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Abstract; Fragmentation is the process that a large continuous habitat is destructed into a couple of small, spatially isolated
habitats. Theoretical and empirical studies have shown that habitat fragmentation is one of the most important threats leading
to biodiversity loss. Isolated populations are prone to loss of genetic diversity and to local extinction, through genetic drift,
inbreeding and decrease in rescue effect led by reduced gene flow. However, till now most studies concerning the genetic
consequences of habitat fragmentation involve fragmentation systems caused by human disturbance. Long-term climatic
changes or topography may also lead to habitat fragmentation and result in distinct isolation among populations. Such

naturally fragmentation systems have experienced long-term fragmentation, avoiding short history in anthropogenic
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fragmentation systems. However, genetic structure populations of natural fragmentation has not been well checked. Alpinia
japonica ( Thunb. ) Miq. ( Zingiberaceae) is a perennial clonal species of tropical and subtropical areas. It is
hermaphroditic, but it has two floral phenotypes and has a mechanism to decrease probability of pollination of the same
floral phenotype. This species grows in wet and close forest habitats. In the subtropical area of eastern China, for example
in eastern Zhejiang Province, the habitats are naturally patchy and restricted. We studied the genetic structure of naturally
fragmented populations in Tiantong Forest Parks using RAPD markers. Seven primers revealed 69 bands, among them 68
were polymorphic. High genetic diversity was found within populations. The percentage of polymorphic loci, expected
heterozygosity and Shannon information index were 78. 81% — 85. 51% , 0. 3170 — 0. 3430, 0. 4560 — 0. 4914,
respectively. Relatively high genetic diversity in A. japonica is coincided with its life history characteristics, i. e.,
ouicrossing, long-lived perennial. Within population genetic variation is slightly higher than those of species of
Zingiberaceae and means of outcrossers or long-lived perennial, indicating that genetic diversity has not apparently affected
by fragmentation. This situation is due to the strong clonality, which prolongs the parental generation and reduces the
turnover of generation. However, there is a signal of the consequences of long-term fragmentation on genetic differentiation.
Although fine scale in the present study, moderate and significant differentiation has been found among populations ( @, =
0.297, p<0.01). The differentiation is much higher than those with similar spatial scale. Furthermore, no isolation-by-
distance pattern was found using Mantel test, indicating that genetic drift had overcome the impact of gene flow (0.592).

Key Words: naturally fragmented habitats; genetic diversity; genetic differentiation; Alpinia japonica ( Thunb. ) Miq.
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RIS, B 7E R E R AR AT AN, TZEA B LASH i T AR P38 L LR R i
K, HRD R a A T, A L2 A BB i EB A 3, R LB R . ERERZHRAEN, 113
ZAMRTEHAERK IS FAR WA IR, 104 K HBHER 76, RN B KRR R BT AEEE
AR, ZH XL BB E R K, MRS, REFREEALL 300 AMME, NRALEA AN, EE AR b
B HPE AR BRI ER LGS, ERPIAZERER L, SR TR 4 A FBE (48 AB.C.D &
7R RBELHT /NP RET o T AR A B D Mok B KR 2 R Al \WE AT KRS, BY BB R
AE, TR PR R AL UK, i 6 SR B R — T B AR R 4k , BEAR D A BE B KT 1m,

DNA 2R sk B CTAB gkit47 7 ISR B (£ 4L BSR Al RAPDs BE474047 , /R 4F RAPD RiCE B
MARIT, FIE L E R A ME U B EE A N B EFCS AR, B REm 5, TSR
B MZ A EL M D EARCIRRE R 2 BT | ) E 2 S LS MR ARIT /8 £, T RAPD FRic7e b it
BEHRE BRI ENES , 253, KET 7 KEREFHTIHY (S1200,S1233 5137952077,
$2100,S2077..S2159) , 3 H k¥ Sangon & i, DNA ¥ M7 EE MJ AR 4 7=H) PTC-220 & PCR {¥_EH4T,
PCR = #1% 1. 5% BRASHEe 7k 408 \EB 4t 64 )5, 7E Bio-Rad BERR RSN B WIEE IR, IR & MEKH AT,
AL B — A Ko

i F RAPD #7302 BHHRIT, A Lynch F Milligan™ 5975 BeH B 1 BFSRAR . B3 ST H(Pos
Pyy) HAEZRA R TFPGA™ B 2% H | Shannon ZHEM:IEHR AT Popgene™ HEATHE . Rl
WAEERRA Nei” s™ Jofm i 205 B AR A — B4 8, R Mantel XK 1B EH R 525 BB # %
Z™, Ff AMOVA-PREP #f == AMOVA 4347 BT MO 338 SC 4, SR J5 F A8k 4 AMOVAL. 557 347

