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BPFFfn ~ PERIRIAI RS S RRAE B~ AT R AR R R R AT B RS AL REI R R IR B BN - ATHSE
FIF T2 B4 A ) BAEE 28853 (The Monitoring Avian Productivity and Survivorship program,
Taiwan; MAPS Taiwan)] 12 & HAHBIGEI R 2008-2014 fEATHEE 2 178 H F B (Cinclidium
leucurum montium)i B & RL » PRET H IR 0 R Al ~ PERIPIEIEHE &5 RN B RS
B [ AEETE RIS (complex basic strategy) 1 » Bt 4152 T1£4) B #1447 (preformative molt) | J& &
s (partial molt) » —HH SR BIETREIT — R E 2 (complete molt) » 2 & AR HH(—
FE)HEIT— RGN - HRIBIEEE SR o] LI B o Finblnl DM E ~ BER=EL
T~ RENNENERTT - RBE - RV KRN SR ETIE AR BN A 7 HE—fh ~ —Hn e i

Abstract

Sex and age identification in the field are important to the studies of avian ecology, including life
history, behavioral ecology, and population dynamics. We used banding data from 178 white-tailed robins
(Cinclidium leucurum montium) collected in the Monitoring Avian Productivity and Survivorship, Taiwan
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(MAPS Taiwan) program and their relative banding activities from 2008 to 2014 to study molt patterns
and criteria to determine their age and sex. The results showed that white-tailed robins followed complex
basic molt strategy. In the first cycle, juveniles in their first basic plumage underwent a partial
preformative molt within weeks after fledging. They entered a second prebasic molt after the breeding
season in their second year, Their second and following prebasic molts were complete. Age can be
reliably determined as hatch year, second year and after second year based on skull pneumatization,
plumages, molt limits and the shape and condition of the great coverts, primaries and rectrices. Since their
plumages are sexually dimorphic, individuals with blue in feathers are male. Otherwise, they are female.

BREEER - RN ~ OB~ AR ~ PERIPIER - Bk

Key words: white-tailed robin, molt pattern, aging, sexing, banding
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RS 72 5 RE - B5 (Froehlich 2009) » [K] It 4H#
S {18 S AR AR X R LA i A E Y
R (Broughton et al. 2008; Dunn et al. 2009;
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1. —HERHY) BBiE—H#R (AHY) H EI8(Cinclidium leucurum montium):#1 THEHN ~ TR HS
B B H SRR TR RS B B o B - MEIRIE BT B e ak H O S R e

Fig. 1. The percentage of individuals with molting flight or body feathers in each month in hatch year
(HY) and after-hatch year (AHY) white-tailed robins (Cinclidium leucurum montium). The
numbers above the bars denote the total number of observations in each group.

(@) (b)
2. HE#(Cinclidium leucurum montium)#& %4 SR FRI KB (FFEEFTR) © (a)iff
B (DS o

Fig. 2. Retained juvenal greater coverts (arrow pointed) in individuals of white-tailed robin (Cinclidium
leucurum montium) after preformative molt. (a) female, (b) male.
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Jift B (Turkey’s test, p < 0.05)([&] 5) ° & FHK BB

96
94 1
C

= 929 be
E b
= 907
B
5 881 . .
aﬂ a
£ 861 {

84 {

82 1

80 T T T T T

HYF SYF ASYF HYM SYM  ASYM

Sex and age groups

3. HEHE(Cinclidium leucurum montium) AN [EIPER] ~ FETRFIYF 3 K BUSEHESE « HYF = —finlift
B SYF= TS s ASYF = R T EMER s HYM = —EifEE s SYM = “EifEE s ASYM =
RS o NE R ~ VR R SEAR[R] NE R 2O R AT P (i 7 BB (Turkey s test, p < 0.05) e
Fig. 3. Mean and standard deviation of wing length of white-tailed robin (Cinclidium leucurum montium)
in different sex and age groups. HYF, SYF, ASYF, HYM, SYM, and ASYM represent hatch year female,
second year female, after second year female, hatch year male, second year male and after second year
male group, respectively. The groups with different characters indicate that there was a significant
difference from each other in mean values using Turkey’s test.
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Sex and age groups

@ 4. FHE98(Cinclidium leucurum montium) AN [F PR ~ FETEFIIF5 R K BUEHEE « HYF = —finlif
B SYF= THMER s ASYF= BB TEMES  HYM = —HilfES s SYM = ZHER s ASYM=
RS o NE R ~ MR RESEAR[R] NE R 2R R AR P (i 7 SRS (Turkey s test, p < 0.05) e
Fig. 4. Mean and standard deviation of tail length of white-tailed robin (Cinclidium leucurum montium) in
different sex and age groups. HYF, SYF, ASYF, HYM, SYM, and ASYM represent hatch year female,
second year female, after second year female, hatch year male, second year male and after second year
male group, respectively. The groups with different characters indicate that there was a significant
difference from each other in mean values using Turkey’s test.

30
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| be
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B 5. F S (Cinclidium leucurum montium)AS[E 4R ~ FEEREERTZE 151 B B A
5 SYF = HiMES s ASYF = HIE _HMES

T

SYM

T

ASYM

WHESE o HYF = — [l

BAEEE s SYM = —EMIEE s ASYM = #8
~ PEBIRE R [R] NS = RS W WA 2P 5 fif 22 B R (Turkey s test, p < 0.05) ©

Fig. 5. Mean and standard deviation of body weight of white-tailed robin (Cinclidium leucurum montium)
in different sex and age groups. HYF, SYF, ASYF, HYM, SYM, and ASYM represent hatch year female,
second year female, after second year female, hatch year male, second year male and after second year
male group, respectively. The groups with different characters indicate that there was a significant
difference from each other in mean values using Turkey’s test.
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(a) (b)

(d)

[&6. H 55 (Cinclidium leucurum montium)f& % 4 S HOA % —Hit B EHALS (35— RILHMEHAIE ) TR
M~ BRRIIMEEEL o @B+ (0)BSERM + ©)WNEEMNM : ([d)EEEMN -
Fig. 6. Comparisons of hatch year (after preformative molt) and adult (after second basic molt) flight and

tail feathers of white-tailed robin (Cinclidium leucurum montium) . (a) Juvenal flight feathers; (b) Adult

flight feathers; (c) Juvenal tail feathers; (d) Adult tail feathers.
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7. HE9E(Cinclidium leucurum montium) M EL) B G 72 S LLES © ()MES 5 (D)EES »
Fig. 7. A comparison between male and female juvenal plumage of white-tailed robin (Cinclidium
leucurum montium). (a) female; (b) male.
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Appendix 1. Feature statistic values of white-tailed robin (Cinclidium leucurum montium) in different sex
and age groups. (Length in mm; weight in g)

Age Sex Measurement n Mean Std. Dev. Median Min Max
Wing length 13 85.2 1.7 85.5 82.0 880
Tail length 12 58.7 3.3 60.0 51.0 63.0
Female Body weight 13 25.1 1.2 25.0 23.2 27.0
Head length 13 37.9 1.8 38.3 322 394
Hatch Year Ta-rsus length 13 27.1 1.7 27.3 221 285
Wing length 23 89.7 1.8 90.0 86.0 925
Tail length 23 67.0 2.1 66.8 63.0 70.0
Male Body weight 23 26.5 15 26.5 228 29.0
Head length 23 39.0 0.8 39.0 376 406
Tarsus length 23 28.9 0.7 28.9 27.2 303
Wing length 10 84.8 1.3 84.5 83.0 875
Tail length 10 58.1 2.5 57.5 55.0 620
Female Body weight 10 23.8 1.0 23.5 225 26.0
Head length 10 38.5 0.8 38.5 37.2 397
Tarsus length 10 27.8 0.8 28.0 26.6 29.3
Second Year -
Wing length 10 88.6 1.2 88.8 87.0 90.0
Tail length 10 65.7 2.6 65.6 62.0 69.0
Male Body weight 10 25.6 0.9 26.0 240 265
Head length 10 39.3 0.5 39.5 385 3938
Tarsus length 10 28.5 1.1 28.4 271 299
Wing length 17 85.5 15 85.3 82.7 88.0
Tail length 17 61.6 3.0 60.8 540 66.0
Female Body weight 17 25.0 1.7 24.5 228 282
Head length 17 39.3 1.2 39.3 371 420
After Second Tarsus length 16 27.8 0.9 27.6 26.2  29.7
Year Wing length 22 90.6 1.9 91.2 87.0 937
Tail length 22 71.0 4.1 72.0 62.0 78.0
Male Body weight 22 26.1 1.0 26.5 239 278
Head length 22 39.1 1.0 39.3 37.3  40.6

Tarsus length 22 28.5 1.0 28.5 26.1 303
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Abstract

301

A newly naturalized grass species, Bothriochloa macera (Steud.) S. T. Blake, was found in central
Taiwan recently. This species can be easily distinguished from the native Bothriochloa species by the
obvious circular pit on the lower glume. The key to species of the genus Bothriochloa and a description of

this newly naturalized grass with line drawing for identification are provided in this article.
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Introduction

The genus Bothriochloa Kuntz (Poaceae:
Andropogoneae) comprises about 30 species that
mainly distribute throughout the tropics and
Phillips  2006).
Bothriochloa is closely related to the genera

subtropics  (Chen  and
Capillipedium and  Dichanthium.  Rachis
internodes and pedicels with translucent
longitudinal groove are the most useful and
diagnostic characters to identify Bothriochloa
from these two genera. Another special character
is lower glume with circular pit that can be found
in certain species of this genus. In Taiwan, three
species were recorded previously (Hsu 1975,

Bothriochloa macera in Taiwan

Accepted: September 01, 2015

B2 HBA - 2015409 H 01 H

1978; Hsu 2000).

