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Abstract: Cetaceans were monitored along ca. 700 km of the southeast coast of Brazil (22°S to 25°S) from 1995 to 2014 using
photo-identification. The objective of this study was to identify any presence of long-distance movements for monitored cetacean
species and discuss implications. Data on long-range movements of four of the monitored species are presented after the analysis
of 321,765 photographs taken for individual identification. Seven individuals from four populations of Guiana dolphins (Sotalia
guianensis) considered resident to particular estuaries or bays were reported in dispersal involving movement between pairs
of protected areas over long-range distances varying between 86 and 135 km. Three cataloged rough-toothed dolphins (Steno
bredanensis), first seen in Guanabara Bay, Rio de Janeiro state (22°46’S) in November 2011, were sighted 240 km southwards as
members of the same group in coastal waters of Sdo Paulo state (23°46°S) in July 2014. Water depth for those sightings ranged
from 16 to 52.7 m; local sightings of rough-toothed dolphins in Brazil have frequently been in shallow waters, but the species
global distribution is usually associated with deeper waters. In a 27-day interval in the spring of 2012, a group of 16 orcas (Orcinus
orca) travelled ca. 277 km in shallow coastal waters ranging from 20 to 30 m deep. Orcas are commonly observed between
November and February in southeast Brazil, probably in search for prey. In summer months between 2012 and 2014, three
Bryde’s whales (Balaenoptera edeni) sighted in waters ranging from 14 to 49 m deep, moved between 218 and 327 km. Bryde’s
whales are usually found in local coastal waters where they spend summer months feeding on sardines. To date, these are the
longest estimated movements reported to S. guianensis, S. bredanensis, O. orca and B. edeni in the Southwestern Atlantic Ocean.

Keywords: Movements; Sotalia guianensis, Steno bredanensis; Orcinus orca; Balaenoptera edeni.
Movimentos de cetaceos pelas aguas costeiras do sudoeste do oceano Atlantico

Resumo: Cetaceos foram monitorados em cerca de 700 km da costa sudeste do Brasil (22°S a 25°S) entre 1995 ¢ 2014 com o uso
da fotoidentificagdo. O objetivo deste estudo foi de identificar quaisquer presengas de movimentos de longa distancia de individuos
das espécies monitoradas e discutir suas implicagdes. Dados de movimentos de longa distancia de quatro das espécies monitoradas
sdo apresentados apods a andlise de 321.765 fotos obtidas para identificagdes individuais. Sete individuos de quatro populagdes
de boto-cinza (Sotalia guianensis) consideradas residentes a estuarios e baias particulares foram reportados em movimentos de
dispersdo envolvendo pares de areas protegidas em distancias que variaram entre 86 e 135 km. Trés golfinhos-de-dentes-rugosos
(Steno bredanensis) catalogados e avistados primeiramente na Baia de Guanabara, Rio de Janeiro (22°46’S), em novembro de 2011,
foram avistados 240 km mais ao sul como membros de um mesmo grupo nas aguas costeiras do Estado de Sao Paulo (23°46°S)
em julho de 2014. A profundidade da agua onde essas avistagens aconteceram variou entre 16 e 52,7 m; avistagens de golfinhos-
de-dentes-rugosos tém sido efetuadas em aguas rasas na costa sudeste do Brasil, embora a distribui¢do global da espécie esteja
associada a aguas profundas. Em um intervalo de 27 dias na primavera de 2012, um grupo de 16 orcas (Orcinus orca) se desclocou
cerca de 277 km em 4guas rasas variando entre 20 e 30 m. Orcas sdo comumente avistadas entre novembro e fevereiro no sudeste
do Brasil, possivelmente em busca de presas. Nos meses de verdo entre 2012 e 2014, trés baleias-de-Bryde (Balaenoptera edeni)
avistadas em 4guas de 14 a 49 m de profundidade, moveram-se entre 218 e 327 km. baleias-de-Bryde sdo encontradas em aguas
costeiras locais onde passam os meses de verdo se alimentando de sardinhas. Até o presente momento, esses sao os deslocamentos
estimados como os de maiores distancias observados para S. guianensis, S. bredanensis, O. orca and B. edeni no Atlantico Sudoeste.

