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Abstract
Globally, the populations of many marine mammals remain of critical concern after centuries
of exploitation and hunting. However, some marine mammal populations (e.g. pinnipeds)
have largely recovered from exploitation, and interactions between these species and
fisheries—particularly small-scale fisheries—is once again of concern globally. The large
scope and widespread scale of interactions highlights the local disconnect between two global
policies: marine mammal conservation and small-scale fisheries protection. In this research,
we explore these conflicting global policies by assessing the perceptions of coastal smallscale fishers in Peru and Chile regarding their interactions with pinnipeds, including the
South American sea lion (Otaria flavescens) and South American fur seal (Arctocephalus
australis). We surveyed 301 gill net fishers and assess perceptions using a best-worst scaling
methodology. We find that fishers are chiefly concerned with the increase in pinniped
populations, perceive that their interactions with pinnipeds have significantly increased over
the past 80 years, and report pinniped-driven catch and income losses ≥ 26 per cent.
Surprisingly, fishers do not believe that compensation schemes will resolve this issue—
instead they overwhelmingly call for pinniped population culls. The reported number of
pinnipeds illegally killed by fishers suggests the potential for large negative impacts on these
protected species, and a loss of legitimacy in marine regulation. Collectively, our results
portray a sense of marginalisation from fishers’—that global policy treats them as less
“important” than marine mammals. Our results highlight the increasing disconnect in global
policy, which on one hand seeks to protect threatened marine mammal populations, and on
the other seeks to promote the welfare of small-scale fishers.
Introduction
Marine mammals perform fundamental roles in marine systems such as trophic regulation,
nutrient cycling, and tourism opportunities (1-6). In the 19th century, extreme collapses in
global marine mammal populations occurred (7)—support for population control (through
hunting or commercial extraction) was often driven by interactions with fisheries (8). These
collapses eventually led to widespread protective legislation (9), including the International
Whaling Convention (ca. 1940), and Marine Mammal Protection Acts (e.g. USA (1972),
New Zealand (1978), UK (1981)). Following strict protection, many marine species (52%)
are now recovering (7, 9), including most pinnipeds (e.g. seals, sea lions), though others
(10%) are still declining (9). Parallel with the global focus on protecting marine mammal
species, there has been an international push to recognise and protect the livelihoods of smallscale fishers. An estimated 22 ± 0.45 million people in the world are employed in the smallscale fishing sector, and they generally have very little income security (10). For these and
other reasons, the Food and Agricultural Organization (FAO) has highlighted the importance
of the small-scale fisheries sector as a target for improving income and food security in
developing countries (11). Worryingly, increases in the abundance of some marine mammals
are generating tension with fisheries, particularly small-scale coastal fisheries (12, 13). For
example, in South America, pinniped depredation of catch is estimated to occur in ~56% of
catches (14, 15), and lead to average economic losses of ~30 per cent (16). In extreme cases,
fishers can react to conflict with mammals through illegal behaviour, which can result in
shooting or poisoning them (17, 18). These actions ultimately exacerbate the human-wildlife
conflict and threaten marine-mammal population recovery (19). The scale of interactions
between small-scale fisheries and marine mammal populations, especially pinnipeds, is
increasing. However, the local disconnect between these two global policies: marine mammal
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conservation and small-scale fisheries protection, has yet to be quantified and its nuances
recognised in global fora. Furthermore, effective solutions remain unidentified.
Despite the potential for marine mammal–small-scale fisher interactions to lead to negative
outcomes for both marine mammal populations and fisher welfare, this conflict remains
poorly understood. This could be due to taboos regarding marine mammal killings (20), the
potential for public outcry if these conflicts are publicised (16), and fisher’s fear of reprisals
in the form of fines or sanctions from government agents. The wicked nature of the problem
has meant that there are no straightforward solutions. This is partly due to concerns over
affected social groups, e.g. small-scale fisher welfare. Nevertheless, homogenous application
of marine mammal protection: which, in many locations does not discriminate between
marine mammals that remain critically endangered (e.g. the vaquita, Phocoena sinus), and
marine mammals whose populations are recovering (9) (e.g. pinnipeds such as sea lions and
seals), is challenging the continued viability of some small-scale fisheries. The disconnect in
these global discourses needs to be addressed and a coherent narrative that supports both
conservation and small-scale fisheries developed.
Our aim in this research was to investigate the local impact of the increase in sea lion
populations, which are a consequence of global conservation policies to protect marine
mammals, on small-scale fishers. We base this research in the Eastern Pacific Rim, one of the
largest upwelling systems in the world (21). Specifically, we focus on coastal areas spanning
Peru and Chile (see Figure 1). Peru and Chile are the 5th and 12th biggest countries worldwide
for fisheries landings (22), and their small-scale fisheries are highly integrated with world
fisheries markets (23). These fisheries also overlap with pinniped foraging areas, increasing
the potential for interactions between this sector and marine mammals (8, 12, 13). Peru’s
small-scale fishing fleet contains an estimated 18,000 vessels and 67,000 fishers, distributed
over 106 ports and landing sites (Castillo et al. 2018). The fleet has tripled in size since 1995.
Landings in 2012 were in excess of 1 million tons, the majority of which was for human
consumption in the Peruvian domestic market (24). In Chile, fisheries represent an important
component of local economies and landings worldwide (25). During 2016, landings from
Chilean small-scale fisheries were 1.7 million tons, over half of total fisheries landings (26).
In our study area, there are two pinniped species: the South American sea lion (O. flavescens)
and South American fur seal (Arctocephalus australis). Since the 1970’s, populations of
South American sea lions (O. flavescens) in Peru and Chile have recovered strongly from
commercial exploitation, which was banned fully in the 1990s. Conversely, since the 1997–
1998 ENSO event (19) fur seals are considered in danger of extinction along the Peruvian
coast. Note, that in the material to follow we focus our discussion on the South American sea
lion, as interactions are correspondingly more common in the study area (27). The case study
area provides a unique opportunity to investigate the unintended consequences of marine
mammal protection on small-scale fisheries. In this research, we quantify key motivations
behind fishers’ struggles with sea lions, fishers’ perceptions regarding the impact of sea lions
on catch and income, how interactions with sea lions have changed over time, and estimates
of the number of animals illegally killed by fishers.
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Figure 1. Survey locations along the coasts of Peru and Chile.

