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Abstract: [Objectives] The nest predation of birds is often affected by nest-site selection. Studying the

relationship between nest site and nest predation rate may help to reveal the role of different nest site

EEWME BEXRERREEETHE (No. 31970421, 31472011);
E—EENHE kxst, B, WEIREE; BFRTH: BASEYET S5RH; E-mail: dzzjg 2022@163.com.
WA E A 2022-08-09, & HH: 2023-01-05  DOI: 10.13859/j.¢jz.202303002



3

RF A E R AR 4 ) S B A

characteristics in the successful reproduction of birds. [Methods] Using Black-throated Tit (A4egithalos
concinnus) nests that were predated and those succeeded in the Dongzhai National Nature Reserve of Henan
province from 2014 to 2017 as our study subjects, we investigated the relationship of daily nest survival rate
with the found date of nest, and nesting plants by using nest survival analysis with RMark (a R package that
provides a formula-based interface for the program MARK). We also assessed their nest-site safety class based
on nest-site characteristics and examined whether researchers’ assessment of nest-site safety class could
predict daily nest survival rate. Because nest predation might differ between different breeding stages, the egg
stage (egg-laying and incubation stage; 124 nests) and nestling stage (119 nests) were analyzed separately.
[Results] Daily nest survival rate decreased significantly with increasing nest age at the egg stage (Fig. 1,
Table 2), but no significant relationship between nest age and nest survival rate existed in nestling stage (Table
3). In addition, daily nest survival rate did not change with the found dates of the nests and nest safety levels
(Table 2, Table 3). However, at the egg stage, the nests built on bamboos (Indocalamus tessellatus,
Phyllostachys sp.), Chinese firs (Cunninghamia lanceolate), bushes and grasses (e.g. Rosa spp.) and teas
(Camellia sinensis) had a significantly higher daily nest survival rate than those built on cypress (Platycladus
orientalis, Juniperus chinensis) and pine trees (Pinus massoniana) (Fig. 2a, Table 2). Furthermore, at the
nestling stage, the nests built on bushes and grasses had a significantly lower daily nest survival rate than
those built on teas, Chinese firs and bamboos (Fig. 2b, Table 3). [Conclusion] Our results suggest that nesting
on certain plants may reduce the nest predation risk of the Black-throated Tit, highlighting the role of nesting
plants in influencing the breeding success of birds.
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BRME EI R Z R Z R R,
NATFH. AR EM S (Gotmark 1992,
Ibafiez-Alamo et al. 2012, Zhao et al. 2020).
o, RO S = R 1 2R S L T ZR ()
HERRZ —. BIRGRRI—E 1) HE %
Foe AT SR A A £ 1 KU, sl U7 SE45IR (Martin
et al. 2000) LI A #EATHES T (Redondo et al.
1989) %%, {HEHLERE CnSHEMRFE) XF 5
(144 £ 2 A AN il 240 B 52 (Martin 1993,
Seibold et al. 2013, Guilherme et al. 2018), H:
JoT ] g RN S SR IR B D 3R I F ] R i
Wi BIFHEEEN A (Murray et al. 2014) .

W98 S5 2 1 B0k 156 5 5000 4 £ XU 22 [)
(10 R A R T 48R AN [F) SRR AE X S S Rl )
FEMVER . HETOA KEF AR 7 K05
el R 5 Sk R % (Borgmann et al.
2015, Buehleretal. 2017, Liuetal. 2021). &
Y (RN 2012). #5 (Guan et al.

2018) RN TP (Yeldell et al. 2017) %5
U EZ MR R IR TS BAEDIRPE .
BLUE A B T 20 kK R 1L 2 (degithalos
concinnus) S B R0, AT
2014 22 2017 4505 FE 25 28 I K 0 B AR RS X
LS KR I AT T g 7EPEAl SLhERR
PRI 77 b, DUREAIF TR 22 385 52 bl & Sk
JE) R RO REL A R AAE R VA Sk R B v (2R AR 5%
2011, Borgmann et al. 2015, 3KE% 2020).
SR, A 1] 76 1 28 SR B 3T 2 B 3000 R S o
W PERFIEFR AR AT B 23 45 IE7E BE0H 1Y) % 2 SR 4L
Z T4k (Ringelman et al. 2019). —Fh# Ry
B ATTVE BTN AR SLE A SR IE
MW7 L SRR () 22 4, AT FRARAIE 72 N B3 7E
UM T . Rk, AREFR BT RN
SRR AT Sk A R 1L 22 1) SRRk Bl 1 A Sk P
Tl B H I 46 TR 3R 3 WV A L Bk e 4
P, IFHE T R i S e A e S S
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(114°18" ~ 14°30' E, 31°28"~32°09' ND. 413k
KELEERFXANNE NES, —KELH
JREL 2 HWIFFUEE 5, BhEREEF] 5 AR (L
et al. 2012) . HHENEIR, T LA

