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U MYTE 3 RZE-ER - H 2013 1 AE 12 A1k » 7 1 & E s » 3+ 12 2% - 3t
AC8% 5 B} 127 1 3,604 & RS o ML BER SRS (Parnara guttata) B8 7R (Suastus gremius) 2 T8
T2 2R AR I Pl G Bk 2 WM - RERHESOE 120 F o Hrh SR A 8 ff - WISHRIABUBE (Papilio
hermosanus) ~ BB (P thaiwanus) ~ KIEHE H W (Ypthima formosana) ~ FEBERE M (Penthema
formosanum) ~ Y B =R (Neptis taiwana) ~ 218/ NEEWRIE (Chitoria chrysolora) ~ K22 FFIE (Seseria
formosana) ~ fHIAF FEBEFEIE (Potanthus motzui) » T 5 % [ (Troides aeacus formosanus)fE A E T R
BAE o HUles R < WA KRB > SR DA DU 2R 102 7 £ i = » v /KGRy 97 RS R

M =3RS 95 18 o BECKE (Leptosia nina niobe) L35I 261 R » HAUE R » £
B o DIEEREMS > Y1 1474 £ - &MY 1,197 ERIER > Mim7KYiHY 1,023
BRI o & A < WAL 1 HREERORK > (£F 71 20 20 HErH &0 30 M
MLl 8 A 77 e o LIAEWZ B8 Simpson index 5 Shannon-Wiener index 737 4% 22 AR 1
AR FERMHEAK » ARG KT BERTT Evenness FEEEARARAK - BUREL ZF8ERIN 5538 2 21y
BUG TR o EUBOA [FIRF RIS R R 2 4 i R S B AR A > 45 SR KEHERT » LA IRECERE
R EISREYIR T 12 B 20 Ml o A SO R A AR A I o B R G R 75 TR ~ Bl he S i B 2 U7 1 o

Abstract

This study is an inventory of butterflies in Shanfeng community of Gukeng Townhsip, Yunlin
County, Taiwan. The result can be useful for Shanfeng, Gukeng Township, Yunlin County to develop into
an ecological community, the local elementary school to transform into an experimental forestry school,
and promoting environmental education. Three transect lines were selected in Urkeng, Lengshuikeng and
Genkakeng in a monthly investigation of butterfly composition, structure and distribution from January to
December in 2013. From the 12 counts made during the investigation a total of 3,702 individuals, 127
species and five families were found. Skippers, Parnara guttata and Suastus gremius, were found beside
transect lines with 129 species, among them eight were endemic species, namely Papilio hermosanus,
Papilio thaiwanus, Ypthima formosana, Penthema formosanum, Neptis taiwana, Chitoria chrysolora,
Seseria formosana, and Potanthus motzui, as well as a rare and precious species by Cultural Heritage
Preservation Act, Troides aeacus formosanus. Comparing the number of species found at each transect
line, Genkakeng had the highest number of 102 species, followed by Lengshuikeng 99 species, and
Urkeng 95 species. Comparison of the abundance of each transect line showed Urkeng had the highest
count of 1,474 individuals, followed by Genkakeng 1,197 individuals and Lengshuikeng 1,023
individuals. Among them, Leptosia nina niobe was the most abundant species with 261 individuals
counted throughout the studied period. Species richness fluctuated monthly and was the lowest with only
29 individuals of seven species in January, the highest 77 species in August, and more than 30 species in
the other months. Simpson index and Shannon-Wiener index of each transect line showed insignificant
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difference. Evenness at Lengshuikeng was lower and indicated human disturbance around the habitat.

Description of hostplants of dominant larvae was highly similar to local vegetation composition. In

addition, 20 species belonging to 12 families of nectar plants were recorded. In this paper butterfly

conservation strategies, monitoring and management methods are also proposed for community residents’

reference.

BRI « WG ~ (L0 ~ 2R  EUR - RREHR

Key words: Butterflies, Shanfeng, Pollard’s walk, Nectar, Leptosia nina niobe
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Fig 1. Map of transect lines for butterfly inventory in Shanfeng community.
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Table 1. Cooridinate, sea level, and vegetation descriptions at thee transect lines of butterfly inventory

Locality .
. North latitude
(Transect line)

East longitude

Vegetation description

Sea level (m)

Lengshuikeng  23.626953 120.614639
7RI
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Genkakeng 23.620836 120.621725
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Number of species
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[ 2. 2013 [ L S et AT R 1 S
Fig. 2. Monthly fluctation of species richness according to butterfly inventory in 2013.
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Table 3. Species richness and abundance of different transect lines of butterfly inventory in 2013

Family Common name Urkeng Lengshuikeng Genkakeng Total

PEERE /N N 4
— L et 46 30 83
IR VR I 76 16 16 108
R N 42 54 19 115
PR NI 1 1
SRR GRS |V 3
AL N U 2
[SEANWR:S 2 5
LIS B/ N PG 70 39 48 157
3 LIRS IV IR e 1 2 3
S LB | IR U 1 1 2
A B ASL N TR 5 43 6 54
I B NG 9 1 20
Biak B AL NG 6 6
BB NG 105 14 33 152
AR N 38 38
T R R NI 1 6
LA/ N 14 21
Fa2e/ NI 2 2
SRR VI 4 4 6 14
SR L/ NI 31 16 29 76
SR EE 2 e 2 1 3
SR — R/ NG 1 1
SR/ NI 1 2 3
BTN 6 4 2 12

=X18 417 251 229 897

FERE  KEBE SR 1 1 2
RS 1 1
R FEIE 5 2 2 9
(UEAREE 5 8 11 24
$ BT SR 24 15 14 53
I B 5 2 1 1 4
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SUER 2 10 12
e A TR 13 1 9 23
YAk TR 2 2 4
A DA R A 21 9 4 34
TR 1 3 11
BRI 1 2 11
EA R FEIE 1 5 8
SRR TIE 1 1
S ST 16 21 12 49
52 7 D SR 8 3 9 20
BRI 4 4
G 2 2
=X 113 74 85 272
PYERL  RLE R 4 4
RLA A 2 13 1 16
=L 17 39 3 59
D JEEN-EY 7 7
IR 1 1 2
R B 11 38 13 62
iy LGP 5 2 7
ERH I 1 6 7
28 AL 27 175 59 261
*““m% 2 2
SR 17 32 55 104
SRR 2 1 6 9
2 iy 43 9 45 97
=X18 121 312 204 637
REERE /N 13 2 8 23
R RLE H 25 1 15 41
AN EYCASE S 30 14 22 66
/N BRI 4 1 3 8
/INESLTS DR 31 19 25 75
/|Nire ] i 15 1 8 24
/NER DA 9 12 3 24

)30 B ER e 82 14 31 127



200

FLAE KR
H =
R R
BRGHES
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VEASELS
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FRER = A
HRER T A
BRI
HEARILE
FIRLIE
IRRCH B
IR R kI
HEES

B ARG
FRIRI

7 EC SR B
ESABE S
st s
PR JIRAE B A
R
PR AR
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(B 5 B
Uiy 3 BAEUR

SRR
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R N B
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N o N
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27
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S8 — 4 10 15

SRR H 23 4 5 32

SRR — R 1 7 8

S B T 2 1 3

52 T 1 3 4

BERT SRt 1 2 3

IATE U 9 2 2 13

JEAHR /7 Bt 1 1 2

PR = AR 1 4

FHEEA UG 3 3

ERANAE 1 1 2

=X 683 272 516 1471

JEMBERE KR AR 17 4 34 55
NELES 7 20 9 36

A LG 2 2

To 77 JERIE 12 2 16

T LG 21 21 21 63

T DB 1 7 8

HH A e 4 4

LA EMGE 29 7 20 56

Jo5 A8 IRl 7 25 41

BB Bl 0 3 6

EiliFEA = P L 1 7 13

B R 2 0 2

Rt 12 9 12 33

ok DAE [ 13 3 17

8 B 5 1 7

S R 1 0 0 1

SRS 7 B 25 3 26 54

&l 140 111 163 414

B AEET 1474 1023 1197 3694
Species number (FEEY) 95 97 102 127
Simpson index 0.967 0.951 0.971 0.973
Shannon-Wiener index 3.808 3.694 3.954 4.022

Evenness 0.836 0.807 0.855 0.830
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% T R G RASLL Simpson index
Shannon-Wiener index 5 Evenness 43 #fLL#g »
FEANER 3 B IR AR RS R 7 B RS 0.971 ~
3.954 % 0.855 * FEfra » _HUZRBARART R 7>
7% 0.967 ~ 3.808 K 0.836 K.Z : /KA
SRS R BIES 0.951 ~ 3.694 Jx 0.807 AR °
LL Simpson index B2 Shannon-Wiener 15 °
B AR EUEE K 5 Evenness 2 e 2
YRR SRR R 2 A IR - — %)
CI R > BRI - TREARRERZ
FIIRGER R B AR R 2 T MG » iKYt
ZEHUERIY Evenness 0.807 HH g H fth 22 iR
(T30S SR AR » AR AT SE S ) HA 2 38 PR i BT R
A MRAHR S B — > R AEPIR 2 AR
J AT S AR B B DRI BT 2 T
PR R FTEL o A7 DAL o (Ligedth l 0sE 2 3 Bk
127 & » Simpson index ~ Shannon-Wiener index
J Evenness 53 71l 0.973 ~ 4.022 ¢ 0.830 °

(Z) Y BRREIS KU R R R 2 H

IR 2013 2RI SRR L > ASHTE
FURRIEIMR SR - RN E IR > (RIBE
R G AR A RS AR
FIERANES SR 1) 7K YT SRR SR R )R (TR
#%2) -

(TH) ot 4 SR Y R A

T2 F A SRR R B0 Bk R L R YA ) e R B
FEHA > AT fif M e 2 ZEUR AR - A R
WL 12 Bl 20 FEEEAFTEE 3) o LIKAERNE
(Bidens pilosa)fx B85 » LI FErI A s H
BT (Lantana camara)> 2 5 B LR/
(=] WA B A ) 1 SE AR % 14 & A
Y (B N AR e AR E I 12 B 19
f& » LIl (Asteraceae)d 6 Flifx 25 » Hifd HLEd

~

P i

<

p2

L PRI It A

AW R RE S ERE & - (HEEERY
ZARRE EAHEL (% 2006; 2007) o HAfFZEHE
i — B8 S B A I A RS R
(Verbenaceae) ) FITRE 5 | WA <« BHESUR %5
110 875 5 | WA 0 ek RR B B 20 3 5 — 5 97 (Vitex
trifolia) (% 2006, 2007)

(Fr) LI A4 bt S I B 2 o

LIBEERE « JBUE R H B iR 2% & 5 A B
(Graphium sarpedon connectens) 63 X » HH
PE R T 2% B R L - R )
(Lauraceae)f 5 S BAIEH - [t OB R
% JERRIE T B e AL T35 2K B AR AL Al R
KIS 2013 : A% 2014)  HRFRAR
$% th KL 5 Bl W (Pachliopta aristolochiae
interposita) 56 & X ~ KHAL BB (Byasa
polyeuctes termessus) 55 5 X ~ =8 S 7y [ENE
(Byasa impediens febanus)54 X » FIREE &
IRV » FERIRE A& I 2R B e — Y28k
PR AL RASA] o FRERE G A7
% 0 JINIE S YL 85 (4ristolochia cucurbitifolia)
AAFENTRRIE] » & Leak B 4wt fE LU AE A7
R MR BEmS » DR SR
HEFFREIAY SE B, o BX R EARBARMT
[ » iR A R ERRAEY) > BT AR 5%
NI o MO - thadskoRIRl
(Papilio memnon heronus) 36 5 2% F¢ 2 JEN (P
protenor protenor)33 82X » HAHEIEA
iled » FAERT 2 27 B (Rutaceae) SRt » ATt
WG fd L © HRER bl 2 R AR R T A A
HhER ST IR R A o

2. By W Bl (Pieridae) ¢ & Hi 2 B OBL By
(Leptosia nina niobe) 261 £ XM E R >
iR AR B RE Y — R 2D B AR SR
(Cleome rutidosperma) R 3E 1 # 5l H. 37 & K
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T o (1R B My W e R 4 AR it
Rl ek 2 AT R AR AR AR R
BRIt S A E W ( Pieris canidia)
104 EXRHEREL > BEAFRETHE M
& R T2 1+ 1L FL (Brassicaceae)
JRVEY)HE AR - B ) s iy B YR
IR > AFEE L (P rapae crucivora)
B~ MRS H s AR RERE - 5
RLEU S ( Delias hyparete luzonensis) 16
RELR] WY (Appias nero domitia) 4 BEZR »
HL 3 A1 Bl E 15 75 B8 (Camellia assamica)¥il
W7 (Liquidambar formosana) LM 4= ) 35 %
A BIEY) (Loranthaceae) H B

3R} (Danainae) : SEMEAR H DU | VU B
W (Parantica aglea maghaba) 2365 XY & i
% o BLE b s R A TC R R — R =
(Tylophora ovata) B &% HR + 2 MR AT
W (Euploea mulciber barsine) 98 X » [K4)
& I & 3% Bl (Moraceae) HJ 1F #5 (Ficus
microcarpa) ~ ZSKAR(E formosana) ~ 5
Y& (E virgata) ~ BEYRSE(F sarmentosa) KUEE 7%
(F pumila) EFEY) 5 /NEUE BEWE (Tirumala
septentrionis) 75 & X > 4y &k DL 5# & R}
(Asclepiaceae) HJ ffi BH Wk (Heterostemma
brownie) ~ WX EMY)E R - DL EBLE
FARE AR RPN REL R RE T © 5 st R (W1 F 2
Kt » RANGEF)E H AR IR WA AT )
WERFEE BN » WA LA I ALRTT - BRI
TR PRI RAIBEAE > (EF5 D0 LAGE A BHER Bt
% o

