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A B S T R A C T   

Conflicts with fisheries are the major threat to South American sea lions (Otaria flavescens). The understanding of the gap between perceived economic impact by the 
fishermen and actual impact on the activity is crucial to avoid retaliations to the species. This is the first study conducted in Brazil that simultaneously assessed these 
both aspects of this complex issue. To assess the fisheries economic revenue and economic loss caused by sea lions, we conducted 58 onboard surveys between 2011 
and 2012, covering 161 fishing operations. To assess socio-economic characteristics, perceptions of economic loss caused by the sea lions, and temporal changes in 
the fishing activity, we interviewed one hundred fishermen. Onboard observations indicated that sea lions interact with fishing boats throughout the year. This 
finding is in agreement with the reports of most fishermen (69%) who believed that this interaction occurs every day and the species is always present during fishing 
operations (80%). On the other hand, while onboard surveys revealed that only 3% of loss in the annual productivity was due to predation by sea lions (~US$ 
1931.00 out of total catch of US$ 62,279.00), fishermen assigned a disproportionate economic loss to sea lions: 88% of the respondents believed that each sea lion 
consumed around 100 kg of fish per interaction. This misperception and consequent conflict would decrease if fishermen were aware of the actual losses caused by 
sea lions. To mitigate conflict, an effective communication strategy and open dialogue between fishermen and the local marine Consulting Council is recommended.   

1. Introduction 

The last two centuries have witnessed the decline of various pop
ulations of marine birds, reptiles and mammals that interact with people 
during fishing activities [1,2]. This is partially driven by a growing 
human population and its consequent increased demand for fishing 
products [2,3]. Interactions between pinnipeds (seals, walruses, fur seals 
and sea lions) and fishing activities, can be either operational or bio
logical [4,5]. In operational interactions, pinnipeds can damage the 

captured fish and the fishing nets, get entangled in discarded fishing 
gear, or suffer aggression from fishermen [4,5]. Biological interactions, 
in contrast, refer to the indirect effects of competition for fishery re
sources [4–7]. 

Along the coast of South America, the only pinniped that interacts 
with all types of fisheries is the South American sea lion, Otaria flavescens 
(Shaw, 1800) [7], hereafter referred to as sea lions. Operational in
teractions between sea lions and fishermen are usually associated with 
the use of gillnets (in Peru [8], Chile [9], Argentina [6,7], Uruguay [10, 
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11] and Brazil [12]), purse seine (in Chile [13–15] and Argentina [16]), 
trawls (in Chile [17], Argentina [6,18] Uruguay [19] and Brazil [20]), 
longlines (in Peru [8], Chile [21] and Uruguay [10]) and even salmon 
farms (in Chile [22,23]). Important prey items in the diet of the sea lions 
are fish of economic importance for fishing activities in southern Brazil 
[12,24,25], notably Cynoscion guatucupa (Cuvier, 1830), Macrodon 
atricauda (Günther, 1880), Micropogonias furnieri (Desmarest, 1823), 
Umbrina canosai (Berg, 1895), Paralonchurus brasiliensis (Steindachner, 
1875), Pomatomus saltatrix (Linnaeus, 1766), Urophycis brasiliensis 
(Kaup, 1858) and Trichiurus lepturus (Linnaeus, 1758) [26]. The 
U. canosai, for instance, is responsible for more than half of the landings 
of local marine fish [31]. All these species are currently facing over
exploitation, while pelagic fish species such as Mugil liza (Valenciennes, 
1836) and P. saltatrix are at the limit of their capacity for exploitation 
[31]. 

Coastal demersal fishing in southern Brazil has intensified since the 
1970s [12,24,25,27,28], resulting in a decreased population and body 
size of these target species [29–31]. As a collateral result of this scenario, 
fishermen tend to see the sea lions as competitors for the same resources 
[12,32]. Fishermen in general believe that their fish production could 
decrease because of sea lion’s predation, thus causing great economic 
damage for local fisheries [33]. Interactions between sea lions and 
fisheries have been observed for decades in southern Brazil [12,20, 
34–36], mainly close to the Wildlife Refuges of Ilha dos Lobos (WRIL) 
[12,33]. The WRIL is a marine protected area (MPA) used regularly 
during austral winter and spring months [37] as a haulout site for sea 
lions and South American fur seals, Arctocephalus australis (Zimmer
mann, 1783). Despite the available literature, few studies have evalu
ated the economic aspect of these interactions, precluding a better 
understanding of the magnitude of these losses [9,33]. Pont et al. [33] 
reported an exaggerated perception of damage among local fishermen as 
well as an exaggerated perception of the economic loss caused by these 
interactions with the sea lions. According to these authors, distorted 
perceptions are likely to be the most important driver of human-sea lion 
conflict in the region. Despite the awareness about this conflict [33], 
there has been no analytical or detailed quantitative study about the 
economic losses that could be considered as evidence that sea lions are, 
in fact, causing significant economic impact on the local fisheries. 

This is the first study to simultaneously examine fishermen’s 
perception and actual economic losses caused by sea lions in Brazil and 
represents a methodological innovation in marine mammals monitoring 
interactions. In order to contrast actual economic loss and perceived 
impact, we assessed the fisheries’ revenue and the actual financial 
damage caused by the species, and evaluated fishermen’s knowledge 
about sea lions, and their perceptions of conflict. We hypothesized that 
the perceived economic impact of sea lions on local fisheries is higher 
than the actual loss. In addition, we predicted that perceptions of fish 
consumption, intensity of attacks on fishing nets, and frequency of in
teractions with sea lions are greater than that documented by onboard 
survey. 

