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Genetic Patterns and Biogeographic Origins of the Exotic
Rodent (Rattus exulans) in Taiwan
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K52 R SSCP (single-strand conformation polymorphism)¥i il » /3 #rif EHW A 5 E 2
S A e il ) /) Sl (Rattus exulans) FZ#R#8 DNA - B {5 #8 5 K] (haplotype) 'y 2 AU 1 » P H n] GE2K
U STl A 5 ik R R A o IR o 22 S0 R 0 AT IR e > DAHE B Lk 97 A e 1 A () R R =X o TR R AR A
DNA 241 [& (mtDNA control region)d » ) SSCP HL 21 5l H 4 Ff B (% 48 KL K U (Type 1-1V) » H A1 Type
LRITL R % B> HoopAfk it 5 Type HI AT IV Al > 0% RS B —Fl HE B - #6882 NCBI & Rl E
HHEY R A LT > B8 B Type TR 73 A7 /2 28 BIHY) = S AHIR] » 10 Type TV HIBE ok 7 #E 75 (9 2 S RHGE > HE
T A A2 5 18 PO ) /) SR 2K R it A T 38 U B [t S T S % kAT A0 [T S {5 o L e P O
fli )/ DR FTREZRE DA 2 KL EWI AR S -
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Abstract

Mitochondria DNA (mtDNA) haplotypes were identified with single-strand conformation polymorphism
(SSCP) for the exotic rodent (Rattus exulans) found in Jian Township, Hualien County, Taiwan. The
objectives of this study were to examine distribution patterns of the haplotypes and to determine
biogeographical origins of this exotic rat. We found four distinct SSCP haplotypes, Types I, II, III and
IV, in a segment of 372 base-pairs in the mtDNA control region. Types I and II were dominant and
occurred widely in the sampling area, while Types III and IV were restricted, each to a single sampling
location. When the sequences of the four haplotypes obtained in this study were compared with the
sequences of 32 R. exulans haplotypes available in NCBI, Type I was identical to the sequence from
Thailand, Type IV differed to one sequence from Sulawesi by only one base pair. The results indicated
that this species of exotic rat in Hualien might be originated from the Southeast Asia mainland and Malay

Archipelago. The presence of four haplotypes suggested that there were at least two invasion events.
RISl = fifife) /]S~ SSCP ~ SRAACHE ~ KL#RAS DNA 2 il | fak

Key words: Rattus exulans, SSCP, exotic species, mtDNA control region
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T2 BRURE A B RPN 5% I M6 2 i B0 e 20 3t
& (Wirtz 1973; Corbet and Hill 1992) » & 1k

%

nu\a

filif) /) B (Rattus exulans)ig 1999 & 4~ 5
A B IR GRS R EE o B4
1THbE R 2 B & R EEY) H Y B i [F e
S S R AL E R TS L 4B(121°34°E,
23°S7N) VR R T 35 HH e 2800 FH P SRR IR > 4
FERLAF AR (B K 5 2001) » [ #8 Motokawa
etal. (2001)ffEs8 HAEAE o ffi )/ NEAE ) B8 BB
i B\ B (Murinae) ~ 5% 5 /& (Rattus) » H 2Bk 7y
A i [BE] {2 2 /N 5% Bl (Mus musculus) ~ SRL(R.
rattus) B 5L (R. norvegicus) » J& 7 i S8 TUE 12
HY fL f# (Wodzicki and Taylor 1984) » £ BEEE AL

Hi Bk (Ryukyus) HIl & 75 31 2 5 4 it &8 A Al /)N
B B B (B Bz ) 2001; Motokawa et al.
2001)

Jol¢ Al fe) /] SR Y SRR R 11.5- 15 em »
[ RA BB e R AHSE  RIRAY 23 mm 5 7R
Y8 E % 36-80g (Lekagul and McNeely 1988;
Tobin 1994) o /] 51 4= i 2 35 A st 24 [ ) A~ [+
A% L(Wirtz 1972; Tobin 1994) » A {% {5 {#
A E bt [t 2 i )/ s A 7 2 B 2 I R A i
IRDLZ (ARSI L B R (R » RERERD »
12 BRI R B 1-7 1) > DL 4-5 LA
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B U555 2003) o il fr) /) Sl 4 A KBNS B
il B R 25 JRER Y - RS - A~ H
o~ FE 2~ PR OHE 38 Bk (Musser and Newcomb
1983; Wodzicki and Taylor 1984; Corbet and Hill
1992) o HfA> 58 £ 2R E P EE A Im DL
o HAEGGH B AR R AR AR £ £ AR
JEE R B AR (55 2001) o

P B 3 A 4 2 D B BCR R
FUbr > AR ATCERR S 24 CH — BRI
il » 3 U043 37 SR G R B (R S ARk 2003) © 1248
A B BEL 7 1) 3 2 A5 SRS il /BRI R B
15 i % R R S - T EAE AL 2
i ARIRAE S 208 ~ B ~ KINREALER
FEfE] - ELET ZRE SURR AR B K B ~ FA A
B~ SIS ~ (2 Bl s (5255 2001) o
2004 B 2005 FF 1 I FE A FIIEE B - Al /) B
(3 AT A 22 7 205 TURR LA PG B 25 AR
VLI — i (RIS - RERERD -

177 A REEL I AHBR R 72 » DNA R 5]
oy M e H A E R o K% BUEY)RLER G
DNA A REREER R - BB g
7 EH R DNAR) 500-1,000 {5 © il & PCR
B > KL R DNA Fe 91 B £ b 52 e B
e~ RHAREA 1R ~ AW~ AERERE F
S i 5 ) B8 (AR % 2 — (Avise and Walker
1998; Emerson 2002; Wan et al. 2004; Ballard
and Rand 2005) - §f4K H mijHUE DNA B3| A~
FARAR £ & FIAEIRE - {HE {552 K ER 70 i 58
() — {8 FR 125 B% o 7£ % Fl DNA Fe 51l 73 #r i 2K
P FE i E (S RE RS I - 3 R S AR A B
SRIMAEE MR 2 RBE T > R ER 70 fE S 7T RE
A AHE ) DNA FRA1) - 3F—E L&A
5 o PUIRF R A] ] DNA BB fi i 2 RE 1 (single-
strand conformation polymorphism, SSCP) [t} —
i B~ fEE ~ L RTS8 O A A R Fe 51 Y
By - LA sl D % 2EE e B A B (Sunnucks
et al. 2000) -

i B2 23T > SSCP FI| 1 A A I iz g 2!
(polyacrylamide gel, PAGE) & vk » & 47 [K] i &
Fe G AS [R] 1 = 8 14 8 il 1 AH S U B DNA >
i 2 E S b 2 BN ) Fr B i X (Hayashi
1991) - i SSCP F& > #aifll PCR W1 75|
5 > 5 PCR-SSCP /3 #y » REE— D2 T
Y1 £ {5 4 L B S PCR-SSCP 14 R i Bl
IR R BRI K NS B (Girman 1996) » i
SR - HIF S FLEE R » SSCP nf [ 4 R 91| &
J& 3£ 775 (g Bk 2 B DNA /Ny BB —
g+ 5% B (Orti et al. 1997) » {H—% % & /> i
Gy RV 400 {51 B DNA/NVF | e
Ao & — MR REIE Rz 7y F L RED 72 R (1 70+
R 2 B8 SRR KT DNA AR E »
PCR-SSCP AJ 3 i& i 36 & 1) FH Bl

U S5 (200 1) 65 1] T 47 %8 21 il /| BSUAY #H
il > AT RIERHEE DNA #54(] (control region)
276 {[E s 3 %) 4> 47 > i 81 NCBI (National
Center for Biotechnology Information){% % & 5|
BRUEAPHERHELE - #5IRER 7 H € R HAth
B2 FI IR RE AR 504 77 45 88 %€ (Motokawa et al.
2001) » SEAEFTRE P 35 S (I #S FhER AR HY 7 f
SRR > B $ei NCBI & B Hr R E #f Y
M AR AR FE 1 o IR EZ N 52 H Al E e AR
AYERAR - HE R NCBIE K} B HEBH S
FhR] LAY R SRR A 26 BRAR I P B B K
M % B l# (Matisoo-Smith et al. 1998) » iz
e it AR 3 38 J5 B [t SR B A - (R I b %
FITiS 2 A5 SR AR o A FCIE#E Z BIRIRHSE »
P LR S rff ) /N LB A > LIPCR-SSCP
Bl 2 R AR DNA 52 1l [ B 15 2k R R
L DR BRI BT EY B R U T R
>+ 3lf B2 NCBI 7 91| & o} Hr i 88 2 79
EE#E oA > LAPR = G il fe) /N SR AT REACR
BeAt > A — 25 or M PR B [ ISR RS DNA I
DRIHY N 50 52 55 e oy AT IR » #6 AERET L AR AR 1
FEZ A B R R R A -
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FFERFHE 2001 £ 5 2003 FfH] » fE/E5E
W 2 A AT A e s B B T s P e O B
A o FHARERERAY T 2 Se A R I A o7 £ 95 (I
500mx500m {75 #% [ BE - 2001 I AE = — 1
7 A& B — BB A R E A PR ARG - HOBR
AT AR R B SR D Ay B [ 55 0 B (B AR U Y
Jit&s o A O1 BRECMIAR GG - S R AR AL A%
£ 10 BERARHFRER DG 5 2003 SEIRF1E 25 77 4% N 52
IR A MR E R > G 92 B - 4
JEAR UL 3% i 2% Bowman et al. (2001) » 7£3%
HUERuE AR DA i e FC S BE (Sher-
man’s Live Trap, 26 cmx8 ¢cmx10 c¢cm) 5 ] »
SEHETT 1 JGHHE 3 R AE < 2003 Fr - FEHS
AR R AR U 1% » 5 S 470 8 = )
3K it B s A 2 AR A g g o3 AIEETT 110 B
195 BER WAL o Wi B2 A4 85 ) &0 hllf
1,515 B 1,685 BEZ » W4 BRI HE 1 #8255
100 ¢ 80 £ » 31 180 & - ¥ iEny B &£k
A AREEE(2003) N IR ARSI R > i
HEEAE 25g DA BRI - 22g DL ERYMERA PR
JCHE o TP RIH S DUVL S AHARER A - DRk
K¢ STE {SUR IR 1F » LA DNA ZZHUZ ] -

= RS DNA P22 ] [ sk KR 5 A

AR FERHR S 2R )/ R R A
A< HUHL DNA » 3l KR S BT JE A7 5E 2 KL
2 DNA P2 i 35 51 (5255 2001) & PCR 5]
F#H » LILR-SSCP (5-CCCCAAGCATATAAG-
CATGT-3) &, HR-SSCP (5-CGTCCCTCTTA-
AATAAG ACATCTCG-3")#{T PCR » HJiiF H £
JE 1% 372 (g AL B PCR J Bt - PCR EW)HE
ligff 1% - LU 8 %) PAGE 317 13-16 hr 2
Hie DNA f B AR 7 XA vk o FEVKIR Y
PAGE B LU Y% 2B SSCP Jy Befii =X » i
B ORTE > LLBEE PR - 1 AR

A 0 i BB A5l B = P S B

SSCP Jy Bt U 7€ 175 [RI ) KLAR S DNA 22|
Vi b B (5 B TR AU > S o RIS B H e 2 O BRI
o BEBSBKIE 15 - 20% 0 ([ #S - 1 HH 30 (e 8
H gD BRI - ISR 2= el ds - F1 FH Al
(975 —F#H S e (E R L K AE T E e - Ll
P [ EE R LR R 51 5 RHIR] » 45 LT 2 SSCP
fiti REYAMEE ©

