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Spatial-temporal changes of urban patch wetlands Changsha, China
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1 Central South University of Forestry and Technology, Changsha 410004, China
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Abstract: Wetland is one of the important ecosystems providing various ecological goods and services to human well-being.
However, in urban areas, owing to rapid economic development and urban expansion, wetlands are encountering a threaten
to be converting to other land uses, including resident houses, transportation facilities, and industrial buildings.
Understanding the spatial-temporal changing patterns of urban wetland and their driving forces could provide valuable
information for wetland conservation and urban planning toward sustainable development.

Characterized by typical hilly area and subtropical monsoon climate, Changsha has abundant wetland resources. The
changes in wetland area in Changsha city represent the common phenomena in south-central cities of China. In this study,
the urban wetland data in Changsha were derived from topographical maps in 1955, 1972 and 1990, and remote sensing
image in 2007 by using the GIS tool. Then, we selected the most representative patch wetlands as our study objectives.
From the viewpoints of the time and space, dynamics and static, we investigated and analyzed the dynamics and variations
of elements and spatial characteristics in urban patch wetlands ecosystem during last five decades.

The result indicated that total areas of urban patch wetlands in Changsha has been increased from 1955 thorough 1972
to 1990, but then decreased from 1990 to 2007. The general tendency during the last five decades exhibited an increased

process. The variation amplitude of urban patch wetland area in Changsha continued to be increased and the change rate
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gradually speeded up. In terms of wetland size, the area of patch wetland smaller than 32ha has increased while the area of
wetland larger than 32 ha showed a reversed tendency. Whether in the downtown or the suburb area, the density of urban
patch wetland has been increased. The number of the reconstructed patch wetland and the remained patch wetland per land
area has been increased in both the downtown and the suburb area. The ratio of reconstructed to remained patch wetland
showed reversed change tendency in the downtown and the suburb area. The number of patch wetland per land area
decreased in the downtown area. Our results suggested that no matter how differences in temporal scales, spatial attribute
and spatial state, urban patch wetland often appear to be different and even opposite change patterns along with city
expansion. In either dynamic or static space, the boundaries between downtown area and suburbs were key area of changes
in urban patch wetlands.

Overall, we found three key factors that mainly determined the changes in urban patch wetlands in Changsha. The first
one was the size of patch wetland, with area smaller than 8 ha constituting more than 60% the total patch wetland; The
second was the land use policy and urban construction, which resulted in the decline in patch wetland in the last decade;
The third was location or area in the city, with increase of wetland in suburb area and decline of wetland in downtown.
However, the direct relationships among these three factors mentioned above and changes in patch wetlands, as well as the

effects of other natural factors (such as climate change) are not well understood and will be the further research topics.
Key Words: urban patch wetland; hierarchy; dynamic space; static space; spatio-temporal change; Changsha City
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HOAR BT 1955 41972 4F (1990 4FH1 2007 4 4 ANEFH 4 PGS W) 3 A fict . e pr R . T4k,
IR B BCE IR LN T 3% , HAR RS X A PR e AR 28 S5 i A BR 5 o0 3 1v AR AR AR T ] AR AR A, o 3ok Tl
VB HL B TET AR Y 56. 28% —74. 27% B 1 T I T 8 B RRIR M RN OB 5 i 1, 32 AR A E SR R R S
1M A B AR FEAR /N AR 1.79% —4.29% , B #E—25 5007, & SLBEHR 140 A0 )12, Bl B if AR A
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2.2.2 RBHEIHT

RGNS IEA AT AR TS AL B X 5 SV E— ARG, T RGN S5 R RE AT R GE 4D
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2.2.3 WA AR 4

A DX Ry 3 T SR R A 11, A DX 3 K08 DX RZE AR08 DX LA 3 T i e 7 S 28 [ 3k 233 (1]
FEPEREE WAL R I ASWTAR LAY, P, B X AR X R X8 X VS i — N sh A 2 8], 53R A1k 25 D)
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F1 Kb 50 £k = B AER L ER km?
Table 1 Changes in area of Changsha City during last 5 decades/km”

N Ay Year
73 [1] Spatial area
1955 1972 1990 2007
A RIX. Downtown area 25.78 52.71 109. 84 205.05
PERBIX. Suburb area 26.93 57.13 95.21 223.26
JERBIX. Outer suburbs area 504.94 447.81 352.6 129.34
SRR Total area 557.65 557.65 557.65 557.65

(1) BRI R S5ih B E 3B 1955 4E 1972 4F 1990 4EHWIE [&] |, A4 30k i 2 500 5 W0 AR &)
HH 3 52 7 XS PR O 5 25 AR AR R R B DX S, 2007 A1 DA V0 T BRIl Jy 225 i 14 S G DX 3 A ] g 3 el T 4
(K1),

(2) LRI AR 4> 5 AR E 48 1972 4EE AL IX A2k LAY 1955 4F g Al IX A2k LAAM 3 1 R 2 4
1955 4F- R RR X 25 ()3 BB AL S AR I 28 HE , 20 B 2 1972 41 1990 41 # A% X 45 [] 3 BBl A B¢ 5 2R H 2007
AE SR IX LASMRAR T £ B A TIBGH FAE A 2007 AR TS X Mk i 20 i 5, BRI £ 25 BB EIE B IX 5 &
Tof Hb S SIE 2R DX 1) 3 Sk Tk Bl AR S P b AR SRR 43 3T ) £ R 20 AR Al U ZE AR EANAEAE— T
HESE W i AL

(3)IERBX RN S TR E DL 2007 AEIR X AR £ AR RS X A G LR 45 AR AR RB IX 3 A
RS FL o3 R A AR ARG R X 3 (R FE A 5
2.2.4  BRTTRRSZS [EA) 53

