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Fig. 1. A schematic illustration of drift-fence
pitfall traps.
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Fig. 2. A comparison in community structure of ground-dwelling vertebrates among four microhabitats

in a subtropical montane forest in central Taiwan.
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Fig. 3. The distribution of relative abundance in
relation to ranks for the ground-dwelling
vertebrates in a subtropical montane forest in

central Taiwan.
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Abstract

We studied the community structure of ground-dwelling vertebrates, using drift-fence pitfall
traps, in a subtropical montane forest in the Fong-Huang-Ku Bird Park, Nantou, in the central
part of Taiwan, from August 1995 to May 1997. A total 18 species of vertebrates were
captured, including four species of mammals, four species of lizards, nine species of
amphibians and one species of bird. The relative abundance of the species showed a lognormal
distribution, suggesting that the vertebrate community was dominated by a few species of high-
abundance. Significant differences in community structure were found among four
microhabitats (bamboo grove, conifer plantation, natural forest, and open grass-land). Even
under the similar physiognomy between two bamboo groves, their species composition and
rel ative abundance were significantly different. We propose a protocol for using the drift-fence

pitfall traps in biodiversity studies to comply with the requirement of animal use ethic codes.

K ey wor ds: vertebrates, community structure, forest floor, drift-fence, pitfall traps
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Table 1. A comparison of the demographic status of the captive clouded leopards in Taiwan between
1989-90 when the Wildlife Conservation Law was enacted and July 1998-May 2000 when this study was
conducted (M, male; F, female)

Location Keepers registered Number and sex of cats
In 1989-90 1989-90 July 1998-May 2000 Difference
Taipel City City Zoo M M 0
4F 4F 0
Keeper (1) 3F 0 -3
K eeper (2) 1F 0 -1
Taipel Co. Keeper (3) M 0 -1
1F? 1F 0
Keeper (4) 1m3 0 -1
2F 0 -2
Keeper (5) 2individuas® 0 -2
K eeper (6) 1ms 0 -1
Touyuen Co. Keeper (7) M M 0
2F 1F -1
Taichung Co. Keeper (8) 6 M 0 -1
1F 1F 0
Changhua Co. Keeper (9) M 0 -1
1F7 1F 0
Keeper (10) 2M 2M 0
4F 4F 0
Keeper (11) & M 0 -1
1F 0 -1
Total 32 16 (4M/12F) -16

1. One female individual died in July 2000.

2. Died in April 1998 and was replaced by an unregistered daughter cat.

3. Died in November 15, 1999.

4. One died in December 16, 1993, and the other had no death report.

5. Both keepers claimed to give away the cats to friends.

6. The keeper till had one cat in exhibit but the county office showed that both cats were
confiscated.

7. Thisfemale was dead earlier and was replaced by an unregistered daughter cat.

8. Both keeper and the two cats could not be found in 1989-99 from the listed address of 1989-90.
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Table 2. The motivations of keepers of captive clouded |eopards

Location Keepers Family Personal Commercial Public
background  interest purpose education

Taipei City City Zoo \%
Taipei Co. Keeper (3) \Y \%

Keeper (4) Vv \%

Keeper (6) \%
Touyuen Co. Keeper (7) \% \%
Taichung Co. Keeper (8) \%
Changhua Co. Keeper (9) \% \%

Keeper (10) Y Vv

Keeper (11) \%
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#) BHABTEYIAEZ RN -

MRIEVE 3 R RS SRER » EF6E £&
A B A By B2 BOM BR 22 R B 3 1T Sl
R R R RS E R - BRENVE T 05
s BL{th A A2 458 A 15 A SRk BB B 2 7 5
HAhE Y o s £ ph e 2= ) B AR & aE

ol (B

AR S BRAUAS SRR - H I A SRR Y ] 2
FEEFIRI B RE B O (Bl b
Yy~ ROETEREES)  WIREI LE AR E
VISR BE U - B B R e 22
RITSE J& 2 (Fland it fhar sm i ~ faf TR
&y o PE R E TR AR R B Y
RERE IRF 42 B P 328 10 T DAL BE R B -
JCHRAERIR T » A @R LBV E E A
BN EA R BT E R AR L AR
45 T 1 B 5 T A B LA > A S (R
P B A A A0 5y R A R
T ARG LB 24 ~ ATRAE & LAY

G20 ERRESIR B EHE)
Yy s T E SRR A BUEREST (RS 8
=AR) AE 8 AR B R R T A SR R A
R B0 - BREE - BEEK - IUAh o BRI
TREREEEIIYERE CIA T ~ R
TR - S #E 2 H B 1T 7 2k i 5

T8 (IR ~ A5~ UG EUsEET

GFEE) o JETEAFAERS B 1 Bl R E B P 8
1755 B RBUAME LB HLS E I B R & 5
BEY) I > Smithers (1968) ¥ IEIMEFSE (Felis
libyca) thA fHEIRJHGM - #HHAEFIA AR
ST B B S S = P s ZE YA B R
B - fthf B 5 5 1) AL B e At B E ) -
WEBL s iF > I Serpel | (1996) F1Davis and
Cheeke (1998) &, - R L i Ed 28l
FRANH S E a0 W E & e B ZH )
FEF (welfare) °

FE L WREE E TSR EYYIE
APREFEVINFERNEE » Fin E
HIRSTE K - S3Feik (GERE ~ M ~ SZE(H:
FUERIRAERNCRGE) > BR T B R AR B AL
KIMES: > s A A 25 8#ER - Nowak
(1999) thiEHidrZ BEIIEFIER TRl ~ 2
oot > AR EEEEZ  ARHRE -
(=) Bl R BRs B R
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B B IR B A B0 5 wE AL O R R R
PR IE R - HFEBESIIBIRERE - HE
AL AR

LA A e RS R A Sy
2.k Z RS -

3 RMEEFTH R A MR T K -
AAEIRERN) 2 BRALRIBMOR M e Aihs o
SAEFES B A MEIE AR -

18 L ER B AN R S S P P S R R
R P AR E R ES & > Bl
T VR A AN R AR 3 R E Y A R 2 T
I o T B F R ER B th & e B E SR
THIE (JUHE WIS E JT I E) - FREHE
IERE ] - — H AR B R ERERGENA BT
NG I FH R BE B2 ARSI e T TR I & &
IR B0 B - T R SIS ER -
it S SRR i SOPS TR UlRE) e R SE =S 6150
Tk - O e i e FLRE A P RIS Bl ) K
TR o HEEESATHBIEREMERE ~ 1850
AR HERE T8 - ik H R RAEE - BRENEF] A
SIEIESE R o B RIHEAVORE (51 s
Hpgses ~ g% - 285 -~ 1
FTRES B HERY) R IGRIES IR R A S 7>
Fraf il B B S R R 5288 (HARIRIEE %
JE G SR RIS EY > B R B
ZAEBEN AR B TR LS (pacing) - EE R
BEENIATE - GiseHS R B & S 3
EHATERAE (chronic captive stress) thi2 Al fE
ERRILEF LB EEZTINRE AN ER
(structurally abnormal) FJJFAZ— (Wildt et al.
1986) - iaBA LU B Y s P RO o S AR
T (B A BV IRRE E R S HAS SR ATRE
FEERH I -

(=) Er B

BfESRET 25 SCRR O GO 8 BF AR ST IR )
FH (Nowak 1999) - JRFEIEITIEFI(E 2 R
T AR BN E R R R B R R
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ZELEPILRIE] o HEAS o BRI E YT K f6
FHEFENRE - B A 2l -
BEGHE AL FEREMRE -EENA
B a0 A gy s R #EEE R T 0 HA
BEFICH -~ 54 - FABEEZ - It BHE
SEEFIRS R N e 2 — s = &
(] K2 () (kB 1 0 T Rk 22 8 8 Y 5 | 8 R 2R
Ho EREEERINEN - fEEENTIES
L BUA I E T8 B IR AL B P I b A
RKEFEERS & WAER & J7M
BIATHREH MER  H B— B s BN
fhr Bl ] = 2R B R ER I i AR 22 A= RE - T
NEREREHE - (R AF S HAR AT
PIRITEULT » MEAEFRFIE E#RNE - &
T RIS B 22 R RE A e E E SR
FEAERCE  WTREEII R LR — R FEAR -
SHENPIERRR T EEhl Rt e &% HAE
= EIHME AR R A Y E 09 s B Y 2 B
b+ BB AR RTINS ~ W - Hefth
#AFIDE (Ratanakorn 1988) o FHE[AZ 1R
PIESFIH KRG NE NEAIRES > JTF R
SHEIPIEE OB E BRI SGE - DU
RGBT RS E L (Law et al. 1998)
BIE IR EEIEE K/ ME  (Conservation
Breeding Specialist Group) #&H B & &)
BRI E BT » B RSB =R T
Z— > {EER DU R T R Al 7T i) A A= 7
B T A BOE RS - 5Ok T BN E D
THE) IR o RS - BRI e i
FFHFEIFUERS2E (Conservation Breeding Specialist
Group 1995) -
()LERT
H AT > A B - e BB Al BT 2
i e BA (R R b A B 9T (E0R E A ERZ
G AR > B E ST AT RE 2 L AR
JRUFE AN > SIRIE SL ] 22 2 A 22 5T Z [HAS
Gy AT (Penny 1984) - NMEIB(EESE
PEREIRAEAE AR AT - A FEAR B
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{GERAN— 7 A LU IRF 2 22 8 o [RIIHE AR 33
i = PSR LR 26 (LS EG R o A g
T > S R A E 5 B R E Y
M KB SEFTRIETE - 1R B 2 H SRR
SRANE R HATEE - 1S th &R S8 Z 81
P AR Y > o R R B AR B P B B
B R FB R G - HAT - 2t 2 #PE I ER
SR b B8R Bt HE AR 12 P B A AR R LR e
B MEERPARARIL (AR A TF—IRR 2 sl
(1 i S5 B R 15 1T (56 #5775 PR RY) B
i AR AOERE - R ERE SR A KA
REE - NILEEEREEREBECR - R T
GRS E A RS FIFE YR B A % - SE T 2L
B A AE RSP A B L R G
SR o [RIIRE 3% BB 2 (1 R B AT R A
FE BN - M7 &AM - DOZBIRR
HIIRER » WAF BRI ~ SR FERH A B A HEEAE

HAOBEAERIRE B R RE « B e ES
e ~ # ~ SR8 BBk E (AR R A
PIRTEPG S o IS E YR S pT R - BR T4
55% > BRI E S 2 LSNP S AEER R )T
THT 9529 - S FUIJ IR 27 A2 kT 98 & (Vo f
1997) - Patton and Rabinowitz (1994) ¢ &
BlHuai Kha# £ 8 FEd i h B G ESIE AN
HISERI B > B 532 96% I M g &1 47
A TE Ak o HEh » RIS IR B
Pty 2 B P R B R S B 0 EYY
DA ER - JCH SR ANE 8 v Y
H o AT ARG (H R - KBS
A0 A A A 5 L T RE BR B R R A R o B
T TEENE DL R R R 2 i E A
Nandankanan Ei#lE > R ERENFANEE
WamE s 2E &R (e Bmiaiian mE
) JEC -

