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1. Introduction

The southern sea lion (Otaria flavescens Shaw, 1800) is a marine mammal that
belongs to the Order Carnivora, Suborder Pinnipedia, and to the Family Otarii-
dae (fur seals and sea lions, also known as otariids) [1] [2]. The species occurs in
the Atlantic and Pacific Ocean, on the coast of South America [1] [2] [3]. On the
coast of Argentina, Otaria flavescens is the most common pinniped [3] and the
most abundant otariid, widely distributed from Mar del Plata, in the province of
Buenos Aires (38°12'S, 57°33'W), to the province of Tierra del Fuego (52°27'S,
69°25'W) [4]. The species also occurs on the coast of Peru, on the west side
(margin) of South America, southern Brazil, and the Falkland Islands (Malvinas
Islands) [1] and reproduces on islands of Uruguay, Argentina, Falkland Islands,
Peru, and Chile [5]. However, there are occasional records of the species in Co-
lombia [6] [7], Galapagos Islands [8], and even on the coast of Panama in Cen-
tral America [9].

According to [5], southern sea lions do not present migratory movements.
However, males perform significant seasonal movements almost every year dur-
ing the winter and spring months [10] [11].

In Brazil, although there are no reproductive colonies of any species of pin-
niped, many specimens of fur seals, sea lions and, eventually, elephant seals and
Antarctic seals, reach on the coast of Rio Grande do Sul State between the
months of autumn and spring, favored in their post-reproductive displace-
ments mainly by the cold Falkland Current [11] [12] [13] [14]. According to
[13], some species, such as the South American ones, have a defined seasonal-
ity. On the coast of Rio Grande do Sul, the two most frequent species are the
southern sea lion (Otaria flavescens) and the South American fur seal (Arcto-
cephalus australis) [15]. These two species, besides having reproductive colo-
nies nearby, located in Uruguayan waters, use two concentration sites in the
winter in Rio Grande do Sul: Ilha dos Lobos, in the city of Torres, and the
Molhe Leste of Lagoa dos Patos, in the city of Sdo José do Norte [5] [10] [16]
[17] [18] [19], both defined as “Conservation Units” in the category of “Wildlife
Refuge” [15].

In Rio de Janeiro State, the species has already been recorded on the coast of
cities of Rio de Janeiro [20], Macaé [12], and Armacdo dos Buzios [21]. The
northernmost record of O. flavescens in Brazil is one specimen in Bahia State, in
Salvador (approximately 13°S) [22].

The objective of this study is to present records of southern sea lions (Otaria
flavescens) on the coast of Arraial do Cabo, a small city located on the east coast

of Rio de Janeiro State, and information on levels of total mercury in muscle tis-

DOI: 10.4236/0alib.1105290

2 Open Access Library Journal


https://doi.org/10.4236/oalib.1105290
http://creativecommons.org/licenses/by/4.0/

M. T. Rodrigues et al.

sue of an individual collected in the area in question.

2. Materials and Methods
2.1. Study Area

The region of Arraial do Cabo (22°58'79"S, 42°01'34"W), located on the east
coast of Rio de Janeiro State, southeastern Brazil (Figure 1), presents a warm
and humid climate, with an average temperature of 25°C in the summer and
between 17°C and 23°C in the winter, and rainfall reduced in relation to the ad-
jacent regions [23]. These climatic characteristics are related to the local geo-
graphy, distance of Serra do Mar from the costline, presence of Lagoa de Ara-
ruama, and upwelling phenomenon [24]. The region of Arraial do Cabo presents
two important characteristics: a unique oceanic projection in relation to the
coast, which makes it one of the most advanced Brazilian coast points towards
the sea and the presence of the upwelling phenomenon, which causes the rise of
deep cold waters rich in nutrients, which generates a high primary productivity
and, consequently, benefits the entire marine trophic structure, besides fishing
[25] [26] [27].

On the Brazilian coast, marine extractive reserves have been created with the
purpose of protecting traditional fishermen’s populations and the marine re-
sources from which these fishermen draw their own livelihood [28] [29]. Created
by the federal government in 1997, the Arraial do Cabo Marine Extractive Re-
serve (Reserva Extrativista Marinha de Arraial do Cabo/RESEXMAR AC) lo-
cated on the east coast of Rio de Janeiro State, about 180 km from the city of Rio
de Janeiro and 14 km from Cabo Frio, comprises a fishing area extending from
east to west, between Praia de Massambaba, in the city of Araruama, and Praia

do Pontal, in the city of Arraial do Cabo, on the border with Cabo Frio, including
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Figure 1. Brazilian coast, with an emphasis on the east coast of Rio de Janeiro
State, where the region of Arraial do Cabo (Latitude: 23°S - Longitude: 42°W)
is located. Source: Prepared by the author using the software R.
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a marine area three nautical miles from the coast of Arraial do Cabo, toward the
sea, between the coordinates 22°56'57"S and 42°04'19"W, corresponding to a
total area of 56,769 hectares of water line [28] [30].

