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Cases of Crested Serpent-Eagles Poisoned by the Pesti-
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b RBRER IR AR A BB - BRI BB - B N &2 s
(Oligochaeta sp.) F1ZER 85 (Scarabaeidae sp.) o 5 = 21T EREAH 5L E 3 7 FEAs »
HANEYIEIEMKEEL (Achatina fulica) K1 (Geothelphusa sp.) » {Hfi4E )7 A
B © 55 —F0EE = BIRVAT IR S A2 YEh o s iRk - HoMNER BiE R 4 e
FHIA IR R =5 » RIbE A IRV E SRR » R IiBEs = G AT Bt 5 H =
TSR AR R - BN E T - BRI R AE B IR E IR EE
T F GBI A Y T e 2 B P ENEERE Z — » IifrBoEIEIEH
TRV 22 e VEIE R AL -

BRI ¢ I - RHSE - sl - 4 - HEEE

Abstract
From October 2020 to March 2021, this study discovered three cases of Crested

Serpent-Eagles (Spilornis cheela) poisoned by the pesticide carbofuran in Taiwan. The
first case occurred in an orchard in Nantou County. The eagle was still alive but showed
symptoms of being poisoned. Carbofuran was detected in the liquid after washing its
crop. However, the exposure pathway remained unclear. The second case occurred in
Yangmingshan, Taipei City. A resident used carbofuran granules to prevent Formosan
Blind Mole (Mogera insularis insularis) from digging holes in the sod. Later, a dead
eagle was found. Earthworms (Oligochaeta sp.) and scarabaeiform larva (Scarabaeidae
sp.) were found in its stomach. The third case was a dead eagle discovered in an orchard
in Yunlin County. There were Africa Landsnails (Achatina fulica) and freshwater crabs
(Geothelphusa sp.) in its stomach. However, the method of pesticide administration was
unknown. In the second and third cases, carbofuran was both detected in the stomach
content and in the livers, in addition to several other pesticides. Because carbofuran has

acute toxicity, it is most likely the direct cause of death in those eagles. However, in the
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liver of the third case, high concentration of brodifacoum (0.304 ppm) was also identi-

fied, showing double poisoning in this case. These cases showed that the Crested Ser-

pent-Eagles poisoned by carbofuran were not a single case and invertebrates that live

on the land surface may be an important pathway that lead to the secondary poisoning

of Crested Serpent-Eagles. The safety of carbofuran granules to non-target organisms

should be carefully evaluated.

Key words: raptors, secondary poisoning, earthworms, snails, rodenticides
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7 1. AR =BIRTEE (Spilornis cheela) B L4 ERES R -
Table 1. Pesticide test results of three Crested Serpent-Eagle (Spilornis cheela) cases in

this study.
No. Date County Type of sample  Pesticides lzgls)fll)le Pesticide category Chinese name
1 2020/10/20 Nantou Crop lavage Carbofuran  0.02 Insecticide (carbamate) dv gk
2 2021/1/26 Taipei Liver Carbofuran  0.077  Insecticide (carbamate) b g
Brodifacoum 0.004  Rodenticide (anticoagulant) ¥ e B
Bromadiolone 0.004  Rodenticide (anticoagulant) #Hi R
Flocoumafen 0.004 Rodenticide (anticoagulant) R B
Stomach contents Carbofuran  4.87 Insecticide (carbamate) de iRk
Dieldrin 0.03 Insecticide (organochlorine) b EF
p.p’-DDE 0.13 Insecticide (organochlorine) FF R
p,p’-DDD 0.01 Insecticide (organochlorine) FFF
3 2021/3/18 Yunlin Liver Carbofuran  1.675  Insecticide (carbamate) 4 g%

Imidacloprid 0.035  Insecticide (neonicotinoid)
Brodifacoum 0.304  Rodenticide (anticoagulant)

Difenacoum 0.002  Rodenticide (anticoagulant)
Carbendazim 0.088  Fungicide (benzimidazole)

IR I R
oo
o=k B

Stomach contents Carbofuran  6.44 Insecticide (carbamate)

e

W

Imidacloprid 0.14 Insecticide (neonicotinoid)
Diflubenzuron 0.02 Insecticide (benzoylurea)

by

Ry

Carbendazim 0.18 Fungicide (benzimidazole)

®ovt &0
(5o

s
‘h\
g

Azoxystrobin 0.11 Fungicide (methoxyacrylate)
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1. 3 ¢l & b ™ K5 B (Spilornis cheela) B 5 N & V) /2 Uk 45 (Oligochaeta sp.) 1 % T £
(Scarabaeidae sp.) > S5H—LofGIEE o (HEZETFHE)
Fig. 1. In the stomach of the second Crested Serpent-Eagle (Spilornis cheela) case, earthworms

(Oligochaeta sp.) and scarabaeiform larvas (Scarabaeidae sp.) in addition to some leaves were
found. (Photo by Shiao-Yu Hong)
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2. F=PIE MK (Spilornis cheela) HY'H N & V172 JE M K8 “F (Achatina fulica) T3 4
(Geothelphusa sp.) = ( EFHEEGR )
Fig. 2. There were Africa landsnails (Achatina fulica) and freshwater crabs (Geothelphusa sp.) in the
stomach of the third Crested Serpent-Eagle (Spilornis cheela) case. (Photo by Ya-Wen Hsu)
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3. Kt B (Spilornis cheela) {EFT LT E B &S LM B IEM AN (Achatina fulica) - (FRIZ 65 )

Fig. 3. A Crested Serpent-Eagle (Spilornis cheela) preyed on an Africa landsnail (Achatina fulica) in a rural
farmland of Gongliao District, New Taipei City. (Photo by Hung-Ming Chang)
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MAE IR B AR B B 2 Y RFE BRI I IR S

A2 RS0 © 18154, ° (Oncidium Gower Ramsey ‘Honey Angel’) & ‘&=
w72 (Oncidium Gower Ramsey ‘Golden Star’) 3 7 FE[EE & N 2 ELRZ T
S8 BRI s A EE B 500 umol photon m™ s DA NAVERSR (1 hr) FEET -
HomE [ol18 sl BB HNHIE R o N THORIRRVAREE Ry » SEEFES 7R 300-500
pmol photon m™ s™ » DL G % B YA IR & S 40 o W il 39 R = e B B
(1,000-2,000 pmol photon m” s™) » fIEEEZLRERAEL > (RF qE FE(E - $25 ql
GG AIEHNIFIEL G - HFCHIHIE RS B e FHEDAS - 2 —(E R =T e AY
AHEDAEE - DL EER RSO RIS E R - (RS E R AR 2% -
BRI  SOLH ~ TERRREOE ~ IEALEHBL - SEriReE ~ S

S

Abstract

The chlorophyll fluorescence parameters of Oncidesa Gower Ramsey ‘Honey
Angel and ‘Golden Star’ varieties under seven irradiation gradients were studied. The
results show that two varieties were suitable for long-term (1 hr) irradiation under 500
umol photon m” s™', indication of faster dark recovery and lower photoinhibition effect
of photosystem. Thus, the light cultivate technology of the artificial light intensity
should range from 300 to 500 umol photon m” s to avoid severe light inhibit damage
to the photosynthetic system. The two varieties were both intolerant to high light
environments, ranging from 1,000-2,000umol photon m™ s'. High light intensities led to
excessive energy reduced qE, and increased ql and the photoinhibition ratio. Since the
photoinhibition effect is easy to measure in the field, it should be an ideal physiological
monitoring index that can be applied in the field. The above results can provide
references for Gower Ramsey cultivation management, micro-environment creation, and
physiological monitoring.

