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Abstract

Dolphins are highly social animals usually
reported in large groups comprised of individu-
als of a single species, although they are often
reported associating with other species as well.
The drivers for the formation of these mixed-spe-
cies associations (MSAs) are poorly understood,
and records in Brazilian waters are scarce. To
better understand their occurrence in the region,
we assessed seasonal and spatial distribution of
MSAs in waters over the outer continental shelf
and slope off Brazil (22° to 33° S). Data were
collected during spring and autumn between 2009
and 2014. From a total of 187 Delphinidae sight-
ings, 28 consisted of MSAs. Tursiops truncatus
was the most frequently sighted species in an
MSA (n = 22 sightings) and was mostly found
in lower numbers than its associated counter-
parts: Globicephala melas, Stenella frontalis,
Grampus griseus, and Pseudorca crassidens.
MSAs between Stenella attenuata and Stenella
longirostris or Delphinus delphis and S. frontalis
were also reported. Our data did not show any sea-
sonal or spatial trends in overall MSA frequency;
nevertheless, the widely distributed 7. truncatus
appears to shift its associates according to their
local abundance (e.g., associating with G. melas
in the southern region of the study area and with
S. frontalis in the southeastern region). Although
a lot remains to be investigated regarding the eco-
logical drivers for such associations between sym-
patric dolphins in Brazilian waters, this was the
first effort to describe their occurrence and distri-
bution patterns using cetacean dedicated surveys.
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Introduction

Mixed-species association (MSA) is a term applied
to associations involving individuals from two
or more species presenting similar behaviours
(Stensland et al., 2003). Such associations may
occur over variable time periods—from minutes or
hours to even years (Clua & Grosvalet, 2001). The
attraction between species can be either mutual or
unidirectional as long as the approaching species
is tolerated by the other species (Stensland et al.,
2003). The MSA concept should not be confused
with that of aggregations in which individuals
do not belong to the same group but are rather
independently converged towards the same spe-
cific resource or area (e.g., in highly productive
upwelling zones; Powell, 1985). Interspecific asso-
ciations have been reported for several vertebrate
taxa (Terborgh, 1990). Among mammals, asso-
ciations including more than one species are likely
to involve taxa that exhibit naturally gregarious
behaviours such as primates and dolphins (Cords
& Wiirsig, 2014).

Dolphins live in groups whose size can range
from a few individuals to thousands, depending
on the species and the area they inhabit (LeDuc,
2009). Gregarious dolphin species usually live
under fluid and complex associations of a fission-
fusion nature (Cords & Wiirsig, 2014). MSAs
of dolphins have been reported in waters all
around the world, from tropical to temperate seas
(Frantzis & Herzing, 2002; Quérouil et al., 2008;
Rossi-Santos et al., 2009; Zaeschmar et al., 2014;
Elliser & Herzing, 2015; Svendsen et al., 2016),
but dedicated studies remain scarce.

The ecological drivers for associations between
different species are not well understood, but they
may include foraging and social advantage, and/
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or protection against predators (Stensland et al.,
2003; Cords & Wiirsig, 2014). For instance,
individuals of different species may cooperate
in searching for food sources or use one another
to practice social and/or reproductive behaviours
and, thus, gain social advantage within its own
species in the future. Population abundance may
also play a role in the mixing of different species
in certain areas (Baraff & Asmutis-Silvia, 1998;
Frantzis & Herzing, 2002; Quérouil et al., 2008)
as the less abundant species are usually seen in
association with heterospecifics more frequently
than others. In that case, the antipredator advan-
tage should be of particular importance as larger
groups may increase chances of earlier detection
of potential predators, allowing individuals to
spend less time being vigilant, with a lower prob-
ability of becoming a target.

The diversity of delphinids in Brazilian waters
is high (Zerbini et al., 2004; Di Tullio et al., 2016;
Bastida et al., 2018), yet little is known about the
associations between species in the region or about
their ecological significance. A few reports include
associations between coastal common bottlenose
(Tursiops truncatus) and Guiana (Sotalia guia-
nensis) dolphins, and between spinner (Stenella
longirostris) and Atlantic spotted (Stenella fronta-
lis) dolphins (Monteiro-Filho et al., 1999; Zerbini
et al., 2004) in southeastern Brazil. In northeastern
Brazil, there have also been records of T. trun-
catus associating with rough-toothed dolphins
(Steno bredanensis) and melon-headed whales
(Peponocephala electra), as well as mixed-groups
of pantropical spotted (Stenella attenuata) and
Clymene (Stenella clymene) dolphins (Rossi-
Santos et al., 2009). A better understanding of such
associations in Brazilian waters would shed light on
the possible ecological triggers involved and how
they could ultimately affect population dynamics.

