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California sea lions have high levels of persistent organic
pollutants (POPs) in their blubber. Animals affected by domoic
acid fast and refeed during their rehabilitation. We studied
the effect of decreases in total body mass (16 ( 7% of initial
body mass) on blubber POP contaminant concentrations and
estimated POP burdens during fasting (12 ( 5 days) in 19
California sea lions. The effect of refeeding (92 ( 8% of initial
body mass) was also investigated. Significant increases in
the concentration of all POPs were found over the mass loss
period and decreases during mass gain. A basic mass balance
model indicated that the changes did not conform to a
simple concentrating and diluting pattern and a proportion of
the contaminants were lost from the lipid pool. During mass loss,
the lower chlorinated polychlorinated biphenyl congeners,
chlordanes, and hexachlorocyclohexanes were lost at a higher
rate than the other contaminant classes (particularly
polybrominated diphenyl ethers). During mass gain the
behavior of all contaminant classes was more consistent with
the dilution model. These results indicate the importance of
considering the energetic context when sampling blubber for longterm contaminant monitoring and suggest an initial approach
to adjust for such differences.

Introduction
Pinnipeds store their fat as a discrete hypodermal subcutaneous layer known as blubber. This blubber is used for
thermoregulation (1) and buoyancy (2) and has immune and
endocrine functions (3). It is the major storage tissue for
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lipophilic contaminants, such as persistent organic pollutants
(POPs) (4). In pinnipeds blubber is composed primarily of
triglycerides, which are readily used as an energy source
during periods of natural fasting, such as during the breeding
season (5). But negative energy balance can also be due to
illness, and stranded animals are commonly emaciated (6).
Thus the dynamics of the lipid stores in the blubber layer
will dictate the concentration and fluctuation of the lipophilic
contaminants measured in this tissue. However, the interactions between the lipids and contaminants are not well
understood. The concentration of persistent organic pollutants such as polychlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethane (DDT), polybrominated diphenyl
ethers (PBDEs), and organic pesticides have been monitored
in blubber samples from California sea lions since the 1970s
(7, 8). The effect of these contaminants on health of sea lions
is of considerable interest as studies on captive animals have
shown immunotoxic and reproductive impacts (9). Blubber
PCB levels have been associated with a high prevalence of
cancer in California sea lions (10), but weight loss was a
confounding variable in that study. To determine the role of
contaminants in the etiology of diseases, knowledge of the
effect of weight loss on contaminant dynamics is needed.
Although nothing is known about effects of blubber mass
changes on contaminant concentrations in otariids, data from
phocid seals (11), particularly from postweaned pups (12)
that undergo prolonged periods of fasting and mass loss,
indicate that increases in contaminant concentrations occur
with decreasing lipid reserves (12, 13).
In this study we investigate the relationship between total
body mass and blubber mass dynamics, changes in blubber
lipid content and the influence of these parameters on a
wide range of POP compound concentrations in the blubber
of California sea lions during a period of dramatic and rapid
weight loss and gain. We determine the rate of change in
contaminant concentration, both on a total and congener
specific basis, relate this to lipolysis in the blubber and apply
a simple mass balance model to investigate the dynamic
behavior of the different POP contaminant classes.