2. Material and methods 

2.1. Experimental design 

This study was divided in two lines of action: onboard surveys and 
interviews. This approach was used in order to compare real and 
perceived economic losses caused by sea lions during the same period of 
time and in the same region:  

1) From April 2011 to March 2012: one onboard researcher (RM) 
monitored local fishing operations in boats from Torres/Passo de 
Torres harbor (see details in study area section), in order to assess the 
frequency of interactions between sea lions and local fisheries, as 
well as the levels of fish predation and economic loss caused by the 
sea lions. The assessment of the intensity of attacks on fishing nets 

and productivity of each fishing boat by the onboard researcher 
allowed us to estimate the economic losses caused by sea lions in the 
region.  

2) From October 2011 to February 2012: two social researchers (ACP 
and MTE) were introduced by the onboard researcher (RM) to 100 
fishermen from the same fishing boats monitored. Face-to-face in
terviews were then conducted with these fishermen, in order to 
assess their perceptions of the economic loss caused by sea lions to 
the local fishing as well as their knowledge about sea lions in the 
region. The questions were designed to evaluate the beliefs about 
and attitudes toward the conflict, as well as the perceptions about the 
current situation of the fishing activity locally. 

The time-lapse of six months between the start of the onboard sur
veys and of the interviews was due to the need of the onboard researcher 
to establish a relationship of trust with the local fishermen before 
introducing the interviewers to them. It is important to mention that 
onboard surveys continued during the time that the interviews were 
conducted, ending only one month after the last interview. 

Our hypothesis is that the perceived economic impact of sea lions on 
fisheries is higher than the actual loss recorded by the onboard 
researcher. We also expected that perceptions of fish consumption, in
tensity of attacks on the nets, and frequency of interactions with sea 
lions reported by the fishermen to the interviewers to be greater than 
that documented during the onboard surveys. In order to test this hy
pothesis, we collected information during onboard surveys about char
acteristics of the fishing operations (e.g. effort, target species, 
productivity), of sea lion interactions (number, age class and frequency 
of sea lions interacting with the fisheries) as well as about fishermen’s 
perception, knowledge and attitudes towards the sea lions. Finally, we 
compared the results of economic losses estimates based on onboard 
data and fishermen’s answers. 

2.2. Study area 

Data were collected in the fishing community of Torres/Passo de 
Torres (29◦19′S; 49◦43′W), located at the border of Santa Catarina State 
(SC) and Rio Grande do Sul State (RS), southern Brazil (Fig. 1). The 
southern Brazilian coast is one of the greatest regions in terms of fishing 
potential in the country [38]. The main type of fishing activity by the 
local fleet in this area is medium-scale gillnet fishing [12,24,25]. Ac
cording to the local fishermen’s association, in November 2012, this 
community had approximately 350 fishermen, and 30 active vessels: 15 
boats longer than 14 m (with trip autonomy of 10 days and capacity for 
nine fishermen); 14 boats with 10–14 m long (with five days of auton
omy and capacity for seven fishermen); and one boat smaller than 10 m 
long (with an autonomy of two days and capacity for four fishermen) 
(data collected in the present study). 

The fishing community is roughly 2 km away from the WRIL. The 
WRIL was established in 1983 as an MPA (equivalent to IUCN’s category 
III [39]), and in 2005 it extended its protected area to a no-take zone 
(NTZ) of 500 m around the island [39]. Around 150 sea lions use the 
WRIL as a winter haulout site [40]. Due to this geographical proximity to 
the fishing community, sea lions usually follow the fishing boats when 
they depart for fishing. Consequently, interactions between sea lions and 
fishermen are inevitable [33]. For a comprehensive description of the 
study area and the fishing activity of Torres/Passo de Torres see 
Machado et al. [12]. 

2.3. Onboard surveys 

In order to evaluate the frequency of interactions with sea lions and 
local fisheries during the study period, as well as intensity of attacks on 
fishing nets, we conducted 58 onboard surveys in 10 medium-scale 
gillnet fishing boats. Onboard surveys were considered fishing trips 
that lasted from one to three days (mode = 1). In this study, it 
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corresponds to 161 fishing operations (each operation resembles the 
recovery of the net from the water). The 10 fishing boats ranged from 9 
to 14 m long, representing 33% of the total local fleet [12]. The average 
size of the total fishing crew was 5.6 fishermen per boat. The fishing area 
monitored extended along 110 km (60 mn) of the coastline, between the 
localities of Araranguá (28◦57′S, 49◦21′W) and Capão da Canoa 
(29◦47′S, 49◦46′W). The maximum distance covered during a fishing 
trip was 10 nm (from the coast to the fishing area) and the depth of the 
fishing area varied from 5 to 42 m deep. 

Two types of fishing gear were used by the monitored fishing fleet: 
surface drift gillnets for bluefish, P. saltatrix, and bottom fixed gillnets 
for the main target fish: hake, U. brasiliensis; weakfish Cynoscion spp. and 
M. atricauda; king croakers, Menticirrhus spp.; flounders, Paralichthys 
spp. and Brazilian guitarfish, Pseudobatos horkelii (Müller and Henle, 
1841). The fishing effort of the local monitored fleet is summarized in 
Table 1, including the length of the nets, soak time, and an average price 
for the main target fish. The information related to fishing was recorded 
on a logbook by only one onboard researcher (RM). 

