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W %

AWFFERS 2007 4 9 F & 2008 4 8 F [ 53 A0 SR HE I S i 43¢ W0 S ] — g 51 7t ] 1) 174 S
(Miniopterus schreibersii) 5 {2 it — B 0 FI| RO » (] IRp b (00 3% S M e 42 e S e i) 9 3 22
W B AL o DURIR MR 2 0 S g R R R85 B A i B B AR A (R R A ) R B o S
REUR - MERE(E O-11 A B AU A 2 EENE TSR - MEMEA(E 5 A VIR 22 B &R - (HEZIE AR AT
S URI) A b g 317 £ E AT (summer roost) - 3lfi ARl £ A B 4 B % iz it (hibernacula) » .7
W R B S M ST - REMERE SR L BB GERY B R o LI RIS RESE I S - B H IR R &S B DL
FEL SRR 5 0 v > 2 IR MRS e (K o R R O B R M ) R A £ M L 1 3R (E 2008 4 6 H > %
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‘LR U ) kS R e i 3R 2007 £ 9 F - 3 WYy Jek e 1 FEE (abundance) i 5 fi & Hi B (1 2008
LA o W ~ G i e e ik i 1) B 7 2007 4% 10 H K 2008 £F 1 H HiBE 7= 52 (10 H GEs> g : 1
I > Bt ) o TR SR SRk WY B (2008 4F 5 H) HH B 2 S (RE WS >R ) - 28 50 R e 25 E Ik
YR RN 53 A (E 2008 4 3 H ke 5 H HI3R 72 54 (3 F MEWR > g 5 5 F EsE>MEms) o 15 20 b ek g
Sk I S R R S AR MM R o S BRERREUTS T A% MR mT U e S 2B AR S RIS
1 JE S (R P R 1 e S e 1 ) S 0 ) R A R e 1 (e e L

Abstract

In this study we investigated monthly changes in habitat utilization of the Japanese long-winged
bat (Miniopterus schreibersii) colony in a culvert situated in Dili, Nantou County, September 2007 to
August 2008. We also examined the species composition and abundance of its parasitic batflies, their
preference to sexes and pregnancy of the host bats. The results showed that male bats with significant
sperm production were observed from September to November and female bats were pregnant in May.
The culvert served as their summer rooster; it was not used as a place for breeding and hibernacula.
Nycteribia parvula was the most heavily infected batfly, while Penicillidia jenynsii was the least infected
fly. The peak infection of the two species of the flies, N. parvula and N. allotopa mikado, was found in
June, 2008, while the peak of the P. jenynsii was in September, 2007. The lowest infection of the above
three flies was in January 2008. There were sexual differences of the host bats in the infection of N.
allotopa mikado in May 2007, the infection of P. jenynsii in March and May, and the infection of N.
parvula between July 2007 and January 2008. The number of pregnant females infected by N. parvula
was significantly higher than that of non-pregnant females, suggesting that N. parvula inclined to infect
pregnant femal es because they served as favorite hosts for vertical infection from mother batsto juvenile
bats or they had a vulnerable immune system against the fly.

BRG] ¢ 1 E ~ REURWE - IRk NE - WREERE - 2 H kR
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WREFY A ) B 1 (50 L S R (U SR T i L
BRI - BB RY R o B 1E E BN AR sl
FEAS T RSIE A Lo - R b ar A ek EREE
Z 18 18 A —ER L& (€ (Presley 2004) -
SCLCHRIE ST A e (2 A B — i £ (mono-
xenous) (Dick 2007) » L& mulRe A T
i E R SIE ~ RERT M~ AT SRS
Pl o T B TE R E 7 (fitness) (COté and
Poulin 1995; Brown and Brown 2004; Lourengo
and Palmeirim 2007) - {H7g £ @RI ~ 1757
F e A PIRRE R - thn] RERZ BN a7 A )
IR ~ 18 FE R ELE T - BIANRE s
A BA R IR A MR R R R - HHAE
BEe B b1 v R B e AT R b 3
(Christe et al. 2007) - {H#j 88 & DUE IIE 1T
£ (Giorgi et al. 2001; ter Hofstede and Fenton
2005) 5l R YAy A st (Reckarat
and Kerth 2006) » 2 [ {5 7 A ) JAR e 2R o

Rl N R AN RE Y L A S £
Ha A RET H (O & % 470 A 2L Y)Y
&£ H (Diptera) 2 & » & 1 Fs @ i (batfly) - i
it a2 B - kiR (Nycteribiidae) K Ui
Uil 72} (Streblidae) (Dick and Patterson 2006;
Petersen et al. 2007) o Hfi " &= B A4 1% 11 8 B Y
e 2% (12 W 2 45 72} Ascodi pteron & 1) it & 5 A
A &) 0 M LA BT F Y IR HE A2 (Maa 1967,
Dick and Patterson 2006) - [ igilifE + 5 —
PR » REILIUKR—EF A E » (HE 5
LA st it (i 52 ) B 2 ) ) A A SR B > i
Wi B IR H A 1E E B — 1% (ter Hofstede et al.
2004; Dick and Gettinger 2005; Dick and Patterson
2007) o 4z ok Wi =0 w0 - S A R 2R
AT A - s S EERA G LRI TE E R E R RE
A > LR HUE LU i — BRI AL -
M2 1l ey P e HL B — 75 = (Hagan 1951,
Dick and Patterson 2006) -

o)

SR H AL AT BV s b e fe > 28
) W i 4y 2E b B T R T E RV B R
(Presley and Willig 2008) » H: & [X 0] & & M ff
W e A i A P R L (A B R ) E RS ~ QBT
B o MESERYIE 2 ~ R ERE E) B T
16 ERVEBIRRE ~ SUERES) BT EEAT 5 (LM ~
Ty B¥) Sy digs8t (Christe et al. 2000, 2007) -
(BT 2 i 2 K RE = Bh R LA s Hira £ /Y B s
Mg » AFEPERE & ARG E T (lifecycle) R B
W17 72 RME L th & s BRI 2 AR R IR A > 1T
{5 Wl £ A [R] 9 2= 50 (B0H 03) HH B AN [R] A 1
FOEEEREE o B TSR RE S FE
AHPFFERI AT L ARG [ 05 66 — #4328 (Miniopter us
schreibersii)fiF £ Je FG /2 G g Wl 1) 18 1Y) B
Fob o e B i e S 7 i = A ) L i A IR
(122 B ) S8 15 7 B - G RET R ieE  FE H a
L ZIEIE -

HA ST %

— ~ SEYIE

AN BIF e R B Y i P R S R R (AR H
AR AREE) - o7 ¥ L85> ¥ H (Chiroptera)
/NEL T 18 H (Microchiroptera) ~ g iF £ (Vesper-
tilionidae) ~ =¥ 4% B (Miniopterus) » 4317 i [&|
P R TR SR 2 H A B P Re S - hm R
fEGE -~ JEEE ~ rnn ~ JUIE ~ KERTRIE R
VL LARE > LRGNy BRO75 B2 )7 (Nowak 1994) »
o3 AT B BV RS BV ~ AE BV B A
o P A I 2 ] 7R (cave-dwelling) i » 73

G2 HIRERE ST EF ~ Sy
PRI A EREERC Bk - W LA a5 BE B {1 5 235 58
(PR35 2004) » & b ] g8 80 A KB A9 2E &
(Lourengo and Palmeirim 2007) -

ACAR R i [t ) 140 g 1] FH 2 HR (-
bernation)zi¢ & £ (Funakoshi 1977; Rodrigues
and Palmeirim 2008) » = 4= 58 HAH WA G 2=
T - 38 > 4E 3B 2 IR (delayed implantation)
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AU (F 2000) » S22 0FfEli s 1A IR IRY 28
& PR B AL [ e A A2 272 ] (Al tringham 1996) -
Rl ORES L R B Nl et Y AN Ra R A=
fi# 5 (maternity colonies) » LAEEAT A- 7 BiliF] 5 %))
W o JBU SR A i B AR 2 At et 1 oy B A i i
SATRHERESE TEE » TR ) R SR (Pdmeirim
and Rodrigues 1995) - & # YA PIRIR 4 5 K
SO ER RS 1 AU IR B 77 BE A M 2R ST SR - B
BAGEHTEEL L SRR E R 4
RAYIBHIG IR » 5 £ 7 AR IAAET A ERE
4 - 8% 9 H kit % - 10 Ay e A
BRI EZ 0 7 A (% 1998) o

= TRgRTIE

B 92 IE ] B 2007 4 9 H 22 2008 4 8 H
ik B A LRAEIE R % R E 2R 2 5]
K831 (23° 47 36” N, 120° 55’ 53” )47 1 1%
AR TR PRI - MHREEH G b 2 Sl - 3%
BB )Y A o FEE AT 390m > R AR KA > il
A A HER LR - FEHIEZ oK G 6T
FEHH TR R s 2 FE S > R0 H RS
i 28 K o R HERAT RSS2 hr» 2
1 K R 7K T 4R 3% B = (harp trap) » ffi B2
BRI R B [ B 2 FEINE - 75 T SR ~ fbim
S IR A R R JEB 1 o St 58 e DR M S 2 L [
TR S Y05 o SR ~ M e FBE
{7 » RILAE 2008 4 5-8 HiuRIE L ~ BY)
FE R » 6 HE A B D A 5% 55 M6 W S 1 31
2 hr iR BEEL BB o Wi 1% - (R TR R
R - Rl E R E R A ERET o B H
S A 5 O S S o (5 e M A 4% 30
£ > J8EF 60 £ o FER IR IE e E TR E I E
BLPE R o

BEWEEREE DL 2 AR LA - 1 AIEE Wk »
1N BT o LU 75%F S 2
ZEATHIIEWE > 7B R S EE I AMFEAHE T > 1
G2/ VD REBH R AR IR ~ B~ O ~ BSEERAT

TR ~ AT ] RSt A AL e

fErTRE e B bR R T 1 SRS O b 2 g i {1 S
(Archer and Cardinal 2001; ter Hofstede et al.
2004; Dick 2005) » [ FI| fifg 372 8 2 e g Wi 12
S5 PR K P B A AR AT (SR ) I 28R iR €
B2 o HERRIRRE RAF(RBE RO o £ Sl b X
N BRI @ KTmG T KIitE 1 E/kad
PRERUFE @ PRI E 10 min [ o $RE&E 2 i
ke HITE A & 75%I0 kS S PR EEAC 8RBT 7KAR
(& SR BB ~ H W B 18 £ R 9% Y AR A R
W B iz i 8 e = T MU E MR
B Gk mi T e e R S AH B EORE o I SR B R
SRS B F - B AEMRIERR A IR Z KR
B ERESER

HIBBR <5 (2010) AHBH R S R FE 46 - 5T
HAMIALERER 7 570 AR R IE - (EH 5 3t
PREER 2,698 L UENT » B8 iowklR) - L 205 -
175 E Nl 25 (Penicillidia) Ed ik ifi /a5 (Nycteribia) -
JE8 1> 2 Il ok R 8 ) 42 <2 k(P Jenynsii) 1
fd 310 € » @RIl A 25 » Rl ATk
WRIE(N. parvula) 1,425 £ J £ £k ik (N. allotopa
mikado) 963 £ -

ABRFEET E S A ORISR A & g —
W ) 77 1) 2 RE (mean abundance) - 7F ) S
(Mean + SD) =3R40 77 4 & 48 B/ HRik ny 18 £ 8L
(Bush et al. 1997) » iifi i F #£ REEY 53 A7 Mann-
Whitney U test g € A~ 8] 14 71 4 1l i B AN [R] A=
R R i i (12 2 B ) B - G B )
FL o HAAS[RITE R R IR ELHE > DEBRIZE 22 {1 #8
BHRL o DO R E IR R KSR B N [E 4 DE
AR REMENR R 2 2 > HIME (5 R A i 1 22 (AR Y
Ay EREIT T - WRiEbR AR EE A K 15
B AG > ARG 2T o BFFEEE H
0y Z AR LB - {6 FH AR A A Dot o2 PP R
AR R H HE RGBS A B R g R
(& 1) « AHRFFEH] SPSS 12 AT & BLfaT 77
¥t » i {5 A Excel 2007 f@la] -
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Fig. 1. Monthly mean air temperatures at Sun Moon Lake (near Di-Li area, Nantou County) from