Materials and Methods
This study was carried out on 20 adult female California sea
lions (9 in 2003, 2 in 2004, and 10 in 2005) that stranded live
following intoxication with domoic acid due to the ingestion
of contaminated fish (14). Clinical signs and response to
treatment were consistent with domoic acid toxicosis, as
described in Gulland et al. (15) although the dose of domoic
acid received by wild sea lions prior to stranding cannot be
determined. Blubber samples from each female were collected three times during the rehabilitation period, which
ranged from 14 to 44 days. Acute domoic acid poisoning
causes seizures (15) and animals were treated with lorazepam
at 0.2 mg/kg, phenobarbitone at 1 mg/kg to control seizures,
and subcutaneous fluids to maintain hydration (15), for
approximately one week during which time they were
obtunded and unable to feed. After completion of the course
of medication they remained reluctant to feed for up to a
week and continued to lose mass. They then started to eat,
appeared clinically normal, and were fed thawed previously
frozen herring for about a week until release from the
rehabilitation facility. Animals were weighed and blubber
samples were obtained; first within 2 days of admission;
second at between days 6 and 24 (at the nadir of weight loss
as feeding recommenced); and finally at between days 17
and 44. Full thickness blubber samples were collected with
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FIGURE 1. Mass loss and gain in 20 female California sea lions following domoic acid intoxication. Each symbol represents the
same individual.
a sterile 8 mm biopsy punch during manual restraint
following sedation with intramuscular administration of 0.2
mg/kg midazolam (Versed, Roche Laboratories, NJ) and local
administration of lidocaine. Blubber was stored in solventrinsed Teflon sheets and frozen at -20 °C until analysis.
Persistent organic pollutants in the blubber samples were
extracted using an accelerated solvent extractor (ASE) and
measured by gas chromatography/mass spectrometry (GC/
MS) as described in ref 16 and given in more detail in the
Supporting Information (POP contaminant and blubber lipid
analyses). Concentrations of lipid in blubber were measured
by thin layer chromatography with flame ionization detection
(TLC/FID) using an Iatroscan Mark 6, and full details
including quality control results are given in the Supporting
Information (POP contaminant and blubber lipid analyses).
Total PCBs (ΣPCBs) were calculated by adding the
concentrations of 44 PCB congeners (PCBs 17, 18, 28, 31, 33,
44, 49, 52, 66, 70, 74, 82, 87, 95, 99, 101/90, 105, 110, 118, 128,
138/163/164, 149, 151, 153/132, 156, 158, 170, 171, 177, 180,
183, 187, 191, 194, 195, 199, 205, 206, 208, 209) and total
PBDEs (ΣPBDEs) were calculated by adding the concentrations of 10 PBDE congeners (28, 47, 49, 66, 85, 99, 100, 153,
154, and 183). Total DDTs were calculated by adding the
concentrations of o,p′-DDD, p,p′-DDD, o,p′-DDE, p,p′-DDE,
o,p′-DDT, and p,p′-DDT; total chlordanes were calculated
by adding heptachlor, heptachlor epoxide, oxychlordane,
gamma-chlordane, nonachlor III, alpha- chlordane, transnonachlor, and cis-nonachlor concentrations and total
hexachlorocyclohexanes (HCHs) is the sum of the concentrations of the alpha-, beta-, and gamma-HCH isomers.
In the first stage of the analysis, total body mass and
blubber POP concentrations were plotted against time to
visualize the relative dynamic pattern among the variables.
In the second stage, linear and nonlinear least-squares mixedeffects models (with individual as the random effect) were
used to investigate the relationship between blubber POP
contaminant concentrations and changes in both body mass
and blubber lipid content. The mass balance of the contaminants was then explored by also including an estimation
of changes in the total blubber mass during the periods of
mass loss and gain. This tested the hypothesis that the total
amount of contaminant in the blubber did not change and
conformed to a simple concentration/dilution model (i.e.,
4182

9

ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 42, NO. 11, 2008

burden at time t0 ) burden at t1 ) burden at t2). Unfortunately,
we were not able to directly determine body composition
changes in the study animals, and there are no published
data on the relationship between body mass and total body
fat for California sea lions. However Kumagai et al. (17) have
published data on the relationship between percent total
body fat and total body mass in a very closely related species,
the Steller sea lion (Eumetopias jubatus). Since pinnipeds
store fat as a subcutaneous layer of blubber this equates to
the total blubber mass. We fitted a linear mixed effects model
to the data with percent fat as the dependent variable, mass
as a fixed effect, and individual as a random effect and used
the resulting equation (total body fat % ) 0.20 × body mass
(kg) - 11.56, p < 0.0001) to estimate total blubber mass in
the study animals at each time point. Three animals were
then excluded from the subsequent analyses because their
blubber mass estimates were unrealistically low. This was
because two animals had blubber lipid levels <100 mg/g
and one an initial total body mass of 68 kg which was much
lower than the average initial body mass. Statistical analyses
were carried out using the statistical packages R (R Development Core Team, Version 2.5.0, 2007) and MedCalc for
Windows, version 9.2.0.0 (MedCalc Software, Mariakerke,
Belgium). All data used in the analysis (total body mass,
blubber lipid, estimated blubber mass, and contaminant POP
concentrations by homologue group) are given in Table S2
in the Supporting Information.

