Bulletin of Environmental Contamination and Toxicology (2018) 100:317-323

https://doi.org/10.1007/500128-017-2233-0

@ CrossMark

Manganese Concentrations in Tissues and Skin of Three Dolphin
Species Stranded in the Croatian Waters of the Adriatic Sea from 1995

to 2013

Maja Doki¢' - Nina Bilandzi¢!
Tomislav Bolanéa®

- Marija Sedak' - Martina Puras? - Tomislav Gomer¢i¢3 - Miroslav Beni¢* -

Received: 9 October 2017 / Accepted: 1 December 2017 / Published online: 14 December 2017

© Springer Science+Business Media, LLC, part of Springer Nature 2017

Abstract

Manganese concentrations were determined in muscle, kidney, liver, spleen, lung and fat tissues and skin of three cetacean
species, the bottlenose (Tursiops truncatus), striped (Stenella coeruleoalba) and Risso’s (Grampus griseus) dolphins, stranded
along the Croatian Adriatic coast between 1995 and 2013. Mean ranges determined in tissues were (mg/kg, ww): muscle
0.23-0.27, liver 2.87-4.00, kidney 0.66—1.26, spleen 0.37-0.79, lung 0.18-0.57, skin 0.11-0.97, fat 0.06—0.42. The highest
Mn mean levels in tissues were measured in species (mg/kg, ww): T. truncates lung 0.41, skin 0.97, fat 0.42; S. coeruleo-
alba muscle 0.26; G. griseus kidney 1.26, liver 4.00, spleen 0.64. Significant differences of Mn concentrations in the liver
(»p=0.034), spleen (p=0.037) and skin (p =0.013) were found among the three dolphin species. Significant differences in
Mn levels were found between young and adult 7. truncates in kidney (p =0.042), lung (»p =0.0040) and skin (p =0.0034).
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Manganese (Mn) is an essential metal required for meta-
bolic function, including the development of the skeletal
system, regulation of cellular energy, activation of certain
enzymes, functioning of the nervous and immune systems,
and proper functioning of reproductive hormones. It is also
an antioxidant that protects cells from free radicals (ATSDR
2012). Manganese deficiency can lead to altered carbohy-
drate metabolism, decreased glucose metabolism, abnormal
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lipid metabolism and impaired synthesis and insulin action
(Santamaria 2008).

In mammals, the liver uptakes Mn from the blood and
transports it to the extrahepatic tissues, primarily bound
to transferrin, alpha 2-macroglobulin and albumin. Previ-
ous studies reported the highest Mn content in the liver of
marine mammals, for example the highest Mn concentra-
tions of up to 474 mg/kg dry weight were reported in the
liver of sea otters (Enhydra lutris) (Eisler 2009). The Mn
concentrations in the tissues of six cetacean species found in
the Ligurian Sea ranged from 0.06 to 5.33 mg/kg wet weight
(Capelli et al. 2008). The lowest values were determined in
the muscles, and the highest in the liver and lungs, though
most values were less than 2.5 mg/kg wet weight. The con-
centrations of Mn in the kidneys in five species of toothed
whales from the Portuguese Atlantic coast (2004-2008)
were less than 2.5 mg/kg wet weight, while Mn levels in
the liver of striped (Stenella coeruleoalba) and bottlenose
dolphins (Tursiops truncates) were 3.2 mg/kg and less than
2.5 mg/kg wet weight, respectively (Méndez-Fernandez
et al. 2014).

Unlike the Mediterranean Sea, where these three dolphin
species are regularly present, in the Adriatic Sea, only T.
truncatus is a permanent resident, while G. griseus and S.
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coeruleoalba are thought to be only occasionally present
(Gomerci¢ et al. 2004). Manganese contents have been
reported in only a few cases of T. truncatus and G. griseus
from the Italian waters of the Adriatic Sea (Bellante et al.
2009). The aim of this study is to provide an extensive data-
set of Mn levels measured in tissues and organs of three
cetacean species T. truncatus, S. coeruleoalba and G. gri-
seus found stranded along the Croatian shore of the Adriatic
Sea over a period of nearly two decades. The main objec-
tives of the study were: (i) to determine the distribution of
manganese in different organs of three dolphin species; (ii)
to investigate the differences in Mn bioaccumulation for
different tissues between the three cetacean species; (iii) to
determine influence of different variables on Mn concentra-
tions in tissues; and (iv) to compare the obtained concentra-
tions with previously reported element distribution patterns
in the tissues of these three species from the Mediterranean
and other seas.