During the onboard surveys, the following data were collected: 1) 
boat characteristics (boat size and number of fishermen onboard); 2) 
type and amount of nets used; 3) fishing effort (length of the nets and 
soak times); 4) number of fishing operations (each operation refers to 
the recovery of the net from the water); 5) amount of prey species 
captured (productivity in kg), and 6) number and age category of sea 
lions that interacted with each fishing operation (one interaction was 
considered to be the presence of at least one sea lion near a net during a 
fishing operation). The sea lions observed in these interactions were 
categorized in three age groups: young males (1–5 years), subadult 
males (6–8 years), and adult males (older than 9 years) [41,42]. When it 
was not possible to determine the sex and the age category of the 
specimens, sea lions were classified as undetermined. The onboard 
observer only reported the interactions with sea lions when the fisher
men were removing the nets from the water, and not during the entire 
soak time (see details in the section Interactions between South America 
sea lions and local fisheries). 

Fig. 1. Map of the study area in southern Brazilian coast, including the fishing community of Torres/Passo de Torres (black circle), where the interviews were 
conducted and in detail the Wildlife Refuge of Ilha dos Lobos, close to Rio Grande do Sul (RS) and Santa Catarina (SC) states. 

Table 1 
Detailed fishing characteristics in the study area, including local prices for fish during the study period.  

Target species Characteristics of the fishing gillnets 

Type of net Average length 
(m) 

Mesh size 
(mm) 

Soak time 
(hours) 

Fishing Period Average value per kg 
(US$) 

Bluefish (Pomatomus saltatrix) Surface drift 
gillnets 

1700 80/90 2.2 June to 
December 

2.33 

Hake (Urophycis brasiliensis) Weakfishes (Cynoscion spp./ 
Macrodon atricauda) 

Fixed bottom 
gillnets 

7000 80/90/100 21.2 March/June 1.57 

King croakers (Menticirrhus spp.) Fixed bottom 
gillnets 

5400 70 17.4 December to July 
September/ 
October 

1.87 

Flounder (Paralichthys spp.) Brazilian guitarfish 
(Pseudobatos horkelii) 

Fixed bottom 
gillnets 

3200 180/200/ 
220 

30.5 December to 
March 

4.52  
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2.3.1. Evaluation of economic losses caused by sea lions based on onboard 
surveys data 

With the purpose to estimate the total economic loss in the local 
fishing activity based on the data of interactions with sea lions and re
ported by the onboard researcher, we first have to calculate the local 
productivity. Afterwards, we calculate the frequency of these in
teractions during the study period, the mean size of sea lions group 
involved in predatory behavior (see details below), the amount of fish 
predated by different age classes of sea lions and their food daily ca
pacity (= daily food intake). 

2.3.1.1. Local productivity. In order to estimate the local productivity in 
terms of total fish caught by the 10 local monitored boats (productivity 
in kg), at the end of each onboard survey the amount of fish caught by 
species and its commercialization value (US$) by fishermen were 
recorded. During this period, the productivity was also calculated in 
terms of catch per unit of effort (CPUE). To calculate the CPUE we used 
the following formula: CPUE kg/h/1000 m2 = kg/h/m2 *1000, where 
“kg” is the catch productivity in kilograms, “h” is the number of hours 
that the fishing net remained at sea (soak time), and “m2” is the area of 
the fishing net (length multiplied by height). Since the analyzed CPUE 
data presented no normal distribution, a median was used as a measure 
of central tendency. The Mann-Whitney test was applied to compare the 
CPUE of the fishing operations that involved interactions with the sea 
lions and those operations that did not, thus allowing us to evaluate if 
the interactions with the sea lions actually reduced fish catches. 

2.3.1.2. Interactions between South American sea lions and local fisheries. 
With the aim to quantify the interactions between sea lions and local 
fisheries, the observation of these events was accompanied by one on
board observer (RM). The observer reported the interactions and 
calculated their frequency in 10 monitored boats by analyzing the 
fishing operations with the presence of sea lions. The group size of sea 
lions was counted and assumed as the total number of individuals 
observed at the same time in a fishing operation. In addition, sea lion’s 
behavior was observed during the interactions and classified in two 
types: (1) predatory behavior (sea lions consuming fish from the nets), 
and (2) search behavior (sea lions around the nets searching for fish but 
with no direct evidence of consumption of fish) [43]. 

2.3.1.3. Estimation of fish predation and economic loss caused by sea 
lions. For the estimation of economic losses, we only considered the 
number of sea lions observed in predatory behavior by the onboard 
researcher as previously described. The percentage of fish predation by 
sea lions was calculated based on the number of sea lions interacting 
with the fishing boat multiplied by the daily feeding capacity [kg] in 
four different scenarios according to their age class and only for sea lions 
that were in predatory behavior (consuming fish from the nets): (i.) the 
minimum (conservative), (ii.) the mean and (iii.) the maximum daily 
food consumption for wild animals, and (iv.) the daily feeding capacity 
reported for animals in captivity. The three former scenarios of estimates 
of daily feeding capacity used the prey biomass estimated taking into 
account the analysis of 39 stomach contents collected from dead male 
sea lions in the same study area [26]. The last scenario estimated the 
daily feeding capacity and was based on published data from sea lions in 
captivity; which is about 4% of its body weight [44]. 

Based on the four different scenarios of daily food consumption of 
the sea lions, we estimated the fish predation by them and its percentage 
using the following equations [10]:  

1) fish predation by sea lions = number of sea lions interacting with 
fishing(boat) * daily feeding capacity [kg] of a sea lion  

2) % fish predation by sea lions = (predation per unit of effort [kg]/ 
(predation per unit of effort + catch per unit of effort)) x 100 

The predation per unit of effort (PPUEkg/h/1000 m2) is similar to 
the CPUE. However, instead of catch, it estimates the predation by sea 
lions in kilograms, divided by time (in hours that the fishing net 
remained at sea - soak time) and fishing net area (m2). The prey species 
consumed by sea lions were not identified during the interactions, 
because diagnostic parts of the external morphology of the fish were not 
always visible for the onboard observer. The total economic loss of the 
local fishing activity caused by the interactions was calculated taking 
into account the total value (in US dollars) of all fish sold by the fish
ermen for the first time during the monitored period in onboard surveys, 
multiplied by the estimated percentage of fish predated by sea lions. The 
following equation was used: 

