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Spatial Patternsfor the Distribution of Winter Waterbirdsin the
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Abstract: The spatial utility pattern of birds reflects their selection of habitats. Based on field surveys, spatial
statistics and landscape pattern analyses, we investigated the distribution pattern of winter waterbirds in the aquaculture
ponds of Chongming Dongtan, Shanghai. The results showed that ducks had a different pattern from that of waders. The
distribution pattern of ducks revealed a significantly positive autocorrelation and clustered distribution, while that of
waders showed a non-autocorrelation and random distribution. As a supplementary habitat, the aguaculture ponds play an
important role for winter waterbirds. There are, however, differences in selecting habitats among groups of winter
waterbirds. Ducks prefer ponds with well-developed reed vegetation, arelatively smaller water area and deeper water,
while waders favor larger water areas and shallower water. The requirement of habitats for different groups of winter
waterbirds should be taken into account when planning land use and managing a natural reserve.
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Fig. 1 Thelocation of study area, three divisions of aguaculture wetlands and their typical landcover



214 3 W ¥

WK 29 %

PEEVCRIBER A, WEFEE, WAEE; DYz
B 4FE34 H B2 2138h, A FH GRS &4 4300—
4600MIm?, 4EH)IE 15.3°C, BTl 7—8 /1,
H V¥R 5 26.8—26.9C, b H A 1—2 H, HF
BURAE 3.0—3.9C ., Ao 320 KA:
A1, SETEIREN R 1022mm, HIXHEE 82%.

R IR A BV T 2005 47 5 H S8 B it
TREERLINEAR, HoPEK 08m. AL
ArcGIS9.2 FHHTHIEEACHE. JULMTL IERPHE:, +
R IR AR N T H PR3 . N H A2
il PE ARG SRR LR AE . (52, S5l
gUL, MO BRAT B S SR A AR, WP iR
KA, P AN AR R A 30U (Dangetal,
2003; Huangeta, 2005), +HuAH A0 8 4
FA PEEREHL, K. BRERHRLI. V. JEEK.
FUH L KHEASEW Hrh IR X U B oK
WORER R HL I N = 2 e 2R, 25 X g+ b
ARG 1.

12 BEEE

kA B AR AR 2004 4F 11 H 2 R4E 2 H A
2005 4 11 H &=k 1 Hdttr. WAEFIL 7K,
BRRAEN R N 58 R A o EREAERE H I H0 5 IR i
W RAEAT A, HAE R I 2R A S sl A i
Ja PN N SE G, AT, YN —41 ] 8 £ XA A
20—60 15 L5, ALl IR EEA T, A
R RLR IR, 0 PR SEEAPE, LTk
KGO . REASBERTIR IR BIAIEI,  RE S-
TV ARV EM R BRI ESZE, R 10 4
PR, MANZ R, AS 5K EERER
W AND X 53 1528, in s IS (Tringa nebularia)
/NS IS (Tringa guttifer). i R ¥4 (Gallinago
gallinago) %l E70HE (Gallinago stenura), M4y
&0 oA T @S (Tringa nebularia) 1 b HE
(Gallinago sp.)-

X P A S R AT BN G vk, TR
WEBRAK 5 DU SRS a2 0 2280, 1 H
SR 22 B O VA 1 B RA 2 8. L3RG ERG SR
FEE MR L, AR . Mk,
IKE VT ERUK SRR 2 5 6 NS4, Hrp A
TE— AN A sk HOB WLk N T 2 IRIAP AN T
ARG, HIdAZ LG Bt
T HAE SPSS11.0 HHE T .

1.3 ZTEBEEXRIEFHRES

B3R 15 28 2 5 e o A g T AN
ArcGIS9.2 i, FSEHETH-Z 4 Moran | %5 [8] A AH
KRBy, ik S5 A 23 1A A AHOCME . Moran |
FeBUR B — BAE-1—1 Z 18], 25T 0 FoR AR,
0—1 NWFRIRIEASR;  -1—0 FoRMAR; Z
Moran | IFRAEGETH RIS, Z B0 IF H W25,
RWHFAEIEASS, AR ERS T B 2R Z fH
N H B, RUAAAE A S8 HARSE, ARBAY
NI T3 80 A1 Z fHo8 O I, MR S kST
BEAL 53 A

