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Abstract

Increasing anthropogenic activities in the marine 
environment are potential threats to the health of 
harbor porpoises by causing unnatural continuous 
stress to the animals. The present study was a first 
assessment to investigate stress and thyroid hor-
mones of free-ranging and captive harbor porpoises. 
In addition, hormone levels were measured to com-
pare those with concentrations of polychlorinated 
biphenyl (PCB) congeners, p,p’-dichlorodiphenyl-
trichloroethane (DDT), and p,p’-dichlorodiphenyl-
dichloroethylene (DDE) in the blood of a limited 
number of animals (10 free-ranging and 7 captive 
individuals). Samples of seven captive harbor por-
poises were taken at the Dolphinarium Harderwijk 
(the Netherlands) and the Fjord & Bælt Centre in 
Kerteminde (Denmark). Blood from 29 free-ranging 
harbor porpoises was collected within the frame of 
tagging projects on animals accidentally caught in 
pound nets in Denmark. Median levels of the cat-
echolamines adrenaline, noradrenaline, and dop-
amine were higher in free-ranging harbor porpoises 
compared to the captive animals. The median value 
of adrenocorticotropic hormone (ACTH) for captive 
animals from the Fjord & Bælt Centre was almost 
three-fold lower than in the free-ranging harbor por-
poises. The median values of T4 were similar in both 
captive and free-ranging harbor porpoises (9.3 to 
10.8. µg/dL). T3 levels of the investigated harbor por-
poises varied widely between individuals. No signif-
icant correlation between any investigated hormones 
and investigated organochlorine compounds was 
observed. The study provides first results on stress 
hormones other than cortisol. Further investigations 

are needed to improve the understanding of stress 
hormones and the influence of anthropogenic stres-
sors on the health of harbor porpoises.
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Introduction

The harbor porpoise (Phocoena phocoena) is a 
small cetacean species inhabiting coastal waters in 
the temperate and subarctic regions of the northern 
hemisphere. The populations of harbor porpoises 
in the North and Baltic Seas are under increasing 
pressure from different anthropogenic activities 
such as offshore construction, ship traffic, fish-
eries, and the military. To secure the survival of 
small cetaceans in these regions, the Agreement 
on the Conservation of Small Cetaceans of the 
Baltic, North East Atlantic, Irish, and North Seas 
(ASCOBANS) was created and signed by several 
European countries in 1992. Under this agree-
ment, signatory countries are obliged to perform 
research in the field of small cetacean protection. 

Several studies on harbor porpoises in the North 
and Baltic Seas have shown that animals are suffer-
ing more often from infectious diseases when com-
pared with individuals from Greenland, Norway, 
and Iceland (Jepson et al., 2000; Siebert et al., 2001, 
2006; Wünschmann et al., 2001; Jauniaux et al., 2002; 
Siebert & Weiss, 2009). Apart from by-catch (Vinther 
& Larsen, 2004), the decline in health of harbor por-
poise populations is often attributed to environmental 
pollution as one stressor (e.g., Aguilar & Borrel, 
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1995; Bruhn et al., 1995; Beineke et al., 2005). 
Therefore ASCOBANS, the International Council 
for the Exploration of the Sea, and the International 
Whaling Commission recommended conducting 
research programs that would elucidate the effects of 
pollutants on small cetacean populations.

Several studies suggested relations between pol-
lutant body burden and lesions in the endocrine 
system of harbor porpoises, belugas (Delphinapterus 
leucas), and gray seals (Halichoerus grypus) 
(De Guise et al., 1994; Lund, 1994; Lair et al., 
1997; Das et al., 2006). Organochlorines like poly-
chlorinated biphenyls (PCBs); p,p’-dichlorodiphe-
nyltrichloroethane (p,p’-DDT); and its metabolite, 
p,p’-dichlorodiphenyldichloroethylene (p,p’-DDE) 
are part of a wide range of environmental contami-
nants suspected to interfere with endocrine func-
tions in marine mammals (Aguilar & Borrel, 1995; 
Bruhn et al., 1995; Brouwer et al., 1999; Gregory 
& Cyr, 2003). Studies performed on laboratory 
and domestic animals as well as marine mammals 
showed a correlation between the intake of organo-
chlorines and changes in hormone levels (Byrne 
et al., 1987; Brouwer et al., 1989; Chiba et al., 2001; 
Skaare et al., 2001; Haave et al., 2003; Braathen 
et al., 2004; Oskam et al., 2004; Sørmo et al., 2005; 
Zimmer et al., 2009). Organochlorines are lipophilic 
compounds. Marine mammals, which have well-
developed fat depots, may accumulate high amounts 
of those contaminants (Gregory & Cyr, 2003). 

Although stress reactions occur naturally through-
out an individual’s life due to, for example, social 
competition, breeding behaviour, or environmental 
demands, anthropogenic factors such as vessel traf-
fic, noise, fishing, and chemical pollution can act 
as significant stressors and negatively impact the 
health of cetaceans (St. Aubin & Dierauf, 2001; 
Eskesen et al., 2009). During stress reactions, neu-
rologic, endocrinologic, and immunologic changes 
take place, and if the animal is unable to adapt to 
the stressful event, deleterious effects or death may 
occur (Moberg, 1987; St. Aubin & Dierauf, 2001).

Knowledge about the influence of chemical stres-
sors on the endocrine status in marine mammals is 
still scarce (St. Aubin & Dierauf, 2001). Moreover, 
most previous studies concentrated on estimating cor-
tisol as the sole hormonal indicator of stress. In the 
present study, adrenocorticotropic hormone (ACTH), 
catecholamines (adrenaline, noradrenaline, dop-
amine), and the thyroid hormones triiodothyronine 
(T3) and thyroxine (T4) were studied. Data on corti-
sol obtained parallel to this study were already pub-
lished in Eskesen et al. (2009) for free-ranging harbor 
porpoises and in Desportes et al. (2007) for harbor 
porpoises in human care. These results are cited here 
for statistical analysis in search of relationships with 
blood organochlorine concentrations. Cortisol is an 
endogenous glucocorticoid produced in the cortex of 

adrenal glands under control of the pituitary ACTH. 
It has a broad spectrum of metabolic effects mainly 
associated with stress reactions (St. Aubin & Dierauf, 
2001; Feldman & Nelson, 2004). Catecholamines 
are associated with a fast “fight-or-flight” reaction as 
their levels increase rapidly in response to the stressor 
(Henry, 1992; St. Aubin & Dierauf, 2001). Thyroid 
hormones, represented by T3 and T4, are produced 
in the thyroid gland under control of the pituitary 
gland. T3 and T4 are important regulators of metabo-
lism, tissue growth, development, and differentiation 
(Feldman & Nelson, 2004; Zoeller & Rovet, 2004; 
Miller et al., 2009). Changes in thyroid hormones are 
part of the stress response (St. Aubin & Dierauf, 2001; 
Chrousos, 2009). Plasma concentrations of many hor-
mones, like ACTH, cortisol, or T3 and T4, show some 
periodic (e.g., diurnal) variation (Kraft & Duerr, 1995; 
Feldman & Nelson, 2004; Castillo et al., 2009). 