LIMEGA 3.1 #t##(Kumar et al. 2003)Z &
£ BRI e 270 (R P65 15 372 {181l 55 S5 ) e Pl 2
7= B H KB (B B B (Tamura-Nei Distance) °
FEAAI & S AR /B AT REZRCTR - A
92 P 7€ e A RLAR 85 DNA 28] 6 45 F 51] B
NCBI & ¥l & H1 Matisoo-Smith and Robins (2004)
FRN) 32 FEAf )N P SII(R1-R2S ke R27-
R33 » AY604202-AY604233) » 241 HEYI LE %
(alignment){% » FEHVFEERIERES DNA 221 [
I 5 %8 2 [ (hyper variable region I, HVR DN
R 174 {dlfis B ¥ 751 » FIIH MEGA 3.1
RS LUR R % (neighbor-joining method) 72 % B
Rt AU[E » 3L Boostrap (1,000 X)fa 58 73 Ff
FIRTE L > LUBER B 1 SR Al |\ s B 38 2
F 91| [ AH BLRR JEE » 5 JLL 44 30 EC 2R 5 3 -
4% » {fHH Matisoo-Smith and Robins (2004)¥%t}:3
S R AU e oy o B X R R R B
(Southeast Asian Haplogroup) ~ B g 80 fe 3T K
FEINEE(Southeast Asian & Near Oceanic Haplo-
group) ~ 3 KTFEYNEE(Remote Oceanic Haplogroup)
B — BRI R A8 B 73 3 A I i f
N —RE - GHE S HHE RHUREA K REER
Pl B 7 S BB (SR - DS B Al S i
ARl /| L O (AR SR AR -

~ RLRHE DNA P22 ] [ 3 5L A AU f 22 ] o A

e AU e /)N BUAS [FTRZ AR S DNA. 22 il
SeCEE N R CE RS2 R D 22 [ 00 A - DU FE PR R
ZITRE AR TS E B » R W [ E [R]— 5
A FERRIG R EERLL G OF - 3T AT
WA R A U SR - LIS % 3E(2003) 2l %

[1]
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HE 2(2000) 1) B 52 [ 6 8] e 75 e - A
ArcView 3.0 % 2% 75 A% P AN [R] 5 X B4 S8 E 73
frlElE =8 b

2 R

2001 4 Jz 2003 4Eff S 11 180 £ i fiy)/ |\ sl
oo EIEHERL 102 € 5 HERL 78 £ - HEREE
W& 26 A ME R > (LR AR 1:1 (p = 0.074) -
HA R A 99 € - i AREER 672 0 71
HEE 41.1g (SD = 10.1g) » MEVEREH 68 & »
I KRS S4g > g8 E 36g (SD = 6.8g) »
il A e BRI B K A Bl (p < 0.01)

LIPCR-SSCP 4341 180 €& fifi )/ |\ sl i Kz A
HE DNA PRI B > 53 P 4 fE SSCP
ERfX > 2RI 123 ~53 ~2 J 2 EBERA 5 L
HAh) 24 ~ 8~ 2 | 2 EB{ARGEITE P (3L 36 &
{E#S) > REE P2 R 4 F R R R RLER S DNA
P ] [ 3k B % B KA - HLAH[E] SSCP A B AsE C
ZARAE PRI IR o DL Stk
Feil a4 5% Type I ~ Type II ~ Type 111 Jz Type
IV o TEHERS Type LEL KA 123 £ (H B h 1 74

SRR - 49 EMERL 5 HEAE Type 111 53 S {lE#8
T 25 LHERL - 28 EEMERL 5 #EAY Type 111 #y
2 EERERS | 2 hE R 1 EHER 5 7% Type IV
WA 2 EHERL o FFTIE FPRY 372 s 1 2K
B o A SRR e 2= BB H B 5-12
ligFEEH (3 1) > Horp Type LAl Type IV [y 72
FVERROR (R 12 [l B 1) » 1M Type TF[I Type
IT [RJAA) 22 B de V(R 22 5 (iR 2T) - 4 Fid
WRIFELL Tamura-Nei /7% ATaT 5 H A58 #EH
B 0.014-0.034 FE(ZE 1) -

A FEFT LR 4 FL2L (K R B NCBI &
FoHIER F RS 32 e )/ B L AR #E DN A 22 1l 6 33
B {% 56 D] 7R 2 S 8 A 0 R (] 1)1 S B - At
PR == By bt o0 5 TR P e B~ B
ALK TEINEE B sm R eI 3 {85 %07 ff (Boot-
strap=84-96%) Bl ZE [ 77 3¢ » £ 15 i f) /] B Y
4 {E SRR rh - Type T ELERER H 28 B /]
BFFAI(R33)5€ 2[R > Type IV EBLERER H fkfi
A P E /N S (RSYEARZE 1 (E g 32t - 1
Type 11 J 11T 8l|#% H Bl B 38 0 32 - {H B B B
8 A o AR e B R 42650T

2 L. 5 {8 At /) SR S DINA 2 ol 6tk 4 e B 7% 58 DT TR ) 99 e 5 22 B2 8 H (72 ) B LA Tamwra

-Nei J7ikat SR 28 i (e 1)

Table 1. Nucleotide differences (below diagonal) and Tamura-Nei genetic distances (above diagonal)

among four mtDNA haplotypes (Types I-IV) of Rattus exulans in Taiwan

Haplotypes Type 1 Type 111 Type IV
Type I 0.022 0.028
Type I 5 0.025 0.025
Type 111 8 0.034
Type IV 10 12
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Remote Oceania

R32

Thailand

Type I, R33

Type 11

Southeast Asia R7
& Near Oceania

R14

Southeast Asia

Type IV
R4 R1RS

I R11
0.005

1. #fif) /) f5l (Rattus exulans) RE#R S DNA $22 0 [ 5k 4 8 5 {55 L K AU (Types 1-1V) » Bil NCBI#% & fv
BB e rf 32 e ) /) Sl BE A AU (R 1-R25 82 R27-R33)fH] LU 2 7 (neighbor-joining method) 7 1# .2
A% R R IE o

Fig. 1. Phylogenetic relationships expressed by a neighbor-joining network among four mtDNA haplotypes
(Types I-1V) of Rattus exulans from Hualien, Taiwan and 32 haplotypes of those reported from Southeast
Asia, Southeast Asia and Near Oceania, and Remote Oceania by NCBI (R1-R25 and R27-R33).
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2% 2. &y 5 il f) /)N BRL B Matisoo-Smith and Robins (2004) 32 H 2 fififa) /)N R RT3 2 DNA EL R A 45
FEME » BENEEFRIN g L 2 2 (FT) LA Tamura-Nei 75153 S LA EE R 5 L)

Table 2. Mean nucleotide differences (below diagonal) and Tamura-Nei genetic distances (above diagonal

) of mtDNA haplogroup of Taiwan and those from Southeast Asia, Southeast Asia and Near Oceania,
Remote Oceania, and Thailand proposed by Matisoo-Smith and Robins (2004)

Haplogroups 1 2 3 4 5
1. Taiwan 6.8/0.043 0.039 0.040 0.052 0.026
2. Southeast Asia 6.3 1.7/0.010 0.057 0.066 0.047
3. Southeast Asia & Near Oceania 6.4 9.0 2.4/0.015 0.051 0.029
4. Remote Oceania 8.5 10.7 8.2 2.0/0.012 0.045
5. Thailand 43 7.5 4.8 7.3 0/0

21 Matisoo-Smith and Robins (2004)% %t
DRI 7 B COR P e A~ R BRI R PR RS ~
S RTEMEE S 2R » R il fe) /N ERURE S AH
BRI IR B P9 2P B i i o SR B R (e gk
Bt - i FREEUT G I /)N SR 4 BE R R HE A
22 i k7 FE B (6.8) BT {H BRAE(0.043) 3 A3
oAt 3 B RSSO R RE P9 Y 72 2 i L 2 S -
1.7-2.4 5 SE{EHFEEE > 0.010-0.015) » [ ELE 3 {@
VL Ao fA R R TP 722 B (i A B 0 > 8.2-10.7 5
EEEERE - 0.051-0.066)# FHLL(EE 2) ©

i /sl % B IR R AR BRI Y 22 [ 0 A > w]
BB R R % < SR AL Type TH] Type I1H#) 73
frithix B (& 2) - TERREL 95 (HERER T I8 I » 3t
A A4 ()7 R& AL 2 ) /N L > 1T Type T &
Type 173 il B2 40 2 14 {8 754% » H#EHY)
srAn B EAENE > [FIR BT 10 {J74&HF -
DA AR AR g R oL RIS AR A T O PR B
% £ W R K R 73 A B R o T PR A AR R
IR B 2 (2 Type I 70 A1 - B /DY
Type 111 fI Type IV E: KA » HI %% B FERTEH
—Jit& > HEl Type 18 Type I ~ I1 JL7¥ -

* %

58 ke NCBI & R} Hrff f) /U 51 EE
G REUR IR AR /)R B B R K
Wiz L e B3 K o o S L LR TR ) A R (R
BT (E 1) - Ha#Epr 8y 4 Mt /)l
DRI > SELHE P9 7 25 Ak 72 B S B (e e K
fRHA 3 FEIE SR AERE A 22 52 - 1B 3 ([
ViE S JE B A T 22 PR A DL(3R 2) = DL LS
SRAEH - HRI(E G E AT S B AR f/ - HR
AT REIG AN 1E 5O B — R - TR 2R E B
BRGRE - BURKRH — (B 2 EACIRIE 5 R
B ol R B BR A a5 B R BE AT
FAACKEL - DR /) Sl ] RE @ A3 i A b A5
B E A G
AN Fe s BLHE T B A Type 1Al Type I
/N E B 2+ HL o3 A o B R S 2R3 75 Jo
Z > NI HAMHERIHE Y Type 1A Type 11,271\
BTREREB R ARG #E 2R » HARKRREE
FE GBI LIRS » NI D e ] - bl
2 A] G S K R Type T/ ]\ 43 A [k bk 22 B
Type L /& » BEURT A MR A 3 AR Y AR
HEEAREER - BAEUNEERL - 2
IRF LRI - HEA A8 MR AR A R g Bl T REARE A
EETIR ERREL - AT RE Type 12 AR
Type I EE#& AR o (HMAHERR R # [ IF AR
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FLE . - I

A o)/ Sl (A A B 2R W)t BRI

2. {EH IR 7 22 4 /] Sl (Rattus exulans) R i DNA 26 il 35 4 F B (5 2k A B /3 A i 2 - (B
N £7% £ 5 (18] 5 RS Al Al )/ N Sl B A v AN [ i DR BY RO BB E G0 A » AL 8 R BE IR B Type T~ % (0 £ Type
I~ REEGR Type 11~ B GF Type IV » B (R A ERAR B A RO R AR o R 300 )/ )\ B U5 1%
DIRR @R 2o o b DA U o3 A W eCHE R » i/ Bl ] RE H m 2 AR RS2 il e A e 1) P R Y R AR R

Ji 0 358 (AT 4 5 BEL T 7R )

Fig. 2. Distribution patterns of four mtDNA haplotypes (Types I-IV) of Rattus exulansin Jian Township,

Hualien County (pies, haplotypic frequencies of rats captured at each of the sampling locations; red,

green, blue, and yellow, respectively, Types I, II, IIT and IV; dotted lines with arrow heads, hypothesized

directions of range expansion of the rats from the Chung-Hwa Pulp Factory).

