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Estimation and spatial pattern analysis of forest biomass in Fenglin Nature

Reserve based on Geostatistics

LIU Xiaomei'”, BU Rencang* ,DENG Huawei'”,HU Yuanman', LIU Zhihua', WU Zhiwei'"
1 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China
2 Graduate University of Chinese Academy of Sciences, Betjing 100049, China

Abstract: The biomass of 120 randomly selected from 158 sample plots, were calculated based on forest inventory data in
1997, Fenglin National Nature Reserve, Northeastern China, through the biomass estimation model. In addition, the
remaining 38 sample plots were used to validate the model with correlation coefficients between the predicted and real
values. Furthermore, the spatial distribution of forest biomass for each cell of the study region was derived by the spatial
interpolation with geostatistics of ArcGIS on the biomass of those plots, and the relationship between the spatial distribution
pattern of biomass, forest structures (including 8 forest type and 5 age groups) and terrain factors (including elevation,
aspect and slope) were analyzed. The results showed that the interpolation method is mostly available method to estimate
forest biomass based on forest inventory point data, since the predicted and real biomass was mostly correlated ( R* =
0.78). Spatially, the biomass varied obviously in this region, it ranged from 41.6 t/hm’ to 376.9 t/hm’, and at average
the biomass was 171.5 t/hm’. The total biomass of this region kept up to 3.08 million ton for that time. Respect to forest
biomass and forest structure, the biomass varied significantly with forest age, and increased with increasing forest age. The
oldest forest yielded more biomass than younger forest; the biomass for the former was up to 174.8 t/hm’ and for the latter
reached 155.1 t/hm’. In addition, the biomass varied with forest type, and decrease from coniferous forest (e. g. fir-

spruce forest) , conifer-deciduous mixed forest (e. g. mixed Korean pine forest) to deciduous forest. The hiomass in
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coniferous forest, conifer-deciduous mixed forest and deciduous forest were 175.0 t/hm”, 162.5 t/hm’, and 156.7 t/hm”,
respectively. Respect to forest biomass and terrain factors, the biomass was significantly affected by the terrain factors. The
sites at the increasing elevation yielded lower biomass, and at the gradient of elevation (from 250 m to 700 m) the biomass
decreased from 175.0 t/hm’to 155. 1 t/hm’. The sites at the wet-cold aspect showed higher biomass than that on dry-warm
aspect, and at the gradient it ranged from 174.0 t/hm’to 163.5 t/hm’. However, the relationship between slope index and
the biomass showed more complicated results, the biomass decreased from 176.0 t/hm’ to 167. 0 t/hm’while the slope
increased from 0° to 24° , and then increased to 175.0 t/hm’while slope continue to increase. Our results would be a guide
to forest manager to estimate the biomass based on the inventory data, and provide a way to mitigate forest type and age to

control local biomass and carbon stocks.

Key Words: forest biomass; interpolation; spatial pattern analysis; Fenglin Nature Reserve
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nephrolepis ) Y& M5 ( Larix gmelinii) 55 , F 2 @M I ARG FIHE( Betula platyphylla) JHE( Betula costata) 7%
ME( Betula davurica) | 11 ¥ ( Populus davidiana) . 5 ¥ ( Tilla amurensis ) MM ( Tilla mandshurica) | 5% 1 ¥k
( Quercus mongolica) ¥ 5% ( Phellodendron amurense) 7K MM ( Fraxinus mandshurica) 55, PR3 X JE /N D422 106 B
AR Fh BEDA BT A AR S RGO MR R 45 , B DLy ARS8 S B AR AT p 2 428
HEEPIRTLE L,
2 #MHBERE
2.1 BRI

FRRAR DX ARG Y8 2 B - A B B 28 S5 B ML B 0. 06hm £ b, A7 R AR R (A%,
R a5 ) IR ME R 6cm,

FIARA X EARORA XA AR IR (2000 4F) B i BT DEM K AH C B IR AR 1%
2.2 GIS BpFMmEeH ot

AHEFER I AreGIS (9. 3) HEATARARAE W) 1) 25 [A) 450 (1A 00 R 25 [R) A% Sy 437 5 R FHER A PC-Ord 5. 0 #4748
oA 0 e 5 AR A R 73BT
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TES AR Gt R S AR Y i R AL T RR A Wi VR R SEDUE , 7E AreGIS HhE i B B St A
Yy BE 5 IR 8 P Y OCHK | S 2 A U R b ) A= ) s iR 12

®1 HREREHMEyEHRM

Table 1 The biomass equation of the species in the study area

B Fi Species HE W) it J5 2 Biomass equation
ZLHA Pinus koraiensis W=0.063D7 3"

K2 Picea jezoensis & Picea koraiensis, 1342 Abies nephrolepis W=0.0737 D3-31%

TEMAS Larix gmelinii W=0.0267 D*$1%

FAHE Betula platyphylla, K Betula costata , 22K Betula davurica W=0.2227 D3-35%!

