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Environmental Factors Affecting Spatial Distribution of the
Mountain Hawk Eagle (Spizaetus nipalensis nipalensis)

WAL BRI 2°
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W %

il EC £ J& (Spi zaetus nipalensis nipal ensis) £ # i 4 FE By 4 8 fE Y B R E 5 2 #7 (Convention on
International Tradein Endangered Species of Wild Faunaand Flora, CITES)AT{# # < ¥fE - AHF5ELL
2004 4 1 F] 5 2006 £ 12 A fi* & s Frac Sk A G S A A & R - Bo & AR SR ~ B sy
(digital terrain model, DTM) ~ 4 # Bl -t st 1] FH ' 85067 [ fi &5 ) > S8 3t B 5 50 % # (geographicc
information system, GIS)¥EET i F £ [ 75 #r B3R 58 N - < BRI I o BFSE il SR - 6 EC A S A it
ISR BN 185 ~ JEBEGATE ~ IRBRIRGH 28 ~ s ~ B ~ RERE R IR A AL R 2R
$812% (normalized difference vegetation index, NDVI) % [ - 456 M @0 & BRI - T2 A OB K ~ BB
BIESE I BRSSO R - 0 [ s EE BRSS9 A o) EH B SRS /3 A 1,001-2,000m
Y1 25-45° 2 [l B ~ 5 NDVI 2 bk 25 L [ -
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Abstract

The mountain hawk eagle (Spizaetus nipalensis nipalensis) is an endangered raptor protected by
the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES). We
conducted a survey on its occurrence in the Taitung Prefecture of Southeast Taiwan from Jan. 2004 to
Dec. 2006. Digital coverage of human activities, digital terrain model (DTM), vegetation pattern, and
land-use pattern were used as the environmental factors. The relationships between the occurrence
frequency and the environmental factors were analyzed with the geographic information system (GIS).
The results showed that the occurrence frequency of the eagle was significantly related to human
population, road development, urban development, elevation and slope of land, vegetation coverage
pattern, and land use pattern. The frequency was higher in areas with lower human population and farther
away from road and urban developments. The highest frequency was found in mountains that were
covered with forests and had moderate to high normalized difference vegetation indices (NDVI) at
elevations of 1,001 to 2,000m and the slopes of 25° to 45°.

BRG] : BEEC A ~ EE R ~ 22T ~ BRI AR A ~ R

K ey wor ds: mountain hawk eagle, geographic information system, spatial analysis, digital terrain model,

fragmentation

Wb HIW - 984 10 H 1 H w3 HI 994 2 H 23 H
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a] o [RIBL o R R SR BT ) ST R B 2 A%
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o3 AR IR IS N KR LIS ) (Rt > 0 RHY

TEREHY > FI]FH TR AT DUHE I 2K 4 3th |
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) 3t 3 3 R 4 (G S) B A 38042 11 22 R & L
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Fig. 1. The location of Taitung Prefecture in Taiwan.
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Fig. 2. The survey locations of the mountain hawk eagle (upper figure) and its survey numbers (lower

figure) in 14 civic administrative restricts of Taitung Prefecture.
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(=) TEBEHA 5

P 1R 773 8 G SRS JRT1 K o JES A 5 L
AR [ 2 S O R MR BRGR 1E (x2= 43.285,
p<0.01) (3 2) - ;T RRARE » FRIF KA

E%ijﬁﬁ}’éﬁﬁiﬁ%ﬂﬁﬁﬁ?%ﬁ@” 3 (>4 km)
B 1 (59.6%) ~ 55 2 i (39.5%) 1 FR e i T HY 26
14%(23.1%) -

2 1 GIHRE TN 13 P 5 B A A o X RS B 2 R B

Table 1. Relationships between occurrence frequencies of the mountain hawk eagle and human population

densities
Human Hawk eagle Posteriori comparison
population ¥2- vaue
densitya Presence Absence Presence Absence
High (H) 14 (11.9%)  104(88.1%) 118 (100.0%) 55.287** L>M, H H>M, L
Moderate (M) 34 (33.3%) 68 (66.7%) 102 (100.0%)
Low (L) 100 (53.8%) 86 (46.2%) 186 (100.0%)

aHigh, >100 people/km2; Moderate, 20-100/km2; and Low, <20/km?2.

** p<0.01, df = 2

e 2. 2% G AR L 2 S R IS A A R A S B R

Table 2. Relationships between occurrence frequencies of the mountain hawk eagle and road buffer

Hawk eagle Posteriori comparison
Road buffera ¥2- vaue
Presence  Absence Presence Absence
1 50(23.1%) 166 (76.9%) 216 (100.0%)  43.285+* 3>1,2 1>2,3
2 30 (39.5%) 46 (60.5%) 76 (100.0%)
3 68 (59.6%) 46 (40.4%) 114 (100.0%)
al, <2 km; 2, 2-4 km; 3, >4 km
** p<0.01, df = 2

(=) Wl [ e 5%
LIR 77 R e M A R (3 3) » 15 A1 KA

TRy B Bt ] A DA 2 ] S D R R

& B e 1 (2 = 55.723, p<0.01) - 1T H ikt

RE > (A LA B RS - K PR A
R 3 i R (54.0%) ~ 55 2 (45.8%) Fl1
PR 2R 1 15(8.6%)

2 3. 7% G AR 2 ) o D SRR 3 A A SR K S B AT SR

Table 3. Relationships between occurrence frequencies of the mountain hawk eagle and urban buffer

Hawk eagle

Posteriori comparison

Urban buffera ¥2- vaue
Presence  Absence Presence Absence
1 10 (8.6%) 106 (91.4%) 116 (100.0%)  55.723 ** 3,2>1 1>2,3
2 104 (45.8%)  123(54.29%0) 227 (100.0%)
3 34 (54.0%) 29 (46.0%) 63 (100.0%)
al, <5 km; 2, 5-10 km; 3, >10 km.
** p<0.01, df = 2.
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= MU IR R A E R AR R R
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A e 2 I 0 ) T 44 R R P A Y
GPSPEAR R ABUEMIZ AR - 45 H B 15 ik
R RAE R ORI AR (115m) - fe i LS e B
(2,419m) o DU J5 e $Ra 1 G A A e H R
SR E B 3 A A5k [ ) Y AL 2 FEE O BRI 1 - PSS

i G S 22 ) A 2 BRI 1

(s SRS o i EC A Y B By B = 2
A BRI (x2 = 96.640, p<0.01) » WfisfEfT
BRME il BRI A L B A A =
VR P B 1,501-2,000m (71.0%) J 1,001-1,500m
(68.5%) » HiFRAHRT iR {EATRHA £5<500m (11.6%)
FHET 2T i 2 A L B A B = A YR A
500m L, T (88.4%) (55 4) -

2 4. B AR LR B 0 G A T B A 3R

Table 4. Relationships between occurrence frequencies of the mountain hawk eagle and elevation

) Hawk eagle Posteriori comparison
Elevationa ¥2- vaue
Presence Absence Presence Absence

1 17 (11.6%) 129 (88.4%) 146 (100.0%)  96.640 ** 3,4>1,2,5 1>2,3,4,5
2 43 (34.7%) 81 (65.3%) 124 (100.0%)

3 63 (68.5%) 29 (31.5%) 92 (100.0%)

4 22 (71.0%) 9 (29.0%) 31 (100.0%)

5 3(23.1%) 10 (76.9%) 13 (100.0%)

al, <500m; 2, 501-1,000m; 3, 1,001-1,500m; 4, 1,501-2,000m; 5, >2,000m.

** p<0.01, df = 4.

(=) B
LA 5 1€ P (50 i SRAEUTS i £ 1 2R
) UE JEE Bl 3 AT % Ik Y 35 52 R S oA T

2 5. X S L BB T B 1 A8 S 5%

(x? = 67.951, p<0.01) (3 5) - il HL HE I LA
i HH RS E 5 1 ) BB FEE 5 4 41 (55.6%0) AT 5 4
12(54.9%) » IR {RES 1 HE4R(1.9%)

Table 5. Relationships between occurrence frequencies of the mountain hawk eagle and slope of lands

Hawk eagle Posteriori comparison
Slope2 ¥2- vaue
Presence Absence Presence Absence

1 1(1.9%) 52(98.1%)  53(100.0%) 61.951** 54>1,2,3 6 12,345
2 9 (20.0%) 36 (80.0%) 45 (100.0%)

3 37 (30.3%) 85(69.7%) 122 (100.0%)

4 70 (55.6%) 56 (44.4%) 126 (100.0%)

5 28 (54.9%) 23(45.1%) 51 (100.0%)

6 3(33.3%) 6 (66.7%) 9 (100.0%)

al, <5°% 2, 5-15°; 3, 15-25°; 4, 25-35°; 5, 35-45°; 6, >45°,

** p<0.01, df = 5.
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=~ bR R REAY R A A R G A S H B AR
wE

(—) LU FI A AR ke NDVI 22 ] 73 A L S35
ARFFER IR B A L B KR DL (maxi -

mum likehood) » ¥t 15 BRI i — 5 i A2

(T -SRI PR 0 R > ARAHE S22 92 H

f > SR I DU A £ sth R A REY - 55 5l 2 AR AR

(3) ~ A B H(2) ~ R R A Rl (1) KK

& 6. f@f B R R B T MR b R

(0) o BNl fofi o I - 338 H LA St 1 359 455 ) A5 B i 22
R R o th (B R} o o e R AR S8R E 40-60 {1 11k
FRIE o SR BHoE AR - R 22 /) 81T 60
(E AL B AT K e P 3R A > GET & A
WA E R R BT RE R A (e RS e
i% 83.83% » kappa fiti 5 0.7846 (3 6) o L4} A&
Bt ¢ LL Erdas Imaginedit #5315 5 REENDVI 2
YA o R BRI BT 2 KR o

Table 6. The matrix of errors between the ground truth and supervised classification of Formosat- 11

satellite images

Ground truth
Grass Forest  Water Urban  Total a};JcSL?rra%y
Grass 48 16 0 2 66 72.73%
Supervised Forest 6 59 0 0 65 90.77%
classification Water 3 2 59 1 65 90.77%
Urban 8 4 1 57 70 81.43%
Total 65 81 60 60 266
Producer's accuracy 73.85% 72.84%  98.33%  95.00%
Overall accuracy 83.83%
Kappa 0.7846

(=) LI A AR

AWHSE LA 75 00 5E AT 15 B s R 3 ]
FH B G N A S B A R R
(x? = 44.477, p<0.01) (K 7) - KERBEHBH KA
T HI B SEIEE LUAR R (44.109%) F1H A EERFID
(35.5%) 75 fix = » 15 A1l G 8 6 1 AR PR LAY
BRI i i BUSEAE -

2 7. i G e L R B R R AT SR

(=) AR

AL LIR TT R € AT S 10 iG SR i 48
FERIR] - Ll £ 7 ) 4 BB 5 R e B B
(x? = 26.318, p<0.01) (3 8) - iifi KA [ i AE
NDVI &k 5 (45.3%)Eir (34.10%).2 t5 & »
171 £ (AR A= 5 AT AR [ ) RS 0 o

Table 7. Relationships between occurrence frequencies of the mountain hawk eagle and vegetation-

landuse types
Vegetation-landuse Hawk eagle Posteriori comparison
Total 2-val
types? Presence Absence © x-vaue Presence Absence
1 0(0.0%) 64(100.0%) 64(100.0%)  44.477** 3>1,2 1>2,3
2 11 (35.5%) 20(64.5%) 31 (100.0%)
3 137 (44.1%) 174(55.9%) 311 (100.0%)

al, forest; 2, grass; 3, urban.
** p<0.01, df = 2.
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Table 8. Relationships between occurrence frequencies of the mountain hawk eagle and NDV |
VL e e T v e

Low 0(0.0%)  34(100.0%) 34(100.0%)  26.318** 1>2,3

Moderate 62 (34.1%) 120 (65.9%) 182 (100.0%)

High 86 (45.3%) 104 (54.7%) 190 (100.0%)

alow, <0.3; moderate, 0.3-0.6; high, >0.6.
** p<0.01, df =2
# %
— > N 1 B BE 5 K 2 A5 5 B LG A S Y
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Abstract

The Kikuchi minnow Aphyocypris kikuchii (Oshima, 1919) isasmall native freshwater fish inhabiting
in streams, ponds, and small lakes in the eastern Taiwan. Due to over-fishing for fishing bait and to
environmental deterioration from water pollution and habitat destruction, its population has been gradually
declining, so that it has becomerare or extinct in many parts of its original range. In this study, the mature
male and femal e fish were injected twice with a mixed solution of LRH-A (0.2 xg/g wt) and grounded
pituitary glands of walking catfish (Clarias sp.) (10 ug/g wt). Their spawning, developments of embryos
and larvae were observed at 25°C in the laboratory. Fertilized eggs had an average diameter of 1.16 mm,
developed to the gastrula stage around 4 HAS (hours after spawning) and to the formation of myotomes
around 12 HAS. Heart started to beat at 13 HAS, and larvae hatched at 29-30 HAS. The yolk-sac larvae
had an average total length of 3.3 mm and started to ingest food on 3 DAH (days after hatching). The
dorsal and anal fins were well developed on 13 DAH, tail fin on 19 DAH, and scales on 30 DAH.
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Key words: Kikuchi minnow Aphyocypris kikuchii, induced spawning, embryonic development, larval
development
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# 1. %5t XAl ED Aphyocypris kikuchii (Oshima, 1919) 52 K It i 5 & it 2
Table 1. The embryonic development of Aphyocypris kikuchii (Oshima, 1919)

HAS Embryonic stages

34 Morula

4 Blastula

4-5 Gastrula

12-13 Myotome formation

13 Heart started to beat; otolithes observed

29-30 Hatching
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26 it AT 1 b R AT 1 2B
M SRE - 2R 33mm - JIE AN A
Al Vi A B (1 1B) = HIR 8 4 Bl il O i T
{0 BAAIRON e g LA o IR 2 R %
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2. Zg b ECHAED Aphyocypris kikuchii (Oshima, 1919) i 1 5 & 182
Table 2. The larval development of Aphyocypris kikuchii (Oshima, 1919)