DI DT 2007 AR IX 1) 321 FEAE AT A [ 78 A2 1 5, 76 v BP9, ARG 50 41 SR 3T AS W & Ji 1 52
BrofR e , E— 58 X500 5 IS EZ K, 5 DEAS A 2K B 1955 A R IX 3 Fl L1972 4F |
1990 4EF1 2007 4F 3 A5 A7 2 i X 23 [R] Y i LA K 2007 AERBIX Y0, 4523 [a] )2 U A R 455 25 1] 1 FHR L 55
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Fig.1 Changes in urban area of Changsha City during last 5 decades
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®2 50 ERKDEHHESEEL S 5SER km’

Table 2 Changes in urban area of Changsha City during last 5 decades /km’
= HEER SRR

The 2nd range of The 3rd range of The 4th range of

downtown in downtown in downtown in

FRR
The 1st range of
downtown in 1955

FHIZR
The 5th range of
suburb in 2007

ST
Total range of
urban in 2007

1955—1972 1972—1990 1990—2007
S 1955—1972 4E 1972—1990 4 1990—2007 4F I |
1955 422 B X i R . 2007 HRB X 2007 4EHEIX
A FEX FNX B X AL L
25.78 26.93 57.13 95.21 352.6 557.65

2.2.5 LHUE R AR
AR SCR FH A 1 7 e/ 78 AR 2 SR 5 BRI i A A A 2R | Bl A A IR 8 A BT B 1A e 9 R 4 i 2>
R AR, ShAS AR Fom AR IR AR LR 5 A 205
P, = (Uk, - Uk,) /Uk, x 100% (1)
Rk = (Uk, — Uky) /Uko/(t, = t,) X 100% = AUk/Uko/(t, = t,) % 100% = Pk/(t, - t,) (2)
K, Uke, Uk, 5350 W58 A7) R A V0 351X 31 1 P 368 T SR 3 b %) TR AR 5 A Uk 27 A VD 38 X9 BT P 3k
T BEER M AE T 5 S TR0 I s/ TR 51, oo, R BRSSPI R A
3 EREHH
3.1 BRTRHAERE R R AR
% 3 1 2 AR Z IR HL 4B nl & H 50 413 4 0 3 i 56 e Y e e AR AR BRI, AR Ak e
F,50 4ok, —HALT 26.04% —39. 69% KiFAS LA WAL HRE |50 4k , BEHL R Hb Y 28 {b R —
b F AN A

x3 50 ERKDEHBHTHIEBESTHER
Table 3 Changes in urban wetland of Changsha City during last 5 decades

GEA 1B HL T hm? ARG ]/ a AL Pk/ % AR ALHR RE/ %o
Year Wetland area Interval Increasing percentage Increasing percentage per year
1955 1150.3 — — —
1972 1555.2 17 26.04 1.53
1990 2573.7 18 39.57 2.20
2007 1842.5 17 39.69 2.33
3000 . 2500 §
BRI A AU =
— &3
2500 1
©L 2000 r O >32hm? 1<
< 2000 X 0.2—32hm? :0:‘ -
g 1500 5] %
% KX
< KX %!
1500 & K
& 5K
< to00 ¢ S
1000 5K
S
500 — ] [
500 ~ & K
% KX
8% I o P %
1 1 1 I 1 ] T S fo% T « I
1955 1972 1990 2007 1972 1990 2007
44 Year

2 KIPERKOE M A B] AR M E AR T
Fig.2 Changes in area of urban wetland in total and different size in Changsha City
3.2 R RAZ R BRI
3.2.1  A[EI R H e T A AL
M4 2w I AN R SR 1 AR AR B e A 25 5 1Y o 4 A S RLAREARAY X e oA e 1
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0.2—32 hm® FUAL A BELLIE A8 b 25 5 5 AR AR LA AR — 50,1955 AFHi AR /)y, 1990 4R T ALUR K (R F
32 hm® BYBES IR HE S A 45 5 0] 5 AR AR AL AN R], 1955 4F Jy s i (i, 1972 4E N, F— 2520 Hr ] LA
KIL,50 423k 0. 2—8 hm® FUAR Y BELRL IR A8 0 T BERE b v A S A, PR 97. 6% LA B 4 xt
Peds B 59.7% .,

R4 TRAAEREHMHBESHRIHBETNL

Table 4 Changes in the number and area of different size urban wetland during last 5 decades

A1t Total > 32 16—32 8—16 1—8 0.2—1

ARy B W B W P WA B W o R B g3t
Year Number Area Number  Area Number  Area Number  Area Number — Area Number Area

/B /hm? /R /hn? /g /hm? /g /hm? /B /hm? Ve /hm?
1955 425 1150.3 4 472.0 7 164.0 9 107.2 103 261.9 302 145.3
1972 1429 1555.3 2 77.7 10 213.3 24 244.0 221 520.5 1172 499.7
1990 2475 2573.7 6 221.1 17 358.6 30 344.8 360 799.8 2062 849.4
2007 1610 1842.5 5 196.3 11 256.0 18 216.3 270 616.4 1306 557.5
I Average 1484.8 1780.5 4.3  241.8 11.3  248.0 20.3  228.1 238.5 549.7 1210.5 513.0
H4Y Lt Percentage/ % 100 100 0.3 13.6 0.8 13.9 1.4 12.8 16.1 30.9 81.5 28.8

3.2.2 AR HUAR G A A ] o s ] AR L AE AL

M5 0] UL AR [RTRUASE B BRI, 76 AN TR Ja 245 ] AN B AR AL R OR AN TR A o 4 AN ARAR A X L2 A
7R :0.2—4 hm® FUASE B9 BEDRIE ML, 78 XS S AR LA R AR B, BT o L R R RS IR 0. 2—4
hm? U BESE L, 7E 508 D 52 3 5 B X 58 A A S i AR 2 28 LT o LU SR AR R KT 4 hm® B
B, e QX BT LR B TR MAERRIX, KT 4 hm® AYBEHGR AT 5 L 52 R RS 3 Rl 5
X 5E S A B IR AR 23

