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a b s t r a c t

Incidental capture at trawlers has been recognized as a significant source of seabird mortality, and is
considered one of the main threats to seabirds at sea. The understanding of seabirdefishery interactions
and of factors influencing individual mortality is fundamental to develop management actions and help
protect seabird populations. We quantified seasonal and annual variability in Magellanic Penguin
(Spheniscus magellanicus) incidental captures and explored factors which may be influencing their by-
catch at coastal trawlers targeting either Argentine Red Shrimp (Pleoticus muelleri) or Argentine Hake
(Merluccius hubbsi) in the Isla Escondida fishing area, Argentina, for the months encompassing most of
the penguin’s breeding period (OctobereFebruary) of the 2008, 2009, 2011 and 2012 fishing seasons
(n ¼ 2 336 hauls). A total of 203 penguins were incidentally caught in nets, with rates that varied be-
tween months and years. Mean monthly capture rate was 0.087 birds haul�1, and ranged between 0.01
and 2.07 birds per haul. All captured penguins were adult individuals. Incidental capture occurred almost
exclusively when targeting Argentine Hake (97.5% of cases) and during 2009. Incidental captures were
more likely to occur when vessels operated closer to penguin colonies, with 85% of incidental captures
occurring at less than 45 km. Vessels targeting hake operated significantly closer to the colonies than
those targeting shrimp. Incidental capture of Magellanic Penguins in coastal trawlers in the study area
appears to be highly variable and relatively low. Our results suggest that in the event Magellanic Penguin
mortality at coastal trawlers becomes a conservation issue, spatial and temporal closures focused on the
Argentine hake could be used as potential measures to reduce penguin by-catch, complementing the
effective implementation of a marine protected area.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Incidental capture at trawlers has been recognized as a signifi-
cant source of seabird mortality, and is considered one of the main
threats to seabirds at sea (Croxall et al., 2012). Seabird mortality
results from collision in warp cables and entanglement in nets,
mostly as a result of the association of birds while foraging for bait
fish and discards (Sullivan et al., 2006; González-Zevallos and Yorio,
2006; Bull, 2007; Watkins et al., 2008). The understanding of
seabirdefishery interactions and of the factors influencing indi-
vidual mortality is fundamental to develop management actions
and help protect declining seabird populations. Relevant
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information still needed includes how different fisheries affect a
given seabird species throughout its distributional range, as nega-
tive effects may vary in different fisheries due to different envi-
ronmental factors and fishing practices. Several factors have been
reported to influence the rate of incidental captures at trawlers,
such as vessel size, fishing area and season, pattern of discarding of
fish waste, distance to the coast, weather conditions and haul
duration (Weimerskirch et al., 2000; González-Zevallos and Yorio,
2006; Sullivan et al., 2006; Watkins et al., 2008; Favero et al.,
2011; González-Zevallos et al., 2011; Pierre et al., 2010).

The Magellanic Penguin (Spheniscus magellanicus) is a widely
distributed seabird in Patagonia, Argentina (Yorio et al., 1999), and
due to its numbers, biomass, and role as high-level predator it is
likely to be an important component of coastal ecosystems. The
Magellanic Penguin is also one of the main ecotourism attractions
(Yorio et al., 2001), currently generating important revenues at
local and regional scales. This species has been internationally
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Fig. 1. Study area showing (a) the Province of Chubut jurisdictional waters (12 nautical miles), spatial distribution of hauls made by (b) coastal hake trawlers and (c) coastal shrimp
trawlers, and (d) Magellanic Penguin incidental captures at the Isla Escondida fishing area during the penguin breeding season of 2008, 2009, 2011 and 2012. Stars: location of the
Punta Tombo and Punta Clara penguin colonies.
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recognized as ‘Near Threatened’ (IUCN, 2013), with main threats
driven primarily by commercial fishing, pollution of the marine
environment, unregulated tourism and recreational activities, and
more recently, the potential consequences of climate change
(Boersma et al., 2013). Research during the past two decades has
shown that trawl fisheries overlap with foraging Magellanic Pen-
guins, resulting in incidental mortality in several coastal fishing
grounds (Gandini et al., 1999; Yorio and Caille, 1999; Tamini et al.,
2002; González-Zevallos and Yorio, 2006; Marinao and Yorio,
2011; Seco-Pon et al., 2013), but information for some fisheries
and on the factors affecting this interaction is far from being
complete.