SRZHD, MR Z R TR, ¥
FRE RIEEE 2 B E E AR, SRR T
FOREIAE s HAT 23 18] B AH R AE ) B AN S HHE
ArcGIS9.2 it A7 S a4 . FIH] ArcGIS9.2 rf
Spatial Analyst Tools T Interpolation FEE [ Kriging
TH, KM% v HAHG{E: Cordinary Kriging),
A2 B SRS N A E 45 AR ] . i 2
B LT, RILERIRIEALRT 12 A R
A AT DAL O 5w B ) 228 () A0 AR DL, T2 TE
FEAUHN 12 A U R 4% AT DU G i ik 22 JE 1
A ATIRDL, R dpe e 45 T AR 20 A AR
h e 445 HL(Wu, 2000; Wu et al, 2001; Xu, 2006).
14 Z=WEESH

iz PR 735 2 A0 EE S 28 20 A T b 1) v {3, 4
SRURHNE DX S P - 0 78 o 5 6L EAT SO0 SR 20 A
JERSSAEE T £ B KT 300 (AN BEERAN B, C [X
BAEFERT 4 MRABEE (B 2afilb), L4 4
FEJT o ORI T 5 BERT 4 Mg, Ty
Z S A, I RORT 38 11 By C XA
3AMFRIEYE X AT SO i 5 (8 2c 1 D, 3L 5
AFETT o

ILIEHCR AN 7 104 (3K 3), HpREH A%
SRMFEIEGE R B P BRIV L KB et
FUEL . PR mAN L . e K AKIRBEE A L, B
PN 37 RN A= AN VR 32581 1E AN S Y 8
BE B [ BN AS ) A B 0 o LR 08 T IR AE 4 2 225
PRI B 7 =45 DR D e I AR AT R 25 B v
7% (Standard Deviation for Euclidean Nearest
Neighbor Distance, B[l ENN_SD)Z/1< /% 45 BEERL ) 43
HOREJE, HAEBINR IR 7 SRR IS o X T 7 33
BRARLAR4% 1 43 Lt (Percentage of Like Adjacencies,
Bl PLADY) RN PRI ERE, 0 <
PLADJ < 100, HAGMIN, Roxsr HOREROECOK,



2] BHIEESE: S AR A SR A I 2 2 A 215
SRR DBAR. SR AR BUKGEON SEMEL S A A DRI ERS SR 5 RER e e 1 20 88t S B

Y, HASHISE Fragstats3.3 it &
2 &% B

21 SPREMFAEEXEZEEFERR

AP IATF K 51 Rl (AR AT AT & S
IAPE), 31572 Ho HA MR 10 A, 21356 H
(67.64%); 157525 12 Fh, 4683 H (14.83%); 1L
7K B[ 25 B9 | /)N RS (Tachybaptus ruficolli)] 14
fifr, 5533 K (17.53%). SKHESHg0t Wk 1.
2.2 tﬁlﬂj SEERRIZ B BAER

FIFH Moran | %7K 55 4% A 1) 2 Ta) 5 AH DGk
ATREI I, RS AR TR A I (1) /3 A A7 AR B35 1 IE
FHOG, RIHRE R . MEEIE 5 B R IEAR,
SR s EEK 2 BE WA DG, R BEAL
AT WIEAS SRR, M TR ER 2 E
BOREGE], PRI AN BER O IE ARG, R B4R
I3 (R 2D,
23 MEOBREFERNZTESH
231 JEMGSRE A ATIRDL MRS 2 ) T A
ARG, TERR M FNE SR A
JEAREL (B 2afl b). S EASHILAE A X, 3%

TREBEE . 75 B F1 C X3k, = PR 2 RS i A
%, (WA RYR AT, FEEE T, BN
WS N, FEERT 5 B EmNFZ N 426.7
hm?, £ J% KT 300 HIIX IR RIZ N 279.0hmP. 37
A, DU A DI, 2 e G A 1 B A
232 M@K ARG SRR FE R
[T (B 20), AT AniSms e =F & 5 Ak
LA, £ A XIEEMERE TS A &
X5 HAME C RIS /N oA, 5 B
KT 4 IR AL 239.4hmP, 1875 % B B KL
A, B 2d AT A ES AL RN FRIE X BRI
%, X B A1 C XIA /N S i A (Bl 2d).
WS 2 BERRAL /0 AT A 3= FE AN W 2R 4R, Ui
EHSARAE B Al C IR ZAHN 8 2, 1 A X
WA RN . Itk MERS SRS EE R
I FRFE I N T B A A A S 22 e AR K
2.3.3 BALIREE A ARE TR
FERP ISR P AR BN /A7 IRRRAE,
ﬁ?%‘%%ﬁ?éf?%ﬁﬁﬁﬂ’] A. B Fl C X #R8F 404,
FRERAE I AR (& 2e A1 £), RIEEANFE

