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Changes in the feeding ecology of South American sea lions 
on the southern Brazilian coast over the last two decades 
of excessive fishing exploration
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Abstract In the last decades, an increasing fishing 
effort and a decreasing trend in fish catches have been 
observed in southern Brazil. Considering that marine 
mammals and fisheries usually compete for the same 
resources, it is reasonable to presume that the feeding 
ecology of these predators is affected by the current 
scenario. To evaluate this hypothesis, long-term 
variation in the diet of the South American sea lion 
(Otaria flavescens) relative to fisheries exploitation 
was analyzed for two periods (1993-2003 versus
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2004-2014). The degree of overlap between the 
relative biomass of the sea lions’ diet and the target 
species of six types of local fishery was analyzed. An 
increase in prey overlap between sea lions and 
fisheries was observed in the more recent sampling 
period, along with an increase in prey diversity, 
richness, and niche breadth of the sea lions’ diet. These 
results suggest that the overfishing scenario could 
partly explain the modified feeding ecology of the sea 
lions. In this context, we recommend a review and 
better regulation of the current fishing effort in the 
region, which we believe will be an important step to 
maintain the fish stocks and minimize the impact of 
fishing on marine top predators.
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Introduction

Feeding habits determine the range of food resources 
that a predator can exploit in the environment and, 
therefore, defines the position of the predator in the 
food web and its ecological role in the ecosystem 
(Pauly et al., 1998; Cortes, 1999; Jaksic, 2001). 
Predators differ in respect to the level of diversity 
and selectivity of prey and may range from highly 
selective to broadly opportunistic (Stephens & Krebs, 
1986). Opportunistic predators consume different prey 
species relative to their respective abundance in the 
environment. On the other hand, selective predators 
select specific prey species regardless of their abun
dance (MacArthur, 1972; Pianka, 1999). With regard 
to the diversity of prey species consumed, generalist 
predators tend to have a more diverse diet, preying 
upon a large range of food types and displaying a large 
repertoire of feeding behaviors. In contrast, specialists 
have a less diverse diet, exploiting few resources or 
exhibiting a diet dominated by a specific and limited 
range of prey types (Schoener, 1972; Szteren, 2006). 
Selective predators are more vulnerable to changes in 
the availability of resources than opportunists, 
whereas opportunistic predators are more likely to 
adjust their habits and diets under similar changes in
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resource availability. Interspecific competition for 
resources can affect the breadth of the dietary niche 
of predators, which may expand (under reduced prey 
availability) or contract (under increased or uneven 
prey availability) depending on competitor character
istics (MacArthur, 1972; Pianka, 1999).

Within this theoretical framework, human activi
ties, such as fishing, can compete for resources in the 
same way as other marine predators. The intense 
overfishing of species, which are also used as a food 
resource by marine mammals, can lead to changes in 
predators’ body size (e.g., Drago et al., 2010) and diet 
composition (e.g., Secchi et al., 2003, 2016), and in 
some cases even to a decrease in a predators’ relative 
abundance (e.g., Trites & Donnelly, 2003). Therefore, 
information on the feeding habits of a marine predator 
can reveal several aspects of its natural history and 
additionally makes it possible to predict human- 
wildlife conflicts.

Globally, fishing is an extremely important com
mercial activity. Since the late 1990s, the world has 
observed the collapse of several fish populations, 
mainly because of an increasing fishing effort, and the 
lack of adequate fishery management (Haimovici, 
1998; Froese et al., 2012; Pauly & Zeller, 2016). The 
impact of this overfishing scenario can be observed in 
marine habitats off the southern Brazilian coast. Over 
the last decades, fishing areas as well as fishing effort 
have increased in this region (Boffo & Reis, 2003; 
Moreno et al., 2009; Cardoso & Haimovici, 2011; 
Machado et al., 2016), while the capture rates and the 
size of captured fish have declined (e.g., Haimovici & 
Miranda, 2005; Haimovici & Ignacio, 2005; Cardoso 
& Haimovici, 2011). Due to this intense pressure on 
fish stocks in southern Brazil, landed catches in the 
region have gradually declined since the 1970s (e.g., 
Haimovici & Cardoso, 2017). The pelagic fish species 
Mugil liza (Valenciennes, 1836) and Pomatomus 
saltatrix (Linnaeus, 1766) are at the limit of their 
capacity for exploitation, whereas the sciaenids 
Cynoscion guatucupa (Cuvier, 1830), Macrodon atri- 
cauda (Gunther, 1880), Micropogonias furnieri (Des- 
marest, 1823), and Umbrina canosai (Berg, 1895), 
which together represent more than half of the 
landings of local marine fish, are overexploited 
(MMA, 2004; Haimovici & Cardoso, 2017). Some 
of these species are very important prey for several top 
predators in the region (e.g., Secchi et al., 2003; 
Bugoni & Vooren, 2004; Colabuono & Vooren, 2007;
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Oliveira et al., 2008, Milmann et al., 2016), and the 
effects of reducing the availability of food resources 
for such predators have been poorly evaluated and are 
not well understood.

The South American sea lion, Otaria flavescens 
(Shaw, 1800), is a marine carnivore predator dis
tributed along the coast of South America from Torres, 
southern Brazil (29°20'S; 49°43'W) in the Atlantic 
Ocean, to Zorritos, northern Peru (03°40'S; 80°39'W) 
in the Pacific Ocean (Vaz-Ferreira, 1982; Bastida 
et al., 2007). In southern Brazil, as in many other areas, 
South American sea lions face serious conflicts with 
fishing activities (Rosas et al., 1994; Machado et al., 
2015, 2016, Pont et al., 2016). Sea lions frequently 
consume fish caught in fishing nets (e.g., Machado 
et al., 2015, 2016, Pont et al., 2016), and can damage 
the fishing gear and the captured fish (Machado et al., 
2016), potentially decreasing the production yield for 
fishermen (Machado et al., 2016; Pont et al., 2016). 
Moreover, the distribution of the South American sea 
lion overlaps greatly with important fishing areas 
along the South American coast (Crespo et al., 2012; 
Machado et al., 2016). However, despite the frequent 
claims of the fishermen (Pont et al., 2016), there is no 
strong evidence that South American sea lions have a 
significant impact on the profitability of the fisheries 
(e.g., Machado et al., 2016).

Diet analyses, mainly based on stomach contents, 
have revealed that South American sea lions primarily 
consume fish, cephalopods, and crustaceans (e.g., 
George-Nascimento et al., 1985; Thompson et al., 
1998; Koen-Alonso et al., 2000; Oliveira et al., 2008). 
Analyses based on stable isotopes have indicated 
ontogenetic variations in the diet of South American 
sea lions associated with changes in their preferred 
prey species, and the habitats in which these prey 
species are found. The consumption of benthic and 
demersal prey increases when individuals approach 
adulthood. Furthermore, these stable isotope analyses 
did not show evidence of substantial variations in the 
relative contribution of demersal and pelagic prey in 
diet composition over the last decades (Zenteno et al., 
2015). Nevertheless, historical changes in the isotopic 
baseline may hinder the interpretation of retrospective 
studies, and the interpretation of isotopic signals 
without relevant ecological data can be challenging 
(Zenteno et al., 2015). Although prey selectivity has 
never been strictly evaluated for South American sea 
lions, most authors have considered the species to be

an opportunistic and generalist predator, because it 
feeds on a wide variety of prey species which are 
abundant in the environment (e.g., George-Nasci- 
mento et al., 1985; Thompson et al., 1998; Naya et al., 
2000; Suarez et al., 2005; Oliveira et al., 2008; 
Romero et al., 2011; Bustos et al., 2012).

Considering the frequent interactions between the 
South American sea lion and fisheries, and the current 
overfishing along the southern Brazilian coast, it is 
important to quantify possible effects of this compe
tition on this top predator’s ecology. Moreover, since 
the species is thought to have a generalist feeding 
habit, the South American sea lion is a valuable model 
for investigating possible signals of dietary change 
related to fish stock depletion. Our working hypothesis 
is that the intense overfishing along the southern 
Brazilian coast has altered the feeding behavior of the 
South American sea lion due to changes in resource 
availability. Here we analyze the diet of South 
American sea lions along the southern Brazilian coast 
during two periods (1993-2003 versus 2004-2014). 
We compare dietary data with local fisheries produc
tivity to quantify prey overlap and to look for potential 
evidence of temporal variation in fish consumption 
and alteration in the breadth of the dietary niche of sea 
lions due to current overfishing along the southern 
Brazilian coast over the last decades.