( Cunninghamia lanceolata) B (Pinus
massoniana)~ A (Juniperus chinensis)~
#¥  C Platycladus orientalis ) < %% ( Camellia
sinensis)~ %1% (Rosa spp.) VA =EF (Rubus
spp.) S FE) b, Bl AR 2FEHIET 0.5 m
PAF, el 254 10 m BA B (Lietal. 2012).
—MRAEER 1 HLOE, BN 5 ~ 8k, BL T
MEZ, WOBHAZIN 13 d, B4ERIZN 15d (Li
et al. 2012). ZLk KR 4 BARMAFE %,
R R Ty B B R IR S b £
33.6%, AR E O 3 R PR 9 7 SR B
SR BN, I S B A A 5L R I R 3
FUONEHE (Lietal 2012). fHEHEFREE
NASEL(Corvidae) 22 42 & (Accipiter nisus) -
PELHERS (Glaucidium cuculoides) VLS T 5l

(Elaphe carinata) %5, TR (Mustela sibirica)
FEFA B (Sciurotamias davidianus) =5 .5
Pt mT RE 2 B AE I S B (Li et al. 2012).
IR, 20 KRR Ll — AR A BT — X,
(ER VPRIGEEER il S 2/ P e R YT
P58 AR 100 o

12 BRI

ST, Wil R R EE St )

JAB RN FEA BB AMA R 7 TRk K
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Bl B 0 UBSBRAG . % T SIS B, Jl i
2 FORG Bt DU S50 e T 1100 52 0 T (R 2R
T H AT SR . S, R E SEPIRES, —
fRctghs 1 d e 2 d B, RifE2deisE3d
A, (BRI H IAEAE S H S, )
R A DA E 7 O B A S A e H . A
BRI, NRERMSEE (RS, Bl el
AN TFIE BRI Z AL, Xk B 2R S,
i AR SRl 5T LA R0 R 45 A4
52830 E O RN & B AT IR R, 28
JE BT

FE 53 BT BEREARFAE 5 5L 00 ot B XU ] 1) 5%
A, R KA S B 1 AT b, I
PUSL A A7 AR Ll XU . PRI 3 5840
SR WG ELAE SR RBOOAR IS AN e HE R 4 BT A2 oK
F HUE R SR IE U, P AARHE S R 4 A e
W AR IRFIE SR D) R E . 1t
b, E TR A E A S T I )4 A XURS: AT REAN
[f] (Martin et al. 2000, McDonald et al. 2009),
AT TR I AP BB AT 43 AT (ORI n = 124
B, BYEW =119 ). 1P EIFEE 5
B AR CGREAAEZR) AR RRN, &
WF5E#E R 4.1.3 (R Development Core Team
2022) H1F| A R A “RMark ”(Laake 2013, Laake
et al. 2022) A MARK 9.0 #{F (White et al.
1999) HEAT /b HArdrJRE ) LAY
(generalized linear model) 254l (Dinsmore et al.
2007), BlVidE by g Hdfs o A 2R ALy I A
(FEIEBCA “07, BEmBEBoN “17) BN
9 logit B SCERPERIRSR AL TH 20k KR 1L 42
8 HAAE S, i L 5 SR e S5 K R
KZ o AEHTH, A ELA I L Cencounter
history) 2463 FirstFound (REA~S7EDN
B S — RO I H 1) . LastPresent
CHE S A A S R AT AP TR R B s — R
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AHF] B E SRS ED . AgeFound (B4
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HLAE RIS 16 H 6% o 5 323 #r v Dy SLAE R I
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I (DX TAES IR I, “ AgeFound”
N1 HE. (2 MRS, R
KR WL — AR 1ARON, RSN R
FEURG G FHLAF-3 507 5P A FE 299 13 d (Li et al.
2012) RAEMZ E A G0 H I H i . i,
FE77 ORI S E ™ 3 80, L H N 3,
X T LE 7 G0 A LA 88, 2 HL R DAk,
MR T 35090 B HAH B 13 d S L 53 B B0 B
RIS . (3D XFT-7E5E 50 B A IE R AT
TEBE AR, PRR AR SRR AR 7 H A
MARME S H H S, BRI 7E
I3 M B A B ARG AR I, 7R B A AT (T
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T 376 & 4RI 8L, s a #F 5T N R
ETAE RIS, MM 4 5 K /NE &
RERES BB KR RIMER L HE GRE
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FETHTRT, TRAGA T LA MEARY I
R “car” (Johnetal. 2019) " H “vif” %L
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factor, VIF), [FIF}Z25 IEWFFT (Higgott et al.
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FINITTJEREH) Phyllostachys sp., n=14 ) K&
WERLR (B FE 3% 7Rl Rosaceae AR A}
Gramineae TV SFAHXMREEIHED), n=8 §1)
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(Barton 2019), S LA ALE I B0 MEA R Z
1E 1 75 A5 S & 1 W ( Akaike information
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BATHERF . ZHELMERTST (Touihri et al. 2017,
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(22 A E R A RTA Z R (2, 3). 2RI,
FaRAZRAE D) 1 50 50 ) H A7 3 B 25K T HoAh
TEYIFRE EEL, AR E SRR 55 H
HHERLEZEER (K2, E2a). {EE4MEM,
TEER MY E S B A ER R ERTEN
B RGN RS, HREYPREETE
BEZER (F3, E2b). o, EIES T
i, 2015 SEEHAE R RE ST 2016 4,
HRFMEBELEZEER (K2 FAHHI T
BB (R 1D REEED, ULAEMDXT
AWM R O AR R LR ER (R 3).

