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2. To determine why young birds have lower reproductive success than older birds,
we induced birds of different ages to replace clutches under the same conditions by
removing clutches in an experiment simulating nest predation.

3. In both species, yearlings produced eggs similar in size to those of older females,
but they laid fewer eggs per clutch in both first and replacement clutches than older
birds. Yearling Savannah sparrows took more time to replace their clutches and lost
more mass than older females. Differences were not significant in tree swallows
because only three 1-year-old experimental females replaced their clutches.

4. Replacement clutches were larger than first clutches in Savannah sparrows and
mean egg size increased between clutches, outcomes not expected had there been a

major physiological cost of reproduction. Tree swallows showed a decline in clutch
d7e and no chanoe in mean eoco <d7e hetween chitchee Poccibhlv Savannah enarrows
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Table 1—(continued)

Year

1-year-old Older
females females P

(fledglings per egg)
second clutch

Number of
successful clutches
per season

1989
1990
1991
1992
1993

1988**
1989%*x*
1990
1991

075 (0-50), 4 0-83 (0-21), 12 0-33
0-88 (0-17), 12 0-85 (0-26), 17 0-72
0-63 (0-39), 6 0-66 (0-36), 17 0-42
0-78 (0-19), 6 0-85(0-19), 16 0-43
0:96 (0-09), 7 0-82 (0-34), 9 0-30
12 (0-4), 37 1:5 (0-5), 27 <0-01
08 (0-4), 5 1-8 (0-4), 12 <0-001
1:3(0-5), 27 1-3 (0-5), 37 076
1-1 (0-4), 32 1:3 (0-6), 39 0-09

te of hatching (Julian)

170

1651

160F

*P<0-05; **P<0-001; ***P<0-001 (results of one-tailed t-tests).

22

| constructed new nests and begun to lay replacement
clutches. Yearlings took an average of 2 days longer
to replace their lost clutches than older birds (Table
2). They also laid fewer eggs than older birds in their
replacement clutches. As in the first clutch, egg size
was independent of female age (Table 2). Yearlings
lost significantly more mass than older birds between
May and the time their replacement clutches had

hatched (vearlings: loss of 0;8+1-3 e. p=7: older




694 Table 2. Characteristics of the first and replacement clutches of yearling vs. older female Savannah sparrows involved in the
i pw ']:ﬂl""i\:‘ of clutch averages within vests ﬁlﬁﬁ-“ﬁg—

4

elirtoh vamaunl avaarimant Valioe aca connaty | § \-F!ﬁﬂa i
\

females females P

First clutches

Clutch size (number of eggs)* 40 (0) 43 (0-5) 0-04

Egg mass (g) 2:1(0-2) 20 (0-1) 0-41

Egg length (mm) 19-2 (0-1) 19-4 (0-8) 0-31

Egg diameter (mm) 14-5 (0-4) 14:6 (0-3) 0-33
i e T e,

Thermal loss (°C) 53(13) 49 (0-7) 0-15

Number of nests 7 14

Replacement clutches

Time to replace clutch (days)** 49 (1-6) 30(1-2) <001

Clutch size (number of eggs)* 44 (0-5) 4-8 (0-4) 0-03

Egg mass (g) 2:3(0-2) 2:2(0-2) 0-42

Egg length (mm) 19:6 (0-1) 19-5(0-1) 0-27

‘i’ur{:'ﬁﬁ‘u_ — el — ‘
—

Nestling mass (g) 14-4 (1-0) 144 (1-4) 0-48

Nestling tarsus (mm) 187 (1-3) 19-0 (1-3) 0-31

Nestling wing (mm) 29-0 (4-2) 29-1(29) 0-48

Successful clutches 88% 79% 0-40

Nest mass (g) 66 (11) 6-1(1-3) 0-31

Number of nests 7 12

*P<0:05; **P<0-01 (results of one-tailed t-test and Fisher’s exact test).

Tahle 3 Mpbsr of first clyigh nestenszances, apording i ol b fhigmnoshasahass boooss saolnooes ,
.________________________________________________________________________________________________________________________










697 Table 6. Characteristics of the original and replacement clutches of yearling vs. older female tree swallows involved in the
N.T. Wheelwright clutch removal experiment. Values are means (£ 1 SD). Egg dimensions are means of clutch averages within nests. Successful
&' C' B. Schultz clutches = clutches in which at least one offspring fledged

Original clutches

1-year-old Older

females females P
Original clutches
Tl BEPES N L L, alaem o AN <+ W 3 S—— g e AP n.1a

s

|| .

