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Abstract

The community structure and abundance of sea urchins in the Maocaw Bay of the northeastern
Taiwan was surveyed in July to September 2002. A total of 2,901 individuals in 11 species of five
families were collected. Echinostrephus aciculatus was the most dominant species and had an average
density of 88.81 individuals/100m?, while Echinometra mathaei was the secondly abundant at 16.33
individuals/100m?. They were followed by the remaining nine species in a decreasing order from
Anthocidaris crassispina to Echinostrephus molaris, Stomopneustes variolaris, Pionocidaris baculosa,
Diadema setosum, Ecuidaris metularia, Tripeustes gratilla, Echinothrix calamaris, and then to Diadema
sevignyi. Average densities of these species were less than 10 individuals/100m?2. There were low values
in species richness indices (ranged between 1.51 and 2.84), Simpson's species diversity indices (0.12 and
0.36), Shannon's species diversity indices (0.12 and 0.28), and Pielou's evenness indices (0.17 and 0.37).
The low values were primarily due to the low number of the species and a skew distribution of their
abundance, resulted from the high dominancy of a single species E. aciculatus. Each of the indices
showed a decreasing trend with the increase in the abundance of E. aciculatus. The abundance of sea
urchins differed by species, depths and sampling areas, suggesting that local environmental and
oceanographic conditions determine the sea urchin community structure and abundance in the Maocaw
Bay of Taiwan.
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Fig. 1. The study area: the Maoaw Bay in the northeastern Taiwan (After Lee et al. 2002).
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Fig. 2. The relationship between the number of sea urchin and depth at the four sampling areas of the

Maoaw Bay in the northeastern Taiwan obtained in the preliminary survey.
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Table 1. Densities (mean =+ standard deviations; maximum and minimum in parenthese) of sea urchins
obtained from the preliminary phase of the survey at different depths along the vertical transects in the
Maoaw Bay of the northeastern Taiwan

Depths (m) Number of samples Density (ind./100m?)
3 5 79.80 + 50.93 (134 - 18)°
6 5 87.20 + 144.61 (342 - 0)*
9 5 0.60 + 1.34 (6 - 0)°

ab: Mean densities followed by the same superscripts, aor b, are not significant difference (Kruskal-Wallis test, p>0.05).
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Table 2. Densities (mean == standard deviations; maximum and minimum in parentheses; ind./100nY) of
sea urchins by species in the Maoaw Bay of the northeastern Taiwan

Species Chinese name Replications Density

Echinostrephus aciculatus ~ FI 2257102 27 88.81 + 142.69 (465 - 0)°
Echinometra mathaei KRS 27 16.33 =+ 31.02 (153 - 0)°
Anthocidaris crassispina~ 251F/& 27 111 + 1.63(6- 0)°
Echinostrephus molaris e 27 0.30 + 0.87 (4- 0)°
Somopneustes variolaris [ f#EHE 27 0.26 + 053 (2- 0)°
Prionocidaris baculosa FR ST BEM T 27 0.19 + 0.56 (2 - 0)°
Diadema setosum GRIVER(TI 27 0.15 + 0.36 (1- 0)°
Ecuidaris metularia LR (L BEIE R 27 0.11 + 0.42 (2- 0)°
Tripeustes gratilla Fi =5 e 27 0.11 + 0.42 (1- 0)°
Echinothrix calamaris BRI A 27 0.04 = 0.19(1-0)°
Diadema sevignyi IR E 27 0.04 + 0.19(1-0)°

a,b : Mean densities followed by the same superscripts, aor b, are not significantly difference (Kruskal-Wallis test, p>0.05).
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Fig. 3. Percentage distribution of sea urchin by three depths (3, 6 and 9m) at the five sampling areain the

Maoaw Bay of the northeastern Taiwan.

Percent

%
L
A Wam
Oém
4% ;
! MWm
205
(%

Total

Sampling area

4. BRI ISR O AR BN NS B A %/ NI B = FER LT S A -
Fig. 4. Percentages distribution of Echinostrephus aciculatus by three depths at the five sampling areasin

the Maoaw Bay of the northeastern Taiwan.



WA % R

. -,' Arcal
wl
[\
an | |
| \'.
|
B — *--1:.—-'.—{:} —O—
i ! 2 3 d 5 L T i 9 m 11
N Area Il
°
w ".,
| !
L\
_ [} ,I.\
E | .
e g — o6 —0—8——8—6——0
E 0 1 * 3 4 § & T & % W
|
E .
z e Area IV
O b \
50 | Y
&0 b I'|II
3 |
g L— X—.—.—O—.—C—Q—.—'
0 | 2 3 4 L] fi 7 5 ] 1] 1
0 | Arca V
180 | 15'
120
. \
o0 | "l,
|
o= k’—.— O——o— @ —H—a—0 0
i 1 2 3 4 5 & 7 8 G w1
Species

& 5. &8 SRALAES Y IRER R A S & I 2 B - B OB AR - 220 EFR R EREE -
Fig. 5. Densities of sea urchins by species in the five sampling areas of the Maoaw Bay in the
northeastern Taiwan (solid circles, present; open circles, absent; 1, Echinostrephus aciculatus;
2, Echinometra mathaei; 3, Anthocidaris crassispina; 4, Echinostrephus molaris; 5, Stomopneustes

variolaris; 6, Pionocidaris baculosa; 7, Diadema setosum; 8, Ecuidaris metularia; 9, Tripeustes gratilla;
10, Echinothrix calamaris; 11, Diadema sevignyi).



A A PIEE 6(1) + 1-16, 2004

=

Density (ind./100 m’)

50

40

100

a0

6. B B LER IR I A e S R R 2 3 - B OEIZOR A E - 22 DB R EREE -

6m

5 b 7 3 9 w11

Species

Fig. 6. Densities of sea urchins by depths in the Maoaw Bay of the northeastern Taiwan (solid circles,

present; open circles, absent; 1, Echinostrephus aciculatus; 2, Echinometra mathaei; 3, Anthocidaris

crassispina; 4, Echinostrephus molaris; 5, Stomopneustes variolaris; 6, Pionocidaris baculosa;

7, Diadema setosum; 8, Ecuidaris metularia; 9, Tripeustes gratilla; 10, Echinothrix calamaris;

11, Diadema sevignyi).
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Table 3. Number of species and number of individuals collected, and estimated Species richness indices

(d), Simpson's species diversity indices (c), Shannon's species diversity indices (H), and Pielou's

evenness indices (€) of the sea urchins in the five sampling areas of the Maoaw Bay in the northeastern

Taiwan
Sampling  Number of Number of ~ Number of d-value c-value H-value e-value

Area samples species individuals
1 9 6 723 1.75 0.20 0.20 0.26
11 8 6 248 2.09 0.36 0.27 0.35
v 8 10 1490 284 0.36 0.28 0.28
\% 2 5 440 151 0.12 0.12 0.17

Total 27 11 2901 2.88 0.29 0.26 0.24
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Table 4. Number of species and number of individuals collected, and estimated Species richness

indices (d), Simpson's species diversity indices (c), Shannon's species diversity indices (H), and

Pielou's evenness indices (e) of the sea urchins in the three depths of the Maoaw Bay in the

northeastern Taiwan

Depths Number of Number of Number of d-value c-value H-value evaue
(m) samples species individuals
3 14 9 1921 244 0.32 0.25 0.26
6 8 7 530 2.20 0.30 0.25 0.30
9 5 8 450 2.64 0.17 0.17 0.18
Total 27 11 2901 2.88 0.29 0.26 0.24
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Fig. 7. Relationships between the density of Echinostrephus aciculatus to the Species richness index (a)

and to the Simpson'sindex (b) for sea urchins in the Maoaw Bay of the northeastern Taiwan.
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AER) oA B EALES T ~ 11 ~ IVIEA AN KR
FERLEER -

TG Ak B E R R B MR R B R 2R
TR R DL R R R B A S e o 2
W i 2 B BAFE I o 08/ N TR T 722 5
KE - AIHRERZRBGIEIESIVIEE YK
o BIERZ  BEVESE= > FlERK
Ao AHRTEMET L SR 7= B (E] 5) - HJH
RITE > B Fl R o0 A B Bk o0 A > [(RIE » #fe
{HAE S/ [N R B — R AT A AR K 1
5o (EEME R E LA A 5K o DIfE
@ARFFELII0m x 10m [ IE J57 2 ER AR i FE A
EEBUAR ST IERNE - 032 AR K T FR R
BRI AT LSS IR H 2l i R AR e s
IR > o 28 MURRIG AF OB IS BERY - et
5 2B ARAK - n] DUR R R 1
#17% (Moses and Bonem 2001) © ZR[#F (E A
SRR R AR AR I DA T TR A - DI
RAGE A RS2 REERR TESE 1 W2
R ARIS » HAh S/ B B R BENS
DRI PR G K AR A A > MR A 5
T 25 ) At 8 P T 3 5 — I R - (R 22 o
B TR NRER R ZE o BT LRERE HH M i 2
MR ) BE A OO B o ME A AT A
73~ Y7 BARER] o

ARG FTE T B RS R R - NEm
R —/NEIEECE % E > HEBEETR
i o M HoErBEE SR SR A e
b 5 PR B ) B BR B kD 8BS - BEOR B
A R ER B IE AR R B A T 2 £
T B RH BRI 22 o 75 AR R IR K R
VI 1 4 e S 5T 11 s B B R 1B AR 1) 5
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E PR H3E (McClanahan 1988) °

TRHE S 2 i R 7 B K (Carpenter
1981 ; Lewis 1986 : McClanahan 1989 °
1995 > 1998 ;: McClanahan and Muthiga 1989 ;
Morrison 1988 ; Neudecker 1979 ; Pain 1966 :
Wellington 1982) - &G HT5EHEH » TEARMEIR
HEE 1T B B R P VR - R R R S IR
I 2015 - FR RIS A KRR T R i
B A R D P ad AR (Silva and
McClanahan 2001) - Y& 2 B & EiEE
My #&fidi(Balistidae) ~ F% HH £ (L abridae) L5
(Lethrinidae) > & —LLfEEHERY) > ARRAE
5E K& $H%5 %5 (M cClanahan 2000) © ¢ 7F & i
8 250 B S R S R AR AR S - HE
AU SRR R AR R IR B R R HEI
JEEZELFEE SL U 8 e B B DR
WAl I i i i p g 3 5 (AR AT
FIETR TP AIANE #ELE] o At - BHREKER
feth BATEEE 2B S i K228 305
RO [ IR SR R > 6 sl b B 2 KL
%2 (Russo 1980) ° [K]HEATHFEHEHI A 785k H1 7>
HEHEBERRED > HinEaRERRERNRE
PRI REEVE - i H R s S i g 2 Y
Kl > it DU AS R A A o