Economic loss = (total value in US dollars of all fish traded (during 
monitored onboard surveys) * % fish predation by sea lions)/100% 

2.4. Interviews 

In order to compare the economic losses estimated using data 
collected during onboard surveys with the perception of the fishermen 
based on their interviews, we conducted 100 face-to-face interviews 
with fishermen who work in medium-scale gillnet fishing boats in the 
community of Torres/Passo de Torres. Interviews were conducted by 
three different researchers (ACP, MTE and RM), and followed a strict 
protocol [33,45]. Interviewees were selected through random cluster 
sampling [45]. Interviews were conducted individually and lasted for 
approximately 20 min. Respondents were grouped into three sample 
categories: sailors, captains, and boat owners. Sailors represented the 
lowest hierarchical rank of fishermen in the boat. In terms of profit
ability shared among the crew, all sailors (five to six per boat) usually 
divide 25% of the daily profits, the captain receives 25% of all fishing 
profit, and the boat owner receives the remaining 50% (see Ref. [33] for 
details). 

Interviews were based on a semi-structured questionnaire containing 
14 items, of which 12 were closed-ended questions and two open- 
questions (Table 2). For the closed-ended questions (questions 1 to 
12), the interviewee selected only one answer from a set of pre-defined 
alternatives. The questions were designed to assess the socio-economic 
characteristics of the fishing community (questions 1 to 5), the fisher
men’s knowledge about sea lions (questions 6 and 7), perceptions of 
human-sea lion conflict (questions 8 to 10), and perceptions of the 
fishing activity (questions 11 to 14; see Table 2). 

2.4.1. Evaluation of economic losses caused by sea lions based on 
fishermen’s knowledge and perceptions 

We used descriptive statistics to evaluate socio-economic variables 
(age, fishing experience, education level, hierarchical level in the crew 
and amount of income source) and absolute frequency to summarize the 
results for knowledge and perceptions. Statistical analyses were per
formed in the Statistical Package for the Social Sciences (SPSS) software 
version 20. 

3. Results 

3.1. Onboard surveys 

3.1.1. Interactions between South American sea lions and local fisheries 
During the 161 fishing operations monitored, we observed 68 epi

sodes of interactions with sea lions (42.2% of the operations). The in
teractions occurred from April 2011 to March 2012, mainly in spring (n 
= 30) and winter months (n = 28), with only one interaction observed 
during the summer (on March 13, 2012) and nine episodes in autumn. 
Similar to the interviews conducted with the fishermen, the interactions 
seemed to occur throughout the year in the study period. However, 
when it was taken into account the fishing operation effort monitored 
throughout the year (n = 161), the interactions with sea lions occurred 
with the highest frequency during autumn (52.9%; 9 of the 17 
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operations), followed by winter (48.3%; 28 of the 58 operations), spring 
(41.7%; 30 of the 72 operations), and summer (6.7%; 1 of the 15 
operations). 

Predatory behavior (sea lions consuming fish from the nets) was 
observed in 49 interaction events (72.1%), and search behavior (sea 
lions only searching the nets for fish) in 25 interaction events (36.7%). 
Both behaviors were observed in the same fishing operation in 10.3% of 
the interactions. During these interactions, 168 specimens were regis
tered: 119 were preying on fish nets, and the remaining were only 
searching the nets. Most of the sea lions were young (n = 72; 42.9%) or 
subadult males (n = 56; 33.3%); 26 (15.5%) were adult males and 14 
(8.3%) were classified as undetermined. The number of specimens 
interacting with the fishing per event varied from one to eight sea lions 
(mean = 2.47; sd = 1.69; median = 2; mode = 1). 

3.1.2. Local productivity, estimation of fish predation and economic loss 
caused by sea lions 

The total productivity (amount of fish caught) of the 10 monitored 
boats was 32,277 kg. In terms of fish caught it was equivalent to US$ 
62,279.24. The daily food consumption of sea lions involved in the in
teractions according to their different age classes was estimated in 12 kg 
for adult males, 7.2 kg for subadult males, 2.0 kg for juveniles, and 
approximately 4% of its body weight from sea lions in captivity [44]. 
Taking into account these results, the minimum scenario for daily 
feeding capacity for a wild young male sea lion (n = 9) was a daily 

biomass intake of 2.17 kg, the mean scenario of 3.70 kg per day, and the 
maximum scenario of 5.23 kg per day. For wild subadult males (n = 5), 
the daily feeding capacity was 2.17 kg as a minimum scenario, the mean 
scenario of 5.07 kg per day, and 7.96 kg per day as a maximum scenario. 
On the other hand, wild adult males (n = 25) would consume from 2.66 
kg, 10.66 kg, to 18.66 kg per day (minimum, mean and maximum daily 
feeding capacity scenarios, respectively). When it was not possible to 
determine the age category of the wild animal interacting with fisheries, 
a mean value of daily feeding capacity was used: minimum scenario as 
2.33 kg, mean scenario of 6.48 kg and 10.62 kg per day as a maximum 
scenario. 

