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The South American sea lion (Otaria flavescens) forages in coastal waters, where it interacts with fisheries and causes considerable
economic loss by removing some catch and damaging gear. This study describes for the fishery region of Coquimbo (Chile) where,
when, and with what type of gear interactions occur, characterizes the animals involved (group size, sex, and age), and derives
some management recommendations. The study was based on 55 interviews with fishers and observations aboard fishing vessels
in the main fishing sectors between October 2003 and March 2004. Interactions were primarily at night (88% of interviewees
fished at night), in the bay (“Bahı́a”) of Coquimbo (81% of interviewees fished in this sector), where shoaling fish were abundant,
and with purse-seines (100% of interviewees used this gear). Although some large groups of sea lions were seen, most comprised
1–10 animals. Most animals that interacted with the fishing gear were males (67%), probably because of the different feeding strat-
egies of the two sexes. Management options discussed include the adjustment of fisheries to foraging behaviour of sea lions, and the
controlled elimination of conflicting animals.
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Introduction
The phenomenon of interactions between marine mammals and
fisheries is one of great concern to fishers and scientists, not
only because of the increasing number of cases reported during
the past four decades, but also because of the difficulties in quan-
tifying the animal’s impact on the fisheries and in drafting and
implementing effective management measures (Harwood, 1983).

In Chile, most information available on interactions between
marine mammals and fisheries is related to the South American
sea lion (Otaria flavescens; Torres, 1979; Oporto et al., 1991;
Wickens, 1995; Hückstädt and Antezana, 2003; Oliva et al.,
2003; Rodrı́guez, 2004; Sepúlveda et al., 2007), a species widely dis-
tributed along the southern part of the South American continent.
The interactions described by the authors listed above are usually
referred to as “operational”, meaning direct interference of sea
lions in the fishing process.

Otaria flavescens has been described as an opportunistic preda-
tor (Aguayo-Lobo and Maturana, 1973; George-Nascimento et al.,
1985; Arias Schreiber, 2003) that forages in coastal waters near the
surface (Vaz-Ferreira, 1981), mainly on fish, cephalopods, and
crustaceans. However, considering the highly developed cognitive

abilities of these animals (Gentry, 2002), it is not surprising that,
when sharing a habitat with fisheries, their natural search and
pursuit behaviour changes to one of sitting and waiting for the
next “free lunch” (Hückstädt and Antezana, 2003). As O. flavescens
makes use of a wide range of food items, almost all types of coastal
fishery are likely to experience interference from them (Wickens
et al., 1992), although set fishing gear is considered to be most vul-
nerable to depredation activity (Beverton, 1985; DeMaster et al.,
1985; Szteren and Páez, 2002). According to Oliva (2004), the
large number of artisanal fishers and vessels and the improved
technology allied to the decrease in fish stocks, along with the
sea lion’s distribution, abundance, and feeding habits, have esca-
lated the number of conflicts between South American sea lions
and the artisanal fishery in Chile during the past 25 years. In
Chile, the population of O. flavescens has remained stable over
time because it is a protected species and hunting is prohibited
(Sepúlveda et al., 2001).

For artisanal fisheries, economic loss is caused when sea lions
remove fish post-capture from the fishing gear, disturb the
fishing process, or damage fishing gear (Torres, 1979; Oliva
et al., 2003; Rodrı́guez, 2004). In 2003, the estimated economic
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loss suffered by Chilean artisanal fisheries caused through
interactions with sea lions was estimated as US$19.3 million
(Oliva et al., 2003). In Queule, southern Chile, Oporto et al.
(1991) calculated that the catch lost to sea lion predation
accounted for 35% of total catch, corresponding to an annual
financial loss of US$120 000. In Coquimbo, Rodrı́guez (2004)
stated that sea lions consumed 13% of the gillnet catch and 22%
of the longline catch, resulting in economic losses of 17 and
35%, respectively. Operational interactions were also documented
for the Chilean commercial purse-seine fishery by Hückstädt
and Antezana (2003); the percentage of the catch taken by sea
lions was much lower than for artisanal fisheries (0.4% of the
total catch).

