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Habitat Use and Distribution Model of Formosan Black Bears
(Ursus thibetanus formosanus)
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Abstract

Habitat loss and fragmentation are primary issues in the conservation and management of large
carnivores. Successful wildlife management requires an understanding of animal habitat requirements and
accurate prediction of its distribution. The Formosan black bear (Ursus thibetanus formosanus), an
endemic subspecies of Asiatic black bear (U. thibetanus) inhabiting Taiwan, is listed as a locally
endangered species. Grid cells where Formosan black bears were detected differed significantly from
the availability of habitats across the entire study area (>100m in elevation, excluding Taipei and
Kaohsiung cities) in all seven environment variables measured, including elevation, slope, NDVI
(normalized difference vegetation index), naturalness, road density, and shortest distance to river and road
(Mann-Whitney U test, p<0.001). The results indicated that these variables affected where bears tended to
live (a reflection of their choices as well as spatial differences in human-related mortality risks; chi-square
test, p<0.001). The genetic algorithm for rule-set prediction model predicted that bears occurred mainly
along the Central Mountain Ranges, whereas few lived in the isolated Eastern Coastal Mountain Range. The
geographic distribution of Formosan black bears appears to have declined, as compared to the distribution
data recorded in 1990. Their habitat use was not only limited by food abundance and natural physical factors
but also by human disturbance. The predictability of our model would be enhanced by improving the
accuracy of bear presence-absence data and by incorporating more explanatory variables, such as types and

locations of human activities (especially illegal hunting), food abundance, and various road networks.
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Key words: Asiatic black bear, Taiwan, habitat selection, genetic algorithm for rule-set prediction
(GARP), presence data
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Table 1. List and spe01ﬁcat10n of natural and human-related variables used to analyze and to predict

occurrence of Formosan black bears

Specification

Variables Range
1. Natural factors

Elevation (m) 50-3,429
Slope (° ) 0-60.6

Normalized difference -1-+1
vegetation index

(NDVI)

Shortest distance to 0-10.4
rivers (km)

2. Human-related factors
Naturalness 1-10

Road density (m/ha)  0-288.8

Shortest distance to 0-16.3
roads (km)

Based on the 1/50,000 topographic map published by Ministry of the
Interior, the contour interval was 100m set as Arc/Info file and then
transferred to the grid system. The elevations within a grid were averaged.

Utilized the elevation database and loaded to IDRIST to calculate slope.
The slopes within a grid were averaged.

Data was from the US. Geological Survey. One month 3 images,
presenting the plant growth condition at the first, middle and end of the
month, respectively, was processed by geographical adjustment or project
transfer, and then mapped to the grid system.

Digitalized the distribution map of watershed in Taiwan published by the
Council of Agriculture by Arc/Info (Sun 1988), and then transferred to grid
data, loaded to IDRISI to analyze the distance. The result was saved as
dBase format.

Classified the vegetation map into 10 levels according to land use and land
cover types with a natural index concept (Hsu 1984). The bigger the
number is, the more natural it is. Excluding the 7™ level, they were: (1)
city, (2) fish farm, (3) farmland (rice paddy, tea plantation and sugar cane
garden), (4) orchard, (5) afforestation (acacia, mixed and bamboo forests),
(6) fir afforestation, (8) secondary forest (pine and Yushan bamboo), (9)
fagus, and (10) primary forest.

Digitalized the transportation road map published by the Council of
Agriculture (1994), including national highways, provincial highways,
prefectural highways, country ways and ordinary roads. Then, calculated
the total road lengths for a square unit.

The shortest distance from the grid center to the central of the grid where
its road density was greater than zero.
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1% - Kappa {ffi /i 5 0-1 1 fH]
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Fig. 1. Geographical dlstrlbutlon of Formosan black bears based on the occurrences recorded in 1990 to

2006. The study area was mapped on a 1 km® UTM grid cell basis.
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Fig. 2. Geographical distribution of Formosan black bears derived from the genetic algorithm for rule-set

prediction (GARP) and bear data reported in 1990 to 2006.
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Fig. 4. Electivity indices for areas of different
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available in the study area versus those of

expected use by Formosan black bears.
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Fig. 5. Electivity indices for areas of different
slopes calculated by comparing grid percentages
available in the study area versus those of

expected use by Formosan black bears.
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Fig. 6. Electivity indices for areas of different
distances to rivers calculated by comparing grid
percentages of categories available in the study

area versus those of expected use by Formosan
black bears.
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Fig. 7. Electivity indices for areas of different
naturalness indexes calculated by comparing grid
percentages of categories available in the study

area versus those of expected use by Formosan
black bears.
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Abstract

The objective of this study was to investigate the reproductive physiology of the Formosan mountain
vole (Volemys kikuchii), an endemic species in Taiwan. Fecal samples were collected daily in the morning
from ten adult females (5 unpaired and 5 paired) at the Taipei Zoo during the period from July to
December, 2007. The progesterone and estradiol concentrations of the fecal samples were determined

with the enzyme-immunoassay (EIA) method. The results revealed that the vole had the progesterone and

estradiol cycle of 4-5 days and the gestation period of 24-25 days.
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Table 1. The fecal sampling periods of paired and unpaired Formosan mountain field voles in 2007

Groups Voles Sampling periods
Starting Ending

Unpaired F1011 June 26 November 24
(female) F1041 October 18 November 24
F1010 October 18 November 24
F1023 October 18 November 24
F1012 October 18 November 24