Average total length

DAH (mm) Larval stages
0 3.3£0.0 Otolithes observed; head occupied mainly by eyes
1 4.1+0.1 Pectoral fins developed
2 4.4+0.4 Swimming bladder appeared
3 4.9+0.2 Esophagus devel oped completely; feeding started; bud of tail fin appeared
8 5.7+0.7 Swimming bladder devel oped in two sections; buds of dorsal and anal fins present
13 6.0+1.3 Dorsal and anal fins well developed
19 8.8+0.7 Tail fin well developed with clear fork; buds of pelvic fins appeared
23 11.7+34 Pelvic finswell developed
27 12.7+3.8 Scales clearly observed
30 15.3+1.2 Scales well devel oped
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mm > 3R BRI N B AT — RN
MEFAMG S E - Mg IR - DN B Bfal — K&
N ML EMREE TR > HARBIREAE
HEVIHISR o REER CASITMERL o % i
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fasciolatus (Gunther, 1868) ~ g /&, FX #R ity Squalidus
iijimae (Oshima, 1919) - & {# [ fil Metzia for -
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FE =5 2008; §5 <5 20000) 5 AR - LIk A
T f A B iR 2 K AR » 2 KR IR R L
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S

210 FCHT I SR N fe o - AR
PEARAL > B OB RMEfR > S SR K A HE ) -
SRR G FR VK M By K PR K i K e
ARy W WAL - TR RS A E &

1. % ith ECAH 0 Aphyocypris kikuchii (Oshima, 1919) : A, S ig & IR IR B H TN 5 B, Iz H
A fare > DI e BEAHE K > Bidm AEZEEER 5 C, WRH 19 KAy fa iy ] LU B8 2 I3 5 D, it 23
REfn - EECHKETESE - WHIR=1mm-
Fig. 1. Aphyocypris kikuchii (Oshima, 1919): A, embryo of beginning cleavage; B, newly hatched larva
with a huge yolk adjacent to head; C, larva on 19 DAH with buds of pelvic fins; D, larva on 23 DAH
with well developed pelvic fins (scale bar = 1 mm).
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AT  1.1-1.2 mm 2 [E (5855 2003; §@5 2006;

20 @
6 L TL = 3.79¢%%¢
) R?=0.87
< 12
- =
o
=
2 B
=
S
4

0 L

55 2008; FH5E 2009b) o

20 30 40

Days after hatching

2. %yt EC A4 Aphyocypris kikuchii (Oshima, 1919){b % f i i B = -
Fig. 2. A growth in total length of the larvae of Aphyocypris kikuchii (Oshima, 1919).
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Using a Wireless Sensor Network Technology to Investigate
the Fiddler Crab Population in Relation to Environmental
Conditionsin Mangrove
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Abstract

Mangrove is the most unique and important wetland ecosystem of the tropic and subtropic coastal
forests. It is imperative to monitor its environmental conditions and index species. We used a wireless
sensor network system to determine the relationships between the fiddler crab population and environmental
variables, humidity, temperature, tidal levels, and seasons, at the Danshuei River Mangrove Nature
Reservein Taiwan. The results showed that the crab popul ation was positively correlated with temperature
(r =0.407, p<0.01) but negatively with humidity (r =-0.376, p < 0.05) and tidal level (r =-0.563, p <
0.01). Also the population changed significantly with seasons (Fo= 16.551); the population was larger
in summer than in autumn and winter. In other words, the crabs were more active at low humidity and
higher temperature. This wireless sensor network system was recommended as a long term monitoring

system of coastal mangrove wetland habitat and the index species for the conservation purpose.

BIBLA = SEAUTIAEES « IR ~ HTISH B

Key words: wireless sensor network, fiddler crab, mangrove
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Table 1. The correlation matrix of the fiddle crabs numbers and environmental variables (humidity and

temperature)
Crab number Humidity Temperature
Crab number 1.000
Humidity -0.376* 1.000
Temperature 0.407** -0.932** 1.000

* Significant at 5% level, p < 0.05.
** Significant at 1% level, p < 0.01.
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A Study on Biology of the Penghu Octopus (Octopus sp.)

WA REE

s

Chen-Cheng Cheng® and Wann-Sheng Tsal
HHRIRREFZBGRERRAGAEFEMFR TS BEHRHAT 2L 266 7%

Penghu Marine Biology Research Center, Fisheries Research Institute, Penghu, Taiwan

* i RAE 4 : chengchencheng@mail .ph.tfrin.gov.tw

* Corresponding author: chengchencheng@mail.ph.tfrin.gov.tw

W %

WA T A - HAlf R ER a4 - Se DUt . R8s TRl s DUEECE: - Wil = A
7 2 AAEEEAT T 5 3 AIGER /) M= A RS2 - AIERR S IR 5E © 4 A EH KRB =
eI B 0 HoA] DL EACRCHIME R M - 4 A i AR MEE A LEBIRD - 5 F I E £
EWAETHRIA A K o M= 2 A SRR 3-4 F WA DI RR R A B85 - = fr 22 g 17-118 3 » ¢
Y B B b R AR o 7 F) e R DUt SR A R = KR A DI - AE DR 10-30 B - DR
14.7-20.6 mm ~ JUFE 4.7-5.8 mm o (EEERE AR AT DS E] 6 H T A MR T DIFIEE 8
H T4 - 2005-2008 47§ ] 5 ) g BUR R oK/ NV ANE] o (EL R B I B 2R -

Abstract

Penghu octopus (Octopus sp.) started to arrive at the inter-tidal zone of the Penghu islands in
February. Maleswere already mature and had spermatophoresin penisin March. Femal es had spermatophores
in oviducts at the beginning of April when the octopus population reached a peak abundance. The females
decreased in number after mid-April, and the octopus population vanished gradually from the inter-tidal

zone in May. The female ovaries grew during the months of March to April. The fecundity was 17-118
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eggs and correlated positively with the body weight. In the laboratory spawning activities of females
were observed in mid-July, and afemale laid 10-30 eggs, each 14.7-20.6 mm in length and 4.7-5.8 mm
inwidth. The maleslived to 21 June and the females to 26 August in the laboratory. The catch and body

weight were significant different but the total landing was not significant different yearly from 2005 to

2008.

RS : I A~ B B IR S R

Key words: Penghu octopus, Octopus sp., biology, inter-tidal zone, Penghu islands
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1 -
Fig. 1. Penghu octopus (Octopus sp.).
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Fig. 2. Thesampling area(gray mark) of Penghu octopusin theintertidal zone of the northeast Penghu islands.
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Fig. 3. Spawn marks of the Penghu octopus on the inner wall of a PV C pot.
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Fig. 4. The number of Penghu octopus caught in the intertidal zone of the Penghu islands in March and

April, 2005 to 2008.
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Fig. 6. Body weights of Penghu octopus caught in the intertidal zone of the Penghu islndsin March and

April, 2005 to 2008.

# 1. 2005-2008 4 3-4 H [l {1 5 11T F 4
T 1) R B B (R [R] T B 3RO 22 PR
p<0.05)

Table 1. The body weight of Penghu octopus
caught in theintertidal zone of Penghu islandsin
Marchand April, 2005 to 2008 (different superscripts
a, b, c and d among yearsindicating the significant
difference at 5% level)

Year Body weight (g)

2005 65.9 + 14.6P

2006 51.3+ 14.9d

2007 56.9 + 18.8¢

2008 104.0 £ 24.42
=~ TR

2006 4 3 F {73 fili 6 0 ) A ME 72 K -
46 % » TELLES 61.0% - 4 F 3 fili it 107 & -

Ift 130 % » PELLAS 45.1% ; 2008 £ 3 H {74 1%
It 35 LA EHERIE 1 &) ~ i 40 & - 1%
LERs 46.7% > 4 F 4 M 60 & (B2 HE 3
H 6 &) ~ fif 90 & » PEELAY 40.0% » @R 4
P03 LA AETARRIRT - e 151 25 s A S Y L
{113 g k>l 7)

P~ A TEARE R

IR 1 A SRR AR B 3 Arh ) E
A 1%LLE > KR R F LR A B
¢ (a7 7 R i) £ LR T S BN 5 ([ 8) 5 e
W& e 3 A )iy GSI A %11% > 4 H
ey HIA Sl A B e B 2 5 21 3% LA E ([ 9) -
2008 - i - SE IR ME ) i I P R 3 (1] 10) 72
TE3H29H » #88EF 105.7g » GSl £ 1.26% » 22
Yrgs o1 8 - PR KN T (18 11)£5 10.6 £ 1.2mm
B 1.9+ 0.5mm ; 2006 o i 5 5% Fr e 0 i U1 4
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NERSEE4A 7TH » #EH 60.3g » A 56+ 1.3 mm K 1.4 + 0.3 mm o ffLI{E 4 HY)
a0 0.5% » 7 BREs 72 5 IR K INTLE DAt 5t AT LA 3R A2 B e ot s f o

100 2 2008
90  x 2006
80
70 x
60 X
50
40 A “ % A
30
20
10 B a
0 ! . : : . .
I-Mar  11-Mar 21-Mar 31-Mar 10-Apr  20-Apr  30-Apr
Date

Sex ratio (%)
X

7. 2006 J 2008 1) 3-4 H [l i) = f a1 kL% -
Fig. 7. Sex ratios (%) of Penghu octopus in March and April, 2006, 2008.

8. W R S ARG A
Fig. 8. Spermatophore in penis of Penghu octopus.
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Fig. 9. GSI (%) of Penghu octopus in March and April, 2008.
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20-Apr 30-Apr

10. i) # fa i yhE A K

e T avan

H 2k ©

Fig. 10. Spermatophores in oviduct of Penghu octopus.
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Egg long

—
Egg wide

11, S R I

Fig. 11. Measurements of egg of Penghu octopus.

I~ PYREE

2006 4 R i I A AR RE RS 60.9 £
18.0g (Mean + SD) » 72} 59.3 + 23.6 HE(Mean
+SD) ; 2007 4F Jfs &5 fa B g 5 71.1 + 20.4g »
7Yl 64.0 £ 16.2 5 ; 2008 4 = 2 1Y S EH
5 100.9 + 20.3g » %25 85.5+ 18.3 1 ; iy
SRR R 2 I B R A e L e

B (& 12) » GRS K N Er R GSI TR R (8
13)

~ I £ e R R

2005 FHE AL LT 5 RBIEE - HIAHIES 5
H16H -6H10H -6 H21H-7H12H K
8 H 26 H » iz 6 H 21 HRYEIZHEH G (7Y i
B H7H R ABIRCEgESER 7 H 12
HAE[F— A AN EIRRS A & 73 ERGIRL > 73]
7 10 B8 K 17 BE5N(E] 14) » Pl 20.020.9mm
(Mean+SD) ~ JE £ 5.7+0.2mm; 8 H 26 H
ot e B AE ORISR (83 1 S MER) I e
fa > FEREHIEEIEE A SRETN - DNR ~ INTE )
A E(16.3 mm ~ 5.3 mm) ~ (15.5 mm ~ 5.1 mm)
K2 (15.5 mm ~ 4.8 mm) ; 2006 & H:5E1T 3 KEH
% HHI AR 7 A 18 H (E AR A% M
) ~ 8 F 3 HCEMEEIN) ) 8 H 14 H (K
ARSRR RS AR) - 7 H 18 H BB AR MR T 75 2
B SEPNAIR B X L&A 30 301 - IR A 155
+0.8mm-~ JIEE 49+0.1mm:; 8 A 3 HEEH
FARB B A AE RIRHR B - (H S BUE 7Y
g (lE 3) s 8 A 14 H il it 58 BIE 7Y F K
FEYNEER o

140
0 % 2006 a .
120 -‘2007 & A A A
& 2008 A, b0
a 100 - *xa.u. ‘h‘gaf
S o8 xx M 4 a,0 8
S . ";;‘koﬁgx na‘“ﬂ
‘g 60 ,“,xozo:
= ® 3 “‘f
40 .o Py XX
* x
20 ®
0 1

0 25 50 75

100 125 150 175 200

Weight (g) of Penghu octopus

12. 2006-2008 4 1 1] 7 fa e 7 Bl 22 G B 1%
Fig. 12. Relationship between body weight and number of eggs of Penghu octopus, 2006 to 2008.
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Fig. 13. Relationship between GSI (%) and egg length of Penghu octopus.

