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Rehabilitating pinniped pups are often admitted to care centers as neonates and generally lack maternal investment
and are in poor body condition. Upon admittance to a rehabilitation facility, pups are typically fed a milk replacement
formula via gavage, which is switched to frozen fish upon weaning. While rehabilitation has been successful in terms of
recovery and release, preweaning growth rates in captivity are consistently lower than in the wild. Indicators of stress
(cortisol and total thyroxine; TT4), and standard morphometrics, of harbor seal pups in rehabilitation (n = 20) were
determined for both preweaned and weaned pups. Hormone concentrations and standard morphometrics from pups in
care were compared with free-ranging harbor seal pups (n = 59). Pups in rehabilitation gained mass on both milk and
fish diets. Preweaned pups had greater mean serum cortisol and similar TT4 concentrations than weaned pups. Free-
ranging harbor seal pups were heavier and longer than preweaned and weaned pups in rehabilitation. The free-ranging
pups had the lowest cortisol and highest TT4 concentrations of any of the pups. These results suggest that weaned
pups that have undergone rehabilitation are not physiologically equivalent to free-ranging weaned pups. Additional
research is needed regarding physiological changes in endocrine values during early development under captive care
conditions. This information should be useful to marine mammal rehabilitation centers in their development of care
protocols and release criteria for rehabilitating harbor seal pups. Zoo Biol. 00:1–8, 2012. C© 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Harbor seals (Phoca vitulina) are annual breeders
that give birth to pups that are typically weaned from 4
to 6 weeks postpartum, at which time they switch from a
high-fat (40–50%) milk diet to a solid diet consisting of
mostly fish (Atkinson, 1997; Muelbert and Bowen, 1993).
Pups average 7–12 kg at birth and accumulate mass at
a rate of 0.6–0.7 kg/d throughout nursing, which cor-
responds to 5–9% daily increases in body mass (Bowen
et al., 1992; Lang et al., 2005; Schulz and Bowen, 2004).
This rapid increase in body mass results in deposition of
subcutaneous blubber, the thickness of which has been
positively correlated with survival rate (Muelbert et al.,
2003). Following an abrupt weaning, phocid pups enter
a fasting period, lose body mass, and remain in an ener-
getic deficit for some weeks after they begin to feed on
fish (Bowen, 1991).

Characteristic of mammalian physiology, stress
pathways in pinnipeds activate the hypothalamo–
pituitary–adrenal axis (HPA) resulting in a significant
release of the steroid hormone cortisol from the cortex
of the adrenal glands (Mashburn and Atkinson, 2004).
Therefore, cortisol concentrations recovered from serum,
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plasma, feces, and saliva have been reliable indicators of
stress in a wide range of species (Möstl and Palme, 2002).
The weaning process is generally regarded as a signifi-
cant source of physiological stress in both domestic and
free-ranging terrestrial species (McCracken et al., 1995;
Moeser et al., 2007; Turner et al., 2003) as well as for
marine mammals (Engelhard et al., 2002; St. Aubin and
Dierauf, 2001). The process of weaning from milk to solid
food in piglets has been shown to cause changes in wean-
ing mass as well as immediate increases in cortisol (Moeser
et al., 2007; Petersen et al., 1989). Further insight into
the effects of cortisol illustrates its role as a potent glu-
cocorticoid (Riad et al., 2002) with immunosuppressive
effects (O’Connor et al., 2000) that can provide energy by
increasing lypolysis and through gluconeogenesis during
periods of inadequate food intake or fasting (Bergendahl
et al., 1996). Ortiz et al. (2001) reported that northern
elephant seal (Mirounga angustirostris) pups had charac-
teristic stress responses during periods of fasting such that
cortisol levels increased, possibly as a means to increase
lypolysis, with a corresponding decrease in thyroxine. This
change in thyroxine is known to influence aspects of re-
production, thermoregulation, growth, metabolism, and
development of the immune system (Hall et al., 1998;
Kelly, 2000; St. Aubin and Geraci, 1987; Woldstad and
Jenessen, 1999). Hence, it was surmised that this decrease
in thyroxine during fasting might be a defense against
effects of starvation. However, in free-ranging phocid
seals, circulating levels of total thyroxine (TT4) reached
a peak immediately after birth and continue to decline
throughout development (Hall et al., 1998; Haulena et al.,
1998; Leatherland and Ronald, 1979). Similarly, Engel-
hard et al. (2002) reported that adrenocortical responses
in free-ranging elephant seal pups were correlated with
development throughout lactation.