Herein, we report MSAs involving seven
Delphinidae species sighted in Brazilian off-
shore waters. Our purpose was to describe the
structure (i.e., specific composition and relative
abundance) of these groups and to identify spatial
and seasonal patterns, if any, in their frequency of
occurrence throughout the study area.

Methods

Study Area

The surveys were carried out within the Brazilian
southeastern (24° to 28° S) and southern (28° to
34° S) oceanic waters, which consist of the outer
continental shelf and slope (Figure 1). The region
is seasonally influenced by dynamic oceano-
graphic processes driven by distinct water masses
(Knoppers et al., 2010). These two areas are sepa-
rated by the Santa Marta Cape (28° 30' S), which

is an area where upwellings occur frequently,
allowing for the ascension of nutrient rich waters
of the South Atlantic Central Waters (Castello &
Moller, 1977; Matsuura, 1986). The southeastern
area is mainly under the influence of the Brazil
Current (BC), which transports warm and oligo-
trophic waters southward (Silveira et al., 2000).
Seasonal upwellings are important in this area
as they fertilize superficial waters, enhancing
phytoplankton and zooplankton density (Braga
et al., 2008; Miielbert et al., 2008). Additionally,
cyclonic meanders of the BC, wind, and shelf
break steep topography may trigger upwellings
during winter and summer, respectively (Campos
et al., 2000; Mahiques et al., 2004). The southern
area is influenced by the BC and continental dis-
charge of the Rio de La Plata and Patos Lagoon, as
well as the subantarctic waters transported by the
Malvinas (Falklands) Current. The mixing inter-
section of these water masses and the BC form
the Subtropical Shelf Front, which is the sub-
ject of local seasonal wind regimes, changing its
strength and location from the shelf to beyond the
continental slope (Moller et al., 2008; Piola et al.,
2008; Figure 1).

Survey Design and Data Collection

Data were collected during eight ~30 day-long
cetacean visual monitoring surveys conducted
in the austral spring (n = 4) and autumn (n = 4)
on board the R/V Atldntico Sul of the Federal
University of Rio Grande (FURG) between 2009
and 2014. Effort occurred following previously
designed transect lines between the 150 and
1,500 m isobaths (Figure 1) using the distance
sampling method (Buckland et al., 2001). Trained
observers positioned in the upper deck of the
research vessel independently searched for ceta-
ceans from the bow to 90°, one to port and one to
the starboard side of the vessel, using reticulated
binoculars (7 x 50). Data were recorded on a com-
puter connected to the vessel’s navigation system
using WinCruz software (http://swfsc.noaa.gov/
textblock.aspx?Division=PRD&ParentMenuld=14
7&id=1446). Survey effort always happened during
sunlight and with ideal sea conditions (Beaufort Sea
State < 5). When a dolphin (or group) was sighted,
the following data were recorded: number of indi-
viduals and species composition, date, time, geo-
graphical position, local depth, type of behaviour,
and presence of calves.

Due to logistical reasons, weather conditions,
and ship schedule, the surveys started at the south-
ernmost transect line on different dates, and the
effort varied along the study area (Table 1). All
cetacean sightings were recorded (Di Tullio et al.,
2016); however, only delphinid MSA data were
analysed in this study. Since the study area presents
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Figure 1. Sightings distribution of delphinid mixed-species associations (MSAs) in the outer continental shelf and slope in
southern-southeastern Brazil between 2009 and 2014; the dark continuous line represents the previously designed transects
followed by the vessel.
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Table 1. Survey effort (expressed in nautical miles [nmi]) and encounter rate (highlighted in bold) for mixed-species groups
for each research cruise, and within each area along the southern-southeastern Brazilian outer continental shelf and slope,

between 2009 and 2014

Total effort

Southeastern area effort Southern area effort

Survey  Season Year (nmi) (nmi) (nmi)
#1 Spring 2009 1,210 553 657
(0.0008) (0.001) 0)
#2 Autumn 2010 1,230 312 918
(0.002) (0.003) (0.001)
#3 Spring 2010 1,904 1,061 843
(0.005) (0.005) (0.003)
#4 Autumn 2011 1,818 887 931
(0.002) (0.001) (0.003)
#5 Spring 2012 1,769 778 991
(0.003) (0.002) (0.004)
#6 Autumn 2013 1,681 721 960
(0.004) (0.005) (0.003)
#7 Autumn 2014 1,238 500 738
(0.002) (0.002) (0.001)
#8 Spring 2014 1,360 813 547
(0.001) (0.001) (0.002)
hX 12,210 5,625 6,585
distinct oceanographic features (see above), it was Results

divided into the north and south portion in regard
to the Santa Marta Cape (28.6° S), herein referred
to as the southeastern (SE) and southern (S) areas,
respectively (Figure 1).

