


the development of these traits is therefore virtu-
ally unknown.

We investigated the influence of diet compo-



Isotope analysis

We analysed stable isotopes from feathers grown
during the pre-breeding period. Stable nitrogen
(d15N) and carbon (d13C) isotopes have been used
to infer the diets of marine animals (Hobson &
Welch 1992, Kline & Pauly 1998), with d15N, and
to a lesser extent d13C, increasing with trophic
level (DeNiro & Epstein 1980, Fry 1988, Post
2002) and d13C also aiding in discrimination
between pelagic and benthic prey, as well as
inshore and offshore prey (Hobson et al. 1994,
France 1995). Because Auklet feathers are retained
at the beginning of the breeding season and are
metabolically inert after growth, signatures can
provide an indication of diet composition during
the pre-breeding period (Chamberlain et al. 1997,
Hobson & Wassenaar 1997). Isotope ratios (R) are
expressed in d units where d = [(Rsample ⁄ Rstandard)
) 1] · 1000. d15N is the ratio of 15N ⁄ 14N relative
to air, and d13C is the ratio of 13C ⁄ 12C relative to
Pee Dee Belemnite. Before analysis, feathers were
washed in 2 : 1 chloroform : methanol solution for
24 h and left to air dry for another 24 h. Feathers
(including material from the vane and rachis) were
weighed into tin capsules, then combusted and
oxidized in a TC Elemental Analyzer and intro-
duced online into a Finnigan MAT Delta Plus XL
Isotope Ratio Mass Spectrometer. During analysis,
four standards were run: for carbon, the interna-
tional standard NBS-21 Graphite ()28.0 ± 0.08&,

n = 7) and an in-house standard UC-1 Graphite
()25.9 ± 0.14&, n = 6); for nitrogen, an interna-
tional standard RM-8548 Ammonium Sulphate
(20.3 ± 0.28&, n



RESULTS

Males were larger than females (t-test: t46 = )7.39,
P £ 0.0001) but did not have larger horns (male
mean: 9.91 mm, sd ± 1.57; female mean: 9.87
mm, sd ± 1.93, t46 = )0.08, P = 0.93) or longer
plumes (male mean: 49.67 mm, sd ± 4.78; female
mean: 49.77 mm, sd ± 3.34; t28 = 0.06, P = 0.94).
The average estimated proportion of each diet
type in the pre-breeding diet for males and

females combined was 57% (95% confidence inter-
val: 44–70%) euphausiids, 36% (23–49%) inshore
fish and 7% (3–11%) offshore fish. Female diet
comprised more euphausiids and fewer inshore
fish than did male diet [females: 61% (45–77%)
euphausiids, 30% (13–47%) inshore fish; males:
49% (26–72%) euphausiids, 47% (24–70%)
inshore fish]. However, these differences were not
significant (euphausiids: t42 = 0.81, P = 0.42;
inshore fish: t42 = )1.27, P = 0.21). Offshore
fish did not constitute a large proportion of the
diet in either females [9% (3–15%)] or males
[3% (0–8%)].

Horn height was significantly related to the esti-
mated proportion of inshore fish and euphausiids
in the pre-breeding diet and these relationships dif-
fered between the sexes (Table 1). In females, hav-
ing accounted for body size, horn height was
positively related to the proportion of inshore fish
[F1,25 = 15.22, b = 2.74, P = 0.0007; body size
(PC1): F1,25 = 7.15, b = 0.33, P = 0.01] and nega-
tively related to the proportion of euphausiids
(F1,25 = 12.88, b = )2.65, P = 0.002; PC1: F1,25 =
8.21, b = 0.95, P = 0.009). Thus, females feeding
on more inshore fish and fewer euphausiids during
the pre-breeding period were more likely to grow
larger horns. There was no relationship between
horn height and the proportion of offshore fish in
the diet of females (F1,25 = 0.33, b = )1.39, P =
0.57; PC1: F1,25 = 7.68, b = 1.14, P = 0.01). In
males, having accounted for body size, horn height
was unrelated to the proportion of inshore fish
(F1,17 = 0.31, b = 0.42, P = 0.59; PC1: F1,17 =
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Figure 2. Relationship between isotopic signatures of Rhinoc-



12.79, b = 1.31, P = 0.003), the proportion of
euphausiids (F1,17 = 0.17, b = )0.31, P = 0.67;
PC1: F1,17 = 12.24, b = 0.36, P = 0.004) or the
proportion of offshore fish (F1,17 = 0.33, b = )2.25
P = 0.53; PC1: F1,17 = 12.76, b = 1.22, P = 0.003)
in the pre-breeding diet, suggesting that diet did
not affect horn height in males. There were no sig-
nificant predictors of plume length in the models
(Table 1).

The relationship between horn height, d13C and
d15N, when accounting for body size, did not differ
between the sexes (d13C: F1,40 = 2.33, b = 0.29,
P = 0.13, PC1: F1,40 = 20.1, b = 1.13, P < 0.001;
d15N: F1,40 = 1.78, b = 0.21, P = 0.19, PC1:
F1,40 = 19.9, b = 1.19, P < 0.001). In univariate
analyses, there was a positive relationship between
d13C values from female pre-breeding diet and





(Thoresen 1983, Hunter & Jones 1999). For exam-
ple, McGlothlin et al. (2007b, 2008) found that
large-ornamented male Dark-eyed Juncos were
better able to defend their territories and produced
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