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Abstract

This study was conducted to investigate heavy metal contents in Hsinchu city coastal wildlife refuge
and Tougian estuary in northwest Taiwan in order to understand the current situation of pollutions.
Forty-six sampling stations were set up, and 279 samples data were obtained in 2012-2013. Every sample
was measured for 32 heavy metal contents by X- ray fluorescence spectrometer. Multivariate statistical
analysis, ordination of principal component analysis and dendrogram of cluster analysis were used for
quantitative analysis. Changes of heavy metals in the soil before and after mangrove was removed were
analyzed. Areas of low pollution included sandy beaches in Tougian estuary, Yan-gang estuary and
Hi-shan harbor, as well as the habitats of Uca formosensis and Lingula anatina after mangrove removal.
Investigation in the mature mangrove beaches from Tachuang estuary to Mae-shan coastal area showed
271ppm zinc, 88ppm lead, 106ppm copper, 23ppm arsenic, 34,466ppm iron, 893ppm manganese,
4,144ppm titanium, 114ppm rubidium, 23ppm thorium, 266ppm cobalt, 105ppm vanadium, and 14,960
ppm sulfur, indicating higher concentrations than other areas. The concentration of potassium and sulfur
was higher in mangrove beaches, and the more mature the forest the higher the concentration. In addition,
potassium concentration change between sampling stations highly correlated with a number of elements.
The average value of sulfur was different before and after mangrove removal. It was especially different
in the older and larger forest, but the kind of variation within the sampling stations was also too great to
account for any significance. After clearing the mangroves the concentration of heavy metals in the soil
reduced. When mangrove was cleared manually in Haishangu, zinc significantly increased initially, but
the concentration of a number of elements decreased in the following year. After mangrove was cleared
by machinery from Tachuang estuary to Maeshan coastal area, lead, zinc, copper, iron, manganese and
other elements showed significant reduction in concentration initially, showing biodiversity positively
benefited by the clearance.
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FiriE R 2 & 1L (Siangshan wetland)
B % V2 1 (Keya estuary) J% B #5 12 [
(Yangang estuary) » xe i &L B [1970] 1 st -
AR | KB AR R R < BT i BURH R
BEFAEBYIRE L 0 2 2001 F£4H 1,600 ha
AT T VE R B AR B V) R 3 [ (Hsinchu city
coastal wildlife refuge) & 12 [ 5 & (L1
By A= B Y) B R BRI G T T BURE 2001) - 45
R IR PN S 4H 277 F ~ £88H 208 Ff ~ 5
43 fE ~ HAH 118 fH - L EH 30 BrfE (1
2011) » & B (R 5 2 A B S AR AT
T BT R e 88 7 B D o8 e 0 B e IR R
MBS RRIHE) - ZELER R RIERF RS
HEAT EZ PR i RHRH < B i s AR REBG I T
E(F4 2005 » [5%5 2008 > 2 2009 #541171. 2009 »
15 2011) » LURCE PHRIRIE BUOR B 3 T S (P
FIIf 2003+ 55 2007 #5 2011 #55 2012 #5 2013°
7 2012) » B PEREPITERL ©

R T T TR R AR BRI A TR St
H KRR B - SRR TR Ve it
i 38 B RN F LR T 2 M R B )
AR > H AR AR A TR 5 EHE W (Uca
formosensis) < #r77 riVERIIE SHACHRER &
T VAR IR (b 1997 ZIFIIRE 2006 21 2008 »
21 2010 - 12 2011) » AR ES BEHLHT T TIRY
JEEEY) 5T 0K - AGASE T B L VR )
Bt - FHER IR R RO 1995 FaRiERK
RIRFEIRY - FE 2 K B ERE 2008
58 T HE K& R [0 (Keya water
recycling center) °

FHER 1 LURe B K He LR 2 i 5 2 1
VREE 2 PG L T R R B R B E TR
[E] e O AL B » 15 B K—BR G R

SRR IE M > 325 I T A B PN A BRI TR R
(PURITREf 2003 » % 2008 » 555 2011 > %1 2012) °
Bt T THBURTEE L 4 ARG —HEE R
A REIRE A E HERE LR BN AT - B
ke B R BE 1 AR RE SR Y R B (I AR
2009) ° Z 1% » Fr VT TN B R B I AR e i
BRI IR > FHBIAH R 2 & 18 Le it T —
FIN BT E B I se ROt O A 2 G
FIIBE 2004 » HHFIBH 2005 » AR 2006 » Sl
B 2007 i 2005 #4 20057 5% 2007 {£5 2007
fifi 2008 » 7 2008 » BF5E 2008 > 45F 2008 » 15
25 2011 » B5HI5R 2014) » B4 FIRSC & RHIL % 48
B2 Wi B PR B S e 218
RBAfR -

TS SCRRECHK » BT R ZALBI MR A T
At - CARASCE g 7 A REER B S R AR A
(5% 1992 » 5RANZ] 2009 - 2 2010 > #5 2012 >
55 2012) o FrITHIALIBIFARICE 50 4F R FRIG TR
(L] ¥ # (Hi-shan harbor) F§ ] 2 ¥ I &
(Haishangu)fEE 7K Z{1 » 1989 - N I HiEL
FZFEATBBORRCE RS ZE G &
YR IfEAE - 1K F 12 L (Tachuang estuary) ~ —
P12 [ (Sanxing estuary) i 3% 1174 /5% (Maeshan
coastal area)[H].Z A i - 11> 1996 4 FARHH
VR ALY » 2 RTS8
B EEGUE IR - WKERE AR - M
BhRL o AR

B TERR A BRAL AR > LU & 2218
FEENEE R R AL RE S R > 11> 2005 A3
(T LSRRI S bRaAEs - (FRREERGT
FEAEA 2007 (RS 2008 » FRFIZI 2009 » 15
2013 > 5 2014) - HAlCHEEET 7 4 25l
BHERE LT ~ FHERO ~ KER B =%
F'EIENI”?J °

PRk sici@ it - TR 2R
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FE Ml (5 1993 - HE 2007 » £ 2001 - §E
2013) > FILRACEE R IR S > H
A 1L TS R S B < g - R iR &
EZE SRR AT B R R F WA R R
BRI B R b T2 FE AR Hh 8 < [l R BRI e
CREZIRFEE 2010 » 2011) © BHERIS BN -
BB T8 1 i v Y A Bl ) R o e [
BERTVE 1 (Tougian estuary) i {81 77 s It
D TERE - e HEEBE & -
KIBRGIREE N EEEBRETE
JF IR 32 (atomic absorption) ~ R ERE &
A7 (inductively coupled plasma) 5 X-5t #4#
J6i (X-ray  fluorescence) = A H (¥R 2006 °
2012a° 2012b) » HABREL A JEIZ &t am (Jenkins
1999 » HESE 2011 > 55 2012 - 2 2014b) - A&
THFE 2 bl 75 DL X-G iR S aS & (X-ray
fluorescence spectrometry) it 1T 5 4 J& I & A
HI(ER 2006 > 2012a) » {1 F{E &R AY5% XL3t 700
B AS TR B B BIR AL o S CUE A OGRS
AEFE T SUE M ~ FALRORIIE M55 5
U B AT ~ MkBRI TS R S st A »
FHERTFFE 2 2 22 220 (%) 2012 - 2014a »
2014b)» R A - A KR B ZEE T (Tomassini
1976 > Sauter et al. 1979 > Muchori 1984 »
Shefsky1997 » Jenkins 1999 » Makundi 2001 »
Manceau et al. 2002 + Kilbride et al. 2006 » %%
2011 » 5% 2012 » Litzenkirchen-Hecht et al.
2014) o A5 SRR R85 Y3 - HEGm AT RE
AR A sy RS MG PR AT IR E S
L R IRE RS E 2 2% o

MFI T i
— ~ HIERE R RS

R TAER 2012-2013 FF 8B ~ LT »

i LIEE S

PRARIRF SRR IR B o i SR akuk - 18
AR A Y IR 7 RIS 2012 4
FR1E 40 B0k (sampling station) > 2 2013 - H7 3%
SERITIZ [ (st40-42) ~ 3 [L1(st33) SR LI (st7) 5
5 £Rul - H3 46 FRUG(E 1) > 23 AR EEATE
P (AT I AL (7D (st40-42)3% 1B 3 B bk
(8] 1-A) 5 ZHEIS A AT T i o R < ik
Hii(st21-22)3% [ 2 BEiR5 (& 1-B) s FHEKE IR
(e LA S A () 2 = 2358 1 (st23-25) #%
B 3 UL (E 1-C) s M (.2 K AR
(st26-31)a% (& 6 hatkuhi(l&l 1-D) : ENEREZIE
T R RIS AR (st32-36, st45-46)ikiE 7 BEEENL
(& 1-E) : YL AR Z 5A 1115 (st3-6)a% &
4 JEtxuh((E 1-F) s v L e (2 v L S
ALK (st7-16, std3-44)3%iE 12 JE S5 (8
1-G) : BRI AL Z AL PR (st17-20) B st
(st37-39) A& 7 Ebkuh(E 1-H) 5 iR R
{02 FE sV R Z VDT (st1-2)3%iE 2 JEAR Ik (]
1-1) °

46 {IEERSE A F R (st1-2) TR
e CAHTH L1V (st4) B BRI V88 1 P H8TT 7 af i
AC{HEER (st40-42)5% 6 {ERuGEyDE 1 Hig
BRARINAE ZmRE » Kb DOg L#
(st14) ~ Bl /KA (st18-20) ~ kK& I [ i
LAY [E (st24-26, st28-31) k3 (111 52 (st32-36,
st45-46) UL MRt i e > B RYE 1 o

SRR~ KR (st23 ~ st27)Fl L
HfEHh (st7 ~ st8 ~ st43 ~ stad) £ AT AR ) - B
R > S EE 1 WAL Z 8RR R
MBIV & 2F (Lingula anatina) i i (st6) J& /i 70
BT o

ARFFERS 2012 4 5-7 H 43 IR 40 {EER5S
HEATH — REEAS (sample) R £ » H A3k & R i
L% st9-16 » 8 {likkuL » (KIS 2012 54T
B TR RS BRE T 2B < # A > Rt e
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PRz 2012 i 9 H&Z8RER 1 R0 fEB#
55 1AL 48 {ERRAS o P 2013 4 11 HiE
TR 46 {lFEsE 2 iR - {HIA st46 2 2013
FERRUEE R - 5 2 A 45 [EEEA 0 2
GRS 93 KA > THAR 3 RIVEHEER
B o 4t 279 FE HIEEEAE RHE A 53T

-~ HEEARE R ES BN

TR IR IG (R B &y 2 TIE IR
H T S R R PR 280 - R X -G e eat:
{#(X-ray fluorescence) T 32 i 1IEEHEE »
PRAIZE] Thermo NITON FHi= XRF 7
XL3t Series» %%%1’?%5&%?&&5%%%1%
P E IR R T A S ZIRRIEE R (R
2006 : 2012a) > BITHLLR ~ A0E o BRAKEAT
SYRZIR o TETERRA K SER R » DIBIBIE O 2
B F T Ikl o AR AR DL X-Ge s YRt
AT BB TR IE - DURERE L 1E
ffEE o daITSE 20 A ASEE Mo ~ & Zr ~ #8 S~
B U ~ 81 Rb ~ £ Th ~ 85 Pb ~ fif§ Se ~ fifl As
7K Hg ~ #% Zn~ $5 W ~ # Cu ~ $8 Ni ~ #f Co ~
M Fre~sfiMn~88Cr gLV B Ti~HiSc
75 Ca~ # K~ it S ~ $H Ba ~ 8 Cs ~ Tiff Te ~ #4
Sh~ #% Sn ~ §f Cd ~ $f Ag ~ #! Pd 5 32 flEE 5
)% o

= ~ BRI E S BT

JF I B RS A B 1% DLRU # B
(descriptive statistics) 237 » P& RHEIEHE{L
(data standardized)f% » &t 8 7%t % .2 FHEL
P > Db 2 AR A B TR Z AHRH Y © 7
& F 53 i 7> %1 i (ordination) .2 &= A% 43 43 #7
(principal component analysis, PCA)(Jolliffe
1986) I & 2% il 2 K12 (eigenvalue) ~ S8 B & faf
2 (variable loading) » #&Hi73 47 7 2l » 36 A1

K BEE 734 (cluster analysis) » JEHEHEHE (L 2R}
ZHEFHE %8 (mean character difference) » 1%
FHEEREERZ & > LAZFYIRS I (average
linkage) H 11" 1 € B 1 % (weighted  pair-group
method, WPGMA) NS » 38 HH b A7 A
AR &l (dendrogram) » 15§53 47 2 91) K SR B
fiti R » VG 25 TR Z BEE o MHRR 2 EE i
LI SPSS(Statistical Product and Service
Solutions) £ X &  MVSP(Multi-Variate
Statistical Package)f2 zUAG 1 T(Kovach 1999) e

W~ ESBREIER MR E S AR

K5 20 58 3 53 Wt SR 38 08 5 E R B Al 2
TLH 0 S E 2R E TR L AV E R 0 A8
BLRITTHR 2012 FARBBEC S AFEE 2 K
PRER)BL 2013 B b B {1 1 A5 S5 ] -2 38 L 663
B oo HEHENRILE R EINRE - IR
B AT 12 2 B < 8 U P T e i B 22 ] 4 A 1 722
Sk > DURAGRIENG TR R AR R [ £ 1
A DL 2 {4 HE 7 (standard deviation) & 2R 75 i
(Streiner 1996) I RGN 2 78 Fe 4 » KAkl
DI ~ ikt oy BIZR AL R R B AT 2.2 3
fiEs b » I T 3 R ELBIMEEER — ik 2 3R
PRERE > FHRH 2 SEE R AgIE DL SPSS 2 5K i
7 o

¥, X

— ~ BOAMET I B ITR R AER R
7 1 9 32 M E BB EHGET R > M
I 2012-2013 HF3E T #T1 ivE R AL Eh )R
A1 e BRI T F (T T e e A AR 2. 46
FRuh o HEREE 93 HERA » BERAHETT 3 RE
Bl - HLEHS 279 ERRAEEL -
MRCAIRET Rrh & TR E R B &
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HIE$RIEE 34,466ppm ~ FHIEREE 14,960ppm ~
FHIRIE 14,827ppm ~ SRURFE 4,144ppm ~ TR
1,696ppm ~ FhIEFE 892ppm ~ FEIEE 601ppm
PHYRFE 393ppm » A LT[R EIRIE T RH A
B > (HE ST RS BB EAS RE B
FRAS T B 7 B AR, » SR B SeR AN P B
R B FE R AT S i - HAth 2 BUTRIRE
A FEAGR LR S 2 TS LB e LU GG T
KA > B IE E NGRS - N — DR
IVEZ 1 (Gigiip:Xaa

7% 2 FIHRRSEEMN 46 BEubAmiaHIE 279
BRA » BRI AMEZ I > 55 29 HRubfm3E
[L128 KR R MO it - 12 2012 Fia
M58 34,466ppm ~ #i 106 ppm ~ £ 271 ppm
IR MIREREREEES 30 K 31 KRSy
AR 3 B ppm s 55 30 BEBESE LB K
JERIRAT AR » 81 114 ppm ~ fif 23 ppm ~ §
266 ppm ~ ## 892ppm ~ $k 4,144ppm -~ §f
14,960ppm FE B IR ¢ 55 4 FRuE LA
ACAA A > 22 A g FEdn 5% S R 38 7
B MR HRHERERE » H$5 14,827ppm HA
RER A HABAR UG - $8 135 ppm IR IS ISR
55 21 BRUS B HER AL o (AT <5
HH7KUEA > HEE 601ppm ~ 5 40 ppm R
IR > 5 24 BRUHE =R I 21 RS
[ BRI - 2010 A CVERR » HATBR G EHE
AR S AT » HB 28 ppm ~ #7 9 ppm H B RS
MBI 5 46 BRBEEILPKFFIH O K&
HENE 1,696ppm B ARG AR =R o

=~ EHBITRRE 2 HBR T

3% 3 GIHIFEIEA 46 FRBLFTARIIY 279
BRANERBITR ZMEINE - &8 5EA 32
B BRI B R LR FTE T L Z AR ©
FRATRE B ICR L OMER PR - 80

i LIEE S

B2 AR 0.948 0 B~ #ilZ #HLITE RS 0.933
B~ S AR 0.852 » J&—FEEEAS IR e 4
{LHBEA E EEARIUPER T3 © 8K~ B2 AR £
0.815 > $k ~ S ZMHLIMERS 0.853 » #i ~ #IL.ZFH
LIRS 0.847 » 8 ~ $LZAHIM:RS 0.813 » i ~
S AHIUTERS 0.831 0 8~ B Z AH{UE RS 0.824 »
B~ BEZARMIMERS 0.843 0 8 ~ B2 AHIE S
0.801 > #ifi ~ #IZFHLIMERS 0.815 » & ~ k.20
LIRS 0.879 » BH/RERASHIE s TR IR 58
b—80 SR E RN RN E S B '
s ~ B ~ BARES ~ 88 ~ B TR Z EAE L
PEZ G RAMHFE (2] 2014a, b)