AR N A REREE - BRE
TEHE ~ BRI EENTENE K B R =S R 2
it R - BRI A #5108
PUE » HerFEEAIEL108 LU (05 1994 »
1996 » 1997 » 1998) » {H &1t it 2 fEf A -l
IEBHRE RO T ARIEY )& > WIEAA A -
NTTEEI R A 2 /) > IR AL B A SR TE
AR - (EARIRTEH - B T B REFIBE
B [C RIS - HeRofEIEII & ) Dt
10%/100m? - B EZMEER D » HEEZ
—EEREHIEY - B T LA BB R
B AR A TR R A AE B R T - T
REG AR AL SE A R R 7= -

BARPEMENERE - 408 =2EhE

13

(Tripeustes gratilla) ~ % /E(Anthocidaris
crassispina) ;[ #5 % (Stomopneustes
variolaris) » & Hig B 0t 5 30 & (80 5%
1994 > 1996 > 1997 » 1998)153 K134 R i £ 11
WEMEEEE R AGEE RS CE AT
WEMmA > KNt SRR G 0 & S
MRS » AV IE &R E S R AR A
20T LIAE -

R 134 R IR B T 1 SR SR e
HE— D BRE HIR B AR ~ BR - B
B BRI - B T RRIELEE
HEAERE A i A e

51 B STRR

R - 1978 - G 8 BRALES S ] AT R
HEFTMEBD V) S s FE AR IR AS R 2 T 5T -
BT 5 R BRI FE AT iE 3w S -

HART o 1982 - EHFEHEL R IR G HEBIY)
LI AT ELARE o th B SCAE R BRI E )
W FERTRE L3R S -

Al PkZ4E o 1994 o 1o BUALE e i ME £ B SR
oA Z BT o AL 5 8RR R B
YIRS RE RR L ©

T S PREEE o 1994 o & LB B
Yo BISLIEVEEYIRYIEEE R - 62
H o

MRECfE - 2001 © & 38 L ES IR L L
(Haliotis diversicolor supertexta Lischke)
TR B T R Z ST o BN 5 R BRI
SERIERRH SRR RE L3RS

MRIEEE - 1995 - & Anthocidaris
crassi spi nafl [ #8 % Stomopneustes
variol ari i) 4= b 35 BRI A 5 2F BHRHE
B o AL G 8RR ER RS A iE 1
AL °

AR EEHA - 1989 - G FH LA RE- 15
WY 2 AT~ BB B IR AR RE
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B2 AgEQ) ¢ ARER ~ BRALES o TR
KEMEZ B G RIERETE R o

REME - EREH - BHE - ER - g
B o 1992 - LA R E SR E R
Bk~ YRR A B B R R 2 R AR
72 o A2 ESEDC SR R A A i R R R R E
[P

B &5 0 ~ IR B MHE - 1981 o 51 EALAHE o h
SR FERE BN YIAT B F]20(2): 79-86 ©

ORI © 1985 © = BULER i R s R R #E
AHEEHEAE BEFHRERTIE
5 o

4RI © 1990 © HALER ~ B R B A BRI
R ZE BRI 6 i A RE R B 3 A R A8
BTl o GEEWEER -

AR - 1991 « BALERE S ~ & B B TR
SRS AR R B IR R B W A BRI A A
B AR fv i Py o BB EZESD -

I © 1994 o 5 LI /K 7E 1 B B GE G I AT
U1 Ry 6 i BT T 2 iR B A RE A A o
SO RER Y% © 21H o

ORI © 1996 o 15 {88 B AL FS U116 88 BT 3T v Sk
JUFLIORERER o R SCL KRB AEY) % -
23K °

W ~ B ~ MXFE ~ ME R -~ Pl
I o 1992 o G A& IR A e EAE
PRAF S & 3 SO — B R T BN Y)
FHZ R FERRIL o R FE e AE P i 52 At
B 11: 159-171 »

HE 4R 0 2002 © 1 B AR UL FLBOR B
BRAF IR 7 RAAR Z B o BN 5 8 K2R
SERIER SRR 3R S -

BT o 1999 o 8 BN A S L SR AS 1
AP B 2 52 o HEPIRIEE I T 44(2):
271-298 °

BEITT © 2000 © 15 AL U el % o [BdNT
G EYIE -

P22 ~ B E AL - 1982 o B £ (1 Hil B B

HHE A % R

R o B K EREIENT ST S 55135k -

B IEH 2 1980 ° & L Al i 1 A R
(Tripneustes gratilla (L.))4: 5 4E REE2 R
FE o [BISL 15 1 K B PR B 58 P i AR
X7 o

ZMEAE ~ ELetE - BERE - O E - 151E
1994 - BUALAMEA B FFE I H R
LEREE A A BRG] (—) © ACEENBDLR
SRACA R AR R SR R 1 LR -

BHAME ~ fEoekt - BERE - OB E - 51E
# 0 1996 - BILMAEFE SR 2l 5 R
AREF IR A BRI (T) - ACEEBDCR
PRACA AR R S R O o B o

B ~ Eak - BEE - OnE - 5IE
0 1997 - BUALANE AR SR E [ B 2R
AERE BRI A LR (=) © ACEEED L
BRALAYE R B SR R [ PR
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PRAAEAE SR T 08 5 P A RE 7 00 2 A S R O A SR o FRAFTAT FH oI £ 58 # JE [X] JFE (mi crosatel lite
loci) » $13R B 2 AN ENE T AU B B) RS TERFFE 2 M7 (assignment analysis) » R LIM1597%1 1
fifezs > BURREREMATH E M EC A — &Mk WnT DIRE#E R R R R R 7 TR0 IEREAI A1
FEORH i A (S AR o [RIBRERR K = KR TERE - A 81%MIERESR » BRI
FR R RE B MRS BB AR SRR R R 22 R o DARRRR ST 38 e SRS AR o Ml (e i
Uit > BB BRER KA B MR AR JEER R Hr R R Y 20 KBOm. o HIRH e S B Fehs SR mT 40 R
A e R KT8 o BREREL AT U733 > RIS BT A K F R Y wTRE SR » R E TAF U H R
KEESERE BRSNS - RIREHNTE -

Abstract

Zacco pachycephalus (Gunther) is a common minnow endemic to freshwater streams in the
northern and western Taiwan, and has been recently introduced to streams in the eastern Taiwan. We
applied eight microsatellite DNA loci to make an assignment test to determine the genetic relationships
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of its populations among the streams with the success rate of 97%. This suggested that there was
significant differentiation in the populations among the streams. When the assignment test was applied to
individual fish from three tributaries of the Tamshui River, the success rate was 81%, indicating a low
genetic differentiation among the populations in the same river. When the test was applied to the
individual fish from the streams of the eastern Taiwan, it was able to identify their source populations in
the northern and western Taiwan. Accordingly, the microsatellite DNA locus analysis is an effective
method for determining genetic differentiation of stream fish and also for identifying source populations
of introduced populations. The analysisis useful for conservation and management of freshwater fishes.

BRISEGR  FH R~ BRHEEOMT - (REEEEE - TAFEREDNA

Key words: Zacco pachycephalus, assignment test, conservation genetics, microsatellite DNA
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BB AR (Cyprinidae) fif /& (zZacco) fa JH
PIfr % fEAE AW ERE - M 4 (Zacco
pachycephal us) 52 7F 48 fiffl (Zacco platypus) © ¥
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T SBR[ R R > SR U A 2 AE BUE01R  t 3%
BORE B M8 0O THE o 71 AE MR B2 43 AR S SRR
RO B, > AR B R RE - H AR
B > 7E 518 A R BRAEA LS R it (Wang et al.
1997; Wang et al. 1999) - FH & fifit B~ A8 i 1
SRR S AEADL B EIRAR RN - H RS
10-20 cm(fi% K ATE30 cm) > BEHIA I 1016EM
> AR G E I AL > B R
FEA 2R R ML SN - MEES I BB R - ETEIR
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ARG v R IR G AR B RIS e 4 - PR R
Z > (R IRIGAT# B V34 o HARIfE
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AOMUEDL > fE BB REIRE - JRIEE
fESRAEDL - {EURE 7 MR R 7P G M 0 /K] R
B AN REIKERIHEAZ (RS > fEH
[ —RE B ETE R A o

FHE R DLsi R B 7 Wl o B R {E e
AU o 3 R R R v M A R R e A R A (T
B#K FLAGE) - RIEITESL R RE i A AR
2RI - {HIER D2 B (alozyme) A REZE
()75 B (Wang et al. 1999) ° 7S5 fiff (K IS Ha HI7E
AT S WA R RERY > 53 A 5 7R AE A &
A R 7 R R H AR A (B IEER FLAGEER) o F
AH I A E AR AR IR - S FRIERERE
DU B A P A A A ¢ A A AN AU R
FEACE iR » B H A e w98 728 1O 7 G i 1
FEALL o ARERET AL RURGR - AR 38 B H AR
BT A BRI s - Bk RS
W2 (RS - BEORAR AR MR H AU 8 T REFE
BIEIIFAE R KR o FAREED-loop(FEIER FL
AGEIN) B FEHE DNA (microsatel lite DNA) (5
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2003)FIRHFFE B » EH ) H A EEAEL
FEREE I R - H B H AR AR 48 A M
TR AR LAY - [RIEAE & Y H A AU (S
ATRERS H A 38 R #8 B OmRIm 2k « BOmRAT
FEERR K FUREEH TR AR R - WOK SRR
RN A i ) - % 42 BB RE P9 BE R B 5
JEAS S HIRREE LR S H: i IR L (Angers
and Bernatchez 1998; Hedrick et al. 2001) » i
AT R AEE T A B I0AI ARG REE RS - H 0
FER B HIPRZR » $hR K BURFER B 2R EE
FEL s il il 3 B EE S o TR
A IR B o3 AT 15 18 BRCE TR I HH R R AN
ECHIRE & B8UGERE - BIRS BOR SE IR R /- AT Y
BREEGIRE » 17T A8 68 H AT HHE R SR
B T ORI RE A IR AR R E RS 8 » URAT
FEH TR S SRS LA > B BORAT R
HOE P2 - WZHBE S & A ARAERE - GRS
{E BRI Z R

BB 23 T (assignment test) A] {7¢ 55 2 [ £
KA (loci) B L - FHELE#E 2 B A RRRERY
BCORZR - (I8 B R 25 AT RER ARSI R -
B RE 3 M7 I Z B B FRAE R R 5E ~ B
BB~ (RE RS LUk B e % 7T
[ (Davies et al. 1999; Eldridge et al. 2001;
Roques et al. 1999) - ¥ F IR 7 /7156
#5 H K341 7712 (Bayesian method) ~ BEZS R E
T3 (frequency method) Jsz 38 {8 EREE DR AE 7574
(distance method) (Cornuet et al. 1999; Rannala
and Mountain 1997) ° % AU B S Y /0 112
A0 RESAR LB SRR T - AR TR
Moo+ ERERIEMEE - RFLP
(restriction fragment length polymorphism) ~
RAPD (random amplified polymorphic DNA) k2
HEEHEDNA (Davies et al. 1999) °

