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a b s t r a c t

The vulnerability of seabirds related to their migratory dynamics is frequently linked to environmental
problems along the migration path. In this context, Magellanic penguins (Sphenicus magellanicus) seem
to be vulnerable to an extensive range of environmental disturbances during their northward migration
along the Atlantic waters of South America, which include by catch, marine debris ingestion, overfishing
and environmental contamination. In this study, we investigate mercury accumulation in muscle and
hepatic tissues of juveniles penguins collected along the Brazilian coast during three migratory seasonal
years (2006, 2008 and 2012) and three areas along a latitudinal gradient. We found significant differ-
ences in Hg levels across the years, with higher hepatic Hg levels found in tissues of penguins sampled in
2008. The higher Hg levels in samples of penguins from 2008 might be attributed to variations in body
condition or Hg uptake, associated with the trophic imbalance linked to an extreme El Ni~no event during
that year. Significant differences in Hg accumulation across the latitudinal areas were also observed. The
penguins sampled at the farthest area from the breeding ground presented the higher levels of Hg and
also the poorest body condition. Body condition and other traits may influence the levels of chemical
pollutants and decrease the migratory success rate in the juvenile age phase, compromising population
dynamics.

© 2018 Published by Elsevier Ltd.

1. Introduction

Migratory species naturally face many survivorship challenges
during their journeys in the marine environment, but ecological
vulnerabilities have been aggravated due to human perturbations
along the migration routes (Walther et al., 2002; Warner, 2010).
Ecosystem disturbances, such as habitat loss and fragmentation
and environmental pollution, pose a risk to the animals during their
migration and can affect the viability of the population (Dolman
and Sutherland, 1992; Robinson et al., 2009; Montevecchi et al.,
2012; Tartu et al., 2013; Fort et al., 2015; Carravieri et al., 2017).

Many seabirds, including penguins, are iconic species

specialized in long migrations, entailing considerable energetic
costs with the locomotion, predation avoidance, search for suitable
habitats and availability of prey, but also facing human-related
population disturbances (Pütz et al., 2007; Quillfeldt et al., 2010;
P�eron and Gr�emillet, 2013).

Every year, juvenile Magellanic penguins (Spheniscus magella-
nicus) perform a massive northward wintering migration along the
Atlantic waters of South America from their breeding grounds,
located on the coasts of southern Argentina, Chile and Falkland/
Malvinas Islands (García-Borboroglu et al., 2006; Pütz et al., 2007;
Boersma et al., 2013). The northern extension of the wintering non-
breeding penguins distribution includes south and southeastern
Brazil, although the northward limit of the wintering dispersion
seems to be considerably expanded during the last decades (Dantas
et al., 2013). In the previous years, this species has been regularly
recorded along the Rio de Janeiro (22� 580 S) coast, as well as on the
Cear�a coast, northeastern Brazil (5� 290 S) (Silva et al., 2012; Dantas
et al., 2013). During their migration, Magellanic penguins seem to
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be vulnerable to a number of environmental disturbances, which
includes exposure to and accumulation of environmental pollut-
ants, such as oil and heavy metals (Gandini et al., 1994; Keymer
et al., 2001; García-Borboroglu et al., 2006; Gil et al., 2006; Vega
et al., 2010; Godoy et al., 2014; Kehrig et al., 2015; Tavares et al.,
2017).

Persistent toxic chemicals, such as mercury (Hg), pose great
concern to marine ecosystems due to their incorporation into the
marine food web, threatening particularly long-lived and/or high
trophic predators at the individual and population levels, through
bioaccumulation and biomagnification processes (Monteiro and
Furness, 1995; Elliot and Scheuhammer, 1997; Wolfe et al., 1998;
Brasso and Polito, 2013). Although Hg has natural sources in the
environments, historical human activities have increased emis-
sions to the ecosystems, modifying its global cycling mechanisms
(Driscoll et al., 2013). Subsequently, bioavailable Hg levels have
increased in the marine environments, threatening a vast and
diverse list of organisms (Robinson et al., 2009; Driscoll et al.,
2013).

