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FE . FIHMETF 5 18 250 (SRAP) 4 Faric ik, Xt T 5 W 5 BeAb AR 55 v 14 A S5 1 49 8 2 T8 45 48 I ( Pachycondyla
luteipes ) FIRFB L S5 A ZREMEIEATAISE . R 5 X SRAP 514X} 42 5 p R SR 4Lk 479 1, J645 8 K/ FE 50—800 bp 2
BBy 71 AT B AL, HirP 63 AN g 2 8L, 2B PE R IX 88.73% . AMOVA 23 M4 R R, 65.03% By 38 5745 S A 78 T Fb
TEI],34.97% HY38 14738 Sk A FPE (P<0.001) o FIJH PopGene Version 1.32 304:%F SRAP £ 25 HEBHRHEAT 43T , N ) 55 5 e 7
PR Z2 A5 25 HL A Nei's 3 DR ZAEMEFS B T T 143 B4 T 35.219%—91. 55% 1 0.2662—0.4905 2 [a] , F-Y{H 435 58. 25% il
0.3729, H:HR Z2 2540 4 HL SR 3 (4 5 5 R T BB K JSE K5, 228 5 EL R Nei's FE K 22 BE P48 505 5 5 TR 329 TGt
EAHOCHE (A SIRE 2 B E EAHC R, ARG E LI 5N T 0.0777—0.9328 Z[a], F-3{H y 0.4419, B MR E A T
0. 0360—5.9350 Z[] , SF-3{E K 1.0451, FhREE] AL AL B 45, FE PR IG . AL UPGMA BRASATIERT 14 Bl B 42 4>
ANRIEAT IR AL TS5, 3 B M BRHE B A0 AR 5 15 B DR SE R AR — R a3, Mantel 4056 3% BH 2 JE 45 4 W45 o A8 (1)
b PR B 5 3 B S M) A AE S A M (= 07757, P<0.01) o LA 1455 5 B Mty 00 G 5 S 00 T 0 300 0 L PR 65 0 IO T i £ 45
TR ZREME M EE N K,

KGR AT UG 581 Ak s FE DR ; 5 I3 s SRAP ; b R B 5

Effects of habitat fragmentation on the genetic diversity of Pachycondyla luteipes

on islands in the Thousand Island Lake, East China

LUO Yuanyuan' ", LIU Jinliang”, HUANG Jieling', BAO Huafeng'
1 Collenge of Life Sciences, China Jiliang University, Hangzhou 310018, China

2 Collenge of Life Sciences, Zhejiang University, Hangzhou 310058, China

Abstract; Habitat fragmentation caused by human activity poses a serious threat to biodiversity worldwide, with severe
negative impacts on species genetic diversity. In recent years, many attentions have been paid to the genetic effects of
anthropogenic habitat fragmentation on plants and animals, mainly focusing on terrestrial habitat islands created by
agricultural development, deforestation and so on. However, the habitat islands have confused history, fuzzy boundary, and
varied matrix which can cause confusion of results. Conversely, known-age land-bridge islands in artificial lakes are more
ideal model systems to elucidate the ecological, genetic and evolutionary consequences of habitat fragmentation. The
Thousand Island Lake (TIL) in East China ( Chunan County, Zhejiang Province) is a large reservoir, which was formed in
1959 by the damming of the Xinanjiang River for constructing a hydroelectric power station. So far, the fragmented islands
are formed around 50 years. Based on this superiority, we studied a dispersal-limited species of soil arthropod Pachycondyla
luteipes at TIL to explore the genetic consequences of recent habitat fragmentation of this species.