14, (3= R I e A ek T R AR M S T -
Fig. 14. Eggs of Penghu octopus attached on the bottom on PV C plank individually with a short stalk.
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Fit LIRS 8 A 3 4 (2005-2007 ) £ 8 -
HAM ERRRER(ERD -

W AL 3 AWIE 3 H IR E
HI A EE - 2R 4 AYIE 4 AR EX
T SN » T 32 v fE B e e A By
L RA - & BAERER A LI
B 4 Aipri R A KRk AR R (5
2005) "] LU HA -

R Y

AR ACBOINE » = S gy LA BE g i A 4
P E M EE IR - A1 H 5 A Octopus vulgaris
5 SR 58 & e g AT A L e DN
# AN (Froesch and Marthy 1975) » [X] LI &5 f&
A2 O % L AT LLAE e 9P 8 8BRS 5 - 1
2005-2008 FHRE WM = 2 hl SRR > B
£ 3 A AR AJIE » gk AT DL B I I 80 = f R
A B2 S (A ks 8 R Ui ) BT RS 36 > 38 R 1 R
AR AR S ER AR CAS R > A ACBCRETT »
{ELIE IR (€ B 1 A e R PR O/ > B —E5F
3 A ML - T aE E a i E N
SEHURE AR » & R W1 5 F0 T A LISy 2R 2 il
WIIER » B T REREERN > DTES TR
BCHIAERS - 53— 5 > BB 2 ECAT /A GE
ih o BREBUEME 4 A F -~ A b —F R
5 Il 4) > 2005-2008 - #R A FH[F] 5 R -
BRI SRS G B AT A B » (E15-FE—
22

3-4 H TR 5 fa (e WA A 1 b L
Sy SRR 4 A EE 3 A G L
HE 4 AR LRt Ra L 1 % - BESR
2008 R BT L O AR o (B EL R AL
TEFAER A HHIR HEEEA (8] 7) - 4 H i) DU
PE(EASHIRALLMETE 22 - I BRI A R AL
P S M P T W) 2 R B G 2 Y B SR > HEM
7 A BO 1 A 14 2 10 = o S e BRI A
B R N E AR TR 0 Bk AR
HREZE > i EL B A A 7 0 8l S i o 468 e A

R EEE 5 A% o HEEEEPE B e i K AT
REE RS (IR R B > @TRER R (e
TR S PO BCRI B & © #5760 SRl REUT ¢
W E A B H R ER S TR~ R
Ko AZHC » T M 8 5E kAT B 1 15 o A Y
i o GBI RAE B B SR IR AT 5 B
(Oosthuizen and Smale 2003) - 5 A {4y LA 1E 5
(D 8 P it 2 e B D KE D - AT RE B
SRIET > A AT REMREE (ERR 2RI )T - (RIfS5E
R S R T A aHE R HEREER
EARHEE A HIETEFE 6 A T ARV Sk -

[

~ DI A i o e B B
MR A AR FE BE 3-4 A LA
Ko T M ) A i A B A W S Y S
B o AR 3 A )L AT LSS ER K AR o Ik = AR
B2 S RS REEE - FOR IR KT 70 Y fife %
A AR - th ACBCHYRE )  (HME = fay)
A GERE A 3 H LARIRAAE 0.5% IR
FEANE] 6 mm o> 4 F T A)IRE AR Rl AR e R L
C AR 3% » HLEYNRAER 15 mm - Jig
B A S R B S T K o BESRTE S H 1
ENFEIN7 F )33 BEIRERE > 3 1 B ALY
s - L A SN E RO H &
B o (BIE IR AR EINRC sk PR B R 2 HA
7E 30 FHY[(2006 £F) » LLEE{E 2 A 3-4 F ]
B A M R T 2 2 DN 59.3 Y —2P -
ST > [RIERIAZBC R A E IR A N
£ 5.6 x L.Amm » [ & H IR £ 15.5 < 4.9mm »
SEOR LI AZBC AR I ITRLR o JREAF & DIAE R
R K RHS R HEAY 2 2 K IR L 22 [
B > P LAON . R BLAH BRI 2 S 22 ) - daia
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W %

A HGE IR E 58 Bl (Dacryopilumnidae) 1 & 2 ff : 7~ KR £ Hl]%E Dacryopilumnus rathbunae
Balss, 1932 Eid &+ R & #il] % Dacryopilumnus eremita Nobili, 1906 - [{f & 5 HREE H 5 =&t 2 /i
B - 1% & s o o RC ik 0 ELE H iR e Bl iR /e Ui 2 70 AR o A SCEC U E f il 2 T R B A R
Rt R K > MR AR > DURBAN ~ B2 820 I 2 R (R A (8] -

Abstract

This paper reports 2 species of the dacryopilumnid crabs Dacryopilumnus rathbunae Balss, 1932
and Dacryopilumnus eremita Nobili, 1906 from Xiaolanyu, aremote island adjacent to Taiwan. D. eremita
was anew record, and the island was its southernmost range of its distribution along the Festoon islands

of Southeast Asia. Morphology and ecology of the two species are described, color pictures of their
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G R TEE

natural habitat, drawings of the carapace, and cheliped and ambulatory leg are provided, and a species

identification key is presented.

BSRE ¢ 5 FCIRE A LR BB  RE AR TR G

K ey words: Dacryopilumnus rathbunae, Dacryopilumnus eremita, Dacryopilumnidae, new record, Taiwan

Wtk H 984 12 H 21 H

Received: December 21, 2009

IR % | £} (Dacryopilumnidae) i) 73 X8 it
(VAL A H 8 4 B R (Eriphiidae) I HY IR B 18
g fl(Dacryopilumninae) (Ng et al. 2001) # #2 T
R ek (Ng et al. 2008) - A} H A {£H R
E 2 /& (Dacryopilumnus) 1 /& » L& A KR
L ifi|%%% Dacryopilumnus rathbunae Balss, 1932
B2+ R £ fi]%8 Dacryopilumnus eremita Nobili,
1906 % 2 1 » 5 £/ NIRRT B A > BRIZ
AR EHE—PERZFEE » DUEE G ERE IR E A D.
rathbunae HY 1 Z550 $% 52 R I8 (Suzuki 1985) o

ABFFEAE 2009 Z=BHAA KR /NG L) )
M A HREAE S > 3% 50 (21°57'10.53N,
121°36'27.75E) [6] K #3738 2 FRIREJIE » 45
JRE A FR A A SRR Sl o - BE
H e w] & > W DA B S B e (e e -
N 55 1% 18 th A & 37 VA W 7 Bk gk o EL R D
eremita J& (5 & B NS G EEEL - IR R AL
oIV B Vi o2 AC Bk o SR A RIS 7~ 8 HY > W]
BT 2 M YN R - R IR 5 SRR
%0 10 ARl RFFL HE 2 mm o A5 ) AR R
e > HEME f i 2 B 2 A0 KRR REA

#s(recruitment) o

o

ZXHW c99F4H1H

Accepted: April 1, 2010

AL T ik

A I o B 04 T AR VR P 7 /) ol ML %Y
TETHREE o Fo 0 A AC {8 5 01 FH a0 A R
5E ity FH 1 (carapace width, cw, B[TSE g I /¢ 45 B
L B ) Bl g Y 1 (carapace length, cl, A15H
e PR AL o B A% b R 2 BRIEE) - DL omm £
BT o BEARTE AN P i) (National
Museum of Marine Biology and Aquarium,
NMMBA) B[] 37 15 1R 7E K 22 (National Taiwan
Ocean University, NTOU) -

gRMAH

AR 8 R il R 0 18 R Y T RERF AT 45 5 [k

gy ERWMT
1. SE M BRI - BLRTINE - HRE R R
S SEAE T [U] > B R BT T R B R R
FE > o] REHFEEE » R R ——
... EC IR ZE Hfil| 8 (Dacryopilumnus rathbunae)
— B i T RERE A - DCRRIEE - R R A R 1
HEE T IMT > B R 5 IS 1 7 DRk E ]
E A REIF®REE > 2 ERFKE ...
........ %=+ yR =& il (Dacryopilumnus eremita)
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IRE R A1 IR T )
Family Dacryopilumnidae Serene, 1984 Dacryopilumnus rathbunae Balss, 1932
IRE R B 1A; 2A; 3A

Genus Dacryopilumnus Nobili, 1906

BRI

L. J52E % (Dacryopilumnus) B4 4 REE © A, % FC 5 711 (D. rathbunae), i 49 5 mm » F
T 10mm 5 B, [BRERIEE(D. eremita) » HKHK) 4 mm > FITEK) 7 mm e
Fig. 1. D. rathbunae (A, cI 5 mm, cw 10 mm) and D. eremita (B, cl 4 mm, cw 7 mm) in natural habitat.
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Nullicrinis amplifron Edmondson, 1935: 32,
pl. 2, figs. 10a-c.

Dacryopilumnusrathbunae Balss, 1932: 515;
Sakai, 1939: 525, pl. 99, fig. 2; 1976: 482, pl.
173, fig. 3, text-fig. 257; Seréne, 1984: 313, pl.
XLVII (F); Suzuki, 1985: 56; #{5FZ=%E, 1986:
336, fig. 176 (1), pl. 48 (6); Ng et al., 2001: 23;
2008: 57; Davie, 2002: 173.

AR 72 &, cl 3.5-4.8, cw 5.2-7.6;
3% %,cl 4.7-7.0,cw 6.4-10.1, NMMBCDA3115,
JNEEIEL, 2009.8.24, ZEEREEREE o

TERERT 0 - SHA R DNENE » B R %% -
TR RAT 1445 - RIDHGEE » BRIRARL » 5l
1/2-2/3 R BB E - oy W BARE > Fir i s 82
[ 1% < BRI ECAE - BT - T8 - BHA PR
4] > o HR T B A 5 P B 3/5-4/5 o HR e A
& o A o ARATSE U A o SRR 5 /2
EMERER > Wifa R BRAR IR EA N
REKL > AR EBIR - FimIE S - g SR
B0 B 1 P 94 225 RERL A (I 1 R R
£ REI=BE - KBOGE » BEMl/NERL - 28
15 48 IR » it E D2l E bl
REKL » 55 420 R REIEMOR FLET /A BORRRRL -

HE G - SEN HH ELE ~ DR AL e - 9H
M PRI 2/3 BEAt Ak € 5 1% 13 BilD R B K
BigtHE - DRRAN kA R BLATET - Bifi b
facHE OIS R IR - IRFLAE ik EE ¢ -

st HRRE b AR L R S AR
BRIL PR HZ R ~ MR -

g3Af - EIEE—PY K2R R 2 BERE IS (Christmas
Island) ~ ] A] H# B (Cocos Islands) ~ & Hi % &
(Chagos Islands) ~ HA ~ iR ~ G -

fiiat « AR S E WX A5
& > FriSHoE R s DU R 2 > TR -

B 1 R E R
Dacryopilumnus eremita Nobili, 1906
1B; 2B; 3B; 4

G R TEE

Dacryopilumnus eremita Nobili, 1906a: 264;
1906b: 400, pl. 2, figs. 4, 4a; Edmondson, 1925:
42; Sakai, 1939: 524, text-figs. 50a-c; 1976: 481,
text-figs. 256a-c; Seréne, 1984: 313, pl. XLVII
(E); Davie, 2002: 173; Ng et al., 2008: 57.

AR 14, ¢ 3.7, cw 5.0; 4% % (2
ovig. ¥ %),cl 4.0-6.0,cw 5.8-8.0, NMMBCDA3116,
/N IBL, 2009.7.10, BEIEIREE - 14, cl 4.8, cw
5.9; 7% $(1 ovig. %), cl 3.9-5.5, cw 6.4-9.9,
NTOU980712, /|\fiflfl, 2009.7.12, A= Fs R £ -
34 &,cl3.9-4.8,cw5.6-6.2;10% ¢ (3ovig. ¥
$),¢cl4.1-57, cw 6.1-7.5, NMMBCDA3117, /|
[, 2009.8.18, Z=PIEREE

TERERF - SENH RS ONEIE » AR %e -
TR R L4 (5% - RImHEGE - BAIRERL - §if
1/2-213 JRA AR E B s H I AU E
HEREAE - B T8 AN - FIRME R
I EEH 3/5-4/5 o (REMEIENE » (IR - IR
AISE I o BEEE[AAY > R AE AR » WIS
Bt BRI e s Bl NERL - 1 Sk B8
» FEUm A - W 2RI > FEE B BTN
HRRL - RS MACEMEVE 25 B > ST
HIZL SR - (EREME RIS R 2 IE » &%
R E NG AR - RET=IE » RE
Jets o BAl/NERL - 55 1 EE 4 2B BRI
/o RHEIT R E D BN EHRER - B 4B RER
B R #3001 A KRR o

HEt BN ELES BRI &
{1 B A S R 173 R DL B B IR YT B R 2
et s TR Rt - METE A B H oK b 2 2
ARE B o HEERIWT R R AR - PR R
BT i o BT AR ~ R gk R S LRI
K EER > feim A E A IRE G E K
EEA -

st - IR R 2 s R o ek ]
B B A g EE R Y AR AR B R i % -
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‘!‘A n.-h "*,-:15‘“", TR A LI
l' ]
M]? e .:“.e”r “\' ‘«3ﬁ” L f' lII ;
At lfl'. ”p":-‘"l”nIrpI.-",‘-.c ;
y“.t;’" 'r.“Hu A e g

o e e g J

nll'l 1y ”']:“
a W

2. JRFEHII & (Dacryopilumnus) S i H 15 [HTEH (L 25 H AR ARRERE) © A, 1% R TE R (D. rathbunae)
B, f& IR E R (D. eremita) - LLFHIR 1 mm e

Fig. 2. Dorsal views of carapace of D. rathbunae (A) and D. eremita. (B) (scale bar = 1 mm,; granules

drawn on the left side).
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3. IR E R & (Dacryopilumnus) /= Il E & - A, i3 FGRE R (D. rathbunae) ; B, f3 LR TR (D.
eremita) (EFR#LE) o LLHIR 1 mm e
Fig. 3. Left cheliped of D. rathbunae (A) and D. eremita (B) without setose (scale bar = 1 mm).
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&l 4. B3 LR E N (D. eremita) 45 {HIZ5 4 28 R A5 1HIE - ELATR 1 mm -
Fig. 4. Dorsal view of the right fourth ambulatory leg of D. eremita (scale bar = 1 mm).
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L EE BV B EY) o PR G B B YY) BRI 1% > A5t Ll matK Ed rbcl
TERTERRMS LKy B UE R A ARG - H R AR KAt B YR 16 E HEBEY) - di{¢ GenBank T
ik 8 1 E B e YT EL S - {5 PAUP HiREE 1T neighbor joining ~ maximum parsimony
maximum likelihood ¥ #5Bf (% 73 #f7 - ilfi B Bayesian faf IR [ % & 28T o 5 R BUR 5 8 2 2 B Y
EE R R 3 — B RIR & Hfi(section Stenophora) ; 5 — 77 S L & T 7 I E Hfi(section
Combilium) ~ J 4 ¥ Hii(section Opsophyton) ~ # % #fj(section Botryosicyos) ~ F % & ffi(section
Lasiophyton) k J& £ i (section Enantiophyllum) 5 i » i3 5 ffi .2 #1#% BR A 7£ L 70 3 rh/5 ] B i 1t
TR o AHIEZ o T HBIREE A IR EIEE B G » R aEESHEBEY) > £BREE 2T
73 8 6 BiHY 73 RA AL -



292 0 18 7 S TH B PR B

Abstract

Several species of the genus Dioscorea (Dioscoreaceae) are commercially important cultivated
plants.We used DNA sequences of the chloroplast genes rbcL and matK to conduct phylogenetic analysis
of 16 species of Dioscorea from Taiwan with 8 species of China, Thailand and Madagascar retrieved
from GenBank asthe referent species. The phylogenetic trees were constructed with the neighbor joining,
maximum parsimony, maximum likelihood, and Bayesian methods. The phylogenetic tree reconstructed
revealed that Taiwan’s Dioscorea were divided into two clades; clade A is the section Stenophora and
clade B iscomposited of the sections Combilium, Opsophyton, Botryosicyos, Lasiophyton and Enantiophyllum.
The phylogenetetic relationship of the Dioscorea in Taiwan based on the cpDNA sequences agreed with
that derived from the morphological characters. The datasets also supported the infrageneric structure.