4 10 TR (Nymphalinae) = S5 er fpisise oh L
BiER = KRS (Neptis hylas luculenta) 117 82K
&% - 48 Ll 58l (Leguminosae) 1) & ji
(Pueraria lobata) ~ 2 % & §s (Pueraria
montanus) K EHUImaceae) 2 1L # fiifi (Trema

orientalis) ~ Z 8 (Zelkova formosana)&Hl
VIE g o HRIRERERWISE (Hypolimnas bolina
kezia) 54 E X o WhELLH#E (Ipomoea
batatas) ~ & FWi{C(Sida rhombifolia) ~ %
Wi (Synedrella nodiflora) . % 25 (Ipomoea
aquatica) 35 5 B o M e — $RWE (Symbrenthia
lilaea formosanus) 51 2R » 41k A= MR
H o ik (Boehmeria nivea) ~ & B % Jiik
(Oreocnide pedunculata) 2 7K il (Debregeasia
orientalis)FHEY) BB » TEM /KT ZEMER (3 &
R) B MR (1 & R) G # B R =
#% (Symbrenthia liaca lunicas) * {HEUEE/D
HEE 2 ) B (B RE YIRS P
HIRE - s B E— DG - B RUEHARAUEE
WRUEE (Junonia lemonias aenaria) 47 2R » 4
& DL 8 IK B} (Acanthaceae) 1) 2 # & &
(Goldfussia formosanus) J % 1 fif ¥k 1t
(Lepidagathis formosensis)~FHEY)f B o A
(Acraea issoria formosana) %J] &k LI K K
(Gonostegia  hirta) . 7K il (Debregeasia
orientalis Y SEHEVIHE o LI EAUETER AL »
EEFEAR - HRFER G EAREGHIR o

5.1 H il 7H R} (Satyrinae) © & Hh Y 48 i H

(Elymnias hypermnestra hainana) 183 5 X3
w5 o HPERSE (dreca catechu) B (1] K5
(Arenga engleri)BIE % » LRI R H
AR o beot o UIHERIRIE (Mycalesis zonata)
127 & R EL/NE AU B W (Ypthima  baldus
zodina) 66 ER » &% UIKRAEL (Poaceae)
VIR » FERMOBIREGRIK S » AHF S
BER S LLERR 1 AR ZIMGE F ]
H o

6.5% £ M 0H &} (Amathusiinae) Bl £ 5% i

o B} (Libytheinae) : EREIE (Stichophthalma
howqua formosana) £ 2 ER » HaE


http://www.vel.cc/ns.asp?i=322
http://www.vel.cc/ns.asp?i=322
http://www.vel.cc/ns.asp?i=301
http://www.vel.cc/ns.asp?i=347
http://www.vel.cc/ns.asp?i=347
http://www.vel.cc/ns.asp?i=347
http://www.vel.cc/ns.asp?i=321
http://www.vel.cc/ns.asp?i=321
http://www.vel.cc/ns.asp?i=329
http://www.vel.cc/ns.asp?i=329
http://www.vel.cc/ns.asp?i=333
http://www.vel.cc/ns.asp?i=333
http://www.vel.cc/ns.asp?i=265
http://www.vel.cc/ns.asp?i=265
http://www.vel.cc/ns.asp?i=265
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Do B AR A R D 1) B R (Calamus
quiquesetinervius)ﬁ;ﬁﬁj]%Zﬁ\g o [EIR /7 ER
W (Discophora sondaica tulliana) 2 8% » A
MR AR - HATCAEELE
ShiEk LT 1 (Bambusa multiplex) 5 & o Fe5a1E
(Libythea lepita formosana) 1 52X » HIE £ 54
Yoo $)ERLIAMEL (Celtis sinensis P)ESE ©

7. 0K W Bl (Lycaenidae) : LLUAL 38 /N K W
(Heliophorus ila matsumurae) 157 &R E=
&% > Yah LUK IR BES (Persicaria chinensis)
By B o MR R 3B 0N TR (Jamides
bochus formosanus) 152 8% » 415k LS RHE
MEE o FERE MR NKIE (Zizeeria maha
okinawana) 115 R » 4 mk LI L NESE &
(Oxalis corniculata) 58 © IR NKE (J.
alecto dromicus) 108 & X HIE & RIFELH -
) & LLEF B L (Hedychium  coronarium)#J{t
BRYE o feAt > HAhth 7D Ry = R &R
ARISE (Spindasis syama) 83 X 218 B/ |\
I (Megisba malaya sikkima) 76 2% »
—ERVEE o DL ERERR 1~ 2 Ab - Hith
At [ > EETERIIGRE o (EE 1%
SR B 3 2 R R R TR B AT MR A R
FAE AN IKEE (Taraka hamada thalaba)
21 LR - WER IR TR AT R
(Astegopteryx bambusifoliae) * BN EE » il
LAt i s PRSI AR AE 52 o R TREE
B AR R (] FHFRIER—IRA s - = 5
JE e Wt Ko =2 1 E e (Spindasis lohita
formosana) W %7 ek g7 FI1 f6f 12E 1 22 2 i B
(Crematogaster spp.)tt4E (TR 2002) » 4 &EeEr
AVETEIR I - ZFERRIRAORGE - )k
TR B Ve 16 & M0 # B RS K (Rhus
chinensis)l5i5F_FIEEIETS FIRE - BREKE

BB/ INIKWEE (Pithecops corvus cornix) 6 882K s 5

L PRI It A

BRI R - B A2 Ao A E R B
W > 1E 5T 2 B R Hh 8 B 4 e LA E 1L
W5 W3 (Desmodium  laxum) B AL (L) 05 b3
(Desmodium diffusum)F5E » G{EHER LHEH
Sk BRI o

8. 77 W B} (Hesperiidae) : 3 HL L 77 1 (Telicota
bambusae horisha) 53 # X » H 48 £ B &
PEE o BT TN (Borbo cinnara) 49
R > Wb IR R AR/ B 5 (Pasplalum
conjugatum) > WIFEZE (Isachne globosa) 5 HE B
Y (Setaria palmifolia) 55 5 #l 75 ¥ BE 7 4
(Potanthus motzui) 34 &% » i) &I & TLER
& (Miscanthus floridulus) } = (Miscanthus
sinensis) % » BLE MR ERM ~ FRER BORIRITY
HESIBTEART o S AR I S0 8% B A 57
(Parnara guttata)l &R 52 TR (Suastus
gremius)2 R o

i SUER

— ~ WA R R BRI R
ARFHAE 12 RILECEE 5} 127 ff 3,694 R
MR COR & 2 FRFRIE) » WD 1SR & s
BE o JE LI |\ MR 5 R 1 AR BB B
FRMUNER Z F0R] 5 A 40+ 0k - i
FERM A M S B AR R 2 25 > QTR
FHOE 2004) B IGE A REE S - 401 il
Wt —F )~ TREEIER ) ~ THEBMETIREE | K&
TGN ) SR = AR B B T 5 B
A B St B A ) » S WU £ R - 21 Tl
WL BELATH A o ~ TSI BRLAEARR 1 ~ TPk e it o ~
[P B PRI Gk ) K T3 s B IE & He 42 )
S JeREE e 2 R > Bl AR A 2 P
R ERE R A RBEEEED -


http://www.vel.cc/ns.asp?i=498
http://www.vel.cc/ns.asp?i=498
http://www.vel.cc/ns.asp?i=498
http://www.vel.cc/ns.asp?i=505
http://www.vel.cc/ns.asp?i=505
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T R

I R % T 1 25 e 0 ) A B e R
1% » 2 BRI H BRI R E ) e R R A
P+ 55X BRI AR 8 SRR
CREL - st el i) RN Ee) - xul il Pl == S
P » RERH & (0 AR &I 6 & > 2L
RS TR TR » F AR M 255 (o P A e B
R o (LA IR T2 R - FESR R R
TR PR EE IR - i) B SE{L B2 LR i o8
F - 2 i A A IR 5 thal 3@
AR 2L 2 ATE AR - (F R RIER ot
BRI A IR » HEREMIR R A -

=~ ER B R R EAE

A A 8 P S B R 55 B A Bl E R B 22 2
TEAEY) A0 RSP} (Lantana camara) Bois L1
¥ (Eupatorium clematide)S§ » 8 & 1> B2l
22 o (R L A S D AN 2 SRR L 30 2% ) D
P » G et JH DU AR R A P s e
F i o (YUK MY 2R MR R TE S PR B B
IR - fe I 2h sy R EL AR R 22
[l > A B EIAEY) -

VY ~ I OR 7 i B 5% R s [t 2 A

TEMEEE I OR B SRS > LUK IUZE
MR IR T R - R 2 BRL A -
FESEATSE R » 3 ] DU SEmili ) 8 K R 5 Bl
BT IR 2 2 - AL ERE S
e PR - BESHEES R EIEAD 5E > 12 LI
/)L IR A K S 2R R ETE B » w] R
SR REEUR TG B b SRR AL B O B
FIT o T —HUBRR B < I E R AL 2R LI
12 L - MEER IR B - BAE ORE R 52
B Pl DTS T4 > BALAS LS TR
fid )il R SRR

o~ KA 2 B

W Y B e 0 HIENGE) - BB
%2 > D mEERE - Y2 MEYRE o K
BRGREY] > ANGRTE = LB T E R
HUEAEYESE - Nelson (2007) &5 LUERE %
BRI R E IR  SHER e Z K
HHRRSE » I BBUT EIRERRAE - i E K e
TR o T MM T 8 A s b mT DU IR ER B A 2
s o TR AP S B AN RS AR A o LA A
7 A [ 3k P B R B8] 5 g e T e 58
b S LIRRE R E ARIR ST AN »
FEPRB BORM EE 2% (> 2013) © KR
B A LA T > WS S ] A E AR
REs il > WIS TYREEE - WY - Y
B REEE SN (S 2001 5 £5EA1R 1986 5 156
2 2005 5 # > 2013) o EEFIEHE] - HEAY
O MG A M - DU IR R 33 B i
T WIS 2 % o

R

AW FE Z AT T e g AR D S T
{ME bl » = F B LA T AR 2 - AT
FREEZ B B SA B F ] 255% R R 89 41 e
FEE TR Z AT LATERK o [LIIE A4 8 5%
& L SRPR R\ R ~ WIE LK ~ 57
By NH ~ R8I ~ BHAHREEEET - 1Ll
AN GRS R R RE st (WA T U RES
Aoy RER M T IRBhTE B T B
AL -

IFRIESR © 1975 « Z#EME D i (5) o
L W 26 (suppl.1): 1- 100 °



206

FI7KEE © 1960 o [ a2 e A e 8 o H AR
Bl

[ flsA ~ B85 77 ~ 156 & © 2013 © 102 4E & 55
ZOK A REE R A ) R & 5K
JERL L e L 3 SR K T AR Bh )3 A - 2t
FHROKEEMRZEGL

7 KAfE > 2006 o KGUBIMGEA: BB [ AH £
WH5E o R A9 8(2): 13- 25 ©

B KA > 2007 o H AR 2 MEAH R TR T
ge—LlZhiim BARARE ] - FFEE
YIWTSE 9(1): 37- 49 »

U SCfE ~ PR ~ SOHHEE 2004 o $5E 2 WIS
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Appendix 1. Meteorological report record of Urkeng transect line taken three times a month in 2013