PR SRS 14,959ppm ¢ MRS 2 2B
8 > STREE = Z AR 2 BRI AR AT > FLBLRY
PRISETETE BRMG: » BE  APRUR By - #1110 Bl
LT A SO o 8RS
114ppm > B I = fiEl > {H L2 ST 3R AR
PR o TSR E SR ~ £F - 80~ 88 BEAE
F ARG IS LB S B AR » JMERREE -

=~ DSBHLGTTRNESBITRZ
(—) ERI

FIFRE R o A FElm A 279 {8 138 k%
A R EHGBICR  FITESRANESE S
RIS PPl 2 R e - 4@ e 51 lE -
2 BT 32 JUFR L MHBHOZIE FY A 1 fhELES 2 il
Fe4ll » A7 2 ity S8 52 B AL A S YY) 46.13% o
HILHRNS PCA HlL.ZHEFE » 55— R ARHS X il
475 EEOTRAH ~ #F - 80 8% B8
B B~ BT B0~ SR B TRERES B SR
FEEEH #6868 -

SR ~ 8 ~ 80~ 88~ 8 BEOTHR
IRMEHBRHR A Z IR E KR - 138 2 i
RRMER TR THYTTSR » ATRERLE IR H
ARATAE L T2 ~ PR 279 (BB ALL 46 i
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PR HRARAETT - HAHBAGIE A 1 hEdEs 2
WIS (E 3) - [ EEER AR X A TR
Uhoo R ORI [ (st26-31) fx 3 (L1 5
(st32-36, st45-46).Z el K AR ARITIARAS « 1M
Bt~ 88~ 8 SREFEIEIRRBYIERICH 0 P8
Al RR S A R = s -
(=) BEETE

DIBEE g 32 fES B cE o
INCI(ERA N ER > ZNEEEN R p N EN
SR8 55 47 P 5[] FHITHE

LSt » $HHE 2011-2012 4 FABIE r E 5
KT R R R PR R ES ~ B A R IR
IR (2] 20144, b) » AEFTITIGAR R > T H. >
ot A EE TR R
BEAE 73 AT A e (8] 2) b3ty A B At e 32 R

E&o

Y~ ESETRER 2Rl

I ol I e WAy | NI
724 2012 B 2013 F A H T AR AL B )R
FE [ e SRV 1 1 (R e ek A A0 v v iy 3%
B 46 BRul o (KIS TSI - BT E
B8 TC R B B AR Uk TR 03 AT B A {1 A R
B o HEBFE PCA iz oA 5 & B REE 77
VPR EN RN o ot Rl e ]
11 F > i ~ B ~ #0885 - B BE B BR8P
#3600 BTRELIRAE > B LEHEA
o (¢ 2 MHEGEITREL 16 fHighE - [& 5
R bl 13 T R ~ B~ B 3 fEITE
£ 2012 FF(REARFELLE 2 REREK) L 2013 4
(IkaERlE » LLaTPE AR IE R SRk
LR

FHIE 5 R ~ 87 ~ 80~ SRRIRIRE Y
ERITH » BPRFRE(st26-31) (& 1-D) K32
[LI¥ /5 (st32-36, st45-46) ([&] 1-E).2 et S Al

BRI IR S Bl a2 2 IR SR -
B~ B 80~ B~ PR VR A [ o
&l 5 2012 4R ~ $F ~ $hE EERHIR
FNES 2013 4 o (8 BEEE U EM T2
PKAIITT » ATRESLR IR EAREE L T3
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Fig. 1. Forty-six sampling stations in Hsinchu city coastal wildlife refuge and Tougian estuary of
northwest Taiwan.

A.Tougian estuary B. Keya estuary C. Sanxing estuary D. Tachuang estuary E. Maeshan coastal
area F. Hi-shan harbor G. Haishangu H. Yangang estuary I. Nangang coastal area.
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Fig. 1. (cont) Forty-six sampling stations in Hsinchu city coastal wildlife refuge and Tougian estuary of

northwest Taiwan.
A.Tougian estuary B. Keya estuary C. Sanxing estuary D. Tachuang estuary E. Maeshan coastal
area F. Hi-shan harbor G. Haishangu H. Yangang estuary I. Nangang coastal area
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Fig.2. Ordination of 32 heavy metal contents in 279 samples along the first two PCA axes in Hsinchu city
coastal wildlife refuge and Tougian estuary, 2012-2013.
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Fig. 3. Ordination of 279 samples along the first two PCA axes in Hsinchu city coastal wildlife refuge and
Tougian estuary, 2012-2013.
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Fig. 4. A dendrogram showing weighed pair-group method with the mean characteristic difference of 279
samples in Hsinchu city coastal wildlife refuge and Tougian estuary, 2012-2013.
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Fig. 5. Boxplot of 16 heavy metal contents at 46 sampling stations between 2012 and 2013 in Hsinchu
city coastal wildlife refuge and Tougian estuary.
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Fig. 5. (cont) Boxplot of 16 heavy metal contents at 46 sampling stations between 2012 and 2013 in
Hsinchu city coastal wildlife refuge and Tougian estuary.
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Fig. 5. (cont) Boxplot of 16 heavy metal contents at 46 sampling stations between 2012 and 2013 in
Hsinchu city coastal wildlife refuge and Tougian estuary.
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Fig. 5. (cont) Boxplot of 16 heavy metal contents at 46 sampling stations between 2012 and 2013 in
Hsinchu city coastal wildlife refuge and Tougian estuary.
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Fig.6. Satellite map showing mangrove cleared manually in Haishangu, 2010-2013.
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Fig.7. Histogram of 12 heavy metal contents at sampling stations of Haishangu before and after mangrove
clearance in 2012 and 2013.
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Fig.7. (cont) Histogram of 12 heavy metal contents at sampling stations of Haishangu before and after

mangrove clearance in 2012 and 2013.
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Fig.7. (cont) Histogram of 12 heavy metal contents at sampling stations of Haishangu before and after
mangrove clearance in 2012 and 2013.
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Fig.7. (cont) Histogram of 12 heavy metal contents at sampling stations of Haishangu before and after
mangrove clearance in 2012 and 2013.
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Fig.8. Satellite map showing mangrove cleared by machinery in Tachuang estuary, 2013.
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Fig.9. Satellite map showing mangrove cleared in Maeshan coastal area, 2010-2013.
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Fig.10. Histogram of 12 heavy metal contents at sampling stations in the periphery of Tachuang estuary,
Sanxing estuary and Maeshan coastal area between 2012 and 2013.
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Fig.10. (cont) Histogram of 12 heavy metal contents at sampling stations in the periphery of Tachuang
estuary, Sanxing estuary and Maeshan coastal area between 2012 and 2013.
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Fig.10. (cont) Histogram of 12 heavy metal contents at sampling stations in the periphery of Tachuang
estuary, Sanxing estuary and Maeshan coastal area between 2012 and 2013.
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Fig.10. (cont) Histogram of 12 heavy metal contents at sampling stations in the periphery of Tachuang
estuary, Sanxing estuary and Maeshan coastal area between 2012 and 2013.
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Abstract

Landscape changes in Yushan National Park from 1990 to 2013 were analyzed using remote sensing,
geographic information system, and landscape pattern analysis. Results show that “stable landscapes”
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maintained substantial stability across the Gaoping, Jhuoshuei and Siouguluan river basins. However,
multivariate analysis of variance showed that the condition of “unstable landscapes” differed significantly
amongst these river basins. Comparisons of landscape changes brought about by natural disasters among
these three river basins revealed that disasters with higher frequency and intensity had led to differences
in "degradation™ and "new disturbance" of "unstable landscape"”, especially around both sides of Gaoping

River.
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Key words: protected area, landscape ecology, remote sensing, geographic information systems, natural

disasters
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(fAl 2009) » 1M 3t 5= 4= F&£2 (landscape ecology)
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32 EF(Forman 1995) - —#&ifi S » HISHY
e e Ty i 5 R TR ) SEE T o8 AR 380 >
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Fig. 1. (a) General geographical features of this study site and (b) river basin areas.
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(—) R

At 52 3 SR 36 B B o)t AR A
(United States Geological Survey, USGS) Héif
Fir N #%.Z Landsat 2 ARt kl > &
ENVFE B RILNBIR ARSI 1990 4
(7 H 6 H) ~ 2 2001 (9 A 14 H)LIKGE
1,2 2013 (8 A 6 H)F 3 » 15T
R 3 0 HSUR R B (ground sampling distance,
GSD)30 m » A AR RE USGS SRR
1E(level 1T) » HrH 2013 5.2 Landsat 8 5415
Y f#EAT FE 7 (radiometric resolution){RLL 16 bit
RIREFEE R BFREZ MR
i > MR — 1 FOEHA £ 8 bit BURE - 50k -
LL 8 [8 77 ) & 9% 8 ¥4 1% (hyperspherical
direction cosine) FeARAFFE I A i 1Lt A5
(1) 5% %8 (3 ke @ 1995; Warner and Chen
2001) > %5 LUE 1R %€ ¥ 3% (pseudo  invariant
features)VH5H K577 BI7 REVE G R S
BT (/= Jef 2007 5 B R bR 2014) © RFSEE
P2 R 2 & B R (G0 B B &R 3 i A2 e 22 R
Erdas Imagine i ArcGIS 8 T LLSERK »
(&) MR

THE T 5 2 St SRR B AR ~ B R AR
b - A EEEEL Landsat F515 H BAHNT 2 B
(ground truth) &K} » U5 F 5 o> B B UE ffg F 3
252 H > Hipf g 1995 MR 3 K
FRME TR A BUE 2 TR & ~ 2001 48 2 AR
fir 2 & P iR 2 F2 i e e > DUR g
RAFIREmRG T Z2FEM 2 2013 F
Worldview 2 5515 (GSD=50 cm) » 5 FI]F 2 £k
{81 5 78 (R HE A T IR AR [ (training set) B AR %
B2 B o s R AR & X0 ik
(hybrid classification)#£17 » BH & IERGE 170
H (unsupervised classification) i & £ 4 /) 48

(supervised classification) fif& /5% » e LIJERE:
By BUE TR OB B BOHARE R i ik
(iterative self-organizing data analysis techniques
algorithm) » SR FEEAMENE K 73 5 20 Fdisth 5= 4
B BRI a2 B AL 7 DIE OF »
2% HOA e < R &R > SIS E 23K
B - LDLEE B M B 2 i KRR Lk
(maximum likelihood) 1T 2= 1 5215 2 53 FR
B AT AR~ B~ HREE S 3 fth s AR A -
el K ERE R B - A SACRIESE 7
LAz » b3Sk oy K SR S5 75 Ko 32 5 il < [t
RLHERR » NI AR T ATHGIE o

Ty RERE IR < MEMEREFTE - (R L) g AN
B IR T2 77 FERE (G > X 550 {l ekl »
F— Bl B B R T EL T > PR AR
Sy A TERE B AT > SR P 7E AR 2 R 7= HE R (error
matrix) ° &1 & H 4 7 & Y4E fE & (producer’s
accuracy, PA) ~ {2 ¥R L (user’s accuracy,
UA) ~ ## 88 4E i f (overall accuracy, OA) %
kappa iz HE » DL 53 FEHERE FE (Congalton
and Story 1986; Congalton 1991) °

& EH 215 57 B P M 15 .2 25 IR5 1 3th 5= 4
A AR HEE St R E B L E I B
Mt o BRI oL o BhREBNES - B B i
fige st s 8B Bt AR LIV IE T (Southworth
et al. 2004; Mondal and Southworth 2010) ° Zfiff
FEENT 2 s s B A B K T O A G R
KB (Petit et al. 2001) :
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oy M AR (1990 ~ 2001 i 2013 F)ifi S - Bl
AJEEA: 27 FEEEEFEAY o B FITRAE o b B AR -
PSR 1 BRI T SR S > S LS 8
FEB A » 7 Rl & B RS R #REE Hh (stable

bare soil) ~ #37€ HJf (stable grass) ~ 3 7€ FR ik
(stable forest) ~ £&%E FEAR K (stable non-forest)

% 1.1990 ~ 2001 Bd 2013 4 Hh ek B AE Al

FIBIR 2 st 58858 Z IRs 22 70 h

Pk 15 (regrowth) ~ :R1k (degradation) ~ 2K A= %E
(secondary succession) & #1 4 T # (new
disturbance)=% 8 FHi B LAY ; A 4 FHA
ZeFi A3 5 Hb 5t (stable landscape) * 1% 4 2AHI|f
F5FEFR7E Hi 5 (unstable landscape) °

Table 1. Landscape change categories for 1990, 2001 and 2013

Landscape change categories Description

Stable bare soil
Stable grass

Stable forest

Bare soil on all three dates
Grass on all three dates

Forest on all three dates

Non-forest on all three dates, but changed from bare soil to grass or

Stable non-forest )
vice versa

Regrowth
Degradation
Secondary succession

New disturbance

Non-forest in 1990 and forest in 2013 irrespective of 2001
Forest in1990 and non-forest in 2013 irrespective of 2001
Forest in1990 and 2013, but non-forest in 2001

Non-forest in 1990 and 2013, but forest in 2001

Non-forest=bare soil or grass

(=) BB

s 2 AE RS AR B 2 R
FHRHE > BRI - 3 R B L R A S = 5
B EGETHE R IRERY B 2 TAF > Rt R A RE
27 B o AN FENG SR R 2 M B S
P RS R 2 e/ NEELT THRBERS (patch)d
I FH b 5 45 12 (landscape  metrics) & 1L il 5 #
1 o Mifiig(river basin)) LULFERAR - ©HZ
{EAR[FIAERE ~ DBer EREARTRHAR » B @AER
(7K SCOGER B AE RESEFE SR > B Ak — (37

(BN R Ry (B R S Y AW DB i N: =T
(Lotspeich 1980; &M 2007) » KL » AbF5E
DA el i [ R £ 3t 52 0 M BT I R LB R
R EN KR ~ @R BT Il aaaias 3
Kl > R —TUEEA - BRI K
/I\(patch size, PS) ~ JZik$E#i(shape index, SI)
Je R 3 B 1 5 S AH 46 FE (euclidean nearest
neighbor, ENN)% 3 fif515 » FrA fEIRE A
EAEREE Fragstats 3.3 ME{ A » HE A4
T (McGarigal and Marks 1995) :



A Y% B ERFE(TW J. of Biodivers.) 17 (3): 191-204, 2015 197

1
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a”(lQOOOj @
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{iIf% ha °

_ 0.25p;
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Sl 3)
i

A py 1 RE R RIRER A R (m) 0 a5 i FH
(R BRBE E A& (m?) » SI>1 > EH o {if » & SI
B 1R FORRIEES B IE T 5 A - (X

R BRIk RE
ENN =h, (4)

UFF ENN>O » hy flal—Hi s 8 » (£ —fik
BUAE ELAHAR R ORI oL B > B m o
SR FHEIRE R - 4811 SPSS #fig Tk
W T BE[K] - 25 48 1 %8 SR B3 T (multivariate
analysis of variance, MANOVA) » #& LU i A~ ]

U Sk ] 2 th s B R TR A A R S
HrE B E B p<0.01 [ - BI5R
AEA RIS R - 3 fEh REiEh R0
1 TSR R BOE B = REE T R A
I o JLES MANOVA B85 e - 32 51| 722 B
Mzt s g BRI > AIE— D HE(T Tukey test
FRL EILE » DU 3 (B E AN R s
EEIR 2 AR

X

AT GeE B G o Fas R AL e A 1990
2001 fx 2013 F5% 3 RF iz s ke Al e » Horp
WA~ FFERFED 3 fikh FAEA > £ 2
B IR G oy FEMERE R AR A SR R Z
OA fEIFE 94%LL I - 484 kappa #aTHEHIE
0.85 LA b » ISRt s N S > ARpkUERERS
HE(PA B UA 5112 96%) » i L5 E M i
FRAREEAK - PA B UA Z3 A0/ 12 84~91% K
85~91% * FyorfHIRE 2 E IR

3% 2.1990 ~ 2001 B 2013 AR KA % < MERE R FFG
Table 2. Accuracy assessment on the land cover maps from 1990, 2001 and 2013

1990 2001 2013
Classified data

PA UA PA UA PA UA

Forest 96.96 97.42 97.19 96.74 97.85 97.62
Grass 87.30 85.94 84.13 84.13 91.04 87.14
Bare soil 88.14 86.67 86.67 89.66 85.94 91.67
OA 94.91 94.55 95.64

OK 0.86 0.85 0.89

UA: user’s accuracy (%); PA: producer’s accuracy (%); OA: overall accuracy (%); OK: overall kappa value.
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KA 1S AZORE » ASERTEL L 3
T 3 Wi Y > A & AT 27 FEsgL - [ 2
FHIRER 1 RHIE T3 )~ S AH Bl 8 A
R BB S - WESEIEAR AR ) < MR ALY
HERSE A8 - KT SRR (R 3) - 13
FE M S TR o 2 AR TR 2 92% » Hirh XL

