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FEE M (Pinus tabulaeformis) JETREFFA T AAFr . Z04 230 B W H#GH IR B E T R4 3 21 2R E L5
X 5P RS RL, B T 208 B 22 LA B4 19 10 A ISR T A Fh e S BIF 58 % 42, 3 3 % H 2k ki i DNA
(nadl T marR W& T ) BOFH, BR3] H BEBEL R X AR 818 50 B2, 45 SR 30, 10 A AR AR FRFE A9 100 A A1 v Al
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Analysis of relationship between genetic structure of Chinese Pine and

mountain barriers

MENG Xiangxiang', DI Xiaoyan', WANG Mengben' " | ZHU Shizhong®, ZHAO Tianliang’
1 Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China
2 Shanxi Institute of Forest Inventory and Planning , Taiyuan 030001, China

Abstract; Chinese pine ( Pinus tabulaeformis) , an endemic to China, is the most widely distributed conifer in North China.
The Qin Mountains are a major east-west mountain range in central China. This range spans about 1500 km from southern
Gansu Province in the west to west Henan Province in the east. The highest peak rises to an elevation of 3,767 m above sea
level. This range demarcates subtropical and warm temperate zones in China. The Helan Mountains are a mountain range
forming the border of Inner Mongolia’s Alxa League and Ningxia. It runs in the north-south direction with a length of about
200 km. The highest peak rises to an elevation of 3556 m above sea level. This range demarcates the arid and semi-arid
regions in northwest China. To examine whether the mountain barriers have substantial effects on the genetic structure of
Chinese pine, the mitochondrial DNA (nadl and matR introns) sequence characteristics of 10 natural populations of this
species from the Qin Mountains, Helan Mountains, and Shanxi and Shaanxi Provinces were studied. The results showed that
a total of 27 haplotypes, 172 polymorphic sites, including 35 parsimony informative sites and 137 singleton variable sites
were identified from 100 individuals of all 10 Chinese pine populations based on the sequences of two mitotypes. Of all the
haplotypes (from hl to h27), hl was shared by all the populations; h3, h6, h9 and h27 were shared by 2—5 populations;
and 22 other haplotypes were all unique ones. Eight of the 10 populations had one to four unique haplotypes. Although the

populations in the north and south sides of the Qin Mountains (i.e. populations ZZ and NS) had one and two unique
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haplotypes, respectively; and both the populations in east and west sides of Helan Mountains (i.e. populations HLn and
HLi) had three unique haplotypes; the average number of the unique haplotypes for them was smaller than that for the
populations GD, LY, TY and HL (i.e. the populations in the central distribution area of Chinese pine). A mixed picture of
the evolution relationship of the 27 mtDNA haplotypes was found. A close evolution relationship was detected between the
unique haplotypes for the populations in the north and south sides of the Qin Mountains or for the populations in east and
west sides of the Helan Mountains. There was a close evolution relationship between the unique haplotypes of the populations
in the south side of the Qin Mountains or the east side of the Helan Mountains. Some of the unique haplotypes of the Shanxi-
shaanxi populations were also detected. In addition, the results revealed that the genetic diversity in the species level was
high, and the haplotype diversity and nucleotide diversity were 0.7120 and 0.0050 respectively. The analysis of molecular
variance (AMOVA) showed that the percentage of variation within populations (90.16% ) was higher than that among
populations (9.84% ). The genetic differentiation was significant ( Fst = 0.0984, P< 0.01) among populations. Despite the
mountainous barriers, the populations in the north and south sides of the Qin Mountains and in the east and west sides of the
Helan Mountains showed a complicated classification relationship with the Shanxi-shaanxi populations. Therefore it was

concluded that the genetic structure of Chinese pine was hardly associated with the mountainous barriers.

Key Words: Pinus tabulaeformis; mitochondrial DNA; genetic differentiation; Qin Mountains; Helan Mountains

AT E A WA K AR R, T 31°—44° N Al 101° 30 '—124° 25 ' E ZJA], AR % SL 58 05 AR 20 A+
Jay U R AR T B ] i 2 B RSN (A 3 DR A3, S BORP R IR 8 A5 oAk K 4% DNA SR ARSI gE SR, IhAR Y i 44 728
S FEAAE TR FRE ] B —E RS AL e

ST 1l ik Bk BT AL AL VR T, B AT KBTI AR (B R AR M, EA TR, kR 5 [ m
( Pinus banksiana) o) h 5 ¥ (populus cathayana) (71 A (Pinus pinaster) U R PR 22 AT # 0 B 22 3¢ [, AT 5| d s A%
1 277 A b s s (ELLBKRT BRI K 75 X ( Fagus sylvatica) U7 FK MM ( Fraxinus mandshurica) " RhRESAEMEINAH BEET . BF
5 At T, 2 DG 1] 1L Jk A BB 1 P2 B A Bl 565 DU 42 K SO0 i s A 2 B R 22 7 R b S KBl A BRI R AR K- P
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RIMFEHZ R .
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HZR RN B R G, 28 5 AR A LA 7 ST ARG UM T2 08 B2 I A BB 9 10 4~ R ARk
FRREAIFTENT B2, R FHEORLIR DNA J3 81005 £ AR, Xo PR (1 B B a0 Ak OG 3R DA SRR (10 SR RS AR HEA T IR ST, DAFAES 1 280 L s
XTIMFA T AL LR (R, RIS X IR A A AR 1845 2584 (9 TR AL il B AT — 8 38 S0, RIS ] Sy b — 25 845 v [ 6 A A X
BRI ATE R LRI A 23555
1 #eifnsgE
1.1 SEEeAE

BRI T 3 [ 2208 B2 I ARE BB 1410 DS TARIMAAFRIESE 100 SASRAGEFHERER, . BEAFRFEEURE 10 4>, MAZ
[FIHEES KT 100 m, AP RAENIE BT RERS i ol T, 35 B TR AR [ 900628, 20 °C A7 4 . THRA SRR st s MR I
1 FI 1,
1.2 i
1.2.1 DNA &HL