All these estimates combined with the number of sea lions interact
ing during the onboard surveys were used to calculate the effects of fish 
predation by sea lions on the local fish productivity in four different 
scenarios. The results of the estimate of fish predation by the total sea 
lions were: 268.34 kg in the minimum scenario, 650.45 kg in the mean 
and 1032.55 kg in the maximum scenario, while 670 kg was estimated 
taking into account data from animals in captivity (Table 3). Taking into 
account the fish predation by sea lions and the price of the fish during 
the study, we estimate in US$ 513.50 as minimum scenario of economic 
loss caused during the interactions, which represented less than 1% 
(Table 3) of the productivity of the monitored boats. Even in the 
maximum scenario we estimate in US$ 1931.58 as economic losses, 
which corresponds only to 3% of the productivity (Table 3). When we 
compared the values estimated for wild animals with animals in 
captivity, we observed that the captive scenario (US$ 1266.49) was very 
similar to the mean scenario estimated for wild animals (US$ 1230.26). 

The fishing catch (productivity in kg) estimated during the in
teractions with sea lions was not significantly different when compared 
with the catch with no interactions with sea lions (median CPUE without 
interactions = 0.00130, n = 112, median CPUE with interaction =
0.00120, n = 49 - U = 2383, p = 0.964). 

3.2. Interviews 

3.2.1. Socio-economic characteristics of the fishing community 
Of a total of 350 fishermen in the community, 100 were interviewed. 

Of these fishermen, 77 were sailors (77%), 21 were captains (21%), and 
two were boat owners (2%). Their ages ranged from 16 to 70 years old 
(mean = 35), with fishing experience varying from one to 48 years 
(mean = 24 years). Only 8% of fishermen completed high school, and 
85% of them had fishing activity as an exclusive income source (Fig. 2). 

3.2.2. Fishermen’s knowledge about South American sea lions 
Fishermen’s knowledge about the biology of sea lions was considered 

fair. Fifty-six percent of the answers were correct, 40% were incorrect, 
and about 4% answered “do not know” to the questions. When asked 

Table 2 
Questionnaire applied to the fishing community of Torres/Passo de Torres, in 
southern Brazil (adapted from Ref. [33]).  

Socio-economic 
variables 

1) Age <20, 21–30, 31–40, 
41–50, >50  

2) Fishing experience (years) <10, 11–20, 21–30, 
31–40, >40  

3) Education level Elementary school 
incomplete, E.S. 
complete, 
High school 
incomplete, H.S. 
complete  

4) Hierarchical level in the crew Sailor, Captain, Boat 
owner  

5) Source of income Fishing and other 
activity besides fishing, 
Fishing as the only 
source of income 

Knowledge about 
South American 
sea lion 

6) How many sea lions are on the 
island? 

Less than 50, About 
100, About 200, About 
300, 
Do not know 

7) During which season do you 
see more sea lions? 

Spring, Summer, 
Autumn, Winter, Do not 
know 

Perception of 
human–sea lion 
conflict 

8) How frequently do sea lions 
attack the fishing nets? 
9) How many kilos of catch can a 
sea lion eat during each attack? 

Never, Rarely, 
Regularly, Always, Do 
not know 
Up to 5 kg from, Up to 
20 kg, 20 kg–50 kg, 
More than 100 kg, Do 
not know  

10) How big do you consider the 
damage caused by sea lions to 
the local fishing community? 

Insignificant, Small, 
Medium, Large, Huge 

Perception of the 
fishing situation 

11) The profit from fishing ten 
years ago was? 

Good, Median, Bad, Do 
not know 

12) How is the amount of fish 
caught currently? 

Good, Median, Bad, Do 
not know  

13) What is your suggestion for 
improving fishing productivity 
in the region? 

Free answer  

14) What is your suggestion to 
solve the human-sea lion conflict 
in this region? 

Free answer  

Table 3 
Estimate of the economic losses caused by the South American sea lions during 
the interactions monitored by an onboard researcher in the community of 
Torres/Passo de Torres, between April 2011 and March 2012. * estimated daily 
feeding capacity of 4% of body weight of South American sea lions in captivity 
[44].   

Biomass of prey consumed by local sea lions 

Minimum 
scenario (kg) 

Mean 
scenario 
(kg) 

Maximum 
scenario (kg) 

*Estimate from 
captivity 
animals [45] 
(kg) 

Fish predation 
by sea lions 
(kg) 

268.34 650.45 1032.55 670.00 

Economic Loss 
(US$) 

513.50 1230.26 1930.58 1266.49 

% Economic 
Loss (US$) 

0.80 1.94 3.01 2.03  
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about the approximate number of animals that periodically visited the 
WRIL, 44% correctly answered that approximately 100 animals visited 
the island (Fig. 3A); 2% erroneously suggested that there were more 
than 300 individuals on the island. Regarding the seasonality of sea lions 
in the region, 69% correctly answered winter, and 7% autumn as the 
months were sea lions were present on the island (Fig. 3B). 

3.2.3. Fishermen’s perception of human-sea lion conflict and on local 
fishing activity 

In relation to the fishermen’s perceptions of the conflict with sea 
lions, they were considered negative. The majority of fishermen (80%) 
believed sea lions were always present during fishing operations 
(Figs. 3C), and 88% of them believed that sea lions could consume 100 
kg of fish or more in each interaction (Fig. 3D). In relation to that, 69% 
of the fishermen believed that sea lions caused considerable economic 
losses to the local fishing activity (Fig. 3E). 

Fishermen’s perceptions about the local fishing activity were also 
considered negative. Fifty-nine percent of the fishermen reported that 
fishing in the region in the early 2000s was much better than in 
2011–2012 (period of the interviews). In addition, they believed that a 
decline in profitability occurred in the previous 10 years, from 2002/03 
to 2012/13 (Fig. 4). 

