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Abstract

We used camera trapping and hair snares to survey the current status of
Formosan clouded leopard and to study the distribution, ecology and habitat use of
clouded leopard’s prey and other sympatric mammals in Tawu Nature Reserve and
Twin Ghost Lake Important Wildlife Area from January 2001 to May 2004.

Over 16,000 pictures were obtained through 13,354 camera trapping days by
nearly 400 camera trap sites. Together with the use of 232 continuously rebaited hair
snare stations, no clouded leopard is found. If a clouded leopard population still exists
in Taiwan, the density is estimated to be approximately 1/4 to 1/2 of the clouded
leopard population density in Thailand, or even less. Using GIS to identify the
suitable clouded leopard habitat remaining in Taiwan, the largest block is
Guanshan-Tawu mountains which there would be at most 25 to 50 clouded leopards
surviving. The second smaller blocks are Yushan-Danda mountains and the lowland at
the east side of Central Ranges. However, these blocks are separated by roads and
high mountains of the Central Ranges. Fragmented small habitat is one of the major
reasons for the decline of the clouded leopard population. Another reason is
insufficient prey, such as Formosan Reeve’s muntjacs, Formosan serow and Formosan
macaques. Although there are comparatively equal or more abundant prey in
undisturbed study area in Taiwan than in Thailand, the total area of such undisturbed
habitat is far beyond enough to support a healthy clouded leopard population in
Taiwan. Current protective areas consist of only a small fraction of these suitable
habitats. We suggest that an assessment of current protective areas is necessary and
recommend more surveys, protection and management effort in other possible and
unprotected areas.

Camera trapping had accumulated many data on other medium-to-large



mammals even though no clouded leopard is found. Many of these have few
ecological data available. Comparing occurrence indices between different altitude
zones, many species have significant differences in altitudinal distribution. Formosan
macaques, Formosan Reeve’s muntjacs, Formosan ferret badgers, crab-eating
mongooses and Formosan gem-faced palm civets have higher occurrence probabilities
in lower altitude. In contrast, Formosan yellow-throated martens and Siberian weasels
are more abundant in higher altitude. But yellow-throated martens are not so abundant
in the highest altitude. Formosan sambar deer, Formosan serow and wild boars
distribute widely and have different occurrence probabilities in various cover types
and altitude zones due to many other different habitat factors. Overall, relative
abundance and species richness is highest in lower altitudes. This agrees with other
studies in Taiwan. However, many species are less abundant in areas with human
disturbance, especially clouded leopard prey. Vegetation alteration and disturbance
and uncontrolled human activities are likely to affect animal abundance. Comparing
Tawu mountains to Danda mountains and Yushan National Park which also have
abundant animals and undisturbed habitat, Tawu mountains have the highest species
occurrence probabilities of muntjacs and serow and the most diverse and abundant
small-to-medium carnivores. Abundant clouded leopard prey and diverse carnivores is
the most valuable characteristics of Tawu Nature Reserve.

Activity patterns of 12 species are documented. Formosan macaques,
yellow-throated martens and crab-eating mongooses are diurnal. Formosan gem-faced
palm civets and Formosan ferret-badgers are nocturnal. Four artiodactyla species,
Siberian weasels, Chinese pangolins and Formosan black bears are active both day
and night. The 4 artiodactyla species have more diurnal activities, while Siberian
weasels and Chinese pangolins are more active at night. Male muntjacs are

significantly more active at daytime than female muntjacs. But there is no such
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difference between male and female sambar deer. In dry season, both muntjacs and
sambar deer have significantly more diurnal activities than in wet season. Four
artiodactyla species are mainly diurnal in Tawu mountain and Twin-Ghost-Lake areas.
However, they are more nocturnal in other areas with human disturbance. Human
disturbance is possibly one of the reasons that increase their nocturnal activities.

Spring and summer are the major breeding seasons. This agrees with the trend of
seasonal changes of occurrence indices. After adjusting for the higher activity level of
male muntjacs, significantly higher occurrence index of male muntjacs than female
muntjacs suggesting that the population size of male muntjacs is higher. This is
opposite to the hunted muntjac population in Danda. Higher population size of female
muntjacs is possibly why the muntjac population in Danda could sustain under
hunting pressures. Male sambar deer also has significant higher occurrence index
which suggests that male sambar deer is also more than female sambar deer. Velvet
period of muntjacs concentrates in June, July and August. Sambar deer grow velvets
mainly from March to May. Muntjacs and sambar deer both have individuals with
growing velvets throughout the whole year.