3 3. WFZEE N 75 R B R R A B T ) LA

FIBIR 2 st 58858 Z IRs 22 70 h

LA TRERE #R bR 1 JERYFT o5 EL 915 K (R 87%)

i TESE R ER ) B T8 R 39K 3% °

FERERE T 7y - ME R 2 BRI K 2 B Eh P

gAY > Hrp DL TYRAE ) BV IR O 4%) »
FRAL ) JERIR 2 G 3%) » 11 TRAEE ) R
DA T4 AR R 1% -

Table 3. Area and proportions of landscape change categories within study area

Landscape change categories Area (ha) Proportion (%)
Stable bare soil 2,008.62 2.01
Stable grass 2,551.05 2.55
Stable landscape
Stable forest 87,479.40 87.36
Stable non-forest 100.44 0.10
Regrowth 3,727.80 3.72
Degradation 2,868.84 2.86
Unstable landscape
Secondary succession 976.41 0.98
New disturbance 428.76 0.43

Non-forest=bare soil or grass

IR EM R 2 =M IR S o KE
BT A Z R = (8] La) ~ 7K B el [
(& 1b) > Al REER TR BT TRAEEES ) W
FERUZ 53 A0 2% i@ 3,000 m DAL » 6 HLAT
15 TRRERM ] H8IE% > BRI #E
B NN R IR AR 2SN G » RZ > KR K

1 PRV VB ] HI T SRR 1.5 km DL
b2 A A AR - TR L) B THAET
8 R FEVE YL 1,000 m DUT HLEREER IR
300 m LA Z @ > T LA R i ek ] 0 A1
e
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[ Stable bare soil
Stable grass

B Stable forest

Stable non-forest

Regrowth
Il Degradation

[ ] Cloud cover

2.1/F21 1990 fEZE 2013 4 2 = EhRes L o

I Secondary succession
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Fig2. Distribution of landscape change categories from 1990 to 2013 across the park
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Table 4. Multivariate analysis of variance of patch size, shape index and Euclidean nearest neighbor

across Jhuoshuei, Gaoping and Siouguluan river basin

Change categories Wilks’ A Multivariate F p-Value
Stable bare soil 0.992 0.598 0.732
Stable grass 0.983 0.731 0.625
Stable forest 0.985 0.332 0.920
Stable non-forest 0.981 0.595 0.735
Regrowth 0.996 1.489 0.177
Degradation 0.978 5.565 0.000
Secondary succession 0.993 2.30 0.032
New disturbance 0.980 4.123 0.000

5. PS ~ SI ~ ENN ZTukey’s$ 1% % 8 LLigHE 51

Table 5. Post-hoc Tukey’s tests at p-Value<0.01 in patch size (PS), shape index (SI) and Euclidean

nearest neighbor (ENN)
Change categories River basin PS Sl ENN
Degradation Jhuoshuei 1.36° 1.32° 205.75%
Gaoping 2.85° 1.40° 177.00°%
Siouguluan 0.84° 1.26° 199.89°%
New disturbance Jhuoshuei 0.29° 1.17° 216.78%
Gaoping 0.38° 1.19% 181.80°
Siouguluan 0.34% 1.20°% 246.14

Within a column mean values followed by the same letter do not differ significantly
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Abstract

The present study is a biogeographical distribution analysis of plant species in Taiwan and
floristic relationships between Taiwan and neighboring areas in East Asia. Using Fagaceae species, we
attempted to find out which area, tropical area or refuge in southwest China, is more important to the
species richness of Taiwan. Floristic data were mainly downloaded from Global Biodiversity
Information Facility (GBIF), and comparisons were made based on floristic checklists of GBIF and
data from Flora of China and Flora of Taiwan. Consequently, eight genus and 465 species of Fagaceae
were observed in East Asia. East Asia excluding Taiwan was divided into seven biogeographical areas
to compare the differences of floristic compositions. Among the seven biogeographical areas, southern
China between 20 and 30 °N latitude possessed the highest species richness of Fagaceae, with seven
genus and 285 species observed. Surprisingly, species richness was not highest in tropical Asia but
decreased from subtropical toward tropical and temperate areas. Species richness of the other five
biogeographical areas, including Indochina (4 genus, 127 species), Malay Archipelago (3 genus, 53
species), central China (6 genus, 99 species), Northeast Asia (6 genus, 43 species) and northern China
(2 genus, 7 species), was lower than that of southern China. New Guinea possessed the lowest species
richness of Fagaceae in Southeast Asia with only three genus and 12 species observed. There are four
genus and 46 species in Taiwan. Among them, 11 are endemic species. Similarity index was highest
between Taiwan and southern China, and was lowest between Taiwan and tropical areas. In conclusion,
Taiwan and southern China have the highest floristic relationships, and most of the Fagaceae species in
Taiwan are distributed from Taiwan to southern China. Ecological similarity and land bridge between
Taiwan and China were probably responsible for the close floristic relationship between these two
areas, whereas dispersal characteristics of Fagaceae species were probably related to the low
relationship between Taiwan and tropical areas.
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$% > Bl EENEY)ZES I (Flora of Taiwan,
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K FOC M FEITENE - Mgt {7 38
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=~ EREEE R

{#iFl DIVA-GIS 88 (Hijmans et al., 2001)
RIS B RREA » BUEBSFRHER
nth s YR oy Al (fE 1) e

1. BREH 7 (R oy 5 R HRHIREL Al o (1) HEAE 5 (2) BRALER 5 (3) D s (4) s (5)
AR 5 (6) JEAREES s (7) #rsMah - E I GBIF > Global Biodiversity Information Facility HU{5) ©
Fig. 1. The seven biogeographical areas in East Asia and species distribution of Fagaceae. (1) northern
China; (2) Northeast Asia; (3) central China; (4) southern China; (5) Indochina; (6) Malay Archipelago; (7)
New Guinea. (data obtained from GBIF, Global Biodiversity Information Facility).
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G R 73 A

JE #1777 [H(Qian et al., 2003b) © &1 HIIE HIf%
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2% 1. PR O A A ~ (U » WA L R sk ot

Table 1. Name, abbreviation, latitude and ranges of Taiwan and other seven biogeographical areas in East

Asia.

Biogeographical area and abbreviation  Latitude

Ranges of biogeographical area

B (Taiwan) 22~25°N
#]t (Northern China) 40~50 °N
HiLAE (Northeastern Asia) 30~45 °N
#Erf (Central China) 30~40 °N
[ (Southern China) 21~30 °N
fhE4RE (Indochina) 6 °S~28°N
FEREEE (Malay Archipelago) 10 °S~19 °N
AL (New Guinea) 11 °S~10 °N

(=} EN=

PREEVL ~ MK~ EE - NS TR
BE HARREME - (H TR
LR HAE WAL~ WG AR~ BE
B~ BRI~ LR~ vy~ PR

A~ BER PG~ BN~ IR S T
VajIl ~ S25 ~ WL

HRE AN ~ Y S B kTR

EREIN ~ FEEERES P EaT ~ 8kF1E
BS~ DNEL P ~ SRR Y S5 BT 5
il AT

e I S HRMEY) 44 Sk B H 2R LA
% o B EIIREY) A ik At 7 (AT L
15 E W {E s pr e oA A o PR T 514K
ST EAR L5 B (Similarity index,
SI)=2C/(A+B)> Hr1 A & B B Wi AT A
IR - C B Fa I L [FPRE SR o AR A
FEBORT DA 188 1o B ] 3t ot ) R R
M o

® R

— ~ B M

HESR FOT A iiak LR A Y H 6
J& 49 i > RIMASE = (E 4 BR L ERE SR > HI
HH 48 46 1 - FOT F#Y 3 {1E/& > 1F GBIF
BHANFRY 77 $EEE P - FOT H Cyclobalanopsis
HOFELE » GBIF ZHE & Quercus & 5 FOT /&
i Pasania ¢ Limlia FUfEEH » GBIF B & %
Lithocarpus & ° KIlt - GBIF %8k » &1
R HRHEY UE 4 E)E - BRItk 29t - GBIF
Je FOT #8053 o3 Bk th A AR [RIr 43 B pE P
i (£ 2)
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R 2. 0EZBC RN ik R LA Rt R A - SRR RIIRELL GBIF #dkfs T - A2
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Tabe 2. Distribution patterns of Fagaceae species of Taiwan in East Asia. The checklist of Fagaceae

species in Taiwan derived from the GBIF was compared with Flora of Taiwan (FOT) and Flora of China

(FOC).
*Species list of Fagaceae in Taiwan Only in e’:g::‘?coirn Distribution Latitudinal Distribution
(Derived from GBIF) Asia Taiwan Type ranges in Asia areas in Asia
Castanopsis carlesii No Native 1l 20~31°N Taiwan, China
FOT: Castanopsis cuspidata
FOC: Castanopsis carlesii
Castanopsis cuspidata No Native 1] 22~37 °N Taiwan, Japan

FOT: same name
FOC: absent

Castanopsis eyrei

Castanopsis fabri

Castanopsis faberi
FOT: Castanopsis kusanoi
FOC: absent

Castanopsis fargesii

Castanopsis formosana
FOT: Castanopsis formosana
FOC: Castanopsis jucunda

Castanopsis indica

Castanopsis kawakamii
Castanopsis purpurella
FOT: absent
FOC: absent
Fagus hayatae
Lithocarpus amygdalifolius
Lithocarpus areca
FOT: absent
FOC: same name
Lithocarpus brevicaudatus
FOT: Pasania hancei
FOC: Lithocarpus brevicaudatus
Lithocarpus corneus
FOT: Pasania cornea
FOC: same name
Lithocarpus dodonaeifolius
FOT: Pasania dodoniifolia

i FOT 15 C.carlesii #£ C.cuspidata )54 » GBIF HIF {24452
B2 HA AR MR o 4 i

No Native 1 22~33 °N Taiwan, China
Yes Native 1 20~30 °N Taiwan, China
No Native v 22~25 °N Taiwan, China

i : FOT B C. kusanoi kA fE - {HE GBIF 2% C.kusanoi & C.
faberi #¥4 » FOC HIVZH AR %

Yes Native 1 20~30 °N Taiwan, China
Yes Native v 20~25 °N Taiwan, China
. Taiwan, China, SE
No Native v 12~30 °N .
Asia
Yes Native v 20~25 °N Taiwan, China
Yes -- 1 20~30 °N Taiwan, China

i 1 FOT K FOC #MZAMEMNELE, > {H2 GBIF AL M B R 518

Yes Native 1 24~32 °N Taiwan, China
Yes Native v 22~25 °N Taiwan, China
Yes -- v 19~25 °N Taiwan, China

it FOT R HMRACE - FOC HB4 Bl E0MmES# > GBIF
EER R (Elive Lrday

No Native 1l 22~30 °N
#F 1 7E FOT HiLL P. hancei B #:54 » GBIF Jx FOC 7 » L. brevicaudatus
L. hancei #B2#%4

Yes Native v

Taiwan, China
20~25 °N

Taiwan, China

Yes Endemic VI 22~25 °N Taiwan
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Tabe 2. Distribution patterns of Fagaceae species of Taiwan in East Asia. The checklist of Fagaceae

species in Taiwan derived from the GBIF was compared with Flora of Taiwan (FOT) and Flora of China

(FOC).

L . . . Native or L L o
*Species list of Fagaceae in Taiwan Only in endemic in Distribution Latitudinal Distribution
(Derived from GBIF) Asia . Type ranges in Asia areas in Asia

Taiwan
FOC: same name
. . Taiwan, China, SE
Lithocarpus elegans No Native \Y% 35 °5~30 °N

FOT: absent
FOC: Lithocarpus grandifolius
Lithocarpus collettii
Lithocarpus formosanus
FOT: Pasania formosana

Lithocarpus glaber

FOT: Pasania glabra

FOC: Lithocarpus glaber
Lithocarpus hancei

FOT: Pasania hancei

FOC: same name
Lithocarpus harlandii

FOT: Pasania harlandii

Pasania chiaratuangensis

FOC: same name
Lithocarpus howii

FOT: absent

FOC: same name
Lithocarpus jenkinsii

FOT: absent

FOC: Lithocarpus jenkinsii
Lithocarpus kawakamii

FOT: Pasania kawakamii

FOC: same name
Lithocarpus konishii

FOT: Pasania konishii

FOC: same name
Lithocarpus lepidocarpus

Asia, Australia
i FOT W HMENSE - FOC BS4HBERE N MmElHH > GBIF
A 1EAEE S HZR L grandifolius B L. collettii £5 L. elegans it %
#

Yes Endemic Vi 20~25 °N Taiwan
. Taiwan, Japan,
Yes Native | 22~36 °N X
China
No Native 1 20~35 °N Taiwan, China
No Native 1 22~32 °N Taiwan, China

#f 1 FOC K GBIF g8 P.chiaratuangensis % L. harlandii #7524

Yes Native v 18~25 °N Taiwan, Hainan
it FOT @ AMAECE - FOC MBI A 7 MmEl&E - GBIF
1 BT 5 1

Yes Endemic VI 22~25°N Taiwan
it FOT @ AMEELEk - FOC AR A mEAH - GBIF
1 BRI 518

No Endemic Vi 22~25 °N Taiwan

Yes Native v 20~25 °N Taiwan, Hainan

i FOT JEMERHTE > 1H GBIF K FOC B BA %N

Yes Native \Y} 20~25 °N Taiwan, SE Asia
it - FOT BB FI A » GBIF A (A2 /El - FOC HIGE BB
T TR P AR
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Tabe 2. Distribution patterns of Fagaceae species of Taiwan in East Asia. The checklist of Fagaceae
species in Taiwan derived from the GBIF was compared with Flora of Taiwan (FOT) and Flora of China
(FOQ).

*Species list of Fagaceae in Taiwan Only in e:c?:;?coirn Distribution Latitudinal Distribution
(Derived from GBIF) Asia Taiwan Type ranges in Asia areas in Asia
Lithocarpus litseifolius Yes Native 1 20~30 °N Taiwan, China
FOT: Pasania synbalanos
FOC: Lithocarpus litseifolius
Lithocarpus nantoensis Yes Endemic VI 22~25 °N Taiwan
FOT: Pasania nantoensis
FOC: Lithocarpus nantoensis
Lithocarpus shinsuiensis Yes Endemic VI 22~25°N Taiwan

FOT: Pasania shinsuiensis
FOC: Lithocarpus shinsuiensis

Lithocarpus taitoensis Yes Native v 22~25 °N Taiwan, China
FOT: Pasania taitoensis
FOC: Lithocarpus taitoensis

Lithocarpus uraianus Yes Native v 22~25°N Taiwan, China
FOT: Limlia uraina
FOC: Castanopsis uraiana

I . Taiwan, Hainan,
Quercus championii Yes Native v 20~25 °N .
China
FOT: Cyclobalanopsis championii
FOC: Cyclobalanopsis championii
. . Taiwan, Japan,
Quercus gilva Yes Native | 21~36 °N .
China
FOT: Cyclobalanopsis gilva
FOC: Cyclobalanopsis gilva
. Taiwan, Japan,
Quercus glauca No Native | 12~37 °N .
China
FOT: Cyclobalanopsis glauca
Cyclobalanopsis globosa
Cyclobalanopsis repandifolia
FOC: Cyclobalanopsis glauca
Quercus hypophaea Yes Endemic VI 22~25°N Taiwan
FOT: Cyclobalanopsis hypophaea
FOC: Cyclobalanopsis hypophaea
Quercus longinux Yes Endemic VI 22~25°N Taiwan

FOT: Cyclobalanopsis longinux
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Tabe 2. Distribution patterns of Fagaceae species of Taiwan in East Asia. The checklist of Fagaceae
species in Taiwan derived from the GBIF was compared with Flora of Taiwan (FOT) and Flora of China
(FOQ).

L . . . Native or L L .
*Species list of Fagaceae in Taiwan Only in endemic in Distribution Latitudinal Distribution
(Derived from GBIF) Asia Taiwan Type ranges in Asia areas in Asia

IW

FOC: Cyclobalanopsis longinux

Quercus morii No Endemic Vi 22~25 °N Taiwan
FOT: Cyclobalanopsis morii
FOC: Cyclobalanopsis morii

Quercus myrsinifolia No Native | 20~37 °N Taiwan, Japan
FOT: Cyclobalanopsis myrsinifolia
FOC: Cyclobalanopsis myrsinifolia

Quercus pachyloma Yes Native v 22~25°N Taiwan, China
FOT: Cyclobalanopsis pachyloma
FOC: Cyclobalanopsis pachyloma

Quercus salicina No Native i 22~37 °N Taiwan, Japan
FOT: Cyclobalanopsis salicina 3 : FOC FBBEB1EIY C.salicina [EZZ2 C. stenophylloides FYE 4
FOC: absent

. Taiwan, Japan,
Quercus serrata No Native | 22~42 °N X
China
FOT: Quercus glandulifera
FOC: Quercus serrata
- . Taiwan, Japan,
Quercus sessilifolia No Native | 22~37 °N .
China
FOT: Cyclobalanopsis sessilifolia
FOC: Cyclobalanopsis sessilifolia
Quercus spinosa No Native I 22~35°N Taiwan, China
FOT: same name
Quercus tatakaensis
FOC: Quercus spinosa
Quercus stenophylloides Yes Endemic VI 22~25°N Taiwan
FOT: Cyclobalanopsi stenophylloides . .
¢ PRLSTEOPTVIOES st © FOT 1t FOC #BiR R » HIE GBIF 15— (B tErh i b
FOC: Cyclobalanopsi stenophylloides
Quercus tarokoensis Yes Endemic Vi 22~25 °N Taiwan
Taiwan, Japan,

Quercus variabilis No native | 22~39 °N .
China

*: FUI GBIF &%, » KRG EEYREE hEEYIREH IR 24
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Table 3. Species richness of Fagaceae in East Asia and the common species and similarity index between

Taiwan and neighboring areas in East Asia.