Paired C1195-3 x C1195-9 October 29 December 3
(female x male) F1018 x F1004 October 29 November 24
C1221-5 x C1195-7 October 18 November 24
C1195-6 x Cl1221-2 October 25 November 24
F1024 x F1029 October 18 November 24

2 2. Y M (n=5) SR B o PSS
El(n=5)7 FRRe ] 1 5 E (mean + SD)
Table 2. Body weights (mean + SD) of the adult
males (n=5) and unpaired females (n=5) of the
Formosan mountain field vole

Gender Body weight (g)
Female (n=5) 51.7+5.6
Male (n=5) 47.7+£9.6
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periods without distinct estrous cycles; Day 1, the first day of sampling).
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Abstract

The glass fish (Parambassis siamensis) in the Sun Moon Lake was sampled monthly with a
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square-shape fishing net from June 2005 to May 2007. A total of 718 fish with a total weight of
2,365.60g were collected. Their stomach contents were examined, and then, analyzed with CLUSTER,
MDS, the similar percentage (SIMPER) and one-way ANOSIM in PRIMER 6.0, and compared among
the seasons, genders, and body sizes (<50, 50-59, 60-69 and =70 mm). The results showed that the major
food items of the glass fish were fish fry and Chironomids. No significant difference was found in food
items between the genders, among the seasons, and among the body size classes. Due to their strong
piscivorous habit, the exotic glass fish may cause damaging effects on the aquatic ecosystem and native

fish populations.
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(Parambassis siamensis) collected from the Sun Moon Lake during the period from June 2005 to May

2007
Number of Mean length Body weight .
Season Sex individuals Mean£SD (mm) Mean+SD (g) Total weight (g)

2005
Summer F 47 60.87+4.19 3.25+0.71 152.90
M 13 52.70+3.23 2.03+0.46 26.45
Autumn F 81 62.06+5.00 3.65+0.94 295.34
M 9 53.7249.38 2.34+1.21 21.07
Winter F 63 54.24+8.92 2.48+1.38 156.22
¢ M 27 50.55+5.11 1.76£0.55 47.61

2006
Sorin F 52 59.55+7.67 3.52+1.53 182.92
pring M 36 53.73+6.63 2.43+1.19 87.35
Summer F 70 63.07+7.03 3.94+1 45 276.11
4 M 20 56.45+4.32 2.61+0.62 52.22
Autumn F 75 63.41£5.19 3.8+0.97 284.27
u M 15 59.50+3.35 3.28+0.80 52.51
Winter F 62 57.77+7.89 3.17+1.33 190.09
M 28 52.27+7.65 2.22+1.02 66.46

2007
Sorin F 58 65.44+5.72 4.59+1.23 264.60
pring M 32 54.87+4.16 2.36+0.52 75.31
Summer F 27 67.86+4.28 4.68+0.92 126.24
u M 3 57.10+5.11 3.39+0.28 7.93
Combined 718 2,365.60
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Fig. 4. Seasonal changes in the percentage compositions of the empty stomaches of the glass fish
(Parambassis siamensis) collected from the Sun Moon Lake during the period from June 2005 to May
2007.
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Table 2. Seasonal changes in the diet composition of stomach contents of the glass fish (Parambassis
siamensis) from the Sun Moon Lake during the period from June 2005 to May 2007 (--, not comsumed;

F% , percentage of frequency occurrence; N% , mean percentage of diet abundance; RI , relative index)

Food items 2005 Summer 2005 Autumn 2005 Winter 2006 Spring

F% N% RI F% N% RI F% N% RI F% N% RI
Copepoda 31.25 8.15 254.63 11.11 203 2252 2.63 1.08 2.84 - -- --
Cladocera 15.63 4.44 6944 444 0.68 3.00 286 0.54 1.54 - -- --
Decapoda 938 222 2083 222 0.34 075 - -- -- -- - --
Chironomidae 62.50 14.81 925.93 42.22 2838 1198.20 65.71 62.16 4084.94 77.42 51.84 4013.46
Ephemeroptera 31.25 9.63 30093 889 1.35 12.01 -- -- -- -- -- --
Fish egg 6.25 1481 9259 6.67 1824 121.62  -- -- -- -- -- --
Fry 12.50 34.81 435.19 4222 47.97 2025.53 31.43 31.89 1002.32 43.55 48.16 2097.27
Filamentous algae 15.63 11.11 173.61 4.44 0.68 3.00 286 0.54 1.54 - -- --
Shrimps - -- - 222 034 0.75 1143 378 4324  -- - --
Ants -- - -- -- -- -- -- -- -- -- - --
Spiders -- -- -- -- -- -- - -- -- -- - -