Taking into account the complaints by fishers and the losses
described by Rodrı́guez (2004) in Coquimbo, it is evident that
better management of the problem is needed. Fishers frequently
advocate a catch quota on sea lions as a potential solution
(Torres, 1979; SG, pers. obs.), but the killing of marine
mammals is broadly unacceptable to the general public, usually
provoking political and ethical controversy. Its effectiveness is
also not really known. Alternative, non-lethal methods to reduce
conflicts with sea lions such as the use of deterrents (Jefferson
and Curry, 1996) or changes in fishing modalities, i.e. switching
to alternative fishing schedules, locations, and gears (Fertl, 2002;
Oliva et al., 2003) either provide only short-term solutions or
are non-feasible for certain fisheries. In Chile, earlier studies
have focused mainly on evaluating the quantitative and economic
aspects of the interactions between marine mammals and fisheries.
However, when seeking a suitable management strategy, we need
to understand the underlying mechanisms of the interactions.

The principal objective of our short study here was to charac-
terize the interactions between sea lions and the artisanal fishery

off Coquimbo, with the goal of analysing and suggesting
management options. For the purpose, we characterized local
fisheries and investigated whether the occurrence of interactions
and the number of animals involved were related to spatio-
temporal patterns of fishing activity and the specific fishing
method applied. We also estimated the size of the local popu-
lation of sea lions, observed the behaviour of the interacting
sea lions, and identified the animals involved in terms of their
sex and age.

Material and methods
Study site and interviews
Data collection was in Coquimbo, a port in the so-called region IV
of Chile (Figure 1a), between October 2003 and March 2004. The
official fishing zone of the fishers discharging in Coquimbo
(298560S) extends from Punta Choros in the north (298150S) to
Punta Lengua de Vaca in the south (308150S), and it can be
subdivided into nine smaller fishing sectors associated with
local landing sites (Figure 1b). There are 28 colonies of South
American sea lions located within the region (two breeding
colonies and 26 haul-out sites) holding some 4200 animals
(Oliva et al., 2003).

During the study, we sought a broad overview on the character-
istics of the Coquimbo artisanal fishery and its interactions with
sea lions. Therefore, to gather as much information as possible
on different fishing gears and locations, we conducted an interview
survey with local fishers, a method that was applied for the same
purpose by Oliva et al. (2003) and Sepúlveda et al. (2007). In
all, 55 structured interviews were made with fishers in the
Coquimbo harbour, asking them about their fishing schedule
and locations, fishing gear used, species captured, and the

Figure 1. (a) Schematic map of the Chilean coast showing regions I–XII. (b) Fishing zone of the fishers of Coquimbo, showing the different
fishing sectors (shaded). (c) Study area, showing Coquimbo harbour and the sea lion colonies.
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occurrences of interactions with sea lions. In those cases where
there had been interactions with sea lions, fishers were also
asked to indicate the number, sex, and age of the animals involved,
if they knew them.

In situ observations
To verify the results of the interviews and to obtain information on
the abundance, sex/age ratio, and behaviour of the local sea lion
population, in situ observations were carried out in the two
main fishing sectors around Coquimbo, Farellón and Bahı́a, and
on two sea lion haul-out sites near the harbour, Punta Tortuga
(298550S) and Punta Saliente (308000S; Figure 1c).

The size of the local population of sea lions was estimated
during five census sets (two for Punta Saliente and three for
Punta Tortuga) made in January and February 2004. Sea lions
were counted from a boat by two observers, binoculars being
used when needed. As recommended by others (Reijnders, 1976;
Eberhardt et al., 1979; Acevedo et al., 2003), we tried to confine
our counts to the daily peak haul-out period of the animals,
which for O. flavescens is in the afternoon (Sepúlveda et al.,
2001). However, because of unfavourable sea conditions, this
was only possible in two cases (Table 1). To estimate the size of
the local population, the maximum number of sea lions counted
in each of the two colonies was summed.