Month  Urkeng Mean Max. Min. Mean Max. Min. Rainfalls Staﬁdérd
Deviation
12 T 15.52  23.76 6.43 9276 100.00 68.84 5.0 0.8
1 A 15.02 22.06  10.37 98.25 100.00  80.53 16.5 3.9
HhA) 14.16  21.37 9.02 9408 100.00 62.61 0.0 (11.1)
G 15.89 22.90  11.86 90.58 99.89  54.09 2.0 (9.9)
2 A 17.87 2499  12.27 93.61 100.00 60.31 0.0 (33.1)
Fh] 17.74 2482  12.87 92.08 99.75 72.22 0.0 (14.3)
) 17.37 24.00  13.45 93.30 100.00 75.03 6.0 (10.0)
3 A 16.57 27.24 1091 89.37 100.00  42.11 4.0 (18.3)
Hh) 19.76  26.97  14.94 91.51 100.00  67.02 11.5 (15.9)
TA) 20.18 26.84  15.87 95.52 100.00  74.96 118.5 74.3
4 A 19.05 2420  12.34 98.43 10000 81.03 15.0 (36.1)
HhA) 19.89 2516  16.01 99.22 100.00  86.20 45.0 15.1
G 20.97 27.83  16.70 98.15 100.00  76.31 45.0 (0.1)
5 A 21.67 29.44  18.89 99.30 100.00  81.65 405.5 326.2
HhA) 2356 29.44  20.58 99.75 100.00  87.20 96.0 30.4
) 2408 29.72 2125 97.79 100.00 8251 2.0 (111.8)
6 A 2497 3192 2151 96.29 10000 76.88 14.5 (82.1)
rhA) 2460 29.82  22.37 98.50 100.00  80.22 27.5 (44.1)
G 25.30 3047  22.08 96.35 100.00 74.23 40.5 (81.7)
7 A 2398 2999  21.03 99.24 10000  81.99 165.5 68.7
Hh) 2428 2914  21.63 97.92 10000  77.96 100.0 (56.3)
) 2432 3060  21.18 98.47 100.00  76.07 41.0 (89.0)
8 A 2469 29.89  21.22 98.74 100.00 84.44 47.5 (52.7)
HhA) 2468 2934  22.32 99.12 10000 85.04  1344.0 1230.2
) 2360 27.06  20.58 99.85 100.00 92.28 104.5 26.1
9 A 2342 2867  18.99 98.48 10000 77.85 54.0 (20.7)
FhA] 2428 2987  21.20 98.52 10000 81.63 78.0
G 2375 27.06  21.94 99.46 100.00  90.69 75 1.8
10 A 2274 2751  19.08 98.43 10000 81.28 0.0
Fh] 2231 2724  17.80 97.06 100.00  76.01 0.0 (8.2)
G 19.52 25.65  15.82 9451 10000 73.38 2.0
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1 A 21.96 26.84  19.29 98.51 100.00 73.18 0.5
Hh) 19.51 2494  13.76 95.28 100.00  70.09 9.5 6.9
A) 16.54 24.68 874 9541 100.00 6557 0.5 (5.7)
12 A 16.47 2415 11.52 87.45 99.59  50.92 62.0 53.7
Hh) 18.20 26.04  13.81 94.10 100.00  69.92 2.5 (6.1)
Bifgk 2. 1H /KPR SR R )R
Appendix 2. Meteorological record of Lengshuikeng transect line taken three times a month in 2013
Month Lengshuikeng Mean Max. Min. Mean Max. Min.  Rainfalls Star.1de.1rd
Deviation
12 G 1556 23.04 659  97.97 100.00 82.61 5.0 0.8
1 &) 15.17 22.03 990 98.34 100.00 85.59 16.5 3.9
HA) 1416 21.03 919  97.97 100.00 78.19 0.0 (11.1)
NG 15.84 23.42 1149 9690 100.00 72.04 2.0 (9.9
2 A 18.23 27.75 1234 9852 100.00 75.58 0.0 (33.1)
H 1821 26.72 13.26  98.43 100.00 85.06 0.0 (14.3)
) 17.69 26.04 13.11  99.23 100.00 87.86 6.0 (10.0)
3 A 16.77 27.65 10.44 9599 100.00 55.73 4.0 (18.3)
Ha) 20.09 27.85 13.93 9820 100.00 83.65 11.5 (15.9)
T 20.81 28.22 1587  99.31 10000 87.35 1185 74.3
4 A 19.39 26.28 12.85  99.73 100.00 88.64 15.0 (36.1)
HA) 20.50 27.73 1596  99.96 100.00 94.56 45.0 15.1
) 21.49 29.46 1653  99.66 100.00 91.67 45.0 (0.1)
5 A 22.13 29.52 1860 9528 100.00  1.00 4055 326.2
H] 23.83 2854 20.32 100.00 100.00 100.00 96.0 30.4
G 2452 29.69 20.98  99.93 100.00 94.67 2.0 (111.8)
6 A 2523 30.14 21.06  99.47 100.00 90.01 14.5 (82.1)
Hha) 2490 30.29 21.92  96.67 100.00 80.64 27.5 (44.2)
) 26.18 33.13 21.68 9842 100.00 83.87 40.5 (81.7)
7 A 24.86 30.93 20.41  99.47 100.00 86.86 165.5 68.7
Ha) 25.30 32.28 21.60 98.61 100.00 80.92 100.0 (56.3)
TA) 25.65 33.34 20.58 98.42 100.00 79.34 41.0 (89.0)
8 A 2592 3564 20.89  99.26 100.00 80.19 47.5 (52.7)
HA) 25.60 33.31 22.06 99.98 100.00 97.71  1344.0 1230.2
G 2435 3441 21.01  99.97 100.00 94.95 104.5 26.1
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9 A 24.27 30.07 18.63 99.95 100.00 94.86 54.0 (20.7)
Hha) 25.00 30.32 21.13 99.97 100.00 94.60 78.0
TA) 24.27 2797 21.60 100.00 100.00 100.00 7.5 18
10 A 23.25 28.62 18.41 99.93 100.00 96.18 0.0
HA) 22.64 27.60 16.58 99.86 100.00 92.06 0.0 (8.2)
T 19.55 24.82 14.89 98.86 100.00 87.15 2.0
1 A 22.26 26.92 18.79 99.92 100.00 92.06 0.5
H 19.35 25.02 12.39 99.45 100.00 87.19 9.5 6.9
G 16.56 23.88  7.47 98.90 100.00 85.37 0.5 (5.7)
12 &) 16.05 22.99 10.20 9493 100.00 63.25 62.0 53.7
) 1758 23.91 1331 99.80 100.00 91.61 25 (6.2)
Bifdk 3. 2013 A |LI0Ee - [ M A 1) A0 42 ok
Appendix 3. Checklist of nectar plants for butterfly in Shanfeng community in 2013
Family Species name Common name Occurrence
Asteraceae Bidens pilosa KA 1~12 A
Asteraceae Ageratum houstonianum ICEER R 6/8, 8/10, 11/10,
Asteraceae Mikania micrantha LSRR 11/10,
Asteraceae Youngia japonica FHHRZR
Asteraceae Eupatorium clematideum e slined |
Verbenacea Clerodendrum kaempferi BEMRAE 2/16, 3/9
Verbenacea Lantana camara FE R 5/11, 6/8, 8/10
Verbenacea Duranta repens EEHE
Verbenacea Stachytarpheta jamaicensis FAER
Rubiaceae Hamelia patens WEiE AL 6/8,
Rubiaceae Pentas lanceolata BET
Meliaceae Melia azedarach R 3/9,
Caprifoliaceae Sambucus formosanum 188 5/11, 6/8, 8/10
Asclepiadaceae Asclepias curassavica FE RIS 8/10,
Lythraceae Lagerstroemia indica i 8/10,
Leguminosea Pueraria lobata HiR 11/10,
Acanthaceae Goldfussia formosanus. 2 11/10,
Polygonaceae Polygonum chinense KIRBFE
Malvaceae Hibiscus rosa-sinensis EN

Balsaminacea

Impatiens walleriana.

FEMBIlE
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Abstract

Forecasting a reliable dynamic process in respect of natural landscape is central to drive
conservation efforts. In this study, a Markov model and logistic regression imbedded cellular automaton
(CA)-based model are developed to predict the landscape dynamics in Wu-Shyr-Keng area of Taiwan. We
observed landscape change between 2006 and 2012 using remotely sensed data from Satellite Pour
L’observation de la Terre. The result showed that a portion of forest covers has been restored, and the
spatial distribution of forest resilience was ingested into a Markov and logistic model to build transition
rules for CA simulation. We found a satisfactory comparison between the simulation result and
remote-sensing estimate in the corresponding year. The developed protocol may not only provide insights
for conservation and resource management, but also be extended for use in other ecosystems.

BREE ¢ P~ BRI R ~ SRR ~ (G,
Key words: forecast, Markov model, logistic regression, transition rule, low altitude experimental station
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WSR2 EREREE B £ > DI A
KA E AR EIEE BN » RATAK 15
EE A REIR BT K AW £ R B g EE R
(Geist and Lambin 2002) © Hf15%#5% (landscape
change)iff 92 /e B | SSRGS B T H1% - 18I
RUREHHRS 2|55 — TR L 8AE » kK ~ £
RERAR HEIR S » WA FR i S B BRI - iRE
e — 75 FEIh 5 R AR A B RE#E JiE (Burgi et all
2004; Echeverria et al. 2008; Houet et al.
2010) © [KI L. » FEIHIHD 5= B RE 5 3 s 58 i 5ErY
FEAH > ANMEH BB = R A nT e -
A B ER B HE A B A I > SRk S A RERY

R HIEF 20 R BN REFEIIAR X 40 R4
i B #1L (cellular automata, CA) » #f:& 15 H
John von Neumann Ft $& i #y B ¥k #8 %
(self-replicating) 3 L HEFHR » #HE TR B EH
fd (cells) ~ AL 7R RE (states) ~ #F T 2% [H]
(neighborhoods) B 7 {L £ HIl (transition rules)
% o fRES CA WEAERE AT » fE—Fi el
I SR LT T (BIEE 5 recursion) » & {4 iR
SRR R B REE AT AR A
s B BV R IRAE (Batty et al. 1997,
Balzter et al. 1998; Sui and Zeng 2001) » #Xfij »
CA 2 E PR 2% R /3 A s » v A S
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Bl A 2 e LA AR A B S 22 [ 43 BC 48 S I
e o BRI > AR A1 (hybrid model) A% &Y
fRH o B HAth R R S 2 CA Ry LA I
LUFERA » 41 m] A2 (Markov model) m] FEiHI
B A (BB 5% 2001 5 S85E 2005)
it BE 17 3080 Bt (logistic regression) A # i 22 [ 4y
i t%78 (Mertens et al. 2008) » W& 1 FER 54
SR CA 1R (Soares-Filho et al. 2002;
Jokar Arsanjani et al. 2013; Lu et al. 2013) °
FiE £V R E O (N R AE L)
ARV PRk 6L A R S A Ut - 31y
B ~ IEYERE S o WA SEIAR e E
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REJRIRKE T » WIHIEE ~ mHe B RN - 3G
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it o P RAGE 2 B R R SO DI > 38 B — TR

1. el AT E ] o

Fig. 1. General geographical features of this study site.
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Fig. 2. Landscape change map from 2006 to 2012.
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2K 1. 2006 % 2012 F #h RSB FTHERL LB RERE (AL < ha ~ %)
Table 1. Transition matrix of landscape change from 2006 to 2012 (unit: ha; %)

2012
Forest Bare area
2006
Forest 2,784.80 (98.69) 36.92 (1.31)
Bare area 174.04 (5.49) 2,995.76 (94.51)
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Fig. 3. Apredicted trend of landscape stability index.
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Table 2. Statistics of logistic regression to evaluate the forest resilience from 2006 to 2012

Variable S Standard error Wald statistic Significance
Intercept 3.285 0.741 19.647 0.000
Elevation -3.716 1.345 7.631 0.006
Slope -0.938 0.863 1.181 0.277
NDVI 0.152 0.492 0.095 0.758
Forest edge -22.559 7.308 9.529 0.002
Road 1.358 0.932 2.124 0.145
River 2.172 1.510 2.069 0.150
Bare area -119.758 17.552 46.554 0.000

f=estimated parameter; NDVI=normalized difference vegetation index.
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Fig. 4. Probability prediction of forest resilience derived from logistic regression. A Jenks’ natural breaks

method was applied to group the classes.
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& 5. &5 AE Bt E B L RE 2 2012 M s 22 H 0 AT
Fig. 5. Contemporary (2012) distribution of landscape categories derived using (a) remote-sensing
estimate and (b) cellular automata simulation.
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Table 3. Metrics of the mean patch size (MPS), patch density (PD) and mean nearest neighbor (MNN) for
landscape categories using remote-sensing estimate and cellular automata simulation

Estimate Simulation
Forest Bare area Forest Bare area
MPS (ha) 97.11 1.52 136.83 1.27
PD (N/100 ha) 0.98 343 0.69 4.09
MNN (m) 49.95 131.00 55.76 125.86

N=number of patches
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2036 and (e) 2042.



EIEEYIZ BT SE(TW J. of Biodivers.) 16(3): 211-223, 2014 221

# %

ABI 5% P 8 g 2 I 4 G [ bt 5 B RE
X EEE AT ~ bl R e CAE RN
LUANEE » oAb R mT SR X B R it ) i
TR it R (RN CARLEE < W K2 B -
P 3 5 5 5 [ B, A 5 6 C g RS i ek ]
A1 Byt r st =g AR T DA AR
MABREGRI 29t » % DI SR s AR A 1S
FE(FR1EE[E2) » 1T )3T AF (20124 11) » G
PRI 1L 1t 52 it J e 2 1 ) 45 B 2 A A R A
(= B fal 2013) - H FIFCBRIEREY) A R 2R 5 -
11T % 468 FiT FEUEN ) 0% R B 0 % s SR AL G T B
(BHHE) » FEa% e CAIE RS — K28 5 e
Sl BRI 2 22 RT3 A B AR e - FRIRE
1% AR BB AE 22 [6 0 A _E Ry SRl AT Re
PE(E4) > AUESEE K28 -

FII FH C AR L {4 5 B B st ) 5 & 0 73
i e 1T LU - S BRSO RO A
i o ME EF 77 BRIV 1A RE F S SR T S B 5
FERUE) 3 AR B — Bk 4 > (Kt » ACA
FoL e (e 3 5 ARG 8] (] 5) > METE It A 1 0 BT A
FRERIAS SR AT AL > ARMRIEE N 2 (Rl i Feteh e
WIERIE R » SEBRBURE 2R > CRER LK
BaAEth RS2 258 2 B B9 A1 (23) 0 1LY
FRBEELE M ) BAE IR 2 B2 5 BRI ULk
TE BRI K- » W1 AR R Wl Bt o0 At SRR
KRIN(FR2) o i TR o FH Y AR R s I > 5 th B
B\ M H1 EL ) SES R B Rs 8 98
M > BN E RS AR T > AR
VRRE ~ FRERN ~ BRI E S R H S [ g PR TS %
(Chen et al. 1999; Meyer et al. 2001; Rambo and
North, 2009) ° j& L6 [Xf-8ff Ji§ B % - B H22[H &
FBHIIUE 5 SZ RG24 - 1At - BrAEEhY)
TER » A0 BRI Y) 35 T o B i Ry

{8#% (Holbrook and Smith, 2000; Wehncke et al.
2003) > Y — M ANREE K > LA » R
RIS HERR 2209 77 20 > AT CARR 38 — K
SN LAYGE -

AGE .2 CARES > i fif 25 fe oth 55 A Y
RAATREFEAER CLE P AT » HLE BRI 5
INF & TSR - KL > v {ER A,
(hotspot) [ (i1 ()22 o EMHEEIARS REH »
Ay RS R B Re % > PRRERI G
Bk B HERE A0~ 1 kAR METRT A » B0 HY R EE 5
RSB R A AH & O TIAA (& 6) » PRI » FERAR
g R ER R I -

& W

CAR G R B RERI R3S - RIFSEAE &
AN [ERE AU FERRISE X 2 R o A — R O R %
fFICA » JiE FH AR ERE S o Ut e AR vk (B4R 2 16
T » EIRFSERCR B > Fragfe 2 CAR it #E
it s 22 A SR EN RE 2 BE T » S — 7
TH] » 5 18T SR 8 P B U 2 38 T s
RIS BREE SK E B MGIEE — 3E
Rl 2 BB LR > AR AR T A E
B ERIER > BIEC &R R Sa 6 R 16 -
B A R AR R S B LR - (ECARY JE
BT > (2T o

31 SRR

H A~ TS o 2013 o B UHbIE SRR 5K
FlEEZ BT - AV RN
42 15: 275- 285 °

BHK B ~ BASFAE © 2001 o i A IE mf gl X 7E
TR {1 L A RE PR M S 8 - 5 KR
PRI ZEHR 15 15: 317-328 °



222

BB S ~ GRS ~ 7ok ~ BERAM ~ SRR
PRI IE ~ 2IRCEE ~ REAR ~ G5 - 2011 o
Fi G AV R E ORI HGA SR R
A BRI R 5% « B AR B P A B SR R
KB o & K E BRI EH T 25: 1-23

BEE -~ BIBEE - MMEE  FEE ~ (TEE
Al s ~ PRAEER © 2013 o S YUl AR
B Y5 It B B i I R R R S st FE R B 2
5T o BEAEYI S BRI 92 15: 83-97 -

ARt ~ SR ~ £3R75 © 2005 © fEH] Markov
FLogit 2UEs HIMh 55858 2 fF 5T - B IEHA
SER}1E2£20: 29-36 ©

i T AE ~ AR © 2006 © fk 53t S B RE 2 5T
A AV 5E8: 87-96 ©

Al-shalabi, M., L. Billa, B. Pradhan, S. Mansor
and A. A. A. Al-Sharif. 2013. Modelling
urban growth evolution and land-use
changes using GIS based cellular automata
and SLEUTH models: the case of Sana’a
metropolitan city, Yemen. Environmental
Earth Sciences 70:425-437.

