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TR ~ RS S T SRR AR ~ BVERHEGER I < B R o ARZERS 2009
HE 2 A% 2010 4 6 AT » A EEERE-CE B G RRE  FIIFE EETRER 3 A NEEA - B
TIRR K R W) B s 2 AR R AT I 3 TR R SRR R B (R0 > Tl
BRGR AN SZ PRI LR SR K S8 2 R 288 o TR R, ~ SRR M P T W R R T AR se i wl i s A
R ZBRAR » AR AR AR LU - 43 BIS 36.11 ~ 53.07 S 91.30 % » i {4 AL HE {1 i 7 /)
B 47.5-89.9 ~ 53.3-88.9 ~ 43.3-116.6 cm ° % 3 FHERMHME .2 ZF O EERE RIS AA T fRL o RIFFEIT
i LI 3 TR 2 i = B R R o T L 2 B U R SR Z AN (A1 T L B PR | B AR B K ek B 2
2B o YRBRRA GERFER(GS)) ~ AP BRI (HS)FIAERES (CF)SE AL T 2 a2 BIA/SHRE [
ZHE R (HIE R R YR EEGEAIE o B GSI ~ HSI B CF . Z AR LACHEN » YRR
TEGE IR R 2D/ 4 A% 6 A » REBEHZE V(£ 2 A8 5 H - T YRR R4S
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DAL P RE o M EL (SR)TE R PRI B -E 45 151 (58.5 %) » SR T X R BB (41.3 %) B i 2 W 2 BB (39.6 %)
HIIHRAR » (B ET & 2R K YE o SEIRAIL - It 3 FRERIR < 1k L A RE R R 2 M i A 1w B R
Eh ey

Abstract

Flat needlefish, Ablennes hians, keel-jawed needle fish, Tylosurus acus melanotus, and hound
needlefish, 7. crocodilus crocodilus, are common migratory pelagic Belonidae fish in the temperate and
tropical waters. These three needlefishes were collected from February 2009 to June 2010 using set nets
in coastal waters of Chishingtan and Shihtiping in eastern Taiwan. Relationships between body lengths
and standard lengths (SLs) were investigated in this study because SLs are often unmeasurable due to the
fish’s long slender jaw that can easily break during capture. The relationship was unaffected by gender
and habitat waters. Percentages of A. hians, T. acus melanotus, and T. crocodilus crocodiles individuals
with complete long slender jaws and SLs measured in the samples of this study were 36.11, 53.07, and
91.30 %, respectively. Ranges of the estimated SLs for these three needlefishes were 47.5-89.9, 53.3-88.9,
and 43.3-116.6 cm, respectively. Mean SLs of females were larger than those of males for all three
needlefishes. Relationships between SL and body weight (BW) were estimated, and the effects of gender
and habitat waters significantly varied among species. As to the reproductive parameters, the
gonadosomatic index (GSI), hepatosomatic index (HSI), and condition factor (CF) were significantly
affected by gender and/or habitat waters for 7. acus melanotus but not for 4. hians and T. crocodilus
crocodilus. From the monthly variations of the GSI, HSI and CF, the reproductive season was estimated at
least from April to June for T. acus melanotus, at least from February to May for A. hians, but was not
clear for T. crocodilus crocodilusdue to insufficient samples. The sex ratio (SR) was significantly higher
in A. hians (58.5 %), but lower in 7 acus melanotus (41.3 %) and 7. crocodilus crocodilus (39.6 %),and
only that of T. acus melanotus reached significance. However, SR was found to increase with SL in all
three needlefishes.

BREEER - RS ERACR - ALTENEE - ISR - NCWRRE ~ PEEL ~ ETETRER

Key words: body length-weight relationship, gonadosomatic index, hepatosomatic index, condition
factor, sex ratio, spawning season
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f& % ®} (Belonidae) fa %8 » = W & 5
needlefishes » 75 AR A2 FE & HSE » 1
T FEE | B R H (Beloniformes)(Pt 1993)°
i RL A RE 0 e S UK 2 il R HL 2 [ElFE B
(IR - EERRAC RANEHIR H A&k > I EAHR
e HAMAE — TRl 2 KRB (P 1993) 5 B
B ARk ~ REERER T » T g B R B 7 & A
St o gl K BEEER/ [\ (Collette 1999) © FR#EEMHF]
o% o TEESER H N A R (Hemiramphidae) ~ Fk
J) %R} (Scomberesocidae)~ ¥ fa £ (Exocoetidae)
K B @ Ft (Adrianichthyidae) % 4 £} (Nelson
2006) ° H:H1 > F DNA P58 - BlEsiRL
BRI LRI TR » i H A T A
R0 R ARG R 2 B
(paedomorphic)(Lovejoy 2000; Lovejoy et al
2004) ©

ER IR RO B TR EEVE 218
o BIATEZA ~ G~ I~ EETH S FIE
e SRR B R S 7K > {EUR(E R SE U S R e
AN Z 3 KB AR WK 350 7 T4 (Collette
1999; Nelson 2006) * H fil » Z={it 5t 2 #RERH A
FHILA 10 & 34 fd (Nelson 2006) » MR
1 A BRI SR R o) B RS e etk 4 B
HHIECERE 11 8 50 fH (AR 2014) - {£ & 230
A 4 & 7 FE@L 1993) 0 SrilE R AEE B
Ablennes (FR#EfE 4. hians) ~ HREFHEE BB
Platybelone (%R P argalus platyura) ~ 1+
FHET B Strongylura (B S. anastomella ~ &
BEREEGE S lwae KB R EHE S
strongylura) ~ [EIGAET F8 Tolosurus (2SI
T. acus melanotus SR X E#EE T, crocodilus
crocodiles)° 2% 7 FRERfFR A fE G EALEN (&
SRALER )2 5 2 T S B LR > 1 b B e 4

B R EREE) mEEE R - 518
(B RS ~ SR M S T Y SR 4 s
LSRR S » DURESER ~ #6 ~ GEE R
R e YRR ERIRSE 4 MEEE A - R R
fi ~ Bl FE i S kT W R iR 3 fHIE A R
T 1984 » 1990 » 1993 5 BEAIT 1993 : AB
2014) °

SRR} R HH e A ~ T ~ T
A~ [ BT £ 55 5 AT (Colllette 1999;
Nelson 2006) ° {£BI4} » MR S 2 LA
877 20 (Uckun er al. 2004; Samsun et al.
2006) ° {1518 » FELUEE ~ FikliE k8
LG 2014) - HPAREEKIE 75 %
ZEBEMEREATHRE(E 2006) At LLH A5
B} RAAE & 8 B AU DUE i M 4 A K
57 PRSI DAL 1 8 B AR o Bt »
FIERGER A2 IEFEEEF @R 2014)
MR s H A NE T AT A e FAE
(Tavareset al. 2004; Mohammed et al. 2006) * i
HZRIAD > B U{ESREE » 87— farh
SR MASH R E A IE R E SR
FIA -

ET » TEBISME B SRS R R 2 e
APEE SRR 2 - ORI FH A R S i i 2 8 B
KI5 » RHERRER) O RIS e SRR E 2
#H Bt f Belone belone (Uckun et al. 2004;
Samsun et al.2006) ° H AT CAEWEAE - FEEHEATE
SRR Nzmir 18 A 2 T R 1 IR B
2 1 1 {HBb AR RS R E R 2 AN [E] T
S FIA0AE 1zmir R R 2 R YR
(fork length)£% 30.4 cm » T EyGHMEA 2R
(total length)3¥ | 38.8 cm #A AL # (Uckun et
al.2004; Samsun et al.2006)° GHET fa i fa 2 7715
R AN (Dorman 1989) © fHET .2 A I
Bl 7 DN & IR A [R] 7K el R T 52 » 947
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HHAR T 2 B BHEF 2 U 5-9
A > 22985 0.8-5.0 & %5 (Samsun et al.2006)
18 1zmir 0 ZAEH 2 IV 3 HIEE 4
A Z2 85 0.1-2.0 EFH(Uckun et al.2004) °
11 7 2 8 B BHRF 28 504t 22 (Courtmacsherry)
i BHE L2 DI 6 H (Dorman 1989) ; 7%
PG Je Baltic Y H > GBS EE N3 A1
8-9 H & 5-6 H»Z2JN#% 0.2-1.0 B #H(Dorman
1991) © BRAEET st » HAMERERE A 7e i
BEE - Bl fERPEBER Strongylura
marina 2 f8REE) (anguilliform locomotion)fif
TR B EE 025-20 BR/P
(Liao 2002) ° % 7K 3 F ar #5 @ Xenentodon
cancila ZINEKHIE 3 mm- 7F 27 °C TIMLEA
B 7-8 K » I KEEHR]E 6 5% (Foster 1973) ©
el s kA S AT R E L 1984) 0 (H
AL B RH R Z tHBAN T SRR D > 3
R [ BB & bt 5 SE A E T
Tl PR R E MR ER © 1£ N R
R ESERRRAE » A VR R
I R S B Y R RS 2 R HRTE
FHBRESE LY ER | e IERFE 52 ST B 8% < H
Al o A DB G SRS TR SR R AL -
QOAE BT A R 78 1 i35 2 (B 84 f R A B I 5
Y KERST B~ PR E BRI E ~ TR AT
Y& YRR (S 2007 3 2 2009) - i S E B
U (L TR SR [ 8 06055) 2 % ~ B =]
ik YRR (5 2007) o SRR T E R R AT
it 2 AR 11-12 A & 45 A » (E{6#E
WA B SRS 11-12 H (& 2007) ; MifER
SRR A S L WIS 3-6 H o (EALHIR
RETCHEMGE 11 Ak 4-6 H( 2009) © 5
Of s IEATEA YRR ST > HATEA — RSB
Je e N ABRIE 2 YR g A SEFE 1 (Liao
and Chang 2011) - HAFFeRE R » RS

= RN B G2

i3 e Qa7 I = W ol o A i e A i
(group-synchronous) > 1F/]NFhBR 4 2 4 1 ~
WEfEZ RS 101 MRS R 73 RIS 56.8 ~
53.3 cm » FEYNIE 4-8 H » Z2UNEES 1.4-5.6
V> B R DI 0.1-2.5 /5 B - Sl FLAE i
W e TS 20 - B S R Tl S kT SR
fEBsfi S MR R ARRL S - fERE RIS
5 FRARMER AR 2 A Y S s e s A bl
FECEk o AT 2R