Data Analysis

We applied the encounter rate (ER), defined as
the number of total MSA sightings within each
area (S and SE) per distance surveyed (expressed
in nautical miles [nmi]) for each research cruise
to statistically compare the seasonal (autumn and
spring) and spatial differences in MSA sight-
ing frequency. This is because the survey effort
(distance surveyed) differed among cruises and
between the two regions (Table 1). The Shapiro-
Wilk test was used to evaluate data normality, and
the Levene’s test was used to evaluate homosce-
dasticity. As assumptions were rejected, ER data
were normalized using a (log + 1) transforma-
tion. The differences in ER between the S and
SE areas and between the seasons were tested
with a two-way ANOVA followed by post-hoc
Tukey HSD tests. Analyses were performed in
R (R Development Core Team, 2016) using the
‘MASS’ and ‘car’ packages (Ripley et al., 2015;
Fox & Weisberg, 2016).

A total of 12,210 nmi were surveyed, along which
187 encounters with delphinids have been regis-
tered. MSA sightings represented 15.5% (n = 28)
of all sightings (Figure 1; Table 2). We could not
find significant seasonal (Spring: 14 sightings =
4.5, SE = 1.85; Autumn: 14 sightings = 3.75, SE
= 1.81; p = 0.46) or spatial (S area: 14 sightings
= 1.75, SE = 045; SE area: 14 sightings = 1.87,
SE =0.74; p = 0.81) differences in MSA sighting
frequency. T. truncatus was the most frequently
sighted species in MSAs, being registered in 22
of the 28 MSA sightings. Associations occurred
with four different species: G. melas (10 sight-
ings), S. frontalis (6 sightings), Risso’s dolphin
(Grampus griseus; 4 sightings), and false killer
whale (Pseudorca crassidens; 2 sightings). The
proportional number of individuals of 7. trunca-
tus was generally lower than that of the associated
counterpart. Other MSAs recorded included asso-
ciations between S. attenuata and S. longirostris (5
sightings) and one registered association between
S. frontalis and D. delphis. Detailed information
regarding these sightings are presented in Table 2.



Delphinid Mixed-Species Associations 57

Table 2. Information for each mixed-species association (MSA) sighting recorded along the outer continent shelf and slope
in southern-southeastern Brazil. The number of individuals refers to species 1, species 2, and mixed-associations of species 1
and 2 in each encounter. Mean total number of individuals (species 1, species 2, and total) for each group composition and
mean depth where the MSA encounters were registered (+ standard deviation) are highlighted in bold.

Group Number of Presence
composition Sighting Season Year Area individuals Depth  of calves
Tursiops truncatus + T3#50 Spring 2010 South 200 + 500 (700) 278 Yes
Globicephala melas T4#2 Autumn 2011 South 35+ 15 (50) 1,122 No
T5#2 Spring 2012 South 50 + 400 (450) 575 No
TS5#11 Spring 2012 South 5420 (25) 810 No
T5#13 Spring 2012 South 7420 (27) 810 No
T5#136 Spring 2012 Southeast 15 + 35 (50) 1,385 Yes
To#3 Autumn 2013 South 18 +30 (48) 240 Yes
T6#27 Autumn 2013 South 120 + 60 (180) 665 Yes
T7#6 Autumn 2014 South 70 + 60 (130) 439 Yes
T8#27 Autumn 2014 South 18 + 18 (36) 547 No

T.t.(54+£62); 715 106
G.m. (116 £ 178);

MSA (155 + 66)
T. truncatus + T1#50 Spring 2009 Southeast 40 + 700 (740) 257 Yes
Stenella frontalis T3#55 Spring 2010 South 10 + 120 (13) 412 No
T3#80 Spring 2010 Southeast 20 + 200 (220) NA No
T3#91 Spring 2010 Southeast 5+ 120 (125) 470 Yes
T5#112 Spring 2012 South 5+ 100 (105) 250 Yes
To6#46 Autumn 2013 Southeast 15 + 230 (245) 247 Yes

T.t. (16 £13); 260 98
G. m. (245 £229);