1% 5 % (mi crosatel |ite) & kL K i =LY
Fr B > H11-6 bp K/ 1 B T B8 #85-100K
FHEC - HEEEEMHEEY) » &P A LY
FLIR S A BT DNATI R - TRBE#ETE
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EAMEREEEE - SR - BRI
TR 2 SR b o 38 SRR e A
JEREEE ~ BERNR -~ BB R (R 8 € F 5T
HJEE % T E(Goldstein and Schiotterer 2000) °
— M AF 5 o3 - RS EC A T 1 e 9 B WA A1 S
73+ BEMEFY(repeat sequences) LUK /i FE &
IS (flanking regions) o H LR o 328 5l
H TR E RS B R e 1% - WA Vi JF BB 45 2 91T 40
EETEE A o BIAT A 8 25| 7 H B
3 H LLPCRE M OK Hi (i 3 LR - Sz PIIEE
A1 R ) Rk ERT TR o —— {1 {1 186 ) 2 IRT 2R 60, &5 R A
AT BARREME TR ER EEERE
HHEXEIRE > K ANPCREYH#EITEIK
e BT PIRE HE R BE R
HFEHIDNAZ BIVEMR & - REVEZEIME i3 fe
REIFIH(Waits et al. 2001) » [KIHEAHTFEF]
TR BEHE L KRR » S AN [ RE B A
I8 EE T T R BE 0T > AR (R I I
R ZREE » WA —BEHR )5 - %
AR IE FE S LU RE

M ¥t 7 ik

—~ BRAEREE

DAFEFIIY T5 207 28 2% B 1 2l s R
15302fr k1 il (1) » RIS Z S EI#
NLBIHCT Pl s UL P RE A - SRR A O
15 > B E S 70%i K th ik 2 -20°C » HfS
FRAFTFEAN 70 BT IR K] =B ST RS i ~ FERE
T RURERR GRS - Fr UK 2 BB A S H
18 MR 0 AR ERAI R T (ORI RIER
Bk o AS—— it R ORI AR -

— ~ DNARJ#EEYL

130 mgif R R PE S FHaJRE A > BT
WCE LS mIBJEE.C & H - DLl mIfJSTE
bufferit =X M A 150 w«IfJlysis bufferk
300 «giproteinase K » 55°C 7k ¥4 [ /INRF LL
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Table 1. Sampling localities and sample sizes
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Drainage & River or locality Sample size
abbreviation
Tamsui River (TS) Luofu Bridge (Shihmen Reservior) 6
Pinglin 2
Jinggualiao River 4
Gupoliao River 3
Sanshuitan 7
Kuolai 13
Wulai 11
Xinxian 3
Tonghou River (upper reach) 13
Tonghou River (lower reach) 25
Zhongyangxincun (down from Bitan) 11
Bitan (up from Bitan) 13
Gunagxing (Pingguang River) 14
Shuangshikou 13
Badu
Ruifang
Houtong 13
Dongshige 9
Houlong River (HL) Sheliaojiao 10
Dadu River (DD) Puli 10
Putzu River (PZ) Niuchou River 10
Tzenwen River (TW) Nanhua Reservoir
Kaoping River (KP) Sandimen
Ailiao River 10
Fangshan River (FS) Fangshan River 9
Lanyang River (LY) Lanyang River 10
Hsiukuluan River (SKL) Chungling Primary School 12
Zhuoxi 10
LichiaRiver (LC) LichiaRiver 12
Chihpen River (CP) Chihpen River 12
Taimali River (TML) Connecting cannel 12
Total 302
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b FAIAL50 1 gffJRNase AZKIB 3053 » 98
# Ll phenol/chloroformfJ#£ BXi% (Sambrook et
al. 1989)HEfTDNAZEHY » &% MIAL mIfJ95%
RS FDNA YU HI A o DU RHEIDNA LL
709l )P K V8 VE T R L L BREER > $25 LLE
ZERE O 77 ZORR RS REEZ - RS BRI DNAYT
WY 20.1X TE buffertdt » {#52-20°C

=~ PCRE|F

FRAM B RE T MR T i D2 L A S
Wil L AT e - NI B E T HE A - (# 2003) © F[F-
1P e HE R R A B A R 112 5% 2
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LIEEL A 8 Y EH FAM, HEX » B¢
TAMRAR G FHETTH & g H#HEA S FE - [
Y1 £ #5 50-200 ngf¥ 4 DNA ~ 1X Tag
polymerase buffer ~ 0.4-1.2 x| MgClz2(25 mg) ~
0.4-0.8 1l ANTP (2.5 mM) ~ 0.1-0.3 x| primers
(10 «M) ~ 0.5U Tag polymerase (Promega) > i
IKEAEHIREFE10 1) o R EVI B TR 52
H %8 (PTC-100 * MJ RESERCH )31 T 5 i »
SIEFRFEAN T + 95°C 5438 : 95°C 30 - &
EE 30F) - 72°C 30-40F) » EE#E25-30K :
72°C 10538 o

1o~ FERIHUAIEE

VY ~ ZR A 3 $8 I (Polymerase Chain T PCRIFEEYIE > o6FLAR H » LUBEFS
Reaction) TCE T AT HAE - AL EY N A
Fo. NMEAGEHERL R FERI AR E R (Ta s | THURIER SR, Ho S Al BUE; H “rHEA
i)

Table 2. General characters of 8 microsatellite loci for Z. pachycephalus (Ta: annealing temperature; Ho:

observed heterozygosity; He: expected heterozygosity)

Locus Repeat motif

Primer sequences Ta(C) Ho He

L 5-TGCCTGATGACTCACTGCTT
R5-CGTACACCTTCAGCTCTCTGC

Z128A  (GT)u

0457  0.749

L 5-GTCAGTCAGACCCTCACACT
R5-CATTTTGTTTGTCACAGTCG

ZD181  (GA)s

0550 0.753

L 5-GTTTTTCTAGTCCTCGTTCC
R5-GCAGTCATGTCATATTTCCG

ZD366  (GT)sAT(GT)s(GA)s(n)«(GT)s

60 0778 0883

L 5-CTCGCTCATATTTCTACCCA
R5-ATTTTCCACAGTTTTGACGC

ZD992  (CT)w

60 0646 0.770

L 5-GATGATGATGGGATAGATGC
R5-TGGGAATCAAACTACAGAGC

ZD1021 (GT)ss

60 0553 0.742

L 5-ACTTTCTGTGTGTGTATAAATGC
R5-GTGTTATTGTGCCTTGTGG

ZD582  (GT)s

60 0477 0642

L 5-CAACACAATCACCATCCCCT
R5-CAACGCATTACAACCTCTCTG

ZD331  (GT):GC(GT)s(GA)

60 0675 0827

L 5-AATGACCTTGGTTGTGTAGC
R5-AACAGGCATAAAGTGAATAGAGA

ZD657  (CA)s(TC)s(TA)z

60 0695 0868
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Table 3. Population fixation index (above the diagonal) and the p value (below the diagonal) based on

permutation test for all pairwise combinations of 12 Z. pachycephalus populations (population

abbreviations are the same asin Table 1)

TS HL DD Pz ™ KP FS LY SKL LC CpP TML
TS 0.236 0.257 0303 0280 0271 0459 0.177 0.097 0221 0211 0.281
HL 0.001 0.101 0.153 0.138 0.188 0.477 0.203 0.166 0.136 0.135 0.210
DD 0.001 0.001 0.064 0.118 0.173 0.447 0.278 0.182 0.174 0.096 0.177
Pz 0.001 0.001 0.001 0.109 0.163 0454 0.289 0.219 0.246 0139 0.211
™ 0.001 0.001 0.001 0.001 0.139 0485 0.270 0.225 0255 0170 0.274
KP 0.001 0.001 0.001 0.001 0.001 0331 0.272 0.225 0.247 0220 0.282
FS 0.001 0.001 0.001 0.001 0.001 0.001 0.562 0.470 0.533 0497 0.555
LY 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.191 0.239 0.233 0.250
SKL 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.164 0.114 0.254
LC 0.001 0.001 0.001 0.001 0001 0.001 0.001 0.001 0.001 0.098 0.179
CP 0.001 0.001 0.001 0.001 0001 0.001 0.001 0.001 0.001 0.001 0.126
TML 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001  0.001
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Table 4. Results of the assignment tests for Z. pachycephalus (population abbreviations are the same as
in Table 1)

(a) =78 12 BRI B AR S BT A SR (R P B AU SR #E 80)
(a) Self-classification of individualsin 12 populations (number of individuals)

Original population

TS HL DD Pz TW KP FS LY SKL LC CP TML
TS 166
HL 10
DD 1 8
Pz 10
T™W 1 6
KP 19
FS 9
LY 10

Reference population

SKL 2
LC 1
CcP
T™ML

22
11 1
12

(b) WK = K S A RE S B s SR
(b) Self-classification of individualsin 3

tributaries of Tamsui River

(c) BREN BRI B RE 22 PY AR R 53 By SR
(©) The individuals in eastern populations

assignhed to other populations

Original population

Original population

s DH HT KL SKL LC CP TML
g DH 4 10 1 TS 13 1 1
g g HL
8 HT 2 111 8 % DD 5 10 10 10
> g8 Pz 2
e kL 11 23 9? T™W

% KP

g Fs

LY 2 1 1
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Fig. 1. Relationships between the percent correct assignment and number of loci for 12 drainages (solid

squares) and the Tamsui River (open squares) of Taiwan.