Harbor seal neonates are routinely brought into
rehabilitation centers during their normal lactation pe-
riod where the objective is to stabilize, add mass, and
ultimately release. During rehabilitation, a common hus-
bandry practice for neonatal phocids is to administer a
high-fat milk formula via gavage, which is switched to fish
in the transition to weaning. This milk formula is often
supplemented with fish oil and vitamins to ensure suffi-
cient nutrition. While rehabilitation has been successful in
terms of recovery and release, the growth rates in captivity
are constantly lower than in the wild. Given the known
physiological challenge to weaning in healthy mammals,
the potential to trigger a stress response in seal pups en-
tering and undergoing rehabilitation is substantial. The
aim of this study was to compare standard morpho-
metrics and hormone concentrations among preweaned
and weaned rehabilitating pups, and free-ranging harbor
seal pups. The hypothesis being tested is that the growth
rates of rehabilitating pups are similar to free-ranging
pups. Understanding changes in metabolic hormones dur-
ing rehabilitation will assist in rehabilitation practices

and goals by providing insight into critical periods in
growth, and elucidate underlying mechanisms for differ-
ences between rehabilitated seals and their free-ranging
cohort.

MATERIALS AND METHODS

Animals and Diet

Harbor seal pups used in this study were undergo-
ing rehabilitation at the Alaska SeaLife Center (ASLC,
Seward, AK; n = 17) and the Marine Mammal Center
(TMMC, Sausalito, CA; n = 11) during 1998–2002. How-
ever, only those pups held in rehabilitation a minimum of
4 weeks encompassing pre- and postweaning were used
in statistical analyses (n = 20, TMMC = 3, ASLC =
17). Twenty-seven pups (ASLC = 17, TMMC = 10) were
used in morphometric analysis. One pup from TMMC
was eliminated from morphometric analysis due to health
concerns. Upon entry to each rehabilitation center, the age
of each pup was estimated during an initial physical exam-
ination (range 3 days to 4 weeks old). These age indicators
included status of dentition, presence and state of the um-
bilicus, and the date the animals were collected. While
technically all pups were separated from their mother and
are hence, “weaned,” we use the term “weaned” as the
time point, determined by the rehabilitation staff, for the
change from being fed milk to being fed fish diets. After
the initial examination, pups were fed, via gavage, a Multi-
Milk replacement formula (Pet-Ag, Inc., Hampshire, IL)
with fish oil, lecithin granules, and a pinniped multivita-
min (Mazuri, Purina Mills, Inc., St. Louis, MO). At an age
of approximately 8 weeks (∼15 kg), pups were switched
to a fish diet of herring (Clupea spp., 48.9 ± 1.8% lipid,
dry mass (DM)) or a 50:50 fish/milk diet. Pup food intake
was maintained at 10% of their body mass per day dur-
ing rehabilitation. Morphometrics (standard length (cm)
and body mass (kg)) were taken at admittance and during
each blood sample collection (at approximately 1–2 week
intervals). Blood was typically drawn from the caudal ver-
tebral sinus within 5–10 min of physical restraint. Ambient
air temperature, light/dark cycle, and feeding/sampling
schedule remained consistent throughout the duration of
the study.

