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Eremosparton songoricum populations in an artificial sand fixed area and a

natural bare sand area in the Gurbantunggut Desert, Northwestern China
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Abstract ; Eremosparton songoricum is a rare desert perennial shrub found only in Central Asia. In China, its distribution is
limited to the Gurbantunggut Desert. Eremosparton songoricum is a pioneer species that can become established on bare
sand, where it acts as a sand stabilizer, and also occurs in artificial sand fixed areas, created using sand fences. In the
sand fixed areas, the increased stability from the fences leads to the existence of biological soil crusts. This further stabilizes

the surface physical structure and enhances the soil nutrient content, thus creating favorable plant growth conditions which,
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in turn, increase plant species diversity. In contrast, the natural bare sand is barren with high mobility due to high winds
and thus no stability develops to create plant growth conditions. The spatial distribution patterns of E. songoricum were
investigated in both bare sand areas and artificial sand fixed areas by plotting coordinates of every E. songoricum ramet in
each sample plot. To assess the quantitative population characteristic differences of E. songoricum between artificial sand
fixed areas and natural bare sand areas, species composition, abundance, height, coverage and biomass were assessed in
both habitats. Results showed that the numbers of families, genera and species of E. songoricum communities in the
artificial sand fixed habitat were significantly higher than those in the bare sand habitat. The similarity index value between
communities in the two habitats was only 0. 522, indicating that the artificial sand fixed habitat changed the species
composition and structure of the E. songoricum community greatly. The quantitative characteristics of height, coverage,
above ground, below ground and total biomass densities and above ground, below ground and total biomass per individual
were also significantly higher (P <0.05 or P <0.01) in the artificial sand fixed habitat than those in the bare sand habitat.
The correlation dimension values of the population spatial distribution in the two habitats were all close to 2.0, indicating
strong spatial relevance and holding space ability for individuals. The aggregation analysis at two scales (1 m and 2 m)
indicated that almost all of the populations were randomly distributed ; thus the artificial sand fixed habitat had no effect on
the degree of spatial aggregation. Random distribution pattern may therefore be part of the intrinsic properties of E.
songoricum populations and it is possible that it forms the same way regardless of habitat. The organic matter, total nitrogen
and available nitrogen contents in the artificial sand fixed habitat were significantly (P <0.01) higher than those in the
bare sand habitat, and were significantly (P <0.05 or P <0.01) positively correlated with the population quantitative
characteristics except for abundance of E. songoricum individuals. In comparison with the bare sand habitat, the surface of
the artificial sand fixed habitat was stable and the soil organic matter and nitrogen contents were higher. This meant that the
coverage , height, biomass densities and biomass per individual of the E. songoricum population were markedly different and
that the survival and adaptation ability of E. songoricum is stronger in these plots. This conclusion is important for the

protection and conservation of this and other endangered desert species.

Key Words: plant protection; rare species; Eremosparton songoricum; soil nutrient content; species composition; biomass;

spatial pattern
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TR BEE R VD IR (44°11'N—46°20" N,84°31" E—90°00" E) [fifA% 4. 88x10* km* , J& Fe [E 55 — K VP,
2 PR [ i R 1 [ R [ P AR 2% & 2 000—2800 mm, M 4EH 4K X 70—150 mm, H FHE 4L
TAI (BT MR (FERT) 4E 1R 5—8 °C , M i 40 °C L b M <A -40 C LR, =10 C B4R
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IRV (Artemisia songarica) BEVELE I HEME SR TG WL (E. songoricum ) FEVEAN Fr BOAR 70 A T 0 T 3 Fi 4
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1.2.1 FEHbIRE 580 R4E

2010 4F 5 JJK—6 A%, FE i R BRI RV AR B 21 A UEIE JR JC I BRI AR b L R VD X (BS)
11 4> (LL BS1-BS1 T2 7 ) , N TEITPIX (AS) 10 A (Lh ASL-AS10 ¥ 45 ) o 25 IEHAFPRE AR/ B e
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(EC) , B4R k25 ek ™
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JE AW (. MR AR (MR R ) G fERE R JC I E O B T R A A, PR
PR (FERE R BL) WA TS AR R, AR SCAC LI Ml PN HENES IR TC I 57 43S b T A= 4y et TR R 00 LUABLAR Sy Bk
TR, NTEWX 10 NMES, fiPX 11 AERE,LSFEE + SE FR,

WETE SR TG T b AR R R TR R (M, =4.27 x 1072x CV*'™, n=20, R*=0.940, Hoh CV=25 1 x5)
SR 3 AW R ARG L (n=5) 115, BR T UEMS /R JCn D2 S0 se A ) , AR T ST AR R, ERL T L, 2
m X 2 m /NREJT R BEAR BT SR AZ AR ARBRIE L, SRR 1. 5—2.0 m, TR TR BUR 3, H A kK vhik
JEREASPRIC, b [ — R E T 70 CHEAE ML 72 b HIRSEE 0.01 ¢ KFFRE,

1.2.3 =g RTHE Ik

TEN T E VP IR X 4 264 5 REHL(10 m x 10 m) , A T VP X452 AS4 AS5 AS8 (AS9  AS10, i
P IX 43502 BS5 \BS6 \BS8 \BS10 \BSI1, A NIFAH I 1 If- 10 s Bk A A bm . DASCERGEEORT 3 A R 4L BE R A
FAEFPEE2S (RIS SR RRAE

(1) RIRAERL

IR RN S A A () 225 TR AF G R 8 R P B 5 A X 28 ) %) o i R B 1 s I, MBS T 1 fn2 2
i), AR FEBARRHE 5 P 25 I RE 1 BaR . CIRAEBUE R T 2 RV 1 330 = L,

HtE AR,

De = lim logl0(C(&))
=0 loglO(e + 1)

T PEAIH ENVL 4. 6. 1 54 1l oA A AR ) )RR EC R B 338 ok SRS 5 0 — BB B (&) , AR 4R/
FAZ MBS R G B AN B (V) s AR B B (8, v] LR — R 5 N, il i R — BB B S B B 5V ) i
HARE] C(e) ., F C(e) 5 (e+1) FEXCTE AR FHEAT HARIG , HARPREN Ry SCHR AR, RIS A58 SCPRAE 7
K10 m x 10 m ), B HRKEEE N 10 m, 28K N 0.5 m,

