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Endemicity and Altitudinal Stratification in
Distribution of Megascolecid Earthworms in the
Centro-western Taiwan
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Abstract

Earthworm surveys were conducted in the centro-western Taiwan from the coastal plain at 50m in
elevation near the Tatu Estuary to Mt. Hohuan at 3,200m in the Central Mountain Range in 1999, 2000
and 2003. A total of 34 species of megascolecid earthworms were collected, consisting of 19 native
species and 15 exotic species. Most of the native species were woodland earthworms, dwelling primarily
in the mountain range and its peripheral hills. They showed altitudinal stratification in the distribution;
each species had its specific geographical area with the highest and the lowest altitudinal ranges.
Apparently, elevation defines the distributional ranges, and is one of the important factors for
autochthonous speciation of the native species. In contrast most of the exotic species were farmland
earthworms commonly found in the coastal plain and at the foot of peripheral hills, and showed the
altitudinal stratification only in the highest altitudinal ranges. Apparently, their species-specific
adaptability to climatic and environmental conditionsin the hill and mountain regions defines the highest
altitudinal ranges of their distribution. With the decrease in elevation, number of native species decreased
while number of exotic species increased, suggesting the presence of species shift from native forms to
exotic forms in the earthworm communities, and the shift was higher at low elevations than at high

elevations.

* This paper was presented at "International symposium on impacts of soil biodiversity on biogeochemical processes in ecosystems
& workshop on molecular methods in soil biological and biochemical diversity in terrestrial ecosystems” held in Taipel, Taiwan,
April 18-24, 2004.
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Introduction

M egascolecid earthworms are one of the
dominant terrestrial macro-invertebrates in the
eastern and southeastern Asia, and their
altitudinal distributions have been reported
sporadically. The highest elevation that has been
recorded so far is for Amynthas asiaticus
(Michaelsen), which occurs at 3,415 to 4,268m
in Tibet (Michaelsen 1902). It is followed in
decreasing order by Amynthas corticis (Kinberg)
at 3,659m in Sichuan of China (Gates 1972);
Perionyx hingstoni Stephenson at 3,354m at Mt.
Everest (Stephenson 1925); Amynthas wulinensis
Tsai, Shen and Tsai and Amynthas tessellatus
Shen, Tsai and Tsai at 3,200m at Mt. Hohuan of
Taiwan (Tsai et al. 2001; Shen et al. 2002);
Amynthas omeimontis kinabalu Sims and Easton
and Pheretima darnleiensis (Fletcher) at 3,100m,
and Pheretima saba Sims and Easton and
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Metapheretima elongata (Perrier) at 2,750m at
Mt. Kinabalu of Borneo (Sims and Easton 1972);
Metapheretima bulmeri (Gates), Amynthas
kaironkensis (Gates), and Amynthas schraderi
(Gates) at 2,530 to 2,560m in New Guinea
(Gates 1970);
(Michaelsen) and Amynthas dactilicus (Chen) at

Metaphire langbiangi

2,400m, respectively, in Vietnam (Michaelsen
1934) and at Mt. Omei in Sichuan of China
(Chen 1946); and Amynthas yamizoyamensis
(Ohfuchi) at 1,022m at Mt. Yamizo of Japan
(Ohfuchi 1935). According to literature thereis a
decreasing trend in highest altitudinal ranges
with the increase in latitude in the distribution of
megascolecid earthworms in the eastern and
southeastern Asia Also, there are evidences of
high endemicity and altitudinal stratification in
their distribution in highlands (Sims and Easton
1972).

Taiwan is an island situated between the
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tropical zone and the subtropical zone in the
western Pacific. The Central Mountain Range
runs from north to south, and is cut deeply by
valleys and mountain peaks of 3,000m to nearly
4,000m in elevation. It is the area of highly
diverse habitat with rich flora and fauna, and
homes of most of native animals. Prior to the
1970s most of the areas of the mountain range
were not easily accessible to man, and
earthworms that had been studied were only
those collected from coastal plains and
peripheral hills (Kobayashi 1938a, 1938b; Gates
1959; Tsai 1964). In the past few decades, cross-
island highways were constructed across the
mountain range, from where some earthworms
have been reported (Chen and Shih 1996; Tsai et
al. 1999, 2000b, 2000c, 2001, 2002, 2004; Shen
et al. 2002, 2003b).

This study was intended to relate the
distribution of terrestrial earthworms to
elevations with respects to native and exotic
species, and to determine their altitudinal

stratification in the centro-western Taiwan.

M aterials and M ethods

In 1999 and 2000 we conducted earthworm
surveys on the western slope of the Central
Mountain Range and its peripheral hills from
Chichi at 250m in elevation to the peak Wulin of
Mt. Hohuan at 3,200m along Rt. 14 A in the
central Taiwan (Tsa et al. 2001; Shen et al.
2003b). This highway was only primary road
that reaches to Mt. Hohuan in the Nantou
County. With its secondary mountain roads it
was only place accessible for earthworm
collection in the mountains. The earthworms

were collected from mountain slopes wetted by

spring waters, and from the piles of soil and
detritus at road sides and in roadside rainwater
drainage ditches. The earthworms collected in
the latter were those apparently washed down
from the mountains by heavy rainwater, trapped
in the ditches and aggregated in the piles of soils
and detritus. They were easily collected and
might be good representatives of the earthworm
communities in the mountains above.

In 2003 we made another survey along Rts.
14 and 139 on the coastal plain from Chichi to
the area around 50m in elevation near the mouth
of the Tatu River flowing into the Taiwan Strait
(Fig. 1). As there was no natural forest in the
coastal plain, we collected earthworms on dry
lands and drainage ditches in betel nut
plantations, fruit orchards, bamboo plantations,
schools, villages, and parks.

The coastal plain region was mostly flat
farmlands (rice paddies, vegetable gardens, fruit
orchards, bamboo plantations, and some betel
nut plantations) at elevations of 50 to 200m. It
was an area of intensive agricultural activities
and human disturbances. The peripheral hill
region was at elevations from 250 to 700m, and
covered mostly by betel nut plantations, fruit
orchards, and sparsely distributed broadl eaf
forests. The mountain region started from 700m
in elevation at the east of Puli to 3,200m at the
peak Wulin. The region was covered with
mixing broadleaf and coniferous forests at lower
elevations and coniferous forests and Yushan
cane (Yushania niitakayamensis (Hayata)) forests
at higher elevations, with sparsely distributed
fruit orchards and vegetable gardens. The
climates in the study area were subtropical
condition in the coastal plain and the peripheral
hills, warm temperate condition at low
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Fig. 1. Localities of earthworm collections (solid circles) in the centro-western Taiwan (open circles with

black center dots, urban centers; solid triangles, mountains; elevations in meter in parentheses).

elevations of the mountain range, and cold
temperate condition with snowfall in winter at
high elevations. The elevations were measured
by an altimeter and corrected by a map with
elevations. Earthworms collected were fixed in a
10% formalin-water solution for two days to a
week, and then preserved in a 75% ethyl alcohol-
water solution. Each individual was identified to
species.

A native species is a species that occurs
naturally in a restricted geographical area, and
thus, it is certainly speciated locally and
autochthonous (= endemic, indigenous) (Gates
1972). In contrast, an exotic species is a foreign
species introduced to a particular geographical

area. It is equivalent to a peregrine species, that

is a species of wide distribution in Michaelsen's
term (Edwards and Bohlen 1996), but it is more
commonly characterized as an anthropochorous
species, defined as a species transported by
humans, usually unintentionally (Gates 1972). In
this study the native species is one that occurs
only in Taiwan, while the exotic species is one
that occurs not only in Taiwan but also in other
parts of the world, particularly, in the
neighboring Mainland China and Southeast Asia
(Tsai et al. 20008a).

The number of species of earthworms
collected at an elevation was used as a species-
diversity indicator for that particular elevation.
Its altitudinal trend was determined using the

linear regression analysis for each of the three
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groups of the earthworms: native species, exotic
species, and total species (native + exotic). For
each group, cumulative numbers of species were
established with the increase in elevation. The
numbers were converted to percent cumulative
numbers and then to probits (Finney 1971). The
probit-elevation regressive equation was
established using the linear analysis. The
constant and slope of the equation was compared
among the three groups with the t-test (Zar
1984). For examining the changes in the
earthworm community structure in relation to
elevation, the similarity matrix was established
at each of the elevations for total species, using
Sorensen's similarity coefficient (S) (Krebs
1989). It was calculated with the formula S = 2a
| (2a+b+c), where a is the number of the same
species occurring at the two elevationsx and y, b
is the number of species occurring only at
elevation x, and c is the number of species only
at elevation y. Based on the similarity
coefficients, a dendrogram was established using
UPGMA clustering (Everitt 1980).

Results

A total of 2,163 specimens were collected
from 43 collections at 27 localities and 17
elevations. They were consisted of 19 native
species and 15 exotic species (Table 1). Their
distributions in relation to elevations are shown
inFig. 2.

Native species

Native species were widely distributed from
the coastal plain at 150m in elevation to the peak
Wulin of Mt. Hohuan at 3,200m in the Central
Mountain Range (Fig. 2). Each species occupied

a species-specific geographical area with the
highest altitudinal range and the lowest
altitudinal range, indicating the presence of
altitudinal stratification in the distribution.
According to the patterns of the altitudinal
distribution, the native species were divided into
five groups as follows:

Group 1: elevations 300 to 3,200m,
common and widely distributed in the peripheral
hills (subtropical climate) and the Central
Mountain Range (warm and cold temperate
climates). It was consisted of Amynthas
wulinensis (Tsai et al. 2001), Amynthas
tessellatus (Shen et al. 2002), and Metaphire
bununa (Tsai et al. 2000b). A. wulinensis and A.
tessellatus were found in elevations from 700-
800 to 3,200m. They showed an increasing
atitudinal cline in the characters of body length,
segment number and setal numbers for the
former species (Tsai et al. 2001), and of genital
papillae and associated accessory glands for the
latter species that had two distinct subspecies, A.
t. tessellatus and A. t. paucus, at the boundary
elevations of 1,000 to 1,100m (Shen et al. 2002).
M. bununa was one of the large earthworms (86-
352 mm in length) in the peripheral hills (300 to
600m) of Chungliao, Kuohsing, and Chichi. It
was not found in the coastal plain and at the foot
of the peripheral hills (250m) in Chichi, where
large exotic Amynthas aspergillus (Perrier) was
common. M. bununa made large piles of casts on
roadsides, grasslands and woodlands, and was a
common species of earthworm walking or killed
on highways. At Mt. Hohuan it was a common
dweller in the Yushan cane (Yushania
niitakayamensis (Hayata)) forest. Although the
number of specimens collected was small, they
tended to show a V-shaped vertical cline in total
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Table 1. Species and numbers of native and exotic megascolecid earthworms collected at 17 elevations in
the centro-western Taiwan, 1999, 2000 and 2003

Elevation(m)

Species 3200 3000 2300 2100 1800 1100 1000 850 750 600 500 300 250 200 150 100 50 Tota
Native

A. wulinensis 9 12 1 41 63
A. tessellatus 1 2 8 32 1 1 19 2 66
M. bununa 15 6 2 1 10 13 1 6 54
A. hohuanmontis 8 8

A. catenus 12 12
A. exiguus aquilonius 2 10 12
A. proasacceus 25 2 27
A. tantulus 19 19
A. wangi 1 1

A. fenestrus 8 2 10
A. uvaglandularis 10 53 28 91

M. taiwanensis 1 2 3

A. nanshanensis 3 71 74
A. tungpuensis 8 13 1 22

A. penpuensis 12 34 46
A. formosae 1 5 5 2 13
A. binoculatus 1 1

A. sexpectatus 6 6

A. swanus 2 5 7

Numberof species(N) 2 6 7 4 6 2 2 6 4 1 2 4 2 1 1 0 0 19
Number of individuals 10 64 5 72 6 3 9 15 4 13 2 18 7 2 5 0 0 5%

Exotic

A. corticis 104 9 15 1 5 16 16 166
A. gracilis 9 35 6 2 37 49 27 58 s 2 1 9 310
M. californica 38 4 1 n 3 19 5 38 119
A. rockefelleri 1 1 2 4
P. excavatus 7 1 1 51 5 10 75
A. morrisi 1 1 3 1 4 4 19
A. lautus 7 6 8 1 19 3 6 54
P. corethrurus 1 55 1 136 455 2 2 38 4 724
A. aspergillus 4 7 23 15 5 2 56
P. elongata 1 15 30 46
A. hupeiensis 1 1
A. incongruus 2 2
M. schmardae 3 3
M. posthuma 2 7 30 39
A. papulosus 1 9 10
Number of species (E) 0 0 0 3 1 6 3 2 3 7 7 9 13 4 8 5 6 15
Number of individuals 0 0 0 151 9 63 8 9 39 127 61 256 689 12 50 99 55 1628
Total (N+E)

Number of species 2 6 7 7 7 8 5 8 7 8 9 13 15 5 9 5 6 34
Number of individuals 10 64 58 223 77 66 17 166 8 140 63 274 6% 14 55 99 55 2163
Number of localities 1 1 1 1 1 2 2 1 1 1 2 2 2 2 2 2 3 24
Number of collections 1 4 1 1 3 2 2 1 1 1 3 8 6 2 2 2 3 43
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Fig. 2. Altitudinal ranges in distribution of the native species (solid columns) and the exotic species

(open columns) of megascolecid earthworms in the centro-western Taiwan.

length and segment number: lowest at 1,100m Central Mountain Range with cold temperate
and highest at 300-600m and 3,000m, while its climate. It was consisted of Amynthas
setal number decreased with the increase in hohuanmontis (Tsai et al. 2002), Amynthas
elevation (Table 2). catenus, Amynthas exiguus aquilonius, and

Group 2: elevations 2,300 to 3,200m in the Amynthas proasacceus (Tsai et al. 2001). The
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Table 2. Total length, segment number and setal number of Metaphire bununa at

different elevationsin the western slope of the Central Mountain Range of Taiwan

Elevation Specimen Total length ~ Segment Setal number
(m) number (mm) number VII XX XV
3000 (Hohuan) 15 196-286 103-154 79-112  82-111 10-21
2100 (Meifeng) 6 107-136 109-183  99-124 105-116  21-28
1100 (Wushe) 2 86-190 96-101 107-115 110-114  19-20
750 (Penpuchi) 10 202-246 128-182  100-104 91-107 20-26
300-600 (Chichi) 20 255-352 189-221  114-158 119-145  19-29

“Between male pores.

former two species occurred only at Mt. Hohuan
(3,000m), while the latter two species were also
found at the Rueyen Nature Reserve (2,300m).

Group 3: elevations 1,800 to 2,300m in the
Central Mountain Range with warm temperate
climate. It was composed of Amynthas tantulus,
Amynthas wangi, Amynthas fenestrus, Amynthas
uvaglandularis (Shen et al. 2003b), and
Metaphire taiwanensis (Tsai et al. 2004). A.
fenestrus and A. uvaglandularis were found from
Mt. Beidongyan (1,800m) to Rueyen Nature
Reserve (2,300m). They were small- to
moderate-sized earthworms, living in grass roots
or shallow soil on wet mountain slopes. M.
taiwanensis was the largest megascolecid
earthworm in Taiwan with a size up to 860 mm
in length. It was found only in the areas of Mt.
Beidongyan and the National Taiwan
University's High-Altitude Horticulture
Experimental Station in Meifeng (2,100m). A.
tantulus and A. wangi were collected only in the
Rueyen Nature Reserve at an elevation of
2,300m, an intermediate in the distribution
between Group 2 and Group 3.

Group 4: elevations 750 to 1,800m in the

lower mountain region associated with warm

temperate climate and the upper hill region
associated with subtropical climate. It was
consisted of Amynthas tungpuensis (Tsai et al.
1999), Amynthas penpuensis and Amynthas
nanshanensis (Shen et al. 2003b). A. tungpuensis
was found on the mountain slopes along the
Penpu Creek (750m), Nanshan Creek (850m)
and Dongyan Creek (1,000m), and A. penpuensis
along Penpu Creek and Nanshan Creek. A.
nanshanensis was distributed comparatively
widely from Nanshan Creek (850m) to Mt.
Beidongyan (1,800m), an intermediate in the
distribution between Group 3 and Group 4.
Group 5: elevations 150 to 500m associated
with the subtropical climate of lower peripheral
hills and the coastal plain. It was consisted of
Amynthas formosae (Michaelsen), Amynthas
binoculatus (Tsai et al. 1999), Amynthas
sexpectatus (Tsai et al. 1999), and Amynthas
swanus (Tsai 1964). A. formosae was a large
earthworm like M. bununa, and widely
distributed in the peripheral hills from Chiahsien
of Kaohsiung (Michaelsen 1922) to Neihu of
Taipei (= Pheretima yushi Tsai, 1964). A.
binoculatus was found in Wufeng, Taichung at

an elevation of 300m, and A. sexpectatus was
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collected only at Chilungshan near Chungliao,
Nantou (Tsai et al. 1999). Two specimens of A.
swanus were collected at the plain area of Chichi
and 5 specimens were from the plain near
Tsautun, Nantou. Except A. formosae that was
common, A. binoculatus, A. sexpectatus and A.
swanus were extremely rare in the lower
peripheral hills and the coastal plain. They may
be considered as the endangered species at the
edge of extinction.

Exotic species

The exotic species differed greatly from the
native species in their altitudinal distribution.
They were common in the coastal plain
(subtropical climate) and peripheral hills, and
were found in the mountain range only up to an
elevation of 2,100m (warm temperate climate).
Altitudinal stratification in the distribution was
found for the highest altitudinal ranges, but not
for the lowest altitudinal ranges (Fig. 2). The
above evidences suggest that the exotic species
are coastal plain dwelling species and their
highest altitudinal ranges in the distribution in
Taiwan depend on their species-specific
adaptability to altitudinal climates and
environmental conditions in the Central Moun-
tain Range and its adjacent peripheral hills.

The highest range of the altitudinal
distribution of the exotic species was 2,100m for
Amynthas corticis (Kinberg), Amynthas gracilis
(Kinberg) and Metaphire californica (Kinberg).
They were followed by Amynthas rockefelleri
(Chen), Perionyx excavatus Perrier and
Amynthas morrisi (Beddard) at 1,100m,
Amynthas robustus (Perrier) at 850m,
Pontoscolex corethrurus (Muller) at 750m, A.

aspergillus at 600m, and Polypheretima elongata

(Perrier) at 500m. Amynthas hupeiensis
(Michaelsen), Amynthas incongruus (Chen),
Metaphire schmardae (Horst), Metaphire
posthuma (Vaillant), and Amynthas papul osus
(Rosa) occurred only in the coastal plain at 250m
or lower.

A. corticis, A. gracilis and M. californica
were the most common farmland earthworms in
the coastal plain, peripheral hills and the Central
Mountain Range. A. corticis has been found at
2,134m at Mt. Everest (Stephenson 1925) and
3,659m in China (Gates 1972). It was common
in the central China (= Pheretima heterochaeta
(Michaelsen)) (Chen 1933) and in Japan as north
as to Hokkaido (Easton 1981). A. corticis has
been considered as a temperate species of
Chinese origin (Tsai et al. 2000a). A. gracilis
was found at 1,829m in the eastern Himalayas,
and has been considered to evolve in the
temperate zone (Gates 1972). The above three
common exotic species share a fairly similar
habitat requirement and adaptability to wide
ranges of climatic conditions in the coastal plain,
peripheral hill and mountain regions.

A. rockefelleri was found from Meichi and
Woushe (950 to 1,100m) in the Central Mountain
Range and the peripheral hills (500m) near
Kuohsing. It has been reported from the plains of
Hsinchu (Kobayashi 1938a, 1938b) and Taipei
(Tsai 1964). Apparently, it is more or less a
coastal plain dweller in the northern Taiwan but
a hill and mountain dweller in the central
Taiwan. In contrast to A. rockefelleri, A.
papulosus was found from coastal plain near the
Tatu Estuary to the plain near Tsautun, Nantou at
an elevation of 150m (Table 1), but it was found
in the mountain near Chiahsien of Kaohsiung at
an elevation of 400m (Michaelsen 1922). A.
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papulosus is a hill-dwelling species in the
southern Taiwan but a plain dweller in the
central Taiwan. A. rockefelleri is a warm
temperate species perhaps introduced from the
central China (Shen et al. 2003a), while A.
papulosus is a tropical species from Southeast
Asia (Rosa 1896; Gates 1939).

P. excavatus was found from the plain area
at an elevation of 100m to the hill and mountain
regions at an elevation of 1,100m (Table 1). In
Southeast Asia it is widely distributed from
tropical lowlands to the Himalayas at elevations
up to 2,744m (Gates 1972). A. morrisi was found
from the coastal plain near the Tatu Estuary to an
elevation of 1,100m in the central Taiwan. It has
been found at elevations up to 2,439m in
Sichuan, China and at the sea level near
Bombay, India to 1,982m in the Himalayas
(Gates 1972).

P. elongata was found at 250 to 500m in the
peripheral hill region of the central Taiwan. It
was found at elevations of 1,650 to 2,750m at
Mt. Kinabalu in the tropical Borneo (Sims and
Easton 1972), from the sea level to 1,067m in
Burma (Gates 1972), and on lowlands of the
Riukiu islands (Ohfuchi 1956). Apparently, P.
elongata is a tropical species originated from
Southeast Asia (Gates 1972), and its altitudinal
range decreases with the increase in latitude.

The remaining 7 species of the exotic
species were commonly found in the coastal
plain and the foot of its peripheral hills at
elevations of 250m or lower. Like A. corticis, A.
gracilis and M. californica, they are well known
exotic (= peregrine) species associated with
environments disturbed by human activities,
such as banana plantations, betel nut plantations,
fruit orchards, bamboo plantations, and city

Altitudinal stratification of earthworms

parks (Tsai et al. 2000d).

Number of species

Native species were extremely rare in the
coastal plain; only 2 species were found at 150
to 250m in elevations (Table 1). In the peripheral
hills and the Central Mountain Range, the
number of native species increased with
elevation, and showed a significantly, positively
linearly regressive relationship (Fig. 3A). The
maximum number of 7 species was found at
2,300m. Apparently, there was high endemicity
of megascolecid earthworms in the Central
Mountain Range at elevations of 1,800 to
3,000m.