3 Wik

T (2006) FIETESE (2012) ¥4
RE 534 T V0 )1 e 78 80 2= R AR 21k KR
RN R AT I, BRI KR
A F) TR AR BON R S E 8, H
A FEAR 5B A R RS TS SR TR 1)
KFR. HEEMIEB AR, BOABRRVER &
ST RE 2 RO ORI B i 2 (O E 2, B
A S ik Bl 1 B v 1) S BT A T 2R N B
(Martin et al. 1988, Borgmann et al. 2015). A

1 SHARBERNLLKELEEHFEREMHPREREBFIR (dacc<d)
Tablel Model selection resultsof the candidate model set (4 cc < 4) for daily nest survival rate
at the egg and nestling stage of Black-throated Tits

R Candidate models k logLik AAICC Wi
YA Egg stage
HHE + BN + 4 Nest age + Plants + Year 9 - 15225 0.00 0.24
HHWE + Ze%Y + EEMEWFAE + 4 Nest age + Safety class + Plants + Year 11 - 150.61 0.77 0.17
HHEE + B HAEYFZ Nest age + Plants 6 - 155.99 1.44 0.12
RIBTE] + BEHE + SEHEYAZ + S0 Found date + Nest age + Plants + Year 10 - 151.96 1.46 0.12
HHE + 2R + B RAEYFNII Nest age + Safety class + Plants 3 - 154.65 2.79 0.06
ROURTE] + SHEE + E YT Found date + Nest age + Plants 7 - 155.83 3.12 0.05
4T Nestling stage
FAA Null model 1 - 159.33 0.00 0.19
JRBU ] Found date 2 - 158.33 0.01 0.19
B R P Plants 5 - 155.97 1.34 0.10
HLH# Nest age 2 - 159.30 1.95 0.07
RILEE + #H# Found date + Nest age 3 - 158.32 2.00 0.07
KRR E) + 7 AP Found date + Plants 6 - 15537 2.14 0.06
HHE + 5 M Nest age + Plants 6 - 155.87 3.14 0.04
WA, Safety class 3 - 158.95 3.25 0.04
RILETE] + 224255 2% Found date + Safety class 4 - 157.99 335 0.04

* PUHTRIE AT, AN BB IE RIS B R (AICe) H/ME AN 322.60 Al 320.66.
k RRRF T SHURK TG LogLik AXTEUBIA L . HALEIT A0/ MEA BB IERFBEER (Uac) Al Akaike BE (wy)

AT HEFE

* The minimum AICc value in the models of egg and nestling stage is 322.60 and 320.66, respectively.

