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Effects of Urbanization on the Avian Nesting Guilds in Hangzhou

LI Peng, ZHANG Jing-cheng, LI Bi-cheng, Chris Wood, JIANG Ping-ping, DING Ping"

(College of Life Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract: We investigated the avian nesting guilds in Hangzhou across an urban gradient from March 2007 to
August 2007. This gradient includes different urbanization level habitats of urban areas, rural-urban continuum areas,
farmland areas, forestland mixed areas, and forestland areas, in order to recognize the effects of urbanization on avian
nesting guilds. There were 18 strip transects (3km X 100m) in each type of habitats, totaling 90 transects. Ninety-six bird
species and 9 nesting guilds were recorded. Based on the locations of the nest sites, these were classified as canopy
nesters, shrubs nesters, canopy/ shrub nesters, natural cavity nesters, buildings nesters, natural cavity/ buildings nesters,
ground nesters, water surface nesters and parasite nesters. The results showed that the urbanization could decrease both
the numbers of the nesting guilds and the species in nesting guilds. We found that the urbanization had different impact
patterns for different nesting guilds. For example, the number of canopy nesters, shrub nesters, ground nesters and natural
cavity nesters declined with increased urbanization. Shrub nesters and ground nesters were particularly more sensitive to
urbanization. For the natural cavity/build nesters, numbers were increased with urbanization. The affecting patterns of
urbanization were different with different nesting guilds as they using different nest-sites. Additionally, we found that
although all of variables of habitat measured in our survey, the vegetation coverage, areas of buildings, distance to the
city center and human disturbance could influence the avian community structure of nesting guilds, each variable had a
specific pattern of the effect on the nesting guilds separately.
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Ji AN, Ty AR 2 3 M S AR IR
AR, RN B A S AR R MU 7 A s e o B
AERN DIPRS00 R T e J R T AL
BERE IR, A o0) B AR S A s e i) e, G
e R 5 R S e g AT & B2 Ok (Blair,
1996; Rottenborn, 1999; Mckinney, 2002). K,
PN ORI R  E B TR S RS A YR R
(Chace & Walsh, 2006) . IXEEHFFUR I, BB TTT
WAL RIS, SRBEE R 3= L 2 ek 2
fiti 2 Bk (Beissinger & Osborne, 1982; Zhuge &
Jiang, 1983; DeGraaf & Wentworth, 1986; Rosenberg
et al, 1987; Rottenborn, 1999; Melles et al, 2003). [
TN T N AR RN L Wy A A B
Yt (Blair, 1996), Bt XA BTN & FE I AL T
PR &RV 2 FEER 3= 8 2 B & W
(Palomino & Carrascal, 2007), H&EH%HINNE
JEE Ry 3k 117 A B A7 B T3 s S 2RI I A =
FERMZFEPE (Mills et al, 1989; Blair, 1996, 1999,
2004), S REIRA]AE S Ik T AR B B AR AR 58
%A (Clergeau et al, 1998; Palomino & Carrascal,
2006)

ST AN S i B R R 22 AR R T
M SRR . IR AR E, &
U Fr B F o i) B S 2R A A W i RO 1 B A Dk
TALRERE I3 S 2> (Clergeau et al, 1998; Allen
& O’Connor, 2000; Lindsay et al, 2002; Wang et al,
2004); T A= £ 1 & A B R P A A 5 i A R
JE R IEASEIE R (Jokimiki & Suhonen, 1998). 7
BT IR, M SR A S LA 52
TSI, AR S 0T AR 52 s 1) 1 X1
2 vk /> (Luniak, 1981; Jokimiki, 1999; Fernd
ndez-Juricic, 2000 ); % 7L S8 2 B [F 2 IR 2,
T 7 AR O 3T A e AN UK (Park & Lee,
2000,

SR, BRI 2 A A D KT x5 2K
HAE w0 S S BRI, AHR 2 B8
PR S AT I D EAT o AR 22 U DX A2 A BR
N 5 R g vy B N 1 BG R  BE d RK X Sz —, 1T
AT IR A X I A 3 T A0 5 2K 5 0 (R BT 5 B X A
/& (Chace & Walsh, 2006, HH A AT T3 1l 4k
527 AR AR w2 A b o AR AR
B AR T AT KA i R A &
K AR VFAFAEA R . ik, AT

