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Abstract; Since the 20th century, urban areas have rapidly expanded worldwide, and some bird populations have changed
their nesting characteristics in urban habitat that completely differed from their natural habitats. However, we still have
limited knowledge about the impact of urban environment on bird nesting. Both the positive and negative urbanization effects
on birds nesting and breeding outputs have been reported. In order to understand the plasticity of bird nests in urban
environment, this study measured 10 nesting (e.g., size and shape) and site parameters (e.g., distance from the ground
and roof) of barn swallow ( Hirundo rustica) from both urban and rural habitats in Harbin, Heilongjiang Province in 2016
and 2019. We aimed to explore; (1) Did any difference exist in nest characteristics between rural and urban habitats? (2)

Did the nest characteristics of barn swallow vary between years? We also provided the theoretical basis and reasonable
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suggestions for protection of urban barn swallow populations. Kruskal-wallis rank sum test and Wilcoxon rank sum test were
used to compare and analyze the differences between urban and rural nests and inter-annual characteristic parameters, and
Linear Discriminant Analysis ( LDA) was performed on characteristics of urban and rural nests in 2016 and 2019. The
results showed the difference between urban and rural areas; (1) compared with nests in rural habitat, urban nests were
farther from the roof and closer to the ground relatively ( P<0.05) , and to avoid bad weather or predation may caused rural
nests much higher from grounds and closer to roofs which built outside doors; (2) The nests in urban were much shallower
than those in rural habitat (P<0.05), and may correlate with saving earths or times invested in building nests which above
supporting substrates. As for difference from 2016 to 2019, (3) both urban and rural nests became deeper with larger radius
(P<0.05) which assumed that because the barn swallows reused the old nests with repairs, which made the nests became
bigger and deeper with the using time increased many. In terms of these results, we assumed that the stairway corridors in
urban buildings provided a relatively closed and safe environment for barn swallows, and the old nests and abundant
anthropogenic upholders provided suitable nesting sites for them, which could save the breeding costs of bird parents on the
nest. Nevertheless, we should also pay great attentions on the ecological traps caused by closed doors and windows, limited

resources, and human interference which can decrease the birds’ breeding success.

Key Words: Barn swallow ( Hirundo rustica) ; urbanization; nesting; nest characteristics; differences between urban and

rural areas

19—20 42 LUK 30T A F AR A2 42 R0 FE P PO RG22 % 8, %8 2030 4F 3T RS 534 120 77 km® 255k
2000 411 3 7%, B AR A ZREE P A R Iz s SR AR A TR S 80 AR S s ARk
IEAR SR T A B e A R Ak X LA P AR ) 52 (Aves ) SRR 30T R B 1 B
R R AT A AT ST B R B T T Ak A [ 1 B R e R [ A SIS R K
SRR T PR BT i W AR Ak 0 B T AT 2 Bl R P AR A A [ AR B B K L4 ( Parus magor )
LR/ INRIT A W 22 510 R LA AR 98 20 UE S Afk 1 e RO SRR Rk SRR AE B A T
PEFREEF= A T BRI S et — 52 R

159, 55y B4R S A 1 A K e B B GE B B BB, PR AR (R B G (H AT
ST S 2 MBI 5 B 22 G T T oM BB RRAE , T W8 B A 2T RS S B S50 5 8 LA R
A BT 5 2 R 0 I T Ak 43 1 1 SR A T MR B B S AR R AR . L, T A X
FEFHFM BY RS R I T AR B 25 3R . — D7 T 38 T % 288 A 3 o s 3 SRR SR TN 5 BT 3 S
Vi SR B L RE DIGE 3T AL BT R BT, B A, B85 ( Pica pica) 55 55 1 i B Bl 3 T £ /K S B $2 =5 1 38 m, DA
BT AT PRSI E B S A GO, 8 ( Turdus merula ) 2xWEFEAERLLE 258 BHG PRE JE
AR R N TR A s W P EF R R A4 (Carpodacus mexicanus ) 23165 WP I8 IR 589
AR S s 1 AR e A O L S — D T ST v 8 PO 5 R O AR 0 ) e 5 2 BB e R

