5508 B8 T B H A 2 # Vol.28,No.7
2008 £ 7 H ACTA ECOLOGICA SINICA Jul. ,2008

ERS GIS #f THERAREIHSKREREEESH

1, 2 W3 4
v k' AEH"", 2R ,BEE B K,HEHK
(L.ERMERE MOBEFERERIRE, J:?& 200062; 2. R B X% YLHEMESTEREAFTHREALIRE, LiF  200433;
3. REXKARRPHESEHMAE, BB 650034; 4. FiEHHLE, LiF 200023)

RE:ZURRERAR/RPRATRIIAED, RERIESRERNTES . Z ARMESEREN, %X 53840 8 35
BIEAN TR . BIFOR AT R XTR I E R 2507 5 RS R AE SR E W2 B R BT, R4 I 4R R B SMAZE $E 204
TROEDE SRR MR B B R A SR IR AR Y T RR SXBINERMEARNERER X R, HEILE
fitl IR GIS Z= I A4 Bk EOR , #EAT T 2 AR SRR X A BT IR SRR fERR BRUKRRNERE
HHEST. £REY: (1) ZURRTELIEREERNER G R X BER 40% Z£4 ; (2) BRI SR PBIENE =R
FEEHT DL A Y s R SR S H B Y MBI s (3) BT W AN R BT AR GIS =R HrER, S M AK
B A A BRSEAL TR Sh ARG AE RO R AR SR B PR AT PR 2 LR ) 0 BT PR A, L5 R O S AR SRR B oA
FERGEAR R AR LR PL 2 IR IR

KRR AFEEN; R RE SRR @R ; BE&; IS

X E 42 :1000-0933(2008)07-3049-11 FEH S Q143 STERIFINAG:A

A GIS and remote sensing-based analysis of migratory bird habitat suitability for

Chongming Dongtan Nature Reserve, Shanghai

TIAN Bo', ZHOU Yun-Xuan'* , ZHANG Li-Quan', MA Zhi-Jun’, YANG Bo’, TANG Chen-Dong*
1 State Key Laboratory of Estuarine & Coastal, East-China Normal University, Shanghai 200062, China

2 Ministry of Education Key Laboratory for Biodiversity Science and Ecological Engineering, Fudan University, Shanghai 200433, China
3 The Nature Conservancy Kunming Office, Kunming 650031, China

4 Shanghai Forestry Bureau, Shanghai 200023, China

Acta Ecologica Sinica ,2008 ,28(7) :3049 ~ 3059.

Abstract; Chongming Dongtan National Nature Reserve is located in the mouth of the Yangize Estuary and is an important
habitat for international migratory birds. The bird habitats in this region are undergoing rapid changes as a result of natural
factors and human activities. In this study, current field surveys on land use, vegetation, creek and benthos presence, etc.
for the nature reserve, allowed the key factors for the bird habitats to be recognized, and the qualitative and quantitative
relationships between bird populations and these key environmental factors to be established. Based on a polygon assessment
unit extracted by an object-oriented image method, the habitat suitability for 4 main types of birds: Anatidae,
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Charadriidae, Ardeidae, Laridae was analyzed and assessed, in conjunction with Remote Sensing and Geographical
Information Systems. The results showed that (1) the total area of suitable habitats for birds in the nature reserve was about
40 percent; (2) the Scirpus mariqueter zone,, mudflat zone and creek zone were the most suitable habitats for the birds; and
(3) this study indicated the potential for this simple approach to evaluate objectively and effectively the species habitat
suitability in a rapidly changing environment. The results from this study could provide valuable insights into biodiversity
conservation and environmental planning, and wetland conservation and management for Chongming Dongtan National

Nature Reserve.
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BB S %% 474 80% 3k B FREBARM, A EHARASRMMASHEP ERAREEMERE L.

