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Mechanism analysis of temporal dynamics in mangrove spatial distribution in

Guangxi, China. 1960—2010
LI Chungan” , Dai Huabing
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Abstract: Mangrove ecosystems are important for socioeconomic development and environmental protection but are
experiencing sharp declines around the world. Asia has the most mangroves in area around the world but also has the largest
human populations that threaten the ecosystem. Where mangrove is distributed and how its range changes are important
topics for research throughout the world. Although many efforts have been made to study mangrove, more detailed
information is still needed for better managing and protecting mangrove ecosystems. To analyze the mechanism of spatial
dynamics of mangrove in Guangxi Beibu Gulf, China, from 1960 to 2010, multi-source remote sensing data were used to
extract spatial information on mangroves in various years. The spatial distribution characteristics were analyzed and the
spatial dynamic mechanisms of mangroves from 1960/1976 to 2010 were analyzed with a patch-based method. The results
indicated that there were 1020, 829, 1094, 1718, and 1712 patches of mangrove in 1960/1976, 1990s, 2001, 2007, and
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2010, respectively, and the areas were 9062.5, 7430.1, 7015.4, 6743.2, and 7054.3 hm’ in these 5 years, respectively.
The region lost 22.16% of its mangrove area from 1960/1976 to 2010, with an annual loss rate of 0.53%. In the meantime,
the patch-number increased 67.8% ; the average patch-area decreased from 8.9 hm® in 1960/1976 to 4.1 hm® in 2010, and
the number of big patches became smaller over time. Only 24 of 1020 patches (2.4%) in 1960/1976 remained unchanged
till 2010, almost all the patches had changed to a certain degree. The results also indicated that lost (46.1% ) , fragmented
(40.4% ) , and shrunken (13.5% ) mangroves were the major components of the loss in mangrove area, whereas new (70.
0% ) and fragmented (29.9% ) patches of mangrove were the main reasons for patch-number increases from 1960/1976 to
2010. The dynamics of patch-number and area changes varied both spatially and temporally. Shrimp and salt pond
construction (80.0% ) , infrastructure construction (10.9% ), and agriculture (9.1% ) were the major causes of mangrove
loss, and incensement of patch-number was due to natural processes (92.6% ) such as extreme weather, flooding, sediment
deposition, and growth/succession and plantations (7.4% ) The causes of lost area varied both spatially and temporally.
Changes in patch-number were mainly due to the natural processes and procedures of new patch (39.6% ) and disappeared
(=9.1%) , and shrimp and salt pond construction and procedures of disappeared (—15.3%) and fragmented (14.5%) ;
changes in mangrove areas were caused mainly by natural processes acted on the new (17.5%) , expanded (12.6% ), and
disappeared (=6.1%) patches; shrimp and salt pond construction contributed to the disappeared (-14.8%) , fragmented
(=13.9%), and shrunken ( =6.6% ) mangrove patches. This study demonstrates the effectiveness of methodology that
integrates natural processes and human activities into analysis of mangrove spatial distribution and its changes over time,

and such a method can be used for in-depth mangrove research in other regions of the world.

Key Words: mangrove; spatial distribution; mangrove dynamic; landscape ecology; patch analysis.
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WX AN, R ZRRTF— A s —AN0 1, H R Z 2R Landsat TM/ ETM+235 H 43 33 8 BB | W) 45 2%
KRG, 3 — 7T, BARAR 225 W AN R 2T AR ZS [ 43 A h A8 AT T 5T, (HIX B 9T 22 2 I
) £ FEE R 5 YRR R AR AR O, B = PR BT A TR AT, 2% R 4 THI ) 3 7 000V A oo A v 20 AR BRE B 45 i
AT RGN 0 ) shAS R . BEAh, A AR T A AR AL B 3K B B T, K2 R e M dr, 20 D e 4T
BN B LR ES 0] 232 Bl A S AT oA o B TR BRes (8] 4347 9 AR ML

TG TR R K B LT R X, SRR A A Y 3890, DS IOk, X 28 & K
- g J T QUL R e R AR PR AR TE O 3 R R R A AR ) AR A T A 5 R BT i R A L
TR AR AU T o 5 o ] 2T A PR B B A XA AL, A, SRR AS RIR (SPOT1-5  ALOS %5 i3 43 H R i Jik
PG T PHAEESTS 1960—2010 4ELT R ARZS (8] 43 A5 B4 T B AS WD, R FH 26 T BEB A 0 A ik IRAIESE
Hoos () AR LI AN AT Bl B X IR AT AR R s (8] 40 A5 1 AR AR R , 38 7 2 B Ak 25 & R K T X 2047
RAS 8] 53 Ai (4 B, AT Pl O A8 0 M 1 KBy 20 AR A1 I sl A A B e s Tl s AE WL, Ay R RN 45 G BURS A KAt

http ; //www.ecologica.cn



18 1] ZHET 4.1960—2010 4 FOLLRAES (8] 234 FE AS LK 434 3

SN AR LD MR H A 348 B LR 2 A i
1 FRXHLR

1.1 R E

JPGAEES A TACER IS A S, KBl R ARG B 5 R4 BRL B A FH 50 B W PEK T 11, VE 2 7R 2%
5B A2 A AL R 1500 km A R/NER 15 697 A, BRI 66.90 km®  WERTEIFL 1 005 km®, 5
L, AT AR Z KRGS | 2 BRI BRSNS | B s 15 M ER U1 . o) XA AR PR 2 1] 3
VERAHT B8 Xt — 20 Al ML m 1 B2ERHs D45 14 MBS (E 1),