Area Genus  Species ir;(iizzlsc of eRnadt:a?nic CS(:)?CT;“ Similarityindex

Taiwan 4 46 11 23.91%

Northern China 2 7 0 0.00% 6 18%
Northeastern Asia 6 43 22 51.16% 17 33%
Central China 6 99 13 13.13% 23 29%
Southern China 7 285 147 51.58% 36 21%
Indochina 4 127 48 37.80% 19 20%
Malay Archipelago 3 53 43 81.13% 1 2%

New Guinea 3 12 9 75.00% 0 0
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Fig. 2. The five biogeographical distribution patterns of 35 non-endemic Fagaceae species of Taiwan.

Endemic species of Taiwan was
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Abstract

Dana-iku area located in the Ali Mountain region in southern Taiwan was severely impacted by
typhoon Morakot, and an eco-tourism area famous for its beautiful fish-watching habitats was destroyed.
After eco-tourism recovery efforts, new biological resources were planned and developed in response to
demands by the local community. The purposes of this project were to investigate the local butterfly fauna
and provide suggestions on future butterfly-watching activities. Six transect lines were selected and setup
along an industrial road in Shan Mei Village and Dana-iku. An inventory compiled monthly over an entire
year from January to December 2011 showed a total of five families, 147 species and 6,148 individuals of
butterfly. Recorded species include 23 Hesperiidae species, 17 Papilionidae species, 18 species Pieridae,
26 Lycaenidae species and 63 Nymphalidae species. Among them, one was a rare species and seven were
endemic. By species richness, October ranked the highest with 96 species, followed by September with
89 species recorded. By monthly abundance, November appeared to have the highest count of 782
individuals, followed by March with 714 individuals. During the studied year, Zizeeria maha okinawana
was the most abundant species with 662 individuals recorded, followed by Elymnias hypermnestra
hainana with 395 individuals recorded. By distribution of diversity, our index showed a positive
correlation between local butterfly biodiversity and species richness. The 11 species occurred in the year
were Zizeeria maha okinawana, Eurema blanda arsakia, Leptosia nina niobe, Mycalesis zonata, Kallima
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inachus formosana, Neptis hylas lulculenta, Junonia lemonias aenaria, Elymnias hypermnestra hainana,
Melanitis phedima polishana, and Papilio polytes polytes. The results show that although Dana-iku is
close to the central mountains of Taiwan, local butterfly fauna was similar to that in metropolitan areas.
Local community could be benefited from recovery action plans in which native host plants and nectar
plants are planted as well as new habitats are established to attract more butterflies. In this study we
propose a guideline on habitat development and open-air butterfly garden management. We also made a
list of unique butterfly species that can help boost eco-tourism in the region, which can in turn enhance

the image of Alishan National Scenic Area internationally.

BRI - WM ~ BT LI SEROMS ~ EREAEIE - EREHRIE

Keywords: Butterfly resources, Ali Mountain, Dana-iku, Ecological community, Eco-tourism.
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Figure 1. Six transect lines were setup for monthly butterfly inventory survey in Shan Mei Village, Ali

Mountain area.
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Table 1. Percentage and abundance of each butterfly family in Shan Mei Village, Ali Mountain area, from

January to December, 2011.

Family name Species Individuals
Number % Number %

Papilionidae 17 11.565 674 10.965
Pieridae 18 12.245 1037 16.867
Nymphalidae 63 42.857 2439 39.671
Lycaenidae 26 17.687 1734 28.204
Hesperiidae 23 14.966 264 4.294
Total 147 100.00 6148 100.00
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Table 2. Meteorological report in 2011 by the Central Weather Bureau Chiayi Station.

Items Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean
Temperature (C) 147 169 18 227 256 287 287 29 275 248 231 178 23.125
Precipitation (mm) 257 199 49.7 46 150 1485 1751 112.8 109.5 25.8 180.6 19.5 1021.7*

Relative humidity (%) 80 81 77 74 80 76 76 75 77 80 83 78 78.08

*: Accumulation
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Table 3. Species richness and butterfly count in Shan Mei Village, Ali Mountain area, from January to
December, 2011.

BRI 1A 2H 3A 4H 5H 6H 7H 8H 9H 10A 11H 12H Gt
TRIERE = 5 2 et 1 1 6 5 2 2 17
TN R N 25 23 12 4 2 1 2 15 37 10 131
LIz AN 1 1
ETEBIE |VKE 3 2 3 1 1 2 3 6 4 25
A |\ 1 1 5 9 1 17
H R/ IV 1 1
H R0 VR 1 3 4 2 6 17 19 17 28 39 13 149
0B VIR E 1 1 2
T VI 22 36 63 141 210 53 8 23 11 6 10 3 662
AR N 2 1 1 2 6 1 13
TR NI 6 18 34 36 3 9 4 3 19 25 1 168
(NS 1 2 26 2 3 2 36
RLIBH N 1 4 2 4 4 19
I L N 2 2
I EL R N 2 2 4
RS AN 31 2 3 6 1 2 14 2 61
V= Ry IS 1 2 1 1 2 9 7 1 24
GRHE AL NI 5 17 6 1 1 71 190 291
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VEVIEYIS 1 13 3 4 8 2 1 1 6 1 50
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R 3 3
IR AR &3 T 1 14 13 9 7 8 14 9 13 15 17 10 26
PRI Seer 80 120 174 191 228 82 132 80 53 120 250 224 1734
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Table 3. Species richness and butterfly count in Shan Mei Village, Ali Mountain area, from January to
December, 2011.

Byl 1A 2H 3A 4H 5H 6H 7H 8HA 9H 10A 11H 12H Gt
TR E B U 1 1 2
Ak 3 1 4 1 1 2 2 14
S 2 2 4 2 2 4 2 7 14 3 42
HAF 2 5 5 6 3 21
By SR 5 4 1 1 1 12
SR AE T 2 1 1 1 1 6
TE T 1 1
SR DTSR 1 2 4
R TR 1 1 3 2 8
R TR 1 1 2
TR

FrERE AR AT 4 4 12 6 1 5 4 10 12 15 14 4 23

FEERI R AR 7 6 27 7 15 8 7 57 29 53 41 7 264

FHERE K E R 1 1
RS 1 2 3 1 2 2 21

B 17 54 40 11 3 2 1 3 2 133

B 4 9 18 4 6 12 15 32 15 14 60 14 203
i 1 1
MRS 3 3
RLASCRIE 2 1 4 1 1 1 6 2 18
ARSI 2 2
=1 3 63 38 17 8 3 2 134
R 1 3 1 1 2 8
IS 9 2 3 1 2 2 19
7oy EC i 8 19 5 2 1 2 1 1 2 41
BRI 1 2 3
HBERyE 41 28 13 4 1 2 5 8 23 32 45 18 220
iﬁ%ﬂﬁ% 1 2 2 3 2 3 3 16

i o, B 1 1 2
ﬁEf@tuﬁ% 12 8 3 7 73 58 24 20 3 208
HE P e 1 2 1 4

PR A R A E T 5 8 11 9 12 7 9 10 7 10 8 5 18

R R A 67 176 153 47 34 27 105 125 70 77 118 38 1037

WRIBERL I ok B i 1 2 1 1 5
7N = 1 1 1 2 2 1 8
TN E 7 19 6 5 8 6 6 11 12 1 81
IINES B 1 2 2 1 6
/NSRS B 13 5 1 5 6 8 5 8 8 59
YN ASL 1 1 4 1 1 2 3 3 16
/R 2 6 3 2 13 29 47 36 7 145
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Table 3. Species richness and butterfly count in Shan Mei Village, Ali Mountain area, from January to
December, 2011.

BRI 1A 2H 3A 4H 5H 6H 7H 8HA 9H 10A 11H 12H Gt
YA B IR 24 9 9 2 10 2 2 14 19 15 32 54 192
FLAE oot 1 1 2
FL A Ikt 5 2 1 1 1 10
P LU 1 5 3 4 3 2 6 6 5 35
| \R o 2 5 1 1 1 10
I PROE H i 2 21 13 1 12 18 2 14 14 5 132
2 B 1 6 2 1 2 3 2 1 18
T 3 2 2 1 8
i R 1 1 2
Bt 1 1 2
K D R 2 4 4 1 3 3 8 10 2 37
T A 1 1 1 1 4
TRt 4 1 1 6
= e 2 1 2 1 3 6 2 1 18
FI G BRI 2 5 10 1 28
ik 1 1
s 8 6 14 2 4 3 12 3 6 11 12 81
G =t 1 1 3 1 6
AR 1 1 2
T 1 1
Fil BE e 1 1 5 5 3 10 20 1 1 7 5 1 80
FANEERS S 2 1 3
AR S 2 1 3
RLEES BT 1 1
1/ NS BT 1 6 15 3 4 2 1 6 4 7 7 56
PELICASEICS 1 1 2
I B = 2 5 2 1 1 2 1 1 3 18
ZRIE = Hig 2 1 3
HRER = FiRige 7 11 22 10 18 13 7 12 9 25 23 5 162
BRERH BT 1 1 3 5
BBk SRRt 1 3 5 8 6 1 10 1 9 13 12 2 81
Gt e 1 2 1 1 5 4 2 2 18
FIRHGE 1 6 5 5 8 11 9 7 13 65
IRACH B 1 3 2 4 2 4 2 8 26
AR 6 6 5 2 7 10 16 12 16 12 3 2 97
G 1 1 8 7 17
BT gt 1 6 1 3 1 6 3 25
B PR 2 2 4 2 2 1 1 24
i FC SR B 1 4 1 2 3 1 12

EIGASEES 5 21 31 30 4 22 19 36 40 53 74 10 39
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Table 3. Species richness and butterfly count in Shan Mei Village, Ali Mountain area, from January to

December, 2011.

Byl 1A 2H 3A 4H 5H 6H 7H 8HA 9H 10A 11H 12H Gt
SR B TRt 1 1
fi:%%ﬁﬁ% 2 8 15 4 4 2 4 4 2 6 4 55
B B o 1 1
I 3 5 4 3 1 1 3 1 3 4 28
B )R MR 1 1 2 1 5
PN oS 4 6 8 3 6 3 2 4 10 17 9 31 103
B gt 6 9 15 15 6 4 10 8 6 14 4 97
[EZE 3750 2 1 3 6
/e H 1 1 1 1 4
Uit S R 2 3 2 3 2 8 10 15 45
BHERT SRk 2 2
AT 3 4 1 1 1 10
JEAHR 77 Bt 1 3 4
THEBT 2 9 5 4 4 10 5 4 4 10 64
AETS 1
TR 3 1 1 5

I R A R A3 19 29 36 32 32 28 33 42 43 45 36 13 63

R RS E 87 130 265 161 174 121 202 243 285 346 308 117 2439

JEVBERE R scEl st 1 1 1 1 4
KB 3 1 7 4 3 7 14 7 14 14 74
2 B 1 1 4 1 10 7 1 35
2 JEGE 6 1 1 1 19
2T [ 1 1 1 1 1 5
T B 1 6 7 3 10 1 6 14 13 16 1 1 89
H AR 16 1 3 1 2 2 25
T R 3 15 7 3 8 26 32 15 15 5 129
Al 1 1 3 2 1 8
FL S TG 1 1 3 2 1 2 3 6 2 2 5 28
oIS 1 1 3 1 1 2 4 1 14
BRIERELE 1 8 1 1 4 2 1 4 22
42 Bl 1 4 3 2 19 14 6 1 50
B Rl 7 2 2 1 12
e 1 13 4 6 4 17 3 1 76
ok DA L 2 1 4 2 4 3 9 6 13 18 10 82
BE 7 JEG 2 2

JEVMSE R A AR AR T 3 10 15 10 11 10 13 14 14 1 1 1 17

JENBE LI 4 30 9 33 3 25 70 129 89 98 65 1 674

%H @E%M &t 42 65 87 66 73 58 73 8 8 96 86 33 147

% H e G 245 462 714 439 486 263 517 634 526 694 782 387 6149
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Figure 2. Species richness and monthly butterfly count in Shan Mei Village, Ali Mountain area, from

January to December, 2011.
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Table 4. Butterfly species richness and monthly count at each transect line in Shan Mei Village, Ali

Mountain area, from January to December, 2011.

Line (1) line (2) line (3) line (4) line (5) line (6) Total

Family  Species - i o o EIFFAE PGS E

yoooP s aggz ERE AR Lg{f;; L@ig{'

JRUERE = A 2 et 2 1 1 7 6 17
/NEBERUNKEE 14 4 46 15 43 131
2R 1 1
S N 2 5 6 4 6 25
EEBE/NKEE 5 1 2 7 17
[E)EAVR S 1 1
=TI 17 24 10 20 24 54 149
FIASCER N 1 1 2
T NI 117 9 298 68 67 103 662
PR VR 1 6 1 5 13
TR R 77 2 62 16 7 4 168
RN 3 21 5 2 36
AR F-UNIR 1 6 12 19
I LR NI M 2 2
I HLBAHE [N U 1 3 4
VRGNS 6 4 1 1 24 15 61
1 B VIR 1 2 2 16 3 24
SRR N 213 9 23 21 12 13 291
SRR N 1 24 25
N ==% Ninzg’

;ﬂzﬁ%&ﬂd\ 21 1 3 1 26
A/ R 1 2 30 7 50
U EC Sy N 1 1
G N 1 1
SB[\ U 4 4
SR TN 1 2 3

PRUSERHE S A3 13 14 14 16 20 16 26

IR R & 479 76 465 201 230 283 1734

FIERL  KERGRE 1 1
R ER R T 1 1
2 9 1 6 1 35
S TR 1 1
BT R 5 2 3 1 1 2 14
T T 3 3 3 1 12
M TR 1 2 2 1 3 9
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Table 4. Butterfly species richness and monthly count at each transect line in Shan Mei Village, Ali
Mountain area, from January to December, 2011.

Line (1) line (2) line (3) line (4) line (5) line (6) Total
Family  Species I jﬁ;’féﬂ ERE AR %ﬁfﬁﬁ”:i %ﬂflgﬁ}%i
R I A B % B %
ESUikiaE L 1 1 1 3
(R 5 1 1 2 1 10
I E AT R 3 2 4 26 6 7 48
I B A 5 3 1 8 1 1 14
I UEE Y 1 2 1 4
SUr RS 1 1 2
R AR 5 3 1 1 14
HE 2 3 7 16 14 42
MR 1 5 1 3 21
BT 2 4 2 12
i ART I 5 6
TR 1 1
SR DTSRI 3 1 4
55 R TR 1 3 1 3 8
eI 1 2
T HE T
FRIERHE R AT 15 9 14 12 15 15 23
FERIEGE 41 15 39 67 59 43 264
FERE oK Hpil 1 1
S 2 2 1 11 2 3 21
R 56 8 36 6 1 16 133
2 it 51 32 31 28 22 39 203
E i 1 1
L I8 i 1 1 1 3
LA e 2 1 3 11 1 18
L BE Ry 1 1 2
=] 60 1 25 26 12 134
R P 4 8
SRR 1 2 1 9 6 19
i FC B 5 3 9 4 12 8 41
B A7y e 1 1 1 3
Lt AL 19 16 80 53 24 28 220
Uik M 1 3 11 1 16
Uity P P 1 1 2
SRR I 23 9 24 20 19 43 208

e 5 e 4 4



EEEYIZ B ERTSE(TW J. of Biodivers.) 17 (3): 223-251, 2015 237

4. Bl B L SEAT 2% Zr B o WHIMRERE A B e 2 2R (20114E 1 H £ 12 )
Table 4. Butterfly species richness and monthly count at each transect line in Shan Mei Village, Ali
Mountain area, from January to December, 2011.

Line (1) line (2) line (3) line (4) line (5) line (6) Total
Family  Species - i o o EIFFAE PGS E
v s aggz ERE AR Lg{f ;; Lg f;;
PR A GE T 11 9 13 12 12 13 18
PR E G 221 83 217 243 118 155 1037
PRIERE Rk A H it 1 4 5
NSl 2 1 2 3 8
/NS E 2 1 6 11 41 10 81
/N B 1 1 4 6
7 INSCR B 8 4 20 20 7 59
/N E i 2 4 2 4 4 16
NER B 13 1 8 110 9 4 145
)3 B ER 12 37 7 13 61 62 192
FLAE T 2 2
FLAE G 10 10
ST 6 1 7 5 7 9 33
R R i 1 3 10
ZEEUEEEE 25 15 12 13 46 21 132
B B 2 5 6 5 18
DT 1 2 3 8
i TR A 1 1 2
Rt 2 2
TR D A 3 12 6 4 9 3 37
ERGETey 2 2 4
TR 1 2 1 2 6
= i 2 2 7 5 1 1 18
15 B 3 3 4 7 11 28
g 1 1
gl 7 2 8 11 40 13 81
G At 5 1 6
Roaik 1
B 1 1
Fiti B 6 13 1 7 27 26 80
L2 B e 2 1 3
AL 2 1
RLEEES B 1
A/ | NS DR 7 4 7 13 16 9 56
VLAY 1 1 2

15 B = e 1 8 9 18
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Table 4. Butterfly species richness and monthly count at each transect line in Shan Mei Village, Ali

Mountain area, from January to December, 2011.