(2) REFERR

T RIRE (9 25 0] 3 A R 3 AU . BB AL A A 3750 o0 A RARRE 50 A 1 5 25 3498 L Morisita 1§
BOR R HLEFR BORLE G WA LR S [BIAS SR FE 1 m A1 2 m RUEE I (0 BRAE AU RNaR 1

FABOTE R,

D) EBER ¢ =S/ m, R Y USSR TROPME N —A R0, HGE T4 55 A2 Poisson 731 .
M C=1 BRI, < 1 5100 > | REERE A . (B B E AT -5 (¢ = (S°/ m —-1) / SQRT
(2/ (n=1))MRE, 2 t > ty05(n=1) BB RE ¢ > 10, (n—1) BRI 22

2)Morisita #8880 I, =n (Za’=-2x,) / (Za,( Xx,=1)), I,= 1 AL ;< 1 T2 %0;> 1 0
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3)WHMEAEEL m”™/ m SOV (m™ ) SVHEE (m) R m” =2/ Za,-1,%m"/ m=
L B BENLA G, > | B EERES T, < 1 B R 51 500

ERAARA 0 R AR DT BT (2 100 F125) |, x, SHERANEEDT HR AR S B LI, m 4
ANREH A ARE DT HOULIE XM, S* REA T 22,
1.2.4 Sitoandr

X2 AR BT S SR JC I G RN BB R A T ST R AR r-test, X 48R4 5 RIRRIRERRIE ST
Pearson fHOC/MAT, 3 4I7E SPSS 13.0 HsE8l, & MUAE 70 A 78 EXCEL 2003 158 1, /£ EI7E ORIGIN 7.5 th
eI,
2 ZER551
2.1 2 PSR SR TC i SRR R AL AR

2 A8 21 AL 16 B 32 JE 34 RN (K1), YR EUR Z WEHE A EVRZERL, 1 T AR,
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A& 1 ARREE 10 A, AR gL & SR B 26. 5% s JESAFIRE 6 A RS 73.5% o il AR s A
RIA3ATAL, 34 AR EARSE 5 B, AR RKE TR 3 B AR AR E FRWIREY) 7 Fh 1 AR KB SR
P4 ®h 1 ARA R E SRR 15 i,

NTE XA 13 B 28 J& 29 Fi, [CHARAM R B AR5 BU5E R IRED R BREF RIS, 5
T A 15 280 (O[] ) A R4 B 3 3 .6 4 R 12 B, WRIPIX A 9 B 17 )& 18 Fhdiidy,5 FhA: 1 7
YR E ST IR 5 2 10 3 AT B, N TRV X Py HERE IR JE i SRR F SR8 (11.2 = 1.15) B3 (P <
0.01) F TIIPIX(6.45 £ 0.49) , “HWFAALIEFS SR 0. 522, 2 FPAERE I BAT — 284878 (94T D Fh,
WG L Fidi s AR R E AU T N T VD X W AE R VD P B A RS Vb S i 4
ARA3 AR FIUP X, U A5 JINAE 2 A5 T2 40

AL N T A 15 B S 4 v T B SR JE I R TE Rh E  E OTU T RIS IR A S A5

F1 2HEEREBRIMEHEDFHIAREEFE

Table 1 Species and their life-forms in E. songoricum communities in two habitats

(R iIES aerpl] NP IX WX

Family Species Life-form Artificial sand-fixation area  Bare sand area

2%} Compositae Hitn4§ Hyalea pulchella ASVP +
T B Senecio subdebtatus ASVP + +
HENE SR VDS Artemisia songarica Shrub + +
25287 Seriphidium terraealbae Shrub + +
KL% Cousinia affinia PLVP +
PSRNk Echinops gmelinii ASVP + +
VHB LTS Chondrilla ambigua PLVP + +

ZEF} Chenopodiaceae BIPE gtk ST Corispermum lehmannianum ASVP + +
R RS C. orientale ASVP +
VPI%E Agriophyllum squarrosum ALVP + +
FIVLFE Salsola ruthenica ALVP + +
X453 Horaninowia ulicina ALVP + +
FHREE Ceratocarpus arenarius ALVP +
B H R Kochia odontoptera ASVP +

EEl Fabaceae WENES /R IG5 Eremosparton songoricum Shrub + +
LT B Astragalus flexus PSVP +
A A, arpilobus ASVP + +

RAEL Poaceae PIEER Stipagrosits pennata PLVP + +
i FFEL Schismus arabicus ASVP +
R R Eremopyrum orientale ASVP +

HAPR Liliaceae FHAR I EB BL Eremurus inderiensis PSVP +
/NG Allium pallasii PSVP +

SLEFR] Boraginaceae PR T Lappula semiglabra ASVP +
INAERTFZE Heliotropium micranthum ASVP + +

g4 JLTE Rl Geraniaceae g dEd- )L Erodium oxyrrhynchum ASVP +

+FA4ERL Cruciferae B RWSE Malcolmia scorpioides ASVP +

KAl Euphorbiaceae + K Euphorbia turczaninowii ASVP +

£A17%E Caryophyllaceae VDA Silene olgiana PSVP +

2R} Iridaceae S8 Iris tenuifolin PSVP +

ik Plantaginaceae INTEHIT Plantago minuta ASVP +

PFHEEL Cyperaceae FEEFL Carex physodes PSVP +

HF} Polygonaceae RSP Calligonum leucocladum Shrub

R EEF} Ephedraceae WEIKEE Ephedra distachya Shrub

AJEFRL Umbelliferae AL Soranthus Ledeb PSVP +

SRS Total number of species (34) 29 18
Shrub : ?ﬁ?{i, PLVP . Z4F 4K & F=HE Y Perennials with long vegetative period; PSVP ZAF 2 b FE A Y Perennials with short vegetative
period; ALVP.1 KB FHFIHAEY) Annuals with long vegetative period; ASVP .1 AR B SR AEY) annuals with short vegetative period
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2.2 2 FA SRR SR JC I RN S AR AR R