September 2007 to August 2008.
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— ~ SRR SR B RE S A i A R

2007 4 9 A % 11 A5 Kl A #5585
REEREUR (G0 500 & - W& A EFEHAER
S - (Rt ECER B WA RASE AR AR < AE G B
SR - 2007 5 12 FEREERT FBHR - BELE
BeE e 11 FRE - (HEE A REALE R
ZERRHLSR » PR F A (12-2 FH)BER0HS R
SRR o SRR R R EZ 5 KR T &
HRAUFCER - H 1-2 H X RS R Bl R (1
B1H ANt 30 £ - 2 A At 50 &) - 2008
B 3-4 F1 453 Fv e 48 1 e LA R [ -
IR E B PRER RV B - HLASEHRF SRR B
HHth 400 £ L) | - 2008 £ 5 F fE i A b 2= i
PifE1% » BRIR G C AR bR b ) i
S T B R RE O E e i R 2 RBR A
(18:2500) » EWIRA B L IE T ~ B o0 A
WIBISR - i 18 s i 4 & Pl iR
(I o 1M1 6-7 H I i LA e 5 B I
sl > 6 F 03 U 35 £ REANE - MERHELLES

8:27 » HMESEE 5 RIE2R BOR A Z M8 - 1
7 AU EF A 10 E{EEE - 8 A 3 A I
i 700 E{E B - HEAXE HA 2 ShiE
(BTG 2 HEE T > ARERZR R 583 0 & LU Y
fAEERER S - PR SR BCR A3kt 1,000
& BB EBERCET - 5 E 8 ARAE
WIAETEE ShoRH - (HAWFFEEREE B s R
Alf 4 B A SRR - B R B R
B SR A AN {68 P L ) £ A i 7 AR - L6~
7 AR B BB A L SR (1] 2)

=~ IR H L

2007 4 9 H % 2008 4 8 H M » &1 A 177
R EE A RS DU SRk ml i B A 2 0 EE
WA R R D (3% 1) o REMRIER 15 A Bk B
WRUHE AR 32 B R A 2008 4F 6 A 1 I e = fiE »
AR BRAE 2008 4 1 H (3£ 1) » {HZ B kil
7R 5 S R A i 3R AE 2007 4 9 H » K
il HI| Y 3R AE 2008 4F 1 H (3% 1) 5 R gk wliny -~
15 A e (i (3R AE 2008 4 6 H o e KA H]
B AE 2007 4F 12 F % 2008 4 1 A (3 1)



102 TR ~ AT ] RSt A AL e

>

800 4 —— Eestimated colony size
700 -

600 -
500 A
400 -
300
200
100 -

0

Number of bats

N NI N R N
.:OQQ Qf" QO Q"P \"§ Q&’:Q ,é\'b ?..'Q \3{9\ \5\}{\ N Y'\)%
Month/Year

B. BFemale
70 OMale

60

50 -

40

30 4

20 +

10 4 H

0 4 : . . - .- _ : -

S DS ®

S S o

S PSPPI T ST TS FTSTS

O P YCY WYY
Month/Year

Number of sampled

2. A, 2007 £ 9 F £ 2008 4 8 F Fe 5 3th F1] sth s F75 200 B B2 ki 3148 €2 B 5 B, 9 H PRAR B Bt I
e EL A -

Fig. 2. Monthly estimated total colony size (A) and monthly sampled male and female numbers (B) of
Miniopterus schreibersii, September 2007 to August 2008.
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# 1. 2007 4 9 F % 2008 4 8 F B #5 h FI #4520k 16l 5 & b 3 A et R 71~ £ S 2 (* A W i PR AR S

15 £)

Table 1. Monthly numbers of batflies (mean+SD) collected from Miniopterus schreibersii in the culvert
of Di-Li, Nantou, September 2007 to August 2008 (*, n<15)

Number of bats Total Number of
Month Number of Number of
[Year sampled numbgr P. jenynsii N. parvula N aj lotopa
(%:%) of batflies mikado
Sep. 07 60 (30: 30) 55145 09+14 25+27 21+18
Oct. 07 60 (30: 30) 44+3.6 05+08 22+22 1.7+15
Nov. 07 60 (30 : 30) 43+38 0.4+0.8 24+25 15+15
Dec. 07 60 (30 : 30) 3.8+28 04+14 22+21 11+09
Jan. 08 23(14:9) 28124 01+03 15+19 11+09
Feb. 08 42 (29: 13) 46+35 0.3+05 24+24 19+16
Mar. 08 60 (30 : 30) 37+32 04+0.7 21+20 12+13
Apr. 08 60 (30 : 30) 46+36 08+1.2 23124 15+14
May 08 48(30: 18) 51+35 06+0.7 28+26 22+13
Jun. 08 35(27:8) 8.8x+47 08+11 47+35 34+£26
Jul. 08 2*(0:2
Aug. 08 60 (30: 30) 51+£6.1 0.7£12 28+43 1.7+18
=~ IR i M 2 4 R i =

{i¢ 2007 4 9 H % 2008 4 8 H % H i 1 [F]
P Al P S B R0 % A R e O B S (3R
2) > ik 2008 = 3 ek JEk e =22 kil ) B
BEE = s (U=338.0, p<0.05) » 2008 i 5 H
it e 2 L WO WY R R 1 O R PR M
(U=222.5, p<0.05) ; 2007 £ 10 H it g & 455 5%
AR ) R R S I A (U=268.5, p<0.01) »
1f7 2008 = 1 5 Il it e e ot o ok il B2 o 15
R (U=27.5, p<0.05) ; 2008 i 5 H fiff i &%
e £ SR ok 0 ) B8 R L ) v S i (U=143.0,
p<0.01) 2%} » HER A O3 MELERE S |- 2 3 FHiE
R S M T L

AWFFEL T 2008 - 5 F Fr PR 515 27 ik ot
B IR P e (A B b A iR R R
T S PR W R R b R I
(3% 3) » 1272 i e e et ok R 7 0 2 0 5
5 5 FE 2t i (U=6.5, p<0.05) »

7 bt [ P S A i ) P ) A T B
W @ R MREERE (R A MR i 2 B/ KM
Pt > TECE AR Dl 2 A K B 1R 220 R o FHERS B
ATEE SRR 0 AR E RN & FERS
FABCHERT(mating roost) » £ HIl & FREE 2
X R (Rodrigues and Palmeirim 2008) » {3
B R 2 B AE e AT R ELE - (Hh e
HOWE B ERFE AR » 8T ERER
17 (Rodrigues and Palmeirim 2008) - A fff 7¢
T2 1 Fe 18 R — BE 5 | 7K 38 1] 2 A SR ) 5 K
AT AT REMUR 2RO S ENERT - (HAG IR A5
EPIE SRR I

Lest - AHF7EEEEE 2008 5 H JE AL Bl
HEAE 6-7 A %-T 2= BERA - 8 T REEL B I 27 42
Y38 Ve oNEIEE] GNP Y L D Re e B
Wi 1178 A7 34 (grooming) 17 £ (ter Hof stede and
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# 2. 2007 4 9 F] %5 2008 - 8 FJHf ~ fff 4 8 g R 4t 3 A 0 e R A S Y Mann-Whitney U test
i fi S (HERS 2008 4 5 H 20 (A4 & B » H 2008 4 7 H & BHKTE FEEARBARE » tR¥ASHT)
Table 2. Monthly difference in number (meantSD) of three species of batflies collected from male and
female bats! in the culvert of Di-Li, Nantou County, September 2007 to August 2008 (Mann-Whitney U test)

Numbers of bats

|\_/| fenatrh sampled Batflies Number of batflies collected U )
8 bat $ bat 3 bat £ bat
Set-07 30 30 P. jenynsii 12+17 06+10 369.0 0.185
N. parvula 27+28 22+25 406.0 0.508
N. allotopa mikado 21+14 22+22 407.0 0.510
Oct-07 30 30 P. jenynsii 0.7+09 0.3+06 357.0 0.107
N. parvula 28%22 1621 268.5 0.006**
N. allotopa mikado 19+16 15+15 388.5 0.350
Nov-07 30 30 P. jenynsii 04+06 0309 386.0 0.211
N. parvula 24+21 24+28 4275 0.735
N. allotopa mikado 18+17 13+13 3785 0.275
Dec-07 30 30 P. jenynsii 0.3+05 05+19 4395 0.829
N. parvula 2017 25x24 407.5 0.522
N. allotopa mikado 11+10 11+09 449.0 0.988
Jan-08 14 9 P. jenynsii 0.1+ 0.3 02+04 535 0.305
N. parvula 08+11 27124 275 0.023*
N. allotopa mikado 09+0.38 16+09 355 0.067
Feb-08 29 13 P. jenynsii 0.3+05 02+04 164.5 0.378
N. parvula 2724 18+23 148.5 0.268
N. allotopa mikado 20+18 16+11 177.0 0.747
Mar-08 30 30 P. jenynsii 02+06 06+0.38 338.0 0.033*
N. parvula 17+15 2424 386.0 0.333
N. allotopa mikado 12+14 12+1.2 437.5 0.843
Apr-08 30 30 P. jenynsii 0.7+09 09+14 4125 0.542
N. parvula 23%£20 23+28 417.5 0.625
N. allotopa mikado 12+13 17+15 375.5 0.255
May-08 30 14 P. jenynsii 0.6+0.7 04+038 2225 0.037*
N. parvula 27127 28+27 264.5 0.423
N. allotopa mikado 28127 11+14 143.0 0.002**
Jun-08 27 8 P. jenynsii 08+12 08+19 101.0 0.715
N. parvula 42+24 6.1£57 96.5 0.648
N. allotopa mikado 33+21 3841 101.5 0.796
Jul-08 0 2
Aug-08 30 30 P. jenynsii 07+14 06+11 439.5 0.855
N. parvula 24+38 3448 4355 0.831
N. allotopa mikado 13115 20+£20 339.5 0.094

1 Exclusion of pregnant females and data of July, 2008.
* p<0.05; ** p<0.01.
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# 3.2008 4 5 F 1 A it ek B A 2 g 2 W S 2 DA Mann-Whitney U testig e i 2R » A Ry 1822 (A

2 > B IR (i

Table 3. Difference in the numbers (mean+SD) of three species of batflies collected between pregnant

female and non-pregnant female bats (A, number of pregnant bats; B, number of non-pregnant bats;

Mann-Whitney U test)

Numbers of female bats
Month

Number of batfly

sampled Batflies collected U p
-Year
B A B
May-08 4 14 P. jenynsii 06+07 04x08 10.5 0.061
N. parvula 27+27 28127 6.5 0.018*
N. allotopa mikado 13+15 20+20 24.0 0.721

Fenton 2005) » [ BE1T £ ¥R R 1 5 2 @ Ak
AT 5 (Kunz 1982) » n] RE & i B 7 e B 2T
BRI > AR R R ORIREE > T B A P
WA » #l40 Linhares and Komeno (2000) 4 i
Fenkdg . Megistopoda proxima (Streblidae)f)
A A B Sturnira lilium (58 i) 1988 5
TR R VRSB o DUAHIE 72 0 st o B it i
5 AR S AT 2008 4 3 H % 2
IERER - £ 6 A SR EE(E o Il I 2008
6 H AIAEIZ I B » 12 5 IR A KR iR
LRI EE CEBE) [ A & BT s
WAL 8 B WA e ol e - LI L b
IR AE AR S, 5 2008 4 7 H AREIEZR IR
SIS AT A B 0 AR AL 6 B A (Y
ik (P 2000) o [X] L4 S et 1) 2 R M K = HY
BRI RRMHIE » ] RE IR FE A 75 45 HZ R 2K
R SEIE R Ry o [X R bl A TR A R
fRu AR (£ 78 AR R IEE F R - A LU IR
g A e AR A R 1T 2 AT RS S B A R AR IR
(L ST - TR 7O 3 2R iy AR 1A -
ST Bk (B e ) 27 A e JE 4 2R (Reckardt
and Kerth 2006; Bartonic¢ka and Gaisler 2007) -
Reckardt and K erth (2007) (i 52 th$5 H £ B 5,
H g (Myotis bechsteinii) i it i & 3 [ 1] F 5
T 77 Wi el B S (R 1 R R A R
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Abstract

Pheasant-tailed jacana is catalogued as a rare and precious species of bird protected by law in
Taiwan. It isfound occasionally in wetlands and breeds only in afew habitats. At the Old Bridge Artificial
Wetland in Kaohsiung County, jacanas bred yearly from 2006 to 2008. In January to December 2008, |
made field observation and found that they were mostly in areas of the wetland with dense floating-leaf
plants and less human interferences. There were 6 jacanas in the pre-breeding season but only a pair
remained during the breeding season. The pair built five nests and laid atotal of 18 eggs; average clutch
size was 3.6 eggs. However, all of the eggs failed to hatch after an average incubation period of only 6.4
days. The time intervals of the nest buildings averaged 11.5 days. The five nests were built in an area of
25 x 30m covered with floating-leaf plants (Nymphoidesindica). Distance between anewly built nest to
the previous one for the 5 nests were 8, 1, 6 and 3m, respectively, at an average of 4.5m. Their breeding
failures were attributable to extreme weathers due to typhoons, circumfluence of typhoons, or local
storms that destroyed the nests, causing eggs to fall into water. They were proved by findings the eggs
at the base of floating-leaf plants in water. With consideration of the impact of extreme weathers on
jacana’s breeding, it is recommended to improve its breeding habitat by enhancing the density of the

floating plants with smaller leaf plant varieties.

