedrzejewski, M Pucek. 1993.  Ro-
dent population dynamics in a primeval deciduous forest
(Bialowieza National Park) in relation to weather, seed
crop, and predation.  Acta Theriol. 38: 199-232.

Ray JC. 1998.  Temporal variation of predation on rodents and
shrews by small African forest carnivores.  J. Zool., Lond.
244: 363-370.

Ricklefs RE. 1990.  Ecology. 3rd ed. New York: WH Freeman.
Robertson DR. 1996.  Interspecific competition controls abun-

dance and habitat use of territorial Caribbean damsel-
fishes.  Ecology 77: 885-899.

Schoener TW. 1986.  Resource partitioning.  In J Kikkawa, DJ
Anderson, eds. Community ecology: pattern and process.
Melbourne: Blackwell Scientific, pp. 91-126.

Sekijima T, K Sone. 1994.  Role of interspecific competition in the
coexistence of Apodemus argenteus and A. speciosus
(Rodentia, Muridae).  Ecol. Res. 9: 237-244.

Sokal RR, FJ Rohlf. 1981.  Biometry. San Francisco: WH
Freeman.

Sorensen MFL. 1997.  Niche shifts of coal tits Parus ater in



Wu − Competition between Sympatric Carnivores 451

Denmark.  J. Avian Biol. 28: 68-72.
Tatara M, T Doi. 1994.  Comparative analysis on food habits of

Japanese marten, Siberian weasel and leopard cat in the
Tsushima islands, Japan.  Ecol. Res. 9: 99-107.

Thurber JM, RO Peterson, JD Woolington, JA Vucetich. 1992.
Coyote coexistence with wolves on the Kenai Peninsula,
Alaska. Can.  J. Zool. 70: 2494-2498.

Underwood AJ. 1997.  Experiments in ecology. Cambridge:
Cambridge Univ. Press.

Vassallo AI. 1993. Habitat shift after experimental removal of the
bigger species in sympatric Ctenomys talarum and
Ctenomys australis (Rodentia, Octodontidae).  Behaviour
127: 247-263.

Vaughan RK, JR Dixon, JL Cooke. 1996.  Behavioral interference
for perch sites in two species of introduced house geckos.
J. Herp. 30: 46-51.

Volterra V. 1926.  Variations and fluctuations of the numbers of
individuals in animal species living together.  Reprinted in
RN Chapman, Animal ecology.  New York: McGraw-Hill.

Wise DH. 1984.  The role of competition in spider communities:
insights from field experiments with a model organism.  In
DR Strong, D Simberloff, LG Abele, AB Thistle, eds. Eco-
logical communities: conceptual issues and the evidence.
Princeton, NJ: Princeton Univ. Press, pp. 42-53.

Wu HY. 1999.  Ecological study on Siberian weasel (Mustela
sibirica) in a subtropical forest in Taiwan.  In ES Kim, JS Oh,
eds. Proc. 3rd Int’l Conf. on LTER in the East Asia-Pacific
Region. Korea. p. 192.

Wu HY, HT Yu. 2000.  Population dynamics of the spiny country
rat, Niviventer coxingi, in a subtropical montane forest in
central Taiwan.  J. Zool., Lond. 250 (in press).

Yu HT. 1993.  Natural hiostory of small mammals of subtropical
montane areas in central Taiwan.  J. Zool., Lond. 231: 403-
422.

Yu HT. 1994.  Distribution and abundance of small mammals
along a subtropical elevational gradient in central Taiwan.
J. Zool., Lond. 234: 577-600.

�������������������������

��� 1,*

�������������������������������������������

�������������������������� 1995 ���� 1998 ��������	��

������	�����������������	���
����������������

������	
������������������������������������

���������
�����	�����������������������������

�����������������
����	���������������������

���������������������� 1995 ��������������������

����
�����	������������	�����
����� A � B � C �����

���	� A �� B �������� B � C �����	� A �� 1996 �����
�������

��������������
	����������������������������

�������������	�������������	�	��������������

������
����������������������	��������

�������������
	���������

1
���
����
��* �����
����������
�


