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ABSTRACT: Marine mammals and humans are apex predators and both may compete for fish in
ecosystems under continuous fishing pressure. We assessed the degree of trophic overlap
between prey species found in the diet of 5 marine mammals (39 specimens of sea lion Otaria
flavescens, 61 fur seals Arctocephalus australis, 76 franciscana dolphins Pontoporia blainvillei, 25
bottlenose dolphins Tursiops truncatus and 28 Lahille’s bottlenose dolphins T. gephyreus) and the
catches of the 6 main commercial fishing gears used in southern Brazil (coastal gillnets, oceanic
gillnets, purse seine, demersal pair trawling, bottom [single] trawl and double-rig trawling)
between 1993 and 2016. An adjusted general overlap index indicated an overall moderate to high
overlap. Specific overlap analysis showed that O. flavescens and T. truncatus presented high
trophic relationships with fisheries, followed by T. gephyreus. Smaller interactions were observed
for A. australis and P. blainvillei, even though they also exploit commercial fishing resources.
Coastal gillnet and pair bottom trawling are the fisheries that most target the fish species favoured
by O. flavescens, T. gephyreus and T. truncatus. The information presented in this study on
trophic interactions may assist decision making for both fishery management and conservation
measures for these apex predators. Commercial fishing activities are a major threat to marine
mammals both regionally and globally. Current levels of fishing or its intensification may lead to
dramatic changes in the coastal marine food web, including additional threats to coastal marine
mammal populations in southern Brazil.
KEY WORDS: Trophic interactions · Feeding ecology · Marine mammals · Fisheries · Marine
conservation
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1. INTRODUCTION
Marine mammals are an informal group which
contains representatives of 3 orders, Cetartiodactyla,
Sirenia and Carnivora (Gatesy et al. 2013, Würsig et
al. 2018). They exhibit complex and heterogeneous
distributions throughout the ocean, between polar
and equatorial regions, and coastal and estuary
zones, as well in freshwater environments (Forcada
2018). While some marine mammals have mostly
monotypic diets (e.g. sea otters specializing on benthic invertebrates and baleen whales specializing on
large zooplankton), others (e.g. pinnipeds and toothed
whales) consume a variety of prey species including
mainly benthic invertebrates, fish and cephalopods
(e.g. Pauly et al. 1998, Trites & Spitz 2018). However,
in general, pinnipeds and toothed whales are mostly
opportunistic and generalist, whereas fish contribute
roughly to 50% of their diets (e.g. Pauly et al. 1998,
Trites & Spitz 2018). The differences and similarities
in the diets of the species reflect their evolutionary
adaptations to marine life, both morphologically and
behaviourally (Trites & Spitz 2018), which are associated with different feeding strategies and habitats
used by marine mammals while foraging (Heithaus
et al. 2018). This foraging behaviour can sometimes
lead to interactions with humans.
Interactions between marine mammals and human
activities occur when feeding, breeding, and resting
areas overlap with areas used or impacted by humans.
In this context, the main threats to marine mammals
arising from interactions with human activities are
linked to habitat loss from coastal development, water
pollution, noise pollution from military and seismic
sonar, boat strikes, direct harvesting, marine debris,
effects of climate change, entanglement in fishing
gear and loss of prey or other food sources due to
poor fisheries management (Polidoro et al. 2008,
Schipper et al. 2008).
Interactions with fisheries are currently the main
conservation problem of most marine mammal species (Schipper et al. 2008, Northridge 2018), and this
conflict generally constitutes a global problem resulting in negative consequences for both parties. While
this competition could lead to a decrease in the relative abundance of the marine mammals or changes in
their diet composition, the production yield for fishermen could also decrease (Wickens 1995, Lavigne
2003). Globally, the fishing industry has been experiencing an unprecedented crisis since the late 1990s.
A number of natural populations of fishery resources
have collapsed as a result of increased fishing effort,
overfishing of important stocks, impacts of fisheries

on natural ecosystems and a lack of proper fishing
management (e.g. Haimovici 1998, Froese et al. 2012,
Pauly & Zeller 2016). Another factor that also potentiates this scenario is habitat loss in continental and
estuarine aquatic systems related to water pollution,
deforestation, disordered urban development and
improper management practices (e.g. Barletta et al.
2010).
All of these factors can exacerbate the conflict
between marine mammals and fisheries, and the
interactions between them can be either operational
or biological. Biological (or ecological) interactions
refer to the indirect effects of competition for fish or
food resources, while operational interactions include
direct contact between marine mammals and fisheries. As a result of interactions with fisheries, marine
mammals can impact commercial fish stocks and
damage commercial fishing gears. They may also get
entangled in discarded material, harassed by fishing
vessels or even attacked by fishermen (Wickens
1995, Lavigne 2003, Northridge 2018).
Trophic relationships (biological interactions) between marine mammals and fisheries are complex
and little studied despite their importance for understanding how top predators coexist in an ecosystem
under continuous and growing human pressures
(Trites et al. 1997, Yodzis 1998). Although not a measure of competition, trophic overlap indices may be
used to provide an approximation of the levels of biological interaction between marine mammals and
fisheries. This approach has been successfully used
in the western South Atlantic Ocean (e.g. Dans et
al. 2003, Szteren et al. 2004, Romero et al. 2011,
Machado et al. 2018).
In the subtropical region of the western South
Atlantic, the industrial fishery targeting coastal demersal fish species began with bottom trawling in the
1950s followed by the introduction of bottom gillnets
in the 1980s (Yesaki & Bager 1975, Vasconcellos et al.
2014). Coastal pelagic fish species, mainly bluefish
Pomatomus saltatrix (Linnaeus, 1766), began to be
explored as a potential commercial species by purse
seiners in the 1960s (Yesaki & Bager 1975) and by
pelagic gillnetters in the 1980s (Haimovici & Krug
1996). In southern Brazil, fisheries removal is estimated to account for about one-quarter of the total
primary production of continental shelf ecosystems
(Vasconcellosa & Gasalla 2001). This value is typical
of intensely fished coastal mid-latitude regions
(Pauly & Christensen 1995). Since the 1970s, when
Brazilian trawlers were banned from fishing in
Argentinian and Uruguayan waters, coastal demersal fishing in southern Brazil intensified (Haimovici
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et al. 2014). Intense fishing in the region led to the
decrease in the abundance of the main species in the
coastal demersal fisheries in the following decades,
including Micropogonias furnieri (Vasconcellos &
Haimovici 2006), Cynoscion guatucupa (de Miranda
& Haimovici 2007), Macrodon atricuada (Cardoso &
Haimovici 2015) and Umbrina canosai (Haimovici
& Cardoso 2016). Since these fisheries began, there
has been no indication of a reduction in fishing effort,
and the current overall scenario is the overexploitation of coastal fishing resources (Haimovici et al.
2006, Haimovici & Cardoso 2017).
In the last decades, in the subtropical region of the
western South Atlantic, studies evaluated the trophic
ecology of marine mammals, focussing on describing
the main prey consumed by these predators through
the analysis of the stomach contents (Santos &
Haimovici 2001, Oliveira et al. 2008, Milnnam et al.
2016, Secchi et al. 2017, Machado et al. 2018) and
faecal analysis (Naya et al. 2000, 2002). Recently,
similar studies were conducted using stable isotopes
in this region (e.g. Vales et al. 2014, Drago et al. 2015,
Troina et al. 2016, Secchi et al. 2017). However, only
a few studies have assessed the trophic overlap between marine mammals and fisheries in this region
(Szteren et al. 2004, Bergamino et al. 2012, RietSapriza et al. 2013, Machado et al. 2018). In this context, Machado et al. (2018) evaluated the trophic
overlap between the South American sea lions Otaria
flavescens (Shaw, 1800) and commercial fishing in
southern Brazil. Similar studies were conducted in
Uruguay with O. flavescens, South American fur
seals Arctocephalus australis (Zimmermann, 1783),
franciscana dolphins Pontoporia blainvillei (Gervais
and D’Orbigny, 1844) and common bottlenose dolphins Tursiops truncatus (Montagu, 1821) (Szteren et
al. 2004, Bergamino et al. 2012, Riet-Sapriza et al.
2013). Studies of trophic overlap between marine
mammals and fisheries have already been conducted
in other regions of the world (e.g. Kaschner et al.
2001, Dans et al. 2003, Kaschner & Pauly 2005,
Romero 2011). Understanding the potential effects of
stock overexploitation on top predator populations is
only possible with knowledge of the trophic interactions between marine mammals and industrial fisheries. Understanding these interactions is therefore a
priority, especially in areas with intense fishing effort, such as the southern region of Brazil. Thus, management measures put in place to reduce the conflicts between marine mammals and commercial
fishing activities should consider the feeding habits
of the species and their interactions with fishing
activities.

217

The present study evaluates the trophic relationships of 5 species of marine mammals along with 6
important commercial fisheries in the southern
region of Brazil. In addition, we assessed the potential trophic impacts caused by fisheries via the exploitation of the food resources of marine mammals
and discuss how fisheries management could minimize these impacts.

2. MATERIALS AND METHODS
2.1. Study area
The southernmost region of Brazil is under the influence of the Subtropical Convergence Zone of the
Atlantic Ocean which usually extends 950 km along
the coast from Santa Marta Grande Cape (28° 40’ S)
to Uruguay (34° 40’ S) (Seeliger & Odebrecht 1997)
comprising an area of nearly 100 000 km2. The region
is an important breeding and feeding area for several
marine vertebrates (e.g. Secchi et al. 2003, 2017,
Colabuono & Vooren 2007, Oliveira et al. 2008, Milmann et al. 2016, 2018, Machado et al. 2018), due to
the interaction of different water masses such as the
Brazil Current, the Malvinas Current and fresh water
from the large hydrographic basins of the La Plata
River and the Patos−Mirim system (Seeliger & Odebrecht 1997). Because of the high levels of marine
productivity, the region is also important for its high
commercial fishing potential (Haimovici 1998). Conflicts between marine mammals and fishing activities
through operational interaction are known in the
area (e.g. Rosas et al. 1994, Secchi et al. 2003, Engel
et al. 2014, Machado et al. 2016, Pont et al. 2016).

2.2. Selection and sampling of marine mammals
In order to evaluate the trophic relationship between marine mammals and their relationship with
the local fisheries, the diets of the most common and
abundant coastal species in southern Brazil were
analysed (Oliveira 2013, Ott et al. 2013, Prado et al.
2016). Five species presented a sufficient sample
number for the analysis of trophic relationships with
fisheries: South American sea lions, South American
fur seals, franciscana dolphins, common bottlenose
dolphins and Lahille’s bottlenose dolphins Tursiops
gephyreus Lahille, 1908. The name T. gephyreus was
recently resurrected and applied to the morphologically distinct form of Tursiops found along the coast
of southern Brazil, Uruguay and Argentina (Wickert
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et al. 2016). Despite the recent revalidation, the recognition of Lahille’s bottlenose dolphins as a full
species is still a matter of debate. It has been alternatively considered a subspecies (Costa et al. 2016) or
ecotype (Oliveira et al. 2019) of T. truncatus. Regardless of the nomenclature applied, most studies suggest that the 2 forms may have distinct ecological and
distributional attributes. Therefore, we judged it
appropriate to analyse the 2 forms of Tursiops as different entities and for nomenclatural consistency
with morphological identification we followed the
taxonomy of Wickert et al. (2016).
For the analysis of the diet of local marine mammals, the stomachs of individuals found dead on the
beach between Torres (29° 20’ S, 49° 43’ W) and the
Lagoa do Peixe National Park (31° 21’ S, 51° 02’ W;
Fig. 1) were collected and analysed. The sampling
occurred between January 1993 and December 2014,
being well represented in all months and years of the
study, and a total of 285 expeditions were carried out,
covering 27 194 km of surveyed beaches. In addition
to the regular expeditions, specimens were also occasionally collected after the reporting of stranded animals by the local community until 2016. The voucher
specimens (skull and eventually entire skeleton)

were deposited in the scientific collection of the
Grupo de Estudos de Mamíferos Aquáticos do Rio
Grande do Sul (GEMARS). Some specimens of common bottlenose dolphin previously analysed by Milmann et al. (2016) were also included in in the present study.

2.3. Commercial fisheries landings
Catch data (kg) from coastal and oceanic gillnets,
purse seine, pair trawl, bottom (single) trawl and double-rig trawl (Fig. 1) between 1993 and 2011 were
extracted from landing reports of the Federal Fishery Research Centre in Rio Grande (Ibama/ICMBio/
Ceperg 1993−2012), and these fisheries took place
seasonally every year. A detailed description of fisheries can be found in Haimovici et al. (2006). Length
data of the fish caught by commercial fishing activities
were collected during the fishing landings and
onboard surveys at the harbor of Rio Grande
(32° 08’ S, 52° 05’ W), Imbé (29° 58’ S, 50° 07’ W) and
Passo de Torres’ (29° 19’ S, 49° 43’ W). The average
length of mullet Mugil liza (Valenciennes, 1836), was
extracted from the literature, and is related to landings of artisanal (unknown fishing gear)
and industrial (purse seine) fisheries carried out along the coast of the states of
Rio Grande do Sul and Santa Catarina,
southern Brazil (Lemos et al. 2014).

2.4. Diet analysis

Fig. 1 Study area, indicating the stretch of the sandy beaches (ca. 270 km)
where dead specimens of marine mammals (Otaria flavescens, Pontoporia
blainvillei, Arctocephalus australis, Tursiops gephyreus and Tursiops truncatus) were collected (blue line). The main commercial fishing area used by the
local fleet is indicated by the red line. The fishing harbour of Rio Grande,
where the fish landing statistics were collected, is also shown

Marine mammal stomachs were collected, and the contents were washed
using a 0.5 mm mesh sieve to separate
the remains of food items which were
categorized into higher taxonomic
groups (cephalopods, crustaceans and
fish). Otoliths and fish bones (e.g.
supraoccipital bone, mandible, maxilla) were stored dry, and cephalopod
beaks and exoskeletons of crustaceans
were stored in 70% ethanol. These
items were identified as far as possible
to the species level, using local reference collections (Costa et al. 2003,
Rossi-Wongtschowski et al. 2014) and
the cephalopod beak collection of the
Centro Nacional de Pesquisa e Conservação da Biodiversidade Marinha do
Sudeste e Sul (CEPSUL).
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The minimum number of teleosts ingested was
estimated by taking the higher number of fish bones
or sagittal otoliths of the most representative side
(left or right) for each species in each stomach. The
same was done for cephalopod beaks, where the
higher number of inferior or superior beaks of each
specimen was considered. Finally, the total number
of crustaceans was estimated by the absolute number
of cephalothoraxes found.
Otoliths that were in good condition (see Recchia
& Read 1989), fish bones (e.g. supraoccipital bone,
mandible, maxilla) and cephalopod beaks were measured under a stereoscopic microscope with an ocular
micrometer and a precision of 0.1 mm, or with digital
callipers with 0.01 mm precision. Total length (mm)
and biomass (g) of the prey were back-calculated
using the size of these structures and published allometric regression equations (see compilation in
Machado et al. 2018). Mean general biomass of a
given prey item found in the predator’s stomach was
used to estimate fish biomass from damaged otoliths.
A more detailed description of the dietary analysis is
presented in Machado et al. (2018).

2.5. Statistical analysis
The importance of different prey species in the diet
of marine mammals was estimated by the percentage
of index of relative importance (%IRI = [%NF +
%M] × [%FO]) (Pinkas et al. 1971, Hyslop 1980,
Cortés 1997), which takes into account the numerical
frequency (%NF = [estimated total number of prey i /
total number of prey of all species] × 100); the frequency of occurrence (%FO = [O = number of stomachs with prey i / total number of stomachs] × 100);
and the percentage of biomass contribution (%M =
[estimated biomass of prey i / estimated total biomass]
× 100).
The %IRIs were calculated by grouping all species
of marine mammals, separately by predator species,
and by ecological grouping of prey species. The ecological groups were defined according to the habitat
of the prey species: species exclusively associated
with the bottom (demersal and benthic), species that
swim free in the water column (pelagic) and species
that use both the bottom and the water column
(benthic−pelagic and demersal−pelagic) (Haimovici
& Perez 1991, Carvalho-Filho 1999, Romero et al.
2011).
The trophic niche amplitude of each local marine
mammal species was estimated through the Levins
trophic niche amplitude index (B) (Krebs 1999), de-
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fined by: B = 1 / Σpi2, where p is the proportion of individuals of the i th resource found in the diet. This
index was standardized (Bs), according to the following equation: Bs = (B − 1) / (n − 1), where n represents
the number of food items. This index is expressed on
a scale from 0 to 1, with higher values indicating a
greater niche amplitude and generalist habit of the
predator (Krebs 1999). Shannon and Simpson species
diversity indexes were calculated and compared
using the software PAST 3.0, taking 95% confidence
intervals into account.
Shannon diversity index (H) was calculated as:
S

H = – ∑ Pi ln Pi

(1)

i =1

and Simpson’s diversity (D) as:
D=

1
S

∑ Pi2

(2)

i =1

where S is the total number of species in the community (i.e. species richness found in all samples) and Pi
is the proportion for the i th species.
The sampling coverage approach was completely
standardized based on entropy (q statistic, Chao &
Jost 2012) to assess the richness of prey species in
the stomachs of marine mammals with abundance
data in the online iNEXT software (https://chao.
shinyapps.io/iNEXTOnline/; Chao et al. 2016). The
estimate of sample coverage used for this analysis
was suggested by Chao et al. (2013).
We used ‘test G’ in BioEstat 5.0 software to compare the size frequencies of fish consumed by marine
mammals to the size of fish caught by commercial
fishing activities. To visualize trophic interactions
between fisheries, marine mammals and prey, a
quantitative interaction network was constructed
using the software ‘Food Web Designer’ (version
3.0.0.0) (Sint & Traugott 2016). Food webs were constructed using the percentage of biomass contribution of the different fish species to the total fisheries
landings and to the diets of marine mammals. A correspondence analysis (CA) was used to evaluate
associations between marine mammal species and
fisheries. For this, the %M of the most important prey
species for mammals and the main catches landed by
the fisheries were used. CA was tested using PAST
software version 3.0.
The general overlap (GO) index and the specific
(SO) overlap index (Petraitis 1979, Ludwig & Reynolds 1988) were used to compare the potential
trophic overlap between the prey species targeted by
different marine mammals and the target species
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caught by 6 types of local commercial fishery. The
data used for the trophic overlap analysis (GO and
SO) were the mass of the prey of the marine mammals and catches of the fisheries of all species that
presented a %M > 1% in at least 1 of the 2 groups
compared. When a species was not present in the diet
of a particular marine mammal or in the catches of a
particular fishery, a value of 0.00001 was used.
The GO is a symmetric index (GOBA = GOAB) that
represents the probability that the trophic niche utilization curve of each predator stems from the common use curve of all predators. Thus, the null hypothesis of a complete trophic overlap between all
marine mammals and fisheries (H0: GO = 1 versus Ha:
GO ≠ 1) was tested using V analysis (Ludwig &
Reynolds 1988), which follows a distribution X 2 (S − 1)
(r − 1), where S is the number of predator categories
(marine mammals and fisheries), and r is the number
of prey categories. At the level of comparison, the GO
generates an adjusted index (GOa), which varies
from 0 to 1 (Ludwig & Reynolds 1988). The adjusted
index of this calculation (GOa) was used because the
GO index only allows for the evaluation of the
hypothesis of complete trophic overlap between both
predators (marine mammals and fisheries).
We also calculated and tested the SO index, which
represents the probability of the niche amplitude
curve of a predator (e.g. marine mammal) completely
overlapping with that of the other predator (e.g. fishery). This index shows that the amplitude curve of a
predator i may explain that of predator m (SOim), but
the reverse does not necessarily occur (Petraitis 1979).
SOim also varies from 0 to 1, and the null hypothesis
of a complete specific trophic overlap between both
predators (H0: SOim = 1 versus Ha: SOim ≠ 1) was
tested through U analysis (Ludwig & Reynolds 1988),
which follows a distribution X2 (r − 1), where r represents the number of prey categories.