Balzter, H., P. W. Braun and W. Kohler. 1998.
Cellular automata models for vegetation
dynamics. Ecological Modelling 107:
113-125.

Batty, M., H. Couclelis and M. Eichen. 1997.
Urban systems as cellular automata.
Environment and Planning B: Planning and
Design 24: 159-305.

Burgi, M., A. M. Hersperger and N.
Schneeberger. 2004. Driving forces of
landscape  change-current and  new
directions. Landscape Ecology 19: 857-868.

Chen, J. Q., S. C. Saunders, T. R. Crow, R. J.
Naiman, K. D. Brosofske, G. D. Mroz, B. L.

AR E B LA st S e

Brookshire and J. F. Franklin. 1999.
Microclimate in forest ecosystem and
landscape ecology — Variations in local
climate can be used to monitor and compare
the effects of different management regimes.
Bioscience 49: 288-297.

Echeverria, C., D. A. Coomes, M. Hall and A. C.
Newton. 2008. Spatially explicit models to
analyze forest loss and fragmentation
between 1976 and 2020 in southern Chile.
Ecological Modelling 212: 439-449.

Geist, H. J. and E. F. Lambin. 2002. Proximate
causes and underlying driving forces of
tropical deforestation. BioScience 52:
143-150.

Goodman, L. A. 1968. The analysis of
cross-classified data: Independence,

quasi-independence, and interactions in

contingency tables with or without missing

American  Statistics
Association 63: 1031-1091.

Holbrook, K. M.and T. B. Smith. 2000. Seed

dispersal and movement patterns in two

entries.  Journal

species of Ceratogymna hornbills in a West
African tropical lowland forest. Oecologia
125: 249-257.

Houet, T, P. H. Verburg and T. R. Loveland.
2010. Monitoring and modelling landscape
dynamics. Landscape Ecology 25: 163-167.

Huang, H. M., L. Q. Zhang, Y. J. Guan and D. H.
Wang. 2008. A cellular automata model for
population  expansion  of  Spartina

alterniflora at Jiuduansha Shoals, Shanghai,

China. Estuarine, Coastal and Shelf Science

77:47-55.



EIEEYIZ BT SE(TW J. of Biodivers.) 16(3): 211-223, 2014 223

Jokar Arsanjani, J., M. Helbich, W. Kainz and A.
Darvishi. 2013. Integration of logistic
regression, Markov chain and cellular
automata models to simulate urban
expansion. International Journal of Applied
Earth Observation and Geoinformation 21:
265-275.

Kuemmerle, T., D. Miller, P. Griffiths and M.
Rusu. 2009. Land use change in Southern
Romania after the collapse of socialism.
Regional Environmental Change 9: 1-12.

Lu, M. L., J. Y. Huang, Y. L. Chung and C. Y.
Huang. 2013. Modeling the invasion of a
Central American Mimosoid tree species
(Leucaena leucocephala) in a tropical
coastal region of Taiwan. Remote Sensing
Letters 4: 485-493.

McGarigal, K. and B. J. Marks. 1995.
FRAGSTATS: Spatial pattern analysis

program for quantifying landscape structure.

General Technical Report PNW-GTR-351,
Portland.

Mertens, B., L. Hua, B. Belcher, M. Ruiz-Pérez,
M. Fu and X. Yang. 2008. Spatial patterns
and processes of bamboo expansion in
Southern China. Applied Geography 28:
16-31.

Meyer, C. L., T. D. Sisk and W. W. Covington.
2001. Microclimatic Changes Induced by
Ecological Restoration of Ponderosa Pine
Forests in Northern Arizona. Restoration
Ecology 9: 443-452.

Nagendra, H., S. Pareeth, B. Sharma, C. M.
Schweik and K. R. Adhikari. 2008. Forest

fragmentation and regrowth in an

institutional mosaic of community,
government and private ownership in Nepal.
Landscape Ecology 23: 41-54.

Rambo, T. R. and M. P. North. 2009. Canopy
microclimate response to pattern and
density of thinning in a Sierra Nevada forest.
Forest Ecology and Management 257:
435-442.

Soares-Filho, B. S., G. C. Cerqueira and C. L.
Pennachin. 2002. DINAMICA-a stochastic
cellular automata model designed to
simulate the landscape dynamics in an
Amazonian colonization frontier. Ecological
Modelling 154: 217-235.

Sui, D. Z. and H. Zeng. 2001. Modeling the
dynamics of landscape structure in Asia’s
emerging desakota regions: a case study in
Shenzhen. Landscape and Urban Planning
53: 37-52.

Tucker, C. J. and P. J. Sellers. 1986. Satellite
remote sensing of primary production.
International Journal of Remote Sensing 7:
1395-1416.

Wehncke, E. V., S. P. Hubbell, R. B. Foster and
J. W. Dalling. 2003. Seed dispersal patterns
produced by white-faced monkeys:

implications for the dispersal limitation of

neotropical tree species. Journal of

Ecology 91: 677-685.






BV BT FE(TW J. of Biodivers.) 16 (3): 225-239, 2014 225
BIERH B R AL SN HE

The effects of plantation on farmland upon avian community
and its diversity

HorEl m-ost omesl mEp?
Chao-Nien Koh"", Yi-Ming Chen', Lin-Mu Juang* and Chih-Ming Chiu?

LB aREa 10066 & db T b E B 53 5
ZHRERB ARG S M 10066 & b b E B 53 5

! Department of Forest Protection, Taiwan Forestry Research Institute, Taipei

2 Department of Forest Management, Taiwan Forestry Research Institute, Taipei.

* FAAEH © nien@tfri.gov.tw

*Corresponding author: nien@tfri.gov.tw

1 %

B 1 iR BR AR M SRR AW AR - BT AN TR RE 2 — » (HE BT AR 2 3Gk
ST A2 AR VR EE AR RSB FRAIE IR ~ iASF 1 o BT RAE A m R B RETEME S - BT
AR Z BERZEAENA > MACHEBRCEARIEE H R AN KRS RS H 2002 FUEREEER! -
YZA THITEE 1000 ha o RGOS & CIRIE R SRR R =0k > DU B Rt S
AR R S REMERU RS > ARFSEH 2009 4 K 2010 FEAY 4-6 A B 9-11 AE K E K E HlE 2 JE8E
i1~ BB VRE AR L LR 2 REIZE R AR MR e A TR 5 SRR o 5 SRRV B Mt B R B R 26 ARty S 4
PR R B = B AN ] > SRttty S SE A SR R AR AE LIS S P FE B+ A Mt BRI B oK 2R
Mtz SRR IR AEIA » il 2 R R s SR R PR (K 5 ERIthASm A TRty B AR A [
TP JE) [ ABE S PR3t > LRI s S 4B e 1y o FRAMTER S Rt MR 5 R B AR T A E R B RS Al
N2 B > (5 E AT AR A TS MR AR AR REZEARY SRR R B 2 b1 - BB A TE MR 2 il
WS IS A B R R B B A A TS MRTE S Rt B S BRI R - B E AT
PR SRR BRI > RV PR S s E H rh R g RE Y nTRENEINE A& D HERG S AE -



226 EHEM SRR SR

Abstract

Planted forests may help offset biodiversity loss from deforestation, but the impacts of converting
crops to plantations on local biodiversity are poorly understood. The east rift valley of Taiwan was
originally covered by broad-leaved forests. Nowadays, most of the lands in the valley have been
converted for various agricultural needs. The Danongdafu farm in Guanfu Township, Hualien County,
was built to grow sugarcane in the 1910’s. Since 2002, no more sugar is produced and broad-leaved trees
were replanted over 1000 hectare of lands in the valley. Base on the plantation, this study is an evaluation
of (1) the effects of converting broad-leaved forests to crops on the avian community and its diversity, (2)
the recovery of broad-leaved forest avian species and its diversity, and (3) the impacts to the avian
community and its diversity on adjacently remnant croplands. In Danongdafu forest park and its
neighboring farmland and secondary broad-leaved forest, we investigated the avian communities in four
habitat types including farmlands, farmlands adjacent to plantations, plantations, and secondary
broad-leaved forests in April- June and September-November during 2009-2010. We found different
avian species compositions and typical species in farmlands and secondary forestlands. The avian species
compositions in the farmlands were less stable and the diversity indices were lower compared to the
secondary forestlands. Avian species compositions were different between plantations and secondary
forests, and the former communities were less diverse than the latter. Farmlands adjacent to plantations
had different avian species compositions from farmlands away from plantations, and the former had
higher avian diversity indices than the latter. We conclude that avian species compositions will become
stable and diverse after farmlands are converted to broad-leaved forests. Avian species and diversities in
broad-leaved forests did not recover in the rather young man-made plantations due to their simple
vegetation structures and low plant species diversities. On the other hand, plantations might enhance
avian diversities in the adjacent farmlands on the landscape. It is suggested that one of the ways to
increase bird diversity in the plantation is to increase avian species in the shrub layer of planted forests,
decrease the weeding frequency and create vegetation in understory of the forests.
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Fig. 1. Location of the study sites in Danongdafu
Forest Park of Guanfu Township, Hualien
County, and the neighboring farmlands and
secondary broad-leaved forests. Study sites are
indicated by habitat types as FA (farmland), PFA
(farmland adjacent to plantation), P (plantation),
and SF (secondary broad-leaved forest).
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T (EEVF L FEa08k > LUREEE - Fr
A i A S BT 2 PR TE fg A R 58 B =
BB K22 ~ BIAREE ~ BERZGHEE ~ AR
J& Bt S 5 g 0 B EiE 1AL EIg R e

=~ BRI LT

SRR EE L Microsoft Excel 1 » ¥)
fil S DU B (S) U R - R AR B

Shannon-Wiener diversity index (H’)i15 » H* =
—X (Pi In (Pi))(Shannon and Weaver 1949 > 5| H
Magurran 2004) ° ¥3JZ]EELL Pielou’s Evenness
Index () &t P =H /Hmax =H’/ In S
(Pielou 1975 5| H Magurran, 2004 )  #I| 1 SAS
V.81 512 sUERHN Kruskal-Wallis test 5z Dunnji
SR B 7 e R % A Mt P B i A M R 2 S
FARER A A2 5 > Dl Wilcoxon signed rank
test Ao i€ A2 SRR HE AR - B
SEREER AT HIILIPRIMER 5.2 #K#% (Clarke and
Warwick 1994; Clarke and Gorley, 2001) 31T
Gy BT RS HE A 1 S S A RS
P2 S A AT € IR 7 MR » DL HER
f& (MDS, nonmetric multidimensional scaling )
e ate KA R M ) S RE S AR o A 2 ] B IRE
fEl ER AR AURE o At > FHZR I ARE R Y
HRIEH Bray-Curtis AHLUEEAERH » FEELTAH
FLIE S HT(ANOSIM test) » >R HAH S (R B fiE
(Global R ) » ARACERA M B AR IR A
B o SRR 2 AAFRAEHILL(SIMPER test) 2
G o ARSRAENE > DO FEDLEE AR 2 E R 2
(AR R AR A P U R S ) HES]

R

2009 F-FHA ) FA~PFA K 2010 A1)
P~ SF % 4 MEAIEHN > 4-6 A & 9-11 3t
FLPREISHE 50 fif ~ 1,956 R WE THFAEH)
VIR E L A2 B ARG EIERE
(Spilornis cheela) ~ #L.5 (Falco tinnunculus) ~ &
S8 Ht (Phasianus colchicus) ~ K B (Oriolus
traillii) ~ 55855 (Pycnonotus taivanus) ;X 5 1825
[& (Garrulax taewanus) 6 & ; HIEFRE
KAWL ES (Arborophila crudigularis) ~ 5
I EEER (Urocissa Caerulea) AL FE1A%5 (Lanius
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cristatus)§ 31 o
— ~ B
&Gif 4-6 AR 9-11 AMZESL 6 KEXEH

HE R > FA ZC8% 25 fE 668 %X » PFA iC8% 30
fli 348 H2% » P ACi% 24 fi 361 X » SF iU %
34 fdi 579 R 1) 0 UL SF (YME EE R
w0 PFA ZRZ > P ifK s BE B DL FA % >
HRE) SF > PFA BiK 5 SR EEFERLL PFA B
& K2 SF o iR FA s TR E)E iR
B5 PFA » RZF5 SF» SRS FA o LIRS RRES
FREANT » P e S B AN Rl Bt ] 2
AR BH{/HFESUEAHEE A
(Kruskal-Wallis test, p £ < 0.05° 3% 2) » SF Ei
FA ~ P HELER » SF 2 IS FEBIREE KD FA
K P> SF 2 M E B KR Pr SF 292
HEZ K FA (p B <0.05) » FA B PFA LRI HI
FA ZISREFRBRIT 2 R/ MS PRA > H
EREEE K PFA( ¥ < 0.05) °

JeFIH ANOSIM 73#fr PFA StIV{EAEHT ~ L
B TR R Rt 2 SRR R 2 AL - 15
E| 3 BREK A 2 S 3 (Global R=0.177,

FEE RS AR S A

p=0.13) > $ATHE 2 EOFAT o B 4 FEIEALER
1T MDS 73 > BRERER R 4 7

Hrh SF SRS B R — R > BLH D 3 1#
Bt 72 5L K - FA B PFA Z2ELPERR /N 0 PR
SEiT PFA (1 2) - FIIJF] ANOSIM 73 H7 AN |G| B
AR A SRR - SF Bl 3 FEEEHLAYFE
BT (Global R ¥ > 0.95, p £5 < 0.01) » 5%
Flf AMIRE - FA B PRA ORI BLE /N - (H
FH 22 7 {5 98 3 B 3% (Global R = 0.32, p <
0.01) ° #eLLE 2 FEERERFER T 0 B
SF WM R B > IHREE R Hil 3
A 5 P fEEE SF [ LIRS £ » (HRHEHE
BAERIIAREARIA © LL SIMPER /#5152
& FEAU R o B e B fth A2 s 4 B AU R M
STERT 10 A R HEEER S 2 'R E 7
N 3 B SRR Y g 2R L
5 o HIE R e (&)L LB : LIT B
WS FA: 48 PFA: 87> P : 92> SF:84°