The aim of this pilot study was to investigate 
stress hormone and thyroid hormone profiles in the 
blood of harbor porpoises to enable an assessment 
of the endocrinium in wild harbor porpoises and 
its changes in relation to anthropogenic stress. The 
evaluation of the potential correlation with organo-
chlorine blood burden was investigated as one stres-
sor. Examined animals included both free-ranging 
and captive harbor porpoises. Repetitive sampling in 
captive animals provided an overview of individual 
hormone level variations. To measure organochlo-
rine body burden, blood concentrations of PCBs, 
p,p’-DDT, and p,p’-DDE were investigated. 

Materials and Methods

The Harbor Porpoise Sampling
For the present study, 36 living harbor porpoises 
were sampled. The majority of animals (n = 29) 
were by-caught in pound nets by Danish fishermen 
and sampled before tagging and release (Eskesen 
et al., 2009; permits from the Danish Forest and 
Nature Agency [SN 343/SN-0008] and Ministry 
of Justice [1995-101-62]). The broad spectrum 
of parameters to be analyzed required fairly large 
sample volumes, but it was not always possible to 
obtain a sufficient amount of blood. Due to this 
limitation, not every animal was investigated for 
the full hormone profile or pollutant burden.

The handling and sampling of the free-ranging 
harbor porpoises was carried out during the satellite 
tagging operation on board the fishermen’s boats 
after the harbor porpoises had been lifted out of the 
pound nets. The remaining seven harbor porpoises 
were captive animals from the Fjord & Bælt Centre, 
Kerteminde, Denmark (n = 3) (Desportes et al., 2007; 
permit from the Danish Ministry of Justice [1998-
561-110]) and from Dolphinarium Harderwijk, the 
Netherlands (n = 4). The harbor porpoises were 
kept for rehabilitation (in Harderwijk) or research 
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programs (both facilities). The age classification 
was performed according to body length and repro-
ductive hormone levels. 

Blood Sampling
Blood samples from the harbor porpoises collected 
between 1997 and 2002 were obtained in two ways. 
In the first method, the animal was taken out of water, 
and sampling was performed when restrained. The 
blood samples were obtained from the vena cava of 
the fluke for all the free-ranging harbor porpoises 
and for the two captive individuals using the method 
described by Eskesen et al. (2009). In the second 
method, blood sampling was conducted at poolside 
under voluntary husbandry behaviors for trained ani-
mals (Desportes et al., 2007). During the study period, 
blood was sampled at least once a month for routine 
medical checks and up to four times per month for 
shorter periods during specific research projects. 

Hormone Status Analysis
Blood was collected in S-Monovetten ® KE (Sarstedt), 
centrifuged immediately after the sampling at 2,500 
U/min for 15 min, and serum separated and frozen in 
1 ml aliquots. Within the next few days, serum hor-
mone levels were measured by radio-immunoassay 
following standard techniques in a commercial labo-
ratory in Germany (Gemeinschaftspraxis Dr. Kramer 
und Kollegen, D-21494 Geesthacht) with X-Counter 
(Wallace, Lisle, Ireland) (Desportes et al., 2007). The 
minimum detectable level was 2 µg/l, the intra-assay 
coefficients of variation were 3 to 5%, and the inter-
assay coefficients of variation were 4 to 6%. The 
nonspecific binding was not evaluated, but experi-
ence showed that in the standard deviation, identical 
results were found regardless of whether nonspecific 
binding was taken into consideration.

Organochlorine Analysis
The lipid fractions from 15 harbor porpoise full blood 
samples (cells and serum) were investigated for con-
centrations of 12 individual polychlorinated biphe-
nyl congeners (PCB 92, 95, 99, 101, 118, 138, 149, 
153, 170, 177, 180 & 187), p,p’-dichlorodiphenyl-
trichloroethane (DDT), and p,p’-dichlorodiphenyl-
dichloroethylene (DDE) using standardized methods 
(e.g., Bruhn et al., 1999; Siebert et al., 2002). Only 
organochlorine analyses of animals with both pollut-
ant and hormone measurements were included in the 
current study. The 15 samples consisted of ten blood 
samples from free-ranging harbor porpoises, two 
from captive harbor porpoises from the Fjord & Bælt 
Centre, and three samples from harbor porpoises 
kept at the Dolphinarium Harderwijk.

Statistical Analysis
When comparing hormone levels between captive and 
free-ranging harbor porpoises, only one measurement 

was available for each free-ranging animal, whereas 
several repeated measurements were performed for 
captive animals from Fjord & Bælt. For a compari-
son of the free-ranging with the captive harbor por-
poises, the variance within the hormone levels of the 
three captive animals was not of interest; therefore, 
a mixed effect model (Pinheiro & Bates, 2000; Zuur 
et al., 2009) was performed. The animal ID was used 
as a random effect, with a dummy variable (0 for cap-
tive and 1 for free-ranging harbor porpoises) used as 
a fixed effect. As the data were not evenly distributed, 
a mixed effect model using the Poisson distribution 
included in the package lme4 (Bates & Maechler, 
2009) of the open source program R (R Development 
Core Team, 2009) was used.

Results

Hormone Status Analysis
The free-ranging porpoises and individuals from 
Harderwijk were sampled only once, whereas the 
animals from Fjord & Bælt were sampled between 
10 and 49 times each (Table 1). A summary of the 
hormone levels is presented in Table 1. 