Materials and methods

Study area and data collection

The study area is located in the southernmost region of 
Brazil. This region is in the northwestern area of 
influence of the Subtropical Convergence Zone of the 
Atlantic Ocean, which usually extends from Santa 
Marta Grande Cape (Lat 28°40'S), in southern Brazil, 
to Uruguay (Lat 34°40'S) (Seeliger & Odebrecht, 
1998). The Subtropical Convergence Zone of the 
Atlantic Ocean extends for about 950 km along the 
coast and comprises nearly 100,000 km2 from the 
shoreline to the slope regions of the continental shelf. 
The interaction between the Brazil Current and the 
Malvinas Current, and the contribution of freshwater 
from the large hydrographic basins of the La Plata 
River and the Patos-Mirim system, makes this region 
an important breeding and feeding area for several 
marine organisms (Seeliger & Odebrecht, 1998).
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Consequently, this region has a high fishing potential 
(Haimovici, 1998) and is of great importance as a 
feeding ground for several top predators (e.g., Secchi 
et al., 2003; Bugoni & Vooren, 2004; Colabuono & 
Vooren, 2007; Oliveira et al., 2008; Milmann et al., 
2016).

For the diet analysis of the South American sea lion, 
the stomachs of animals found dead on beaches were 
collected. Specimens were collected during surveys 
covering 270 km of beaches on the northern coast of 
the state of Rio Grande do Sul, southern Brazil, 
between the municipality of Torres and the Lagoa do 
Peixe National Park (31°21'S, 51°02'W), at the 
municipality of Tavares (Fig. 1). From January 1993 
to December 2014, 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. Geographic 
coordinates, sex, and total length were recorded for 
each specimen during the sampling activity and the 
following items were collected according to the 
American Society of Mammalogists (Norris, 1961): 
skull, stomach, and other tissue samples for biological 
analyses. Vouchers of this material were deposited in 
the marine mammals’ scientific collection of the 
Grupo de Estudos de Mamíferos Aquáticos do Rio 
Grande do Sul (GEMARS), in Brazil.

Biomass data from six different types of local 
fishing activities (Fig. 1), coastal gillnet, oceanic 
gillnet, purse seine, pair trawl, bottom trawl and 
double-rig trawl (see Supplementary S1, for a detailed 
description of the fishing in this area), were extracted 
from pertinent landing reports of the federal fishery 
research center in Rio Grande from 1993 to 2011 
(Ibama/Ceperg, 1993-2011). Therefore, comprehen
sive statistics on all fish landings were obtained from 
the commercial fleet harbored in this locality. A 
detailed description of this fishery can be found in 
Haimovici et al. (2006).

Diet analysis

The stomachs of South American sea lions (Table S1) 
collected were washed with a 0.5-mm mesh sieve and 
food items found were separated into higher taxo
nomic groups (fish, cephalopods, and crustaceans). 
Whenever an entire prey item was found, its total 
length and mass were taken. Otoliths and bone

structure characteristic of the sincranium (e.g., 
supraoccipital bone, mandible, maxilla) were stored 
dry. Entire and/or fragments of elasmobranchs, beaks 
of cephalopods, and the exoskeleton of crustaceans 
were preserved in 70% ethanol. Diagnostic items were 
identified by comparison with the fish otolith reference 
collection of GEMARS, the cephalopod beak collec
tion of Centro Nacional de Pesquisa e Conservagao 
da Biodiversidade Marinha do Sudeste e Sul (CEP- 
SUL), and identification guides (Costa et al., 2003; 
Rossi-Wongtschowski et al., 2014).

The minimum number of ingested teleosts was 
estimated as a function of the total number of saggita 
otoliths of the most representative side (left or right) 
for each species in each stomach. Additionally, for 
Pomatomus saltatrix and Trichiurus lepturus Lin
naeus, 1758, the total numbers of mandibles or 
maxillae (always the most representative side) and 
supraoccipital bones were also used (respectively). 
Elasmobranch numbers were estimated by direct 
count of the partially digested specimens in the 
stomachs. Cephalopod numbers were estimated based 
on the maximum number of superior or inferior beaks 
of each specimen found, while crustacean numbers 
were estimated by the total number of cephalothorax.

Otoliths that were not highly damaged (according 
to Recchia & Read, 1989) and cephalopod beaks were 
measured under a stereoscopic microscope with 
10 x millimetric ocular and 0.8 x to 3.5 x objec
tive lenses. Sincranium bones were measured with a 
digital caliper with 0.01 mm precision. Total length 
(mm) and biomass (g) of bony fish were estimated 
from the total length of the otoliths. In the case of P. 
saltatrix and T. lepturus, the sizes of the mandibles and 
maxillae, as well as the supraoccipital bone, were also 
considered. The rostral length and hood length of the 
beaks were used to estimate size and mass of 
cephalopods. Specific regression equations found in 
the literature were used for each taxon (Table S2). To 
estimate fish biomass from severely damaged otoliths, 
the mean general biomass of a given prey found in the 
predator’s stomach was used.

Statistical analysis

South American sea lions’ diet composition and 
importance of prey were estimated through appropri
ate indexes following Pinkas et al. (1971), Hyslop 
(1980), Cortes (1997), and Chambellant et al. (2013):
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Fig. 1 Study area 
indicating the stretch of the 
sandy beaches (ca. 270 km) 
where the dead specimens of 
South American sea lion 
(Otaria flavescens) were 
collected. Main fishing area 
used by the local fleet is 
indicated by gray dashed 
line. The fishing harbor of 
Rio Grande, where the fish 
landing statistics were 
collected, is also shown

Torres

Lagoa do Peixe 
National Park

Rio Grande • / W^y

Uruguay

58” W 56“ W 54“ W 52" W 50" W 48" W

Santa Marta Grande

Southern Brazil

La Plata River Fisheries area
Sea lions collected area

58" W 56" W 54" W 52" W 50" W 48” W

(1) numeric frequency (%N = [N = total number 
estimated for prey ¿/total number of prey of all 
species] * 100); (2) frequency of occurrence
(%O = [O = number of stomachs containing prey 
¿/total number of stomachs] * 100); (3) percentage of 
biomass contribution (%M = [M = estimated biomass 
of prey ¿/total estimate of biomass] * 100); (4) 
percentage of energy contribution (%E = [energy of 
prey ¿/total of energy of prey] * 100); index of relative 
importance (IRI (%N +  %M) x (%O)—this index 
was expressed on a percent basis (%IRI). The ener
getic contribution of each prey species was estimated 
so that the percentage of energetic contribution could 
be calculated (E = energy of prey i in kj g * estimated 
total biomass of prey i in g). The energetic value (kj 
g-1) of each prey was obtained through information 
available in the literature (Table S3).

The indexes were calculated for prey species, 
zoological and ecological groups. Zoological groups 
considered were teleosts, elasmobranchs, mollusks 
(cephalopods), and crustaceans. Ecological groups 
were defined according to the prey’s vertical distribu
tion: demersal/benthic (species exclusively associated

with the bottom), pelagic (species exclusively using 
the water column), and benthic/pelagic or demersal/ 
pelagic (species that use both the bottom and the water 
column) (Haimovici & Perez, 1991; Carvalho-Filho, 
1999; Romero et al., 2011).

Additionally, the percentage of the relative impor
tance index (%IRI) was compared to evaluate poten
tial differences in a temporal and ontogenetic scale. 
For the temporal analysis, data were grouped in two 
periods (1993-2003 versus 2004-2014). Since there 
are variations in fish species abundance related to 
seasonal patterns and marine currents in southern 
Brazil (Martins & Haimovici, 2017), the data used for 
seasonality analysis were divided into two seasons: 
summer/autumn (November to April) and winter/ 
spring (May to October).