ZEHE Phellodendron amurense, X MMl Fraxinus mandshurica W = 101.871 + 2. 468 x log,,"1.3 [1%)
M Tilla amurensis , Bt Tilla mandshurica W=0.0549 D330032

114 Populus davidiana W=0.6858 D}-51%

2R Quercus mongolica W=0.34433 D31

Bt Ulmus davidiana var. japojica W=0.0980 D} 3*®

{8 A Acer mono W=1.9394 D}-§¥%

D, FRN W R

2.3.2  EWREHE &R

FIFH ArcGIS(9. 3) B 1FHE 158 HeE b s BEAL A BLFTHE 43, Horp 120 A A5 R IHAE, 38 A a5 FH R 56 31F B
JEAREE R, RGeS TR R A e 4B 8 S pR R TR IR R = BRI B LA Bk
B ia FHTE BRI, SEIUANIT ST IX AR W A0 | 445 4 b 8 A5 B A2 SUBGIE A 45 51, 9% 1] PC-Ord 5.0
Xf 38 ASSE A FIMAE S s, B UE R A T 71
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FAMK 8 DARAY, GE it 43 T AS [R] MR F FIAR % 2 A= i 23 8] 0 AT
R X B 7 2 B AR R DEM 32 B0 Pk . B B 0305 1) s 9 DR, G o 33l ) SR R K BH 4 55 38k 1) 36 %
(TRASP) R R HAKA

TRASP = 1—cos( Tr/1802) ( Aspect-30) "

A, w [AIJE % =3. 1415926, Aspect Z7nIi 1], TRASP [FE I 0—1,0 Frn e JRAHE ), 1 Fn i T
Bem, FIFH PC-Ord 5.0 GEit4r b e N7 5 M M e i o &
3 £R551
3.1 HEHEYRI ST

B AR (I AR |, 75 B S e X R AR B 1 43 A SRR AE 2R A T 40T, 28 5 BRI BRI T 38— B R R 470 (5 di
PFE IR A, BRI (E 5 P R B S5, W BE R 0, W3 o 300 765 D) AT filg 2 fifi A8 53 ek 0™ 2 Lo 9] 3k
B2 NGETT M4l SR (3 2) m L, Bt A W e 5 AR N IE 520 A, mT AHEA T i 58 3 T B

R2 WMREFMEMEHGITHE

Table 2 Statistical characteristics of biomass in the study area (n=120)

FEHAE P48 Biomass/ (t/hm?) g fiE ThEE
#z/IME Min i KAH Max SEA4{EH Mean H1{E Median FrifEZ Std. Dev Kurtosis Skewness
41.57 376. 89 172.89 170. 84 59.504 3.3686 0.4702

3.2 RS REUBIAY BE R

St REH 2 W R BRI BRI, I e R AR A
B S5 L ( €/ Cy+C) F7R AR SE 343 B LR 25 ) S
TRHEI AT, BN AE R L >T5% i, RGERATRAL o
123 [ FH DG 5 450 LU AR 25% —T75% , 22 R G A |
SIS ; 554 HE<25% | AW RGRIMISEPETR 35 3 Fi ‘
R RS54 LR RS T 75% , ELAT 9 B 1 2 [l 4R S | 7T
DASEATHO ST, 5 5 5RO TR 8 ol Sy P R
B, 3R/, 2 3 195, PR FHIBRRAS B RSOOSR

N
A

FHZS S R BCHIE S 80, 78 GIS WS P 78 B ks 4 11, 15 2] - e B i
%TFIZQE%%%E(EI,%%S)O B 3 [

b B s H: 4y it/ (t/hm?)
3.3 MEEAAOSIE o HHiEs 149.51—162.90 WM 205.94—239.52

Arc GIS MG AR FH A8 SIS UE 7 R VAN 4 {E 41.60—94.74 162.90—171.36 WM 239.52—292.69
N L . = N 94.74—128.31 [ 171.36—184.74 I 292.69—376.89
AR 28 SCHRAIE 3 A o 52 DA 8 R A8 4 v i Bk — 4> 12831—149.51 [ 184.74—205.94
2 A AT e el D= A1 K i
STRES LR SRV 0B 065 R A 20, 5F 1 EARASEEESHE
N N =1 Y 217 Ay — v
Tl“%l}i%i’%ﬁéﬁ Xﬂ‘{ﬁ%ﬂl}&%ﬁ]ﬁﬁﬁ[ Y ffo ;H\:ﬁ‘ {Ej‘j : Fig.1 The spatial distribution of biomass in the study area