3. RESULTS
3.1. Feeding ecology of marine mammals
A total of 229 stomachs were analysed: 76 of Pontoporia blainvillei, 61 of Arctocephalus australis, 39 of
Otaria flavescens, 28 of Tursiops gephyreus and 25
of T. truncatus. From the combined analysis of the
stomach contents of these marine mammals, it was
possible to identify a total of 36 prey species (Table 1).
Teleost fish were the most representative group with
26 species, followed by 6 species of cephalopod, 3
species of elasmobranch and at least 1 crustacean.

Sciaenidae was the most well represented fish family, with 9 species identified, corresponding to 48.9%
of the relative importance for all marine mammals
(pooled analysis). Trichiurus lepturus Linnaeus, 1758,
Paralonchurus brasiliensis (Steindachner, 1875) and
Doryteuthis sanpaulensis (Brakoniecki, 1984) were
the most important prey species, respectively, representing > 75% of relative importance. P. brasiliensis
was the most important prey for O. flavescens,
whereas T. lepturus was the most important prey
species for A. australis, T. gephyreus and T. truncatus; and D. sanpaulensis was the most important prey
species for P. blainvillei (Table 1).
The highest trophic diversity was observed for
P. blainvillei, followed by T. gephyreus (Table 2). The
diversity of prey species consumed by T. truncatus
indicates that this species has a rich diet when compared to other species studied here, while O. flavescens, P. blainvillei and T. gephyreus presented
a very similar level of prey richness in their diets
(Fig. 2). On the other hand, A. australis was the
species with the lowest trophic richness in its diet
(Fig. 2), but it was the marine mammal with the
highest trophic niche amplitude index (Bs = 0.31),
followed by P. blainvillei (Bs = 0.19), T. gephyreus
(Bs = 0.17), T. truncatus (Bs = 0.13) and O. flavescens
(Bs = 0.09). The results also showed that O. flavescens
preferred demersal prey, while A. australis and
T. truncatus consumed mainly benthic−pelagic and
demersal−pelagic prey. P. blainvillei and T. gephyreus
predated both demersal and/or benthic and benthic−pelagic and/or demersal−pelagic prey (Fig. 3).

3.2. Trophic relationships of marine mammals
with fisheries
Based on the analysis of commercial fishing landings from 1993 to 2011, 84 fishery resources were
identified, of which 18 had a mass importance >1%
for at least 1 fishery. These 18 resources, added to 16
that had a mass importance >1% for at least 1 of the
marine mammal species, were included in the 26
taxa which were used in the analysis of trophic overlap (GO and SO index; Table 3). The results of total
overlap (GO = 0.67, V = 347081630, p < 0.001) indicated that there was no complete overlap in the utilization of the same resources based on the curve of
marine mammal and local fishery activity. However,
the GO measures only whether there was total overlap or not. When overlap is not total, it can still be
high. In this case, the adjusted total overlap value
indicated a moderate to high overlap in resource
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Table 1. Diet composition of the marine mammals Otaria flavescens, Pontoporia blainvillei, Arctocephalus australis, Tursiops
gephyreus and Tursiops truncatus on the southern Brazilian coast. EG: ecological group; D/B: demersal and benthic; P: pelagic;
BP/DP: benthic−pelagic and demersal−pelagic; %FO: frequency of occurrence; %NF: numeric frequency; %M: percentage of
biomass contribution: %IRI: percentage of index of relative importance. Bold values: most important prey for each species of
marine mammal. *Important commercial fishing resources exploited in the southern region of Brazil
Prey taxon

Scianidae
Paralonchurus brasiliensis
Macrodon atricauda*
Micropogonias furnieri*
Cynoscion guatucupa*
Cynoscion jamaicensis*
Umbrina canosai*
Menticirrhus sp.*
Stellifer rastrifer
Stellifer brasiliensis
Phycidae
Urophycis brasiliensis*
Trichiuridae
Trichiurus lepturus
Pomatomidae
Pomatomus saltatrix*
Paralichtyidae
Paralichthys sp.*
Batrachoididae
Porichthys porosissimus
Clupeidae
Brevoortia pectinata
Stromateidae
Peprilus paru
Stromateus brasiliensis
Engraulidae
Anchoa marinii
Engraulis anchoita
Lycengraulis grossidens
Sparidae
Pagrus pagrus
Carangidae
Trachurus lathami
Congridae
Conger orbignianus
Mugilidae
Mugil liza*
Ariidae
Genidens sp.
Tetraodontiformesa
Arhynchobatidae
Sympterygia bonaparti
Atlantoraja sp. or Rioraja sp.
Sympterygia acuta
Loliginidae
Doryteuthis sanpaulensis
Doryteuthis plei
Argonautidae
Argonauta nodosa
Thysanoteuthidae
Thysanoteuthis rhombus
Octopodidae
Octopus vulgaris
Octopus tehuelchus
Penaeidae
Unidentified prawns
a

EG O. flavescens P. blainvillei A. australis T. gephyreus T. truncatus
All marine mammals
%IRI
%IRI
%IRI
%IRI
%IRI
%FO %NF
%M %IRI

D/B
D/B
D/B
BP/DP
D/B
D/B
D/B
D/B
D/B

51.8
15.1
10.8
5.9
0.01
2.2
0.8
0.3
0.002

5.9
0.02
0.03
0.5
0.3
0.7
0.5
12.4
0.001

0.00
0.00
0.01
0.00
0.00
0.00
0.03
0.6
0.00

28.0
0.9
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Table 2. Simpson and Shannon indexes for the diets of different marine mammal species estimated from samples collected on the southern Brazilian coast
Species

Otaria flavescens
Arctocephalus australis
Pontoporia blainvillei
Tursiops gephyreus
Tursiops truncatus

Diversity index
Simpson (CI)
Shannon (CI)
0.690 (0.669, 0.709)
0.736 (0.711, 0.761)
0.808 (0.798, 0.818)
0.759 (0.739, 0.777)
0.698 (0.646, 0.748)

1.732 (1.669, 1.788)
1.522 (1.441, 1.631)
2.048 (2.002, 2.096)
1.882 (1.801, 1.951)
1.793 (1.648, 1.943)

Fig. 2. Cumulative number of species preyed on by marine mammals (Otaria
flavescens, Pontoporia blainvillei, Arctocephalus australis, Tursiops gephyreus
and Tursiops truncatus) along the southern Brazilian coast

Fig. 3. Index of relative importance (%IRI) according to the ecological prey
groups present in the diet of 5 marine mammal species (Otaria flavescens,
Pontoporia blainvillei, Arctocephalus australis, Tursiops gephyreus and Tursiops
truncatus) along the southern Brazilian coast

sharing (GOa = 0.59, V = 347081630,
p < 0.001).
The SO analysis showed that even at
low intensity, O. flavescens and T.
truncatus are the 2 marine mammals
whose resource use most overlaps
with the exploitation curve of the resources exploited by fisheries (Fig. 4;
Table S1 in the Supplement at www.
int-res.com/articles/suppl/m639p215_
supp.pdf). However, the fisheries exploited the resources with greater intensity than these 2 marine mammal
species, with the exception of the double-rig trawl and oceanic gillnet fishery (Fig. 4). The diet of O. flavescens
was less related to one type of bottom
trawl, and the diet of T. truncatus was
less related to double-rig trawl. In contrast, A. australis and P. blainvillei
were the 2 marine mammals that least
exploited the same prey species targeted by the local commercial fisheries
(Fig. 4; Table S1). In the same way, P.
blainvillei and A. australis were the
predators that least overlapped with
fisheries in their preferred prey species
(Fig. 4, Table S1). T. gephyreus presented intermediate trophic interactions with the local fisheries, in comparison with other local marine
mammals. Coastal gillnet and pair
trawling were the fishery activities that
most exploited the same food resources
used by O. flavescens, T. gephyreus
and T. truncatus (Fig. 4; Table S1).
Although some overlap was detected
in resource use, in general marine
mammals consumed smaller fish than
the commercial size caught by local
fisheries (Figs. S1−S3). Nevertheless,
South American sea lions showed the
greatest overlap with fisheries in terms
of the size of fish they consumed, including species caught by pair trawling (Micropogonias furnieri and Macrodon atricauda), bottom trawl (M.
furnieri) and coastal gillnet (Pomatomus saltatrix). South American sea lions also consumed 2 prey species of
similar size to the discards from pair
trawling (Cynoscion guatucupa and
Umbrina canosai) and consumed M.