The sex/age ratio and the behavioural patterns of the inter-
acting sea lions were determined during two gillnet operations
in the Farellón fishing sector and during three purse-seine sets
for anchovy in the Bahı́a fishing sector. During each trip, all
animals approaching the fishing gear were counted, and notes
on their behaviour were made. All animals counted were
classified as male adult, male subadult, female, or juvenile.
Classification by sex and age was done by visual observation
according to morphological characteristics (body size, fur
colour, and the shape of the head, snout, and neck), as
described by Hamilton (1934), King (1954), and Aguayo-Lobo
et al. (1998).

Data analysis
For the interview data, all response options chosen by fewer than
10% of the interviewees were excluded from the analysis, assuming
them to have little relevance in the context of the specific question.
The time intervals of main fishing activity were grouped into day
and night, the former consisting of fishers leaving harbour at dawn
and the latter those leaving at dusk or in the hours of darkness.
Only the two main fishing sectors, Farellón and Bahı́a, and the
fishing gears most commonly used (purse-seines, gillnets, squid
jigs, and longlines) were considered in the data analysis. In
addition, the number of animals counted around the fishing
gear was assigned to intervals of 1–10, 10–20, and 20þ.

Statistical analysis was performed using Microsoft Office Excel
2003 and Minitab 14 software. The relative frequency of occur-
rence of interactions and the different group sizes were compared
between day and night, different fishing gears, and the Farellón
and Bahı́a fishing sectors, applying cross tabulation and a
Chi-squared test. We further compared the number of male/
female and adult/juvenile sea lions observed in the Bahı́a fishing
sector using a paired t-test (Zar, 1999).

Results
Characteristics of the artisanal fishery
According to the interview data, the fishers of Coquimbo fished
between 20:00 and 04:00 and between 06:00 and 10:00 local
time, with a peak around dawn. The fishing sectors mostly fre-
quented were Farellón and Bahı́a (49 and 29% of the interviewees,
respectively) the former primarily to capture South Pacific hake
(Merluccius gayi gayi) and giant squid (Dosidicus gigas; 74 and
11% of the fishers in Farellón, respectively) and the latter to
target Peruvian anchovy (Engraulis ringens) and South Pacific
hake (50 and 25% of the fishers in Bahı́a, respectively). The
fishing gear used by the interviewees were gillnets (42% of the
interviewees), purse-seines (24%), longlines (18%), and squid
jigs (11%). Longlines and gillnets were used primarily at night
(90 and 87% of the interviewees using longlines/gillnets, respect-
ively), generally targeting South Pacific hake (78 and 70%, respect-
ively), and purse-seines by day (54% of the interviewees using
purse-seines) and night (46%) generally targeting Peruvian
anchovy and jack mackerel (Trachurus murphyi; 69 and 31% of
the interviewees using purse-seines, respectively). Squid jigs were
set exclusively by night to target giant squid.

The local sea lion population
The number of sea lions counted during the five census sets ranged
between 95 and 126 animals at Punta Saliente and from 15 to 80
animals at Punta Tortuga (Table 1), a minimum population esti-
mate of �206 sea lions around Coquimbo.

Frequency of occurrence of interactions and the
number of sea lions involved
Interactions with sea lions were observed by 65% of all fishers
interviewed. When there had been interactions, the number of
animals present ranged between 1 and 10 (in 72% of all observed
interaction events). Interactions with sea lions were more frequent
at night (88% of the interviewees fishing at night) than by day
(55%; x2 ¼ 5.07; p ¼ 0.024). By both day and night, however,
the groups approaching the fishing gear were usually small (,10
animals; 71 and 73% of the interaction events by day and night,
respectively), although no significant difference was found
between the different group sizes (x2 ¼ 0.17; p ¼ 0.919; Figure 2).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. Census data for the colonies of sea lions at Punta Saliente and Punta Tortuga (maximum counts emboldened).

Date Punta Saliente Punta Tortuga

Number of sea lions Local time of census Number of sea lions Local time of census

12 January 2004 126 15:00–16:00 80 17:00–18:00

15 January 2004 – – 15 11:00–12:00

13 February 2004 95 10:00–11:00 – –

14 February 2004 – – 30 12:00–13:00
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Of the interviewees fishing in the Bahı́a fishing sector, 81%
reported interactions with sea lions, but in the Farellón fishing
sector, interactions were only recorded by 52% of the interviewees,
the differences between the two areas being close to significant
(x2 ¼ 3.716; p ¼ 0.054). In both fishing sectors, sea lions generally
interfered in group sizes of ,10 animals (79 and 62% of the inter-
action events in Farellón and Bahı́a, respectively), and large groups
(.20 animals) were only observed in the Bahı́a fishing sector
(x2 ¼ 17.574; p ,, 0.001; Figure 2).