SRR CTAB (7 hedk = I fha ) 10 ) NI TR A9 BT i FP UL DNA
1.2.2 PCR 938 B

3R RIAE nadl P17 F (f-gAT Cgg CCA TAA Atg TAC TCC,r-CCC CAT ATA TAT TCC Cgg AgCP') Il marR P& 1 (f-
CgA CAg AAg CAC gAA ATT CC,r-ACC CgA CgA TAA CTA gCT TC™!) 51 FEHI AT 1 . PCR KA 25 wl, i &4 1xPCR
buffer, A DNA 30—50 ng,dNTPs 0.2 mmol/L,taq i 1 U, 31 0.4 pM; W 55144 :94 CHIZZ 1 4 min, 94 C 251 30 5,54 C
(nadl) / 58 C (matR)iR:K 45 5,72 CHEAH 1 min,30 MG, FSFIEAH 5 min, § =4 0.8% MBAAE RS Bk S, FH Gel
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Extraction Kit Zfifi8H] 85 (bio—tec OMEGA , USA ) 4% ¥k 77 45 B i3
Fralifl, alifl =ikt gy AE A YR IR A "L TIT
1.2.3  HdnabE. N
SR MEGA 5.1 H1(# ClustalX 3% AR5 7 41 #5647 HL s (9
HATIE Y F TAIE) , AR EIRE T (BARE RA AL ) | [R]IR
FH MEGA 5.1 H AR I A8 B %t 22 25 P67 ik L T8T 204 B A 45k
Bt TR R EA TS X A% A (E] AR RE ] Y Kimura
WS H kAL BB AT 50 A AP A I R B, R 350
NETWORK 4.6. 1.1 # /4 (http://www. fluxus — engineering. com
) PR AL R 45 R B, R PHYLIP 3.69 81 By ek
fATZ975 (MP) M AR BRI RSB, SR ARLEQUIN #R 4 iy
AMOVA X Fife [H] (1) 35 % 43 A0 R 75 S 25 EA TR 6
2 BR 307
2.1 ZRhifk DNA FF51)78 5 5 e fs
eSS 9 10 A KR IARFHEE Y 100 AR LKA DNA 11
nadl F BEKE N 1093—1280 bp IS K N 1366 bp, IhA 45 fEl "_’ TRAMUHBOBREE (RR) RARFRS B
168 AP £, S0 34 MR, 134 At ORR)
SRR matR F- B Y 475477 bp,ﬁm}ﬁﬁ&“—‘jﬂ 478 bp,ij\: g. eographic location ( black dots) of the 10 natural
8 4 B Hh LA R AL, 3 AL B o ( pie chart)
LT, CLALG PRI HBITR Dy 25.83% (25.44%—26.58%) oy syt 53 (L 1) AR I AR i
23.94% ( 23. 17%—24. 16%) ., 22. 17% ( 21. 92%—22. 98%) .
28.06%(27.01%—28.41%) ,A+T ¥ HE (48% ) BART C+G 1 (52%) o JFHVAE S5 A B 2k /47 AR 2 40 55, 2LA5 3] 27
AFAERI (R 1) e a5 W g I AR BT AT 7 T AREN 54% &4 BT I LR SR h3 434 T HLn, HL Al
TY FpErf  BA% 8 he 4045 T HLn HLi Al ZZ FhEE, 8458 h9 /3045 F HLn 1 NX FEE, AR5 h27 4345 F HLn LY .GD LC Al
HLS AR, HoAy 22 A RUAEAE TS ARl . Rl U BRI (LC ORI NS) AU A oA i HE AR e ) 43 31 .
B 1—4 DA PAER

LN AN

100° 105° 110° 115°E

populations of Pinus tabulaeformis, and their mitotype

F1 HHKMRTENIEME R HRERIRR
Table 1 Geographic location of the populations of Pinus tabulaeformis, and their haplotypes

AEHTIR/ C AERE K H/ mm

Gtk REHE  AE(N) ZE(E)  EHR/m HEAR AR

Population Location  Latitude  Longitude  Alitude fﬁi‘;i;?fl“ pri?;?ilion Sample  Haplotype

TRAEE (NS) BediTRe  33°26°  108°27 1625 12.0 1023 10 h1

WE AR (NX) NS 33°29’ 111°56’ 1685 15.2 885 10 h1 h9 h20 h21
JRZRIRE (22) BedifHZE 33°517  107°53 1300 8.7 950 10 h1 h6 h19

ZRNIFPHE (LC) g ZE)1] 33057’ 111°19’ 1465 9.0 1100 10 h1 h27

BRI (HL) 7Y B 35041 108°56' 1050 9.3 614 10 h1 h2 h3 h4 h7 h27
KE B (TY) WP REL 37°30 112°03’ 1650 6.5 665 10 h1 h3 h14 h15 h16 h17
KA ILFREE (GD) PRI 37°517 111°27 1800 4.0 830 10 h1 h8 h11 h25 h26 h27
FEEIFRE (LY) PG ZE 38935 111°53 1700 8.0 530 10 h1 h5 h18 h27
TERZINFAHE(HLY) TEM =2 38°30°  105°38’ 1785 8.5 300 10 111;4 L‘; b9 h13  h23
PSR 2 I ARE(HLD)  NSBE21 38°58  105°54 2128 1.6 312 10 h1 h3 h6 h10 h12 h22

R 7R 2% R e A AT A

AL T2 IS s B2 I B A AR 5, 2 I8 RN AY NS I NX Rl S A A0MIM 27 A LC R — A3 A 3922 10
PGP HLn A HLi FEEEA B IEG PAGEI, 204 55 0 NX FREEANACLMN 22 FhIES> BB PIAS A — AN B iy, 3R 22
IR AUANEE (HLn) FPEONFREE(HLD Y EA 3 A SRR, AL T, SRR e ( RIVMAA 2 A X oG A e HL . TY .GD AT LY)
WA EA 2—4 A IA BAERL, AT I ZR I R RO B 22 LA G I SRR RS 45 E (908 3/4 R 6/2) BB /NTF 44
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X AR (13/4) o
2.2 BALERIE AL OG R