SR AR MR IR B M B B A AR R S A g A AE R TR A KIRE, B T EEN YR
B, A RMEMRBRERE TR BTN TER, KT EHRACRYNED , R 3 b i S B AN
TE AL 2 IFT A BUR X S SRR TR S BRI R K B BRI Sk ABE I HREY 7 A2
M BASFENNBREI TS - R ERE LM SR ES, M RPASERZARE S BAFIRE,
TMAMESRE P HESHRENTTRELBRECLBAER, X —FERRES T BEAM GIS MBA K%
T Btk 2 WL T8 2 B AHTEA B BT 2 KE AR M A S MR BB L v EE Y,

FEBAN GIS R CHF T, A SCIREEAE SR BF SAMA A RR 0T T 52 AR M 2 28 AR A7 Y 28 AR B T 0 IR
WaA: % LIRS R 2, N P2 T T8 1) X B B 3B R B R R U SR A S8 H T R B0, B T 5
R ERENBEMERNEEEEXR, EWE T TSR R, 83 E SRR 5 RN mE
R EBEUARAE, BR it B EBHAMES B NEE EIA B EAR R SR LGN, KILET S REP
ThRE S X Y F BT X RIFE AL, By S AR 30 & T HIE M 0 SR AN BOR SR et v iR, R BRI
LEXIRER L,

1 WHERXER

PR AN TA20 S B 2R 0, HU B (7 B 7E 31°257 ~31°38/N,121°50' ~ 122°05'E 2 6], HiGEFE ZEIG%
AT EIR, KUBRE X -6 m KFE& AR, AL BB, EER R, BHILK A 31 km, K RL 52 km, 2281
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BARIR O F B A SRS EU BASTRY TH ] X R K2y, 7E GIS 3% T #EAT R AIE RS B &1 T PP B ITHY e
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Analysis map
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Fig.1 The work flowchart for bird habitat suitability analysis in Chongming Dongtan Nature Reserve
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%5 2 ( Ciconia boyciana) | 2k ( Grus monacha) 2B#5 ( Ciconia nigra) F12 FE¥S R ( Haliaeetus albicilla) , [E
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R GE SRP AL S 2F 37 #F, I E Y 08 ( Egretta eulophotes ) | 216 FE % ( Platalea leucorodia) . HEE®E
( Platalea leucorodia) . /N R ( Cygnus columbianus) %8 % (Aix galericulata) | JKES ( Grus grus) . H LS ( Grus
vipio) % , 4 22 PP S RPII AT EBGEIIMLAE . EEWARMELS LB RR X PHERE 2 ( Anatidae) (fBESE
( Charadriidae) .25 ( Ardeidae ) FIRY2K (Laridae) B F EK S5, 3% 4 FpRAFITT 113 Fp, [F]AbixX MOFPARHE
KEMEEE R, BT, BEEZA RS BYEERE 30 T RU L, ARBIREEH W ZHRMEELL,
AL B MRS AT AR G H T

2.3 ERRHSHEBRAMES N

BREBEERN XA EEITERLRNBENHLSERNNE XK, RAFESAEFEEXM
REAA A RCEFRRBE T W E T, & R B AR,
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ERFEE T AT AT B RY BES W AR MR MR B HUREE Y B, HEBY Mt +F R S g =R, o
T HAYIREIE S5, ) S 2R R S P AR AR R R
2.3.2 ERR 5IRMSY) BRI RR
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Zer i, YR Y AT & B BB R 2R R B YIsE 2 A sh B Y, AL T AR MR AT K K &
K RME YRR EZREYIRIE,
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HBBEEE, RSP LIRS E, ERSIMEH LSRR BN EEXIR,
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B, N SRER R RERNE R TR 58010, /ARG E K [AREB A K
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(3) AMUXE BRI B R ASCHER , 175 18 2 2 T B BRIR A R 20-A7 B 208 B 1 %o 55 SR B R My, 4 788 AL
2 (NDVI) , ERM PO /R SR B —Fh S BR, BT T4 8 220 709 HT0 P i A A UK AR A D 70 b
151 NDVI {8/ ik 19 260 19 R R B4R

(4) AFIK S RRFERER AR MR R BETEEET, BT RE KBEE8

T ERIREN, S A T2 ARRE S R SRR 0, 8 BT R BB R A s 5 R A Y/
B2 A AKESTIRERE, B CANRTEWARMERFEROPIR R , & nE T4 5, 85
ERARMERERTBERRETHRRMER(E LD,

F1 ZAFEEXRESTEXMETERE
Table 1 The category system of the bird habitat suitability index ( HSI) in Chongming Dongtan Nature Reserve

Y5 AR B Factor Level 1 B3E4R Level 1 2 FIEAR Level IT 3 FBAEAR Level I
i:ﬁgﬁgﬁﬁiﬁﬁﬁ‘ﬁ HiFE A Land-use type Tk 35, Water A4 Channel
Chongming Dongtan bird HSI 7K [X Shallow water
Category system %K X Deep water
Yk (7K Eh15%) Bare tide flat —
AE 8% Vegetation EF=HFEE Scirpus mariqueter
753 Phragmites australis
H ##E Spartina alterniflora
AEBFES NDVI - -
WA Creek Y95 & Destiny —