Bt S + 35 A EZR B R 52 1 s 15K
Jit LR LUR LI AR E K il L 758 A i 175 U 52
E

(=) WK = RS20+ BRI R R
R VERREE T - A5 SR A0FR4(D) o H170fE
HErh o A 32 H #8 A i - IEREZR1%81% o
R O 118 {18 8 A 2416 {18 5 0 A i 22 8 15
1 ¢ T 1R 13218 {18 8 rh A 10118 AR iR 2R K
T8 > L8 At 2R R AT ¢ BRI ) 328 A #E
th o A SfE H AR TS R o L R R
e e

.~ BHEBRERE

(—) Z=E L2 e R R - DUBLRER 7T
RS B2 (I8 1 1T 8 HH BT A R B N R AR
Al LSl IS K EVEIRER © 1E5%1 R 7K HE
ZTT o A A T B R [ SRR R (B
HC AR AT RE MR NP BEE K HE D) ) HL Al
$%62.9% °

(=) IRAIR =R SZ o DARLHRE 7 AT
ST > TESYREZE K MEZ R » {[EH#E AT (E e i
K] 2 R R EE B £512.29% © KB {IE S
R Bt R R P LA B O RE - H DA B2
7 RGETTEE > (EREZSAE90%LL T » i fi
32 S fBBE S EL R EE - Mk SR K A R [F] 52
i S R AR

AN Sz 193 i SR
RARHGREGR N TR M2k - DUE 2 B R
AT BB R HR A AT BERI IR AR © o3
Mt SRANZRA(C) © F5hbHH R 2218 FH & i 1k
AT L3I AT EREE R /K - S {18 T B R A
KIEIR - G4t (6 S ER A B AER - 2fE
HEEAEZE IS - FIFER AN Z Y 121 (E
B 2 1OfE {E #8 AT B ZE AR - L (E
HE B RH AR IR K+ A {18 {18 HE R 2 R
1 o Kt B 1218 IE # - A 1O {18 #8 FT
FHEAMR - St 2fEE iR AN 7% -



26

¥ %

S REL 4 BT 1) I e 2 B e o8 PR PP R R P B
H s BRI L2 EEFH R - A A 3R
FESH % > BREERRI) ML s - B A
ST IEREAS B o LS8 ik i e 3ok PR e Sf 4
Ao AmEI R E B ETT T o BRI RS &
7% > BT T MR DRI T e e
RAE BRBENIIE 73 - RIERERIGERH A —
MG > FIF SiEfEfE B R M > RIAT %L
B 5 HHE R A 5 —ER R o LUREREY /7
3 BT 38 KT It 3 = R S R R e R A
o IEREZR HAH81% o IR ATRER 3 =%
TR bR AR RN R BE R R AR
BRELFTEEL o HRHTIE IR ~ FRFE ] R KR
TE T WA HE I - DR P 508 v e v YR 35
A2 A R B oA (BRI ER RLAGEEA) - 38
=AW S R R A AR BB R > AT RE
FE VLK HE A BIRE TR R > B S AEE I
AR ATEEL -

T 8 I 0 R 28 P G B B S AT
% o FRAM AT LUE R PR A E0 A1 i 0 2 U
TF 7 J Bk ) 5 IRI 22 i O MR IO, - St S 2 A1
W T BEACYR o SRERATRE B M8 e HE RS T A7 2K
A HIBRA > 1 SRER I RE B 6 A A T R A
S3AFT o GEAETRERT SRR o SR BT REET
TR AR T B2 R K] e R IR - {H th A st
15 8 21 B AL &6 B Hh 0 AR R o HH L HE
W SRERETRH e R R T RES 2 KGR IAS
R EFIERNR » M2 AT o] {8 5 4 i A
28 T B R S B LR R > BENR IR
O AR IR A B ALES R R - B 8 R i M Ik
iF,LJ °

L s 5 L o A B0 N B BeHRE S A 75
o ] DU R 8 E HE B SRR - BRESRS
5y HUERETE S o BR T W 8 8 A1 2 HE A SR
hf o TERZEEIREE - nlFFH EE T
o 88 RE T A A R AR > DL PR

FHE AR O B

T (stock) P& TFE AL (Roques et al. 1999) »
By 4= B & U AT R AR 7 X EATE
B oo MAEIR G B FE 7 - Hn] A A
SN ITE WU ALBRS AT - 3F
i 4 2R {8 #8132 A 3d B &2 2 (Davies et al.
1999; Eldridge et al. 2001) » LU AS[A] LR
I A FSORA T 51w 8 1 P B PR ©

SR i BE o3 BT AN T2 2 0 78 B RGBT 1
FERIBRZS LR RL - SO MR B A iR
PR K BT AN B HE R HATIRE
BRI B — S o

]

g\\sl

:
1

o

AU TEAR SRR B 715 LUETT - 56
BRI R R B DNA & ZE A > R T [agt -

51 F SRR

FRA © 2003 o LA AR E E I SE- T
(k1 B PN) =0 YA I E RVAS R PN 11k Y
ERR SRR AR S

Angers, B., and L. Bernatchez. 1998. Combined
use of SMM and non-SMM methods to
infer fine structure and evolutionary history
of closely related brook charr (Salvelinus
fontinalis, Salmonidae) populations from
microsatellite. Molecular Biology and
Evolution 15: 143-159.

Cornuet, J. M., S. Piry, G. Luikart, A. Estoup,
and M. Solignac. 1999. New method
employing multilocus genotypes to select or
exclude populations as origins of
individuals. Genetics 153: 1989-2000.

Davies, N., F. X. Villablanca, and G. K.
Roderick. 1999. Determining the source of
individuals: Multilocus genotyping in

nonequilibrium population genetics. Trends



A A PIEE 6(1) : 17-27, 2004

in Ecology and Evolution 14: 17-21.

Eldridge, M. D. B., J. E. Kinnear, and M. L.
Onus. 2001. Source population of
dispersing rock-wallabies (Petrogala
lateralis) identified by assignment tests on
multilocus genotypic data. Molecular
Ecology 10: 2867-2876.

Goldstein, D. B., and C. Schlotterer. 2000.
Microsatellite: Evolution and applications,
2 edn. Oxford University Press, New York.

Hedrick, P. W., K. M. Parker, and R. N. Lee.
2001. Using microsatellite and MHC
variation to identify species, ESUs, and
MUs in the endangered Sonoran
topminnow. Molecular Ecology 10: 1399-
1412.

Hartl, D. L. 2000. A primer of population
genetics, 3 edn. Sinauer Associates, Ins.,
Sunderland.

Rannala, B., and J. L. Mountain. 1997. Detecting
immigration by using multilocus genotypes.
Proceedings of the National Academy of
Sciences of the United States of America
94: 9197-9221.

Raymond, M., and F. Rousset. 1995. GENEPOP
(version 1.2): A population genetics
software for exact test ecumenicism.
Journal of Heredity 86: 248-249.

Roques, S., P. Duchesne, and L. Bernatchez.
1999. Potential of microsatellites for
individual assignment: The North Atlantic
redfish (genus Sebastes) species complex as
a case study. Molecular Ecology 8: 1703-
1717.

Sambrook, J., E. Fritsch, and T. Maniatis. 1989.
Molecular cloning: A laboratory manual.
Cold spring Harbor Laboratory, New York.

Waits, L. P, G. Luikart, and P. Taberlet. 2001.

27

Estimate the probability of identity among
genotypes in natural populations: Cautions
and guidelines. Molecular Ecology 10: 249-
256.

Wang, H. Y., S. C. Lee, and M. J. Yu. 1997.
Genetic evidence to clarify the systematic
status of the genera Zacco and Candidia
(Cypriniforms: Cyprinidae). Zoological
Studies 36: 170-177.

Wang, H. Y., M. P. Tsai, M. J. Yu, and S. C. Lee.
1999. Influence of glaciation on divergence
patterns of the endemic minnow, Zacco
pachycephalus, in Taiwan. Molecular
Ecology 8: 1879-1888.

Weir, B. S., and C. C. Cockerham. 1984.
Estimating F-statistics for the analysis of
population structure. Evolution 38: 1358-
1370.



FrE YIS 6(1)  29-38, 2004 29

S LZWE RSN AR EINZEF

Egg and Larva Developments of the Taiyal Darner
Aeshna petalura taiyal Asahina (Odonata, Aeshnidae)
at the Mt. Hohuan
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ZRHEZWE (Aeshna petalura taiyal Asahina)f &5 A RLAE » B2 53412 1,500mEL & L
[ o HEmR AN & LLIE <2 B RS BHEE ~ AKE 75 G Bl s RO T8 - ERE BB A2 BV o O
1997-2000% 3f 5 HK 1 L1 16 258 7k 22 Wt 1Y H B ME e ] o 38 5 BT TR ST o A SREURIMENE > Z R AT » JY
DI G BRI R AR I AN - UVHAEET10(8 A - MEa IR ACERE —RIE 2 AE > 25
VELRERFELR o AR HEZEWETN BLHE A E & ELF R At 5 /K S B B R > fHE A 52
NG T8 HORENE I RGeS R 2 T 2 E A -

Abstract

The Taiyal darner Aeshna petalura taiyal Asahina, 1938 is an endemic subspecies of dragonfly in
Taiwan. It occurs widely in the mountain areas above 1,500m in elevation. Its larval habitat has been
adversely affected by human activities, such as pond construction, water pollution, and fish releasing.
This study was conducted between 1997-2000 to study egg and larval developments of the Taiyal darner
in the Mt. Hohuan area. The results showed that the period of egg stage was about ten months. Eggs were
laid at the end of summer, overwintered in a diapause condition, and hatched in the following spring. The
larval voltinism showed univoltine or semivoltine at the two different sampling sites of the study area.
The egg and larval stages were fairly long, and its habitat consisted of both aquatic and terrestrial

environments, easily disturbed by human activities. For conservation of the Taiyal darner, it is
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recommended to protect whole lake and its adjacent environments.

BRSHG = ARHEZEWE ~ O - MESFEE ~ GE0L -~ WhE

Key words: Aeshna petalura taiyal, egg, larval development, Mt. Hohuan, lake
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ZR At Z:WE Aeshna petalura taiyal AsahinalE
gt H (Odonata) ~ Z Rl (Aeshnidae) ~ Z: it
J& (Aeshna) ~ B Z £ E(Cyanea group) > 5]
Eb SR T BRAE 15 v A 51 s L PR B iy 4 1 T A
Z:WE(Asahina 1938) » 3% SCE SR ERHE &I
REFFE ~ #EA K/ NE A HE G R - K
AsahinafRfNErich SchmidtE: Wil 22 7% 4 8
2Rt 2 E B PR 7S B B R HE 2 A 4 R R AT
FBEAL ~ MEWEAT T 28 (caudal appendages).Z 2
Re 7= BB I PR Rt 53 A0 - BT R G E g
fifi(Asahina 1983) o AN EH il 5 5 08 /3 A i B s
W HA ) W5 WE RH » BR kR SR A B B S R
1,500mLL 3t (Lieftinck et al. 1984) : fHEH
AEREE A G B - TP ERE A TR
YL HA(1shida and Hamada 1973) : i 2 I
BEAKEBHEMEERE & Z L Hi(Asahina
1983) : WV HH A AN[F] 28 5 RS B &k (Lieftinck
et al. 1984) : MEmkAEVE L LIt HEE A B EEr
/NI ( Matsuki and Lien 1991) ©

2T A 2 A W EE ek A Mt S LA A2 B
o BH 38 B fe BN A R M L SR WSS
1t » HEEEBRDCE TN LA ORI T fLAGE
) o HHAS UM B HE R0 AR 05 s RIS MR B TE)
PTRFRIEE R R (Matsuki 1997) » [RIHAS

%32 HH] - 934FE15H
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52 e A 0 L s T 2R 2 e T SN R B
o HHERAEINEE - e - HaEET

FAACHIE - AR FeRs RE R 2R T
PR -

M ¥t 7 ik

EEOLEAIB A > M~ AEERRE T
Jii > AT K BB SR A R B Y o A& AE Y &
ZFHJAE3,000 mmLL E > FFEERRETEEC LL
T o FEFHBEE80% L - &8 i KIS %
RS 5 LA A 2R R 0 B i 7% R 1L [T
(Juniperus squamata) 5 f1RRE 2 8 B o - H
g 3,000m L Ll & HI 55 & # 1% £2 (Abies
kawakamii) k& E Il & 17T (Yushamia
niitakayamensis) 1 J# iR 53411 (PR sz i 1994)