Author copy

Artemesia longinaris
Cynoscion guatucupa
Cynoscion jamaicensis
Genidens spp.
Loligo spp.
Macrodon ancylodon
Menticirrhus spp.
Merluccius hubbsi
Micropogonias furnieri
Mugil liza
Octopus spp.
Paralichthys brasiliensis
Paralonchurus brasiliensis
Pleoticus muelleri
Pogonias cromis
Pomatomus saltatrix
Porichthys porosissimus
Prionotus spp.
Scomber japonicus
Squatina spp.
Stellifer spp.
Tetraodontiformes
Trachurus lathami
Trichiurus lepturus
Umbrina canosai
Urophycis brasiliensis
Other species
Total

Resource

15032585.0
2747521.0
98516.0
128461.0
96532.0
1221442.0
367206.0
442744.0
2661256.0
120864.0
147082.0
3930243.0
90080.0
7152461.0
195987.0
223831.0
49378.0
2356556.0
3600.0
779327.0
0.00001
0.00001
0.00001
77906.0
2798720.0
3726073.0
1669370.0
46117741.0

0.00001
62756.0
1190191.0
20391223.0
23072.0
68795.0
352648.0
779017.0
12620.0
6380.0
665448.0
1500407.0
17927.0
561397.0
24933.0
715055.0
6916481.0
45631488.0
7641964.0
4704227.0
3791.0
5020.0
38801.0
350868.0
320.0
3940.0
0.00001
33558.0
659824.0
151658.0
10766796.0
5269581.0
10600.0
12838.0
107421.0
3413747.0
1936913.0
242180.0
32277.0
707869.0
0.00001
0.00001
0.00001
0.00001
3686111.0
260.0
56214.0
354090.0
1212843.0
20785809.0
70368.0
2089000.0
2290451.0
2662935.0
37718014.0 110504098.0

Industrial fishing gears (total mass landings, kg)
Bottom
Double-rig
Purse
Coastal
trawl
trawl
seine
gillnet

360.0
44712.0
44971512.0 10325549.0
2477949.0
79597.0
751813.0
91600.0
2808.0
480.0
30401387.0
73823.0
1418149.0
13934.0
334152.0
333187.0
28443464.0 1782199.0
704703.0
5427.0
55347.0
0.00001
996159.0
142205.0
757601.0
0.00001
11022.0
9288.0
364948.0
46.0
455533.0
8583.0
34562.0
4446.0
3575244.0
944879.0
540.0
0.00001
902965.0
288858.0
0.00001
0.00001
0.00001
0.00001
23840.0
17628.0
1101591.0
16665.0
41456413.0 11784463.0
2112590.0
568554.0
5857495.0
973215.0
167212147.0 27509338.0

Pair
trawl
0.00001
11059816.0
57068.0
962759.0
63229.0
757387.0
209416.0
1000780.0
12927026.0
340124.0
14346.0
224602.0
80036.0
0.00001
1960.0
1467813.0
27429.0
2702339.0
3454.0
3538657.0
0.00001
0.00001
134335.0
329884.0
18126123.0
3256474.0
3669994.0
60955051.0

Oceanic
gillnet
0.00001
6.2
0.1
0.00001
0.2
21.3
4.9
0.00001
21.5
0.00001
1.6
1.0
31.0
0.00001
0.00001
24.5
0.9
0.00001
0.00001
0.00001
0.6
0.2
0.00001
11.5
4.1
12.7
1.4
143.8

0.00001
0.09
0.5
0.00001
34.7
0.2
1.7
0.00001
0.09
0.00001
0.00001
0.00001
3.5
0.00001
0.00001
0.00001
2.2
0.00001
0.00001
0.00001
1.7
0.00001
0.5
5.4
0.8
1.2
0.9
53.4

0.00001
0.00001
0.00001
0.00001
2.3
0.00001
0.1
0.00001
0.01
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
3.3
0.00001
0.00001
0.00001
0.00001
0.04
0.00001
0.00001
25.3
0.00001
0.2
0.6
31.9

0.00001
2.2
0.3
1.2
0.4
0.8
5.0
0.00001
11.0
15.0
0.00001
0.2
3.9
0.00001
0.00001
0.7
0.8
0.00001
0.00001
0.00001
0.1
2.7
0.00001
38.7
2.1
3.7
2.7
91.5

0.00001
13.1
0.00001
0.00001
0.6
0.2
0.7
0.00001
3.4
15.9
0.00001
0.00001
0.02
0.00001
0.00001
0.9
5.4
0.00001
0.00001
0.00001
0.00000
0.2
0.5
27.7
2.6
1.2
0.5
72.9

Marine mammals (total mass consumption, kg)
O. flavescens P. blainvillei A. australis T. gephyreus T. truncatus

Table 3. Marine fisheries landings (in kg) in Rio Grande harbour captured by 6 different types of industrial fisheries (1993−2011), and stomach contents (kg) of 5
stranded marine mammal species (Otaria flavescens, Pontoporia blainvillei, Arctocephalus australis, Tursiops gephyreus and Tursiops truncatus) collected during the
study on the southern Brazilian coast. Only those species that presented a mass (kg) >1% of the biomass of at least one of the groups (predators and fisheries) and that
were used in the analysis of trophic niche overlap (general overlap [GO], adjusted GO [GOa] and specific overlap [SO] are listed)
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furnieri larger than those discarded in pair trawling
(Fig. S1). Although 17 analyses
indicated that O. flavescens
prey on smaller fish than the
fish caught by local fisheries,
in 47% of these analyses, it
was possible to identify a high
degree of overlap ranging
from 43.79 to 86.56% (Fig. S1).
T. gephyreus preyed upon
U. brasiliensis smaller than
those caught by coastal gillnet
fishing, pair trawling, bottom
trawling and those discarded
by trawling. It also predated
M. liza smaller than the catches
of local industrial and artisanal
fisheries, with no size overlap
with industrial fishing and a
33.30% overlap with artisanal
fisheries (Fig. S3). Although
T. truncatus predated M. liza,
which is highly targeted by
the local artisanal (100%) and
industrial fisheries (91.67%),
the proportion of the distribution in the size frequency was
not similar. T. truncatus also
preyed on C. guatucupa, with
a large overlap in size with
fish of this species caught by
coastal gillnet fishing (73.68%),
pair trawling (81.58%), doublerig trawling (79.95%) and single trawling (57.89%) and
also predated fish larger than
those discarded in pair trawling (Fig. S3).
In the CA used to evaluate
associations between marine
mammal species and fisheries,
6 main clusters were observed
(Fig. 5). O. flavescens formed
the largest cluster, with close
association with the coastal gillnet, oceanic gillnet, pair trawl
and simple trawl (red ellipse)
fisheries. The other marine
mammal species showed associations with different taxa
(e.g. P. blainvillei with the
cephalopods), but not with
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Fig. 4. Specific overlap index (SO) between the stomach contents of 5 stranded marine mammal species (Otaria flavescens,
Pontoporia blainvillei, Arctocephalus australis, Tursiops gephyreus and Tursiops truncatus) and the 6 commercial fishing activities analysed in the present study on the southern Brazilian coast. Values on the left (blue) represent the utilization curve of
marine mammal food resources that overlap the curves of exploitation of resources by fisheries. Values on the right (red) represent the utilization curve of resources by fisheries that overlap the utilization curve of marine mammal food resources

any specific fishery (Fig. 5). Fig. 6 shows the connections of each species of marine mammal with their
main prey, as well as the relationships of the fisheries
with the main catches landed.

4. DISCUSSION
Resource overlap between fisheries and marine
mammals has been quantified in different ways
around the world (e.g. Kaschner et al. 2001, Dans et
al. 2003, Kaschner & Pauly 2005, Romero 2011,
Bergamino et al. 2012). However, this is the first broad
study about the relationships between marine mammal trophic ecology and fishing catches and how they
interact in Brazil. Usually, the degree of overlap of
prey species targeted by marine mammals with those

targeted by fisheries varies greatly among species,
with the pinnipeds being one of the groups with the
greatest fisheries overlap (e.g. Kaschner et al. 2001,
Romero 2011).
In the present study, however, the 2 species of pinnipeds showed a very distinct pattern. Whereas Otaria
flavescens showed the greatest dietary overlap with
species targeted by fisheries, Arctocephalus australis
had the lowest. The high overlap of O. flavescens with
fisheries seems to be directly related to its behaviour.
It is noteworthy that O. flavescens interacts directly
with the fisheries in southern Brazil, including the
predation of fish caught in gillnets (e.g. Machado et
al. 2016, 2018), as well as the incidental catch of
O. flavescens in pair trawls (Machado et al. 2015).
Therefore, it is not surprising that the coastal gillnet and pair trawling fisheries were those that most
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Fig. 5. Correspondence analysis (CA) for interactions between resources, marine mammals and commercial fishing activities.
Association of Pontoporia blainvillei (P.bla) with Doryteuthis spp. (Dr.spp.) and Stelifer spp. (S.spp) (gray ellipse);
Arctocephalus australis (A.aus), Tursiops gephyreus (T.gep) and Tursiops truncatus (T.tru) with Trichiurus lepturus (T.lep)
(green ellipse); Tursiops gephyreus and Tursiops truncatus with Mugil liza (M.liz) and Tetraodontiformes (Tetr) (blue ellipse);
Otaria flavescens (O.fla), coastal gillnet (Co_gil), oceanic gillnet (Oc_gil), pair trawling (Pa_tra) and single trawl (Bo_tra) with
Cynoscion guatucupa (C.gua), Micropogonia furnieri (M.fur), Macrodon atricauda (M.atr) and Umbrina canosai (U.can) (red
ellipse); double-rig trawl (Do_tra) with Artemesia longinaris (A.lon), Pleoticus muelleri (P.mue) and Paralichthys spp. (Pa.spp)
(black ellipse); purse seine (Pu_sei) with Mugil liza, Pomatomus saltatrix (P.sal), Scomber japonicus (S.jap) and Trachurus
lathami (T.lat) (yellow ellipse). Paralonchurus brasiliensis (P.bra), Menticirrhus sp. (Me.sp), Cynoscion jamaicensis (C.jam),
Pogonias cromis (P.cro), Urophycis brasiliensis (U.bra), Genidens sp (Ge.sp), Prionotus sp. (Pr.sp), Squatina sp. (Sq.sp),
Porichthys porosissimus (P.por), Merluccius hubbsi (M.hub), Octopus sp. (Oc.sp)

utilized the same food resources used by O. flavescens. These 2 fisheries also target food resources
used by Tursiops truncatus. Due to the higher values
of the specific trophic overlap indexes and the overlap between the sizes of the predated fish and those
captured/discarded by the fisheries, O. flavescens
and T. truncatus were the species of marine mammals that presented the highest trophic relationship
with these fisheries. In contrast, T. gephyreus has an
intermediate level of overlap between its preferred
prey species and those targeted by fisheries, while A.
australis and Pontoporia blainvillei seem to have a
very low level of biological interaction with fisheries.
The bottom pair trawl and gillnet fisheries are the
main coastal commercial fishing activities in southern Brazil (e.g. Klippel et al. 2005, Haimovici et al.
2006). The main resources exploited by these fisheries (e.g. Macrodon atricauda, Micropogonias furnieri, Umbrina canosai, Cynoscion guatucupa, Urophycis brasiliensis and Pomatomus saltatrix) accounted
for 16% of the IRI of the prey of marine mammals.
Some of these resources, such as M. furnieri, M. atricauda, U. canosai and C. guatucupa, which together