B 43 5 BT Fractal index —
JEWi A4/ F 2% Benthos /fishes A # & Biomass —

1 Diversity —
ARES T
Disturbance of human activity BRER Seawall —
TS Herding and fishing —

FEARMSAEHHSHTE S, BB B = A B B R R 0L, RIEE XE R ARG S &
BT, EEGBO SRR RN A 5 ] B A e b, IR RB (R I =R BAKE Ot
M BOK K BUKK) EBHEE(NDVI) R Y 2 TR S,

2.5 ABEEEMITAE R R

B R A S RE M TE A AR A, R R S AR SR A R T S T A O X 7 56 AR DA R AR R X
EAR Y BB E ISR STk (E . ZER RS ISE BT, ¥ K 2 AR A 2R F A E BEIR A Y
B . WEES, LR E IR BREE NS EAE—TTE, N EEHEERAE 262K (0 ~100) #
RS, FIRPRE E R 4 %, BE B S (100 ~75) GEE M R (75 ~50) GEEE—K
(50 ~25) GEHEMEZE(25 ~0) % 4 MFEH,

Xt TR A SRR BT, ANt oY  RIEARME S R LA E R A EA NI RR, 23 T XA E
H A TP 5 R B EE R , KA R AR BUE R G B X R B P E . AN = B B 2%
FERS 2R B3 H, MM = R R M2t THENS A S B H A8 40 87, 7EE W TFHE R AR E s,
FIRGEA TP LH I M 22 AR, XA TP SR IEE F R RN AWBTZE AR A 18 REHE i AR
N 11 By, BB ISEER AT AT N T RN S REE TP EGRRERE 2, X TE
BAEBEREAET RS BES R TEERELOHE , R BV IRE | S0 i a8 AEUE 2T B9 225
£, 835 4 FE Bk % X B A E /R E TR FHME. AMSRESEERI TSN ER]R
THEEWFILE 3,
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®2 FREXKEFTEANEHMREERFTHR
Table 2 Value for bird habitat suitability at different land-use type in Chongming Dongtan Nature Reserve
BEREE P HIEKRE

1 3 Soi . ; bt 3 BKIX HOKIX
; cirpus Phragmites Spartina .
Bird Category . . . Bare tide flat Shallow water Deep water
mariqueter australis alterniflora
fi%&E 2% Charadriidae B HF Best 2 Poor 2 Poor B 4F Best —J% Fair 2 Poor
B Ardeidae B HF Best —J% Fair 2 Poor B Good B4 Best 2 Poor
K&K Laridae —J% Fair 2 Poor 2 Poor B 4F Best B4 Best B Good
JERE2 Anatidae B HF Best —J% Fair 2 Poor 2 Poor B Good 2 Poor
£®3 FESXEFUSTEEREFERERTMNE
Table 3 Assessment criteria for bird habitat suitability analysis in Chongming Dongtan Nature Reserve
M IEER BEEEERT BEEERT BEBEE—B BEEEE
Indicator (100 ~75) Best (75 ~50) Good (50 ~25) Fair (25 ~0)Poor
NDVI 0.2~0.5 0.5~1 0~0.2 <0
JEEA¥E 4 4 & Biomass of benthos (g/m?) >100 >40 >10 >0
WY % BF Density of creeks( m/km?) > 5000 2500 ~ 5000 1000 ~ 2500 0 ~ 1000

BRI B X 5 A B E E AR R AR R A — R, R R R R A T
XA S TE MR BB TOMERAE . RIEE R Gl MRS 00T, B L& TR SR R BN 1708 B A7 o B
BAMARNEZERRE, 23R TN EF ARG EE. NERE S IRRAMSKE TR
FEF KRB PE, HP et B RS B R A E EHITEE ZEXERNEN . ERWRM
SR T TR NERER AR TN ERERE" . DUEM IO, B YR Y £, RN
A Y BIR A E B LA S S R LB TEEAR LI S e RS 28, HRMEAE Y 2 AL
ENOhEZE, R BSOS B B S B R R, BJEH L R RN S IR A S
THERRS,

F4 ZRAFRERXFHEMEERNETRER
Table 4 The factor weight for bird habitat suitability analysis in Chongming Dongtan Nature Reserve