Materials and Methods

In total, 190 stranded cetaceans of three species were col-
lected along the Adriatic coast between 1995 and 2013:
159 bottlenose dolphins (Tursiops truncatus), 25 striped
dolphins (Stenella coeruleoalba), and 6 Risso’s dolphin
(Grampus griseus). Of the total 159 T. truncatus dolphins,
62 were males (25 young, 37 adult), 68 females (28 young,
40 adult) and 29 specimens (16 males and 13 females) for
which age was not determined. The dolphin species S. coer-
uleoalba included 15 male and 10 female individuals. Prior
to dissection, the age, gender, weight and body sizes were
recorded. During necropsies, teeth were collected for age
determination. Teeth sections were prepared according to
Slooten (1991) and age was estimated by counting growth
layer groups (GLG) according to Hohn et al. (1998). T.
truncatus were divided into four groups: adult males and
females (>7 years), and male and female young (<7 years).
The criterion of 7 years was used as this marks the onset
of sexual maturity of dolphins. S. coeruleoalba speciments
were divided into males and females as all collected indi-
viduals were adults, while the dolphins of the species G.
griseus were pooled into a single group of all adults. Tissues
of muscle, kidney, liver, spleen, lung and fat tissues were
collected. Following collection, specimens were frozen in
prewashed polyethylene bags, brought to the laboratory, and
stored frozen at — 18°C prior to analysis.

All reagents were of analytical reagent grade, HNO;,
H,0,, and HCI (Analytical Grade, Kemika, Croatia). Ultra-
pure water (Milli-Q Millipore, 18.2 MQ cm resistivity) was
used for all dilutions. All plastic and glassware was cleaned
by soaking in diluted HNO; (1/9, v/v) and rinsing with dis-
tilled water prior to use. Calibrations were prepared with
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element standard solutions of 1000 mg/L supplied by Perkin
Elmer. Stock solution was diluted in HNO; (0.2%).

Samples of all tissues and skin (0.5 g) were weighed
in a high pressure Teflon digestion vessel. Then, 4 mL
HNO; (65% v/v), and 2 mL H,0, (30% v/v) were added
and digested in a microwave closed system Multiwave 3000
(Anton Paar, Germany). Blanks were carried through the
procedure in the same way as the sample. The digestion pro-
gramme was performed in three steps: first step at a potency
of 500 W for 5 min, second step at 1000 W for 5 min, third
step at 1400 W for 10 min. Digested samples were diluted
to a final volume of 50 mL with ultra-pure water. Element
concentrations were reported as mg/kg, based on wet weight
values (Ww).

Manganese concentrations in tissues and skin were deter-
mined by inductively coupled plasma optical emission spec-
trometer (ICP-OES) Model Optima 8000 equipped with an
S10 autosampler (Perkin Elmer, Waltham, Massachusetts,
USA).

Precision and accuracy of the analytical method was
determined using certified reference material of dogfish liver
protein DOLT-5 (NRC Institute for National Measurement
Standards, Ottawa, Canada). The result obtained was (n=15)
8.91 mg/kg, and in comparison with the certified value of
8.88 mg/kg, a recovery of 100.3% was obtained. The coeffi-
cient of variation (CV) in samples was less than 10%. There-
fore, results showed good accuracy of the methods used.

Statistical analyses were performed using the Stata 6.0
statistical package (Stata Corp. USA). Concentrations of Mn
in tissues, body lengths and body weights were presented as
mean, minimal and maximal values. The statistically sig-
nificant differences in the concentrations of Mn in the same
tissue among species were assessed by the Kruskal-Wal-
lis test. Differences in Mn levels between young and adult
females and males and between males and females within
same species were estimated by the Student’s ¢ test. Results
were considered significant at p <0.05.

Linear regression was used to verify the linear relation-
ship between the Mn concentration and other known inde-
pendent variables (body weight, body length, age, gender,
stranding location and year of stranding). In order to assess
the impact of the stranding location on the Mn content in tis-
sues of three dolphin species, the stranding locations of the
Adriatic coast were divided into two geographic units: north-
ern and southern, as the areas north and south of Maslenica,
respectively. A total of 73 individual dolphins were found in
the northern Adriatic, of which 68 were T. truncatus, while a
total of 117 individuals were found in the southern Adriatic,
of which 91 individuals were T. truncatus.