For the analysis of ontogenetic variation in the diet, 
males of the South American sea lion were grouped 
into two age categories, juveniles (from 1 to 8 years) 
and adults (nine or more years) (Drago et al., 2009a; 
Grandi et al., 2010; Zenteno et al., 2015). The age of 
each individual was estimated through the analysis of 
growth layer groups (GLGs) in the teeth, and a
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detailed description of the method is presented by 
Audibert et al. (2017). Whenever teeth were not 
present when the skull was collected, the age category 
was estimated by the condyle-basal length (Drago 
et al., 2009a) and/or total length of the animal (Grandi 
et al., 2010).

Potential variations in the diet composition of South 
American sea lions regarding the interdecadal scale 
(1993-2003 versus 2004-2014) were tested by gener
alized linear models (GLM). Moreover, a G test was 
used to compare frequencies of the diet’s %IRI, niche 
breadth index, indexes of species diversity and 
richness, and the composition of the total lengths of 
fish preyed on by South American sea lions during 
both periods. GLMs were also used to evaluate 
potential variations in a seasonal scale (summer/ 
autumn and winter/spring) and age class (juveniles 
and adults).

Generalized linear models using numerical abun
dances as response variables were constructed for the 
main prey and ecological groups. Interdecadal peri
ods, seasons, and ontogenetic categories were the 
explanatory variables tested. Models combining these 
variables were also tested (e.g., period ?  sea
sons ?  ontogenetic classes and all combinations). 
Null models were used to test the hypothesis that no 
independent variable affected prey abundance. Due to 
a high number of empty stomachs, models incorpo
rating the number of prey found in the stomachs were 
tested with a negative binomial error distribution 
(Crawley, 2005). A log link was used on the models 
because response variables could only be either zero or 
have positive values (Crawley, 2005). The Akaike 
Information Criterion (AIC) and AIC weight (w) were 
calculated for each adjusted model. The AIC is a 
statistical tool of model identification and selection 
and represents the amount of information lost when 
adjusting a given model (Franklin et al., 2001). 
Therefore, the model with the lower AIC is the one 
that better explains the data observed. The G test was 
used to compare %IRI frequencies of the prey of South 
American sea lions for both periods in the software 
BioEstat 5.0.

The niche breadth was estimated by the Levins 
Niche Breadth Index (B) (Krebs, 1999). This index is 
defined by B = 1/Rpi2, where P means the proportion 
of individuals of a given i resource found in the diet. 
The index has a minimum of 1 when only one prey

type is found in the diet and a maximum of n, where n 
is the total number of prey categories, each represent
ing an equal proportion of the diet. This index was then 
standardized (Bs) to limit it to a 0-1 scale according to 
the following equation: Bs = (B — 1)/(n — 1), where 
n means the number of food items. In the zero to one 
scale, higher numbers mean greater niche breadth and, 
therefore, characterize a generalist predator (Krebs, 
1999). The species diversity indexes of Simpson 
(D) and Shannon were calculated based on the number 
of prey of a given species found in the stomachs of 
South American sea lions in both periods (see the 
diversity indexes bellow); further they were compared 
through a rarefaction based on 95% confidence 
intervals in the software PAST 3.0.

Simpson’s diversity (D):

1
D =  T —  •

p2
i=1

Shannon diversity index (H):

S
H = - J 2  Pi lnPi,

i = 1

where Pi is the proportion for the ith species, and S is 
the total number of species in the community (i.e., 
species richness found in all samples).

To evaluate the richness of prey species found in 
the stomach contents of South American sea lions in 
both periods, the sampling coverage approach was 
completely standardized based on entropy (q statistics, 
Chao & Jost, 2012) with abundance data in the online 
software iNEXT (https://chao.shinyapps.io/ 
iNEXTOnline/—Chao et al., 2016). This analysis 
used an estimate of the sampling coverage suggested 
by Chao et al. (2013).

In order to avoid individual effects in the compar
ison of means of the estimated total lengths of fish 
predated by South American sea lions in the two 
different periods (1993-2003 versus 2004-2014), a 
mean was calculated for each prey species found in 
each stomach. Afterwards, these means for each prey 
species and per period analyzed were compared by 
paired t test in the software PAST 3.0.

The fisheries data analyses were also segregated 
according to sea lions diet periods. The overlap of 
target species between the prey consumed by South
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American sea lions and those captured by six types of 
local fisheries activities, regarding the interdecadal 
scale (1993-2003 versus 2004-2014), was tested by 
the Schoener trophic overlap index (C) (Schoener, 
1970). This index is defined as C = 1  — 0.5 (Rl 
Wxi—Wyil), where Wxi is the weight proportion of 
item i used by South American sea lions (Table 1), and 
Wyi is the weight proportion of item i used by a given 
fishery (Table 2). The value of the Schoener index 
varies between zero and one, where zero means no 
overlap and one means total overlap. For each of the 
periods, the mean values of the trophic overlap 
indexes between South American sea lions and the 
six fisheries were calculated, and then compared by t 
test in the software PAST 3.0.

Results

General diet composition

Fifty stomachs of male South American sea lions were 
analyzed; 39 of those contained items that could be 
identified and used in the analyses (20 from 1993 to 
2003 and 19 from 2004 to 2014). A total of 1,950 prey 
from 27 species were identified (Table 1), with an 
estimated biomass of 144,850 g. The prey species 
richness per stomach varied from one to 10 (median 
= 4). The amount of ingested prey varied from one to 
495 (median = 19), while biomass varied from 9 to 
18,660 g (median = 2,394 g).

Teleosts were dominant, with 20 identified species 
representing 10 families, followed by elasmobranchs, 
cephalopods, and crustaceans (Table 1). Sciaenidae 
was the most important fish family represented by 
nine species, which corresponds to 86.2% of the prey. 
Considering the entire study period, Paralonchurus 
brasiliensis (Steindachner, 1875) was the most 
important species (%IRI = 51.8), followed by 
Macrodon atricauda (%IRI = 15.1) and Micropogo- 
nias furnieri (%IRI = 10.8). In addition, Cynoscion 
guatucupa, Urophycis brasiliensis (Kaup, 1858), 
Trichiurus lepturus, Pomatomus saltatrix and Um- 
brina canosai presented %IRI values between 2 and 
6, assuming a secondary importance on the species’ 
diet (Table 1). With regards to the energetic contri
bution, approximately 70% was provided by P. 
brasiliensis, M. furnieri, M. atricauda, and P. salta- 
trix (Table 1).

Diet variation

Seasonal variation: no significant difference was 
observed in the total number of prey consumed 
between summer/autumn months (n = 574, median 
= 17.5) and winter/spring months (n = 1382, median 
= 14.5; U = 168.5; n1= 12, n2 = 30, P = 0.749) by 
South American sea lions on the southern Brazilian 
coast. In the summer/autumn, only P. brasiliensis and 
M. furnieri presented a relative importance higher than 
15%, while in the winter/spring only P. brasiliensis 
presented a relative importance higher than 15% 
(Table S4). The GLM analyses (Table 3) indicated a 
reduction in the consumption of U. brasiliensis and M. 
furnieri in summer/autumn months, whereas winter/ 
spring was the only period of the year when P. 
saltatrix was consumed (Supplement -  SVI). More
over, in the winter/spring, P. brasiliensis, M. furnieri, 
M. atricauda, and P. saltatrix were important sources 
of energy, while P. brasiliensis and M. furnieri were 
important in the summer/autumn (Table S4).