Palavras-chave: Movimentos; Sotalia guianensis, Steno bredanensis; Orcinus orca; Balaenoptera edeni.
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Introduction

Movement is a hallmark of marine mammal behavior and an
important component to understanding how they use their world (Stern
2009). Movements play pivotal roles in shaping biodiversity across
spatiotemporal scales, determining patterns in species distribution
and interactions, changing genetic traits and diversity, and modifying
habitat structures and resource levels (Jeltsch et al. 2013). It is thus not
a coincidence that “movement ecology” turned into a new ecological
discipline, rapidly expanding worldwide (see Nathan et al. 2008).

As of October 2018, 47 cetacean species were reported in Brazilian
aquatic environments (Santos et al. 2010a, Cypriano-Souza etal. 2017),
which represents ca. 50% of all described species worldwide (see
Committee on Taxonomy 2017). Among cetacean species found in the
Southwestern Atlantic Ocean (SAQ), four are of interest in this study
due to the lack of prior focus on their long-range movements in this
region: the Guiana dolphin - Sotalia guianensis (Van Bénéden 1864),
Bryde’s whale - Balaenoptera edeni Anderson 1879, orca - Orcinus
orca (Linnaeus 1758), and rough-toothed dolphin - Steno bredanensis
(G. Cuvier in Lesson 1828). The most common cetacean species found
within Brazilian waters is the Guiana dolphin, dwelling in shallow
coastal and estuarine waters; Brazilian occurrences extends from the
country’s northern border shared with French Guiana down the coast
to the southern limit of the species distribution, in the state of Santa
Catarina in southern Brazil (Da Silva et al. 2010).

Bryde’s whales are usually found in coastal waters of southeast
Brazil, where they spend mainly spring and summer months feeding on
sardines (Siciliano et al. 2004). Stranding events of adults and juveniles
are reported year-round in this region without a marked seasonality
(Moura & Siciliano 2012). Bryde’s whales are amongst the least known
of the larger baleen whales and are commonly found in tropical and
subtropical waters worldwide (Kato & Perrin 2009). Along the northeast
coast of Brazil, a few sightings and catches in whaling operations with
possible misidentifications with sei (B. borealis) and Omura’s whales
(B. omurai) were reported in the past decades (Andriolo et al. 2010).
Little is known about movements and migration patterns of all stocks.

Orcas are cosmopolitan cetaceans found in all oceans, most
commonly observed in coastal and temperate waters, especially in
areas of high productivity (Heyning & Dahlheim 1988, Ford 2009).
They are known to display both short and long-scale movements, the
latter reaching ca. 5,400 km to cope with biological and ecological
requirements such as finding food patches, adapting to a seasonally
changing environment, and investing in interactions with other social
units (Dahlheim et al. 2008, Matthews et al. 2011, Fearnbach et al. 2014).
Migration was recently attributed to orcas in the southern hemisphere,
possibly evidence of coping with physiological requirements (Durban
& Pitman 2012). Sightings have been occasionally observed along the
Brazilian coast, with a higher number of records in southeastern waters
between November and February (Siciliano et al. 1999). Unpublished
aerial images have been showing orcas preying on rays in local shallow
waters. However, no information is available on their local abundance,
movements and distribution.

While rough-toothed dolphins are widely distributed throughout
tropical and warm-temperate waters worldwide, little is known about
this species anywhere in their range (Baird et al., 2008). Their global
distribution is usually associated to deeper waters, but they have been
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frequently sighted in shallow waters in southeast Brazil (Lodi 1992,
Lodi & Hetzel 1999, West et al. 2011). The only known information on
rough-toothed dolphin movements in the SAO was reported by Lodi
et al. (2012). Those authors witnessed the movement of four cataloged
individuals along the coast of Rio de Janeiro, reaching up to 119.7 km
in a short window of time between August and September 2011.

A large proportion of what is known about cetaceans in Brazilian
waters comes from studies using dead individuals collected from
stranding events (e.g. Zerbini et al. 1997, Greig et al. 2001; Ramos
et al. 2001, Costa et al. 2017) and/or incidental catches in fishing
operations conducted since the end of the 1970s (e.g. Siciliano 1994).
Starting only at the end of the 1980s, live cetaceans are now also being
studied in their element along the ca. 8,500 km shoreline. Based on
their distribution and close proximity to scientific institutions, long-
term studies have been conducted on resident bottlenose dolphin
populations in southern Brazil (e.g. Simdes-Lopes & Fabian 1999,
Fruet et al. 2011; 2015) and resident Guiana dolphin populations in
southern and southeastern Brazil (e.g. Flores 1999, Santos et al. 2000,
Azevedo et al. 2004).