3 AL (F1) NDVI(E2) R () WAL (F4)
Bird category Land-use type Biomass of benthos Density of creeks
5782 Charadriidae 0.4 0.3 0.2 0.1
8§ Ardeidae 0.55 0.05 0.3 0.1
f& Laridae 0.6 0.05 0.3 0.05
JEREE Anatidae 0.4 0.37 0.15 0.08

3 R

3.1 Ak 20T MU B BT SR

50 58 T PR LB AR SEPR R — R B R MBI aATE B, B R R X K A
AR R R IS EERIEA ARE ST = REN TS B SR 0 E R IR Y g A
18 AR JRAAE W0 AR BRI M BARRAE , KA1 RO R 2R 7E R — B AR A ik R EA T A IR 4L
BENEAR0 H TAE E Z W B R B — MR R R T 2IE 75 FE % BT B, il TR AT S E AR
WIAE MR AUERR R E TR ERE, S A Sm E TR LIS 2R m N R 84 A ExT
5, IR AR B, FARYR A R e R X S 2R A SR B B, 2 TS A Ml ST 5
RAEREHE R EEE S

IR B R - - R T A E R Z B e X F H AR E B R0t B atrd 2, KA R Z 4L
BILR, —ReBE&IFF KM ERE T EEA R, ZRAHR K0 R — MR R AR BIE T N
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AT T B R B K A AT 23 IR A S AE , T PP TR R ST IE Lo A
PSR S, WRAE DR ST OSSN AR S TR B A A SR B8 B AR R 0 tH — S R BB 2R B9 A2 75
PROYBESR , BT R BN TS A PR B SR A R B T AU E, BJR RIBE B T & H R
WRBAMNERTANE RN EERREOTE . RS =2 BRIy HERRE, RN LY R HT
BARTHE TR /D R AR R 2 0P SRR A ITA &M i B R B W B ER LG, &0 Xt
5, 838 H R R BB L) KA E AR R T B 7 R R 5 5 THE T I TE 70 %6 S8 B A S RE
FA 2 AR SR H: , T B TR I Y A2 30 URHIE o RARSEBRJ7 3527 E-Cognition FYSZHF T, LA 2005
411 A 27 H Landsat5 TM JBEZR B RIS KRR X 57 RN RAR AUKERSE 21 i BESHE I V= O 240
ARG 1) 3 R R BT, AR R R S EAR SO R/ SRR R R A D E R BKEE
% REMBREEE T ITRRAES LT SR AN AshaBad™ . KRR X FR 20 AR
Yr BT B EIRCR A E B LA 2,
3.2 SUWRET Ry AR R A SE E R RO R

RIS BB E BT AR BFE A 5B GIS S ARE RS 4, KA SR w7505 2= 1

B AL LT [ X5 B 5 20 BB SR R R 2 TR AR 353 PA BT 250, B Bl s AW B i i &1

TUHIHBERAY . A TR A I o PR AL A AR A WA R 5 2 T PR BT RE AT = H
BIEE, 1/ HA M SRR K EMER, ST 20 ROuE R LA REEE R, W THEN
SR, B TR A e B(NDVD) #HTE N, B— LA AT A h 2 BB OLA AL, X+ 2 Y PR
AT B B ST T SR RO T B O, B R RO BB RUE . X TRl A Y& T A N F A
R & A s 5 08T ot T 2 B S e B e R,

BRE MR T SRASVRMRMA G ENTIN RN ERE, SRS RFERMS 0
ARIGLAFFER, ENERAFRKNASRET , RS A R, BAHEEWHA I, RS REHNE
BOTE T RS WA SERETHE KRB, AT

HSL, = S Wiy J=12,-,n
i=1

A HSL 5 j P S IS R AR BB E R UE, W, (0 = 1,2, -+ m) D988 § NI ER j ISRy Tk
REBMERIID S0 =1,2,--,m) F5F | RN j F S ERHKEEEIE, m WS 5002 HER
o n A EHTTEILRERNEL
3.3 ZURME SR SE H

AR WER 73 5 T8 B9 2 100 A BV EAT BT AR AR T B o T 2R 0 A S M B s W) B AUAE, TH LA
PO BOL SR EMEE . T FITH B S RN TR SR, IRMEN N T A SEE B E R 52K
B, R RS R R RPN S5 R84 50 7 o IO 4, BPRF 5 80 B3 PR 2 D 3 B M B 4 (100 ~
75) EEM:RF(T5 ~50) GEHEE—B(50 ~25) EEMZE(25 ~0)4 MEHK, 7E GIS KR T, /A3RME
BIURSIEHAE RS RE (B 3) o RPREASEEEFREITHTHE, 23R BN RS KK
HETEEESEENFEREES) .

