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Abstract: In birds, sibling competition of nestlings could be controlled by feeding position of parents on the
nest edge, and asynchrony hatching might exacerbate this competition. In the meantime, the nestlings can get
more food for their growth and survival by competing for advantageous positions in the nest. From April to
August in 2013 and 2014, 22 nests of Rufous-tailed Shrike (Lanius isabellinus) in Gansu Anxi Extreme-Arid
Desert National Nature Reserve had been found, and we videotaped the feeding behavior of these nests from

1-day-old nestling until fledglings to check the parents feeding positions and nestlings food-receiving sites.
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Meanwhile, we measured body weight of all nestlings every two days using electronic scale (precision of 0.01 g)
to calculate the growth curves. All data analysis was made in SPSS 19.0. Specifically, Chi-square test was
used to find significant difference among four feeding positions of parents, and one-way ANOVA was used to
analyze the relationship between the hatching order of nestlings and the frequency which the nestlings
occupied linear or bilateral sites in the nest when they got food, and the relation between the hatching order of
nestlings and the average times of nestlings getting food. Our results showed that the parents feeding positions
were predictable and mainly gathered at 1 (n = 13, proportion > 50%) or 2 sites (n = 9, addition proportion >
60%) (Table 1), and the nestlings in the straight line of the parents feeding position got more food than those
in the two sides (n = 22, P < 0.001, Table 2). Furthermore, the hatching order of nestlings was not correlated
with the frequency they occupied linear (df =4, F = 0.211, P > 0.05, Fig. 2) or bilateral (df =4, F =0.068, P>
0.05, Fig. 2) positions in the nest, and there was no significant difference in food getting frequency among the
nestlings with different hatching order (df = 4, F' = 0.090, P > 0.05, Table 3). The growth rate of nestlings’
weight in different hatching order did not show significant difference (df = 4, F = 0.637, P > 0.05, Table 4).
The parents of Rufous-tailed Shrike preferred to feed in a straight direction with fixed feeding position to
control the sibling competition of nestlings, but the shrike siblings were in week competition, we suggest that
it was associated with the short-term food richness of the breeding areas, and the trade-off between begging
and food intake of the nestlings themselves.
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Fig.1 The divided areas in the Rufous-tailed shrike nest in one feeding event

a. RYBEAMER S b IR ERISr . a. The feeding position of parents; b. The food-getting position of nestlings.
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Table 1 The proportion of parental feeding position

o AN[E) 7 B 3 £ L Proportion of parental feeding position (%) K7k Chi-square test
Nest number 1 2 3 4 2 df P
El 9.45 32.28 18.90 39.37 27.362 3 <0.001
EB13 8.62 72.41 4.31 14.66 141.586 3 <0.001
EB19 25.83 3.75 70.42 0.00 166.075 2 <0.001
EB20 0.72 69.57 2391 5.80 162.580 3 <0.001
EB25 28.42 12.63 37.89 21.05 13.168 3 <0.001
F13 22.77 32.78 43.62 0.83 334.354 3 <0.001
F16 33.77 10.43 38.26 17.54 143.681 3 <0.001
F2 28.10 40.50 23.14 0.83 43.071 3 <0.001
F21 63.80 7.70 27.47 1.03 743.306 3 <0.001
F31 16.77 53.16 25.55 4.52 396.990 3 <0.001
F33 12.75 16.71 5722 13.31 196.790 3 <0.001
F35 16.71 20.68 40.79 21.81 48.983 3 <0.001
F36 3.06 62.40 16.99 2591 255.391 3 <0.001
F44 13.21 46.23 37.11 3.46 152.667 3 <0.001
F7 18.34 49.84 31.19 0.63 330.213 3 <0.001
MB21 20.37 27.16 27.78 24.69 2.198 3 >0.05
MB22 57.65 4235 0.00 0.00 3.976 1 <0.05
MB23 14.52 24.75 29.04 28.38 20.710 3 <0.001
MB3 0.00 53.85 21.79 24.36 29.692 2 <0.001
WBI16 6.02 37.35 50.60 6.02 50.735 3 <0.001
WB27 26.14 5.68 51.14 17.05 39.455 3 <0.001
WB7 41.78 6.85 50.00 1.37 104.795 3 <0.001
K2 ESEPME. BT SRESRAKRR
Table 2 Food-getting times in relationship to hatching order and position of nestlings
S E 4557 1S Hatching order B A (%) FE bRt
Nestling position 1 2 3 4 5 6 Total Proportion Mean Standard deviation (SD)
I Upper 357 397 290 256 110 82 1492 25.46 249 117.3
T Bottom 361 429 376 262 83 78 1589 27.12 265 1394
1 Center 361 364 310 224 96 56 1411 24.08 235 122.2
7¢I Upper right 88 98 88 7 33 24 403 6.88 67 28.5
4 I Upper left 76 73 63 76 30 6 324 5.53 54 26.7
72 F Left bottom 73 78 83 43 30 19 326 5.56 54 24.8
4T Right bottom 83 70 70 56 24 12 315 5.38 53 25.8
S0t Total 1399 1509 1280 989 406 277 5860
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Table 3 Average food-getting times of nestlings in