NP IX R SR TG SRR EEAR MR 2 (2. 69+0. 24) /N T VP IX (3.01£0.20) ,{H —FH R AR H
(F22) ;T FhRE 25 B A BE 20 90 M 25. 3% F1151. 63 em, F1 I KT IR # (43910 14. 4% F144.12 em) (F£2),
N TV DENE /R T S AR LG (1. 22 + 0.29) B8 & TP X (0.83 £ 0.17) (F=6.83, P=0.031),
1M FLRG & M AR Y B (51,40 g/m®) Hb R AR (62,55 g/m®) | A Ak W 0t 2 8 S Bk 1 /4 gy
(20.11 g) FARRHL T AW (24. 47 o) MR DAY R EE (P < 0.05) Btk & (P < 0.01) & TP IX
(73912939.25 g/m* 32.41 g/m* [14.04 g F1 11.60 g) (& 1) , RN TIEV AR F 17 HEMES R TCr St T A
Yriek L], IR T MR A Wi

R2 2HMAERHEBRIMEMHEREE SERSE

Table 2 Density, coverage and height of E. songoricum in two habitats

H: 1% Habitat iy Density /( /I\/mz) = Coverage/ % =953 Height/cm
N L [E PP IX Artificial sand—fixation area 2.69+0.24 a 25.30+2.16 A 51.63+0.81 A
W UPIX Bare sand area 3.01+£0.20 a 14.40+1.65 B 44.12+1.68 B

ARNGFRFREFBE (P <0.05); Al KEFRFRZEFWEE (P <0.01)

ik R B
60.0 80.0 - 150.0
o o
g 500 ! o .
5 s00 | ; 120.0 ‘
%3 400 : 90.0
B Z 300 40.0 | ' :
[}
ENR : 60.0
g 200 -
£ 100 ' 30.0
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Fig.1 Biomass density and biomass per individual of E. songoricum in two habitats
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Table 3 Three aggregation indices ( Means + SE) and distribution patterns of E. songoricum populations in two habitats

REE/m T A i e AN T.[HYPIX Artificial sand-fixation area WP X Bare sand area

Scale Aggregation indices AS4 AS5 AS8 AS9 AS10 BS5 BS6 BS8 BS10 BSI1
1 JrZEHELE S2/ m 1.100 1.143  0.960 1.218 1.007 2.478** 1.277  0.975 1.046 1.072
Morisita $5%X I 1.033 1.056  0.976  1.044  0.999 1.470 1.066  0.988 1.015 1.016
R m* / m 1.037 1.060  0.980 1.046 1.003  1.475 1.069  0.991 1.019 1.019

% JR 25 Pattern R R R R R C R R R R
2 TrEWMHEL S/ m 1.551 0.813 1.038 1.405 1.566  4.489* 1.104 1.540 1.335 0.892
Morisita $5%X I 1.046  0.977 1.000  1.019  1.047 1.268 1.004  1.041 1.029 0.990
R m*/ m 1.050  0.981 1.005 1.021 1.051  1.272 1.006 1.044 1.033 0.993

1% g2 Y Pattern R R R R R o R R R R

C RS 5 REAPLIIAT; = Fl = FRIREE t-test IKF] 1 2 A ok KTV B O

2.4 MERE/RJCM SARERRRIE S IR I G R
N TS IX A AU 5 S A S R B B o TP X, il 480 pH (EUHT FL 53R 8] G . 2%
225t (K 4), Pearson MIKHTRI (L 5) , BRI BESN A HLBUR UK 15 HENE /R oM GRS Ak 2 58

B i S IR AR R
3 itig

3.1 MEREJRTCM: SRR ERFAE

TR B B S BER EY Z R R AR AR IX TR P i 2 92 8—10a,
FJTAR [0 DX R CIE 45 K AR S S A A8 B I8 [0 X E e A A T B RS &5 B A7 AR
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Table 4 Soil nutrients (Means + SE) of E. songoricum communities in two habitats

HBE AL o i a4 HRA - R
Habitat SOM/(g/kg)  TN/(g/kg)  TP/(wkg)  TK/(wkg)  AN/(pg/ke) P EC/( ps/cm)

& Vb X
ALED] 2.01£0.07A 0.105+0.003 A 0.247+0.004 a 29.48+2.25 a 16.14+0.55 A 8.33+0.03 a 38.84+1.70 a

Artificial sand-fixation area
VP IX Bare sand area 0.47+0.05 B 0.028+0.002 B 0.243+0.006 a 26.45+1.34 a 5.48+0.72 B  8.30+0.03 a 41.93+1.91 a
ANFE/NEFREFIR 227 03 (P < 0.05) ; AAKREFRFR 27 M EE (P <0.01)

R5 EBERIMEIFEMHHIS TEFSENEXRY

Table 5 Pearson correlation coefficients between soil nutrients and main population characterisitics of E. songoricum

[ 2%/ przgicg B 26 iy
HHLF/ (g/kg) -0.324 0.648 ** 0.616 ** 0.645 " 0.898 " 0.825"" 0.593 "~ 0.840 ** 0.751**
25/ (¢/kg) -0.298 0.681"" 0.646 " 0.601 ** 0.873"* 0.792** 0.553** 0.809 ** 0.715**
W/ (g/kg) -0.094 -0.018 -0. 106 0.043 0.125 0.097 0.152 0.156 0.157
SR/ (g/kg) -0.226 0.171 0.125 0.259 0.295 0.288 0.290 0.324 0.316
A/ (pe/kg) -0.174 0.549 = 0.642 " 0.651 " 0.888 ** 0.821"" 0.514 = 0.758 " 0.668 **
pH 0.047 0.065 0.129 0.041 0.132 0.101 -0.023 0.072 0.033
EC /(ps/cm) 0.071 -0.362 -0.262 -0.093 -0.175 -0.149 -0.006 -0.100 -0.062

ABD Hli b/ Hyi % B Aboveground biomass density; BBD #f T = #) 4 % Ji Belowground biomass density; TBD &/ #) 4 % & Total biomass
density ; ABI HiBkHE 4= ) & Aboveground biomass per individual ; BBI Hiffith T 2 )i Belowground biomass per individual ; TBI HL# & 4= 9 & Total
biomass per individual; * P<0.05, #* * P<0.01