1 ARREBESEXS 2010 FARKSHE
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Table 1 Remote sensing images used to extract mangrove distribution information and their coverage area

ey RIS Bim/ 5 PTG Bay of image covered LR /25 [ 43 s
Year  Image type Scene 12 31 32 4 4 43 4 5 6 7 8 8 9  Scale orresolution
1960 AfafizEG 357 v VvV VvV VYV VYV YV VY 1:1.4—207

1976  &ffizsEG 114 VoVoV o 1:05—147

1989 AfafizsEg 17 VARRY 1:1.477

1989 SPOTI 2 v v vV vV VY vV V.V V' HRVIOm/XS20m
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FE RS A, I HAX 4 NIEVE LR AR RS 249 R 5E X 25% , S T Sl A , R FH 45 4F B 20 REMR T R
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Table 2 Current and past extent of mangrove by district or bay in Guangxi (1960/1976—2010)
1960/1976 1990s 2001 2007 2010
3 T mg PR g B IO g BRI g TR
District or bay Area/ =1 Area/ = Area/ =1 Area/ o Area/ /o
) Patch- ) Patch- R Patch- ) Patch- R Patch-
hm number hm number hm number hm number hm number
| Eteriyn| 90.0 12 101.1 22 94.3 41 88.1 36 92.4 41
Bkt 1 098.9 42 1026.9 46 920.5 68 883.5 59 891.8 68
7 S PG 7 338.7 28 274.2 49 249.4 46 173.6 44 162.7 46
75 SR R AR 1 627.3 52 597.7 117 557.4 111 532 110 509.6 111
B 1086.3 79 1291.6 120 1290.1 244 1151.3 250 1223.2 244
tt+ =% 686.3 186 369.1 112 336.8 206 295.7 214 295.9 206
SET 665.9 68 216.1 48 182.9 130 152.3 126 137.3 130
BN S 223.1 66 173.3 31 216.7 90 221.0 97 214.5 90
KR 847.0 125 653.9 102 576.1 268 591.0 281 565.0 268
BN 753.4 65 656.5 47 574.8 155 610.6 148 707.5 151
e R = 964.0 84 372.6 33 394.2 95 314 101 308.1 95
BRIl 1152.9* 132° 1018.8 62 927.3 183 987.1 178 1019.3 183
Py 322.6* 49" 493.4 19 497.8 47 529.0 46 555.1 47
BT s 206.1* 32" 184.9 21 197.1 28 214.1 28 221.4 28
I 5% 5 7 4 2 437.4 209 2218.0 306 2 068.1 419 1.879.7 397 1845.9 419
R T 8 3 008.1 425 2257.8 317 2203.8 718 2042.5 747 2 082.3 718
it 4R 3 617.0% 386% 2954.3 206 2743.5 315 2 821.0 574 3126.1 575
ESL 9 062.5% 1 020" 7 430.1 829 7015.4 1 094 6 743.2 1718 7 054.3 1712

FeH 196071976 4 2010 4E Y BEH AR AL 551 3C [ 32] A 22 5%, B R [ 32 ] U ln , B F AR AT IR AW S B IE T R ML 45 1
H 5K 1960/1976—2010 4F ) VU LLAAR T AURIBESR AR, | LAAS SO ; (2) 1960/1976 AFEFIEE H , i * 2 1976 AE KN , #7735 1960/1976 4F
FORCHE , AN 1960 4F HIEE

3 1960/1976—2010 F R E UM EARAFREREL S FEHELRDY
Table 3 Change and average annual change rate of mangrove area by district or bay in Guangxi ( 1960/1976—2010)

1960/1976—1990 4§ 1990s—2001 4 2001—2007 4 2007—2010 4§

O ik TOERR S gy THRLE gy TARR gy TARLE
District or bay Change of ° Change of g annua Change of ve. annud Change of ve. anmud