Wigglers -- -- -- -- -- -- -- -- -- -- -- --
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Food 2006 Summer 2006 Autumn 2006 Winter 2007 Spring 2007 Summer
items/Seasonal F% N% RI F% N% RI F% N% RI F% N% RI F% N% RI
Copepoda -- -- -- -- -- -- - - -- - - -- - -- --
Cladocera -- -- -- - - -- - - -- -- -- -- - - --
Decapoda - -- -- - - -- - - -- -- -- -- -- -- --
Chironomidae  79.07 80.26 6346.39 84.85 67.80 5752.44 77.50 46.10 357270  58.33 38.58 2250.66 36.36 7.14 259.74
Ephemeroptera
Fish egg 233 570 1326 3.03 932 2825 250 213 532 1250 14.96 187.01 9.9 7.4 64.94
Fry 18.60 14.04 261.12 2424 22.88 55470 10.00 15.60 156.03  29.17 45.67 1332.02 54.55 71.43 3896.10
Filamentous
algae -- -- -- - - - - -- -- -- -- - - --
Shrimps -- -- -- - - -- - - -- -- -- --
Ants - = . 1500 3475 52128 417 079 328 - - -
Spiders -- - -- -- -- -- 250 071 177 -- - -- - -- --
Wigglers - - -- - - -- 250 071 177 -- - -- 9.09 1429 129.87
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Table 3. The diet compositions of stomach contents by size categories of the glass fish (Parambassis
siamensis) from the Sun Moon Lake during the period from June 2005 to May 2007 (--, not comsumed;

F% , percentage of frequency occurrence; N% , mean percentage of diet abundance; RI , relative index)

Food items/Size <50 (n=36) 50-59 (n=107) 60-69 (n=161) =70 (n=20)
categories (mm)  F% N% RI F% N% RI F% N% RI F% N% RI
Copepoda 278  1.64 455 1.87 048 090 745 156 11.63 - -- --
Cladocera 556 246 13.66 1.87 048 090 248 042 1.03 - -- --
Decapoda -- -- -- 1.87 048 090 124 021 026  -- -- --
Chironomidae ~ 75.00 51.64 387295 70.09 46.63 3268.78 61.49 47.24 290497 70.00 46.46 3251.97
Ephemeroptera -- -- -- 748  2.64 19.77 3.11 0.52 1.62 5.00 0.79 3.94
Fish egg 278 246  6.83 374 1226 4583 373 6.87 2559 5.00 3.94 19.69
Fly 27.78 36.89 102459 2430 27.64 671.73 33.54 39.85 1336.73 20.00 40.16 803.15
Filamentous

algac 278  2.46 6.83 467 264 1236 124 042 052 -- -- --
Shrimps - - -- 280 072 202 0.62 042 026 5.00 0.79 3.94
Ants -- -- -- 093 024 0.22 -- -- -- -- - --
Spiders -- -- -- 093 024 0.22 -- -- -- -- -- --

Wigglers 556 246 13.66 187 553 1033 1.86  2.50 4.65 5.00 7.87 39.37
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Table 4. Gender difference in the diet composition of stomach contents of the glass fish (Parambassis
siamensis) from the Sun Moon Lake during the period from June 2005 to May 2007 (--, not consumed;

F% , percentage of frequency occurrence; N% , mean percentage of diet abundance; RI, relative index)

Food items Male (n=70) Female (n=254)

F% N% RI F% N% RI
Copepoda 2.86 0.88 2.52 5.12 1.22 6.22
Cladocera 1.43 0.88 1.26 2.76 0.50 1.38
Decapoda 1.43 0.44 0.63 1.18 0.21 0.25
Chironomidae 75.71 59.03 4469.48 63.78 45.46 2899.48
Ephemeroptera 5.71 2.20 12.59 3.94 0.86 0.86
Fish egg 1.43 0.44 0.63 433 8.86 38.39
Fry 15.71 42.86 673.47 32.68 40.31 1317.36
Filamentous algae 5.71 5.29 30.21 1.57 2.36 3.72
Ants -- -- -- 0.39 0.07 0.03
Wigglers 4.29 16.74 71.74 - - -
Spiders -- -- -- 0.39 0.07 0.03
Shrimps 2.86 0.88 2.52 3.15 2.00 6.30
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Fig. 5. Season changes in the percentage diet compositions of the stomach contents of the glass fish

(Parambassis siamensis) collected from the Sun Moon Lake during the period from June 2005 to May
2007.
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Sun Moon Lake during the period from June 2005 to May 2007.
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size classes of the glass fish (Parambassis siamensis) collected from the Sun Moon Lake during the
period from June 2005 to May 2007.
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Fig. 9. MDS showing similarity and relative indices (RI) of the food items among the four size classes of
the glass fish (Parambassis siamensis) collected from the Sun Moon Lake during the period from June
2005 to May 2007.
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Fig. 10. A cluster dendrogram showing similarity and relative indices (RI) of the food items among the

four seasons for the glass fish (Parambassis siamensis) collected from the Sun Moon Lake during the
period from June 2005 to May 2007.
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Abstract

Fish samplings were conducted seasonally with electrofishing and fish trapping methods at five
different polluted zones of Fazih River, 2000 to 2007. Water quality data were obtained from the National
Water Quality Monitor Network, and precipitation data from the Taichung Station of the Taiwan Central
Weather Bureau. The results showed that abundance of endemic species and exotic species were
significantly, negatively correlated to precipitation, number of raining days, and water quality indices
(WQIy), but positively correlated to BOD and river pollution indices (RPI). The exotic species were
negatively correlated to arsenic concentrations. There was the presence of interspecific competition
between endemic species and exotic species. No significant correlation was found between the abundance
of generalist species of fishes and precipitation, water quality, PRI-values, and WQIg-values, suggesting
their high tolerance to water pollution and environmental modification. The relationships between the
water pollution and wastewater discharges from the Taichung Science Park and the Taichung City were

discussed.
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Fig. 1. Fish sampling stations at Fazih River (F1, Lentzu Creek Bridge; F2, Tonghai Bridge; F3, Fazih

