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Abstract

In order to explore mycorrhiza effects on different host plants in different soil properties, inoculation
experiments were conducted using three plant species of different ecological habits. Each species was
planted in three different soil media, then inoculated with three different mycorrhizal fungi that dominated
different habitats.The results showed that arbuscular mycorrhizal fungi exhibited little host specificity, but
soil properties significantly affected the synthesis of plant and fungi. Though different plants and arbuscular
mycorrhizal fungi preferred different soil properties, their growth could nevertheless be improved when
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living in unsuitable habitats by inoculating appropriate arbuscular mycorrhizal fungi.

BRGRS : HERLEIRE W LI

Key words: arbuscular mycorrhizal fungi, host specificity, soil property

WtEHRA - 2017 £ 03 H 22 H

Received: March 22, 2017

AN ~ TSRS SRR R A
AN EI AR RE AR > BN LAY
{B-2A & Entrophospora columbiana i Glomus
clarum &/ HIRER R A F L - [FIERHY - 18
7 PR B 2 fE Scutellospora pellucida 82
Acaulospora scrobiculata /) 8l Ky e
) it it A P T TR AR (K B B 2010 5 #R %
2013) = &k i SE fa AR IR A - B
FER sl FRR ) & £ RS > TTE
T EL 1t T RE 2 e B A i SR R TR Y
Srifi—{EE EA K (Stover et al. 2012) ° &
M > AEEEATEP SR RARIRE - A0E S8 A —had ([
e th AT DALRIRE o 20 Rl A BT AR BT P JR 4 » DRIt
78RR R PR 8 R T AR R 17 28 A 1k R e e
BEAE R —RHIIEY) 2 AR KBIARE - 58
e TIENE RS T YR M T
BLREY) IR IR 2 2R NS T E
BT EIRE AR > TR T ERAAE
e T REPIIRHRE 2 AERSER T SRR [EEE
(138 ~ 3 FEAEPEE Y EIRE LU 3 FEAA
P WIREY) A TR RS - FE R R R
AR RGBSR A B -

Esr HI 2017 A2 06 H 15 H

Accepted: June 15, 2017

S 5

B BT AR R AE AN A 4 8 M A
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Table 1. Zelkova serrata, Hibiscus tiliaceus and Gordonia axillaris inoculated with Entrophospora

columbiana, Scutellospora calospora and Acaulospora morrowiae respectively in three different

soil media.
Cultivation medium Plant species AM species Intraradical hyphae
Entrophospora columbiana +
Scutellospora calospora +
Zelkova serrata -
Acaulospora morrowiae +
CK -
Entrophospora columbiana +
S o . Scutellospora calospora +
Dayukeng acid soil  [Hibiscus tiliaceus -
Acaulospora morrowiae +
CK -
Entrophospora columbiana +
S Scutellospora calospora +
Gordonia axillaris -
Acaulospora morrowiae +
CK -
Entrophospora columbiana -
Scutellospora calospora +
Zelkova serrata )
Acaulospora morrowiae +
Sea sand
CK -
o N Entrophospora columbiana -
Hibiscus tiliaceus
Scutellospora calospora +
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Acaulospora morrowiae +
CK -
Entrophospora columbiana -
o Scutellospora calospora +
Gordonia axillaris -
Acaulospora morrowiae +
CK -
Entrophospora columbiana -
Scutellospora calospora +
Zelkova serrata -
Acaulospora morrowiae +
CK -
Entrophospora columbiana -
] o . Scutellospora calospora +
River sand Hibiscus tiliaceus -
Acaulospora morrowiae +
CK -
Entrophospora columbiana -
S Scutellospora calospora +
Gordonia axillaris -
Acaulospora morrowiae +
CK -

Two-way ANOVA A SRE R AN E 1
Y~ N[RI RS R LURe 2 R 22 AU
ISR T B ARRE (R 2) AR
I 731) ~F S AR ] P T AR R 422 70 i B S i 2
1 a7 ST LR AR DU E.
columbiana Z ZIL i {E: » #4E S. calospora X
2 $EFE A morrowiae ¥ HERH I A EEE
o R Ry a2 LIgEFE S. calospora
ZRBUREE » R A morrowiae K2 » BEfE

E. columbiana i i H ifi e B 72 52 o 72 DL
L) R AR B 42 P R B S AN R L rh s R 2 B
17 SR T E > FR R BRI SR P
MRE G A RMEDY » AEGERP K
bit s BEFE S. calospora AP FEE B (£ »
WRZ » Kyt i7E : #248 E. columbiana
AR+ B > PR B A B
2L P A morrowiae ARV RIAERAE: » 1
WRZ » Kt iE (3 3) °
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Table 2. Two-way ANOVA examining the interaction between soil media and inoculated AM fungi on

Hibiscus tiliaceus height.

Source of variation SS DF MS F P

| 801.272 3 267.091 303.704 <0.001
S 181.887 90.943 103.410 <0.001
IxS 897.842 6 149.640 170.153 <0.001
Error 21.107 24 0.879

Total 6739.310 36

I: Inoculated process; S: Soil medium; DF: Degrees of freedom; SS: Sum of squares; MS: Mean Squares

R 3. RS 3 M 4 FEAN R E AR BRI 10 {8 7 R ZAEPRSEE (cm)

Table 3. Height (cm) of Hibiscus tiliaceus inoculated with four AM fungi in three soil media after 10

months

Sc Am CK
Dayukeng acid soil 8.43+0.85"°  16.47 +0.93* 472 +£0.41° 4.31 +0.56°
River sand 22.47 +1.24® 6.83 +0.71°® 19.83 +1.27" 5.63 + 0.55°®
Sea sand 25.93 + 1.56" 6.43 +0.61°® 10.23 +1.11"® 7.83+0.71%

Items with different superscript lowercase letters in the same row and superscript uppercase letter in the

same column indicating the significance in the difference at P<0.05 (ANOVA with LSD post-hoc

analysis). Sc: Scutellospora calospora ; Ec: Entrophospora columbiana ; Am: Acaulospora morrowiae :

CK: control group

F 14 SR B R BE AT A T R AR
S 4 {18 F e TR ER BB Y%
M43k > A, morrowiae ~ S. calospora ~ E.
Columbiana 3 (5 AT B A BAZATE R R 5 1T
{E W W) By b £ A, morrowiae ~ S.
calospora 2 [#/f AJBLKBEATE KR (£ 1) »
Two-way ANOVA 3 At Fefin A A T ~ 1~
(] P22 e i T LA e 2 IR I A2 Fa e 2 s
BT RBERE ARG (R 4) « HRAEH

- 878 PR AN [ 1) R RS R 7 A o S KBRS 2
i 7= SR AT HER o fE Rt LIRS E
columbiana Z FRH{E » #E A. morrowiae
S. calospora BT HEAH I MEEHZE 72 52 o 7R e
VRIS 2 LIRS, calospora & FEHRRAE »
PEfE A. morrowiae B2 E. columbiana &2 #HH KX
Z 0 B A o 2 DA TR AR e e e i P
FAANR] -3 R BR S (2 1 i 7 S A T RS > (Y
A EE TR 1 RAH AT & H K BE A AR R A K
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T BRYGROE i el MR R 5 > AR RO T AP+ R > PR BRI A B
B 5 BB S. calospora YD R AR AE: 723 BEFE AL morrowiae 5 3 1 173 A B
DR 2 » Kyl 2 3 $H E. columbiana HER (K)o

R 4. AR TR AR T AR SR A P e o E [ 3 0 3%
Table 4. Two-way ANOVA examining the interaction between soil media and inoculated AM fungi on
Gordonia axillaris height.

Source of variation SS DF MS F P

| 131.049 3 43.683 102.649 <0.001
S 24.815 2 12.408 29.156 <0.001
IxS 288.003 6 48.000 112.795 <0.001
Error 10.213 24 0.426

Total 3703.080 36

I: Inoculated process; S: Soil medium; DF: Degrees of freedom; SS: Sum of squares; MS: Mean Squares

2K 5. KBAZNS 3 Hf H3gErh 4 FEASRI R ARG R RRE FE 10 {8 H % ZHERREE (cm)
Table 5. Height (cm) of Gordonia axillaris inoculated with four AM fungi in three soil media after 10

months

Sc Ec Am CK
Dayukeng acid soil 7.40 +0.70° 19.4 + 0.59* 7.80 +0.60™" 7.70 £ 0.44"
River sand 11.63 + 0.80%® 8.23 +0.85" 8.53 + 1.00" 5.77 £ 0.57°®
Sea sand 13.13+0.35" 8.10 + 0.56"® 8.57 + 0.65"™ 7.77 £ 0.40"*

Items with different superscript lowercase letters in the same row and superscript uppercase letter in the
same column indicating the significance in the difference at P<0.05 (ANOVA with LSD post-hoc
analysis). Sc: Scutellospora calospora : Ec: Entrophospora columbiana : Am: Acaulospora morrowiae :
CK: control group

R HR RS MRS 5 T PR A 2 A B AR calospora 5¢ 2 BEff n]BL 5 R A IR (£
B PE 4 {8 A 1% T PR SS > SR mIT 6) © Two-way ANOVA 43 ##il S8R A 7] +
Mt 4k - A, morrowiae ~ S. calospora ~ E. Y~ AN[RIRFEAE R B LU e 2 TRl PRI 2 TR e
columbiana 5 3 B 5 A] Bl S I R R AR PR R T RN ARRE (£6) B
1AL W) By i) 84 A, morrowiae ~ S. TR A1) 1 878 P A ] 1) 7 R I 42 A i 3 3 1
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PR 2 v e S T EUR > AE QYL Fh LU B A
E. columbiana Z &I {+ » 58 S. calospora
IR » BEFE A, morrowiae B HERH I 4
W 72 5 o (R RIS R 2 LIRS S.
calospora Z ZHL b » 78 A. morrowiae .2 3%
BARZ > SRR 7 o 7 2 DMl AR b Fe A
Jo PR AN (] 4 48 rp o B L o A SR T B
B > AR BRI S R ] o5 H B R A R AT

Wzt  ARPE 2RI B R
ARG 2 s ikE + $448 S, calospora i
WP FBRAE » PR Z » Kbt is s
fi E. columbiana 3 A HYT + 2B e iAATRD
BRIV A REE 722 52 5 $27E A morrowiae 31A]
W FRIR A > ARz R
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%% 6. A TIREME R E S A B R L 5 iR

Table 6. Two-way ANOVA examining the interaction between soil media and inoculated AM fungi on

Zelkova serrata height.