Results
Mass and Lipid Changes. At the start of the study the mean
total body mass of the sea lions was 86 kg (n ) 20, SD ( 8.1).
The change in body mass over the 44 days of the study (taking
the first sample time-point following admission for each
animal as its reference, t0) by individual sea lion are shown
in Figure 1a and b for the periods of fasting and refeeding
respectively. One animal was only weighed at the start and
end of the study and was excluded from subsequent analyses.
In all the remaining animals the initial decline in mass was
followed by a corresponding increase, so that animals were
regaining lost weight and condition. The mean ((SD) mass
loss was 14.3 ( 6.8 kg, corresponding to a mean ((SD) loss
of 16.5 ( 7.1% of their mass on admission, and the mean
length of fasting was 12 ( 5 days. The mean ((SD) mass

TABLE 1. Contaminant Concentrations in Female California Sea Lion Blubber at Each Sampling Point (ng/g Lipid Weight)
(n = 19)
first sample

1

estimated blubber mass (kg)
blubber lipid content (mg/g)1
total PCBs
tri- CBs
tetra- CBs
penta- CBs
hexa- CBs
hepta- CBs
octa- CBs
nona- CBs
deca- CBs
total DDT
4,4′, DDE
total PBDEs
tri- BDEs
tetra- BDEs
penta- BDEs
hexa- BDEs
hepta- BDEs
total chlordanes
total HCHs
1

second sample

third sample

geometric mean

95% CI

geometric mean

95% CI

geometric mean

95% CI

5.40
318
2780
30
130
500
790
400
110
40
20
5700
260
830
30
480
280
70
10
260
90

4.46–6.34
265–371
1860–4140
20–40
90–190
340–740
520–1200
270–600
80–160
30–50
10–20
3760–8630
170–420
500–1380
20–40
290–790
170–450
50–120
10–20
170–420
60–140

2.34
265
6580
60
300
1190
1870
930
260
80
40
13200
630
2100
70
1190
680
170
20
630
200

1.64–3.04
213–317
4040–10730
40–110
190–500
740–1920
1140–3070
570–1540
160–420
50–130
20–60
8110–21470
390–1020
1210–3650
40–100
700–2030
380–1190
100–310
10–20
390–1020
130–300

3.73
295
3890
30
170
660
1100
570
170
60
30
6870
350
1180
30
630
400
110
10
350
120

2.92–4.58
252–338
2800–5390
30–40
130–220
480–900
780–1550
400–810
120–240
40–80
20–40
4710–10020
230–520
810–1710
20–40
430–930
270–570
70–170
10–20
230–520
90–170

Arithmetic means.

regained was 7.1 ( 5.2 kg in a period with a mean ((SD) of
14 ( 7 days. The mean ((SD) blubber lipid loss during fasting
was -21 ( 115 mg/g and the mean ((SD) gain during feeding
was 49 ( 112 mg/g. There was a high degree of individual
variability during both periods. During the period of mass
loss 11/19 (58%) of animals lost lipid and during the period
of mass gain 11/19 (58%) gained lipid (although these were
not the same 11 individuals). The lipid classes in the blubber
samples were totally dominated by the triglycerides with only
6/60 (10%) of the samples also containing a small amount
of polar lipids, at between 0.8 and 3.7% of the total.
Changes in Blubber Contaminant Concentrations. The
concentrations of POP contaminants in the blubber of the
study animals, on a lipid weight basis at each time point
(geometric means and 95% confidence intervals around the
mean), the estimated blubber mass and the lipid content of
the blubber are given in Table 1. As in other studies of
California sea lions, total DDTs dominated the contaminant
profiles, followed by total PCBs and total PBDEs (7). In all
cases the second sample, when the animals were at their
lowest mass, had the highest concentrations. There was a
highly significant correlation between blubber contaminant
concentrations among all POP contaminant groups (p <
0.0001 in all cases, see Supporting Information, Table S1).
Therefore investigations of the changes in concentrations
during mass loss and gain focused on the total PCB group.
Given the high degree of correlation among all the groups,
the temporal patterns observed were the same for all the
contaminants measured (see Supporting Information Figure
S2).
Concentrations of total PCBs in the blubber on a lipid
weight basis by day of collection (taking the first sample as
day 1) are shown in Figure 2. The lines joining the points for
each individual animal illustrate the matching pairs of
samples and it should be noted that these changes may not
necessarily be linear. All animals showed an increase in total
PCB concentrations during mass loss, (Figure 2a) and the
majority (17/19, 89%) a decline again during mass gain (Figure
2b).
Concentration, Dilution, and Mass Balance of Contaminants. Of particular interest is the concentration and
dilution of contaminants in the blubber depending on