(IRTRE » FUR AR REAR T HE 7 e el B [A] Y
(Ml B B B AR AR I A SR 28 72 B i
15 Type I REAREHERE R AR T 73 A 60 2] 45
Type 11 BERREMRE o LOE > H ek 5 D 2 ] 1)
ERRE (WL RE S (Mg e - 8t

£50.014 5 3 1) > #8552 i fl 2 R ARy R
A HEE AR B B an 0T 28 B [ Jak o FHET S
Type L #1 Type I1 T 5 » #5755 K AU Type 111 £]]
Type IV B/~ 55 {8 #5 84 H: /D (Type T & 1V/Type
[I& I = 4/176) (#2001 FHRER] » HFRF
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AR AR g AT RE F 18 7 18 o e AT A 2 e /) i
fERE S ERTREE - B Rl /B AT RE R AE
SRR HYERE W A G - HETIAR AR i
R/ NERURRERE AR SR B & 2 - B B Ay
MR AT - /NEURRE AT RE H AL 77
SNl 1 A B v PO A AR AR iR 8 Z MRk - 38 W {1
HEHLT e A B AT v LB R R B R B R
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o e i DK R g 4 SR 7 BV FL PR AR -
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— DR+ BRI EORE R - fk st
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al. 1999; Sunnucks et al. 2000) - & & B S 51y
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2000-2005 E[i] » {F & 8 HR A E R L EE OB AR AR L TR AR T 180 MUK KR (Strix aluco)f
Bl o B 5.87£1.40 cm » & 3.42+0.72cm 0 ZE2.62+0.42 cm o B AL I 7 MEIFELE 0 B
& 1 # 5 (Apodemus semotus) ~ B i #% Kl (Eothenomys melanogaster) ~ & || H #& 5L (Niviventer
culturatus) ~ /NSl (Crocidura horsﬂeldl) 5 BBl (Sciuridae) ~ {554 Bl (Tamiops maritimus) il /|y
& F (Belomys pearsoni) - B 2H 30 8% 6 RHEE » W51 4 Bl (Paridae) ~ 2 JH £H(Timaliidae) ~ &R}
(Sylviidae) ~ #& 4 H (Passeriformes) ~ 552 H 1 i 5 I 4 55 (Otus splIocephalus)Eﬁi%%‘”%(Glaucidium
brodiei) ~ & & (Accipiter sp.)ff &% - 180 &ﬁﬁﬁtﬁt?ﬁiﬁ 544 S REHEHY) - T K R E
3.02+1.77 LR EHENY) o IKMERRY R EHENY) o > DLG 8 AR B B LB iR 5 (43.9%) » %IJJ%
FFR R (25.4%) Bl i3 L1 1 I 5L (10.8%) © @F%iu‘“(% RS UL B = (35.1%) » H R B i 1L B E B
(30.7%) » LRI LE 4 (2R EfTEIFT &5 H AP B EL B & 3T AE 60-74.2% (0] » F IR MGG B 2Ry B PR TR
IKIRERTER ~ 2F B AEMAR AL R E ~ TKRIZE(p<0.05) o LA [F SR IR K1) &
PERAR T DAIE .~ FRA = R/ LA AL R = - 18 2= B & 2= B SRy EL g -
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Abstract

Pellets of tawny owls (Strix aluco) were collected on roadsides in the Central Mountain Range at
elevations of 1,479m to 2,650m in the central Taiwan, 2000 and 2005. For 180 pellets collected, the sizes
were 5.87+1.40 (mean£SE) cm in length, 3.42+0.72 cm in width, and 2.62+0.42 cm in depth. A total of
544 prey items were identified from the pellets at 3.02+1.77 per pellet. They were composed of seven
taxa of mammals (Apodemus semotu, Eothenomys melanogaster, Niviventer culturatus, Crocidura
horsfieldi, Sciuridae, Tamiops maritimus, Belomys pearsoni) and six taxa of birds (Paridae, Timaliidae,
Sylviidae, Passeriformes, Strigiformes, Accipiter sp.). In terms of the number of the preys, Apodemus
semotus was most abundant, composing 43.9% of the total, and then followed by Paridae (25.4%) and
N. culturatus (10.8%). In terms of biomass, A. semotus contributed 35.1% and N. culturatus was 30.7%.
These two species were the most important diet, contributing 60 to 74.2% of the total biomass of the
preys in the pellets of the owl. The average number of prey items were 4.28+1.90 per pellet and 3.58+2.14
per pellet in spring and winter, significant higher than 2.48+1.41 and 2.40+1.38 in summer and fall
(Tukey test, p<0.05). The diet composition also differed among seasons; mammals were major food

sources in summer and fall, while birds became more important in spring and winter.

BASEaA = S ~ BE - BEE - B

Key words: Tawny owl, Strix aluco, diet, pellets, Taiwan

Wtk HI 2 95 4 F 12 H R HW 295 11 [ 20 H

Received: April 12, 2006 Accepted: November 20, 2006

-

TEACENERR ST > HOS NI —E 2 rh B R i
1 18 155 L {H 5 93 A7 Y B 3 Bk (Burton 1973;

&

nu\a

K FREE(Srix aluco) /& 55 2 H (Strigiformes) ~
Ry 5 Rk (Strigidae) ~ FRE5E(Srix)SHIAE o HEH
£ 28-30 cm » BEH) 12 cm » B R KK 40-46
cm » E &) 350g (del Hoyo et al. 1999) » %
Konig et al. (1999) “A guide to the owls of the
world” —Z Y7 AR HE > R AR S EE
JRIRES 77 A Bz > EZEER e ke JEIE - B
P BRAD F e R B 0938 > TR R BIRMALAS -

Voous 1988; del Hoyo et al. 1999; Konig et al.
1999) = B4+ B I AR BR R JE 8 5 MH B % -

Mt ~ B0 ~ DhBEERY ~ 1AIE1RTE 5 (Southern
1954; Southern and Lowe 1968; Goszczynski
1981; Mikkola 1983; Kirk 1992; Jedrzejewski et
al. 1994; Redpath 1995; Jedrzejewski et al. 1996;
Overskaug and Bolstad 1999; Sasvari et al. 2000;
Sunde et al. 2003; Balciauskiene 2005; Balciauskiene
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et al. 2005; Sasvari and Nishiumi 2005) - i G
BREEER 7 - 2 B ST o I PR S BR B 1Y) S
FE AR A » Sy R R AN 3] 1 4 2 A (] e KA ) B
Py LR TEE - B SRS g R
mAH - HiE > B& o Ao BRI S-S
Hthin /N E IR Y7 (del Hoyo et al. 1999; Konig
et al. 1999; Balciauskiene 2005; Balciauskiene
et al. 2005) -

ERE - KM% R A 1E 1,800-3,000m
(Ll - EEMAE 2 55 H#8iZ(Tsuga chinensis) ~
G 12(Abieskawakamii) ~ ## A AZ(Cunninghamia
lanceolata) ~ & 1# — #EF3 (Pinus taiwanensis) s
B I A8 Bl 3| Bl (Fagaceae) £ £ 2 RE 345 T
RS REZEMRERSE © SKIBESEWIG 2 H - 18
A2 B Bt TS PO BT - O 3-4 KL
(n=4) » 5-6 J AT 53 4y Bk Fi (At 31 (CbA SR > R
BRERD o I A - R
BAG) » RIS AE G ) 7 A1 15 DB
SFAHBRMF SRR R Z - b TEE 2 TS
FREE E IR PRER S v 2 LI E B AE B AL
TEBIGR NG ~ ARPRHE 4 1k e PR 388 [ ) S I 3B
SRR TR MR R I SR AT B S R
A SCENFE s Ry o i - DUT R ICRR S R R
AR > A ELEA F ZE AR B R S A= 5
PRETrTRERIRIA © LEAt - 558t EHERS $TIKARER
RETR AT RERI BT IRET -

Mg ik

2000-2005 ] > 7 BIHE A R L AR
I A (| FAGE 42-46 km E(24°16°59.87N »
121°1°50.7E  ¥§4k 2,520m) ~ FALF SI1TE
S PR(24°9°41.1°N » 121°10°33.07E ; 1§ ki
1,478m) ~ Mgl 14 FI#R(24°58.9°N » 121°10'35.8”
E; {BH 2,180m) i IR ARERE NG 21
$1(23°29°26.2”N » 120°53’3.27E 5 1§ 2,520m)
S [ R MR ERTE AR K o RIS AR Rl o
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4 GRi Tl S BURMOS R B R A 14 B2
1M LA IS DU 0 - ISR » ISR
R4 e B A (UL A 3 ) S R (R s FEL AR B
BEEED SR BRI L o B4t - MoE
BRI R A SR AR AT S S th 2 HAE
o AR R o 1T H I OR S R o (A LB
W EtEEMT . HERER SO0 MOE £ D S0m L
L REAZERS 3T BER BR TR ) 1/3 & = —fi%
KIET » KBS AR A FAaTE B > (BA1EE]
AN SR IR AR R - ] i IR T 82
WESHL - (HSGR H BT o Rl R 5 A IR ]
ISR R MA A - H RSB £ TR
S LA RAER IO S FREE 1 1T - T AR
R RGBT SRR AE I REST - Ry 1-2
TSR -

SEEEH F i S AT R (RS MR 0.05 mm)
TR ~ &~ BEAHE - R R R AR
Wz 0 FF LUS 7 4558 © Sl N A Y B e -
£~ BFMYIEEE - EAERTEE  BE
MR AR - ViElE S "
R IR > (B A8 2017 1 W] 4 8 e i # o S 2
I HISEEE R 80 “H” B9k o ARIE
B [AIHERY /7 12 32 BTG Yalden (1977, 2003)Hy
REFFAEAT o o 3l SR A A R VK K B 50 2 (] HE
R ABHTE T FH AN PLAE AR P B = S AR
HEP A E R RS FF R P S o BB HIZ %
BRI Al 2 AV B(BER TP EY RS
37.6g ; |11} 15.0g 5 EF} 6.4g) = BLot » —LE
ek E R R R N AR » ANHESE
KREA(1997) 2 B K} - AU ALEY NYIERL -
HER S BR - 850 - BERL - RELER
LR RIS R £ YR (19.2g) » AR LLES
TYHIEUE - 55T H R E W 55 BT H 1/
[E@E - AR HEYEEEAE RIS - 2
HAR L LR 5 [T HERY {95 (Marti 1987; Holt
etal. 1991; Holt 1993; Denver and Leroux 1996) -
FrE YR LIREH -
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& R

W ZE AR AL B4R T 180 MU Akl » Hrp K
T 4280 AT 2380 B 14 FER38 K &
218877 M o B E 5.87+1.40 cm » 5 3.42+0.72
cm > % 2.62+0.42 cm o fRHETE IS 7 I
U - S RN (Muridae)i) 5 18 73 5 (Apodemus
semotus) ~ 22 {544 5 (Eothenomys melanogaster) ~
& L A BB B (Niviventer culturatus) ; 2R E}
(Soricidae)fy/)NE&f(Crocidura horsfiel di) i
FAREl(Sciuridae) By KIUAA B CREE ) ~ 5
HIMA K (Tamiops maritimus) ~ /\g& E5L(Belomys
pearsoni) - FSXAIEIEE 6 MRARE > EIE L
Bl (Paridae) ~ ZEJ/HF(Timaliidae) ~ &EFR}(Syl-
viidae) ~ #%E H (Passeriformes) ~ 58 H (Stri-
giformes) 1At 25 I £ 55 (Otus spilocephalus)
B ffE (Glaucidium brodiei) ~ i & (Accipiter
sp I B e

180 M Er il AL 58 3 544 SR ElEY) - F
B EmE S 3.02£1.77 ERHEHY) - H
(2-4 F) ~ B(5-7 A) ~ K810 A) ~ £(11-1 A)
4 5 RIS 32 0~ S6 B~ S2 MU 40 i &
Wil RFEFWHIRRBT YOS T 4.28+1.90 F -
2.48+1.14 2 ~ 2.40+1.38 56 3.58+2.14 EE & EH
Y HRCRREE A 0 R e E YA % 2=
A A~ 5 [Fl(one-way ANOVA, Fg6=12.68,
p<0.001)  fEH T %2 » KIS MR i A
P& W R s el B R % P B ~ T2
(Tukey test; p<0.05) o

IKFRERHHERVRYIF - LG & E T S0
el » A 239 $(43.9%) 0 HRE L%
RESMEEE L EMEE > 25F 138 $£(25.4%)
Ko 59 (10.8%) » HERPIRELRT & 1 LGP (KA
10.0% o fEAP A7 - LU Ak IR HEAY L
Bl » &7 1 35.1% o &1l E R B AR AR B
HIELBI(E &5 T 10.8% » (HAEY)ERELBIAL S T
30.7% » XA EEARE o (LERHS MR H
By ELE - H2 AR E Y&/ - KA

G R L EE R IS RV 52

AVIEMES T 12.7% -

PEAN ) 2= i) 0 s PR AR P B AL R AT LA
Bl IMESIEE ~ KR R IR B A
R LU LR - 20005 1 79.1% f 62.4% »
FXEG T 20.9% K 37.6% » HFELZZF RIAN
LEBIEIN > 351 5 7 57.0%Ed 46.8% » T H 2L
JERRAK > 5 7 43.0%E2 53.2% o JRIREHAE 4
Fifi e AL XE B S ) 18 72 A AN A [R] (0 =29.125
P<0.001) o Lt A~ [R] 2= i ] 2E ¥ & A0 L Bl 5
Bl GEGERkEIEBERE TEFR 59.5%
I HERS TRIREAD) B LLBIEREE 64%LL
£ R AE 74.2% (2 )  HERIKIREE i
R EVIRI - B TEF 13.4%8/D
It - BB RN LB EE 30%(% ([
1) o BLi 4 {18 st BE T PA 58 e BHAHE R A RS XE AR
FUERT SR LR > BEOI 4 {18 S G 00 SRR 7 R
(x’=6.46; df=3; p=0.091)(F& 2) -

W

5 1 ) DR SR R A AR A AR A B R B R
FZLUBMRBE - A TR - B LS
N > It T R O St L 1 RPF 2 45 SR AH B KA
(Southern 1954; Southern and Lowe 1968,;
Goszezynski 1981; Mikkola 1983; Kirk 1992;
Jedrzejewski et al. 1994; Jedrzejewski et al. 1996;
Sasvari etal. 2000) « fEAYREL 5 > &R
v 1L P S A ) A B IR — (I 2=
# 5 T IEEL 60% LA ERY L > BEOR G AR B B
i L R SRR IR R A B 1 430 7 RS 8
fRFE 0 o RN St s DR RS AR E AR e 2
BUSANFIT A 7252 - (HE DUE B B s
MEEREERY) AR EEMBEEHRT
Wt > RUTRCRK S i il f U fCR IR - 1
IOTERK ~ 22560 - IRMESI P ER R RO
it S0% 5B M SR VE R AE - AIF5E (Turdus)
HER M B (Jedrzejewski et al. 1996; Bal-
ciauskiene 2005) o
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Fig. 1. Seasonal compositions of prey items in terms of biomass (%) for birds, mammals (Apodemus

semotus and Niviventer culturatus), and others in the pellets of tawny owls in the mountain areas of the

central Taiwan.