different hatching order

R REBIE R ALK Feeding times
Nestlings’ Sample size SEH K2
hatching order (m Average Standard deviation (SD)
1 22 64 49.5
2 22 69 47.7
3 20 63 455
4 15 66 483
5 7 58 329
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FAEKRREK, M2 HAESE R RAEKR
PR A i, 28 5 A S0k B B K AE K AR PN
(E DU e o 7 2250 BT 25 SRR BH, A (A1
MG EAREIFLCHEER (df=4, F=
0.637, P>0.05), 45500 iy 5 HA Kk H|
B PR KO R I ) I IEAESE (df =4, F=
3.377, P<0.05), 0567 4 S0k B B K AR
Kl F5 I (Rl (B 3b). AR
I 4 S TR KR E E AR (df=4,
F=0.064, P>0.05), {H5 5 F g H4ES R
THH AR R
3 g
30 mEAFETEHEEEMERELRTH
b o

TR S 2855 & 1) U S4B ] BENL AR A,
o6 5T DLd ik 78 S BEAL 4 Bk AL B R«
WA, REREES LSRR, i
AL (R S R, AR A S 1 5E
4+ /7 (Ostreiher 2001) . EHHEEHARLKI, H
(%) 5 28 B AL ) T e 4% [ o U7 B A A L
DAGE4FE 5 W DURE I W & 0 SRR I 77 ), AT
X 5P A 1 [R5 4 i AT %S (Mcrae et al.
1993, Kacelnik et al. 1995) . ABFFEd, i
B 57 28 St & ub A A2 N R4 i YA X ek _F A7
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(=]
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— [ N
W (=] W
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S
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T

1 2 3 4 5
§% 44 IUF Hatching order

K2 $ESEDIRFSReErERXR
Fig. 2 The relationship between hatching order and nestling position when it got foods
a. SEGHELAMERE; b MHZWMAIERE. a Nestling got food at straight direction; b. Nestling got food at sideways.
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Table 4 Growth curves of nestling in relation to brood sizes and hatching order

K a b

1~2 28.32+1.24 2.63+0.20 0.45 +0.04

B4 Brood size (ind) 3~4 29.06 + 0.62 2.59 +0.09 0.41+0.02
5~6 28.02+0.87 2.55+0.08 0.41 +0.02

1 29.07+0.71 2.44+0.09 0.42 +0.02

2 29.06 +0.57 2.15+0.07 0.44 +0.02

B U Hatching order 3 28.63 + 0.69 2.61+0.09 0.42 +0.02
4 28.15+1.86 2.72+0.21 0.39 + 0.05

5 25.80 +2.07 2.85+0.24 0.44 +0.06

RPHHE L IE + bR E Gl K SRR B E; o HDBRRRIEERENN A, b SR EERE,
These figures were listed in Table 4 with Mean + standard error (SE). K. The body weight estimated value of nestlings when they fly; a. The time

that nestling reach to the fastest growth rate of its body weight; 5. The growth rate of nestlings’ body weight.