E Al 2= 8 30 5 1 2= i B AR i a R
R AR e A AR F T RE B - SIS [EI A 2
EENIVIRER IR ~ R ER ~ R A

ol (B

KR8 4 2 9 LA Kz T RE 1Y) B AR Sk i 52 AR
% o 2 B E B AR R E R B T R A
BRHEE RIE S IR o BT = IRE [ KRR i Bl
YIRS (AN EEE ~ BURERR 5 R & v e
FEEGY) o BIYIRER BE  SE f ER S 2 FH R
(Modi et al. 1997) - {E{SFHRABEAITIELL o 1M
H 72 tHRA B AL 1T B 2= B a2 ~ Ea |
HE BB B2 T - S I A TR A 52 98 (e B AT
E 2 SRR TR R — HLJRR % 5% A 1 IR I S 3R
(Ballou 1993; Lutz et al. 1996) -

Ay BN E W EE R ESINIREIME
> BIATAE R B AN 1 0 T 22 57 Bl 5 (] A
AR B FT G B2 R GIE - R B A
FHIRHE > B THIFIOF > EFIHESE CECHY
S A ARG IR R SR o AEASZE R
W G e R R R B R E YA KA EL M
&R I o ZERYIE UE I AR 5 S
ERENIHR K - BlAE —EFI RS 20
B3 > 42 A B RF B BAC B8 2R 15 LA s —
% °

= ~ AIEE R - AR B O RHECA IR
FEIHLRLE Y ~ FHEERET IR A IEE B
A% 0 TUCNIRC Sk H ES 9 RITEES S 78 26 26418 H Bl
] A2 e BENE o fw BRCCE G A AN RIS 12 5%
(Yamada and Durrant 1989) F1 155% (P.
Andrews; IUCN/SSC Cat Specialist Group
1995) : EFJEIEELAIEIETAnME - HEE E2-
45% 2[5 (Yamada and Durrant 1989) ° tR#ZEH
P Studbook AT EHI#fEET - EIF2ZEFI(E17-28H
KGR EVERE > 63%IEEESIE 4% A A AL 7E
AT RAURC B - 6738 LARR I RE 2 - B R 5
75%IE T 7E H 1-55% KPIHETT - 46% YT
{E3-4F IR A - HEE B3 IHHIRUE12-2 7 ]
[l o E Al 2 22 59 B2 1) B RAC 852 T
se.Prague ZoofESA3MIE H 245 ¢ Mt k%
R 59 /9 K i 1 A #0875 22 L00 K 1 1 T2
(Volf 1997) - [ Buffalo Zoological Gardens
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#3. BRI ETIVER - Fllin - AR (BFEEAT) A SERC R
Table 3. The current status known for some of the captive clouded leopards (Cp, clouded leopard; M,

male; F, female; N, no; Y, yes)

Clouded |eopard* Gender Age Wild-born Breeding Keepers
experience

Cpl (Bt F 9 N N K eeper (11)
Cp2 (JirKIEK) F 1 ? N K eeper (8)
Cp3 (FEmKIE) F 1 Y Y K eeper (7)
Cpl4 (K& AAE) M 12 Y Y K eeper (7)
Cpl1 (ZIF1%7) F 9 N N K eeper (3)
Cp12 (B T) M 7 N N K eeper (4)
Cpi18 M 11 Unknown Y Keeper (10)
Cp19 M 8 N N K eeper (10)
Cp20 F 11 Unknown Y Keeper (10)
Cp21 F 9 N N K eeper (10)
Cp22 F 8 N N Keeper (10)
Cp23 F 8 N N K eeper (10)

*The parentheses indicate the Chinese names of the individuals given by the keepers.

A MEFTIRF 59 98 (i H B A R 1 e IR A
105K £ 45 (Weinheimer 1987) -

e v = 1 1) Pl 2 25 5 % L A BiE A e 2
& - IANEE KK (Cp3) 56— KA A RFHY9
% BREECHEHET TR SR (Cpl4) Y105k
HEFTRIBISY (Cpll) #iE I HBU K £510-11
5% o HEHI AT HE A T IR A £ A 8] 12 75 T KA BH
EFIEY - BUEMAFERENFT RMEE
BN R BN EEEE NEMEE (D~ TR
&~ ARG NERETE) IETE o 1LOF - FRRERIME
VI EFIEZE (T (Lekagul and McNeely
1988 : Volf 1997) - fEikHl (territory) FTiEH)
3 (home range) K HLJ& » BRIXFGF H B 2=/
ZERIF Rt R C BN S - B 2 B A
FIZEFERECE - BRI AR ~ 3245
SELAE D R o A S A EE H A D B R
B 2R ] Sk B 48 2 R B fth 258 4 & F )
FEBRACHY » (EREMHEHET R NG EEE
FIRE B HBEFRITE T - B =

YEEERETR 0=t O p A S o) N .9~ Y i N
T ARGEEEFIFENEFSATRERI - i
R R T AN B e o
72 BITHIRS BR B B B B Sy R R
AR B AEC B RE (mate incompatibility) MifR
#t #L5H B o) (Yamada and Durrant 1989;
Howard et al. 1996) ° & 3T ACHCHIFR HIA
BC B R RE S > AN 0 R R R B AT O A
JBR3E (stress) i@/ .Z— » (EFZEIY)
Bl HF ) B AR Bl P A% B — AR ERVR A AR BiE AT $%
(Wildt 1990; Johnston et al. 1991) - Yamada
and Durrant (1989) 8 HAERZ I EF 51
TR R PR T % - (AR R By B AR
& FI4a0%)1E 19824F ICLS (International
Clouded L eopard Studbook) 11345 155139
EEF > (E G A E] 20%17 R EMESTFI127%(1)
BT A RO A EAC 8% (Wildt et al. 1986)
© 1994 | CL SEH R & RCAE AL SR 198 SE FEFT A
SOEEMEF I - (K225 Wk BVHESTRI37 Yl A
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FIHEIEACER ¢ TSR AR 1E T il
DL ERIMESTE A %1 (Howard et al. 1996)
o {E & ZE 5 N A2 BC 1T & FAE L B S
W 1R PR 2 ) S I E T
28 [EYT - 3. P Lewis {1979 13 A & FHEE
TRAAFRT B B E TS T - MEFTAE AR E R
g B 2B BRI 220 0 EEERSRRE A
FOME ~ B SE ST 3 B 2 2 (R — 1 & A 18{E /)N
N5 12 Bl e 59 1l i B S 5% B EUSE. (L Yamada
and Durrant 1989) ° %3173 1996%F 7 x HIl B
ALSEMNEN Y B E RS > H44Pr (550 % 119
2E#) Fon A BEMESIN AN A2 585
= (Howard et al. 1996) - #:ZEA BN R
o~ H HIEC# - e B 5 5 & 0N P
(Penny 1984; Richardson 1985) - _[-3ftffJ#c 8%
HUREY) » ZRE PP el # i fte 1
AZHC ~ BRTERIR B o

— VA RS BRI ] 2 G A T T
EFymaree B/ NI — LB - sEDFE —
B R IRF [ 2R AR L AGESHE JE - 5 I S IRFT
M2 GEEL BRI - JCH R ES WAL 5
BN EES T s2 15 « FEMES R A 2815 A
IR R TR e - 221 B RS oK AT 7 B 2 R Rl —
BESr - Mg IME T HE - AR R BB
PR E o MREE LRI EFFEEE
(North American Clouded Leopard Species
Survival Plan) %z B 51 B4 = 2R th
BRI Z257 5 S/ N RIS > & A s 88
5 L %78 (Conservation Breeding Specialist
Group: Appended Material 1995) - H BiiH %54
RRTIRIE Y A (F140 Dublin Zoo, San
Diego Zoo, National Zoological Park, Pata Zoo
) HBIEAEEFIARME B BINCE A E—AE < (]
B MR R EHMEE R F T (Penny 1984;
Richardson 1985; Wildt et al. 1986; Ratanakorn
1988; Yamada and Durrant 1989; Mellen 1991)
o Z[2] Patadl )1 —#FZE SIS B/ NEIRC S
fE—#E (HEF925% - MEFI1.55%) - BEAIAT6

ol (B

KAWL » s RIEF|ZE T 15 (7504
# o REFAERERRER7-13(8 H (FFH10.2(E H)
(Ratanakorn 1988) - [#Buffalo Zoological
Gardensit)— ¥ % 5 6 A K EIAC & /£ —
L - MR = P R AZIC 6K N FST -
We2o WUTFSIRHT » 1 RarPi) 3E(FHI1EIE -
IR REF 9 A S IR A 3- 741 H - (Weinheimer
1987) ° AiEAshton and Jones (1980) 555
EFIRE/INRIEC A E — L & 3 B I ok 25 A
HB#ER : Theobald (1978) FlIFreeman (1980) HI|
FE IS ~ HEEFVEETIRR S - P EMTE
S RTRRBOL LRI T RE M o RS - B EEE
T EH A 52 BR A A BR 2 16 i 6 2201 2ZZ 59 43 Bl
Bl i - g ad B H e B B I Ee g K % & —
(Yamada and Durrant 1989) - HE(EYFE A #
EEAE G CHIEDCT > BRI rE - K
EFIEIENCE ME T TRESSE » M HE
LI+ (Ashton and Jones 1980; Law and
Tatner 1998) -

Yamada and Durrant (1989) /3 fICLSH128
E B EEHHRENI215X #1EE R IR -
(—) H 7R AlETIREIHEL-17K - F
.24k s 1 B RAERIFL-16
Ko FHel1+42- () EEIEGHEEIING
1% > SN AR 36-45°151-55° (1 E YT »
62% M EFI R E AL A 10-2 H [ (BIFk ~ &
) o (=) BrTeHM10HY}: - Hith A mEH
EFZECHIRCER - (U) Mk T1234% » —4F
HESE TR - SHCHZ SR o Wildt et
al. (1986) Hilfi5 i H IR 502 52 B ST A= B 5
AP EERK T > 12-2 AW 815 =i - 3-4H
Je FEAGARA ¢+ AN HEST 012 A LS FE A
2 o 35 AR A A 7 SR 58 L E S
RE RN FE Z — ° Nowak (1991) ¥ &K
U B S B AR P s 2 22 F 9 ) AR AU AE 3-8 H
] > FHIELHE 0 28 175 PR AU SR it 12-5 H [ -
L B 1 p G2 B0 15 I AT AE L AfeET
BRI (R4 - M H R G R
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BIEHEER (2 BIERE) R LB
FEM TR —F R G - (HEFR
HAfth = FAPEZ - Yamada and Durrant (1989)
ST ESTRIE AR R MR E R (RE
g hryER2) o S 2 AT RS
(21-26°) » AEEIETHALTE - R Pata
B Y RIAC Sk B 7 HL BB 2 22 4 G R R 1 AR
I ZRET > R EEKI G 24/ N > —
RN AT AZAE3-5K » BERFFE30-601) » HFHIAE
=