For the most part, these studies focused on several aspects of
behavioral observations, then most used the technique of photo-
identification to follow individuals on a relatively restricted spatial and
temporal scale. Throughout its range, investigations on area utilization
by S. guianensis was based on photo-identification and showed that
surveyed populations are resident to the investigated sites (see Flores
1999, Santos et al. 2001, Azevedo et al. 2007), with travel distances
reaching up to 30 km, and home ranges averaging between 13.5 to 72.4
km? (Flores & Bazzalo, 2004, Oshima & Santos 2016). Most studies
on S. guianensis have been conducted in protected bays and estuaries,
a different scenario when compared to cetacean species found in open
waters. Open water investigations have recently been providing the
first insights on the occurrence, movements and relation to physical
ocean conditions for several other cetaceans (see Di Tullio et al. 2016),
but insignificant in scope when compared to the larger body of work
devoted to S. guianensis and T. truncatus in bays and estuaries. As a
consequence, information on individual movements out of the home
ranges of considered resident populations is still scarce over an extensive
area of the (SAO), where more than half of the global cetacean species
had already been reported.

Photo-identification is the most economically accessible
technique in developing regions across the globe to gather important
information regarding cetacean ecology, but until now has not been
used comprehensively to understand long-range movements. In recent
years, satellite tags have been used as one of the main tools to analyze
movements of long-ranging aquatic species such as cetaceans (see
Hussey et al. 2015), but such techniques would be limited to a small
pool of individuals due to economic and import restrictions. Sampling
a considerable number of individuals of different gender, age and
personality is essential to avoid bias when describing population traits.
Improvements in photo quality in recent years have made image analysis
more robust due to the higher density of pixels available to identify
features (Urian et al. 2015). This study thus provides new information
on long-range movements of four cetacean species (S. guianensis, B.
edeni, O. orca and S. bredanensis) along the southeast coast of Brazil
using photo-identification to follow cataloged individuals.
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Materials and Methods

Data were collected in different studies conducted from 1995 to 2014
dedicated to investigating cetacean ecology using photo-identification
in estuaries, bays and coastal waters of southeast Brazil (Fig. 1), all
based on onboard observations.

Four studies were undertaken in four protected bays and estuaries
to investigate population parameters and aspects of ecology of Guiana
dolphins (Sotalia guianensis). The Lagamar Estuary is composed of the
Paranagua Estuarine Complex (PEC), 3,870 km? on the northern coast of
Parana state (Noernberg et al. 2006), and the Cananéia Estuary (CE), a
234 km?area on the southern tip of Sdo Paulo state (SMA, 1991). Both
areas are connected through a 5 km long man-made channel dug in the
1950s. Investigations in the CE took place from 2000 to 2010 in 132
km? of inner estuarine waters used by Guiana dolphins (see details in
Oshima et al. 2010, Oshima & Santos 2016). In the PEC, investigations
on Guiana dolphins were conducted between 2006 and 2009 in 124 km?
of protected estuarine waters (see Santos et al. 2010b). The Sepetiba
Bay (SPB), on the coast of Rio de Janeiro state, is 526 km?, with ca. 425
km? of that area surveyed for Guiana dolphins since 2005 (see Flach et
al. 2008, Dias et al. 2009). Also along the coast of Rio de Janeiro, the
328 km? Guanabara Bay (GB) (Kjerfve et al. 1997) and adjacent coastal
waters have been surveyed for Guiana dolphins since 1995 (details in
Azevedo et al. 2007).

Three investigations have been directed towards mapping the
occurrence, movements and sound emissions of cetaceans along the
shoreline of Parana, Sdo Paulo and Rio de Janeiro states. Since 2008,
GB and adjacent coastal waters up to the 50 m isobath have been
surveyed for a cetacean multi-species study to describe their distribution,
movements and sound emissions. Moving southwards, the marine
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protected area known as Parque Estadual Marinho da Laje de Santos
(PEMLS), on the Sao Paulo state coast, was the target of a two-year
cetacean multi-species monitoring program conducted between May
2013 and June 2015 to map their occurrence (see Santos et al. 2017).
From December 2012 to December 2014, ca. 650 km of coastal waters
in a straight line along the states of Sdo Paulo and Parana was covered
by another multi-species study of cetaceans. The area was surveyed
using 6-day cruises screening a corridor of water depths ranging
between 15 m and 40 m. The aims were to map cetacean occurrence,
movements and sound emissions. In Table 1, efforts and results gathered
to multi-species surveys along the coast of Sdo Paulo were merged, as
they were conducted in the same area. These listed efforts were not
evenly distributed in time and space.

