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Abstract
1. Bycatch in gillnet fisheries is one of the main threats to several penguin species.
Magellanic penguins (Spheniscus magellanicus) are caught by gillnets during their
wintering in southern Brazil. However, current information is based only on a small
number of sets observed during a single fishing trip.
2. This study assesses bycatch rates of bottom and drift gillnets operating in southern Brazil, and describes the sex and age classes of individuals captured.
3. In 80 bottom gillnet sets, 33 penguins were captured (85% adults), 14 were sexed
of which 13 were females. In 41 drift gillnet sets, four penguins were captured,
three of which were juveniles.
4. The mean bycatch rates, measured as number of penguins km−2 of net and number of penguins km−2 h−1, were significantly higher for the drift gillnets.
5. Despite the lower bycatch rates, owing to the higher fishing effort in terms of
number of boats, net length, net area, soak time and fishing season, the magnitude
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of penguin bycatch in the bottom gillnet fishery cannot be ignored.
6. Despite based on small sample size, the predominance of adult and female
Magellanic penguins as bycatch in gillnet fisheries in southern Brazil agrees with
previous studies suggesting that females displace further north than males. In
addition, such evidence contributes to the male‐biased sex ratio in breeding
grounds, and the long‐term decline of major Patagonian colonies owing to higher
female mortality during winter.

K E Y W OR D S
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migration
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I N T RO D U CT I O N

accounting for 138 seabird species of various taxonomic groups (Pott
& Wiedenfeld, 2017). The annual bycatch in longline and trawl

Hundreds of thousands of seabirds of at least 378 species are injured

fisheries is estimated at 300,000 individuals, while gillnets account

or killed annually in 18 different types of fishing gear worldwide (Pott

for over 400,000 seabird fatalities worldwide (Anderson et al., 2011;

& Wiedenfeld, 2017; Tasker et al., 2000), with gillnet fisheries

Žydelis, Small, & French, 2013). Pursuit‐diving seabirds are particularly
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susceptible to bycatch in gillnet fisheries (Žydelis et al., 2013). As the

‘Near Threatened’ in the IUCN Red List, which reinforces the need

most well‐adapted bird group for diving, penguins are among the most

for mortality estimates and identification of the main threats to

vulnerable waterbirds, comprising 14 of the 18 species incidentally

support the implementation of appropriate conservation measures

captured in fisheries, with eight of them entangled in gillnet fisheries

(BirdLife International, 2017).

(Crawford et al., 2017).

At the end of the breeding season, which spans from September to

Majluf, Babcock, Riveros, Schreiber, and Alderete (2002) reported

March, Magellanic penguins leave Patagonian colonies to carry out

an annual bycatch of about 400 Humboldt penguins (Spheniscus

long pelagic migrations to wintering areas northward (Pütz, Ingham,

humboldti) in drift gillnets between 1991 and 1998, in Punta San Juan,

& Smith, 2000; Pütz, Schiavini, Raya‐Rey, & Lüthi, 2007; Schiavini,

Peru, and Simeone, Bernal, and Meza (1999) 605 Humboldt and 58

Yorio, Gandini, Rey, & Boersma, 2005; Stokes, Boersma, Casenave, &

Magellanic penguins (Spheniscus magellanicus) in drift gillnets in breed-

García‐Borboroglu, 2014; Stokes, Boersma, & Davis, 1998). Pütz

ing areas between 1991 and 1996 in the Valparaiso Region, Chile. On

et al. (2007) reported that penguins from colonies in the extreme

the New Zealand South Island, the major cause of yellow‐eyed pen-

south of Argentina could migrate to the Península Valdés region dur-

guin (Megadyptes antipodes) population decline was attributed to gill-

ing winter (at ~42°S). Penguins breeding in the northern colonies such

net bycatch during its breeding season (Darby & Dawson, 2000). In

as Península Valdés, Punta Tombo (44°S) and Cabo dos Bahias (~45°S)

southern Brazil, Cardoso, Bugoni, Mancini and Haimovici (2011)

