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Effects of Nest Type, Nest Predation and Clutch Size on
Growth Period for Passerine Birds in Alpine Meadow

ZHAO Liang*, ZHANG Xiao-ai

(Northwest Institute of Plateau Biology, the Chinese Academy of Sciences, Xining 810001 ,China )

Abstract: Based on the experiments from 1998 to 2001 in the Haibei Research Station Alpine Meadow Ecosystem,
the Chinese Academy of Sciences. Logistic Equations were used to describe the growth process of nestling of ten species
Passerine birds for different varieties and several parameters of nestling process were derived from those equations. Basing
on growth rule of nestling, we divided the growth process into three growth periods: slight growth period, fast growth peri-
od, and slow growth period. The ten species passerine were divided into two groups|ground or shrub, open or semi-open
and semi-closing nesting birds (GOB) and hole nesting birds (HCB)]according to the type of nesting. The percentages
growth period should vary in the order in GOB: fast growth period > slight growth period > slow growth period; this pet-
centage in the order in HCB: slow growth period > fast growth period > slight growth period. We investigated the effects of
nest type, nest predation and clutch size on each growth period. The percentages of each growth period in nestling period
varies with nest types. Percentage of growth period and percentage of weight were affected significantly by nest type and
predation . The length of fast and slow growth period were affected by clutch size, but the length of slight growth period was
not affected by clutch size. The growth rate of slight growth period was not correlated with the accumulated weight of fast
growth period but the number of slight growth period was strongly correlated with the accumulated weight of fast growth pe-
riod. We think that anaphase growth is not affected by prophase energy accumulated, but the length of anaphase is affected
by prophase energy accumulated. Our results are consistent with current theory that compensatory growth does not appear
to occur in altricial birds.
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SRBAEMERMIEFEEERNHE, MA
HESERERE.. HAKARRS (sl . &K
BREARSAFRD) WL, TX a8 8
o GRS RNEG, Bk, BAEMERE
BESEXEFRRP SEREENMNE, —BARIM
BAERIEAR - MEXEEMBR B, RN, K&
RISCERIERSE S A KA FTRATAER, 5lEX®
TR EFERECEMREHZR (Richner et al,
1989; Deng & Zhang, 1990, 1994). E¥EF K
F (Cruz & Cruz, 1990). BYIFRE (Boag, 1987;
Johston, 1993). #F A4 H (Mgller, 1990; Clayton &
Tompkins, 1995). S % (Murphy, 1985; Keller &
Van Noordwijk, 1994) HiF ¥ 4k (Nisbet et al,
1995; Zhao, 2002), AMIEREXEFE, A =fE
Ui BN AR &N A AT A A 5 305
HFHHE (Lack, 1968; Scott, 1973; Wenschkul &
Janckson, 1979; Drent & Daan, 1980; Zhang &
Deng, 1991; Deng & Zhang, 1990, 1994; Bosque &
Bosque, 1995); H_HBRULIN ISR, S
FEEKHEABAKFA X (Willians, 1966; Gacil &
Bossort, 1970); SH={REIANE N2 LE
SR FREEEAME AR BRE (Ricklefs,
1969, 1979; Lilia, 1983; Konanzewski, 1988), H
WATLIEY, SMERKATSHILRFEEF
MRABAGER, EEXEELLT, S48
BB, CHPIREY, BHELUSR S5
BHREE K/ (Zhao & Zhang, 2004). HELEKAT
H# (Deng & Zhang, 1990, 1994) FHX; [,
AT R EFRBENE PR/ MEEmESEK
(Zhao et al, 2002b, ¢, 2003), {HIHRIHEE HAK
BARMARB (Zhao et al, 2002a; Zhang et al,
2003),