KA EF R AR 7 H A —
] = [P H K 2 58-65 K I » L A = 1
BELEI RS HAEA NS » K85+ 6K » i8fk
ARG KB R B Se ] IR A B B2
5 St E RGERLE IR - P R R 6
B EFIRERAIET BUR (F 58 E K82 B RN
REAf A2 - SR EFERE - ER R
BN 1T PR AR 55 % T U0 T RE DRI B A B AR
BR ~ AU AEHERIBLE S BB RRAR A 2= 0E
Yamada and Durrant (1989) $i&HBh#r ) fnFl
SR ~ BREEIRUT > DU BB & v RE(SE]
LR IR IEIASE - s 7= R

EY— T Eam 1% HiLE R
Z175% (Grzimek 1975; Prator et al. 1988) -~
1753509159 (Volf 1997) » H:ZE19.5/% (Irven
1993) - EMEERETINIFE » REIEE
WL EYRE 16K IIMES) EC (IR
1999) : FA AR RAC R e —E/I225%
IS BIFTFIHTREE) - BRTECIEC -

MRA5 22 BB B E V) & R A%
1JE5710-12 K% BHAR - 55 HI#% B IR H 1E
g of fl A& w L - BEWMEGERBETY)
A H{F S B KU 70-140g8K 150-180g » 12K 4 Hit
BiEE) 0 62 AR EHIC - 10.52 WL T Hills
wAEE R - 1L5E IR 5 A (il
/NHEY o offfl H i BRI B s T RESIH
PLHA AT E3E5(E H (Fellner 1965; Nowak 1991)

25

o Ratanakorn (1988) AL #%%% [ Patal) ¥R 7
EFFIES-9F Witk BNy - = L rUReERth
FHZEARZ > BB BRI £ H AR R 124
H7 o T PLIR ] R T HUIJ AT e = 42 L 5 7 57 I e
BCRFERET L - BRI -4 H %0
G o

IEA: - R 2L R 26 i B Bk
18 F s & %6 {799 (Ratanakorn 1988;
Weinheimer 1987) - FHIEIRUIE L@ 8 ETE =
B RIIES - Al E R AR
TR L EEGE - FWIFYY (D. G.
Davis in lett. with Grzimek in 1963, Fellner
1965; Weinheimer 1987) - Kl » £ AT
HIRRET A 6 R R R # A IR RE
B W & - 3R A S & REAE RS RN
RERs S > DLSGRE RN E T8 - st - %
SR TR FIRI IR R 2 - U AR
LR BRI RS -

Fr ey LR am mT 2B - R &
EFEASE T A HRREE - () &
HEIE S8 ) (founders) ~ (Z) BU¥I AR5
(mate or breeding incompatibility) ~ (=) FHi
B LM (captivity stress) o b 3ftit
TERFFZ INEE © () DB ACHC T Rek (G (S
MBS - BRI RE T R (R T8 A ik Fe B
PRAJEEEL » (Z) ESERIE ks F-FIol) B
TR R £ BFE (Wildt et al. 1986; Roelke et
al. 1993) - Hc¥f sk D AR B H A= GiE 25 th
1 o (=) e RAVEEGREEERIZR ~ (#HA95N
FIFERIAE - BUFHIIFRERE o (19)
B a2 A R e S BRI EYIRE L2 &
& o DIt EESISM] > Fletchal (1994)
fe LRI B E S IR B 3L E e - 1F
ITRBIEMR B BAVEOCT - 3G R 5T
HIVRARRIAESERE STHIRE(ER + Newman et al. (1985)
TerHI206E EF N (ARG - IR A 5018 AT
(loci) HH{EH209%E45% A4 (polymorphism) >
TESRIEIIHEER 1R (cheetah) /18 B i)
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F4. EFIRIG - HRN - ETEERE
Table 4. Reproductive characteristics of captive clouded leopards known in Taiwan and other parts of the
world (M, male; F, female)

K eepers Estrous Estrous Estrous Gestation Maturationage  Litter Remarks
period frequency season period (month) Size
(day)  (year) (day) (number)
Taiwan
Keeper (3)* 14-21 1 Spring 0 Lor 1 Interview
24-36
Keeper (4) 10-14 2 Summer & 101 18 3 Interview
winter
Keeper (7) 12 2-3  Summer- 8595 24 for F 3 Interview
fall 36forM
Keeper (9) 6-8 45 Spring& 5865 18 13 Interview
fall

Other parts of the world

Philadelphia 85-92 14 -

Zoo

ICLS 6.2t4.1 Fal-winter B4+63 265+66faM Yamadaand Durrant

(62%) (85-121) 26.3+79forF 1989

Para Zoo varidble  86-93 42for M 2-3  Ratanakorn, 1988

(Thailand) 34for F

Prague Zoo 87-92 13for F 2 Voalf , 1997

(Czech Republic)

IUCN 6 93t6 26forM&F 1-5 Cat Specidist Group
(average) (average) 1995

Frankfurt Zoo 90-95 Fellner, 1965

(Germany)

Buffalo Zoo 0 42forM & F 1-3  Weinhemer, 1687

(USA)

* Keeper (3) observed the clouded leopards matured at 12 months old if in good health condition, or at 24-36
months old if in poor health condition.

{4 ¢ TiWildt et al. (1986) Fa#r g T+ FBIE s % 4

BEPNIR LR R L6EME » SEERST

() BIEEMERILFER 2,48/ - KA T E TR R E Y
(ERN > LB E e — SR EE s
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FEFEE RIS > Re IR — A R EE R
EHERERHE - SRR R AR B $ 2
FIE R AN TER B ~ = A 2%
FIBUR S & & B RIS B FHREE - B
{52 » IEFEREE RIRUESI R /e 3 - this
EEEYINE S HR I R s &=
Hra 13 (re-introduce) HERENSEFHTE I HENR -
Bl EFI MR %hE FAYINE#E (Yamada and
Durrant 1989 : Brown et al. 1995; Law and
Tatner 1998) ~ #(&& /) (Fletchall 1994; Howard
et al. 1996) -~ Z: K [ £ B 1Y 3\ &
(2.3%/individual; Newman et al. 1985; Howard
et al. 1996) > {EEEH AR EN M/ L

72 (128Eaft) FIHFnfR s - K E R
P £ 25 57 M 3% 8 A5 A8 ) S i SR s B R B A 5T
ERAI AR - EABREPERR TRE
YRR B BRI % R - DUE RS —{E BIRFAE
HP 8 KPR I HE NI S S 57 (reservoir
of genetic diversity; Brown et al. 1995) 4} » 7£
AL e i 5 e R A B A S AL B R FHBR R A
Yy (BRfE 1999) © FETHIRET 2 BISCHIM T #AE
UE R FITRE SR A A = 5 R RERN (A IRE - ER P55
J1t AR 3 (share) HIBRIUE AT ©

# 3

B REHT R TE R E R A EY
R E OB BIR PR R B R EEE
&8 55 b Fens & LU $T E AT RS F -
LR AR LS B e BP AR Bkt
WIS T3 2 BAC B A ) S8R - (HAAET
EIFLIERNGETT - ST ZEPIEM25%
TBUFRIREHBAR - BRZGREFIVER
BERM 7EF HENER R - Al
B FE S AR AT RIS AN Fia T
HE - AR IFEC R -
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(5] A e 110052 S0 1o B A= Sy 2 e A e B
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O © 1992 o T HLEF A= B 5 AR IR 2
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REFRYE581-025% - 28 °

RIS © 1999  EFT-IE LRI {HE -
HIRREZ=T] 26 : 38-42
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The Current Status of Captive Clouded
L eopards in Taiwan

Lin-Ling Changchien

General Education Center, Hung-kuang Institute of Technology, Sha-Lu,Taichung, Taiwan
Abstract

A demographic survey of captive clouded leopards (Neofelis nebulosa) in Taiwan was
conducted in July 1998 to March 1999 and September 1999 to May 2000. Keepers were
interviewed with questionnaire on rearing motivation, disease prevention, parasite control,
captive environments, food, sex, age, and reproductive parameters. A total of 17 clouded
leopards were found; 12 were kept by six private keepers and five by the Taipei City Zoo.
During the survey periods, a male died, and two females that died earlier were found to be
replaced by their daughter cats. These made the total number of clouded leopards remained to
16 individuals (four males and 12 females), 16 less than the number of 32 as reported to the
Taiwan Provincial Government in 1987-1988, when the Wildlife Conservation Law was
enacted. For the 11 individuals (three males and eight females) kept by the private keepers, the
ages ranged between five years and 12 years. Two individuals were known to be wild-born, six
were the second generation in captivity, and three did not have the information on their origins.
All of them showed the signs of estrous with the period from six to 21 days, and the frequency
from once to five times ayear. It tended to show that one with less estrous frequency had longer
estrous period. Two pairs bred; one pair yielded four cubs (one male and three females), and the
other had three mortal cubs. The ages of maturation were 12 to 72 months, and males became
mature about one year later than females. The gestation periods ranged between 60 to 101 days.
The litter sizes varied from one to four cubs. The maximum longevity recorded was 17 years
for a female in the zoo and 22 years for another female kept by a private keeper. The rearing
motivations of the keepers were personal interest, family background, commercia interest, or
public education. The zoo provided better medical care and more variety of food to the animals
than the private keepers. The degrees of the care by the private keepers were related to their
motivations: the highest for those with private interest, and the worst for those with commercial
interest. They generally ignored disease prevention and parasite control. An exception was a
keeper who vaccinated the animals annually. The rearing environments were often humid, poor
in air circulation, and lack of richness and secrecy. The problems and management of the
captive clouded leopards in Taiwan were discussed.

Key words: Neofelis nebulosa, Felidae, Taiwan, demography, reproductive parameters
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Fig. 1. The early life stages of Callenya melaena shonen (A, egg; B, 2" instar larva; C, last instar larva;

D, lateral view of pupa; E, dorsal view of pupa; F, emerging male adult).
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Fig. 2. The early life stages of Callenya melaena
shonen (A, egg; B, 1st instar larva; C, last instar
larva; D, dorsal view of pupa; E, lateral view of
pupa).
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Description of Early Life Stages of the
Lycaenid Butterfly Callenya melaena shonen
(Esaki) (Lepidoptera: Lycaenidae)

Lien-Hau Chang’, Jen-Shin Hong", Jen-Zon Ho?,Wen-I Chou’and
Jieh Hsiang'

1Department of Computer Science and Information Engineering, National Chi Nan University
, Puli, Nantou, Taiwan
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Abstract

Callenya melaena shonen (Esaki) is an endemic subspecies of butterflies of Taiwan. This
paper described the morphology of it's egg, larvaand pupa and provided early distribution pattern.