Studies at the largest known Magellanic Penguin colony
worldwide, Punta Tombo, showed that individuals forage in rela-
tively coastal areas during most part of the breeding season
(Boersma and Rebstock, 2009), and may be spatially overlapping
with coastal trawlers operating in the Isla Escondida fishing area
north of this colony (Marinao and Yorio, 2011). An evaluation of the
interaction between seabirds and coastal trawlers targeting
Argentine Red Shrimp (Pleoticus muelleri) in this fishing area has
shown that Magellanic Penguins are incidentally killed in nets
(Marinao and Yorio, 2011). The coastal trawl fishery operating in
the Isla Escondida area also targets Argentine Hake (Merluccius
hubbsi), and fishing for both target species may often coincide in
time and space, so interactions at coastal shrimp and hake trawlers
should be assessed in conjunction to adequately asses their po-
tential impact on this relevant penguin population. This assessment
would help comply with the Argentine National Plan of Action to
reduce seabird by-catch (Consejo Federal Pesquero, 2010), which
recommends an increase in the level of observer coverage to
include the monitoring of interactions at fisheries not yet evalu-
ated. The information obtained will contribute to ecosystem-based
fisheries management (Plagányi, 2007), helping develop needed
management actions such as spatio-temporal zoning schemes and
set priorities for regional conservation actions aimed at this Near
threatened species. The goals of our study were to quantify sea-
sonal and annual variability in Magellanic Penguin incidental cap-
tures and to explore factors which may be influencing penguin by-
catch at coastal trawlers when targeting shrimp or hake in the Isla
Escondida fishing area.

2. Materials and methods

2.1. Study area and characteristics of the fishery

The study area comprised the coastal waters up to 22 km
offshore under the jurisdiction of Chubut Province from 43� 200 S to
44� 020 S (‘Isla Escondida’ fishing area) (Fig. 1). The coastal trawl
fishery operating in this area targets Argentine Red Shrimp or
Argentine Hake depending on resource availability and market
demands. The fishery consists of 35e40 coastal ice trawlers, 21 m
long, which in recent years operate throughout the year but mostly
from September to March. Vessels remain 1 or 2 days in the fishing
area, making between 1e8 or 1e3 hauls per day when targeting



Table 1
Incidental captures and estimated mortality of Magellanic Penguins in the coastal fishery operating at the Isla Escondida area, Argentina, throughout the penguin breeding
cycle (n¼ 2 336 hauls). S: coastal shrimp trawlers; H; coastal hake trawlers; Hauls: observed hauls; Dead: numbers of individuals caught and dead; Live: number of individuals
caught and alive; Total: total number of individuals captured; Rate: mortality rate. Data source: On-board Observer Program of the Chubut Province, Argentina.

January February October November December

S H S H S H S H S H

2008
Hauls 287 114 79 18 90 e 295 e 82 40
Dead e 3 e 1 e e e e e e

Live e 3 e e e e e e e e

Total e 6 e 1 e e e e e e

Rate e 0.05 e 0.06 e e e e e e

2009
Hauls 95 59 10 30 44 6 35 50 e e

Dead 1 44 e 23 e e e e e e

Live e 68 e 39 e e e e e e

Total 1 112 e 62 e e e e e e

Rate 0.01 1.9 e 2.07 e e e e e e

2011
Hauls 165 20 69 10 50 0 183 5 99 12
Dead e 2 4 e e e e e e e

Live e e e e e e e e e e

Total e 2 4 e e e e e e e

Rate e 0.1 0.05 e e e e e e e

2012
Hauls 65 50 31 6 153 0 30 10 38 6
Dead e 13 e e e e e e e e

Live e 2 e e e e e e e e

Total e 15 e e e e e e e e

Rate e 0.3 e e e e e e e e
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shrimp or hake, respectively, lasting on average 1e1.5 h each.
Vessels that target hake trawl bottom nets at 3.3 knots, while
vessels targeting shrimp trawl two bottom nets at 3.1 knots (On-
board Observer Program of Chubut Province, unpubl. data).