Free-ranging harbor seal pups on Tugidak Island,
Alaska (n = 59) were captured between 25 June and 2
July during the 1999–2000 pupping season (estimated me-
dian pup age 2 weeks; Trumble and Castellini, 2002). Seal
pups that appeared healthy by gross visual observation
(no signs of external injuries, lesions, or malnutrition;
axial blubber thickness < 10 mm) were transported to
ship or shore and manually restrained until all samples
were collected. Precise age could not be determined for
individual pups; however, the pupping season is relatively
discreet and care was taken to avoid pups with an umbili-
cus and sample only pups with milk teeth. All sampled
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free-ranging pups were assumed to be preweaned. Mor-
phometrics were taken once during capture along with
blood sampling. All blood was drawn from the extradural
vein, after a 30 and 60 min rest from the first disturbance
of the rookery, and with 5–10 min of physical restraint
(Trumble and Castellini, 2002).

Diet

Individual batches of whole herring were sub-
sampled (n = 10 for each batch) periodically (every
1–3 months during frozen storage) for analysis. These
samples were homogenized in a food grinder and a blender
before removing duplicate samples of approximately
10 g. Homogenates of whole fish were frozen at –80◦C and
then freeze-dried to constant mass under vacuum (VirTis
Freeze Dryer Model 5463, Gardiner, NY). Freeze-dried
samples of herring as well as milk replacement formula
were used to estimate dry matter crude fat and protein
contents. Crude fat (percentage of DM) was determined
by modified Soxhlet procedure (Model 2043 Soxtec, Teca-
tor, Foss North America, Silver Spring, MD). Nitrogen
(N) was determined with an elemental Analyzer (Model #
CNS 2000, LECO, St. Joseph MI) and expressed as crude
protein content by assuming that 100 g crude protein con-
tained 16 g N. Water was calculated from mass lost during
drying (80◦C for 12 hr).

Endocrine Analyses

Hormone concentrations were measured in sera us-
ing solid phase radioimmunoassay kits specific for cor-
tisol or thyroxine (TT4; Diagnostic Products Corpora-
tion, DPC, Los Angeles, CA). Mean nonspecific binding
for TT4 and cortisol were 1.10 and 1.01%, respectively.
Pooled samples from young captive harbor seals were run
in each assay to determine and track interassay variation.
Intraassay variation was less than 5% and interassay vari-
ation for all assays was less than 10%. Sensitivity of the
assays for TT4 and cortisol were 0.33 and 4.5 ng/tube, re-
spectively (DPC standards). The standard curves of each
assay were log-logit transformed, enabling extrapolation
of sample concentrations (Robard, 1974). Parallelism was
determined using a 25, 50, 100, and 200% of pooled sera
added to the standard curves for both cortisol and TT4
to ensure that these curves were parallel to the standard
curves without serum (Oki and Atkinson, 2004).

Statistics

In order to maintain statistical independence of
samples, hormones were assayed from randomly cho-
sen blood samples from preweaned pups after admit-
tance to the rehabilitation facility. Blood samples from
weaned pups were also randomly selected from samples
collected 2 or 3 weeks post dietary switch. A factorial
ANOVA (SPSS R© v.17) was used to examine differences

in mean morphometrics and hormone concentrations be-
tween preweaned and weaned rehabilitating pups, and be-
tween weaned rehabilitating and free-ranging pups. Sim-
ple linear regression was used to examine the relationship
between mass (kg) and serum cortisol (ng/ml) and TT4
(ng/ml) in preweaned and weaned pups. Paired t-tests
were used to examine differences in hormone levels be-
tween treatments. Due to a large variation in sampling ef-
forts, the majority of TMMC pups (n = 8) were excluded
from preweaned and weaned hormone comparison; how-
ever, TMMC pups were used in all morphometric and
raw metabolic hormone comparisons where weaning pe-
riods were not a factor in determining results (N = 27).
Analysis of covariance (Mixed-model ANCOVA, SPSS R©)
was used to compare regression slopes of hormone con-
centrations versus body mass. Monthly means for each
animal were calculated for TT4 and serum cortisol and
compared using one-way ANOVA with Tukey post-hoc
corrections. Animals with only one sample collected in
any given month were excluded from this analysis. Sta-
tistical significance was set at α = 0.05. All percent data
were arc-sine transformed to enhance normality. Results
are reported as means ±1 SE.