Source of variation SS DF MS F P

| 717.828 3 239.276 435.928 <0.001
S 456.162 228.081 415.532 <0.001
IxS 168.385 6 194.731 354.773 <0.001
Error 13.173 24 0.549

Total 7561.170 36

I: Inoculated process; S: Soil medium; DF: Degrees of freedom; SS: Sum of squares; MS: Mean Squares

R 7. GEE 3 M 4 FANR E R E RAEE R 10 (A % ZAEPREEE (cm)

Table 7. Height (cm) of Zelkova serrata inoculated with four AM fungi in three soil media after 10 months

Sc Ec Am CK
Dayukeng acid soil 4.80 + 0.46"° 20.40 + 0.95* 3.80 + 0.66™° 3.60 + 0.30°¢
River sand 30.83 +1.31* 9.76 + 0.60°® 18.23 + 0.42"* 8.17 + 0.55™
Sea sand 19.47 +0.86* 8.47 +0.81%® 10.83 +0.71%8 5.90 +0.72 %

Items with different superscript lowercase letters in the same row and superscript uppercase letter in the
same column indicating the significance in the difference at P<0.05 (ANOVA with LSD post-hoc
analysis). Sc: Scutellospora calospora : Ec: Entrophospora columbiana : Am: Acaulospora morrowiae :
CK: control group
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WRPHRZ > ERP RIS i i S
calospora AV H 2 HiZ T i 8 AR RIS R
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Table 8. Two-way ANOVA examining the interaction between soil media and inoculated AM fungi on

Hibiscus tiliaceus weight.

Source of variation SS DF MS F P

| 6.385 2.128 652.630 <0.001
S 1.579 0.789 242.048 <0.001
IxS 7.686 1.281 392.814 <0.001
Error 0.078 24 0.003

Total 36.674 36

I: Inoculated process; S: Soil medium; DF: Degrees of freedom; SS: Sum of squares; MS: Mean Squares

9. wEHER 3 ML 4 B R RE AR 10 8 1% ZAEPREZE (g)
Table 9. Weight (g) of Hibiscus tiliaceus inoculated with four AM fungi in three soil media after 10

months

Sc Ec Am CK
Dayukeng acid soil ~ 0.38 + 0.04"° 1.29 + 0.06* 0.11 + 0.02°¢ 0.08 + 0.01°¢
River sand 1.78 £ 0.09® 0.28 +0.03® 1.38 +0.08™ 0.22 +0.03®
Sea sand 1.95 + 0.09* 0.27 £0.03%® 1.08 + 0.09"® 0.32 £ 0.04

Items with different superscript lowercase letters in the same row and superscript uppercase letter in the

same column indicating the significance in the difference at P<0.05 (ANOVA with LSD post-hoc

analysis). Sc: Scutellospora calospora ; Ec: Entrophospora columbiana ; Am: Acaulospora morrowiae

CK: control group
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R 725 o 37 2 DU AR B e B S A
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BRI Y388 HERH P HE K R AR R A K
ARENRZE AR HRRZ » b
ZHZEIS 5 B8 S, calospora AR HEZ B
RE o PR Z > Kl H S s #d E
columbiana i KIH¥L TR E i » FARIID B
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Table 10. Two-way ANOVA examining the interaction between soil media and inoculated AM fungi on

Gordonia axillaris weight.

Source of variation SS DF MS F P

| 0.497 0.166 86.490 <0.001
S 0.238 2 0.119 62.045 <0.001
IxS 0.523 0.087 45.508 <0.001
Error 0.046 24 0.002

Total 7.073 36

I: Inoculated process; S: Soil medium; DF: Degrees of freedom; SS: Sum of squares; MS: Mean Squares

11 REAARGS 3 ML IR 4 RN R AR & BE 10 (8 AR ZHEPRZE (g)

Table 11. Weight (g) of Gordonia axillaris inoculated with four AM fungi in three soil media after 10 months

Sc Am CK
Dayukeng acid soil 0.43 + 0.04"° 0.85 + 0.09% 0.38 +0.05" 0.39 + 0.04"
River sand 0.54 +0.04%® 0.34 +0.04"® 0.28 +0.03"® 0.12 +0.03%
Sea sand 0.63 +0.05" 0.29 +0.03" 0.31 +0.03"8 0.24 +0.03"®

Items with different superscript lowercase letters in the same row and superscript uppercase letter in the

same column indicating the significance in the difference at P<0.05 (ANOVA with LSD post-hoc

analysis). Sc: Scutellospora calospora ; Ec: Entrophospora columbiana ; Am: Acaulospora morrowiae

CK: control group
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Table 12. Two-way ANOVA examining the interaction between soil media and inoculated AM fungi on

Zelkova serrata weight.

Source of variation SS DF MS F P

| 1.722 0.574 93.287 <0.001
S 0.925 0.462 75.165 <0.001
IxS 2.711 0.452 73.423 <0.001
Error 0.148 24 0.006

Total 24.211 36

I: Inoculated process; S: Soil medium; DF: Degrees of freedom; SS: Sum of squares; MS: Mean Squares

13, GRS 3 T rh 4 HLA R ERE G 10 (8 H 1% ZHEREZE (9)

Table 13. Weight (g) of Zelkova serrata inoculated with four AM fungi in three soil media after 10 months

Sc Ec Am CK
Dayukeng acid soil 0.36 + 0.04"° 1.18 + 0.09** 0.31 + 0.06" 0.26 + 0.03"
River sand 1.48 +0.08 0.62+0.10°® 1.04 +£0.07* 0.53 +0.06**
Sea sand 1.08 +0.16% 0.57 +0.08°® 0.89 + 0.06"® 0.32+0.05%

Items with different superscript lowercase letters in the same row and superscript uppercase letter in the
same column indicating the significance in the difference at P<0.05 (ANOVA with LSD post-hoc
analysis). Sc: Scutellospora calospora ; Ec: Entrophospora columbiana ; Am: Acaulospora morrowiae
CK: control group



A% B ERFE(TW J. of Biodivers.) 19(2): 97-107, 2017 171

it

B Batd SR AR R S A B —
PR > (2R TR E AR T R
RE 73 BLAE P T R AR - 73 B B K S Z E.
columbianaf> i Bl it Hh 35 HE A SRS K
B ~ mEMEE G o

Ma o TS SRR ST R B R R
TEB ABEikaZE b 128 TS - B
B DA R b K] - A8 R E I 5o 2 o 58
PRt iR » B EE MRS ER
lE s GEEB I R4 R e REEARHIR
FCHE G E R IR 13D o S B A R
IR IO AEST 7047 » SEIRE. columbianaft i
PRy T IE R e A Sk S 18 EREY A Rk
fE > IR AN & A4 RS T IER B Bl
YRR o th BB DK B BT BRI AR T 42 5 L RZ B R
& A EERA. morrowiae B + R
e SR B 3 A B AR ) BRI T R AL A - HUZ Bl
WA A AR 2 52 - tht e A g3
A o BRI EEATRES. calospora i (£
W BRI HR g RE A S S 8 E IR A Rk
e > DI 1 + 1 2 (B EAEY) R SRS A A
Y SR R o AT FE AR R T P =
78 K i 0 A morrowiae(ET b EERDH
A R R RS, calospora » {J5R S B HE K 5
R B IR R o (R KRB A I AN
W

Weissenhorn et al. (1994) ffzefs HIER A
B A BT AR TR 7 S A B AR 1 2 Rk
R[] o K] A e e S 0 3 — 1 - B PR -
(AR o [ AR R AT M5 558 e {1811 e A
SERVIRI S I R i 2 PR > TR A AR B 1 F
BEEWEANE L » RO TR ES EIR
RE K] BB IR NS 5 S8 B AR R e

R - TR RN % e R A LS B I
FE A TR H IR U SR EE:

Enkhtuya et al. (2000) fiffZ2HHIlHE HFHR
A L B R Al REE S E BN R
(S HE [ A B B S 52 P A A i -
EARER B E RS BEE B EE LR
B HIAT RS B Y B A AR R AR R
SEE BT o SRTER /YA ERITEAIIG. mosseae » BfEFR
ARV AL B AT ERE » I B 1
{EFF2 AR TR R R A

JEIZ 0 {1 AR 42 A [R) T AR T 3 HE R
R AR (B A R A B — Rt A A A A
V) o g R AR B MR R AR TR B R R R
(Gavito et al. 2008) © R A5 R SR A
Pt s A g EEA R FEE. columbiana » A LA
JEF AR A RFRH - SOt B EZ 77
AR FEAIA. morrowiae » BEFEHT 1 A i
JEPE » 1312 AR 3B E R BAF - (H
HAE E B EIR -

— MM G - FRF AR R D LB EF
—: (Helgason et al. 2002) - #A1fi » HEEZ
5w RS R R TR 17 1E 2 S € 18 £ R =4t M
JEEH I i ¥ #2215 4 (Vandenkoornhuyse et al.
2002; Gollotte et al. 2004) » Daniell et al. (1999)
B FERRE 7 R R E R E A 5
TR A IR 0 R AE—Leftserh s &
TR EEARNERE g ELE T
ARIEAE R AE (Klironomos 2003) » A4 [
A DAL 2 e e A R AR BT 26 B PR K BIMsE
1E [Fl — RH 27 £ R 2 B aT LA R KA
7] o SRR R EE HP B R R R e o) B
WIREY)ZF ERE 1 o K > 15 ERYE—kn]
RE AT 55 B ) A0 285 A T AR B 7 {1 ) — {18 B 22
[KI% (Stover et al. 2012) » Urcelay and Diaz
(2003) TEH AR TEHE > SRR



172

IR A HE RS R A 2 B 2 2 B4 B (e
[P ET B ARAIRRATE o H (B HPETH IR
{ERE R T H ARG BB B DL T &
(AR 3t T U T ek (AR W A O P R
LRI s L 0 B BES R (R A i
R A M= O OB » RSB AR R 2
H BN AL E PR 2 AR

51 H SRR

PRFE8 ~ BV (2010) PG ERR R MRE A
REYDN A B AR A AT S o PREERTFEZE T
32(4) : 23-34 -

PRk~ SRR ~ oiEe ~ BV (2013) F5
H L1 AL W S 11 6 30+ 88 B g A R AR TR
AR o MREERFSEET 35(4) : 241-252 -

Daniell, T. J., A. Hodge, J. P. W. Young and A.
Fitter (1999) How many fungi does it take
to change a plant community. Trends in
Plant Science 4: 81-82.

Enkhtuya, B., J. Rydlova and M. Voséatka (2000)
Effectiveness of indigenous and non-
indigenous isolates of arbuscular mycorrhizal
fungi in soils from degraded ecosystems and
man-made habitats. Applied Soil Ecology
14:201-211.

Gavito, M. E., D. Pérez-Castillo, C.F. Gonzélez-
Monterrubio, T. Vieyra-Hernandez and M.
Martinez-Trujillo (2008) High compatibility
between arbuscular mycorrhizal fungal
communities and seedlings of different land
use types in a tropical dry ecosystem.
Mycorrhiza 19: 47-60.

Gollotte, A., D. Van Tuinen and D. Atkinson
(2004) Diversity of arbuscular mycorrhizal

AR AN RIS T e £ 2

fungi colonising roots of the grass species
Agrostiscapillaris and Loliumperenne in a
field experiment. Mycorrhiza 14: 111-117.

Helgason, T., J. W. Merryweather, J. Denison, P.
Wilson, J. P. W. Young and A. H. Fitter
(2002) Selectivity and functional diversity
in arbuscular mycorrhizas of co-occurring
fungi and plants from a temperate deciduous
woodland. Journal of Ecology 90: 371-384.

Klironomos, J. N. (2003) Variation in plant
response to native and exotic arbuscular
mycorrhizal fungi. Ecology 84: 2292-2301.

Stover, H. J.,, R. G. Thorn, M. Bowles, M. A.
Bowles, and C. R. Jacobs (2012) Arbuscular
mycorrhizal fungi and vascular plant species
abundance and community structure in
tallgrass prairies with varying agricultural
disturbance histories. Applied Soil Ecology
60: 61-70.

Urcelay, C. and S. Diaz (2003) The mycorrhizal
dependence of subordinates determines the
effect of arbuscular mycorrhizal fungi on
plant diversity. Ecology Letters 6: 388—391.

Vandenkoornhuyse, P., R. Husband, T. J. Daniell,
I. J. Watson, A. H. Fitter and J. P. W. Young
(2002) Arbuscular mycorrhizal community
composition associated with two plant
species in a grassland ecosystem. Molecular
Ecology 11: 1555-1564.

Weissenhorn, 1., A. Glashoff, C. Leyval and J.
Berthelin (1994) Differential tolerance to
Cd and Zn of arbuscular mycorrhizal (AM)
fungal spores isolated from heavy

metal-polluted and unpolluted soils. Plant

Soil 167: 189-196.



BV % B ERFS2(TW J. of Biodivers.) 19 (3): 173-178, 2017 173
& BTG A7 3

Melanthera nivea (L.) Small (Asteraceae), A Newly
Naturalized Plant in Taiwan
Mraziet" s EiE A P g s’
Chien-Fan Chen'”", Ching-Ghuan Hsiao? Po-Hao Chen® and Sheng-Zehn Yang®
AR R ERBORERRAT ST Y ERE &S 535k
LM EAG BEER HAETAG AR RS 24 3

TE SR RAHERE R AR RS R 1

! Taiwan Forestry Research Institute, No. 53, Nanhai Rd., Zhongzheng Dist., Taipei City, Taiwan.
% Taiwan Sugar Corporation, No. 24, Tangchang Rd., Qiaotou Dist., Kaohsiung City, Taiwan.
¥ National Pingtung University of Science and Technology, No. 1, Shuefu Rd., Neipu, Pingtung, Taiwan.

*i A TF 4+ chenc@tfri.gov.tw

* Corresponding author: chenc@tfri.gov.tw

i &

iR 5 B B R 0 22 P e SE Y 25 R HE - 75 53t 2 (Melanthera nivea (L.) Small) » ST 2K ERL A
SRR S M o RYIFERRERE AT BURHT ~ EORPURE ~ TE A~ M RIS R ] S
i g F R B A

Abstract

A new naturalized plant, Melanthera nivea (L.) Small, which is native to the Southeastern America, West
Indies and Central America, was found naturalized in a disturbed field in southern Taiwan. It is distinct
from Melanthera biflora (L.) Wild and Melanthera prostrata (Hemsl.) W. L. Wagner & H. Rob. by plant
erect or scandent, stems square, corolla white and only with disc florets in head.



174

G LA REY) — 77 A

BRGEE : A% - MRS TR B - -

Key words: Asteraceae, Melanthera, Melanthera nivea, Naturalized plant, Taiwan.

IWtEHRA - 2017 £ 03 H 17 H

Received: Marchl7, 2017

(%

HRHEYIRIA 1,500-1,700 J& #8356 24,000

FlEZ A 2 HEH (Peng et al. 1998; Shi et al.

2011) - [AIFSF @ tH 5 B R AR b e A IR HE
Yy o GBI LY ka0 EL 51 AR L AE
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Fig. 1. Melanthera nivea (L.) Small. A. Habit; B. Central disc floret with bract (left) and outer disc floret
without bract and two corolla lobes removed (right), showing the stamens connected; C. Infructescence
head; D. Achene with 6-8 pappus.
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Fig. 2. Melanthera nivea (L.) Small. A. Habit; B, C. Flowering and fruiting branches; D. Square cross

section of stem; E. Leaf upper surface (adaxial face) (right) and beneath (abaxial face); F. Head only
composed of white disc florets; G. Outer (left) and central (right) disc floret with bract; H. Infructescence
head; I. Achene with 6-8 pappus. Scale bars: B, C, E,F=2cm; D, G, H=5mm, | =2 mm.
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Biology of the mud shrimp Austinogebia narutensis (Sakai 1986)

(Crustacea: Decapoda: Thalassinidea: Upogebiidae) in Penghu
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SR R £ 19.49mm ~ 21.07mm » #8R% 66.38mm ~ 67.61mm > H AR — L R B K ~ Nz =
RUVEIRGR o KEELR ST ATT > MEMRERA ~ /NSH IR — & R BENY H R B IER K 5F — 20 R ERT R B E A
B RR 1% » TSR R i R — 0 8 ) S AR B 2 BAGR o W NS RN 25 1 B A B AR B I o
BEA: > MR B/ Ik B A R GEL NG PR R % 12.61mm ~ fER A 40.07mm » DI EL7E B0 25 i 32 e e e
BOEZERIAR (1L H)ZM MR BAETEAS A (4 H) RIS A o ik el rERfE A 15m BERIIAFEE »
FIE K 250m 8 1248 FE o34 sl ELB P £ 232 R Im? o IR E Y A » F ks S U Al
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AT YN E - HEW B 2 AN - BSaEm 2 4F o
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Abstract