HE AR 45 R v 32 R T B ) o S WA AR 1) A AR FISR IO | 338K 3 R334 A T B AR
Xt (R L, fE s H AR R 5E S ME BT RE ST . AR /N R W E R R A AL o A o A R B, i e S ik
—NFPLEREE T D RE AR N KT 0 DX MBS JR JE I 520 MR AN T 8 | i b b A W R M
TR SRR AR AR BRI T A R R B AR Y I B R TRV X, BT
N T ED DRSS JR TG SRl AR B LS

EAAEE S XA YD B VDB D FE RN [ K 3 2 R U SR TE R LA RN (Y BT ], VD
R B9 20 PR HE 0 25 DR T-TR R, EL A PSR AR, M0 e JEE B 20/ e TOURR Bt - 438 35 K k4 32 7
A II R BE AR M TH G o ASBIRZE A N T [ DX B 7% DG I S R PR 0 4 B2 /N T3 00 DX R R 11
JEE 35 E AR AAE R DETESE SRARMI &, RO T g /R e X — v e sE AR T =, By i B IR (R 23 8 3R
o) ZRMER  MERE IR TG SRR B B RSN . SER T BRIR AR LR B AR E T R RO Bl 2 8
2, HARE o5 G JR JC I L2 [8] 7 A 5 4 S AR M) R DG S SR RO/ 3 BRI, SN e A A v B2 A 2
Py M A S S Fy o MIAE LR B AR AR MR X, NS R TG A D Se B ), ol o PR e [ 3%
BHL, P AR R A AR BT o g AR A s T A, A, N D DX R T it 2 A AR O L 2 R TR D
DX, AT g e AT P DX B ZR TG M TR B 22 i B A A B2 AR b IR S ORI R B SR RE ) s Tt v X
LR AT REHS B 2 A BT IRBE A BZRCARZE L LIRS I sw R o R 8] AR PR S VR AT 25 25 A 85 T 9L [ BE i afle 5
HUR A PR Y A O TR AR 2R R B A S B T P DX g /R e M AR T L 2 2 e TR T X
PS5 G AR R RIK B B YR R TE I SR AR KPR 2553 A5 i 518 AH — 2.

L5 LRI, N LB DXAERE /R TG SRR R B S BE AR Wy 4 R Bk A ) i A R 75 3 I S RO, e
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BP0 DB SR D X, AR SCIR 4R BB 4 T 2, i ] 2 b AR 355 v v MBS J) G M 2 Ml R 22 EL A i ) A R s
() AF SRR HE A2 [ R, VRS K JC I B2 SR (MR 25 R0 v o SR AL , ) SRR ey T b A i R R AR
(<3% ) , FhF B S IE B G HR D (<0. 19 ) %7 FRE LA o b 08 S 2 B AR R LA i g A 2
[ AHOCRREE 31X 5 Lin Y 4557 BT 0Fhric FFR A2 18] F AR DG 22 205 RAR — B, T 0L, 0 T i ng /R JE i
T, el B IX — [T B A ) R B R TR A RS SR

N T VP XA FARABE T RGP, ZE 1T m A2 m PR RUZETR |9 AN 1l o 0B 7R T I 5253 R IR 114 23 410
R R BENL M, A TRIPIX BSS — MR HUZ R0 A, 80 A7 MR 2R T I 270 R of e S B0 aHe 20 A1 4% SR
SN < 58— | S B AR K R NES ZR TG 52 22 20 1 Y 3l e 1] 5 0 e P9 XU 1 8 0 XL A5 e ) A0 35
B, FUIRAE I A 35, K ATt AL FR5 S AP HOE RITE ARSI A THIB LT, i1
AR TG B I AR D R AP 24K 20 BRI ph o e AL 7 A I 43k b BB AR I Bl i b, A
GTEOT YHENE R TG I T2 A3 AR 25 [RTRS J=) B T B A P P PR LU /D 58— BRI 28 ) ) 25 AR B
RO A B, BB A IR R W MR A 2 (] A M R RO T B R 22— MERE) R TG T2 A T e AR B 1Y
DLHAFRRE, SO R g AR Y, XK 70 R 58 SR A B U S 4 R Bk A T g BERM N 2Bk 1], [R) Ik el T e
WS I E A bR Z AR K I BRKAE B L R S SR AR T2 O 1 S0 M 3R FOR P - S B, 552
BT RR ) A B PRI T S JR JC I BRI DR S BT U R b 14 24 (1) 72 S5 T 2 B REATL A s S o BSR4 o0k
1o JEE B P A A5 0 BR RI AR 28 XoF 37K 3 S SR 23 ) B A IR, 68 AR SHC S 5% 5 1) - ot B8 X 0 AR ) 9 AR T 22
= WP IX BSS FEMLA THOR , T AL A RS R X R g, AR 7 T2 i e T, BSS
RF L B R I S 5 S R Vb R A VMR ZK U0 G 22 O AT PR, HL i FE ORI U0 X L R s TR AR U 5
B SE AL o DRI U K 0 o - SRR 20 M 2 ] IR 19 5 A S 1 i BSS R Ml v ) R T i S b
REER) RN, HE K ICH B0 BRA R St BLRE AL A7 s JREEE I A K SRR T 57 23 5L B VD TR IR 1) —
P&,
3.3 AL R BGHY)  1EL

HENES /R G S 2Z BT LG, 2RO HARBE A B 25 Bl 1 A AR AR AR (<3% ) Ui MK (<0. 1% )
B AT HE s e ™0 g R Jem: 5 3 SRAE S VD X 12 X IV ™, KPR R T (2
N TV X HI R AR R AR o R, HOKSPAR B 0 A AE 1 3 0—30 om [A], R BLHH R AP AR ROARES . Tl
HN TS XS (8] 50 A 4 e R B, DR — LERP A A PR AR 21 1 OREF . BUOR FRT M AN R TP IX
YRV DX PN R JR JC M A8 A R S 5 T JC 22 e (E A 2 M AEBE R SR B B — R AR 22 S 1
FWY, NS DX S HOU U0 DS S B M O 2R A7, R4, = i) DA N T [ 00 DX A T 4% i) J7
Y KA R SR AR h 2 B BV R U RS XA Ry — ] 22 i 42
PRI, IS5 By AU VD M B e AR M RO DR B S R S BT B BR R T
Brigt . b R bR s A A5 S MBS T R e A SR ST SR R BR A TRH X A R AR AR R A
B R KAAE 3 LS SRS B B S A SR YR — il 25 T SR AR B

References:

[ 1] Wilson E O. Threats to biodiversity. Scientific American, 1989, 261(3) .108-116.