Outboard-powered vessels with sizes ranging from 5 to 16 m
were the mobile platforms used in all studies. All surveyed subsets
of the monitored estuaries, bays and coastline had specific tracks
to be followed to optimize the chances of encountering cetaceans.
Cruises were undertaken in sea states up to 3 Beaufort on the wind
scale. When cetaceans were found, the specific sighting location (GPS
position), water depth, salinity and superficial temperature at most
occasions were recorded. Afterwards, vessels approached cetaceans
to estimate group size and invest in gathering photographs to identify
individuals. Photographs of dorsal fins of all sighted cetaceans and
flukes for humpback whales were taken using film (1995 to 2005) or
digital SLR cameras with 300 to 400 mm zoom lenses. Printed photos
of past catalogs were scanned. Catalogs were organized by each
species to check for the addition of new identified individuals of the
investigated populations/stocks and to confirm re-sightings of known
and previously sighted individuals following procedures described by
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Figure 1. Map of the surveyed area used to investigate cetacean movements along the southeast coast of Brazil, covering part of Parana (PR) state coast,
Séao Paulo (SP) state coast, and Rio de Janeiro (RJ) state coast. The following subsets were the main targets of Guiana dolphin investigations: The Paranagua
Estuarine Complex (PEC) in PR state, the Cananéia Estuary (CE) in SP state, and the Sepetiba (SPB) and Guanabara (GB) Bays in RJ state. PEMLS means

“Parque Estadual Marinho da Laje de Santos”, a coastal Marine Protected Area.

http://dx.doi.org/10.1590/1676-0611-BN-2018-0670

http://www.scielo.br/bn



Biota Neotrop., 19(2): €20180670, 2019

Santos, M.C.O. et al.

Table 1. Summarized efforts invested in the investigation of cetacean movements along the southeast coast of Brazil from 1995 to 2014 using photo-identification.
Target species (SG means Sotalia guianensis; Multi means multi-species surveys), length of time of surveys in years, main surveyed regions, their estimated area, the
number of photographs taken and analyzed, and the number of identified individuals are presented. Acronyms: CE = Cananeia Estuary; PEC = Paranagua Estuarine
Complex; SPB = Sepetiba Bay; GB = Guanabara Bay; SP = Sao Paulo; RJ = Rio de Janeiro.

Region Species Years Area (km?) # Photos #Ids
CE SG 2000-2010 132 85,925 199
PEC SG 2006-2009 124 49,921 188
SPB SG 2005-2014 425 130,000 820
GB SG 1995-2014 328 12,154 108
Coast RJ Multi 2008-2014 1,200 13,224 181
Coast SP Multi 2012-2014 11,000 30,541 397
TOTAL Multi 1995-2014 13,209 333,919 1,893

Wiirsig & Jefferson (1990). Photographs were analyzed and compared
by at least two investigators using the Nikon View software and, more
recently, Darwin (Stewman et al. 2006). Catalogs were compared among
areas to find matches of identified individuals, the main evidence of
movement between two different locations. Distances travelled by
cetaceans were estimated using ArcGIS 9.1 (ESRI), linking distant
locations involving a sighting and a re-sighting of the same individual.
When bays and estuaries were included in the analysis, the estimate
evaluated the shortest distance to connect the inner location to the further
distant location in another protected area, leaving the protected site and
travelling along the coast. For sightings reported exclusively in open
shoreline waters, only the shortest connection between the two most
distant locations was used to estimate the travelled distance.