RESULTS

Diet Composition

Proximate composition of herring in the diet of
weaned pups yielded an average lipid content of 48.9 ±
1.8% lipid DM and crude protein content of 46.6 ± 2.9%
DM. Water content in herring averaged 65.8 ± 4.3%. The
milk replacement formula used during this study had a
mean protein content estimated at 20% (±3%, DM) and
a mean lipid content of 35% (±5%, DM).

Body Mass and Standard Length

The diet of rehabilitating harbor seal pups was
switched at weaning from milk replacement formula to
solid fish when age was estimated at 8 weeks, which cor-
responded to a body mass of approximately 15 ± 0.5 kg;
an average of 16 ± 13 days (range 3–30 days) after en-
tering rehabilitation. There were significant increases in
both mean mass (98% increase) and mean length (17%
increase) between preweaned (milk fed) and weaned (fish
fed) harbor seals (Table 1). Mass gained on milk formula
averaged 0.21 ± 0.04 kg/day, which was similar to mass
gained on fish (0.22 ± 0.07 kg/day, P > 0.05). Regard-
less of morphometric increases, preweaning mass was not
a predictor of weaned mass in rehabilitating pups (r2 =
0.013). The preweaned pups were significantly lighter in
mass and shorter in length (P < 0.05) than the weaned
rehabilitated and free-ranging pups captured on Tugidak
Island (Table 1).
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TABLE 1. Mean (±SE) morphometrics and hormone concentrations of preweaning and weaning rehabilitated and free-ranging harbor
seals captured in Alaska.

n Mass (kg) Length (cm) Cortisol (ng/ml) TT4 (ng/ml)

Preweaning 27 9.6 ± 1.6 73.5 ± 2.1 165 ± 21a 3.0 ± 0.12a

Weaning 27 22.0 ± 11.4b 85.8 ± 1.3b 135 ± 22b 2.8 ± 0.2a

Free ranging 59 26.9 ± 0.7b 94.5 ± 0.8c 125 ± 39b 3.8 ± 0.1b

Different alphabetical superscripts indicate statistical significance (P < 0.05).

Fig. 1. Monthly mean serum cortisol (top panel) and TT4
(bottom panel) concentrations for harbor seal pups undergoing
rehabilitation (ANOVA, P > 0.05).

Endocrine Biomarkers

Cortisol

Rehabilitated pups sampled in May had the highest
concentrations of serum cortisol. Cortisol levels declined
steadily through August and were slightly higher again in
September (Fig. 1A); however this trend was not statisti-
cally significant (ANOVA, P > 0.05). There were also no
significant differences between the sexes (males, 148 ± 76
ng/ml; females, 180 ± 130 ng/ml; ANOVA, P > 0.05) in
mean serum cortisol concentrations in rehabilitated pups.

Fig. 2. Serum cortisol concentrations (ng/ml) as a function
of body mass (kg) of rehabilitating harbor seal pups (n = 20).
White circles represent preweaning pups fed a milk replacement
formula diet (r2 = 0.031); dark circles represent weaned pups fed
a fish diet (r2 = 0.001). The change in slope between preweaned
and weaned pups was significant (ANCOVA, P < 0.05).

Serum cortisol concentrations in the preweaned rehabil-
itated harbor seal pups ranged from 30 to 260 ng/ml
(mean = 165 ± 21 ng/ml, Table 1) with mean concentra-
tions decreasing after the switch from milk replacement
formula to solid fish, (Table 1; paired t-test, P = 0.05).
Although body mass was not a significant predictor of
serum cortisol in preweaned (r2 = 0.03) or weaned (r2 =
0) rehabilitated pups, there was a clear demarcation point
at weaning (Fig. 2; ANCOVA, P < 0.05). Although not
statistically significant, there was also a downward trend
in the change in cortisol concentration with change in
body mass from preweaned to weaned harbor seals in re-
habilitation (Fig. 3; r2 = 0.12). Weaning mass was not a
significant predictor of weaned pup cortisol concentra-
tions in rehabilitated pups (r2 = 0.002). Cortisol concen-
trations were similar between weaned rehabilitated pups
and that of the free-ranging pups (ANOVA, P > 0.05,
Table 1).

