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An analysis on spatio-temporal dynamics of suitable habitats for waterbirds based

on spatial zonation at Chongming Dongtan, Shanghai
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Abstract: Chongming Dongtan, an important habitat for migratory birds in East Asia, is located on Chongming Island in the
Yangtze Estuary. The Dongtan wetlands were listed in the Chinese Protected Wetlands in 1992, and were designated as
internationally important under the Ramsar Wetlands Convention in 2001 and as a national nature reserve in 2005. By their
very nature and location, the estuarine and coastal habitats are dynamic and their biodiversity conservation and management
relies on up-to-date spatial information. Based on the interpretation results of six Landsat TM images of the years 1990 —
2008 and a method of spatial zonation on ArcGIS, this paper developed an index of habitat advantage degree (ADIH) , in
combination with the main impact factors such as habitat area, habitat spatial distribution and human disturbance intensity,
and analyzed spatio-temporal dynamics of habitat suitability for waterbirds at Chongming Dongtan for the period of 1990 —

2008. The results showed that: (1) Over the past two decades, under the impacts of wetland reclamation, changes in the
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ways of land use and invasion of an exotic plant Spartina alterniflora, the quantitative characteristics of Scirpus mariqueter
community (SMC) and aquaculture ponds ( AP) at Chongming Dongtan changed greatly. The amount and structure of
suitable habitats for waterbirds underwent changes from natural dominance to artificial dominance; (2) During the period of
2000 — 2008, the highest values of ADIH for SMC and AP occurred in the years of 1990 and 2003, while the lowest values
in the years of 2000 and 2008, respectively; (3) The large-scale reclamation of wetlands during 1990s had led to the
decrease in SMC area and its main distribution range changed from 1000 —5000m outside dike in the year 1990 to present 0
—3000m outside dike, leading to deterioration of SMC habitat during the period of 1990 — 2000. In spite of slight
improvement in habitat status after 2000, the large-scale invasion and replacement of Spartina alterniflora in the range of
1000 —2000m, together with intense human disturbance, the values of ADIH for SMC remained lower during the period of
2000 — 2008; (4) AP habitat inside the reclamation dike was an important habitat type for waterbirds at Chongming
Dongtan. This type of habitat was in a relatively favorable status during the period of years 2003 — 2005, while degraded
duo to the changes in the ways of land use inside the dike and the values of ADIH for AP in the year 2008 was low. The
conservation and management of suitable habitat for waterbirds at Chongming Dongtan should focus not only on the region of
mudflats and shallow waters in the natural wetlands, but also pay more attention to the region of Scirpus mariqueter
community and aquaculture ponds. The key range for conservation and management would be between 3000m outside the
dike and 2000m inside the dike. To effectively conserve waterbird populations and biodiversity at Chongming Dongtan, the
waterbird habitat management should implement a multi-objective management, maintain a sufficient area and rational
spatial pattern of each suitable habitat for waterbirds, and keep stable in temporal scale. This study indicated the potential
of this approach for objective and effective evaluation of the species habitat suitability in a dynamic estuarine and coastal
area. The implications of the results as a tool for biodiversity conservation, wetland conservation and management are

discussed.

Key Words: waterbird; suitable habitat; spatio-temporal dynamics; conservation and management; Chongming Dongtan
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AR EIR IR )

B1 SHFEMENCENBERRIPRERE
Fig. 1 Location of Chongming Dongtan and the national nature reserve
B PR TR £ SRR 1 AR XA LR 52 .0-m 25 TREE (2002—2008 4F) ;3 :0-m ZEIRZE (1995—2001 4F ) ;4:0-m ZFIRZE (1988—1994
4E) ;51992 4E K ;6:1998 4E R 7. 2001 4FE K

2 WHRAZE
2.1 HIE5FEEHRE

W5 T F B R F 1990 1997 ,2000 ,2003 ,2005 2008 4F- 6 WEAKHI {1 Landsat TM 12 &5 1% . F&T Erdas
Imagine 8.7, FH 1:120000 7% 1701 ffr 26 BB b ThG 45 1) A5, % ESRSEAR AT T LT A IE AR AR 4, 4T 2003 —
2008 A [ B /ISl i A 1 SR AR s B R, XIS X PN T BRI HE A MBS ST N ZRRE X, Bt A
BCIA BN BEBER 1) o AR, DA KAUSR I S W B 40 28 . B R MG BE VPN IS, i AreGIS9. 2 4k 2L i
AT ANDLAE EARPERN HRACIE o 0 FH S S0 b 8 A B s A R0 g sk GOk 3 aek 37 15 25 50 MR A T i &
OYREER PG L PPN SR R, 208 HR IE G A e 00 0K T ORI W B 2K 1 70% 2247
3 84% —91% |