£S5 0.2—4hm* HEMKF dhm* RER IR AN ETW

Table 5 Changes in percentage of Jrban wetland in area between 0. 2—4hm? and larger than 4 hm? in Changsha

. 0.2—4 hm® >4 hm’
ER . —— — . —— —
Year WIX/ % KB/ % X/ % WRIX/ % RBIX/ % AKX/ %
Urban Suburb Downtown Urban Suburb Downtown
1955 26.2 25.6 100 73.8 74.4 0
1972 55.1 55.4 54.5 44.9 44.5 45.5
1990 54.2 57.3 31.8 45.8 42.6 68
2007 54 61.9 32.7 46 38.2 66.8

3.3 Wi R R BRI
3.3.1 s RN ARG B R A AL
H1Z2 6 AT UL, 50 4F2f A U0 TT S0l X BXEBR 0l 2% 32 S Pk 2 iy . v, 1955—1990 41 7 IX BE e i
BEEIGIRIK 9. 13 A, B IRIE L K T8 X BE B b S IR ) 1. 15 £
6 DEZERMERSEENHITL

Table 6 Changes in areas and densities of urban wetlands on dynamic spaces in Changsha

HAIX. Downtown ZRIX. Suburb IRIX Urban
. N R e HEE . R
AR i B Wetland i B Wetland I B Wetland
Year Total area  Wetland area o Total area  Wetland area - Total area ~ Wetland area o
S S density S S density Sk S density
/(hm?/km?) /(hm?/km?) /(hm?/km?)
1955 25.8 11.8 0.46 531.8 1138.5 2.14 557.6 1150.3 2.06
1972 52.7 93.7 1.78 504.9 1461.5 2.89 557.6 1555.2 2.79
1990 109.8 511.4 4.66 447.8 2062.3 4.61 557.6 2573.7 4.62
2007 205.1 487.4 2.38 352.6 1355.1 3.84 557.6 1842.5 3.3
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3.3.2  HRA AT AL EE R X i AR % AR Tk

FE T FAFARTT L AR AL H AT LU 50 4k, A X BB 0 b 235 B A TG S A (B ¥ R R AY, 5 HAE
SIS [AEAR G AR S, o, 55— 23 [a) J2 R 0 BRE R 00 b 28 88 AR R e, R AR 1955 4 28 1972 4R M ], BER
MEHLE B2 0. 46 hm®/km® 3 E] 0.8 hm®/km® | {H I 5 BEHR IR 25 B2 S0 T B 5 55 a8 ()2 RIS — 25 (] )2
YR I BE I b 23 4] [R) A S B R R sl R R RS 3

R7 ARZEERXERRECENEBEETL

Table 7 Changes in density of urban wetland in different spatial area during last 5 decades

=3 R HERJER =S )RR
(1955 4EERRIX) (1972 X ) (1990 4EHTEALIX )

e The 1st range of downtown in 1955 The 2nd range of downtown in 1972 The 3rd range of downtown in 1990
p ; T H 2 B . N M5 B - N W b 5%
Ve SEBL MR o0 GEE R DL SEER MR e

Total area  Wetland area © a'n Total area ~ Wetland area ¢ a%n( Total area  Wetland area ¢ én

S S’ density i’ b’ density b b density

o /(hm?/km?) /(hm?/km?) /(hm?/km?)

1955 25.78 11.8 0.46 — — — — —

1972 25.78 20.5 0.80 26.93 73.2 2.72 — — —
1990 25.78 2 0.08 26.93 39.9 1.48 57.13 469.6 8.22
2007 25.78 0.3 0.01 26.93 13.9 0.52 57.13 219 3.83

3.3.3 RS as[AIRR DX T b AR % R A AR Ak
MFE 8 FAEARKT LM Fh AT LA HY 50 4F 3K, K v T AR X BB 11 Hh 2 i 7 0 A5 25 [B) S A L 2 386 n i

53R 7 WA LUK IR, RV 75 (] — A (] 30T R He 28 225 8 7 0 o DX R0 DX sk 7P A [ g A g DX 1] HE i
AREE R BURE A
#8 ARAZTERERXPXIEENEHITN
Table 8 Changes in area and density of urban wetland in suburb in Changsha City during last 5 decades
== RER EH )2 EIETRAT) =34
(1990 4F3r i X ) (2007 HradmIX ) (2007 £ERBIX)
e The 3rd range of downtown in 1990 The 4th range of downtown in 2007 The 5th range of suburb in 2007
S i 35 ‘ ) L b 28 i ) . S il 235 g
Yea IRl MR LT gl WMRE CCCTr amR R ol
Wetland Wetland Wetland
Total area  Wetland area . Total area  Wetland area K Total area  Wetland area .
i’ o’ density i’ b’ density b’ b density
- e (hm?/km?) m M (hm?/km?) m e (hm?/km?)
1955 57.13 220.6 3.86 95.12 148.5 1.56 352.6 721.4 2.05
1972 57.13 357.6 6.26 95.12 313.2 3.29 352.6 790.8 2.24
1990 — — — 95.12 637.2 6.70 352.6 1425 4.04
2007 — — — — — 352.6 1355.1 3.84

3.4 KPS IEOHE N Hh AR
3.4.1 BRI b A O R TR
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2 HAMERPIAHEIR B 40, $EHL 1955 4F3] 1972 4E AR MY, J2 6 1955 4F (BUIRAEAR) £dis 5 1972 4F
( BARAEA) Bdli & n , 1955 AFE th A 5 1972 AEEEIR AR AR 43 B 1955 4F 3] 1972 AF AU B H IR A,
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Table 9 Changes in area constructed wetland in different spatial area during last 5 decades