The coastal trawl fishery based their operations from Puerto
Rawson. Argentine Red Shrimp landings were estimated at 4 000e
20 000 metric tons between 2008 and 2013, and represented in
2013 41 and 20% of the total shrimp landings at the provincial and
national levels, respectively. Argentine Hake landings, in contrast,
constitute a minor proportion of provincial and national landings
(2 500e6 000 metric tons between 2008 and 2013). Approximately
300 fishermen depend on this coastal fishery, in addition to about
150 stevedores. The coastal trawl fishery supplies hake and shrimp
to the fish processing plants located at the cities of Rawson, Trelew
and Puerto Madryn.

The study area includes two Magellanic Penguin breeding sites
(Yorio et al., 1998) (Fig. 1). Punta Tombo (44� 020 S, 65� 110 W),
which includes w200 000 pairs, is one of the Magellanic Penguin
main breeding sites on the Patagonian coast. Punta Clara (43� 580 S,
65� 150 W), 7 km north of Punta Tombo, includes 70 000 penguin
pairs (Boersma et al., 2013). Magellanic Penguins arrive at breeding
sites in early September, start laying in early October, eggs start
hatching in early November, most chicks fledge in February, and the
last adults leave the colony for their winter migration during April
(Boersma et al., 1990).

2.2. Magellanic Penguin incidental mortality

We obtained information on incidental captures of Magellanic
Penguins in nets, including species’ identity and number of birds
caught in each haul, from the data base of the On-board Observer
Program of Chubut Province, for the months encompassing most of
the penguin’s breeding period (OctobereFebruary) of the 2008,
2009, 2011 and 2012 fishing seasons (n ¼ 2 336 hauls). Information
from the year 2010 was excluded from the analysis because of the
low observer coverage at hake trawlers due to logistical factors (less
than 30 hauls in the five month study period). For each haul, ob-
servers also recorded target species (hake, shrimp), haul location
and duration (from start of haul to when the net is on deck, in min),
towing speed (knots), total catch and discard amount (metric tons),
sea state (Beaufort scale), and water depth (m). The amount dis-
carded per haul was estimated subtracting the retained catch from
the total catch, and the total catch for each haul was obtained
averaging the independent estimates made by the vessel captain
and the on-board observer. In addition, for each haul with and
without incidental captures, we calculated the distance (km) to the
nearest coastline and to the Punta Tombo colony using ArcView GIS
3.2 (Environmental Systems Research Institute); the Punta Tombo
and Punta Clara colonies are only 7 km apart, and thereforewe used
the distance to the former in all further analyses.

2.3. Statistical analysis

To test the effects of predictor variables on penguin incidental
capture, we employed generalized linear models with negative
binomial error distribution and log link function (McCullagh and
Nelder, 1989; Crawley, 2007). Target species (hake, shrimp), year
(2008, 2009, 2011, 2012) and sea state (Beaufort scale, 12 classes)
were included as 2-, 4- and 12-level fixed factors, respectively.
Distance to colony, distance to coast, haul duration, towing speed,
total catch, and discard amount were included as continuous var-
iables. Month was excluded from the analysis due to the small
sample size or no catch of one of the target species during some
months, and water depth was excluded as it was correlated with
distance to the coast (r ¼ 0.42, p < 0.0001). As almost all incidental
captures occurred at hake trawlers (see Results), the effect of pre-
dictor variables was also assessed in a second set of models where
Target species was excluded.