Sea lions most often interacted with purse-seines (100% of the
interviewees using this gear), followed by squid jigs (83%), gillnets
(52%), and longlines (40%; x2 ¼ 12.729; p ¼ 0.024). For all types
of gear, however, most of the groups of sea lions encountered
during interactions were ,10 animals (100, 75, 62, and 60% of
the interaction events with longlines, gillnets, purse-seines, and
squid jigs, respectively). Large groups of .20 animals were most
common during fishing operations with purse-seines (23%).
Differences between group size were, however, not significant
(x2 ¼ 8.801; p ¼ 0.066; Figure 2).

Behaviour and sex/age ratio of interacting sea lions
Because gillnets are usually set at considerable depth, it was not
possible to observe interactions directly. Interactions became
more prevalent, however, when the gear was retrieved from the
water and several of the fish caught in the net were seen being
grabbed at or already displayed bite marks.

During direct observations around purse-seines, we encoun-
tered several small groups of sea lions swimming around the
fishing area, probably searching for food. Realizing that a fishing
boat was arriving, sea lions frequently barked and started to
follow the boat. When the fishers started to encircle the fish
shoal with the purse-seine, the sea lions waited a small distance
away, not entering the net before it was pursed. Once the net
had been pursed, they jumped over the float line into the net
and dived around in it for 1–2 min, leaving the net and entering
it again shortly thereafter (Figure 3). This scenario recurred several
times until the net was pursed tight and sea lions could not enter it

any more. At that moment, the animals left the fishing vessel and
remained in the vicinity waiting. When the boat left the site, the
animals often followed it and, if a second haul was performed,
the animals showed the same sequence of behaviour again. On
one occasion, sea lions seemingly followed the fishing vessel for
the whole trip, although no fish shoal was detected and no haul
was made.

Most sea lions interacting with the fishing gear were male,
indeed males were significantly more numerous at the gear than
females (t ¼23.37; p ¼ 0.020). Additionally, the difference

Figure 2. Frequency of occurrence (%) of small (1–10), intermediate
(10–20), and large (20þ) groups of sea lions at different times (day
and night), in different fishing sectors (Farellón and Bahı́a), and
deploying different fishing gears (purse-seine, squid jig, gillnet, and
longline).

Figure 3. A sea lion entering a purse-seine.
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between the number of adult and juvenile animals was highly sig-
nificant (t ¼ 14.53; p , 0.001; Figure 4).

Discussion
Characteristics of the interactions
Interactions between sea lions and fisheries have been described
for several parts of the distribution range of the South American
sea lion (Uruguay—Szteren and Páez, 2002; Argentina—Koen
Alonso et al., 2000; Chile—Oporto et al., 1991; Oliva et al.,
2003; Rodrı́guez, 2004; Sepúlveda et al., 2007; Peru—Arias
Schreiber, 1993). In our study, some two-thirds of fishers inter-
viewed in Coquimbo had experienced interactions with sea
lions, consistent with the results of Rodrı́guez (2004) for the
same location, but considerably fewer than the numbers reported
by Oliva et al. (2003) and Sepúlveda et al. (2007) for the same
region of Chile. This can be explained by the fact that the colonies
of sea lions around Coquimbo are relatively small, consisting of
just �200 animals. The region’s large breeding colony, Punta
Loberı́a (�1800 animals; Sielfeld et al., 1997), is some 200 km
south of Coquimbo, and extensive migration of animals from
that colony to the feeding grounds around Coquimbo is unlikely.
Therefore, the number of sea lions potentially interfering with
fisheries in our study area is fairly low. We stress, though, that
our counts represent minimum abundance rather than absolute
population size, because animals at sea could not be included
into our counts. However, our numbers are similar to those
reported by Sielfeld et al. (1997; 231 animals at both sites)
and, according to Sepúlveda et al. (2007), the population size
of O. flavescens in Chile has probably remained approximately
constant over the past 30 years.