In contrast to the native species, exotic
species were fairly common in the coastal plain;
atotal of 9 species were collected at elevations
of 200m and lower (Table 1). The maximum
number of 13 species was found at 250m at the
foot of the peripheral hills. With the increase in
elevation in the hill and mountain regions, the
number decreased to only 3 species at 2,100m.
No exotic species were found at elevations at
and above 2,300m. In contrast to the positively
regressive relationship between the number of
native species and elevation (Fig. 3A), the
number of exotic species showed a significantly
but negatively regressive relationship with
elevation (Fig. 3B).

For the total species (native + exotic), the
number showed a slightly but insignificantly
negative regressive relationship to elevations
(Fig. 3C). This suggested that there was a fairly
constant number of 8.6 species in average of the
earthworms at each elevation in the coastal plain,
peripheral hills and Central Mountain Range in
the central Taiwan.
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Altitudinal stratification of earthworms

Table 3. Probits converted from percentages of cumulative numbers of native species, exotic species and

total species (native + exotic) of megascolecid earthworms at 17 elevations in the centro-western Taiwan

Elevation (m)

Species 50 100 150 200 250 300 500 600 750 850 1000 1100 1800 2100 2300 3000 3200
Native
Number 0 0 1 2 2 5 5 5 8 10 10 10 13 13 17 19 19
% 0 0 53 105 105 263 263 263 42.1 526 526 526 684 684 89.5 100 100
Probit - — 338 375 375 437 437 437 48 507 507 507 548 548 625 - -
Exotic
Number 6 9 9 9 14 14 15 15 15 15 15 15 15 15 15 15 15
% 40 60 60 60 933 933 100 100 100 100 100 100 100 100 100 100 100
Probit 475 525 525 525 65 6.5 - - - - - - - - - - -
Total (N+E)
Number 6 9 10 11 16 19 20 20 23 25 25 25 28 28 32 34 34
% 17.6 26.5 294 324 47.1 559 58.8 588 67.6 73.5 735 735 824 824 941 100 100
Probit 4.07 437 446 454 493 515 522 522 546 563 563 563 593 593 656 - -
Cumulative number of species of species.

Probits of the percent cumulative numbers
of native species, exotic species and total species
are shown in Table 3. For each of the three
groups, the probit showed a positively, linearly
regressive relationship to elevation (Fig. 4).
When the probit-elevation regressive equations
were compared between the native species and
the exotic species, the exotic species had the
constant of 4.3345 and the slope of 0.0071, that
were, respectively, significantly higher than
3.7582 (t-value = 6.547, p < 0.01) and 0.001 (t-
value = 3.938, p < 0.01) of the equation of the
native species. These differences between the
two equations suggested that the exotic species
were highly dominant in the coastal plain and
had more rapid increment in the number of
species with the elevation in the coastal plain
and the lower peripheral hills, while the native
species were rare in the coastal plain and
occurred in the entire hill and mountain regions

with much slower increment rate in the number

The slope of the probit-elevation regressive
equation of total species was 0.0008, that was
significantly lower than 0.0071 of the exotic
species (t-value = 4.280, p < 0.01), but not
significantly different from 0.001 of the native
species (t-value = 0.0005, p > 0.05). At the same
time the constant of the equation of the total
species was 4.5699 that was significantly higher
but closer to 4.3345 of the exotic species (t-value
= 3.884, p < 0.01) than 3.7582 of the native
species (t-value = 5.573, p < 0.01) (Fig. 4). In
other words the total species that represents
earthworm community had the equation with the
constant closer to that of exotic species but with
the slope similar to that of native species. These
facts suggest that the changes in the earthworm
community with elevation in terms of the
increment in cumulative number of species was
strongly affected by exotic species in the coastal
plain but by native species in the hill and

mountain regions.
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y = 0.0008x + 4.5699

r=0911,df= 14, p < 0.01
y=0.0071x + 4.3345 .

= 0909, df =5, p < 0.01 "

A A -
; .o ¥ = 0.001x + 3.7582
s 4 r=0.928, df = 12, p < 0.01

Probit

L N 1 L I n " L Il

0 1000 2000 3000

=2

Elevation (m)

Fig. 4. Probit-elevation relationships for the native species (solid circles and solid line), the exotic species
(open circles and dotted line), and the total species (native + exotic, solid triangles and dashed line) of

megascol ecid earthworms in the centro-western Taiwan.

Table 4. A matrix of Sorensen's similarity coefficients among the megascolecid earthworm communities
at 17 elevations in the centro-western Taiwan

Elevation(m) 1 2 3 4 5 6 7 8 9 10 11 12; . 113 14 15 16 17

3200 Lo00 - - - - = - - - - - = e = - = -

3000 0.250 1.000 - - - - ~ = = - - - _ = = - =
2300 0222 0462 1000 - - - - - - - - - - - - - -
2100 0.222 0.154 0.143 1.000 - - B - - - - - - - = - -
1800 0.444 0.154 0429 0571 1.000 - - - - - - - - - - - -
1100 0200 0286 0.133 0533 0267 1.000 - - - - - - - - - - -
1000 0.286 0.182 0.167 0333 0333 0.615 1.000 - - - - - - - - - -
850 0.400 0.286 0.133 0400 0400 0375 0462 1.000 - - - - - - - - -
750 0.222 0308 0.143 0429 0.143 0533 0500 0667 1.000 - - - - - - - -
600 0.000 0.143 0.000 0400 0.000 0.625 0.154 0375 0.533 1.000 - - - - - B =
500 0.000 0.133 0.000 0375 0.125 0471 0429 0353 0375 0588 1.000 - - - - - =
300 0.000 0.105 0.000 0.400 0.100 0.571 0222 028 0400 0762 0.727 1.000 - - - - -
250 0.000 0.000 0.000 0273 0.091 0435 0200 0.174 0273 0.609 0583 0.714 1.000 - - - -
200 0.000 0.000 0.000 0.167 0.000 0308 0200 0308 0.333 0615 0.571 0556 0500 1.000 - - -~
150 0.000 0.000 0.000 0250 0.000 0353 0.143 0235 0375 0.706 0444 0545 0.667 0429 1000 - -
100 0.000 0.000 0000 0333 0.000 0.615 0.200 0.154 0500 0769 0.286 0556 0.500 0.600 0.571 1.000 -

50 0.000 0.000 0.000 0.000 0.000 0.143 0.000 0.143 0.154 0571 0400 0421 0476 0364 0.800 0364 1.000




14

Community structure

Sorensen's similarity coefficients ex-
pressing the levels of similarity in the com-
munity structure of the earthworms in terms of
species composition among 17 elevations are
shown in Table 4. The community structure at an
elevation tended to show certain similarity with
those of its neighboring or nearby €elevations, but
complete difference (coefficient = 0) from those
at elevations of farther distances. For examples,
the earthworm community at 3,200m in
elevation had some similarity to those at 3,000 to
750m, but completely different from those at
600m and lower, while the community at 50m
had some similarity to those at 100 to 1,100m,
but completely different from those at 1,800m
and higher. At 1,100m the community showed
some similarity with those at all elevations
above and below. There was a certain trend that
the similarity in the earthworm community
decreased with the increase in elevation.

A dendrogram expressing the result of the

UPGMA

Altitudinal stratification of earthworms

cluster analysis based on Sorensen's similarity
coefficients showed that the earthworm
communities in the centro-western Taiwan were
able to divide into two groups according to their
atitudinal distributions (Fig. 5). They were the
earthworm communities dominated by native
species at high elevations of 750 to 3,200m in
the Central Mountain Range, and the
communities dominated by exotic species at low
elevations of 50 to 1,100m in the coastal plain
and peripheral hills.

Discussion

The species of native earthworms were
found only in Taiwan and thus, they were
certainly speciated within the island. They were
found in the Central Mountain Range and its
peripheral hills, and rarely found in the coastal
plain. Their distributions showed altitudinal
stratification; each species had its own specific
highest range and lowest range of elevation (Fig.

I 50m

b 150 m

200m
250 m
300 m
500 m

100 m
| L 600 m
1100 m

750 m

850 m

1000 m
I 1800 m

2100 m

I ,

3200 m

3000 m

2300 m

0.04 0.20 0.36 0.52

0.68 0.84 1

Sorensen's coefficient

Fig. 5. A dendrogram based on the Sorensen's similarity coefficients among the earthworm communities

at 17 elevationsin the centro-western Taiwan.
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2). Apparently, climatic and environmental
conditions associated with elevations define the
distribution ranges of the native species, and are
one of the important factors for their
autochthonous speciation.

The distribution pattern of the exotic
species differed greatly from that of the native
species (Fig. 2). They are anthropochorous, and
likely originated primarily from the southern
China and Southeast Asia (Tsai et al. 2000a).
Apparently, most of them were accidentally
introduced to Taiwan with soils and roots of
plants brought from abroad. It is reasonable to
speculate that they first populated in disturbed
lands (farmlands) associated with the human
settlements in the coastal plain, and then
gradually spread into the peripheral hill and
mountain regions along with expansion of
human activities, particularly agriculture and
horticulture. The highest elevations for their
dispersion reached to the elevation of 2,100m,
and differed among the species, depending on
their adaptability to mountain environments,
such as climatic, soil and biotic conditions.

The presence of a positive trend for the
native species, a negative trend for the exotic
species, but the neutral trend for the total species
in the number-elevation relationship equations
(Fig. 3) suggested that there was a shift from
native species to exotic species in the earthworm
communities with the decrease in elevation. The
shift was higher at lower elevations than higher
elevations. In other words the introduction of
exotic species to Taiwan caused the replacement
of native species by exotic species rather than
the addition of exotic species to the native
species for Taiwan's earthworm fauna.

According to the probit-elevation
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relationship equations (Fig. 4), the cumulative
number of the exotic species was estimated to
reach to 100% (probit = 10) at an elevation of
798m. In other words, all species of the exotic
earthworms were found in the coastal plain and
peripheral hills, and thus, those found in the
Central Mountain Range were merely an
expansion of their distribution (Fig. 2). For the
native species the cumulative number to reach to
100% was estimated at an elevation of 6,242m.
As the highest peak in the Central Mountain
Range is Mt. Yushan of 3,952m, it is predicted
that megascolecid earthworms may occur in the
entire Central Mountain Range in Taiwan.
Native species have lived in natural
environments for their evolutional history. Each
of the species has developed its own particular
ranges of habitat and environment requirements
that were expressed as their altitudinal
stratification in distribution in this study. It is
reasonable to speculate that the entire island of
Taiwan was once covered with tropical forests
prior to the massive immigration of Chinese a
few centuries ago, and thus, the native
earthworms are woodland earthworms. When the
woodlands were converted to farmlands, the
natural habitat was destroyed, resulting in the
extinction of the native earthworms, while the
farmlands became favorable places for
propagation of exotic species, which are the so-
called farmland earthworms. Therefore, the
species shift from native species to exotic
species found in this study is attributable
primarily to the replacement of natural woodland
habitat to farmland habitat. Furthermore,
intensive use of insecticides and herbicides is
another factor contributing to the present scarcity

of earthworms in many parts of the island,
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particularly in the coastal plain.
Acknowledgements

We are grateful to Ms. C. H. Hsieh, a
teacher of Hsinchuang Elementary School, who
collected earthworms in Hsinchuang and
Kungming elementary schools, and Messrs. R.
C. Jang, H. P. Chen, J. W. Luo, M. H. Shen, J. L.
Lai, T. J. Lin, C. Y. Chang, C. T. Yao, and P. H.

Ho who assisted in field collections.

Literature Cited

Chen, J. H. and H. T. Shih. 1996. A preliminary
study of earthworms in Fushan Botanical
Garden. Chinese Bioscience 39: 52-59. (in
Chinese)

Chen, Y. 1933. A preliminary survey of the
earthworms of the lower Yangtze Valley.
Contributions from the Biological
Laboratory of the Science Society of China
(Zoology) 9: 177-295.

Chen, Y. 1946. On the terrestrial oligochaeta
from Szechwan I11. Journal of the West
China Border Research Society 16: 83-141.

Easton, E. G. 1981. Japanese earthworms: A
synopsis of the megadrile species
(Oligochaeta). Bulletin of the British
Museum of Natural History (Zoology) 40:
33-65.

Edwards, C. A. and P. J. Bohlen. 1996. Biology
and ecology of earthworms. 3" edition.
Chapman and Hall, New York.

Everitt, B. 1980. Cluster analysis. 2™ edition.
Gower Publishing Co., Hampshire.

Finney, D. J. 1971. Probit analysis. 3" edition.
Cambridge University Press, London.

Altitudinal stratification of earthworms

Gates, G. E. 1939. Thai earthworms. The Journal
of the Thailand Research Society 12: 65-
114.

Gates, G. E. 1959. On some earthworms from
Taiwan. American Museum Novitates
1941: 1-19.

Gates, G. E. 1970. On some New Guinea
earthworms. Australian Zoologist 15(3):
386-390.

Gates, G. E. 1972. Burmese earthworms: An
introduction to the systematics and biology
of megadrile oligochaetes with special
reference to Southeast Asia. Transactions of
the American Philosophical Society 62(7):
1-326.

Kobayashi, S. 1938a. Earthworms found in
Shinchiku, Formosa l. Zoological Magazine
(Tokyo) 51: 659-660. (in Japanese)

Kobayashi, S. 1938b. Earthworms found in
Shinchiku, Formosa Il. Zoological Maga-
zine (Tokyo) 51: 777-779. (in Japanese)

Krebs, C. J. 1989. Ecological methodology.
Harper Row, New York.

Michaelsen, W. 1902. Neue Oligochaeten und
neue Fundorte alt-bekannter. Jahrbuch der
Hamburgischen  Wissenschaftlichen
Anstalten 19: 1-54.

Michaelsen, W. 1922. Oligochéaten aus dem
Rijks Museum van Natuurlijke Historie zu
Leiden. Capita Zoologica 1: 1-67.

Michaelsen, W. 1934. Oligochéten von Franzo-
sisch-Indochina. Archives de Zoologie
Experimentale et Generale 76: 493-546.

Ohfuchi, S. 1935. On some new species of
earthworms from north-eastern Hondo,
Japan. Science Report of the Tohoku
University 10: 409-415.

Ohfuchi, S. 1956. On a collection of the



B E A PIEE 6(2) + 1-18, 2004

terrestrial Oligochaeta obtained from the
various localities in Riu-kiu Islands,
together with the consideration of their
geographical distribution (Part I). Journal of
Agricultural Science Tokyo Nogyo Daigaku
3:131-176.

Rosa, D. 1896. | Lombrichi raccolti a Sumatra

dal Dott. Elio Modigliani. Annali del
Museo Civico di Storia Naturale di Genova
Serie 2.7 16: 502-532.

Shen, H. P, C. F. Tsai and S. C. Tsai. 2002.

Description of a new earthworm belonging
to the genus Amynthas (Oligochaeta:
Megascolecidae) from Taiwan and its
infraspecific variation in relation to
elevation. The Raffles Bulletin of Zoology
50(1): 1-8.

Shen, H. P, C. F. Tsai and S. C. Tsai. 2003a.

Amynthas hsinpuensis (Kuo, 1995) as a
synonym of Amynthas rockefelleri (Chen,
1933) (Megascolecidae: Oligochaeta).
Endemic Species Research 5(1): 41-44.

Shen, H. P, C. F. Tsai and S. C. Tsai. 2003b. Six

new earthworms of the genus Amynthas
(Oligochaeta: M egascolecidae) from central
Taiwan. Zoologica Studies 42(4): 479-490.

Sims, R. W. and E. G. Easton. 1972. A numerical

revision of the earthworm genus Pheretima
auct. (Megascolecidae: Oligochaeta) with
the recognition of new genera and an
appendix on the earthworms collected by
the Royal Society North Borneo Expe-
dition. Biological Journal of the Linnean
Society 4: 169-268.

Stephenson, J. 1925. Oligochaeta from various

regions, including those collected by the
Mount Everest Expedition 1924.
Proceedings of the Zoological Society of

17

London 1925: 879-907.

Tsai, C. F. 1964. On some earthworms belonging

to the genus Pheretima Kinberg collected
from Taipei areain north Taiwan. Quarterly
Journal of the Taiwan Museum 17: 1-35.

Tsai, C. F, H. P. Shen and S. C. Tsai. 1999. On

some new species of the pheretimoid
earthworms (Oligochaeta: Megascolecidae)
from Taiwan. Journal of the National
Taiwan Museum 52(2): 33-46.

Tsai, C. F., H. P. Shen and S. C. Tsai. 2000a.

Native and exotic species of terrestrial
earthworms (Oligochaeta) in Taiwan with
reference to Northeast Asia. Zoological
Studies 39(4): 285-294.

Tsai, C. F, S. C. Tsai and G. J. Liaw. 2000b. Two

new species of protandric pheretimoid
earthworms belonging to the genus
Metaphire (Megascolecidae: Oligochaeta)
from Taiwan. Journal of Natural History 34:
1731-1741.

Tsai, S. C., H. P. Shen and C. F. Tsai. 2000c. A

new pheretimoid earthworm with latero-
dorsal genital papillae. Journal of the
National Taiwan Museum 53: 7-13.

Tsai, C. F, H. P. Shen and S. C. Tsai. 2001.

Some new earthworms of the genus
Amynthas (Oligochaeta: M egascolecidae)
from Mt. Hohuan of Taiwan. Zoological
Studies 40(4): 276-288.

Tsai, C. F, H. P. Shen and S. C. Tsai. 2002. A

new athecate earthworm of the genus
Amynthas Kinberg (Megascolecidae:
Oligochaeta) from Taiwan with discussion
on phylogeny and biogeography of the A.
illotus species-group. Journal of Natural
History 36: 757-765.

Tsai, C. F, S. C. Tsai and H. P. Shen. 2004. A



18

new gigantic earthworm of the genus
Metaphire Sims and Easton (Megas-
colecidae: Oligochaeta) from Taiwan with
reference to evolutional trendsin body sizes
and segment numbers of the Pheretima
genus-group. Journal of Natural History
38(7): 877-887.

Zar, J. H. 1984. Biostatistical analysis. 2™
edition. Prentice-Hall, Inc., New Jersey.

Altitudinal stratification of earthworms



FrEHPIHSE 6(2) + 19-26, 2004 19

Large Insect Diet of the Brown Hawk Owl
Ninox scutulata in the Central Taiwan
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Abstract

A total of 2,269 remains of large insects discarded aside by the brown hawk owl Ninox scutulata in
its noctural feeding were collected at intervals of two weeks under the road lamps in three areas of the
peripheral hills of the Central Mountain Range at elevations of 400-700m, November 1999 to December
2001. The results showed that in terms of number of the remains for the study period, insects of the order
Coleoptera and Lepidoptera were the most dominant with 844 (37.2%) and 751 (33.1%), respectively.
The second dominant group was Homoptera and Orthoptera with 249 (11.0%) and 188 (8.3%). In terms
of biomass Coleoptera was the most dominant with a total net weight of 481.1g (37.5%), while
Lepidoptera, Orthoptera and Homoptera had 262.9g (20.5%), 253.8g (19.8%), and 204.2g (15.9%).
Phasmida, Odonata, Megaloptera, Neuroptera, Lepidoptera, and Homoptera had high utilization rates
with 98.4%, 97.6%, 97.3%, 96.0%, 93.4%, and 91.4%. The above six orders of insects were highly
utilized by the owl at levels higher than 90.0% of their body weight. The group with lower rates was
made up of Coleoptera and Orthoptera at 73.0% and 70.6%.
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Large insect diet of the brown hawk owl
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I ntroduction

The brown hawk owl (Ninox scutulata) is
widely distributed in East Asiafrom the southern
Siberia to the Java and Borneo islands of
Indonesia. It was also recorded from the northern
Australia ( Konig et al. 1999; del Hoyo et al.
1999 ). It is composed of 11 geographical
subspecies, of which Ninox scutulata japonica
occurs in Taiwan (Konig et al. 1999; del Hoyo et
al. 1999). Voous (1988) suggests that N. s.
japonica is a common resident of Taiwan, but
Yao (1995) indicates that it is an uncommon
migratory bird wintering in Taiwan, while N. s.
tabago is a rare resident on the Layun Island.
According to our field observation and the bird-
watch records of local bird associations of
Taiwan, it seems that there are a rare resident
population and an uncommon migratory (visitor)
population of N. s. japonica in Taiwan. For the
latter it is still unclear whether it has the
wintering and summering populations. The
resident population inhabits mainly in peripheral
hills of the Central Mountain Range, while the

migratory population is found in windbreak

Accepted: March 29, 2004
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areas of the coastal plain from April to October,
and each visitor usually stays for afew days.

It has been known that the brown hawk owl
feds on large insects, such as beetles,
grasshoppers, and cicada, and also, occasionally
on small animals, such as mice, bats, birds,
lizards, snakes, frogs, and crabs (McCann 1933;
Ishizawa 1934; Kawaguchi 1937; Ikeda and
Ishizawa 1949; Abe et al. 1979; Tomita 1990).
The brown hawk owl prefers hunting near road
lamps, since a substantial number of insects are
attracted under light, their power box and power
wire are convenient sites for the owl to perch
with a good view, and the owl has an enough
space for hunting (Abe et al. 1979; Oba 1996).
When the owl catches a large insect, its tears it
up and discards aside its hard parts, such as
wings, wing sheaths, legs, and head, and eats the
remaining soft part of the prey. The insect parts
left under the road lamps provide evidence that
the ow! feeds on large insects (Taniguchi 1983;
Tomita 1990).

Little is known about biology and the
natural history of the brown hawk owl.

Furthermore, it has been categorized as the
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second-class preserve species defined as a
valuable and scarce bird in Taiwan (Yao 1995).
This study was intended to determine the kinds,
biomass, utilization rates, and seasonal changes
of large insects consumed by the brown hawk

owl.

