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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), Par-
alonchurus brasiliensis (P.bra), Micropogonias furnieri (M.fur), Cynoscion guatucupa (C.gua), Umbrina canosai (U.can), Par-
alichthys 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 & Car-
doso 2017). It is also worth mentioning that T. lep-
turus is already caught in high numbers in southeast
Brazil (e.g. Avila-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. aus-
tralis. 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 Thalas-
sarche melanophrys (Temminck, 1828), Procellaria
aequinoctialis Linnaeus, 1758 (Colabuono & Vooren
2007), the loggerhead sea turtle Caretta caretta (Lin-
naeus, 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
& Rincoén-Filho 1998). Ecosystem simulations suggest
that populations of marine mammals could be re-
duced 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 condi-
tion (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. Notar-
bartolo 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, Notarbar-
tolo 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 overexploita-
tion of their main prey stocks.

The effects of the decline of fishing stocks on the
feeding ecology of some marine mammal popula-
tions 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 overex-
ploitation of M. atricauda and M. furnieri stocks (Sec-
chi 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 fish-
eries. 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 previ-
ously mentioned, have a negative impact on A. aus-
tralis 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 (Franco-
Trecu 2015, Cardenas-Alayza et al. 2016). This popu-
lation increase together with heavy overexploitation
in fish stocks may raise the chances of increased
trophic interactions between this species and fish-
eries in southern Brazil.

After A. australis, P. blainvillei was the marine
mammal species with the second lowest trophic rela-
tionship with fisheries, mainly due to its preference
for smaller prey than those targeted by fisheries and
the high importance of squid (Doryteuthis san-
paulensis) in its diet, as revealed in many studies
across its distribution (e.g. Troina et al. 2016, Denun-
cio 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

pressure on its stock does not seem likely in the com-
ing 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, al-
though 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 impor-
tance when compared with the other species of
marine mammals studied. However, resident popu-
lations 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.
Simoes-Lopes et al. 1998, Zappes et al. 2011). This
interaction occurs more intensely in the autumn
(e.g. Simoes-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 Mil-
mann 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), dur-
ing 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 concomi-
tantly 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 morphologi-
cal forms of Tursiops occupy distinct ecological
roles in the ecosystem, representing, at least, dif-
ferent ecotypes (see de Bruyn et al. 2013).

The incidental mortality or bycatch of marine mam-
mals 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 mor-
tality, as indicated by the shift in the diet of some spe-
cies over the last decades (Milmann et al. 2016, Sec-
chi 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 strate-
gies, 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 consid-
ered a hope for the recovery of some fish stocks.
However, the Brazilian government has recently pro-
posed to remove species from the Brazilian Red List
of threatened marine species (e.g. Lees 2015, Pin-
heiro 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.
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