Line (1) line (2) line (3) line (4) line (5) line (6) Total
Family  Species - i o o EIFFAE PGS E
v s aggz ERE AR Lg{f;; Lgfﬁ;
ZRHE = HRmE 2 1 3
Bk = st 30 6 23 23 44 36 162
ER 5 B 1 5
BRBR SRRt 22 25 19 8 3 81
BB ol 1 6 3 4 4 18
FIRUIE 9 9 4 11 16 16 65
RALF B 3 3 20 26
RS NEFFELLS 7 12 8 37 19 14 97
HHE 2 1 3 6 17
B Tt 1 2 3 13 5 25
FRFRE 1 2 10 10 24
T [ SR e 2 1 2 12
SR E i 57 66 73 29 84 86 395
e ki 1 1
B — 6 3 3 2 22 19 55
BB 1 1
e 20 1 3 1 1 28
22 IigiaZsd i 1 1 1 5
ey el 6 19 3 6 37 32 103
eSS 3 16 9 14 20 35 97
IL STt 1 3 6
e=% N CA=L 3
Uiy SR BRI 13 2 2 16 3 9 45
ARSI 2 2
AT 1 2 5 2 10
JEMIR 75 B 1 3 4
THEBTULE 6 5 37 2 6 64
TS 1
IR 1 1 2 5
PRI R R S E T 41 32 36 39 48 49 63
PR R R S 305 290 253 454 626 511 2439
LSS N AR 1 2 1 4
KB 4 8 4 15 13 30 74
218 Bl 8 13 14 35
2[Rl 4 4 6 19
RS RN 2 1 2 5
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Table 4. Butterfly species richness and monthly count at each transect line in Shan Mei Village, Ali

Mountain area, from January to December, 2011.

Line (1) line (2) line (3) line (4) line (5) line (6) Total
Family  Species - i o o EIFFAE PGS E
v s aggz ERE AR Lg{f;; Lgfﬁ;
A B 6 9 17 38 10 9 89
AR 2 5 5 7 6 25
s [ 25 15 20 25 22 22 129
T BB 2 5 1 8
RLAC Rl 5 1 15 2 28
SR e 1 2 3 1 14
BB 1 1 2 3 4 11 22
I 2 IS e 5 8 10 8 8 11 50
Al 1 2 9 12
S B 10 6 15 22 1 12 76
ok AT JEE 4 2 16 52 4 4 82
B A Rl 1 1 2
B RS RE SE 10 12 14 16 13 15 17
[R5 63 55 108 216 101 131 674
S ISR A AT 90 76 91 95 108 108 147
H IR G 1109 519 1082 1182 1134 1123 6149

e 5. Pl HL L)L SERT RIS ERZ AT 5 A ESgRERE R R (2011 FF 1 HZE 12 A)
Table 5. Top five dominant species and monthly butterfly count at each transect line in Shan Mei Village,
Ali Mountain area, from January to December, 2011.

HEi(5) HE15(6)
Bk () Bi5(2) Bii(3) Fis () RS RO
3 NEE 3 N
i W K 2RFAEE 2RFAEE
N B B
Fooxn Poaven Pawes Poaxas Pawe ¥ ogws F
2 ==+ 5 & 2o & =t
#1
! ];;ZM’J 213 SSCEME 66 FREIIHE 208 /[EBEE 100 SSRCEME 84 P 20

2 VR VREE 117 U)MEEIREE 37 HEERMME 80 SRENAEUE 90 U)MEEIREE 61 FRELAIEE 43
3 PERUNKIE 77 ST 32 SBipEME 73 pREVIVAEE 68 /KR 67 YRIEHME 86
‘*{Q(Ezf@w

4 FE 60 BRERERWRME 25 JREUIVREE 62 HEELRME 53 i YRR 62
5 s 57 =R AN ” JINEER N 6 GEEME 52 BRER g 44 B0 VK o

i I itk
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Figure 3. Shannon-Wiener index and butterfly species ri
from January to December, 2011.

chness in Shan Mei Village, Ali Mountain area,
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Table 6. Butterfly host plants at each transect line in Shan Mei Village, Ali Mountain area, from January to
December, 2011.

Common name  Scientific name line (1) line(2) line(3) line (4) line (5) line (6)
17 . ERRE ERRE
R FaE B R Bl A B2 [ B ER
=ER Rutaceae
TREEZIM Toddalia asiatica BRI
T Citrus grandis KB\
MG RE Citrus reticulate 7 e
IS ) Fagara ailanthoides ISYislEl S
SR Leguminosae=
Fabaceae
) Phaseolus vulgaris L. hEE
/NI
(7] Cassia fistula L. LS
HEEE Crotalaria pallida 0/ VRIE
e b Caesalpinia gilliesii i PG
R Dioscoreaceae
THEZETE Dioscorea doryphora A
RAR} Gramineag=Poaceae
T Miscanthus floridulus ey
KE Panicum maximum U3 B AR
A,
N o ” JBR 78R
ER) Phyllostachys makinoi I A i 1 B
£33
EER Musaceae
HH Musa sapientum FH TP BT
ey Moraceae
B Ficus virgata FrhusE i
FE7h Ficus pumila T e
=iEH Urticaceae
K De?brege?asia p_—”
orientalis
Fft Lauraceae

i Machilus zuihoensis 17 B
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Table 6. Butterfly host plants at each transect line in Shan Mei Village, Ali Mountain area, from January to

December, 2011.

Common name  Scientific name line (1) line(2) line(3) line (4) line (5) line (6)
17 . ERRE ERRE
i 5 EHE EREE R A EY B BB
KRR Machilus japonica TR B
faikt Ulmaceae
FFb Celtis formosana FIRUE SR SR
BARUEH Piperaceae
B Piper betle oK B [
AT B Apocynaceae
At R Dregea volubilis AT T B e
R gagntt Aristolochiaceae
R T gtk
zollingeriana
HiEZE Capparaceae
PAREHTEZE Cleome rutidosperma T BRI
WEARRRL Oxalidaceae
FALEPRE.  Oxalis corniculata  Hill/ VIR
EGE Rosaceae
M%7 Rubus piptopetalus =Bl
e _ B
WL Rosa hybrida it
W% &R > iR > (HER R

ARG SRS AR AT RE RS 45 72 52 - B
@k~ EIEEYIR MR I
B TR LA i - 224
LU ~ AL NI ~ BRI AL AU ~ il
sV SRR > IR AR ER BT B RSB
M52 S AN - B2 THREARE—
DS - #UEE FLE - NILImERE R E
SRMATRAE - iR s H A N DR
BEAEYI LIRS | MR HREE - 7 oMg8 rlakiE

B3 =L

S Hil

TINTON

REd

ES

PR R E R 5 | HIEE T R B
R o DE S R P NGR 22 - LUg
IR, > (EER A B LAt > J3s DA A
FOH » i F I PUTR R - IRl fE L
EHEEHAE -

(L SEREr TR A < )M - W FE N B3
K mNLSERT 2R 6 ARFEAE R » LGNS|
B TR » SR ZAC T AR R — i 5 O i A R -
A2 EYEHAE 500 m LUT » R A LK »
JE IR Z {5 € 12 MR AL IR 2 146
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Appendex 1. Name list of butterfly investigated by transect lines in Shan Mei Village, Ali Mountain area,
in 2011.

Common names Scientific names fiiaE
B! Papilionidae
FALAELIE Byasa polyeuctes termessus (Fruhstorfer, 1908)
LA B Pachliopta aristolochiae interpositus (Fruhstorfer, 1901)
22 B Papilio nephelus chaonulus Fruhstorfer, 1908
NELS Papilio memnon heronus Fruhstorfer, 1903
S EY Papilio thaiwanus Rothschild, 1898 TR
T 7 JENIE Papilio polytes polytes Linnaeus, 1758
A3 JERE Papilio helenus fortunius Fruhstorfer, 1908
B R Graphium sarpedon connectens (Fruhstorfer, 1906)
T D JERIE Graphium doson postianus (Fruhstorfer, 1908)
5 AR JENE Papilio bianor thrasymedes Fruhstorfer, 1909
LA B Papilio hermosanus Rebel, 1906 e
JE JE 1 A ERIE Papilio castor formosanus Rothschild, 1896
T Bl Troides aeacus formosanus ( Rothschild, 1899)
L[ Papilio protenor Cramer, 1775
sk ERE JEL TR Graphium onfucius (Linnaeus, 1758)
BS A R Byasa alcinous mansonensis (Fruhstorfer, 1901)
2 RSy R\ IE Byasa impediens febanus (Fruhstorfer, 1908)
Ly Pieridae
SR I Pieris canidia (Sparrman, 1768)
A Pieris rapae crucivora Boisduval, 1836
R Bl Catopsilia onfuc (Fabricius, 1775)
W th e Eurema andersoni godana (Fruhstorfer, 1910)
K i Catopsilia pyranthe (Linnaeus, 1758)
I Appias lyncida formosana (Wallace, 1866)
S0 T Eurema blanda arsakia (Fruhstorfer, 1910)
] P B Eurema hecabe (Linnaeus, 1758)
R SRR I Cepora nandina eunama (Fruhstorfer, 1903)
Ui TR B Eurema laeta punctissima (Matsumura, 1909)
B e I Eurema brigitta hainana (Moore, 1878)

e 1 B Ixias pyrene insignis Butler, 1879




246

SEIP OGS R IE 2 W72

Bitd 1. 2010 4 o] HLLp1 L SE A 0 0

Appendex 1. Name list of butterfly investigated by transect lines in Shan Mei Village, Ali Mountain area,

in 2011.
Common names Scientific names fiiaE
B foy i Appias indra aristoxemus Fruhstorfer 1908
L2y L Leptosia nina niobe (Wallace, 1866)
Ui [ 4B Hebomoia glaucippe formosana Fruhstorfer, 1908
ALy HE Gonepteryx amintha formosana (Fruhstorfer, 1908)
LA 7 e Delias hyparete luzonensis C. Felder & R. Felder, 1862
HLIE i Delias pasithoe curasena Fruhstorfer, 1908
iy Nymphalidae
7N R Neptis sappho formosana Fruhstorfer, 1908
1 — Neptis nata lutatia Fruhstorfer, 1913
BBk = ikt Neptis hylas lulculenta Fruhstorfer, 1907
ZRIHE = FisE Neptis soma tayalina Murayama & Shimonoya, 1968
= i Athyma perius (Linnaeus, 1758)
/N ER A ot Athyma selenophora laela (Fruhstorfer, 1908)
S8 B T Athyma cama zoroastes (Butler, 1877)
SR B Parasarpa dudu jinamitra (Fruhstorfer, 1908)
LT R ol Chitoria chrysolora (Fruhstorfer, 1908)
FLEE R A Hestina assimilis formosana (Moore, 1895)
B e Pantoporia hordonia rihodona Moore, 1878
6 5 = e Symbrenthia hypselis scatinia Fruhstorfer, 1908
B — AR Symbrenthia lilaea formosanus Fruhstorfer, 1908
G Acraea issoria formosana (Fruhstorfer, 1912)
REE S Kallima inachis formosana Fruhstorfer, 1912
AR Vanessa indica (Herbst, 1794)
FLEE ke Junonia  onfuci (Linnaeus, 1758)
FL2E T ke Junonia orithya (Linnaeus, 1758)
£ $i5 e Cyrestis thyodamas formosana Fruhstorfer, 1898
AR TG Phalanta phalantha (Drury, [1773])
2 T Cupha erymanthis (Drury, 1773)
B IR SR Hypolimnas bolina kezia (Butler, 1877)
B A R Kaniska canace drilon (Fruhstorfer, 1908) K

FIRLIE

Timelaea albescens formosana Fruhstorfer, 1908
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Appendex 1. Name list of butterfly investigated by transect lines in Shan Mei Village, Ali Mountain area,
in 2011.

Common names Scientific names fiiaE
MR i Junonia lemonias aenaria Tsukada & Kaneko, 1985
B e Polygonia c-aureum lunulata Esaki & Nakahara, 1923
Rt Junonia iphita (Cramer, 1779)
BHFERT S5 ittt Hypolimnas misippus (Linnaeus, 1764)
5 T e ke Euthalia formosana Fruhstorfer, 1908
By D Sephisa onfuci androdamas Fruhstorfer, 1908
] kg Helcyra superba takamukui Matsumura, 1919
ReEau Libythea lepita formosana Fruhstorfer, 1908
7 NEE DI Euploea tulliolus koxinga Fruhstorfer, 1908
i G SE DI Euploea onfucius swinhoei Wallace & Moore, 1866
Ui SR AT g Euploea mulciber barsine Fruhstorfer, 1904
B K B Euploea onfuc hobsoni (Butler, 1877)
/NE B Parantica swinhoei (Moore, 1883)
T D Parantica sita niphonica (Moore 1883)
IRALFT BRI Tirumala limniace (Cramer, 1775)
/IR DA Tirumala septentronis (Butler, 1874)
Rl VRS B Parantica aglea maghaba (Fruhstorfer, 1909) A
HIK 5 D Ideopsis  onfuci (Linnaeus, 1758)
FHE DA 4 Danaus chrysippus (Linnaeus)
TP A e Danaus genutia (Cramer, 1779)
T R A Lethe verma cintamani Fruhstorfer, 1848 i fE
T RAE Lethe europa pavida Fruhstorfer, 1908
K B DT A Neope muirheadi nagasawae Matsumura, 1919
SEFS7 T3S Penthema formosanum (Rothschild, 1898)
LY Ifed oS Melanitis phedima polishana Fruhstorfer, 1908
e Melanitis leda (Linnaeus, 1758)
i RiATES S Lethe chandica ratnacri Fruhstorfer, 1908
KU AL H o Ypthima formosana Fruhstorfer, 1908
N Ypthima baldus zodina Fruhstorfer, 1911
SRR H Ypthima baldus zodina Fruhstorfer, 1911

AN AELL Y Ypthima multistriata Butler, 1883
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Appendex 1. Name list of butterfly investigated by transect lines in Shan Mei Village, Ali Mountain area,

SEIP OGS R IE 2 W72

in 2011.
Common names Scientific names fiiaE
57/ g H i Mycalesis francisca formosana Fruhstorfer, 1908
fi e 5 Mycalesis suavolens kagina Fruhstorfer, 1908
U3 B R Mycalesis gotama nanda Fruhstorfer, 1908
B B Mycalesis zonata Matsumura, 1909
EIASEE Mycalesis sangaica mara Fruhstorfer, 1908
ERAS Elymnias hypermnestra hainana Moore, 1878
=R L EYS Lethe butleri periscelis (Fruhstorfer, 1908)
JEHIR 77 Bt Discophora sondaica tulliana Stichel, 1905
7R R} Lycaenidae
— L e Spindasis syama (Horsfield, 1829)
ANER T Gy Jamides celeno (Cramer, 1775)
SR UNIR S Jamides alecto dromicus Fruhstorfer, 1910
SBR[\ Acytolepsis puspa myla (Fruhstorfer, 1909)
S LB VIR U Celastrina lavendularis himilcon (Fruhstorfer, 1909)
3 FRBREE VI Udara dilecta (Moore, 1879)
SRR/ NI Megisba onfuc sikkima Moore, 1884
i TR NG Neopithecops zalmora (Butler, 1869)
R N Zizeeria maha okinawana (Matsumura, 1929)
AL N W Lampides boeticus (Linnaeus, 1767)
=)EAVR Euchrysops cnejus (Fabricius, 1798)
AR N Spalgis epius dilama (Moore, 1878)
RERRBEUNKIEE  Catochrysops panormus — onfuciu (Distant, 1886)
SRR NG Jamides bochus formosanus Fruhstorfer, 1909
ST EEL R IR Nacaduba kurava therasia Fruhstorfer, 1916 R
VNSNS Prosotas nora formosana (Fruhstorfer, 1916)
AR/ NI Zizula hylax (Fabricius, 1775) Ha
(RN Deudorix epijarbas menesicles Fruhstorfer, 1911
BTN Rapala varuna formosana Fruhstorfer, 1911
RIS B/ NG Heliophorus ila matsumurae (Fruhstorfer, 1908)
HLA /N g Taraka onfuc thalaba Fruhstorfer, 1922 gl
FRL N Leptotes plinius (Fabricius, 1793)
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Appendex 1. Name list of butterfly investigated by transect lines in Shan Mei Village, Ali Mountain area,
in 2011.