FEmR ) AN, R LAY A SR e At H R T R R P, 4 3T s A T R A R B R T R R X
BEZERY G B0 ARG S T S R R N TR RL, B} 4 S T DR SR AR S | ol Al 1 A
T T8 B 1 A A 1 BB T 3RS0 B Ak N T R A T A e 2 5 i 1 2K B R i P A A8
(Turdus grayi) B2 4 RET PSR 8T, SR AR A AARRHHE L, ORI RE B B 22, 2%
ST B R A A AR S A A K & B TR ML AR L BRI, ST RN 1 2 B n] R A R T Y
ARSI T R EAR T T 5 A 25 2 I A A BT XS [ 5 Fh IS R T, 25 B % IR Rl A
ESUREE LRIl AR

FHE( Hirundo rustica) J&4IE H ( Passeriformes ) #6F} ( Hirundinidae ) F— Rt S vk ) A 152620 =448 A
S b SR, PRI R ARSI T PR 5 S BLRRAE S i (Y BRAR ) Rh . EAT, R BT A AR L 2 T
FE R o GRME I T TS N R A G 10 T BB AR A 20Xt 3ak T A a0 R L 552 ) ¢ 5 SR 0
FEELD AW IE AT L SRR VLIS R EEIR T A £ B 9 2K ( Hirundo rustica mandschurica ) TE3R T F1 £ FF AN [F]
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PRSI E SRR, MRIE : (1) ZAEEAEAEAE S A RO AR B R AP 22507 (2) FKMEEFHEAE AR PRIa) 27
FAAEZEAL Y AL XL 2252 T A et T3 AR A 0 | A B 3ok v v A 42 ek ¢ e S AN M) ) 2 25 TR 3R [ e 285
EIXBEWFTESE SR T AP A ORI SR A RIS A S B

1 A&

1.1 SRR

M R EE T AL ARG JE AR AL X, A T 2R R VT A R, B P IR AT KR v 2 A s, R 58 Ml S ke
M IRV T B 7 IX AR AU AR K2 58 X (126.64°F,45.72°N ) K i35 (A /N XA Sy S FHe g v S50 v, i 725
MR L LA~ FIRS (127.58°F,45.27°N, lEE MR KIE X 93.9 km) 1E R £ M 5, ARIUMOL K%K g Xl i
TSk MRSy T AR ] R R MERY B BRI B AR 1+ LLASEH H (Diptera) | ##53# H ( Lepidoptera ) |
#H3H H ( Coleoptera ) 55 2 MU M BT, I Wil 4 BB A1 3418 R 0638 2 TF il %) 11 0 i3k A 5K i DX T PN SR B2 3¢
B A RIS 2 30 N 45 HEHE ( Cecropis daurica ) FEFEFRZEIE MIAEAR 7 by 4 A T SRS 2401
1.2 HEFESEON 5

FHET 4 AIRE 5 A LAERIBIp TR %A ,5 HRZE 6 AWM, F 20162019 4F 9—10 H f¥#
FMEBHEEF 5 WO IR T | 2 A PR R A B8 v G e SRS AR, DA B X K ME BB S, 111n—
101 ga BUHCI Ui = RO CEEMR) Bl B - 02 A FRZA ], 5% 300 mm RS FE 0.01 mm) S5 RO £ 25 81 ) {7 5 4
10 FRFIES (K 1B 1) . B FRIEEAEETCARANIFR, B2 A0 HLRE LR A B AR —20, BRI T 841
PR BE SRR ASBIFSE L) 8L B I B 1 A i O rhols (TR BRI S R ) | 43 S0 I & 1 20 B A sy oAb AR
(B 1) o T SRR 4% 0 SRR 2 800 T SC R 5 A0, 2016 4F T 2019 4E3 T (Urban ) 204351 < U2016
U2019” X, £ 4F (Rural) ZHJ1“R2016 \R2019” 404, SV & AE 285 b SLIE b &5 B2 L (NHRG ) 19315 7 X
4 :NHRG=NHG/ (NHR+NH+NHG ) ; /5 T 7 B . (NHRR) #9315 7208 : NHRR =NHR/ ( NHR+NH+NHG ) ,