Ontogenetic variation: in general, South American 
sea lion adult males (n = 25) consumed 25 species of 
prey, and the number of ingested prey ranged from one 
to 495 (median = 39), while the biomass ranged from 
170 to 18,660 g (median = 2,659 g). Paralonchurus 
brasiliensis (%IRI = 55.11) was the most important 
species, followed by M. atricauda and M. furnieri 
(Table S5). Juvenile males (n = 14) preyed on 14 
species, and the number of ingested prey ranged from 
one to 61 (median = 6), while the biomass ranged from 
9 to 7,961 g (median = 1.721 g). The greatest ener
getic contribution was provided by the consumption of 
M. furnieri (%E = 23.05) (Table S5), although P. 
brasiliensis (%IRI = 25.95) and T. lepturus (%IRI = 
24.23) also had a high importance in the diet 

composition of this age class. The trophic overlap 
index showed a high overlap between the diets of 
juveniles and adults of South American sea lions 
(C = 0.66). The GLM analyses showed a greater 
consumption of P. brasiliensis, M. furnieri, U. 
brasiliensis, and C. guatucupa by adults than juveniles 
(Table 3).

Prey habitat variation: demersal and benthic prey 
had a greater importance than other ecological groups 
in the diet of South American sea lions (%IRI = 88.9). 
Species with benthic-pelagic and demersal-pelagic 
habitats had a low %IRI (9.5), despite the high 
frequency of occurrence (%O = 69.0). Pelagic species
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Table 1 Diet composition of the South American sea lion (Otaria flavescens) at southern Brazilian coast

Prey Taxon Total period 1993-2014 Decade 1993--2003 Decade 2004-2014

Teleosts EG
N
1920

%FN
98.46

%FO
100.00

%M
98.01

%E
97.66

%IRI
99.80

N
1020

%FN
99.71

%FO
100.00

%M
99.75

%E
99.67

%IRI
99.98

N
900

%FN
96.77

%FO
100.00

%M
96.27

%E
95.65

%IRI
99.52

Scieanidae 1680 86.15 89.74 61.95 66.19 92.60 919 89.83 85.00 65.85 69.37 90.93 761 81.83 94.74 58.06 62.96 93.37
Paralonchurus D/B 1011 51.85 56.41 21.42 21.57 51.72 641 62.66 60.00 25.51 25.64 60.04 370 39.78 52.63 17.34 17.46 39.80

brasiliensis
Macrodon atricauda D/B 253 12.97 43.59 14.68 14.78 15.08 163 15.93 35.00 17.73 17.82 13.37 90 9.68 52.63 11.63 11.71 14.84
Micropogonias D/B 121 6.21 41.03 14.83 18.07 10.80 53 5.18 25.00 9.98 12.14 4.30 68 7.31 57.89 19.66 23.98 20.68

fumieri
Cynoscion BP/ 95 4.87 51.28 4.28 3.99 5.87 34 3.32 55.00 6.10 5.68 5.88 61 6.56 47.37 2.46 2.30 5.66

guatucupa 
Umbrina canosai

DP
D/B 168 8.62 15.38 2.86 2.80 2.21 10 0.98 10.00 1.18 1.15 0.24 158 16.99 21.05 4.54 4.45 6.00

Menticirrhus D/B 13 0.67 15.38 3.41 4.50 0.79 7 0.68 15.00 4.91 6.47 0.95 6 0.65 15.79 1.92 2.54 0.54
littoralis
(Holbrook, 1847)

Stellifer rastrifer D/B 16 0.82 20.51 0.37 0.39 0.31 9 0.88 15.00 0.36 0.39 0.21 7 0.75 26.32 0.38 0.41 0.40
(Jordan, 1889)

Cynoscion D/B 2 0.10 5.13 0.07 0.07 0.01 1 0.10 5.00 0.03 0.02 0.01 1 0.11 5.26 0.12 0.11 0.02
jamaicensis 
(Vaillant & 
Bocourt, 1883)

Stellifer brasiliensis D/B 1 0.05 2.56 0.02 0.02 <0,00 1 0.10 5.00 0.05 0.05 0.01
(Schultz, 1945)

Phycidae 80 4.10 35.90 8.78 7.57 3.22 20 1.96 40.00 10.12 8.72 3.32 60 6.45 31.58 7.44 6.43 3.09
Urophycis D/B 80 4.10 35.90 8.78 7.57 5.79 20 1.96 40.00 10.12 8.72 5.48 60 6.45 31.58 7.44 6.43 5.81

brasiliensis
Trichiuridae 75 3.85 25.64 7.95 7.79 2.11 64 6.26 35.00 14.50 14.20 4.99 11 1.18 15.79 1.41 1.38 0.29

Trichiurus lepturus BP/ 75 3.85 25.64 7.95 7.79 3.78 64 6.26 35.00 14.50 14.20 8.24 11 1.18 15.79 1.41 1.38 0.54

Pomatomidae
DP

31 1.59 12.82 16.90 13.48 1.65 10 0.98 10.00 8.83 7.04 0.67 21 2.26 10.53 24.94 19.91 2.02
Pomatomus saltatrix P 31 1.59 12.82 16.90 13.48 2.97 10 0.98 10.00 8.83 7.04 1.11 21 2.26 10.53 24.94 19.91 3.79

Paralichthyidae 14 0.72 12.82 0.71 0.55 0.13 2 0.20 10.00 0.24 0.19 0.03 12 1.29 15.79 1.17 0.91 0.27
Paralichthys sp. D/B 14 0.72 12.82 0.71 0.55 0.23 2 0.20 10.00 0.24 0.19 0.05 12 1.29 15.79 1.17 0.91 0.51

Batrachoididae 9 0.46 12.82 0.63 0.49 0.10 2 0.20 10.00 0.20 0.16 0.03 7 0.75 15.79 1.06 0.82 0.20
Porichthys D/B 9 0.46 12.82 0.63 0.49 0.18 2 0.20 10.00 0.20 0.16 0.05 7 0.75 15.79 1.06 0.82 0.38

porosissimus 
(Cuvier, 1829)
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Table 1 continued

IÊ>

Prey Taxon Total period 1993-2014 Decade 1993-2003 Decade 2004-2014

Teleosts EG
N
1920

%FN
98.46

%FO
100.00

%M
98.01

%E
97.66

%IRI
99.80

N
1020

%FN
99.71

%FO
100.00

%M
99.75

%E
99.67

%IRI
99.98

N
900

%FN
96.77

%FO
100.00

%M
96.27

%E
95.65

%IRI
99.52

Clupeidae 4 0.21 5.13 0.35 0.25 0.02 4 0.43 10.53 0.69 0.49 0.08
Brevoortia pedinata P 4 0.21 5.13 0.35 0.25 0.04 4 0.43 10.53 0.69 0.49 0.16

(Jenyns, 1842)
Stromateidae 9 0.46 7.69 0.58 1.20 0.06 9 0.97 15.79 1.16 2.39 0.24

Peprilus paru BP/ 4 0.21 5.13 0.34 0.70 0.03 4 0.43 10.53 0.68 1.40 0.15
(Linnaeus, 1758) DP

Stromateus BP/ 5 0.26 2.56 0.24 0.50 0.02 5 0.54 5.26 0.48 0.99 0.07
brasiliensis DP
Fowler, 1906

Cynoglossidae 1 0.05 2.56 0.14 0.11 <0 .00
Batistes sp. BP/

DP
1 0.05 2.56 0.14 0.11 0.01

Engraulidae 2 0.10 2.56 0.03 0.03 <0 .00
Anchoa marinii 

Hildebrand, 1943
P 2 0.10 2.56 0.03 0.03 <0 .00

Unidentified Family 15 0.77 28.21
Sp.l 3 0.15 2.56
Unidentified teleosts 12 0.62 25.64

Elasmobranchs 15 0.77 7.69 0.71 0.65 0.06
Arhynchobatidae 13 0.67 2.56 0.71 0.65 0.02

Sympterygia 
bonapartii Müller 
& Henle, 1841

D/B 5 0.26 2.56 0.27 0.25 0.02

Atlantoraja platana 
(Günther, 1880) or 
Rioraja agassizii 
(Müller & Henle, 
1841)

D/B 2 0.10 2.56 0.11 0.10 0.01

Sympterygia 
acuta Garman, 
1877

D/B 1 0.05 2.56 0.05 0.05 <0 ,00

Unidentified
elasmobranchs

5 0.26 2.56 0.27 0.25 0.02

Unidentified Family 2 0.10 5.13

1 0.11 5.26 0.28 0.28 0.01
1 0.11 5.26 0.28 0.28 0.03

2 0.22 5.26 0.06 0.06 0.01
2 0.22 5.26 0.06 0.06 0.02

3 0.29 10.00 ................. 12 1.29 47.37
3 0.32 5.26

3 0.29 10.00 ................. 9 0.97 42.11
1 0.10 5.00 14 1.83 21.05 1.42 1.29 0.35