[ 2] Thompson R, Starzomski B M. What does biodiversity actually do? A review for managers and policy makers. Biodiversity and Conservation, 2007 ,

http ; //www. ecologica. cn



6724 A E = 324

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

(23]
[24]

[25]
[26]
[27]
(28]

[29]

[30]

16(5) :1359-1378.

LiZQ, Ou Yang Z Y, Zeng H Q. Assessment methods for territorial biodiversity hotspot based on species richness at broad scale. Acta Ecologica
Sinica, 2010, 30(6) :1586-1593.

Houghton R A, Hall F, Goetz S J. Importance of biomass in the global carbon cycle. Journal of Geophysical Research, 2009, 114 ;GO0EO3, doi:
10. 1029,/2009JG000935.

Reed B M, Sarasan V, Kane M, Bunn E, Pence V C. Biodiversity conservation and conservation biotechnology tools. In Vitro Cellular and
Developmental Biology-Plant, 2011, 47(1) :1-4.

Yang L W, Zhou HY, Fan HW, Jia X H, Liu L C, Li A X. Advances of soil restoration research on artificial sand-binding vegetation ecosystem
in Shapotou Desert region. Journal of Desert Research, 2009, 29(6) :1116-1123.

Jia X H, Li X R, Wang X P, Fan H W, Zhao J L. Primary study of spatial heterogeneity of soil property in processes of shifting sand fixation in
southeaster Tengger Desert. Journal of Soil and Water Conservation, 2003, 17(4) :46-50.

Li X R, Xiao HL, Liu L C, Zhang J] G, Wang X P. Long-term effects of sand-binding vegetation on the restoration of biodiversity in shapotou
region of Tengger Desert, Northern China. Journal of Desert Research, 2005, 25(2) :173-181.

Fullen M A, Mitchell D J. Desertification and reclamation in North Central China. Ambio, 1994, 23(2) :131-135.

Zhi D J, Nan W B, Ding X X, Xie Q J, Li H Y. Soil nematode community succession in stabilised sand dunes in the Tengger Desert, China.
Australian Journal of Soil Research, 2009, 47(5) :508-517.

SuY Z, Zhao W Z, SuP X, Zhang Z H, Wang T, Ram R. Ecological effects of desertification control and desertified land reclamation in an oasis-
desert ecotone in an arid region: A case study in Hexi Corridor, northwest China. Ecological Engineering, 2007, 29(2) :117-124.

Zhang DY, Ma W B, Shi X, Wang J C, Wang X Y. Distribution and bio-ecological characteristics of Eremosparton songoricum, a rare plant in
Gurbantunggut Desert. Journal of Desert Research, 2008, 28(3) :430-436.

Zhang D Y, Wang J C, Shi X. Population quantitative dynamics of the rhizomatous woody clonal plant Eremosparton songoricum in china’s
Gurbantuggut Desert. Acta Phytoecologica Sinica, 2009, 33(5) :893-900.

Wang J C, Shi X, Zhang D Y, Yin L K. The morphological plasticity of Eremosparton songoricum along heterogeneous micro-habitats of continuous
moisture gradient changes in sand dunes. Acta Ecologica Sinica, 2009, 29(7) :3641-3648.

Wang J C, Shi X, Zhang D Y, Yin L K. Ramet population characteristics and biomass allocation of Eremosparton songoricum growing under
different water conditions. Acta Ecologica Sinica, 2009, 29(12) .6475-6481.

Zhang D Y, Liu H L, Wang J C, Shi X, Liu Y. Conservation biological study on Eremosparton songoricum. Arid Zone Research, 2011, 28(1) ;
104-110.

Jiang J. A preliminary study on hydrologic physioecologic characters of Eremosparton soongoricum. Arid Zone Research, 1989, 6(4) .43-46.

Ma W B, Zhang D Y, Yin L K. Variation of seed sizes of Eremosparton songoricum geographic populations and germination characteristics. Arid
Land Geography, 2007, 30(5) :674-679.

Ma W B, Shi X, Zhang D Y, Yin L K. Flowering phenology and reproductive features of the rare plant Eremosparton songoricum in desert zone,
Xinjiang, China. Acta Phytoecologica Sinica, 2008, 32(4) :760-767.

Lu XY, Zhang D Y, Ma W B. Genetic variation and clonal diversity in fragmented populations of the desert plant Eremosparton songoricum based
on ISSR markers. Biodiversity Science, 2007, 15(3) :282-291.

Shi X, Wang J C, Zhang D Y, Gaskin J F, Pan B R. Pollination ecology of the rare desert species Eremosparton songoricum ( Fabaceae).
Australian Journal of Botany, 2010, 58 (1) :35-41.

Wang J C, Shi X, Zhang D Y, Yin L K. Phenotypic plasticity in response to soil moisture availability in the clonal plant Eremosparton songoricum
(Litv. ) Vass. Journal of Arid Land, 2011, 3(1) :34-39.

Liu SL, Wang L D, Gao Z H, Zhong S J. Introduction of endangered plant Eremosparton songoricum. Arid Zone Research, 1997, 14(2) :31-35.
Zhang D Y, Wang H L. Preliminary study on the growth pattern of several clonal plants in desert zones of Xinjiang. Arid Zone Research, 2005, 22
(2):219-224.

Wang X Q, Zhang Y M, Zhang W M, Han Z W. Wind tunnel experiment of biological crust effect on wind erodibility of sand surface in
Gurbantiinggiit Desert, Xinjiang. Journal of Glaciology and Geocryology, 2004, 26(5) :632-638.