Bulletin of Environmental Contamination and Toxicology (2018) 100:317-323

319

Results and Discussion

Manganese concentrations in the different organs and tis-
sues of the cetaceans 7. truncatus, S. coeruleoalba and G.
griseus are shown in Table 1. Element concentrations were
measured in the range from 0.06 to 23.1 mg/kg wet weight.
Mean Mn concentrations in all tissues of the three dolphin
species in this study are in the expected range for marine
mammals, i.e. less than 7 mg/kg wet weight (Thompson
1990). The obtained values also confirm previous results
that Mn accumulates primarily in the liver of marine mam-
mals (Capelli et al. 2000; Eisler 2009; Wafo et al. 2014).
Manganese concentration decreased in the following
order for the three species: T. truncates liver > skin > kid-
ney > spleen > fat > lung > muscle; S. coeruleoalba
liver > kidney > spleen > lung > muscle > skin > fat; G.
griseus liver > kidney > spleen > muscle > lung.

Mean Mn concentration in the liver of males and
females of T. truncates and S. coeruleoalba were in the
range of 2.90-3.90 mg/kg, while concentrations in the
liver of G. griseus were higher (4.00 mg/kg). The largest
Mn range in the liver was determined in the female adult
of T. truncates (0.69-9.75 mg/kg) and male S. coeruleo-
alba (1.16-10.8 mg/kg). Significant differences of Mn
concentrations in the liver (p =0.034) were found among
the three dolphin species.

Statistical analysis performed in the largest group of
dolphin T. truncates showed significant differences in Mn
concentrations between total young and total adult ani-
mals for kidney (p =0.042), lung (p =0.0040) and skin
(p=0.0034). Significant differences in concentrations
between age classes within genders were also found, dem-
onstrating age-dependent accumulation in certain tissues.
Manganese levels in the lung of young males were signifi-
cantly higher than in the lungs of adult males (p <0.01).
In the female group, a significant difference was observed
between young and adult animals in the kidney and spleen
(p <0.01, both). There were no significant differences
found in Mn concentrations in any type of observed tis-
sue between total male and total female dolphins of T.
truncates, as well as between male and female group of
S. coeruleoalba.

As in this research, previous studies of S. coeruleoalba
(Agusa et al. 2008) or toothed whale species (Méndez-Fer-
nandez et al. 2014), showed no differences in the accumu-
lation of Mn according to gender. However, gender related
differences in Mn element levels in skin were reported for
T. truncates, where juvenile females showed significantly
higher Mn skin levels than adult males (Stavros et al.
2007). It has been suggested that gender related differ-
ences in Mn concentrations may be associated with sexu-
ally metabolic differences related to achieving maturity

(Monteiro et al. 2016). As presented above, in this study
age-dependent Mn levels were found with higher levels in
young males and females. Also, higher Mn was reported
in the skin of younger individuals of T. truncates found on
the coasts of South Carolina and Florida, USA (Stavros
et al. 2007). This high level of Mn in younger dolphins
may be explained by Mn essential role in processes of
growth and development and also in functions of reproduc-
tive and nervous system (Monteiro et al. 2016).

In previous studies for 7. truncates, higher Mn contents
than those in this study were measured in muscle (0.38 mg/
kg), liver (0.89 mg/kg) and kidney tissues (3.5 mg/kg) of dol-
phins stranded on the Israeli coast in the period 1994-2001
(Roditi-Ellasar et al. 2003). Among the available studies,
extremely low Mn concentrations of 0.75 mg/kg were meas-
ured in the liver of T. truncates from the Atlantic coast of
Portugal (Aubail et al. 2013). In only two individuals of 7.
truncatus collected from the Italian coast of the Adriatic Sea
lower Mn levels were reported in liver, kidney and muscle
(mg/kg: 2.06, 0.52-0.53, 0.12-0.18; Bellante et al. 2009)
than reported here.

In comparison with measured Mn concentrations in
S. coeruleoalba in this study, specimens of this species
stranded at the Israeli coast in the period 20062011 had
higher levels in muscle (0.42 mg/kg), liver (4.4 mg/kg) and
kidney tissues (0.81 mg/kg) (Shoham-Frider et al. 2016).
The mean Mn level determined in the liver of S. coeruleo-
alba was 3.61 mg/kg, while the liver of S. coeruleoalba from
Japan and the Atlantic coast of Portugal contained lower
concentrations of 2.185 and 2.275 mg/kg, respectively (Agus
et al. 2008; Aubail et al. 2013). In the liver of S. coeruleo-
alba from the Ligurian Sea, Mn levels were determined at
0.1-4.85 mg/kg (mean 2.15 mg/kg), though levels were less
than 1 mg/kg in other organs (Capelli et al. 2000).

