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Abstract
Espírito Santo state is located on the eastern margin of Brazil, in a transitional tropical-subtropical area
(18°S–21°S) dominated by oligotrophic waters. With the exception of humpback whales (Megaptera novaeangliae), the cetacean community of Espírito Santo has been understudied. In addition to the chronic
impacts from fisheries, marine pollution, urban development, and coastal habitat degradation, in November 2015 the cetacean communities of Espírito Santo were challenged by the greatest environmental
disaster in Brazil’s history. The Mariana dam disaster caused 60 million cubic meters of mining waste to
be washed into the Doce River, which ultimately flowed to the coastal waters of Espírito Santo, with a
high concentration of heavy metals. This study reviews and updates information on cetacean strandings in
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the state of Espírito Santo (excluding humpback whales) prior to this disaster. From 1975 to September
2015, there were 461 recorded cetacean strandings, representing 20 species. An average 1.18 strandings
per 100 km per month were recorded since a state-wide daily beach survey program was implemented in
October 2010, contrasting with the 0.14 strandings per 100 km per month in previous years. Six species comprised the majority (94.7%) of stranding events: Guiana dolphin (Sotalia guianensis), Franciscana
(Pontoporia blainvillei), rough-toothed dolphin (Steno bredanensis), bottlenose dolphin (Tursiops truncatus),
sperm whale (Physeter macrocephalus), and melon-headed whale (Peponocephala electra). Oceanic cetaceans
stranded most frequently on the southern portion of Espírito Santo, where the continental platform is narrower, whereas the strandings of coastal cetaceans such as Guiana dolphins and Franciscanas were concentrated near estuaries, especially the Doce River. This is particularly concerning in face of the Mariana dam
disaster, which drastically altered the estuarine and coastal environment associated with the Doce River.
Keywords
Atlantic Ocean, coast, estuary, Doce River, Odontoceti, Mysticeti, South America

Introduction
Records of cetacean strandings provide reliable data on the occurrence of species and
are good indicators of species richness, relative abundance and spatial distribution
(Maldini et al. 2005, Pyenson 2010, 2011), and can be used to inform the management of marine resources (Leeney et al. 2008, Peltier et al. 2014). In coastal areas, cetaceans may be impacted by artisanal fisheries (de Freitas Netto and Di Beneditto 2007,
2008, de Freitas Netto and Siciliano 2007), marine traffic (e.g., acoustic pollution,
collisions) (Pinheiro et al. 2019) and changes in geomorphology waves due to urban
occupation of coastal areas (Albino et al. 2001, Ribeiro and Siqueira 2012).
Espírito Santo state is located on the eastern margin of Brazil (Figure 1), in a
transitional tropical-subtropical area (18°S–21°S). The marine environment of Espírito
Santo hosts a substantial fish diversity (Floeter et al. 2007, Pinheiro et al. 2015a, b)
and is an important winter breeding grounds of humpback whales (Megaptera novaeangliae) that migrate annually from the South Sandwich Archipelago (Siciliano 1995,
Siciliano et al. 2012), constituting one of the main tourist attraction in the region. Furthermore, the region also has great conservation significance for small coastal cetaceans
such as Franciscanas (Pontoporia blainvillei) and Guiana dolphins (Sotalia guianensis)
(de Freitas Netto and Di Beneditto 2007, 2008, de Freitas Netto and Siciliano 2007).
In November 2015, the marine environment of Espírito Santo suffered drastic
impacts from the greatest environmental disaster in Brazil’s history, the Mariana dam
disaster. After the rupture of an iron ore tailings dam, approximately 60 million cubic
meters of mining waste were washed into the Doce River at the Mariana municipality, Minas Gerais state. The toxic brown mud released by this disaster flowed through
the Doce River until reaching the sea at Linhares, Espírito Santo. The toxic effects
of the heavy metal-contaminated mudflow became a major concern for the marine
fauna along the Espírito Santo coast (Frainer et al. 2016, Marta-Almeida et al. 2016,
Miranda and Marques 2016, Gomes et al. 2018). While studies are still under way in
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order to evaluate the impacts of the Mariana dam disaster on the marine environment
of Espírito Santo, this study provides a compilation of the data on cetaceans strandings
in the 40 years preceding the disaster, providing a historical baseline for the region.

Materials and methods
Study area
The coastline of Espírito Santo state extends approximately 392 km from Riacho Doce
stream (18.3475S, 39.6692W) to Itabapoana River (21.3067S, 40.9583W) (Figure
1A). The northern coast of Espírito Santo corresponds to the southern half of the
Abrolhos Bank, a sediment-capped volcanic bank that encompasses the most important
coralline reefs of the South Atlantic (Moura et al. 2013). Southeast from the Abrolhos
Bank, the Vitoria-Trindade ridge is a series of volcanic seamounts that extends east,
culminating in Trindade Island and Martim Vaz Archipelago approximately 1,200 km
from the mainland (Fainstein and Summerhayes 1982). The coastal waters of Espírito
Santo are dominated by tropical oligotrophic waters of the Brazilian current coming
from the north, but are also under the influence of the seasonal coastal upwelling from
the south (Schmid et al. 1995). The region combines coral reef ecosystems in the north
and rocky reefs ecosystems in the south (transitioning at approximately 19°S) (Floeter
et al. 2001). The highest primary biological productivity occurs at a 50 km-wide strip
along the continental coastline, but significant biological productivity also occurs on
the Abrolhos Bank and adjacent areas (Figure 1C) (NASA Earth Observatory 2019).
The tropical monsoon climate is characterized by intensive and prolonged rains in
summer and dry weather in winter, with east and northeast winds predominating in
the summer and south and southeast winds occurring intermittently during winter
(Nimer 1989). There are a number of river mouths along the coast of Espírito Santo,
the most significant being the Doce River with an average flow ranging from 190 m3/s
(September) to 650 m3/s (January) (Pinto et al. 2015). Human population density is
highest on the southern half of Espírito Santo state, with a particularly high density on
the coast of Vitória and Vila Velha municipalities (Figure 1C) (Centro Internacional de
Agricultura Tropical et al. 2005); in contrast, Martim Vaz Archipelago is uninhabited
and Trindade Island (Figure 1B) has a small military meteorological station with less
than 40 people year-round.

Data compilation
Data on strandings was derived from the published literature (including detailed data
from articles previously published by the authors), publicly available reports, museum
specimens and newspaper articles. Records of by-caught individuals that were brought
ashore for necropsy were also included. Records of cetacean strandings were compiled from 01 January 1975 to 30 September 2015. The region is breeding grounds
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Figure 1. Physical, biological, and human characteristics of the coast of Espírito Santo state, southeast
Brazil. Legend: A, B Location of Espírito Santo and Trindade and Martim Vaz Islands C human population density, major ports, isobaths, sea surface chlorophyll-a concentration, estuaries, and bays in the
study area. Data sources: (Centro Internacional de Agricultura Tropical et al. 2005, Becker et al. 2009,
NASA Earth Observatory 2019).
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to M. novaeangliae, and this species has been the subject of long-term research efforts
(Martins et al. 2013, Bezamat et al. 2015) and its strandings were not included in this
report and will be analyzed separately.
It should be noted that beach monitoring effort was considerably irregular during
the study period. Until 2010, with the exception of a brief period of systematic beach
surveys in 1989 (Ramos et al. 1994, Siciliano 1995, Siciliano et al. 2002), the detection of strandings largely relied on the public reporting them to local NGOs and researchers. In October 2010, the Campos and Espírito Santo Basins Beach Monitoring
Project (Projeto de Monitoramento de Praias das Bacias de Campos e Espírito Santo–
PMP-BC/ES) was initiated as a requirement by federal environmental authorities for
licensing of oil production in the region. Through PMP-BC/ES, the entire coastline
of Espírito Santo was monitored by land on a daily basis, and any marine mammal
strandings were recorded in a standardized manner.
For each stranding, the following data was compiled: species, date, sex (male, female, unknown sex), age group (calf, juvenile, adult, unknown age), and location.
Geographic coordinates (decimal latitude and longitude, Datum WGS1984) were obtained for each stranding and were classified as: (a) “precise” when they were reported
by the original source and indicated a location on the coastline of Espírito Santo,
(b) “adjusted” when the coordinates provided by the original source were not sufficiently precise to indicate a location on the coastline, and had to be adjusted to represent the nearest location on the coastline, or (c) “approximate” when no coordinate
was provided by the original source and an approximate location on the coastline was
derived from a text description (e.g., name of the beach or city).