N rate of ) rate of ) rate of N rate of

area /hm change/ % area /hm change/% area /hm change/% area /hm change/ %

B[ s 11.1 0.40 -6.8 -0.58 -6.2 -1.13 4.3 1.59
Bk -72.0 -0.23 -106.4 -0.91 -37.0 -0.68 8.3 0.31
77 ks G v -64.5 -0.73 -24.8 -0.79 -75.8 -6.04 -10.9 -2.16
R I 2R T -29.6 -0.17 -40.3 -0.58 -25.4 -0.78 -22.4 -1.43
R 205.3 0.60 -1.5 -0.01 -138.8 -1.90 71.9 2.02
tt+=r -317.2 -2.14 -32.3 -0.76 -41.1 -2.17 0.2 0.02
SET -449.8 -3.22 -33.2 -2.78 -30.6 -3.05 -15.0 -3.46
BTSN -49.8 -0.87 43.4 1.86 4.3 0.33 -6.5 -1.00
KT -193.1 -0.83 -71.8 -1.27 14.9 0.43 -26.0 -1.50
BN 15 -96.9 -0.44 -81.7 -1.33 35.8 1.01 96.9 4.91
iR -591.4 -3.07 21.6 0.56 -80.2 -3.79 -5.9 -0.63
BRLvs -134.1 -0.95 -91.5 -0.78 59.8 1.04 32.2 1.07
FHoE 170.8 3.27 4.4 0.07 31.2 1.01 26.1 1.61
Y s -21.2 -0.83 12.2 0.53 17.0 1.38 7.3 1.12
7 30 3 T 45k -219.4 -0.33 -149.9 -0.58 -188.4 -1.59 -33.8 -0.60
N T T AR -750.3 -0.96 -54.0 -0.22 -161.3 -1.27 39.8 0.64
eI -662.7 -0.90 -210.8 -0.67 71.5 0.46 305.1 3.42
ey -1632.4 -0.75 -414.7 -0.50 -272.2 -0.66 311.1 1.50

Fei A% KR AR S A8 A TR I MR AT A5V VS B BRI AR B (26 1) \2010 AEZL AR T AR, SR FH A 293 315 4% KSR B4R B, 4™ g
1960/1976 4E I EHRAEE R 1963.0,1990s 4F I ELHEAFE B2 1989.6 5 JL T IX 45 1960/1976 4 M EHHA: Bl 1967.4,1990s 4 ARy 1989.9
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FER B XS RUEE |, 1960/ 1976—2010 4RI DX 244 AR 1 R R 47 20k 20 3 % fIKF 1980—2005 4F 428k
f9°0.77% VYK 0.98% g 4 [ 1.37% P E 4 FER 1.37%" ", 5T 2004 4FEE0 R FEREH R0 1L IX 1975—
2005 4FH 0.4% ) AEIETES RUBE B X381 WS X 21 AR i FRAR 349080/ 0 R AR T 1977—2008 4F- 7T 75 N 125 58
BHERY 0.58% ", 185 T 1989—2002 4F 1 g A ZEuE 19 0.499% ) K T[] & b 5 725 it bl 1 5 2 5 725 b X 1)
1943 4 LI Y 2T B ARl e R 7
3.2 BEHLHIBURRIE AR (bt B

H T T AR 2 /b B i R BRI N, 1960/1976—2010 4F )™ P4 Z1 B AR R B - 247 1 AR 52 i 3 v />
Fya%, 2010 4EBEHOSE R AL H R 196071976 4F 1 46.1% , SEHL T AR AL Y 55 — AN RRAE 2 K BEH i %0 1
W R 4,

R4 TEEEBIRERFED

Table 4 Characteristic of patch—area in various year

. e RBESRTHIFR EFR T ES T N HEUE Y BES g /4

Besor g AR o1
AERE Area of Patch-number which area is bigger than value bellows

Average area of .
Year ) the biggest
patch/hm 2 200 hm®> 100 hm* 50 hm* 20 hm? 10 hm? 5 hm? 2 hm? 1 hm?
patch/hm

1960/1976 8.9 391.5 7 13 37 93 161 286 467 649
1990s 9.0 244.8 2 13 30 83 149 252 433 579
2001 6.4 192.9 8 25 69 150 266 492 697
2007 3.9 205.7 1 5 22 74 142 243 493 752
2010 4.1 209.9 1 6 26 75 148 255 491 735

3.3 BEHmRR et

1960/1976 4 1 020 LI ARBES T, 2 2010 4E I A 24 D EESR R R E (USRI AR AR AR ) |
1960/1976 4F-BEHEUER 1 2.4% 15K 2548 AL FITHE 28 BESL ) LU EE 20 510 23.8% 12.7% 17.4% F1 43.7%,
SHITE] BT 14 Y PR 7 2010 AR BEHVBUEE 1Y 49.8% X R BEHREI G — 7 T KB /b, 55— 7 TR & N 28
b, W DXIRLT R AR RE SR AL TR AR E RS . B AR 97 sk BESY RAEZ8 Ak, 2540 WAL RN TR 26 A R
RAEAEL, W] 1960/1976—2010 47, 52 R JF R ARfb 0 BE B85 & L 5530018 26.29% Fi 73.8% , Bk b 24k
R,

2L AT R KW, 1960/1976—2010 AFEREHACRIE N T 1 230 4>, /> T 538 4>, Bl S8k =
A 1768 A4 AR 692 A, BV AL FE R AR R 5 R 64.7% \25.3% , 3 W L1 AR PR BE SR A T K i 44
I R B 9 A AN AR RS L S TR) VT TR R 50 R T A ) A AR A AR ] (EL AR A SR A 22 55K, 1A
BMEVE LR ARBESER AL T3 38 i sh A Az v,

T 2R O BEHR RT3 (A BB AE 25 (R 8 E AR AN S | L, ZDREAR S [R) o A 2540 & A TAR K AE 4k,
TRZ 1960/1976 4EAT LRI M0 B B, 2 2010 AERT 2728 5 17 O6HE, AR 2 1960/1976 4F R ' M i b Bt
22010 4FAF L T 20K