In the present study, higher Mn levels in liver, kidney
and muscle tissues of G. griseus were obtained than levels
reported in one specimen of G. griseus found at the Cattolica
site on the Italian coast of the Adriatic Sea, with concen-
trations of 3.19 mg/kg in liver, 0.71 mg/kg in kidney and
0.12 mg/kg in muscle (Bellante et al. 2009). Similar Mn
levels in liver and kidney to those in this study were reported
for G. griseus from the Israeli coast (Shoham-Frider et al.
2014), while levels were lower for individuals from the Lig-
urian Sea (Capelli et al. 2008).

Significant differences in Mn concentrations between
three dolphin species were found in spleen (p =0.037), with
the highest concentration measured in spleen of 7. truncates.
There is little literature data available on the concentration
of Mn in the spleen. Concentrations reported in the spleen
of dolphins from the Ligurian Sea collected in two different
time periods showed significant differences. In the spleen
of T. truncates (1.33 mg/kg) and S. coeruleoalba (1.51 mg/
kg) collected from 1991 to 2001 (Capelli et al. 2008) Mn
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Table 1 Manganese concentrations (mg/kg, wet weight) in tissues of young and adult 7. truncatus, S. coeruleoalba and G. griseus stranded from
1995 to 2013 along the Croatian Adriatic coast

Species Statistics Muscle (mg/kg) Kidney (mg/kg) Liver (mg/kg) Spleen (mg/kg) Lung (mg/kg) Skin (mg/kg) Fat (mg/kg)
Gender — age
T. truncatus N 24 24 23 23 23 6 17
Male —young  Mean 023 0.86 2.90 0.60 0.57¢ 0.61 0.12
(n=25) SD 0.11 0.27 171 0.32 0.53 0.62 0.10
Min 0.10 0.49 0.90 0.20 0.14 0.21 0.001
Max 0.60 1.47 8.86 1.57 2.57 1.84 0.44
T. truncatus N 36 35 36 35 34 6 16
Male — adult Mean  0.29 0.83 3.14 0.47 0.32¢ 0.18 0.14
(0=37) SD 0.30 0.41 1.49 0.25 0.30 0.11 0.13
Min 0.08 0.43 0.84 0.24 0.09 0.09 0.04
Max 1.46 2.20 6.27 1.31 1.81 0.40 0.62
T. truncatus N 15 15 13 13 15 14 14
Male —other’  Mean 0.2 0.62 2.01 0.34 0.36 0.59 0.25
(n=16) SD 0.31 0.28 1.8 0.10 0.30 0.68 0.57
Min 0.08 0.09 0.14 0.17 0.12 0.14 0.05
Max 1.28 1.31 4.46 0.53 1.21 2.60 2.14
T. truncatus N 24 23 23 22 23 5 16
Female — young  \ean 0.27 0.92° 3.15 0.79" 0.37 0.20 0.18
(n=28) SD 0.19 0.35 1.35 0.57 0.44 0.069 0.20
Min 0.11 0.36 0.58 0.22 0.093 0.10 0.02
Max 0.85 1.53 6.48 2.29 2.48 0.27 0.78
T. truncatus N 37 38 38 35 35 7 16
Female —adult  Mean 0.23 0.73¢ 3.01 0.47" 0.43 0.27 0.32
(n=40) SD 0.16 0.24 1.79 0.24 0.28 0.33 0.78
Min 0.08 0.29 0.69 0.16 0.11 0.08 0.03
Max 0.92 1.45 9.75 1.17 1.18 1.02 3.23
T. truncatus N 13 13 12 11 13 11 11
Female — other”  \ean 0.26 0.49 1.59 0.45 0.33 0.84 1.63
(n=13) SD 0.23 0.18 1.14 0.19 0.22 1.05 3.16
Min 0.12 0.25 0.09 0.22 0.12 0.07 0.04
Max 0.85 0.89 2.98 0.88 0.92 3.38 10.5
T. truncatus N 149 148 145 139 143 49 90
All Mean  0.25 0.79 2.87% 0.53" 0.41 0.97° 0.42
(n=159) SD 0.22 0.35 1.61 0.34 0.39 3.29 1.29
Min 0.08 0.09 0.09 0.16 0.09 0.07 0.001
Max 1.46 2.20 9.75 2.29 2.57 23.1 10.5
S. coeruleoalba N 14 14 14 14 13 4 10
Male Mean 025 0.82 3.90 0.37 0.30 0.11 0.12
(0=15) SD 0.15 0.35 2.29 0.12 0.27 0.038 0.048
Min 0.14 0.44 1.16 0.23 0.11 0.06 0.06
Max 0.74 1.89 10.8 0.61 1.14 0.15 0.18
S. coeruleoalba N 10 10 10 8 10 na 3
Female Mean 027 0.66 3.20 0.41 0.31 na 0.06
(n=10) SD 0.089 0.19 1.18 0.24 0.17 na 0.032
Min 0.16 0.41 0.97 0.25 0.18 na 0.03
Max 0.41 1.00 5.13 0.98 0.78 na 0.09
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Table 1 (continued)