We surveyed 301 gillnet fishers in Chile (n = 201) and Peru (n = 100) using a best-worst
scaling methodology to assess what aspect of their interactions with sea lions concerns them
most. Best-worst scaling (BWS) is a form of discrete choice experiment, which asks
respondents to choose the most important (best) or least important (worst) item from a list
(28). The task is repeated a number of times, systematically varying the subset of items
shown in each question. BWS is increasingly used in natural resource management
applications as it facilitates evaluation of competing management alternatives (29). We
developed a list of 12 reasons why sea lions might concern fishers based on the peerreviewed literature and key informant interviews (Table 1). Note that we selected options to
cover a range of possible economic, social, and ecological concerns. Because BWS asks
respondents to rank options, options are not required to be mutually exclusive. The final
survey was tested in 5 focus groups in Chile and Peru. We surveyed fishers in 17 locations in
Chile, and 10 in Peru (Figure 1). We analysed responses using conditional logit (CL) (30) and
scale-adjusted latent class (SALC) models (31), and calculated the marginal effects of
preference class membership using a multinomial logit (MNL) model (32). We collected
additional data on the impact of interactions on fishers’ catch and income, estimates of the
number of sea lions killed by fishers, and how fishers perceive that interactions with sea lions
have changed over time. We analysed changes in interactions over time using a double
bounded tobit model (32).
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Table 1. Reasons why sea lions could concern fishers.

Coding

Full description

Strategy

Having to change my fishing strategy
(e.g. location, gear, net placement)

Fish

Sea lions eat and scare fish from my nets

Inputs

Spending more money to repair damaged gear or travel further

Population

There are too many sea lions

Profits

Getting less money for damaged catch

Safety

Travelling further offshore to avoid sea lions endangers myself and my crew

Time
Behaviour

Working longer hours/Spending more time away from my family
(e.g. repairing gear or longer fishing trips)
Sea lion behaviour is changing; they are no longer afraid of approaching fishing
boats

Employment

Being forced to seek alternative employment

Reputation

Conflict with sea lions is giving fishing a bad reputation

Harm

Hurting sea lions while I am fishing

Risks

Sea lions may present unknown risks (e.g. disease)

*Note: English translation of survey, which was administered in Spanish.

Results & Discussion
Approximately 30 per cent of the 301 gill net fishers that we surveyed in Peru and Chile were
between 45 and 54 years of age, and on average had been fishing for 33 ± 14 years (mean ±
SD). The first question regarding sea lions that fishers were asked was open-ended and asked
respondents to describe the first word that came to their mind when they heard the term “sea
lion”. A third of respondents responded “damage” or “losses” 1. Other responses included
“bad”, “destruction”, and “rage.” A second open-ended question asked respondents to
describe their interactions with sea lions. Nearly all (87 per cent) of the sample responded
that their interactions are negative. These open-ended questions provide insight into how
fishers frame their associations and concerns regarding sea lions (33).
We analysed what fishers thought was most concerning about their interactions with sea lions
using conditional logit (CL) and scale adjusted latent class (SALC) models of best and worst
responses. Results for both models are presented as importance scores, which describe the
probability that a respondent will pick a given item as “best” from a set, assuming that all
other items are of average importance. Results from the CL model indicated that fishers’
main concern is that sea lion populations are too large, thus increasing the probability for
negative interactions (Figure 2.A). Using the SALC model we can investigate heterogeneity
within the fisher population—whether there were groups of respondents with similar views,
who might share similar characteristics (e.g. age, educational background) (Figure 2.B-E).
The SALC analysis identified five groups of respondents who shared similar preferences, and
two scale classes—groups who responded to questions with similar consistency (vs.
inconsistency)—using effects coding (see Supplementary Material for model selection
statistics).