River Bridge; F4, Liusu Dike; F5, Chishen Bridge).
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Table 1. The TM 67 positions of the fish sampling stations at Fazih River

Stations Locations ™ X T™MY Elevations (m) Stream order
F1 Lentzu Creek Bridge 211443 2677045 112 1
F2 Tonghai Bridge 211486 2675257 96 1
F3 Fazih River Bridge 210521 2670620 65 2
F4 Liusu Dike 210440 2668813 43 2
F5 Chishen Bridge 210074 2667104 30 2

%2, [FERER A

Table 2. Classification of stream pollutions based on river pollution indices (RPI) calculated from

Equation (1) (A, clean to slightly polluted water; B, lightly polluted water; C, moderately polluted water;

D, heavily polluted water) '

Water quality parameters A B C D
DO, mg/1 >6.5 4.6-6.5 2.0-4.5 <2.0
BOD, mg/1 <3.0 3.0-4.9 5.0-15 >15
SS, mg/1 <2.0 20-49 50-100 >100
NH;-N, mg/1 <0.5 0.5-0.99 1.0-3.0 >3.0
Score 1 3 6 10
RPI value’ <2.0 2.0-3.0 3.1-6.0 >6.0

! (BRI 2007 & = BERUIHFETRAR Y (hitp://wgshow.epa.gov.tw/) °

2 RPI value based on average concentrations of DO, BOD, SS and NH;-N.
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Table 3. Weight values (w;) of eight water quality parameters for WQIg calculated from g;-values (x) with

Equation (2) '

Parameters (i) w;-values Units

gi-values

DO 0.22 Satulation (decimal)

0<x<0.7
-70.707x°+195.96x%-4.5707x
0.7=x<1.4
-416.67x*+2041.7x-3858.3x*+3243.3x-910

BOD 0.18 mg/l

0<BOD =5
0.6078B-3.5651B-9.6099B+100.59
5<BOD
1123.6/ [ 1+99.9xEXP(0.2xB)]

pH 0.16 -

2<pH=5
3.3333pH*-15pH + 16.67
5<pH=10
-12.562pH*+ 187.78pH-601.17
pH>10
6.6667pH*-156.67pH+920

NH;-N 0.13 mg/1

0<N=2
-19.335N+81.327N*-118.85N+99.75
2<N<=8
0.8271N*14.106N+59.906

E. coli 0.12 x = log(CFU/100ml)

1.13011X*15.26941X3+66.603X>-122.445X+170.34

SS 0.09 mg/1

2-0.00263S
10

TP 0.06 mg/1

0<P<0.4

29.9+3.8147/(P+0.054)
04=P=<3

6.592P%-36.417P+49.91

EC 0.04 ( mho/cm

101.7/ [ 1+0.0062xEXP(8.32x10°xC)]

LB % 2000) -
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Table 4. Classification of stream water quality based on WQIs-values '

WQI;-values Pollution categories

Suitable uses

Swimming, primary public water
Secondary public water, primary fish culture water

Tertiary public water, secondary fish culture water, primary

industrial water

86-100 Excellent
71-85 Very good
51-70 Good
31-50 Moderate
16-30 Poor

0-15 Very poor

Agricultural water, secondary industrial water
The minimum limit for environmental protection

Possible release of noxious gases
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Table 5. A list of endemic, exotic and generalist species of the fishes in Fazih River

Endemic species

Exotic species

Generalist species

Acrossocheilus paradoxus

(’F' T fiE)
Candidia barbata (’F JELT TED

Hemimyzon formosanum (’F R
]

Rhinogobius candidianus (F*J&!
P

Pseudobagrus adiposalis (’iﬁ,ﬁtﬁ)

Microphysogobio alticorpus (ﬁ{J
5 £ ,J\ é’,ﬁé’l'ﬁ])

Zacco pachycephalus (FF155)

Rhinogobius maculafasciatus
CERPE)

Microphysogobio brevirostris
(V| i)

Rhinogobius rubromaculatus

Gambusia affinis (“~1F1)

Micropterus salmoidea (J\P?J‘f%'\

Poecilia reticulate (3‘“%#\ FO
Carassius cuvieri (|17 )

Carassius hybrids (f ¥ %ﬁ})
Oreochromis hybrids (43 £1)

Cichlasoma managuense (22

S

Clarias batrachus (?f[ B BREEFL

Pterygoplichthys multiradiatus
(FEETED

Paramisgurnus dabryanus
(BT
Cobitis sinensis (f[13 [Li)

Paracheilognathus himantegus
(/1911

Zacco platypus (* ﬁfl )

Anguilla japonica (F 15&)

Hemiculter leucisculus (1 Eﬁ)

Misgurnus anguillicaudatus
(Vi)

Rhodeus ocellatus (E{J?E%%E&)

Channa maculate (5}

Clarias fuscus (f%f% £

(PP
Pseudobagrus brevianalis (%% Rhinogobius giurinus (Fy%54[7 i
i) %)

Cyprinus carpio (Ef)
Carassius auratus (5)
Pseudorasbora parva (512 1)
Silurus asotus (%)
Mugil cephalus (£
Anguilla marmorata (95FE)
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Fig. 5. Seasonal changes in RPI-values at Station F2 (Tunghai Bridge) and Station F5 (Chichen Bridge)
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Abstract