2 2. DUl 7= 18 r T v S v Ak [ A PR R R L

Table 2. The compositions of prey items (mammals and birds) remained in the tawny owl’s pellets at the

four study stations in the mountain areas of the central Taiwan

Prey items Dahsuenshan Hongsiang Mayfeng Tatachia Total
Mammals 87 42 60 134 323
Birds 62 15 52 92 221
Total 149 57 112 226 544
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Comparison of Breeding Ecology of Zitting Cisticola
(Cisticola juncidis) and Tawny-Flanked Prinia
(Prinia subflava) in the Rice Paddy
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Abstract

Zitting Cisticola (Cisticola juncidis) and Tawny-flanked Prinia (Prinia subflava) are birds belonging
to the family Sylviidae. They are commonly found in lowlands and costal plains of Taiwan, and share
rice paddies as breeding habitat and have fairly similar breeding season. In order to understand their
breeding ecology and effects of agricultural activities, this study was conducted in the Kaohsiung area
of the southern Taiwan in February 2004 to May 2005. A total of 47 nests of Zitting Cisticola and 31
nests of Tawny-flanked Prinia were observed. The breeding season of the two species were from March
to November but with the peak months in March and April for the former and in April for the latter. As
compared to the Tawny-flanked Prinia, the Zitting Cisticola had significantly lower nesting sites on rice
stalks (Zitting Cisticola via Tawny-flanked Prinia: 49.1+8.9 cm via 64.6+7.4 cm), shorter distances from
banks of paddy fields (124.3£86.6 cm via 353.4+176.3 cm), and smaller nests (6.4+0.7 cm via 7.9+0.4
cm in diameters) with narrower nest mounths (4.1£1.2 cm via 4.5£0.9 cm in diameters). No significant
difference were found for egg sizes, clutch sizes, incubation periods, hatching rates, nestling and fledgling
sizes, and their growth rates and nesting periods. However, breeding success of the Zitting Cisticola was
significantly higher than that of the Tawny-flanked Prinia (62.1%> 42.3%). This difference might be due
to different breeding sequence of the two species in relation to the rice harvest activies and high rainfalls

in the month of May.

B Skaa = BEIHRL DA ~ BEHAERE  WBUEERRS - R - Tl

Key words: breeding success, breeding ecology, Cisticola juncidis, Prinia subflava, paddy field

Wtk HEA - 9554 A 17 H ZHW 959 29 H

Received: April 17, 2006 Accepted: September 29, 2006



EE A IRESE 9(1) 1 23-35, 2007

4

5 R 4 R AR SR
L 5 > BllkE R B & Cisticolajuncidistin-
nabulans ~ [ 5 2 & Cisticola exilisvolitans ~
1o BE R Prinia subflava formosa FJk GE fiE &
Prinia flaviventris sonitans » H v Y DItEEE
BERIHEERAE A o EEIREBIERT - 5
FEHURT o FE B AR DR R A 1 R — R ot b0 -
WA A~ i (R R b B B ZR B AT R > th
R S A J ST B A R B ~ K~ Al
K~ HEAE ~ HEEE ~ W R S R R A
3 I A R 2 B T B -

BN TS - B H (Passe-
riformes) & R}( Sylviidae)f) B4 » EIZ 70 >
W e A e e S e H A ~ EI RS 2ROK B e FE M
[ » 1 SRR 3.5°C LLEAYlEIEk(Yeatman 1976
) AEGEEIE S B H - tEm R B R
RS - AR EIERE ) - HS—
Fe—Fai—F 2% FRYESHHI( Von Blotzheim and
Bauer 2001) » [~ RAE | A 2 KL BB
JERIRES] » HEEFEAEN NSRRI 46
KL% » sBiEA % E6E S (Ueda 1985) » & —+F
RERLH S o 7558 RMERHOH 55
ARV ~ e e FABR AR A LI A » 5 2R
iyt R AERE o

IR N B R - SR R RS
RERHSME > BEER A > & HBE T
E R 1,200m DL HY (L[5 (Severinghaus
etal. 1976) » = SRS (L H ~ FARIEA -
MERLER o 1 E B A IS IC T B — I — 2 > Mt
SSAE 1 G EZER eI DA 1 {E DL E R E 5
il » AR EEAEE] 4 {H(Lin 1985) » thig—
TRERLZHSHE

BT E RIS SRRIRE ST > TEROM B H

nu\:

25

A % (B E B e R B B T R AR
=F(Motai 1973; Chartier 1981, 1989; Avery 1982;
Ueda 1982, 1984, 1985; Kobayashi 1983) » {H{&
A7V BRI B SCRR PR 1 5 A Y B2 JiE (Han-
mer 1978; Earle 1981; Kobayashi 1983) o Lin
(1985) 1 41 15 5 6% Bl JX S 6 % 1 15 1 PP
SRR £ B 5 Hh T 5 [k P SEE A T R D A R ER A B
g¢ > BEIEFIR L > fARA 2 E S EEE
WA e GRS KRR B TR ATRET o RIS
SORFETE RS KA G 1 FH R SR T L
B o [RIIRF R AT f5 S0 Bl (M ZE SR s 2 -

EQ)SYNERGT IR L TP SN ISV 4= 1)
SRR > S8 RIS AR BT T ~ A BERZE
I B BIE PSR R » DU E MR S
REAT N RE R P A AR R BT SE > S(E IR
M€ ARIBSE » DU T WEAE A SIS B BE ) sR Sy
SR AERER > BSEEAVAI AR o 5 EH A Iens R
AT DUEHAMATE » 40T 2R B A R S

HH o
¥ 7 %

— ~ Il ER AR

T 5 st 0 57 17 v B e K R 4048 R A (R G
[F1) 88 515 e ST T RS T JE RIS e o R )
[HIFERT 5 40 ha g/ N EE K G (& 1) » [®I A
AR FE AR A K o A5 8 2 2R w4
IR HZ R R A% 0 7 2004 SRR ST
24.7°C > FFRENES 1,515 mm > FREGHE
VR 86.7% ; 1F 2005 fEZFIGIELRE 24.6°C » 4E
FERV S A 4,008 mm > FRIGHEREE 79.3%
(EAB R R S Jm) = R SO B G & R - %
AR EE 2 o 52 10 A4 5 581N
LG A 0 1 H SN B RS g i Al
B IR B R EY R R -



26 o et FE S BB SRS RS i A RE LU

Study area

1. 17 P 2 T L S R S A v it [ T 92 St 85 o A 6T i ] o
Fig. 1. The study area of Zitting Cisticola and the Tawny-flanked Prinia in the Kaohsiung area of Taiwan.
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Fig. 2. Monthly distribution of rainfalls in the Kaohsiung area, 2004 and 2005.
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Fig. 3. Monthly frequency (%) distributions of the nests of Zitting Cisticola (white columns, n=47) and

Tawny-flanked Prinia (black columns, n=30) in the paddy fields in Kaohsiung area, 2004.
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Fig. 4. Percentage distributions of clutch sizes of Zitting Cisticola (white columns, n=29) and Tawny-

flanked Prinia (black columns, n=26) in the rice paddies in Kaohsiung area, 2004 and 2005.
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Fig. 5. Percentage distributions of fledgling numbers in the nests of Zitting Cisticola (white columns,

n=18) and Tawny-flanked Prinia (black columns, n=12) in the Kaohsiung area.
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Butterfly Fauna and Nectar Plants at the Chinghsien
Ecological Park, Taichung City, Central Taiwan

e
Dah-Wei Li
PERBREAERHKFT PO SFTRLEERFA IR

Center of General Education, Central Taiwan University of Science and Technology, Taichung, Taiwan

W %

AT LA IE G H i > 75 2003 885G e s B AR TR A B I ST 5 BRET HOMGEAH K i
B R HE ) [ 2 BATR » 1 2005 £ 1-12 H 52 RK 36 R BkAR A A - HG0 sk mi S & ~ 31 4% ~ 575
ER SR LR R (Nymphalidae) 2 9 ffi i % » 80 HI| LUKy 5 R} (Pieridae) 2 232 8 X ik
o SRR HO B AT h A 2 BB AR e s bl | I Zizeeria maha okinawana (Matsumura) ~ fif £X
I Eurema hecabe (Linnaeus) ~ %V [ Pierisrapae crucivora Boisduval ~ £ %€ @i Junonia almana
(Linnaeus) Jx 1% # i Catopsilia pomana (Fabricius) o &0 #4017 B .2 WA 5 B} 25 f » FrFlH
ZEVRNEY) & NEARE K H A E A 12 BF 19 F > HA1 DIl (Asteraceae) 6 il % o % RIE N
HiE P LU i R R (Verbenaceae) AT RERS 7 2 IR BUR 2% 5 T ah 5 | BN R RE U % < B AP I
= ZE &R Vitex trifolia L. o BF oG 515 5t B A R LA 5] o WO AH AN 40050 #0 vi A LRE E is E th [e 2 W
HEE » MR EUR A & B AR T BB ) B A B G Gt 2 W ) o SOl St EH i SR R 38 HY
BEAN R 2 B P A R T ] 2 A

Abstract

The butterflies and nectar plants were investigated at the Chinghsien Ecological Park constructed
in 2003 in downtown, Taichung City. During the study period from January to December 2005, we made

36 transect counts, and observed five families, 31 species, and 575 individuals of butterflies. In terms
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of species diversity, Nymphalidae was the most dominant family with nine species collected, whereas
in terms of abundance Pieridae was the most dominant family with 232 individuals observed. There were
five dominant species with highest index of abundance: Zizeeria maha okinawana (Matsumura), Eurema
hecabe (Linnaeus), Pierisrapae crucivora Boisduval, Junonia almana (Linnacus) and Catopsilia pomana
(Fabricius). The flower visiting behaviors of the butterflies were observed for the five families and 25
species. Also, 12 families and 19 species of nectar plants were observed at the park, for which Asteraceae
was most dominant family comprising six species. Flowers of the family Verbenaceae attracted most of
the families of butterflies while Vitex trifolia L. attracted most of the species. The results of this study
showed that the butterfly fauna at the Chinghsien Ecological Park was not as rich as those in the
neighboring, less urbanized areas. However, there was a strong potential for a park like this to develop
a butterfly habitat in a highly developed city. Some management strategy and tactics of butterfly habitat

and nectar plants were proposed for the Chinghsien Ecological Park.