Organochlorine Analysis
The sum of PCBs varied between 1.3 and 57 ng/g TG, 
p,p’-DDE between 1.3 and 6.7 ng/g TG, and p,p’-
DDT between 1.2 and 8.5 ng/g TG (Tables 2 & 3). 

Correlations Between Biological Parameters, 
Hormones, and Contaminants
The blood levels of ACTH, adrenaline, cortisol, 
dopamine, noradrenaline, T3, and T4 in several 
harbor porpoises, together with total PCBs, p,p’-
DDE, and p,p’-DDT levels found in the same 
blood samples, are shown in Table 3. The rela-
tionship between the investigated organochlorine 
compounds and age vs all investigated hormones 
was investigated by use of Spearman’s rank corre-
lation coefficient and multiple linear regressions. 
No significant correlation was observed in any of 
the tests performed (Tables 4 & 5).

Discussion

Catecholamines
Median levels of the catecholamines adrenaline, 
noradrenaline, and dopamine were higher in free-
ranging harbor porpoises compared to the ani-
mals from the Fjord & Bælt Centre. Animals from 
Harderwijk showed considerably higher levels 
of catecholamines. Adrenaline, noradrenaline, 
and dopamine belong to the catecholamines, a 
group of hormones with related action. They are 
secreted in situations of emergency (“fight-or-
flight” reaction) and thus are known as stress hor-
mones (Doecke, 1994). The lower median levels 
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Table 1. Summary of the hormone levels measured in free-ranging harbor porpoises from Danish waters and captive harbor 
porpoises from the Fjord & Bælt Centre, Kerteminde (Freja, Eigil, and Nuka)

Animal(s) AD NA DA CS ACTH T4 T3

Free-ranging 
porpoises

 
Mean (SD)

 
96.6

 
726.4

 
114.3

 
166.8

 
142.1

 
13.7

 
120.0

Median 65 384 107 153 71.1 10 115
Max 380 4,709 290 338.6 926.4 75 190
Min 17 80 34 27.1 5 7.4 68.3
N 16 16 15 29 15 18 16

Freja Mean (SD) 100.9 268.4 69.7 65.7 54.4 92.6 171
Median 64 134 57.5 64.5 26.3 10.8 161

Max 705 846 218 216 217 908 368
Min 10 9.7 10 7.5 5 5.9 13.9
N 15 15 12 44 11 25 22

Eigil Mean (SD) 59.4 573.5 104.6 80.8 44.2 11.1 174
Median 57.5 356 64.5 52.8 24.7 9.9 158

Max 161 2,736 358 793 149 21.1 639
Min 10 83 30 3 5 6.7 87.3
N 18 18 14 49 13 26 24

Nuka Mean (SD) -- -- -- 88.3 -- 9.9 --
Median -- -- -- 92.7 -- 9.3 --

Max -- -- -- 166 -- 13.7 --
Min -- -- -- 22.5 -- 7.8 --
N -- -- -- 10 -- 7 --

AD – adrenaline ng/L
NA – noradrenaline ng/L
DA – dopamine ng/L
CS – cortisol μg/L
ACTH pg/L
T4 – thyroxine μg/dL
T3 – triiodthyronine ng/dL
N – number of samples investigated

Table 2. Median, minimum, and maximum levels of ΣPCB, p,p’-DDE, and p,p’-DDT measured in blood samples obtained 
from wild harbor porpoises and from individuals kept in captivity (Fjord & Bælt Centre, Kerteminde [FBC] and Dolphinarium 
Harderwijk)

ΣPCB p,p’-DDE p,p’-DDT

N Median Min Max Median Min Max Median Min Max

FBC: Freja ng/g 

TG

2 4.1E+04 4.0E+04 4.1E+04 6.7E+03 6.7E+03 6.7E+03 1.5E+03 < LOD 1.5E+03

FBC: Eigil ng/g 

TG

8 1.3E+04 2.9E+03 6.3E+04 2.4E+03 1.0E+03 8.5E+03 1.7E+03 < LOD 2.4E+03

FBC: Nuka ng/g 

TG

1 1.5E+04 1.2E+03 < LOD

Median FBC ng/g 

TG

3 1.5E+04 1.3E+04 4.1E+04 2.4E+03 1.2E+03 6.7E+03 1.6E+03 < LOD 1.7E+03

Wild harbor 

porpoises from 

Baltic Sea

ng/g 

TG

8 1.7E+04 5.2E+03 4.7E+04 2.9E+03 7.6E+02 4.8E+03 4.3E+02 < LOD 6.4E+02

Harbor 

porpoises from 

Harderwijk

ng/g 

TG

4 2.8E+03 2.1E+03 4,8E+03 5.8E+03 1.5E+02 6.9E+02 1.1E+02 7.4E+01 1.8E+02
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of catecholamines in the captive harbor porpoises 
from the Fjord & Bælt Centre might be explained 
by the fact that the animals became accustomed 
to the repeated procedure of sampling in captiv-
ity. For free-ranging porpoises, capture is a stress-
ful situation. While animals in the Fjord & Bælt 
Centre were already adapted to captivity over a 
long period, blood from individuals in Harderwijk 
was taken during the rehabilitation process, 
which can be considered a new situation with 
increased stress for these animals. On the other 
hand, Romano et al. (2004) observed a significant 
increase in blood adrenaline, noradrenaline, and 
dopamine concentrations in captive belugas and 
bottlenose dolphins (Tursiops truncatus) exposed 
to a loud sound. St. Aubin & Dierauf (2001) mea-
sured adrenaline and noradrenaline blood levels in 
free-ranging belugas from Somerset Island chased 
for 5 to 15 min, captured, and later held in captiv-
ity for 5 d. Both hormone levels were very high 
at the time of capture. But whereas adrenaline 

decreased in the following days, noradrenaline 
remained very high. To explain this observation, 
the authors pointed out that high noradrenaline 
levels are more closely associated with muscu-
lar activity and discharge from the sympathetic 
nervous system than states of alarm and anxiety. 
The values of the catecholamines measured in 
this study are in the range of those found in free-
ranging marine mammals (Hardee et al., 1982; 
Doecke, 1994) and comparable to those in captive 
belugas (Thomas et al., 1990). 

