4508 %55 10 H A 2 # Vol.28,No. 10
2008 4£ 10 A ACTA ECOLOGICA SINICA Oct. ,2008

FRENRAMR-BERZEXRUKBHZIE

sy o x~ 1,2 = 1,2,% 2 2 1
XUEL}& ’ g‘ﬁ-‘& 9@%‘5‘% 9)5)?}(;6
(L ALEHOb R RRESIFRAER, Jb 1000832, h EFRFERIERT R BTAESET, LR 100012)

WE:ETER(RS) SHEFERRE(CIS) GG H Tk, BRI EET 1988 £4£.,1995 48,2000 4550 2004 4 P FF 42 IR 3R
R-EJRISE X R AR R 2 [ {5 8., FF7E Fragstats3. 3 5D, B R M EFIFR B G HI H &, 247 TR R RWR R
WA EM. GFRRH: (1) 16 K, FRNRHFH-ERRE RS RURBEEHE., 1P KB ERBOBES, 5
7858. 15km® , FZE R Bl ; KA L AN B 2 , 3 4087. 25km” BN YRR R ZERIR TR MM . (2) B4R
R BB, RO BE RS R I BB AR, MBS, (3 RANT BN, FIRRASERERURE
HRH BB KE/D, 022 FERFERE RS . (4) FRRWRETL MR M, KB, AR ey
BLE AR BT A5 T 50.22° K24 4. 48km ; B R WAL [0 R LT S T 79. 96° K2y 29. 93km,

KB :HA-FRRE R R s B8 50 S RHEAE5GIS
X EH S :1000-0933(2008)10-4982-10 FhEAHS:Q149, Q948,812 X WAHRIAE:A

Spatial-temporal landscape dynamics in the Hulunbeir forest-steppe ecotone

LIU Li-Cheng'?, LU Shi-Hai"**, GAO Ji-Xi*, LU Xin-Shi'

1 College of Resources and Environment , Beijing Forest University, Beijing 100083, China
2 Institute of Ecology, Chinese Research Academy of Environmental Sciences, Beijing 100012, China
Acta Ecologica Sinica 2008 ,28(10) :4982 ~ 4991.

Abstract ; Describing and understanding spatial patterns over time is an important research arena in landscape ecology. The
forest-steppe ecotone with alkalized grassland in Hulunbeir, which borders the Great Xing'an forest region, is one of the
most significant ecological barriers in North China. Since 1950s, the landscape patterns in the ecotone have changed greatly
and ecosystem functions have degraded substantially because of excess resource development as well as natural changes. By
integrating Remote Sensing ( RS) and Geographic Information System ( GIS), this paper explores how and why the
landscape pattern changed. The results shows: (1) it is remarkable to interchange between different landscapes, especially
frequently among forest land, grassland, cropland and unused land. The area of forest land has decreased sharply by
7858.15 km®, while the unused land increased 4087. 25 km®. (2) indices of landscape characteristics have changed
significantly from 1988 to 2004, with the landscape diversity index and fragmentation index increasing and the landscape
dominance index decreasing. (3) Main landscape types including forest, grassland, cropland, unused land show their
patches quantity added and patch shape changed more and more complexly. (4) From 1988 to 2004, the centroid of main
landscape types had moved east, the centroid of forest has moved 4. 48 km southeast, while the centroid of grassland moved
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29.93 km northeast. This study revealed the intensities, directions, and rates of landscape pattern changes, and the
relationships among landscape pattern, ecological processes, and human activities. This study can provide scientific basis

for the sustainable development of the ecotone.