Spatial and statistical analyses
Geographic coordinates were plotted and used to create kernel density heat maps
using ArcGIS 10 (ESRI, Redlands, CA, USA). Although the Trindade and Martim
Vaz islands are part of Vitória municipality, they were considered separately. The
species discovery curve was obtained by plotting the cumulative number of species
recorded as the number of strandings increased chronologically. For each stranding, the lunar cycle day (LCD) was calculated, in days, by subtracting the date of
the preceding New Moon (obtained from United States Naval Observatory 2019)
from the date of stranding. The lunar phase of each stranding was then classified as:
(a) “Waxing” when 4 ≤ LCD ≤ 10, (b) “Full” when 11 ≤ LCD ≤ 17, (c) “Waning”
when 18 ≤ LCD ≤ 24, and (d) “New” when LCD ≤ 3 or LCD ≥ 25. One-proportion tests were used to determine whether the proportion of males and females
was different from an even distribution (excluding individuals of unknown sex)
for the six most frequent species. Chi-Square tests were used to determine whether
the number of strandings was heterogeneously distributed between the two most
frequent species in relation to age groups, lunar phases and months. Significance
level was 0.05 for all tests.

Family
Species
Balaenidae
Eubalaena australis
Balaenopteridae Balaenoptera acutorostrata
Balaenoptera borealis
Delphinidae
Globicephala macrorhynchus
Grampus griseus
Orcinus orca
Peponocephala electra
Pseudorca crassidens
Sotalia guianensis
Stenella attenuata
Stenella frontalis
Stenella longirostris
Steno bredanensis
Tursiops truncatus
Kogiidae
Kogia breviceps
Kogia sima
Phocoenidae
Phocoena spinipinnis
Physeteridae
Physeter macrocephalus
Pontoporiidae Pontoporia blainvillei
Ziphiidae
Ziphius cavirostris
Total

Common name
Southern right whale
Common Minke whale
Sei whale
Short-finned pilot whale
Risso’s dolphin
Orca
Melon-headed whale
False killer whale
Guiana dolphin
Pantropical spotted dolphin
Atlantic spotted dolphin
Spinner dolphin
Rough-toothed dolphin
Bottlenose dolphin
Pygmy sperm whale
Dwarf sperm whale
Burmeister’s porpoise
Sperm whale
Franciscana
Cuvier’s beaked whale

Calf
–
1:0:0
–
–
1:0:0
–
0:1:0
–
5:3:7
1:0:0
–
–
0:0:2
–
–
–
–
1:0:0
2:2:4
–
11:6:13

Juvenile
–
0:1:0
–
1:0:0
–
0:1:0
0:0:1
–
33:19:37
1:0:0
–
0:1:0
2:0:0
1:0:0
–
–
–
0:1:0
1:0:2
–
39:23:40

Adult
–
–
–
–
1:0:0
–
2:1:0
–
54:24:66
–
0:1:0
0:1:0
3:4:1
7:1:1
–
–
1:0:0
1:0:0
0:2:13
0:3:1
69:37:82

Unknown age
0:0:1
1:0:0
0:0:1
–
–
–
0:0:1
0:1:0
10:1:85
0:0:1
–
0:0:1
1:0:2
0:0:4
0:0:1
0:0:1
–
1:0:7
0:1:20
–
13:3:125

Total
0:0:1
2:1:0
0:0:1
1:0:0
2:0:0
0:1:0
2:2:2
0:1:0
102:47:195
2:0:1
0:1:0
0:2:1
6:4:5
8:1:5
0:0:1
0:0:1
1:0:0
3:1:7
3:5:39
0:3:1
132:69:260

Table 1. Recorded cetacean strandings (excluding Megaptera novaeangliae) along the coast of Espírito Santo state, southeast Brazil, from January 1975 to September
2015. The number of stranded individuals is represented as “Male : Female : Unknown sex”.
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Results
A total of 461 strandings was recorded, representing 20 cetacean species (Table 1,
Suppl. material 1). Odontoceti corresponded to 456 individuals (98.9%) and 17 species
(85%), and Mysticeti corresponded to 5 individuals (1.1%) and 3 species (15%). Six
species had more than five recorded strandings: Guiana dolphin (Sotalia guianensis, 344
individuals), Franciscana (P. blainvillei, 47), rough-toothed dolphin (Steno bredanensis,
15), common bottlenose dolphin (Tursiops truncatus, 14), sperm whale (Physeter
macrocephalus, 11), and melon-headed whale (Peponocephala electra, 6). The remaining
14 species comprised 24 individuals. The spatial distribution of the mainland strandings
is shown in Figures 2, 3. The species discovery curve is shown in Figure 4. The annual
and latitudinal distribution of strandings is summarized in Figure 5; it should be noted
that Figure 5B does not include two strandings of Cuvier’s beaked whales (Ziphius
cavirostris) recorded at Trindade Island. There were on average 0.14 recorded strandings
per 100 km per month until September 2010 (before PMP-BC/ES) and 1.18 recorded
strandings per 100 km per month since October 2010 (during PMP-BC/ES).
The sex ratio was biased towards males in S. guianensis (Z = 4.516, p < 0.001; 95%
CI of the proportion of males = 60.4–75.9%) and T. truncatus (Z = 2.334, p = 0.02;
95% CI = 51.8–99.7%). For the remaining species, sex ratio was not significantly
different from an even distribution (all p > 0.30). The age distribution was different
between S. guianensis and P. blainvillei (c2 = 21.288, df = 2, p < 0.001), with adults being the most frequent category in both species (respectively, 58% and 67%) but calves
being more frequent in S. guianensis (31%) than in P. blainvillei (17%).
The monthly distribution of strandings of S. guianensis and P. blainvillei was significantly different (c2 = 26.596, df = 11, p = 0.005) with S. guianensis strandings occurring year-round with peaks in March, August and November, whereas those of P.
blainvillei were predominantly concentrated from January to March (Figure 6A). The
strandings were similarly distributed in S. guianensis and P. blainvillei (c2 = 6.697, df =
3, p = 0.082), with both species (along with T. truncatus) presenting a higher number
of strandings during waning moon (Figure 6B).