4 AWMEESHREIH S

4.1 BT

AR ARSI 1 2 B I 21 B PR BE B 50 R v AR o 4% il A8 e AR AR Ak I (48 R RTRR X ) K
AN R BRI R AR 5 TR () FE bR e R B B g A 1B O A iR AR
KA RS REL, Horp, B (R ) R BEHECE A R i AR AR R A B AR (R iR (R ) &
71 BE B R R 2 AR AR R AR AR AR (B s s ) d () 5 MR 3 e W H P BRE e R T
RO/ s R B0 | 8 5 AN AR AR A v AR A B AR R T RS X B i A i AR AR L
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BRI HTEE R IR 5,

£5 1960/1976—2010 £ A ERZ MBI EBMERFE (R) HH15Y
Table 5 Flow amount and flow rate of patch-number and area change through various procedure (1960/1976—2010)

e FiH BEHER Patch-number/> TR Area/hm?
Year Item FsE Pk EH mk R g RE Pk EH Wik R B
ST EX SH FR DI New ST EX SH FR DI New
1960/1976— i it 150 20 105 451 297 55 919.0  690.9 9452 19454 10808
1990 B/ % 14.7 2.0 10.3 44.1 29.0 0.1 16.4 12.4 16.9 34.8 19.3
i -140 -2 105 -451 297 -2.3 850.2 -672.1 -943.6 -1945.4 1 080.8
HH R/ % -14.1  -02 10.6  -45.3 29.8 155 -122 -172  -354 19.7
HBEREGAR % -23.6 -03 -76.1 -0.1 -18.9 -26.5 -54.6
1990s—2001 HifiH# 1 52 4 126 189 359 41.6 5129 2652 7857  423.1 489.0
SR/ % 0.1 7.1 0.5 17.2 25.9 49.1 1.7 20.4 10.5 31.2 16.8 19.4
T -1 -28 124 -189 359 4.4 502.3 -259.6 -718.9 -423.1 489.0
IR % -0.1 -4.0 177 -27.0 512 -0.2 21.0 -108 -30.0 -17.6 20.4
TR % 25.7 743 -0.3 -18.5  -51.1 -30.1
2001—2007 EiE 36 20 317 124 453 25.8 400.6  358.1 4835  207.1 316.5
BIR/ % 3.8 2.1 33.4 13.1 477 14 22.4 20.0 27.0 11.6 17.7
EC TN -26 6 315 -124 453 1.8 391.6 -354.5 -420.5 -207.1 316.5
R % -2.8 0.6 341  -13.4 490 0.1 231 -21.0 -249 -122 18.7
TR % 0.8 40.7 58.5 -36.1 -42.8  -21.1
2007—2010 HifiE 6 58 3 72 94 69 443 4212 1226 43.5 33.7 71.2
RIS % 2.0 19.2 1.0 23.8 31.1 22.8 6.0 57.2 16.6 5.9 4.6 9.7
SR TNIEY 4 -50 -1 66 -94 69 0.3 4148 -122.0 -19.5  -33.7 71.2
IR % 1.4 -17.6 -0.4 232 -33.1 24.3 627 -184  -2.9 -5.1 10.8
HERTE % -345  -0.7 -64.8 0.1 85.3 14.6
1960/1976— Hifi & 1 83 16 364 452 852 1.7 778.4  656.8 1872.8 19821 15324
2010 TR % 0.1 4.7 0.9 20.6 25.6 48.2 11.4 9.6 27.4 29.0 22.5
bR 1 -63 -10 364 -452 852  -0.5 763.6 -583.0 -1738.6 -1982.1 1532.4
HHR/ % 0.1 -3.6 -0.6 209 =259 48.9 1.6 -88 -263 =300 23.2
R % 0.1 29.9 70.0 -13.5  -40.4  -46.1

ST Stable; EX: Expand; SH: Shrank; FR: Fragment; DI. Disappear; New: New patch

H 2 5, F5EIX 1960/1976—2010 - BEHAE AL HA I 5e et . O SRfERaE 2840 9k Jirdb T2k
FUHHE 6 Migte AR BB B AR L (RS 3 Mg ARk i K, OB R R Z AR B T 77.7%—94.2% ,
SEBEHUE R A E GRS RN E | A BRI AR A AN K QAN [T, 25 AN iR R A B
HOfe s e A 25 80K, XY BEH B /D B (1960/1976—1990s 4F 2007—2010 4F ) |, T 26 iR A2 1Y S 7 5 i
KLY KRB AR, Y BEHBCE 3 T (1990s—2001 4F 2001—2007 4F ) , B3 i 42 1) B R ok, ik bk
AL, Ui B AE AN R WD A, B AZ 30 TP 4T AN ] 5 B4 Wil 8 v | I8 38 L BE R B30 i v 1 s 2 1
D BT AN AR AR I RN R AR AT, 16 B R B BB g — Ty TR 55— T AN S R B AR
RIGIG ; @A &4 BEHECR AR A0 I S0 3R R 0 3 ELA A i A DG, BRI A5 M is 48  BE e S R fb 55
AL SEA AR R — 30 @B GRS IEE KRR B R Pk R R DD 1) A TR Ak
JEBEHECE R I EELRAR

BEH AR A AR A1 D BEH B AR AN [A], RBH

OBRFE BRI, P70k 22498 WEAL 5 R FUHTHE 5 AR 4 00 1 AR R AR 45 K, L Im AR i 384 in 1
2007—2010 4E4h A TR A 6 3 /S Wl 4 v | 46 A 38 428 ) S I 23R 119 2 S 0 /N - B JR B0t S I SR 1 22
S5, VLB MET AR I AR Tl iR 78 T8 2 2 BRI 50
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QIF]— W I | B T B I 2007—2010 4E4h , AR THR RN A 19 3 AW b 75k 2548 AL T
P BG5BT ZEARK, UL R LR AR S G SLECH A .