Recently, a newly naturalized species,
Bothriochloa macera (Steud.) S.T. Blake was
found in Miaoli County. This species is native to
eastern Australia and often occurs in tablelands
and slopes, especially in overgrazed grasslands.
B. macera can be easily distinguished from other
species in Bothriochloa by the slender habit,
larger spikelet and circular pit on the lower
glume.

This article provides a description of B.
macera with its line drawings and a key to
species of genus Bothriochloa in Taiwan for
identification.

Key to species of Bothriochloa in Taiwan
1. Main axis of inflorescence shorter than lower racemes; inflorescence of digitate racemes.

2. Sessile spikelets 3-4 mm long; lower glume of sessile spikelets without pit on back. .............ccccueee.

rrereenn. B iSChaemum

2. Sessile spikelets 5-6.5 mm long; lower glume of sessile spikelets with one pit on the back................

veevenen.... B.macera

1. Main axis of inflorescence longer than lower racemes; inflorescence a panicle.

3. Branches of panicle simple, rarely lower ones once divided, usually pedunculated. ..... B. intermedia

3. Branches of panicle 4~8-divided. ................co it

verereenn.. B.glabra
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Taxonomic Treatment

Bothriochloa macera (Steud.) S. T. Blake,
Proc. Roy. Soc. Queensland 80: 64-65. 1969;
Jessop et al., Grasses of South Australia. 510.
2006. KHEFLFHE Fig. 1

Andropogon macer Steud., Syn. Pl. Glumac.
1: 371. 1854,

Perennials, tufted. Culms geniculately
ascending, slender, 20-70 cm tall, glabrous, culm
nodes glabrous. Leaf sheaths surface glabrous,
joint between sheath and blade glabrous or
bearded. Ligule a ciliolate membrane, 1-1.5 mm
long. Blades mainly basal, linear, flat, 5-15 cm
long, 2-5 mm wide, margins scaberulous, apex
acuminate, surface glabrous or sparsely pilose.
Inflorescence of digitate racemes, contracted, 3-5
cm long. Raceme 3-5, erect or ascending, straight,
pubescent at base. Peduncle of raceme glabrous.
Rachis fragile, flattened, margins ciliate,
internodes linear. Spikelets paired, one sessile
and one pedicellate at each node, dimorphic.
Pedicels linear, flattened, with a translucent
longitudinal groove, margins ciliate. Sessile
spikelets bisexual, deciduous with the adjacent
rachis internode and pedicel, dorsally
compressed, 5-6.5 mm long, with 2 florets, lower
floret reduced and sterile, upper floret fertile.
Callus hairy. Lower glume narrowly lanceolate,
as long as spikelet, 5-6.5 mm long, chartaceous,
slightly concave and with 1 pit, 7-9-veined,
2-keeled on the upper part, keels not winged,

hispidulous on keels, surface moderately pilose

below the middle, apex acute, awnless. Upper
glume scaphoid, as long as spikelet, 5-6.5 mm
long, subcoriaceous, midvein keeled, glabrous or
hispidulous on keels, surface glabrous, margins
smooth, apex acuminate, awnless. Lower florets
present but reduced, barren, epaleate. Lower
lemma lanceolate, 3-3.5 mm long, membranous,
surface glabrous, margins smooth, apex acute,
awnless. Lower palea absent. Upper lemma
linear, 3 mm long, membranous, surface glabrous,
awned, awn geniculate, arising from apex, 15-25
mm long, column twisted. Upper palea absent or
minute. Anthers 3, 1-1.5 mm long. Pedicellate
spikelets reduced and sterile, much reduced to
minute stump.

Caryopsis glabrous,

dorsoventrally compressed, elliptic, 3 mm long.

Distribution: Native in Australia: South Australia,
Queensland, New South Wales, Victoria,
Tasmania, and Norfolk. Naturalized in New
Zealand (Edgar and Connor 2000).

Habitat: Tablelands and slopes, especially in
overgrazed grasslands.

Note: The scientific name, Bothriochloa macra,
used in the original publication was invalid.

Examined Taiwan specimen: MIAOLI: Tahu,
Chen 7080 & Chen 7169 (TAIE).
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O 5cm: A — 1 mm:E, L L
] Smm: B, G — 1 mm: H
— 1 mm: C-D, F — I mm:J, K

Fig. 1. Bothriochloa macera (Steud.) S. T. Blake.

A. habit; B. part of raceme; C-G: sessile spikelet: C. lower glume; D. upper glume; E. lower lemma; F.
upper lemma (basal part); G. upper lemma (with apical awn); H. pedicelled spikelet with pedicel; I.
pedicelled spikelet; J. anthers; K. lodicule; L. caryopsis.
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Abstract

Object-based image analysis (OBIA) is increasing viewed as a more valid classification method than
the traditional pixel-based method in recent years. In order to make comparisons of the two methods, in
this study we applied OBIA with a Landsat image to implement land-cover classification in the Hengchun
Peninsula of Taiwan. The OBIA approach involved segmentation of image data into objects at an
agreeable scale level. Then objects were categorized using training set and the nearest neighbor algorithm.
On the other hand, pixel-based classification was used in a maximum likelihood (MLC) algorithm. An
accuracy assessment on both classifications using confusion matrices were undertaken based on 770
reference sites. A comparison of the results demonstrated a statistically significantly higher overall
accuracy with OBIA over the MLC. The results suggest that OBIA can satisfactorily extract land
information and explicit spatial patterns, and in particular vegetation from satellite imagery.

BRgEaR - KM R G WEPE - 08 ~ Bl fHAREERE « YRR

Key words: Landsat image, Hengchun Peninsula, segmentation, nearest neighbor algorithm, accuracy
assessment

We-HHA - 2005 03 H 24 H B HHA - 2005409 H 01 H

Received: March 24, 2015 Accepted: September 01, 2015

oy R » IR BB B TR e
G ERMGOTEIT o RElE - O BIRIE R E E D
SR OLEE I SHER AT o R R AR
REd - {85 2 » st M AR ER G L T Y B K% B 5 %8 1% (maximum  likelihood
FTECERIN I ZOLAL SR EE ARG » LUBE B classification, MLC)» ff (5 & fH 5 Fr st ¥rkH
BB  BAFR G E FUE TR » e - N BRI E E FRE S
DIB SR HA H B HdfE R A& a8 7] B L e ] R B Bl B (salt-and-peppper
MEANEEZG BB ESEIIEAE effect) » SEE 5 JAMUERE RS N PFEAH

B It P e 2 Rl W A F T LR o A Y % 53 H7 (object-based image

o

'F]\T)J_

JCER R (8 ) s 2 T 22— 7 B A

IR FIEEE ~ E s E T A e KR K F R
% ('Yuan et al. 2005 ; Jacquin et al. 2008 ; = fz fr]
2013) LMEH#H FIRIs2 G 887152 LU IT

analysis, OBIA)E—1& LIV 55 FEEERERY 77
% @ AR G 4y BE R Al F 5% 0
(Blaschk 2010) » H iz 4= 21 H {2 HERR E#7 =0



BV % BEVERF2(TW J. of Biodivers.) 17 (4): 307-320, 2015 309
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Fig. 1. Location of the studied area.



310

Z-WERAE
(—) BERHE
AR AR ANE 2 A - 5 HH3ER
7 Hh & 3 7 BT (United States Geological
Survey)#duti T #lEMW ~ E8 D ke H L 5
FUIE(level 1T).Z Landsat 5 #2805 » @RI
i HWEHZ3=(2007 F- 2 H 27 H) » B—Hot
¥ G D EUA BE A (ground samipling distance,
GSD)30 m ° GG - FIFIEEG T LR
1% (dark-object subtraction) Jik /) 5% 15 52 K ST
ST (Chavez 1988) 5 #AIE] /5 f) 5% i i
(hyperspherical direction cosine transformation)
TEFRER {7y Sth T 5 5 Bl R Sl o o2 SRE A (i 2 B
1995) « 4t > HEmERHY A L2 g T &
(RiChi GIS Cloud) &5 2007 F-177.2 {EREEEYD
f#7 2 2 (Formosat 2)fill & 52 15(GSD=2 m) » LA
BRI 2 Bk 187 &L 7€ {37 54 #76 (global  positioning
system, GPS)xE1T & H8 +Hh 78 2 5EA 2 B Hh
> I[H]ES 2006 2 2008 2 BRAE KL » 1E5
3 A AR IR A [ (training set) 732 7 Bl #E g
il 2 2 &R -
IkBERT AWFFER SR B bR SE - AWF5EAT
RE e T3t SR ANZE 1 > Hrp iy 7 A
HEREFIPEE NED 2 B IR »
B MR o > DIERE ~ BB =Rt
a5 1Y ~ FAB IR 2Rz R B LR a2
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leucocephala) ¥ & 7fij (Vitex negundo) 5% {#& » 22
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azedarach) 5 {4 A& F (fk S > 1988 5 15 »
2006 ; 21K & > 2007) » KB » fE#EFER AT 53 £
M PRt (closed vegetation) | ~ T2PR7% BE4E
(semi-deciduous vegetation) | » LUK & IR
WL G LIAREE ) 2 TR VE REHE (mixed

PPy AT RER S 30 3

vegetation) ] o 5 el YT S SRR T
/4 (built-up/bare land) | Bilgz 2Ry )
{KFH (grass/fallow) ] » LUK RHEBASAZ T2
(farmland) ] £ T7K#8(water) ) 5 » HE G 7 f@
TR » FRA eCognition 9 )3 HTHER
HEETT OBIA ZiEE » BXHCHE FH1EE Definiens
Imaging 2\ FIFTHA#E -

Class definition Image preprocessing

Image segmentation

v

Selection of training objects

v

Object classification

v

Accuracy comparison between
different classification methods

v

Final map based on the
best classified result

[ 2. WroEirlE o
Fig. 2. Workflow of this study.
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K 1 AWML 1 A

Table 1. Description of the land-cover classification in the study

Classified class

Description

Vegetation is generally stable and has a dense canopy of trees with

Closed vegetation

interlocking branches.