Model selectionwas based on information-theoretic procedures
(Burnham and Anderson, 2002). This method allows model



Table 3
Parameter estimates (�SE) from generalized linear models describing variation in
penguin incidental capture at coastal trawlers in the Isla Escondida area, Argentina.
(a) model including Target species and (b) model excluding Target species.

Explanatory variable Parameter
likelihood

Parameter
estimate � SE

CI

Lower Upper

a)
Intercept �5.98 � 0.94 �7.98 �4.25
Target Species Hakea 1 3.90 � 0.67 2.70 5.42
Year 2009b 1 1.98 � 0.45 1.13 2.95
Discard amount 0.79 �0.29 � 0.13 �0.57 �0.05
Distance to Punta Tombo 0.66 �0.02 � 0.01 �0.04 �0.003

b)
Intercept �3.07 � 0.65 �4.40 �1.85
Total catch 1 0.20 � 0.03 0.13 0.27
Distance to Punta Tombo 1 �0.04 � 0.01 �0.07 �0.02
Year 2009b 1 1.84 � 0.45 0.98 2.80
Discard amount 0.90 �0.29 � 0.13 �0.57 �0.06

a Relative variable to value of Target species shrimp.
b Value of year (2008).
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uncertainty to be included in both model evaluation and derivation
of parameter estimates (Burnham and Anderson, 2002). Models
with all possible combinations of predictor variables were consid-
ered. Akaike’s information criterion (AIC) was calculated for each
model (Burnham and Anderson, 2002). Model comparisons were
made with DAIC, which is the difference between the lowest AIC
value (i.e. best of suitable models) and AIC from all other models.
The weight of a model (wi) signifies the relative likelihood that the
specific model is the best of the suite of all models. If model un-
certainty existed, we evaluated the support for predictor variables
summing wi across all models that contained the parameter being
considered (parameter likelihood; Burnham and Anderson, 2002).
Predictor variables with good support will have high parameter-
likelihood values (near 1). To supplement parameter- likelihood
evidence of important effects, we also calculated 95% CI of
parameter estimates. Upper and lower confidence limits were
calculated by adding or subtracting 2 SE, respectively (Burnham
and Anderson, 2002).

Comparisons of distances to the colony between hauls made by
coastal shrimp and hake trawlers were made using the nonpara-
metric ManneWhitney test. All statistical analyses were carried out
using R software v3.0.12 (R Development Core Team, 2013). Values
were reported as means� SD, except where noted. All tests were 2-
tailed, and differences were considered significant at p < 0.05.

3. Results

A total of 203 penguins were incidentally caught in nets during
the study period, with rates that varied between months and years
(Table 1). Mean monthly capture rate was 0.087 birds haul�1

(n ¼ 2 336 hauls), and ranged between 0.01 and 2.07 birds per haul
(Table 1). All captured penguins were adult individuals. Of the
captured penguins, 112 were alive when the net was hauled on
board, but their condition and fate after being released is unknown.
Number of individuals caught per haul varied between 1 and 20.

When including all predictor variables in the models, main
factors explaining the observed variability in penguin incidental
captures at coastal trawlers in the study area were target species,
year and discard amount (Tables 2a and 3a). The model with these
main factors explained 43.6% of the variation. Incidental capture
occurred almost exclusively when targeting Argentine Hake (97.5%
of cases) and during 2009 (Table 1). Captures occurred only in
January and February; these were distributed along three weeks
Table 2
Generalized linear models explaining the variation in Magellanic Penguin incidental
capture at coastal trawlers in the Isla Escondida area, Argentina. TaSp: target species,
DistT: distance to Punta Tombo, Disc: discard amount, DistC: distance to coast. (a)
model including Target species and (b) model excluding Target species.