Common names Scientific names fiiaE
SRR Arhopala bazalus turbata Butler, 1882
LEIFZEE ANy 3 Mahathala ameria hainani Bethune-Baker, 1903
T LGS N Fixsenia watarii (Matsumura, 1927)
FRPE/ R Curetis acuta formosana Fruhstorfer, 1908
FRIGER} Hesperiidae
UNE[IER Udaspes folus (Cramer, 1775)
KEBEFF Seseria formosana (Fruhstorfer, 1909)
Il LA Parnara bada (Moore, 1878)
ST Borbo cinnara (Wallace, 1866)
S T D S Potanthus onfucius angustatus (Matsumura, 1910)
A 25 B I Potanthus motzui Hsu, Li & Li, 1990
(RN Telicota ohara formosana Fruhstorfer, 1911
S BT SR Telicota bambusae horisha Evans, 1934
TR 5 Isoteinon lamprospilus formosanus Fruhstorfe, 1911
SUN=vE Ampittia virgata myakei Matsumura 1910
ES UL AP Pelopidas agna (Moore, 1866)
i LA TR Polytremis eltola tappana (Matsumura, 1919)
I Pelopidas mathias oberthueri Evans, 1937
SR T TR Hasora taminatus vairacana Fruhstorfe, 1911
55 R I Hasora badra (Moore, 1858)
A Daimio tethys niitakana Matsumura, 1907
TR Notocrypta curvifascia (C. Felder & R. Felder, 1862)
AL Caltoris cahira austeni (Moore, 1883)
BEFF Suastus gremius (Fabricius, 1798)
H 771 Abraximorpha davidii ermasis Fruhstorfer, 1914
R Ak TR Badamia exclamationis (Fabricius, 1775)

BT Burara jaina formosana (Fruhstorfer, 1911)
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Appendix 2. Meteorological record in Dana-iku, Ali Mountain area, in 2011.

Higl & RESR  PORE  KSRE  ERE BEE

100 RIS () () (%) (%) (%) (mm)
1A LA 17.30 23.785 14.361 84.83 95.597 61.66 11.3
HhA) 14.81 22.513 9.287 89.91 100 60.006 85.5
G 15.69 23.713 10.443 89.04 99.375 50.632 37
2 H kA 16.53 27.259 11.102 76.98 95.234 46.429 15
HhA) 16.86 26.72 11.175 87.83 99.461 53.616 60.6
T 18.95 29.215 14.194 82.62 97.238 50.087 0
3H LA 18.25 27.899 13.81 84.85 98.632 34.786 29.5
HhA) 19.16 30.545 14.457 84.39 97.762 49.492 9.6
G 17.94 31.996 13.738 87.85 99.578 54.822 54.7
4 H kA 20.10 28.147 15.008 80.24 97.074 46.197 0
HhA) 21.65 31.357 14.912 79.88 98.672 44.977 19
G 22.01 30.318 15.485 79.54 98.148 46.239 9.7
5H A 25.40 33.835 20.436 75.84 92.968 39.249 15.1
HHA) 23.09 32.175 19.175 91.34 100 57.9 314.2
A 23.63 30.545 19.318 89.53 100 60.12 139
6 H LA 25.68 33.809 19.627 80.39 98.691 51.72 14.1
FhA) 26.11 32.717 20.936 83.30 99.915 56.344 80.9
A 24.37 30.167 20.603 94.07 100 71.319 238.6
7THLA 25.11 31.23 19.722 88.12 100 58.919 18.3
HhA) 23.39 28.221 20.913 98.29 100 79.594 778.8
) 24.91 31.714 19.651 91.64 100 69.651 159
8 H M 25.34 31.077 21.27 92.34 100 72.592 139.8
2 24.67 31.97 19.413 89.80 100 60.187 149.2
T 23.82 30.243 20.674 94.56 100 71.143 359
9 H LA 24.41 29.34 20.841 91.84 100 73.61 79
HA 23.98 31.382 19.96 92.56051 100 68.398 13.6
T 24.16 35.155 20.412 92.88903 100 63.441 72
10 H A 23.31 31.153 20.007 96.16149 100 68.24 130.6
HhA) 22.53 28.32 18.866 96.02421 100 70.385 109.5
) 22.16 29.29 17.796 91.65166 100 64.561 8
11 A b4 21.94 31.944 17.344 94.10859 100 66.79 294.4
2 22.20 29.54 19.294 96.89693 100 75.275 94.3
T 19.44 27.358 16.058 94.06348 100 70.845 38
12 A b4 18.87 28.468 13.882 95.59909 100 68.516 35.4
rhA) 17.81 24.774 11.783 95.42486 100 74.796 59.8
T 16.02 24.677 10.858 92.89961 100 65.031 30.8
1H LA 15.93 25.307 11.005 93.17436 100 67.565
rhA) 17.13 24.823 9.41 93.09783 100 65.036

T~ 16.47 26.28 12.437 90.19576 100 55.679
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Appendix 3. Meteorological record in Bayai, Ali Mountain area, in 2011.

100 4 B Hig Y AR R S s RIREE FEWE
() ) (C) (%) (%) (%) (mm)
1H LA 17.49 25.40 13.83 83.76 96.60 53.50 11.3
) 14.94 26.23 8.10 88.65 100.00  45.72 85.5
T 15.95 28.05 9.95 88.93 100.00  45.80 37
2H LA 16.63 31.56 9.46 78.98 98.13 36.28 15
thA) 16.95 30.37 10.83 87.96 99.81 46.05 60.6
T 18.80 29.07 13.45 84.25 99.11 52.57 0
3H LA 18.31 29.39 14.10 84.55 98.98 36.47 29.5
Hha) 19.16 30.77 14.24 84.86 99.10 49.87 9.6
T 17.90 32.00 13.50 88.55 99.89 57.84 54,7
4 H LA 19.99 28.32 14.17 81.38 97.96 49.86 0
HhA) 21.53 31.46 14.10 81.35 99.62 47.18 19
T 21.90 30.60 14.63 81.29 98.16 49.40 9.7
5 A LA 25.23 33.76 19.41 78.77 94.98 44.12 15.1
HHA) 23.15 32.38 18.87 92.38 100.00  59.41 314.2
A 23.74 30.44 18.89 90.66 100.00  61.00 139
6 H LA 25.66 34.15 19.51 83.02 99.32 50.59 14.1
] 26.22 33.21 20.77 85.14 100.00  56.56 80.9
A 24.44 31.23 20.53 95.23 100.00  72.74 238.6
7THLA 24.93 32.74 19.53 91.32 100.00  64.63 18.3
rhA) 23.44 28.69 20.84 98.49 100.00  78.06 778.8
T 24.77 32.48 19.32 94.03 100.00  69.33 159
8 A LA 25.34 32.72 20.79 93.95 100.00  71.19 139.8
H 24.59 33.00 19.10 92.02 100.00  57.58 149.2
) 23.67 30.09 20.44 96.39 100.00  71.89 359
9 H LA 24.14 29.14 19.87 94.82 100.00  75.62 79
) 23.84 31.10 19.44 94.44 100.00  70.43 13.6
T 24.15 33.37 20.27 94.21 100.00  67.95 72
10 A k4 23.46 30.70 19.65 96.75 100.00  71.74 130.6
rhA) 22.79 28.82 18.68 95.84 100.00  72.17 109.5
T 22.43 30.98 17.44 91.59 100.00  63.10 8
11 H k4] 22.07 30.37 17.03 94.64 100.00  67.13 294.4
H 22.18 28.20 18.94 97.78 100.00  76.02 94.3
T 19.39 26.60 15.08 95.18 100.00  68.28 38
12 A k4] 18.76 26.67 13.06 96.21 100.00  64.22 35.4
HhA) 17.84 25.07 11.49 95.84 100.00  69.42 59.8
T 16.00 24.10 10.22 93.22 100.00  63.48 30.8
1H LA 15.93 24.73 10.52 93.73 100.00  54.61
rh4) 16.97 24.46 8.72 94.69 100.00  68.07

T 16.34 24.68 11.57 91.14 100.00  51.62
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Cohabitation of Ectosymbiotic Branchiobdellida
(Annelida, Clitellata) and Scutarielloidae (Platyhelminthes,
Rhabditophora, Temnocephalida) on Atyid Shrimps in Taiwan
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Abstract

Occurrences of two ecologically similar but normally geographically separated ectosymbionts,
branchiobdellidans (Annelida) and temnocephalidans (Platyhelminthes), were studied on 458 atyid
shrimps collected from five localities in Taiwan. The shrimps, Neocaridina spp. and Caridina
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Ectosymbionts on shrimps in Taiwan

pseudodenticulata, carried a scutariellid temnocephalidan, Scutariella japonica, at three localities, while a

branchiobdellidan, Holtodrilus truncatus, was found at two of the three localities where it co-inhabited

with S. japonica. No negative or positive interactions toward each other were observed. Statistically

significant larger numbers of branchiobdellidans were found on larger shrimps, while such a tendency

was not detected in S. japonica.

W 2

TEETE 5 (B, > HLEREE 458 S RUIRIBRIERS » Horb > 3 (EARuL R I Mo fE A e E A UH B B
Hh P[5 B 4E 85 H branchiobdellidans (Annelida) » Holtodrilus truncatus % YJ5EH temnocephalidans
(Platyhelminthes) - Scutariella japonica A REFE RIS 2% LA < 38 3 {ERREG ARy 2 (RS, - FRLFSIER
FEIR]— i LR 2 TR R AT AR  B192E 2 TERE AT AL TR (A S AH B s R B
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Introduction

Freshwater  crayfishes show disjunct
Astacoidea and  Gondwanan
(Hobbs 1988).

Both of these taxa have ectosymbionts with a

Holarctic
Parastacoidea distributions

very similar obligate biology consisting of the
Branchiobdellida (Annelida:
Clitellata) (Gelder and Williams 2015) and
Gondowanan Temnocephalida (Platyhelminthes:
Rhabditophora) (Joffe et al. 1998, Kawakatsu et
al. 2007). Branchiobdellidans, or crayfish worms,

Holarctic

July 24, 2015

B HEA 2015407 H 24 H

are found on astacid and cambarid crayfishes in
the Nearctic and northern Neotropical (North
America), Euro-Mediterranean (Europe and
western Asia) and East Asian regions. However,
in North America besides crayfish, a few
branchiobdellidan species have adopted crabs,
isopods or shrimps (Gelder et al. 2002, Gelder
and Messick, 2006), while in southern parts of
both China and Japan branchiobdellidans are
found on shrimps (Liang 1963; Ohtaka et al.
2012). In

Temnocephalida (Joffe et al. 1998) consists of

contrast, the more diverse
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two superfamilies: Temnocephaloidea (composed
of three families) found in Australasia, Southeast
Asia, Madagascar (Kawakatsu et al. 2007) and
Neotropics (Martinez-Aquino et al. 2014), and
Scutarielloidea distributed along the
Alpine-Himalayan massif’s southern margin
(Italy—Balkan countries—Azerbaijan—India), then
through both southern China and Japan (Matjasic¢
1990; Gelder 1999).

Most East Asian branchiobdellidans are
found on endemic crayfishes across northern
China, the Korean Peninsula, southeast Russia
and northern Japan (Yamaguchi 1934; Timm
1991; Gelder and Ohtaka 2000 ; Ohtaka and
Gelder 2015). However, two species on atyid
shrimps occur in the southern areas of China and
Japan. Caridinophilus unidens Liang, 1963, on
Caridina yunnanensis Yu, 1938, is only known
from its type location in Yunnan Province, China,
while Holtodrilus truncatus (Liang, 1963) is
more widely distributed on Neocaridina spp. in
Anhui, Guangdong, Henan and Zhejiang
Provinces, China (Liang 1963, Liu 1984, Ohtaka
et al. 2012). Recent shrimp collections have
reported H. truncatus on Neocaridina spp. and
Caridina pseudodenticulata Hung, Chan and Yu,
1993, in Taiwan (Ohtaka and Chen 2010),
Caridina rubella Fujino and Shokita, 1975, C.
rapaensis Edmonson, 1935, and C. typus Milne
Edwards, 1937, on Miyako Island (Fujita et al.
2010) and Neocaridina spp. in central Japan
(Ohtaka et al. 2012; Niwa et al. 2005).

Scutarielloidea has one family, Scutarillidae,
and only Scutariella japonica (Matjasi¢, 1990)
(syn. Cardinicola sinica Matjasi¢, 1990) has

been reported on the atyid shrimps, Caridina,
Paratya and Neocaridina, in southern China,
Taiwan, Korea and Japan (Kawakatsu et al.
2007). Recent researches have revealed that S.
japonica is more widely distributed than
previously reported in southeast China (Ohtaka
et al. 2012) and Japan (Kawakatsu et al. 2007).
Although both S. japonica and H. truncatus had
been reported independently on atyid shrimps in
East Asia, it was not until our recent studies that
both  ectosymbiont species were found
co-inhabiting the same shrimp host. Details of
such cohabitation in southern China are given in
Ohtaka et al. (2012), but a previous investigation
in Taiwan (Ohtaka and Chen 2010) led to
subsequent collections of these co-inhabiting
ectosymbionts, which are now being reported
here.

Material and methods

Atyid shrimps were collected from five lotic
and lentic freshwater sites in Taiwan: 1) Guanyin,
Taoguan County, 2) Longci, Tainan County, 3)
Minchien, Nantou County, 4) Shihtan, Miaoli
County and 5) Sinshe, Taichung County (Fig. 1)
between 10" and 14" September 2008.
Neocaridina spp. were found at sites 1, 3-5, and
Caridina pseudodenticulata at sites 2 and 4,
while 13 palaemonid shrimps, Macrobrachium
asperulum (von Martens, 1868) were collected at
site 4 along with the other two species. Dip-nets
(mesh size, 0.5 mm) were dragged through
aquatic vegetation and displaced shrimps were
scooped up in the nets with the intention of
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Fig.1. A map of Taiwan showing study sites.

obtaining about 100 atyids per site. Each living
shrimp was placed into a 2.0 ml plastic tube
filled with 5% formalin preservation solution
following capture. The surface water temperature,
electric conductivity (TOA CM14P) and pH
(Narika a-Pack Test) were measured at each
study site and recorded. Each shrimp was
identified under a dissection microscope in the
laboratory. Body length (from eye base to tip of
telson), sex and brood condition in female
recorded.  All
ectosymbionts on a shrimp and those in the

Neocaridina  spp.  were

tube’s bottom debris were counted as well as the

numbers and locations of attached
branchiobdellidan cocoons. Scutariellids and

branchiobdellidans recovered were identified

Ectosymbionts on shrimps in Taiwan

using Matjasi¢’s (1990) key and Liang’s (1963)
description, respectively. Branchiobdellidans
were separated into adults, where a clitellum was
present, and juveniles.

Population data for specific associations
were expressed in percentages, and statistical
methods were used to analyze comparisons of
particular aspects of the ectosymbiotic
associations: “prevalence” is the percentage of
hosts carrying an ectosymbiont in a locality;
“abundance” indicates the  number of
ectosymbionts on a single host regardless of
whether or not the host was infected; “mean
intensity” is the mean number of ectosymbionts
per infected host; and “cohabitation ratio”
indicates the percentage of hosts carrying both
branchiobdellidans and scutariellids in a locality.
Significance of correlation between the number
of ectosymbionts and body length of the host,
and between individual numbers of co-inhabiting
branchiobdellidans and scutariellids on a
common host were tested by Spearman’s
addition, the

differences in numbers of ectosymbionts in

correlation  coefficient. In
relation to the sex and brood condition of the
host shrimps were tested using ANOVA.

Results

Physical characteristics of collection site waters

Among the five sites studied, water
temperatures ranged from 24.9 to 30.7 <. The
pH value ranged from 6.9 to 8.3, and electric
conductivity from 19 to 58 pS cm™ at the study
sites. These sites were regarded as freshwater
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with no significant differences between them.
Geographical distribution and habitat of the

ectosymbionts

A total of 458 shrimps comprising of 300
Neocaridina  spp. and 158  Caridina
pseudodenticulata were collected from the five
sites in Taiwan (Table 1). Their body length
ranged from 8.0 to 22.5 mm in Neocaridina spp.,
and 7.5 to 23.5 mm in C. pseudodenticulata.
found on

Holtodrilus truncatus was

Neocaridina spp. at two sites, Sinshe and Shihtan,

and also on C. pseudodenticulata at the latter
locality (Table 1); Scutariella japonica occurred
at Sinshe, Shihtan and Minchien. However,
neither H. truncatus nor S. japonica was found at
Guanyin and Longci. Specimens of H. truncatus,
when present, were found in the host’s branchial
cavities as well as the ventral abdomen on of
both Neocaridina spp. and C. pseudodenticulata.
In contrast, S. japonica was only observed in the
host’s branchial cavities, and no ectosymbionts

were seen on Macrobrachium asperulum.