TE B HE 7 g R E
Vi S NIDE YRR EEN T e )
S 2 > TR Y R R B 2 FE R
HRF AR 1T SR R T e S v o Al o
Z B D < 12 3 TG 1 A R RS
FEEINEFHELE 2 2201 > AT 223510 (1993) K
Collette (1999)%% Sk » AR MBLIRIRIG EHER 2
S5 S » AREIARER A Haa b 2
12 - 14 Rt & 5 50 - 1 A B e S Al
5 X SR B R R AR o $R R RS
A ARl (2 AT LA RS bR 1)
Hi ~ W AHRTAE A AR ~ RS 2B EYIE » 8k
ARV ~ AR IEGER ~ REE 2 MY - 1FR
W R EBfH SR R 2 PIE o At R
J8 3 TEERGREL R (E R AR FLIEI A 2
FEEAGE » FrLAHBIER AN 2 Y& R R
TEAHRANTZEAHE D < SR BREZ A
SRS A T S S S - BRI O
BHHRADZIE - W 5T A mEit
FRESIRARH R Z AR > ISR T3Z 3 1
BRI R e SRR AR Y B2 L R B E R R
370 LU & A BERRFE B (gonadosomatic index,
GSI) ~ T4 F5%, (hepatosomatic index, HSI) ~ filt
1/ (condition factor, CF) k2 14 Lt (sex ratio, SR)
FEIEB ) T o DIHERS B AR H

fiy o
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EEAR R

— ~ RERE

Tt S ~ SR AR M e e T W R R S 3
HBlERH R A AR A (R12 2009 4 2 A #2010
6 HIE - [EE R H R @ IE 13- 18 H)E
5 18 ARSI R B B RN IR OK B2 R T
B IRE 1 R(E 1) o TEATFUARIRE 2
Bl ~ R R R X R A » rilE
159 ~ 409 J 48 |2 » Gt 616 E(F 1) °

25°N -

24°N |

23°N

22°N

120°E 121°E = 122°E
1. 2009 4 2 H % 2010 4 6 AfE G HE L
B TR (e ) FIL T B F (@) K SR SE R R} f B 2
i -

Fig. 1. Sampling locations of the Belonidae fish

from February 2009 to June 2010 in coastal
waters of Chishingtan(s) and Shihtiping (e),

eastern Taiwan.

WREEH » REBRSEHIfIG > FEtk
SRR o AR K 40 - 60 FE (B ANBUICHS 40 FF
T ERHUER )% o R EER = v o (EE R E T
Jo i R AR AR KR TR ER R
(standard length) 5z #4 & (body weight)5 I &
i 5 » A7 5 f gy iR aE Z b
NEEA ST A S T AR R
M > KIE 2009 4 6 HBflG » (ERHUSEHE
Haf (FhE T AR R AT EEER).Z It » ¥l
{5 Collette (1999).2 % 2% [FIIRF & HY H f Sl
% #% £ R XAl A E AR T 2 i 68 K (body
length) o B R 2 e 1%  MERE S T F R g
TR Bl & A S e - 2 1% > AR AR B
BRIMIE ~ BEG ~ DA SESERHEOE TR R 2 21
TE © xfk o (EEFREEAFTE Al - HIEEA
li 8 & (qutted body weight) o -3t 5 & 1l &
FEHEE 2= 0.1 cm » EEMNIEFEHEE EZE 0.01
ge

Z~ HhESEEE M

F A ER W WG E AT ¢ ()
A R B (GS ) £ Hf vl A= SR A K N2+
W HABLRE I MEAGERR S E AR RoEAE - H
STEAR GSI = ABEIRE/E AR 10° - (2)
IFHE FE S (HS ) A A OB RE RT3 &
FEREZ 488 HAR AR TR AGETE Fh B BE S A AE
FIEEE IV HERR A R 31 R HSI = I
H/ENBEE 10° o Q)AL (CF)B kL
BEAERAE L > nTCFRABIARY RLFE B AR FEAR 5E
BB CF = #8E /(R R) x 10%- (4)
T EE (SR) S AE i B R Pl 2 BB R LA - 2
TR R B T (fecundity )7 85 BRI 36 & — (R
1998) A1 B SR = M £ S/ (M Fe S8+ B £ B
x 100 % °
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3 1.2009 - 2 H Z 2010 - 6 A 7E S EHER L2 E (CST) R A BRI (STP) U IR ER Z SRR KRt £
(M)FIBE 8 (PR A

Table 1. Sample sizes of Belonidae males (M) and females (F) from February 2009 to June 2010 in
coastal waters of Chishingtan (CST) and Shihtiping (STP), eastern Taiwan

Year A. hians T acus melanotus T. crocodilus crocodiles
Month CST STP CST STP CST STP
M F MF M F M F M F M F
2009
Feb 6 10 - - 1 12 - - - - - -
Mar 6 12 - - 20 7 2 1 - - - -
Apr 4 10 3 - 41 5 29 27 - - 2 -
May - - - -2 5 2 2 - - - -
Jun - - - - 6 22 14 16 - 1 - -
Jul-Sep Fishing moratorium
Oct - - - - 9 18 - - - - - -

Nov 12 23 - - - - - - - - - -

Dec 19 15 - - - 1 - - 3 - - -
2010
Jan 9 13 2 2 - 3 - - 11 14 3 1
Feb -2 - - 9 17 - - 9 3 - -
Mar - - - - 18 9 - - 1 - - -
Apr 1 - - - 28 16 - - - - ] .
May 4 6 - - 10 2 - - ; - ] .
Jun - - - - 24 6 - - - - - -
Total 61 91 5 2 193 123 47 46 24 18 5 1

- No individual collected
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=~ HREHE T

DLz #% Pk gp B A2 =X (general linear
regression model) Y =bgy + b, X + b, Sj+ by Aj +
by XS; + bs XA, + bs SA; + by XSA G H » Y 5
FRUERS R (cm) ~ X FBHEFR (cm) ~ S BRI =
1(JiE) ~ O(ME)) ~ A FeERERIE (= L(EETR) ~ 0(Fa
BAYT)) ~ bo-b; FEIpERZREL) » {50 FIAER R (X)2K
[ HE b N EHET AR A 2 AFHERR R (Y) » I H
Tl 1 (S) BLRAR I (A) 2 P2 o IR Bl
BRI » DU E RS Btk < B R B HG E B »
HREM bz g st =X (s Y 7 In(iE
H) >~ X £ In(BEHEREER)) - il HAaBa Al ()4
PRER IS (A) S R B ERR(R U2 8 - DR
TRl R AR RS AR 70 A > I HLAE ~ MEfe iz
AR LA 2 om F IR > LR R < REIE E £
40 70 cm FAIEHESRFAIRE 68.1 - 70.0 cm o LI%#
(K] 58 S8 55 BT 12 (two-way ANOVA) » FE T
RIFIERER IR 5% GSI ~ HSI K CF 40
2RI o DLRTTRE (Ctest) i fl B A f
W - BEEL R AR 10 1o Bl ZHEE TR EL A -
£5 L Microsoft Office Excel 2003 5 SPSS (ver.
12.0)E SR E T -

X

— ~ RUER R BUEE KRR R

TE A B F2 4R 4 119 20094 6 A % 2010F 6 H
BRA R RESER ~ SRR s BRI Y RS
AR 108 ~ 228K 46 » H T AEY
ST o] AR R 2 BN R (LA > oy
AII£539(36.1 %) ~ 121(53.1 %) 5 42(91.3 %) »
] R R 2 RIS S IR T > X
JR R ) o iR SRR R V) 2 5
fE o AU ARIE R U2 A S AT RS
TR ~ BRI R X B AER - (EREsE ~ R

HERs i S ST S W < ST ER R fr (2 A

e = B s R B GR XA B RERAE KHE (o>

0.05) » KItEZZFRAMR AT LT RIES -

FREBIH < FEHERE S = 6.11 + 1248 R (P =
0.993, F; 3= 4953.76, p < 0.001) ([&2A)

YR R R = 5.01 + L3R (°
=0.987, F 130 = 8745.96, p< 0.001) ([& 2B)

il X R e o AR R = 452 + 12044
£ (= 0.996, F; 4 = 9591.97, p< 0.001)
(& 2C)

30

{A) A. hians
.80
E
L
£ 70
=]
5
S 60 SL=6.11+1.24BL
5 r2=0.993
° =
< 50 p<0.001,n=239
@
40
30 40 50 €0 70
Body length (cm)
80 -
(B) T. acus mefanotus
. 80 b2
£
L
£ 70t
o
5
2 60 SL=5.01+132BL
g 2 =0.987
< =
8 s p<0.001,n=121
7}
40
30 40 50 60 70
Body length (cm)
120
(C) T. crocodilus crocodiles
5100
£
=
14
2 8o
o
s SL=4.52+1.29BL
z r2=0.996
& 60 =
e p<0.001, n=42
40

~N
S

40 60 80 100
Body length (cm)

2. RIBEHA) ~ X ERERH(B) b M X R
fif(C) 2 AR HERE K B AT R BA R o

Fig. 2. Relationships of body lengths (BLs) and
standard lengths (SLs) for 4. hians (A), T. acus.

melanotus (B), and T crocodilus crocodiles (C).
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— -~ ERERREE S

EH a3 ffd 2 e R B e R R (R
X FHE M REREREE F A N A &2
PR R - FHSHET O TaI1S » AR
U R R ~ MEFREA 7RI 66 FIT 93 2 »
FIGRERERS R (£ RUERR) TS 64.07 (+ 1.39)
cm ~ 68.70 (+ 1.00) cm > FEHERE R HIE 7 AR
475-95.1 cm ~ 49.5-89.9 cm([&El 3A) o X FEHEf%
Tt ~ MR A BIES 240 AT 169 B » 2Rt fmus
BEESYHIFS 66.64 (+ 0.41) cm ~ 68.70 (+ 0.52)
cm o HEUEHE R0 [B 73 5 53.3-84.8 cm ~
53.5-88.9 cm ([ 3B) © /2 R ERMHALE ~ HE kK
KRl 29 fl 19 B FIEEEE SRR
65.36 (+ 1.11) cm ~ 74.24 (+ 4.08) cm » IEHERE R
#i[E] 5> HIF% 55.5-81.0 cm~43.3-116.6 cm ([ 3C)e

12
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afemale {n = 93)

"3

amale {n = 66}

:- ik, .
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'S
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@16 |
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{C} T. crocodilus cracodiles
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0
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and T. crocodilus crocodiles (C).
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melanotusat Chishingtan (B,) and Shihtiping (B.,), and 7. crocodilus crocodiles (C).
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Fig.5. Monthly variations of means and standard errors for the gonadosomatic index (GSI),
hepatosomatic index (HSI), and condition factor (CF) of female and male 4. hians from February 2009 to