WE 2 Fias, 27 A S5 R B AT A 968 12 A4S B R (Ho
h1—h14 &34 h1,h25—h27 5348 h25) , HAr A R & =0t
I h2s v Fagiiday, £ & GD 5 LY, LC, HL A1 HLn Ff
BF;h22 A1 h23 Az oh— 3, 40 51¥ I HLi A1 HLn B h1 W16,
h17 A1 h20 .h21 N— 3, Hrd h16 F1 h17 & TY FiEER A 05
B h20 F1h21 Sk NX FRREA AR BA5 B h18, h19 Al h24 TB B3R
=308 LY, ZZ ) Hn FREERO S SRS AL, f b mT g, 4%
FREEAAME R R G R F AR 2 RS e, I 2 7388 T LA
B AR 2 WL ZR P PR A2 SRS 2 (h22 AN h23) AR
Bk —32, 7 T2 08 Rt B AR RE (1) 80 BLA 7 (h20, h2l
h19) ZEXAFFE = AL 0, A e R i, [mIB Al L&
AT AR (9 30 SRR (h23) 55 3 B A B 11 S 2
A BAER (h25 F h1S) M R EL A . A7 F 28 08 Jb I B i
BB BRAE T (h19) 5 BRAMRE A 20 S5 ) (h18 (h25 il h15)
192G R IR

M 3 B AT LAE Y X L AR R ] R Ry 3 4, Hor
FAER h1-h15 (B h7 Z40) 5 —40, A58 h16-h24 S35 —
4, BAERY 025, h26,h27 AT h7 ONEE =4, [ 3 rpp s — 4l B
TRk h15) Fsf = 4L BAfs o (B h7) 76 2 vh45 @ o —A B R
(h1 #1 h25) , FREFRAASE — A ok 28 = 4 &~ B B4 25 SRS 1Y
FGRFR, RN TEE—A T, BPA%A h9, h13 F1 h3,h10 43 FI4F
TR 22 L ZR P W R =2 A (L h13 T h10 43 5 h A H
f55) sh9 T h6 S TE TR M m AL A ez, FEsR —
2P MR S5 2 AZEBIAY 45 5, B b8, h19 Fil h24 h—iIF.
ZH ,h22 1 h23 Jg—F2H ;h16 . h20 1 h21 H—W 4, Sk RE,
FEZ ST AL B MANBE 22 IR PU WO Y 3 X bR O A A B3
PO 8 AN BAS B R O R R (h19 5 h20,h19 5 h21,h13
5 h10,h24 5§ h22 h22 5 h23) . SULRIE, 7 F 2808 A0 Fh i
BOAA AR (h19) 5% B BEAG G A5 (h17 I h18) A%
R BT, A8 22 (LR MR EE 9 20 A5 B A% 7 (h23 1 h24)
5 PR EE iy B L8R A5 A (h16 (h17 Fi h18) Y OC & A #F

DL A3 idd B, s R A% U (R] A SR 4 O R LR 4R
ZaUs B I FN TR 3 AR 2 AN (R A AT B8, 2 400Fh
HEHEA S B g A58 HR T 28 08 s B 22 1L g ) o
FER A BT IR 2 8] Y 56 A I (A0 R 2 R ) Fai A (niE
3 AR ) BGE ., i HZRI GO E BT 2% L AR R R A A A AL
TIAR A DX ORI ) JRE M R R 9 06 RN . 3K R
o L P B3 B S5 AR B AL A IR B B C R
2.3 PhERISL SRR RS AL RS

TSR REL B AR nadl F1 maR 590 43 M 22 B, Sk K OF
(100 AN B BAAE R 261 R 0.7120, R ER 2 HEME 4 0.0050
(F2), FPHENERATHL AR MR AT IR AR M 43 0 0—0.9111
M 0—0.0176, Hrf NX R R 2 e s , kol TY | LC
27 FPE, 10 NS FhEFAZ TR Z AR RAIL,

h18 h19
h24 T 25 h23 h22

[
—

HL
NX h20
HLn h21

LC
77
NS h16
HLi

GD

LY

TY

hl

(MRANNANORZ

2 HRFE 2T N RERNMEXRE
Fig.2 Network relationship chart of the 27 haplotypes from
Chinese pine populations

h AR BAE T W1 AL BAAEE h1—14, h25 A45 h25—27, [ J&l
SRR R R A B AR R R AR A e L35 1

L—h1o
— h8
Lo

h2
—————— hl5

87 h19

7 — h20

h7
h26

‘ h25

B3 k27 NABRENEXEN(MP)REEE
Fig.3  Cluster result of 27 mtDNA haplotypes of Pinus tabulaeformis

using maximum parsimony ( MP) method

AMOVA Z3#r R W (K 3) A FHER 90.169% YA AE S 0 A5 T FHHEIN , 9.84% ) 3844 A8 S 0 A T FfRE (8], LR Fiffe ] gt
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P ACATIRAR B2 . Xh 2 B 22 LRI BBk 3 ZHL PR 75, 208 06 Fof A 1] i e o A IV i A% 20 PO A S8 5, T 28 22 L ol 1) gt 1 7
A%
R2 HRMBHAFASEYE(Hn) MZHERSHEME(7)
Table 2 Haplotype diversity ( Hm) and nucleotide diversity (77) for 10 nature populations of Pinus tabulaeformis
Giikiid BT Z R BH MR Zutkiid PG R B MR
Population Hm T Population Hm T
NS 0.0000 0.0000 NX 0.5333 0.0176
77 0.3778 0.0064 LC 0.2000 0.0064
HL 0.8889 0.0024 TY 0.7778 0.0068
GD 0.8667 0.0036 LY 0.7778 0.0020
HLn 0.9111 0.0042 HLi 0.8444 0.0034
Total 0.7120 0.0050
F3 ETSRAERFIINRAKMRIHENS FHEST(AMOVA)
Table 3 Analysis of molecular variance (AMOVA) of mitotypes in the populations of Pinus tabulaeformis
A LB - I PRz A U
Population Snu.rc?, of daf Sum of Variance Per(:.en.tage of Fa
variation squares components Variation/ %
SRR Among population 9 70.79 0.4106 9.84 0.0984 ( P<0.001)
Within population 90 337.50 3.7604 90.16
Total 99 408.28 4.1710
ZRIE TP Among population 3 16.68 0.0610 1.22 0.0122 ( P<0.0001)
Within populations 36 177.99 4.9500 98.78
Total 39 194.67 5.0110
B Among populations 3 34.11 0.8457 22.39 0.2239( P<0.0001)
Within populations 36 105.22 2.9321 77.61
Total 39 139.33 3.7778
BZIFHE Among populations 1 2.25 -0.0777 -2.64 -0.0264(P=0.912)
Within populations 18 54.29 3.0219 102.64
Total 19 56.54 2.9442