Sequence-related amplified polymorphism ( SRAP) molecular markers were used to study the genetic diversity on
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population levels. Five SRAP primer combinations were used to measure 42 individuals of P. luteipes from 14 islands to
estimate the genetic diversity and structure. The result showed that 5 SRAP primer combinations amplified 71 bands with 63
(88.73%) polymorphic. The percentage of polymorphic bands ( PPB) at the population level ranged from 35.21% to
91.55% , with an average of 58.25%, and the largest JSE island owned the highest percentage of polymorphic bands. The
Nei's gene diversity index (H) ranged from 0.2662 to 0.4905, with an average of 0.4753. The islands attributes such as
area and elevation, had no significant correlation with PPB and H, but the isolation degree among different islands had
significant correlation with them. The analysis of AMOVA showed that the main variance between populations was 65.03%,
and 34.97% within populations. The genetic differentiation coefficient ( G,) among populations ranged from 0.0777 to
0.9328, with an average of 0.4419. Gene flow (N, ) among populations, based on the genetic differentiation coefficient,
ranged from 0.0360 to 5.9350, with an average of 1.0451. The N, and G, value implied that the gene flow was at a low level
and genetic differentiation was high. The dendrogram obtained by UPGMA cluster analysis showed that populations with
nearest distance were clustered firstly. In addition, Mantel test (r=0.7757, P<0.01) suggested that there was significant
association between genetic distance and geographic distance.

These results indicate that the P. luteipes populations in the TIL had gene drift mainly due to the isolation between
islands. However, the gene flow is still high between some adjacent islands, because these islands could connect each other
when the water level is enough low. In this context, the corridor may play an important role in affecting the genetic diversity
in this fragmented landscape. We suggest that beside the island attributes, other factors such as the physical and chemical

properties of soils should also be considered into the future studies.

Key Words: land-bridge island; genetic differentiation; gene flow; soil arthropods; SRAP; isolation
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SRR, BRI GE AR 48 Fr B AR X 2 3845 2RI 5% W g BRARAA LT | b o) Bl b A 55 05 15 ( terrestrial habitat islands ) % 3l 4738t
AR ZREPE R 2R, O —SERF Tl 7 25 5 & IR BT R BEAR X R R b st % ZREVE (R 255 T 25 5, TR i st A 5
S WG AFAE T R AT | B Ak I TR AS — SRl 5 M0 245 S P 6 o B 3t 22 Rk B o 4 A LD SR A7 A — 2 (R RS K
KIMA LI AL N T WA B4 & 05 (land-bridge islands ) 20 804 - BEAL S0, 4% SR T 0 L i 05 (7 BL/ B ) s 2% 0 & | J&] Rl 6
B3R By W5 RS SR R R 250108 3 68 T8 oy R4 Y (R AR 7 S 5 B A0 ) 45, IR B B SR g 1k, Bl R P A 5
FBALR AR R RSB E " ) BRE AR NI Lake Guri 5 A T WA REF 515 TF 8 T — 2 5 B A7 518 5% 0 A AF
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KL (R 108 m) IATTRIAR 2500 m® LB #9505 1078 A, e R By WS THIAR 13.2 km? , FUAT, 3 7h & U5 BRAREE 55 %N 88.5% , LI
RAR T AN 3 FEA 1 B G ZRAR B AR5 DR R A 50 AR BRI S AR50 | 505 E FRARR Y
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Fig.1 The sampled islands distribution in the Thousand Island Lake region
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Table 1 Overview of various sampled islands and genetic diversity in the Thousand Island Lake region
ZBMLRIE %

Byl Hif/ m? W25 B2/ m MR/ m ST By R Nei's ZFEPEHEEL
Island number Area Isolation Altitude Chains of islands Percenlége of Nei’s gene diversity
polymorphic bands

160 1396.07 387.10 100 Mg MF 52.11 0.3452

159 1890.02 398.18 109 Myl MF 47.89 0.2997

173 2538.00 1442.86 113 TG ZXQ 35.21 0.3069

174 3949.11 1756.01 116 LB ZXQ 40.85 0.3282

14 4637.51 189.55 118 5 LW 63.38 0.4550

115 6181.01 34.13 119 PR LW 73.24 0.4713

172 6875.92 34.01 115 £/ LW 81.69 0.4905

158 8388.43 690.03 121 Myl MF 45.07 0.3036

175 8624.73 1664.07 114 FULHIX ZXQ 54.93 0.3519

164 13070.97 770.51 127 45 TZW 35.21 0.2662

163 13263.93 710.43 126 HilF35 TZW 40.85 0.2775

B7 274942.40 949.7 197 B F QX 64.79 0.4237

B6 479759.10 487.63 198 BHFF QX 70.42 0.4507

JSE 11538756.45 0 299 HHE JSE 91.55 0.4499

S Mean 58.25 0.3729

FRufER St. Dev 16.45 0.0799

S WS TR K KA 105 m B TRIRR ; B 3 B By 5 8 dee il R A RE 25, JSE S R AR 9 AR S Rt 5 W 4R B 15 e v
A AR e BE
1.2 Bk