Bgka « WAH ~ BIEY) ~ B~ AT

Key words: butterfly fauna, nectar plants, Taichung, urban habitats
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Fig. 1. Chinghsien Ecological Park, Taichung City (A, The study site; B, The ecological pond in the park).
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Z 1L B S v 150-800m 2 KB JE I »
LIBE AL 11(859m) 5 fe i B Wi B & AR REE
U5 R 2 s M AR 3E - R R R A T A
8% 5 FEERE A S - IR E#) 310m »
LIRS B T2 5 (B Wi BURF 2002) -
7F 9% [ T 72 o2 2 30 P o T i el 2 R K 2 4 Bl
o R iEtEg R EE K o R EERREY) - 8

FEA: o AR T RIE ~ TR Z i LA BE(As-
teraceae) ~ K A Bl (Poaceae) & T £} (Fabaceae)
ZERGEY RREAR RS WA o s W)
181 F 411 4% 45 Broussonetia papyrifera (L.) L’ Herit
ex Vent ~ [f1 i Macaranga tanarius (L.) Muell.-
Arg 55 o [ B AR E 2 km B A £ 2]
NI~ Rt K ER ~ BIE KRGS »
38 et [ 22 ] RE R RS 1 I 5 B AR RE A R P
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FESRA T - 5l RE R B PR RS
ZACERE R 2% HfGHERWE 1-
2005 4 2RI RS 23.3°C - LLT Az 45
R 28.8°C e » 1 A2 16.1°CHAK - R
PMHENRIE R 77% » DL 2 A 2 R IHEER

1 R B A AN R R REY)

84% R » 12 AR T2% AR - R RS
2,574.5 mm » {(HFEEISLIEA - £ERHS
5-8 FIR > % i R R AT A 2 W - 3
HLLS 2R 6201 mm R o FKE A
35 e sk RBEL B 7 52 51 2 2 A
TR A

L P REFRF B TRER 2005 FE IR R E R

Table 1. Weather statistics (monthly means) collected at the Taichung Observatory of Taiwan Central

Weather Bureau in 2005

Items Jan. Feb. Mar. Apr.

May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Mean or
total

Temperature (°C) 16.1 169 175

Precipitation (mm) 17.6 1552 228.3

23.8 269 275 288 279 282

46.7 620.1 566.1 378.1 351.1 1613 28.8 59

25.7 233 16.8 233

15.3 25745

Relative

o 77 84 76 76 79 80 76 82 77 73 73 72 77
humidity (%)
= WA R IRRE Y A SRR 3R

H 2005 4 1-12 Hfd » g H L~ d s T4
% 1 RIBIER _EA- 9-11 IV S A RE N B A
2538 DL R R A R A Bk T L 2 R
S o AP S 5 ot P9 N R e | A o R
PIRIRIRTETE « A5 LA M 3EE 2 WA DU
M 2 3 7€ o WA 3 € R o BRI B %
K F(2002) ~ 17:(2002) ~ # K J7(2002)% 5 1Y)
oy MR B R E 2 K 8(2002) 5
Chen and Wu (2003)% -
= EE
JTik

LLUE: F 4y 3 2 B0 71 29 B (78 25 3 R 22 Bk
AR A R 6 SO MR AR H 2 S a8
1525 F o S E FR O I A £ R

RS WA 5 {7y S R BT R e o A

=

v
™ &= ¥5 ¥(index of abundance) 2 &

A (Abundant) : 5 A (115K 2 4 8
BB S GR -

C (Common) : 4 F (4471520 2 i 0
AR 1 S R -

U (Uncommon) : # A {75115 55 M
HLHCHD I 1 GR -

L

— >~ REARRAR WA R

1£ 2005 4F 1-12 AR 7e il 526 36 KB
g R A - AR S B S 31 HE S STS X
B > EHE B R} (Papilionidae) 6 i 30 #2K ~
Py R} (Pieridae) 6 ff 232 #£70 ~ PRIER}(Nym-
phalidae) 9 f& 108 2% ~ /NIK IR} (Lycaenidae)
5 fd 173 2R ke FEIE Rl (Hesperiidae) 5 ffi 32 &
Ko fFK2 o
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% 2. FBERE AR A BHI 2 FEE B B R (2005 4F)

Table 2. Numbers of species and individuals of butterflies counted by families at the Chinghsien Ecological

Park in 2005

Species Individuals
Families
Number % Number %

Papilionidae 6 19.35 30 5.22
Pieridae 6 19.35 232 40.35
Nymphalidae 9 29.03 108 18.78
Lycaenidae 5 16.13 173 30.09
Hesperiidae 5 16.13 32 5.57
Total 31 100.00 575 100.00

B AR RE N R I A SR A0 2 3 AR |
B EIRHOUR S A R B R 5 A R A R Bk
BRZHER - LWfE 2 BRI EaT 5 % #&
e B /N K i Zizeeria maha okinawana
(Matsumura) ~ faf [5; 25 1% Eurema hecabe (Linna-
eus) ~ £ [ Pierisrapae crucivoraBoisduval ~
L4 ik Junonia almana (Linnaeus) J {4 & i
Catopsilia pomana (Fabricius) o _|- 71| {& ZAME fa
BRI R B P15 B A WA 2 R Y (E [ [
S EE R 2 AT R anep T N 2 F E
Y SR & A R IE A% 5 Oxalis corniculata
L. s faf IR A7 LAY 2 —H9H & Sesbania
cannabiana (Retz.) Poir 7F [5 [f  J& 18 575 B8 bh 3%
JE oA o AL FF ERYA - F (LR (Bras-
sicaceae) % 18 i 2 LA e [ I R H AR 2 R RS E
{EZ8 Cleomerutidosperma DC. 22 S AFEYT « FL
7 WM I PR R 2 A et 2 K& KK Hy-
grophila pegonocalyx Hayata Z5H o 1% s 2
LY - TR EE ] & AT TK Senna
siamea (Lam.) Irwin & Barneby ~ & #if S. sulferea
(Collad.) Irwin & Barneby ~ fu[Zj#) S. fistula L.
FREALAR » HA e LU Zh 8 fE R T E B
TG [l R A e £ 50 o A% HHRIE S TR B A
FRRRIERLRD &5 3 o AT AE 2% 2 H A SRy R
o TR 9 o5 WM AR B2 19.4% > (HH

BEAN G R 40.4% » @R HAMR R

B A RE N B 2 WRATRE R T BT 2 4]
W2 B ST IS B S H BT R IR BT R (2 R
T 2002) o BLIE SR E S EEERI G B - H R
i J5 A At > RS AS 1 SR R HLA K I R
ih > LEEBARA M IAZEAIERIT » I BE RS B B
e 1 2 R LA TR R £ - 2 - e i
JE Ak st S R BRI R ARSI R
V8 3t 3t o A e H W RE P} (Satyrinae » BRI
FEA TG BIAR FH -

% ol A 5 2 O S 1 R SEE 1T A P U
# o N HEGE 15 R 8 i i 7 < WRAH B -
I AT 2 A 2 A R Bl 5 e [ P At 3
I 2 WRAH LE B > #5555 (2002) 7E 21 PG (R KA
MEhE G EEE 63 MM 2k &
(2005 » 2006) HIJ {£ 7 1b BRI Z R YT — BERE I [
{1 5 RHRR B B R A REHCF [ IR
& T A2 FE R 106 MG 4) - FHELZ T > &
B A RE NG P S B < R W = S YR
FEE A - AR MR A A A 5 B2
BRAH IR AN RYUSF AL (L e pe st A - &R fifL
T2 LBt 1 2 WRATEE S Fh O P RER AR A T
JEE WM 2 17 2 I LA B A ] 9 A2 M e
ARERE < HEME -
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% 3. B A RE A I #%(2005 )
Table 3. A list of butterflies recorded at the Chinghsien Ecological Park in 2005

Chinese names Scientific names Month Indices of
JFMAMIJ J AS ON D abundance
BliF] Papilionidae
HREE B Graphium agamemnon (Linnaeus) u 0.3
e Graphium doson postianus (Fruhstorfer) U U 0.7
B Bl Graphium sarpedon connectens (Fruhstorfer) UucCu 2.7
ERG) Papilio polytes pasikrates Fruhstorfer u 0.3
JE Papilio protenor Cramer U 0.3
A 2 [ Papilio demoleus libanius Fruhstorfer cuucccu 5.7
F g Pieridae
B Appias lyncida formosana (Wallace) U 0.3
8 Catopsilia pomona (Fabricius) vuuccccccuu 133
TKE i Catopsilia pyranthe (Linnaeus) u U U 1.3
far B i Eurema hecabe (Linnaeus) uccccCcCAAC 273
S YA 1 Pieris canidia (Sparrman) ccccc U C 8.7
0 ] Pieris rapae crucivora Boisduval CCCACC C C 263
[y S Nymphalidae
HEP L Danaus chrysippus (Linnaeus) U 0.3
i FC 4R Dt Euploea sylvester swinhoei Wallace & Moore U 0.3
JINER TR it Euploea tulliolus koxinga Fruhstorfer U u 1.0
BB S et Hypolimnas bolina kezia (Butler) UucCuU 4.0
LA il Junonia almana (Linnaeus) vuccccccu 163
FRER = ikt Neptis hylas luculenta Fruhstorfer U U 0.7
FLEES DT Phalanta phalantha (Drury) Uu ACC 120
T e Polygonia c-aureum lunulata Esaki & Nakahara Uuvu 1.0
MRS Vanessa indica (Herbst) U 0.3
I\ Lycaenidae
=Y UL S Jamides alecto dromicus Fruhstorfer uucuu 3.0
FRIEI AUV K U Jamides bochus formosanus Fruhstorfer U C 2.0
TS N e Lampides boeticus (Linnaeus) UuUu C 3.0
FHL N Syntarucus plinius (Fabricius) u 0.3
T R Zizeeria maha okinawana (Matsumura) CCAACCCCAAC 493
FEiERY Hesperiidae
£ i B A S Borbo cinnara (Wallace) C U 1.7
i B A T Parnara bada (Moore) C U 1.7
SRR TR Pelopidas agna (Moore) UucCc U C 43
£ 1 B S Potanthus confucius angustatus (Matsumura) Uuvu U 2.3
T Suastus gremius (Fabricius) U 0.7

A: Abundant (Monthly mean per transect > 5 individuals).
C: Common (Monthly mean per transect between 1 and 5).
U: Uncommon (Monthly mean per transect < 1 individual).
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% 4. FBAERE AR 2 WA B e fth R 2 WA L

Table 4. Comparison of the butterfly fauna of Chinghsien Ecological Park and other survey areas in

Taichung City

Butterfly fauna

Survey sites Locations Elevations (m) (families/species) References
Chinghsien Ecological Park Downtown 100 5/31 This study
University* Dakeng hillside 160-190 5/42 Li (2005)
Taichung Metropolitan Park Dadushan 300 5/63 Yang et al. (2002)
Dakeng Butterfly Education Area Toukoshan 460 5/106 Li (2006)

* Central Taiwan University of Science and Technology.

=~ WEH 2 AL

REAREAR 2005 % H 3 BIG R A K
B L aE 2 > HALLT7 -8~ 6 AfyidskE|
MIREME SR 2% » 0% 16~ 15~ 14§ 5 ikl 1
Ay 3 D » ROVER2 ARy 4 1 -
R G BAR R A AC fok W & RAE 7 F A ke 10
A&A—ms ML A zicik & xR -

£ LA 1 SRR E R B < 2= i L
BRI - R 7y G 5 A R A B B SR R TN 3R
H& H 7y o A IR S U R 2 IEARRRTE - 7
IR 225 1~ 2 F T ac Sk A il e e 4 B A
Vo BEFET L T WA A O W
MAEEZR 7 AfiteES % s k3 9 HLL
% » BEF P IR IR > W 2 R AR BT
WD o

2 A Ui AR BB T E 37 AR
W9 > 1ERKZE 10 H 2 @A BE B S — &
e MR SR 2 D A7 B Rk e 1 ok 2
ARG E - K 3 A[EH - /£ 10 H
73 R Al /N DRI ~ 7 MO R R FRE 5 B
Phalanta phalantha (Drury),2 " 2% §2 5 153 2|
B Z A (Abundant)ffy 5 H Al NI ~ i
FCEIRAE 11 A 032 SR RE A5 Adl - AL »
10 ~ 11 F {73 P 38 AR 2 i it e R S e /D o
7 o (B DL - AR 2 T T o [ o M
AHEERTER S —RE%E -

EA A 2 58 A2 F 0 77 1 [k 4 A T
S O O P VR 1R S SR H
6-11 {f| H 2 % G 128 Papilio demoleus
libanius Fruhstorfer ~ y4 ¥ 1 ~ 7o EC 57 M ~ ¢
il ~ & Y 1 Pieris canidia (Sparrman) iz
FLEEBRIESE 6 fd o 4 H i 3-5 EH Z [
8 E A Graphium sarpedon connectens
(Fruhstorfer)& 9 f& 5 1% 5% JEli% Graphiumaga-
memnon (Linnaeus)ZF 15 Fa bl 7F 5 & 40 2 5%
ARG 3MEA -

FEWES) AERRBE NS - FEAE R
TR EARARDIE - IR > TR
% R IS o A > A TR
HR G 2 W ] S SRR AR A 0 s SR
LR A T R A e I~ LA SR ~ v
A/ NIHESE < A RLEES DA F A= figith 55
Z7KH Salix warburgii O. Seem. 8% » FAFAZE
KEFHAE > IR ATEBISR a2 BB ~ KIE
R ~ EINE/EARITE > KA E
A EAAPIE I - 2 RAFRIEE M o

=~ BFEY R

T 72 AT 657 30 ok 21 WY P S22 37 - B R
aNEREREEELE 12 B 19 Mo 41K
5> HLIARA 6 Milk% » H R HiER}
(Verbenaceae)f§ 3 i o ZIFMEYI ZHEFMLEHR
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Fig. 2. The monthly variation in numbers of species and individuals of butterflies counted at the Chinghsien

Ecological Park in 2005.