P PR IRARIT0 , BT RN IR 22 foe /N, P S AR i 22

x3 EVETRIBNEXSHE
Table 3 Parameters of variogram models for biomass

=R L 4 AR FEL
P PUERBURY 582 Residual S5 34> Nugeet s Ft it R

Model Still Structural ratio Range
BRAR Spherical 0.799 110546 30 3526 0.991 1630
3 Gaussian 0.744 129042 230 3524 0.935 1470
FEHBIR Exponential 0.797 110913 330 3527 0.906 1385
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S Ay AR R 25 PR AR IOMR 25 e H 30T 172 0 SR AR, 28 SLRIE I 45 58 (38 4) 19 3 58 B S 4
(EIE AT AT Y, XS SR T 10— B A TR {5 VR AT 6 L e SR I B J7 ik | 78 SO (L 245 2R 1 36 Tk fie 2%
PC-Ord(5) %} 38 I A B A T ST o i, 2R UKD 2, = 0. 83094+35. 001, R* = 0. 7836 , 3¢ i %
ARG RE R, e — Ml AT A D7 1%

F4 HRREWESNESTNER LRIEHER

Table 4 Cross Validation of measured and predicted value for biomass in the study area

BT (i R bR R 2 BV {E PRUERI TR R 2
M Root-Mean-S Average Mean Root-Mean-Square
ean ooi-Wean-quare Standard Error Standardized Standardized
0.5294 60.03 60.29 0.008088 0.9961
3.4 YA R oA 500 -
WP 1T LA A A AL AL e y= 083095+ 35001

370 v/hm® , VG HE K HRES 0 A= wE A, AR W R AR OK 00|
S AR R 171, Sv/hm? 5 AR RR (S B4
70 (CDIAC) BFSE S A H , 476 (75 5 4 4 ik 2
AIATH AR X R A Rk 3. 08Tg (1 Tg=10"g) .
55 3 AT LRSS (4 X A 4k B SR B 2 i) K DG A
25 Al R ek, 45 o 0. 991, RBR T 2 (] 454 ( P R I
) b2 18] 57 B TR 9 KN, 22 23 (] A G R R
FRARAE Wt 23 1) SR R SR | S X Ok R 7R 10017
B, N T AR, BRI T (IF | 138 K
i YR A ) X A gy S A M R ) 2 ) A SR 4R o o 0 e o

P {E Estimated biomass/(t/hm?)

Mo FIH AreGIS Geit o3 A ARl MRS bR 2H K b e FWE Actual biomass/(t/hm?)

T AP =S 53T B2 38 MEMTMERFRNLG L

3.4.1 Z: IEJ M‘ﬁj\ é.ﬂ:ﬂ”é] ( M‘ E:'J %ﬂ 7F7|‘ﬁ,?\gﬂ ) ’;‘E% % E/‘] § lE_J Fig.2 Statistical comparisons between measured and predicted
ﬁ%ﬁ biomass in 38 samples

NS FRE], Dyl AT ALY 10hm®, (5 ZRARE T
TR 0.57% ,FREEY A 155, 13vhm® , B 29°8 0. 02Tg; AR EFLZ R 1550hm? , 7 FRARCE T FR )
8.6% , -] =¥ 164. 32t/hm”, B A ¥ 58 0. 25Tg; 3T K 1Y 1 L 29 24 3078hm?*, (5 7k AR L 1 AL
17.2% ,F¥AEYEH 174 v BAEY) R 0. 54Tg; s BEAMKIET RN 7160hm” | 5 ZRMCEET B 40% |, F-344:
Pl 169. 74 v/hm®  BAEY RSN 1215 T i BRET R 6030 hm?, 7 /AR TR 33. 5% ,F-3 41 &
H174.75 vhm?  BAEYIA 1. 05Tg, X AEY) KT B s B A 2 20bRS 1 R > I8 obR > i k> 2 ik 3

®5 PMRARAEBWRAHNENE

Table 5 The biomass of different age group in the study area

il 2 T AL/ hm? SE YR/ (V/hm? ) BAEYR/ T
Age group Area Mean biomass Total biomass
K HK Sampling 102.51 155.13 0.02
FE AR Mid-age 1548. 63 164.32 0.25
JE MK Near- mature 3078.09 173.97 0.54
AR Mature forest 7159.77 169.74 1.22
i BHK Old-growth 6030. 63 174.75 1.05
ST Total 3.08
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BOBREP BT AR LI, B LA P i T bR, SRR K A REN/ N R BbR > 1 2Obk > 1T bk HhiR bk
SUEIR, PRI X FRAR LG AN 32, HAE W BT HEEE R