Most of the vegetation canopy shows partial loss of foliage during

Semi-deciduous vegetation

the dry season of the year.

Mixed vegetation

Built-up/bare land

Mixed closed and secondary vegetation.

Building, road, beach and rock. Mixed built-up and bare land.

Herbaceous, shrub and fallow during the dry season of the year.

Grass/fallow

Mixed grass and fallow.

Farmland

Paddy and dry farming.

Water Reservoirs, lakes and coastal water.

(=) Gl

G BB RIS R B R S TR Ot
A I G ) BRI IR 0 B ) EIRGE T %
[FIERIVIE i RRIEOn 552 ROEE 77 5k
(multiresolution segmentation) » H & —FfEH T
M & & & (bottom-up) HY & JT & 38k & Of
(region-merging) £l » #3452 » B—{GITIKIE
R (scale) ~ BREBLIEARZ2 B » Zl & GFHAR
S GTT - EEAEEAE E RS
Frif I R E BRI AL BRITEE %
(homogeneity criterion)t) i FFR » BLEZ{GA
SN AR - &R R IR - B
e AW B MRS » 2 AP st ax
Ko MEEAETHK 1 2R

(Benz et al. 2004; Tian and Chen 2007) :

Ah = (1_ Wshape)Ahcolor + W, Ah

shape™' 'shape ;

Weolor € [0'1’]1 Wehape € [0'1’]; @)
Weotor + Wshape = 1

A Ah FBEEE s w SRS Ahy, b
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N n

color — z W
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Ah merge Oj merge (2)

TN N SRR I ERHEE 5 wi £ 26 i {3
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s o BE I E B Z VI ARE R 22
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Ahshane = WcomotAhcomot + (1_ Wcomnt)Ahsmooth (3)

2 3 1 Ay 2 FIPIFFRI AR E (smoothness)
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FERAZ K UESERS DooRUIEHE | » % Z {Hdt
BLRG RA PER 1 1.96 » FIFORmMItE 7715297
FHUEMERD R MR R

, X

eCognition 9 #Kis.Z G s EIEZEd > 7]
PRt TREE )~ TEREEAR Y B TR e R
£ 55 3EBBOREAMM » K& G
YRR T R ORGSO 72 SR T A
It BEMNERE FIREREAR SR - TEH
IR 1 3R E RS 0.8:0.2 5 By EIY 167

PPy AT RER S 30 3

TIEERHBS  TTTIBEIREE ] RER
0.5:05 EB TREL JiH » AIZ2E AR [EZRE
K NEYPD 53 BRI RS R AR E > AHFFFEIE
510~ 15 B2 20 55 4 fH2 8 > H2HEER S

I > EEAE S WESIRPIIT - 30E RS 15 B 20
I > PR E K - R A A FER R ERIT
3R (A E R - REEEREEH - REERS 10
B FaiE s > AR G PR = AP
VERRE Y » I » LIty ERS SR R By
R BEABE (I8 3) -

3. Hi Landsat 529 FE1 TR R RS Z 521557 EI#if9] > (a) scale=5 -~ (b) scale=10 ~ (c) scale=15 Ei(d)

scale=20 °

Fig. 3. Examples of the image segmentation output for the Landsat image at scale values (a) 5, (b) 10, (c)

15 and (d) 20.
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BT R G oy BI i 2 WA T T3t A S
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F1%) L 3t 7 2 KR M i i 1y » KT S 0 OBIA
B B B AR N 0 7 - 28 LA
Kappa #iz HE. 2 Z i € IR R /572508 75
R R FERAEE 3 0 OBIA Y Kappa #fiat
fEf$ 0.81 » > MLC Y 0.75 » F LULLER R &
By Z (BT EAE RS 3.44 - 3 KR REE /KHE 5%

3R 2. IR RATT %  EHE RE ARk SR

(IPRER{E 1.96 > DRI - MEGRE 70 SEMERE S 5
MIFERE » BRE A BEREIIARE T T8 OBIA
73 R SRR

FIF OBIA HyZFaRS R S - #SEHE %
AT Sl % R TRIAERT 5 BB - AnlE 4 P
o IEER S s IR R 2 Horh
A aREE > #9105 63% > HErHmZR(K
e 2 B M AR R (119%) ~ A% SERE%(10%) ~
EIEREHE(9%) ~ Eth/#iih(5%) ~ FEHi(1%) 8K
i (<1%)  2Zfm o fmrkE L > BPARE W % 731
TG S R A8 > OB > R AP
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Table 2. Comparison of accuracy assessment results between different classification methods

Classified class OBIA MLC
PA (%) UA (%) PA (%) UA (%)

Closed vegetation 87.50 80.53 79.70 77.03
Secondary vegetation 78.68 80.45 72.33 76.16
Mixed vegetation 72.09 86.11 70.09 76.53
Built-up/bare land 85.50 84.85 84.88 82.02
Grass/fallow 94.87 92.50 91.67 88.71
Farmland 89.80 81.48 86.61 80.83
Water 89.74 94.59 86.36 92.68
Overall accuracy (%) 84.03 79.74

OBIA=object-based image analysis; MLC=maximum likelihood classification; PA=producer’s accuracy;

UA=user’s accuracy

K 3. UG Bt i KR B 2 Z e i R
Table 3. Comparison of statistics from Z-test for OBIA and MLC

Method Kappa statistic

Z-value for Kappas p-value

OBIA 0.81
MLC 0.75

3.44 <0.0005
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Land proportion (%)
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Fig. 4. Land proportion of land-cover categories within study site according to OBIA.
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Fig. 5. Resultant map of OBIA.
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#H %

SRS ESE (Archangiopteris somai) RIBIERFR /D Ko 43 A B BB RS ARG WA > AR5
T 2 R A B T AR T IR s AR AR A A DU L i i 2 He A TR R A R AR
Kb $FAE AR B A5 6 8 10 MR IRE - MRS QARE SR > IR BN R EH
P B R - TS Z R IR o e B s R R IR TP A AR AR

Abstract

Archangiopteris somai is an endangered species due to its rare population and distribution in narrow
habitats. We investigated the arbuscular mycorrhizal fungi in two habitats of A. somai in Taiwan in order
to understand the symbiosis mycorrhizal fungi composition of this endangered species. The results show
that 10 AM fungi species of six genera were found in the two habitats. Abundant intraradical hyphae,
vesicles and arbuscules were found in root samples, confirming the formation of mycorrhiza of A. somai
with AM fungi.
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et al. 1994) - West (1916) {E#H & 5 EH B R
L AR IR R N BIER EIE N AR B R
A % b W OIE 20 # £ 5 Stigeosporium
marattiacearum {23 Butler (1939) R#5 West
(1916) #f L 2 #ARKL (arbuscule) il #E iy
(vesicle) %5 REfiit - B0 /5 It e FE i 7% 2
Rhizophagus /&™) » E %] 1974 & Gerdemann
Bl Trappe (1974) #R#% Dangeard (1896) ¥t
Rhizophagus [&@HY#iu » Z2F5 Rhizophagus K
Stigeosporium 3£% Glomus Z[F¥)54 o
West (1916) #£3¢.2 S. marattiacearum ilfi (%
M BEA » HERZEC AR AR
fA[ TR > {5 BE 1L SRR A Y i 2t 1 328 Lk o1 V88 1
Glomus J& °

G4 7R ok KB P B AR TR ) AR R R LR
87 4 (&2 TR » SR H RiE 21 5]
5 W fE WD RE B [ A 880 5 S - R i A ot B
R R TR HY e A2 R - BEARE BHEE T S A2
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JEHERZ o KWFFEH 2003 HFE1 218 FUAE]
HESE > ST IR A B AR P8 1 1 B A R AR
TR 70 Pt BB A > DA N7 2 [ 8 e
HAERIRE 2 SEAER - I 2 A A P fE g
B2 2Z R -

o Ty ik

— ~ R ESREREL

B 18 U0 T RS A B VR W i
B > — B A R 5 TR v 0 HE v bt
(23°56'N, 120°54'E) » {4 700-800 m » 437
MRS 21°C > FFIRER A S 2200mm © 55— g
R FT AL 2RI (24°51°N, 121°32'E) » i
47 400-500 m » IR 17°C » FIIRERNE
155 2900mm ° ARSI S B A HE
BE I ~ 112~ RIS AR S PR R
s SRR A Bl 55 2 ¥ EE v
B BT b o B LU R ARk IS
+ o ER D ZBIGLEST -