MSA (272 + 66)
T. truncatus + T2#20 Autumn 2010 South 100 + 5 (105) 572 No
Grampus griseus T5#16  Autumn 2011 South 10 + 40 (50) 678 Yes
To6#35 Autumn 2013 Southeast 15 + 230 (245) 745 Yes
T6#36 Autumn 2013 Southeast 300 + 10 (310) 1,235 No

T.t. (106 £135); 807 +46
G. g. (71 £106);
MSA (152 £55)

T. truncatus + T2#32 Autumn 2010 Southeast 3+10 340 No
Pseudorca crassidens  T6#32  Autumn 2013 Southeast 50 + 30 1,440 Yes

T.t. (26 +£33); 152 =55
P.c. (20 £ 14);

MSA (46 + 33)
Delphinus delphis + T4#7 Autumn 2011 South D.d. (20); 620 Yes
S. frontalis S.f. (80);
MSA (100)
Stenella longirostris + T3#105 Spring 2010 Southeast 30 + 70 (100) 211 Yes
Stenella attenuata T3#113  Spring 2010 Southeast 40 + 10 (50) 756 No
T3 #114 Spring 2010 Southeast 300 + 300 (600) 815 Yes
TS5 #137 Spring 2012 Southeast 230 + 230 (460) 481 Yes
T7 #43 Autumn 2014 Southeast 400 + 400 (800) 638 Yes

S.1.(200 £162); 580 =108
S.a. (202 £161);
MSA (402 + 322)
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Discussion

The proportion of mixed-species groups in rela-
tion to all delphinid sightings (multi- and mono-
specific groups) observed here (15.5%) was simi-
lar to other studies (Herzing & Johnson, 1997;
Herzing et al., 2003) but considerably higher than
others (Garcia-Tiscar et al., 2000; Maze-Foley &
Mullin, 2006; Quérouil et al., 2008). T. truncatus
was the most frequently sighted species in MSAs,
associating with a variety of other species. This
species has been reported in association with over
20 different taxa worldwide (Ballance, 2009). In
this study, in addition to being the most common
species in MSAs, it was generally the species with
lower numbers of individuals as reported for other
regions (Ballance & Pitman, 1998; Maze-Foley
& Mullin, 2006). As suggested by Quérouil et al.
(2008), some species may face a strong constraint
to associate with others to maintain a certain group
size when their abundance is low. Nevertheless,
it is debatable whether this tendency occurs to
increase individual protection against predators or
to enhance chances of finding resources.

Associations between T. truncatus and G. melas
were the most frequent. The few studies available
on the feeding habits of G. melas in Brazilian
waters have shown that the species preys upon
cephalopods (Santos & Haimovici, 2001; Santos
et al., 2002). Although T. truncatus is considered
a generalist species (Wells & Scott, 2009), the diet
of offshore populations remains unknown. While
it is still possible that these two species mix to
gain foraging advantage for one or both species
involved, the fact that G. melas seems to be a rela-
tively abundant species in the outer continental
shelf and slope of southern Brazil (see Di Tullio
et al., 2016) would make them attractive for spe-
cies in lower numbers such as T. truncatus. Such
associations could be advantageous in terms of
enhancing protection against attacks from poten-
tial predators such as killer whales (Orcinus
orca), which are also commonly found in the
area (Secchi & Vaske, 1998; Zerbini et al., 2004;
Di Tullio et al., 2016). Occasional associations
involving these species were reported for northern
and western Scotland and New Zealand (Weller
et al., 1996; Weir et al., 2001; O’Callaghan &
Baker, 2002).

Sightings of 7. truncatus associated with
S. frontalis were limited between 25° and 29° S,
which mostly includes the SE region. This coin-
cides with a density decrease of G. melas within
the study area (Di Tullio et al., 2016) and could
indicate that 7. truncatus, in fact, associates with
the most abundant and available species. 7. trun-
catus and S. frontalis MSAs are well known
around the Bahamas in the North Atlantic where

a diversity of interactions have been reported,
including cooperative feeding and social interac-
tions (Herzing & Johnson, 1997; Herzing et al.,
2003; Melillo et al., 2009; Elliser & Herzing,
2015). Based on these reports, we could hypoth-
esize that the association between these species
within our study area could also be equally com-
plex, even though we could not record the same
types of behaviours.