FRBEINRR R, SEESY, KMEEH
%, HRZX, B TSREHEMNTNE, £WE
R R RN RE XM, &
R DA 2R R EEN, XEREE SR
ASFR BRI R,

AU EER R R R A X 10 g
HERERAFTIE, BdXELELR HEE.
BB SRSERKZHBLERS, RENRER
BERBSSRERREE, FiTRSERMNE, B
WA KRB

1 B &

1.1 HRHA

AT T 1998—2001 472 H BA ¥t
REFMESARGENAY; (Bdudh) #47. ALk
#igk 37°37'N, 101°19'E, HIEBEEAILE, 8
ISR B AR B R CE A AR X, 3 X
I TN, ¥R 3 200~ 3 600 m, ZHLX BB B
RIEARESE, FEEXNAARERES. T8
WAL, BB, THBNEZS, (UF
RR_-FZH, TRBNH, S5HE, KSEW
ER. £FHSEz-1.7C, BBA (74) ¥
WKW 9.8 C, BV A (1 H) KB -14.8
C. EMKBARN 80 mm &£, BAXEELHTF
B’/ 5—9 A, HERKER 80%; BFEH 10—
B4 AN GERKER 20%. HYEHEBPA R
20 d 54, KX ERE, EREHRN 7T ANSEH
R Bk, %S (BRE) S, RALARSE
K. TR, BK, BSRHR. BH. 548,
1.2 HRHK

AXEEBILEWEE RWATR (Ere
mophila alpestris) . Nz (Alauda gulgula). W%
2 ( Prunella rubeculoide ). & B ( Urocynchramus
pylzowi) . BEREY (Motacilla citreda ). F YR N
% ( Acanthis flavirostris ) . # 41 B9 ( Phoenicurus
ochruros ). W HIHLTS ( Pseudopodoces humilis ) H
FEE % ( Monsifringille ruficollis) FiAZ B & 4
(Montifrigilla ruficollis) 10 Fh& T H 55, X1y
REZTIB. . EKRRNEHIRE 1,
1.3 #ARAFZE

RIEEHA TR 10 AT B S R4 R FF B
A AHE (GOB) MeHFNBERE (HCB),
He: FREBEFAREBOEABR. Mg, K
WER. WA, £, LB AHEERTIL;
LHMAHATEHARN. RELHE. AES4
FEEEE, NEFEMN 4 A, BRIRGH,
tric. WEMHE, HHFER Zhao et al (2002a),
BHMESHERIEM Logistic 58 (1) R,
e Zhao (2002) WEBM (2) A EMEL L
KB R 5 S P A A A K
(1) #1 (2) AWERRE 1FE 2,

(1)
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R WoRS t HRHEE, WMk 25088
EMERE, ARFEL

2+43 2-43
T1=ln—1—[/k T2=ln—A—/k (2)

X, T T, 2EK#E (1) AR RES,
1.4 BIESH

FEBRNEFHENE, ATESTRER
BZHNES; ARSREEAMrERE. £
], SFREMEEKHKENER, BABERL
B, BWEMEAMK =& REHEEE NN AL
Mar, FrLAatrE—HERSEKPKE X R,
SZAHMRRO T, BESTELELE, FH

*1

BRARESSERPZERARN, RABTED
b, HBREMBERAE R, A RERESENE
Hgo

2 & R

BEHM I0MELEES 3T ERBENSE
BEsl, 3 MR ERES S ERENEE
A LB L 1,

mE 1 RTUEY, 3 MK SRR AR
NAERKRMSE, GOB HKH (HHBATIE, K
BELBY AR MEEM/NEE)KRE

HEER 10 MEKESANRAPY. S8, £XENGRNEAHRE

Tab. 1 Summary of clutch size, duration of the nestling period, rate of growth, and percentage of nests
lost to predators per day of ten species passerine birds in alpine meadow

Fh Species cfciﬁie' Nesuiii%eﬁodl £ ) akale .
(eggs per nest) () Growth rate Predators per day
HEEE Monifringilla ruficollis 4,08 17.25£0.87 0.46+0.03 0.0086
BE LTS Pseudopodoces humilis 5.86 24.33+0.78 0.34£0.02 0.0082
BHEE Montifringilla ruficollis 4.14 20.50 £0.71 0.33£0.01 0.0084
FELL R Phoenicurus ochruros 4.52 17.25+0.87 0.46 +0.05 0.0313
HHARTIR Acanthis flavirostris 4.50 14.00£0.87 0.45+0.06 0.0486
KB Urocynchramus pylzowi 3.66 12.29 £0.49 0.40£0.06 0.0447
H3HY Mowacilla citreola 4,30 11.33£0.07 0.52+0.03 0.0424
FTE R Eremophila alpestris 2.36 11.31£0.26 0.53:0.05 0.0598
5P Prunella rubeculoides 3.16 11.89£0.33 0.49£0.05 0.0323
NG Alauda gulgula 2.71 8.75+0.75 0.55+0.06 0.0746
!5 & Zhang et al, 2000 (From Zhang et al, 2000) ;>4 H4<3C (From this paper) .
F2 FEIM2HEY
Tab. 2 Coefficients of equation 1 and 2
FhA Species 14 A T T,