R1 10 WREEREFAFESH

Table 1 Ten nest and surrounding characteristic parameters of barn swallow

24 BEILRTR P& HE 28 PSR bS'E ]
Parameters English full name Abbreviation || Parameters English full name Abbreviation
HURFE S 4L Nest characteristic parameters HLOEFRIE S Y Nestsite characteristic parameters

HIE/ em Nest Depth ND SLHE H =5 B/ em Nest Height to Ground NHG

e AR/ em Nest Left Radius NLR ST BE/ em Nest Height to Roof NHR

F WAL/ em Nest Right Radius NRR HE R/ em Nest Height NH
LEAME/ em Nest Left Radius Outer NLRO LI b B LY Nest Height Ratio to Ground ~ NHRG
FAME/ em Nest Right Radius Outer ~ NRRO SUHE T B L Nest Height Ratio to Roof NHRR

1.3 Sttt

XFF 20162019 4F3K £ 10 FPELRRESEL, B S R IBF Y ¢ shapiro.test * PREGHEAT Shapiro-Wilk K
Y M8 S ROES T, 45 R E T A 2508 1 0 . P<0.001, AR FF A IER 0 i, RIkis AR S B 56 v
1) Kruskal-Wallis BRI 56XT 2016 ,2019 4538 & 52 (0145 S 800 22 A AT 7007 o BEJS (1] Wilcoxon Bk FIAS:
FEAT 4 41 (RP U2016 ,R2016 ,U2019 \R2019) [A] 2 5 He4, IR AN AR BR 2Z [BI FI3K £ 22 (0] SERRAE A9 . 35 1
5, MHRIET ¢ MASS "L ¢ Ida ° PRECXS 4 24 H48RAE S B0t 47 20 40 3] 70 7 (LDA, Linear
Discriminant Analysis) ,éﬁ%ﬁf% LD1 f2 LD2 7] 2Rk 91.23% 1Y 2 5 s PR It FH 3% 79 A4 40 1) e SOk
15326 (£ 2) . A EBIE G Ar 26 3/ R 4.1.2 (http://www. r-project. org ) J Rstudio 1.3.1093

(https : //www.rstudio.com ) 5 ¥, ,
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FHRHUR TIRHL, H 3 5 76 10 5 LI & T NHQED e

W T4 1 B SN 2 BRI Sk BAR, S P2 ; |-—NLR—]
=

T TR, AT R SR ST R R
RER > FRTR LA o sl IS B KT JRE JrEkAf <5 NHG
N TR S, 2019 4E 384 (1 107 ANk i 4
H1,96 NREA XL (90% ) . A SR HIE
PRI AN | TGS SR (AR Bk . &
RS HYER & B2 T (12) . ARGt 1 SRERESANRTEE

W 2 M 97 A Hoh 2016 AEMHLITIT AL 36 4 A b f:gl.; isc‘l;::T:vt:cnjsi?gram of characteristic parameter measurement

£4 /\ N =N <4 /\ S $4 /\ >
% 30 152019 ﬁz{)ﬂuiiﬂzl——ﬁ% 207 ’ZQ)H_% 117 "FI NHR; BEETIE E Nest height to roof ; NH : 55 & Nest height; ND

i i

PAn 'fﬁ%%ﬁ%o HLVR Nest depth ; NHG ; HLHF b %7 & Nest height to ground; NLRO; 72
2.2 i}ﬂiﬂi'—?%ﬁﬂ’ﬂ% %‘?E%%‘i HM#E Nest left radius outer; NRRO: 47 #F 4% Nest right radius outer;