SIS AT AR IR E 1A 14 SRR S0 | SRAERHE R 2011 455 A 24—26 H , fER— NS 05 898 RS R | bt
S TR f ok B F IR — L0 m L, AR B W BE AL R I 3 A ] b %) 0 g B8 9, B A0 R TR IR 20 B R TR A AR I A
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FH ARG AR 20 AP BEHLIERL 1 R T8, FH T 5L 20 DNA 0¥,
1.3 JLF 4 DNA $:H

BT I 4L DNA S04 09 38 2 R4 R 28 ddH,0 R R iE T4, KRB I8y L@ 80, i 5 2 B8 R /By TRARA
AR & (P2 MRS SK8251) $24E DNA B 2 E47 5 DNA (HRE, I M N 1.2% B e B EE I fa Jk K 0 5 DNA &8 &
i, e K A REAS VR R 2K 20 ng/pL,
1.4 SRAP-PCR 5| ¥fiiik

SRAP 31#)751Z 8 Li Ml Quiros BIARAES 191 | i LA TRRABRA T AN, [RH 5 & 518 5 4 1E 514955
LG FTTE B 25 X5 [ %t S BRI A R4 T4 3 | doe i O HR T B 4500 £ T E B A 5 XTSI A A (3R 2) KRR S AT
T B ER 2K,
1.5 FE& PCR 1%

PCR WK Z Ny A6 SRR 25 WL B9 SR &, £ 2.5 Wl B9 10XPCR buffer, 1 pL AR DNA,2.5 WL # Mg™,2 wL fY
dNTPs, £ 2 wL [ SRAP B14,0.16 pL B Taq DNA B4 REFIMZEK .

SRAP-PCR ¥ B4FEJF .94 °C HiZ8HE 5 min, 94 °C7Z8M: 1 min, 35 CiB K 1 min,72 CIEM 1 min,5 PMEH ;94 C254 1 min, 50
CiE K 1 min,72 CHEff 1 min,34 MEH ;72 CHEM 10 min, 4 CHRE,
1.6 LA

PR )R 109% 16 BE 1t 588 79 8 I8 MG B s L DK 4385, LA 100 bp DNA ladder 57 DNA KEZ I, B2 AR YL B 5%, Bkt
PE3/(1

(D) REE FIAHEBSECN 10% 8 EEM 1%/ 7K R E 30 min f&7, 585 FHZEIB KT 2 1%

(2)8RYe FIH 0.2% 11 AgNO, , 1% [IVKEERR , 10% 1Y ZBE e {4 20 min, SR J5 FHZE MK ESE 2 WK

(3) B WH WM 2 17 (3%NaOH WK, B 200 mL W PAN 1 mL HEE) | W2NEE — 0 BB A S Hh BB AUTTE ST
RIEIBE SRR EE 0 AT, BB A1V 0T, ) B A /K e 1 S 5 SR PR AR AR AL L RE AR R A I A

&2 SRAP3|¥
Table 2 SRAP Primers

U549 Forward primers T U514 Reverse primers

mel 5'-TGAGTCCAAACCGGATA-3’ eml 5'-GACTGCGTACGAATTAAT-3’
me2 5'-TGAGTCCAAACCGGAGC-3’ em2 5'-GACTGCGTACGAATTTGC-3'
me3 5'-TGAGTCCAAACCGGAAT-3’ em3 5'-GACTGCGTACGAATTGAC-3’
me4 5'-TGAGTCCAAACCGGACC-3' em4 5'-GACTGCGTACGAATTTGA-3’

me5 5'-TGAGTCCAAACCGGAAG-3' em5 5'-GACTGCGTACGAATTAAC-3’
me2 5'-TGAGTCCAAACCGGAGC-3' eml 5'-GACTGCGTACGAATTAAT-3'
me2 5'-TGAGTCCAAACCGGAGC-3’ em4 5'-GACTGCGTACGAATTTGA-3’
mel 5'-TGAGTCCAAACCGGATA-3’ em5 5'-GACTGCGTACGAATTAAC-3’
mel 5'-TGAGTCCAAACCGGATA-3’ em4 5'-GACTGCGTACGAATTTGA-3'
me3 5'-TGAGTCCAAACCGGAAT-3’ em2 5'-GACTGCGTACGAATTTGC-3'