Explanatory variable No. of parameters AICc DAIC Wi

(a)
TaSp, Year, DistT, Disc 7 307.1 0.0 0.115
TaSp, Year, DistT, Disc, Catch 8 308.0 0.9 0.075
TaSp, Year, DistT, Disc, Dur 8 308.8 1.7 0.049
TaSp, Year, DistT, Disc,

Towing Speed
8 308.8 1.7 0.049

TaSp, Year, Disc, Catch 7 308.9 1.8 0.046
TaSp, Year, DistT, DistC 8 309.0 1.9 0.045
Nullmodel 1 513.3 206.2 1.93E�46

(b)
Year, DistT, Catch, Disc 7 355.4 0.0 0.306
Year, DistT, Catch, Disc,

Towing Speed
8 356.9 1.5 0.148

Year, DistT, Catch, Disc, Dur 8 357.3 1.8 0.122
Year, DistT, Catch, Disc, DistC 8 357.3 1.9 0.119
Null model 1 513.3 157.9 1.59E�35
and were recorded at over 10 vessels, indicating mortalities were
not isolated events.

When excluding Target species in the models, main factors
explaining the observed variability in penguin incidental captures
were total catch, distance to the colony, year and discard amount,
explaining 33.9% of the variation (Tables 2a and 3b). Incidental
captures were more likely to occur when vessels operated closer to
the colony (b ¼ �0.05 � 0.01, z ¼ �3.9, p < 0.0001). While fishing
vessels operated up to 120 km from the colony, 85% of incidental
captures occurred at less than 45 km. Distances to the Punta Tombo
colony of hauls with incidental captures was significantly smaller
(30.8 � 12.5 km, range ¼ 7.3e60.0, n ¼ 55) than that of hauls
without captures (52.2 � 17.9; range ¼ 11.9e101.1, n ¼ 2083)
(ManneWhitney U ¼ 19 793.0; p < 0.0001). Penguin incidental
captures occurredwhen the total catchwas higher (b¼ 0.20� 0.03,
z ¼ 5.92, p < 0.0001) and when amounts of discards were lower
(b ¼ �0.27 � 0.12, z ¼ �2.33, p ¼ 0.02).

Vessels targeting hake operated significantly closer to Punta
Tombo than those targeting shrimp (36.5 � 11.9, n ¼ 396 vs.
55.1 �12.4 km; ManneWhitney U ¼ 210874.0; p < 0.0001) (Fig. 1).
4. Discussion

Magellanic Penguin mortality was recorded at coastal trawlers
when targeting both Argentine Red Shrimp and Argentine Hake,
although only in relevant numbers at trawlers targeting hake.
Similar rates of incidental captures at coastal trawlers targeting
shrimp operating in the Isla Escondida area were recorded during
the 2006e2007 fishing seasons, with a mean mortality rate of
0.003 penguins per haul (Marinao and Yorio, 2011); unfortunately
there is no comparable information for fishing vessels targeting
Argentine Hake, as interactions with coastal hake trawlers could
not be assessed in those fishing seasons. The estimated rate of
incidental captures reached 2.07 birds per haul in February 2009,
being the highest value recorded for Magellanic Penguin mortality
in coastal fisheries operating in Argentine waters both during the
breeding (Yorio and Caille, 1999: 0.063 birds per haul; Marinao and
Yorio, 2011: 0.003 birds per haul) and non-breeding seasons
(Tamini et al., 2002: 1.0 birds per haul; SecoPon et al., 2013: 0.039
birds per haul). Values recorded in northern Golfo San Jorge, an area
located 150 km south where also an estimated 250 000 Magellanic
Penguins pairs breed (Schiavini et al., 2005), ranged between 0.09
and 1.31 birds per haul at high-sea trawlers targeting Argentine
Hake (González-Zevallos and Yorio, 2006; González-Zevallos et al.,
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2007) and between 0.005 and 0.17 birds per haul in high-sea
double-beam trawlers targeting Argentine Red Shrimp (González-
Zevallos et al., 2011).