Discussion
Twenty species were recorded in this study (21 spp. if humpback whales are included),
representing nearly half of Brazil’s known diversity of cetaceans (45 spp.) (Paglia et al.
2012). The cetacean fauna of Espírito Santo is largely composed by small and mediumsized tropical coastal and oceanic species, similarly to that of the Northeastern coast of
Brazil (Meirelles et al. 2009, Batista et al. 2012), however with fewer Caribbean species
and species related to upwelling fronts such as pantropical and Atlantic spotted dolphins (Stenella attenuata and Stenella frontalis, respectively) and Bryde’s whales (Balaenoptera brydei) (Costa et al. 2017). In certain respects, the cetacean community of
Espírito Santo arguably bears similarity to that other pantropical oligotrophic regions
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Figure 2. Geographic distribution of the six most frequently stranded cetacean species (excluding Megaptera novaeangliae) along the coast of Espírito Santo state, southeast Brazil, from January 1975 to September 2015. The limits of the Franciscana Management Areas (FMA) are shown in B.
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Figure 3. Geographic distribution of the least frequently stranded cetacean species along the coast of
Espírito Santo state, southeast Brazil, from January 1975 to September 2015.

such as the Western Tropical Indian Ocean, the Eastern Tropical Pacific and the Gulf
of Mexico (Ballance and Pitman 1998). The species discovery curve suggests that the
discovery rate has slowed down but a plateau has not yet been reached, and logarithmic
regression suggests an additional three species would have been recorded if the number
of recorded strandings had been doubled. The vast majority (99%) of the individuals
in this study were odontocetes, however this is a biased proportion because we did not
include humpback whales in the dataset (their strandings will be analyzed separately).
The average number of recorded strandings increased by 750% after the start of a
daily beach survey program (PMP-BC/ES), illustrating how the occurrence of strandings can be greatly underestimated in the absence of such survey efforts. During the
period when daily beach surveys were conducted (October 2010 to September 2015),
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Figure 4. Species discovery curve for the number of cetacean species occurring in Espírito Santo waters
based on stranding recordings.

there was a relatively low rate of 1.2 recorded strandings per 100 km per month. This
is not an unexpected result, considering the oligotrophic tropical waters of the region
(Schmid et al. 1995). In comparison, a similar beach survey program at the Paraná and
Santa Catarina states, southern Brazil, has recorded an average of 6.6 strandings per
100 km per month (data from 01/01/2016-31/12/2018, excluding humpback whales;
Projeto de Monitoramento de Praias 2019).
Six species were most frequent and represented nearly 95% of all strandings: S.
guianensis (74.6%), P. blainvillei (10.2%), S. bredanensis (3.3%), T. truncatus (3.0%),
P. macrocephalus (2.4%) and P. electra (1.3%). The fact that the two most frequently
recorded species (S. guianensis and P. blainvillei) are coastal-dwelling suggests that the
stranding probability might be influenced by the natural distribution of these species,
and therefore stranding data might systematically underrepresent the abundance of
pelagic species in the continental waters of Espírito Santo.
Interestingly, strandings were unevenly distributed with regards to the lunar
phase. Previous studies have obtained contradictory results in this respect, showing
that strandings may be more frequent during full or new moon in New Zealand and
Canada (Cordes 1982, Lad and Brabyn 1993, Wright 2005) and during waxing moon
in Great Britain (Wright 2005). In this study, strandings of Guiana dolphins, Franciscanas and Common bottlenose dolphins, were most frequent in waning moon,
whereas no evident pattern was noted for the remaining species. While this ecological
dynamic is not yet understood, potential factors that may drive uneven lunar distribu-
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Figure 5. Annual and latitudinal distribution of recorded cetacean strandings (excluding Megaptera novaeangliae) along the coast of Espírito Santo state, southeast Brazil, from January 1975 to September 2015.

tion in cetacean strandings include changes in tidal magnitude (Cordes 1982, Lad and
Brabyn 1993, Wright 2005), behavioral responses to geomagnetism (Kirschvink et al.
1986, Nishimura and Fukushima 2009) and planktonic growth and migration cycles
(Hernandez-Leon et al. 2002, Last et al. 2016).

Guiana dolphin, Sotalia guianensis (van Bénéden, 1864)
Guiana dolphins were frequently recorded throughout the Espírito Santo coast, with
hotspots of occurrence in estuaries. The Doce River estuary was a particularly significant hotspot for strandings of this species, in agreement with previous studies that suggested this is an important habitat for the Guiana dolphin (Pinheiro 2014).
Previous studies found that most Guiana dolphins stranded in Brazil are immature
males (Lima et al. 2017), which is consistent with the sex ratio of 68% males recorded
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Figure 6. Monthly and lunar phase distribution of recorded cetacean strandings (excluding Megaptera novaeangliae) along the coast of Espírito Santo state, southeast Brazil, from January 1975 to September 2015.
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in this study. The species is known to be frequently bycaught in gillnets in Espírito Santo
(Barros et al. 1997, de Freitas Netto and Barbosa 2003, de Freitas Netto and Di Beneditto 2008), especially before reaching sexual maturity, with 80% of bycaught individuals
corresponding to male individuals younger than 6 years (Rosas et al. 2003, Di Beneditto
and Ramos 2004). The finding that stranded individuals were also predominantly young
males (at least for the subset of 149 individuals for which sex was determined, bearing in
mind that sex was not determined for 57% of Guiana dolphin strandings in this study)
suggests that a substantial proportion of the strandings recorded in this study might correspond to individuals that were bycaught in gillnets and then washed ashore. The spatial
hotspots and temporal distribution of Guiana dolphin strandings could therefore be
partly related to an uneven distribution in gillnet fishing effort rather than being exclusively explained by the species’ ecology (de Freitas Netto and Di Beneditto 2007, Prado
et al. 2016). In this context, the large number of strandings at the Doce River estuary
might be interpreted as the result of the overlap of the high density of Guiana dolphins
with a particularly intense local gillnet fishing effort (Pinheiro 2014). Furthermore, bycatch could also help explaining the February-March peak in strandings, potentially
reflecting increased fishing efforts in anticipation to the Easter holidays.
The Guiana dolphin is a regionally abundant species that is highly sensitive to environmental impacts such as fisheries bycatch (Rosas et al. 2003, Di Beneditto and Ramos
2004), human disturbance (Filla et al. 2009), chemical pollution (Lailson-Brito et al.
2010, Moura et al. 2014) and pathogen outbreaks (Gonzales-Viera et al. 2013, Groch et
al. 2018). These characteristics, in addition to being classified as Near Threatened (Secchi et al. 2019), render the Guiana dolphin a prime candidate to serve as an ecosystem
sentinel for the coastal waters of eastern and southeastern Brazil (Moura et al. 2014).