—~ A E IRV SR R AR R e

2003 - 3 I fR s e oS A W i 1 T [
TR FEE A E ;o S RIEEE 7 RRAFERE - FREX
TRPE IR A » R —FRAFEE 100 g AR
%> LUREG A% (Gerdeman and Trappe, 1974)
AT L7 (Daniels and Skipper, 1982) 47
Bt 1% (ERREIRERIER N ET B EE bk
Bt » fl-FRS MBI REAN < im0~ B
WA EER ) L TR L
Polyvinyl alcohol lactophenol glycerol (PVLG)
(Koske and Tessier, 1983) Gl | BI{ERL 427Kk
AR LI i B A Z R AE © {0
T8 E R Schenck Fl1 Perez (1990) AT
BT » LIBEISR (Leica DMRB) #5231

ZBERERGHE ~ PRI MR R E PR T
EL¥%t Schenck FI1 Perez (1990) FirH@fit & Bfd 5§
FIF IR SURR L » 1t 22 7% e 5 FE i K2
INVAM (http://invam.wvu.edu/) #EuGRrHEHL
T FeR R o

= ~ IRV R AR

PREV - SRARAI - [RIRFERIN S AR AN ik D
BRI BEER 50% (viv) ZEEH  BURSE
%A 2 RMLL Koske B2 Gemma (1989) 2 4%
RT7E o IRREYIRL 1om RER > EITE
b~ WAl ~ Yeta BORYY o R SER 2 ARER - il
PEBRIUE A ER A b HCE N i =B T
fi® 200 {51525 T LL McGonigle 2 (1990) #&H
B R A 285 LR (magnified  intersection
method) # X ERIETE > ST E T ERH
McGonigle % (1990) &2 » #A X
B MR B A2 AL 77 il BL Bk AR R P A [R] B AR A
f o DLET B 32 IR R B A Y o R Rk e 2R
(arbuscule colonization, AC) ~ & Jf J&k 3t 28
(vesicle colonization, VC) ~ /L ZE (hyphae
colonization, HC) & tR/EYLZS (percentage
of root length colonize, RLC) °

® X

— ~ I B S SRR [ R LB L
SE VAR I SRS AT pH (5 4.20 138
BHRHE 7.1 mg kgt BRERS 0.9 % 0 AliE
HAPESTES 54.6 mg kg™ » TIEEHER 73%
B AR BRI IS i pH B 3.9 TR
B 6.2mgkgt s HERER 0.7% > A]EHRMESTE
46.7mg kg™t s TIEARES59% °
T~ BB RA A e E AR S AN AR AR B R
D
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S TSt e 2N
o HACEE 4 B 10 MEEEARAR T - HoA A sE
AR 7 PRERERIRIE] 138 > L3835 6 /& 8
T 5% SR MR R 2 0 22 Bl B Acaulospora
mellea ~ Acaulospora koskei * Acaulospora
scrobiculata ~Glomus ambisporum ~Septoglomus
constrictum ~ Claroideoglomus etunicatum
Sclerocystis  rubiformis & Paraglomus
occultum » B — T IEEEA 7 100 g TIEE
1244 {18 5 1 R ARKR [k 7 PRARIRARE] -3 rp > 3t
BB 4B 5 MEREREMS - TR
Acaulospora morrowiae Claroideoglomus
claroideum ~ Claroideoglomus etunicatum
Septoglomus  constrictum 2 Sclerocystis
rubiformis B— TIEEEASEFH 100 g THER
9+3 {lif -
1. Acaulospora mellea Spain & Schenck

B IEp . SEGEREEG B
BRI 2RI » 22 EMRET S BHIE » EIE
90-110 um: fEEE/E 4-10 um AL ER 3 BERE »
RIME EE o [ 2-6 um s BLZE 2 [FEEAR S 4y
fft > o6 3R B EE G > £ 0.5-1um >
FELFEES 1 G 2B 0 B 1 um > SRR 2
&I 2B » [ 1-2 pm B Melzer’s e <
TBEREE (& 1a)
2. Acaulospora koskei Blaszkowski

fFEAR P FE G 2EEIEE
MTIEIERTE » 1K 150-250 um » FE fEE AR A TR
(cicatrix) 1% 15-30 um » fAF-REEE » &I+
JEEEEI > JB 1-2 um > 5%V 26 2 JgREIR
o JE 1-3um > 2 3 JFEEER] > JE 1.5-3 um »
Bl Melzer’s YeFil S 1% 2R AL 6 o FEEFRESS 1
[GEEEN] )T 1-1.5 pm- xR EEEN] )T 1-1.5
um> B Melzer’s Yu7ill [ FE1% A0 AL (1o (& 1b)°
3. Acaulospora morrowiae Spain & Schenck

fFEA S I BREEAEN] R 5
> ZEREEEEKIE » HIE 70-100 pm -
BEJE 2-4 um > FR Y EEE 0.5-1 um » 3B - 55
2 [GRERIRE @ > JE 15-3 um » B 3 [gRERE
HH > JE 0.5 um > BELFRESE 1 [§)E 1-1.8 um > £
I #EF G 2 Ja R EEVAIGIR > )£ 0.5 um >
Bl Melzer’s P % [E1% 2% (& 1c) °
4. Acaulospora scrobiculata Trappe

fl B AR S 3R > WIHAR A1 242 EI
iR > BEZE AR 2 A € R s bR > 2IEEK
12 ZEMEIEIE - 1E1K 110-200 pm » {7 K2
AT MIRALES - MR 2 EE 2 HEEE - 808
IR AR B Y I » MRS R B Y
it - OMEEEERE ~ HMR - 2AEAER
ikt o [ 3-6 um» 55 2~ 3 JERELYE ~ B -
FELERECS 1 [GAREEERH - B 1-15 um H
Melzer’s ZFIANNE » 5E278EES 2 [ 2350 »
J§ 2-3 pum Ei Melzer’s Y4 1% 2R 2
fLE (& 1d) ©
5. Claroideoglomus claroideum (Schenck & Smith)

Walker & Schiiler

o EA RS I R IR AR
f2 » 1K 90-140 um » ZF45 120 pm © 55 1 J@
BEEIAREHRE 0.6-1.5 pum » il Melzer’s YL
SRR 2RI o 55 2 JEhER 0.5-2 um » B
1 J@hE% SAA I > 2% 1 2 JGRERE
HNI¥% » I RETZRIERIR 5 3 [daE/E
3-6 pum > ERFEE o LEEI IR R N FrRE
R% ° 5 4 J@REE 1-2 pm ° I HAH 6-8 pm »
SEEIRSEEA AR (& 1e) o
6. Claroideoglomus etunicatum (Becker &

Gerdemann) Walker & SchiBler

fF B I - s RS G  IK
JEZEIRERIE » E1E 70-160 pm > K15 130 um °
1 JEUBEREIRARE 0.6-3.0 pm » B Melzer’s
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Y S RS R 6 > BESEFRCMR HIIR T
A AR IETERHEEIR - 5 2 [ BEIE 4.5-6.5
um - MCEEfE IR N FTRRL - 2 E RS
FRLAFE o fA-FITL 5-10 pm » 2 EEIRELE
PRIV GIR (& 1f) <
7. Glomus ambisporum Smith & Schenck

fUFRAHCEAR T T 28 REEE
B BRIEEEEKIE » 151K 85-150 um © fikE
3 B LIEGRERZPEN] - JE 2-3um - 5 2 g
GERRE > BAIRMEIER 3~14 pm © 25 3 JGREE
B > ) 1pum o {5 10-20 pm ([& 2a) ©
8. Paraglomus occultum (Walker) Morton &

Redecker

fo - B A BGRECEA: » (HAERER
fl W B 23R 5K » EABADE » EE
50-100x60-120 um » S EHE T © K
AR - & 10-40 pm o E A EE L E I
B o L £ 435 i T IR B = fLOBE 2 Jig » 4%
BEJF 2 um B RS ~ INE -
RRMKIE > NIGEEHIGIR » 2 1.5-3 pm
Bil Melzer’s Y[ JE (& 2b) °
9. Septoglomus constrictum (Trappe) Sieverding,

Silva & Oehl

1 B AR BRARCTR AR A T > [BIEKTE 2
MTEERTE - 1K 120-280 um » E2EiFtEEESE
Mt fUEEE 1 g 7-15 ume BRE 0 Bl Melzer’s
QRIS FEAE IRE o FEAUIRTRRIE A S S rE
[ELAE 15-25 um » EEA 1 BE 2 UHEIR - Wk
JEE K 10-15 pum ([&] 2¢) e
10. Sclerocystis rubiformis Gerdemann & Trappe

IR R BrEet  BEElTE 2T ER
J& » B 180-400 pum > {5 g AR A il 2
sk B rs e 2OV EREE - |
1% 40-125x30-90 um » {UEE/E 3-8 um (& 2d) °

BH

/

Al ml
Rl

— N

op

88 R T R SR P T R e R 2R T
SEFEMAR 5 7 PRERIRAR R RS YeAREise » 1R
WEEBUK B ~ FRERR (& 3) > 75
FHRRYZE (RLC) £ 82 % HFREZE (HC)
55 77 % » WA (VC) 1526 % » #EFUk
PuAS (AC) 5 31 % s M ESARERIR 7 BRERFE -
FRARS AR ERS T 3 TR B ~ B B A
# (8 4) » RLC £ 76% * HC £% 68% * VC %
22% * AC % 27%

o
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" 100 ym N

1. SRR AR A T rh 2 B EFARE - a, Acaulospora mellea; b, Acaulospora koskei; c,
Acaulospora morrowiae; d, Acaulospora scrobiculata; e, Claroideoglomus claroideum; f,
Claroideoglomus etunicatum °

Fig. 1. The AM fungi species in soils associated with Archangiopteris somai: a, Acaulospora mellea; b,
Acaulospora koskei; ¢, Acaulospora morrowiae; d, Acaulospora scrobiculata; e, Claroideoglomus
claroideum; f, Claroideoglomus etunicatum.
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B 2. R AR E T R SER R 38 2 # R IR 0 a, Glomus ambisporum; b, Paraglomus occultum; c,
Septoglomus constrictum; d, Sclerocystis rubiformis °

Fig. 2. The AM fungi species in soils associated with Archangiopteris somai: a, Glomus ambisporum; b,
Paraglomus occultum; ¢, Septoglomus constrictum; d, Sclerocystis rubiformis.