Zhang L Y, Chen C D. On the general characteristics of plant diversity of Gurbantunggut sandy desert. Acta Ecologica Sinica, 2002, 22(11) .
1923-1932.

Zhang Y M, Wang X Q. Study on the Biological Soil Crust of the Junggar Desert. Beijing:Science Press, 2008.

Bao S D. Routine Analysis Method for Soil Agro-Chemistry. Beijing: China Agriculture Press, 1999.

Tao Y, LiuT, JiaY M Cui Y H, Luo C, Wei P, Xie J B. Fractal characteristics of spatial distribution pattern of Ceratoides ewersmanniana and
Haloxylon ammodendron population in the southern Gurbantunggut Desert, Xinjiang. Arid Land Geography, 2008, 31(3) :365-372.

Wu X G, Guo J P. Population structure and spatial distribution pattern of natural regeneration larix principis-rupprechtii in Guandi Mountain.

Journal of Wuhan Botanical Research, 2009, 27(2) :165-170.

http ; //www. ecologica. cn



21 34 SRR DE A NI VD X5 U v DX g ZR TG S R A R 5 2 [ A% R X FEBIE 5 6725

[31] Nicotra A B, Chazdon R L, Iriarte S V B. Spatial heterogeneity of light and woody seedling regeneration in tropical wet forests. Ecology, 1999, 80
(6) :1908-1926.

[32] LiXR, ZhangJ G, Liu L C, Chen H S, Shi Q H. Plant diversity in the process of succession of artificial vegetation types and environment in an
arid desert region of China. Acta Phytoecologica Sinica, 2000, 24(3) ;257-261.

[33] Zhang J T. Quantitative Ecology. Beijing:Science Press, 2004 :16-27.

[34] Fu X, Nan Y H. Population patterns of main communities on halomorphic meadow of Keerqin sandy land. Chinese Journal of Applied Ecology,
1992, 3(4) :313-320.

[35] Song H X, Jiang M Y, Chen Q B. Point pattern analysis of Phyllostachys bissetii ramet population in West China Rainy Area. Chinese Journal of
Applied Ecology, 2011, 22(5) :1135-1140.

[36] Liu HL, Shi X, Wang J C, Yin L K, Huang Z Y, Zhang D Y. Effects of sand burial, soil water content and distribution pattern of seeds in sand
on seed germination and seedling survival of Eremosparton songoricum ( Fabaceae), a rare species inhabiting the moving sand dunes of the
Gurbantunggut Desert of China. Plant and Soil, 2011, 345(1/2) :69-87.

[37] LiuY, Zhang DY, Yang H L, Liu M Y, Shi X. Fine-scale genetic structure of Eremosparton songoricum and implication for conservation. Journal
of Arid Land, 2010, 2(1) :26-32.

[38] ChenJ S, Dong M, Yu D. The characteristics of stoloniferous herb Fragaria vesca L. ramet population and their variation along an altitudinal
gradient in the eastern edge of the Qing-Zang Plateau in China. Acta Ecologica Sinica, 2003, 23(3) :428-435.

BE K

[3] ZEE, RHESD, 92N SETYURIIUEEY ZRERGIR . A5k, 2010, 30(6) :1586-1593.

[6] tpmisk, Fiugde, #EC, BHa, XL, FEE P A TR ES RG DR AU R R, P EYBEL, 2009, 29(6) .
1116-1123.

[ 7] BHELL, ZHioR, EHF, BESC, ek, WibREE R D et IR R b whaT. K L ORFF2E, 2003, 17(4) :46-50.

[ 8] Z=Hiok, MubiR, XISm, sksol, TR, Mg BBy kit X VR A ) Z R i s m. b Vb BE, 2005, 25(2) -
173-181.

[12] HkiE, B3CF, Hi, TR, TI5. HEE/RIOH BRI g SR SRR A E. IR, 2008, 28(3) :430-436.

[13] Skifm, FHs, M. RERARA TR YER /R TEM SRR 3. RS, 2009, 33(5) :893-900.

[14]  FA, A, SKIEIT, FOKE. ¥ 3 5 Btk /INA S P IR TE I X 7K o S A AR B RS2 41, 2009, 29(7) :3641-3648.

[15] T, M, ST, FOARE. ANEDKIN T e /R Toit S o Al RS R AR /O 22 5. ARAS" 4, 2009, 29(12) :6475-6481.

[16] oEE, XI&R, FEA, M, XI#. EERIEM ZA R EY =, TRIXIFR, 2011, 28(1) :104-110.

[17] &, WEMSRICH SR A B -2 R AP TR TR IXBESY, 1989, 6(4) :21-28.

(18] Ih3rss, HKiHE, Frifs. AN /RTCH BOmIMA AN o] & ek, T RIXHIETL, 2007, 30(5) :674-679.

[19])  Ih3ess, fas, ST, Trbkod. WHERS/RIGM SR TF Bk 5 AR, A4 45240, 2008, 32(4) :760-767.

[20]) PS5, WKIHE, SO0, MEMRTCH B Wik e s e A4S 5t RO Be S ek, EMIZRETE, 2007, 15(3) :282-291.

(23] XA, £IGE, WM, A%, WRBCHYER/R T T3R8, TRXO5, 1997, 14(2) :31-35.

[24] GRIEIE, FL03%. Fild KJUF s A KA R w6 E 5. TR IXBF5E, 2005, 22(2) :219-224.

[25] EEFF, skooll, RMBR, SRBEOC b /RPERE R BEAE Y4 B 3 i A RS R 4 KGR 9246 k)1 R L, 2004, 26(5) :632-638.

[26] Bkirizs, PREH. BT /RBEE R B ) SRRV I — MR nl. AR, 2002, 22(11) :1923-1932.

[27] oW, EEFF. MEERFEBAEYLE BV, JUat. Bl i, 2008.

(28] B, RS, dont. ERL iR, 1999.

[29] Faify, XV, BOEL, iz, JEME, ZUMG, BT b /K BRSO RR U BERE G0 M SR R AN 25 ()48 S5 () B AR AE. T 5 X 7,
2008, 31(3) :365-372.

[30] /MY, FBEF. SR LARILTE I FA AR SRR RS #4523 A% SR I 5. DU 2= 0F5T, 2009, 27(2) :165-170.