2.2. Beach Monitoring

Between January 2003 and December 2015, 1386 days of beach monitoring were
carried out in the coast of Cabo Frio and Arraial do Cabo, totaling 3835 hours of
activities. This monitoring had as an objective to record the occurrence of live
marine mammals, mainly living cetaceans, along the coast, to rescue alive

stranded animals, and to collect dead stranded animals for study.

2.3. Sample Collection

A southern sea lion specimen was found dead (with missing body parts), in ad-
vanced state of decomposition, at Prainha, in Arraial do Cabo, in February 2017.
At the time, about 300 g of muscle was collected, removed from the anterior

dorsal region of the body, for mercury analysis.

2.4. Samples Preparation

At the collection site, the muscle sample was wrapped in a Coleman brand
thermal box, with 63 cm long, 36 cm wide and capacity of storing 100 liters and
then transported to the Laboratério de Ecotoxicologia e Microbiologia Ambien-
tal (LEMAM) of the Instituto Federal de Educagio, Ciéncia e Tecnologia Flumi-
nense (IFF), Campus Cabo Frio, where it was immediately washed with distilled
water and then weighed in a Mars brand precision analytical balance, model
AW?220 (g). The muscle was divided into three smaller pieces (triplicate), taken
from the central and lateral sides of the larger sample, which were homogenized
and then weighed into pieces containing approximately 0.30 g (0.25 g in average)
each. Shortly thereafter, the muscle pieces were again washed with distilled water
and then stored in zipped polyethylene bags (zip-lock bags), washed previously
by being soaked overnight, in a Merck brand (Darmstadt, Germany) nitric acid
(HNO;) solution, of the highest quality degree (Suprapur), to 65% and then
rinsed with ultra-pure water. After the storage of the samples, they were stored
in a freezer at a temperature of 0°C. After three months of storage, the samples
were transported in a thermal box filled with scaled ice at a temperature of 0°C
to 6°C, by land, to the Laboratdério de Controle Fisico-Quimico de Alimentos
(LCFQA) of the Departamento de Tecnologia de Alimentos (MTA) of the Fa-
culdade de Veterinaria (CMV) of the Centro de Ciéncias Médicas (CCM) of the
Universidade Federal Fluminense (UFF), located in the city of Niterdi-R], where
they remained frozen in a freezer under the same temperature for about a month

until the moment of the analysis.

2.5. THg Determination

There are reliable and highly sensitive analytical techniques that are used for the
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determination of mercury (Hg). One of the most popular techniques is Atomic
Absorption Spectrometry (AAS) [31] [32]. The AAS is a technique for deter-
mining elements based on the absorption of radiation by free atoms [33]. Its
fundamental principle involves the measurement of the absorption of the elec-
tromagnetic radiation intensity coming from a source of primary radiation by
gaseous atoms in ground state. This technique uses this phenomenon for the
quantitative determination of elements (metals, semimetals and some nonmet-
als) in a wide variety of samples, such as biological (tissues and fluids), environ-
mental (soils, sediments, waters, and plants), geological, and technological mate-
rials, as well as food and several others [34].

For the determination of total mercury (THg) in the biological samples, the
Thermal Decomposition Amalgamation Atomic Absorption Spectrometry (TDA
AAS) technique was used, according to the methodology described by [33].
This technique can be used for the analysis of solid and liquid samples [33].
The equipment used was the Direct Mercury Analyzer DMA-80, manufactured
by Milestone (Sorisole, Italy). The DMA-80 produces accurate results across a
wide dynamic range in a variety of different matrices and allows the total de-
termination of Hg without the need for previous digestion of the sample, with
an analysis time of approximately 5 minutes and detection limit (DL) of 1.5 x
10°° ug/kg of THg (wet weight/w.w.). Its operation is based on thermal de-
composition, which releases all the metal from the sample. The products re-
leased in the combustion are transported to the catalytic part of the furnace
where the interferents are eliminated. Then, the amalgamation of the metal oc-
curs, which is captured selectively. The amalgamation furnace is heated and the
mercury is quickly released and dragged by the gas to the spectrophotometer.