Key words: Gower Ramsey, chlorophyll fluorescence, non-photochemical quenching,

photoprotection, photoinhibition
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R EE A RIS R s B A =
ZHE » R A ST R 5
JEFRIE (light intensity, LI) Ay AT THE(E
NFgesy eI AR ~ E =
EE & (Banks, 2017), HA4fe4: BLERT
SRR T A YA BRI R T Y
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FERIEE R AT 30 oy S0 B A e 1%

RFEE5%E & 50 (L1) ~ 100 (L2) ~ 300

(L3) ~ 500 (L4) ~ 1,000 (L5) ~ 1,500

(L6) % 2,000 (L7) umol photon m™s™ >
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KK N[/ E o

(5) Fs (the steady state fluorescence) °
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(6) Fm’ (maximum fluorescence in the
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PARF R KDL & -

(7) ETR (electron transport rate) = ®PSII

x 0.5 x 0.84 x PPFD > & (&I 35

3R o
=2
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TR PR FERYED ST T Ry ]
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By o T R AR -
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(=) &atorfh
DL & 4L #k #8 PASW Statistics 18



il SigmaPlot 10.0 #E {7 IE &% 2% 2 B ]
Gt~ T R[EER o T BldgE - fiE
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PRI St B oy o e R % P 2 W R 1
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L1-L4 B - ql B aR(i > (HIE S
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H A= RE & AL 1 A P A [6] (Wong et al.,
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MAE IR B AR B B 2 Y RFE BRI I IR S

2012) - SIFERGTREAIAR & ST
TR EEREGEIE(EERAEE - 1
EOCE RGN - e EHAVE
HF R REERRENE (Allen
and Pearcy, 2000;Wong et al., 2012) >
FE S TRy s B (FREE 0 2021) o ]
MO R R EEgsE otathy
M FHEDEEA 20-30 7HEH
HIRG  EHEIEH RSB - A
EEIEHDEEAALIEN - §EEUKS
FIHRCEEE S (Deans et al., 2019) © A
Tk AR B ARG S > {HIE 1A - B
HI&E R BRI G E RIS B
2-10 738 ETR ARt &1 F
R (RS 0 2021) 0 BiHT ETR HYE%
L CO2 EMEAYE P (Bai et al., 2008;
Wong et al., 2012) » £ 12 B Hf - 2 UYL
FYET- AT RE 2 ot & R A i PR
¥ o B E R AR B g EHE
e R EER (Demmig-Adams et
al., 1996; Kato et al. 2003; Adams et al.,
2004) -
HEFETHRR P REELRT
I > PSIT 854 i & SR M FEE A B i
[ (Weng et al., 2013; Acebron et al.,
2021; Lin et al., 2021) * PSIT &R 5
e N AR R FE 2 Y NPQ FHY
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w R EERRZ ERaE B IBVEE VS
BY (Demmig-Adams and Adams, 1996;
Jahns et al., 2009) - fFFEEEZEET -
REE (V) BRERALHRITER
(A) > ARFEREALKICREE (2)
(Hager and Holocher, 1994; Demmig-
Adams and Adams, 1996; Verhoeven et
al., 1999) ° [ 300 B AL = e R B (LS-
L7) T M &LFERY NPQ 1 0-30 47§
e AV BE 0 ([& 1€~ D) - THEZE
LR WIEE R » BRSO0
R AN I 15506 B R RO IR (L1-L4,
Y¢& 500 umol photon m” s LUF ) #5
REAE JE > RE IRIFECSHY ETR (OL &
RUAE ) BT NPQ (FRE(LERF AN
) IR E RIS SO0 A
HA Z JE ISR > DUAERE 50~70% Ry 'H.
(Ackerman et al., 1985; Aldrich, 1991;
Hew et al., 1994) > {H3= 1 O] KR fE S
OBl i R AR B B RE A B 2 B b
(ETR E PSIN) @ HEIE Z5 - K2
£ NPQ IR LB A S B b A AL ]
7S BURHIRE B M EH Y RE
S W A YA SR
(=) JtrraE ot

FHIE 2 B A0/ L5-L7 AR LT
9 S Y B PSIT %43% (AF/F’'m) (B

25

B IEERE] 20% LUT (AROCIRFTHIEE /
Fv/Fm {85 100%) » {ESEE T » PSII
AR FEARHY EB o L 1E PSIT R &G HA N
FHFIEHNHE] (Oquist et al., 1992; Miiller
et al., 2001; Adams et al., 2004) > Hi
F (PSITHY IR ) B PR R AE BOM AN
(qE) > HAEHEFRIE 20-30 43 85 N 22 0
WAE - 13 (I ) R A&
/INHRF R 22 B R I P A RE KB (MHiller
et al., 2001; Adams et al., 2004) > 1F %
WAEm A > EREE EEtmBER
IR HH 30 43§86 Fv/Fm (B %18 £ 68.6-
86.3% (&l 2B);” f& 5 &k Al K15 21
46.2-70.8% ([E2A) BN EHE&ZE

B GENEE EEEE - St
NEFHOCHITRIER S - BB (2007) K
E5F (2015) $HESCLEDE SRR
B A A IR &S 5 MERT o R
¢ e B (L1-L4) iz BR 1% W5 1] 30 77 5
[y Fv/Fm (B %18 F 80% LA £ » R
i (e Y S & 500 umol photon m”
st DU BEIEN: - DIREIRATIIE
F Fv/Fm {655 100% FIEEEEE1% 30 57
SV Fv/Fm (ERYELSS > AT MLOE
fIHIFEE (Weng et al., 2011) > K[ »