1

In Spanish: “daño”, dañino”, “perdidas”, or “malogra/perjudica.”
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Class 5 (27% of sample) and Class 3 (15%) have a similar pattern of preferences for the most
important concerns: sea lion population size, fish being eaten, increased input costs and
reduced profits from damaged catch. Although sea lion population size is likely viewed as the
underlying cause of the other impacts, this is not true for all classes: e.g. Class 2 (25%) have
as their greatest concerns input costs, damage to catch, safety issues from increased travel and
working longer hours. The sea lion population per se is not raised, but its consequences, and
in particular a focus on changes in the working environment that are needed because of sea
lions, are identified as chief concerns. Class 4 (20%) has a slightly more even allocation of
concern, with again a concern about the time and safety issues. Of these four classes it is
notable that there is little weight given to the impact on sea lions, or the implications of
conflict for the reputation of the fishery. Class 1 (26%) displayed no differentiation across
concerns. This may reflect that all 12 items are of equal importance, or (and we would
hypothesis more likely) that these respondents were not engaging in the choice task but
instead selecting best and worst at random. Note that the BWS approach identifies the
relative concern surrounding the items within a class, but does not give any indication of
absolute concern within or across classes.
To evaluate whether fishers’ characteristics could explain membership of preference classes
we used a multinomial logit model. We found that involvement in sea lion tourism, perceived
impact of sea lions on earnings, and nationality, significantly predicted preference class
membership (see Supplementary Material for model results). This suggests that fishers’
perceptions of sea lion interactions are strongly linked with the impacts of sea lion on
earnings, both negatively through depredation and positively through the provision of tourism
opportunities. We analysed the marginal effects of these characteristics, which show how the
probability of being in a given preference class changes when e.g. a respondent is involved in
sea lion tourism. The probability of being in preference class 5—the largest class who
identified increasing sea lion populations as their greatest concern—is 65 percentage points
higher if the respondent is from Chile. Conversely, the probability of being in class 1—the
class whose preferences are indistinguishable from random—is 57 percentage points higher if
the respondent is from Peru. Fishers who think sea lions have a smaller negative impact on
income (or greater positive impact) have a higher probability of being in class 1, and less
probability of being in class 5. Put another way, every 10 percentage point decrease in the
negative impact of sea lions on income relates to a 3.7 percentage point increase in the
chance of being in class 1 and a 5.9 percentage point decrease in the chance of being in class
5. Respondents involved in sea lion tourism are between 20 and 16 percentage points more
likely to be in preference class 3 and 4 respectively, and 26 percentage points less likely to be
in class 1. Class 3 and 4 respondents were most concerned about increasing sea lion
populations. Class 3 was also concerned about economic impacts, and Class 4 respondents
were also concerned about safety and time spent away from family.
Table 2. Marginal effects describing fisher’s probability of being in each of the five preference classes based on their
characteristics.

Variable
Involved in sea lion tourism
Impact of sea lions on earnings
Respondents from Peru

Class 1
-0.257
0.037
0.566

Class 2
-0.023
0.010
0.149

Class 3
0.192
0.002
-0.017

Class 4
0.163
0.009
-0.053

Class 5
-0.074
-0.059
-0.644

Notes: Membership of preference classes was modelled probabilistically as a function of individual specific characteristics
using a multinomial logit functional form.

From our results, we identify that fishers’ chief concern is the need for control of sea lion
populations—although this may underpin concerns about the economic impact that sea lions
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are having on their welfare. This result points to a disconnect between global marine mammal
protection efforts, and international concerns over the welfare of small-scale fisheries. This
suggests that unless fishers’ anxieties regarding the increase in marine mammal populations
is addressed—global policies and regulations regarding marine mammal protection could lose
legitimacy. We investigated whether this was already occurring in Peru and Chile by asking
fishers to estimate the number of sea lions harmed by crew on an average vessel in their area.
All questions were framed as impersonal, asking whether respondents had heard of other
fishers engaging in the relevant activities, as harming sea lions is illegal in both Peru and
Chile (34, 35). Note that not all fishers responded to these questions, hence the sample size is
lower than the total number of survey respondents (n = 301). We first asked fishers if they
had heard of other crew defending their catch from sea lions. Approximately 62 per cent of
fishers (n = 298) said yes. We then asked fishers if they had heard of other crew killing sea
lions to defend their catch. Approximately 69 per cent (n = 208) said yes. Finally, fishers (n =
126) estimated that crew on vessels in their area would kill on average 3 ± 9 (median ± SD)
sea lions per month. Apart from the potential for this mortality to affect pinniped population
viability, it is concerning because it implies a loss of legitimacy for marine regulations. This
loss of legitimacy could spill over to other regulatory areas, and as a result, compliance rates
with e.g., catch limits, could decrease. To add to perception of the illegitimacy of marine
regulations, fishers also expressed a sense of marginalisation, of not being viewed as
important as sea lions in marine policy. One fisher commented “I hope they do something,
they protect the sea lions a lot.”2

