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Abstract

Cortisol, a regulator of both energy intake and stor-
age, changes with an animal’s physiological state
and is often used as an index of body fitness and
stress response. To obtain a baseline concentration
of cortisol in spotted seals, we analyzed serum cor-
tisol concentrations using electro-chemilumines-
cence immunoassay in captive spotted seals (Phoca
largha) (individual seals could be sampled multiple
times with 64 cortisol samples from females and
81 from males) of different ages and in differ-
ent reproductive seasons from the Liaodong Bay
colony. Serum cortisol concentration first dropped
steadily from 359 (334 to 463) nmol/L at 1 year of
age to 254 + 81 nmol/L at 6 years of age, and then
increased steadily to 387 + 55 nmol/L at age 12.
This cortisol concentration pattern appears to expe-
rience a nadir concomitant with sexual maturity. We
found significant serum cortisol concentration dif-
ferences in the varying reproductive seasons, with
cortisol concentration in the pre-breeding season
(November to January; 341 + 88 nmol/L) and the
breeding-molt season (February to March; 355 +
108 nmol/L) higher than in the other season (April
to October; 212 [155 to 267] nmol/L; because the
data for the other season is skewed, the interquar-
tile range was presented). We did not detect serum
cortisol concentration differences between male
and female seals or between immature and mature
seals. The present study provides a normal serum
cortisol concentration profile related to age, sex,
and reproductive season for captive spotted seals
from the Liaodong Bay colony, which can provide
helpful reference material for wild counterparts of
this polar species.

Key Words: spotted seal, Phoca largha, cortisol,
Liaodong Bay, glucocorticoid

Introduction

Cortisol is the major glucocorticoid in mammals
(Liberzon et al., 1997) and is demonstrated as
one of the regulators of both intake and storage
of energy (Djurhuus et al., 2002). High glucocor-
ticoid concentration can increase gluconeogenesis
and protein catabolism (Sapolsky et al., 2000).
Cortisol is released when an animal encounters a
stressor (Sapolsky et al., 1986). Stressor stimuli
usually come in two forms: (1) internal stimuli are
the anticipated physiological stressors during typ-
ical life history events such as breeding, gestation,
and lactation (Engelhard et al., 2002; Champagne
etal.,2006; Burgess et al., 2013; Kershaw & Hall,
2016); and (2) external stimuli are environmen-
tal stressors such as human impacts and climate
changes (Morton et al., 1995; Bechshgft et al.,
2013). Baseline concentrations of cortisol are
increasingly used as physiological indices of rela-
tive condition or health of individual animals and
populations (Wikelski & Cooke, 2006; Cooke &
O’Connor, 2010; Madliger & Love, 2014).

Some studies have shown that glucocorticoid or
cortisol concentrations may indicate condition or
fitness of an individual and maybe even a popula-
tion (Bonier et al., 2009; Burgess et al., 2013). For
example, Macbeth et al. (2013) showed that polar
bear (Ursus maritimus) cortisol concentrations
were negatively associated with their growth indi-
ces. Another case study on an endangered Grévy’s
zebra (Equus grevyi) reported that cortisol con-
centrations could reflect an animal’s stress during
translocation and acclimation (Franceschini et al.,
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2008). Glucocorticoid or cortisol also increased
and was used to monitor the physiological state
of marine mammals. For example, through analy-
sis of glucocorticoid in feces, scientists monitored
adrenal activity and reproductive condition of
North Atlantic right whales (Eubalaena glacialis;
Hunt et al., 2006), and they found that ship noise
was associated with chronic stress in these whales
(Rolland et al., 2012). Through analysis of cortisol
concentrations in both plasma and blubber, scien-
tists suggested that blubber cortisol concentrations
had the potential to be used as physiological state
indicators in phocid seals (Kershaw & Hall, 2016).

In pinnipeds, background cortisol concentra-
tion changes with an animal’s physiological state
such as breeding, molting, and onset of reproduc-
tive maturity (du Dot et al., 2009; Myers et al.,
2010; Kershaw & Hall, 2016). For example, cor-
tisol concentrations increase in lactating fur seals
(Arctocephalus tropicalis) and fasting northern
elephant seals (Mirounga angustirostris) (Guinet
etal.,2004; Champagne et al., 2006); cortisol con-
centrations are correlated with the molt in harbor
seals (Phoca vitulina), spotted seals (P. largha),
and fur seals (Ashwell-Erickson et al., 1986;
Atkinson et al., 2011; Kershaw & Hall, 2016); and
high concentrations of cortisol were noted in the
breeding season in Weddell seals (Leptonychotes
weddelli; Bartsh et al., 1992), and at onset of
sexual maturity in Steller sea lions (Eumetopias
Jjubatus; Myers et al., 2010).