[32] ZHioR, skEOG, XSO, BRVRIBL, £ DO, FRIE T R0t DN TAE S PR s i R A Z AR PRI ST, A AR 382741, 2000, 24
(3):257-261.

[33] ks, BoAEZss. Junt. B, 2004:16-27.

[34]) PR, SR, BHRIDY HbEh A F f) 3 SR U v AR SR OB, B84, 1992, 3(4) :313-320.

[35] “Rex»t, TUWIHE, BRHIR. SEPURTGE X ST R i sim SR . o A 2824k, 2011, 22(5) :1135-1140.

[38]  FRSWHY, FENY, Fhb. 795808 AR SR ) 25 R B RORR I S MR R AL ST SRBR 975k, /1 454R, 2003, 23(3) :428-435.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32,No.21 November,2012( Semimonthly )
CONTENTS

Widespread of anaerobic ammonia oxidation bacteria in an eutrophic freshwater lake wetland and its impact on nitrogen cycle —«--------
................................................................................. WANG Shbmyun7 7ZHU Guibing, QU Dongmei, et al (6591)
Responds of soil enzfyme activities of degraded coastal saline wetlands to irrigation with treated paper mill effluent — --+eeeeeeeeeeeeeenes
....................................................................................... XIA Mengjing, MIAO Ying, LU Zhaohua, et al (6599)
Wetland ecosystem health assessment of the Tumen River downstream — ---«-------- ZHU Weihong,GUO Yanli,SUN Peng,et al (6609)
An index of biological integrity : developing the methodology for assessing the health of the Baiyangdian wetland -----ecoeeeeeeeeneennnes
................................................................................................ CHEN Zhan’ LIN BO’ SHANG He,et al (6619)

MODIS-based analysis of wetland area responses to hydrological processes in the Dongting Lake ««++cceceeeeeeeeeieneneiiiiiii..
.......................................................................................... LIANG Jie, CAI Qing, GUO Shenglian, et al (6628)
The diversity of invasive plant Spartina Alterniflora rhizosphere bacteria in a tidal salt marshes at Chongming Dongtan in the Yangtze
RIVET @STUALY ++vveereeessrnmnnnnsnereeeees s ottt ZHANG Zhengya, DING Chengli, XIAO Ming (6636)
Analyzing the azimuth distribution of tree ring 8 C in subtropical regions of eastern China using the harmonic analysis ++++«sssseeeesses
....................................................................................... ZHAO Xingyun, LI Baohui, WANG Jian, et al (6647)
In the process of grassland degradation the spatial pattern and spatial association of dominant species ««+«+eteeerreeereeeeiieeiiieii.e.
......................................................................................................... GAO Fuyuan, ZHAO Chengzhang (6661)
Activities of soil oxidordeuctase and their response to seasonal freeze-thaw in the subalpine/alpine forests of western Sichuan = «--------

.......................................................................................... TAN Bo, WU Fuzhong, YANG Wanqin, et al (6670)

Simulating the effects of forestry classified management on forest biomass in Xiao Xing'an Mountains ««-«+eseeeeeeereeeniieaiii...

.................................................................................... DENG Huawei, BU Rencang, LIU Xiaomei, et al (6679)
The simulation of three-dimensional canopy net photosynthetic rate of apple tree ««-eseeeerermiarerii
........................................................................ GAO Zhaoquan,ZHAO Chenxia, ZHANG Xianchuan, et al (6688)
The effect of Phomopsis B3 and organic fertilizer used together during continuous cropping of strawberry ( Fragaria ananassa Duch)
.................................................................................... HAO Yumin, DAI Chuanchao, DAI Zhidong, et al (6695)
Temporal and spatial variations of DOC, DON and their function group characteristics in larch plantations and possible relations
with other physical-chemical properties —«-eeessesereemeeieaiieiiin. SU Dongxue , WANG Wenjie,QIU Ling,et al (6705)

Comparisons of quantitative characteristics and spatial distribution patterns of Eremosparton songoricum populations in an artificial
sand fixed area and a natural bare sand area in the Gurbantunggut Desert, Northwestern China «-«-eeeeeeereeeeneeeiniiiiiiie.

.................................................................................... ZHANG Yongkuan, TAO Ye’ LIU Huiliang, et al (6715)
Comparison study on macroinvertebrate assemblage of riffles and pools:a case study of Dong River in Kaixian County of Chongging,
CRETIA ++ v oeerermenenenenenaenensenensaeaensentneneeseteneneeeneaeneneenenensens WANG Qiang, YUAN Xingzhong, LIU Hong (6726)
Nekton community structure and its relationship with main environmental variables in Lidao artificial reef zones of Rongcheng ---------
.................................................................................... WU Zhongxin,ZHANG Lei,ZHANG Xiumei, et al (6737)
Zooplankton diversity and its variation in the Northern Yellow Sea in the autumn and winter of 1959, 1982 and 2009  -«--evceeeeeeeees
................................................................................. YANG Qing, WANG Zhenliang, FAN Jingfeng, et al (674—7)

Building ecological security pattern based on land use:a case study of Ordos, Northern China «-«-e+seseeeeeeeeemieiiiiii,
............................................................................................. MENG Jijun,ZHU Likai, YANG Qianet al (6755)
Additive partition of species diversity across multiple spatial scales in community culturally protected forests and non-culturally
protected fOrests «««««««vverrmrmmrmmmiui GAO Hong, CHEN Shengbin, OUYANG Zhiyun (6767)
Environmental perception of farmers of different livelihood strategies: a case of Gannan Plateau ««+«+eeeeeeeeeeens ZHAO Xueyan (6776)
Application and compaﬁson of two prediction models for groundwater dynamics ...............................................................