For FA LT EEE SR EE L P Rk SFLLE
WGBS S E - W H P SRS IEE S
FH : PFA RIS R REARH -

5% 1. 2009-2010 4 4-6 H K 9-11 H {EERRLARHRA 2K & G 2 B3 (FA) ~ PR8I (PFA) ~ 3&E kK
i1 (P) e R A REIZEMR M (SF)SF 4 FEAEAUREM » 2B o Aot 2 RS = & ~ 2K ~ Shannon-Wiener

188~ 90

Table 1. Bird species richness, abundances, Shannon-Wiener indices, evenness of farmland (FA),

farmland adjacent to plantation (PFA), plantation (P), and secondary broad-leaved forest (SF) in

Danongdafu, Guangfu Township, Hualien County. The investigations were conducted once in each month

of April- June and September- November in 2009 and 2010. Each habitat had 9 survey stations

Season FA PFA P SF
Species richness Apr-Jun 22 25 20 27

Sept- Nov 18 19 15 26

Combined 25 30 24 34
Abundance Apr-Jun 302 141 154 288
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Sept- Nov 366 207 207 291
Combined 668 348 361 579
Shannon-Wiener Apr-Jun 1.86 2.85 253 272
Index Sept- Nov 1.92 2.58 1.98 2.63
Combined 2.19 2.89 2.37 2.82
Evenness Apr-Jun 0.60 0.88 0.84 0.83
Sept- Nov 0.66 0.88 0.73 0.81
Combined 0.68 0.85 0.75 0.80

3 2. 2009-2010 F- 4-6 F J 9-11 AAGEROCIEIP R A E il 2 B (FA) ~ MBEHI(PFA) ~ &k
i1 (P) e 2R AE REEE PRI (SF)SS 4 Rl R R » 343N O Bt 2 B AEAE S & & ~ #£2X ~ Shannon-Wiener
FEY ~ B9 21 2 P ATHE(R 22 DURS ML Kruskal-Wallis test ELEHE i e S5 /K HE © 24585
i = KRR AR A2 12 I AN Rl = REA FAH I 72 22 £ Dunn’s test 1Y 0.05 B3 /K HE o

Table 2. MeanzSD of bird species richness, abundances, Shannon-Wiener indices, evenness of farmland
(FA), farmland adjacent to plantation (PFA), plantation (P), and secondary broad-leaved forest (SF) in
Danongdafu, Guangfu Township, Hualien County, and the comparison statistics among these habitats by
Kruskal-Wallis test. The investigations were conducted once in each month of April-June and
September-November in 2009 and 2010. Each habitat had nine survey stations

FA PFA P SF H p
Species richness  10.4+1.0® 11.0+1.2% 8.9+0.5° 13.7+1.0° 10.66 <0.05
Abundance 74.2+¢9.2 38.7+7.4° 40.1+8.0° 63.7+5.4°  12.07 <0.01
Shannon-Wiener ~ 1.63£0.14° 2.09+0.11%* 1.78£0.10"  2.28+0.07°  14.99 <0.005
index

Evenness 0.70+0.05" 0.89+0.02° 0.82£0.05°  0.88+0.01* 13.28 <0.005

Means followed by different letters within columns are significantly different (Dunn’s test, p < 0.05)

3 3. SIMPER 73t JTiE AT S LR AR AR AR R & i 2 BRI (FA) ~ MROB R (PFA) ~ SE K (P) K
RAERRIERK it (SF)F R REAU Bt rhr CRME B A - LIRS 2 B R E 0 EL > DU S &
HBLZIgR - 15 IRFFRRZE ~ B E ~ Kl ~ B ~ Kfd

Table 3. Typical species in farmland (FA), farmland adjacent to plantation (PFA), plantation (P), and
secondary forest (SF) in Danongdafu, Guangfu Township, Hualien County, followed by their
contributions to the similarity matrix (%, computed by SIMPER test in PRIMER v5.2) and frequently
occurring layers. Number 1-5 represent sky, a canopy, subcanopy, shrub and floor layer of a forest,
respectively
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Habitat Species Contribution % Layer

FA Lonchura punctulata (B3 5) 5.22 4
Motacilla flava (%5 8515) 3.94 5
Prinia inornata (#55AEEE) 3.51 4
Lanius schach (}F510%3) 3.35 2/4
Phasianus colchicus FRSEHE) 2.78
Prinia flaviventris (JKIAEEE) 2.56
Hirundo rustica (X #%) 2.35
Alauda gulgula (/NEFE) 2.18 5
Streptopelia tranquebarica (fLIE) 1.62 2/5
Pycnonotus taivanus (F59H5) 1.61 2

PFA Lanius schach (KZ51H%%) 4.52 2/3/4
Phasianus colchicus CREAHE) 3.54 5
Prinia inornata (fe5EEGE) 2,61 4
Bubulcus ibis (¥ 5H%) 2,51 2/5
Pycnonotus taivanus (F53H4) 2.35
Bambusicola thoracicus (TT%E) 2.26 5
Dicrurus macrocercus (KREE) 1.92 3
Lonchura punctulata (B3 E) 1.92 3/4
Acridotheres javanicus (JTUE /L&) 1.77 2/5
Dendrocitta formosae (XI5 EE) 1.75 2

P Pycnonotus taivanus (F5584) 4.27 2
Zosterops japonicus (FkHiHR) 3.57 2
Phoenicurus auroreus (552 15) 2.95 3
Dendrocitta formosae (JX15f ) 2.53 2
Phasianus colchicus BRSEFE) 2.52 5
Lanius schach (KZ51A%55 2.39 2/3
Bambusicola thoracicus (TT%E) 2.29 5
Hypsipetes leucocephalus (FLI 45) 1.85 2
Dicrurus macrocercus (KREE) 1.75 3
Turdus pallidus (FIEH5) 1.62 2

SF Pomatorhinus musicus (/] VEHEHE) 5.35 4
Pycnonotus taivanus (F55855) 4.47 2
Stachyridopsis ruficeps (fSEFEHE) 37 4
Alcippe morrisonia (SR ) 3.45 2/3
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Pomatorhinus erythrocnemis (K HE)

Dicrurus aeneus (/NEE)
Hypothymis azurea (EALEERS)
Schoeniparus brunnea (%ﬁ%pﬁ%)

Hypsipetes leucocephalus (1.1 255)

Megalaima nuchalis (1.t )5)

2.93 4
2.85 2
2.45 213
242 4
2.22

1.95

[B 2. MDS 43 #7 2009 fz 2010 4 4-6 A Kz 9-11 H AL ERR AR A B A & b 5 2 B2 H (FA) ~ FRiB B2

(PFA) ~ & hith (P) Be R A= RAZE MM (SF) 2 E AR R

Al o

Fig. 2. Distribution plot from a MDS analysis of bird abundances of farmland (FA), farmland adjacent to

plantation (PFA), plantation (P), and secondary broad-leaved forest (SF) in Danongdafu, Guangfu

Township, Hualien County during April- June and September- November in 2009 and 2010.

=~ BUEERBIE BRI R S A
20094F-4-6 H Bl 2= e 9-11 H JE R I =&
FHEUT AT B (R B IR 1RE R R
TEZ > T ER EM R IEEEEL) - LIFAERES
BRI AR B R S B
A ZRHffE 2 722 > B AfEHIh S A
FE ~ BRSO 3 2] FETE B TR K R JE R G
& ERAMHR - (HERERE > (EHFANE

B I B T K IR T R
% (Wilcoxon signed rank test, p < 0.05) ° i 4f&
A3 3t ) K il =2 B Jf BEE 2= R EE 1T MDS 7y
M » S A2 E B i 2 B I B = R B A S
(&1 3) * T i ANOSIM 73 17 B B AE M 2= [ FAZE 52
Hx K (Global R = 0.318, p < 0.01) » SFEIPRK.Z
(Global R%371£50.180/20.159, p < 0.05) * PFA
% 25 (Global R = 0.01, p = 0.34) °
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FEE RS AR S A

[& 3. MDS 73#fT 2009 Kz 2010 L& BRCARAB AR A T Ml 2 L (FA) ~ FRIB I (PFA) ~ bt
(P) B XA RABE MM (SF). BAERERE » 79 Bl% 4-6 H (B) ke 9-11 H (NB).Z 73 Al
Fig. 3. Distribution plot from a MDS analysis of bird abundances of farmland (FA), farmland adjacent to

plantation (PFA), plantation (P), and secondary broad-leaved forest (SF) in Danongdafu, Guangfu

Township, Hualien County during April- June (B) or September- November (NB) in 2009 and 2010.

it

fr AR R B AR [F] - W& WA= Pt fH
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al. 1998; Lindell er al. 2004) » {HLGHFFERER
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F o BERAHME LS (AR REKEH
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J&E 26 KR TR AN IR - A RH R R 2
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R E R ZR 77 Bl A [F] R il K B JRRR (K
TR S RER R AR o Bt SRR S
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95 2 1 HE A R IRL R B i 4,174 FEE R M - S2E T (Eulophia dentata
Ames) 7 % B PEEG @ (Critically Endangered, CR)FEY » H3E 80 HF 21K 1% LA Wi {lE 73 At - (RS
{# 50~250 1k » RIS kAE A E M5 S TR » SFREEITIRE 25T » AMFTLME IE M % 1E
MS REEREE EITRIP S 12 38 U4 > WiAEEEF R hn# # 2 (banana homogenate, BH) ~ #ifi-F-7K
(coconut water, CW) ~ 5% (Potato, PO) K25 F Jli(peptone, PET)S5 A HRIIY) » i BRI &
35~40 K LL 1/2 MS+ PET ~ 1/4 MS+ PET % 1/4 MS+CW 5% 2 = » /5 EK S (Protocorm Like Bodies,
PLBs)/Z 1 L5771 301.17+75.47 ~ 297.33£73.43 Fll 286.00+41.79 F3i % » W H ARS8 A RS 1472
5 o [ PLBs A iy e BafSEE 2 4 M H > 39 1 PLB A3 8.27+3.68 fli 21 » HlHEtEHRE
ARG R 22/ VB © AN 92 R D03k 37 S8 A e R ) 4 ol e o R B/ AR P2 W 22
B EERE A BT ~ R OR AT B A AR (R S | [B] 2 BERRERFE ST
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Abstract

According to the A Preliminary Red List of Taiwanese Vascular Plants, Eulophia dentata belongs
to the category of Critically Endangered (CR). Nearly 80 years ago only two habitats have been found.
The number of individuals are only about 50-250 strains. The specie’s narrow distribution and
vulnerability to disturbance make it an urgent case for conservation researches. In this study, we
successfully established a protocol for asymbiotic germination and plant regeneration of Eulophia dentata
Ames, a critically endangered plant in Taiwan. Seeds of this species were collected in a native habitat, and
their surface were disinfected before growing in vitro on 1/2 MS and 1/4 MS medium. Organic growth
supplements such as banana homogenate, coconut water, potato, and peptone were added. After 35 to 40
days of dark culture, embryos grew to protocorm, followed by plantlet formation. Results show that the
medium 1/2 MS+PET, 1/4 MS+PET, and 1/4 MS+CW were the best for PLBs formation. The shoots
proliferated from PLBs and were maintained by subculturing on the 1/2 MS medium. On average,
8.27+3.68 shoots could be obtained from a PLB after being transferred to the 1/2 MS medium. Shoot
buds elongation and root formation occurred after four months of culture. This study could be used as a
reference for endangered plants propagation, germplasm preservation, and restoration in Taiwan.
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Analysis of Flora & Fauna in Commerce East

Asia) » H gl 2 T 5 A B RHE Y35 51 B

i@ £t (Orchidaceae) i 77 /& #t & SR Aid 77
R A T 9 — B (% 20,000 Fil) » 56Tl BRI
A AR REERIR AT T LU BB ERIBERs + b
HItA R HBA ®EEEEE > KL
2 B A5 1 T 1 T I 0 PR S R o -
HAFMMIE - B R E S RHEYIN
R ¥ £V E 5 9t % B & ,Trade Record

fied ek B A i ) B B &) 2244 ( Convention on
International Trade in Endangered Species of
Wild Fauna and Flora s BRI/ 5 fEHE
CITES) Fff#H (http://www.cites.org/) ° 2 &)
B BHE W) RS HE B R Y Y S 1 — T
(Huang et al. 2003) * &l (Eulophia dentata
Ames) {# 15 2 18 HEE SR AEPIEE S0 RSB
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BB BRI HB (Euophia)id?) » 7
IR Z EHEE RS R LB 2
> HARIKEEINE > & 3cm s B 2-25¢m
4-5 fifi - TR B 224/ K
10-25cm » &L 3-5 cm #AR E WIS o (LK E L ~
I - B REREE ERY R - 9 20-40 cm 5
HEARTER 10-15 cm = > {LEss 8 » &l
e > K 510 mm > TEBEEL 15 =AY 7-11
mm > {EERE TN E(E 1A) » = H EARFEER
£ 8-13mm > % 15-25 mm (Huang et al
2000) ° H R B 22188 5 A= 55 8 i) FHBA
BAE R E2ERE (. graminea Lindl)it %
N IEE AL E R AW SE (Chang et al
2010) o {15 HE B R AEYIRL B2 FE )3T 4k
ZAAEER R MR E A A R A 5
HRECHER » (H/\ o e AlE PR B IR e
il Je P R VD R o AR IR B R TR
ZEFGEM > 2 HE - WEE A+ o (EHE g
50~250 Mk o {EV)TE (R B &8 L 55 KR AR I
(Critically Endangered, CR)Z:#) » HB20 A f%
GRS SR M 5 - ¥, P INERE KRR > HATH
B Z ERHR ATRE | FHA R (£S5 2012) -
[ 2 BRAE SRR A8 e A\ B T8 - &
i 88 s LA 3 NG AR EE P By > PR TAR S
HiZH —yinieE - eraeARE IR
H AL ~ &k B e R ~ IR 4%Y)
T ) e g g AV B 22 Bss 2 o Bl
FI A RS 91 B0 77 15 5 05 PR G RE Y)Y B
EEL BRI RE KA o R RTT
%% 1%, 77 1 (Wochok 1981; Fay 1994) ° 1fi | F
AN A - B - I 1 B TE A RS B
PR B HEE 2 RS LA S R
% (Fay 1992) o FI| F I b fily 237 R e S BR AT
{22 8 % S SRR AR R P R R R 2O > BT
TEBEITITE B Bz ffife » #EHIEERE