Franciscana, Pontoporia blainvillei Gervais & d’Orbigny, 1844
The population of Franciscanas is split into four Franciscana Management Areas (FMA)
based on its ecogeography, morphology and genetics (Secchi et al. 2003, Cunha et al.
2014). The study area corresponds to FMA-Ia, which extends from the northern limit
of the Espírito Santo state (18.3S) to the Doce River estuary (19.7S) (Figure 2B). The
species’ distribution has a hiatus of approximately 220 km from Doce River to the
southern limit of Espírito Santo (21.3S), where FMA-Ib begins (Cunha et al. 2014,
Danilewicz 2018). Our finding that there were only three recorded strandings within
the hiatus in 40 years is in agreement with genetic studies that indicated limited gene
flow between FMA-Ia and FMA-Ib (Cunha et al. 2014).
Most strandings occurred near the mouth of large rivers, especially of the Doce
and São Mateus rivers, which is consistent with the species’ reliance on turbid waters to
feed (Siciliano et al. 2002). Doce River is recognized as a particularly important foraging area within FMA-Ia, thanks to its high productivity and turbidity (Siciliano et al.
2002). The strandings of Franciscana also showed marked seasonality, with 64% of the
records occurring from January to March. This pattern matches the summer increases
in rainfall and river flow (Pinto et al. 2015), which might encourage the species to
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come closer to the shore to take advantage from the increased biological productivity. It is also worth noting that although the presence of lesions suggestive of bycatch
was not systematically recorded, at least 14 individuals (32%) had clear indications of
interaction with fisheries such as net marks, rostral fractures or attached ropes/nets.
The Franciscana is currently classified as Vulnerable (Secchi et al. 2019), and FMAIa is the smallest and least-studied population of Franciscanas, with a remarkably low
genetic diversity and gene flow to/from other populations (Secchi et al. 2003, Cunha
et al. 2014), and an estimated population of 653 individuals (Danilewicz 2018). With
an average of 0.43 strandings per month in recent years (since daily beach surveys were
implemented), it may be estimated that the annual number of recorded strandings
corresponds to ca. 0.8% of the FMA-Ia population. This is likely an underestimation
of the true mortality rate, as in other studies the number of stranded cetacean carcasses
has been found to represent between 0% and 6.2% of the total mortality, depending on the species (Williams et al. 2011). If the 6.2% upper estimate is used, this
would imply that the true mortality might be 16.1 times higher than the number of
recorded strandings, i.e., an annual mortality of ca. 12.9% of the FMA-Ia population.
It is therefore clear that the survival of the Franciscana population at Espírito Santo
requires urgent efforts to mitigate the human impacts, especially at the estuaries on the
northern coast of the state (Doce, São Mateus, Mariricu and Itaúnas rivers).

Rough-toothed dolphin, Steno bredanensis G. Cuvier in Lesson, 1828
With the exception of one record at São Mateus, the strandings of rough-toothed
dolphins were limited to the southern portion of Espírito Santo, where the continental platform is narrower. This may be related to the dietary habits of this species,
which feeds predominantly on mesopelagic fish (depth 200–1,000 m) (Berta 2015),
and therefore likely prefers to forage in deeper waters than those of the Abrolhos Bank.
The recorded strandings of rough-toothed dolphins also appear to concentrate near the
larger cities of the southern coast (Vitória/Vila Velha and Guarapari/Anchieta), which
might reflect a greater probability of opportunistic detection prior to the daily beach
survey program. It is worth noting that one of these strandings involved an adult male
that starved due to large quantities of plastic bags in its gastrointestinal tract (Bhering
et al. 2010), illustrating the impacts that marine pollution can have on this species
(Meirelles and Barros 2007). It is also interesting to note that several rough-toothed
dolphin strandings occurred in pairs, with two individuals stranding in the same general area within a few months (e.g., records A370 and A371, A375 and A376, A378
and A379 in Suppl. material 1). It is unclear whether this is a coincidence or if instead
it represents a group/familiar dynamic (e.g., mother-calf pairs), and further studies are
warranted to evaluate this possibility.

Common bottlenose dolphin, Tursiops truncatus (Montagu, 1821)
With the exception of two records (Conceição da Barra and Linhares municipalities),
the strandings of common bottlenose dolphins were limited to the southern portion
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of Espírito Santo. However, unlike the rough-toothed dolphin, common bottlenose
dolphins have a flexible diet that includes prey from coastal waters (Wells and Scott
2009), and therefore it would be reasonable to expect this species would be common
in the Abrolhos Bank. A possible explanation is that the species is concentrating at
the Vitória eddy (Schmid et al. 1995). Because the Greater Vitória metropolitan area
was the main hotspot for common bottlenose dolphin strandings, another potential
explanation would be that these animals are attracted by the fisheries targeting small
pelagic fishes that operate from that area and with which this species is known to interact (Zappes et al. 2011). It is worth noting that although the Itaipava fishing fleet is
the largest in the state, it focuses primarily on longline fishing of dolphinfish and tuna
(Bugoni et al. 2008), which would not be attractive for common bottlenose dolphins.

Sperm whale, Physeter macrocephalus Linnaeus, 1758
Sperm whale strandings were diffusely distributed along the Espírito Santo coast, without well-defined hotspots. At-sea observations suggest that sperm whales tend to concentrate along the central coast of Bahia, especially at the Camamu-Almada Basin,
and occur at much lower densities in Espírito Santo (Batista et al. 2012). The number
of strandings of this species in this study was relatively high compared to similar surveys conducted in other portions of the Brazilian coastline (Prado et al. 2016, Vianna
et al. 2016, Costa et al. 2017), which suggests this species probably forages along
the Vitória-Trindade ridge and occasionally approaches the Espírito Santo coast. It is
worth noting that previous studies suggested that the species might be most abundant
in Espírito Santo waters in winter and spring, from July to November (Batista et al.
2012), but this was not evident in the strandings recorded in this study.

Melon-headed whale, Peponocephala electra (Gray, 1846)
Melon-headed whales are relatively common on the coast of northeast Brazil, including Bahia, where a mass stranding event involving 240 individuals was recorded on
1987 (Lodi et al. 1990). Strandings were diffusely distributed along the Espírito Santo
coast, without well-defined hotspots. The number of strandings of this species in this
study was relatively high compared to similar surveys conducted in other portions of
the Brazilian coastline (Prado et al. 2016, Vianna et al. 2016, Costa et al. 2017), which
is consistent with at-sea surveys showing that melon-headed whales are occasionally
seen along the coast of Espírito Santo (Wedekin et al. 2009, 2014). It is worth noting
that there was one instance where a live individual stranded in the state, but it later
died and its death was attributed to plastic ingestion (Costa et al. 2012), illustrating
the impacts of plastic pollution can have on this species.

Other species
The remaining 14 species comprised 24 individuals, predominantly corresponding
to small species with tropical oceanic distribution. Most of these records were at the
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southern portion of Espírito Santo, which suggests that the narrower continental platform may have increased the probability of stranding.
The only baleen whales recorded in this study were common Minke whale (Balaenoptera acutorostrata), Sei whale (Balaenoptera borealis) and southern right whale (Eubalaena australis). These species are known to occasionally occur in the region during
their winter migration in the Southwest Atlantic (Zerbini et al. 1997, Berta 2015).
Based on their predicted distribution, the following mysticetes that would be expected
to occur in the study area (besides humpback whales) but were not recorded in this
study are: Antarctic Minke whales (Balaenoptera bonaerensis), Bryde’s whales, and Blue
whales (Balaenoptera musculus); the southern coast of Espírito Santo is also on the
distribution limit for the Fin whale (Balaenoptera physalus) (Berta 2015, International
Union for Conservation of Nature and Natural Resources 2019).
With the exception of the Burmeister’s porpoise (Phocoena spinipinnis), the remaining records of odontocetes are within the known distribution of each species
(Berta 2015, International Union for Conservation of Nature and Natural Resources
2019). Burmeister’s porpoises are small odontocetes that inhabit the coastal waters of
South America (Berta 2015). Although the species’ distribution extends as far north
as 5°46'S on the Pacific coast (northern Peru), its distribution on the Atlantic coast is
generally considered to be restricted south of 27°55'S (Santa Catarina state, Brazil) (International Union for Conservation of Nature and Natural Resources 2019). This species is rare in southern Brazil, with only one record in Santa Catarina and six records in
Rio Grande do Sul despite over 30 years of systematic beach surveys (Prado et al. 2016,
Vianna et al. 2016). Therefore, the Burmeister’s porpoise recorded in Espírito Santo,
more than 1,120 km from the species’ northern Atlantic distribution limit, clearly
represents an extra-limital record. This could be related to a straggling individual or
perhaps a carcass brought by fishing vessels. The later hypothesis is strengthened by
the fact that the specimen stranded at Anchieta municipality, one of the ports of the
Itaipava fishing fleet which is known to operate along the South Brazil Bight (continental waters from Rio Grande do Sul to São Paulo) (Bugoni et al. 2008).
Based on their distribution range, the following odontocetes would also have been
expected to occur in the study area but were not recorded in this study: long-beaked
common dolphin (Delphinus capensis), short-beaked common dolphin (Delphinus
delphis), pygmy killer whale (Feresa attenuata), Fraser’s dolphin (Lagenodelphis hosei),
Blainville’s beaked whale (Mesoplodon densirostris), Clymene dolphin (Stenella clymene),
and striped dolphin (Stenella coeruleoalba) (Berta 2015, International Union for Conservation of Nature and Natural Resources 2019).