BRG] = i ~ RTEREY) ~ A OB - BT Ja

Key words: wetland, floating-leaf plant, clutch size, breeding failure, typhoon
Wt HH] - 99 8 H 23 H

2 H 10053 H 11 H

Received: August 23, 2010 Accepted: March 11, 2011

i B eI BR (5 1999) - 2008 F % 5 i MR HY
IR HE IR B Al AHE S 250 € (Ueng and Yang

&

o

7K %t (Hydrophasianus chirurgus) £ & ## &
B BEMAREETEHVATE RRXE
BEME5R 2009) » 1 {5 8 — LL g 5 ] 5
HHEE - RRFBER R » LIS — 1Kk EE
P& I (B FH K HEAE 5 1) P () G r R £ 2
JYATiEL o {£ 1997 ¢ 1998 2% PR 7 I fa) R AL
AT =R B R BT 22 50 & LLIT » [

2008) » H 8 & H 2 /D B W 6 A Of B AT 2R
B — 1 5 (Pl atal ea minor) & 2 i i i &
(2009 E & /& 1,104 €) (Yu 2009) ° 7K HE kR
mE RS - BT RE - AERE
Fe R th B R S T A AR AN B kK RE A T
R E - MAERTERA Z PR A %2
45 > (HOKHER A i sLRI B UL(5 2008) © 417



B4 Y2 ERFZE(TW J. of Biodivers.) 13(2): 111-119, 2011 113

2009 £ 12 H % 2010 4F 1 H e 5 R Ra A 71
KL OKCHE e 3 1 B (5 &k 2010 - 1 ] 20 H ¥l
) > B K HEAAE IR S 2 R E R
[T JEb, 7 e 5 T Dt i P 9 75 B 45 ) 2 {38 B R D A
IR A SR B B T -

K HE F& — FE % 5K Hfill (polyandry) B4 B 1)
FE o MRS RO E RSB RS K > G E B IR 51 i R
H o AT HE H— 2% R BIER S - (£
THABEE BN - S A EE AR
S HHEE TAF » n] LA 5 22 5E By &
& TE T % i1 (Betts and Jenni 1991;
Butchart 2000; Mace 2000) - it B & S & 2
B S R R > MEHLE SR RS
SR B RIS o RETE GBS E
4= (Osborne 1982; Andersson 2005) » 1£E H 7k
HER A i th 338 30 1 B D AT 55 A % Y Bs il
ERE » DUl S 2 A E i 35 2R RE & (Chen
etal. 2008) o JKHERF S RARY A 1R =Y Bk 2k
A2 > 45 SL W] & 5% 80% L) |- (Osborne 1982;
Mace 2000) » H: £ 5% = A 3% 94.4% (Butchart
2000) © 15 {8 St [ 7K RfE 9 B GE K B 2R i A bt
A EERIETE - H & 49.0% (Chenetal.
2008) © flt LLAE K HE B2 5H R R S R IB L T »
A8 SEHRAS E FLE & /K HER R A > LU
K HERETEA R I 2R - RKHER B LR B2
AR o

5 R S\ TR R B — LI
{b7KE f HARRY N T > $2 0t 7 Esthig Ky
ThRE » e id IR [RTIE RE 22 A AR M0 % dk 1k
CRE BYSSI » SR E R AR RE A% 7K R BB 1Y) 22
SR (FE 2006) - © S 2004 48 i 5¢ B
gyt oK - 2006 A EI1A 7K HE BRI B A6 2 B8
JH B AT R B Y) - TEERS 2006 ~ 2007
FERIER N - A T BRI R KRR BB IR
DUETT MR A > DLPRET AR B8 B Rk B i
Sl PR R ARG IR B AR S R I A 7 P
EENZRE .

BRI ZR L S sz 2 4 BRI

(= eAlioF 72 R UREEESy 331 ) I OF YR Sy
BRPF IR LR 2 £5 - WEJEL T N AY K B 5
JEE S 8¢ LA A B8 75 5 1 (3155 2007; [ 2008) © f5
MW AERRIT B2 B 2 BIR (LA B - (E2IRE
AR R ~ AN [ ) S e iy 52 1) T th T
[ (Crick 2004) o $ 3 15 8 1 [ 5 X8 ) B G IR
DU 75 IR 2 BR 5 M0 528 8 38 B0kt o KSR G A - i
SEANR) 2 EIR SRR EE » H L H DI B
TR JES KR 52 2 B I B AT B - 1 B R MR
7K HE B 3E TR 7 EE AR M R AR 2

AU %

— ~ Wi gehiEy

1o R B SN N\ VR A7 v e A A4
mFHRG R AR 116.9ha» RN 13 {F
TR R NANSE 7Kt (A L-A6 3t e B1-B7 ith) (]
1) » o3 2K E K R AR R Bt Y R TROK
(AR - AL-AB) » B2 T BIBIE LR
18 B B ) R A K (B SRR » BL-B7 i) » H
BB R H A RS RV SE M RE ) R A
A SR - Kt REE YA 7R
DA LFR o H Dl A4~ A5~ A6 Fl B7
FAKHE F RO E IR AT KR R 15
B B R - LI R B AN B 2 B Y
T o

P b A e ) S B 52+ RIS 10 TR
SN EER R - BRER BRI R B H
Rpfi - 2205 | K Bl 2 21 L 5 Bl (% 2006) - 5%
1 B A A A T 4 B v 2 SR A U 3 - {H
(D Bolr s th &g A A% LGS - Hh
B N TR RS > 8D BRI A B A B )
e Pl B EEHY T

2009 YN OKEE N T
WA K TER - I AE Im - AR 7K
WIS PIET - FEE e 2 A o Haith T BUF
PR TR DR Rt A n R BINR
s B AL B RE ) R RS E A RELL



114

B

SRR B HE RS

; e -i o

%

1. 2008 - 1= J## 1 B AR A\ LR K AnlE] - A SRIEKI AL-AG J B Rk I8 B1-B7 3 13 /K
I o o [ b () 755 7K HEE S D it 4 (8] £ FIX 5 Googlle Earth)
Fig. 1. Distribution of 13 ponds at the Kao-Ping River Old Bridge Artificial Wetland, 2008 (A system:
Al-A6; B system: B1-B7; @ the breeding area of pheasant-tailed jacana, image from Google

Earth).
1. 2008 F = 15 85 BhE A\ Lt 13 R /K3 i (AL-B7) K A= i W (2 B4R SR B L 73 A7
Table 1. Distribution of dominant plantsin 13 ponds (A 1-B7) of the Kao-Ping River Old Bridge Artificial
Wetland, 2008
i Ponds
Species Chinese
names A1 A2 A3 A4 A5 A6 Bl B2 B3 B4 B5 B6 B7
Nymphaea tetragona  fiff;i - o O o - - - -0
Nymphoidesindica FIEF#4s - O O ©o - - - -0
Ipomoea aquatica  ZE/[LZE - © © O - - - - O
Ludwigia peploides & {E7KEE - - O - - - -0
Pistia stratiotes IKFER - © © O - - -
Typha orientalis EH - O O - - - - O
Salvinia natans PR EE - O O - - - -0

(- nogrowth O growth © dense growth)
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Fig. 2. Distribution of pheasant-tailed jacana breeding nests (A, B, C, D and E) in the Kao-Ping River
Old Bridge Artificial Wetland, 2008 (Image from Google earth).
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Fig. 3. The relationships of breeding periods of jacana () with rain falls (Jll) and alarm periods of
typhoon (W) at the Kao-Ping River Old Bridge Artificial Wetland, 2008.
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Abstract

The red-whiskered bulbul Pycnonotus jocosusiswidely distributed across south-east Asia but does
not occur naturally in Taiwan. Recent evidence suggests that it may be in the process of establishing
itself in Taiwan with breeding evidence reported from two localities in Taipei City. This paper reviews
the observational records of the red-whiskered bulbul sightings in Taiwan since 1985, and then reports
its first documented nesting attempt in May 2010. Furthermore, the incubation period, nestling period,
breeding dates and predation of red-whiskered bulbul nestlings in the literature were briefly reviewed.
The likelihood and possible consequences of a successful establishment of the red-whiskered bulbul in
Taiwan were discussed, ending with a short summary of the number of exotic bird species that have been

recorded and bred in the wild in Taiwan.
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I ntroduction

The red-whiskered bulbul Pycnonotusjocosus
is widespread throughout the central and eastern
parts of the sub-Indian continent and south-east
Asia, but does not naturally occur in Taiwan.
Within its distributional range, it is relatively
common in areas at elevations below 2,000m,
which are nowadays mostly anthropogenic
landscapes, such as secondary scrub, roadsides,
parklands, orchards, urban and suburban gardens
and parks, but also more open natural habitats,
such as dense hilly woodlands, reed beds, and
edges of forests and mangroves, where the red-
whiskered bulbul opportunistically feeds mostly
onfruitsbut also on flower buds, nectar, invertebrates
and even kitchen waste. Because of its wide dis-
tributional range and consequently large global
abundance, it is not globally threatened, though
it has been almost or entirely extirpated over

substantial parts of its range due to hunting and
trapping (Fishpool and Tobias 2005).

M ethods and Results

Field work was carried out with the help of
Leica 7 x 42 BA binoculars, a stopwatch, and a
Canon EOS camera. A literature search was
conducted through the internet, especially the
Web of Science, but also Google.

Previous observations

In Taiwan the red-whiskered bulbul is sold
in pet stores becauseit is apopular cage bird and
may also be released during religious ceremonies,
the so-called ‘prayer animal release’ (Severinghaus
and Chi 1999; Shieh et al. 2006; Agoramoorthy
and Hsu 2007; Shiu and Stokes 2008). In thewild
the first individual was recorded on 2 June 1985
in Feicuigu, Shiding Township, Taipei County.
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Since then, the number of observationsincreased
until 1999 and then decreased again, either because
reporting decreased or because red-whiskered
bulbuls actually decreased, as ascertained by |.
Y. Chen (see below). Observations were made
during all months of the year, mostly in Taipei
City and Taipei County (169 observations (90%)
out of atotal of 188 observations). The remaining
observationswere made at 10 locationsin Kaohsiung
City, and Nantou, Taichung, Tainan and Taoyuan
Counties (Table 1).

