B AP 8(1) ¢ 1-11, 2006 1

PR ERAESRAERNE &G H LR
A % 38 AR %

M onitoring Reproductive Status of Captive Formosan
Black Bears Ursus thibetanus for mosanus using Fecal
Steroid Hormones

BE st £ A0 BB fTrat gk

Chieh-Chung Yang', Frank Chiahung Mao?, Geng-Ruei Chang?,
Tung-Chi Ho' and Feng-Tse Chan*

YTHREEZ B GCRAAMHERET o hiEBEEMRAE RKUR
H P RAKZRESL A &P T E KK 25058

! Endemic Species Research Institute, Jiji, Nantou, Taiwan

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

# &

KAHFE 2 H 12 B I B 24 18 B HE(Ursus thibetanus for mosanus) I AE 2 {5 H 4 558 S C )
Jift — [ (estradiol) Kz 21 (progesterone) (L& T » # LUIGE fil HBLGERAE - #82002-20044 LI3E
REHAE 3 PR AN SR FAE - /14t DA 2 28 /0 d S 2R > M — 5 20 st % —F L
DIZERATEEER > #EARE S G RAe B I (N & 2 I I#E &1 2-8 5 » MR 288082

constant estrus) » H.£% ¥ X% (monoestrus) © 55 HZ#ETREIFUAS H - #5581 AR HIRE) 2
B AR RN E IR UL - HORBE(E ACRCERAKS(E H s AiFV2{[H H BIRAE B3 - sRERARSE T
6 - QU2 R AR FE M RER ST HY ©

Abstract

The reproductive status of three female Formosan black bears (Ursus thibetanus formosanus) in
captivity was monitored three times a week from 2002 to 2004, using fecal steroid metabolites, estradiol
and progesterone. The breeding season (not include parturition) was found to be from February to August
when estradiol was at peak, and the progesterone concentration was increasing. Apparently, there was a

single estrus, the time for receptive mating, presuming that the Formosan black bear is an animal of
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seasonally constant estrus and monoestrus. Abnormal pregnancy and birth delivery resulted, when the

progesterone concentration fluctuated and did not rapidly increase about five months after mating or two

months before parturition, or the concentration did not sharply dropped after the parturition.
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Table 1. Data of the experimental bears

Assizned code

Apes (years)

Duration of paired time
2002 2003 2004

Female A 1]
FmeE Y6-5/10 27-5/12 210428
MMale A 15
Berid’a | A4 48-10/8 210604
Male B LK AR
Female C unknown un-paired
SIS ST 2 o IRPHRS IS FE b sk IR SN
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fR @R 0 R IE A 10 min > 100°C i 24
10 min > FEEIEA20 min > 13,500 rpmif L
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i RACRN R R ¢ {5 AT DA YRR TE R
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50 | 3 A7 R 50 BT S O/ K5 RE B 77 170 5 A
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30 min » T ARER AR 50w | > A=
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SN EIEIATE6 5 (31.70 ng/g) ~ 5/ (28.32
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T (5 BT I LR - HER B S 3R B T RE
SR BB B RN o HAHFEN AR
HIFSHAILH » HAR[E ELAIRTRE 5 LR 52 B th
KRB - 3LMEREAME —FRRE A — > A AHEE
EHF R 2 RAA R o BRATMRIFKZ I >
{HE GRS RS By 1 28 S T ) B s th R
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Table 2. Average monthly concentrations (mean=+SD ng/g) of fecal estradiol of the three female

Formosan black bears (A, B and C) for 2002 to 2004
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Fig. 1. The measured concentrations (solid circles) and the 3-measurement moving
averages (solid lines) of fecal estradiol concentrations of three female Formosan black
bears (A, B and C), January 2002 to 2004.
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7 Smith and McDonald (1974) 7R &l 17 fif 2
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AT HER 3K i A (B 52 S ) > PR AR A
HANGIEAR SRR 2 G I - BHH 2 M 8318
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R EAERE 2 M1 T A5 (McDonald 1980; Yang
et al. 2005) - ffili BRI — R AL
e 7 RE 17 [FI e — B 0 ERERR 2 VE1T RS - 2
o 2 P SR 2R I B AR - 72 P — B i RE B
HLIERET 134222 B (Monfort et al. 1993) ° 3@
AE € 11 52 B #2 I iR 4C 38 35 PR 5- 618 H & A
(Wimsatt 1963; Tsubota et al. 1991; Yang et al.
2003) - H =S5 1 AJ(Renfree and Calaby
1981) - [KIHEAE AP #% 5-6116 H [ 22 & AE R 1
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et al. 1988; Sato et al. 2000; Tsubota et al.
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Bd > ZPER KR 2 ETE L0 L > HHEAN
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5 2L 5 IR L AR BB (R R 3 B [ 2) - 20025z
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& 20 15 A A PRIR B A% 22 4 H A M B & 7
B HG E (Hiss 1997 : Schooley et al.
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BRREKSHNEY(EOE &11% %5 &
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10-20%) > AJREMK e B IE 2 A MG B A5 B (1



FE A YIRFSE 8(1) ¢ 1-11, 2006

A
preterm diclivery pretorm delivery deadhirth

L . -

A 2R BRI LIEIE -

Fig. 2. The measured concentrations (solid circles) and the 3-measurement moving

averages (solid lines) of fecal progesterone concentrations of three female Formosan
black bears (A, B and C), January 2002 to 2004.
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Table 3. Average monthly concentrations (mean=SD ng/g) of fecal progesterone of the three female

Formosan black bears (A, B and C) for 2002 to 2004
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The Butterfly Fauna of the Dakeng Butterfly
Education Area

R4
Dah-Wei Li
b6 A AR AMRHT P &P kA E R T A1

Center of General Education, Central Taiwan University of Science and Technology, Taichung, Taiwan

# &

ARSI G TR ARG TIE AE REBUE R 2 A > SR 0L H AR RIS ~ RS B EIE E) 2
53 o 1E20044FE1H F12 A » B H 1R AE O 42 1AIRE [ DL 27 IR 3 2 12 30 SR 1t & e o R B
& o WFFRHAMI e 122K B A - HECER5R! ~ 106FH ~ 1,001 X - H & EE Papilio
thaiwanus Rothschild Rz i B = #7i5 Neptis taiwana Fruhstorferf3 & i Gl o &R flEEEL Dk
BHrjaefdif 2 ; GUERE IR LIRIERI3308E ik % - % Hr L6 ~ 7 ~ 8H Al &k Z IR >
J3R1f%55 ~ 51 ~ 52 - M LA2H 1313k i )+ Blgk 2K LL6 H 13145 Kk % » LHRHIBTER
%V 3 Shannon-WienerZ BRI FEELI6 5 1731U3.88% 51 » 2H 13112, LR AKX - BEIRMEY) & A BAhE i 5
A LGk 120 2488 > Hrp DUSES R 6FR R 2 o KBTI A ReZ0E [ A e 4 B = I BE AL
[ RAH Z S ENETHINRE - (IEAEER - BO5 2/ RES I &R R T L DIRE -

Abstract

Butterflies were identified and counted monthly along 12 transects at the Dakeng Butterfly
Education Area, Taichung, Taiwan, January to December 2004. A total of five families, 106 species, and
1,091 individuals were recorded. Of them there were two endemic species, Papilio thaiwanus Rothschild
and Neptis taiwana Fruhstorfer. Nymphalidae was the most dominant family with 46 species and 330
individuals recorded. The summer months of June to August had the highest number in species,
respectively, with 55, 51, 52 species observed, while the winter month of February had the lowest
number of 13 species. The peak abundance was in the month of June with 145 individual butterflies
recorded, while the month of January was at the ebb of only 37 individuals. Species diversity measured
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with the Shannon-Wiener index was the highest at 3.8 in June and the lowest at 2.1 in February. There
were 24 species in 12 families of nectar plants, for which Verbenaceae was most dominant with six
species. The Dakeng Butterfly Education Area was located in Toukoshan in the City of Taichung, and

covered with natural vegetations. If a proper habitat management of the area would be implemented, it

would be useful not only for the educational purpose, but also for butterfly conservation.

RBRZEA = WGRH ~ Kb~ BOE  EIRAEY

Key words: butterfly fauna, Dakeng , education , nectar plants
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1 S R REIT RS ~ Sal 5 B 3t o i &
B R 2 iR > DUBISE T S 445 4007
HEFRIU/1055F55 FE (7 2001) © BB A
IR A 2 AR L B FE ~ 2 s R
GIFIREAS » TAEARER R G ~ AR H 4
JAAT » B EE K BCE AT T B R T
BAREEET S —8 - BESHIA ~ BT
B (V7 B B BT T 5 R DR s G e 4 S
WG = (Butterfly Garden) ~ B4 15 (Butterfly
Farm)% » HAIGERCAR FRTo0m TEEA] K
M) 8 o B PR B B A b2
e P 2 A 1 o B = b DU E - S R
ARSI R R 2 KPS IR AR
T A0 == 2 ol FH A Ay~ et - B
5 3 LI 3T P R GE (5] 22 Jag i = 1 (2 e
F 1999 : 5& 2003) » UNFE BRI YT
FELRTE OB R ~ 9l B R A B i At [
% °

el A I 5] £ 5 A1) 2 P 7 3 o
ErIE A AR > R R A o HURR

2 HHE] - 944F10H20H
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e A A 7T i L o T 328 5 LR A O BR B AR
J2 o M FTTHERF I EAEAE (Morton 1991 5 [
1995) » U5 AL N7 E P B B N 5 s 55 B
(1R 5% 2 G ) I A T 22 T A = R A 1
S o W B RS R R T AT DL E Y
B BUA R - BUEE C S AR T
SRR A AR AR 5 YRR AT AR E T R
T LA B D £ s 2R A8 6 i A Bl IR 6 FE I
fe - [KI 1T GE B B % 1o 0 0 & R OR B 2 D RE
(The Xerces Society 1990 : %% 2003) °
AT 5E LLA H T BUR > 20024F AT 2 K
U I A REHOE T A STl - 3 A I 2
B~ WiE AL o T ZORG SR BR T AR K
Tt 2 B IR BT o TR DU N S
Z IR - R HRIREEE - B
MR ERHZ 2% -

S ik
— > SRR A

RGBS LS 5 i AL R A B
B - B g bbb B SR 1 B R R
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e - R S 7 G H T B R S A
P BE L (859m) (5 HH T B 2003) © SHAT
1% 2 WS @ i SRR L d - HERENS ~ 5 He
BAMANFS A F5Ba 28 - DRI KSR 43 R IR
AR EM I > BE R A E IR & S
(S5 1987 5 B 2001) o KL F Re S &
i B 5 SE AL P 0 (L 8 2 IE BRI 55 -
HKI460m o GEIE PR B AR E] - FotE 2 1
VR L 1 2 W R 2 A B IR A LA
7B AT AR AR S o WA A I - 2D E
B s WA 2 IR E I A= E i
JRITEE: A H B it o

R GG A REBUE T o2 i 10 i g v AP
REZEMR Z M REAR B » DIk Rl (L auraceae) B 7#5%
2Rl (Fagaceae) 5 £ (575 1995) - R HRAFERY
FEARGA SR e B i 2 R > IR SERE AR E
8% > H AlE B I Y A B R 5 T f 2 1 »
it 1.5 26 £ 38 M fol e R BB AE R - afsefst
Cinnamomum camphora (L.) Ness & Eberm. ~
FHE 8 Acacia confusa Merr. ~ BfiZ55fBauhinia
x blakeana Dunn ~ & {55 Koelreuteria henryi
Dummer ~ f#{~Terminalis catappa L. - [FH[&%
BB/ INMTERABEMK - DURESE ~ T AiMachilus
zuihoensis Hay. 5 [ %fi-F-Mallotus paniculatus
(Lam.) Muell.-Arg. ~ [fifiiMacaranga tanarius
(L.) Muell.-Arg. ~ [IZ i Trema orientalis (L.)
BI.Z S ) IS S T > WS AR 2

15

J& B Aleurites montana E. H. Wilson ~ §E
AREuphoria longana Lam. ~ #fiCitrus grandis
Osbeck ~ & Mangiferaindica L.5 °

FRF 2T 17 B2 SRR AR T VR A BEIR ~ 791
Litchi chinensis Sonner. ~ tH1&%ECitrus spp. °
FHMusa sapientum L. » £ B35 HIAE /N A5
ZRI[H] o Bt O [ U (B 1) 7% BE R LR A s 4
e KA REBERR > N BT SER ~ A i i) BE A
(r(1,127m) ~ B2 1L1(997m) ~ K i F 11
(1,206m) %% 1A FHE > @ L AR FE k1L
I —E&R 53 -

TERAEJT T - H RS HE 7€ 1 P 3l 48 58 2R
b o RIS AT ELRR UM & B2 & il i
ol R B GE IS T B SR SR 1k (120° 49 E 5 24° 127
N ; {gHk470m) ZAC 8 EEHR R 2275 - HsfE
BERHINFR L - 20044 2 R 5RIR£%20.5°C »
LISH 3 R 5% 25.9° Cl s » LA FHEE
14.2° CAAK o TR IIMHENRERS73.7% » LA
7 A3 Z AR 80.2% % 7 © 12H 132
55.6%x X o FEFEN E£53,072.7 mm - {HZREH
BLER - FEENSEEZE » DI7HG
Z PN E1,376.6 mmix & K ZRATN S

Ao

o~ MEAHEE A
H2004F 1A 127 - & A H A 1K
o~ FAORF ARG - AR T UIE A RE B S

Fl. B o i o R BT A SR (K 2F75) 20044 B 43 @ SR tfa t & R
Table |. Weather statistics (monthly means) collected at the Taiwan Seed Improvement and Propagation

Station, 2004
) . . . Blean
Itierm Jam,  Feb., BMar Apr May Jun. Jul.  Avwg Sep. (el Mow, Dec.
- = or tidal
lemperature [ L) (4.2 138 1786 219 259 248 242 244 234 |97 189 153 20.3
Precipiation (mm) 270 96,0 12000 1780 1495 1365 153766 TIOLS 2023 21.5 0.0 546 72T
Relative Ti7 754 TRAE TIR 7RI T ADZ 790 T4 630 648 554 73.7

lurmadiny (%a)
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[if VSR RE o T AR AT EE (T 1) - ROk LI
ZTEFE ~ B > NGRS 2 T RE DU Rk AR A
PRt - T 3 B FH A S 2
F(2002) ~ 1%(2002) ~ # % /7 (2002)% - FAHE
Pt 8% B o WA ) B EREE ~ BIEAEAS DIE AT
25138 AL TR A R R 2R A
ZAEENRE o TN IR IR IR A0 #% 27
Ao WA A Ffy 228 B R A ) S FEBRAE R Pl
A AR P I THE T 0T -