K ey words: Callenya melaena shonen , Lycaenidae, early life stages, conservation, Taiwan
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Table 1. Correlations of the daily numbers of earthworms to meterological variables at the Hsinhua

Preliminary School, 13 October to 30 November 1999

Variables r-value p
Soil temperature (‘C,10 cm) 0.530 <0.01
Relative humidity (%) 0.448 <0.05
Air temperature (C) 0.253
Solar radiation (MJm?2/day) -0.090

Evaporation (mm) -0.092

Sunshine duration (hr) -0.227

Air pressure (hpa) -0.313 <0.05

d.f.=47
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Table 2. Earthquakes recorded at the free field strong motion stations within the radius of 8 km to the
Hsinhua Preliminary School, 13 October to 30 November 1999

Local time Recording station Distanceto Peak ground acceleration (gal)
epicenter(km)
Date hr:min Verticl EW NS Average
Oct22 10:18 average? 106.21 533 1064 1206 9.35
Oct22 11:10 average? 107.87 337 790 863 6.64
Oct24 01:.08 KAUO78 89.82 108 222 496 275
Oct30 16:27 KAUO074 177.38 1.14 3.22 424 287
Nov 02 01:53 average? 149.87 478 1417 1491 11.29

a. average of 8 stations, seetext .
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Bl L. JCHE B e SRR PR A L B RS U T T 5] - A AE R REPR © BAERDYUE © CAEERSR
FIRAIHEAKIER o DAERSSA - EXRAT () ~ MEFL (fp) ~ HEFL (mp) BPEERE (sm) - FE56-9f3Af A
HALFERGE ()~ GETYIIR (FEH) - H.E 15 (FiTEH) °

Fig. 1. An earthworm outbreak at the playground of the Hsinhua Preliminary School (A, in the central
lawn area; B, at the side of the broad jump pit; C, in the ditch around the central lawn area; D, the
specimens of the earthworm M. posthuma collected; E, ventral view of the earthworm (cl, clitellum; fp,
female pore; mp, male pores; sm, genital papillae) ; F, four pairs of spermatheca (st) ; G, prostates; H,

caecum.
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Fig. 2. The time series of daily meteorological conditions and numbers of the earthworms appeared on
the concrete covers of the ditch around the playground of the Hsinhua Preliminary School, 13 October to
30 November 1999.
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Fig. 3. The cross-correlation function of the numbers of earthworms appeared to earthquake vertical
acceleration and meterological variables.
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Analysis of the Earthworm Outbreaks after
Chichi Earthquake

Guang-Jeng Liaw® and Min-Gin Lee®

Taiwan Endemic Species Research Institute, Chichi, Nantou, Taiwan

*Hsinhua Preliminary School, Pingtung, Taiwan

Abstract

Chichi Earthquake (magnitude of 7.3 ML) occurred on 21 September 1999, inflicting heavy
casualties and severe property damages to Taiwan. In that autumn, there were the occurrences
of frequent aftershocks and of several outbreaks of earthworms, the emergence of a large
number of earthworms from underground to the surface. The earthworm outbreaks were
believed to be an omen of upcoming earthquake by many local people. To elucidate the
phenomenon we investigated the outbreaks at six localities: Shinhua Preliminary School,
Wandan, Chaochou Preliminary School, Wanlaun Preliminary School, Mgjia Middle Schoal,
Hengchuen Water Supply Treatment Plant, and Juvenile Police Branch of Taipei Municipal
Police Department. It was found that the earthworm outbreaks at these localities were caused by
a single species, Metaphire posthuma (Vaillant) . We selected the Hsinhua Preliminary School
playground as a site to monitor the daily behavior of the earthworms in relation to aftershocks
and meteorological changes. The results showed that the earthworms emerged in the early
morning around 3:30 AM, and disappeared in the late morning around 10:00 AM. This
consistent rhythm of the earthworm emergence occurred daily in October and November, with a
slight delay in the late morning disappearance for one or two hours in cloudy and rainy days.
The earthworms disappeared were found to hide in the ditch around the playground and beneath
grass roots in the ground. There was no obvious association of the numbers of the earthworms
in the daily emergence to the occurrences and magnitudes of the aftershocks. In contrast, the
numbers were significantly correlated to soil temperature, relative humidity and sunshine
duration. We concluded that the outbreaks of the earthworm M. posthuma during the post
Chichi earthquake period were merely a natural behavior of the species in response to the
meteorological changes.

K ey words: earthworm, outbreak, earthquake, time series analysis, animal behavior
Received: January 31, 2001 Accepted: November 5, 2001
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Three New Records to Amanitae of Taiwan

Chien-Ming Chen, Jen-Jye Peng and Tzy-Chau Lin

Taiwan Endemic Species Research Institute, Chichi, Nantou, Taiwan

Abstract

This paper describes three species belonging to the genus Amanita (Basidiomycetes) as new
records to Taiwan. They are Amanita avellaneosquamosa (Imai) Imai, Amanita griseofarinosa

Hongo and Amanita ovalispora Boedijn.

K ey wor ds: Amanita avellaneosquamosa, Amanita griseofarinosa, Amanita ovalispora, Taiwan

Received: June 14, 2001

Introduction

The genus Amanita is one of the most
common genera in the class Basidiomycetes. It
comprises the species of the most conspicuous
and beautiful fungi in the world. Some of them
are edible, but some are deadly poisonous. Many
of them are known as mycorrhizal fungi (Jenkins
1986 ). Up to date, nearly 500 species of
amanitae have been described worldwide, but so
far only 19 species were reported from Taiwan
(Wang et al. 1999). Some of these species had no
descriptions and illustrations. In spite of
differences in habitat of amanitae between
Taiwan and Europe or North America, some of
the species in Asia have been misquoted (Chen
1987 : Yang 20003, b). Due to the presence of
highly diversified forest flora in Taiwan, it is
suspected that there is also a highly diversified
flora of amanitae, and thus, there are still many
more species remained to be identified. In this

paper, we describe three species of fungi

Accepted: August 7, 2001

belonging to the genus Amanita as new records

to Taiwan.

Materias and Methods

Fresh fruit bodies of amanitae were
collected and examined. They were subsequently
dried in warm air and deposited in the
mycological |aboratory of the Taiwan Endemic
Species Research Institute, Council of
Agriculture (TESRI). Conventional mycological
techniques (Largent et al. 1977) were used to
examine the specimens. The fruit bodies were
sectioned by hands and soaked in drops of the 10 %
NH,OH solution. They were then mounted in
drops of 1% aqueous phloxine solution for
microscopic examination. Melzer's reagent was
used to detect amyloidity and dextrinoidity. The
ammoniac 1% Congo Red solution staining
method described by Bas(1969) was used for
further examination.

Amanita avellaneosquamosa (Imai) Imai in Ito,
Mycol. Fl. Jap. 2 (5) : 250, 1959. (Fig. 3a, b)



Amanitopsis avellaneosquamosa Imai in Bot.
Mag. (Tokyo) 47: 430 (1933) .

Pileus 4-11 cm in diam., convex to plano-
convex, ground color very pale gray with an
occasional pale brownish disc, covered with
small, felty-fibrillose, appressed vova remnants,
remnants whitish at first, very pale yellow brown
in age, detersile; margin finely striate,
appendiculate. Gills distant, free, white, turn red
when bruised; lamellulae truncate. Stem 50-
140x 6-20 mm, tapering toward apex, ground
color as pileus, hollow, surface floccose- scaly;
basal bulb globose to ovoid. Volva adherent,
forming a membranous sac, lobed, white.
Pileipellis filamentous hyphae interwoven, 3-8
#m diam., moderately branched, slightly
gelatinized. Basidia clavate, 35-52x 10-13 «m, 4-
sterigmata, sterigmata 3-5 «m , basal septa
without clamp. Basidiospores (9.0-) 9.5-10.5 (-
11.0) x (5.0-) 5.5-6.0 (-6.5) «m , Q = 1.46- 2.10,
elliptical (Fig. 1a), amyloid, hyaline, smooth,
thin-walled. Gill trama bilateral, subhymenium
inflated ramose (Fig. 2a), composed of 2-4
ovate, subglobose to elliptical cells. Volva
filamentous hyphae on pileus abundant, 2-8 «m
diam., gelatinized, septa without clamp; inflated
cells moderately abundant in the upper layer,
subglobose, obpyriform to broadly elliptic, up to
16-18x 11-16 «m , terminal; with clavate to
fusiform-elliptical cells, up to 30-64x9-16 «m,
intercalary or terminal; inner layer intensely
gelatinized, usually with inflated hyphae, 6-17
umdiam.; volval remnants at stem base similar
to those on pileus, but outside layer with
sparsely interwoven hyphae. Stem trama
longitudinally oriented inflated cell, cylindro-
clavate, clavate to slenderly clavate, up to 98-
257x14-58 um, usually at the terminal of

Three new records to Amanitae of Taiwan

filamentous branching hyphae (2-6 «m diam.);
interlaced with enormous sphaerocysts.
Specimens examined : Nantou, Hui-Sun Forest
Experimental Station, at. 1,750m, C.M. Chen
2292 (30.X. 1998.) ; C.M. Chen 2426 (1.VIII.
2000.) ; C.M. Chen 2475 (10.V111. 2000.) .
Habitat : Solitary under broad-leaved trees.
Distribution : Taiwan, China, Japan.

Remarks : A. avellaneosquamosa is closely
related to A. peckiana Kauff. and A. volvata
(Peck) Martin of section Amidella group, but the
three species are distinguishable in the field by
the differences in their morphological characters.
A. peckiana has an unstriated pileal margin,
crowd gills, and pinkish to pinkish-cream color
on pileal remnants, while A. volvata has an
unstriated to faintly striated pileal margin, crowd
gills and floccose patches on pileus. A.
avellaneosquamosa is fairly similar in characters
to those of Amanitopsis clarisquamosa Imai as
described by Imai (1933), but these two species
have been confirmed to be the distinct taxa by
the molecular phylogenetic method (Wei/5 et al.
1998). Also, A. avellaneosquamosa has smaller
spores , sub-distant lamellae and longer
striations along the pileal margin, as compared to

those of A. clarisquamosa.