The highest number of observations at one
location was 59 made along Zhuhai Road, Beitou
District, Taipei, from 1999 to 2004. This district
was also the only district in Taiwan of having
more than five individuals observed at a single
occasion; the highest was 20 individuals on 19
November 1999. Accordingto B. S. Shieh (personal
communication 2010), young birds were observed
during this period in Quanyuan Park which runs
along Zhuhai Road. Asaresult, Shieh et al. (2006)
listed the red-whiskered bulbul as breeding in the
wild in Taiwan.

However, | was able to contact the original
observer of the aboverecords, |. Y. Chen (personal
communication 2011), who provided mewith the
following details: In 1999, there were up to 20
individuals moving in one to three groups in an
area of several hectares of gardens and scrubs
covering a mountainside north of the local river
and around Cihui Temple at the upper end of
Zhuhai Road. Very rarely (<10% of observations)
were individuals observed away from this core
area. They wereregularly found and often roosted
overnight in large trees along the river, and fed
from the following plant species: Acacia confusa,
Bischofia javanica, Broussonetia papyrifera,
Cerbera manghas, Cinnamomum camphora, Cyclo-

balanopsis glauca, Ficus microcarpa, Ficus
superba, Hibiscustaiwanensis, Hibiscustiliaceus,
Koelreuteria henryi, Liquidambar formosana,
Macaranga tanarius, Machilusthunbergii, Mallotus
paniculatus, Miscanthusfloridulus, Morusaustralis,
Prunus campanulata, Sapindus mukorossii, Sapium
sebiferum, Schefflera octophylla, Terminalia
catappa, Trema orientalis and Ulmus parvifolia.
Contrary to Shieh et al. (2006), |. Y. Chen did not
observe any breeding attempts or young birds.

When coming into contact with black drongos
Dicrurus macrocercus, black bulbuls Hypsipetes
leucocephalus or Chinese bulbuls Pycnonotus
sinensis, the red-whiskered bulbuls called and
puffed out their feathers, but invariably retreated
to avoid physical attack. Over several years, the
number of individuals gradually decreased until
all individuals disappeared from the area, despite
repeated searches being made in the wider
surroundings of Quanyuan Park. | also did not
observe any red-whiskered bulbulsin and around
Quanyuan Park on 25 October 2010 and 22 January
2011.

First breeding record

On 5 November 2009, | first encountered
two adult red-whiskered bulbuls sitting side by
side on a telephone wire (25°01°04.1”N, 121°
33'47.9”E + 8m, measured with GARMIN GPSmap
60CSx) going across the cemetery just below the
Ling-an Tower of the Congde Temple, Taipei (Fig.
1). All subsequent observations were made at this
location, whereby the two adults were never
spotted farther than 100m from and usually within
a 50m radius of their favourite outlook perch on
thewire (distances determined using GPS coordinates
and www.gpsvisualizer.com/cal culators).
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Table 1. Summary of 188 observations of red-whiskered bulbuls from the wild in Taiwan and registered
in the database of the Chinese Wild Bird Federation up to 1 October 2010 and from this study

Range of
Year Months Numbq of obsegrved Locations
observations . .
individuals

1985 6 1 1 Feicuigu, New Taipei City (it miz5224)

1987 2,3,11 4 1-2 Botanical Garden, Taipei City (& dtifEYIE)

1988 2 1 1 Botanica Garden, Taipei City (&t ifEYIE)

1992 1 1 1 Botanical Garden, Taipei City (& dLiifEYIE)

1993 6 1 2 Botanical Garden, Taipei City (& 4tifEYIE)

1995 1,2 2 2 Botanica Garden, Taipei City (&t ifEYIE)

1996 1-5,7 11 1-5 Botanical Garden, Taipei City (&L ifEYIE)

1997 2,4-6, 8, 10, 12 17 1-4 Botanical Garden, Taipei City (&4t ritEY)E); Luliao, Tainan City
(BRI EEESE); Yeliu, New Taipei City (HrAt i)

1998 2-3,9, 11,12 7 1-4 Botanica Garden and Huajiang Bridge, Taipei City (54t i)
T HEVTHE); Luliao, Tainan City (15 i1 11 EE%E)

1999 1,2,4,5,7-12 44 1-4,6-10, 12- Botanical Garden, Guangzhou Street, Hugjiang Bridge, Zhuhai

13,15,20  Road, alinTaipel City (GAtHitEIE ~ B ~ HETHE - BRiE
%); Yeliu, New Taipei City (&AL riiEFl)

2000 1-12 35 1-4,6 Botanical Garden, Hugjiang Bridge, National Taiwan University,
Yangmingshan, Zhongzhengshan, Zhuhai Road, al in Taipei City
(BALTTEYIE ~ FTHE ~ GEREE ~ B ~ HIEWL ~ 2RIF
#%); Liyutan, Nantou County (4 #5 55 37 F £ #47&); Luliao, Tainan
City (&5 il T EE)

2001 1-5,7-10, 12 20 1-3 Huajiang Bridge and Zhuhai Road, Taipel City (&1L HEVTAE &
PRiF#E); Zhitan, New Taipei City Gt miE{&); Chaishan, Kao-
hsiung City (=i ri%2111); Shimen Reservoir, Taoyuan County (£t
=I5 F7K ), Sicao, Tainan City (5 R i /Y #)

2002 1,3,6,10, 11 9 1-2,7 Guandu, Huajiang Bridge, Zhuhai Road, dl in Taipei City (&1t
BRI ~ HEVTAG ~ ZRIEEK); Sun Moon Lake, Nantou County (Fe#%
5 H H )

2003 2,5,9 5 1-2 Guandu and Zhuhai Road, Taipei City (& AtHiREE ~ BRiFER)

2004 3,4,6,7 7 1-2 Guandu and Zhuhai Road, Taipei City (5 1tTiEEIE ~ BRiEE); Ni-
uhu, Nantou County (B 5577111 4F#1)

2005 3,4,6,10 6 1-2 National Taiwan University, Taipel City (& dt i & 8 kK £Y);
Jinmin, New Taipei City (#rdt i =4 f); Chaishan, Kaohsiung
City (Fiffri%e111); Shitoupu, Nantou County (43 ik 5 7 55
1#); Toubiankeng, Taichung City (& H i K BETTRHT)

2006 2,5,8 3 1-2 Kuei-Tzu-Keng, Pei-Tou and National Taiwan University, Taipei
City (BT #EFI0 ~ L% ~ BiKE); Wazaiwei, New Taipel
City (FriLiizirRE)

2007 3-5 3 1,3 Sikanshui and Qingshui, New Taipel City(FrdtmighE UK ~ +
1% 7K); Chaishan, Kaohsiung City (5 #£4&(1])

2008 8 1 1 Bitang, New Taipei City (F7dLiZ8E)

2009 1,3,11 3 1-2 Sun Moon Lake and Yanshan, Nantou County (Fg#¢ H B ~ 7711
J&11); Congde Temple, Taipei City (5L 5:#E5r)

2010 3,5 7 2, 4* Congde Temple, Taipei City (5]t iis2{E5F)

* This number refers to the two adults and two nestlings described in this study.
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Fig. 1. The cemetery photographed on 13 May 2010 (the white Ling-an Tower (52{%3:, #8%78%) at
25°01°02.3”N, 121°33°'49.0”E belongs to the Congde Temple, opposite off 297 Congde Street (£={%{ks
297 5&%tH]), Taipei City). Theright tree in the middle of the inlet photo whose location is indicated by
the arrow contained the nest of the red-whiskered bulbul at 25°01°04.1”N, 121°33’49.0”E.

The presumably same two adultswere again
observed on 6 and 28 March 2010 (all datesfrom
hereon refer to 2010). On the latter occasion, both
adults groomed for about 2 min while perched on
the wire before one adult approached two Chinese
bulbuls sitting on the same wire by hopping closer
and closer, several times changing directions,
when alighting onto the wire. This behaviour,
perhapsto impress the partner, was al so observed
by Carleton and Owre (1975) during breeding
times of the red-whiskered bulbul.

On 9 May at 17:39 hours, one of the adults
began grooming for about 10 min on the wire. It
mostly looked out from the wire during the next
10 min. During the next four min, it moved from
the top of a bush to a cemetery wall to a small
statue before swiftly disappearing into a two-
metre high tree at 18:03 hours (Fig. 1). | then
scared the adult off its nest which was at about
1.9m height within the dense crown of the tree,
attached to small branches and only partly hidden
by vegetation (Fig. 2). The nest contained three
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Fig. 2. Two-metre tall tree which contained the nest of the red-whiskered bulbul (top inlet photo showing
aclose-up of the abandoned nest; bottom inlet photo showing a close-up of the breeding adult whose top
of the head is visible in the middle of the photo, with the beak pointing left; all photos taken on 13 May

2010).

eggs, white in colour with a purplish hue and
medium to dark purple and bluish blotches
concentrated on the obtuse end (Fig. 3). During
this and subsequent visits, one or both adults
invariably moved to a nearby spot, usually the
wire, and repeatedly called, e.g., arepeated chir-
drrr, with the second syllable being lower.

| revisited the nest on 13, 15 and 19 May,

always late in the afternoon, to photograph the
nestlings and egg (Figs. 4-7). On 13 May the
nestlings were still naked with closed eyes (Fig.
4), a condition which Carleton and Owre (1975)
refer to as psilopaedic. Van Riper et al. (1979)
observed that the nestlings were naked at hatching,
had pin feathers and closed eyes at 3 days old,
were fully feathered at 10 days old and fledged
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after 12 days. Therefore, these nestlings were
probably about 1-2 days old because they did not
even have pin feathers (Fig. 4). On 15 May the
nestlings eyes were still closed, and they were
mostly naked with emerging feather quills only
showing on the wings and down the spine (Fig.
5). On 19 May | collected the egg (Fig. 3) asit
was apparently infertile. The nestlings had opened
their eyes, and they had feather quills covering
most of their bodies (Figs. 6 and 7). On 21 May
at 17:40 hours, the two adults sat on a nearby
bush, but the absence of any alarmed scolding

despite my approach was confirmed when the nest
was found empty. Many small down feathers and
afew contour feathersin the nest and the surrounding
vegetation pointed towards a previous struggle.
On 1 June with no adults around anymore, | also
collected the nest which was a small open cup
made of grasses, herbs, a few green leaves, and
few pieces of paper weighing about 5 grams after
extensive drying. Its external dimensions were
130 x 110 mm horizontally and 60 mm vertically,

and its internal dimensions were 70 x 50 mm
horizontally and 30 mm vertically (Fig. 8).

Fig. 3. The egg (Iength 19 mm, width 15 mm) collected from the red-whiskered bulbul nest on 19 May 2010.
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Fig. 4. An egg and two nestlings (about 32 mm long measured from bodily bottom to point between beak
and skull) of red-whiskered bulbul photographed on 13 May 2010.

Fig. 5. An egg and two nestlings (about 45 mm long measured from bodily bottom to point between beak
and skull) of red-whiskered bulbul photographed on 15 May 2010.

Fig. 6. Nestlings (about 65 mm long measured from bodily bottom to point between beak and skull) of
red-whiskered bulbul photographed on 19 May 2010.
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Fig. 8. The nest collected on 1 June 2010 (black bar, 20 mm).
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Discussion

Comparison with previouspublished literature

The placement, materials, dimensions and
clutch size of the nest observed in this study
accorded very much with those of wild popul ations
reported by Fishpool and Tobias (2005), and adult
behaviours around the nest were similar to those
reported by Carleton and Owre (1975).

The previously reported incubation and
nestling periods are 11-14 and 12-14 days,
respectively (Van Riper et al. 1979; Fishpool and
Tobias 2005). Given their size and appearance,
the nestlings of this study fledged between 9 and
13 May and most likely on 11-12 May, and were
presumably predated between 19-21 May. Therefore,
this breeding date fits perfectly well with those
of wild populations that were reported as April-
May in the Andamans and northern Thailand,
February-July in Peninsular Malaysia, and March-
October in northern India and December-May in
southern India (Fishpool and Tobias 2005).