M 6 133 A FEIMBA AR LB KCE MR BIMKIR N 2 R AL LLRAMRS SR ZLRA bR S B A2 > AT
TR A BRS IRELT KA PR S Y5 I ARARS B TR SRS [ i bR , AN TRAR RS B ot ) T AU ], 8 A A AR 22 ARK
MR BN IR 25 AZ LLARRS AMELLARAR S 20V RS MRS BF R SSbR > ] I A6 > AR £ A AR > 7 I A b > N TR
T, AT LR AP X ERAR LB AR 2 A K- 2 5 SR MR K1 84%

x6 WREXAEWHEENE
Table 6 The biomass of different forest type in the study area

sl T A/ hm? YR (/hm?) SR/ Ty
Forest type Area Mean biomass Total biomass
N THEFH2 Scotch pine plantation 3.42 173.28 0.0005
TEHFAMK Larch forest 99.45 171.26 0.02

A ZLFAMR Tilia-Korean pine forest 897.03 174.82 0.15

[# K Broad-leaved forest 1472.31 156.71 0.23

£ IR AEHK Coniferous and broad-leaved mixed forest 1458.99 162.45 0.25
ZIEFZHK Spruce-fir forest 4123.62 174.17 0.72
HRHELT AR Birch-Korean pine forest 4233.42 172.41 0.74

BB FZLIFAHR Spruce-fir-Korean pine forest 5522.85 174.99 0.96
STt Total 3.08

3.4.2 HEYESHIPINTRRAR

& 210 y=-0.0002x2 + 0.1682x + 143.56
RO EICR S TS EE S50 e R0
HERAO TR B RS BT e Ry B0 T |
y= -0.0002x>+0. 1682x+143.56 ,R*=0.755, [{HX = ;31;8
WM B A AT IS I et B s 30 § 70

RE T AL, B TR B T, 3041 R BT R R Sk | i 2001250300 330 4"%?;5;;;;90 DZO 600630 700 750
A, BT AR By 7K BEAIR

Ay ek B B R AL L - R 4 T DUAS ) AR
Wik Bl AR A2 LU A TR 1, BB A B RE 3 K, AR )
HERRAC, MY B IR B 25 e A AR R IR T . H
[IEER N y=0. 01484 -0. 7004x+175. 54 ,R* =0. 5675 , R X ZRAHM B AL TR AT, LY i
IR, T AERE 3 AT AT BT RETR SR FERFLLARAR R0 SV AZLTAMMR ZLAR BERS AR 23 A 7R BESE , A= P /K
AL R

A=Wyt B ) S AR - AR 5 7T LAt 6 A B i R 388 T i B 1 i 26 i S T e, U AR, LTl

E3 HRREMESBEHXR
Fig. 3  The relationship between biomass and elevation in the

study area
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1 172 32 1712f
<
é 70 E 170
i% 168 }:%
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P pai 166
] 164 | * . ] i
#H 162l H 1641
160 . . M . ) 162 L L L . )
0 10 20 30 40 50 0 0.2 0.4 0.6 0.8 1.0
3 ¥ Slope/(°) TRASP
B4 HRREVESHENXZR B5 WREXEMESEE ORISR X R
Fig.4 The relationship between biomass and slope in the study Fig.5 The relationship between biomass and aspect (TRASP) in
area the study area

http ; //www. ecologica. cn



16 4] XIGERE A ST MG T2 AR 1 AR ORI DX AR AR AR Py B Ak % 2 ()% Sy 7 B 4789

HHZR N y= =22.634x°+13.477x+172.43, R*=0.884 , FEFHIRAIIAR A R M = L0, A=)
WAL, 2 TRASP iA5] 0. 55 7247 M B st T i T, ol WL, PR3 X FRpR A i e v TR 0 8,
MR T IEE N AP Ak,
4 5%t

FU A AR 5 A R 7 ROBEHERS [ 8, S8 T Hh A 300 T P A ) 28 (R A A A sy o 5 4% 50 I AR bR A 2 A )
T AR LG H A B R R IUAE 3 T4 AR AN | e T L S Xl R A= W s i ik, D7 vk T B B
SERTAT K BE 5w 5 A b SR (28 S R AT A 1 k14 28 [B) S v, TR AN T i s [B) A0 A sy o Xy
TRIE TR0 (R RE B R AT A5 3 X SRK - A A= P, T DR A0 A 18 A 50 | ) A0 ARk — 25 A B, 1
(HSCE A Wi 2 6] oA, v AT 32 1oy FH 3 R A P S i

R B (B RN A A AT — 52 R, A R AR UE A (A 0 mT S5 | JHORS B RO 1 i A= 4y 1 ARG B R A (A
R EFE , ANAAT PR A3 1 BT X PSR AR A B B TR AR L AR SO b A T R AR v A g A2
& 6cm, WA HIEMZE/NT 6em BIMA, A=Y Al 2 IR 1K . A (B 78 Bk R dac Ry St , A IS 5T v 1 i JE
S FRAE AT g, SEBH AT LA E A A e B AR (7 0, 2% T MU G0 1 BOAa (7 34 nT DS B A: 9 2 25 1)
O3 AR SR 53T