The mud shrimp Austinogebia narutensis, also known as “He-Gao” or “Gao-A”, is a commercial
species in Penghu. This is a study of the biology and habitat of A. narutensis, and is intended to serve as a
reference for relevant resources management and conservation in the future. The maximal carapace
lengths (CL) of the species were 19.49 mm and 21.07 mm for female and male, respectively; while the
body lengths (BL) were 66.38 mm and 67.61 mm for female and male, respectively. Adult males showed
sexual dimorphism, including in both stout and slender chela. Results also showed high linear correlation
in CL, BL and PwPI, as well as curvilinear correlation in CL, BW and PIW in female, and stout and
slender chela in male.  The minimal sexual maturity of female were 12.61mm and 40.07mm in CL and
BL, respectively. Ovarian index (Ol) revealed a decreasing trend in the breeding season beginning in
November followed by an exponential growth in April the next year after the breeding season ended. The
species’ caves were at approximately 15 m and high density of caves occurred at 250m (232 ind/m?) from
the coast. The caves were Y-shaped while their main structures were U-shaped (U-part) and shaft-shaped
(S-part), with their secondary structures containing a turning chamber (tc) and side branch (br). The caves
were deeper and the width of the orifices were narrower in the summer.  With a lifespan of over two
year, Austinogebia narutensis have ovaries that mature all year round, thus the species is considered a

multi-spawning species.
BRSEER B0 ~ BLgtihel ~ BRIRIREL - YRR
Key words: Penghu, Austinogebia, Upogebiidae, Biology
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R BRI i 07 88 (Genus Austinogebia)fEi%H »

NE, P9 B8 ik 0 Austinogebia narutensis 2MFEBIEHNE 7 > WG 4
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BL) ~ % — 0 /& ¥ fii & (Propodus width of
Pereiopod I, PwPI) » H il & 2 FHELT T
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(—) SEMIE R (CL) = A A Al 22 BEG FH A
R 2 AR R o

(—) #8R(BL) : HEEMANITHE AR B2
[ERE L

(=) B—LEEMEPWPI) - HIEE P RE
FiT A BLBR A IR o AFR.Z 55— & B AR
P28 MR > BIR#S.Z S — 2 2
o RN RE » 55— 2/ )\SHHIA (slender
type) > BRI S AL o 5 — R K H
(stout type) » HLEKTARTHE © @ 2~ 3 7%
AR R EHE

/g ~ EEEHI
Fl) F % ¥ K 7F (£0.0005¢) 1l = 4 = (Body
weight, BW) ~ JE (Egg weight, EW) ~ # #4{%
O % & (Ovary weight, OW) ~ % — 7 & &
(Pereiopod | weight, PIW),Z B & » Hill & 2 &%
AT :
(—) #EE (Body weight, BW) : jEHES ' BRI it i
A% » DAKHUES BoK iRz ie R B

=

B

(—) JNEE(Egg weight, EW) : LLf# 1 HU T 8k
B ER AT A IR - & G I A DAFOKAR
KRRz % - B HESE -

() E& TN & (Ovary weight, OW) @ HA4
TEE S AT AEAR - LIRS B - U
fabRZ NH P HEE -

(V9) 25— & & (Pereiopod | weight, PIW) : {i
PR 2 — 0 I S EREY T 0 HFEHE

=

B ©

T~ PRBUR PR

T 5 Ha DI e UL 2 & L 7 (Gravimetric
method) K HHa N8 - IS 2 I & FrRac iR E
WIZE T ~ SEHRYN ~ We a2 = (EIRF IR PR

BN 2 MRS P LA i i A W R 5

{LIETE » Aoy RIBEREHEH 10 FEDN » DLESRER
s (Nikon V-12)/50K 50 &% & PR

L
K o

A~ HEAR
(—) PEEt(Sexratio)  (#k 1995)
BB A £ e S

x 100%

S P A A B

(=) $@YNZS(Spawning rate) (#k 1995)
WETE H DA R B
Z S M A (1A T B

x 100%

(=) D% (Number of eggs)
g .
= jf il x #5453 P ER 2 JIEL
B 5r 8N

(PY) DREFEE(Ovarian index, O1)  (#f 1995)

UL SR L S
B I 5% ° HE

€ RERER T ZHE

= FHI R 5 R A2 1 P i Y
K ~ B o SOMBRASRE R R S e H IR
FEFRURE L > HIRRIR T RSE R R R
S AL IR ERE B E T S04 o

N\ ~ {ERE R GRE R B A

TR DL 25%25ecm? 2 EREEHEREHE
A% > WIRETEAE TP FT R 2 I 1 AR
B 770 Rz a7 (R L #5x 16/2) » T
AIAHER NG B o SRBEIVERET S ml iR
I LA 1B PR T AE o 1 R g e 1 Bl s
BB 1 15EG < M LOAIFE € (Newcon Optik LRM
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1500) I A EEEE 0 2% 25m iR
DUHAEHEZ 11 7K0% - BAUE ORI 1k AGB 1Y
PR At SRR e Y ) B S ) B E P e
[ELHR PR 1E AR BERAAE TR R B 25m 3%
PG > LU RECHH: 0 00 145 B o R [R] D58
5o [RIRE I Sl 2 A o T R Rt 2
TR ©

Ju~ WRIERE

TR ABCRERR SR SRS R e AL » A8 H—
ATRIEANE « R R E R TR
Bz HERIRRAERTLR » B A 2 1
J¢Af3E 2.5m % 3m (Pemberton et al. 1976;
Kinoshita 2002) = [X]LFb 5 5 NS [ L g8k iy
B » AAFTE 0 AIE 2 B i 2= Rk [
FIJ FH 54 7K (Stevens  1928)FI157 HA H. 5 1 B2
[fi] 2 B 181 g (Atkinson and Chapman 1984;
Dworschak 1983; Hamano 1990) = 7l (A) B fgi{ L.
B(B)IA 2R A1 > LAH BLASR IS B
w8 AR T HEEHE ERETEA - 7E
WP RREB R SRS —FOR
t o 5 DARERER EUBIIE 2 75 58 2 RIE X i
KHEHI IR o JTR FE T BEAEEC - FRRRR
SRR C 7 2 BRI LAY » DI T4
J7 2L HY > Sl HE R e = A T B A o W&
73 =X R DA R R 31 R A o i 1 e e
fE ~ FARES U AR (U-part) ZEE ~ BE X
R~ AR shaft & (S-part) Z R R ~
3 22 (turning chamber, tc) & & ~ {3 (side
branch, br)#E5E5%E - {7 RS 2 B EB AR E
& 411 4

+ -~ EhlpREE
& H TS0 8 Bl IR B A 1 2 & TEH B
1% Ll Microsoft Excel 2007 #t a1 f4 437 Kz =]

FAglE - BRI AT

(—) BFE T (Analysis of covariance) : #i €
W ~ A 2 % T2 R e S i R 7 32
A BEE R (ttest) - B ARE AU
F— o BRI 2 -

(7)) #7557 F7(Analysis of variance) : 28 Bil 5%
W ER R EEE TER AR E - SR T )T 0 p
(ANOVA) Il g 50§ 1% B 0 81 & 1
(F-test) » ' FEEIZIR » EERHRAAT o

(=) £k 7E (Chi-square test) : fgiE M ~ HEME
PR ERFA 101 WfERE% -

(P¥) 57 (Residual)i 7€ - TR ER 2 B PR E R
R - A A e R e A HIl
&R R

(1) %/ NF 5 (Normal equation, Least square
method) : K& AHRH2CHY o B 22 3 o

R

— ~ JEREIE R {R

AR ILERTE 600 NG BB IR AR A -
HE YN 70 € ~ RIYNHEER 202 € - 4
i 19 € ; ek 276 € > 4k 33 & o TR
RS 2 M sE M HH R 5 19.49mm > BRI
66.38mm > [ BENG H R 21.07mm > fERE
67.61mm °
(—) SRR REERE R Z BT

BN (5 PO DRI ) ~ e 2 ) 5 ff P
(CL)BEHE R (BL) ZBHTR » A8 1t SR 2 Al
SEBHER(E 5) > FHBR B RE S & o B
LISRE AT LR R 27 I AR R B AR 2 22 52 - 4
T M E AR (R R S O > BRI
ANRIREZR 2R - HE gl 7 a0

Jiff : BL=3.6355xCL - 5.4753 (R? = 0.9727
> n=291)
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Iiff : BL=3.1953xCL - 0.4662(R* = 0.9789
~ n=309)

SHohlE 5 nIE o E R R KR
11.4mm IKf » 7EAH R SR R AGe PR & > DA
{8 BERWEK -

(Z) Bl REAREE ZBHR

BN (5 PEL DI RE ) ~ e W 2 1 5 ff PR R
(CL)BiHE E(BW) Z BRI » #80 Arif SR 2 il Al
SEBATR(E 6) > LM FHRR RO M = o
P DUSE RS o0 b e w25 i A i B 1R 2 72
T i LU A Al B A (R fE A O - BIAE
RARB AR RIS 2 JERE o Hoah R i 7 =040
T
Mt : BW=0.046e"2442C (R?=0.8930 ~ n=291)
It : BW=0.0534e%%"*°t (R2=0.9608 ~ n=309)

FYtHE 6 mIFE H o E IR P BRI W S
A 11.6mm » (EAHFIBEMH RAGEET
LI seute{le e 2 fe S B o