M aterials and M ethods

Three areas in the peripheral hills of the
Central Mountain Range in the central Taiwan
were studied: Dar-Ken (12048E; 267415N),
Lain-Hwa-Chi (12055E; 264825N), and Wu-
Fang (12047E; 266150N) at elevations of 400m,
750m, and 450m, respectively. The areas were
covered with second growth forests mixing with
some natural and man-made forests. Brown
hawk owls in the areas apparently belonged to
the resident population, and of ten perched
nearby by road lamps to prey on insects and
other animals attracted by the light. The
observation could be conducted all the year
round.

In each of the three study areas, a digital
camera was used to monitor and to choose
proper road lamps for the study, and we located
three road lamps at each study areas for
following research. The food remains of two
pairs of the owls were collected, respectively, in
Dar-Ken and Lain-Hwa-Chi from November
1999 to October 2000, and of one pair in Wu-
Fang from January 2001 to December 2001. The
collection was conducted once every two weeks
at the end of the owls' daily nocturnal feeding
activity, about an hour before sunrise (Voous
1988). In the reconnaissance phase of this study,
the tape recorded by the digital camera revealed
that some of food remains were left by small
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diurnal birds that were also attracted by the light,
so that, we eliminated food remains before owl's
activity period to assure that the collected food
remains for data analysis were left only by the
owls. The food remains collected were dried at
50°C in an oven, and sorted according to their
attributes, such as head, chest, paired legs, wings
and wing sheaths. According to the method of
reverse, the attributes were used to re-establish
individual insects, identified to species, and
weighed to estimate the biomass by family and
order.

In order to estimate biomass and utilization
rate of different kinds of insects consumed by
the brown hawk owl, insects aggregated under
the road lamps were also collected by the light-
sucking trap. They were classified to family,
dried, weighed, and combined by order. The
reverse biomass (B) and utilization rate (U) for
each order was estimated according to the

following formula:

B=NxW
U= (B— b)x100/ B

where N is the number of large insect remains of
an order of insects; W is a mid point of average
complete individual weight of insect in the
order; and b isweight of remains of each order.
The seasonal percent compositions of large
insects consumed by the owl were compared
among the insect orders: March to May for
spring, June to August for summer, September to
November for fall, and December to January for

winter.

Results
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Largeinsects

A total of 2,269 large insect were collected
in the three areas during the study period,
consisting of 192 species, 44 families, and 10
orders. Lepidoptera was the most dominant and
had 91 species and 18 families, in which 39
species belonged to Sphingidae and Noctuidae.
Coleoptera was the second dominant group with
9 families and 51 species, in which 34 species
were Scarabaeidae and Cerambycidae. The third
largest group was Odonata and Orthoptera, that
had 4 families, 17 and 13 species, respectively.
The other orders were rare, each 1 to 3 families
and 1 to 6 species.

The largest number of insects collected was
Coleoptera and Lepidoptera, that had 844
(37.2%) and 751 (33.1%), respectively. The
second large group was Homoptera and
Orthoptera, with 249 (11.0%) and 188 (8.3%).
The third large group was Odonata and
Mantodea with 82 (3.6%) and 74 (3.3%).

Large insect diet of the brown hawk owl

Blattaria, Megaloptera, Neuroptera and
Phasmida had a few numbers: 45, 29, 5, and 2,
respectively (about 2.0% to 0.1%)(Table 1).
Scarabeidae of Coleoptera was the family that
had the largest number, 533 individuals,
consumed by the owl during study period
(23.5%). It was followed by Cicadiae,
Noctuidae, and Sphingidae with 11.0%, 9.8%
and 9.0%, respectively.

Total biomass

Total biomass of large insects consumed by
the brown hawk owl was 1,281.7g at the three
study area during the study period. Coleoptera
had the largest biomass with 481.1g (37.5%). It
was followed by Lepidoptera, Orthoptera and
Homoptera with 262.9g (20.5%), 253.8g
(19.8%), and 204.2g (15.9%), respectively.
Mantodea, Odonata and Blattaria had low
biomass of 31.8g (2.5%), 27.99 (2.2%), and
12.6g (1.0%), while Megaloptera had 6.49g

Table 1. Number, biomass, and utilization rate preyed by the brown hawk owl (percent in parentheses)

Number of large

Reversebiomass ~ Weight of total

Weight of  Utilization rate

Insect category ] Average biomass ) o

insect remains (B) remains (b) utilization (%)
Coleoptera 844 (37.2) 057+0.21 481.08 (37.5) 129.89 351.19 730
Lepidoptera 751(33.1) 0.35+£0.13 262.85 (20.5) 17.35 245,50 934
Homoptera 249 (11.0) 0.82+0.25 204.18 (15.9) 17.55 186.63 91.4
Orthoptera 188(8.3) 1.35+0.84 253.80(19.8) 74.62 179.18 70.6
Odonata 82 (3.6) 0.341+0.20 27.88(2.2) 0.67 2721 97.6
Mantodea 74 (3.3) 043£0.19 31.82(2.5) 5.09 26.73 84.0
Blattaria 45 (2.0) 0.28+0.10 12,60 (1.0) 1.76 10.84 86.0
Megaloptera 29(1.3) 0.22+0.09 6.38(0.5) 0.17 6.21 97.3
Neuroptera 5(0.2) 0.10£0.05 0.50(<0.1) 0.02 0.48 96.0
Phasmida 2(0.0) 0.31+0.12 0.62(<0.1) 0.01 0.61 98.4
Total 2269 1281.71 237.13 1044.58 815
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(0.5%). Phasmida and Neuroptera had the lowest
rates of 0.6g and 0.5g (less than 0.1% in total),
respectively (Table 1).

Utilization rate

Utilization of large insects by the brown
hawk owl was highest for Phasmida at 98.4%. It
was followed by Odonata, Megaloptera,
Neuroptera, Lepidoptera, and Homoptera with
the rates of 97.6%, 97.3%, 96.0%, 93.4%, and
91.4%, respectively. These six orders of insects
were considered as the highest group with the
utilization rate higher than 90.0%. The second
high group was Mantodea and Blattaria with the
rates at 84.0% and 86.0%, respectively.
Coleoptera and Orthoptera had the lowest rates
of 73.0% and 70.6%. The total remains of large
insects was 237.1g, and total biomass utilized
was 1,044.6q, so that average utilization of large
insects by the brown hawk owl was estimated to
be 81.5% (Table 1).

Seasonal changes

The major insect groups consumed by the
brown hawk owl were Lepidoptera, Coleoptera,
Homoptera, and Orthoptera. Lepidoptera and
Coleoptera were consumed all the year round
and composed of 64.0% to 78.1% of the total
biomass of insects consumed by the owl. The
highest rate was found in fall and the lowest rate
in winter. The second dominant group was
Homoptera and Orthoptera, that made up a total
of 23.8%; the former had 20% and the latter had
3.8%. In winter Orthoptera constituted 28.3%
and Homoptera 0%, while in spring and fall,
they was fairly similar at the rates of 8.9% and
6.3%, respectively, in spring, and 5.5% and 6.1%
in fall. For the orders other than those mentioned
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above, their percentage compaosition in the
biomass of insects consumed by the owl was
low, about 10.4% for all the year round.

The biomass of large insects consumed by
the brown hawk owl was estimated as 186.2g in
spring, 511.2g in summer, 367.5g in fall and
216.8g in winter. In spring, summer, and fall,
91.8% to 93.7% were made up of Lepidoptera,
Coleoptera, Homoptera and Orthoptera, while in
winter, Lepidoptera, Coleoptera and Orthoptera
consitituted 96.3% of biomass, of which 54.9%
was from Orthoptera. The orders other than
those mentioned above had low biomass

composition (Figs. 1 and 2).

Discussion and Conclusions

The brown hawk owl in the periphera hills
in the central Taiwan preyed on large insects,
primarily Lepidoptera, Coleoptera, Homoptera,
and Orthoptera. These four orders of insects
constituted 89.6% in number and 93.7% in
biomass of insects consumed by the owl.
L epidoptera and Coleoptera occurred all the year
round and thus, they showed no seasonal change.
Also, they were highly abundant, so that they
provided the basic food source for the owl. In
contrast, Homoptera and Orthoptera occurred
seasonally (summer and winter), and their
occurrence depended on weather conditions. For
instance, cicadas were abundant in summer, and
thus the brown hawk owl consumed more
cicadas than any other kinds of insects in this
period. In winter most insects were scarce with
the exception of Orthoptera. The grasshopper
such as Chondracris rosea became mature in this
season and provided large biomass for the owl's

consumption. The brown hawk owl also preyed
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Large insect diet of the brown hawk owl
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Fig. 1. Seasonal changes in the numbers of large insects consumed by the brown hawk owl.
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Fig. 2. Seasonal changes in the biomass of large insects consumed by the brown hawk owl.

on insects of Mantodea and Odonata, that supplied
large biomass as food for the owl in spring and
fall, but as compared to the above four groups,
they were still the minor food sources for the owl.
The brown hawk owl consumed the soft parts
of the insects, and discarded aside the hard parts,
but with exception of some insects, of that entire
bodies were swallowed by the owl. Although there

were some remains, they were so little and so light

that they were blown away, and could not
recovered under the road lamps. Such case might
occur for some insects of Lepidoptera, Neuroptera,
Odonata, Blattaria, and Phasmida. Therefore, the
biomass estimated by remains recovered might
result in underestimation. In addition some insects
have been known to be consumed by the owl, such
as Pyralidae, Lymantriidae, Hesperiidae, Asilidae,
and Tabanidae (Taniguchi 1983). However, they
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were not found in this study.

The consumption of Lepidoptera,
Homoptera, Odonata, Phasmida, Megaloptera,
and Neuroptera was higher than 91.4%. Only
their wings were torn apart and discarded aside
by the owl, that occupied avery small part of the
insects' body weight, so that their utilization
rates estimated were very high. In contrast to the
above insects, for Mantodea and Blattaria the
owl did not utilize their wings and legs, and
sometimes also discarded their whole thorax, so
that their utilization rate was calculated to be low
at 84% and 86%, respectively . For all insects
that the owl consumed, the utilization rate was
the lowest for Coleoptera and Orthoptera, since
the owl only consumed their abdomens, and
discarded head, thorax, wing-sheath, wings, and
legs of beetles and wings, jumping legs of
grasshoppers. Their abdomens occupied a very
small part of total body weight, so that the
utilization rates of these insects were low.
However, because their biomass was large, they
offered more energy than other insects, and
constituted a high composition of the owls' diet.

The results obtained in this study were
fairly similar to those obtained in Japan with a
single peak of the insect consumption in the
summer. However, there was longer food
consumption period from June to August in
Taiwan, but only a month from late June to mid
July in Japan (Taniguchi 1983). The seasonal
changes in the insect consumption by the owl is
caused by increasing food demand of fledges
(Taniguchi 1983). Why did it last for just a
month in Japan but several months in Taiwan?
Possibly, since the owl is a summering bird in
Japan, and stays in Japan only for five to seven

months. It starts breeding in April, incubates
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eggs in May, and fledges hatch in early June.
The fledging period lasts for a month, and then
they migrate to the south in late August or early
September. Therefore, young fledges must grow
and learn hunting techniques as quickly as
possible, before migrate south. It has a short
fledging period as compared to that of Taiwan.
In Taiwan the owl is a resident in the hill and
mountain areas and fledges have no pressure to
migrate, and their food resources are plentiful all
the year round, so that the parents may have
more time to raise the youngs, leading to a
longer fledging period.

Ishizawa (1934) used the stomach content
analysis to prove that the brown hawk owl eats
small insects, such as nocturnal moths, cranefly,
and stonefly. Food remains of these small insects
are minimal or even absent, because most of
them in the stomachs were intact. Many medium
or small birds such as the large-billed crow
(Corvus macrorhynchos), Formosan blue magpie
(Urocissa carerulea), red-headed babbler
(Stachyris ruficeps), grey-eyed nun babbler
(Alcippe morrisonia), lesser scimitar babbler
(Pomatorhinus ruficollis), Chinese bulbul
(Pycnonotus sinensis), black-naped blue
flycatcher (Hypothymis azurea), pied wagtail
(Motacilla alba), black drongo (Dicrurus
macrocercus), and Chinese white-eye (Zosterops
japonica) also hunt small insects and leave
remains like owls, though they hunt in different
time of aday. Therefore, it is essential to use the
stomach content analysis to obtain more precise
data on small insects preyed by the brown hawk
owl. Raptor diet was usually studied by the
method of fecal analysis, that examines prey's
remains in its feces. However, this method

alows only for identification of large items of
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preys, often resulting in overestimation of large
preys and underestimation of smaller ones
(Redpath et al. 2001). This problem still remains
for the food remain analysis, because small
insects are often entirely consumed, such as case

found for the brown hawk owl in this study.
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Seasonal Changes in Reproductive Hormones of
Female Formosan Black Bears (Ursus thibetanus
formosanus) in Captivity

@%‘ﬂfﬂi‘*fé, AE B A Y 4 b
P &b 2 fn IR

Keng-Ruel Chang', Frank Chiahung Mao', Chieh-Chung Yang® and Feng-Tse Chan®

2

1 z gl 2] 54 2 ok w2
RIKE O EEHR HEF 5 E

1Department of Veterinary Medicine, National Chung-Hsing University, Taichung, Taiwan

2Endemic Species Research Institute, Chichi, Nantou, Taiwan

I FRREHELAR & F T ERRK2509
CHHERREZBERA AMT AT o iR KA B

Abstract

Seasonal changes in serum reproductive hormones of three female Formosan black bears (Ursus
thibetanus formosanus) in captivity were studied monthly from April 2001 to May 2003 at the Low
Altitude Experimental Station of Endemic Species Research Institute. The LH concentration was
significantly higher (ANOVA, p < 0.05) in spring than those in other three seasons, but no significant
seasonal differences (p > 0.05) were found for the concentrations of FSH, prolactin, estradiol and
progesterone. Also, there were significantly positive correlations in concentrations between FSH and
progesterone, between LH and estradiol, between LH and progesterone, and between estradiol and
progesterone. The female Formosan black bears seem to be capable for breeding all the year round, but
spring is the major mating season. The results of this study provide important reproductive information
useful for the preservation of the Formosan black bear.
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Introduction

The family Ursidae consists of two
subfamilies: Ailurinae and Ursinae. The
subfamily Ursinae has 4 genera and 7 species, of
which brown bear (Ursus arctos), polar bear
(Ursus maritimus), American black bear (Ursus
americanus), and Asiatic black bear (Ursus
thibetanus) belong to the genus Ursus. The
Formosan black bear (Ursus thibetanus
formosanus) is a subspecies of the Asiatic black
bear (Wilson and Reeder 1993), and is the largest
carnivore endemic to Taiwan. It is an
omnivorous animal that lives widely in low to
high elevations of 2,000m to 2,500m, and active
in both day and night (Hwang et al. 2000). In
recent years it is at the verge of nearly
extinction, because of habitat destruction and
human interference. According to the wildlife
conservation law of Taiwan, in 1989 the Council
of Agriculture of the Executive Yuan listed the
Formosan black bear as an endangered species,
that is prohibited for hunting, possessing, or
killing. Because its population was extremely
low and rarely seen, very few studies had been
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conducted, and seasonal changes in its
reproductive hormones was lacking.

American black bear has hibernation and
delayed implantation. It is a seasonal breeder,
and its estrus is in May to July (Domico and
Newman 1988; Foresman and Daniel 1983;
Renfree and Calaby 1981; Tsubota et al. 1987;
Tsubota et al. 1997). For Asiatic black bear it is
suspected to be in heat and to mate in March to
December (Domico and Newman 1988). In
Taiwan the studies on the Formosan black bear
were limited to a few observations on its
distribution and activity in natural environments.
In terms of breeding, no hibernation has been
observed so far for this subspecies (Kenneth and
Wendell 1989; Hwang et al. 2000), and it
processes a peculiar reproductive status
characterized by induced ovulation, delayed
implantation for 5-6 months, and pseudo-
pregnancy (Chang et al. 1994; Yang et al. 2003).

Concentrations of serum reproductive
hormones, such as the follicle stimulating
hormone (FSH), luteinizing hormone (LH), and
prolactin, have been reported in female bears.
FSH and LH surge coincidently with an acute
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increase at the peaks of urinary oestrone
conjugate, behavioral oestrus, and urinary
estradiol in female giant panda (Ailuropoda
melanoleuca) (Monfort et al. 1989; Shi et al.
1991). The LH concentration is not significantly
different between March and December in
captive female American black bears housed at
Bear Country of USA, but higher in November
to December in free-ranging female bears
(Tsubota et al. 1998). The LH concentration is
low in January to April and higher in December
in Japanese black bears (Ursus thibetanus
japonicus) kept at the Akita, Japan (Sato et al.
2000). For female American black bears the
estradiol concentration is highest in March prior
to mating and in June during the mating season,
and then, followed by a significant decrease in
November and December (Tsubota et al. 1998).
In captive female Japanese black bears, serum
estradiol concentration is low in November and
December, high in January, and variesin April to
October (Sato et al. 2000). The prolactin
concentration pattern is similar to those of
estradiol, with elevated levels during the mating
season in June, decreasing slightly in July, and
low level in November to December in female
American black bears (Tsubota et al. 1998). In
free-ranging female American black bears,
progesterone concentration increases gradually
after mating to the peak in November to
December (Tsubota et al. 1998). In captive
female Japanese black bears, which include
animals of both known and unknown
reproductive status, serum progesterone
concentration is low from April to July, higher
after August and much higher in November and
December, and then returns to low in March
(Sato et al. 2000). Progesterone concentration is
higher in March to June than non-mating season
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for non-pregnant giant pandas, and its estradiol
concentration is higher during the spring mating
season (Lindburg et al. 2001; Etsuo et al. 2003).
This study was intended to obtain basic
information on reproductive hormones, FSH,
LH, and prolactin, in captive female Formosan
black bears, pertaining to their seasonal changes,
relationships, and reproductive traits.

M aterials and M ethods

Animals studied

Three female Formosan black bears were
used in this study. Each of them was paired with
a male bear in the breeding season each year.
Bear No.1 was from private donation and 9 years
old, Bear No.2 was confiscated from a hunter
and 8 years old, and Bear N0.3 was obtained
from a private amusement park and its age was
unknown. No.1 was kept with her male partner
in the enclosure from April to September 2001,
but without expressing mating behavior. No.2
was mated on March 22-23, 2001, May 5-9,
2002, and April 15-18, 2003. It produced a cub
in each of early November of 2001 and 2002.
However, the cub produced in 2002 died two
days after the birth. No.3 had an infection with
serious inflammation on the back in 2001, and
had no mating.

The bears studied were housed in covered
outdoor enclosures with ambient light and
temperature at the Low Altitude Experimental
Station of Endemic Species Research Institute
(120° 56'52.47"E and 24° 16'24.39"N) near
Taichung. The breeding climate and latitude
were fairly similar to those in their nature
habitat. The proper diet was provided according
to Yang et al. (2001). The times of estrus and
mating were observed and recorded.
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Sample collections and analyses

Blood samples were collected from the 3
female bears monthly from April 2001 to May
2003, except at the time of pregnancy, bearing,
nursing, and healthy problems. All bears were
anaesthetized with Zoletil 50 (10 mg/kg; Virbac
Co. Ltd., Taipei, Taiwan) and then, blood
samples were collected via jugular vein with the
intravenous method. Blood samples were kept at
room temperatures for 2 to 3 min for cooling,
and then centrifuged at 3,000 rpm for 10 min to
collect serum. The serum samples were frozen in
ice cube and sent to Apex' Medical Laboratory in
Taichung for analysis. FSH, LH, prolactin,
estradiol, and progesterone concentrations were
measured by an automatic immunoassay
instruments (Axsym™ system; Abbott
Laboratories, Taipei, Taiwan) with the enzyme-
linked immunosorbent assay (ELISA). Sample,
anti-hormone coated microparticles, hormone
assay buffer, and line diluent (0.1M phosphate
buffer) were combined in a well of the reaction
vessel (RV). Alkaline phosphatase conjugate was
added to the second well of the RV. After being
incubated, the reaction mixture was washed to
remove unbound materials. The substrate (4-
methylumbelliferyl phosphate) was added, and
the fluorescent product formed was measured by
the ELISA optical assemble. The assays
specifically quantified hormones with minimal
cross-reactivity (0.24%) with other endogenous
steroids. The assay sensitivity was 0.37 mlU/ml,
0.5 mlU/ml, 28 pg/ml, 0.6 ng/ml, and 30 pg/ml
for the FSH, LH, estradiol, prolactin, and
progesterone, respectively.

Statistical analyses
Data collected were grouped into 4 seasons:
spring (March-May), summer (June-August),
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autumn (September-November) and winter
(December-February). Individual reproductive
hormone concentrations for each season were
calculated as meantS.E., and compared among
the four seasons by ANOVA and Duncan's New
Multiple Rang tests. Relationships among the
hormones in the serum were also analyzed by the
correlation analysis.

Results

FSH concentrations were higher in winter
(1.72£0.37 mlU/ml), and then, followed by
autumn (1.62+=0.3 mlU/ml), spring (1.45
mlU/ml), and summer (1.2+£0.13 miU/ml)
(Table 1), while the LH concentrations were
significantly higher ( p < 0.05) in spring (4.3=*
3.3 mlU/ml) than those in summer (1.0 miU/ml),
autumn (1.01+0.01 miU/ml) and winter (1.02
+0.01 mlU/ml). The estradiol concentrations
were higher in spring (1.76 20.76 ng/ml) than
those in autumn (1.40.4 ng/ml), summer (1.36
+0.23 ng/ml), and winter (1.15+0.11 ng/ml),
but the differences were not statistically
significant (p>0.05). The prolactin concen-
trations were higher in summer (2.85+ 0.86
ng/ml) and then, followed by autumn (2.60 =+
0.85 ng/ml), winter (1.85+0.94 ng/ml), and
spring (1.49 ng/ml). The progesterone concen-
trations were higher in spring (2.24=+ 0.83
ng/ml) and winter (2.24=+1.32 ng/ml), highest in
autumn (3.831+=1.02 ng/ml), and lowest in
summer (0.56+0.14 ng/ml). Significant positive
correlations were found for the concentrations
between FSH and progesterone (r = 0.76,
p<0.05) and between LH and estradiol (r = 0.89,
p<0.05), but not between LH and progesterone (r
= 0.01, p>0.05) and between estradiol and
progesterone (r = 0.06, p>0.05).
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Discussion and Conclusions

This report first describes the seasonal
changes in concentrations of serum FSH, LH,
prolactin, progesterone and estradiol and their
relationships for the Formosan black bear. FSH
concentrations were highest in winter, lowest in
summer, while estradiol concentrations were
higher in spring (Table 1), suggesting that FSH
raises follicular action and started the estrus
cycle in spring. These phenomena are fairly
similar to those of other species of Ursidae; the
animals begin their reproductive cycle after
hibernation (Howell-Skalla et al. 2000;
Lundberg et al. 1976; Mead 1989; Tsubota et al.
1998).