RIA AT & L AR SR WIE S > 5
TR FEE H FH AT BB ASFREE S TN
HFE g 2 B A (81) - UVHAFE S AR I R
I [E 7t (Station(St.)1)(24° 8'3"N, 121° 16'45"E,
3,100m in elevation) » AABNZFS AL H B
T 77%I200mpEE - g 2 [EE > HfEK)100 m’ .
MWK EEEE  BEE S ERE - #2E
(] 5 A Rl 7 L Dt IV 3 A 2 Tl 5 R A A
DN AE S o HME Sk A AR I 5 R I Rt (St 2)
(24° 8'36"N, 121° 16'45"E, 3,090m) &7 3
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Sampling area 5500
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Fig. 1. Sampling stations (Sts. 1-3) in the Mt. Hohuan area.
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(anatrepsis) i AR EG g A HEEE + 26510 A A HEEG H
IR IR H (katatrepsis) =TI HT : 111
FEIRRG RS I HEE s VIR IG5
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Fig. 2. An egg of Aeshna petalura taiyal.
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Fig. 3. Monthly composition of the embryonic developmental stages (I-V) of A. p. taiyal at St. 1 from

January 1998 to December 1999.
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#F1. Wi RSt 2) A FTH(St. 3).2 /K 'E LLifi (n=24)
Table 1. Physicochemical variables (mean * standard error, n=24) at St. 2 and St. 3

st.2 st.3 p*

Temperature ('C) 164+1.0 168+ 10 >0.05
pH 6.2+0.1 8401 <0.01
Dissolved oxygen (mg/l) 56+05 85x04 <0.01
Conductivity (« mho/cm) 76+13 102.9+ 3.7 <0.01
Turbidity (FTU) 133+ 18 17.0+ 3.0 <0.01
Total Kjeldahl nitrogen (mg/l) 7.1+£05 3.8+02 <0.01
1.3+0.2 0.3+0.0 <0.01

Total phosphorus (mg/l)

* Wilcoxon signed rank tests, significant levels : p<<0.01, significant at 1%; p>>0.05, non significant.
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Fig. 4. Frequency distributions of A. p. taiyal head width of larvae based on the pooled data at St. 2 and

St 3.
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Fig. 5. Frequency distribution of head width of A. p. taiyal larvae in relation to months at St. 2 from July

1997 to June 1999.
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Fig. 6. Frequency distribution of head width of A. p. taiyal larvae in relation to months at St. 3 from July

1997 to June 1999.
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Altitudinal Differencesin Temporal Distribution, Spatial
Preference and Timing of Breeding Climax of Frogs and
Toads in the Central Taiwan
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Abstract

This study compared temporal niche breadth, temporal niche overlap, spatial preference, and timing
of breeding climax of frogs and toads in Wushikeng at 1,000m in elevation and in Chichi at 240m in the
central Taiwan. The results showed that a species that had a wider temporal niche tended to have a wider
niche overlap with other species. Also, the temporal niche breadths of the frogs and toads were
significantly correlated with their temporal niche overlaps, while both niche breadths and overlaps were
wider at the high elevation than at the low elevation. Most of the species expressed a spatial preference to
either land or stream, but some showed no preference. An exception was Rana latouchii, which preferred
land at the high elevation but stream at the low elevation. This was perhaps due to difference in water
availability (precipitation) between the two elevations. The timing of breeding climax of most of the
species at the high elevation was about two months later than that at the low elevation, except for
Buergeria robustus the timing was the same at both elevations.
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Introduction

Animals tend to occupy wide ranges of
temporal and spatial niches to maximize their
resource utilization and to reduce interspecific
competition. These niches differ among species,
and are expressed by difference in their temporal
appearance and/or spatial distribution (Begon et
al. 1990). Frogs are poikilothermic animals and
have physiological and behavioral adaptation to
surrounding environments, causing the
occurrence of altitudinal variation in temporal
appearance, breeding period, and life history in
many species (Pettus and Angleton 1967; Beattie
1985, 1987; Miaud et al. 1999; Lai et al. 2003).
Also, the adult stage of frogs consists of the land
phase for growth and the water phase for
reproduction, coinciding with the seasonal
changes in their surrounding environments.
Different species of frogs usually choose
different habitats for foraging, resting, and
reproduction (Gao 1994; Chu 1996).
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Accepted: January 7, 2004

ez HER - 935E1H7H

The purpose of this study was to determine
interspecific and intraspecific differences in
temporal and spatial niche utilization of frogs
and toads, in terms of temporal niche breadth,
temporal niche overlap, spatial preference, and
the timing of breeding climax between two
elevations: 1,000m in Wushikeng and 240m in
Chichi in the central Taiwan.

M aterials and M ethods

Study stations

Two study stations representing two
different elevations and temperature regimes
were established: one in Wushikeng (24° 16 N,
120° 56" E) at an elevation of 1,000m and the
other in Chichi (23° 51" N, 120° 44’ E) at 240m
(Fig. 1). The Wushikeng Station was located in
the Central Mountain Range and covered with
artificial coniferous and broad-leaf forests. The
Chichi Station was located in the peripheral hills

of the Central Mountain Range, and was an area
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Fig. 1. The land sustations (A-D and H-1) and stream substations (E-G and J-K) at the Wushikeng Station

(a) and the Chichi Station (b).

surrounded by working and abandoned orchards.

At each of the two stations, we designed
land substation and stream substation for the
study to represent, respectively, the habitat for
land feeding phase and for stream breeding
phase of frogs. The two substations at each
station had the same size in the total area but
differed in shape (design) due to different
topography and stream conditions. At the
Wushikeng Station, four 500m x 4m transects
were established: two for each of the two
substations (Fig. 1a). For the stream substation,
one transect was along the bank of Wushikeng
Creek and the other along Gan Creek. Both
creeks had running water all the year round.
Each of the two transects of the land substation
was set in the mountain slopes of each of the
creeks, where small, permanent and temporary
pools were sparsely distributed. At the Chichi
station, three transects, each 50m x 6m, were
established along three small streams as the

stream substation. These streams had flowing
water in spring and summer, but was dry in fall
and winter except after heavy rain. Four 15m x
15m plots encircling a small permanent pool
were established as the land substation (Fig. 1b).

Survey method

Field surveys were conducted bimonthly
from February 1997 to December 1998 at the
Woushikeng Station, and from February 2000 to
December 2001 at the Chichi Station. For each
survey the visual encounter method (Heyer et al.
1994) was used to record the species and the
number of adult frogs observed. Breeding
behavior, including mating and spawning, was
noted to determine the breeding period. The
month with the highest numbers of mating
individuals observed in the breeding period for a
species was treated as the breeding climax for
that particular species. The surveys were

conducted one hour after sunset to reduce the
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influence of illumination.

Data analyses

Numbers of adult frogs of each species
counted at each substation in the same month
were summed up for two successive years as the
relative abundance of the species for that month
at that particular substation. The seasonal pattern
in abundance was compared among species. In
this study we regarded abundance of each
species of frogs in different investigated months
as its temporal niches, and abundance in
difference between land and stream habitats as
its spatial niches.

The temporal niche breadth that expresses
the scope of utilizing a temporal resource by a
species was measured by the following formula
(Levins 1968):

B = 12 Pyl @

where Bi is niche breadth of speciesi; Pjj is
the proportion of speciesi found in month j (j =
1 to 6, representing February to December) of
the survey period.

The temporal niche overlap that expresses a
degree of overlap in atemporal resource between
two species was measured by the following
formula (Pianka 1973):

aw=(ZPg*Py)/, [ZPq* 2Py’ ..o )

where @y« is niche overlap between species
X and speciesy; Pxjery) IS proportion of x (or y)
species found in month j in the survey period.
The ayx-value is a symmetric measure of
overlapping, so that an overlap of species x to
species y is identical to the overlap of speciesy
to species x. It ranges from O (no overlap: no
temporal niche shared in common by species x

Altitudinal differences of frogs and toads

and species y) to 1 (100% overlap: the same
temporal niche share by species x and speciesy).

The proportion of total individuals of each
species was compared between the land and
stream substations by the Chi-square test to
determine the homogeneity of individual
distributions within and between the two
substations. The spatial preference of each
species was then defined as the species with

terrestrial, aquatic or no preference.

M eteorological data

The mean monthly air temperatures from
February 1997 to December 1998 and February
2000 to December 2001 were obtained from the
Wushikeng meteorological station for the
Wushikeng Station and from the Endemic
Species Research Institute in Chichi for the
Chichi Station. The annual average temperature
at Wushikeng was 18.5C (range from 12.5C to
23.2°C), that was 4.4°C lower than 22.9°C (range
from 17.0°C to 27.8°C) at Chichi (Fig. 2).

Results

Temporal niche breadth

At the Wushikeng Station 11 species were
found, and 6 species had sufficient data for
calculating Bi-values, whereas at the Chichi
Station 16 species were found, and 12 species
were calculated for the Bi-values (Table 1). The
species diversity and abundance were higher at
the Chichi Station than those at the Wushikeng
Station.

At Wushikeng, Bufo bankorensis had the
widest temporal niche breadth with the Bi-value
of 5.53, whereas Rana sauteri had the narrowest
value of 2.14. At Chichi the widest Bi-value was
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Table 1. Temporal niche breadths (Bi-values) calculated for each species of frogs and toads based on the
number of individuals counted at the Wushikeng Station, 1997-1998 and at the Chichi Station, 2000-
2001 (total numbers of individuals observed in parentheses)

Species Woushikeng Chichi
Bufo bankorensis 5.53 (488) 1.55 (52)
Rhacophorus moltrechti 4.53 (76) 3.32 (146)
Buergeria robustus 3.44 (109) 3.50 (81)
Rana sauteri 2.14 (67) 1.50 (298)
Rana latouchii 4.70 (135) 3.56 (595)
Rana swinhoana 4.27 (150)

Polypedates megacephal us * (5) 3.25 (143)
Chirixalus eiffingeri * (6) 3.76 (67)
Buergeria japonicus *(3) * (6)
Rana kuhlii * (2 * (2
Chirixalus idiootocus * (5)

Bufo melanosticus 5.10 (53)
Rana limnocharis 3.55 (23)
Rana guentheri 3.90 (38)
Microhyla ornata 2.74 (35)
Microhyla heymonsi 2.31(19)
Rana rugulosa * (1)
Micryletta steinegeri * (1)

* Numbers too small to calculate Bi-values.

for Bufo melanosticus at 5.10 and the narrowest
value was for R. sauteri at 1.50 (Table 1). Five
species whose Bi-values were measured were
found at both Wushikeng and Chichi stations.
Four of them had wider values at Wushikeng
than those at Chichi. They were B. bankorensis,
R. sauteri, Rana latouchii, and Rana swinhoana,
whereas Buergeria robustus had fairly similar

values between the two stations.