migrate further north to feed off northern Argentina, Uruguay and

reported the mortality of 68 Magellanic penguins in 17 gillnet sets

southern Brazil (Pütz et al., 2000; Stokes et al., 1998; Yamamoto,

during a single 8 day gillnet fishing trip. They found that this fishing

Yoda, Blanco, & Quintana, 2019). Only a few studies have investigated

gear was a major cause of death for wintering Magellanic penguins

the winter distribution of Magellanic penguins. In a recent study,

in the area. Thus, a recent global review on penguin bycatch in fisher-

Yamamoto et al. (2019) tracked 14 males and females with

ies (Crawford et al., 2017) identified these three species and the areas

geolocators, showing that both sexes move northward, but females

reported above as hotspots of penguin bycatch and deserving further

reach areas further north with their core wintering ground located in

attention. Furthermore, although the impact of bycatch has been

front of the Rio de La Plata mouth, while males remain over the

mostly investigated near penguin breeding grounds, it is clear that it

Patagonian continental shelf. The migratory movements of birds from

also occurs in non‐breeding areas, which increases the year‐round

the northern Patagonia colonies into Brazilian coastal waters are

mortality and the decline of populations (Gownaris & Boersma,

related to feeding mainly upon the Argentine anchovy (Engraulis

2019), highlighting the need for studies on a year‐round basis and

anchoita) (Marques, Cardoso, Haimovici, & Bugoni, 2018; Yorio,

throughout each species’ range.

González‐Zevallos, Gatto, Biagioni, & Castillo, 2017).

In addition to estimates of seabird mortality rates and the number

In southern Brazil, the Argentine anchovy is one of the main food

of individuals caught by fishing, other characteristics such as the sex

items of Magellanic penguins (Marques et al., 2018; Silva et al.,

and age of individuals killed are also important for population‐level

2015) and at the same time is one of the main food items of important

assessments of bycatch impacts (Bugoni, Griffiths, & Furness, 2011;

fish predators, such as the bluefish (Pomatomus saltatrix) and the

Lewison et al., 2012). In a recent review, it was reported that sex

striped weakfish (Cynoscion guatucupa), which are also important tar-

and age biases were common characteristics of seabird species

gets for gillnet fishing fleets in southern Brazil (Lucena, Vaske, Ellis,

incidentally killed in global fisheries (Gianuca, Phillips, Townley, &

& O'Brien, 2000; Secchi et al., 1997). The food overlap between pen-

Votier, 2017). Biases appear to be frequently associated with differ-

guins, bluefish and striped weakfish is one of the factors that makes

ences in at‐sea distributions (Gianuca et al., 2017). These authors also

penguins vulnerable to incidental catches in gillnet fisheries (Cardoso,

reported that the bycatch of adults and males was higher in sub‐polar

Bugoni, Mancini, & Haimovici, 2011). During the austral winter,

regions, whereas in subtropical waters females and immature penguins

approximately 70 industrial fishing boats operate with drift gillnets

predominated. Unbalanced adult mortality of a specific sex can have

targeting the bluefish and more than 280 fishing boats operate with

severe consequences for monogamous species such as penguins,

bottom gillnets targeting the demersal striped weakfish in southern

albatrosses and many other waterbirds (Coulson, 2001).

Brazil (Pio, Pezzuto, & Wahrlich, 2016; Vasconcellos, Haimovici, &

The Magellanic penguin breeds along the coasts of southern

Ramos, 2014). As highlighted by Cardoso et al. (2011), the bycatch

Argentina, Chile and the Falkland/Malvinas Islands (Boersma et al.,

of Magellanic penguins by this fleet is probably the main source of

2013). The latest global population estimate was between 1.1 and

mortality of adults in their wintering areas.

1.6 million breeding pairs, with a declining trend mainly attributed to

During the last decade, the number of penguin strandings along the

climatic and anthropogenic factors (BirdLife International, 2017). The

Brazilian coast has increased (García‐Borboroglu et al., 2006, 2010;

main current threats are oil pollution (Boersma, 2008; García‐

Mäder, Sander, & Casa, 2010). Concomitantly, the increase in fishing

Borboroglu et al., 2006), fishery interactions (Boersma, Rebstock, &

effort (net size and number of boats) by the gillnet fishery in southern

García‐Borboroglu, 2015; Suazo et al., 2014) and climate change

Brazil has increased the incidental mortality of various marine mega-

(Boersma & Rebstock, 2014). Climate changes includes increasing

fauna, especially the Franciscana dolphins (Pontoporia blainvillei) and

frequency and intensity of rain and storms near breeding colonies,

green turtles (Chelonia mydas) (Monteiro et al., 2016; Prado, Mattos,

which increase chick mortality by drowning or collapse of nests

Silva, & Secchi, 2016; Secchi, Kinas, & Muelbert, 2004). Similar to these

(Boersma & Rebstock, 2014). Thus, Magellanic penguins are listed as

megafauna species, penguins are long‐lived and low‐fecundity animals
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with delayed maturity (Boersma, 2008). These life‐history characteristics make the fishing bycatch, in addition to other anthropogenic
impacts, a potential significant threat to populations.