Basal LH concentration in the American
black bear does not have seasonal difference
(Horan et al. 1993; Howell-Skalla et al. 2000),
but the concentration was highest statistically in
spring for the female Formosan black bear
(Table 1). This indicates that ovulation of the
Formosan black bear occurs in spring. This
result was supported by Tsubota et al. (1998)
who reported that the rise in serum LH
concentration during the peri-implantation

31

period suggests that LH may be luteotropic and
concomitant with the higher serum progesterone
concentration. The above demonstrates that there
is a positive relationship between LH and
progesterone concentrations.

Estradiol concentration of the Formosan
black bears was high in all the year round
without seasonal changes (Table 1), suggesting
that it has a yearlong polyestrous cycle with a
long reproductive capacity. Its reproductive
season in Taiwan is similar to that of male
American black bears in Virginia, while those in
North Carolina in the lower latitude zone were
earlier and longer (Garshelis and Hellgren 1994).
The above may indicate that the Formosan black
bears mate in spring, as that of the giant panda
(Lindburg et al. 2001). The mating season of
captive polar bears in Canadian Central Arctic
and Manitoba is in spring and of the North
American bears is in summer (Howell-Skalla et
al. 2002; Renfree and Calaby 1981). Therefore,
the breeding season is species specific in the
family Ursidae.

For American black bears housed in the
United States Department of Agriculture, their
serum prolactin concentration is lowest in

Table 1. Seasonal changes in concentrations (meanzS.E., n=20) of reproductive hormones for the female

Formosan black bearsin captivity

Items Spring Summer Autumn Winter

FSH, mlU/mi 1.45+0.001 1.20 £+ 0.13 1.62 £+ 0.30 1.72 £ 0.37
LH, miU/ml 430 + 33"  1.00-+0001° 101+ 001" 102+ 0.01°
Estradiol, ng/ml 1.76 £+ 0.76 1.36 + 0.23 1.40 + 0.40 1.15 + 0.11
Prolactin, ng/ml 1.49+0.001 2.85 + 0.86 2.60 £ 0.85 1.85 = 0.94
Progesterone, ng/ml 2.24 + 0.83 0.56 = 0.14 3.83 = 1.02 2.24 + 1.32

ab The concentrations were significantly different (ANOVA, p<0.05) between the numbers with superscript aand

superscript b.
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autumn and winter when daylight is short, and
then increases steadily during spring (Tsubota et
al. 1995). This supports this study that the serum
prolactin concentration in the Formosan black
bears rose with increasing day length (spring to
summer) and decreased with decreasing day
length (autumn to winter)(Table 1). Furthermore,
prolactin concentration plays an important role
in seasonal testicular function and cyclical
progesterone changes (Curlewis 1992). In
contrast, increasing serum prolactin inhibits
luteinic function and decreases serum prolactin
after activating corpus luteum (Tsubota et al.
1998). The results of this study showed that the
highest prolactin concentration was in summer at
the time when the progesterone concentration
was the lowest. The prolactin concentrations
decreased in autumn and winter at the time of
short daytime, allowing a subsequent blastocyst
implantation (Tsubota et al. 1998).

Progesterone concentration was higher in
spring (Table 1) for functional corpus luteum
formation, and increased in autumn to winter, as
the case found for the Hokkaido brown bear,
Japanese black bear, American black bear in
Rhode Island (Seager and Demorest 1986;
Tsubota et al. 1987; Foresman and Daniel 1983),
and giant panda without mating (Monfort et al.
1989; Shi et al. 1991). For Japanese black bears,
progesterone concentration increases in
November to February without mating (Sato et
al. 2001), similar to that of Formosan black
bears in this study. Progesterone concentration
was low in summer after oestrus, similar to that
reported for captive female American black
bears (Tsubota et al. 1998). The surge of
progesterone concentration in autumn is possible
with embryo implantation (Foresman and Daniel
1983; Tsubota et al. 1987; Palmer et al. 1988;
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Hellgren et al. 1990). Therefore, the pro-
gesterone concentration in Formosan black bears
changed as those of other animals with delayed
implantation, increased slightly during the
delayed implantation, and were higher during the
embryo implantation, such as the cases found for
American black bears and polar bears captured
in Manitoba and Beaufort Sea, and Hokkaido
brown bears (Foresman and Daniel 1983; Palmer
et al. 1988; Tsubota et al. 1987).

In conclusions, there are seasonal changes
in reproductive hormones in female Formosan
black bears, and the changes in the LH
concentrations are statistically significant. These
findings provided the important information for
the reproductive physiology and the
management of the Formosan black bear.
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A Production of Four Successive Clutches of Eggs by a
Female Grass Lizard (Takydromus stejnegeri van
Denburgh) in Captivity

B & P X %R EH (Takydromus stejnegeri)
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Chun-Fu Lin, Yen-Long Chen and Ya-Fen Tsai
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Endemic Species Research Institute, Chichi, Nantou, Taiwan

ITHREEZAGHAEDARRT T o AIBREFARE RELIR

Abstract

A female grass lizard Takydromus stejnegeri van Denburgh was captured after mating in the field on
24 April 2003. It was immediately brought back to the laboratory and kept under observation. It produced
four clutches of eggs from10 May to 22 June. The average time interval of the successive clutches was
14.75 days, and the average clutch size was 2.75 eggs. The production of the successive clutches without
mating in captivity may be due to the sperm storage in the female reproductive tract. The fertilization
ratio and hatching ratio were 100% for the first three clutches, but only 33.3% and none, respectively, for
the fourth clutch. The clutch order was significantly positively correlated with egg width and also with
egg weight. T. stejnegeri was an intermediate egg retainer, whose gestation (egg retention) period was at
an average of 25% of the total embryonic development period.
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Four successive clutches of T. stejnegeri
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Introduction

Lizards of the genus Takydromus
(Lacertidae) are small reptiles commonly found
in grasslands and bush areas. Females produce
two to several clutches of eggs during a single
breeding season (Loveridge 1945; Fukada 1965;
Huang 1998). For reptiles when gonadal
activities of both sexes are not synchronous,
sperm storage is evolved (Pough et al. 1998), so
that the sperms remain viable and fertile in
female reproductive tracts for many months
(Frisch 1963; Cuellar 1996a). However, there
was no information whether the Takydromus
lizards that produce successive clutches of eggs
have evolved with sperm storage capacity.

As embryonic development of a reptilian
egg is initiated immediately after fertilization,
and the egg must be retained within female
reproductive tract for a certain period for shell
deposition, a considerable embryonic
development has been preceded at the time of its
deposition. For most lizards, approximately 12 to
73% of the embryonic development have been
completed within the female bodies when eggs
arelaid (Shine 1983; DeMarco 1993).

Takydromus stejnegeri van Denburgh, 1912
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is a small, slender, long-tailed lizard endemic to
Taiwan. It is commonly found in grass and bush
environments. It is an oviparous animal and its
eggs are found from March to August (Lin and
Cheng 1990). Clutch sizes have been reported to
be 2 to 4 eggs (Cheng 1987; Lin and Cheng
1990). This study used a mated female of T.
stejnegeri in captivity to determine the clutch
frequency, clutch interval, clutch size, egg size,
egg weight, fertilization ratio, hatching ratio, and
percentage of embryonic development at the

time of egg deposition.

M aterials and M ethods

On April 24 2003, an adult female T.
stejnegeri was captured in the field near Shitan,
Maioli, Taiwan (Lat. 24° 33'N and Long. 120°
55'E, elevation 350m). Its back and abdomen
had fresh marks of being bitten with bloodstains,
and thus, it was confirmed to have just mated. It
was immediately brought back to the laboratory
of Endemic Species Research Institute in Chichi,
Nantou (elevation 240m), 80 km from the
captured site. The lizard was under observation
from 24 April to 11 July 2003, the period
corresponding fairly well with the breeding
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season of T. stejnegeri (Lin and Cheng 1990). It
was kept in a 1x0.5x0.5m (length x width x
height) terrarium, in that bricks, debris, woods,
grasses and awater dish were placed to mimic its
natural environments. Two carton shelters and a
20x10 cm container filled with moist soil and
fallen leaves were placed in the terrarium as its
resting and egg deposition sites. Once a day the
lizard was fed with mealworms (larvae of
Tenebrio molitor) until it stopped feeding, and
the number of mealworms consumed was
recorded.

The lizard was daily palpated to determine
the approximate time of its ovulation. When
eggs were observed in the terrarium, they were
removed and incubated in a 20x10 cm container
at ambient temperature. The time of ovulation,
the gestation period, and the time of egg
deposition of the lizard were recorded. The size
and frequency of the clutches, color, size and
weight of the eggs, the fertilization ratio, the
incubation period, and the hatching ratio were
also recorded. Each of the eggs was weighed to
the nearest 0.001g, and its length and width were
measured to the nearest 0.05 mm. Total
embryonic development period was the number
of days from the time of ovulation to the time of
hatching. The gestation (egg retention) period
was the number of days for eggs to have retained
in uterus before deposition. Egg incubation
period refered to the number of days from the
time of deposition to the time of hatching. The
percentage of embryonic development period at
the time of deposition was measured by the
proportion of the gestation period divided by
total embryonic development period. Spearman's
rank correlation analysis (Krebs 1999) was used
to determine the relationships between clutch
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order and each of egg length, width and weight,
and between the egg length and the egg width.

Results

The female lizard used in this study was 73
mm SVL. Its weight varied from 4.9g to 7.2g
during the study period. It laid eggs of a clutch
usually within aday in a den site with moist soil
and fallen leaves. After deposition, it left the site
and moved to foraging areas. It consumed O to 4
mealworms a day with an average of about two
mealworms. About three days before each of the
egg depositions, its appetite decreased and ate
only one mealworm, but after the deposition its
appetite immediately increased and ate 4
mealworms in the first feeding. Apparently, its
appetite fluctuated greatly during the breeding
season in correspondence with gestation and egg
deposition. It shed its skin once in the middle of
each of the gestation periods.

The color of fertilized eggs changed from
white to gray in correspondence with the
embryonic development. An infertile egg usually
remained creamy white for weeks after
deposition, and then gradually became yellowish
white later instead of gray. The fertilized eggs
were 10.49+0.37 mm (ranged between 10.00
mm to 11.30 mm) in length, 6.46+0.30 mm
(6.00 mm to 7.10 mm) in width, and 0.236t
0.019g (0.207g to 0.302g) in weight. The
fertilization ratios and hatching ratios were
100% for the first three clutches. For the fourth
clutch, only one egg of the three eggs was
fertilized but its embryo died on 8 July 2003.
The clutch order was significantly correlated
with egg width (r = 0.851, df =7, p < 0.01) and
egg weight (r = 0.714, df =7, p < 0.05). The egg
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length was not significantly correlated with egg
width (r = 0.055, df = 7, p > 0.05) and clutch
order (r =-0.214, df =7, p> 0.05),

After each of the egg depositions, we could
palpate the ova in the lizard at the second or
third days, and thus, the second day after the egg
deposition was assumed to be the time of
beginning ovulation and fertilization. The
gestation period was 16, 11, 12, and 20 days,
respectively, for the four successive clutches.
The egg incubation period was 38 days for the
first clutch, 41 and 42 days for the two eggs of
the second clutch, and 40 days for the third
clutch. The percentages of embryonic
development period at the time of deposition
were 25% 1 4% with a range between 20% and
30%.

Discussion

In this study the T. stejnegeri female was in
captivity alone after mating in the field, and
successively laid four clutches of eggs from 24
April to 22 June. The discovery of the second,
third and fourth clutches of this female lizard
without mating under captivity could only be
explained by the fact that female T. stejnegeri
stored sperms that were viable and fertile for at
least 41 days.

Sperm storage has been suggested to make
females less dependent on multiple mating and
to ensure multiple fertilizations of subsequent
clutches in the absence of males (Conner and
Crews 1980; Gist and Jones 1987). The capacity
for prolonged sperm storage in female
reproductive tract is highly developed in reptiles
(Birkhead and Moller 1998), and has been

reported in several lizard species, such as
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Tarentola m. mauretanica (Picariello et al.
1989), Calotes versicolor (Ruth Shantha Kumari
et al. 1990), Heteronotia bionei (Whittier et al.
1994), and Psammophilus dorsalis (Srinivas et
al. 1995).

On the other hands, seminal receptacles
may have evolved in the female reproductive
tracts to prevent sperms from being forced out of
the oviduct by the first egg of a clutch (Birkhead
and Moller 1998). Although seminal receptacles
increase the survival of spermatozoa, the
decrease in fertility in subsequent clutchesis also
an inevitable result; only 53% of the eggs in
second clutch were fertile, and 0% in third clutch
in Uta stansburiana (Cuellar 1966b), and 84% to
62% for three subsequent clutches in Chamaeleo
hoehnelii (Lin 1982). In this study the female T.
stejnegeri in captivity had 100% fertility for the
first three clutches but only 33.3% for the fourth
(last) clutch. The decrease in sperm fertility
during the storage period in the female tracts
(seminal receptacles) might be due to increase in
sperm senility, mortality and/or passive loss.

According to the time of mating and the
duration of gonadal activity, reptiles exhibit three
general types of reproductive cycles: associate
cycle, dissociated cycle, and continuous cycle
(Pough et al. 1998). For the associated cycle,
gonadal activities of both sexes increase almost
synchronously before mating, and then they
regress out with their breeding seasons. There is
no sperm storage by female. For the dissociated
cycle, the breeding season is short, and the time
for mating does not correspond well with the
time of the female gonadal activity. The species
with the dissociate cycle would evolve the
storage of sperms (Pough et al. 1998). For the
continuous cycle, gonadal activity of both sexes
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is sustained throughout most of a year in tropical
habitats, so that no sperm storage is evolved.

In this study, the reproductive cycle of T.
stejnegeri is likely to be the dissociated cycle.
The breeding season of female T. stejnegeri is
from March to August (Lin and Cheng 1990).
The spermatogenesis occurs all the year around
except for September and October (Cheng and
Lin 1977; Lin and Cheng 1990). Although
gonadal activities of both sexes regress
synchronously, the spermatogenesis increases in
November earlier than the timing of female
gonadal activity. The earlier spermatogenesis
might evolve to benefit male-male competition
for mating, and each female perhaps mates only
once.

In nature lizards are subjected to conflicting
energy demands for reproduction, escaping
predators, and foraging activities. In this study
the female T. stejnegeri in captivity produced
four clutches and 2.75 eggs per clutch, perhaps
resulted from the absence of predator and the
substantial availability of food. In lacertid lizards
the first clutch size and egg size are determined
mainly by energy reserves stored, but those in its
successive clutches were determined by their
subsequent energy intakes (Brana et al. 1991). In
this study the female T. stejnegeri in captivity
was provided with sufficient food supplies, so
that it produced larger and heavier eggs for the
latter clutches.

DeMarco (1993) proposed that sceloporine
lizards may be divided into brief egg retainer,
intermediate egg retainer, or extreme egg
retainer, according to gestation (egg retention)
period relative to the total embryonic
development period at the averages of 12.7%,
29.8%, and 73.7%, respectively. In this study the
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gestation period relative to the total embryonic
development period was averaged at 25%.
Accordingly, T. stejnegeri may be considered as
an intermediate egg retainer.

The results obtained in this study were
based on the observation of a single female T.
stejnegeri in captivity, and further studies are
required particularly in the field to shed light on
the reproductive pattern of this species.
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Abstract

An inventory survey of avifauna in the southern Taiwan was conducted in August 1997 to

December 2000. A total of 256 species were recorded at 118 sites, of which 106 species were found only

at less than 6 sites. When the species that had been reported in literature were also taken into account,

there were a total of 319 species in 16 orders and 59 families with 15 endemic species, 67 endemic

subspecies, and 78 protected species in the southern Taiwan. The species richness was highest at 1,500-
1,999m in elevations, while the similarity coefficient were highest between 500-999m and 1,000-1,499m,
and also between 1,500-1,999m and 2,000-2,500m. There was a hump-shaped relationship between the

species richness and the elevation gradient, possibly due to human disturbance, primary productivity,

historical vicariance, and biotic competition. Sampling effort and functional groups varieties, such as

foraging guilds or migrant status, should be considered in the examination of avian diversity and

distribution.
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{&(horizontal, then decreasing)fJ/ 2 #f » MiAME
& B T B8 (Colwell and Hurtt 1994;
Rahbek 1995; Lomolino 2001; Brown 2001) °
Rahbek(1995) %% B oOf[&l A~ [FI KE A A= VIR IR 72 5%
T > FERTA WIRS R A 12 o0 AT #8355 A i e
TIEEA o B8 W BRET Al RE B 20E F Y =
JEBE R EORE S T 2B /AR A ¢ (1)
K] & B 1 B 2 ZE 145 S (Colwel | and Hurtt
1994) : (2)HF R R IEE TR Y B B IR A A
(primary productivity)is;(McCoy 1990; Md. Nor
2001) 5 (3) R HE K E & K2 b
(speci ati on)3# & &% TR & i3k (Terborgh 1977;
Heaney 2001) o {HANFEI /M BHEE - IATAIH]
M A= RETHRERE (guil ds) B AN [FB R B 14 (migrant
status) 4= VKA th AT RE 28 B S 2
ANE RS B O 24 (Blake and Loiselle
2000) °

Sl 2 1L S8 > YEHka00mbL F
Mt A o5 A S THIAE A 2/3 © e H e LR
Fe ALARE EAE G R R o > HR SR R R
PEE3,997m(MR Kz JB 1974) - tLdt - BERY
MBS RENG > 320 $h I AT 5T AT 0 FE Bl P9 (E T B
TR KTV 722 (B 1993) o ¥ b B g 48
1t > ErEBE BRR  fefK B S BRI 1
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1971; Su 1984) - L HFFZ & iaH BEEE
& & e g s 2 E T E#{k (Orians 19609;
MacArthur 1972) : JTH2K » thg —LEfiffJe £
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2,000m35 Af[E 188 > 1F 2% AEER 715 55
(1) 77 6 By B R MR b 78 AE T i 4 i 328 Y
[ o RHEBRTTTEREST AT ~ P00 B R 091
U N3¢ ke o) 7 o ol A S 4 1 e =
EATIRFAERIFAN » MER TR A R
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1996) » BNAFH A 5 2 15— R [H € 2 S A B
F o VAR R AR LU/ NRFRY 1.5 ks
TR A - B LL2/INRE B 43 Bl A1 RE B
HRECEE > FEAC SRS AT R EAIES3 km o HESZ
PIFE IR S AR AT S -
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Fig. 1. Bird survey sites (stars with number) in Chiayi, Kaushong, and Pingtong counties in the southern

Taiwan. The numbers 1-118 are the site codes in appendix 1.
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AT EMIE o FAERE ST BHRA s SR
TR A B ) M 0 A b R R TR A R B R DA
0 1] B ) S o SR R AT Bk B R R (HU e
F~ P8RS ~ BoeE - HEIHLES - IR R
1TREER -

=~ BRI

AHFFE 3 Al FE B ST 205 R AE 32 Fe WA T B
P 1T 3 A 0 R B R B A R 120 (PR
1981 ; PRz %= 1982 : [ 1983 : [l 1987 ; 5k
1988 : ) 1988 > 1989a > 1989b > 1990 : |
1993 : Fk 1997 : ¥ 1997) ~ TF m it HA T BE N
AEAT IR A R RE U A A R 120 (R e
1982 : T 1986 : [ 1987 : {1] 1988 : =%
1989 : # 1991a: J& 1991 : 4E 1993 : & KAk
1993 : fREE 1994 : 5 1995 : ZE K £ 1999) %
TE R BRBR T B T TR A ) S JE R &
52058 (E 1985 ; -5 1989 5 PREE 1990 ;
1991b ; & 1992 ; §& 1992 : & 1993 ;
1993 : %% 1994 : FEZ 1995 : #| 1996
1996a° 1996b > 1997 : ZE K £&2 1997
1998 > 2000a > 2000b : ff 2000) » LlFe#&s5E

i

>k

&

s
5

73
73

L1 AWTERRE - TR SOE A FR A 1 2~

18] 5% 7 18 S5k P9 P 3 B0 R R BEAHE R < [F]
IF ¥ Howard and Moore (1991)(]4 B4 H%
Be i B[ B B8y (1995) 1) 418 S RH 4 85 2k
FURE AN S a5 S KA 53 B AT

BRI [FLE RS 8 M R T B
WA > AFFES I 55 (1991) B Hr 3
R 552 (1995) T E 6 25 IS T B8 72 i 1
(B gR11) o FEASSCHRER 3 A A 3R 2 2 BT IS 1
HELT or 2% - [FIRE ok B 5 B RS B M 5
T R EL T AT 55— 71 > ASHEFERF1181H
AR - BRI A 2 100m 1) 15 R Ml B 77 [
R B A 5 R o3 B — (RO
‘& HILL500mIF R a3 L (E 1 43 R e > 1T
1 AT A 1 3 2 [ &1 53 B < 100m ~ 100-499m ~
500-999m ~ 1,000-1,499m ~ 1,500-1,999m -
2,000-2,500m 5z >2,500m~ 7{[E#E T R &
7 5E Al (elevation ranges) © {H 3% %1 & g4 i ik
H TS FL AR HL A & R A 2 BE R 2 »
{50 A E AT 5 1 A 1t B T 5% 1L 1Y) 0 B A [ B
e AEERAET IR B LA s sk ) (3R 1) -