K ALk B & Bidens pilosa L. var. radiata Sch.
Bip. %% 6 1l » 58 B 4& 2 W R AKEY) - FA{L
A2 6-11 {li] H 22 [H]#% A # 5% K Rauvolfia ver-
ticillata (Lour.) Baill.Z¢ 10 f& - BA{EHA® 55 M
AN 3 A # HIE R 22K EEARKEE 318 > Hip R
LOKFE R ZBHIEMIFERK ~ 22 5 Bk Melia
azedarach L. Z FA{LIATERZ 5 1M 15 51 Ko-
elreuteria henryi Dummer B[ TEFKZERALE o fF5¢
W] o B I S A B T Dt AR R
HEY) < BIAE W 2 S it & 2 > 75 9 AL
HREWHEY) BB TE AR E R » DB
LAWR 5 RS ] it ) 900 2 B > R 2K % Lk 41
B EN TR 2 — » A 2
IR 2 B R AE Y - DUER £ WU A 3% & U K
M E e -

B S AP RS T AR 6 - 5 ad
FREGH AR EAT A SR 25 /> 5 H
A [t ) MO A KE R ) 80.6% o e h LA
i MR 8 FE Y iR % » H R
i/ NIKEEFI 6 MY 0 FFHREBER
B ~ YR ~ A5 T B o 8 B S Potanthus

confucius angustatus (Matsumura) £% 1| F 5 f& %%
VR REY) o il SR K7 W 00 e 1) PR 28 VR AP 2 %
T B i 2 5 A B N IR AR AT AH R 0 AL
R W BT R 59 DR WO 1 R i 2 5 A R R B A
& (B F R R (3 sk 2R H 3
HIFHEY) - R A AT B H R R M E E R
LB REY) DU N AR TP b o
9L VR AE P Pt e 35 5 | R O AR RE BT
» DL =TEE i Vitex trifolia L. m] 55| 11 f ]
W% > HRE KA R B B R KA OK Stachytar-
pheta urticaefolia (Salisb.) Sims 43 5| 8] F 5] 10
T R O FE e o FLAth nT a5 5] 5 fH DL I w2 2
JENEY) i 5 & 15 A Pittosporum pentandrum
(Blanco) Merr. % ‘X i} Leea guineensis G. Don
VNS 1817 DA LA o) PN Py
TEHEY) » SR AN R 2 #8788 3 P 2 A
B AE ) TE RE RIS R | WM 2 3y 2 B A
o
& RHIG A 25 REE TR AEY) < MR T TR a0 &
75 HoRR DBy MR B SRR R 8 R
Y% » ] Re B I — RHGORE 7 [ e 8 A 2

il



YeEEYIRHEE 9(1) « 37-49, 2007 45
X5 JBAERRAFEBEREY) 2 #2005 )
Table 5. A list of nectar plants observed at the Chinghsien Ecological Park in 2005
Chinese names Scientific names Blooming Habit Notes #
stages*
KRRl Acanthaceae
KEIKELR Hygrophila pegonocalyx Hayata 1-2,10-12 Herb E
BTIHERL Apocynaceae
HEER Rauvolfia verticillata (Lour.) Baill. 5-10  Shrub N
BHE Aster aceae
KAC ok Bidens pilosa L. var. radiata Sch. Bip. 1-12 Herb A
fiEhs; Eclipta prostrata L. 1-12 Herb N
AT Emilia sonchifolia (L.) DC. var. javanica (Burm. f.) Mattfeld 1-12 Herb N
SUGE] Tridax procumbens L. 1-12 Herb A
— & \ernonia cinerea (L.) Less. var. cinerea 1-12 Herb N
HHHESS Youngia joponica (L.) DC. subsp. japonica 1-12 Herb N
Kig L eeaceae
K Eitet Leea guineensis G. Don 5-10 Tree N
B Meliaceae
TAst Melia azedarach L. 3-4 Tree N
MIERR Onagraceae
KTH Ludwigia octovalvis (Jacq.) Raven 3-12 Herb N
BERER] Oxalidaceae
[l Oxalis corniculata L. 3-12 Herb N
R Pittospor aceae
EiE A Pittosporum pentandrum (Blanco) Merr. 5-12 Tree N
mETR Sapindaceae
Byt Koelreuteria henryi Dummer 8-10 Tree E
b3 S Scrophulariaceae
BEFEH Lindernia crustacea (L.) F. Muell. 7-12 Herb N
HEFER] Ver benaceae
BEARAE Clerodendrum kaempferi (Jacq.) Sieb. ex Steud 3-12  Shrub N
EfEAR Sachytarpheta urticaefolia (Salisb.) Sims 3-12  Shrub A
= BRI Vitex trifolia L. 5-10  Shrub N
558 Vitaceae
B Ampelopsis brevipedunculata (Maxim.) 4-10 Vine N

Traut var. hancei (Planch.) Rehder

* Numbers 1-12 denote to January to December.
# N, Native; A, Naturalized ; E, Endemic.
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6. 5B A RE R Hh IR R 2R )15 T2 (2005 4)
Table 6. Nectar plants visited by butterflies (solid circles) at the Chinghsien Ecological Park in 2005

T w m m = < - — T X C O < >
E8gfE3:2¢23558383a8§4°
g§838sfcsegriargdglegsz22
Nectar plants = 239 8 g & %. s g_ » 8 2 g > g_ 8 Fg e
- o) = = - Q
258823283882 8323m23:75 9¢
Q& = = o = 32 € S o 9 8 238 = ﬁ 3 g S o
s ot S8R5 2823c =3
= - <%} = ] =3 =
233 =83 ST 2832 g ;
& © o g -8 g g 9 s 3
< o . Q. 3 c o & a o
=4 o 5 = 3 = 9 € 9
® ] 2 8 5 g @

Butterflies 2. 8 o

Q <

o 8

=

8

3.
Graphium doson postianus [ ) 1
Graphium sarpedon connectens [ ) [ N ) ® 0
Papilio protenor [ ) 1
Papilio demoleus libanius [ ) o 2
Catopsilia pomana o [ ) [ ) o 5
Catopsilia pyranthe [ ) [ ) 2
Eurema hecabe () [ ) () [ ) o000 8
Pieris canidia o o 2
Pieris rapae crucivora () () o0 [ ) 5
Euploea sylvester swinhoei () 1
Euploea tulliolus koxinga [ ) 1
Hypolimnas bolina kezia [ ) [ ) o 3
Junonia almana [ N ) [ ) 3
Phalanta phalantha () [ ) ® 3
Polygonia c-aureum lunulata [ ) 1
Jamides alecto dromicus [ ) [ ) 2
Jamides bochus formosanus [ ) o 2
Lampides boeticus o o 2
Syntarucus plinius o 1
Zizeeria maha okinawana o000 [ o 6
Borbo cinnara [ ) [ ) 2
Parnara bada o o0 3
Polopidas agna (] o (N 4
Potanthus confucius angustatus [ ) [ ) o o0 5
Suastus gremius ([ ) 1

No. of butterfly species 3 3101 2 3 12 6 1 1 1 7 42 2 911 2
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7. FEAERE AR b RO R 2 R R 2 R 1% 12(2005 42)

Table 7. Families of nectar plants visited by families of butterflies (solid circles) at the Chinghsien

Ecological Park, 2005

= ] ©n %

zZ Z z § £ § £ 2 £ ¢ 5§ 3z ¢

= %2 & £ & g £ 5 ¢ S 0§ B
= = o o = @ = =) e =]
S 8 <] o S o =} o =3 = 8 g
B g <] ] 2 ] 3 o B =
o o e & & S e = o £ 8 o %
3 o o o 8 ] o3 ] ] @ e}
I Q @ o ® o © =. o &
o 2 o @ o S o &
o o 2 =
[¢] o E
& g
=3
=
2,
g
w1
Papilionidae o e O ® O
Pieridae e 6 o o e 6 o o 8
Nymphalidae e o o e O o o o 8
Lycaenidae e O [ o 4
Hesperiidae e o o o o [ 6

No. of butterfly families 2 2 4 4

FHBL R AR o IS RHE I AT RE 5|
WAL = - A LUSHEESREATEE S| 5 Rt
i s KRB ARL ~ KRl (Leeaceae) k
Htli FH(Pittosporaceae) & e 51 4 B - £
DL L RERGZ AR5 RS A i R IR o
HIRHE 5 H AR R B R o A - (55 T LU#E
EEH s MSWEER AR R KRR
FEARBEA » (= B SRR i ERST T
FEREHDES I - R R A REE TG A

& w

RS ) s 33 2 A o TR i 1) e K 2B (R
(Fetwell 1986 ; il 2003) » Wik TR EH RE
HLAAE > 5B T I BR B NN LIGE A
PHER (I AA R T B AR Cf B SR (The Xerces
Society 1990 ;5 [ Kz 4 1994) o AR5 2 W 9¢ &
— s BARARNE AR - 5 2003 F K

BIGSEA 5 AE 2005 R[] Z 3 A Ak S T 30 ERAE
WU TR e AN AT T 3 L P s A
ZUEAHEE - MR RN AE = EERR 5 2 AT i IR
(MEAAE G 218 ) - it 2 15
FHRELRI Be FLA b7 AT i £ S Bl & b AR R IR IR
W2tz —

AN 2 RS E BB S - S E R
AR - A SRR AR - (E A] R
B 5 A o i L R 5 [ MR R R ) T A I
) DU PR R/ A Ak - (5 1 22 D
REMERFR AR ~ (R EEHE KoKt <5 3 F AR AY 2 22t
LU RE AN IR 2 55K = Bedt - e (1 H Al
R - R 2 MR LS A s g i B
A R V3 Al 2 AR R o R 2RIBE & A2 Rk
T BAE AR » MR A 5 06 B A 2 L
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FEAR & I T MR M S I - fe b
1111 FE R H ZE A YY) £ 0 B2 {66 1 (Stokes et al.
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1991 5 BREE 2002) 5 AR SERY & A5 SR IR EUR
] [ S AL o IR W) i P e | MR 2B 2 B
ZEAA o WAL E G s A REERE A - Al
JFEE LA B 5 S A 38 At A W) 26 AR 1 B A TR (1 S
o HERNEY) 2 A E LA A R
4= o G0 A AR RE R A B O SRR A,
LIGAMREASURAS B ) & 1R AR B KRRt £ 41 > I
TR R o (BAE S E B AT R A
il (255 1995 5 8155 2001) © fthot - Tk
fEE ) oK & i 2 & Hibiscus rosa -
sinensis L. HIl @/t A FRE EACA » JRAE 2
A TARE ) AR - HEPI » HREE2E
BB B T 2EmE ) ~ D@tk 2500
ERH AT 5 P g A s B B R L s 2
FIFHEY) o 2SR BARE KU A 8 BE
2 MR (525 1995 5 [ 2002 3 28 2006) »
LA S 2 P 5 5 A 2 ] B v S i [
ZHANEFER © K Clerodendrum cyrtophyllum
Turcz. ~ B {F# Tetradium glabrifolium (Champ.
ex Benth.) T. Hartley ~ H % Murraya paniculata
(L.) Jack. ~ B 7 Vitex negundo L. ~ & X K /& K
Rhus semialata Murr. var. roxburghiana DC. ~
17874 Sambucus chinensis Lindl. % ;2 &; Cayratia
japonica (Thunb.) Gagnep % o % £ /LAY Z 5 A
VAN o] (it 2 R ~ o BBHAE ) - B ]
PEALA ) RO A E Y g -