Temporal niche overlap

The niche overlaps expressed by @ y-values

were compared among the six species, of which
Bi-values were calculated for the Wushikeng
Station. The ayx-value was highest (0.98)
between Rhacophorus moltrechti and R.
latouchii, and lowest (0.15) between Rh.
moltrechti and R. sauteri at Wushikeng (Table
2). The average @ y-values (Table 2) and the Bi-
values at Wushikeng (Table 1) were significantly
correlated (r-value =0.93, df=5, p<0.01).

A similar relationship in niche overlap was
also found at Chichi (Table 3). Among 12
species with Bi-values (Table 1), the ay-value
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Table 2. Niche overlaps ( @ yx-values) among different species of adult frogs and toads at the

Woushikeng Station

Species 1 2 3 4 5 6 Average
1 Bufo bankorensis - 0.79 0.56 0.71 0.81 0.72 0.72
2 Rhacophorus moltrechti - 0.77 0.15 0.98 0.77 0.69
3 Buergeria robustus - 0.16 0.78 0.77 0.61
4 Rana sauteri - 0.20 0.35 0.31
5 Rana latouchii - 0.71 0.70
6 Rana swinhoana - 0.66

was highest (1.00) between Polypedates
megacephalus and B. robustus, and lowest (0.04)
between R. sauteri and Microhyla heymonsi (or
Microhyla ornata). Like the case at Wushikeng,
the average @ yx-values (Table 3) were also
significantly correlated with the Bi-values at
Chichi (Table 1) (r-value =0.73, df=11, p<0.01).

Spatial preference

At the Wushikeng Station, the number of
individuals observed at the stream substation
was significantly higher than at the land
substation for B. bankorensis, B. robustus, R.
sauteri and R. swinhoana, suggesting that these
four species preferred the stream habitat to the
land habitat (Table 4). In contrast, Rh. moltrechti
and R. latouchii prefered land to stream. At the
Chichi Station Rh. moltrechti, P. megacephalus,
M. ornata and M. heymonsi preferred land to
stream, whereas B. bankorensis, B. robustus, R.
sauteri and R. latouchii preferred stream to land.
Chirxalus eiffingeri, B. melanosticus, Rana
limnocharis and Rana guentheri showed no
special preference to either land or stream (Table
4).

Breeding climax

The months of breeding climax of five
species of frogs and toads observed at both two
stations are shown in Table 5. The peak breeding
seasons of B. bankorensis, Rh. moltrechti, R.
sauteri and R. latouchii at Wushikeng were two
months later than those at Chichi. An exception
was that B. robustus had the same breeding

climax season at both stations.

Discussion

Temporal niche breadth

Levins (1968) proposes that niche breadth
be estimated by measuring the uniformity of
distribution of individuals among the resource
states. Niche breadth scores can be used to
designate species as a generalist with a wide
tolerance to environments or a specialist with a
narrow tolerance to the environment (Dash and
Mahanta 1993).

In this study B. bankorensis had the widest
temporal niche breadth at the Wushikeng Station
but not at the Chichi Station (Table 1). This
species is widely distributed in the Central

Mountain Range and is observed at elevations
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Table 3. Niche overlaps ( @y -values) among different species of adult frogs and toads at the Chichi
Station

Species 1 2 3 4 5 6 7 8 9 10 11 12 Average
1 Bufo bankorensis - 081 016 029 082 014 016 033 011 019 0.12 005 0.29
2 Rhacophorus moltrechti - 025 035 093 024 022 047 028 027 022 013 0.38
3 Buergeria robustus - 010 036 100 098 089 091 091 0.91 089 0.67
4 Rana sauteri - 062 006 010 018 020 013 0.04 0.04 0.9
5 Rnan latouchii - 033 032 053 041 035 030 025 047
6 Polypedates megacephalus - 099 091 090 094 093 088 067
7 Chirixalus eiffingeri - 0.93 0.90 0.97 0.95 090 0.67
8 Bufo melanosticus - 092 096 096 088 0.72
9 Rnan limnocharis - 0.87 0.95 097 0.68
10 Rana guentheri - 095 0.86 0.67
11 Microhyla ornata - 097 066
12 Microhyla heymonsi - 0.62

Table 4. Spatial preference to land or stream for adults of the frogs and toads at the Wushikeng and
Chichi stations (data, numbers of individuals observed)

Species Woushikeng Chichi

Land Stream Land Stream
Bufo bankorensis * 156 332 1 51
Rhacophorus moltrechti * 67 9 140 6
Buergeria robustus * 1 108 0] 81
Rana sauteri * 2 65 2 296
Rana latouchii * 110 25 172 423
Rana swinhoana * 32 118
Polypedates megacephalus * 141 2
Chirixalus eiffingeri 24 43
Bufo melanosticus 27 26
Rana limnocharis 12 11
Rana guentheri 16 22
Microhyla ornata * 32
Microhyla heymonsi * 18

* Significant at 0.1% level ( x2-test, p<0.001).
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Table 5. The month of breeding climax of five species of frogs and toads commonly observed at the

Woushikeng and Chichi stations

Species Woushikeng Chichi
Bufo bankorensis February December
Rhacophorus moltrechti February December
Buergeria robustus August August
Rana sauteri December October
Rana latouchii February December

above 500m in Taiwan. It was found at the
Woushikeng Station all the year round, but was
mainly observed in the cold months of the year
at the Chichi Station. Its abundance was highest
in December, constituting 82% of the total
number of individuals observed in a year. At the
Chichi Station, the climate may be too hot for its
breeding activity except in winter. This species
may migrate from high elevation to low
elevation with the dropping of temperature in
winter (Huang 1991).

Based on lengths of breeding durations,
Wittenberger (1981) divides animals into two
breeding types: explosive breeding and
prolonged breeding. B. bankorensis at the Chichi
Station (low elevation) could be categorized as a
specialist with explosive breeding, whereas at
the Wushikeng Station (high elevation) it was a
generalist with prolonged breeding. In contrast
to B. bankorensis, R. sauteri had the narrowest
temporal niche breadth among the frogs at both
stations (Table 1). It is an explosive breeder, and
is known to have a short breeding period
(Kuramoto et al. 1984; Lai et al. 2003). In the
mountain region of Taiwan, R. sauteri may be
divided into three populations according to their
breeding seasons (Lai et al. 2003). The

population at elevations of 240m to 1,000m
found in this study belongs to the fall breeding
population.

In this study the Bi-values of the species at
the Wushikeng Station were generally higher
than those of the same species at the Chichi
Station (Table 1), suggesting that the temporal
niche breadth of a species increased with the
elevation up to 1,000m. There were 12 species at
Chichi, but only 6 species at Wushikeng,
suggesting that the species diversity of frogs
decreased with the increase in elevation. Higher
species diversity in the frog community at the
Chichi Station, as compared to that of the
Woushikeng Station, might be also a factor that
reduced the niche breadth of the species (Table
1), but at the same time, increased niche overlap
among species (Tables 2 and 3).

Amphibians show physiological and
behavioral responses to fluctuations in
surrounding environments, such as temperature
(Brattstrom 1979; Hutchison and Dupre 1992),
light illumination (Church 1961), and water
availability (Dole and Durant 1974; Harris 1975;
Pough et al. 1983; Cree 1989). Among these
environmental factors, temperature has been

considered to be the most important modulator
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for the amount of time available for activity of
frogs (Tracy and Christian 1986). The monthly
mean temperatures at Wushikeng were
significantly lower than that at Chichi, but the
monthly mean temperature curves at the two
stations were similar (Fig. 2). The lower
temperature at Wushikeng comparing to that at
Chichi might be an important factor causing the
lower species diversity, the wider temporal niche
breadths (Bi) (Table 1), and wider temporal niche
overlaps (@ yx) for the species (Tables 2 and 3).
The only exception was B. robustus that had
similar Bi-value between Wushikeng and Chichi
station. Chu (1996) suggests that in the northern
Taiwan, B. robustus has the same active season

in spring and summer at elevations of 350m and

30 r
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700m, similar to the case found for the species at
elevations of 240m and 1,000m in this study.

Temporal niche overlap

Niche overlap value has been found to be a
function of the relative abundance of frogsin the
same niche dimension (Dash and Mahanta
1993). The lowest value of temporal niche
overlap was found between Rh. moltrechti and R.
sauteri at the Wushikeng station and between R.
sauteri and M. heymonsi (or M. ornata) at the
Chichi Station (Tables 2 and 3). The lowest
value at each station suggested that the temporal
niches might be an ecologica character useful in
niche differentiation between the two species.
On the other hand, the highest value of temporal

—e— Wushikeng
-0+ Chichi
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Fig. 2. Monthly average temperature and precipitation at the Wushikeng Station (1997-1998) and at the

Chichi Station (2000 -2001).
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niche overlaps was observed between Rh.
moltrechti and R. latouchii at Wushikeng, and
between P. megacephalus and B. robustus at
Chichi (Tables 2 and 3). The highest value might
suggest the presence of different niche
dimension to reduce their competition in the frog
community at each of the two stations. At
Woushikeng R. latouchii was usually found to
associate with the bottom substrates of still water
bodies, whereas Rh. moltrechti was
predominantly associated with aquatic
vegetation. At Chichi P. megacephalus preferred
land habitat, but B. robustus to the stream habitat
(Table 4).

In this study B. bankorensis and B.
melanostictus were found to have the widest
temporal niche breadths (Table 1) with the
highest values of average temporal niche
overlaps (Tables 2 and 3) at Wushikeng and
Chichi, respectively. The two species have wide
ranges of tolerance to environmental gradients,
so that they are easy to overlap with other
species (Dash and Mahanta 1993).

Spatial preference

Based on the difference in abundance of
adults at the land and stream substations (Table
4), Rh. moltrechti, P. megacephalus, M. ornata
and M. heymonsi were considered as the frogs
that preferred terrestrial habitats, whereas B.
bankorensis, B. robustus, R. sauteri, and R.
swinhoana preferred aquatic habitats. C.
eiffingeri, B. melanosticus, R. limnocharis and R.
guentheri did not show preference to either land
or stream. Only R. latouchii that had different
habitat preference between the two stations:
stream preference at the Chichi Station and
terrestrial preference at the Wushikeng Station. It

Altitudinal differences of frogs and toads

seems that R. latouchii possess a strong
flexibility in adaptation to the different habitats.
We suspected that the difference in precipitation
at different elevations affected water availability,
and R. latouchii responded to the difference by
changing its spatial preference. At the
Woushikeng Station where precipitation was high
and stream flow was faster all the year round, the
frog tended to live in the land with still water
bodies (Fig. 2). On the other hand, at the Chichi
Station, where precipitation was low and the
streams often dried up in fall or winter, the frog
was only found in the streams with slow flowing

water.

