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We measured plasma concentrations of variables associated with lipid metabolism (free fatty acids, glycerol, triglyceride,
and b-hydroxybutyrate), protein metabolism (uric acid), and baseline corticosterone to characterize the nutritional state
of incubating king eiders Somateria spectabilis and relate this to incubation constancy at two sites, Kuparuk and
Teshekpuk, in northern Alaska. King eiders at both sites appeared to employ a partial-income incubation strategy,
relying on both endogenous and exogenous energy resources. Females maintained high invariant levels of free fatty
acids, b-hydroxybutyrate, and glycerol throughout incubation, indicating that fat reserves were a major energy source,
and not completely depleted during incubation. Similarly, uric acid did not increase, suggesting effective protein
sparing or protein ingestion and adequate lipid reserves throughout incubation. Baseline corticosterone and triglyceride
levels increased during incubation, indicative of an increase in foraging during late stages of incubation. Incubating
females at Kuparuk had higher triglyceride concentrations but also had higher b-hydroxybutyrate concentrations than
females at Teshekpuk. This dichotomy may reflect a short-term signal of feeding overlaying the longer-term signal of





samples were collected once per bird; if blood sampling
took longer than 3 min, we did not assay for CORT. We
captured four individuals at Kuparuk in both mid and late
incubation in 2005; all other individuals were captured only
once in a season. We banded (USFWS aluminum bands)
and weighed all captured birds.

Metabolite determinations

We assayed plasma samples for five metabolites: free
glycerol, triglyceride, b-hydroxybutyrate, free fatty acids,
and uric acid (following Guglielmo et al. 2002 and Seaman
et al. 2005). Metabolite concentrations were determined at
Simon Fraser University using a Powerwave 340�micro-
plate spectrophotometer (BioTec Instruments, USA). We
ran assays in 400 ml flat-bottom, 96-well polystyrene
microtitre plates (NUNC, Denmark), and measured free
glycerol and triglycerides sequentially by endpoint assay
(Sigma; 5 ml plasma, 240 ml reagent A, 60 ml reagent B);
free fatty acids were measured by endpoint assay (WAKO
Diagnostics, Richmond, VA; 5 ml sample, 100 ml reagent A,
200 ml reagent B, read at 550 nm). We measured uric acid
using a Quantichrom endpoint assay kit (BioAssay Systems,
Hayward, CA; 5 ml sample, 200 ml working reagent, read at
590 nm) and b-hydroxybutyrate by kinetic assay (Mega-
zyme; D3-HBA reagent; 10 ml sample, 272 ml working
reagent, 2 ml enzyme, read at 492 nm). Intra-assay
coefficients of variation (CV%) were 3.6% (n�10) for
glycerol, 3.3% (n�10) for triglyceride, 4.0% (n�12) for
b-hydroxybutyrate, 4.2% (n�15) for free fatty acids, and
5.7% (n�9) for uric acid. Inter-assay CV% was 6.0% and
5.6% respectively (n�17; eider samples were assayed with
other samples). All samples for b-hydroxybutyrate, free fatty
acids, and uric acid were assayed in only two plates per
metabolite and mean metabolite concentrations for a Sigma
hen pool were 2.21 and 2.09 mmol/l, 0.616 and
0.599 mmol/l, and 0.550 and 0.548 mmol/l, respectively,
for the two plates.

Corticosterone determinations

We determined total plasma levels of CORT with a
radioimmunoassay (Wingfield et al. 1992) at the University
of Alaska, Fairbanks. CORT concentrations were measured
in duplicate for each plasma sample after extraction in
dichloromethane. We used recovery values (87-99%)
following extractions to adjust assayed concentrations of
CORT. We processed all samples collected in 2005 in one
assay and samples collected in 2006 in a second assay. Intra-
and inter-assay CV% wereB2%.

We used radioligand binding methods for measuring
corticosterone binding globulin (CBG) based on those
described in Deviche et al. (2001). We optimized incuba-
tion time (2 h), plasma dilution (1:198), and tritiated
CORT concentration (6nM 3H) for king eiders. Affinity
(Kd) estimates were 9.2nM. The intra-assay CV% was 1%.
We estimated free CORT concentrations using the equa-
tion of Barsano and Baumann (1989), outlined in Deviche
et al. (2001).

Statistical analysis

We examined variation in body mass in relation to day of
incubation using analysis of covariance (ANCOVA) with
site as a factor and day of incubation as a covariate (SAS
Institute 1990). To investigate patterns of fuel utilization
across incubation and between sites, we examined relation-
ships among plasma chemistry variables and age of the nest
(day of incubation) at Kuparuively,





incubation constancy the week prior to blood sampling
and plasma concentrations of triglycerides (btriglyceride�
�0.004, 95% CI��0.106, 0.099), uric acid (buric�
�0.210, 95% CI��0.605, 0.185), or free fatty acids
(bFFA�� 0.000, 95% CI��0.104, 0.105; Table 1).
The top model was 8.5 AICc units from the next best model
and supported an effect of body mass and nest age at

capture on incubation constancy. Incubation constancy
the week prior to trapping increased with body mass
(bmass�0.001, 95% CI�0.000, 0.001), and nest age
(bage�0.009, 95% CI�0.002, 0.017), although effect
sizes are small.

Discussion

Our data suggest that king eider females nesting on Alaska’s
North Slope relied on both endogenous and exogenous
energy resources during incubation, as hypothesized. How-
ever, levels of plasma metabolites across incubation differed
from our predictions in some cases. Constant levels of free
fatty acids, b-hydroxybutyrate, and glycerol were main-
tained throughout incubation indicating that fat reserves
were not, in general, completely depleted during incubation
(Le Maho et al. 1981, Groscolas 1986, Hollmén et al.
2000). Contrary to our predictions, plasma triglycerides
actually increased over incubation, suggesting that king
eiders were feeding throughout incubation and that total
food intake increased as incubation progressed. Plasma uric
acid concentrations did not increase in king eiders during
incubation, indicating either effective protein sparing and
adequate lipid reserves remaining through the end of
incubation, or feeding rates high enough to prevent



of b-hydroxybutyrate, glycerol, and free fatty acids across
incubation; however, we found no correlation between
CORT and triglyceride levels. This may be due to the small
sample size of females where both CORT and triglyceride
levels were measured. Interestingly, we detected an increase
in both free and total CORT during incubation. There
appeared to be no buffering of the ‘active’ portion of the
hormone titer by CBGs, indicating that the increase of total
CORT was biologically relevant.

A partial-income strategy does not necessarily imply
primary reliance on exogenous resources. King eiders loose
� 30% of their pre-incubation body mass during incuba-
tion (this study, Kellett and Alisauskas 2000) and are
certainly relying heavily on lipid reserves. Published con-
centrations of glycerol (mean9SD; 2889124 mmol/l),
b-hydroxybutyrate (3.2091.92 mmol/l), and triglyceride
(1.0290.37mmol/l) in common eiders (Hollmén et al.
2000) during late incubation were very similar to those
found in king eiders, suggesting they have similar incuba-
tion strategies, both relying primarily on endogenous
reserves. However, Hollmén et al. (2000) showed that, in
some years, common eiders might transition to utilization
of body proteins as a primary energy source after depleting
their lipid reserves. We found no evidence of this in king
eiders, however, we only examined one year and patterns of
resource utilization may vary among years. King eiders may
be able to prevent the depletion of lipid reserves through
foraging throughout incubation and thus may not need to
transition to body protein use in late incubation.

We predicted that eiders nesting at Kuparuk, which
exhibited higher incubation constancy yet fate