Capture rate at coastal trawlers in the Isla Escondida fishing area
was highly variable, and our results show that year, target species,
distance to the colony, total catch and amount of discarded waste
were variables associated with Magellanic Penguin incidental
capture. Significant penguin incidental capture occurred only dur-
ing one of the study years. The reasons for the high mortality rate
observed in 2009 are not clear, but observed differences among
years may be related to inter annual variability in the use by
breeding birds of marine waters adjacent to their colony. Foraging-
trip distance in Magellanic Penguins breeding at Punta Tombo
varies among years, and has been argued to be in response to
changes in environmental conditions and prey availability
(Boersma and Rebstock, 2009). Higher resource availability closer
to the colony and inshore waters in 2009 may have resulted in a
higher overlap between foraging penguins and coastal trawlers.
These contrasting results among years highlight the need for long
term monitoring to adequately assess the impact of fisheries
related mortality. A clear seasonal pattern in the occurrence of
incidental captures was also observed. Despite coastal trawlers
operated throughout most of the Magellanic Penguin breeding
season, birds were only caught in nets during January and February,
suggesting that birds from the Punta Tombo and Punta Clara col-
onies may be more vulnerable to incidental mortality during the
late chick stage. Similar seasonal differences in penguin incidental
captures were observed in northern Golfo San Jorge, where Mag-
ellanic Penguin mortality in trawl nets was higher during the chick
stage (González-Zevallos et al., 2011).

The probability of incidental capture was higher when coastal
trawlers operated closer to the Punta Tombo and Punta Clara col-
onies, and over 85% of captures occurred at less than 45 km. Being
central place foragers, the density of Magellanic Penguins at sea is
expected to be higher closer to their colony, and thereforemortality
is likely to increase given the higher probability of overlap between
vessels and commuting individuals. Similar results were found in
northern Golfo San Jorge, where Magellanic Penguins were mostly
killed in areas closer to their colonies (González-Zevallos et al.,
2011). Interestingly, despite Punta Tombo was designated as a
protected area in 1979 with breeding Magellanic Penguins as its
main conservation target, adjacent waters have not yet received
any legal protection despite the high dependence of penguins on
the marine environment. Negotiations are currently underway to
improve penguin protection through the seaward extension to the
breeding colony (P. García Borboroglu, pers. comm.), and our results
suggest that a relatively small marine protected area in combina-
tionwith spatial management of the fishery may reduce the impact
of incidental captures on the penguin breeding population.

Almost all of the recorded penguin incidental captures occurred
in coastal trawlers targeting hake. This clear difference between
fisheries may be the result of differences in the distances to the
colonies at which vessels targeting the two alternative resources
operated. Most coastal vessels targeting Argentine Red Shrimp
operated further north and away from the penguin colonies than
those targeting Argentine Hake, very likely reducing the chances of
encounter with commuting penguins. In addition, despite both
core fishing areas were relatively close, the differences between
vessel distributions when harvesting the two target species sug-
gests there were spatial differences in the composition of food re-
sources, which may have in turn influenced penguin foraging
distribution. Available information on Magellanic Penguin diet
from Punta Tombo and other locations in the Chubut province in-
dicates that they mainly feed on Engraulis anchoita, with the
contribution of Argentine Hake in some colonies and stages of the
breeding cycle (Gosztonyi, 1984; Frere et al., 1996; Scolaro et al.,
1999; González-Zevallos and Yorio, unpubl. data). Further studies
are needed to understand how the distribution of prey and asso-
ciated marine organisms relates to the spatial overlap of foraging
penguins and coastal trawlers. Coastal trawlers targeting hake and
shrimp also differ in their operational and technical characteristics,
which in other fisheries have been shown to influence by-catch
rates (Bull, 2009). For example, coastal hake and shrimp trawlers
differ in the fishing gear deployed and other operational charac-
teristics. Interestingly, Magellanic Penguin mortality was also
higher at high-sea trawlers targeting Argentine Hake than those
targeting Argentine Red Shrimp in fishing areas located in northern
Golfo San Jorge (González-Zevallos and Yorio, 2006; González-
Zevallos et al., 2011). In that fishing area, longer hauls increased
the chances of a bird being incidentally caught in the net, very likely
because more birds are attracted (González-Zevallos et al., 2011).
However, despite coastal trawlers targeting hake in the Isla
Escondida area showed significantly longer haul durations, we
observed no relationship between this variable and penguin
mortality.

