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Introduction
Steller sea lions (Eumetopiasjubatus) are the largest of the short-haired otariids and range from
Californiato Japan and Russia, with the majority of the world's .
population
located in Alaska. The
.
western Alaskan Steller sea lion population has continuously declined over the past 3 decades to
about 10% of peak population levels and this species is now listed as threatened in their eastern
Alaskan range, and endangered in their western range (Merrick et al., 1987; Loughlin, 1998). A
number of proximate and ultimate factors have been suggested as the mechanism of decline, but
reduced juvenile survival and nutritional stress are the leading but unconfirmed hypotheses
attributed to this decline (York, 1994; Merrick and Loughlin, 1997; Calkins et al. 1998).
Nutritional stress may occurthrough changes in prey quality, density and/or distribution, and implies
that energetic demands on the animal (e.g., locomotion, thermal balance, reproduction, molting,
andlor growth) are not being met by energy input. Some animals are able to compensate for limited
food intake by limitingtheir energy expenditures, withthe most common physiologic response being
a lowering of resting metabolic rate (RMR), known as metabolic depression. Metabolic depression
has been documented in captive Steller sea lions fed a low-energy diet of pollock and squid for
12-14 days (Rosen and Trites, 1999, 2000) and this reduction in RMR (15-24%) was nearly
comparable to the 30% reduction in RMR seen in fasting sea lions. (Rosen and Trites, 2002). Given
the evidence of metabolic depression in captive sea lions, the objectives of this study were to
compare RMRfrom animals in the eastern and western Alaskan populations to discern whetherthere
is any evidence of nutritional stress.

Methods
Oxygen consumption data were collected from captive Steller sea lions held at the Vancouver
Aquarium, Vancouver, BC and from free-ranging Steller sea lions captured from western and
eastern Alaskan stocks.
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Vancouver
Oxygen consumption rates were measured for both pups (n=4,58-60 kg) and sub-adult (n=5,97-156
kg) Steller sea lions in water. Open flow respirometry was used to measure oxygen consumption
rates of animals held in a temperature-controlled seawater-filled swim flume as described by Rosen
and Trites (1999,2002). The swim flume was equipped with a 120-liter lexan respirometry dome,
under which the sea lions could surface to breathe. Air was drawn through the dome at a constant
rate (range 140-200 1 min-1) and oxygen and carbon dioxide concentrations within a desiccated
sample of air were determined by a fuel cell analyzer (FC-lB, Sable Systems, Nevada, USA) and
an infrared gas analyzer (CA-2A, Sable Systems, Nevada, USA), respectively. RMR was
determined at three water temperatures (2, 4, 8 OC) on post-absorptive animals held in the flume
between 20-25 min.
All sub-adult sealions began the study in a state of reduced body condition after being subjected to
a sub-maintenance diet of varying length (9 days or 31 days) as part of a separate study (see
Kumagai et al. 2003; Rosen unpublished data). Sub-adult sea lions were fedthroughoutthe duration
ofthe current study (31-34 days) to achieve pre-fasting body mass levels. Deuterium oxide dilution
was used to assess body condition (expressed as %total body fat, TBF) at the start and end of each
trial. Body condition manipulations were not undertaken with sea lion pups.
Alaska
Oxygen consumption rates were also measured from free-ranging animals (aged 5,8,17, and 20 mo)
captured from the western stock in Prince William Sound (PWS, n=23) and from the eastern stock
in Southeast Alaska (SE, n=23). Open flow respirometry was used to measure oxygen consumption
of animals held in a 1,022-1chamber consisting of a lexan lid which fitted into a trough on a wooden
base. Seawater was used to fill the trough to ensure that the chamber was airtight. Air was drawn
through the chamber at a constant rate (range 150-230 L mid1)and fans were mounted in the comers
of the lid to ensure air mixing. Oxygen and carbon dioxide concentrations were measured using the
Sable System analyzers as described above. RMR was determined at ambient air temperatures
(mean range -6 to 3°C) on post-anesthetized animals held in the chamber for 30-120 min.
Results and Discussion
In water, RMR ranged from 33.3 to 56.7 MJIday for sub-adult animals (109-158 kg, 2.9-4.6 times
predicted for an adult animal) and from 20.0 to 26.6 MJIday for pups (57-59 kg, 3.3-4.3 times
predicted) at 2°C. RMR, generally decreased withincreasing watertemperature, butthe relationship
was not statistically significant. Sub-adult animals experienced dramatic changes in body mass
(9-17%) over the course of the trial that corresponded with changes in body condition (0.2-12.5%
TBF). The response of RMR to changing body condition varied. As body mass and TBF recovered
during the trial, the smallest sub-adult sea lion exhibited a 49% decline in RMR at 2°C and a 40%
decline at 4 and 8°C. However, a larger animal, which exhibited a 9% increase in body mass over
the course of the trial, showed little change in RMR at all temperatures. In this latter case,
percentage TBF change over the duration of the trial was negligible. Reduced body condition had
a noticeable impact on RMR in juvenile sea lions at colder water temperatures. The results of the
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present study suggest that young sea lions would be subject to even greater thermoregulatory
demands if their body condition were reduced.
With a 6°C increase in water temperature, sub-adult sea lions decreased RMR by 0-23% when at
their poorest body condition. At the end of the trial when pre-fasting body mass had been regained,
this same increase in temperature generally produced a smaller decrease in RMR (2-17%).
In air, mean RMR ranged from 16.4to 21.0 MJ/day in free-ranging pups (47-106 kg) and from 20.2
to 28.3 MJ/day in yearlings (115-159 kg.). These values represent 1.8-2.8 times the predicted
mammalian value. Despite slight differences in age, within each age class, animals from western
and eastern regions were similar in body mass and blubber depth. Mass-specific RMR was
significantly higher for both pups and juveniles captured in PWS (mean ambient temperature -6'C)
compared to animals of similar age from SE (mean 3°C). This 9°C difference in air temperature
corresponds to a 28% greater RMR in PWS pups over SE pups, and a 40.1% increase in RMR in
PWS yearlings over SE yearlings. These differences in mass-specific RMR may be due to slight
differences in age (and thus growthrate), but given the similarities inmass between SSL's from both
regions, these differences are more likely a result of differences in ambient temperature. This
suggests that animals from PWS may be operating below their lower critical temperature. At this
point in our study there is no evidence of metabolic depression in western stock animals.
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