account for more than half of the landings of marine
fish in southern Brazil, are overexploited while others
such as P. saltatrix and Mugil liza are at the limit of
sustainable exploitation (MMA 2004, Haimovici &
Cardoso 2017).
Nevertheless, the most important fish prey (Paralonchurus brasiliensis and Trichiurus lepturus) of the
marine mammals in this study are not important fishery resources in the region, and they are mostly
rejected in large quantities, mainly by bottom trawl
fisheries (e.g. Haimovici & Mendonça 1996, Haimovici
& Fischer 2007). In terms of biomass, the discards
of these 2 fish species represented approximately
one-third (31.3%) of the species discarded by bottom
pair trawling (L. G. Cardoso & M. Haimovici unpubl.
data). They were also among the most abundant species in the bottom trawl surveys performed along
southern Brazil and are indicator species of the
warm-water coastal fish assemblage (Haimovici et al.
1996, Martins & Haimovici 2017). Therefore, although these species are not fishing targets, the fish
mortality caused by the bottom trawling fleet may
result in negative impacts on their stocks, as was
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Fig. 6. Trophic interaction networks between fisheries, marine mammals and prey species along the southern Brazilian coast.
The bars show the different types of fishing gear (top), fish species (middle) and marine mammal predators (bottom). Triangles
represent the observed trophic links of fisheries landings (upwards) and marine mammal diet (downwards). The width of the
triangles indicates the percentage of each fish species contributing to the relative diet composition of the predators and fishery
landings. Artemesia longinaris (A.lon), Pleoticus muelleri (P.mue), Doryteuthis spp. (Dr.spp.), Macrodon atricauda (M.atr), Paralonchurus brasiliensis (P.bra), Micropogonias furnieri (M.fur), Cynoscion guatucupa (C.gua), Umbrina canosai (U.can), Paralichthys brasiliensis (Pa.bra), Urophycis brasiliensis (U.bra), Porichthys porosissimus (P.por), Trichiurus lepturus (T.lep),
Mugil liza (M.liz), Pomatomus saltatrix (P.sal), Trachurus lathami (T.lat)

observed for Dules auriga Cuvier, 1829, which is a
component of bottom trawling bycatch and saw its
spawning potential reduced by 50% (Rovani & Cardoso 2017). It is also worth mentioning that T. lepturus is already caught in high numbers in southeast
Brazil (e.g. Ávila-da-Silva et al. 2014, FIPERJ 2014),
and its fishery in southern Brazil may intensify if the
demand increases. T. lepturus has a demersal−
pelagic habit, performing vertical migration whereby
it goes to deeper waters during daytime to feed, thus
becoming available for consumption by demersal and
pelagic predators. A voracious species with large
jaws, its diet varies ontogenetically (Martins et al.
2005) and it occupies a wide range of trophic levels
(Chiou et al. 2006). Because of its abundance and
presence in the water column, T. lepturus is a key
resource for T. truncatus, T. gephyreus and A. australis. It is also an important prey for O. flavescens
and P. blainvillei in subtropical waters in the western
South Atlantic, and has been reported in diets of
other marine mammal species in the region, such as
A. tropicalis (Gray, 1872), A. gazella (Peters, 1875)
(Oliveira et al. 2008), Lagenodelphis hosei Fraser,
1956 (Moreno et al. 2003), Kogia breviceps (Blain-

ville, 1828) (Brentano & Petry 2020), Stenella frontalis
(Cuvier, 1829) and Delphinus delphis Linnaeus, 1758
(GEMARS unpubl. data). Other top predators also
use this resource, including the seabirds Thalassarche melanophrys (Temminck, 1828), Procellaria
aequinoctialis Linnaeus, 1758 (Colabuono & Vooren
2007), the loggerhead sea turtle Caretta caretta (Linnaeus, 1758) (A. J. Lenz pers. comm.) and pelagic
fishes such as Thunnus albacares (Bonnaterre, 1788)
(Vaske & Castello 1998), Prionace glauca (Linnaeus,
1758) and Isurus oxyrinchus Rafinesque, 1810 (Vaske
& Rincón-Filho 1998). Ecosystem simulations suggest
that populations of marine mammals could be reduced rapidly by decreasing the abundance of their
prey (Trites et al. 2004). Reducing the availability of
their main prey species can reduce the quantity
and/or quality of the available food resources, and
consequently cause nutritional stress for marine
mammal populations. This situation may lead to
reduced body size, reduced birth rates, increased
infant and juvenile mortality, behavioural changes
(e.g. longer foraging trips) and altered body condition (Trites & Donnelly 2003). The decline of some
marine mammal populations has been attributed to
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the overexploitation of some fish stocks (e.g. Notarbartolo di Sciara et al. 2002). In a review of the main
impacts of human activities on cetacean populations
in the Mediterranean Sea and Black Sea, Notarbartolo di Sciara et al. (2002) mentioned that at least 4
species (D. delphis, Stenella coeruleoalba [Meyen,
1833], Phocoena phocoena [Linnaeus, 1758] and T.
truncatus) are strongly impacted by the overexploitation of their main prey stocks.
The effects of the decline of fishing stocks on the
feeding ecology of some marine mammal populations in southern Brazil have already been reported.
In the last decades, a shift in the diet of P. blainvillei
and T. truncatus has been attributed to the overexploitation of M. atricauda and M. furnieri stocks (Secchi et al. 2003, 2017, Milmann et al. 2016). Changes
in the diet of O. flavescens have also been reported
as the species has expanded its trophic niche in
response to the reduction in resource availability due
to the overexploitation of fish stocks in southern
Brazil (Machado et al. 2018).
A. australis could be the only marine mammal
included in this study that would suffer fewer effects
directly resulting from a continuous decrease of the
fishing resources in the region. This species feeds
mainly on benthic−pelagic and demersal−pelagic
resources of minor importance to commercial fisheries. However, A. australis appears to be extremely
dependent on T. lepturus as a prey species, so the
targeting of this species by fisheries could, as previously mentioned, have a negative impact on A. australis populations. In fact, results from stable isotope
analyses showed that overexploitation in fish stocks
over the last 2 decades (1994−2011) did not alter the
diet of adult males in southern Brazil (Vales et al.
2014). However, the total population of A. australis,
including the breeding colonies in Uruguay, has
been increasing steadily in recent decades (FrancoTrecu 2015, Cardenas-Alayza et al. 2016). This population increase together with heavy overexploitation
in fish stocks may raise the chances of increased
trophic interactions between this species and fisheries in southern Brazil.
After A. australis, P. blainvillei was the marine
mammal species with the second lowest trophic relationship with fisheries, mainly due to its preference
for smaller prey than those targeted by fisheries and
the high importance of squid (Doryteuthis sanpaulensis) in its diet, as revealed in many studies
across its distribution (e.g. Troina et al. 2016, Denuncio et al. 2017). In this context, it is worth mentioning
that D. sanpaulensis is not an important commercial
fishing resource in southern Brazil, and excessive
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pressure on its stock does not seem likely in the coming years. However, as previously mentioned, the
overexploitation of the M. furnieri stock clearly
resulted in a decreased occurrence of this species in
the diet of P. blainvillei from the 1970s to the 1990s
(Secchi et al. 2003). In the present study, M. furnieri
was virtually absent in the diet P. blainvillei, although this fish had a relatively high importance in
the diet of O. flavescens and T. gephyreus.
The trophic relationships of T. gephyreus with
the fisheries presented intermediate levels of importance when compared with the other species of
marine mammals studied. However, resident populations of this species in estuarine regions in the
south of Brazil showed a high level of interaction
with the artisanal fisheries directed towards the
capture of M. liza through cooperative fishing (e.g.
Simões-Lopes et al. 1998, Zappes et al. 2011). This
interaction occurs more intensely in the autumn
(e.g. Simões-Lopes et al. 1998, Zappes et al. 2011,
di Giacomo & Ott 2016) when M. liza migrates to
the region (Lemos et al. 2014). According to Milmann et al. (2016), the autumn is a critical period
for this resource, as it is the target of artisanal and
industrial fishing, and the overexploitation of the
M. liza stock could have negative consequences for
T. gephyreus (Milmann et al. 2016). Autumn is an
important period for the breeding of T. gephyreus,
which are born in the summer and would be only a
few months old at this time (Fruet et al. 2015), during which M. liza is an important food resource
(Milmann et al. 2016, Secchi et al. 2017) for their
lactating mothers. Currently, the M. liza stock from
southern and southeastern Brazil is reported to be
at the maximum limit of exploitation (MMA 2004,
Haimovici & Cardoso 2017). The research on the
diet of T. truncatus (Milmann et al. 2016, Secchi et
al. 2017) in southern Brazil was published concomitantly with the revalidation of T. gephyreus as a
species (Wickert et al. 2016). The study conducted
by Milmann et al. (2016) (T. truncatus n = 3 and T.
gephyreus n = 18) was performed in an area where
both species of the genus Tursiops occur (Wickert
et al. 2016). All animals in the study by Secchi et al.
(2017) were initially identified as T. truncatus, but
were later morphologically identified as T. gephyreus
according to Wickert et al. (2016) (E. Secchi pers.
comm.). Our results indicate that the 2 morphological forms of Tursiops occupy distinct ecological
roles in the ecosystem, representing, at least, different ecotypes (see de Bruyn et al. 2013).
The incidental mortality or bycatch of marine mammals in fisheries is largely recognized as one of the
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main problems for species conservation in many
areas around the world. In southern Brazil, the 2
small cetaceans most affected by incidental capture
by fisheries are P. blainvillei (e.g. Secchi et al. 2003)
and T. gephyreus (e.g. Fruet et al. 2012). However,
the impacts of the fisheries on marine mammals in
the region could extend well beyond incidental mortality, as indicated by the shift in the diet of some species over the last decades (Milmann et al. 2016, Secchi et al. 2017, Machado et al. 2018). Therefore,
further efforts are clearly needed to understand the
real effects that major overexploitation in fish stocks
may be causing in marine mammal populations and
even other top predators in southern Brazil. In this
context, further information from 2 areas is essential:
(1) data on fishing effort, fishing areas and landing
statistics, and (2) accurate estimates of population
sizes of marine mammals. Unfortunately, both sets of
data are currently very incomplete and mostly out of
date. In fact, the last official landings data of marine
resources in southern Brazil was published almost
a decade ago (Ibama/ICMBio/Ceperg 1993−2012).
Moreover, the only marine mammal for which an
estimate of population size exists in the region is P.
blainvillei, but this also needs to be updated
(Danilewicz et al. 2010).
Finally, considering that fisheries management in
Brazil has been historically ineffective (Haimovici &
Cardoso 2017), it is likely that if no action is taken to
modify the current scenario of overexploitation of the
fishing stocks, the problems of bycatch and trophic
overlap between marine mammals and fisheries may
intensify, resulting in important changes to marine
communities. In the context of a lack of enforcement
or ineffective management or conservation strategies, Dowling et al. (2016) suggested that the most
effective measures would be spatial and temporal
approaches, such as the establishment of no-fishing
zones or seasonal closures (e.g. Di Tullio et al. 2015).
In this context, a recent rule prohibiting industrial
bottom trawling all along the coast of the state of Rio
Grande do Sul from the beach up to 12 nautical miles
to the west (Rio Grande do Sul, 2018) can be considered a hope for the recovery of some fish stocks.
However, the Brazilian government has recently proposed to remove species from the Brazilian Red List
of threatened marine species (e.g. Lees 2015, Pinheiro et al. 2015), and has initiated discussions on
ending the recent rule prohibiting industrial bottom
trawling along the coast of Rio Grande do Sul. This
development has revealed how fragile the situation
in Brazil is with regards to achieving a sustainable
management plan for fisheries.