AMOVA 4347, FHBERFEEWIERE (Nm) R AR Nm = (FL - 1)/4 4, 78 RAPD #RiEH, — B s B AR

Fo#t4550#T.
2 £R

REEFHFARAEN IR BGBERERESHE,7 ZT1983 T 60 MEREFHMLIT, R LM
RO 68 A AN FFEE 1. 7349, BIEE 2% 5 B A1 Shannon ZHPE18%srAI1AF)] 0. 4128 A1 0. 5948 (3
1),

F1 REERHFHRLELEHHECSHESH
Table 1 Measurements of genetic diversity at population and global levels of Alpinia japonica in Tiantong National Forest Park

¥ FEER/ D G Py Py A, H,

Population  Estimated population size ~ Sample size Shanpon
A 300 25 85.51 89.86 1.5890 0.3430 0.4914
B 23 10 76.81 81.16 1.5462 0.3306 0.4592
C 100 27 85.51 91.30 1.5310 0.3239 0.4735
D 150 22 78.26 84.06 1.5402 0.3170 0.4560
SE3] Mean - 21 81.52 86.60 1.5516 0.3286 0.4700
JE4% Global - 84 98.55 98.55 1.7349 0.4128 0.5948

Py : ZRNEE 7 E (95% $R#E) (Percentage of polymorphic loci at 95% criterion) ; Pog: AN A H 4 (99% #5#E) (Percentage of
polymorphic loci at 99% criterion) ; Ay : B 3 % (U H ¥ H ( Effective number of alleles) ; H, . HJ ¥ %% 4 & ( Expected heterozygosity ) ; Shannon:
Shannon 224435 %1 ( Shannons information index)

KB RA B RERE SR, 2B R E S (Pys) 25 76.81% ~85.51% ,F3) 4 81.52% . AR
S ENEEFHh 1. 5516 (FE DY 1. 5310 ~1.5890) , HEH 4% 5 Al Shannon Z4FH:s B9 BE 73 51 4
0. 3286 F10.4700, M LAFREE A Bk (K 1) . REME B WFHI/NED, BARFMERKE SHERGE
71 Shannon SIS EFFAE , I PP RR A5 AL B R SRR A AT B 50

B —BUE IR BB R APRE A F1 D BSRGR AR Bl FRF B M D ZRIBRIZ (K 2) . WS HBEERER
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&, MR A F B R C A D AEFREGE, B EMND A SHRESE MR ERE—E(E 1) , RS HEEBEHF
A EWE B AR , Mantel 10300032 IR RERLR A EE RS 5 25 RIBE B AR R IEAE K

0.300 0.225 0.150 0.075 0 R2 REERHFHRLE4 M LEMBEZ FH Nei RERIBEES
‘ ' ‘ ' ‘ (=) MBE—BE(T=/A)

¥ Population A Table 2 Nei's (1978) unbiased genetic distance (above diagonal)

FlHtE Population D and identity ( below diagonal) between four populations of Alpinia

— Japonica in Tiantong National Forest Park
FihE Population B

Fh#% Population A B C D

¢ Ponulati
At Population C A — 0.1908  0.2357  0.1097

1 REERHHAE LSS UPGMA RXE 0.8263 - 0.1102  0.2692

B
Fig. 1 UPGMA of four populations of Alipinia japonica in Tiantong C 0. 7900 0. 8957 — 0.2433
D

National Forest Park 0.8961 0.7640 0.7841 —

£3 REERHFHRLE 4 MUERRSFHEDN
Table 3 Analysis of molecular variance (AMOVA) for populations of Alpinia japonica in Tian tong National Forest Park

1 e adE IR s i HEEE »
df Sum of squares Mean squares Variance % of total variance

Fh7£E] Among populations 3 304.82 101. 605 4.4796 29.66 <0.001

FhF¥ A Within populations 80 850.05 10.626 10.6257 70.34

471 Total 93 1154.87

INZERPREE R R BB, R E B A IR LT BN R R 8% L RE(Gsr) 29 0. 204,
AMOVA 53Hr B, RERBERIEE 5 (70.34% ) FAE T A RREA (3R 3) , B EEZ A 812 LA DR B
ZRE(P<0.001), pURBRE(Ds) N 0.297, BT Gs, WL B AR ZE TR BE (Nm) 5 0. 592,