Eigﬁ/\ﬁ‘ﬁ, EALAE A XEFT B 5 C RIS EA

* 1 SERFEMFEREEZKEREFEEMNZESRIT

Tab.1 Summary of variables of winter waterbirdsin the aquaculture ponds of

Chongming Dongtan

K250 Waterbird variables

VI +hRUEZE MeantSD

{7l Range

JEMS$ =5 & Ducks richness
%% Ducks abundance
9825 5 )% Wadersrichness
%% Waders abundance
e F
% % Community abundance

Community richness

3+2.61 0—9
124+222.86 0—920
4+1.65 1-7
26+42.53 1-21
13+5.34 5—25
183+240.12 5—1054

n=28.
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Tab.2 Resultsof Moran | test on variables of winter waterbirdsin the aqua culture ponds of

Chongming Dongtan

K24 Waterbird variables Moran|  Z-score  HHHZEME Autocorrelation
JHEMS 4= 5 i Ducks richness 0.184 4712 Clustered, HHEWE
% J% Ducks abundance 0.110 3575  Clustered, R4EHE
{525 4= 7 F Waders richness 0.040 1644  Somewhat Clustered, RV, (HATBENLH %
% ¥ Waders abundance -0.028 0237 Random, BEAZREMAEA, BN
TV M A2 % F Community richness 0.167 4380  Clustered, FAEVIE
2 % Community abundance 0.082 2873  Clustered, R4EWIE

n=28, P=0.01.
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Fig. 2 The spatia distribution of winter waterbirds in the aquaculture ponds of Chongming Dongtan
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Tab.3 Landscape metricsfor habitat of ducksin the aquaculture ponds of Chongming Dongtan

75 Samples 1 2 3 4
BEHEAIEL (4 Numbers of patch types 6 6 6 7
1.29 2.04 2.35 2.40

PSP (AMhm?)  Density of reed patches(per hm?)

PSP AL L Percentage of reed patches
AKIEBELRTH L Percentage of open water

K BEER T RLLL Percentage of the largest reed patch
H KK BEER T AL LL Percentage of the largest water area
¥ 5 B BR T A hm? Average area of reed patch per hm?
S 7K SR B 7T AR/hm? Average area of water area per hm?

P PEYCRE AR AR EE B bR % ENN_SD
A REPARLAIEEE 40tk (%) PLADJ
SEE4 7K (m) Average water depth (m)

14.33 25.33 35.45 40.14
82.52 72.03 50.44 51.87
7.09 4.06 21.62 8.09
45.32 68.59 30.04 47.15

0.11 0.12 0.15 0.17
1.02 3.02 0.41 0.47
9.93 7.57 531 5.20

87.98 83.25 71.53 73.34
0.135 0.046 0.131 0.200

ENN_SD: Standard Deviation for Euclidean Nearest Neighbor Distance; PLADJ: Percentage of Like Adjacencies.
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Tab.4 Landscape metricsfor habitat of wadersin the aquaculture ponds of Chongming Dongtan

¥ Samples

1 2 3 4 5

BEEHZSAI% Numbers of patch types

EYEBEE B (4Nhm?)  Density of reed patches(per hm?)

P PELRT AL Percentage of reed patches
KR BEER TR LE Percentage of open water

TR BB EE Percentage of the largest reed patch
RIS BER T L. Percentage of the largest water area
P4 % 25 BEH I AH/hm? Average area of reed patch per hm?

SF4 7K 38 BESL I F7/hm? Average area of water area per hm?

P PR YR AR AR I B AR EZE ENN_SD
FTAT BESAR LR 5 43 L PLADY
“F34)7K R (m) Average water depth (m)

2 6 5 6 5
1.23 2.96 1.18 1.01 3.29
5.66 25.72 10.55 4.96 21.34

94.34 62.03 85.79 78.41 76.13
218 10.84 5.42 1.15 6.32
93.95 28.13 41.43 44.16 72.42
0.05 0.09 0.09 0.05 0.06
2.16 0.90 1.80 5.52 1.22
38.01 591 11.20 22.22 5.15
95.22 74.34 89.96 89.71 80.48
0.13 0.138 0.122 0.130 0.07

ENN_SD: Standard Deviation for Euclidean Nearest Neighbor Distance; PLADJ: Percentage of Like Adjacencies.
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