(E) EMRREE D ERHEZHRR
W ~ R R R H R (CL) B2 — 28 )2
EEIRE(PWP)Z BRI - KIERE K ~ /et
WIfE > MO BETR - RS 0 =R
B ER R GR(E 7) o E A A B R R
B My HH IR B 2R — 2D RE B R 2 FH R AR B
e H=E 2R
Jift : PwPI = 0.1666 CL - 0.4931 (R?* = 0.8609
n=291)
IECKEH) © PWPI = 0.4474 CL - 3.5067 (R2=
0.8687 ~ n = 210)
I/ NEH) @ PwWPI = 0.2649 CL - 1.5278 (R2=
0.5904 ~ n = 99)
A SR L7 MBS P Lt ol i/ B e i 2 2 —
2 1E 5 A T B R F B R TN R SR AN

BN 2 MRS P LA i i A W R 5

R TFEME B MEER P o Lot - MRS — 0 2
I E 2.89mm o /NHEEIRIIEE —5
HEEE 3.26mm o KEHEEIREE — 5 L&
FIAE 4.56mm o RSHIHEER S — 2 B Z#
WERERAY) 1.57 £ - KSHIEIRIVEE — 2 B &
JINBH MRS 1.40 15 o/ NBH MRV B — 2D
IR MM 1.13 % -

= omom g

3

7
7

=

"
"
"
£t

[

(MY) SERREREEE— B E R

M ~ e (RL K~ /Bl > BT AT ELIR)
WA 1 BEL R FA R (CL) B2 — 25 [ = (PIWV) . Z Bl
FRH o K8 M % RS I M ~ B MR ~ /MBI I
Wy — 7 B2 — 20 8 1 1) 2 ol A e R 4R (1
8) » KMk < 55— & F B < FHER (R H
TRl - H=3 ZBAMRTT -
Jiff : PIW = 0.0018e%***%°- (R? = 0.9284~n = 291)
TECKSH) @ PIW = 0.0007¢%3%%° (R2=0.9461 ~

n =210)
(/N8 @ PIW = 0.0036e%%CH (R2=0.7375 ~
n =99)

At SR S 77 S P BRL it e /| B B e g 25—
25 12 I S Mg Y 48 AT 4 B g B R AN Rl
T a B MR AR o BEAt > MRS — D R E P
I1E 0.082g » /[Nl HEMAYEE — 0 R AP I9(E
0.143g » KRS —4 K EAFI1E 0.2869 °
R SHERR 25— 20 8 R AR 3.49 15 - K8t
MR 26— 20 R FEEE R NI HEMRAY 2 £ - /)
SH MR 2 — 0 2 B R MENRAY 1.74 5 -

(h) B—LEEHEHEE PR EZRRR
W~ HER(EEK S NHREE P EE
fiE (PwPl) BiEE—L R E (PIW) ZBRf%
LTS TR B NEL ~ KB IfENER ~ /[NBH HEuER =
HEE 0 R Y 2 AR R (E 9) 0 H
PR H TR 2 R (R R I B |\ SH b -
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=HZBRRAAT

Jift : PIW = 0.0046e*222%P"?! (R?=0.8857 ~ n=291)

HECKEH) @ PIW = 0.0097e*%"?' (R2= 0.964
n =210)

TN @ PIW = 0.0174e28%%P%P1 (R2=0, 8775 -
n =99)

s SR SEU A BH e 25 — 20 e ey e
TR AR & AR A & -

YR
(—) YaumES

A {18 H 38 2 NS P R g ik W 1 4 9P A
W SRR HBIESRE 114 A > HAPTE 1
A 173 oG (I BE B0 74% (8] 10) - FLERS
e B > SRGE TR v (A F 256 RN © Fir
PRIFH S I et A A B FH R 5 18.93mm > i
/NBERI RS 14.72mm o

(Z) HIPBR IR

HH 70 € HBIMENR 2 AN S T SR e -
ity TR L/ S ' L e R P S I AR (R A
MEFTZR » TEH8 5 49.04-64.04mm [ #E[E Y
% 938-8602 fil Z [H] °

H N8 (NE) B8 K (BL) I B (R =040 T (18]
11) :
NE = 292.84 BL — 12442 (R2=0.3165°n = 70)
YN (EW) BT R (BL)PIRATR =040 T (& 12) -
EW = 0.0478 BL - 2.0918 ( R2= 0.4616 * n = 70)
TINE(NE) BT RS 5 (BW) U BA R 04T T (18] 13)
NE = 1613.7 BW - 1653.5 (R* = 0.4419 » n = 70)
YN EE (EW) B2 #S & (BW) IR R =040 T (& 14)
EW = 0.2846 BW - 0.4104 (R?* = 0.7568 * n = 70)

s SR ST H DI B R I R I 2 R O B
W RAGREC N EHER -

TE/KIR 24~25°C HOMGRLE T MM 7 RSN

ERECLZEH BEEE > NES
0.55mmx0.54mm > JNEEf% 0.09mg > (LN
5 4~5 R BIRES » LR 2 IR s IRk - B2
fEEIRD - JRASHE KPS 0.61mmx0.58mm » PN EE
5 0.15mg ° 755 13 KA L 2 i s
ERA > OIS FS 0.72mmx0.62mm » D EE £
0.24mg °

(2) BEE

TR ST > MW 2 N TR R AE 1 A 3
B MAE 10 ARFAE SR (s 15 ~ 16) ©
TEBNEZR (11 - 4 A)IED INE S E FEBONA Z W
VDB o TR BRI TS R 2 1558 SR W g
M e

=~ IREERE
(—) Mk

ERTAFE R b > LR 1200 A
AETTPEECSIAT - 45 SRS HPUME ~ BEEPELL RS 49.25 ¢
50.75(9 : &) » MEMRE R FLBESE 110
17 FRF B 55 H 0 1k HLS LIS -

(Z) BV

WHEUER 2 B/ |V B A Y ] AR B A S B
SRANER > 1 MEER S 2 I AMAE BRI AC 1K 2
HARA L BI0E 18 Frn o fh SRR BE Mg
% 12.01-13.00mm > ARG R AR R 1l 2 b
{9115z Lt 50% » [R] i | Vi Bl ik R 1 SE g
R 12.61mm » #8553 40.07mm » JRHEIER .2
G 5 12.61mm 7 » (H ] R 1k 2

(=) SERIFRRAERL

TeFeER =E 2552 FH 19.00-20.99mm B {EHE AT #H
R o G RV (E S BT 46.73% » 2R BERG P
£ 18.08mm ° Mt = EHIJZH 16.05-17.97mm
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OB AEL R > (S REIE I (8 BT 62.25% » 711
AN R F% 16.70mm  [Mi{E 6 H 135 H Lk
W B - BRI D - A gE N R Al
B o AEBEIETRIN 9 A K 10 A - Bkt
Iz > FA B R R oz ok o

P ~ AEREE M
(—) BRI TR

#E AT T - kB R ek R B S L B Y
AR ETHBRRY - G140 > AEFKR 2 #)IRF i L 35
1K > B B AR 2 21°C I - MERRR A
N - MEAFREYNRL » P50 B
F2E 22°CIR - BIHEAG R - ARIFPRRR R Z
RENEACH - BT Z AP RN EE
8.3-19.5mm ZfH] > MIAE R PREE R ATl GHHE K
B EHIE 33-37%0.Z[H] » HLEHEERBEAK » &
FE— et K A R A

) ERREEEE

TFERERRE AR 13 B R e R 7 8
R AR - GRS A3 52—
W] [ 2 Pl 5 B o s SRR A 3-10 H 3%
T 275 — {1 R ot R 3 O B R T A E
15-20m Ji& > IRIGFWAEIHEMZE 35m J& © 5
—JI 0 > HE AR S — 1 0 S
250m J5R J& WER R T 11 2% P A ) B e e
BRI RA 464 (8RR iR ik g 232 £

(=) WRERE

WES [ L W ik il P ot i B — (RBR AR B
L > (H K Z BEREEANBARE » K I HIE
i 2 B o T R RS I RE AL 2R BRI Y
RUAERE B & SRR R U LS (U-part) Bz shaft
E(S-part) » Horp A CIAZR U BUERRYRR G © X
FHEREHI @ &5l = (turning chamber, tc) FT{H]

BN 2 MRS P LA i i A W R 5

3 (side branch, br)» BiE 1t U BUHER K shaft &4
HHIR » BENELE shaft STHIER o HHIH—
{ERI ARG RE U BUEELA 3 B A KO 2
HUEE v RUGEHS o SAMEGR ISR B v AU v AU
A7 > NEE S — S - 591> W<
FRAREAR R 2R - KR HIgEEARE » 2K
a7 WiRA 1.2 BEEEREALE 25em » TR ZEE
BEZFIETE 37cm > TEEEE S 40cm 5 B K 21
SRR 2 BEEER A5 220m - RE 2 FREEF
¥51E 55cm » FEELZEEFS 40-50cm » [T chamber
9 th B AR R B M A o