Results

1. Guiana dolphins, Sotalia guianensis

Considering the surveyed bays and estuaries where Guiana dolphins
were found, four catalogs were organized for PEC, CE, SPB, and GB.
The number of identified individuals, showing the number of analyzed
photographs in parenthesis, were: PEC = 188 (49,921), CE = 199
(85,925), SPB = 820 (130,000), and GB = 108 (12,154) (see Table 1).
Overall, 1,315 Guiana dolphins were cataloged after the analysis of
278,000 dorsal fin photographs. Two individuals (KN 159 and 194)
from the considered resident population of Guiana dolphins, sighted
between 2000 and 2008 in CE inner waters, were reported for the first
time in coastal waters in May 2005, ca. 10 km distant from the main
estuarine entrance. This short-range movement is the first evidence of the
plasticity in the use of coastal waters by Guiana dolphins monitored in
local protected inner estuaries. Both individuals were female adults and
had at least two calves in eight years, with several sightings in the same
group, close to the main entrance of the CE. In an interval ranging from
one to seven years, another four individuals switched between the PEC
and CE estuaries (Table 2, Figure 2). Their movements, considering the
most distant locations in inner estuarine basins through coastal waters,
ranged between 86 and 124 km, the longest distances reported so far
for the species in local waters. The first cataloged dolphin sighted once
in the PEC (PR 001) in May 2002 was re-sighted in August 2009 in the
CE, where it was cataloged as KN 363. Two adult dolphins, sighted
on one (KN 251) and four (KN 300) occasions at the main entrance of
the CE in 2001, between 2005 and 2007, respectively, were seen in the
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same group in the PEC (PR 116 and 115) in October 2008. An adult
female (KN 209), sighted on 10 different occasions all over the CE
between 2000 and 2006, was seen in November 2008 in the PEC (PR
121). This dolphin had a calf in 2003, which was previously seen with
its mother up to 2006 in the CE. The mother was again observed with
another calf in 2008 in the PEC.

Three adult individuals (SEP 411, 481 and 783), sighted from one
(SEP 783) to seven (SEP 481) distinct occasions in the SPB between
March 2006 and January 2012, were photographed in the same group
135 km northwards in December 2012 at the main entrance of the GB,
where they were assigned as BG 097, 096 and 098, respectively (Table
2, Figure 3). In previous sightings, SEP 411 and 481 shared the same
group on at least three occasions, while SEP 783 was sighted only once
in the SPB. These three Guiana dolphins have been sighted in the same
group inside the GB. For S. guianensis, the estimated range of 135 km
is so far the longest distance reported for an individual dolphin.

2. Multi-species

Along the coast of Sdo Paulo state, eleven cetacean species (23% of
the total reported in Brazilian waters) were reported between December
2012 and December 2014 after 13 cruises. The analysis of 30,541
photographs resulted in 11 catalogs, with the number of identified
individuals represented in parenthesis: Guiana dolphin, S. guianensis (2),
common bottlenose dolphin, Tursiops truncatus (121), Atlantic spotted
dolphin, Stenella frontalis (162), long-beaked common dolphin, Delphinus
delphis (14), rough-toothed dolphin, Steno bredanensis (71), orca, Orcinus
orca (6), La Plata dolphin, Pontoporia blainvillei (1), humpback whale,
Megaptera novaeangliae (1), Bryde’s whale, Balaenoptera edeni (6),
dwarf minke whale, Balaenoptera acutorostrata (3), and Antarctic minke
whale, B. bonaerensis (1). On the Rio de Janeiro state coast, the following
species (n=4; 8% of the total reported in Brazilian waters) were reported
to have individually marked individuals: T truncatus (21), S. bredanensis
(139), O. orca (9), and B. edeni (12). These individuals were identified
from the analysis of 13,224 photographs.

3. Rough-toothed dolphins, Steno bredanensis

Three cataloged rough-toothed dolphins (SBRJ 005, 025 and 030),
first seen in coastal waters of Rio de Janeiro state in November 2009,
were reported in the same group in December 2013 in areas closer to
shore and 240 km southwards near the shoreline of Sdo Paulo state (SB
027, 029 and 030) in July 2014 (Table 2, Figure 4). Water depth where
these dolphins were observed ranged from 16 to 52.7 m.

http://dx.doi.org/10.1590/1676-0611-BN-2018-0670
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(ID), as well as date and locations of first and last sightings related to the longest travelled distances, which is shown in the last column.

Species D Date 1% Lat/Long 1% D Date Last Lat/Long Last Distance
P Sighting Sighting Sighting Sighting (km)
PR 001 10 MAY 02 25°17'S/48°19'W | KN 363 210AUG 09 24°58'S/47°56'W 124
KN 300 23JANO5  25°03'S/47°54'W PR 115 10 FEB 08  25°28'S/48°19'W 86
. KN 251 210CTO01  25°03'S/47°54'W PR 116 10 FEB 08 25°20'S/48°14'W 89
gz;;’zgnsis KN 209 09NOV 00  25°04'S/47°56'W PR 121 11 FEB08  25°19'S/48°12'W 121
SEP 481 18 MAR 06 23°00'S/43°57S'W | BG 096 12NOV 14 22°50'S/43°09'W 135
SEP 411 19FEB 08  22°59'S/43°57S'W |  BG 097 12NOV 14 22°50'S/43°09'W 135
SEP 783 19JAN 12 22°59'S/43°58S'W | BG 098 12NOV 14 22°50'S/43°09'W 135
SBRJ 005 SB 027
Steno SBRJ 025 12NOV 09 22°46'S/43°08'W SB 029 31JUL 14 23°46'S/45°00'W 240
bredanensis
SBRJ 030 SB 030
ORJ 003 00 006
Orcinus orca I5NOV 12 22°59'S/43°05'W 07DEC 12 23°58'S/45°33'W 277
ORJ 004 00 002
BE 001 06 DEC 12 23°43'S/45°07'W RJ 002 22FEB 13 22°58'S/42°52'W 250
55£anop tera BE 004 27NOV 13 24°23'S/46°04'W RJ 005 04 APR 14 23°04'S/43°12'W 327
BE 005 29JAN 14 23°31'S/45°05'W RJ 008 16 MAR 14 23°00'S/43°02'W 218