South American sea lions are nocturnal feeders (Sepúlveda
et al., 2001), which is associated with the vertical migration of
their prey towards the surface at night (Thompson et al., 1998).
Our finding that interactions were most frequent at night is there-
fore unsurprising, though it contradicts the results of Hückstädt
and Antezana (2003), who failed to find a significant difference
in the frequency of interactions between sea lions and purse-
seiners between day and night. Those authors noted, however, a
possibility that the number of sea lions counted at night might
be underestimated owing to the lack of sufficient light for obser-
vations to be made.

Both passive and active fisheries offer sea lions the opportunity
to obtain food with minimum metabolic expense compared with

pursuing and catching prey individually. When capturing fish, the
purse-seine acts as an active predator (Beverton, 1985), encircling
and concentrating shoaling fish. Hückstädt and Antezana (2003)
state that some behavioural displays of sea lions at a purse-seine
revealed a degree of specialization in collecting the fish entrapped
in the net, with very little investment of energy. Gillnets and long-
lines, in contrast, are usually set at dusk and retrieved at dawn; by
night, when fish accumulate in the gear, the sea lions have the
opportunity to feed on the catch without being disturbed by
fishers.

In our study, interactions with sea lions were more frequent for
purse-seines and the Bahı́a fishing sector than for passive gear,
such as gillnets and longlines, and the Farellón fishing sector.
One possible explanation for this could be that prey moving natu-
rally, such as anchovy encircled by a purse-seine, may be more
attractive to sea lions than dead fish trapped in a net, considering
their natural search and pursuit behaviour (Hückstädt and
Antezana, 2003). Nevertheless, it is also likely that the number
of sea lions interacting with passive gear is underestimated in
our study, for two reasons: first, because interactions with set
fishing gear were mainly at night when fishers are absent and sea
lions were not observed directly, and second, because passive
fishing gear is usually set at considerable depth, so sea lions
would not be visible from the surface.

Szteren and Páez (2002) stated that the number of interacting
sea lions should increase with proximity to the sea lion colony.
In our study, the greatest interaction frequency would, according
to that criterion, be expected in the Farellón fishing sector, close
to the known haul-out site, and not in the Bahı́a fishing sector.
However, in our study, shoaling fish such as anchovy and pilchard
are very abundant in the Bahı́a fishing sector, drawing sea lions
particularly to that area.

The number of sea lions interfering with fishing gear mostly
ranged between one and ten, as also found by Szteren and Páez
(2002) in Uruguay, and Oliva et al. (2003), Rodrı́guez (2004),
and Sepúlveda et al. (2007) in Chile. Large groups of sea lions
with .20 animals were almost exclusively observed during purse-
seining, a fact that might be linked to the species and quantity of
fish captured by that gear. Hückstädt and Antezana (2003)
counted similar numbers of animals for the same fishing
method. Purse-seiners can catch up to 80 t, whereas passive
gears concentrate much smaller quantities of fish. Therefore, in
the longline and gillnet fishery, there may not be sufficient poten-
tial food available to attract larger groups of sea lions. Another
explanation for this finding might be the natural foraging beha-
viour of sea lions. According to Riedmann (1990), the presence
of large, patchily distributed shoals of pelagic fish favours the for-
mation of cooperative foraging groups, whereas non-shoaling fish
are most efficiently exploited by an animal operating alone. The
fact that purse-seiners operate primarily where shoaling species
are abundant helps to explain the greater frequency of large
groups of sea lions associated with that fishing technique.

The results we have described add weight to the hypothesis that
sea lions learn to associate the presence of fishing boats with the
availability of food. An example, of course, is the behavioural
observations made in the Bahı́a fishing sector of one group of
sea lions apparently following the boat throughout a whole trip
despite no fish shoal being detected and no haul being made. It
seems, therefore, that the presence of a boat itself represents a
stimulus sufficiently strong to attract sea lions, an interpretation
also proposed by Hückstädt and Antezana (2003).