2

In Spanish: “Ojalá que se haga algo se protégé mucho a los lobos”

7

bioRxiv preprint doi: https://doi.org/10.1101/2020.01.01.892422. The copyright holder for this preprint (which was not peer-reviewed) is the
author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

Figure 2. Importance scores for 12 reasons that sea lions may concern fishers in Peru and Chile. (A) Results from
conditional logit model of best and worst responses, (B-E) scale adjusted latent class model of best and worst
responses for preference class 2 to class 5 respectively. Class sizes are indicated in brackets.
Note: Preference class 1 (~26 per cent of the sample) is not shown as this class has equal weights for all BWS options.

Perceptions of sea lion depredation and interactions over time
Fishers reported a general decrease in catch due to their most recent interactions with sea
lions. Across the sample, 81 per cent of fishers reported catch losses of 26 per cent or higher.
This equated to approximately a third of fishers reporting catch losses of either 26-50 per cent
or 51-75 per cent and 24 per cent of fishers reporting catch losses between 76-100 per cent.
The majority of respondents (71 per cent) identified that, on average, the impact of sea lion
interactions on their take-home income is a decrease of 41 per cent or greater. No significant
difference was identified between fishers from Peru and Chile. These results have significant
8

bioRxiv preprint doi: https://doi.org/10.1101/2020.01.01.892422. The copyright holder for this preprint (which was not peer-reviewed) is the
author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

implications for the welfare of small-scale fishers in Peru and Chile—the majority of which
are entry-level fishers with very small profit margins (36). Fishers were asked to assess the
level of interaction with sea lions when they first started fishing (number of trips with
interactions per 10 trips). Given the time period for when they first started fishing was from
1944 to 2018, this gives us an opportunity to investigate the (subjective) trend in interactions
over time. To evaluate how fishers perceive their interactions with sea lions have changed
over time, we used a double bounded tobit model. Results show that fisher’s interactions with
sea lions have increased by 10 per cent every decade (p-value < 0.001). These results can
help explain fishers’ preoccupation with sea lion population numbers, which have led to
increasing numbers of interactions throughout the period a fisher has been fishing. Currently,
fishers are estimated to have interactions with sea lions in 9 fishing trips out of 10 (intercept
= 9.3, p-value <0.001).
We asked fishers a number of additional questions to understand the role that fishing plays in
their lives, along both economic and social dimensions. Over 77 per cent of fishers obtain
between 76 and 100 per cent of their income from fishing, and 85 per cent are the chief
income earners in their household. The overwhelming majority of fishers (74 per cent)
strongly agreed that being a fisher is very important to them. Slightly less than half of the
sample responded that they would be very uncomfortable working in another industry. These
responses suggest that fishers depend on fishing, not just as their main form of income, but
also for their identity. The dependence of respondents on fishing highlights how vulnerable
fishers and their households are to the large negative impacts that sea lion interactions have
on catch and incomes.
We compare responses to a further attitudinal question: “I consider myself environmentally
friendly” with fisher’s agreement with the following statement, “sea lions are a pest.” This
last question was coded on a Likert scale, with ‘1’ equal to ‘strongly disagree’ and 10 equal
to ‘strongly agree’. Over 65 per cent of the sample described themselves as environmentally
friendly and agreed that sea lions are a pest (scores greater than 8 on both questions). Next,
we assessed whether this “pest score” could be explained by any other variables using a
backward stepwise algorithm in R (MASS package (37)), using AIC model selection criteria.
We found that fishers’ who would be more comfortable working outside of fishing or who
were from Peru were significantly less likely to view sea lions as a pest (p < 0.05). This is
logically consistent, as sea lions pose a greater risk to fishers who are more dependent on
fishing. Respondents who listed a greater number of recent interactions with sea lions were
significantly more likely to think sea lions were a pest (p < 0.01).
Table 3. Variables predicting response to agreement with “Sea lions are a pest.”