VAR &2 A R ) TR A R B - 6 PR B IR
RE2EE RN - LIS aBER EAY 2 51t
PR Y H ARBL R BT (R E RIS -

ORI T ik

REVIPORL ~ B AR G B R A

[ 2013 £ 3 FAE R SERRIZE IR 2871
A H HHRE A FIER 2 RBRFE - HEm] =
1% » FIILL 75 %I FGIE A - FLL 2 %R
SARIIAA 15 hEERR - MR PRE S DR
ARIGE 3 K > FEAET R R

RMEBEERE IR
L H IR R 2 REPEERIEEN

BERERS 12 J 1/4 MS (Murashige & Skoog 1962)
FLREEE AL » WA IR (BH) 50gL™ ~ HF
K(Cw)100gL™" ~ FEEE (PO) 50gL™ B F1i
(Peptone)-(PET) 1gL™"» #t 7 fl AN [RIAH & 2 S
# 5L > Sucrose (3%) ~ gelrite 3g L™ » R FH 6
HH o BB pH AENIA gelrite A FA%EAS 5.2

JA R (121°C ) R (15psi)iBi 6 20 778 - f&FE
BRSNS O N LIRS 2L - FRFERG 2R
BRI RS 2522°C - BEIRREH o

ZERBHETE e MERR A B

2 I I A R R 8 2F 2 PLBs £
0.1~0.15cm » 77 Il 422 R i 2 B b O 45 % 0
1/2 MS 75 1 BA (N®-benzyladenine) » i &
£% 0.0, 1.0, 2.0, 3.0, 50 mgL™ K kinetin
(6-urfurylaminopurine) ¥ £ 0.0, 1.0, 2.0, 3.0,
5.0 mgLt Z ARG » 3 25 ff > sucrose
(3%) ~ activated charcoal (1%) ~ gelrite 3g L™ >
RS E LR 3 PLB - R 4 A o 55
#BE pH EMA gelrite BiFA%ER 5.2 FAEA
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(121°C ) /=1 /B2 (15psi) IR IR 20 7)o BE A2 B 5
NI » 35 B R A A BRI B 25+2°C »
JEH# (2,500-3,000Lux) ~ 14 /NREEIERA

HERE AT EERE T T
515 LISPSS (SPSS for windows,2013,
SPSS Inc.)ffta ke 70T » B R E P <0.05°

g X

— ~ MEFFEFE PLBs ZTEHK

AN 5% LA iR % e 77 T SRR T E R
2 FA  HURF AR AR (& 1B)IE R
TR H5F 5 (A T e B PR A » L1 (18 LC) R AR 7
b & RN KIS S #3540 K 0 L1
MS+PET~ 1/4 MS+PETAH11/4 MS+CWHEE R E
I KE M E Kk (BPLBs (& 1D)F 198K
7 B F% 301.17+75.47 ~ 297.33+73.43 I
286.00+41.79F5 ik % » 223l TREAN RIS 2 Bl
TRk PLBSES & LUHEE Hik i 73 i 230 (1) -

£ 1 WIIARIA B RIS B i B
BRI AL PLBs 2 %

Table 1. Effect of different orangic growth
supplement for asymbiotic germination and
PLBs formation of E. dentata

Medium Shoots number(mean+SD)
1/2 MS 124.83+18.85°
1/2 MS+PET 301.17+75.47°
1/4 MS 130.83+39.60°
1/4 MS+PET 297.33+73.43"
1/4 MS+CW 286.00+41.79"
1/4 MS+PO 148.67+30.15°
1/4 MS+BH 170.00£26.12°

st a~ bFRHHAIE RERARE - ARIER
LR

%5

7B o JHETR R e B PR A

1 ST HER B PLBs TEREHE - A,
SR I AR B AE R - BOR AR 3 2 1
+ o CHi- 300 {EE MRS - D~ EHE
PLB A4 KRB HREEL © (bar=1cm)

Fig. 1 Asymbiotic germination and PLBs
formation of E. dentata. A. Flowering plant in
native habitat. B. Seeds of immature fruit. C.
Seeds (Scanning electron microscopic). D, E.
Various phases of PLB development.

(—) BERTRZBPELU2K A
1. 1/2 MSER1/4 MSES 3 2 L
IidBg s g 2 B R TR P B2
Bk % 14 o H PLBs 2 Bk B F 19 BB
124.83+18.85/%130.83 + 39.60 » i PLBs/Z
P BN IR A S o
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2. 1/2 MS+PETEL1/4 MS+PETHS & 5t .2 Uik
It a8 F PLBSIE 1 7 2 8 £% 301.17 +
75.4712297.33 + 73.43° T R B bl SR
PEFEB » BA] DLUAMSTE R EERE & e 3t -

(Z) EEBERIMPET 2 225

1/2 MS ~ 1/2 MS+PETEi1/4 MS ~ 1/4
MS+PETLLEL © 1/2 MSTERIRNIPETEL 1%
PLBs 2 ik 7 5 # H 124.83£18.85 8 il £
301.17+75.47(31) » JE BRI IN2.4145% - 5
1/4 MSTE R MPETELIR I » PLBSIEZR T4
i HH 130.83+39.6033 111£%297.33+ 73.43(F£ 1) » B4
SINEMN2.2765 o FHILAT R > MEEeHEfE S 128K
1/4 MSEEEFEA » IRINPET » 5 REH/R{EPLBs
R E L AEEE 2 ER > KRN
PETH Bt 5E Rl IR #E L PLBS Z T2 K,

() 14 MS 5 EFEEL1/4 MSERIIPET ~ CW ~

BH ~ PO} £ B Lt

EFR1 hLlus MSE RS R T » ¥
PET ~ CW ~ BH ~ PO » IRIIPETHAICW.Z F 1%
TN > Hois R PLBSTE A Pt 8057 Al
297.33+73.43 /% 286.00+41.79 » 21k & B & Bil 5
RGN SRR R #E A R KIHR
I — XA BIFAPLBs 2T - TEshN
BH #1 PO » PLBs /& & 7 5 & 47 Hll &
170.00+26.12 % 148.67+30.15 PLBs ik # HI| £il
SRR M 2 5 o

.~ PLBs M ke MBI P AR 2 ST
SRR M R AR PLBs H9 )R
HY 0.1-0.15 cm K/]\Z PLBs BZFE A 2 BE M G 1
BHEA - IEEEEZLL 12 MS [T BA &
kinein .2 25 fAH &GS EEL » #6@ 4 HH .28

5 o BRI SRS E 5.08-11.75 (i
IPLB » & 358 1 R MY il 2 2 e BN e e
PEZFEH (3 2) o BLalBERS REUR 0.1-0.15 cm
KNG PLBs 2 25 FlE ARG BT »
{ERS I PLBs F39H 41.67% Z M LZR (R
2) > MiELL PLBs i P AL K BL5E 6 (=
2A) 0 #8 4 i H 2 55% > HH 58.33%.Z PLBs
EH A LELEEE (& 2B ~ C) » HEEZE & ik (&
2D) » TR VERZIERL » 05 E BRI
/INRERE (8] 2E ~ F) ©
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3 2. Cytokinins #1555 PLBs - #aiy i 2 %2 K PLBs #{LIE T
Table 2. Effect of various types of cytokinins on shoot multiplication through PLBs and PLBs browning
of E. dentata

BA(mg L™ Kn(mg L™ Shoots number(mean+SD) Browning(%)
0 0 8.17£4.20 16.67
0 1 10.71£4.52 16.67
0 2 7.04+4.26 41.67
0 3 9.00+4.16 50.00
0 5 7.92+£2.71 50.00
1 0 8.67+2.46 58.33
1 1 7.67£2.93 33.33
1 2 8.08+3.42 41.67
1 3 11.08+3.63 41.67
1 5 8.75+3.86 33.33
2 0 7.67+3.52 8.33
2 1 10.83+3.27 58.33
2 2 8.17+4.06 83.33
2 3 9.08+3.32 50.00
2 5 6.00+3.57 41.67
3 0 8.92+2.78 58.33
3 1 7.00£2.13 75.00
3 2 8.92+3.90 8.33
3 3 9.75£3.49 25.00
3 5 11.75+4.16 50.00
5 0 5.75£1.96 50.00
5 1 8.25£3.70 25.00
5 2 5.67+1.56 33.33
5 3 5.08£1.24 66.67
5 5 6.92+3.68 25.00

T 8.27+3.68 41.67
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Eﬁ'Z. = 'J‘ﬁjﬁa#ﬁ?'ﬂ/@j °A.PLBs Tﬁ%}[’“"[‘ﬁj%(bar:Smm)o B. PLBs ﬁlﬁgiﬁ?ﬁ[ﬁ% (bar=5mm)-
C ~ D.PLBs /3 fllf{li= =755 ‘D ij¢tl(bar=1cm) - E - F. PLBs éﬁiﬁj B ?{JF&}FFJ’J/ ‘[ Ak (bar=1cm) -
Fig. 2. In vitro plantlet regeneration from PLBs of E. dentata. A. Browning of PLBs. B. Formation of
multiple shoots from PLB. C, D. Elongation of shoots and few roots formation from PLB. E, F. Plantlet

regeneration from PLBs.
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e SR BRIV 1 A4 R 2 RO B IR A
¥ (HINIE R L B & b
o BB IZ W HE AR RHE Y 2 e B
(Arditti and Ernst 1993; Arditti 2008; George et
al. 2008)> 411 BH~CW~PET & [ [ Ji(tryptone)
Fe i 5 7K i) (casein hydrolysate) 55 » 12 69
B2 W B LS > nT (e R A 5
SFRIE A ) 2 4 K (Huang et al. 2001; Pierik et
al. 1988) » AT (e A AH A% < K25 (Chen and
Chang 2000) ~ i & #H#Z R PLBs k¢ PLBs .2
FJ4E (Shina and Roy 2004) » MiASHFZER 1.2 6
PRIIYIE BH ~ CW K PET © SERTVIFFEH
o A DR T A A RIS Y E (BH ~
CW ~ PET)¥}iAEY) PLBs AR/ L B8 4 i
ML E A 2R (Arditti 1979)° [ BH
£ e Al SCRR S F8 A 2 G BB
(Dendrobium)PLBs Z 4 ~ B & (Vanda)
K ZMEREEEWEBZ Spathoglottis
kimballianai BERTESEE (Aktar et al. 2008; Minea
et al. 2004; Sudeep et al. 1997) o AH Hl iR
BH 75gL" ' 42 E T 8 Cymbidium pendulum 2.
A R AFIY (Saranjeet and Bhutani 2012) © [fii
AN 7eiAEs BH ¥/ R MR #51E PLBs .2
T i B Bl 340 B A o2 T2 ol S0 I = 1 2
o [HEWRERI PLBs &8 <555 7L EL/ )\
filik 2 A o

A CW SURKERCEAHE % > 150 kb a4
LI A AR RAEHEZ 522 (Lekha Rani et
al. 2005) © CW HUFZE MU IEFAE/IIE 7 2L -
{3 PLBs F.2 531k (Intuwong and Sagawa
1973) o 3= (e i — L B A [ fE2E K B EE AR
(Mcintyre ef al. 1974) © CW JREIIEEE T EX
&< Vanda teres PLBs & 5L FTMHIGE R & .«

SRR 2 TR PR B R A

Phalaenopsis gigantean PLBs Z ¥&%E (Murdad et
al. 2006) ° LY+ SRR PET /KA TEE K
) » AR o L N Bl > I HEREY) R M
Brggrh 2 A R o PET £ 55 2 E 8B (Cymbidium)
T SEALLT 3 28 (Kusumoto and Furukuwa
1977) ° T (E AU 5 /& (Phalaenopsis) ~ < FEME
[ J& (Doritaenopsis)Ei |E\ T & (Neofinetia) B 16
75 & J U A #H 4% 2 R (Ichihashi and  Islam
1999) ~ {i& 2 51 3F {8 ¥ B )8 (Paphiopedilum) ~ #5
TH T J& (Phaius) ~ B CTE B K &5 1 W B
(Peristeria) B E M T E— P AERESR
(Curtis 1947; Pierik et al. 1988; Bejoy et al.
2004) Ahft g2t < B g B A cw FT PET
fE SRR > 1/4 MS+PET ~ 1/2 MS+PET
I 1/4 MS+CW FiifZik.Z PLBs P8l 58 4
NI A R R 22 5 > HOA SR
FHMEFERE PLBs ZIR R H PLBs Rz
FREH -

B4 RYERIC A CE AL > TERGE
AN FRE R A &M ER 5 Bt
YEREYISEERR A RER - AW »
FIRPA A RINIIYIE PET ~ CW > J8 2
EIVVEAN & 2107 AT Re B (e EREY) PLBs
A REEEE - (HHEHEY) Z R8N 1 R AT
T 2 5% o AT FeEER A P AR R
Vsl MS 55 B BEEER IR AR B 14 508 > 2
NLER R R FR A FE R PLBs ~ PLBs .2
HARBE - FHENE RS o SRR
B EELL 12 MS+PET ~ 1/4 MS+PET
1/4 MS+CW Fi 2Rk .2 PLBs FIF- B/ Mk 35 &
HIAREZ(EAE o FHIL » FRAM AT 588458 i i B L
(B Rl A 2 Jid 77 428 3T 52 V% B B R LY SR
ZHHERE R o DUA KA R A LA R R A7 A2
Fe o Sl TR A -

AW FEA/E PLBs H7J# ZF #8 Cytokinins
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(BA~ Kn)idBgrh » S35 BRI R 2 P15
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AT ST AR PR 5 A T 22 18 3% o A A
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Abstract