13 1.40 5.26 1.42 1.29 0.10
5 0.54 5.26 0.55 0.50 0.08

2 0.22 5.26 0.22 0.20 0.03

1 0.11 5.26 0.11 0.10 0.02

5 0.54 5.26 0.55 0.50 0.08

1 0.10 5.00 .................. 4 0.43 21.05
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Table 1 continuedIÊ>
Prey Taxon Total period 1993-2014 Decade 1993--2003 Decade 2004-2014

N %FN %FO %M %E %IRI N %FN %FO %M %E %IRI N %FN %FO %M %E %IRI
Teleosts EG 1920 98.46 100.00 98.01 97.66 99.80 1020 99.71 100.00 99.75 99.67 99.98 900 96.77 100.00 96.27 95.65 99.52

Unidentified
elasmobranchs

2 0.10 5.13 1 0.10 5.00 4 0.43 21.05

Cephalopods 6 0.31 15.38 1.27 1.69 0.12 2 0.20 10.00 0.25 0.33 0.02 4 0.43 21.05 0.03 0.04 0.05
Octopodidae 2 0.10 5.13 1.13 1.50 0.04 2 0.22 10.53 2.26 3.01 0.18

Octopus vulgaris 
Cuvier, 1797

D/B 1 0.05 2.56 1.10 1.46 0.04 1 0.11 5.26 2.20 2.93 0.16

Octopus tehuelchus 
d’Orbigny, 1834

D/B 1 0.05 2.56 0.03 0.04 <0 .00 1 0.11 5.26 0.06 0.08 0.01

Loliginidae 4 0.21 10.26 0.14 0.18 0.02 2 0.20 10.00 0.25 0.33 0.03 2 0.22 10.53 0.03 0.04 0.02
Doryteuthis

sanpaulensis
(Brakoniecki,
1984)

BP/
DP

4 0.21 10.26 0.14 0.18 0.04 2 0.20 10.00 0.25 0.33 0.05 2 0.22 10.53 0.03 0.04 0.03

Crustaceans 9 0.46 7.69 0.01 0.01 0.02 9 0.97 15.79 0.02 0.02 0.08
Penaeidae 9 0.46 7.69 0.01 0.01 0.03 9 0.97 15.79 0.02 0.02 0.11

Artemesia 
longinaris (Spence 
Bate, 1888)

D/B 9 0.46 7.69 0.01 0.01 0.05 9 0.97 15.79 0.02 0.02 0.21

Ecological groups (EG): D/B demersal and benthic, P pelagic, BP/DP benthic-pelagic and demersal-pelagic, N  total number of prey. %FN Numeric frequency, %FO Frequency 
of occurrence, %M Percentage of biomass contribution, %E Percentage of energetic contribution, %IRI Percentage of index of relative importance
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Table 2 Models that better explain the consumption (response variable) of the main prey species South American 
flavescens) at southern Brazilian coast

sea lion (Otaria

Intersection Coefficient AIC W

Prey species
Cynoscion guatucupa 0.916 (0.403) -  1.167 (0.710) juveniles 162.110 0.240
Macrodon atricauda 1.621 (0.556) 183.520 0.315
Micropogonias furnieri 1.739 (0.483) -  1.665 (0.728) summer/autumn; -  2.626 (0.732) 

juveniles
147.490 0.322

Paralonchurus brasiliensis 3.397 (0.467) -  2.280 (0.780) juveniles 255.870 0.344
Pomatomus saltatrix -  0.092 (0.531) -  20.699 (288.189) summer/autumn 60.065 0.321
Trichiurus lepturus 0.900 (0.564) -  1.680 (0.841) period 2004-2014 112.151 0.251
Umbrina canosai 1.307 (0.537) 91.505 0.973
Urophycis brasiliensis 1.379 (0.549) -  2.258 (0.871) summer/autumn; -  2.798 (0.873) 

juveniles
119.270 0.390

Ecological groups
Benthic-pelagic and Demersal- 1.302 (0.257) 227.940 0.341

pelagic
Demersal and Benthic -  3.898 (0.335) -  1.905 (0.563) juveniles 377.560 0.395
Pelagic -  0.301 (0.617) 76.310 0.267

Zoological groups
Crustaceans -  32.790 (4.089) 21.890 (489.201) period 2004-2014 27.306 0.183
Elasmobranchs -  3.258 (1.079) 2.913 (1.292) period 2004-2014 55.706 0.295
Mollusks (cephalopods) -  1.966 (0.354) 43.652 0.259
Teleosts 4.955 (0.740) 426.360 0.324

Standard errors are between parentheses. Explanatory categorical variables: ‘‘periods’’ with two levels, 1993-2003 and 2004-2014; 
‘‘seasons’’ with two levels, summer/autumn and winter/spring; and “ontogenetic categories’’ also with two levels, Juveniles and 
Adults
AIC  Akaike information criteria for selection of the best model, W Akaike weights (a measure of explained information of the model)

were the less important ecological group (%IRI = 1.9). 
Overall, benthic-pelagic and demersal-pelagic preys 
were more important for juveniles (%IRI = 26.6) than 
for adults (%IRI = 7.8); however, the difference was 
not significant (Table 3). On the other hand, adult 
males consumed significantly more demersal prey 
than juveniles (Table 3).

Interdecadal variation: the GLMs analysis demon
strated little difference in the importance of the main 
prey consumed by the South American sea lions 
between both periods analyzed (1993-2003 versus 
2004-2014), with the exception of T. lepturus that was 
consumed more often in the first period than in the 
second one (Tables 1, 3). Another interesting result 
was the increase of elasmobranchs and crustaceans in 
the period 2004-2014 (Tables 1, 3). In accordance 
with the results of the GLM analyses, the G test also 
did not show a significant difference in the

comparative analysis of IRI frequencies 
(G = 34.423; gl = 25; P = 0.099) between the two 
periods. However, the ecological indexes used to 
evaluate potential temporal alterations in the diet of 
South American sea lions showed a broadening 
exploitation of feeding resources from the first decade 
to the second. The richness index (Chao & Jost, 2012) 
(Fig. 2), Simpson’s diversity index (D) (first decade 
D = 0.570; CI = 0.537/0.6001 -  second decade 
D = 0.780; CI = 0.758/0.800) and Shannon’s diversity 
index (H) (first decade H  = 1.320; CI = 1.238/1.395 -  
second decade H  = 2.003; CI = 1.916/2.079), showed 
that South American sea lions had a more rich and 
diverse diet in the second decade of the study. The 
results of Levins niche breadth analysis indicated that 
South American sea lions from Southern Brazil have 
broadened their trophic niche in the last decade from 
Bs = 0.09 in 1993-2003 to Bs = 0.14 in 2004-2014,
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Table 3 Marine fisheries landings in Rio Grande harbor (in southern Brazilian coast) in metric tons captured by six different types of 
industrial fisheries during the two periods of the study (i.e., 1993-2003 and 2004-2011)

Industrial fishing gears Pair trawl Bottom trawl Double-rig trawl Purse seine

Periods
Fishing resources

1993-2003 
Mass (tones)

2004-2011 1993-2003 
Mass (tones)

2004-2011 1993-2003 
Mass (tones)

2004-2011 1993-2003 
Mass (tones)

2004-2011

A r te m e s ia  lo n g in a r is 0.4 0.0 0.0 44.7 12,734.1 2298.5 0.0 0.0
C h lo r o s c o m b ru s 0.02 0.4 0.02 0.0 0.0 0.0 0.0 0.0

c h r y s u r u s  (Linnaeus, 
1766)

C o n g e r  o r b ig n y a n u s 471.8 179.0 256.5 12.6 130.2 34.3 1.6 3.6
Valenciennes, 1837