A A AR A T AR S [ R A
Y R 2 BER A FAEY) M E A a2
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Vesicular-arbuscular Mycorrhizal Fungi (VAMF) Symbiotic with
Pioneer Plants at Mt. Jiujiufong after the 921 Earthquakes

T R4EH?
Tzy-Chau Lin ! and Chi-Guang Wu 2
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I Endemic Species Research Institute, Jiji, Nantou, Taiwan

2 Department of Biotechnology and Bioinformatics, Asia University, Taichung, Taiwan
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Z LSRR EAE o HEFE R T IRGR FBOE 2 AR B T AR I B R AR 2 R
AT 2 B AR )RR R e B rh A O S+ SR TR R TR S A T A SB T RR i - 2
WG 8 T IERA R SRR LR RS - AR HARCR TR S BUK & (1) Scutellospora nigra f7f-

Abstract

Mt. Jiujiufong experienced a series of extensive landslides after the 921 Earthquake occurred on
September 21, 1999. A unique geographic feature and active plant succession have been observed at
several landslide locations. This study found that the soil condition was worse but the species diversity
of VAMF was higher at the study plots of the crest line than those at the valley. Numbers of VAMF
species and their spores decreased progressively with decreasing in the pioneer plants during the study
period. Eventually, Pinustaiwanensisbecame the predominant pioneer plant in the crest line, and VAMF’s

Scutellospora nigra spores were found in its rhizosphere.
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1. BERR e BN ER I U e bt 1k 7 5 ]
Fig. 1. A map showing the study plots at the crest line and valley of Mt. Jiujiufong.
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morrowiae, A. tuberculata, A. scrobiculata, A.
koskei, A. foveata, Entrophospora columbiana,
Glomus constrictum, G. clarum, Gigaspora
margarita, Paraglomus occultum, Scutellspora
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Table 1. Symbiosis between the VAMF and pioneer plant species

VAMF species

Plant with VAMF spores

Acaulospora mellea

Acaul ospora morrowiae

Acaulospora tuberculata
Acaulospora scrobiculata
Acaulospora koskel

Acaul ospora foveata
Entrophospora columbiana
Glomus constrictum
Glomus clarum

Gigaspora margarita

Glomus occultum
Scutellspora pellucida
Scutellspora nigra

Sapium discolor, Macaranga tanarius, Mallotus paniculatus, Sapium sebiferum,
Trema orientalis

Sapium discolor, Mallotus paniculatus, Trema orientalis, Rhus chinensis var.
roxburghii

Sapium discolor, Mallotus paniculatus

Mallotus paniculatus, Macaranga tanarius, Rhus chinensis var. roxburghii

Rhus chinensis var. roxburghii

Rhus chinensis var. roxburghii

Pinus taiwanensis

Sapium discolor, Trema orientalis, Rhus chinensis var. roxburghii

Trema orientalis

Mallotus paniculatus, Macaranga tanarius, Trema orientalis, Rhus chinensis var.
roxburghii

Trema orientalis, Rhus chinensis var. roxburghii

Trema orientalis, Rhus chinensis var. roxburghii

Pinus taiwanensis

(—) Acaulospora mellea
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(=) Acaulospora tuberculata
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(-£) Entrophospora Columbiana
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Number of spores
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Sampling time

2. PRiR b TR 100g T3 2 AT BE -

Fig. 2. The number of spores per 100g soil at the study plots of the crest line (solid circles and solid line)

57

and of the valley (open circles and dotted line)(vertical lines, ranges of the number) at Mt. Jiujiufong,
August 2001 to September 2003.

Number of species

O = W AL O =] DO

W0 anone

2001/8 2001/12 2002/3 2002/6 2002/9 2002/12 2003/3 2003/5 20039
Sampling time

3. 3 A AT e AR [ 8 B TR AR R A
Fig. 3. The number of VAMF species at the study plots of the crest line of Mt. Jiujiufong, August 2001
to September 2003.
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4. B T ZIRNEIR(A) ARk TR 2 TR EB) -

Fig. 4. The intraradical vesicles (A) and soil-borne vesicles (B) of Pinus taiwanensis.

e 2. BERRAR [ SR v g A TR AR B - BB R A RN &
Table 2. Amounts of precipitation and VAMF spores at the study plots of the crest line of Mt. Jiujiufong,

August 2001 to September 2003

2001/8 2001/12 2002/3 2002/6 2002/9 2002/12 2003/3

2003/5 2003/9

Precipitation (mm) 374.00 11.00
Amount of VAMF spores 341.00 233.00 285.00

18.50 250.50

180.50
196.00

64.50
50.00

55.00
33.00

153.50
29.00

147.00

94.00 17.00
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S5A-F. JUJUIG S 3 30 2 WA R E -
Fig. 5A-F. The VAMF species at Mt. Jiujiufong (A, Acaulospora mellea, bar=25 pm; B, A. morrowiae,
bar=25 um; C, A. tuberculata, bar=80 um; D, A. scrobiculata, bar=40 um; E, A. koskei, bar=50 pm; F,

A. foveata, bar=70 pm).
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5G-M. JU LI 8 3 B N AE R AR TR ©

Fig. 5G-M. The VAMF species at Mt. Jiujiufong (G, En-
trophospora columbiana, bar=30 pum; H, Glomus
constrictum, bar=50 um; I, Glomus clarum, bar=60 um
; J, Gigaspora margarita, bar=90 um; K, Glomus occultum
, bar=20 um; L, Scutellspora pellucida, bar=30 pm; M,
S. nigra, bar=100 um).
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Abstract

Rooting experiments were conducted on seedling plants of Magnolia kachirachirai with three agamic

methods: stem-grafting, stem-cutting and air laying marrot. Both stem cutting and grafting methods failed
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to produce rooting plants. The air laying marrot method was processed with four treatments of 1-
naphthylacetic acid (NAA) at 0 (control), 2,000, 3,000 and 5,000 ppm, each with 10 seedling plants. All
three doses successfully induced rooting but with significant differences among the treatments (ANOVA,
F-value=10.41, p<0.001) and also among the plants within the treatments (F-value=14.66, p<0.001). The
optimum dosage was found to be 3,000 ppm. After three months, one of the plants (No.4-3) had 45 roots
with an average length of 6.88 cm. The results suggested that the air laying method with the NAA

treatment is a useful method for seedling plant propagation for Magnolia kachirachirai and perhaps also

for other plants.
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Key words: air laying marrot, stem-grafting, stem-cutting, Magnolia kachirachirai
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Fig. 1. Main distribution areas of Magnolia kachirachirai in the southern Taiwan.
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Fig. 2. The stem-grafting with side-grafting method used in the rooting experiments of Magnolia

kachirachirai seedling plants.
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Table 1. A comparison of time (months) required for rooting of Magnolia kachirachirai seedling plants

by the three agamic methods

Stem cutting

Stem grafting Air laying marrot

Time (months) 6

No rooting 3




68 50 B s 2 B R 2 A

2. AN[E] g P ] B B AR FRIAR R R B 2 8 75 70 A
Table 2. Analyses of variance on root lengths of seedling plants of Magnolia kachirachirai among four

NAA treatments in the air laying marrot experiments

Source Mean square F-value p-value
Between treatments 63.33 10.41 <0.0001
Within treatments 89.15 14.66 <0.0001

# 3. A[E BRI 2 72 FEAR E
Table 3. Analyses of variance of root lengths of seedling plants of Magnolia kachirachirai between two

different NAA treatments in the air laying marrot experiments

Between treatments Mean square F-value p-value
2,000 ppm vs 3,000 ppm 54.28 7.01 0.0094
2,000 ppm vs 5,000 ppm 0.06 0.01 0.9299
3,000 ppm vs 5,000 ppm 107.50 13.88 0.0003

4. 500 B RAMGEA [F1GR BE ZE R AR B 2 A RRAE ~ 3R ~ f7Im AR ~ SRR
Table 4. Rooting and survival rates of seedling plants of Magnolia kachirachirai in the air laying marrot

experiments with four NAA treatments

Concentrations Rooting condition Number of roots Survival rate (%) Rooting rate (%)
5,000 ppm Improperly Rooting 19 30 30
3,000 ppm Well rooting 26 30 20
2,000 ppm Poorly Rooting 15 20 20
Control (0 ppm) Growth of connective 0 50 0

tissues but no rooting
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Fig. 3. Rooting formation of Magnolia kachirachirai seedling plants in the air laying marrot experiments

with four dosages of NAA treatments: A, at 0 ppm (control) little growth of the connective tissues without

root formation; B, at 2,000 ppm some root formation; C, at 3,000 ppm formation of well branched root

system; D, at 5,000 ppm formation of a large root stem but poor root branching.
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A New Record of the Octochactine Earthworm Dichogaster
saliens (Beddard, 1892) from the Centro-western Taiwan

% #7 #45% 42 1 ¥3| Dichogaster saliens (Beddard, 1892)
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Abstract

This paper describes the octochaetine earthworm Dichogaster saliens (Beddard, 1892) as a new
record from the centro-western Taiwan. It is a small earthworm with two gizzards, belonging to the

family Octochaetidae, and widely distributed in the tropical and subtropical zones.
wm %

A SR L — 15 18T RO B F f 5] Dichogaster saliens (Beddard, 1892) o Ho £/ NRUSR S| » B2 /\E
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Introduction

Microdrilus saliens is a small earthworm
with two gizzards. It was described by Beddard
(1892) as a new species based on specimens
picked out from earth arrived at Kew Gardens,
London, England from Singapore, Java and
Penang of Malaysia. Eisen (1900) described
another new species Dichogaster crawi found
among roots of plants transported from Honolulu,
Hawaii to San Francisco, California. These two
species differ slightly in the structure of prostomium
and first segment, shape of penial setae and the
connection between posterior and anterior
calciferous diverticles (Eisen 1900). Later
Stephenson (1931a) found Microdrilus saliens
Beddard, 1892 and Dichogaster crawi Eisen,
1900 are synonymous and placed them under Di-
chogaster saliens (Beddard), after examining
specimens from Burma and India with characters
intermediate between the two species.

Dichogaster saliens is widely distributed
in the tropical and subtropical zones. It has been
reported from Burma (Stephenson 1931b; Gates
1972), India, Ceylon, Malay Peninsula, Java,
Christmas Island, Australia (Michaelsen 1935;
Gates 1972; Blakemore 2002), California, El
Salvador, Panama, and Africa (Gates 1972). Its
discontinuous and transoceanic distribution
suggests it to have been widely transported by
man. Gates (1958) considered that the Asiatic
Dichogaster species are presumably all peregrine
and distributed by man.

We collected D. saliens from bark of rotten
dead trees in the yard beside Changyuku Temple
in Shenkang, Changhua County of the centro-
western Taiwan, where ten specimens of Dichogaster
bolaui (Michaelsen, 1891) were also collected.

Earthworm D. saliens from Taiwan

The following description is based on these
specimens deposited at the Endemic Species
Research Institute, Jiji, Nantou, Taiwan. They
were fixed in a 10% formalin-water solution and

preserved in a 70% ethyl alcohol-water solution.

Dichogaster saliens (Beddard, 1892)

Microdrilus saliens Beddard, 1892: 683.

Dichogaster crawi Eisen, 1900: 228. -Stephenson,
1920: 258.

Dichogaster saliens -Michaelsen, 1900: 343;
1935: 102. -Stephenson, 1931a: 65; 1931b:
199. -Gates, 1935:93; 1938: 220; 1942: 134,
1958: 620; 1961: 57; 1972: 281.