Fishpool and Tobias (2005) reported that
“becausebulbul nestsarelargeand poorly concealed,
and partly because adult birds are not particularly
circumspect in their vicinity, they seem to suffer
inordinately high predation rates.” In most studies
of pycnonotids, only 10% of eggs producefledglings,
with typical predators being corvids, lizards,
snakes and monkeys. Accordingly, heavy predation
was reported for the red-whiskered bulbul (Fishpool
and Tobias 2005). Almost certainly, the nest
observed in this study was also predated, as the
large number of downy feathers found around the
nest point towards a struggle of the adults with a
predator. The Taiwan Macaque Macaca cyclopis
isan important nest predator in Taiwan, but it was
not present at this site, while Taiwanese lizards

Nesting of red-whiskered bulbul in Taiwan

are not nest predators due to their small size.
Possible predators present at the site were the
grey treepie Dendrocitta formosae and the black-
billed magpie Pica Pica. The crested goshawk
Accipiter trivirgatus and snakeswere also possible
nest predators, aswereferal catswhich were very
abundant in Taipei due to some people regularly
feeding them, sometimes on a daily basis, and
whichwereregularly seeninthevicinity of the nest.

Likelihood of successful establishment
Blackburn et al. (2009) pointed out that, for
a successful invasion to happen, a species must
pass several invasive stages: transport, release,
and establishment. Red-whiskered bulbuls are
sold in Taiwan as cage birds, and individual s must
escape or be released as the observations in the
wild demonstrate (Table 1). This documented
nesting attempt indicates that the red-whiskered
bulbul may now be in the process of establishing
itself in Taiwan. However, several studies (cited
in Blackburn et al. 2009) showed that propagate
pressure (which combinesthe number of introduction
eventsand the number of individual s per introduction)
is positively related to establishment success.
These studies also indicated that introductions of
fewer than 20 individuals will very likely be un-
successful. Inthe case of the red-whiskered bulbul,
it may be safely assumed that both introduction
eventsand the number of individual s per introduction
are most likely to be very low in Taiwan, with
just one or a few individuals escaping or being
released during each event. Given the consistently
high predation rate on bulbul nests, as confirmed
inthisstudy, thelikelihood of establishment seems
rather low, though Clergeau and Mandon-Dalger
(2001) reported that only 2-6 pairs were needed
for successful establishment in several locations.
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This observation and the availability of large and
suitable anthropogenic landscapes which could
be invaded by the red-whiskered bulbul count in
its favour. Once established it can colonize an
entire island, such as the 2,515 km? island of
Réunion, within a few decades (Clergeau and
Mandon-Dalger 2001). Therefore, the red-whiskered
bulbul should beincluded in monitoring programs,
observers should watch out for signs of breeding,
and individual s should be destroyed if the species
is deemed apotential menace for the native biota.

Possible impacts of establishment

The red-whiskered bulbul has managed to
establish itself in several other locations, for
example, in the Arabian peninsula, Mauritius,
Réunion, Comoros, Nicobars, Seychelles, Malaysia,
Singapore, Borneo, Java, Sumatra, Hong Kong,
Japan, eastern Australia, Hawaii, California and
Florida (Barré et al. 1996; Mandon-Dalger et al.
1999; Clergeau and Mandon-Dalger 2001; Chan
2004; Eguchi and Amamo 2004; Leven and Corlett
2004; Yap and Sodhi 2004; L ever 2005; Fishpool
and Tobias 2005). In someregions, it is considered
apest species mostly of fruits and vegetables, but
it has both beneficial and harmful impacts on
agriculture (Long 1981; Clergeau and Mandon-
Dalger 2001; Yap and Sodhi 2004; Lever 2005).
Because of its mostly frugivorous habit, the red-
whiskered bulbul isalso animportant seed disperser
of native and exotic plant species (Carleton and
Owre 1975; Clergeau and Mandon-Dalger 2001,
Leven and Corlett 2004). It sometimes predates
native eggs, nestlings and arthropods (Barré et
al. 1996; Clergeau and Mandon-Dalger 2001,
Lever 2005) and may act as a reservoir of avian
malariain Hawaii (Lever 2005).

The red-whiskered bulbul can also beaggressive

towards native bird species (Eguchi and Amano
2004). Upon its establishment in the Nicobars, it
has become so abundant that it may be replacing
sparrows and the formerly common endemic
Nicobar bulbul Ixos nicobariensis which is now
threatened (Fishpool and Tobias 2005). In the
Mascarenes Islands, the red-whiskered bulbul
may be negatively affecting several endemic and
endangered species, such asthe Mauritius bulbul
Hypsipetes olivaceus, the Mauritius cuckoo-shrike
Coracina typica, the Mauritius kestrel Falco
punctatus and the pink pigeon Nesoenas mayeri
(Jones 1996; L ever 2005). On Mauritius, the red-
whiskered bulbul competes for food with two en-
dangered endemic species (L ever 2005). Moreover,
methods used by farmers to limit red-whiskered
bulbuls, e.g., bird lime and pesticides, may also
impact endemic birds (Clergeau and Mandon-
Dalger 2001).

Despite being rather similar in behaviours,
Chan (2004) found that the red-whiskered bulbul
has|argely displaced the Chinese bulbul in Hong
Kong’s suburban areas but not in more rural, semi-
natural and natural habitats since the red-whiskered
bulbul’s introduction many decades ago, before
which the Chinese bulbul was abundant everywhere.
Given Chan’s (2004) study and the seemingly ag-
gressive behaviour of the red-whiskered bulbul
towards the Chinese bulbul observed in Taipei
(see above), the red-whiskered bulbul could
potentially displace the abundant Chinese bulbul
as well as the much less abundant and endemic
Taiwan bulbul Pycnonotus taivanus, at least in
the anthropogenic landscapes of Taiwan.

Because of its demonstrated potential to
displace native birds and disperse non-native
plants, the red-whiskered bulbul may not be
imported into Tasmania (Anonymous 2010). While
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an import stop of the red-whiskered bulbul aswell
as for many other exotic bird speciesis unlikely
to be implemented any time soon in Taiwan,
because of their widespread popularity as cagebirds,
all the aforementioned examples reinforce the
potential threat of the red-whiskered bulbul’s es-
tablishment into a novel environment, such as
Taiwan. Clergeau and Mandon-Dalger (2001)
estimated that the successful eradication of this
speciesisonly possible within the first 3-5 years
after establishment, a date which may already
have passed for Taiwan (Table 1).

Increase of exotic birdsin Taiwan

Because of the large numbers of exotic birds
entering Taiwan through the bird trade, many of
which escape or are being released, Taiwan has
seen asteady increase in both the number of exotic
bird speciesthat have been observed and that have
established themselvesin the wild. Severinghaus
and Chi (1999) reported that 68 species of exotic
bird species were recorded and 16 species had
bred in thewild in Taiwan since 1995. Only afew
years|ater, this number had increased to 75 species
having been recorded and 18 species having been
established (Agoramoorthy and Hsu 2007), while
another study reported 28 established species
(Shieh et al. 2006). The most recent enumerations
listed 32 (Brazil 2009) and 39 established species
(M. W. Fan, In prep.). This rather rapid increase
in exotic bird species should be of concern to
Taiwanese conservationists and policy-makers.
With increased educational efforts and publicity,
perhaps national sentiments towards importing
exotic birds can be reversed.
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Abstract

Benthic polychaets and sediment data (temperature, conductivity, particle size, and contents of
organic matters, total nitrogen, and total organic carbon) were collected seasonally at five stationsin the
intertidal zone of Cigu Lagoon in Tainan, Taiwan, from January to October 2009. A total of 748 individuals
of polychates belonging to 25 species and 19 families were collected. Neanthes glandicincta (Nereidae),
Scoloplos sp. (Orbiniidae), Malacoceros indicus (Spionidag), and Capitella sp. (Capitellidae) were
dominant, occupying 72.2% of the total number of polychaetes collected. Sediment particle sizes and
nutrient contents were apparently influenced by tidal actions and inputs from freshwater runoffs from
Cigu River and Dalien Creek. Sediment particles were finest at the stations near convergent center of
the lagoon and increased in size with distance toward each of the mouths of the drainages. Total organic
carbon, total organic nitrogen and water contents were negatively correlated with particle sizes. Abundance
and species diversity of polychaetes were highest at the stations situated at the mouths of the drainages.
Also, there was an obvious seasonal cycle in polycheates abundance with a peak density in January. An
exception was Capitellidae that showed an opposite trend in the cycle, particularly at the stations near
the mouth of Cigu River. Based on the analysis of dissimilarity in species composition and environmental
variables using NMDS and CCA techniques, four groups (clusters) of polychaetes communities were
identified. The results indicated that abundance and species diversity of the polychaete community in
the area near Daliao Creek were influenced by sediment salinity and organic contents, while those in the
areanear Cigu River were affected only by organic contents. Also, small grain sizes of sediments caused
lower the abundance and species diversity in the Longshan intertidal zone.
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Fig. 1. Sampling stations in the intertidal zone of Cigu Lagoon, Taiwan (A, Daliao Creek; B, Taiqu; C,
Longshan; D, Cigu River; E, FRI).
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Table 1. Sampling stations in the intertidal zone of Cigu Lagoon, Taiwan

Sampling station Longitude Latitude

A. Daliao Creek 120°04'28.4" 23°10'21.0"
B. Taiqu 120°04°49.8~ 23°08'39.8"
C. Longshan 120°05°08.5” 23°07'50.5”
D. Cigu River 120°05'13.7" 23°07°17.3"
E. Fisheries Research Institute (FRI) 120°05'50.6" 23°07°25.6”
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Table 2. Sediment characteristics at 5 sampling stations (A-E) in the intertidal zone of Cigu Lagoon,

Taiwan, 2009

Parameters A B C D E
Conductivity (ms/cm) 25.113+1.66  26.47%3.15 22.463t3.68  17.22°+311  24.46%3.80
Particle size (um) 27.622+6.30  12.44°+1.30 30.112+3.71  49.56°+6.32  74.299+15.60
Silt-clay ratios 6.712+0.56 4.822+2.14 6.25°+0.84 5.94b+4.93 2.430+1.76
Organic content (%) 2.93+1.01 5.53+6.26 3.75£1.43 4.05+3.86 2.80+£3.07
Total organic carbon (TOC) (%) 0.26°+0.06 0.37°+0.04 0.23%+0.04 0.242+0.08 0.155+0.04
Total nitrogen (TN) (%) 0.035+0.01 0.04+0.02 0.03+£0.02 0.02+0.01 0.02+0.02
TOC/TN (CIN) 8.06+2.98 9.91+4.46 9.85+8.10 14.38+6.80 8.17+5.34
Textural classification silty sand sandy silt silty sand silty sand silty sand

a, b, c: Values with same superscripts differ significantly (p < 0.05).
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Z, silt; C, clay; M, mud; ZS, silt and sand; Sz,
sand and silt; SM, sand and mud; mS, muddy
sand; ¢S, clayish sand; sC: sandy clay).
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Table 3. Number of individuals, dominance, and dominance classification of polychaetes taxa collected
at five sampling stations (A-E) in the intertidal zone of Cigu Lagoon, Taiwan, 2009