June 2010 in coastal waters of Chishingtan and Shihtiping, eastern Taiwan.
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Fig. 6. Monthly variations of means and standard errors for the gonadosomatic index (GSI),
hepatosomatic index (HSI), and condition factor (CF) of female and male T acus melanotus from
February 2009 to June 2010 in coastal waters of Chishingtan and Shihtiping, eastern Taiwan.
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Fig. 7. Monthly variations of means and standard errors for the gonadosomatic index (GSI),
hepatosomatic index (HSI), and condition factor (CF) of female and male 7. crocodilus crocodiles from
February 2009 to June 2010 in coastal waters of Chishingtan and Shihtiping, eastern Taiwan.
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B/ 80 cm RN Z SR UGS 44 % o

JCHEJETE 51 - 60 cm R h 2 (KM fa LU
K ¥ (% = 20.45, p< 0.001) SR £% 15.9 % (3
2) o 2 S 2 R M L2 T T R AR A R e £ 2 BB
FARAR AR 2 FREHE (= 2.08, p= 0.15) ~ SR /%
39.6 % o TE AN [FEIEHERS R EEE I » BRI RS
fifF% T1E 61 - 70 om i FE 2 M F bL B 2 i
K (%= 11.56, p< 0.001) ~ SR £% 16.0 %.Z4} »

W # PR B 2 B E 25 K R B A T fa B H
(SR > 50 %) (5% 2) ° JRT » MEGm bt 3 FEERHHRE
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Table 2. Sex ratio in various levels of standard lengths for 4. hians, T. acus melanotus and T. crocodilus

crocodiles
Species Sex ratio Sample size )
Length level (cm) (%) Male Female Total x P
Ablennes hians
40.1-50.0 11.1 8 1 9 5.44 0.020"
50.1-60.0 57.1 15 20 35 0.71 0.399
60.1-70.0 52.8 25 28 53 0.17 0.680
70.1-80.0 71.7 13 33 46 8.70 0.003"™
80.1-90.1 73.3 4 11 15 3.27 0.071
90.1-100.0 0.0 0 1 1.00 0.317
Total 58.5 66 93 159 4.58 0.032"
Tylosurus acus melanotus
50.1-60.0 15.9 37 7 44 20.45 <0.001""
60.1-70.0 43.7 125 97 222 3.53 0.060
70.1-80.0 42.2 74 54 128 3.13 0.077
80.1-90.1 73.3 4 11 15 3.27 0.071
Total 41.3 240 169 409 12.33 <0.001""
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Tylosurus crocodilus crocodiles

40.1-50.0 100.0 0
50.1-60.0 50.0
60.1-70.0 16.0 21
70.1-80.0 60.0 4
80.1-90.1 50.0 1
90.1-100.0 100.0 0
100.1-110.0 100.0 0
110.1-120.0 100.0 0
Total 39.6 29

= RN B G2

1 1 1.00 0.317
3 6 0.00 1.000
4 25 11.56 <0.001""
6 10 0.40 0.527
1 2 0.00 1.000
1 1.00 0.317
2 2 2.00 0.157
1 1 1.00 0.317
19 48 2.08 0.149

* p< 0.05; ** p< 0.01; *** p< 0.001
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Abstract

Population dynamics of ungulates impact forest renewal and succession and also sympatric species
therein, especially at high population density. The Formosan sambar has increased in abundance in recent
years, but its density was rarely estimated and the methodology has not been established. This research
aimed to use camera traps at two sampling sites, Bushin camping area and upstream of Lakuin river,
which differ in size and camera layout to estimate closed-population density of Formosan sambar using
the mark-recapture method. This research also evaluated capture probability model, duration of occasion,
and total duration of monitoring that is appropriate for estimating adult Formosan sambar density. The
Bushin camping area had a density of 10.8-77 adults / km?in mid-August 2010 with an effective area of
0.63 km? The wide range of density estimates was due to different estimates of the area of buffer zone.
Lakuin River had a density of 9.2-9.9 adults / km? in early September 2010 with an effective area of
15.2 km?. Density tends to be overestimated in a small sampling area such as the Bushin camping area
while underestimated in a large one such as Lakuin River. Capture probability model M, (JK1) performed
the best and was stable under various conditions. One day per occasion and a total of 10 days of capture
are generally applicable in most situations. Other considerations are discussed in this study.
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N jEREE 5 SE » fEHEZR 5 SC » sample coverage 5 JK » Jackknife ; IntJK » interpolated Jackknife ; EE »

estimating equation

Table 1. Estimates of adult male sambar deer population size at Bushin camping area and LakuinRiver

from various capture probability models and lengths of occasion. N, population size; SE, standard error.

SC, sample coverage; JK, Jackknife; IntJK, interpolated Jackknife; EE, estimating equation

Duration of an occasion

Capture prob. models 12hrs 1 day 2 days 3days
Bushin N SE N SE N SE N SE
M;(SC1) 14.6 453 14.1 3.87 135 321 13.3 3.03
M;(SC2) 145 4.62 13.9 3.47 12.9 2.68 121 2.31
Mi(JK1) 13.9 212 13.8 212 13.6 211 13.4 2.04
M (JK2) 14.0 3.32 14.0 3.27 13.9 3.05 13.4 2.78
M (IntJK) 13.9 5.06 13.8 4.03 13.6 2.84 13.4 2.15
M (EE) 11.0 0 N/A N/A 12.8 1.86 12.8 2.46
M(SC1) 14.6 4.24 14.1 4.25 13.6 3.61 135 3.47
M(SC2) 14.5 471 13.9 3.92 13.0 3.18 12.2 2.76
Lakuin N SE N SE N SE N SE
M;(SC1) 2333 90.23 2246 14177 2282 163.08 715 483.3
M;(SC2) 226.3 95.68 2105 12321 1965 123.07 480 324.96
Mh(JK1) 92.7 9.43 89.3 8.8 86.6 8.68 84.8 8.02
M (JK2) 1285 1571 1220  14.53 115 1346 1115 1215
My (IntJK) 2005 4659 1846 39.83 1614 2791 1293  14.98
M (EE) 2194 65.68 2079 72.08 1822 67.34 N/A N/A
M(SC1) 2333 11998 2298 16846 2603 21293 8818 564.93
M(SC2) 226.3 11983 2105 156.01 2023 16353 5235 377.15
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2. BEhRGE H R e LV S K EE AR - a) AfTE i - b) KB EIRERIE

Figure 2. Daily accumulated number of adult male Formosan sambar captured by camera traps. a) Bushin

camping area; b) LakuinRiver.
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Fig. 3. Number of captures for 11 adult male Formosan sambar at Bushin camping area.
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Abstract

During July 2012 to December 2013, Reconyx PC 800 auto-sensing camera was used to monitor the
population dynamics of three herbivores: Muntiacus reeves imicrurus, Rusa umicolor swinhoei
andNaemorhedus swinhoeiat a mixed hardwood plantation in Taimali Research Center, Taiwan Forestry
Research Institute (TFRI). By 18 months of continuous monitoring, 730 records with
20hr.26min.26sec.and 11,810 distinguishable pictures were cumulated. Occurrence index (Ol) and habitat
utilization index (HUI) were usedtocompare the relative abundance and habitat utilization trendsof these
three herbivores. Comparing with the value under natural condition,a relatively higher Ol of these three
mammals occurred at the plantation, with a ratio of 15 : 4 : 1,and the highest Ol occurred in M. reevesi
(170.0), followed by R. unicolor swinhoei (45.4),and N. swinhoei(12.4). Comparing the regional, seasonal
and interval distribution of these three herbivores,the highest habitat specificity occurred in M. reevesi,
and had a similar habit preference with N. swinhoei. Meanwhile, obvious contrast of habitat preference
occurred in R. unicolor swinhoii. Apparent fluctuation was observed of these three animal’s population in
every monitoring month, but the peak was inconsistent with each other. All three animals are both
nocturnal and diurnal, and higher activity also occurred at the intervals of dusk and dawn, but the activity
peak showed no consistency. The results of this study revealed that different regional, seasonal, and time
interval distribution occurred among these three mammals, and revealed that a mechanism for using
habitat resources effectively may existed. The study suggested that the goalsof wildlife management and
conservation could be accomplished simultaneously through appropriately designed ecological
silvicultural operations.
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Fig.1. Map of the study site at Taimali Research Center.
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Total 730 20:26:40 11,810 100 100 100 300
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Table 2. Ol of Muntiacus reevesi,Rusa unicolor swinhoii and Naemorhedus swinhoei in different plots

Plot Muntiacus reevesi Rusa unicolor swinhoii Naemorhedus swinhoei
I 491.59 16.28 24.07
1 97.53 70.91 7.02
1 87.81 14.12 12.11
v 3.24 80.09 6.48
Total 170.04 45.35 12.42
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Table 3. HUI of Muntiacus reevesi, Rusa unicolor swinhoii and Naemorhedus swinhoei in different plots

Plot Muntiacus reevesi Rusa unicolor swinhoii Naemorhedus swinhoei
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Abstract

With continuous loss and degradation of natural wetlands, artificial wetlands have become
increasingly important for the conservation of waterbirds. Aquacultural ponds are ones of the main types
of artificial wetlands in Taiwan. When the ponds are drained, they create mudflat environment that
provide ideal feeding and resting habitat for waterbirds. We examined how wading birds used two types
of aquacultural ponds, milkfish ( Chanos chanos) ponds and hard clam (Meretrix lusoria) ponds, both
commonly found in Qigu. Waterbirds density of milkfish ponds was higher from August to November,
while that of hard clam ponds occurred from November to January. Milkfish ponds were drained after the
fish were harvested in October to November every year, while hard clam ponds were drained in
November to January every two or three years. The drained ponds could attract waterbirds. The density of
waterbirds was higher in ponds during the draining period than in the rearing period. The density of
waterbirds was highest during the first four days after dewatering, and then, it gradually decreased with
time. Waterbirds assemblages differed significantly between the two types ponds. According to
morphological and feeding behavior, the wading birds were categorized into four guild groups: 1) stalking
herons, 2) pelagic-foraging waders, 3) tactile surface-foraging waders, and 4) visual surface-foraging
waders. Stalking herons and pelagic-foraging waders congregated on the first two days after dewatering,
and also in hard clam ponds when the water level was temporarily reduced for harvesting or water
changes. Tactile and visual surface-foraging waders were the main guilds during the draining period of
the ponds. They also congregated in milkfish ponds during the period of algae cultivation in winter. The
study suggests the importance of including waterbirds conservation in the operation tactics of milkfish
and hard clam pond management.