FE LN Tk 3 4 AN BT b XA [ 308 7 A Af 58 1 A S
W5 S AR DC RIS, WiF: (1) BFEIR
TR e mr, SREEHECE R > (2) W
AT B 2l T LA A s sk, HE NS LA A
W2, WdE SRR PRIk, T O AL 5
W e (3) MM o 5 28 AR A b % )
F% (Green & Baker, 2003) ZER %, HEMmMERGTE
Gy 2 A b DX T AT 5 2808 BLAE [ (1) 5 )
B, X DX P 3 T S 2R 2 R I R ER R} 2
A o

1 MRAE

1.1 RS

AR BT BN CRFEFUM T X
T AR T, AT e B,
TP R R ARV, IR 16596 km®, M FH AR
FrRdbgs 29° 12—30° 35", <& 118° 12—120°
43" BN T PG AR Y R R AR WG L R X, AR
JE AR B ) JE AL S AT Fe g Ll
T 65.6%, “FJE T 26.4%, VL. . . . K
JE T 8% dhe eV DA I 22 T V0 2 08 A8 S G
UV, AR 1787 me WU T A Hp S Ay o 4 i) el
MAEBE T, PRI G 62.8%.

1.2 AE#HRX

KWL FARIRBERA S, KT 5T X 3K 3 A Ik
X, g AX. RAX. RMAHEX . LU HR
FRIX 5 BFEX

WX AL TN T & Bl POk i X, X
WESIm K HES, NO%E, WmEr, AR
WA E . M N TAE, Bk EmAR S
HEPEHR A, I HAE R E L5 L fEAZ A
TR o AR X SO e TR, AR .

W% g G XA T IR T AN, LA
WER, R G, — KRBT, T
2T, AR TR, N AR 24
RBIAUN, HZ AR By R .

AR FH DA 45 BT Hb 3 A PR IR R A HB X
YD B, 2 ARRAE, BAERZ, M
BARNHTES T IA K MR AR H, B
DERERIAR, IR A R IR A

AR BRAS DX AT 5 A DB s g ookl —
WAL F 1K, HudAd i HAEE, Sl AE. 25
IO R BAE G, MR N TRIX, N ATESIT
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A H

AIFTAEIIX . IR 2 S5E I, R RARAZ
X A AR FRIX AGEHE X 25 B HOREATY 18 4%, &l 90
S0 BRAKENK 3km, WY REREIN S0m, R 2 [H]
B B KT 4km (BRIX P #-BE A7 2 ] TR) B KT 1km)
1.3 BIFE

7E 2007 4 3 H & 2007 45 8 H MM, Xk
90 ZFELIMAT IR, TAFFLIA —IX. HAELE
RAIEM % TERXIH 347, I R —
A EF 6:00—10:00 IFTEF 16:00—18:00 o
WAt 2—3 NdIl— N/, AT, AT 8
—10 £ H BB SR IATIEE o il
DB BT B SR 5, Rl sk SRRk
SERRAT N AT R SSRAT N WRONAT N K A 4
T,

1.4 Wi FESENEEFIN £

FE LM B3k T & 28 B2 I E TR, BFgE Al
FHE Z2 Bl i AR E S 40, Wik B 55 5% (Rottenborn,
1999). 3Tl P B (Bolger et al, 1997; Wang et
al, 2008). HAFLLE (Mills et al, 1989; Blair, 1996;
Bolger et al, 1997; Lim & Sodhi, 2004; Palomino &
Carrascal, 2006). & b (Palomino & Carrascal,
2006). ANATIEHCE (Mills et al, 1989; Blair, 1996)
B (Wang et al, 2008) FIAII#E (Lim &
Sodhi, 2004) 45, IXLEZHHE AN R0 S e T
SIS TR AE . AR AR AR R S R
Hu PR SO SR AR S 2%, R S M T AR AR
SHATATARMETCIE SR b i kT (R, PRk
AMFFCER AR LIk T O R A Ch T
W s BEFI N LRt Fig 058 4 Bk i AL RFIE S5, JF
FEMLILRE =22 Chen etal (2000) )71k, Zi4rLA
S EER TSRS TR SIS EUG I E A
B 1.
15 EEEHASE