Mercury concentrations in penguins, including S. magellanicus,
are expected to be low given the remote environment where most
species inhabit, located far from the main emission sources of
chemical pollutants (Brasso et al., 2015). In this respect, Bratki�c
et al. (2016) reported low Hg concentrations in South Atlantic
waters around 40�S latitude, which considerably matches with
the breeding location of Magellanic penguins on the Argentina
coast. Nevertheless, previous studies have reported harmful he-
patic Hg concentrations in Antarctic penguins. As an example,
Szefer et al. (1993) reported an average concentration of
34.7 mg g�1 dry weight in hepatic tissues of Gentoo penguins
(Pygoscelis papua) surpassing even measurements from other
marine mammal species assessed in the same study, such as
crabeater (Lobodon carcinophagus) and the leopard seals
(Hydrurga leptonyx). Gill and Darby (1993) also detected hepatic
Hg concentrations ranging 6.81 mg g�1 wet weight in yellow-eyed
penguins (Megadyptes antipodes) from New Zealand. Other sci-
entific studies have also reported on Hg concentrations in tissues
from several penguin species from different breeding grounds,
including S. magellanicus (Gil et al., 2006; Vega et al., 2010; Frias
et al., 2012; Kehrig et al., 2015). Gil et al. (2006), for example,
analyzed toxic metals in seabirds (e.g. penguins, gulls, petrels,
albatrosses and other waterbirds) sampled on the Patagonian
coast of Argentina, and found that Hg concentrations were higher
in Magellanic penguins when compared with other examined
species. It is important to highlight that biological factors known
to influence the Hg concentrations in large marine vertebrates,
such as age, could bias the comparison within and among species
(Stewart et al., 1997).

Juvenile penguins spend considerable energy in their migration
along the South American waters, which compromises their body
condition and may influence the accumulation of persistent ele-
ments. Indeed, most animals recovered from beaches along the
Brazilian coast display clear signs of starvation (Dantas et al., 2013)
and the evaluation of stomach contents (Di Beneditto et al., 2015)
supports this observation. What is not well investigated, and is the
main focus of this current research, is how Hg concentrations can
vary along themigration path and across the annual wintering non-
breeding periods of juvenile Magellanic penguins.

The aim of this research is to investigate the variability of Hg
concentrations in juvenile Magellanic penguins found dead
stranded in different annual wintering periods and along their
latitudinal migrating path on the Brazilian coast. As body condition
is a determinant biological trait linked to migration performance in
birds (Duijns et al., 2017), we also considered this as a research
variable that might be associated to the Hg concentrations in the

sampled penguin specimens.

2. Materials and methods

2.1. Sample collection

Hepatic and muscle tissues were obtained from juvenile Mag-
ellanic penguins found dead stranded along the Brazilian coast
during their wintering journey along the Atlantic waters of South
America. The sampling activities were conducted during a daily
beach monitoring survey following a standardized protocol aiming
to collect information and biological samples from strandedmarine
megafauna (Moura et al., 2016; Tavares et al., 2016). Only fresh dead
specimens were selected for tissue analyses, generally presenting
normal appearance, fresh smell and dark red and firm muscle tis-
sues, corresponding to the code 2 of the protocol reported by Geraci
and Lounsbury (2005).

All specimens sampled in this study presented juvenile plumage
characteristics (Boersma et al., 2013). Indeed, it has been observed
that over 95% of the Magellanic penguins undertaking long-dis-
tance wintering migration are juveniles (García-Borboroglu et al.,
2010; Reis et al., 2011).

We assessed the variability of Hg concentrations in samples of
stranded penguins collected at three latitudinal areas along the
Brazilian coast for the year 2008: Rio Grande do Sul (Lat. 31�000 S),
Rio de Janeiro (Lat. 22�500 S) and Sergipe (Lat. 11�000 S) (Fig.1). With
this part of the study design, we aimed to evaluate to which extent
the fitness and energetic imbalance linked to the distance reached
from the breeding grounds can be associated with Hg concentra-
tions in juvenile penguins. Nevertheless, the specific breeding
populations fromwhere the sampled penguins belong to, and from
where they began their northward migration along the Atlantic
coast of South America are unknown. Therefore, the samples from
2008 were collected in a time frame of two days in order to reduce
the chance that the sampled penguins come from very distant and

Fig. 1. Map displaying the three latitudinal sampling areas for Magellanic penguins
(Spheniscus magellanicus) along the Brazilian coast. In the bottom right corner is a
graphical representation of a characteristic juvenile penguin sampled herein. Rio ¼ Rio
de Janeiro; R.Sul ¼ Rio Grande do Sul.
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