Previous investigations showed that cortisol 
levels in samples taken on the same porpoises in 
the Fjord & Bælt Centre under voluntary condi-
tions were lower when compared to levels taken 
under nonvoluntary sampling (Desportes et al., 
2007). Similar differences were also described by 
other authors (St. Aubin & Dierauf, 2001; Romano 
et al., 2004). For the catecholamines investigated 
in this study, more samples obtained under vol-
untary conditions need to be analyzed before 

Table 3. Summary of the results of organochlorine analyses and hormone measurements of the same blood sample in free-
ranging and captive harbor porpoises

 

Animal1

 

Age2

 

Sex3

ΣPCB
ng/g TG4

p,p’-DDE

ng/g TG

p,p’-DDT

ng/g TG

 

ACTH

 

AD

 

CS

 

DA

 

NA

 

T4

 

T3

Free ranging
P.p.1 I 2 5.7E+04 2.2E+03 1.2E+02 203.6 75 86.4 140 806 68.3 75
P.p.2 N 2 4.4E+04 4.6 E+03 1.9E+02 -- -- 338.6 -- -- 118.7 9.9
P.p.3 N 2 1.4E+04 2.3E+03 1.9E+02 -- -- 214.6 -- -- 110.4 8.5
P.p.4 N 2 1.3E+04 3.0E+03 4.3E+02 12.7 141 130 198 714 198.8 --
P.p.5 N 2 1.9E+04 4.3E+03 6.4E+02 -- -- 153 -- -- 184.2 11.9
P.p.6 N 1 4.9E+03 7.1E+02 5.5E+01 124 43 153.7 151 422 141.7 11.8
P.p.7 I 2 1.7E+04 2.1E+03 3.6E+02 105 40 197 55 111 87.8 8.1
P.p.8 N 1 1.5E+04 2.5E+03 1.7E+02 926.4 27 82.5 59 283 113.2 7.5
P.p.9 N 2 4.7E+04 2.6E+03 4.3E+02 238.7 244 233.5 109 346 126.2 16.5
P.p.10 N 1 2.7E+04 4.2E+03 5.2E+02 14.2 17 78.7 34 115 94.8 7.5

Captive
Eigil  

21 June 1999

I 2 2.9E+03 1.3E+03 8.5E+01 29 36 -- 46 1210 162 18.8

Freja  

21 June 1999

I 1 4.0E+04 6.7E+03 1.5E+03 11.3 65 -- 63 525 189.38 10.8

H1 N 2 4.7E+03 4.9E+02 1.8E+02 4 320 122 263 590 145.85 7.8
H2 N 1 2.7E+04 3.5E+03 1.6E+03 8.1 1,692 -- 1,700 15,908 -- --
H3 A 1 2.2E+03 1.5E+02 7.4E+01 14 956 -- 138 7,322 -- --

1 P.p. – wild harbor porpoises caught in Danish waters, H – captive porpoises from Dolphinarium Harderwijk
2 N – neonate, I – immature, A – adult
3 1 – female, 2 – male
4 TG – triglyceride
NA – noradrenaline ng/L
DA – dopamine ng/L
CS – cortisol μg/L
ACTH pg/L
T4 – thyroxine μg/dL
T3 – triiodthyronine ng/dL
N – number of samples investigated
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statistical analyses for similar differences can be 
conducted. Generally, protocols to avoid stress 
from sampling should be explored to improve the 
reliability and comparison of the data sets.

Adrenocorticotropic Hormone
The measured levels of ACTH varied signifi-
cantly. The median value for captive animals was 
almost three-fold lower than in the free-ranging 
harbor porpoises. Both values lie in the range of 
those found in dogs, cats, or humans (Doecke, 
1994; Feldman & Nelson, 2004; Castillo et al., 
2009). ACTH is a pituitary hormone responsible 
for the stimulation of cortisol secretion in the 
adrenal cortex. Under stress, ACTH is released in 
a pulsatile manner (Mimoto et al., 2001). It can 
be surmised that the capture in nets and resulting 
longer handling time were responsible for higher 
ACTH levels in by-caught harbor porpoises. 
Studies on a response to exogenous ACTH were 
performed on captive bottlenose dolphins, indicat-
ing that animals having increased levels of cortisol 
due to the handling procedure did not show fur-
ther increases after ACTH stimulation (Thomson 

& Geraci, 1986). However, two of the bottlenose 
dolphins died in the following days. The authors 
suggest that cortisol reservoirs were depleted due 
to pre-existing stress; thus, a further increase in 
ACTH was not effective. 

Thyroid Hormones (T4 and T3)
Although some levels of T4 that were measured 
in the investigated harbor porpoises varied signifi-
cantly, the median values were not clearly different 
between free-ranging and captive porpoises (9.3 to 
10.8 µg/dL). Koopman et al. (1995) found com-
parable T4 values of 11.2 µg/dL blood samples 
from 31 free-ranging harbor porpoises that were 
incidentally captured in herring weirs in the Bay of 
Fundy. Our T4 values were not significantly differ-
ent from those found in the Bay of Fundy but were 
lower than in free-ranging belugas from Hudson 
Bay (19.1 µg/dL) reported by Kirby (1990).

T3 levels of the investigated harbor porpoises 
varied widely between individuals. Comparable 
high levels were found in other marine mam-
mals. The T3 values described for the Somerset 
belugas by Kirby (1990) ranged between 126 and 

Table 4. Spearman’s rank correlation coefficients between PCBs, p,p’-DDE, p,p’-DDT, age, and hormones: adrenaline, 
ACTH, cortisol, dopamine, noradrenaline, T3, and T4

Correlated data Regression coefficient Value of significance N

PCB ACTH 0.51 0.06 14
Adrenaline -0.41 0.15 14
Cortisol 0 1.00 15
Dopamine -0.33 0.25 14
Noradrenaline -0.46 0.12 13
T3 -0.4 0.10 18
T4 0.11 0.68 17

DDE ACTH 0.27 0.35 14
Adrenaline -0.45 0.11 14
Cortisol 0 1.00 15
Dopamine -0.34 0.23 14
Noradrenaline -0.37 0.21 13
T3 -0.2 0.43 18
T4 -0.13 0.61 17

