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Abstract The strategy of relying extensively on stored
resources for reproduction has been termed capital breeding
and is in contrast to income breeding, where needs of repro-
duction are satisWed by exogenous (dietary) resources.
Most species likely fall somewhere between these two
extremes, and the position of an organism along this gradi-
ent can inXuence several key life-history traits. Common
eiders (Somateria mollissima) are the only Xying birds that
are still typically considered pure capital breeders, suggest-
ing that they depend exclusively on endogenous reserves to
form their eggs and incubate. We investigated the annual
and seasonal variation in contributions of endogenous and

exogenous resources to egg formation in eiders breeding at
the East Bay colony in the Canadian Arctic. We collected
prey items along with females and their eggs during various
stages of breeding and used two complementary analytical
approaches: body reserve dynamics and stable isotope
[�13C, �15N] mixing models. Indices of protein reserves
remained stable from pre-laying to post-laying stages,
while lipid reserves declined signiWcantly during laying.
Similarly, stable isotope analyses indicated that (1) exoge-
nous nutrients derived from marine invertebrates strongly
contributed to the formation of lipid-free egg constituents,
and (2) yolk lipids were constituted mostly from endoge-
nous lipids. We also found evidence of seasonal variation
in the use of body reserves, with early breeders using pro-
portionally more exogenous proteins to form each egg than
late breeders. Based on these results, we reject the hypothe-
sis that eiders are pure capital layers. In these Xying birds,
the Wtness costs of a strict capital breeding strategy, such as
temporary loss of Xight capability and limitation of clutch
and egg size, may outweigh beneWts such as a reduction in
egg predation rate.
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Introduction

The availability of endogenous and exogenous resources to
breeding organisms can inXuence several key life-history
traits such as timing of breeding (Rowe et al. 1994; Bêty
et al. 2003), number and quality of oVspring (Brown and
Shine 2002; Jardine et al. 2008), and degree of parental care
(Lewis and Kappeler 2005), as well as reproductive invest-
ment and lifespan (Chastel et al. 1995; Festa-Bianchet et al.
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1998). Individuals should allocate available resources in
order to maximize their Wtness (Stearns 1992), and deter-
mining how and when organisms acquire resources needed
for reproduction is crucial to understand their life-history
strategies.

Animals breeding in environments where food is season-
ally limited could increase their Wtness by relying on stored
resources acquired prior to breeding. Alternatively, organ-
isms living in environments with reliable food resources
could increase their reproductive success by rapidly
responding to increases in local food supply (Drent and
Daan 
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post-ovulatory follicles were considered in the pre-breeding
stage (which could also include non-breeding birds); the
presence of only developing follicles was associated with
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To detect inter-annual variation in protein allocation to
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onset of incubation (Fig.1). This indicates that endogenous
protein mobilization during egg formation was absent or
weak (the observed non-statistically signiWcant decrease in
breast muscle mass was 5% on average). Within-stage cor-
relations between endogenous reserve estimates and num-
ber of follicles (developing or post-ovulatory) were not
signiWcant (P > 0.05), except for leg mass of laying females
(r = 0.59, P = 0.03), and post-laying females’ total body
mass (r = ¡
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very little in 2003, when Gammarus sp. were the main
exogenous source.

Body fat apparently contributed largely to egg lipids,
reaching 74.0% (§0.4) in 2003 and 67.0% (§0.5) in 2004
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values in 2003 and 2004, but not in 2002 (mean absolute
diVerences observed in 2002: 0.57‰, df = 13, t = 0.03,
P = 0.97; 2003: 1.83‰, df = 15, t = ¡3.34, P = 0.005;
2004: 0.76‰, df = 18, t = ¡2.88, P = 0.01; all years com-
bined: ¡0.39‰, df = 48, t = ¡3.34, P < 0.001).

Seasonal variations of source contributions

Distributions of possible endogenous protein contribu-
tions to the Wrst egg of early and mid breeders were sim-
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Determining to what extent endogenous reserves are
used for reproduction involves the placement of a species
(Stephens et al. 
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between those of liver lipids and abdominal fat �13C values
in that year (Fig. 3a) but did for the last egg (Table 1).
Given that females laid their W
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clutches, which would also decrease the Wtness value of the
clutch (Lepage et al. 2000). Heavier endogenous reserves
increase wing loading, and the loss of Xight capabilities in
several insect species permits females to allocate more
resources to egg production (Zera et al. 1998; Socha and
Sula 2008). Pre-laying eiders are known to be at the limit of
X
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