IR + BHUB  SEHMIEI B UGN - 6

Key words: Dioscorea, chloroplast genes, phylogeny, Taiwan
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%

% 767} (Dioscoreaceae) f7 i 6% #1H BN H
FRAS 2 B SEREY)  ARME R IR JER I B
3-20 & » #y 650 fifi (Huber 1998) - 2003 4E #} T
HE#) APG |1 (Angiosperm Phylogeny Group) 4y
HHVE % Taccaceae fl] Trichopodaceae — B} A
ETER} - 278 (Dioscorea) fy AR} i il fH i %
Hor Bz 18 » 2Bk 600 1 » K% 4y
AAAEET S B e > DAFP R E iR % » H
INEE LY E 3

ETERTRILEE > BRIk 10 KIREHEY)
Z—» HIRCEIERReI el - MEEEL
IREESEFITEY) - EHESGEHE ~ 251K - 1
VB R RKEL R BEREEET
(diosgenin) & [k 7y » B HUAAL S 7 S % 1)

K HW :99FE2H 24 H

Accepted: February 24, 2010

e » SHAEFRE E IR ~ B 225 ke R (R
(] Py S5 5 i EL B (3815 1999; 1 2005,
2 2008; Xie et al. 2009; Zhang et al. 2010) -
RBHEYIECER RS > &7 AE
FI| 1861 F » Swinhoefii#:1) Dioscorea doryphora
Hance & 4 (Hance 1866) - Henry (1896) 4|51t &
AR BEY A STk LRAIE 5 2% %
i H A2 2 51l 51 2 B i Y) ) H Matsumura
and Hayata (1906)) 6 & 1 #fF ; Kawakami
(1910) 6 ff 1 ##fd : Hayata (1921) 10 ffi :
Yamamoto (1927) 9 fi 2 %8 Jx Masamune (1954)
FEFRAY 137 5 84 - 58 5L E Liu and Huang
(1962)%1] 1 14 #& 4 81 5 55—k (& EEY)
LY HyllH 13 f& 4 %8 f# (Liu and Huang 1978) ;
CEEEYEE) 5 _MtadH 14 1 4 S
(Huang and Hsiao 2000) - 37 & 2K &t 5 B {2 45
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(2000) ~ 7 il (2001) ~ [ 55 45 (2003) Jz a5 0
(2008) £+ 15 1 /e & T8 B HE W) 1 o B E 2 > {H
(RN GIlORTR

EHEB N BRH - Knuth (1924) #1230
$% 603 1 » L) S Bl AR & sl B S I RERE A 8
475 Helmia (Knuth) Benth. ~ Eudioscora Pax. ~
Stenophora (Uline) R. Knuth J; Testudinaria
(Salisb.) Uline % 4 1 J& (subgenus) f 58 i (sec-
tion) : %23k Huber (1998)}% A& B/ 25 i -
Ding and Gilbert (2000){f R4/ 84 € ~ f&E ~
Hit T BRI RE R BELAEEE » i i v [t [t ) A T
&7 B 8 i o #{4d Ding and Gilbert (2000) )
YRR - 51 S E B T o) £ 6 Ef
HRARZE AT (Stenophora Uline) ~ T2 € i (Com-
bilium Prain & Burkill) ~ 4 #1§i (Opsophyton
Uline) ~ #5 i (Botryosicyos (Hochstetter) Uline)
~ H ZHBfi (Lasiophyton Uline) k¢ i A= 2 i (En-
antiophyllum Uline) o

A BRIy oy FERE RIS AL R UMD >
TERHAS LA A AR - H D AE ~ Reoh M3
KENNALCES » SEHEE 72 BARE o JEF2K » DNA
Fe 9B FF S 15 B LATE SEDMER A » 31t K b g
{5 FH A 22 58 £ 5 HiE ) 1Y) 8 ik B £ (Soltis and
Soltis 1995) » {if A TE#%HE DNA BL#E H 5,2 JF
%% DNA (noncoding region of chloroplast
DNA) » HIf Hs AR ik > H EHT A BN
T[] 2 A5 BH R PR (Wolfeet al. 1987) - Caddick
et al. (2002) % FI[H rbel e 91l £E5Et 2 rERHEY)
Z %% » Wilkinet al. (2005) L) matK Ei rbcL 7
SRR A B R BR 1% - A 723 DL matK Eil
rbcL — PR IERK S DNA {F 8 EIEGE - PRt 5
188 7 S TE B R O R A B £ <

MR 77 %
AT G M8 B Bt HR A 16 10 9

JBIHY)(R 1) - AifE NCBI GenBank Tk 8 i
ZHBHYIFP IR LA 2% (£ 2) s Bt

32 F 5 IRl (Stemonaceae) 1 5 & (Stemona) iy
ETAR(S tuberose) ke 2 F Y8 11> 555 3} (Taccacese)
55 % 8 (Tacca) W HEY) « 35 % (T. leontopetal oi-
des) ~ i fR Z (T. chantieri) 54+ #E#18L - DNA
ZEMURA IR #r e ZE s LARY B HEA T PR HZ J%
ZMEE BERL R LAERE ETE > {K Doyle and
Doyle (1987) CTAB #yZ<HY /7 20K DNA Z5HY
i S E & o Y51 2% Wilkin et al.
(2005)fit %€ i+ .2 Dioscorea ~ Tacca B Burmannia
) matK Eiirbcl [7-51] » L\ Bioedit#k # HE 7 1%
o ERET R 24 KR 2 5| matK-F (5'AC-
CCCATCCCATCCATCTGGAAAT 3) ~ 24 % 1F
5+ matK-R (5 TATCCAAATACCAAATGC-
GTCCTG 3) ~ 27 #1115 | F rbcL-F (5 GTTGG-
ATTCAAAGCTGGTGTTAAAGAT 3" 20 %
5|+ rbcL-R (5 CGTCCCTCATTACGA-
GCTTG 3') o Mt &g i 8 [ (PCR) Y 5 14 3%
TEFS  94°C 5 min FIEH - (T 94°C B 1
min ~ 50°C%L& 45 sec ~ 72°C/E{Hx JlE 1 min »
HAE A0 (8 EER - FRi% 72°CHETT 5¢ A HUAE (A
# 10 min o 25 ul [ JERSFEH A 0.5 ng il &
# DNA > 2.5 ul # 10x buffer » 2.5ul MgCl, (25
mM) > 2.5 ul dNTP mix (8 mM) » 0.1 uM #y
primer Jz 0.7 U ) Tag polymerase (Promega, Ma-
dison, USA) = L 1% IG5 » ME Rk ZIE
ot gy (ethidium bromide, 0.5 mg/ml) » HY 5
ul PCR S N | 1 ul 6 55 e AR (6x
loadingdye) » 1T Lk 73 # < {5 H] Tag DyeDi-
deoxy Terminator Cycle Sequencing Kit (Applied
biosystems),2 /51 » iifi LL EH @ E%EE 53 H7 # (ABI
3730 DNA Sequencer)#E{TEF ©

HLLEY DNA 241 L)L BioEdit fiigd 7.0.5.3
i ClustalW (Hall 19993 {F 4T » A A T.
W 1E > A #EE MEGA 4.0 fili(Tamura et al.
2007)E 4L qhd o il B IR TR B 70 ELAHL AR
T 8 S B B S BRE » iin E ( R A AR e
¥ Kimura two-parameter f& = { & (Kimura
1980) » Lk gap i Fr 51 HE 1T Wl W9 L - GF
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SELFe 51 ] 38 A ol R A B EL A > DUEE A5
ANTA] 0 LAy 558 (E BEEE o {5 F PAUP V. 4.0 b10
(Swofford 1998) & 447 ILD test » P{ 5 0.15 »
AL 81 o0 F A LA AR TR 2R -\l matK
B rbel F4ll& B i » LA 38 #5212 (neighbor
joining, NJ) (Saitou and Nei 1987) ~ #x A&y
12 (maximum parsimony, MP) ~ fxz KALIZA 1 (maxi-
mum likelihood, ML)35 3 f 75 i A R ok fet o
Ll Bayesian 3.1.2 (Huelsenbeck and Ronquist
2001) & 2 s H FCBT#% S (Bayesian tree) © 5

% 1. EHBHYR R

0 18 7 S TH B PR B

K EALBRIE - Il Modeltest 3.7 2 X 152
RIERA 28 (FR Al 2% K&
hLRTs test Zi& i (£ 0 TVM + G o [R5
H R — 18 73 3 o ATAE B I FH k7% 93 125 (boot-
strap) » 1T 1,000 KA REREHURHIES - DIGHE
R 5 IR [ Yy 7 {5 2 (Fel senstein 1985) -
[] B th 21 2 — 2 35 #(consistency index, CI)
(Kluge and Farris 1969) il {5 24 ¥5 % (retention
index, RI) (Farris 1989) FJ LA fit i #5 3 172 5 B
BB R SR -

Table 1. Sampling locations of the Dioscorea plants used in this study

Chinese

Species names Locations Longitudes Latitudes
Section Stenophora FRIK & Hfi
D. collettii Hook. f. I ETE Dongpu, Nantou 120°55'50"E ~ 23°33'40"N

D. futschauensisUlineex R. Knuth #5274
Section Combilium T EHfi

D. esculenta var. spinosa R. Knuth il %34
Section Opsophyton 3 4E 1

D. bulbifera L. gt
Section Botryosicyos {5 I £
D. cumingii Prain & Burkill o L e =22

Section Lasiophyton [ ZZHRAf

D. hispida Dennst. KiEHE Sun Moon Lake, Nantou

Section Enantiophyllum & 4= 388

D.alatal. K=
D. batatas Decne. EQIIE
D. benthamii Prain & Burk. RKEE

D. cirrhosa Lour.

D. doryphora Hance R
D. formosana Knuth BT
D. japonica Thunb. HAETE
D. persimilis Prain & Burk. Rl EE=
D. polystachya Turcz. HELL

D. sp.

Mazu Nangan, Lienchiang

Lanyu Yeyin, Taitung

Lanyu Hongtou, Taitung

Datong, Nantou
Yangmingshan, Taipei
Saikung, Hong Kong
HEESEHS  Caoling, Yunlin
Bagua Mountains, Changhua  120°36'50"E =~ 23°53'10"N
Manyueyuan, Taipei
Tengzhi, Kaohsiung
Shilin, Taipei

Mazu Nangan, Lienchiang

Dahu, Miaoli

119°54'20"E  26°09'40"N

121°33'10"E  22°02'14"N

Baiguo Mountain, Changhua  120°36'24"E =~ 23°56'58"N

121°34'05"E  22°01'00"N

120°54'37"E  23°51'58"N

121°09'35"E = 24°03'54"N
121°32'37"E  25°09'28"N
114°16'01"E =~ 22022'29"N
120°43'10"E ~ 23°36'50"N

121°26'36"E =~ 24°49'11"N
120°44'20"E =~ 23°03'35"N
121°32'42"E =~ 25°06'12"N
119°54'20"E 26°09'40"N

120°51'11"E 24°25'40"N
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7 2. {i& GenBank T il B AT 5% HHBH KA A 2 TE ok 8 B ] matK il rbel DNA 55153 & F
Table 2. Chloroplast genome matK and rbcL DNA sequences of the Dioscorea speciesretrieved from GenBank

Accession No. of NCBI

No Taxon Country
rbcL
Section Senophora
1 D. tokoro DQ974186 DQ408180 China
Section Combilium
2 D. esculenta AY 956497 AY 904794 Thailand
Section Opsophyton
3 D. bulbifera AY 956488 AY 904791 Madagascar
Section Botryosicyos
D. melanophyma EF614210 DQ408176 China
5 D. pentaphylla AY 972483 AF307470 Thailand
Section Lasiophyton
6 D. hispida AY 957589 AF307463 Thailand
Section Enantiophyllum
7 D. polystachya EF028331 DQ408181 China
Section Opsophyton
8 D. sansibarensis AY 972489 AY 939883 Madagascar
SR dnstah Ml RS (0 —/ D ER(6 (iR JE) 7E

5 E KT 5% .2 DNA Fe3il 2 75 BL{E B 5
RHERIRTARAZZ B » BT ANR] R S (R Y
Bt - SEIRFR 73R AL R R L
8 AW R A matK e 91| B L (e 22 2
HERFARE Z T S RSP e 2 B > 0 P B ik
HEFEIR 91l 2 it 7e e DU — (R & RHE R U
%o