AF/F’m w] {F Fy 5B PR 2R 8RN & 7HE
iR DRI 8 B0 st B YA



it <214 -

F it NPQ 2 PRE&E & R &Y E
2% ] (Miiller et al., 2001; Murchie
and Niyogi, 2011) > ek LT -
NPQ HY & (LB & R F UJAHRE -
NPQ fR4Z EFMHI I ECFIE [E18 73 oA
[EIV4E RS04 (Miiller et al., 2001) - H
H gl EEHEHIE]S ERY » A2t
PREEIFH » qE BV 2 &RHVRE EIH BTN
HIREEIEHARE - —f%If S » & PSI
W T3 2 B I - JHBERCIETI A
[EfY pH FHEE A% oF tRHIEHEEZR
2R > {ra PSII 2 CHI] (Gilmore,
1997; Miiller et al., 2001)qE 1B #% 5 >
O O 1% I 50 B R 9R - HH [l 3 AT AT
& OPSIIT [FEAK (S kR ) B > SO0
T A AR ] s LTS A S B2 1 D' PR 2
FEES - HEERFRAVEL L ReEREE DL
qE+qZ+qT (slope = -2.403 & -2.568) (
3B) % qE (slope = -0.789 & -0.972)(
3A) AREE » BUNOEIRERR T HRER
REEHAY (qE > [E 4A ~ D) 4F » qZ+qT
RFNVEEE ZEIR AL PSII R fR (L &
W EAHE (R&RES] (1B 4B ~ E) » [H]
I 7 AR A DA E R I IReE R
R MEECERR S OPSII[E{KAY
[EE - SEfft & s (@& 4C -~ F)
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BRSO EBE S IEFIEE - ATE
A HIT T PR 22 (Demmig-Adams et al.,
2006; Wong et al., 2014, 2016) - [fil&l 1
BUR > motEH (LS-L7) 8 Er K
$E i W mfE Y NPQ - (HIZTe = HYEl 77
EOCHIRIAEL ST (q) -~ BEIRTER R
HY qE KM ([ 5) -7 S=He 2 2
Z NPQ HEHINEERT e /Ao
W DY IR INAE Y ql HY RIS $E &)
It B A E & Y AR RE B AR RGOk
SETER -t B AR S A HIHI(E -
(Demmig-Adams et al., 2006; Wong et
al., 2014b, 2016)  ZAifIJeATHER AT AT
R EE HYSEEAIES (light saturation
point, LSP) 7% 1,200-1,500 umol photon
m”s" (FRE » 2021) » WEEATGERL
FIFH PR 52 A] RIGERF OC BRI IR L O B
EEERIDEER -

& | AT RIS 0 B R dm A A (RO Ja
B (L1-L4) By - BEF[EE PR HOEHNH]
Bk BRI e &' & 500
pmol photon m” s™ LA A RHIFHIEET -
AR aHEeE R (RS » 2021) KT
TR AL EARYERE (BR > 2007) > AT
SO AR RIS EH > E A TOERAY
fHERlT B (&% > 2021)  LEES
A 300-500 umol photon m” s » H {F
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B RAR Y H H AT H R R A
JETTIE > FE AL IS ' B R N MR 1
/NI HERERS » DURI S i BRAR R A o
B EDEHAIHIIRED S 23t

L A WA i R A A B R R
H¥H L EIRE L HIEN:

(1) MRy 2 $ > ETR
TE 2-10 Sy g R 0 - AL RS
JERFRHR - TERFRIEN » FEFE LR
EAOHRUEZRER -

(2) WA i fE 2 & 5t & 500 wmol
photon m™ s DL N HYEFRT (1 hr) &
5T > HEOl{E PR R EHIHIRE S EE

(3) NIEIRAH RGN - SR IE
7t A 300-500 ymol photon m™> s » LA
ko B B CHIHHEIIDE G 24 -

(4) W e A i s B ER 5% (1,000-
2,000 umol photon m™ s™) » EEEHE
ZRe B AL > (£ qE [F{K > 25 ql -
W& B e G AL B - Ry T e
A4 PRECHIFEAE -

\?{r

&
3

\%‘-
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80 Honey Angel Golden Star

@ g va
= G

ETR (umol photon m2 s

NPQ

Fv/Fm & ©PSII

Time (0-60 min)

L SO BEYIfESLFE  HEB4E (Oncidium Gower Ramsey ‘Honey Angel’) &z ‘=42 &’ (Golden
star) 1F 25 °C 1 ¢4 50 (L1) ~ 100 (L2) ~ 300 (L3) ~ 500 (L4) ~ 1000 (L5) ~ 1500 (L6) #1 2000
(L7) umol m” s”' PPFD "NHEHT 60 43 A #EITHI & > BEARZ AL S8 > [8 A ~ B &7
3% (electron transport rate, ETR) > [ C ~ D A IEE(EELHEL (non-photochemical quenching,
NPQ) HifE E ~ F 5 Fv/Fm il PSII %% (OPSII)  SH{EEHFE 5 F ZEFAYFZH{E o Error bar =
standard error ° R [EAYFEIFRIRETIEYEIE T Tukey’s HSD 3HTHIEE 25 (P<0.05) -

Fig.1. Time-course variations in electron transport rate (ETR, panels A and B), non-photochemical
quenching (NPQ, panels C and D), and Fv/Fm & PSII efficiency (®PSII, panels E and F) for ‘Honey
Angel’ and ‘Golden Star,’ respectively. Measurements were made at 25 °C under 50 (L1), 100 (L2),
300 (L3), 500 (L4), 1,000 (LS), 1500 (L6) and 2000 (L7) pmol m—2 s—1 PPFD. Each data point
represents the mean of five leaves. Data are mean + standard error (SE). Different letters indicate
significant differences in the Tukey’s HSD analyses at seven illuminations (P < 0.05).
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Fig.2.

5’ (Golden star, & B) £F 25 °C F1 5%l 50 (L1) ~ 100 (L2) ~ 300 (L3) ~ 500 (L4) ~ 1000 (L5) *
1500 (L6) 12000 (L7) umol m s™' PPFD A5 60 531% » HE{THEHNE 30 S8l Al & >~ 5
GRZECSE EIE PSIRE (AF/F°m) F1 PSI JB{E & FREE (Fv/Fm)( SLEERTHHEIZE 1Y
Fv/Fm {H 5 100%) - EEBFE 5 5 E 1Y F191E - Error bar = standard error » A [EYFRE
FTOMETHOEIR T Tukey’s HSD 3ffTHIBAEZR (P<0.05) -

Time-course variations in relative value of actual PSII efficiency (AF/F’m) and potential quantum
efficiency of PSII (Fv/Fm) for Oncidium Gower Ramsey ‘Honey Angel’ (panel A) and ‘Golden
Star’ (panel B). Among them, Fv/Fm value of the same leaves before illumination was treated as
100%. Each data point represents the mean of five leaves. Data are mean + SE. Different letters
indicate significant differences in the Tukey’s HSD analyses at seven illuminations (P < 0.05).
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= 1 OBV fE TR SR (Oncidium Gower Ramsey ‘Honey Angel’ , A) & ‘&2 &2’ (Golden
star, B) 1F 25 °C F1 ¢ H& 50 (L1) ~ 100 (L2) ~ 300 (L3) ~ 500 (L4) ~ 1000 (L5) ~ 1500 (L6) Al
2000 (L7) umol m* s ' PPFD "FH&HT 60 7B [E 30 Srf81% » #EFTALAE (V) FOBIERE (L) ¥
HJIABELE ZR 28 (ETR ~ NPQ ~ O PSII ~ photoinhibition ~ gE ~ qZ+qT ~ qE+qZ+qT ¥ gI )
HIHEIA T3 ( ERUE R SRGE ) Z TWO-ANOVA 734f
Table 1. Analysis of variance of the effects of variety (V) and light intensity (L), and their interactions
(VxL) on ETR, NPQ, ®PSII, photoinhibition, qE, qZ+qT, qE+qZ+qT, and ql of per plant. Mea-
surements were made at 25 °C under 50 (L1), 100 (L2), 300 (L3), 500 (L4), 1,000 (L5), 1500 (L6),
and 2000 (L7) umol m > s~' PPFD.