.................................................................................... ZHANG Xia, LI Zhanbin,ZHANG Zhenwen, et al (6788)

Pollination success of Phaius delavayi in Huanglong Valley, Sichuan «-+-ceceeeeees HUANG Baogiang, KOU Yong, AN Dejun (6795)
Mechanism of nitrification inhibitor on nitrogen-transformation bacteria in vegetable soil = +eseseereeeereereeinniniiiiiiiiin,
................................................................................. YANG Yang, MENG Denglong, QIN Hongling, et al (6803)
Archaea diversity in water of two typical brackish lakes in Xinjiang = ---e-eeeeeeeeee DENG Lijuan, LOU Kai, ZENG Jun, et al (6811)
Abundance and biomass of heterotrophic flagellates in Baiyangdian Lake, as well as their relationship with environmental factors ------
.................................................................................... ZHAO Yujuan, LI Fengchao,ZHANG Qiang,et al (6819)
Effects of bisphenol A on the toxicity and life history of the rotifer Brachionus calyciflorus —-«-seeseeeesereeeemenmiaiiiii.

............................................................................................. LU Zhenghe, ZHAO Baokun, YANG Jiaxin (6828)

Effect of incubation temperature on behavior and metabolism in the Chinese cornsnake, Elaphe bimaculata — +++--+veeeeeeeeereieaeennnes

............................................................................................. CAO Mengjie, ZHU Si, CAI Ruoru, et al (6836)
Functional and numerical responses of Mallada besalis feeding on Corcyra cephalonica eggs ««+«+«+xteeeereeneiecneiiiniiiii..
................................................................................. LI Shuiquan, HUANG Shoushan, HAN Shichou, et al (6842)
Stability analysis of mutualistic-parasitic coupled system «-e+eeeereeeeieeeeiiiiiain. GAO Lei, YANG Yan, HE Junzhou, et al (6848)
Effect of ultra-micro powder qgiweibaishusan on the intestinal microbiota and enzyme activities in mice — =+eseeerrerereeneieeiiiieii .
................................................................................................ TAN Zhoujin, WU Hai,LIU Fulin, et al (6856)

Review and Monograph
The effects of nitrogen deposition on forest carbon sequestration .a TEVIEW ++cetteesonennetnntanseuseaeetstussussossenscsostsscassessesssanssasens

Effect of enhanced CO, level on the physiology and ecology of phytoplankton —««s««-seeesueeesursiiiiiiniiiii i
................................................................................. ZHAO Xuhui, KONG Fanxiang, XIE Weiwei, et al (6880)
Transboundary protected areas as a means to biodiversity conservation —«-e--e-eeeeeeeeees SHI Longyu, LI Du, CHEN Lei, et al (6892)
Scientific Note
The energy storage and its distribution in 11-year-old chinese fir plantations in Huitong and Zhuting ««-ecoceeeeeeeereeeaiiiiin.
................................................................................. KANG Wenxing, XIONG Zhengxiang, HE Jienan,et al (6901)
Spatial pattern of sexual plants and vegetative plants of Stipa krylovii population in alpine degraded grassland — -«-eveeeeeeeereeeenenne.

................................................................................. REN Heng, ZHAO Chengzhang, GAO Fuyuan, et al (6909)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

BRG], QT T 1981 4, F2 2 RIE A A0

SR QUBERHIFSCR | 5 0G0 BE S e B AE 252y
BT FHARAN G B BN TR RIS ST e s 2 A 4155

K JETT 0] WYL F5 LR M SO s WF ST T 41 5 AR

TN TELIRI N

(A2 M2 H ), K 16 FFAR 300 1T, [ PN EHr 90 Jo/ M, 4E 2 Hr 2160 JC,

IR %A .82-7, EAMIE & AR5 . M670
FrvfET]E- . ISSN 1000-0933

CN 11-2031/Q

A [E A5 LR Ry T P T I, ] B4 S A A AR S WG R A BRI A e A AL TR
TEAEITI

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

WEMEMRE flaty

£ 5 % B
(SHENGTAI XUEBAO)
(CEAF 1981 4E 3 A AT

EE
I

(010)62941099 ; 62843362

www. ecologica. cn

HITHE XIKE B ¥

ACTA ECOLOGICA SINICA

('Semimonthly, Started in 1981)

324 20l (2012411 A7) Vol. 32 No.21 (November, 2012)

B (RS A Edited by Editorial board of

ik - 0RO E XL i 18 5 ACTA ECOLOGICA SINICA

EHBI&%H’—-” :100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

L35 : (010) 62941099 Tel. (01062941099

www. ecologica. cn logi

. Www. ecologica. cn

shengtaixuebao@ rcees. ac. cn . .
+ B OO Shengtaixuebao@ rcees. ac. cn
+ & i E R AR S Editor-in-chief FENG Zong-Wei

fo ML A2 A Supervised by China Association for Science and Technology
B PEAESEES P Y &
2R 2S5 e ASTA 23,0 Sponsored by Ecological Society of China

rh R B AR IR 0

Hutik AL BT IE X AU K 18 & Research Center for Eco-environmental Sciences, CAS

M I 4 i . 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
H MR 4+ 4 & I3 it Published by Science Press

Mkl . b R AR AL 16 5 Add ;16 Donghuangchenggen North Street

HE B 2wt . 1RO0717 Beijing 100717, China
En 1 s N2 Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K & Beijing 100083 , China

A

itk AR BEIRARILE 16 5 Distributed by Science Press :?’ :=

Hﬂ[ﬁiﬂ[fﬁﬁ% :100717 Add:16 Donghuangchenggen North o

::E‘ﬁ 31(910)6fé34563 Street , Beijing 100717 , China T =

-mail ; journal @ cspg. net Tel. (010) 64034563 o V-

) e Eir'la(i]- 'ol)lrnal@ cspg. net 8 _2
ESh & T HhEEERE A S B Y she e - =—°

Hih- :“34?— 399 ,fé%‘ﬁ Domestic All Local Post Offices in China > 8

H AN [=} '

HBEL 56D - 100044 Foreign China International Book Trading (7] o
532 E *@Iﬁf‘ﬁﬁ - Corporation 2 E
i W OIE » T 8013 Add:P. 0. Box 399 Beijing 100044 , China = o
ISSN 1000-0933 4= = =
e —— ERSIMAF LT EREERS 82-7 ESEITRS M670 Efr 70.00 T

CN 11-2031/Q



	01.pdf
	2012-21fm.pdf
	z21ml.pdf

	stxb201110051452.pdf
	02.pdf
	y21ml-2.pdf
	21fd.pdf