We recorded a Himalayan cuckoo (Cuculus saturatus) killing two grey-cheeked fulvetta nestlings
(Alcippe morrisonia), then picking them up in its bill, and tossing them out of the nest. The event
occurred in a secondary forest on the hills of Huben Village, Linnei Township, Yunlin County in the
central Taiwan on 10 April 2007. To our knowledge, it is the first record of an adult Himalayan cuckoo

killing nestlings in a potential host’s nest.
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Cuckoos of the genus Cuculus are (Clerodendrum kaempferi) in a secondary forest

obligatory interspecific brood parasites and have
evolved unique strategies for locating hosts and
maximizing the survival of their offspring
(Davies 2000). Six members of Cuculus have
been recorded on Taiwan. Among them, common
cuckoo (C. canorus), Indian cuckoo (C. micro-
pterus) and Hodgson’s hawk cuckoo (C. fugax)
are vagrants, little cuckoo (C. poliocephalus) is a
rare transient species, and both Himalayan
cuckoo (C. saturatus) and large hawk cuckoo (C.
sparverioides) are common summer Visitors to
Taiwan. Himalayan cuckoo is well known as a
parasite of small passerines and has been
reported to parasitize rufous-capped babbler
(Stachyris ruficeps) (Hsiech 1989), eastern crowned
leaf warbler (Phylloscopus coronatus) (Tojo et al.
2002) and Hume’s warbler (P. humei) (Wang et
al. 2004). This paper reports a predation event
where a Himalayan cuckoo killed two grey-
cheeked fulvetta nestlings (Alcippe morrisonia)
and, instead of eating them, tossed them out of
the nest.

On 21 March 2007 we found a nest of

grey-cheeked fulvetta on a scarlet glrybower

on the hills of Huben Village, Linnei Township,
Yunlin County in central Taiwan (120°37.1E,
23°44.5°N). We monitored the nest by a video
system which was consisted of an infrared
camera, digital recorder (ESDR400H, EverFocus
Electronics  Corporation, Hsi-Chih, Taipei,
Taiwan) and a cable powered by 12 volt deep
cycle batteries. A camera mounted on a tripod
was placed 1.5m from the nest. The video
recording system was set up 100m from the nest
to reduce the likelihood of human activities that
would disturb the nest site. The video system
continuously recorded the nest activities for 24
hours a day at a speed of 5 frames/sec. We
visited the recorder and replaced the batteries
every other day.

We found that the grey-cheeked fulvetta
female laid the first egg in the nest on 24 March,
the second egg on 26 March, and the third egg on
27 March. After incubation all the eggs hatched
on 7 April. On 10 April a Himalayan cuckoo
came to the nest. It stood in the nest from 06:36
to 06:40, and killed all the grey-cheeked fulvetta
nestlings with its bill. Then, the cuckoo picked
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up the dead nestlings with its bill one by one in a
very precise action and tossed them out the nest
(Fig. 1). After this incident, we continued our
monitoring until 08:31 on 12 April. No
Himalayan cuckoo revisited the nest. When

checking the nesting site on 12 April, we found

the nestlings’ remains on the ground near the nest.

They had partially been eaten by ants (Fig. 2).
Brood parasites usually remove or damage
at least one host egg before laying their own egg
to enhance their hatching success and reduce
nestling competition (Sealy 1992; Soler et al.
1997; Davies and Brooke 1998). They may also
gain significant nutrients by eating host eggs
(Scott et al. 1992), or eat host nestlings in nests
that they have already parasitized (Zahavi 1979).
This behavior is likely to enhance the survival of

brood parasitic young, and may provide

additional nutrients to fuel future egg production.

k

oo

Fig. 1. The Himalayan cuckoo (Cuculus
saturatus) with a dead grey-cheeked fulvetta
(Alcippe morrisonia) nestling (the red arrow) in
its bill moments before tossing it out of the nest.
The video was taped between 06:36 - 06:40 on
10 April 2007.

After hatching cuckoos usually revisit the

parasitized nests. When they find that their
offspring is not in the nest, they destroy or prey
upon the host eggs or nestlings to retaliate for the
rejection of parasitic eggs by the host (Zahavi
1979; Soler et al. 1995). However, in our case
the grey-cheeked fulvetta’s nest was not

parasitized by the Himalayan cuckoo.

Fig. 2. The remains of grey-cheeked fulvetta

(Alcippe morrisonia) nestlings found near the
nest at Huben Village, central Taiwan, 12 April
2007.

To our knowledge, this was the first record
of Himalayan cuckoo predation on a grey-
cheeked fulvetta’s nest. Although we did not
have a direct evidence that the grey-cheeked
fulvetta was a host of the Himalayan cuckoo, the
egg sizes of the Himalayan cuckoo are 21.2x14.0
mm (Johnsgard 1997) fairly similar to 19.0x14.6
mm of the grey-cheeked fulvetta (Lin 1996). In
addition, their eggs are whitish-buff ground-color
with reddish brown spots on the eggshells. With
the consideration of the egg size, coloration, and
the breeding habit of the grey-cheeked fulvetta, it
seems that the grey-cheecked fulvetta is a
potential host of the Himalayan cuckoo.