TABLE 1 Summary of fishing data and characteristics of the bottom
and drift gillnet fleet from southern Brazil; mean ± 1 standard
deviation

Little is known about the impact of the gillnet fisheries on

Bottom gillnet

Drift gillnet

Number of fishing boats sampled

3

4

Length of fishing boats (m)

18–20

10–22

Motor power (hpp)

260

170–250

individuals captured by bottom and drift gillnet fisheries. The

Storage capacity (t)

35

10–35

outcomes are expected to contribute to understanding of the impact

Number of fishing trips

8

6

of the gillnet fishery in southern Brazil on the Magellanic penguins

Number of sets

80

41

and to help identify and implement mitigation measures.

Mean number of sets per trip

10 ± 7.9

7 ± 2.3

Magellanic penguins in their wintering areas in southern Brazil and
this has been identified as a knowledge gap of global importance
(Crawford et al., 2017). Thus, the objective of this study was to
provide a detailed evaluation of catch rates and the sex and age of

2
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MATERIALS AND METHODS

Data on bottom and drift gillnet fisheries and incidental catches of
Magellanic penguins were collected by scientific observers during 27

Mean number of fishing days

7.1 ± 4

3±1

Mean net soak time (h)

12.9 ± 5.4

3.4 ± 3.6

Mean net length (km)

10.6 ± 4

1.23 ± 0.6

Minimum–maximum net length (km)

5.5–17.6

0.4–2.9

Mean net height (m)

2.2 ± 0.1

11.85 ± 1.9

June to 30 August 2013, 2 May to 1 October 2014 and 17 July to 3

Minimum–maximum net height (m)

2–3

10–18

August 2015. The nets were set off the coast of Rio Grande do Sul

Mean net area (km2)

0.02 ± 0.01

0.01 ± 0.0

State in southern Brazil (Figure 1). For each set, onboard observers
recorded the fishing characteristics including net length and height

sets of each net type. Since all drift gillnet sets occurred in waters

(m), date, depth, position (latitude and longitude) and time of net

shallower than 21 m, the catch rates for the bottom gillnet sets within

deployment and retrieval (Table 1; Figure 1). Observers also recorded

that depth limit (n = 53) were also calculated for comparison. The soak

the number of dead penguins and their age classes (juvenile/adult)

time of drift gillnet sets ranged from 35 min to 17 h, and bottom

based on their plumage (Williams & Boersma, 1995). When allowed

gillnet sets from 2.5 h to 24 h. The net immersion time (IT; in h), was

by the captain of the boat, penguins were collected randomly from

calculated as:

each drift and bottom set and kept on ice for laboratory necropsies.
The sex of individuals was determined by gonadal examination following Proctor and Lynch (1993).
Incidental catch rates were calculated as the number of dead pen2

2

guins per net area (km ) and by net area (km ) per soak time (h), for all


IT ¼ ððTRf Þ − ðTDs ÞÞ −

TRf − TRs TDf − TDs
þ
2
2


(1)

where, TDf and TDs are the time (hour of the day) at the final
and at the start of net deployment, respectively; TRf and TRs are

FIGURE 1 Distribution of bottom (a) and drift (b) gillnet sets and Magellanic penguin (Spheniscus magellanicus) catches in southern Brazil from
2013 to 2015. Crosses represent the midpoint between initial and final set position; circles indicate the number of penguins caught; grey lines
correspond the isobaths 15, 20 and 50 m of depth; and fishing exclusion area lies from the coastline to the thin black line (INI‐MPA/MMA no. 12,
2012)
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the time of the final and at the start of the net retrieval. The half

km−2, Z = 1 769 200; penguins km−2 h−1, Z = 334 210, both

net deployment time, (TD f − TDs)/2, corresponds to the time

P < 0.0001 (Table 2).