k is the number of levels for all model parameters in each model, logLik is the log-likelihood. Models are ranked based on the difference in

corrected Akaike’s Information Criterion (4daicc) and Akaike weight (w).
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Table2 Model-averaged results from the best model set for the daily nest
survival rate of Black-throated Tits at the egg stage
AR & Variables Z 4411 Estimate Fr#EiR SE z P
M Intercept 3.54 0.86 4.11 <0.001
HLH i Nest age -0.10 0.04 2.88 0.004
R BL ] Found date - 0.01 0.01 0.73 0.466
A (11) Safety class (1) * 0.69 0.40 1.72 0.086
A (1D Safety class (IT) 0.69 0.50 1.37 0.171
HIFHZE (1725 Plants (bamboos) ° 1.44 0.68 2.12 0.034
A5 (KD Plants (Chinese firs) ° 1.69 0.66 2.55 0.011
YA XD Plants (bushes and grasses) 2.15 1.08 1.99 0.046
WA () Plants (tea) ° 1.49 0.46 3.25 0.001
A4y (2015) Year (2015) € 1.47 0.79 1.86 0.063
43 (2016) Year (2016) © -0.21 0.56 0.38 0.707
4EfY (2017) Year (2017) © 0.32 0.56 0.58 0.559

a. %0 1 NS b, DRS¢ LL2014 SRS,

GAGHNGZAGH N LREZET (BRMHIHE £ HER =-0.01+£0.47, z=0.01, P=0991); 2016 4F ) # H 77955 0K
T 2015 4F (SHUETHE + ARMEDR =- 1.68+0.68, z=246, P=0.014); 2017 {F5 2016 FLBHER (SEULTHE + FriEiR =0.54
+0.39, z=1.36, P=0.173).

a. Safety class [ is the reference category; b. Pine and cypress are the reference category; c. Year 2014 is the reference category.

There is no significant difference between safety class Il and safety class Il (Estimate + SE =- 0.01 +0.47, z=0.01, P=0.991); the
daily nest survival rate of year 2016 significantly lower than 2015 (Estimate + SE = - 1.68 + 0.68, z = 2.46, P = 0.014); there is no significant
difference between year 2017 and 2016 (Estimate = SE = 0.54 + 0.39, z=1.36, P = 0.173).

£33 AAKRLEFHEBRAFERESTRREEHER
Table3 Model-averaged resultsfrom the best model set for the daily nest
survival rate of Black-throated Titsat the nestling stage

A5 & Variables ZH{k 11 Estimate Fr#EiR SE z P
M Intercept 3.55 0.86 4.13 <0.001
B H % Nest age -0.01 0.04 0.24 0.807
R B[] Found date -0.01 0.01 1.36 0.174
G4 (11) Safety class (1) * 0.30 0.39 0.78 0.436
GAE (1D Safety class (I11) * 0.07 0.46 0.15 0.884
HIFHZE (1725 Plants (bamboos) ° 1.61 0.67 242 0.016
2 (F2AK) Plants (Chinese firs) ° 1.20 0.60 2.01 0.045
A5 (PARH) Plants (pine and cypress) ® 1.13 0.67 1.70 0.090
WA () Plants (tea) ° 121 0.50 241 0.016

a. 2% R 1 A2 b LB AS .
ZEFHNGZEFRNZFEREEZR (SHMIHE = iR =-023£041, z2=057, P=0.572),
a. Safety class | is the reference category; b. Bushes and grasses are the reference category.

There is no significant difference between safety class Il and safety class III (Estimate + SE=-0.23 +0.41, z=0.57, P=0.572).
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Fig.1 Themodel predicted daily survival rate of egg-stage Black-throated Tit nestsin relation to nest age and
nesting plants from year 2014 to 2017

B bR R b S P 232 5 S R A R AR LA AT (3R 1 I A S R + 8 IR R + SRR AT TN, HHZ
TRIME, AN 95% EAS XAl [RIARHEFS 0] A (A v G 2015 AESAEASAR LI EL, L MZARERZ AR S H ARG 10 TUME .

The predicted relationships between daily survival rates of nests on different plants and nest age were from the best model (Nest age + Plants +

Year, the first model of egg stage in the Table 1). The thick lines represent the predicted values and the thin lines show the 95% confidence

intervals. As no nest built on the Chinese fir in 2015 was available for analyses, there is no predicted value of the daily survival rate of the nests on

the Chinese fir in 2015.