The fishermen who knew about the existence of other problems that 
affect the fishing in the region, such as a shallow channel that hinders 
the departure of the boats to the sea and weather conditions, suggested 
some actions to improve the activity. Seventy-four out of 100 fishermen 
interviewed provided suggestions. The most common suggestions were 
deepening the channel (25.4%), increasing law enforcement on fishing 
activities (20.3%), and an increase in financial compensation to the 
fisherman due to sea lions’ damage (= amount of fish loss) (12.2%). In 
relation to financial income, they believed that there has been a decrease 
in the last 10 years, which were partially attributed to the presence of 
sea lions. They also recognized overfishing and difficulties in the 

fisheries and suggested ways to improve fishing in the region to make it 
more profitable. 

When asked about the potential alternatives/ways to reduce conflicts 
with sea lions, only 27 of the 100 fishermen suggested alternatives to 
reduce the conflict. Of those, 14.5% suggested different ways to eradi
cate the sea lions in the region (e.g. translocation to another area, 
authorized hunting seasons), and only 15% (n = 4) were convinced that 
there is no solution to the conflict (Table 4). On the other hand, 18% (n 
= 5) suggested that fishermen must change their behavior (e.g. to fish in 
greater depth or do not fish near the island), and 15% (n = 4) suggested 
the development of non-lethal techniques to keep sea lions from 
approaching the boat. 

4. Discussion 

South American sea lions are commonly blamed for causing signifi
cant economic loss to fishing activity on the southern Brazilian coast, 
resulting in their persecution and killing. Our findings, however, show 
otherwise. Actual losses caused by sea lions to the local fishery, as 
assessed by onboard surveys, were smaller than what was perceived by 
the fishermen from Torres/Passo de Torres. The actual financial loss 
caused by sea lions was only about 3% of the productivity of the year, 
even in the worst-case scenario; which differs greatly from the “large” or 
“huge” damage perceived by most of the fishermen (Fig. 3E). This 
exaggerated view of economic loss in the fisheries caused by the sea 
lions as well as their overstated perception of sea lion daily intake 
(~100 kg per interaction) were probably magnified by their regular 
presence in the region, which was corroborated by our onboard surveys. 
Our results showed that sea lions inhabited the WRIL and interacted 
with fishermen throughout the study period, which is in accordance 
with the fishermen’s complaints in the interviews, although it is slightly 
different from the marked seasonal observation of sea lions recorded in 
Brazil [20,32]. 

Fig. 2. Socioeconomic profile of the fishermen interviewed in the fishing community of Torres/Passo de Torres, southern Brazilian coast, during 2011–2012. 
Percentage of the fishermen by age (years), by fishing experience (years), by education level (ESI = Elementary school incomplete, ESC = elementary school 
complete, HIS = high school incomplete, HSC = high school complete), by hierarchical level of the crew (sailor, captain, boat owner) and amount of income source 
(fishing as the only source of income and fishing and other activity). 
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The investigation using both interviews with fishermen and onboard 
observers to assess simultaneously the perceived and the actual eco
nomic loss caused by sea lions, respectively, is a novel way to examine 
interactions between fishermen and marine mammals. Despite the time- 
lapse since this study was conducted, this is still a timely finding as no 
similar research addressing sea lions in the southwestern Atlantic Ocean 
has been carried out due to economic, logistical, and even local legal 
constraints. Although the economic losses have not been systematically 
monitored since this study was conducted, anecdotal reports suggest 
that the negative perceptions and attitudes of the local fishermen to
wards sea lions still remain. Moreover, the information presented here 
corresponds to a unique baseline data for future comparative studies on 
the economic impact of sea lions on southern Brazilian fishery. 

Despite the importance of our findings, some factors that may in
fluence the negative perceptions of the sea lions among fishermen could 
not be assessed in this study. Firstly, the sea lions occasionally consume 
only part of the fish caught in the net [20], and they are known not only 
to feed upon the catch but also to damage the gillnet gear, which also 
should be considered in the economic loss analysis. Secondly, weather 
conditions, untrained crew, silting up of the channel of the estuary, and 
the high operational costs of the local fishing were previously reported 
to the region [33,46]. It is likely that all these factors influence more 

Fig. 3. Frequency of answers to the questions about fishermen’s knowledge on South American sea lions and fishermen’s perceptions of human-sea lion conflict 
applied to the fishing community of Torres/Passo de Torres, southern Brazilian coast. The arrow in the graphics A and B indicates the correct answer on sea lions’ 
biology according to the scientific literature. In the graphics C, D, E the red phrase indicates the actual scenario observed by onboard researcher. 

Fig. 4. Frequency of answers of the fishing community of Torres/Passo de 
Torres, southern Brazilian coast to the questions: How was the fishing profit ten 
years ago? How is the fishing profit nowadays? 
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negatively the economic loss of the local fishery than the sea lions’ in
teractions [33,46], but they were never considered in this analysis. 

About 56% of the answers to the questions assessing knowledge 
about the biology of sea lions were correct, and around 80% of the 
fishermen had a negative perception of human-sea lion interaction. 
According to the fishermen, sea lions were seen throughout the year and 
were interfering with the fishing, mostly around the WRIL during winter 
months. The onboard surveys revealed a similar situation, with animals 
interacting throughout the year, but mainly from autumn to spring 
months. According to Silva et al. [47], sea lions are prevalent throughout 
the year in the WRIL, varying in the number of individuals according to 
the season, with August being the month with the highest occupancy of 
sea lions in WRIL. On the other hand, Procksch et al. [40] suggested that 
usually September is the month with the highest pinniped abundance on 
the island. 