Implications for conservation
Our results suggest that the Doce River estuary may be a particularly significant area
for cetaceans in Espírito Santo, especially Guiana dolphins and Franciscanas. For this
reason, the impacts that the Mariana dam disaster may have had on these species, both
of which were already threatened with extinction, are acutely concerning. The mudflow
resulting from this incident had a high concentration of heavy metals (Frainer et al.
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2016, Marta-Almeida et al. 2016, Miranda and Marques 2016, Gomes et al. 2018),
and cetaceans are particularly at risk of intoxication due to biomagnification along the
food chain (Fossi and Panti 2018). Furthermore, the extent of the mudflow led to substantial impacts to the marine environment which likely also affected prey availability
for these species (Frainer et al. 2016, Miranda and Marques 2016). Environmental impact studies to evaluate the consequences of this disaster on the marine fauna of Espírito
Santo are underway, and our results will serve as a baseline for comparison for post2015 stranding data (e.g., number and species of strandings, seasonal distribution, etc.).
Four threatened species were recorded in this study: Guiana dolphin (Vulnerable),
Franciscana (Vulnerable), sperm whale (Vulnerable), and Sei whale (Endangered) (International Union for Conservation of Nature and Natural Resources 2019). It is remarkable that three of these species (Guiana dolphin, Franciscana, and sperm whale)
were amongst the most frequently recorded in this study. Considering their differences
in habitat use and body size, it is clear that these factors alone could not explain their
particularly high frequency. Instead, our data suggest that these species are either particularly abundant or experience high mortality in the study area. In particular, the
Franciscana presents a critical conservation challenge, as its small population in northern Espírito Santo is known to be genetically distinct and geographically isolated (Secchi et al. 2003, Cunha et al. 2014, Danilewicz 2018), and our results suggest that this
population already experienced high annual mortality prior to the Mariana dam disaster.
Although the seamounts along the Vitória-Trindade ridge likely provide attractive
habitat for marine fauna (Floeter et al. 2007, Pinheiro et al. 2015a, b), including cetaceans
(Wedekin et al. 2014), only two strandings were recorded at Trindade Island, both of Cuvier’s beaked whales. Such a small number of recorded strandings is likely due to a combination of the relatively small size of the island (6.1 × 2.2 km), the small human population
(< 40 inhabitants) and the lack of systematic beach surveys (which would be extremely
difficult due to the steep terrain). The lack of recorded strandings therefore should not
be interpreted as an indication that this region is not a significant habitat for cetaceans.
The impacts that the mudflow from the Mariana dam disaster may have had on cetacean
communities along the Vitória-Trindade ridge therefore also merits careful consideration.
Lastly, it is worth highlighting that strandings of sperm whales and melon-headed
whales occurred with an unexpectedly high frequency in comparison to other similar
surveys conducted in portions of the Brazilian coastline (Meirelles et al. 2009, Prado et
al. 2016, Vianna et al. 2016, Costa et al. 2017), which suggests that these deep-oceanic
species might aggregate off the southern coast of Espírito Santo. Additional studies employing aerial and boat transects, telemetry and acoustic surveys are therefore warranted
to investigate this hypothesis and determine important areas for cetaceans in the region.

Acknowledgements
We are grateful to the numerous researchers, staff members, volunteers that have contributed to the beach survey and opportunistic stranding response over the years. We
are thankful to the direct or indirect contributions of Instituto de Pesquisa e Reabili-

146

Luis Felipe S. P. Mayorga et al. / ZooKeys 948: 129–152 (2020)

tação de Animais Marinhos (IPRAM), Instituto Estadual de Meio Ambiente e Recursos Hídricos (IEMA), Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renováveis (IBAMA), Instituto Baleia Jubarte (IBJ), Organização Consciência Ambiental (ORCA), CTA Meio Ambiente, Scitech Environmental Science and Technology
Ltda., Petrobras, Museu de Zoologia da Universidade de São Paulo (MZ-USP), Museu
Nacional da Universidade Federal do Rio de Janeiro (MN-UFRJ), and Posto Oceanográfico Ilha da Trindade (POIT) da Marinha do Brasil. Projeto de Monitoramento de
Praias das Bacia de Campos e Espírito Santo - PMP-BC/ES is one of the monitoring
programs required by Brazil’s federal environmental agency, IBAMA, for the environmental licensing process of oil production and transport by Petrobras. We thank the
reviewer Luís M.D. Barcellos for the helpful comments.

References
Albino J, Paiva D, Machado G (2001) Geomorfologia, tipologia, vulnerabilidade erosiva e ocupação urbana das praias do litoral do Espírito Santo, Brasil. Geografares: 63–69. https://
doi.org/10.7147/GEO2.1141
Ballance LT, Pitman RL (1998) Cetaceans of the western tropical Indian Ocean: Distribution, relative abundance, and comparisons with cetacean communities of two other tropical ecosystems. Marine Mammal Science 14: 429–459. https://doi.org/10.1111/j.1748-7692.1998.
tb00736.x
Barros N, Barbosa L, Gasparini J (1997) Distribuição e biologia de mamíferos marinhos no
litoral do Espírito Santo, Brasil. Resumos do XI Encontro de Zoologia do Nordeste. Fortaleza, Brazil.
Batista RLG, Schiavetti A, Santos UA dos, Reis M do SS dos (2012) Cetaceans registered on
the coast of Ilhéus (Bahia), northeastern Brazil. Biota Neotropica 12: 31–38. https://doi.
org/10.1590/S1676-06032012000100003
Becker J, Sandwell D, Smith W, Braud J, Binder B, Depner J, Fabre D, Factor J, Ingalls S, Kim
S (2009) Global bathymetry and elevation data at 30 arc seconds resolution: SRTM30_
PLUS. Marine Geodesy 32: 355–371. https://doi.org/10.1080/01490410903297766
Berta A (2015) Whales, dolphins, & porpoises: a natural history and species guide.
The University of Chicago Press, Chicago, 288 pp. Ihttps://doi.org/10.7208/chicago/9780226183220.001.0001
Bezamat C, Wedekin LL, Simões-Lopes PC (2015) Potential ship strikes and density of humpback whales in the Abrolhos Bank breeding ground, Brazil. Aquatic Conservation: Marine
and Freshwater Ecosystems 25: 712–725. https://doi.org/10.1002/aqc.2523
Bhering R, Barbosa L, Mayorga L, Silveira L, Rangel M, Marchesi M (2010) Ingestão de lixo plástico por golfinho-de-dentes-rugosos (Steno bredanensis) encalhado no Espírito Santo, Brasil.
In: Resumos do V Simpósio Brasileiro sobre Animais Silvestres e Selvagens. Viçosa, Brazil.
http://www.globalgarbage.org/praia/downloads/V-SBASS-2010/Ingestao_de_lixo_plastico_por_golfinho-de-dentes-rugosos_encalhado_no_Espirito_Santo.pdf [April 30, 2020]