= ~ BRI
LIF B — B IR 5 B (Shannon-Wiener
index)a I S W)fE & % iR TR - HAE -

S
H'=—> Pi(InPi)
i=1

H'=2 2 — U2 B PR FE B iE
Pi =ZIMIRELE R TR AT S R ERA
S= FEERIYIEE

RGBS AE REZH [ A

R

— ~ KBTI A= REEE i & W REAR R
1200441 H 212 H BB FEEAR 7€ 122K
AR AR A A > 308k 5R 1067E I
#J 5 £ 18 /7 400FH I (1] 26.59% » H & 18
I Papilio thaiwanus Rothschildz 1/ B = f i
Neptis taiwana Fruhstorferf% 4 #8455 fll o il
FH 2 FH A A FE BB (Papilionidae) 167 ~ A7tk
Bl (Pieridae)12f# ~ BRIERL(Nymphalidae)46
it ~ /NRIE R (Ly caeni dae) 187& K 77 i £}
(Hesperiidae) 141 » 8} 2 FeRH f #5488 XAl
Fe2 0 KRG REBCE 1 0 2 R A3 -
1E 2R 207 51 (1 1,091 £ 2R I il 15 Bl S5 2
H o DUREERHTI330E Kk % » (SREEIEREX
[130.3% ° #H%EE K& 56 A1 Fy NKIERHTE)
2758 K SRS ER1)25.2% » FHHKES
FyERIN 24282 2K » SREEIER £ R 122.2% -
IR 172> R TS 16t 25 1 I e i B Ay - 6

Chung Cheng
Campground *

0 a0 10
L1 Im

fiil 1. AU A REB A I (VL E (] (o » ¢ ZERUKRA LR RR)
Fig. 1. A map showing the location of the Dakeng Butterfly Education Area and the transects

(@eend » ) used for the butterfly survey.
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Fe2. RYUHIGEA: REEE 15 % RHIGE « FH KR ISR 42 2K (20044F:)
Table 2. Numbers of species and individuals of butterflies counted by families at the Dakeng Butterfly

Education Areain 2004

Species Inadivaduals
Family
Murmieer Ya Sumber Fo
Papilbcaniclae & 15.049 1.3 1256
Picridase e 1132 242 2218
Mymphalidac 46 43.40 330 3025
| }'I_‘.'.-\,,'I'Hljill." 18 | &, D 215 2521
Hesperidas 14 1321 10F¢ Wl
Tastanl L)) 1(IEAMD 1015 11k,

F(1997) A HIR ~ HIRAHF A R E TR
il (190-300m) k2 [EEALL ] (500-850m) R i
BRI 53G0Sk T AONH S 24T BHIIGE - 5 WA BE &
A1 Sl TR 26 7 = % 5 60F#H o # BAEL T FE M
e > A7 H 6ORH I v A 51FE FITACHH 52 it 30 #%
FHE > BEFEEANTFER G ISR > Al
= IE JB| 5 Atrophaneura horishana (Mat-
sumura) ~ K &L % JBl % Byasa polyeuctes
termessus (Fruhstorfer) ~ B Prioneris
thestylis formosana Fruhstorfer ~ K JERIE B i
PRI feRRE I

Lethe insana formosana Fruhstorfer ~ Z&#f =#3

Ypthima formosana Fruhstorfer ~

I Neptis soma tayalina Murayama &
Shimonoya ~ % 2 It Polyura eudamippus
formosana (Rothschild) ~ & I £ /)N J il
Nacaduba pactolus hainani Bethune-Baker 5z
7 Tagiades cohaerens Mabille o H:f ik
B % > b oAeofd B 7T 7 AT RE HHERAE LB
AEREHUE 8 2 B AE R > L PP IR JRLE K K
Behie B R 8 S @R A -

AEHS T [ PR T 18T - 3T ARAE B
H el B E TR AL - W45 (2002)7E KL
Y & A & 8 BRI RO S5 A 63T I A0 8 S [

(1997) HITE RS T e I R 4R 17 LU [# BC 8% A5 941
WA o DIL#H 2 > (1JE & i a Rl 2 KT
WA R Tt I U M SR P s e -

IR R R AR AR PR
B R R RS A SEE P B T BT % >
IR BT ke RCE WG A RE B iR 3 6 2 &
B o 106/7H B I b R 22 B U A T R A 85
fil o FH BT [ [ ) SRR 22 R 2 2 Al 8%
GBS EG BT RIRIE 158E > DUBISERE S
+ o teht o NERSRFGR AR RLE MG R
G % HIEElymnias hypermnestra hainana
M oorekz 17 &I Cyrestis thyodamas formosana
Fruhstorfer °

R & Nk b 5 A Al g% 12
Bl2afd > a0k 4 - H o LU & R
(Verbenaceae) & 551} (Asteraceae) % 6f# 5.5
fR % > HALSRHEEA 1-2ff - #5007
HJ LL#EHLIE 24 IR ) A 1418 (58.3%) £%
o2 2 B EAE Y BB LAY - 1T E ATAE R
[ 9 I LU #2 7 Lantana camara L. ~ £REAK
Stachytarpheta jamaicensis (L.) Vahl. ~ 2E71E
Pentas lanceolata Deflerss™: 3 ') £ A i 1%
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3. AGTIIE A RE B0 [ BT 2 5% (20044F)
Table 3. A list of butterflies recorded at the Dakeng Butterfly Education Areain 2004

; " Month Total
Chimsese nama Scientific nama TFMAMI ] A& & ON D cousls
it Papilionkdae
T e Hvara alcineus monseseasis [Frahstorfer) ® 1 |
F AN e Fwcilipie arisrelocioe fmerposituy (Frubsioslen ® 23 3 4312 17
HRE Cirmpifiiam ggamemmon (Lmnacus) * | fi
TFE Graphium dosos poaianis {Frshstorfer) * 11 1
7 Girapiium sarpedan commectens (Frubsiocfer) * L2344 4 43 i
ISEE A Papitic biamor throsymedes Fruhstorder * 131 a
EVE TR L St custor frrmovanis Rotkschikl © 2 kK 12 g
o e Fupilie belesus fortuming Fruhstorfer * 1 1 2
T Papilie mephelis chaolus Prohstorfer * I 2 3
F Fapitis sewmnan kerones Fruhsioofer * 1 T35 %5 4 k! ] M
TriERLEr MR Fapitio kermoramir Rebel * 1 3 2 1 15
T R Fiapitie palyies pasibaries Frahstorfer * l 4 4 i
SR Erpitine protewar Cramer * 1 4 3 42 15
i Fn:pll'l'ﬁu thuriveens Ronhschild *4 1 1
FIFAE et Fapitie ot Linmasus * ¥ T dq
FRE I Fapitie demalens fhaminy Frubsiorfer * 1 l 1
Faen el Fieridae
ity ] Apypins fymoicka frmosea (Wallace) * 1 4535 3 13 0
N Canepsilfia Poseona (Fabricins) * 2683377 128 742 M
bl Ceprara nivdima cungma (Frohstorfer) * 1 3 1 5
FL o Pelias paritos coomvewa Frulisore ® 3 I 6
AR v Fhefias dyparere luzonesia C, & B Felder * [ | 2
il o Evreana blamea aesalia (Frghssarfer] * iz | 3 3 12
PR Ervrewa heombe (Linmasus) * ¥ 1 i [}
ke Hebowmoin glavcippe formaorena Frubsioefer * 221631 20122 15
e Friax pyrene instgars Butks ® 33113 I 4 16
LR S Loproain sima Afaie [(Wallace) * 1 I 3
T ELE Pievis cwaials (Sparrman) * 13337 1 I8
Fy=] i Fierin rapae coucivora Boisduval * 121714 2 K. 1
L R Nymphalidae
HEELEE Lhreans Chryaippne (Lismas) ™ TR T 4T RS T A
RN Ay et 4 Ohrais genivin (Cromer) * I I Ll
[ A e e Enplvey awanice hofsoni (Butler) * 11 2
o T Eupiwea mulether barsing Frohstorfer * 1312 4 12
T 5, SEETE Enplen syivester swinkoed Wallace & Moore ® 4 1 to3 ] L4
SETIE Erplveeyr nrlivodus Ravimza Frahsorfer * 1 3 3 % %103 L]
HiEk EneE fvapais siailis | Linnngus) * 1 1 2 i
e ECEME  Paorantica agles maghabe (Frubsioofer) * 11 k!
o| Parantica swinhesi [Moore) * 21 k!
TR B Tiremale fimniece (Cramer) ® 16 50 L
P RTER Tirasinhe sepuesrraniie | Batlen) * 1417 Ll
Sl e Elymaios hyprermaestea kaineaa Moore *# 11 k! 1 1 7
HFH Lethe chaondion rotnaori Frohstarfer # 1 1
TR Lethe europ pavida Fruhstorfer ¥ 1 2 2 5
Hlpy e Melmaivis Lecky (Lamnagus) # 1 l
o Melwaivis phediera podishme Frahsiorfer # 1 2 | 4
Bl e Mycalesis gotema mande Frubstarfer 1 1
ET15H  ER Myealens zonmia Mateame # | | | (1]
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Table 3. A list of butterflies recorded at the Dakeng Butterfly Education Areain 2004 (cont.)

- . Month Tatal
Chanese nama Scventific name TFMAMI J ASOND counts
HENIEEEE  Neope muinhend] nogasoiae Matsumam # 17 4
R Pewbemy Gormesanwe {Rodhschikd) # 12 521 I3
A E Yeuihiwra haldur sadiea Frahstorfer ] 2 1 4
Tirm s S Yoshimna outiiririosa Butler * 1 1 A
Mg Avrava fsoria e (Frahsorfer) I 2 3
FLE Arfadne ariadne paeliidier Frubsiorfer * | 1132 10
EEY Chrestis thyadamas fermozmea Frahstarlir *8 | | 1 1
TR Cuphla ervmamdi {Dnary) * 1 1 2
Tl Chdionds chrrolora (Frobsiodfer) & ia 8 22 17
i Hypsalimnay bofiva kezie {Butler) * 12 3
[ 7R L Hypolisesar sdsippus (Linnneas) * 1 1 z
L, Semania afmona [ Linmaous) * 1 1 2
LRE ] Seaiita [plite {Cramer) 1 I
FELEr Ry Fumanda femamiar mewan's Tsukodo & Kandeo * 11 2
R Kalitema imachis fvmesan Fruhstorber § | 1 2
Hi S Kirnink cvwaee deiton (Frahstorfer) # I I 2
TEE = Neptis fvlas fufculenta Frahstorfer ® 1 | 2 12 220
et L Negrris many lutwtin Frohstorfer * 12 4
A= Neptds sapmho fesosme Frubsiorfer * I 1 1 3
1 = R Meptds tatwans Fruhsiorfer 7 1 | 2
et Ayt pevius {Mtsumurm) * 1 2 3
ST e Anfyrma cawes zovoasines | Buailer) 0 2 1 1 4
Wik Palvirsein c-moreveaw Tomadpte Esakl & Makahara ® 1 1 | 13 2 i
[ ol Tl ] Patvrra noveaen mephadiva (Fruhstorfer) # 1 2 1 4
W — g, Syawhrenthin Hiver forevosanmes Frshstorfer I 2 3
T Timeedaea mlhesvews formasama Faahenorfier # 1 1 3 1 f
AR ] Fanessa candw | Linnaeus)y * 11 1z
fis Libythea ceftis formosana Frohstarfer * I 1

i Lyeasnidar
TRET Crwvredls acain fumesans Fruhsiorfer * 11 ]
TR SRR LB Auyvedepis prospo mde {Fruhstorfer ) * i 4
T e <D Cofeurring lavemduierts Rimilemn | Frshstorfer ) * 1 2
U R Deveclarix epifarhar memesicles Frohstarfer ® 1 4 31 Q9
AN & Helinpborwe iy mateumpree (Frohssorta ) * | 2 2 5
=1 T Haraga omx modirechr! Matsamura | 1
FIE e Sowides olecs drosmicus Fruhstocfer * 11 2
Bt |- TEE fawidves bockus formesanig Fruhsioofer * 1 4 ) 49 =R
HrEr e Lismpiies hoaenicns {Linnaeus) * 1128 2 15 M
dEir B Provoms sore formosome (Fruhsioeer § * 1734 4544 ¥
T IR Mrcaduba birave therasic Fruhsinrfer * 1 2 5
LB Mgt malaye sikkimr Muoore * 3 3 1 2 2 1 12
WL Nanpdrthenape 2ol (Bailer) 1 1 P
LB R Raparla varwma fiwmesena Fruhswarfer * 1 1 2 4
N AN Spivelavis e (Matsumura) ¥ I 2 21 f
LT g Sywerwrsicas plivs (Fabriciug) * | 1 I
[ Fizeerdn maha clfmawana [Masumasra) * 21101921249 4 8 4 91713 136
FL o i1 R Lizwhe byl (Fabricius) * 12 3
W Hesperbidae
MERTR AN Awpine virgela myakel Masumur * 11 2
it Bagwia exclamarionis [Fabricms) * 56 4 1 I6
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3. ARG UG REHE R BIGE  $5%(20045F) (7H)
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Table 3. A list of butterflies recorded at the Dakeng Butterfly Education Areain 2004 (cont.)

i , , Mionith Total
Chirsese nanms: Sctemilic mame TFMAMI 1 A8 ON D counts
LA WNTTEEE  Bovto cinmarg (Waollnce} * 2 3 ! Z d
W3 e e Caltorir oohira arwefend [Moane) ® 1 1
T [+ Hiesora remimanys vairacama Frohssorfer * ] | 1 1
o Dvondeimon damprospiiies frmosamay Fruhsiorfer 1 2
AR MNotocrypta curvifaseia (O, & R Felder) ® i P2
Famara guitate {Bremer & Grey) * | l .
- 1} Feervigrn deaie 4 Mooge) * | T
W Petopidng apme {Moone) * 2 2 1 4 15
= Potareolieds comicis R by | viasamisr | . I S i
J ) Seaviuy greminy (Fabricias) 1 2 2 8
hii4 253 Telicio bamivesae karishe Evans ® | 5 2 13 17
TR Pl fevon adyrea fovmosgme Frnahstorfer 1 1 15
Muamiber ol specics 2 | [