3 i

REEFHMAE N ILZFRER SRR, A T HMZ A Y S & SRR A, i, %
P ERICIR A B 2 AE ( Curcuma alismatifolia) 385 ZHEMEWER , P 153 100% ,A 7 2. 86 ~4. 00, MR #f
BB RETE 0.621 ~0.653™7, Islam 28 AP | B RAPD #RiCAHEE T £ it EEE A ( Curcuma zedoaria ) Ff
BERIELRENE , BRI A R (H,) T3 0. 264 N EF L E B AW a i . IBHBEEHBES
RS HA YR I WA %, REWLZEEFEE, BB S lRe THRARENN AR R,
TR YRR EL RN BE BT ACBBRAEN ; Ii% R FREEH SEE MY, XRYHEEBR
BRI SERE,

REWEZMERALET A WHLRES, BRHRNES TREMBEEZHEGR D) , X5ILRTEERKR
FAER, FLEARKER T AFEN R, S T MR ER R, RN A S B3, B R AKE
HFETERAE I WL BRI E /DN, R S AE KRR BUA 5 WR e b 2R, A A TS R 7E R R 4E
o XMHER A K AR N PR RE R 2 H M HAE Y T i A, B R B TR R R 54
WIS, MR LN AT,

{EAA LI S0 [E) 38t % AL PR BE R R R 7T LAE Y RAR I WA AN, B8 b, I dRA% M L S i A b
TFHYMEARSTIRN R BRE DRNABR KIS, AT E THRAL T h B R3S, REZEE W %
fRERAE R ASTE A AU SR BN T RBAS K, ELX BN I J5 SR G A B ) B3 i 2 iy R 8, *
FLORPRAE BT T : — 2 /)Vas B 1 1 e R 0 8 O 33 % 40K AR B, 100hm” 515 BT P9 L S5 73 40 15 0 (L AR
(0.297) B F FIRHME YA T h0br E 55 P A BERG /LR BE (0. 283) ™ X — b AR B o b HoMo /NS TR R |
BRI L™ ™ B T R0 27) ML 44 YRk (0.25) BIME™ . H =, BB S Rl =2 18] A3
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AR DVAR 38 S T SRR BE B A AR I B/, I LA 72 B S PR S (dsolation-by-distance ) #% )5 ; B T A RIS Z
[BIEA B B2 5, R TRRERAR, HIL R T R E R BE MR R T RERHER. REEH
FAI 130X NJETE ST U 74 5 b 41 B (Ardisia crenata var. bicolor) R BAE 251 BA BB
IR KRR R WL R R L AR, KL T i SRS A M N R L SRR B R BUR, AR B
FRBSA AR,

KR WAL RN IR 2RI R SRPRE T SE A 5%, A0 2R SE At S 565 1 42 vk S i #r) S S T, U B
FEAL T BT RS T RS T B R AR L S s MR 3 R VKB BT SRR R B R, IS % e
BL, BE2H—NBROPIANRER E T A @A KRR Y P IL A, Hughes 3 ABTSE T FI
JEHE M R AR A U7 2R K o R B 22 JR AE W) (Streptocarpus ) b BE it 15 45 1, R BB AR K9 R, S,
primulifolius Fhf IR ZAFMEARE , He V3435 0.5, 3R X BUR ZYIFP O BEXE T , X Se R R 5 10 22 vk 5
ORI S, rexii ZMARTESAESE B BRAR P, FhiE P A SR MARMG, R R WLk B B o TR T
FP o YRS £ FAE (Heptacodium miconioides) 537 3 B AR BE B MHRAL , R FRIFH B 2 IRIAFAE R KBRS
18 T PRI BE AR — RO/, PR G SR A KR, I L2 BB 4% R ™ (B I-5tik DNA &
BB 75— MRUmEE R 7R R L TR IR H 5 ( Sasifraga cernua) , Al — AR REEIX I A B9
A BRER R HIF B RAPD ZEREY, T A 6] X B 5 AR [

4 #ig

(1) REEZFFMAEN KR WL ZFH AR TRRNBE SRS, TES RN EH T A
x, Rl S K, A R4S R R RN RS WA KR,

(2) BEEFRESREMTN, BHHAREIUI B BERE, RECER S =RERAFEMX
K&,

(3) INEMHENFEBRRHREES , BOFERI A RS T B EEEM I EIC,
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