B R BRI I I A 7 VR S A S A
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Tab.1 Measurements and introductions of urbanization characteristic parameters in Hangzhou

LR O EE RS Distance to city center

AN T4t Human disturbance

4 5 5 Vegetation coverage
A L ¥ jitif %L Building index

Wi EEAFE2 Urbanization synthetical index

RN RS P S s AR ey, @ T
KBS 2 L T AT O LA T3t Lol s R S P68 SR 7 2 Al o ik
OB, BA7: km

FORNATAMRREL, 230 6 NMEH (0—5): 0 FoRMEal BN 1 FRorkeir
WA 1—2 A5 2 RB-FAA 3—5 N 3 RORFFEITNAT 6—10 A5 4 X H
WA 10—20 N; 5 ZoRkEd A 20 ALLE, Hrboe RS S AR i RE Y HEAT
73 BORAEAR S5 B LI BCF- 25

FORMAERE AT IR e, BPAM AR I A, DL 2 B

PR N LBUBAEREA AT IR LA, BPAMM AT G, L tedon

FORWTTIIORLRE, h T aa DAL 4 BT ESH, T s AT
A Btk T AR JEE AR TR 10 7E 0—100 2 1A O Beqt o L PR B ol T d
WEMIPE R 46.5km, $ILE X 0, W o0 Ik T PR B 45 H0E Sl {100 —
(100/46.5) xFErLIETEEE km), RI(100—2.15xFEACIEHTIEES km); AK
PSR L 205 REMY: 25 3R LA 100, 1] 100 982 ; N T3t 4R L 100,

SEIR AL ZE S R E=(100 — 2. 15xFR AL i BE B8 km)+ (0 T-HUEREE) + (100
— 100> FHA ) + (100x N T Mite 50 .

SRR B, INERE A, RISk L
PN E SR, KT ARICH SR & 8 52, I
7 HL T IFRHE SCik (Cheng et al, 1978, 1979, 1987,
1991, 1995, 1997; Li et al, 1982, 2004; Zheng, 1985;
Zheng, 1995; Chen & Luo, 1998; Fu et al, 1998; Sun
et al, 2002; Li, 2004) #ffik.

MR A 28R [ 73287775 (Canterbury et

al, 2000; Ferndndez-Juricic, 2000; Park & Lee, 2000;
Lindsay et al, 2002; Lim & Sodhi, 2004; Palomino &
Carrascal, 2007; Fontaine et al, 2007) FIASHI 57 52 P
L, AR SCKE R A S B 1 B0 & 2R U LA
A3 HMIE kT8 B (canopy nesters) . #EHLNE
HLAEM] (shrubs nesters) PRFEEAE T/#E & N SL4E 4]
B R 78 LA

( canopy/ shrub nesters ) «
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(natural cavity nesters). A T &5 H H4E

(buildings nesters). AR 7/ N T SL4 M

(natural cavity/ buildings nesters). HiJfIE A5

(ground nesters). 7K # §L4E 4] (water surface
nesters) Fl1772E£E[] (parasite nesters) &5 9 FiRE[H].
R b & 28 K 8 T MoE SR .
1.6 HUESH

TR 25 G e 1 2 AR A~ A

E BRI ) S AP A DL R A SR A B L
A, AR AR B LA AR~ S ORI 258 SLAR
[1) ~F 35 b 2 EAT BB F U7 % 3 B Cone-way
ANOVA), DA€ 538 AL BV P B8 58
HLAR 1K 1 25 B AR AR AN [F) A JE o 2 5 A7 A1 Wl 3
Zegt. WAh, W SIE B R 5 AN
A JEL A PR Ik 117 A R AE 2 500 B 26 19T 430 B (linear
regression analysis), IR 5 &8 G 415 A

5 30 %
M EER 7. BL LMy R SPSS 13.0 for
Windows #MH-3E4T .

