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Abstract: Coastal wetland is one of the important avian habitats, and the wetland habitat changes caused by human
activities have had a certain influence on bird community and indicator species in different habitats. Reed swamp),
farmland, fishpond, and tidal flat were formed as four types of disturbed habitats which resulted from different human
activities in Xinyanggang estuary of Yancheng Nature Reserve. According to a thorough field study, we sampled 3 three-

kilometer-long lines in each habitat to investigate the species and numbers of wintering birds. Then we utilized Multi-
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response Permutation Procedures ( MRPP) | Indicator Species Analysis ( ISA) | Two-way Cluster Analysis and Detrended
Correspondence Analysis ( DCA) to analyze the indicator species, bird community structure and gradient change of
wintering birds in different disturbed habitats. Our results showed that: 1) A total of 67 bird species were recorded in these
four types of habitat, and fishpond had the maximum amount among different habitats, which was counted out 37 species.
The D’ diversity index of tidal flat was the highest in the distinct duration in different habitats respectively, as well as the H'
diversity index of reed swamp. Compared with other habitats, the evenness index of reed swamp and tidal flat was also
higher. The differences between habitats are related to the composition of bird community. 2) According to MRPP analysis,
there was no significant difference of bird community structure between reed swamp and farmland (P >0.05) , while it was
the opposite between other two habitats of the rest combinations. Grus grus could serve as the indicator species in farmland ;
The indicator species in fishpond consist of Larus crassirostris \Larus ridibundus | Larus vegae and Ardea cinerea; Meanwhile,
the indicator species in tidal flat were made up of Calidris alpina .Pluwialis squatarola and Numenius arquata ; The last but
not the least, Gallinula chloropus served as the indicator species in reed swamp. 3) Two-way Cluster Analysis classified 12
observation conditions into 4 groups, and it was highly consistent with different types of habitats. Birds could be clustered
into 7 groups on the 40% of the rest information. Further more, birds could be divided into three groups on axis 1 of the
DCA analysis using 12 observation conditions as variables: birds adapting the open water, birds depending on the aquatic
vegetation and birds depending on the terrestrial vegetation. The results of our study showed that bird diversity could be
influenced by habitats heterogeneity, human disturbance and tidal water level; and different habitats had obvious indicator
species respectively; in order to adapt to the changes in habitats, bird community structure appeared a certain gradient
change. In summary, we should strengthen the protection of reed swamp and other original habitats on which wintering birds
depend much, and then take the impact of human activities on the diversity of birds into consideration when we reclaim

farmland and fishpond as well as introduce Spartina alterniflora into naked flat.

Key Words: Xinyanggang estuary; habitat heterogeneity; coastal landscape; bird community; indicator species analysis;

two-way cluster analysis; detrended correspondence analysis.
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Table 1 Winter birds species and dominance in different habitats in Yancheng Nature Reserve

34 E 25 9% Dominance level

e HIRGEE PRI A H 3 Wtk
Species Abbreviation Reed marsh Farm Fishpond Tidal flats
n=36 n=36 n=36 n=36