SEARPERK S F 2008 T RS 2L (Anatidae ) 752 ( Charadriidae) %25 (Ardeidae ) I35 ( Laridae )
4 RFEHE, EUIRMEK S =2 A B AL 4G 58 N 1Y) 332 58 5 R AP B 16 — 15 BE L ( Scirpus mariqueter ) #F 7% ( HH T
PRI AL AL BE 5 ( Scirpus triqueter ) FIVEE =g BERE ) JEMERIVR K I, R — e AT Holn 2% (038 Rk )
(F1),

*1 ERRMNIBKREEBRREEE
Table 1 Main groups of waterbirds and their preferred habitats at Chongming Dongtan

JK S Waterbird groups {3 555 Preferred habitats! >3]
JEMS % Anatidae FrAHIE i ARG
8524 Charadriidae T = RO O
2 Ardeidae FREHIE I R BRI
[ Laridae S 5 7 Ak ek

AWFFEH FET 0-m SEREMERL IR S FE G 5 H KR BTE I (B 1) o #54F 0 Y 0-m SRR
M 1:120000 FTEE SR, 0-m S5 RE S 4 HAS A RR B2 G R, 107 [) — 1 (B R RAEAS ) 4643 St e 5 e 7Kk 3
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2, T LR ST S S AR S B RS 5 2 Jitl, DAAESE X AR AN I (1998 4E A1 2001 4 ) 2
2 TEI 1000 m AT 8 KA o35 B AR W 15 28 A B A A DX 2 BT o 3 e 0 S [) 4 49 2% 286 A B e T ARAE
A% B lC Y 8] RO T2 B A Y R SRR VA il 1) 2 Y R S MR | S DR e R AR e R T AR WS B
TEHT , RAEFN G HT 7K 5 2R B 1 25 [A) A Jry R i LA S (R) 325

FEGETT AT 25 AFAR 7K S5 A 358 53 A [ 1) S P S Bl b, 23 B 5 A 35 R B A 5 I BT R i S AR SR 25 A 1Y
A, IR AreGIS 28 v X RN B 43 M 5 ik AT A B 25 [ A% Sy 23 A o
2.3 RS EMESSITN

RIVER ARy A2 5508 B LA AR SR B sh A ARk, M T AR SR A R R S A ( advantage degree index of
habitat, ADIH) . ZF8EO/ NIRRT A= 5450 25 [V FELRIAE B8 T4 3 5 T i S (AR B0  ADIH (K, R W AR
BRARBLXS /K S bR s B, S T IR NN R B9 A0 2l B I 2 5 =8, 20 5 e A =X (1) F1(2) 3RAE A 2R
AR T A58/ ADIH

AD[H:%~J%-N£ (1)
AD[H:]fl-ﬁ-%" (2)
0= Y PK, (3)

H () F(2) o, W N SE A RFARGY AR BE AR, R % AR 1240 385 A0 38 i 1) 3298 BBl S 0 NV D Q 3 91 A
TRAF i 8 £ VA R B SN T TR (17T 5 B N AR B X I TG slis B8 85, M N, 1 Q43 5 R o B BE I BT A
AR AE R I RR AT 8 | ezt VA A A 2% T R 19 B KT 5 RTBRE P A B XN 2T Bl it B 48 00 A /)
o (3) i, PAREAE Gy B IX NS j 25 H R SR BT 5 T B LG i), K o 55 28 b iR R R R B A 250 3
SRIE AL, A5 AR KSRGS A SCIR Y, B K (E 10 (L A i) (S (AR ) 3 (375 HE)
AR FIA A )

3 £R551%
3.1 KIS BB BCERRIE KB ) 22

T 20 a A, 5% B AR Ml /K 1 3 B AR B B BB AS I D, ML 1990 4R Y 16557. 6 hm® T B E| 2008 45 iy
11730.9 hm*, HH 1990—1997 4F-F1 2005—2008 4 B IR L H A, 1 1997—2005 4[] 357 sh /)N, FEA L F57F
14000 hm*Ze47 (& 2 I 3) o 3 ZG@ EABE T, SGMES v /K S 2% 1% iAo b osi /D | T A — b R e e 7 T 2 3
P RS B R ISR A 8l 1990—1997 4741, i — b BBV 1 T ALK F 4000 hm | Tfij 7 2000—2008
AF S E], HEET AR ZE 2000 h® 7247, FREEIET 1997—2003 4FHE], M 890 hm’ 344 51 3694. 4 hm® , 44 T 3
fis 22 i), Hem AU 2003 4E S (E 9195, 2 2008 4F, Him LU 745.9 hm? 0/ T 79.8%