HEE% Monifringilla ruficoliis 32.31£1.96 2.68£0.16 3.04+0.34 8.95+0.60

B Pseudopodoces humilis 36.55+2.29 3.01£0.11 5.02£0.30 12.87+0.56

BHEE Monifringilla ruficollis 26.88 £0.20 2.97+0.01 5.01£0.26 13.00£0.60

WELLRR Phoenicurus ochruros 19.33+ 1.65 2.75+0.17 3.10£0.36 8.84+0.77

HBERTUAE Acanthis flavirostris 12.53+0.59 2.79+0.06 3.2310.14 8.99+0.32

KB Urccynchramus pylzowi 19,83+ 1.52 2.68£0.16 3.46£0.26 10.28 £1.38

LW Mowacilla citreola 21.77£2.36 2.88+0.18 3.03+0.31 8.15+0.47

FEH R Eremophila alpestris 27.26£2.41 2.84£0.24 2.89£0.29 7.95+0.59

438 Prunella rubeculoides 22.42+1.83 2.70£0.25 2.79£0.41 8.16 £ 0.61

N Alauda gulgula 24.71£3.71 2.69+0.34 2.47+0.47 7.29£0.71
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Fig. 1 Percentage of each growth period in nestling period (a) and percentage of accumulated weight of each growth
period in fledging mass (b) in ten species passerines, for slow growth period (crosshatched bars), fast growth
period (hatched bars), and slight growth period (open bars)

1. HEEEX ( Montifringilla ruficollis ); 2. ¥l ( Pseudopodoces humilis ); 3. ¥BIE % (Montifrigilla ruficollis); 4. FELT
R ( Phoenicurus ochruros); 5. ®HH¥EKT& (Acanthis flavirostris ) ; 6. FM ( Urocynchramus pylzowi); 7. ¥3k¥58 (Motacilla
citreola ) ; 8. FAE R ( Eremophila alpestris); 9. W3S (Prunella rubeculoide); 10. /M=% (Alauda gulgula).

#3 AHERXDESEEKMSEPNOLOIRAGCETR S EEMEEN G
Tab. 3 Percentage of each growth period in nestling period and percentage of accumulated weight of each
growth period in fledging mass in two nest types (Mean + SE)

A K3 Growth period
fﬁ%ﬂ; Bt 5 APl Percentage (%) S e I
P Slow growth period Fast growth period Slight growth period
o 4B B Percentage of growth period 26.19£4.71 47.71+7 .61 26.09 £ 10.71
FEBARATFH GOB i B HBH AT Percentage of weight 23.14 £ 0.02 63.60+0.03 14.48 x 0.04
7 4B Percentage of growth period 19.29+2.39 33.77x3.05 46.94 +4.29
d
SN HCB o7 B ST A E Percentage of weight 21.46 +0.01 58.63+0.02 19.91+0.04
Total i 43 Percentage of growth period 23.85+5.21 42.97:9.22 33,18z 13.41
’ o B HLBT A E Percentage of weight 22,58 £0.02 61.25x0.03 16.33 £0.04

GOB : Groud or shrub, open or semi-open and semi-closing nesting birds; HCB: Hole nesting birds.