(M) TR

AW AR E A 0 HOK O BT
24-25°C » BT 34-35%o > BAFELE 6L (RxEx
= 30x8x25cm) A E AL H > WihNA 15em ZEAIER
L EE B R AT T R SR o ki A E B 1%
B a1 o S AR 7% B 34 - A B T ]
Ob o MURREBISR B HE R ~ BRI ST
5 o (HE 5 I U @ H R <o RE » HINETE
SITETWRA L Z IRF o SR T DR s i 1 F R 92 B L b
SR > IR I i R A A AT
b o R e & € RO HE TR

i

— ~ R E 2 BaY
(—) HEHEERE PR A MR

WES 17 BELEE ot e I e {16 958 T 28 B DAL ) —
RIVEERSR » BCAREE SO RE MM RS 383 >
T 2 Fir LA LB SR > AT RE 2 B OB B
(Krebs and Davies 1987 ; Ngoc-Ho and Chan
1992) © HEHITHERER 7] RE £ £ e B MEURR Y 22 e
2> MR — 20 R R B AR DA Y T
2 FEE CRSERIM R » /) B EL A b aE
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FEIRR LS T 5 S B e B M ) A PO ZR o JE
T AP T8 7% . 30 R0 3 ol P B SR AE £
PRt - ISR R > — e
AL IE B A 7 2 BCRE - (B55 580 HEVE(E RS
TRV T SRS > AR BT ]
PR ELMEMESZIC (Neff and Clare 2008) 5 A4
FC YA Macrobrachium rosenbergii 757 S8R
R AERI— AR > SEAER R R K 2
Bt T EAh R A S 2 AR E - EiREK
SH EE U A B EE (R SH LIRS > HoAm K EH
& bE 2 gt - EMmPULEML (FAO
2013) ° QLAY AEREAT B » HE B HERF IR THERY
BRI RVE 5% 0 BR T CBATERS - HEURAYES
— R KERGY AT FH A Er 28 ~ 742 R srdal e
(Davidson and Marsden 1987) 7£% » 1 [KIF]
MR —L & » MEREF N RIRH% v LI
A (HERE— BRI REMRIE B RIS A 1Y
KN o T E N R R o DL R > AT
R R MR IR -

Hartnoll (1978) 714& s MERHEMR A~ [F] Rl S P
RS R R 72 52 0 R O R KB R TS
[EII R IR 2 — o FHRA LM AN T (i A7 AR i P
RER o P ARSI R — 20 IR K (Tucker,
1930) B FEE — R LAY 22 BAE ISR 2 H
LAY » 51401 - Upogebia pusilla (Tucker 1930)
Callianassa australiensis (Hailstone and
Stephenson 1961) ~ C. filholi (Devine 1966)#/1 C.
major (Rodirigue and De 1985)% » £k Buk;
n] B A 28 B IR 5k (after Dworschak
1988) A 5% 53 M s FEEUT » 7EAH RIS Y &
Z RS E ~ D R D R EEE AR
L LR AR A K o [P B SR B[R] 7 S R XA
Lithodes ferox it i — kA » HEREHEAY LM
BEEURIR » O AERER AR ZE R AT
A AR (Abellé and Macpherson 1992) » 58

& P R v 2 R R B R R SR R RE = 0 I
b fEAERE B R LR R PTEL (Asakura
1987; Christy 1987) o Mt n] RE2 K B A Gl 1T
B o WEVERERURER (AU RE SR o 11 R MR {1E
e L BB A )/ (Griffiths and Blaine
1988) °

T~ BRI 2R
(—) YayrER

TP ~ H R R BE S L s it e A i
SEHARY  EERBEIN 1 (Sastry 1983) © A5 ZH
— MR P BRI TR HA T A o AT S A 3
rh¥fg bz BV Upogebia pusilla #u DM H &
£ 3 A 10 AfEHIE (Dworschak 1988) - £
SR EBMIG U. pugettensis HoDNER Il 2
£ 1 AR 2 AR (Macginitie 1930) » 15[
PR SR A — A U — 2K AR
RAITERK AR 2] » R 5800 SRR AR 21°C LA
T IR AR TRIN - (EEABREWER > T
SRIBLSRRAE 22°C LLE » fIIE R o SR T AT
FEAE 4 FOHIE R RS Il A 5% B g
R RIBLASFEA Y58 SR ELE 20°CLAT -
M 2 A7 2 REREEEARAIHIN A (39%~50%)
IR 1~ 2 H AR BGRIR TS 14-16°C Z [RIHE
T 5 S ) R DM B AU (E 15-21°C Z ] © I
O o TERRTI YN % S AT A NI AEAE »
46 1 2K HA D S /) B M e /) 2 i A R
& o HEHIE TREE 2 Rt o

(Z) TRINBR IR

R RS - Mk LRk
g2 LU AE RGO .2 3 & T A » HerTER N
L ISz A A A S 3 L Y A B g
1L BA (Giesel 1976) © Hi#& RAGH0 » HE R
49.04-64.04mm 1 #0 (B A - H U0 S



188

938-8602 i Z[H] o FA T e A PN B 2 i [A] 72 52
EERIIRIA » HEI o] RE K BE 2% RSN © (F
PRESEBIE R - S INHENR v] 6 CLZE DM@ - EEL
M P R H PIRE o O ELECAN A | R
W BRI R A M o Bt o PRy
B A FIRIAIR EIRID —FE > (ERIRIP
B AR AT RE MR ST AT COETTRE AT R o Y
R ER ) IR A BRI D 2 B G 5 AR 5
RGP AT RE RISELL ORI F R 22 T S Rl
il I B IR 1T B B SRR D o BR T e
(P HE AU R/ NI > AN [ e KR H I S B R K
/INFIS e 37 e O B © WS ] ERL it i
KBIRIIEFS 0.55mmx0.54mm ~ R JPIKE
B 0.61mmx0.58mm ~ B 5 0% 1L 5P &K &
0.72mmx0.62mm » HIFWF IS IUM - LR
BRI ) R SR AR IR A5 1.07mmx1.00mm >
RIS A 1.18mmx1.12mm » B L Onig
£ 1.36mmx1.21mm > HYPWHHE I o 1R45
FR(1995)¥5 Hi » Wl RRAIINEZ ~ IR N K
BAARRINAAE — M Ie 28w o (HH
SRS SRR > WS P BRIk W g K i 35 £ LR
Bt | > FHEHRIVE RIS MR BT
PR AORE AR - (H Y PR T AR n] e SE R L
WERGEIEL 5 o

=~ IREFR 2 BT
(—) |

A B IERA n S an e S o K
B4 AR &5 dn AR A E R o (91 0] s i A}
(Family Upogebiidae) -1 U. puilla 7E£1TE A
B AR N R DAEE =L > HHESHE
i R MER] S N - R EHATFTE B
Upogebiidae it & 1 3% v I|x K& Y — &
(Dworschak 1988) ° [ Tucker (1930) #I
Popovici (1940) 7% AYSHE 53 i vh o9 Bl 3 2

BN 2 MRS P LA i i A W R 5

U. pusilla » L Gustafson (1934) fF52 U.
deltaura 95 HEan B —4F o FHIHHE
J& > vk e RRIT) 55 i Callianassa filholi {55
Al ¥ DY 4E 2 A (Dworschak 1988; Devine
1966) ° C. australiensis (Hailstone and
Stephenson 1961) #[1 C. kraussi (Forbes 1977)
/DY RIE & =4 > 1fif C. californiensis .2 55
mE B AE 4,2 A (Dworschak 1988) © Afff
FUEITHEF A S AR A I (R EZY 11
AT 4 ARG RE A S B »
HANE R ESRZE —E E] 10 A A IR TR
S AT SR H BN FUARE - e HI R
Do 14t > FiIFH Peterson method 234 A 177
R B AEAR 2 A5 ST S B > ROl AR 11-4
2% mp Svisal (& 19A, B) » ARG A5
BRI e B TG P T IS T HE T > m e B8 b 2R EER)
KA BRI B - {E BT ORI JEC AR Y ik i
TR | > SRR SRR e LU R L BREM o DRI A
5-7 H ([l 19C)KF » T HER Sz i ai = 24 Z)
SR AT > ]S AR A /AL #E 0
A o HHl& 19D nTBHRES PGB MR R » TRk
BEATHREER: — E IR & o #5 & DAL BEHEN »
WES P BRI W YY) 22 fyy 22 /0 RT3 A > ELRRIR
1|3 i A 1 1% B ] P ST (Bl R
TR0 > UAS SR B | SR AT Z b =5 dn
KEEE -

(Z) Mt E)

AR b M EZ BRI R IR
AEREHRRER 1B S, o IERErR DAMEPE (RIS 5 20 B
BHAEE AR ERI B S - TEEF 2 RO B L
SLAIR 7R > DIAGETT B e B IR o =i
R Z P L R BRI > 2 ORI W A T Bl e 24
IR IRZE ~ SRR TSRS (Abelld
and Macpherson 1992)-#R#5 Dworschak (1987a)
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{E AR = (B AR R R AT AR U, pusilla
eI - HAE LRSI o (EAE LR
TR AIME ~ et s 1.1 B
AR 2 B L b K - {(HE R
PAHAHERE U RE & PR FE o Tucker (1930)1E
#152 U, pusilla BIRRFIR S IME ~ THMRA 1%
FORS 302 o 1 A SR SR P e A 4 o
Devine (1966) #FI{iEHIEREHY C. filholi M ~
TSRS 102 MsB LIRS 101 8%
(1993)fi5 A EARFL b+ 1& H W MERE I LE A B
101 AW ERERAEA T » K5 R EHRIE
P B R P B B LU KRS 10 10 TR — AR
B HRgMEL -