AR R 43 >4 0 35 H 1Y) 5 X% HF SRAP-PCR 25819514

1.7 BRGS0

SHRAGE W EE B DNA £ BT 400 A S N — 0L, 6] — B UK T RS 0 B L (0 2P 3 T T L )ity AL 2
B HFC 17, JCHHE 07, i85 50—800 bp 35 Bl A HF A AT TG, I RS BB M 4 . SR PopGen Version 1.32 4" 31
B Nei's BEH ZREAEIREU(H) SR IEMERE(G,) IR (N, ) o R AMOV Aprep #F2! MB0RN R 1) 38 1% 22 53 109 43§ 243
Hr(AMOVA) , R NTSYSpc2.10e # > EATHET Jaccard MIUTETE BRAEFE R UPGMA B0, il i Treeplot A5k A4 pli 28 2%
K, R2.11.1 for Windows ! fiftis % ZRE M40 5 P985 R T4 Spearman AH I 20 ARk [0 U9 43 Fr (328 1) A5 181 05936 ),
Mantel test Y545 56 & 52 [B] PR 25 5 2R SRS R WGR B TR 83 (G, ) Z I RAH M, Sl G Rt 0GR X 400 S 150 T % i ih 2
(logl0) o
2 ER545H
2.1 SRAP ¥"## H Brii 22451k

5% SRAP 5| AL 4 54 H K/ A-F 50—800 bp Z[AIAY 71 MR E 0l A A &, Hh 2800 8 63 4>, B B HEHER
88.73% ., HLIEZ5HATLAE H, SRAP FRic e i B L5 MR WORBE P BB AN H B Z B A8, A R R M2 SR B A 2
R S5 IR WOR R 8 1% 22 1Y J0 AT 98
2.2 R R S

14 AN 15 W5 3 2L JEE G M3 R e 1) 2 25615 LU # (PPB) v T 35.21%—91.55% 2 ), E-3MH g 58.25% , FHeh 2507 5 [l R iy
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[ 55059 JSE ; Nei's FEDR ZREMEFS B T 0.2662—0.4905 (8], SEEIME N 0.3729(FK 1) , BAEMEIEEAN T 0.0777—0. 9328 2
H], SF-HA{E A 0.4419; TR AE AT 0.0360—5.9350 Z[1] , F-H{H K 1.0451(F 3) . AMOVA 43Hr 44 R R 5 R JE 4554 65.03%
FRIEEAE R Sk FLFPRE ], 34.97 % 138t 78 50K FIFIE A (P<0.001) (% 4)
2.3 R RENE S RN RRIEAR DG S b

B ZREMEFE BUR 45 B IS RE S50 Spearman A FN Regression [[] FA s R B (£ 5) , S5 5 2500
FEHCR TN Nei's 2K RS BRI A BB A GHE (P>0.05) |, B U502 5 2 280 5 HR L B 3 S A 56 (P<0.01) , 5 Nei's 3%
K Z R PR B0 3 TR 56 (P<0.05) .

*3 MEBEMERR(MHE L) MBESUIEBIMLET I
Table 3 N,,(above diagonal) and G (below diagonal) between populations

160 159 158 164 163 173 174 175 114 115 172 B6 B7 JSE
160 s s s 29106 59350  1.1010  1.0581  0.7910  0.8441  0.7022  1.1145  0.9463  0.8812  0.6566  1.0596  0.0720
159 0.1466 =+ = = % 29459 28535  1.9331 1.6882 13443 15593 0.7739  0.4968  0.4051  0.9096  0.5456  0.0748
158 0.0777  0.1451 =% = = = 1.3471 1.1915  0.8426  0.7435  0.7933  0.8168  0.6294  0.5860  0.4815  0.8401  0.0360