The results were expressed as milligrams of mercury per kilograms of sample

(mg/kg).

2.6. Validation of the Analytical Method for the Determination of
THg

The analytical method was validated based on the evaluation of the following
parameters: linearity of the analytical curves, sensitivity (detection limits—DL
and/or quantification limits—QL of the method), and precision (through the use
of/using “Certified Reference Materials/CRMs” and recovery tests).

Two analytical curves are required to work with the DMA-80, since there are
two absorption cells in the equipment. The first working range, relating to the
absorbance of cell 1, includes responses from 0.01 ng to about 20.00 ng of mer-
cury (low range). The second working range, relating to the absorbance of cell 2,
includes responses from about 20.00 ng to 1000 ng of mercury (high range). A
calibration curve for ultratraces is also possible at the beginning of cell 1 [33]. In
this study, linearity was evaluated through the regression coefficients of the ana-
Iytical curves obtained for the two mercury analyzing cells. Two concentration

ranges were used: the first (low range) from 0.5 to 20 pg-kg™', and the second
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(high range) of 20 to 1000 pg-kg™'. For both concentration ranges, satisfactory
values were observed, with r* > 0.999.

The sensitivity (detection limits—DL and/or quantification limits—QL) of the
method was evaluated by the analysis of a sample of fish (little tunny/ Euthynnus
alletteratus, predatory species inclined to present high levels of mercury con-
tents) with low mercury content, by performing six analytical repetitions. The
values obtained in the repetitions presented similarity, since no significant dif-
ference in the results was evidenced. The Direct Mercury Analyzer DMA-80 has
a detection limit (DL) of 1.5 x 10~ ug/kg of THg.

The precision was evaluated by analyte recovery tests, which consists of “forti-
fication” of the sample, that is, the addition of solutions (with different concen-
trations of the analyte of interest), and then, in the determination of the concen-
tration of the analyte added. The average percentage of total mercury (THg) re-
covery in the certified samples was 92%, showing that there was no significant
difference between the certified values and those measured for THg.

For the validation of the THg determination method in biological samples, the
verification of its analytical precision was also carried out through the analysis of
“Certified Reference Materials (CRMs)”, in this case the NRCC-DORM-2 Dog-
fish muscle and the NRCC-DORM-4 Fish Protein, produced and certified by the
National Research Council of Canada (NRCC), located in the city of Ottawa,
Canada, which allowed to verify the accuracy of the method used. The National
Research Council of Canada (NRCC) produces “Certified Reference Materials”
(CRMs) for biological tissues, isotopic standards, natural waters, sediments,
supplements, and natural health products. The samples were treated and ana-
lyzed under the same conditions as the samples of the “Certified Reference Ma-
terials (CRMs)”. Analyzes were also validated by international intercalibration
methods [35] [36].

2.7. Statistical Analysis of Results

For the statistical analysis of results, simple descriptive statistics, resulting from
the use of statistical functions from MICROSOFT EXCEL® 2007 program, was

used.

3. Results

Between July 2003 and February 2017, five occurrences of southern sea lions
(Otaria flavescens) were recorded on the coast of Arraial do Cabo, a small city
located on the east coast of Rio de Janeiro State (Table 1). The year with the
highest number of records was 2013 (n = 2), followed by 2003, 2008, and 2017,
each with only one record (Table 1). The highest number of records (n = 3) oc-
curred in July, that is, in the winter (Figure 2). According to [5], southern sea
lions do not migrate. According to [10] and [11], males perform significant sea-
sonal movements almost every year during the winter and spring months.
Southern sea lions reach on the coast of Rio Grande do Sul State between the

months of autumn and spring, favored in their post-reproductive displacements
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Table 1. Southern sea lion (Otaria flavescens) records on the coast of Arraial do Cabo,
east coast of Rio de Janeiro State, southeastern Brazil, between 2003-2017.

. Location Age Total
N Date ) . Sex
Geographical coordinates range length

Praia Grande, Arraial do Cabo-R]
01  03/07/2003 nm A e 3 A 243 m
22°58'35"S, 42°01'57"W

Prainha, Arraial do Cabo-R]
02 15/07/2008 T, AT €0 A g A 248 m
22°57'42"S, 42°01'14"W

Praia Grande, Arraial do Cabo-R
03 08/07/2013 raia Grande, Arraial do Cabo-R] 3 A 2.50m
22°58'06"S, 42°02'09"W

04 04/10/2013 Porto do Forno, Arraial do Cabo-R] g A 235
22°58'16"S, 42°00'55"W 2> m

Prainha, Arraial do Cabo-R]
05 06/02/2017 e
22°57'23"S, 42°01'37"W

Age range: newborn (NB)/neonate (N), pup (P), juvenile (J), adult (A), undefined (UN)/undetermined

(UN).
Occurrence of southern sea lion by month Occurrence of southern sea lion by season

5 5

4 4

3 ®Qccurrence 3 = Occurrence
of southern of southern
sealion by sealion by

9 month 2 season

April
May
une
July
August
October

x
-
]

January
February
March

November

December

Autumn
Winter
Spring

Figure 2.