AR 2 [ o A S A AR AE W s 8] 0 A B B 0 S e, PR X AR L Jb R 2R Py ik
SR B R 370 vhm? R TR A AT AR, AR X TR B A Bk TR LA R
A A KPR S AN 171, 51/hm®, BB 3. 08T,

PRITEEAE) (PRI 2L BRAD ) 5200 25 BRARAE B i K- | B ARARIS S T 3, 2B B 14, A6 4 K7 A% i
AREN I BORRAR UK I T, BRI A5 B it R AU T 300 380bR, 3 PR 14 A 0 i B v, DR A DX D B bR  3d pAchy
(RS 75% ), HAYR 2T RAYRRN 2/3 - KA S RAEAERRH B G, ASFMRAL A A 4
IR B AR S 25 A i i, T R sSARR =2, T R A B AR, PR X B AR (TR A LT
T FAS AR LIARAR AELTAMAR R S LK) & B A Y 84% |, WM MRS 4 R TR S Ak B A 4 i
KFEHZEARK,

P T IREHR BRI [] A28k, BT IR KA JERR AR SRR AR Ak, 51 S AR AR 4 o s (] 0 A BV 4
BERE 1) 0 B R L B TR T, A i A AR A 1) 2 9 e KO v 5 B S R, AR Ak
AR NI 2 W T BRI T TRV BESE Y A e /K P 1 5 B K PR S 88 T 8 B 3 o, 2 4
SeTh R AR PR R EE T AR K 5 . SEER X R A B A A 00 B 25 11 SR 43 HT , AR IX A A
28 PR TR AR

References :

Post W M, Emanuel W R, Zinke P J, Stangenberger A G. Soil carbon pools and world life zones. Nature, 1982, 298 (5870) . 156-159.

]
[ 2] Waring R H, Schlesinger W H. Forest Ecosystems; Concepts and Management. Florida: Academic Press, 1985 313-335.
[ 3] Kramer P J. Carbon dioxide concentration, photosynthesis, and dry matter production. BioScience, 1981, 31(1): 29-33.
[4] Woodwell G M, Whittacker R H, Reiners W A, Likens G E, Delwiche C C, Botkin D B. Biota and the world carbon budget. Science, 1978,

199 4325

[ 5] Brown S, Sathaye J, Cannell M, Kauppi P E. Mitigation of carbon emissions to the atmosphere by forest management. Commonwealth Forestry
Review (United Kingdom), 1996, 75(1) : 80-90, 109-109, 111-112.

[6] LiHK, Lei Y C. Estimation and Evaluation of Forest Biomass Carbon Storage in China. Beijing: China Forestry Press, 2010: 1-2.

[7] West PW. Tree and Forest Measurement. Berlin; Springer-Verlag, 2009 ; 1-199.

[ 8] LuoY]J, Zhang X Q, Wang X K, Zhu J H, Hou Z H, Zhang Z J. Forest biomass estimation methods and their prospects. Scientia Silvae Sinicae,
2009, 45(8) : 129-134.

[9] Wang W F, Song L. N, Sui X. Estimation of forest biomass and its temporal and spatial distribution patterns in Maoershan Forest Farm,

http ; //www. ecologica. cn



4790 xR 314

Heilongjiang Province. Journal of Northeast Forestry University, 2010, 38(1) : 47-49.

[10] Feng Y M, Tang SZ, Li Z Y. Application of spatial statistic ananlysis in forestry. Scientia Silvae Sinicae, 2004, 40(3) . 149-155.

[11] LiuZ H, Chang Y, Chen H W, Zhou R, Xing G Z, Zhang H X, Zhang C M. Spatial Pattern of land surface dead combustible fuel load in
Huzhong forest area in Great Xing’an Mountains. Chinese Journal of Applied Ecology, 2008, 19(3) ; 487-493.

[12] Hock B K, Payn T W, Shirley ] W. Using a geographic information system and geostatistics to estimate site index of Pinus radiata for Kaingaroa
forest. New Zealand Journal of Forestry Science, 1993, 23(3) : 264-277.

[13] Samra ] S, Gill HS, Bhatia V K. Spatial stochastic modeling of growth and forest resource evaluation. Forest Science, 1989, 35(3) : 663-676.

[14] Chen C G, Zhu J F. The Main Forest Biomass of Northeast Manual. Beijng: China Forestry Press, 1989 1-14.

[15] Wang C K. Biomass allometric equations for 10 co-occurring tree species in Chinese temperate forests. Forest Ecology and Management, 2006, 222
(173): 9-16.