M 3. sHHE bk 2 2[R IA B A E R A (H) ~ 28 (V)RR (A) ©
Fig. 3. Intraradical hyphae (H), vesicles (V) and arbuscules (A) in roots of Archangiopteris somai in
Lian-Hua-Chi.
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B 4. SRR < ST IEE S FSERANE G (H) ~ i (V)RS (A) °
Fig. 4. Intraradical hyphae (H), vesicles (V) and arbuscules (A) in roots of Archangiopteris somai in
Waulai.

H %

Boullard (1957) &A1 ¥T 420 fH i AH
HEITRIRE L > A5 R BB T HFE R
(Marsileaceae) ~ MiZE4EFL (Salviniaceae)
KAER} (Isoetaceae) 2 /KAEFRAAS: - HERIT
i REUREL V) B2 (E AR BB 5% 51| B AR M - Berch
Bl Kendrick (1982) 1A hh % K% K& &
(Ontario) [ I 3 AT ik K E W) 1Y) 5 A5 Tl AL G
A o s R ER A B ORI A B A B AR
MAEERK (Filicineae) ™ FTH HYJE TRk FH1Y
BBLHERF R o AR > £ Gemma 5 (1992)
PEERGA T 89 FHE R AHAE YR GR Y EF AR
» EHLEHH 66 MBI A RR > 38
BE TR K K 2 T 17 i 2 T RE A ek A% R R
(Dicksoniaceae) ~ i EFXFl (Dryopteridaceae)
B B R R} (Lindsaeaceae) » 1E /5 FE Rk 3 5
BRI AR ELBI B T AN ) o EHOE SE3l A il SR ik
FEUREY) A ] Ay i [ B o A5 7] AR I 4 A= A

DAl AN—EK o

Zhao (2000) #1¥1E e 256 R EEI T
MR A5 - JA A 45 SR B Berch il Kendrick (1982)
(IRFFEREUHE - FFFEA B AR A T
J= ~ WHE B0 X R EEIRA R @ # & R
AR o U AR R Bk T 2 IR o AHE T
5 IREE A ARG LARED ~ SatRaE A
DB R R © Zhao (2000) iR
PR ERYIFEIK Bower (1959) f2H 2T
P R B Rk 2 77 =X P i oz A L 2K
SETT T > BRI AR L TR 7T
] FH AR )RR AR L B AR P A
FEIRF IR -

Zhao (2000) fi*2E e B A8 A % B - R
REPITZ B s A5 BT AR P EL BT 40 1 RE DMK = T
TERRBRMEY) H - JRZEFRAE (eusporangiates)
Lt #E i B (fern-allies) J% i #& ik %H
(leptosporangiates) 5 #4 = (1 Lt 451 & 112 B 5 A5
RIAR o fACHE Hh B B 1 L 2R 8 A 77 SR B R
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1 %

BhrFEZT R 8 (Coenobita rugosus) s PR ERAREAYME » NS EHZ K
RUGIEL LIE - FF 2 (ARE Y & E AR FIEPIRMEZE (Achatina fulica) Z23% o AMF5E B (EHATIE
IR i A S5 Bf o e 27 J BB TR RS R I B2 88 S SR BE R Bt e 2 o B A 0= 00 1 22 I 2 » /Ml
I P YRR R A > (IS 1 FE I K 2% > rh S A e /) ELAG B A no s 2F% > 2 IR
R A 5 5 B S e B e e AU A5 LUKIE $2 7 fELFI A logistic regression model 2K 30t Bil 5
AL HCHEIE I R MR A AR T > 538 BRI 255 50 FH A g o 2 Jm 88 8 5 S DT B > WA D [ 5
AN B R R AR REUR B9 FAU R R R 0 At L B R — R R o mT R AT R AR 1B
T L O FH FE UM B A3 o AN 92 5 B Bt o 2y e A oA P 3 M A PR 73 U By 2 BR B 7 B - i
{5 LB 0 5 i e T B B A L o

Abstract

Coenobita rugosus is a dominant terrestrial species in Dongsha Island. Due to shortage of large
shells, huge numbers of C. rugosus individuals are using the shell of Achatina fulica, a non-native species
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in this island. This study was aimed to investigate how A. fulica shell affects the population structure of C.
rugosus. | find that the size frequency of C. rugosus demonstrated a bimodal distribution.The small-size
population carried shell from marine snails while the large-size population carried A. fulica shell.
Medium-size individuals were generally lacking in the statistics and they occupied A. fulica shell too big
for their body size. These indicate that C. rugosus increased in average body size after A. fulica invaded
Dongsha Island. The logistic regression model was used in this study to provide a quantitative description
of shell preference in which C. rugosus individuals are increasingly carring A. fulica shell corresponding
to the growing body size. The fitted curves derived from two sampling areas were significantly different
indicating that more plentiful supply of turban shells on the fishing-allowed coast gave C. rugosus a
wide-range of choices to gradually turn to using A. fulica as host shells. As found by this study the hermit
crab is adaptive to host shells availability and environment changes, thus can be a useful resource for

monitoring perturbation on Taiwan’s coast.

BREET : JENRMRA ~ Blepbedrm i ~ i REal - AR - (]

Key words: Achatina fulica, Coenobita rugosus, coastal monitoring, invasive species, logistic regression
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FEMR A E IUCN BE R 5 R AR PiE
L JRAERHIE » CRIN AR R ~ Biad
BHET 25 KA S8 - SRR IR R IRbT

wf

'F\JI)T

RIDEAE 2006 T — AR H)
£

rRIE KA (Achatina fulica) B S & Hi%
Mo A AI{EMD ISR T I - 'S
ECR B AR AR - R RS B
W 7 R K R R F TR R - 22 3% - RS
£ 1900 ERTAA VB RFE G » &1
REHE A S8 > 20 HERC A Flde 2 2R S »
FEUN A WA PT RE L /2 AE 33 BRI A AR R 2
TR (Wu etal. 2007) ©

FECEIE N BT > EnzisiR D REY CE
A FERF AR o (Hth s al & R
HI BT » AEEHE SRR LEEE (Gecarcoidea
natalis) ffiEFEM A (Lake and O'Dowd,
1991) ©

ekl 5% (Coenobita rugosus) s
W RS E BRI - LIS EY)
MEEERERE > RAHBYER 25 LE
TRE 2 — o BRIGEMAEE KRR - &
W& R AE T E 0 - LIRS 2GS
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[ > HERERS ST » A/ DR R B H K 9.40
mm » PN & 500~15,000 fEAZ » HAESLH
KSR ] A5 B R B S v M R B R AT B
(JiE 2012a) °
Abram (1978) FFFE4EH > i Coenobita
compressus FHR RSB R 7 (5 FH IR ~ RIE
BHAENE o rh U E 3 i AR 0 B BN > /NI (T
HE R 0 A T ZRUR B AR o {3 th BB AU ([
HERAFE R > K9 1-2%R R 83 i
R - S FHE RN S G AL - SREE K
8K SEEGR HHRARER > MR AEE A
A AR Rk o RUEG A
o 2 T A S A A e R R R RS FLA
B0 7 P/ 2 A LB A R A =7 (Osorno et
al. 1998) °
Page and Willason (1982) FRfF5EHEH »

ik 2 T FH R R R 2 s oy S8 St e Ay S
[oRREREHE > Llﬁzf:&&iﬁ’*”!lﬁﬂ FID U R
PR R TSR B R R B SRR R
ﬁfé’]ﬁﬁ%ﬂl¥z~’ n%%% NGIRE 5 B E R
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BIET KD (i 2012a) o FRFEELE A NS &
OB R AR R HARM S AR A
1= BIRE - SEEM BRI K Hazlett
(1981) o K AAZ A IEI AW HE R =AYy o]
FAZe%% » RUD ISR R Zr R e nT RE AR
SEEIE AR A-725% (5 2012a) » JERCKHY
{ERE B I o FEPN A AR 5 s e e 77
JEEE R RS R SO R AT SR B 2 — » [F]IRE
AR\ R M A B e L R e S e {0
PN 1 e B AR . o

MR Ty ik

EGLIRTS 25 3 22 D Vi o P 328 e 1 o v
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PN T SV e 1Y PR R o (o LA TS {EC /2 3t
T > SR A ERDRL - RN T % E
TR > BRIV R H R > (AR I 3 i {18
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R (A) 0 8/23 HEHESHIEMIE B 1w =
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Jert (D) BLHLERMENERE (F) -
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(2012b) [&l 3 LAE A R 26— 20 R FR T R
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0.01 mm ([& 2) » JE IR AKX B A