Lumis per irmnsect
Index of diversity

= Nectwr feeding was reconded,
& 1 Maprophagy wis reconded
7 ¢ Endemic spoces,

=~ & AT R

R GUIIIE AE R 05 [t AF 20044 7% H 173 1
R ETE a3 - Lie ~ 7 ~ 8 BIZRE
IR AU % - /35555 ~ 51 ~ 52fd » H
fbanas ~ 54 K10 th#H A 30FE LL [ o T
FEERB R DR 2H o (EEIEH(135E - KA
LA 147E - BIEE X LI6 H 11458 Kix
% > HRB7HRI130E X > i LI 378K
o RAHIE2H K485 2K - {4 Shannon-
WienerZs AT 2 R IEFREBIIASE R - s
F6HM3.8 > HAXBmM7H N8A Y37 - P
Shannon-Wiener % 1582 TR BUEREZ )
T ) 51 5 e 2] 56 o2 ST RS > 7 5 2R 16
7~ SHATCERATR B R E R MR E R > H
HC 25 1R 8 W A B M52 B A A & B
R o FIEETRD o R AR B A R
H TR 2 WA R L 2 R -

TE 5@ K] 3 Bl i et 3% 4= 2 AT R AR 75
1] > 2R 15 SR & BRI 2 31 i il 2 2 35 H

LR LA LG HE > R U A= RE 0 1
e 2% AR O FR R ~ BOE R Z BRTE R B B R
FHEREREE ~ FENY & MR M - HEL R
SR 2 I FHRE o DI S > (E1ZE3H
YA e 2008+ 47 DIFebEE i T - SR
BEYEIN - 6758 H Ml Ta K 2 iyt B A 2o ] 8 2
50fd LL_E - 9 {33 AFKT - Wi Jak ) %2 39
i > ZFRHN107E 12 H REAERR, o R [ 5 A
7= BN 1 Bl 5 8 o USSR A 1L [ 8 2%
ARIEARBAERT (B 2 2K 1999) ©

A R 2 22 AR S - B A
] R i fE B IR ¥ I Catopsilia Pomona
(Fabricius) ~ ¥ %L 1% Hebomoia glaucippe
formosana Fruhstorfer 5z i/ [\ K i Zi zeeria
maha okinawana (Matsumura) & 3f# : 2§41
1EME H LA 7 B Graphium sarpedon
connectens (Fruhstorfer) k% i 3 i Danaus
chrysippus (Linnaeus) : #4171 24-8(f H 2
A LA BUSE Pachliopta aristolochiae inter-
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R4, KYUBIIEA: REZE [ IR ) 4 8%
Table 4. A list of nectar plants at the Dakeng Butterfly Education Area
. . Blooming sta
Chinese name Scientific name et % f“s = =
HITHEE  Apocynaceae
BT Asclepias cwrasravica LG L L L *
W Asieraceas
W] Ageratum boustamimawm Mill. 2 o L *
KACHRE Bidens pilaza L. var radimia Sch. Bip. D L ' > ’
FERORE  Gimovowowds gl ook & Aol De Candolle 75 I
S Iveris chimensix {Thunb. ) Makai L L L 8
PR S Wedelio wrifoban (L) Hitche, & *ox X F ® ok ¥ X ¥ 3 *
LEH Caprifoliscene
1T## Srambucus chimensiz Ling], L
EHT#H  Combretaceae
o Terminalis catappa L. I
oE Fabaceae
oo | Buraivinda % hiakears Dunn2) ' ¥
R Malvaceae
B Hibizcus rosa-simensis L. G ¥ B @ % B % O ® ® W @ ®
B FHFIE  Sida rhombifolia L. + 4 s
MFSAE  Oxalidaceae
BRE R Chializ cowmicrdma L. ¥k F 3 3 & F 3 3 & i
FTEMFEE Oualis corymbosa De. () JEL L . .
i Rubincene
EHIE Pemas lancealata Deflens 5 L L . *
=& Rutaceae
Fr Mirerava panicatara (L.) Jack. . e
BBTH  Sapindaceac
THHE Ewphorka fongana Lam, &5 L
Sl Koelrewteria henna Dummes T
JLY ARG Verbenaceae
| Clerodendrm cyriophyllum Tunce L
HAHE Clevodendrim baemplord (Jac.) Sieb, e Steud LR L L .
WA Miramra repens L. 50 L I T T T T *
LRt Loambarr camara L0 " T X % F ¥ X ¥ K *
A HEFRTT Lamang montevidensis Brig © ' o3 o ok F d K b
B Stechywrphera jamaicensis (L.) Vahl & IR R R A A .
e P Vitaceae
R Capraria japonica (Thunb.) Gagnep * &
i Exatic specics,
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positus (Fruhstorfer)<39f& : 1ffj %% 4= H1F 3
A LLT 19 Bl & B3 & Bl % Byasa alcinous
mansonensis (Fruhstorfer) £ 627 -

LA HOIERE DI IR SR > fEA T 47
FTEC B E 1 1ATR B G HRopy I E 5 778 - 2~ 3H]
o A5 = i P9 B T DL I B S 5 A T I Pieris
rapae crucivora Boisduval &z s/ NKIEE © 4H
P LA o 2 F R SA AR > Ho i R AR
A & 8 ¥ I Appias lyncida formosana
(Wallace) ~ Uil ~ FEBEIESE - 55 {330 8%
A L 4288 - LUK JEUEPapilio memnon
heronus Fruhstorfer ~ ¥ &g ~ G - i
PEME S 5 L s TEAR A al IR E
HHERR >

678 8 H Ryl 2% £ BRI - TR B IEAE Y &
Al DV E B3 20 3 (R AR » MR = 2 B3
5 K% (] J 1) 5 ¥ A i Pieris canidia
(Sparrman) B 6 H {7 R RN MEEIEAC #% - 9 H Y
MG T A R M MDA - N B IR
Euploea tulliolus koxinga Fruhstorfer K%/l
FHHHE Tirumala limniace (Cramer)&: s 10H 173
5 LIRS ~ FHEDEMRE K 358/ VRS 75 BRE M B e
% o 11 H 3 2 BB FE 2 v AT NI > T DASE
Bl (Fabaceae) 1l ¥ 15 &F &= 09 9% £/ P M
Lampides boeticus (Linnaeus) Kz B &0/ MK
It Jamides bochus formosanus Fruhstorfer 73t
AR o 12 0y DU R 1 > Horr
LA Delias hyparete luzonesis C. & R.
Felder i %L J8§ ¥} 1€ D. pasithoe curasena
Fruhstorfer i 2L CERME o HHAF - HeH (rEER)
T Z A Sk AT 1 W B 5 VAT T R TS A L 473
e -

=~ (BB A
TEATFFEAT AL SR L06FR IR > EHEE

) s il - B R AR P 138 3l IR ~ 3R

TG ~ MEBEIGE ~ B ~ ANGRBEIE ~ A AL

/NI Prosotas nora formosana (Fruhstorfer) ~

RGBS AE REZH [ A

/IR BRI ~ 7577 IR ~ 15 B IGE R ST

TR IR TE A A 4 A B AR
g% o AHLDUEIR ISR % « AT A I B
PR RE o KA A E R B Ooxalis
corniculata L. Z /3 il 3@ - 1 5 i R 40
AT 0 HR IR R B R 2 G TR R ) R AT A
JE > BEGE > IR D I i R I i R L
(I o

TR T T £ A A AT LA R o ECEF A
W) $#8% 7] N Senna siamea (Lam.) lrwin &
Barneby ~ F#h#S. fistula L. ~ 25 #1S sulferea
(Collad.) Irwin & Barneby f3 % RAJEIE AL
AR RIHR s RAE AT 7~ SR DU (R L
Jéd 43 Sl B o BRI P SRR R A AL
FAEY) - AEATETREAN ST 58 > F#HSUT ) BT
TR 5 It 5 A E IR 1T A AT R R S Bk

MEBTIGE 2 25 Az 12 » HERERIK
I [l [ A R A L B E A YY) 5 T 7% Ascl epias
curassavica L. o AFEAREERH » PRI
Eiift > Bk EBEEEEEE S — - It
bt B E EREYIE S A SEY) - R s
W2 B~ 4 mk s i Y B B R B (warning
coloration) s Tfii [ [& H 7R BT S A AT 5 ink it
Hypolimnas misippus (Linnaeus) & M HI A HE
REATEI ISR - 1% RAFHVEIE S BUa -k -

B 2R R 12 BA24ESH - W LL
2~ 3~ A AR HR o AR M R A A B iR
7 INJOR S S 271 % ] o Ay e P A AR o A T 2
% T IR A TR IR B 2T R o SR T 1) 2% [
et H -+t (Brassicaceae) 77 EHEY » 4l
#5BR 1 Z5Brassica pekinensis (Lour.) Rupr. ~
BB, oleracea L. 5 o

NSRBI 2 B A B AR 10 o HEF EAE
P FE KMalaisia scandens (Lour.) Planch/34fi
A2 BRI AR (155 1999) » FEBEA LK
HET IR A LU P A SR AT AC #k (1997 5 PRt
2001) * ELBEIEE (Euploea spp.) T & Ay H: A0
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RATE > FRATES S A BALBTIEE. eunice
hobsoni (Butler) ~ Ui %8 B 1% E. mulciber
barsine Fruhstorfer 5z 7 [CE5ET MEE. sylvester
swinhoei Wallace & Moore ° & 4FH 5B IS 38
HERBEFEKTM - DB E S s
HI| DL/ INER BRI & B B 2 v > L Ath 3F -

WA IR > B84 HAFS52E 12 F - AfE
B~ AR R > B Y2
— [ i % Entada phaseoloides (L.) Merr. 73
M ALES (L& > 7F & R & 9N A 4 A0
(Huang and Ohashi 1993 : #7% 1995) o F 7K
TE i 2 ERE N » TR I A H
T2 o3 AT

RIS B 2 25 R e 107 - H
S IR R K RN A A - #E A
FH#%Dregea volubilis (L.f.) Benth. 5 17 B
Heterostemma brownie Hayata » & LABT# 3
2 o AT A1 % A J TR S BRI P B S 3 S
5o BREGACRESS » HHEIE & 78 UIAT 1% B 4
I Bt 8B o M E EAEY) T A A
Yo RIS/ IR 7 B G o, R B il €6 B FH
IS A ] PR B BFL SR 1) LA R

ARG 2 2 E 2= 10 H 1 - AFE IR
7 b AR B L TR R - B R A
B EEREY) - HrhZ —fUtE el 5 b R
B EEMEE  FRRE EHREE
iy TG TE AR A L AE DN o HofthEF E Y A
4 ~ LH#Machilus thunbergii Sieb. & Zucc. £
SR} L e K AR L I 22 A 53 AT (B 1997 ¢ PR
2001) > [RIIHE 75 7 JRUIGE 725 [l [ P e 25 2 8 B )
MR L — o

G 2 LB 48 H K11 1H »
LI ~ EEMER% kRS 2R
MR o 8 YIRS EAEY 2 — + UK
Crateva adansonii Dc. ssp. formosensis Jacobs
ST A B R HOM R (1555 1999) » S L
I8 IR 4341 (B 2001) © LAY - FRITEAEAS 25 45
PRIRF IR T #J60FK S » HiF 2 T B
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SRR EOREDN ~ 8856 -

FREILL - 107 > 20044 1F A BT B £F &
HOE i T RC sk A B SGEAE » o S B E 2
e I LK B ] 16 P9 s B 0 ot [ 1) A R A
B > BESEBIRE B AR TP R B I P
BAEREE A ol B AR o

RGUHIE A REECE [ > 15 H i SR AERE
Z KRR > £820045FE1H 12 H B HALE
Z A PR ER Lo6TH G - ®EMITI S - o
JA TR 460 [ TR A0 W (7 2 SEURE L1 PG HI Br 38
[ B R IR 2 A P - DRI A A & T
IR AR RE R B UR S AR RER R Y -
et > AR B PR B TR 5 1 5 SE e
HIAEAFRRE G > BT Al S B e Py o PR - ]
TG ~ R/ I VSL T BRI o

P R0k (1Y) 106 KH B 45 o - JELRE ~ Ry
DR ~ gt <5 oh R~ A2 A T B E
ERJHERRRY 5N EL - 8 L% B R /L&
TREERE - A I Py H IR S R YRR
FEIBIFG B - W 51 5% E W & B8 B 0 58
ARl o AR NS B T R R 2 R R
176 R TR PRI B A BE EE
A AE 5 S 7 AR R ~ V& R 2 AE W) A0 1 A
féf ~ &Ml Cyclobalanopsis glauca (Thunb.)
Oerst. ~ H#ikSyzygium jambos (L.) Alston ~
f8f Broussonetia papyrifera (L.) L’ Herit. ex
Vent S5 FE 55 3V fEETRE - 3t BHIE B TRIG R
(B E Roh) < AEREI TR BB 228 - 1At -
TEFRSBEHEESIFFA] T » Al EEE P ~ B
HIRABEMARER TG R R (B) » EERE
FROK SRR T | MR AT 2R B » M E AR & -

Bl 18 H 17 o A 1) %88 0 A ) DL+ 2 e T
% o LI GRS s 17 AF 7> 25 Bl 0 i) 0 (=] (A
2003 ; [ 2003) » HHA AU AE BB BT
Bl i At HLA S AR R U R o s ) 1L i
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JRE SIS AR R AR ) (R R A A E [l () A - 3 HL
TR IR A AR o AR AE B YY) 2 2
FH B DA A o B B - 9100 5 o P9 B A A
B 5 A 1947 B 18 Sambucus chinensis Lindl. (58
FERAEY) - aTHg A AE L o BEAY o
& LAk s> Ai B K & Clerodendrum
cyrtophyllum Turcz. ~ & {1 #f Tetradium
glabrifolium (Champ. ex Benth.) T. Hartley ~ 2%
FI#2 A Aralia bipinnata Blanco sz % X & & A
Rhus semialata Murr. var. roxburghiana Dc.
VIR a Ry ~ BEAHLEAERE » A BILA
Hi AR PR D A A AR

bR T R 2 SRR R
& Py & B A BEARE I AAT BE ~ KRAERCE B
Bidens pilosa L. var. radiata Sch. Bip. ~ $8/0%
Z#i Ageratum houstonianum Mill. ZEE5)ES I
ZERREY) > IRTAEAS B HRIRE A H 0
FEFTEEOFR o 18 LLBy A4 MW 8 > A A=
REZMII—HE 53 > ANE IR = - 7Rt
JEEAB AR IS E IR o Rt - HiERE A E
[y FEEL > e R R e IR 0 R
TAEHBRE - ERE AR S BECL G ET
DIESH > HCBRE EUE R DIME R L) 2 i
S22 -

& F Ay H B B R R~ S T B U
TS A 2 U o 32 B R Y IS 2=
BVE R L FEE BHEE - DRI S > &
FH A IR RE % > fE6ZE 8 & H AT
SRR /E50mE DL I o mtBE 1S R L6 H /Y
B E IR - FE145E K« ZEEMEIREURLL
6 H 3.8k E ° AR S L » RYTIEERE
Bl LR BRI EEGEL - TIEZFTH
AR A R 5+ A 2RI R AR o