[16] LiJ W. The Ecology and Management of the Pinus Mixed Forest. Harbin: Northest Forest University Press, 1997 1-298.

[17] Dong Y B, Song G H, Song Y, Xue C B, Ouyang Z Y, Wang X K. Index evaluation of forest sustainable management for Fenglin Nature
Conservation. Forestry Science and Technology, 2000, 25(4) ; 18-20.

[18] Roberts D W, Cooper S V. Concepts and techniques of vegetation mapping // Ferguson D, Morgan P, Johnson F D, eds. Land Classifications Based
on Vegetation: Applications for Resource Management. Washington DC; US Department of Agriculture, 1989, 257 90-96.

[19] WuXQ, Zhang HY, Li R G, Zhang Z X, Dong G H. ArcGIS 9 Geographic Information System Application and Practice. Beijng: Tsinghua
University Press, 2007 ; 432-435.

[20] Vieira S R, Hatfild J L, Nielsen D R, Biggar ] W. Geostatistical theory and application to variability of some agronomical properties. Hilgardia,
1983, 58 1246-1266.

[21] Zhang W, Li C H, Jia X P, Chen P M, Fang L. Research on spatial Interpolation methods of Macrobenthic biomass. Marine Science Bulletin,
2010, 29(3) ; 351-356.

[22] Tang G A. Introduction to Spatial Analysis Using ArcGIS. Beijing: Science Press, 2006 : 452-455.

[23] Carbon Dioxide Information Analysis Center. [2010-10-15]. http: //cdiac. ornl. gov.

BE K

[6] Z=fEZE, WA HERMAE A RGP, JEaT. dPEBOl 1, 2010 1-2.

[8] Bz, sha, FaR, R, BRE, SIGH. PRV STt Mol B, 2009, 45(8) : 129-134.

[9] EZ35, R, FER. WEJLLARAERARA: WAl D0 e i 22 S8 SR 40T AREAfll 2273k, 2010, 38(1) ; 47-49.

[11] XUakte, W&, WA, M8, REE, KRB, skKER. ROSGZ I bk X R 5L R R W) 4807 1 2 () A% Jra. 2 2 25241, 2008, 19
(3): 487-493.

[14] BRfEE, RER RICEEMAEYE TN JLu0: PEML G, 1989; 1-14.

[16] ZERSC. AMNRIMA S SZE. IRE . RACHO R A, 1997 1-298.

[17] FEizE, REE, K, BFE, REES, B8R S0 E AR KA R L E IR, Mok BHE, 2000, 25(4) : 18-20.

[19] RFfr, fkite, 2o, TRIERE, #BE. ArcGIS 9 MIFE B RGN S L. dbat. EERF AL, 2007, 432-435.

[21] 5kfh, Zal)s, SI0EF, BRI, 77 R. JRWAY 2 MG E 7 BT oY PRI, 2010, 29(3) : 351-356.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.16 August,2011( Semimonthly )
CONTENTS

A comparative study on the diversity of rhizospheric bacteria community structure in constructed wetland and natural wetland

with reed domination — =ererssrrrrererreeiiii WANG Zhongqgiong, WANG Weidong, ZHU Guibing, et al (4489)
Light response of photosynthesisand its simulation in leaves of Prunus sibirica L. under different soil water conditions —=«=eseserereeeees
........................................................................... LANG Ying, ZHANG Guangcan ,ZHANG Zhengkun ,et al (4499 )
Effects of colour shading on the yield and main biochemical components of summer-autumn tea and spring tea in a hilly tea field ------
....................................................................................... QIN Zhimin, FU Xiaoqing, XTAO Runlin, et al (4509)
Effects of cadmium on the contents of phytohormones, photosynthetic performance and fluorescent characteristics in tobacco leaves
............................................................................................. WU Kun, WU Zhonghong, TAI Fuju, et al (4517)
Comparative physiological responses of cadmium stress on Enteromorpha clathrata and Enteromorpha linza «-:+--w=wseeeeereserereseeeeeeees
................................................................................. JIANG Heping, ZHENG Qingsong, ZHU Ming, et al (4525)

Effects of salt stress onglucosinolate contents in Arabidopsis thaliana and Thellungiella halophila rosette leaves +v+erevereecerreceereceene.
.......................................................................................... PANG Qiuying, CHEN Sixue, YU Tao, et al (4534)
Effects of long-term double-rice and green manure rotation on rice yield and soil organic matter in paddy field —+«+-coeeeeeeereeereenenes
.................................................................................... GAO Jusheng, CAO Weidong, 11 Dongchu, et al (4542)
Nitrogen balance in the farmland system based on water balance in Hetao irrigation district,Inner Mongolia — «ccerecererererereceeceeees
................................................................................................ DU Jun, YANG Peiling, LI Yunkai,et al (4549)
Seed characteristics and seedling growth of Spartina alterniflora on coastal wetland of North Jiangsu — srcerererereeersesraeiiiee..
.......................................................................................... XU Weiwei, WANG Guoxiang ,LIU Jin'e ,et al (4560)