MFhEE 22 18] (RSB AL B B (3 4) I 0, NX FhEES HL Al Rl e 22 18] 0 i 4G BE B 38 F Kk, oo TY R, W 4 Bfs 22 LA
0. 0015 il S8, B HER A RE 204 6 26, B HLi A1 HLn 45 °8—4H , LY .GD #1 LC Sh—#H ,HL NS Fl ZZ J—# ,NX Fl TY %K

— 2, ULHIIAA BRI A RIS R LA A, AR IR X AR RIS 2 55 A P A7 B ] 1) B2 2 HEAL SC R B UIAR K

F4 MREEEREEER
Table 4 Genetic distance among the 10 populations of Pinus tabulaeformis
Poﬂlﬁ ion NS NX 77 LC HL TY GD LY HLn HLi

NS -
NX 0.0094 -
77 0.0033 0.0125 -
LC 0.0006 0.0100 0.0038 -
HL 0.0011 0.0105 0.0044 0.0017 -
TY 0.0035 0.0125 0.0067 0.0040 0.0045 -
GD 0.0046 0.0137 0.0077 0.0043 0.0055 0.0078 -
LY 0.0011 0.0105 0.0043 0.0016 0.0023 0.0045 0.0046 -
HLn 0.0021 0.0113 0.0053 0.0026 0.0032 0.0055 0.0058 0.0030 -
HLi 0.0020 0.0112 0.0053 0.0026 0.0030 0.0053 0.0065 0.0031 0.0038 -

RUEZIEE JLWIAEE(NS 5 722) s 80 22 10 4R PE PN EE(HL 55 HLn) (RIS R (HE2H T NX M TY &5 —
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41,10 LC VAR 55—, ZRe g AL PIINRREE S RA S0 A0 DX PO R Z T SR B L S 2R SRR . AlkE T T TY 5l — 41, HLi
5 HLn 2% —41, B2 IR VG PR S5 3RA 20 A DX O FP e Z )RR B PSR 2 I OG22 . I 5 — M T BE B, 12 T %%
U g A 7 0 B 2% L AR Y A A b 2 TR )3 A5 00 A5 L s A 77 A AT TS R

3 Tt WL
T AL AR R P N PR B A A, 5T 2 R Y R AR AT . Hn
DA —E B L iy g b fe s 78R40 7, L K ot 38 I
BEIERNRE ST . MABHE M i (R L R BLAT B Rt AL Fe ik, A& GD
DI 2H , RETE B4 M I WA ) i AL R AE . X mtDNA JP 51 53 L ic
M, FEA I AA RN b A I 3 27 AN PRAE AL, BAAEEY hl o — HL
KRR A TR AN B AT B, BR h3,h6,h9 Al h27 X NS
4 AR Ry 2—5 RS 240, Hodk 22 AN FRAR L4300 Sk 8 A A
b I <RV NN TTTI= || [f /=N S o= < = i A S o TY
(0.7120) AL IR ZHHE(0.0050) , S A istL 2RV 32 7E NX
FHBEP(90.16%) FBER S 16 UMM B 5P = 0.0984, L
P<0.001) , X5EAMFEER 2 M —8, HLn] 0 A f 0.005 0004 0003 0002 0001  0.000

BELE KA AL R P B 2 T I 01k

Ly I G2 ARV A 1] 79 L ik, 7 575 D K A B X o B 1 43
PEAL AT e ) T B VR 10T bk 3 R i BEL RS AR A Ab T
4% | TR M 2L R AL, S S5OR e [ ) i A A0, R e 1% 01k
FERE W A AR B (Fs) 2R, ARBEIE B, 5 8B BB EE B9 3844 20 135 50 (0.2239) A L, 28 04 Rl RE (4 38 4% 40 1L 16 2K
(0. 0122) FI%E 22 AN BE Ay i A5 7 A FE 0 (—0.0264 ) 3495/ (A ZE 08 FhRE sl BE AR R (9 35t 4% 20 (b 0 35 T 98 22 LLU R 9 35 15 43
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TR L RR R 8 A5 A AL B T8, LA RE IS S8 5 T 100% (102.64% ) o AR 22 22 45 10 X (Bl 45 SR 19 43 B 170 7T 1A
AR B2 LA P T A YA TP R ) Tt % 43 Ak . 3 [RIARE D3 B R 24 LL T NS A R e 11 35 4% oAk LT A AT AT 52 i

PSR & /R m UM S 22 LR PEMIF RS A O A AR (8 5 PR AR L, A PR A S 2
BN R AP E B R 22 ) ) G FRA 45 AT 2, (ELI I PR AR 1 100 24 X 28 T K FRT 240 SR I P AT R AT LA L 55 2 7 ), 7
TSI I B B 22 11 AR PG PN R E (0 7 B 28 2 [ O R AR A bS8 (4B 2 W h19 5 h20 1 h21;h22 5 h23; (& 4
h19 5 h20,h19 5 h21;h13 5 h10,h22 5 h24 , JEHGZ h22 5 h23) . CA IMAATE R b B 2= o0t 3R B, R A LR E AN 77 B b
Z I WY A A kAT A A A 5 5 A XL KR B A T T S R

4 EF Kimura 5 #5580l R AT BRI SRIRIREKE
Fig.4  Neighbor-joining tree based on Kimura 2-parameter

distance in populations of Pinus tabulaeformis

References:

[ 1] Xu H C. Chinese Pine ( Pinus tabulaeformis Carr). Beijing: China Forestry Press, 1993 18-40.