DDT ACTH -0.36 0.21 14
Adrenaline 0.13 0.66 14
Cortisol 0.01 0.96 15
Dopamine 0.11 0.70 14
Noradrenaline -0.05 0.86 13
T3 0.21 0.41 18
T4 -0.08 0.75 17

Age ACTH 0.18 0.54 14
Adrenaline -0.17 0.55 14
Cortisol -0.34 0.21 15
Dopamine -0.43 0.13 14
Noradrenaline 0.14 0.65 13
T3 -0.04 0.89 18
T4 0.26 0.31 17
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214 ng/dL. In different seal species (harbor seals 
[Phoca vitulina], harp seals [Ph. groenlandica], 
gray seals), the same author described values in 
quite a wide range between 10 and 330 ng/dL. 
Thyroid hormones are not considered to be direct 
stress hormones, and hence, do not reflect an acute 
exposure to stress. Harbor porpoises investigated 
in the present study showed high levels of T3. The 
reason for this remains unclear. This study is the 
first to describe a relatively wide range of hor-
mone levels in harbor porpoises. In other species 
(e.g., livestock), blood levels of ACTH, cortisol, 
T3, and T4 show characteristic diurnal variation 
(Kraft & Duerr, 1995; Feldman & Nelson, 2004; 
Castillo et al., 2009). To measure this variation in 
domesticated and terrestrial animals, regular and 
frequent blood sampling is performed throughout 
the entire day. No effective techniques of such 
repeated sampling through constant venous access 
have been developed for marine mammals. This 
limits the interpretation of hormone levels from 
a single blood sample. An alternative method to 
investigate hormone profiles used in humans and 
domesticated mammals is to monitor hormone 
levels in urine, feces, or saliva (Aardale & Holm, 
1995; Schatz & Palme, 2001). 

Pollutant Analysis
Estimated values of the organochlorines PCBs, 
p,p’-DDT, and p,p’-DDE in the blood of investi-
gated harbor porpoises are presented in Tables 2 
& 3. Where possible, the results were expressed in 
nanograms per gram of blood triglycerides. This 
unit is considered to be a good marker for the blub-
ber organochlorine burden (Reddy et al., 1998). 
Triglycerides are said to be the main storage 
compartment of the investigated organochlorines. 
Whereas their level in blood might change and be 
different in different animals, in blubber, triglyc-
erides are more stable and make up about 90% of 
its mass. As the investigated organochlorines are 
characterized by a long half-life, their concentra-
tion in body triglycerides is considered to be equal. 
This enables predicting the pollutants’ levels in the 
blubber on the basis of their amounts per unit of 
blood triglycerides (Reddy et al., 1998).

The blood levels of PCBs, p,p’-DDT, and p,p’-
DDE were estimated several times in the blood of 
harbor porpoises kept at the Fjord & Bælt Centre 
in Kerteminde. The pollutants’ levels in two 
blood samples taken from one harbor porpoise 
at monthly intervals were similar. On the other 
hand, levels of the same pollutants measured in 
the same animals at other times and in the blood 
of a different captive animal from the same hus-
bandry facility varied significantly. According to 
Reddy et al. (1998), postprandial concentrations 
of organochlorine pollutants may simulate the 

concentrations under conditions of disease-related 
fat mobilization caused by physiological or health-
related changes. Another variable is food intake as 
individuals are not always eating the same fish or 
the same amount of fish throughout the year.

No significant difference was observed for 
the median levels of ΣPCBs between captive 
harbor porpoises from the Fjord & Bælt Centre 
and the by-caught individuals from the Baltic Sea 
(15,000 ng/g TG and 17,000 ng/g TG, respec-
tively). This may be explained by the fact that ani-
mals from Fjord & Bælt were also fed local fish. 
A similar situation was observed for p,p’-DDE, 
whereas levels of p,p’-DDT were higher in the 
captive animals. The concentration of ΣPCBs in 
harbor porpoises from Harderwijk was approxi-
mately six times lower when compared to the 
Danish animals. Differences in feeding might pro-
vide an explanation for this phenomenon. While 
the harbor porpoises in Harderwijk are fed only 
fish from open Atlantic waters, the diet of animals 
from Kerteminde includes local fish.

Comprehensive studies on the hormone status 
of harbor porpoises with regard to environmen-
tal contaminants’ body burden have not yet been 
performed. However, the thyroid gland of dead 
harbor porpoises from Norwegian waters and the 
North and Baltic Seas showed more interstitial 
fibrosis and fewer but larger follicles compared to 
Icelandic animals, possibly indicating a dysfunc-
tion of hormone excretion (Das et al., 2007). The 
present study investigated stress and thyroid hor-
mone profiles in comparison with organochlorine 
body burden for the first time. Both hormones and 
pollutants were measured in the blood. No blubber 
samples were taken for ethical and health reasons.

No significant correlation was found between 
PCBs, p,p’-DDT, and p,p’-DDE, on the one hand, 
and the hormones cortisol, ACTH, adrenaline, 
noradrenaline, dopamine, T3, and T4, on the 
other. When adding age and sex as covariables to 
the comparison of organochlorine pollutants and 
hormone levels by multiple linear regressions, 
only age had a significant influence on cortisol/
pollutant levels. The absence of other significant 
correlations in the present study may be a result 
of the small sample size and varying conditions 
in different facilities (e.g., lower pollutant levels 
in fish fed in Harderwijk and higher stress level 
during rehabilitation). 

Conclusions and Recommendations
Increasing anthropogenic activities in the marine 
environment are potential threats to the health 
of marine mammals. Unnatural stress for harbor 
porpoises leading to decreased health status and 
development of chronic diseases can be expected. 
Therefore, an assessment of stress levels and an 
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understanding of the influence of stress on the 
health status of harbor porpoises are urgently 
needed. The present study was a first attempt, dem-
onstrating that in addition to cortisol, other stress 
hormones should be examined in order to under-
stand stress situations. It was possible to show that 
similar investigations are valuable and need to be 
extended to larger sample sizes. Therefore, further 
investigations are urgently required. 