BRSEEA : KIS ~ JKER A ~ BUE A~ S0 ~ B - [FD0RE
Key words: waterbirds, aquacultural pond, milkfish, hard clam, Qigu, guild group
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Fig. 2. Seasonal changes in density of waterbirds and percentage of drained milkfish ponds.
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Table 1. Density (mean + SD) of different waterbirds groups during the draining process of milkfish

ponds. Data with significant difference are marked by different superscripts

Density (ind/ha) of different waterbirds groups

Day since Total Stalking Pelagic foraging Tactile surface- Visual surface-
draining waterbirds herons waders foraging waders foraging waders
1-2 377.9+ 156.6% 589 + 34.9° 424+30.3 238.9+ 136.8% 37.7+11.4®
34 303.8+ 152.4%® 57+53%® 18.7+21.1%® 214.4+ 129.9% 655 + 26.1°%
5-6 115.1+ 71,33 14+ 1.3% 9.0+ 11.2% 65.6 + 63.0°° 39.1+ 153
7-8 61.6 + 31.7™ 1.1+0.8% 3.8+ 40% 30.1+16.0° 26.6 + 15.4™¢
9-10 35.7+19.7% 2.7+35% 25+37" 148+128° 158+ 9.2¢
11-12 51.8 + 50.5% 0.4+04° 27436 347+39.3° 14.0+9.8%
13-14 304 +27.9° 0.8+0.7% 2.2+32° 15.7 +17.5° 117 +9.2¢
P 47.7%* 35.1%* 405%* 43.9%* 42.7%*

Friedman’s test, *p<0.05, **p<0.01, n=10

2. FHROKSEUGIRIMHARERE ML (PI9E + BEE) - AR LT M EOr /i

s T R

Table 2. Density (mean + SD) of different waterbirds groups during the draining process of hard clam

ponds. Data with significant difference are marked by different superscripts

Density (ind/ha) of different waterbirds groups

Day since Total Stalking Pelagic Tactile surface-  Visual surface-
draining waterbirds herons foraging waders  foraging waders  foraging waders
1-2 208.2+130.7°  122.5+ 118.4° 58.2 + 34.7° 22.8+27.9° 47+59
3-4 166.5 + 117.1° 18.3 + 18.8% 27.7+ 18.4% 112.9 + 96.7% 7.6+ 8.6%
5-6 123.7 + 88.8™ 5.4+ 9.9% 6.3+ 6.6 96.1+ 77.7° 15.9 + 15.4°
7-8 119.3 + 80.4™ 2.9+51" 5.6 + 5.0™ 95.4 + 79.2% 15.4 + 13.1°
9-10 63.4 + 50.6™¢ 3.4+ 4.9 3.3+ 2.8% 46.7 + 40.9% 10.1+ 9.0%
11-12 55.6 + 44.1% 05+0.7° 37+4.2° 37.1+31.2% 14.4 + 11.1°
13-14 30.9 + 35.6° 0.3+0.5° 1.2+ 15° 19.8 + 24.1° 9.6+ 9.0

Ve 59.5%* 65.5%* 53.9%* 22.7%* 15.6*

Friedman’s test, *p<0.05, **p<0.01, n=17
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Table 3. Density comparison (ind/ha) of different waterbirds species in two types of fish ponds during the

draining period

347

Milkfish ponds (n=10)

Hard clam ponds (n=17)

P value
Mean SD Mean SD

BB Ardea cinerea 2.63 7.40 0.95 1.67 0.902
KEE Ardea alba 4.95 7.38 32.78 33.89 0.021*
HEE Mesophoyx intermedia 1.91 2.06 0.36 0.60 0.005*
N=}-4 Egretta garzetta 49.31 40.24 58.94 62.23 0.749
ek S Bubulcus ibis 0.06 0.12 0.00 0.00 0.414
Y& Threskiornis aethiopicus 0.37 0.62 0.32 0.73 0.749
RIMEE Platalea minor 0.45 1.32 22.62 48.90 0.020*
IR B Pluvialis squatarola 0.00 0.00 4.54 3.76 <0.001**
KEEVESBERE  Pluvialis fulva 6.36 5.20 18.48 39.77 0.824
B Charadrius mongolus 0.32 0.31 3.61 5.01 0.204
W7 ERSA R Charadrius alexandrinus 54.29 28.81 15.60 9.34 <0.001**
B Charadrius hiaticula 0.07 0.12 0.00 0.00 0.204
/NERSH Charadrius dubius 17.55 8.41 0.02 0.06 <0.001**
=Y Himantopus himantopus 15.45 16.95 2.37 2.38 0.031*
TS Actitis hypoleucos 0.23 0.33 0.08 0.21 0.127
HICHE Tringa nebularia 3.74 3.05 44.25 29.96 <0.001**
NP Tringa stagnatilis 30.15 33.79 2.99 2.61 0.015*
[EBTES Tringa glareola 4.30 4.37 0.00 0.00 <0.001**
DI Tringa totanus 5.83 478 13.85 10.81 0.050*
KI5 Numenius arquata 0.00 0.00 0.21 0.47 0.334
BEHS Limosa limosa 0.09 0.30 0.00 0.00 0.675
HEERS Limosa lapponica 0.03 0.08 0.52 0.94 0.064
A& Arenaria interpres 0.10 0.13 0.00 0.00 0.093
= kRS Calidris alba 0.03 0.08 0.00 0.00 0.675
HL KRS Calidris ruficollis 73.57 55.11 21.75 3272 <0.001**
Rk RS Calidris subminuta 49.48 38.44 0.05 0.21 <0.001**
KRR Calidris acuminata 0.06 0.12 0.00 0.00 0.414
MRV Calidris alpina 116.47 76.58 158.70 144.00 0.863
B ERS Calidris ferruginea 9.24 14.56 0.03 0.13 <0.001**
TEMETS Eurynorhynchus pygmeus 0.06 0.13 0.00 0.00 0.414
TS Limicola falcinellus 0.24 0.39 0.00 0.00 0.093

Mann-Whitney U test, *p<0.05, **p<0.001
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3 4.2012-2013 F LR H L 8 fiivd & A ] fa i o2 i1
Table 4. Selection of different ponds by eight common species of wading birds in Qiku during 2012-2013

a. Ardea alba

b. Egretta garzetta

Wt U A

Sep Oct Nov Dec Jan Feb Sep Oct Nov Dec Jan Feb
Non-drained hard b o4t o4 Non-drained hard Y4 o4+ o444
clam ponds clam ponds
Non-drained Non-drained

++ - = = == - - —=
milkfish ponds O milkfish ponds o O O
Drained ponds O ++ ++ ++ O O Drained ponds ++ ++ + O O O
Dry ponds na na —— —— —— —— Dry ponds na na —— —— —— ——
C. Himantopus himantopus d. Tringa nebularia

Sep Oct Nov Dec Jan Feb Sep Oct Nov Dec Jan Feb
Non-drained hard O 44 44 —— Non-drained hard O O +4 ++ ——
clam ponds clam ponds
Non-drained Non-drained

++ ++ - == - ++
milkfish ponds o 0 0 0 milkfish ponds o O
Drained ponds ++ ++ ++ + —— O Drained ponds ++ ++ ++ O + O
Dry ponds na na —— —— —— —— Dry ponds na na —— —— —— ——
e. Calidris alpina f. Calidris ruficollis

Sep Oct Nov Dec Jan Feb Sep Oct Nov Dec Jan Feb
Non-drained hard Non-drained hard
clam ponds clam ponds
N(_)n-c_iralned o 44 4444 N(_)n-(?ralned L O 44 4+ 4+
milkfish ponds milkfish ponds
Drained ponds ++ ++ ++ ++ ++ ++  Drained ponds ++ ++ ++ ++ ++ ++
Dry ponds na. na —— —— (O —-— Dry ponds na. na —— —— O —-—
9. Charadrius alexandrinus h. Pluvialis fulva

Sep Oct Nov Dec Jan Feb Sep Oct Nov Dec Jan Feb
Non-drained hard Non-drained hard

- - - = O -
clam ponds clam ponds
Non-drained Non-drained

- —— —— + ++ ++ - —= - = ==
milkfish ponds milkfish ponds O
Drained ponds ++ ++ ++ ++ ++ ++ Drained ponds + ++ +4+ O O O
Dry ponds na na ++ O O O Dry ponds na na —— ++ ++ ++
+ + FTKSEEIBSE R IAZLE, p<0.01;, +FRRBEERPIAZLE, p<0.05;, OFREEZM
BN (R AR 2 58, — R SHE NI AE, p<0.05; — — KRB i/ Mt IS fiE, p<0.01;
n.a. 2T a% KAk 2 RS A FUA o

+ 4+ =observed usage > expected usage, p<0.01; + = observed usage > expected usage, p < 0.05; O=
observed usage equals expected usage; —
observed usage < expected usage, p < 0.01; n.a. = habitat not present.

observed usage < expected usage, p < 0-05; —— =
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Abstract

This study was conducted to investigate heavy metal contents in Guan-sin algal reefs coast of
Taoyuan, northwest Taiwan, in order to confirm the location and direction of pollution sources.
Twenty-eight stations were set up in ten sampling lines in Guanyin District and Sinwu District, Taoyuan
City. Eight sampling stations were set up as controls in Shimen District and Sanzhi District, New Taipei
City, north Taiwan. In total 84 samples were obtained from the studied northwest region and 24 from the
north coast region. Every sample was measured by X-ray fluorescence for 32 heavy metal contents.
Multivariate statistical analysis, Ordination of principal component analysis and dendrogram of cluster
analysis were used for the quantitative analysis. This has confirmed several main elements for discussion.
Concentrations of Titanium (Ti), zirconium (Zr), thorium (Th), iron (Fe), vanadium (V) were different,
but trends of change between samples were highly similar. Calcium (Ca), strontium (Sr), scandium (Sc)
were another group of highly similar elements. In addition, barium (Ba), cerium (Cs), tellurium (Te),
antimony (Sb), tin (Sn) were low in concentration, but some radioisotopes were similar in the changes of
element concentration, indicating possible sources of elements consistent between samples. These
elements should be included in monitoring efforts. Zirconium concentration in Taoyuan Guan-sing algal
reefs reached 4,462 ppm andon average it was 747 ppm. In comparison, the maximum value in north
coast algal reefs was 181 ppm, and on average it was only 78 ppm. Especially in the coastal areas of
Guanyin, zirconium was still in high concentration of 1,800 ppm at 250 m offshore, showing land-based
sources of zirconium. Titanium was 5,735 ppm in Guan-sing algal reefs coast, and the maximum in north
coast was 1,883 ppm; Strontium was 4,622 ppm, and the maximum value was 1,808 ppm in the north
coast. Strontium, titanium, zirconium contents were higher than that in the control samplings of north
coast, showing external contamination. Evidently pollutants have infiltrated the earthwork fillings in
artificial snake-cage dyke and Hsiaofanli Creek, Hsinwu Creek, Houhu Creek and Shetzu Creek. Shihmen
Reservoir silt piled on the beach of Yongan Fishing Port, and Sinwu District, Taoyuan might also contain
pollutants. Further stringent investigations should be conducted to examine possible sources of pollution.