JINBBIES Tachybaptus ruficollis TARU ++ ++ T

3l FSH Phalacrocorax carbo PHCA + o

G Ardea cinerea ARCI ++ ++ o+t ++

¥ Egretta garzetta EGGA +4++ 4+t S+ T+

K1 Egretta alba EGAL ++ ++

HEHE Egreita intermedia EGIN +

2% Butorides striatus BUST S+ ++ + +

KIFKHG Botaurus stellaris BOST ++ ++ + +

5 Nycticorax nycticorax NYNY ++++

M EE% Platalea leucorodia PLLE ++

TME Anser fabalis ANFA ++

£13LH5 Anas platyrhynchos ANPL ++ +++ ++

BEMENS Anas poecilorhyncha ANPO . ot I -

B YN Anas falcata ANFA =+

213KV Aythya ferina AYFE ++

BV Mergus albellus MEAL 4+

£15 Falco tinnunculus FATI +

W Accipiter gentilis ACGE +

HA4%Y Coturnix japonica COJA ++ ++ + +
HE Phasianus colchicus PHCO +++ + ++

FAEAY Rallus aquaticus RAAQ ++

MUK Gallinula chloropus GACH ++ ++ + +

B Fulica atra FUAT St 4 N it

HE Grus leucogeranus GRLE +

FFIGES Grus japonensis GRJA 4 -

JKH Grus grus GRGR ++++ +H+

JRBERY Pluvialis squatarola PLSQ ++

W3 Charadrius alexandrinus CHAL ++ ++

HFHITS Numenius phaeopus NUPH +

FIEA Numenius arquata NUAR 4

KHIEG Numenius madagascariensis NUMA 4

RS Limosa limosa LILI ++

475 Tringa erythropus TRER ++

HIEERES Tringa ochropus TROC ++

WL Actitis hypoleucos ACHY ++ ++

HRIWHE Gallinago gallinago GAGA +

BIGUERS Calidris alpina CAAL e+ R
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P34 452% Dominance level

e HIRGRE PRI A& H 3 Wk
Species Abbreviation Reed marsh Farm Fishpond Tidal flats

n=36 n=36 n=36 n=36
MBIERY Larus crassirostris LACR ++
UL Larus vegae LAVE o+ -
LLMERY Larus ridibundus LARI et
ERFBENG Streptopelia chinensis STCH ++ ++
IIBENS Streptopelia orientalis STOR +
HE AR 5 Alcedo atthis ALAT ++ + ++
WM Upupa epops UPEP ++ + .
FI#5%Y Motacilla alba MOAL + +
T EEY Anthus rubescens ANRU +
F1k % Pycnonotus sinensis PYSI +
i IH 57 Lanius schach LASC ++ ++ ++ ++
LA 7 Lanius sphenocercus LASP +
WA Sturnus cineraceus STCI ++
LIS Sturnus vulgaris STVU +H+
B89 Pica pica PIPI +++ +++ T ++
KEHG Cyanopica cyana CcYCY ++
JLLT Y Phoenicurus auroreus PHAU ++ ++ + +
B8 Turdus merula TUME +
=A% Paradoxornis heudei PAHE +++ ++ +H+
Fik 948 Paradoxornis webbianus PAWE +++ +++ +
rhAEEE4E Remiz consobrinus RECO ++
JR4E Passer montanus PAMO ++++ et - e+
WA Carduelis sinica CASI 4+
/N Emberiza pusilla EMPU ++ +++ + ++
W3k Emberiza spodocephala EMSP ++ et
=3B JEFES Emberiza cioides EMCI ot ++
589 Emberiza pallasi EMPA +++ 4+ +++ e+
J B Emberiza schoeniclus EMSC et ++ ++
M3 Emberiza rustica EMRU ++ +++ ++
B Plectrophenax nivalis PLNI +

o BUERCE  + + + + IREE, + o+ SRR IR+ + DO, + LR, n A REA R

f A B SRR IR 2 O 37 B 2SS TAEE TR AR SN SR R R MEVR AR SR D B ZRETER
oy e A AR BN RIS BE PO e FIEE L P 235 TR AR B HY D' 2 REVESE K00y e 45 A B85 AN ] i B v Ay i
A =, SHAEBE A TR MRS R S, E B 9.30—11.30 & HE AR AR
SNBSS TR B T HAR P By, O HAH2EAR K, Ak A 5 AR BEAS [ i B 5 2869 sl A8 S AR K, IX AT g
S T2 SRR AN L R A IR IR (6 2)

2.2 EBEN2E R S AAE R

MRPP A P 3505 R ARSI SR A 22 A 2 (P=0.685 >0.05) ; LA & & AR
RYUNHA B2 (£ 3) . HIFHEE 35 TE R B AR 0 S IR B T BB pL 234,
A AT A P 25 B B T ST 0 S S B IR, R B 1 (12 RN A ), ST B R 5
5 (P=0.0003<0.05) ; A T Fl A B , AN FDULIME EA — 2 1Y 5020 A R A N — Bk, B S 28 B IR 7E A ) A
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Table 2 Bird diversity between different habitats in different period of time