KNI T > RIRHENE R R R > 12208

ERSE (2011) BERIGCERHRIERLR ~ RSB C B

P BGRHLR R S fR s B 2T B Y B ki

HRE o R L RN TR
7ﬂ 17 K2 i A\ 1o B L1 7 T B AR 5 mm L

0 O FORMEF » Ao R KB O R
ﬁ S Zormativ N o Ze B R R AT 5 mm
DI B MBS ML AR o [RIRE R (s B th
THFELLE » 52 BRI AR A a2 A R T IE
HEAYHT G (anterior shield length, ASL) » F LA

L AR [ it oK 15 T i R BB X2 ] Bl i SR

H— RtaEi R MR R -

AHFFEEH R version 3.1.2 #A% (R Core
Team, 2014) » AGHKHR Zuur et al. (2007) B
Crawley (2007 ) 75 5% 3t - 1& Ll
classification tree models 73Tl E 27 JE 8 15
AR T F IRk B (% B factor (host) ~
pereopodL + fingerL + factor (location) 5 737
%3 FEE IRF 52 LA factor (shell fit)~ fingerL + factor

(fulica 0/1) RERHFR o

=
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runway

inner lagoon

A

1 WD EAWIREORER - AR > BRI » C:PISMIEFF - D:NIEBICILR - ERiE
HER - FREE R o

Fig. 1. Map of sampling sites in Dongsha Island. A: national column, B: fishing-allowed coast, C: inner
lagoon south, D: inner lagoon north, E: mid-runway, F: runway east.

2. AWHFERT F et e 27 f B e R 2 B WA A © pereopod L #5725 & R @S - finger L #5255 —4
IR

Fig. 2. Description of C. rugosus size measurement in this study. Pereopod L represents moveable finger
length of cheliped; finger L represents dactylus length of the 1st ambulatory leg.
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5 63 £ BT EL 6 & > NI s 22 &
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H 75 % > & (Chrysostoma paradoxum

Born, 1778) f 58 £ » IR} (Turbinidae)
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AR R A > FR R (SR e -
R SR AR > 1T < I SRR Ja S/ VL]
W RAT A - HErmiE IR ) A 2 e
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classification tree f&=X /347 » i Am fiEAE AR
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55— JE FE BT R B E = {18 22 Ok 75 sk il
EEFR(RAT - FERANE 4 FR o B R BT
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53RE » {F pereopodL > 7.68 mm FYRERE A
{E#% (fingerL > 6.17 mm) & FEEH » /)N
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< 6.51 mm ({8 £ ZE R AR ¢ 1E
pereopodL < 7.68 mm HYEERS o /)M S

(pereopodL < 6.38 mm) = Z {5 FH <5 [ it
SEUTS (6 FH < 1 SR Y P 27 J R i A/ - T
6.38 mm = pereopodL < 7.68 mm FFHE i1 5%
FEHITHHER T 3thdakls Al » 7R3 R IR A <5 1
W% o TEEI R IR AT R R o

S oL P 2 e AR 2 e AR (s ([

5) » RAEBSAEA IR - /MBS T /C (AT
RIS A (R R D o SE— DT B
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3. BlmbEE R AN A A AR RIS R 0 i o finger length 1855 — 0 R FRHIR -
Fig. 3. Distribution of C. rugosus size in different host shells. Finger length represents dactylus length of

the 1st ambulatory leg.

ﬁnger?=6.51
T

pereopofl< 7.675

A fulica
211/1/0/0/2/0/0/2/0/0/15

pereopofi< 6.375 fingerg 6.17

c paraLoxum asfactor{fpcation}=o NeritK Turbilane
0/0/41/6/3/3/1/6/1/0/0 1/0/2/2/2/1/0/52/3/0/5 0/1/0/0/0/0/0/0/0/0/6
C paradoxum Neritidae

0/0/12/0/1/0/0/2/1/0/0 0/0/3/0/0/1/1/13/0/1/0

4. SRR R AR IR RAT 4T o finger: 5525 48K - pereopod: 2 & FIENFEE -
Fig. 4. Host shell selection of C. rugosus accessed through classification tree modal. Finger, the dactylus
length of the 1st ambulatory leg; pereopod, movable finger length of cheliped.
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Fig. 5. Bimodal size frequency distribution of C. rugosus.
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K > 26%0R5%E [N > I FATRRRIEER A 14%
IRFOE K > 489, [N o AR NEE R
F1A) Vi U SR 535 11 e < 1 i 2 5 {2 AE
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H% B FEE R HDL50 £ fingerL = 6.97
mm o PRI 1] 53 7 B AR o B ) £ [ 0 e 2
R PR » 55 5 W M o R b S )

(ANOVA, p<0.05) » EIRERFREIRET % » BT
HDL50 (B8R ) £ 6.78 mm B HDL50 (£
fli) £357.19 mm > RoRAVEER R R
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Fig. 6. Medium-size C. rugosus individual occupied over-size A. fulica shell. L/O/S: large/suitable/small.
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7. #8H logistic regression 73 ATEE B » AR TE{E R F [ B B R R ) SR P 2 e 8 2 AN [R] g
FIFAFEM K843 (ANOVA, p<0.05) ©
Fig. 7. Base on logistic regression analysis, A. fulica shell usage by C. rugosus showed distinct patterns
on fishing-allowed coast and national column coast (ANOVA, p<0.05).
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8% J8 (Syrrhopodon) &t & i L. 55 & R} (Calymperaceae) » 208 A J& 5 A0 E0 A 6 f8 2 (H8HE o A
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Abstract

Six species and two varieties of the genus Syrrhopodon (Calymperaceae) have been recorded from
Taiwan. This paper describes and illustrates Syrrhopodon aristifolius Mitt. as a newly recorded species in
Taiwan, and provides information on its habitat and distribution.
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%

2014 ARG LS R E R E I M E
(Syrrhopodon aristifolius Mitt.) » £% it 25 7E 2L
#0e £ /8 (Syrrhopodon) 2 T4 80-90 f » KRN 2 PIFE o BURE > AR S R sRALES -
DIz oy An s =E I D BURAT S 2 (Reese ar M~ R AR PE AR ~ JEERE BRI (Reese & Stone,
& Stone, 2012) » ZEABIHCERIFA 618 2 {F 2012) » S {HHE IR AR AL © A S
%41 (Chiang et al., 2001; Li & Croshy, 2001) ° T BEHHCSRAET I RE ~ BBt ARG PR HE L

M AERTBRER
1. % FER(limb) 2 8N BTS2 BE Y R BERS (marginal stereome » $5IERG ML HIEBERHRR) ......2

1. B b R B R R i S
2. BEGERAT I R B AR 5 BE ERRR RIS EE R R IR RS FIRIRER 13 DLb o {#

F 1-5 {EFIIREL » FERRCEREAR oo CHEHE (S aristifolius)
2. BEETRIREE AR B R IR R IR e, 3

3. T AR <MY 20 By BRI E BT 5 BEAER A2 LamaIaE - R 6-30 mm BUEK.....

....................................................................................................... HETEHREE (S. loreus)
3. 3 FESZ ARV A B AERR ERERR 5 BEERERZ FAEMIAEHR ; BER 3-10mm e 4
4.77 %5045 (cancellinae) B 3 _F R AR ..ooovvevv oo B (S, gardneri)
4,75 K& FEAR BLEE | I SRR AN HARE o, HAHEE (S. japonicus)
5. ZE A (lamina ceIIs)HE@ﬁ‘ﬁEHﬁET%fEHﬁ .......................................... FEfIfEE (S armatus)
6. 4% IR HREE 2 BN BRSO R BT AT s BER 12 mm % ML (S. trachyphyllus)

6. T LARKRER < L SRR R BERT e R A R SRS s BER 25 mm LT
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7. BRI SRR - TEMIMAE A N EARE . B TGRS E AR (S, prolifer var. prolifer)
7. BERERE/ NSRRI ECEIG 2B - TEAMIURE o pERARRZR .

CHEMEE Syrrhopodon aristifolius Mitt., J. Linn.