B> Wi > B, HCBKE (HETL, B
PR, RHESE MO RET) B> gy >
M, 3MAERMNEERRSHANKENLL
PR ERAFMA B FER. JEHMEY
GOB X B E ER T HCB KB (F 3, M.
Kruskal Wallis H = 6.55, df =1, P <0.05; 21
#: Kruskal Wallis H = 6.55, df =1, P <0.05),
T#HE I GOB KBEK T HCB 288 (% 3, Kruskal
Wallis H=5.50, df=1, P <0.05),

HOEPRE R 3 MERBIFT B, #ndiA
WMBEER (Foi00=34.969, P <0.01), 7£ HCB
RErp, WHEHBERTHREM (1= -2.353, 4
=44, P<0.05), HEZHNEERREER TR
W (:=23.874, df =44, P <0.01), MAES
. BELHBRESSE,

MF AR, BHAMALHREEYMW
BAEKP GO AIMEERER LB ArHAERY

B, IR BERWENBIMEERRILE, B
AR Mg RS ER R LG ; TR
MRS AR B KB, MAEMEEKE, ®
Bk R E S W mmEm (r=0.600, P
<0.05), MEEWPBHEEBERME (r=0.551,
P <0.05),

Kk SPEd k2 RIGFAREEMER
(r,=0.206, t=2.095, P<0.05), 3} EtrHEENA
REEE (beta=0.324); BRAGHHPARKESR
EFHMX (r,= -0.24, 1= -0.241, P<0.05), {2
beta= —0.037; M-S5ZBEHERBNHXEREE
FEKFE (r,=0.182, ¢=1.839, P>0.05), H be-
ta=0.191,

FAREREGEY B SR HEER R S8
WA RKEZEEXEEHRX (R?=0.03, Fii=
3.48, P>0.05), 3 H beta=0.183; {H5H#HH
KEZRIGFHEREME(R?=0.154,F) 10 = 18.42,
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£4 BHHEXD BPRAEBASEEKBEZEABTESFER
Tab. 4 Analysis of covariance using a regression approach of growth characteristic and nest type, clutchsize,

predation
& Covariate

. BRER FIPR BEHE

W th;:;n)dem varizble Nest type Clutch size Predation

? (n=10) (n=10) (n=10)

F P F P F P

B Sl wth period i S LB Percentage of growth period 11.69  0.009 3.79 0.09 7.23  0.03
ow growth PEroC 1w i A E H 5] Percentage of weight 15.89  0.004 7.64  0.03  43.54  0.00
) i 4B BH B 4] Percentage of growth period 17.97  0.003  6.75 0.03 12.88  0.01
BUHHA Fast growth period o i 1158 1 ) Percentage of weight 14.61 0.005 4.61  0.06  30.10 0.00
, : (7 483 .47 Percentage of growth period 16.62  0.004 6.55 0.03 10.96  0.01
A Slight growth period o ot 6 55 1 9] Percentage of weight 7.83  0.023 5.1 0,06  13.17 0.0

£5 RENGERRESHMEERKENKEZ AFEERRY
Tab. 5 Standardized correlations (beta) of the growth rate and the number of slight growth period with
the accumulated weight of fast growth period

Fh 4% Species R Variable n Beta F P
H K H Growth rate (g/d) 18 -0,149 0.387 0.542
AR Eremophila alpestri
op pesis B K3 Growth period (d) 18 0.355 2.453 0.136
AN Alauda arvensis 4K Growth rate (g/d) 11 0.553 4.404 0.062
4 3 Growth period (d) 11 -0.867 30.19 0.00
A K% Growth rate (g/d) 8 0.320 0.799 0.401
88 Prunella rubeculoides
et b H K Growth period (d) §  -0.167  0.22  0.667
ST Acanthis flairostrs H % Growth rate (g/d) 8 0.288 0.632 0.453
A K3 Growth period (d) 8 -0.598 6.903 0.047
wth 1 . . .
LT R Phoenicurus ochruros 4K Growth rate (g/d) 1 0.424 2.193 0.169
A K3 Growth period (d) 11 -0.076 0.059 0.814
H K Growth mate (g/d) 8 0.367 1.088 0.332
BHEE% Monifringilla ruficollis
ringilla rufic B K3 Growth period (d) 8 -0.770 10.23 0.015
4K # Growth rate (g/d) 11 0.017 0.03 0.958
BWHHA Pseudo humili
seudopodgees humilis 4 L34 Growth period (d) 11 -055% 4.5  0.059