Species/ Location Dominance (%) Classification¥ A B C D E

Nereididae

Neanthes glandicincta 37.8 ED 8 9 54 144 72

Dendronereis sp. 0.2 SP 1 1
Hesionidae

Hesionid sp. 0.1 SP 1
Glyceridae

Glycera sp. 04 SR 3
Goniadidae

Goniadid sp. 11 RE 6 1 1
Eunicidae

Marphysa sp. 17 RE 2 4 2 4
Lumbrineridae

Lumbrinerid sp. 30 RE 2 7 10 4
Orbiniidae

Scoloplos sp. 132 DM 31 24 6 4 32
Spionidae

Prionospio sp. 18 RE 1 7 5

Malacoceros indicus 111 DM 56 9 2 15

Scolelepis sp. 0.3 SP 3

Sio sp. 25 RE 12 2 1 3
Poecilochaetidae

Poecilochaetus sp. 5.7 SD 45
Cirratulidae

Cirratulus cirratus 0.9 SR 8
Cossuridae

Cossurid sp. 0.1 SP 1
Capitellidae

Capitella sp. 10.1 DM 4 4 4 50 9

Mediomastus sp. 19 RE 2 2 1
Maldanidae

Maldane sp. 05 SR 1 1 2 1
Arenicolidae

Arenicolid sp. 0.5 SR 1 2
Oweniidae

Owenia sp. 0.6 SR 2 1 1 2
Terebellidae

Terebellid sp. 14 RE 7 3 1
Sabellidae

Sabella sp. 0.3 SP 13 2

Amphiglena sp. 20 RE 1 1
Syllidae

Syllid sp. 0.4 SR 3
Nephtyidae

Nephtys sp. 24 RE 7 1 2 1 4
Occurrence 202 72 68 252 154

Y ED (eudominant), 100-32.0%; DM (dominant), 31.9-10.0%; SD (subdominant), 9.9-3.2%;
RE (recedent), 3.1-1.0%; SR (subrecedent), 0.99-0.32%; SP (sporadic), <0.32%.
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Table 4. Community characteristics of polychaetesin the intertidal zone of Cigu Lagoon, Taiwan, 2009

Component/Station A B C D E

Number of species 1075096 o 0,0 27505 B250x275  7.75°4206

Number of Ind./m2 122224218 43604236 41704212 15241422 93224218

Richness (R) 2504026 1794044  0.6040.32  063°+0.10  0.76%+0.11

Shannon-Weiner index (H) 184010  155°+028  (0p+039  1.28°4033  1.53%0.34

Evenness (E) o7s002 O8O oeni03  063:010 0.76+0.11
-(&1

a, b, c: Values with same superscripts differ significantly (p<0.05); Richness R= N
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Fig. 3. Seasonal variation in the species composition of polychaetes communities (species > 1% of the
total number collected) in the intertidal zone of Cigu Lagoon, Taiwan, 2009. (Taxa abbreviations:
(abbreviation of Family). (abbreviation of Genus). Ca.c, Capitella sp.; Or, Scolopios sp.; Ca.m, Mediomastus
sp.; Po, Poecilochaetus sp.; Eu, Marphysa sp.; Sa, Amphiglena sp.; Go, Goniadid sp.; Sp.m, Malacoceros
indicus; Lu, Lumbrinerid sp.; Sp.p, Prionospio sp.; Ne, Neanthes glandicincta; Sp.s, Spio sp.; Nep,
Nephtys sp.; Te, Terebellid sp.)
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Fig. 4. Seasonal variation in species diversity indices (H-values) of polychaetes at five sampling stations

(A-E) in the intertidal zone of Cigu Lagoon, Taiwan, 2009.
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Fig. 5. The results of cluster analysis of polychaete communities in the intertidal zone of Cigu Lagoon,
Taiwan, 2009 (sample codes: Ai = sampletaken at A stations as denoted by Fig. 1 oni-th month of the year).
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Fig. 7. The ordination biplot of CCA of polychaetes communities and environmental variables in the
intertidal zone of Cigu Lagoon, Taiwan, 2009 (WC, water content; Temp, temperature; CO, conductivity;
SC, silt-clay ratio; OR, organic content; GR, grain size; species denoted by those in Fig. 3).
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k] (Cololabis saira) g —f 1E AL AP 1 2% fh il 7 £ 3 SR 1 S o ASHESE 23 # 4E 2009
FEHEKT) S E 5 HE ) ~ 6-7 H GaZ4) K 8-11 A (a2 £ 1) % = il EY)
PR ] sa 8w A P2 i #8 Caligus macarovi &y 2 BT ~ /P IRRGL s L b R J H B i A
HERE ~ HEE ML L TRIBR IR o MFZERSREEUT » FRUT#GE C. macarovi J&4e. 2 AT - i1 5 ARG
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) 2.40 }r 1.23 - fENREREIBEE L - £ 8-11 Arfiliw £ H#E/ NOREFEE - HIL .2 &
A i R S o AT AE ARG R B B2 I o) A - o) FURE 93 I 1 29-30 cm it 130-140g e
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Abstract

Pacific saury (Cololabis saira) is a migratory pelagic fish, one of the important target species in
the North Pacific fisheries. During three saury fishing periods of May (pre-fishing period), June-July
(initial fishing period), and August-November (main fishing period), 2009, we investigated prevalence,
mean intensity, and abundance of the parasitic copepod Caligus macarovi infected on the fish in catches
of the Taiwanese saury fishery, and examined their relationships with fish’s knob length, body weight,
and condition factor. The prevalence was 81.6% in May, decreased to 68.3% in June-July, and decreased
further to 51.1% in August-November. The mean intensity and the abundance had the trends similar to
that of the prevalence. They were, respectively, 3.38 and 2.76 in May, decreased to 2.66 and 1.81 in June-
July, and further deceased to 2.40 and 1.23 in August-November. The knob Iength and body weight of
the infected fish were significantly smaller than those of the un-infected in August-November, expressed
by the frequency distribution curves, each with two peaks separated at the boundaries of 29-30 cm and
130-140g, respectively. Also, the numbers of the parasitesinfected were significantly, negatively correlated
with the length and the weight in August-November but not in May and June-July. The condition factor
was not significantly correlated with the prevalence and mean intensity of the infection, and the number
of the parasites infected. It was concluded that in the 2009 fishing season, the prevalence of the C.
macarovi infected fish might be around 50% during the main fishing period of August-November. The
prevalence changed with month of the fishing and location (latitude-longitude) of the fishing ground due

to the fish migration.

BHedE] « Bk J) £ Cololabis saira ~ 254 1445 & #8 Caligus macarovi ~ p§it K27

Key words: Pacific saury Cololabis saira, parasitic copepod Caligus macarovi, Northwest Pacific
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%— (Hubbs and Wisner 1980) - fk J] .2 AL milfi(life
span) P #T 2 5% (Suyama et al. 2006) » fx K

Fk 7] #a(Cololabis saira) @& — & A 2 fe Il -l ] 5E 4 5% (Hatanaka 1955) » i AHE R 7] 5
WEPE F R oy An AR > RS ALK R PR 350-400 mm (Collette et al. 1984) » # KK £
BT B nn FERF IR 7 0 B 1 3R S #1270 mm 745 BV Rl #E (Suyama et al.
H (Beloniformes) 7 7] i £}(Scomberesocidag) 1996) » LI 2 FEEH 11 {# H (Nakaya et al.

] \\l
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Fig. 1. Fishing grounds of the Pacific saury during three fishing periods of May, June-July, and August-

November, 2009.
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AN AR
Fig. 2. Infection sites (deep blue spots with 4-5 mm in diameter pointed by red arrows) of Caligus

macarovi on the body surface of a Pacific saury.

ZKTJRAERALRESR B b 2R - Kk
BIAE & 3 DL Spearman 2 i #H BH (% 8L
(Spearman’s rank correlation coefficient) il § 1fi
liE] (scatter plot)fg 5 3% 2y 2F &b B BB T) f % i
RURRER BT 2 BATR o FlZ /T 04T » B0
J1 SPSS (ver. 12.0)F= 4k HEAGETT -

% R

— ~ Caligus macarovi 2 24 {f = F-ifa AR~

X[

W Fess R~ » FkJ)fE C. macarovi J&
Yo 2 G174 > HH 5 HBfliR.Z 81.6% 0 % 6-7 H
TR £S 68.3% » F 8-11 A F F[E£% 51.1% (J&
3) o PG IR I I 2 ) - Bl |
SEATASKHNE] > 4y 5 ARG 3.38 [ 2.76 5
6-7 A RS 2.66 1 1.81 > £ 8-11 A M
5 2.40 K 1.23 (& 3) - ¥ ANOVA 47§
o QR HERR R A E C. macarovi &Y 2K ]
ffEhE > P 08 C. macarovi Y 2 R
B A ok B (=71 1) S 4 0 ) A = - W YA e
56 B (Fp, 675=15.13, p<0.001) 5 [ LSD 434§
o R E A ah B (AR HER) /E 5 H (3.38£0.14
(/) BEZ A s 6-7 A (2.6620.11 {i#/|2) & 8-11
H (2.40+0.12 {[/[2) » {4 W & M MEREE 7= 52 -
WA A HERRE C. macarovi &4 2 Fk T ] fafld
B I REER TN T RBEEEE)

16 = F ¥ A [H B 8% 72 5 (F2, 100s=47.87,
p<0.001) : 7R85 4% 77 A f B (HAFHERR)E 5 H
(2.76x0.14 {[&/ & ) #E 3 A 7» 6-7 H(1.81+0.10 {[&/
J2) - Ttk #& BEE K 8-11 A (1.23+0.09 {E/1E)

— ~ {E= AR Caligus macarovi 25 4 ¥k

T R 2 R i B B AR

DL Student’s t i@ i€ 1F % F ¥ A & C.
macarovi 7 A (& #5>0) Bl R #E A A (=h B=0)fk
J) oz el AR IR A 8-11 ARRAHh
EEFEK T AAENTE RS E o B/ AR
4 (P mim<0.001, ps<0.001) > SRIMAE
5 HEl 6-7 H z A Ea £ R EH &
i P 1 I B i B 72 3 R 53 % /K YE (p>0.05)
(£ fERRTIAIERE L fE5H ~67THR
8-11 H .2 b A 8 7 £E 5 B R B A 2 e e
HAEREFED -

1E & F M LU Spearman 55 i AHBA 70
Wil LT > (S (E 8-11 HIE ZFk J] A
F(r=-0.456, p<0.001) £l % & (rs=-0.421, p<0.001)
FEWiE - |hl C. macarovi A mh B ] 2 B
& EUHBARBA R > 28 T AL e 5 B A A B 2 A
BATREL(ro )/ = TN REEE (3R 2) © HE—
A B o BT 2 A SRR 0 (E 8-11 A C.
macarovi a4 g eIk ) AR R LR & 2
BRI 2B B o A > Hoo) B 3 BRI AE 29-30
cm Eil 130-140g (& 4) -



S Y% B EFZE(TW J. of Biodivers.) 13(2): 153-165, 2011

100
80

S

S 60 I

3]

c

2

m©

> 40 |

E —8— Prevalence

—=<>~-Mean intensity

20 --A-- Abundance
0 I I

1 !
T

May

June-July

August-November

2009 Fishing season

159

3.5

3.0

2.5

2.0

Mean intensity
Abundance

1.5

1.0

0.5

0.0

3. FkJJfa1E 2009 0% = - HU(5 ~ 6-7 J¢ 8-11 )13 Caligus macarovi &7 4 2 B T25(@) ~
P EREE (O) B E FE(A) 28 1L -~

Fig. 3. Variation in prevalence, mean intensity and abundance of the Caligus macarovi infected on the

Pacific saury during the three fishing periods, May, June-July, and August-November, 2009.