AR X Downtown ZRIX. Suburb 35 X Urban
sy sy s
R BisRLINY oA s . O AR s et T AR -
R WEE R WEE R F W
AEAR Reconstructed Reconstructed Reconstructed
Total Reconstructed Total Reconstructed Total Reconstructed
Year wetland wetland wetland
area wetland area wetland area wetland
area . area . area .
/km? ) density /km? ) density /km? ) density
/hm 2 N /hm 5 ) /hm N )
/(hm*/km*) /(hm*/km*) /(hm*/km*)
1955—1972 25.8 7.09 0.27 531.8 186.7 0.35 557.65 193.79 0.35
1972—1990 52.7 52.27 0.99 504.9 305.64 0.61 557.65 357.91 0.64
1990—2007 109.8 230. 37 2.1 447.8 756.5 1.69 557.65 986. 87 1.77

3.4.3  WORME LRSS W A2 1L
MF 10 ZARAURYR LE AR AT ), BRI T AT Y 5] SR E o 1Ay (E il DX RSP 3 L
19145 AR AL S5 R S BT RS TR X A e Rl L9 5 B A A 4t 2R — B B EORES

R10 HIRERME L ENSEEAEI S

Table 10 Changes in area percentage of constructed wetland in different spatial area in Changsha City

SRR T2 3 i £ i aueuitingi) T L]

;leia?;\ca Patch wetland area Reconstructed wetland area Percentage of reconstructed wetland
1955 1972 1990 1955—1972  1972—1990 1990—2007  1955—1972 1972—1990  1990—2007

AIX Downtown 11.8 93.7 511.4 7.09 52.27 230.37 60. 08 55.78 45.05

KBIX. Suburb 1138.5 1461.5 2062.3 186.7 305. 64 756.5 16.40 20.91 36.68

KX, Urban 1150.31 1555.2 2573.7 193.79 357.91 986. 87 16.85 23.01 38.34

3.4.4  BUEFEIIE AR ER S S ) ARk
MFE 11 B4R L Z5 SR AT A 50 453k | LR I ] fO HERS | Bl ELHR IR 10 BU 091 78 451 25 (8] J2 o R
AR S £ 1990—2007 4E>1972—1990 4F>1955—1972 4F , i X > I RB X ST RF X, ZIR X >k X,
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Table 11 Changes in area percentage of constructed wetland in different spatial area in Changsha City

. e LML IR LU A .
S Area Yo Pach welland  Recommcted 770 S
/hm area/hm wetland/hm wetland/%

— 23 [ JZ K 1955—1972 11.8 7.1 60.2 HIX
The 1st range of 25.8 1972—1990 20.5 16.7 81.5 AR
downtown in 1955 1990—2007 2 1.6 80 AR
] 1) ~3//¢ 1955—1972 48 4.5 9.4 IEARRIX
The 2nd range of 26.9 1972—1990 73.2 35.6 48.6 X
downtown in 1972 1990—2007 39.9 20.3 50.9 R
E T 1) =3/ ¢ 1955—1972 220.6 32 14.5 JERRIX
The 3rd range of 57.1 1972—1990 357.6 56.1 15.7 PERRIX
downtown in 1990 1990—2007 469.6 208.5 44.4 HERLIX
55Dz [a] )2 1955—1972 148.5 13.2 8.9 JERRIX
The 4th range of 95.2 1972—1990 313.2 79 25.2 JERBIX.
downtown in 2007 1990—2007 637.2 362.2 56.8 X
5 HAS 2R 1955—1972 721.4 165.7 23 JERBIX
The 5th range of 352.6 1972—1990 790.8 170.5 21.6 JERR X
suburb in 2007 1990—2007 1425 393.8 27.6 FERB X

http ; //www. ecologica. cn



B
i

7310 2 SO Eire 324

4 HieEHR

(1) 39T 2 [) s SRR 43 T o T ke R Y M 3 AR BF 9 RO S 000 A R G838 M BRI 38 3 IR IR B I 45 R 2
oI LA PR T S R JEU)  DASRTT & JR A5 AR B S ol X 0 A A Bty AR S T 50 ARk K VP kT 4 i
W X AR DRI RR XX 3 A0l i s Tl A A R0 o0 s s DAF 9 X s R A 3, 5 4 Ak
I T A B X A T L N, AR SCHT T 50 AR T & R TR B 5 AN S s [l A LA R4y i, AR EOR .
TCR AL BN AS 25 A R AE A 2 0], AR X | TR0 X I 240 X (14 25 ) 43 S 2 10 A 2 3 T B B 0 b T A8 25 A
A3 IKUE 252 1] P BRESR R 1 A8 A 1) 25 Sk de /N AR 5K 5 4% 4% ] =2 [ BRE B 6 b 25 A 119 25 Sk oK, AR B
B/, WL . LIS ¥ R A0 25 TRV ERAE A 3R | X403 4% 25 1] A0 75 i 8 43 DRI 43 2805895, 4 A1 T 48
AT BREER T 1% Y o A RN AR AR A AR XX ] 0 R b P 5 i 3 LA 22 K, A T B b e 5
T BRI KM AN 2 [V L, 7 1 — 25 IR RIS

(2) B[] RO JE b 38 T BRE B 16 b 38 28 A 2000 < D 1955 1972 ,1990 4EF1 2007 4F 4 /> M1 AR A 1 Bodie % b
I T B b AR A SR T T X B Ay BT o X IR S — 3 i B R A g A e R T, LA () RUBE OB
R IERN A T AR AR BT ST 246 K 2 BURAE 20—30a IR EEVE RN IT B HY . AFFFEAE 52a K i [H]
R T B AT T 30T BRE R e %) Bh 258 A, B 4 1 S e 1K S T R 0 ) A e R A