Amanita griseofarinosa Hongo in Mem. Fac.
Liberal Arts Shiga Univ., Pt. 2, Nat. Sci. 11:
39, 1961. (Fig. 3e)

Pileus 5-8.5 (-10) cm broad, broadly convex
becoming plane, rarely uplifted, " surface dry,
pale drab, densely covered with grayish to
fuscus, powdery-floccose patches of universal
veil tissue which often become aggregated into
fugacious warts," slightly gelatinous to viscid

when wet, with non-sulcate, appendicul ate
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margin; flesh white, moderately brittle, abruptly
thin near the margin but moderately thick near
the stem, unchanging when cut, smell faint. Gills
close to subdistant, free, white, ventricose, 3-7
mm wide, with subflocculose edges; short gills
subtruncate to attenuate. Ring grayish to
yellowish grey, distinctly pulverulent-floccose,
fugacious. Stem 8-14x0.5-0.9 cm, attenuated
upward, subclavate to obovoid, solid, surface
covered with yellowish gray, pulverulent-
flocculose remnants of friable partial veil and
volva. Pileipellis filamentous hyphae (2.5-) 5-9
pmdiam., radially extended with brown inflated
cells, slightly gelatinized. Basidia (40-) 55-63 (-
68)x(9-) 12-16 (-18) «m , clavate, 4-spored,
sterigmata 4-5 x#mlong, basal septa without
clamps. Basidiospores (8.0-) 9.5-11.5 (-12)x(7.0-)
8.0-10.0 (-10.5) ~«m, Q=1.13-1.44, subglobose to
broad elliptical (Fig. 1b) , amyloid, hyaline,
smooth, thin-walled. Gill trama 50-120 uxm
broad, composed of paralel, hyaline, cylindrical
hyphae, 2-8 «m, with abundant intercalary
inflated cells, subhymenium inflated ramose
(Fig. 2b), composed of 2-3 elliptical cells. Volva
filamentous hyphae on pileus rare, 2-6 «m;
inflated cells abundant, globose, subglobose,
ovate (31-40x55-58 «m) to elliptical (44-47x64-
72 x«m) , occasionally subfusiform, grayish
brown, terminal or in short, terminal chains;
volval remnants at stem base very similar, but
with more hyphae and generally smaller cells.
Stem trama largely composed of longitudinally
cylindrical hyphae, up to 250-350 x 23-40 «m,
terminal clavate, interwoven filamentous
hyphae, 4-8 xmdiam. Ring mostly composed of
globose, subglobose, ovate to elliptical inflated
cells, inflated cells grayish brown, sometimes

subfusiform with projectile-shaped.
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Specimens examined : Nantou, Hui-Sun Forest
Experimental Station, alt. 1,750m, C.M. Chen
2469 (9. VI111.2000.) ; C.M. Chen 2773 (10.V.
2001.) .

Habitat : Solitary to scattered under broad-
leaved trees.

Distribution : Taiwan, China, Japan.

Remark : A. griseofarinosa has remnants of
volva on pileus, which has irregularly disposed
and inflated cells intermixed with many hyphae.
Its dark-color and slender carpophore with
distinctly floccose ring, extending over stem in
the young, is an uncommon character in section
Lepidella group. In many respects with the volva
characters in particular, A. griseofarinosa is
fairly similar to Amanita vestita Corner & Bas,
but they are distinguishable by their basidium
sizes: 55-63x12-16 «m for the former and 30-
40x8-10 #m for the latter. Also, the spores of A.
griseofarinosa are more broader (8-10 «m) than
those of A. vestita (5.5-6«m) .

Amanita ovalispora Boedijn, Sydowia 5: 320,
1951. (Fig. 3c, d)

Pileus convex to plano-convex, margin
sulcato-striate, nearly halfway the cap, 5-7 cm in
diam., smooth greyish brown. Flesh very thin,
white,1-2 mm thick near the stalk, rapidly
thinning out near the margin. Gills free, pure
white to cream colour, whitish with occasional
pae yellow tint, moderately crowded, 4-5 mm
high in the middle. Stem hollow, pure white to
grayish white, 7-10x0.6-1.0 cm, at first covered
by slightly flocculose or small adpressed scales,
especially near the base, soon becoming
glabrous, attenuated near the apex and not
bulbous at the base. Wall of stem about 2 mm
broad. Volva free, sheathing the base of the stem,
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dirty white, with lobed margin, 2.5-3 cm high,
1.5-2 cm broad. Pileipellis a trichodermium of
septate hyphae. Basidia 43-57x12-18 um,
clavate, 4-spored, sterigmata 8 «m in NH,OH
seen to have numerous amorphous refractive
yellowish particles scattered, basal septa without
clamp. Basidiospores (8.0-) 9.0-11.0 (-12.0)x(7.0-)
7.5-9.0 (-10.0) #m, Q = 1.12-1.38, broad
elliptical to elliptical (Fig. 1c), inamyloid,
hyaline, smooth, thin-walled. Gill trama
bilateral; mediostratum 20-35xm broad,
composed of many longitudinal, elliptical to
spindle-form inflated cells, 35-80x12-20 u«m,
interwoven with plenty of cylindrical branched
hyphae, 2-5 rmbroad, clamp connection absent;
subhymenium 30-40 «m thick, inflated-ramose
type, composed of 2-3 layers cells, inflated cells

Fig. 1. Basidiospores (a, A. avellaneosquamosa;

b, A. griseofarinosa; c, A. ovalispora).
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short elliptical to barrel-shaped (Fig. 2c). Volva
surface layer composed of longitudinally
filamentous hyphae, 2-10 «m broad; inner layer
composed of dense, hyaline, cylindrical hyphae,
4-10 #m broad, sometimes intercalary inflated,
up to 18 umdiam., while the closest layer to
stem composed of loosg, hydine, cylindrica hyphee,
3-8umbroad, inflated cells usually oval to
subglobose, up to 55-85x43-62uxm , with
elliptical inflated cells, up to 60-120x 30-57 um,
single and terminal. Stem trama largely
composed longitudinally cylindrical hyphae, up
to 250-350x23-40um, terminal clavate,
interwoven filamentous hyphae, 4-8 umdiam.
Cheilocystidia sterile, often composed of
pyriform to broad clavate, with ovate to short
elliptical (25-35x20-24 1), thin-walled, hyaline

[ g

Fig. 2. Basidia and subhymenium (a, A.
avellaneosquamosa; b, A. griseofarinosa; c, A.
ovalispora). »:basidia; mp: subhymenium.
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inflated cells.

Specimen examined : Nantou, Sun Moon Lake,
alt. 800m, H.W. Huang 789 ( 8.1X. 1994.); C.M.
Chen 2413 (12.VII. 2000.).

Habitat : Solitary under broad-leaved trees.
Distribution : Taiwan, China, Indonesia.
Remark: The distinguishing characters of A.
ovalispora are its free volva, hollow stem and
the convex to plano-convex pileus with sulcato-
striate margin, which extends to nearly halfway
of the cap. Lamellae are gray-brownish in color

when dried, adistinct character for the species.
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Fig. 3. Basidiomes (aand b, A. avellaneosquamosa
; cand d, A. ovalispora; e. A. griseofarinosa;
scale bar = 1 cm).
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Fig. 1. A SPOT image of the Tatu Estuary.
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1. PRERFEFRRUGE TR HFEMEER
Table 1. Weather statistic collected at the Wuchi Observatory Staistics of the Taiwan Central Weather
Bureau for aten-years period from 1989 to 1998

Mean or

Item Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. total

Mean
temperation (C) 16.2 16.1 18.6 225 255 280 29.2 289 27.4 243 215 183 231
Precipitation (mm) 30.5 89.1 99.1 166.8 218.7 240.6 120.0216.1 77.9 128 5.7 19.6 1296.8

No. of precipitation
days (days) 6 11 10 11 10 11 8 10 6 2 1 3 90

Prevailing wind
direction NEN NEN NEN NEN NEN SSE SE SSE NEN NEN NEN NEN NEN

Mean wind
speed(m/sec) 69 63 55 44 37 38 36 36 45 67 62 67 51

amg&a‘&'&lo) 62 70 69 72 67 66 55 58 50 40 46 51 59

Source: Central Weather Bureau climatological data annual reports of 1989 to 1998.
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IR K 2546 ( Lillesand and Kiefer 1994)
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Hh FyEEIED - HEES 2 ERE - TR AM
1 & U Br 8 B T 3t R BOR B2 A R (
Mt 1992) o EMIE R 2E i - BA RS
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Ui~ A S A s R IR R R U B S
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W P R RE - BiC & MU BB SR MR 20 AT
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K8 T1 2 FH B A 5 B R 1 e 5 A BH
(1987) =% 237 B & TR R i
SRR e 5 25 (1988) G HFsE ANL
RO Y € - F R 2
FZFEITEAR « 4 (1989) EHFFEANLIE M

Table 2. The sources of the SPOT images for the Tatu Estuary used in this study

Date & time(am.) Image code Satellite Incidence Azimuth Elevation
number

1987/11/13 10:40 10002489 SPOT1 L 5.6° 159.8° 46.3°

1995/10/31 10:48 10002432 SPOT2 R9.7° 160.8° 50.6°

1998/10/08 10:44 10002529 SPOT1 RO.5° 152.3° 57.5°
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2. /3% HEfi#: (post-classification comparison)

I 2 8 (I 3
S R B A R P IR R B 25 1
MEEER A S TH T o A7
T RENE 52 15 LU 0 JH 77 15 4% B 43 S
BRI > IREe EL R RET HAME -« AHfF
ZFe{%£HV1987/11/13 ~ 1995/10/31 k%
1998/10/08 = MR AGHENT /3 JH » L

FRRE ~ PIRRE ~ S S EEHDEE) -

(2) ZEHGREEA

TESPOT XS 3/2/1 ER B et &5
B b HESHT 22 IR B 4G Fr B A [ 53R HY
AR AS - i A & M P EE A Ik AE A
ZICFERGTE o FIFRER A Z EE AR N
[EEBE (ARRFFELI2 X 2 BEFEER) 25 B I
ZJER S A DB R 2 775 0 Bl &
JCRE PR BTG (e T T 2RI - DAMERER
A ARE N -
IRER A S BiE R AT

& RE AR AR AN G L A T
— U B 2 A AT T A A 7 o
» M o3RRG RS SR E R — B b
ZICEGIE o A AT ST S AR
BBt BB 2 KN SR E T EE
HASSE 5 (AEE 7 LLE OF BB > 3l
T IRE A £ R 2 BT SRR A
%ﬁ o
AR

R (aupervised dassification)
e K1 i EE A X3 A1 (spectral pattern
recognition) B U] B B & R E AT
EHEE - REREE IR > LK
FF— B 2 BB R P - FRE IR
R A B A E T IE R £ o BRI (R
1988) - AMFFERIER A L HEST 73 FH
%R 2 & TR R AR DL o3 B

(€

~

4

=~



66

(Gaussian maximum likelihood classifier)
TG T - IR RO ETTIRA S
B ~ SoBoT BHEEERG - R AHE T
MRS & o 2 AR & OF sl ibs - &%
{8 3 B K3 ~ VDUl ~ BB RN
ZK T HH BELASE AR ~ 23 Sth B S Ml SE 5K
B o W LL-5EE R (R3) SR
1987 ¢ 19955 5 sk - A PR & L
HIVEARR - S5 o FHIRE 5 1l Bt FE s 2t
ﬂ’ﬁ%ﬁ% CAGELZALE U /K
LIFR & s FHYERE RS -