BRGLE : IATINE © CTILES G SR ~ DU - b

Key words: Guansin algal reefs, northwest Taiwan, heavy metal contents, Taoyuan City, north coast.
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1986)a 1 &% il K {iE (eigen value) ~ B &
fif & (variable loading) » #& 5347 FF- 51l » 1t F1]
FH B BE = 734 (cluster analysis) » S HEHE (| &
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(weighted pair-group method, WPGMA) #1114
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2205 MVSP(Multi-Variate Statistical Package)
F2 2031 T (Kovach 1999) °

B 1. SETHILKERE BT O REREARIR (L1-L9) Z PRERUG(LE » 2012 4F -
Fig. 1. Stations of nine algal reef sampling lines (L1-L9) on the Guan-sing algal reef coasts in Taoyuan of

northwest Taiwan, 2012.



360 BRI R S

& 2. &Y ILpkE Y AR N 88 (R A PREE(LE - 2011 4F -

Fig. 2. Eighty-eight sampling locations in Guanyin algal reefs coast in Taoyuan of northwest Taiwan, 2011.

3. G PG AL Bk BRI R R Ntk e v e R DR AR (LL0) (1 » 2012 4 ©
Fig. 3. Stations of beach sampling lines (L10) on the south side of Yongan Fishing Port in Taoyuan of
northwest Taiwan, 2012.
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B 4. GEILEEGPE & =2 R EERRI AT E » 2012 4F o
Fig. 4. Sampling stations at algal reefs of Shimen District and Sanzhi District in north coast of Taiwan, 2012.
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VR HEUR R 188 ppm » BUREERE
AN[E] > AEERA R LA S B AR © 85
HESHU W AR 7 BIES 92.2 %, 81.4 %, 77.5
%, 66.5 %, 61.2 % > &5 — R IR T
F oo 81 B2 ARIATERS 79.4 % o 8 ~ $%.2 KB
PERS 74.7 % » BECETHIL o A AL E SIBIRE
EFENR I = > (ELC SRR RIS = o e -

AT B LY R R

B ~ s ~ #4 ~ $5 ~ SR Z AE DI RS 93.6 %-61.0 %
Hrhge ~ §5%5 93.6 % » # ~ i 92.2 % » i ~ #4
90.1 %> & S H B AR A 1 T SR IR A Ak —
B oo BkAt o 8~ B~ BREEES ~ 87 - PUEWIRTIT
R AR - B R E S
G SR AE T (2 2014) ©

3R 1. BT ICHRENR R AL R AR A 5 B RCE R
Table 1. Statistics of 32 heavy metal contents fromsamples in Taoyuan coast of northwest Taiwan and

north coast of Taiwan

Taoyuan coast of Taiwan(n=84)

north coast of Taiwan(n=24)

max average stdev max average stdev

Sr 4622 996.3 820.7 1808 918.9 343.9
Ca 173621 40325.8 35163.3 180674 72523.5 40616.6
Sc 320 86.8 69.0 333 151.3 76.0
S 1696 687.2 419.8 3199 1681.6 835.0

Fe 63623 18334.0 9568.9 66310 16985.5 13696.7
Zr 4462 746.5 796.9 181 78.3 433
Rb 70 395 15.0 102 311 20.0
Th 54 14.4 9.0 24 9.3 54
Ti 7950 1392.2 1220.6 1883 637.0 457.5
\% 166 41.2 24.0 92 46.3 19.4
K 8586 4295.1 2025.6 6688 3100.3 1436.0

Zn 188 80.3 28.6 210 718 43.2
Cr 126 64.0 16.7 99 57.6 13.0
Pb 53 20.8 8.0 61 20.3 11.7
Cu 213 575 322 152 44.2 36.1
Mn 15202 1460.5 2152.0 7569 904.9 1463.6
As 159 18.7 19.0 65 16.2 14.8
Mo 21 8.4 5.6 22 7.7 45
u 16 1.6 2.9 10 0.9 2.2

Se 3 0.2 0.5 3 0.4 0.9
Hg 28 47 6.6 23 6.3 8.0
w 141 28.2 30.9 114 24.1 28.9
Ni 75 19.8 20.6 45 12.8 15.7
Co 266 39.7 47.1 246 45.7 77.6
Ba 408 202.9 98.3 339 173.6 94.8
Cs 116 34.8 26.7 101 36.6 25.9
Te 184 40.1 46.7 170 43.2 47.3
Sh 41 6.3 9.4 34 6.2 9.4
Sn 47 12.9 13.1 41 12.9 13.3
Cd 17 1.7 31 12 2.0 31
Ag 9 0.7 1.8 5 1.0 1.7
Pd 13 0.9 2.1 6 1.0 1.7
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Fig. 5. Ordination of 32 heavy metal contents in 84 samples along the first two PCA axes in Taoyuan

coast of northwest Taiwan, 2012.
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Fig. 6. A dendrogram showing weighed pair-group method with the mean character difference of 84

samplings among 32 heavy metal contents in Taoyuan coast of northwest Taiwan, 2012.
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Fig. 7. Ordination of 32 heavy metal contents in 24 samples along the first two PCA axes, 2012.
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Fig. 8. A dendrogram showing weighed pair-group method with the mean characteristic difference of 24

samplings among 32 heavy metal contents, 2012.
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4. BEVIILHKENE R 10 GREERAR 32 JHE B8 & B BOLMET R » 2012
Table 4. Statistics of 26 heavy metal contents in sampling lines in Taoyuan coast of northwest Taiwan, 2012

linel (n=9) line2 (n=9) line3 (n=9) line4 (n=9) line5 (n=6)

max average  stdev max average stdev max average stdev  max average stdev  max average stdev

Mo 20.7 10.6 5.7 11.8 5.6 4.3 12.6 7.1 28 203 9.8 49 213 143 4.3
Zr 2867.5 624.6 928.2 1386.0 562.7 491.3 795.8 419.6 226.8 13515 509.0 416.5 22453 11329 679.4
Sr 24441 1138.1 553.7 2804.4 1077.9 705.8 1538.7 1056.3 444.2 19146 9619 561.5 2070.0 9484 677.6
U 59 11 2.3 31 0.4 1.0 3.3 0.4 1.1 157 2.6 52 10.2 34 4.6
Rb 698 46.0 187 65.9 418 178 534 388 136 55.7 453 96 640 385 16.2
Th 40.1 143 9.9 224 11.8 5.9 211 115 45 26.7 155 74 235 16.6 5.6
Pb 342 205 9.8 36.0 21.2 9.8 296 217 49 251 202 48 529 282 147
Se 0.7 0.1 0.2 3.2 0.7 12 14 0.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0
As 587 189 178 26.8 13.2 6.6 275 175 6.7 404 111 114 159.0 408 58.2
Hg 281 7.2 9.5 171 6.3 6.5 20.9 8.3 7.1 5.6 0.6 19 117 4.2 5.2
Zn 1346 945 391 187.6 925 462 1402 8385 270 1296 818 293 1209 937 241
w 372 135 150 86.9 256 323 494 108 205 1376 474 422 943 351 371
Cu 1167 798 337 2133 70.6 57.0 994 580 246 1251 720 283 917 69.2 246
Ni 475 215 176 65.8 150 224 571 158 218 612 122 200 711 432 285
Co 827 327 337 74.7 323 317 982 198 337 714 292 307 1767 66.2 719
Fe 24329.0 15632.2 6536.1 22988.1 15725.1 5356.2 25493.4 16787.5 5582.0 18184.6 14875.4 2673.5 63623.2 28348.6 18225.1
Mn 2961.6 10852 762.3 1896.3 776.2 469.1 1997.2 1182.1 518.0 15201.8 2536.3 4794.2 12643.7 3584.9 44945
Cr 78.8 615 9.8 92.9 648 144 76.8 618 111 896 678 161 834 645 126
\Y% 499 335 10.2 46.3 35.5 9.5 66.2 404 130 510 333 126 771 46.0 209
Ti 1439.8 9258 4431 2195.1 1317.4 620.7 1877.6 1107.2 674.7 1306.1 966.9 362.6 2901.3 1533.6 764.9
Sc 159.0 915 394 2579 1066 79.8 1740 899 585 1747 784 478 1333 643 371
Ca 55142.9 30211.6 13696.9 1041132 55937.4 391716 1013348 40897.3 295083 67915.6 26407.2 18890.2 68221.6 32782.4 20408.3
7472.6 4226.4 1939.3 8585.5 5363.5 2159.6 6213.7 3962.1 1701.0 5865.9 3975.2 1745.5 7190.0 3881.7 2077.6

S 13352 861.0 307.8 1553.5 850.3 4274 11186 683.8 254.9 980.0 603.3 243.8 1249.3 4233 4493
Ba 2254 1654 523 3337 218.7 1004 2742 1785 551 1957 1444 50.7 3119 196.1 86.5
Cs 481 25.0 153 78.6 421 310 516 260 173 333 180 134 624 327 237
Te 458 147 193 1184 58.3 50.9 943 262 322 444 115 145 813 266 412
Sh 10.0 2.6 4.0 25.2 102 112 7.6 14 2.9 7.2 1.2 25 141 34 5.8
Sn 19.9 7.1 8.3 319 165 139 241 6.3 75 252 5.2 86 260 119 110
Cd 4.7 0.9 15 7.8 24 3.2 35 0.9 14 44 0.5 15 7.3 1.6 3.0
Ag 1.0 0.2 0.3 5.0 11 17 4.3 0.5 14 1.3 0.2 0.4 1.2 0.4 0.6
Pd 6.1 0.7 2.0 3.9 0.9 15 2.0 0.3 0.7 0.0 0.0 0.0 3.9 1.3 1.6
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line6 (n=9) line7 (n=6) line8 (n=9) line9 (n=9) line10 (n=9)

max average stdev max average stdev max average stdev =~ maxaverage stdev  maxaverage stdev