2016 4F, YR T 58 6 5 19 05 M 5 BE (NHG) | HLYR NUR:ZEMER Nest left radius;NRR: A7P1% Nest right radius
(ND) B B LU (NHRG) 5K T £ ML (P<o.
001) , FETH 3 (NHR) (HEFETH & 3 L (NHRR) B35 5 T 2 4 81 (P<0.001) , HABZHOE B # 22 5+, 2019
IR Z AR (NHG, P=0.047) JER(ND, P=0.028) L BELL(NHRG, P<0.001) i
TS RHEL BRI E (NHR ) | SRBE T0 /3 & e (NHRR) 355 T £ A8 (P<0.001) |, ot 2 80 35 1k 22 5
(F£3,54,%5 K3),

R2 2016.2019 £ S ESH 4 HEZMEFIZN S (LDA)
Table 2 Linear discriminant analysis (LDA) for four groups of urban and rural nest parameters in 2016 and 2019

2P 5] R KK

Linear discriminant function Lol Lb2 Lb3
Eu 8] Proportion of trace/% 58.86 32.37 8.76
A SAE Singular value decomposition( SVD) 7.706 5.715 2.973
2 M) 51 25X Coefficients of linear discriminants

NHG 0.008 0.020 0.040
NHR -0.141 0.025 -0.497
NH -0.127 0.063 -0.260
NHRG -65.581 15.992 -132.480
NHRR -8.911 10.919 34.346
ND -0.744 0.133 0.153
NLR -0.438 -0.051 -0.115
NRR 0.996 0.731 -0.171
NLRO -0.167 -0.561 0.276
NRRO -0.440 -0.326 -0.102

R3 2016,2019 £ S EEHES HIE (WEARER)
Table 3 Urban and rural nest characteristic parameter values in 2016 and 2019 ( Mean+SE)
NHG/em NHR/em NH/cm NHRG NHRR ND/em NLR/cm NRR/cm NLRO/em NRRO/em

U2016(n=36) 240.23+16.98 46.92+22.11 8.75+4.47  0.81£0.07  0.16£0.07  1.87+0.72  5.06+1.48  5.06+1.48  7.11+1.66 6.97£1.78
R2016(n=30) 297.24+55.54 9.14+£9.67  9.53+2.46  0.94+£0.04  0.03£0.04  4.26+1.53  5.62+1.77  5.62+1.77  7.62+1.97 7.58+1.9
102019(n=20) 237.64+15.25 34.43+20.66 11.47+4.68  0.84+0.07  0.12£0.07  2.94+0.84  5.35+1.06  5.06+x1.48  8.85+1.87 8.39+2.86
R2019(n=11) 253.91£19.17 3.86+0.87  8.34x1.62  0.95£0.01  0.01x0.01 3.85£0.73  5.55%0.93  5.68+0.81  9.32+0.9 9.59+1.00

n FnEHEGE, U, 3T (Urban) , R 464 (Rural)
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2 HWRSHRBERRE (HREHHR)
Fig.2 Photographs of urban and rural nests ( Photographed by Ruihan Chen)

R4 2016,2019 Fi L E41E S Kruskal-Wallis #1638

Table 4 Kruskal-wallis rank sum test of urban and rural nest characteristic parameters in 2016 and 2019

NHG/cem NHR/cm NH/cm NHRG NHRR ND/cm NLR/cm NRR/em  NLRO/cm NRRO/cm
H 35.591 57.647 8.017 55.151 57.930 54.710 10.283 10.130 27.446 19.217
df 3 3 3 3 3 3 3 3 3 3
P <0.001 """ <0.001 """  0.046" <0.001 """ <0.001 """ <0.001***  0.016" 0.018" <0.001 *** <0.001 """

# P<0.05; * * P<0.01; * % * P<0.001

RS 2016.2019 i L HIFES B L ELLE (Wilcoxon LI ) ERRBEM

Table 5 Significant difference for multiple comparison ( Wilcoxon rank sum test) of urban and rural nest characteristics in 2016 and 2019