P <0.001), beta= -0.393, BRfaE R, HeR
BRI AR R 5 I A A < 2R 2 (R AR A [E] U
FEEHE, SKEZRGRERBREIBRERA (X
5). B, RieERAF, BRFAR, Pk
ERRSHA KRR E Z A e
—3H,

3 it #

3.1 HMRELEKBNXR
HOEARKEETIBRPAIELSBISHNSINE
Zm, NERRFEARSRERYMNES.
FMZENES; IMEREIERLARE, 4@
NE5ERBEE—FWLREFR, BIEASTHIBM
W SRR B3 T R MMEZER  (Martin & Rop-
er, 1988; Clark & Shutler, 1999), X T B &M E

MR, ARSI EEAR. MRS
BEEBEREERKHAEX, BOTHRNESR
B TR & e B R gl | X o 33X R LA AR AR
MARENES, HERKBEOARKBFRER
(Deng & Zhang, 1990, 1994); LK Xt A& X
BT PRBFRERMLIEE (Deng & Zhang,
1990, 1994). F5b, XtHRuE A Kt H A i R BE,
i, BXEEFHHMEEN (Zhang & Deng
1991), BRI, A MG RE X PR KB
ERE, RHEENERXN G ER WAL K ST
kMg ERBMEERRSERANKENL
B, Bi. HEEM I0FMERMELH LA EMH
BMEELRR W FERAERE PO KER
A, SMASBEREEOME RFLHmE, E
%) AAERKHEEY, RankE (nfaa
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R, NTE) BAREMNEEN;, AREZLNME
W BAERR S EANGFENLARE. HI,
WBTEHFAE, BTN EINEERR
BESK T R Th; T AL R M AR K R, O 4
B, WTE SRR AR R PSR R K TR
hE, M, ATHBSMNEW, ARZEK
AR R R — A T AR B
3.2 EREBSEKENXE

HESBEFEH, BWBRE T EAHEMNR
RMERBENITRRFR “B” 5 & #¥r
H, REHEFERAATERKYEHMN (Zhang et al,
2003), RATAAERET FRAOEEZ WM EEK
PRAER BT AR SR/ NEIRE I, T IEXT4E S B K/
. BAESRIERENILEZ AR RS E
BRENNCHFNERYRE, KUFRENZERHK
KW ; MESEHATRFENERETEK
FRAET, FRARELHRDMREERSEHKR
Mo X—HEW WAL RBLIESE, AREESR
£EREEEG, ERHEEZMEEHNEERRL
B, TR PO A N, AR aE K
B, HERmEEHAHEHKE, X—%R5
Zhao (2002) #1 Zhang et al (2003) K145 RA—3,
S B N M. SWBRNEE, #
B8k, RZBE, 82, BBREEMES KNP
KRB EHRENKE.
3.3 AMEfEEK

HOWERIYFF (WRVFEEENER) X
FBEKFREABRBRESRANE, HEXE
SEETHEM (Smith-Gill, 1983; Schew & Rick-
lefs, 1998), #3##iX —s, Bohman (1955) #H T
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A KRG, BN RATHH FARESI5IE
BYRHEEZ S BEHA — T mEE KB E
MMEHEAK EFEREAR. 79 5E AK 8
(Maynard et al, 1979), M#hEVER U AT LLEH,
ERIMEER RS EHNEREFESE —EH
AR, HEERE: B/MEKADHEERR LA
FEEP - MERNERE, €4 ik, ML
KARATERRSE S ERKPIFBIEL, Sckew
& Ricklefs (1998) INATELEHRAE REFMEE
KEEBRTE—EHBT, BENERKFRER
B, R, CREMIRKER, BRSEZH
ERARER AR/ X E 0 E 2 B
Bt (Lack & Lack, 1951; Ricklefs, 1979; Bryant,
1978; Emlen et al, 1991), REAFITRITHEL K
FHTHRN, BRATREER 10 HERELE
HSPRIEHNEER RSN ERENRRE
R, MiHNGEERRSEHNAKEARMER, W
S5EHRERPREFE- SR, AT
B, RMEEM 10MHET SR ELFHN Y&
HRZwEHNAERE, MEEMEHNERARK
B i —EH, RSESKETE R AR
0, DEEMEEAK,
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