Acknowledgements. We thank all of our colleagues of the
Grupo de Estudos de Mamíferos Aquáticos do Rio Grande
do Sul (GEMARS) for their help during the necropsies and
collection of specimens. Logistical support was provided by
the Universidade Estadual do Rio Grande do Sul (UERGS)
and Centro de Estudos Costeiros, Limnológicos e Marinhos
(CECLIMAR) da Universidade Federal do Rio Grande do Sul
(UFRGS). We are grateful to Diego Janisch Alvares who
kindly helped us with map editing. We also thank all of our
colleagues of the Bird and Mammal Laboratory for the space
provided for the analysis of the diet of the sea lions. This
paper is part of the PhD thesis of R.M. in the Programa de
Pós-Graduação em Biologia Animal in UFRGS. This work
was supported by the Coordenação de Aperfeiçoamento
Pessoal de Nível Superior - CAPES (doctoral grant to R.M.);
Fundo Nacional do Meio Ambiente - FNMA-MMA; and
Conselho Nacional de Desenvolvimento Científico e Tecnológico − CNPq. P.H.O. and L.R.O. were supported by
CNPq (no. 572180/2008-0 and 151307/2005-9, productivity
grant nos. 303813/2011-3 and 308650/2014-0).
LITERATURE CITED
Ávila-da-Silva AO, Carneiro MH, Mendonça JT, Bastos
GCC, de Miranda LV, Ribeiro WR, Santos S (2014) Produção pesqueira marinha e estuarina do estado de São
Paulo Septembro de 2014. Informe Pesqueiro de São
Paulo No. 51. Instituto de Pesca, Sao Pãulo
Barletta M, Jaureguizar AJ, Baigun C, Fontoura NF and others (2010) Fish and aquatic habitat conservation in South
America: a continental overview with emphasis on neotropical systems. J Fish Biol 76:2118−2176
Bergamino L, Szteren D, Lercari D (2012) Trophic impacts of
marine mammals and seabirds in the Río de la Plata
Estuary and the nearshore oceanic ecosystem. Estuar
Coast 35:1571−1582
Brentano R, Petry MV (2020) Marine debris ingestion and
human impacts on the pygmy sperm whale (Kogia breviceps) in southern Brazil. Mar Pollut Bull 150:110595
Cardenas-Alayza S, Oliveira LR, Crespo E (2016) Arctocephalus australis. The IUCN Red List of Threatened
Species 2016: e.T2055A45223529
Cardoso LG, Haimovici M (2015) Long-term changes in the
age structure, mortality and biomass of the king weakfish Macrodon atricauda (Günther, 1880) in southern
Brazil: Is it resilient enough to avoid collapse? Fish Res
167:174−179
Carvalho-Filho A (1999) Peixes: costa brasileira. Melro, São
Paulo
Chao A, Jost L (2012) Coverage-based rarefaction and extrapolation: standardizing samples by completeness rather
than size. Ecology 93:2533−2547
Chao A, Wang YT, Jost L (2013) Entropy and the species
accumulation curve: a novel estimator of entropy via discovery rates of new species. Methods Ecol Evol 4:
1091−1110
Chao A, Ma KH, Hsieh TC (2016) iNEXT (iNterpolation and
EXTrapolation) Online. Program and user’s guide. http:
//chao.stat.nthu.edu.tw/wordpress/software_download/
(accessed April 2017)
Chiou WD, Chen CY, Wang CM, Chen CT (2006) Food
and feeding habits of ribbonfish Trichiurus lepturus in
coastal waters of south-western Taiwan. Fish Sci 72:
373−381

Author copy

Machado et al.: Marine mammals and fisheries trophic overlap

Colabuono FI, Vooren CM (2007) Diet of black-browed Thalassarche melanophris and Atlantic yellow-nosed T.
chlororhynchos albatrosses and white-chinned Procellaria
aequinoctialis and spectacled P. conspicillata petrels off
southern Brazil. Mar Ornithol 35:9−20
Cortés E (1997) A critical review of methods of studying fish
feeding based on analysis of stomach contents: application to elasmobranch fishes. Can J Fish Aquat Sci 54:
726−738
Costa APB, Rosel PE, Daura Jorge FG, Simões Lopes PC
(2016) Offshore and coastal common bottlenose dolphins
of the western South Atlantic face to face: what the skull
and the spine can tell us. Mar Mamm Sci 32:1433−1457
Costa RC, Fransozo A, Melo GAS, Freire FAM (2003) Chave
ilustrada para identificação dos camarões Dendrobranchiata do litoral norte do estado de São Paulo, Brasil.
Biota Neotrop 3:1−12
Danilewicz D, Moreno IB, Ott PH, Tavares M, Azevedo AF,
Secchi ER, Andriolo A (2010) Abundance estimate for a
threatened population of franciscana dolphins in southern coastal Brazil: uncertainties and management implications. J Mar Biol Assoc UK 90:1649−1657
Dans SL, Koen-Alonso M, Crespo EA, Pedraza SN, García
NA (2003) Interactions between marine mammals and
high seas fisheries in Patagonia: an integrated approach.
In: Gales N, Hindell M, Kirkwood R (eds) Marine mammals: fisheries, tourism and management issues. CSIRO
Publishing, Clayton, p 88−103
de Bruyn PJN, Tosh CA, Terauds A (2013) Killer whale ecotypes: is there a global model? Biol Rev 88:62–80
De Miranda LV, Haimovici M (2007) Changes in the population structure, growth and mortality of striped weakfish Cynoscion guatucupa (Sciaenidae, Teleostei) of
southern Brazil between 1976 and 2002. Hydrobiologia
589:69−78
Denuncio P, Viola NMP, Machovsky-Capuska GE, Raubenheimer D and others (2017) Population variance in prey,
diets and their macronutrient composition in an endangered marine predator, the Franciscana dolphin. J Sea
Res 129:70−79
Di Giacomo AB, Ott PH (2016) Long-term site fidelity and
residency patterns of bottlenose dolphins (Tursiops truncatus) in the Tramandaí Estuary, southern Brazil. Lat Am
J Aquat Mamm 1-2:155−161
Di Tullio JC, Fruet PF, Secchi ER (2015) Identifying critical
areas to reduce bycatch of coastal common bottlenose
dolphins Tursiops truncatus in artisanal fisheries of the
subtropical western South Atlantic. Endang Species Res
29:35−50
Dowling NA, Wilson JR, Rudd MB, Babcock EA and others
(2016) FishPath: a decision support system for assessing
and managing data- and capacity-limited fisheries. In:
Quinn TJ II, Armstrong JL, Baker MR, Heifetz J, Witherell D (eds) Assessing and managing data-limited fish
stocks. Alaska Sea Grant, University of Alaska Fairbanks, p 59–96
Drago M, Franco-Trecu V, Zenteno L, Szteren D and others
(2015) Sexual foraging segregation in South American
sea lions increases during the pre-breeding period in the
Río de la Plata plume. Mar Ecol Prog Ser 525:261−272
Engel MT, Marchini S, Pont AC, Machado R, Oliveira LR
(2014) Perceptions and attitudes of stakeholders towards
the wildlife refuge of Ilha dos Lobos, a marine protected
area in Brazil. Mar Policy 45:45−51
FIPERJ (2014) Relatório final. Secretaria de estado de desen-