2 &% R

2.1 AR SHA LR E S

TEXTRX . WS 45X REX . REZHX
R AR AR DX AR DX (1) 25 003 17 AR iE 2 20k AT D
HIFEG, ROUPHX . W2 4AK. REX. K&
FRAZ S DX SRR DX IR B2, R A i R R 4 e g
i LB B P IS ), AT
AN Tt FRH )~ s (3R 2D,

T SRR X 3 T A 28 B R A o S AT 4,
IR DX I T AL R fe i (382.00+6.91), B JE KK
TS HEAX (305.51+£6.97), RHX (248.49+
4.85), RMATHIX (174.35+8.10), HIKAZHR
X (80.39+8.17) (% 2),

R 2 UM XAREE S I T U HE S H e T (E

Tab.2 Mean values (M £SE) of urban characteristic parameters of different habitats in Hangzhou

. A % L 1K A X RIAHEX ARIX
T A 2 5 IX S L ® phoctlibe IR
o Rural-urban continuum Farmland Farmland and forestland mixed Forestland
Urban characteristic parameters Urban areas
areas areas areas areas
BT T A (km)D
E.Ll—! jﬁmﬁ,ﬁ* HEE Ckm 2.10+0.29 10.42+1.04 12.56+10.8 19.38+1.89 28.0142.78
Distance to city center
A% I‘J;}F 4.93+0.08 3.76+0.18 2.39+0.19 1.31£0.21 0.46+0.09
Human disturbance
T (%)
g E ° 11.61+1.88 39.67+3.37 62.94+3.14 71.83£3.78 84.44+2.28
Vegetation coverage
Twitifas (%)
AL BB (% 94.06+1.12 91.28+1.69 90.72+1.40 62.7242.63 17.7243.52
Building index
A s g
WA SR 382.00+6.91 305.51+£6.97 248.49+4.85 174.35+8.10 80.39+8.17

Urbanization synthetic index

22 AEBRMESEEEEFNSHREK

AWFFAE 5 KB P RIS 96 B, 4y
a9 AMEHEER . HrpkX P44 4.06£1.06
ANE RN, W2 4E XA 428£1.02 ME S
LM, RHXTHAT 5.5610.86 ANE HAER, KK
AR 6.2241.00 NEHAER, LUK HRMK
XTI 6.8941.02 AN HL4E ] (P<0.001, one-way
ANOVA). 1 W, BEINTIAGFR R 3 s, SR
SLHIMEH 2 MR (8 1D,

B A S T AR T i, MR AS TR SRR A N
VEE BN SLER T 2R R B B R ka g, b
B N HLER AV 35 S WA AR RE A/ HE R
B HEYREEAARNA, FUREIXIG S B
T 708 BLAE W S A BB b 2 B, REE M

FARPRIX BIARMRAZ R IX, JERRGE A 2, A T
PUE HAE I SRR ESEEAANA : ARV N T
HEARE SLAE P RO AN R TS SR
(RS KB, RSB A, FEAR X R
SEEGR AR, AE HIRFRI G AR PRATHE DX I s
21, JKIE SRR G RT D, RIERMRACH
DR SRR oA —F, BI/NRGRS ;s 27 AR
FERAEH YK, XA 2 25 51X T Am,
TEFIAR 3 P S R ECEAAH ], JE PRk AE
BRI EARMR XIS 2 (] 2D,

TEANRIAT SR P, 55 20 SLAR P K 4 A7 AT
F#E5 (P<0.05, one-way ANOVA). 7EIIX I
SHGX, MR T@EAFENSRER, WAL
HEARE BTG AR U N SRS AR )
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Fig. 1 Mean values (M £ SD) of guild number in
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Fig. 2 Numbers of species in every guild in different habitats
C: MOk T8 H14£H] (canopy nesters); S: WERINE SH4EMH (shrubs
nesters); C/S: MG T/#EREAE HL4E 4] (canopy/ shrub nesters); NC:
HARIA 708 $L4E 1 (natural cavity nesters); B: A TESE SLAEH
(buildings nesters); NC/B: H AR 7/ N T HE50E H14E 4] (natural cavity/
buildings nesters); G: HUEIF HAEH] (ground nesters); W: JKTHIH 5
4E[] (water surface nesters); P: #7444 (parasite nesters).