Cetacean stranding baselines for Espírito Santo, Brazil

147

Bugoni L, Neves TS, Leite Jr NO, Carvalho D, Sales G, Furness RW, Stein CE, Peppes FV,
Giffoni BB, Monteiro DS (2008) Potential bycatch of seabirds and turtles in hook-andline fisheries of the Itaipava Fleet, Brazil. Fisheries Research 90: 217–224. https://doi.
org/10.1016/j.fishres.2007.10.013
Centro Internacional de Agricultura Tropical, United Nations Environment Program, Center
for International Earth Science Information Network, Columbia University, World Bank
(2005) Latin American and Caribbean Population Database. Version 3. http://gisweb.ciat.
cgiar.org/population/dataset.htm [October 2, 2019]
Cordes D (1982) The causes of whale strandings. New Zealand Veterinary Journal 30: 21–24.
https://doi.org/10.1080/00480169.1982.34865
Costa AF, Siciliano S, Emin-Lima R, Martins BML, Sousa MEM, Giarrizzo T (2017) Stranding survey as a framework to investigate rare cetacean records of the north and northeastern Brazilian coasts. ZooKeys: 111–134. https://doi.org/10.3897/zookeys.688.12636
Costa P, Carvalho A, Barbosa L, Silveira L (2012) Ingestão de lixo plástico por Peponocephala
electra (Gray 1846) encalhada viva no litoral do Espírito Santo–Brasil. Resumos do Congresso Brasileiro de Oceanografia. Rio de Janeiro, Brazil. http://www.globalgarbage.org/
praia/downloads/v-cbo-2012/1660.pdf [April 30, 2020]
Cunha HA, Medeiros BV, Barbosa LA, Cremer MJ, Marigo J, Lailson-Brito J, Azevedo AF,
Solé-Cava AM (2014) Population structure of the endangered franciscana dolphin (Pontoporia blainvillei): reassessing management units. PLoS One 9: e85633. https://doi.
org/10.1371/journal.pone.0085633
Danilewicz D (2018) New distribution and abundance assessment of two isolated Franciscana
populations in southeastern Brazil through aerial surveys: Implications to fishery management. In: Resumos do XVII Reunião de Trabalho e XII Congresso da Sociedade e de
Especialistas em Mamíferos Aquáticos. Lima, Peru. http://solamac.org/solamac/portugues/
conteudo_ler/279/eventos+anteriores/conferencias/ [April 30, 2020]
Di Beneditto APM, Ramos RMA (2004) Biology of the marine tucuxi dolphin (Sotalia fluviatilis) in south-eastern Brazil. Journal of the Marine Biological Association of the United
Kingdom 84: 1245–1250. https://doi.org/10.1017/S0025315404010744h
Fainstein R, Summerhayes C (1982) Structure and origin of marginal banks off eastern Brazil.
Marine Geology 46: 199–215. https://doi.org/10.1016/0025-3227(82)90080-9
Filla G de F, Monteiro F, EL de A (2009) Monitoring tourism schooners observing estuarine dolphins (Sotalia guianensis) in the estuarine complex of Cananéia, south-east Brazil. Aquatic Conservation: Marine and Freshwater Ecosystems 19: 772–778. https://doi.
org/10.1002/aqc.1034
Floeter SR, Krohling W, Gasparini JL, Ferreira CE, Zalmon IR (2007) Reef fish community structure on coastal islands of the southeastern Brazil: the influence of exposure and
benthic cover. Environmental Biology of Fishes 78: 147–160. https://doi.org/10.1007/
s10641-006-9084-6
Floeter SR, Guimarães RZ, Rocha LA, Ferreira CEL, Rangel CA, Gasparini JL (2001) Geographic variation in reef‐fish assemblages along the Brazilian coast. Global Ecology and
Biogeography 10: 423–431. https://doi.org/10.1046/j.1466-822X.2001.00245.x

148

Luis Felipe S. P. Mayorga et al. / ZooKeys 948: 129–152 (2020)

Fossi MC, Panti C (2018) Marine Mammal Ecotoxicology: Impacts of Multiple Stressors on
Population Health. Academic Press, London.
Frainer G, Siciliano S, Tavares D (2016) Franciscana calls for help: the short and long-term
effects of Mariana’s disaster on small cetaceans of South-eastern Brazil. International
Whaling Commission Papers SC/66b/SM/04. https://www.researchgate.net/publication/328913117 [April 30, 2020]
de Freitas Netto R, Barbosa LA (2003) Cetaceans and fishery interactions along the Espírito
Santo State, Southeastern Brazil during 1994–2001. Latin American Journal of Aquatic
Mammals 2: 57–60. https://doi.org/10.5597/lajam00033
de Freitas Netto R, Siciliano S (2007) Contribuição ao conhecimento da distribuição da toninha Pontoporia blainvillei (Gervais & d’Orbigny, 1844) no estado do Espírito Santo, sudeste
do Brasil. Boletim do Museu de Biologia Mello Leitão 21: 35–45. http://boletim.sambio.
org.br/pdf/21_03.pdf [April 30, 2020]
de Freitas Netto R, Di Beneditto APM (2007) Diversidade de artefatos da pesca artesanal
marinha do Espírito Santo. Biotemas 20: 107–119. https://periodicos.ufsc.br/index.php/
biotemas/article/view/20736 [April 30, 2020]
de Freitas Netto R, Di Beneditto APM (2008) Interactions between fisheries and cetaceans in
Espírito Santo State coast, southeastern Brazil. Revista Brasileira de Zoociências 10: 55–63.
https://periodicos.ufjf.br/index.php/zoociencias/article/view/24086 [April 30, 2020]
Gomes LC, Chippari-Gomes AR, Miranda TO, Pereira TM, Merçon J, Davel VC, Barbosa BV,
Pereira ACH, Frossard A, Ramos JPL (2018) Genotoxicity effects on Geophagus brasiliensis
fish exposed to Doce River water after the environmental disaster in the city of Mariana,
MG, Brazil. Brazilian Journal of Biology 79: 659–664. https://doi.org/10.1590/15196984.188086
Gonzales-Viera O, Marigo J, Ruoppolo V, Rosas F, Kanamura C, Takakura C, Fernández A, Catao-Dias J (2013) Toxoplasmosis in a Guiana dolphin (Sotalia guianensis) from Parana, Brazil. Veterinary Parasitology 191: 358–362. https://doi.org/10.1016/j.vetpar.2012.09.012
Groch KR, Santos-Neto EB, Díaz-Delgado J, Ikeda JM, Carvalho RR, Oliveira RB, Guari EB,
Bisi TL, Azevedo AF, Lailson-Brito J (2018) Guiana dolphin unusual mortality event and
link to cetacean morbillivirus, Brazil. Emerging Infectious Diseases 24: 1349. https://doi.
org/10.3201/eid2407.180139
Hernandez-Leon S, Almeida C, Yebra L, Arístegui J (2002) Lunar cycle of zooplankton biomass in subtropical waters: biogeochemical implications. Journal of Plankton Research 24:
935–939. https://doi.org/10.1093/plankt/24.9.935
International Union for Conservation of Nature and Natural Resources (2019) IUCN Red List
of Threatened Species. Version 2019-3. https://www.iucnredlist.org/ [November 3, 2019]
Kirschvink J, Dizon A, Westphal J (1986) Evidence from strandings for geomagnetic sensitivity in cetaceans. Journal of Experimental Biology 120: 1–24. https://jeb.biologists.org/
content/120/1/1 [April 30, 2020]
Lad F, Brabyn MW (1993) Synchronicity of whale strandings with phases of the moon. In:
Gatsonis C, Hodges JS, Kass RE, Singpurwalla ND (Eds) Case Studies in Bayesian Statistics. Springer New York, New York, 362–376. https://doi.org/10.1007/978-1-4612-27144_12