whether animals are in positive or negative energy balance
and how this is related to the chemical structure of the
individual contaminants. The simplest explanatory relationship might be an inverse function, whereby during mass loss
halving the lipid content in the blubber would double the
concentration of contaminants, assuming no further removal
of toxicant into the circulation, to other organs for storage
or loss from the body through metabolism and excretion.
Figure 3 shows the total PCB ratios on a lipid weight basis
as a function of the ratio of the proportion of blubber lipid,
at the first sample to the second sample (t1/t0) or the third
sample to the second (t1/t2). The solid line shows the fitted
nonlinear least-squares model (y ) a/x) and the dotted line
shows the expected functional relationship y)1/x. The
estimate for the numerator from this model for the total
PCBs was 1.25 (SE ) 0.10, t ) 12.7, p < 0.0001), indicating
that overall the concentrating effect due to changes in blubber
lipid was higher than might have been expected and the
diluting effect less than expected, using a simple concentrating model. However, this approach does not account for any
change in total blubber mass between the sampling points.
In order to test the hypothesis that there was no overall change
in POP contaminant burden, we incorporated an estimate
of the total blubber mass (Table 1) and determined whether
the blubber contaminant concentration ratios were inversely
proportional to the animals’ total lipid. We then investigated
how this relationship varied among the different contaminant
classes. Thus, if the animals blubber POP burden remained
the same then eq 1
C1/C0 ) 1/(L1/L0) × (M0/M1) and C2/C1
) 1 ⁄ (L2/L1) × (M1/M2) (1)
Where C0, C1, and C2 are the concentration of contaminants
at each of the three time points respectively (ng/g lipid), L0,
L1, and L2 are the lipid content of the blubber (ng/g wet
weight), and M0, M1, and M2 are the blubber masses (g wet
weight). Figure 4 shows the concentration ratio for total PCBs
plotted against the inverse of the total body lipid changes for
the periods of mass loss and gain. If the ratios were equivalent
the slope of the line would equal one. During mass loss the
concentration ratio in the blubber was lower than predicted
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FIGURE 2. Changes in total PCB concentrations on a lipid weight basis, during periods of mass loss and gain.

FIGURE 3. Ratio of total PCB concentration in blubber as a
function of the ratio of lipid in blubber: Period of mass loss;
lipid in 2nd sample/ lipid in the first sample (t0/t1) against total
PCB in the second sample/total PCB in the first sample. Period
of mass gain; lipid in the third sample/lipid in the second
sample (t2/t1) against total PCB in the third sample/total PCB in
the second sample. Solid circles ) mass loss, open triangles
) mass gain, solid line ) nonlinear least-squares fit for
inverse function y ) a/x, dotted line ) y ) 1/x).
(slope ) 0.34, SE ) 0.08, p ) 0.0009, Table 2) which suggests
that although the blubber total PCB concentrations significantly increased, some PCBs were being lost from the total
lipid pool. During the period of mass gain, the change in
concentration conformed more to the predicted model
(Figure 4, slope ) 0.67, SE ) 0.013, p ) 0.0001, Table 2)
although the slope was still less than one.
This hypothesis was then tested for each of the
contaminant classes, including the PCBs by homologue
group, the total DDTs and its main metabolite p,p’DDE,
the total PBDEs and the PBDE homologue groups, the
4184
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FIGURE 4. Ratio of total PCB concentration in blubber lipid (C1/
C0 and C2/C1) against inverse ratio of total lipid (1/(L1/L0) × (M0/
M1) and 1/(L2/L1) × (M1/M2)). Solid circles ) mass loss, open
triangles ) mass gain, solid line ) line of equivalence, dotted
line ) linear least-squares relationship.
total chlordanes and the total HCHs. The slopes ((SE) of
the relationships, the R2 and p values are given in Table
2, both overall and for the periods of mass loss and gain
separately. During mass loss the slope coefficients were
all less than one. They were lowest for the lower chlorinated
compounds (and for the triCBs, tetraCBs, and total HCHs
the linear relationship was not significant) and the total
chlordanes (0.25), highest for the heptabrominated diphenyl ether congeners (0.81) and varied between 0.33
and 0.65 for all the other contaminant groups, being
generally higher for the PBDE congeners than the PCBs
and DDTs. This suggests varying degrees of contaminant
loss through redistribution or excretion related to the
chemical structure and lipophilicity of the compounds.
During mass gain, the slopes were all higher (>0.5) than