Main effect
variety (V) light intensity (L)
Parameter F and p value with significance
F p F p
ETR 2.20 0.144™ 62.34  0.0000%***
NPQ 8.51 0.005%* 407.60  0.0000%***
OPSII 2.79 0.100 ™ 760.44  0.0000%***
photoinhibition 447.80 0.0000%**** 448.89  0.0000%****
qE 15.22  0.0002%*** 71.54  0.0000%***
qZ+qT 5.70 0.020* 132.94  0.0000%****
qE+qZ+qT 14.62  0.0003*** 133.74  0.0000%****
ql 43.95  0.0000%*** 406.81  0.0000%***
Interaction effect
Trait v X L —
F and p value with significance
F p
ETR 1.74 0.128™
NPQ 20.01 0.0000%***
OPSII 4.94 0.0004***
photoinhibition 33.99 0.0000%****
qE 17.25 0.0000%***
qZ+qT 2.77 0.020%*
qE+qZ+qT 6.83 0.0000%***
ql 23.65 0.0000%***

*p <0.05 ¥ p <0.01, ** p <0.001, **** p < 0.0001, NS, Non-significant
difference; n = 35 and 10 plants (replicates) for variety and LI, respectively, and

n= 70 for all interaction effects (V x L).
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1000 (L5) ~ 1500 (L6) #1 2000 (L7) umol m > s™' PPFD [ HESf 60 47 1% - #E{THS M FE 30 475
HE PN & 2 T4k 28 H 250 0 PSR (OPSII) B2 NPQ £ HRAVEE Z ML (energy-dependent
quenching, qE ° [& A) ~ Y4PREEHHY (photoprotection quenching, qE + qZ + qT > [& B) K yEHIH]
JEIBY (photoinhibitory quenching, gl > [& C) ZAHBAM: o = FrR P <0.0001 -

Fig.3. The relationships between PSII efficiency (®PSII) and photoinhibition to energy-dependent

quenching (qE, panel A), photoprotection quenching (qE + qZ + qT, panel B), and photoinhibitory
quenching (ql, panel C) for Oncidium Gower Ramsey, ‘Honey Angel’ (with solid and open sym-
bols) and ‘Golden Star’ (with cross symbol). Measurements were made at 25 °C under 50 (L1),
100 (L2), 300 (L3), 500 (L4), 1000 (L5), 1500 (L6), and 2000 (L7) umol m > s ' PPFD in 60 min-
utes. **** =P < (0.0001.
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I ol 8 2 B &R 2O 2 8 JeHIHIEL B (%) B NPQ f% BRHYAE & JHHY (energy-dependent
quenching, qE * [& A ~ D) ~ J&f-:&8HT (photoprotection quenching, qE + qZ + qT * [& B ~ E) &
SEHNFHIEEY (photoinhibitory quenching, ql » [& C ~ F) ZAHRBEM: - * IR P<0.05 » ** TR P <
0.01 o *** IR P <0.001 o ***+* IR P < 0.0001 -
Fig. 4. The relationships between photoinhibition (%) and energy-dependent quenching (qE), panels A, D),
photoprotection quenching (qE + qZ + qT, panels B, E), and photoinhibitory quenching, ql , panels
C, F) for Oncidium Gower Ramsey ‘Honey Angel’ (panels A~C) and ‘Golden Star’ (panels D~F).
Measurements were made at 25 °C under 550 (L1), 100 (L2), 300 (L3), 500 (L4), 1000 (L5), 1500
(L6), and 2000 (L7) umol m > s”' PPFD in 60 minutes. Each data point represents the mean of five
leaves. * =P < 0.05, ** =P <0.01. *** =P <(.001.
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Honey Angel Golden Star
[ 1qE a g
&5 qz+qT b
T KXX] gl , a
=
g b
= c
i)
\D: d C
g 2L
o
Z /d/
e e e
o LKA BsE

L1 L2 L3 L4 L5L6 L7 L1 L2 L3 L4 L5 L6 L7

PPFD (zmol photon m?s™)

5. L EEVIfE SR TE CMEEESR (Oncidium Gower Ramsey ‘Honey Angel’ A K EEZ
2" (Golden star > [E B) 7£ 25 °C F1 ¢4 50 (L1) ~ 100 (L2) ~ 300 (L3) ~ 500 (L4) ~ 1,000 (L5)
1500 (L6) FiI 2000 (L7) umol m* s™' PPFD T H&ST 60 53-1% - HETTHEMHE 30 43 a5 il &~ %
WHREAEECSE 0 NPQ T ERAVEE R JHHL (energy-dependent quenching, qE) ~ #EAYEE &5 EL
(photoprotection quenching, qZ+qT) ELYEHNHIDEFL (photoinhibitory quenching, ql) 2 4R ° &
FEIEFREFRME DL T Tukey’s HSD S3ATHIBIEE# (P < 0.05) ©

Fig. 5. The composition of NPQ in qE, qZ+qT, and I for Oncidium Gower Ramsey, Honey Angel (panel
A) and Golden Star (panel B). Measurements were made at 25 °C under 50 (L1), 100 (L2), 300
(L3), 500 (L4), 1000 (L5), 1500 (L6) and 2000 (L7) umol m > s~ PPFD in 60 minutes and after
dark period 30 minutes. Each data point represents the mean of 5 leaves. Different letters indicate
significant differences in the Tukey’s HSD analyses at seven illuminations (P < 0.05).
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BT HAER PR A ~ AR ROURER S 2 SR AR Z=E 6 fdT iy
ERMEY) > EEREBE (Carex tumida Boott.) > 5 REVSE. (Cyperus elegans L.) > Fit
i YO EL (C. mitis Steud.) » BE% 5 (C. sphacelatus Rottb.) » 3B ZFE RS (Eleocharis
parvula (Roem. & Schult.) Link ex Bluff, Nees & Schauer) DA & # — # Tf #f =
(Fimbristylis diphylloides Makino) > gt EIERE ~ A0 R AEREZ BT E ) -
BRgEE 28 - OERL - DEE - TS - RS - 278

Abstract

Based on recent field, herbaria and literature survey, six sedges (Cyperaceae) are
newly recognized in Taiwan, including Carex tumida Boott., Cyperus elegans L., C. mi-
tis Steud., C. sphacelatus Rottb., Eleocharis parvula (Roem. & Schult.) Link ex Bluff,
Nees & Schauer, and Fimbristylis diphylloides Makino. Background data about their
morphology, distribution and ecology are provided.