U2016-R2016 U2016-U2019 U2016-R2019 R2016-U2019 R2016-R2019 R2019-U2019

NHG/cem <0.001 """ 0.778 0.052 <0.001 *** 0.018" 0.047 "
NHR/ce¢m <0.001 """ 0.058 <0.001 *** <0.001 *** 0.499 <0.001 """
NH/cm 0.295 0.128 0.720 0.720 0.382 0.382
NHRG <0.001 """ 0.259 <0.001 *** <0.001 *** 0.759 <0.001 """
NHRR <0.001 """ 0.096 <0.001 *** <0.001 *** 1.000 <0.001 """
ND/cem <0.001 """ <0.001 """ <0.001 *** 0.001 " 0.735 0.028 "
NLR/cm 0.092 0.092 0.092 1.000 1.000 1.000
NRR/cm 0.077 0.940 0.033* 0.562 0.940 0.341
NLRO/cm 0.136 <0.001 """ <0.001 *** 0.038 " 0.002"* 0.273
NRRO/cm 0.244 0.244 <0.001 *** 0.378 0.003 " 0.244

# P<0.05; * % P<0.01; * * % P<0.001

2.3 HURMIEMAERR 22 57

XHFIRTTEHACA, 5 2016 4FHIH, 2019 4RV (ND) B AZ5b2 (NLRO) 8 4 (P<0.001) o X T %
FEAL, 55 2016 4FAE, 2019 4 (LB (NHG) B (P =0.018) |TiiZ25M 4 (NLRO) il 5h (NRRO) 3%
HifN(P<0.01,%3,%4,%5,K3),

HEHRSEE M5BT 455 4151 LDY L M 5 5 e (NHRG) 5 SUPE 15 W ( NHRR) P/~ S0 4%
PR 9 R BORK, S BSA I 55 96 5 (- 65.581, -8.911) ; LD2 it S35 B A~ B 40 R Bk, (EL 22 TEAH 36 6 &
(15.992,10.919, 2 2) . PH MG i $LBF 5 € L (NHRG ) 45 SLBE T 7% € L6 (NHRR) B3B8, 1] LUK 7 5
S b RIRAEBRIRL I 5L 5.4 (1 4)

3 e

1

ABIEFEE I IR L 2016 4F 2019 ARG IRIEITT 5 £ A B JARE S8, 4550 K AN A1 4R 1) 3k

\\
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3 2016.2019 3 % /6] 10 FhEASAES HAE LR
Fig.3 Box plots of 10 urban and rural nest characteristic parameters in 2016 and 2019
AN T) B s 4 ) 22 Sk i 3 M IR) 3288 I 22 s NHRR ; S T 755 JEE U Nest height ratio to roof ; NHRG ; S35 75 Ji [ Nest height ratio to ground ;
U K17 Urban; R . & Rural

SEFAARL YR (1) 5 S BAH LG, 3007 5 HESRIE B5 Al SR0 4 000 SO | P g b T B30 5 (2) kTl R e L L & )
B AN, 2016 4F ST SN (1.87£0.72) em(n=36) , 1 £ F HEIELE A 35 (4.26£1.53) em(n=30);
(3) M\ 2016 F| 2019 4, 31T & £ i ELAREIR IR 2B 42T K (P<0.05) .
3.1 EEEENINS £

A ) FF 3 T A 0 R 1 208308 O 3 Tl BB B AR O T 7 B T A v SR SR A At S A Bk ml g
FROEY . ARBIIE & TGS TE 2016 4FR S 2019 45 KT 5 & M GMESL I RRIE S804 3 B4 vh T HE b BE
TOURE S D B LR 3l Tl LB i T RS0 B TR O ik 2 SOl IR T S S MR TR B0, A S
R 5 £ W 80E A SRS AR A3 PR 2445 el s 1 28 SRR R R 9 AN, 5 R B 9 4 (Aix
galericulata) , FESR T PR I8 v 2 e 45 Jat MR BT o 114 300 XU 37 BRLAES LA T 80 20 AR5 v [ R R R 2 i
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PR A AR T A 2 SN PRBE SUEE , B SR S AT | o
AR R , AT REA ] T 0 X 5 X2 T 45 4 4 K kol
W& FRHOE RN T, ABTER B, ke f s

2 -
N AR 9 4 S B s LA B RO ) T 5 M e
ETAEUH LI, AR LG T 025 KRR of 4 R2010
@ R2019

AR, ORI R TR T, [RII, Sh 1 e A T
(AN SO TE KT OG5 ) B IE B P I SCHT G O, K
ML AR TIRE - . . .