Figure 3. (A and B): Specimen of southern sea lion (Otaria flavescens) at Porto do Forno, in
Arraial do Cabo-R]J, on October 4, 2013. Source: Marcelo Tardelli Rodrigues.

mainly by the cold Falkland Current [11] [12] [13] [14].
Four of these records were of live animals (Figure 3(A) and Figure 3(B)),
while one was of a carcass of a specimen in an advanced state of decomposition.

All live animals observed were adult males, ranging in length from 2.35 to 2.50
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m. According to [1], adult males are unmistakable, having a mane of long,
coarse, and erectile hair, extending from forehead to shoulders and from chin to
midchest. Most males darken with age, becoming brownish orange, although the
mane and underparts often remain lighter. Males sometimes have a darker face,
giving them a slightly masked appearance, and adults of both sexes can present
pale gold coloration. In relation to length and weight, according to [1], males
reach 2.60 m in length and weigh up to 350 kg, while females reach 2.20 m in
length and weigh up to 144 kg. According to [2], males reach 2.50 m in length
and weigh up to 350 kg, while females reach 1.90 m in length and weigh up to
145 kg.

The live specimens observed were apparently in good health and presented no
injuries, scars, and/or marks on the body that indicate interactions with anth-
ropic activities, such as interactions with fishing nets, which may cause the en-
tanglement of these animals and, in most cases, lead them to death.

In relation to the specimen found dead, in an advanced state of decomposi-
tion, it was collected and measured. However, it was not possible to accurately
determine its overall length due to the lack of parts of its body. For the study of
total mercury concentrations (THg) in the muscular tissue of the individual in
question, about 300 g of muscle were collected, which were later divided into
three smaller pieces and analyzed in triplicate by the technique of Thermal De-
composition Amalgamation Atomic Absorption Spectrometry (TDA-AAS) with
the Direct Mercury Analyzer DMA-80. Results obtained were expressed in wet
weight (w.w.).

Concentrations of total mercury (THg) of 0.047, 0.057, and 0.067 mg/kg were
detected in the muscle of the analyzed specimen, with a mean value of 0.057
mg/kg, standard deviation of 0.010, and a variation coefficient of 17.5%. The
mean value * standard deviation (0.057 + 0.010) found was compared with the
mean * standard deviation of “Certified Reference Materials (CRMs)”, in this
case, the NRCC-DORM-2 Dogfish muscle (4.64 + 0.26)/(ug-g '/mg-kg™") and
the NRCC-DORM-4 Fish Protein (0.410 * 0.055)/(mg/kg) (Table 2).

Table 2. Comparison between total mercury (THg) values in Certified Reference
Materials (CRMs) and the values obtained in biological samples (muscle tissue) analyzed
in this study.

Analyte/ Certified Reference Materials (CRMs) Certified Values obtained in

Metal analyzed for trace metals in biological tissues values this study
NRCC-DORM-2 Dogfish Muscle b
Mercury . . 4.64 +0.26™¢ 0.057 £ 0.010
National Research Council of Canada N o
(Hg) (kg-g /mgkg™) (mg/kg)

(NRCC) Ottawa, Canada

M NRCC-DORM-4 Fish Protein 0.410 + 0,055 0.057 £ 0.010
ereury National Research Council of Canada B R
(Hg) (mg/kg) (mg/kg)

(NRCC) Ottawa, Canada

Analyte: A chemical substance or component in a sample which is the subject of analysis in a test or expe-
riment. “Bustamante ef al. (2003) [37]. "Branco et al. (2004) [38]. ‘Carvalho (2007) [39]. “NRCC (2013) [40].
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4. Discussion

The southern sea lion (Otaria flavescens) occurs from southern Brazil to south-
ern Argentina along the Atlantic Ocean, and around the Chilean and Peruvian
coasts along the Pacific Ocean [41] [42], although it has also been reported in
Colombia [6] [7], Galapagos Islands [8], and even on the coast of Panama in
Central America [9]. According to [5], the species does not carry out migratory
movements. However, according to [10] and [11], males perform significant
seasonal movements during the winter and spring months, almost every year.
According to [12], [13] and [14], O. flavescens, as well as other species of pinni-
peds, carry out post-reproductive displacements, favored mainly by the cold
Falkland Current (Malvinas Current).