Soc., Bot. 10: 176 (1868) [&l 1-3.

fEPE Y > Fen]iE 15 mm o EikEEE
o EFRAR o RIRFLOEHE o FKE7
FEHEL > Dok Wt s fEUIER LR o 38
RZJRIRENE E bt - VIR ) PR R 3-183 mm -
B (3£5£)0.26-0.38 mm » N Efik3# (teniolae) » &
HAESREFR IR (3)5-10 {IEAHAUEL » #EH [m)_HAEfh
FW7EHEZE 1-2 {EHIA L - TR REIRAEER
TR E M2 JTREAHER > T A& HHAR B SRR
{LSHRAARE » JikeAHRR 2 AR 32.5-60 pm »
i 11.25-15 um ; BERAEEEEIRE M L AR AT
it > PYEEGETRE - R 1 R 5 BER
TE5E AR BB R RERR » el e
B SE N IARE - 1Y 24 FEHIR - SERTIGE
FEEEH » K 5-16.25um » & 5-11.25 uym »
IS s MEUIHEE 1 G » (55 2 [ o
FRRHEARE > 2R 3B ~ FEZRINEUERT R 2
FeE U EL A ] S MR IS EEfE (stereid bands) » A
TEEESIHRF I T EE A & - it (quide cells)
1-2Q3)f& o MEPEZFAR A o I FRER L

SIEEAEA Frdiri ¢ HER R B o R
AR TR SR F o iRk 416 2°
R » 2014 7 H 24 H » N24°56', E 121° 48’ >
K.-Y. Yao 5835 (CAS, TAIE, TNS, TUNG) ; #/%
AL PR 3E - A4 RS TR R S SE R
Lo ¥k 363 AR 2 2015 4 4 A 30 H N 24°57',
E 121° 47 > K.-Y. Yao 6229 (TAIE) °

...... L FEHE S #E e 58FE (S. prolifer var. tosaensis)

ARAE A WPERF U LR H B A
ARIEELL > [RIHEZE EERHR IR 55 Y 5E Fr FEH R
78 > M RGE MR HIER R K
WRZE-F B F e — -

AFE IR LAR K (Ellis & Tan, 1999;
Mohamed & Reese, 1985) » 132 KR FI|HH
Az A B ] REHR TE S AN BH BRI A AR
(& 2, C) » {HEN{E 28 BEnItEY e 2 v] LA
WREGIEE » SRR3R > M ELE -
PR BER SR S - EEER{E3ES
R A R EE KA AH ) E AT Re & K It
VG - BIAIHESERE £ (Syrrhopodon loreus) ~ {E
EELX (Calymperes lonchophyllum) ~ B8 {E3EE
(C. serratum) ° B [3ft =FEAYZZRIBR T REHR
MEESe 2ot > AFEZER AR ECI TR 5
TS LTS BB LR S TS BE B SR O
HORMETEE Y PR S IR LI AR EE |
B ) EAS B BERR SRR - TS &
FACTES HIERE |- 38 2 fs Ui 2 A %=
BERR o

S 1 O REA B ) BE R AR S H At B %
HJ % #% (Eddy, 1990; Ellis & Tan, 1999;
Mohamed & Reese, 1985)5H 15 LL Bk 42 » 1R
ST el froo BEREEKI(E 0.6-0.7 mm o
i H A PRE BN A ERL TR 0.26-0.38
mm » (BRI AR 8 8 - 58 R ETE
FHUR W Lz — » BEZEENI
o 355 B R0 I A A 52 7 2 B 26 AR B Bk AR
Bngs o HLoh 7 A% R ARAR B8 — SL Al A B HA
(Eddy, 1990; Mohamed & Reese, 1985)#41 %%
BRI 12 > AEEEB WIS > MESR TR AHAR
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MHE G EER 12 & - (HhEE D EE 12 AELBR S Il A AR - DR b SCRE AN 1 R
R RERTRAIALE » LA 7 e—Fstl -

5 £ o~ o
1. M E YRS R A ) - H ik #E RS SE 1525 (Leucobryum boninense Sull. & Lesq.) ©

Fig. 1. Plants of Syrrhopodon aristifolius (middle) associated with the whitish green Leucobryum boninense.

2. UM EEYIG -
Fig. 2. Plants of Syrrhopodon aristifolius.
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3. HEME o A HEHPIEE 5 B-C. 3 D. i) E. EROLAYTA&HHM 5 FOIERSH
G JiMEHHAREIZEMI LR s HAL B8 s 00 R KO, BERRYIHI(IRFIESEREHIHELR) - (f@
H K.-Y. Yao 5835)

Fig. 3. Syrrhopodon aristifolius Mitt. A. plant; B-C. leaves; D. cross-section of stem; E. cancellinae of
leaf base; F. margin of leaf base; G. boundary of cancellinae and lamina cells; H-I. leaf margins; J. leaf
apex; K-0. cross-sections of leaf (from leaf base to leaf apex). (Drawn from K.-Y. Yao 5835)



348

# R

R A ALV SR A RO B 2R MH
TEREY )RS ST Sk BBy > 140 K A it
SHEY R oG E G T RS T B e KSR
Bler (BHEER) RS B S FE G E58R 5% : NSC
99-2321-B-329-002-) » FfILHIHS -

71 SRR

Chiang, T.-Y., T.-W. Hsu, S.-J. Moore and B. C.
Tan 2001. An updated checklist of
Taiwan mosses. 36 pp. The Biological
Society of China, Nantou.

Eddy, A. 1990. A handbook of Malesian mosses,
\ol. 2: Leucobryaceae to Buxbaumiaceae.
256 pp. Natural History Museum
Publications, London.

Ellis, L. T. and B. C. Tan 1999. The moss family
Calymperaceae (Musci) in the Philippines.
Bull. Nat. Hist. Mus. Lond. (Bot.) 29(1):
1-46.

Li, X.-J. and M. R. Croshy (eds.). 2001. Moss
flora of China, vol. 2: Fissidentaceae -
Ptychomitriaceae. 283 pp. Science Press,
Beijing and Missouri Botanical Garden
Press, St. Louis.

Mohamed, H and W. D. Reese 1985.
Syrrhopodon (Musci: Calymperaceae) in
Malaysia and adjacent regions. The
Bryologist 88(3): 223-254.

Reese, W. D. and I. G. Stone 2012. Australian
mosses online. 13. Calymperaceae:
Syrrhopodon.
http://www.anbg.gov.au/abrs/Mosses_online

SRR A

/12_Calymperaceae/Calymperaceae_Syrrho
podon.pdf



EEAEYZ R MEFE(TW J. of Biodivers.) 17 (4): 349-356, 2015 349

&, Mgk

2 LA F R AE fa(sect. Murraya) 427 2
Notes on Murraya sect. Murraya (Rutaceae) in Taiwan
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#H 2

ARG LA RT3 - TS T R 2 A AGAEAEY) - FriSRi A 2 1 80 > SOh4ei 1
FEEZETIE © Aff(Murraya exotica L.) f 1 #rifeadhd « T H & (M. paniculata (L.) Jack.) » BHFAFEEHAY
FRRER ~ B3 A B A AR R SR ER Y o

Abstract

This study is a classical taxonomic revision of the Murraya section (Rutaceae) in Taiwan based on a
broad survey of herbarium specimens and living plants in the field. The results indicate that the plant
currently known as Taiwan Murraya paniculata (L.) Jack. should be in fact two different species and one
variant. In this paper we propose the species be scientifically renamed: M. exotica L. and confirm a new
species: M. paniculata (L.) Jack.. A table of contents for proposed scientific names and areas of
distribution is provided.
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Tanaka(1929) 45k H /& (Murraya) 2 73 #8
BN AT B IR K B ey A A AH (sect.
Murraya) Sz FR FIAE {58 i B8 4 €0 1Y £ 5 fH (sect.
Bergera) —#H Y - 3% =18 7 H il iE A 1
& (M. paniculata (L.)Jack.) /Il 57— (M.
paniculata (L.) Jack. var. omphalocarpa (Hayata)
Tanaka) °

T-H 7 (M. paniculata (L.)Jack.) & H (M.
exotica L.)je YIRS &0 B —HE fELUE
gk BB 2B A AR
1767 HF-#$3% Chalcas paniculata L.(1820 fE#%3 ]
1Ef% M. paniculata (L.)Jack.) » S44R 1771
53 M. exotica L. » Ft " fEAEY) » 8 fE
WMYEGOHE BN HE2E B
Hayata(1911) %% His.2 224 ¥R H (M. exotica
L. » Chalcas paniculata L& [RI¥154) % - %
K& FHEE Engler(1931) ~ Tanaka(1929)
Kanehira(1936) ~ Chang (1977,1993) ] (2007)
¥ (M. paniculata (L.)Jack.) » &% M.
exotica L. HE{FRFVIRALZEBHIZS + BB
FE & R (o BEBE) WY o B
Hooker(1875)#2 % M. exotica L.f5 Wi%#fdE » £l
15 var.l B B » K var.2 {EED » i
M. paniculata (L.)Jack JEHf var.2 Z[F|¥)%E
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# oo F(1958) MMM EE 1 AR (M.
paniculata (L.) Jack.) » H —##fd » —##fE,2 F
2% B : 1.M. paniculata (L.)Jack. var.
paniculata /NEEIRZ » /NEER TR TLREAEHERLL
T o THIRA R BT - 2. M. paniculata var.
exotica (L.) Huang /NEE#/D » /NBE R TR
WAEFRECLL L - TEYGEI 8 > 3. M. paniculata
var. omphalocarpa (Hayata) Tanaka /NEE#5A; -
FREBAEHE BHRT - SehmE NhEE - (22
FRER B R T RE R TP > 2R T E
R EY)EE M. paniculata var. exotica (L.)
Huang > /& M. paniculata var. omphalocarpa
(Hayata) Tanaka ° #(1997) /7 XHEERIHIME 3
G 2 FAEY) 0 185755 M. exotica L./NEE
R LB AR ER DAL > THYRIE B8 » 2
28 3 M. paniculata(L.)Jack./)\3E F iz R AE HHER
LUT » THImATARBGAS » (HZ2UHH 1958 .2
B > ARl U BRI ek SRR H A - A
FEZE Y W RFE AR (M. paniculata
var. omphalocarpa (Hayata) Tanaka) JEFRE A
T2 [ 544 - Zhang K Hartley(2008) 6] &
#(1997) Z R H 7 X HEEH R R AWE
Chang (1977,1993)[F] E Ry fEAEY) - A A&
B (1997) 77 FH AR B H A 2 B2 FE AR T (.
exotica L.) > {HEA[EETHZE (M. paniculata
(L)Jack. ) B &5 HiE (M. paniculata var.
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omphalocarpa (Hayata) Tanaka) Z & » KI5
ZENETHZE (M. paniculata (L.)Jack.) * %
)28 e A A R 2R H A% (M. paniculata (L.)
Jack. var. omphalocarpa) > %5 H e A s
Kk o