Cetacean stranding baselines for Espírito Santo, Brazil

149

Lailson-Brito J, Dorneles P, Azevedo-Silva C, Azevedo A, Vidal L, Zanelatto R, Lozinski C,
Azeredo A, Fragoso A, Cunha H (2010) High organochlorine accumulation in blubber of
Guiana dolphin, Sotalia guianensis, from Brazilian coast and its use to establish geographical differences among populations. Environmental Pollution 158: 1800–1808. https://doi.
org/10.1016/j.envpol.2009.11.002
Last KS, Hobbs L, Berge J, Brierley AS, Cottier F (2016) Moonlight drives ocean-scale mass
vertical migration of zooplankton during the Arctic winter. Current Biology 26: 244–251.
https://doi.org/10.1016/j.cub.2015.11.038
Leeney RH, Amies R, Broderick AC, Witt MJ, Loveridge J, Doyle J, Godley BJ (2008) Spatiotemporal analysis of cetacean strandings and bycatch in a UK fisheries hotspot. Biodiversity
and Conservation 17: 2323. https://doi.org/10.1007/s10531-008-9377-5
Lima J, Carvalho A, Azevedo C, Barbosa L, Silveira L (2017) Variation of age and total
length in Sotalia guianensis (Van Bénéden, 1864) (Cetacea, Delphinidae), on the coast
of Espírito Santo state, Brazil. Brazilian Journal of Biology 77: 437–443. https://doi.
org/10.1590/1519-6984.13215
Lodi L, Siciliano S, Capistrano L (1990) Mass stranding of Peponocephala electra (Cetacea, Globicephalinae) on Piracanga Beach, Bahia, northeastern Brazil. Scientific Reports of Cetacean Research 1: 79–84. https://www.icrwhale.org/pdf/shin00179-84.pdf [April 30, 2020]
Maldini D, Mazzuca L, Atkinson S (2005) Odontocete stranding patterns in the main Hawaiian Islands (1937–2002): how do they compare with live animal surveys? Pacific Science
59: 55–68. https://doi.org/10.1353/psc.2005.0009
Marta-Almeida M, Mendes R, Amorim F, Cirano M, Dias J (2016) Fundão Dam collapse:
Oceanic dispersion of River Doce after the greatest Brazilian environmental accident. Marine Pollution Bulletin 112: 359–364. https://doi.org/10.1016/j.marpolbul.2016.07.039
Martins CCA, Andriolo A, Engel MH, Kinas PG, Saito CH (2013) Identifying priority areas
for humpback whale conservation at Eastern Brazilian Coast. Ocean & Coastal Management 75: 63–71. https://doi.org/10.1016/j.ocecoaman.2013.02.006
Meirelles A, Barros H (2007) Plastic debris ingested by a rough-toothed dolphin, Steno bredanensis, stranded alive in northeastern Brazil. Biotemas 20: 127–131. https://periodicos.ufsc.
br/index.php/biotemas/article/view/20791 [April 30, 2020]
Meirelles ACO, Monteiro-Neto C, Martins AM, Costa AF, Barros HM, Alves MDO (2009)
Cetacean strandings on the coast of Ceará, north-eastern Brazil (1992–2005). Journal of
the Marine Biological Association of the United Kingdom 89: 1083–1090. https://doi.
org/10.1017/S0025315409002215
Miranda LS, Marques AC (2016) Hidden impacts of the Samarco mining waste dam collapse
to Brazilian marine fauna – an example from the staurozoans (Cnidaria). Biota Neotropica
16. https://doi.org/10.1590/1676-0611-BN-2016-0169
Moura JF, Hauser-Davis RA, Lemos L, Emin-Lima R, Siciliano S (2014) Guiana dolphins
(Sotalia guianensis) as marine ecosystem sentinels: ecotoxicology and emerging diseases.
Reviews of Environmental Contamination and Toxicology. Springer, Switzerland, 1–29.
https://doi.org/10.1007/978-3-319-01619-1_1
Moura RL, Secchin NA, Amado-Filho GM, Francini-Filho RB, Freitas MO, Minte-Vera CV,
Teixeira JB, Thompson FL, Dutra GF, Sumida PYG (2013) Spatial patterns of benthic

150

Luis Felipe S. P. Mayorga et al. / ZooKeys 948: 129–152 (2020)

megahabitats and conservation planning in the Abrolhos Bank. Continental Shelf Research
70: 109–117. https://doi.org/10.1016/j.csr.2013.04.036
NASA Earth Observatory (2019) Chlorophyll concentration (1 month – AQUA/MODIS).
https://neo.sci.gsfc.nasa.gov/view.php?datasetId=MY1DMM_CHLORA [October 2,
2019]
Nimer E (1989) Climatologia do Brasil. Instituto Brasileiro de Geografia e Estatística, Brasília,
422 pp.
Nishimura T, Fukushima M (2009) Why animals respond to the full moon: Magnetic hypothesis. Bioscience Hypotheses 2: 399–401. https://doi.org/10.1016/j.bihy.2009.06.006
Paglia A, Fonseca G, Rylands A, Herrmann G, Aguiar L, Chiarello A, Leite Y, Costa L, Siciliano
S, Kierulff M, Mendes S, Tavares V, Mittermeier R, Patton J (2012) Annotated Checklist
of Brazilian Mammals. Occasional Papers in Conservation Biology 6: 1–82. https://www.
researchgate.net/publication/288902447 [April 30, 2020]
Peltier H, Jepson P, Dabin W, Deaville R, Daniel P, Van Canneyt O, Ridoux V (2014) The
contribution of stranding data to monitoring and conservation strategies for cetaceans: Developing spatially explicit mortality indicators for common dolphins (Delphinus delphis) in
the eastern North-Atlantic. Ecological Indicators 39: 203–214. https://doi.org/10.1016/j.
ecolind.2013.12.019
Pinheiro F (2014) Padrões de uso de habitat do boto-cinza (Sotalia guianensis) na região da foz
do rio Doce, Sudeste do Brasil. Master Thesis. Universidade Federal do Espírito Santo,
Vitória, Brazil. http://repositorio.ufes.br/handle/10/1325 [April 30, 2020]
Pinheiro FCF, Pinheiro HT, Teixeira JB, Martins AS, Cremer MJ (2019) Opportunistic development and environmental disaster threat Franciscana dolphins in the Southeast of Brazil.
Tropical Conservation Science 12: 1–7. https://doi.org/10.1177/1940082919847886
Pinheiro HT, Joyeux J-C, Madureira JMC, Martins A (2015a) Fish diversity of a southwestern
Atlantic coastal island: aspects of distribution and conservation in a marine zoogeographical boundary. Check List 11: 1615. https://doi.org/10.15560/11.2.1615
Pinheiro HT, Mazzei E, Moura RL, Amado-Filho GM, Carvalho-Filho A, Braga AC, Costa
PA, Ferreira BP, Ferreira CEL, Floeter SR (2015b) Fish biodiversity of the Vitória-Trindade
Seamount Chain, southwestern Atlantic: an updated database. PLoS One 10: e0118180.
https://doi.org/10.1371/journal.pone.0118180
Pinto W, Lima G, Zanetti J (2015) Comparative analysis of models for times to series modeling
and forecasting of scheme of average monthly streamflow of the Doce River, Colatina, Espirito Santo, Brazil. Ciência e Natura 26: 1–11. https://doi.org/10.5902/2179460X17143
Prado JH, Mattos PH, Silva KG, Secchi ER (2016) Long-term seasonal and interannual patterns of marine mammal strandings in subtropical western South Atlantic. PLoS One 11:
e0146339. https://doi.org/10.1371/journal.pone.0146339
Projeto de Monitoramento de Praias (2019) Sistema de Informação de Monitoramento da
Biota Aquática. https://segurogis.petrobras.com.br/simba/web/login [October 2, 2019]
Pyenson ND (2010) Carcasses on the coastline: measuring the ecological fidelity of the cetacean stranding record in the eastern North Pacific Ocean. Paleobiology 36: 453–480.
https://doi.org/10.1666/09018.1