(3) 1 bt RS Sk T SKE LAY 0 208 114 5 )« AP S 10 30 T 0 e 23 228 AT 9 /0 A %o 1 il RS 147 43 SR 5T
B S8 A 53 S R 30 T 1 M IF 8 R A E 2 1 S B0 AR SE SR A 33 M 56 RS 45 SR AR R R 4 1 S A X
THUR R E LA AS 2 LS A T A R, ASBIFFY S S SR B AN RS 0 30 T BB AR (4 SR 1 25 S R AR K
F4) 5 A T RS (10 BRE B 180 b 7 8 o DX RN R DX L AR 235 SRR R A [R] , A e AR S B BRI, o T BRE B34
PR RITTT ST, REA% T 22 40 Hiu S W H 305 T X R0 A A 23 Yk A Y A A %o o) 3 T 3l b 1
TP SAMAECR S A o B IS X, 4 M R A R R v, B 1 b A B ASC
8hm?” , 3R X T35 T N b i SR 5 TR . AR SC%IA7E 0.2 hm® B GO B b X VD 3ok T e B 0 b - e
P2 BITRIREGE . WF9E R ,50 453K ,0. 2—8 hm® RIS (1) BEHR I i 78 3k TT7 BEHR i b o o A S A, P28
7 97.6% DL L e X SE BRI 59. 7% o T BREHGR 2 S SRS R U Z ] T
ARG RIFFE

(4) 725 [7a) i P KT T R At 28 P 5 M« LR %) D 30 e i 2 72 AR BIE 0 X 188 el A 647 28 () Jal 43 T AR
b A AT BUX R AT A 1) 40 X ) AT B AR R T TN SR AN £ AT 3 AN Z kBB A G 1 RN
R I B I TE I R G4 M, iX SR AR A T 4 19 £ B2 0 Al b A8 A5 30 i & S R AR AR AIE . A
Y AE HE R X AR DX P AN AN [ SR P A 38 25 IV L, KT 4 hm® BUASE A9 BESRVE H AN T 4 hm® BUAS (1Y
BRSO b A A DRI RB X 23 2 I ARAR N (R AT AR 25 R (3R 5) , Bl S BB b L f51) 7 S A DRI R IX 1 722 A
SERA AR (R 10) o PRI, N REAEA T B SR0 HVE Ry [7)— S P 6 G R — AR EA T RIS, T R i LA
AN T M 11 2 TR A T R 2 (A 400 43 X6 A 1 45 25 o] R TR RIS, 3 AR RO F 9 405 SR 4 8 T S b sz ke
HH T L Y AR () IR REAE AR R T A N [ 2 T i 3 T 0 1 A A R A S A ) R A 3 T I b 1Y)
SLR

(5) 725 [PPR AR 308 T BRI b e 78 P 52 M) 7E — IR 71 253 () 90 L PR 6 A A o B 28 R S A OAS [ IR 2
IR WA RS ], FERE R AIBIESE T, I — 10 A A 5 30 Tl W b e A R A o o AR T, AR PTG 2R
FERH L Rl XS b 2% I A Sl A A R 3 Y T 6 A 2 (B U /N (6 6,38 7)) 5 BV 7R [R] — i s &
V), 308 T XE T 2880 5 2 S DX RIS DXk 7 AN [ o e g DX i), Ly AR 8 SR AR AR A R ) (R 7,36 8)
W, AN REHEIAR T ERESRN b 23 [RI SR — A B — S5 R 0T G2 R BT 1T IO 32 AR 08 308 T 19 e B B AR 25 [ AR i Xof 3
T BESRE Hb 9 43 AT 25 PR S X 43 I 11 RIS, A fi 7 X0 b 2 Bttt 3 i B e e ) i A R, DA T S A
FR0) 0 A T 2 b AL T A T A PR

(6) FEM VIR T BEHE AR AL A R -« B S R BEH B A K/, 1955 1972 1990 4F 3 A4 B i BEHL IR

http ; //www. ecologica. cn



23 1 FRMBE S R VDI T BB I M BRI 4 I 2 e AR 7311

Hi RO H 45 SRR B VT 32 h® U BEBR M AE &5 AR R0 8 hm® DA BUAR (1 BE B b 57
HRRIGTE 60% LI HOR: TR FHAHSCELSR o 1972 4E5 1955 A4, KT 32 hm® AR () B B i b 52t 22 )
BRI KL AZ T LR R 40 I 1 FH IR R T RO A B MR T ZE RS S (A R b X
F14) B Rt VT R8T 5 A AR A X0 DX ) B At bt T R A4) i T A 34, R Bk 7l 4 [ i 2 5 BB b T 4 AR 4k
ZIAFAE—E M C R I a Al @ B R R, 2007 4555 1990 45X b, Joig KIS K /N 23 (B 43 A 3kl Jad 1,
3T BRE R AR IR T B A A 34, S T Ak DR A 1 e R v 3T A R R B AR A ) KR
Wi, BEAR, BT A SR IE A4 A0 B 7500 AT K B I G, A BT X Y Ik T BE R b 50 47k 52
i) 58 AT, A R AR .

References :

[ 1] Nielsen E M, Prince S D, Koeln G T. Wetland change mapping for the U. S. mid-Atlantic region using an outlier detection technique. Remote
Sensing of Environment, 2008, 112(11) : 4061-4074.

[2] GongZN, Zhao W J, Gong H L, Li X J, Zhang S M, Li J. Study on changes of wetland resources in Beijing based on RS technology. Science
China: Series E, 2006, 36 ( Supplement 1) ; 94-103.

[3] SunGY, Wang H X, Yu S P. The advance of urban wetlands study. Process in Geography, 2004, 23(5) : 94-100.

[4] LiCH, Zheng X K, Niu S F, Cai Y P, Shen N, Pang A P. Research progress in protection and restoration of urban wetlands. Process in
Geography, 2009, 28(2) : 271-279.