Figure 2. Map showing the estimated distances precluded by four Guiana dolphins switching between the Paranaguéa Estuarine Complex in the
state of Parana (PR) and the Cananeia Estuary in the state of Sdo Paulo (SP), southeastern Brazil, from November 2000 to August 2009. Each
symbol represents one individual dolphin. The first sighting date is shown at the left column and the latest at the right one. Icons (¥) and (**)
represent individuals sighted in the same date but in different groups.

http://dx.doi.org/10.1590/1676-0611-BN-2018-0670

http://www.scielo.br/bn



6 Biota Neotrop., 19(2): €20180670, 2019

Santos, M.C.O. et al.

Figure 3. Map showing the estimated distances precluded by three Guiana dolphins switching between the Sepetiba bay and the Guanabara bay, both in the
state of Rio de Janeiro (RJ), southeastern Brazil. The first sightings of each cataloged individual occurred in Sepetiba bay between March 2006 and January
2012, and the latest sighting of the three cataloged individuals in the same group occurred in November 2014.

Figure 4. Map showing the estimated distances precluded by two identified rough-toothed dolphins in the same group in both sightings (A), two killer whales
(o) also in the same group in both sightings, and three Bryde’s whales never reported together (o) between 2009 and 2014 along the coast of the states of
Sao Paulo (SP) and Rio de Janeiro (RJ), southeastern Brazil.
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4. Orcas, Orcinus orca

In a 27-day interval between November and December 2012, a
group of 16 orcas travelled approximately 277 km in shallow coastal
waters ranging from 20 to 30 m deep. Two cataloged individuals of the
monitored group on the coast of Rio de Janeiro (OORJ 003 and 004)
were re-sighted in Sdo Paulo coastal waters (OO 002 and 006) (Table
2, Figure 4).

5. Bryde s whales, Balaenoptera edeni

In summer months between 2012 and 2014, three Bryde’s whales
sighted in waters ranging from 14 to 49 m deep, travelled distances
between 218 and 327 km (Table 2, Figure 4). All movements occurred
northwards from S&o Paulo to Rio de Janeiro coastal waters in late spring
and summer. One adult individual (BE 001), sighted in December 2012
on the northern coast of Sdo Paulo state, was re-sighted in the same
summer season in February 2013 on the Rio de Janeiro state coast (RJ
002), travelling an estimated distance of 250 km after the first sighting.
This adult individual was also re-sighted in February 2014 close to the
same spot on the coast of Rio de Janeiro. The longest travelled distance
was reported for the adult individual BE 004 (=RJ 005), which covered
around 327 km between November 2013 and February 2014. Another
re-sighting on 04 April 2014 was reported at an intermediate location
almost at the same place. The last of the re-sighted individuals was an
adult female followed by a young calf, seen in January 2014 on the
northern coast of Sdo Paulo state (BE 005), both re-sighted on three
occasions from February to March 2014 on the coast of Rio de Janeiro
state (RJ 008), after travelling ca. 218 km in 28 days.