ANFRRIBA R AR g R EAL ~ BE R
AP W T B o A7) 2B A7 fE B (Fetwel | 1986 5 [
2003) : [MAEHI AT 5 8 - i e
JE B VPR ot o RIS T A b B f2 2R 3 IO A
B (B 2003) © ABFFERIR S8R — Kbt

RGBS AE REZH [ A

W A REZCE TR AV A 15 T AT v i e 1 B
R > H OB L LR P R Ak LA -
PRAE AR AR EERER o ASHFIT R Al A3 A
e SRR ML 1 AR I R R RE ) R e (25
1995 : (% 1997 : £ 1999 : i 2001) - A2k
JHEE i R 1t e SN R 2 B SR BN A - R R
iR A [t L B ER B A B FE R 2 — o A -
IRAT RS R N B A BIE -~ BUEE 2 5 E
B A A WERE 2 ARG > BUR RRERBUE R iR
BB o (EIREHETET » BR T IEHECREL
A RN B 2 i i > G m] B R 2
T2 EMETIEE - Jm IR AR A
AEREIR BRI H A AR BIASE o aiitt » RIRAR
KB A RE 2 E I N ERE R L 7 ~ 2
B o IRAE R H M 1 I R R B 2 1B
2 o

# 3

AHFEAE TEHIRI A& SE B i BUR 3238
Je R\ A BRER WG Mg NI ~ R e R g Ok
REGEG il R A G e e BBV IR A
HE o DURe H IR 88 7 1 i B 20 T 4 = AR S B
ShIE TR Bl - REILEGY -

51 F SRR

B HTTEUM o 2003 o & H T AT LS I AR AR
N RIBH S A B — AT 5 -
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Butterfly Aden ° ‘ELTEIRR H I8 5 TE8E -
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Habitat Conditions for the Food-plant Vine Aristolochia
zollingeriana of the Pear-light Birdwing Butterfly on the
Lanyu Island
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Abstract

Using the geographical information system, suitable habitat conditions were analyzed for the food-
plant vine Aristolochia zollingeriana of the pear-light birdwing butterfly on the Lanyu Island. Its habitat
was found to be more or less aflat mountain area at elevations of less than 200m with slopes less than 40
degrees in the northern or southern aspect. According to the above habitat requirements, reserved areas
for A. zollingerian were proposed for the Lanyu Island.
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1862)s& = i Ml [ 22 A - ATAREF A= 8
VIR B LT R R EEE A HI TR ERE
B & 1990) > {15 8 M &% 53 A7 i R LS5
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Fig. 1. Distribution of A. zollingeriana in relation to topography of the Lanyu Island.
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Fig. 2. Numbers of A. zollingeriana observed in relation to elevations on the Lanyu Island.
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Fig. 3. Numbers of A. zollingeriana observed in relation to slopes of mountains on the Lanyu Island.
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Fig. 5. Reserved areas suggested for A. zollingeriana on the Lanyu

Island (Black color).
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Appendix : Habitat conditions of A. zollingeraua on the Lanyu Island

% (Number) 1% (Elevation) (m) Y (Slope) (°) 1] (Aspect)
1 200 0-10 ZREH (flat)
2 180 11-20 A (southern)
3 170 0-10 Jt (northern)
4 170 0-10 ZR3H (flat)
5 170 11-20 7R 1H (flat)
6 170 0-10 1t (northern)
7 150 0-10 ZREH (flat)
8 110 51-60 A (southern)
9 200 11-20 B (eastern)
10 190 21-30 ZR1H (flat)
11 170 31-40 PHF (southwestern)
12 40 0-10 Fd (southern)
13 160 21-30 PHTE (southwestern)
14 150 0-10 ZREH (flat)
15 130 21-30 Jt (northern)
16 200 11-20 HFF (southeastern)
17 260 41-50 Fd (southern)
18 320 21-30 PHFE (southwestern)
19 180 11-20 P8 (western)
20 170 31-40 B4t (northeastern)
21 180 31-40 Bt (northeastern)
22 20 11-20 ZRH (flat)
23 50 0-10 B (eastern)
24 20 0-10 ZREH (flat)
25 130 0-10 ZREH (flat)
26 150 0-10 ZR1H (flat)
27 60 11-20 R (eastern)

28 80 31-40 L (northeastern)




l FIBEL P8 11 15 SUER TR AR R

Bikak « RTIBE bt [ By A AR R 1 05 U SR L BHERBT &0 1) (FE)

Appendix : Habitat conditions of A. zollingeriana on the Lanyu Island (cont.)

FRH% (Number) =¥ (Elevation) (m) W (Slope) () A (Aspect)
29 110 11-20 A (southern)
30 110 31-40 4t (northern)
31 100 11-20 A (southern)
32 20 0-10 I (eastern)
33 110 0-10 ZRH (flat)
34 120 11-20 4t (northern)
35 120 11-20 ZREH (flat)
36 90 11-20 4t (northern)
37 160 41-50 R (eastern)
38 100 0-10 It (northeastern)
39 140 0-10 ZBH (flat)
40 340 0-10 ZR1H (flat)
41 80 21-30 4t (northern)
42 170 31-40 A (southern)
43 190 11-20 P4 (southwestern)
44 190 11-20 P (western)
45 190 11-20 PEL (northwestern)
46 200 21-30 PG (western)
47 210 0-10 ZREH (flat)
48 210 0-10 R (flat)
49 280 0-10 PEIL (northwestern)
50 210 0-10 ZBH (flat)
51 210 11-20 4t (northern)
52 200 0-10 ZBH (flat)
53 200 31-40 VEFE (southwestern)
54 190 11-20 A (southern)

55 180 31-40 R (eastern)
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An Approach to Stream Integrity Assessment Model
RiEL
Ta-Jen Chu
RPN AR R AE L R AT EAR S — BT0TIE

Department of Leisure and Recreational Management, Chung Hua University, Hsinchu, Taiwan
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Abstract

This study was intended to build a stream integrity assessment model (SIAM) by integrating
some of the commonly known ecological indices for assessing the ecological status before and after the
stream restoration and engineering projects. The three commonly used ecological indices were biological
integrity index (IBI), river pollution index (RPI) and quality habitat evaluation index (QHEI). The SIAM
was expressed in the form of linear weighting equation as SIAM= W1 XIBI+W2XRPI+W3 X QHEI.
Two case studies were conducted to evaluate the feasibility of the model for assessing the stream
restoration engineering project at the Hofanchuken Creek, Taipei County and the health status of the

tributaries to the Shihmen Reservoir.
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Table 1. Categories, items, model patterns, and variables used in formulating the SIAM

Models Model
Categories Items or indices patterns Variables
Aquatic Fishes I1BI Metric Al
life Fishes ISC Index A2
indicator Aquatic insects FBI Index A3
Aquatic insects RBPIII Metric A4
Marcro-invertebrates RBPIII Metric A5
Benthic organisms B-IBI Metric A6
Attached algae S| index A7
Attached algae Gl Index A8
Algae RDI Metric A9
Hydrology River pollution index RPI Index B1
and water River water quality index WQI index B2
quality Water quality index ISC Index B3
indicator Hydrology sub-index ISC Index B4
Habitat indicator Qualitative habitat QHEI Metric C1
evaluation index
Streamside zone ISC Metric c2
sub-index

ReAZ - AW EF AL RH B A AE YRS A
B~ KRR g IR HEENY) - B3
B~ YD oK RS - 26(2001)F5 H D)
JREEEASE B R - 5 RE SO E IR IS 22
THBEIIRE - BN E AR S (E IR B
BAERE R IFERE AR o B PSS O ER A A5
X o AL R SE S TR AR W P e 2 AR
FEREE - KRR KA B e VR £ AR W) Ha A P 48
J# 2 #5112 A Hil senhoff 4= #7451 (Hil senhoff's
Biotic Index, Bl) (Hilsenhoff 1982, 1987) ~ £*
0B Je 7% 8 (community loss index)
(Courtemanch and Davies 1987) ~ BHf V5
E(FBI) ~ B & 5 i 7F 15 1% (taxa richness)

(Plafkin et al. 1989) ~ R AEWFFIEN K
(rapid bioassessment protocol 11 & 111, RBP Il &
I11) (Plafkin et al. 1989) - EPT & {51 (EPT
index) (Plafkin et al. 1989) K /5 3 Fufs = AH{L
" (percent model affinity, PMA) (Novak and
Bode 1992)% o

YRR T SRR R R R R T A B
Yy o G RR 2 BB ) ~ R H R i )
VIFIER Y% - DUS IS HEBI VIR Y
FEAE W HE R 2 fR Rk LIPS AP FR ik
B R A= W88 A Fig # 7k (benthic index of
biotic integrity, B-IBI) (Llanso et al. 2002)5%
* o
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Table 2. The ranks classified by the summed up score ranges of SIAM

Categories Score ranges Ranks
Grade 1 4.1-5.0 Excellent
Grade 2 3.1-4.0 Very good
Grade 3 2.1-3.0 Good
Grade 4 1.1-2.0 Poor
Grade 5 0-1.0 Very poor
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Fig. 1. The study stationsat Hofanchuken Creek, Taipei County.

Station B

&l 2. 76 CHIEGB, CRD & TR R e fr o

Station C

Station D

Fig. 2. Different stream restoration engineering methods at the Hofanchuken Creek: Station B,

ecological enhancement by concrete masonry revetment on left bank; Station C, sandwich enhancement

of wooden pile revetment on both right and left banks; Station D, ecological enhancement of concrete

revetment on right bank and masonry revetment on left bank.
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Table 3. Candidate metrics, scoring criteria and class boundaries of the biotic integrity indices for

Hofanchuken Creek
Metrics Scoring criteria
5 3 1
1. Total number of fish species =10 4-9 0-3
2. Number of rheophilic species =3 1-2 0
3. Number of water column species =2 1 0
4. Number of benthic species =2 1 0
5. Number of intolerant species =3 1-2 0
6. % of individuals as omnivores <60% 60-80% >80%
7. % of individuals as insectivorous >45% 20-45% <20%
8. Number of individualsin sample =101 51-100 0-50
9. Shannon diversity, H’ >1.52 1.17~1.52 <1.17

R4, LYPEEGHRIRE(1B1) 7> B e [ B FH 2 K )
Table 4. The biological conditions and score ranges of biotic integrity indices at Hofanchuken Creek

Categories Biological condition Score ranges
Grade 1 Non-impaired 29-45
Grade 2 Slightly impaired 20-28
Grade 3 Moderately impaired 11-19

Grade 4 Severely impaired 0-10
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Fig. 3. A comparison of monthly 1Bl values among the four study stations at

Hofanchuken Creek.
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Fig. 4. A comparison of monthly RPI values among the four study stations at

Hofanchuken Creek.
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Table 5. Items, characters and score ranges evaluated for qualitative habitat evaluation indices at

B G R

L

i

Hofanchuken Creek
Items Characters Score ranges
(top marks: 114)
Bottom substrate Bottom stone size, silt up, shelter 24
Shelter for fish Vegetation, coverage, curvature, 20
phytoplankton
Stream way and artificial facility Curvature, natural, artificiality 20
Land usage beside stream and Stream width, land usage beside 20
stream erosion the stream, stability or erosion,
shade of tree
Velocity and depth Speed of stream, depth of stream 15
Stream type Pooal, run, shallow, sand bank, 15

jet stream




G A PIE4E 8(1) + 35-56, 2006

6. HEMFHMEFE AR M R

Table 6. The ranks and score ranges of the qualitative habitat
evaluation indices estimated for Hofanchuken Creek

Categories Score ranges Ranks
Grade 1 > 100 Extra
Grade 2 81-100 Excellent
Grade 3 61-80 Medium
Grade 4 41-60 Poor
Grade 5 0-40 Very poor
11
Exin
i
Excellent
o L
. !!:lii|-|llllll-l. —
& A & -
w0 - S8 - T
;_=-- iy fehdediuz & el AN
. | i L
Peoup
d i ‘
| ¥ 'Y
_"-l - - - - -
Iz 2 i & 5% 101 5
mm 20m 0

Santh

[E5. /58 FIUR & WG QHEI R BT HIB# L IE -
Fig. 5. A comparison of monthly qualitative habitat evaluation indices among
the four study stations at Hofanchuken Creek.
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Fig. 6. A comparison of monthly SIAM values among the four study

stations at Hofanchuken Creek, January 2003 to May 2004.
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Fig. 7. A comparison of seasonal 1Bl values among the eight study

stations at the tributaries to Shihmen Reservoir.
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Table 7. The ranks and score ranges of family-level biotic indices estimated

at the tributaries to Shihmen Reservoir

Water quality categories

FBI score ranges

Excellent 0.00-3.75

Very good 3.76-4.25

Good 4.26-5.00

Fair 5.01-5.75

Fairly poor 5.76-6.50

Poor 6.51-7.25

Very poor 7.26-10.00

[
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Fig. 8. A comparison of seasonal FBI values among the eight study stations

at the tributaries to Shihmen Reservoir.
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Fig. 9. A comparison of seasonal RPI values among the eight study stations at

the tributaries to Shihmen Reservoir.
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Fig. 10. A comparison of seasonal qualitative habitat evaluation indices
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Tt Sl SR B~ 8fIE BRI b 8fld == i 1) /K 'E
BRI e Wy Fe AT BN R AL -
IBI ~ FBI ~ QHEI ~ RPIFJFF 5 R ELSIAMEE
G B2 o [FIRESIAMBEEE & 58 & 5 50
ZIERE o SEREERTMERGR o BRI
= R T R e U B S o SR B K 2R
AGFETEERR > HBRERER G I /A FR A5 S FH &
B o B KE A B BN 0 55 M) S FEAE

= ] L]
= & ¥
F Facollami (1) ¥

= ir - &
| Very gl (10 L
-

E=1r *
- *

a Chomnl (111 *
=3

:1_!- i L]

E

E Wy o iy

=

2k

Win. Spr. . Sum.

KA ~ B BOK BIREHSRE ~ AKE R
FRBU B VR -

o
AR RAME S BEG LREMHE EE 2 —

B R MR ERRRE LT TR —
I o F#% 5¥ lWang B Stevenson (2002) 1%

-
'- L] I -
.‘ & L LN 1
- = - W ik
- . Y 5 'Y
L EAM
- it FHE
LT
oYL
- 8

Aut. = Win. Spr. | Sum.  Aut.

i

[l 10, 5 Pk JEE bl SR /K I 24 HIaE SIAM. B E 2= 1t Ll
Fig. 11. A comparison of seasonal SIAM vaues among the eight study

stations at the tributaries to Shihmen Reservoir.



