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Abstract We used d**N and d*3C stable isotope analysis
on blood drawn from adult and nestling Rhinoceros
Auklets (Cerorhinca monocerata) in 4 years to answer two
questions: (1) do adults tend to feed at higher trophic level
while provisioning offspring than they did prior to breeding
or while incubating eggs across a range of environmental
conditions (years), and (2) do adults select prey at a similar
trophic level and in similar habitats to complete the tem-
porally overlapping tasks of self feeding and provisioning?
Mean d**N values in adult blood were higher during pro-
visioning than prior to laying or during incubation in all
4 years. Thus, irrespective of environmental conditions,
adults increased trophic level after their offspring hatched.

Answers to the second question were more equivocal.
However, there was support for models in which adult and
nestling d**N and d*3C values did not differ, suggesting
that adults did tend to take prey from similar trophic level
and habitat to self-feed and load to deliver to offspring. We
propose that the two behaviours are related and can be
explained as a strategic response by central-place foragers:
small, low trophic-level prey (zooplankton) suitable for
self-feeding are not as well suited as large, high trophic-
level prey (forage fish) for loading in the bill to deliver to
offspring, and adults can save time by self feeding and
loading in the same habitats.
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Zusammenfassung

Trophische Verhaltensanpassungen an den Schlupf der
Jungen bei einem Seevogel mit ,,central place forag-
ing“-Strategie

Durch Analyse der stabilen Isotope d*°N und d**C in iber
einen Zeitraum von vier Jahren gesammelten Blutproben
von Altvogeln und Nestlingen des Nashornalks (Cerorhinca
monocerata



Futterungsphase hoher als vor der Eiablage oder wahrend der
Bebriitung. Somit nutzten die Altvdgel unabhdngig von den
Umweltbedingungen nach dem Schlupf der Jungen eine
hohere Trophieebene. Die Antworten auf die zweite Frage
fielen weniger eindeutig aus. Allerdings deutet das gute
Abschneiden von Modellen, bei denen die Werte fiir d*°N
und d*3C bei Altvégeln und Nestlingen nicht verschieden
waren, darauf hin, dass Adulte ihre eigene Nahrung und das
Futter fir die Jungen in ahnlichen Habitaten auf einer
vergleichbaren Trophieebene erbeuten. Wir vermuten, dass
die beiden Verhaltensweisen zusammenhéngen und sich als
strategische Reaktion eines ,,central place foragers* deuten
lassen: Kleine Beutetiere niedriger Trophieebene (Zoo-
plankton) sind zwar fiir die eigene Erndhrung geeignet,
lassen sich aber dagegen schlechter im Schnabel zum Nest
transportieren als grof3e Beutetiere einer hdheren trophischen
Ebene (Fische); somit kdnnen die Altvdgel Zeit sparen,
indem sie in denselben Habitaten Nahrung fiir sich selbst
erbeuten und gleichzeitig Futter fi






received support, and its explanatory power was almost
equal to the top-ranked model (Table 1



small forage fish, the Pacific sandlance Ammodytes hex-
apterus, that they received, which was itself tightly linked
to the timing and strength of the spring phytoplankton
bloom (Borstad et al. 2011).

The key assumption underlying that argument is that, at
the onset of provisioning, puffin parents switch to self-
feeding on prey types similar to those they load to deliver
to offspring. For central-place foragers, like puffins, that
switch could be a strategy that confers significant savings
in time, depending on the spatial distribution of different
prey types (Ydenberg and Davies 2010). Previously, Ito
et al. (2009) attributed the trophic increase after hatching in
Rhinoceros Auklets to seasonal patterns in the availability
of alternate prey types, with zooplankton being more
available early, and fish more available late. Interestingly,
that hypothesis is not mutually exclusive from the
hypothesis advanced here, and the two could even be

related if, consistent with Lack (1968), the auklets time
their breeding so that fish is readily available at the time
when they have offspring to feed in the nest.

We note that not all puffin studies have produced that
same result; for example, Davoren and Burger (1999)
found that Rhinoceros Auklets fed themselves on smaller
prey items than they fed to nestlings, while trophic level
was higher in adult than nestling Atlantic Puffins (Hedd
et al. 2009). Ydenberg and Davies (2010



explanations for behavioural patterns widely reported in
three of the four species of Fraterculini. Information still
is lacking for Horned Puffins (F. corniculata). Looking
forward, we think comparative studies that incorporate
some of the key life-history differences among the four
puffin species—e.g., nocturnal (Rhinoceros Auklet) versus
diurnal (others) provisioning, and relatively slow (Rhi-
noceros Auklet) versus relatively fast (others) offspring
development (Hipfner et al. 2010)—could inform the
general knowledge of auk biology, and central-place for-
aging theory. Studies that compare the provisioning
ecology of single-prey loaders among the auks (such as
murres Uria spp.) to multiple-prey loaders (such as puf-
fins), and internal versus external loaders, could also be
informative.
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