Assessment of non-point source pollution export from Zigui county in the Three Gorges Reservoir area using the AnnAGNPS model --+---
.......................................................................................... TIAN Yaowu, HUANG Zhilin, XIAO Wenfa (4568)
Effects of Cadmium pollution on oxidative stress and metallothionein content in Pirata subpiraticus ( Araneae: Lycosidae) in
different habitals  «-+ere-rsesrrsrenereeeruneriermieenereerineerieenereneenns ZHANG Zhengtian, PANG Zhenling, XIA Min, et al (4579)
The distribution of size-fractionated chlorophyll a in the Indian Ocean South Equatorial Current =«=:+ecoreeesrsererereeeacanrcneiereeeen.
........................................................................... ZHOU Yadong, WANG Chunsheng, WANG Xiaogu, et al (4586)
Change of waterbird community structure after the intertidal mudflat reclamation in theYangtze River Mouth: a case study of
NanHui Donglan area  +-s«++ssssssseessesasesssteittiiiis i ZHANG Bin, YUAN Xiao, PEI Enle, et al (4599)
Application of fish assemblage integrity index( FAIT)in the environment quality assessment of surf zone of Yangtze River estuary -+
.............................................................................. MAO Chengze, ZHONG Junsheng, JIANG Rijin, et al (4609)

Population age structure of Antarctic krill Euphausia superba off the northern Antarctic Peninsula based on fishery survey -«+coeoeeeeee

.................................................................................... 7ZHU Guoping, WU Qiang, FENG Chunlei, et al (4620)

Validation and adaptability evaluation of rice growth model ORYZA2000 in double cropping rice area of Hunan Province ««+-+=:+e+----
.................................................................................... MO Zhihong, FENG Liping, ZOU Haiping, et al (4628)
Coupled energy and carbon balance analysis under dryland tillage syStems — =««+ssssessssserssmmmsanmtmsiite it
....................................................................................... WANG Xiaobin, WANG Yan, DAI Kuai, et al (4638)
The nitrate-nitrogen leachingamount in paddy winter-spring fallow period — =cocerorereeeeeeees WANG Yongsheng, YANG Shiqgi (4653)
The sources of organic carbon and nitrogen in sediment of Taihu Lake -+ NI Zhaokui, LI Yuejin, WANG Shengrui, et al (4661)
Effect of partial solar eclipse on airborneculturable bacterial community in Urumgi —ceoeseeereeesrsesersrsesesieniiiiiiieee,
................................................................................................ MA Jing, SUN Jian, ZHANG Tao, et al (4671)
Comparative study on density related intra- and inter-specific effects in Laodelphax striatellus (Fallen) and Nilaparvata lugens
(SEAL) =vvvreesssmmnmrees ittt LU Jin, CAO Tingting, WANG Liping, et al (4680)
Behavior rthythm and seasonal variation of time budget of sun bear ( Helarctos malayanus) in caplivity —+eseseeesesrsrseseeeeeeeaanain.
.................................................................................... LAN Cunzi, LIU Zhensheng, WANG Aishan, et al (4689)
Disturbance regimes and gaps characteristics of the desert riparian forest at the middle reaches of Tarim River «-:eeeeeereeererereeeeeeeee
.......................................................................................... HAN Lu, WANG Haizhen, CHEN Jiali, et al (4699)

Death causes and conservation strategies of the annual regenerated seedlings of rare plant, Bretschneidera sinensis «=«++=rsetrerereeceees
.......................................................................................... QIAO Qi, QIN Xinsheng, XING Fuwu, et al (4709)

Effects of municipal compost extracted complex microbial communities on physio-ecological characteristics of turfgrass under