Brood parasitism and predation on hatch-
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lings of host birds are often linked, because
depredation of nests by parasites could enhance
future opportunities for parasitism (Chance 1940;
Zahavi 1979; Arcese 1996; Soler et al. 1995). It
is difficult for us to extrapolate strategies based
on an isolated event. However, we hypothesize
that this behavior might prompt the host to build
another nest and start a new breeding cycle. A
renewed breeding cycle may provide a new
opportunity for interspecific brood parasitism to
occur, perhaps under conditions more favorable
to survival of brood parasitic offspring. This
isolated event should prompt future research on
interspecific brood parasitic strategies for

Himalayan cuckoos in Taiwan.
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Abstract

This study was intended to identify causes of morbidity and mortality of wild raptors in Taiwan.
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During the period from 2000 to 2006, 683 raptors representing 22 species were admitted to the Wildlife
First Aid Station of the Endemic Species Research Institute (ESRI). Causes of their morbidity and
mortality were found to be trauma (48.46%), orphaned young (24.6%), metabolic and nutritional disease
(18.89%), susceptive toxicosis (2.93%), infectious disease (0.44%), and unknown (4.69%). After
treatment, 46.56% of them were cured and released to the wild, 41% died or were euthanized, and 12.45%
were kept in captivity permanently. Trauma was the major cause of morbidity and mortality for the wild

raptors in Taiwan.
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Table 1. Wild raptors admitted to the Wildlife First Aid Station of Endemic Spemes Research Institute,

Taiwan, 2000-2006

Species Number %

T e Collared scops owl Otus bakkamoena 235 34.41
L BIET Asian crested goshawk Accipiter trivirgatus 182 26.65
At Crested serpent eagle Spilornis cheela 67 9.81
P Common kestrel Falco tinnunculus 36 5.27
?‘1{ F?] R Spotted scops owl Otus spilocephalus 28 4.10
7 # e Besra sparrow hawk Accipiter virgatus 26 3.81
TR Brown hawk owl Ninox scutulata 17 2.49
0= S Short-eared owl Asio flammeus 16 2.34
- g e Chinese goshawk Accipiter soloensis 12 1.76
gl Grey face buzzard eagle Butastur indicus 11 1.61
FEPIEE, Brown wood owl Strix leptogrammica 8 1.17
g Oriental honey buzzard Pernis ptilorhynchus 8 1.17
U Peregrine falcon Falco peregrinus 7 1.02
g Grass owl Tyto capensis 6 0.88
PEHS Collared owlet Glaucidium brodiei 5 0.73
FlEy Black-shouldered kite Elanus caeruleus 4 0.59
FR S Hodgson's hawk eagle Spizaetus nipalensis 4 0.59
f[% Osprey Pandion haliaetus 3 0.44
IV Long-eared owl Asio flammeus 3 0.44
18R Oriental scops owl Otus sunia 2 0.29
EHE Eastern marsh harrier Circus spilonotus 2 0.29
FIRUf Tawany fish owl Ketupa flavipes 1 0.15
Total 683 100
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EEREE N AR l*?%tlﬁw’ff B | ¢ G719 Otus bakkamoena) 34. 41%(235/683)

RIErR| %ﬁ%ﬁﬁﬁ LHENIESS (i [WTF H ; e %~ B PETE Be(Accipiter trivirgatus) 26.65%
EF%U@EIFH J 0 AR PR 2R - T (182/683)El 7% » I & (A~ £, = (Spilornis

THELEEED ?EHW RLEHEY EL o RGP “ilé(!* cheela) 9.81% (67/683) ~ 3" & (Falco tinnunculus)
(ALY E i o™ HOE T 9 4 & oy 5.27% (36/683)73' ]]1,5 15§ Otus spilocephalus)
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#2.2000 = 2006 =€) PoReR ) 1B PO PP RIS 2 i 2 (R el R
Table 2. Causes of morbidity and mortality of wild raptors admitted to the Wildlife First Aid Station of
Endemic Species Research Institute, Taiwan, 2000-2006

Causes Number %
Trauma 331 48.46
Orphaned young 168 24.60
Metabolic and nutritional disease 129 18.89
Unknown 32 4.69
Toxicosis 20 2.93
Infectious disease 3 0.44
Total 683 100

#<3.2000 = 2006 FHE] 2 PP U 1o B2 EPaoBsR iR oa R s 2 BT B R
Table 3. Causes of trauma of 331 wild raptors admitted to the Wildlife First Aid Station of Endemic
Species Research Institute, Taiwan, 2000-2006

Cause of trauma Number %
Collision to vehicles 188 56.80
Nets 100 30.21
Traps 35 10.57
Gunshot 4 1.21
Unknown 3 0.91
Animal attack 1 0.30

Total 331 100
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Table 4. Outcomes after treatment of wild raptors admitted to the Wildlife First Aid Station of Endemic

Species Research Institute, Taiwan, 2000-2006

Outcomes Number %
Cured and released 318 46.56
Died 227 33.24
Kept in captivity 85 12.45
Euthanasia 53 7.76
Total 683 100
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Table 5. Seasonal difference in causes (percentage; number in parentheses) of morbidity and mortality of

wild raptors admitted to the Wildlife First Aid Station of Endemic Species Research Institute, Taiwan,

2000-2006
Season Number Trauma Orphaned - Metabolic .and nutritional Toxicosis Unknown Infect1ous
(month) young disease disease
Spring 03 4g.55(34) 3064 (53) 18.50 (32) 1.16(2) 1.16(2) 0.00 (0)

(Feb.-Apr.) ' ' ’ ) ' ’
Summer

| 24.87 (47) 54.50 (1 16.93 (32 . 1 5301

Mayduy 18 87 (47) 54.50 (103) 6.93 (32) 0.00 (0) 3.17(6) 0.53(1)