G A PIE4E 8(1) + 35-56, 2006

BRAEKEEHTTRFEN— SN FHEE K
FHARZEH# (framework) > 7£(2004) 5 £2 H 5E34 17
Bof e 117 ZE A 1 IR IR R B R E S e R
Be TAE o A baft 2 Bt 7 A RE TE
AR AT B R ZE R AR TS - (HR EFR 23 A
TR Sty B B R AL RS FE A o MEER LT
K~ AEMIEEHIEE - HEATERERETMGIY > H =
PR B & 2 B~ Bl R IR 2 K 3
B e A SRR — B RS - R DU IE B
BRI A TRER 2 F 2 -

R AR B - AR R

LAREME - DI SR LUAH & S(E B AH
o2 PR R o RO B — B A AR R AR
X (combined model) ° FZEREAEMINIAEE ~ /K
Bk Sz b B BR B R PR AL SRR ER
BEARRE - gy B A g 28 265 R ek &
YA 2 AR -

B R PR BV A AR AR - 1
AKarr (1981)F# &2 1BI » & —FfE &k fe
R AR AT 5 T A6 KB AE R I
AE e T RO YA B TR T R R R
B~ VIR EN T ~ SRS R - B R E AR
T e (R ER S 22 S AFTRERR [ > 4K IH I 2
IRBE AL ARAE o HRS I BIFRAGTE LR A
SRR MR E % A U7 2 (multimetric
indices) > —E WA S S A RER R IR ARAEFT
{hiH27f (Yoder 1989) °

AR A A =R U >
EERIREE BB HL 2/ - B2 2 &2
i F (Yoder 1989 : Liang and Bruce 1997 :
Angermeier and Davideanu 2004) » fEERNEH
— LB > 412K (2004, 2005) ~ % (20044,
2004b, 2004c, 2005) ~ #k5(2002) 5 255 (2004)
ZBAG o EH E AT AR 2 K
FHA T AL - BT A KA 2 & &
(1) > PN SRR A B R > A S
80 3 J= RBR O > FROBEFR AR 28 VT B AR
B 50 115 RER BB B o AT LU DL

51

AR IE AR 8 R 2 AR )R SR REE AR
PR R E T E A

FOLFIH AR K AR B s AF R A fe iR A
B 2 F51E 15 A Hilsenhof f A= P)FERE ~ BRI
HIEME ~ RHRAEDEIE ~ BRI S -
PR AEIFEEEN B ~ EPT S EE R K 1 4>
PR AR -

A 7K A2 B w8 76 ) IR 8 > Hilsenhoff
(1987) X i2 I EHR SRR A% (FBI) » ¥/KE
SRR S TR > 8 RE Fe AR LURHRR At 2
THAHBIE ~ MRk B RrEr b s el & H
TREFME K E T E Y o MFBIFRIE.Z % A
T AN (R B K R . e e AR L A [ BR B B
FIAHE » WRBES - EEHZ S EE - Kit
EEEREELY - BN HEHA A — %
{4l > 44555 (1990a, 1990b) ~ #f K2 15(1999)
Shieh and Yang (2000) ~ 2<% (2004d, 2004€) ~
{E55(2004) K #1755 (2004) -

G B B[R] S — MR i B B
Bivngst s - B EIR A BRG] AT X
FERZ R RE K AR ) ~ BRERIRME - HRR
P =25 8 S ER A REA L R PR - R R RH 2 AN
[Fl A FHE KA E 5 [RIHER 2 i e SR o A
W8 R 2 BR A O B 1 i £ 5 45 (Fore and
Grafe 2002) o [ 41FI] FH [ =2 8 1F 55 7k 775 Ye dig
R W R S R - T At 24 — 2L R
FERRVE Bl LK B B3 (3R 55 2004) ©

2ABRME - ARTR K E ] iR 2 B
ol ~ Bep ] R RS > 25 HLF A% 2 A0 & 3H
H o TEAR W 537 TS 2 F60 FH ABE
IBI + /K& RPI + B HIQHEI %318 - [ii 53 97k
[ B K I 2 ZE 8 4 fr 81 B + /K A B & FBI
+ /KERPI + 12 HQHEIZE 41E - [fj1 SCA4 /8 B
GSHERFER  AEAR T IR o 1 B H A
S/l CEYVNER G L PR WNGLTNESE 8
FAEREBCE R o ANk B ] DL s R A FE B
ZEEVE RGP ANFIRE AR - B H O
T B E(ER] o



52

.MM - EE T LIS R W A
W DU AR E SR S U AR 17 e R 1 A T
KRPEIIASINRER L) - P RS o3 0 DLEF P ER B
SEAR o | SCHE HI S R HE WK FF A 12 0] (R R AR
REHfEH TR E N & > (HISCE A& X
FEBR LIAR I B RIGHARE & R X IR
W o B SR INAEERE o R U)o SR 2 R85
iR -

FAT > AR DL FR B2 7 S R
FERE > DUIHE R e 2 > w3058 45 R 8o
W AR RE - BEAZRTRE - E FIRE - (H DL
R BN AR RE AR S R 2 IR A S B A A TR
EHFFAI o

ABERVE - TR E ARERER RS
TR AT G AR R T B U e S BR 5% B A= W
LR R AREE TR R B o WA SO
Bl TAF TR A LT LAE BTG - A
KR SR [ 2 IR — M 2 AR RE fl IR REFT
il » BRFBAERESLE FR(L -

5.3FMGAR A ZIF/ N ¢ AL arry(1998)FT il &
LIRS e A - S BET G R 3R Rk
ROKEHE BT o HHS DL B2 (G > %
PR g o BRERZ g Eik
frReaMh - mMARXEEFESME  HAFE S
T 2 BRSO o QK 'S FEIERPI AT 2 B H
FHARA G AR EE » W P2 2240 » Rm] BEE
[ HE TR 528 WG &ATFIURZ ZMH -

HIEEFATFHURZ W - HATE K%
IR K R A ER e EBLHIRIE Z AR »
4120024712 H #E2003F-4 H Hil o RPITEAME H 35
PG IR BRI 5 I BLZ RSS2 -
N Z T~ QHEILZ FF(G MR A 58 — 558k
=2 [ o HEIESIAMFFRA B2 3([ 15
B JEFGIRREAH 22 e 2

FE 7 58 53 088 5 B BAT 3T 2 TR 33 P e A 4 T
HETHRVE S B > KRS — AT /2200345
A MRS TR > HPETEIGHE L - ZF
B FEvE o RRYRIEBE SSHERN T o F LR

B G R

BRI AR R TR > RPIFEEESS Lt 2
B IE > 7EC ~ DRIBSEFERTEMH N FRrIIER
2 5 AANI-IVARTE » DRITRE 5 | RE 2 RR v [ 8
B > G RARKITRZ2E : HIBLZ 3G 5
FALBES -8 2+ QHELZ F G A E
fith TR S5 4% R BHEE © SIAM B BEL3TE T
IREE R AW A REFE AR A RER REFE 22 S 46 > R
[EHE 2 HLHZR o

CAZA20045F- 11 H 5 oK > fite 1% 7k 2 Ak
47 > RPIFEIFEESE - e R AT RIRIE
BRAMRE > (HEERE LA R T BIRIE
IEIRF I BIFFTF (L AR B E AR A > EEH A%
A SBWRAG o [KIL > SIAM I E 3IEFE A it
R s AL R B TR S o

2K (2005) 3t 257 G A28 TR R R,
7 > EEEY ~ KE IR ARS8
EORNELAT ~ o~ BAVERERY - SRR
AR PR AT S R HE E T ke SRR R ZR A 5
B> 0 B M AE ISR T B AE G T
2 o # MG i T2 > LAELET T B
IRIKF > LB &R Barbour® A (1999):f
B o BZSCHR K RPIFR T REVE [ #8 PE T S FE G
HAMIIEE A ~ BODSK & &I S GE 1 i Hi g8
IR LRI R 2 o MM AR E FR A QHENTY
TR HRE S TEATFE 2 A 2 B I 2
FE S FHE TR T Hi R i R 0 O T R
%} o

RIteAR & bofe 2 FF (- S BUT R A
B R 2 B RO T RE R - ol SRIR B
IRAE o (HH TP e & B 5 ARIRZ %
2> RPILEBMIE LR RV
QHEI N FR i e E B2 S HE TARZ UG e E ARIR
LEARAE -

&% BT MRG0T NTE R R 2
AT FEHE BB & 2 HJFME Bl - BE&EY
FEIE ~ AKETEEE R BRI - FE IHREHMG S
FAFHRREIG I _LAT ~ TR RrI A REHRI
B A7 7K e R K [ AR REHR I - PR R i bt



G A PIE4E 8(1) + 35-56, 2006

(2% PR > A (S 18 % 118 et 1T A e e B/ 0
#r o

+

# 3

m

¢

KI5 A S B R ErNSC94-2211-E-216-
008 Jz H 3 K 22 B BB K T 52t S CHU-93-
TR-008R It i FC#8E - IR FENMER]FERL >
I G -

51 R STRK

R ~ B EE ~ AR o 1990a © JLER .2
7Kk B sk IR B A RERTT SR Ak ik B mk A B
HAHBHAERE - A3 £ &%10 ¢ 209-224 ©

KR~ BEARFD ~ B - 1990b © JLERZ
TR B s B IR S AR B 721 K SR B
KA Bk o2 BESR A o TP e R R 10 ¢
249-269 °

HIARAD ~ AP - 1999 o /K B & AE A T
Bz mEa A o g R 19 (1) ¢ 27-
50 °

BIeth o 1992 o AEREIRET RS BIF(HER - {RIT
Firer o 528K o

TEEREH - 1992  {WJI[AEREMRE - B2 H AR
ERTEYIEE o 189K ©

TEBREH © 2003 © [53 FHUREKIE H IR AERE
T T B A AT IAR  - 1T
beEEZ B g K LIRF RS — TR -
181K -

TEEREH - 2004a » BEREAEREIRE
RERE MBS - 1255 -
TEERIA © 2004b o 0] )1 A28 T3 2 A= REFF [

o AEFEFEHEET6(2) : 14-24 ©

FF—H o 2001 o KK AERE TR o A KBk
AR RBEREE RS © 314

H— - 2004 - AHE T RE BT R FE 38 R TR2
KB o 55— A HE TR BRI A i S

o {TEE

53

$1-17H -

ISHENE © 2001 o {58 7Kk o 5 /K i 7k 2T FE A B
B AMENL 25 - BV A R2R
5 TR2ERRHSE A iE 3R S o

TR - 2002 o A1 K E fEHE 2 i
5% o BRI g e A BR A I A A SO RO ¢
207-236 °

JETER] ~ B3 - 2008 - AEfE T LG T
FENT — B TR IR U ] o rhEEIK LR
FrEZK34(1) : 25-39 °

BRATHH ~ TEERBH ~ RaE -~ JESCR 2 2003 ©
B AR IR AN S IR KA
REIRIF B WA e S - TTBICRERE
ek LR R — TAERT © 125K -

BHAHE o 2004 » A RE T 3L 1E KR TRE .2 [
B HEE) o KSR E0 /K R 2k A8 2 I i A
(8) : 210 °

BEAKES - 2004 o I ARE Tk R HEMT - 8
PESK KI5 - 338K ©

BEVL ° 2004 o EHE TVREL K fE SR - ERE
TEE N EES-21H - fTEFEAIE T
fREEG -

MRAZHE ~ ZRHAME - FREATE - 55 HR{= - 2004 -
YRS TEIE (1B 2 HEET o sk
+ R FFEEER35(1) - 81-96 °

RAGHE < 2004 « H AREEEAAERE TR K
Bl - A RE TIEZE PR #EHE242-250 » 1T
eIt TREEE & -

A ~ REHE ~ T855E - 2002  JEFH DY)
BOTREE (BN TR I A 7B Tk B R
G ZAIATVE o BB—JE H R RE TE R
LS Eam S 52 103-115H -

ARERTE - 2004a o FENA I AERE TIEZEN] < &
HE T 7k ZE R 22 55 252-282 T » 1TEBEL
HTHEEZEES -

REEVE o 2004b o FEERA)I[ERETIEZEH] - 4
RE T 1h A5 252 284-231H » fTEFEA
HTHEZA -



FREEFE - 2001 - ARE TIEE 024 T -
VL AR R B OK BRI 2 oL © 166

E °

HEEZL ~ EEERE ~ ULHERE - 2004 - ZEOKIEH
IRARE Tk — A LIRS IR M 5 3/ F 5T
18 o 20047K T LR 157 BIHTHT 28 BRI &
A SCEE99-104E o

R - 2004 o HALIRERRI S FHATF VIR IE
FH AR RE TR IR B e AR RERG WA 2
W92 o B8+ P /K B T RZ A A & dm SR
D91-D98H °

SRiE{T 0 2005 o B ALK B (P UTIR E H £ RE
TEE R 2 A REF L - AEKFI53(3) ¢
90-101 °

R~ BRI EES ~ #8—H - 2004a°
[ F A= )8 S R A TG B AL R R 4
[GERAT BB B 2 9E - KEIRE
PH20030/F 5] & i S HE4-87-4-97H ©

AR~ fE® - WEM - 2004b o GILEREE
B EFRAT YR A TR EIR% A
AR R 228 L 2 BRET o JL T =R
CAEHTET Eraf s 5E1248-1257H ©

AT~ fEE ~ PR o 2004c o FEHAEDY)
O IREE ST A UK E iR ER
BORE ZWRTE o JL T =0 R TR
S Eram s 1270-12791 ©

KEC S TEE® - IRENE - REA - A
o 2004d o DIk A B s A e kARG
AP iSRRI K E 258 - KE
U5 2003015 Er af S B2 4-75-4-86H ©

AT~ FEZAG - fEE S ~ TR - 2004e ©
LIk Az B b dE Rk 3 L P vl v 1R B 2
AR RBEREE 25T o 55 e 8 A Kk
TP R Eram S EED-37H ©

KZA -~ F—A -~ A - F5RME &
7% 2005 o 5 LR ERR N PRHEROE
ST o A HZST62 : 53-59 °

TEWEE ~ R~ fEE s - 215 - 2004 -

B G R

AR BRI e KA R
ah EREFCE 2 - JL = EETE
T & Eraf SC 5 1258-1269H ©

FRIEHE ~ BRAAEY ~ B Z 7R © 2004 - DUKAER
s i ) 25 4 B R s [ o it T 78 3 UK
B o G R #24(4) : 339-352 °

RESA ~ REC - EEH -~ FRAH - 2004 -
A PR R it 5 7K Tt B =25 288 KH 2 Z= R
808 B K FHRR TR 52 o 55 T Y JE /KR
TR2RAET Erim SCEEB19-B26 1 ©

BT - EARE - BB - e B R
¥R © 2005 ° FEFAR ) 1] JERE R i 5 1
BT o BFES AR RE Tk S K R ift
SrErEnCEE®) : 121-134 -

Allan J. D. 1995. Stream ecology. Chapman &
Hall, London. 338 pp.