(2) BIVERFERY

TR SBERET | sl E A e R 21
A Hog—REN » MERZAEnIREE A
Yy A T AR B - HAT 2 KE
I o {E P i e AR AN (R A R 1 52 > RIS [R] —
AR YRR 1Y B s HAth 3 2 IR i B
W EHATAE (Emmerson 1985) © 4l ik
9 U. pusilla B/ | AR ARSI 533 AS [
RAOAHEE - Ho iR AFZ Grado K&
Staranzano %/ MEIEREHE R 2 A1 36mm
K 34mm > F/NVEIVERERERE R Grado £
34mm » A s kEIR PURE Roving iR/ M
YIERE RS RIS 26mm - fv )V JHELAY (EHE 5
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Fig. 1. Collection sites of Austinogebia narutensis in Penghu.
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Fig. 3. Body measurements in Austinogebia narutensis. CL, carapace length; BL, body length; PwPI,
propodus width of pereiopod I; (A), pereiopod | of stout chela male; (B), pereiopod | of slender chela
male; (C) pereiopod | of female.
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Fig. 4. Cave structure of Austinogebia narutensis, include U-part, S-part, turning chamber (tc) and side
branch (br).
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Fig. 5. Comparison of female and male carapace length (CL) and body length (BL).

- + females
n==z

6 BW = 0.04Ge0-2442¢L « males

R==0.893

5 =
C
- 4 B
=
20 .
)
z 3 r n=309
z BW=0.05340.22McL
2 2 R>=0.9608

l =

O 1 1 1 ]

5 10 15 20 25

Carapace length (mm)

6. MEABRTI N BE il Y R (CL) Bl S . (BW) Z B T
Fig. 6. Comparison of female and male carapace length (CL) and body weight (BW).



200 BN 2 MRS P LA i i A W R 5

7T + females

_ = 27 = males (stout)
6 n=210 s

PwPI=0.4474CL - 3.5067
>=0.8687

males (slender)

~~

=

E

H -

= 5 r

2

s

o - _I_ L

o

é-: Iy n=99
- 3T PwPI=0.2649CL - 1.5278
=] . 20 %
= ) | R2=0.5904
= n=291

2 1 r PwPI=0.1666x- 0.4931

= R>=0.8609

a 0 I | | J
£ - L -
o 5 10 15 20 25

Carapace length (mm)

7. WESE ~ KBHEL N RSN FH R (CL) B 28— R T (PWPI) Z B 1%
Fig. 7. Comparison of carapace length (CL) and propodus width of pereiopod I (PwPI) of females and
males with stout and slender chela.

+ females

06 r = males (stout)
males (slender)

B 05 f
z n=210 ol
o= PW = 0.00070-3182¢CL .
@ L «Ta .
z 04 R*= 0.9461 “
= L) n=299
2 53 « PW=0.0036e02011cL
£ V31 R=0.7375
@
T
cH)
- 02

01 + n=291

o PW=0.0018e02243x

R==0.9284
0 1 J
5 10 15 20 25

Carapace length (mm)

8. MEMER ~ JRBH R |\aH IERR B I TR 2 (CL) B 36— 20 R T B (PIW). Z B 1
Fig. 8. Comparison of carapace length (CL) and pereiopods weight (PIW) of females and males with stout
and slender chela.



B AP R FE(TW J. of Biodivers.) 19 (3): 179-206, 2017

n=291

Pereiopods weight (g)

R*=0.8857

=
—
T

PW=0.0046e! 2228Pw21

n=99
PW=0.0174e0 636321

R:=0.8775 =

+ females
= males (stout)

males (slender)

-"-
.2

. n=210
PW=(.0097¢el 665PwpI
R==0.964

5 6 7

Propodus width of PereiopodI (mm)

9. MfbaR ~ ASBHED NEHLEIR S — 20 R ZEN T (PwWPI) K5 — 2 R H (PIW) L Bl
Fig. 9. Comparison of propodus width of pereiopod I (PwPI) and pereiopods weight (PIW) of females and

males with stout and slender chela.

100
— 80
é 64
3 60
=
-
=’
= 40 |
g
2
w20
0
9 10 11
2010

10, WSPIBRILIE 2 & A (g

59

12

74

1
2011

65
46

2 3
Month

25

Fig. 10. Spawning rate on each month of Austinogebia narutensis.

201



202 BN 2 MRS P LA i i A W R 5

10000

2000 o —292118=470 12442 .
3000 | NE= .84r1 - .

RZ=0.3165 .
7000 ¢

6000 -
5000
4000 -
3000
2000
1000 * .

Number of eggs

45 50 55 60 65

Body length (mm)

11. FEF BRI R R (BL) BEH IS (NE) Z B %
Fig. 11. Relationship between Austinogebia narutensis body length (BL) and number of eggs (NE).

1.2

n=70
. | EW=0.04785-2.0918 .. T
R2=0.4616 C e :
CHY .
=
=14
S 0.6 f
=
&0
= 0.4 -
0.2
0 1 1 1 |
45 50 55 60 65

Body length (mm)

12. WGP RSB R (BL) B DN E (EW). L BA 1%
Fig. 12. Relationship between Austinogebia narutensis body length (BL) and egg weight (EW).



B AP R FE(TW J. of Biodivers.) 19 (3): 179-206, 2017 203

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

0

Number of eggs

n="70
NE=1613.7Bw- 1653.5 .
R2=0.4419 *

2.5 3 3.5 4 4.5 5 5.5 6

Body weight (g)

13. VRSP BRI aE i EE (BW) B H NS (NE). 2 B (%
Fig. 13. Relationship between Austinogebia narutensis body weight (BW) and number of eggs (NE).

1.4

1.2

0.8

Egg weight (g)

0.6
0.4

0.2

n=70
EW=0.2846BwW- 0.4104
2=1(.7568

2 2.5 3 3.5 4 4.5 5 5.5 6

Body weight (g)

14. WESF] L a2 (BW) BT 2R (EW). Z B %
Fig. 14. Relationship between Austinogebia narutensis body weight (BW) and egg weight (EW).



204 BN 2 MRS P LA i i A W R 5

n=70

8 -
7.27 6.94

6 '5.17

5 4.20

3.69
4 343 3.11

2.56
2.06 2.11 2.06 .04

9 10 11 12 1 2 3 4 5 6 7 8
2010 2011 Month

15,15 T BELUEHRER % 1 473 DI S 58 5 45 B (U R /R L
Fig. 15. Comparison of Austinogebia narutensis ovarian index (Ol) (ovary weight / carapace length) in
each month.

16
14 12.51
12
10 '8.48

- 7.14
5.44 6.02 6.02

4.57
2.86 3.00 297 3.23

n=70

10.17

Ol

@ N A N W
T

9 10 11 12 1 2 3 4 5 6 7 8
2010 2011 Month

16. WEFTERughE a2 H 0y DR L2 B fa R (ID B B ) L
Fig. 16. Comparison of Austinogebia narutensis ovarian index (Ol) (ovary weight / body weight) in each
month.



B AP R FE(TW J. of Biodivers.) 19 (3): 179-206, 2017 205

N=1200
100 -
90 -
80 |-
70 |
£ 60 -
2
£
g 50
]
v
vy
40
30
20

10

9 10 11 12 1 2 3 4 5 6 7 8

2010 2011  Month M males M females

[ 17. WSFIBR G F O L L E E

Fig. 17. Sex ratio of Austinogebia narutensis in each month.

7.01-8.00
8.01-9.00
9.01-10.00
10.01-11.00
11.01-12.00
12.01-13.00
13.01-14.00
14.01-15.00 |

15.01-16.00

Carapaelength (mm)

16.01-17.00

17.01-18.00

18.01-19.00

19.01-20.00

0 20 40 60 80 100

Omature females o
Eimmature females Frequency (%)

fi] 18. WIS BRI B ol AR B R ol AR 2 LA

Fig. 18. Proportion of mature and immature females in the Austinogebia narutensispopulation.



206

Frequency

Frequency

==2010411H
12K
201141 H

(A)

& &P FH P H P
< o Rl > ¥
B @ & @ @ 9
B R <L L LT Lol

Body length (mm)

8 O
S N S S

Body Iength (mm)

10, WSFIURABE 2 & F R s

Fig. 19. Occurrence frequency of Austinogebia narutensis body length in each month.