QUWEINIHASIE] | [R]—ig 48 b A9 AR A 22 58K, N BEHLH 25 7F 1960/1976—2010 4 4 A Wil 19 i) &
TR AR 34.8% 16.8% 11.6% 4.6% , e KAHZEIE 5 f%5, §75KIEETE 1960/1976—1990 4 2007—2010 4F
AT 3R 16.4% 57.2% , W5 FH 22 T8, U BAAS [m) W DU A | Z0AR AT R A TR s 428 b i) 28 AR R B AN ]
HFEPRURRES Az 2 e o =0 R E AR,

@ R[E W], RMEAR AR AR (975K B AR R AR fE R 48 (2540 WAL IH 2R ) B9 B9 35.
8%—72.9% 27.1%—58.6% , iR WM 35.29%—T73.5% - 58.4%—-26.4% , Y%K, 1 B i FLAR AL Ak F— 7
TR — 5 TR BRI ZL AR A 2 v AR, 1960/1976—1990s 4F | 1990s—2001 4E 2001—2007 4F =
AN WEIE , R AR AR A i o S LR R AR A AR A %N 29.6 .17.2 16,2 A 43 14, BLT AR AR T AR
/0, 2007—2010 4F | RS AR Al i 430 AR RAPEAR AR AR A AR 47.1 A 43, o AR

ORI RTT LLE ), BEHEAL K ZES R 1960/1976—2007 4FL1RAR I AR /D (1) 32 B k4, Hodp
1960/1976—1990s 4 LABEHRIE 2K (-54.6% ) S 3, HR R (-26.5% ) ,1990s—2001 4F-LABEH AL (-51.1%)
R HIREIH R (-30.1%) ,2001—2007 4, FRAL I ZE 4 38 45 1Y) S 3R 22 430 - 42.8% Fl- 36.1% , BEHR ™ 7K
(85.3% ) FIHTH (14.6% ) J& 2007—2010 4FELLAAR I ARIE I i) 32 53848

O[5 oS S ) S 7 ol W R T 2551y N1 81 B2 N0 ol R 1 5. 04 N = 117 g ol P £ < e N
AT A TG BA S )RR
4.2 IKFHT 5T

9K 51 R -3 BT S T PEAL 2552 i PR (R R ) X BRE R 50 i AR AL B S A B2 B, Ol £ AR AR AR 3 B
H SR IBORH R F3E i 1) 9 ( B 5 ) 33K 2 PR 3R B e 4 R A AR
4.2.1  JREHIA T ISR

1960/1976 4F- [ 1020 ABEHH | 5 2010 4E0F 532 A>32 I FRFE AL @ 52 m) (AnE 2a) , 5 52.2%,
ZENE R TR (AN 2b) RN T3 MRS e (8 BEBRESCR: 43310 9 A~ 169 A4 Fi1 28 4, 4351l i 1960/1976 4F-BiE
PR 0.9% ,6.8% 1 2.7% , A 37.5% WEEHASZ BN W] B /9 A THesgm . gl A0 7, 52 [ B SR
R AT T AR AR T S M e Y L 2N 2.4% .61.2% 9.0% 1 2.8% , 1960/1976—2010 4F #F 55 IX.
A 37.5% M BEH 24.6% [P THI AR A2 B W 0 AR 6 3 T4, 503 U R 1 30 R 8 B 28 5 B & A= A8 4k
Tt e BEHCE i RN | S50 I R T 52 i o6 e i Bl dse ), O TR ks, B R AN T3 MW 5T X
ZTRRBASEZ ] 9 9 B /0 A (] M0 ) 454 BIK 3 PR 28 5% T 5 S ) BRE SR B30 R AL 3R 6,

F6 AEKNESAERNEERN T ROBEREBMER
Table 6 Patch-number and area affected by various drivers in various year
BEHefi Patch-number/ > HEF Area /hm?

sz 03] ERE EW* L FrIH I T AT P EW‘ L JrIH IR T# AT e
Term Year UK - AG MERE K BN Total FuRi AG AR R ik Total
NP SSC IC PL NP SSC IC PL
1960/1976— 1960/1976 701 59 214 40 6 1020 5286.6 1189.6 19148 557.3 114.2 9 062.5
1990s 1990s 632 17 133 13 34 829 57403  379.7 619.1 371.0  320.0 7 430.1
1990s—2001 1990s 514 6 260 30 19 829  4078.5 22.0 27259 430.7 173.0 7 430.1
2001 789 1 235 14 55 1094 4 673.9 1.3 1777.1 2542  308.9 7015.4
2001—2007 2001 634 3 386 32 39 1094 4 399.6 5.4 18255 4343  350.6 7015.4
2007 1053 533 41 91 1718 4 491.5 1334.1 3744 5432 6 743.2
2007—2010 2007 1361 1 278 38 40 1718 5533.4 0.9 8902 69.8 2429 6 743.2
2010 1346 276 28 62 1712 5 683.3 781.5  48.7  540.8 7 054.3