Species Statistics Muscle (mg/kg) Kidney (mg/kg) Liver (mg/kg) Spleen (mg/kg) Lung (mg/kg) Skin (mg/kg) Fat (mg/kg)
Gender — age
S. coeruleoalba N 24 24 24 22 23 4 13
All Mean 026 0.76 3.61° 0.39 0.31 0.11° 0.10
(0=25) SD 0.13 0.30 1.90 0.17 0.23 0.039 0.045
Min 0.14 0.41 0.97 0.23 0.11 0.06 0.03
Max 0.74 1.89 10.8 0.98 1.14 0.15 0.18
G. griseus N 6 6 5 5 5 na na
All Mean  0.20 1.26 4.00° 0.64° 0.18 na na
(0=6) SD 0.057 0.56 1.75 0.28 0.037 na na
Min 0.13 0.55 1.48 0.30 0.14 na na
Max 0.28 2.09 6.33 0.95 0.23 na na
TOTAL N 179 178 174 166 171 53 103
All Mean 025 0.81 3.00 0.52 0.39 0.90 0.38
(0=190) SD 0.21 0.36 1.67 0.32 0.37 3.18 1.22
Min 0.08 0.09 0.09 0.16 0.09 0.06 0.001
Max 1.46 2.26 10.8 2.29 2.57 23.1 105

na not analyzed

Significant differences between three dolphin species: liver *p=0.034; spleen ®p =0.037; skin p=0.013

Significant differences between young and adult males of T. truncates: lung p <0.01

Significant differences between young and adult females of T. rruncates: kidney ¢p <0.01; spleen fp <0.01

*Dolphin group of the male and female specimens for which was not possible to determine the age

levels were significantly higher than levels in S. coeruleo-
alba (0.3 mg/kg) in the period from 1986 to 1990 (Capelli
et al. 2000).

Lung concentrations of Mn ranged between 0.09 and
2.57 mg/kg in the three dolphin species. In studies conducted
in the Mediterranean, the Mn content ranged from 0.14 to
0.90 mg/kg in the lung of T. truncates (Bellante et al. 2009)
and from 0.2 to 0.45 mg/kg for S. coeruleoalba (Capelli
et al. 2000; Cardellicchio et al. 2000; Wafo et al. 2014).

In the present study, significant differences were also
determined in Mn concentrations in the skin between T.
truncates and S. coeruleoalba (p =0.013). However, Mn in
the skin of S. coeruleoalba was 2 to 4 times lower than the
concentrations determined in the skin of dolphins from the
Israeli coast and Atlantic coast of Portugal (Roditi-Elasar
et al. 2003; Aubail et al. 2013). In comparison with Mn lev-
els in skin of T truncates in present study, significantly dif-
ferent concentrations have been reported with regard to the
sampling site for this species in the world’s seas, ranging
from 0.0547 to 0.875 mg/kg (Bryan et al. 2007; Stavros et al.
2007, 2011; Aubail et al. 2013). According to wide range
of concentrations found in skin it can be concluded that the
geographic location may be an important factor influencing
Mn levels in skin (Kunito et al. 2004).

Similar Mn concentrations in the fat tissue of 7. truncates
have been reported from the same species from the Israeli
coast (Roditi-Elasar et al. 2003). However, the concentration

determined in the fat tissue of S. coeruleoalba were sig-
nificantly lower than the range of 0.21-0.7 mg/kg reported
for this species from different locations of the Mediterra-
nean (Cardellicchio et al. 2000; Roditi-Elasar et al. 2003;
Shoham-Frider Shoham et al. 2009). A higher Mn content
(0.3 mg/kg) was found in fat tissue of S. coeruleoalba from
the Atlantic coast of Portugal (Aubail et al. 2013).