Angermeierl P. L. and G. Davideanu. 2004.
Using fish communities to assess streams in
Romania: Initial development of an index
of biotic integrity. Hydrobiologia 511: 65-
78.

Barbour, M. T., J. Gerritsen, B. D. Snyder and J.
B. Stribling. 1999. Rapid bioassessment
protocols for use in streams and wadeable
rivers: Periphyton, benthic macro-
invertebrates and fish. 2nd. ed. EPA 841-B-
99-002. US. Environmental Protection
Agency, Office of Water, Washington.

Courtemanch, D. L. and S. P. Davies. 1987. A
coefficient of community loss to assess
detrimental change in aquatic communities.
Weater Research 21: 217-222.

Fore, L. S. and C. Grafe. 2002. Using diatoms to
assess the biological condition of large
rivers in ldaho USA. Freshwater Biology
47: 2015-2037.

Hilsenhoff, W. L. 1982. Using a biotic index to
evaluate water quality in streams. Technical



G A PIE4E 8(1) + 35-56, 2006

Bulletin No. 132. Department of Natural
Resources, Madison, Wisconsin. 23 pp.
Hilsenhoff, W. L. 1987. An improved biotic
index of organic stream pollution. The

Great L akes Entomology 20: 31-39.

Hilsenhoff, W. L. 1988. Rapid field assessment
of organic pollution with a family-level
biotic index. Journal of North American
Benthological Society 7: 68-68.

Karr, J. R. 1981. Assessment of biotic integrity
using fish communities. Fisheries 6 (6):
21-27.

Karr, J. R. 1991. A long-neglected aspect of
water resource management. Ecological
Application 1: 661-84.

Ladson, A. R., L. J. White, J. A. Doolan, B. L.
Finlayson, B. T. Hart, P. S. Lake and J. W.
Tilleard. 1999. Development and testing of
an Index of Stream Condition for waterway
management in Australia. Freshwater
Biology 41 (2): 453-468.

Larry, W. C. 1998. Environmental impact
assessment. 2nd. ed. McGraw-Hill.

Liang, S. H. and W. M. Bruce 1997. A new
method to establish scoring criteria of the
index of bictic integrity. Zoological Studies
36 (3): 240-250.

Llanso R. J,, L. C. Scott, J. L. Hyland, D. M.
Dauer, D. E. Russell and F. W. Kutz. 2002.
An estuarine benthic index of biotic
integrity for the Mid-Atlantic region of the
Untied States. Il. Index Development.
Estuaries 25 (6A): 1231-1242.

Novak, M. A. and R. W. Bode. 1992. Percent
model affinity: A new measure of macro-
invertebrate community composition.
Journal of the North American
Benthological Society 11 (1): 80-85.

55

Ohio EPA. 1987. Biological criteria for the
protection of aquatic life: Volume I. The
role of biological data in water quality
assessment. Division of Water Quality
Monitoring and Assessment, Surface Water
Section, Columbus, Ohio.

Pan Y., R. J. Stevenson, B. H. Hill, A. T. Herlihy
and G. B. Collins. 1996. Using diatoms as
indicators or ecological conditions in lotic
systems : A regional assessment. Journal of
the North American Benthological Society.
15 (4): 481-495.

Plafkin, J. L., M. T. Barbour, K. D. Porter, S. K.
Gross and R. M. Hughes 1989. Rapid
bioassessment protocols for use in streams
and rivers : Benthic macroinvertebrates
and fish. EPA/444/4-89-001. US. Environ-
mental Protection Agency, Washington,
DC.

Rankin, E. T. 1989. The qualitative habitat
evaluation index (QHEI): Rationale,
methods, and application. Ohio Environ-
mental Protection Agency. Division of
Water Quality Planning and Assessment,
Ecological Assessment Section, Columbus,
Ohio.

Schnute, J. 1985. A general theory for analysis
of catch and effort data. Canadian Journal
of Fisheries Aquatic Science 42: 414-429.

Shieh, S. H. and P. S.Yang. 2000. Community
structure and functional organization of
aquatic insects in an agricultural mountain
stream of Taiwan: 1985-1986 and 1995-
1996. Zoological Studies 39: 191-202.

Wang, Y. K. and R. J. Stevenson. 2002.
Ecological assessment framework for
watershed management. Journal of the

Chinese Institute of Environmental



56

Engineering 12 (3): 209-215.

Yoder, C. O. 1989. The development and use of
biological criteria for Ohio surface waters.
US. EPA, Criteria and Standards, Division
of Water Quality Standards. 21st Century,
139-146.

€S

N7

it

A AR



FiE HEYINTSE 8(1) : 57-72, 2006 57

MEZEBEFARERAFFRKEEEDAE B
BE-UABRATHBEE PP RETERFKRESE
EFPTRAE T & E

Impacts of Typhoons Torgji and Mindulle on Vegetations
of the Lower Jhuoshuel River and Its Tributary
Cingshuei Creek

IR 7K
Tien-Shui Chen
HEGEEERGRAADFRRT T o hiBE R R4 R%E1E

Endemic Species Research Institute, Jiji, Nantou, Taiwan

#H %

AR FE LIk Z BLUES R e B AT 22 SPOT 1 2 52 B & R EET TR AGUEE /i » PR IR A& 7k
VT U B S TG KR T ] BB AR A 8 2 R2 % o STl SREETOE KR NP E RE 2
KA B 52 200147 Bk -2 B i 41 Jike JR\ #9875 55 9 ] > 38 Bl =5 0T 3 o R T 0 T (e KB Ty
530m) ~ il R ~ BOE B ML > W IRAE NG 25 B U AR B el T o AR S T
F& FH36.09%0% £532.27% » 22 4F BHEEME 1115546.49% © 20044 B HE I e mUSHE - = 1m0 308 (7 & F 8
FUUOR B R P33 > H R R A s DT A o M ] A £ 36.10% © EKIE T
1 22 KA 22 R P ARG B F S 2001 - Ak & B AT e [V (=2 B8 - —F3n] S BHERAE SRS - W PRAE 2 3
Yok L 2 o MR T FE FH 50.47%0% £523.61% > 200341 £559.85% * 7 20044 X i
FRUES R e R B8 - o IR E RS AT B 53 S JA] PRAE P FEE S K s B - B 38 - R A e
$%38.03% °

Abstract

This study compared the SPOT satellite imageries taken at the lower Jhuoshuei River and its
tributary Cingshuei Creek before and after each typhoon of Torgji in 2001 and Mindulle in 2004. The
results showed that for the lower Jhuoshuei River, Typhoon Toraji in 2001 increased the river width,
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decreased the river curvature, shifted and branched the river course, and buried its vegetations with
deposited sand and soils; the vegetation area reduced from 36.09% of total riverbed area to 32.27%. In
the following year, the vegetation area increased to 46.49%. After Typhoon Mindulle in 2004, the river
course shifted and branched again, and its vegetation area decreased to 36.10%. The fairly similar effects
of Toraji and Mindulle to the lower Jhuoshuei River were observed for the Cingshuei Creek. Its
vegetation area decreased from 50.47% to 23.61% in 2001 due to Torgji, increased to 59.85% in 2003,
but decreased again to 38.03% in 2004 due to Mindulle.

BrgEaa - Ram ~ AR~ AEME ~ HUKER ~ TEKR

Key words: Typhoons, riverine habitat, vegetation, Jhuoshuel River, Cingshuei Creek
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Fig. 1. The study area at the lower Jhuoshuei River.
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Fig. 2. The study area at the lower Cingshuei Creek.
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1. TP ULSE R R P IR (C1K 230) B AT LU EE (CLI 130) 5 SR8 I 535 19944F %2 20034 [ A & et
Table 1. Monthly and yearly means (mm) and numbers (days) of precipitations at the Siluo and Tongtou
Observatory of Taiwan Central Weather Bureau for 1994 to 2003

Jan. Feb. Mar. ApE. LEV]
Silupo

Frecipitation 2801 6L% 54,3 TeT 184 279

Supber of
precipd tatiom 4.8 b 5

Tongtou

Precipitation 44.2 ET.E TG 1X.5 J0B. 0 8608

Kmmter of
precipitation 5.9 7.1 7.2 e i 16, §

Tusly Kug. BT Dot Fow. Dec.  Yearly
ZIBLE  240.B  Q46. 1 IE 4 L .4 1266
I, T 12. 4 b4 23 LB 35 ELS
E

vob.w 295.7 B3 BT.® 054 ERT ML R

oL@ LY 155 2.8 ZI1 43 13T
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#F2. IR R PR (C1K 230) B 7 1LLIARHE (C11 130) 58 S B 55 20014 2
20044EZERIAfEA T2

Table 2. Precipitations (mm/day) of torrential rains at the Siluo and Tongtou
Observatory of Taiwan Central Weather Bureau for 2001 to 2004

Typhoon neme Date S1lup Tongtou
Taraji 30 Jul. 2001 ZIL.0 382.5

1 Sep. 2001 232, b 20.5

Mari 1T Sep, 2001 a0G, 481,10
Mari 18 Sep. 2001 255.5 276. 0

= 31 May, ZM2 136. 0 162,10

= 26 May. Z004 - 140. 0
Nindulle 2 Jul. 2004 246. 5 273.0
MNindul le a Iul. 2004 174, 4 294, b
Nindul le 4 Jul. 2004 4.0 101.0
Aere 24 Aug. 2004 0.1 156. 0
here 25 Aug. 2004 135,10 208.0

Re3. H/KIE NI BaE /KR T SPOT XS 2 a1 <
Table 3. Sources of SPOT XS imageries for the lower Jhuoshuel River and Cingshuei Creek

Image  Satellite

ate Time {a.m.) code nanber

Incidence Azimuth Elevation

Jhuoshuei River

I Jan. 2001 10:53:48 10004832 SPOTI 16.1° 160, 6 0.7
2% Oct, 20001 10:48:20 10004824 SPOT2 B.0° 155, 07 43,07
10 Gct, 2002 10:51:21 10007324 SPOTA 161" 154, 8" . B"
19 Qct. 2003  11:00:35  1000THEH SPOT4 g 161. 7° §. 6"
17 Ot M004  01:01:29  TO00T32H  SPOTY 20, 6" 160, &” ha. 0"
Cingshuei River
B Oct. 2000 10:20:35 10006933 SFOTA -4 17 146. 6" bd. 9"
BE Oct. 2001  10:40;16  1000578T SFOTY -1, 6" 155.8° 51,7

b Oct. 2002  10:47:26 100064936 SFOTH 13.1° 182.1° GB. 2°
10 Oet, 2003 10:33:34  1O0DGA3T SPOT4 -17. 8" 148, 47 55, 0°

8 Oct, 2004 10:38:26 10007327 SPOT2 i 160, 47 ah. B
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53, Y& /KR T U7 PO - TR 7D ARG ] B 2001-20044F SPOT {4 52 3/2/ LI B & #o15: -
Fig. 3. The imageries of the lower Jhuoshuei River by SPOT 3/2/1 on 1 Jan. 2001 (A), 23 Oct. 2001 (B),

10 Oct. 2002 (C), 19 Oct. 2003 (D) and 17 Oct. 2004 (E) (red hues, the areas covered with vegetations;
dark blue hues, the areas covered with water).
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Fig. 4. The imageries of the lower Cingshuei Creek by SPOT 3/2/1 on 8 Oct. 2000 (A), 22 Oct. 2001 (B),
5 Oct. 2002 (C), 10 Oct. 2003 (D) and 9 Oct. 2004 (E) (red hues, the areas covered with vegetations; dark

blue hues, the areas covered with water).
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LAArcVi ewdii e 22 A48 i i et Fek S st ]9
L - SRR - R E
J 1A L4 DL Excel BR S R R ST ©

R4 W/KIE Nl /KR T IFSPOT XSG FEIER
Table 4. The classification system of SPOT imageries of the lower Jhuoshuel River and

Cingshuei Creek

Class Code Nain land cover

Jhuoshuei River

Water 1 Mein current, deep pools and ponds

Vegatation 2 Wild vegetation, paddy, fruits and vegetsbles

Other land cover !

Gravel sand, barren lands, built-up lands,

dikes, rosds and bridges

Cingshuer Eiver

Vater l

Vegetation 2

Other land cover 3

Main current,

deep pocls and ponds

Grassland, secondary forest, scrub, bamboo,
fruit trees and paddy

Grevel sand, barren lands, built-up lands,

dikes, roads and bridges




66 Pk SRS Ml R A A 1 R A 1 2

4R it (3%5) ° KappalR ¥ K f20.82 » isH 355
55 3%H 2 IR #3% (omission error) /M2 13.7% %
BB 22.4%M » FRoREESF(H EHI ) R A 2R

KR TR 2001 2004 e 1 PIRERIE  ESUEIIR B
515 FLIBI 5 - L B 4 K Y i T H 4 3 88 % IR S AHIEAHAT - SRR A g A B A 15 et

G5, /KR T I P - d KA e 2001-20044F 72 S o
Fig. 5. The classified imageries of the lower Jhuoshuei River by SPOT 3/2/1 on 1 Jan.
2001 (A), 23 Oct. 2001 (B), 10 Oct. 2002 (C), 19 Oct. 2003 (D) and 17 Oct. 2004 (E).
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5. W/KIZ NP - R 7D KRG B 2001-20044F 52 15 /3 JHHE I FE 3Rl & AR 22 AP 2R
Table 5. An error matrix for classification accuracy of the 2001 to 2004 imageries of the

lower Jhuoshuei River

Clasgification Eeference dats code  BRow  Producer's  lser's Omizsion Commission
data oode 1 £ d total accuracy Sccuracy  error Erear
1 Jam. 20401
1 44 ] [ i a7 & a8 0x 2% 12. 0%
2 [} 45 5 i a5, T% 20, 0% { K 10, 1%
| 1 2 47 ] Bl % o, 0N 19, 0% & 0%
Coluan total 45 A7 L] 150 Derall Accuary=80. 7%, Eappa=0. 85
23 Oct. 2000
1 4 ] a0 97, % a2, 0N L. 1% £ 0K
2 ] 45 ] =11 93. B% a0, % fi. 3% 10. 0%
T 1 1 48 =l1] B3, % a2, 0% 16, 4% B 0N
Column total 47 i 55 150 Dverall Accuary=01. 3% Kappa=0. &7
19 Jct, 2002
i 15 ] b ] 03. 8% 90, 0% fi. 3% 10, 0%
2 a 458 5 50 a7. i% ab. 0% 2% 10, 0%
;| a | 46 1] BZ, 1% 92, 0% 17, 9% E 0%
Column total 48 46 i L5 Overall Accuary=90. 78, Kappa=0. BG
18 Det, 2003
] 43 ] T S0 g5, 5% Eh, 0% 4. 4% 14, %
2 L] 14 L] 1] 03. % ER. 0% f. 4% 12, 0%
| i a 15 1] 77. 6% fin. o 4% 10. 0%
Column toial 45 47 i) 150 Twernl | Accunry=88, 08, Eappa=0, BE
17 Oet. 2004
| 40 ] a3 20 03, o o2, 0% B 1% 0%
i L] 46 4 50 02, 0% a2, 0% B % BN
3 k] k| 44 =11] HE, 4% R, 0% 1. T% 1E. 0%