Variable
(Intercept)
Proportion of income from fishing
Involved in sea lion tourism
Comfortable working outside of fishing
Recent number of sea lion interactions
Respondents from Peru

Coefficient
6.52
0.27
0.37
-0.08
0.25
-1.75

(0.86)
(0.17)
(0.28)
(0.04)
(0.06)
(0.25)

***

**
***
***

Note: Standard errors are shown in italics in brackets. **,*** indicate p-values < 0.05, 0.001.
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How fishers frame solutions
Popular management actions to manage human–wildlife conflict include attempts to separate
problem animals from affected human populations, for example, fencing to keep elephants
from crops (38); compensation (39); use of equipment/infrastructure to control interactions
e.g. devices to deter sea lions (15); and lethal control—either of problem animals (40) or of
the larger population (41). We asked fishers what they thought would be the best solution to
manage their interactions with sea lions. Fishers in our study area (~72 per cent of
respondents) overwhelming support sea lion population control, through culls or regulated
harvesting, as the best way to manage their interactions with sea lions. Compensation and
devices to deter sea lions are suggested by only 5 per cent of fishers. This result mirrors
findings from the BWS questions (Figure 2)—that the sheer number of sea lions is fishers’
greatest concern. Approximately 11 per cent of the sample report that there is no solution.
This could be interpreted as fishers expressing their feelings of disempowerment,
furthermore, that conflict with sea lions is not their responsibility to fix (e.g. it’s the
government’s responsibility). One fisher suggested that the answer lies in reducing pressure
on fish stocks (particularly Peruvian anchoveta) so that sea lions would have more food.
Surprisingly, only a few fishers identified compensation or other forms of help as the best
way of resolving conflict with sea lions. This may be because fishers have low familiarity
with compensation schemes, suggesting that existing solutions to marine mammal conflict
with fisheries is path dependent—we continue to manage conflict as it has been managed for
~200 years (8, 34), either through culling marine mammal populations (e.g., fishers win), or
total protection of these species (e.g., fishers loose). Responses can be grouped into three
broad categories: separating the problem, for example, reserve creation; removing the
problem, through population culls; and living with the problem, for example through
providing compensation for damaged catch or changing fishing practices.
Finally, we asked fishers who they thought was responsible for managing interactions with
sea lions (Table 4). The majority of fishers felt the government was responsible for managing
conflict with sea lions.
Table 4. Solutions and the actors that fishers perceive are responsible for managing interactions with sea lions.

Solution:
sub-category
Population control
Exploit
Reserve
No solution
Change fishing practice
Technology

Solution:
broad-category

%
60.1
11.6

Remove

3.3

Separate

10.6
4.7
4.0

Research
Compensation/help

2.7
1.3

Change the law

0.7

Live with

Responsible for
management
Government

No. of
fishers
240

Military

34

3.3

NGOs

15

23.3

Industry/fishers
Don’t know
Scientific bodies

11
11
4

Other

6

%
71.8

NA

Note: In the final column (“No. of fishers”), fishers could suggest more than one agency is responsible for management,
hence responses do not sum to 301 (the number of respondents).

Global policy is attempting to support small-scale fisheries. This includes through directives
from the Food and Agricultural Organisation (11), shifts to co-management systems (42), and
a focus on incorporating local knowledge into management decisions (43). Here, we
demonstrate that small-scale fishers’ perceptions and experiences regarding the impacts of
marine mammals are not reflected in global policies prioritising marine mammal
10

bioRxiv preprint doi: https://doi.org/10.1101/2020.01.01.892422. The copyright holder for this preprint (which was not peer-reviewed) is the
author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

conservation. Among a range of problems they could have with pinnipeds, fishers’ chief
concern regards the size of pinniped populations; they also perceive that their interactions
with these animals have been significantly increasing over time. Fishers further report large
negative impacts on catch and income as a result of interactions with pinnipeds, and large
numbers of pinnipeds illegally killed in retaliation. The key message from these results is that
it is often local communities who are bear the costs of marine conservation success (40, 44).
In the marine realm, conflict between marine mammals and fisheries continues to be
managed as it has been for the past ~200 yrs (8, 34)—either by culling marine mammal
populations to prevent negative impacts on fisheries, or by enacting broad scale protection for
mammals—with little concession made for species’ current threat status. Compared to
experiences in the marine realm, terrestrial human–wildlife conflict management has taken a
more nuanced approach, with some lessons applicable to marine settings—particularly
strategies focusing on stakeholder engagement. These include insurance mechanisms,
incentives, or compensation (40). Notwithstanding, there are important challenges that
managing conflict in marine settings imposes on managers that are not experienced in
terrestrial settings, such as those inherent to physically operating in the ocean, and the greater
spatial distribution and mobility of marine species (40).
To avoid alienating fishers, and hence loss of legitimacy in marine policy, the nuances
associated with interactions between marine mammals and small-scale fishers need to be
addressed in global fora. This implies the need for open dialogue with fishers, and avoiding
broadly enacted conservation policy that treats all marine mammals equivalently. By
incorporating the needs and opinions of fishers in global dialogue, marine mammal policies
have more chance of finding solutions that allow small-scale fisheries to continue operations
while maintaining viable marine mammal populations. Furthermore, if fishers remain
engaged with policy development, so that they feel protected and heard, this should help
maintain and improve the legitimacy of broader marine regulation.