5 PO S W BORFUA T iy 3 Ay B 5 1) S 7
FELBCAEDUTE (similarity) » A & Seifs S PO

A R B R P RO S5k 1 I el

Table 1. Number of survey sites, survey hours, and species richness of birds at seven elevation ranges in

the southern Taiwan

Elevation Number of  Survey Total species Resident species
ranges(m) survey sites hours Orders Families Species Orders Families  Species
0-99 31 367 16 45 176 15 37 74
100-499 36 286 13 42 138 13 39 95
500-999 22 153 10 34 100 9 30 81
1000-1499 10 57 10 33 96 9 29 8l
1500-1999 41 10 30 93 8 27 82
2000-2500 49 28 84 7 25 72
>2500 17 20 48 5 19 46
Totd 118 970 16 55 256 15 47 140
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AW AEFAERENSEER S0 - BAH
Jaccard Index (JI, Ludwig and Reynolds 1988)
ARG T 24 v HRORE ] ] RS AR B ) RELL A £ B
(similarity coefficient) » HARBE T F0EI1.Z
il SHEARXATT -

Jd=al/(a+b+c)

Horf o agR[FINFAE RS EE SO A A R
RO BRI AHEL bR cHI I F R {EE B —
OB B AR

WA - £ ZZBRASIEI SRR 1 3 5 1 B
PER 2T ' B0 - RitsEH
LI A Ry B 8 8/ N IR & 931 3 A [ 11 &
Bl ZETF B T{E RSO B — A I T RE SR H
)7 22 S R BN o M FL v R P s 8 B -
R Y B Y ) B [ EHUIEAR MR
W) F 52 fF il 43 (species accumulation
curve) » 14> 58 (semil ogarithm) Bl AT F2 /£ {F
Fa )t 2 A DA TN 2 (Dawson 1981) °
NI - FEEHE 7TEE PO B —FR A [ FrRE %
TR B B 2 AT ASHESR BN SR A 2P
SRR E B 1 A 18] B 2 IR Bk 38/ [NISp 2 B
Jé: (B $51) 7E8/ NP A A 5% ) B NS s
& > DIBHEASE A S ) B i s 2 -
HEE AL -

SS=S +alogn: a=(S—S)/logt

B sRAENESS J1 8.2 T RTRER B
TS EE - SR -5 E 2 T RTRE?
RIS S  akSBESS 1 & Ao 5
IR SRAEHESS 1 8.2 T R BnY)
fe S B AL o

g X

H 199748 H %2 20004412H » > {51 e &S
MO T TR 118 IS > 0 8k E] S A
165 557} 256F# » fill_FH & SO & BRI L GO 8%
A 16 H 598 310f# (M k1) o Hrr » FEZERT
SCE% 15 B4R 213%E - il SR E RIS

1 o 1 S o SRS e AL oS B AL S AT

H 5524578 : & b % T30 #% A 15H 5181198
T o i ESCRRE RIS 16 H 558259 IR
Wi IR0 8% 45 16 H 5581 190F# » il STERE R}
HIf%16H 557124818 (£ R #kH3197H 5
M - B IS A S EE SRS - 0
5 8 (1) 6 O fd FF G i FE S SE o {F B SHME
(Phasianus colchicus) K #55(Tyto capensis) A
OaBIARCER - YA GRSt
Gt - H RS R § 128 : 2 EW
BIREFH43M - HAWKE 7RG HH237 o i
TR SCRRE B AR T 2 S A A SR B » DL
TETEFEFE ~ e e b oA [ & A A 8 S
AR > 63 SR A A L - (H2
45 B ¥ (Ciconia nigna) ~ HJ8 Rt (Aquila
heliaca) -~ # %f(Gallicrex cinerea) ~ /X Al k4
(Rallina eurizonoides) ~ L fi§ (Charadrius
veredus) ~ & {& (Charadrius placidus) ~ Bk
(Vanellus cinereus) ~ /)N ¥ & (Numenius
minutus) ~ Kl & & (Phalaropus fulicarius) ~
IS (Larus saundersi) ~ KD (Riparia
riparia) ~ B IS (Coracina
melaschistos) ~ /X #%fl8(Saxicola ferrea) ~ fa€a
& (Phylloscopus fuscatus) ~ FK 5B (Sturnus
cineraceus) ~ $hYEH5 5 (Sturnus sericeus) ~
% #£ (Coccothraustes coccothraustes) ~ B2 #
(Threskiornis aethiopicus) ~ [ & {8 8
(Copsychus malabaricus) ~ J[{IE %€ (Padda
oryzivora) ~ #L#{E%E (Amandava amandava)
F&IE MG TE 48 (Estrilda mel poda) & 2 4817 &
(Sturnus nigricollis) & 23f@ B3 - A& AHTFE
AT Rl s EI S A (B k11 -

AHH F2AE 11818 F 25 [ 1) #8325 BORs
970/ NRF o A I A R HUAT R S L
24/ NRFNEE > HLFR A0 ER AN S A BRI A S 15 %]
oofd 2 [ (B 1) - T A AL #% & 25618 S XA
T R B AEE - LUk HR (Zosterops
japoni ca) 1 95l 3 2x [ HH A Al #k i 5 HLK
JEPEMe(Hirundo tahitica)F 92{ i & -H A fT
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FHRME L % 46FH 4 S 3 ) » {H LL100-
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Fig. 2. Average numbers of bird species at seven elevation ranges in the southern Taiwan.
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2,500m;E R FH 1R ER KR T EL A 2 v ) FE DL
(3R2) o EWRHIERF2 72 S Lz
AR DU R BRI /N2 0.5(382) » TREMIREIR 5
J& 72 R 1,000mEL | o HAfEAH BT FEALL
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o {8 T IS ot [ T A RO B (1 3197 S
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63T 5 KH B AT FEFT#T AL B A 2318 40 - K
415 5 10 1 B R £ s /) B2 AT AR RE R
TR o AW FERrAC ik 256F R H -t
1067 14 AL 5% A 2 1o B ) > 618 (Y o5 R
[ B 11)5%) » BT 15 8 e IS bt T ) S A R o
o WD B SRR e IR S S A
FHE EIIEEH] » 5544 - AR TERcEa Itk fE
FSRH19fE - o S M s (B B 167 - 38

1 o 1 S o SRS e AL oS B AL S AT

S i 2R e RS o AR SR A E ARG YRR HAC S 8 T B
R T - 8 B G RRR AR SRR A RE
AT eSS R TR AR 1 5228 (3] 2000) ©
AT FE BT 15 18 e 505 Mt [ (1) 5 e

G BEZ T S R W B SR (K1) - fﬂ
LN SR DLE i B S B 1 T 1 ) S R S A T A T
B RIS E S RG0S e e
A S FHRE TR (inverse relationship) » 38 f BEEL
8 K o3 1 A8 B R % 5 (1atitudinal
migrants) FEEETEH ~ (KGR E R - Blake
and Loiselle (2000)7£Costa Rica#f i AAl &
T~ S8 R ST B HUE TS (elevation
migrants) 5 i [ =2 1 HORE R A AL 1T 2 BN [F]
VotE O RO R o R - TERRET S
B BRI B 2 R B AR IE - R
R E S FLER B 1 s A RE I RERE T /3
s P Al R B R -

—J7IH > AN S & R HOE A A
T [ B R A A R S B S T R T v T S ek (3R
1) BT AES N ENER >
A RE R PO B S i P [ B R
SRS (55 2001 : Wiens 1981) » & 275 &
FiTRE 28BS fl B AT gE <2 B 3% A& W R 2 S

2. RIFFEAT A RCE SR CA ARR 1 07) B B8 R B R B R RS A AR T ) (E EAEEHOE BRI

Jaccard LU AR

Table 2. Jaccard similarity indices of total species (above diagonal) and resident species (below diagonal)

of birds among seven elevation ranges in the southern Taiwan

Elevation ranges(m) <100

100-499  500-999

1000-1499 1500-1999 2000-2500 >2500

<100 0.47 0.27
100-499 0.63 0.58
500-999 0.41 0.69

1000-1499 0.32 0.60 0.76
1500-1999 0.21 0.42 0.55
2000-2500 0.17 0.37 0.49
>2500 0.06 0.16 0.23

0.22 0.14 0.13 0.04
0.50 0.35 0.32 0.13
0.70 0.50 0.47 0.21

0.62 0.58 0.27
0.66 0.69 0.41
0.58 0.77 0.47
0.31 0.45 0.51
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3. AW FCER S TE B B AL & TR AT FE ) S BUSH S
Table3. Frequence distribution of elevation amplitudes of total species and resident

species of birdsin southern Taiwan

Elevation _ . -

amplitudes (m)* Total species Resident species
0-200 106 >
201-400 19 0
401-600 4 5
601-800 6 .
801-1000 1 o
1001-1200 9 ,
1201-1400 11 9
1401-1600 9 8
1601-1800 21 =
1801-2000 5 5
2001-2200 14 13
2201-2400 21 »
2401-2600 6 5
2601-2800 3 )
2801-3000 7 7
3001-3200 4 A

*2f - RAAEHBP R S (relative geographic elevation).

FEE ~ BT A E N S
BEERFANIFEG 1986 : L 1997 ; 1 K FE
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Ramsey 1981; Bennetts et al. 1999) o HAF5E
T OB O B — B > (E8/ R
A S ) B2 T FTRERC BRI T SR o A5
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FES SR E » RS G2 B A E SR
(landscape) 7311 R /52 2% (Wiens 1981; Ding
2001) » AR E— D oM ERET -
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1T 2 BT 43 A1 T RESZ I T H1 28 (K 32 1 52
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2001) ° $ =T RIRR AL A T AR A R
v B R R i e a B Er - DT M e % [
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Appendix |. Bird richness at the survey sites with locations, elevations, and habitat types in the southern

Taiwan

RES E BN
fak WRr % HEmAE  mRm R K f#® 24 @8
1 #EFE ENE  AREE) 20 120°15-16  23°21-22° 38 29 AW~ At
2 E#E KBS x KiEE@ 50 120°22-23  2%°26-27 19 16 [EiHb
3 FEE KB IREME) 30 120°26-27 232627 42 32 g B
4 FE KPR x EH() 40 120°20-21' 232829 21 18 M - A
5 F#E AWE v GG 30 12016-17  23°29-30' 30 22 & EHb
6 =#x HAM © KA1 20 120°10-11' 232728 66 33 &N - miE - EEh
7 ®E HAS © MBS 10 120°08-090  23°27-28' 99 39 EEEH - R
8 F#E WA © BEiEQ 5 120°08-09°  23°28-29 43 26 AT - fUR
9 HE M v BEWREE) 40 12016-17  2°25-260 31 22 - RE
10 ## fhFm o BIEO(9) 40 120°15-16  23°29-300 30 23 &) A
1 EE BOES ~ HE@) 20 120°22-23  23°35-36 35 27 @ mihH
12 FFE THE oc dUEReE) 195 120°30-31' 232526 60 51 iZif - MEME - Midk
13 FH#E P O 2KE(10) 915  120°34-35°  23°22-23' 56 49  FHLEHR ~ FTHL - DR
14 F#FE KW e 300 120°36-37  23°20-21' 40 39 Ry~ KEMBIE S bk REEEM
15 ##E A« HBEEEE) 310 120°32-33  23°14-15' 38 32 kU -~ U - Tk - REEERK
16 ##E KH S KK 335 120°35-36'  23°18-19° 40 38 sKJEH - fEHHM - R
17 ®E#E KNS x BALEQ 310 120°34-35  23°17-18' 45 42 KJE -~ U MTRK - BEEERK
18 & MRE © TREIH(24) 5 120009-10°  23°21-22° 60 24  igvEEML - falf
19 F#E MRE © FERQRY 10 120°07-08°  23°20-21' 66 31  iEAEIEML - LD -~ BHEM
20 H##E FERE L itOe) 270 120°35-36  23°26-27' 30 29  REME - Mikh - BEEERE
21 @E FEEB S PREE 435 120°35-36  23°27-28' 47 39 FAKUE - TrAk - REEER
2 FEE FERE x HEHQ 1325 120°40-41'  23°26'-27 23 21 AEEE TRk - BEEERK
23 EHE BUE o BILAMSE®) 510 120°38-39 234435 42 38 AW - Mk - R
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40 FEFE  PUELLAR ¢ HEARE() 2300 120°53-54'  23°27-28 29 28 [EEERk - A TAFEM
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Appendix |. Bird richness at the survey sites with locations, elevations, and habitat types in the southern
Taiwan (continued)
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4 FEFE PRI BN 2670  120°53-54'  23°28-29° 28 28  RAEMK - HFEEAK

42 FE FEILEx KR 625  120°40-41  23°20-21' 30 28 FEIGEMK TR - A TEFZEM
43 FFE PEILx KEHQ 880  120°44-45'  23°31-32° 15 15 [EEEAK - TR - A TEIEEM
4 FEE MR BEQ 1230 120°42-43 232425 24 23 REEEMR AR - RS
45 EifE KEE © BBbkd) 10 120°11-12°  22°50-51 63 33 NJEEEHk - EEHE

46 it TR e SBUE®) 10 120°13-14'  22°46-47 36 24 R RETEMR - AT
47 EifE & @ Fl24) 200 120°15-16  22°38-39° 32 27 REZEM - 1THE

48 Gl MEE © BRHEO24) 10 120°23-24  22°29-30° 54 35 B BT

49 EE AREE v FTAJEES) 100 120°21-22°  22°48-49 29 23 UKJH ~ FEEHD - REEEM
50 b REHE r HE(9) 50 1202223 22°34-35 47 29 B

51 il KBS S« KBlES) 100 120°26-27'  22°40-41' 48 31 R Bkt

52 T HEE & KELs) 200 120°20-21  22°50-51' 23 22 MM bk~ REEERK
53 i A & BILFEE) 400  120°30-31'  23°01-02 41 35 R~ FEEER - ATHK
54 i FEILSE W (@) 300 120°25-26° 22°49-50' 27 25 fRR MM - RAZEMK - THE
55 i MEILSE ox HERGQQ) 40 120°28-29°  22°53-54' 39 32 iR BB

56 il R ¥ FRIE) 100 120°32-33  22°54'55 35 25 AL B 11k
57 [ RRSA v HIEERE) 300 120°35-36  22°56-57 47 44 %~ Bk FEEER - P
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61 i S W T 350  120°40-41  23°06-07 38 35 RE - RHEEM - 1T
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63 Mt AW x ZAEE 230 120°38-39°  22°57-58° 33 29 R - RATEM - 7ibk

64 EE AW sk EHUREREQ) 820  120°41-42  23°05-06 21 21 IR - FHEEM - 174k

65 Ml FAE L AIEE@E) 1000  120°39-40'°  23°07-08° 39 37  REEEMR AR A LEBFEEM
66 i A W RS 350  120°35-36°  23°07-08 56 48 Al BE - 17k - RIEEM
67 Eiff HME - ZIUEEM@) 500  120°36-37  23°04-05 35 32 &R Pk RESERK

68 il HF x MEXEQ 250  120°34-35  23°05-06 23 22 iR B

69 Filff =R v REZHNE) 300 120°42-43 231617 51 46 %~ Rk PTER - REEEM
70 S ZRE S KR 740 12004142 23°13-14° 45 44 FEHEEMR MK

71 ElfE M S ZARbRiEE) 650  120°42-43  2°54'55° 37 36 RASEMK 1K

72 Bl M - BEEES) 800  120°40-41'  22°58-59'° 39 37 REZEHE - ATHk

73 EIfE PR x BEREQ) 405 120°41-42  23°07-08 22 22 REBEMK ~ BUR - AR

74 EbE OBRFAD r ErPAAiEAK(8) 800 120°42-43  23°08-09° 38 35 R - RHEEM - TRk

75 EfE BREE x mrbiGEeK(4) 1150 120°41-42  23°09-10' 37 35 CRE - FAZEM - ATHE

76 i BREEE s DEIBREIRG) 640 120°45-46  23°10-11 50 46 AT B ATRK - REZERK
77 ElfE OPREAS o HGREMGESK) 1070 120°48-49°  23°17-18 54 50 RHEERK - A TEFEEM - Bt
78 Eiff PREAD x HERIMOHISK(2) 1800  120°48-49°  23°19-200 39 37 REEEMK - A TRFEEM

79 EIfEOBKEA o 15E) 1645  120°50-51' 23°17-18 58 51  REEERR - A TEFEEM

80 i BRFAR ¢ BILBLSES) 2040 120°53-54° 23°17-18' 48 46 HEHEAM - ATHIEEM
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Appendix |. Bird richness at the survey sites with locations, elevations, and habitat types in the southern
Taiwan (continued)
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82 il BRFSE WECARIE(S) 2700 120°57-58  23°17-18 39 37  FHEEM - HHEK

83 Gt BRS¢ Z15-18K(2) 2000 120°53-54°  23°25-26 29 28  SHEHEAM

84 Eiff BRIEAD ox FERH145K(1) 2600 120°57-58'  23°16-17 20 19 EEHEAMK

85 i PRI W mIUMGEABR(14) 1600 120°45-460  23°04-05 52 52 REIERK - A THFIERK

86 miff PRIEAS & AIUMGEBER(®) 1800 120°47-48°  23°04-05 41 40  REEERR - A THFIEM
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93 RH HH W« 5HERSE) 30 120°32-33  22°43-44 43 27 R RR
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% HE BFE S IFERE) 700 120°39-40°  22°42-43 46 43 AR RE - FEEEM

97 RHE BZIE o FTEILE) 550 120°37-38  22°39-40' 42 35 R - R 7T

98 RE EEME W SIERSE) 80 120°36-37  22°38-39° 52 43 RE - [HEM

99 RE EEME & FEKE) 50 120°35-36°  22°35-36'° 33 20 fRfH - RRE

100 FFH FRE A RA(E) 750 120°40-41'  22°36-37 37 31 EHHN - RE - FHEMK

101 FHE BRI v REBLOE© 1500 120°42-43 22°37-38 42 39 RAEEMK

102 HE FEE S« HITERE(8) 10 120°27-28 22°33-34° 41 25 R - EFpt

103 HHE HEE © HEE249) 10 120°25-26'°  22°29-30' 51 37 iAW B

104 JFH EEE o KHEZES) 50 120°33-34'  22°31-32 30 24 i 2R

105 FHE HHE Y gE(s) 50 120°36-37  22°28-29' 39 35 (Al

106 FHE AKFH L KE(E) 200 120°41-42  22°31-32 43 38 & SRR - B

107 FE EXE © HEE(24) 10 120°31-32° 22°24-25° 49 28 il iMEEHD

108 JRE HHM o SERIEEG) 100 120°38-39° 22°21-22° 48 38 & RE - BETEMK
109 JBHE BHE ¢ KEMEBKE) 1400 120°44-45 222425 3 30 RASEMK - A THHEEM

10 RHHE M8 1) 150 120°42-43  22°16-17° 45 38 IR BE - FHIEMK
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112 FH MTE A Eie) 200 120°47-48  22°13-14° 25 22 RE - ARk REEERR
113 HE B L IUEEES) 100 120°44'-45  22°05-06 40 32 CRIE - RETEM - itk
14 R HFHE & HEREE) 350 120°48-49  22°09-100 42 34 &~ RE - FEEEMR
115 FHE HFHE A ) 10 120°52-53° 2211120 29 23 iR BB

116 FHE N i) 10 120°52-53°  22°06-07 15 11 IRi -

17 RFHE ORI S LR 100 120°48-49°  22°01-02° 41 33 HUH - REEER - ATHE
18 FH HHEE © fREEHE4) 20 120°43-44  21°59-60 81 38 ALiRA - B RE

HE1 - @RI A B DHAT I + S REEIRSG T RIE % R E AR -
$E2 ¢ BT R Y L T RS -
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RSk A SRR A SR 2 B ~ BOERIRTT - BOBRR A I B FOERS R
Appendix I1. A checklist of birds with migratory status, counties of records, and numbers of recorded

sites in the southern Taiwan

FUERIA T LB BRI

H % F# S # B2 5 W el AR mE
BRE BER TR Podiceps cristatus *) W
SRS R Podiceps nigricollis *) w
/N RS Podiceps ruficollis * * * 13 R
WIEEH  BWERL RLEEWFE  Phaethon rubricauda *) v
ERBRL RS Phalacrocorax carbo * * * 7 W
P ECI 45 Phalacrocorax capillatus *) v
SR HHEMS  Fregataarie *) s
B Fregata minor *) Vv
wiEH ER =y 4 Ardea cinerea * * * 18 W
HE Ardea purpurea * * 2 W
L Ardeola bacchus * *) 1 W
KIS Botaurus stellaris * 1 W
B SH Bubulcusibis * * * 39 S W
TR Butorides striatus * * * 1 R W
KEE Egretta alba * * * 15 Y,
HEEE Egretta eulophotes *) W
AN=E: Egretta garzetta * * * 70 R
H Egretta intermedia * * * 18 Y,
=5 Egretta sacra * * > R
JeA 4 Gorsachiusmelanolophus ~ * * * 13 R
BN Ixobrychus cinnamomeus * * * 18 R
N Ixobrychus sinensis * * * 9 R
7 Nycticorax nycticorax * * * 23 R
e L] Ciconia nigna * 1 T
ey AEEEE Platalea minor * * *) 2 W
MEEE ERRE BE Aix galericulata *) R W
RN Anas acuta * * * 3 W
FEWENS Anas clypeata * *) * 3 W
TN HES Anas crecca * * * 13 W
RESTHS Anas fal cata *) * 1 W
FREENE Anas penelope * *) * 2 W
ok GENE Anas platyrhynchos * *) * 4 W
TEMERES Anas poecilorhyncha * * * 5 W R
H/ES Anas querquedula * *) * 4 T W
H#E Anser albifrons *) Vv
/NEEEE Anser erythropus *) v
Ui Anas strpera *) * 1 W
7 HHEME Aythya baeri *) W
HLEEVEENE Aythya ferina * *) * 2 W
JELBE T HES Aythya fuligula *) * 1 W
PR TENS Aythya marila *) * 1 W