Key words: Carex, Cyperaceae, Cyperus, Eleocharis, Fimbristylis, Taiwan, taxonomy
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=2 =
N =
"oe

YD E R} (Cyperaceae) & =B HEE
RAEY)EE 5 KFHA (Hsieh, 2003) » 2
R EEEY) S E 25 /& 174
fii (Koyama et al., 2000) ; [L{& > Z&
TOERHR AR AL E
2 (Yang and Chen, 2005; Chen and Wu,
2007; Chen et al., 2008; 2009; 2010;
Jung et al., 2008; Dai et al., 2010; Jin
and Zheng, 2013; Cen et al., 2016; Liao
et al., 2016; Hsu and Chung, 2017; &F ~
# > 2017; Jin et al., 2020) ° £FFE 5 T
i R ITHY R » DR RIS
EREINE T IRIBET R )
$H 2.4 (Larridon et al., 2021) » 2
BRI 2 B AL B KIS (Kyl-
linga) ~ 5 J\ 5. & (Lipocarpha) ~ Jm /b
[& (Pycreus) > /58 70 & (Remirea) K
BT 670 1@ (Torulinium) 35 (F A\ 575 5 &
(Cyperus) ZH > MHEEEEE (Schoeno-
plectiella) HI| 5 #¢5€ /& (Schoenoplectus)
Sri o RIEEE R ISR ILEA 20
J& > 4207 1E (NESELERN R
BAHZ B R ) -
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B ERMEYINSNEA 52 5
AEH - B EE F AR AR RO
HEERZEIAREA OB HEE - B2
G2 B Z RIS = AL 5% -
BRI HH2K - PEE BN A R
PRERIENE - RN R H ABZ Y B
ZIERIIREARIANERE - WKSE
(Carex grallatoria Maxim. var. heterocli-
ta (Franch.) Kiik. ex Matsum.) ~ Z=fI[F5¢
(Rhynchospora chinensis Nees & Meyen
ex Nees) & ENJE2 ¥R F (Scleria suma-
trensis Retz.) % » T AEBFAPE 45 B
( #F > 2020; Liu et al., 2021) = #R [fij
fEEE T 80 R RV HEHY
FEBEATE KBEEL (Actinoscirpus grossus
(L. f.) Goetgh. & D.A. Simpson) ~ 1A
Z (Carex brownii Tuck.) ~ & fH Z (C.
metallica H. Lev.) ~ lig& (C. scabrifolia
Steud.) ~ 7K¥LRE I (Cyperus unioides R.
Br.) ~ R FE B 55 5 (Fimbristylis acumi-
nata Vahl) ~ P05 B E (F tetrago-
na R. Br.) % » H o ERAn B EE S MSEE
B s BB R R BR L - BURA
TR R RE EAE P B i AR AR B
&% BT I » DU AN e



AR UMK 5 BEZR - Bl K%
Ty a] R HR AT > s, A BT
A RIS AN ETREM: -

K AEH H 2008 FHEE T-FH &
J BRI S R RHEY Y R A A
ko HA R EEE N - # (2017)
ZFEAE o BT IR AN A AR
el S STRREL B 2 B » ASCHRHRE 6
g 2 SR > B | FHEJB (Carex)
3170 5JE (Cyperus) ~ 1 1 52 7K &
(Eleocharis) J: | FEBEAHH 5L (Fimbristylis)
JEHEY) > AR RE R 2 i e % [
(& 1-6) ~ 7347 (& 7) ~ 458 R P15

S R -

Kt e

AWEFE 2 ZIEIS R £ TR
H{E# 20082021 FBF /M & RCR K
TAI » TAIF * TNM }2 HAST & & &1
Ziwll s A BN AEAR S
ftBM-C-K-P-PE-US - TI H{Z
AEZETER - SHRPEE b
» SRR B AT 2 F R AR
Hh Z FEPDEE K B o RS TP (Dai et
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al., 2010) ~ H 4 (Hoshino and Masaki,
2011) ~ B A& % (Kern, 1974) ~ Z=[H]
(Simpson and Koyama, 1998) ~ i B [
+ (Koyama, 1985) ~ [ 2 (Ball et al.,
2002) % » DL R EUE RHER o3 OO -
RICFrHIITEI RS ~ A= REER I R (e
i T AR I B N R 2 B2
FAEARZ 408

S Z;‘E'_ /f@ﬁl_

1. Carex tumida Boott., Ill. Gen. Carex 1:
66,t. 181. 1858. Fig. 1.

Homotypic synonym: Carex oe-
dorrhampha Nelmes, Bull. Misc. Inform.
Kew. 1939: 659. 1939. nom. illeg., su-
perfi.

Type: INDIA (Sikkim), 8000—
1000 ft, Hooker s.n. (holotype:
K-000999173!).

foRE L - HEE > IREHR > R
Bk - A > 75 30-80 cm o FEELTH
W= > RECE - ERINEHEE
#E 0 & 3-6 mm ° WA RIEGHENE o (E
FPEEIR > BETHER - BRINHEEEZ

ZIEDEBYAHBYE
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> ALEESY - B 4-6 £ THEG 2-3
o HeRpiE s THAEERN - &
¥ £ G614 cm > E4)2 mm; {H
A FEME M B I B VBT - REIRE
ik > & (3)5-14 cm > 7 6-8 mm ° [
fEls 1 Az 3t > & (5-)7-9 mm > 5
Uk BRTE MEEER I 0 &
2.6-2.9 mm - SelmzEde » AR - R
FF R FRFEY] » R - BRI
FA%) 60-80° » 4k th - HARRR ARG -
EENE » & 2.8-3 mm > IRRIGIHR
P F o SeUg 1/3 254 SR 0 B
H o REDEE - BEAEE 3-5 Rk -
HERRAE T - MEEY - fEE T S =
o > F&J 1.5 mm > ELE KGR > Sl
FRAR 5 FEE 3 2 > AREER R -

EEhY THEGE,  EE
Dai et al. (2010)

HhERI3AT | AR AR ENEE AL
AP~ PEFEES - 2E - 8 - HE
(Dai et al., 2010) : Hrat gk 2 &I
KAl ([ 7) -

FRERYIE - TEEZEH AT 2
TYBRZ BEIREE R R AR RN
18 1200-1400 m #I4Z N TAK P BEZE R
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EREKER 5 R R AR RINEIEY
1400 m J5 46 FE 55 PR F 88 R 2 &2
- MRS Ry R B P REFEERER -
HEATEM R 3-5 A > RET4-8 A -
Voucher specimens in Taiwan:
Hsinchu: Mt. Ekungchi, 1400 m, 18 Au-
gust 2019, Kuo s.n. (TAIF); 1200 m, 7
May 2020, Hsu 12737 (TAIF); 1250 m,
Hsu 12740 (TAIF); 1300 m, Hsu 12744
(TAIF). Pingtung: Mt. Kutzulun, 26
April 2021, Zhang ZXC002421 (TAIF).
JREERD ¢ AR R4l m] LR
Dai et al. (2010: Fig. 502, 4-6) ° #T{{C
Jék (eg. Simpson and Koyama, 1998; Dai
et al., 2010) 2% % A Carex oedorrham-
pha By ZSFEE24, > {H3 Jin and Lu (2017)
Z % 3E > C. oedorrhampha B % &
C. tumida 2 & = % (nom. superfl) °
i 7% Jin and Lu (2017) EfEF R C.
oedorrhampha W BEEE C. tumida > {H]H
EaEZE G2 R
JE DLEE FREE R C. tumida {1 Fy AT
B2 % o RIBBOFT 4T (Global Carex
Group, 2021) » 7S fé JE 7 J& Y 2= & oo
J& (subg. Carex) 2 73 4 Z F i (sect.

ot
e



Paludosae) > It 817 28 T A1) 1 £
SR EHE (C. brownii Tuck.) ~ £ FE R
Z (C. nemostachys Steud.) » K&K Z
(C. retrofracta Kiik. [=C. purpureotinc-
ta Ohwil) 2 B 5 Z (C. sclerocarpa
Franch.)(Koyama et al., 2000; Jin et al.,
2020) © HeEIGEE > HEREAEAN R - & 3-14
cm( & 1D) » REHEHIE % » R
o IREURNETE (18] 1F) 5 AR
HEFEEE (1-3 em) HARBEFREEAE
AR&l ; EEEE REREREE Y
BEE 5 RERERBEIEYFER - i
PG HR R R SRR (K5
mm) - $ATEAHEE Y -

2. Cyperus elegans L., Sp. Pl. 45. 1753.

-

Fig. 2.