Cetacean stranding baselines for Espírito Santo, Brazil

151

Pyenson ND (2011) The high fidelity of the cetacean stranding record: insights into measuring
diversity by integrating taphonomy and macroecology. Proceedings of the Royal Society B:
Biological Sciences 278: 3608–3616. https://doi.org/10.1098/rspb.2011.0441
Ramos R, Di Beneditto A, Fernandes L (1994) Relatório, Plano de Conservação e Manejo de
Pequenos Cetáceos – Projeto Cetáceos. Fundação Brasileira para a Conservação da Natureza, Rio de Janeiro, Brazil. https://www.icmbio.gov.br/portal/faunabrasileira/plano-deacao-nacional-lista/839 [April 30, 2020]
Ribeiro LCM, Siqueira M da PS (2012) Portos e cidades: expansão e modernização dos portos
de Vitória (sec. XX-XXI). Dimensões: 385–412. https://periodicos.ufes.br/dimensoes/article/view/4323 [April 30, 2020]
Rosas FCW, Barreto AS, Monteiro-Filho EL de A (2003) Age and growth of the estuarine
dolphin (Sotalia guianensis) (Cetacea, Delphinidae) on the Paraná coast, southern Brazil.
Fishery Bulletin 101: 377–383. http://aquaticcommons.org/15132/ [April 30, 2020]
Schmid C, Schäfer H, Zenk W, Podestá G (1995) The Vitória eddy and its relation to the Brazil
Current. Journal of Physical Oceanography 25: 2532–2546. https://doi.org/10.1175/15200485(1995)025%3C2532:TVEAIR%3E2.0.CO;2
Secchi E, Santos M, Reeves R (2019) Sotalia guianensis. The IUCN Red List of Threatened
Species. https://doi.org/10.2305/IUCN.UK.2018-2.RLTS.T181359A144232542.en
[October 22, 2019]
Secchi ER, Danilewicz D, Ott PH (2003) Applying the phylogeographic concept to identify
Franciscana dolphin stocks: implications to meet management objectives. Journal of Cetacean Research and Management 5: 61–68. https://archive.iwc.int/?r=250&k=e170e4fe54
[April 30, 2020]
Siciliano S (1995) Preliminary report on the occurrence and photo-identification of humpback
whales in Brazil. Report of the International Whaling Commission 45: 138–140. http://
www6.ensp.fiocruz.br/repositorio/resource/356241 [April 30, 2020]
Siciliano S, Di Beneditto A, Ramos R (2002) A toninha Pontoporia blainvillei nos Estados do
Rio de Janeiro e Espírito Santo, costa sudeste do Brasil: caracteriazação dos hábitats e fatores de isolamento das populações. Boletim do Museu Nacional 476: 1–15. https://www.
researchgate.net/publication/285641490 [April 30, 2020]
Siciliano S, Moura JF de, Filgueiras HR, Rodrigues PP, Leite Jr N de O (2012) Sightings
of humpback whales on the Vitória-Trindade chain and around Trindade Island, Brazil. Brazilian Journal of Oceanography 60: 455–459. https://doi.org/10.1590/S167987592012000300016
United States Naval Observatory (2019) Phases of the Moon. http://aa.usno.navy.mil/data/
docs/MoonPhase.php [April 10, 2019]
Vianna T dos S, Loch C, Castilho PV de, Gaidzinski MC, Cremer MJ, Simões-Lopes PC
(2016) Review of thirty-two years of toothed whale strandings in Santa Catarina, southern Brazil (Cetacea: Odontoceti). Zoologia (Curitiba) 33. https://doi.org/10.1590/S19844689zool-20160089
Wedekin L, Rossi-Santos M, Baracho C, Cypriano-Souza A, Simões-Lopes P (2014) Cetacean
records along a coastal-offshore gradient in the Vitória-Trindade Chain, western South

152

Luis Felipe S. P. Mayorga et al. / ZooKeys 948: 129–152 (2020)

Atlantic Ocean. Brazilian Journal of Biology 74: 137–144. https://doi.org/10.1590/15196984.21812
Wedekin L, Marcondes M, Baracho C, Rossi-Santos M, Neto E, Groch K, Neves M (2009) Comunidade de cetáceos da plataforma e talude continental do sul do banco dos Abrolhos, Espírito Santo, Brasil. In: Resumos do VI Encontro Nacional sobre Conservação e Pesquisa de
Mamíferos Aquáticos e II Simpósio Nordestino de Mamíferos Aquáticos. Salvador, Brazil.
Wells RS, Scott MD (2009) Common bottlenose dolphin: Tursiops truncatus. In: Perrin W,
Würsig B, Thewissen J (Eds) Encyclopedia of marine mammals. Elsevier, Burlington, 249–
255. https://doi.org/10.1016/B978-0-12-373553-9.00062-6
Williams R, Gero S, Bejder L, Calambokidis J, Kraus SD, Lusseau D, Read AJ, Robbins J
(2011) Underestimating the damage: interpreting cetacean carcass recoveries in the context of the Deepwater Horizon/BP incident. Conservation Letters 4: 228–233. https://doi.
org/10.1111/j.1755-263X.2011.00168.x
Wright AJ (2005) Lunar cycles and sperm whales (Physeter macrocephalus) strandings on the
north Atlantic coastlines of the British Isles and eastern Canada. Marine Mammal Science
21: 145–149. https://doi.org/10.1111/j.1748-7692.2005.tb01214.x
Zappes CA, Andriolo A, Simões-Lopes PC, Di Beneditto APM (2011) ‘Human-dolphin (Tursiops truncatus Montagu, 1821) cooperative fishery’ and its influence on cast net fishing
activities in Barra de Imbé/Tramandaí, Southern Brazil. Ocean & Coastal Management 54:
427–432. https://doi.org/10.1016/j.ocecoaman.2011.02.003
Zerbini AN, Secchi ER, Siciliano S, Simões-Lopes PC (1997) A review of the occurrence and
distribution of whales of the genus Balaenoptera along the Brazilian coast. Report of the
International Whaling Commission 47: 407–417. https://www.researchgate.net/publication/256845647 [April 30, 2020]

Supplementary material 1
Historical records of cetacean strandings along the coast of Espírito Santo state,
southeast Brazil, 1975–2015
Authors: Luis Felipe S. P. Mayorga, Ralph E. T. Vanstreels, Renata C. C. Bhering, Natália Mamede, Luiz M. B. Costa, Flavia C. F. Pinheiro, Luciano W. D. Reis, Alessandro
Trazzi, Wilson Luiz Chevitarese Meirelles, Alan Marques Ribeiro, Salvatore Siciliano
Data type: occurrences
Explanation note: List of the historical records of cetacean strandings along the coast of
Espírito Santo state, southeast Brazil, including information on the date, location,
coordinates, species, age group, sex, musem accession code, field observations and
reference/source.
Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.
Link: https://doi.org/10.3897/zookeys.948.50468.suppl1