Column total 4% all =l 150

Cveral ]l Accwary=00. T8 Keppa=0. &6

B > SMEFE B IE 3B R E - GRS R S
¥ -

75 7K 1% T iR B 20004 %2 2004F 55 /32 FH
G R E 6 0 HC B 43 BH R T B E
86.0%(5%6) > KappafZ B A 20.79 - MisHA >
A 3MH Z P2 2 14.3%7E 18.5%(H] - £
TEERIEIINERYE - JCH AR RAE U7 38 e
Hh & AR T A TR R R A I > (R R AE
& 5 2 1 B R B 3 - BRI B B RE RS -

=~ EE BB
T /K8 T I I B iR AR TR HH 20014E 1 H (Bk

Z e JE AT ) RS PU A B R AR R
T3 (R B R (R ) A s IR SO (R B (il
FAree) (1E15A) » LU 6k LARTBHERIO 7 8 B
GO R G (G B R B - AL
KA T W12 kmHIG 250G © 5 PR BLinAT
JitG oL o = 3] 3 E A U K o RIS R EE
B [l R ek N ([#15B) > JCLAPEE KNS 7
k1A B 058 2 T BIAE » T R A A T
#J530m » BRHZ YK PRI E - A
fifs N U914-5 ki S B oz ~E3n] 3 S e fHT B
MO SZIR + PRERAKE T 9912 kT B =E 3
EIFAA X MBGER AR R BN E =T
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(B)
H B Water
A B Vegeation
R T Chber land cover

Pk SRS Ml R A A 1 R A 1 2

[516. 7 7K1 T 1iif e 22 - FE OR8] e 2000-20044F 43 BHEZ S
Fig. 6. The classified imageries of the lower Cingshuei Creek by SPOT 3/2/1 on 8 Oct. 2000 (A), 22 Oct.
2001 (B), 5 Oct. 2002 (C), 10 Oct. 2003 (D) and 9 Oct. 2004 (E).

VO RGN B T A 2B SCHLR - IRE
20024F 3 1 H M IR E A @ k& - T
T 1 A R AR REBE AR B - IR 2 S HUS:
SRR N 2 T ORI —“F - 2002
FERBEURPE A W5 kmifH] e P IR K AG
16 km 1A B = 1 3 7 S B A R (8] 5C)

2003 5 15 88 < 5 171 38 7 i M BH BE A b (&
5D) - M AT e B £ {7 5E 43 S8R 5 20044F-6
FIERUE Fl e B 28 > JRPGaT S &
AC 3 SN LI PIER VAR -~ E g e R T S (1]
5E) > JULAPGVE AAG L7 kmfH R B 56K -
Uil4 ken[TTRT S RS BHEEAE 26 RS -
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6. {H/KIR Nl e 2Z-FE MG E 2000- 20044 5215 /3 KEHEE /5 Rl 2 AR 22 HHIH 3

Table 6. An error matrix for classification accuracy of the 2000 to 2004 imageries of the lower

Cingshuei Creek
Classification Refersnce datn code Row  Producer's  User' s Omission Commission
data code L 2 3 total Accuracy  SCCUCACY ETEOr eETar
B Dct, 2000
| 13 | L] il 05, % &6, 0% {. 4% 14. 0%
2 [a] 48 4 all g, 2% o3, 0x g =% B 0%
3 2 4 4 il al. 5% &R, 0% 18. 5% 12 0%
Column total 45 51 54 150 Overall Accuary=H8. 7% Kappe-0. 83
22 Oct. 2001
| 43 4 i hil 87 % &6, ik 12 % 14. 0%
2z £ 42 ] all BT, 0% B4, Irg 12 5% 16, 0%
3 4 F +4 il 83, 0% a4, g 17 0% 12, 0%
Calum total 49 48 53 150 Uverall Accuary=86, 0%, Eappa=0, 79
5 Qct. M2
1 43 4 { 50 gl. 5% =h, 0% B. 5% 14, %
) ) 45 | il B3 3% a0, o 165, 7% 10, 0%
3 2 fi 42 1] 45, T 4. 0% 14. 3% 16, 0%
Totnl 47 i) 44 130 [wernl] Accuary=ER. T8, Eappa=0. &0
10 Get. 2003
1 43 2 i il o1, 5% &, 0N f. 5% 14. 0%
- ] 47 a il BB, T 4. 11. 3% G, 0%
d a 4 44 1] B4, 5% B, (g 5. T% 14. 0%
Loluan lotal 4k 54 51 150 Uverall Accuary=HE, 7Y, RKappa=0, B3
0 Oct. 2004
L 45 1 { 50 Hik. % ap, 0% 10, 0% 10, 0%
S 0 46 4 ill 05. B% a2, 0% 1.2% 0%
1 5 1 44 1] HE T &8, 0% 15. €% 12, 0%

Calum total all 4H s 140

(veral ] Accupry=20, 0%, Eappa=0. 35

W SEMN - E-YN SR AN PN G 5= s
S5 20015 bk 2 B A e o2 (=58 0 FE T
it N R Btk o 5 B e A B B A RS
(E6A-B) » JoH DIEH FEORHE T 13 kmft B #E
FIRHE T3 kmltlin] B i R AHEE - B KR AL
#J300m : [fi2001 ~ 20028 20034F 2 3 52
B EE 2 7 i B LK ([E6B-D) > {#
FAFEFTAAG T 12 k7] B = 1 38 007 8 e K
FEA1KI200m : T %5 20044 6 H BB 0E 7] g
JEAZEE > [EIRR AR i N & o 50 ] G A R
AL B 53 32 (I8 6E) » 475 LA fr K AG T 393 km
T B P T 9913 ki B f £ D EE -

% (2001) 3t fe B 1 A #8 AE 1 Ao ke AR
i D S A KT T {5 R AR R
T 7K1 o 2{RIBR ST R BN A %818 73 )
FH A SRR 9 R s RE PR L 10 R M A7
KR JCEINE TR AR e JR\Fr 28 7 o B
A -

=~ fEf 2 BE

KR T U B A A A R R AT PR
ZEP A O B SRA M - 5 2 iR B 2001 Bk
By AT e SR\ U Kk B B WD A AR - JC DAV
KA 917 k] -z 3] PRAE 5 52 Bl e i 2 > il
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W TH & FH1,587.56 ha (36.09%)/%£%1,419.64 ha
(32.27%)(3%6) > MHfEIE)3.82% : ZE 20024F11]
PR % T P HH S HE /111 £ 2045.08 ha (46.49%)

2003 A % T Ft [ 1K /55, 38.99% 5 200445
TS 1] G R (=2 8 > 3503 3 A 4 O K s B
WEZE - JCLIPEE KRG ZE B A M Bl
=0T 3 R A 2 A e 57 FE R e EE o A T A R
$%1,587.96 ha (36.10%) o HfE IR ATA] AT A i 2
SO L £ LH Bk e U AT Fa B R At 0 H
ERAlE RGBS RS 10 H Had - HHHREEE - MR
B7 2 R 2% O 9% BrISE FRAE KA ~ PHIVEE £
ZRERRY) » HRHE PRI B 5 € 5 B A R
[TE1E = 9wy o= AR ISRV R = S ba S s ok = A 2K
ZNERGE R K R B D S T E -

VB KB T IR B Ak 2 G SR T A A T
FHE % (El6A) » MHifEf3288.52 ha (£7) > b
50.47% > FEASHKZ BLARAT G R 5. - 0] PR A
2 UL B B T A S (I E R R
R e e S bt A 1 iR 2 AE W R A ([ 6B) > AE
W2 i FER% £ 134.96 ha (23.61%) (357) » [fifd
k1 26.86% : 20024 fE i ZX Wi RIS 2 > 1
fE£%220.04 ha (38.49%) » HF/114.88% : &
2003 H > 247 HAR M R Se RN 8 4F > T2 1
FENEF%342.2 ha (59.85%) » ELHHKZ MG E R~
T 25 HITE T 1119.38% ; 1f£2004F SGERUE A1 fiG
JEAZ B - AT PR A P R K s B T e
Z([®6E) - MEWZMmifEMEF5217.4 ha(38.03%) °

Pk SRS ke R 5 1 R A 5 2 5%

AT LA R0 21.829%6 - FEUE FI e LAY 2K 2 SR
R AR i IRAT IRk 2 AH T AR 200147
N ESRIRIME . e B B T R% 16 de 2 B R £ vh
HRERTIR SR o

R 8 7K B LR B E ARG ~ o
U L i B AL 2 o A g - PRI A Ut
K~ ZRINEBOME R AR - W H R E
4 TR ELA 7 17 Dl A B Z O3 (2 BBt 2002) -
) KI5 — LR 7 it i o I e T 2 R T
W A2 B AES H £ 10HH - L8~ 9
A i\ 2 B o B A 1 - Rl [ e 2 e
JRE 2 9 A S /K Ik P9 T 7 A O bt 28 0 £ T
FCRESSE 2002) o Bk G E\ T A i ek Y A B
Vo 9 e P62 L — — ot s e 1 B Bt i
B W& G A R i K 2 R
JR IR (BRSE 2001) - BTGB\ 2 NN RS 52 BHR I
it B P B 2 T B ARI - - L —
iR P 3 B JE R LR B R 2 DR RS
IEVERD 2 - AR S — KRR T

T PR AE 0 B e B 2 e AR ) Tk R K
U~ B 88 2 S~ B 2 (=2 Al
Pk A AN LS i~ 3@ {4 ek B
AP ~ PRAE FEOEEME ~ PRER A RE
RYISRESEREMETE - W] S AR A B
AETERYE B o I KGE A MO - AE
i AR T8 B Bt K AR R K WD G AR 1 A 1
B2 > JRE AU K R IRAIRE FRYEME - (AR

K7 EKIR Tl P57 - ) KA B2 2001- 2004 Hi R | i fe (L
Table 7. Changesin land-cover areas (ha) (% in parentheses) of the lower Jhuoshuei River, 2001 to 2004

Lard cowver | Jan. B&0I X Ocn. 2000
Hater ETS X2 (10.80% L1232 34 (35 T3)
Tegetaticn ISET. 56 (36.08)  L4DR. &4 (32 2T}

Other land cover 1936, 0B 44,01

1847, 2B (4], B8

1% Oct., 20 19 det, 003 17 et E004
MM (7. TR) HE A J55, ER (R 89
L 045008 {48483 1. TLS 04 (3R, 990 0, BRT, O (2, 1

Z000- 04 (45T 2000 06 (B3, 200 2, 405,12 (55810
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8. KIS T 22 R T A £22000- 200445 My T8 4P T (L
Table 8. Changes in land-cover areas (ha) (% in parentheses) of the lower Cingshuei Creek, 2000 to 2004

Land exver 4 Oct. 2000 22 et 2000 & Oct. 2002 10 det. 20038 i Dee, 2004
Vater B0, 4% (15 B33 124, 4 (21, T6) 103, 32 (18, 073 Bl.6 16, 022 127,88 (22 37)
Vepetation TER, 52 0D, 4Ty 134,96 {Z3 81} 220,04 (38, 497 42, 2 (50, 8H) 7.4 (38,63

Other land cover 182, T2 (33, 71> 312 30 (54, 84}

4R, 08 (41, 44) 13T, 83 (240021 226 44 (3D GL)

5N N AR R VR RS R BERH AR (B
2004) © ZRIM > FAHZ 5200 ) 1] 38 &tk S 5
AR RE TR R AR EE Y - RO PRI A
fifiColorado River (1992-1999).2 W47 % & 1
i (Zamora-Arroyo et al. 2001) » #t/k #F4=
W A Rl BB AR -~ B S I Y £
TEZSHE BT (Stromberg 1993) 5 AN ST 5 B
SR BUAERT - A7 PR (5 17 JRR A6 i J 152 B
EZ - P VSLiL et E ARV CIPELA) =)
i Vb A 5 i o AE L TRAT

2 &
HISPOT {52 B0 (G B DTS R » kiR

UiV T RS 2B R v RG] B A2 20014 Bk 2
B 1] G PR SE RS T 3 R AT E 2
JEERHEEIT N ~ iR RN ~ SUE B S S S
b > T LIPG 7 KA 37 kel 290 PR AZ Bl i
BREE - B B KM AIRIS30m ¢ T H 20024F- £
LE T R TE AR Kt - EIE B KR
Jk—2F + 20044 RS FI e U EE > TR
SV o YA i T R O B L
533 TLIPEEAAG L7 kmlE ke E R AKS
4 kenFETTRT B R AT SE R EBENT RS o MW 7T
JEUAS A R B A A 7 90T DR & B A4 A % B 3R A
H o A5 25 i E k2 B A e R L K rh s ek
WO E - JCLAVEE KRG L7 kmfE 2 R Az
Bl B 8% 5B > A 1k FH B 1T A B 36.09% 5% 1

32.27% : 20024F-HHREHT N F546.49% > %£2004
T BRI G SR B8 - 518 3 e R 4t A o
B E o JU LAPEVE KRG 2R B AR A
S 3T 5 03 R H 2 R 57 PR B 2 - AE A
S T A e £% 36.10% - 1A % I £ €1 <2 /K fi B
EAVEVIHHEIRI L S 2 -

TE KR T E RS R REFT RS EL
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AR E Bk G U RIT HE J1119.38% ¢ 1fE20044F XL
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Rorippa globosa (Turcz.) Hayek, a Rare Species of the
Mustardsin Taiwan

# R K
Tsung-Hsin Hsieh
& KRG AMAEE A & T BT = 5337

Department of Biological Science and Technology, National University of Tainan, Tainan, Taiwan

%

JE\{EZE (Rorippa globosa (Turcz.) Hayek) &+ R EREBIEY) » BEIZ /A iR Hr AT s o
RFE A SCRECE AT B - nIRE AR 1730 AL » ST W 2N E N - (BT E SO
AR Fig HH AN TR o A7 5 15 V8 R SR e SR I o AR /3 BFF 1 ~ TERTRZRE ~ Y ig s 5 FIFERE
Rk o

Abstract

Rorippa globosa (Turcz.) Hayek, belonging to the mustard family Brassicaceae, is widely
distributed in the temperature region of Russia and mainland China. It was reported from Taiwan as
early asin 1896, but because of its extremely rarity, it has been ignored recently from the flora of Taiwan
by many authors, even Shen (1996) verified it to be in the central and southern Taiwan. This paper
describes R. globosa with color photographs, SEM micrographs of pollen grains, chromosome number,

taxonomic notes and distribution in Taiwan.
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Key words: Rorippa globosa, Brassicaceae, Taxonomy, Taiwan
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.