FESE e IR B |, 4 2 B A SO AR P BT A S R B AR, 1990—2005 A1) , it 5 K 3k
AR E S AR B8 R P o B LU IR X AR E (249 65% i) 5 v LA — g e RV I 7 BRI T R 6 A 58 O 2% I X
Z, REEWHE 3000 m Z 13 Bl 1 A= S5 4540 AR AR IE R I « FH 1990—1997 AR IR F AR A= 45 S I Y (T — e
RERREIS IR RIS Y 3. 7 %) , 43 1997—2003 4F 31 [7] A 5o 98 307 ( 6 = Mok 7B e 10 9 01 35 9 0 1 ARLLE
2000 45 BB 15% ) , AR h 2003—2005 A7 1A ] (49 N T4 55 S Pe Y ( S 40 0% AR 24 2 16 — i R iR
19 1.6 %) , BT 2005—2008 41 (1] 5% 78 35 1 AR08 (A v — b BE BRI T AR 1/3) (T 45 AR B 45 44 7 it
WIR] AR Ry F AR AR B SR A (B 2 L 3)
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Fig. 2 Spatial distribution of suitable habitats for waterbirds and spatial zonation at Chongming Dongtan

VABIFSE DX de A1 Bl I3 A S 2k, 20 3 R R i 8 A 1 i HEAT SRS DAty RS PO T (9 23, PR o ok 5 BT il 3OS 1 7
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£ 12000 [] E3000F [ ]
§ 10000t [ [ Fosor [ [
< 8000 f| H | [ < 2000 |- -]
6000 I — 1500 { i
4000 || 1000 F| |+ =
2000 [ | [ 500 | [ - —
1, B REER . oL LB T . .
O “joo0 1007 2000 2008 2005 2008 1990 1997 2000 2003 2005 2008
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Fig. 3 Quantitative characteristics and temporal dynamics of suitable habitats for waterbirds at Chongming Dongtan
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AR A E AR B A X 22— IR 28 2 AT, g =W B E VA 7 1990 4F 22437 524k 1000—5000 m
A1) O, —O04 7 (SN FISE N 2 73 L O; AT %%m J=1,2,00-,6) ML TR AR B AN S% 5ck il 35 5500 m Ak
) O (B 2) o 1990 4R LUIG 22Uk 11 SR 10 Hi 1 ] B2 35 Ml i 28 17 X 255 (R0 Ry, SO0 0 — e B R R B4
AN 0—3000 m A O,—O0, 45 Fl 0,—O0, 47 (F3) ., 1990—2008 4FH1[a] , 1 = 1 B E V% 23 (0] 4% S () 78
T EFRBUN B E B VSRR R 1990 4F [ SRR 4 N4/ R 2—3 ANE , I ) KSR AR X
J51R 2000—3000 m, 1997 4, Eh VA ML R A2 25 R SR ARXT AL | {H 1 A 1 2532 4000 m 9 0,7 ;2000 4,
R VAAE W e AN AR X KRR = ISR 2000 m 4k ;2003 4F S5 C BRI B £h A 0 dsca A 2 A A BE S i 1) Ak
P (R2 ME2),

1990 4F, St S5V IKIAE O0,—O0, £545 Th TH R L IR AE 6% LR, 225040 T Oty AAMX I, SEhTEM
Yl shAS AR, B0 BB A GME S PRk S8k 1) KSRAR XS AR, (G5 K Ik 7E 0, —O0, 4571 Hh i T B EL 41
RGN R 2000 F12003 4F7E O,—O, 4 LB TR LG 1 302 1990 4FEAY 7.2 £5F1 5.8 £5 (& 2 Al
Kl2),

KRN B FRFE I 1992 4F [ SR 10 Hb B B )5 RS e 0T 98 X E iy, L2 20045 THE P 0—2000 m By 1,—
W FRBEIEAE 14 i AR IR S AR 1/2 2 273, 1997—2005 4RI fa] , FRFEGEALE 1, —1, 7 (25 lEﬂ
Ak JR A HTE 2008 4F 1,71 P9 B IR FE 8 AR S0 A L] 2 SR (3R 2 RNl 2)