WS HNY 25 5 SR S YRR RE L = R Y |5 %1 Discrimination function 1
PFYACTT LB 2 b T s IOURE R HY 2RISR 2019 4F gy 2016,2019 54 SR SEUE AR ST (LDA) B
90% IR T SLARAEETE P K E LG N T 455 Figd  Scatter plots of linear discriminant analysis ( LDA) for
Yz b X S S Y A S S T — £ #E urban and rural nest characteristic parameters in 2016 and 2019
B TS PR AR IO 25 L 2 A, A, oAt 3k T b
X R e 22 DL K HoAth 18 Foh BN 58 K BEN ( Streptopelia decaocto) 538 THE (Apus apus ) SFFI T 2t &
RIS Sl T A SRS AL R B2 R N T 25 1) S ot T3 9 2808 LA IR AR

5 2R ZAEEAH T, W7 SR, WAl RE 5 S R ARG, A SRR S s | R T b
i P 1T 2 g P Y BE /IS DA X A5 A BEAE e A0 8T 0 B 1B (new location hypothesis ) ™72
[N, 2 ARy TR ) 8 SR EE SR K S R 3R, 23 (45 SN AR BRI 2% | £ AT B TR Y SR R 1Y)
PRIE T HEPVIR B (E IR T e U, RS TE PRSI AR S AR AR . eAh X T S R A AR oY R R, SRR B
5 o B R A A e , WV JEUAR S ( Setophaga discolor ) B8 ) S AR A B B IR
[l 3T P A I SO0 (heat—island effect) 0252 M4 S 1 (AT ) AT W0 R/N BRBE AR 1L, 1A
Ul T AR T IR 2 ZEREF R IR M AR — 20, B2, IR D BURMIE 1Y 22 S e 2 2 R B M A
PRI 2R L [R5 e (W] ™ A — g 2R PR P A 45 2R
3.2 B RFHER AR R 2

2019 4FHYZEMES LL 2016 A FE A FEUR, HEI T BE it DA 2 52 e X TH S 0 F 52 R B 40 2 HE 2 B S
PN S 5 4 (0 TH L0 s f 2 20 S TH S S8R S M R 4, & 2016 41,2017 4F AR UMLK 2588
bl 5% Ja8 X G et [ S FH R 43 B3k 70% (14/20) Fl 60% (15/25) , 35 198 +- 78 1H S IEAE i bh, ol GEfl
5 2016 4E2] 2019 4F 37 LB BIR | SRR B, SRR IH S 50/ 7] 1544 2 S i 0 S A IH AR Y
IR RIRE A IPEERS J7 48 A A R TG 3, BRILZ M, 38T TH S0 & A AR T e 5 A R IR
Ko SHRBYRM LR el hIE S PR 5347 5 A9 Ue R UR 3k it FREE Ve A X B XESRAS B
B2 30T 57 32 AL el 5 DX BT 1) — 4% T V) Mo bRz R SR e -, 3 Stk B s AR e R I A T TH S AT LYY
AR RV LB RISt A B 1 3k iy SEAR T BE R 45 2R
3.3 NPT B AR AR L

SR P I T R X 15 20 B R ) ) Z2 P R R 2R, AT S 2Rk T A A R S R T
VP FEAE ST P s B A, X T 1 28k U v i R B A7 A R T, RAR A A /N LS ( Geospiza
fuliginosa ) FITEE T FREE h AR T 22 A &4, R EUAR S T AR A B i 19 40 55 1 R E Rl 42 DAk
TR S 4 T SRR AN AR (428 ) 1AL 18% M4k S IET- RO L Rk, DL A SRR AR B
B R 2 R X LA AT R A R SOASR BR ER  E [R R e S 2 AR T LS
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