AIOUGRL SLIESS +++++essssreessnsee s st e ettt DUO Lian, WANG Jingjing, ZHAO Shulan (4717)
Spatiotemporal relationship of leaf area index simulated by CLM3.0-DGVM and climatic factors «+eceeeeeeeerrecsererneemieniieieeen.
............................................................................................................... SHAO Pu, ZENG Xiaodong (4725)
Analysis of circular economy of Liaoning Province based on eco-efficiency -+--+ HAN Ruiling, TONG Lianjun, SONG Yanan (4732)
Review and Monograph
The fungal to bacterial ratio in soil food webs, and its measurement :+eceveveeeeeeees CAO Zhiping, LI Depeng, HAN Xuemei (4741)
Indicators for evaluating sustainable communities; a review «=«+=+=es=ceeeeee ZHOU Chuanbin, DAT Xin, WANG Rusong, et al (4749)
Discussion
Differential expression of PAL multigene family in allelopathic rice and its counterpart exposed to stressful conditions — =r-=rerereeeeeeee-
................................................................................. FANG Changxun, WANG Qingshui, YU Yan, et al (4760)
Scientific Note
Ecology study on the benthic animals of QinZhou Bay «-c+eoreeererererereeieeeaeiieieieeeee. WANG Di,CHEN Pimao,MA Yuan (4768)
Change characteristics of soil carbon and nitrogen contents in the Yellow River Delta soil after artificial restoration = +-+-r-ererereeeeceees
.................................................................................... DONG Kaikai, WANG Hui, YANG Liyuan, et al (4778)
Estimation and spatial pattern analysis of forest biomass in Fenglin Nature Reserve based on Geostatistics «recerrererersreseseeesereeeene.
....................................................................................... LIU Xiaomei, BU Rencang, DENG Huawei, et al (4783)
Study on sap flow in forest of Quercus liaotungensis and Populus davidiana by using the TDP method «-+-c-vrecerermrereeerereereenene.
.......................................................................................... SUI Xuhong, ZHANG Jianjun, WEN Wanrong (4791)

N, O Emission and its driving factors from typical marsh and shrub swamp in Xiaoxing’an Mountains, Northeast China «-++steeeeeees

................................................................................. SHI Lanying, MU Changcheng, TIAN Xinmin, et al (4799)



2009 £ E AR S5 55K 200 E BT 10 ZHAF*
(5T 2010 4EHR CSTPCD B )

Hey Wi S Bk Hy W19 R [N
Order Journal Total citation Order Journal Impact factor
1 ERFER 11764 1 ERER 1.812
2 o A 524 9430 2 T A2 1.771
3 TP 2R 4384 3 N A A2 1.733
4 [iE|dib7 i 4177 4 G/ EA =S 1.553
5 HERFERE 4048 5 HERFERE 1.396
6 L7/l seE i SR 3362 6 [iiEdi:t7/E=22ir 0.986
T morooy IV 3327 7 s 0.894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKEE AWk 1773 9 FHP - 0.841
10 wR R 1667 10 YT 0.809

* (LEZAAR) 2009 AFERLO AN 1964 FRHEWTIHET B80S IR 11764 0, £EHER S 1; A
T 1812, £ EHERE 14,55 19 JmiELE 9 AR E A A AT ob BEDRG SRS

wEEHEME flais BiTéREE XIKE B %
4 & % Wk ACTA ECOLOGICA SINICA

(SHENGTAI XUEBAO)

CEATI 1981 453 7 B1F) (Semimonthly, Started in 1981)

{3l F1eW (2011 4F8 H) Vol.31 No.16 2011
% L= <E§%Tﬁ>gﬁiﬁﬁﬁ Edited by Editorial board of
Sk - JEHTGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬂéﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

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

Bk N iq,cl‘lengtraixueba()@ rcees. ac. cn
* i E R AR S dltOl'-.ll‘l-c ie HLI\-IG Long—\-x/e-l ‘
fo ML LA upervise y ina Association for Science and Technology
B AR S d by China A for S d Technol
7O
cp R RS2 e A A PR BF ST 0 Sponsored by Ecological Society of China
Motk . b 50 E R K 18 & Research Center for Eco-environmental Sciences, CAS
M L 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 & & I3 it Published by Science Press
Hihk . b AR IR ILHT 16 5 Add ;16 Donghuangchenggen North Street,
MR B A . 100717 Beijing 100717, China
En Rl Je s AUARER Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K i Beijing 100083 , China L e—
Hitik . AR FEIAR AL 16 5 Distributed by Science Press 'g ——
EHKB[Q’?H&% :100717 Add 16 Donghuangchenggen North o
Eﬁﬁ'ﬁ 31(910>6;‘g34563 Street, Beijing 100717 , China N -
-mail ; journal @ cspg. net Tel: (01064034563 P —
iT W 4 Hi ) Ee "(‘1 , : @ oo . o =2
EsEIT HEERRE RS A WA JOUTETE ese. e T =0
HiE . L ET 399 {%%ﬁ Domestic All Local Post Offices in China 2 —
AL K ) ) ) » =———o
ol ER R Foreign China International Book Trading —
TEZEE ?Fffig;g?’?‘i‘lSO]fy o Corporation ) S =t
¥ oA ogE R R v Add:P. 0. Box 399 Beijing 100044, China o
ISSN 1000-0933 - N — —
N 1AM O ERSIRFFEIT EN#E RS 82-7 E5&ITHS M670 E M 70.00 T

CN 11-2031/Q



	fm.pdf
	ml-z.pdf
	ml-y.pdf
	16fd.pdf