AW9E.2 16 MG E Y - HmatK
FRAIl R A1 1> 895-901 fig £ 2 H] » PREER E 78
% 901 fifi Bk - HER S 895 1R 5 1 rbeL f¢
Bl B 155 1097 ikt - B Bk e AL
K Fr 21 matK g rbcl iy 5B » 8 & KR B £
—E - EMiEEE G + CHE T - matK 7
Hl RS 31.4-32.0%;2 ] » rbeL 231 Fr E% G
+ CH R E 7 LRIl & 0 B 44.2-44.6% o matK
B rbel 38 "Bz IR RS REUT - AR

matK 41 Fr B BTk 2 B4 A - FLBR A A 5L
% F g A U (substitutions) Z 5 1 - 18 —BJ7
B i 5 95 H9A (transiti on) il g 1 S5 HE #44 (trans-
version) ELfE 5 2.025 (35 3) » BLAEF & K
£1H 0.5 » B ILEZ DNA 8 fi s (L »
f& < B A1 (Graur and Li 2000) - {f 5 Kimuratwo-
parameter & = {5 2 & (HpR (3R 3) » G 16
T ETEBHEY) < B E TR 0-0.042 - &
{5 PR A KR S 3 i 9 B K 8 (0.042) K [ i
HH#(0.042) » Hix e "B HE 81 &
(E R R R/ A RS 2R L S B (L) > PR (e B A T
Wt B H B 0 o G SURRRC B0 5% 111 4
1 £ 2 E B & D. batatas Decne. » #X[fij Ding
and Gilbert (2000)% D. batatas Decne. iz ¥ i
D. polystachya Turcz. /9 [RI#) 4 5 FE& 5% (1] 488
HE L A5 R [R] — R B A 2 5 MRS a2 s
Kooy Fe 9l 2 it F2 it 2R (5% L 45 B i 1] .2 matK
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Bl rbel T BRI 5E = tHIA]) - A SRR A
Ding and Gilbert (2000),2 4y RE R FH » 15 5¢ |11 4%
B | 145055 [F] — A B A 5 JRBE(E 5 1 s S 7E )8
fEYI R - EE R A A A ECOR K E B L
G5 O TEERE S ETE - HAS L ZEB R
L5 (Rt 1) 55 34H » HodEE PR £ 0.001 »
e R EH A A LR -

{# 3 Ding and Gilbert (2000) () 43 % g B -
B S B EY) IR BRI I 2 T A R
6 (R 1) : BUIRKKH 278 ~ TFIZEH L
LA A LA ~ AETER LA~ AR 1A K
JAI A O M o fBRaE i A BN RO kB
% > Y4 GenBank T 8 1 2 A /B HEY) 75|
TERELEI 22 > I B &S 16 1 E TE B IEY)
Je STEIMEEREY) » LA 27 {1873 K5 B2 T (operational
taxonomic units, OTUs)— &1 THEFPEE » 15
It/ 7,.2 NI~ MP ~ ML J Bayesian i #5 B %
EhiRIE 5 Fp S IR E = 5K (DB
7> XA bootstrap i {Kf> 50%ifi A fr 7= 52 » #§
% NJ~MP~ ML J Bayesian .z sk [&E % &
& » ETEBEY) 2 BB 1% L Bayesiantaf iRk &
ZH(E 1) - thEHREHE B RATER 4 Bl s
matK Ed rbcl —EgFedll & 0F & HER - EL & gaps
K& £ 2005 characters » 2745 342 (& %8 2 {3 B
(variablesites) 5z 209 {6 %A S (72 (parsimony
informativesites) » R=1.9 » £ & 457 » C1=0.84 »
RI=0.88 - matK [ 41|Hf > 1% 7% 907 el £ & &
W 129 {EFA S GLBL AT HEEs - rbel P 4I(E 1098
il 5L R e Al I E 80 {EEAE ARG 5 mhEEkk
HEEE A PR fE A B EE AR S > AF5ELL
matK fe 41l e i pE FHA S i % -

k@ 1A > MRS NI ~ MP ~ ML 5% Bay-
esian Pk B REHRE > 2R EHEBEY S
—HUREE - BLOME Tacca J&HHP) R I IR
(sister group) - Z FEB VIR 0 5 — K
7y 3 (clade-A Jy clade-B) » It — K73 SCHY SCHF
& 15 #H & 15 (bootstrap value > 99%) ; clade-A
FANGIRECH » clade-B @15« T FIZEH ~ 5

AR ~ EEERD ~ B AREN K A AT - 1
oy TRk TR clade-A MR SCHf £ B TE
JB Y i S SR —RF > B clade-B H At ¥
YA B RE ) SR WA P s b > b o - 38 45 B
Wilkin etal. (2005)f i SRAHV) & - giE{E 1L
(I HE S FEEE T S 0 clade-B (192 8B 15 )
Aot IR B P B TR I RO BR AR ISORGE 5 8 SR
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Fig. 1. Phylogenetic tree of the Dioscorea species reconstructed from the Bayesian method with combined
chloroplast genome matK and rbcL DNA sequences ( the upper left corner table, bootstrap values of NJ,
MP, ML and BI for each node (node numbers on the branches of the tree); *, bootstrap value < 50%,
indicating the collapse of the nodes in the phylogenetic tree.
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Table 4. Tree statistics for analyses of the chloroplast genome
matK rbcL Combined dataset

Total alignment lehgth (bp) (including gaps) 907 1098 2005
Variable sites (bp) 220 122 342
Parsimony informative sites (bp) 129 80 209

A% 30.2 26.9 28.4

T% 37.9 28.8 329

C% 155 194 17.7

G% 16.3 24.9 211
Transitions (ts) 23 17 40
Transversions (tv) 15 6 21
Transition/transversion (R) 153 2.83 1.90

Tree length 287 173 457
Consistency index (Cl) 0.87 0.69 0.84
Retention index (RI) 0.89 0.84 0.88

¥ = R » D. sansibarensis J&f» Macrourae
i ffT > 24 (D. bulbifera) J& 2 Euopsophyton £f
(R A LA (HAE 7 FBHIRIE R » B
B0 h2 AN HY 73 3 (node 8 & 13) » L IR
EEAIERE T SE M ] 5 5 18 70 1R
BRHAF] > 38 3 {184 [R] ar i 75 KR e - ]
DRI BIANFIEERS G o %888 Ry Dioscorea
sp.JE 25 B D. sansibarensis &6 —ff 0 &
RS e B JHE A > FE— DR -
bl % BT RN S FEAE ) T RE 2 B A e
Ko 1R A AR ETER A L s A4 AE
FEMEEE S o 2L EE 120 f#(Ding
and Gilbert 2000) » ;2 ffii & FE/Y 7> JEIE > K
ALK —ERH LT T EMEERE
SRR R EUEE o HE S > i
0 BRI P It 1 ) MR 1% - i K B (D
benthamii) i) & XA A LR E R T U > Bl R
HIEREEFC $% B 1906 1 » H Matsumurakil Hayata
Frac#k » &I € 7 D. oppositifolia L. »
1921 F 5 G a8 3L o B E EH A
% 5 [A]I - Hayata (1921) 2 1t 58 K & R R PRHY
— {3 HEA > B$F% 5 fE D. tarokoensis Hayata »

2 1927 4 Yamamoto & it 7y BEEEOF A K
Erh s —EITHES - (FEREHBHEMIEL
B B2 4L (B 7 B SRR K BB > B
HI% 69613) 1)K 5 BAE AL - FELG S AT AE
MR E BRERSR (AT > PREEABRATIE AR
(TAIF) » ff%E 75368 ~ 91577 ; [ 17 [ SA R £ 1d
VIREREYIMEAEE(TNM) - Fi5% S12984 ~ S12085 ~
S53619 5 B 37 5 8 KB HE YR A BE(TAL) > #f
A% 31200 : [5] 37 A B K B AR Ay BHER R AE AR A
fH(TCB) » TC147 ~ TC196) - MLPIfEAESE b
HIFL MEAT  ABRER D I ER R 3EE
1B > SB—E 5 Bl B H ARG » D&
R IE SRR - #E LU o W FR AR G
RPFFIMRERIRE BEA - (EH 2 HAE
FARE AR H G TR 3E 7 B 0 B B R H
B FEEL s (HE 0 F oI bL 1% - 38 E S LhkE
PEAAI AT E : REAEELAKRE
FR oA o EF P RE -

I FHZE ek i 5k (] B (matK + rbel ) i 37
EEE BT BB R IRIE o MESR R R
BN 73 SRR =) 34 (bootstrap e 97-100%) 5
SRIMAT L 53 S N 25 RERFIRII 38 [ EE A S 3 52
AR/ > BIATK BRI TT 8% 8 H &



300

FEEW - BEREERIE AR IRILEEE - HiE
{EPERER) 0.001 » #Z TR R BH th A 1 {1
L AR > O EEM S E - HA
[LIZEESR L SE (it (L) - HoE (R th 2 0.001 ~
il th il A LS o (€0 & RHFA
JE R TENER T WA PR d A (rapid speciation)
) —REFHBRTE » Wilkinet al. (2005) th & 1 /& £
SRERHY oy FERE PR AR AE o

fRal by &N o ATESLU T A o #E
B AR RS HE Ay Br(matK + rbel ) F 81l fd v &
8 e E TE B HEY) 2 Bk BA 0% - S(FF Ding and
Gilbert (2000) A 7 J& 1 T2 8 7> B BR BE » thah /2
G E S EBHEYCBRg 2T » nEE—%
oy £« ARAREE A (Stenophora Uline) ~ T
£ fi(Combilium Prain & Burkill) ~ % 4 ¥ i
(Opsophyton Uline) ~ #5 %= {fj(Botryosicyos (Ho-
chstetter) Uline) ~ 4 ZZ 4 #fi(Lasiophyton Uline)
K JE A= 85 (Enantiophyl lum Uline) 2 6 Eify 4
FHZEHE -

S S
=] -
,ﬂﬂ’ ,%‘

R UFEARERMEEELER &
BT AR 5% 25y 315 A A B R A e B o) A
RN 5 BREEERME B SR A 5 £
%~ BERBVNME ~ RIE -~ SRV RBEREL
AHIEAR 2 T -

71 R STRR

T HEER A - 1985« WHIE - %
B~ TR RIS 1654 15
fif  54-120 F o FLERHiBEA -

SRELHE - 2008 I LI4E2 o (EEE R P
TEHERIE o I SR T ARSI ST
TR

B - 2003 o 187 BRI S 1
B REFIR 2 5E o B3 PR d

0 18 7 S TH B PR B

B A LA S -

T4 © 2005 o 5 iRk B ke |11 68 2 e i B
PERTT o o i s B B K SR SE Y RIE 2 P fiEd
A S e

JBHZE - 2000 - i 2 TA 8 (TR 2 70
ige o BISZA LSRRI ER R 3w -

Bl ~ aRAS ~ MRS ~ BRIGY ~ £IEA -
KE R ~ ENERL - 1999 o (1] 88 7 & 1 5
M~ A BT~ P E EGTEAITSE -
FREE R SENT I 480 1-22 -

i $PE - 2001 - 5 18 7 E T B A Y) < o0 JANT
It o BN G EREY) R TEATRA 5m SC o

HTEEN] - 2008 o i TA R (AR B E
FERSC o BT R PO B AR AR E A
o

Caddick, L. R., P. Wilkin, P. J. Rudall, T. A. J.
Hedderson and M. W. Chase. 2002. Yams re-
classified: A recircumscription of Dioscoreaceae
and Dioscoreales. Taxon 51: 103-114.

Ding, Z. and M. G. Gilbert. 2000. Dioscoreaceae.
In: Z. Wu and P. H. Raven (eds.). Flora of
China24: 276-296. Missouri Botanical Garden
Press (St. Louis) and Science Press (Beijing).

Doyle, J. J. and J. L. Doyle. 1987. A rapid DNA
isolation procedure for small quantities of
fresh leaf tissue. Phytochemical Bulletin 19:
11-15.

Farris, J. S. 1989. The retention index and the
rescaled consistency index. Cladistics5: 417-419.

Felsenstein, J. 1985. Confidence limits on phylo-
genies. An approach using bootstrap. Evolution
39: 783-791.

Graur, D. and W. H. Li. 2000. Fundamentals of
Molecular Evolution. Sinauer Association,
Inc., Sunderland, Massachusetts, USA.

Hall, T. A. 1999. BioEdit: A user-friendly biological
sequence alignment editor and analysis
program for Windows 95/98/NT. Nucleic



B4 Y2 ERFZE(TW J. of Biodivers.) 12(3): 291-302, 2010 301

Acids Symposium Series 41: 95-98.

Hance, F. 1866. Dioscoreaceae. Annales des
Sciences Naturelles, Botanique Series 5: 244.

Hayata, B. 1921. | cones Plantarum Formosanarum
X. pp. 335. Bureau of Productive Industries,
Taihoku.

Henry, A. 1896. A List of Plants from Formosa.
Transactions of the Asiatic Society of Japan
24: 1-118.

Huang, T. C. and J. L. Hsiao. 2000. Dioscoreaceae.
pp. 87-98. In: Huang et al. (ed.). Flora of
Taiwan. 2nd ed. Vol. 5: 87-98. Department
of Botany, National Taiwan University, Taipei.

Huber, H. 1998. Dioscoreaceae. pp. 216-235. In:
K. Kubitzki (ed.). The Families and Genera
of Vascular plants, Vol. I11. Springer-Verlag,
Berlin Germany.

Huelsenbeck, J. P. and F. Ronquist. 2001. MrBayes:
Bayesian inference of phylogenetic trees.
Bioinformatics 17: 754-755.

Kawakami, T. 1910. A List of Plants of Formosa.
pp.121-122. Bureau of Productive Industries,
Taihoku.

Kimura, M. 1980. A simple method for estimating
evolutionary rates of base substitutionsthrough
comparative studies of nucleotide sequences.
Journal of Molecular Evolution 16: 111-120.

Kluge, A. G. and J. S. Farris. 1969. Quantitative
phyletics and the evolution of anurans.
Systematic Zoology 18: 1-32.

Knuth, R. G. P. 1924. Dioscoreaceae. In: A. Engler
(ed.). Das Pflanzenreich 1V. 43: 1-387.

Liu, T. S.and T. C. Huang. 1962. On the Taiwan
species of Dioscorea. Botanical Bulletin of
Academia Sinica 3: 133-149.

Liu, T. S.and T. C. Huang. 1978. Dioscoreaceae.
pp. 99-109. In: Li et al. (ed.). Floraof Taiwan.
Vol. V. Epoch Publishing Cooperation, Taiwan.

Masamune, G. 1954. A List of Vascular Plants of
Taiwan. pp.137.