Incidental capture of Magellanic Penguins in coastal trawlers
operating in the Isla Escondida fishing area appears to be highly
variable and in general relatively low. Given the number of Mag-
ellanic Penguins breeding in the study area (w400 000 individuals;
Boersma et al., 2013), it is unlikely that mortality in nets has a
significant impact on their population. However, recorded effects
should not be underestimated given seabird life-history traits
(Sæther and Bakke, 2000) and because impact at the population or
species level would depend on mortality from all fisheries
throughout their range (Ryan and Watkins, 2008). Penguins
breeding at Punta Tombo migrate north during the winter (Stokes
et al., 1998), and current information suggests that additional
fisheries impact on this breeding populations when in their
wintering grounds cannot be ruled out. For example, about 100
penguins were estimated to be incidentally killed by small-scale
coastal trawlers targeting the silverside (Sorgentinia incisa) in
coastal waters of the Buenos Aires province (Tamini et al., 2002), in
addition to low numbers at mid-water paired trawlers targeting
silversides (Odontesthes spp.) (Seco Pon et al., 2013). Moreover,
hundreds of penguins are killed annually during winter in fisheries
operating in southern Brazil (Petry and Fonseca, 2002; Cardoso
et al., 2011). As already mentioned, Magellanic Penguin incidental
capture in nets also regularly occurs in Golfo San Jorge, 150 km
south of the Isla Escondida fishing grounds (Gandini et al., 1999;
González-Zevallos and Yorio, 2006; González Zevallos et al.,
2011). Thus, an adequate assessment of the overall impact of fish-
eries on Magellanic Penguin populations breeding along the Chu-
but coasts should consider the additive effects of all fisheries
operating along the species breeding and winter distributional
range.

Despite the apparently low current negative effect from coastal
trawlers, the relatively higher number of penguins killed at hake
trawlers, changes in fishing effort in the recent past, and the dy-
namics of target resources, raise concerns in relation to the future
impact of incidental captures onMagellanic Penguin populations in
the study area. Coastal trawlers operating at Isla Escondida target
Argentine Hake or Argentine Red Shrimp depending on resource
availability and market demands, showing a preference for the
latter because of its higher economic value (Fondacaro and Ruiz,
1996). However, the Argentine Red Shrimp stocks can show high
inter annual variability, resulting inwide fluctuations in landings in
relation to Argentine Hake (Góngora et al., 2012). Since 2001, rev-
enues from shrimp fishing resulted in the replacement of relatively
old wooden vessels by better equipped and more modern vessels,
resulting in a yet unquantified increased fishing effort. Further
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increases in the fisheries fishing capacity combined with an in-
crease in fishing effort directed at hake during years of reduced
shrimp abundance might result in increased threats to the penguin
populations. In this potential scenario, it is crucial that the fisheries
department and stakeholders work together to define strategies to
minimize incidental captures in nets. Several mitigation measures
have been proposed to reduce mortality in trawlers (Bull, 2007,
2009; Abraham et al., 2009; Pierre et al., 2012), which should be
considered and explored in the study area. Our results suggest that
in the event Magellanic Penguin mortality at coastal trawlers be-
comes a conservation issue, spatial and temporal closures focused
on the Argentine Hake could be used as potential measures to
reduce penguin by-catch, complementing the effective imple-
mentation of a marine protected area. In addition, results indicate
that the observed sources of variation in incidental mortality
should be considered in future monitoring by the Provincial fish-
eries on-board observer program, so as to adequately interpret
fisheries impacts on Magellanic Penguin populations and explore
solutions to minimize incidental captures.
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