Mo 114 6.1 4.2 74 6.1 1.2 170 123 50 193 131 4.8 2.3 0.6 1.0
Zr 44619 1794.0 14741 802.8 3443 259.2 1848.8 9684 5852 2179.2 867.7 538.8 849.7 236.6 2341
Sr 2517.3 12418 713.2 46222  2386.8 1764.7 1957.7 9734 4378 7156 538.6 128.6 1008 87.6 8.4
U 0.8 0.1 0.3 1.6 0.3 0.7 6.0 2.3 24 8.2 2.8 35 6.9 2.6 2.6
Rb 572 405 11.0 37.7 26.0 130 36.1 239 92 596 365 11.3 612 533 6.6
Th 473 203 146 14.6 9.1 49 223 136 6.0 271 166 53 535 140 150
Pb 28.7 19.0 5.0 17.6 131 32 332 231 70 358 232 83 274 181 54
Se 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.5 0.7 1.2 0.2 0.4 0.2 0.0 0.1
As 339 204 106 19.6 10.1 7.7 503 26.1 145 378 16.2 95 272 174 7.2
Hg 4.7 1.1 1.8 9.4 3.6 4.0 17.2 7.4 73 2712 6.8 9.5 4.7 0.9 1.6
Zn 1103 833 197 61.9 48.4 7.9 900 674 145 1214 716 209 924 749 9.2
W 66.2 311 2438 60.9 280 224 775 309 332 1412 348 470 560 267 145
Cu 1045 663 251 421 335 103 90.3 436 235 842 509 190 418 274 102
Ni 746 308 235 52.8 243 236 29.9 93 106 330 147 145 396 205 129
Co 2660 458 889 1217 317 484 981 549 350 916 331 326 1124 578 435
Fe 51657.7 29059.0 12309.2 20067.9  11433.7 6486.8 26747.4 15325.8 6800.8 222454 14787.2 4604.6 39006.2 22404.0 8489.8
Mn 4442.4 1401.7 1283.8 1826.4 926.9 521.0 3850.9 2209.5 1090.2 2416.2 1006.9 7709 723.6 4259 162.2
Cr 982 715 176 76.5 581 10.7 1258 712 288 840 561 152 1126 61.2 20.3
\Y% 166.1 68.9 46.8 42.3 36.0 5.0 69.2 386 143 470 275 9.8 1392 519 351
Ti 5735.4 2821.3 1702.7 1268.7 760.8 402.6 1678.3 838.7 557.7 1360.3 7215 405.2 7950.2 2765.2 2077.9
Sc 1227 817 40.0 3201 2054 1174 196.2 1212 483 1484 524 378 149 8.9 41
Ca 68028.8 51163.9 21701.8 173620.5 108118.7 56937.2 937115 53153.1 25118.1 54888.9 19153.8 14272.4 8537.8 5516.2 2176.5
7324.4 5261.4 1555.1 5309.6 4072.1 787.4 3571.0 2291.3 1114.4 4124.2 2601.9 1274.8 7887.4 7103.3 689.2

S 14514 677.6 4844 1199.1 855.9 4144 1696.1 11909 376.9 802.2 501.8 236.3 396.1 1918 1217
Ba 2720 1520 76.1 296.5 2253 631 4081 2448 156.0 296.8 159.8 79.1 388.1 3489 247
Cs 636 209 19.2 63.7 465 178 1163 553 409 783 224 259 763 620 8.8
Te 778 117 259 1151 526 421 1841 847 73.0 1040 268 387 1142 879 193
Sh 12.2 1.4 41 18.0 5.7 8.9 406 153 166 248 4.4 84 210 161 24
Sn 228 9.8 9.7 20.1 156 106 470 228 182 218 5.0 83 409 293 8.8
Cd 0.0 0.0 0.0 5.7 1.2 2.3 16.9 51 6.6 5.6 1.3 24 5.8 2.6 1.8
Ag 0.0 0.0 0.0 1.8 0.4 0.7 6.8 2.1 2.8 9.3 2.3 3.6 0.3 0.0 0.1
Pd 4.4 0.5 14 6.5 13 2.6 7.4 1.9 3.0 131 1.9 44 1.2 0.2 0.4
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R 5. GETUILHENR R R AL P AR AN ~ B0~ 85 - 3~ BEEEMETR - 2012 4
Table 5. Statistics of Sr, Ti, Zr, Cu, Zn contents in samplesfrom Taoyuan coast of northwest Taiwan and
north coast of Taiwan, 2012

95 % Confidence Interval

Area Mean S.td N Std. Error t df Sl.g' .Mean of the Difference
Deviation  Mean (2-tailed) Difference

Lower Upper
Sr o 996.33 820.69 89.54 11.13 83 .000 996.33 818.23 1174.43
Taoyuan Ti 1392.18 1220.57 133.17 10.45 83 .000 1392.18 1127.30 1657.06
coast Zr  746.50 796.95 86.95 859 83 .000 746.50 573.56 919.45
Zn  80.26 28.57 3.12 25.75 83 .000 80.26 74.06 86.46

Cu 57.54 32.21 3.51 16.37 83 .000 57.54 50.55 64.53
Sr  918.92 343.89 7020 13.09 23 .000 918.92 773.71 1064.13
Ti 637.02 457.51 93.39 6.82 23 .000 637.02 443.84 830.21

':8;2 zr 7831 43.32 884 88 23  .000 78.31 60.02 96.60
Zn 7179 43.16 8.81 815 23 .000 71.79 53.56 90.01

Cu 44.23 36.08 7.36 6.01 23 .000 44.23 28.99 59.46

ki 2012 FREIILER 10 Bkt GeRREA o ETRRILTg A sl - fhilEl 10 /3K
8~ Bk~ BEE AT R AR T8 (8] 9) - #ERY o Rl HR KR IL T =2 iR

BREEGEIGILE RV EEAR L10 &K - 3{H FXU5 ()Y 1,883 ppm » R E{E 637 ppm » K
PRERIE 9 {EIEAAYE /M5 79.1-100.8 ppm » [F] L v R S O =2 BRI e o
BEIIBTE » FE0HT 2011 AU AR th S HEn SEIT IR A B B ZE AL > SRR

(ERIRE RO R A SR 2 (B 2014) 0 HHETHY L6 Y BIIE /5 4,462 ppm > FEIRTHIE HIYE 15
TEVEREE R AT > FER S rertE AR L7 ARl ZEE - MR s AUBUEE 2,245
% 4,622 ppm » L1 f& L2 thE 2,444 ppm K ppm » H—EE R NRIER 5 7 2 SRR AR
2,804 ppm HUEE o #5 ~ FRELRERER T AR L1 > Bl 2,868 ppm » MLERHRAIAA A e
FiRl e hERany F BT R 28y - MR e A BERE IR m AR e ) - RBR IR 7T KR
BRI > SRR ESEIEE - (HFtm A e > B2/ NRIFIERE A K B A
Pl A2 &5 > HITS 1,808 ppm > 2 g6 o IRV AR Y I A R B AR Y 5y B
L RER R E - TS 0R R R RS 181 ppm J 78 ppm » FHIE 10 (&S ElE 0] H
FEERE A 7P (53 IS 996 ppm K2 919 ppm » fif o HAdLE R =2 AR n7 Rtk

LIt Er i A R EUE & A 15 3 Uil (e > HALER RIS & BORBAHIE o 1

PR B A A HE B LT 2 Dok 2 v v 2102 FHIFFR R ER > L2 2011 SFPRE -
YOBERRER L10 55 3 PRERULHY 7,950 ppm » K& {F R S HEH A AL IR K AH R St B » HIRFER
(S MERERR AR L6 Y 5,735 ppm » WA 73 Al 7k R Bl DA R < R - R YRR

e dEr AL W] - mADERY LS A 2,901 BE 10m HX—HEAS » 2 febkaat 17 {EkRA » 8
ppm > B EA PR ER e HE B R > E TR LA 90-268 ppm (B 2014) - 32 3#HAIH]
LIRS AE Y S RS AR - 5K bt > DK 5 R B I e B SR 2
ERTRIZ ~ R ~ K% ~ th 2 Es BETT ©
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B 9. GETHALEKENEE 10 RERAR K HRERuG 2 (A)FE ~ (B)SL ~ (C)FEa & LR J7lE » 2012 4 -
Fig 9. Histogram of Sr, Ti, Zr contents at sampling lines and stations in Taoyuan coast of northwest
Taiwan, 2012.

& 10. SRR SRR Z (A ~ B)Ek ~ &R LZEE > 2012 4 -
Fig. 10. Histogram of Sr, Ti, Zr contents at sampling stations and lines in north coast of Taiwan, 2012.
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Fig. 11. Boxplot of Cu, Zn contents in sampling lines in Taoyuan coast of northwest Taiwan and north

coast of Taiwan, 2012.
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Fig. 13. Boxplot of Zr contents at three sampling stations in Taoyuan coast of northwest Taiwan, 2012.
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Abstract

It has been nearly 30 years since Yushan National Park was established under the National Park Law
of Taiwan in 1985. Vegetation succession in the Park, however, has yet to be further understood to
facilitate management efforts. In light of the high cost entailed by a large-scale ground-level study, in this
study techniques of remote sensing, geographical information system and principal component analysis
were integrated to estimate the vegetation change from 1990 to 2013in Yushan National Park. The results
demonstrated that decreased vegetation was more likely to occur adjacent to southern streams due to
impact of typhoon Morakot in 2009.We used spatial patterns of degraded vegetation and environmental
data, which came out with three levels to classify rankings of degradation, namely, high, medium and low.
The results indicated that in addition to existing use area, most areas classified as high level included
pristine vegetation coverage. These findings may provide insights for future land management.
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Key words: management, vegetation change, geographical information system, principal component
analysis, Morakot

Itk HRE : 20144 03 H 24 H s HEA - 2014 £ 09 A 20 H

Received: March 24, 2014 Accepted: September 20, 2014

4 52 5 20135 1L H ® H A& ER 00 & e e £
[/ K €7 (st Asia Parks Congress) 1 » £ 711 H& H1
RIRK F BRI R R

SRS B - S R ORI o S A 7%

nu\«

& € PRAE IR £ T BUT R RS R AR A
P2ttt ~ BRBCULARRE ES - (Rl IT

o A R B Lt A 2005 1 A B P e v A
HilF (IUCN 1994) » #15 2 » R IRFER T2
e 38 A2 1) 25 Bk Y A Tt (Bishop et al.
1997) - th2E R E H A 2 B H AR (Aichi
Biodiversity Targets)( 8 % /7 {E BLEE 2 — o
MRS RIRRUREEE - DL B L PAI A it
RARFRZ L SRR RS
A R SH R R o 2 B Rl A EL 5 206 17 1

TERIR K EERAYIIGE -

T T8 (T 72 K A o B 3 2 v A
K@ hg - WEAERIR - N EHE eSS -
BN - BESZRRKFV B LN —H
HINEE ~ R B R R - (R
ol L A 358 B AR PR A RS SR S A 52 B O (RS
2005) > L2 5] ELI LA ~ S Ve S e A S E T R (3
2002; [ 2005) » 3 M E B sl B A1)



