23 4 Vol. 23,No. 4
2003 4 ACTA ECOLOGICA SINICA Apr. ,2003

Lack

b b 9
( s 810001)
1997~1999 B
(Alauda gulgula) (Acanthis flavirostris)
. Lack @D) ;(2)
;(3) o :(D
3 5 s s s ,
( ) ;@ ,
. ° @ .
. ; , . @
, Lack
; ; H ; Lack

Manipulating brood size experiments of two species passerine

birds—Testing Lack’s hypothesis

ZHANG Xiao-Ai, ZHAO Liang, LIU Ze-Hua, LI Lai-Xing  (Northwest Institute of Plateau
Biology, Chinese Academy of Sciences, Xining, 810001). Acta Ecologica Sinica,2003,23(4) :657~664.

Abstract: The experiments were carried out at Haibei Alpine Meadow Ecological Research Station, the
Chinese academy of science, in northern Qinghai province from 1997 to 1999. Through experimentally
manipulating brood size. the effects of various broods on nestling development and adult survival of small
skylark (Alauda gulgula) and twite (Acanthis flavirostris) were analysis to test Lack’s hypotheses. We
performed manipulating brood size experiments by adding or removing one, two, or three nestling in
selected nests having similar hatching time, while keeping the original number in other nests to serve as
control. According the prediction of Lack’s hypothesis, we were going to test the following problems.
(1) Was the common clutch size the maximal production clutch size actually? (2) Did the manipulating
brood size affect on nestling quantity and parents effort? (3) Were the patterns responding to manipulating

brood size of birds the same? The results shown: (1) the common clutch sizes of small skylark and twite
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were 3 and 5, respectively, and those were stable and changed insignificantly among years. The fledging
rates decreased to some extent with enlarging the natural brood sizes by increasing 1 or 2 nestlings. If the
productivity was assessed through the fledging rate of the young, the most common clutch size would
mean the most productivity (the highest fledging rate). @ the growth parameters of small skylark’s
nestling were varies insignificantly with the change of brood size, but those of twite had the significant
change. The result showed that the manipulating brood size had more significant effect on the latter than
the former. @3) the feeding rate of small skylark parents was increase with the increasing of brood size, but
it’s nestling period didn’t vary. On the contrary. for twite, the feeding rate didn’t vary. and the nestling
period delayed with the increase of brood size. two species parents took on different patterns responding
to enlarging brood size. Small skylark took on improve the feeding times per hour. However, twite took
on delaying the period of parents care. The two patterns descended offspring or parent fitness through the
effect on nestling quantity or parent survival. The above results supported that natural selection adjusted
clutch size to the maximal number that the parents fed offspring as possibly as they can, i.e. , the results
supported the Lacks hypothesis the common clutch size being actually the most production clutch size.

Key words :passerine birds; brood size; treatment; evolutionl; Lack’s hypothesis
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Table 1 Mean number of eggs laid by female small skylark Alauda gulgula and twite Acanthis flavirostris and number of

nestling under each treatment removal or addition

Treatment
Species Subjects —3 —9 1 0 41 +2
a 7 5 13 10 4
Acanthis 2 3.0+0.00 3.04+0.00 3.040.00 3.0+0.00 3.040.00
flavirostris O 1.04+0.00 2.0+0.00 3.040.00 4.0+0.00 5.040.00
5 8 11 9 8 7
Alauda 5.040.00 5.0+£0.00 4.64+£0.53 5.040.00 4.5+£0.53 4 +0.53
gulgula 2.040.00 3.0£0.00 3.6440.51 5.040.00 5.540.92 6.57+0.53
(DSamples  @0Original clutch size (3)Brood size after treatment
o , 9:00~12.00 0.01g ,
. % - -
° Logestlc ( Wm = m yW(mf t HAS ;W
= s ALk ) s (k) d.T=1nA/k),
) . . %) C /h
. SPSS 10. 077 .
@® , X / . @ ,
. ® ; ,
QCD ’ H ’
. ® C /b,
o \?j b o
2
2.1
1, 1976~19865%  1998~1999
s ( ,t=2.015,P=0.4921>0.01,n=5;

,t=0.7874,P=0.2305>0.01,n=6),

1976~1986
B 19981999

AHME (%)

o

1
Fig. 1 Natural distributions of clutch size
a (Alauda gulgula) ;b (Acanthis flavirostris)
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Table 2 Productive of manipulated groups and control group in small skylark Alauda gulgula and twite Acanthis
flavirostris
Productivity of all nests Productivity of successful nests only
Species Treat- Br'ood 0 The c.auses
ments size of failure
Samples Productivity Fledging rate Samples Productivity Fledging rate
—2 1 7 1 100 7 1 100
Acanthis —1 2 5 2 100 5 2 100
flavirostris 0 3 13 2.31+1.3 77 10 3 100 P
+1 4 10 2+2.1 50 5 4 100 P
+2 5 4 0 0 0 0 0 P,SC.NS
—3 2.040.0 5 2.0+£0.0 100 5 2.0£0.0 100
Alauda —2 3.040.0 8 2.34+1.4 78 6 3.040.0 100 P
gulgula —1 3.64+£0.5 11 2.91+1.5 80 9 3.56+£0.0 100 P.LT
0 5.040.0 9 4.33+1.7 87 8 4.88+0.0 100 P
+1 5.540.9 8 3.75+3.2 68 5 6.040.71 100 P.D
+2 6.57+0.5 7 3.43+3.5 55 4 6.040.58 86 P.W.SC,NS
P. predator; LT low temperature; D: disease; W, wind ;SC ; sibling conflict ;NS
nest size
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Table 3 The growth parameters of nestling under each treatment groups
Treatment
Species Subjects —3 —9 1 0 11 42
( )Samples — 7 5 10 10 —
Acanthis Growth rate — 0. 60 0.58 0.50 0.48 —
Slavirostris (d) Time of max. B 3. 32 418 41 471 B
grow rate day
Max. growth rate — 3. 36 3.35 3.24 2.81 —
Alauda ( )Samples S 6 9 8 5 5
gulgula Growth rate 0. 47 0.51  0.47 0.46  0.42 0. 36
d) Ti { .
() Time of max. ¢ g 6.18  6.02  4.61  6.68 7.14
grow rate day
Max. growth rate 1. 50 1. 60 1.52 1.43 1. 39 1.25
4
Table 4 Fledging mass and nestling period under each treatment groups
Treatment
Species Subjects —3 —9 . 0 11 49
. (@)W — 21.54+1.03 21.6+1.54 23.54+2.78 19.8+2.11 —
Acanthis
flavirostris (@ — 8.03+0.66 8.5940.78 8.3+1.10 8.9+1.86 —
. (g) 13.3+1.50 12.940.86 12.241.03 12.541.46 10.6=+0.96 10.240. 81
Acanthis
flavirostris (d) 11.140.89 12.840.94 12.2+1.03 13.441.24 14.54+1.55 14.94+1.87
(DFledgling weight(g) @Nestling duration(d) (@)Nestling period. day
2.2. 4 C 2),
(r=0.387,p>0.05), s
(2.2 /h, , (r=0.975, p<<0.05), s
3 -8
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