(5) 7> FH ML FE A

&3, KHE OHIIESPOT XSi

19984 /3 RH 5 LIBE RS 77 =L Y
1000f[& f 1% 2 - 7 DL 10001 i 1% 2
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2 o {5 H ArcView B B HREC A 5 F 3

JrREHE R
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J& (producer's accuracy) ~ {5 Fi % YEfifE
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(overall accuracy) fzKappaffRii » #a5
i3 (omission error) E23%452 (commission
error) H 3L » WiERRER A EEREZ I LA
ST b

(6) 7 FH IR LE#

AR L & FEA B2 A S AR
fEY > wilFH S G R R 150K P o
5> 4> 3> 281 BRIFEGEH -
556 > 11> 16 » 215226 » FELL
B ARSI AT AR5 - A KE R

Table 3. The classification system of the SPOT images of the Tatu Estuary

Class Code Subclass
Water 1 Sea, streams, canals, fish ponds and ponds
Sandy area 2 Beach and sandy areas
Grassland and dry cropland 3 Grassland, watermelon and vegetable farmland
Paddy and forest land 4 Paddy, windbreak forest, courtyard and shade trees
Built-up and barren land 5 Built-up lands, barren lands, roads and dikes

Red . PR HEROE R R B R ICRE R
Table 4. The codes of two-dates images for the post-classification comparison method for the Tatu

Estuary
Earlier stage L ater stage classified image

classified image 1(6) 2(11) 3(16) 4(21) 5(26)
1(5) 1 6 1 16 21
2(4) 2 7 12 17 22
3(3) 3 8 13 18 23
4(2) 4 9 14 19 24
5(2) 5 10 15 20 25

the number indicate modified code in bracket.
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Fig. 2. The overlapped image of the Tatu
Estuary for 1987 and 1995 near infrared bands
(gray hues, the areas with environmental
change; red and blue hues, areas with
environmental changes).
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Fig. 3. The overlapped image of the Tatu
Estuary for 1995 and 1998 near infrared bands
(gray hues, the areas without environmental
change; red and blue hues, areas with
environmental changes).
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Fig. 4. The classified image of the Tatu Estuary
for 13 November 1987.
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5. 1987/11/13 FEGS7 FAMERE P FT < AR AR R 2
Table 5. An error matrix of the classification accuracy for the 13 November 1987 image of the Tatu Estuary

Classfication Reference data code Reference Classfication Correct Producer's Usar's Omission Commission
datacode 1 2 3 4 5 Rowtotd datatotd datatotd number accuracy accuracy eror error

1 3919 0 0 0 338 338 338 319 944% 944% 56% 5.6%

2 9 1700 0 5 1&4 192 184 170  885% 924% 115% 7.6%

3 1 0647 2 74 75 74 64 83% 865% 147%  135%

4 3 0 5228 1 237 240 237 28 950% 96.2% 5.0% 3.8%

5 6 3 6 5 147 167 155 167 147  948% 80% 52% 12.0%
Columntotal 338 192 75240 155 1000 1000 1000 928

Overall accuracy =92.8%, Kappa=0.91.

6. 1995/10/31 55155 FHYERE L &1l & AR A2 RERE 3
Table 6. An error matrix of the classification accuracy for the 31 October 1995 image of the Tatu Estuary

Classfication Reference data code Reference Classfication Correct Producer's Usar's Omission Commission
datacode 1 2 3 4 5 Rowtotd datatotd datatotd number accuracy accuracy eror error
1 3B3I5 00 1 359 379 359 353 931% 983% 6.9% 1.7%
2 121290 0 O 141 138 141 1239  935% 915% 65% 85%
3 1 0384 2 45 52 45 38  731% 844% 269%  156%
4 2 0 7232 6 247 254 247 232 913% 939% 87% 6.1%
5 11 4 7 18 168 208 177 208 168  949% 808% 51% 19.2%
Columntotal 379 138 52254 177 1000 1000 1000 920

Overall accuracy =92.0%, Kappa=0.98.

R 1998/10/0854 15 7 FHUERE FE Rl 2 AR AE HE R R
Table 7. An error matrix of the classification accuracy for the 8 October 1998 image of the Tatu Estuary

Classification Reference data code Reference Classfication Correct Producer's User's Omission Commission
datacode 1 2 3 4 5 Rowtotd datatotd datatotd number accuracy accuracy error error
1 460 2 0 0 2 464 481 464 460  956% 99I1% 44% 0.9%
2 7 2100 3 31 23 31 21 91.3% 67.7% 87% 32.3%
3 0 051 7 64 67 64 56  836% 87.5% 164% = 125%
4 4 0 5213 14 236 228 236 213 934% 903% 6.6% 9.7%
5 10 0 6 14 175 205 201 205 175  871% 854% 129%  14.6%
Columntotal 481 23 67228 201 1000 1000 1000 925

Overall accuracy =92.5%, Kappa=0.98.
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5. 1995/10/31/ 3 FEF 5 ©
Fig. 5. The classified image of the Tatu Estuary
for 31 October 1995.
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Fig. 6. The classified image of the Tatu Estuary
for 8 October 1998.
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Fe8 . 1987-19954F £ i 78 K| Thi fE A { L AR R 2%
Table 8. A change matrix of the land-cover areas of the Tatu Estuary from 1987 to 1995 Units: ha
o Oct. 31, 1995 classfied image code

Nov. 13, 1987 classified image 1 > 3 2 5

1. Water 5,813.23 514.98 23.08 18.28 273.84

2. Sandy area 992.77 2,166.77 198.30 48.63 366.50

3. Grasdand and dry cropland 47.70 21.97 189.73 638.41 569.39

4. Paddy and forest land 34.44 1375 163.84 357214 780.86

5. Built-up and barren land 146.41 110.20 498.17 484.16 1,812.45
9. 1995-1998H % Hh 78 K i 1hi fe A { L AL e %
Table 9. A change matrix of the land-cover areas of the Tatu Estuary from 1995 to 1998 Units: ha

o Oct. 8, 1998 classified image code

Oct. 31, 1995 classified image 1 > 3 2 5

1. Water 6,695.81 107.55 79.95 3.27 147.97

2. Sandy area 2,197.56 483.94 24.36 053 121.28

3. Grasdand and dry cropland 11.31 250 505.73 116.84 436.73

4. Paddy and forest land 14.22 155 238.73 3,825.66 681.45

5. Built-up and barren land 167.28 55.66 722.34 496.86 2,360.91
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A Remote Sensing Image Analysis for the
Tatu Estuary

Tien-Shui Chen

Taiwan Endemic Species Research Institute, Chichi, Nantou, Taiwan

Abstract

The Tatu Estuary is one of the important wetlands and waterfowl habitats in Taiwan. Its
2,670-hectare wetlands were designated as the Tatu Rivermouth Waterbird Refuge in 1995 and
renamed as the Tatu Rivermouth Wildlife Refuge in 1998. This study collected SPOT satellite
images, aerial photographs, maps and field survey data of the estuary for 13 November 1987,
31 October 1995, and 8 October 1998. These data were used with the image overlapping
method and the post-classification comparison method to undertake the image change analysis
for the estuary. The results showed that great changes in the environments occurred in the areas
along the shores of the estuary and its adjacent seacoasts. The development of industrial parks,
construction of an electric power generating plant and a steel factory, graveling and sanding,
and construction of dams associated with these development activities had converted about
1,000 ha of its wetlands to the dry lands.

Key words: remote sensing, Tatu Estuary, change, Taiwan
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Fig. 2. Changesin land uses at the GLTER site (ato €) and HSFES (f).
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1. B 7 g aA Bt A A R - A AL S A 2 R (pl. « N AR)
Table 1. Landscape structure parameters of the GLTER site in 1964, 1977, 1987, 1996 and 1998 (pl.,
Plantation)

1964 Patch area Border Shape Edgeto-area  Frequency Percent Area
(ha) (km) index ratio ratio
Bamboo 0 0 0 0 0 0
China-fir 48.696 6.502 2.63 0.0134 2 23.10 3.70
Cypress (pl.) 0.001 0.045 381 0.4038 1 0 0
Hardwood forest 117.646 10.564 2.75 0.0090 3 55.82 8.93
Cryptomeria (pl.) 1.477 0.473 1.10 0.320 1 070 o011
Collapse 20.409 4.857 3.03 0.238 2 9.68 1.55
Denuded 0.322 0.293 1.46 0.910 1 0.15 0.02
Mixed forest 9.338 2.430 224 0.260 2 443 0.71
Mixed pl. 0 0 0 0 0 0 0
Hardwood (pl.) 0 0 0 0 0 0 0
Pines 12.876 3.329 2.62 0.0259 4 6.11 0.98
Pines (pl.) 0 0 0 0 0 0 0
Taiwania (pl.) 0 0 0 0 0 0 0
Structure 0 0 0 0 0 0 0
Total 210.766 28.493 554 0.4259 16 100
average 13.173 1.781 1.38 0.0135
1977 Patch area Border Shape Edge-to-area  Frequency Percent  Area
(ha) (km) index ratio ratio
Bamboo 0 0 0 0 0 0 0
China-fir 57.014 7.998 2.99 0.0140 8 27.07 6.23
Cypress (pl.) 3.224 1.232 194 0.0382 1 153 0.35
Hardwood forest 67.442 6.635 2.28 0.0098 3 32.03 7.37
Cryptomeria (pl.) 0.621 0310 1.11 0.0499 1 029 007
Collapse 25.540 4.006 2.24 0.0157 1 12.13 2.79
Denuded 0 0 0 0 0 0 0
Mixed forest 0.18 0.614 412 0.3470 2 0.08 0.02
Mixed pl. 0 0 0 0 0 0 0
Hardwood (pl.) 33.420 4.140 2.02 0.0124 2 15.87 3.65
Pines 14.767 3.095 2.27 0.0210 4 7.01 161
Pines (pl.) 8.384 1.415 1.38 0.0169 1 3.98 0.92
Taiwania (pl.) 0 0 0 0 0 0 0
Structure 0 0 0 0 0 0 0
Total 210.592 29.446 5.72 0.5249 23 100