Discussion

1. Photo-identification technique and gathered results

To evaluate cetacean movements in coastal waters of southeast
Brazil, the authors relied on photo-identification. Although it seems
to be cheaper when compared to the use of telemetry to gather
information on individual movements, the cost involved in regular
cruises conducted in time and space should be considered if the
aim is to conduct longer-term studies. The time spent organizing
and examining photographs, updating catalogs and looking for
matches after seasons of field campaigns is considerably higher when
compared, for instance, to analyzing satellite tagging location data
(see Hammond et al. 1990, Hussey et al. 2015). However, photo-
identification provides data on movements over a longer window of
time when compared to tagging, and allows investigators to gather
additional information on social organization, population abundance,
calving intervals, etc. (see Hammond et al. 1990). One of the drawbacks
of photo-identification is because it is not always guaranteed that all
individuals in a group are precisely photographed, which adds to bias
on results imposed by the selection and manipulation of images (Urian
et al. 2015). Even with several drawbacks, photo-identification is the
modus operandi to investigate cetaceans in their element in developing
countries. However, it is not always guaranteed that research groups
will be able to gather financial support to invest in longitudinal studies
in those countries. This is the main reason why research efforts are
usually unevenly distributed in time and space, as shown in this study.
Notwithstanding, the results presented here are highly valuable based
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on the persistence of a few cetacean research groups working in a long
stretch of coastal waters (ca. 700 km) in Latin America over the past
20 years.

To date, the presented data and results are the outcome of the
longest-term and largest-range photo-identification cetacean multi-
species survey along the coast of Brazil. The authors analyzed 278,000
photographs to identify and follow 1,315 Guiana dolphins: possibly
the largest numbers throughout the whole distribution of this shy and
relatively small cetacean species. Movements of individuals belonging
to four poorly known cetacean species in coastal waters of the SAO were
detected, providing important clues to how they use the area. Added to
the observations of Guiana dolphins, the analysis of 43,765 photographs
helped to identify 578 individuals of 11 cetacean species, including
rough-toothed dolphins, orcas and Bryde’s whales, which were the
other targets of the present study. Considering the whole study, authors
analyzed 333,919 photographs to identify a total of 1,893 individuals.

2. Guiana dolphins, Sotalia guianensis

Even though the Guiana dolphin is the most common cetacean
species dwelling along the coast of Brazil, the knowledge on individual
movements is restricted to several bays and estuaries. In the present
study, not only were visits to coastal waters by dolphins considered
resident to bays and estuaries observed, but also longer-range
movements between protected sites. The observed switches of
individuals using two of the surveyed estuarine basins (CE and PEC)
possibly occurred through coastal waters, as Guiana dolphins have never
been reported in the man-made inner connective waters between the
two larger monitored estuarine sites. The same pattern of coastal water
movement was observed for three individuals that switched between the
two surveyed protected bays in Rio de Janeiro (SEP and GB). Longer
travel distances ranged from 86 to 135 km, when individuals left one
surveyed estuary/bay and entered another, representing the longest
reported travelled distances by Guiana dolphins to date.

This leads to whether these long-range movements observed for
several Guiana dolphins should be considered dispersal, defined as
a permanent displacement of an individual from one area to another
(Stern 2009). The most striking difference between dispersal and
foraging movements lies in spatiotemporal scales, where the latter is
performed within a home range and several times per day (Jeltsch et
al. 2013). Dispersal is closely related to the metapopulation conceptual
framework, which is defined as “populations connected by the dispersal
of several individuals between them” (Hanski & Gaggiotti, 2004).
Dispersal reduces the risk of population extinction and maintains genetic
heterozygozy (Stern 2009), which, in turn, is important in changing
environments facing anthropogenic influences and/or climate change.
All the reported seven individuals that moved between two estuaries/
bays have, so far, made permanent switches. The observed dispersal
movements are likely to be the first data leading to an understanding
of Guiana dolphins in a metapopulation context, providing better
understanding of their distribution and area utilization in part of their
geographic range.

3. Rough-toothed dolphins, Steno bredanensis

In the present study, a longer-range movement (270 km) on a larger
time scale (3 years) was observed, showing that researchers chose
reliable natural marks to catalog and follow individuals in time and
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space. Both sightings and re-sightings occurred in shallow depths (16
to 52.7 m), reinforcing the use of shallower waters by S. bredanensis
in southeastern Brazil. The three monitored individuals were seen in
the same group on three occasions in five years, interesting evidence
of close associations among them. The first support for strong bonds
among individually marked rough-toothed dolphins was found in a
survey conducted around Utila Island, Honduras (Kuczaj & Yeater,
2007). In that study, a total of 12 individuals monitored through
photo-identification showed strong site fidelity to local waters, as well
as high association indices among themselves. Rough-toothed dolphins
have been sighted in all seasons in the surveyed area. They may use a
wider area, ranging from coastal to neritic waters, to cope with their
biological and ecological requirements to survive. The movement of
two rough-toothed dolphins of around 480 km was observed in Hawaii
using photo-identification (Baird et al. 2008), showing clues that these
dolphins are likely to have large home ranges.