The spotted seal is the only pinniped species
that reproduces in the wild in China (Rugh et al.,
1997), and they currently face many challenges
that result in a trending population decline due to
human influences such as overfishing and environ-
mental pollution (Dong, 1991; Han et al., 2010).
Conservation of spotted seals in Chinese waters has
been on the agenda of local scientific and conserva-
tion communities since the 1980s. Studies relevant
to the conservation of spotted seals in the Liaodong
Bay colony have been conducted on several topics
such as population dynamics, population genetics,
migration, reproductive physiology, and acoustics
(Wang et al., 2008; Han, 2009; Han et al., 2010,
2013; Gao et al., 2013; Zhang et al., 2014a, 2014b,
2016; Yang et al., 2017; Ma et al., 2018; Yan et al.,
2018), but the physiological status of wild seals in
the Liaodong Bay colony has not yet been reported.
In addition, it is not currently possible to moni-
tor the fitness and condition of the wild seals in
Liaodong Bay due to the rigorous environment and
lack of logistics/resources.

In order to investigate background cortisol
concentrations of spotted seals in the Liaodong
Bay colony, in the present study, we collected
blood samples from a captive seal population in
the Dalian Sun Asia Aquarium (DSAA) that was

rescued from the Liaodong Bay colony; through
this collection, we were able to examine cortisol
concentrations throughout the entire reproductive
cycle. Through analysis of serum cortisol concen-
trations in spotted seals in DSAA, we investigated
differences in serum cortisol between reproductive
stages and changes with animal age. Our results
should allow for examination of potential patterns
in baseline cortisol concentration throughout the
year in spotted seals, and should also provide back-
ground information to help scientists better monitor
the physiological status and fitness of both captive
and wild spotted seals.

Methods

Animals and Blood Sampling

The animals in this study were long-term captive
individuals from DSAA. Spotted seals were either
rescued at less than 1 y old from the Liaodong
Bay colony in China between 2000 and 2006
or they were born in human care at the DSAA
between 2005 and 2011. The total potential
sample population included 62 seals of which 54
seals were part of this study, and individuals could
be sampled more than once a year. We obtained
seal age from the studbook or historical resight-
ing data, and spotted seal age ranged between 1
and 12 y. During a 1-y period (July 2012 to June
2013), we sampled an average of 12 (range 1 to
28) randomly selected individuals each month.
Pregnant females were not involved in this study
and, thus, were not sampled. We obtained a total
of 145 samples (female: n = 64; male: n = 81).
Approximately 3 mL of blood was collected for
each sample. It should be noted that these num-
bers represent the sample number rather than the
animal number. Between 0700 and 0900 h, blood
samples were collected from hind flippers using
plain syringes while the animals were restrained
on a V-shaped bench. It took approximately 5 to
10 min from first restraint to finish sampling one
individual. Blood samples were stored in medical
biochemical tubes with coagulation gel for serum
extraction. Sera were separated by centrifugation
(1,500x g for 15 min) after collection and stored at
4°C. Assays were conducted within 6 h.

Serum concentrations (20 pL per serum
sample) of cortisol were measured for both
sexes via electro-chemiluminescence immuno-
assay (ECLIA), using a Cobas® e411 (Roche
Diagnostics, Mannheim, Germany) and cortisol
assay kits (Cobas®), following the manufacturer’s
instructions. A Tris (2,2’-bipyridyl)ruthenium(II)
complex was used as a label in these assays. The
cortisol kit (ovine-antibody, Intra-Assay: coef-
ficient variation [CV] 5.6%; Inter-Assay: 5.1%;
n = 12) had an analytical sensitivity range of



268 Zhang et al.

0.5 to 1,750 nmol/L. and functional sensitivity
of < 8.5 nmol/L (the lowest analyte concentra-
tion that can be reproducibly measured with an
intermediate precision CV of 20%). The total
cross-reactions of the cortisol antiserum were
corticosterone, 5.8%; 11-deoxycortisol, 4.1%;
17-a-hydroxyprogesterone, 1.5%; 11-deoxycorti-
costerone, 0.69%; and progesterone, 0.35%. The
kits used in this study were validated by running
serial dilutions of reconstituted pools of serum
from spotted seals, and results were compared to
those of the standard (see Appendix Table 1).