Methods
Survey design
Our survey featured four main sections focusing on: (1) fishers’ fishing activities; (2) fisher’s
motivations for concern regarding their interactions with pinnipeds (best-worst scaling
questions); (3) fishers’ interactions with pinnipeds; and (4) fishers’ socio-demographic
information. The survey was administered in Spanish using face-to-face questionnaire-based
interviews by a research team in coastal areas in Peru and Chile. The survey was
administered in 10 locations in Peru, and 17 locations in Chile (see Figure 1). We selected
sampling locations in Peru to capture major gillnet fishery sites with representation in each
geopolitical region to ensure geographical coverage. Sampling locations in Chile were
selected to include caletas (fishing coves) with the highest landings of pelagic and demersal
fish species, and to ensure equal coverage across the south, central and northern regions of
Chile.
To select attributes for the best-worst scaling survey, we began with a brainstorm of potential
concerns regarding interactions between fishers and pinnipeds. These were grouped into six
themes: ecological, economic, social, fishing-approach/method/flexibility, and capacityrelated. We began with a list of 20 options, which were narrowed down to 12 (see Table 1)
through key informant interviews and following focus groups in Peru and Chile. Our bestworst scaling design had 12 choice sets with 5 options seen per choice set, and 8 survey
versions. We assumed sequential best–worst ranking. Choice sets were designed using
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Sawtooth software (45). The order in which survey versions were administered was
randomised to ensure equal version coverage.
Modelling approach
We assessed fishers chief concern regarding their interactions with pinnipeds using bestworst scaling (BWS), a form of discrete choice experiment. Discrete choice experiments (46)
contain a number of choice sets which require the respondent to choose their “best” option
from varying sets of three or more options (47). In the case of BWS, a “worst” option is also
chosen; the difference between best and worst choices is assumed to encompass the largest
perceptual difference on an underlying continuum of interest for the respondent (47).
Analysis of choices allows each option to be rank-ordered on a common scale and assessed
on the basis of its relative importance (48). We used a ‘case 1’ BWS—this case does not
differentiate options according to attributes and is used to assess simple concepts (49).
Following convention, our analytical approach is based on Random Utility Theory (50).
We employed a conditional logit model to evaluate the sample average, this model pools best
and worst responses and the interested reader is directed to Louviere, Flynn and Marley (28)
for a description of the model employed. To assess heterogeneity in perceptions across the
sample, we drew on the scale adjust latent class model, following Rigby, Burton and Lusk
(31). Membership of scale and preference classes was assessed using a multinomial logit
model (32). Finally, to assess how respondents viewed their interactions with pinnipeds had
changed over time, we employed a double bounded tobit model (32). Data were cleaned and
summary statistics run in R (51). All logit and tobit models were analysed in Stata 15 (52),
and latent class models in LatentGold (53).
Acknowledgements
The authors would like to thank C. Ortiz, E. Alfaro, A. Jimenez, S. Pingo, A. Pasara, and E.
Campbell for their assistance with surveys. The authors also acknowledge the support of
Reserva Nacional de Islas e Islotes and Puntas Guaneras of SERNANP. Ethics approval
[eUEBS000824 v2.0] was obtained prior to interviews.

References
1.

2.
3.
4.

5.

6.

A. M. Springer et al., Sequential megafaunal collapse in the North Pacific Ocean: An
ongoing legacy of industrial whaling? Proceedings of the National Academy of
Sciences 100, 12223-12228 (2003).
M. L. Pace, J. J. Cole, S. R. Carpenter, J. F. Kitchell, Trophic cascades revealed in
diverse ecosystems. Trends in Ecology & Evolution 14, 483-488 (1999).
J. Roman, J. J. McCarthy, The Whale Pump: Marine Mammals Enhance Primary
Productivity in a Coastal Basin. PLOS ONE 5, e13255 (2010).
K. J. Davis, M. Burton, A. Rogers, A. Spencer-Cotton, R. Pandit, Eliciting Public
Values for Management of Complex Marine Systems: An Integrated Choice
Experiment. Marine Resource Economics 34, 1-21 (2019).
L. Hückstädt, T. Antezana, The diet of Otaria flavescens in Chile: what do we know?
A. W. Trites et al., Eds., Sea lions of the world (Alaska Sea Grant College Program,
Fairbanks, 2006), doi:10.4027/slw.2006.07, pp. 83-102.
J. K. Baum, B. Worm, Cascading topdown effects of changing oceanic predator
abundances. J Anim Ecol 78, 699-714 (2009).

12

bioRxiv preprint doi: https://doi.org/10.1101/2020.01.01.892422. The copyright holder for this preprint (which was not peer-reviewed) is the
author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

7.

8.

9.
10.
11.

12.