Most of the fishermen (80%) were convinced that sea lions currently 
interact with the local fishing. This finding is not in agreement with 
what was recorded by the onboard observer, who reported these epi
sodes in less than 50% of the fishing operations and less than 36% of 
fishing trips resulted in predatory behavior. The observer also reported 
that in 72% of these interactions, sea lions were displaying a predatory 
behavior on the gillnets. Although the fishermen were aware of the 
number of animals in the region, and of the season when most in
teractions happened, these fishermen believed that despite the small 
number of sea lions in the region, they still caused great damage to the 
fishing. These results may be negatively influenced by the fishermen’s 
perceptions, mainly in the case of economic damage caused by sea lions 
[33]. This perception is also highlighted by the belief that sea lions can 
eat hundreds of kilograms of fish over the course of one interaction. 
Moreover, most of the fishermen believed that sea lions caused consid
erable economic loss to the local fishing activity. 

The onboard surveys, however, revealed that the economic loss 
ranged from only 0.80%–3%; these estimates were only possible based 
on the different scenarios calculated. It is important to mention that this 
economic loss could be underestimated since the onboard observer only 
reported the interactions with sea lions when the fishermen were 
removing the nets from the water, not covering the putative interactions 
that occur during the entire soak time of the nets, which can be around 
24 h for fixed bottom gillnets. This is a really important but logistically 
difficult task, perhaps only accomplished using technological devices, 

such as waterproof cameras with long time duration batteries. Since we 
did not apply such technology in the present study, we have to assume 
that we are underestimating the economic losses caused by sea lions. 

Conversely, another important parameter that could corroborate our 
assumption of low economic losses caused by sea lions was the fishing 
catch per unit of effort (CPUE). The onboard results indicated that the 
CPUE estimated during the interactions with sea lions was not signifi
cantly different when compared with the catch with no interactions with 
sea lions. In other words, the onboard results suggested that the presence 
of sea lions did not affect the CPUE and did not cause significant damage 
(probably less than 3% of the total income) to the fisheries of the region. 
In addition, we cannot forget that sea lions forage naturally into the sea, 
and the interactions with the fisheries must be considered as only one 
possible source to fulfill their dietary energy requirements, that is likely 
to be reinforced by overexploitation of marine resources and habitat 
degradation [12,20,26]. 

Similarly, Szteren and Páez [10] did not find differences in the CPUE 
in the presence or absence of sea lion interactions in artisanal fishermen 
in Uruguay. No significant relation was found between the number of 
sea lions interacting during the fishing trip and the CPUE in artisanal 
fishermen in Chile [9]. Based on these similar results observed in 
Uruguay and Chile, we can suggest that the low damage caused by sea 
lions to the fishing operations possibly occurs because they primarily 
forage into the sea, which is their natural behavior. 

In the early 1990s, however, Oporto et al. [43] estimated that sea 
lions caused annual losses of US$ 120,000 in artisanal small-scale fish
ery in southern Chile (between 29◦S and 42◦S). Due to the conflicts with 
sea lions, the authors estimated a loss between US$ 7000.00 and US$ 40, 
000.00 per year for salmon farmers. For the salmon industry, Sepúlveda 
and Oliva [22] estimated an economic loss in the south of Chile, between 
US$ 6.7 and 8.3 million per year due to the mortality of fish related to 
the South American sea lions’ attacks on rearing tanks. 

It is important to mention that the present study evaluated in
teractions between sea lions and medium-scale fishing activities. 
Medium-scale fishing has greater autonomy and potential fishing than 
artisanal fisheries [24]. In this context, artisanal fisheries would un
doubtedly have a greater economic impact, as the boats are small, have 
lower autonomy and a limited fishing area when compared to the boats 
monitored in the present study. For artisanal fishery on the coast of 
Uruguay, Szteren [48] estimated an economic loss of 19% of the 
financial gain. Variable economic impact on fisheries has been reported 
for other pinniped species. In California’s salmon fishery for instance the 
Californian sea lions Zalophus californianus (Lesson, 1828) destroyed the 
equivalent of 16% of the production in the commercial troll fishery [49], 
and in the coast of Massachusetts the Harbor seal, Phoca vitulina (Lin
naeus, 1758), was responsible for the loss of about 0.4% of the region’s 
fishing productivity [50]. 

4.1. Management implications 

Respondents recognized that, besides the conflict with sea lions, 
there was a problem of overfishing and economic difficulties in the 
previous 10 years (i.e., the early 2000s) in the local fishery. They also 
suggested ways to improve fishing activity in the region to make it more 
profitable. A fourth of the fishermen (n = 25) suggested practical and 
possible actions such as improving the channel depth. Dredging of the 
river would already be a solution that would help the fishermen to pass 
through the sandbank that currently provoke beaching and tipping of 
the fishing boats, resulting in financial and material damages (Delfino 
pers. comm., president of the local fishing community). In addition, the 
improvement of the channel depth probably will also increase the 
number of fishing days per year. 

The second most frequent suggestion was to increase law enforce
ment on fishing activities (n = 20). Fishermen stated that even with the 
existence of some important laws to assist fishing in the region, such as 
the no-take zones, periods of fishing closures, and the indication of 

Table 4 
Open questions and answers about fishermen’s perceptions about the conflict 
with South American sea lion and the status of current local fishing activity.  

Open question Answers Absolute 
Frequencya 

What is your suggestion to 
improve fishing in the region?  

- Increase the depth of the 
channel 

25  

- Improve monitoring of 
fishing activity 

20  

- Distribute fishing 
equipment 

6  

- Prohibit trawling fishing 6  
- Let the fishermen work 

without regulation 
5  

- Financial compensation to 
the fisherman 

12 

What is your suggestion to solve 
the human-sea lion conflict in 
the region?  