[ 2] Xu H C. Geographic Variation and Provenance Selection of Pinus tabulaeformis Carr. Beijing: China Forestry Press, 1992, 37-56.

[3] CunY Z, Wang X Q. Plant recolonization in the Himalaya from the southeastern Qinghai-Tibetan Plateau; Geographical isolation contributed to
high population differentiation. Molecular Phylogenetics and Evolution, 2010, 56(3) . 972-982.

[ 4] Chen KM, Abbott R J, Milne R I, Tian X M, Liu J Q. Phylogeography of Pinus tabulaeformis Carr. ( Pinaceae) , a dominant species of coniferous
forest in northern China. Molecular Ecology, 2008, 17(19) . 4276-4288.

[ 5] Wang M B, Hao Z Z. Rangewide genetic diversity in natural populations of Chinese pine ( Pinus tabulaeformis) . Biochemical Genetics, 2010, 48
(7/8) : 590-602.

[ 6] Godbout J, Jaramillo-Correa J P, Beaulieu J, Bousquet J. A mitochondrial DNA minisatellite reveals the postglacial history of jack pine ( Pinus
banksiana) , a broad-range North American conifer. Molecular Ecology, 2005, 14(11) . 3497-3512.

[7] LuZX, Wang Y H, Peng Y H, Korpelainen H, Li C Y. Genetic diversity of Populus cathayana Rehd populations in southwestern China revealed
by ISSR markers. Plant Science, 2006, 170(2) ; 407-412.

[ 8] Gonzalez-Martinez S C, Gomez A, Carrién J S, Agindez D, Alia R, Gil L. Spatial genetic structure of an explicit glacial refugium of maritime pine
( Pinus pinaster Aiton) in southeastern Spain. Phylogeography of Southern European Refugia, 2007, (Part Il ) . 257-269.

[ 9] Magri D, Vendramin G G, Comps B, Dupanloup I, Geburek T, Gémory D, Latalowa M, Litt T, Paule L, Roure J M, Tantau L, van der Knaap
W O, Petit R J, de Beaulieu J L. A new scenario for the Quaternary history of European beech populations;: palaeobotanical evidence and genetic
consequences. New Phytologist, 2006, 171(1) : 199-221.

[10] Hu L J, Uchiyama K, Shen H L, Saito Y, Tsuda Y, Ide Y. Nuclear DNA microsatellites reveal genetic variation but a lack of phylogeographical

http : //www.ecologica.cn



6388 JAE = 3%

[11]
[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

structure in an endangered species, Fraxinus mandshurica, across North-east China. Annals of Botany, 2008, 102(2) : 195-205.

Ying T S. Areography of the gymnosperms of China (1) - distribution of the pinaceae of China. Acta Phytotaxonomica Sinica, 1989, 27(1) : 27-38.
Jia W], LiEX, Yang BY, Liu D X. Studied on genetic diversity of Aquilaria sinensis. Journal of Tropical and Subtropical Botany, 2010, 18(2) .
159-164.

Ying T S. An analysis of the flora of Qinling Mountain range : Its nature, characteristics, and origins. Acta Phytotaxonomica Sinica, 1994, 32(5) .
389-410.

Di Q Z, Tian L'S, Li Z J. The characteristics of Helan Mountain flora of spermatophytes. Acta Botanica Boreali-Occidentalia Sinica, 1988, 8(4) .
242-254.

Yu G, Chen X D, NiJ, Cheddadi R, Guiot J, Han H, Harrison S P, Huang C, Ke M, Kong Z, Li S, Li W, Liew P, Liu G, LiuJ, Liu Q, Liu
K B, Prentice I C, Qui W, Ren G, Song C, Sugita S, Sun X, Tang L, van Campo E, Xia Y, Xu Q, Yan S, Yang X, Zhao J, Zheng Z.
Palaeovegetation of China; a pollen data-based synthesis for the mid-Holocene and last glacial maximum. Journal of Biogeography, 2000, 27(3) :
635-664.

Qian H, Ricklefs R E. Large-scale processes and the Asian bias in species diversity of temperate plants. Nature, 2000, 407(6801) . 180-182.
Brown K R, Zobel D B, Zasada J C. Seed dispersal, seedling emergence and early survival of Larix laricina ( DuRoi) K. Koch in the Tanana
Valley, Alaska. Canadian Journal of Forest, 18(3) : 306-314.

Wagner D B. Nuclear chloroplast and mitochondrial DNA polymorphisms as biochemical markers in population genetic analysis of forest trees. New
Forests, 1992, 6(1/4) . 373-390.

Ennos R A. Estimating the relative rates of pollen and seed migration among plant populations. Heredity, 1994, 72(3) . 250-259.

Doyle J J. A rapid DNA isolation procedure for small quantities of fresh leaf material. Phytochemical Bulletin, 1987, 19, 11-15.

Song B H, Wang X Q, Wang X Y, Sun L J, Hong D Y, Peng P H. Maternal lineages of Pinus densata, a diploid hybrid. Molecular Ecology,
2002, 11(6) : 1057-1063.

Jaramillo-Correa J P, Beaulieu J, Bousquet J. Variation in mitochondrial DNA reveals multiple distant glacial refugia in black spruce ( Picea
mariana) a transcontinental North American conifer. Molecular Ecology, 2004, 13(9) . 2735-2747.

Bandelt H J, Forster P, Rohl A. Median-joining networks for inferring intraspecific phylogenies. Molecular Biology and Evolution, 1999, 16(1) :
37-48.

Wang M B, Gao F Q. Genetic variation in Chinese Pine ( Pinus tabulaeformis) , a woody species endemic to China. Biochemical Genetics, 2009, 47
(1/72) . 154-164.

Li C, Chai B F, Wang M B. Genetic diversity of Pinus tabulaeformis, populations in North China. Bulletin of Botanical Research, 2006, 26(1) .
98-102.

Shen L, Chen X Y, Li Y Y. Glacial refugia and postglacial recolonization patterns of organisms. Acta Ecologica Sinica, 2002, 22 (11):
1983-1990.