Z )8 (Rorippa Scop.)(TF1EEN #9675
i > JEEUZ S AT A AL AR BRI HiLLE (Cheo et al.
2001) ° JEfEZE(R. globosa (Turcz.) Hayek) 5%
FEHEY) - Bz o3 AT S AR T A R ] (Guo
1987) o ATENEY)(E 5 Wbl i P e A= F
FCRCHEER A South Cape(Bl14 H 16 & 4> ks 5%
EHiE)(Henry 1896) - H & H EEME Y 2 &
Matsumura and Hayata (1906) ~ Hayata (1913)
FlSasaki (1928)&Hac#HtL—HEY) o FTREFH®
KIENEY) 3D BEREYIEE S — R (Liu
and Ying 1976)F155 ik (Ying 1996)/-+ %1t
B AR G G0 # o EIE PSR EC g AR
ARG HEIE (Guo 1987) © Shen (1996)HAHE
F8 HASTE S0 A1 S 5 18 Hh BORO R AR M I - St Fff
HH1#HEA - Cheo et al. (2001)7EFlora of
Chinaf &% & #5 AR AT #EIE - 72
RHILLERBH - {HR&Yang et al. (1997)F & Mt
B RS A XORECHEATE o A SUIRIESC
WK~ RRASKIET S8 o 3 2 3 B A A S A i
it e R ECAHRRRRME o DU #AAR S G v
A o

AR J DR

JEAEZ

Rorippa globosa (Turcz.) Hayek in Beih.
Bot. Centralbl. 27: 195. 1911; T. Y. Cheo, Fl.
Reip. Popul. Sin. 33: 306. 1987; Shen, J. Expt.
For. NCHU 18(1): 30; Cheo, FI. China 8: 134.
2001.

Nasturtium globosum Turcz. in Fisch. Et Mey.
Ind. Sem. Hort. Pétrop. 1: 35. 1835; Henry, List PI.
Formosa 17. 1896; Matsum. et Hayata, J. Coll. Sci.
Imp. Univ. Tokyo 22: 22. 1906; Hayata, Icon. PI.
Formos. 3: 17. 1913; Sasaki, List Pl. Formos. 75-78.
1928.
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[Bl1 JEAEZR o ARIBREMRIEZRERITESY + CHID, =i LRy R AIREIRA Y BRI A ¢ Ef8 i H 7144
ARZEREMRAY « FARSSHINE S IR H H f52n= 16 -

Fig. 1. Rorippa globosa (Turcz.) Hayek in Taiwan. A and B, habit and inflorescence ; C and D, 3-colpate
pollen grains with reticulate tectum : E, seed with reticulate surface : F, somatic cell of root tips showing

chromosome number 2n=16.
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T R BT > 22 H 7 8 IR 2 8 15 5 (&
1E) ©

JEAE 2R Bz 3 A S R BB Y A
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Abstract

Croton bonplandianus Baillon, a plant belonging to the family Euphorbiaceae and native to South
=

America, was recently found to be invasive in the southern Taiwan. This paper describes this newly
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I ntroduction

The family Euphorbiaceae is comprised of
about 315 genera (Webster 1994) and 7,000
species (Webster 1967). They are common plants
abundant in the tropic region of the New World
and the Old World, and gradually diminish
toward the temperate region (Keng 1955).
Twenty-seven genera, 77 species and 4 varieties
are recorded in the second edition of “Flora of
Taiwan” (Hsieh et al. 1993). Recently, Chen
and Wu (1997, 2004) revised herbaceous
Phyllanthus and recorded Chamaesyce
hypericifolia (L.) Millsp as a species newly
naturalized to Taiwan, and Lu and Hsu (2003)
described Glochidion ovaliflium as a new species
to theisland.

Croton is a large, diverse genus of the
family Euphorbiaceae, comprising at least 800
species in the tropic and subtropic regions
(Webster 1993). The mgjority of the species are
found in America, particularly South America
and the West Indies (Woodson et al. 1967). For
Taiwan there were two species of Croton
(Croton cascarilloides Raeusch. and C. tiglium
L.) that had been reported (Hsieh et al. 1993). In
our recent inventory survey of plants on the
island, a weedy species, Croton bonplandianus
Baillon, was found in the southern Taiwan. This

Accepted: October 4, 2005
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paper describes this newly naturalized species
with line drawings and photographs to aid its

identification.

Croton bonplandianus Baillon % FC B 5. Figs. 1
and 2.

Croton bonplandianus Baillon, Adansonia
4: 339. 1864; Chakrabarty and Balakrishnam,
Bull. Bot. Surv. India 34 (1-4): 31. 1992.

Erect herbs or subshrubs to 50 cm tall;
young shoots densely whitish tomentose,
stellate, flat; branches sparsely whitish stellate-
scaly or nearly glabrous. Stipules small, filiform.
Leaves dternate, clustered at ends of branchlets,
simple; petioles 4-7 mm long, scatteredly
pubescent, glabrescent; blades narrow to ovate-
elliptic or triangular-ovate, lanceolate, 3.4-5 cm
long, 0.7-1.6 cm wide, membranous, base
obtuse, with 2 glands, margin shallowly serrate,
apex acute, pinnately veined but somewhat 3-
veined basally. Inflorescence a terminal raceme,
5-14 cm long, with 2-8 pistillate flowers,
sparsely tomentose and stellate. Staminate
flowers subglabrous to glabrous outside;
pedicels 1-1.5 mm long; sepals green, ca. 1 mm
long; petals white, ca. 1.5 mm long; stamens 13-
16, filaments 1.5 mm long, glabrous, anthers 2-

loculate. Pistillate flowers sparsely stellate,
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Fig. 1. Croton bonplandianus Baillon: 1, habit; 2, leaf, adaxial surface; 3, leaf, abaxial surface; 4, leaf
base, showing a pair of glands; 5, stellate-scales; 6, staminate part of inflorescence; 7, staminate flower;
8, stamen; 9, pistillate part of inflorescence; 10 and 11, pistillate flower, different views; 12, style; 13,
ovary, cross-section; 14, capsule; 15, seed.
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Fig. 2. Croton bonplandianus Baillon: A, habitat; B, seedling; C, habit, close-up view; D,
staminate flower; E, pistillate flower.
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pedicels very short or nearly absent; sepals 5, ca
1 mm long, subglabrous; petals absent; ovary 3-
locular, ca. 1.5 mm long, densely or sparsely
pubescent; stigmas free, 1.5-2 mm long, deeply
bifid. Capsules green, 6-11 mm long, 4-5 mm in
diameter, sulcate, densely or sparsely pubescent;
seeds 2-3, 4-5 mm long, about 3 mm in diameter,
blackish-brown.

Specimen examined: The specimens were
collected at a wasteland near the Chia Nan
University of Pharmacy and Science (3% &7
Bl K2 in the Rhshin village (Z1T7H),
Rende District ({~{#4F), Tainan County, Taiwan,
Jun. 8, 2004, T. W. Hsu 11570 (HAST, TESRI
[Endemic Species Research Institute]) and Aug.
16, 2004, T. W. Hsu 11598 (TESRI).

Remarks: Croton bonplandianus Baillon is
native to the southern Bolivia, Paraguay,
southwestern Brazil, and northern Argentina of
South America (Chakrabarty and Balakrishnan
1992). It has been naturalized to Bhutan (Long
1987), Sri Lanka, India, Pakistan, Nepal,
Bangladesh, Myanmar, Malay Peninsula, and
Africa (Chakrabarty and Balakrishnan 1992),
where it has become an invasive alien weed
(Pallewatta et al. 2003).

In the southern Taiwan C. bonplandianus is
found as a weed commonly in wastelands,
roadsides, and orchards. It is locally abundant in
the areas of sandy or sandy clay sails. It blooms
and fruits all the year round. This accidentally
introduced weed has a potential to become an

agricultural pest in Taiwan.
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Abstract

This paper describes Setaria sphacelata (Schumach.) Moss ex Stapf & Hubb. as a newly naturalized
grass to Taiwan with its line drawing. Also, a key to the species of the genus Setaria in Taiwan is

provided for identification.
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I ntroduction

The genus Setaria P. Beauv., belonging to
the tribe Paniceae of the family Poaceae, is
comprised of about 100-140 species throughout
the tropical and warm temperate regions of the
world (Clayton and Renvoize 1986; Watson and
Dallwitz 1992; Liu 2000). Nine species and one
variety have been reported from Taiwan (Hsu
1975, 1978). Of them Setaria viridis (L.) P.

Beauv. var. pachystachys (Franch. & Sav.)
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Makino & Nemoto, was recently treated as a
synonym of the species by Liu (2000).

Recently, we found Setaria sphacel ata
(Schumach.) Moss ex Stapf & Hubb., as a newly
naturalized species to Taiwan. It is an important
fodder species (Koyama 1987; Watson and
Dallwitz 1992) and a significant weed (Watson
and Dallwitz 1992). This paper provides a
description of the species with its line drawing
and a key to the species of the genus Setaria in
Taiwan for identifidcation.

Taxonomic Treatment
Key to species of Setaria in Taiwan
1. Panicle loosely opened; blades folded; fan-fashion between longitudinal veins.
2. Blade 3-7 cm wide; upper floret ovate, obscurely rugose.........ocueeeeeeiiiiieeeieiniieeee e S palmifolia

2. Blade 1-3 cm wide; upper floret narrowly ovate, transversely rugoSe.........cvveveeeeerveeesiieeenans S plicata

1. Panicle contracted, cylindrical; blades not plicate.

3. Lower palea distinctly shorter than lower lemma or reduced; sheath margins hairy.

4. Main axis of panicle serrulate; bristles retrorsely barbed.............ocoooiiiiiiiiieee. S verticillata

4. Main axis of panicle hairy; bristles antrorsely barbed.

5. Upper glume 2/3-3/4 aslong as SPIKElEL...........ooo e S faberii
5. Upper glume subequal to spikelet.
6. Glumes and lower lemma persistent; cultivated SPECIES......c..oovurieieiiriiiieee e S italica
6. Glumes and lower lemmafalling off together with upper floret; wild species................... S viridis
3. Lower paleaas long as lower lemma; sheath margins glabrous.
7. Spikelets 3-4 mm long; lower floret usually Staminate...........cooooeeeeiieeiiiee e S. glauca

7. Spikelets 2-2.5 mm long; lower floret usually sterile.

8. Plants rhizomatous, perennials; lower palea obviously narrower than upper floret.

9. Infloescence 2-7 cm 1oNg......c.cooveieeeeeeininenn.
9. Infloescence 10-50 cm long.........ceeeeiveeennnen.

............................................................... S geniculata
............................................................... S sphacelata

8. Plants not rhizomatous, annuals or biennials; lower palea as broad as upper floret...S. pallide-fusca
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Setaria sphacelata (Schumach.) Moss ex Stapf &
Hubb., Flora of Tropical Africa 9(5): 795-798.
1930; Hitchcock, Manual of the Grasses of the
United States (ed. 2, revised by A. Chase) 720.
1951; Clayton and Renvoize, Gramineae (Part
3), Flora of Tropical East Africa 527. 1982;
Webster, The Australian Paniceae (Poaceae) 213.
1987; Clayton, Davidse, Gould, Lazarides and
Soderstrom, A Revised Handbook to the Flora of
Ceylon 8: 412. 1994; Veldkamp, Blumea 39:
382. 1994. Fig. 1

Panicum sphacelatum Schumach. Beskrivelse af
Guineeiske planter 58-59. 1827.

Pennisetum sphacelatum (Schumach.) Durand &
Schinz, Conspectus Florae Africae 5: 784. 1894.
Perennials; rhizomatous. Culms erect or

decumbent at base, usually branched from the

lower and middle nodes, 20-200 cm tall. Leaf
sheaths keeled, glabrous, the margin hyaline.

Ligule membranous, fringed with hairs, 1-2 mm

long, membrane 0.8-1.5 mm long, cilia 0.2-1.5

mm long. Leaf blades herbaceous, flat or

convolute, linear, 10-50 cm long, 2-17 mm wide,

acuminate at apex, glabrous to slightly hairy on

both surfaces, margin entire. Inflorescence a

dense, cylindrical and terminal panicle, 10-50

cm long. Spikelets sessile, elliptic, acute at apex,

2-2.8 mm long, moderately dorsally compressed,

falling entirely when mature, 1-4 in a cluster,

surrounded by 6-15 persistent bristles; the
bristles 1.5-12 mm long, antrorsely scaberulous,
with 2 florets, the lower one sterile (sometimes
staminate) and the upper one fertile. Lower
glume membranous, ovate, glabrous, obtuse to
acute at apex, 1/4-1/2 of spikelet length, 3- (5-)
nerved. Upper glume membranous, ovate,
glabrous, acute at apex, 1/3-3/4 of spikelet
length, 5-nerved, margins eciliate; membranous,
ovate, 3/10-3/5 of spikelet length. Lower florets
sterile or staminate; lower lemma membranous,

85

ovate, 5- veined, as long as spikelet; lower palea
fully developed, elliptic, hyaline. Upper florets
bisexual and fertile, 1.8-2.6 mm long, elliptic to
ovate-€elleptic, acute at apex; upper lemma ovate,
acute at apex, surface rugose; upper palea
embraced by upper lemma, acute at apex, 2-
keeled.

Native to tropical and South Africa; widely
introduced to tropical areas worldwide (Webster
1987; Clayton et al. 1994). Cultivated in Taiwan
for pasture and erosion control; escaped and
naturalized in the central and northern part of the
island.

Specimen examined: HSINCHU: Kuanhsi,
Yang & Wang 8288 (TNM). NANTOU: Hsitou,
Chen 5622; Chungliao, Chen 5677 (herbarium of
Endemic Species Research Institute); Yuchih,
Kuoh s. n. Mar. 30, 2002 (NCKU).
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Fig. 1. Setaria sphacelata: 1, habit; 2, ventral view of spikelet with bristles; 3, lower glume; 4, upper
glume; 5, lower lemma; 6, lower palea; 7, dorsal view of upper fertile floret; 8, joint of leaf sheath and
leaf blade.
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