Key Words: forest-grassland ; ecotone; landscape pattern; fragmentation index; diversity index; GIS; remote sensing
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Fig. 1 The landscape patterns classification of studying area during 1988 to 2004
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Table 1 Landscape index and illumination

BV F 358 Landscape index %2\ 3, Mathematical formula %2 3k References

PEREEFH5 % Fragmentation index C, = n/A, [18]

4YES B HE % Division index F,=D/S, D, = % Je7 = A/A [19]

SE3BEER AT 4% Mean patches fractal dimension index MPFD = ( i 21, [2In(0.28P;) /Ina; ] )/N [20,21]
=

F- K35 % Landscape shape index LSI = P/[ YAl [22,23]

L REPEHS Y Diversity index SHDI = - i(Pi x log, P,) [26,27]

B BB 354 Largest patch index LPI = V/A [24,25]

3957 BF$5 % Evenness index E=- i(Pi x log,P,) /In(m) [12]

R4 B 35 % Dominance index D = In(m) + i (P; x log,P,) Z53C This study

i=1

1,] RERMEEL, n HRIMIERYA FRMEER, P ARMBR AR, o ARMBRER, ¢ ToR RME B4, m AR MKE YV
RERABBRMER; C HRMA BRI ; F R 8, MPFD REFHRBR D B4 N R M A R Y LST RRT RIS SHDI K %
RV LPI R BB, E A3 ST 4L D R MIMB B4

£2 BUEIER () BBIERE

Table 2 Conversion matrix of landscape components

RWRAE i) o) Hi b8 =325k ) AR L3 1988 &t
Landscape types Cropland Forest Grassland Water Construction land Unused land Total of 1988
P Cropland 1718.50 295.01 915.02 4.25 42.00 85.02 3059.75
b Forest 2076. 50 52689.75 12869. 50 76.75 69.00 601.75 68383.25
EHh Grassland 3007.25 7502.05 25652. 50 262.75 388.50 4058.50 40871.50
7K 3%, Water 0.25 - 10.75 31.50 - 17.00 59.50
1% FiHs Construction land 4.75 2.00 2.50 0.75 42.75 1.25 54.00
FFIF+# Unused land 72.25 36.50 532.75 25.75 9.00 871.25 1547.50
2004 411 Total of 2004 6879.5 60525.25 39983. 00 401.75 551.25 5634.75 113975.50
£3 1988 ~2004 ERPABPERTURNEE

Table 3 Changes of landscape pattern area and dynamic degree from 1988 to 2004
-y LB 1988 ~1995 4£ 1995 ~2000 4£ 2000 ~2004 4= 1988 ~1995 4 1995 ~2000 4E 2000 ~2004 4£
Landscape types [pAktE A HRELE mRELE HEE(%) HEE(%) HEE(%)
P Cropland 1053.61 1089.24 1703. 86 4.95 5.32 8.22
b Forest -9046.03 -470.01 1660. 02 -1.89 -0.16 0.7
EHh Grassland 5828.6 —-2046.5 -4626.25 2.04 -0.87 -2.59
7K 3%, Water 281.48 368.66 -285.55 71.92 21.85 -10.11
1% FiHs Construction land 311.98 -7.74 195.78 85.15 -0.42 13.75
FFIF+# Unused land 1619.62 1070.01 1430.45 14.91 6.75 8.43

AL R Area variance;; 3)75 B Dynamic degree;* - ” Fon HAB BB E R FIER

KB AR SRR R Gt Hr 45 R KR, 78 1988 4E 3] 2004 4F 1Y 16a SIE],6 FSR MR H
RGBT AR, Hrp bk 5 5 A AR, HoR 4 R VIRRI A, B3R 2 W0, Aot
AR R RIS, 3 7858km” , 3 ELAERF ST AN 55— A BE , ShASBE B 4 X Bk BB R (H 1. 895 HR
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HHEINE AR L, A3 4087. 25km’, 45 1 BRI B AE RoR, (B0 14. 91; $h AL IR K, 36 T
3819.75 km’ , S AE LR WEN , 5 3 B BOATI B 8. 22; B A 5 /K S AV A B, B2 2004
4, ARG B 497. 25km* f1 342.25 km® , EAIFERSAMLABRLRBL T 16 4ER 3045 X P9 E B R WA M
SEWA Y BAE/NES, e Eh R A 13055 5 A Sk R BRI R WA ISR, IR X S 3
XFP LA BRI AL ) At S B I ) SHARAE , 2 B ARINE R 5 AR St FIERB SR
3.2 R RIEECE DT
3.2.1 HERXFEUWERIT