Breeding season

Beattie (1985) recorded the first spawning
dates of Rana temporaria in a series of ponds
over four years, and found that the initiating
spawning of this species was delayed by six days
for every 100m increase in atitude. Apparently,
the timing of breeding is probably controlled not
only by circannual endogenous rhythm but also
by elevation. In this study, the elevation
difference between the two stations was 850m.
According to Beattie (1985), the frogs at the
Woushikeng might delay their first spawning for
52 days. Although we did not record the time of
first spawning, this phenomenon might indicate
the lateness of breeding climax by two months at
Woushikeng as compared to that at Chichi (Table
5).
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The Mindoro Snake Eal Lamnostoma mindorum
(Jordan and Richardson) of the Hsiukuluan River in the
Eastern Taiwan
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Abstract

The Mindoro snake eel Lamnostoma mindorum (Jordan and Richardson, 1908) in the Hsiukuluan
River of the eastern Taiwan occurred in the winter and early spring seasons of low water flow, and had
two age classes at the modes of 34-37 cm and 46-49 cm in total length (juvenile and immature adult).
These provided additional evidences to its rarity in freshwater near the mouth of rivers that the Mindoro
snake edl is a peripheral freshwater fish defined as one that lives and spawns in ocean but some of its
individuals occasionally intrude into freshwater streams.
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The Mindoro snake eel Lamnostoma
mindorum (Jordan and Richardson, 1908) is one
of the rare species in the West Pacific. Up to date
only five specimens have been reported from
five localities. Baco River of Mindoro (Jordan
and Richardson 1908; Herre 1923) and Abra
River of Luzon (Herre 1953), Philippines, Waiho
River, New Guinea (Weber and de Beaufort
1916); and Hsiukuluan River (Hatooka and
Yoshino 1998) and Limpen River (Chang and
Tsai 2003), Taiwan. Chen and Fang (2001)
mentioned the occurrence of the Mindoro snake
eel in the eastern Taiwan, but no mention was
made on the number of individuals collected and
the localities of their collections. Except its
taxonomy and distribution, there was almost no
biological information available for this species.

The Mindoro snake eel was collected
primarily in freshwater, so that it has been
speculated as a catadromous fish that lives in
freshwater but spawns in ocean (Chen and Fang
2001). Because of its rarity and most of its
collection sites near mouths of rivers, it has been
also speculated as a peripheral freshwater fish
defined as a species that lives and spawns in
ocean but some of its individuals occasionally or
accidentally intrude into the freshwater portion
of rivers (Chang and Tsai 2003).

According to local fishermen, the Mindoro
snake eel has often been caught in the lower
Hsiukuluan River in the Hualien County. The
collection site of the first record of this speciesto
Taiwan by Hatooka and Yoshino (1998) was also
in thisriver. It is one of the few riversin Taiwan
that retains a fairly natural condition. We
conducted a bimonthly survey with electric
fishing (150-200 volts, DC) from December
2002 to September 2003 in the area about 1.5 km

Mindoro snake edl of the Hsiukuluan River

from the mouth of the river and 0.5 km
downstream from the Ch'ang-Hung Bridge of Rt.
11. As the river bed is higher than the sea level,
the river water flows directly into sea without
formation of the brackish water zone within the
river. All Mindoro snake eels were collected in
the freshwater zone with water conductivity
between 388 «s/cm and 443 xs/cm (equivalent to
salinity about 0.2 ppt).

A total of nine Mindoro snake eels were
collected in the winter and spring months from
December to April at water temperature of
21.5°C to 23.5°C. No eel was found in the
summer months from July to September at
28.4°C and 29.6°C. Of them seven eels were
collected in April (Table 1). In the Hsiukuluan
River, the Mindoro snake eel occurred in
correspondence with the season of low water
flow (Fig. 1). In other words, the occurrence of
the Mindoro snake eels in the Hsiukuluan River
was not all the year round but seasonal.

The nine Mindoro snake eels collected
ranged between 31 cm and 53.5 cm, and
consisted of two size classes at the modes of 34-
37 cm and 46-49 cm in the length frequency
distribution (Fig. 2). These two size classes
indicated the presence of two age classes of
Mindoro snake eels in the river. When the
lengths of a specimen reported from the
Hsiukuluan River by Hatooka and Yoshino
(1998) and of three specimens from other rivers
in the West Pacific (Jordan and Richardson
1908; Weber and de Beaufort 1916; Herre 1923)
were also added in the length frequency
distribution (Fig. 2), the two size classes became
more distinctive. Apparently, the size
composition of the Mindoro snake eels in the

Hsiukuluan River may also occur in other rivers.
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Table 1. Number of Mindoro snake eels collected, and their total length and weight (mean; ranges in

parentheses) from the Hsiukuluan River, eastern Taiwan, and concurrent water temperature, water

conductivity

Water Conductivity Specimen
Date temperature (nslem) Number Total length Weight
(C) (cm) (9
5 Dec. 2002 22.8 389 1 53.5 134
13 Feb. 2003 21.5 412 1 47.0 77
1 Apr. 2003 235 443 7 42.8 (31-48) 72.5 (30-106)
8 Jul. 2003 28.4 400 0 - -
30 Sep. 2003 29.6 388 0] - -
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Fig. 1. Monthly mean water discharges (m*/sec) of the Hsiukuluan River measured at the Juisui Bridge,

2001 (data obtained from the Water Resources Agency of the Ministry of Economics, Taiwan).

Although their exact ages were unknown, based Because the samples collected were still too
on their sizes they were estimated to be 2- or 3- small, a further collection was required for the
year old juveniles and 3- or 4-year old immature age composition confirmation.

adults. There were no specimens of the young We dissected the 53.5 cm specimen

year class with total length shorter than 31 cm. collected from the Hsiukuluan River and the
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Fig. 2. A frequency distribution of total lengths of Lamnostoma mindorum collected from the Hsiukuluan
River (solid columns) and other rivers [open column A, one specimen each from Jordan and Richardson
(1908), Weber and de Beaufort (1916), and Herre (1923); open column B, one specimen from Hatooka
and Yoshino (1998)].
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Fig. 3. Distribution of Lamnostoma mindorum (solid circles) in Taiwan.
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40 cm specimen collected from the Limpen
River (Chang and Tsai 2003) (Fig. 3). The
gonads were small and string like. They were
either at the immature or the resting stage of
reproduction. The stomach contents were also
examined. The large specimen had a partially
digested goby (6.7 cm, 2.5g), and the small one
had a well preserved shrimp (Macrobranchium
sp., 5.63 cm, 2.99). The tails of both preysin the
stomachs pointed toward the eels’ anus,
suggesting that they were swallowed by the eels
with their tailsfirst.

Although the data collected in this study
was limited, the Mindoro snake eels collected
from the Hsiukuluan River showed a seasonal
occurrence with two age classes of juveniles and
immature adults. If we adopt the notion that the
Mindoro snake e€l is a catadromous fish as Chen
and Fang (2001) speculated, we should have
been able to find not only the two age classes
(juvenile and immature adult) but also other
younger classes all the year round. The seasonal
occurrence of only two age classes in the
Hsiukuluan River provided additional evidence
for the alternative notion that the Mindoro snake
eel was a peripheral freshwater fish and those
individuals collected in the freshwater rivers
were occasional intruders from the ocean (Chang
and Tsai 2003). As the samples collected were
still too small, further studies are required for
confirmation of this notion.

We kept a Mindoro eel (47 cm) collected on
1 April 2003 from the Hsiukuluan River in
aquarium for observation. The eel buried in sand
bottom with its head or only its snout portion
above the bottom surface in day time, and lay on
the bottom surface in night. In the Hsiukuluan

River, all specimens of the Mindoro snake eel

55

was collected from sand and clay bottom with an
electric shocker. This bottom doweling habit and
habitat may be one of the reasons for its rarity to
be found in fresh water, and also the reason that
it has never been found in the sea
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Abstract

Spores of 10 species in five genera of the family Dennstaedtiaceae were examined, using the
scanning electronic microscopy (SEM) technique. The fine structure of the spores was found to be a
useful diagnostic character for the generic and specific distinction for Dennstaedtiaceae. Spores of the
genera Hypolepis and Histiopteris are monolete and the two genera are distinguishable by difference in
their perispore grains types, while those of the genera Monachosorum, Dennstaedtia, and Microlepia are
trilete, and the three genera are distinguishable by their exine grain types. For distinction of congeneric
species, fissure margos of spores is a useful character for distinguishing two species of Hypolepis: H.
punctata (Thunb.) Mett. and H. tenuifolia (Forst.) Bernh., the exine grains for two species of
Dennstaedtia: D. scabra (Wall.) Moore and D. hirsuta (Sw.) Mett. ex Miq., and thickness and grains for
four species of Microlepia: M. hookeriana (Wall.) Presl, M. speluncae (L.) Moore, M. strigosa (Thunb.)
Presl, and M. substrigosa Tagawa.
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Ii#1. %% (Hypol epis punctata) £~ (A MR - Scale bar= 20 «m : B.7RE[EL » Scale bar=20 «m :
CiRMRHEIEN - Scale bar= 20 um : DIEIRAER > Scale bar= 10 ¢m) °
Fig. 1. Hypolepis punctata spore (A. Proximal pole view; B. Equatorial view; C. Distal pole view;

D. Distal poleview).
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Fig. 2. Hypolepis tenuifolia spore (A. Polar view; B. Polar view with exine sculpture; C. Equatorial view

; D. Spore and sporangium).
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Fig. 3. Histiopteris incisa spore (A. Proximal pole view; B. Distal pole view; C. Irregular verrucate

perispore; D. Equatorial view).
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Fig. 4. Dennstaedtia scabra spore (A. Proximal pole view; B. Equatorial view; C. Distal pole view;

D. Equatorial view).
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Fig. 5. Dennstaedtia hirsuta spore (A. Proximal pole view; B. Equatorial view; C. Distal pole view;

D. Granuliferous perispore).

ik 25 % & Mi crol epia Presl

A e R T B e — A TR - A
A REEER A EE SRR - DB
PEFE - 15 F%21.6-37.0 «m > FRiE
Ff%33.3-41.8um - —ZUfE - ARG HMAT
RERIR1/2-2/ 3BT F AR EAR o TEAR
@A DR R A B - W
BRFZIT > HZE B ARS8 > 6
HEFRE B - AT EBEBEECREEEE » 77
S ACFE R TN REREE o JEEE BRI IR AL
fffi - MRARSC A Sl AR 28 ROA Bl o 41 B ELIFA BE
HIREARE AR A B £ AN B T A5 A1 BE A i

T -

2 50 K i 5 % Microl epia hookeriana (Wall.)
Predl
Fig. 6
Ol RS 8 = AT SRE TER E
B - fF- MR 15 25.1-37 um > FRIEHHIRE
£%35.1-41.8um o —ZUfE - ZUHERIE B TR
JEPIR A2/ 3BT T AR E R - RS
JE RE S IR B SR - [ EE BRSO AR AR A B 5
DT AN EE > TR A AR A4 EE
A A o



G A PInE4E 6(1) : 57-70, 2004

65

N -
2N

s

&6, p7 v FC 5% (Microlepia hookeriana)ftl-F (A JCIRHER > Scale bar=20 «m : B.JREHER
Scalebar= 20 xm : CiZMKEIER » Scalebar= 20 «m : D.HIHEIRIMEEELET » Scale bar= 10 «m) °
Fig. 6. Microlepia hookeriana spore (A. Proxima pole view; B. Equatorial view; C. Distal pole view;

D. Fiereticulate perispore).
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Fig. 7. Microlepia speluncae spore (A. Proximal pole view; B. Equatorial view; C. Distal pole view;

D. Fine reticulate perispore).
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Fig. 8. Microlepia strigosa spore (A. Proximal pole view; B. Fine reticulate perispore; C. Proximal pole
view; D. Proximal pole view; E. Distal pole view; F. Distal pole with fine reticulate exine; G. Equatoria
view; H. Equatorial view with fine reticulate exine, and trichomatic exine formed from residual
perispore; |. Distal pole view; J. Distal pole with fine reticulate exine, and trichomatic exine formed from

residual perispore; K. Distal pole view; L. Tuberculate perispore).