Autumn
131 56.49(74) 6.11(8 25.95 (34 6.11(8) 534(7) 0.00(0

(v Ot (4 6116) (34) ®) 534() 000(0)

Winter
1 32(126) 2.11 (4 16.32 (31 26 (10) 8.95(17) 1.05(2

(Nov.jan) 90 6632(126) &) 632 (31) 526 (10) 8.95(17) 1.05(2)

Total 683 331 168 129 20 32 3
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Table 6. Sources of wild raptors admitted to the
Wildlife First Aid Station of Endemic Species
Research Institute, Taiwan, 2000-2006

County/City Number %
Nantou County 314 45.97
Changhua County 87 12.74
Taichung County 75 10.98
Chiayi County 34 4.98
Yunlin County 27 3.95
Chiayi City 23 3.37
Kaohsiung County 16 2.34
Tainan County 16 2.34
Taichung City 16 2.34
Miaoli County 11 1.61
Taipei County 10 1.46
Kaohsiung City 9 1.32
Tainan City 8 1.17
Hsinchu County 8 1.17
Taoyuan County 8 1.17
Pingtung County 4 0.59
Hsinchu City 3 0.44
Taitung County 3 0.44
Unknown 3 0.44
Penghu County 2 0.29
Hualien County 2 0.29
Yilan County 2 0.29
Taipei City 2 0.29
Total 683 100
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Vesicular-Arbuscular Mycorrhizal Fungi (VAMF) in Soils
Associated with Yushania niitakayamensis in Mountain Forests of
Central Taiwan
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Ko

= IF] & T (Yushania mztakayamenszs) T pﬁ’?,ﬁ/; [PEVE S 91,500-3,600m. 1 1k - PRI LT b
WBSHRE BELIR O PR SRS A a:f«?ﬁvr SRR IEHE « 1) S
[EERE RN Jﬁiﬁ"ﬁ‘/lﬁ' N ANERTE e L L e IR S A S
B~ TG W ) R R o R PRSI 2 1T e SO A s
R PR R B R B SRS R B+ ]S P
e £h Acaulospora koskei ~ Acaulospora spinosa ~ Acaulospora tuberculata ~ Acaulospora laevis ~ Glomus
claroideum % Scutellospora pellucida - Flﬁ“ 58 Sl 4FE T [7@;9;;3 SFE Acaulospora alpina ~

Acaulospora undulata ~ Acaulospora excavata Entrophospom schenckii °
Abstract

Yushania niitakayamensis is distributed in the Central Mountain Range at elevations of



80 B T P

1,500-3,600m in Taiwan. It is a dominant ground-cover plant in coniferous forests and needle broad leaf
mixed forests, playing an irreplaceable role in maintaining the integrity and stability of the forest system.
Y. niitakayamensis lives in infertile areas often inhabitable for other plants. This study investigated the
fungus composition in soils of the Y. niitakayamensis forests and found 23 species in 5 genera of
vesicular-arbuscular mycorrhizal fungi (VAMF). Of them Acaulospora koskei, Acaulospora spinosa,
Acaulospora tuberculata, Acaulospora laevis, Glomus claroideum and Scutellospora pellucida were
dominant, and Acaulospora alpina, Acaulospora undulata, Acaulospora excavata and Entrophospora

schenckii were new records to Taiwan.
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Key words : Yushania niitakayamensis, vesicular-arbuscular mycorrhizal fungi (VAMF)
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Fig. 1. The VAMF species in soils associated with Yushania niitakayamensis in mountain forests of
central Taiwan: A, Acaulospora mellea; B, Acaulospora morrowiae; C, Acaulospora tuberculata; D,

Acaulospora scrobiculata; E, Acaulospora koskei; F, Acaulospora alpina.
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w 2. T’iﬁﬁlﬁfﬁf‘jﬁh = L[[Fﬁﬁ?ﬁﬁj i d RALR o A, Acaulospora undulata; B, Acaulospora
excavata; C, Acaulospora spinosa; D, Acaulospora laevis; E, Entrophospora infrequens; F,
Entrophospora schenckii -

Fig. 2. The VAMF species in soils associated with Yushania niitakayamensis in mountain forests of
central Taiwan: A, Acaulospora undulata; B, Acaulospora excavata; C, Acaulospora spinosa; D,

Acaulospora laevis; E, Entrophospora infrequens; F, Entrophospora schenckii.
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w 3. ’F bl lﬁﬂf‘ﬂﬁﬁﬁ} [ ]?ﬂf Tobft B |2 AR < A, Glomus chimonobambusae; B, Glomus claroideum;
C, Glomus etunicatum; D, Glomus geosporum; E, Glomus constrictum; F, Glomus spurcum o
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Abstract

We report Calypogeia aeruginosa Mitten as a newly recorded species of liverwort to Taiwan. It is
distinguishable from other congeners on the island by having very large orbicular to reniform underleaves
with obtuse or emarginated apices, and the dark blue to bluish brown oil bodies in its leaf cells. This paper
also briefly describes its characters with illustrations and provides information on its habitat and

distribution.
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Introduction

Six species of liverworts belonging to the
genus Calypogeia have been reported from
Taiwan (Lin 2000). In our recent plant inventory
survey of Taiwan, we collected a specimen of
Calypogeia aeruginosa Mitten from Mt. Ali,
Chiayi County, in 2008. And found it to be a new
record to the liverwort flora of Taiwan. This
paper briefly describes its characters with
illustrations and provides information on its
habitat and distribution. The voucher specimen is
deposited at the Herbarium of Endemic Species
Research Institute (TAIE).