YeYY, Xu MY, Guo BY, Wu C W. Genetic structure and sequence analysis of four populations of Mytilus coruscus in the coastal waters of

southeast China sea using 16s rRNA. Oceanologia et Limnologia Sinica, 2013, 43(2) . 376-381.

S 3k

[1]
[2]
[11]
[12]

ALK, RS, dbaT. P E ARl AT, 1993 18-40.

PRACRL. IPA M AR S AR R e R, b, R ML, 1992 37-56.

NRA. P E AR o A X ST (1) FARHHL R IR A3 A0. AEY) 532854, 1989, 27(1) : 27-38.

A, R, B, XIRB. AARFEBREZREERITT. P0G #4, 2010, 18(2) : 159-164.

N, ZRIEHIY IR R PR R SRR IR, Ry 241, 1994, 32(5) « 389-410.

IRYERE, HEERL, ZERZE B LA R X R DOARAE. PUAREI A4, 1988, 8(4) . 242-254.

WA, BR/NEE, 2RI, AW ok e T 5 vk 5 W ST 1. AR 2441, 2002, 22(11) + 1983-1990.

I AgaE | RAE ) SRFEE RS RERM TR (Mytilus coruscus) 4 PRERERIR 16S rRNA J551 Bt (5 45K 434, 155 18)
¥H, 2013, 43(2): 376-381.

http : //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.33,No.19 Oct.,2013( Semimonthly )
CONTENTS

A review of ecosystem services and research perspectives «+eseeeerereririiiiiiiae. MA Fengjiao,LIU Jintong, A. Egrinya Eneji (5963)
Sexual interference in non-human primates «+«sseeereeerereeiiiiiiiiin, YANG Bin, WANG Chengliang, JI Weihong, et al (5973)
Density-dependent effect on reproduction of rodents: a review — ceseeeeeeereeeieeees HAN Qunhua, GUO Cong,ZHANG Meiwen (5981)
Proximate and ultimate determinants of food chain length ««eeeeeeeeeeeeeeeiiiiiiiiie. WANG Yuyu, XU Jun, LEI Guangchun (5990)
Mechanism of biological control to plant diseases using arbuscular mycorrhizal fungi ««+«-eeeeeeeeereeeeieiii
................................................................................. LUO Qiaoyu, WANG Xiaojuan, LI Yuanyuan, et al (5997)
Advances in effects of conservation tillage on soil organic carbon and MILIOGEN ««++++++cesresseerreerterttrnttitentett st
........................................................................ XUE Jianfu, ZHAO Xin, Shadrack Batsile Dikgwatlhe, et al (6006)
Habitat selection of the pre-released giant panda in Wolong Nature Reserve «---+-ssssesserreerseessmiimiiiiiiiieie i
................................................................................. ZHANG Mingchun, HUANG Yan, LI Desheng, et al (6014)
Activity thythm and behavioral time budgets of wild Reeves’s Pheasant ( Syrmaticus reevesii) using infrared camera «-«--ceveeeececeeee
.................................................................................... ZHAO Yuze, WANG Zhichen, XU Jiliang, et al (6021)
The energy budget of tree sparrows Passer montanus in wind different speed and duration — +eeeeeerererrreeniiiiiii
................................................................................. YANG Zhihong, WU Qingming, DONG Haiyan, et al (6028)
Nest site characteristics of Petaurista caniceps in Baima Snow Mountain Nature Reserve —««cceeeeeeseeririniiiiiiiiin,
....................................................................................... LI Yanhong, GUAN Jinke, LI Dayong, HU Jie (6035)
Effects of habitat fragmentation on the genetic diversity of Pachycondyla luteipes on islands in the Thousand Island Lake, East
G, +« v eeveeeememenemene ettt ettt e et e et et et e e eeenanenes LUO Yuanyuan, LIU Jinliang, HUANG Jieling, et al (6041)
The molecular genetic relationship between the pollinators of Ficus pumila var. pumila and Ficus pumila var. awkeotsang «+-++=++-++++-
.................................................................................... WU Wenshan, CHEN Youling, SUN Lingli, et al (6049)
The genetic evolutionary relationships of two Eupristina species on Ficus aliissima <+« -eseseeeerenmneaneiaa
....................................................................................... CHEN Youling, SUN Lingli, WU Leilei, et al (6058)
Metal uptake and root morphological changes for two varieties of Salix integra under cadmium stress —+ee-eeeeeereeereeeieaaiia..
.................................................................................... WANG Shufeng, SHI Xiang, SUN Haijing, et al (6065)
Effects of phthalic acid on seed germination, membrane lipid peroxidation and osmoregulation substance of radish seedlings «--+-------
................................................................................. YANG Yanjie, WANG Xiaowei, ZHAO Kang, et al (6074)
The morphological and physiological responses of Tamarix ramosissima seedling to different irrigation methods in the extremely
ATIA ATEA  +v v v ermrmemnenen e ettt et e e ea e e MA Xiaodong, WANG Minghui, LI Weihong, et al (6081)
Response characteristics of photosynthetic and physiological parameters in Ziziphus jujuba var. spinosus seedling leaves to soil
water in sand habitat formed from seashells «+eeeeeeeeeeeieeeineinn.. WANG Rongrong, XIA Jiangbao, YANG Jihua, et al (6088)
Effects of ceramsite mulching on soil water content, photosynthetic physiological characteristics and growth of plants -«----eeeeeeeeeeenens
....................................................................................... TAN Xuehong, GUO Xiaoping, ZHAO Tingning (6097)
Dynamics of tannin concentration and nutrient resorption for branchlets of Casuarina equisetifolia plantations at different ages —+++++++++
................................................................................. YE Gongfu, ZHANG Shangju, ZHANG Lihua, et al (6107)

Sulfur contents in leaves and branches of dominant species among the three forest types in the Pear]l River Delta «---eeeeeeeeeeeeeennnnns