4 g

SR PR, SRR R 5 IR A R H M B = (W) 1y R 2 S RAR KR . MBS AR R , O
P DX I 5 6 DX IR A B g = B R HT RN YA M R AR M 2 S MR B B9 X, AR B A (X 0 AR
MoK SREHEEHAR, SRIKEIH TR X B TR, MR Es, B RNEREEE—HK,
TR X 418 X IR A BK X R AR X 5 A SEE H MR 22 . NETRGETHTERE , R AR R X A 8ES
HETEEMAERER N 6561 hm” , 5 R IX BEAY 27% ; B X858 B ARE ALY 9187 hm®, {1 X &
TE AR 38% 5 RS0 B I AL T AR 20531 b, o5 R 47 (X B TET BRI 80% 5 WS 25838 B A A SR TET AR
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B2 SURMSREHEARTFEToEE
Fig.2 The analysis polygon segmentation for bird habitat suitability in Chongming Dongtan Nature Reserve
a: RMEEIF X AKX SR ; b BRI X R K 281 Bl ; E-Cognition 4% $ ; scale: 10, color:0. 85, shape:0.15 a: overall view; b

zoom-in view

6623 hm” , 5 R X BERE 28% , MUK AEFBEEHEM AR FHL R 40% , ZPRMSEER
B ARG X AR BER R 24155 hm”, F A0 K AR E RN 16592 hm® , B0 X 25 SRS R B E R 8
69% o MEIRILBIRE , MRS AP R P RRIG AL, HEMEE ML B RBGE HE R ALl T# 0 X
B G R X ARA HeBi] . WP EGE AR E AR LLBIKERE R X BEE T UK 5 25 Rh i 5 3 2 5]
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AR LR AR, R LB L5 SR GIS SR, RIBAR ML REBE AT T EMBEURERERAIR, X
PRI IX P9 RS s RSB T S SR E B T PR, Do R4 X Dl RE X Rl R SR AR IR KR

#£5 FAFREEXEBBEHESTERGH R (hm?)
Table 5 The area for bird habitat suitability in Chongming Dongtan Nature Reserve (hm?)

&% Class 582 Charadriidae 8§ Ardeidae f& Laridae JERE2 Anatidae
SEE BRI (100 ~75) Best 1549.4 3765.8 6882.3 2934
SEEMERIF(75 ~50) Good 5011.9 5421.7 13649.2 3689.2
SEEHE—(50 ~25) Fair 13011.9 1726.7 2679.2 4319.2
SEEEZE(25 ~0) Poor 4581.5 13240.6 943.9 13212.2

HEIXERS GIS PRESZIARMS RAESLE BT USRI N 5 IR S Rt =, X ab T
A A5 5 BRI S AR AR R 1 XS, 1) PR RS Y B B\ WL B B LA R IR 0 PR B A, TE GIS 3%
ARB SRR AT UGG L B 0L RS | RO B4 o 5 SR A S 1 LR EAT PR, A R BE A R K S R RIR
BRMER - BERE AR

S BREFEEMMT, BT E R EGR I FTT RS T BRI K2 A= 5 B, B
G H 9 2 AT P B0 R A AR A R R A S TR SR , B BT S R RA R RAESE N . HE
EEEESERNAELRED, AT BRIRESFENEZWETIAEENRBHERERACRRER,
{54508 SRR Wb A BEE BT rb B4 O PR B AR BE I

FEEARMESREEMT , AR EZMET BREEZ ST, SR E T A ST T LR GE
AT FEE T A CIS 8RB R R R R M HA A T, BRAFIRRRE THE =R
HEETIRER , 45 TS0 R 2 PO BT EERE b , 25T 18 10 X R B0 T 8 o7 1 2 A S E P 2 IR A0 AT
PEOTEERL,

XIARMES KA R E AT EREN, R XNEREE T SRAEFR A =REEBE EAK, BRE
FUNZRIE W ORI Oy R 28 A0 B3R S Xk S 2 A A IR P AR AR M), R B 588 A VB R K R U3 3
AR rp R AR R R T OIS LA A SRl AR M N D Bl v R A
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Fig.2 The analysis polygon segmentation for bird habitat suitability in Chongming Dongtan Nature Reserve
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