C y n o s c io n  g u a tu c u p a * 32,535.0 12,436.6 9683.8 641.7 1638.4 1109.1 739.4 450.8
C y n o s c io n  ja m a ic e n s is 1513.9 964.0 79.5 0.1 75.0 23.5 1.2 21.9
H y p o r th o d u s 16.9 0.03 10.0 25.0 26.5 0.8 11.6 0.0

n iv e a tu s  ( V a le n c ie n n e s , 
1 8 2 8 )

M a c r o d o n  a n c y lo d o n * 18,720.5 11,680.9 59.8 14.1 1039.0 182.4 21.8 643.7
M e n tic ir r h u s  s p p . 836.0 582.1 12.5 1.5 296.8 70.4 1.0 16.9
M e r lu c c iu s  h u b b s i 258.5 75.7 322.8 10.4 246.4 196.4 7.1 17.8
M ic r o p o g o n ia s  fu r n ie r i* 15,746.4 12,697.0 1596.8 185.4 1704.0 957.3 4026.7 2889.8
M u g i l  l iza 229.2 475.5 4.0 1.4 44.5 76.3 2343.0 5299.0
P a r a lic h th y s  b r a s i l ie n s is 577.6 418.6 121.9 20.3 3364.7 565.5 6.0 32.8

(Ranzani, 1842)
P a r a lo n c h u r u s 64.5 693.1 0.0 0.0 8.5 81.6 0.0 0.3

b r a s i l ie n s i s*
P le o tic u s  m u e lle r i 11.0 0.0 0.0 9.3 6601.0 551.5 0.0 0.00

(Spence Bate, 1888)
P o g o n ia s  c r o m is 175.8 189.1 0.05 0.0 13.3 182.7 372.8 287.1

(Linnaeus, 1766)
P o m a to m u s  s a lta tr ix * 366.6 89.0 8.4 0.2 54.2 169.7 7783.8 2983.0
P r io n o tu s  spp. 1885.8 1689.4 875.1 69.8 1715.2 641.4 13.7 93.7
S c o m b e r  ja p o n ic u s 0.5 0.0 0.0 0.0 0.9 2.7 8.5 1928.4

Houttuyn, 1782
S e r io la  la la n d i 8.0 39.8 1.4 0.0 2.3 12.6 610.2 958.2

Valenciennes, 1833
S p h y r n a  spp. 15.9 16.1 7.0 0.1 12.2 4.4 3.4 1.6
S q u a tin a  spp. 882.1 20.9 287.3 1.5 747.1 32.3 32.3 0.02
T r a c h u r u s  la th a m i 18.7 5.2 15.8 1.8 0.0 0.0 3685.8 0.4

Nichols, 1920
T r ic h iu r u s  le p tu r u s* 39.4 1062.2 1.1 15.6 4.8 73.1 2.9 53.3
U m b r in a  c a n o s a i* 23,915.6 17,540.8 10,962.9 821.6 1202.1 1596.6 176.0 1036.9
U ro p h y c is  b r a s i lie n s is* 1529.1 583.5 511.0 57.5 2822.6 903.4 26.2 44.2
Other species 2973.9 2981.0 717.1 40.0 1284.3 583.2 824.8 255.0
Total landings 102,792.9 64,420.1 25,534.6 1974.7 35,768.2 10,349.5 20,699.7 17,018.3

Industrial fishing gears Coastal gillnet Oceanic gillnet Total fishing by periods

Periods
Fishing resources

1993-2003 2004-2011 
Mass (tones)

1993-2003 2004-2011 
Mass (tones)

1993-2003 
Mass (tones)

2004-2011

A r te m e s ia  lo n g in a r is

C h lo r o s c o m b r u s  c h r y s u r u s  (Linnaeus, 1766)
43.1 19.7 

0.0 14.7
0.0 0.0 
0.0 0.02

12,777.6
0.04

2362.9
15.2
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Table 3 continued

Industrial fishing gears 

Periods
Fishing resources

Coastal gillnet Oceanic gillnet Total fishing by periods

1993-2003 
Mass (tones)

2004-2011 1993-2003 
Mass (tones)

2004-2011 1993-2003 
Mass (tones)

2004-2011

C o n g e r  o r b ig n y a n u s  Valenciennes, 1837 10.5 8.5 69.5 36.1 940.2 274.2
C y n o s c io n  g u a tu c u p a * 10,259.1 10,132.1 5601.5 5458.3 60,457.2 30,228.6
C y n o s c io n  ja m a ic e n s is 30.8 38.0 32.2 24.9 1732.6 1072.4
H y p o r th o d u s  n iv e a tu s  ( V a le n c ie n n e s , 1 8 2 8 ) 17.1 4.9 91.6 3.4 173.6 34.2
M a c r o d o n  a n c y lo d o n * 383.3 1117.1 241.0 516.4 20,465.4 14,154.5
M e n tic ir r h u s  s p p . 227.6 333.8 50.0 159.5 1423.9 1164.1
M e r lu c c iu s  h u b b s i 104.1 610.9 306.5 694.3 1245.3 1605.5
M ic r o p o g o n ia s  fu r n ie r i* 24,932.1 20,699.3 5361.6 7565.4 53,367.6 44,994.3
M u g i l  l iza 997.2 3707.0 149.3 190.9 3767.1 9750.2
P a r a lic h th y s  b r a s i l ie n s is  (Ranzani, 1842) 77.1 273.8 119.0 105.6 4266.3 1416.6
P a r a lo n c h u r u s  b r a s i l ie n s i s* 1.7 2.2 2.5 77.6 77.1 854.9
P le o tic u s  m u e lle r i (Spence Bate, 1888) 33.6 0.0 0.0 0.0 6645.6 560.7
P o g o n ia s  c r o m is  (Linnaeus, 1766) 141.2 10.5 0.8 1.1 703.9 670.5
P o m a to m u s  s a l ta t r i x * 3825.0 1444.6 447.2 1020.6 12,485.1 5707.0
P r io n o tu s  spp. 764.2 2649.5 1292.7 1409.6 6546.7 6553.5
S c o m b e r  ja p o n ic u s  Houttuyn, 1782 2.6 239.6 0.6 2.8 13.1 2173.6
S e r io la  la la n d i Valenciennes, 1833 17.1 78.9 69.3 129.6 708.3 1219.1
S p h y r n a  spp. 70.0 5.1 552.3 42.8 660.8 70.2
S q u a tin a  spp. 511.7 196.1 3392.9 145.7 5853.5 396.5
T ra c h u ru s  la th a m i Nichols, 1920 0.3 0.0 124.2 10.2 3844.7 17.5
T r ic h iu r u s  le p tu r u s* 75.9 278.2 7.2 322.7 131.3 1805.1
U m b r in a  c a n o s a i* 6411.0 14,374.9 7680.1 10,446.0 50,347.7 45,816.7
U r o p h y c is  b r a s i l ie n s i s* 658.3 1430.7 996.0 2260.5 6543.2 5279.9
Other species 1663.1 1832.6 2533.1 1210.0 9996.3 6901.8
Total landings 51,257.7 59,502.8 29,120.9 31,834.1 265,174.1 185,099.5

Only species representing at least 1% of the landings of a fishery type in each period were included in the list. The remaining species 
were grouped as ‘‘other species’’
*Most important species for feeding of the South American sea lion

suggesting the species are consumed the same prey in 
both decades, with the exception of T. lepturus which 
decreased in the frequency of its consumption.

Fishing catch

A total of 90 species of fish were captured by the six 
types of local fishery, being 71 bony fishes, followed 
by elasmobranchs (11 species), crustaceans (five 
species), and cephalopods (three species). The bio
mass of the captures, represented about 450 million

tons (1993-2003 = 265 million tons and 
2004-2011 = 185 million tons; Table 2).