....................................................................................... PEI Nancai, CHEN Bufeng, ZOU Zhijin, et al (6114)
Impacts of arbuscular mycorrhizal fungi and phosphorus on growth dynamics of Bauhinia faberi seedlings —+---e-eeeeeeeeeeeeeeaeaannnn.
....................................................................................... SONG Chengjun, QU Laiye, MA Keming, et al (6121)
Characteristics of ion accumulation and seed germination for seeds from plants cultured at different concentrations of nitrate
nitrogen and salinity sssseereeeeeees e ZHOU Jiachao, FU Tingting, ZHAO Weiwei, et al (6129)
Physio-ecological effects of endophyte infection on the host grass with elevated CO, +e-eeeeeereerermmmeniiii e
................................................................................................ SHI Zhibing, ZHOU Yong, LI Xia, et al (6135)
Effects of pretreatment on germination of Typha domingensis and Phragmites australis —«+«««+cseseeeeseeeeneniiiniin
........................................................................... MENG Huan, WANG Xuehong, TONG Shouzheng, et al (6142)
Transfer characteristics of cadmium from soil to Salix X aureo-pendula ~ +-+--- ZHANG Wen, WEI Hong, SUN Xiaocan, et al (6147)
Effect of Close-to-Nature management on the natural regeneration and species diversity in a masson pine plantation —«+eseseeeeeeeeeeeeees
.................................................................................... LUO Yinghua, SUN Dongjing, LIN Jianyong, et al (6154)
Population dynamics and seed banks of the threatened seagrass Halophila beccarii in Pearl Bay, Guangxi ««eeeeeeerereeeeeeeieinini.e.
................................................................................. QIU Guanglong, FAN Hangqing, LI Zongshan, et al (6163)
Effects of biological crusts on dew deposition and evaporation in the Southern Edge of the Mu Us Sandy Land, Northern China  ------
.................................................................................... YIN Ruiping, WU Yongsheng, ZHANG Xin, et al (6173)
Life history characteristics and spatial distribution of Populus pruinosa population at the upper reaches of Tarim River e-eeeeeeeeeeeeees
.......................................................................................... HAN Lu, XI Lingiao, WANG Jiaqiang, et al (6181)

Interactive effects of short-term nitrogen enrichment and simulated grazing on ecosystem respiration in an alpine meadow on the

TiDELAN PLALEAL  +v«cv v reeererneneneeenenmnenenrenenemneneneenenemnenesemmensmmenenees ZONG Ning, SHI Peili, JIANG Jing, et al (6191)



6426 A % R 334

The correlation between soil water salinity and plant community distribution under micro-topography in Songnen Plain = -«--e-eeeeeeeenes
................................................................................. YANG Fan, WANG Zhichun, WANG Yunhe, et al (6202)
Comparison of TSP, PM, sand their water-soluble ions from both inside and outside of Dafushan forest park in Guangzhou
AUTING TAINY SEASON  +++ s srrrrmrrrreresesniiiiiiiiitit et XIAO Yihua, LI Jiong, KUANG Yuanwen, et al (6209)
Fish community ecology in rocky reef habitat of Ma’an Archipelago II. Spatio-temporal patterns of community structure — ««--+--eeevee
.................................................................................... WANG Zhenhua, ZHAO Jing, WANG Kai, et al (6218)
Interannual variation in the population dynamics of snailfish Liparis tanakae in the Yellow Sea  +vreveeeereeeemiieiiinii.
.............................................................................. CHEN Yunlong, SHAN Xiujuan, ZHOU Zhipeng, et al (6227)
Spatial and temporal variation of soil macro-fauna community structure in three temperate forests =~ «e-veeeeeererseeimiiniiii,
................................................................................................ LI Na, ZHANG Xueping, ZHANG Limin (6236)
Community structure and species biodiversity of fig wasps in syconia of Ficus superba Miq. var. japonica Miq. in Fuzhou «----eeeeveeees
................................................................................. CHEN Youling, CHEN Xiaogian, WU Wenshan, et al (6246)
Marine ecological capital ; valuation methods of marine ecosystem services — ------ CHEN Shang, REN Dachuan,XIA Tao,et al (6254)
Geomorphologic regionalization of China aimed at construction of nature reserve system -«----e-eseeee GUO Ziliang, CUI Guofa (6264)
Impact of ecological vegetation construction on the landscape pattern of a Loess Plateau Watershed «««+e-eeeeeeeeeneieiniiiiiii...
.......................................................................................... YI Yang, XIN Zhongbao, QIN Yunbin, et al (6277)
Spatial heterogeneity of soil moisture across a cropland-grassland mosaic: a case study for agro-pastural transition in north of
CRIENA  cveveererrenenmnennemenemeneneaeenenraeenerenraneeneanenenns WANG Hongmei, WANG Zhongliang, WANG Kun, et al (6287)
The regional diversity of changes in growing duration of spring wheat and its correlation with climatic adaptation in Northern
CRENA  weee e eerernnmenennenenmnenetaenentenetenentaenetrenenaneneeeenenaeeneenenens E Youhao, HUO Zhiguo,MA Yuping, et al (6295)
Response of soil physical-chemical properties to rocky desertification succession in South China Karst <+« «ceeeeeereeeereeneiiniiii.
....................................................................................... SHENG Maoyin, LIU Yang, XIONG Kangning (6303)
Prediction of the effects of climate change on the potential distribution of mire in Northeastern China ««-c-reeeeeerereniiiiiii. ..
............................................................................................. HE Wei,BU Rencang, LIU Hongjuan, et al (6314)
Soil nitrogen mineralization and associated temperature sensitivity of different Inner Mongolian grasslands = ««+eeeeeeereeeeeeeeienieane.
................................................................................. ZHU Jianxing, WANG Qiufeng, HE Nianpeng, et al (6320)
Effects of land use on soil nutrient in oasis-desert ecotone in the middle reach of the Heihe River «+eeeeeeeeereeerieiiiiiiiiiiii...
.......................................................................................... MA Zhimin, LU Yihe, SUN Feixiang, et al (6328)
Assessment on heavy metal pollution status in paddy soils in the northern Chengdu Plain and their potential ecological risk ««++eee---
....................................................................................... QIN Yusheng, YU Hua, FENG Wengiang, et al (6335)
Relationship between the temporal-spatial distribution of longline fishing grounds of yellowfin tuna ( Thunnus albacares) and the
thermocline characteristics in the Central Atlantic Ocean — +«-«eeeeeveeeee YANG Shenglong, MA Junjie,ZHANG Yu, et al (6345)
Biological nitrogen fixation in the upper water column in the south Taiwan Strait during summer 2011 «+ccereeeerereeieenieiniii..
.......................................................................................... LIN Feng, CHEN Min, YANG Weifeng, et al (6354)
Storage and drivers of forests carbon on the Beichangshan Island of Miaodao Archipelago ««+«+eeerereeeereeeiiieiiniiiiiini.,
.......................................................................................... SHI Honghua, WANG Xiaoli, WANG Ai,et al (6363)
Impact of changes in vegetation types on soil C mineralization and associated temperature sensitivity in the Changbai Mountain
OTESLS OF CRMA v vererrreneneenenenenenenneneneenaeeneneeaeneeneneneraeneeneenaenns WANG Dan, LU Yuliang, XU Li, et al (6373)
Analysis of relationship between genetic structure of Chinese Pine and mountain barriers «+sseeeeereeerrririiiiiiiii...
........................................................................... MENG Xiangxiang, DI Xiaoyan, WANG Mengben, et al (6382)