EIEEYIZ B ERTSE(TW J. of Biodivers.) 16 (4): 379-391, 2014 381

18 BR B e HL IR B0 59 A0 BELAH A (PR S 2003;
155 2013) > KL - Anfel SRR R BLAEY)
ZIRTER KRS R - R SO THE & A
DIRE » RS wiigm L - EEHE
ARG

RIAFHI R E Z B A2 BRVE IR R
BABEE(ER - @R i T BN S A miE
HEZ R HFIIRRE S » LHE GRS
Z R OB AT HE S 1 RE A 45 122 (vegetation
index) ] R FR ARMBEE - MBI H8HE
1% £ (Gaughan et al. 2009; Bradley and
O'Sullivan 2011; Alphan and Derse 2013) ° It
Yt BB AT o BT 2 IRR
KA B YRR » (R - B AR BT A
TR ZE IR LA AT » RIE— 5 eI H At AT
REE T EIR BB ST » B R
MEEHFTEDR > FF e iR LT - B
S ARZYIRE ~ K fa ke A REER S M s 1 5
FHER47E (Bethany and Mustard 2006; Wang et
al. 2008; FH5$2010; = EdHt 2013) -

TR ARG A A AR
3R HATEAER L - B b AR AEY)
L iR 2 EERER.Z — o R o S ARG
REBFRARIRRZR R LIRS N > 2 U H e
A a1 L A RE RS R B » B o AT
e EENEGIEETEL  f G EAAR
B = % 43437 (principal component analysis,
PCA) > T RILBIZR AR RIR K E 8%
AR A LBV AT » AR SE R RESEHE 2R
REAR B UL S TE 2 8% o

Mo Ty ik

— ~ AR
AR T 1 L1180 2R ol A ] - [tk

HiFP 1983 4 1 A 1 HEITEBE A S48
1985 i 4 H 10 HEZE MR » WAKGT B
HATIRE ~ BREBFE I o HIMPR (& 7>
GEA S 2 Rty > 1TEEE Y B 1 ~ 5
28~ {03 KR S 4 5T > THIFEAY 100,000 ha
B2 G REEIER KB R AR o WA KR
i o SR o BRIEKIR ~ R B TS
VR =R 2 Bt o RO B BRI | > (BB
FKNFERRE » #4528 IR E TR ~ AURE
B A G B A AR LR ~ el sl ~
SRR AEIR ~ T R — E IS 5 fE gy
5 o WFETERAERI G > IFRS s (] 1) o
SR BV SR L ~ TR R A
AEE N B SRR R A -
A 4.3 °C » HHEHREAY 80 % RN E
#J 3,600 mm » ERERY H #ky 140 H » £EEE
HR 5~8 HRHERYZE S e R =] o st LAl
B &5 E » I REE LK - H 300 m HYHL
R R 7 EFHEE 3,952 m FY R (L EIg » H
rhEL B R R 2 B (LI AE B 8
B O] o B L LAERE ~ iAo ~ B2
FRA ~ MERRTY SRR 55 o

WA
(—) EEPGEH

P 2% b G G 2 BT (United - States
Geological Survey, USGS)#dulti N #ii ~ E7%
b B E SR AT 1E (level 1T).Z Landsat {2
R IFEETE T BT &N S IRAR 4R
FIIFI ERDAS IMAGINE #RESHIT o ZH K (L
B AR W) A2 Landsat 5 B3/ Landsat
8 TE RIS IRE(G > Fotih H I B RS 1990 - 7
H 6 H 2013 4 8 H 6 H » HAuEEAT Y
BRI 2 I B AGGEAT 0 b7 WS (G »
15 T2 22 [T 17 (spatial resolution)¥s 5%



382

30x30 m * % Landsat 5 §15 . & fEHT )
(radiometric resolution) A< & % L 8 bit £ R {7
HEL > 1M Landsat 8 2% HIIES 16 bit » KL -
Landsat 8 A5 8 bit ZURE » LIFIRR 15
G2 S FT B LR o A A FeRR IR 25 55 v L3t
T » Bl R SUER R 2 - @Il )7 M8
5% i vk (hyperspherical direction  cosine,
HSDC) » LAfE B AU A5 15 (radial measure)ii
KR53 78 550 I B K SR 2 SfE3AE. HSDC i
#arbnLLEsH @t & 88 1995; Warner and Chen
2001) © fRIITEAL > EHDEEE R FEAE IR S 2K
Ry FERIEYE < T8 > LUBIRE )ik
(pseudoinvariant features) 3 17 15 & #H ¥} & ¢
1E > HITE TR R EHRAGHGE A B RE R T gl

& 1. BgelE st
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1. AWFTERRE A 2 B 1

Table 1. Environment factors used in the study

EIBIR A AR LB

Name Description (unit) Source

Elevation Elevation (m) ASTER Global DEM (USGS)

Aspect Aspect (eight cardinal directions) ASTER Global DEM (USGS)

Slope Slope (degree) ASTER Global DEM (USGS)

Stream Distance to any stream (m) Yushan National Park Comprehensive
Review Plan3rd

Road Distance to any road (m) Yushan National Park Comprehensive

Forest edge Distance to any forest edge (m)

Bare area Distance to any bare area (m)

Review Plan3rd
Identified in 1990 Landsat imagery
Identified in 1990 Landsat imagery

Note: ASTER= Advanced Spaceborne Thermal Emission and Reflection Radiometer; DEM = digital

elevation model.
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Table 2. Regressive coefficients of Landsat data
between 1990 and 2013 for relative radiometric

correction
Band a b R
R 0.87 8.45 0.95
NIR 0.94 10.62 0.96
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Fig. 2. Distribution maps of vegetation change. (a) Image subtraction for 1990~2013 and (b) distrib ution

of vegetation degradation(decreasingat 1.5standard deviation from the mean).
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Table 3. Area and proportion of vegetation degradation within Yushan National Park’s planned regions

Planned region Vegetation degradation area (ha) Proportion( %)
Existing use area 1,574.91 6.24
Culture and historic area 459 2.02
Ecological protected area 1,534.23 2.34
Scenic area 2.79 0.08

Recreation area

4.05 171
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4. ERIHTHER

Table 4. Results of principal component analysis

EIBIR A AR LB

Selected principal components

I I " v \Y
Eigenvalue ) 1.71 1.26 1.08 0.98 0.95
Variance ( %) 24.36 17.98 15.37 14.06 13.58
Cumulative variance ( %) 24.36 42.33 57.70 71.76 85.34
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Fig. 3.Potential distributions of vegetation degradation.(a) results of principal component analysis and (b)

rankings of degradation.
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Fig. 4.Potential proportions of vegetation degradation within Yushan National Park’s planned regions: a.

Ecological protected area, b. Scenic area, c. Existing use area, d. Recreation area and e. Culture

andhistoric area.
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Confirmation of a naturalized grass (Poaceae) in Taiwan,
Pennisetum setaceum (Forssk.) Chiov.
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Abstract

Pennisetum setaceum was reported as a cultivated species from Taiwan in the past and is usually
misidentified as P polystachion. Recently, we examined specimens in some herbaria of Taiwan and
confirmed the differences and diagnostic characters of the two species. This article provides the key to
species of the genus Pennisetum from Taiwan, and a description of this naturalized grass with line

drawing for identification.
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Introduction

The genus Pennnisetum Rich. (Poaceae:
Paniceae) comprises 80 species throughout the
tropics and subtropics (Chen and Philips 2006).
The most diagnostic characteristic for this genus
is the highly reduced panicle inflorescence that
looks more like a spike. Each branch reduces to a
highly contracted cluster composed of one to
several spikelets, and the lower parts of the
branch reduce to bristles which form an
involucre and surround upper spikelets. Another
genus with similar spikelike inflorescence is
Setaria. Nevertheless, the bristles of the genus
Pennisetum is deciduous with spikelets and can
be easily distinguished from Setaria whose
bristles remain on rachis at maturity.

The genus Cenchrus is closely related to
Pennisetum. Recently some researchers include
the genus Pennisetum in the genus Cenchrus
based on molecular phylogeny (Chemisquy et al.
2010). We hesitate to accept such an extreme
deduction and still regard Pennisetum as a
separate genus.

There were four species recorded in Taiwan
before 2000 (Liu 2000), including Pennisetum

Pennisetum setaceum in Taiwan

Accepted: September 30, 2014
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alopecuroides (L.) Spreng., P cladestinum
Hochst. ex Chiov., P. polystachion (L.) Schult.,
and P purpureum Schumach. In addition, P
setaceum (Forsk.) Chiov. was first reported in
Taiwan as a cultivated grass (Huang 1979) and
was not formally described in any publication. It
has been introduced into some countries as
fodder or ornamental grass and usually becomes
a disruptive invasive species (Benton 1998;
Csurhes 2011). Similarly, it was introduced into
Taiwan as fodder and then it escaped and became
naturalized. In herbaria of Taiwan, the specimens
of P setaceum were usually misidentified as P
polystachion because both species have similar
bristles  characteristics which are densely
silky-plumose at base. Nevertheless, we can
easily distinguish them by the diagnostic
character of panicle arrangements and upper
florets in spikelets. In P. polystachion, flowering
culms are much branched and forming a false
panicle, instead of less branched, even solitary in
P setaceum. In addition, the upper lemmas are
subcoriaceous, smooth and shiny in P
polystachion rather than chartaceous in P
setaceum.

This article provides the key to species of
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the genus Pennisetum in Taiwan and a
description of P setaceum with line-drawing for

identification.

Key to species of Pennisetum
1.Culms stoloniferous; inflorescence nearly
enclosed in upper sheaths when flowering ......
veeere... Poclandestinum
1. Culms not stoloniferous; inflorescence exserted.
2. Lemma dimorphic, inner bristles densely
silky-plumose at base

3. Flowering culms much branched; upper
florets easily disarticulating at maturity;
upper lemma subcoriaceous, surface
smooth and shiny ........ P. polystachion

3. Flowering culms less branched or
solitary; upper florets not disarticulating
at maturity; upper lemma chartaceous,
surface sparsely hispidulous ...................
.............................................. P. setaceum

2. Lemma monomorphic; inner bristles not
plumose.

4. Spikelets with 2-3mm long pedicel;
anthers without a tuft of hairs at one
end ..o P. alopecuroides

4. Spikelets sessile; anthers with a tuft of

hairs atoneend ............. P. purpureum

Taxonomic Treatment

Pennisetum setaceum (Forssk.) Chiov., Boll. Soc.
Bot. Ital. 1923: 113. 1923; Clayton and
Renvoize, Fl. Trop. East Afr. Gramineae:

675. 1982; Webster, Aus. Paniceae: 192.
1987; Chaudhary, Grasses Saud. Ara.: 385.
1989; Wipff in Barkworth et. al. (eds.), Fl.
North America 25: 527. 2003.