Egg mass (g) 1-7 (0-1) 1:7 (0-2) 0-34
Egg length (mm) 18:6 (09) 18-8 (0-8) 0-37

— -

N

' T 1 jxi ('\/IPA\_ £ 01 0 0 an

1. |

|

s 'l‘F = ri |
¥

Replacement clutches

Time to replace clutch (days) 8:3 (0-6) 7-8 (1-6) 0-30
Clutch size (number of eggs)* 4-3(0-58) 5-1(0-57) 0-03
Egg mass (g) 1-6 (0-06) 17 (0-13) 0-19
Egg length (mm) 18:5(0-19) 18-6 (0-81) 0-38
Egg diameter (mm) 13-2 (0-30) 13-4 (0-35) 0-17
Nestling mass (g)** 17-4 (0-2) 19-7 (0-7) <0-01

:stlino tarsus ) 12002 12-1 (0-2) WA
Nestling wing (mm) 59-5(2°1) 63:9 (3-9) 0-09
Successful clutches 66% 60% >0-10
Number of nests 3 10

*P<0:05; **P<0-01 (results of one-tailed #-tests and Fisher’s exact test).

Yearline femalec fed their nectlinos at a slower rate Fledoine <1iccese 1n contrast was sionificantlv oreater



698 Table 7. Characteristics of original vs. replacement clutches laid by all tree swallows involved in the clutch removal experiment.
Values are means (+ 1 SD). Egg dimensions are means of clutch averages within nests

Age and
reproduction Clutch
Original Replacement P

Clutch size (number of eggs)** 5-4 (0-6) 4:9 (0-6) <0-01
Egg mass (g) 1-7(0-2) 1-7(0-1) 0-46
Egg length (mm) 18:7 (0-2) 18:5(0-7) 0-42
Egg diameter (mm) 132 (0-4) 13-3(0-3) 0-11
Length/diameter 1-4 (0-1) 14 (0-1) 0-55
Number of nests 21 13
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successive clutches, potentially a measure of the chance favour late-breeding yearlings in some years.
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studies of age-specific foraging skills and vigilance
against predators (Orians 1969; De Steven 1980;
Quinney & Smith 1980 ; Ewald & Rohwer 1982 ; Dun-
can 1987 ; Sullivan 1988 ; Desrochers 1992a, b). In this

insights about the physiological cost of reproduction.
As predicted, females of both species, and yearlings in
particular, lost mass after laying a replacement clutch,
which suggests that yearlings pay a dlsproportlonate

'@;ﬁw

rows improved with experience (relative to older
females) in at least one component of reproduction,
nest construction. A longitudinal (cohort) analysis of
marked individual Savannah sparrows and tree swal-
lows demonstrated that females increased their clutch
size and accelerated the timing of breeding between
age 1 and 2 years of age.

la T

ages were surprisingly quick to respond to the loss of

their first nest, initiating a clutch weighing more than

50% of their body mass, in just over 1 week in the case

of tree swallows, and within several days in Savannah

sparrows, which also had to construct new nests.
Unexpectedly, instead of responding to the strain

of a lost ﬁrst clutch by producmg fewer eggs or smaller

————




700 insurance against nest predation by allowing time to and season on Savannah sparrow reproductive success.

5 : Condor, 87, 106-110.
A d replace a lost first clutch (Bédard & LaPointe 1984), > O
ge an p r utch ( ) Blank, J. L. & Nolan, V. Jr (1983) Offspring sex ratio in red-

reproduction F)r enhance the sur\ilval of fledglings, wh}0h become winged blackbirds is dependent on maternal age. Pro-
independent when insects are most available, tem- iiiﬂﬁii EG t“ ﬁiiiiiiii iiﬁﬁﬁii “ iﬁﬁ“cﬁi HSA 80
peratures mildest, and time maximal for learning to 6141-6145. |

rodnetiyj
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breeding season (Bédard & LaPointe 1985 ; Askenmo with age in the brown pelican. duk, 95, 128-134.
£ ( Bryant, D. M. (1979) Reproductive costs in the house martin

& Unge.r 1986; 'Nllsson & Smith 1988; M.atthysen (Delichon urbica). Journal of Animal Ecology, 48, 655-675.
1989). Finally, birds that complete reproduction early Catterall, C.P., Kikkawa, J. & Gray, C. (1989) Inter-related

benefit by having more time to moult and deposit fat age-dependent patterns of ecology and behaviour in a
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701 feeding on timing of breeding, clutch size and polygyny Murphy, M.T. (1986) Temporal components of reproductive

N.T. Wheelwright in red-winged blackbirds Agelaius phoeniceus. Journal of variability in Eastern kingbirds (Tyrannus tyrannus). Ecol-
Animal Ecology 51, 429-450. ogy, 67, 1483-1492.
& C.B. Schultz Finke, M.A., Milinkovich, D.J. & Thompson, C.F. (1987)  Murray, B.G. (1984) A demographic theory on the evolution
Evolution of clutch size: an experimental test in the house of mating systems as exemplified by birds. Evolutionary
wren (Troglodytes aedon). Journal of Animal Ecology, 56, Biology, 18, 71-140.
99-114. Newton, 1. (1986) The Sparrowhawk. T. and A.D. Poyser,
. P 1 1
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poral and age-related variation in the laying rate of the Nilsson, J.-A. & Smith, H.G. (1988) Effects of dispersal date
parasitic brown-headed cowbird in the eastern Sierra on winter flock establishment and social dominance in
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