4. Orcas, Orcinus orca

In this study, in a 27-day interval, a group of 16 orcas travelled
around 277 km after sightings in shallow coastal waters (20 to 30 m). To
date, this is the only available information on movement of a group of
orcas along the Brazilian coast. Orcas are social mammals and usually
form social units containing a few to 20 or more individuals (Ford
2009). Thus, information on movements should be properly associated
with these social units when the aim is to evaluate the importance of
these movements to specific populations/stocks. Caution should thus
be taken when considering the movement of ca. 600 km by a lone
individual male reported in southeast Brazil (Santos & Netto, 2005,
Lodi & Farias-Junior 2011), where it was witnessed killing and feeding
on a La Plata dolphin (Santos & Da Silva 2009). The feeding habits
of orcas usually drive the range of their movement patterns, with fish
specialists generally showing relatively shorter ranges when compared
to mammal-eating orcas (Bigg et al. 1990, Baird & Dill 1995, Ford &
Ellis 1999). The available data on feeding items, identified from both
washed ashore individuals and live individuals, witnessed foraging and
feeding activities along the Brazilian southern/southeastern coast to
include cephalopod, fish (e.g., stingrays, weakfish, tuna and swordfish)
and cetacean species (see a review in Santos & Netto, 2005). A more
detailed evaluation on the feeding habits of orcas, based on the use of
additional tools such as stable isotopes and fatty acids, may possibly
drive the investigators to the description of the existence of different
social units/stocks in the coast of Brazil. Although orcas were witnessed
attacking and killing Bryde’s whales elsewhere (Silber et al. 1990, Alava
etal. 2013), and both species have been commonly found in late spring
and summer in the surveyed waters, this kind of interaction was still
not reported in the studied area.

5. Bryde’s whales, Balaenoptera edeni

Three adult Bryde’s whales travelled distances ranging from 218 to
327 km in a two-year period, sighted in shallow coastal waters from 14
to 49 m. These are the largest known ranges reported for B. edeni in the
SAO. A previous investigation witnessed shorter-range movements of
three individually marked Bryde’s whales over a maximum distance of
126 km along the coast of Rio de Janeiro (Figueiredo et al. 2014). In all
three sightings reported here, individuals were first sighted on the Sdo
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Paulo state coast at the end of spring and early summer, then moved
northwards to the coast of Rio de Janeiro where they were sighted from
mid to the end of summer. The considerably small sample size drives
us to avoid assessing seasonal patterns. A general pattern of migration
towards the Equator in winter and to higher latitudes in summer was
described elsewhere for other ocean basins (see Kato & Perrin 2009).
Their destination in colder months in southeast Brazil remains a mystery.
However, the influence of a cold and highly productive water mass,
known as the South Atlantic Central Water (Sverdrup et al. 1942, Castro
etal. 2006), may be responsible for the aggregation of their food supply
in southeast Brazil in late spring and summer months, which is likely
to represent the main trigger for their seasonal higher sighting rates.

6. Final outcomes

In conclusion, with the support of photo-identification, the
first insights on long-range movements of four cetacean species
were described for a poorly known area of the SAO. The reported
observations regarding 15 individuals of four species represent
important insights on cetacean movements in southeast Brazil. So
far, these are the longest-range movement estimates reported for S.
guianensis, S. bredanensis, O. orca and B. edeni in the surveyed area.
Except for Guiana dolphins in a few estuarine basins, for the three other
cetacean species presented here, there is no available information on
their abundance, seasonality of local coastal water utilization, or even
data on life history traits in the SAO. As a consequence, the clues
presented here begin to pave the next steps to better understand the
dynamics related to cetacean movements in local coastal waters, as well
as to better investigate further aspects of their biology and ecology. Other
cetacean species have also been found in the surveyed area (see Santos
etal. 2017). Their shorter-range movements are under investigation and
should provide clues on the role they play in spatiotemporal cetacean
biodiversity patterns.

For the four cetacean species studied here, two are categorized
as “data deficient” by the IUCN (O. orca and B. edeni), one as “near
threatened” (Sotalia guianensis) and, although still poorly known, S.
bredanensis is listed in the category “least concern” (see Hammond
et al. 2012, Reilly et al. 2012, Taylor et al. 2013, Secchi et al., 2018).
That makes absolutely clear that studies on the dynamics of cetacean
movements are still in need in most ocean basins.
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