Materialsexamined. -Eight mature (clitellate,
one dissected) and two immature (aclitellate)
specimens collected from Shenkang, Changhua
County, Taiwan on 19 June 2003 by M. H. Shen,
R. C.Jang and H. P. Shen (coll. no. 2003-22-Shen).

Description. -Length (mature) 25-40 mm,
weight 0.05-0.15g, diameter 1.7-2.7 mm. Segment
number 103-125. Prostomium epilobous. First
dorsal pore in 4/5 or 5/6. Setae lumbricin (eight
setae per segment), small and closely paired on
ventrum, aa:ab:bc:cd=3:1:3:1, ab modified as
penial setae in XVII and usually lacking in X VIII.
Clitellum XIII-XIX (Fig. 1A), annular but thinner
in aa, 1.7-3.2 mm in length, 1.4-2.3 mm in width.
Spermathecal pores two pairs in 7/8 and 8/9,
medio-ventral, in line with seta a (Fig. 1B). Female
pores paired in XIV, each medial to seta a. Genital
marking medio-ventral, round, across 15/16. Male
pores at posterior ends of grooves within closely
paired, transversely diamond-shaped porophores

in XVII (Fig. 1A). Specimens brown in color on
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anterior dorsum and yellow around clitellum.
Septa thick from 1/2; 5/6-7/8 missing. Crop
large in VI. Two muscular gizzards in VII and
VIII, yellowish, barrel-shaped, displaced posteriorly
to IX and X. Intestine enlarged in XVII. Esophageal
hearts in X-XII. Calciferous glands three pairs in
XV-XVII, digiform; the first two pairs white in
color, the last pair yellowish without external

lamellae. Nephridia meroic, saccular, four rows

73

on each side. Spermathecae small, two pairs in
VIII and IX (Fig. 1C). Ampulla oval about 0.25
mm long, with a twist stalk bearing small, spherical,
shiny diverticulum. Ovaries flowery in XIII.
Holandry: testes paired in X and XI, small,
round. Seminal vesicles lacking or very small in
XI, XII or XII. Prostate glands single pair in XVII,
long, tubular to tapered, twist duct with penial

setae at the end (Fig. 1D).

—
MP—xF

7> X
o

I mm

Fig. 1. Dichogaster saliens (Beddard): A, ventral view of clitellum and male pore region (fp, female

pore; mp, male pore; gm, genital marking); B, ventral view of spermathecal pore region (sp, spermathecal

pore); C, dorsal view of left spermathecae (amp, ampulla; dv, diverticulum); D, dorsal view of left prostate

gland.

Remarks. -Ohfuchi (1957) described Dichogaster
hatomaana as a new species from Hatoma-jima
near Iriomote. It is also a small earthworm with
body length of 40-60 mm and diameter of 1.5

mm. Easton (1981) considered that the description

of D. hatomaana provided by Ohfuchi (1957) is
indistinguishable from that of D. saliens. Although
most characters between these two species look
similar, the narrow genital zone commenced from

segment XV and ended in segment XVII described
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and illustrated by Ohfuchi (1957) distinctively
differ from that of D. saliens. Therefore, D.
hatomaana is retained as a valid species in this study.
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Basilicum polystachyon (L.) Moench a Rare Mint in Taiwan
Eilgie
Tsung-Hsin Hsieh
ShRASAWFEEA & THRAZ I

Department of Biological Sciences and Technology, National University of Tainan, Tainan, Taiwan
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/)\iit 3 (Basilicum polystachyon (L.) Moench) 5 /Z 2 £} (Lamiaceae)/ |\l 3 B IE Y » B2 0 MR
B IR ~ RRNATR KRR o AT HUR I AR B M i SRR AR > IR R RARSERC 3% - R
PRI B SR EE BRI H A 70 A1 72 15 18 T A B ) e B o A SR oy RE e 8 ~ MR R0 AT
Sl I R 6 ALy 3% 1 B IR A .2 i 2n= 60 o

Abstract

Basilicum polystachyon ( L.) Moench belonging to the mint family Lamiaceae is widely distributed
in tropical regions of Africa, Asia and Australia. It was first reported from Taiwan in 1929, but because
of its rarity, very few specimens have been collected. This paper describes B. polystachyon with color
photographs and SEM microphotographs of its pollen grains and nutlets, and provides its chromosome

number (2n=60), taxonomic notes, and distribution in Taiwan.
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/\jit 3% J& (Basilicum Moench) (Z
Lamiaceae) 45 7 1 » 43 A1 iR 2 I ~ na il
FIM A F a8 ( Huang et al. 1998 ) - {H{EH /)
jtf 2 (Basilicum polystachyon (L.) Moench)—
T JBIZ 50 AT S B FE YN ~ R N AT K aE
TE SR A v b > ASKE Bz o0 A R R P TEIR ~ 15
AR ~ TV ~ AN SR RE S ~ ZEFE U ~ FEAR
B~ P EAR S ~ BRI D HT A 1 RE (Keng
1969) o

RFEEYIAE B8 i 7% 9% A\ Henry ¥R H &
18 %) i S o (EL{3 00 LR 5% 73 8 T RHE P (No.
816 & 817)[ A LI % (Henry 1896) : H A
Kudo 5 558 AN /A1 > 2 I [ AR R S
{HL S 2R B ik G Al o7 A7 2 B (Kudo 1929) » Hi%
Yamamoto £ i 9& \ Henry ¥ 5 15 5 A (15
2 5 > Henry 362 ; i 5 » Henry 544, 1194) »
it AR AR A F/ N B o AT S 5 1 e S b [
( Yamamoto 1934) ; Mori ¢ &k AN FEME Y 0 16 72>
i iE(Mori 1936) 5 SRR A DA HRER SR -
IAAREREY) 53 /D R > BIEEYIRE S — iR (Huang
and Cheng 1978) #1285 — i (Huang et al. 1998)
BRI 5] 35 H G 1] Hosokawa £ H /5
%\ BRI (Hosokawa 1831)HJAFE A » HATA
A 4% F Ak 4[] (pl. 190)(Huang et al. 1998) - {H
ERINEFIR= PN N GPAE PN YL PN
(TAT) FIAK 2 34 B P 4 ) 452 4K B (TATF) 5 R
PRBNBAEA o B A8 A0 B AR 70 A 2 e
S P R G 1 [ - (B2 G AR 51 38 A AN (Li
1977) =[] b0 A< 1 HE ) 7 5 18 O [ m DA+
DI e

T 2RI 5 1 e 0 bt Lt R L A A )
(& 1) » ASCRIE SRR ~ A BP L & i
At BH AT 70 A1 2 5 1 it [ B HCAH BRRS E ©

S 5

nu\:

/N

PR v TR A BT B AE (T, H. Hsieh
2410 F HE 12 5 e R ER A R R - PR R
TR » GTEIURZRAY 1 emE 2 70 ppm cyclo-
heximide F[] 250 ppm 8-hydroxyquinone (1:1)i&
EUEHHAE 18-20°C M RTEEH 3-4 hr» 2 EBE
45% acetic acid Fl] absolute ethanol (1:3)JR &K
Fi[EE 1-3 hr 1% » [FUR-20°C 2 70% ethanol
s BRZRTE 60°CHY IN HCI 129 1-3 min » 1F
4% pectinase YRR it 1-2 hr ; {#iff] Sharma
R4t 8-10 min (Sharma 1982) » R A B E
12 ¢ £ A1 5 (Eclipse E400, Nicon) i 52 f1 11
H o

R EISEE N R (X WA T AN A=
H > {8 B Erdtman f41% 53 fi#12: (Erdtman 1952) ;
AL R BRI LR R0 TIPS R FIRE K - #E 58
RN SR G RIS o Bt R R R
T (3000N, Hitachi)EHZ2 FIHAHH o /NEXIRE 252
Bt A 24 s 5 SRS FHEE > ESRTRE T
SAfYEE MBS -

PEAR 8 ot

/N 5

Basilicum polystachyon (L.) Moench, Suppl.
Meth. P1. 143. 1802; Li, F1. Reipubl. Popul. Sin.
66: 555. 1977; Huang et Cheng, Fl. Taiwan 4:
451.1978; Li et Hedge, F1. China 17: 295. 1994;
Huang et al., F1. Taiwan 2™ ed. 4: 445. pl. 190.
1998.

Ocimum polystachyon L., Mant. 2: 567. 1771.

Moschosma polystachyon (L.) Benth. in Wall.,
PI. Asiat. Rar. 2: 13. 1831; Kudo in Mem. Fac.
Sci. Agric. Taihoko Univ. 2: 111. 1929; Yamamoto,
J. Soc. Trop. Agr. 6: 557. 1934; Mori in Masamune,
Short Fl. Formos. 184. 1936.
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1./l EAEPREZRE(A LR (B) © §iBEATR ZAL » HAUHE MEAEHE2 A -
Fig. 1. Habit (A) and inflorescence (B) of Basilicum polystachyon (L.) Moench from Taiwan (arrowheads,

flowers with unequally 2-lobed lower lip).

—HEEE AR » HAL 0 SAlE 100 e o
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& MR AR =M LEH
Bl - EIR > 2.5 mk - EF 2B > LIE
3A . hRFTEOR - JREE - 2Hk 0 Sih R
AT A IR - S Al < v ks - AIRTE
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R BfESE 4 M RIBETE R - 5 - T 3
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HEMEERTE - 60 - WHEMR - KA 7 mm > &
17 BB AEIR 28 BB AY -
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L 491 -

HHL:5-10 A o

grAn c G AR R R BRI - A= AR
Rl B A R R e

BHZE A © S Fg R ¢ EJK > 28 Oct 1987,
M. T. Kao 10659 (TAI, & {# k224 dy Bl 22 R 1
AEE) 5 FRB%E » 1 Oct 2004, C. L. Huang s. n.
(NUTN, 5/ KREBEVRERIERE) 5 @l
Bz WA > 10 Apr2000, T.H. Hsieh 2410 (NUTN) -

if L AHEMEYGE LT 2B FEAR
BHEANFEHL - AR 4 24 (Kudo 1929;
Paton 2003) » HHiMlE 3 244 (Keng 1969; Li
1977; Li and Hedge 1994) » S#HHEY) 5
3ZF > WA IR EE RS R TERESAEE 5 T
BE— - (HRADVEGAL NEEHAESE 2 240
& 1B §igE .2 1E) -

Huang (1972) & £ it 5% & 1 i - Hi ¥ 2 1t
By > AHA R 8 AR (Huang 1972) o AL HY
HORHENEEDE - B 6 18 - IR - RiEM
ARACER > HN A B Z [EIFE (18] 2A-D) -

A S T R e B AR S A S AR B
H £ 2n=60 ([& 3) -

/N BEAE BT R Y B L 5 A7 7 e R ) 7 g
B > R — R (Keng 1969) 5 /£
BB AR R sl ~ YRS e A i o i HGE
800m (Li 1977 5 Li and Hedge 1994) - 5{# 5
AFEAE R M ALHY 3 An [ > H A5 it A
AR 2 #0 #% (Murata and Yamazaki 1993) o 5 i
Sl 73 A7 B I A N BRER B > A 52 BA R
FRGCTCRERE o RTRE R 75 S M i B st et 4y
TEREA SR - BUR R HOh R K E W5 %
AHEMER - UBHATERDR -

—

N
[N

ﬂ\\%:

&G R B e B R A B G I5
F/MHEEREA L) “HFEEZESE
OFFCELRMEEER - EASCEME

R LB MR
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2. /N FEAL Y M/ N ER SR AR i 2R - BT AR - A R B« BBy 38 1 IR Ao S BERLER 5 C
FI1 D fER I 6 WERIHEIRIY S BERLET « E A F < /NER SRS ELAAR ZEREIRAL © A, C I F Z LLI
R=5um > BFID ZHFIR=1 um > E LLBIR=100 um -

Fig. 2. SEM micrographs of pollen grains and nutlet of Basilicum polystachyon (L.) Moench from Taiwan.
A and B, equtorial view of a pollen grain with reticulate tectum; C and D, polar view of 6-colpate pollen
grain with reticulate tectum; E and F, nutlet with reticulate surface (bars=5 pm for A, C and F; 1 um for
B and D, and 100 um for E).
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Fig. 3. Somatic chromosomes (2n=60) of Basilicum polystachyon (L.) Moench from Taiwan (bar=5 um).
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