60 1 o 1 S o SRS e AL oS B AL S AT
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Appendix I1. A checklist of birds with migratory status, counties of records, and numbers of recorded
sites in the southern Taiwan (continued)

FUBRERTT Y FCERAH

B #% £ # frosC 2 W Sl BFHR SEy ERENET
JUEK D Mergus merganser *) Vv
ERk VD Mergus squamatus *) \%
fE5 Tadorna tadorna *) W
BIEH BER Jt#E Accipiter nisus *) * 1 W
A S Accipiter virgatus * * * 19 R
RIS E Accipiter soloensis * * * 7 T
JELE & [ Accipiter trivirgatus * * * 30 R
TERE Aquila ckanga *) * 1 T
S R Aquila heliaca * 1 \Y;
JKTA B Butastur indicus * *) * 6 T W
B Buteo buteo * *) 2 W
EREHE Buteo lagopus *) ™ W
€4 Circus spilonotus * *) * 4 W
RES A Circus cyaneus *) *) wW
AR Ictinaetus malayensis * * * 6 R
HEE Milvus migrans * * * 11 R
I & Pernis ptilorhynchus * * * 5 W T
K Spilornis cheela * * * 59 R
REE Spizaetus nipalensis *) * *) 1 R
FHR} j=<yj -3 Pandion haliaetus * * * 7 w
R Pl Falco peregrinus * *) 1 W R
HLEE Falco tinnunculus * * * 18 w
e HER G LELE  Arborophila crudigularis * * * 24 R
Tt Bambusicola thoracica * * * 67 R
N Coturnix chinensis *) R
EENERE Lophura swinhoii * * * 10 R
BEREH Syrmaticus mikado * * * 4 R
e =REEEA EE=REEE Turnix suscitator * * * 14 R
TR} R et Amaurornis phoenicurus * * * 29 R
H % Fulica atra * * * 3 W
H4fE Gallicrex cinerea * 1 S R
HLE K Gallinula chloropus * * * 36 R
AIERSL Porzana fusca * * * 10 R
TR TRIAR 5 Rallina eurizonoides * 1 TR
TR Rallus aquaticus *) *) W R
RIS Rallus striatus * *) 2 R
fREE  KEERE Ak Hydrophasianus chirurgus *) ) RS
et R Rostratula benghalensis * * * 8 SR
EREL  EBE Himantopus himantopus * * * 7 S W
S 1 Recurvirostra avosetta *) w

AR HfH Glareola maldivarus * *) * 6 sSw
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Appendix I1. A checklist of birds with migratory status, counties of records, and numbers of recorded

sites in the southern Taiwan (continued)

BUBRIA T FCEkFA

H % F# S # B2 5 M b RER A BRI

ek HGIRSANR  Charadrius alexandrinus * * * 12 W S R
KL 178 Charadrius veredus * 1 \Y;
JINERSE T Charadrius dubius * * * 28 W S R
BRYA R Charadrius hiaticula *) * 2 v
P 1 Charadrius leschenaultii * *) * 3 T
L] Charadrius mongolus * * 6 TwW
175 Charadrius placidus * 1 v
B 15 Vanellus cinereus * 1 T
BT Pluvialis dominica * * * 12 w
JRBE 15 Pluvialis squatarola * * 3 w
TN Vanellus vanellus * * 2 w

Rk B Arenaria interpres * * *) 5 TwW
RI2E# Calidris acuminata * * * 7 T
SRR ERS Calidris alpina * * * 9 W
I T Calidrisferruginea * * 5 T
ALIVE RS Calidrisruficollis * * * 8 TW
Rk & Calidris subminuta * * * 5 w
PR Calidris temmincki * *) 1 w
RIEw Calidristenuirostris *) T
= REVERS Colidris alba *) w
FH 5 Gallinago gallinago * * * 11 w
TS Limicola falcinellus * ) T
b=t} Limosa lapponica * *) 1 T
RS Limosa limosa * * 5 T
KA Numenius arquata * *) 2 TwW
I Numenius minutus * 2 T
H Numenius phaeopus * * * 7 TWwW
TR Philomachus pugnax *) * 1 T
L5 Scolopax rusticola *) * 2 W
TH R Heteroscel us brevipes * * * 3 T
i Tringa erythropus *) *) w
[EBTRE Tringa glareola * * * 15 w
s Actitis hypoleucos * * * 32 W R
H e Tringa nebularia * * * 11 w
Sl Tringa ochropus * * * 9 w
NG B Tringa stagnatilis * * * 10 W T
IRIE Tringa totanus * *) 5 TwW
S Xenus cinereus * * 3 T
TR e Phalaropus fulicarius * 1 \Y;
FLFEIME®S  Phalaropus lobatus * *)  *) 3 T

W} BAES Larus argentatus * 1 W
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Appendix I1. A checklist of birds with migratory status, counties of records, and numbers of recorded
sites in the southern Taiwan (continued)

EUSREAT R ECHREH

H#% &’ 4% o A 2 4 M b R Avmwy ERBIET
el Serna hirundo *) * 1 T
RS Larus crassirostris *) *) * 1 W
ALHE S Larus ridibundus * *) ™ 5 W
W5 Larus saundersi * 4 W
e Serna albifrons * * *) 6 SW R
R e Chlidonias hybrida * * * 10 W T
RS Chlidonias leucopterus * *) * 7 T
78 FHEER Sterna sumatrana *) ST
LG RS Hydroprogne caspia * 1 w
aRIEEH  IEERRE EHEE Chalcophaps indica * * * 26 R
JRARES Columba pulchricollis * * * 7 R
DESE NS Streptopelia chinensis * * * 65 R
SHE Sreptopelia orientalis * * * 30 R
AL Streptopelia tranquebarica  * * * 55 R
ALEERR NS Treron formosae *) R
kN Treron sieboldii * * * 28 R
AEH MR &R Centropus bengalensis * * * 33 R
RAHE Cuculus canorus *) * 1 \Y;
AN R Cuculus poliocephalus *) T
HFEHEE Cuculus saturatus * * * 20 S
[EERE Cuculus sparverioides * * * 10 S
WmIEEH  EREREE R Glaucidium brodiei * * * 10 R
Eab) Ketupa flavipes *) *) R
S Ninox scutulata *) *) ) RT
A Otus bakkamoena * * * 6 R
55 Otus scops *) T
P IV 7 585 Otus spilocephalus * * * 9 R
JRAARS Srix aluco *) * * 3 R
IR Strix leptogrammica * *) 1 R
wEH ®WER HHRE Caprimulgus affinis *) * 1 R
AEH  AEER /A Apus affinis * * * 84 R
Y E RN e Apus pacificus * *) * 4 S R
B FERY e Hirundapus caudacuta *) * *) 4 S
EfEE FHER  #B Alcedo atthis * * * 41 R
U RS Halcyon coromanda *) *) T
R s Upupa epops *) T
BEH SR AR Megal aima oorti * * * 68 R
BRARERE /AR Picoides canicapillus * * * 46 R
KIRBEAR Picoides leucotos * * * 10 R
FRIBRAR Picus canus * * * 7 R
#EH AGER el Pitta brachyura * *) 2 s
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Appendix I1. A checklist of birds with migratory status, counties of records, and numbers of recorded

sites in the southern Taiwan (continued)

FUERIA T FCEkFA

H#% F®# s B2 il RN HEy OEREE®
EER NE#E Alauda gulgula * * * 19 R
e} il Delichon urbica * * * 28 R

Kl Hirundo rustica * * * 50 SW R
TRAEHE Hirundo striolata * * * 75 R
PR Hirundo tahitica * * * 92 R
Frvbie Riparia paludicola * * * 37 R
YREE 3 Riparia riparia * 1 T
HIMUER HB#IUMUE  Coracina melaschistos * 1 \Y;
EIMUE  Coracina novaehollandiae  (*) * *) 3 R
TR LIS Pericrocotus divaricatus *) * 1 T
JXMEILBE  Pericrocotus solaris * * * 11 R
BRER INEEE Dicrurus aeneus * * * 56 R
RERE Dicrurus macrocercus * * * 56 R
R g Oriolus chinensis * *) * 3 RT
N Oriolustrailli * * * 14 R
TER} E TS Corvus macrorhynchos * * * 52 R
foras Dendrocitta formosae * * * 69 R
TA%E Garrulus glanderius * * * 14 R
P Nucifraga caryocatactes * * *) 7 R
Ei Pica pica * * * 6 R
Rl Urocissa caerulea * * * 12 R
URWERL  EAAURWE Paradoxornis nipalensis * * *) 4 R
gkl Paradoxor nis webbianus * * * 23 R
REIIER #IUEL+ Aegithal os concinnus * * * 25 R
IR} JEILAE Parus ater * * *) 13 R
L2 Parus holsti * * * 15 R
HirilsE Parus monticolus * * * 33 R
TR L2 parus varius * *) 1 R
g A} NG T Sitta europaea * * * 10 R
EHER  REEBE Actinodura morrisoniana * * *) 1 R
GIEY= 73 Alcippe brunnea * * * 60 R
IR BEACE Alcippe cinereiceps * * *) 9 R
FREE Alcippe morrisonia * * * 79 R
1 e Garrulax albogularis *) * *) 2 R
=E Garrulax canorus * * * 35 R
B Garrulax morrisoniana * * * 15 R
e Garrulax poecilorhynchus ~ * * * 13 R
HEHE Heterophasia auricularis * * * 47 R
v Bk fE Liocichla steeri * * * 33 R
/N Pnoepyga pusilla * * * 16 R
R Pomatorhinus erythrogenys ~ * * * 62 R
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Appendix I1. A checklist of birds with migratory status, counties of records, and numbers of recorded
sites in the southern Taiwan (continued)

FUBRBRT Y FCERAH

H% &’ 4% o A B2 4 A b R Ay ERBIEC
/NI Pomatorhinus ruficollis * * * 78 R
LT EE Stachyris ruficeps * * * 81 R
AAEE Yuhina brunneiceps * * * a1 R
#*EE Stachyris zantholeuca * * * 41 R
SR FREYS Hypsipetes amaurotis *) R
R e Hypsipetes madagascariensis * * * 66 R
SEEE Pycnonotus sinensis * * * 85 R
JSTIEE 2 Pycnonotus taiwanus * 10 R
FIERPEMESS  Spizixos semitorques * * * 60 R
R e Cinclus pallasii * * * 8 R
ERFRRL iy Troglodytes troglodytes * * *) 2 R
FRL I Brachypteryx montana * * * 13 R
JINET Enicurus scouleri * * 4 R
g Erithacus calliope * * * 9 w
BETRAS Monticola solitaria * * * 51 W R
HHEEETS  Myiophoneus insularis * * * 26 R
H R Myomela leucura * * * 34 R
= R Phoenicurus auroreus * * * 19 w
FANEMI Rhyacornis fuliginosus * * * 28 R
TR 0 Saxicola ferrea * 1 \Y;
i A8 Saxicola torquata *) w
=24 Erithacus cyanurus * * *) 3 w
EE RS Erithacus indicus * * *) 6 R
BRSPS Erithacus johnstoniae * * *) 15 R
NGRS Turdus chrysolaus * * * 25 w
PRRS Zoothera dauma * * * 8 W R
RS Turdus merula *) T
DEEEHS Turdus naumanni *) * * 4 w
HIE# Turdus obscurus * * *) 3 W T
HHERS Turdus pallidus * * * 14 W
SEEVE Turdus poliocephalus * * *) 4 R
Brl KETH Abroscopus albogularis * * * 47 R
KEE Acrocephalus arundinaceus ~ * * * 15 w
I3 Acrocephal us bistrigiceps *) w
EE#ENBI#E  Bradypterus alishanensis * * * 13 R
GRIE Cettia acanthizoides * * *) 11 R
TR Cettia diphone * * * 26 W
& Urosphena squameiceps *) T W
INEE Cettia fortipes * * * 18 R
HiHERE®E Cisticola exilis * * * 9 R
KrmREE Cisticola juncidis * * * 21 R
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sites in the southern Taiwan (continued)

BUBRIA T FCEkFA

H % F# oS # B2 5 M b RER Amw EREIEC
BEEE Locustella fasciolata *) \Y;
O Locustella lanceolata *) T
T A Phylloscopus borealis * * * 23 W
tE g Phylloscopus fuscatus * 1 \Y;
w5 JE A Phylloscopus inornatus * * * 17 W
7 I Phylloscopus proregullus *) T
PR Prinia criniger * * * 22 R
JX RIS Prinia flaviventris * * * 55 R
THIHERE Prinia subflava * * * 80 R
KT FH Regul us goodfel lowi * * *) 8 R
FER RS Hypothymis azurea * * * 77 R
RS Terpsiphone atrocaudata *) STR
2Rt SLiEE Ficedula cyanomelana *) *) T
25 095 25 Ficedula hyperythra * * * 11 R
FUE#AS  Ficedula mugimaki *) w
=IEEE Ficedula narcissina *) T
GANEEY ] Muscicapa ferruginea * * * 7 S R
P Muscicapa griseisticta *) ) T
HHERS Muscicapa latirostris *) *) T
I Niltava vivida * * * 26 R
HEREL A% Prunella collaris * * 3 R
wmEek  RIREE Anthus cervinus *) *) * 1 w
g Anthus hodgsoni * * * 13 wW
KRAEEE Anthus novaeseelandiae *) *) * 1 wW
v Anthus spinoletta *) w
AR Dendronanthus indicus *) \%
AR Motacilla alba * * * 54 W R
IRBE Motacilla cinerea * * * 58 W R
HHERR Motacilla flava * * * 37 W
(EEEZaT AN (RES Lanius cristatus * * * 71 T W
%S Lanius schach * * * 22 R
JERE J\EF Acridotheres cristatellu * * * 22 R
=" Sturnus cineraceus * 1 w
IR Surnus sinensis * * 3 w
RS CA S Sturnus sericeus * 2 w
R A S Sturnus vulgaris *) w
BRIEERL  #RERILS Dicaeum concol or * * *) 3 R
LK TEE  Dicaeum ignipectus * * * 20 R
HRARAL A AR Zosterops japonica * * * o5 R
WfEER B0 Lonchura punctulata * * * 61 R
SRS Lonchura striata * * * 47 R
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sites in the southern Taiwan (continued)

FUBRBRTT Y FOERAH

B #% & # frosC g2 7 W it FHR Smmp BT
SEBESCRS Lonchura malacca * 1 R
SRR il Passer montanus * * * 78 R
(L1t g Passer rutilans * * * 7 R
=R} WL Carpodacus vinaceus * * *) 10 R
R 22 Coccothraustes coccothraustes * 1 Vv
1t Fringilla montifringilla *) T W
K& Pyrrhula erythaca * * 8 R
T Pyrrhula nipalensis * * * 3 R
TE R} I I Emberiza elegans *) w
IINTE Emberiza pusilla *) T
B i T Emberiza spodocephala * * * 17 W
27 18 Emberiza sulphurata *) W T
5t 1 Mel ophus lathami *) \%
FEHRS  HERR Threskiornis aethiopicus * 3 E
e Columba livia * * * 9 E
RLE 9 Pycnonotus jocosus *) E
1 EERS Copsychus malabaricus * 1 E
KiEHEH Garrulax canorus *) E
$REMHEE  Leothrix argentauris *) E
ST Padda oryzivora * 1 E
ARSI Amandava amandava * 1 E
FEREMIIEZE  Estrilda melpoda * 1 E
ey = Aplonis panayensis *) E
e Gracula religiosa *) E
HE/\E Acridotheres javanicus * * * 18 E
eV Acridotheres tristis * * * 9 E
b1z =" Sturnus contra *) E
RS Surnus nigricollis * * 2 E
FLAERRENHE  Psittacula krameri * *) 1 E
R Bz ¥BHE Mel opsittacus undulatus *) E
RPRY 7 Cacatua alba *) E
SFRBHERER  Cacatua goffini *) E
B 15 15 16 16
BHK 54 51 55 55
L 213 198 190 256
HE (&>CEiE) 15 16 16 16
R (& STECER) 55 55 55 59
FEE (& SRRET ) 245 259 248 319

HEE RIS A EER IR ¢ () RIEE UK R
R BB EVEIRSE T A(1991) Sy i B BEL @ (1995)HUKE £ ¢ S AR 2 DIl —{FEA] o
Hrr s RERS - WRERE : SREMRS : TREHLS - VIR + ERIMH -
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K 3k H £ 4 5 (Whitmania laevis) 4 &
Aoz EKIERZ BT

Foraging Preference of the Leech Whitmania laevis
on Two Operculated Freshwater Snails

. -~ ¥
R RARE
I-Te Lai and Jin-Hong Chen*
GIERCE P P ST PN PR E AT

Department of Life Science, National Taiwan University, Taipei, Taiwan

*EIEE
* Corresponding author

wm %

I HRIE (Whitmania laevis) & G188 71 AR K 8 DUR K IR E R R MEKIEE « A
BR B AE BRET e B < 0 3 S 8 17 W i L 11 25 iR /K MR — 18 5% 8 (Pomacea canalicul ata) B4 i
(Thiara tuberculata) i B HE V1 B iy - W HE T EEH R RT 2 RE - Ehas KRB &
7 cmlL I ~ #8E A1 20.5-0.79.2 Y SRR IE ) B BE R A7 B A% 1 5 5 mmLEL T BRI B A = R
14 o H FIRFR LSRR W Sl B N ST — 3 0 Re2.728 3.7 mmiTIfd s BLE S5 IR > HIDCIEGAR
I g A PHEAN I R fRAr o BB BRI RE N I EE R A < (3% - RG2S R iRk 1 345
g HIDCR SRR B8 S IR0 R EREE L B e 2 - (Rt S B e Ems
& RO SRR BRI 2 BT o MRS B BRAS A AR 'C IR A I 1 R R A I mT DU B e R
afi (optimal foraging theory) s fFERE » TR RI-R[F]HERE 1255 & 1 2 722 2 5 B G SRR il B A 4+
REEE > TP i AT A YRR RS o AU T (50 'V B 7 AF 3 O 35 & P A2 IR Sl B IR AT

Abstract

This study investigated feeding preference of the carnivorous leech Whitmania laevis on two
operculated freshwater snails, Pomacea canaliculata and Thiara tuberculata, inhabiting in the same
aquatic environment. Adult leeches longer than 7 cm with weights between 0.5 and 0.7g significantly
preferred to feed on both species of the snails with aperture length less than 5 mm. When the snails with
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apertures of 2.7 to 3.7 mm long were provided, the leeches preferred to feed on T. tuberculata than P.
canaliculata. This is attributable to the fact that the body of the latter prey was better sealed with
operculum than that of the former prey. When the upper corner of P. canaliculata operculum was
artificially removed, the feeding preference distinctly shifted from T. tuberculata to P. canaliculata,
suggesting that the snail operculum affected the feeding preference. The feeding preference was
independent of the snail body odor. The foraging preference of W. laevis may be explainable by
"optimal foraging theory," i.e. the degree of opercular tightness of the snails affects the energy cost and
foraging efficiency of the leech.

