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A b s t r a c t  The long-term fitness consequences of brood 
reduction were examined in two (urban and rural) great 
tit populations in south-eastern Estonia during 
1987-1994. The brood reduction hypothesis in its initial, 
Lackian sense was not supported since partial brood loss 
was accompanied by a decrease in fledgling weight and 
recruitment rate. Female survival was significantly im- 
proved in broods with high nestling mortality in the rural 
population. My results suggest that female great tits 
might be able to reallocate resources for self-mainte- 
nance if food appears to be short for the successful rais- 
ing of the brood. However, parents are not capable of ef- 
ficiently reallocating resources between nestlings. 

K e y  w o r d s  Brood reduction �9 Fledgling recruitment �9 
Reproductive cost �9 Parus major 

Introduction 

The optimal clutch size for altricial birds is expected to 
correspond to the maximum number of nestlings that 
parents can adequately feed (Lack 1954) without deplet-  
ing their own resources required for future reproduction 
(Williams 1966). If food availability for nestlings varies 
unpredictably, the laying female encounters difficulties 
in predicting the optimal clutch size at the time of egg- 
laying. One possible solution for parents in such a situa- 
tion could be to create more offspring initially than can 
be normally reared and to reduce the brood size later if 
food proves to be short for raising the whole brood (Lack 
1954; O'Connor 1978). The mechanism for the latter can 
be provided by asynchronous hatching, which is a result 
of parents starting incubation before the completion of a 
clutch. Under conditions of low food supply, asynchro- 
nous hatching creates size hierarchies among siblings, 
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facilitating flexible brood reduction through the starva- 
tion of the youngest nestling(s) without adversely affect- 
ing older nestlings (Lack 1947, 1954, 1968). 

Although Lack's brood reduction hypothesis has at- 
tracted considerable attention since its conception, its 
life-history consequences have remained virtually unex- 
plored until very recently (Mock and Forbes 1994), since 
the majority of field studies have been confined to the in- 
vestigation of relationships between hatching asynchro- 
ny, nestling size hierarchies and nestling mortality (see 
Amundsen and Stokland 1988; Magrath 1990; Amund- 
sen and Slagsvold 1991a,b; Mock and Forbes 1994). 
Compared to the short-term effects of brood reduction, 
disproportionately little is known about its long-term fit- 
ness consequences for the nestlings which survive it. To 
my knowledge, the only study which has found a (posi- 
tive) effect of brood reduction on postfledging survival 
of nestlings was that of Husby (1986) on the black-billed 
magpie. Therefore, more long-term studies are needed 
for a proper evaluation of the hypothesis (Amundsen and 
Slagsvold 1991a). 

As critical is the need for empirical data about the 
consequences of brood reduction for parental survival. If 
parents save resources by early elimination of some nes- 
tlings, those resources can be invested not only in the re- 
maining nestlings but also in the survival and reproduc- 
tion of the parents themselves (e.g. Mock and Ploger 
1987). Accordingly, the lack of brood reduction in a poor 
food situation could result in a survival penalty for par- 
ents. A rigorous test for these possibilities is also lacking 
since parental survival has not been assessed directly in 
studies of brood reduction (Mock and Forbes 1994). 

In this paper I examine the consequences of brood re- 
duction on both adult and fledgling survival (recruitment 
rate) in a long-term study of the great tit (Parus major) 
in south-eastern Estonia. The great tit is the species most 
often used by avian ecologists for testing the predictions 
of life-history theory. Therefore knowledge about its 
family-planning abilities is essential. Great tits start in- 
cubation during the egg-laying period and the young 
hatch more or less asynchronously, usually within a peri- 