XIS AFAE R 4T , B2 X 2 RSB EM, REAMANESHNEZ —. DRNKE
AR SR AL BT, A SRR AT R B 1 16 4Pk , KIRR WLIREER B BB B I, B By 1988 4F 1) 299
A INE] 2004 4EE) 9134 A4S, JLHHFT 7 F RS R BT B AR, B 1995 £ R 1E, 2R BRI CLH K
7534 A, B AR MARRXF- 22 ; STESEE BT , 2 X - B R 28/ e, MRS
i 381. 39km™Jgi/NE 12. 49km® , FEIRBEHRAYXFH i KBV A B B AR H R B T B A\ FHE X FEIR
AWTFFE AR, 55 X ROV AL AR B IEZE R i, K2 B4 A R TR IEE IR

FWUKF iR M 8t B (B 2) ,16 455k, X @ SREEISE  § WS O RRJERK
SR T 2 B 1 B 2 P L K R S, iy 1988 4E Y . Diversity index ~ Evenness index ~ Dominance index
0.838 WKFT 1.069, MR RBAMBB MU S |,
B3 BB, BME RSB SRR IBE Ry |,
0.130.,0.060.0. 042, FJLLE H , HIEK S R 2 Ul bR
AW N ER BN EKESEE S 2R
FEARL,3 A~ Bt B g E FR R y R BRI S R P AP 4E
B AR WA T R, DE A 4 Y i S ARt HE I
B SRERES h 1988 4519 0. 882 FER3] T 2004 4
70.723,3 AN AP BT R R E AR R R BE, Uk
3ANBEIR AL T, 1988 ~ 2004 HAJE], FE X N B2 BFRXEWESEEST
%ﬁiﬂ%?Zl\ﬁj%ﬁﬁ%, [Xﬁ% ﬁi & //I\%( L /l\ I%E\‘ Fig.2 Analysis of landscape patterns index in the studying area
MR T B BB A T R, B& 4 4 B ] BB
SRR I R B BB 4 A I T 4, 25 ) SR B, (E R, AR R B2 AL R, 3
FpTRARER 52 B i B A A A% , 2B IR A AR B 42, X BB B 5 X R WL 2 B Y ) X Fp i34 B 2 B ¥
I T MBI R REBEAR RN, EBUN LA BOR BE SRR EES T, Z K R WL &
WS [ I IR B 28R T ARG, A Xz X B W T AR B ER T o8 m s, R 595
RAESHERXH— T8, WS TR T BREZH K,
3.2.2 FEEIRBIWEIE BT

IR AR AR SRR B 0T e Bt T B PRA8 TR ZRbR-BE R A2 45 X GE 16 4Rk RLR R SR B AR 4L
B, AT HPREROIE X BRI R, BN REE | 5 55 KB 2 R iR EREE LR
R3S, A S — IR BRI A B R, DL R BRUK B — S SR JRfE BO0 S 40, B/ R AR B3 Bt LA
R AR AR ik e o3 X FZ B R BIBEAT T 007 , 45 R Wk 4,

(1) bk

R X B RAED REE B, R R 2R B AR AESREWAE, 1988 FMBER 52X BERK
60. 03% , W6 & B[R] PR HERS , bRty T FR BT o LU IR T B, B 2004 48, B & F IS T 53.08% , B A SCE R
R AT (R 2) FTLLE M, B BRI AR B 4 R B4 70 R 3 S8kt , o X B L S i E R