[ 5] ZengH, Gao Q H, Chen X, Li G C. Changes of the wetland landscape in Shenzhen City from 1988 to 2007 and the driving force analysis. Acta
Ecologica Sinica, 2010, 30(10) : 2706-2714.

[ 6] Holland C C, Honea J E, Gwin S E, Kentula M E. Wetland degradation and loss in the rapidly urbanizing area of Portland, Oregon. Wetlands,
1995, 15(4) : 336-345.

[ 7] DahlTE. Status and Trends of Wetlands in the Conterminous United States 1986 to 1997. Washington DC; Department of the Interior, Fish and
Wild life Service, 2000.

[ 8] Ehrenfeld J G. Evaluating wetlands within an urban context. Ecological Engineering, 2000, 15(3/4) ; 253-265.

[9] CuiBS, YangZF, Li Y H, Zhang K G, Zhao X S. The integrated wetland conservation and development in the context of city expansion. Journal
of Natural Resources, 2004, 19(4) ; 462-471.

[10] Kentula M, Gwin S, Pierson S M. Tracking changes in wetlands with urbanization; sixteen years of experience in Portland, Oregon USA.
Wetlands, 2004, 24(4) . 734-743.

[11] GulL, Wang X J, Gong Z W, Fu R, Liu J. Landscape monitoring and dynamic evolution of wetland resources in Beijing. Process in Geography,
2010, 29(7) : 789-796.

[12] Cao Z, Ding L Q, Mei P W. Wetland environment variance and formation cause in Tianjin City. Wetland Science, 2004, 2(1) : 74-79.

[13] Zhou LY, Jiang N, Dou H S. Wetland changes in rapidly urbanizing areas: a case study on Nanjing City. Resources Science, 2010, 32(4) : 712-
717.

[14] Xiang W, Liu S, Liu S X. Investigation and analysis of distribution of wetlands in the City of Wuhan. Wetland Science, 2006, 4(2) : 155-160.

[15] LinQY, Lin GF, Chen Z H, Yang C Z, You L P. Dynamics of wetlands and their driving force factors in Xiamen during the period of 1993 to
2003. Wetland Science, 2006, 4(4) : 298-303.

[16] Williams P, Whitfield M, Biggs J, Bray S, Fox G, Nicolet P, Sear D. Comparative biodiversity of rivers, streams, ditches and ponds in an
agricultural landscape in Southern England. Biological Conservation, 2004, 115(2) ; 329-341.

[17] Wei H S,Zeng G P. System theory-Philosophy of System Science. Beijing: World Publishing Corporation, 2009.

[18] Wu Y S. Introduction to Systems Science. Beijing: Party School of the Central Committee of C. P. C Press, 2006: 93-93.

[19] YangS, Chen S. Analysis of landscape pattern and spatial evolution in the metropolitan urban- rural coupling regions: a case study of Wuxi City.
Acta Ecologica Sinica, 2009, 29(12) . 6482-6489.

[20] WangJ, Yang S, He T, Lu H'Y. Technological methods of information interpretation and analysis of land use change in urban fringe area -Taking
Wuxi City as an example. Process in Geography, 2004, 23(2): 1-9.

[21] Ren LY, Wu CF, Yue WZ, Liu Y, Lu Z W. Impact of urban planning and industrial development on Wetlands in Hangzhou Bay. Acta
Geographica Sinica, 2008, 63(10) ; 1055-1063.

http ; //www. ecologica. cn



7312 £ ¥ i 32 4
S 230k
[2] BT, &3k, BMET), 29N, sk, Zat. BTl AR i B IR At oE. TP EFR: . £, 2006, 36(S1) : 94-103.
[3] IN"K&, BE, TN Wiehersrite. mIEpa=kE, 2004, 23(5) : 94-100.
[ 4] ZefRWgE, FR/NE, 4D, SR, Do, PEZrE. Bty S it ik, mEpEikRE, 2009, 28(2) : 271-279.
[5] %o, BRI, BT, 25504, BT 1988—2007 4 MR H 5 W Eh 25280k Bl B 434, ZEZ82440%, 2010, 30(10) ; 2706-2714.
(9] 4RI, Bk, 20ede ) SKATRI, RORME. SRR PRI L AR SRR, HRRIRSM, 2004, 19(4) : 462-471.
[11] JEimN, ERAS, FREC, 458, xR, dbatigu s 5 shAAs. mIepl2dk | 2010, 29(7) . 789-796.
[12] &G, Torsm, WMEET. KETIRH IR AT RS 4. iR, 2004, 2(1) : 74-79.
[13] JHEEX, LR, M. S i Xt A8 A A A —— LA s il ). BERRL%:, 2010, 32(4) « 712-717.
(141 i, X095, XOMFE. SOCTieHh o /i BLRIE A 53 4. iR, 2006, 4(2) : 155-160.
[15] MRIys, BRI %, BRaEMS, MPRIR, WFaN-F. 1993—2003 45 [ ) TR 3Bk K HBK SR R 0. SRR, 2006, 4(4) : 298-303.
[17] BREH,GHEHB. RER—FRERSES A, A EA B RA R, 2009.
[18] R4 REFFAME. Junt: thabhdedimihiptt, 2006 93-93.
(191 #il, BRFE. RIRTATIR S F0-A bl A1 28 K H SR Jm—— L IE8 i . ZEZS2F48, 2009, 29(12) : 6482-6489.
[20] E#, Bl THE, R, IS 4543 LA AR LIS BIRIE AR 50— LIS i b . s 3RRL 0, 2004, 23(2) : 1-9.
[21] fEma#e, RKJY, W3CHE, X5, Rkt FRRTIN S IR AL B =k & JRXHB ORI 5 m. H 3%, 2008, 63(10) : 1055-1063.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32,No.23 December,2012( Semimonthly )
CONTENTS