Table 1. Summary in occurrence of ectosymbionts on shrimps from Taiwan.
Holtodrilus truncatus Scutariella japonica
Cohabiting
Host shrimps and Prevalenc Mean Prevalence Mean .
Locality ratio
number examined intensity intensity
% (range) % (range) %
Sinshe, Taichung Co. Neocaridina spp. 90 61.1 2.2(1-9) 43.3 1.7(1-5) 35.6
Minchien, Nantou Co. Neocaridina spp. 10 0 0 12.0 1.1(1-2) 0
Shihtan, Miaoli Co. Neocaridina spp. 12 8.3 1(2) 58.3 1.1(1-2) 8.3
" Caridina 61 9.8 1.7(1-2) 88.5 5.0(1-16) 8.1
Guanyin, Taoguan Co Neocaridina spp. 98 0 0 0 0 0
Longci, Tainan Co. Caridina 97 0 0 0 0 0

Quantitative description of the host-ectosymbiont

associations

Prevalence of H. truncatus on Neocaridina
spp. in two localities was 61.1% and 8.3 %,
respectively, and that on C. pseudodenticulata at
one locality was 9.8% (Table 1). More than half
of the infected Neocaridina spp. (N=56) carried
only one branchiobdellidan (67.0%) and their
highest while C.
pseudodenticulata (N=6) carried one or two

abundance reached 9,

branchiobdellidans. Body lengths of the 56
Neocaridina spp. supporting H. truncatus ranged
from 9.5 to 22.5 mm, and a significantly larger
number of branchiobdellidans were found on
larger shrimps (P< 0.001). The combined
populations of H. truncatus were 62% juveniles
and 38% adult worms; there was no significant
difference between the numbers of individuals on
male and female Neocaridina spp. Each
Neocaridina spp. (N=17) carried 1 to 13 cocoons
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while C. pseudodenticulata (N=5) always had
one. These cocoons were invariably found
attached to the gills of both shrimps.

Prevalence of S. japonica was higher than
those of H. truncatus at the two localities where
both ectosymbionts were found, with 12% on
Neocaridina spp. in Minchien and 88.5% on C.
pseudodenticulata in Shihtan (Table 1). The
maximum number of the scutariellids per host
was found on C. pseudodenticulata in Shihtan
with an abundance of 16 and no significant
difference was found between shrimp body
length and the number of S. japonica carried.

Cohabitation by H. truncatus and S.
japonica was found at two locations, with ratios
of about 8% at Shihtan and 36% at Shinshe
(Table 1). As a total sympatry was found of 59%
on Neocaridina spp. carrying H. truncatus, and
57% of those carrying S. japonica. Sympatry was
found on 83% (5 out of 6) of C.
pseudodenticulata carrying H. truncatus and 9%
of those carrying S. japonica. No statistically
significant difference was detected between the
numbers of co-inhabiting H. truncatus and S.
japonica on either shrimp species from any of
the localities.

Discussion

Branchiobdellidans in the Palaearctic realm
are restricted to the Euro-Mediterranean and East
Asian regions, while scutariellids are distributed
along the realm’s southern border from Italy to
Japan. Geographically the range of the two
southern

ectosymbionts  overlap in the

Ectosymbionts on shrimps in Taiwan

Euro-Mediterranean, but their cohabitation on a
host has never been reported. This could be due
to a spatial separation resulting from endemic
branchiobdellidans living only on crayfish hosts
in surficial waterbodies while scutariellids are
restricted to cave-dwelling shrimps (Gelder
1999). In contrast, the East Asian region has
branchiobdellidans inhabiting atyid shrimp in the
southern areas of China and Japan, which is
south of the region’s endemic crayfish range.
Similarly, Matjasi¢ (1990) reported and reviewed
Scutariella species also on atyid shrimps in this
southern area. However, the first sympatric
occurrence in the region of H. truncatus and S.
japonica was found on preserved Neocaridina
spp. collected from Kinki District, central Japan
(Niwa and Ohtaka 2006). Subsequently, the same
ectosymbionts were found co-inhabiting seven
localities in three southeast China Provinces
(Ohtaka et al. 2012). These findings suggest that
such a sympatric association might be more
widespread in the southern part of East Asia than
thought.  Whether the same
co-inhabiting association found in Japan is

previously

endemic or the result of ectosymbiont carrying
hosts being translocated into the country is
unknown at this time.

Based on observations (Ohtaka et al. 2012)
in southeast China, a scutariellid-shrimp
association is widespread, while that of a
branchiobdellidan-shrimp combination is more
restricted. Instances of co-inhabiting scutariellids
and branchiobdellidans appear to be a
combination of chance contacts by the hosts and
other unknown factors endemic to southeast
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China. The situation in Japan is more
complicated as S. japonica (referred to as “the
Temnocephaloid worm Caridinicola” by Kemp,
1917) on Paratya compressa (de Haan, 1844)
was first reported at Komatsu in pools and
back-waters around Lake Biwa, Japan, but no
East Asian branchiobdellidans had been recorded
in the area. Therefore, when H. truncatus and S.
japonica were found on Neocaridina spp. in
Kinki District, southern Honshu, Japan (Niwa et
al. 2005; Niwa and Ohtaka 2006), the authors
speculated that both ectosymbionts had been
introduced from China. A similar situation
appeared in Taiwan where S. japonica (syn.
Cardinicola indica) on Neocaridina denticulata
sinensis (Kemp, 1918) was reported at two
localities by Lo and Wu (1991). Later, H.
truncatus was found by Ohtaka and Chen (2010),
and they suggested that this branchiobdellidan
might also have been imported by shrimps from
continental China. The present study is the first
to report both ectosymbionts co-inhabiting
shrimps in Taiwan, but like the Chinese
observations (Ohtaka et al. 2012) sympatry was
not seen at all collection sites. The first report of
H. truncatus from Miyako Island, Japan, was
made on three shrimp species (Caridina rubella,
C. rapaensis and C. typus) from freshwater wells
(Fujita et al. 2010), but there is no information to
indicate infected shrimps were translocated from
China. It is highly unlikely that phylogeographic
connections of these ectosymbioses will be
resolved until molecular sequencing is performed
on the two ectosymbionts and hosts to
demonstrate their coevolution.

Although some branchiobdellidans show a
microhabitat preference on a host, the sites often
change and contract or expand depending on
environmental ~ conditions.  For  example,
Xironogiton victoriensis Gelder and Hall, 1990
are usually found on a signal crayfish’s chaelae
but the attaching site will extend over the host’s
body as its population increases (Gelder and Hall
1990; Oberkofler et al. 2002). A more accurate
indication of microhabitat preference of
branchiobdellidans is the location of their
deposited cocoons. Ohtaka et al. (2012) found
adults and cocoons of H. truncatus only on
Neocaridina spp. gills in southeast China.
Although similar in Taiwan, adults also
congregated on the ventral abdomen of both
Neocaridina spp. and C. pseudodenticulata.
Niwa et al. (2014) found H. truncatus
predominantly between the first pleopod and
fifth pereopod, with cocoons exclusively in the
branchial chambers of Neocaridina spp. from the
Sugo River, central Japan. Specimens of H.
truncatus on Miyako Island favored the first pair
of antennae and ventral abdomen with cocoons
only on the latter (Fujita et al. 2010). Whether
these variations in microhabitat preferences are
driven by some environmental forces or random
behavioural traits is not known. Although
Macrobrachium asperulum and atyid shrimps
were collected from one site in Taiwan where
they lived in close proximity to each other, none
of the former species carried ectosymbionts. It
seems clear that M. asperulum is an
unsatisfactory host for the ectosymbionts,

however, the reasons, e.g., exoskeleton lacking
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attractive factors, efficient host grooming
behavior, or others remain to be determined in a
future study.
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Abstract

This study is a description of the distribution of Cardisoma carnifex and substrate composition of its

habitats in Penghu Islands, as well as an estimation of its populations in Chinglou wetlands. Totally 17



264 BN s AR Bl 8 o A B )6

habitat sites were recorded, including one in Magong City, three in Husi Township, seven in Baisha
Township, two in Siyu Township and four in Wangan Township. In addition, there were nine presumed
habitats. The main particle sizes of substrates in the habitats ranged from very coarse sand (1.000mm) to
medium sand (0.250mm). The summed dry-weight of both substrates was higher than 50% of the total
weight of all substrate samples. On the contrary, the smaller particles that include very fine sand
(0.064mm) and silt (<0.064mm) in the substrate samples were less than 10% of the total weight. In
addition, salinity of most water samples in the habitat caves showed they were freshwater. However, a
few of the water samples were seawater and brackish water, accounting for 43% of the total habitat, and
the remaining seawater and brackish water habitat accounted for 28.5% of the total habitat.
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Keywords: Penghu Islands, Cardisoma carnifex, distribution, particle size analysis.
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KA RTRAR o Blan A sz E 8 (lunar
cycle) ~ 77 HHA (tidal cycle) ~ H A& HHA
(light-dark cycle) SFERIG R 1A 2 o [EBE(E

AR A EE A G (EH LA
L | 5 AT A AR ) RE & B T EE Y TH U
(Burggren and McMahon, 1988) © % KHlf#
FES B b [ f IR 81 AR 1B B RS v A U
(Wolcott, 1988) » [fii EE (£ 2 2y HIHLEL A
JRERIIRRRE » W | 320 B BRTE BLITT 92 - (HREE
AR IR I ER A5 B 2B WDAH B8 1Y 72 52 11 79 e e
BERIERE S EAERRA G s bR
B BE S IR S HEME 1 FH 43 i £
/NPT EEIRE T 7 AR ISR » DR AERER N
=R R L R EER - AT LU A i K
H ik SRR BRI 6 8 22 ff
(Ng and Guinot, 2001 ) - & £ Zd#k L & AR
[E] il %% (C. carnifex) ~ £ E[E % (D.
hirtipes) ~ [EIJZ[EI#EE (D. rotundum) ~ i
7% (Epigrapsus notatus) ~ Y:iE# /7% (E.
politus) ~ %6318 (Gecarcoidea lalandii) % 4
J& 6 T o Tt m E S Bk 1 8 2 Fa (Bl »
2005) » 73RBS AR EEHEE (C. carnifex) K&E
JEE#2% (D. hirtipes) - KR [ElfHE (C.
carnifex ) 22 {8 g R A oK) — 7 > SE
FAE 10 A LLE o SEEIRBIE - mif#kEET
AREE P RE » J I 2 —BE = AR B o I
PEEEECHAL B NS > s S E g
0 L R BRI o — AR B0 R
M2 BERE T > SIRANE  @ERI LK
R X ([ R B (O o ATEEE £
TR ENESE) » SRR > EEEEES AR
PEER ~ FEER ~ WS RIS S (%
2009) ° 1fii 2 At HUE IR [ElEE A iE
(IR B HRRE © AT LA S24E EEF /4 A Bk
AR AR BB At 5 AR BORRI%E » DAHE
AARKRETEI AR H R -
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AR T ik

— ~ Sr A

RIS 2014 4F 1-12 A » LIRS
SRR, AR S R ~ R
KE -~ B~ BH ~ HH ~ %~ §EE - ¢
RS > BRI A A EIT B — R
FEHEHE > B SEIIIRIE R S A K H R
FATELZ B AR L - 7 2 G S A RS T
Tl AR5 I A St B o2 A28 3t P DA% bt s B 3/ T
REZ BT EHEMI R -
o~ R
(—) B 2R

KEEG LIz EfaABR1E (Dry sieving) (17
b2 B & 89 AR5 890020475 HE /A 1)
JHIRE X AR B st )+ 2 R (K] - 4K
SYRAR TR HOTEAE ¢
LA HEEREE TR T AR > PRERIRE Y i 8

2t i RIREIREE 2 R H IR IF A

21530 B B i 100 FERUMLRE TRz - B

BN s AR Bl 8 o A B )6

IR ERIEHZIRFEA 40 7S E T 04T

3FIE LB KUANGYANG 437 i i EHFLAE
Imm > 0.5mm~ 0.25mm ~ 0.125mm ~ 0.064mm
R E R —O R 7 RICEE e
ZIEERY) o

4IRS R JHZAE b DAFHERG (80 1 1E1])
FHE 5 /i o

5.EBEAT 2 o #s SOy BEDTRE - BHIETH
= 0 2R E S R 1 AR 2 B ER Y
i FREMGGCE (AR E A

6. fiti SR LA BR A A 1 2 T E AL AR E 2 Fh AR 3R
T o

(=) Mtk sy

FIIFT ATAGO i 2 A HIE X IR B il 25
TR0 7K 73l 185 AR PRI DAL AR [ vy 8 A2 ot 1 B
HilE -

R

— ~ BIIREE B (E 1)
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g

B 1. BAIRE X AR Bl o) An ] o
o TEUIEEM o ok : HEHIREM -
Figl. Distribution of Cardisoma Carnifex in Penghu Islands.
e . Exact habitat. % : Speculated habitat



268 BN s AR Bl 8 o A B )6

KIS — B 17 BRIXVR (Bl 5
fEYIREh » £ B A S IR LR &

-

AR A-Q(ER 1)

2R 1 AR IS DA AR [ e 2 M 07 1 B PR

Table 1. Locations and coordinates of Cardisoma Carnifex in Penghu Islands.

BRIE o2 GPS HEZ
A [Nz IeE o 23°34'46.74"N  119°34'58.90"E
B 13 4538 3 N HE R 23°35'29.21"N  119°39'03.33"E
C IR NETRTAL S R 23°35'48.18"N  119°38'58.06"E
D 1 INCEIEAREiR Y S=RE A 23°35'50.70"N  119°38'51.96"E
E aRENEY o 23°36'49.11"N  119°36'01.15"E
F AT RS A A2 23°37'24.91"N  119°35'54.24"E
G ST e S B A 1 7 R 23°37'27.92'N  119°35'51.70"E
H O R FT i 55 - ref 23°38'59.86"N  119°35'10.61"E
| FCMRREAR 55 -1k 23°38'53.28"N  119°35'13.37"E
J 1 8-1 4538 3 2~ BRI 23°39'45.35"N  119°34'39.81"E
K B 8-140E 25 N 5% 23°39'43.58"N  119°34'51.41"E
L et PN IR ) 23°36'21.49"N  119°31'16.57"E
M B 5 4038 4.5 N H5E 23°35'29.07"N  119°30'42.90"E
N SV LIKE T 23°21'54.53"N  119°29'43.34"E
o] LB A FIRNRRE 23°21'31.97"N  119°30'27.76"E
P LB BERAEE 23°22'54.29"N  119°30'24.56"E
Q LA RN I 23°22'20.52"N  119°30'27.07"E
=~ MBS 10% » FH L B Bt 8] AR (Bl Bg st 457

FERIAE S M HAS S P ST - R 2 B A e MR D B FR D Z (3R 2) © TEREMIKER
TERAE AR RS (1.000mm) KA iD B M e R B > IR S Rt KB R % 13
(0.500mm ) » S i A AER A ZE A 1 2 1K PR B D BEE K BUR K I8 (3R

LBl D - R EAER RS ER A @ A8 H Y 3)°
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2. B R RERS L AREZE 2 H
— ¢ KM IR A S %
Table 2. Percentage of various particle sizes of dry soil in each habitat.

—: Due to topographical constraints, soil samples couldn’t be obtained.

THKLAE (mm)

=3

>1 1-05 0.5-0.25 0.25-0.125  0.125-0.064 <0.064
A 28% 30% 22% 10% 3% 7%
B 16% 22% 29% 24% 7% 2%
c 28% 23% 23% 13% 8% 5%
D 50% 30% 9% 6% 4% 1%
E 27% 25% 26% 14% 6% 2%
F P J— J— J— J— J—
G 30% 20% 25% 16% 8% 1%
H J— J— J— — J— —
I J— J— J— J— J— J—
J — — J— — —_ —
K 42% 17% 21% 14% 5% 1%
L J— J— J— J— J— J—
M 29% 2% 18% 13% 9% 3%
N 59% 2% 9% 3% 1% 0%
0 39% 22% 20% 12% 5% 1%
P 53% 20% 13% 2% 5% 3%
Q 10% 13% 41% 21% 9% 6%
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3. SRR ZEEE
— o R BRI A S KR
Table 3. Water salinity in each habitat.

BN s AR Bl 8 o A B )6

—: Due to topographical constraints, water samples could not be obtained.

=47 g BERET psu
A BT RHEKES 28
B WAPE-I 13 4RiE 3 N HEESS RS 30
C iWAVE- IR NERTRLA A 36
D iWV-H IR KRR B M IE B I 36
E  HW-iiiss -
F o EVD-3miie B R AE e -
G EI-kiife B R a1 it bk 5
H  EH- EUli e 55 -r 0
| EY- FUIR R 5 -t 0
J HY- 8-1 48iE 3 A HLE SRR -
K H-18-1 488 2.5 AH 5 0
L G- B e R FIE TE ) 55 20
M I 5 FR5E 4.5 B 0
N ER-FHZLKIE T 5
O Y%-BEIAFIEINER 30
P YR-BEENEE 0
Q ¥L-HtMEAHITE 0

i

— R S AR Bl B it AT

B A T - WA AR (Bl
IR 1 2R ) it ~ R D R 2t (&
2) » AR HERR IR £ Mo RS UK AR AN -
He MR R RIS - % B AR it
R [ A T A S e S LAt 75 > 9 - R
FRHh 5 YR T R AE H i ] AT )
> BE SRR (HEHRIR FE G D17 Eia R

) > (BB K AT K R AR A [F] A LA L »
[HIRRBRITEBIERIR A 5 2 IME R R B
o » Bl - s FEth I A A
(B8 AR N LA B E= v R AN e 10 0 HA D
FOERSTE AR - a0 - ot o [ &
s AL > DAAR B 1 2 7K o5 7 KB K (H
AEFSEF O TR 2K HEAE#EEN L
& AR E R KIF BRI AR AR TS > H G JE
H A R IR » FEIE RS LU NI 2
B REHIEE (BCD) ~ WHT (G6) ¥R
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Kz (Q) FHIRBHAAIEH - HAEFER (Metopograpsus thukuhar) M EEF#E8] (Uca
R > B S X IREEEEEI0EEA splendida) FEEERE o I XIR Bl B |- g
G PEST AT (Periseama bidens) ~ 2 JEBTHEMIAO T KA BRI

i 5 42 (Helice formosensis) ~ 1 % K #H 18

B 2. BAIRES R A - AR (BUR) - BRI (W) - C #th (Fhrfr)
Fig2. Habitat type of Cardisoma Carnifex in Penghu Islands. A: Wetland (Chinglou). B: River

(Chihdong). C: Depressions (Zhongtun).