average 9.156 1.280 1.19 0.0140




EE SIS 4 (1) : 75-85, 2002

81

1987 Patch area Border Shape Edgeto-area  Frequency Percent  Area
(ha) (km) index ratio ratio
Bamboo 1.769 0.883 1.87 0.0499 1 0.84 0.25
China-fir 47.619 8.991 3.68 0.0189 8 22.64 6.79
Cypress (pl.) 0 0 0 0 0 0 0
Hardwood forest 100.471 13.182 371 0.0131 3 47.76  14.33
Cryptomeria (pl.) 1.015 1.450 1.26 0.0443 1 0.48 0.00
Collapse 0.289 0.503 2.64 0.1740 3 0.14 0.00
Denuded 3.522 2.810 4.22 0.0798 5 1.67 0.50
Mixed forest 23.038 5.109 3.00 0.0222 4 10.95 3.29
Mixed pl. 9.121 2.766 258 0.0303 2 4.34 1.30
Hardwood (pl.) 0 0 0 0 0 0 0
Pines 15.30 2.779 2.00 0.0182 1 7.27 2.18
Pines (pl.) 1.686 0.604 131 0.0358 1 0.80 0.24
Taiwania (pl.) 6.537 1.789 1.97 0.0274 1 311 0.93
Structure 0 0 0 0 0 0 0
Total 210.371 39.865 7.75 0.5139 30 100
average 7.012 1.329 142 0.0189
1996 Patch area Border Shape Edgeto-area  Frequency Percent  Area
(ha) (km) index ratio ratio
Bamboo 0.980 0.963 274 0.0983 2 3.28 0.62
China-fir 32.386 5.738 2.85 0.0177 5 19.57 3.72
Cypress (pl.) 0 0 0 0 0 0 0
Hardwood forest 53.402 5.120 1.98 0.0096 1 17.46 3.32
Cryptomeria (pl.) 1.057 0.422 1.16 0.0399 1 1.44 0.27
Collapse 3.855 2.187 314 0.567 4 7.46 142
Denuded 0 0 0 0 0 0 0
Mixed forest 41.641 6.857 3.00 0.0165 3 23.38 444
Mixed pl. 72.126 6.556 2.18 0.0091 1 22.36 4.25
Hardwood (pl.) 0 0 0 0 0 0 0
Pines 0 0 0 0 0 0 0
Pines (pl.) 0 0 0 0 0 0 0
Taiwania (pl.) 5.274 1.367 0.0259 0.0259 1 4.66 0.89
Structure 0.063 0.112 0.1771 0.1771 1 0.38 0.07
Total 210.765 29.321 5.70 0.4507 19 100
average 11.093 1.543 131 0.0139
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1998 Patch area Border Shape  Edgeto-area  Frequency Percent Area
(ha) (km) index ratio ratio
Bamboo 1.458 1.274 295 0.0858 2 0.70 30.04
Chinafir 31.491 5.630 2.83 0.0179 5 1494  637.00
Cypress (pl.) 0 0 0 0 0 0 0
Hardwood forest 53.208 5.008 194 0.0094 1 2524 1076.29
Cryptomeria (pl.) 0.731 0.342 1.13 0.0468 1 0.35 14.79
Collapse 3.742 2.259 3.29 0.0604 4 1.78 75.70
Denuded 0 0 0 0 0 0 0
Mixed forest 41.674 6.744 2.95 0.0162 4 19.77 84298
Mixed pl. 72.654 6.459 214 0.0089 1 34.47 1468.65
Hardwood (pl.) 0 0 0 0 0 0 0
Pines 0 0 0 0 0 0 0
Pines (pl.) 0 0 0 0 0 0 0
Taiwania (pl.) 5731 1.455 171 0.0254 1 272 115.94
Structure 0.049 0.097 123 0.1958 1 0.02 1.00
Total 210.765 29.267 5.69 0.4665 20 100
average 10.538 1.463 1.27 0.0139
#e2. Bl 7 )15 EA Bt 2 3 5 2 BRI R
Table 2. The landscape diversity indices at the GLTER site in 1964, 1977, 1987, 1996 and 1998
Parameters 1964 1987 1996 1998
Matrix frequency 3 3 1 1
Number of patch types 7 10 8 8
Shannon diversity 1.9601 1.9073 21277 1.9863 1.9695
Maximum diversity 281 317 3.00 3.00
Evenness index 0.6400 0.8033 0.7035 0.7433 0.7433

1987 2 KfE | Da | = 0.1410 » ¥/ NAE

F2fH(D.os = 0.3506) » #¥F4 » B R & {RK

BRI AR » R - wTEERARE 7R ba it
TR AR R ~ (E A Rk E REE--
RIS » Bl — e 2 A AR T S SR A
FF > BIEA BRI -

Y~ AR

HI ARG 2 TR B A G S
A H A 7 £ B iR A B A AN [E] Y - AT
JERM 2 K223 — K o IR KRS A

5] A= HuIK 7 2 S AT F T
J 1 DR ] o 2 A R SRR 5 2 MR BE [ % > ]

> FE— DI —

FHSHAEFMEA T > A3ELL LA FHEA
FREZAMPEL - 2 ~ IbRFEFE T IR R
& > DU 2R 4 ~ SPRPTELES13 ~ 14 ~ 15~ 16 ~
18 ~ 19M B8 Eifg ik < Ml - 283 » W75 )&
AR G EENE > S 4 - SREEFT B
R AR RERTIEI - DI A REFE & i A
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#3. LIF-testha & B AAMIGELRR TR st iRt 2 25 ~ Brar ~ iR ~ FER - FENE - 2RO -
BRI IR B IR B R ST H B M E B R (GRs B T sk it - H B RAS)

Table 3. The F-test statistics in comparison of the landscape structure parameters between the GLTER
site and HSFSE (***, significant level at 1%, p<0.01:n.s., not significant at 5% level, p>0.05)

Parameters F-values Significant levels
Slope 1.2791 lal
Aspect 0.7376 n.s.
Elevation 0.4747 n.s.
Mean annual temperature 0.4740 n.s.
Mean annual rainfall 0.0454 n.s.
Whole light sky space 1.3540 i
Synthetic moisture gradient 0.1434 n.s.
Temperature index 0.4747 n.s.

Fa. LIK-SIHE1964 ~ 19775 19875 J NE BRI BB ARS Z L HF i B R 2 K5 R
Table 4. The K-S test statistics of the land uses at the HSFSE site and GLTER in 1964, 1977, and 1987
(n.s,, not significant at 5% level, p>0.05)

1964 1977 1987
HSFES 241 284 307
GLTER 16 23 30
D.os 0.3506 0.2944 0.2598

| Da | 0.1610 n.s. 0.1871n.s. 0.1410 n.s.

i r
PR — H - 1 - II _ﬂ-l--lll.

53, 87 L FH A - H - FEERAIEERR T VR e SRt 2 AN A A B MR B2 S AR BT ©
Fig. 3. Differences in distribution of the eight forest ecological variables between the HSFES site and
GLTER.



ARSI = A RE SR B - PRETRA )
R bR 2 M A SR L - T LA 5
15 B L FRMRIG Z E ~ ) ~ g e ~ R
EREFE ~ RN E ~ 2RZEE -~ &K
TRBUR IR FE PR R TR A B AR H I 5 - LIy
Hr A 72 i 2 A2 E MR DS 45 T AR 2R AR
555+ [F)IRF =5t SR HLAth ] 5% 1 A A A Nt 2 [ e
i {F R AR B I A A B B WS B R B 2
%% o WFEHLL 40m x 40m AR B TR HE
G I EEAE - R TR bR 1,674
{lEfEts - BIBEMRIGHIE 46,639 fHAMEH - M
T ERZE AN B BRI 2 fdt - FES A B R
foik R ZHE ~ 1A — K E T E f it
JERT - UG & R A S 40m x 40m i
oo HEE S EE RS T BRI
B e FERRT AU - R H ARSI 740
T M E o QUSRI ST R S T
2o HA B T 0% A Bk it B B FR R 2 Ml
BEVEFEEORET - B I [ [F) B P v o
8 o0 o R S R BR B T IR B Bt pE (U SR B
{lél FEFRRIGG & L MR AL -

51 R Xk

43~ BURME o 1996 o B J)1R B AL BET
Fe AR RNERE Z WIHAR 5 o R ER
BatAtr o421 18(1): 77-108 °

ZEHHAE © 1993 o H TR E BR A S A R AR K
ZEPRREREZE RE ZHFSE o H LK B AR bR R
WFFERTRE L3R S

M IR - R E - IREIAE 0 1991 o 1
F5 PE AT S RS R B LITIRIF I o RS S ()
SBIAEREEE - MR~ JTIE L E] o 267-
278H -

M SR - 1991 - RBIEREE : M - /71E
B ER - iR B IRAFE -

ERiT 4% = 1998 o MRHHE 5 38 2 B 43 KH o RS
JEI FRPR AR B R A R SO © 193-

R R 2 AR T

207H ©

A © 1993 o FEI BB RATLHS -
S () S ARE AR - BHEm - JTE
i - 48-53 -

5 EFE - 1985 o i —IEIA A T A R BRI
A N NP U v S P T
N

R 0 1997 o AR S EL I Z P 5E- DIE R
ARG 1 ) o A B R AR AR B R 1 L
o

FEFATE 0 1992 o H IR EH BRI BRIER S K 5
RERE 53 B o A Bl R AR bR B % i L G
N

AEEER o 1997 - JE ] B T & RIHHE S AR 11
I AR AR E F U+ o 2R ERER
12(1): 1-14 ~

FRIGHE © 1989 o FRMAEY) L REEE o BRI RH TS
FIEEEAF] © 462K ©

Bailey, R. L., and T. R. Dell. 1973. Quantifying
diameter distribution with the Weibull
function. Forest Science 19: 97-104.

Forman, R. T. T., and M. Godron. 1986.
Landscape ecology. John Wiley and Sons.
New York.

Franklin, J. F., and R. T. T. Forman. 1987.
Creating landscape patterns by forest
cutting: Ecological consequences and
principles. Landscape Ecology 1(1): 5-18.

Sokal, R. R., and F. J. Rohlif. 1981. Biometry -
The principles and practice of statistics in
biological research. W. H. Freeman, San

Francisco.



FiEEIse 4 (1) @ 75-85, 2002 85

The Landscape Pattern Representative
Analysis of the Gandaushi
Long-Term Ecological Research Site

John-Sin Cheng* and Fong-Long Feng?

" Taiwan Endemic Species Research Institute, Chichi, Nantou, Taiwan

2 Department of Forestry, National Chung-Hsing University, Taichung, Taiwan

Abstract

This study used the concepts, principles and methodology of landscape ecology to examine the
landscape patterns and their changes at the Gandaushi Long-Term Ecological Research (GLTER) site, as
compared to those at the Hui-Sun Forest Experimental Station (HSFES), for the years of 1964, 1977,
1987, 1996 and 1998. Eight forest ecological variables were studied: slope, aspect, elevation, mean
annual temperature, mean annual rainfall, whole light sky space, temperature index and synthetic
moisture gradient. Four landscape diversity indices were used to study the vegetation community
structures: the Shannon-Weaver diversity index, maximum diversity index, patch dominance and
evenness index. The results of the K-S test and F-test showed that there was no significant difference in
the forest ecological variables and the vegetation community structures between the GLTER site and
HSFES. They also suggested that the landscape patterns and their changes were similar between the two
sites. Therefore, the GLTER site may be representative of HSFES in landscape utilization in the past 34
years. However, due to a few forest ecological variables that were not observed in the GLTER site but in
HSFES, and considering the accessibility, it is recommended to establish a new long-term forest research

site in the 4th and 5th compartments in the vicinity of Gandau Creek.