229

volvimento regional, abastecimento e pesca. Fundação
Instituto de Pesca do Estado do Rio de Janeiro. www.fiperj.
rj.gov.br/fiperj_imagens/arquivos/revistarelatorios2014.pdf
Forcada J (2018) Distribution. In: Wursig B, Thewissen JGM,
Kovacs KM (eds) Encyclopedia of marine mammals. Academic Press, San Diego, CA, p 256−262
Franco-Trecu V (2015) Tacticas comportamentales de forrajeo y apareamiento y dinamica poblacional de dos
especies de otaridos simpatricas con tendencias poblacionales contrastantes. PhD thesis, Universidad de la
Republica (UdelaR), Montevideo
Froese R, Zeller D, Kleisner K, Pauly D (2012) What catch
data can tell us about the status of global fisheries. Mar
Biol 159:1283−1292
Fruet PF, Kinas PG, Silva KG, Di Tullio JC, Monteiro DS,
Dalla Rosa L, Estima SC, Secchi ER (2012) Temporal
trends in mortality and effects of by-catch on common
bottlenose dolphins, Tursiops truncatus, in southern
Brazil. J Mar Biol Assoc UK 92:1865–1876
Fruet PF, Genoves RC, Möller LM, Botta S, Secchi ER (2015)
Using mark recapture and stranding data to estimate
reproductive traits in female bottlenose dolphins
(Tursiops truncatus) of the Southwestern Atlantic Ocean.
Mar Biol 162:661–673
Gatesy J, Geisler JH, Chang J, Buell C and others (2013) A
phylogenetic blueprint for a modern whale. Mol Phylogenet Evol 66:479−506
Haimovici M (1998) Present state and perspectives for the
southern Brazil shelf demersal fisheries. Fish Manag Ecol
5:277−290
Haimovici M, Cardoso LG (2016) Colapso do estoque de
Umbrina canosai do Sul do Brasil devido à introdução do
arrasto-de-meia-água. Bol Inst Pesca 42:258−267
Haimovici M, Cardoso LG (2017) Long-term changes in the
fisheries in the Patos Lagoon estuary and adjacent
coastal waters in Southern Brazil. Mar Biol Res 13:
135−150
Haimovici M, Fischer LG (2007) Avaliação de descartes na
pesca de arrasto. In: Haimovici M (ed) A prospecção
pesqueira e abundância de estoques marinhos no Brasil
nas décadas de 1960 a 1990: levantamento de dados e
avaliação crítica. MMA, Brasília, p 165−183
Haimovici M, Krug LC (1996) Life history and fishery of the
enchova, Pomatomus saltatrix, in Southern Brazil. Aust J
Mar Freshw Res 47:357−363
Haimovici M, Mendonça JT (1996) Descartes da fauna
acompanhante na pesca de arrasto e tangones dirigida a
linguados e camarões na plataforma continental do sul
do Brasil. Atlântida 18:161−177
Haimovici M, Perez JAA (1991) Coastal cephalopod fauna of
Southern Brazil. Bull Mar Sci 49:221−230
Haimovici M, Martins AS, Vieira PC (1996) Distribuição e
abundância de teleósteos demersais sobre a plataforma
continental do sul do Brasil. Rev Bras Biol 56:27−50
Haimovici M, Vasconcellos M, Kalikoski DC, Abdalah P,
Castello JP, Hellebrandt D (2006) Diagnóstico da pesca
no litoral do estado do Rio Grande do Sul. In: Isaac VJ,
Martins AS, Haimovici M, Andriguetto Filho JM (eds)
A pesca marinha e estuarina do Brasil no início do
século XXI: recursos tecnologias, aspectos socioeconômicos e institucionais. Universitária UFPA, Belém,
p 157−180
Haimovici M, Castello JP, Abdallah PR (2014) Desenvolvimento da pesca industrial sediada em Rio Grande: uma
visão histórica sob a ótica de atores privilegiados. In:

Author copy

230

Mar Ecol Prog Ser 639: 215–232, 2020

Haimovici M, Andriguetto JM, Sunye PS (eds) A pesca
marinha e estuarina no Brasil: estudos de caso. Editora
da FURG, Rio Grande, p 17−28
Heithaus MR, Dill ML, Kiszka JJ (2018) Feeding strategies
and tactics. In: Wursig B, Thewissen JGM, Kovacs KM
(eds) Encyclopedia of marine mammals. Academic Press,
San Diego, CA, p 354−363
Hyslop EJ (1980) Stomach contents analysis — a review of
methods and their application. J Fish Biol 7:411−429
Ibama/ICMBio/Ceperg (1993−2012) Desembarque de pescados no Rio Grande do Sul. Instituto Brasileiro do Meio
Ambiente e dos Recursos Naturais Renováveis, Centro de
Pesquisa e Gestão dos Recursos Pesqueiros Lagunares e
Estuarinos, Projeto Estatística Pesqueira. www.demersais.
furg.br/index.php/produção-pesqueira.html
Kaschner K, Pauly D (2005) Competition between marine
mammals and fisheries: food for thought. In: Salem DJ,
Rowan AN (eds) The state of the animals. III. 2005.
Humane Society Press, Washington, DC, p 95−117
Kaschner K, Watson R, Christensen V, Trites AW, Pauly D
(2001) Modeling and mapping trophic overlap between
marine mammals and commercial fisheries in the North
Atlantic. In: Zeller D, Watson R, Pauly D (eds) Impacts on
North Atlantic ecosystems: catch, effort & national/
regional datasets. Fisheries Centre Research Reports 9.
Institute for the Oceans and Fisheries, UBC, Vancouver,
p 35−45
Klippel S, Vooren CM, Lamónaca AF, Peres MB (2005) A
pesca industrial no sul do Brasil. In: Vooren CM, Klippel
S (eds) Ações prioritárias para a conservação de tubarões
e raias no sul do Brasil. Igaré, Porto Alegre, p 136−177
Krebs CJ (1999) Ecological methodology, 2nd edn. Benjamin/Cummings, Menlo Park, CA
Lavigne DM (2003) Marine mammals and fisheries: the role
of science in the culling debate. In: Gales N, Hindell M,
Kirkwood R (eds) Marine mammals: fisheries, tourism
and management issues. CSIRO Publishing, Clayton, p
31−47
Lees AC (2015) Leave Brazil’s Red List alone. Nature 518:
167
Lemos VM, Varela AS Jr, Schwingel PR, Muelbert JH,
Vieira JP (2014) Migration and reproductive biology of
Mugil liza (Teleostei: Mugilidae) in south Brazil. J Fish
Biol 85:671−687
Ludwig JA, Reynolds JF (1988) Statistical ecology: a primer
on methods and computing. John Wiley & Sons, New
York, NY
Machado R, Oliveira LR, Montealegre-Quijano S (2015)
Incidental catch of South American sea lion in a pair
trawl off southern Brazil. Neotrop Biol Conserv 10:
43−47
Machado R, Ott PH, Moreno IB, Danilewicz D and others
(2016) Operational interactions between South American
sea lions and gillnet fishing in southern Brazil. Aquat
Conserv 26:108−120
Machado M, Oliveira LR, Ott PH, Denuncio P and others
(2018) Changes in the feeding ecology of South American sea lions on the southern Brazilian coast over the last
two decades of excessive fishing exploration. Hydrobiologia 819:17−37
Martins AS, Haimovici M (2017) Seasonal mesoscale shifts
of demersal nekton assemblages in the subtropical Southwestern Atlantic. Mar Biol Res 13:88−97
Martins AS, Haimovici M, Palacios R (2005) Diet and feeding of the cutlassfish Trichiurus lepturus in the Subtropi-

cal Convergence Ecosystem of southern Brazil. J Mar
Biol Assoc UK 85:1223−1229
Milmann L, Danilewicz D, Machado R, Santos RA, Ott PH
(2016) Feeding ecology of the common bottlenose dolphin, Tursiops truncatus, in southern Brazil: analyzing its
prey and the potential overlap with fisheries. Braz J
Oceanogr 64:415−422
Milmann L, Machado R, Sucunza F, Oliveira LR and others
(2018) New trophic link and potential feeding area of
dwarf minke whale (Balaenoptera acutorostrata subsp.)
in mid latitude waters of the southwestern Atlantic
Ocean. Mammalia 83:49−52
MMA (Ministério do Meio Ambiente) (2004) Instrução normativa IBAMA No. 05, de 21 de maio de 2004. Reconhece como espécies ameaçadas de extinção e espécies
sobreexplotadas ou ameaçadas de sobreexplotação, os
invertebrados aquáticos e peixes, constantes dos Anexos
a esta Instrução Normativa. Diário Oficial da União,
Brasília
Moreno IB, Danilewicz D, Borges-Martins M, Ott PH, Caon
G, Oliveira LR (2003) Fraser’s dolphin (Lagenodelphis
hosei Fraser, 1956) in Southern Brazil. Lat Am J Aquat
Mamm 2:39−46
Naya DE, Vargas R, Arim M (2000) Análisis preliminar de la
dieta del león marino del sur (Otaria flavescens) en Isla
de Lobos, Uruguay. Bol Soc Zool Urug 12:14−21
Naya DE, Arim M, Vargas R (2002) Diet of South American
fur seals (Arctocephalus australis) in Isla de Lobos,
Uruguay. Mar Mammal Sci 18:734−745
Notarbartolo di Sciara G, Aguilar A, Bearzi G, Birkun A Jr,
Frantzis A (2002) Overview of known or presumed
impacts on the different species of cetaceans in the
Mediterranean and Black Seas. In: Notarbartolo di
Sciara G (ed) Cetaceans of the Mediterranean and
Black Seas: state of knowledge and conservation strategies. Section 17, ACCOBAMS Secretariat, Monaco,
p 1−4
Northridge S (2018) Fisheries interactions. In: Wursig B,
Thewissen JGM, Kovacs KM (eds) Encyclopedia of marine mammals. Academic Press, San Diego, CA, p 375−383
Oliveira LR (2013) Carnívoros marinhos. In: Weber MM,
Roman C, Cáceres NC (eds) Mamíferos do Rio Grande do
Sul. UFSM Editora, Santa Maria, p 405−427
Oliveira LR, Ott PH, Malabarba LR (2008) Ecologia alimentar dos pinípedes do sul do Brasil e uma avaliação de
suas interações com atividades pesqueiras. In: Reis NR,
Peracchi AL, Santos GASD (eds) Ecologia de mamíferos.
Technical Books Editora, Londrina, p 93−112
Oliveira LR, Fraga LD, Ott PH, Siciliano S and others (2019)
Population structure, phylogeography, and genetic
diversity of the common bottlenose dolphin in the tropical and subtropical southwestern Atlantic Ocean. J
Mammal 100:564−577
Ott PH, Tavares M, Secchi ER, Di Tullio JC (2013) Cetacea.
In: Weber MM, Roman C, Cáceres NC (eds) Mamíferos
do Rio Grande do Sul. UFSM Editora, Santa Maria,
p 457−550
Pauly D, Christensen V (1995) Primary production required
to sustain global fisheries. Nature 374:255−257
Pauly D, Zeller D (2016) Catch reconstructions reveal that
global marine fisheries catches are higher than reported and declining. Nat Commun 7:10244
Pauly D, Trites AW, Capuli E, Christensen V (1998) Diet
composition and trophic levels of marine mammals. ICES
J Mar Sci 55:467−481