Type: JAMAICA. Lectotype: Slone,
Voy. Jamaica 1: 117, t. 75, f. 1. 1707,
designated by Tucker and McVaugh
(1993: 292).

foRE A - —F 4 IREAFH
& EPRAREME (viscose) - FRIEA
= 15-80 23y o FRIEEH o Tl #l
=AERINEY  K£24mm- EL
15-75 cm - B B3 > B G KR
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T Ak B o i i A NRIGIRZERE - FEFp
HEEEGUIR + 48K 3-7 B » EHorp 3 BB
HIRNCR @ JRRREBLEE R AHAT 5 (A
3-8 {6 > AT 12 om 5 RERHIF: 0-3
&> Fr[2 3 cm - FEONE > £92-3
NoYE - PR 4R 3 - Y
1020 R BURHIRBATE - 585U AR -
s BR#E #H7 » & 5-15mm > &
2.5-3.5 mm > E 6-22 ffhF - 5 R
o FEURIE » ARG E » WA
Wk s sk Bk wtath & 2.8-3.6
mm > Sl R ek o ERHEE R R
o BIONE » EEE =Y > & 1.5-2
mm > ELEER 0 SelmkaZel 5 AETH 3
2

228G THFESE, > hE
INGEEE

U AT R AR 35O &t

(Ball et al., 2002) ; (b 22 E R &
(& 7) -

R R E - A RN A AP I
R & N AE K 2 B - Je R i A
EFE S HEKAR BER 5 fCRHA R 9-12
H -

Voucher specimens in Taiwan:
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Pingtung: Hengchun, 10 m, 11 October
2019, Hsu 12109 (TAIF, TNM); 12 Octo-
ber 2019, Hsu 12133 (TAIF); 5 Novem-
ber 2021, Hsu 13727 (TAIF).

THIAREEC ¢ AR GR4gTE A Rk
Correll and Correll (1972: Fig. 232) k&
Ball et al. (2002: 171 E[EH) -
T~ e ke R s BT - IR
KRENREZEHLETDER ORISR < /)
ket FHTERIP (1B 2H) »
WAL, 55 R SR A 1 R A L Y A B
FE YL EE (Cyperus eragrostis Lam.) Sz f]

HEFE
N

FRIYBEL (C. surinamensis Rottb.) » ME{&
THENERER 28R - R i
0 GREE

3. Cyperus mitis Steud., Syn. Pl.
Glumac. 2: 316. 1855. Fig. 3.

Type: INDIA or BANGLADESH
(“Bengalia™). Griffith s.n. (probable ho-
lotype: P-00587044 image!).

JoREAL © L > BREE -
FREAE - 5 40-60(—80) cm » _FERER =
Rt - BRI KATBREGIR - B 24
S| S =
TEFF i RERGUIR - EEAE G

30cm * E 2-3.5 mm °
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B0 B 23 M SUIRERIE - ABL

—WCEILEHT BT 0 & A2 23 cm
HERTHILERA - T RINERF
I (19)3-5 R ® A BT &
HJEE 6 cm - FEELEONR - H 2-8 Fh
T FEEA G 2-5 mm oS0 o/ NEERH -

SHIRMEETY > REAIR » & 1-2.5 cm >
R 2 mm ; /NEEERE o iR R

EIFROIE > £ 2.5-3 mm > Fhadken
WRIFE > Frdlte s - Selmslik -
HESE 3 A - AEBRMRR > 3 3 o SR
DR BB R - i =& - =18
OELLEE > £ 1.2 mm -

2EMHS THRESE ) o KTE
Dai et al. (2010)
HWERIAR - RN T EIER - 40

w) o~ e~ IS~ HrEER - RN
FE BT (Koyama, 1985; Dai et al.,
2010) 5 ERCINEEFERES (& 7) -

A RRIREE e - AR ZE RN
PHR RS - 6/ SR
IR 150 m 2 FrfE iy > A RABERE 2
SRR o AFEFY 1930 FBHIAE L
RECsF - RN 2 P8 » Hf
S A Py e R P 5 1T



{E#& HATEC#k < IR Fy N TEEX
ARG AUKREH ~ 25 - FEHE
FeEgERtt - IRIEHEHI A R RE /2 H VAR
HIGZ m VIR SR S R B S S | A 2 B
b¥ptE - TERHIR 5 HEEFE2 H -

Voucher specimens in Taiwan:
Chiayi: Suantou (“Kokan Nodyo, Meidi,
Santau”), 30 July 1934, Suzuki & Ka-
mikoti 4740 (TAI); Suzuki & Kamikoti
4744 (TAI); Suzuki & Kamikoti 4745
(TAI); Tainan: Guantian (“Kokubo-zan,
Bansiden”), 31 July 1934, Suzuki & Ka-
mikoti 4860 (TAI); Suzuki & Kamikoti
4861 (TAI); Hsinying, 3 July 1933, Ya-
mamoto & Suzuki 1290 (TAI); Niupu
Village, 50-150 m, 13 August 2007, Hsu
921 (TAIF); 23 May 2010, Hsu 2798
(TAIF); 8 July 2012, Hsu 5999 (TAIF);
Kouliao, ca. 2 m, 15 August 2020, Hsu
13023 (TAIF). Kaohsiung: Dahu Village,
0—10 m, 5 February 2011, Hsu 3598
(TAIF); Luchu, 0-20 m, 6 May 2012,
Hsu 5657 (TAIF); Hsingta Harbor, Hsu
4312 (TAIF); Chiehting, 24 July 2017,
Chen 1521 (TAIF).