Maternal thermoregulation during gestation affects the phenotype of hatchling Chinese skinks ( Eumeces chinensis) : testing the
maternal manipulation hypothesis «-«-eeeeeeeereeemeiiiiii LI Hong, ZHOU Zongshi, WU Yanging, et al (7255)
Effects of conspecific and interspecific interference competitions on cache site selection of Siberian chipmunks ( Tamias sibiricus)
.......................................................................................... SHEN Zhen,DONG Zhong, CAO Lingli, et al (7264)
Characterization of ammonia volatilization from polluted river under aeration conditons: a simulation study «--e-eeeeeeeeeeeeneeaeieann.
............................................................................................. LIU Bo, WANG Wenlin, LING Fen, et al (7270)
Diurnal activity patterns and environmental factors on behaviors of Bar-headed Geese Anser indicus wintering at Caohai Lake of
Guizhou, CRiNa ««reeeeeeeeemeemmemtmmtetttiti e YANG Yanfeng,ZHANG Guogang,LU Jun,et al (7280)
Impacts of snow cover change on soil water-heat processes of swamp and meadow in Permafrost Region, Qinghai-Tibetan Plateau ------
................................................................................. CHANG Juan, WANG Gengxu, GAO Yongheng, et al (7289)
Spatial-temporal changes of urban patch wetlands in Changsha, China ----:-ev-e- GONG Yingbi, JING Lei, PENG Lei, et al (7302)
Modeling of carbon and water fluxes of Qianyanzhou subtropical coniferous plantation using model-data fusion approach — «-+«eeeceeeees
............................................................................................. REN Xiaoli, HE Honglin, LIU Min, et al (7313)
Ecological compensation standard for controlling nitrogen non-point pollution from farmland; a case study of Yixing City in Jiang
SU PLOVINGE  ++eeeeeeeernrnsnenentmnentuneenerntenrteneteneneeaenereenntaenernenenns ZHANG Yin, ZHOU Yuchen, SUN Hua (7327)
Static toxicity evaluation of chemical wastewater by PFU microbial communities method — +«++evevemereeeeeiieiniiiiii
.......................................................................................... LI Zhaoxia, ZHANG Yuguo, LIANG Huixing (7336)
Emergy evaluation of an agro-circulation system in Beijing suburb: take Jianyan village as a case study ««-«eeceeeeeeeeeeeieiiin.
....................................................................................... ZHOU Liandi, HU Yanxia, WANG Yazhi, et al (7346)
Research on the cooling effect of Xi'an parks in summer based on remote sensing — «+eeeeeeeeeeeeeees FENG Xiaogang, SHI Hui (7355)
The dynamics of spatial and temporal changes to forested land and key factors driving change on Hainan Island «---«-esereeeeienneenenns
........................................................................ WANG Shudong, OUYANG Zhiyun,ZHANG Cuiping, et al (7364)
Impact of different sowing dates on green water footprint of maize in western Jilin Province ««-eseeseeeesereimniiiiiiiini...
................................................................................................... QIN Lijie, JIN Yinghua, DUAN Peili (7375)
The dynamic variation of maize (Sea mays L. ) population growth characteristics under cultivars-intercropped on the Loess Plateau --
.............................................................................. WANG Xiaolin, ZHANG Suiqi, WANG Shuging, et al (7383)
Effect of different planting methods on root-shoot characteristics and grain yield of summer maize under high densities -----eeeeeeeeeeee
........................................................................... LI Zongxin, CHEN Yuanquan, WANG Qingcheng, et al (7391)
Heavy metal contaminant in development process of artificial biological Soil Crusts in sand-land -«--ceeveeeeeeeemeeimniiiii,
.......................................................................................... XU Jie, AO Yanging, ZHANG Jingxia,et al (7402)
Effects of enhanced UV-B radiation and nitrogen on photosynthetic pigments and non-enzymatic protection system in leaves of
foxtail millet (Setaria italica (L. ) Beauv. ) «occecereerirseriiii. FANG Xing, ZHONG Zhangcheng (7411)
Photosynthetic response of different ecotype of lllicium lanceolatum seedlings to drought siress and rewatering — +«+e+eeeeeeeereeeeecenee.
.............................................................................. CAO Yonghui, ZHOU Benzhi, CHEN Shuanglin, et al (7421)
Seasonal variations in the stems of Larix principis-rupprechtii at the treeline of the Luya Mountains ««+-eeeeereeeerreeiiniiiiiii...
.............................................................................. DONG Manyu, JIANG Yuan, WANG Mingchang, et al (7430)
Influence of terrain on plant biomass estimates by remote sensing: a case study of Guangzhou City, China «--++-ereeeeeeeeeeiieini.e.
....................................................................................... SONG Weiwei, GUAN Dongsheng, WANG Gang (7440)
Effects of exponential fertilization on biomass allocation and root morphology of Catalpa bungei clones — «o+ereveeeeeeeeeiiiiiiiiiiiiinn.
............................................................................................. WANG Lipeng, YAN Ziyi, LI Jiyue, et al (7452)
Effects of fire damages on Larix gmelinii radial growth at Tahe in Daxing’an Mountains, China ««ecoeeeeererreeneiinin...
......................................................................................................... WANG Xiaochun, LU Yongxian (7463)
A model for water consumption by mountain jujube pear-like +-eereeeeeeiiiennens XIN Xiaogui, WU Pute, WANG Youke, et al (7473)
Specificity of photosystems function change of two kinds of overwintering broadleaf evergreen plants — -«-esereeesremrieaniieaiii...