EeSh » BFFEHART RIS Al SRS IR~ R S DA IR B AR HE st R

[l 7 RS > S AR R L g HuiRANERITE 9 BRHNE i i E
8.6+1.30cm (N=75) » #8AR K& B 11.0cm 3 s WEBATEHE R BEXE S HIZET

MERE R L5 SR P B 5% 7.440.75cm (N=30) - #8 7K U s APEERER DA V ~ BN WO EE
Rl K= 5 8.8cm » HMEMELLBIRIES 2 : 5 ilfi FIRE X s EPDHRrRTERT Y it Zz (32 4) -
FHAG HEREE A2 260~420 {FERERT - DAAS BRI 70 BIRGHAER] » (R) A3 I 5 5 Hh B 7
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TSRS B R R A LUB 2R SR
e HERRHEEL R N O AR A K 1% 77 ]
LI JRERTEERE (A) RRIERFE IR st A
AR o (S) BRI FE B AL B AR
Al > AR ECHA — RS R E B
Y - RS BRI IR thie B IR
VR % %) T b PR B HERET H AR M T B A
WM R - (T) AR P E A 5 1 L
IRV > FEBIER TR (LK R A E R
A T AR (B B A e A T Y - (HIN RS2
THER I A AR IR e s L IRt 2 )
PRI ARHDAT RN ERER - (U) Hlm e
BRI v R 28 - S R A — e
P AR B ] RE RS L AL - It th 2 3
A —— & (A R - (V) R
AR MRIGER (2014) RYFHAAHER] - A NE it
A A H B A B ARGH R AR KIRE -
A T IRREA G Tl KR - (HIR T

3R A, IR S DR Bl B e b 5

BN s AR Bl 8 o A B )6

IRR R MR AR o (W) SEBROIf BETE
N Al L o MRS B R A
M - T (EEE R T n] RERRS DA IR Bk
BRI )T - (X) BRI FEBIHIAL S 202 Wi
HEMTER » (eI 1 P i e A P R ] R (1L
FRBEFTRI RIS K IS IR BRI - (Y)
kBB AL A g B A (H B ER AR
FEBUE R CRZA AT ARSI - HEHI A
REHIRE A HE KT IR IO B HE © (Z) kI
BB ALK RIS R A - HENEH
A RER RIS K I B 55 ) NI EE A © TR IXR
[E B e K R R A E G B e ) - HETRO
HOERIR SR AN G =T » A TR ABSE LU A
REFARE FPHER > 2RSS AR R BE 7 A7 ]
REAHE BZ - MEL g - DA RIS H L
i - (KL REBA AT RK BREFR S 2B
%o

Table 4. Speculated habitat locations of Cardisoma Carnifex in Penghu Islands.

Pl ARE T~ BB HEH SR
R HA CGEMIRERIRE A ) IR HEK S E S
S HA (EYEHEERMAT) O EPEPKIRYR

T H~ AR R EimE ) Frizgfasss LRI
U B (Lokybi) IpietE3 N

\Y ATARFZESEE (B > 2014) ARG HK IS
w H (R ARG A ) IR RS

X HriEEeE (202 BRIEREMER) HEF T A AR T

Y e RHREER (PHE/A) TR N IR

z HA 17K R BRRRT TR ) L1 7K IR B 55 EE
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=~ IR R E R

K2 B e T B Bl 2 Iy oy A SR B
BATRS » A 5 80 > B G A EOAH =
[k > FHEREM (BCD) MEL K% (Q)
SRS - [N R S B AT S S B R e e
BRE R ERHE - & RN CE R
WREI I R AL A TR T TRERE 9 - el
18171 ZHEE - RS AR LK R T LR
BALBER > Al o TET (G) B AHR
T EHRGE - iR AL LI - R AR TS
BURRE B e T RS L REER » (HHGERS
o A RN B AL R e 5 - DOE = AR
RZHE o HAVEARRGE R LU (K) Bt s
(M) » BEbEERIHEA K - (HBGEAE T i E
GBI e 1R A L SR > 1) B AR LI B AL
BRI N ZER -

fEEEE BRRER A A RETREE - H ATBE
RS2 T B o1 8 Bl P A 2 (B P HE B Y
MRERRERE ) - S8 TRCKEERE IS5 5 |
SFIGE) > T FEEEE R - e R ER
RECEREZE PRl iRz — 3 - KL n] #5
FH it PR AR REAELEE - 1% H [ B D
7 SERH L ER o S AR REE UK RS 8 23
o

71 SRR

APEE ~ BRARSL © 2013 » 4R RENE o BINTIEE
HVIEYIEE o R 0 9-19 H o

P - 2009 o S IEHEE RV K ) E 5
52 o BT SRHER BRI A2 B i
{LRFSRFTRE 50 R 14 H ©

P E 4 ~ SEHATE © 2005 o BAAREERE o 1T
T AR BRI o SRR - 239 H o

TEETE - 2013 o ZERIMBERIFERERG /1 - 2

PIZEH 119 (3) 1 22-27 °

BRZEVR © 2012 o 1R 15 AR BTl i 25 A
RE o BUSTH LR EREE A VIR Fe e 13w
X e fE b 0 1-10 H o

PR © 2014 < 00 5 IR B 2R IR M 3% 2
H BhPIHHEL AT © B IRHOR B
7K 72 R VIR B TE B 22 T B A S o B2
i - 28-31 F -

BUHLE © 2009 © 2B ] SR [ o B I A A Bl
TR BRI E o 2B T R AREE IR - 7
IR - 87 H o

82552 - 2004 - £ 2 [E]# B (Discoplax hirtipes )
AV SERF I PR S AR 8 i o ISR R
RO B2 85 4 B W) O/ B AF 55 A E L G
3C o B 0 1-16 H -
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% &

FHF B8 REAY /N FH T %8 8 (Nanosesarma  Tweedie, 1950)3# 25 1F 2 8 {# 30 #%/ AU/ NFH T8 N,
minutum (De Man, 1887)( N. gordoni (Shen, 1935))—Ff o 7S #r3 [H] & 1 22 (5% /) H 48 N,
andersoni (De Man, 1887) Bl E4%/MHT-E N. vestitum (Stimpson, 1858) Wi ffi » &£ /2 1% & (E
AARER T o AL 18 — (AR BB A 18 - AR EIR A - EEREEaE Blta R 3 -

Abstract

Nanosesarma minutum (De Man, 1887) is the only species of Nanosesarma Tweedie, 1950 known
thus far in Taiwan. Two additional species of con-genus, N. andersoni (De Man, 1887) and N. vestitum


mailto:epigrapsus@nmmba.gov.tw

276 G TR R RC %

(Stimpson, 1858) are newly recorded through the present study. Taiwan is the southernmost point of N.
vestitum’s distribution in the world. The morphology, ecological notes and a key to these three species

found in Taiwan are also provided.

BREEER © AHTEE O DHTRE - 22 TR

Key words: Sesarmidae, Nanosesarma, Taiwan, new records
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nu\«

?‘]‘)T

/T 8 (Nanosesarma Tweedie, 1950)
TR R N —BF > FEREEAE
i~ = EIAT o Seréne and Soh (1970)& TE LB
7817 Nanosesarma il Beanium Wi {55 & » $42K
Tan and Ng (1994) L N 55 & 52 R R 871
J& {5 Holthuis (1977)a2 % Seréne and Soh [
Nanosesarma il Beanium [ nfi /& 175 B A%
HARE » M) (R BRI L MGRE Beanium
/& Nanosesarma HY 52 » SR th i A8 T %
(PIAFF 5% {5 FH (Abele,1979; Komai et al., 2004;
Ng et al., 2008)- ftt 5t Nanosesarma J&1J152] 1E
HH Peter J. F. Davie #17H(Ng and Davie, FAA
)

Nanosesarma 7E {5t F4:4 11 f (Ng et al.,
2008; Naderloo and Tiirkay, 2009) » £ & 1E
% 50 S5k 1Y) e 2H 2 S /A B8 N. gordoni
(Shen, 1935) » Hi Fukui et al. (1989)iC &t 5L

B2 HHER - 2015 4 07 A 24 H

Accepted: July 24, 2015

KT 1 B [ SRR A » 12 48 P EH# 461 55 (1996)
B ERHAME (1997)3C SR IB R 2R T o 25 A {50
SR/ N NHFEE N, minutum (De Man,
1887) » & 41 Hsueh (1996)%1] £ 15 Hh i S5 1t
HEERA . — > At A ARME 5 (1997) L R 12
e i HE o {HYZ4 N. gordoni E#{RER N.
minutum FJ%2 % (Ng et al., 2008; Naderloo and
Turkay, 2009) » &R/ MEFEEEEEC
PROVERS LEA —1E o

A S 5 o4 W e N T - R ]
FHF% Nanosesarma andersoni (De Man, 1887)
BHE 4%/ Vi T8 N. vestitum (Stimpson, 1858) °
FEAES B ETFHREE - i DA R &30 5k R L
(CW, carapace width, SEMH 7545 i 5 2 BE )
B GE i FF = (CL, carapace length, 5 ik FF 4F#%
FR R Rk g 2 BERE) » DL mm B EAL o #F
A AF RS B AL A V) 19 P) B (National
Museum of Marine Biology and Aquarium,
NMMBA)
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18 A/ | Vi 15 /8 (Nanosesarma), < fli i 35 2

1. GEN R R HI S ARG S E N B AR - 1 —WIRERY v RIBRZIRRGH o MEVEEE R SR i

FUARBERF - Al Bh TR HES AR

............................... /N NAHTFEE N. minutum

- GE P AT R EIR S5 i iR SR > s/ VR 5 IEVE S E AT iR — B SR

# o AlEH R ARESIRBERL. ...

2. SR BLKVSE RS » AT = SRR 5 BEMERS TR S TSR 17 —SIRIRER %5 » Ty

BRI IIRBERLES 50 MU b

................................ FE4R/HTFEE N, vestitum

B g B AR R - BEISUE SRR AG B 5 VB R E AT —IFUIREE D - nTEfE i 1)
RIS 14 M. e LA VHTFEE N, andersoni

LS VT
Nanosesarma andersoni (De Man, 1887)
1A; & 2A, B; [E 3A, C; [&E 4A
Sesarma andersoni — De Man, 1887: 657;
1888: 172: pl. 12, figs. 1-4; Alcock, 1900:
418.
Nanosesarma andersoni — Tweedie, 1950:
310.
Nanosesarma (Beanium) andersoni — Seréne
and Soh, 1970: 394.
Beanium andersoni — Tan and Ng, 1994: 82.
Nanosesarma andersoni— Komai et al., 2004:
45, Figs. 1D, 5.
Nanosesarma andersonii—-Ng et al., 2008:
221.

BUHEA : 333 :6.6x4.6mm~7.4x5.2mm;

1Q@#1IM) : 7.7x5.1mm » 3 Jul. 2014 » [ SRR S
HAF(NMMBCDO004373) » B EEHREE o

o REREEL - SR TR EEIRRIE - FRERIEH
R 145 Z4AETHE  HEEN > Hi
B0 h s T P o BRI LR RH TR AR - BH
PP B PYSE > PR RN BER L I 28T
BRI IR s = ma [l
o R (E 2A) - e REIIEHNA

fzet » EIREIERHEE - BRI : &
BIOMAITH W - T5 8 B2 SR R » ek
H—FIE 19 BZeREHIRL 2 B biikbE S - HE
PERNE 5 S5 AE R — 51 H A N R Y 2 8
BER : HEMEPTENFE TR EL 14 BOUIIRHESH B
RL o A A Sl A i AR 35 o e N A
BERERT : WHE BRI A ELAG E (8 2B; 3A) ©
H L R R AT  ETELATEIR T ~ PSR
RWIE » RETER » PEHI AR b8 K Bl 4
R B E SRR ZEHE 5 Iof B A AT 4R
RWIE % A5 E - miEiEsRmE —E =
BT A= ik s Fe AR P e B — B I AR
WIRE s 55— 5 =0 R FR AT A Sl - 25 1Y
R FRATE f EL % = Hoik (& 3C) - BE Mg
B HERIKE ORI ; LR RIK
fath > BERERL G BisHa > nEhiEYy
TR SRR - IR (E 1A) M
B A R o R 2R R U FY 2
R o #5245 BEEHE LT (@ 4A) ©

R AFETE H ARSI G 3 B AL
BRI A FLIFE T (Komai et. al., 2004) » 7E5
8 FI) 3 TS A5 I R O B S e v 2 v
7—% o

534G - i) T RS (Mergui Archipelago)
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~ IRV RE ~ BiEKFE AF(Tan and Ng, 1994;

Komai et. al., 2004) 8l Z R Bl (A 5E) ©

it © Komai et al.(2004)i% fRATHEAAE

IRtk B—KilgE iRy hse il » [HANF

FERROIIEEARIZ 5824 E  H Komai et. al.

Ry SiE AR HH A £ R 1.36 i ANHFF SR A AR

WREA S 1.42 2 1.5 o

Tweedie(1950) 7 4 17 Nanosesarma J&

% » #5644 Sesarma andersoni 5 » 5K

Seréne and Soh(1970) ff 4 7 Hi JB

Nanosesarma Ei Beanium [ » 73 HlI#65%E N.

minitum B N. andersoni S5 zUfE o {HiE Wi

i JB R AR B ST B PR > BB A

AFE ) HE R Tweedie 5 %E 9 N.

andersoni * MJE N. minitum (Tan and Ng, 1994;

Holthuis, 1977; Komai et al., 2004; Ng et al.,

2008) °

/N VE R

Nanosesarma minutum (De Man, 1887)

1.B-D; [& 2. C, D; |&] 3D; [&] 4B

Sesarma minuta — De Man, 1887: 650.

Sesarma barbimana — Cano, 1889: 93.

Sesarma (Sesarma) gordoni — Shen, 1935: 27,
text- fig. 7; Sakai 1939: 687-688, pl. 79, fig.
2.

Nanosesarma gordoni — Tweedie, 1950: 311;
Sakai 1976: 663, pl. 223 fig. 3; Fukui et al.,
1989: 230, fig. 20; #4&E, 1989: 61 pl. 8,
textfigs. 24a, b; WEEF5, 1996: 15; FLHA
f&, 1997: 18.

Sesarma gordoni — Ng, et al., 2001: 42.

Nanosesarma minuta — Tweedie, 1950: 311.

Nanosesarma (Nanosesarma) minutum — Seréne
and Soh, 1970: 393, pl. 1 fig. G; #FES
1986: 483, [E[f 68(2); [# 272(1-2); Dai and

LIRS

Yang, 1991: 530, pl. 68(2); fig. 272 (1-2).

Nanosesarma minutum — Hsueh, 1996, 8712
<, 1997: 230, [&/\ B; Ng et al., 2001: 42;
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B 1. =i METB Nanosesarma JREFHF © A, L&/ METF N. andersoni : B-D, /NE/MH
FHE N. minutum (B, EFRAAERT: C, EBRWER D, M) E~F, AV METEE N. vestitum (E, &
I s F, NEIH) o B RSIHENE

Fig. 1. Live colours of Nanosesarma. A, N. andersoni; B-D, N. minutum (B, with setose; C, setose
removed; D, ventral view); E and F, N. vestitum (E, dorsal view; F, ventral view). All male.
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B 2. 2/ \MHTFEE Nanosesarma #RA@1E © A, B, Z {2/ MHF4E N. andersoni (A, BENgH : B, /&
%) : C, D, /MU/NMHFEE N. minutum (C, SEIOH (EBRIIE) : D, £ IEE) : E, F, EHVIMETF
% N. vestitum (E, SERHE 5 F, ZEMIEEEE) o BB EENE o HEBIR - 122K -

Fig. 2. Nanosesarma from Taiwan. A and B, N. andersoni (A, carapace; B, left chela); C and D, N.
minutum (C, carapace (setae removed); D, left chela); E and F, N. vestitum (E, carapace; F, left chela). All

male. Scale bars: Imm.
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W& 3.2/ \iH 8 Nanosesarma © A, B, HEMEGHIEEEEH : C-E, HIHZEIUEE (A, C, Z{Eid/]
HF% N. andersoni s D, /N/NEFEE N. minutum ;s B, E, B4/ MHF N. vestitum) o FLBIR @ 1

£
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B 4. /c (B ACB2ER o A, L8R/ MEFEE N. andersoni 5 B, /NE/NHFEE N. minutum 5 C, EAR/
FHFHE N. vestitum o FEBIR: 1 Z K -
Fig. 4. Left G1. A, N. andersoni; B, N. minutum; C, N. vestitum. Scale bars: Imm.
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