With regards to microhabitat selection, the relationship between occurrence
indices and vegetation types is correlated with altitude. Rhododendron forest has very
low animal abundance except Formosn serow. Similarly, only Formosan serow and
more arboreal species adapt well to rugged and steep terrain. Forest understory seems
to affect small carnivores more than forest tree structures. Diverse understory may
provide good habitats for food resources, i.e. rodents and insects, of carnivores and
therefore increase their occurrence probabilities. And forest tree structure is more
correlated to arboreal species like yellow-throated martens and gem-faced palm civets.
Forest understory acts as an factor in providing food for herbivores. Medium-to-large

trees are favorably selected by herbivores possibly because of mast production and

11



resting sites. Wild boars do not have significant microhabitat selection except
occurrence is correlated to rock cover and nearby cliff existence. This agrees with the
fact that wild boar is widely distributed all over Taiwan in different habitat types.
Formosan macaques and yellow-throated martens prefer drier slopes. In contrast,
serow and Siberian weasels occur more in wetter slopes. Reeve’s muntjacs, serow,
Siberian weasels and gem-faced palm civets are more abundant farther away from
rivers. But sambar deer prefer areas closer to rivers. Slight change of photo area of
camera traps will affect photographic rate of large mammals whose movement
functions as migration but not feeding. Photo area also increases the photographic
rates of arboreal species like macaques, yellow-throated martens and gem-faced palm
civets. Thereby, different camera trap setup methods with larger photo area could be
tested in Taiwan’s forest to increase the chance of photographing clouded leopards
and black bears.

Predicted distributions of muntjacs, serow, and sambar deer show niche
segregation of these 3 species. Muntjacs are more abundant in flat lowland and far
from river, but muntjacs are much less in higher altitude. Sambar deer do not have
altitudinal differences and are abundant in gentle valleys close to rivers. In contrast,
Formosan serow prefer rugged river valley in low-to-mid altitude. Niche segregation
could also be observed in small carnivores based on food habitats, activity patterns,
distribution and habitat selection. Yellow-throated martens and Siberian weasels are
more abundant in higher altitudes. Yellow-throated marten is diurnal and Siberian
weasel is mainly nocturnal. Distributed differently from the martens and weasels,
crab-eating mongooses and gem-faced palm civets prefer lower altitudes and also
have contrasting activity patterns. In addition to different habitat selection of
ferret-badgers, it seems that the relative abundance of ferret-badgers changes

corresponding to different abundance of other small carnivores.
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Low-to-mid altitude has the most abundant and diverse species. Tawu Nature
Reserve protects lower altitude, while Twin-Ghost-Lake Important Wildlife Area
mainly protects mid-altitude forest. They complement each other and in total protect
the largest low-to-mid altitude pristine forest remaining in Taiwan. Low-to-mid
altitude pristine forest is the major habitat of clouded leopard but is the weakest part
in current reserve systems. The proposing Public Land Conservation Law restricts
development in altitude above 1,500m to avoid land slides and soil erosion due to
typhoons and heavy rains. However, it may thereby increase development in lowland
forests, which have the most abundant and diverse animals. We urge that development
in lowland should be strictly monitored, environmentally assessed and planned.

Although no clouded leopard is found, the result shows that Tawu Nature
Reserve and Twin-Ghost-Lake Important Wildlife Area has more abundant and
complete medium-to-large mammal fauna than other protected areas in Taiwan. 117
bird species were documented during this survey. Of all 52 law-protected bird species
breeding in mountainous forests, 50 species occur in Tawu mountain and
Twin-Ghost-Lake area (except Mikado pheasant and blue-winged pitta). All
law-protected amphibian species also exist within range. For species occurrence ratio,
Tawu mountain and Twin-Ghost-Lake area is very high. They should be managed
under a single one unit rather than two separate protective systems. Tawu Nature
Reserve does not lose its value even though clouded leopard is not found. In contrast,
result from three and a half years further demonstrates their unreplaceable values: the
largest pristine tropical forest which has the most abundant and diverse species in

Taiwan.
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¥ b5 Ketupa flavipes g/ % I
Gl Ninox scutulata T/ % I
A & %8 Otus bakkamoena ¥/ II
+ o &5 Otus spilocephalus FL/E I
A K5 Strix aluco T/ % I
kg Strix leptogrammica ¥/* % I

A 3 3 e 3 Apus affinis T/%
v OPE R Apus pacificus [ %ia
ol A Chcaetura caudacuta [ %ia