[N N w
(=] W (=]
T T 1

o

—
()
T

45 {A R Nestling body weight (g)

45, {AE Nestling body weight (g)

S H T
Hatching order

10} 10} -
5~6554fE% 5-6 nestlings 3
51 — 12755 1-2 nestlings 51 4
3~455 HEHL 3-4 nestlings = —5
00 2 4 6 8 10 12 14 16 00 2 4 6 8 10 12 14
419 H % Nestling age (d) 419 H % Nestling age (d)

B3 ARREHR () RARBHIEEF (b) fSEEAKEL

Fig.3 The growth curves in body weight of nestlings within nests of different brood size (a) and hatching order (b)
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I, HoE S EENLU S Bk A E 152
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T A 57 5 5 3 1 or B AH X ] 2 T BEAFAE
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Gy ] RE S FE LR AR AE (1) [ R B 2 B0

IE SR A=A Sy IR YN ST S
PR 2R B AT RS () 5 B A8 A R
B, B R 0 A rp e SR R X ]
A8 b, ANIAESE S35 St N 5 I 2
T [ T [ 77 ) o AR ST XS 22 S ST 57 1 5L
BEHE—5 M R B, RS R ERE TR
F TG (16 5D SAPEMNEEMN I3 (6 5.
H 17 8 (77.27%) FrEME L+ EKIEHA
ToBHES R &t e A, HARG7E 1 8k
2 N5 AFALE B R SE B adk SE  AEA R E
M, BT EMEAGEFRE, FECRYE
Uk B S HAS R B RIA L, R Bt
AP, FEBRER 2IA S e s 2 . HEM IR
TCIEMACH , WIFIRTEMR S . Bk, i
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E(UEINEGIIES 5 &/ NI/ W8 =2 (RIS S iR A
RS AL TR S o B R T 1) P A
SRR AR SRS E LA B
BRIFTRESS, ) L2 B A ih e b R &
ST I, ey T 2 LR A
HE SRS Pty R AS L ZEIN [V AR . 2R S i
AT N ARG SR BRI, 4 S b A
RS, P LR ] st £ 77 QA 45 326 2 i
PIE RGN TR iR RR e R S iR B e
FE I (Kolliker et al. 1998, FiisiA(157 HHH
TS, SROIESHREY T T fE T AL
WL HIRE 1, DR 5 0 56 e S 3 £ SRS
K LB LT . AT HANAFALE Z
THAES, h) B B b A 0 AR
SRR RS B AR R R AEERE (Ostreiher 2001)
3.2 iR A5 A i R 5 R AN BN

XTAESIE, SWEENEZ 55N
0 (R M 5 4 SEINICZY, TN AT TN 5% 0 &
B, RATIF RS RAL A A B2 SN
4 1 % AR E #% (Budden et al. 2001,
Rodriguezgirones et al. 2001, Kilner 2002), &
55 10 3 20 A SR A 4 1 7 L FE IS 7 AR AL
L5 (Anderson 1989). R Z AR,
A I G R WFY 55 3 o 40 B A A R L B R TR
SIS, RS, SRR AH R
AL B B, REFEMEE (Mcrae et al.
1993, Kolliker et al. 1998, Ostreiher 2001, Rydén
et al. 20100 57 WAL SN IR B Ad AN [] 987t I
Fr A 15 2 (AR AR R RS B A R
S LR RS, AR AR EOR,
18 ) i R AR R P I T e, e GG e )40
kil % (Bryant et al. 1990, Magrath 1990,
Slagsvold 1997). X S fr 5 A [R]85 it - 4t
L SRAT I BT o 40 1 e 5 BB T T4 R R
N, A RS LR IR SR o A A B