68 FII I SEM B i 123 15 18 10fR ik o -T2 8
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Fig. 9. Microlepia substrigosa spore (A. Proximal pole view; B. Equatorial view; C. Proximal pole view ;
D. Equatorial view; E. Proximal pole with fine reticulate exine).
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Fig. 10. Monachosorum henryi spore (A. Equatorial view; B. Irregular lamellate perispore; C. Polar

view).



G A PInE4E 6(1) : 57-70, 2004

18.3um » FRiEHH R £530.1-34.8 4m o H =2
& - AfEREBMTPEIILY2-2/3 - NEE
BE o JLBE SR EASBHEERTEAR FORG D r ik
HCEf - AN 2] BN EER A I B
AR Fr AR ©

Bl - M BGEIE > FR89003(FFH
YIRS ERE O ACEH) -

AW Sk o i =X B T RE TR P B S
R 10RE R B At - TR RERF 12 - BE BRI A
BRI

LAFBBEZIEER e 2
Iy R & v 1] SO 4

2. I BE R I RS RUARALER ~ BUIREHEIRAL

B oo eeeeeeeeeeeeeneees TR ()
3AUFZYRE A 3 SR e A%
AT EBHBAZRE. ..o AHEE L R
4. ¢ EE ELAS A BE R IE IR B g R A aff B AR

FAEJEEE oo i)
4 079 BE 5 B B A HL AT B R BE N B

JEVBE oot 5

5.4 4 Bk 2 JE IR A 85 H A [R] R R fn
J& > T RSB AHIHEIR ~ H7 IR ST IR AL

5.7 BE R R RALES. ... SRS IRES ... 7
6. 918 3 11 T2 Bl A (R R JEE TS T 72 5 7 7R

6.7 MR AN A RERLARAL ... M B R
T TFZHEE B o, 8
T A FZREAEIBIR 9
8. ATk HL JE BEIT R B R . P v ICi S5 R
8 TG B EHIGR ... BT R
9./ H JH BE - HfEE 2 BHBRA R IRZE 4
R LRSI E 3
B RA AR IR 28 2 AL
Bl CHEERS RN 7

(o]
5
._N
Jm
@
1R
<
R

69

.
l%‘

\s
:&‘%‘
o

AMFFETFLATERE - J s o B 52 21 R 3
ERM T SRR PIATAS B o I f S e

51 R SRR

SCACHE o 1993a o & R I H IR H- G IR G
B e - AR E ST 1: 35-36 ©
SCHCEE o 1993b o 15 iR i A T R KE - R EC

IR FESE o HARRE T 4: 32-33 ¢

FRB R B AL S PIR FE AT © 1976 - R
MMEY) T IERE  REEE R « LA -
e e

FI A o 1997 © B EHEE RAEYIRHHZE (B —
) - T REEZEE - 145H -

FRIfEL - 1999 o HEFRAAMEY) 2 BE1E - 1999
V% BRTERET Eram SR 5-16H -

BRGEE 7> © 1997 - FRAAMEYI LTI RE ~ BLH B
e Bs ZWESE o v BOR B AE 2 ER S 0 82
H o

BUHIR 0 1993 o TP} FHER ¢+ 5 EHMEE R AE
PIREEE » BINLAREEEH - 658H °

iR EBE ~ G LLZ ~ KETORK 0 1974 o HeRE IR AR
REY) A A it 1 B BEDACBE T AUBISR -
REY)E2 4 16(3): 291-293 °

ZLHEZR 0 1978 o FRIAMEYI R EHER o [ i
KEE: - 107H

B - 2000 - & EAEY)IE #E o BN
FREH © 1987H - 7L > G -

Devi, S. 1975. Investigations on the surface
ultrastructure of some spores of Asplenium
(Aspleniaceae). Brenesia10/11 : 1-7.

Editorial Committee of the Flora of Taiwan.
1993-2003. Flora of Taiwan, 2nd ed. Taipei,
Taiwan: Editorial Committee of the Flora of
Taiwan.

Haufler, C. H., and G. J. Gastony. 1978.



70

Systematic implications of spores
morphology in Bommeria and related fern
genera. Systematic Botany 3(3): 241-256.

Liew, F. S. 1977. Scanning electron
microscopical studies on the spores of
pteridophytes. XI. The family Oleand-
raceae. Gardens' Bulletin, Singapore 15:
101-111.

Liu, Y. C., C. M. Kuo, and H. Y. Liu. 2000. SEM
studies on spore in Taiwanese fern genera
(1) Athyrioids. Taiwania45: 181-200.

Montgomery, J. D., and W. C. Taylor. 1994.
Confirmation of a hybrid |soetes from New
Jersey. American Fern Journal 84 (4) : 115-
120.

Moy, C. J. 1988. Variations of fern spore
ultrastucture as reflections of their
evolution. Grana 27: 39-51.

Rasbach, H., T. Reichstein, and R. L. L. Viane.
1994. Asplenium chihuahuense an
allohexapoid spcies and the description of a
simplified hybridization technique.
American Fern Journal 84 (1): 11-40.

Taylor, T. N. 1973. Combined transmission and
scanning electron microscopy of in situ
Palaeozoic spores. Palaeohtology 16 (4):
765-776.

FII I SEM B i 123 15 18 10fR ik o -T2 8



FrEHPIHSE 6(1) = 71-74, 2004 71

Ambrosia psilostachya DC. (Asteraceae) a Newly
Naturalized Plant in Taiwan

& B 37 8 v # FF ( Asteraceae) 7R 2 52

Yen-Hsueh Tseng* and Ching-I Peng *

1Endemic Species Research Institute, Chichi, Nantou, Taiwan

?2|nstitute of Botany, Academia Sinica, Taipei, Taiwan.
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Abstract

This paper describes Ambrosia psilostachya DC. (Asteraceae) as a plant newly recorded to Taiwan.
It has established its feral population in Kaohsiung County, and is closely related to exotic A.
artemisiaefolia L. of Taiwan. However, the two species are distinguishable by the structure of their
pinnatifid leaves. This paper also provides its distribution, living habitat, breeding (flowering and
fruiting) period.
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72 A newly naturalized plant-Ambrosia psilostachya

Fig. 1. Ambrosia psilostachya (1, roots and stem; 2, stem with leaves; 3, flowering branch; 4, lower
surface of leaf; 5, upper surface of leaf; 6, stem with hairs; 7, involucre; 8, floret; 9, pistil).

il 1. BREEFE LAY E0MR (1, BRER; 2, ¥CEK; 3, 1EAL; 4, 3615, 5, AT, 6, KAUMIALIERE; 7, #8E; 8, /)
1E; 9, MEE) -
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The genus Ambrosia L. belongs to the
family Asteracea, and consists of approximately
40 species native to the New World (Britton and
Brown 1970). Of them A. artemisiaefolia L. has
been introduced to Taiwan (Hsu 1973; Peng
1998). Recently, we found that A. psilostachya
has also established a feral population in
Kaohsiung County of the southern Taiwan. We
collected the specimens from Panpingshan (42J7#
(1), Tsoying (/£%), Kaohsiung Co., May 28,
2000 (Coll. No. Tseng 2350), Aug. 6, 2000
(Tseng 2557), and Aug. 19, 2001 (Tseng 2676).
The specimens are deposited in the Endemic
Species Research I nstitute Herbarium.

A. psilostachya is closely related to A.
artemisiaefolia, but the two species are easily
distinguishable; the former has pinnatifid leaves,
while the latter has bi- or tripinnatifid leaves.
This paper briefly describes this newly
naturalized A. psilostachya in Taiwan, and
provides with its distribution, habitat, and
breeding period.

Ambrosia psilostachya DC., Sp. Pl. 102. 1753;
Nagada T., Illustrated Japanese Alien Plants 254.
1972; Britton, N. L. and H. A. Brown. An
Illustrated Flora of the Northern United States
and Canada. 3: 266. f. 1970.
EREESA 5 Fig.l
Erect annual or perenial herb. Stem up to
150 cm high with branched panicles in the upper
half. Leaves hairy or rough on short stalks, each
5 to 12 cm long, ovate-lanceolate, deeply lobed
often with toothed segments; lower leaves
opposite, but upper leaves alternate. Male
flowers several, not exceeding the involucre,
grouped within shortly stalked hemispherical
heads in terminal spike-like racemes, with up to
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Fig. 2. The habitat of Ambrosia psilostachya.
2. EREEFE L FH -

Fig. 3. Plants of Ambrosia psilostachya.
513, #RAEFEELVIRE R -

6-8 connate bracts forming an involucre. Corolla
4-5 mm, lilac, infundibuliform with a long tube,
with 4 lobes. Calyx with 6 teeth, persistent in
fruit; stamens 4, inserted on the tube of the
corolla. Filament slender; anthers small, oblong,
and exerted; style filiform and bifid; branches
unequal. Female florets few, without a corolla, in
1-flowered heads in the axils of upper leaves;
ovary 2-locular with 1 ovule in each loculus.
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Fig. 4. Flowering branch of Ambrosia

psilostachya.
[l 4. CREEFEEHIIERT ©

Achene 2-7 mm, scabrid, dry with 1 seed.

Distribution: A. psilostachya is native to North
America (Britton and Brown 1970; Bassett and
Crompton 1975), and has been introduced to
Japan ( Nagada 1972), Germany and Spain (
Takematsu and Ichizen 1987), and New South
Wales of Australia from where it has spread to
the eastern and southern Australia ( Parsons and
Cuthbertson 2002). In Taiwan it was found in
Kaohsiung County.

Habitat and Ecology: A. psilostachya occurs in
open grassland in the coastal plain of the
southern Taiwan at an elevation of 220m. Its

flowering period is from June to September, and

A newly naturalized plant-Ambrosia psilostachya

the fruiting period from August to December.
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