Soil organic carbon interpolation based on auxiliary environmental covariates:a case study at small watershed scale in Loess Hilly

TEGIOM +++eveeessrmmrnnes sttt WEN Wen, ZHOU Baotong, WANG Yafeng, et al (6389)
Eco-management benefit analysis of industrial resources from life cycle perspective:a case study of a virtual symbiosis network «+«+----
................................................................................................ SHI Xiaoqing, LI Xiaonuo, YANG Jianxin (6398)

The game analysis between poverty and environment in ecologically fragile zones --+ QI Xinhua, YE Shilin, CHENG Yu, et al (6411)
The coupling development of economy and environment under the background of World Expo in Shanghai «««-ceeeeeeeeeeeeeeiiieii.e.

....................................................................................... NI Yao, YUE Wenze, ZHANG Yuntang, et al (6418)



(ERZFR)2013 E£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
AR WIT], BITT 1981 4F | il A A F SU HT T S AU IR QBT PERF ST R . IR A 65T, ﬁ%

S (T AL RER RN GE T R A S 2B TAE S IR R A SR AL, A A Rl B Eﬁm&@wﬁ”
PEFEA AR R RA K, 3R B 5 R i g A A 2R I A A F R BT IR 55 o R & ﬁwx%n?;z%ﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂB’@%ﬁtﬁm%fﬁﬂﬁmﬁﬁE’JJ?!Z‘*@IJ%J?@ﬂﬁﬁﬁi% TR
W RE S e A AR 28 e O ) B AR 75 £ P SO s BRSO T 5 AR RSP B B ik OB EOR A4 B B N
LR BHIF S RO = A R

CHER2EY) M2 A T, K 16 FF4,300 1T, B N E M 90 Jo/ M, &4F 2 4 2160 T,

[ IR A AR . 82-7, E SRR & A5 . M670

FRAETFIS . ISSN 1000-0933  CN 11-2031/0Q

4 [ A M R SRy AT T ) AR PT B S T R WS U T R R TR R | SRR AR B AR
TEAETTT

Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362

E-mail ; shengtaixuebao@ rcees.ac.cn %] HE: www.ecologica.cn

KERERIER BRAD WEHMEE LU HATHRE XIKE B ¥

£ &5 %= ® ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) ] _
CEAT 1981 4 3 A EIF)) (Semimonthly , Started in 1981)
¥334% H19H (20134E10 A) Vol. 33 No. 19 ( October, 2013)
b= L= <<$ ?T&>,ﬁiﬂiﬁ Edited by Editorial board of
Huhk . 6 S0 E X BUE 18 % ACTA ECOLOGICA SINICA
MR L% - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
Fi% : (010) 62941099 Tel; (010) 62941099

www.ecologica.cn .
. www. ecologica.cn
shengtaixuebao@ rcees.ac.cn .

shengtaixuebao@ rcees.ac.cn

= W Lok Editor-in-chief WANG R
35 % I:P @*4%&*17}/\ 1tor-mn-cnie > husong
S P P EE AL Supervised by China Association for Science and Technology
o [ Bl 2 pe A SIS SY 0 Sponsored by Ecological Society of China
Hihk . b R e X AUE R 18 5 Research Center for Eco-environmental Sciences, CAS
M L 4 A - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
H R 4% 4 & K ik Published by Science Press
Mol . b R EWARAL T 16 5 Add ;16 Donghuangchenggen North Street,
MR 2w . 100717 Beijing 100717, China
R dbstduARENRIT Printed by Beijing Bei Lin Printing House,
2 1T 4 4 & )G Beijing 100083, China - A
Hiuhk . 2R BEORAR L A 16 5 Distributed by Science Press M ———
Hﬂﬁﬁ(éﬁﬁ% :100717 Add ;16 Donghuangchenggen North %
Eﬁ‘lﬁ l( 010) 6;‘2@)34563 Street, Beijing 100717, China I _m
-mall ; journa; Cspg.net Tel . (010) 64034563 o —_—
T W I el = A
ESNEST T EEFEE RS BN E-mail ; journal @ cspg.net 2 o
Hidl . JL 5T 399 {545 Domestic All Local Post Offices in China > g
B EE 2555 . 100044 Foreign China International Book Trading 7] E
~ . w ———————
J'"f:'??é%" NN o et - Corporation — M~
i WO SUBETR) 5750 8013 %5 Add:P.0.Box 399 Beijing 100044, China ::
ISSN 1000-0933 .= - NP -
RIMAFFRAT MERA S 82-7 EsEITRS M670 E M 90. 00 T

CN 11-20317Q



	1.pdf
	fm.pdf
	中文ml.pdf

	stxb201306091527.pdf
	3.pdf
	英文ml.pdf
	fd.pdf