2 1. £ 2009 3 %= = - #UI(5 ~ 6-7 K 8-11 F )il Caligus macarovi &y A= Bil 8 75 £ Fk 7] Y
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Table 1. Knob Iengths, body weights, and condition factors (means £ 2 standard errors) of the Pacific

saury between Caligus macarovi infected individual s and non-infected individual s during the three fishing

periods, May, June-July, and August-November, 2009

. . Non-infected fish Infected fish .
Fishing period . . Difference
(sample size) (sample size)
Knob length (cm)
May 27.95+0.66 (68) 27.26+0.30 (280) 0.70ms
June-July 29.08+0.49 (106) 28.58+0.37 (228) 0.50m
August-November 29.58+0.33 (161) 26.94+0.44 (168) 2.63™
Body weight ()
May 118.74+8.31 (68) 110.37+3.74 (280) 8.37ms
June-July 131.98+6.71 (106) 126.71+5.24 (228) 5.27ms
August-November 131.73+4.51 (161) 104.00+6.09 (168) 27.73™
Condition factor
May 5.29+0.11 (68) 5.30+0.05 (280) -0.01ns
June-July 5.22+0.08 (106) 5.22+0.06 (228) 0.00ms
August-November 5.00+0.06 (161) 5.09+0.07 (168) -0.08"s

ns, not significant at 5% level (p > 0.05); ***, significant at 1% level (p < 0.001).
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# 2. Bk 7] fa AT 2009 A3 3= =15 ~ 6-7 J 8-11 H)H fa i 2 Caligus macarovi a7 4= mh B il Y
B R ~ B E KCREE .2 Spearman 555 AH B (R 25 (rs)
Table 2. Spearman’s rank correlation coefficients (rs) for the numbers of Caligus macarovi infected in
relation to the knob lengths, body weights and condition factors of the Pacific saury during the three

fishing periods, May, June-July, and August-November, 2009

May (n=343) June-July (n=334) August-November (n=329)
I's p Is p I's p
Knob length 0.099 0.067 -0.085 0.120 -0.456 <0.001
Body weight 0.090 0.098 -0.049 0.369 -0.421 <0.001
Condition factor 0.008 0.887 -0.028 0.608 0.069 0.210
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Fig. 4. Scatter plots of the numbers of Caligus macarovi infected in relation to knob lengths, body weights
and condition factors of the Pacific saury during the three fishing periods, May (A), June-July (B), and

August-November (C), 2009.
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A Preliminary Survey of Sediments and Benthic Invertebrates
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Abstract

A preliminary survey of sediments and benthic macro-invertebrates was conducted for mountain
Lake Chia-Ming in the southern Taiwan on 16 March 2007. A total of 3,375 specimens of the macro-
invertebrates were collected. They were consisted of six taxa: three taxa of the order Dipteraand ataxon
for each of the three orders Oligochaeta, Trichoptera and Coleoptera. Sediments differed at different
depths; the ignition loss was the highest in deep water, and a higher median size particles and less silt-
clay contents in shallow water. Oligochaetes decreased in density with the increase of depth, while no

obvious depth gradients were found for other invertebrates.

BB + BRI ~ T~ EEROCRURREEYY) - 5

Key words: Chia-Ming Lake, sediment, benthic macroinvertebrates, Taiwan
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53— IR & 02 e LLLUK AT 4 F R S B RO DK - 18
(7% 2003; fa 55 2010) o H1 21 5 3 A 52 BT S
RENYAHBERCE - AR SR AR E) )
1T RERATE BRI 2% -
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ARG HIAR 20073 A 16 H » ##&
FHR R | (Sts. 1-3) ~ 11 (Sts. 4-6) ~ 111 (Sts.
7-9)%% 3 oREH A AR o 1R IR 2 BRI K
fg (K€ 1.5m) ~ HoK e (3.5m) B 7K Jig (5.5m)
F AT LERER TG - 36N & ARG A 9 R
R (Sts. 1-9) » L RtRuE A E FE 1 - RS
R DR EEHIfE 15 x 15 cm [ Ekman KR IR

£ %5 (Ekman grab sampler) [ PR ER UG PR IR E
fioh 4 B > Hh s L{ASEERS > DIRI{E 50
ml NRENCEE o BB = T R E Y L AR
ME SN > B 3EEE RS G 1{H
kR o ILAEYIESLAS 0.5 mm i H i K
U HEB) 1% > LL S04 I PRIE R (2 4 [0l -

o..
* o 0000

Lake area

50m
—

St. 2 S|':‘,3
St. 1 D

O

1. ZEHIIH) O BRER UL (Sts. 1-9) (71 (2.0 77 AR ERBRUE) -
Fig. 1. Sampling stations (open squares. Sts. 1-9) at Chia-Ming Lake.

5 173 50 ml/NEERY R E B b - EEBRE
LA fiivh B g s W ) T B A g o ]
(median diameter, Md®) » LR AU H NETRL AR
o7 R K e &G L B (silt-clay, %) (H5F 1993) - &
1473 50 ml /NG JECTE A it Sl LA R B 22 RE I FE
R > FE A S00°CIKALAR 4 hr (R FF & - &
SN P 1% B R HRK AN A (ignition loss,
%) fARIEEHHRYEE -

Sy o% 31 B A AR I A O RCHY LA A P AR
o TRV E B = 1% e LIKIB Ut - BLIAIR R
Yk EIYIREA o BEATERATASE T 8 E il
$H o FHE A 80%IE KSR 17 » S (RIG E 2%
Wiederholm (1983) - #FA i€ #% » &t B EZEH)
VIRERIE S BIE - R B - SRR
(Shannon-Wiener’s index, H)Eid15 =] g8 (Pidou’s
evenness index, €) - % fx M iIE ¥ A X B
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H=-— Z PilogePi » Pi =55 i ffF 5 S8 L] »
SEFEE o o) EEEANE  e=H/l0ogeS »
H B2 B > SIS -

155 Sts. 1-9 R s 2 K E Y L 2104
B~ A HEE YR B R 2 Y - &
PRER UG 78 B T 2 4.3-13.7% > RI{K RIS
/2 0.03-0.13mm » ¥R %+ &/ 27.5-77.0% o
JE AR K AR 0 45 A B 1) FL R 6 2 Al (Ol gochaeta)
Bl B2 & (Insecta) 5 2 ] 4 H 4 %} 6 fdfi(taxa)
3375 & » Hp & £ 1 /& 319 £ - #H

R B HE B YY)

(Coleoptera) T & @ (Agabus fulvipennis) 1 ff 1
£ > £ H (Trichoptera) A7 22 773 4 1 (Limnephilus
alienus) 1 ffi 23 £ > &Y H (Diptera)#Z iy &}
(Chironomidae) 3 f& 3,041 £ » 4% %4 (Pro-
cladiussp.) 1,175 £ » E %z (Polypedilum sp.)
1,598 £ » ¥Ziz(Chironomus sp.) 268 & - &
B b B 3 A R B S 3-6 s B T
1,244-9,230%/m2 » % g8/ 0.96-1.28 »

B2 H T2 0.60-0.94 -

% L I O FRik b Z I E R A ~ IR AT MR MEBY P L (BRAL « B/ (AR A - L{EERA=225 c?)

KEER 2

Table 1. Sediment characters, benthic macroinvertebrates density (number per 3 x 225 cm?) and community

characters of Chia-Ming Lake (Sts.1-9, sampling stations)

Sampling stations St 1 St 2 St 3 St. 4 St.5 St. 6 St 7 St. 8 St.9
Sediment
Water depth (m) 55 35 15 55 35 15 55 35 15
Ignition loss (%) 135 85 8.6 12.9 6.1 43 13.7 7.3 45

Median diameter (mm) 0.06 0.04 0.08
Silt and clay content (%)  53.9 77 435
Invertebrate taxa

Oligochaeta 5 19 75
Coleoptera

Agabus fulvipennis 1
Trichoptera

Limnephilus alienus 10 3 4
Diptera

Procladius sp. 203 203 237

Polypedilum sp. 364 64 115

Chironomus sp. 41 31 55

Community characters

Number of taxa 5 5 6
Density (individual/m?2) 9230 4741 7215
Diversity (H) 0.96 1.05 1.28

Evenness (e) 0.6 0.65 0.71

0.04 0.04 0.11 0.03 0.08 0.13
59.4 65.3 35.7 69.4 379 275

30 27 66 88
3 2 1
59 82 76 38 82 195
43 159 191 31 386 245
18 29 8 15 42 29
3 5 5 3 4 5
1778 4489 4504 1244 8533 8267

1.00 1.19 0.98 1.03 0.98 119
0.91 0.74 0.61 0.94 0.71 0.74
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& 2 3 E0KE (H Sts. 3, 6, 9 fHAK) ~ HioK
J& (H Sts. 2, 5, 8 {HRL) B /K J& (FH Sts. 1, 4, 7
AL < B ALV E ~ R M A
B LSRR - R EOK g RS
F) 56 A B 7 32 11 (5.8%) - ek Jig (7.3%) it
GEOK i (13.4%) (5 » Bbot - KIgH B JeRt
5(35.6%) /1 K 2t K JF(60.1%) B 7€ UK g
(60.9%) o JE&&& RIS i I 7 T > 387K F (0.11
mm) I 5 72t oK g (0.05 mm)Ei 2 K Jeg (0.04
mm) o & 28 oK i A s ER IR R (7.3%0) B K g

(13.4%) F3AK » {H & {5 RS o ] (i B by JE R
TEAEGE - RSBV G > A€
ALK I R R S KR 2 - KR
b ZIARECR R DR - S H TR
g EERD - (EBKE 2 SL3H 1 ER R -
TH 2w B a e 3 M HE R - {2
B BOKIgHFH A B AT o RS
BT - FEE ~ LS BRI RR L DIEEK
Jg i > KGR BOKERR.Z © Y2
TRBAN AZEK g s » 5 ~ HoKfg i -

% 2. BOKJE (H Sts. 3, 6, 9fHRK) ~ HKfg (1 Sts. 2, 5, 8 #HAL) EL &K (H1 Sts. 1, 4, 7 #HRL) L JE'E
AELRR ~ JECHEA Y S AR B 1) L (BT - SE/3 (AR AS » 1 {lE#k A=225 cm?) J i 2 Bl (meanzstandard

deviations » n=3)

Table 2. Sediment characters (meantstandard deviations, n=3), benthic macroinvertebrate density (number
per 3 x 225 cm?) and community characters at shallow water (Sts. 3, 6, 9), medium water (Sts. 2, 5, 8),

and deep water (Sts. 1, 4, 7) of Chia-Ming Lake

Water depth Shallow water Medium water Deep water
Sediment characters
Ignition loss (%) 58+24 73+12 134+ 04
Median diameter (mm) 0.11+0.03 0.05+ 0.02 0.04 £ 0.02
Silt and clay contents (%) 35.6+8.0 60.1+ 20.1 60.9+ 7.9
Invertebrate taxa
Oligochaeta 63.3£32.1 38.3+246 1729
Coleoptera
Agabus fulvipennis 03+0.6
Trichoptera
Limnephilus alienus 23+15 20+£17 331538
Diptera
Procladius sp. 169.3+ 835 122.3+69.9 100.0 £ 89.8
Polypedilum sp. 183.7 £ 65.3 203.0 £ 165.4 146.0 £ 188.9
Chironomus sp. 30.7+ 235 340+70 247+ 14.2
Community characters
Number of taxa 5.33+0.58 4.67 +0.58 3.67+115
Density (individual/m?) 6662 + 1941 5291 + 2266 4084 + 4465
Diversity (H) 115+ 0.15 1.07+011 1.00+0.04
Evenness (e) 0.69 = 0.07 0.70+0.05 0.82+0.19
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A5 (2006) 5 15 18 o 0 5 K L oK A v
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FEAABCE A S AIRER L SRk » (20 B
A REAAF o (EVRERHRL L > FEWITH) 6 T EEiE
RIUHEFFHEENY) - (£ S B E RS A AR
B > Horh MR - JRFRAL ~ SRR ~ FRAL -
e st R R A - R HEB) R
FEAHST

T HERE A2 BT RERL R ~ T
HWEEFENE - LRR R K
B ~ BT KRR - A A - B
K IEERASEER - /NEERIFT R R T & B
b BER KRR E RPIRE LR ~ 8 EE
RO - DHERGAEBEOKSE o BN ok fe Bl oK
g ffE SRR R RS R Ny e R 3 B
{HL PR K i o 2 R (13.4%) B Rk g (7.3%0) £
e BN GEOK e R LL IR A Y - R
RERLHEREE ) B R & ERRRA R - (R
TEPRRT ©

JEERERN ~ FreRi e & ~ AP
SRR G FINR - R HEE ) 70 17 B
(R U] (B 1998; & 2005) - AZHAEH - H Al
(2 25 S A B ) 2 3 8 0 v B kD g B
G - P55 (2006) 8 S # L 8 Eithih - AE
ERIL SRS EL 7 SULIEESL SSAAN ) 5 <Y P
PERY & Bt B R OK PR K At - B E IR
KPR Ath 6 {7 HIBER A AC 8% o (£ H R
(Ll NER RS - & B th g R K
AR S R R A YRR (R 2011) -
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ﬂ%ﬂ' NN

AHFFE A SRS 7 15 SRR I B g B 1 5
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F5 LRl L AR - R — OB
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Tectaria sulitii Copel. (Dryopteridaceae) a Newly Recorded
Pteridophyte from Taiwan
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Taiwan Forestry Research Institute, Taipei, Taiwan
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ASCECH 5 2 BT SRR A YY) 2 1 = ik (Tectaria sulitii Copel., B k) - Al f {142 I
B~ SIEERRA ~ shB O3 Ar By M2 B} o AREIRICIERCIRASIRMRE - T WSRO I 2 PR

Abstract

This paper describes a newly recorded halberd fern, Tectaria sulitii Copel. (Dryopteridaceae), from
rain forests of the Lanyu island, Taiwan. It also provides color photos, voucher specimens and notes on
taxonomy and geographical distribution. T. sulitii was previously reported only from the Philippinesislands.