Niche overlap between the South American sea 
lions’ diet and local fisheries

The Schoener index indicated an increase in niche 
overlap between South American sea lions and 
fisheries from 1993-2003 to 2004-2014 (Table 4). 
When we compared the means of the target species 
overlap of both periods, we found that the increase is 
significant (P = 0.033). The highest target species
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Decade 1993 / 2003 (
Decade 2004 /2014 (-

confidence interval) 
confidence interval)

30

Number ot South American sea lions anauzed

Fig. 2 Cumulative number of species preyed by the South American sea lion (Otaria flavescens) in Southern Brazil. Dotted lines 
indicated confidence interval of 95%

overlap index was recorded for the purse seine fishery 
in the second period (decade 2004-2014) of the study 
(C = 0.466), followed by the pair trawl (C = 0.444) 
and the oceanic gillnet (C = 0.415) fisheries. The 
fishery that had the lowest prey overlap with South 
American sea lions was the bottom trawl fishery 
(C = 0.221). The target species overlap with South 
American sea lions diet over the two decades was 
greater with purse seine followed by ocean gillnet 
fisheries along the southern Brazilian coast (Table 4).

The mean size of the four of the seven main fish 
prey species consumed by South American sea lions 
increased over the study period (but not significantly), 
while the four remaining species decreased in mean 
size (Table 5).

Discussion

General diet composition

South American sea lions consumed 27 prey species 
along the southern Brazilian coast over the last two 
decades. Of these, most were teleosts, with 20 
identified species representing 10 families (Sciaenidae 
was the best represented family), followed by elas- 
mobranchs, cephalopods, and crustaceans, revealing a 
predominant demersal and benthic feeding habit. 
Results also demonstrated little difference in the 
importance of the main prey consumed by the South 
American sea lions between both periods analyzed 
(1993-2003 versus 2004-2014). However, significant 
temporal alterations were observed indicating an

Table 4 The Schoener trophic niche overlap index (C) between the South American sea lion (Otaria flavescens) and six types of 
local fisheries over two decades (1993-2013 and 2004-2014) in southern Brazil

Fisheries Schoener index (C) 

1993-2003 2004-2014

Index value increase (%) between decades

Pair trawl 0.380 0.444 ?  0.064
Bottom trawl 0.161 0.221 ?  0.060
Double-rig trawl 0.228 0.317 ?  0.089
Purse seine 0.235 0.466 ?  0.231
Coastal gillnet 0.275 0.360 ?  0.085
Oceanic gillnet 0.236 0.415 ?  0.180
Mean* 0.253 (SD = 0.073) 0.371 (SD = 0.091) ?  0.118

SD standard deviation
*The Schoener index increased significantly in mean combining all fisheries (P = 0.033)
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increase in the trophic niche of South American sea 
lions in the last decade. Results also demonstrated an 
increase in the overlap between species consumed by 
sea lions and species targeted by fisheries in the 
analyzed time span.

Sciaenidae is the most abundant family of fish on 
the continental shelf of Southern Brazil (Haimovici 
et al., 1996; Martins & Haimovici, 2017) and is an 
important fish resource in the region (e.g., Haimovici 
et al., 2006; Moreno et al., 2009; Haimovici & 
Cardoso, 2017). This fish family is also an important 
resource for several top predators in the region, 
including marine mammals (e.g., Pontoporia blain- 
villei (Gervais & d’Orbigny, 1844)—Secchi et al., 
2003; O. flavescens—Oliveira et al., 2008; Tursiops 
truncatus (Montagu 1821)—Milmann et al., 2016; 
Secchi et al., 2016) and seabirds (e.g., Sterna hirundo 
Linnaeus, 1758 -  Bugoni & Vooren, 2004; Thalas
sarche melanophrys (Temminck, 1828) and T. 
chlororhynchos (Gmelin, 1789)—Colabuono & Voo- 
ren, 2007). Paralonchurus brasiliensis is one of the 
most representative species of the family, both in 
number of individuals and in biomass in Southern 
Brazil (Martins & Haimovici, 2017) and is the 
predominant prey of the South American sea lion in 
Brazil.

It is noteworthy to mention that this study was 
conducted close to an important marine protected area, 
called the Wildlife Refuge of Ilha dos Lobos, which 
has been designed to protect the South American sea 
lions in Brazilian waters. This marine protected area 
encompasses a small island in front of the municipality

of Torres, which is used as a haul-out site by South 
American sea lions and it is considered the northern 
limit of the species’ distribution in the western South 
Atlantic Ocean (Vaz-Ferreira, 1982; Bastida et al., 
2007). Although occurring at a relatively low popu
lation density in this area (probably less than 200 
animals in total, e.g., Sanfelice et al., 1999; Pavanato 
et al., 2013), the species plays an important role in the 
local ecosystem and faces considerable conflicts with 
fishing activities (Engel et al., 2014; Machado et al., 
2016; Pont et al., 2016). Despite being regularly 
present at Ilha dos Lobos and adjacent waters, only a 
small number of South American sea lions have been 
found dead on the beaches in the region (GEMARS, 
unpublished data). It is important to highlight that the 
size of our sample is the result of an intense sampling 
effort carried out over 22 years, which provides 
valuable information on the feeding ecology of South 
American sea lions and their overlap with fisheries 
along the southern Brazilian coast.

Our results indicated little variation in the compo
sition of the main prey species of the South American 
sea lion throughout the interdecadal interval analyzed. 
However, it is important to mention that the consump
tion of crustaceans and elasmobranchs was observed 
only for the most recent decade (Table 3). Similar 
results were observed in traces of stable isotopes (13C 
and 15N) in the bones and teeth of South American sea 
lions between 1986 and 2009 in Southern Brazil 
(Zenteno et al., 2015). Moreover, the isotopic signal 
did not support evidence of substantial variation in diet 
composition over the last decades. Nevertheless, they

Table 5 Mean comparison of the total length (mm) of the main fish prey consumed by the South American sea lions (Otaria 
flavescens) between the two decades of study in southern Brazilian coast

Prey 1993-2003 (n = 20) 2004-2014 (n = 19) Teste t 

PNo No prey Min/Max Mean (SD) No No prey Min/Max Mean (SD)

Cynoscion guatucupa 7 14 73/425 209 (137.7) 6 15 89/261 167 (68.3) 0.515
Macrodon atricauda 6 96 171/253 201 (34.7) 10 77 88/299 229 (66.4) 0.357
Micropogonias furnieri 4 47 168/335 248 (89.8) 8 51 156/390 284 (87.2) 0.523
Paralonchurus brasiliensis 8 449 119/184 163 (21.5) 9 285 118/201 166 (31.4) 0.850
Pomatomus saltatrix 3 10 300/447 285 (58.8) 2 21 375/432 404 (40.3 0.729
Trichiurus lepturus 5 43 683/784 753 (41.2) 4 11 567/786 686 (90.4) 0.179
Umbrina canosai 2 7 141/187 164 (32.5) 3 94 111/134 120 (12.5) 0.108
Urophycis brasiliensis 5 12 274/420 357 (55.1) 3 37 186/405 297 (109.5) 0.331

No amount of analyzed stomachs. No prey amount of preys. Min minimum, Max maximum. SD standard deviation
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the authors acknowledge that historical changes in the 
isotopic baseline may hinder the interpretation of 
retrospective studies and the interpretation of isotopic 
signals without relevant ecological data can be 
challenging (Zenteno et al., 2015).

Diet variation

An increase in feeding activity is reported for the 
South American sea lions close to the breeding 
grounds as the breeding period approaches (in spring; 
e.g., George-Nascimento et al., 1984; Bustos et al., 
2012). Adult male South American sea lions are able 
to travel long distances during foraging trips, which 
may be up to 300 nm and last for an average of 
5.7 days (Campagna et al., 2001). Young males seem 
to make their feeding trips in coastal areas, reaching 
distances up to 33 nm from the coast and seldom 
exceeding depths of more than 50 m (Rodriguez et al., 
2006). Although females are very rare in the study site 
(less than 5.7% of the carcasses collected in 22 years; 
GEMARS, unpublished data), information from the 
La Plata River Estuary (Argentina-Uruguay) indicates 
that during their foraging trips, which last for an 
average of 6.1 days, they travel up to 128.1 nm 
(Rodriguez et al., 2013).