This study is an investigation of the root-fungus association characteristics of Rhododendron
pseudochrysanthum in Alishan area. Light microscopy found the association swollen, short and stout.
Under electron microscope scan, the ultrastructure showed the hyphae sparsely attached to the surface of
association and the hyphal coil in its cortical cells. Molecular analysis of five strains isolated from
samples demonstrated that strains Rm7 and Rm28 belong to the genus Phialocephala, Rm9 to
Hyaloscyphaceae, Rm15 to Rhizoscyphus, and Rm42 to Cryptosporiopsis. These results indicate that the
root-fungus association of R. pseudochrysanthum from the Alishan area belongs to the ericoid

mycorrhiza.
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(Calluna) (Bradley et al. 1981; Johansson 2001)
Ko ¥ A J& (Vaccinium) (Stribley et al. 1975;
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B R RE P PR 2 A DU T €
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(scanning electron microscope, SEM) #H42 H
HOtEE - S ARAHAC Sk (Nakamura et al. 2002) °
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60 sec * FFAMEGIKIGUE 3 X o FHBEVERIIR
ERUIRKY 1 mm B B 1% KIFRRGE
FL (wateragar) 0 2 23°C EEEAERFEHH
ERE 14-21 K o FEMICHRESS R
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EEEITHIL (Johansson 2001) ©
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RO RE X ~ il - BB E 23T BIE AR
FarR > ERFSE R AE RO > 1E7-14K1% »
T BV B2 R A4 R s » R v
T REHAIR B AL #% 2 (Hambleton and Currah 1997) °
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ItEER 7 iE R Sigler er al. (2005) %55
27 o GREEES PDA REEELZESL - FIF
Puregene DNA Purification Kit 3t 17 # k.2

I ARARER G & B B A

DNA ZZHY o FIFIAIF : ITS1-F FI TW13 it
1T 1TS/5.85 rDNA 7 Il .2 5% & v $ e
(polymerase chain reaction, PCR) ## DNA
F3ll - Bt PCR EYIER » B NCBI
M55 (http:/iwww.ncbi.nlm.nih.gov/) A3 A&
BHEAEIT YL » iR MEGA #kkgig
BUSIK R (R Aa IR -
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— ~ RIIHRRER SR
(—) SHERREEEE

AT FE R FH A7 B BE AR 852 K 1L MR AR
TR i 5 6 2 I BT B8 e B SR 12« s SR
T RS A2 S0 KRR - KBRE AT E
o4 AR SRPAEREE NG (& 1A
and B) ~ HIiBALE G (B 1C) ~ RIARGES
i (& 1D) - BlEEMH AR ZARERS S EE
HHE 72 B (Lin et al. 2010) °

B 1. EILHASRERS G 2P » (A) ~ (B) ¥ s (C) HEA ;s (D) &1 - (Bar=1mm)
Fig. 1. Morphology of root-fungus association of Rhododendron pseudochrysanthum. A and B: the initial

stage; C: the middle stage; D: the mature stage.
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&) BEEREHRE
ABHZERI] i it 2P 1 R B - m]
B LA RS 2 AR B S & B o2 2R 1A M LAY B
fhiE# (8 2A) ; EREY) izt (& 28)
eSS IR TR TR R I O A AR (2 (3D
B I i A BUE wA Bl AE (8 2C and

D) -

DL AR SRR SHE R (55 1997,
Peterson et al. 1980) ; ilfi il {5 14+ B AR 5 &
BEAHLI(Lin et al. 2010 ) » [ RERSRE e REGIBISE
R AT P ARSI R

B 2. R LAARIRGE S A RE < BETHRES - Ar RITAMBIE 2 (W) B: #EUJH ; C~D: WHHHEI(>)
Fig. 2. Ultrastructure of root-fungus association of Rhododendron pseudochrysanthum. A: surface of

hairy root covered with hyphae (arrow); B: cross-section; C and D: hyphal coil (3%).

Z - HRERKMUEBE

A A A8 Bl L Ly bl (LA RS 2 AR B
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R B B R A YE (Curlevski et al. 2009; Tian et al.
2011) » bR RAGEIEIE - (R8E 4 RARIHY
Wk FERALEHRE 5 BRNAEE - 255
Rm7 > Rm9 ~ Rm15~ Rm28 Fl1 Rm42 » 53 Al
P 2% MEA BEEIL - 11 RIGFHHHEHKS
REIE 2 T4 KR

Rm7 HIRIE 2% MEA BZ &R Es » |

RSB BORMUE Rk (o - I & R
SRR EERE - ETEMEGNE M (8
3A) s AW AEL s EEYAERHEER
0.77+0.06 mm/d °

RmMO HRIE 29 MEA B EHLEEENG » H
[ & A Bk MR (0 > RIMEB P E s BT
BB ESR R W SR Y) (8 3B) 5 M
R ES KA EREER 1.08+0.03
mm/d °

Rm15 HERIE 2% MEA BEERLInns »
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HEgFEeBA G WEHIERE RS2 016
(& 3C): MmAFWEL LA RHER
1.07+0.02 mm/d °

RmM28 HIRIE 2% MEA RS8N -
HFvREB OB RISk G - RIMEEaE -
SR ERT - L TES A ANEM (&

I ARARER G & B B A

3D) : MABMYEE : HFEEREERS
0.64+0.04 mm/d °

RmM42 FEIRIE 2% MEA R5EFERs5ny -
HFVEE O EOT OB » WAt PR
i (& 3E) s MAHYES: s HAPERHE
&% 2.07+0.06 mm/d °

B 3. EILUABAAE R 18 Kk 1F 23°C J 2%MEA H5 83 2 W& TERE » (A) Rm7 Ffk 5 (B) Rm9
FifR 3 (C) Rm15 itk ; (D) Rm28 Btk 5 (E) Rm42 # £k »

Fig. 3. Colony morphology of endophytes from Rhododendron pseudochrysanthum cultured on 2% MEA
medium and 23°C for 18 days. A: Rm7 strain; B: Rm9 strain; C: Rm15 strain; D: Rm28 strain; E: Rm42

strain.

=~ BlRGFEYIZERE

AT B R L S 2 BB B 4 e P 4 i
ZWAER » FIFITSI-F fI TWa3s] 1%} » 43
T B ok PRk [ [ B2 5.8S rDNAZE R » KEPCR
WREYI. » ZEUERAFIER » B E R
B R 2 53 - FE 511 Bil NC B I8t 5 4% B 1R BT
HRST T o T ELE s — M A AR AE B AR

At 3% 8 e w89 A T AT 2 28 G F
(Ascomycota) (Harley and Harley 1987; Smith
and Read 2008) > F LAASGA B LAYE 1 B LR -
[ (Boletus edulis Bull)f59 ¥ » Wil HHT %
F-ABERE AR (Rhizoscyphus ericae (D. J. Read)
W. T. Zhuang & Korf, Cryptosporiopsis ericae
Sigler, Phialocephala fortinii C. J. K. Wang & H.
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E. Wilcox, Oidiodendron maius G. L. Barron)’%
Wbk 0 A ' R AE BAD B A% R (e
(Neighbor-joining phylogenetic tree) °
BB HET BRI L 5 PRIERE - HITS
JrF 9182 NCBI AHE R ARG B 2 Al i ik
EiIRIE (& 4) o HAGRAF Rm7 B Rm28 Gtk
BRI EE > 8 2 MRIEKRIN B P fortinii
(AY394921) fit Fs[RlH » H S F7 5 =3 100%(FH

IR T 100%) s 1 Rm15 EIREL R ericae
(AY394907)Er B3 [AIRT » H R miE 99%(FH
PIEETTSE 97%) s Rm9 [ #KEE Hyaloscyphaceae
(FRIFER}) (JF519071) SR lrI B » HC R 2
T4%(FHILLEE 94%) 5 Rm42 HRREL C. ericae
(AY853167) i B[Rl > H S F7 AL =z 100%(FH
U TR EE 99%) ©

[ 4. T LA P9 A= e B 5 DR e ra R DA S 225 4 M RE BT RR R 2 A IR B R 1] -
Fig. 4. Neighbor-joining phylogenetic tree based on rDNA ITS sequence data from endophytes of

Rhododendron pseudochrysanthum, along with well-known ericoid mycorrhizal fungi and selected high

similarity fungal species from GenBank.
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Abstract

This study is a report of two fern taxa, Athyrium palustre Seriz. (Athyriaceae) and Polystichum
attenuatum Tagawa et K.lwats. (Dryopteridaceae), as new records of Taiwan. Type information,
morphological descriptions, habitats, distributions, taxonomic notes, line drawings and photographs are
provided to facilitate the identification. The threatened statuses of these two species in Taiwan are
evaluated herein according to the International Union for Conservation of Nature and Natural Resources
(TUCN) Red List Category and Criteria.
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INTRODUCTION

Two unrecognized ferns were collected in
the wild during a recent investigation of ferns in
Taiwan. After consulting the floras of adjacent
regions of Taiwan (e.g. Copeland 1960a & b,
Iwatsuki 1995, Kato 1995, Wang & Hsieh 1999,
Kung et al. 2001, Knapp 2011, Wang et al. 2013,
Zhang et al. 2013) and examining the specimens
of related species, these two ferns are confirmed
as new taxa to Taiwan: Athyrium palustre Seriz.
and Polystichum attenuatum Tagawa et K.lwats.,
respectively.

In this paper, type information,
morphological descriptions, synonyms,
distributions, and taxonomic notes are provided
to explain their taxonomic issues and our
treatment. Line drawings and photographs are
also presented to facilitate identification. In
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addition, their threatened statuses are evaluated
according to the International Union for
Conservation of Nature and Natural Resources
(IUCN) Red List Categories and Criteria (IUCN
2001, 2003).

TAXONOMIC TREATMENTS

(1) Athyrium palustre Seriz., J. Jap. Bot. 45: 264.
1970; Nakaike, Enum. Pterid. Jap., Filic. 141.
1975; ibid. New FI. Jap., Pterid. 298, pl. 298.
1982; M. Kato, in K. lwats. et al., Fl. Jap., vol.
1: 206. 1995. — TYPE: JAPAN. Kyushu:
Kagoshima  Prefecture,  Yaku Island

(=Yakushima), near Mt. Ishizuka, S. Serizawa

s.n. (holotype: TNS, photo!), Nov. 1968. ¥

AFER  (Figs. 1, 2)
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Fig. 1. Athyrium palustre. A: Habit. B: Adaxial side of a pinna. C: Sori on abaxial pinna surface. D: Scaly
basal parts of stipes. Photographed by Tian-Chuan Hsu.
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Fig. 2. Athyrium palustre. A: Habit. B: Adaxial side of a pinna. C: Abaxial pinna surface with sori. D:
Magnified sori covered by laciniate-margined indusia. E: A scale near stipe base. Illustrated by Che-Wei
Lin.
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Synonyms: Athyrium reflexipinnum auct. non
Hayata: Tagawa, Col. Ill. Jap. Pterid. 122, pl
48-266. 1959.

Summer-green. Rhizomes ascending to
erect. Stipes usually shorter than laminae, 15-35
cm, stramineous, covered with scales at bases.
Scales membranous, light brown to pale brown,
ovate-lanceolate, entire at margins, 2-3(-5) mm
long, 0.7-1.2 mm broad. Blade lanceolate or
linear-lanceolate, slightly narrowed toward bases,
bipinnate to tripinnatifid, 15-50 cm long, 4-10
cm wide, thin-herbaceous, glabrous; rachises
grooved on adaxial surfaces, grooves confluent
with the costal ones. Pinnae pinnate to
bipinnatifid, mostly perpendicular to rachises,
but sometimes reflexed, deltoid-lanceolate,
short-stalked, without spine on the adaxial side
of costae. Pinnules ovate to oblong, usually
short-stalked. Ultimate segments of tripinnatifid
laminae oblong to elliptic, dentate at margins, the
basal ones usually larger and free from ultimate
costules. Venation pinnately free. Sori oblong or
hooked, indusiate, one to several on each
segment, subcostular; indusia long-toothed,
laciniate or even eyelash-like at margins.

Distribution: Japan (Shikoku and Kyushu)
(Serizawa 1970), and Taiwan.

Habitat: Semi-shaded wetland beside ponds or
lakes of mid-mountains at 1,200-1,600 m
elevation.

Specimens examined: TAIWAN. New Taipei
City: Wulai District, Chuangtoumu Pond (%35

R, T.C. Hsu 6755 (TAIF); Puodang Pond (%
UL, T.C. Hsu 6749 (TAIF); Puolu Pond (%%
#0), T.C. Hsu 2235 (TAIF). llan County: Songluo
Lake (FAK#IH), T.C. Hsu 6745 (TAIF). JAPAN.
Kyushu: Fukuoka Prefecture, Chikushi-Gun,
unknown 7198 & 7199, Aug. 8, 1968 (TNS);
Itayakoshi, S. Tsutsui s.n., Jun. 26, 1966 & Aug.
2, 1966 (TNS). Kagoshima Prefecture,
Kumage-Gun, M. Kinuta 19141 (TNS);
Okuchi-Shi, T Yamanaka s.n., Apr. 29, 1989 (2
sheets; TNS); Yaku Island, K. Mitui s.n., Jul. 27,
1966 (TNS).

IUCN Red Llist Category and Criteria: EN
[Blac(ii, iv)].

Note: The ‘Athyrium sp. 2’ in Knapp’s book
“Ferns and Fern Allies of Taiwan” (2011) is
attributed to this new record species. This species
is similar to 4. oppositipinnum Hayata var.
pubescens (Tagawa) Y.C.Liu, W.L.Chiou &
H.Y.Liu (= 4. reflexipinnum Hayata), but differs
from the latter by the adaxial side of costae
almost without spine or occasionally with very
short protrusions (vs. costae with very short
spines, usually occur at the end of pinnae; Liu et
al. 2009), the glabrous adaxial surface of blade
(vs. pubescent), distinctly anadromously
arranged, short-stalk proximal segments of
pinnae (vs. almost oppositely arranged, sessile
proximal segments), and the ovate-lanceolate to
broad ovate-lanceolate stipe scales (vs. narrow
lanceolate to lanceolate) (Serizawa 1970, Kato
1995). Besides, the preferences for habitat of

these two taxa are also different: A.
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oppositipinnum Vvar. pubescens usually grows on
somewhat moist grounds or slopes under
temperate forests at altitudes of 2,800-3,500 m
(Liu et al. 2009); however, 4. palustre often
occurs in semi-shaded wetlands or marshlands of
mid-mountains at 1,200-1,600 m elevation.