13.
14.
15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

M. Stoffel, E. Humble, A. Paijmans, Demographic histories and genetic diversity
across pinnipeds are shaped by human exploitation, ecology and life-history. Nature
Communications 9, 4836 (2018).
D. P. DeMaster, C. W. Fowler, S. L. Perry, M. F. Richlen, Predation and Competition:
The Impact of Fisheries on Marine-Mammal Populations Over the next one Hundred
Years. Journal of Mammalogy 82, 641-651 (2001).
A. M. Magera, J. E. Mills Flemming, K. Kaschner, L. B. Christensen, H. K. Lotze,
Recovery Trends in Marine Mammal Populations. PLOS ONE 8, e77908 (2013).
L. C. Teh, U. R. Sumaila, Contribution of marine fisheries to worldwide employment.
Fish and Fisheries 14, 77-88 (2013).
FAO (Food and Agriculture Organization), Small-scale fisheries. Fisheries and
Aquaculture Department, Ed. (Food and Agriculture Organization of the United
Nations, Rome, n.d.).
D. Costalago, B. Bauer, M. T. Tomczak, K. Lundström, M. Winder, The necessity of
a holistic approach when managing marine mammal–fisheries interactions:
Environment and fisheries impact are stronger than seal predation. Ambio 48, 552-564
(2019).
A. J. Read, The Looming Crisis: Interactions between Marine Mammals and
Fisheries. Journal of Mammalogy 89, 541-548 (2008).
D. Szteren, E. Páez, Predation by southern sea lions Otaria flavescens on artisanal
fishing catches in Uruguay. Marine and Freshwater Research 53, 1161-1167 (2003).
M. Sepúlveda et al., Factors affecting the operational interaction between the South
American sea lions and the artisan gillnet fishery in Chile. Fisheries Research 201,
147-152 (2018).
S. Goetz, M. Wolff, W. Stotz, M. J. Villegas, Interactions between the South
American sea lion (Otaria flavescens) and the artisanal fishery off Coquimbo,
northern Chile. ICES Journal of Marine Science 65, 1739-1746 (2008).
S. Cárdenas-Alayza, "South American Sea Lion: Otaria byronia" in Encyclopedia of
Marine Mammals (Third Edition), B. Würsig, J. G. M. Thewissen, K. M. Kovacs,
Eds. (Academic Press, 2018), https://doi.org/10.1016/B978-0-12-804327-1.00238-7,
pp. 907-910.
D. Barcenas-De la Cruz, E. DeRango, S. P. Johnson, C. A. Simeone, Evidence of
anthropogenic trauma in marine mammals stranded along the central California coast,
2003–2015. Marine Mammal Science 34, 330-346 (2018).
G. Jankowski, M. J. Adkesson, J. T. Saliki, S. Cárdenas-Alayza, P. Majluf, Survey for
infectious disease in the south american fur seal (arctocephalus australis) population
at punta san juan, peru. Journal of Zoo and Wildlife Medicine 46, 246-254 (2015).
C. Loch, M. Marmontel, P. C. Simões-Lopes, Conflicts with fisheries and intentional
killing of freshwater dolphins (Cetacea: Odontoceti) in the Western Brazilian
Amazon. Biodiversity and Conservation 18, 3979-3988 (2009).
C. P. Idyll, The anchovy crisis. Scientific American 228, 22-29 (1973).
FAO (Food and Agriculture Organization), The State of World Fisheries and
Aquaculture 2018 - Meeting the sustainable development goals. Fisheries and
Aquaculture Department, Ed. (Food and Agriculture Organization of the United
Nations, Rome, 2018).
B. Crona, S. Gelcich, Ö. Bodin, The Importance of Interplay Between Leadership and
Social Capital in Shaping Outcomes of Rights-Based Fisheries Governance. World
Development 91, 70-83 (2017).
R. Guevara-Carrasco, A. Bertrand, Atlas de la pesca artesanal del mar del Perú.
Edició n IMARPE-IRD, Lima, Perú (2017).
13

bioRxiv preprint doi: https://doi.org/10.1101/2020.01.01.892422. The copyright holder for this preprint (which was not peer-reviewed) is the
author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

25.

26.
27.

28.
29.

30.
31.

32.
33.

34.

35.

36.
37.
38.
39.

40.
41.

42.