After each calibration and during each run for
routine testing, Elecsys PreciControl Universal one
and two from the Roche Diagnostics GmbH were
used for internal quality control. External quality
assessment of the assays was continuously per-
formed and certified by the accredited Reference
Institute for Bioanalytics (RfB, Bonn, Germany;
www.dgkl-rfb.de).

Data Analysis

Trend line was used to assess cortisol concentra-
tions from the spotted seals at different ages for both
sexes plotted via package “ggplot2” (https://ggplot2.
tidyverse.org). Seals of 1 to 3 y of age were consid-
ered as sexually immature, and seals older than 4 y
of age were treated as mature as reported by Zhang
et al. (2014b). Seasons were defined into three sec-
tions: (1) pre-breeding (November to January), (2)
breeding-molt (February to March), and (3) other
(April to October) according to spotted seal repro-
ductive behaviors observed in the Liaodong Bay
colony (Boveng et al., 2009). Data obeying normal
distribution were described as mean + standard
deviation (SD), while skewed distributions were
described as median (interquartile range). Cortisol
concentrations comparison among different sea-
sons was conducted using one-way ANOVA in
SPSS, Version 20.0 (SPSS Inc., Chicago, IL, USA).
Cortisol concentrations comparison between sexu-
ally immature and mature seals was conducted
using two-factor ANOVA with “age” and “season”
as factors; and comparison between seals with dif-
ferent sex was conducted using two-factor ANOVA
with “sex” and “season” as factors. A p value of less
than 0.05 was set as the level of significance.

Results

The age of sampled spotted seals ranged between
1 and 12 y. Serum cortisol concentrations dropped
steadily from 350 + 130 nmol/L at 1 y to 254 +
81 nmol/L at 6 y, and then increased steadily to
387 + 55 nmol/L at 12 y of age, forming a typical
“V” shaped trend line with the trough located at 6 y
(Figure 1). We did not find significant cortisol con-
centration differences between seals 0 to 6 y of age

and 7 to 12 y of age (two-factor ANOVA, p > 0.05).
Serum cortisol concentration values for seals of dif-
ferent sex, age class, and reproductive seasons are
shown in Table 1.

Serum cortisol concentrations from the three
identified reproductive seasons were significantly
different (one-way ANOVA, p < 0.05), with mean
cortisol concentrations in the pre-breeding season
(341 + 88 nmol/L, = SD) and the breeding-molt
season (355 + 108 nmol/L) higher than in the
other season, 212 (155 to 267) nmol/L (interquar-
tile) (Table 1; Figure 2). Although trends in serum
cortisol concentrations between sexually immature
and mature individuals changed as seals aged (i.e.,
cortisol concentrations decreased in sexually imma-
ture individuals but increased in mature individu-
als; Figure 1), no statistically significant difference
of cortisol concentrations was detected between
immature and mature animals (two-factor ANOVA,
p>0.05; Table 1).

Serum cortisol concentrations for males and
females in different seasons are shown in Table 1.
No significant serum cortisol concentration differ-
ence was detected between male and female spot-
ted seals (two-factor ANOVA, p > 0.05).

Discussion

In the present study, a clear age-related cortisol
concentration pattern was observed in spotted
seals (Figure 1). This pattern is believed to be
representative of normal changes of cortisol con-
centration as seals aged and is driven by internal
stimuli (physiological stressors); this interpreta-
tion is supported by previous studies (Engelhard
et al., 2002; Champagne et al., 2006; Burgess
et al., 2013; Kershaw & Hall, 2016), which
showed that greater cortisol responses were nec-
essary for juveniles to preserve body homeostasis
and body composition to the same level as sub-
adults in Steller sea lions and dugongs (Dugong
dugon) (du Dot et al., 2009; Burgess et al., 2013).
Frost & Burns (2018) showed that spotted seals
reached sexual maturity at 3 to 5 y old, while
physical maturity was reached at 6 to 9 y old.
Herein, we observed an inflection point in the cor-
tisol concentration trend at 6 y old, which coin-
cides with the time of physical maturity in spotted
seals. Other studies reported that animals in the
process of reproduction had higher glucocorticoid
concentrations, implying that increased cortisol
concentration is associated with a higher chance
of reproduction (Bartsh et al., 1992; Lidgard et al.,
2008). Therefore, we propose that the increase in
cortisol with age, after age 6, is associated with an
increasing chance of reproductive success.

This study showed a strong seasonal effect on
cortisol concentrations in spotted seals and that
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Figure 1. Scatterplots of serum cortisol concentrations in spotted seals (Phoca largha) of different ages. The dots represent
cortisol concentrations, the solid line represents the trend of mean values, and the grey area indicates 95% confidence

interval.