5% Index
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PR, NZEXHSEIX N B BIRIG G2 RO TT A , T AR 5 BOAK s 40 B e , B e AR B FA R LR
B, BRI ARIE R E(SE 4) A H T 451816 455R , ARt R WU AL 72 5 A B 3 in , 2004 4E Ak
Hu R VB SRHOE INE] 1008 A, AR BE 1845 i 0. 0008 3E< B T 0. 0166, 4 N 73 B 18 XU T I T 0. 8655,
PA L 3 FSR R R B T i Bopky R LR R A e A S SRR JE TR O R B T B BR 0 R 5 B R BREAR
BT RIEROX 3 FAERE R LR P B T AR BB IR S AR B )RR 00 , DA R BESAR b B 1
BB RRRE, BIREEEEB/R, 2 2004 59 11,3 RIEIRER KA, R MM R B SR 1 I IR A58
FRAARIN , S ZAIE I, KB — A B R T AR s RN M . 53— 07T, A
FPAFERIZATBRE , 56 1 1B (1988 ~1996 4F) IR WIS ARHY AL 4L B o UK, R AL R R B oKk, 935 3]
TR B (R B, XML T X — AR W2 BISMF R T & , X 3
FEIX — i B AT A F 958 B A X B K, BRARSE IR D B i S LB A B, MO R WU b B 2 (AR 238
EABEITH B BRRAE ;55 2.3 B (1996 ~2004 4F) Syt i Wz 1k [ MR R A0 31, 3% — i 45 TR Mt
BT 55 1 NEMR, BB RIEEFARER,BR, R TR EIRRKESE R
BEN TR, AKX A SR 5 A SRE R TARRE T — 28 B

F4 1988 ~2004 FETERVEBHTRIEBSH
Table 4 Analysis of landscape index in main landscape pattern from 1988 to 2004

RWAER A BB W NBE BRI BRBEBIEH B RER
Landscape types Year NP F D MPFD LPI LSI
b Forest 1988 52 0.0008 0.8869 1.2092 29.22 26.41
1995 1392 0.0236 0.8693 1.2939 34.64 68.05
2000 1359 0.0233 0.8744 1.2928 33.90 67.70
2004 1008 0.0166 0.8655 1.3011 33.09 68.21
i, Grassland 1988 85 0.0021 0.9354 1.2289 25.09 35.85
1995 3817 0.0812 0.9039 1.2817 30.98 87.87
2000 4007 0.0890 0.9184 1.2832 28.54 94.54
2004 4666 0.1165 0.9870 1.2120 10.15 99.35
#t#h Cropland 1988 85 0.0370 0.9434 1.0842 0.67 15.20
1995 3817 0.2699 0.9488 1.1144 0.28 44.93
2000 4007 0.2288 0.9742 1.1267 0.23 48.85
2004 4666 0.2211 0.9921 1.1404 0.38 57.09
R AL 1988 85 0.0167 0.9465 1.1536 0.67 10.70
Unused land 1995 3817 0.1459 0.9584 1.1940 0.91 31.49
2000 4007 0.1569 0.9677 1.2035 1.10 40.79
2004 4666 0.1647 0.9994 1.2046 1.20 48.52

PEERH( NP ) Number of Patches ; B & ( F) Fragmentation index ; 7385 & ( D) Division index ; BEER 73 4% ( MPFD) ;Mean patches fractal dimension
index ; B A BEERTE ¥ ( LPI) Largest patch index ; JE2 4R $5 % ( LST) Landscape shape index

WHoTa RN 20 th4E 90 ALK, R E R K EMBR K18 3 T, P2 IR M KARFE =L B Ak T
2, EE T AR, B RSB AR RY 18 , AR T T A OB A 958, Z IR HE I E 40
B, B X AR LR A B B AR B AR