- Translocation of the South 
American sea lions 

6  

- Authorize hunting 6  
- Find a way to keep sea lion 

from approaching the boat 
4  

- There is nothing to be done 4  
- Catch fish in greater depth 3  
- Set aside a place for sea 

lions only 
2  

- Ban fishing near the island 2  

a Some fishermen did not answer all of them. 
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adequate mesh to each fish species, some fishermen did not follow the 
Brazilian fishing regulations. However, there were many conflicting 
opinions within the fishing community about improving fishery regu
lations. Some fishermen suggested that fishing laws in the region must 
be withdrawn or relaxed by removing certain aspects of the laws in order 
to make fishing easier in spite of overfishing [26,51]. Therefore, work
ing to create/adapt laws will only have a practical result if we have 
better oversight, as well as a better acceptance by the fishermen of the 
reasons and potential benefits resulting from the protective regulations. 

Regarding measures that could be used to decrease interactions or to 
solve the human-sea lion conflict, most of the respondents suggested 
ways to eradicate the sea lions in the region (e.g. culling [52]). Few 
fishermen were convinced that there is no solution to the conflict, and 
only very few suggested changing their own behavior. There are only a 
few studies on selective removing or reallocating pinnipeds as a man
agement strategy [53–55]. In Brazil, culling sea lions is not an option, 
since all marine mammals are protected under national law since 1986 
(SUDEPE no. 11, February 21, 1986). 

Acoustic deterrent devices against phocids, P. vitulina and Hal
ichoerus grypus Fabricius, 1791, were also used by fishermen in marine 
salmon Salmo salar farms on the west coast of Scotland [55]. As a result, 
authors found that sound exposure led to a 93% reduction in the number 
of fish lost due to seal damage. Although no specific acoustic study was 
designed to prevent sea lions’ depredation, the use of acoustic deterrent 
devices applied to diminish the incidental capture of franciscana dol
phins, Pontoporia blainvillei (Gervais & d’Orbigny, 1844) in Argentine 
waters was counterproductive because they attracted sea lions to the 
gillnets [56]. Alternatively, fishermen could increase the frequency in 
which they change the position of their nets. However, the conflict 
would still remain with local fishermen, since sea lions keep following 
the boats and finding the new position of the nets [33]. Therefore, 
applying this alternative could not prevent the killing of sea lions. This 
situation is confirmed by the 25% of carcasses of sea lions collected 
between 1991 and 2012 had interactions marks [46]. 

Another measure pointed out by the fishermen was compensation. 
The discussion about the compensation for damage caused by wildlife to 
production raises some reflections: 1) fishermen should not bear the cost 
of sea lion conservation: this “cost” could be shared by the entire society, 
which could, for example, pay for the alleged economic loss of 3% in the 
final price of the fish, and 2) without adequate compensation, measures 
would not be supported for very long, once it negatively impacted the 
development of local fisheries [57]. On the other hand, no significant 
damage caused by sea lions was observed in this community, but the 
existence of the conflict is evident. The financial compensation for the 
damage caused by the sea lions to this fishing community is not seen as 
an effective management measure for the current scenario. In order for 
compensation schemes to work out, further evaluation and an indication 
of economic losses to the community are required. In this context, it will 
be important to investigate if a potential reduction of the sea lion 
damage could be translated into higher economic benefits for the 
fishermen. 

Westerberg [52] proposed that a way to manage conflicts involving 
seals is to separate the competitors - fishermen and phocids - through the 
implementation of MPAs. Since the WRIL has been an MPA since 1983, it 
is vital that the local fishing regulations in the no-take zone are 
respected by local fishermen. However, the WRIL still lacks a manage
ment plan as well as clear rules for the sustainable use of marine re
sources. Moreover, sea lions usually interact with the fishing boats out of 
the limits of the WRIL [12], making useless to solve this conflict any 
no-take zone legislation of fishing only in the very small area of this MPA 
(i.e. 1 km2). 

Another potential measure to improve the situation in the medium to 
long terms is environmental education. According to Pont et al. [33], the 
fishermen in Torres/Passo de Torres are not interested in the research 
about the sea lions, nor have an interest in knowing the ecology of the 
species, creating a barrier between the researcher and the fishermen. 

Therefore, community engagement and social marketing strategies 
should be implemented to overcome this barrier. It is also important to 
properly provide feedback of the research results to the fishermen, to 
correct their impact perceptions, and to make it clear to them that there 
are other factors affecting fishing [33]. In this context, a local workshop 
focused on discussing fisheries and sea lions could be a promising 
strategy. Since 2016, there are meetings of the Consulting Council of 
WRIL, which is composed of fishermen, scientists and local authorities; 
these events could be the best moments to facilitate this discussion. 
Participatory management may be a way forward for promoting the 
coexistence between sea lions and the local fisheries, where the 
perception and conservation interests of fishermen are taken into ac
count, as well as sustainable use of the WRIL, simultaneously with the 
protection of the sea lions. The Consulting Council of WRIL plays an 
important role in this management strategy. For instance, it regularly 
discusses the problems of the MPA, which include fishermen’s current 
complaints against the sea lions, the no-take zone legislation of fishing in 
the WRIL, as well as the most controversial actions involving changing 
fishing practice to culling, explaining the importance of this species as a 
predator and its ecological influence on local biodiversity. Identifying 
and acknowledging the differences and commonalities among the 
stakeholders is a starting point for finding solutions and must be the 
main responsibility of this Council. 

It would also be important to explore the potential of sea lions as a 
tourism attraction in the region since the WRIL is the only natural area of 
Brazil where pinnipeds can be observed in their natural habitat [33]. Sea 
lions could bring economic gains or increase local profits [57]. Local 
regulations for this activity are under construction and should be 
implemented in the coming year. The involvement of the fishing com
munity in this specific touristic activity could contribute to increasing 
tolerance to sea lions. 
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[48] D. Szteren, Impacto económico del león marino Sudamericano (Otaria flavescens) 
en la pesca artesanal en Uruguay, Thesis, Universidad Nacional de Córdoba, 
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