In southern Brazil, most occurrences of southern sea lions were reported from
September to November during their non-breeding distribution [21]. On the
coast of Rio Grande do Sul State, O. flavescens is considered the most frequent
pinniped [5] [16] [18] [10]. However, on the coast of Rio de Janeiro State, the
species is rarely observed, it has been reported in only three occasions so far, in
published records about to the observations of the species on an unconfirmed
date at Praia Vermelha (Urca), in the city of Rio de Janeiro-R] [20], on 24 De-
cember 1975, in the city of Macaé-R] [12], and on 14 January 2006, at Praia da
Ferradura, in the city of Armacio dos Buzios-R], that is, in later spring and early
summer, respectively [21]. It is believed that southern sea lion individuals that
inhabit the Brazilian coast originate from the breeding colony of Uruguay, where
there are about 12,000 seals [43].

According to [44] and [10], the northern dispersion pattern of O. flavescens is
related to suitable prey in southern Brazilian waters. Still according to the au-
thors, this dispersion occurs especially with adult males and sub-adults which
could travel long distances far from the breeding colonies. According to [10],
foraging activities conducted near the breeding ground could result in a collapse
due to competition for food, especially for females and juveniles that need to fo-
rage and store energy to maintain their parental care. Studies conducted in south-
ern Brazil have shown that southern sea lions observed in this region feed mainly
on demersal fish of the Family Scianidae (e.g. banded croaker/ Paralonchurus bra-
siliensis, king weakfish/ Macrodon ancylodon, striped weakfish/ Cynoscion stria-
tus, and whitemouth croaker/ Micropogonias furnieri) and Family Trichiuridae
(largehead hairtail/ Trichiurus lepturus) [45] [46].

Marine mammals are top predators in marine food webs and, for this reason,
generally present high levels of heavy metals in their muscle and organs [47]
[48]. The levels of these metals in each species are related to their eating habits
and geographical distribution [3]. According to the authors, coastal species
usually present higher levels than oceanic species. Still according to the authors,
the diet is the main source of heavy metals in marine mammals and prey prefe-
rence may influence the amount of these metals in these animals. It is known

that cephalopods and fish are natural accumulators of mercury [49] [50]. As a
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consequence, when feeding on these animals, marine mammals are exposed to
these heavy metals [3]. According to the authors, this characteristic, associated
with the longevity and diversified foraging ecology of these animals, places them
as an interesting group to study heavy metals.

Although heavy metal studies have been conducted in several marine mammal
species, information on Hg in southern sea lions is still scarce [51] [52], due to
the fact that these animals are protected by law in several countries, which re-
stricts their collection and study, and allows only the collection of specimens,
usually dead, in accessible areas [3]. It is known, for example, that food is the
main source of metals in southern sea lions and that specific prey can contribute
to the contamination of their natural predators by specific metals [3]. Studies
conducted by [5] [53] [54] and [55], reported that the species feeds on fish,
crustaceans, and mollusks (cephalopods).

Bioaccumulation of heavy metals by O. flavescens can affect its behavior or
survival. However, there isn’t enough information in the literature on the con-

tamination of the species by these metals yet [3].

5. Conclusions

Due to the fact that there are no reproductive colonies of southern sea lions in
Brazil, the occurrence of the species on the Brazilian coast and, consequently, on
the coast of Rio de Janeiro State, between autumn and spring months, is related
to seasonal movements of adult and sub-adult males during the period that cor-
responds to their non-reproductive distribution. On the east coast of Rio de Ja-
neiro State, O. flavescens records are rare and occurred in the summer (January
and February), winter (July), and spring (October). The presence of the species
in spring and summer (periods that correspond to the beginning and peak of the
upwelling phenomenon, respectively), in the study area, may be related to the
search for food (foraging) and possible feeding, because in two separate occa-
sions specimens were observed briefly moving very close to large shoals of little
tunny (Euthynnus alletteratus) and chasing a specimen of dolphinfish (Cory-
phaena hippurus).

In relation to the concentrations of Hg found in the analyzed individual, it is
known that the main route of absorption of this element in marine vertebrates is
through feeding. Pinnipeds can be used as environmental sentinels because they
can accumulate small or large amounts of different pollutants in their tissues and
organs, as well as indicators or bioindicators of the health of coastal ecosystems

and oceans.
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