(hour of the day) when half of the net was not yet deployed in
the water, and the other half was already being used for fishing.
The half net retrieval time, (TR f − TRs)/2, is the time when half of
the net had already been retrieved and the other half was still
in water.
Owing to the low number of sets with penguins captured and to
obtain the confidence intervals and compare statistically the penguin
bycatch rates between the two net types, 2000 samples of bottom
and drift gillnet sets were generated by bootstrap, from the samples
obtained in the field. The bootstrap was performed with a random
samples and permutations tool that resamples with replacement
(Manly, 2006). The normality of the data was tested using the
bootstrapped distribution with Shapiro–Wilk's test, but because
residuals were not normally distributed, capture rates between both
fisheries were compared with a Wilcoxon's rank test (Zar, 1999) using
R software, version 3.2.3 (R Core Team, 2016).

4
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DISCUSSION

This study confirmed that Magellanic penguins are vulnerable to both
bottom and drift gillnet sets in coastal waters off southern Brazil, as
reported by Cardoso et al. (2011) based on a limited dataset. Furthermore, this is the first study to provide data on the sex and age classes
of Magellanic penguins incidentally caught in this non‐breeding area.
Despite the small number of penguins that had their sex determined,
these findings show a bias towards adult females.
The higher mean bycatch rates in drift than bottom gillnet sets
(measured as penguins km−2 and penguins km−2 h−1) is similar to those
in the previous study (Cardoso et al., 2011). This is probably because
drift gillnet fishery targets mainly bluefish shoals in shallow coastal
waters, and Magellanic penguins are likely to be present in large numbers searching for the same prey, the Argentine anchovy (Lucena et al.,
2000). Costa (2016) showed that higher densities of Magellanic

3

|

RESULTS

penguins are strongly correlated to higher densities of Argentine
anchovy on the southern Brazilian continental shelf. The feeding

Eighty bottom gillnet sets and 41 drift gillnet sets (Figure 1) were

overlap between bluefish and penguins suggests that both species

sampled. Bottom gillnet sets occurred at depths from 9 to 115 m while

may occur together, which would make penguins more vulnerable to

drift gillnets were set in waters 11–21 m deep.

drift gillnets targeting bluefish.

Thirty‐three penguins were caught in five bottom gillnet sets

However, despite the lower catch rates, the bottom gillnet may

(Figure 1a; Table 2). Adults accounted for 85% (n = 28) of penguins

negatively affect Magellanic penguins overall to a greater degree than

killed in bottom gillnet sets. Among adults, 14 individuals had their

drift gillnets in southern Brazil. In this region, it is estimated that ~70

sex determined and 93% were females (n = 13). A single adult was

vessels are licensed to deploy drift gillnets (Brasil, 2013), while more

caught alive and released back to sea. It was not included in the total

than 280 vessels are allowed to fish using bottom gillnets

numbers of penguins reported.

(Vasconcellos et al., 2014). Additionally, penguins can be observed

Four penguins (three juveniles and one adult) were killed in four

between May and November each year (Mäder et al., 2010), and the

drift gillnet sets (Figure 1b; Table 2), one juvenile penguin was caught

drift gillnets are allowed to fish for only 75 days, between June and

alive and released back to sea.

August (Brasil, 2013), while bottom gillnets are deployed year‐round
−2

−2

−1

was signif-

(Secchi et al., 1997; Vasconcellos et al., 2014). The higher fishing effort

icantly greater in drift gillnets (penguins km−2, Z = 1 144 500; pen-

in terms of number of boats, net dimensions, soak time and length of

guins km−2 h−1, Z = 182 150, both P < 0.0001) in comparison with

the fishing season probably makes the bottom gillnet a greater threat

bottom gillnets (Table 2). The comparison between sets performed

to penguins in southern Brazil.

The number of penguins km

and penguins km

h

−2

and

Although it was not possible to know whether bottom gillnets cap-

penguins km−2 h−1 were significantly higher for drift gillnet (penguins

tured penguins near the bottom or during their deployment or hauling,

at depths <21 m showed the same pattern, i.e. penguins km

TABLE 2 Summary of bycatch rates and number of Magellanic penguins (Spheniscus magellanicus) caught by drift and bottom gillnet; CI95%, 95%
confidence interval
Drift gillnet

Bottom gillnet

Depth

<21 m

Number of sets

41

Mean number of dead penguins km−2 of net area

21.05

2.25–36.45

5.06

0.45–9.00

Mean number of dead penguins km

−2

per soak time of net

CI95%

<115 m

CI95%

80

<21 m

CI95%

53

13.64

0.00–24.68

1.04

0.05–1.82

19.80

0.00–36.18

1.54

0.13–2.77

Number of adult dead penguins

1

28

28

Number of juvenile dead penguins

3

5

5

Total number of dead penguins

4

33

33
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it is probable that they were captured near the sea floor during forag-

numbers than males along the Brazilian coast. The potential explana-

ing dives. First, the time period during which bottom gillnets remain

tion would be mechanisms related to sexual size dimorphism, such

near the surface when they are being deployed or hauled is much

as the avoidance of intraspecific competition for food resources

shorter than the fishing time of drift gillnets. This makes the time win-

(Raya‐Rey, Pütz, Scioscia, Lüthi, & Schiavini, 2012), different thermal

dow in which penguins can be captured near the surface very short.