KR ZHG AEREIX, BRI N TRRE S
SRR SRR N 28, AR TR A X 4
REETT LRGP TR ARSI S R
PRI, WD N AR A 5 I B3R R, AN
[ A AE A PR A X HESE A 1 42 B AR 7O N T2t
BUE S, AR B SRR DX AR e A 5 SEAR ]
(£ 3),

BEE T AR FEFRAIG, MR T S 1A
T NE LA AR b TS SLAR A B o ) B AR R
Ft (P<0.05, one-way ANOVA), Tfij H &R 7CE &
S BRI 7N TS0 S A Lo ) 52 R

Bfa#A (P<0.05, one-way ANOVA). #Rie ki T/H#E
MR SR AR IR BT o L i, AR LAY 4 2
S LA P T B AR A K (P=0.07, one-way
ANOVA) . Tl A\ TS0 S A1 e A& X 21 iy
Oy R B KA, (HILE BRI RE (GR3),

23 EMEXELEEASTHEERT

6 ey AR P E S S R 134 L R S5 G L
WS H LM RS SRR K
SR B o A B T DR A /D AR AT LT HT ) o
(X 4), M E5 SRR P L35 & i
WHRHES B 2 M HAEE B E R HL R XR (R
45 T VE R A AR A R F AR 7 N AR AR
VA J0) 55 53 LA 55 182 LA A 1) 5 03 T A SR A 2 H0A7
TR HEAMHG (R 4).

M 4 TTLLE N BT o TR B A ) 1
B AL B A R it o WA, T A T R g
RN R PR T 2575 BEAE A 1) 43 A AT AR KT
SO o AMEAR 0 SO UG )0 5315 SLER [T,
A B R

31 it

3.1 BEEEEFAXWH LR

GLYSS: R AT S SR A1 TE AP NN T 17 )
W5 SR Z AR E B UG (Goldstein,
1986; Mills et al, 1989; Green & Baker, 2003;
MacGregor-Fors, 2007). FfH., 3 A4 4514
MR FHERE A B —, ZFEMEZE, BRI Py —
LEAG I B AR, R AR DI SE AR H TRIRUOR /IS, 11
FEASBE W 5| i AR BB B 1) &5 2K (Dawson et al,
1993). N by, TR R, AF A3 30T bk
D> Il TSI S, T AR A R R 2
HAR A XHEN # (Lim & Sodhi, 2004) . Kk pt#5
SRR R R, 2R B A B % AR A
(I R S ek e 3, I HLAE b T AL X gty
RIS FEEI W0, 3X 5 A P — 2L,
HAAE— R ERAE T T4 (Connell,
1978).

TR A bl &8 AR TG SN A —
B, X5 S AR ED S U5 )R 7 A R
Ko JB T IRGE AL/ B N B HLER IV & 2K B ] LAAE
oA T B, T DIAERE R AT 8L, O AR
UM S ESRAR A . PR R 24 B — H
PRIk X AR T S SR B e #
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Tab.3 Mean percentages (ML SE) of the avian nesting guilds in different habitats in Hangzhou and the p
values of the one-way ANOVAs of mean percentages
P35 L2 Mean proportion (%)
5 . RMAZE X
E'%%[il . WX I GER A HIX Farmland and f BAAHE ) H R )
Nesting guilds Rural-urban . Forestland F{H P 1H
Urban areas K Farmland areas orestland mixed (df>
continuum areas areas
arcas