Acknowledgments

The investigations were part of the research proj-
ect F+E FKZ 299 221/01, “Investigations of the 
Influence of Pollutants on the Endocrinium and 
Immune System of Harbour Porpoises in the 
German North and Baltic Seas,” funded by the 
German Federal Agency of Environment. Funding 
at the Fjord & Bælt Centre was obtained partly 
through the porpoise project, which is partly 
funded by the Forest and Nature Agency, Ministry 
for Environment and Energy. The fieldwork was 
approved by the Danish Institute for Fisheries 
Research and the Danish Forest and Nature 
Agency, and it was carried out under permissions 
from the Danish Forest and Nature Agency (SN 
232/SN-0008) and the Ministry of Justice (1995-
101-62). We would like to thank the pound net 
fishermen and all the people who helped with the 
field and laboratory work. 

References

Aardale, E., & Holm, A. C. (1995). Cortisol in saliva-refer-
ence ranges and relation to cortisol in serum. European 
Journal of Clinical Chemistry and Clinical Biochemistry, 
33(12), 927-932.

Aguilar, A., & Borrel, A. (1995). Pollution and harbour 
porpoises in the eastern North Atlantic: A review. In A. 
Bjørge & G. P. Donovan (Eds.), Biology of the phoc-
oenids. Report of the International Whaling Commission, 
Special Issue 16, 231-242.

Bates, D., & Maechler, M. (2009). Linear mixed-effects 
models using S4 classes (R package, Version 0.999375-
31). Retrieved 12 September 2011 from http://CRAN.R-
project.org/package=lme4.

Beineke, A., Siebert, U., Maclachlan, M., Bruhn, R., 
Thron, K., Failing, K., . . . Baumgärtner, W. (2005). 
Investigations upon the potential influence of environ-
mental contaminants on thymus and spleen of harbor 
porpoises (Phocoena phocoena). Environmental 
Science and Technology, 39, 3933-3938. http://dx.doi.
org/10.1021/es048709j

Braathen, M., Derocher, A. E., Wiig, Ø., Sørmo, E. G., 
Lie, E., & Skaare, J. U. (2004). PCB induced effects on 
retinol and thyroid hormone status in polar bears (Ursus 
maritimus). Environmental Health Perspectives, 112, 
826-833. http://dx.doi.org/10.1289/ehp.6809

Brouwer, A., Reijners, P. J. H., & Koeman, J. H. (1989). 
Polychlorinated biphenyl (PCB)-contaminated fish induces 
vitamin A and thyroid hormone deficiency in the common 
seal (Phoca vitulina). Aquatic Toxicology, 15, 99-106. 
http://dx.doi.org/10.1016/0166-445X(89)90008-8

Brouwer, A., Longnecker, M. P., Birnbaum, L. S., 
Cogliano, J., Kostyniak, P., Moore, J., . . . Winneke, G. 
(1999). Characterization of potential endocrine-related 
health effects at low-dose levels of exposure to PCBs. 
Environmental Health Perspectives, 107, 639-649. 
http://dx.doi.org/10.1289/ehp.99107s4639; http://dx.doi.
org/10.2307/3434557

Bruhn, R., Kannan, N., Petrick, G., Schulz-Bull, D. E., & 
Duinker, J. C. (1995). CB pattern in the harbour porpoise: 
Bioaccumulation, metabolism and evidence for cyto-
chrome P-459 Iib activity. Chemosphere, 31, 3721-3732. 
http://dx.doi.org/10.1016/0045-6535(95)00221-S

Bruhn, R., Kannan, N., Petrick, G., Schulz-Bull, D. E., & 
Duinker, J. C. (1999). Persistent chlorinated organic 
contaminants in harbour porpoises from the North 
Sea, the Baltic Sea and Arctic waters. The Science of 
the Total Environment, 237/238, 351-361. http://dx.doi.
org/10.1016/S0048-9697(99)00148-5

Byrne, J. J., Carbone, J. P., & Hanson, E. A. (1987). 
Hypothyroidism and abnormalities in the kinetics of 
thyroid hormone metabolism in rats treated chroni-
cally with polychlorinated biphenyl and polybrominated 
biphenyl. Endocrinology, 121(2), 520-527. http://dx.doi.
org/10.1210/endo-121-2-520

Castillo, V. A., Cabrera Blatter, M. F., Gómez, N. V., 
Sinatra, V., Gallelli, M. F., & Ghersevich, M. C. (2009). 
Diurnal ACTH and plasma cortisol variations in healthy 
dogs and in those with pituitary-dependent Cushing’s 
syndrome before and after treatment with retinoic acid. 
Research in Veterinary Science, 86(2), 223-229. http://
dx.doi.org/10.1016/j.rvsc.2008.06.006

Chiba, I., Sakakibara, A., Goto, Y., Isono, T., Yamamoto, 
Y., Iwata, H., . . . Fujita, S. (2001). Negative correlation 
between plasma thyroid hormone levels and chlorinated 
hydrocarbon levels accumulated in seals from the coast 
of Hokkaido, Japan. Environmental Toxicology and 
Chemistry, 20(5), 1092-1097. http://dx.doi.org/10.1002/
etc.5620200521

Chrousos, G. P. (2009). Stress and disorders of the stress 
system. Nature Reviews Endocrinology, 5, 374-381. 
http://dx.doi.org/10.1038/nrendo.2009.106

Das, K., Vossen, A., Tolley, K., Vikingsson, G., Thron, K., 
Mueller, G., . . . Siebert, U. (2006). Interfollicular fibrosis 
in the thyroid of the harbor porpoise: An endocrine dis-
ruption? Archives of Environmental Contamination and 
Toxicology, 51, 720-729. http://dx.doi.org/10.1007/
s00244-005-0098-4

De Guise, S., Lagace, A., & Beland, P. (1994). Tumors in 
St. Lawrence beluga whales (Delphinapterus leucas). 
Veterinary Pathology, 31, 444-449. http://dx.doi.
org/10.1177/030098589403100406

Desportes, G., Buholzer, L., Anderson-Hansen, K., Blanchet, 
M., Acquarone, M., Shepard, G., . . . Siebert, U. (2007). 



452  Siebert et al.

Decrease stress; train your animals: The effect of handling 
methods on cortisol levels in harbor porpoises (Phocoena 
phocoena) under human care. Aquatic Mammals, 33(3), 
286-292. http://dx.doi.org/10.1578/AM.33.3.2007.286

Doecke, F. (1994). Veterinaermedizinische endokrinolo-
gie [Veterinary endocrinology] (3rd ed.). Stuttgart, 
Germany: Gustav Fischer Verlag.