New Additions to the Fern Flora of Taiwan (2)

(2) Polystichum attenuatum Tagawa et K.lwats.,
Acta Phytotax. Geobot. 23: 113. 1968. — TYPE:
THAILAND. Loei
northeastern ridge of Mt. Phu Luang, M. Tagawa
et al. T1487 (holotype : KYO, photo! isotypes : L
& US, photo!). RMFHER (Figs. 3, 4)

(=Loey)  Province:

Fig. 3. Polystichum attenuatum. A: Habit. B: Scales on the bases of stipes. C. Adaxial side of a part of

blade. D: Abaxial side of apex of blade showing two scaly buds. E: Abaxial side of a part of blade

showing sori. Photographed by Tian-Chuan Hsu.
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Fig. 4. Polystichum attenuatum. A: Habit. B: Abaxial side of a pinna showing sori covered by shrunken
indusia. C: Adaxial side of a pinna. D: A linear-lanceolate and concolor scale on rachis. E: An oblong and
somewhat bicolor scale on stipe base. Illustrated by Che-Wei Lin.
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Synonyms: Polystichum subattenuatum Ching et
W.M.Chu, Acta Bot. Yunnan., suppl. 5: 51, 1. 32.
1992. — Polystichum attenuatum Tagawa et
K.lwats. var. subattenuatum (Ching et W.M.Chu)
W.M.Chu et Z.R.He, Fl. Reipubl. Popularis Sin.
5(2): 17. 2001. — TYPE: CHINA. Yunnan
Province: Gongshan County, Dulongjiang, W.M.
Chu & S.G. Lu 18987 (holotype: PYU, photo!).

Rhizomes short, ascending to erect, densely
covered with scales. Stipes clustered,
stramineous, 12-25 cm long, densely scaly on
bases, thinner and smaller gradually upwards.
Scales dimorphic; bigger ones oval to oblong,
1.0-1.5 cm long, 3-5 mm wide, thicker, brown to
dark brown, often concolor but some discolor,
undulate to irregularly serrulate at margins;
smaller ones linear-lanceolate to lanceolate,
almost concolor and brown, 0.5-1.2 cm long, 1-2
mm wide. blade lanceolate to oblong-lanceolate,
20-45 cm long, 10-16 cm wide, bipinnate,
sub-coriaceous, bearing 1-2 scaly buds on
abaxial side of rachises near the tips of fronds;
rachises scaly on both sides, grooved on adaxial
surface and not confluent with the costal ones.
Lateral pinnae 15-25 pairs, pinnate, the middle
ones longest, gradually acuminate towards the
tips, the basal ones obviously shortened. Pinnules
somewhat rectangular or rhomboid, tenderly
aristate at margins. Venation bipinnately free,
veinlets single or forked. Sori round, dorsal on
the veinlets, indusiate; indusia peltate, brown,
entire to undulate at margins, deciduous when
aged.

New Additions to the Fern Flora of Taiwan (2)

Distribution: S & SW China, NE India,
Myanmar, Thailand, Taiwan, and Vietnam.

Habitat: terrestrial, growing under semi-shaded
and somewhat humid forests on hillsides of
central Taiwan at 1,600-1,900 m elevation.

Specimens examined: TAIWAN. Nantou
County: Sinyi Township, Junda logging road (il
KHKIE), YH. Chang 20121128-052~054 (TAIF),
T.C. Hsu 6152~6154 (TAIF). CHINA. Kwangsi
Province: Nangning City, Mt. Daming, T.C. Hsu
6408~6413 (TAIF & 1BK).

IUCN Red List Category and Criteria: CR
[Blab(v)c(iv), B2ab(v)c(iv), D].

Note:

There is only one small population, about
15 individuals, of Polystichum attenuatum found
in central Taiwan. The morphology of Taiwanese
population much matches with the variety P
attenuatum  Var. subattenuatum  which  has
narrower, lanceolate to oblong-lanceolate, blade
outline (vs. oblong-triangular or ovate-lanceolate
in other variety P. attenuatum var. attenuatum),
and obviously shortened basal pairs of lateral
pinnae (vs. not or just slightly shortened in var.
attenuatum) (Kung et al. 2001). However, these
two varieties are better to be treated as the same
taxon because they have overlapped distribution
pattern (Zhang 2013) and many intermediate
forms between them are founded (Kung et al
2001)

Polystichum attenuatum also resembles P
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chunii Ching, a new recorded fern of Taiwan
(Hsu et al. 2014), but can be distinguished from
the latter by much larger fronds (35-70 x 10-16
cm vs. 25-50 x 3-7 cm), lanceolate to
oblong-lanceolate laminae (vs. linear-lanceolate),
and the most proximal acroscopic somewhat
rectangular or rhomboid pinnules with tenderly
aristate margin (vs. obovate or oblong-orbicular
pinnules with sharply aristate margin). In
addition, these two species have different habitat
preference in Taiwan: P attenuatum Qgrows on
humid grounds under forests of lower Quercus
zone at altitudes of 1,500-2,000 m, but P chunii
grows on semi-humid slopes under Abies forests
of sub-alpine zone at altitudes of 2,200-2,900 m.
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Abstract

Hibiscus asper Hook. f. (Malvaceae), a native to tropical Africa, has recently been found in
abandoned lands of central Taiwan. The species is distinguishable by its stems with sparse pricks, the
calyx with dense bristles and red protuberances, light yellow flowers with a red-purple center, and the
hilum of seed surrounded by hairs. Line-drawing, photographs and a distribution map of this newly
naturalized species are provided to aid its identification.
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Introduction

The genus Hibiscus Linnaeus belongs to the
family Malvaceae. It comprises about 200
species distributed in tropical and subtropical
areas (Tang et al. 2007). Most species of this
genus are of economic importance as fibers,
ornamentals, medicine, victuals and cosmetic
products (Holland 1918, Ayanbamiji et al. 2012).
According to records, only seven species have
been recorded in Taiwan (Chang 1993, Yeh
2005). Recently in 2013, two newly naturalized
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species of this genus have been added (Liu ez al.
2013, Wang and Li 2013). Besides the nine
species recorded, another newly naturalized
species Hibiscus asper Hook. f. was also found
in central Taiwan during our field research.

H. asper was described in 1849 by J. D.
Hooker from the specimen collected in Sierra
Leone (Sprague 1913). Later, H. asper was
reduced along with other species to H.
cannabinus by Masters in 1868 (Sprague 1913).
Hochreutiner in 1900 progressed further more in
extending the category of H. cannabinus, which
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he considered to be very variable. The study of
the material of the Kew Herbarium shows that AH.
asper can be distinguished from H. cannabinus
by several characteristics - the repand lobing of
the leaf segments, the small subglobose capsule,
and the smaller but more rounded minutely and
densely tubercled seeds with a setose sinus, all of
which warrant its restoration to its own rank
(Sprague 1913). H. asper is native and
widespread in tropical Africa, from Senegal to
Ethiopia, Angola, Zambia, Mozambique and
Madagascar (Sprague 1913, Hutchinson and
Dalziel 1931, Wilson 1999). It is a weed species
that grows in abandoned farm fields, savannas,
grassland, river alluvium, moist rock basins and
edges of gallery forest. However, H. asper has
not been recorded in Asia before.

In recent two years (2012-2013), there have
been at least five recorded localities of this
species in central Taiwan. Based on the fact, we
believe that its population has survived in
abandoned fields and reproduced without
continuing human efforts and that this species
has been naturalized. Characteristics of this
newly naturalized species are described and
illustrated below.

Taxonomic treatment

Hibiscus asper Hook. f., Niger. Fl.: 228.
1849; Wilson in Bull. Nat. Hist. Mus. 29: 68.
1999. FEFEARHME (Figs. 1, 3 A-F).

H. cannabinus auct. non Masters in Oliv.
FI. Trop. Afr. Vol. 1: 204. 1868; Hochreutiner in
Annuaire Conserv. & Jard. Bot. Geneve, Vol. 4:

114. 1900.

Herbs up to 1.3 m tall. Stems sparsely
aculeate or with fine, simple to stellate hairs;
branches well-developed or not, often becoming
very short on distal end of stems or aged ones;
stipules narrowly lanceolate, 0.3-0.4 cm long,
often red, shortly pubescent; petioles 0.5-5 cm
long, with pubescence like that of the stems and
a more dense pubescent line on upper side;
blades variable in size and shape, those on
general stem and branches 5-9 cm long,
rhombic, deeply 3-5-lobed, lobes 0.8-1.3 cm
wide, those on shortened axile branches 2-5 cm
long, strap-like or lanceolate, 0.5-1 cm wide,
simple or shallowly 2-3-lobed, the abaxial
surface with simple to tessellate bristles on ribs
and veins, more sparse and shorter on adaxile
surface, the margin serrate or irregularly fine
toothed, the nectary on the rib 0.1-0.15 cm long,
pigmented when fresh, slit-like when dry.
Flowers solitary, axillary, 2-2.8 cm long, 2.8-3.2
cm across; peduncles 0.2-0.5 cm long,
articulating at base, with strait simple bristles;
involucellar bracteoles often 9, rarely 7-11,
lanceolate, 0.5-0.8 cm long, 0.2-0.25 cm wide,
with simple bristles; calyx 1.2-1.4 cm long, the
lobes broadly lanceolate, 0.38-0.42 cm wide,
with long or short bristles, the bristles arising
from a dark red and swollen base; corolla light
yellow with a red-purple center, petals obliquely
triangular-obovate, 2.7 cm long, 2.3 cm wide,
minutely and shortly pubescent on adaxial side
and margin, glabrous abaxially; staminate
column 0.6-0.8 cm long, orange-red, filament
0.03-0.1 cm long; anther 2-celled; pistil ca. 1.5
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cm long, style 5-branched at apex, branches ca. 1
mm long, exposed beyond the staminate column,
purple-red and minutely tessellate above,
glabrous and light colored below, stigma
purple-red, with minute spine hairs, ovary
sub-conic, with long antrorse bristle hairs,
0.4-0.5 cm tall, 0.4-0.5 cm in diameter. Fruit a
capsule, included, enveloped with persistent
calyx and epicalyx before ripen, compressed
globose, ca. 1.3-1.5 cm tall, 1.5-1.8 cm in
diameter, carpels 5, loculicidal dehiscent,
covered with long compressed hairs; seeds many,
subreniform, ca. 4.2-4.8 x 3.8-4 x 2 mm, brown
or dark brown, with sub-concentric striations and
minute protuberances 0.1-0.3 mm long, the
hilum minute, dark brown, surrounding with
longer hairs to 3-4 mm long.

Specimens examined: Taiwan, Yunlin
County, Mailiao Township, 17 Nov. 2012, Lee
C. T. 066 (PPI); same locality, 12 Jan. 2013, Lee
C. T. 087 (TAIF), 090 (TAI); Linnei Township,
12 Jan. 2013, Lee C. T. 091 (TAIF); Mailiao
Township, 2 Nov. 2013, Lee C. T. 122 (TAIF),
Baozhong Township, 4 Nov. 2013, Lee C. T. 129
(TAIF); Taixi Township, 4 Nov. 2013, Lee C. T.
131 (TAIF); Changhua County, Fangyuan
Township, 4 Nov. 2013, Lee C. T. 134 (TAIF).
Herb. Kew. No. K000240761, K000240763,
photo! Herb. HNBU. No. 01583, photo!

Distribution: H. asper widely occurs in
tropical Africa and Madagascar (Sprague 1913,
Wilson 1999). In Taiwan, H. asper occurs in the
western Yunlin County near the seashore and in
the east Yunlin County near the Nantou and
Changhua County (Fig. 2). It also occurs in

A Newly Naturalized Species: Hibiscus asper

Changhua County. The species is found on the
roadsides and abandoned lands. There are more
than ten individuals in the Taiwanese locations
mentioned above.

Note: H. asper is close to H. cannabinus
(Fig. 3 G-J) (Hutchinson and Dalziel 1931,
Wilson 1999), but can be distinguished by some
morphological characteristics. A further detailed
comparison of the two species is made in Table 1.
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Fig. 1. Hibiscus asper Hook. f. A: Flower branch. B: Flower, side view. C: Flower, front view. D: Stigma
and staminal column, side view. E: Pistil, side view. F: Ovary and receptacle, longitudinal section. G:
Ovary, cross section. H: Immature fruit. I: Seeds, various view. J: Mature capsule with persistent calyx

and epicalyx.
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Fig. 2. Distribution of Hibiscus asper Hook. f. in Taiwan.
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Fig. 3. Photographs of Hibiscus asper Hook. f. (A—F) and H. cannabinus L. (G-J). A: Habit. B: Mature
capsule with persistent calyx and epicalyx. C: Flower. D: Flower, side view. E: Immature fruit. F: Seeds.
G: Flower. H: Flower, side view. I: Immature fruit. J: Seeds. (Photos G-J by courtesy of Mr. Chang-Lang
Liu)
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Table 1. Main differences in morphology between H. asper and H. cannabinus (Hutchinson and Dalziel
1931; Wilson 1999; Liu et al. 2013)

Characters H. asper H. cannabinus

Stems surface with sparse pricks smooth surface or surface with few pricks

Calyx dense bristles, and bristles arising spiny and white tomentose, each with a
from the dark red and swollen base gland at base

Flowers light yellow with a red-purple off-white, cream, or various shades of
center; petal triangular-obovate purple with a deep purple center; petal

oblong-obovate
Fruits the hilum of seed surrounded by the seeds with glabrous hilum
hairs
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Abstract

Platostoma hispidum (L.) A. J. Paton belonging to the mint family (Lamiaceae) is widely distributed
in tropical regions of China, India and SE Asia. It was first collected from south Taiwan in 1905. Because
of its rarity, no specimen has been collected since then. It is often misidentified in the herbarium of
Taiwan. In a recent plant survey, we found a wild population of Platostoma hispidum in Wu-shan-tou
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area, Tainan City in southern Taiwan. This report provides a botanical description of Platostoma

hispidum with color photographs and SEM microphotographs of its pollen grains and nutlets, as well as

its taxonomic notes and distribution range in Taiwan.
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Key words: Platostoma hispidum, Lamiaceae, taxonomy, Taiwan
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Fig. 1. Habit (A), inflorescence (B) and flowers (C) of Platostoma hispidum (L.) A. J. Paton from Taiwan.
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Fig. 2. SEM micrographs of the pollen grain and nutlet of Platostoma hispidum (L.) A. J. Paton from
Taiwan: A, equatorial view of a pollen grain with reticulate tectum; B and C, polar view showing a
6-colpate pollen grain with reticulate tectum; D, a nutlet with rectangular ridges on seed surface.
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