164 0.3123  0.1491  0.2707 = % % % 29650  1.2973  1.0207  0.8466  0.4511  0.4656  0.2605  0.5060  0.2414  0.1085
163 0.3209  0.2055  0.2956  0.1443 s sowox 17831 1.1790  1.0823  0.2806  0.6161  0.3127  0.3054  0.2735  0.1287
73 0.3873 02285 03724 02782 0.2190 = # s« x  4.8591  4.2483  0.2444  0.4927  0.3364  0.3917  0.1414  0.1522
174 0.3720  0.2711  0.4021  0.3288  0.2978  0.0933 = = = % 20151 03216 ~ 0.6047  0.3897  0.6133  0.2517  0.1892
175 0.4159 02428  0.3866 ~ 0.3713  0.3160  0.1053  0.1988 = = = = 0.1954  0.2503  0.3532  0.6463  0.2684  0.2166
114 0.3097  0.3925 03797  0.5257  0.6405  0.6717  0.6086  0.7190 % % = 19343  2.0893 1.0664  2.5285  0.2746
115 0.3457  0.5016 ~ 0.4427 05178  0.4480  0.5037  0.4526  0.6664  0.2054 = = = = 3.8365  0.7758  1.5576  0.3812
172 0.3620  0.5524  0.4604  0.6575  0.6152  0.5978  0.5620  0.5860  0.1931  0.1153  # * = 1.1093 1.4920  0.4733
B6 0.4323 03547  0.5094  0.4970  0.6208  0.5607  0.4491  0.4362  0.3192  0.3919  0.3107 = = = = 3.0740  0.2487
B7 0.3206 04782 03731  0.6744  0.6464  0.7795  0.6652  0.6507  0.1651 ~ 0.2430  0.2510  0.1399 = = % =  0.2381
JSE 0.8742  0.8699 09328  0.8217  0.7953  0.7666  0.7255  0.6977  0.6455  0.5674  0.5137  0.6678  0.6774 = s * =

R4 BEBLEY 14 MFBEBEZFHDTHTEST(AMOVA)
Table 4 AMOVA analysis of genetic variation among 14 P. luteipes populations

A 5 AR . -

S Frii g T R

Variation . % P
df Sum of squares Variance component

components

FHEN] Among populations 13 437.86 9.52 65.03 < 0.001

FEEN Within populations 28 143.33 5.12 34.97 < 0.001

STt Total 41 581.19

R KTIET 999 WK HEHIL S kG 15

x5 BEESHEMEHSRISFHESHZ BREXYE

Table 5 The correlation between island characteristics and Genetic diversity index

18 AT S LML LR/ % Nei's K Z VR £

Islands attributes Percentage of polymorphic bands Nei's gene diversity index

J7% Method Spearman Regression Spearman Regression
THFH Area 0.363 R2=0.13 0.121 R2=0.12

FRESEE Tsolation -0.705** R*=0.50** -0.552" R*=0.44"
13K Elevation 0.302 R2=0.16 0.108 R2=0.12

* fE P <0.05 KFLEFEE, = « f£P <0.01 KFELEREE

2.4 FhEERLERAL BT

JH NTSYS-PC 34611 Y Shan F2F A HEEE T Jaccard FHRITEFEBLAY 14 A~ I 5 42 428 8 JE 45 5% A A ) 28 280K & (1A
2) . TEAIBIZRECHK 0.44 K JSE B8 0] LS HAB UG5 FF , S5 1.8 1 56K F , #0E 5550 0Fp HF 1) 522 30 H 4 (8] BE 0 AR
B 3 W) 35 A% R 2R e R AE — AR Ry a3k 1 Be F1 B7 [ T QX , 114115 #1 172 [@)J& T LW, 173 174 #1175 [J& T 2XQ,163 Fl
164 [A]J& T TZW 159,160 FI 158 [F]J& T MF, A 148 E 4 M EE B L AHRRERIT , f R R AE— e, 28 G 1E R L )R 4548 iy
Tl ) £ T S A B, S 05 BT 2 (RIS 5 6, 2 T Y DG R AT 3 I/, 40 i ke LV X 8 (Tog10) Kb LR, 3t — 22 F1) A Mantel
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B2 #HEELEW 14 Bib 42 NMER UPGMA BHEE (1592 R 159 515115 F a BT 94 )
Fig.2 Dendrogram obtained by UPGMA cluster analysis among 42 individuals form 14 P. luteipes populations (159a means the individual

from the a anthill on the 159 island)
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Fig.3 Relationship between geographic distance and genetic

distance based on G, among 14 P. luteipes populations
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