S YN RN a2 SR EN
RO A B MR SR TR » 2287 A G HEYIEA K
Hr M. exotica L. (/NEE R B B B (£
LA L o TH G B B - FRSse) o #rag M.
paniculata (L.) Jack. (/NEER EEREAEHELL
T TEGRFE R BOHTSS) » HEC Gt R 2R H g
HitErk B/ NER RTEBEEHELLL T E » HEK
AR NER SR TBEAEHERLL T o P
M. paniculata (L.) Jack FH{EL » {H/]NEE Jr BB
K Seim ELEIMEZ N EE » (£ A8 LA LIBASELR

G ANGE AR 2 AR R 3

53 0 PR LA P AT - KOBAT (R a8 H ik
AEAEY) 2R 153 A

AL (5 SRR 53 B 2 Rk LU e A
AL HARZ B EE P IHRERTS »
2N KEEA BN AT RS A - 513
PR P AR AR 7 A LU R AT T
HAST : it 5elbe A2 B PE I S D AR A
B
NTUF : [ S8 KSR MR A
PPI & B 37 RS S R MR AN B
TAI - B A E R TEAEE
TAIE - FrEEVISERE T ORI A
TCF - B H B A SRR MR IEAS B
FRAS Z B M SRR SR AN 5 7 BEPREEBTRS -
HIFCEARAS BRI AR ARSI » S DUESRFOR L

AL NEPR B RSB AR ERLAL » TESmIEIEEE - MG/ DR 2-50m » TE20M oo,

............................................. 1. Hi&Murraya exotica

A2. /NEER TR ETERLLT - THSRAE B -

Bl. /NEERY]N > £3-5em > F2em s REBY NERFETE. ............. 2A. T H & Murraya paniculata
B2. /NEEEEA » F5-7cm > E3em 5 BREHASEE SIEME » Sin BMIEAIERE .

1. H 1

Murraya exotica L., Mant. PI. 2:563. 1771;

Hayata, Icon. Pl. Form. 1:132. 1911.
Murraya paniculata auct non (L.) Jack.:
Kanehira, Form. Trees rev. ed. 316. f.
271. 1936; Swingle, in Weber &
Batchelor, Citrus Industry 1:194. f.29.
1943; Liu, . Nat. Intr. Lign. Pl
Taiwan 2: 878. f.721. 1962; Li, Woody

2B. K3 Hf%Murraya paniculata var. omphalocarpa

FI. Taiwan 377. f.136. 1963; Y.C.Liu,
Lign. Pl. Taiwan 544. 1972; Chang, FI.
Taiwan 3: 521. pl.710.1977, Fl. Taiwan
ed.2. 3: 526. 1993; Liu et al., Trees of
Taiwan 563. pl.391.1994; Ho, End. Sp.
Res. 9 (2): 39. 2007.

it 0 (1) LARG# 5 BEOTRR B oy BB R
% 5 M. paniculata £ 2% # &
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(14115),(TAI1) ° $ it
Hi:Sasaki,(14112),(TAl); &
7&,Ching-1 Peng,14968, (HAST) °
PREITH:C.M.Kuo,6439,(TAI) - F T
B NI b W W & B H O
i1,(14118),(TAI) ° B ERR:Kuo &
Kao,444,(NTUF);Sasaki,(14119),(T

Al) - ZHITTAE S, C.H.Ou, 7022,

(TCF); {18 K22 C.H.Ou,(TCF) - &
BB /VENL, ZE ST s,
1986,(TCF) - F#& & L 1L
H{,R.Kamehira,(14121),(TAI); £ 4
B, AT SRR, 105; B FR AR, il )R

S ZH R A YT R

fi,181,(TCF) - L 2KR:) 1] 3o/ f2
A H.28,6216,(TAI) - ZEF:L
9, #R Ak, 310,(TAI) © BT S
i, T.Kiamg et al. ,82,(TAI);HEILI,
FRH 2B, (14122), (TAI) B8R
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1094,(TAI); {7 5 H,51,(TCF) - £
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T H $&, Chi-Cheng Liao,1556,
(HAST);#&7Kl],C.C.Liao,s.n.,
1978,(NTUF) - ZH&: LT
%, Wen-Pen Leu,839,(HAST);/\Ef
1, BRI, 128,(PPI) HEFEA I F
T fe % T2 B, 1837;16%&,
Sasaki,(14124), (TAI)

2THE
Murraya paniculata (L.) Jack., Malay.
Misc. 31. 1820.
Chalcas paniculata L., Mant. PIl. 1:68.
1767.

2A. Murraya paniculata (L.) Jack. var.
paniculata

it () THE KA HERTHRNY

T > T LA A R AL AR AR
oo s (2 Jt R L T T R
PR B2 o0 AT 25 il o

(2) BB S ANEARE < & F 1

J&(Murraya)EA » 8 KA AR
A RS EE IR TE > Hl
AR R - REEERD -

(3) HfESATE (1997) 45 = B A i FH 1%

AW Z AP - (B AEY)
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1994.
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C. E. Chang, 2943, 7667, 14285,
(PPI); A J11 B& 9%, 8058, J.C.Wang,
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1.Murraya exotica L. A% 3 B.AE 3 CAEHE: »
Fig.1. Murraya exotica L. A: fruiting branch; B: flower.

[&2. Murraya paniculata (L.) Jack. A. 54 s BAL 5 C.AEM: o
Fig. 2. Murraya paniculata (L.) Jack. A: fruiting branch; B: flower; C: style.
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3. Murraya paniculata var. omphalocarpa (Hayata) Swingle A. 5% : B.{L ;s C.ALAE ©
Fig. 3. Murraya paniculata var. omphalocarpa (Hayata) Swingle A: fruiting branch; B: flower; C: style.

Fig.4. Seed. A: Murraya exotica L. (scale=1 mm); B: Murraya paniculata (L.) Jack. (scale=1 mm); C:
Murraya paniculata var. omphalocarpa (Hayata) Swingle (scale=1 mm).
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I1. Manuscript Preparation:

1.

Manuscript should be written in a sequence of 1) Title, 2) Authors’ full name 3) Author(s)
affiliations(s) and address(es), 4) Abstract, 5) Key words, 6) Introduction, 7) Materials and methods,
8) Results, 9) Discussion, 10) Conclusions, 11) Acknowledgements, 12) Literature Cited. Of them 1
to 5 should be written in dual languages, Chinese and English.

Cover page should contain title of manuscript, author name(s), author’s (s’) affiliation(s),
corresponding author’s name, telephone number, fax number and e-mail address, and a short running
title.

Title should be less than 30 words. Capitalize the first letter of each word except articles,
conjunctions and prepositions.

Author’s name should be first name first followed by surname. For multiple authors, use comma to
separate the names but the last two names by “and”.

Running title should be less than 50 letters including spaces.

Abstract must be a single paragraph not exceeding 500 words.

Key words should be no more than 5 words.

. Manuscript Format:

Manuscript must be typed using standard software (Microsoft Word) with top, bottom, left and right.
Mark page numbers on the bottom.
Manuscript should be typed in a uniform character size. There is no need to differentiate paragraph,

title, subtitle or contents by using large or small characters.



10.

Measurements should use International System of Units (kg, mg, km, m, cm.... etc.). All numerals or
quantities should be expressed in Arabic numbers. Years in the text should use A.D. universally.
Figures and tables in the text should be sequenced by Arabic numbers (e.g. Fig.1 and Table 1). Both
graphs and photos use same “Fig.” designation.

Common name of an animal or plant that appears in title and first appears in abstract and text should
be accompanied with scientific name. All scientific names in manuscript should be italic.

When citing a reference in text, use surname and year, e.g. (Clough 1998) for single author, use “and”
to link authors, e.g. (Pimm and Gittleman 1992) for double authors, and use “et al.” e.g. (Baker et al.
1996) for multiple authors. When citing multiple references, separate them with semi-colons in a
chronological order.

Using the following system for arranging references in literature cited.

For journals:

Clough, B. 1998. Mangrove forest productivity and biomass accumulation in Hinchinbrook
Channel, Australia. Mangroves and Salt Marshes 2: 191-198.

Pimm, S. L. and J. L. Gittleman. 1992. Biodiversity: Where is it? Science 255: 910-940.

Baker, C. S., F. Cipriano and S. R. Palumbi. 1996. Molecular genetic identification of whale and
dolphin products from commercial markets in Korea and Japan. Molecular Ecology 5:
671-685.

For books and symposiums:

Soule, M. E. and B. A. Wilco. 1980. Conservation biology: An evolutionary-ecological approach.
Sinauer Associates, Sunderand, Massachusetts.

Jinchu, H. and W. Fuwen. 1990. Development and progress of breeding and rearing giant pandas
in captivity within China. pp. 322-325. In: H. Jinchu (ed). Research and progress in biology
of the giant panda. Sichuan Publishing House of Science and Technology, Sichuan, China.

Table should be typed on a separate sheet and be headed by a title of dual languages (Chinese and
English). It consists of only horizontal lines and typed with English terms (if possible) and Arabic
numerals. I foot notes are required, mark with superscripts *, 2, *, # etc,

Figure should be drawn with black ink on a separate white tracing paper with a figure legend of the
dual languages below. Computer graph made from laser printer is acceptable.

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

white A4 paper loosely with the figure legend below.
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