44

EYDEE IS YIE

Sy FREEEC  ARTE 4 4 R ] R
Koyama (1985: F. 10d—f) o & B H1]
R E & B S > 2 40-60 cm 5
HiE s (B RAT e E TSI E
I BELFEZ 2-3 /% 0 EEFESD
{4 (& 3B) ; FEEEIOIE - /NE
B - @R ALE TS (B 3)) - %
YfE s + & (Cyperus esculentus L.) ~
& Iff 7 (C. rotundus L.) ~ & & Iff 1
(C. tuberosus Rottb.) SR FEIHEL (C.
3R ECT
e RERRICF Z /G kit
Hh o B RAEE N TIEONE - B
/NI - R EAE T TR T
FOBR SRR R - BE R K
AREENE o NS T
BEW AT R T EEKESZ

stoloniferus Retz.) 7 44

40 cm °

L AN TRy e K iz
b MAREPEANERS DS -

4. Cyperus sphacelatus Rottb., Descr. Pl.
Rar. 21. 1772. Fig. 4.

Type: SURINAM. Rolander 32
(lectotype: C-10010329 image!, desig-
nated by McLaughlin (1944)).

JeREF UL © — A B A
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) RENEZE - L & 15-60
em > £ 1-3mm - = g E
2-6 1% P > EAlE
TEFF R EIR © 488 341
GHREIE - RlA > RERHEER
fEfF » HERE R ENER /75 2-5
& » ATEITEGRER - RAE 5 cm - fE
FANEEY i8R 3-10 mm /[N 4-15
5 REA 2V - GUIRIEETE - Wi
REEAR > & 7-20 mm > & 1.5-2 mm >
/NEEETE - BEE S iR 6-30 70
BEEE » £ 2.5-4 mm > L34k
WIS > B R 7 —THEAL
OISR (HZMR1R ER1E T DEBEATAE
HEBAHEE ) GRS - I
FE3A FEHERESY 1.5 mm o AEEE 3 3
R BEY - EEE =R
FEEAN > & 1.4-2 mm -

3040 cm * E
24 mm °

ZEGL TSR, > HE
HEBE R -
HEL AT ¢ R BV RO R BV

FEM > EALH T R - BAkrgaE -
ENJE ~ BUNEAE ~ RZ T (Kern,
1974; Koyama, 1985; Ball et al., 2002) ;
HrR LN ZEREE (& 7) -
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ARRIRIE R AR EE R
ARV B — 7 A 100 m DL BARE
2/KERZEARE . HAYER R
FEREH ~ FHIE ~ ARG E AT
F NS > #EH R RiSEiEsh
SIAZ Rt - 2 n] REATEEER -
Voucher specimens in Taiwan:
Pingtung: Kaoshu, 50-100 m, 20 Janu-
ary 2010, Hsu 2463 (TAIF); 30 m, 3 July
2011, Hsu 4249 (TAIF); 60 m, 6 Novem-
ber 2018, Hsu 11026 (TAIF); Wukoushi,
20 m, 13 October 2019, Hsu 12163
(TAIF); Sihgoushuei, 15 m, 13 October
2019, Hsu 12164 (TAIF); 20 m, 30 April
2020, Chung 14240 (TAIF); Laopi, 40 m,
13 October 2019, Hsu 12165 (TAIF).
JYHREEED ¢ AT GR4GTE A R
Kern (1952: Fig. 5) & Ball et al. (2002:
171 L&A ) - HFEHE IR UM RE
4 AEARFEEGER - INMEGIRG B
o @R AR EH > B%SHE K
WE ST RS - LEPESEHE HY/ MR R (A%
T B — R 4Lt 7 ([ 4B-C) > FEBH
3 ER=®IP (B 4D) - 57 ~

(2017) AT BE B 8 2 R 2R T s> (C.



sulcinux C.B. Clarke) » & % /NFE [z 58
PP REBLATERS RET - [HHAFH 2 2
TSR RBAR A (I T e

5. Eleocharis parvula (Roem. & Schult.)
Link ex Bluff, Nees & Schauer, Comp.
FI. German. (ed. 2) 1: 93. 1836. Fig. 5.

Basionym: Scirpus parvulus Roem.
& Schult., Syst. Veg. (ed. 15 bis) 2: 124.
1817.

Replaced basionym: Scirpus nanus
Spreng., Pug. 1: 4. 1815. nom. illeg., non
Poir., Encycl. 6: 759. 1805.

Type: GERMANY. “In inundatis
lacus Koelmensis in Mannsfeldia,” anon-
ymous collector s.n. (probable holotype:
BM-001066951).

RER L 24 HEdES
T Sl S TP R8T SR 2 NI R L
BEL > & 1-7 em > &R - FE 1(-2)
o BRAEREIRE - IMEBE—TRA >
DT UNARMEIEIE - £ 24 mm > T 1-2
mm ° H 6-10 J&4C © FAEE SR A
RS Ry/NE 1/2 5 HERSBER OV
& 1.4-2.7 mm > Sl Bl BCFH4L » FE5H
3% HERREE - HHEREINE
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ZEDEEY

% 0.9-1.5 mm > @ =& » Jolim
M s AR AR - £ 0.1-03
mm > FEEL S G B IR AL S - R
—B TALMIE 4-6 7 HITHEEHK
WS = A TR ARG TR D - AR 8
MO » B AR A VR -

ZEMH 0 TR
Dai et al. (2010)

PR TYAR ¢ AFE S A0SR R EOM —
wABEZ Z AR 0 d63E ~ qE KR
FENIVAEZ R o Y aeE T A
R HEZA ~ #EE] R H1 B2 E (Dai et al,
2010; Hoshino and Masaki, 2011; Ji et
al., 2015) 5 ¥rac gk 2= AL E R L
0 (&l 7)

A RRERITE KB - R EERIEAR
AR AR RN 2 g g O ROKH
HARTAEHEGER -

Voucher specimens in Taiwan:

A

Taipei: Kuantu, 20 October 1999, Cheng
2794 (TAIF). Ilan: Wuweikang, 28 May
2004, Chan s.n. (TAIF); Yuehminghsin
Village, 28 May 2004, Tsai s.n. (TAIF).
SRR AR E T R R
Ball et al. (2002: 105 - H )
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Hoshino and Masaki (2011: 617 /= [&] )
52 Ji et al. (2015: Fig. 2) o ELFR5G 45
A - SR KPR & Z Bk
BEY& o JNB L4 £ 8E (Eleocharis yo-
koscensis (Franch. & Sav.) Tang & F.T.
Wang JEEHET - FYIIERBEZEIEATR
SH A E R BRI Z 2R - HE
b ARREAREE el A R #IR B 4L
([ 5D) - TEFACHEARAN N > B RS
wiE e 2Bk (B SE) - ARINTE
oy ZEH M EEA BRE > 57
TEAEERRZ R - B R A R T I
R ERKRN; - RTBHREE Y -

6. Fimbristylis diphylloides Makino, Fl.
Japan: 1389. 1925. Fig. 6.

Type: JAPAN. Honshu: Fukui,
Ohara (“ & Aij /N /L ), 5 August 1881,
anonymous collector (presumed as R.
Yatabe, J. Matsumura and T. Uchiyama)
s.n. (lectotype: TI-00011282 image!, des-
ignated by Horiuchi (2016))