Total Thyroxine (TT4)

Monthly serum TT4 concentrations were high-
est in June, and were less variable than serum cortisol
(Fig. 1B). Differences in TT4 were not statistically sig-
nificant (ANOVA, P > 0.05). There were no signifi-
cant differences between sexes (ANOVA, P > 0.05) in
mean serum TT4 concentrations in rehabilitated pups.
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Fig. 3. Change in cortisol concentrations as a function of
change in mass of rehabilitating harbor seal pups (r2 = 0.12,
P > 0.05). Bands represent 95% confidence intervals.

Fig. 4. TT4 concentrations (ng/ml) as a function of body
mass of rehabilitating harbor seal pups (n = 20). Hollow cir-
cles represent preweaned pups fed a milk replacement formula
diet (r2 = 0.215); dark circles represent pups fed a fish diet
(r2 = 0.001). The change in slope between preweaned and
weaned pups was significant (ANCOVA, P < 0.05).

Serum TT4 concentrations in the rehabilitated harbor
seal pups during preweaning ranged from 1 to 6.7 ng/ml
(mean = 3.0 ± 0.2 ng/ml), and mean concentrations re-
mained similar after the switch to solid fish (mean = 2.8 ±
0.20 ng/ml; Table 1; paired t-test, P > 0.05). However,
there was a similar demarcation point at weaning as shown
in serum cortisol. In this case, the negative relationship be-
tween body mass and TT4 disappears at weaning (Fig. 4;
ANCOVA, P < 0.05). There was no relationship between

change in mass and change in serum TT4. There was also
no relationship between body mass and serum TT4 con-
centrations in free-ranging harbor seal pups (ANOVA,
P > 0.05). Mean TT4 concentrations in weaned free-
ranging pups (3.8 ± 0.1 ng/ml) were significantly higher
compared to both preweaned and weaned rehabilitated
pups (ANOVA, P < 0.05).

DISCUSSION

In the present study, monthly serum cortisol and
thyroxine concentrations for sampled neonate harbor
seals undergoing rehabilitation did not change signifi-
cantly over time; however, there were detectable changes
at weaning. Our results show for the first time that the
trajectory of endocrine values assessed relative to body
mass differs with respect to weaning status, and we sug-
gest that these trajectories reflect the dietary compati-
bility and associated handling during preweaning, when
pups were fed a milk replacement formula via gavage,
compared to weaned pups fed fish. Comparisons between
similar aged rehabilitated and free-ranging pups revealed
relatively longer and heavier animals in the wild.

Cortisol is the primary circulating corticosteroid in
pinnipeds, while corticosterone appears to be the pri-
mary corticosteroid metabolite found in the feces (Mash-
burn and Atkinson, 2004, 2008; Oki and Atkinson, 2004;
Petrauskas et al., 2008). While care was taken to reduce
stressful handling interactions, the pups entering the re-
habilitating setting had multiple stressors prior to admis-
sion that could not be accounted for. Increases in corti-
sol concentrations in preweaned pups may be indicative
of stress associated with housing conditions, handling,
or other manipulatory procedures, development, or diet.
The decreasing trend in mean cortisol over time may also
be indicative of acclimation to regular handing; however,
controlled studies are needed to elucidate specific effects.
These factors could explain the decrease in cortisol con-
centrations between preweaning and weaning, as well as
the lack of a difference between the weaning and free-
ranging groups.