Table 1. Serum cortisol concentrations (nmol/L) of studied spotted seals (Phoca largha) in different categories from

Liaodong Bay colony
Sex Mature status Pre-breeding season Breeding-molt season Other season
Male and Sex immature 343 +79 350+ 71 193 (146-412)**
female Sex mature 340 + 93 310 (272-456)%* 217 (156-264)%*
Both 341 + 88 355+ 108 212 (155-267)**
Male Sex immature 366 + 58 357 +87 558%
Sex mature 331 +86 345+ 129 245 + 135
Both 337+82 348 + 120 229 (168-304)**
Female Sex immature 323 +93 361 £ 62 206 =92
Sex mature 366 + 112 370 = 102 213 +85
Both 347 + 103 367 + 88 212+ 84

Note: Data obeying normal distribution are described as mean + standard deviation; and data obeying a skewed distribution
are described as median and interquartile (indicated with a **).

*Only one sample was obtained in this category.
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Figure 2. Boxplots of serum cortisol concentrations in spotted seals in different reproductive seasons from the Liaodong

Bay colony

cortisol concentrations were starting to rise in the
pre-breeding season. One possible reason sug-
gested by our data for this rise is that the pre-breed-
ing season implies a seal’s energy demands will
increase during migration. Or, said another way,
there will be an increased motivation to feed as they
fatten up for breeding. From October to December
each year, wild spotted seals start their journey
back to the Liaodong Bay colony for reproduction
(Won & Yoo, 2004). Under pressures related to the
lack of food and long distance migration, the seals
would need to rely on their self-storage to provide
energy (Kershaw & Hall,2016). High levels of cor-
tisol in the pre-breeding season could contribute to
an increase in mobilization of protein that would
improve their energy supply (Bennett et al., 2013)
as well as facilitate fat storage (Bennett et al.,2017).
We believe the second possible reason for the rise
in cortisol concentration may be related to a drop
in the environmental temperature since cortisol
can contribute to production of metabolic heat as
a byproduct of gluconeogenesis (Oki & Atkinson,
2004). Studies in spotted seals, harbor seals, and
dugongs showed that they had significantly higher
cortisol concentrations in winter than in summer

(Ashwell-Erickson et al., 1986; Gardiner & Hall,
1997; Burgess et al., 2013).

In the breeding-molt season, spotted seals shed
and regrow their epidermis and pelage annu-
ally (molting). Molt usually occurs immediately
after breeding (Ashwell-Erickson et al., 1986;
Burns, 2009), and completion of molt is marked
by decreases in cortisol concentration (Ashwell-
Erickson et al., 1986). This study found cortisol
concentrations decreased in April, so most of the
seals in the Liaodong Bay colony could be pre-
dicted to finish their molt before April. High con-
centrations of cortisol were previously reported
to be associated with molt in pinnipeds (Ashwell-
Erickson et al., 1986; Atkinson et al., 2011), and
this study found that cortisol concentration in
spotted seals reached the highest levels in the
breeding-molt season, possibly due to food and
temperature stress. For example, weight loss in
gray seals and southern elephant seals (Mirounga
leonina) suggested increased energy expenditures
during molt (Hindell et al., 1994; Boily, 1996),
while harbor seals were reported to spend most
of their time ashore during the molt to minimize
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energy consumption and facilitate hair regenera-
tion to avoid thermal stress (Paterson et al., 2012).
The present study provides the first age and
seasonal serum cortisol concentration profiles of
spotted seals, which is a useful baseline to pre-
dict fitness of wild seals, and, also, according to
which natural or anthropogenic stressors can be
assessed. However, we want to mention that all
current results were obtained from animals under
human care. Thus, these results should be used
with caution when interpreting the physiology and
behavior of spotted seals in the wild until data are
available from these seals for corroboration.
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Appendix

Dilution Test

The cortisol kit showed recovery results from 89 to 111% deriving from 34 samples in the concentration
range of 83 to 764 nmol/L according to the manufacturer’s instructions. However, the manufacturer did
not provide a specific recovery value on each concentration, so we could not conduct a strict parallel

examination through a dilution test.

In our present study, the recovery results are from 87.4 to 100% in the concentration range of 26.5 to
242 .4 nmol/L, which is consistent with the expected recovery values aforementioned. Details are shown

in the table below:

Appendix Table 1. Dilution results of cortisol kit when assaying spotted seal sera

Dilution fold Results (nmol/L) Recovery percentage (%)
1 2424 100.0
2 113.8 939
4 544 89.8
8 26.5 874