C 7.2842.99 10.74+2.95 13.60+1.88 15.16+2.33 20.09+2.52 3.503 4, 85 0.011
S 6.03+1.90 9.96+2.33 13.2542.04 35.98+3.60 38.72+3.00 33.623 4,85 <0.001
C/S 17.52+2.35 11.53+1.89 12.14+2.32 11.08+0.87 10.25+1.81 2.251 4,85 0.070
NC 1.22+0.74 0.14+0.14 1.16+0.66 1.38+0.53 5.16+1.12 7.388 4,85 <0.001
B 11.6242.75 10.36+2.06 15.67+2.58 9.21+1.52 7.32+1.96 1.996 4,85 0.102
NC/B 50.77+4.78 50.21+4.94 42.51+4.86 24.50+3.12 14.44+2.20 15.494 4,85 <0.001
G - 0.15+0.15 1.31+0.52 1.58+0.55 3.00+0.42 6.164 3,68 0.001

@©C: MR T HAED (canopy nesters): S: HER M HLH (shrubs nesters); C/S: MjeAZ T/ N E H4H] (canopy/ shrub nesters);
NC: AR 7CE AP (natural cavity nesters); B: AN TEIE H4EH] (buildings nesters); NC/B: HARIA 7Y N THEHUE HAEM (natural cavity/
buildings nesters); G: HulfiE SAEE] (ground nesters); — R EHHICE BB 245 (null guild in this habitat)

@K A 5 2 L AR S R R b, R AN R ik 5

The data of water surface nesters and parasite nesters were not calculated here for the lack of the numbers of birds in the two guilds.

x4 N EXEEEEEFAEST S P ATHY RS RS T U IES B ELETRE

Tab. 4 Regression coefficients for linear regression of mean percentages of the avian nesting guilds in Hangzhou

versus urban characteristic parameters

X ESelVSY ) i) . . _ e Wi gR A fa s
U o AT HUBERGIE (%) LU %) e
X . F i (km) . . o Urbanization synthetic
Nesting guilds . X Human disturbance Vegetation coverage Building index i
Distance to city center index

C 0.487" -2.602" 0.161" —0.133" -0.410"

S 1.467" -7.914° - -0.422" —0.124"

c/s - - —0.089" — -

NC — — — —0.055" —

B J— — J— —

NC/B -1.580" 8.468" - 0.472" 0.134"

®"P<0.05; " P<0.01 ().

@C: MW TE H4 M (canopy nesters); S: #EREAE HAER] (shrubs nesters); C/S: MIEB T/ 5 M E §42[H (canopy/ shrub nesters);
NC: HRI7CE 542 4] (natural cavity nesters); B: AN T H1E HAER] (buildings nesters); NC/B: |4 #RIH 7/ A\ T #H1 HAEH (natural cavity/

buildings nesters).

O T AR AR S I R 7 A e RSB SR 20 A, MORIEAT 20 #r o

The data of ground nesters, water surface nesters and parasite nesters were not analyzed here for their lack in some habitats.

JeE MR ek e SR T 1) 1 2 P o L ) B AR
TR B 7 2 R TR dD, (AR THEAR, T
THBEZ TR, Mo T8 SRR N 5554
T2 B R E R, JF HLIK A SRS R R
MO B T8 AR SR MR AR S %28 Tk
(Lim & Sodhi, 2004).

JeE T NS BLAE A (V) 1 S AR AR T
DN A ET T e R o A R R i =
RESHEARE, FnEERZERNEGME, +
Pram gy, AT S AR S R IR M 4 2 538
(AT S . BT L, R ACE SR R LU AR A
SLEE A0 A TE U (Park & Lee, 2000

T J - i 7 LA A ) S 2ok, ST ik

TE PR AR B M B A R K45 0 BE Ok 7 (Luniak, 1981
Jokimiki, 1999). Palomino & Carrascal (2007) [¥]
WFTERIN, AR BT ARAR /N BT 2RI AR AR
SR IX 1) 5 2R 10 22 BE AP b = 5 R B T AR ARR
b, AR SV SRR 2 b ARG, RO A3
(R BN FERAIG T b S S 2R F R

J& 3 H AR 7N B SR A1 1 & 20
G PR it e 2 1IN N = . L 2N 2 o NGl R 2 8571
(2L, LIRS REA L E5H (Kang et al, 1990),
ST WLRRREE . L RREE [ T AR AL T A
BRI, BEEI AR BE I3 &, AR 360
UL b f U I N AR 7 ) TN TR A
e AL BERE P, BT R RLEHR N, %5k
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