Preweaning Phase

While sampling design precluded obtaining baseline
cortisol concentrations from newly admitted pups, it was
apparent that mean serum cortisol trends increased with
body mass during the preweaning period in which pups
were fed milk replacement formula while being handled
in an unfamiliar environment (Fig. 2) while TT4 concen-
trations simultaneously decreased (Fig. 4). Thyroxine has
been reported to decrease steadily through day 14 post-
partum in free-ranging harbor seals (Haulena et al., 1998).
While we observed similar trends over a similar period (17
± 8 days) and taking into account sampling design dif-
ferences, mean concentrations of TT4 were much lower in
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pups in rehabilitation than in free-ranging animals (this
study and Haulena et al., 1998). While a decrease in TT4 in
terrestrial and marine mammals is often associated with
extended periods of food restriction and its role in mo-
bilizing energy stores (Bergendahl et al., 1996; McMillin
et al., 1980; Ortiz et al., 2001; Samuels and McDaniel,
1997), phocids appear to start life with elevated levels of
circulating thyroid hormones, which are thought to as-
sist in metabolism, erythropoiesis, and immune function
(Bondy and Cohn, 2002; Engelhardt and Ferguson, 1980).
The reason for the differences between captive and free-
ranging pup thyroxine concentrations is unclear; however,
we speculate that increased thyroid hormone levels in the
free-ranging pups were a result of increased metabolic ex-
penditure in the natural environment compared to pups
that reside in the protected environment of rehabilitation.
Interestingly, based on metabolic rate as it relates to body
mass (Kleiber, 1965), we estimated an increase of 22% in
absolute metabolic rate along with a concurrent 27% in-
crease in mean TT4 concentrations in free-ranging pups
when compared to weaned rehabilitate pups. The addi-
tional metabolic load may be explained by the increase
in TT4 concentrations in healthy, actively growing free-
ranging pups (Gardiner and Hall, 1997).

Preweaned harbor seal pups had the highest mean
serum cortisol concentrations and exhibited increases in
mean cortisol concentrations as body mass increased.
This increase in the stress response, especially for animals
housed in a rehabilitation facility and fed via gavage, may
be attributed to unfamiliar human–animal interactions
that can create unease that is associated with a sympa-
thetic adrenomedullary and/or the hypothalmic response
by the animal (Gulland et al., 1999; Mason, 2000). In
addition, there may be a causal link in the rise of cor-
tisol concentrations to the preweaning diet, specifically
the milk replacement formula. The milk replacement for-
mula supplied to harbor seals during the present study
has been routinely used during rehabilitation of marine
mammals (Hedberg et al., 2006; MacRae et al., 2010). A
common technique to bolster the fat concentration as well
as the fatty acid composition of the milk formula is to sup-
plement the milk with fish oil (salmon oil Oncorhynchus
spp), which was the case for the animals used in this study.
Adding ingredients such as fish oil is thought to be more
suitable because the fatty acid profile of fish oil more
closely reflects natural diets and the resulting lipid stores
in milk and adipose tissue of pinnipeds (Hedberg et al.,
2006). The milk replacement formula had total fat of ap-
proximately 35% (DM) which is similar to the total fat of
harbor seal milk (40–50% milk fat, Lang et al., 2005). The
mass gained for sampled harbor seal pups while on the
milk during preweaning averaged 0.21 ± 0.04 kg/d. While
lower than published growth values in some free-ranging
studies (0.7 ± 0.2 kg/d; Haulena et al., 1998), MacRae
et al. (2010) reported that harbor seal pups fed a simi-
lar milk formula in rehabilitation had modest increases in

mass while fed a milk replacement formula 15 days prior
to weaning with no ill effects.

Newborn pups typically have insufficient body
stores and need time to stabilize and accumulate a suf-
ficient blubber layer. While assessments of body fat or
blubber thickness were not performed during this study,
Oki and Atkinson (2004) reported that cortisol concen-
trations might be elevated in animals with lower blub-
ber stores since increased thermogenesis is correlated to
increased production of cortisol, as well as the thyroid
hormones. While it is plausible that the increase in mean
cortisol concentrations in the preweaned pups is related
to thermoregulatory demands (Blix et al., 1979; Oki and
Atkinson, 2004), pups during this study were housed in
consistent thermoneutral environments so this is unlikely.