In the present study, there was no increase in the 
consumption of prey between summer/autumn and 
winter/spring. This contrasting result could be related 
to the fact that no breeding activity of the species 
occurs in the study area (Sanfelice et al., 1999). In the 
present study, even though juveniles and adults of the 
South American sea lion exhibit a similar diet 
composition and a high trophic overlap, some differ
ences observed (generalized linear models and eco
logical groups) indicate that each age class could be 
using different foraging strategies. A greater con
sumption of demersal and benthic prey suggests that 
adults feed on resources associated with the sea floor. 
The greater importance of benthic-pelagic and dem
ersal-pelagic prey for juveniles is largely influenced 
by the consumption of T. lepturus. This corroborates 
previous assumptions that this ecological group could 
have a great importance to juvenile South American 
sea lions (Drago et al., 2009a; Zenteno et al., 2015).

Intra-population variation in foraging strategies and 
feeding habits could be beneficial for the population 
by minimizing effects of intraspecific competition 
(e.g., Breed et al., 2006; Lewis et al., 2006; Drago

et al., 2015). Moreover, ontogenetic variations 
observed in the feeding habits of the South American 
sea lion could be associated with prey habitat. The 
consumption of benthic and demersal prey increases 
with the ontogenetic development of the predator 
(Drago et al., 2009a; Zenteno et al., 2015; this study). 
This could be a result of the progressive improvement 
of diving skills due to the development of physiolog
ical capacity with the gain of body mass and age (Le 
Boeuf et al., 1996; Horning & Trillmich, 1997).

The results of the present study show that the 
composition of the main prey species of South 
American sea lions did not change over the last 
decades, despite a decrease in the availability of fish 
and overexploitation of several important fish stocks 
in southern Brazil (e.g., C. guatucupa, M. atricauda, 
M. furnieri, M. liza, P. saltatrix, and U. canosai) 
(MMA, 2004; Haimovici & Cardoso, 2017). Similar 
results were observed in traces of stable isotopes (13C 
and 15N) in the bones and teeth of South American sea 
lions between 1986 and 2009 in Southern Brazil 
(Zenteno et al., 2015). However, it can be clearly 
observed that South American sea lions, as oppor
tunistic predators, are broadening their trophic niche 
probably in response to the resource depletion in the 
region. This behavior is in accordance with the theory 
of optimal foraging and interspecific competition for 
resources which suggests that the dietary niche 
breadth of predators may expand under reduced prey 
availability (MacArthur, 1972; Pianka, 1999). In this 
context, opportunistic predators are more likely to 
adjust their eating habits than selective predators, and 
can withstand the pressure from competition.

Niche overlap between in South American sea 
lions’ diet and local fisheries

Even though the target species overlap indices do not 
measure competition, it is becoming evident that 
South American sea lions and fisheries are sharing and 
potentially competing for the same fishing resources in 
Southern Brazil. The potential niche overlap between 
South American sea lions and commercial fisheries 
has been evaluated using different indices along the 
species range. Szteren et al. (2004), using Colwell and 
Futuyma’s overlap index, found a low overlap 
(C = 0.22) between the South American sea lions 
from Isla de Lobos in Uruguay and artisanal gillnet 
fishing. However, Riet-Sapriza et al. (2013), using the
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Morisita-Horn (M-H) niche overlap index, observed a 
higher trophic overlap between sea lions, artisanal 
fisheries (M-H = 0.84), and coastal trawling (M
H = 0.79) in the same regions a few years later. The 
discrepancy in the results observed by Szteren et al. 
(2004) and Riet-Sapriza et al. (2013) along the 
Uruguayan coast may indicate that the local popula
tion of South American sea lions is suffering from the 
same impacts from fishing as the population from 
southern Brazil. It is important to mention that the 
South American sea lion population that arrives every 
year on the Brazilian coast is composed of animals 
from Uruguay (Pinedo, 1990; Oliveira et al., 2017). 
Furthermore, many fish stocks exploited in Brazil are 
stocks shared with Uruguay and these are suffering 
with the same problem of depletion caused by fisheries 
(e.g., Haimovici & Cardoso, 2017). On the Patagonian 
coast of Argentina, analyses of trophic interactions 
between South American sea lions and trawling 
suggest that the potential competition for resources 
between these species may be low (Dans et al., 2003; 
Romero et al., 2011), and that the intense fishing of the 
Merluccius hubbsi Marini, 1933 in the region does not 
seem to be affecting the feeding of sea lions (Drago 
et al., 2009b).

Moreover, the occurrence of interdecadal changes 
in diet and/or feeding strategies of South American sea 
lions was also observed in the North of Argentinean 
Patagonia. Nevertheless, in this particular case, the 
modifications to the diet were apparently associated 
with an increase in the population density of the South 
American sea lions (Drago et al., 2009b) in the region, 
and not to a decline of fishing stocks due to fishing 
pressure (Drago et al., 2009b). This behavior would be 
expected for an opportunistic predator, which adapts 
its feeding strategies according to population density, 
thus minimizing intraspecific competition. Nonethe
less, we do not believe that something similar occurred 
in Southern Brazil due the low density of the species in 
the region (Sanfelice et al., 1999; Pavanato et al., 
2013). It is important to highlight that there is evidence 
to suggest that the Uruguayan population South 
American sea lions is declining at an annual rate of 
1.6-2.0%. The estimates of the total number of the 
remaining individuals of the species along the 
Uruguayan coast range from 12,000 to 13,000 indi
viduals (Paez, 2005; Crespo et al., 2012). Although the 
species occurs in low density in southern Brazil and its 
movements are not fully understood, we cannot rule

out the possibility that part of this decline could be 
occurring in the study area due to the conflict with the 
local fisheries (Machado et al., 2015).

It is noteworthy that the South American sea lion 
and fishing activities are in constant conflict in several 
areas along the range of the species (e.g., Rosas et al. 
1994; Szteren & Paez, 2002; Sepulveda et al., 2007; 
Machado et al., 2016). These interactions may be 
direct, such as predation of fish caught in the fishing 
nets (e.g., Szteren & Paez, 2002; Sepulveda et al., 
2007; Machado et al., 2016) and mortality of animals 
as a result of retaliatory attacks by fishermen or 
bycatch (e.g., Rosas et al., 1994; Reyes et al., 2013; 
Machado et al., 2015), or indirect, as in the case of 
South American sea lions and fishing industry using 
the same resources (e.g., George-Nascimento et al., 
1985; Szteren et al. 2004; Koen-Alonso et al., 2000; 
Romero et al., 2011). In view of this, Oliveira et al. 
(2008) suggest that any management measure to 
reduce this conflict in Southern Brazil must consider 
the food habits of the species, as well as its interaction 
with fishing activities.

However, the effect of fisheries on the feeding 
behavior of the South American sea lion has never 
previously been demonstrated. The results of the index 
of trophic overlap do not point to a total overlap 
between the diet of the South American sea lion and 
the catches of the fisheries in Southern Brazil. In this 
context, we can only speculate that fisheries are one of 
the factors that are probably modifying the feeding 
behavior of the sea lion along the southern Brazilian 
coast. This phenomenon can be expected and should 
be tested for other apex predators in the region. 
Moreover, excessive fishing pressure is a growing 
concern worldwide (e.g., Haimovici, 1998; Pauly 
et al., 2002; Froese et al., 2012; Pauly & Zeller, 2016 
2017) and is having profound direct and indirect 
impacts on top predators. In the present study, five of 
the eight main fish species found in the diet of South 
American sea lions were already considered overex
ploited in Brazilian waters by the Brazilian Ministry of 
the Environment for more than a decade (MMA, 
2004). Although competition, by definition, occurs 
only when a resource is scarce, it is reasonable to 
assume that this ecological interaction could increase 
in the future. The effects of these interactions are 
largely unpredictable, but could be harmful for many 
marine top predators (e.g., Secchi et al., 2003; Drago 
et al., 2010; Trites & Donnelly, 2003; Secchi et al.,
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2016). Therefore, the reduction in fishing effort and 
the establishment and/or increase of marine protected 
areas may be important measures to minimize the 
effects of fisheries. Within this context, it is imperative 
to ensure the long-term monitoring of the fishing effort 
and the population status of the species commercially 
exploited by the fishing fleet in Southern Brazil.
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