Brlga - Sl EARIE - I - EFER - R AT

Key words: Whitmania laevis, Thiara tuberculata, Pomacea canaliculata, foraging preference

W HHA - 924F11H27H
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ﬂ\\\z

W2 2H (1 eech) 1] 43 2E MDA J& S BR AT @I
(Annelida) B % (Clitellata) 1% 5H
(Hirudinea) ° 7EMRE/KERRAK ~ FE BRI FEE
M~ MR ESE o T4 2 4 e E AE R I L B
(Pechenik 2000) o —fIFAE 7k Hr A= vE I RE TR
B KR o AT AR AR v A e KE HIAS R S g o
TERZ BRI R - I RE 2 DI 5 2
SRR KRN FE S UMK B & - B S > A
ArEEE BN AN - ROEE g/
Yy - sDISEC B RS S R IR
KRR TR B R A MRS 372 DI 8
REFRIMR SR -

E W H 4 SR 92 R R P i e OB R
B IR S P S I PTEEILEE T > FH
R P RTF 52 B SR 2 2 B 48 ol B ot 1 s B DR T
i (Salzet 2001) ° A4t - (ERE R A TRs el
E2FH BRI > I RE DR B A R RS R AR

B2 HHA - 93FE3H2H

Accepted: March 2, 2004

WFFERE R MRS DRE - B BT A D B SRE
FHAT R R T Bl R R e ek 81 Y
B B ¥l R (Anholt 1986; Bronmark and
Malmqgvist 1986; Karrer and Sahley 1988;
Brodfuehrer et al. 1995; Davies et al. 1996;
Simon and Barnes 1996; Lewis and Kristan
1998; Cang and Otto Friesen 2000) - 1E4ERERH
IRU5 - EREAE H R S i 2
B MEHGERA B E) BT % A RE R
BIE BN A M E YRR R - HEHEEY)
B RO EE A P 2 T I ER 5 0 5 <2 )7 s
T (Davies et al. 1995; Wicklum et al. 1997) °
B RENT 7205 191054 L H 48 A Oka
Bil Takahashi &5 A Y£R8 37 25 Bl /3 $H ¥ 5 (Cited
by Wu 1979) » HRH % (i H ASEE # R %
3 185t ot S A BT R Bk A KR -t S T I
6 YRR S0 20 8 SRR - (HEEDLEE - 1%
FEAIWEFE EASAASHT - B 1 19604 ] € Bl
AR EE RS - B T B IR ERERIRE K
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e AT 8 5 12K - I iy 0 FH B A 52 5 (K eegan
and Weaver 1964; Keegan et al. 1964) ° 5t G
5 $5 5 B P2 B PR AH BE SR BE A A 12 Pl 88 3R 1
A R (Wu 1979, 1981) ° 1£4 #8215k il
RAR A 5 8 B /K R B iis dee ) I8 > JREE RS
M S ERKIEE - ARG R KT
FEANME A E B 2 FL R R R AT A AR R
Bl BEE G LUK IE 75 B Ry AT 22 e 4%
R A Z FHBRTHSE -

FEEREA R REE R P A A
IRIERRE G A > RRAER SRR - #EE 3%
FH /K 8% 75 ¢ SRR 8% (Whitmani a laevis) @ 115
HH B AR KR RE 2 N B MR KR (B
1996) > HIAA 2 F R 7K i BH B G <B A i
FRIA Rl — Kk o - DRI A B i 2 H R 2
I i ' I AR IR Al B S IR AH I RE S RS B
GrAER SR AT H rp SR LR 2 AR
HFE IR E G R > I8 E L RLrr
ATRE SRR SR AT 2 BT AR FE iR B Bk
7K IR 26 (K FEIR B SR (Simon and Barnes
1996) > s& 75 DRG0 S0 B8 RH 1) S ok B 47
FREA R - TS RRIRLG 2 WA 'R
9 7F 15 55 1% (Pomacea canalicul ata) £ {7 i
(Thiara tubercul ata) {3 fi B2 F £ /K BERA FY
Y R > BT IR L R fe R A B B i 2
BT 2t > 5 H S P fE AR AE A RE Y
5 MRS F AR IR KEE - RS
HERIE T — A W5 SR 2K -
EE AR FERAJRA(F 1997) - DUE—
TR K SRR E BRI o S ][RR ERET A
BN SR 7K MG <7 RFURE T 7 5% o

TERT AR FE %88 2 FHRA SOk > 20 DU
HRRIEENE R T ZZE (Khalid et al.
2001; Michael et al. 2001) > A1 EER AT
(7 e e G MR 20 W 5 K] PR 7T e 42 > S E0AH
AP TR 1 e e MR v R R A OK - PSR
FEAREHHREE FRJRRE - MAEER(2002)
5% SR sl o5 4 S 5 78 11 R B Lt R
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(% FERR % - Sl ELEE i B 2 T e A7 A
ZIRERR AR o AR - AEL R b FE R A
(7% 1 = B0 B AT FE 4% R 38 B i 5 2 B3
FERA CRE BB 2003) - #5A BT B e P R ) 11
BB s RlE s FEEE -
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Fig. 1. Whitmania laevis.
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Fig. 2. a. Thiara tuberculata : b. Pomacea canaliculata.
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Fig. 3. The golden apple snail (Pomacea canaliculata) with the upper portion

of operculum (arrow) removed.
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Fig. 4. Experimental design for the odor preference test of snails. Testing

snails inside the screen bags were put in the L-shape tubes at two terminals.
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RLANE] R A e A7 &5 IR O C i A R n U B
Table 1. Numbers of Thiara tuberculata and Pomacea canaliculata (mean=S.D.) with three
different aperture lengths (1-3, 3-5 and 5-7 mm) preyed by Whitmania laevis

Snails Aperture lengths of the snails

1-3mm 3-5mm 5-7mm
Thiara tuberculata 0.840.06 0.6t0.06 0.09-+0.03"
Pomacea canaliculata 0.63+0.05 1.0+0.12 0.17-+0.04"

Y gnificantly difference from the other two aperture lengths at significant level of 1% (ANOVA, p<0.01).
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Fig. 5. An aperture length frequency distribution of Thiara
tuberculata preyed by Whitmania laevis.
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Fig. 6. An aperture length frequency distribution of Pomacea canaliculata preyed by Whitmania laevis.
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Il Pomacea canaliculata with intact operculum C
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Fig. 7. The foraging preference of Whitmania laevis on two simultaneously presented snails, Thiara

tuberculata and Pomacea canaliculata with an intact or damaged operculum. The letters above the bars

mean the result of the Duncan test.
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A Comparison of Bitterlich and Quadrate Sampling
Methods for the Forest Inventory Using Computer
Simulation
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Abstract

The quadrate sampling method and the Bitterlich sampling method were compared by computer
simulation, using the tree census data obtained from the broad-leaved forest at Mt. North Tungyen. Based

on variability and confident interval, for the quadrate method the number of sampling plots required for
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estimating dominance was much higher than that for density. For the Bitterlich method the sampling
accuracy was affected by appropriateness of angle gauge; underestimation of both dominance and density
was resulted when the angles were smaller than 1:40 and the underestimation increased with the decrease
in angle. Based on the result of fitness test, the underestimation of dominance was mainly caused by

bigger diameter classes of trees, while the underestimation of density was by smaller diameter classes.

BREEA = PR IA A ~ USRS ~ ARG - FEIE RO

Key words: Bitterlich method, quadrate method, forest inventory, computer simulation sampling

Wtk HEY - 924E12H 25H

Received: December 25, 2003

m\\z

A A NEREEFHEER S — > B
HETERE 2 A > IR sk 2 (kB8 - AZH
R AR ~ BEE 2L LIEEE - &
T A AR PR TH T 5E Ra > 0 L & 8 i g RE 24
W MERFREAUES S - AERE IR o [RIIEIRISZ I
il ~ N7~ #8&EZ IR S ek 2
T 6 2 8 FH R 3 & LU E AT 35 2 & kL © 2R
MR AT R R 2 B ~ A DU RS
TR EIURE H ~ FeBEER 2 HERE M -
I ARG R 2 AR B BERE R T A s
B IEHENSREIRER > BRMAELEAR
B ) 7% B 2 R RE -

FHASRMEE F T A -2 BRI AR
i (plot sampling method) » BlZ% & FFEAR ~
T f e B E 2 BRI N DAFA . - (R i s
F&i 1 (area method) (Cottam et al. 1953) © ZREEE
FZ BT o LA ST MBS BRIEE T 0 il
TR EALE R > PR T E# A%
% 2T WBEIFSRY - fEiE L
A Tk T B P A 7 B B SR A e 2

B HE - 93 E3H2H

Accepted: March 2, 2004

[t > HHEFERRIE A 8 & (marginal effect)
B 5 38 PR b BR R 2 B I R (21 R ik
1989) » HFT % B2 T RE MR £ PRET N T A
o T (R RR e T A AR R R R A
773 Z A] 17 M (Grosenbaugh 1952; [ Kz £%
1980) °

bR 37 71 (Bitterlich variable radius
method){% H1 BL_A Walter Bitterlichfi® 19485
A ~ P e BT A EL 91 2 e i B T A
it REH R T M EF RS Grosen-
baugh(1952) il LUE 1E 37 # &% JE FH - #IHEfE
fHE 1% I 345 12 (pl otless method) ° ILiE BG4
IRE ~ L~ B (58 5 20 S > (HAE 51
EFRFER TG - BEFRH A - BA
2 ~ MR B RESE [RAGIR A~ 5 7 i - B0
AR 7k 2 AR B o T B A ] R R T
B S AT 5E - MANCAHERR ©

PRI > & Grosenbaughi> & B 2 H e AR [
R 2 1% > 32 MREEFEE N B Bln SRR T A
B FERE N A BT O » (EANF B LB T
IRE > K2 RAN R 2 IR 1 3 1 S R4 - 2R
Pl s Wi AR JTIEAEHE(L 2 ~ B A ~ MR



G A IE 6(2) + 79-93, 2004

HERE [ (Sukwong et al. 1971; Matern 1972) - Fif
153 &2 il RN K 26 $i5 H AR 1 A AR TS 21 B2 EE RS 37
LA 2 SERE L > HITERAR AR 26 15 LR AL
ik o IREVECRE S AR B AR, - B S
BRI 5 E S HEAL A BRI B2 /' B A i e 2 e
WEFE - T ELARe ST A A B HEAS B i i A B 2
781 5.2 YETfE R (Wensel and John 1969) :
BIVAR 18 325 30 48 P P HE (i e B AR % - T B e
SLANE SRR 2 HEGL T B R

LI B I i e A [ HSURR 77 12 o2 BBt
g o S R RE R 3R A s R A i B E
EHERS Z MEREVE » 1T ELRR LA AT B T RE 5
IR 2 BRI ~ R EBm A E O B
EHE R FEBRRH ST B R -

B2 A S LS - THAE R
R - BN AR ECR PR B BIER FH 2 EC R A I
— i TEER BB FA A o DRI el FE R T
EREIUS I B AR ME 2R & - EAE L
Az A2 s (AR B AT AEREFA A Al
ZJTIETANT B B SE S > OB A R
i i A B R B & AC I 5 T R B AT > [
18 BEF A 7 A BB IR A AT D R
AL o REFSEZ B RN RS # HH K i FE A 1 A
BTG 2 EHE R - JE R R 5 R £
M7 SRR I V% i 0 Y 7 [ ik B
FENT AL J7 1 2 L > G DU s e R &
B IEEYE > 3Rk W fl BUR 7 5 2 vERE T > LA
i H A 2 2% -

A5 B SRR BE RAE AL B AR

ARAFFEIE AR it IEIL 776 kmZz JLERIR
(116 (HE8121° 07 - LfR24° 05) - Bt FE 1R
BT o JLEER (L LUTHZA R 3H > I
=) 2,050m > 5 B ER RIS P BRI 12 S /K
BRI BERR A B = B o AN SE 2 BRI R E S 1L
TR 2 RIRFATEMR » PEIBEF510°

IREETRIRER 3 > AR RS AB2

8l

[ o FHIR I E R SR (PR 1957) © HtlmAL)T
B &R R R FOR VY E A2 F LR E
A2 RACFE 2 22 > MAERE A il Ak
e e B oLy L IR A RE 78 > SRR P e 2R L R
2 BMIRIRWREE » XFIKEEEE(KE
1968) °

AW E AN - & KRED K KE
(Castanopsis carlesii)fx (582 » HEEA
Mk £ B (Lithocar pus amygdalifolius) ~ F&Hl
4 (Machilus thunbergii)Z : ¥R LIk TE
Wi (Meliosma callicarpaefolia) ~ ZEL1EF4:
FF(Barthea barthei) (51824 : Hiyk /g LIHE g
JE R (Plagiogyria euphlebia) Kz 2] 38 /L ik
(Plagiogyria dunnii) &5 %4 - 1.9044 hat#lE Ay
HACEREN 49T ~ 4,028k AR AAEY) - [ S5 i
Fif579.82 mfha » AR £%2,115 fi/ha > 7
1% 21.9 cm - B K2 K 248 em(iBH R S
R ICRE) o HLIR SRR 2 At & J8 i s 2 1
Z Yyt Er o

BRI ik

— ~ BPSMER LA

AT 5 £ B EH BIAE G /7 5 5 B LR 37
LRI T > B %5 BB (G 2
AEREVE o MRS WA 75 15 HE A G i R S
TEEMR EORR B 22 IR 2 B M B BE IR T A 1R 2 B
(EET AR S o R REECRE L 428 IR
[+] T e o2 A5 1o 2 DL B A [ B T R 8 802 EL e
NEATIE o BE - BRAEEE AT SRR o MEFT
AEEAT > RIAMEG 01530 A 1R8-I
A > B B R E E RN A RS aR 2 1
RREEERIIAS M > Lindsey et al. (1958)F 5 H#E
FH PR A I 1 7 B RS A R R - T ol BORR
13 LUERE ~ —30 > HE B S e~ —3
T B AR E AT IR S AE T R R SRR
A o [RIMEAHF Fe iR A 8 B 3 A (= R AR A7
il DS T AN AR -



82

TELCRIT A BRI b WA A5 I
ALK PR FE WL G T A Z TR RN > Kt
o B R — S BRI > HIA R 2 B
PR Fcost (6 BRHIYE L) o 588 .2 FRAk
2 (AP L B MU - 3 R RR 5 R
JERIERIRIRE > FHEIS e ERES R - Bk
HIST BT - H AR ZBEARTE K o A
BF e 42 B 2 E AR F A W et 7 s S A B R
ZYERE S o DRI A G A T S R
AR ~ K AT & E R €
LAHE GRS 2 AR

TE 6 18 2 RE S A8 [ ik PR AR L A5 20 P 52
HhBE AT SERISE - T AR A AL AR (L L TH
HiZA 2P H R (AR 10° )3k iE 138m x 138m
AR > S ELZET 2 S T R E
HiVUE > 76 RRR T PRE Y 38 A DUHE S SR
VIEBR - FLELHEL emz AATEY) R 8% H:
fofE ~ BRI R S I A A > DA R AR
AAE S G ] (L B S R R AR 5 - P A3
19972 H HEAT ©

B S A AR

LG AE /7 I A B LR 7 A 1k 2 BB FE

Rf 55 H 8 4E B R RUE 2 T RE - TTARITIE 2
%Hﬁﬁ%f EUER - BRI (BB (L 2 AR E RS
EERE o RS ARIER (BRAN) A% B AL IE KT R
FHA R 53 2 38 TG BT 8 T 2 MROR A #
BRARRETHIR/ I > AR AR R RR & 2 it & £
B 2R T - IR SRR U % 1.9044 ha
ZRBEWE > DLERTE AR [ 2 B A THURR -
FiT " BR S B 1 B2 TE BB BRI o2 38 5 6 H
F4{[H1.9044 ha KBkl 2 H#EERE - S S
P BT 2 BURSER 43 » BUER B 7238 7 (G &
FLYPESZAERE > AR ES R (T @) 2 Y
ERER 53 - B E T8 5 (& T N ER 2 ARERE -
A ERE (5 #2416 1.9044 haN 2 A EEE FIGE
Fo o> B BB FI A > L AERE 58 58 L e 5
W FeE 7 U S IR IRp 2 MERE T o BRI SRR

PEARs N AR B T TR 2 EERE R e

SERE o B DLl 8 R ) 7 2 ik T DL R, % it
W T i i BT LSRR N T A 1A TR o TEASHIT
gert o KR A LR E 1o AR [ A AR - RIS
R HamZE 4omBER g in2m s ifi LR A ik 2
AR EEf R s 10fE - LI - 1051 ¢
100 > S3REREZRMGIINS -
()77l 2 R R
FRERFZ B R IE - R B T AR I
ZHULEE o AR A OB E R (X, Y1) 0 B
o & PR Z B G B (X2, y2) » & FlmiEZ
BEETfBam - QIE | xa-x2 | = S mH | y1-
y2 | = 5 mif§ > HIHEARA A GE ﬁJaZmzﬁFﬁln:n
EZRRA o (R4 e AR Aok T B 5 13 1 45 Rt
Tl 2 B P R B BA S o BFEANE -
5 (density) = FUtGHERMT 2 A8/ A
A 2 MR T B
{EEAEE (dominance) = i A ik =i 87 11 7
ZRERN P 2 FERR
FH 5 5 (rel ative density) =(F-féffi 2 2%
J& /it RS T i 2 ERIT) X100%
FHEHEZAE (rel ative dominance) = (3-f8} f#
AR R A T S 2 R
x100%
() FEARR N7 A 1R AR U
I V5 5 B B 1 2 SR EY - RS H BRI B
AR RN OB BRI OB
LA PR (xa, ya) > B IR AR 2 1
TSI (2, y2) » 7 LR A5 A S R Z L L
a’ %H@h@?yAmZiﬁEﬁ%ﬁqﬂ CEEBm - HIE
B =g o TR AGESL  afi R 2
Ao MBZEHBAR V(xi-x2)=+(y1-y2) 1M
15 o AR T HUBR R B E B o3 BT 25 Bl
B BB o BTEAKXWT -
{EE5FF (dominance) = (FAF A R BE 3% 15
[CUN: e S f@ffﬁéﬁﬁz)x BAFﬁ_

x10000m* (FE 2N EH 2 B TH FE)



G A IE 6(2) + 79-93, 2004

HE (density)= Hofifi 2 (BB AR A
KRBz E iR A GEEAEAR Z R
(- iags

FHET 2% FE (rel ative density) = (F-f8H il 2 2%
J& /Bt ot e 5% 2.2 A8 FIT)x 100%

FHEHEEAEE (relative dominance) = (- {8} fft
BB P E et e 1R B 2 RERIT)
x100%

=~ Tk
()L

15 L OFEH KR Ik [f1 A o 77 It B 197 F i R
Eefl o FFF ST AR 1 0 & BB 502K SR B4 Bl
BEAE 2 B IME T - TRMH T2
2 E R 7= (standard error of mean, o /N )ELZE
Y8 (mean, M) Z LEAE » B[4 FLEE (variability,
V)= TN DB R AR S
THEFE TP B R [ B ()

WOR B —FE 1 B Al 7% 2 R 1 8 - Rk
ARG 2 EFRE— Bk e 28R E > (£
PO A TE AT > BIA]SR H & f R
[ 5% [ T A s 4 XL 4571 o IR 5 1 o BB G 1
B o AR E R E 0.1 - Ak
SR 4 ok ik ] P S A0 i S [ R P 2 5 T e A
FEE T A 5 A B B NR 0. LR RS T FEIRE - 3%
ok 1 7] A B 68 R B BTl R 35 T -z T i Aok i
i o
(S)E Rl A

i P(x-t(’"l'r%)s‘ <u<x+ t(’"l'r%)s‘)

=l-«a

w B EME

XES A i

s HSR AT

SR ANTHE (72

1- o FRREE K

tos - FRTE H I En- 1 B K HEL- o T

2 Student's tfiE

83

SR A RS O i wzﬁriﬁ
)=t V(@) n
MEMW)= t3n1,1-2) °

P E () 5 (S IR B 7 F5
2 W1 -

T V(@) 2% A5 i T i % alf e BB T 15 2
7 e

B TSHEIRMEEE - & 5 A AR
28T B R A B B GR - T DA% T A Ak
HUERBOR AT 2 88 77 » VF %77 < PamfHE »
Al 211.9044 haoK B [ P9 7 A B A o il SR 75 1
WM 2 BER A - (EAFFE - LIRS R
2 20% VERA S ME M — P 2 E & > anitmt
T o, 1-0) PR IEEE B - 1117 I R A8 L2 [
{F Bt 05 =1.96+3.22(n-1)*7 (O'regan and
Richard 1973) » KR & B (n) 2 SR E 7T DL
DAE—EE R At oon 1 > HFTRIGZ0AFF
HHEBAR > BIFLINEA tow 0os 1 > AT
st SR B 1 B T R A R T o HI R SR AR ]
PRI~ BRI~ B S EITHELS
R > A RS T ) (E20% .2 YERERS - FRFR
i 2 R E(n)

TEHLFE L AR LA > F8 R EL A9 i B R
W2 Bl - TR LM R SRS - Hdv(a)
LIl - a2 A R IS0 R Al iS 2 8 5 VE R
AfE o KL > RIEAER G > B
JE ~ BEAEESTHEMG IF > 1F — U MERE B
T AR REE (n) TR B o
(=) & T IS8

1$1.9044 halF4A K 73 9 Z AEIHE %
5 emBll 55— B - BRE MR 2 EH
AR > FRE 3T E R AR - 1 IR E R o3 B
A ERR AN Z L BB R AL > TIRE
4 Tl SR T P 2 7 T 5 R AN TR A 1 R B4
[ LU ST 7 IR P A 1 2 & TE IR 2 BT ~ 18
BN L RH BCHE A > BEL U F8 A bR ) & AR
Wz A BEEL T A S g > F DU 2% Fl Y
ok Jo B S 38 A K 43 AR R o A HE G 2 HE g
J& > M AT AR R RET I R AR EORR 77 1 S AR



PR A 2 32 B B AR [ [ () P R B A3 i o [
% -

R

— ~ BEREE

77 Tk 125 4 e R [ A s PO 7 7 15 5 1
£ R R EE B 1S 2 B ~ 1S4 AR 1
SRS HAE T DU R R AE R B AR
2 FIE L/ N 0. 1 2 A /D P G ok T B A 5
1~3%2-

(R F AR AT IR 2 77 [ E S FHIA] o A 1 [
FEIRF » AR50 725 8 o 18 35 58 i o > B+ A i 2
FAEFD NP L2 Y > HIHE(G BB PRl
B TEL AR I T 548 T s A A1 8 P sy P 75 O Tt B
gIefd - M H R/ B IR 52 T8 IR
AT LABHEEE - BRI AR (E A 16 m? » H
S R 2 A (E B R AR R B A ) 2 R E R
8H5% L% o HILEHERT LURIE 77 18 %
R L 2 AL - B RS — R YR S A R R AR
I (HRRERT I 2 HEfh | > MHERR
[ [HIFE K2 144 meA BE A B HE RE R HE (S E -
(E[F]—KEHE L Z R » BEFTfRaR E IRk
E%&/J\ﬁé@%ﬁ*ﬁﬁﬁﬁ% » IS SR ELET (1995).2

fEFeRE RV & o PRITEIFIA » 5k H S AR
;}IE i i B2 SR - SR SRS R A S AR B
LRI R FE ERZ B B % A BRI - 1T T 1
U H RS B % 2R BB K HH B2 B S R IE T
(probability proportional to frequency » PPF.HX
B%) » MAZARANY S B iE A AT > [N
IR P A oz R A i v B 1 e At 52 R BB R T
RETAN + A E A EAR T - (R R
PRI B L /N » AT E 2 R &
BN HE B I P 7 L BRI B > -

g ~ &2 - I nT LUE [ R VL A
125 ST L M A 2 A S P B B PR T T 0
3812 - IRIM 2 Al v 2830 LR LA R
TS 2 8 R A B A A A K ) o BB i 7

PEARs N AR B T TR 2 EERE R e

FEK o KU AL T 95% I EA - 38 FRAKAE A TE
2 BRI LR LA EE L RE S
% 0 RS R S A R S 2 SR L T B T i
RS (2 I LR AR R E AR - T
FEAR LA R LS — TR AR AR A R AR B i
R R /N IE B 2 B A% 77 75 (probability
proportional to size * PRS.HYEE) » A2 AR
T H IR 2R > HEA&E M
R A% 16 emlL 2/ IMEA » HiELt
R 13 s R Aok A o 1 v T T e 0 S R 2 R
W o DRI AR A 8 o R A 25 1
SR NR T IEENIRERE > BRT 2
DRI PO LA BT AR 2 oK B AR ) 8 R
AIRB T [ RO Z B A e B > Rl ag
B RUAS R 7 B AR A /N > B T T A SRk
LT 5 o2 2 (i 8 S WO/ Nk o A1
JRRITR AN At » P 2R R HERS 5 2 A GERRR
s LR R 2 RASOR R ME - (Rt > I
Jo A {2 A0 B 7 AR R ISP o 1T RS T Ik
R P HEAS AR AR > AVIERE € 8 3Rk DA
FEANFR 2P 51 & Tk BE Rk e LA ROt HEAS A 53
Z&F‘f > AR T IH R P A R R B SR
(N)= 2+ (VM)z (BIREE83E - MIEBUZKE) - 1M
FE A FARE 37 7 15 0T R TP St o2 S R B 7R 1
W2 B (o ) ITIEE R/ > RIEEIE K
B I8V BRI EAL > 1552 PHER RS
Hrth e gl 7 R E G BB A R - AR
FsR S 2 BRI O R B EE 2SR -

(EETAERHENS J7 1 » A FR2rh R B
A S R ELgas N - PO N7 A v BT T A
A 8 ) A S BOTR R 2 B AR - ARTTERAS BB
SRANHSE RERE -

QAT AT - PR 37 7 5 RO RO R
G > B SR BB S AR 10 B 2 % SR BUA 2k
B T /N o T R R T B 2 TR T 2
AR B wT SRR BORS e mT L A R
K/NTIFRAd 2 PRI HT I SR 5L H 2 1 3
J&E 71 22 5 52 BRI £ e R AR /N T SR Uk - B



FE VIR SE 6(2) © 79-93, 2004

Fe1. S THIRERR 7 1815 SRAS & 8 5 B [T R s P A A [ B
Table 1. Densities, basal areas, and plot numbers estimated at different plots of Mt. North Tungyen
broad-leaved forest by computer simulation with the quadrate sampling method
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Plot area(m?)