Matsumura, J. and B. Hayata. 1906. Enumeratio
Plantarum Formosanarum. Journal College
of Science, Imperial University of Tokyo 22:
432-433.

Saitou, N. and M. Nei. 1987. The neighbor-joining
method: A new method for reconstructing
phylogenetic trees. Molecular Biology and
Evolution 4: 406-425.

Soltis, P. S. and D. E. Soltis. 1995. Alternative
genes for phylogenetic reconstruction in
plant: Introduction. Annals of the Missouri
Botanical Garden 82: 147-148.

Swofford, D. L. 1998. PAUP. Phylogenetic analysis
using parsimony version 4.0. Sinauer Associates,
Sunderland, M assachusetts.

Tamura, K., J. Dudley, M. Nei and S. Kumar.
2007. MEGA4: Molecular Evolutionary
Genetics Analysis (MEGA) software version
4.0. Molecular Biology and Evolution 24:
1596-1599.

Wilkin, P, P. Schols, M. W. Chase, K. Chayamarit,
C. A. Furness, S. Huysmans, F. Rakotonasol o,
E. Smets and C. Thapyai. 2005. A plastid
gene phylogeny of the yam genus, Dioscorea:
roots, fruits and Madagascar. Systematic
Botany 30: 736-749.

Wolfe, K. H., W. H. Li and P. M. Sharp. 1987.
Rates of nucleotide substitution vary greatly
among plant mitochondria, chloroplast, and
nuclear DNAs. Proceedings of the National
Academy of Sciences USA. 84: 9054-9058.

Xie, C. X.,C.M.Dong, S. L. Gao, H. Z. Qinand
Y. Bai. 2009. Analysis of biochemical indices
and efficient ingredients in autotetraploid of
Dioscorea zingibiernsis. Zhong Yao Cai 32:
840-843.



302 0 18 7 S TH B PR B

Yamamoto, Y. 1927. Supplement a lconum
Plantarum Formosanarum 3: 5-9.

Zhang, X. Y., C. G. Huand J. L. Yao. 2010. Te-
traploidization of diploid Dioscorea results
in activation of the antioxidant defense system
and increased heat tolerance. Journal of Plant
Physiology 167: 88-94.



B4 Y2 R FE(TW J. of Biodivers.) 12(3): 303-308, 2010 303

Three Newly Naturalized Species of the Genus Ludwigia
(Onagraceae) to Taiwan

& B ALK T & B (W 3 XA
Tsai-Wen Hsul 2, Ching-l Peng3, Tzen-Yuh Chiang? and Chao-Ching Huang®- 2.
HALL2 B3 BMEF2 RHBL2

1 Endemic Species Research Institute, Jiji, Nantou, Taiwan
2 Department of Life Sciences, Cheng-Kung University, Tainan, Taiwan

3 Biodiversity Research Center, Academia Sinica, Taipei, Taiwan

MTHREEXFZ B ERALYARRET o ARBRFERE RS 1K
PRZRAREEAGHELR GHATRER LR
SPRIMAIRAM SRMERET S ST HEER RIS =K 128 3%

* Corresponding author: huang@tesri.gov.tw

* i@ AAE & huang@tesri.gov.tw

Abstract

The genus Ludwigia comprises about 80 species. It is one of the largest genera of the family
Onagraceae. Six species and one natural hybrid of Ludwigia have been recorded from Taiwan. In our
recent plant inventory surveys, three species were found to be new records from Taiwan. They are
Ludwigia palustris (L.) Elliott in the northern region, Ludwigia decurrens Walt. in the northern and
central regions, and Ludwigia erecta (L.) Hara in the central region of the island. This paper describes
these species of Ludwigia with photos and distribution, and provides a key to all ten naturally occurring
species of Ludwigia in Taiwan for identification.
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I ntroduction

Onagraceae is a well-defined family of
flowering plants, which comprises seven tribes,
16 genera, and approximately 652 species with
worldwide distribution (Raven 1979, 1988). Most
of its genera are present in the western North
America. Four genera, namely Circaea, Epilobium,
Ludwigia, and Oenothera, are native to the Old
World, with 22 species represented in Taiwan
(Raven and Peng 1993). They have been revised
respectively by Boufford (1983: Circaea); Chen
et al. (1992: Epilobium); Raven (1963: Ludwigia),
Chao (1966: Ludwigia) and Peng (1983, 1990:
Ludwigia); and Peng and Huang (1986: Oenothera)
in the past few decades.

The genus Ludwigia L. comprises about 80

Accepted: April 12, 2010

2 HY c99FE4H12H

species (Raven and Peng 1993) in pantropical dis-
tribution but mostly in the New World and in the
temperate region. In Taiwan six species and one
natural hybrid of Ludwigia have been reported
(Raven and Peng 1993). In our recent inventory
survey of thefloraof Taiwan, three newly naturalized
speciesof Ludwigiawerefound. They are Ludwigia
palustris (L.) Elliott from the northern region;
Ludwigia decurrens Walt. from the northern and
central regions, and Ludwigia erecta (L.) Hara
from the central region of the island. The above
three newly recorded species make Taiwan to
have nine known species and one hybrid of the
genus Ludwigia. They are easily distinguishable
by the following key to the species of the genus
Ludwigia of Taiwan:

1. Plant prostrate or ascending; rooting freely at nodes.

2. Leavesto 7.5 cm long, narrowly elliptic to spatulate-oblong; petals 5; stamens 10.

3. Petals creamy white with a yellow base; ovaries mature into capsules.................. L. adscendens
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3. Petals yellow; ovaries abortiVe ..........cooiiiiiiiiei e L. x taiwanensis
2. Leavesto 2.5 cm long, ovate to elliptic ovate; petals 0; stamens 4.

4. eaves alternate; seed with an inflated raphe............ccccccovoiiiiiiii L. ovalis

4. Leaves opposite; seed without an inflated raphe............ccccviiviiieiiiici e, L. palustris

1. Plant erect; rooting at stem base.
5. Stamens twice as many as sepals.
6. Stem and fruits consSpPicUOUSIY WINGEU.........ccciiiiiiiiiiiee i ssieee e L. decurrens
6. Stem and fruits not winged.
7. Petals elliptic, apex acute.

8. Capsules oblanceolate-obconic, 4-angled; seeds all free........ccccccvveeviiiciieneeenens L. erecta

8. Capsules subcylindric, nearly terete; seeds free in upper half of the capsule, embedded in
chunks of endocarp in lower half of the capsule..............ccccevviieiiiiiennnn, L. hyssopifolia

7. Petals broadly obovate and emarginate............ccuvueveeeeeiieiiiiiiee e L. octovalvis

5. Stamens as many as sepals.
9. Capsules oblanceolate; seeds 0.3-0.5 mm long, all free........cccccoviiiiiiieiiiiiiiieeeen, L. perennis
9. Capsuleslinear or narrowly dliptic-lanceolate; seeds 0.7-1 mm long, all embedded in chunks of

L= a0 (oo o U PP P PP PUPRR PO L. epilobioides

1. Ludwigia decurrensWalt., FI. Carol. 89. 1788; Gard. 19: 88, fig. 41. 1987.
Raven, Reinwardtia6: 347. 1963; Ramamoorthy LK T & Figs. 1
& Zardini, Monogr. Syst. Bot. Missouri Bot. Jussiaca decurrens (Walt.) DC. Prod. 3: 56. 1828.

Fig. 1. Ludwigia decurrens Walt. A, habit; B, flower; C, crossection of fruit.
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Erect glabrous herbs up to 2m tall. Stems 4-
winged from the decurrent leaf-bases. Stipules 2,
minute, red. Leaves alternate, lanceolate to
elliptical, 2-10 cm long, 1-3 cm wide, acute or
acuminate at tip, acute or rounded at base, sessile
and continuing on the stem as decurrent base,
entire. Flowers solitary in upper axils. Pedicels
0.2-0.4 cm long. Sepals 4, lanceol ate, acuminate
at tip, 0.7-1 cm long, 3-4 mm wide. Petals 4,
orbicular-obovate, yellow, 7-10 mm long, 7-10
mm wide. Stamens 8, filaments 1.5-2.5 mm long,
light yellow. Ovary 4-cells, about 1 cm long, 4-5
mm thick, sharply 4-angled and 4-winged, obconic.
Style short, stigmaglobose, light yellow. Capsule
1-2 cmlong, 4-5 mm thick, 4-angled and 4-winged.
Seeds pluriseriate in each locule of the capsule,
free, elongate-obovoid, 4-5 mmlong, pale brown.

Specimen examined: Taiwan. Taoyuan County:
Luchu, about 100m, Peng 17673 (HAST), Wang
& Lin 1643 (HAST, TNM); Yangmei, 250m alt.,
Peng 17703 (HAST). Taichung County, Taan near
TachiaHsi, Li 489 (HAST), Huang 2253. Nantou
City: wet fallow paddy, Hsu 10035 (TAIE).

Distribution and notes: Ludwigia decurrens
is native to the New World and introduced to the
Old World: Cameroon, Gambia and Nigeria in
Africa, Honshu and Shikoku in Japan (Raven
1963), the Philippines and France (Ramamoorthy
and Zardini 1987), and recently to Taiwan. It is
found in wet lands, such as wet fallow paddies,
taro fields, waste swampy grounds, and banks
around fish ponds or reservoirsin lowlands of the
northern and central regions of the island. It is
often intermixed with other aquatic weeds such
as Ludwigia octovalvis (Jacq.) Raven, Ludwigia
hyssopifolia (G. Don) Exell, and Typha sp.

Ludwigia decurrensisrobust in shape, well
branched, sometimes woody at the base and

Three newly naturalized species of Ludwigia

becoming shrubby, and has showy flowers
resembling to those of L. octovalvis. However L.
decurrensisthroughly glabrousand has conspicuousy
winged stems and fruits, and cuneate leaf base,
while L. octovalvis has densely villous, square
stem but not winged fruits and acute leaf bases.

2. Ludwigiaerecta(L.) Hara, J. Jap. Bot. 28: 292.
1953; Raven, Reinwardtia6: 348. 1963; Ramamoorthy
& Zardini, Monogr. Syst. Bot. Missuri Bot. Gard.
19: 96. f. 44. 1987.

FK T Figs. 2
Jussiaea erecta L., Sp. PI. 1: 388. 1753.

Erect glabrous herbs up to 3m tall. Stems
reddish, 4-6-angled from the decurrent | eaf-bases.
Stipules 2, minute. Leaves alternate, narrowly
lanceolate to elliptical, 5-10 cm long, 1-3 cm
wide, acute at tip and base, with 15-20 veins on
each side of midrib, entire, petioles 2-10 mm long
and continuing on the stem as decurrent base.
Flowers solitary in upper axils, subsessile. Sepals
4, lanceolate, 4-5 mm long, 1.5-2 mm wide,
acuminate at tip. Petals 4, elliptical or obovate,
yellow, 3-5 mm long, 1.5-3 mm wide, acute at
tip. Stamens 8, subequal, filaments about 1.5 mm
long, light yellow. Ovary 4-cell, 5-7 mm long,
about 1 mm thick, 4-angled, obconic, style short,
1 mm long, stigma globose, yellow. Capsule,
1.5-2.5 cm long, about 3 mm thick, 4-angled.
Seeds pluriseriate in each locule of the capsule,
free, elongate-ovoid, 0.3-0.5 mm long, brown.

Specimen examined: Taiwan. Changhua
County: Tianwei, wet sandy ditches, Hsu 10022
(HAST). Nantou City, wet fallow paddy, Hsu
10036 (TAIE).

Distribution and notes: L. erectais nativeto
Central and Southern America (Ramamoorthy
and Zardini 1987). It is naturalized to Taiwan in
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wet lands, such as banks of ponds and wet sandy
ditches in the central region of the island. It is
often intermixed with weedslike | pomoea aquatica

Forsk., Ludwigia hyssopifolia (G. Don) Exell,
Ipomoea triloba L., and Bidens chilensis DC.

Fig. 2. Ludwigia erecta (L.) Hara: A, habit; B, flower; C, fruits.

It is an erect annual herb with acute petals
at apex and 8 stamens. This speciesis similar to
L. hyssopifolia but easily distinguishable from
the latter by 4-angled oblanceolate-obconic
capsulesand free seeds. Ludwigia hyssopifolia
has subterete capsul es, and seedsin upper portion
of the capsule free, but embeded in endocarp in

lower part of the capsule.

3. Ludwigia palustris (L.) Elliott, Sketch Bot. S.
Carolina 1(3): 211. 1817; Raven, Reinwardtia 6:
399. 1963.

HAK T & Figs. 3
Isnardia palustris L., Sp. PI. 1: 120. 1753.

Fig. 3. Ludwigia palustris (L.) Elliott: A, habit; B, fruits.
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Glabrous herbs, creeping and rooting at the
nodes. L eaves opposite, elliptical, 0.7-1 cm long,
0.5-0.7 cm wide, acute at tip, broadly cuneate at
base, and abruptly narrowed to a broadly winged
petiole, petioles about 5 mm long, with 3-4 veins
on each side of midrib, entire. Flowers solitary
and usually paired, sessile. Sepals 4, deltoid,
1.4-1.6 mmlong, 1.4-1.6 mmwide, usually minute,
strigillose along margin. Petals 0. Stamens 4-5,
filaments short, pale green. Ovary 3-4 locul ose,
obconic, style short, stigma globose, pale green.
Capsule, 3-4 mm long, 2-3 mm thick. Seeds
pluriseriatein each of the capsule, free, elongate-
ovoid.

Specimen examined: Taiwan. Taipei City:
Nankang, campus of Academia Sinica, about 50m
alt. Peng 18163 (HAST), Hsu 10076 (TAIE).

Distribution and notes: L. palustrisisnative
to tropical America. It is naturalized to Taiwan
inwet landslikefallow and rice paddiesin lowlands
inthe northern region of theisland, often intermixed
with other agquatic weeds such as Alternanthera
sessilis(L.) R. Br. ex Roem. & Schultes, Ludwigia
octovalvis (Jacq.) Raven, Ludwigia hyssopifolia
(G. Don) Exell, Lindernia antipoda (L.) Alston,
and Lindernia crustacea (L.) F. Muell.