MSAs involving 7. truncatus and G. griseus or
P. crassidens were less frequent within the study
area. MSAs with such species composition have
been widely reported around the globe (Ballance &
Pitman, 1998; Hodgins et al.,2004; Rochetal.,2015;
Bacon et al., 2017), yet very little is known about
their patterns of occurrence. Our data suggest that
associations between T. truncatus and P. crassidens
are rare within the study area. P. crassidens remains
one of the lesser-known dolphin species, especially
in Brazilian waters, which makes it even more diffi-
cult to understand the drivers for such associations.
In New Zealand, in contrast to our observations
within Brazilian oceanic waters, MSAs comprised
of these two species are frequent, with long-term
resightings of individuals and records of feeding
behaviour (Zaeschmar et al., 2014).

Records of associations between S. longirostris
and S. attenuata had the northernmost and most
limited latitudinal range (23 to 24° S), which is
consistent with the overlap in distribution range
between these species within the study area
(Zerbini et al., 2004; Moreno et al., 2005; Amaral
et al., 2015; Di Tullio et al., 2016). The number
of individuals of each species was very simi-
lar in the mixed-species groups recorded herein.
An equivalent number of individuals for each
species was also observed in MSAs involving
S. longirostris and S. attenuata in the southwest-
ern Indian Ocean where the associations have ulti-
mately been attributed to an antipredatory strategy
(Kiszka et al., 2011). Advantage against predator
pressure has also been determined as triggering
MSAs in the eastern Pacific (Scott & Catanach,
1998). Therefore, considering the even numbers
of both species when in association, it is possible
that they both simultaneously seek enhanced pro-
tection against potential predators. Nevertheless,
a foraging advantage could also be involved since
a higher number of individuals would increase the
chances of prey detection. Isotopic data for indi-
viduals of these two species occurring in the same
region have indicated large niche overlap (Troina
et al., 2020). The use of similar food resources
seems a plausible reason for associations involv-
ing S. longirostris and S. attenuata as both spe-
cies have been reported to consume similar prey,
including oceanic squid and mesopelagic fishes
(Perrin, 2009a, 2009b).
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The single register of association between
D. delphis and S. frontalis indicates that these
are rare within the study area. This is consistent
with these species’ distribution patterns in the
region where there is a small overlap in their area
of occurrence (Di Tullio et al., 2016). The high-
est densities of S. frontalis in the Brazilian shelf-
break and slope region have been observed in the
SE portion where the occurrence of D. delphis
shifts from deeper to inner shelf waters (Tavares
et al., 2010; Di Tullio et al., 2016).

Although the formation of an MSA is likely
beneficial for at least some individuals, it is
important to emphasize its possible drawbacks.
For instance, interspecific sexual interactions are
more frequent among species that have similar
life histories and/or habitat use and, thus, may
result in hybridization (Bérubé, 2009). Potential
hybrids of T. truncatus with other species, such
as S. frontalis (Herzing et al., 2003) and G. gri-
seus (Hodgins et al., 2004), have already been
reported in the wild. This phenomenon may have
negative impacts on the fitness of parental species
and their hybrid offspring (Crossman et al., 2016).
Furthermore, the aggregation of different species
may also increase the exposure to parasites or
diseases (e.g., dolphin morbilliviruses) as seen in
aggregations of monospecifics (Coté & Poulinb,
1995; Morris et al., 2015; Balmer et al., 2018).

In the present study, we provide original infor-
mation about the specific composition of mixed-
species groups and their spatiotemporal patterns
within the oceanic waters of southeastern and
southern Brazil. Nevertheless, attention should be
given to the assessment of MSAs within Brazilian
coastal waters, as well as to the oceanic region
during other seasonal periods not covered by our
surveys (e.g., summer and winter). It is very dif-
ficult to know the factors triggering these associa-
tions since feeding observations in this environ-
ment are rare, and chemical tracers such as stable
isotopes in skin biopsies would not necessarily
be representative of the period these associations
take place. Apart from trophic interactions, MSAs
may play an important role in protection against
predators (Cords & Wiirsig, 2014). As in mono-
specific groups, the predation pressure is a major
factor leading to aggregation of dolphins (Norris
& Dohl, 1980). Even though we could not prop-
erly evaluate latitudinal patterns in group com-
position due to the limited number of observa-
tions, we could suggest that the widely distributed
T. truncatus associates change depending on their
abundance. This assumption, however, needs fur-
ther investigation since abundance estimates for
offshore dolphins in this area are still not avail-
able. As we deal with very socially complex ani-
mals, we recognize that there is still plenty to be

investigated. This is just the first step towards a
better understanding of dolphins’ interspecific
interactions in Brazilian waters and their ecologi-
cal significance at an ecosystem level.
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