Frequency

Frequency

M IR MRS SRt e~ ) BT 7

B —2A
(8) —
—an
0 D S O O o
& U SOOI o & @@ o~
Yo Y 9 X Y
RO R T P
Body length (mm)
(D)
—20104-9H
— 104

e @ e & N
R T T
&S & @ @ & &
o T S
M I

S
Body length (mm)



B AP B FE(TW J. of Biodivers.) 19 (2): 207-213 , 2017 207
Carex longii (Cyperaceae), the First Naturalized Carex in Taiwan
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Abstract

Carex longii Mack. was recently discovered in Keelung City and represents the first naturalized
species of the genus Carex in Taiwan. It could be distinguished from other known congeners in Taiwan by
the combination of spicate inflorescence, glume-like involucral bracts, gynaecandrous spikes and
appressed-ascending urticles. C. longii is native to America and was possibly introduced to Taiwan along
with the materials used for vegetative restoration during roadside slope construction.
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Carex longii (Cyperaceae), the First Naturalized Carex in Taiwan\
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Introduction

With ca. 2000 species, Carex (Cariceae,
Cyperaceae) is one the largest genera of vascular
plants (Frodin 2004; The Global Carex Group
2016). It is also undoubtedly the largest genus
of vascular plants in Taiwan (Hsieh 2003), with
61 species recorded in the Flora of Taiwan
(Koyama et al. 2000) plus several recent
additions (Yang and Chen 2005; Liao et al.
2016; Hsu and Chung 2016). Due to the great
species number, rather similar outline and
mostly microscopic diagnosing characters, Carex
is also well known for its difficult taxonomy
(The Global Carex Group 2016). The partially
controversial treatments among recent regional
studies (eg. Koyama et al. 2000; Leong 2001;
Dai et al. 2010; Hashino et al. 2011; Liao 2014;
Hsu and Chung 2016) imply an urgent overall
revision of taxa occurring in Taiwan.

Although the sedge family has become one
of the major donors of naturalized plants in
Taiwan (Hwang et al. 2004; Chen and Wu 2007;
Chen et al. 2008; 2009; Jung et al. 2008), none
of the previously known Carex species in Taiwan
were considered as adventive plants (Wu et al.

Accepted: July 24, 2017

B2 HBA - 2017207 H24H

2010). Herein, we report the discovery of Carex
longii in Keelung City which represents the first
naturalized member of this substantial genus in
the Flora of Taiwan. C. longii is native to North,
Central and South America (Mastrogiuseppe et
al. 2002) and has also been introduced to the
Hawaii Islands (Strong and Wagner 1997), New
Zealand (Healy and Edgar 1980) and Japan
(Katsuyama 2013). In Taiwan, C. longii is
currently only found in a roadside grassy area
in the hilly region of Qidu District, where it
has already established a dense and stably
reproducing population.

According to the street view images
available on Google Maps (Google Maps 2017),
the habitat of Carex longii was formed after a
roadside slope construction in 2012. C. longii
is thus presumed to be introduced along with
the materials used for vegetative restoration
during the 2012 construction. Such vegetation
restoration after water and soil conservation
construction has been a major source of
unexpected plant introduction to Taiwan as
several naturalized plants, such as Bromus
spp., Indigofera pseudotinctoria Matsum.,
Rhus chinensis Mill. var. chinensis and Senecio
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inaequidens DC., were also speculated to be
introduced this way (Jung et al. 2005; 2006;
2009; Hsu and Su 2013; Tseng et al. 2013; Z. H.
Chen, pers. comm. in May 2017).

Systematically, Carex longii belongs to sect.
Ovales of subg. Vignea (Hipp et al. 2006; The

Global Carex Group 2016). Sect. Ovales, with ca.

85 species mainly distributed in North America
and extended to Central, South America and
temperate Eurasia (Mastrogiuseppe et al.
2002; Dai et al. 2010), is also first reported in
Taiwan. A key to the morphologically similar
sections/taxa under subg. Vignea recorded in
Taiwan is provided here to aid identification.

Key to the species of Carex subg. Vignea (characterized by spicate inflorescence and cladoprophyll

not present) in Taiwan:

1. Rhizome long creeping; culms remote; inflorescences mostly di0BCIOUS ..........ccovveriiienneneeneenieee,

........................... C. kobomugi [sect. Macrocephalae]

1a. Rhizome inconspicuous or short creeping; culms tufted; inflorescences monoecious .............ccccevnee. 2

2. SPIikes androgynous .........c.coeeererreenineneenenesenens

.................................. C. nubigena [sect. Phleoideae]

28, SPIKES GYNACCANUIOUS ....o.vuiieititetisteiestesesb ettt ettt bbbt bbbtk ettt b et b et b et nrns 3
3. Involucral bracts leaflike, conspicuously longer than infloreSCence ...........c.coveevviniinsinsinei e 4
3a. Involucral bracts glumelike or setaceous, shorter than inflorescence ...........cccocvoviviieneneicneieiees 5
4. Stigmas 3; urticles suborbicular to broadly ovate (Matsu Islands) ...................... C. gibba [sect. Gibbae]
4a. Stigmas 2; urticles lanceolate to ovate-lanceolate (Taiwan) ................... C. rochebrunii [sect. Remotae]

5. Urticles spreading at maturity, not winged on margins, ovate (excluding beak)...........cccccoceveiiininnnnnn.

..................................... C. echinata [sect. Stellulatae]

5a. Urticles appressed-ascending at maturity, winged on margins, obovate (excluding beak) ......................

Taxonomic Treatment

Carex longii Mack., Bull. Torrey Bot. Club
49(12): 373. 1923; Rothrock, Rhodora 93: 63.
1991; Mastrogiuseppe et al., Flora of of North
America North of Mexico 23: 368. 2002;
Katsuyama, Bull. Kanagawa Prefect. Mus. (Nat.
Sci.) 42: 10. 2013. Fig. 1

Type: USA. New Jersey: Cape May Co.,

............................................... C. longii [sect. Ovales]

Cold Spring, 24 Jul 1907, B. Long s.n. (holotype:
PH, n.v.).

Morphology: Plants perennial. Rhizome
inconspicuous or short creeping. Culms tufted,
20-90 cm. Leaves 2-5 per fertile culm; sheaths
finely papillose (at 30x), green, with a Y-shaped
hyaline region at collar; blades 8-20 cm x
2-4.5 mm. Inflorescences erect, 1-3 cm long;
bracts glume-like, basalmost ones often with
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short to long bristle tips and occasionally
longer than inflorescence. Spikes 2-8, all
gynaecandrous, sessile, ellipsoid to ovoid, 6-13
x 4-7 mm; staminate portion 2 mm or less.
Staminate and pistillate glumes similar, white-
hyaline, becoming pale silvery brown with age,
with greenish center, ovate lanceolate, 2.5-3.5
mm, shorter and narrower than urticles, apex
obtuse. Urticles appressed-ascending, green to
drab brown, conspicuously 5-many-veined on
each face, 3-4.5 x 2-3 mm, body obovate, flat
except over achene, margin winged; beak green
to brown at tip, flat, triangular, ciliate-serrulate,
with conspicuous white hyaline margin, distance
from beak tip to achene 1.5-2.2 mm. Achenes
oblong, 1.3-1.7 x 0.7-1 mm, 0.4-0.5 mm thick,
apiculum less than 0.4 mm; style straight.

Chinese name: #E K2,

Ecology: Carex longii grows in open grassy
areas along roadside at an elevation of ca. 200 m,
accompanied by Axonopus fissifolius (Raddi)
Kuhlm. (Poaceae), Ageratum houstonianum
Mill. (Asteraceae), Bidens pilosa L. var. radiate
(Sch. Bip.) J.A. Schmidt. (Asteraceae), Cyperus
brevifolius Rottb. (Cyperaceae), Juncus
prismatocarpus R. Br. (Juncaceae), Phyllanthus
hookeri Mull. Arg. (Phyllanthaceae) and
Spiranthes sinensis (Pers.) Ames (Orchidaceae).

Distribution: Carex longii is native to
North, Central and South America, introduced
and naturalized in the Hawaii Islands, New
Zealand and Japan, and newly naturalized in
Taiwan.

Specimens examined in Taiwan: Keelung
City: Qidu District, Kunalun (2Zf %), ca. 200 m,

Carex longii (Cyperaceae), the First Naturalized Carex in Taiwan\

4 May 2017, Hsu 9050; 9051; 9052 (TAIF).

Taxonomic remarks: Morphologically,
Carex sect. Ovales is distinguished from other
sections by the combination of tufted culms,
spicate inflorescences without cladoprophylls,
glumelike or setaceous involucral bracts usually
shorter than inflorescence, gynaecandrous spikes,
bifid stigma and appressed to ascending
perigynia with beaked apices and glabrous
surfaces (Mastrogiuseppe et al. 2002; Dai et al.
2010). C. longii could be further differentiated
from other members of sect. Ovales by the
combination of tufted culms, generally congested
spikes, obtuse and beakless female glumes
slightly shorter than urticles, urticles with
obovate bodies, triangular beaks and winged
margins, and pentagonal-ovate nutlets with
straight persistent styles (Rothrock 1991;
Mastrogiuseppe et al. 2002; Katsuyama 2013).
Mastrogiuseppe et al. (2002) stated that
“decumbent culms of C. longii can root at their
nodes during the fall and produce flowering
culms the following spring.” Such remarkable
growing pattern possibly also occurs in the
Keelung population, because plants with culms
rooting and branching at nodes have also been
observed in field (voucher: Hsu 9051).
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Fig. 1. Carex longii Mack. A, habit in situ; B, flowering inflorescence, note the bisexual and
gynaecandrous spikes; C, fruiting inflorescence, note the appressed-ascending urticles; D, fruiting spike,
note the urticles longer than pistillate glumes; E, abaxial face of urticle; F, adaxial face of urticle; G, nutlet.
Scale bars: A =10 cm; B-D =1 cm; E-G = 1 mm. Photographed by T. C. Hsu.
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