Weaned Phase

At an estimated age of 8 weeks and a correspond-
ing mass of approximately 15 kg, rehabilitated pups were
switched from the preweaning to the weaned period in
which the milk replacement formula was replaced with
herring. During this switch and continuing over the next
several weeks (mean increase of 12 ± 1 kg), mean serum
cortisol levels were decreased and stable when compared
to preweaning averages. Mean TT4 levels did not differ
significantly from preweaning levels, but also stabilized
(i.e., negative preweaning trend disappeared). Although
we could not separate the specific effects of diet and
handling intensity or mass with respect to the endocrine
changes, because diets were changed at a consistent mass
and developmental age, we can speculate that diet played
a role in trends (Figs. 2, 4).

While the term “weaned” is used where fish was
introduced at a mass of approximately 15 kg, this was
approximately 10 kg lighter than mass of weaned wild
harbor seals (Muelbert and Bowen, 1993). It has been
reported that phocids undergoing rehabilitation typically
do not gain the mass observed in weaned free-ranging an-
imals (MacRae et al., 2010; Muelbert et al., 2003). How-
ever, physiological development in harbor seals appears to
be a function of mass and we can, therefore, assume that
the pups undergoing rehabilitation were not as mature
at birth or at weaning than the heavier free-ranging pups
(Burns et al., 2005). While no studies to date have assessed
developmental changes in the gut of phocids through-
out weaning, swine-based studies indicate when diet is
changed before piglets are developmentally equipped, the
result is gut muscosal atrophy, diarrhea, rapid mass loss,
changes or introductions of gut bacteria, and an over-
all decreased digestive capability (Bruininx et al., 2001;
Kelly et al., 1991; Pluske et al., 1997). If indeed these
pups were transitioned onto a fish diet early (from a gas-
trointestinal or ontogenetic perspective), then we reason
that mass gains (0.2 kg/day) observed during the wean-
ing phase of a normal free-ranging harbor seal pup would
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be unlikely. Moreover, while these pups were transitioned
to fish at a body mass far lower than free-ranging pups,
they remained in rehabilitation until they were released at
masses comparable to free-ranging weaned masses. Using
a simplified condition index of mass (kg) divided by stan-
dard length (cm), and assuming that at any given length
a heavier animal is in better condition (due to presumed
higher percent blubber), we found no significant difference
between weaned rehabilitated (at time of release, 0.25 ±
0.09 kg/cm) and free-ranging (0.28 ± 0.04 kg/cm) pups
(t-test; P > 0.05). Further, there was no difference between
mean cortisol concentrations or trends against body mass
for weaned rehabilitated pups when compared to free-
ranging pups.

While routine endocrine monitoring is not standard
practice in marine mammal rehabilitation settings, there
is no doubt it serves as an excellent biomarker of physi-
ological status of an animal in rehabilitation (Petrauskas
et al., 2008; Bennett et al., 2012). Seals in the captive
setting are typically vulnerable given their early stage of
development, thus their inability to gain body mass or
length is of concern. Harding et al. (2005) reported a sig-
nificant relationship between body mass at 4 months of
age and first year winter survival, with survival rates sig-
nificantly reduced for smaller seals that did not gain up to
a 26 kg threshold. Therefore any biomarkers that can help
identify factors influencing weight gain in individuals that
are failing to gain body mass may be of use in predicting
the postrelease survival of an animal.

CONCLUSIONS

1. Free-ranging harbor seal pups were heavier and longer
than equivalent aged preweaned and weaned pups in
rehabilitation.

2. Preweaned pups had greater mean serum cortisol and
similar TT4 concentrations than weaned pups. Ele-
vated cortisol concentrations in preweaned pups may
be indicative of stress associated with housing condi-
tions, handling, and other manipulatory procedures,
diet, or previous exposure prior to rehabilitation.

3. The free-ranging pups had the lowest cortisol and high-
est TT4 concentrations of any of the pups. These re-
sults suggest that even weaned pups that have under-
gone rehabilitation are not physiologically equivalent
to free-ranging pups.

4. Changes in endocrine hormone responses that occur
during the diet switch from milk replacement formula
fed via gavage to fish may suggest a reestablishment of
homeostasis or could be an example of an organism’s
capacity to recover from chronic nutritional stress.
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