Figure 4. Sex/age composition of interacting sea lions in the “Bahı́a”
fishing sector.
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Sex/age ratio
The fact that it is mostly adult male individuals that participate in
interactions with fisheries, a finding also reported by Oliva et al.
(2003), can probably be attributed to different feeding strategies
between sexes. Otaria flavescens is a polygamous species, and
each sex has different ecological constraints. Koen Alonso et al.
(2000) found that male and female South American sea lions in
Patagonia fed on different types of prey, and they associated this
finding with the different utilization of common and frequent
food resources. Females had coastal and benthic predation
habits, whereas males were more pelagic and forage in the
water column (Crespo et al., 1997; Koen Alonso et al., 2000).
Moreover, male pinnipeds do not provide parental care (Le
Boeuf, 1991), and females nursing pups may have to limit the
distance they can travel to feeding grounds. Off Argentina, male
South American sea lions travelled twice as far as females during
foraging trips (Campagna et al., 2001) and did not display a
circadian foraging rhythm (Pérez and Cappozzo, 2002).
Certainly, such foraging restrictions are only true for breeding
females, but considering the annual reproductive cycle of this
species (Campagna, 1985) and the duration of lactation of up to
24 months (Vaz-Ferreira, 1981), most females are engaged in
maternal care throughout their whole period of sexual maturity.

Management options and recommendations
In our study area, damage caused to fisheries by sea lions included
the loss of catch and damage to gear, although catches did not
differ significantly in the presence and absence of interaction
(Rodrı́guez, 2004). The average catch lost to sea lion depredation
was estimated to account for 16.5% of the total catch, resulting in
an average economic loss of 27.7% of income of fishers
(Rodrı́guez, 2004). To reduce these losses, appropriate manage-
ment action is required in Coquimbo. If the same animals consist-
ently cause the problem, the removal of such rogue animals might
be considered. At Ballard Locks, Seattle, for instance, the displace-
ment of three troublesome sea lions to a captive facility appears to
have reduced depredation by sea lions on steelhead trout (NOAA,
1996). In Sweden, however, the killing of seals around salmon
traps did not result in significant reduction of damage to fish
and gear (Sand and Westerberg, 1998). It is evident that the
success of such a strategy depends on the accurate identification
of animals responsible for depredation, which in practice is not
easy. Tagging programmes to identify particular animals could
help to solve this problem.

An alternative, and probably more appropriate, solution would
be for fishers to try to understand sea lion foraging behaviour
better, then adjust their fishing activity to it. A possible way to
do so would be to reduce the soak time of set gear, and to set
the gear when sea lions are less active, i.e. by day, or to remove
the catch from the gear more frequently. This might give sea
lions less opportunity to take fish from catches. Moreover, it
might be advisable to avoid fishing areas within known foraging
routes of sea lions and close to their breeding and haul-out sites.
The use of stronger nets, less vulnerable to seal attack, might
further help to reduce damage to fishing gear. In purse-seining,
where the number of interacting animals is relatively high, a coop-
erative fishery could be a good solution to reduce the amount of
catch lost by each vessel (Oliva et al., 2003). Instead of trying to
“fight off” the sea lions, an alternative could be to find a way to
make use of their existence and presence. Wildlife tourism, such
as whale and dolphin watching, has become increasingly attractive

during the past 20 years (UNEP/CMS, 2006). Sea lion watching
could have major potential, creating an additional source of
income for fishers which could perhaps partially compensate for
the economic loss they suffer from sea lion depredation.
However, implementation of any of these measures depends on
the willingness of fishers to cooperate; some of these approaches
might not be acceptable to them, or even feasible.

It is important to note that a holistic management plan needs to
take into account the interests of all groups involved in the con-
flict, i.e. those of the sea lions (represented by the animal welfare
lobby) and those of the fisheries and associated sectors.
Scientists can help local decision-makers by giving scientific
advice or by identifying relevant research needs. A good way to
bring conflicting groups together is to create a stakeholder
forum to debate, make decisions, and enhance the potential for
community management. In Finland, for instance, where grey
seals interact with coastal fisheries, the establishment of such a
forum helped to mitigate conflicts between different groups, facil-
itating the development of a broadly acceptable management plan
(Varjopuro, 2004).