K ey words: landscape ecology, geographic information system, landscape pattern
Received: July 31, 2000 Accepted: June 26, 2001
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Fig. 1. Location of the Zueyenshi major wildlife habitat in central Taiwan.
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Table 1. Nest characteristics and clutch sizes of the pygmy wren babbler observed in the Zueyenshi

major wildlife habitat.

Nest Date Internal Depth External Nest height Height Clutch
diameters(mm) (mm) diameters(mm) (mm) above size
ground(cm)
1 1996.05.20 50x52 50 145x 155 220 120 3
2°  1997.04.28 52x 55 52 115x 145 200 60
3" 1997.06.30 - - - 3
4 1998.05.05 39x45 55 110x 115 240 150
5 1999.04.15 65x 70 40 101x 130 172 205
6 1999.06.27 45x 50 51 95x 161 250 230 3

a * The nest was occupied by different parentsin different periods.
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Table 2. A comparison of feeding frequency of the pygmy wren babbler between two parents (A and B)

of nest 3 in the Zueyenshi major wildlife habitat during the period from May to July 1997

Nestling Time period observed Period Feeding times(number) Frequency
age(days) Start End (min) (total number
B Total /period)
3 0942 1750 488 5 6 11 0.023
4 0548 1206 378 9 0.024
7 0747 1442 415 19 20 39 0.094
8 0735 1305 330 18 17 35 0.106
11 1326 1607 221 6 5 11 0.050
12 0646 1500 494 28 25 53 0.107
14 1005 1800 475 25 20 45 0.095
15 0800 1152 232 5 8 13 0.056
Total 3033 111 105 216 0.071
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Table 3. Food items identified from the 50 observations on nestling feedings of the pygmy wren babbler

in the Zueyenshi major wildlife habitat in May 1997

Food item Numbers Percent
Insects
Larvae 1 7.6
Pupae 6 4.2
Orthoptera 10 6.9
L epidoptera 11 7.6
Coleoptera 34 23.6
Diptera 3 21
Hymenoptera 48 33.3
Archnida
Spider 21 14.6
Total 144 100
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Breeding Habit of the Pygmy Wren
Babbler Pnoepyga pusilla in the
Zueyenshi Major Wildlife Habitat in
Central Taiwan

Cheng-Te Yao, Tai-Lin Ai and Hsiow-Chen Huang

Taiwan Endemic Species Research Institute, Chichi, Nantou, Taiwan

Abstract

A field observation was conducted on breeding habit of the pygmy wren babbler pnoepyga pusilla in
the Zueyenshi major wildlife habitat in central Taiwan during the period from May 1996 to July 1999.
The babbler was a small monogamous bird. Both parents shared the duties on nest building, egg
incubating, and nestling feeding and brooding. The breeding season was from late spring to early
summer(April to July). The nests were built with small plant roots in mosses on the mountain slope. Each
nest was dome shaped, and covered completely by mosses except its lateral entrance. The clutch size was
three, each 20.0£1.5 mm in diameter, 2.05g in weight, and white in color. The incubation period was 16

days, and the nestling period was 15 days. Food items of nestlings were small invertebrates, mainly
insects and spiders.

Key words: pygmy wren babbler, Pnoepyga pusilla, breeding habit, Zueyenshi major wildlife habitat,
Taiwan
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o % (EHE B MYy 1,000 € IEH B ORI EEIESIS(ERIE - HER TEEIL - B
LIGEAIR AR o W PLBY PR B (LB G HERAIREES ARV )N - B3 ELIRER - fEIB ST IERIURER AR T th
JBZE I o ARG RIER 7> F AL S0 1E SR £ 208 v AR 7 LR R A R RO B - 2 B Al 2

THEFHEA FRE SRR (Hipposideridae) AL HL(E#ITEBE L -

BRI S50 b ~ EEIESE - SRR
e HHA - 2001445 23H

ol

=1 1 B i (Hipposideros terasensis
Kishida) & H# LB 2 G REtE H. armiger
terasensis » B IRARHEENRE H. armiger [J—{
mifE (FRHHAE 1924; Nowak 1994) - #Xfij »
B85 B2 A0 FE WA TR AR 3T 2 TR RE AR LA RN
FE A o DRI R 2 2 S 400 P N [R] (1SS A (
Bogdanowicz and Owen 1998; Yoshiyuki 1991)
 FREVERIATE o ELVETE S E £ A A 220
Wi AL A R B s (X R R =
AR > e R AR 1,000mEL T REIR
B N AR (K5 1997) © 1994411/ 18
H o P 28 218 e A0 sRIR 2R T Ml (217
18'E, 120° 49'N » YFH#I300m) HJ— iz Hil 1 hfk
e 30 P AT R e R A A IR 0 BB —HEAY

2 HHA - 2001494 10H

1,000 5 {5/ SR LG ) L T IE LR A £R - HEAE
S HE R AR X R e B MTRE (L »
T — > BEHY ST SR S R
N (1) - #%A0 7 B ErufE B A A S
G {16 B U SR T R B SR - SR AT R
BMEFFE 5-10 cmitJEERAfE - B%E I (LS
SR EE AL ~ WREHES - B R E G ELH
> TTEEREATE ZATRAL - 7 s e i
Z BRI - DU 3 ~ 4 FRRZ BRI 5
- (Hig R a0 5 i A S R AR E
HRHA £ AR o ([@12 ~ 3) o I 2 22T 5 S i A
TGS RRROEREG - SEXEEE—
&3 FEAE RS (partial albino) o FAMAE IR
R & - &8 Sl BE M T B
P o DUHEATREMI AR A BL & o A3 DR Ay
ZEfREE - FRISANE Y - 1 H PR g - 5
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J& v 2= BER » EISATEINME » B AR AE A
ErE Sk T Zibi I SN = BRI AT TR
1815 -

I EEELSR (abinism) 7EAN[EFFHR
FEE R L H BRI/ N » — i 2L
AT 107 % 10° 2 (B 1989) »
bR E FHRIRBESE - E -~ IRIEEE
ik z% (FEEBEEFE melanin) (Jones
1973; Obara 1983) ° #] 43 ik 5¢ & [ 1k
(complete albinism » X E F{ktrue albinism)
FIER 7> LRl o 7288 O A 2 flfl Fh R
FLEIY LR R R - iR EE R
2£ (Capricornis crispus) ~ [[[5% (Muntiacus
reevesi) (Jones 1973) ~ £ (Cervus sp.)
(Swinhoe 1866) ~ Biif# (Melogale moschata)
(Horikawa 1932 : Jones and Tseng 1968) > L
F—EAE A bk (k) /)58 R
(Macaca cyclopis) (Jones 1973) ° A/ NI
LEWHIE =2 5 E M (Anourosorex
squamipes) ) LFEACEER (Alexander et al.
1986) A > 55 (1997) 8o E B Ak
Wil A AL B E M (Eothenomys
melanogaster) : Yokohata (1997)1F H &
Hiroshimaf# 7r ¥k 153 — 1k gy H A< /NG
(Mogera imaizumii)  ZEAE > FEFE - Bk
TE (1997) G1E LB R —HIRE2HbE
5 (Rattus norvengicus) » 2%{E #EES: T HH AL EL
Bt (Fat) ~ sEEEEE R g
JR ) ~ RS (KA ) DL T — R A a (o
bt > BHEHEAME I EA e G B EE
Koeeafbay > HILHE - R0 > Jones
(1973) 1T Fa B HR BN 25 20— 453 B 50 >
FLATREER (Petaurista sp.) » B T R &R
2/3F 53 1 I WORE AL €6 LUK D BB B R i 2R
@it Hev g amaa s B4k ke 7
5 [ [ o) () BE A O AN I 3 B A — 2 ER
B ZERZ RS A (Suncus murinus) F11062
¥R B M A5 5 (Rattus rattus)fZ 2 2 #5573 H

A5y B EEE AR
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1984) » Smith (1968) & ¢ & — & 12 MM
Victoria®$ #1111 H L ¥4 iE (Miniopterus
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Vespertilionidae, Molossidae) 14F8 & HIH » 4
5 B AL /I  1 JRX & 48 (Rhinolophidae,
Phyllostmatidae, Vespertilionidae, Molossidae)
1AFEREECER - TR R AE H ARG — 58
ZHAbfE - (HAE 8 HIE o H bfEwk IR -

1991 4F > Haradaet al. 15 Ak — &5 2 A1k
B H AR K &g (Myotis macrodactylus) © f£&
> BT B L IRIE g 2R ¥ 8 TR
an - 5ET RS (1997) AR [ =8
PR g ] — AT PR R A R A e &
H{b=#% 5 H % (Myotis adversus taiwanensis)
MR (B ETaER) - R E S B AR R
8 Hsu [ 1997 F#38 3B ] [BI5K N RIWR IR
GREIRITEL LR E | I e s — £ 8 B b=
85 SR AL 8% - (N EE — ORI -
RHM B 2 FIREBE A SRR B BATER 3 B
LA E—& - A{bEEE 7 LI S
AT RIS TE AR B T & 1T 3 LI
anfe] > E AT AR ATAT o BEIRAR R FEHLURGEE
FEzE e RE I B E & R > (HSCH AR Ed
1) JEE R S8 g AL o LA R i A 1 S T R
IR RACEE - B 20U A RIS E SE
Bl (Hipposideridae) 1573 L EHS E A 5%
B&Ek} -
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Fig. 1. A partial albino of the Formosan leaf-nosed bat roosted with nearly a thousand normal bats (with

black-brown or brown color) inacora cavern of the Kenting area of southern Taiwan.
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2. &85> A AL EEIE L -
Fig. 2. The photo showing the partial albino of the Formosan |eaf-nosed bat.

3. IS - &5 a5 SuEn SaMR Al S e 2 2L (G -
Fig. 3. The lateral view of the partial albino of the Formosan leaf-nosed bat with white to creamy

white throat- neck.



102 A5y B EEE AR

A Partial Albino of the Formosan L eaf-
Nosed Bat Hipposideros terasensis Kishida
from Taiwan

Hsi-Chi Cheng* and Liang-Kong Lin?

" Taiwan Endemic Species Research Institute, Chichi, Nantou, Taiwan

2 Department of Biology, Tunghai University, Taichung, Taiwan

Abstract

This paper describes a partial albino of the Formosan leaf-nosed bat Hipposideros terasensis Kishida.
It constitutes not only the first description of this kind for the species, but also for the family
Hipposideridae. This partial albino roosted with nearly a thousand bats in a coral cavern in the Kenting
area of southern Taiwan. Its head, throat- neck part and ears were white to creamy white, and its front
halves of forearms, front edge of the wing membrane between body and left forearm, and posterior parts
of both wing membranes between the third and forth fingers were also white in color. Its eyes were black
and its face and other parts of the body were blackish brown. We took a few pictures of this partial
abino from far distance, but failed to capture it for detail examination.

Key words: partial albino, Formosan leaf-nosed bat, Hipposideridae
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