NP Nature process; AG: Agriculture; SSC: Shrimp and salt pond construction; IC; Infrastructure construction; PL; Plantation
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IR VLS BOIEPI Se B

LR TR LR A T4 T BEH 3k

B2 FREAVERIE WHY KA BRI RIS TRIR TN

Fig.2 Patch dynamic derived by natural process, shrimp-pond and urban expend

A5 15 BhAE AR W I ST £ s 18] A S0 B AN (), S 1 95 XA [+ D S s S0 R 3 B 3R

S 2B KB T NS IKF A AR AR Y B WL 2 R LD AR AR A BB IR B, T PR U
TV R MELR T & D7 s A&, LR (ATTHT 110 4F) S BB B P45, 1087 AR B i 2T P A A
AR ORAEE LR 75 U7 ke, 2 1937 4F AN A 10 AR, 1954 AR5 b K48 7 2148,
SIEBGE 3 000 hm*, B T3R5 AN R 20t 80 ARG , KB $h B L B R B . | Vo i I I Rl
BREIIL, 20 A 30 4R850 T B W VT 1L £ 185 B Sk o B RO 0 R S R B T ARG U R DA
o Z 1949 4 B IHE T AR T DX I0ME VR B B ARG 1,13 5 hm? TR K R IR SR T, 1964 4FBlibik
BT PEE SRV B, 21K 3.29 km , 50 = 5 5 KRG MO 21 5, B B A 330 hm® , JFREER H

RIRE . WERFRAA T 20 HE4E 60 450 (HL 4 IR , 5 1987 4F , 42300 HEMEVR R JRAZD 200 ™
00 AEARJR , Wi K FEFHHUHE %, %5 2004 it 6 77 b, SEr IR FRA 3 972 b, T AL A
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BT AR AR T 1968 AEB IR 8 T 248, 28 40 ZAF g, B H /N & & e U — 1Bk Hs B (Jm3
UL 2b) o 1992 4F M s sh T 2% s d oy — B e o,

X3 6 HE— 4T &I, 1960/1976—2007 4114 3 /N Wa il HA P, 280 A T4 05 ma v FLELA W R =4k
A OFRFHE AR I E 3 S BEHE R L B R B I O 3 X S5 IF9E IXIK FR A 0 R RS+ &5Q
ARG S A3 B S 2 0/ | e 1 AR TN I3k (2 M 31 LA 977 300 AR T ) RIAR M s (R i)
AL 20E HONESNE ) Bk, KAt i & J (REma i A A AR R ) | X S Hb IX I LR AR T T
FRE B RSB s BN T ARPS S [z AR K, 3% 5 1990s 4F DL RSl & 2000 4F DL M BRF A 3 45
I LU N T M BEARWIIN KRB — 2, N Tt 2 W T2 ki F R BRMTS ek L
4.2.2 R FRYR S & (R) b

SR B () R WA P A — DR OR Bl T BB R A B AR R (R ) PR R T 45N IR B
PR X6 BE RS AN T AR AR A (B3l ) B sE R B, ELOK S T, B T AT R - BIK B B RS A T AR AR
R, 1960/1976—2010 4, [ SR R X £ AR MR BE Bl 45 A T AR Ak Y 8 3K 328 43 531 8 55.0% ,36.2% ,
Ui BRIV G B S A e SR N 3 2 T 2R ERE R 5 e R R 23 Tk AR AR AR AR (T 2¢) . FE AN TR
PRI 25, SR 30 R P S8 08 X BRE R 50 R T AR AR A P i i A, L BRE e 5t R T LA B BIK 8 2R 43 IR 3 T 35.
8% 44.7% , KT HAh 3 B AP sgm, Wk 7,

£7 1960/1976—2010 £ AR Rz E XM REBNERIKZNE (F) SR

Table 7 Driver amount and rate of patch—number and area caused by various driver (1960/1976—2010)