WL % 1 SPAA AR FoRiE 2 BAMREL B P H, D
Observation Mean value and Standard deviation Total individuals
Obsl(n=12) 9.418+32.056 631 20 0.659 1.975 0.8147
Obs2(n=12) 1.687+9.955 113 10 0.499 1.148 0.4729
Obs3(n=12) 26.970+124.631 1807 27 0.474 1.564 0.6711
SEIIME Average v= 35 0.544 1.562 0.653
Obs4(n=12) 23.149+158.986 1551 23 0.246 0.772 0.2916
Obs5(n=12) 15.955+90.089 1069 25 0.413 1.328 0.5163
Obs6(n=12) 10.209+32.007 684 28 0.675 2.251 0.8406
A Average v= 37 0.445 1.45 0.5495
Obs7(n=12) 5.313+20.141 356 12 0.748 1.858 0.7738
Obs8(n=12) 16.194+58.358 1085 24 0.621 1.974 0.7941
Obs9(n=12) 21.403+103.687 1434 22 0.486 1.503 0.64
SEIHE Average v= 32 0.618 1.778 0.736
Obs10(n=12) 13.358+42.897 895 29 0.688 2.315 0.8335
Obsl1(n=12) 11.642+80.053 780 15 0.281 0.761 0.2899
Obs12(n=12) 3.433+11.487 230 22 0.75 2.317 0.8205
SE-H4{H Average v= 35 0.573 1.798 0.648

S: YR Richness ; E : 21 Evenness; H' ; Shannon-wiener Z £ F5 %L biodiversity index; D’ ; Simpson Z2AEMEFEE; WL S5 44 RIA [] i BEAE 4%
AR, e Obs1:7:00—9:30-4% Hl ; Obs2:9:30—11:30-4¢ H ; Obs3: 15 :00—17 :00-4< H ; Obs4 : 7:00—9: 30-ff1 i ; Obs5:9:30—11: 30-ff i ;
Obs6:15:00—17 :00-F 3 ; Obs7:7:00—9: 30-F 1% ; Obs8: 9. 30—11:30-HE VR ; Obs9: 15: 00—17: 00-F#E ¥R ; Obs10:7:00—9;30-7 5 ¥H 5 ; Obsl1.:

-

9.30—11:30-/ 257 ; 0bs12:15:00—17  00- 2 FEIH %

F3 BHEGESEYFHEKM % NN E RS FE(MRPP) 5547

Table 3 Multi-response Permutation Procedures for bird species composition between habitats

A BRI Y L3R PURITTER T fE ES i 32 r 4 P
Habitat comparisons Observed Expected Variance Skewness

PR R4S Reed swamp-Farmland 0.524 0.5 0 0.3 0.442 -0.048 0.685
P TEPE-fa 3% Reed swamp-Fishpond 0.341 0.5 0 -1.345 -2.544 0.317 0.024
P EETREE-MER Reed swamp-Tidal flat 0.349 0.5 0 -1.639 -2.671 0.302 0.023
A< M -fa 3 Farmland-Fishpond 0.317 0.5 0 -1.481 -2.604 0.365 0.023
A< [ =M% Farmland-Tidal flat 0.333 0.5 0 -1.448 -2.581 0.333 0.024
i3-S Fishpond-Tidal flat 0.317 0.5 0 -1.176 -2.466 0.365 0.024
12 FULI Observation 0.272 0.5 0 -0.434 -4.276 0.455 0.0003

T A GE i1 Test statistic ;A ; — MG agreement statistic

XA R AR SN 0 B AR /R R o A, 08 HH BAT W HE R (B R FR S (3R 4) o KBRS | SR M V5 76 R F A 76
BREREDR AR S UL A 55208 PRI s (/R HH BRAE S it e rp . PRRERG (2L RS | S 4 IS M B 4 fr 0 A 05
R UL SRR i 0 B S G e | 4 8 hH E SE TR SR T A B b TR A, K Hh IR DR 0, s 2
AT LA 528 A0 HE BRAE G E , R T AR S5 (0 /s (R U ey, 2 B R AR S A R R R W BT
ARG IR oA o e P A B b B0 B B B TR, AR I LR P 35 VR PR A i A 3
i B AR TR AR A B KA AR 3 LU E
2.3 SRR ABRE AL