FAO (Food and Agriculture Organization), The State of World Fisheries and
Aquaculture 2016. Contributing to food security and nutrition for all. Fisheries and
Aquaculture Department, Ed. (Food and Agriculture Organization of the United
Nations, Rome, 2016).
SERNAPESCA (Servicio Nacional de Pesca y Acuicultura) (2016) Anuario
Estadístico de Pesca. ed Gobierno de Chile (Chile).
L. R. de Oliveira, L. D. Fraga, P. Majluf, Effective population size for South
American sea lions along the Peruvian coast: the survivors of the strongest El Niño
event in history. Journal of the Marine Biological Association of the United Kingdom
92, 1835-1841 (2012).
J. J. Louviere, T. N. Flynn, A. Marley, Best-worst scaling: Theory, methods and
applications (Cambridge University Press, 2015).
M. L. Loureiro, F. D. Arcos, Applying best–worst scaling in a stated preference
analysis of forest management programs. Journal of Forest Economics 18, 381-394
(2012).
A. R. Hole, CLOGITHET: Stata module to estimate heteroscedastic conditional logit
model. Statistical Software Components (2009).
D. Rigby, M. Burton, J. L. Lusk, Journals, Preferences, and Publishing in Agricultural
and Environmental Economics. American Journal of Agricultural Economics 97, 490509 (2015).
W. H. Greene, Econometric Analysis Global Edition (Pearson Education, USA, ed.
7th Edition, 2019).
S. Gelcich et al., Public awareness, concerns, and priorities about anthropogenic
impacts on marine environments. Proceedings of the National Academy of Sciences of
the United States of America 111, 15042-15047 (2014).
P. Mancilla González, Federico Albert: Apreciaciones sobre la caza y pesca de los
lobos marinos en los territorios australes de Chile, 1901. Sophia Austral, 71-87
(2018).
Anonymous (2014) Decreto Supremo que aprueba la actualización de la lista de
clasificación y categorización de las especies amenazadas de fauna silvestre
legalmente protegidas. in Decreto Supremo No 004-2014-MINAGRI
(http://minagri.gob.pe/portal/decreto-supremo/ds-2014/10837-decreto-supremo-n004-2014-minagri, Peru).
J. Alfaro-Shigueto et al., Where small can have a large impact: Structure and
characterization of small-scale fisheries in Peru. Fisheries Research 106, 8-17 (2010).
W. Venables, B. Ripled, Modern Applied Statistics with S (Springer, New York, ed.
Fourth Edition, 2002).
C. Thouless, J. Sakwa, Shocking elephants: fences and crop raiders in Laikipia
District, Kenya. Biological Conservation 72, 99-107 (1995).
A. Zabel, K. Pittel, G. Bostedt, S. Engel, Comparing Conventional and New Policy
Approaches for Carnivore Conservation: Theoretical Results and Application to Tiger
Conservation. Environmental and Resource Economics 48, 287-301 (2011).
A. S. Guerra, Wolves of the Sea: Managing human-wildlife conflict in an increasingly
tense ocean. Marine Policy 99, 369-373 (2019).
A. Treves, L. Naughton-Treves, Evaluating lethal control in the management of
human-wildlife conflict. CONSERVATION BIOLOGY SERIES-CAMBRIDGE- 9, 86
(2005).
S. Gelcich, G. Edwards-Jones, M. J. Kaiser, E. Watson, Using Discourses for Policy
Evaluation: The Case of Marine Common Property Rights in Chile. Society & Natural
Resources 18, 377-391 (2005).
14

bioRxiv preprint doi: https://doi.org/10.1101/2020.01.01.892422. The copyright holder for this preprint (which was not peer-reviewed) is the
author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

43.

44.
45.
46.
47.

48.
49.

50.
51.
52.
53.

X. Basurto, S. Gelcich, E. Ostrom, The social–ecological system framework as a
knowledge classificatory system for benthic small-scale fisheries. Global
Environmental Change 23, 1366-1380 (2013).
A. Balmford, T. Whitten, Who should pay for tropical conservation, and how could
the costs be met? Oryx 37, 238-250 (2003).
Sawtooth Software, The MaxDiff System Technical Paper. Sawtooth Software
Technical Paper Series Version 8 (2013).
R. T. Carson, J. J. Louviere, A Common Nomenclature for Stated Preference
Elicitation Approaches. Environmental and Resource Economics 49, 539-559 (2011).
A. Finn, J. J. Louviere, Determining the appropriate response to evidence of public
concern: the case of food safety. Journal of Public Policy & Marketing 11, 12-25
(1992).
J. Marti, A best–worst scaling survey of adolescents' level of concern for health and
non-health consequences of smoking. Social Science & Medicine 75, 87-97 (2012).
T. N. Flynn, Valuing citizen and patient preferences in health: recent developments in
three types of best-worst scaling. Expert Review of Pharmacoeconomics & Outcomes
Research 10, 259-267 (2010).
D. McFadden, "Conditional logit analysis of qualitative choice behavior" in Frontiers
in Econometrics, P. Zarembka, Ed. (Academic Press, New York, 1974), pp. 105-142.
R Core Team (2018) R: A language and environment for statistical computing., ed R.
F. f. S. Computing (Vienna, Austria).
StataCorp (2017) Stata Statistical Software: Release 15. (StataCorp LLC, College
Station, TX).
J. K. Vermunt, J. Magidson (2016) Technical Guide for Latent GOLD 5.1: Basic,
Advanced, and Syntax. (Statistical Innovations Inc., Belmont Massachusetts).

15