PEHECE Patch-number /> T Area /hm?
fiesillpig] i H EE2S R FMHE TR AT EES R FIYE TR AT
Term ltem U E AG B 1S I = % R /N PUE AG © o ORERE #R TR
NP SSC IC PL NP Sse IC PL
1960/1976—1990s SR B 715 56 185 39 28 30549 8522 12953 178.6 205.8
RIRENR/ % 69.9 5.5 18.1 3.8 2.7 547 153 23.2 3.2 3.7
R s i -73 -42 -771 =27 28 487.9 -852.2 -12953 -178.6 205.8
HIREN R % -29.6 -17.0 -31.2 -10.9 11.3 162 -282 -429 -59 6.8
AR % % -333 -192 -352 -123 -36.6 -55.7 -7.7
1990s—2001 IR ) 452 4 206 25 44 12431 17.4 9450 172.8 139.2
BIRENR % 61.8 0.5 28.2 3.4 6.0 49.4 0.7 37.5 6.9 5.5
VR B e 282 -4 -32 -15 34 576.5 -17.4 -924.4 -172.8 123.4
HIREN R % 76.8  -1.1 -87  -4.1 9.3 318 -1.0 =509 -9.5 6.8
EHIRS % 89.2 10.8 -1.6 -829 -155
2001—2007 IR 576 4 272 38 60 986.3 6.0 5488  63.7 186.8
IR % 60.6 0.4 28.6 4.0 6.3 55.1 0.3 30.6 3.6 10.4
VR B 426 -4 146 8 48 140.7  -6.0 -529.0 =-60.1 182.2
KSR/ % 67.4  -0.6 23.1 1.3 7.6 153 -0.7 -576 -6.5 19.8
AR % 67.8 23.2 1.3 7.6 -1.0 -88.9 -10.1
2007—2010 IR 135 1 98 20 48 316.0 0.9 111.4 208 287.4
RIRENR/ % 44.7 0.3 32.5 6.6 15.9 42.9 0.1 15.1 2.8 39.0
IR 2y -15 -1 -2 -8 20 1528 -0.9 -107.6 -20.6 287.4
HIREN R % -32.6  -2.2 -43 -17.4 435 268 -02 -189 -36 50.5
EHEIRSE % -57.7 -3.8 -7.7 -30.8 34.7 65.3
1960/1976—2010 SAIR B 972 13 633 77 73 24737 3383 30503 4512 510.7
IR % 55.0 0.7 35.8 4.4 4.1 36.2 5.0 44.7 6.6 7.5
K B i 710 -1 -49 -25 57 1204.5 -338.3 -2978.9 -406.2 510.7
KSR/ % 843  -0.1 -5.8  -3.0 6.8 2.1 -62 -548 -75 9.4
IR B/ % 92.6 7.4 -9.1  -80.0 -10.9
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A W I 114 5. BIK Bl 6 7 AT 235 SR e B, 45l 0K )y PR 28 0T B B 50 8 A0 T RS T P 5 i EL A Ry B S 1 R A
PO A SRR S B g A AR A e R B sg e PR R BESER E AR L S IK B R Tk B 44.79%—69.9% , TR
AL SR BN R A 42.9%—55.1% , LR FR5H 35 FER 81, B B S5 A i BRLAR A Y S 3K Bl 3R 4 B R 18, 1% —
32.5% 15.1%—37.5% , N\ T.#EMTE 2007—2010 45 XF BES L A AR AR A2 i ik 1) — @ FR B [ R TR
RN BRE RS R AR A ) R R R AT P 5 ) 1 AR e A D T B X B e KA e R e AR A )5 i AR A )N
B I FIER T S T2 118 5 e A 8 2 B 1 TR 5 OIS I BT AN [, 451 BIK 2y 8] - XoF 21 A5 A B R 50 ek R 1 FR A2 A 1) 5% T
AN, 1960/1976—1990s 41, Fil B Xt BEH 50 A 1 AR AR AL A A 3R Sl R 43 IR B T 5.5% M1 15.3% , Ui T
TEIZ AT, PR B 3 B i BBk i AT AR AR 4K, 2001—2007 4FFi1 2007—2010 45, A T35 Akowt 170 FRAS Ak 1) 5
ML I A, 2 e 1 AR5 X TR AR A T3 R S% I IR

VIR Bl (R) 2R W P 7 R — R T 3R 3h T BB R A A R A AR A i (R) PR R T & AR B
PR X6 BRER SR v AR A (38 B/ ) BRI B, v DK Sl SR R A SRR R T 7R X I 3K 30 BEE R
MRS b iR, t3e 7 AT LUE H O IR sl PR X6 BB 45 it v A8 fb 1 52 i o0 2 2%, TRl — PR 77
— SO A 5 SOBRE S I v g D AE ) — BB S SR B i, a0 B AR R AE 1960/1976—1990s 4F
2007—2010 4F-5| 2 BE B AL & 820, 7E 1990s—2001 4 2001—207 475 | i BE B 50 g 34, 278 3 Ak i |
TRRER A A AEAR LU O, 1% TR A8 T 1 52 00 D) AN A7 A SR 0, 5 AEAS [] (%) W 481, #5431 5l PR %o B
R R AR AL 5 i R 25 S AR, AN SR E AR T AE 1960/1976—1990s 4 2001—2007 41X BB 45
HAMB IR 3R 5390 -31.2% 23.1% , B #RISFRAE 1990s—2001 4 2001—2007 4F- X i FEUAL £k 14 15 3K 5 %
3N 31.8% \15.3% , IR 2255 @A IR sl K X T AL AR AL i s ) HLA KA — B0k, A AR R RN T
TR | A T ARG, SR IS AR H | TR A R B 5| B > @TE 1960/1976—1990s 4 1990s—
2001 4, 2001—2007 4 3 AZLA BRI R i/ Bsf 9], 55 78 358 R0k FE O 10 FRVZE A Y v 3K Sl R ARAR K, I 22 4 0]
TN | S S i 300 T RR D 11 i R BKBl PR 3R, N T ARTE 2007—2010 4FX6] TR AR Ak (1) 1+ 3K 31 32 58
F1] 50.5% , S 12 ) TR i B A IR o R 2 O TRE A ) T VAR AL A IR B R - 3.6%——-9.5% , %
Wi P A B, 15 S a9 R AS R — 25, B L AE 1960/ 1976—1990s 4F X 11 AR 28 Ak 19 5% i 5, 4 Wl
W,