Taxonomic Treatment

Calypogeia aeruginosa Mitten, Journal of the
Proceedings of the Linnean Society 5: 107
(1861).

St il e Figs. 1-2
Description: Plants up to 55 mm in length,

with leaves 1.6-2.5 mm in width, fresh specimen

bluish green to dark olive green in color, dried
specimen yellowish brown to dark brown. Stems
irregularly branched, elliptical-rectangular in
cross-section, 0.35-0.40x0.18-0.22 mm in dia-

Accepted: April 29, 2009
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meter; cortical cells small in a single layer,
medullary cells larger, cells almost undifferenti-
ated, with thin-wall and small trigones. Leaves
densely imbricate, incubous, obliquely insertion,
and obovate to orbicular, 1.6-2.0 mm in length,
1.0-1.6 mm in width, apex rounded, margin
involuted. Leave cells thin-walled, trigones mi-
nute, and intermediate thickening absent;
marginal cells rectangular, 30-45x20-30 pm;
median cells polygonal, 28-48%22-40 pum; and
basal cells similar to median ones in shape but
larger, 42-73x25-40 um. Cuticle smooth. Oil
bodies usually 2 per cell for leaf lobe, dark blue
to bluish brown in color, compound type and
filled with minute granules, oblong to orbicular,
5-9x4-6 pm. Underleaves very large, orbicular to
reniform, 1.3-1.5 mm in length, 1.7-2.1 mm in
width, imbricate, with arched insertion, apices
emarginated to obtus. Fertile plants and

sporophyte not seen.

Habitat and Distribution: According to
literature (Hasegawa 2000; Singh and Singh
2008) and our field observation in this study, C.
aeruginosa grows on wet and exposed rock
surface, such as along road sides, with constantly

seeping or dripping water.
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C. aeruginosa is found at Mt. Ali in Chiayi
County of Taiwan (elevation 2,300m) (Fig. 3),
Sikkim, Lachen (elevation 366m) (Inoue 1969)
and Sikkim, Pangthang (elevation 1,780m)
(Singh and Singh 2008) of India, Yakushima
Island in Kagoshima Prefecture (elevation
1,700-1,850m) of Japan (Inoue 1969; Hasegawa
2000), and Kaua Island of Hawaii, USA (Miller
1967; Inoue 1969; Staples and Imada 2006).

Specimens examined: Chiayi County: Mt.
Ali, Alishan Railroad Mian-yue branch 8.4 km,
on the wall of seeping rock-slab just beside the
trail and without any shade, elevation 2,300m,
120°48'30"E, 23°32'56"N; Mar. 11, 2008, J. -D.
Yang 4920 (TAIE).

Remarks: The oil bodies in leaf cells are
fairly fixed character for the species and
apparently have taxonomic value. However, they
have not been commonly used, because they are
absent in dried herbarium materials (Stewart
1978; Furuki and Higuchi 1996). The genus
Calypogeia comprises about 30 species worldwide
(Gradstein and Costa 2003), and only five
species have the blue oil bodies. They are C.
aeruginosa, C. azurea Stotler & Crotz. [= C.
tricomanis (L.) Corda) , C. goebelii (Schiffn.)
Steph., C. granulata Inoue and C. peruviana
Nees & Mont. (Inoue 1968, 1975; Schuster 1969;
Huneck 1983; Hasegawa 2000; Furuki 2001).
There are two species C. aeruginosa and C.
azurea in Taiwan with blue oil bodies.
Calypogeia aeruginosa is easily distinguishable
from other congeners in Taiwan by having very
large orbicular to reniform underleave with
emarginated or obtuse apex, and the dark blue to
bluish brown oil bodies of leaf cells. The C.

azurea is different from its underleaves small and
bifid for more than 1/3 the length.

According to the IUCN categories of
threatened species, Calypogeia aeruginosa has
been considered as a rare species and cataloged
as critically endangered (CR) in India and
vulnerable (VU) in Japan (Iwatsuki et al. 2008;
Singh and Singh 2008). In Taiwan, the
population status of this species needs a futher
study. The Mt. Ali population is small and only
found on the wall of seeping rock-slab just
beside the trail without any shade. Such habitat is
easily to be destroyed by landslides.

The occurrence of this species reported
herein provides another evidence of the
phytogeographic affinity of the bryoflora in
Taiwan with those in the Southeast Himalayas
(Lin 2000; Yang and Lin 2008).
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Fig. 1. Calypogeia aeruginosa Mitten: a and b, marginal cells of leaf lobes; ¢ and d, median cells of leaf
lobes; e, basal cells of leaf lobe; f, transverse section of stem; g, oil bodies in the median cells of leaf lobe;

h, ventral view of a portion of sterile plant; i-1, underleaves; m-p, leaves. All drawn from J. -D. Yang
4920.
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Fig. 2. Calypogeia aeruginosa Mitten: a, plants; b, transverse section of stem; c, dark blue to bluish

brown oil bodies filled with minute granules. (from J. -D. Yang 4920)
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Fig. 3. The collection location of Calypogeia aeruginosa Mitten (solid circle) in Taiwan.
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