........................................................................... ZHONG Chuanfei, ZHANG Yuntao, WU Xiaoying, et al (7483)



7634 A E = 32 &

Effects of drought on fluorescence characteristics of photosystem I in leaves of Ginkgo biloba «++«++«+vvrevrereeeeieiiiiiii.
.................................................................................... WEI Xiaodong, CHEN Guoxiang,SHI Dawei, et al (7492)
Numerical classification and ordination of forest communities in habitat of Sichuan Snub-nosed Monkey in Hubei Shennongjia
National Nature RESErve  «ceeeeeeeeseneneetmnenranenetrtemmmienetemermreienren LI Guangliang, CONG Jing, LU Hui, et al (7501)
Impact of inorganic anions on the cadmium effective fraction in soil and its phytoavailability during salinization in alkaline soils =~ ------
.................................................................................... WANG Zuwei, YI Liangpeng, GAO Wenyan, et al (7512)
Photosynthetic adaptability of the resistance ability to weak light of 2 species Spiraea L. «o+-eseveemereeeeieiiiiiiii
.......................................................................................... LIU Huimin,MA Yanli, WANG Baichen, et al (7519)
Fine root longevity and controlling factors in a Phoebe Bournei plantation «««+««s++«ssseesuseesssemtntttiutitttii ittt
.............................................................................. ZHENG Jinxing, HUANG Jinxue, WANG Zhenzhen,et al (7532)
Analysis on spatial structure and scenarios of carbon dioxide emissions from tourism transportation ««+«seeesesereeererieetiiiiii..

............................................................................................. XIAO Xiao, ZHANG Jie’ LU Junyu, et al (7540)

....................................................................................... LIU Yuming, ZHANG Jing, WU Pengfei, et al (7549)
Socio-economic impacts of under-film drip irrigation technology and sustainable assessment: a case in the Manas River Basin,
Xinjiang, China «+-eeeeeeesemrreees ittt FAN Wenbo, WU Pute, MA Fengmei (7559)
Effects of pattern and timing of high temperature exposure on the mortality and fecundity of Aphis gossypii Glover on cotton «-««-------
....................................................................................... GAO Guizhen, LU Zhaozhi, XIA Deping, et al (7568)
Physiological responses of Eucalyptus trees to infestation of Leptocybe invasa Fisher & La Salle — «-eeeeeerereereeeiiiiiiii...
.............................................................................. WU Yaojun, CHANG Mingshan, SHENG Shuang, et al (7576)
Carbon storage capacity of a Betula alnoides stand and a mixed Betula alnoides X Castanopsis hystrix stand in Southern Subtropical
China: a comparison Study <+ srerreerreeeernmmiiii HE Youjun, QIN Lin, LI Zhiyong, et al (7586)
Distribution and ecological risk assessment of 7 heavy metals in urban forest soils in Changsha City =~ «srseoeerereeeemrnmaeiaiii..
....................................................................................... FANG Xi, TANG Zhijuan, TIAN Dalun, et al (7595)
Review and Monograph
The relationship between humans and the environment at the urban-rural interface ; research progress and prospects —=+-ereeeeeeeeeeeenes
...................................................................................................... HUANG Baorong, ZHANG Huizhi (7607)
Flux footprint of carbon dioxide and vapor exchange over the terrestrial ecosystem: a review — s+eeseeessereremiiiiiiii
.................................................................................... ZHANG Hui, SHEN Shuanghe, WEN Xuefa, et al (7622)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

BRG], QT T 1981 4, F2 2 RIE A A0
K JET5 1 AL F5 SRR R SO s W ST M4l s AR A 2 B BE

FEIR IR BRI R SR | R0 BE S e AR A A2

Bk ARG B AT R AR B AS SOT RS = A R45
CHEZSZE) 2 H A, K 16 FF4%,300 BT, B N2 90 Jo/ M, 448 22 fr 2160 TG,
PR &A% . 82-7, [ AMIR £ AR5 . M670

FRUET]S . 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

TESETT R

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

2

WEMEMRE flaty

iE: (010)62941099; 62843362

HE: www. ecologica. cn

HITHE XIKE B ¥

£ x5 % ® ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) ( Semimonthly, Started in 1981)
(ll:‘ﬂﬂj 19814153)%@”{']) Semimon y,; arted in
2% H23MW (2012412 1) Vol. 32 No. 23 (December, 2012)
B (RS A Edited by Editorial board of

Hohl : AL HTHEE X XU 1 18 5
HIS B 2515 - 100085

LI : (010)62941099

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

ACTA ECOLOGICA SINICA

Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

Tel: (010)62941099
www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

SR U
F & PEEBEHEEADS
* b PEASYEES

rp E Bl 2 e A AR AT 0
Mk b X 18 5
IS B i A - 100085

Editor-in-chief
Supervised by
Sponsored by

FENG Zong-Wei

China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS
Add 18, Shuangqing Street, Haidian , Beijing 100085 , China

H MR 4+ 4 & 13 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
Hihk . AR EOIRAR L 16 5 Distributed by Science Press m :—
Hﬂ[ﬁiﬂ[fﬁﬁ% :100717 Add:16 Donghuangchenggen North g
Eglﬁ fl( 010) 6fé34563 Street, Beijing 100717, China ] —"
-mail ; journal @ cspg. net Tel; (010) 64034563 O —]—m—-
N - = : e —
2 s Izl\,i] é[ﬂ%iﬁ:"lﬂﬁaﬁ s = E-mail ; journal @ cspg. net O
ESh&AT hEE PR A S S - =0
Huhk AL BT 399 {45 Domestic All Local Post Offices in China > g
H AN [=} —
MR B A . 100044 Foreign China International Book Trading [7,) E
532 E SO TR - Corporation :2 'l:
i W OIE » T 8013 Add:P. 0. Box 399 Beijing 100044 , China = o
ISSN 1000-0933 4= - -
N 0o ERSIMAF LT EREERS 82-7 ESEITRS M670 Efr 70.00 T

CN 11-2031/Q



	01.pdf
	fm.pdf
	zml.pdf

	stxb201202200229.pdf
	03.pdf
	yml.pdf
	23fd.pdf