TABLE 2. Coefficient Estimates for the Slope of the Relationship between Change in Contaminant Concentration against Inverse
of Change in Total Lipid Content of Animal
mass loss period
contaminant
total PCBs
tri- CBs
tetra- CBs
penta- CBs
hexa- CBs
hepta- CBs
octa- CBs
nona- CBs
deca- CBs
total DDT
4,4′, DDE
total PBDEs
tri- BDEs
tetra- BDEs
penta- BDEs
hexa- BDEs
hepta- BDEs
total Chlordanes
total HCHs

coefficient standard
estimate
error
0.48
0.39
0.17
0.48
0.51
0.50
0.48
0.46
0.45
0.51
0.52
0.70
0.57
0.67
0.66
0.62
0.67
0.45
0.29

0.04
0.12
0.08
0.05
0.05
0.05
0.04
0.05
0.06
0.05
0.05
0.09
0.08
0.08
0.08
0.08
0.10
0.06
0.05

R2

p value

0.79
0.27
0.12
0.76
0.79
0.78
0.78
0.73
0.66
0.81
0.81
0.65
0.65
0.68
0.70
0.68
0.61
0.66
0.57

<0.0001
0.002
0.05
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

coefficient
estimate standard error
0.34
0.16
-0.13
0.33
0.38
0.39
0.39
0.36
0.35
0.39
0.40
0.65
0.51
0.61
0.63
0.59
0.81
0.25
0.14

during the mass loss period (although the tetraCBs,
hexaCBs, and heptaBDEs relationships were not significant) and were closer to the predicted relationship of 1.0
(at between 0.53 and 0.82) suggesting no gain and perhaps
some further loss of POP contaminants. During this phase
there was less variability among the different contaminant
classes.
The concentration of total PCBs in a sample of the herring
fed to the sea lions during the refeeding period was 41 ng/g
wet weight. The total DDTs were 12 ng/g wet weight and the
total PBDEs were 5.2 ng/g wet weight. Although some of this
additional intake will also have been stored in the blubber
by the end of the mass gain period, without detailed
information on the quantity of food eaten and the amount
of POPs excreted for each individual, it is not possible to
determine the overall mass balance. The results of contaminant input-output studies in other pinniped species suggest
that it is likely to be low over a 30-40 day period (18), but
this additional input may account for some of the relationship
seen during the mass gain period.

Discussion
This study is, to our knowledge, the first to examine the
effects of blubber composition changes on contaminant
concentrations in an otariid species. The dramatic decreases in mass during the period of aphagia in adult female
California sea lions affected by domoic acid resulted in a
significant increase in the concentration of POPs in the
remaining blubber. This mass decline was often accompanied by decreases in the proportion of lipid in the
blubber and by a decline in the animals’ estimated total
blubber mass. Conversely, when the animals gained mass
their blubber POP concentrations decreased. Although this
study was carried out on adult females, we have no reason
to suspect that there would be any difference in this
relationship between the sexes.
A simple mass balance calculation was then carried out
for the periods of fasting and refeeding. Although the POP
concentrations increased significantly during mass loss and
decreased again during mass gain, there was evidence that
POP contaminants were being lost from the total lipid pool
and that the dynamic relationship between changes in body
lipid and contaminant burdens did not conform to a simple

0.08
0.24
0.13
0.09
0.09
0.09
0.09
0.09
0.11
0.09
0.09
0.20
0.16
0.18
0.17
0.16
0.19
0.10
0.08

R2
0.55
0.03
0.06
0.50
0.56
0.55
0.57
0.49
0.42
0.60
0.60
0.43
0.41
0.46
0.50
0.48
0.55
0.30
0.19

mass gain period
coefficient standard
p value estimate
error
0.0009
N.S.
N.S.
0.002
0.0008
0.0009
0.0007
0.003
0.007
0.0004
0.0004
0.006
0.007
0.004
0.002
0.003
0.001
0.03
N.S.