BT TC A S, AT A2 B AS [ 595 L M
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AR B AR AT A4 S ) A B AR KR TR R %
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VIR IEARNS S, BRI A B 57 ok 1 S Al
S HEAE TR K 2) 3l 57 B S D A R O
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FARE 3D 4L A By AU 24 i 3 4 fe i
FEMERREEHESREW G

ST ) BRUEOR T AL PR 1 2R A 0 Y B 2
X2 (Leonard et al. 2000), TMEARILE Bk
B0 A S R AATE (Royle et al. 2013), [l
A DA ST M B SR O B R R B S ) A
TR (Badyaev 1997). {H T A 78 I A 4F
ZOHH A B YR IR OLEEAT R, FEtk A
REAE Ny — M, 4 S & V) R UEDIR L e
% 35 A S MR 55 1) e B 7 SR IR, 4 5 1R £ [
P55 R 2 IR o

BT RDWCIERE, Felfd 574 S K2 AE
1 d 22 N4 E , R 20K 7 1 Fr 2 15 G H 5 1 R
—MAE2 h LN Befa— RAES 5, ANFE
B HH G A £ ()~ S5 4 B 2 S 2 (T 22 00T
df=4, F=6.760, P<0.01, £ 5). Jak4siH
FWY, Seh 2 AR SR E B A TR
3 JAES, PIANSERAERIFARE.
B e A1 57 () 5 D AR FE B s, (B4 S e )
) B PR A5 2 22 S FF AN Je A I R, T A2 BN
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3 5 R B ORFF— B, 0 W R 5 R L
I A [ Gt L MG S 5 B T L AR 2
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G35 N A AR E B AR K )
M AEE (Bengtsson et al. 1983, Rebecca et al.
1997). fEJEHPRALF LR, RGPz
RV SOE AL E, TR S w3k e
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THAMAME, NMTLRE, 5 am L
FEEL N IEE ST, P DA A1 H 5P 4 15 1 4
HAEKRIFTLHRZER . XBVF A 57 4



- 438 -

B2 Chinese Journal of Zoology 55 %

x5 mia—RESREHNARRELY
NG 4 S IR E (g)
Table 5 Average body weight of different hatching

order when the last nestling was hatched

I PEAR PR Body weight (¢)
Hatching Sample Sy i
order size (n) Average Standard deviation (SD)

1 24 4.74 0.73

2 24 430 0.81

3 22 3.96 0.78

4 15 3.63 0.82

5 7 341 0.76

5 [F M se s ) — S E AR, Rk R
FE XA AR — KRB

I] 7 P B o7 B 2 VA B N 1 [R) B 3R
(Mcrae et al. 1993, Kacelnik et al. 1995). {H
T A 57 4 S AN B0 T 5 o5 A S A R A
B RERLEEMCH, 5SS AREHKR
INTCAHRME, FIMSEgIEA S, HARARS
M KR (96.53%, ABFTTLR). HTLLE
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TR UL A S50 T2 B NI B i & 2 [V E
A A o
BOg T b 1R R s A DL K B AR Y
45 TR B, B H 7 22 75 AR 5 57 R 5K )
AR X 1) TAEN T AW L4 T 3
SRR S T AR A A B

Z ¥ X W

Anderson D J. 1989. The role of hatching asynchrony in siblicidal
brood reduction of two booby species. Behavioral Ecology &
Sociobiology, 25(5): 363—-368.

Bachman G C, Chappell M A. 1998. The energetic cost of begging
behaviour in nestling house wrens. Animal Behaviour, 55(6):
1607-1618.

Badyaev A V. 1997. Altitudinal variation in sexual dimorphism: a new
pattern and alternative hypotheses. Behavioral Ecology, 8(6):
675-690.

Bengtsson H, Rydén O. 1983. Parental feeding rate in relation to

begging behavior in asynchronously hatched broods of the great
tit Parus major: An Experimental Study. Behavioral Ecology &
Sociobiology, 12(6): 243-251.