(2) %

BR A —AERRESRE VR —FH, BR TIHMENURERE—#50. 16 453k, ST RN R
DHRE , EHRIE UG N B BRSNS T — 58 shd 8 F HAEAN A
TS BRERNEL W T, EHR WAL BREZL WA R, HE R8s EZRI\ TR
A AR , TS A B 0 ) R BRI R T Bk, B o Tl B e, R Wbk B SF IR
AT HARMA LM, STERSRWERIEET LA R (R 4) 32004 4 FMPEREE ] T 4666 4,
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e FERHCR 0. 1165, Y35 BN FTHA Y SO, U B 25 3 S i ek 2 e b R AR AR SR 1Y 3 AN B
EHRSIE KNGS . TR BRI TR B L S B AR 8 A A, BRI 3
ABFEY , BEER A AR E BRI N FHE R i a5, 76 2000 4ER BB (8 1. 2832 B RBFHE B 4L FR ]
RFFRER B B S, 1996 4EIR B 30. 98 T RFE U B AL T T 71,2004 4EX BB A(E 99.35,3X 3
FIPBUAREEEER G TREHBEUERA AR IBESIEN, BERE R, X 3 KB ELERE
R T B R VBRI IR R AR BN , 52 B iR 0O AR B R R B B

LAV EAYTTLAE B X R SRR MR S A28 AL B BB, B 0 B UL 55 L i B WS B Ay A e
FEH L BEE R AR, RN TIRRGRBEARBIINR , 3EH & 244k e fb i gt ORIl 2 , RS
FEHREEM TR,

(3) # 5 R A L3

BMNER ERE, B Xt R A R & AL, B E 2004 4, HHBE R G2 X B EH
96.03% , KA H R 4.97% , B2,16 3k, X FHHF RIS E 3 58 R I2 4 3 Bk i, T FUE 3
KR HIEET 14. 16% F122.84% , #HfH AKFF L R P K SHFR X P9 shllok B 30 B2
BEHESRRY , 32 B A H B S B I A T AR R BRI T AR R IR BT & SA A s R A A R Rk
R0 5 T AU R VR T A AR R AR WAL, iR ICE , L3yl TR K B iR RS, i HAl
FRR - HRETR, IRABS AR I, X B B i 42 i R B iR 2 B T AT B R IR UL &
WEIRTE B B o XX B AR RO B ) RS AR Bt R, FEE E AW 3K, X WP R 2R ALY
B30 AR B e K, R, BB A T R SR R FN . LA _E RS R B A T LB
H , X BERP RSB 78 fb a3 S5 AR B3 B WA S B, X R AR o X T AR B A L R LR A X R 1Y, &
it 16 4ER B B], X R ROREB W IR AR A —ARR B T 5EH RN, R WEfdsZe]—2
REREM,
3.3 FEAEUWIRBN RO 5580

— b Forest 5497 . b Grassland
BERRABIR = a0 B AR, WL %8R :ZE i 19953 5488 |- 2004

Eﬁ“bﬂ%’f’t%%ﬁo ﬁﬁiB%iﬁi&T%i&'—?ﬁi&%ﬂ?ﬁz 5574 |- 2000 5484 -

BURAH- MR RO E B SRS Bk 2| _ep

SCUA AR HE 5 i RO B A R RER, AT T 1988 ~ < 5568 |- = unl 2000

2004 £EBRSE KBNS FR 0 2 RS TU ™ S o | .
TE Arc/Info workstation 34 & X3FF, #MH ssen | 2004 5464 |- 19.88 199

centroidlabels fir 4+ JF 5 M1 22 3 3 He 19 J 047 HH o e el

K I Addy A4 IR0 A AR B R R B 7 hoa et astes " how o o7 i

R AR (2) 153 B PR E R A .04
w(E 3),%J5,aH ArcGIS H 1 analysis tools fHR i B3 1988 ~2004 4EHhH A Hb R0 B A2 AL
BT R RO R AR E M, M4k, Fie 3 Dymamic changes of forest and grassland centroid from 1988 to
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