Eskesen, I. G., Teilmann, J., Geertsen, B. M., Desportes, G., 
Riget, F., Dietz, R., . . . Siebert, U. (2009). Stress level 
in wild harbor porpoises (Phocoena phocoena) during 
satellite tagging measured by respiration, heart rate and 
cortisol. Journal of the Marine Biological Association 
of the United Kingdom, 89(5), 885-892. http://dx.doi.
org/10.1017/S0025315408003159

Feldman, E. C., & Nelson, W. N. (2004). Canine and feline 
endocrinology and reproduction (3rd ed.). Philadelphia: 
Elsevier.

Gregory, M., & Cyr, D. G. (2003). Effects of environmental 
contaminants on the endocrine system of marine mam-
mals. In J. G. Vos, G. Bossart, M. Vournier, & T. O’Shea 
(Eds.), Toxicology of marine mammals (pp. 66-81). 
Washington, DC: Taylor & Francis.

Haave, M., Ropstad, E., Derocher, A. E., Lie, E., Dahl, E., 
& Wiig, Ø. (2003). Polychlorinated biphenyls and repro-
ductive hormones in female polar bears at Svalbard. 
Environmental Health Perspectives, 111, 431-436. 
http://dx.doi.org/10.1289/ehp.5553

Hardee, G. E., Wang Lai, J., Semrad, S. D., & Trim, C. M. 
(1982). Catecholamines in equine and bovine plasmas. 
Journal of Veterinary Pharmacology and Therapeutics, 
5(4), 279-284. http://dx.doi.org/10.1111/j.1365-2885.1982.
tb00443.x

Henry, J. P. (1992). Biological basis of the stress response. 
Integrative Physiological and Behavioral Science: The 
Official Journal of the Pavlovian Society, 27(1), 66-83.

Jauniaux, T., Petitjean, D., Brenez, C., Borrens, M., 
Borsens, L., Haelters, J., . . . Coignoul, F. (2002). 
Post-mortem findings and causes of death of harbour 
porpoises (Phocoena phocoena) stranded from 1990 
to 2000 along the coastlines of Belgium and Northern 
France. Journal of Comparative Pathology, 126, 243-
253. http://dx.doi.org/10.1053/jcpa.2001.0547

Jepson, P. D., Baker, J. R., Kuiken, T., Simpson, V. R., 
Kennedy, S., & Bennett, P. M. (2000). Pulmonary 
pathology of harbour porpoises stranded in England and 
Wales between 1990 and 1996. Veterinary Record, 146, 
721-728. http://dx.doi.org/10.1136/vr.146.25.721

Kirby, V. L. (1990). Endocrinology of marine mammals. In 
L. A. Dierauf (Ed.), Handbook of marine mammal medi-
cine: Health, disease and rehabilitation (pp. 303-351). 
Boston: CRC Press.

Kraft, W., & Duerr, U. (1995). Klinische labordiagnos-
tik in der tiermedizin [Clinical laboratory diagnostic 
in veterinary medicine] (3rd ed.). Stuttgart, Germany: 
Schauttauer Verlagsgesellschaft.

Lair, S., Beland, P., De Guise, S., & Martineau, D. (1997). 
Adrenal hyperplasia and degenerative changes in beluga 
whales. Journal of Wildlife Disease, 33(3), 430-437.

Lund, B. O. (1994). In vitro adrenal bioactivation and effects 
on steroid metabolism of DDT, PCBs and their metabolites 
in the gray seal (Halichoerus grypus). Environmental 
Toxicology and Chemistry, 13(6), 911-917. http://dx.doi.
org/10.1897/1552-8618(1994)13[911:IVABAA]2.0.CO;2; 
http://dx.doi.org/10.1002/etc.5620130609

Mes, J. (1992). Organochlorine residues in human blood and 
biopsy fat and their relationship. Bulletin of Environmental 
Contamination and Toxicology, 48(6), 815-820. http://
dx.doi.org/10.1007/BF00201140

Miller, M. D., Crofton, K. M., Rice, D. C., & Zoeller, R. T. 
(2009). Thyroid-disrupting chemicals: Interpreting 
upstream biomarkers of adverse outcomes. Environmental 
Health Perspectives, 117(7), 1033-1041.

Mimoto, T., Mishioka, T., Asaba, K., Takao, T., & 
Harashimoto, K. (2001). Effects of adrenomedullin on 
adrenocorticotropic hormone (ACTH) release in pitu-
itary cell cultures and on ACTH and oxytocin responses 
to shaker stress in conscious rat. Brain Research, 
922(2), 261-266. http://dx.doi.org/10.1016/S0006-8993 
(01)03184-5

Moberg, G. P. (1987). Problems of defining stress and dis-
tress in animals. Journal of American Veterinary Medical 
Association, 191, 1207-1211.

Oskam, I. C., Ropstad, E., Dahl, E., Lie, E., Derocher, A. E., 
& Wiig, Ø. (2003). Organochlorines affect the major 
androgenic hormone, testosterone, in male polar bears 
(Ursus maritimus) at Svalbard. Journal of Toxicology 
and Environmental Health, 66A, 2119-2139. http://
dx.doi.org/10.1080/15287390390211342

Oskam, I. C., Ropstad, E., Lie, E., Derocher, A. E., Wiig, Ø., 
Dahl, E., . . . Skaare, J. U. (2004). Organochlorines 
affect the steroid hormone cortisol in free-ranging polar 
bears (Ursus maritimus) at Svalbard, Norway. Journal 
of Toxicology and Environmental Health, 67A, 959-977. 
http://dx.doi.org/10.1080/15287390490443731

Pinheiro, J., & Bates D. (2000). Mixed effect models in S 
and S-Plus. New York: Springer Verlag. http://dx.doi.
org/10.1007/978-1-4419-0318-1

R Development Core Team. (2009). R: A language 
and environment for statistical computing. Vienna, 
Austria: R Foundation for Statistical Computing. ISBN 
3-900051-07-0. Retrieved 12 September 2011 from 
www.R-project.org.