Best L B. 1977. Patterns of feeding field sparrow young. Wilson
Bulletin, 89(4): 625-627.

Bryant D M, Tatner P. 1990. Hatching asynchrony, sibling competition
and siblicide in nestling birds: Studies of swiftlets and bee-eaters.
Animal Behaviour, 39(4): 657-671.

Budden A E, Wright J. 2001. Begging in nestling birds // Nolan V.
Current Ornithology: volume 16. New York: Kluwer Academic/
Plenum Publishers, 83—118.

Drummond H, Gonzéilez E, Osorno J L. 1986. Parent-offspring
cooperation in the blue-footed boody (Sula nebouxii): social
roles in infanticial brood reduction. Behavioral Ecology &
Sociobiology, 19(5): 365-372.

Kacelnik A, Cotton P A, Stirling L, et al. 1995. Food allocation
among nestling starlings: Sibling competition and the scope of
parental choice. Proceedings of the Royal Society of London,
259(1356): 259-263.

Khayutin S N. 1985. Sensory factors in the behavioral ontogeny of
altricial birds. Advances in the Study of Behavior, 15(5):
105-152.

Kilner R M. 2002. Sex differences in canary (Serinus canaria)
provisioning rules. Behavioral Ecology & Sociobiology, 52(5):
400-407.

Kolliker M, Richner H, Werner I, et al. 1998. Begging signals and
biparental care: nestling choice between parental feeding locations.
Animal Behaviour, 55(1): 215-222.

Lack D. 1947. The significance of clutch-size in the Partridge (Perdix
perdix). Journal of Animal Ecology, 16(1): 19-25.

Leonard M, Horn A. 1996. Provisioning rules in tree swallows.
Behavioral Ecology & Sociobiology, 38(5): 341-347.

Leonard M L, Horn A G, Gozna A, et al. 2000. Brood size and
begging intensity in nestling birds. Behavioral Ecology, 11(6):
196-201.

Magrath R D. 1990. Hatching asynchrony in altricial birds. Biological
Reviews, 65(4): 587-622.

Mcrae S B, Weatherhead P J, Montgomerie R. 1993. American robin
nestlings compete by jockeying for position. Behavioral Ecology
& Sociobiology, 33(2): 101-106.

Nolan V. 1978. The Ecology and Behavior of the Prairie Warbler
Dendroica discolor. USA: American Ornithological Society Press,
1-595.

Ostreiher R. 2001. The importance of nestling location for obtaining

food in open cup-nests. Behavioral Ecology & Sociobiology,



4 34 SRS SRS s LB S F R T4

<439+

49(5): 340-347.

Rebecca K, Rufus A J. 1997. Begging the question: are offspring
solicitation behaviours signals of need? Trends in Ecology &
Evolution, 12(1): 11-15.

Ricklefs R E. 1967. A graphical method of fitting equations to growth
curves. Ecology, 48(6): 978-983.

Rodriguezgirones M A, Enquist M, Lachmann M. 2001. Role of
begging and sibling competition in foraging strategies of nestlings.
Animal Behaviour, 61(4): 733-745.

Royle N J. 2013. An introduction to behavioural ecology. Animal
Behaviour, 85(3): 686—687.

Rydén O, Bengtsson H. 2010. Differential begging and locomotory
behaviour by early and late hatched nestlings affecting the
distribution of food in asynchronously hatched broods of
altricial birds. Ethology, 53(3): 209-224.

Slagsvold T. 1997. Brood division in birds in relation to offspring size:
sibling rivalry and parental control. Animal Behaviour, 54(6):
1357-1368.

XITTR. 2016. FEiAAS7 EHAT—IN K/ SRABN RIFIML
OVl RV PN 2 0 =2 A

IR, G . 2006, HA % VUL E K G A SRR X
CEARIEE . 2 2R ARAL.