Bl = 2 = ik ~ BRERRE} ~ OMEY) - 5

Key words: Tectaria sulitii, Dryopteridaceae, pteridophytes, Taiwan
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4

= M Ji% & (Tectaria) £ i & ik £ (Dryopterid-
aceae) —iZ g\ oy At 2 K& > &5 H 210
fii(Holttum 1991) » & i HI| 3l #% H 18 #&# (50
1997) - 2006 - 2 H A S5 —{F & BRI 5
A~ PRET R ST A 2R G ORI B S EE 1T R P R
o P RIE IR B — KA 2 = R B
Yy W10 LS RS B B R G aC ik 2 V)
T - (HIKIFr A e e 55 > S T3 —
W E o 2010 FE1EE B FE QA0 A 8 PR A
AR A5 - A B AHBR SRR B AT AN 1% 58 7 Bl
JRECERIS FEREE 2 Tectaria sulitii Copel. A
—IRE > B SCHE 155 15 1 2 TG SR R A
Vi aErs T M=k1 - HAiHEECH
A 61 =S RBEYI(EE RBEREHRD) > BrA
AL HAth 55 ) Il 7384 = SCik (T. decurrens
(C.Presl) Copel.) ~ #i%E = W % (T. devexa (Kunze
ex Mett.) Copel.) ~ 7 ZEHE )T % (T. dissecta (G.
Forst.) Lellinger) ~ {8 B = Y & (T. fauriei Tagawa)
M ZE R = Y (T. yunnanensis (Baker) Ching) -

o

2 IRE

Tectaria sulitii Copel., Philipp. J. Sci. 81: 26.
1952; Copeland, Fern Fl. Philipp. 2: 313.
1958; Holttum, FI. Males., Ser. 2, Pterid. 2
(2): 91. 1991.-Type: PHILIPPINES. Mindanao,
Bukidnon Prov., Mt. Katanglad, 10 March
1949, M. D. Sulit 8727 (holotype: MICH,
color photo!).

Tectaria loheri Copel., Philipp. J. Sci. 81: 26.

BT RCERZ M = Sk

B H 10044 11 H
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1952; Copeland, Fern Fl. Philipp. 2: 315.
1958.-Type: PHILIPPINES. Rizal Prov., Mon-
talban, May 1915, A. Loher s. n. (holotype:
UC, color photo!).

2 M =30 Fig. 1

MRIEMAL » B3 > MR A - BEREEL S
Wl F > h LR - AL 5 mm o BE K
FEdE > RIESHE » & 9-12 mm> TE) 3
mm o BEE 5 110 cm s JENg > BEHE > —[H]
MARGRA » W n]iE 16 ¥ > PE9R% « AR
2% 0 Rim#ise » £ 20-30cm > T 4-6cm > i
iz —8ZR MlEA SRR s EDRAE
AR o AR P B IR o £ BERERS T IR RN
{2 —4F : FIREE BB ER > B
mm o

SIEEEEA « 5 #(TAIWAN) » 5 B i (Taitung
Co.) : B4 (Lanyu Township) » 572 (Tung-
ching Stream) » &k #J 150m > 10 Feb 2006, T.
C. Hsu 907 (TAI) ; flE 45 (Lanyu Township) »
HigL(Mt. Chingshe) » ¥k #7 300m > 28 March
2010, T. C. Hsu 2624 (TAIF) ; [if 145 (Lanyu
Township) » A& (1L[(Mt. Tasen) » %7 200m »
5Aug 2010, T. C. Hsu 3040 (TAIF) - PHILIPPINES:
Luzon, Laguna Prov.: Los Banos, Mt. Makiling,
Nov 1990, J. F. Barcelona 346 (PNH); sameloc.,
5 Dec 1968, M. Price 169 (CAHUP); same loc.,
7 Jun 1966, N. M. Orlida 93 (CAHUP).

Mo PRy A7 e A RE ¢ CRI IR E G - IE
FHERCERNS RS b R MBS, » HA 500-1,700
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i B SRR AS BT AC i 1% FAMiERE &
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ERHE =R Makiling [1HEEA T 5¢ 2 HH
[[] o # 8T sulitii Z IERIZCLLES > E{E RS 4E
fifih A0 EET > M TEERE ) HERRHE
HIJ8E30 - Holttum (1991)Z7 & T. sulitii Ed T. loheri
B > MR E I BT 2R o B
AR FLBRTHY 3 B M { Holttum (1991)
ME L > I EERYES E S T. sulitii o
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Copeland, E. B. 1958. Fern Floraof the Philippines
Vol. 2. Bureau of Printing, Manila.

Holttum, R. E. 1991. Flora Malesiana, Ser. |1-
Pteridophyta Vol. 2. Pt 1. Tectaria Group.
Rijksherbarium/Hortus Botanicus, Leiden.
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Fig. 1. Tectaria sulitii Copel. A, habit in situ; B, stipe-scales; C, sterile frond, adaxial view; D, sterile

frond, abaxial close view; E, fertile frond, abaxial close view (courtesy of Cheng-Wei Chen).
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Heterosmilax septemnervia F. T. Wang & Tang (Smilacaceae)
aNewly Recorded Plant to Taiwan
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Abstract

The genus Heterosmilax (Smilacaceae) is comprised of about 11 speciesin the world of which three
species were recorded in the 2nd edition of Flora of Taiwan. In the course of our plant inventory of Taiwan,
Heterosmilax septemnervia F. T. Wang & Tang, heretofore unknown in Taiwan, was collected from the
central mountain range of thisisland. It is closely related to H. seisuiensis by the staminate flower with
7-9 stamens (afeature of section Polyandrae). However, the two species are distinguishable by the stamen
that are almost free for H. seisuiensis but fused 1/3 to 1/2 at base for H. septemnervia. We provide a
taxonomic account of H. septemnervia, as a new distributional record in Taiwan as well as colored

photographs taken from the wild to aid in identification.
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Heterosmilax septemnervia

W %
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Key words: Heterosmilax, Heterosmilax septemnervia, new record, Smilacaceae, Taiwan

BRI s = L ORSSIE  REAE IR

Received: August 9, 2010

Wk HI 998 H9H

Introduction

The family Smilacaceae comprises three
genera and 320 species (Conran 1998; Thorne
and Reveal 2007). They are pantropical distribution,
extending to temperate regions of both hemispheres
(Conran 1998). Two genera, 21 species, and
one variety were recorded in the second edition
of “Flora of Taiwan” (Koyama et al. 2000).

The genusHeterosmilaxisasmall southeastern
Asiatic genus that is closely allied to the genus
Smilax (Koyama 1984). Eleven species of the
genus have been recorded from southern China,
Myanmar, Thailand, Indo-China, and western Ma-
laysia, with one species extending to the Ryukyu

BT - R A

Accepted: April 11, 2011
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Archipelago, Indian Assam, and Khasia (Koyama
1984). Three species have been reported in Taiwan
(Koyamaet al. 2000). A new distributional record,
Heterosmilax septemnervia F. T. Wang & Tang
(Sec. Polyandrae Gagnepain) was recently found
in the Central Mountain Range in Taiwan. This
paper provides a brief taxonomic account of this
new record as well as colored photographs taken
from the wild to aid in identification.

Taxonomic Treatment

Heterosmilax Kunth - 1835 )&
Heterosmilax Kunth, Enum. Pl. [Kunth] 5:

270. 1850. Type: Heterosmilax japonica Kunth

Keys to sections of Heterosmilax and Species of section Polyandrae in Taiwan

A. Male flowers with 9-13 stamens.........cccceveveevnrene

......................................................... Sect. Polyandrae

B. Male perianth 4-8 mm long; 1/3 to 1/2 at base staminal filaments fused .............. H. septemnervia

B. Male perianth 2.5-3 mm; staminal filaments almost free ..........cccevvevrenecneineine, H. seisuiensis

A. Male flowers with 3 or 4 stamens..........cccceueeneen.

...................................................... Sect. Heterosmilax
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Figs. 1. Heterosmilax septemnervia Wang & Tang (A, habit; B and C, respectively, lateral and top views
of flower; D, longitudinal section of staminate flower; E, stamens).

Heterosmilax septemnerviaF. T. Wang & Tang, Koyama, 1984: PE!; isotype: NY!).
Sinensia 5: 428. 1934. it |- 1R Description: Scandent vine, dioecious, branchlets
Type: China. Kweichow: Kweiting, Pinfa, Fl. green, with scattered lenticels. Stipulesgreen,

Male, Tsiang 5570 (L ectotype designated in tendrils borne on the apex of stipule, part of
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stipule fused with petiole, sheath-like, deltoid,
3.7-5 mm long, 3.2-4.1 mm wide. Petioles
cylindric, green, 1.4-1.7 cm long, grooved
at adaxial side proximal to blade. Leaves
simple, alternate, thinly coriaceous, green
adaxially, grayish green abaxially, broadly
ovatetoelliptic, 6.2-9.8cmlong, 3.3-4.7cm
wide, apex acuminate, base rounded, entire,
basal veins5, elevated abaxially. Inflorescences
in axillary umbels. Pedunclesgreen, flattened,
3.4-4 cm long, ca. 0.7 mm across. Pedicels
green, glabrous, 2.3-3.2 cmlong, ca. 0.7 mm
across. Bracts brown, deltoid, minute, ca.
0.7 mmlong, ca. 0.2 mm wide. Flower buds
green, ellipsoid, 3.9-7 mm high, 2.2-3 mm
across. Staminate perianth green, ellipsoid,
ca. 9.4 mmlong, ca. 3.4 mm across, broadest
inmiddle, abaxially glabrous outside, whitish
pubescent inside, apex 3-lobed, lobes deltoid,
ca. 1 mm high, ca. 1.3 mm wide at base.
Stamens 7-9, fused at base and forming a
synandrium, upper part free, biseriate, outer
seriate 5-6, inner seriate 2-3; filaments
greenish white, distinct part ca. 2.8 mm long,
connate part ca. 1.7 mm long; anthers light
brown, 2-celled, basifixed. Pistillate flower
not seen. Fruitsaberry, globose or depressed-
globose, ca. 9 mm high, 9.5 mm in diameter.

Specimen examined: Nantou County, Ren-ai
Township, Provincial Road no.8, at road
marker 92.8 km, elev. 1,997m, with staminate
flowers, 10 June 2010, Hsu 16038 (TAIE),
Provincial Road no.8, at road marker 92.3 km,
elev. 1,967m, fruits, 12 Aug 2010, Hsu 16138
(TAIE).

Distribution: China (Guangdong, Guangxi,
Guizhou, Hubei, Hunan, Sichuan, Yunnan),
Vietnam (Koyama, 1984) and Taiwan (forests

Heterosmilax septemnervia

in Central Mountain Range at elevations of
1,900 to 2,000m).

Remarks: H. septemnervia belongsto the section
Polyandrae, which is distributed in the sou-
theastern region of continental China (Koyama
1984). Itsclosest ally isH. seisuiensis (Koyama
1984). Both species have similar polyandrous
flowersbut differ by the almost free filaments
in H. seisuiensis and partially fused in H.
septemnervia.
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