Density (number / ha)

Basal area (m?/ ha)

Average Variance Estimated plot numbers Average Variance Estimated plot numbers

16 2150.0  2904336.7 62.83 102.8 51044.4 48334
36 2072.2 1036816.6 24.15 55.7 4320.0 139.28
64 2293.8 1221141.6 23.21 62.1 4642.1 120.21
100 1950.0 500918.4 13.17 87.3 10176.4 133.54
144 2169.4 639243.2 13.58 62.9 2024.4 51.23
196 21929 574855.1 11.95 70.1 2481.6 50.44
256 2120.3 276591.4 6.15 80.7 23779 36.49
324 1980.9 1881748 4.80 77.5 2099.1 3495
400 2136.5 340515.6 7.46 81.8 1505.7 22.51
484 2110.7 213517.7 4.79 78.8 1239.3 19.94
576 1991.7 204687.4 5.16 82.9 1432.6 20.87
676 2004.4 219671.7 5.47 79.3 1043.2 16.59
784 1978.3 159427.2 4.07 74.5 650.6 11.73
900 2202.4 186748.8 3.85 80.3 1085.6 16.84
1024 21385 162620.9 3.56 82.1 703.5 10.44
1156 2102.9 110247.4 2.49 80.4 558.9 8.64
1296 2090.1 106627.0 2.44 76.0 301.2 5.21
1444 2066.2 108436.6 2.54 79.4 395.1 6.27
1600 2089.3 126251.7 2.89 80.1 564.8 8.80

Fe2. FURFAT AL A TR LA 8 52 ROR 1512 % P Bl Th A S FL B B R B
Table 2. Densities, basal areas, and plot numbers estimated at different plots of Mt. North Tungyen
broad-leaved forest by computer simulation with the Bitterlich sampling method

Plot area(m?)

Density (number / ha)

Basal area (m?/ ha)

Average Variance Estimated plot numbers Average Variance Estimated plot numbers
1: 10 114.1 16463.8 126.51 74.5 1543.1 27.80
1: 15 854 1907 .4 26.13 74.0 627.9 11.47
1:20 98.7 3438.7 35.32 82.4 398.1 5.87
1:23 80.0 850.2 13.29 778 268.5 4.44
1:30 86.1 562.4 7.59 81.3 131.0 1.98
1: 35 81.9 394 .8 5.89 19.7 116.1 1.83
1: 40 84.1 3219 4.55 79.1 89.5 1.43
1: 45 844 186.8 2.62 75.4 438 0.77
1: 50 90.4 348.7 4.27 75.3 71.2 1.26
1: 33 88.7 183.6 2.33 71.5 347 0.68
1: 60 958 263.8 2.87 71.1 42.3 0.84
1: 65 90.3 192.0 2.35 65.8 30.1 0.70
1: 70 100.9 389.7 3.83 66.5 48.6 1.10
1: 75 95.3 162.7 1.7% 61.5 173 0.46
1: 80 103.6 237.0 2.21 61.4 253 0.67
1: 85 101.9 248.3 2.39 58.1 24.1 0.71
1: 90 105.5 294.4 2.64 56.6 25.1 0.78
1:95 105.7 149.7 1.34 54.4 11.4 0.38
1:100 105.0 145.3 1:32 51.9 10.3 0.38
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3. 77 IEA {3 FE 1 [ 20903K HURR [ Bohs R — B 5%
Table 3. Densities, basal areas, and plot numbers estimated at 20% confident levels at different plots of
Mt. North Tungyen broad-leaved forest by computer simulation with the quadrate sampling method

Density (number / ha) Basal area (m”/ ha)
Plot area(m?) Average Variance t-value Plotnumbers Average Variance t-value Plotnumbers

16 2075 3721938.7 1.99 82.31 60 17511.1 1.97 266.17

i6 1950 993606.7 2.07 23.85 114 43799.0 1.96 662.27

64 2028 733906.7 2.11 18.29 86 9346.1 1.98 143.20
100 2028 488179.6 2.19 13.01 61 2647.6 2.02 42.36
144 2051 497844.6 2.18 13.21 87 7392.2 1.98 113.78
196 2240 560592.3 2.16 14.56 86 4828.9 1.99 75.21
256 2342 529010.4 2.17 13.88 T4 1784.5 2.05 29.40
324 2053 262304.5 2.36 8.11 92 38859 2.00 61.03
400 2142 224220.4 2.41 7.27 84 1555.3 2.06 25.95
484 2148 378792.9 2.24 10.64 77 1436.5 2.07 24.17
576 2088 151870.5 2.58 5.65 76 1432.5 2.07 24.11
676 bl e 197870.1 2.46 6.68 73 677.6 2.19 12.74
784 2001 154243 .5 2.57 5.70 75 330.3 2.15 15.05
900 2282 222670.1 2.41 7.23 87 1317.2 2.08 22.38
1024 2011 118466.8 2.72 4.87 81 556.7 2.24 10.90
1156 2158 158851.2 2.56 5.80 84 681.9 2.19 12.80
1296 2168 113170.7 2.74 4.75 81 531.26 2.25 10.52
1444 1992 132105.9 2.65 5.19 74 323.23 2.41 7.33
1600 2082 111026.2 2.75 4.70 g0 315.45 2.42 7.21

Fea. FUFF ST AR S R [ 20065K HURR 15 B30kS SR — B 5%
Table 4. Densities, basal areas, and plot numbers estimated at 20% confident levels at different plots of
Mt. North Tungyen broad-leaved forest by computer simulation with the Bitterlich sampling method

Density (number / ha) Basal area (m?/ ha)

Angle gauge Average Variance t-value Plotnumbers Average Variance t-value Plot numbers
1: 10 147 21185.5 438 2.313 81 1793.1 2.05 29.53
1415 96 3266.2 10.83 1.387 76 613.2 2.21 11.76
1: 20 89 2700.9 1.96, 0.062 80 4429 2.30 9.17
1: 25 81 790.5 1.96 0.023 80 279.8 2.46 6.65
1:30 84 587.7 1.96 0.013 81 83.1 3.22 3.40
1: 35 80 405.6 1.96 0.012 77 108.5 3.01 3.84
1: 40 87 206.2 1.96 0.001 80 457 3.83 2.66
1: 45 86 206.9 1.96 0.001 77 49.4 3.75 2.73
1: 50 86 191.9 1.96 0.001 73 52.7 3.69 2.78
1% 88 B8 238.5 1.96 0.011 71 38.9 4.02 2.52
1: 60 91 247.5 1.96 0.012 69 46.5 3.81 2.67
1: 65 98 281.1 1.96 0.011 69 40.8 3.97 2555
1: 70 96 283.9 1.96 0.011 65 35.1 4.20 2.40
1: 75 99 200.2 1.96 0.002 63 22.5 4.84 2.11
1: 80 103 163.8 1.96 0.002 61 17.2 5.43 1.93
1: 85 105 380.8 1.96 0.012 59 337 4.26 2.37
1: 90 101 150.7 1.96 0.001 55 12.3 6.25 1.77
1:95 110 265.5 1.96 0.011 56 19.1 5.22 1.99
1

(100 106 210.7 1.96 0.001 52 14.9 5.93 1.82
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Table 5. The chi-square values derived from the fitness test between density and dominance at different

plots of Mt. North Tungyen broad-leaved forest obtained by the census and those by computer simulation

with the quadrate sampling method (DBH=1)

plot 16 36 64 100 144 19 256 324 400 484 576 676 784 900 1024 1156 1296 1444 1600

chi-squarefor density 2031 931 469 229 307 213 141 134 198 66 43 55 31 34 39 29 21 20 11
chi-squarefor dominance 85.1 2443 311 202 405 184 139 81 101 36 50 66 18 29 49 29 21 14 15

6. B FH LA RS N2 A7 IR s 1 8 ARt R B A AR o sl 2 3 5 FE B U5 iE(DBH

=1)

Table 6. The chi-square values derived from the fitness test between density and dominance at different

plots of Mt. North Tungyen broad-leaved forest obtained by the census and those by computer simulation

with the Bitterlich sampling methods at different angle gauges (DBH=1)

Angle gauge

110 115 120 125 130 1:35 140 145 150 155 160 1:65 170 175 1.80 1:85 1.90 1:.95 1.100

chi-sguarefor density  258.2 255.9 986 127.1 713 554 86 161 41 734 567 57.2 548 1066 820 1248 762 456 405

chi-squarefor dominance 91 52 21 24 10 04 09

15 20 29 42 53 64 73 87 107 115 122 141
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7. AR T LD 8 B B R AR At SR BT A K S 0 ol o 38 25 FE TR R 77 E(DBH = 5)
Table 7. The chi-square values derived from the fitness test between density and dominance at different
plots of Mt. North Tungyen broad-leaved forest obtained by the census and those by computer simulation
with the quadrate sampling method (DBH=5)

plot 16 36 64 100 144 19 256 324 400 484 576 676 784 900 1024 1156 1296 1444 1600

chi-squarefor density 2785 692 297 321 367 159 149 96 49 61 59 45 54 54 103 27 38 18 23
chi-square for dominance 272.7 57.4 228 264 401 103 142 77 45 61 51 46 39 57 91 27 31 14 29

8. A LU RUELRG ST AT 1 8 T8 o A 35 8 I s SR B I o AR Ll o2 38 5 S IR R 77 i (DBH
=5)

Table 8. The chi-square values derived from the fitness test between density and dominance at different
plots of Mt. North Tungyen broad-leaved forest obtained by the census and those by computer simulation

with the Bitterlich sampling methods at different angle gauges (DBH=5)

Angle gauge

110 115 120 125 1:30 135 1:40 145 150 155 1:60 1:65 170 175 1:80 1:85 1:90 1:95 1:100

chi-squarefordensity 659 173 379 61 97 33 58 283 151 41 157 48 55 66 145 83 80 101 146
chi-squarefor dominance 53 36 20 12 07 09 08 13 22 30 40 50 66 80 94 98 117 128 143
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Abstract

Phenological phases of 12 species of trees belonging to the family Fagaceae in Guandaushi forest
ecosystem of Taiwan were investigated monthly from September of 2000 to August of 2003. Quercus
variabilis was found to be a deciduous tree, whereas the other 11 species were the evergreen trees. All the
species had the same budding season from February to April but differed in blooming season. Eight
species, Castanopsis eyrei, Castanopsis kawakamii, Cyclobalanopsis glauca, Pasania hancei, Pasania

harlandii, Pasania nantoensis, Pasania synbalanos, and Quercus variabilis, bloomed once a year, while
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the other three species, Castanopsis fargesii, Pasania konishii, and Pasania glabra, bloomed twice to
several times a year. Fruits of all the species became mature in August to December and fell in
September to next February. The phenological phases of Fagaceae showed a cycle per year or per two

years.
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Fig. 1. Locations of the trees belonging to the family Fagaceae investigated in the Guandaushi
forest ecosystem.
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Fig. 2. Stigmas of Cyclobalanopsis globosa
(black after pollination, an indication of the
beginning of fruiting phase).
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Table 1. Data of the trees belonging to the family Fagaceae selected for phenological study in the
Guandaushi forest ecosystem

N . Cti?;"(ijgg;;:s Elevation (m)
1 [k ( Castanopsis eyrei) 22652354i82 Lo
9 FOfIgE ( Castanopsis eyrei) 2265633040660 ISl
- [Zf# ( Castanopsis eyrei) 226523122635 1354
4 JI| - 5KE ( Castanopsis kawakamii ) 226562494742 7
5 JI| FECKE ( Castanopsis kawakamii ) 2265624958061 17
6 JIl FEGRE ( Castanopsis kawakamii ) 22;624?069 927
7 JI| |5EE ( Castanopsis kawakamii ) 22;623966286 1268
8 JI|_EJXKE ( Castanopsis kawakamii ) 2265623965 12 6 1272
9 KR ( Castanopsis fargesii ) 22;634206425 el
10 ‘K& ( Castanopsis fargesii) 2265633446366 12
11 k&R ( Castanopsis fargesii ) 226563316]24 121
12 KR ( Castanopsis fargesii ) 2261239; 158 1273
13 Tl ( Cyclobalanopsis glauca) 2265634394??2 734
14 [ S &M ( Cyclobalanopsis globosa ) 226563 4]24558 1031
15 B R EHIEE (Cyclobalanopsis globosa ) 2265634124576 1030
16 B EHI# ( Cyclobalanopsis globosa ) = o 812

2664928
17 7RI (Cyclobalanopsis globosa) 22652 5126571 786
18 MRS (Pasania harlandii) 2265 634048287 903
19 FiRR BB (Pasania harlandii) 226563:45;4285 812
20 WRSELHE (Pasania harlandii) o 1274

2663608
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Table 1. Data of the trees belonging to the family Fagaceae selected for phenological study in the
Guandaushi forest ecosystem (continued)

Coordinates

Tree No. Species (TWD67) Elevation (m)
21 FfEf7#% ( Pasania nantoensis ) 225633]18.;0 1371
o . , 253191
22 1% ( Pasania nantoensis ) 2663157 1373
o L 252018
23 =214 ( Pasania hancei) 2665238 607
. ‘ ‘ 252143
24 =L ( Pasania hancei) 2665158 625
. . . 252984
25 /INFEECA 1 ( Pasania konishii ) 2664484 o17
. e 252692
26 /NGBS HE ( Pasania konishii) 2664515 943
e iz ] e 253151
27 /NP ( Pasania konishii ) 2664253 1031
. 253565
28 FEH L (Pasania synbalanos) Scciin 1122
s . 253572
29 FEF K ( Pasania synbalanos ) 663434 1124
. 253524
30 1% (Pasania glabra) 2664921 814
. . 253543
31 £1f% ( Pasania glabra) 2664931 813
. 253114
32 111 ( Pasania glabra) 2665249 804
33 2 KRR (Pasania glabra; 253065 &
caught in wildfire ) 2665241
34 a8z KB (Pasania glabra; 253069 817
caught in wildfire ) 2665249
35 HHEE KRR (Pasania glabra, 253077 823
caught in wildfire ) 2665277 °
- 253424
36 Fa: K7 # ( Quercus variabilis ) 2665205 739
. S 253148
37 B R7 i ( Quercus variabilis ) ety 792
N 253124
38 ¥ K2 #E ( Quercus variabilis) 2665257 804
, g 253103
39 ¥ 7t ( Quercus variabilis ) 2665279 811
40 1o Fr i K IBIE A (Quercus 253029 -
variabilis; caught in wildfire ) 2665279
41 PR Rt KIFERRAR ( Quercus 253014 Wi
variabilis; caught in wildfire ) 2665269
T2 Bt KRR (Quercus 253002
42 839

variabilis; caught in wildfire ) 2665250
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Table 2. Phenological phases of the trees belonging to the family Fagaceae in the Guandaushi forest
ecosystem (B, budding phase; T, tender leaf phase; L, leafing phase; A, flowering phase; R, fruiting
phase; M, mature fruiting phase; F, fruit falling phase; D, leaf falling phase)

Species* Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ca. eyrei 2001 B T TL TL L - - - - - -
2002 - B B TL TL LA R R R RM RMA MF
2003 BTA TLA LR LR R R
Ca. kawakamii 2000 R RM  MF F
2001 F B B TLA TLR TLR TELR TLR R M M.F F
2002 BTL LA LAR BTLR LR LR LRM M M.F F
2003 F BILA LA LR LR R R
Ca. fargesii 2000 R R RM MEB
2001 B B T L LA LR LR R M M.F A

2002 R RA R R RA BTR LR BLR BTLR M M F

2003 BA TA TLR LR R R

Cy. glauca 2001 LR R R R R M I
2002 F BA TR TR LR R R RM MF — -
2003 = BTA TLA LR LR R R

Cy. globosa 2000 R RM R.F

2001 RF RF RFA RBA R R R RBL RL AR RM BAR
2002 RB RB RTA RL RL RBTL R R RM  MF

2003 B.TA BTLA LR LR R R R
P. harlandii 2000 R RM RMF RF
2001 B B.T TLA AR R R R RM RM RMF RF

2002 R R RBA RBTARBTLA RLA RLA R RM M M.F F
2003 F B BT TL A R R

P. nantoensis 2000 RM RM RF
2001 BT BT T TL TLA LR LR LR MF F = —
2002 - — BT TL L TLA LR RM M M.F F F
2003 - — BT TL TLA R R R

*The abbreviation of the genus names are as the followings. Ca., Castanopsis; Cy., Cyclobalanopsis;

P., Pasania; Q., Quercus.
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Table 2. Phenological phases of the trees belonging to the family Fagaceae in the Guandaushi forest

ecosystem (B, budding phase; T, tender leaf phase; L, leafing phase; A, flowering phase; R, fruiting

phase; M, mature fruiting phase; F, fruit falling phase; D, leaf falling phase) (continued)

Species* Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
P. hancei 2000 R RM RMF F
2001 = B TLA LA AR AR R R R R,IM,F MF  MF
2002 B TLA LR LR BTAR AR R RM M M.F F
2003 — BTA TLAR LR LR R R
P konishii 2000 R RMF MF F
2001 AR BAR BT TL A R TLR R R R RMF —
2002 — A R B TL BTLA A R AR R R -
2003 — - B TL TL A R R
P. synbalanos 2001 . R R RM RM RMF
2002 F F - - B T,L,.-‘{ LAR R R MF MF
2003 R R RB RTL RL AR R R
P. glabra 2000 RM ARMF AR
2001 ARBT RBT RT TL TLR TLAR AR AR AR MF MF AMF
2002 = BT T TL LAR BTLRBTLR TLR TAR AR AMF RMF
2003 RF RB TLA LAR R R R R.A
P. glabra 2001 TL TL T.L T.L Tl L - -
(caught in 2002 — BT TL TL L BTL TL TL L — — —
wildfire) 2003 — B BTLATLAR LR R R R,A
Q. variabilis 2000 R RMF FB.T
2001 BTL BA TLA TL LR R R R R DMF DMF DF
2002 D BTA LAR LR LR TLR R R R DR DM DMF
2003 D BTA TLA LR LR LR R R
Q. variabilis 2001 TL TL TL TL L L D D
(caught in 2002 D BTA LAR LR LR BTL L - D D D
wildfire) 2003 D BTA TLA L L L — —

*The abbreviation of the genus names are as the followings. Ca., Castanopsis; Cy., Cyclobalanopsis;

P., Pasania; Q., Quercus.
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Fig. 3. Budding and tender leaves of Fagaceae. (A, budding of Pasania konishii; B, tender leaf of
Pasania konishii; C, tender leaf of Castanopsis fargesii; D, budding of Pasania glabra; E, tender leaf of
Pasania glabra; F, tender leaf of Pasania nantoensis; G, budding of Castanopsis kawakamii; H, tender
leaf of Castanopsis kawakamii; |, tender leaf of Pasania harlandii.)
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Fig. 4. Numbers of species of Fagaceae at the
budding phase for calendar months in 2001 to
2003.
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Fig. 5. Flowers of Fagaceae. (A, staminate of Castanopsis kawakamii; B, pistillate of Castanopsis
kawakamii; C, staminate of Quercus variabilis; D, pistillate of Quercus variabilis; E, monoecious
inflorescence of Pasania konishii; F, inflorescence with both staminate and pistillate of Pasania glabra;
G, inflorescence and budding of Castanopsis kawakamii; H, pistillate inflorescence and tender leaf of
Cyclobalanopsis globosa; |, inflorescence and budding of Quercus variabilis; J, inflorescence and tender
leaf of Pasania harlandii; K, inflorescence and leafing of Pasania harlandii; L, inflorescence and leafing

of pasania hancei; M, inflorescence and leafing of Pasania glabra.)
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Fig. 6. Numbers of species of Fagaceae at the
budding phase for calendar months in 2001 to
2003.
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Fig. 7. Fruits of Fagaceae. (A, younger immature fruiting of Cyclobalanopsis globosa; B, immature
fruiting of Cyclobalanopsis globosa; C, mature fruiting of Cyclobalanopsis globosa; D, younger
immature fruiting of Quercus variabilis; E, immature fruiting of Quercus variabilis; F, mature fruiting of
Quercus variabilis; G, mature fruiting of Castanopsis kawakamii; H, mature fruiting of Pasania
harlandii; I, mature fruiting of Pasania hancei; J, mature fruiting of Pasania konishii; K, mature fruiting
of Pasania glabra; L, flowering phase and fruiting phase can happen simultaneously of Pasania glabra.)
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Fig. 8. Numbers of species of Fagaceae at the

fruiting phase for calendar months in 2001 to 2003.
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Fig. 9. Numbers of species of Fagaceae at the
mature fruiting phase for calendar months in
2001 to 2003.
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Fig. 10. The new fruiting branch(A) and dormant fruiting branch(B) of Pasania

harlandii.
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Fig. 11. Monthly rainfalls in the Guandaushi forest ecosystem in 2000 to 2003.
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