0.67
0.82
0.17
0.71
0.66
0.64
0.68
0.72
0.71
0.76
0.74
0.65
0.73
0.71
0.67
0.59
0.53
0.73
0.67

0.13
0.25
0.28
0.14
0.13
0.14
0.16
0.24
0.32
0.16
0.16
0.17
0.20
0.16
0.20
0.31
0.42
0.17
0.19

R2

p value

0.66
0.43
0.03
0.65
0.65
0.60
0.56
0.38
0.26
0.63
0.61
0.51
0.50
0.59
0.45
0.21
0.10
0.57
0.47

0.0001
0.006
N.S.
0.0002
0.0002
0.0005
0.0009
0.01
0.04
0.0003
0.0003
0.002
0.002
0.0005
0.005
N.S.
N.S.
0.0007
0.004

concentrating/diluting model. The loss could either be
through metabolism and restorage as metabolites (18) or
through metabolism and excretion (19). However, it should
be noted that the total blubber masses were estimated using
a model derived from data published for Steller sea lions (17)
and it is not known how applicable this model is to the
California sea lions in this study. Indeed, three animals were
excluded because their total blubber estimates were unrealistically low. Nonetheless, the results from this analysis
indicated that the lower chlorinated PCB compounds,
chlordanes and HCHs appeared to be more readily lost during
the mass loss period than the hexa- to octachlorinated
biphenyls, the DDTs, and particularly the PBDEs. The
preferential mobilization of the lesser chlorinated PCBs has
also been reported in gray seals (Halichoerus grypus) during
lactation fasting (20) and in gray and Northern elephant seals
(Mirounga angustirostris) during the postweaning fast (13).
However, we did not observe any difference in the loss of
PBDE congeners in relation to their degree of bromination,
despite the fact that lower brominated compounds accumulate more readily in marine mammals than higher
brominated compounds (12). This finding warrants further
exploration. During the mass gain period the blubber POP
concentrations were diluted and although there appeared
again to be some loss from the system, the amount in the
lipid pool was closer to that expected by the simple lipid
dilution model. The blubber POP concentrations, estimated
POP burdens in the lipid pool and the contaminant profiles
seen at a given time point were a function of the lipid
dynamics and energy balance of the animal.
We were not, however, able to carry out a more complete
mass balance and investigate simultaneous changes in
blood or liver POP concentrations, tissues which are also
involved in contaminant dynamics during perturbations
in energy balance (21). Changes in blood lipids are
particularly important as this may affect the steady state
equilibrium between the blubber and blood (22). During
long periods of natural fasting in phocid seals, blood lipid
levels remain fairly constant (13) but during starvation
triglyceride levels may decline (as was seen in the study
animals, see Supporting Information, Figure S3) lowering
the release of POPs from the blubber. Debier et al. (20)
found that PCBs appear to be preferentially retained in
VOL. 42, NO. 11, 2008 / ENVIRONMENTAL SCIENCE & TECHNOLOGY
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the blubber of phocid seals until a certain point when
higher amounts are released into the circulation at the
end of the fasting period. The authors suggest this may be
due to the differential mobilization of the various fatty
acids classes as the fast progresses. These may then have
different PCB congener affinities so that higher chlorinated
congeners are retained until the end of the fasting period.
Although we did not measure different fatty acid profiles,
all the blubber samples were dominated by triglycerides
(neutral lipids), which alone appear to dictate the kinetics
of the highly lipophilic compounds (22).
During extreme fasting and starvation in mammals
protein catabolism also occurs (23) so some mass loss could
have been due to changes in protein as well as lipid stores,
especially in animals with low lipid stores on admission.
Even fast-adapted phocid seal species have been shown
to utilize approximately 10% of their protein stores for
energy during the postweaning fast, although the proportion was mass dependent (24). Noren et al. (25) found that
a model predicting allocation of lipid and protein during
fasting in Northern elephant seals indicated protein
metabolism accounted for between 12 and 32% of the
energy utilization. Otariids rely less on stored blubber for
energy than phocid seals do as they do not fast for such
prolonged periods. Indeed 42% of the study animals
showed no substantial change in the amount of lipid in
their blubber during either the period of mass loss or gain,
perhaps indicating the importance of protein for energy
during times of fasting and starvation.
In conclusion, these results clearly demonstrate the
importance of knowing the relative condition of animals when
comparing blubber contaminant concentrations, either
among individuals or populations. The energetic context and
life history stage must be considered when sampling blubber
for contaminants in comparative monitoring studies. If
studies are designed to compare levels among populations
(26) health status and regions (27, 28) then care must be
taken to either ensure animals are in similar body condition
or that differences can be accounted for. This study is the
first stage toward a more complete mass balance or pharmacokinetic model for sea lions that could be used to adjust
for condition differences and allow more robust temporal
and spatial comparisons to be made.
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