Author copy

Machado et al.: Marine mammals and fisheries trophic overlap

Petraitis PS (1979) Likelihood measures of niche breadth
and overlap. Ecology 60:703−710
Pinheiro HT, Di Dario F, Gerhardinger LC, Melo MRS and
others (2015) Brazilian aquatic biodiversity in peril. Science 350:1043−1044
Pinkas L, Oliphant MS, Iverson ILK (1971) Food habits of
albacore, bluefin tuna and bonito in California waters.
Fish Bull 152:1−105
Polidoro BA, Livingstone SR, Carpenter KE, Hutchinson B,
Mast RB, Pilcher N, Valenti S (2008) Status of the world’s
marine species. In: Vié JC, Hilton-Taylor C, Stuart SN
(eds) The 2008 review of the IUCN Red List of Threatened Species. IUCN, Gland, p 1−9
Pont AC, Marchini S, Engel MT, Machado R and others
(2016) The human dimension of the conflict between
fishermen and South American sea lions in southern
Brazil. Hydrobiologia 770:89−104
Prado JHF, Mattos PH, Silva KG, Secchi ER (2016) Longterm seasonal and interannual patterns of marine mammal strandings in subtropical western South Atlantic.
PLOS ONE 11:e0146339
Recchia CA, Read AJ (1989) Stomach contents of harbour
porpoises, Phocoena phocoena (L.), from the Bay of
Fundy. Can J Zool 67:2140−2146
Riet-Sapriza FG, Costa DP, Franco-Trecu V, Marín Y and
others (2013) Foraging behavior of lactating South American sea lions, Otaria flavescens and spatial resource
overlap with the Uruguayan fisheries. Deep Sea Res II
88−89:106−119
Rio Grande do Sul (2018) Lei No. 15.223, de 5 de Setembro
de 2018. Política Estadual de Desenvolvimento Sustentável da Pesca no Estado do Rio Grande do Sul e cria o
Fundo Estadual da Pesca. http://www.al.rs.gov.br/legis/
Romero MA (2011) Rol de los mamíferos marinos en el contexto de la trama trófica del ecosistema del Golfo San
Matías e interacciones con la pesquería de espécies demersales. PhD thesis, Universidad Nacional del Comahue,
San Antonio Oeste, Río Negro
Romero MA, Dans S, Gonzalez R, Svendsen G, Garcia N,
Crespo E (2011) Solapamiento trofico entre el lobo
marino de un pelo Otaria flavescens y la pesqueria de
arrastre demersal del golfo San Matias, Patagonia,
Argentina. Lat Am J Aquat Res 39:344−358
Rosas FCW, Pinedo MC, Marmontel M, Haimovici M (1994)
Seasonal movements of the South American sea lion
(Otaria flavescens, Shaw, 1800) off the Rio Grande do Sul
coast, Brazil. Mammalia 58:51−59
Rossi-Wongtschowski CLB, Siliprandi CC, Brenha MR,
Gonsales SA, Santificetur C, Vaz-Dos-Santos AM (2014)
Atlas of marine bony fish otoliths (sagittae) of southeasternsouthern Brazil. I. Gadiformes (Macrouridae, Moridae,
Bregmacerotidae, Phycidae and merlucciidae). II. Perciformes (Carangidae, Sciaenidae, Scombridae and Serranidae). Braz J Oceanogr 62:1−103
Rovani AT, Cardoso LG (2017) Life history and initial assessment of fishing impacts on the by-catch species Dules
auriga (Teleostei: Serranidae) in southern Brazil. J Fish
Biol 91:896–911
Santos RA, Haimovici M (2001) Cephalopods in the diet of
marine mammals stranded or incidentally caught along
southeastern and southern Brazil (21–34° S). Fish Res 52:
99−112
Schipper J, Chanson JS, Chiozza F, Cox NA and others (2008)
The status of the world’s land and marine mammals: diversity, threat, and knowledge. Science 322:225−230

231

Secchi ER, Ott PH, Danilewicz DS (2003) Effects of fishing
by-catch and conservation status of the Franciscana dolphin, Pontoporia blainvillei. In: Gales N, Hindell M, Kirkwood R (eds) Marine mammals: fisheries; tourism and
management issues. CSIRO Publishing, Clayton,
p 162−179
Secchi ER, Botta S, Weigand MM, Lopes LA, Fruet PF, Genoves RC, Di Tullio J (2017) Long-term and genderrelated variation in the feeding ecology of common bottlenose dolphins inhabiting a subtropical estuary and the
adjacent marine coast in western South Atlantic. Mar
Biol Res 13:121−134
Seeliger U, Odebrecht C (1997) Introduction and overview.
In: Seeliger U, Odebrecht C, Castello JP (eds) Subtropical Convergence environments - the coast and sea in the
Southwestern Atlantic. Springer-Verlag, New York, NY,
p 1−3
Simões-Lopes PC, Fabian ME, Menegheti JO (1998) Dolphin interactions with the mullet artisanal fisheries on
[sic] southern Brazil: a qualitative and quantitative
approach. Rev Bras Zool 15:709−726
Sint D, Traugott M (2016) Food web designer: a flexible tool
to visualize interaction networks. J Pest Sci 89:1−5
Szteren D, Naya D, Arim M (2004) Overlap between pinniped summer diet and artisanal fishery catches in
Uruguay. Lat Am J Aquat Mamm 3:119−125
Trites AW, Donnelly CP (2003) The decline of Steller sea
lions Eumetopias jubatus in Alaska: a review of the nutritional stress hypothesis. Mammal Rev 33:3−28
Trites AW, Spitz J (2018) Diet. In: Wursig B, Thewissen JGM,
Kovacs KM (eds) Encyclopedia of marine mammals. Academic Press, San Diego, CA, p 255−259
Trites AW, Christensen V, Pauly D (1997) Competition
between fisheries and marine mammals for prey and primary production in the Pacific Ocean. J Northwest Atl
Fish Sci 22:173−187
Trites AW, Coombs AP, Bredesen EL (2004) Whales, whaling
and ecosystem change in the Antarctic and eastern
Bering Sea: insights from ecosystem models. In: Briand F
(ed) Investigating the roles of cetaceans in marine ecosystems. CIESM Workshop Monographs no. 25. CIESM,
Monaco, p 85−139
Troina G, Botta S, Secchi ER, Dehairs F (2016) Ontogenetic
and sexual characterization of the feeding habits of franciscanas, Pontoporia blainvillei, based on tooth dentin
carbon and nitrogen stable isotopes. Mar Mamm Sci 32:
1115−1137
Vales DG, Saporiti F, Cardona L, Oliveira LR and others
(2014) Intensive fishing has not forced dietary change in
the South American fur seal Arctophoca (=Arctocephalus) australis off Río de la Plata and adjoining areas.
Aquat Conserv 24:745−759
Vasconcellos M, Gasalla MA (2001) Fisheries catches and
the carrying capacity of marine ecosystems in southern
Brazil. Fish Res 50:279–295
Vasconcellos M, Haimovici M (2006) Status of white croaker
Micropogonias furnieri exploited in Southern Brazil
according to alternative hypotheses of stock discreetness. Fish Res 80:196−202
Vasconcellos M, Haimovici M, Ramos K (2014) Pesca de
emalhe demersal no sul do Brasil: evolução, conflitos e
(des)ordenamento. In: Haimovici M, Andriguetto JM,
Sunye PS (eds) A pesca marinha e estuarina no Brasil:
estudos de caso. Editora da FURG, Rio Grande, p 29−40
Vaske T Jr, Castello J (1998) Conteúdo estomacal da alba-

Author copy

232

Mar Ecol Prog Ser 639: 215–232, 2020

cora-laje, Thunnus albacares, durante o inverno e primavera no sul do Brasil. Rev Bras Biol 58:639−647
Vaske T Jr, Rincon-Filho G (1998) Conteúdo estomacal dos
tubarões azul (Prionace glauca) e anequim (Isurus
oxyrinchus) em águas oceânicas no sul do Brasil. Rev
Bras Biol 58:445−452
Wickens PAA (1995) Review of operational interactions
between pinnipeds and fisheries. Fish Tech Pap. FAO,
Rome
Wickert JC, Maillard SVE, Oliveira LR, Moreno IB (2016)
Revalidation of Tursiops gephyreus Lahille, 1908 (Cetartyodactila: Delphinidae) from the Southwestern Atlantic
Ocean. J Mammal 97:1728−1737
Würsig B, Thewissen JGM, Kovacs KM (eds) (2018) Encyclo-

pedia of marine mammals. Academic Press, San Diego,
CA
Yesaki M, Bager KJ (1975) Histórico da evolução da pesca
industrial em Rio Grande. Série Documentos Técnicos
SUDEPE/PDP no. 11. Programa de Pesquisa e Desenvolvimento Pesqueiro do Brasil, Rio de Janeiro
Yodzis P (1998) Local trophodynamics and the interaction of
marine mammals and fisheries in the Benguela ecosystem. J Anim Ecol 67:635−658
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 Coast Manag 54:427−432

Editorial responsibility: Elliott Hazen,
Paciﬁc Grove, California, USA

Submitted: September 10, 2019; Accepted: March 3, 2020
Proofs received from author(s): March 30, 2020