Ludwigia palustrisis prostrate with ascending
tips, rooting freely at nodes, and its flowers are
apetalous with stamens. Its habit and appearance
arefairly similar to those of L. ovalisMiq. of the
eastern Asia, but it is distinguishable from the
latter by having opposite leaves and seed without
enlarged raphe.
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W %

R YUt 55 & 18 b 50 S b sz L3 B o W R B SR (L(859m) o AHfFSEH 2007
6 H 28 2009 - 5 H LR AR 8 07 XA 2 A 5 2 WG 0 - A5 SR L B0 Bk ist SR 169 7 - #Y 5
15 18 S [t U A B 2 40% > & SRR (Hesperiidae) 27 il ~ JELUE R} (Papilionidae) 21 #&# ~ R}
(Pieridae) 19 fifi ~ JX i F} (Lycaenidae) 36 fifi f ki £} (Nymphalidae) 66 fii : H Hiok ML 77 0 (Seseria
formosana) ~ % i &l it (Papilio thaiwanus) ~ #ifj B = i i (Neptis taiwana) 5 A i £ ¢ H 18 (Ypthima
formosana) % 4 ff £ 5 @R A FE o DUEWE AL AE & 18 8 50 A1 i AL SR A R BR R AUBLGE (P. paris) 71 4
THFEIR A EREERCER o A8 SCHI HY R Gt [ ] AR AN PR ER AL Bk o

Abstract

A survey of butterflies was conducted in the Dakeng area in the northeastern part of Taichung City,
Central Taiwan, June 2007 to May 2009. The highest mountain in the areais Toukoshan with an elevation



310 B AT UMK PREEFC 5%

of 859m. A total of 169 species of butterflies were collected, occupying 40% of the total butterfly species
known in Taiwan. They belonged to 5 families: Hesperiidae (27 species), Papilionidae (21 species),
Pieridae (19 species), Lycaenidae (36 species), and Nymphalidae (66 species). Among them, four species
were endemic to Taiwan: Seseria formosana, Papilio thaiwanus, Neptis taiwana, and Ypthima for mosana.
Also, Papilio paris that had been known only from the northern Taiwan was first recorded in this area

of the central Taiwan. A list of the butterflies collected is provided.

BRSEEA] « W ~ KT~ Arpi ~ RBREE R

Key words: butterflies, Dakeng, Taichung City, Papilio paris
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Fig. 1. The survey area: Dakeng,Taichung City.
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Fig. 2. A, Caltorisbromus; B, Taraka hamada ; C, Horaga albimacula ; D, Horaga onyx; E, Pantoporia

hordonia ; F, Helcyra superba.
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Table 1. Camparision of the numbers of species of butterflies by families between Dakeng areaand Taiwan

Number of species

Family %*
Dakeng Taiwan

Hesperiidae 27 67 40.3
Papilionidae 21 41 51.2
Pieridae 19 38 50.0
Lycaenidae 36 123 29.3
Nymphalidae 66 159 415
Tota 169 428 39.5

* 9% = (number of species of Dakeng / number of species of Taiwan) x 100
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Fig. 3. Dorsal views of two males of Papilio paris nakaharai Shirdzu.
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Appendix. A list of butterflies collected from Dakeng area, Taichung City

Hesperiidae 55 Rt

Coeliadinae kil ia B}

1. Badamia exclamationis (Fabricius) % #k ¢ i (£ 2 FE i)
1%, 1.Vl.2007.

2. Burara jaina formosana (Fruhstorfer) %2 #5 3 i (15 21 4 7 )
1%, 4.VI.2007.

3. Choaspes benjaminii formosanus (Fruhstorfer) k% 57 (5 557 i)
19, 15.Vll.2008.

4. Hasora badra (Moore) § 1k T 57 i (5 (2 1 57 15)
1%, 19.1X.2008; 19, 26.1X.2008.

5. Hasora taminatus vairacana Fruhstorfer 5 1 3 37 1 (18] 55 FE 1)
1%, 4.VI.2007; 1§, 11.1X.2008.

Pyrginae ¢ FUE TR

6. Abraximorpha davidii ermasis Fruhstorfer | 5
1%, 20.VI.2007.
7. Daimio tethys niitakana Matsumura & 3 5%
148, 5.1X.2008.
8. Seseria formosana (Fruhstorfer) -k B & Fit (& 8 %55 1) <Endemic>
1%, 12.111.20009.
9. Tagiades cohaerens Mabille [ {E 7 i
13, 28.VI1l.2007.

Hesperiinae F¢ I ih f}

10. Ampittia virgata myakei Matsumura % g5 £ 571 (55 2 7 1)
1%, 4.VI.2007.

11. Borbo cinnarra (Wallace) % ji# B %% FE i (R 7705
1%, 13.VIl.2007.

12. Caltoris bromus yanuca (Fruhstorfer) By 57 M (A8 3 Bl 7 0t )
14,27.v.2009; 1%, 29.V.2009.



B84 Y2 R ZE(TW J. of Biodivers.) 12(3): 309-326, 2010 317

13. Caltoris cahira austeni (Moore) H gy 3 i (s S i)
1%, 20.VII.2008.
14. Erionota torus Evans 7 ££ 5 i (£ 77 1)
1%, 29.1V.2009.
15. Isoteinon lamprospilus formosanus Fruhstorfer 3 57 it (1 B 57 15)
1%,4.Vl.2008 ; 1%, 12.V.20009.
16. Notocrypta curvifascia (C.& R.Felder) B FEute (4l 77 15)
1%, 12.Vll.2007 ; 1%, 6.VIl.2008.
17. Parnara bada (Moore) Ui B 7 S (/N S )
19, 27.VIl.2008.
18. Parnara guttata (Bremer & Grey) B 7% S (f5 55 18)
1%, 1.X.2008.
19. Pelopidas agna (Moore) 22 3 # FF li
14, 4.X1.2007 ; 1%, 20.VI.2008.
20. Pelopidas conjuncta (Herrich-Schéaffer) & & K # 77 1 (5 1 77 15
1%, 4.VIl.2007.
21. Polytremis lubricans kuyaniana (Matsumura) 25 %\ #& 77 i (85 A FL TF 1)
179, 10.VI.2008.
22. Potanthus confucius angustatus (Matsumura) 5 18 & BT 77 16 (57 BT 716

1%, 26.V.2009.
23. Pseudoborbo bevani (Moore) /[N 8 7 1 (R R T 1)
1%, 9.v.2009.

24. Suastus gremius (Fabricius) 2 & 5%
1%, 13.VIl.2007.

25. Telicota bambusae horisha Evans 37 B AT 3¢ i (77 15 B 55 15 )
14, 28.VI.2007 ; 1%, 30.VII.2008.

26. Telicota ohara formosana Fruhstorfer 177 £ 77 (51 32 15 B 1)
1%, 4.VI.2007 ; 13, 19.X1.2007.

27. Udaspes folus (Cramer) K [ #5077 1 (B FE i)
1%, 23.1X.2008.

Papilionidae J&{ ¥ f}

Papilioninae [E| i if &}

28. Byasa alcinous mansonensis (Fruhstorfer) &% 7 JE| ik (5% JE i)
1%, 4.VI.2007.
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29. Byasa impediens febanus (Fruhstorfer) £ 1855 7 JEl i (5 2 25 Bl i)
1%,18.0X.2008; 138, 28.111.2009.

30. Byasa polyeuctes termessus (Fruhstorfer) KT #0 JEL i (2 Z5 5% 8| 1)
1%, 4.VI.2007.

31. Chilasa epycides melanoleucus (Ney) % £ B\l (35 & B [E| i)
1%, 10.111.2009.

32. Graphium agamemnon (Linnaeus) #% B B\t (Z2 5T & | )
1%, 27.V1.2007.

33. Graphium doson postianus (Fruhstorfer) 5 B JE| i (K B 5 Bl )
1%, 18.VI.2007 ; 14, 5.111.20009.

34. Graphium sar pedon connectens (Fruhstorfer) & #% JB| i (& JE| i)
1¢,10.VI.2008 ; 1%, 9.11.2009.

35. Pachliopta aristolochiae interposita (Fruhstorfer) T % JEl i G 2k JEL i)
1%, 1.Vll.2007 ; 1%, 27.V.20009.

36. Papilio bianor thrasymedes Fruhstorfer |5 78 JE| il (22 JE| i)
19, 4.VI.2007 ; 1%, 27.11.20009.

37. Papilio castor formosanus Rothschild it 2 [ % JEl il
1¢,27.V1.2007 ; 1§, 13.V.2009.

38. Papilio demoleus Linnaeus # J2 [E\ i (£ JEL 1)
1%, 23.V1.2008.

39. Papilio dialis tatsuta Murayama & & & 75 [E| 1l (5 22 8| )
19, 7.VII.2008.

40. Papilio helenus fortunius Fruhstorfer [ %y [E\ ik
1%, 17.11.2009.

41. Papilio hermosanus Rebel ¥ 543 JE| I (1 1 57 1 22 [ i)
1%,18.VI.2007 ; 13, 17.11.20009.

42. Papilio memnon heronus Fruhstorfer X J&] i
1%,18.V1.2007; 151%, 24.V1.2007 ; 1%, 28.VI.2007.

43. Papilio nephelus chaonulus Fruhstorfer 5 # [ #37 JEWSE (K 1 f30JBL i)
1%, 7.Vll.2008.

44, Papilio paris nakaharai Shirdzu & ¥ FE A JE| 8 (5358 22 [B| )
1%,4.VI.2007 ;1%,4.X.2008 ; 1%, 11.11.2009 ; 13, 24.V.2009.

45. Papilio polytes polytes Linnaeus & 7 JE| i
1%,27.V1.2007 ; 14, 17.11.2009.

46. Papilio protenor protenor Cramer 2 [E] it
1%,24.V1.2007 ; 19, 22.11.2009.

47. Papilio thaiwanus Rothschild & i gl <Endemic>
1%,28.VI.2008 ; 14, 17.11.2009.
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48. Papilio xuthus Linnaeus FH 17 | i
1%, 24.V1.2007 ; 14, 25.11.2009.

Pieridae ¥yt Bt

Pierinae ¥y ih B}

49. Appias albina semperi (Moore) 2 7y i (£ fo i )
1%, 28.VIl.2007.

50. Appias indra aristoxemus Fruhstorfer 2 i f5 i (22 #3722 ¥ 1)
1%, 1.1V.20009.

51. Appias lyncida eleonora (Boisduval) & ji 5 il (2 22 F i)
1%,20.VI.2008 ; 1%, 28.X1.2008.

52. Cepora nadina eunama (Fruhstorfer) 45 458y i (125 # JR 4y it )
1%, 19.X1.2008 ; 1%, 22.11.2009.

53. Delias hyparete luzonensis C.& R.Felder AL #3087 i (7 Bfsy i)
1%, 19.Vll.2008.

54. Delias pasithoe curasena Fruhstorfer £ [ #5 il (G fy )
1%, 26.X1.2007.

55. Hebomoia glaucippe formosana Fruhstorfer #i 41 i (£ i 3 1)
181%, 20.VI.2007.

56. Ixias pyrene insignis Butler [t F 75 5 (22 F i)
1%, 20.Vl1.2007 ; 1%, 5.1X.2008 ; 14, 9.11.20009.

57. Leptosia nina niobe (Wallace) B2 BEf5 bt (Hig F it )
19, 20.11.2008 ; 1%, 31.111.2009.

58. Pieris canidia (Sparrman) 5 B 05 Gigk Bl 1 Fy i)
181%, 4.X1.2007.

59. Pieris rapae crucivora (Boisduval) £ [ (55 44 )
1%, 14.X1.2007 ; 1%, 20.X1.2007.

60. Prioneris thestylis formosana Fruhstorfer B 5 (545 1)
1%, 14.V.2008.

Coliadinae & f4 i gn 3}

61. Catopsilia pomona (Fabricius) % &7 il (G 157 1)
1%,20.V1.2008 ; 1, 20.VIl.2008 ; 1 ¢, 1.1X.2008.

62. Catopsilia pyranthe (Linnaeus) 7K & # 1 (HH 75 & ¥ i)
1%, 30.IX.2008 ; 13, 12.X1.2008.
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63. Eurema andersoni godana (Fruhstorfer) 4 & & i
1%, 26.1X.2008.
64. Eurema blanda arsakia (Fruhstorfer) & J& &7 i (5% 57 i)
19, 20.V1.2008 ; 1%, 14.11.2009.
65. Eurema brigitta hainana (Moore) £ & i
1%, 10.X1.2008.
66. Eurema hecabe (Linnaeus) {faf £X 54 M (57 1)
14%,20.VI.2008 ; 1%, 17.11.2009.
67. Gonepteryx amintha formosana (Fruhstorfer) £ B #5 E ([E] 32§ #y 4)
19,27.X.2008 ; 1%, 5.X11.2008.