RERH L — R IREA R -
A - HIERERR > & (5-)15-40
cm - H K 0.8-1.5 mm - f& & A%
o BELE 13 MOINR B & &
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ZEHREERA IR - Selimdidk - BEH
ZHEIE » &P 0 & 1-2 mm > Sl
 WHEDEHE - AERES - IEFEE
FEE R EIR © 48ET 4-6 10 IR
£ 3-14 mm > HIBURINACR 5 IR
gt IR 1-4(-8) fk > A2 4 cm ;
TERARIEE 0-4 5% » AT 1.5 cm = /]\
T 2-20 £ - B4R > HEE 2 OIRIEE
¥ &2.5-7.5mm > & 1.5-2.5 mm >
Jelimdlide o kR A LR A - NS
B > & 1.7-2 mm - bk Ok
et MHIAEE R FEEE  B&Y
B BB Sl R E o e -
MRS 2 #ECRMER 1 BUCE S TERDEE
FEER R - AR K% 2 3 (HRAE
A3 3E - MEREEEY > & 0.7-0.9
mm - EEE - R S e =
B - REAEREREEY 2 488
B AN o

EEBG TR CERERE
{1 Dai et al. (2010) -

HERSAR - B~ HA K EEE] (Dai
et al., 2010; Horiuchi, 2018) ; #r4C$E
EEARES R AR ([E 7) -

ARRIREEEAY)E - A RPEIER



H R — 7 B AR AR R 45 2 B
P ek~ Fi P R B S b R MR AR R T
FERHARs 7T-11 H -

Voucher specimens in Taiwan:
New Taipei: Tuchen Ammunition De-
pot, ca. 50 m, 3 August 2008, Hsu 1504
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1. FEGEE 7 JPREG L HUE Hsu 12744 - A FEH R ARG - B-C. BEYTHAE (B) S & (C) - D.
feFp @ BURE—THAMERE 5 2 (A= MERE - E. 1R SR Z S e A0 - F SREE - G AR - LEPIR:
B-E=1cm; F-G =2 mm.

Fig. 1. Morphology of Carex tumida, from Hsu 12744. A. Habitat and habits. B-C. Leaf blade, adaxial
surface (B) and abaxial surface (C). D. Inflorescence, showing a terminal staminate spike and two
lateral pistillate spikes. E. Culm and sheathing base of involucral bract. F. Perigynia. G. Achenes.
Scale bars: B-E =1 cm; F-G =2 mm.
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2. FHREIE 2 JORERHE > HUE Hsu 12109 = A, # RAEY)EG - B-C. HEATHHE (B) M2HIH (C) °
D. 4845 - E-F. 5% (B) S ts#E (F) - G. 16Fp < H. f0iE - BATEEIRE A2/ VE - LER -
FEEFIR  A=10cm;B-E=5mm; F&I=1mm;G=5cm; H=1 cm.

Fig. 2. Morphology of Cyperus elegans, from Hsu 12109. A. Habitat and habits. B-C. Leaf blade, adaxial

surface (B) and abaxial surface (C). D. Involucral bract. E-F. Culm, surface (E) and cross section (F).

G. Inflorescence. H. Spike, with nearly capitate spikelets. I. Achenes. Scale bars: A= 10 cm; B-E =5
mm; F&I=1mm;G=5cm; H=1cm.

53



3. Gl E 2 TURER L - BUH Hsu 13022 (A-K) J Hsu 3598 (L-M) = A. B A AE)AS - B AL
FEHEILZEREE - C. ER - D B RIKEIRZIRAES  E-F. EITHE (E) fEHlm
(F) > G- TR (G) » LURITTERS (H) BT R (1) 2 HEAVE - 1. FERE%/INEE - K. 25 3 247¢
17 AR o L-M. JEE o FEFIR © B-D =10 cm; E-G & J=1 cm; H-1=3 mm; K-M =1 mm.
Fig. 3. Morphology of Cyperus mitis, from Hsu 13022 (A-K) and Hsu 3598 (L-M). A. Habitat and habits.
B. Inflorescence, note the erect longest involucral bract. C. Leaves. D. Stolons and bulbous stem bas-
es. E-F. Leaf blade, adaxial surface (E) and abaxial surface (F). G-1. Culm, surface (G), cross section
of distal part (H) and proximal part (I). J. Spike and spikelets. K. Immature achene with style and
trifid stigma. L-M. Achene. Scale bars: B-D = 10 cm; E-G & J =1 cm; H-1 =3 mm; K-M = 1 mm.
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4. BEMDE 2 JOREREL » HUE Hsu 2463 (A-B) Jz Hsu 11026 (C-D) = A. BE AEYIRE - B. fCFF -
C./NE D JEE - LI A=10cm; B=2cm; C=1cm; D=1 mm.

Fig. 4. Morphology of Cyperus sphacelatus, from Hsu 2463 (A-B) and Hsu 11026 (C-D). A. Habitat and
habit. B. Inflorescence. C. Spikelets. D. Achenes. Scale bars: A=10cm; B=2cm; C=1cm; D =1
mm.
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5. AR 2 JORERTE > HUE Cheng 2794 (A) J Chan s.n. (B-E) » A. $RH & 1LRIIE . 5 [FEFEA -
B. tHEYRG © C. f2 5/ - D T ESERIREE « E R - LEFIR * A=10cm; B=5cm; C=5
mm; D=3 mm; E=1mm.

Fig. 5. Morphology of Eleocharis parvula, from Cheng 2794 (A) and Chan s.n. (B-E). A. Voucher spec-
imen collected from Taiwan (Kuantu, Taipei City). B. Habits. C. Culms and spikelets. D. Under-

ground stolons and tubers. E. Achenes. Scale bars: A=10cm; B=5cm; C=5mm; D=3 mm; E =
I mm.
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6. Bt —IEIE F 2 IWRER > HUE Hsu 13097 (A) J& Hsu 1504 (B-H) = A. B KAEVHG - B. 77
BB BIRRABEE © C. fCFp  D. BETEhA - X EERIHESG TR E RN EES - E /ME - F
PRk © GAEEH > W2 (72) > 3R () HER - BRI : A= 10 cm; B-C =1 cmy;
D-E =3 mm; F-H =1 mm.

Fig. 6. Morphology of Fimbristylis diphylloides, from Hsu 13097 (A) and Hsu 1504 (B—H). A. Habitat

and habits. B. Bladeless sheaths at the bases of culms. C. Inflorescence. D. Adaxial surface of leaf,
note the absence of ligule between the sheath and the blade. E. Spikelets. F. Cross section of culm. G.

Pistils, usually with bifid stigma (left) and occasionally with trifid stigma (right). H. Achenes. Scale
bars: A=10cm; B-C=1c¢m; D-E =3 mm; F-H =1 mm.
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Fig. 7. Distribution map of the newly reported sedges in Taiwan. 1. Carex tumida. 2. Cyperus elegans. 3. C.

mitis. 4. C. sphacelatus. 5. Eleocharis parvula. 6. Fimbristylis diphylloides.
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Figure should be drawn with black ink on a separate white tracing paper with a figure legend of the
dual languages below. Computer graph made from laser printer is acceptable.

Photograph should be a glossy black and white shot with sufficient resolution to be clearly legible after
reduction. When multiple photos are employed, the author should arrange them in plates. Micrographs
should include bars indicating scales of magnification. Photos should be pasted on white A4 paper

loosely with the figure legend below.
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