Reddy, M., Echols, S., Finklea, B., Busbee, D., Reif, J., & 
Ridgway, S. (1998). PCBs and chlorinated pesticides 
in clinically healthy Tursiops truncatus: Relationship 
between levels in blubber and blood. Marine Pollution 
Bulletin, 36, 892-903. http://dx.doi.org/10.1016/S0025-
326X(98)00065-4

Romano, T. A., Keogh, M. J., Kelly, C., Feng, P., Berk, L., 
Schlundt, C. E., . . . Finneran, J. J. (2004). Anthropogenic 
sound and marine mammal health: Measures of the ner-
vous and immune systems before and after intense sound 
exposure. Canadian Journal of Fisheries and Aquatic 
Sciences, 61(7), 1124-1134. http://dx.doi.org/10.1139/
f04-055



  Thyroid and Stress Hormones in Harbor Porpoises  453

Schatz, S., & Palme, R. (2001). Measurement of faecal 
cortisol metabolites in cats and dogs: A non-inva-
sive method for evaluating adrenocortical function. 
Veterinary Research Communications, 25(4), 271-287. 
http://dx.doi.org/10.1023/A:1010626608498

Siebert, U., & Weiss, R. (2009). Regional differences 
in bacteria flora in harbour porpoises from the North 
Atlantic: Environmental effects. Journal of Applied 
Microbiology, 106, 329-337. http://dx.doi.org/10.1111/
j.1365-2672.2008.04006.x

Siebert, U., Wünschmann, A., Weiss, R., Frank, H., 
Benke, H., & Frese, K. (2001). Post-mortem findings 
in harbour porpoises (Phocoena phocoena) from the 
German North and Baltic Seas. Journal of Comparative 
Pathology, 124, 102-114. http://dx.doi.org/10.1053/
jcpa.2000.0436

Siebert, U., Vossen, A., Baumgärtner, W., Müller, G., 
Beineke, A., McLachlan, M., . . . Thron, K. (2002). 
Investigations of the influence of pollutants on the endo-
crine and immune system of harbour porpoises in the 
German North and Baltic Seas (Forschungbericht 299 
65 221/01). Berlin: Federal Agency of Environment.

Siebert, U., Wünschmann, A., Tolley, K., Vikingsson, G., 
Olafsdottir, D., Lehnert, K., . . . Baumgärtner, W. (2006). 
Pathological findings in harbour porpoises (Phocoena 
phocoena) originating from Norwegian and Icelandic 
waters. Journal of Comparative Pathology, 134(2-3), 
134-142. http://dx.doi.org/10.1016/j.jcpa.2005.09.002

Skaare, J. U., Bernhoft, A., Wiig, Ø., Norum, K. R., 
Haug, E., Eide, D. M., & Derocher, A. E. (2001). 
Relationships between plasma levels of organochlo-
rines, retinol and thyroid hormones from polar bears 
(Ursus maritimus) at Svalbard. Journal of Toxicology 
and Environmental Health, Part A, 62, 227-241. http://
dx.doi.org/10.1080/009841001459397

Sørmo, E. G., Jüssi, I., Jüssi, M., Braathen, M., Skaare, 
J. U., & Jenssen, B. M. (2005). Thyroid hormone status 
in gray seal (Halichoerus grypus) pups from the Baltic 
Sea and the Atlantic Ocean in relation to organochlorine 
pollutants. Environmental Toxicology and Chemistry, 
24(3), 610-616. http://dx.doi.org/10.1897/04-017R.1

St. Aubin, D. J., & Dierauf, L. A. (2001). Stress in marine 
mammals. In L. A. Dierauf & F. M. D. Gulland 
(Eds.), Handbook of marine mammal medicine (pp. 
253-270). Boca Raton, FL: CRC Press. http://dx.doi.
org/10.1201/9781420041637.ch13

Thomas, J. A., Kastelein, R. A., & Awbrey, F. T. (1990). 
Behaviour and blood catecholamines of captive beluga 
whales during playbacks of noise from an oil drill-
ing platform. Zoo Biology, 9, 393-402. http://dx.doi.
org/10.1002/zoo.1430090507

Thomson, C. A., & Geraci, J. R. (1986). Cortisol, aldos-
terone and leucocytes in the stress response of bottle-
nose dolphins (Tursiops truncatus). Canadian Journal 
of Fisheries and Aquatic Sciences, 43, 1010-1016. http://
dx.doi.org/10.1139/f86-125

Vinther, M., & Larsen, F. (2004). Updated estimates of 
harbour porpoise (Phocoena phocoena) bycatch in the 

Danish North Sea bottom-set gillnet fishery. Journal of 
Cetacean Research and Management, 6(1), 19-24.

Wünschmann, A., Siebert, U., Frese, K., Weiss, R., 
Lockyer, C., Heide-Jørgensen, M. P., . . . Baumgärtner, 
W. (2001). Evidence of infectious diseases in harbour 
porpoises (Phocoena phocoena) hunted in the water 
of Greenland and by-caught in the German North Sea 
and Baltic Sea. Veterinary Record, 148, 715-720. http://
dx.doi.org/10.1136/vr.148.23.715

Zimmer, K. E., Gutleb, A. C., Lyche, J. L., Dahl, E., Oskam, 
I. C., Krogenaes, A., . . . Ropstad, E. (2009). Altered 
stress-induced cortisol levels in goats exposed to poly-
chlorinated biphenyls (PCB 126 and PCB 153) during 
fetal and postnatal development. Journal of Toxicology 
and Environmental Health, Part A, 72(3-4), 164-172. 
http://dx.doi.org/10.1080/15287390802539004

Zoeller, R. T., & Rovet, J. (2004). Timing of thyroid 
hormone action in the developing brain: Clinical 
observations and experimental findings. Journal of 
Neuroendocrinology, 16(10), 809-818. http://dx.doi.
org/10.1111/j.1365-2826.2004.01243.x

Zuur, A. F., Ieno, E. N., Walker, N. J., & Saveliev, A. A. 
(2009). Mixed effects models and extensions in ecology 
with R (Statistics for biology and health). Berlin: Springer 
Verlag. http://dx.doi.org/10.1007/978-0-387-87458-6


	37_4_Siebert 01
	37_4_Siebert 02
	37_4_Siebert 03
	37_4_Siebert 04
	37_4_Siebert 05
	37_4_Siebert 06
	37_4_Siebert 07
	37_4_Siebert 08
	37_4_Siebert 09
	37_4_Siebert 10
	37_4_Siebert 11