HE TR 2y 23 3R 7% Wi PA) SRR 50 AR T RRTE M 0 30 R 388 o/ e D B R L, A BIR Bl PR Xk o/
/D G SRR R Bh SR, U322 9K Bl DR - Xk BRE e e R v R 38 o ek 2 i RS B4 A R R
OB EE R . OIS BEHCEE I R N, B AR I R R d R R PR 22— (1960/1976—2010
AF 4 A WA A A SRR 3R 43 591 9 - 33.3% .89.2% 67.8% . ~57.7%) , F= 58 Y5 FIEL M (1960/1976—1990s 4F
2001—2007 4EH SRS 35300 -35.2% \23.2% ) TR E 1 (2007—2010 4E [ FIK 8 %6 -30.8% ) HTE
3 0P R X R e 5 114 4 L b T o T L 5 () 7 R I R PR 2 1 AR v e e 2 R PR ER (19607
1976—2007 4F- 3 A~ Wa il 3 A 4 4 BR sl R 43 R = 55.7% .~ 82.9% . —88.9% ) , N Tt A Je: T AR e d88 Jim fr) de  2
2 (2007—2010 4F A B BR SRR 65.3% ) 5()— 28 K12 FU7EA ) Wl 4901 ok v A4 AR Ak 2o B 25 ), 4 [
BETE 1960/1976—1990s 41 J2: 1 Bk A 1Y B2 0K 3 [ 2 (B34 IR 31K - 36.6% ) , H SR R TE 2007—2010 4F:
S TR IE N 4 A B B R 22 (FaFABR B3k 34.7% ) ; @ TR HAE 1960/ 1976—2007 4F 3 A~ Wi H] v 47 2 1
R IR BN 2R 22—

ARV IX 35, 45~ 3R 3 PR 7 %o B e 5 A T RRLAE b B4 52 i B2 B AN TR) , R B BIR Bh i (%) i IRk gl i
() PR IR BRI A 25 1960—1989 4F , FEFHHEAIEL B | [ 8K R 2502 B 3ok i [X ek 1 AR AL ) 32 20K 3
PRI I AR L W DU 0T A A P T AL T DX s, PRl R SRR 08 AR T U E 23R, 1989—2001 4, HARAIE |
Fr B ANER P AR N T3 AR TR A IR T e 917 3 8 X 3 Ak A X e 2550 A b %) o 2 50K 8l [R) -, 1 v A v A
b B AZ SRR RIER T | A SRR RN TR B O Bl 1 AR T R v i DX, 1 4R B R R B gl A b i 4
XTOREN 2R, A SRR FRAE IE L a3 B m AU AR L A E 2R 7,

http ; //www.ecologica.cn



18 #1 ZHET 4 .1960—2010 4F ] PG LI RS [8] 445 T AS ML 247 13

43 fEHS50r

VER 1 Fm AE AR T3R80 i i A28 fh il 48 & A A BEBR R i/ 1 B A AR X AR f B fE B4
SHE R A | 2 BATEIZOR 3h H T- A8 b AR 20 A 2 A i BE B 50/ T ARG A8 Al oK, XPRIFSE IX 4% AN R 3 1K 1
HIAE ] 7 B 20 45 5 (32 8) . (D1960/1976—2010 4FE4AN W I 18], 7 [R19K 2 3 K 1 RS Ak AR 4

&£ 8 1960/1976—2010 FHIRHEBMERTUAERF (%) H#7
Table 8 Acting force for patch-number and area change (196/1976—2010)

e s PEVRACGE Patch-number TR Area
Term Driver RE ¥k Ewm mk Wk B e ¥ = MMt Ik i
ST EX SH FR DI New ST EX SH FR DI New
1960/1976— Ep/SuK i 0.1 -56  -0.1 4.3 -8.3 402 122 -40 -43  -57 17.5
1990s il B 0.3 -1.2 0.1 =27 -41
FrAHYERIER M -0.1 15 -15.5 -6.8 -143 -15.2
TREHE 1.4 -2.9 -04 -2 -2.8
ATk -0.5 45 4.2 3.6
1990s—2001 AR 0.1 -63  -0.1 4.3 -9.6  39.1 125 -45 -42  -63 17.5
i B 0.3 -15 -0.1 =32 -47
FEFIERER -0.1 142 -153 -65 -134 -149
TR 1.4 -2.9 -03  -19 -28
AT ik -0.5 4.3 3.8 35
2001—2007 A%k 0.1 -62  -0.1 4.3 -9.4 394 128  -44 42 -62 17.5
7153 0.3 -15 -0.1 -3 -4.4
FEHEYERER -0.1 14 -15.4 -65 -138 -147
TR 13 -29 -04 -2 -2.7
ATk -0.5 4.4 3.8 35
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