1M, ASHEFCRIL, BTN G ARYE SLbk B &
R MR E R R G A TEHE AR %
VPR R L BE R () H AR R E R 2% 2
5t WA A B S 2R KR L4
BHRSChr 2 et m —EME. A, X4
RAL TR S AW FCR R LA 1 S 2

RHAT VP I T 5% AHIF O B2 255 )
RIVE ZAE B LERK R I SRR B, G
LA, Sk A B R P RS R R
AIRER AL, R SR 22 S R VFH AT g
Afie I B 55 A 1Y) 22 42 55 24 (McConnell et al.
2017, Ringelman et al. 2019). 4 5t



3 3 RF A E R AR 4 ) S B A

%

a —
100.0 + —
S
g ?
]
=
E 97.5 1
=
5
A
o
& 950
jung
1 1 1 1 1
.ooo% ef"é & @%% &
SN 3
o s $ >
\{\ﬁb X “&% oqy
S
& &
# w

* 337 -
100.0F b —
*
975+ + + +
95.0 -
925+
o
90.0 -
87.5F
&ooos Q%bgé @q’% &%% )‘&ﬁ@v
) Co“y & Y '
P\ x &\2‘% )
Ya
1{%’& @%

K2 EEFRKAFRRYESEY ALK ERNBFER (£ fRlR) KR
Fig.2 Comparisons of Black-throated Tit’s model predicted daily nest survival

rates (+ SE) between different plant types
a. JEORH: b, B4, RORERFAELE ZRNHEETER L, 7 bR, ARERE I HAR R R S 18] (¥ 55 D A7 35 0
FHZER . TR E D ARE BRI T B b 6 5 SRR X — R H. Aniee HE/NMOBL, Fo, S L H A2 S 400 UL
2014 FRH] (FOREHELRZEZR, WTR 1B HE + FEEMIE + FHBA, FEYIR R N R R PRI T %
1 B S T SRR R, AR A S R R

a. Egg stage; b. Nestling stage. Any two types of nesting plants having a significant difference in daily nest survival rates are indicated by “*”. The

predicted values are from the outputs of the model that contained the variable of plant types and with the lowest Aaicc, where the values of egg

stage were from the first model (Nest age + Plants + Year) of the egg stage analysis in Table 1 (with the nests of year 2014 as an example, because

there is no significant difference between years), and the values of nestling stage were from the third model of nestling stage analysis in Table 1

(this model only includes the variable of plant types).

FU AT AR H BT J5 T S 22 A SR gk AT PO
i, VABfE A FIR S e 25 22 R, d—
R FUIE FEN G142 15 0] DX H S bk 22 A gt AT
B REAL o tbAh, A AT DU I i
T e e FE S B A PR S L P 0N 53
ST SN2 AR T RENS S i S22 4tk
DMAERE TNy, TR SR, s
BB TR R R I0, S8 R BRI
W 24K (Grant et al. 2005) . AW TN,
UEEETOEARSS VIR 3 N perE L R
IR A (NS ] A Perpe 7 NG

H W& 38 i 23584k, X5 Hu 5§ (2020)
X5 AHIETE AT S K R LA P [R] 428 40 A7 P
MK BILEE (4. glaucogularis) W T R F2E
Bho FRATIHGE X — 22 7 ] e e RN BN 2 55 1)
2K R 4 AR DRI R Ok B B, BRI
Pl RALTE 2 B AR ARG RS EHRI R
ANFEE. o, DA R, BEE B
(RHtEdE, RN HARER MK (Bonnot etal.
2008, RMAW AR TR, KRR
HON SN i v s R R R s Y

S PR B P T 2 S S A B e ) R R 7E
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DLAEBF SR A5 3 7R 2 587 (Martin 1993,
Borgmann et al. 2015, Liu etal. 2021), TixfT
B BRSO L B AR R R AR 2 1) 5T
U ARG CHENRBEE 2012) 0 25 B F A A i
W HE VR PR 5T R B R AR 1) 22 S DL AR B
FNE FE A e AN R &G D, 5 SRR 2K N 1%
X B R B B R LR AR T A R
N, LEINI, PakaRMEA R H AR R R
T H AR ML B S, T HARAE P Fh S 1A]
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Isand Lake, Zhegjiang
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R AT P BRI (Bviatar et al. 1957). HARFE AR I 52 28858 F1L M4 (van Grouw 2006),
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KT BW/ANESES (Tachybaptus ruficollis, SR 2014). ALLIAEHE (Phasianus colchicus, XIWEF 2019). H
WEJE (Garrulax canorus, XK 20200 2,
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FEAMR I B E AT X L, BTEIERVER A, S8 AR R R EUME SR TE S SEUR . WINIIEA SR
B, GO RYE, BEERESH. LS. AERESERE EY BB LAETT.
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