KU RIS AL 12 BN A5 g 4 R2E (& 2) , S0 G BT /e i AR S R 0 AE W) & A Obsll
55 Obs2 WM EN ) B D PR N —2 . B IR RIA AR B MR, WAL 504 70 AR DUBAR (B, SRS M,
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FIARMER 40% M E BT ,67 M REW 7 7 KR (K 2) 1) spAeBs o — ¢ P SR A Tl , B T
B TR,  2) AR TR R AR AR B 5 2R O — 8 /NSRS PROK R B TINS EE R | BRI
ST MBS R RS R HASAE A E RS R TEVE R RK IR A P R 3)
I PR R B T A T 8 S5 20— e RS LM (LR RS PRSI SE B B i BRI B A
AR RAESE . 4) ISk 08 JRREE B LLIRERG  BREUBENG ODAR Sy 1 | 5 4 55 00 A TH A5 A8 T A B il
PIVERI S0 —2eqE . 5) BLAS  RIENG SULCARNG ZIWE RS G855 0 — SR, X 4 5 T R T UK S T
6) HEEH A —28, HeAm A 0eiT /K  FEk rh Zeedr ik, ETE i o7 sl A SR8, S e i il 2R TH  7)
XM O A TR UL S TP o3 Sy I, Frh el S S | M R | R A S KBRS | A S R
7l | PR T AT DL DG Mt SR K ST B Ak Bl RS S AR R AR LR, 31X 7 AR
5y, fFa T AIEE S A RIRE 0, S 280h Bl 07 1), 0™ 2R B AT AR AR 4 Bl R Y
PN WAL T AR A 52K DAy T AR S5 T 2 B A e R AR AR A
x4 TREETEEIETH

Table 4 Bird species as indicators for specific habitats

e fHRELL

LES TR N Randomization indicated value P
Species Habitat Indicator Value .
S Mean #rifE Stand. Dev.

JK¥ Grus grus qem 92.7 41.9 19.37 0.0404
HRERY Larus crassirostris fayE 100 34.2 17.91 0.0178
ZIMERS Larus ridibundus fa i 100 33.9 18.24 0.0178
LU Larus vegae fahE 76.7 36 15.33 0.0374
TH Ardea cinerea o 3k 73.1 40.3 12.77 0.0178
TRJEIERY Calidris alpina UAES 87.2 37.1 18.6 0.0376
WKBE Pluvialis squatarola MR 100 31.7 17.53 0.0186
HIERTS Numenius arquata MR 100 31.2 18.28 0.0186
BRI Gallinula chloropus FEETRVE 78.4 41.1 14.63 0.0174

A 12 FOULI S S 28 S 04T DCA I (1B 3) R 45 SRR WY S22 Al 1 B RT DL oR 3 3k
e 203 3 W DK SO (%) 19 528 G dh . I EER JRERG ZIMENG SULCARRG R A NS | BE
WS 25 o B] S AR 7K 2B A Bl B IRE (MEDR T 25 TR ) B9 S5 28 A0 4 - G ME B0 B2 Y DA | 1 A 738 R
FIG 3 8 WL T P 25 N KRG B TS AE A U R (5 il A B A0 (R 1) I 5528 (46 . 5 0 kil K
G CSSMAR S RRAESE . INZE AT KRB AN [R) A= 358 Hh K T v R -5 A T R L R DA s BRI — S SRR B, X R
FEmyER R, Wi 2 BFE R i PR 3 A EEE R AR E, A MRS T Obs7,0bs9 5
Obs8 7e4h 2 b or P Wi . DA B R WA S5 1Y 22 57 (Axis 1) LA SCAS [6] B9 0800 Esf 1] ( Axis2 ) e [a] 52 e 25 A 7]
A T SRS S I AR Z ) 0 22 Sl 5 = VR IRkt 2 B T W9 X ik U b 5 8 8 2 Al 1Y) 5 i)
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