preferences (Ciancio, Quintana, Sala, & Wilson, 2016), differences in

Secondly, all penguins caught by bottom gillnet were adults, and it is

the ability to withstand the northward flowing ocean circulation

known that they dive deeper than juveniles when foraging (Orgeret,

(Clarke et al., 2003), as proposed by Yamamoto et al. (2019), or

Weimerskirch, & Bost, 2016), at depths well within the depth range

differences in survival, as has been reported for African penguins

where nets are deployed, i.e. up to 97 m (Walker & Boersma, 2003

(Spheniscus demersus) in South Africa (Pichegru & Parsons, 2014),

and references therein). Thirdly, all sets in which penguins were

and suggested by the higher survival of male Magellanic penguins in

captured fished mostly during the day, a period when its main prey,

rehabilitation centres in Brazil (Vanstreels et al., 2013). However, in

the Argentine anchovy, is near the sea bed, often in large shoals

Punta Tombo, in the largest colony of the S. magellanicus and the origin

(Madureira & Rossi‐Wongtschowski, 2005).

of a substantial portion of penguins found in southern Brazil, the ratio

The catch rates estimated by Cardoso et al. (2011) were higher

is skewed toward males at a rate of 1.5:1 (Boersma et al., 2013). The

than those estimated for the two gillnet types in the current study.

higher bycatch of females in the present study agrees with the pattern

This may be due to the low number of sets sampled in a single fishing

of a greater presence of females in wintering grounds, including south-

trip. Capture rates based on limited sampling designed for other pur-

ern Brazil, and taking into account that (a) larger males dive deeper,

poses tend to over‐estimate capture rates (Bugoni, Mancini, Monteiro,

thus would be potentially more (not less) susceptible to capture in bot-

Nascimento, & Neves, 2008).

tom nets and (b) the adult breeding population in colonies is skewed

Penguins captured in bottom gillnets were all adults. Age‐skewed

toward males, instead of females, it can be inferred that females com-

seabird bycatch is common in several fisheries around the globe, with

pose the bulk of the population of penguins wintering in southern

68% of seabird bycatch samples biased towards adults (Gianuca et al.,

Brazil, and thus account for a larger number of bycaught birds.

2017). Juveniles and adults could segregate in flocks according to age

Because the sex ratio at fledging is 1:1 in Magellanic penguins

or could use different foraging areas that might overlap to a greater or

(Gownaris & Boersma, 2019) and in wild birds in general (reviewed

lesser degree with fisheries (Stokes et al., 2014).

by Donald, 2007), the predominance of females in both juvenile and

In southern Brazil, a high proportion (97.5%, of 14,033 carcasses

adult samples seems to indicate that the sexes segregate in non‐

registered between 1990 and 2008) of penguins that wash ashore

breeding areas in both juvenile and adult stages. Segregation in forag-

every year are juveniles (Mäder et al., 2010), which contrasts with

ing areas according to sex has been reported in other seabirds such as

the predominant bycatch of adult penguins observed in this study.

in wandering albatrosses (Diomedea exulans), with males staying in

Oil contamination, ingestion of anthropogenic debris, severe gastroin-

more southern areas compared with females (Shaffer, Weimerskirch,

testinal parasite infections and fatal interaction with fishing gear are

& Costa, 2001), and also in other albatrosses and petrels off southern

the most common causes of mortality of beached penguins in south-

Brazil (Bugoni et al., 2011). Notwithstanding the reasons for gillnets

ern Brazil (Azevedo & Schiller, 1991; Mäder et al., 2010; Vanstreels

killing more females, which should be further investigated using, for

et al., 2011). Between 1985 and 1989, Barbieri and Vooren (1993)

instance, long‐term tracking during the wintering period, a higher mor-

sampled 282 penguin carcasses and 29% had oil contamination in

tality of individuals of one sex in monogamous species, such as the

their plumage. Between 1997 and 1998, 3376 dead penguins were

predominance of females in bycaught penguins, exacerbates the effect

observed with oil stains or signs of interaction with fishing nets, or

on population stability, by reducing the effective population size, as

with marine debris in their stomachs (Petry, Fonseca, & Jost, 2004).