MR Fig.1

Phalaris setacea Forssk., Fl. Aegypt.-Arab.
17. 1775.

Cenchrus setaceus (Forssk.) Morrone, Ann.
Bot., 106: 129. 2010.

Perennials, tufted. Culms erect, of moderate
texture, 50-130 cm tall, glabrous, culm nodes
glabrous. Leaf sheaths surface glabrous to
densely pilose. Ligule a ciliate membrane, 1-1.5
mm long. Blades cauline, linear, flat, 20-65 cm
long, 3-5 mm wide, margins scaberulous, apex
acuminate, surface densely, pilose on both sides.
Inflorescence a panicle, terminal, cylindrical,
15-20 cm long, axis angular with sharp decurrent
wings, base exserted from uppermost sheath,
without  conspicuous  branches,  branches
contracted into spikelets clusters, spikelets
subtended by an involucre of bristles. Involucres
subsessile, enclosing 1 spikelet, bristles slender
and free to the base, margins densely
silky-plumose in lower half, falling with
spikelets when mature. Spikelets bisexual,
dorsally compressed, narrowly lanceolate, 4.5-5
mm long, with 2 florets; lower floret reduced,
usually sterile, sometimes staminate; upper floret
fertile. Lower glume absent or reduced, minute.
Upper glume broadly lanceolate, 3.5-4 mm long,
membranous, 5-veined, not keeled, veins

glabrous, surface glabrous, margins smooth, apex
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acute, awnless. Lower lemma lanceolate, 4.5-5
mm long, chartaceous, 5-7-veined, midvein
keeled, veins glabrous, surface hairy:, sparsely
hispidulous, margins smooth, apex acuminate,
awnless. Lower palea well developed,
2-keeled,  keel
scaberulous. Upper floret pale gray. Upper

membranous,  lanceolate,
lemma lanceolate, 3-4.5 mm long, chartaceous to
subcoriaceous, but thinner, 5-7-veined, veins
glabrous, surface hispidulous, margin smooth,
apex mucronate. Upper palea oblong,
subcoriaceous, but thinner, 2-veined, surface

smooth. Anthers 3, 1.5 mm long.

Distribution: Native to northern and eastern
Africa, south-western Asia. Introduction
into Australia, North American, Hawaii and
Mexico.

Habitat: Grassy places on mountain slopes,
lawns, wastelands, roadsides.

Examined Taiwan specimen: MIAOLI: Tapu,
Hsu s.n. June 30, 1960 (TAI). NANTOU:
Wandan, Chen 6193 (TAIE). CHIAYI:
Fanlu, Kung & Chang 67 (TNM).
KAOHSIUNG: Taoyuan, Chen 7026
(TAIE). TAITUNG: Tawu, Liu & Su s.n.
June 28, 2003 (TAIF).
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Fig. 1. Pennisetum setaceum (Forssk.) Chiov.
A. habit; B. joint between sheath and blade: B1. ligule, B2. Leaf sheath; C. spikelet with bristles; D.
spikelet without bristles; E. upper glume; F. lower lemma; G. lower palea; H. upper lemma; I. upper palea;

J. anthers.
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Abstract

Wollastonia, comprising approximately two species in the world, is a small genus of the family
Asteraceae. One species was recorded in the 2™ edition of Flora of Taiwan. In the course of our botanical
inventory, Wollastonia montana (Blume) DC., heretofore unknown in Taiwan, was collected from the
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southern part of the Island. Wollastonia montana can be easily distinguished from other congeners, as its
capitula is always solitary (rarely 2-3), ca. 15 mm in diam.; stems erect and leaf smaller (3-9 x 1-4 cm). In
this report we provide a description and colored photographs taken from the wild to aid identification.
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Key words: Asteraceae, New record, Taiwan, Taxonomy, Wollastonia, Wollastonia montana
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B 1. (LHi4s ARERE s BEEIRIER s C.EIRAE s DAERTE s BT s FIER -
Fig. 1. Wollatonia montana (Blume) DC. A. habit ; B. head ; C. ray floret ;s D. disc floret ; E.
infructescence ; F. achene.
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@ 2. [LZH4g ARERE 5 BAER s CHEIRTER 5 DIEIRIEFIT 5 ELRFF -
Fig. 2. Wollatonia montana (Blume) DC. A. habit ; B. flowering branch ; C. head : D. head, lateral view 3
E. Infructescence.
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Spiranthes hongkongensis (Orchidaceae): Newly recorded
from Taiwan
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Abstract

Spiranthes hongkongensis (Orchidaceae), previously thought as an endemic species of Hong Kong,
is newly recorded in northern Taiwan. This species is closely related to S. sinensis but is distinguishable
by having glandular pubescent rachis, floral bracts, ovary and sepals, whitish flowers, and distinctly

3-lobed stigma.
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Spiranthes hongkongensis in Taiwan
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Introduction

Spiranthes  (Orchidaceae: Cranichideae,
Orchidoideae)
predominately occurring in North America and

contains ca. 50 species
also widely distributed in Central and South
America, Eurasia and Australia (Pridgeon et al.
2003; Chen et al. 2009). They are all terrestrial
orchids with basal rosettes, erect racemes and
spirally arranged small flowers. In Taiwan, two
species have been recognized, including S.
sinensis (Pers.) Amesand a recently described
new species S. nivea T. P. Lin & W. M. Lin
(Leou 2000; Chen et al. 2009; Lin and Lin 2011).
In this paper,S. hongkongensis S. Y. Hu &
Barretto, previously thought as endemicto Hong
Kong (Chen et al. 2009; Barretto et al. 2011),
isreported as a newly recorded species in Taiwan.
Morphological description, color photos and a
key to the congeneric species in Taiwan are
presented to aid identification.

Key to the Spiranthes species in Taiwan
1. Lip ovate when flattened, disc glabrescent......

................................................... S. nivea

Accepted: September 30, 2014

BZHH - 2014 &£ 09 H 30 H

1. Lip broad oblong when flattened; disc distinctly
papillate .....cccoovivieiiiiie 2
2. Rachis, floral bracts, ovary and sepals glabrous;
sepals pink or purplish red, rarely white; stigma
discoid, not distinctly lobed............S. sinensis
2. Rachis, floral bracts, ovary and sepals glandular
pubescent; sepals white; stigma shield-shaped,
distinctly 3-lobed................... S. hongkongensis

Taxonomic Treatment

Spiranthes hongkongensis S. Y. Hu & Barretto,

Chung Chi Journal 13(2): 2. 1976; Chen et

al., F1. China 25: 84. 2009.7 #:#% & Fig. 1.
TYPE: Hong Kong, Taipo,Garden of G. Barretto,

4 Apr 1975, S. Y. Hu 13658 (holotype: K;

isotypes: A photo!, CUH).

Terretrial herbs 10-44 cm tall, acaulescent.
Roots fasciculate, fusiform, fleshy, 1.5-3.5 mm
in diam. Leaves basal, 2-6, erect and spreading,
linear to oblanceolate, 3-12 x 0.5-1 cm, apex
acute. Inflorescence terminal, erect, 9-42 cm,
becoming moderately to densely glandular
pubescent distally; sterile bracts 3-5, glabrous;
rachis 3-13 cm, with many spirally arranged
flowers; floral bracts lanceolate, 5-6 mm,
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sparsely glandular pubescent. Flowers whitish;
ovary green, 4-6 mm, glandular pubescent.
Dorsal sepal forming a hood with petals, oblong,
ca. 3.5-4 x ca. 1.5 mm, outer surface sparsely
glandular pubescent, apex obtuse; lateral sepals
oblong-lanceolate, slightly oblique, 3.5-4 x ca.
1.5 mm, outer surface sparsely glandular
pubescent, apex obtuse. Petals sometimes tinged

with pale pink, oblong, 3.5-4 x ca. 1.3 mm, apex
obtuse; lip broadly oblong, 4-5 x 2-2.5 mm,
basal portion with 2 transparent, spherical calli,
lateral margins erect and crisped, apex
truncate-obtuse and recurved; disk papillate.
Column erect, ca. 1.5 mm; anther ovoid, ca. 1
mm; rostellum lanceolate-triangular; stigma
shield-shaped, distinctly 3-lobed.

Fig. 1. Spiranthes hongkongensis S. Y. Hu &Barretto (7. C. Hsu 7079). A: Habitat and habit. B:
Inflorescence and flowers. Note the glandular pubescent rachis. C: Flower, side view. Note the glandular

pubescent bracts, ovary and sepals. D: Column, bottom view. Note the distinct three-lobed stigma (circled
by white dotted line). Photographed by T. C. Hsu from Hsu 7079.
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Distribution: China (Hong Kong) and Taiwan
(New Taipei City).

Habitat: Moist grassy slopes on hillsides,
semi-shaded, accompanied with Lycopodium
cernuum L., Miscanthus sp., Gahniatristis Nees,
Viola sp., Juncusles chenaultii J. Gay ex Laharpe,
Eriocaulon truncatum Buch.-Ham. ex Mart. and

E. sexangulare L.

Phenology: Based on observations during
2009-2014, the wild population of Spiranthes
hongkongensis in Taiwan flowers from April to
May and fruits from May to June.

Specimens examined in Taiwan: New Taipei
City (#rdt i), Xichi Dist. (% 1E[&), Chepingliao
(HiF28), 300-400 m elev., 20 Apr 2014, T. C.
Hsu 7079 (TAIF).

Note:  Spiranthes  hongkongensis ~ shows
significant morphological resemblance to the
widespread and common S. sinensis but is
readily distinguishable by having glandular
pubescent rachis, floral bracts, ovary and sepals,
whitish flowers, and distinctly 3-lobed stigma
(Hu and Barretto 1976; Chen et al. 2009;
Barretto et al. 2011). The wild population in
Taiwan has beenobserved by the first authorsince
2009, but its identity was not confirmed until
2014 when flowering specimens were collected
and carefully dissected. Sun (1996) demonstrated
that this species is an allopolyploid probably
derived from natural hybridization between S.

sinensis and S. spiralis (L.) Chevall. However,

Spiranthes hongkongensis in Taiwan

since S. spiralis is so far not reportedin the range
where S. hongkongensis grows (Chen et al
2009),further study is still necessary to ascertain
the origin and speciation history of .

hongkongensis.
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