K2 BEREFERZTEHFHHSHRRL
Table 2 Distribution of each habitat type in each zonation

Al PSR A B IR A B B TR Y L 471

HEBERT A Percentage in respective habitat area of each habitat type in each zonation/%
Habitat types Year
0,/1, " 0,/1, 0,/1; 0,/1, 05/15 04/14
I = R TR 1990 6.8 17.7 27.1 22.6 21.7 4.2
Scirpus mariqueter 1997 36.0 31.6 26.3 6.1 0 0
communities 2000 67.7 31.6 0.7 0 0 0
2003 43.9 41.0 15.1 0 0 0
2005 35.9 38.3 24.3 1.5 0 0
2008 35.3 31.2 28.0 5.5 0 0
DG K Ik 1990 1.3 3.3 3.0 4.1 5.7 11.7
Bare-mud flats and 1997 7.8 13.3 7.9 13.1 13.9 11.1
shallow-water areas 2000 12.5 23.7 17.5 10.9 9.5 8.3
2003 9.1 19.7 15.1 12.6 10.2 9.3
2005 8.1 17.5 12.7 12.2 10.2 9.3
2008 7.3 17.1 12.0 11.4 10.2 9.3
FEEYE/ A SRYE 1990 26.0 24.9 26.9 16.6 5.5 0.2
Aquaculture ponds 1997 69.2 26.8 4.0 0 0 0
/natural ponds 2000 57.0 31.1 1.1 0.9 0 0
2003 53.2 33.0 12.3 1.5 0 0
2005 50.4 33.6 13.1 2.9 0.1 0
2008 80.8 9.1 7.0 2.7 0.4 0

# I =R RERUIE T OEES KM TN O, —04 i , FRBIE S THEN T, —14 7 ;1990 4R BIRIENIRI 0, —O¢ i F 48K

3.3 KEALEEMESSITEM

ADIH FE R S5 FE R 1 = EERREYS 1990 4R ADIH 93. 05, 58 35 5 T HIG &4E 45, 1l 2000—2008 4E
1] B B FRAR  ADIH<1 (3£ 3) . 2003 F1 2008 4F () 375 ADIH $88UE /358 2. 44 F10.33, Eikk
Ui, T = B AR K Y AR BER DU AE 1990—2000 4F 9 ] 48 1% Ak, Horh 2000 4E 1% ADIH $8%UE M 0.37,2000 4
JEA B TU . 5 = bR RRETE A I, SR A B 2454 D 90 AR 5 1 21 2003 47, A BRI Sh A
T FITF /K S FE,2003—2005 A3 18] 4 A BEIRGUAH GBS SR 1T ,2005—2008 4F3118] | 3758 3 (1) ADIH 355
LURITR R T ELE = BEREREVR 1 ADIH T84 I 7
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Table 3 Spatial pattern characteristics of suitable habitats for waterbirds and assessment on habitat suitability

=R FrEH Ik
Scirpus mariquetercommunities Aquaculture ponds
B g

6 S : NKeim3h

) S S GRRTEA At N B B e A
Year Nif ‘fjnl?e Broad Furthest location 75 1| B 5 % Nalif T-I:'n[?e Broad Hjifj tl—ff%l ty R R

width/m of outer ADIH width/m . L. ADIH
vegetation edge intensity index

1990 0,—O0;4 4000 O 3.05 — — — —
1997 0,—0, 3000 0, 1.71 I,—I, 2000 4.19 0.54
2000 0,—0, 2000 0, 0.56 I,—1, 2000 4.01 1.40
2003 0,—0;, 3000 0, 0.64 I,—1, 2000 3.85 2.44
2005 0,—0, 3000 0, 0.89 L—I, 2000 4.17 1.93
2008 0,—04 3000 0, 0.80 L, 1000 4.04 0.33

3.4 KEEEAERNFER L HE MR E

2003—2008 AF-HAIE] , 52 B AR e 452 1k T v LR, SR AN IR A b 1 F AR ERRIRES . RS ATz B 42 A
SRIDHLAE S R G AL A B IR SRS E AR AR B3 09 B SR R 7 R it s i

2003 4FH1 2008 4F 1 A= 55 ] 2 B B e A 45 0 W T ke R VR T R Y D 2 3 R ) AR OK B
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