some adults will remain unpaired in monogamous species. In fact,

Despite the low number of sexed penguins among adult penguins

Gownaris and Boersma (2019) demonstrated that the lower non‐

caught by bottom nets, the proportion of females was higher (ratio

breeding‐season survival of females made the greatest contribution

13:1). A female‐biased mortality has been observed in stranded pen-

to a long‐term decline of the Magellanic penguin population at Punta

guin carcasses on the Brazilian coast (Nunes et al., 2015; Reis et al.,

Tombo, Argentina. A reduction in the number of breeding females

2011; Vanstreels et al., 2013). Vanstreels et al. (2013) and Nunes

directly reduces birth rates and hence, population productivity

et al. (2015) recorded an asymmetric sex ratio of 2.84 and 1.86

(Hesketh, Lu, & Xing, 2005), whereas an over‐abundance of males

females per male, respectively, with even sexes only among survivors

may increase violence and aggression, such that both male and female

and oiled birds from rehabilitation centres (Vanstreels et al., 2013),

survival rates are reduced (Le Galliard, Fitze, Ferrière, & Clobert, 2005;

suggesting that males are more resistant to death, before and after

Seddon & van Heezik, 1991). In other words, reproduction and popu-

being rescued. Reis et al. (2011) analysed stranded carcasses from

lation growth are most sensitive to perturbations in survival of the lim-

the coast of Rio Grande do Sul, Rio de Janeiro and Sergipe, and also

iting sex (Eberhart‐Phillips et al., 2017).

reported a predominance of females. Finally, Yamamoto et al. (2019),

Considering the size of the fleet and the net dimensions of both

tracked year‐round at‐sea distributions of Magellanic penguins with

fisheries, the magnitude of penguin mortality seems to be high in

geolocators and revealed that females reached areas further north

southern Brazil. Beside penguins, other threatened species with low

than males. This evidence suggests that females occur in greater

intrinsic potential for population growth, such as the Franciscana
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dolphin (Prado, Secchi, & Kinas, 2013; Secchi, 2010), sea turtles

RE FE RE NC ES

(Monteiro et al., 2016; Vasconcellos et al., 2014) and elasmobranchs

Anderson, O. R. J., Small, C. J., Croxall, J. P., Dunn, E. K., Sullivan, B. J.,
Yates, O., & Black, A. (2011). Global seabird bycatch in longline fisheries. Endangered Species Research, 14, 91–106. https://doi.org/10.3354/
esr00347

(Vooren & Klippel, 2005), are affected by the bycatch in gillnets in
the region. The highest levels of incidental mortality of these species
occur near the coast owing to the high overlap between the fishing
effort and the distribution areas of animals (e.g. Monteiro et al.,
2016). In 2012, the Brazilian government regulated gillnet fisheries
allowing a maximum net length of 16 km and established closure areas
for this activity in southern Brazil in neritic waters (Brasil, 2012), with
the expectation of reducing the bycatch of several components of the
marine megafauna.
Some gillnets killed penguins inside the no‐fishing area and some
nets exceeded the allowed length of 16 km (Figure 1). Furthermore,
a study showed that the current mortality of the Franciscana dolphin
remains similar to that before the implementation of this novel regulation (Prado et al., 2016). Our data suggest that current fisheries regulations in the region, including closures and gear restrictions, are
ineffective at preventing Magellanic penguin mortality. Another possible explanation could be a lack of enforcement since there is a general
pattern of over‐exploitation of several fishing resources which led
some of them to be at risk of commercial unviability (Haimovici &
Cardoso, 2016). An alternative with the potential to decrease bycatch
is modifications in the net such as increasing its visibility without a significant reduction in its efficiency to catch target species (Hanamseth,
Baker, Sherwen, Hindell, & Lea, 2018; Martin & Crawford, 2015).
However, there is a clear lack of proper management measures or
enforcement in the study area, as several threatened marine
megafauna species are killed annually in high numbers and most of
the fishing resources are over‐exploited (Haimovici & Cardoso,
2016). In such a governance context of lack of enforcement or
ineffective management or conservation strategies, Dowling et al.
(2016) suggest that the most effective measures would be spatial
and temporal approaches, such as for example, the establishment of
no‐fishing zones or seasonal closures.
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