Usefulness and validity of interview data
Questionnaires are particularly suitable tools for approaching
certain topics in ecology. In studies of the interactions between
humans and wild species, for instance, interviews often provide
the best means of obtaining quantitative data from a large
number of sites (White et al., 2005). Our study covered a wide
range of sampling sites and fishing gears. Direct observation as
the only means of data gathering would have been too costly
and logistically infeasible. Interviews also offer a possibility of
obtaining valuable information from fishers, many of whom
have extensive traditional knowledge of the marine system in
which they are operating and can help the scientist in formulating
solutions by stating a fisher perspective. Among the most cited cri-
ticisms of interview surveys is the presumed lack of validity, i.e. the
ability to obtain correct answers. There is no doubt that fishers can
lose objectivity when it comes to topics that threaten their liveli-
hood, such as sea lions damaging their catch and gear, so we
acknowledge that the frequency of interactions and the number
of sea lions observed may be overestimated in our study. Lien
et al. (1994), however, state that face-to-face interviews are more
reliable if the interviewer and the fisher already know each other.
In our study, the interviewer had extensive contacts with fishers,
hence, in our opinion, maximizing the reliability of the data.

Future studies
We believe that future studies need to focus on identifying the
foraging areas of sea lions to define hotspots of potential conflict.
Additionally, tagging programmes should be encouraged to assess
whether the animals in conflict are always the same. If animals are
killed for management purposes, the trajectories of the local popu-
lation, and population parameters such as sex/age ratio and the
rates of birth and mortality, should be analysed through regular
population census to avoid negative effects on the stability of the
sea lion population.
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Sepúlveda, M., Oliva, D. P., and Palma, F. J. 2001. Daily and annual
circarhythms activity in the South American sea lion Otaria
flavescens (Carnivora: Otariidae) at the central zone of Chile.
Revista de Biologı́a Marina y Oceanografı́a, 36: 181–187.
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Szteren, D., and Páez, E. 2002. Predation by southern sea lions (Otaria
flavescens) on artisanal fishing catches in Uruguay. Marine and
Freshwater Research, 53: 1161–1167.

Thompson, D., Duck, C., McConnell, B., and Garrett, J. 1998.
Foraging behaviour and diet of lactating female southern sea
lions (Otaria flavescens) in the Falkland Islands. Journal of
Zoology, London, 246: 135–146.

Torres, D. 1979. Mamı́feros marinos de Chile: antecedentes y situación
actual. Biologı́a Pesquera Chile, 11: 49–81.

UNEP (United Nations Environment Programme)/CMS (Convention
on Migratory Species). 2006. Wildlife watching and tourism: a
study on the benefits and risks of a fast growing tourism activity
and its impacts on species. UNEP/CMS Secretariat, Bonn,
Germany. 68 pp.

Varjopuro, R. 2004. When conservation steps onboard a fishing vessel:
a conflict between grey seal conservation and coastal fishery.
In Papers presented at the 10th Conference of the International
Association for the Study of Common Property, Oaxaca, Mexico.
28 pp.

Vaz-Ferreira, R. 1981. South American sea lion Otaria flavescens
(Shaw, 1800). In Handbook of Marine Mammals, pp. 39–65. Ed.
by S. H. Ridgway, and R. J. Harrison. Academic Press, London.
442 pp.

White, P. C. L., Vaughan Jennings, N., Renwick, A. R., and Barker,
N. H. L. 2005. Questionnaires in ecology: a review of past use
and recommendations for best practice. Journal of Applied
Ecology, 42: 421–430.

Wickens, P. 1995. A review of operational interactions between pinni-
peds and fisheries. FAO Fisheries Technical Paper, 346. 86 pp.

Wickens, P. A., Japp, D. W., Shelton, P. A., Kriel, F., Goosen, P. C.,
Rose, B., Augustyn, C. J., et al. 1992. Seals and fisheries in South
Africa—competition and conflict. South African Journal of
Marine Science, 12: 773–789.

Zar, J. 1999. Biostatistical Analysis. Prentice-Hall, New Jersey. 663 pp.

doi:10.1093/icesjms/fsn152

1746 S. Goetz et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/65/9/1739/630972 by guest on 06 June 2021