Lycaenidae Jx i F}

Miletinae 2 Jix it o &}

68. Taraka hamada thalaba Fruhstorfer £ {7 /] Jix i (F jx g )
1%,27.v.2008; 1%, 3.11.2009 ; 1%, 3.111.2009.

Curetinae 5 Jx g na f}

69. Curetis acuta formosana Fruhstorfer $85% /| I 6 (55 K 1)
1¢,4.VI.2007 ; 1%, 2.V.20009.

Lycaeninae Jx i 5 3}

70. Heliophorus ila matsumurae (Fruhstorfer) #I 38 & /)N i (438 H Ik i)
1%,16.11.2008; 13, 9.Vll.2008.

Theclinae 22 jx i Rn R}

71. Arhopala bazalus turbata Butler %53l (i 2 48 T 1)
1%,17.11.20009.

72. Arhopala birmana asakurae (Matsumura) &H & /N R (7]N 55 TR )
1%,13.X1.2008 ; 18, 24.11.2009.

73. Arhopala japonica (Murray) %& /Nl (H 248 T I6E)
1%,21.Vl.2008 ; 19, 11.11.2009.

74. Artipe eryx horiella (Matsumura) 5 JE /| S5 ik < 16 )
13, 11.1X.2008.
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75. Deudorix epijarbas menesicles Fruhstorfer {5 7 /NI i (B ki)
1%, 28.Vl1.2007 ; 1%, 27.V.2009.
76. Horaga albimacula triumphalis Murayama & Shibatani 4§ = & /]y R B (/)N 58 IR )
19, 27.v.2009.
77. Horaga onyx moltrechti Matsumura = J& /| J& i (§8 1K 1)
1%, 19.X1.2007 ; 19, 16.X11.2008.
78. Mahathala ameria hainani Bethune-Baker [W]3# 45 /] Jik il (4] 320 %5 K )
1%, 9.11.2009.
79. Rapala varuna formosana Fruhstorfer 22 T 7|\ i i (76 bx i)
19, 1.Vll.2007 ; 1%, 11.11.20009.
80. Rapala nissa hirayamana Matsumura 2> |||/ i i (25 52 e JK i)
1%, 23.V1.2008.
81. Satyrium formosanum (Matsumura) 3238 B /| IR B (& 1 i o ik )
1%, 28.1V.2009.
82. Sinthusa chandrana kuyaniana (Matsumura) 3z 35 /) s (B9 7K )
19, 15.V11.2008 ; 1 ¢, 5.11.20009.
83. Spindasis lohita formosana (Moore) 7 i & 2 et (52 I i)
1%, 15.VIl.2008.
84. Spindasis syama (Horsfield) = 2 # 2 il (= B & K i)
1%, 4.VI.2007.

Polyommatinae B% Jjx i if £}

85. Acytolepsis puspa myla (Fruhstorfer) & 55 58/ )N I i (B G R k)
1%, 19.X1.2007 ; 14, 14.11.2009.

86. Catochrysops panormus exiguus (Distant) & & = &2 312 50/ )Nk 8 (5 3% K e )
1%, 12.X1.2007 ; 198, 27.X1.2008.

87. Celastrina lavendularis himilcon (Fruhstorfer) i 5L ¥ 55 /N ok sl G 38 3 K )
1%, 31.X1.2008; 13, 12.V.2009.

88. Chilades pandava peripatria Hsu BB & $8 /] K i (k% 3425
19, 29.VIl.2008.

89. Jamides alecto dromicus Fruhstorfer [ Ji#10/]N K e (358 B HE I ki)
1%, 13.VI.2007 ; 19, 11.VIl.2008.

90. Jamides bochus formosanus Fruhstorfer ¥ & i #30/]N IR i (HE 5 IR )
1%, 15.11.2008 ; 13, 21.VIl.2008.

91. Jamides celeno (Cramer) /| [ I8 #3071 Jo e (17 e 32 R )
19, 10.X1.2007 ; 1%, 14.X1.2008.

=

%)
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92. Lampides boeticus (Linnaeus) i £/ ki (5 3 Ik 8
1%, 7.Vll.2008 ; 1%, 17.11.2009.

93. Leptotes plinius (Fabricius) £ #/] Ik M (K )
1%, 11.1X.2008.

94. Megisba malaya sikkima Moore 5 {f# 5 5 |\ i i (22 2R )
14, 4.VIl.2008.

95. Nacaduba kurava therasia Fruhstorfer 3 B J #307]N o e (A IR IR TR )
1%, 15.1V.2009 ; 1%, 27.V.2009.

96. Nacaduba pactolus hainani Bethune-Baker B2 j57 1 /N i U (15 {2 40 75z R i)
1%, 17.X1.2008.

1%,29.1 .2008.

98. Prosotas nora formosana (Fruhstorfer) i 57 £ /| o (5 K 1)
1%, 30.VIl.2008.

99. Udara dilecta (Moore) 53 FS 3 18 /| o it (A B it )
1%, 6.V.20009.

100. Zizeeria karsandra (Moore) 5 {f# /] Jx i (58 BE & i)
138, 7.1vV.2009.

101. Zizeeria maha okinawana (Matsumura) il /]y Jx i (85 Jx i)
19, 28.VI.2007 ; 1 ¢, 8.11.2008 ; 1 ¢ ,16.11.2008.

102. Zizina otis riukuensis (Matsumura) /| /|\Jk i (37 51| BE k)
19, 23.X.2008.

103. Zizula hylax (Fabricius) €[ /]N K GE IR BE K 8
14%,16.Vl.2008 ; 1%, 15. 1 .2009.

Nymphalidae i B}

Libytheinae I i oh £}

104. Libythea lepita formosana Fruhstorfer = 521 (5 /7 15 i)
1%, 5.v.2008.

Danainae B il i £}

105. Danaus chrysippus (Linnaeus) 4 B i (£ B i)
1%,16.11.2008 ; 19, 14.VIl.2008.

106. Danaus genutia (Cramer) 2 i % B 5 (52 B i)
1%, 14.VIl.2008.
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107. Euploea eunice hobsoni (Butler) [B]3# 45 BT i
1419, 11.1X.2008.

108. Euploea tulliolus koxinga Fruhstorfer /|5 B il
14 ,20.V1.2008 ; 1%, 23.11.2009.

109. Euploea mulciber barsine Fruhstorfer i %5 B i (22 #3745 B i)
1¢,20.V1.2008 ; 1%, 3.VI.2008.

110. Euploea sylvester swinhoei Wallace & Moore Hfy [G %5 i il (6 42 22 B gt )

1%, 20.VI.2008.

111. Ideopsis similis (Linnaeus) B R & DE U (5 B i)
19, 29.VI.2008 ; 1%, 21.11.2009.

112. Parantica aglea maghaba (Fruhstorfer) i/ |\& 5 BT S (e BT k)
1¢,15.11.2008 ; 1%, 30.VII.2008.

113. Parantica sita niphonica (Moore) & B i (A 45 D i)
19, 25.1X.2008 ; 1 ¢, 9.11.20009.

114. Parantica swinhoei (Moore) 7|\ 5 B i (Hf FCAS DT )
1%,29.X.2008; 1%, 27.V.2009.

115. Tirumala limniace limniace (Cramer) £ 7 B i
1%, 29.Vl.2008 ; 1, 14.X1.2008.

116. Tirumala septentrionis (Butler) /N 5 B i
13%,29.Vl1.2008 ; 1%, 1.111.20009.

Heliconiinae &1 ah &l

117. Acraea issoria formosana (Fruhstorfer) #Hus (5% i 22 1)
1%,24.1V.2009; 1%, 29.1V.2009.

118. Argyreus hyperbius (Linnaeus) 52 iz 57 Bl (25 57 ik k)
1%, 30.VIl.2008.

119. Cupha erymanthis (Drury) & ji# % B it (32 2t gt )
1%,3.11.2009 ; 14, 12.111.20009.

120. Phalanta phalantha (Drury) T £ 57 5 b (5 ik i)
1%, 15.X1.2007 ; 1§, 27.V.2000.

Nymphalinae ik 5 ii

121. Hypolimnas bolina kezia (Butler) ¥ Bk 45 il (45t i)
1%,4.VI.2007 ; 1%, 28.VIl.2007.

122. Hypolimnas misippus (Linnaeus) [ AT %5 i (f 5 o)tk it )
1%,4.VI.2007 ; 1%, 2.VI.2008.

323
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123. Junonia almana (Linnaeus) f, 7 B (AR ik ist)
1%,28.11.2008 ; 19, 28.111.2009.

124. Junonia iphita (Cramer) EE &% i (55 AR o it )

1%, 1.X.2008.
125. Junonia lemonias aenaria Fruhstorfer S &3 i ot i (k45 R o)
1%, 8.11.2009.

126. Junonia orithya (Linnaeus) & Wik i (& R Wk i)
1%, 18.1X.2008.

127. Kallima inachus formosana Fruhstorfer fi; %% i
1%,4.VI.2007 ; 1§, 1.X1.2008.

128. Kaniska canace canace (Linnaeus) ¥ ¥ ik i
1%, 18.VI.2007.

129. Polygonia c-aureum lunulata Esaki & Nakahara 7 Wi i (55 $ ik it )
1%, 22.V1.2007 ; 13, 28.VIl.2007.

130. Symbrenthia hypselis scatinia Fruhstorfer i g = fR i (77 57 /2% ok il )
1%, 1.IX.2008.

131. Symbrenthia lilaea formosanus Fruhstorfer #& = fi i (§ih 2% ik it )
1%, 27.X1.2008 ; 19, 13.11.2009.

132. Vanessa cardui (Linnaeus) {41 i (/N i e )
1%, 27.1X.2007.

133. Vanessa indica (Herbst) AL il (A AL i )
1%, 29.X.2008.

Limenitinae f ki ot f}

134. Ariadne ariadne pallidior (Fruhstorfer) fi it (7 i i)
1¢,18.VI.2007 ; 1%, 22.11.2009.

135. Athyma cama zoroastes (Butler) 5 {fi# B 77 i il (H 2 27 ik it )
1%,24.V1.2007 ; 1%, 1.VIl.2007.

136. Athyma perius (Linnaeus) [ = AU (37 Bk 2 kit )
1%, 28.VI.2007 ; 19, 20.VII.2008.

137. Athyma selenophora laela (Fruhstorfer) /|~ B # ieie ( 552 g 45 ok il )
1%,24.V1.2007 ; 19, 26.1X.2008.

138. Limenitis sulpitia tricula (Fruhstorfer) ¢ i# 5 = #g il (52 J5 f ikt )
1%, 4.VI.2007 ; 1%, 21.111.2009.

139. Neptis hylas luculenta Fruhstorfer B kR = fg it (5 33 kit )
181%,17.11.2009.
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140. Neptis nata lutatia Fruhstorfer £ i = fi i (47 58 ikt )
1%,23.VI.2008; 19, 17.11.2009.

141. Neptis sappho formosana Fruhstorfer 7|\ = il (/| \Ex i il )
1¢,13.11.2009 ; 1%, 6.V.2009.

142. Neptis taiwana Fruhstorfer 1 B = fiil (3% Z8 Rk 6 ) <Endemic>
1%, 28.Vll.2007 ; 19, 5.111.2009.

143. Pantoporia hordonia rihodona (Moore) 4 = §i i (<> ¥ i i )
1%, 7.1X.2007.

144. Parasarpa dudu jinamitra (Fruhstorfer) %5 B8 77 ik st (45 ik ikt )
1%, 2.X1.2007 ; 1§, 3.111.2009.

Cyrestinae ff ik i

145. Cyrestis thyodamas formosana Fruhstorfer 77 i il (e f ik i )
1%, 3.11.2009.

Apaturinae [ i i £}

146. Chitoria chrysolora (Fruhstorfer) 5 /v 42 il (<4 5 il )
1%, 4.VI.2007 ; 1§, 1.VIl.2007.

147. Helcyra superba takamukui Matsumura [ i i
1%, 21.VII.2008.

148. Hestina assimilis formosana (Moore) %I 5 B il (41 B AR k)
1%, 11.Vi.2008.

149. Sephisa chandra androdamas Fruhstorfer w7 b il (152 i it )
1%, 28.VIl.2007.

150. Timelaea albescens formosana Fruhstorfer 4% (7 & 58 ikt )
19, 22.Vll1.2007.

Charaxinae 2 i in )

151. Polyura eudamippus formosana (Rothschild) % [ i (% 2 il )
1%, 27.Vv.2009.

152. Polyura narcaea meghaduta (Fruhstorfer) fiii & F2 it (/] & 2 ff it )
1%, 27.V.2009.

Morphinae £ 17 it i £}
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153. Stichophthalma howqua formosana Fruhstorfer £z i (Fi 2R 1)
13, 16.VIl.2008.

Satyrinae R ih £}

154. Elymnias hypermnestra hainana Moore %5 H 1 (85 £ 7 1R 5
1%, 28.Vll.2008.

155. Lethe chandica ratnacri Fruhstorfer [t # F& 6 (i %3 & AR i)
1%,20.VI.2008 ; 19, 16.Vll.2008.

156. Lethe europa pavida Fruhstorfer [ {5z (£ £ 52 R 1)
1%, 28.Vl1.2008.

157. Lethe rohria daemoniaca Fruhstorfer 7 #5 F {i5 & it (% #3082 AR i)
19, 20.X1.2008.

158. Lethe verma cintamani Fruhstorfer [ {5 2 & il (& 75 st )

14, 5.VIl.2008.

159. Melanitis leda (Linnaeus) 15 & i (B R 1)
1%, 1.Vll.2007.

160. Melanitis phedima polishana Fruhstorfer B2 5} i i (75 Ak 2 HRE 1)
1%, 14.Vll.2008.

161. Mycalesis francisca formosana Fruhstorfer /Mg H i (J5 HE )
14, 8.VIl.2008.

162. Mycalesis gotama nanda Fruhstorfer fiiiy H 6 (75 /5 HE 15)
2%, 9.111.20009.

163. Mycalesis sangaica mara Fruhstorfer Bi IR (55 (4 J5 HR )
19, 5.1X.2008.

164. Mycalesis zonata Matsumura tJ) 3 B8 IR i (5734 Ji5 IR 18t )
1%,4.Vl.2008 ; 1§, 17.X.2008.

165. Neope muirheadi nagasawae Matsumura 7k 5 & BT i& 1 (45 A RE HE 5
19, 4.1X.2008 ; 1%, 3.111.20009.

166. Penthema formosanum (Rothschild) [ {5 B i i (5 18 B R )
19, 11.Vil.2008 ; 1 ¢, 10.111.20009.

167. Ypthima baldus zodina Fruhstorfer /)\ji% f30ie H i (/)57 HE i)
1%, 7.X1.2008 ; 13, 3.11.2009.

168. Ypthima formosana Fruhstorfer ki f0iy H i (85 & iz IR i) <Endemic>
19, 20.V1.2008 ; 1 ¢, 3.111.20009.

169. Ypthima multistriata Butler ¢ /8 i 40bE B i (350 IR )
19, 20.VI.2008.
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