ok HE ®E Alcedo atthis g/ &

Ry %3 745 Megalaima oorti BL/E

kAE ] rRA Picoides canicapillus F/%

% Ak A Picoides leucotos /2 g 1
R A Picus canus /2 g 1

% 25 H X e Delichon urbica F/%
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P # Pt g Z A
%A, & i Hirundo daurica .7/
T Hirundo rustica W ¥/
A Hirundo tahitica w5/
%848 v m v %848 Motacilla alba leucopsis /%
A 4848 Motacilla cinerea L5 /%
bisw: Anthus hodgsoni 2/ %
L 5 el g Pericrocotus solaris g/% 111
vl §  Coracina novaehollandiae /% II
i8 v 2 if Hypsipetes madagascariensis ¥ %7 /%
v IR EBW L8 Spizixos semitorques /2%
B BR 3T Pycnonotus taivanus T/ I
=k B ay Lanius cristatus LV 1 I
w5 P B Cinclus pallasii g/%
A8 %8 AR 38 Troglodytes troglodytes I/ ﬁr
8 | 8 Brachypteryx montana BL/% 11
75 48 Erithacus calliope %/ i
A R Enicurus scouleri BL/2% 1
75 48 Erithacus calliope %/ i
v Jp k48 Erithacus indicus BL/%
& 4 k9 Erithacus johnstoniae /% 111
o A vl Myiophoneus insularis B/ I
fpc ) Monticola solitarius &ia
£.d -k 8 Phoenicurus fuliginosus BL/E M1
kg Tarsiger cyanurus 2/ %
L8 Turdus chrysolaus B/
8 Turdus dauma e IR Y
v Ef FH Turdus niveiceps LI 11
v /p 18 Turdus obscurus W/
v R E Turdus pallidus /%
X XEEAR Actinodura morrisoniana /g 11
Mg - ¥ Alcippe cinereiceps B/ %
HrE AR Alcippe morrisonia BL/E
FR B AR Alcippe brunnea BL/E
v Rk Garrulax albogularis B/ ﬁir II
Y / Garrulax canorus B/ ﬁir II
o AR R Garrulax morrisonianus /g I
ke Garrulax caerulatus B2 % 11
v BE A Heterophasia auricularis /4 I1
% Mih Liocichla steerii /% I
A8 R Pnoepyga pusilla BL/E
Rl ok Pomatorhinus erythrogenys — ¥ 1; /%
20 ok 2 Pomatorhinus ruficollis BL/%
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s S (0 2)
P 7 R r PRIE FiE
£ A L Az BR Stachyris ruficeps FL/E
LR Y Yuhina brunneiceps /3 I
%% A Yuhina zantholeuca g/%
BB s i BEYE Paradoxornis webbianus FL/2
B o B Abroscopus albogularis T/%
- B EATH  Bradypterus alishanensis /L
R Cettia acanthizoides FL/* g
B Cettia fortipes B/
X AE % Prinia polychroa i/ ﬁir
L z$ 5" & Regulus goodfellowi F/HE I
28 %% 7 88 Ficedula hyperythra BL/E I
= k38 Muscicapa ferruginea 2/%
F ORI Niltava vivida BL/E I
3 %8 2 Y. 88 Hypothymis azurea FL/* g
EELE ZEgLlH Aegithalos concinnus T/% I
NS SRS Parus ater FL/E 111
+ L% Parus holsti /L II
FELE Parus monticolus FL/E 111
ks s Parus varius B/ ﬁir II
g KLY Sitta europaea T/%
i g & R T Dicaeum concolor FL/E
=39k 1= & Dicaeum ignipectus FL/E
P & PR Zosterops japonica ¥/
7§ 2 5% T8 Emberiza spodocephala /2%
g -1 Pyrrhula erythaca FL/2
(k1 Pyrrhula nipalensis FL/* g
wiREE v Mg g Lonchura striata ¥/
B + Oriolus chinensis ¥/ ﬁir 11
8 Oriolus traillii B4/ I
% E - Dicrurus aeneus FL/E
7] 5 Garrulus glandarius FL/E 11
5 7 Nucifraga caryocatactes HL/2
E v 78 Corvus macrorhynchos ¥/ ﬁir
- Urocissa caerulea #/% II
BIH B CRET A BTSRRI LA T AT HRARB L
FoMNERE A iEE TR R RS
FIR A DABEFR Aot KBE L7 H R APRN A
FAT IR 5 A B LA B ERFP L A AT BT
> e T oo
BT R HTRE AT AN 2 B p S - ) BT A S -4
B T A o
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S P L RETHREELPHAFFELRIBR A DD TP 28T

G B RAK LB B8 S E PR (FiE)

g P ¥ o 7 B ?, ERE
7oA Lk A e 2L Hynobius arisanensis
£ E WA % WA Bufo bankorensis
R v R R Hyla chinensis
fehiE P A AE Buergeria japonicus
Aafis Buergeri robusta I
TR AHE Chirixalus eiffingeri
v 4 A Polypedates megacephalus
=L RHE Rhacophorus aurantiventris
A APE Rhacophorus moltrechti I
7 3 :}i’F’K F N Rana latouchii
BN A Raba sauteri
272 X 7‘% ¥+ Rana swinhoana
3 oB B2 FAEYr Japalura swinhonis
PR+ P REAF Eumeces elegans
Er R BEMT Sphenomorphus indicus
Yhtgit A 4 & Bungarus multicinctus multicinctus 11
4 B R Agkistrodon acutus I
e A BT Trimeresurus gracilis 11
Gl IR Trimeresurus stejnegeri
T 4R U o AR Achalinus formosanus
£ b Elaphe taeniura friesei II
= b &Lt Pseudoxenodon stejnegeri

v EYRIT Sinonatrix percarinata
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