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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.
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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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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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JHE K A% TR LOME IR AS - BT 237 1009611 1F
T#EZ5(Cornuet et al. 1999) ° Bayesian /7% {5/
FERFATIE IR > H LR R I R S S 8 A 1
[HEHRE 7 S R o8 5 IR A /e B B AR T IR B i
[TIREAS <5
[(nijk+ 1)/ (Ki+ )] [(nije+ D)/Ki]/ (mi+2) (mij+1) 3
Hrk=k' (BN & FHITE D)
2[(ni+1)/K5] [(nie+1)/Ki]/ (ni+2) (mij+1)
ik + k(BN & HITE )
ik Bz nipe * FEREEFI T - JE KI8Tk R
K {IE L
i ¢ ERER R R IRTEE] P S S - R A
RN - Hnif2n
Ki : fERTE IGEREA - BRERSE) Al & 5 HE 12
FIF 271 2ok 5L EL A1 8 L RS SRR
BEAR 2% DARAAIE 77 2P e A1 #E T RE A A5 1
BE () E R o 3 BUORER B i IR £
I8 3 A 2R A o () PERR UBRAE o DU e
1000-K 14 77 =X he S {18 #8 2  — IR B E (Y AT HE
T o B R R AT LU R A AT REME/ NS R
TKHE > RARFEEL I B AT BE 2 A8 1 ) 2R 5 R
HE o DU Y7 SHEBR AN rTRERIRRE > R HEFR 2%
HERNES AT REA SR U IR HE o ERIIELAIE e mT f B B 22
ANSH—{EGERE AT RE AR BT — TR RE -
77 B AR REREE —FAUSEAR > FRAAVEEEE K



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

HERE] - AT R B (BT - 5%, 2 B 7K UE
(=T =2 19%) ©

# X

— e ARl

Wy ek 2 1A A S SRR - R AR Bx 124
LR/ HIRE A T - 22 B 1 (96%, 927H)
FFEIE T (p<0.05) = AL » FRAM =T LAfE H
12 B[ L K] S A TR RE T

—~ FerfHRJEE

DA A {8 e 8 5 KT R A & LB 1 5L T R
R R FsTE o A8 L2 G B WA W T 1)
Fsr{ » f/[\Ff50.064( KA RS A FIR) - K
F50.562(FHRvs M LINR) » #8717 1550.244
FEAHAIZR 23 o TREE A IR - 12 fR
FEMH B A BHEER 73+ 1k( p=0.001) °

23

=~ BRI IR RERR

A B 1206 1R I K 3R /K 316 S i R
T A0 {1 150 P LR RRE T o P RO R R
J2IE B 1 L B R i A o T ) T 5 A [ L (B (R
JEAK BCEHE PR E o B E SRR A
T Fife 2 8 =5 P {5 P A 6 IR 8 B8 H B m i |
Tt o TERERTRAERRE A > {5 P 8{E L K 1)
IEREZRF597% o 1E IR 7K = K S 7 1 B KE S
I IEREARER - HA581% ©

Y~ EEEEREE T

(—) B 12EHE R A - BT RS
RANFa(a) - 3026 E il - FUF il {6 #E
AR P 2B HABIR > IERMEZSF597%  APIH
HEER > AMEEHE AR IR AT SRR R £ R
I8 (LEHE) ~ F5 5% (2 #8) B A5 % (11
) : 2R B RALE - 73 BIHGRER 1R FE 1R

3. A 12 FH B M8 R Fsr i LU plE (RRFARHRANZ 1)
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.
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