Previously it was suggested that feeding habits and speed
of absorption of Mn are important factors in assessing the
concentration of this element in dolphins. It is known that
there are differences in nutrition among the three types of
dolphins, S. coeruleoalba and T. truncatus feed mostly on
fish and squid at a lesser scale, while G. griseus is an open
sea species and feeds almost exclusively on squid (Capelli
et al. 2008). Therefore obtained differences in Mn levels in
liver, spleen and skin tissues between three dolphin species
point to diet and suggested that nutrition significantly affect-
ing the variation of Mn levels within different species and
within different tissues.

There are many factors, biotic and abiotic, affecting trace
element concentrations in marine mammals (Capelli et al.
2008). Therefore, in this study variables such as weight,
length, age, gender, stranding location and year of strand-
ing were tested to establish their influence on the Mn con-
centration in three dolphin species together, and in 7. trun-
cates alone (Table 2). Regression analysis for three species
together showed that there was no statistical association
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Table 2 Linear regresion
analysis to Mn concentrations in

Tissue/variable

Three species together

T. truncatus

tissues of three species together b t P b t )4
(T. truncatus, S. coeruleoalba
and G. griseus) and T. truncatus Muscle
alone Year of stranding 0.951 —4.299 0.000 0.958 —2.940 0.004
Kidney
Weight 0.998 —2.532 0.013 0.996 —3.986 0.000
Age 1.020 2.611 0.010
Gender 0.850 —2.706 0.008 0.828 —2.951 0.004
Year of stranding 0.968 -3.917 0.000 0.959 —4.517 0.000
Liver
Weight 0.997 -2.194 0.030 0.996 —2.317 0.023
Length 1.006 2.197 0.030
Year of stranding 0.963 —2.956 0.004 0.959 —2.695 0.008
Spleen
Stranding location 0.825 —2.036 0.044
Year of stranding 0.965 —2.973 0.004 0.953 —3.649 0.000
Lung
Weight 0.990 —2.86 0.01
Fat
Weight 0.993 —2.588 0.012 0.988 -3.212 0.002
Age 1.057 2.135 0.037

b regression factor, ¢ t value, p probability

between the Mn content in skin in relation to the independ-
ent variables. However, a statistically significant and nega-
tive relationship was found between Mn concentrations in
muscle, kidney, liver and spleen tissues with the year of
stranding. Concentrations in the kidney were also negatively
associated with gender and weight. In fat tissue, Mn levels
were significantly and negatively associated with weight.

Regression analysis for T. truncates showed a significant
and negative correlation of the Mn content in muscle, kid-
ney, liver and spleen with year of stranding. In kidneys, Mn
levels were also negatively associated with weight and gen-
der, though positively associated with age. Concentrations
in the liver were negatively associated with weight and posi-
tively with length. In fat tissue, Mn levels were negatively
associated with weight and positively with age. In spleen, a
negative influence of stranding location on Mn concentration
was detected. In lung, Mn content was negatively associated
with weight.

Gender related differences have previously been reported
in the skin of T. truncates from the southeast Atlantic
coast (Stavros et al. 2007). In a recent study in Portugal,
the influence of T. truncates gender on Mn levels in liver
was reported, with significantly lower Mn concentrations
in female dolphins than in males (Monteiro et al. 2016).
This may be associated with gender related metabolic dif-
ferences, as female dolphins achieve maturity earlier than
males (Kerem et al. 2013). In a study conducted on several
species of small cetaceans (Cetacea), Mn concentrations in
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the fat tissue were found to be influenced by age (Aubail
et al. 2013). A negative correlation was previously reported
between age and Mn accumulation in the liver (Kunito et al.
2004; Agusa et al. 2008).

The observed differences in Mn concentrations in the tis-
sues of the three examined dolphin species in relation to the
same species from other marine systems suggest that the
geographic location has a significant effect on the content
of the element. This also points to a well-known fact of the
influence of biotic factors such as differences in dolphin diet
in relation to the specific marine system and abiotic factors
such as the contamination of the natural dolphin habitat and
the physico-chemical characteristic of the marine ecosystem.
In conclusion, results in the present study were obtained for
a larger number of T. truncates and therefore it was possible
to perform reliable statistical tests to examine the results
and obtain a more definitive assessment of Mn behaviour
and control in the organs and tissues of these dolphin spe-
cies. Results may contribute to a better understanding of the
potential role of this trace element in these marine mammals.
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